
 1 

 
 
 
 
 
 

Depression and adverse childhood experiences:  

Interplay between psychosocial, biological, and genetic factors 

across the life course. 

 

 

Eleonora Iob 

 

2021 

 

University College London  

 

 

 

 

Thesis submitted for the degree of Doctor of Philosophy  

 

 

Soc-B Centre for Doctoral Training in Biosocial Research (ESRC-BBSRC) 
  

 



 2 

Student Declaration  

 

I, Eleonora Iob, confirm that the work presented in this thesis is my own. Where 

information has been derived from other sources, I confirm that this has been indicated 

in the thesis.  

 

Signature:  Date: 08/07/2021                   

 

  



 3 

Acknowledgements  
 

I would like to thank my supervisors, Professor Andrew Steptoe and Dr 

Rebecca Lacey, for their help, guidance, and encouragement throughout my PhD. I 

am particularly grateful to Andrew for providing me with the opportunity to study in the 

Psychobiology research group, and for his tremendous support during this challenging 

yet exciting journey. You have inspired me to pursue my research interests and 

become a great scientist like you. I am also grateful to the ESRC-BBSRC Soc-B 

Centre for Doctoral Training in Biosocial Research for the funding received to 

undertake my PhD (ES/P000347/1). Furthermore, I would like to thank the directors of 

the UCL Soc-b Centre, Professor Yvonne Kelly and Professor Anne McMunn, for their 

supervision in the first year of the PhD programme and their support over the years.   

I am grateful to my colleagues and great friends at UCL, and particularly Philipp 

Frank, Elysse Bautista Gonzalez, Pamela Almeida-Meza, Dorina Cadar, Liam Wright, 

Carols Valencia-Hernandez, and Alvaro Passi Solar. You have offered me invaluable 

psychological support, and you have made me smile even in the most challenging 

times of my PhD. I would also like to thank my partner, Duncan Lanser, for filling my 

life with happiness and love every day, and for listening to my numerous complaints 

about academia.  

I wish to express my deepest gratitude to my beloved parents for their nurturing 

care throughout the years, and for supporting me during the pandemic through their 

daily Zoom calls. Thank you for enabling me to follow my passion for learning, and for 

helping me to realise my dreams. This PhD would have not been possible without you.  

Finally, I would like to thank my secondary school teacher, Tullia Boschi, for 

being an amazing English teacher, and for her help in proofreading my personal 

statement for university. I wish to dedicate this thesis to my secondary school teacher, 

Michele Palatella, who sadly passed away in 2018. He was an amazing Psychology 

teacher and the first to make me realise the importance of testing psychological 

theories through scientific research.  

 

  



 4 

Abstract  
 

Adverse childhood experiences (ACEs), such as abuse and family dysfunction, 

are among the most potent psychosocial risk factors for depression. Stress-induced 

dysregulation of the hypothalamic-pituitary-adrenal (HPA)-axis and inflammatory 

systems might underlie the psychobiological impact of ACEs on depression. However, 

the evidence for the role of these biological mechanisms is weak owing to a limited 

availability of longitudinal data and other methodological issues. Furthermore, it 

remains unclear whether genetic influences could contribute to these relationships. 

This PhD consists of six studies seeking to elucidate the neuroendocrine, 

inflammatory, and gene-environment mechanisms through which ACEs might 

influence the risk of depression across the life course.  

Studies 1-4 focused on older adults, using data from the English Longitudinal 

Study of Ageing. Study 1 showed that older adults affected by ACEs exhibited 

chronically elevated systemic inflammation. In contrast, ACEs were unrelated to hair 

cortisol. Study 2 revealed that higher inflammation and cortisol levels were associated 

with persistent depressive symptoms over time. These relationships were stronger 

with somatic than with cognitive-affective symptoms. Study 3 demonstrated that ACEs 

were related to depression partly via elevated inflammation. Study 4 further showed 

that ACEs and polygenic susceptibility were independently and interactively 

associated with depression and inflammation.  

Studies 5-6 focused on young people, using data from the Twins Early 

Development Study and the Avon Longitudinal Study of Parents and Children. In Study 

5, ACEs were associated with elevated depressive symptoms in young adulthood 

partly through lower salivary cortisol levels in adolescence, independently of genetic 

factors. Study 6 demonstrated that ACEs across different early-life periods (prenatal 

period, childhood, and adolescence) were associated with elevated depressive 

symptoms in young adulthood. In contrast, the associations of ACEs and depression 

with early-life inflammation were weak.  

These findings offer novel insights into the biological embedding of ACEs and 

can stimulate new mental health interventions.    
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The findings of this PhD have the potential to benefit the wider academic 

community, as well as mental health professionals, policy makers, and the public.  

Regarding its academic impact, this PhD provides high-quality evidence for the 
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Furthermore, it offers novel insights into the interplay between ACEs and genetic 

factors in the psychobiology of depression. The results fill critical gaps in the literature 

and address important methodological issues concerning the measurement of the 

variables of interest. Furthermore, they open up new avenues for future research. 

These may include the investigation of (i) the psychobiological and gene-environment 

mechanisms underlying the relationship between ACEs and depression in other 

population cohorts and clinical samples; (ii) the impact of different ACEs assessment 

methods on the results; (iii) the role of a wider range of inflammatory and HPA-axis 

biomarkers; and (iv) the impact of ACEs on other biological mechanisms linked to 

depression (e.g. neurocognitive and epigenetic processes). The application of 

innovative statistical techniques is another key contribution of this PhD, which will 

benefit other researchers wishing to apply these methods.  

Regarding its impact outside academia, this PhD highlights the importance of 

implementing universal and targeted psychosocial interventions to prevent and reduce 

ACEs and ACE-related trauma. Additionally, psychosocial and lifestyle interventions 

addressing the psychobiological effects of ACEs could help to prevent the 

development of depression. The results also demonstrate the value of screening for 

ACEs in depressed individuals to provide psychological therapies and lifestyle 

interventions specifically designed to address the impact of ACE-related trauma. 

Furthermore, a consideration of the individual’s genetic susceptibility to depression, 

their depressive symptom profile, and underlying biological dysregulations could 

facilitate more effective and targeted pharmacological treatments. Long-term public 

investment should be made in order to enhance the development and implementation 

of evidence-based interventions to reduce the burden of ACEs and depression.  
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1. CHAPTER 1. LITERATURE REVIEW 

 

1.1. Chapter overview  

 
This chapter will review the existing literature regarding the neuroendocrine, 

inflammatory, and gene-environment mechanisms underlying the relationship 

between adverse childhood experiences (ACEs) and depression. Firstly, the 

epidemiology and aetiology of depression will be described, and the evidence for the 

role of ACEs in the onset and prognosis of depression will be outlined. The biological 

stress response will then be described, with a particular focus on the hypothalamic-

pituitary-adrenal (HPA)-axis and the inflammatory response system. Following this, 

the evidence for the potential mediating role of these stress-related biological 

mechanisms in the relationship between ACEs and depression will be discussed. 

Lastly, the interplay between ACEs and genetic factors in the aetiology of depression 

and its underlying biological mechanisms will be introduced. The limitations of current 

work to date will also be reported, highlighting the gaps that this PhD research seeks 

to address.  

 

 

1.2. Depression 

 

1.2.1. Epidemiology 

 

Prevalence  

Depression is a common yet devastating mental health disorder, characterised 

by an array of cognitive, affective, and somatic symptoms. It is among the leading 

causes of the overall burden of disease and disability across the world (GBD, 2018). 

Additionally, it is one of the most prominent risk factors for premature death due to 

suicide and substance misuse (Whiteford et al., 2013). It is estimated that over 300 

million people suffer from depression worldwide, representing a global prevalence of 

4-5% (Patel et al., 2016; World Health Organization, 2017a). Rates of depression vary 

considerably across countries, but the overall prevalence in high income countries is 

broadly similar to that found in low-middle income countries (Otte et al., 2016). In the 

United Kingdom (UK), the estimated lifetime prevalence of depression is around 20% 
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(McManus et al., 2016). In addition, recent national figures suggest that one in five 

adults aged 16 years and over experienced symptoms of depression in 2014-17 

(Evans et al., 2016; Office for National Statistics, 2019). Certain sociodemographic 

correlates of depression are consistent across cultures. In most countries, women 

have a 2-fold increased risk of experiencing depression compared with men. In 

addition, people who are separated, divorced, or widowed are more likely to suffer 

from depression than those who are married. On the other hand, the prevalence of 

depression by age and income has been shown to vary across countries. In high 

income countries, younger people and those with low income are at greater risk of 

depression, compared with older adults and people with high levels of income. 

Conversely, in low-middle income countries, younger people are less likely to 

experience depression, and no consistent associations with income have been 

reported (Kessler & Bromet, 2013). In the UK, the sociodemographic correlates of 

depression align closely with those found in other high-income countries. Data from 

the most recent Adult Psychiatric Morbidity Survey (McManus et al., 2016) suggest 

that women are more likely to experience depression than men across most age 

groups, and that the prevalence of depression is lower among older adults than in 

younger people. In both sexes, people who are economically inactive or unemployed, 

those receiving out-of-work or housing benefits, and adults living alone are more likely 

to suffer from depression than people who are employed, do not receive benefits, and 

live with other people respectively (Figure 1.1) (McManus et al., 2016).  
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Figure 1.1. Sociodemographic correlates of depression among adults in England. 

Note. Data source: Adult Psychiatric Morbidity Survey (APMS) 2014, NHS Digital. Estimates based on 
a representative sample of adults aged 16 to 75+ years (N = 7,546). ESA = Employment and Support 
Allowance.  

 

Life course consequences  

In addition to being unequally distributed across sociodemographic groups, 

depression is associated with adverse consequences in several aspects of life, 

including physical health, mortality, health behaviours, education, and labour market 

outcomes. Evidence from meta-analytic studies suggests that depression has a 

bidirectional relationship with a variety of chronic diseases (Gold et al., 2020; Read et 

al., 2017; Steptoe, 2019), such as cardiovascular disease (Nicholson et al., 2006), 

diabetes (Hackett & Steptoe, 2017), and cancer (Jia et al., 2017; Pinquart & 

Duberstein, 2010). Depression has also been associated with an increased 

susceptibility to infections (Andersson et al., 2016) and a worse prognosis of infectious 

diseases, such as acquired immune deficiency syndrome (AIDS) (Rivera Rivera & 

Vazquez Santiago, 2016). In light of these findings, it is perhaps not surprising that a 
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large body of research suggests that depression can increase the risk of premature 

mortality in both population-based samples and patients with specific health conditions 

(Bartoli et al., 2013; Walker et al., 2015; Wu & Kling, 2016). Additionally, this 

relationship has been shown to exist not only in people with a diagnosis of depression, 

but also in those with subclinical forms of depression (Cuijpers & Smit, 2002).  

The association between depression and physical health might be partly 

explained by shared neuroendocrine and inflammatory processes contributing to the 

pathogenesis of both mental and physical health disorders (Kivimäki et al., 2017; 

Steptoe, 2006). A detailed overview of the role of these biological mechanisms in 

depression will be provided in the following sections. Health behaviours represent 

another plausible mechanism involved in this relationship (Lawes, 2020). Compared 

with non-depressed individuals, people affected by depression are more likely to 

engage in unhealthy health behaviours, including sedentary behaviour and low levels 

of physical activity (Schuch et al., 2017), smoking (Luger et al., 2014), alcohol and 

drug abuse (Conner et al., 2009), unhealthy diets characterised by high levels of 

processed meats and trans fats (Lassale et al., 2019), and poor adherence to 

medication regimes (Grenard et al., 2011). Evidence suggests that the increased risk 

of adverse health outcomes and premature mortality found in people with depression 

is partially attributable to these unhealthy lifestyles (White et al., 2015; White et al., 

2016).  

Depression does not only affect the individual’s risk of poor health and disease, 

but is also linked to worse educational and labour market outcomes, particularly when 

it emerges early in life. Longitudinal studies have demonstrated that the experience of 

depression during childhood or adolescence is associated with poor school attainment 

including low grades, fewer years of schooling, and failure to complete compulsory 

education (Riglin et al., 2014). This in turn can affect young people’s future earnings 

and opportunities for social capital accumulation (Linder et al., 2020). Furthermore, 

compared with healthy individuals, adults suffering from depression report higher rates 

of unemployment, more absences from work, and poorer job performance (Lerner & 

Henke, 2008).  

Depression is also related to an enormous economic burden on society. A 

recent study led by the World Health Organisation (WHO) indicates that common 
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mental health problems including depression and anxiety disorders cost the global 

economy $1 trillion in lost productivity every year (World Health Organization, 2017b). 

It has also been estimated that the gross domestic product (GDP) of the UK in 2015 

was smaller by about £25 billion because of the economic consequences of mental 

health problems (Oxford Economics, 2016). Owing to the far-reaching and devastating 

impact of depression on individuals and across society, the promotion of positive 

mental health has been set as a key priority both in the UK (Parkin, 2016) and 

worldwide (World Health Organization, 2013). Each stage of the lifespan is marked by 

different challenges as well as opportunities to intervene and support mental health 

(Mental Health Foundation, 2016). A more comprehensive understanding of the 

vulnerability and protective pathways influencing depression across the life course is 

therefore crucial in order to develop more effective evidence-based interventions. 

 

1.2.2. Definition, diagnosis, and measurement  
 

Depression is a highly heterogeneous disorder characterised by varying and 

sometimes opposing symptoms (Jentsch et al., 2015). These include: depressed 

mood, loss of interest or pleasure, decreased energy, feelings of worthlessness or 

guilt, difficulty thinking and concentrating, suicidal ideation, and changes in appetite, 

sleep or psychomotor activity. The Diagnostic and Statistical Manual of Mental 

Disorders, Fifth Edition (DSM-5) describes different types of depressive disorders, 

which are all accompanied by similar cognitive, affective, and somatic symptoms but 

with different timing, duration, or severity. In this group of disorders, the most common 

condition is Major Depressive Disorder (MDD). Based on the DSM criteria, a diagnosis 

of MDD requires five or more symptoms to be present within a 2-week period, and at 

least one of the symptoms should be depressed mood or anhedonia (i.e. loss of 

interest or pleasure) (American Psychiatric Association, 2013) (Figure 1.2). The DSM 

diagnostic criteria for MDD align closely with those proposed by the 10th Revision of 

the International Statistical Classification of Diseases and Related Health Problems 

(ICD-10) (World Health Organization, 1992). According to the latter diagnostic system, 

a diagnosis of MDD is determined by the presence of two of the first three symptoms 

(i.e. depressed mood, loss of interest or pleasure, and reduction in energy) plus at 

least two of the remaining symptoms for at least 2 weeks. In addition, both the DSM-
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5 and ICD-10 highlight that the symptoms should be accompanied by a significant 

impairment of functioning in daily life (NICE, 2010).  

Figure 1.2. Symptoms of major depressive disorder (MDD). 

Note. Key symptoms of MDD based on the DSM-5 diagnostic criteria.  

 

Structured clinical interviews based on DSM or ICD diagnostic criteria are 

widely used to establish the presence of depression among adults in both clinical and 

research settings (Malhi & Mann, 2018). Due to the increasing burden of mental health 

problems among young people (Baranne & Falissard, 2018), structured clinical 

interviews have also been adapted to identify depression in children and adolescents 

(Roelofs et al., 2014). These screening tools have been particularly useful in clinical 

practice since they offer a common language to identify the disorder and provide 

specialised forms of treatment (Fischer, 2012). Nevertheless, there are some 

limitations to consider. Of note, the majority of the symptoms included in the DSM and 

ICD criteria for depression contain sub-domains (e.g. diminished interest or pleasure, 

fatigue or loss of energy), and three of the symptoms involve opposite features (i.e. 

insomnia vs hypersomnia, weight/appetite gain vs loss, psychomotor retardation vs 

agitation) (Fried & Nesse, 2015). Another outstanding issue is that only the first two or 

three symptoms are deemed as fundamental, whereas the others carry equal 

significance. However, it remains unclear to date whether certain symptoms should be 

given greater weighting than others (Malhi & Mann, 2018). In practice, these screening 

Depressed mood*

Anhedonia*

Feelings of guilt or worthlessness

Suicidal ideation or attempts

Difficulty thinking or concentrating

Psychomotor retardation or agitation

Fatigue or loss of energy

Decreased or increased sleep

Decreased or increased weight/appetite 

* Fundamental symptoms

Affective symptoms 
Cognitive symptoms 
Somatic symptoms 
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tools can create over 1,000 unique combinations of symptoms that would all qualify 

for a diagnosis of MDD of seemingly equivalent severity, although their clinical 

significance could vary substantially. 

Several validated questionnaires have also been developed to screen for the 

presence of depressive symptoms and their severity, such as the Beck Depression 

Inventory (Beck et al., 1988) and the Center for Epidemiological Studies Depression 

Scale (Radloff, 1977). Additionally, similar scales have been specifically designed to 

measure depressive symptoms in children and adolescents, such as the Children's 

Depression Inventory (Sun & Wang, 2015) and the Mood and Feelings Questionnaire 

(Thapar & McGuffin, 1998). Unlike the DSM and ICD diagnostic criteria, these scales 

give equal weight to all symptoms, and there is no requirement for symptoms to cause 

disruption in daily functioning. Depressive symptoms are typically added up to create 

a sum score that is assumed to reflect the severity of a uniform disorder, and cut-off 

values are used to identify likely cases of depression. This therefore ignores individual 

differences in depressive symptom profiles and adds further variability to depressed 

samples (Fried & Nesse, 2015). Crucially, distinct depressive symptom profiles might 

be linked to different pathophysiological mechanisms. Hence, the analysis of individual 

symptoms could help to identify reliable biomarkers of depression and facilitate more 

targeted treatments.  

It is worth noting that the current psychiatric classification systems portray 

depression and other psychopathological problems as qualitatively distinct disorders, 

since individuals are merely classified as having or not having a particular psychiatric 

condition. However, several researchers and clinicians have argued that depression 

might be best viewed as a quantitative deviation from the typical affective experience 

which occurs along a continuum ranging from low to high depressive experiences 

(Solomon et al., 2001). Correspondingly, different lines of evidence suggest that 

symptoms of depression are continuously distributed characteristics through the 

population, and show an exponential pattern characterised by a significant decline in 

the proportion of the population experiencing depressive symptoms as the number of 

symptoms increases (Hankin et al., 2005; Tomitaka et al., 2015, 2018). In recent 

years, research has also highlighted the importance of considering subthreshold forms 

of depression which do not meet the full criteria for a diagnosis of MDD. Subthreshold 

depressive symptoms have been shown to have a significant impact on both mental 
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and physical health, quality of life, and socioeconomic outcomes, as well as being a 

predisposing factor for a diagnosis of MDD (Rodríguez et al., 2012; Rowe & Rapaport, 

2006). Importantly, categorical classification models of depression ignore the adverse 

impact of subthreshold depression on the lives of individuals and may hinder the 

identification of biological processes that could underlie the entire spectrum of this 

condition (Rodríguez et al., 2012). As such, a consideration of the entire spectrum of 

depressive symptoms in the population may help to achieve a better understanding of 

the aetiology of depression, and may facilitate the discovery of appropriate treatments.  

 

1.2.3. Aetiology 

 
The understanding of the aetiology of depression has evolved greatly over time. 

Several factors have been proposed to underlie the pathogenesis of depression, but 

no single mechanism can fully explain all aspects of this complex and highly 

heterogeneous disorder. In the 20th century, the Biomedical Model was the 

predominant framework used to study psychiatric disorders. According to this model, 

every disease could be fully accounted for by deviations from the norm of biological 

factors. Mental health problems including depression were regarded as behavioural 

disorders caused by brain dysfunction (Engel, 1977). As such, early aetiological 

accounts of depression focused primarily on dysregulation of neurobiological 

pathways, such as the monoamine system (Mulinari, 2012). Towards the end of the 

20th century, the Biopsychosocial Model emerged as a new framework to understand 

the causes of mental and physical health disorders and overcome the limitations of 

the Biomedical Model, which did not account for the psychological, social, and 

behavioural dimensions of health. In contrast to the latter, the Biopsychosocial Model 

suggests that a person’s health is not solely determined by biological dysfunctions. 

Rather, biological, psychological, and social factors are all interconnected and play a 

role in health and disease (Engel, 1977). Despite the criticism it has attracted for being 

too vague, this model has had a significant influence on different aspects of medical 

practice, and has prompted new research into the psychosocial determinants of 

health. Moreover, it has offered a useful framework for understanding the interplay 

between biological and psychosocial factors in the aetiology and prognosis of physical 

and mental disorders (Bolton & Gillett, 2019). In this section, I will provide a brief 
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overview of the main biological and psychosocial factors that have been implicated in 

the aetiology of depression, before focusing my attention on the role of ACEs in 

depression.  

 

1.2.3.1. Biological factors  

 

The monoamine hypothesis 

In the last 50 years, the monoamine hypothesis has been one of the main 

neurobiological accounts of depression. According to this theory, the pathogenesis of 

depression is characterised by decreased or altered levels of monoamine 

neurotransmitters, including serotonin, noradrenaline, and dopamine (Willner et al., 

2013). This was supported by early research findings suggesting that antidepressants 

work by enhancing monoamine transmission (Manji et al., 2001; Segal et al., 1974). 

This model has remained the main theoretical framework for antidepressant drug 

development owing to corroborative evidence from in vivo and post-mortem studies 

that have investigated the neurotransmitters and their mechanisms of action, and 

evidence from clinical studies supporting the effectiveness of more selective 

medications (e.g. serotonin agonists) as antidepressants (Malhi & Mann, 2018). 

However, it should be noted that approximately one in three patients treated with 

antidepressants do not successfully respond to therapy, even after several treatment 

attempts (Otte et al., 2016). In addition, a meta-analysis of 52 studies found that, while 

monoamine depletion decreased mood in people with a family history of MDD and in 

drug-free MDD patients in remission, it did not decrease mood in healthy people, 

therefore failing to demonstrate a causal link (Ruhé et al., 2007). The monoamine 

hypothesis does also not explain why antidepressants take several weeks to show 

therapeutic effects, and does not account for the great variability in the clinical 

presentation of depression (Ferrari & Villa, 2017). The limited efficacy of 

antidepressants could be a reflection of the wide range of biological mechanisms and 

psychosocial factors that might underlie the aetiology of depression.  
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Structural and functional brain alterations 

Over the last few decades, neuroimaging studies have made an invaluable 

contribution to our understanding of the structure and function of the human brain, 

revealing important abnormalities that may be related to depression. Meta-analyses 

of structural neuroimaging studies have demonstrated that hippocampal volume is 

reduced in patients with depression, compared with non-depressed individuals 

(Goodkind et al., 2015; Kempton et al., 2011; Schmaal et al., 2016). In addition, 

functional neuroimaging studies have provided relevant data regarding the 

connectivity between brain networks involved in cognitive processes linked to 

depression, such as emotion regulation, rumination, and impaired reward pathways 

(Malhi & Mann, 2018). Such work has revealed that individuals with depression often 

exhibit increased activity and connectivity in the amygdala and the subgenual anterior 

cingulate, but hypoactivity in other brain structures such as the insula and the dorsal 

lateral prefrontal cortex (Hamilton et al., 2012; Pizzagalli, 2014). However, it should 

be noted that findings in this field of research rely predominantly on cross-sectional 

studies and are difficult to replicate due to heterogeneous clinical populations (Müller 

et al., 2017). Additionally, research regarding the link between brain abnormalities and 

the choice of optimal treatment is still in its infancy (Malhi & Mann, 2018). 

 

Neuroplasticity and neurogenesis 

 Another plausible biological mechanism underlying the pathophysiology of 

depression involves neurotrophic factors that create new neural connections and 

modulate brain plasticity. It has been proposed that depression could be induced by 

disrupted neuroplasticity and neurogenesis (i.e. generation of new neurons in the adult 

brain from pluripotent stem cells) (Otte et al., 2016). This area of research has mainly 

focused on the role of brain-derived neurotrophic factor (BDNF), one of the major 

neurotrophic factors involved in the maintenance and survival of neurons and in 

synaptic plasticity. Different lines of research support the involvement of BDNF in 

depression (Dwivedi, 2009). Human studies have provided evidence for reduced 

serum levels of BDNF in patients with MDD (Molendijk et al., 2014). Lower levels of 

BDNF have also been found in post-mortem brain tissues of depressed patients, 

compared with healthy controls (Karege et al., 2005). Additionally, it has been 
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demonstrated that both pharmacological and non-pharmacological antidepressant 

therapies are effective in normalising BDNF levels (Molendijk et al., 2014), and that 

BDNF itself shows antidepressant-like effects in animal models (Dwivedi, 2009). 

However, to date the exact mechanisms linking neurogenesis with depression remain 

unclear (Otte et al., 2016).  

 

HPA-axis dysfunction and inflammation 

Dysregulation of the body’s biological response to stress has emerged as a 

dominant neurobiological model of depression in recent years. The hypothalamic-

pituitary-adrenal (HPA)-axis is one of the most investigated stress-related biological 

systems in depression (Pariante & Lightman, 2008). Animal studies have shown that 

activation of the HPA-axis is the main neuroendocrine stress response, which acts as 

a key regulator of behavioural adaptation to stress including depression-like behaviour 

(Holsboer & Ising, 2010). Meta-analyses of human studies have demonstrated that 

patients with MDD tend to exhibit alterations in the activity of the HPA-axis, and 

particularly increased levels of cortisol – the primary glucocorticoid hormone produced 

by the HPA-axis (Knorr et al., 2010; Stetler & Miller, 2011). HPA-axis alterations in 

depression are associated with impaired cognitive function (Hinkelmann et al., 2009), 

and are more common in older adults than in younger people with MDD (Belvederi 

Murri et al., 2014). Elevated cortisol levels can also predict the risk of future depression 

onset in healthy individuals (Wilkinson & Goodyer, 2011), whilst drugs targeting HPA-

axis hormones have been shown to improve cognitive outcomes in people with 

depression (Soria et al., 2018). Despite these findings, clinically effective treatments 

for depression targeting the HPA-axis have not yet been identified (Menke, 2019). Of 

note, a recent meta-analysis of 9 clinical trials has concluded that treatment with 

cortisol synthesis inhibitors may be effective in reducing depressive symptoms only 

for patients with elevated cortisol levels at baseline (Lombardo et al., 2019). Hence, 

the stratification of depressed patients on the basis of baseline cortisol levels might 

help to identify individuals who could benefit from treatment with cortisol synthesis 

inhibitors.  

The innate immune system is another important component of the biological 

stress response, which interacts closely with the HPA-axis. The cytokine hypothesis 
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of depression was developed over 20 years ago, proposing that both internal and 

external stimuli activate the innate immune system through the release of pro-

inflammatory cytokines. This in turn can result in a range of behavioural, 

neuroendocrine, and neurotransmitter alterations that are linked to depression (Maes, 

1995). Several lines of evidence from both animal and human studies support this 

hypothesis (Miller & Raison, 2016; Pariante, 2017). Animal models have provided 

compelling evidence that peripheral cytokines (i.e. signalling molecules that mediate 

and regulate immunity and inflammation) can directly and indirectly influence brain 

circuits, behaviour, and mood states related to depression (Otte et al., 2016). In 

humans, several meta-analyses have demonstrated that depressed individuals have 

elevated serum concentrations of inflammatory markers, such as C-reactive protein 

(CRP), tumor necrosis factor (TFN), and interlukin-6 (IL-6) (Haapakoski et al., 2015; 

Osimo, Pillinger, et al., 2020). In addition, longitudinal studies provide evidence that 

elevated systemic inflammation can precede the development of depression 

(Khandaker et al., 2014). A meta-analysis of post-mortem and in vivo studies has also 

revealed that patients with MDD have increased levels of inflammatory markers not 

only peripherally but also in the brain (Enache et al., 2019). Further evidence for the 

plausible causal effects of inflammation comes from experimental studies showing that 

experimentally induced inflammation can lead to depressed mood (Harrison et al., 

2009). These findings have stimulated the examination of anti-inflammatory drugs in 

the treatment of MDD, which are already offering promising results. For instance, two 

meta-analyses of randomised clinical trials (RCTs) have demonstrated that anti-

inflammatory drugs may be effective in reducing depressive symptoms in patients with 

MDD (Bai et al., 2020; Kappelmann et al., 2016).  

Importantly, the HPA-axis and the inflammatory response system play a pivotal 

role in understanding how psychosocial factors might affect the risk of depression. 

Increasing evidence suggests that exposure to adverse environmental factors, 

particularly during childhood, can lead to dysregulation of these stress-related 

biological systems, which in turn can increase the individual’s susceptibility to 

depression (Danese & Baldwin, 2017; Koss & Gunnar, 2018). I will provide a more 

detailed overview of the physiology of these stress-related systems and their role in 

the relationship between ACEs and depression in Chapter 1.4. 
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Figure 1.3. Biological systems involved in the pathophysiology of depression. 
 
Note. Adapted from Otte et al. (2016). Reprinted with permission (Copyright: 13/03/2021).  

 

Genes 

It has been known for over a century that depression runs in families. First-

degree relatives of people with MDD have a 3-fold increased risk of developing 

depression (Flint & Kendler, 2014). In addition, several adoption and twin studies have 

demonstrated that MDD is moderately heritable, with heritability estimates ranging 

between 30% and 40% (Geschwind & Flint, 2015). Despite this evidence, the search 

for specific genes linked to depression has proven difficult, and has often provided 

inconsistent findings (Otte et al., 2016). Genome-wide association studies (GWAS) 

have shown that depression, as well as other human traits and diseases, has a 

polygenic nature characterised by several single nucleotide polymorphisms (SNPs) of 

small effect (Smoller et al., 2019). Until recently, only few SNPs associated with 

depression had been replicated in different GWAS studies (Bosker et al., 2011; 

Sullivan et al., 2013). However, the most recent GWAS meta-analyses have 

successfully identified several SNPs associated with depression which have been 

replicated across different samples (Howard et al., 2019; Wray et al., 2018). It is 
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important to note that the SNP-based heritability of depression is only about 10% 

(Howard et al., 2019; Smoller et al., 2019), which is considerably lower than the 

estimates provided by twin studies. The low SNP-based heritability of depression 

could be at least partly explained by gene-environment (GxE) interactions. 

Specifically, relevant genetic variants may confer an increased risk of depression 

particularly in the presence of exposure to adverse environmental circumstances 

(Caspi, 2003). Hence, accounting for the interplay between environmental and genetic 

factors could help to enhance the prediction of mental health problems (Assary et al., 

2018). The interplay between ACEs and genetic factors in depression and its 

underlying stress-related biological mechanisms will be discussed in Chapter 1.5.  

 

 

1.2.3.2. Psychosocial factors  

 
It will be apparent from the discussion thus far that the aetiology of depression 

is likely to be multifactorial. Psychosocial factors have been long recognised to be 

associated with both the onset and the course of depression (Kessler, 1997). This has 

opened up new avenues for preventive strategies and psychosocial interventions 

targeting behavioural, cognitive-emotional, and social factors with the aim of improving 

mental health functioning and wellbeing (Institute of Medicine, 2015). Psychosocial 

risk factors for depression can be defined as adverse environmental factors concerned 

with social structure and social processes that influence individual-level meanings, 

mental states, and biological responses (Stansfeld & Rasul, 2006). These can be 

divided into acute life events that can be pinpointed in time, and chronic stressors that 

may continue for several months or years. Both types of life events are related to 

biological stress responses and subsequent depression risk (Muscatell et al., 2009; 

Steptoe et al., 2001).  

 

Acute life events 

Early research about the link between psychosocial factors and depression 

focused on stressful life events that typically occur in adulthood, such as financial 

difficulties, loss of employment, bereavement, separation, and exposure to violence. 

A large body of studies suggests that most episodes of MDD are triggered by recent 
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stressful events, usually in the year preceding the onset of the disorder (Hammen, 

2005; Kendler et al., 1999; Kessler, 1997). Acute life events have also been associated 

with greater severity of depressive symptoms in both patient and community samples 

(Tennant, 2002). In addition, there is evidence for a dose-response relationship 

between acute life events and depression, as the risk of depression has been shown 

to increase with the number and severity of acute life events (Kendler et al., 1998). It 

is worth noting that the severity of a stressful event depends not only on the actual 

circumstances of the event, but also on the individual’s subjective perceptions, 

meanings, and pre-existing vulnerabilities (Hammen, 2005). The impact of acute life 

events may also vary according to the type of event that a person has experienced. 

For instance, the risk of depression has been shown to be particularly high following 

interpersonal losses that are important to a person’s sense of self (e.g. loss of 

significant others, loss of a sense of worth or competence) (England & Sim, 2009; 

Tennant, 2002). Interestingly, it has been suggested that gender differences in 

depression could be partly explained by a greater exposure and vulnerability to 

interpersonal life events in women than in men, although studies testing this 

hypothesis have revealed mixed results (Dalgard et al., 2006; Kendler et al., 2004).  

 

Chronic stressors  
 
Exposure to enduring, long-term stressful circumstances is another important 

psychosocial risk factor for depression. Chronic stressors, such as continued 

economic or interpersonal difficulties, have been shown to be involved in both the 

aetiology and prognosis of depression (Hammen, 2005; Stansfeld & Rasul, 2006). Low 

socioeconomic position (SEP) is a major source of chronic stress that has been 

studied extensively in relation to depression. For instance, a meta-analysis of 51 

studies has demonstrated that low SEP, including low income and low educational 

attainment, has a dose-response relationship with the prevalence, incidence, and 

persistence of depression (Lorant, 2003). The majority of the findings were consistent 

with the social causation theory, suggesting that different aspects of low SEP, such as 

persistent poverty and lack of adequate material resources, may contribute to the 

development of depression. Nevertheless, it is worth noting that the relationship 

between SEP and depression is likely to be bidirectional, as both social causation and 

social selection (i.e. depression hindering social mobility and socioeconomic 
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outcomes) processes have been shown to be involved in their association 

(Dohrenwend et al., 1992; Johnson et al., 1999; Kessler et al., 1995). Exposure to 

racial discrimination has also received great attention in the literature. Different lines 

of research suggest that people from ethnic minority groups report more depressive 

symptoms and a higher prevalence of depression compared with white individuals 

(Plant & Sachs-Ericsson, 2004). In addition, perceived racial discrimination is 

associated with an increased risk of depression among individuals from ethnic minority 

groups, independently of other sociodemographic characteristics (Gee et al., 2007). 

Dysfunctional or inadequate social relationships are another type of chronic stressors 

that can exacerbate the risk of depression. Several systematic reviews and meta-

analyses have consistently demonstrated that both the lack of social support and 

negative social relationships are associated with an increased risk and worse 

prognosis of depression across different cultures and age groups (Gariépy et al., 2016; 

Rueger et al., 2016; Schwarzbach et al., 2014; Tengku Mohd et al., 2019; Wang et al., 

2018).  

In the past year, the Coronavirus Disease 2019 (COVID-19) pandemic has 

emerged as a new source of chronic stressors owing to its ongoing impact on several 

aspects of people’s lives which may contribute to psychological distress, including 

employment, financial security, social connections and activities, health-related 

worries, and access to healthcare (Holmes et al., 2020). It is therefore not surprising 

that a rapidly growing body of research suggests that levels of depression and anxiety 

during the early periods of the pandemic were higher than would be expected for the 

general population (Iob, Frank, et al., 2020; Pierce et al., 2020; Salari et al., 2020). In 

the final chapter of this thesis (Chapter 9.5), I will provide a more detailed overview of 

the impact of the COVID-19 pandemic on mental health, and I will highlight the 

implications for the relationship between ACEs and depression, including findings from 

research to which I have contributed.   

 

Adverse childhood experiences  
 

More recent research has focused on the exposure to adverse psychosocial 

events in childhood as a risk factor for depression. Numerous epidemiological and 

clinical studies have provided compelling evidence that ACEs, such as abuse, neglect, 

and family dysfunction, are among the most potent psychosocial determinants of 
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mental health throughout the life course (Dunn, Soare, et al., 2018). Depression is the 

mental health outcome most consistently associated with early-life stress. Several 

meta-analyses have provided robust evidence for a dose-response relationship 

between ACEs and depression in both children and adults (Chandan et al., 2019; 

Hughes et al., 2017; LeMoult et al., 2020). Crucially, the childhood period seems 

particularly sensitive to stressful environmental circumstances that may affect the risk 

of depression. Although the precise mechanisms linking early-life stress with 

depression are still subject of debate, recent advances in neurobiological research 

have provided important insights into the potential long-term impact of ACEs on the 

brain and its underlying stress response systems (Lupien et al., 2009). As will be 

argued in this thesis, early programming of neurobiological systems that are implicated 

in stress responses, including the HPA-axis and inflammatory systems, might underlie 

the link between early-life stress and depression (Heim & Binder, 2012). The following 

section will provide a general overview of the epidemiology of ACEs and review the 

current evidence for the association between ACEs and depression.   

 

 

1.3. Adverse childhood experiences (ACEs)  

 

1.3.1. Definition  

 
A fundamental issue in research investigating ACEs is to define what 

constitutes early-life adversity. Despite the burgeoning interest in the impact of ACEs 

on children’s outcomes, a concrete and agreed-upon definition of this construct has 

not yet been achieved (McLaughlin, 2016). Consequently, there is a lack of 

consistency in the way in which ACEs are defined and measured across studies 

(Lacey & Minnis, 2020). Recently, McLaughlin (2016) has defined ACEs as those 

early-life experiences that are likely to require considerable psychological, social, or 

neurobiological adaptation by an average child, and which represent a deviation from 

the expectable environment. Since its conception in 2016, an increasing number of 

studies have used this definition in an attempt to improve the operationalisation of 

ACEs and facilitate comparisons of findings from different studies (Bevilacqua et al., 

2021; Duffy et al., 2018; Lacey, Pinto Pereira, et al., 2020). I will therefore focus on 

this definition to conceptualise and measure ACEs in this thesis.  
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The most commonly investigated ACEs are those included in the first seminal 

ACE studies by Felitti and colleagues (Dong et al., 2004; Felitti et al., 1998). ACEs 

included in this early work were abuse (emotional, physical, and sexual), neglect 

(emotional and physical), and experiences of household dysfunction (violence 

between parents, parental separation, and household members affected by substance 

abuse, mental illness, or criminal behaviour). Although Felitti and colleagues were 

among the first researchers to use the term ‘adverse childhood experiences’, earlier 

work in the fields of Psychiatry and Psychology had already highlighted the plausible 

causal role of early-life psychosocial experiences in the genesis of psychiatric 

disorders. For instance, the Isle of Wight surveys undertaken in the mid 1960s 

provided compelling evidence for the association of family adversity and poor peer 

relationships with emotional and behavioural problems in children (Rutter, 1989). 

Furthermore, Bowlby’s pioneering research on attachment theory clearly highlighted 

the importance of a healthy parent-child bond for psychological wellbeing, and it 

identified child abuse and neglect as key factors in adult psychological difficulties 

(Bowlby, 1988). To better reflect the variety of early-life experiences that may underlie 

the aetiology of mental health problems, recent studies have therefore incorporated 

additional ACEs to represent other important domains of childhood experiences that 

might be important in predicting long-term mental health and wellbeing outcomes 

(Finkelhor et al., 2013, 2015), including parent-child bonding and bullying victimisation 

(Baldwin et al., 2018; Houtepen et al., 2018).  

All the aforementioned experiences represent a deviation from the expected 

childhood environment and are likely to require significant adaptations by the 

developing child. Indeed, both severe forms of adversity (e.g. abuse, maltreatment, 

parental loss) and  ACEs of a less threatening nature (e.g. parental separation, low 

parent-child bonding) have been shown to considerably increase the risk of 

depression and other mental health problems (Arseneault, 2008; Björkenstam et al., 

2016; Dube et al., 2001; Fisher et al., 2015). It is worth noting that different types of 

ACEs tend to occur simultaneously (Rosenman & Rodgers, 2004) and often persist 

over time (Clark et al., 2010). Hence, it is important to consider both the interrelated 

and cumulative nature of ACEs in order to gain an in-depth understanding of their 

impact on mental health.  

Some studies have also considered childhood socioeconomic disadvantage 

(e.g. poverty, family financial problems) as an ACE (Hughes et al., 2017). However, 
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socioeconomic disadvantage is conceptually distinct from other psychosocial 

adversities. More specifically, it represents the financial, material, and sociocultural 

circumstances in which children grow up and may influence mental health through 

different mechanisms (Amso & Lynn, 2017; Taylor-Robinson et al., 2018). 

Furthermore, some evidence suggests that childhood socioeconomic disadvantage is 

an important predictor of ACEs rather than an ACE itself (Liming, 2019; Walsh et al., 

2019). Consequently, in this thesis I will consider childhood socioeconomic factors as 

risk factors for ACEs.  

 

 

1.3.2. Epidemiology  

 

Prevalence  
 

ACEs are unfortunately very common and affect the lives of millions of children 

across the world. Prevalence estimates of ACEs are typically informed by various data 

sources, including administrative data from child maltreatment records, prospective 

cohort studies of children, and retrospective surveys conducted with adults (Asmussen 

et al., 2020). Global estimates from population-based surveys suggest that around 1 

in 2 children aged 2-17 years were victims of violent victimisation (physical, sexual, or 

emotional) in the past year (Hillis et al., 2016). Furthermore, a meta-analysis of 224 

studies has demonstrated that the global prevalence of childhood maltreatment in self-

report studies (mainly assessing lifetime prevalence) was 13% for sexual abuse, 23% 

for physical abuse, 36% for emotional abuse, 16% for physical neglect, and 18% for 

emotional neglect. Prevalence rates in studies using data collected from police 

records, social services, child protective services, or teachers (mainly assessing one-

year prevalence) were 4% for sexual abuse and 3% for physical and emotional abuse 

respectively (Stoltenborgh et al., 2015). The prevalence of ACEs is also remarkably 

high in the UK. Data collected by the Department for Education suggest that 399,500 

children were identified as being in need (i.e. referred to and assessed by children's 

social services) in 2019, which corresponds to approximately 2.5% of the child 

population at any given time point (Asmussen et al., 2020). Over 80% of the 399,500 

children in need had at least one ACE-related problem. Specifically, 54% reported 

abuse or neglect, 15% family dysfunction, 9% acute family stress, and 4% absent 
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parenting. Girls were more likely to experience abuse/neglect, but less likely to report 

absent parenting (Figure 1.4).   

 

Figure 1.4. Incidence of ACEs among children in need in England, 2019. 
 
Note. Data source: Department for Education (2019).  

 

National estimates from retrospective surveys with representative samples of 

adults living in England and Wales also suggest that ACEs are highly common and 

often co-occur (Bellis et al., 2014, 2015). These data show that the lifetime prevalence 

of ACEs is 23% for 1 ACE, 15% for 2-3 ACEs, and 8% for 4+ ACEs. Among single 

adversities, parental separation and emotional abuse are the most commonly reported 

ACEs (17-23%), while parental drug abuse/incarceration and sexual abuse are the 

least commonly reported adversities (Figure 1.5). Both the co-occurrence of ACEs and 

the prevalence of single adversities are higher in women than in men, particularly for 

sexual abuse (8% vs 4%). Furthermore, there are large socioeconomic disparities in 

the prevalence of ACEs. For instance, adults in the poorest deprivation quintile are 

three times more likely to report 4 or more ACEs, compared with those in the least 

deprived quintile. In addition, most individual ACEs are twice as common among 

people living in the most deprived areas than in those living in the least deprived 

neighbourhoods (Figure 1.5). 
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Figure 1.5. Lifetime prevalence of ACEs among adults in England.  

Note. Data source: National household survey of ACEs in England (Bellis et al., 2014).
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It must be noted that measuring the prevalence of ACEs with precision is 

particularly difficult owing to a large heterogeneity in the definitions of ACEs and 

potential measurement biases. Accurate disclosure of ACEs is a primary challenge in 

research, as many adversities represent circumstances that are highly stigmatising or 

prosecutable by law (Gilbert et al., 2009). The accuracy of self-reports of childhood 

experiences is influenced by several factors, including memory biases, repression, 

and willingness to disclose sensitive information (Baldwin et al., 2019; Hardt & Rutter, 

2004). Further, cases of abuse or neglect are often not recognised by anyone and are 

not brought to the attention of child protection agencies (Stoltenborgh et al., 2015). All 

the above factors are likely to result in underestimation of the actual occurrence of 

ACEs, rather than overestimation.  

 

Early-life risk factors and life course consequences  
 

As discussed previously, childhood socioeconomic disadvantage is an 

important risk factor for ACEs. A systematic review of 41 studies has found compelling 

evidence for the relationship between low childhood SEP (e.g. poverty, parental 

unemployment) and the risk of experiencing ACEs, which is broadly consistent across 

different countries and measures of SEP and ACEs (Walsh et al., 2019). This 

relationship has also been confirmed by large-scale prospective studies of children in 

the UK (Lacey, Howe, et al., 2020; Marryat & Frank, 2019). Additionally, recent 

evidence suggests that ACEs are socioeconomically patterned not only at the family 

level but also at the area level. In England, the prevalence of ACEs measured through 

administrative data has been found to be highest in areas with higher rates of child 

poverty and in more deprived regions, such as the North East and the North West 

(Lewer et al., 2020). These findings are consistent with the Family Stress Model, which 

suggests that poverty can place significant strain on family relationships, potentially 

resulting in greater interparental conflict, violence, and poor parental wellbeing 

(Conger et al., 1992). Gender has been proposed as another possible risk factor for 

ACEs. As indicated by the prevalence data presented in the previous section, women 

are more likely to report experiences of childhood sexual abuse than men (Bellis et 

al., 2014). This finding has been replicated in several studies of children and adults 

exposed to ACEs (Hanson et al., 2008; Lacey, Howe, et al., 2020; Zhang et al., 2020). 
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On the other hand, boys seem more likely than girls to report physical abuse or witness 

violence (Buka et al., 2001; Hanson et al., 2008; Lacey, Howe, et al., 2020; Stevens 

et al., 2005). Nevertheless, the impact of ACEs on mental health is thought to be 

greater in females than in males. For instance, it has been shown that girls exposed 

to sexual abuse, physical abuse, or violence in the community are more likely to 

experience mental health problems during childhood or adulthood, compared with 

their male counterparts (Foster et al., 2004; Meng & D’Arcy, 2016; Thompson et al., 

2004). 

Besides their detrimental effects on mental health, ACEs have been linked with 

an array of adverse health and socioeconomic outcomes throughout the life course. A 

meta-analysis of 37 studies has demonstrated that adults with four or more ACEs had 

an increased risk of all health outcomes considered in the study. The strongest 

associations [odds ratio (OR) > 3] were found for mental ill health, problematic drug or 

alcohol use, interpersonal and self-directed violence, and sexual risk taking. In 

addition, moderate associations (OR = 2-3) were found for smoking, heavy alcohol 

use, poor self-rated health, cancer, heart disease, and respiratory disease, and 

modest associations (OR = 1-2) were found for physical inactivity, overweight, obesity, 

and diabetes (Hughes et al., 2017). Increasing evidence also suggests that ACEs can 

pose significant harm to children’s socioeconomic outcomes, both during their 

childhood and in their adult years. For example, large-scale studies in the UK and in 

America have demonstrated that adults affected by ACEs are more likely to report low 

educational attainment, unemployment, long-term sickness, and low income, 

compared with adults without ACEs (Hardcastle et al., 2018; Jaffee et al., 2018; 

Metzler et al., 2017). Unsurprisingly, the economic costs associated with ACEs are 

very high. Recent data suggest that the total annual costs attributable to ACEs 

are $1.3 trillion and 37.5 million disability-adjusted life-years (DALYs) across Europe 

and America, and that over 75% of these costs arise in individuals with 2 or more 

ACEs. Based on these results, it has been estimated that a 10% reduction in the 

prevalence of ACEs could result in annual savings of 3 million DALYs or $105 billion 

(Bellis et al., 2019). Taken together, these findings demonstrate that the impact of 

ACEs on individuals and society is both significant and long-term. Accordingly, ACEs 

have recently emerged as a critical public health issue across the world. The WHO 

and other health organisations have emphasised the need to reduce the prevalence 

of ACEs and mitigate their adverse effects in order to ensure a good start of life for 
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every child (Bellis et al., 2019; NHS Highland Public Health, 2018; Sethi et al., 2018; 

World Health Organization, 2013).  

 
 

1.3.3. Research evidence for the association between ACEs and depression  

 

1.3.3.1. Early research and meta-analyses  

 
Several lines of research have consistently demonstrated that the burden of 

mental health problems often begins early in development and is rooted in childhood 

psychosocial difficulties (Maughan & Collishaw, 2015; Nanni et al., 2012). The first 

major study investigating the relationship between exposure to ACEs and depression 

was conducted by Felitti et al. (1998). Based on a population-based sample of 9,508 

adults registered at the Kaiser Permanente’s San Diego Health Appraisal Clinic, the 

authors found a strong dose-response association between experiences of childhood 

abuse, neglect, and household dysfunction (measured through a retrospective 

questionnaire) and depressed mood. More specifically, compared with no ACEs 

exposure, the ORs of depressed mood were 1.5 times higher for 1 ACE, 2.5 times 

higher for 2-3 ACEs, and 4.6 times higher for 4 and more ACEs (Felitti et al., 1998). 

Since the publication of this landmark study, a large body of research evidence has 

made it clear that ACEs play a pivotal role in shaping mental health outcomes 

throughout the life course. Both cross-sectional and prospective studies have 

demonstrated that various types of ACEs, such as abuse, neglect, family problems, 

and bullying victimisation, are all associated with an increased risk of developing 

depression in childhood or adulthood (Bowes et al., 2015; Dunn et al., 2013a; Green 

et al., 2010; McLaughlin et al., 2012; Scott et al., 2012). In addition, this association 

has been shown to persist over the entire life course until later life (Cheong et al., 

2017; Comijs et al., 2013).  

Given the breadth of literature available on the link between ACEs and 

depression, several meta-analyses have sought to summarise the findings and assess 

the overall strength of the evidence. Table 1.1 provides an overview of the meta-

analyses published to date. Overall, this work has provided compelling evidence that 

ACEs are associated with both the development and prognosis of depression. Most 

meta-analyses have focused on experiences of childhood abuse (physical, emotional, 



 40 

or sexual), neglect (physical or emotional), and family conflict/violence, measured 

through either retrospective or prospective assessments (Braithwaite et al., 2017; 

Gardner et al., 2019; Infurna et al., 2016; LeMoult et al., 2020; Li et al., 2016; Liu et 

al., 2019; Nanni et al., 2012; Nelson et al., 2017; Zhang et al., 2020). The results have 

confirmed that all types of ACEs were associated with an elevated risk of depression, 

greater severity of depressive symptoms, earlier onset and chronic course of illness, 

recurrent and persistent depressive episodes, and lack of response or remission 

during depression treatment. These associations were found in both young people 

and adults, and across different study designs (e.g. cross-sectional, prospective 

cohort, intervention studies), with effect sizes ranging from small to moderate. 

Experiences of emotional/psychological abuse emerged as the strongest predictors of 

depression risk in several studies. A number of meta-analyses have considered other 

childhood adversities including bullying victimisation and negative parenting factors. 

Two meta-analyses have demonstrated that exposure to bullying victimisation during 

childhood or adolescence was associated with an increased risk of depression, both 

concurrently and prospectively (Moore et al., 2017; Ttofi et al., 2011). This relationship 

has also been confirmed by a meta-analysis of quasi-experimental studies (i.e. studies 

using twin designs, fixed-effects analysis, or propensity score matching) which 

accounted for pre-existing risk factors potentially confounding the association between 

bullying and mental health (Schoeler et al., 2018). Further, two meta-analyses have 

examined the association between parenting and depression in children and 

adolescents. The results suggest that negative parenting factors, such as parental 

rejection, control, low autonomy granting, aversiveness, over-involvement, low 

monitoring, low warmth, and inter-parental conflict, were all associated with an 

increased risk of youth-onset depression (McLeod et al., 2007; Yap et al., 2014). 

Numerous studies have also investigated the cumulative effect of experiencing 

multiple ACEs. A meta-analysis of population-based studies found a strong link 

between cumulative ACEs exposure and depression. Specifically, the ORs of 

depression were 4.74 times higher in people with 4 or more ACEs compared with 

those without ACEs (Hughes et al., 2017). 

As discussed previously, the impact of ACEs on mental health is thought to be 

greater in females than in males. However, studies assessing the role of gender as a 

potential moderator of the association between ACEs and depression have yielded 

mixed results. Some analyses have found larger effects of childhood abuse on 
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depression in females (Brensilver et al., 2011; Dunn et al., 2012), whereas others 

suggest similar or even larger associations in males (Dinwiddie et al., 2000; Pimlott-

Kubiak & Cortina, 2003; Reinherz et al., 2003). Recently, Gallo et al. (2018) have 

conducted a meta-analysis of population-based studies examining gender differences 

in the association between childhood abuse and depression. The ORs of depression 

associated with childhood physical or sexual abuse were generally higher in women 

than in men, but the overall gender differences were nonsignificant. These results 

should be interpreted with caution since the quantitative synthesis only included six 

studies, therefore resulting in low statistical power to test sex differences. The meta-

analysis by Moore et al. (2017) (see Table 1.1) has also demonstrated a larger 

relationship between bullying victimisation and depression in females than in males, 

but the statistical significance of this difference was not tested. In contrast, Yap et al. 

(2014) found that the association between negative parenting factors and depression 

was broadly similar in female and male adolescents (Table 1.1). These findings could 

indicate that experiences involving harm or threat of harm, such as abuse and bullying 

victimisation, are more strongly related to depression in females than in males. 

However, there is insufficient evidence thus far to support this gender difference. 

Lastly, it should be noted that the majority of the meta-analyses presented in 

this section did not consider the impact of potential confounding factors, moderators, 

or mediators on the relationship between ACEs and depression. Except for one meta-

analysis which focused exclusively on studies accounting for relevant confounding 

factors (e.g. child SEP, genetics, pre-existing mental health problems) (Schoeler et 

al., 2018), most meta-analyses reported unadjusted associations or provided only 

basic adjustment for sex and age. Hence, more work is needed to assess the influence 

of relevant childhood and adult factors on the association between ACEs and 

depression.
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Table 1.1. Meta-analyses of the association between ACEs and depression. 

Study Samples and study design Outcome ACEs measures  Results 

McLeod et al. 
(2007) 

Cross-sectional population-based 
samples of children (N=45).  

Depression 
diagnosis or self-
report measures.  

Negative parenting (rejection and 
control).  

Parenting accounted for 8% of the variance in child depression. Parental 
rejection was more strongly related to childhood depression than was 
parental control (average corrected correlation = .28 vs .23).  

Ttofi et al. 
(2011) 

Prospective cohort or intervention 
studies, where bullying exposure 
was not assessed retrospectively 
(N=29).   

Depression 
diagnosis or 
depressive 
symptoms. 

School bullying victimisation.  The probability of depression up to 36 years later was higher for children who 
were bullied at school than for non-bullied children (OR=1.99), even after 
controlling for up to 20 childhood risk factors (OR=1.74). Effect sizes were 
smaller when the follow-up period was longer and larger the younger the 
child was when exposed to bullying. 

Nanni et al.  
(2012)  

Adult and adolescent population-
based (N=16) and clinical (N=10) 
samples.  

Course of 
depression and 
treatment outcome.  

Childhood maltreatment (physical 
or sexual abuse, neglect, and 
family conflict or violence).  

In population-based studies, childhood maltreatment was associated with an 
elevated risk of recurrent and persistent depressive episodes (OR=2.27). In 
clinical studies, childhood maltreatment was associated with lack of response 
or remission during treatment for depression (OR=1.43).  

Yap et al. 
(2014) 

Retrospective, longitudinal, and 
cross-sectional samples of 
adolescents aged 12-18 years 
(N=140).  

Depression 
diagnosis or 
depressive 
symptoms. 

Parenting factors (inter‐parental 
conflict, monitoring, encouraging 
sociability, and discipline).  

In longitudinal studies, several parenting factors were associated with 
adolescent depression: autonomy granting (r =-0.397), aversiveness 
(r=0.220), inter-parental conflict (r=0.182), monitoring (r=-0.135), over-
involvement (r=0.182), permissive parenting (r=0.104), and warmth (r=-
0.203). These associations were largely similar for male and female 
adolescents. 

Li et al. 
(2016) 

Prospective cohort studies (N=8).  Depression 
diagnosis.  

Childhood maltreatment (physical 
or sexual abuse and neglect).  

The pooled OR between any type of maltreatment and depression was 
2.03. For specific types of maltreatment and depression or anxiety disorders, 
the ORs were: physical abuse OR = 2.00, sexual abuse OR = 2.66, and 
neglect OR = 1.74.   

Infurna et al. 
(2016) 

Adult and adolescent population-
based and clinical samples (N=12).  

Depression 
diagnosis. 

Childhood maltreatment (harsh 
parenting, neglect, and physical, 
sexual or psychological abuse).  

All types of maltreatment were related to an increased risk of depression. 
Psychological abuse had the largest effect size (d=0.932).  

Braithwaite et 
al. (2017) 

Longitudinal cohort and case-control 
samples of children (N=22), where 
the measurement of maltreatment 
preceded that of depression.  

Depression 
diagnosis or self-
reported depressive 
symptoms.  

Childhood physical, sexual, or 
emotional/ psychological abuse, 
harsh parenting, and neglect.  

Children reporting at least one type of maltreatment experience had a higher 
risk of developing depression in adulthood compared with non-maltreated 
children (OR=1.50).  

Nelson et al. 
(2017) 

Adult population-based and clinical 
samples (N=184).  

Depression 
diagnosis or 
severity of 
depressive 
symptoms.  

Childhood maltreatment (sexual, 
physical, or emotional abuse, and 
physical or emotional neglect).  

All types of maltreatment were associated with an increased risk of 
depression. The smallest increase was observed for physical neglect 
(OR=2.45), and the highest increase for emotional abuse (OR=3.73). 
Childhood maltreatment history was also related to chronic course of illness, 
non-response to treatment, and earlier illness onset.  

Moore et al. 
(2017) 

Longitudinal or cross-sectional 
samples of young people (N=165).  

Depression 
diagnosis.  

Bullying victimisation.  Bullying victimisation in children or adolescents was associated with an 
increased risk of depression (OR=2.27). This association was larger in 
prospective than retrospective/cross-sectional studies (OR = 3.03 vs 1.95), if 
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bullying occurred after the age of 13 years (OR = 2.29 vs 2.11), and in 
females than in males (OR = 2.13 vs 2.07).  

Liu et al. 
(2018) 

Longitudinal population-based 
studies of college students (N=15).  

Depression 
diagnosis or self-
reported depressive 
symptoms. 

Childhood abuse (emotional or 
physical neglect, and emotional, 
physical, or sexual abuse).   

College students reporting childhood abuse were more likely to experience 
depression than students without childhood abuse, but the effect size of this 
association was only small (OR=1.05).  

Gallo et al. 
(2018) 

Population-based studies with a 
cohort, case-control or cross-
sectional design, where the results 
were stratified by sex (N=6).  

Depression 
diagnosis.  

Maltreatment during childhood or 
adolescence (physical or sexual 
abuse).  

The ORs of depression associated with childhood maltreatment were 
generally higher for women than for men (physical abuse: OR = 2.53 vs 1.75; 
sexual abuse: OR = 2.14 vs 1.70). However, for each of these associations, 
the gender difference between the pooled ORs was nonsignificant.  

Hughes et al.  
(2018) 

Adult cross-sectional, case-control, 
or cohort samples (N=13).  

Depression 
diagnosis or 
severity of 
symptoms.  

Cumulative measure of at least 
four ACEs.  

The ORs of depression were 4.74 times higher in people with 4 and more 
ACEs compared with those without ACEs.  

Schoeler et 
al. (2018) 

Quasi-experimental studies (i.e. 
studies using twin designs, fixed 
effects analysis, or propensity score 
matching) (N=16).  

Internalising 
symptoms.  

Bullying victimisation.  Bullying victimisation had a small quasi-experimental-adjusted effect on 
internalising symptoms (d=0.27).  

Gardner et al. 
(2019)  

Cohort and case-control studies 
using population representative 
samples (N=96).  

Depression 
diagnosis.  

Childhood maltreatment (physical, 
sexual, or emotional abuse, 
neglect, and domestic violence).  

All forms of child maltreatment were associated with depressive disorders: 
any child maltreatment OR = 2.48; sexual abuse OR = 2.11; physical abuse 
OR = 1.78; emotional abuse OR = 2.35; neglect OR = 1.65; and domestic 
violence OR = 1.68.  

Zhang et al. 
(2020) 

Adult population-based samples 
(N=17).  

MDD diagnosed 
according to DSM 
or ICD criteria.  

Childhood trauma assessed using 
the Childhood Trauma 
Questionnaire (CTQ; i.e. 
emotional, physical, or sexual 
abuse, physical neglect, and 
emotional neglect).  

The pooled prevalence rate of depression in people with MDD was 33% for 
emotional abuse, 17% for physical abuse, 19% for sexual abuse, 37% for 
emotional neglect, and 31% for physical neglect.  

LeMoult et al. 
(2020) 

Cross-sectional and longitudinal 
samples of children and 
adolescents (student, clinic-referred, 
population-based, 
volunteer/community) (N=62).  

Onset of depression 
before age 18 
years.  

Early-life stress (sexual, 
emotional, or physical abuse, 
death of a family member, and 
domestic violence).  

Emotional abuse (OR=2.97), parental death (OR=2.96), domestic violence 
(OR=2.34), physical abuse (OR=2.13), and sexual abuse (OR=1.62) were all 
associated with a higher risk of youth-onset depression.  
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1.3.3.2. Timing and patterning of ACEs  

 
Timing  
 

Despite an extensive body of research documenting the association between 

ACEs and depression, there currently is limited evidence regarding the role of the 

timing and patterning of ACEs in this relationship. With regard to the timing of ACEs, 

various conceptual models have been proposed in an attempt to explain how ACEs 

may influence mental health (Gabard-Durnam & McLaughlin, 2019). The Sensitive 

Period model is one of the most widely used life course theories to study the effects 

of early-life experiences on later health outcomes. This model suggests that exposure 

to environmental risk during periods of greatest brain maturation and plasticity confers 

the greatest risk for unfavourable mental health outcomes (Ben-Shlomo & Kuh, 2002; 

Dunn et al., 2017). Alternative life course models include the Accumulation of Risk and 

Recency models (Dunn, Soare, et al., 2018). According to the Accumulation of Risk 

model, every additional year of exposure to ACEs is linked to an increased risk of 

negative mental health outcomes in a dose-response fashion (Evans et al., 2013). The 

Recency model instead posits that more proximal ACEs have larger effects on mental 

health than more distal events (Shanahan et al., 2011). Importantly, it remains to be 

established which theoretical model may better explain the relationship between ACEs 

and depression. Early childhood is typically regarded as the most sensitive 

developmental window because it represents the period of greatest development in 

human life (Danese & McEwen, 2012). However, adolescence is also characterised 

by major physical, emotional, and social maturation (Luciana, 2013), as well as being 

associated with a peak in the onset of mental health problems (Kessler et al., 2005; 

Kim-Cohen et al., 2003). Therefore, exposure to ACEs during this period is also likely 

to have a substantial effect on mental health, as suggested by the findings discussed 

in the previous section regarding the relationship between bullying victimisation and 

adolescent depression. It has also been proposed that stress exposure during the 

prenatal period may initiate adaptive responses in the individual which could have 

persisting effects on their biology and behaviour (O’Donnell et al., 2014). Accordingly, 

several studies have revealed that prenatal psychosocial adversities (e.g. negative 

experiences or mental health difficulties experienced by the mother) are associated 

with emotional difficulties and poor mental health outcomes in children (Bergman et 
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al., 2007; Davis et al., 2011; Flouri, Francesconi, Midouhas, & Lewis, 2020a; O’Connor 

et al., 2003; Robinson et al., 2011). Existing studies explicitly testing the impact of the 

timing of ACEs on mental health have provided mixed findings. Some research 

supports the idea that early childhood may be a period of heightened vulnerability to 

adversity, suggesting that exposure to ACEs during the first 5 years of life is more 

strongly related to the emergence of depressive symptoms in early adulthood 

compared with exposure to ACEs during late childhood and adolescence (Dunn et al., 

2013b, 2017; Kaplow & Widom, 2007). Other research has instead shown that 

exposure to child maltreatment in middle childhood (6-10 years) was more consistently 

associated with emotional difficulties in adulthood, compared with adversities during 

other developmental periods (Dunn, Nishimi, et al., 2018). Further, it has been shown 

that exposure to maltreatment in early adolescence is most predictive of depressive 

symptoms in adolescence (Harpur et al., 2015), and that the effects of ACEs in early 

and middle childhood (0-8 years) on child psychopathology symptoms (8 years) are 

primarily explained by recency and accumulation effects (Dunn, Soare, et al., 2018). 

In contrast, other research has concluded that ACEs are consistently associated with 

an increased risk of depression and greater severity of symptoms regardless of their 

timing (Björkenstam et al., 2017; Tracy et al., 2019). Hence, there is no agreement in 

the literature as to whether the relationship between ACEs and depression is best 

explained by sensitive period, recency, or accumulation effects.  

 

Patterning versus cumulative or single adversity  
 

The majority of studies have investigated the link between ACEs and 

depression employing one of two strategies. The first one consists in studying the 

effects of individual types of adversity separately. However, individuals reporting ACEs 

have often experienced multiple adverse events (Green et al., 2010; McLaughlin et 

al., 2012). Increasing recognition of the high co-occurrence of ACEs led to the 

emergence of the cumulative-risk approach, which measures the total number of 

adversities experienced to create an overall risk score (Evans et al., 2013). Although 

this method has been useful for highlighting the public health importance of ACEs, 

there are important criticisms to consider (McLaughlin, 2016). In particular, the 

cumulative-risk approach can only take into account the overlap between different 

elements of stressful childhood experiences thereby ignoring their potentially different 
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psychological and physiological consequences (Kuhlman et al., 2017). An alternative 

approach involves the identification of dimensions or clusters of environmental 

experience underlying different forms of adversity which may influence mental health 

in similar ways. The main advantage of this method is that it allows researchers to 

understand the effects of different ACEs combinations, potentially informing the 

targeting of interventions to address specific patterns of ACEs (Lacey & Minnis, 2020). 

To date, only few studies have been conducted to advance knowledge of the role of 

the patterning of ACEs in depression. Initial evidence from studies using person-

centred clustering techniques (e.g. Latent Class Analysis; LCA) or variable-centred 

dimensionality reduction techniques (e.g. Factor Analysis; FA) suggests that the 

specific patterning of ACEs might be important in predicting future mental health 

outcomes. Using LCA, Witt et al. (2016) identified three ACEs clusters, showing that 

the cluster representing experiences of maltreatment (i.e. sexual, physical, and 

emotional abuse) was particularly detrimental to children’s mental health. Ho et al. 

(2020) also identified three clusters of ACEs, and the cluster representing ‘household 

violence’ (i.e. physical and psychological abuse and domestic violence) was linked to 

a higher likelihood of depression. Further, a number of studies have used FA to identify 

distinct dimensions of adversity underlying ACEs. For instance, Mersky et al. (2017) 

demonstrated that conventional ACEs (e.g. abuse, neglect, parental separation) 

loaded on two broad factors, namely ‘maltreatment’ and ‘household dysfunction’, 

although a more complex four-factor solution emerged once extended ACEs were 

introduced (e.g. parental absence and peer victimisation). Consistent with the 

evidence from studies using LCA, a number of studies found that the association 

between ACEs and depressive symptoms was primarily accounted for by the 

dimension representing ‘maltreatment’,  whereas associations with the ‘household 

dysfunction’ dimension were weaker (Negriff, 2020; Westermair et al., 2018). Taken 

together, these studies emphasise the importance of considering different types and 

patterns of ACEs experienced not only in early childhood but also during adolescence 

and before birth. More research is needed to clarify the impact of the timing and 

patterning of ACEs on the emergence and persistence of depression throughout the 

life course, using longitudinal assessments of ACEs and depression.  

Of note, a better understanding of the role of the timing and patterning of ACEs 

is also crucial to elucidate the psychobiological mechanisms through which ACEs 

might lead to the development of depression. Furthermore, another relevant issue 



 47 

concerns the retrospective versus concurrent assessment of ACEs. I will focus my 

attention on these issues in Chapters 1.4.6.1 – 1.4.6.2.  

 

 

1.4. Psychobiological pathways linking ACEs with depression  

 

1.4.1. Physiology of the stress response in humans  

 

The nexus between ACEs and depression is well established in the research 

literature, with a large number of studies documenting the long-term impact of 

exposure to traumatic and stressful circumstances in childhood on mental health. In 

order for ACEs to influence later mental health outcomes, neurobiological systems 

should be affected. Yet, the specific psychobiological mechanisms through which this 

may occur need to be disentangled (Berens et al., 2017). It has been proposed that 

maladaptive changes in the activity of the HPA-axis and the inflammatory response 

system might underlie the relationship between ACEs and depression (Danese & 

Baldwin, 2017; Danese & McEwen, 2012; Koss & Gunnar, 2018; Lupien et al., 2009; 

McEwen, 2012).  

Activation of the HPA-axis is a hallmark of the stress response in humans 

(McEwen, 2007). Its main role is to maintain homeostasis and promote successful 

adaptation to a variety of stressful stimuli, including environmental, psychological, and 

physical threats. This is accomplished through a complex cascade of hormonal 

reactions involving the activation of the hypothalamus, the pituitary gland, and the 

adrenal cortex (Aguilera, 2012) (Figure 1.6). In response to the perception of a 

stressful stimulus, the hypothalamus secretes corticotropin releasing hormone (CRH) 

(Stratakis & Chrousos, 1995). This in turn stimulates the release of adrenocorticotropin 

hormone (ACTH) from the pituitary gland, which prompts the adrenal gland to increase 

production of glucocorticoid hormones, including cortisol – the primary output of the 

HPA-axis (Gunnar & Vazquez, 2006). Glucocorticoids are then transported into the 

blood stream by corticosteroid binding globulin (CBG), a protein modulating the tissue 

availability of these hormones (Gardill et al., 2012). Circulating levels of 

glucocorticoids are essential in order to maintain homeostasis since they exert 

negative feedback to the production of CRH by the hypothalamus (Aguilera, 2017; 
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Sapolsky et al., 2000). In addition, they play a fundamental role in the modulation and 

regulation of energy metabolism, cardiovascular function, and neuroendocrine, 

immune, and inflammatory responses (Nikkheslat et al., 2018). The widespread 

effects of glucocorticoids are primarily modulated by gene transcription. This involves 

the binding of glucocorticoids to glucocorticoid receptors (GR) and mineralocorticoid 

receptors (MR) which are expressed in the brain and in almost all cells throughout the 

body (Koss & Gunnar, 2018). A reduced sensitivity of GR to the effects of 

glucocorticoids may result in impaired ability of these hormones to exert their feedback 

inhibition effects. This process is known as ‘glucocorticoid resistance’ and has been 

extensively reported in depression (Nikkheslat et al., 2018; Pariante & Lightman, 

2008).  

The immune system and its underlying inflammatory activity also play a pivotal 

role in the biological stress response. Inflammation is typically considered as the 

body’s primary response to physical injuries and infections. However, a large body of 

research has made it clear that both physical and psychosocial stressors can result in 

greater inflammatory activity (Glaser & Kiecolt-Glaser, 2005; Slavich & Irwin, 2014; 

Steptoe et al., 2007). In response to a stressful stimulus, the release of CRH from the 

hypothalamus can also activate sympathetic nervous system outflow pathways via the 

locus coeruleus (Figure 1.6). Catecholamines released from sympathetic nerve 

endings increase NF-KB DNA binding in relevant immune cell types (e.g. 

macrophages), resulting in the release of proinflammatory cytokines in the body. In 

turn, proinflammatory cytokines can access the brain through humoral and neural 

routes (see Chapter 1.4.3) and activate NF-KB inflammatory signalling pathways, 

thereby contributing to decreased monoamine metabolism, increased excitotoxicity, 

and decreased release of trophic factors (Miller et al., 2009; Miller & Raison, 2016).  
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Figure 1.6. Stress-induced activation of the HPA-axis and the inflammatory response. 
 
Note. Reprinted with permission from Miller et al. (2009) (Copyright: 13/03/2021). 

 

 

1.4.2. Neuroendocrine-inflammatory interactions 

 

The HPA-axis has a bidirectional relationship with the inflammatory response. 

The activation of NF-KB in the brain can stimulate the HPA-axis and induce the 

production of glucocorticoids (Miller et al., 2009). In turn, glucocorticoids are critical in 

suppressing inflammation and autoimmune responses as they exert negative 

feedback to the inflammatory response by inhibiting NF-KB activation (Silverman & 

Sternberg, 2012). However, HPA-axis hyperactivity and elevated inflammation have 

been shown to be concurrent in the context of chronic stress and depression (Pariante, 

2017). Such finding seems contradictory as glucocorticoids are well recognised for 

their anti-inflammatory effects. Two main hypotheses have been proposed to explain 

this apparent paradox (Horowitz et al., 2020). The first hypothesis suggests that 

glucocorticoid resistance could result in failure to down-regulate the inflammatory 

response, even in the presence of increased glucocorticoid levels (Cohen et al., 2012). 

Different lines of evidence support this hypothesis. For instance, studies in humans 

have shown that individuals experiencing chronic stress (e.g. familial caregivers of 

brain cancer patients, lonely people) have diminished expression of transcripts 
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bearing response elements for glucocorticoids and heightened expression of 

transcripts with response elements for NF-KB in peripheral blood cells. This may 

suggest a stress-induced shift from glucocorticoid signalling to immune signalling 

(Cole, 2008; Miller et al., 2008, 2009a). Additionally, chronically stressed individuals 

tend to exhibit increased glucocorticoid resistance, are more likely to develop a cold 

after rhinovirus seeding, and have increased levels of pro-inflammatory cytokines in 

response to the virus (Cohen et al., 2012). The second hypothesis instead proposes 

that glucocorticoids could possess immune potentiating properties (Horowitz et al., 

2013). This hypothesis is supported by evidence from animal experiments showing 

that exposure to a stressor before an inflammatory stimulus is associated with higher 

levels of pro-inflammatory cytokines (Espinosa-Oliva et al., 2011; Munhoz et al., 

2006). Some preliminary findings suggest that this phenomenon might also occur in 

humans. For example, it has been shown that intermediate doses of hydrocortisone 

(corresponding to stress levels) can induce a robust increase in the response to a 

subsequent inflammatory stimulus (Yeager et al., 2016). Further, Horowitz et al. 

(2020) have recently demonstrated that glucocorticoids can potentiate inflammatory 

responses in human hippocampal progenitor cells, a cell system that seems 

particularly relevant to the pathophysiology of depression (Egeland et al., 2015). 

Overall, these findings suggest that a prolonged exposure to high levels of 

glucocorticoids may result in elevated inflammation not only through glucocorticoid 

resistance, but also through direct pro-inflammatory effects.  

 

1.4.3. Effects of glucocorticoids and inflammation on the brain and behaviour 

 

Chronic and repeated activation of the HPA-axis and the inflammatory 

response system can adversely affect the development of the brain (Danese and 

Lewis, 2017; Lupien et al., 2009). This is particularly the case for children and young 

people whose brain structures are still developing at the time of stress exposure. 

Under normal HPA-axis activity, glucocorticoids play a key role in brain development 

since they activate terminal maturation, remodel axons and dendrites, and influence 

cell survival (Meyer, 1983). However, both elevated and suppressed levels of 

glucocorticoids can hinder brain maturation (Lupien et al., 2009). Likewise, the 

inflammatory response system contributes to the regulation of key cellular events 
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during prenatal and postnatal brain development (Danese & Baldwin, 2017). These 

include, for instance, cell proliferation and migration, synaptogenesis, synaptic 

refinement and survival, and myelination (Boulanger, 2009). Low levels of pro-

inflammatory cytokines during childhood are important to facilitate these molecular 

mechanisms. In contrast, high levels of inflammation could exert neurotoxic effects 

and suppress such processes (Miller & Raison, 2016; Yirmiya & Goshen, 2011). For 

instance, it has been shown that elevated systemic inflammation can induce 

neuroinflammation and potentially cause impaired neurogenesis and neural activity 

(Dantzer et al., 2008; Nettis & Pariante, 2020).  

With regard to brain functioning, elevated systemic inflammation has been 

shown to affect various domains of cognition (Schedlowski et al., 2014). For instance, 

experimentally induced inflammation has been associated with impaired verbal and 

non-verbal memory functions in humans (Reichenberg et al., 2001), as well as with 

increased activity of the amygdala in response to socially threatening stimuli (Inagaki 

et al., 2012). Further, experimental animal studies have demonstrated that infections 

(e.g. by influenza viruses) and systemic inflammation during prenatal or postnatal 

periods cause long-term cognitive impairments in rodents, including deficits in 

learning, attention, and memory (Bilbo, 2009; Knuesel et al., 2014; Patterson, 2009). 

Consistent with the evidence from experimental studies, observational studies in 

humans suggest that early-life inflammation is linked to neurodevelopmental disorders 

including autism spectrum disorders, cognitive impairment, cerebral palsy, epilepsy, 

and schizophrenia (Jiang et al., 2018).   

Such abnormalities in brain functioning are likely to be putative mediators for 

the effects of systemic inflammation on behaviour (Danese & Baldwin, 2017). As 

highlighted by the cytokine hypothesis of depression, systemic inflammation can result 

in behavioural changes known as ‘sickness behaviour’, which typically develop in ill 

individuals as well as in people with depression (Dantzer, 2009). These may include, 

for instance, social withdrawal, tiredness, disrupted sleep, low mood and irritability, 

loss of appetite, as well as impaired memory and concentration. These behavioural 

alterations are thought to enable the individual to cope with a new infection and adapt 

to the expensive metabolic costs of an immune response (Dantzer, 2018). This link 

has been supported by several experimental studies showing that pharmacological 

administration of cytokines and experimentally induced inflammation can give rise to 
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the entire range of sickness behaviours in rodents (Dantzer, 2001; Stepanichev et al., 

2014). In addition, administration of anti-inflammatory cytokines and treatment with 

antidepressants have been shown to inhibit the behavioural signs of sickness and 

depression (Bluthé et al., 1999; Dantzer et al., 1999; Dunn et al., 2005).  

Animal studies suggest two major mechanisms through which systemic 

inflammation might affect the brain and in turn alter mood and behaviour, namely the 

‘neural pattern’ and the ‘humoral pathway’ (Nettis & Pariante, 2020). The former 

mechanism involves the binding of pro-inflammatory cytokines to peripheral afferent 

nerve fibres, which stimulate ascending catecholaminergic fibres in the brain and are 

translated back into central cytokine signals (Miller et al., 2009; Miller & Raison, 2016; 

Quan & Banks, 2007). The latter involves the passage of pro-inflammatory cytokines 

through leaky regions in the blood-brain barrier (BBB), as a result of stress-induced 

neurovascular damage and increased BBB permeability, and the binding of cytokines 

to saturable transport molecules found on the BBB (Hodes et al., 2015; Menard et al., 

2017). More recently, animal studies have also suggested a third mechanism. This is 

known as the ‘cellular pathway’ and involves the trafficking of activated immune cells 

(e.g. monocytes) to the brain vasculature and parenchyma (Miller & Raison, 2016). 

Researchers have only recently begun to investigate these different mechanisms in 

humans (Nettis & Pariante, 2020). Therefore, the current evidence for their role in the 

cytokine pathways to the brain remains inconclusive.  

Glucocorticoid hormones can also influence brain functioning and behaviour 

(Young, 2004). Evidence from experimental studies in animals suggests that 

overproduction of glucocorticoids is associated with impaired hippocampal 

neurogenesis, neuronal survival, neuronal excitability, learning, and memory (Herbert 

et al., 2006). It has also been demonstrated that glucocorticoids act as key regulators 

of the behavioural adaptation to stress, including depression-like behaviours 

(Holsboer & Ising, 2010). Compelling evidence for the adverse effects of chronic 

glucocorticoid excess on the brain has been provided by studies of patients with 

endogenous hypercortisolism and those treated with glucocorticoid therapy. For 

instance, depression occurs in approximately 60% of patients with Cushing’s 

syndrome, a condition characterised by chronic cortisol excess (Kelly et al., 1996). In 

addition, these patients are at increased risk of premature cerebral atrophy and 

cognitive impairments (Simmons et al., 2000). Several experimental studies have also 



 53 

shown that acute cortisol administration can lead to memory impairment in humans 

(Het et al., 2005). Additionally, observational evidence from patients using 

glucocorticoid therapy suggests that the use of large doses of glucocorticoids is 

accompanied by a substantial risk of severe adverse neuropsychiatric effects (Judd et 

al., 2014). 

The effects of glucocorticoids on the brain are predominantly explained by the 

binding of glucocorticoids to GR and MR located in key brain structures involved in the 

regulation of mood and behaviour, including the hippocampus, the hypothalamus, the 

prefrontal cortex, and the amygdala (Aguilera, 2012; Pariante & Lightman, 2008). 

Furthermore, glucocorticoids can alter the function of the brain through their 

interactions with the inflammatory response system (Miller et al., 2009). 

 

1.4.4. Biomarkers of HPA-axis function and inflammation  

 

HPA-axis function in humans has traditionally been assessed through the 

measurement of cortisol in body fluids including saliva, urine, or blood (Iob & Steptoe, 

2019). Blood samples allow the measurement of circulating levels of CBG-bound and 

bioactive (free) cortisol at a single time point. Urine samples instead provide measures 

of exposure to bioactive cortisol over 12 or 24 hours. Saliva measurements also permit 

the measurement of bioactive cortisol levels. However, as for blood samples, they only 

provide quantification of cortisol levels at a single time point (Turpeinen & Hämäläinen, 

2013). Healthy HPA-axis functioning requires the presence of strong diurnal variations 

characterised by an increase in cortisol levels upon waking and a subsequent decline 

throughout the remainder of the day (Adam & Kumari, 2009). Given its important 

diurnal rhythm, multiple blood or saliva samples need to be collected over the course 

of the day in order to characterise the overall profile of cortisol secretion. However, 

this can result in greater participant burden and incomplete sample collection (Wosu 

et al., 2014). In addition, repeated blood sampling can only be done in clinical or 

laboratory settings. Therefore, saliva sampling has been increasingly favoured as less 

obtrusive (Iob & Steptoe, 2019). More recently, a new technique has been developed 

to measure cortisol in human hair. The main advantage of this method is that it 

provides quantification of average bioactive cortisol levels over several weeks or 
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months (Stalder & Kirschbaum, 2012). Hair measurements are also less affected by 

intra- and interindividual variations in cortisol secretion and have higher test-retest 

reliability compared with cortisol measures in body fluids (Stalder et al., 2012). 

Additionally, they offer a non-invasive, low-burden, and single-sample assessment of 

HPA-axis activity (Staufenbiel et al., 2013). For these reasons, hair cortisol has been 

proposed as a reliable and useful index of long-term HPA-axis activity. Studies using 

hair cortisol have provided evidence for its relationship with psychosocial and health-

related factors (Stalder et al., 2017). Of note, during my PhD, I have conducted a 

rotation project investigating the association between social support and hair cortisol 

in a sample of older adults from the English Longitudinal Study of Ageing (ELSA). The 

results demonstrated that both the presence of negative experiences of social support 

and the lack of positive social interactions were related to higher hair cortisol 

concentrations (Iob et al., 2018). Furthermore, I have carried out a systematic review 

on the relationship between hair cortisol and cardiovascular disease (CVD). This work 

indicates that elevated hair cortisol levels are associated with both the incidence and 

prognosis of CVD, as well as with established cardiometabolic risk factors for CVD 

such as high blood pressure, diabetes, and adiposity (Iob & Steptoe, 2019).  

Systemic inflammation is typically assessed through the measurement of 

circulating levels of pro-inflammatory cytokines and acute phase proteins in serum or 

plasma. Cytokines are small glycoproteins that are produced by various cell types and 

are involved in several functions including development, homeostasis, and immune 

activity. During the inflammatory response, cytokines moderate cell-to-cell 

communication and regulate immune cell differentiation (Nettis & Pariante, 2020). In 

addition, they stimulate the synthesis of additional cytokines from activated immune 

cells and the production of acute phase proteins (Hänsel et al., 2010). The most 

frequently investigated pro-inflammatory cytokines are interleukins (ILs), interferons 

(IFNs), and tumor necrosis factors (TNFs). Acute phase proteins including C-reactive 

protein (CRP) are produced in response to the release of inflammatory cytokines. CRP 

is considered a reliable marker of inflammation owing to its rapid release from the liver 

in response to inflammation (particularly raising levels of IL-6) and infection (Hänsel et 

al., 2010). Additionally, blood concentrations of CRP are not influenced by diurnal 

variations and are unaffected by eating (Pepys & Hirschfield, 2003). Increased blood 

concentrations of CRP and cytokines have been consistently associated with both 
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chronic and acute psychosocial stressors (Johnson et al., 2013; Steptoe et al., 2007), 

corroborating the evidence for the role of these biomarkers in the body’s biological 

response to psychosocial stress.  

 

1.4.5. Research evidence for the relationship of ACEs and depression with the 
HPA-axis and inflammation 

 

1.4.5.1. Association of ACEs with inflammation and HPA-axis function  

 
Over the last two decades, a large number of observational and experimental 

studies have examined the relationship of ACEs with inflammation and HPA-axis 

function. Experimental animal models have offered useful insights into the plausible 

causal effects of exposure to ACEs on innate immune function and HPA-axis activity 

(Pryce et al., 2005). Repeated or prolonged maternal separation is one of the most 

widely used animal models for investigating the physical and psychological 

consequences of chronic early-life stress in animals. Studies using this pre-clinical 

approach have demonstrated that maternal separation is associated with increased 

pro-inflammatory immune responses, greater microglial activation, and elevated pro-

inflammatory cytokine signalling in key regions of the brain implicated in depression 

(Dutcher et al., 2020). Furthermore, maternal separation has been linked to long-term 

HPA-axis dysregulations and brain abnormalities (e.g. increased density of CRH 

binding sites in the prefrontal cortex, amygdala, and hypothalamus) (Lupien et al., 

2009; Nishi, 2020). In agreement with animal research, observational studies in 

humans have provided evidence for elevated inflammatory responses and 

dysregulated HPA-axis function in adults and children affected by ACEs (Baumeister 

et al., 2016; Danese & Baldwin, 2017; Koss & Gunnar, 2018; Kuhlman et al., 2017; 

Nanni et al., 2012). However, not all studies have confirmed these relationships, and 

some reported opposite patterns of associations.  

Initial evidence for the biological embedding of ACEs was provided by studies 

of adults with experiences of childhood maltreatment. For instance, Heim et al. (2000) 

found that women with a history of childhood abuse exhibited increased HPA-axis and 

autonomic nervous system responses compared with controls. In addition, a study of 

adults participating in the Dunedin Multidisciplinary Health and Development Study 

demonstrated that cumulative exposure to childhood maltreatment (e.g. physical and 
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sexual abuse, maternal rejection) was associated with elevated inflammatory 

responses in adulthood (Danese et al., 2007). Since these initial findings, the 

association of ACEs with the HPA-axis and inflammation has been investigated in 

thousands of studies, including a wider range of ACEs such as bullying victimisation 

(Ouellet-Morin et al., 2011; Takizawa et al., 2015) and parental separation/ loss (Lacey 

et al., 2013; Tyrka et al., 2008), and adversities experienced not only in childhood but 

also during the prenatal period (Flouri et al., 2020; Plant et al., 2016). Table 1.2 

provides an overview of the major meta-analyses and systematic reviews that have 

been published to date.  

With regard to inflammation, compelling evidence for the impact of ACEs on 

the inflammatory response system was first provided by a meta-analysis investigating 

the effect of psychological trauma in either childhood or adulthood on pro-inflammatory 

activity among adults. The results demonstrated that trauma exposure was associated 

with elevated levels of inflammatory markers including CRP, TNF-α, and ILs (Tursich 

et al., 2014). Subsequently, several reviews have focused specifically on the 

relationship between inflammation and exposure to traumatic events during childhood. 

In a systematic review, Coelho et al. (2014) found strong evidence for the association 

of childhood maltreatment with adult inflammation, and particularly increased levels of 

CRP. Likewise, a meta-analysis by Baumeister et al. (2015) demonstrated that adults 

exposed to childhood maltreatment had elevated concentrations of CRP, IL-6, and 

TNF-α, although the overall effect size of these associations was small. Interestingly, 

the results also indicated that physical and sexual abuse were significantly associated 

with increased TNF-α and IL-6 but not with CRP, while CRP was primarily related to 

parental absence (Baumeister et al., 2015). Another systematic review focusing on 

childhood sexual abuse did not find a consistent relationship with inflammation in 

children or adults. However, the majority of studies reported a significant association 

between a higher number of maltreatment events and increased inflammatory activity 

(D’Elia et al., 2018). In contrast, a recent meta-analytic study of early-life adversity and 

inflammation in children and adolescents found weak evidence for this link (Kuhlman 

et al., 2020). The association between adversity and both CRP and IL-6 was small 

and only significant for CRP, although comparable in magnitude to the association 

observed in adult samples. Of note, the participants’ sex did not emerge as a 

moderator of the association between ACEs and inflammation in the meta-analyses 

presented above. Nevertheless, recent large-scale studies of young people have 
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found that stressful life events and experiences of maltreatment during childhood were 

associated with higher levels of IL-6 (Flouri et al., 2020) and CRP (Baldwin et al., 2018) 

in girls but not in boys. Hence, this potential gender difference deserves further 

research.  

In relation to the HPA-axis, several studies have explored the effects of ACEs 

on the activity of the HPA-axis, including basal cortisol levels, diurnal variations, and 

cortisol response to psychosocial stress tasks (i.e. reactivity). Of note, studies have 

recognised both HPA-axis hyperactivity and hypoactivity, offering no agreement on 

the direction of such relationship (Chiang et al., 2015). Initial research using salivary 

cortisol implied that ACEs were linked to increased stress-induced cortisol secretion 

and elevated basal cortisol levels in childhood (Carrion et al., 2002; Gunnar et al., 

2001; Sullivan et al., 2013), as well as in adulthood (Danese & McEwen, 2012; Kumari 

et al., 2013). Paradoxically, growing evidence now also supports a hypoactivity 

hypothesis (Bunea et al., 2017; Doom & Gunnar, 2013; Ouellet-Morin et al., 2011). 

Moreover, some studies have failed to replicate the association of ACEs with either 

increased or decreased HPA-axis activity. These inconsistencies are also reflected in 

the findings of systematic reviews and meta-analyses. Hunter et al. (2011) conducted 

a systematic review of the relationship of prenatal and early-life psychosocial 

adversities with salivary cortisol levels in young children aged 0-5 years. The majority 

of studies found increased cortisol reactivity in children with adversities, while the 

results regarding baseline cortisol levels were inconsistent across studies. In contrast, 

a more recent meta-analysis including studies of both adults and children found a 

significant moderate association between early-life adversity and decreased cortisol 

reactivity to psychosocial stress. This association was larger among adults compared 

with children, and in studies that focused exclusively on maltreatment (Bunea et al., 

2017). Further, two meta-analyses have examined the relationship of childhood 

maltreatment (Bernard et al., 2017) and early-life stress (Fogelman & Canli, 2018) with 

various indices of cortisol levels (e.g. reactivity, basal morning and evening levels, 

diurnal slope), but the overall association of childhood maltreatment/early-life stress 

with cortisol was nonsignificant across all cortisol measures. However, the 

assessment method and type of adversity moderated some of these associations. For 

instance, the relationship between maltreatment and morning cortisol levels was 

significantly larger in studies of agency-referred samples than in studies for which 

maltreatment status was based on self-reports (Bernard et al., 2017). In addition, the 
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cortisol awaking response (CAR) was heightened in individuals who had experienced 

sexual, physical, or emotional abuse, but not in those with other types of adversities 

(Fogelman & Canli, 2018). A systematic review focusing on ACEs measured using the 

Childhood Trauma Questionnaire (CTQ) found that most studies reported 

nonsignificant associations with cortisol reactivity (Lai et al., 2021). It is worth noting 

that the studies analysed in these reviews have predominantly assessed the activity 

of the HPA-axis through the measurement of cortisol in saliva, urine, or blood, which 

can only represent the dynamics of glucocorticoid output over short periods up to 24 

hours. As discussed previously (Chapter 1.4.4), hair cortisol has been shown to be a 

more reliable marker of long-term HPA-axis activity (Stalder & Kirschbaum, 2012; 

Staufenbiel et al., 2015). Consistent with these findings, a recent meta-analysis has 

demonstrated a small positive association between exposure to adversity in childhood 

or adulthood and elevated concentrations of hair cortisol (Khoury et al., 2019). 
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Table 1.2. Meta-analyses and systematic reviews of the relationship of ACEs with inflammation and HPA-axis function in observational human studies. 
Study Population Study design  Outcome ACEs measures  Results 

ACEs and inflammation  

Tursich et 
al. (2014) 

Population-based and 
clinical samples of adults 
(N=36).  

Cross-sectional 
and longitudinal.   

Peripheral inflammatory 
markers (CRP, IL-1β, 
IL-6, IL-2, IL-8, TNF-α, 
and fibrinogen).  

Psychological trauma (early-
life adversity, exposure to 
violence or assault, combat 
exposure, accidents or natural 
disasters).  

Trauma exposure was positively associated with CRP, IL-1β, IL-
6, and TNF-α (mean r=0.245, 0.306, 0.280, and 0.299 
respectively). 

Coelho et 
al. (2014) 

Population-based, 
clinical, and at-risk 
samples of adults 
(N=20).  

Cross-sectional 
and longitudinal.   

Peripheral inflammatory 
markers 
(CRP, fibrinogen, ILs, 
and TNF-α).  

Childhood maltreatment (e.g. 
physical, sexual or emotional 
abuse, emotional or physical 
neglect, death of a family 
member/friend, parental 
divorce/separation).  

Childhood maltreatment was associated with increased levels of 
CRP, fibrinogen, and proinflammatory cytokines in adulthood. 
Increased levels of circulating CRP in individuals with a history 
of childhood maltreatment were the most robust finding among 
the studies.  

Baumeister 
et al. (2016) 

Population-based and 
clinical samples of adults 
(N=25).  

Cross-sectional 
and longitudinal. 

Peripheral inflammatory 
markers (CRP, IL-6, 
and TNF-α).  

Childhood trauma (sexual, 
physical, or emotional abuse, 
and parental absence).  

Individuals exposed to childhood trauma had significantly 
elevated baseline peripheral levels of CRP (Fisher’s z=0.10), IL-
6 (z=0.08) and TNF-α (z=0.23). Physical abuse and sexual 
abuse were significantly associated with increased TNF-α and 
IL-6, but not CRP. CRP was primarily related to parental 
absence.  

D’Elia et al. 
(2018) 

Population-based and at-
risk samples of adults 
and children (N=17).  

Cross-sectional.  Peripheral inflammatory 
markers (CRP, IL-6, 
and TNF-α).  

Childhood sexual abuse.  Most studies reported that increased inflammatory activity was 
associated with the presence of early abuse (physical, sexual or 
emotional). However, the results regarding the effects of 
childhood sexual abuse were heterogeneous.   

Kuhlman et 
al. (2020) 

Population-based and at-
risk samples of children 
and adolescents (N=12).  

Cross-sectional 
and longitudinal. 

Peripheral inflammatory 
markers (CRP and IL-
6).   

Early-life adversity (physical, 
sexual or emotional abuse, 
neglect, family 
psychopathology, domestic 
violence, bullying, low SEP, 
poverty, and parental 
separation).  

The aggregated effect of early-life adversity was small but 
significant on CRP (z=0.07), while it was non-significant on IL-6. 
The type of trauma did not moderate these associations.  

ACEs and HPA-axis function  

Hunter et al. 
(2011) 

Samples of young 
children aged 0-5-years 
(N=30).  

Cross-sectional. Salivary cortisol 
(baseline levels and 
reactivity to social 
stress).  

Prenatal and early-life 
adversity (e.g. maternal stress, 
substance use, and mental 
health problems, poor 
parenting, separation from 
parents).  

13 studies reported increased cortisol reactivity with adversity; 2 
studies reported a decrease in cortisol reactivity with adversity; 3 
studies reported an increase in baseline cortisol with adversity; 2 
studies reported a decrease in baseline cortisol with adversity; 3 
studies found no effect of adversity.  
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Bunea et al. 
(2017) 

Samples of healthy 
children and adults 
(N=30).  

Cross-sectional. Salivary cortisol 
(reactivity to social 
stress).  

Early-life adversity (e.g. 
physical and emotional abuse 
and neglect, sexual abuse, 
parental conflict, witnessing 
violence, separation from 
parents, institutionalisation, 
parental mental illness, and 
substance abuse).  

Early-life adversity had a moderate negative effect on cortisol 
reactivity (g=-0.39). The effect size was larger in studies that 
focused on maltreatment only, and in adults compared with 
young people.  

Bernard et 
al. (2017) 

Population-based and at-
risk samples of adults 
and children (N=27).  

Cross-sectional. Salivary cortisol (wake-
up cortisol, CAR, and 
diurnal cortisol slope).  

Childhood maltreatment 
(physical, emotional, or sexual 
abuse, neglect, 
institutionalisation, and foster 
care).   

Childhood maltreatment was not related to wake-up cortisol, the 
CAR, or the cortisol slope. However, the effect size of the 
association between maltreatment and wake-up cortisol was 
significantly larger in studies of agency-referred samples 
(g=0.24), than in studies for which maltreatment status was 
based on self-report.  

Fogelman 
et al. (2018) 

Samples of healthy 
adults (N=53).  

Cross-sectional. Salivary, blood, or urine 
cortisol (CAR, baseline, 
cortisol over time, 
cortisol reactivity).  

Early-life stress (parental loss 
or separation, physical, 
emotional, or sexual abuse, 
and neglect).  

Early-life stress was not significantly associated with the CAR, 
baseline cortisol, cortisol over time, or cortisol reactivity. 
However, the CAR was heightened in those who had 
experienced sexual, physical, or emotional abuse.  

Khoury et 
al. (2019) 

Population-based, 
clinical, and at-risk 
samples of adults and 
children (N=28).  

Cross-sectional. Hair cortisol.  Adversity in childhood or 
adulthood (maltreatment, 
domestic violence, war/combat 
exposure, natural disaster, 
accident, and lifetime trauma).  

Adversity exposure had a small positive effect on hair cortisol 
(d=0.213). Moderator analyses showed that exposure to 
adversity during adulthood (d=0.596) had a significantly larger 
effect size compared with adversity exposure during childhood 
(d=0.169).  

Lai et al. 
(2021) 

Population-based and 
clinical samples of 
adolescents and adults 
(N=12).  

Cross-sectional.  Salivary cortisol 
(reactivity to social 
stress).  

Childhood adversity measured 
using the Childhood Trauma 
Questionnaire (CTQ) (i.e. 
death of family member/friend, 
parental divorce/separation, 
and sexual, physical, or 
emotional abuse.  

CTQ scores were significantly associated with lower cortisol 
reactivity in 2 studies, while no significant associations were 
found in the other 10 studies.  

Note. CRP = C-reactive protein. IL= interleukins. TNF = tumor necrosis factor. CAR = cortisol awakening response. CTQ = Childhood Trauma Questionnaire. SEP = socioeconomic position.  
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1.4.5.2. Association of inflammation and HPA-axis function with depression 

 
As discussed previously, the HPA-axis and the inflammatory response system 

are thought to be prominent in the aetiology of depression. Several experimental 

studies in animals and humans have offered compelling evidence for the effects of 

glucocorticoids and systemic inflammation on the brain and behaviour, and for their 

role in the development and precipitation of the debilitating symptoms of depression 

(Pariante, 2017; Pariante & Lightman, 2008). In this section, I will focus my attention 

on the evidence from observational studies in humans.  

An abundance of investigations suggests that depressed individuals have 

elevated concentrations of various peripheral markers of inflammation (Table 1.3). 

Three meta-analyses of cross-sectional studies including patients with depression 

versus healthy controls and population-based samples have confirmed that 

depression is associated with increased levels of inflammatory markers including 

CRP, ILs (e.g. IL-6 and IL-1β), and TNF-α, with small to moderate effect sizes (Dowlati 

et al., 2010; Haapakoski et al., 2015; Howren et al., 2009). Of note, several 

confounding factors (e.g. sociodemographic, lifestyle, and health-related 

characteristics) could affect the association between inflammation and depression 

found in observational studies (Baumeister et al., 2014a). A number of meta-analyses 

have evaluated the magnitude of this relationship when controlling for potential 

confounding factors, such as age, sex, SEP, body mass index (BMI), and medical 

illness. This work has demonstrated that the association between inflammation and 

depression was smaller after accounting for these confounders, but remained 

statistically significant (Horn et al., 2018; Osimo et al., 2020). In order to understand 

whether elevated inflammation can also predict the emergence of depression, a 

number of meta-analyses have focused specifically on longitudinal studies in which 

the measurement of inflammation preceded that of depression. Valkanova et al. 

(2013) found a small, yet significant, association between raised CRP levels and 

increased risk of subsequent depressive symptoms across eight prospective cohort 

studies. Concentrations of IL-6 were instead unrelated to subsequent depression risk, 

although only three studies were available for this biomarker. In contrast, a more 

recent meta-analysis of longitudinal studies involving patients with a diagnosis of MDD 

has concluded that neither CRP nor IL was a significant predictor of subsequent MDD 

(onset, relapse, or recurrence) (Kennis et al., 2020). It has been suggested that the 
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contribution of inflammation to depression might differ across different stages of the 

life course. Two meta-analyses have demonstrated that older adults with depression 

exhibit increased levels of inflammatory markers including ILs and CRP (Ng et al., 

2018; Smith et al., 2018). These associations were similar in magnitude to those 

observed in samples of middle-aged adults. However, the evidence for the association 

between inflammation and depression in children and adolescents seems weaker. A 

meta-analysis including community and clinical samples of young people 

demonstrated a small association between elevated levels of CRP and IL-6 and 

depression, in both cross-sectional and longitudinal studies (Colasanto et al., 2020). 

In contrast, another meta-analysis of case-control studies did not find significant 

differences in the levels of CRP, IL-6 and other inflammatory markers between 

depressed children and non-depressed controls (D’Acunto et al., 2019). These 

findings could indicate that the relationship between inflammation and depression is 

stronger in adults than in young people. It should also be noted that, although adults 

suffering from depression tend to have higher mean concentrations of peripheral 

inflammatory markers, inflammation is unlikely to be present in all patients with 

depression. Indeed, a recent meta-analysis has revealed that only one quarter of 

patients with depression exhibit low-grade inflammation (i.e. CRP > 3 mg/L), and about 

half of patients show mildly elevated inflammation (i.e. CRP > 1 mg/L) (Osimo et al., 

2019).  

Several quantitative reviews have also examined the association of HPA-axis 

function with depression (Table 1.3). Meta-analyses of cross-sectional studies have 

demonstrated that adults with depression have elevated basal levels of cortisol in the 

morning and evening (Knorr et al., 2010; Stetler & Miller, 2011) and higher levels of 

cortisol and adrenocorticotropic hormone (ACTH) post administration of 

dexamethasone compared with non-depressed individuals (a failure to suppress 

cortisol production after administration of dexamethasone is thought to indicate an 

overactive HPA-axis) (Stetler & Miller, 2011). These associations remained 

unchanged when controlling for sociodemographic characteristics such as sex and 

age. With regard to cortisol reactivity, one meta-analysis found higher cortisol levels 

in the recovery period following a psychosocial stress task among participants with 

depression compared with non-depressed individuals (Burke et al., 2005). In contrast, 

a more recent meta-analysis concluded that the overall pattern of cortisol reactivity to 

psychosocial stress in participants with depression is similar to that found in healthy 
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individuals (Ciufolini et al., 2014). Further, Zorn et al. (2017) examined differences in 

cortisol reactivity by calculating the area under the curve with respect to increase 

(AUCi) and ground (AUCg). Interestingly, women with MDD exhibited a blunted 

cortisol stress response, whereas men with MDD showed an increased cortisol 

response (Zorn et al., 2017). A number of meta-analyses have focused on the 

relationship between HPA-axis function and depression in specific age groups. This 

work shows that the association between HPA-axis hyperactivity and depression is 

present not only in middle-aged adults, but also in young people (Lopez-Duran et al., 

2009) and older adults (Belvederi Murri et al., 2014). However, older people suffering 

from depression seem particularly vulnerable to HPA-axis hyperactivity, as they tend 

to display greater elevations in cortisol levels compared with younger depressed 

adults (Belvederi Murri et al., 2014; Stetler & Miller, 2011). One meta-analysis of 

longitudinal studies has also demonstrated that cortisol levels can predict the onset, 

relapse, and recurrence of major depressive episodes (Kennis et al., 2020). Of note, 

the studies discussed above have assessed HPA-axis activity through the 

measurement of cortisol in body fluids. A recent meta-analysis of studies using hair 

cortisol did not find significant differences in hair cortisol concentrations between 

patients with depression and controls (Psarraki et al., 2021). However, these results 

are only based on seven studies with small sample sizes. Larger studies are needed 

to clarify the relationship between hair cortisol and depression.  

Besides such findings from observational studies, results from Mendelian 

Randomisation (MR) analyses provide corroborative evidence for the plausible causal 

role of the HPA-axis and systemic inflammation in the aetiology of depression. MR 

uses genetic variants associated with an exposure as instruments for investigating 

causal associations with the outcome and vice versa, thereby limiting reverse 

causation and unmeasured confounding. The main assumption underlying MR is that 

if an exposure has a causal effect on the outcome, then genetic variants affecting the 

exposure should also be associated with the outcome (Davey Smith & Hemani, 2014). 

Using this approach, a number of MR studies have demonstrated that genetic variants 

linked to IL-6 (but not CRP) and cortisol are associated with a higher risk of depression 

(Perry et al., 2021; Zhou & Qiao, 2019).  
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In sum, there is compelling evidence that both ACEs and depression are 

associated with dysregulation of HPA-axis and inflammatory functioning. However, 

meta-analyses of observational studies in humans have found considerable variability 

in the effect sizes and direction of these associations, which appear to be considerably 

weaker than previously assumed and inconsistent across different biomarkers of HPA-

axis activity and inflammation. In addition, not all people affected by ACEs and 

depression exhibit dysregulation of HPA-axis activity and increased levels of 

inflammation. Hence, more research is needed to identify factors that can reliably 

explain the observed heterogeneity in the relationship of ACEs and depression with 

stress-related responses. 



 65 

 
 

Table 1.3. Meta-analyses of the association of systemic inflammation and HPA-axis function with depression in observational human studies. 
 

Study Population   Study design Outcome Inflammation 

measures  

Results 

Peripheral markers of inflammation and depression  

Howren et al. 

(2009) 

Adult community and clinical 

samples.  

Cross-

sectional.  

Depression assessed using 

validated scales or diagnostic 
criteria. 

CRP (N=51), IL-6 

(N=62), IL-1 (N=14), and 
IL-1ra (N=14).  

Each inflammatory marker was positively associated with depression, with small to 

moderate effect sizes (CRP, d=0.15; IL-6, d=0.25; IL-1, d=0.35; IL-1ra, d=0.25).  

Dowlati et al. 

(2010) 

Patients with MDD vs non-

depressed controls (N=24).  

Cross-

sectional.  

MDD diagnosis based on DSM 

criteria.  

TNF-α, IL-1β, IL-6, IL-4, 

IL-2, IL-8, IL-10, and 
IFN-γ.  

There were significantly higher concentrations of TNF-a and IL-6 in depressed individuals 

compared with controls. No significant differences were found for other biomarkers.  

Valkanova et 
al. (2013) 

Population-based samples 
of adults.  

Longitudinal.  Depression assessed using 
validated scales or diagnostic 
criteria. 

CRP (N=8) and IL-6 
(N=3).  

There was a small yet significant association between increased CRP and depressive 
symptoms (r=0.069). The association with IL-6 was smaller and non-significant. The 
association between CRP and depression was larger among older adults than younger 

ones.  

Haapakoski 
et al. (2015) 

Patients with MDD vs non-
depressed controls (N=58).  

Cross-
sectional.  

MDD diagnosis based on DSM 
criteria. 

CRP, IL-6, IL-1β, and 
TNF-α.  

There was a medium-sized association between IL-6 and MDD (N=31, d=0.54), CRP and 
MDD (N=20, d=0.47), and TNF-α and MDD (N=31, d=0.40). No significant association was 

found with IL-1β.  

Ng et al. 
(2018) 

Older adults with depression 
and controls (age ≥ 60).  

Cross-
sectional.  

Depression assessed using 
validated scales or diagnostic 

criteria. 

CRP (N=9), IL-6 (N=9), 
IL-1β (N=5), and TNF-α 

(N=5). 

Compared with controls, IL-1β (pooled SMD=0.642) and IL-6 (pooled SMD=0.377) were 
significantly elevated in depression. There were no significant differences in TNF-α and 

CRP between those with depression and controls.  

Smith et al. 

(2018) 

Community samples of older 

adults aged 50 years or 
older (N=32).  

Cross-

sectional and 
longitudinal.  

Depression assessed using 

validated scales or diagnostic 
criteria.  

CRP and IL-6.  In cross-sectional studies, there was a small positive association between CRP and 

depression (r=0.043), and between IL-6 and depression (r=0.050). Similar associations 
were found in longitudinal studies (CRP: r=0.074; IL-6: r=0.085).  

Horn et al. 
(2018) 

Clinical and community 
samples of adults (N=59).  

Cross-
sectional.  

Depression assessed through 
clinician-based interviews or 

validated scales.   

CRP.  The effect size in the most methodologically rigorous stage of the meta-analysis (N=26), 
which included studies controlling for age, sex, obesity, medical conditions, substance use, 

medication, and psychosocial factors, was small but significant (r=0.05). 

Osimo et al. 
(2019) 

Inpatient, outpatient or 
population-based samples of 
adults with depression and 

healthy controls (N=37).  

Cross-
sectional.  

Depression assessed using 
clinical criteria (DSM or ICD) or 
validated scales.  

Low-grade inflammation 
(CRP >3 mg/L).  

The prevalence of low-grade inflammation in depressed patients was 27%, and it was not 
associated with sample source (inpatient, outpatient or population-based), anti-depressant 
treatment, participant age, sex, BMI, or ethnicity. The odds ratio for low-grade inflammation 

in depression was 1.46.  

D’Acunto et 
al. (2019) 

Children and adolescents 
with depression vs healthy 

controls (N=5).  

Cross-
sectional.  

Depression assessed using ICD 
or DSM diagnostic criteria. 

TNF-α, IFN-c, IL-1 b, IL-
4, IL-6, IL-8, and IL-10.  

TNF-α values were higher in depressed versus non-depressed participants, falling short of 
statistical significance (SMD=0.347, 95% CI =-0.005 to 0.699). No significant differences 

were found for the other inflammatory markers.  

Colasanto et 
al. (2020) 

Community and clinical 
samples of children and 

adolescents (N=31).  

Cross-
sectional and 

longitudinal.  

Depression assessed using 
validated scales or diagnostic 

interviews.  

CRP and IL-6.  Significant associations were observed between concurrent depression and CRP (n=7, 
r=0.12) and IL-6 (n=7, r=0.17). Longitudinal analyses revealed that inflammation 

(measured by CRP or IL-6) predicted future depression (n=4, r=0.04), and that depression 
was a significant predictor of IL-6 (n=3, r=0.29).  

Osimo et al. 

(2020) 

Adult patients with 

depression and non-
depressed controls (N=107).  

Cross-

sectional.  

Depression assessed using ICD 

or DSM diagnostic criteria.  

ILs (e.g. IL-1α, IL-1β, IL-

6), TNF-α, IFNγ, TGF-β, 
and CRP.  

Levels of CRP (g=0.71), IL-3 (g=0.60), IL-6 (g=0.61), IL-12 (g=1.18), IL-18 (g=1.97), sIL-2R 

(g=0.71), and TNFα (g=0.54) were significantly higher in patients with depression. These 
associations were robust to a range of potential confounders and moderators. 

Kennis et al. 

(2020) 

Depressed adults and 

children (N=8).  

Longitudinal.  Diagnosis of MDD based on 

clinical interviews or reports of a 
clinician-assessed diagnosis.  

CRP (N=5) and ILs 

(1β/6) (N=4).   

Neither CRP nor ILs were significant predictors of subsequent MDD (onset/ relapse/ 

recurrence).  
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HPA-axis function and depression 

Burke et al. 

(2005) 

Adult patients with 

depression and non-
depressed controls (N=7).  

Cross-

sectional.  

Depression assessed using 

structured diagnostic interviews.  

Saliva cortisol (baseline 

levels and reactivity) 

Overall, depressed and non-depressed individuals exhibited similar baseline and reactivity 

cortisol levels, but depressed patients had much higher cortisol levels during the recovery 
period following stress exposure than their counterparts (d=1.39). 

Lopez-Duran 
et al. (2009) 

Children and adolescents 
with MDD and non-

depressed controls (N=17).  

Cross-
sectional.  

Diagnosis of depression.  Plasma, saliva, or urine 
cortisol (response to 

DST and basal levels).  

HPA-axis response to the DST (SMD=0.57) and basal HPA-axis functioning (SMD=0.20) 
were significantly higher in depressed than non-depressed youth.  

Knorr et al. 
(2010) 

Adults with depression and 
non-depressed controls 

(N=20).  

Cross-
sectional. 

Diagnosis of depression based 
on ICD or DSM criteria.  

Saliva cortisol (morning 
and evening levels).  

Salivary cortisol was significantly increased for depressed patients as compared to non-
depressed controls on average 2.58 nmol/l in the morning and 0.27 nmol/l in the evening.  

Stetler et al. 
(2011) 

Adults with depression and 
non-depressed controls 

(N=361) 

Cross-
sectional. 

Depression assessed through 
standardised diagnostic criteria 

or validated scales.  

Saliva, blood, or urine 
cortisol, ACTH, 

and CRH (morning, 
evening, post-DST).   

Depressed individuals displayed significantly increased basal cortisol (d=0.60) and ACTH 
levels (d=0.28). However, they did not display elevations in CRH. Studies that included 

older hospitalised individuals reported significantly greater cortisol differences between 
depressed and nondepressed groups compared with studies with younger outpatient 
samples. 

Murri et al. 
(2014) 

Depressed older adults and 
non-depressed controls (age 
> 60 years) (N=20).  

Cross-
sectional.  

Diagnosis of depression 
ascertained through psychiatric 
interviews, or clinically relevant 

depressive symptoms based on 
cut-offs of rating scales.  

Saliva, blood, or urine 
cortisol (basal morning, 
evening, and night, and 

post-DST), ACTH (basal 
and post-DST), and 
CRH.  

Depression had a significant effect on basal cortisol levels measured in the morning 
(g=0.89), afternoon (g=0.83) and night (g=1.39), but a smaller effect on cortisol measured 
continuously (g=0.51). The effect of depression was higher on post-DST cortisol levels 

(g=3.22).  

Ciufolini et al. 
(2014) 

Depressed adults and non-
depressed controls (mean 

age > 15) (N=9).  

Cross-
sectional. 

Diagnosis of depression based 
on DSM diagnostic criteria.  

Saliva or blood cortisol 
(reactivity to social 

stress).  

Participants with depression showed an HPA-axis activation pattern to social stress similar 
to that of healthy controls.  

Zorn et al. 
(2017) 

Depressed adults and non-
depressed controls (N=14).  

Cross-
sectional. 

Diagnosis of depression 
ascertained through psychiatric 

interviews.  

Saliva or blood cortisol 
(AUCi and AUCg).  

Patients with MDD showed a significantly lower AUCi (SMD=-0.18) but a similar AUCg, 
compared with healthy controls. Women with MDD exhibited a blunted cortisol stress 

response, whereas men with MDD showed an increased cortisol response. 

Kennis et al. 

(2020) 

Depressed adults and 

children (N=19).  

Longitudinal.  Depression established through 

clinical interviews or clinician-
assessed diagnosis.  

Saliva cortisol (morning, 

evening, diurnal, 
reactivity, and slope).  

Cortisol was a significant predictor of subsequent MDD (onset/ relapse/ recurrence) with a 

small effect size (OR=1.294).  

Psarraki et al. 
(2021) 

Patients with MDD and 
healthy controls (N=7).  

Cross-
sectional.  

Depression established using 
DSM criteria or validated scales.  

Hair cortisol.  There were no significant differences in hair cortisol concentrations between depressed 
patients and healthy controls (SMD=-0.02).  

Note. MDD = major depressive disorder. CRP = C-reactive protein. IL= interleukins. TNF = tumor necrosis factor. DSM = Diagnostic and Statistical Manual of Mental Disorders. ICD = International Classification of Diseases. 
DST = dexamethasone suppression test. SMD = standardised mean difference. ACTH = adrenocorticotropic hormone. CRH = corticotropin-releasing hormone. AUCi = areas under the curve with respect to increase. AUCg = 
areas under the curve with respect to ground.  
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1.4.6. Gaps and limitations of the current evidence base  

 

The studies reported in the previous section support the idea that alterations in 

the activity of the HPA-axis and elevated systemic inflammation might underlie the link 

between ACEs and depression. However, the current understanding of this 

relationship is far from conclusive, and there are several inconsistencies in the 

literature. Importantly, a number of methodological limitations and evidence gaps 

might underlie such inconsistent findings and should be addressed in order to improve 

the current evidence base. These include: 1) the measurement of ACEs; 2) the timing 

of exposure to ACEs and development of HPA-axis and inflammatory responses; 3) 

the measurement of inflammation and HPA-axis activity; 4) the heterogeneous nature 

of depressive symptoms; and 5) a lack of evidence for mediation effects.  

 

1.4.6.1. Measurement of ACEs  

 
There are two main issues underlying the measurement of ACEs in research. 

Firstly, relatively little is known about how different characteristics of early-life adversity 

may influence biological and mental health outcomes (McLaughlin & Sheridan, 2016). 

As discussed in Chapter 1.3.3.2, the majority of studies have investigated the effects 

of individual types of adversity separately, or have measured the total number of 

adversities experienced by the participant to create an overall risk score (Evans et al., 

2013). Hence, it is not clear whether certain patterns or dimensions of ACEs might be 

more strongly related to poor mental health outcomes than others (Kuhlman et al., 

2017; Lacey & Minnis, 2020). McLaughlin and Sheridan (2016) have proposed two 

main dimensions of adversity, namely threat – adversities involving harm or threat of 

harm, and deprivation – experiences related to absence of expected cognitive and 

social input. According to this theoretical model, adversities involving threat and those 

involving deprivation might influence mental health through different mechanisms. 

Interestingly, there is some preliminary evidence suggesting that experiences related 

to threat but not deprivation are associated with abnormal cortisol levels (Busso et al., 

2017; LoPilato et al., 2019), as well as with other biological and cognitive processes 

linked to mental health (Machlin et al., 2019; Sumner et al., 2019). These results are 

consistent with the findings of a meta-analysis presented in the previous section, 

suggesting that only threat-related experiences (i.e. physical, emotional, and sexual 
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abuse) were related to heightened HPA-axis activity (Fogelman & Canli, 2018). In 

addition, they align with the results of a number of studies showing that threat-related 

clusters or dimensions of ACEs are more strongly related to depression than others 

(see Chapter 1.3.3.2). However, different lines of research suggest that emotional 

neglect is also particularly important for cortisol dysregulation (Koss & Gunnar, 2018), 

whereas elevated CRP levels seem to be primarily related to parental absence 

(Baumeister et al., 2016). Furthermore, it is important to note that the threat-

deprivation model does not capture all aspects of ACEs (e.g. parental substance 

abuse and separation), and certain deprivation exposures could actually belong to 

distinct sub-dimensions (e.g. parental loss and neglect). Indeed, a number of studies 

employing data-driven dimensionality reduction techniques (e.g. FA) have identified 

various dimensions of adversity which partially overlapped with the threat-deprivation 

model (e.g. Abuse and Maltreatment dimensions). However, they also revealed other 

important dimensions of ACEs, such as Parental Risk Factors and Household 

Dysfunction (Westermair et al., 2018; Zhang et al., 2019). As such, it remains unclear 

which dimensions of ACEs might have stronger relationships with HPA-axis function, 

inflammation, and depression. Nevertheless, these preliminary findings demonstrate 

the value of using clustering approaches to study the psychobiological mechanisms 

underlying the relationship between ACEs and depression. Of note, I have recently 

contributed to a study investigating the association between LCA-derived ACEs 

clusters and early-life inflammation in the Avon Longitudinal Study of Parents and 

Children (ALSPAC). In this analysis, neither the ACEs clusters nor the cumulative 

ACEs scores were related to inflammation at age 9 years (Lacey, Bartley, et al., 2020). 

However, the identification of ACEs dimensions through variable-centred methods 

such as FA could yield different results. Moreover, this analysis did not consider the 

timing of ACEs and only measured inflammation at a single point in time.  

Secondly, most studies have measured ACEs using adults’ retrospective 

reports of their own childhood experiences. However, the validity of such methods has 

been questioned due to possible false negatives and measurement biases (Hardt & 

Rutter, 2004). Adult participants may fail to accurately retrieve episodic memory from 

their early years, particularly at older ages (Hänninen & Soininen, 1997). Additionally, 

an individual’s propensity to report childhood adversity may be influenced by individual 

features such as personality styles, presence of disease, and psychopathology 
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(Reuben et al., 2016). On the other hand, prospective assessments of ACEs are less 

influenced by those aforesaid individual characteristics, although their validity could 

be affected by other factors including under-reporting by caregivers or under-detection 

by agencies (Hardt & Rutter, 2004). Comparisons of prospective and retrospective 

measures of the same ACEs have indicated low to modest agreement (Baldwin et al., 

2019; Patten et al., 2015). In addition, although both forms of assessment have been 

shown to predict mental health outcomes (Jivraj et al., 2020; Scott et al., 2012), 

retrospective self-reports of childhood maltreatment exhibit stronger associations with 

psychopathology than prospective measures (Danese & Widom, 2020; Newbury et 

al., 2018). This might suggest that the subjective rather than objective experience of 

childhood maltreatment is particularly relevant to the development of 

psychopathology. Further, it has been shown that retrospective measures of ACEs are 

more strongly associated with adult outcomes when these are measured subjectively 

(i.e. self-reports). In contrast, prospective ACEs assessments tend to exhibit stronger 

associations with objective outcomes such as biomarkers (Reuben et al., 2016). The 

relationship of ACEs with HPA-axis function, inflammation, and depression might 

therefore vary according to the specific methods used to measure adversity. Since 

retrospective measures of ACEs may be considered as complementary to prospective 

measures rather than invalid, these different types of assessments should be used in 

combination whenever possible in order to minimise the potential measurement error 

associated with each approach (Houtepen et al., 2018).  

 

1.4.6.2. Timing of ACEs exposure and development of stress-related biological 
systems  
 

Despite the large body of research on the relationship between ACEs and 

depression, there currently is limited evidence regarding the role of the timing of 

exposure to adversity. The small number of studies investigating the impact of the 

timing of ACEs on depression have provided mixed findings (see Chapter 1.3.3.2). 

Likewise, few studies have tested whether the relationship between ACEs and 

dysregulation of stress-related biological systems is best explained by sensitive 

period, recency, or accumulation effects. Crucially, a better understanding of the role 

of the timing of ACEs could offer important insights into the biological mechanisms 
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through which early-life adversity may lead to the emergence of stress-related 

psychopathology.  

Although the HPA-axis develops considerably in utero, it then continues to 

undergo dramatic changes from the neonatal period through to adolescence (Hostinar 

& Gunnar, 2013). Infancy and early childhood are typically marked by a stress 

hyporesponsive period characterised by a significant reduction or absence of cortisol 

secretion in response to social stressors (Gunnar et al., 2009). Since excessive 

glucocorticoids can have detrimental effects on the growth of the nervous system 

(Lupien et al., 2009), an hypoactive HPA-axis during infancy and early childhood is 

likely to promote optimal development (Kuhlman et al., 2017). With the beginning of 

adolescence, the HPA-axis has been shown to enter a phase of hypersensitivity to the 

environment marked by increased basal cortisol levels and heightened cortisol 

reactivity (Blumenthal et al., 2014; Gunnar et al., 2009; Hostinar et al., 2015; 

Somerville et al., 2010; Van den Bos et al., 2014). From an evolutionary perspective, 

a hypersensitive stress system may promote adaptation to the wide range of novel 

social threats encountered during adolescence (Shirtcliff et al., 2012). As for the HPA-

axis, the inflammatory response system undergoes important changes during 

childhood and adolescence. The function of all components of innate immunity is 

particularly weak in infants and develops gradually during the first few years of life 

(Simon et al., 2015). Accordingly, infancy and early childhood have been shown to be 

characterised by attenuated inflammatory responses to pathogens and infections 

(Levy et al., 2004; Pillay et al., 1994; Yan et al., 2004). Although a hyporesponsive 

inflammatory response can increase susceptibility to infections (Simon et al., 2015), 

low inflammatory levels in early childhood are likely to promote optimal brain 

development (Cardoso et al., 2015; Lee et al., 2016). Following this initial period of 

low inflammatory activity, the innate immune system then continues to mature through 

late childhood and adolescence in order to produce a more powerful inflammatory 

response. These age-related patterns of inflammatory activity have been confirmed 

by studies showing that inflammatory responses tend to increase with age in children 

and adolescents (Hartel et al., 2005; Upham et al., 2002).  

Periods of greater plasticity during early life could correspond to particularly 

sensitive times when environmental stressors have more powerful and enduring 

consequences for the function of the HPA-axis and inflammatory systems. Early 
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childhood and adolescence have been proposed as the most sensitive periods for 

normative development of these stress response systems (Kuhlman et al., 2017; 

O’Donnell et al., 2009). Interestingly, some studies have demonstrated that ACEs are 

associated with higher basal cortisol levels and cortisol reactivity in infants (Belsky et 

al., 2015; Brand et al., 2010; Koss et al., 2014; McLaughlin et al., 2015), whereas 

exposure to ACEs during adolescence has been associated with lower basal cortisol 

levels and blunted cortisol reactivity (Bosch et al., 2012; Ouellet-Morin et al., 2011). In 

relation to inflammation, a number of studies have provided evidence for exaggerated 

inflammatory responses and decreased glucocorticoid receptor sensitivity in immune 

cells particularly among young children and adolescents exposed to ACEs (Ehrlich et 

al., 2016; Miller et al., 2009; Miller et al., 2009; Schreier et al., 2014; Slopen et al., 

2013; Wright et al., 2004). Consistent with these findings, the results of a recent meta-

analysis suggest that the association between early-life adversity and inflammation is 

significant and positive during infancy and adolescence, but nonsignificant during 

middle/late childhood (Kuhlman et al., 2020). However, it should be noted that none 

of these studies explicitly compared the effects of adversity exposure during different 

developmental periods. Consequently, there is no conclusive evidence as to whether 

ACEs experienced during early childhood and adolescence may have more severe 

and enduring effects than exposure to adversity during other developmental periods.  

It is also important to note that HPA-axis function and inflammatory profiles 

continue to change during adulthood and later life. Basal cortisol levels, cortisol 

reactivity, and inflammatory responses in healthy adults have been shown to increase 

in an age-dependent fashion (Feller et al., 2014; Ferrari et al., 2001; Tang et al., 2017). 

The association of ACEs with HPA-axis function and inflammation in older adults might 

therefore be different compared with that found in children and young people. 

However, there is limited evidence for this relationship in later life since most research 

has focused on middle-aged adults (Li et al., 2015; Wielaard et al., 2018). Initial 

evidence suggests that childhood trauma is associated with lower basal cortisol levels 

in older people (Gerritsen et al., 2010; Wielaard et al., 2018). A possible explanation 

for this pattern of results is that enduring HPA-axis dysregulations in childhood might 

subsequently lead to a hyposensitive stress response system over time (Miller et al., 

2007). Some evidence also indicates that the relationship of ACEs with inflammatory 

markers might be stronger in adults compared with children and adolescents 
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(Kuhlman et al., 2020) (see Chapter 1.4.5.1). More research is required to establish 

how different patterns of HPA-axis activity and inflammation in the context of ACEs 

may increase the risk of depression across different stages of the life course.  

 

1.4.6.3. Measurement of inflammation and HPA-axis activity 

 
Another limitation of the literature concerns the prevailing use of cross-sectional 

measures of inflammatory markers that are not sufficient to provide an accurate 

assessment of chronic inflammation. Repeated measures within individuals over time 

would instead allow for the investigation of the levels of severity and longitudinal 

changes in inflammatory activity with greater subtlety. Additionally, most research has 

assessed HPA-axis function using single measures of cortisol in body fluids including 

saliva, blood, or urine. However, these specimens can only represent short-term 

cortisol levels and are strongly influenced by an array of situational and inter-individual 

fluctuations (Stalder & Kirschbaum, 2012). In contrast, the measurement of cortisol in 

hair offers the opportunity to assess long-term exposure to cortisol over several weeks 

(Iob et al., 2018; Stalder et al., 2017) (see Chapter 1.4.4).  

Studies using repeated measures of inflammation have provided important 

evidence regarding the association of longitudinal patterns of inflammation over time 

with depression. For instance, using data from the ELSA study, Bell et al. (2017) have 

demonstrated that repeated but not transient exposure to systemic inflammation was 

associated with an increased risk of future depressive symptoms in older adults. 

Further, a study in the ALSPAC cohort found that an increasing pattern of inflammation 

from adolescence to young adulthood was associated with the risk of depression in 

young adulthood, while other inflammatory patterns (e.g. decreasing or persistently 

high levels of inflammation throughout childhood and adolescence) were not 

associated with depression (Osimo et al., 2020). Further research is needed to test 

whether distinct longitudinal patterns of inflammation may be differentially associated 

with ACEs and depression. 

Initial research assessing the link between ACEs and hair cortisol has provided 

preliminary evidence for chronic HPA-axis dysregulations. For instance, increased hair 

cortisol concentrations have been found in infants and young children exposed to 
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ACEs (Karlen et al., 2013; Palmer et al., 2013; White et al., 2017). In contrast, ACEs 

have been shown to be associated with diminished hair cortisol levels in late childhood 

and adolescence (Fuchs et al., 2018; Simmons et al., 2016; White et al., 2017). A 

negative association between ACEs and hair cortisol has also been found in adults 

with a history of childhood trauma (Hinkelmann et al., 2013; Steudte et al., 2013). 

These results further corroborate the idea that the timing of both adversity exposure 

and development of HPA-axis and inflammatory responses could play a crucial role in 

the association of ACEs with HPA-axis activity and inflammation. With regard to the 

association between hair cortisol and depression, the first investigations indicated that 

patients with depression show higher hair cortisol concentrations than healthy controls 

(Staufenbiel et al., 2013). However, not all replication attempts reported so far have 

been successful (Hinkelmann et al., 2013; Wei et al., 2015), and one study found 

decreased hair cortisol in patients with depression (Steudte-Schmiedgen et al., 2017). 

As discussed in Chapter 1.4.5.2, a recent meta-analysis of seven studies did not find 

significant differences in hair cortisol concentrations between patients with depression 

and controls (Psarraki et al., 2021). Larger studies using both clinical and population-

based samples are needed to clarify this relationship.  

 

1.4.6.4. Heterogeneity of depressive symptoms 

 
As discussed previously, depression is a highly heterogeneous disorder in 

terms of varying and sometimes opposing symptoms (Jentsch et al., 2015) (see 

Chapter 1.2.2). Despite this, most studies investigating the relationship of the HPA-

axis and inflammation with depression have neglected the heterogeneous nature of 

depressive symptoms. Individual differences in depressive symptom profiles have 

typically been ignored owing to the prevailing use of sum-scores of depressive 

symptoms (Fried & Nesse, 2015). As suggested by the sickness behaviour theory 

(Dantzer, 2018; Dantzer et al., 2008), upregulated inflammatory and neuroendocrine 

responses can result in somatic depressive-like symptoms, such as fatigue, sleep 

problems, lack of appetite, and psychomotor slowing, which are referred to as 

‘sickness behaviour’ in the experimental animal literature (Miller et al., 2009) (see 

Chapter 1.4.3. for an overview of the effects of inflammation and glucocorticoids on 

the brain and behaviour). Interestingly, some evidence suggests that the relationship 
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of depression with HPA-axis hyperactivity and inflammation might be predominantly 

driven by the somatic symptoms of depression (e.g. tiredness, lack of energy, sleep 

problems), whereas associations with cognitive-affective symptoms (e.g. sadness, 

positive affect, depressed mood) have been shown to be considerably weaker in both 

adults and young people (Chu et al., 2019; Duivis et al., 2013; Jokela et al., 2016; 

White et al., 2017). These initial findings raise the possibility that dysregulation of 

inflammatory and neuroendocrine responses might be predominantly involved in the 

somatic features of depression. 

 

1.4.6.5. Lack of evidence for mediation effects  

 
Lastly, the vast majority of studies have investigated the relationship of the 

HPA-axis and inflammation with either ACEs or depression. In contrast, there is a 

paucity of research formally testing their possible role as mediating mechanisms 

through which ACEs may become biologically embedded and affect mental health 

(Koss & Gunnar, 2018). Initial evidence supports the possible mediating role of cortisol 

dysregulations and inflammation in the association between ACEs and depression. 

Using data from ALSPAC, Flouri et al. (2020b) have demonstrated that exposure to 

adverse events during childhood was associated with depressive symptoms at the 

beginning of adolescence, and this association was partially mediated by increased 

levels of IL-6. In addition, one study found that cumulative exposure to ACEs was 

associated with internalising symptoms in adolescence partly through lower levels of 

salivary cortisol (Stroud et al., 2018). More longitudinal studies are needed to test the 

plausible mediating effects of the HPA-axis and the inflammatory response. Such 

research should also account for the timing and patterning of ACEs throughout 

childhood, and it should use longitudinal measures of depression and stress-related 

responses to capture their chronicity and/or changes over time.   
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1.5. The interplay between ACEs and genetic factors  

 

1.5.1. Genetic influences on depression, HPA-axis function, and inflammation  

 

The evidence presented thus far suggests that ACEs and dysregulation of 

stress-related systems are likely to contribute to the aetiology of depression. However, 

there also are important genetic factors involved in the genesis of mental illness. Since 

the application of quantitative behavioural genetics methods (e.g. family and twin 

studies) in the field of Psychiatry during the 20th century, it has become evident that 

mental disorders are likely to result from the interplay between genetic and 

environmental factors (Plomin et al., 1994). As discussed in Chapter 1.2.3.1, family-

based studies have demonstrated that depression is moderately heritable. Twin-based 

heritability estimates for depression (i.e. the proportion of individual variations in 

liability to an illness that results from genetic differences between individuals) have 

been shown to range between 30% and 40% (Bienvenu et al., 2011; Geschwind & 

Flint, 2015). Following the complete mapping of the human genome at the start of the 

21st century, GWAS analyses have offered the opportunity to identify specific SNPs 

that vary systematically as a function of phenotypic traits. One of the most striking 

findings of GWAS research is that most mental health disorders have a polygenic 

nature. In other words, they are influenced by thousands of SNPs of small effect which 

are found across the entire genome rather than in few candidate genes as previously 

thought (Smoller et al., 2019). The most recent GWAS meta-analyses have 

successfully identified several SNPs that may contribute to the risk of depression 

(Howard et al., 2019; Wray et al., 2018). In addition, initial evidence suggests that 

genetic factors might also underlie individual differences in the clinical response to 

antidepressants (Wigmore et al., 2020). Nevertheless, the SNP-based heritability of 

depression is only about 10% (Howard et al., 2019; Smoller et al., 2019), which is 

considerably lower than the heritability estimates provided by twin studies. 

Genetic factors also play an important role in HPA-axis function and 

inflammation. Twin studies have provided evidence for a moderate genetic 

contribution (40-60%) to basal salivary cortisol levels and cortisol reactivity (Bartels et 

al., 2003; Ouellet-Morin et al., 2016; Steptoe et al., 2009). In addition, they have 

demonstrated a more substantial genetic contribution to hair cortisol concentrations, 
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with heritability estimates of about 70% (Rietschel et al., 2017; Tucker-Drob et al., 

2017). Heritability estimates for inflammatory cytokines and acute phase proteins such 

as ILs, TNFs, and CRP have been shown to range between 50% and 80% (de Craen 

et al., 2005; Sas et al., 2017). However, these heritability estimates from twin studies 

contrast markedly with results from GWAS. The largest GWAS meta-analysis of 

plasma cortisol has only identified three SNPs associated with cortisol concentrations 

(Neumann et al., 2017). This result could be explained by the limitations of cortisol 

measurement in body fluids, and by the relatively small sample size of the study (N = 

12,597). A GWAS meta-analysis of hair cortisol is currently underway, which will help 

to elucidate the genetic basis of HPA-axis function. A large GWAS meta-analysis of 

inflammation has successfully identified several SNPs associated with CRP (Ligthart 

et al., 2018), but the estimated SNP-based heritability was low (~7%). Nevertheless, 

recent evidence suggests that genetic variants linked to inflammation and cortisol are 

associated with an increased risk of depression (Barnes et al., 2017; Dardani et al., 

2019; Zhou & Qiao, 2019). These findings support the plausible causal role of the 

HPA-axis and the inflammatory response system in the aetiology of depression.  

 

1.5.2. Candidate GxE studies   

 

Increasing evidence indicates that depression might result from a complex 

interplay between genetic vulnerability and adverse environmental circumstances that 

act cumulatively throughout the life course (Dunn et al., 2011; Lopizzo et al., 2015). 

Indeed, no single genetic variant or environmental exposure on its own seems 

sufficient to cause mental disorders (Uher & Zwicker, 2017). Genetic liability to mental 

disorders is likely to require the presence of environmental triggers in order to exhibit 

an effect on the individual (Caspi et al., 2003). It has been proposed that gene-

environment (GxE) interactions might represent an important source of variability in 

the psychobiological pathways linking early-life adversity with mental health (Chiang 

et al., 2015). Additionally, they might underlie the low SNP-based heritability of 

depression and stress-related responses (Assary et al., 2018). More specifically, GxE 

interactions involving the shared environment could contribute to the heritability 

estimates found in twin studies. In contrast, environmental factors acting as triggers of 

mental health problems are typically unaccounted for in molecular genetic studies. 
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Thus, this may lead to additional heterogeneity in their results (Uher & Zwicker, 2017). 

GxE research has been predominantly informed by the Diathesis-Stress Model, which 

suggests that certain individuals are more vulnerable to adverse environmental 

circumstances owing to their specific biological make-up (Monroe & Simons, 1991). 

More recently, this theoretical framework has been challenged by the Differential 

Susceptibility Theory, which instead proposes that individuals differ in their general 

susceptibility to both negative and positive environmental factors (Ellis et al., 2011). 

Genetic factors might therefore underlie the individual’s vulnerability or susceptibility 

to environmental influences, and their interaction with ACEs could affect the risk of 

depression beyond their combined additive effects.  

In the last 20 years, there has been an explosion of GxE studies investigating 

the interplay of ACEs with genetic factors. Numerous studies have focused on the 

potential interplay between early-life stress and single SNPs found in candidate genes 

related to the neurobiology of depression, and particularly the serotonin transporter 

polymorphism (5-HTTLPR). These results have been largely inconsistent across 

studies, with meta-analyses providing both support for and against the proposed GxE 

interactions (Culverhouse et al., 2018; Karg et al., 2011; Munafò et al., 2009; Sharpley 

et al., 2014). Joint consideration of interactions between genetic vulnerability and 

environmental influences may also help to elucidate the psychobiological processes 

involved in the development of depression. In this context, a number of studies have 

found evidence for GxE interactions between childhood adversity and genetic 

polymorphisms found in candidate genes related to HPA-axis function, such as the GR 

gene, the corticotropin-releasing hormone type 1 receptor (CRHR1), and the FK506-

binding protein 51 (FKBP5) gene (Bet et al., 2009; Bradley et al., 2008; Buchmann et 

al., 2014; Tyrka et al., 2009). However, not all investigations have been able to 

replicate these results (Hardeveld et al., 2015; Normann & Buttenschøn, 2020; 

Polanczyk et al., 2009). More recently, a few studies have also examined GxE 

interactions using genetic polymorphisms encoding for inflammatory markers. This 

work has provided some preliminary evidence for their moderating effects in the 

association of ACEs with inflammation and depressive symptoms (Dante Cicchetti et 

al., 2015; Cohen-Woods et al., 2018; Ridout et al., 2014; Tartter et al., 2015). 
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1.5.3. Polygenic GxE studies   

 

GxE studies using candidate gene approaches have made an important 

contribution to our understanding of the aetiology of depression, altered HPA-axis 

activity, and inflammation. However, candidate gene approaches do not account for 

the highly polygenic architecture of human phenotypes. Consequently, the widely 

observed problems in replicating GxE effects may be partly attributed to 

underpowered samples that are unable to identify statistically significant interactions 

(Assary et al., 2018). A novel alternative approach consists in the use of polygenic 

scores (PGSs) to investigate GxE effects. PGSs offer the opportunity to create a 

genetic risk score aggregating the effects of all SNPs associated with a phenotype 

(Marees et al., 2018). PGSs might therefore help to increase the power of GxE studies 

since they explain a larger proportion of the phenotypic variance compared with the 

effects of single SNPs (Uher, 2014). Although research regarding the polygenic nature 

of mental disorders is relatively new, it has already provided some evidence showing 

larger associations between psychosocial stress and depression among participants 

with a higher PGS of depression (Arnau-Soler et al., 2019; Coleman et al., 2020; 

Colodro-Conde et al., 2018; Shen et al., 2020). PGSs of depression have also been 

shown to predict other health outcomes linked to ACEs and depression. For instance, 

during my PhD, I have conducted a rotation project investigating the associations of 

PGSs indexing mental health vulnerabilities with the use of multiple substances (e.g. 

nicotine, alcohol) in a sample of young people from ALSPAC. The results showed that 

participants at higher polygenic risk for depression and schizophrenia were more likely 

to use multiple substances compared with those at low polygenic risk (Iob, Schoeler, 

et al., 2020).  

Some recent studies have tested interaction effects between exposure to ACEs 

and depression-PGS on the risk of depression. Table 1.4 provides an overview of 

these studies. Two analyses have shown that the effect of depression-PGS on the 

presence of MDD (Peyrot et al., 2014) and depressive symptoms (Shen et al., 2020) 

was increased among adults with a history of childhood trauma. In contrast, one study 

found that depressed individuals with experiences of childhood trauma had a lower 

PGS of depression than other cases or controls (Mullins et al., 2016). Other 

investigations have not found evidence for the interactive association of ACEs and 

depression-PGS with depression in adults (Lehto et al., 2020; Peyrot et al., 2018). 
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Further, three studies have examined this moderation hypothesis in samples of 

children and adolescents. Nelemans et al. (2021) demonstrated that depression-PGS 

was related to depressive symptoms particularly among adolescents experiencing 

elevated levels of critical parenting. In contrast, the other two studies did not reveal 

significant interaction effects between depression-PGS and ACEs on depressive 

symptoms in young people (Musci et al., 2015; Shao et al., 2021). Of note, there are 

virtually no studies which have examined the interplay between genetic factors and 

ACEs using PGSs of HPA-axis function or inflammation. It is also worth noting that the 

majority of candidate and polygenic GxE studies have examined cumulative scores of 

ACEs or single adversities, without a consideration of the patterning and timing of 

ACEs. In addition, most studies to date have used cross-sectional assessments of 

depression and biological outcomes. These limitations call for further research to 

investigate the effects of polygenic GxE interactions on depression, HPA-axis function, 

and inflammation employing more robust assessments of ACEs and stress-related 

outcomes.    
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Table 1.4. Polygenic GxE studies: Interaction between MDD-PGS and ACEs. 

Study Population   Study 
design 

ACEs measures Outcome Significant 
interaction  

Results 

Peyrot et al. 
(2014) 

1,645 adults with MDD 
and 340 non-depressed 
controls.  

Cross-
sectional.  

Childhood trauma (emotional 
neglect, psychological 
abuse, physical abuse, and 
sexual abuse).  

Diagnosis 
of MDD.  

Yes MDD-PGS and childhood trauma were both associated with 
MDD risk. In addition, there was a significant GxE 
interaction, indicating that the effect of MDD-PGS on MDD was 
increased in the presence of childhood trauma.  

Musci et al.  
(2015) 

Population-based 
sample of children 
(N=798).  

Longitudinal.   Parental death and divorce.  Depressive 
symptoms.  

No MDD-PGS and childhood stress were significant predictors of 
depressive symptoms. The GxE interaction was nonsignificant.  

Mullins et al. 
(2016)  

1,605 MDD cases and 
1,064 non-depressed 
controls.  

Cross-
sectional. 

Childhood trauma (sexual, 
physical, or emotional abuse 
and physical or emotional 
neglect).  

Diagnosis 
of MDD.  

Yes MDD-PGS and childhood trauma were both associated with 
MDD status. A significant GxE interaction was found, but 
showed an inverse association with MDD status, as cases who 
experienced more severe trauma had a lower MDD-PGS than 
other cases or controls. 

Peyrot et al. 
(2018) 

3,024 MDD cases and 
2,741 non-depressed 
controls.  

Cross-
sectional.  

Childhood trauma (emotional 
neglect, psychological 
abuse, physical abuse, and 
sexual abuse). 

Diagnosis 
of MDD. 

No MDD-PGS and childhood trauma were both associated with 
MDD status. The GxE interaction was nonsignificant. 

Lehto et al. 
(2020) 

243,797 adults from the 
UK Biobank.  

Cross-
sectional.  

Childhood adoption.  Depressive 
symptoms.  

No Adoptees reported more depressive symptoms. There were no 
significant interactions between the DS-PGS and adoption status 
on depressive symptoms.  

Shen et al. 
(2020) 

Discovery (N=10,674) 
and replication (N= 
11,214) sample of 
adults from the UK 
Biobank. 

Cross-
sectional. 

Childhood trauma.  Depressive 
symptoms.  

Yes MDD-PGS was significantly associated with higher depressive 
symptoms. Childhood trauma showed a significant positive 
interaction with MDD-PGS on depressive symptoms.  

Shao et al. 
(2021) 

718 Chinese 
adolescents aged 10-
14 years old.  

Longitudinal  Childhood trauma (emotional 
abuse, emotional neglect, 
and physical neglect).  

Depressive 
symptoms. 

No DS-PGS and childhood trauma were risk factors for depressive 
symptoms. The GxE interaction on depressive symptoms had no 
statistical significance. 

Nelemans et al. 
(2021).  

327 Dutch adolescents.  Longitudinal.  Parental criticism.   Depressive 
symptoms.  

Yes MDD-PGS was associated with higher depressive symptoms in 
adolescence. There was a significant GxE interaction, indicating 
that MDD-PGS was related to depressive symptoms particularly 
for those experiencing elevated levels of critical parenting.  

Note. GxE = gene-environment. MDD-PGS = Polygenic score of major depressive disorder. DS-PGS = Polygenic score of depressive symptoms.  
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1.5.4. Genetic confounding  

 

Although most research has concentrated on the moderating effects of genetic 

factors, it should be noted that genetic risk could also act as a confounding factor in 

the association between ACEs and depression. Twin designs offer a unique 

opportunity to disentangle genetic and environmental effects on a phenotype and 

assess the role of genetic confounding in the associations between environmental risk 

factors and mental health. To illustrate, monozygotic (MZ) twins typically inherit 

identical genotypes, while dizygotic (DZ) twins only share approximately 50% of their 

genes (Boomsma et al., 2002). Consequently, if differences within twin pairs in the 

expression of mental disorders are more strongly associated with exposure to ACEs 

in DZ than MZ twins, this would suggest that the relationship between ACEs and 

mental health is partly confounded by genetic factors. A number of twin studies have 

demonstrated that the associations of ACEs (e.g. childhood maltreatment, bullying 

victimisation) with psychopathology (Alemany et al., 2013; Brown et al., 2014; 

Singham et al., 2017), HPA-axis dysregulations (Ouellet-Morin et al., 2011), and 

inflammation (Baldwin et al., 2018) were reduced when accounting for genetic 

confounding, but ACEs remained as independent risk factors for these stress-related 

outcomes. Likewise, initial evidence from studies using PGSs suggests that polygenic 

risk for depression partially confounds but does not fully explain the association 

between childhood adversity and mental health (Goltermann et al., 2020; Lehto et al., 

2020). These findings underscore the importance of accounting for genetic factors not 

only to test whether they moderate the effects of environmental exposures, but also to 

strengthen the evidence for the plausible causal role of ACEs in the aetiology of 

depression.  
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1.6. Summary of the literature review  

 

In summary of what has been described in this introductory chapter, depression 

is a common yet devastating mental disorder, with heterogeneous symptoms, high co-

morbidity, and an unpredictable response to treatment. Several biological and 

psychosocial factors are thought to contribute to the aetiology of depression, as no 

single mechanism can fully explain all aspects of this complex disorder.  

ACEs are unfortunately very common, affect the lives of millions of children 

across the world, and are associated with adverse health and socioeconomic 

outcomes throughout the life course. A large body of research demonstrates that 

exposure to ACEs is one of the most potent psychosocial risk factors for depression. 

Several meta-analyses of observational studies have provided evidence for a dose-

response association between ACEs and the risk and prognosis of depression in both 

children and adults.  

Early programming of neurobiological systems that are implicated in stress 

responses, including the HPA-axis and inflammatory systems, might underlie the link 

between ACEs and depression. The HPA-axis and inflammatory systems play a 

pivotal role in the body’s biological response to environmental, psychological, and 

physical stressors. Several experimental studies in animals and humans have shown 

that dysregulation of these stress-related systems can adversely affect the 

development and function of the brain and alter behaviour. Experimental animal 

models have also offered useful insights into the plausible causal effects of exposure 

to early-life adversity on HPA-axis and inflammatory functioning.  

In agreement with experimental research, meta-analyses of observational 

studies in humans have provided compelling evidence for elevated inflammatory 

responses and dysregulated HPA-axis function in adults and children affected by 

ACEs and depression. However, there is considerable variability in the effect sizes 

and direction of these associations across studies, which appear to be weaker than 

previously assumed and inconsistent across different biomarkers of HPA-axis activity 

and inflammation. In addition, not all people affected by ACEs and depression exhibit 

dysregulation of stress-related systems. As such, the current understanding of this 

relationship is far from conclusive. A number of limitations and evidence gaps might 
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explain such inconsistent findings and should be addressed in order to improve the 

current evidence base (see Table 1.5).  

First, most studies have investigated the effects of individual types of adversity 

separately, or they have simply measured the total number of adversities experienced 

by the participant. It is therefore unclear whether certain patterns or dimensions of 

ACEs are more strongly associated with depression and stress-related responses 

than others. In addition, the literature predominantly relies on retrospective self-report 

measures of ACEs. Retrospective measures of ACEs should be combined with 

prospective assessments whenever possible to minimise the potential measurement 

error associated with each approach.  

Second, there is limited evidence regarding the role of the timing of exposure 

to adversity. More research is needed to disentangle sensitive period, recency, and 

accumulation effects, and to understand whether ACEs experienced during certain 

developmental periods may have more severe and enduring effects than exposure to 

adversity during other periods. In addition, it is unclear whether the relationship of 

ACEs with HPA-axis and inflammatory functioning might vary across different stages 

of the life course. 

Third, there is a prevailing use of single, cross-sectional measures of 

inflammation and HPA-axis activity. Repeated measures of inflammation and markers 

of long-term HPA-axis dysregulation are needed to assess their levels of severity over 

time with greater accuracy.  

Fourth, individual differences in depressive symptom profiles are typically 

ignored owing to the use of sum-scores of depressive symptoms. Initial evidence 

suggests that the relationship of depression with HPA-axis hyperactivity and 

inflammation might be predominantly driven by the somatic symptoms of depression. 

Further research is needed to establish whether cognitive-affective and somatic 

symptoms of depression are differentially associated with HPA-axis activity and 

inflammation. 

Fifth, the vast majority of studies have investigated the relationship of the HPA-

axis and inflammation with either ACEs or depression. In contrast, there is a paucity 

of research formally testing their possible role as mediating mechanisms through 

which ACEs may become biologically embedded and lead to the emergence of 
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depression. More longitudinal studies are needed to formally test this mediation 

hypothesis.  

Lastly, increasing evidence indicates that depression might result from a 

complex interplay between genetic vulnerability and adverse environmental 

circumstances. GxE interactions could thus represent another important source of 

variability in the psychobiological pathways linking early-life adversity with mental 

health. Most studies to date have investigated the interplay between ACEs and genetic 

factors using candidate gene approaches, which do not account for the highly 

polygenic nature of depression and have low statistical power to test GxE interactions. 

Further research is required to test whether polygenic scores could moderate or 

confound the associations of ACEs with depression, inflammation, and HPA-axis 

function. 
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Table 1.5. Summary of the limitations and evidence gaps in the existing literature. 
 

 Limitations and evidence gaps 

Measurement of ACEs  The literature predominantly relies on the use of single 
adversities or cumulative risk scores and retrospective self-
report measures of ACEs.  

 It is unclear whether certain patterns/dimensions of ACEs are 
more strongly associated with depression and stress-related 
responses than others.  

 Retrospective and prospective assessments of ACEs should be 
combined whenever possible to minimise measurement error.  

Timing of ACEs exposure 
and development of stress-
related systems  

 The timing of ACEs has received little attention.  

 More research is needed to disentangle sensitive period, 
recency, and accumulation effects of ACEs on depression and 
stress-related responses.  

 There is limited evidence as to whether the relationship of ACEs 
with HPA-axis and inflammatory functioning might vary across 
different stages of the life course.  

Measurement of HPA-axis 
and inflammation 

 There is a prevailing use of single, cross-sectional measures of 
inflammation and HPA-axis activity.  

 Repeated measures of inflammation and markers of long-term 
HPA-axis dysregulation are needed to assess their severity 
levels over time.  

Heterogeneity of 
depressive symptoms  

 Individual differences in depressive symptom profiles are often 
ignored owing to the prevailing use of sum-scores of depressive 
symptoms.  

 Cognitive-affective and somatic symptoms of depression could 
be differentially associated with HPA-axis activity and 
inflammation. 

Mediation effects   Few studies have formally tested the possible mediating effects 
of the HPA-axis and inflammation in the association between 
ACEs and depression using longitudinal data.  

Interplay between ACEs 
and genetic factors  

 Most studies to date have investigated gene-environment 
interactions using candidate gene approaches.  

 More research is needed to test whether polygenic scores could 
moderate or confound the associations of ACEs with 
depression, inflammation, and HPA-axis function.  
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2. CHAPTER 2. THESIS PURPOSE, AIMS, AND OBJECTIVES 

 

This chapter describes the purpose, aims, and objectives of the thesis and 

outlines the contribution of the following chapters.  

 

 

2.1. Purpose, aims, and objectives  

 

The overall purpose of this thesis is to elucidate the psychobiological 

mechanisms through which exposure to ACEs may influence the development of 

depression in order to stimulate new preventive and treatment interventions. The first 

aim is to investigate the role of the HPA-axis and the inflammatory response in the 

relationship between ACEs and depression. The second aim is to examine the 

interplay between ACEs and genetic factors in the aetiology of depression and its 

underlying stress-related mechanisms. To this end, this thesis integrates 

psychosocial, biological, and genetic data from three population-based cohort studies 

of young people and older adults, including the English Longitudinal Study of Ageing 

(ELSA), the Avon Longitudinal Study of Parents and Children (ALSPAC), and the 

Twins Early Development Study (TEDS). The use of these rich, longitudinal datasets 

has enabled me to explore the psychobiological mechanisms involved in the 

relationship between ACEs and depression across different stages of the lifespan, and 

to consider the role of different types of ACEs and their timing (see PhD conceptual 

framework, Figure 2.1). The specific objectives of the thesis are to:  

 

1. Test the longitudinal associations of ACEs (i.e. cumulative risk, dimensions, 

timing) with cortisol and systemic inflammation in older adults (Chapters 3) and 

young people (Chapters 7 and 8).  

2. Test the longitudinal associations of cortisol and systemic inflammation with 

depressive symptoms in later life (Chapter 4) and early adulthood (Chapters 7 

and 8), also considering the role of different types of depressive symptoms 

(Chapter 4).  
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3. Test the possible mediating effects of cortisol and systemic inflammation in 

the psychobiological pathways linking ACEs with depressive symptoms 

across different stages of the life course (Chapters 5, 7, and 8).  

4. To test whether genetic factors might moderate or confound the associations 

of ACEs with depression, cortisol, and systemic inflammation using polygenic 

scores (Chapter 6) and twin-based methods (Chapter 7).  

 

 

 
 
Figure 2.1. PhD conceptual framework: Adverse childhood experiences and depression:   
Stress-related biological and gene-environment mechanisms.  
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2.2. My contribution to the research presented in this thesis  

 

I have independently developed the purpose, aims, and objectives of the thesis 

and the design of the studies, with input from my supervisors, Professor Andrew 

Steptoe, Dr Rebecca Lacey, and Dr Karoline Kuchenbaecker. I have analysed existing 

data from ELSA, ALSPAC, and TEDS, and I have conducted all the statistical analyses 

presented in this thesis. I would also like to acknowledge the contribution of Professor 

levels of cortisol  quantificationfor the Clemens Kirschbaum, who was responsible 

(Chapters 3 and 4), Dr Olesya Ajnakina, a  study ELSAthe  inhair samples  from

who generated the polygenic scores in ELSA (Chapter 6), and Ms  Research Fellow

the  create some ofto  helped me, a research assistant who Valentina Giunchiglia

(Chapter 8).   the ALSPAC study presented infigures  
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3. CHAPTER 3. STUDY 1: The long-term association of adverse 

childhood experiences with inflammation and cortisol in later life: 

Cumulative risk versus dimensions of adversity.  

 
 

Study 1 examined the associations of ACEs with biomarkers of systemic 

inflammation (i.e. CRP) and long-term HPA-axis activity (i.e. hair cortisol) in a sample 

of older adults from ELSA, with a particular focus on the distinction between 

cumulative exposure and dimensions of ACEs. This chapter provides a brief overview 

of the ELSA cohort, followed by the background, methods, and results of the study 

and a discussion of the main findings. The results presented here have been published 

in Brain, Behaviour, and Immunity (Iob et al., 2019).   

 

 

3.1. Overview of the ELSA study 

 

ELSA is an ongoing, multidisciplinary prospective cohort study of women and 

men aged 50 years and over living in England. Its main aim is to provide high-quality 

longitudinal data documenting the contemporary experience of ageing and the 

dynamic relationships between health, wellbeing, and socioeconomic factors in later 

life (Zaninotto & Steptoe, 2019). The study commenced in 2002/03 (wave 1) with a 

nationally representative sample of 12,099 participants drawn from households that 

had taken part in the Health Survey for England (HSE) in 1998, 1999, and 2001. To 

record changes in their health, social, and economic circumstances, since the 

commencement of the study these participants have been repeatedly interviewed at 

biennial intervals, known as waves. The most recent full wave of data collection was 

carried out in 2018/19 (wave 9). The sample has been refreshed with additional HSE 

participants at waves 3, 4, 6, 7, and 9 in order to maintain the original size and 

representativeness of the study. The inclusion criteria were: being a member of a 

participating HSE household and having agreed to be recontacted, living in a private 

household in England, and being ≥ 50 years old at the first wave of fieldwork. 

Comparisons of the respondents’ socioeconomic characteristics with the national 

census indicate that the ELSA cohort is representative of the general English 
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population. Cross-sectional response rates conditional on participation in the previous 

wave range between 80 and 70%. As in most panel studies, the main drivers of attrition 

are age, socioeconomic position, and health status (Steptoe et al., 2013). 

Face-to-face interviews using computer-assisted interviewing combined with 

self-completion questionnaires completed using pen and paper have been conducted 

at every wave. The interviews cover a variety of topics including economic, work, and 

family issues, mental and physical health, health behaviours, cognition, and 

psychosocial factors. On alternate waves, a nurse visit has been carried out by 

qualified nurses, allowing for more detailed physical health assessments and for the 

collection of biological samples (e.g. blood, hair) to measure various biomarkers (e.g. 

CRP, hair cortisol, genetic data). Certain modules are rotated on and off, and one-off 

modules have been added in specific waves. For instance, a Life History module was 

added to the main interview at wave 3 (2006/07) in order to obtain retrospective 

information about the respondents’ early-life experiences. Ethical approval was 

granted from the National Research Ethics Service, and all participants provided 

informed consent. Funding for the ELSA study is provided by the National Institute of 

Aging and a consortium of UK government departments (NatCen Social Research, 

2020). Further details about the methods of data collection and sample design are 

detailed on the study’s website (www.elsa-project.ac.uk).  

  

http://www.elsa-project.ac.uk/


 91 

3.2. Introduction  

 
As discussed in the introductory chapter of this thesis, ACEs are emerging as 

a critical public health issue across the world owing to their high prevalence and 

association with numerous causes of morbidity and mortality (NHS Highland Public 

Health, 2018; Sethi et al., 2018; Stoltenborgh et al., 2015). Several studies have 

demonstrated that ACEs are related to an increased risk of several mental and 

physical health conditions, such as depression, anxiety disorders, cardiovascular 

disease, and diabetes (Hughes et al., 2017; Kalmakis & Chandler, 2015; Norman et 

al., 2012). Depression is the mental health outcome most consistently associated with 

early-life stress. Various meta-analyses have provided robust evidence for a dose-

response relationship between exposure to ACEs and the risk of depression in both 

children and adults (Chandan et al., 2019; Hughes et al., 2017; LeMoult et al., 2020). 

Maladaptive alterations in the function of the inflammatory response system 

and the hypothalamic-pituitary-adrenal (HPA)-axis might explain the long-lasting 

effects of ACEs on mental and physical health (Danese & Lewis, 2017; Danese & 

McEwen, 2012; Koss & Gunnar, 2018). The most fully investigated biomarkers of 

inflammation and HPA-axis function are CRP and cortisol respectively (see Chapters 

1.4.1 – 1.4.4). Elevated levels of these biomarkers have been implicated in the 

pathogenesis and prognosis of depression (Belvederi Murri et al., 2014; Haapakoski 

et al., 2015; Stetler & Miller, 2011) (Chapter 1.4.5.2), as well as of other health 

conditions such as cardiovascular disease and diabetes (Acabchuk et al., 2017; Girod 

& Brotman, 2004; Hackett & Steptoe, 2017; Iob, Kirschbaum, et al., 2020; Kivimäki & 

Steptoe, 2017).  

Several studies have examined the relationship of ACEs with inflammation and 

HPA-axis function, providing some evidence for elevated CRP and dysregulated 

cortisol levels in people exposed to ACEs (Baumeister et al., 2015; Danese & Lewis, 

2017; Deighton et al., 2018; Kuhlman et al., 2017; Kumari et al., 2013; Pinto Pereira 

et al., 2019). However, not all studies have confirmed these effects, and some reported 

opposite associations. For instance, a meta-analysis of ACEs and inflammatory 

markers in children and adolescents found weak evidence for this association 

(Kuhlman et al., 2020). In relation to cortisol, a systematic review found evidence for 

increased cortisol reactivity in children exposed to adversity (Hunter et al., 2011). 

However, a more recent meta-analysis including samples of all ages indicated a 
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moderate negative effect of ACEs on cortisol responses to social stress (Bunea et al., 

2017). Other meta-analytic syntheses did not find evidence for the relationship of 

ACEs with different cortisol indices, such as the cortisol awaking response or baseline 

cortisol levels (Bernard et al., 2017; Fogelman & Canli, 2018) (see Chapter 1.4.5.1).  

As discussed in Chapter 1.4.6, a number of gaps and limitations of the current 

evidence base could explain such inconsistent findings. First, most work has 

examined the relationship of ACEs with stress-related biomarkers either focusing on 

specific types of adversity in isolation or using a cumulative risk approach which 

creates an overall risk score based on the total number of ACEs experienced by the 

participant (McLaughlin & Sheridan, 2016). Whereas the specific experience approach 

ignores the high co-occurrence of ACEs, the cumulative risk method can only take into 

account the overlap between different elements of stressful experiences thereby 

ignoring their potentially different psychobiological effects (Kuhlman et al., 2017; 

McLaughlin & Sheridan, 2016). A novel approach involves the identification of 

dimensions of adversity that may influence stress physiology in different ways. 

McLaughlin and Sheridan (2016) have proposed two main dimensions of adversity, 

namely threat – adversities involving harm or threat of harm, and deprivation – 

experiences related to absence of expected cognitive and social input. Interestingly, 

there is some preliminary empirical evidence suggesting that experiences related to 

threat but not deprivation are associated with abnormal cortisol levels (Busso et al., 

2017; LoPilato et al., 2019), as well as with other biological and cognitive processes 

(Machlin et al., 2019; Sumner et al., 2019). However, it is worth noting that this 

dimensional model may not capture all aspects of ACEs (e.g. parental substance 

abuse and separation), and certain deprivation exposures could actually belong to 

distinct sub-dimensions (e.g. parental loss and neglect) (Westermair et al., 2018; 

Zhang et al., 2019). 

There also is a lack of evidence for the possible long-term effects of ACEs on 

HPA-axis and immune functioning in later life since most research has focused on 

middle-aged adults. Importantly, CRP and cortisol levels have been shown to increase 

in an age-dependent manner (Feller et al., 2014; Ferrari et al., 2001; Tang et al., 2017). 

Consequently, the relationship of ACEs with these biomarkers in older adults might be 

different from that observed in younger adults. Moreover, older age is a phase of life 

particularly prone to the emergence of various long-term conditions that are linked to 
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elevated inflammation and cortisol dysregulations, such as cardiovascular disease, 

arthritis, and diabetes. 

Another limitation of the literature concerns the prevailing use of cross-sectional 

measures of CRP that are not sufficient to provide an accurate assessment of chronic 

inflammation. Likewise, most research has assessed HPA-axis function using single 

measures of cortisol in body fluids including saliva, blood, or urine. However, these 

specimens can only represent short-term cortisol levels and are strongly influenced by 

an array of situational and inter-individual fluctuations (Stalder & Kirschbaum, 2012). 

In contrast, the measurement of cortisol in hair offers the opportunity to reliably assess 

long-term exposure to cortisol over several weeks (Fuchs et al., 2018; Iob et al., 2018; 

Stalder et al., 2017; Staufenbiel et al., 2013). A recent meta-analysis of the relationship 

between adversity across all ages and hair cortisol found two classes of studies: the 

first was characterised by a moderate negative association, whereas the second larger 

set of studies reported a small positive association (Khoury et al., 2019). However, no 

study to date has examined the association between ACEs and hair cortisol in older 

adults.  

The aim of this study was to investigate the association of multiple types of 

ACEs with hair cortisol and repeated measures of CRP in a large sample of older 

adults, distinguishing between cumulative risk and dimensions of ACEs. Three 

hypotheses were tested: 

1) Greater cumulative exposure to ACEs would be associated with elevated CRP 

and hair cortisol levels. 

2) Using factor analysis, the threat-deprivation theme would emerge along with 

other dimensions of ACEs that may not be fully captured by the threat-

deprivation model. 

3) Distinct ACEs dimensions could be differentially related to CRP and hair cortisol 

concentrations.  
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3.3. Methods  

 

3.3.1. Sample  

 

The current study used data from the ELSA cohort. Information on various types 

of ACEs was gathered as part of the Life History Interview in wave 3 (2006/07), a one-

off module that collected retrospective information on the participants’ early-life 

experiences. Out of the 9,971 individuals who participated in the wave 3 main 

interview, 7,855 participants also completed the Life History module. CRP levels were 

assessed during the nurse visit in waves 4 (2008/09) and 6 (2012/13). Blood samples 

for the measurement of CRP were successfully collected from 6,439 participants in 

wave 4 and 6,126 participants in wave 6. Study members with CRP values > 10 mg/L 

(Nwave4 = 444; Nwave6 = 342) were excluded from the analysis since this may reflect 

immune activation due to current infection or trauma rather than chronic inflammation 

(Pearson et al., 2003). Hair cortisol was assessed only once as part of the wave 6 

nurse visit. Hair samples were successfully collected from 5,451 participants. The 

sample with hair cortisol measures was restricted to 4,761 participants due to the 

presence of some undetectable or extreme (> 3 standard deviations – i.e. 660pg/mg) 

hormone values. For the purpose of this analysis, I created two analytical samples. 

The first sample (CRP) included all participants with available CRP data at either wave 

4 or 6 who completed the Life History interview (N = 4,198). The second sample 

(cortisol) was comprised of all participants with hair cortisol data in wave 6 who 

completed the Life History module (N = 3,357).  

 

3.3.2. Measures  

 

3.3.2.1. Adverse childhood experiences (ACEs) 

 
The Life History interview gathered information about different types of ACEs 

experienced up to the age of 16 years. These include sexual abuse, physical assault, 

physical abuse from parents, parent arguments, parent mental illness or substance 

abuse, parent separation or divorce, maternal bonding, paternal bonding, separation 

from mother for more than six months, parent death, foster care or adoption, and 
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institutionalisation. The selection of these ACEs items was informed by the ACEs 

definition presented in the introductory chapter of this thesis (Chapter 1.3.1), and by 

recent studies in this field which have considered a wider range of adversities 

compared with the first major ACEs investigations in order to provide a more 

comprehensive assessment of this construct. For all items, except parental bonding, 

participants reported whether or not they ever experienced that particular event during 

childhood. Child-parent relationships were assessed using the seven-item Parental 

Bonding Instrument (PBI) (Parker et al., 1979). This questionnaire is designed to 

retrospectively assess adults’ perceptions of their parents’ parenting styles (see 

Appendix A – sMethods for further details). Total bonding scores were calculated 

separately for each parent figure and ranged from zero (highest bonding) to seven 

(lowest bonding). For the analysis, two binary measures of low maternal/paternal 

bonding (total score  3) were derived. This threshold was selected since the majority 

of participants (around 80%) had a total bonding score lower than three. The ACEs 

cumulative score was calculated by adding up the 12 ACEs items described above. 

This score was then categorised into 4 groups (0, 1, 2, and 3+ ACEs) in order to 

examine the graded effect of ACEs. The individual ACEs items were also used in 

factor analysis to identify underlying dimensions of adversity. The specific questions 

of the ELSA’s Life History Interview which were used to derive the ACEs measures in 

this study are detailed in Appendix A (sMethods). Further details about this module 

can be found in the relevant user guide (Ward et al., 2009).  

 

3.3.2.2. Biomarkers of systemic inflammation and HPA-axis function  

 
CRP was used as a biomarker of systemic inflammation. High sensitivity 

plasma concentrations of CRP were assayed at the Royal Victoria Infirmary laboratory 

in Newcastle (UK) using the N Latex CRP mono Immunoassay on the Behring 

Nephelometer II Analyser (Dade Behring, Milton Keynes, UK) (Graig et al., 2006). 

Exclusion criteria for blood sampling included: clotting or bleeding disorders, history of 

fits or convulsions, and being on anticoagulant medication (NatCen Social Research, 

2018). CRP concentrations were expressed in mg/L. For the purpose of this analysis, 

two CRP outcomes were used: a continuous measure of log-transformed CRP values 

(due to positive skewness) at wave 4 (CRP w4), and a categorical variable for 

sustained high CRP levels indicating whether the participant had high CRP levels (i.e.  
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≥ 3mg/L; Pearson et al., 2003) on zero, one, or two occasions across waves 4 and 6 

(high CRP w4-w6). The latter CRP variable allowed for the assessment of exposure 

to chronically elevated levels of inflammation over time.  

Hair cortisol was used as a biomarker of long-term HPA-axis activity. Hair 

strands of approximately 3 cm were collected from the posterior vertex as close to the 

scalp as possible. Based on an average hair growth of approximately 1 cm per month 

(Kirschbaum et al., 2009), the 3 cm hair segment closest to the scalp is assumed to 

provide a measure of the average cortisol output over the three preceding months. 

Exclusion criteria for hair sampling included: pregnancy, breastfeeding, certain scalp 

conditions, having less than two cm of hair length, and inability to sit with the head 

remaining still. Hair cortisol concentrations were analysed at the Technische 

Universität Dresden (Germany) in two separate phases (2015 and 2018) owing to 

financial constraints. Cortisol levels were assayed using high performance liquid 

chromatography-mass spectrometry (LC/MS) following a standard wash and steroid 

extraction procedure (Gao et al., 2013). Hair cortisol concentrations were expressed 

in pg/mg. Since their distribution was positively skewed, they were log-transformed for 

the statistical analyses.  

 

3.3.2.3. Covariates  

 
The statistical analyses were adjusted for potential confounding variables which 

were selected based on previous studies in this field of research. These included: sex, 

age, childhood socioeconomic position  (SEP) (i.e. overcrowding, number of books in 

the home, father’s occupation, financial hardship, and parent unemployment), adult 

wealth, marital status, body mass index (BMI), smoking status, physical activity, 

alcohol drinking, use of anti-inflammatory or antihypertensive drugs (CRP only), 

steroid medications (cortisol only), and hair-related characteristics – i.e. whether hair 

was dyed, season of hair collection, hair colour, and phase of hair analysis (cortisol 

only). Of note, adult sociodemographic and lifestyle factors could also be intermediate 

variables on the causal pathways linking ACEs with dysregulation of stress-related 

systems. Therefore, the analyses were conducted both without and with adjustment 

for these potential mediators in order to assess their influence on the associations of 

ACEs with CRP and cortisol. Furthermore, a sensitivity analysis examined the impact 

of the participant’s mental health status (i.e. self-reported depressive symptoms) on 
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the relationships of interest. A detailed description of the measurement and coding of 

the covariates can be found in Appendix A (sMethods). 

 

3.3.3. Statistical analyses  

 

The associations of the ACEs cumulative score with the biomarkers were 

estimated using linear regression (CRP w4, hair cortisol) and ordinal logistic 

regression (high CRP w4-w6). For each outcome, three different models were tested: 

Model 1 – adjusted for age, sex, childhood socioeconomic position, medication use, 

and hair characteristics (cortisol only); Model 2 – Model 1 + adult sociodemographic 

factors (i.e. wealth and marital status); Model 3 – Model 2 + adult lifestyle factors (i.e. 

BMI, smoking status, alcohol drinking, and physical activity). In addition, I tested the 

interaction effects of the ACEs cumulative score with age and sex, and I calculated E-

values for all statistically significant effects of the ACEs score. The purpose of the 

latter analysis was to determine the average effect required for any possible 

unmeasured confounder to fully explain the associations between the ACEs score and 

the biomarkers (VanderWeele & Ding, 2017).  

The ACEs dimensions were derived using explorative factor analysis (EFA) and 

confirmatory factor analysis (CFA), adopting a 5-fold cross-validation approach 

(Cohen-Cline et al., 2019; Knafl & Grey, 2007). This method enabled me to identify 

variable-centred clusters of ACEs, namely groups of ACEs that tend to co-occur in the 

sample. In addition, the use of cross-validation offers the opportunity to test how the 

results of one analysis will generalise to an independent dataset. Thus, it is particularly 

useful to validate the factorial validity of a model and minimise the risk of overfitting. 

The factor analysis of the ACEs items was conducted using the entire sample of 

participants who completed the Life History interview (N = 7,855). This sample was 

randomly split into five equally sized groups: four training datasets and one test 

dataset. EFA with geomin rotation was conducted in the four training datasets to define 

the number of underlying factors and identify the most stable and consistent factor 

structure. In each training set, extraction of factors was informed by inspection of scree 

plots and eigenvalues. CFA was finally performed on the test dataset. The results of 

EFA were used to inform the specification of the number of latent factors and item 

loadings in CFA. Since the ACEs items were categorical, all models were fitted using 
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a robust weighted least squares estimator (WLSMV). Model fit was evaluated using 

Root Mean Square Error of Approximation (RMSEA), Comparative Fit Index (CFI), 

and Tucker Lewis Index (TLI). RMSEA is a measure of absolute fit which should be 

smaller than .08. CFI and TLI are comparative fit indices which should be greater than 

.90 (Byrne, 2012). In a second step, full structural equation models (SEM) were tested 

to evaluate the association of each ACEs dimension with the biomarkers. For each 

outcome (i.e. CRP w4, high CRP w4-w6, and hair cortisol) 2 models were tested. The 

first examined the effect of each ACEs dimension on the biomarkers separately with 

adjustment for all covariates. In the second model, the associations between the ACEs 

dimensions and the biomarkers were instead mutually adjusted in order to test their 

independent effects.  

Missing data on all ACEs items, outcome variables, and covariates were 

estimated using multiple imputation by chained equations (MI). The proportion of 

missing data in the analytical samples ranged from 0.1% to 25%. All variables included 

in the analysis were used as predictors in the imputation models in addition to 

supplementary data on physical and mental health, survey weights, and covariates 

from other waves of the study. MI estimates missing information under the Missing at 

Random (MAR) assumption (Little & Rubin, 2002). Therefore, missing values can be 

reliably imputed if all variables associated with the missing data generation process 

are included in the imputation models (Ploubidis et al., 2014). Such assumption is 

likely to be met in our study since all main drivers of attrition in ELSA – i.e. age, 

socioeconomic position, and health (Steptoe et al., 2013), were used as predictors in 

the imputation models. Twenty imputed datasets were created and the pooled 

estimates (based on Rubin’s rules) from regression, EFA, CFA, and SEM are 

reported. A comparison of the observed and imputed data demonstrated that these 

values were broadly similar (Appendix A – Tables A1-A2), suggesting that the 

imputation process achieved its goals. Data management and MI analysis were 

performed in Rstudio 3.4.4 using the R package mice (van Buuren, 2007). Regression 

analysis was conducted in R using the base functions (linear regression) and the R 

package MASS (ordinal logistic regression) (Ripley et al., 2019). The EFA, CFA, and 

SEM models were estimated in Mplus 7. The imputed datasets were exported to Mplus 

using the R package MplusAutomation (Hallquist & Wiley, 2018). 

Sensitivity analyses were conducted to explore possible differences in 

socioeconomic and lifestyle characteristics between the analytical samples and 
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participants excluded from the analysis due to missing ACEs or biomarker data. In 

addition, all models were rerun in the samples of participants with complete data on 

all measures. Another sensitivity analysis tested the associations between ACEs and 

the biomarkers controlling for depressive symptoms at wave 3. Lastly, the relationship 

of ACEs with CRP was examined excluding only participants with CRP values higher 

than 20 mg/L (N = 4,782) rather than 10 mg/L.  

 

 

3.4. Results  

 

3.4.1. Descriptive statistics  

 

Descriptive statistics of the participants’ characteristics are reported in Table 

3.1. The frequencies of the single adversities and the ACEs cumulative scores are 

depicted in Figure 3.1. The average age of the participants was 70 years in both the 

CRP (56% female) and cortisol (68% female) samples. The majority of participants 

were married. There was a higher proportion of participants in the highest compared 

to the lowest wealth quintiles. The prevalence of individual ACEs ranged from 1.6% 

(e.g. institutionalisation) to 20% (e.g. parent arguments). Around 18% of participants 

reported at least one ACE. The percentage of participants with 2 and 3+ ACEs was 

9% respectively. Spearman’s rank coefficients of the correlations between the ACEs 

items are reported in Appendix A (Tables A3-A4). Most items were positively 

correlated, with coefficients ranging from 0.05 (e.g. foster care/adoption and parent 

mental illness/substance abuse) to 0.45 (e.g. Maternal and Paternal Bonding). There 

was a positive albeit nonsignificant correlation (r=0.04, p=0.076) between hair cortisol 

and CRP in the subsample of participants with both measures available (N = 2,886).  



 

 
100 

 

Figure 3.1. Prevalence of ACEs in the ELSA analytical samples: Single adversities and cumulative risk scores. 

Note. Sample: ELSA, observed data. ACEs = adverse childhood experiences.  
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Table 3.1. Descriptive statistics of the CRP and cortisol samples. 

  
CRP sample (N=4198) Cortisol sample (N=3357) 

Variables  
 

Levels  Mean(sd)/ % Missing (%) Mean(sd)/ % Missing (%) 

Adult sociodemographic characteristics   
   

Age  
 

69.67(8.72) 0 69.79(9.10) 0 
Sex: Female  56 0 67.9 0 
Marital status Married  69.3 0.1 68.3 1.2  

Separated/Divorced  11.7 
 

11.9 
 

 
Widowed  13.4 

 
14.6 

 
 

Single  5.7 
 

5.3 
 

Wealth quintiles  1 (lowest) 15.3 1.7 15.2 3  
2 18.2 

 
17.8 

 
 

3 20.4 
 

19.7 
 

 
4 22.2 

 
22.3 

 
 

5 (highest) 23.9 
 

24.9 
 

Childhood socioeconomic indicators  
  

Overcrowding 19.2 3.8 19.2 4.1 
No books when aged 10 25 4.3 22.6 4.7 
Manual occupation (father) 1.1 0.2 1.1 0.3 

Financial hardship  6.8 15.3 7.9 15.3 
Parent unemployment  8 15.3 7.9 15.3 
Adverse Childhood Experiences (ACEs)     

Physical abuse 3.2 15 3.5 14.9 
Sexual abuse 5.3 15.1 6.1 15 
Physical assault 2.7 15 2.4 14.9 

Parent arguments  20.7 15.9 21.5 15.8 
Low maternal bonding 17.1 19.5 18 20.1 
Low paternal bonding 17.4 22.1 18 22.3 

Institutionalisation 1.6 0.1 1.6 0.1 
Separation from mother 14.6 0.2 15 0.1 
Foster care/Adoption 1.8 0.1 1.8 0.1 

Parent death 5.1 0.2 5.1 0.2 
Parent mental illness/substance abuse 6.5 15.3 7.1 15.1 
Parent separation/divorce 5.9 0.2 6.4 0.2 

ACEs cumulative score  0=64%, 1=18%, 2=9%, 3+=9% 0=65%, 1=17%, 2=9%, 3+=9% 
Biomarkers 

    

CRP, log (w4) (< 10 mg/L) 0.481(0.94) 20 
  

CRP, log (w6) (< 10 mg/L) 0.393(0.93) 15 
  

High CRP (w4+w6) No exposure  64.2 
   

(≥ 3mg/L) 1 exposure 25.6 
   

 
2 exposures 10.2 

   

Hair cortisol log (w6) (pg/mg)  
 

0.896(0.576) 0 
Adult lifestyle indicators   

   

BMI  
 

28.21(5.09) 9 28.3(5.26) 5 

Smoking Current smoker  16.1 0.2 15.9 1.4  
Smoked in the past  43.3 

 
42 

 
 

Never smoked  40.6 
 

42.1 
 

Physical activity  Light  14.7 1.1 16.2 2.2  
Moderate  51.1 

 
50.2 

 
 

Vigorous 34.2 
 

33.2 
 

Alcohol consumption  5-7 days a week 24.4 10.7 23.5 11.4  
1-4 days a week 40 
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Less than weekly 35.5 
 

38.5 
 

Medications  
    

Anti-inflammatory /antihypertensive drugs 48.2 0 
  

Steroids  
   

4.8 0 

Hair characteristics 
    

Hair colour  Blonde/ginger  
 

16 0.6  
Brunette   

 
23.5 

 

 
Grey/white  

 
60.5 

 

Season hair collection  Autumn 
  

43.4 0  
Spring 

  
6.3 

 

 
Summer  

  
23.9 

 
 

Winter 
  

26.4 
 

Hair dyed/chemically treated 
  

31.3 0 

Phase of hair analysis  2 (2018)   39.7 0 
Depressive symptoms       
CESD-8 total score (mean)  1.31(1.85) 0.1 1.36(1.87) 0.1 

Note. Sample: ELSA. Observed data. Sd = standard deviation. ACEs = adverse childhood experiences. CRP = C-reactive 
protein. BMI = body mass index.  
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3.4.2. ACEs cumulative score  

 

3.4.2.1. Associations with CRP  

 
The associations of the ACEs cumulative score with CRP w4 and sustained 

high CRP w4-w6 are illustrated in Figures 3.2.a and 3.2.b. The full statistical results of 

the regression models are reported in Appendix A (Table A6). The first model indicated 

that the group of participants with 3+ ACEs was estimated to have a log-transformed 

CRP value of 0.17 points higher than the reference group (i.e. those who did not 

experience any ACEs), independently of sex, age, childhood SEP, and use of anti-

inflammatory or anti-hypertensive medications (Model 1: b=0.17, 95% CI=0.06,0.28). 

Models 2 and 3 demonstrated that this association was robust to adjustment for adult 

sociodemographic factors (i.e. wealth and marital status) (Model 2: b=0.17, 

95%CI=0.06,0.27), as well as for lifestyle indicators including BMI, smoking, physical 

activity, and alcohol drinking (Model 3: b=0.15, 95%CI=0.05,0.25). In contrast, the 

predicted differences in CRP levels between participants with 1 or 2 ACEs and the 

reference group were not statistically significant in any of the models (Figure 3.2.a, 

Appendix A – Table A6).  

With regard to sustained high CRP w4-w6, the associations of the ACEs 

cumulative score were larger and statistically significant across all ACEs groups 

(Figure 3.2.b, Appendix A – Table A6). In Model 1, the ordered odds of sustained high 

CRP across waves 4 and 6 for participants with 1, 2, or 3+ ACEs were respectively 

1.10 (95%CI=1.07,1.14), 1.05 (95%CI=1.01,1.10), and 1.42 (95%CI=1.37,1.48) times 

larger than for the reference group of no ACEs. These effects were also independent 

of adult sociodemographic characteristics (Model 2: bACE(1)=1.08, 95%CI=1.05,1.12; 

bACE(2)= 1.05, 95%CI=1.01,1.09; bACE(3+)=1.39, 95%CI=1.33;1.44) and lifestyle 

indicators (Model 3: bACE(1)= 1.05, 95%CI=1.01,1.09; bACE(2)=1.07, 95%CI= 1.03,1.12; 

bACE(3+)=1.35, 95%CI= 1.30,1.41). For both CRP outcomes, the interaction effects of 

the ACEs cumulative score with sex and age were almost null and did not reach 

statistical significance. Hence, they were not included in the analysis. The E-values 

suggested that very modest confounder associations could explain away the observed 

effects of the ACE(1) and ACE(2) groups. The effects of the ACE(3+) group were 
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instead more robust since relatively larger confounder associations would be needed 

to fully explain them (Appendix A – Table A6). 

3.4.2.2. Associations with hair cortisol  

 
The associations of the ACEs cumulative score with hair cortisol are illustrated 

in Figure 3.2.c. and reported in Appendix A (Table A7). The expected differences in 

hair cortisol concentrations between participants without ACEs and those with 1, 2, or 

3+ ACEs were nonsignificant across all models. Additionally, there was no significant 

evidence for the interaction between ACEs and sex on cortisol.  However, there was 

a positive and statistically significant interaction effect between the ACE(3+) group and 

age, which remained statistically significant across all models. This interaction 

suggests that hair cortisol levels showed a steeper increase with age in the group of 

participants with 3+ ACEs compared to those who did not experience any ACEs, 

independently of all covariates (Model 3: b=0.01, 95%CI=0.00,0.02) (Figure 3.2.d). 

Nevertheless, this effect was quite small, and the E-value indicated that very small 

unmeasured confounding would be necessary to fully explain it (Appendix A – Table 

A7).  
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Figure 3.2. Associations of the ACEs cumulative score with CRP and hair cortisol. 
 
Note. Plots 3.2.a, 3.2.b, 3.2.c: Sample: ELSA (CRP sample N = 4,198, Cortisol sample N = 3,357). 

Pooled estimates from linear regression (CRP w4, hair cortisol) and ordinal logistic regression (high 

CRP w4+w6) with 20 imputed datasets. Model 1: adjusted for sex, age, childhood socioeconomic 

position, hair characteristics (cortisol only), and medication use; Model 2: Model 1 + adult 

sociodemographic factors; Model 3: Model 2 + adult lifestyle factors. Plot 3.2.d: Interaction effect on 

hair cortisol from linear regression with 20 multiple imputed datasets. Model adjusted for all covariates 

(Model 3). ACE = adverse childhood experiences.  
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3.4.3. ACEs dimensions  

 

3.4.3.1. EFA and CFA with cross-validation 

 
The results of EFA of the ACEs items in the four training datasets are described 

in Appendix A (sResults) and reported in Table A5. The results of the final CFA model 

fitted on the test dataset are illustrated in Figure 3.3. The model fit the test dataset 

very well, RMSEA=0.031, CFI=0.954, TLI=0.936. Standardised factor loadings ranged 

from medium (0.44) to high (0.86). All factors had good discriminant validity since their 

correlations were less than 0.85 (Kenny, 2016). The first dimension (Threat) was 

characterised by experiences related to threat, namely sexual abuse, physical abuse 

from parents, and physical assault. The second (Household Dysfunction) was related 

to dysfunctional household experiences including parent arguments, mental illness or 

substance abuse, and divorce or separation. A third dimension (Low Parental 

Bonding) emerged for maternal and paternal bonding experiences. The fourth 

dimension (Loss) represented events related to loss of an attachment figure including 

parent death, maternal separation, foster care or adoption, and institutionalisation. The 

adequacy of this dimensional model was finally evaluated across the twenty imputed 

datasets of the CRP and cortisol samples. The model had good discriminant validity 

and fit the data well in both samples (CRP sample: RMSEA=0.038, CFI=0.946, 

TLI=0.926; Cortisol sample: RMSEA=0.039, CFI=0.949, TLI=0.930).   
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Figure 3.3. Confirmatory factor analysis (CFA) of the ACEs items in the test dataset. 
 
Note. Sample: ELSA, test dataset (N = 1,571). Estimator = WLSMV. All coefficients are standardised 

and statistically significant (P-value < 0.001).   

 

 

3.4.3.2. Associations with CRP and hair cortisol  

 
The associations of the ACEs dimensions with CRP w4, high CRP w4-w6, and 

hair cortisol are illustrated in Figure 3.4 and reported in Appendix A (Table A8). The 

four ACEs dimensions were all positively associated with CRP w4, independently of 

all covariates (βThreat= 0.05, p= 0.034; βHouseholdDysfunction= 0.06, p= 0.022; βBonding= 0.04, 

p= 0.043; βLoss= 0.08, p= 0.004). The same pattern of results was observed for the risk 

of high CRP levels across waves 4 and 6 (βThreat= 0.07, p=0.003; 

βHouseholdDysfunction=0.07, p=0.001; βBonding=0.07, p=0.001; βLoss=0.09, p=<.001), with 

larger effect sizes than for CRP w4 (Appendix A – Table A8). The Loss dimension 

exhibited the largest associations with both CRP outcomes. However, none of the 

observed differences among the distinct effects of the ACEs dimensions was 

statistically significant (Appendix A – Table A13). The mutually adjusted effects of the 
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ACEs dimensions were tested in Model 2 (Appendix A – Table A8). The results 

revealed that only the Loss dimension remained significantly associated with CRP w4 

(β=0.07, p=0.047) and sustained high CRP w4-w6 (β=0.09, p=0.009), independently 

of the other ACEs dimensions and the covariates. This finding could be explained by 

the medium-sized correlations between the Threat, Dysfunctional Household, and 

Bonding dimensions. In contrast, the Loss dimension had much weaker correlations 

with the other ACEs dimensions (Figure 3.3). As for the main effect of the cumulative 

score, the associations of the ACEs dimensions with hair cortisol were almost null and 

did not reach statistical significance (Figure 3.4, Table A8). The same results were 

also found in a less restrictive model not including adult sociodemographic and lifestyle 

factors.  

Figure 3.4. Associations of the ACEs dimensions with CRP and hair cortisol. 
 
Note. ELSA (CRP sample N = 4,198, Cortisol sample N = 3,357). Pooled standardised estimates from 

linear regression (CRP w4, hair cortisol) and ordinal logistic regression (high CRP w4+w6) with 20 

imputed datasets. Model 1: adjusted for sex, age, childhood SEP, hair characteristics (cortisol only), 

medication use, adult sociodemographic and lifestyle factors.  
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3.4.4. Sensitivity analyses  

 

Several sensitivity analyses were tested. The first sensitivity analysis indicated 

significant differences in socioeconomic and lifestyle characteristics between ELSA 

participants included in the analysis and those excluded due to missing ACEs or 

biomarker data. Nevertheless, the magnitude of these differences was small and did 

not exceed 0.2% (Appendix A – Table A9). Secondly, all models were rerun in the 

samples of participants with complete data on all measures. The results revealed very 

similar associations to those observed in the imputed datasets (Appendix A – Tables 

A10-A12). Lastly, the relationships between ACEs and the biomarkers did not change 

substantially when excluding only participants with CRP levels greater than 20 mg/L 

or when controlling for depressive symptoms in addition to other covariates (Appendix 

A – Tables A14-A15).  

 

 

3.5. Discussion  

 

3.5.1. Summary of main results 

 

The results presented in this chapter highlight a number of important findings. 

In relation to the ACEs cumulative score, participants reporting three or more ACEs 

had chronically elevated CRP levels compared with those who did not experience any 

ACEs. These relationships were independent of demographic, socioeconomic, 

lifestyle, and medication factors. Although the associations of the ACEs cumulative 

score with hair cortisol were nonsignificant, there was a positive interaction effect 

between ACEs and age on hair cortisol. This suggests that the predicted increase in 

hair cortisol with age was greater among participants with three or more ACEs 

compared to those without. Further, all ACEs dimensions (i.e. Threat, Dysfunctional 

Household, Low Parental Bonding, and Loss of an Attachment Figure) were positively 

associated with CRP levels at wave 4 and high CRP levels across waves 4 and 6. 

These associations were independent of all included covariates, and all ACEs 

dimensions had similar effect sizes. In contrast, none of the ACEs dimensions was 

related to hair cortisol concentrations.  
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3.5.2. Interpretation of results in relation to previous findings  

 

3.5.2.1. ACEs cumulative score  

 
The findings regarding CRP are in line with previous studies of adults indicating 

that cumulative exposure to ACEs may contribute to a pro-inflammatory state with 

higher levels of CRP and other inflammatory markers (Baumeister et al., 2016; Chen 

& Lacey, 2018; Pinto Pereira et al., 2019). The results presented here also extend the 

current evidence base since they demonstrate that the relationship between ACEs 

and the inflammatory response system is likely to persist into later life. The majority of 

previous studies were based on younger samples whose average age did not exceed 

50 years. In contrast, the sample of this analysis had a mean age of 70 years thereby 

providing a more accurate representation of inflammatory processes in older people. 

In addition, the results of this study show that the effects of ACEs are particularly 

strong when considering the risk of elevated inflammation over time, and are partly 

independent of childhood SEP and adult sociodemographic and lifestyle factors. This 

corroborates the idea that the use of repeated measures of inflammation may provide 

a more robust assessment of chronic inflammation, compared with one-off 

measurements of inflammation. As discussed previously, elevated levels of systemic 

inflammation have been linked to depression, as well as to other mental and physical 

health conditions (Acabchuk et al., 2017; Baumeister et al., 2014b; Belvederi Murri et 

al., 2014; Girod & Brotman, 2004; Haapakoski et al., 2015; Hackett & Steptoe, 2017; 

Kivimäki & Steptoe, 2017). Therefore, taken together these different lines of evidence 

support the idea that the immune system might be one of the main psychobiological 

mechanisms underlying the pathogenesis of mental and physical illnesses related to 

early-life stress. Nevertheless, it is important to note that the evidence for elevated 

inflammation in children and adolescents exposed to ACEs is weaker than the 

evidence in adults (Kuhlman et al., 2020). Levels of inflammation are typically low 

during childhood and have been shown to progressively increase with age through 

biological ageing processes that hinder effective regulation (Franceschi & Campisi, 

2014; Ribeiro, 1997). Hence, the association between ACEs and elevated 

inflammation might not emerge before adulthood (Kuhlman et al., 2020).  

With regard to hair cortisol, this is one of the first studies testing the associations 

of ACEs with hair cortisol in a large sample of older adults. Results from previous work 
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in young people and middle-aged adults suggest that individuals exposed to ACEs 

tend to exhibit higher hair cortisol concentrations, although some studies have also 

reported negative associations (Khoury et al., 2019). In this analysis, I did not find 

evidence for the relationship between cumulative exposure to ACEs and hair cortisol. 

However, the positive interaction effect of ACEs with age suggests that having at least 

three ACEs is associated with a greater increase in hair cortisol with age. As for CRP, 

concentrations of cortisol in hair have been shown to increase in an age-dependent 

fashion and are related to a number of biological changes underlying the ageing 

process (Feller et al., 2014). Thus, exposure to multiple ACEs could accelerate 

biological ageing and lead to a greater increase in cortisol levels over time, which in 

turn may augment the risk of poor mental and physical health outcomes (Belvederi 

Murri et al., 2014; Girod & Brotman, 2004). Nevertheless, this result must be 

interpreted with caution since the interaction effect between ACEs and age was small 

and particularly prone to possible unmeasured confounding. Notably, two studies 

found evidence for lower morning salivary cortisol levels in older adults who 

experienced childhood abuse (Gerritsen et al., 2010; Wielaard et al., 2018). Thus, 

ACEs could be more relevant to other aspects of HPA-axis function than total cortisol 

output over time in older adults. The small association between ACEs and hair cortisol 

could also be explained in view of evidence suggesting that recent adversities might 

produce greater alterations in hair cortisol than more distal events (Khoury et al., 

2019).  

 

3.5.2.2. ACEs dimensions  

 
The results of this study are partially consistent with the existing literature on 

the dimensionality of ACEs. As expected, the threat-deprivation theme emerged in the 

present data-driven dimensional analysis. However, I also found evidence for other 

dimensions of psychosocial adversity which align closely with the results of earlier 

studies using data reduction techniques (Germine et al., 2015; Westermair et al., 2018; 

Zhang et al., 2019). As explained in the introductory section of this chapter (Chapter 

3.2), a number of investigations have demonstrated that ACEs involving threat but not 

deprivation are associated with salivary cortisol (Busso et al., 2017; LoPilato et al., 

2019), as well as with other physical and mental health outcomes (Machlin et al., 2019; 

Sumner et al., 2019). However, other studies have suggested that childhood neglect 
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is particularly important for cortisol abnormalities (Koss & Gunnar, 2018; White et al., 

2017), whereas elevated CRP levels might be primarily related to parental absence 

(Baumeister et al., 2016). In this study, all ACEs dimensions were positively 

associated with CRP and had similar effect sizes. These findings do not support my 

initial hypothesis for differential associations between distinct ACEs dimensions and 

the biomarkers. Nevertheless, they make an important contribution to the current 

ACEs measurement approach, suggesting that all dimensions of ACEs assessed in 

this study are related to elevated inflammation in older adults.  

 

3.5.3. Strengths, limitations, and suggestions for further research  

 

This analysis has several strengths. These include: a population-based sample 

of older adults not selected on the basis of adversity exposure or health problems and 

therefore more representative of the general population; a sample size that is 

substantially larger than most previous studies – e.g. the recent meta-analysis of ACEs 

and hair cortisol included 28 studies with a total sample of only 3,397 participants 

(Khoury et al., 2019);  a more robust assessment of pro-inflammatory state and long-

term HPA-axis activity owing to the use of repeated measures of CRP and 

quantification of cortisol in human hair; the assessment of the effects of cumulative 

exposure versus dimensions of ACEs; and a more refined measurement model of 

ACEs dimensions derived using both EFA and CFA and evaluated through cross-

validation.  

Notwithstanding this, a number of limitations should be noted. First, the ACEs 

measures were based on retrospective reports which are particularly prone to 

measurement error due to motivation of participants, personality styles, and memory 

biases, particularly at older ages (Hardt and Rutter, 2004). Additionally, the 

retrospective ACEs measures used in this study did not provide any information 

regarding the frequency or timing of adversity exposure. Second, this analysis only 

considered a single biomarker for each biological system. Nevertheless, CRP and 

cortisol are the biological measures that have been more consistently linked to 

adversity exposure. Third, other biological processes, such as neurocognitive 

alterations and epigenetic changes, are also likely to be involved in the relationship of 

ACEs with stress-related mental and physical disorders. Fourth, data on hair cortisol, 
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CRP, and ACEs were not available for a large number of ELSA participants who did 

not take part in the Life History interview or the nurse visits. Importantly, these 

participants had worse socioeconomic and lifestyle characteristics compared to those 

included in the analytical samples. Fifth, despite the use of cross-validation, the 

empirically driven dimensional model of ACEs could be specific to this dataset. Sixth, 

there was a considerable time gap between the collection and the analysis of the hair 

samples (3-6 years). This could potentially affect the strength of the association of hair 

cortisol with other variables, since previous research has reported a negative 

association between the length of storage and hair cortisol concentration (Abell et al., 

2016). Nevertheless, I partly accounted for this possibility by including in the 

regression models a covariate representing the phase of hair cortisol analysis. Lastly, 

the observational design of the study cannot provide evidence for the plausible causal 

effects of ACEs on inflammation and HPA-axis function owing to potential unmeasured 

confounding bias.  

Further research is required to measure ACEs dimensions in different datasets 

and test their effects on CRP and cortisol levels using repeated measures of the 

biomarkers to represent their levels of severity and changes over time. In addition, 

future studies should replicate these results using both prospective and retrospective 

ACEs data and considering the timing of adversity exposure (Studies 5 and 6). Given 

the relatively robust associations of ACEs with CRP, it will be important to formally test 

the plausible mediating role of CRP in the pathways leading from ACEs to depression 

(Study 3) and other health outcomes linked to ACEs. Further research should also 

seek to determine whether the associations of ACEs with stress-related health 

outcomes are independent of genetic confounding, and to understand whether/ how 

the interplay between ACEs and genetic factors could influence the individual’s risk of 

poor mental and physical health outcomes across the life course (Studies 4 and 5).  

 

3.5.4. Conclusion 

 

To conclude, the results presented in this chapter suggest that the relationship 

between ACEs and pro-inflammatory responses is likely to persist into later life. Older 

adults with three or more ACEs had an elevated risk of high CRP levels both cross-

sectionally and across a 4-year period. All ACEs dimensions were associated with 
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increased CRP levels and had similar effect sizes. Given the important role of 

inflammation in the pathogenesis of depression and other mental and physical health 

conditions, the immune system might represent an important psychobiological 

mechanism underlying the relationship of early-life stress with poor health and disease 

in adulthood. In contrast, the evidence for the relationship of ACEs with hair cortisol 

was particularly weak. However, ACEs were associated with a slightly greater 

increase in cortisol levels with age. These findings have important implications for 

childhood policies and interventions. In particular, they highlight the importance of 

improving family and mental health services to prevent ACEs and reduce their far-

reaching health and social consequences (Steptoe et al., 2019). In addition, 

psychosocial interventions to manage the impact of ACEs on children’s lives and 

reduce stress levels in families could have beneficial effects on the individual’s 

susceptibility to poor mental and physical health throughout the lifespan.  
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4. CHAPTER 4. STUDY 2: Depression, hair cortisol, and 

inflammation in later life: The role of cognitive-affective and 

somatic symptoms. 

 

Study 2 examined the relationship of systemic inflammation (i.e. CRP) and 

HPA-axis function (i.e. hair cortisol) with the persistence of depressive symptoms over 

time in the ELSA cohort. In addition, it sought to disentangle the role of different types 

of depressive symptoms (i.e. cognitive-affective vs somatic) in this relationship. The 

present chapter provides a brief overview of the background and rationale of the study, 

followed by a description of the methods and results and a discussion of the main 

findings. The results presented in this chapter have been published in Molecular 

Psychiatry (Iob, Kirschbaum, et al., 2020).  

 

 

4.1. Introduction 

 

Depression is a common mental disorder characterised by an array of 

cognitive, affective, and somatic symptoms (American Psychiatric Association, 2013). 

Exposure to stressful life events, particularly during childhood, is one of the strongest 

risk factors for the development of depression. For instance, it has been demonstrated 

that high levels of psychosocial stress during childhood or adulthood are not only 

associated with the onset of depression, but can also affect the severity, remission, or 

relapse of this condition (Hammen, 2005; Hughes et al., 2017; Kendler et al., 1999; 

Nanni et al., 2012) (see Chapters 1.2.3.2 and 1.3.3.1). Besides this, several meta-

analyses have demonstrated that depression has a bidirectional relationship with 

numerous chronic disease outcomes (Cuijpers et al., 2014; Kivimäki et al., 2017; 

Nicholson et al., 2006). The relationship of depression with psychosocial stress and 

physical health is particularly relevant at older ages due to increasing stressors 

resulting from declining physical health and diminishing social connections (Jeon & 

Dunkle, 2009; Prasad et al., 2012). Hence, with a progressively ageing population 

worldwide, understanding the biological mechanisms underlying the links between 

stress, depression, and physical health at older ages becomes increasingly important 

(Rodda et al., 2011).  
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As discussed in Chapter 1.4, biological systems that are thought to be 

prominent in the aetiology of depression and underlie its relationship with stress and 

adverse health outcomes include the hypothalamic-pituitary-adrenal (HPA)-axis and 

the inflammatory response system (Malhi & Mann, 2018). Activation of the HPA-axis 

is a hallmark of the stress response in humans (McEwen, 2007), representing an 

important indicator of psychosocial stress (Iob et al., 2018). Convincing evidence also 

suggests that exposure to stress can result in elevated inflammatory responses in the 

brain as well as peripherally (Calcia et al., 2016; Rohleder, 2014). Accordingly, an 

abundance of studies has indicated that depressed individuals tend to exhibit elevated 

cortisol levels (Stetler & Miller, 2011) and greater plasma concentrations of pro-

inflammatory cytokines such as C-reactive protein (CRP) (Haapakoski et al., 2015). In 

addition to their associations with stress and depression, HPA-axis hyperactivity and 

elevated inflammation have also been implicated in the development of various 

cardiometabolic, inflammatory, endocrine, and neural disorders (Acabchuk et al., 

2017; Girod & Brotman, 2004; Hackett et al., 2016; Jackson et al., 2017).  

Although meta-analytic studies have generally confirmed the association of 

depression with HPA-axis hyperactivity and inflammation (see Chapter 1.4.5.2), there 

is considerable variability in the effect sizes across studies, which overall appear to be 

weaker than is often assumed (Dowlati et al., 2010; Knorr et al., 2010; Stetler & Miller, 

2011). This could be attributed to differences in the study samples (e.g. clinical versus 

population-based), or to methodological differences in the measurement of depression 

(Lamers et al., 2013). Another possibility is that most studies have focused on 

depression as a whole thereby neglecting possible symptom-specific associations 

(Fried & Nesse, 2015). As discussed previously (Chapter 1.2.2), depression is a highly 

heterogeneous disorder in terms of varying and sometimes opposing symptoms 

(Jentsch et al., 2015). Different types of cognitive-affective and somatic symptoms are 

outlined in both the ICD-10 (World Health Organization, 1992) and DSM-5 (American 

Psychiatric Association, 2013) diagnostic criteria for depression. Additionally, factor 

analytic studies of various depression scales have found evidence for distinct somatic 

and cognitive-affective components although in different combinations (Shafer, 2006). 

Despite this, individual differences in depressive symptom profiles have typically been 

ignored owing to the prevailing use of sum-scores (Fried & Nesse, 2015).  

According to the sickness behaviour theory (Dantzer, 2018; Dantzer et al., 

2008), upregulated inflammatory and neuroendocrine responses can result in somatic 
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depressive-like symptoms such as fatigue, sleep problems, lack of appetite, and 

psychomotor slowing, which are often referred to as ‘sickness behaviour’ in the 

experimental animal literature (Miller et al., 2009). Accordingly, there is some 

preliminary evidence suggesting that the relationship of depression with HPA-axis 

hyperactivity and inflammation might be predominantly driven by somatic symptoms 

(e.g. tiredness, lack of energy, sleep problems), whilst associations with cognitive-

affective symptoms (e.g. sadness, positive affect, depressed mood) are considerably 

lower (Bosch et al., 2009; Chu et al., 2019; Duivis et al., 2013; Jokela et al., 2016; 

White et al., 2017) (see Chapter 1.4.6.4). Thus, elevated inflammatory and 

neuroendocrine responses might be particularly relevant to the pathogenesis of the 

somatic components of depression. Another important limitation is that most studies 

have used cross-sectional assessments of depression which cannot disentangle 

persistent from episodic depressive symptoms. Notably, there is substantial variability 

in the duration and chronicity of symptoms among people with identical diagnoses, as 

well as among those who do not meet diagnostic criteria. For example, some 

individuals may experience depressive symptoms occasionally, whereas others may 

exhibit persistently high levels of symptoms (Davey et al., 2004; Glymour & 

Kubzansky, 2017). Importantly, persistent depressive symptoms are likely to be a 

more robust indicator of the accumulation of biological risk factors influencing 

depression (Glymour & Kubzansky, 2017; Khandaker et al., 2018).   

The aim of the present study was to investigate the associations of hair cortisol 

and plasma CRP with depressive symptoms over a 14-year period in a large 

representative population cohort of older adults. For this purpose, I used Trait‐State‐

Occasion (TSO) structural equation modelling (Cole, 2006), which allowed me to 

measure the persistence as well as dimensions (i.e. cognitive-affective and somatic) 

of depressive symptoms over time. Two hypotheses were tested: 

1) Greater persistence of overall depressive symptoms would be associated with 

higher cortisol and CRP levels.  

2) Both cortisol and CRP would exhibit a stronger relationship with somatic than 

with cognitive-affective symptoms.  
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4.2. Methods  

 

4.2.1. Sample  

 

The data came from ELSA, an ongoing, multidisciplinary prospective cohort 

study of women and men aged 50 years and over living in England (Zaninotto & 

Steptoe, 2019). A detailed description of the ELSA cohort can be found in Chapter 3.1. 

For the purpose of the present analysis, depressive symptoms were assessed from 

wave 1 (2002-03) to wave 8 (2016-17), while hair cortisol and plasma CRP 

measurements were made during the nurse visit in wave 6 (2012-13). The analytical 

samples were restricted to participants with one valid cortisol /CRP measurement and 

at least one assessment of depressive symptoms. Out of the 7,699 participants who 

participated in the nurse interview, hair samples were collected from 5,451 individuals. 

However, 690 cases were excluded since they had undetectable or extreme (> 

660pg/ml) cortisol values, resulting in a sample of 4,761 participants. Blood samples 

for the measurement of CRP were collected from 6,126 participants. As in the previous 

study, participants with CRP values > 10 m g/L were excluded from the analysis since 

this may reflect immune activation due to current infection rather than chronic 

inflammation. Thus, the final CRP sample included 5,784 participants. All participants 

with valid cortisol (N = 4,761) or CRP (N = 5,784) measures at wave 6 had at least 

one assessment of depressive symptoms and were therefore included in the analytical 

samples.   

 

4.2.2. Measures  

 

4.2.2.1. Depressive symptoms  

 
Depressive symptoms were ascertained using the 8-item Centre for 

Epidemiological Studies Depression scale (CESD-8) (Radloff, 1977), which measures 

eight core symptoms of depression (see Appendix B – sMethods). A dichotomous 

(yes/no) response was used for each item. This short version of the CESD has been 

widely used in studies of late life depression (White et al., 2016; Zivin et al., 2010), 

and has good psychometric properties for use in these populations (Andresen et al., 
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1994; Karim et al., 2015). The CESD-8 has also been shown to have good internal 

consistency at each wave of ELSA (Cronbach’s α > 0.95) (White et al., 2016), and 

comparable psychometric properties to the full 20-item CESD (Radloff, 1977; Turvey 

et al., 1999). A cut-off of 3 or more symptoms is typically used to identify cases of 

depression or significant depressive symptoms. This definition was validated against 

standardised psychiatric interviews in older populations (Turvey et al., 1999). At each 

wave, a cognitive-affective score (‘‘enjoyed life”, ‘‘felt depressed”, ‘‘happy”, ‘‘lonely”, 

‘‘felt sad”) and a somatic score (‘‘everything I did was an effort”, ‘‘sleep was restless”, 

‘‘I could not get going”) were calculated, representing the total number of depressive 

symptoms reported by the participant for each dimension. To further validate this two-

dimensional model found in previous factor analyses (Shafer, 2006), I performed a 

confirmatory factor analysis (CFA) of the CESD-8 items using the full ELSA sample at 

wave 6 (N = 8,031) (see ‘Results’ section). 

 

4.2.2.2. Biomarkers of HPA-axis activity and systemic inflammation 

 
HPA-axis activity and systemic inflammation were indexed by concentrations 

of hair cortisol and plasma CRP, respectively. The methods used for the quantification 

of cortisol and CRP concentrations in ELSA are detailed in Chapter 3.3.2.2. In the 

present analysis, levels of hair cortisol were expressed in pg/mg, and levels of CRP 

were expressed in mg/L. The cortisol and CRP measures were log-transformed for 

the statistical analyses since their distribution was positively skewed. 

 

4.2.2.3. Covariates   

 
The analyses were adjusted for relevant covariates including demographic, 

socioeconomic, lifestyle, health, and medication data measured at wave 6. These 

were: sex, age, wealth, smoking status, physical activity, frequency of alcohol use, 

body mass index (BMI), presence of chronic diseases (i.e. cardiovascular conditions, 

cancers, chronic lung disease, diabetes), use of anti-inflammatory or antihypertensive 

drugs, and use of antidepressants. The models including hair cortisol were also 

adjusted for hair-related characteristics (i.e. whether hair was dyed, season of hair 

collection, and phase of hair analysis). Further details regarding the measurement and 

coding of the covariates are provided in Appendix B (sMethods).  
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4.2.3. Statistical analyses   

 

The longitudinal persistence and dimensions of depressive symptoms were 

measured using Trait-State-Occasion (TSO) structural equation modelling (Cole, 

2006; Newsom, 2015) based on the observed cognitive-affective and somatic scores 

at each wave (Figure 4.1). TSO models are invaluable tools for modelling the 

longitudinal stability and variability of psychological and behavioural constructs across 

time. This is achieved by partitioning construct variance into time-varying (i.e. 

occasion) and time-invariant (i.e. trait) components to examine their associations with 

other variables. The basic TSO model can also be expanded to include method factors 

corresponding to specific indicators or dimensions underlying a particular construct 

(Prenoveau, 2016). The complete specification model used in the analysis is shown 

in Figure B1 (Appendix B). Since the observed scores were treated as ordinal 

variables, the models were fitted using a robust weighted least squares estimator 

(WLSMV), which handles missing data by estimating parameters and standard errors 

directly from the available data under the MARX assumption (i.e. missing at random 

with respect to the covariate variables) (Asparouhov & Muthén, 2010). As discussed 

previously, the main drivers of attrition in ELSA are age, socioeconomic position, and 

health status. Since these variables were included in the TSO models, the MARX 

condition is likely to be satisfied in this analysis.  

First, an unconditional TSO model without risk factors was tested in order to 

evaluate the adequacy of the model for the data. This was assessed based on the 

RMSEA, CFI, and TLI indices (see Chapter 3.3.3). In a second step, the three latent 

factors representing overall, cognitive-affective, and somatic depressive symptoms 

were used as outcomes in a full structural equation model to test their associations 

with cortisol and CRP. Three models were tested: Model 1 – crude associations of 

cortisol and CRP with the depressive-symptom latent variables; Model 2 – Model 1 + 

adult demographic, socioeconomic, lifestyle, and hair characteristics (cortisol only); 

Model 3 – Model 2 + presence of chronic diseases and medication use. The 

associations of cortisol and CRP with the latent factors were analysed in separate 

models. As a sensitivity analysis, the associations of CRP and cortisol with the latent 

depressive-symptom factors were retested in a subsample of participants reporting 

significant depressive symptoms (i.e. mean total CESD-8 score of three or more points 

across waves 1-8). Further, I examined the associations of hair cortisol and CRP with 
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the mean total scores of overall, somatic, and cognitive-affective depressive 

symptoms across the eight time points to verify whether similar associations were also 

found when using the observed depressive-symptom scores, rather than the latent 

variables derived from the TSO models. Lastly, the characteristics of the participants 

included in the analysis were compared with those of ELSA participants not included 

due to missing biomarker data. Data management was conducted in Rstudio version 

3.4.4. The TSO models were estimated in Mplus version 7.  

 

 

Figure 4.1. Trait-State-Occasion (TSO) model of depressive symptoms. 

Note. Simplified illustration; see Figure B1 (Appendix B) for full specification model. C = cognitive-
affective score. S = somatic score. Squares represent observed variables; circles represent latent 
factors. The overall factor measures the longitudinal persistence of depressive symptoms. The 
cognitive-affective and somatic factors correspond to the two symptom-specific dimensions underlying 
depressive symptoms.  
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4.3. Results 

 

4.3.1. Descriptive statistics  

 

Descriptive statistics of the study participants are provided in Table 4.1. The 

average age was 67 years in the cortisol sample (67% female) and 66 years in the 

CRP sample (55% female). There was a higher proportion of participants in the highest 

compared to the lowest wealth quintiles. Depressive symptoms were generally low, 

but ranged across the full spectrum from zero to eight. The percentage of participants 

with high depressive symptoms (mean total CESD-8 score ≥ 3) across waves 1-8 was 

16% in the cortisol sample and 14% in the CRP sample. Figure 4.2 displays the mean 

somatic and cognitive-affective scores at each wave of data collection by cortisol and 

CRP tertiles. The descriptive graphs presented in this figure illustrate the unadjusted 

relationship of the biomarkers with specific subtypes of depressive symptoms. Of note, 

participants with high levels of hair cortisol and CRP reported more somatic symptoms 

across the study period than those with lower biomarker levels, but these differences 

were considerably less pronounced for cognitive-affective symptoms.  

A CFA of the CESD-8 items in the ELSA cohort demonstrated that a two-factor 

model distinguishing between somatic and cognitive-affective components fit the data 

better than a one-factor solution and had good discriminant validity (Appendix B – 

Figure B2). This provides corroborating evidence for the validity of the dimensional 

model of depressive symptoms used in the present analysis.  
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Table 4.1. Sample characteristics at wave 6. 

  Cortisol sample (N=4761) CRP sample (N=5784) 
Variables  Levels Missing (%) Mean (sd)/ 

frequency (%) 

Missing 

(%) 

Mean (sd)/ 

frequency (%) 

Sociodemographic factors      
Sex  Men  0.0 33.0 0.0 45.4 

 Women   67.0  54.7 
Age   0.0 67.47 (9.39) 0.0 66.41 (9.09) 
Wealth (quintiles)  1 (lowest) 1.7 18.0 1.7 17.1 

 2  19.6  19.4 
 3  20.3  20.7 
 4  21.0  21.5 

 5 (highest)  21.2  21.3 
      
Depressive symptoms (CESD-8)     

Overall score   1.0 1.20 (1.69) 0.8 1.13 (1.64) 
Cognitive-affective score  1.0 0.60 (1.19) 0.7 0.57 (1.15) 
Somatic score   0.4 0.71 (0.94) 0.3 0.67 (0.91) 

Stress biomarkers       
Hair Cortisol (log, pg/mg)   0.0 0.89 (0.56) 39.5 0.88 (0.57) 
Plasma C-Reactive Protein (log,  
≤ 10 mg/L) 

 26.6 0.37 (0.92) 0.0 0.36 (0.92) 

Lifestyle indicators      
Current smoker   0.0 11.0 0.0 11.1 

Physical activity  Low 0.0 60.2 0.0 56.1 
High 0.0 39.8  43.9 

Alcohol use (frequency)  8.3 4.44 (2.23)  8.1 4.26 (2.17) 

Body mass index (BMI)  4.3 28.27(5.40) 2.9 27.98 (4.95) 
Chronic conditions       
CVD   0.0 22.6 0.0 18.8 

Cancer   0.0 5.4 0.0 4.6 
Chronic lung disease   0.0 4.4 0.0 4.1 
Diabetes   0.0 10.3 0.0 9.2 

Medications      
Anti-inflammatory/  
antihypertensive 

 0.0 45.3 0.0 42.9 

Antidepressants  0.0 11.8 0.0 10.5 
Hair characteristics       
Hair dyed   0.6 33.6 na  

Season hair collection  Summer  0.0 23.4 na  
 Autumn   42.7   
 Winter   26.7   

 Spring   7.2   
Phase of hair analysis  1 (2015) 0.0 53.6 na  
 2 (2018)  46.4   

Note. Sample: ELSA, wave 6. sd = standard deviation. CESD-8 = Eight-item Centre for Epidemiological Studies-Depression scale. 
CVD = cardiovascular disease. na = not applicable.  
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Figure 4.2. Observed mean scores of somatic and cognitive-affective depressive symptoms at 
each wave (1-8) by hair cortisol and CRP tertiles. 
 
Note. Sample: ELSA, waves 1-8. The trajectories of the mean scores were estimated using a smoothing 
function with linear regression. The grey bands represent the confidence intervals of the trajectories. 
The data presented in this figure are for descriptive purposes only. CRP = C-reactive protein. 

 

4.3.2. TSO model results in the cortisol sample 

 

The TSO model of depressive symptoms without risk factors had good fit, 

RMSEA=0.031, CFI=0.988, TLI=0.984. Based on the variance decomposition 

described in Prenoveau (2016), on average the overall factor representing the 

longitudinal persistence of depressive symptoms explained 38% of the model 

variance, whilst only 24% of the variance was occasion-specific (Appendix B – Table 
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B1), suggesting that symptoms of depression in the sample were more stable than 

episodic in nature. The associations of hair cortisol with the overall, cognitive-affective, 

and somatic latent factors are shown in Figure 4.3, and the full statistical results are 

reported in Table 4.2. In the unadjusted model (Model 1), higher cortisol levels were 

significantly associated with greater overall factor scores (b = 0.077, 95%CI: 0.030; 

0.124). The symptom-specific associations revealed a stronger association of cortisol 

with somatic (b=0.104, 95%CI: 0.052; 0.155) than with cognitive-affective symptoms 

(b=0.054, 95%CI: 0.001; 0.107). Demographic, socioeconomic, and lifestyle 

characteristics had little impact on these associations (Model 2, Table 4.2). In contrast, 

in the fully adjusted model (Model 3, Table 4.2), the magnitude of these relationships 

reduced considerably when controlling also for chronic disease and medication use. 

The association between cortisol and cognitive-affective symptoms was no longer 

significantly different from zero (b=0.032, 95%CI: -0.020; 0.084), while the association 

with the overall (b=0.054, 95%CI: 0.012; 0.096) and somatic (b=0.075, 95%CI: 0.027; 

0.122) factors survived after adjustment for all covariates (Model 3, Table 4.2). 

Nevertheless, the difference between the associations of cortisol with somatic and 

cognitive-affective symptoms found in Model 3 was not large enough to reach 

statistical significance (95%CI: -0.113; 0.027) (Table 4.2). 

 

4.3.3. TSO model results in the CRP sample 

 

The fit of the TSO model of depressive symptoms was good, RMSEA=0.028, 

CFI=0.990, TLI=0.986. On average, the overall factor explained 37% of the model 

variance, whereas 23% of the variance was occasion-specific (Appendix B – Table 

B2). The associations of CRP with the overall, cognitive-affective, and somatic factors 

are shown in Figure 4.3 and reported in Table 4.2. In the unadjusted model (Model 1), 

elevated CRP concentration was related to greater overall factor scores (b=0.214, 

95%CI: 0.171; 0.256). As for cortisol, the association of CRP was larger with somatic 

(b=0.273, 95%CI: 0.226; 0.320) than with cognitive-affective symptoms (b=0.166, 

95%CI: 0.117; 0.214) (Table 4.2). Demographic, socioeconomic, and lifestyle 

characteristics had a considerable impact on these associations (Model 2, Table 4.2). 

The magnitude of these relationships further decreased when controlling also for 

chronic disease and medication use (Model 3, Table 4.2). In this more restrictive 
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model, the associations of CRP with the overall, cognitive-affective, and somatic 

factors were respectively: 0.104 (95%CI: 0.065; 0.143), 0.059 (95%CI: 0.012; 0.106), 

and 0.151 (95%CI: 0.107; 0.195) (Model 3, Table 4.2). The relationship of CRP with 

somatic symptoms was still substantially larger than that with cognitive-affective 

symptoms, and such difference was statistically significant (95%CI: -0.157; -0.026) 

(Table 4.2). 

 

 
Figure 4.3. Associations of hair cortisol and CRP with persistent depressive symptoms: 
overall, cognitive-affective, and somatic factors. 
 
Note. Sample: ELSA (N: Cortisol = 4,761; C-reactive protein = 5,784). Regression coefficients and 95% 
confidence intervals. Unadjusted model = Model 1 (no covariates). Fully adjusted model = Model 3 
(adjusted for demographic, socioeconomic, lifestyle, chronic disease, and medication data). 
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Somatic factor
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Table 4.2. Associations of hair cortisol and CRP with persistent depressive symptoms: overall, cognitive-affective, and somatic factors. 

 Overall factor  Cognitive-affective factor  Somatic factor 

  B SE  p-value 95% CI β  B SE  p-value 95% CI β  B SE  p-value 95% CI β 

Hair Cortisol (N=4761) 
Model 1   

(Unadjusted) 

0.077 0.024 0.001 0.030; 

0.124 

0.062 0.054 0.027 0.045 0.001; 

0.107 

0.075 0.104 0.026 <.001 0.052; 

0.155 

0.127 

Model 2 
(Partially adjusted) 

0.084 0.022 <.001 0.040; 
0.128 

0.068 0.060 0.027 0.026 0.007; 
0.112 

0.068 0.112 0.026 <.001 0.062; 
0.163 

0.115 

Model 3 
(Fully adjusted) 

0.054 0.021 0.011 0.012; 
0.096 

0.043 0.032 0.027 0.223 -0.020; 
0.084 

0.034 0.075 0.024 0.002 0.027; 
0.122 

0.071 

C-reactive protein (N=5784) 

Model 1   
(Unadjusted) 

0.214 0.022 <.001 0.171; 
0.256 

0.170 0.166 0.025 <.001 0.117; 
0.214 

0.220 0.273 0.024 <.001 0.226; 
0.320 

0.325 

Model 2 
(Partially adjusted) 

0.145 0.021 <.001 0.104; 
0.186 

0.116 0.097 0.024 <.001 0.049; 
0.145 

0.112 0.201 0.023 <.001 0.155; 
0.246 

0.209 

Model 3 

(Fully adjusted) 

0.104 0.020 <.001 0.065; 

0.143 

0.082 0.059 0.024 0.015 0.012; 

0.106 

0.062 0.151 0.023 <.001 0.107; 

0.195 

0.145 

 
Statistical tests of the difference between the associations of the biomarkers with somatic versus cognitive-affective factor scores.  

 

 Hair Cortisol C-reactive protein  
        Difference SE p-value 95% CI Difference SE p-value 95% CI  

Model 1   
(Unadjusted) 

-0.050 0.037 0.182 -0.123; 
0.023 

-0.107 0.035 0.002 -0.175; 
-0.038 

 

Model 2 
(Partially adjusted) 

-0.052 0.037 0.165 -0.125; 
0.021 

-0.104 0.033 0.002 -0.169; 
-0.038 

 

Model 3 

(Fully adjusted) 

-0.043 0.036 0.234 -0.113; 

0.027 

-0.092 0.033 0.005 -0.157; 

-0.026 

 

Note. Sample: ELSA, waves 1-8.  B = regression coefficient. SE = standard error. β = standardised regression coefficient. CI = confidence interval. Model 1 = unadjusted. Model 2 = adjusted for demographic, 
socioeconomic, lifestyle, and hair (cortisol only) characteristics. Model 3 = Model 2 + chronic disease and medication use. P-values in bold are statistically significant at the 95% confidence level.  
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4.3.4. Sensitivity analyses  

 

The first sensitivity analysis tested the models presented above in a subsample 

of participants with a mean total CESD-8 score of three or more points across waves 

1-8 (Cortisol: N=763; CRP: N=801). The pattern of results found in this subsample 

was similar to that observed in the full analytical samples. Both cortisol and CRP had 

considerably large associations with the somatic factor, which were robust to 

adjustment for all covariates. In contrast, their associations with the overall and 

cognitive-affective factors were much weaker and did not reach statistical significance 

in most cases, possibly due to the reduced statistical power of these analyses 

(Appendix B – Table B3). The second sensitivity analysis tested the associations of 

cortisol and CRP with the observed mean total scores of overall, somatic, and 

cognitive-affective symptoms in the full analytical samples. As for the previous 

sensitivity analysis, the results indicated that elevated levels of CRP and cortisol were 

associated with a greater number of somatic depressive symptoms independently of 

all covariates, whereas their associations with cognitive-affective symptoms were 

weaker and nonsignificant (Appendix B – Table B4). Lastly, a comparison of the ELSA 

participants included in the analytical samples with those excluded owing to missing 

biomarker data revealed significant differences in socioeconomic, health, and lifestyle 

characteristics. Nevertheless, most of these differences did not exceed 0.1% 

(Appendix B – Tables B5-B6).  

 

 

4.4. Discussion  

 

4.4.1. Summary of main results 

 

This is the first study examining the relationship of hair cortisol and plasma CRP 

levels with the persistence and dimensions (i.e. cognitive-affective and somatic) of 

depressive symptoms across a 14-year period in a large population-based cohort of 

older adults. As expected, elevated cortisol and CRP levels were associated with 

persistent depressive symptoms across the study period. Notably, both biomarkers 

exhibited stronger relationships with somatic than with cognitive-affective symptoms, 
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although such differences were more marked for CRP. The associations of cortisol 

and CRP with somatic symptoms were independent of relevant demographic, 

socioeconomic, health, and lifestyle characteristics. In contrast, cortisol was no longer 

significantly associated with cognitive-affective symptoms after adjustment for all 

covariates, and the confidence interval for the association of CRP with cognitive-

affective symptoms was close to zero.  

 

4.4.2. Interpretation of results in relation to previous findings  

 

The results of higher CRP and cortisol levels in participants with persistent 

depressive symptoms corroborate the findings of previous meta-analyses (Dowlati et 

al., 2010; Knorr et al., 2010; Stetler & Miller, 2011). Several studies have examined 

HPA-axis function in relation to depression using salivary cortisol levels (Adam & 

Kumari, 2009). The results have generally been positive, suggesting that between 

20% and 80% of depressed individuals exhibit some form of HPA-axis hyperactivation 

(Stetler & Miller, 2011). Additionally, drugs targeting hormones related to the HPA-axis 

have been shown to have beneficial effects on depressive symptoms (Soria et al., 

2018). Likewise, an abundance of studies has indicated that depressed individuals 

tend to exhibit elevated plasma concentrations of pro-inflammatory markers such as 

CRP (Haapakoski et al., 2015). Furthermore, there is some evidence showing that 

experimentally induced inflammation can lead to depressed mood (Harrison et al., 

2009), whereas anti-inflammatory medication may reduce depressive symptoms 

(Kappelmann et al., 2016; Köhler et al., 2014). This suggests that HPA-axis 

hyperactivity and elevated inflammation might be key pathophysiological mechanisms 

underlying depression, as well as potential mediators of its relationship with 

psychosocial stress and physical illness (Eachus & Cunliffe, 2018). In line with 

previous evidence (Davey et al., 2004), the longitudinal TSO model of depressive 

symptoms indicated that the proportion of variance explained by time-invariant 

components was considerably larger than that attributable to time-varying factors. This 

finding demonstrates the value of considering the persistence of depressive symptoms 

over time. Moreover, since the adverse consequences of stress may take a long time 

to manifest themselves, persistent depressive symptoms could be a more reliable 
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indicator of the biological embedding of chronic or repeated stress exposure across 

the life course, particularly among older adults (Zahodne et al., 2017). 

Another key finding of this study is that, as hypothesised, CRP and cortisol had 

stronger associations with somatic than with cognitive-affective symptoms. For CRP, 

these results are consistent with previous evidence indicating that higher CRP levels 

were associated with specific somatic symptoms, but not with cognitive-affective 

experiences (Chu et al., 2019; Duivis et al., 2013; Jokela et al., 2016; White et al., 

2017). In relation to cortisol, this was the first study to examine the link between HPA-

axis function and specific dimensions of depression using hair cortisol. The results 

presented here revealed that elevated hair cortisol concentrations were predictive of 

somatic symptoms, whereas their association with cognitive-affective symptoms was 

almost null after adjustment for possible confounding factors. Similar results were also 

reported by a cohort study of adolescents using salivary cortisol (Bosch et al., 2009). 

In contrast, another study did not find clear evidence for a differential relationship of 

salivary cortisol with distinct dimensions of depressive symptoms in adolescents 

(Dietrich et al., 2013). This null result could be explained by the use of salivary cortisol 

which is not a reliable marker of long-term HPA-axis activity (Stalder & Kirschbaum, 

2012), or by the young age of the study participants. As expected, the associations of 

cortisol and CRP with depressive symptoms reduced considerably after adjustment 

for possible confounding factors. Controlling for the presence of chronic conditions 

and medication use led to the strongest reduction in the associations of cortisol and 

CRP with depressive symptoms. This is not surprising given the known bidirectional 

links of chronic physical illnesses with depression, neuroendocrine processes, and 

inflammation (Gold et al., 2020; Kivimäki et al., 2017).  

 

4.4.3. Implications  

 

The present findings have important implications and open up new avenues for 

depression research and treatment. Taken together, they suggest that elevated 

cortisol and CRP levels could be reliable biomarkers of somatic depressive symptoms, 

rather than overall depressive symptoms. In addition, they provide further support for 

the sickness behaviour theory (Dantzer, 2018; Dantzer et al., 2008), proposing that 

somatic depressive-like symptoms which characterise sickness behaviour are likely to 
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stem from dysregulated inflammatory and neuroendocrine responses. Such somatic 

changes could in turn influence the development of cognitive-affective symptoms 

thereby acting as important mediators of the relationship between depression and 

these biological systems (Chu et al., 2019). This possibility is also supported by 

investigations demonstrating the causal effect of immunotherapy on the development 

of early-onset somatic depressive symptoms in the majority of cancer patients, while 

late-onset psychological symptoms occur less frequently (Capuron et al., 2002). 

Likewise, immune activation in animals and healthy participants has been shown to 

lead to typical somatic symptoms of depression (Brydon et al., 2008; De La Garza, 

2005). Such results highlight the importance of taking into account specific depressive 

symptom dimensions in future studies on pathophysiological mechanisms. This could 

help to advance the search for biomarkers of depression, facilitate more targeted 

treatments, and inform antidepressant medication selection (Hughes et al., 2016; Jha 

et al., 2017). To illustrate, since different symptoms may be characterised by distinct 

biological dysregulations, the efficacy of antidepressants could be affected by the 

specific symptom profile of patients. Additionally, drugs that pharmacologically modify 

neuroendocrine and inflammatory processes might be particularly effective for 

depressed individuals with elevated levels of somatic symptoms (Kappelmann et al., 

2016; Soria et al., 2018).  

 

4.4.4. Strengths, limitations, and suggestions for further research 

 

This investigation has several strengths. These include, for instance: a large 

sample size; participants not selected on the basis of mental health issues and 

therefore more representative of the general population; robust estimates of 

depressive symptoms due to repeated measures; and reliable assessment of long-

term HPA-axis activity owing to the quantification of cortisol in hair. Notwithstanding 

this, there also are a number of limitations to consider. First, this study does not 

provide direct evidence for the possible causal effect of HPA-axis dysfunction and 

inflammation on depression. Second, a single biomarker was considered for each 

biological system, which may not be sufficiently precise to understand the complex 

role of neuroendocrine and inflammatory processes in depression. Third, sensitivity 

analyses revealed that ELSA participants with available biomarker measures had 
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better socioeconomic, health, and lifestyle characteristics compared to those who did 

not participate in the nurse visit or did not have blood/hair samples taken. Lastly, it is 

worth noting that there are some inconsistencies in the definition of somatic symptoms 

in the literature (Chu et al., 2019), as well as in the types of items that characterise 

this symptom cluster across different depression scales (Shafer, 2006). Therefore, 

although I employed the most suitable classification of somatic symptoms for the 

CESD-8 (Radloff, 1977; Shafer, 2006), this may not correspond to that used in other 

studies.  

Further work is required to investigate the associations of inflammation and 

HPA-axis function with the somatic, cognitive, and affective clusters underlying other 

depression scales, and to elucidate the complex interactions among somatic and 

cognitive-affective symptoms over time (Fried & Nesse, 2015). Future studies should 

also clarify the direction of the associations of depressive symptoms with cortisol and 

CRP using methods that can strengthen causal inference, such as genetically 

informed approaches (Pingault et al., 2018). Furthermore, it would be worth 

investigating the relationship of cognitive-affective and somatic symptoms with other 

biomarkers of HPA-axis function and inflammation, as well as with other biological and 

psychosocial risk factors for depression such as ACEs (Study 3). 

 

4.4.5. Conclusion  

 

To conclude, the current study demonstrates that elevated hair cortisol and 

plasma CRP levels were associated with more persistent depressive symptoms over 

a 14-year period in a large sample of older adults. Furthermore, their relationship with 

somatic symptoms was considerably larger than that with cognitive-affective 

symptoms. These distinct relationships reveal the importance of considering 

symptom-specific associations in future studies on pathophysiological mechanisms. 

Ultimately, this will have the potential to advance the search for biomarkers of 

depression and facilitate more targeted treatments. 
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5. CHAPTER 5. STUDY 3: Adverse childhood experiences and 

depression in later life: Longitudinal mediation effects of 

inflammation.  

 

The previous studies have revealed that elevated CRP levels were related to 

both ACEs and depressive symptoms in the ELSA cohort, and these associations 

were robust to adjustment for several confounding factors. In contrast, ACEs were 

generally unrelated to hair cortisol levels, and the relationship of hair cortisol with 

depressive symptoms was weak when adjusting for confounding factors. Therefore, 

Study 3 focused on the role of inflammation as a possible psychobiological mechanism 

underlying the relationship between ACEs and depression in later life. More 

specifically, the longitudinal mediation effects of CRP in the associations of ACEs with 

depressive symptoms were tested in a sample of older adults from ELSA. This chapter 

provides an overview of the study’s background and methods, followed by the results 

of the statistical analyses and a discussion of the main findings. The results of this 

study have been published in Brain, Behaviour, and Immunity (Iob, Lacey, et al., 

2020).  

 

 

5.1. Introduction 

 

As discussed in Chapter 1.2.1, depression is the predominant mental disorder 

across the world affecting over 300 million people globally (Patel et al., 2016; World 

Health Organization, 2017a). Additionally, it has high levels of comorbidity with other 

medical diseases and is associated with premature mortality (Gold et al., 2020; 

Steptoe, 2019). In high income countries, the prevalence of depression tends to be 

higher in younger people than among older adults (Kessler & Bromet, 2013; McManus 

et al., 2016). Accordingly, some evidence suggests that older age could represent a 

protective factor for depression due to better emotion regulation and reappraisal of 

negative events, higher self-esteem, and greater engagement in social activities, 

religion, or volunteering (Fiske et al., 2009). Nevertheless, longitudinal studies on the 

time course of depression have shown that depressive symptoms exhibit a U-shaped 

trajectory in older populations, characterised by decreasing levels of depressive 
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symptoms in the first phase of later adulthood (65-80 years), while increasing levels 

of symptoms during the final stages (80+ years) (Tampubolon & Maharani, 2017). 

Furthermore, rates of depression have been shown to increase substantially in 

patients in hospitals and nursing homes aged 80 years and older (Helvik et al., 2010; 

Luppa et al., 2012; Seitz et al., 2010). This trend could be explained by increasing 

cognitive and physical impairments and diminishing social connections among older 

adults in their final years of life (Kok & Reynolds, 2017).  

Adverse childhood experiences (ACEs) can be defined as those early-life 

experiences that are likely to require considerable psychological, social or 

neurobiological adaptation by an average child and which represent a deviation from 

the expectable environment (McLaughlin, 2016). ACEs such as abuse, neglect, and 

family adversity are extremely common across several countries (Bellis et al., 2014; 

Merrick et al., 2018) and are major psychosocial risk factors for depression, as well as 

for other mental and physical disorders (Bellis et al., 2019; Hughes et al., 2017) (see 

Chapters 1.3.1 – 1.3.2). Meta-analytic findings suggest that the odds of depression 

are four times higher in individuals who experienced four or more ACEs compared 

with those without ACEs (Hughes et al., 2017). Additionally, ACEs have been 

associated not only with the development of depression, but also with worse prognosis 

and treatment outcomes among depressed individuals (Nanni et al., 2012) (see 

Chapter 1.3.3.1).  

As discussed previously, maladaptive alterations in the function of the 

inflammatory response system could underlie the long-term psychobiological effects 

of ACEs. Observational human studies and experimental animal models suggest that 

exposure to severe and chronic stress during early life might adversely affect the 

development of the immune system, leading to chronically elevated and hyperactive 

inflammatory responses. This in turn may impair the development and function of the 

brain thereby increasing the individual’s vulnerability to stress-related 

psychopathologies such as depression (Danese & Baldwin, 2017). Numerous studies 

have found that individuals exposed to multiple ACEs have increased plasma levels 

of inflammatory markers (e.g. CRP and IL-6) several decades later (see Chapter 

1.4.5.1). For instance, a meta-analysis of 25 studies has confirmed the relationship 

between different types of ACEs and elevated systemic inflammation in middle-aged 

adults (mean age = 42 years) (Baumeister et al., 2016). Furthermore, increased levels 

of inflammation have been implicated in the pathogenesis of depression (Miller et al., 
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2009). Meta-analyses of the literature have indicated that depressed individuals tend 

to have elevated concentrations of various inflammatory markers, both peripherally 

and in the brain (Enache et al., 2019; Haapakoski et al., 2015) (see Chapter 1.4.5.2). 

Of note, Studies 1 and 2 (Chapter 3 and 4) have also demonstrated that elevated CRP 

levels were related to both ACEs and persistent depressive symptoms over time in a 

large sample of older adults from ELSA (mean age ~ 70 years) (Iob et al., 2019; Iob, 

Kirschbaum, et al., 2020).  

Despite the large number of studies investigating the relationship of 

inflammation with either ACEs or depression, most research has not formally tested 

the role of inflammation as a mediating mechanism through which ACEs may become 

biologically embedded and lead to the emergence of stress-related psychopathology 

(see Chapter 1.4.6.5). One study found that greater exposure to psychosocial 

stressors was related to the onset of depressive symptoms partly via increasing levels 

of IL-6 in a population-based sample of adolescents (Flouri, Francesconi, Midouhas, 

& Lewis, 2020). However, there are virtually no studies focusing on older adults. 

Importantly, the contribution of inflammation to depression might be particularly 

relevant to older adults. Inflammatory responses in healthy adults have been shown 

to increase in an age-dependent fashion (Tang et al., 2017). In addition, elevated 

inflammation is linked to various long-term conditions such as cardiovascular disease 

and diabetes which tend to emerge at older ages. Recent meta-analytic findings also 

suggest that the relationship of ACEs with inflammatory markers might be stronger in 

adults compared with children and adolescents (Kuhlman et al., 2020). Hence, a better 

understanding of how elevated inflammation in the context of ACEs might influence 

the risk of depression among older adults will be instrumental in developing more 

targeted intervention and prevention strategies.  

Another important evidence gap concerns the prevailing use of cumulative risk 

scores of ACEs, which ignore the potentially different psychobiological consequences 

of distinct ACEs dimensions (McLaughlin & Sheridan, 2016) (see Chapter 1.4.6.1). 

For instance, preliminary evidence suggests that ACEs involving harm or threat of 

harm might have more powerful effects on stress-related biological and cognitive 

outcomes than ACEs related to deprivation (i.e. absence of expected cognitive and 

social input) (Busso et al., 2017; Sumner et al., 2019). In addition, a recent study 

employing latent class analysis (LCA) has demonstrated that ACEs clusters including 

experiences of household dysfunction, parental loss, and maltreatment were 
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particularly important for elevated inflammation in mid-life (Lacey, Pinto Pereira, et al., 

2020). Of note, Study 1 showed that distinct dimensions of ACEs had similar 

associations with CRP levels in the ELSA cohort (see Chapter 3). Nevertheless, it is 

important to understand whether these ACEs dimensions might have a differential role 

in the inflammatory pathways to depression.  

Lastly, most studies have employed cross-sectional measures of inflammation 

and depressive symptoms which do not account for the temporal dynamics of their 

relationship with ACEs over time.  

This study sought to address these evidence gaps by testing the longitudinal 

mediation effects of trajectories of CRP in the relationship of ACEs (cumulative 

exposure and dimensions) with trajectories of depressive symptoms in later life. The 

following hypotheses were tested:  

1) ACEs cumulative exposure would be associated with elevated CRP and 

depressive symptoms at baseline, as well as with an increase in their 

trajectories over time. 

2) The association of ACEs with depressive symptoms would be partly explained 

by elevated CRP levels.  

3) Distinct ACEs dimensions might exhibit a differential role in the inflammatory 

pathways linking ACEs with depressive symptoms.  

 

 

5.2. Methods  

 

5.2.1. Sample 

 

The sample consisted of older adults participating in the ELSA study. A 

description of the ELSA cohort, study design, and methods of data collection can be 

found in Chapter 3.1. For the purpose of the present analysis, retrospective data on 

ACEs were collected during the Life History Interview in wave 3 (2006/07). Plasma 

concentrations of CRP were measured in waves 2, 4, and 6 (2004/05 – 2012/13). 

Depressive symptoms were assessed from wave 6 (2012/13) to wave 8 (2016/17) in 

order to represent the temporal order of their relationship with inflammation (see 

Figure 5.1). The analytical sample included all participants who completed the Life 
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History Interview at wave 3 (N = 7,855), who also had available measures of CRP and 

depressive symptoms on at least one occasion (N = 5,627). As for the previous 

analyses, study members with CRP values > 10 mg/L were excluded from the study 

(Nwave2 = 459; Nwave4 = 444; Nwave6 = 342) since this could reflect current infection or 

trauma rather than chronic inflammation (Pearson et al., 2003). This resulted in a final 

analytical sample of 4,382 participants.  

 

5.2.2. Measures  

 

5.2.2.1. Depressive symptoms  

 
Depressive symptoms were ascertained using the CESD-8 (Radloff, 1977). An 

overview of the items included in this scale and its psychometric properties is provided 

in Chapter 4.2.2.1. Each item was assessed using a dichotomous (yes/no) response, 

resulting in a total CESD-8 score ranging between 0 (no symptoms) and 8 (all eight 

symptoms). For the analysis, a total CESD-8 score was calculated at each wave, 

indicating the overall number of self-reported depressive symptoms. Furthermore, two 

symptom-specific scores were derived as described in Chapter 4.2.2.1, representing 

the total number of cognitive-affective and somatic symptoms reported by the 

participant respectively.  

 

5.2.2.2. Adverse childhood experiences (ACEs) 

 
The Life History interview gathered information about different types of ACEs 

experienced up to the age of 16 years. These include: sexual abuse, physical assault, 

physical abuse from parents, parent arguments, parent mental illness or substance 

abuse, parent separation or divorce, maternal bonding, paternal bonding, separation 

from mother for more than six months, parent death, foster care or adoption, and 

institutionalisation. Further details on the selection and measurement of the ACEs 

items can be found in Chapter 3.3.2.1. For the purpose of this analysis, a cumulative 

risk score was calculated, representing the total number of ACEs experienced by the 

participant. In addition, the effects of different ACEs dimensions were examined. The 

ACEs dimensions were derived based on the results of the dimensional analysis of 

ACEs in the ELSA cohort presented in Chapter 3. These were: Threat (sexual abuse, 
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physical assault, physical abuse from parents), Household Dysfunction (parent 

arguments, parent mental illness or substance abuse, parent separation or divorce), 

Low Parental Bonding (poor maternal and paternal bonding), and Loss experiences 

(separation from mother for more than six months, parent death, foster care or 

adoption, and institutionalisation). Each dimension was measured using a 

dichotomous score representing the presence or absence of at least one type of ACE 

relevant to that dimension. 

 

5.2.2.3. C-reactive Protein (CRP)  

 
Plasma CRP concentration was used as a marker of systemic inflammation. 

The methods used for the collection of the blood samples and the quantification of 

CRP levels are detailed in Chapter 3.3.2.2. The CRP measures were expressed in 

mg/L and were log-transformed since their distribution was positively skewed. 

 

5.2.2.4. Covariates   

 
The analyses accounted for relevant covariates which were selected based on 

previous studies in the field and through the use of directed acyclic graphs (DAGs) 

(see Appendix C – Figure C1). Sex, age, and childhood SEP (i.e. overcrowding, 

number of books in the home, father’s occupation, financial hardship, and parent 

unemployment) were included as possible confounders in all models. The analyses 

were also adjusted for the use of anti-inflammatory or anti-hypertensive drugs which 

may alter CRP levels. As indicated by the DAG presented in Figure C1 (Appendix C), 

adult SEP and lifestyle factors, including body mass index (BMI), smoking status, 

physical activity, and alcohol drinking, are intermediate variables on the causal 

pathways linking ACEs with depressive symptoms. Hence, they were included in the 

models as additional mediators rather than confounders in order to avoid 

overadjustment bias (Schisterman et al., 2009). This enabled for an assessment of 

the mediation effects of CRP independent of potential confounders and additional 

mediators. A more detailed description of the measurement and coding of the 

covariates can be found in Appendix C (sMethods). 
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5.2.3. Statistical analyses  

 
The longitudinal mediation analysis was conducted using parallel process 

Latent Growth Curve (LGC) modelling (Selig & Preacher, 2009). This approach allows 

for the estimation of mediation models including longitudinal trajectories of both the 

mediator and the outcome simultaneously (Figure 5.1). The mediation effects of CRP 

were tested by calculating the indirect association of ACEs with depressive symptoms 

through CRP using the ‘Product of Coefficients’ method (MacKinnon et al., 2007). The 

parallel process LGC mediation model includes four types of mediation effects since 

the intercept (i) and slope (s) of the growth trajectories are both part of the mediation 

paths (see Figure 5.1). All direct and indirect associations were calculated using bias-

corrected bootstrapped standard errors based on 5,000 samples (Hayes, 2009). First, 

an unconditional parallel process LGC model of CRP and depressive symptoms 

without risk factors was fitted. Second, the ACEs cumulative score/dimensions and 

the covariates (confounders and additional mediators) were included in the model to 

test the mediation paths illustrated in Figure 5.1 (Model 1). One LGC mediation model 

was tested for the ACEs cumulative score and one for each ACEs dimension. All 

models were estimated using robust weighted least squares estimation since 

depressive symptoms were treated as ordinal variables. The adequacy of the models 

was evaluated using RMSEA, CFI, and TLI indices. An overview of these model fit 

indices can be found in Chapter 3.3.3. 

Missing data on the exposure, mediator, outcome, and covariate variables were 

estimated using multiple imputation by chained equations (MI) under the MAR 

assumption. All variables included in the analysis were used as predictors in the 

imputation model in addition to supplementary data on physical health, survey 

weights, and covariates from other waves of the study. Twenty imputed datasets were 

created, and the estimates from the mediation analysis were pooled using Rubin’s 

rules (Rubin, 2004).  

As a sensitivity analysis, the direct and indirect associations between ACEs, 

CRP, and depressive symptoms were estimated without accounting for the additional 

mediators (i.e. adult lifestyle factors and SEP) (Model 2). In addition, as the results of 

Study 2 (Chapter 4) suggested that the relationship between inflammation and 

depression might be predominantly driven by somatic depressive symptoms, the 

mediation models for the ACEs cumulative score were retested using only somatic or 
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cognitive-affective symptoms as outcome variables. Further, the models presented in 

the main imputed analysis were restricted to participants with complete data on all 

variables. Lastly, E-values were calculated for all statistically significant direct 

associations in order to determine the minimum strength of the association on the risk 

ratio scale that an unmeasured confounder should have with both the exposure and 

the outcome to fully explain their relationship (VanderWeele & Ding, 2017). Data 

management and the MI analysis were performed in Rstudio 3.4.4. The LGC models 

were estimated in Mplus 7.  

 

 

Figure 5.1. Longitudinal mediation model and study design. 

Note. Parallel process latent growth curve model including longitudinal trajectories of C-reactive protein 
(CRP) and depressive symptoms with four mediation paths. ACEs = adverse childhood experiences.  
i = intercept. s = slope. 
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5.3. Results  

 

5.3.1. Descriptive statistics  

 

The characteristics of the study participants in the observed and imputed data 

are reported in Table 5.1. The average age was 70 years (56% female). There was a 

higher proportion of participants in the highest compared with the lowest wealth 

quintiles. The levels of depressive symptoms were generally low (mean total CESD-8 

score = 1.3), but ranged across the full spectrum from zero to eight. Around 18% of 

the participants reported elevated depressive symptoms (≥ 3 symptoms) at each 

wave. The mean CRP value at baseline was 2.42 mg/L. Around 50% of the sample 

did not report any ACEs, whereas 7% reported 3 ACEs, and another 6% had 4 or more 

ACEs (Figure 5.2). The percentage of participants who reported at least one ACE 

related to Household Dysfunction, Loss, Low Parental Bonding, and Threat was 

respectively 25%, 18%, 27%, and 10% (Figure 5.2). The observed and imputed values 

of the participants’ characteristics were broadly similar, indicating that the multiple 

imputation analysis achieved its goals (Table 5.1).  
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Figure 5.2. Prevalence of ACEs in the ELSA analytical sample: Cumulative risk score and dimensions. 
 
Note. Sample: ELSA (N = 4,382), observed data. ACEs = adverse childhood experiences.  
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5.3.2. Unconditional parallel process LGC model of CRP and depressive 
symptoms 

 
The unconditional parallel process LGC model of CRP and depressive 

symptoms without risk factors fit the data well, RMSEA = 0.027, CFI = 0.995, TLI = 

0.990. The average expected value of log CRP at wave 2 (intercept, i.e. baseline 

value) was 0.53. The mean of the slope (i.e. change) was -0.02 (p<.001), suggesting 

Table 5.1. Descriptive statistics and comparison of observed and imputed data. 

  
Observed data Missing data Imputed data * 

Variable Levels  % (count) / mean (sd)  % (count) % / mean (sd) 

Adult sociodemographic characteristics    
Age - Mean (sd) 

 
69.94 (8.82) 0.0 69.94 (8.82) 

Sex: Female - % (count) 
 

56 (2453) 0.0 56 
Marital status - % (count) Married  65.2 (2856) 0.1 (4) 65.2  

Separated/Divorced  11 (483)  11  
Widowed  18.3 (803)  18.3  
Single  5.5 (239)  5.5 

Wealth quintiles - % (count) 1 (lowest) 15.4 (664) 1.8 (79) 15.4  
2 18.0 (775)  18.0  
3 20.4 (878)  20.4  
4 22.4 (963)  22.4  
5 (highest) 23.8 (1023)  23.8 

Childhood socioeconomic indicators - % (count)    
Overcrowding 

 
19.4 (819) 3.9 (170) 19.5 

No books when aged 10 25 (1045) 4.5 (196) 25.1 
Manual occupation (father) 1.1 (48) 0.2 (7) 1.1 
Financial hardship  

 
6.8 (253) 15.3 (669) 7.0 

Parent unemployment  
 

8 (298) 15.3 (671) 8.3 
Adverse childhood experiences (ACEs) - % (count)    
Physical abuse 

 
3.2 (119) 14.9 (653) 3.4 

Sexual abuse 
 

5.2 (194) 15.1 (660) 5.4 
Physical assault 

 
2.7 (99) 15.0 (656) 2.8 

Parent arguments  
 

20.4 (751) 15.8 (694) 20.9 

Low maternal bonding 
 

17 (598) 19.7 (863) 17.3 
Low paternal bonding 

 
17.3 (591) 22.1 (967) 18.4 

Institutionalisation 
 

1.6 (70) 0.1 (3) 1.6 

Separation from mother 14.6 (639) 0.1 (3) 14.6 
Foster care/Adoption 

 
1.8 (78) 0.1 (3) 1.8 

Parent death 
 

5.2 (226) 0.2 (7) 5.2 

Parent mental illness/substance abuse 6.3 (235) 15.2 (668) 6.5 
Parent separation/divorce 5.7 (251) 0.2 (7) 5.8 
CRP (mg/L) - Mean (sd)     

Wave 2 2.42 (2.12) 32 (1405) 2.48 (2.17) 
Wave 4 2.41 (2.13) 28 (1241) 2.56 (2.22) 
Wave 6 2.19 (1.98) 24 (1033) 2.35 (2.01) 

CESD-8 (total score) - Mean (sd) / % ≥ 3 symptoms    
Wave 6 1.24 (1.79) / 18.2 0.1 (38) 1.25 (1.80) / 18.4 
Wave 7 1.28 (1.75) / 17.5 12.2 (533) 1.36 (1.82) / 19.2 

Wave 8 1.27 (1.72) / 18.1 21.7 (951) 1.44 (1.86) / 21.6 
Adult lifestyle indicators  

 
   

BMI - Mean (sd) 
 

28.2 (5.1) 4.9 (219) 28.3 (5.1) 

Smoking - % (count) Current smoker  16.1 (703) 0.2 (8) 16.1 
Physical activity - % (count) Light  15.5 (672) 1.1 (47) 15.5 
 Moderate  51.0 (2209)  51.0 

 Vigorous 33.5 (1454)  33.5 
Alcohol consumption - % (count) 5-7 days a week 24.3 (952) 10.7 (467) 23.9 
 1-4 days a week 39.6 (1551)  39.4 

 Less than weekly 36.1 (1412)  36.7 
Medications      
Anti-inflammatory 

/antihypertensive drugs 

 48.8 (2137) 0.0 48.8 

Note. Sample: ELSA (N = 4,382). Sd = standard deviation. ACEs = adverse childhood experiences. CRP = C-reactive protein. BMI 
= body mass index. CESD-8 = 8-item Centre for Epidemiological Studies-Depression scale.  

 * Only percentages are given for the imputed data since frequencies vary across the 20 imputed datasets. 
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that CRP decreased by 0.02 points in each consecutive wave of the study, on average. 

The estimated mean number of depressive symptoms at wave 6 (intercept; i.e. 

baseline value) was 1.25. The mean of the slope (i.e. change) was 0.04 (p=.002), 

indicating that the mean number of depressive symptoms increased by 0.04 points in 

each consecutive wave.  

 

5.3.3. Direct associations between ACEs, CRP, and depressive symptoms 

 

The direct associations between ACEs, CRP, and depressive symptoms 

adjusted for possible confounders and additional mediators (Model 1) are illustrated 

in Figure 5.3. The full statistical results of the models are reported in Appendix C 

(Table C1). The ACEs total score was positively associated with the intercept and 

slope of both CRP and depressive symptoms (standardised regression 

coefficient(β)CRPi=0.066[0.030–0.102]; βCRPs=0.205[0.095–0.315]; βDEPi=0.149[0.115, 

0.183]; βDEPs=0.355[0.184–0.526]. Although the average CRP score in the sample 

decreased during the study, the positive association of ACEs with the CRP slope 

indicates that CRP levels increased over time among participants with one or more 

ACEs. The intercept of CRP was positively associated with both the intercept and 

slope of depressive symptoms (βDEPi=0.145[0.104–0.186]; βDEPs=0.215[0.124–

0.306]), independently of ACEs and other covariates. In addition, there was a positive 

association between the slope of CRP and the intercept of depressive symptoms 

(βDEPi=0.339[0.037–0.641]). 

In relation to the direct associations of the ACEs dimensions (Figure 5.3, Table 

C1), Loss was positively associated with both the intercept and slope of CRP 

(βCRPi=0.049[0.017–0.081]; βCRPs=0.155[0.054–0.256]), but not with depressive 

symptoms. Household Dysfunction (βDEPi=0.110[0.073–0.147]; βDEPs=0.199[0.113–

0.285]) and Low Parental Bonding (βDEPi=0.125[0.088–0.162]; βDEPs=0.250[0.168–

0.332]) were both positively associated with the intercept and slope of depressive 

symptoms. In addition, Household Dysfunction was positively associated with the CRP 

intercept (βCRPi=0.038[0.005–0.071]), while Low Parental Bonding was positively 

associated with the CRP slope (βCRPs=0.119[0.002–0.236]). Threat had a positive 

association only with the slope of depressive symptoms (βDEPs=0.149[0.066–0.232)]. 
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The direct associations of CRP with depressive symptoms in the dimension-specific 

models were similar to those found in the model with the ACEs total score.  

 
 
 
Figure 5.3. Direct associations between ACEs (total score and dimensions), CRP, and 
depressive symptoms. 
 
Note. Sample: ELSA (N = 4,382). Standardised regression coefficients. Estimates in bold are 
statistically significant at the 95% confidence level. See Table C1 for full statistical results (Appendix 
C). CRPi = C-reactive protein Intercept. CRPs = C-reactive protein Slope. DEPi = Depressive symptoms 
Intercept. DEPs = Depressive symptoms Slope. Model 1: adjusted for potential confounders (sex, age, 
childhood SEP), additional mediators (adult SEP and lifestyle factors), and use of anti-
inflammatory/anti-hypertensive drugs.   
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5.3.4. Mediation effects of CRP in the associations between ACEs and 
depressive symptoms (i.e. indirect effects)  

 
The mediation effects of CRP in the models adjusted for possible confounders 

and additional mediators (Model 1) are reported in Table 5.2. For the ACEs total score, 

there was a small positive indirect association of ACEs via the CRP intercept with the 

intercept (ind=0.006[0.002–0.010]) and slope (ind=0.003[0.001–0.005]) of depressive 

symptoms. These results indicate that baseline CRP levels mediated 7% and 5% of 

the association of ACEs with the intercept and slope of depressive symptoms 

respectively, independently of possible confounders and additional mediators. The 

indirect associations involving the slope of CRP were almost null and did not reach 

statistical significance. The mediation effects of baseline CRP levels were larger for 

Loss experiences than for the other ACEs dimensions. In this case, the intercept of 

CRP mediated respectively 20% (ind=0.016[0.004–0.028]) and 12% 

(ind=0.007[0.001–0.013]) of the association of Loss with the intercept and slope of 

depressive symptoms after controlling for other study covariates. There also was a 

positive indirect association of Household Dysfunction with the intercept of depressive 

symptoms through baseline CRP (ind=0.011[0.001–0.021]). In contrast, the indirect 

effects of CRP in the pathways linking Threat and Low Parental Bonding with 

depressive symptoms were smaller and nonsignificant. The indirect associations of 

Loss experiences were significantly larger than those of the other dimensions, 

although the magnitude of such differences was small across most comparisons 

(Appendix C – Table C2).  
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5.3.5. Sensitivity analyses  

 

First, the pattern of relationships between ACEs, CRP, and depressive 

symptoms found in the models without additional mediators (i.e. adult lifestyle factors 

and socioeconomic position) aligned closely to the results of the main analysis 

including these factors (Model 2, Appendix C – Table C3), although some associations 

were larger when the additional mediators were not taken into account. Likewise, the 

magnitude of the indirect associations of ACEs with depressive symptoms through 

CRP was almost unchanged in the models without additional mediators (Model 2, 

Table 5.2). 

Second, the E-values of the direct associations between ACEs, CRP, and 

depressive symptoms for the main imputed data analysis (Model 1) ranged between 

1.16 (lower limit = 1.05) and 1.66 (lower limit = 1.16) (Appendix C – Table C1). 

Table 5.2. Longitudinal mediation pathways: Indirect associations of ACEs with depressive symptoms 
through CRP. 
 Model 1  

(Adjusted for confounders and additional mediators)  
Model 2 

(Confounders only) 

Mediation Pathway Indirect 
effect  

SE 95% CI Total effect 
mediated 

(%)a 

Indirect 
effect  

SE 95% CI Total effect 
mediated 

(%)a 

ACEs total score          
ACE-CRPi-DEPi  0.006 0.002 0.002; 0.010 7% 0.006 0.002 0.002; 0.010 6% 
ACE-CRPi-DEPs 0.003 0.001 0.001; 0.005 5% 0.003 0.001 0.001; 0.005 5% 

ACE-CRPs-DEPi 0.041 0.023 -0.004; 0.086 - 0.044 0.035 -0.025; 0.113 - 
ACE-CRPs-DEPs -0.004 0.014 -0.031; 0.023 - -0.005 0.009 -0.023; 0.013 - 
Threat         

Threat-CRPi-DEPi  0.014 0.008 -0.002; 0.030 - 0.014 0.008 -0.002; 0.030 - 
Threat-CRPi-DEPs 0.007 0.004 -0.001; 0.015 - 0.007 0.004 -0.001; 0.015 - 
Threat-CRPs-DEPi 0.118 0.116 -0.109; 0.345 - 0.118 0.130 -0.137; 0.373 - 

Threat-CRPs-DEPs -0.012 0.041 -0.092; 0.068 - -0.014 0.028 -0.069; 0.041 - 
Loss         
Loss-CRPi-DEPi  0.016 0.006 0.004; 0.028 20% 0.016 0.006 0.004; 0.028 15% 

Loss -CRPi-DEPs 0.007 0.003 0.001; 0.013 12% 0.007 0.003 0.001; 0.013 8% 
Loss-CRPs-DEPi 0.117 0.070 -0.020; 0.254 - 0.130 0.106 -0.078; 0.338 - 
Loss -CRPs-DEPs -0.012 0.039 -0.088; 0.064 - -0.015 0.025 -0.064; 0.034 - 

Household Dysfunction        
HouseDys-CRPi-DEPi  0.011 0.005 0.001; 0.021 5% 0.011 0.005 0.001; 0.021 5% 
HouseDys-CRPi-DEPs 0.005 0.003 -0.001; 0.011 - 0.005 0.003 -0.001; 0.011 - 

HouseDys-CRPs-DEPi 0.079 0.069 -0.056; 0.214 - 0.075 0.069 -0.060; 0.210 - 
HouseDys-CRPs-DEPs -0.006 0.026 -0.057; 0.045 - -0.008 0.017 -0.041; 0.025 - 
Low Parental Bonding        

Bonding-CRPi-DEPi  0.010 0.005 0.000; 0.020 - 0.010 0.005 0.000; 0.020 - 
Bonding-CRPi-DEPs 0.005 0.003 -0.001; 0.011 - 0.005 0.003 -0.001; 0.011 - 
Bonding-CRPs-DEPi 0.077 0.071 -0.062; 0.216 - 0.081 0.072 -0.060; 0.222 - 

Bonding-CRPs-DEPs -0.007 0.026 -0.058; 0.044 - -0.009 0.016 -0.040; 0.022 - 

Note. Sample: ELSA (N = 4,382). Pooled estimates from LGC mediation analysis with 20 imputed datasets and bootstrapped standard errors. SE = 
standard error. CI = confidence interval. CRPi = C-reactive protein Intercept. CRPs = C-reactive protein Slope. DEPi = Depressive symptoms 

Intercept. DEPs = Depressive symptoms Slope. HouseDys = Household Dysfunction. ACEs = Adverse Childhood Experiences. Model 1: adjusted 
for potential confounders (sex, age, childhood SEP), additional mediators (adult SEP and lifestyle factors), and use of anti-inflammatory/anti-
hypertensive drugs. Model 2: adjusted for potential confounders and CRP-related drugs. Indirect effects in bold are statistically significant at the 95% 

confidence level. a The ‘total effect mediated’ is a ratio of the indirect effect to the total effect [Indirect Effect/ (Direct Effect + Indirect  Effect)] and is 
reported only for statistically significant indirect effects.  
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Although there are no specified ranges of E-values that are deemed large or small, 

this suggests that relatively modest confounder associations could explain away the 

observed effects of ACEs and CRP. Therefore, it is important to consider potential 

sources of unmeasured confounding when interpreting these findings (see 

‘Discussion’ section).  

Third, the mediation models were retested in the sample of participants with 

complete data on all variables (N = 3,498). The direct and indirect associations 

between ACEs, CRP, and depressive symptoms were broadly similar to those found 

in the analyses with the imputed data (Appendix C – Tables C4-C5).  

Fourth, the models using only somatic or cognitive-affective depressive 

symptoms as outcome variables revealed some differences in the direct associations 

of ACEs and CRP with depressive symptoms. As expected, baseline CRP was more 

strongly related to both the intercept and slope of somatic depressive symptoms than 

to cognitive-affective symptoms. In contrast, ACEs exhibited larger associations with 

the intercept and slope of cognitive-affective symptoms than with somatic symptoms 

(Appendix C – Table C6). Nevertheless, the mediation effects of baseline CRP levels 

in the association of ACEs with somatic versus cognitive-affective depressive 

symptoms did not differ significantly (Appendix C –Table C7).  

Lastly, as for the previous studies, there were significant differences in 

socioeconomic, health, and lifestyle characteristics between the analytical sample and 

those excluded owing to insufficient data (i.e. unavailability of at least one measure of 

ACEs, CRP, and depressive symptoms). However, the magnitude of these differences 

was small (Appendix C – Table C8). 

 

 

5.4. Discussion   

 

5.4.1. Summary of main results 

 

This is the first prospective study to test the mediating role of CRP in the 

psychobiological pathways underlying the relationship between ACEs and depressive 

symptoms in a large sample of older adults, using repeated measures of CRP and 

depressive symptoms. The results presented in this chapter indicate that greater 
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cumulative exposure to ACEs was associated with elevated CRP levels and 

depressive symptoms at baseline and with their increase over time. This corroborates 

the evidence for the long-term association of ACEs with inflammation and depression. 

Baseline CRP levels were positively associated with depressive symptoms measured 

8 years later. Additionally, they predicted an increase in depressive symptoms over 

the following waves. Further, the mediation analysis indicated that ACEs were 

associated with depressive symptoms partly through elevated CRP levels. In 

particular, baseline CRP explained respectively 7% and 5% of the association 

between ACEs cumulative exposure and the baseline value and change in depressive 

symptoms, independently of possible confounders (sex, age, and childhood SEP) and 

additional mediators (adult SEP and lifestyle factors). The mediation effects of CRP 

were larger for Loss experiences than for the other ACEs dimensions. Baseline CRP 

levels mediated respectively 20% and 12% of the association of Loss with the baseline 

value and change in depressive symptoms, after other covariates had been taken into 

account.  

 

5.4.2. Interpretation of results in relation to previous findings 

 

Numerous studies have investigated the relationship of inflammation with ACEs 

or depression (Baumeister et al., 2016; Haapakoski et al., 2015; Iob, Lacey, et al., 

2020; Iob, Kirschbaum, et al., 2020). However, very limited research has assessed 

these associations among older adults and formally tested the possible mediation role 

of inflammation with longitudinal data. In line with previous findings (see Chapters 

1.3.3.1 and 1.4.5.1), the results presented here suggest that the relationship of ACEs 

with elevated CRP levels and depressive symptoms is likely to persist into later life, 

and that ACEs may also be related to a greater increase in these outcomes over time. 

Another novel finding is that elevated CRP concentrations were related not only to 

baseline depressive symptoms, but were also associated with a steeper increase in 

the levels of depression over time. This corroborates previous evidence from 

longitudinal studies suggesting that elevated systemic inflammation may precede the 

development of depression (Khandaker et al., 2014; Smith et al., 2018) (see Chapter 

1.4.5.2). Moreover, this study demonstrates that the relationship between ACEs and 

depressive symptoms in later life is partly explained by elevated levels of CRP. 
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Sensitivity analyses showed that adult SEP and lifestyle factors had little influence on 

the mediation effects of CRP. The E-values suggested that unmeasured confounders 

showing relatively modest associations (risk ratio = 1.16 or above) with ACEs, CRP, 

and depressive symptoms could explain away these relationships. However, the 

analysis did adjust for the most likely confounders and additional mediators, including 

childhood and adult socioeconomic position, lifestyle factors such as smoking and 

alcohol consumption, adiposity, and medications.  

These findings are consistent with the notion that inflammation might be an 

important psychobiological mechanism underlying the relationship of ACEs with 

depression. One study recently found that greater exposure to psychosocial stress 

was related to the onset of depressive symptoms in a sample of adolescents partly via 

increasing levels of ILs but not CRP (Flouri, Francesconi, Midouhas, & Lewis, 2020). 

The fact that CRP partially mediated the association between ACEs and depressive 

symptoms in this study of older adults could indicate that CRP is a more relevant 

biomarker of ACEs and depression in later life than at younger ages. Accordingly, the 

inflammatory contribution to depression seems to be particularly relevant to older 

adults since advancing age is linked to upregulation of the inflammatory response and 

greater risk of physical health comorbidities (Gallagher et al., 2017). In addition, recent 

evidence indicates that the relationship of ACEs with CRP is stronger in adults 

compared with children and adolescents (Kuhlman et al., 2020), possibly due to the 

presence of a hyporesponsive inflammatory response during early life (Simon et al., 

2015).  

In line with previous evidence, the average levels of depressive symptoms in 

this sample of older adults increased over time. Unexpectedly, CRP levels showed a 

slight decrease across the time points. This result could be explained by the fact that 

ELSA is a population-based study of predominantly healthy older adults, with a 

relatively low prevalence of chronic physical health conditions linked to inflammation. 

Declines in CRP levels over time have been documented also in other population-

based studies of older adults (Stevenson et al., 2018). Hence, the small decline in 

CRP levels presented here could indicate a more successful ageing process in the 

ELSA cohort. 

As discussed previously, it is not clear whether different dimensions of ACEs 

might have distinct psychological and physiological effects on child development. In 

the present study, the dimension representing experiences related to loss of an 
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attachment figure had stronger associations with CRP, which in turn explained a larger 

proportion of its association with depressive symptoms, compared with the effects of 

other ACEs dimensions. However, the differences between the indirect associations 

of Loss and those of the other ACEs dimensions were small. These results are in 

contrast with previous studies using the Threat-Deprivation model (McLaughlin et al., 

2014), which showed that ACEs involving harm or threat of harm have stronger 

relationships with stress-related biological outcomes (e.g. cortisol) than ACEs related 

to deprivation (Busso et al., 2017; LoPilato et al., 2019; Sumner et al., 2019). 

However, the Threat-Deprivation model is not well suited to represent the ACEs 

dimensions found in the ELSA cohort. Notably, it does not capture certain adversities 

(e.g. parental substance abuse and separation), and some deprivation experiences 

are likely to belong to distinct sub-dimensions (e.g. parental loss and neglect) (Iob et 

al., 2019). On the other hand, the results regarding Loss experiences are in line with 

the findings of earlier analyses suggesting that CRP might be predominantly related 

to parental absence during childhood, whereas its associations with other types of 

adversities are weaker (Baumeister et al., 2016). In addition, they are partially 

consistent with the Biological Salience model, which highlights the likely adverse 

biological consequences of disruptions in the caregiving environment (e.g. death of a 

parent, separation from parents) for the development of the central nervous system 

and downstream neuroendocrine and inflammatory responses (Kuhlman et al., 2017). 

Nevertheless, it is worth noting that most dimensions of ACEs were related to higher 

CRP and depressive symptoms, and their cumulative effect exhibited the strongest 

relationship with these outcomes. Consequently, all types of ACEs assessed in this 

study are likely to be important risk factors for elevated inflammation and depressive 

symptoms in later life.  

Another interesting finding of this study is that CRP exhibited larger 

associations with somatic depressive symptoms than with cognitive-affective 

experiences. This result is in agreement with the results of Study 2 (Chapter 4) and 

those of earlier analyses (Chu et al., 2019; Duivis et al., 2013; Jokela et al., 2016; 

White et al., 2017). In contrast, ACEs were more strongly related to cognitive-affective 

depressive symptoms than to somatic symptoms. These results could indicate that 

biological factors are more closely linked to the somatic components of depression, 

whereas psychosocial factors might have a stronger impact on the psychological 

dimension of this condition. Further work is needed to assess this possibility.   
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5.4.3. Strengths, limitations, and suggestions for further research 

 

This study has several strengths. The analysis was based on a large 

population-based sample of older adults. Participants were not selected on the basis 

of exposure to ACEs or presence of depressive symptoms and were therefore more 

representative of the general population. The longitudinal design of the study allowed 

for an assessment of the mediation effects of CRP with greater subtlety owing to the 

availability of repeated measures of CRP and depressive symptoms. Another strength 

concerns the measurement of different dimensions of ACEs in addition to the use of a 

cumulative risk score, in order to test the specific associations of distinct ACEs 

dimensions separately.  

Despite these strengths, a number of limitations should be noted. First, as 

suggested by the E-values, the results could be prone to unmeasured confounding 

bias. Although the analysis was adjusted for relevant confounders and additional 

mediators, it is necessary to consider other potential sources of unmeasured 

confounding associated with ACEs, inflammation, and depression when interpreting 

the results (Blum et al., 2020). These might include, for instance, different childhood 

socioeconomic characteristics than those included in this study (e.g. area deprivation, 

parental social networks) (Allen & Donkin, 2015) or genetically influenced individual 

traits and vulnerabilities (Dalvie et al., 2020; Schoeler et al., 2019). Second, ACEs 

were assessed retrospectively based on the participants’ recollections of their 

childhood experiences. Such measures are particularly prone to measurement error 

arising from the participants’ motivations, personality styles, cognitive function, and 

memory biases, particularly at older ages (Hardt & Rutter, 2004). Of note, a recent 

meta-analysis has demonstrated that agreement between prospective and 

retrospective ACEs measures for experiences such as abuse and neglect is 

substantially lower than for other more clear-cut types of ACEs like parental loss 

(Baldwin et al., 2019), suggesting that retrospective reports of clear-cut types of ACEs 

might be more accurate than those of more subjective experiences. This could explain 

why Loss experiences exhibited larger associations with the outcomes than the other 

ACEs dimensions in this sample of older adults. Third, the mediation effects of CRP 

were generally small. This suggests that other markers of inflammation or different 

biological mechanisms might also play a role in the association between ACEs and 

depression. For instance, different lines of research suggest that neuroendocrine 
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responses, microbiome alterations, neurocognitive processes, and epigenetic 

changes are all likely to be involved in the link between ACEs and mental health, as 

well as being associated with inflammation (Berens et al., 2017). Hence, it would be 

important to understand how these different biological processes interact with each 

other in the development of depression following the experience of ACEs. Fourth, a 

considerable number of ELSA participants were not included in the study since they 

did not have data on at least one measure of ACEs, CRP, and depressive symptoms. 

Sensitivity analyses demonstrated that the analytical sample had better 

socioeconomic, health, and lifestyle characteristics than the full ELSA sample, 

although such differences were small. This could pose some limitations to the 

representativeness of the sample. Lastly, the trajectories of CRP and depressive 

symptoms were examined over a relatively short period of time which may not be 

sufficient to provide an accurate representation of their change during later life.  

More prospective studies are needed to investigate the mediating role of 

inflammation and other stress-related biological processes in different samples of 

older adults and young people (Studies 5 and 6). Future studies should also consider 

the potentially different psychobiological effects of different types of ACEs and take 

into account a wider range of potential confounders if possible, including both 

individual and contextual-level socioeconomic characteristics and genetic factors 

(Studies 4 and 5). Furthermore, it would be important to determine whether there might 

be sensitive periods during early development when environmental exposures could 

have more powerful and enduring consequences for the development of the immune 

system and the brain (Study 6).  

 

5.4.4. Conclusion and implications  

 

To conclude, greater cumulative exposure to ACEs was associated not only 

with elevated CRP and depressive symptoms at baseline but also with their increase 

over time in a large population-based sample of older adults, independently of possible 

confounders (sex, age, and childhood SEP) and additional mediators (adult SEP and 

lifestyle factors). ACEs were related to depressive symptoms partly via higher CRP 

levels. CRP had larger mediation effects in the pathways linking Loss experiences with 

depression than in those involving other ACEs dimensions. These results suggest that 
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inflammation might be an important psychobiological mechanism underlying the 

relationship of ACEs with depression. However, the mediation effects of CRP were 

generally small and susceptible to possible unmeasured confounding. Other 

inflammatory markers and stress-related biological processes should be considered 

in future studies to provide a more comprehensive understanding of the biological 

embedding of ACEs. Taken together, these findings highlight the importance of 

adopting an ACE-informed approach in the prevention and treatment of depression. 

Psychosocial and behavioural interventions to prevent ACEs and reduce their 

psychobiological impact on children’s development might help to lower the risk of 

elevated inflammation and depression in the population, as well as of other medical 

conditions linked with these disorders. 
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6. CHAPTER 6. STUDY 4: Adverse childhood experiences and 

polygenic risk: Gene-environment interplay in depression, 

inflammation, and hair cortisol.  

 

Study 4 concentrated on the interplay between ACEs and genetic factors in 

depression and stress-related biological systems. More specifically, the independent 

and interactive associations of ACEs and polygenic scores of depression, 

inflammation, and HPA-axis activity with longitudinal trajectories of depressive 

symptoms, chronic inflammation, and hair cortisol were tested in a sample of older 

adults from ELSA. This chapter describes the study’s background and methods, 

presents the results of the statistical analyses, and provides a discussion of the main 

findings. This study has been published in Psychological Medicine.  

 

 

6.1. Introduction  

 

Adverse childhood experiences (ACEs), such as abuse, neglect, and family 

problems, are linked to an increased risk of developing depression (Hughes et al., 

2017), as well as with greater severity of depressive symptoms and worse response 

to antidepressant treatment (Nanni et al., 2012) (see Chapter 1.3.3.1). ACEs have 

also been associated with elevated biomarkers of systemic inflammation, such as C-

reactive protein (CRP) (Baumeister et al., 2015; Iob et al., 2019), and with 

dysregulation of HPA-axis function (Danese & McEwen, 2012) (see Chapter 1.4.5.1). 

Furthermore, meta-analyses have indicated that depressed individuals tend to exhibit 

elevated levels of cortisol (Knorr et al., 2010; Stetler & Miller, 2011) and increased 

levels of inflammation both in the brain and peripherally (Enache et al., 2019; 

Haapakoski et al., 2015) (see Chapter 1.4.5.2). In light of these findings, dysregulation 

of HPA-axis and inflammatory functioning has been proposed as a plausible 

psychobiological mechanism through which stress exposure might be translated into 

biological risk for depression (Danese & Baldwin, 2017; Koss & Gunnar, 2018).  

Different lines of research suggest that both depression and HPA-axis and 

inflammatory functioning are influenced by a combination of genetic and 

environmental risk factors (Bienvenu et al., 2011; de Craen et al., 2005; Normann & 
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Buttenschøn, 2020). Recently, genome-wide association studies (GWAS) have 

successfully identified single-nucleotide polymorphisms (SNPs) that may contribute to 

the pathophysiology of depression, inflammation, and HPA-axis dysfunction (Bolton et 

al., 2014; Howard et al., 2019; Ligthart et al., 2018). However, the effect size of 

individual genetic variants is considerably lower than initially anticipated in relation to 

risk prediction. Polygenic scores (PGSs), defined as a weighted sum of risk alleles 

carried by an individual (Euesden et al., 2015), arguably provide a better approach to 

capturing the cumulative genetic contribution to a condition by combining numerous 

trait-associated genetic variants (Wray et al., 2014) (see Chapter 1.5.1). Importantly, 

certain individuals seem to be more vulnerable to the negative impact of ACEs owing 

to their specific genetic makeup (Caspi, 2003). Genetic factors might therefore interact 

with ACEs to increase the risk of depression and altered stress-related responses 

beyond their combined individual effects. Such gene-environment (GxE) interactions 

might also underlie the observed ‘hidden heritability’ of mental disorders (Assary et al., 

2018). Hence, accounting for the interplay between ACEs and genetic factors could 

help to enhance the prediction of mental health outcomes.  

As discussed previously (Chapter 1.5.2), numerous studies have investigated 

the interplay between early-life stress and specific genetic variants that have been 

linked to depression, such as the serotonin transporter polymorphism (5-HTTLPR). 

However, the results have been largely inconsistent across studies, with meta-

analyses providing both support for and against the proposed GxE interactions 

(Culverhouse et al., 2018; Karg et al., 2011). Of note, these studies have solely 

focused on specific genetic variants found in candidate genes involved in the 

neurobiology of depression, thereby ignoring the highly polygenic nature of complex 

human traits. Although research regarding the polygenic nature of mental disorders is 

relatively new, it has already provided some evidence showing larger associations 

between psychosocial stress and depression among participants with a higher PGS 

of depression (Colodro-Conde et al., 2018). In contrast, one study found that 

depressed individuals who were exposed to severe childhood trauma had a lower PGS 

of depression than other cases or controls (Mullins et al., 2016). Others have found 

evidence for additive (i.e. independent) but not interactive associations of ACEs and 

PGSs with depression (Lehto et al., 2020; Peyrot et al., 2018) (see Chapter 1.5.3). 

With regard to HPA-axis and inflammatory functioning, a number of studies 

have found evidence for a moderating effect of specific genetic variants linked to 
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inflammation and HPA-axis activity in the association of early-life stress with 

depression and stress-related responses (Cicchetti et al., 2015; Cohen-Woods et al., 

2018; Normann & Buttenschøn, 2020; Tyrka et al., 2009). However, GxE effects 

involving polygenic variation in HPA-axis and inflammatory functioning remain largely 

unexplored. Of note, a recent study of adolescents has demonstrated that the 

interaction between childhood adversity and a genetic score capturing several SNPs 

linked to HPA-axis activity was associated with a higher risk of depression (Starr et 

al., 2020). In contrast, there are virtually no studies that have tested the interplay 

between ACEs and polygenic risk for inflammation.  

It is worth noting that genetic liability could also act as a confounding factor in 

the association of ACEs with mental health (see Chapter 1.5.4). Initial evidence from 

studies using PGSs suggests that polygenic risk for depression partially confounds 

but does not fully explain the association between childhood adversity and mental 

health (Goltermann et al., 2020; Lehto et al., 2020). These findings highlight the 

importance of accounting for genetic factors, not only to test whether they might 

moderate the effects of environmental exposures, but also to strengthen the evidence 

for the plausible causal role of ACEs in depression and its underlying biological 

mechanisms.  

Another limitation of the literature concerns the measurement of ACEs (see 

Chapter 1.4.6.1). The majority of GxE studies have only assessed individual types of 

adversity separately or have used cumulative risk scores, without considering the 

potentially different psychobiological effects of distinct types of ACEs (McLaughlin & 

Sheridan, 2016). In addition, most analyses are characterised by the use of cross-

sectional measures of inflammation and depressive symptoms which do not provide 

information regarding their persistence over time. In addition, research focusing on the 

HPA-axis has predominantly used single measures of cortisol in body fluids, which 

can only represent short-term cortisol levels and are strongly influenced by an array 

of situational and inter-individual fluctuations (Stalder & Kirschbaum, 2012). In 

contrast, the measurement of cortisol in hair offers the opportunity to assess long-term 

exposure to cortisol over several weeks (Iob et al., 2018; Stalder et al., 2017).  

In order to address these evidence gaps, the present study examined the 

association of ACEs and PGSs of Major Depressive Disorder (MDD), inflammation, 

and HPA-axis function with trajectories of depressive symptoms, repeated exposure 

to high CRP levels, and hair cortisol concentration in later life. Additionally, it sought 
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to establish whether the relationship of ACEs with depressive symptoms and stress-

related biomarkers was larger among individuals at higher genetic risk. Three 

hypotheses were tested:  

1) G+E Additive Effects – greater exposure to ACEs and higher PGSs would be 

independently associated with depressive symptoms and elevated levels of the 

biomarkers.  

2) GxE Interaction Effects – the association of ACEs with depressive symptoms 

and the biomarkers would be moderated by the PGSs.   

3) ACEs dimensions – distinct ACEs dimensions might have different additive and 

interactive associations with depressive symptoms and the biomarkers.  

 

 

6.2. Methods  

 

6.2.1. Sample  

 

The analyses were conducted using data from ELSA. A detailed overview of 

the ELSA study is provided in Chapter 3.1. As for the previous studies, retrospective 

data on ACEs were collected during the Life History interview in the third wave of the 

study (2006/07). Depressive symptoms were ascertained on eight occasions from 

wave 1 (2002/03) to wave 8 (2016/17). CRP measurements were made during the 

nurse visits in waves 2 (2004/05), 4 (2008/09), and 6 (2012/13). Study members with 

CRP values > 10 mg/L were excluded from the study (Nwave2 = 459; Nwave4 = 444; 

Nwave6 = 342) since this could reflect current infection or trauma rather than chronic 

inflammation (Pearson et al., 2003). Hair cortisol was measured only once as part of 

the nurse visit in wave 6. Hair samples were successfully collected from 5,451 

participants. The sample with hair cortisol data was restricted to 4,761 participants 

following the exclusion of undetectable or extreme (> 3 standard deviations) hormone 

values. Genome-wide genotype data were available for a total of 7,412 ELSA 

participants. For the purpose of this study, three analytical samples were created: the 

first was comprised of participants with ACEs, genetic, and depression data on at least 

one occasion (N = 3,428; Depression sample); the second included participants with 

measures of ACEs, genetic data, and CRP on at least one occasion (N = 3,343; CRP 
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sample); and the third was restricted to participants with ACEs and genetic data and 

valid hair cortisol measurements (N = 2,153; Cortisol sample).  

 

6.2.2. Measures  

 

6.2.2.1. Adverse childhood experiences (ACEs) 

 
The Life History module collected information on twelve types of ACEs 

experienced up to the age of 16 years, namely: sexual abuse, physical assault, 

physical abuse from parents, parent arguments, parent mental illness or substance 

abuse, parent separation or divorce, maternal bonding, paternal bonding, separation 

from mother for more than six months, parent death, foster care or adoption, and 

institutionalisation. The approach used to select and derive the ACEs items in the 

ELSA cohort is detailed in Chapter 3.3.2.1. For the present analysis, a cumulative risk 

score was calculated, indicating the total number of ACEs reported by the participant. 

Furthermore, the specific associations of the ACEs dimensions identified in Study 1 

(Chapter 3) were examined. These were: Threat (sexual abuse, physical assault, 

physical abuse from parents), Household Dysfunction (parent arguments, parent 

mental illness or substance abuse, parent separation or divorce), Low Parental 

Bonding (poor maternal and paternal bonding), and Loss experiences (separation 

from mother for more than six months, parent death, foster care or adoption, and 

institutionalisation). Each dimension was indexed by a dichotomous score 

representing the presence or absence of at least one type of ACE included in that 

dimension.   

 

6.2.2.2. Depressive symptoms  

 
Depressive symptoms were assessed on eight occasions using the CESD-8 

scale (Radloff, 1977). A detailed overview of the items and psychometric properties of 

this scale can be found in Chapter 4.2.2.1. At each wave, a total CESD-8 score was 

calculated, representing the overall number of depressive symptoms reported by the 

participant. The CESD-8 total scores from the eight time points were then used to 

derive group-based trajectories of depressive symptoms over time (see ‘Statistical 

analyses’ section).  
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6.2.2.3. C-reactive protein (CRP) 

 
Plasma concentrations of CRP were assessed on three occasions. The 

methods used for the collection of the blood samples and the quantification of CRP 

levels in ELSA are detailed in Chapter 3.3.2.2. Chronic inflammation was measured 

through an ordinal variable indicating repeated exposure to high CRP levels (i.e. ≥ 3 

mg/L) (Pearson et al., 2003) across waves 2, 4, and 6 – i.e., high CRP on zero, one, 

two, or three occasions (high CRP w2-6). Due to the limited number of data points 

available (3 waves) and low between-individuals variation in CRP levels over time, an 

ordinal variable for repeated exposure to high CRP was better suited than group-

based trajectories to measure chronic inflammation in this sample.  

 

6.2.2.4. Hair cortisol  

 
Hair cortisol concentration was used as a biomarker of long-term HPA-axis 

activity. The methods used for the collection of the hair samples and the quantification 

of cortisol levels are detailed in Chapter 3.3.2.2. The cortisol measures were log-

transformed for the statistical analyses as their distribution in the sample was positively 

skewed.  

 

6.2.2.5. Genetic scores  

 
Polygenic scores (PGSs) of major depressive disorder (MDD-PGS), CRP 

(CRP-PGS), and cortisol (cortisol-PGS) were constructed using summary statistics 

from the largest available GWAS meta-analyses of MDD (Howard et al., 2019), CRP 

(Ligthart et al., 2018), and plasma cortisol (Bolton et al., 2014) respectively (see Table 

6.1). SNPs associated with each of these outcomes were weighted by their effect size 

derived from the respective GWAS, and were then summed in a continuous score 

(Euesden et al., 2015). Because PGSs including all available SNPs either explain 

more variation in a trait or are not significantly different from PGSs based on different 

p-value thresholds (Ware et al., 2017), a single p-value threshold of 1 was used for all 

PGSs, in order to limit multiple testing and maximise the potential predictive ability of 

the PGSs. 
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It is important to note that the GWAS of plasma cortisol has only identified three 

SNPs that were significantly associated with cortisol concentrations (Bolton et al., 

2014). This result could be explained by the limitations of cortisol measurement in 

body fluids, or by the relatively small sample size of the GWAS (N = 12,597). Given 

the limited SNP-based heritability of plasma cortisol found in this GWAS, a sensitivity 

analysis tested the effect of a multilocus genetic score (MGS) of HPA-axis function 

(HPA-MGS). MGSs are unweighted, additive scores of risk alleles drawn from genetic 

loci associated with biological systems of interest (Bogdan et al., 2013). Following the 

approach described in Pagliaccio et al. (2014) and Starr et al. (2020), the HPA-MGS 

included risk alleles of 10 SNPs from four HPA-axis related genes (i.e. CRHR1, 

NR3C1, NR3C2, and FKB5) (see Table D1 – Appendix D for included SNPs), which 

were selected for their associations with cortisol levels and depression (Pagliaccio et 

al., 2014; Starr et al., 2020). Of note, a recent systematic review has found consistent 

evidence for significant GxE effects between these particular HPA-axis related SNPs 

and childhood adversity on depression across different studies (Normann & 

Buttenschøn, 2020).  

The genetic risk score analyses were conducted with PLINK and PRSice 

software. Further information regarding the genotyping process, GWAS quality 

control, and construction of the genetic scores is provided in Appendix D (sMethods). 

 

 

 

6.2.2.6. Covariates  

 
The statistical analyses were adjusted for relevant covariates selected based 

on previous studies in the field. These included: sex, age, childhood socioeconomic 

position (SEP), use of anti-inflammatory/anti-hypertensive drugs (CRP models), 

antidepressants (depression models), or steroids (cortisol models), and 5 principal 

Table 6.1. GWAS meta-analyses of major depressive disorder, C-reactive protein, and 
plasma cortisol. 

 
Phenotype  N SNP-based heritability a 

 

Major depressive disorder (Howard et al., 2019) 807,553 0.09 
C-reactive protein (Ligthart et al., 2018) 204,402 0.07 
Plasma cortisol (Bolton et al., 2014) 12,597 <0.01 
Note. a Proportion of phenotypic variance captured by the associated SNPs in the relevant GWAS.   
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components (PCs) to control for population stratification. The associations involving 

hair cortisol were also adjusted for hair-related characteristics, including whether hair 

was dyed, season of hair collection, hair colour, and phase of hair analysis. Further 

details about the measurement and coding of the covariates are provided in Appendix 

D (sMethods).  

 

6.2.3. Statistical analyses  

 

Group-based trajectories of depressive symptoms were estimated using latent 

growth mixture (LGM) modelling. Multinomial logistic regression models were then 

fitted to examine the associations of ACEs and PGSs with the depression trajectories. 

Ordinal logistic regression (high CRP w2-6) and linear regression (hair cortisol) 

analyses were employed to investigate the associations of the risk factors with the 

biomarkers. Two models were tested for each outcome: Model 1 – G+E additive 

effects of ACEs total score/ dimensions and PGSs adjusted for all covariates; Model 

2 – GxE multiplicative interaction effects of ACEs total score/dimensions with PGSs 

adjusted for all covariates. The additive and interactive associations with depression 

were tested using all PGSs (i.e. MDD, CRP, and plasma cortisol), while those with the 

biomarkers were tested using their respective PGS (e.g. association of CRP-PGS with 

CRP levels) and MDD-PGS. Missing data on ACEs, outcome variables, and 

covariates were estimated using multiple imputation by chained equations (MI) under 

the MAR assumption. Further details about the LGM and MI analyses can be found in 

Appendix D (sMethods).  

Several sensitivity analyses were conducted in order to assess the robustness 

of the results. First, the additive and interactive associations of the HPA-MGS with hair 

cortisol and depressive symptoms were tested, in order to compare these results with 

those of the main analysis using the plasma cortisol PGS. Second, E-values were 

calculated for all significant additive associations of ACEs and PGSs with the 

outcomes. This enabled for an understanding of the minimum strength of the 

association that an unmeasured confounder should have with both the exposure and 

the outcome to fully explain their relationship (VanderWeele & Ding, 2017). Third, the 

models for depression were retested without adjustment for antidepressants to 

understand the influence of this factor on the results. Fourth, the models presented in 
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the main imputed data analyses were restricted to participants with complete data on 

all variables. Fifth, possible differences in the characteristics of ELSA participants 

included in the analytical samples versus those excluded owing to attrition and/or 

nonresponse were examined. Lastly, a sensitivity analysis tested whether the 

associations of ACEs and PGSs with CRP levels differed according to whether CRP 

values > 10 mg/L were excluded or included in the analysis, in line with recent 

recommendations for the analysis of inflammatory markers (Giollabhui et al., 2020). 

Data management, MI, and regression analyses were performed in Rstudio 3.4.4. 

LGM modelling was conducted in Mplus 7.  

 

 

6.3. Results  

 

6.3.1. Descriptive statistics  

 

The characteristics of the study participants in the observed and imputed data 

are provided in Table 6.3. The average age was 70 years (Depression/CRP sample: 

55% female; Cortisol sample: 66% female). There was a higher proportion of 

participants in the highest compared with the lowest wealth quintiles. Nevertheless, 

people from lower socioeconomic backgrounds were well represented in the sample; 

the poorest wealth groups (i.e. 1st and 2nd quintiles) included over 30% of the 

participants, and approximately 40 % of the sample had experienced at least one type 

of socioeconomic adversity during childhood. The mean number of depressive 

symptoms in the sample was generally low at all waves but ranged across the full 

spectrum from zero to eight. At wave 6, 19% of men and 31% of women had clinically 

significant depressive symptoms (CESD-8 score ≥ 3) or were taking antidepressants. 

Around 50% of the sample had CRP levels lower than 3 mg/L at all waves, while 

another 12% had high CRP levels at all three waves. Regarding the prevalence of 

ACEs, around 50% of the sample reported at least one ACE. More specifically, 25% 

reported 1 ACE, 13% reported 2 ACEs, and another 13% reported 3 or more ACEs. 

The prevalence of ACEs in the sample was broadly similar to that found in other 

representative samples of adults living in England (Hughes et al., 2020). The observed 

and imputed values were similar, indicating that the multiple imputation of missing 
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values achieved its goals (Table 6.3). The correlations between the polygenic scores 

were low and non-significant (Table 6.2).  

 

 

Table 6.2. Coefficients of the correlations among the genetic scores. 
 

MDD PGS CRP PGS Plasma cortisol 
PGS 

CRP PGS -0.02 
  

Plasma cortisol PGS -0.01 0.00 
 

HPA-axis MGS 0.02 -0.03 0.01 

Note. Depression sample (N = 3,428). The p-value of all correlation coefficients is 
larger than 0.05.  
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Table 6.3. Descriptive statistics and comparison between observed and imputed data. 
  Depression sample (N=3,428) 

 
CRP sample (N=3,343) Cortisol sample (N=2,153) 

  
Observed Missing Imputed a Observed Missing Imputed a Observed Missing Imputed a 

Variables Levels Count (%) Count (%) % Count (%) Count (%) % 
 

Count (%) Count (%) % 
 

Sociodemographic characteristics          
Age – Mean (sd)  70.7 (8.5) 0 (0) 70.7 (8.5) 69 (8.5) 0 (0) 69 (8.5) 70.7 (8.5)  70.7 (8.5) 
Sex: Female  1899 (55.4) 0 (0) 55.4 1842 

(55.1) 

0 (0) 55.1 1421 (66.0)  66 

Marital status Married 2410 (70.3) 14 (0.4) 70.3 2360 
(70.6) 

13 (0.4) 
 

70.6 1496 (69.7) 
 

101 (4.7) 
 

70.3 

 Separated/ 
Divorced 

374 (10.9)  10.9 361 (10.8)  10.8 242 (11.3)  10.9 

 Widower 476 (13.9)  13.9 458 (13.7)  13.7 307 (14.3)  13.9 

 Single 165 (4.8)  4.8 164 (4.9)  4.9 101 (4.7)  4.9 
Wealth quintiles 1 (lowest) 494 (14.4) 69 (2) 14.4 471 (14.1) 67 (2) 

 
14.1 337 (15.9) 32 (1.5) 

 
15.9 

 2 614 (17.9)  17.9 595 (17.8)  17.7 424 (20.0)  19.5 
 3 703 (20.5)  20.5 689 (20.6)  20.5 455 (21.5)  22.3 
 4 771 (22.5)  22.6 759 (22.7)  22.8 459 (21.6)  21.8 

 5 (highest) 843 (24.6)  24.7 829 (24.8)  24.8 446 (21.0)  20.5 
Degree: Yes  569 (16.6) 17 (0.5) 16.6 562 (16.8) 17 (0.5) 

 
16.7 351 (16.4) 13 (0.6) 16.6 

≥ 1 childhood 
socioeconomic adversities 

1450 (42.3) 639 (18.6) 43.27 1424 
(42.6) 

632 
(18.91) 

42.64 726 (41.4) 
 

400 (18.6) 
 

43.3  

Adverse childhood experiences (ACEs)          

Physical abuse  99 (2.9) 452 (13.2) 3.1 97 (2.9) 441 (13.2) 3.0 55 (2.9) 272 (12.6) 3.1 
Sexual abuse  171 (5) 459 (13.4) 5.1 164 (4.9) 448 (13.4) 5.0 103 (5.5) 276 (12.8) 5.1 
Physical assault  93 (2.7) 456 (13.3) 2.7 90 (2.7) 445 (13.3) 2.6 40 (2.1) 274 (12.7) 2.7 

Parent arguments  703 (20.5) 487 (14.2) 21.3 685 (20.5) 478 (14.3) 21.3 387 (20.8) 295 (13.7) 21.2 
Low maternal bonding  572 (16.7) 624 (18.2) 17.7 555 (16.6) 605 (18.1) 17.6 297 (16.8) 385 (17.9) 17.7 
Low paternal bonding  583 (17) 699 (20.4) 18.3 568 (17) 679 (20.3)  

18.2 

300 (17.5) 

 

441 (20.5) 

 

18.3 

Institutionalisation  55 (1.6) 3 (0.1) 1.6 53 (1.6) 3 (0.1) 1.6 35 (1.6) 0 (0) 1.6 
Separation from mother 500 (14.6) 7 (0.2) 14.6 481 (14.4) 7 (0.2) 14.4 323 (15.0) 4 (0.2) 14.6 

Foster care/Adoption 62 (1.8) 3 (0.1) 1.8 60 (1.8) 3 (0.1) 1.7 34 (1.6) 0 (0) 1.6 
Parent death  178 (5.2) 7 (0.2) 5.2 174 (5.2) 7 (0.2) 5.2 111 (5.2) 5 (0.2) 5.3 
Parent mental illness/substance abuse 209 (6.1) 466 (13.6) 6.3 201 (6) 455 (13.6) 6.4 124 (6.6) 281 (13.1) 6.3 
Parent separation/divorce  182 (5.3) 7 (0.2) 5.3 177 (5.3) 7 (0.2) 5.3 124 (5.8) 5 (0.2) 5.3 

ACEs total score b 0 ACEs   49   49   48.9 
 1 ACE   25   25   25 
 2 ACEs   13   13   13 

 ≥3 ACEs   13   13   14 
ACEs dimensions b Threat   9   9   9 
 Loss   18   18   18 

 Household 
Dysfunction 

  25   25   25 

 Low Parental 

Bonding 

  28   28   28 
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Depressive symptoms – Mean (sd) 

        

w1 1.3 (1.8) 257 (7.5) 1.3 (1.8)       
w2 1.3 (1.8) 267 (7.8) 1.4 (1.8)       
w3 1.3 (1.8) 21 (0.6) 1.3 (1.8)       

w4 1.2 (1.8) 82 (2.4) 1.2 (1.8)       
w5 1.3 (1.8) 99 (2.9) 1.3 (1.8)       
w6 1.2 (1.8) 27 (0.8) 1.2 (1.8)       

w7 1.3 (1.8) 415 (12.1) 1.3 (1.8)       
w8 1.3 (1.8) 734 (21.4) 1.3 (1.8)       
C-reactive Protein (CRP)    

   
   

High CRP repeated 
exposure w2,4,6 b 

0 times     
 

53    
1 time      21    
2 times      14    

3 times      12    
Hair cortisol (log) – Mean (sd)       0.91 (0.58) 0 (0) 0.91 (0.58) 
Medication Use           

Anti-inflammatory/ anti-hypertensive drugs    1651 
(49.4) 

0 (0) 49.4    

Antidepressants  343 (10) 0 (0) 10       

Steroids        88 (4.1) 0 (0) 4.1 

Note.  Sample: ELSA. sd = standard deviation. ACEs = adverse childhood experiences. CRP = C-reactive protein.  
a Only percentages are reported for the imputed data as counts vary across the 20 imputed datasets.  b Variable derived post imputation.  
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6.3.2. Depressive symptoms: G+E additive and GxE multiplicative interaction 
effects of ACEs and PGSs  
 

Three depressive-symptom trajectories were identified (see Appendix D – 

sMethods for a description of the LGM analysis). The estimated average trajectory for 

each class is illustrated in Figure 6.1. The Low depressive-symptom trajectory (46%) 

represented participants who reported low depressive symptoms at all waves, with a 

slight tendency towards lower levels in waves 4 and 5 compared with earlier and later 

waves. The Moderate depressive-symptom trajectory (45%) represented participants 

who reported moderate levels of depressive symptoms at all waves, also showing a 

slight tendency towards lower levels in waves 4 and 5. Lastly, the High depressive-

symptom trajectory (9%) included participants who reported high levels of depressive 

symptoms at all waves, with a slight tendency towards higher levels in waves 4 and 5 

compared with earlier and later waves.  

 

Figure 6.1. Estimated group-based trajectories of depressive symptoms (w1-8).  

Note. Sample: ELSA (N = 3,428). The Low depressive-symptom trajectory includes individuals with 
almost zero depressive symptoms at all waves [1,558 individuals (46%)]. The Moderate depressive-
symptom trajectory represents participants who consistently reported between 1 and 2 depressive 
symptoms [1,550 individuals (45%)]. The High depressive-symptom trajectory includes individuals with 
persistently high depressive symptoms (4+ symptoms) [320 individuals (9%)]. 
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The G+E additive and GxE multiplicative interaction effects of ACEs and PGSs 

on the depressive-symptom trajectories are illustrated in Figure 6.2 and reported in 

Table D2 (Appendix D). The adjusted odds ratios (OR) represent the Moderate or High 

depressive-symptom trajectory compared with the Low trajectory. In relation to the 

G+E additive effects, MDD-PGS was positively associated with the Moderate and High 

depressive-symptom trajectories (ORModTraj = 1.17[1.08;1.27]; ORHighTraj = 

1.47[1.28;1.70]), independently of ACEs, CRP, and cortisol PGSs and other 

covariates. Neither CRP-PGS nor cortisol-PGS was associated with depressive 

symptoms. The ACEs total score was positively associated with the Moderate and 

High depressive-symptom trajectories, independently of PGSs and other covariates 

(ORModTraj = 1.17[1.09;1.25]; ORHighTraj = 1.44[1.30;1.60]). All ACEs dimensions were 

positively related to depressive symptoms (Figure 6.2; Table D2).  

The GxE models revealed positive multiplicative interaction effects of MDD-

PGS with the ACEs total score (Figure 6.4.a) and with each ACEs dimension on both 

Moderate and High depressive-symptom trajectories, although the interaction with 

Threat was nonsignificant (Figure 6.2). GxE multiplicative interactions of ACEs with 

CRP-PGS or cortisol-PGS were not significantly related to depressive symptoms 

(Table D2). 

The odds ratios of the additive and interactive associations of ACEs and MDD-

PGS with depressive symptoms ranged from small to moderate (OR ≥ 1-3), and were 

generally larger for the risk of High depressive-symptom trajectories than for that of 

Moderate depressive-symptom trajectories.  
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Figure 6.2. G+E additive and GxE interaction effects of ACEs and PGSs on depressive-symptom trajectories. 

Note. Sample: ELSA (N = 3,428). Pooled estimates across 20 imputed datasets from latent growth mixture modelling with multinomial logistic regression analysis. The odds 
ratios represent the Moderate or High Depression trajectory compared with the Low trajectory. Associations adjusted for sex, age, childhood socioeconomic position, use of 
antidepressant medications, and 5 principal components of population stratification. ACEs = adverse childhood experiences. PGS = polygenic score. CRP = C-reactive protein. 
MDD = major depressive disorder. 
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6.3.3. Repeated exposure to systemic inflammation: G+E additive and GxE 
multiplicative interaction effects of ACEs and PGSs  
 

The G+E additive and GxE multiplicative interaction effects of ACEs and PGSs 

on repeated exposure to high CRP across waves 2, 4, and 6 are illustrated in Figure 

6.3 and reported in Table D3 (Appendix D). The adjusted ORs represent the likelihood 

of repeated exposure to high CRP levels. In the G+E models, CRP-PGS was positively 

associated with the risk of high CRP w2-6 (OR = 1.04[1.03;1.06]), independently of 

ACEs, MDD-PGS, and other covariates. MDD-PGS was also positively associated 

with CRP (OR = 1.03[1.01;1.04]). The ACEs total score was positively related to CRP 

independently of PGSs and other covariates (OR = 1.08[1.07;1.09]). This association 

was consistent across all ACEs dimensions considered in the analysis (Figure 6.3), 

although Loss experiences were more strongly related to CRP than other ACEs.  

The GxE models indicated positive multiplicative interaction effects between 

the ACEs total score and CRP-PGS on repeated exposure to high CRP (OR = 

1.02[1.01;1.03]) (Figure 6.3, Figure 6.4.b). Threat exhibited the largest interactions 

with CRP-PGS (OR = 1.11[1.05;1.17]) (Figure 6.4.c). The interaction effects of Loss 

(Figure 6.4.d) and Household Dysfunction with CRP-PGS were smaller and 

nonsignificant. For the GxE effects involving MDD-PGS, there were opposite 

associations among different ACEs dimensions. Specifically, there was a positive 

interaction with Low Parental Bonding (OR = 1.01[1.01;1.02]) and Household 

Dysfunction on high CRP w2-6 (OR = 1.05[1.02;1.09]). In contrast, the interaction 

effect with Loss was negatively related to CRP (OR = 0.88[0.85;0.91]) (Figure 6.3 and 

Table D3). 

Although most associations of ACEs and PGSs with inflammation were 

statistically significant, it should be noted that the magnitude of these relationships 

was small (none of the ORs exceeded 1.20). 
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Figure 6.3. G+E additive and GxE interaction effects of ACEs and PGSs on repeated exposure to high CRP w2-6. 

 
Note. Sample: ELSA (N = 3,343). Pooled estimates across 20 imputed datasets from ordinal logistic regression analysis. The odds ratios represent the likelihood 
of repeated exposure to high CRP (≥ 3 mg/L) across waves 2, 4, and 6. Associations adjusted for sex, age, childhood socioeconomic position, use of anti-
inflammatory/antihypertensive medications, and 5 principal components of population stratification. ACEs = adverse childhood experiences. PGS = polygenic 
score. CRP = C-reactive protein. MDD = major depressive disorder.  
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Figure 6.4. Interaction effects between ACEs and PGSs on the High depressive-symptom trajectory and high CRP w2-6. 

Note. Interactions adjusted for sex, age, childhood socioeconomic position, use of antidepressants (depression) or anti-inflammatory/antihypertensive medications (CRP), and 

5 principal components of population stratification. ACEs = adverse childhood experiences. PGS = polygenic score. CRP = C-reactive protein. MDD = major depressive disorder.
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6.3.4. Hair cortisol: G+E additive and GxE multiplicative interaction effects of 
ACEs and PGSs  
 

The G+E additive and GxE multiplicative interaction effects of ACEs and PGSs 

on hair cortisol are shown in Table D4 (Appendix D). In the additive models, cortisol-

PGS, MDD-PGS, and all types of ACEs were unrelated to hair cortisol concentration. 

Furthermore, the GxE models demonstrated that the interaction effects of ACEs with 

cortisol-PGS and MDD-PGS were not associated with cortisol levels.  

 

6.3.5. Sensitivity analyses  

 

The first sensitivity analysis tested the additive and interactive associations of 

ACEs and HPA-MGS with hair cortisol and depressive symptoms. Although the 

independent association of HPA-MGS with hair cortisol was nonsignificant, the GxE 

models revealed a positive interaction effect between cumulative ACEs exposure and 

HPA-MGS on hair cortisol (Appendix D – Table D5). This effect demonstrated that 

individuals reporting 3 or more ACEs had significantly lower cortisol levels than those 

with fewer ACEs if they had a low HPA-MGS, but they exhibited more elevated cortisol 

levels than their counterparts if they had a high HPA-MGS (interaction effect (b) = 

0.09[0.007;0.170]) (Figure 6.5). In contrast, both the additive and interactive 

associations of HPA-MGS with depressive symptoms were nonsignificant (Appendix 

D – Table D6), mirroring the results found in the main analysis with the cortisol-PGS. 
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Figure 6.5. GxE interaction effect between ACEs and HPA-MGS on hair cortisol.  

Note. Interaction effect adjusted for sex, age, childhood socioeconomic position, use of steroids, 5 
principal components of population stratification, and hair-related characteristics. ACEs = adverse 
childhood experiences. HPA-MGS = multilocus genetic score of HPA-axis function. 

 

 

Second, E-values were calculated for all significant additive effects found in the 

main imputed data analysis. The following ranges of E-values were obtained for the 

additive effects of ACEs and PGSs: Moderate depressive symptoms = 1.37–1.88; 

High depressive symptoms = 2.24–5.31 (Table D2); High CRP w2-6 = 1.14–1.42 

(Table D3). The E-values for moderate depressive symptoms and CRP were smaller 

than those for high depressive symptoms, suggesting that relatively modest 

unmeasured confounder effects could explain away their associations with the risk 

factors. However, the analysis did adjust for the most likely confounders of the 

association of ACEs with depression and CRP. In addition, the associations of the 

PGSs with the outcomes could only be confounded by different genetic variants than 

those included in the MDD, CRP, and cortisol PGSs, which should not play a major 

role in the aetiology of depression and dysregulation of stress-related systems. E-

values were not calculated for hair cortisol as all additive associations with ACEs and 

PGSs were nonsignificant. 

Third, the models for depressive symptoms were retested without adjustment 

for antidepressants. The additive associations and multiplicative interaction effects of 
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ACEs and PGSs did not change substantially when antidepressants were removed 

from the models (Appendix D  – Table D7).  

Fourth, the analyses were restricted to participants with complete data on all 

variables. The coefficients and standard errors of the associations of ACEs and PGSs 

with depressive symptoms were broadly similar to those of the main imputed data 

analysis. However, there was a significant negative interaction effect between cortisol-

PGS and exposure to loss/threat on Moderate depressive symptoms (Appendix D – 

Table D8), which was not found in the imputed data analysis. Nevertheless, this result 

should be interpreted with caution due to the unrepresentativeness of the complete 

data sample. The coefficients of the associations of the risk factors with CRP were 

also similar to those of the imputed data analysis. However, their standard errors were 

larger, possibly due to the reduced sample size and lower statistical power of the 

complete data analysis (Appendix D – Table D9). As for the analyses with the imputed 

data, ACEs, cortisol-PGS, and MDD-PGS were unrelated to hair cortisol concentration 

in the complete data analysis (Appendix D – Table D4), but the positive interaction 

effect between ACEs and HPA-MGS on hair cortisol was statistically significant 

(Appendix D – Table D5). 

Fifth, there were significant differences in socioeconomic, health, and lifestyle 

characteristics between ELSA participants included in the study and those excluded 

owing to insufficient data (i.e. unavailability of at least one measure of the main 

exposures and outcomes). However, the magnitude of these differences was small 

(Appendix D – Table D10). In addition, the potential impact of attrition and item 

nonresponse on the representativeness of the analytical samples was minimised 

through the use of multiple imputation to estimate the missing values.  

Lastly, the associations of ACEs and PGSs with baseline CRP levels (wave 2) 

were tested both excluding and including participants with CRP values > 10 mg/L. The 

associations did not change when participants with CRP values > 10 mg/L were 

included in the analysis (Appendix D – Table D11).  
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6.4. Discussion  

 

6.4.1. Summary of main results  

 

This is the first study testing the additive and interactive associations of ACEs 

and PGSs of MDD, CRP, and cortisol with trajectories of depressive symptoms, 

chronic inflammation, and hair cortisol levels in a large population-based sample of 

older adults. The results presented here revealed several important findings. First, all 

types of ACEs and MDD polygenic risk were associated with elevated trajectories of 

depressive symptoms and increased CRP levels, whereas CRP polygenic risk was 

only related to CRP. ACEs and polygenic risk for plasma cortisol and MDD were not 

associated with hair cortisol. Second, GxE analyses provided some evidence for the 

interplay between ACEs and genetic vulnerability across all outcomes, in line with the 

diathesis-stress model. In particular, the association between cumulative exposure to 

ACEs and elevated depressive symptoms was larger among participants at higher 

MDD polygenic risk, with similar interactions across all ACEs dimensions. ACEs 

cumulative exposure was also more strongly related to CRP in participants at higher 

CRP polygenic risk. However, these GxE interactions on CRP differed across distinct 

ACEs dimensions (see ‘Findings regarding CRP’). Further, although all GxE 

interaction effects involving the PGS of plasma cortisol were small and nonsignificant, 

the results revealed that exposure to 3 or more ACEs was related to increased hair 

cortisol levels among participants with high HPA-MGS.  

 

6.4.2. Findings regarding depressive symptoms  

 

Depression polygenic risk and cumulative exposure to ACEs were both 

associated with moderate and high trajectories of depressive symptoms in later life. 

These results are consistent with previous studies showing that MDD-PGS was 

associated with depressive symptoms and clinical diagnosis of depression in young 

people and adults (Halldorsdottir et al., 2019; Milaneschi et al., 2016). Likewise, 

several studies have suggested that early-life stress may increase the risk of 

depression during adulthood (Hughes et al., 2017). The present analysis extends this 

body of evidence by showing that both ACEs and MDD-PGS were related to individual 



 176 

differences in depressive symptoms and their persistence over time. Importantly, the 

association of ACEs with depressive symptoms was independent of potential 

confounders, including childhood socioeconomic position and genetic risk, thereby 

strengthening the evidence for the likely causal effect of ACEs on the risk of 

depression. The results further demonstrated that the interaction between ACEs and 

MDD-PGS was predictive of moderate and elevated depressive-symptom trajectories, 

with similar GxE effects for all ACEs dimensions. Hence, the relationship of ACEs with 

depressive symptoms was stronger in people with a high genetic vulnerability for 

depression. These findings are particularly important to better understand the 

mechanisms underlying the aetiology of depression. Specifically, they suggest that the 

role of ACEs in the development of depression might differ according to the individual’s 

genetic makeup, and that people with ACEs and a high genetic predisposition could 

be at greatest risk of developing depression. Previous studies examining the interplay 

between depression PGS and stress exposure have been inconclusive. A number of 

studies reported positive or negative interaction effects (Colodro-Conde et al., 2018; 

Mullins et al., 2016). Others found evidence for additive but not interactive effects 

(Lehto et al., 2020; Peyrot et al., 2018), which would suggest that ACEs and polygenic 

risk are two independent risk factors for depression. Possible reasons for these 

discrepant results could lie in the use of GWAS with low statistical power or in the 

measurement of stress exposure.  

In contrast with observational evidence indicating that elevated inflammation 

and cortisol levels may contribute to the pathogenesis of depression (Belvederi Murri 

et al., 2014; Haapakoski et al., 2015), this analysis does not provide support for the 

associations of polygenic risk for CRP and cortisol with depressive symptoms, and nor 

for the associations of depressive symptoms with a multilocus genetic score of HPA-

axis function. It should be noted that Mendelian Randomisation analyses using large 

samples (N > 100,000) have demonstrated that genetic variants linked to cortisol but 

not CRP are associated with a higher risk of depression (Kappelmann et al., 2021; 

Perry et al., 2021; Zhou & Qiao, 2019). Therefore, the lack of associations between 

cortisol polygenic risk and depression could be explained by the comparatively smaller 

size of the sample used in this analysis.  
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6.4.3. Findings regarding CRP 

 

This study is the first to investigate interaction effects between ACEs and PGSs 

of CRP and MDD on systemic levels of CRP. The results showed that both PGSs 

independently predicted elevated CRP levels. This result is in line with observational 

evidence suggesting that the relationship between inflammation and depression might 

be bidirectional (Lamers et al., 2019). Further, ACEs were related to increased CRP 

levels independently of possible sociodemographic and genetic confounders. This 

provides support for the plausible causal effect of exposure to early-life stress on 

dysregulation of inflammatory responses in adults (Baumeister et al., 2015). Earlier 

GxE analyses of inflammation showed that the interaction of specific genetic variants 

linked to CRP with childhood maltreatment was related to increased CRP 

concentrations (Cicchetti et al., 2015). In this study, CRP-PGS interacted with ACEs 

cumulative exposure to increase the risk of elevated CRP levels, while the interaction 

of ACEs cumulative exposure with MDD-PGS was unrelated to CRP. However, there 

also were some differential associations among distinct dimensions of ACEs. For 

instance, Threat was more strongly associated with inflammation among participants 

with higher CRP-PGS. In contrast, Loss predicted increased CRP levels regardless of 

the individual’s genetic vulnerability to inflammation or even when genetic vulnerability 

to MDD was low. Thus, certain types of ACEs such as Loss experiences might be 

linked to inflammation regardless of the individual’s genetic vulnerability. This finding 

is consistent with previous work in this and other cohorts highlighting the importance 

of parental loss for chronic inflammation (Iob et al., 2019; Lacey, Pinto Pereira, et al., 

2020). However, it is important to note that the effect size of the associations of ACEs 

and PGSs with CRP levels was only small. This suggests that the clinical significance 

of the findings regarding CRP could be limited.  

 

6.4.4. Findings regarding hair cortisol  

 

In agreement with the results of Study 1 (Chapter 3), ACEs were unrelated to 

hair cortisol levels. This finding is in contrast with previous work in other cohorts 

suggesting that individuals exposed to ACEs tend to exhibit increased hair cortisol 

concentrations (Khoury et al., 2019). Polygenic risk for plasma cortisol was also 



 178 

unrelated to hair cortisol. As discussed previously, the GWAS meta-analysis used to 

construct the PGS of plasma cortisol has only identified three SNPs that were 

significantly associated with cortisol concentration. This could be due to the limitations 

of cortisol measurement in body fluids, or due to the small sample size of the GWAS 

(N = 12,597). A larger GWAS meta-analysis of hair cortisol is currently underway. 

Once the results will be publicly available, it will be important to replicate this study 

using a polygenic score of hair cortisol.  

As a sensitivity analysis, this study also tested the effect of an MGS of HPA-

axis function including 10 SNPs from four HPA-axis related genes. In line with earlier 

work (Starr et al., 2020), there was evidence for a positive interaction effect between 

ACEs and HPA-MGS on hair cortisol, suggesting that ACEs were related to increased 

cortisol levels only among individuals with high HPA-MGS. This finding demonstrates 

the potential value of using an MGS of HPA-axis function in the absence of larger 

GWAS meta-analyses of cortisol.  

 

6.4.5. Strengths and limitations  

 

This study benefitted from its use of a large, nationally representative sample 

of older adults, PGSs of MDD, CRP, and plasma cortisol calculated using the largest 

GWAS meta-analyses published to date, repeated measures of depressive symptoms 

and inflammation, and hair cortisol concentration to assess long-term HPA activity. 

However, ACEs were assessed through a retrospective self-report questionnaire 

which was completed by the participants several decades after the actual experience 

of the adversities. Another limitation concerns the use of a single biomarker of 

inflammation, although research points to the importance of other inflammatory 

markers such as ILs and TNFs (Cohen-Woods et al., 2018). Lastly, although the 

analysis accounted for key confounders, causality cannot be assumed because the 

study is observational. Larger studies testing interactions between ACEs and PGSs in 

both clinical and population-based samples are needed to strengthen the evidence for 

the interplay between early-life stress and genetic factors in depression and its 

underlying biological mechanisms. Future GxE studies should also consider genetic 

variants associated with other inflammatory markers (Ruotsalainen et al., 2020) and 

use larger GWAS meta-analyses of cortisol. Another important direction for future 
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research is to test whether the interaction between ACEs and genetic factors could 

predict the direction of the relationship of depression with inflammatory and HPA-axis 

functioning.  

 

6.4.6. Conclusion 

 

Taken together, this study supports the notion that exposure to stressful and 

traumatic events during childhood and genetic liability are both important risk factors 

for persistently elevated depressive symptoms and chronic systemic inflammation in 

later life. Moreover, the results indicated that the combined effect of ACEs and genetic 

susceptibility might increase the risk of depression and dysregulation of inflammatory 

and HPA-axis functioning beyond the individual effects of these risk factors. 

Importantly, GxE interactions might characterise an important aetiological dimension 

of depression that is associated with differential response to antidepressant 

medication and psychological therapy (Esposito et al., 2018; Keers & Uher, 2012). 

Hence, it is important to assess both ACEs and polygenic risk in order to identify at-

risk individuals and design more targeted prevention programmes and personalised 

treatment approaches based on the individual’s characteristics and needs.  
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7. CHAPTER 7. STUDY 5: Adverse childhood experiences, early-

life cortisol, and depressive symptoms in young adulthood: A 

longitudinal genetically informed twin study.  

 

Study 5 tested the longitudinal associations of ACEs with salivary cortisol levels 

in adolescence and depressive symptoms in young adulthood in a sample of twins 

from the Twins Early Development Study (TEDS). Furthermore, it examined the 

possible mediating role of cortisol in the relationship between ACEs and depression, 

accounting for genetic influences on cortisol and depressive symptoms using a twin-

based method. The present chapter provides a brief overview of the TEDS cohort, 

followed by the background, methods, and results of the study and a discussion of the 

main findings. This study has been published in Translational Psychiatry.  

 

 

7.1. Overview of the TEDS study  

 

The Twins Early Development Study (TEDS) is a longitudinal cohort study of 

twins born in England and Wales between 1994 and 1996, whose aim is to disentangle 

genetic and environmental influences on cognitive, behavioural, and psychological 

development (Trouton et al., 2002). The study sought to recruit all families of twins 

born between January 1994 and December 1996, who were identified through official 

birth records. Since the commencement of the study, the families have been invited to 

participate in the study when the twins were aged 2, 3, 4, 7, 8, 9, 10, 12, 16, 18, and 

21 years of age. Almost 14,000 families provided data at the first assessment, and this 

sample was highly representative of the general UK population (Haworth et al., 2013).  

Data on various aspects of child development, including cognitive and language 

abilities, physical traits, medical problems, behavioural and mental health difficulties, 

home and school environment, parenting, academic achievement, and social 

relationships, have been collected through postal booklets, telephone interviews, and 

web-based surveys. The questionnaires have been completed by the parents 

when the twins were aged 2, 3, 4, 7, 8, 9, 10, 12, 14, and 16 years, and by the 

twins when they were aged 9, 10, 12, 14, 16, 18, and 21 years. In addition to these 

main assessments, TEDS has provided access to samples for the Environmental Risk 
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(E-Risk) study (Moffitt, 2002) and for other substudies focused on specific topics, such 

as eating behaviour, anxiety, attachment, and myopia (Haworth et al., 2013).  

Informed consent was collected from the parents for all assessments that took 

place during childhood and adolescence. The twins provided informed assent in 

adolescence and informed consent once they reached the age of 18 years. The study 

was approved by the research ethics committee of the Institute of Psychiatry, King’s 

College London, and it has received continuous funding from the UK Medical 

Research Council. A comprehensive overview of the TEDS study can be found on the 

study website (https://www.teds.ac.uk/). 

  

 

7.2. Introduction  

 

Adverse childhood experiences (ACEs), including both the absence of 

stimulation needed for typical development and the presence of harmful or threatening 

stimulation (McLaughlin & Sheridan, 2016), are very common in several countries 

(Degli Esposti et al., 2019; Merrick et al., 2018). In addition, they have been linked with 

a higher risk of mental disorders, chronic physical health conditions (e.g. 

cardiovascular disease, cancer), and health-harming behaviours (Bellis et al., 2019) 

(see Chapters 1.3.1 – 1.3.3). Stress-related psychopathologies including depression 

are the health outcomes most strongly related to ACEs. For instance, individuals 

exposed to multiple ACEs have a three to four-fold increased risk of developing 

depression (Chandan et al., 2019; Hughes et al., 2017). Given their high prevalence, 

lifelong health consequences, and associated societal costs, understanding the risk 

and protective mechanisms underlying the impact of ACEs on mental health is an 

important research priority that might stimulate more targeted preventive strategies.  

As discussed in Chapter 1.4, the hypothalamic-pituitary-adrenal (HPA)-axis is 

thought to be one of the main neurobiological mechanisms through which ACEs could 

lead to the emergence of stress-related psychopathology (Koss & Gunnar, 2018; 

Lupien et al., 2009). Repeated or excessive exposure to psychosocial stressors has 

been linked to chronic alterations in the function of the HPA-axis, with detrimental 

physiological consequences for the brain and other body systems (Danese & 

McEwen, 2012). This is particularly the case for children and young people exposed 

https://www.teds.ac.uk/
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to stressful and traumatic experiences, whose brain structures are still developing at 

the time of stress exposure (Lupien et al., 2009). A large number of observational 

studies have investigated the relationship of ACEs with the HPA-axis, including basal 

functioning and response to social stress tasks. Overall, this work has provided 

important evidence for dysregulated levels of cortisol (i.e. the primary end product of 

the HPA-axis) in children and adults exposed to ACEs (Koss & Gunnar, 2018; 

Kuhlman et al., 2017). However, there is little agreement on the direction of these 

associations. Early studies using salivary cortisol implied that ACEs were linked to 

increased stress-induced cortisol secretion and elevated basal cortisol levels (Carrion 

et al., 2002; Gunnar et al., 2001; Hunter et al., 2011), but a growing body of research 

now also suggests reduced HPA-axis activation (Bernard et al., 2017; Bunea et al., 

2017; Chiang et al., 2015) (see Chapter 1.4.5.1). Recently, similar inconsistencies 

have also been documented in studies measuring cortisol in hair, which provides 

indication of average cortisol exposure over several weeks (Khoury et al., 2019; 

Ouellet-Morin et al., 2020). Hence, other factors than the measurement of cortisol are 

likely to be involved. 

Different lines of research suggest that abnormal HPA-axis functioning may be 

implicated in the aetiology of stress-related disorders including depression. Several 

investigations have demonstrated that depressed individuals tend to exhibit HPA-axis 

hyperactivation (Pariante & Lightman, 2008; Stetler & Miller, 2011) (see Chapter 

1.4.5.2).  Interestingly, different patterns of HPA-axis activity have been found in other 

stress-related disorders. Notably, patients with post-traumatic stress disorder (PTSD) 

and those with PTSD and comorbid major depressive disorder (MDD) have been 

shown to have lower salivary cortisol levels than controls (Morris et al., 2012; Pan et 

al., 2018). Consequently, depressed individuals exposed to traumatic events could 

exhibit different patterns of HPA-axis activity compared with those without trauma.  

Despite the large number of studies investigating the role of the HPA-axis in 

the link between ACEs and stress-related psychopathologies, several uncertainties 

currently remain. First, the timing of HPA-axis development could play an important 

role in the relationship between stress exposure and cortisol levels. While early 

childhood seems to be characterised by an hyporesponsive stress response (Lupien 

et al., 2009), the HPA-axis has been shown to enter a phase of hypersensitivity to the 

environment with the beginning of puberty during late childhood or adolescence 

(Kuhlman et al., 2017). Importantly, exposure to ACEs could alter these typical 
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patterns of HPA-axis activity found across different early-life periods. For instance, a 

number of studies have found that exposure to ACEs, such as maltreatment and family 

dysfunction, was associated with elevated HPA-axis responses during early 

childhood, but the same types of adversities were related to reduced HPA-axis activity 

during late childhood and adolescence (Bosch et al., 2012; White et al., 2017) (see 

Chapter 1.4.6.2). Second, the vast majority of studies have used cross-sectional 

designs and did not formally test the potential role of the HPA-axis as a mediating 

mechanism through which ACEs might increase the risk of later stress-related 

psychopathology. Third, it remains unclear to what extent genetic influences might 

contribute to these relationships. HPA-axis function and depression are both 

influenced by genetic factors. Twin-based heritability estimates have been shown to 

range between 30-40% for depression (Smoller et al., 2019) and between 40-60% for 

salivary cortisol (Ouellet-Morin et al., 2016; Steptoe et al., 2009). Genes contributing 

to stress-related disorders could also affect the risk of exposure to ACEs through 

passive, evocative, or active gene-environment correlations (Jaffee & Price, 2008). 

Yet, few studies have tested whether the associations of ACEs and cortisol with 

depression are attenuated or confounded by genetic liability (see Chapter 1.5.4). 

Lastly, it has been proposed that the HPA-axis and immune systems might respond 

differently to different types of early-life stressors (Kuhlman et al., 2015, 2017; 

Sheridan & McLaughlin, 2014). For example, some preliminary evidence suggests that 

experiences related to threat (e.g. abuse and interparental conflict) but not deprivation 

(e.g. poverty) are associated with altered HPA-axis activity (Busso et al., 2017; 

LoPilato et al., 2019). However, studies to date have typically investigated ACEs either 

by calculating cumulative risk scores, or by testing the effects of few selected 

adversities in isolation. Importantly, both methods ignore the potential clustering of 

ACEs (Lacey & Minnis, 2020) (see Chapter 1.4.6.1). Hence, there is a need to explore 

the role of distinct ACEs patterns in order to understand whether specific types or 

combinations of ACEs might be more strongly related to psychopathology than others. 

Using data from the TEDS study, the present investigation tested the 

longitudinal associations of cumulative risk scores and dimensions (i.e. clusters) of 

ACEs with salivary cortisol levels during adolescence and with the emergence of 

depressive symptoms in early adulthood, while controlling for genetic liability to cortisol 

and depressive symptoms using a twin-based method. Additionally, mediation 

analysis was performed to test whether cortisol dysregulations might underlie the 
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association between ACEs and depressive symptoms. The following hypotheses were 

tested: 

1) ACEs would be associated with both depressive symptoms and altered cortisol 

levels, with different associations across distinct ACEs dimensions.  

2) Altered cortisol levels would be associated with an increased risk of depressive 

symptoms.  

3) The relationship between ACEs and depressive symptoms would be partly 

mediated by cortisol.  

4) The relationships between ACEs, cortisol, and depressive symptoms would 

remain when accounting for genetic confounding.  

 

 

7.3. Methods  

 

7.3.1. Sample  

 

The data came from a subsample of participants from the Twins Early 

Development Study (TEDS). An overview of the TEDS cohort is provided in Chapter 

7.1. The sample used for this investigation was part of a substudy focusing on 

environmental determinants of childhood adiposity and eating behaviours (Wardle et 

al., 2008). Briefly, 173 families with same-sex twins were visited at home by trained 

researchers when the twins were aged 11 years, on average. Cortisol samples were 

collected from 150 twin pairs, including 80 monozygotic (MZ) and 70 dizygotic (DZ) 

pairs (N = 300). This sample has been shown to have adequate power to study genetic 

and early-life environmental influences on cortisol (Ouellet-Morin et al., 2011; Steptoe 

et al., 2009). There were no significant differences in the baseline characteristics of 

twins who took part in the cortisol study compared with the full TEDS sample (see 

Appendix E – Table E1 for difference tests and p-values). Ethical approval for this 

substudy was obtained from the research ethics committees of King’s College London 

and University College London, and all families provided written informed consent.  
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7.3.2. Measures  

 

7.3.2.1. Adverse childhood experiences (ACEs) 

 
Exposure to several ACEs between age 3 to 11 years was assessed repeatedly 

using both prospectively and retrospectively collected information, reported by the 

parents and the twins. These included: negative parental practices, negative parental 

feelings, maternal depression, divorce of parents, separation from parents, bullying, 

emotional abuse, and physical abuse. The selection of these ACEs was informed by 

the ACEs definition presented in Chapter 1.3.1. A detailed description of the 

questionnaires used to measure ACEs and scoring methods can be found in Appendix 

E (sMethods and Tables E2-E6). Table 7.1 provides an overview of the available time 

points, sources (i.e. parents or twins), and methods (i.e. prospective or retrospective) 

of data collection for each ACE. For the purpose of the present analysis, a binary 

indicator combining data from all available assessments was derived for each type of 

ACE. For the numerical ACEs measures (i.e. negative parental practices, negative 

parental feelings, bullying, emotional abuse, and physical abuse), the mean total score 

across different time points was calculated to then derive a binary variable indicating 

‘high exposure’ using the highest tertile. For the binary ACEs measures (i.e. divorce, 

separation, maternal depression), a binary variable was derived representing any 

exposure to the relevant ACE throughout childhood. Using these binary indicators, the 

analysis compared two different ways of operationalising ACEs, including cumulative 

ACEs scores and dimensions of ACEs derived through factor analysis (see ‘Statistical 

Analyses’ section).  
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Table 7.1. Time points, periods, sources, and methods of data collection for each type of ACE. 

 
ACE measure 

 
Time points  

 
Time periods  

 
Source  
 

 
Method 

Negative parental 
practices 

3, 4, 7, 9, and 
11 years  

3, 4, 7, 9, and 
11 years  

Parent-reported: 3-11 years; 
Child-reported: 11 years.  

Prospective  

Negative parental 
feelings  

3, 4, 7, 9, and 
11 years 

3, 4, 7, 9, and 
11 years 

Parent-reported: 3-11 years; 
Child-reported: 11 years. 

Prospective 

Maternal depression 3 and 4 years  3 and 4 years  Parent-reported  Prospective 

Divorce of parents  7 and 9 years  7 and 9 years  Parent-reported  Prospective 

Separation from parents  7 and 9 years  7 and 9 years  Parent-reported  Prospective 

Bullying  11 years 11 years Child-reported Prospective 

Emotional abuse  21 years  0-11 years  Child-reported Retrospective  

Physical abuse  21 years  0-11 years Child-reported Retrospective  

Note. ‘Time points’ refers to the time of data collection; ‘Time periods’ refers to the time period covered by 
the ACE measures.  

 

7.3.2.2. Salivary cortisol  

 
At age 11, participants were visited at home by trained researchers and were 

invited to play a computer game. Saliva samples were collected before playing the 

computer game (pre-task), immediately after the game (post-task 1), and ten minutes 

later (post-task 2). All visits took place in the afternoon, and none of the twins had 

eaten within three hours of the cortisol assessment. The saliva samples were collected 

using Salivettes, with each cotton roll held in the mouth for two minutes. These were 

then stored at -20 °C until the completion of the study. Cortisol levels were measured 

using a high sensitivity chemiluminescence assay (IBL-Hamburg, Hamburg, 

Germany) at the Technical University Dresden (Germany). Inter- and intra-assay 

variance coefficients were < 8%. Missing values resulted in 290 out of 300 twins having 

data analysed. For this study, two cortisol measures were derived: 1) Average daytime 

cortisol, computed as the mean cortisol value across pre-task, post-task 1, and post-

task 2; 2) Cortisol reactivity, computed as the change between pre-task and post-task 

1.  The analysis focused on these cortisol measures to represent two key components 

that have been shown to underlie salivary cortisol levels, namely ‘total cortisol 

production’ and ‘change in cortisol levels’ (Khoury et al., 2015). The distribution of the 

cortisol measures in the sample was approximately normal.  
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7.3.2.3. Depressive symptoms  

 
Depressive symptoms were ascertained using the Short Mood and Feeling 

Questionnaire (SMFQ) (Angold et al., 1987) when the twins were aged 21 years. The 

SMFQ is a self-report measure including 13 items assessing different symptoms of 

depression (e.g. respondent felt miserable or unhappy, didn't enjoy anything at all, felt 

so tired he/she just sat around and did nothing). This scale is specifically designed to 

evaluate the severity of depressive symptoms in children and adolescents, and it has 

been shown to be a reliable and valid tool in both clinical and population samples 

(Burleson Daviss et al., 2006; Sund et al., 2001; Wood et al., 1995). A shorter 8-item 

version of the SMFQ was administered in TEDS. An overview of the items included in 

the scale is provided in Appendix E (Table E7). Each item was scored on a 3-point 

scale ranging from “Not true” (0) to “Very true” (2). The total SMFQ score was 

calculated by adding together all item scores. Possible scores in TEDS range between 

0 and 16, with higher scores indicating more severe depressive symptoms. This scale 

demonstrates good internal validity in the TEDS cohort (Cronbach’s α = 0.86) 

(Waszczuk et al., 2020). A continuous score was used in the analysis in order to 

maximise statistical power.  

 

7.3.2.4. Latent genetic risk scores  

 
Genetic liability for cortisol and depressive symptoms was estimated through a 

latent genetic risk method, which has been widely used to measure additive genetic 

influences on mental health and biological phenotypes among twins (Arseneault et al., 

2011; Baldwin et al., 2018; Brendgen et al., 2013). To construct the two genetic risk 

scores, low cortisol (given its negative correlations with both ACEs and depressive 

symptoms) was defined as the lowest tertile of the distribution of the average cortisol 

measure, and high depressive symptoms as the top tertile of the distribution of the 

total SMFQ score. Based on the fact that MZ twins typically share 100% of their genes 

and DZ twins share around 50% of their genetic make-up, a child’s genetic liability to 

cortisol and depressive symptoms was coded as follows: Cortisol – ‘lowest risk’ if they 

had a MZ co-twin without low cortisol, ‘low risk’ if they had a DZ co-twin without low 

cortisol, ‘high risk’ if they had a DZ co-twin with low cortisol, and ‘highest risk’ if they 

had a MZ co-twin with low cortisol; Depressive symptoms - ‘lowest risk’ if they had a 
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MZ co-twin without high depressive symptoms, ‘low risk’ if they had a DZ co-twin 

without high depressive symptoms, ‘high risk’ if they had a DZ co-twin with high 

depressive symptoms, and ‘highest risk’ if they had a MZ co-twin with high depressive 

symptoms.  

 

7.3.2.5. Covariates  

 
The statistical analyses were adjusted for sex (male or female), age in years, 

and family socioeconomic status (SES). Family SES was indexed by the mother’s 

educational level. Higher SES was defined as mothers with A-level equivalent or 

university degree qualifications. 

 

7.3.3. Statistical analyses  

 

 In order to account for the cumulative effects and patterning of ACEs, two 

different approaches were used to operationalise ACEs. First, a cumulative ACEs 

score was created by adding together the total number of ACEs experienced by each 

participant. This was then categorised into 0 ACEs, 1 ACE, 2 ACEs, and 3+ ACEs. 

Second, factor analysis (FA) was used to derive distinct variable-centred ACEs 

dimensions, namely clusters of ACEs that tend to co-occur in the sample. These were 

identified by randomly splitting the sample into two halves (i.e. training and test data), 

and then performing explorative factor analysis (EFA) with the training data using the 

psych R package (Ravelle, 2021) and confirmatory factor analysis (CFA) with the test 

data using the lavaan (Rosseel, 2012) and semTools (Jorgensen et al., 2021) R 

packages. The factor analysis was conducted using the Diagonally Weighted Least 

Squares (DWLS) estimator for categorical data. In the regression analysis, each FA-

derived dimension was indexed by a binary variable indicating the presence or 

absence of any exposure to the relevant ACEs throughout childhood. The cross-

validation of the dimensional model across the training and test datasets helped to 

reduce the risk of overfitting. Furthermore, the grouping of ACEs into different clusters 

resulted in a higher prevalence of ACEs within each group (see ‘Results’ section), 

compared with the frequencies of individual adversities which were generally low in 

this sample (see Table 7.2).  
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Cholesky decomposition was applied to determine additive genetic (A), shared 

environment (C), and non-shared environment (E) influences (Plomin et al., 2008) on 

cortisol and depressive symptoms, using the umx R package for twin and path-based 

structural equation modelling (Bates et al., 2019). The associations between ACEs 

(cumulative scores and dimensions), cortisol, and depressive symptoms were then 

tested using mixed-effects linear regression models with the lme4 R package (Bates 

et al., 2015), accounting for genetic influences using the latent genetic risk variables 

(see ‘Measures’ section). Further, model-based causal mediation analysis with the 

Mediation R package (Tingley et al., 2014) was performed to examine whether the 

exposure (ACEs) was indirectly associated with the outcome (depressive symptoms) 

through the mediator (cortisol) (Figure 7.1). The mediator (cortisol) was modelled 

using two linear mixed-effects models: Model 1 – including the exposure (ACEs) and 

pre-exposure covariates (sex, age, and family SES); Model 2 – Model 1 + latent 

genetic risk scores (a path, Figure 7.1). The outcome (depressive symptoms) was 

modelled using four linear mixed-effects models: Model 1 – including the exposure or 

mediator and the pre-exposure covariates (sex, age, and family SES); Model 2 – 

Model 1 + latent genetic risk scores; Model 3 – including both the exposure and the 

mediator, and all pre-exposure covariates (sex, age, family SES, latent genetic risk 

scores); Model 4 – Model 3 + an interaction term between the exposure and mediator 

(b and c’ paths, Figure 7.1). The average causal mediation effects of cortisol (ACMEs) 

were estimated both without (Model 1) and with (Model 2) adjustment for the latent 

genetic risk scores. In addition, the mediation models accounted for possible 

exposure-mediator interactions in order to examine whether the ACMEs may take 

different values depending on the exposure status (i.e. no exposure vs exposure to 

ACEs) (Tingley et al., 2014). Separate mediation models were fitted for the ACEs 

cumulative score and each ACEs dimension. All models were estimated using bias-

corrected bootstrapping with 1,000 replications. Further details on FA and causal 

mediation analysis are provided in Appendix E (sMethods).  

Missing data on the outcome and exposure variables were estimated using 

multiple imputation by chained equations (MI) with the mice R package (Buuren, 

2019). The proportions of missing data for all imputed variables are shown in Table 

7.2. The imputation models included all study variables. 20 imputed datasets were 

generated, and all estimates from regression and causal mediation analysis were 

combined under Rubin’s rules (Rubin, 2004).  
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Figure 7.1. Causal mediation mechanism diagram. 

 

7.4. Results  

 

7.4.1. Descriptive statistics  

 

The sample characteristics in the observed and imputed data are reported in 

Table 7.2. The prevalence of the individual ACEs items and of the cumulative ACEs 

score is reported in Figure 7.2. Children were aged 11 years on average at the cortisol 

assessment, and 60% of the sample was female. One third of the participants had 

high family SES. The mean value of average cortisol across the three assessments 

was 3.46 nmol/l. On average, cortisol levels decreased from baseline to post-task 1 

(mean change = -0.63 nmol/l), suggesting that the study protocol did not elicit 

increases in cortisol responses. The average levels of depressive symptoms in the 

sample were generally low (average total score = 4.6), but ranged across the full 

spectrum from no symptoms to severe symptoms. Regarding the prevalence of 

individual ACEs (imputed data), around 35% of the children experienced negative 

parental practices, negative parental feelings, or maternal depression. Parental 

divorce was reported by 10% of the sample, and another 8.5% reported being 

separated from their parents for a prolonged period of time. Further, 33.5% of the 

children reported high exposure to bullying by peers, 30.6% reported high levels of 

emotional abuse from parents, and 10.3% experienced physical abuse from parents. 

Overall, only 24% of the sample did not experience any ACEs, whereas 24%, 20%, 

and 32% reported respectively 1 ACE, 2 ACEs, and 3 or more ACEs, indicating that 
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different ACEs tended to co-occur in the sample (Figure 7.2). The participants’ 

characteristics in the observed and imputed data were broadly similar, although the 

prevalence of ACEs was slightly higher in the imputed data than in the observed data 

(Table 7.2). This suggests that participants with missing ACEs data might be at greater 

risk of ACEs compared with those without missing information.  

 

Table 7.2. Characteristics of the study participants and comparison with imputed data.  
 
Observed data (N=290) 

 
Imputed data*  

Sociodemographic characteristics   
Sex 

  

Girls 173 (59.7%) 59.70% 
Boys 117 (40.3%) 40.30% 
Age in years  

  

Mean (SD) 11.15 (0.52) 11.15 (0.52) 
Range 9.90 - 12.30 9.90 - 12.30 
Family SES 

  

N-Miss/ % 6 / 2% 
 

High 94 (33.1%) 33.00% 
Adverse childhood experiences (ACEs)  
Negative Parental Practices  

  

N-Miss/ % 119/ 41% 
 

Yes 57 (33.3%) 36.30% 
Negative Parental Feelings  

  

N-Miss/ % 118/ 41% 
 

Yes 57 (33.1%) 36.90% 
Maternal Depression 

  

N-Miss/ % 18/ 6% 
 

Yes 92 (33.8%) 34.00% 
Parental Divorce 

 

N-Miss/ % 71/ 24% 
 

Yes 19 (8.7%) 10.30% 
Separation   
N-Miss/ % 80/ 28%  

Yes 10 (4.8%) 8.50% 
Bullying   
N-Miss/ % 53/ 18%  

Yes 78 (32.9%) 33.50% 
Emotional Abuse   
N-Miss/ % 136/ 47%  

Yes 40 (26.0%) 30.60% 
Physical Abuse    
N-Miss/ % 137/ 47%  

Yes 9 (5.9%) 10.30% 
ACEs cumulative score 

 

0 ACEs 31 (29.5%) 24.10% 

1 ACE 27 (25.7%) 24.20% 
2 ACEs 20 (19.0%) 20.00% 
3+ ACEs 27 (25.7%) 31.70% 

Cortisol and depressive symptoms   
Average cortisol (age 11), nmol/l 

 

Mean (SD) 3.46 (1.77) 3.46 (1.76) 

Range 0.14 - 10.11 0.14 - 10.11 
Cortisol reactivity (age 11), nmol/l 

 

Mean (SD) -0.63 (1.34) -0.63 (1.34) 

Range -6.23 - 4.53 -6.23 - 4.53 
Depressive symptoms (age 21) 

 

N-Miss / % 126 / 43% 
 

Mean (SD) 4.63 (4.46) 4.60 (4.52) 

Range 0.00 - 16.00 0.00 - 16.00 

Note. Sample: TEDS (N = 290). SES = socioeconomic status. ACEs = Adverse childhood experiences. N-Miss = 

number of missing data. SD = standard deviation.  
*Only percentages are reported for the imputed data as counts vary across the 20 imputed datasets. 
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Figure 7.2. Prevalence of the individual ACEs items and the cumulative ACEs score.  

Note. Sample: TEDS (N = 290). Imputed data. ACEs = adverse childhood experiences.  
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7.4.2. ACEs dimensions  

 

The statistical results of the EFA of ACEs in the training dataset are shown in 

Table E8 (Appendix E). The final CFA model fitted on the test dataset is illustrated in 

Figure 7.3. The model fit the test dataset well, SRMSR=0.063, RMSEA=0.047, 

CFI=0.974, TLI=0.949. Standardised factor loadings were high for all ACEs indicators 

(range: 0.617-1.000). All factors had good discriminant validity since their correlations 

were lower than 0.85 (Kenny, 2016). This analysis revealed four distinct dimensions 

of ACEs, namely: Dysfunctional Parenting (i.e. negative parental practices/feelings 

and maternal depression; 59.4%), Parental Divorce/Separation (14.7%), Bullying 

(33.5%), and Abuse (physical or emotional; 32.9%). Bullying was included as a 

standalone dimension in the final CFA model since it did not correlate well with any of 

the latent factors (i.e. factor loadings on all latent factors were less than 0.3) (Field, 

2013). 

Figure 7.3. Confirmatory factor analysis (CFA) of the ACEs items in the test dataset. 

Note. Sample: TEDS, test dataset (N = 145). Estimator = DWLS. All coefficients are standardised and 
statistically significant (P-value < 0.001).    
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7.4.3. Genetic influences on cortisol and depressive symptoms  

 

The intraclass correlation coefficient (ICC) of average cortisol (i.e. ratio of 

between-twin pair variance over total variance) was 0.445, suggesting that around 

45% of its variance was accounted for by within-twin pair correlations. Cholesky 

decomposition further indicated that 44% of the observed variation in cortisol levels 

was explained by additive genetic effects, 16% was explained by the twins’ shared 

environment, and 40% by non-shared environmental influences (Figure 7.4). These 

results are consistent with earlier heritability estimates of salivary cortisol found in this 

and other twin samples (Ouellet-Morin et al., 2016; Steptoe et al., 2009). The ICC of 

depressive symptoms was 0.519, indicating that around 50% of its variance was 

explained by within-twin pair correlations. Cholesky decomposition showed that 37% 

of the observed variation in depressive symptoms was explained by additive genetic 

effects, 13% was explained by shared environmental influences, and 50% by non-

shared environmental effects (Figure 7.4), as suggested by previous twin-based 

heritability studies of depression (Kendler et al., 2006; Smoller et al., 2019).  

Figure 7.4. Cholesky decomposition (ACE model) of variance in average daytime salivary 
cortisol and depressive symptoms. 

Note. Additive genetic (A), shared environment (C), and non-shared environment (E) effects and 95% 
confidence intervals.  
 
 

Depressive 
Symptoms 

Cortisol 

A
0.44 [0.39,0.49]

C
0.16 [0.06,0.27]

E
0.40 [0.39,0.41]

A
0.37 [0.30,0.44]

C
0.13 [-0.06,0.31]

E
0.50 [0.49,0.52]
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7.4.4. Associations of ACEs with average daytime cortisol levels in adolescence 
(path a)  

 

The individual associations of ACEs (cumulative risk score and dimensions) 

with average cortisol levels at age 11 are illustrated in Figure 7.5 and reported in Table 

E9 (Appendix E). In the model adjusted for sex, age, and family SES (Model 1), 

children exposed to 3+ ACEs had significantly lower cortisol levels than those who did 

not have any ACE (b=-0.576, p=0.049), although the effect size of this association was 

small (β=-0.066). Among different types of ACEs, bullying victimisation exhibited the 

largest relationship with cortisol (b=-0.611, p=0.008, β=-0.061), whereas other ACEs 

dimensions (i.e. abuse, parental divorce/separation, dysfunctional parenting) were not 

independently associated with cortisol. The relationships of ACEs with average 

cortisol levels were attenuated after adjustment for genetic liability for cortisol, but a 

significant yet small association with bullying remained (Model 2: bACE:3+=-0.407, 

p=0.100, β=-0.045; bbullying=-0.510, p=0.013, β=-0.051).  
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Figure 7.5. Associations of ACEs with average daytime cortisol levels (age 11).  

Note. Sample: TEDS (N = 290). Pooled estimates from mixed-effects linear regression analysis with 
20 imputed datasets. Model 1 = adjusted for sex, age, and family SES; Model 2 = Model 1 + latent 
genetic risk scores for cortisol. ACEs = adverse childhood experiences (reference group = 0 ACEs). 
SES = socioeconomic status. CI = confidence interval.  
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7.4.5. Associations of average daytime cortisol levels and ACEs with depressive 
symptoms in early adulthood (paths b and c’) 

 
The individual associations of average cortisol levels and ACEs with depressive 

symptoms at age 21 are illustrated in Figure 7.6 and reported in Table E10 (Appendix 

E). Lower cortisol levels were related to higher depressive symptoms, but this 

association was only borderline significant (b=-0.322, p=0.072, β=-0.20). Children 

exposed to 3+ ACEs, abuse, or bullying had higher depressive symptoms at age 21, 

independently of genetic liability and other covariates (Model 2: bACE:3+=1.601, 

p=0.007; babuse=1.537, p=0.017; bbullying=1.047, p=0.030). The largest association was 

observed for the experience of 3+ ACEs (β=0.132), followed by abuse (β=0.096) and 

bullying (β=0.065). By contrast, no associations were found for divorce/separation and 

dysfunctional parenting. Further, the interaction effects between ACEs and average 

cortisol on depressive symptoms (Model 4, Appendix E – Table E11) revealed a small 

negative interaction effect between exposure to 3+ ACEs and cortisol (b=-0.564, 

p=0.050, β=-0.035), independently of genetic liability and other covariates. As 

illustrated in Figure 7.7, lower cortisol levels were associated with higher depressive 

symptoms among the group of children exposed to 3+ ACEs, but this association was 

much smaller among children exposed to smaller numbers of ACEs.  
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Figure 7.6. Associations of ACEs and cortisol (age 11) with depressive symptoms (age 21). 

Note. Sample: TEDS (N = 290). Pooled estimates from mixed-effects linear regression analysis with 
20 imputed datasets. Model 1 = adjusted for sex, age, and family SES; Model 2 = Model 1 + latent 
genetic risk scores for cortisol/depressive symptoms. ACEs = adverse childhood experiences 
(reference group = 0 ACEs). SES = socioeconomic status. CI = confidence interval.  
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Figure 7.7. Interaction effect between ACEs cumulative exposure and average daytime cortisol 
levels on depressive symptoms. 

Note. Sample: TEDS (N = 290). Pooled estimates from mixed-effects linear regression analysis with 
20 imputed datasets. Model 4 – adjusted for sex, age, family SES, and latent genetic risk scores. ACEs 
= adverse childhood experiences. SES = socioeconomic status.  
 
 
 

7.4.6. Mediation effects of average daytime cortisol levels in the relationship 
between ACEs and depressive symptoms   
 

The average causal mediation effects (ACMEs) of average cortisol levels are 

reported in Table E12 (Appendix E) and illustrated in Figure 7.8. The ACMEs were 

calculated in the whole sample, as well as in the groups of participants exposed and 

unexposed to ACEs separately, to account for possible exposure-mediator 

interactions. In the whole sample, cumulative exposure to 3+ ACEs increased the risk 

of higher depressive symptoms partly through lower cortisol levels, independently of 

genetic liability and other covariates (Model 2: ACME=0.156, 95%CI=0.018,0.343). 

Hence, cortisol explained around 11% of the total association of exposure to 3+ ACEs 

with depressive symptoms (Table E12). When accounting for the interaction between 



 200 

ACEs and cortisol, the results showed that the ACME of cortisol took different values 

according to the exposure status. Specifically, this effect was almost twice as large in 

the group of participants exposed to 3+ ACEs (proportion mediated effect=20%), while 

it was not significant in the unexposed group (Table E12). This suggests that cortisol 

was more strongly related to depressive symptoms in children exposed to ACEs, as 

indicated by the interaction effect presented above (Figure 7.7). There also was a 

significant ACME of cortisol in the association of bullying with depressive symptoms 

in the whole sample independently of genetic liability and other covariates (Model 2: 

ACME=0.182, 95%CI= 0.011,0.425), suggesting that cortisol mediated 20% of the 

total association of bullying with depressive symptoms. The ACMEs of cortisol for 

other ACEs dimensions were considerably smaller and nonsignificant in all models 

(Table E12).     
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Figure 7.8. Mediation effects of average daytime cortisol levels in the associations of ACEs 
with depressive symptoms (whole sample). 

Note. Sample: TEDS (N = 290). Pooled estimates from mixed-effects linear regression analysis with 
20 imputed datasets. Model 1 = adjusted for sex, age, and family SES; Model 2 – Model 1 + latent 
genetic risk scores for cortisol and depressive symptoms. ACME = average causal mediation effect. CI 
= confidence interval. ACEs = adverse childhood experiences. SES = socioeconomic status. 
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7.4.7. Associations between ACEs, cortisol reactivity, and depressive 
symptoms  

 

Neither the cumulative ACEs score nor the ACEs dimensions were associated 

with cortisol reactivity (Appendix E – Table E13), and cortisol reactivity did not predict 

depressive symptoms (Appendix E – Table E14). Correspondingly, all ACMEs of 

cortisol reactivity were nonsignificant (Appendix E – Table E15).  

 

7.4.8. Sensitivity analyses  

 

A number of sensitivity analyses were conducted in order to assess the 

robustness of the results of the main imputed data analysis. First, the associations of 

the individual ACEs items with cortisol and depressive symptoms were tested. As 

expected, only bullying was significantly associated with lower cortisol levels, although 

there also was a borderline significant association with negative parental practices 

(Appendix E – Table E16). Further, bullying, emotional abuse, and physical abuse 

were all associated with higher depressive symptoms. Additionally, negative parental 

practices and maternal depression exhibited borderline significant associations with 

depressive symptoms (Table E16). Second, the mediation effects of average cortisol 

in the associations of the ACEs cumulative score and bullying victimisation with 

depressive symptoms at age 21 were not affected by earlier depressive symptoms 

(age 11) (Appendix E  – Table E17). This provides further evidence for the plausible 

causal effects of ACEs and cortisol on depressive symptoms. Third, E-values were 

calculated for all statistically significant associations found in the most restrictive 

models of the main imputed data analysis (VanderWeele & Ding, 2017). The E-values 

were not particularly large (Appendix E – Tables E9-E10), suggesting that modest 

unmeasured confounding effects could explain away these associations. However, 

the analysis did adjust for the most likely confounders of the relationships between 

ACEs, cortisol, and depressive symptoms, including demographic, socioeconomic, 

and genetic characteristics. Lastly, the associations between ACEs, cortisol levels, 

and depressive symptoms were restricted to the sample of participants with complete 

data on all variables (N = 163). The patterns of associations were broadly similar to 

those found in the imputed data analysis, but the standard errors and p-values were 
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generally larger owing to the reduced sample size of the complete dataset (Appendix 

E – Tables E18-E19).  

 

 

7.5. Discussion  

 

7.5.1. Summary of main findings  

 

The present analysis revealed several key findings. Children exposed to three 

or more ACEs had lower daytime cortisol levels at age 11 and elevated depressive 

symptoms at age 21. Among different types of ACEs (i.e. bullying, abuse, parental 

divorce/separation, dysfunctional parenting), bullying had the largest association with 

cortisol, and abuse (emotional or physical) showed the largest association with 

depressive symptoms. Lower cortisol was also associated with higher depressive 

symptoms at age 21 among participants exposed to multiple ACEs. Further, the 

mediation analysis indicated that cortisol mediated around 10-20% of the total 

associations of ACEs cumulative exposure and bullying with depressive symptoms. 

The relationships among ACEs, cortisol, and depressive symptoms were attenuated 

when controlling for genetic liability, but ACEs remained as risk factors for altered 

cortisol levels and depressive symptoms.  

 

7.5.2. Interpretation of findings in relation to previous evidence 

 

Previous studies have demonstrated that adolescents exposed to traumatic 

events had diminished cortisol levels, but this association was not found among 

younger children (Bosch et al., 2012; White et al., 2017). These findings and the 

results presented here provide some preliminary evidence for a negative association 

between ACEs and salivary cortisol in early adolescence, a period in which cortisol 

levels tend to increase with the onset of puberty. The analysis also showed that lower 

cortisol levels during adolescence were associated with higher depressive symptoms 

in early adulthood, particularly among individuals exposed to ACEs. This finding 

contradicts previous research suggesting that depressed individuals and people with 

elevated depressive symptoms tend to exhibit HPA-axis hyperactivation (Iob, 
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Kirschbaum, et al., 2020; Stetler & Miller, 2011). However, it is partly consistent with 

earlier analyses showing that PTSD patients with comorbid MDD have lower cortisol 

levels (Morris et al., 2012). Moreover, the majority of these studies focused on middle-

aged and older adults, but the relationship of cortisol with depression could be different 

among children and young people.  

Few studies have formally tested whether cortisol dysregulations might underlie 

the effect of ACEs on later risk of depression. The present study extends this work by 

showing that lower cortisol levels explained between 10-20% of the total association 

of ACEs with depressive symptoms in young adulthood. This supports the idea that 

the HPA-axis might be an important neurobiological mechanism through which ACEs 

become biologically embedded and increase the individual’s vulnerability to stress-

related psychopathology (Koss & Gunnar, 2018).  

This study also expands previous knowledge by assessing the contribution of 

genetic factors. The results presented here show that the adjustment for genetic 

liability attenuated the relationships between ACEs, cortisol, and depressive 

symptoms, but did not fully explain them. Hence, both ACEs and genetic liability are 

likely to be important risk factors for abnormal HPA-axis functioning and depression 

symptomatology. These findings are partly consistent with the Diathesis-stress Model 

and the Differential Susceptibility Theory, which suggest that certain individuals might 

be more vulnerable or sensitive to environmental influences as a function of their 

biological and psychological make-up (Assary et al., 2018; Koss & Gunnar, 2018). It 

is worth noting that the latent genetic risk scores used in the analysis accounted for 

potential confounding effects due to gene-environment correlations and interactions 

between genetic and shared environmental influences. However, variance attributable 

to gene by non-shared environment interactions was left unexplained.  

With regard to the effects of distinct types of ACEs, experiences involving threat 

(bullying and physical and emotional abuse) were associated with depressive 

symptoms in young adulthood, while less threatening experiences (parental 

divorce/separation and dysfunctional parenting) were not. The dimension involving 

physical and emotional abuse showed the largest association with depressive 

symptoms. This is in line with the results of recent meta-analyses suggesting that 

emotional abuse is one of the strongest predictors of depression (Humphreys et al., 

2020; Infurna et al., 2016; LeMoult et al., 2020; Nelson et al., 2017). However, among 

all the individual ACEs, only bullying victimisation was associated with cortisol. This 
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finding partially supports previous research showing that experiences related to threat 

(e.g. violence) but not deprivation were associated with altered HPA-axis activity 

(Busso et al., 2017; LoPilato et al., 2019). An alternative explanation might be related 

to the fact that physical and emotional abuse were retrospectively self-reported at the 

same time as depression assessment, whereas bullying and the other ACEs were 

assessed prospectively. Previous research has found low agreement between 

prospective and retrospective measures of ACEs (Baldwin et al., 2019), with 

retrospective measures showing stronger associations with psychopathology than 

prospective measures (Newbury et al., 2018). Therefore, the association between 

physical and emotional abuse with depression might reflect retrospective recall bias, 

whereby individuals with depression are more likely to report abusive experiences due 

to negative bias in autobiographical memory. Furthermore, the lack of association 

between physical and emotional abuse and cortisol supports findings showing that 

retrospective measures of early adversity show weaker associations with objective 

measures (i.e. biomarkers such as cortisol) than subjective measures of health 

(Reuben et al., 2016). To understand whether these findings reflect the effects of 

different ACEs or the assessment method, future research should test whether 

prospective and retrospective measures of the same ACEs are differentially 

associated with health outcomes and mechanisms.  

Lastly, there was no evidence for the associations of cortisol reactivity with 

ACEs and depressive symptoms. However, this could be due to the fact that the game 

task used in the study did not trigger marked changes in cortisol responses, although 

it did elicit marked increases in subjective ratings of excitement (Steptoe et al., 2009). 

 

7.5.3. Strengths, limitations, and suggestions for future research  

 

The present investigation has several strengths, including its longitudinal 

design, adjustment for genetic confounding, measurement of ACEs using both 

cumulative risk and dimensional approaches, and assessment of the mediation effects 

of cortisol using causal mediation analysis. However, the findings should be 

considered in light of a number of limitations. First, the small sample size of the study 

might have reduced the power of the moderation and mediation analyses to detect 

statistically significant differences. Second, the scale measuring negative parental 
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practices demonstrated low internal validity in the TEDS cohort (see Appendix E, 

sMethods), and the dichotomisation of the ACE constructs might have resulted in the 

loss of some information. Third, although the analysis used multiple measures of 

cortisol, all assessments took place over a single day. As such, it was not possible to 

assess long-term patterns of cortisol production. Fourth, as discussed above, physical 

and emotional abuse were measured through a retrospective questionnaire and could 

therefore be disproportionally affected by measurement error. Lastly, genetic 

influences were accounted for using a latent twin-based method, rather than actual 

differences in candidate genes or polygenic risk scores. Possible directions for future 

research include to: replicate these results using larger samples of twins and unrelated 

individuals; assess the role of ACEs, cortisol, and genetic factors in other internalising 

problems such as anxiety; employ different methods to measure cortisol (e.g. hair 

cortisol) and genetic vulnerability (e.g. polygenic scores); account for both gene by 

shared environment and gene by non-shared environment interactions; and test 

whether distinct adversity clusters might interact with one another. Another important 

research priority is to elucidate mechanisms of resilience that could help to prevent 

stress-related psychopathology in children affected by ACEs, such as lifestyle 

behaviours and stress-adapted skills that children might develop when growing up in 

unpredictable, harsh environments (e.g. greater attunement to other people and social 

relationships, enhanced flexibility in switching between tasks) (Ellis et al., 2020).     

 

7.5.4. Conclusion  

 

To conclude, this study showed that children exposed to multiple ACEs, and 

particularly experiences of abuse and bullying, were more likely to experience 

elevated depressive symptoms in early adulthood, and this relationship was partly 

explained by lower cortisol levels in early adolescence. Genetic influences might also 

contribute to these associations, but ACEs are likely to be independent risk factors for 

altered cortisol levels and depressive symptoms. Intervention studies are needed to 

test whether early interventions to reduce stress in children affected by ACEs, such 

as psychotherapy, promotion of physical activity, or pharmacotherapy, could have 

beneficial effects on the function of the HPA-axis and help to prevent the emergence 

of stress-related psychopathologies later in life.  
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8. CHAPTER 8. STUDY 6: Adverse childhood experiences, early-life 

inflammation, and depressive symptoms in young adulthood: 

timing and patterning effects.  

 

Using data from the Avon Longitudinal Study of Parents and Children 

(ALSPAC), the final study of this thesis investigated the associations of ACEs with 

longitudinal patterns of systemic inflammation during childhood and depressive 

symptoms in young adulthood, accounting for both the timing and patterning of ACEs 

from the prenatal period through to adolescence. Furthermore, the longitudinal 

mediation effects of inflammation in the relationship between ACEs and depressive 

symptoms were tested. This chapter provides a brief overview of the ALSPAC cohort, 

followed by the background, methods, and results of the study and a discussion of the 

main findings. 

 

 

8.1. Overview of the ALSPAC study  

 

The Avon Longitudinal Study of Parents and Children (ALSPAC) is a 

prospective observational cohort study investigating influences on health and 

development across the life course (Boyd et al., 2013). The study recruited a 

geographically defined sample of 14,541 pregnant women living in the Bristol area 

(United Kingdom) with expected delivery dates between 1st April 1991 and 31st 

December 1992. This resulted in 14,062 live-born children of whom 13,988 were alive 

at 1 year of age. When the oldest study children were approximately 7 years of age, 

the initial sample was boosted with eligible participants who had failed to join the study 

when it first began. As a result, the total sample, including later enrolment phases, 

includes 14,775 live births and 14,701 children alive at 1 year of age.  

The ALSPAC resource contains key information about social, psychological, 

biological, and genetic factors influencing a wide range of health, social, and 

developmental outcomes. Data collection took place at several assessments from 

pregnancy up to young adulthood. Separate questionnaires were completed by the 

mothers, their partners, and the study children. These were complemented by clinical 

assessments for the collection of more detailed health-related information and 



 208 

biological samples to measure various biomarkers, such as inflammatory markers and 

genetic data.  

Key strengths of the ALSPAC study include its large population-based sample, 

the availability of a breadth of repeated measures taken at several time points across 

the life course, and its extensive biobank including numerous biological samples. 

Despite these strengths, the regional basis of ALSPAC posits limitations in external 

validity when generalising findings to the national population. The demographic profile 

of the Bristol region and subsequent attrition have led to a shortfall in the less affluent 

families and ethnic minority groups compared with the national population. Children 

who are part of the ALSPAC sample have been shown to have higher educational 

attainment than the national average, they are more likely to be white, and less likely 

to be eligible for free school meals (Boyd et al., 2013). Attrition rates were at their 

highest levels when the study children were in infancy but further increased as they 

entered adulthood. Nevertheless, a core sub-sample of over 3,000 families have 

completed all available assessments, and almost 6,000 families participated in 75% 

or more of assessments (Boyd et al., 2013). Although these factors might affect the 

external validity of prevalence data obtained from the ALSPAC cohort, they should not 

adversely impact the longitudinal results of analyses using appropriate statistical 

techniques to account for missing data (e.g. multiple imputation) (Boyd et al., 2013). 

Written informed consent was obtained from the parents and the study children. 

Ethical approval for the ALSPAC study was granted by the ALSPAC Law and Ethics 

Committee and the Local Research Ethics Committees. Consent for the collection of 

biological samples was obtained in accordance with the Human Tissue Act (2004). A 

comprehensive overview of the data collection methods and variables available in the 

ALSPAC resource can be found on the study website  

(http://www.bristol.ac.uk/alspac/).  

 

 

  

http://www.bristol.ac.uk/alspac/
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8.2. Introduction  

 

Depression is the mental health outcome most consistently associated with 

early-life stress. Several meta-analyses have provided robust evidence for a dose-

response relationship between adverse childhood experiences (ACEs) and 

depression in both children and adults (Chandan et al., 2019; Hughes et al., 2017; 

LeMoult et al., 2020) (see Chapter 1.3.3.1). The childhood period seems particularly 

sensitive to stressful environmental circumstances that may affect the risk of 

depression. Indeed, around 75% of mental disorders are established by early 

adulthood (Kessler et al., 2005). Given the increasing burden of mental health 

problems in young people, it is essential to understand the risk and protective 

mechanisms underlying the development of depression and other emotional 

difficulties to reduce psychopathology across the life course.   

Although the precise mechanisms linking ACEs with depression are still subject 

of debate, experimental animal models and observational human studies suggest that 

dysregulation of the inflammatory response might be an important mechanism through 

which ACEs are translated into biological risk for depression (Danese & Baldwin, 

2017). Several investigations have consistently demonstrated that adults exposed to 

ACEs often exhibit chronic systemic inflammation, including elevated levels of 

inflammatory markers such as CRP, TNF-α, and IL-6 (Baldwin et al., 2018; Baumeister 

et al., 2015; Chen & Lacey, 2018; Iob et al., 2019) (see Chapter 1.4.5.1). Furthermore, 

several meta-analyses of clinical and population-based studies have confirmed that 

depression is associated with chronic systemic inflammation in adults (Dowlati et al., 

2010; Haapakoski et al., 2015; Horn et al., 2018; Osimo, Pillinger, et al., 2020) (see 

Chapter 1.4.5.2). Comparatively fewer studies have examined these associations in 

children and adolescents, but initial evidence suggests that the relationship of 

systemic inflammation with ACEs and depression might be weaker in young people 

than in middle-aged and older adults (D’Acunto et al., 2019; Kuhlman et al., 2020).  

In addition to limited research involving young people, other evidence gaps are 

limiting our understanding of the role of systemic inflammation in the relationship 

between ACEs and depression. One important issue concerns the measurement of 

ACEs in research. As discussed in Chapter 1.4.6.1, most studies have investigated 

the effects of individual types of adversity separately or have used cumulative ACEs 
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scores, which ignore the specific patterning of ACEs (Kuhlman et al., 2017; Lacey & 

Minnis, 2020). Hence, there is a need to explore the relationships of different types 

and patterns of ACEs with mental health in order to understand whether certain ACEs 

or combinations of ACEs might be more strongly related to psychopathology than 

others. Some studies have shown that childhood adversities involving threat (e.g. 

psychological or physical abuse) are more strongly related to unfavourable biological 

and mental health outcomes than other ACEs (Busso et al., 2017; Fogelman & Canli, 

2018; Horn et al., 2018; Infurna et al., 2016; LoPilato et al., 2019; Sumner et al., 2019), 

while other research points to the importance of emotional neglect and parental 

absence in dysregulation of HPA-axis and inflammatory functioning (Baumeister et al., 

2016; Koss & Gunnar, 2018). However, this work has concentrated on specific 

adversities in isolation without considering their interrelated nature. Of note, a recent 

study in the ALSPAC cohort found that neither ACEs clusters derived through latent 

class analysis (LCA) (i.e. person-centred method) nor cumulative ACEs scores were 

related to inflammation at age 9 years (Lacey, Bartley, et al., 2020). However, the 

identification of combinations of ACEs through variable-centred methods such as 

factor analysis (FA) could yield different ACEs clusters, which in turn might exhibit a 

distinct pattern of associations with inflammation. Moreover, this analysis did not 

consider the timing of ACEs and only assessed inflammation at a single point in time. 

On the other hand, recent research in adult samples has found that both LCA-derived 

and FA-derived ACEs clusters related to abuse, household dysfunction, parental 

absence, and poor parent-child relationships were all associated with increased 

inflammation in mid and later life (Iob et al., 2019; Lacey, Pinto Pereira, et al., 2020). 

These findings suggest that the relationship between ACEs and inflammation might 

vary across different stages of the life course, with stronger associations in adulthood 

than in childhood.  

Regarding the timing of ACEs, various conceptual models have been proposed 

in an attempt to explain how ACEs may influence mental health, including the 

accumulation, recency, and sensitive period models (see Chapter 1.3.3.2) (Gabard-

Durnam & McLaughlin, 2019). Existing studies explicitly testing the impact of the timing 

of ACEs on mental health have provided mixed findings. Some studies support the 

idea that early childhood and adolescence are periods of heightened vulnerability to 

adversity (Dunn et al., 2013b, 2017; Ehrlich et al., 2020; Kaplow & Widom, 2007; 

Kuhlman et al., 2020), while others suggest that exposure to maltreatment in middle 
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childhood is most consistently associated with emotional difficulties in adulthood 

(Dunn, Nishimi, et al., 2018). Further, some studies have found that the effects of 

ACEs on psychopathology symptoms in different early-life periods were primarily 

explained by recency and accumulation effects (Dunn, Soare, et al., 2018; Harpur et 

al., 2015). In contrast, other research has concluded that ACEs are consistently 

associated with an increased risk of poor mental health regardless of their timing 

(Björkenstam et al., 2017; Tracy et al., 2019). Consequently, it remains to be 

established whether the relationship of ACEs with inflammation and depression might 

be better explained by accumulation, sensitive period, or recency effects. 

Another important limitation concerns the assessment of inflammation and 

depressive symptoms. As discussed above, earlier work suggests that the 

associations of inflammation with ACEs and depressive symptoms may be weaker in 

children than in adults. However, studies to date have predominantly used single 

cross-sectional measures of these outcomes. Longitudinal studies including repeated 

measures of inflammatory markers and depressive symptoms are needed in order to 

study their relationships with ACEs with greater subtlety. Recently, a study in the 

ALSPAC cohort found that an increasing pattern of inflammation from adolescence to 

young adulthood was associated with moderate/severe levels of depression in young 

adulthood, while other inflammatory patterns (e.g. decreasing or persistently high 

levels of inflammation throughout childhood and adolescence) were not associated 

with depression (Osimo et al., 2020).  

It is also unclear whether the associations of ACEs with depression and 

inflammation might differ between boys and girls. Most studies to date have typically 

used small unrepresentative samples and were not well powered to test moderation 

effects by sex. As discussed in Chapter 1.3.2, earlier research has found gender 

differences in the prevalence of different types of ACEs. More specifically, girls have 

been shown to be more likely to experience sexual abuse, whereas boys are more 

likely to experience physical abuse or witness violence (Buka et al., 2001; Hanson et 

al., 2008; Lacey, Howe, et al., 2020; Stevens et al., 2005). Notably, some 

investigations have found larger associations between childhood abuse and 

depression in females (Brensilver et al., 2011; Dunn et al., 2012), whereas others 

suggest similar or even larger associations in males (Dinwiddie et al., 2000; Pimlott-

Kubiak & Cortina, 2003; Reinherz et al., 2003) (see Chapter 1.3.3.1). Regarding 

inflammation, a number of analyses reported stronger associations between childhood 
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abuse and systemic inflammation in girls than in boys (Baldwin et al., 2018; Ehrlich et 

al., 2020), while others have not found consistent evidence for sex differences in the 

associations between ACEs and early-life inflammation (Lacey, Bartley, et al., 2020). 

Hence, these potential gender differences deserve further research. 

Lastly, despite the vast amount of research on ACEs, inflammation, and 

depression, few studies have formally tested the plausible role of inflammation as a 

mediating mechanism through which ACEs may become biologically embedded and 

contribute to the pathogenesis of depression. Using data from ALSPAC, Flouri et al. 

(2020b) have found that exposure to adverse events during childhood was associated 

with depressive symptoms at the beginning of adolescence, and this association was 

partially mediated by increased levels of IL-6 but not CRP. More longitudinal studies 

are needed to test the plausible mediating role of the inflammatory response system, 

considering the timing and patterning of ACEs throughout childhood as well as 

longitudinal patterns of inflammation and depressive symptoms over time.  

To address these evidence gaps, the present study examined the associations 

between various types of ACEs from the prenatal period through to adolescence with 

longitudinal patterns of early-life inflammation and depressive symptoms in young 

adulthood in the ALSPAC cohort. This dataset is ideally suited to study these 

relationships because of its large sample size and the availability of repeated 

assessments of ACEs, inflammation, and depressive symptoms. The following 

hypotheses were tested:  

1) ACEs would be associated with increased levels of inflammation during childhood 

(9-18 years) and depressive symptoms in young adulthood (18-23 years), with 

differential associations across different individual adversities, cumulative ACEs 

scores, and FA-derived ACEs dimensions. 

2) The associations of ACEs with inflammation and depressive symptoms might differ 

across different early-life periods due to possible sensitive period, accumulation, 

or recency effects.  

3) Increased levels of inflammation during childhood would be associated with 

elevated levels of depressive symptoms in young adulthood. 

4) The relationships between ACEs, inflammation, and depressive symptoms might 

differ in girls and boys. 

5) Inflammation would partially mediate the associations between ACEs and 

depressive symptoms. 
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8.3. Methods  

 

8.3.1. Sample  

 

The sample consisted of children participating in the Avon Longitudinal Study 

of Parents and Children (ALSPAC). An overview of the ALSPAC cohort is provided in 

section 8.1. The present analysis used data from the prenatal period through to 23 

years of age. This allowed for an exploration of the role of adversities experienced 

throughout the entire childhood period (-1 to 18 years), as well as during specific early-

life periods, namely: -1-0 years (prenatal period), 0-3 years (early childhood), >3-7 

years (middle childhood), >7-12 years (late childhood), and >12-18 years 

(adolescence). The analytical sample was defined as children with at least 10% of 

ACEs data across all early-life periods, one measure of inflammation, and one 

measure of depressive symptoms (N = 3,931). Figure 8.1 provides an overview of the 

study design and assessment time points.  

 

Figure 8.1. ALSPAC study design and assessment time points. 
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8.3.2. Measures  

 

8.3.2.1. Adverse childhood experiences (ACEs) 

 
ACEs from the prenatal period up to adolescence (-1-18 years) were assessed 

repeatedly using both prospectively and retrospectively collected information, reported 

by the parents and/or the study children. The following adversities were included in 

the present analysis: physical abuse, emotional abuse/neglect, sexual abuse, bullying, 

household violence, parental substance use problems, parental mental health 

problems, parental convictions, parental separation, and low parent-child bonding. 

The selection of these ACEs was informed by the definition presented in the 

introductory chapter of this thesis (Chapter 1.3.1). More specifically, they represent 

intra-familial events that are likely to require significant adaptation by the developing 

child (Lacey & Minnis, 2020) and other psychosocial adversities that may be important 

in predicting long-term health and well-being outcomes (Finkelhor et al., 2015), such 

as poor parent-child relationships and bullying (Houtepen et al., 2018). In order to 

improve the operationalisation of ACEs across different studies, each adversity was 

defined and measured using the approach for deriving ACEs constructs in ALSPAC 

developed by Houtepen et al. (2018). Overall, around 90% of all ACEs variables were 

measured through prospective assessments. In addition, retrospective self-report 

measures were included in the analysis to complement the prospective data, 

particularly on sensitive topics such as sexual abuse. All ACEs data measured 

between 0-8 years were parent-reported, and from age 8 years onwards the study 

children began self-reporting ACEs as well. All variables were recoded to binary 

(yes/no) based on the criteria developed by Houtepen et al. (2018) (see Appendix F, 

Tables F1-F5). Table 8.1 shows the definitions, respondents, and time periods of the 

ACEs data. A more detailed overview of the exact variables, time points, methods of 

data collection, and dichotomisation criteria for each ACE construct can be found in 

Appendix F (Tables F1-F5).  

First, for each early-life period considered in the analysis (i.e. -1-0yrs, 0-3yrs, 

3-7yrs, 7-12yrs, and 12-18yrs), a binary construct was derived for each ACE 

representing any exposure to the relevant adversity in the specified period. For 

participants with less than 50% of the responses available for one type of ACE, the 

binary ACE construct was coded as missing. Each early-life period included all 
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variables representing ACEs that started and ended within the specified time frame, 

and also those that started a few months before or ended a few months after the 

specified time frame. Second, a cumulative risk score was calculated representing the 

total number of ACEs experienced by the participant throughout the entire childhood 

period and during specific early-life periods. Third, factor analysis was applied to the 

individual ACEs constructs to identify distinct dimensions of ACEs, namely clusters of 

ACEs that tend to co-occur in the sample (see ‘Statistical analyses’).  

 

 
 

  

Table 8.1. Definitions, respondents, and time periods of the ACEs items. 
 

ACE item 

 

Definition 

 

Respondent Time periods measured (years) 

   -1-0 0-3 3-7 7-12 12-18 

Physical abuse 

 
 

Adult in family was ever physically cruel towards or 
hurt the child.  

Mother, mother’s 

partner, child. 
           

Emotional 
abuse/neglect 

 
 
 

 
 
 

Parent was ever emotionally cruel towards the child 
or often said hurtful/insulting things to the child 
(emotional abuse). 

Mother, mother’s 

partner, child. 
 
           

Child always felt excluded, misunderstood, or never 

important to family; parents never asked or never 
listened when child talked about their free time 
(emotional neglect). 

Child. 
 

 
 
        

Sexual abuse 
 
 

Child was ever sexually abused, forced to perform 
sexual acts, or touch someone in a sexual way. 

Mother, child. 
 
           

Bullying 
 
 

Child was a victim of bullying on a weekly basis. 
 

Child. 
 
           

Household 
violence 
 

 
 

Parents were ever affected by physically cruel 
behaviour by partner, or ever violent towards each 

other, including hitting, choking, strangling, beating, 
or shoving (parents violent towards each other). 

Mother, 
mother’s partner. 
 

 
           

Parental 

substance use 
problems 

Parent was a daily cannabis or any hard drug user 

or had an alcohol problem. 
 

Mother, 

mother’s partner, 
child.      

Parental mental 
health problems 
 

 
 
 

 
 

Parent was ever diagnosed with schizophrenia or 
hospitalised for a psychiatric problem, had an eating 

disorder (bulimia or anorexia), used medication for 
depression or anxiety, attempted suicide, or scored 
above previously established cut-offs for depression 

(Edinburgh Postnatal Depression Scale (EPDS) 
>12) (Pearson et al., 2013). 

Mother, 
mother’s partner, 
child. 

 
 
 

 
         

Parental 

convictions 
 

Parent was convicted of a crime. 
 

Mother, 

mother’s partner. 
           

Parental 

separation 
 

Parents separated or divorced. 

 
 

Mother, 

mother’s partner, 
child.      

Low parent-child 

bonding 
 
 

Child or parent not close to each other and, when 
growing up, child never felt loved. 
 

Mother, 
mother’s partner, 
child.            
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8.3.2.2. Early-life inflammation  

 
Early-life inflammation was indexed by blood concentrations of C-reactive 

Protein (CRP). This biomarker was chosen because of the availability of repeated 

measurements of CRP in the ALSPAC study, whereas other inflammatory markers 

(e.g. IL-6) were assessed only once. Non-fasting blood samples for the analysis of 

CRP were taken from the study children at 9, 15, and 18 years of age. After collection, 

the blood samples were immediately spun, frozen, and stored at -80℃. High-sensitivity 

CRP concentrations were measured using an automated particle-enhanced 

immunoturbidimetric assay (Roche, Welwyn Garden City, UK). The minimum 

detection limit was 0.01 mg/L (Chu et al., 2019). CRP measurements were available 

for 5,081 children at age 9 years, 3,488 children at age 15 years, and 3,286 children 

at age 18 years. Participants with CRP values > 10 mg/L (Nage9 = 60, Nage15 = 61, Nage18 

= 79) were excluded from the analysis, as this could reflect current infection rather 

than chronic inflammation (Pearson et al., 2003). The CRP measures were used as 

continuous variables and were log-transformed due to positive skew. These data were 

then used to delineate group-based trajectories of CRP from childhood up to 

adolescence representing different longitudinal patterns of inflammation during early 

life (see ‘Statistical analyses’).  

 

8.3.2.3. Depressive symptoms  

 
Self-reported depressive symptoms in young adulthood were measured using 

the Short Mood and Feelings Questionnaire (SMFQ) (Adrian Angold et al., 1996) when 

the study children were aged 18, 21, 22, and 23 years. The SMFQ includes 13 items 

assessing the presence of various depressive symptoms in the last two weeks (e.g. 

respondent felt miserable or unhappy, didn't enjoy anything at all, felt so tired he/she 

just sat around and did nothing) (see Appendix E, Table E7). Each item was scored 

from 0 to 2 (0 = “Not True”, 1 = “Sometimes”, 2 = “True”), resulting in a total score 

ranging between 0-26. The total SMFQ scores at the four time points were then used 

to identify distinct group-based trajectories representing longitudinal patterns of 

depressive symptoms during young adulthood (see ‘Statistical analyses’). Previous 

work has shown that the SMFQ total score correlates highly with measures of clinical 

depression (Thapar & McGuffin, 1998; Turner et al., 2014). Additionally, the SMFQ 
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has been used to delineate trajectories of depressive symptoms in other studies of 

young people (Kingsbury et al., 2016; Kwong et al., 2019), and it has been shown to 

have good internal validity in the ALSPAC cohort (Cronbach’s α ~ 0.85) (Kwong, 

2019).  

 

8.3.2.4. Covariates  

 
Possible confounders of the associations between ACEs, inflammation, and 

depressive symptoms were selected based on previous studies in the field. These 

were: sex (male, female) – also analysed as a possible effect modifier; ethnicity 

(white/other); whether the mother had smoked during pregnancy (no, yes); the 

mother’s marital status at the time of birth of the study child (never married, 1st 

marriage, 2nd/3rd marriage, divorced/separated, widowed); the mother’s highest 

educational qualification at the time of birth [certificate of secondary education (CSE), 

vocational qualification, ordinary (O)-level, advanced (A)-level, degree or higher 

qualification]; and the parents’ social class at the time of birth, based on the highest 

occupational level of the mother and the partner (professional, managerial, and 

technical, skilled non-manual, skilled manual, partly skilled, unskilled).  

 

8.3.3. Statistical analyses  

 

8.3.3.1. ACEs dimensions  

 
Following the approach used in the previous studies, explorative factor analysis 

(EFA) and confirmatory factor analysis (CFA) were employed to identify distinct 

dimensions of adversity underlying the ACEs constructs. The dimensional model was 

validated using 5-fold cross-validation to improve its generalisability. After randomly 

splitting the sample into five equally sized groups, EFA with geomin rotation was 

conducted in the four training datasets to identify the most stable and consistent factor 

structure. This process was informed by inspection of scree plots and eigenvalues. 

CFA was then performed on the test dataset, using the EFA results to specify the 

number of latent factors and item loadings. Since the ACEs items were categorical, all 

models were fitted using the WLSMV estimator. Model fit was evaluated using RMSEA 

(< 0.08), CFI (> 0.90), and TLI (> 0.90). The factor analysis was conducted on the 
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overall sample of ALSPAC children with at least 10% of ACEs data available across 

all early-life periods (N = 12,830). In the regression analysis, the resulting ACEs 

dimensions were indexed by binary indicators representing the presence of any 

exposure to the relevant ACEs. 

 

8.3.3.2. Group-based trajectories of CRP and depressive symptoms  

 
Latent class growth (LCG) analysis was used to identify group-based 

longitudinal trajectories of CRP and depressive symptoms. This method is 

characterised by the combination of latent growth modelling with latent class analysis 

(Herle et al., 2020), which allows the grouping of individuals into trajectories according 

to their pattern of change, representing different levels of depressive symptoms and 

CRP over time. As for Study 4 (see Chapter 6), the optimal number of trajectories was 

identified using a stepwise approach. First, one LCG model was fitted including a 

single trajectory. Second, an additional trajectory was included at each following step 

until the optimal number of trajectories was reached. The optimal class solution was 

determined using the following criteria: lower Akaike information criterion (AIC), lower 

Bayesian Information Criterion (BIC), every class containing more than 5% of 

participants, entropy value (i.e. quality of the classification model) closest to 1, and 

good interpretability of the latent trajectory groups. The resulting group-based 

trajectories were then used as outcome variables in the regression analysis.  

 

8.3.3.3. Regression models and mediation analysis  

 
Multinomial logistic regression analysis was used to test the associations of 

ACEs with the group-based trajectories of CRP and depression, and those between 

the CRP and depression trajectories. For the associations of ACEs with CRP and 

depression, the following regression models were tested: Model 1 – associations of 

ACEs (i.e. cumulative risk score, dimensions, individual adversities) during specific 

early-life periods and throughout childhood with the CRP/depression trajectories, 

adjusted for all covariates; Model 2 –  Model 1 + adjustment for ACEs experienced 

during previous early-life periods to assess possible sensitive periods or recency 

effects; Model 3 – Model 2 + interaction effect between the ACE variable and the 

child’s sex to assess possible moderation effects by sex. For the associations of ACEs 
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throughout the entire childhood period, an additional regression model (Model 4) 

tested the associations of single-exposure (i.e. once) and multiple-exposure (i.e. twice 

or more) to ACEs with the CRP/depression trajectories, adjusted for all covariates, to 

examine possible accumulation effects over time. Regarding the associations between 

CRP and depression, the following models were tested: Model 1 – associations 

between CRP trajectories and depression trajectories, adjusted for all covariates; 

Model 2 – Model 1 + interaction effect between the CRP variable and the child’s sex 

to assess possible moderation effects by sex; Model 3 – Model 1 + interaction effects 

between CRP trajectories and ACEs (-1-18 yrs) to assess possible moderation effects 

by ACE exposure. Separate regression models were fitted for each ACE variable and 

each outcome variable.  

Lastly, model-based causal mediation analysis (Tingley et al., 2014) was 

performed to examine the mediating role of early-life inflammation in the relationship 

between ACEs across the entire childhood period and patterns of depressive 

symptoms during young adulthood (see Appendix E, sMethods for further details on 

causal mediation analysis). To compute the average causal mediation effects 

(ACMEs) of inflammation, two logistic regression models were fitted for the probability 

of moderate-high and high-moderate CRP trajectories (vs low) (see ‘Results’) 

including the ACE variable and all covariates as independent variables (mediator 

models), and two logistic regression models were fitted for the probability of moderate 

and severe depression trajectories (vs low) (see ‘Results’)  including the ACE variable, 

CRP trajectories, and all covariates as independent variables (outcome models). The 

mediation models also accounted for possible exposure-mediator interactions in order 

to assess whether the ACMEs of inflammation may take different values depending 

on the exposure status (i.e. no exposure vs exposure to ACEs).  

 

8.3.3.4. Multiple imputation  

 
Missing data on ACEs, outcome variables, and covariates were accounted for 

using multiple imputation (MI) by chained equations under the MAR assumption. All 

variables used in the analysis were used as predictors in the imputation models, 

including the child’s socioeconomic status and ethnicity that have been shown to be 

associated with attrition in the ALSPAC study (Boyd et al., 2013). Twenty imputed 
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datasets were created, and the estimates from all statistical analyses were pooled 

using Rubin’s rules (Rubin, 2004).  

 

8.3.3.5. Software  

 
Data management, MI, and mediation analysis were performed using R version 

4.0.2. EFA and CFA were conducted using Mplus version 7. Latent class growth 

analysis and regression analysis were conducted in Stata version 16.  

 

 

8.4. Results  

 

8.4.1. Descriptive statistics  

 

The characteristics of the study participants and the prevalence of ACEs from 

the prenatal period up to 18 years are presented in Table 8.2. The distribution of the 

observed and imputed data was similar, suggesting that the MI analysis achieved its 

goals. The sample was 60% female, and 96% of the participants had a white ethnic 

background. Average levels of CRP were low at age 9 years (0.56 mg/L), but they 

increased over the following assessments. The average total score of depressive 

symptoms across the time points was around 6. The lowest depression score was 

reported at age 21 (mean 5.5), while the highest score was observed at age 23 (mean 

6.7). The most commonly reported ACE was parental mental health problems (50.7%), 

followed by emotional abuse/neglect (37.2%), and parental separation (30.8%). The 

least commonly reported ACE was sexual abuse (4.8%), followed by parental 

convictions (7.6%). Around 87% of the sample reported at least one ACE throughout 

childhood, and 23.5% experienced four or more ACEs. Prevalence statistics of ACEs 

across specific early-life periods are illustrated in Figure 8.2 and reported in Table F6 

(Appendix F). Parental mental health problems were one of the most commonly 

reported ACEs across most periods, along with emotional abuse/neglect (12-18 years) 

and low parent-child bonding (7-12 years). Sexual abuse and parental convictions 

were the least commonly reported ACEs in all early-life periods. Regarding the 

cumulative risk scores, the number of participants reporting 1 or more ACEs tended 
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to increase over time. In the prenatal period, around 70% of the study children had not 

experienced any ACE. By contrast, only 45% of the sample did not report any ACEs 

during adolescence. The prevalence of physical abuse, emotional abuse/neglect, and 

household violence in the prenatal period (-1-0 yrs), sexual abuse from 0 to 12 years, 

and parental convictions at 12-18 years was very low (i.e. less than 30 participants in 

the exposed groups). As such, the statistical significance of the associations involving 

these time-specific adversities could not be reliably tested. In addition, information on 

sexual abuse and parent-child bonding was not available in the prenatal period, data 

on bullying was only available from age 7 onwards, and data on household violence 

was not available at 12-18 years. For the prenatal period, only the effects of the ACEs 

cumulative score and the ACEs dimensions were tested in regression analysis, as 

several individual adversities had a low prevalence before birth.   
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Figure 8.2. Prevalence of the individual ACEs items and the cumulative ACEs score across specific early-life periods.  
 
Note. Sample: ALSPAC (N = 3,931). Imputed data. ACEs = adverse childhood experiences. 

a) Individual adversities b) Cumulative ACE scores
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Table 8.2. Prevalence of ACEs (-1 to 18 years) and sample characteristics in the observed 
and imputed data.  

Observed data  

(N=3931) 

Imputed datasets a 

(N=20) 

Sociodemographic characteristics   
Sex 

  

Male 1575 (40.1%) 40.1% 
Female 2356 (59.9%) 59.9% 
Ethnicity 

  

White 3521 (96.3%) 96.0% 
Other 137 (3.7%) 4.0% 
Missing  273 (6.9%) 0.0% 

Parental occupational class 
  

Professional 397 (13.2%) 12.6% 
Managerial and technical 1121 (37.3%) 35.1% 

Skilled non-manual 409 (13.6%) 13.4% 
Skilled manual 892 (29.7%) 30.8% 
Partly skilled 131 (4.4%) 5.3% 

Unskilled 54 (1.8%) 2.7% 
Missing  927 (23.6%) 0.0% 
Mother's education 

  

CSE 354 (9.6%) 10.0% 
Vocational 248 (6.7%) 6.8% 
O level 1240 (33.5%) 33.6% 

A level 1102 (29.8%) 29.5% 
Degree 752 (20.3%) 20.0% 
Missing  235 (6.0%) 0.0% 

Mother's marital status at birth  
  

Never married 462 (12.4%) 12.7% 
Separated/Divorced/Widowed 157 (4.2%) 4.4% 

1st marriage 2863 (77.0%) 76.4% 
2nd/3rd marriage 237 (6.4%) 6.4% 
Missing  212 (5.4%) 0.0% 

Maternal smoking during pregnancy  
  

Yes  646 (17.2%) 17.9% 
Missing  168 (4.3%) 0.0% 

Adverse childhood experiences (ACEs)   
Physical abuse   
Yes  380 (12.4%) 12.3% 

Missing  869 (22.1%) 0.0% 
Emotional abuse/neglect   
Yes  1196 (32.7%) 37.2% 

Missing  268 (6.8%) 0.0% 
Sexual abuse    
Yes  170 (4.8%) 4.8% 

Missing  395 (10.0%) 0.0% 
Bullying   
Yes  919 (26.0%) 25.9% 

Missing  392 (10.0%) 0.0% 
Household violence    
Yes  698 (20.6%) 28.5% 

Missing  538 (13.7%) 0.0% 
Parental substance use problems   
Yes  365 (11.2%) 12.0% 

Missing  674 (17.1%) 0.0% 
Parental mental health problems     
Yes  1504 (48.4%) 50.7% 

Missing  826 (21.0%) 0.0% 
Parental convictions   
Yes  241 (7.4%) 7.6% 

Missing  656 (16.7%) 0.0% 
Parental separation   
Yes  875 (27.9%) 30.8% 

Missing  800 (20.4%) 0.0% 
Low parent-child bonding   
Yes  738 (23.7%) 24.8% 

Missing  813 (20.7%) 0.0% 
Cumulative ACEs score b   
0 ACEs 921 (23.8%) 13.0% 

1 ACEs 1008 (26.0%) 22.4% 
2 ACEs 797 (20.6%) 23.1% 
3 ACEs 536 (13.8%) 18.0% 

4 ACEs or more 611 (15.8%) 23.5% 
Missing  58 (1.5%) 0.0% 
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Early-life inflammation  
CRP, age 9 

  

Mean (SD) 0.560 (1.003) 0.558 (1.004) 
Range 0.010 - 9.370 0.010 - 9.550 
Missing  975 (24.8%) 0.0% 

CRP, age 15 
  

Mean (SD) 0.798 (1.207) 0.814 (1.224) 
Range 0.070 - 10.000 0.070 - 10.000 

Missing  1491 (37.9%) 0.0% 
CRP, age 18 

  

Mean (SD) 1.093 (1.425) 1.085 (1.416) 

Range 0.020 - 9.470 0.020 - 9.470 
Missing  1539 (39.2%) 0.0% 
Depressive symptoms in young adulthood    

Depressive symptoms, age 18 
  

Mean (SD) 6.551 (5.708) 6.667 (5.815) 
Range 0.000 - 26.000 0.000 - 26.000 

Missing  1513 (38.5%) 0.0% 
Depressive symptoms, age 21 

  

Mean (SD) 5.533 (5.437) 5.497 (4.767) 

Range 0.000 - 26.000 0.000 - 26.000 
Missing  1457 (37.1%) 0.0% 
Depressive symptoms, age 22 

  

Mean (SD) 6.075 (5.433) 5.994 (5.321) 
Range 0.000 - 26.000 0.000 - 26.000 
Missing  1198 (30.5%) 0.0% 

Depressive symptoms, age 23 
  

Mean (SD) 6.762 (5.949) 6.745 (5.404) 
Range 0.000 - 26.000 0.000 - 26.000 

Missing  1106 (28.1%) 0.0% 

Note. Sample: ALSPAC (N = 3,931); ACEs = adverse childhood experiences; CRP = C-Reactive Protein; CSE = 
Certificate of Secondary Education; NA = Not Available; SD = standard deviation.  a Only pooled percentages are 

presented for the imputed data as the specific counts may vary across the 20 imputed datasets; b The distribution of the 
ACEs score is presented for demonstration purposes only, as it was actually computed post -imputation given the high 
proportion of missing data in the individual ACEs items. 



 225 

8.4.2. ACEs dimensions  

 

The results of the EFA of ACEs in the four training datasets are reported in 

Table F7 (Appendix F). The final CFA model fitted on the test dataset is illustrated in 

Figure 8.3. The model fit the test dataset very well, RMSEA=0.022, CFI=0.981, 

TLI=0.970. Standardised factor loadings ranged from medium (0.42) to high (0.73). All 

factors had good discriminant validity since their correlations were considerably lower 

than 0.85 (Kenny, 2016). This model revealed two distinct dimensions of ACEs, 

namely Physical or Emotional Threat (including physical abuse, emotional 

abuse/neglect, and low parent-child bonding) and Household Dysfunction (including 

household violence, parental substance use problems, parental mental health 

problems, parental convictions, and parental separation). Sexual abuse and bullying 

were included in the final CFA model as standalone dimensions since in EFA they did 

not correlate well with any of the latent factors – i.e., factor loadings in all EFA models 

were less than 0.3 (Field, 2013) (see Table F7).  

 

Figure 8.3. Confirmatory factor analysis (CFA) of the ACEs items (-1-18yrs) in the test dataset. 

Note. Sample: ALSPAC, test dataset (N = 2,566). Estimator = WLSMV. All coefficients are 
standardised and statistically significant (P-value < 0.001).   
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8.4.3. Group-based trajectories of CRP and depressive symptoms  

 

A three-class solution was selected as the best fitting model for both depression 

and CRP (see Appendix F – Table F8 for the fit indices of the 2 to 4-class models). 

The following group-based trajectories were identified: 1) Depression: Class 1 – Low 

depressive symptoms (68.9%), representing participants with low depressive 

symptoms at all assessments; Class 2 – Moderate depressive symptoms (23.8%), 

representing participants with moderate depressive symptoms at all assessments; 

Class 3 – Severe depressive symptoms (7.4%), representing participants with high 

levels of depressive symptoms at all assessments; 2) CRP: Class 1 – Low-Moderate 

CRP (69.8%), representing participants with low levels in late childhood and moderate 

levels in adolescence; Class 2 – Moderate-High CRP (19.5%), representing 

participants with moderate levels in late childhood and high levels in adolescence; 

Class 3 – High-Moderate CRP (10.6%), representing participants with high levels in 

late childhood but lower levels in adolescence (Figure 8.4).  

 

Figure 8.4. Group-based trajectories of depressive symptoms and CRP. 

Note. Sample: ALSPAC (N = 3,931). The latent class growth analysis resulted in the following 
trajectories: 1) Depressive symptoms: Class 1 - Low depressive symptoms (68.9%); Class 2 – Moderate 
depressive symptoms (23.8%); Class 3 – Severe depressive symptoms (7.4%); 2) CRP: Class 1 – Low-
Moderate CRP (69.8%); Class 2 – Moderate-High CRP (19.5%); Class 3 – High-Moderate CRP 
(10.6%).  
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8.4.4. Associations of ACEs with inflammation and depressive symptoms  

 

The full statistical results of the regression models are reported in Appendix F 

(Tables F9-F24). The significant associations (95% confidence level) of ACEs with 

CRP and depressive symptoms are illustrated in Figures 8.5, 8.6, and 8.7.   

 

8.4.4.1. ACEs -1-0 years (prenatal period) 

 
 In relation to inflammation, cumulative exposure to ACEs during the prenatal 

period was related to a lower risk of belonging to the moderate-high CRP trajectory, 

compared with the low-moderate trajectory (OR=0.83, p=0.020). This association was 

driven by the dimension representing household dysfunction (OR=0.79, p=0.018) 

(Figure 8.5, Model 1), while the emotional/physical threat dimension was unrelated to 

patterns of inflammation during early life (Table F9). On the other hand, prenatal ACEs 

were related to a higher risk of elevated depressive symptoms. For every additional 

ACE, the ORs of moderate and severe depression (versus low) increased respectively 

by 1.31 (p<0.001) and 1.53 (p<0.001). Both ACEs dimensions were related to severe 

levels of depressive symptoms (household dysfunction: OR=1.69, p<0.001; 

emotional/physical threat: OR=2.53, p=0.041), while moderate depressive symptoms 

were only associated with household dysfunction (OR=1.40, p<0.001) (Figure 8.6 – 

Model 1, Table F10).  
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Figure 8.5. Associations between ACEs (-1-18 yrs) and CRP trajectories (9-18 yrs).  

Note. Sample: ALSPAC (N = 3,931). Pooled estimates and 95% confidence intervals from multinomial logistic regression models across 20 imputed datasets. 
Model 1 – adjusted for sex, ethnicity, maternal smoking during pregnancy, mother’s marital status, mother’s education, and household’s social class; Model 2 
– Model 1 + ACEs experienced during previous early-life periods. The associations are statistically significant at the 95% confidence level if the confidence 
interval does not cross 1 (dotted line of graph). Reference trajectory: Low-moderate CRP levels. 
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Figure 8.6. Associations between ACEs (-1-18 yrs) and depression trajectories (18-23 yrs).  
Note. Sample: ALSPAC (N = 3,931). Pooled estimates and 95% confidence intervals from multinomial logistic regression models across 20 imputed datasets. Model 1 – 
adjusted for sex, ethnicity, maternal smoking during pregnancy, mother’s marital status, mother’s education, and household’s social class; Model 2 – Model 1 + ACEs 
experienced during previous early-life periods. The associations are statistically significant at the 95% confidence level if the confidence interval does not cross 1. Reference 
trajectory: Low depressive symptoms.
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8.4.4.2. ACEs 0-3 years (early childhood)  

 
All types of ACEs (i.e. cumulative risk scores, dimensions, and single 

adversities) between 0 and 3 years were not related to inflammation (Table F11). 

However, several associations were found for depressive symptoms (Table F12).  The 

ACEs cumulative score was positively associated with both moderate (OR=1.19, 

p<0.001) and severe (OR=1.49, p<0.001) depression trajectories. The two ACEs 

dimensions were also positively associated with both depression trajectories and had 

similar effect sizes (household dysfunction: ORModerate=1.42, p<0.001; ORSevere=2.15, 

p<0.001; emotional/physical threat: ORModerate=1.34, p=0.018; ORSevere=1.91, 

p=0.001). Among the single adversities, parental mental health problems (OR=1.52, 

p<0.001) and emotional abuse/neglect (OR=1.35, p=0.040) were related to moderate 

depressive symptoms. In addition, except for parental convictions and substance use 

problems, all other single adversities were associated with severe depressive 

symptoms. The largest effects were found for physical abuse (OR=2.37, p=0.003) and 

parental mental health problems (OR=2.05, p<0.001) (Figure 8.6, Model 1).  

 

8.4.4.3. ACEs 3-7 years (middle childhood)  

 
As for the previous early-life period, ACEs between 3 and 7 years were 

associated with depressive symptoms (Table F14), but not with inflammation (Table 

F13). For every additional ACE, the ORs of moderate and severe depression 

trajectories increased respectively by 1.15 (p<0.001) and 1.35 (p<0.001) points. The 

two ACEs dimensions were also positively associated with both depression 

trajectories and had similar effect sizes (emotional/physical threat: ORModerate=1.28, 

p=0.015; ORSevere=1.87, p<0.001; household dysfunction: ORModerate=1.32, p=0.001; 

ORSevere=1.74, p<0.001). Among the single adversities, parental mental health 

problems (ORModerate=1.58, p<0.001; ORSevere=1.88, p<0.001) and emotional 

abuse/neglect (ORModerate=1.48, p=0.002; ORSevere=1.81, p=0.001) were related to 

both moderate and severe depression trajectories. In addition, parental separation 

(OR=1.60, p=0.009) and low parent-child bonding (OR=1.78, p=0.002) were 

associated with severe depressive symptoms (Figure 8.6, Model 1).  
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8.4.4.4. ACEs 7-12 years (late childhood)  

 
Exposure to bullying victimisation between 7 and 12 years was associated with 

a higher risk of high-moderate CRP trajectories (OR=1.43, p=0.019) (Figure 8.5, 

Model 1). Other ACEs were not associated with CRP (Table F15). Regarding 

depressive symptoms (Table F16), the cumulative ACEs score was associated with a 

higher risk of moderate (OR=1.19, p<0.001) and severe (OR=1.35, p<0.001) levels of 

depressive symptoms. Household dysfunction (OR=1.47, p=0.018) and 

emotional/physical threat (OR=1.82, p<0.001) were significantly associated with 

severe depressive symptoms, and household dysfunction was also related to 

moderate depressive symptoms (OR=1.28, p=0.011). Among the single adversities, 

emotional abuse/neglect (ORModerate=1.54, p=0.003; ORSevere=1.56, p=0.040), bullying 

(ORModerate=1.49, p=0.001; ORSevere=1.83, p<0.001), and parental mental health 

problems (ORModerate=1.47, p=0.004; ORSevere=1.57, p=0.028) were related to both 

moderate and severe depressive symptoms. In addition, low parent-child bonding 

(OR=1.80, p<0.001) was associated with the severe depression trajectory, while 

parental substance use problems were only related to the moderate trajectory 

(OR=1.58, p=0.045) (Figure 8.6, Model 1).  

 

8.4.4.5. ACEs 12-18 years (adolescence) 

 
The household dysfunction dimension (OR=1.33, p=0.017) was associated with 

a higher risk of moderate-high CRP trajectories (Figure 8.5, Model 1). Other ACEs 

were not associated with inflammation (Table F17). In relation to depressive 

symptoms (Table F18), the ACEs cumulative risk score (ORModerate=1.47, p<0.001; 

ORSevere=1.87, p<0.001) and the two ACEs dimensions (Emotional/physical threat: 

ORModerate=1.47, p<0.001; ORSevere=2.46, p<0.001; Household dysfunction: 

ORModerate=1.38, p=0.008; ORSevere=1.82, p=0.001) were all related to an increased 

risk of both moderate and severe depressive symptoms. Among the single adversities, 

sexual abuse (ORModerate=3.16, p<0.001; ORSevere=4.43, p<0.001), physical abuse 

(ORModerate=1.98, p<0.001; ORSevere=5.54, p<0.001), emotional abuse/neglect 

(ORModerate=1.38, p=0.001; ORSevere=2.14, p<0.001), bullying (ORModerate=2.16, 

p<0.001; ORSevere=2.14, p<0.001), and low parent-child bonding (ORModerate=1.45, 

p=0.003; ORSevere=2.04, p<0.001) were all related to both moderate and severe 
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depressive symptoms. Parental substance use problems were only associated with 

severe depressive symptoms (OR=2.53, p=0.040) (Figure 8.6, Model 1).   

 

8.4.4.6. ACEs -1-18 years (entire childhood period) 

 
Any exposure to bullying victimisation during childhood was associated with an 

increased risk of high-moderate CRP trajectories (OR=1.35, p=0.012) (Figure 8.5, 

Model 1), but no significant associations were found with other ACEs (Table F19). The 

associations of ACEs with depressive symptoms mirrored those found across specific 

early-life periods (Table F20). The cumulative ACEs score, both ACEs dimensions, 

and most single adversities (except parental separation and convictions) were 

associated with moderate and severe levels of depressive symptoms. As for the 12-

18yrs period, the largest effects were found for sexual abuse (ORModerate=2.29, 

p<0.001; ORSevere=4.43, p<0.001) and physical abuse (ORModerate=1.59, p<0.001; 

ORSevere=3.56, p<0.001) (Figure 8.6, Model 1).  

 

8.4.4.7 Sensitive period, recency, and accumulation effects of ACEs  

 
To disentangle sensitive period versus recency or accumulation effects, the 

associations of ACEs during specific early-life periods with CRP and depression were 

also adjusted for exposure to ACEs during previous early-life periods (Model 2, Table 

F11-F18 and Figures 8.5 and 8.6). Most time-specific associations between ACEs and 

the outcomes remained after accounting for previous ACEs, but their magnitude was 

smaller than in the previous models. Of note, the associations of ACEs between 12 

and 18 years with depressive symptoms were somewhat larger compared with those 

of earlier periods, even after adjustment for previous ACEs (see confidence intervals 

in Figure 8.6). Sexual abuse and physical abuse at 12-18 years had the largest 

associations with depressive symptoms. The smallest associations were instead 

found for parental separation, parental convictions, and parental substance use 

problems, which were not consistently associated with depressive symptoms across 

the different early-life periods. For CRP, only bullying victimisation between 7 and 18 

years and ACEs related to household dysfunction between 12 and 18 years were 

associated with increased CRP levels. Thus, as for depression, ACEs experienced 

during late childhood/adolescence had larger associations with CRP than those in 
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earlier periods. Unexpectedly, exposure to household dysfunction during the prenatal 

period was associated with a lower risk of moderate-high CRP trajectories in 

childhood.  

In order to assess the accumulation effects of ACEs throughout childhood, an 

additional model (Model 4) tested the associations of single-exposure (i.e. once) and 

multiple-exposure (i.e. twice or more) to ACEs (vs no exposure) with the 

CRP/depression trajectories. For CRP, there only was a positive association between 

single-exposure to bullying across childhood and high-moderate CRP trajectories 

(OR=1.32, p=0.026), whereas multiple-exposure to bullying and all other ACE 

variables (both single and multiple-exposure) were unrelated to CRP levels (Table 

F21). For depression, there was some evidence for the cumulative effects of ACEs 

over time, as the associations of multiple-exposure to ACEs with moderate and severe 

levels of depressive symptoms were generally larger than those with single ACEs 

exposure, across most ACEs variables considered in the analysis (Figure 8.7 and 

Table F22).  
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Figure 8.7. Associations of single and multiple exposure to ACEs (-1-18yrs) with depression trajectories (18-23 yrs). 

Note. Sample: ALSPAC (N = 3,931). Pooled estimates and 95% confidence intervals from multinomial logistic regression models across 20 imputed datasets. 
Model 4 – adjusted for sex, ethnicity, maternal smoking during pregnancy, mother’s marital status, mother’s education, and household’s social class. The 
associations are statistically significant at the 95% confidence level if the confidence interval does not cross 1 (dotted line of graph). The reference group for 
both single and multiple-exposure to ACEs is ‘no ACE exposure’. The multiple-exposure group was not tested for sexual abuse as only few participants reported 
experiences of sexual abuse twice during childhood. Reference trajectory: Low depressive symptoms.
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8.4.4.8. Sex differences in the associations of ACEs with CRP and depressive 
symptoms  
 

The most notable sex difference in CRP levels was found for the association of 

sexual abuse 12-18yrs with moderate-high CRP trajectories, suggesting that this ACE 

was associated with higher CRP levels in boys but not in girls (OR interaction effect = 

0.13, p=0.001) (Figure 8.8). There also were a few differences in the relationship of 

ACEs involving household dysfunction with the CRP trajectories between girls and 

boys, but these differences were only small and inconsistent across different early-life 

periods (Appendix F – Figure F1 and Table F23). Most interaction effects between 

ACEs and the child’s sex were not related to moderate or severe levels of depressive 

symptoms (Appendix F – Figure F2 and Table F24).  

 

 

Figure 8.8. Interaction effect between the child’s sex and exposure to sexual abuse 12-18yrs 
on the moderate-high CRP trajectory (vs low-moderate CRP). 

Note. Sample: ALSPAC (N = 3,931). Predicted odds ratios derived from multinomial logistic regression 
models adjusted for sex, ethnicity, maternal smoking during pregnancy, mother’s marital status, 
mother’s education, household’s social class, and ACEs experienced during previous early-life periods. 
Pooled estimates across 20 imputed datasets.  
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8.4.5. Associations between inflammation and depressive symptoms  

 

This analysis did not provide evidence for the association between early-life 

inflammation and depressive symptoms in young adulthood. Neither the CRP 

trajectories nor the individual CRP measures (age 9, 15, and 18 yrs) were associated 

with moderate or severe trajectories of depressive symptoms (Table F25). Likewise, 

no associations were found between the CRP trajectories/individual CRP measures 

and the risk of clinically significant depressive symptoms (i.e. SMFQ total score ≥ 10; 

Kuo et al., 2005) at 18 and 23 years of age (Table F26).  

The results of the sex interactions further suggested that longitudinal patterns 

of early-life inflammation were unrelated to patterns of depressive symptoms in both 

girls and boys since all interaction effects were small and did not reach statistical 

significance.  

The models testing the interaction effects between CRP levels and exposure to 

ACEs across the entire childhood period (-1-18yrs) revealed a positive interaction 

effect between physical abuse and high-moderate CRP trajectories on the risk of 

moderate depression trajectories (OR interaction effect = 2.54, p = 0.013), suggesting 

that high-moderate CRP levels during childhood were associated with an increased 

probability of moderate depressive symptoms only among participants with 

experiences of physical abuse (Figure 8.9). However, this effect was not found for the 

risk of severe depressive symptoms, and the interaction effects involving other ACEs 

were unrelated to moderate or severe depression trajectories (Table F27).  
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Figure 8.9. Interaction effect between the high-moderate CRP trajectory (vs low-moderate CRP) 
and physical abuse (-1-18yrs) on the moderate depression trajectory (vs low).  

 
Note. Sample: ALSPAC (N = 3,931). Predicted odds ratios derived from multinomial logistic regression 
models adjusted for sex, ethnicity, maternal smoking during pregnancy, mother’s marital status, 
mother’s education, and household’s social class. Pooled estimates across 20 imputed datasets.  

 

 

8.4.6. Mediation analysis  

 

As CRP levels were unrelated to depressive symptoms in this sample, it was 

unlikely that the associations between ACEs and depressive symptoms would be 

mediated by CRP. Nevertheless, for transparency, model-based causal mediation 

analysis was used to estimate the ACMEs of the CRP trajectories in the associations 

between ACEs (-0-18yrs) and moderate/high depression trajectories. As expected, all 

ACMEs of CRP were almost null and nonsignificant (Table F28).  
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8.4.7. Sensitivity analyses  

 

First, given the large number of tests conducted, False Discovery Rate (FDR) 

corrected p-values are provided for the associations of ACEs with CRP and depressive 

symptoms tested in the main imputed data analysis in order to account for multiple 

testing (Appendix F – Tables F9-F27). Most associations between ACEs and 

depressive symptoms remained after FDR correction (Tables F10, F12, F14, F16, 

F18, F20, F22). All associations between ACEs and CRP were instead nonsignificant 

(Tables F9, F11, F13, F15, F17, F19, F21), except for the association of bullying (-1-

18yrs) with high-moderate CRP levels (Table F19) and the interaction effect between 

sexual abuse 12-18yrs and the child’s sex on moderate-high CRP trajectories (Table 

F23) which were robust to adjustment for multiple testing. The interaction effect 

between physical abuse and CRP on the moderate depression trajectory was no 

longer significant after FDR correction (Table F27).  

Second, the associations between ACEs, CRP, and depressive symptoms and 

the mediation effects of CRP were retested in the samples of participants with 

complete data on all variables. The associations between ACEs and depression 

trajectories mirrored those found in the main imputed data analysis (Tables F30, F32, 

F34, F36, F38, F40). The cumulative ACE score and the household dysfunction and 

emotional/physical threat dimensions were consistently associated with moderate and 

severe depressive symptoms in most early-life periods. Fewer associations were 

found between the individual adversities in specific early-life periods and depressive 

symptoms, possibly due to the reduced statistical power of the complete data analysis. 

Nevertheless, most individual adversities across the entire childhood period were 

associated with depressive symptoms, except for parental separation and parental 

convictions (Table F40). As for the imputed data analysis, most associations between 

ACEs and the CRP trajectories were nonsignificant (Table F29, F31, F33, F35, F37, 

F39). The positive association between bullying and high-moderate CRP trajectories 

was also present in the complete data analysis, at both 7-12yrs and 12-18yrs (Table 

F35 and F37). A few additional associations between ACEs and CRP emerged in the 

complete data analysis which were not found in the imputed data analysis. However, 

some of these associations were positive (e.g. parental separation 3-7yrs and 

moderate-high CRP), while others were negative (e.g. physical abuse 3-7yrs and 

moderate-high CRP). The reliability of these associations is questionable owing to the 
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unrepresentativeness and small size of the samples used in the complete data 

analysis. Further, as for the analysis with the imputed data, all associations between 

CRP and depressive symptoms were nonsignificant (Tables F41-F42), and there was 

no evidence for the mediating role of CRP in the associations between ACEs and 

depressive symptoms (Table F43).  

Lastly, a comparison of the baseline characteristics of the ALSPAC participants 

included in the analytical sample versus those excluded from the analysis (see 

inclusion criteria, Chapter 8.3.1) is presented in Table F44. There were significant 

differences between included and non-included participants. Compared with non-

included participants, the children who were part of the analytical sample were more 

likely to be female, they had higher family socioeconomic status, and they were slightly 

more likely to have a white ethnic background. 

 

 

8.5. Discussion  

 

8.5.1. Summary of main findings  

 

Using data from the ALSPAC cohort, this study tested the associations of ACEs 

with longitudinal patterns of early-life inflammation and depressive symptoms in young 

adulthood, considering both the patterning and timing of ACEs throughout the entire 

childhood period (i.e. prenatal period, early childhood, middle childhood, late 

childhood, and adolescence). The associations of individual ACEs, cumulative ACEs 

scores, and FA-derived ACEs clusters across different early-life periods with early-life 

inflammation were weak. Bullying victimisation between 7-18 years was the only 

individual adversity associated with elevated CRP levels, independently of previous 

ACEs and other covariates. In addition, exposure to sexual abuse in adolescence was 

related to elevated CRP levels in boys but not in girls. The household dysfunction 

dimension in the prenatal period was linked to lower CRP levels during childhood, but 

the same ACEs cluster in adolescence was associated with moderate-high CRP 

trajectories. With regard to depressive symptoms, the cumulative ACEs scores, ACEs 

dimensions, and most individual adversities across all early-life periods were related 

to an increased risk of both moderate and severe levels of depressive symptoms in 
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young adulthood. The household dysfunction and emotional/physical threat 

dimensions had similar associations with depressive symptoms. Among the single 

adversities, the largest associations were found for experiences of sexual and physical 

abuse in adolescence, while the smallest associations were found for parental 

separation, parental convictions, and parental substance use problems, which were 

not consistently associated with depressive symptoms across the different early-life 

periods. The associations of ACEs during late childhood/adolescence with depressive 

symptoms tended to be larger than those of earlier ACEs, also when accounting for 

previous ACEs exposure. In addition, multiple exposure to the same or different ACEs 

throughout childhood was more strongly related to poor mental health in young 

adulthood than single ACEs exposure. The associations between ACEs and 

depressive symptoms were similar in girls and boys, and were robust to adjustment 

for multiple comparisons. In contrast, longitudinal patterns as well as single measures 

of inflammation during childhood were not related to depressive symptoms in young 

adulthood. Correspondingly, all mediation effects of CRP in the associations between 

ACEs and depressive symptoms were very small and nonsignificant.    

 

8.5.2. Interpretation of findings  

 

8.5.2.1. Findings regarding depressive symptoms 

 
Several studies have demonstrated that both individual types of ACEs and 

cumulative ACEs scores are associated with an increased risk of depression in 

children and adults (Chandan et al., 2019; Hughes et al., 2017; LeMoult et al., 2020). 

However, little is currently known about the role of the patterning and timing of ACEs 

in their relationships with mental health and possible sex differences. In agreement 

with the results of earlier analyses (Björkenstam et al., 2017; Tracy et al., 2019), the 

present study shows that most adversities were related to persistently elevated levels 

of depressive symptoms in young adulthood; these associations were found across all 

early-life periods, and were partly independent of previous ACEs exposure. This 

suggests that ACEs experienced at any stage of childhood might increase the 

individual’s vulnerability to poor mental health in adulthood. Nevertheless, the results 

also provided some evidence for recency and accumulation effects of ACEs. Indeed, 

ACEs experienced during late childhood and adolescence exhibited larger 
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associations with depressive symptoms than earlier ACEs. In addition, multiple 

exposure to the same or different ACEs throughout childhood was more strongly 

related to depressive symptoms than single exposure. As previously suggested 

(Gabard-Durnam & McLaughlin, 2019), it is likely that sensitive period, accumulation, 

and recency effects might all contribute to the widespread associations between ACEs 

and depressive symptoms. More precisely, all early-life periods considered in the 

present analysis, including the prenatal period, childhood, and adolescence, may be 

particularly sensitive to the effects of ACEs on mental health; there may also be a 

dose-response relationship between ACEs and mental health, involving both the 

cumulative experience of different types of ACEs and multiple exposures to the same 

ACEs throughout childhood; and the impact of ACEs on mental health may be stronger 

when the adversity occurred close to the assessment of mental health.  

Sexual and physical abuse, particularly during adolescence, were the individual 

adversities most strongly related to the emergence of depression in young adulthood. 

This finding is consistent with previous work suggesting that childhood adversities 

involving threat are more strongly related to unfavourable biological and mental health 

outcomes than other ACEs (Busso et al., 2017; Fogelman & Canli, 2018; Horn et al., 

2018; Infurna et al., 2016; LoPilato et al., 2019; Sumner et al., 2019). Interestingly, 

ACEs of a less severe and more common nature such as parental separation/divorce 

were not consistently associated with depressive symptoms. Accordingly, it has been 

proposed that children’s adaptation to parental separation is affected by the quality of 

the interparental relationship and the parent-child interaction before, during, and after 

parental divorce (Harold & Sellers, 2018). ACEs were also found to cluster in this 

cohort. FA revealed two broader dimensions of ACEs, namely Household Dysfunction 

and Emotional/Physical Threat. Of note, similar ACEs clusters have been previously 

identified in other cohorts as well (Iob et al., 2019; Lacey, Pinto Pereira, et al., 2020; 

Mersky et al., 2017). Despite previous evidence suggesting that individual adversities 

and ACEs clusters involving psychological or physical abuse have more detrimental 

effects on mental health than other ACEs (Infurna et al., 2016; Negriff, 2020; 

Westermair et al., 2018), the associations of the household dysfunction and 

emotional/physical threat dimensions with depressive symptoms were broadly similar 

across all early-life periods. Key advantages of identifying clusters of ACEs include 

the opportunity to account for their interrelated nature, and the possibility to gain 

greater statistical power to test the associations between ACEs and mental health in 
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population-based studies, where the prevalence of ACEs is typically low. To illustrate, 

the two ACEs dimensions were consistently associated with depressive symptoms 

across all early-life periods also when the analysis was restricted to participants with 

complete data. In contrast, many individual adversities were no longer significantly 

related to depressive symptoms in this restricted sample.  

The present analysis was also well powered to test the possible moderating 

role of the child’s sex in the relationship between ACEs and depressive symptoms. 

The results presented here suggest that the associations between ACEs and 

longitudinal patterns of depressive symptoms in young adulthood were similar in boys 

and girls. This is in line with the results of a recent meta-analysis which did not find 

evidence for significant sex differences in the relationship between ACEs and 

depression (Gallo et al., 2018).  

 

8.5.2.2. Findings regarding inflammation  

 
Meta-analyses have demonstrated that adults exposed to ACEs are at 

increased risk of systemic inflammation (Baumeister et al., 2016), and that depressed 

individuals often exhibit chronic systemic inflammation (Dowlati et al., 2010; 

Haapakoski et al., 2015; Horn et al., 2018; Osimo, Pillinger, et al., 2020). 

Comparatively fewer studies have tested the associations of ACEs and depression 

with inflammation in samples of children. It has been suggested that the relationship 

of inflammation with ACEs and depression might be weaker in young people than in 

adults, as differences in inflammatory markers might emerge later in life. In line with 

the results of earlier analyses in this and other cohorts of young people (Flouri, 

Francesconi, Midouhas, Papachristou, et al., 2020; Heard-Garris et al., 2020; Lacey, 

Bartley, et al., 2020), this study provides weak evidence for the associations between 

ACEs and CRP levels during childhood. The ACEs scores, dimensions, and most 

individual adversities across different early-life periods were generally unrelated to 

CRP. However, a few associations started to emerge in late childhood and 

adolescence. During this period, exposure to bullying victimisation (in both girls and 

boys) and sexual abuse (in boys only) were linked to elevated CRP levels, 

independently of other covariates and previous ACEs exposure. This finding might 

suggest that late childhood and adolescence are particularly sensitive periods for the 

effects of ACEs on inflammation, although recency effects could also be at play. 
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Further, it corroborates the idea that threat-related ACEs might have stronger effects 

on stress-related systems than other ACEs. There was also some evidence that 

experiences involving household dysfunction in adolescence were related to higher 

CRP levels. In contrast, the same cluster of adversities in the prenatal period was 

related to lower CRP levels. This finding was unexpected, as the 

psychoneuroimmunology literature is predominantly focused on chronic inflammation 

as a pathway linking social factors with health outcomes. However, this assumption is 

being challenged by an increasing number of studies reporting negative associations 

between ACEs and inflammatory markers (Lacey, Bartley, et al., 2020; Steel et al., 

2020). It is possible that exposure to ACEs in the early stages of child development, 

such as the prenatal period, might result in a hypoactive inflammatory response, 

whereas later ACEs exposure is associated with increased inflammatory activity. 

Nevertheless, it should be noted that the associations between household dysfunction 

and CRP levels found in this study were small and susceptible to multiple testing bias. 

Further research is needed to understand whether the timing of ACEs could predict 

the direction of the relationship between ACEs and systemic inflammation in early life.  

Earlier analyses have suggested that the associations between ACEs and CRP 

levels are stronger in girls than in boys (Baldwin et al., 2018; Ehrlich et al., 2020), while 

others did not find consistent evidence for sex differences (Lacey, Bartley, et al., 

2020). In this study, the most notable sex difference was found for sexual abuse, which 

was associated with higher CRP levels in boys but not in girls. A few additional sex 

differences emerged, but they were rather small and inconsistent across different 

types of ACEs and early-life periods. As such, this study offers limited support for the 

moderating effect of the child’s sex in the relationship between ACEs and 

inflammation.  

Previous studies have provided evidence both for and against the association 

between inflammation and depression in young people (Colasanto et al., 2020; 

D’Acunto et al., 2019). Recent research using ALSPAC found that CRP levels at age 

9 years were not associated with depressive symptoms at age 18 (Chu et al., 2019). 

In contrast, another study showed that an increasing pattern of inflammation during 

adolescence was associated with moderate/severe levels of depression in young 

adulthood (Osimo et al., 2020), although this analysis was based on a small sample 

of ALSPAC participants with complete data on all variables (N ~ 1460). In the present 

study, neither the individual CRP measures nor longitudinal patterns of CRP from 
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childhood to adolescence were related to depressive symptoms in young adulthood, 

both in the imputed and complete data analyses. In addition, there was no evidence 

for the mediating or moderating role of CRP levels in the associations between ACEs 

and depressive symptoms. These results suggest that the relationship of CRP levels 

with depression might be more prominent in adults than in young people. 

Nevertheless, other biomarkers of inflammation, such as IL-6, could be particularly 

important in children and adolescents. For instance, research in ALSPAC has shown 

that IL-6 levels at age 9 were associated with specific depressive symptoms in young 

adulthood (Chu et al., 2019), and that an increasing number of childhood stressors (0-

9 years) was associated with adolescent depressive symptoms partly through 

elevated IL-6 levels at age 9  (Flouri, Francesconi, Midouhas, & Lewis, 2020). Further 

research is needed to test whether longitudinal patterns of IL-6 and other inflammatory 

markers during childhood might mediate the relationships between ACEs and 

depressive symptoms in young adulthood, accounting for the patterning and timing of 

ACEs. This will help to clarify the role of early-life inflammation in the link between 

ACEs and depression.  

 

8.5.3. Strengths and limitations  

 

This study has several strengths. The analysis used a large longitudinal 

population sample of young people from the UK, repeated measures of various types 

of ACEs from the prenatal period up to adolescence in order to explore both the 

patterning and timing of ACEs, and repeated measures of CRP levels and depressive 

symptoms in childhood and young adulthood to study their longitudinal patterns over 

time. Most ACEs measures were prospectively collected and were complemented by 

retrospective information on sensitive topics such as sexual abuse. Furthermore, the 

analysis accounted for missing data, a key source of bias in longitudinal studies, by 

implementing multiple imputation with relevant predictors of attrition. As such, it was 

well powered to test the associations of individual adversities with the outcomes, as 

well as moderation and mediation hypotheses. Nevertheless, a number of limitations 

should be noted. First, the regional basis of the ALSPAC cohort posits some limitations 

in external validity when generalising findings to the national population of children. 

Second, the parents of the study children reported both on events they themselves 
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experienced and on those experienced by their child. This could introduce issues 

related to shared method variance, as well as bias in understanding the child’s actual 

experience. For instance, it has been shown that self-reported measures of childhood 

maltreatment have stronger associations with psychopathology compared with 

measures obtained through different sources (e.g. court reports), suggesting that the 

subjective experience of ACEs is particularly important in predicting future mental 

health outcomes (Danese & Widom, 2020). Therefore, the fact that the study children 

began self-reporting ACEs from age 8 onwards might explain why ACEs in late 

childhood and adolescence were more strongly related to depressive symptoms and 

inflammation than earlier ACEs in this study. Further research is needed to test 

whether child-reported ACEs measures are more strongly related to mental health 

outcomes than parent-reported measures of the same ACEs. Third, this analysis only 

focused on a single biomarker of inflammation. However, as mentioned above, other 

inflammatory markers such as IL-6 might be particularly important in understanding 

stress-related inflammatory responses in children. Additionally, recent work suggests 

that novel inflammatory markers, including soluble urokinase plasminogen activator 

receptor (suPAR) and glycoprotein acetyls (GlycA), are associated with ACEs in 

individuals where CRP is not (O’Connor et al., 2020; Rasmussen et al., 2020). Finally, 

the potential confounding or moderating effects of genetic factors in the associations 

between ACEs, inflammation, and depressive symptoms were not considered in this 

study. Future research should therefore examine alternative markers of systemic 

inflammation in children (e.g. IL-6, suPAR, GlycA) and account for genetic influences 

on inflammation and depressive symptoms.  

 

8.5.4. Conclusion  

 

In conclusion, using data from ALSPAC, this study showed that cumulative 

ACEs scores, individual adversities, and FA-derived clusters of ACEs were all 

associated with moderate and severe levels of depressive symptoms in young 

adulthood. ACEs across all early-life periods, including the prenatal period, childhood, 

and adolescence, were related to an increased risk of depressive symptoms. The 

largest associations were found for experiences of sexual and physical abuse in late 

childhood and adolescence. The relationships between ACEs and early-life 
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inflammation were weak, but a few associations started to emerge with bullying 

victimisation and sexual abuse in late childhood/adolescence. CRP levels during 

childhood and adolescence were unrelated to depressive symptoms in young 

adulthood, and they did not mediate the associations between ACEs and depressive 

symptoms. Further research is needed to understand when inflammatory responses 

to psychosocial stress begin to emerge using a life-course approach. Given the robust 

associations between ACEs and depressive symptoms found in this and other studies, 

mental health interventions should adopt an ACE-informed approach in order to 

prevent and treat stress-related psychopathology across the life course.  
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9. CHAPTER 9. DISCUSSION 

 
This PhD thesis consisted of six studies assessing the psychobiological and 

gene-environment mechanisms through which adverse childhood experiences (ACEs) 

might affect the risk of depression across different stages of the life course, and 

seeking to address important methodological limitations and gaps in the existing 

literature. To achieve its aims, this PhD utilised psychosocial, biological, and genetic 

data from three population-based cohort studies of older adults and young people, 

which include longitudinal assessments of the variables of interest. The final chapter 

of the thesis summarises the main findings of the studies, highlighting the contribution 

of this research to the current state of knowledge. Furthermore, the limitations of the 

studies will be acknowledged, and the implications for future research and mental 

health interventions will be discussed. Finally, this chapter will reflect on the impact of 

the COVID-19 pandemic on the mental health of adults and children, highlighting the 

implications for the relationship between ACEs and depression.  

 

 

9.1. Summary of the studies and main findings 

 

9.1.1. Study 1: The long-term association of adverse childhood experiences with 
inflammation and cortisol in later life: Cumulative risk versus dimensions of 
adversity. 

 

Study 1 (Chapter 3) examined the long-term association of ACEs with 

biomarkers of chronic systemic inflammation (i.e. C-reactive Protein; CRP) and long-

term HPA-axis activity (i.e. hair cortisol) in the ELSA cohort. Additionally, it sought to 

compare two different ways of operationalising ACEs, including cumulative risk scores 

and data-driven dimensions of ACEs. The results revealed that older adults reporting 

three or more ACEs had chronically elevated CRP levels compared with those who 

did not experience any ACEs. These relationships were independent of demographic, 

socioeconomic, lifestyle, and medication factors. Although the cumulative ACEs score 

was not associated with hair cortisol, there was a greater increase in hair cortisol with 

age among participants with three or more ACEs compared with those without ACEs. 

Further, using factor analysis (FA), four distinct dimensions of ACEs were identified in 
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this sample – namely, Threat (i.e. physical/sexual abuse), Household Dysfunction (i.e. 

parent arguments, mental illness or substance abuse, and divorce/separation), Low 

Parental Bonding, and Loss of an Attachment Figure (i.e. parent death, maternal 

separation, foster care or adoption, and institutionalisation). All ACEs dimensions were 

associated with increased CRP levels, and these associations had similar effect sizes. 

In contrast, the ACEs dimensions were unrelated to hair cortisol.  

This study extends the current evidence base by demonstrating that the 

relationship between ACEs and systemic inflammation persisted into later life, and it 

was partly independent of childhood and adult sociodemographic and lifestyle factors. 

Given the role of inflammation in the pathogenesis of depression and other mental and 

physical health conditions, these findings support the idea that the immune system 

might be one of the main psychobiological mechanisms underlying the relationship of 

early-life stress with poor health and disease in adulthood. Further, this was one of the 

first studies testing the associations of ACEs with hair cortisol in a large sample of 

older adults. The associations between ACEs and hair cortisol were generally weak, 

but exposure to 3 or more ACEs was associated with a greater increase in hair cortisol 

with age. Concentrations of hair cortisol have been shown to increase in an age-

dependent fashion. Therefore, this finding suggests that ACEs could accelerate 

biological ageing and lead to a greater increase in cortisol levels over time. Finally, the 

identification of ACEs dimensions through FA is another novel aspect of this analysis. 

The results corroborated previous findings by showing that different types of ACEs 

clustered together in this sample. Contrary to my original hypothesis, all ACEs 

dimensions exhibited similar associations with CRP and were unrelated to hair 

cortisol. However, the lack of differential associations between distinct ACEs 

dimensions and the biomarkers could be explained by the retrospective assessment 

of ACEs (see Chapter 9.2).  

 

9.1.2. Study 2: Depression, hair cortisol, and inflammation in later life: The role 
of cognitive-affective and somatic symptoms. 

 

Study 2 (Chapter 4) tested the associations of systemic inflammation (i.e. CRP) 

and HPA-axis function (i.e. hair cortisol) with the persistence of depressive symptoms 

over time in the ELSA cohort. In addition, it sought to disentangle the role of different 

types of depressive symptoms (i.e. cognitive-affective vs somatic) in these 
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relationships. Using Trait-State-Occasion structural equation modelling, this study 

showed that symptoms of depression in the sample were more stable than episodic in 

nature. Further, higher cortisol and CRP levels were associated with persistent 

depressive symptoms across the study period. Notably, both biomarkers exhibited 

stronger relationships with somatic than with cognitive-affective symptoms. The 

associations of CRP and cortisol with somatic symptoms were independent of relevant 

confounding factors, including adult sociodemographic, lifestyle, and health-related 

characteristics. In contrast, those with cognitive-affective symptoms were weak after 

adjustment for all covariates, particularly for cortisol.   

Overall, Study 2 makes a significant contribution to the field by examining, for 

the first time, the relationships of CRP and hair cortisol with both the longitudinal 

persistence of depression and somatic versus cognitive-affective subtypes of 

depressive symptoms. Given the robust associations found between the biomarkers 

and persistently elevated depressive symptoms, this study demonstrates the value of 

considering longitudinal patterns of depressive symptoms over time. As hypothesised, 

CRP and cortisol had stronger associations with somatic than with cognitive-affective 

symptoms. These distinct associations reveal the importance of considering symptom-

specific associations in future studies on pathophysiological mechanisms and 

antidepressant therapy (see Chapter 9.4). 

 

9.1.3. Study 3: Adverse childhood experiences and depression in later life: 
Longitudinal mediation effects of inflammation. 
 

Studies 1 and 2 demonstrated that elevated CRP levels were consistently 

related to both ACEs and depressive symptoms, whereas the associations involving 

hair cortisol were generally weak. Thus, Study 3 (Chapter 5) concentrated on the role 

of systemic inflammation as a possible psychobiological mechanism underlying the 

relationship between ACEs and depressive symptoms in later life. Using parallel 

process latent growth curve modelling, the analysis showed that ACEs cumulative 

exposure was associated with higher CRP and depressive symptoms at baseline and 

with their increase over time. Baseline CRP levels were also positively associated with 

baseline depressive symptoms and with their increase over time. Further, the 

mediation analysis indicated that elevated baseline CRP levels mediated respectively 

7% and 5% of the total effect of ACEs cumulative exposure on the baseline value and 
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change in depressive symptoms. These mediation effects were larger for loss 

experiences (i.e. 20% and 12% respectively) than for other dimensions of ACEs. 

Additionally, they were independent of possible confounders and additional mediators, 

including childhood and adult sociodemographic and lifestyle factors. As expected, 

CRP exhibited larger associations with somatic than with cognitive-affective 

experiences, whereas ACEs were more strongly related to cognitive-affective 

symptoms.  

Taken together, these findings make a novel contribution to the current 

understanding of the psychobiological pathways linking ACEs with depression in later 

life. Firstly, they provide corroborative evidence for the long-term association of ACEs 

with inflammation and depressive symptoms, and for the link between inflammation 

and depressive symptoms among older adults. Secondly, they suggest that 

inflammation might be an important psychobiological mechanism underlying the 

relationship of ACEs with depression. This highlights the potential value of adopting 

an ACE-informed approach in the prevention and treatment of depression and stress-

induced chronic inflammation (see Chapter 9.4). However, it should be noted that the 

mediation effects of CRP were generally small, therefore suggesting that other 

inflammatory markers or different biological processes might also be at play (see 

Chapters 9.2 and 9.3).  

   

9.1.4. Study 4: Adverse childhood experiences and polygenic risk: Gene-
environment interplay in depression, inflammation, and hair cortisol.  
 

Study 4 (Chapter 6) examined the interplay between ACEs and genetic factors 

in depression and stress-related biological mechanisms. The independent and 

interactive associations of ACEs and PGSs of major depressive disorder (MDD), 

inflammation, and HPA-axis activity with longitudinal trajectories of depressive 

symptoms, chronic inflammation, and hair cortisol were tested in a sample of older 

adults from ELSA. The results revealed several key findings. First, using latent growth 

mixture modelling, three group-based trajectories of depressive symptoms were 

identified – namely, a low depressive-symptom trajectory, a moderate depressive-

symptom trajectory, and a high depressive-symptom trajectory. Second, all types of 

ACEs and MDD polygenic risk were associated with elevated trajectories of 

depressive symptoms and repeated exposure to high CRP levels, whereas CRP 
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polygenic risk was only related to CRP levels. In contrast, ACEs and the PGSs of 

plasma cortisol and MDD were not associated with hair cortisol. Third, the GxE 

analyses showed that the association between cumulative exposure to ACEs and 

elevated depressive symptoms was larger among participants at higher MDD 

polygenic risk, with similar interactions across all ACEs dimensions. ACEs, and 

particularly threat-related experiences and low parental bonding, were also more 

strongly related to CRP in participants at higher CRP polygenic risk. Lastly, cumulative 

exposure to ACEs was related to increased hair cortisol levels among participants with 

a high multilocus genetic score (MGS) of HPA-axis function (i.e. an unweighted, 

additive genetic score including risk alleles from four HPA-axis related genes).  

Overall, these results shed light on the interplay between ACEs and genetic 

factors in the psychobiology of depression. Firstly, they support the notion that 

exposure to stressful and traumatic events during childhood and genetic liability are 

both important risk factors for depression and chronic systemic inflammation in later 

life. Secondly, they show that the combined effect of ACEs and genetic susceptibility 

might increase the risk of depression and dysregulation of inflammatory and HPA-axis 

functioning beyond the individual effects of these risk factors. Importantly, GxE 

interactions might characterise an important aetiological dimension of depression that 

is associated with differential response to antidepressant treatment (see Chapter 9.4).  

 

9.1.5. Study 5: Adverse childhood experiences, early-life cortisol, and 
depressive symptoms in young adulthood: A longitudinal genetically informed 
twin study. 

 
Study 5 (Chapter 7) tested the longitudinal associations of ACEs with salivary 

daytime cortisol levels in early adolescence and depressive symptoms in early 

adulthood in a sample of twins from TEDS, accounting for genetic influences on 

cortisol and depressive symptoms. Additionally, mediation analysis was performed to 

test whether cortisol dysregulations might underlie the association between ACEs and 

depressive symptoms. The results revealed several key findings. First, children 

exposed to three or more ACEs had lower average cortisol levels at age 11 and 

elevated depressive symptoms at age 21. Second, using FA, four distinct dimensions 

of ACEs were identified – namely, Dysfunctional Parenting (i.e. negative parental 

practices/feelings and maternal depression), Parental Divorce/Separation, Abuse 

(physical or emotional), and Bullying. Among these different dimensions, bullying had 
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the largest association with low cortisol levels, and abuse showed the largest 

association with elevated depressive symptoms. Among participants exposed to 

multiple ACEs, lower cortisol was also associated with higher depressive symptoms 

at age 21. Third, the mediation analysis indicated that cortisol mediated around 10-

20% of the total associations of ACEs cumulative exposure and bullying with 

depressive symptoms. Of note, the relationships between ACEs, cortisol, and 

depressive symptoms were attenuated when controlling for genetic influences, but 

ACEs remained as risk factors for cortisol dysregulation and depressive symptoms.  

Overall, these findings make a novel contribution to the current understating of 

the role of the HPA-axis and genetic influences in the pathways linking ACEs with the 

emergence of depression in young adulthood. Firstly, they provide some preliminary 

evidence for a negative association of ACEs and depressive symptoms with daytime 

salivary cortisol levels in early adolescence, a period in which cortisol levels tend to 

increase with the onset of puberty. Secondly, they support the idea that the HPA-axis 

might be an important psychobiological mechanism through which ACEs become 

biologically embedded and increase the individual’s vulnerability to stress-related 

psychopathology. Thirdly, the results presented here provide corroborative evidence 

for the interrelated nature of ACEs, and they suggest that threat-related ACEs (i.e. 

bullying and abuse) might have larger effects on mental health than other ACEs. 

However, the specific methods used to assess ACEs in the TEDS study might have 

influenced the latter finding (see Chapter 9.2). Lastly, in line with the results of Study 

4, this investigation suggests that the relationship of ACEs with altered HPA-axis 

activity and depression is independent of genetic influences.   

 

9.1.6. Study 6: Adverse childhood experiences, early-life inflammation, and 
depressive symptoms in young adulthood: timing and patterning effects.  
 

Using data from ALSPAC, Study 6 (Chapter 8) tested the associations of ACEs 

with longitudinal patterns of systemic inflammation (i.e. CRP) during childhood and 

depressive symptoms in young adulthood, accounting for both the timing and 

patterning of ACEs throughout childhood. Furthermore, it assessed the longitudinal 

mediation effects of early-life inflammation in the relationship between ACEs and 

depressive symptoms. The results revealed two distinct dimensions of ACEs, namely 

Physical/Emotional Threat (i.e. physical abuse, emotional abuse/neglect, and low 
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parent-child bonding) and Household Dysfunction (i.e. household violence, parental 

substance use, mental health problems, convictions, and separation/divorce). Further, 

latent class growth analysis identified three group-based trajectories of inflammation 

from childhood up to adolescence (i.e. Class 1 – Low-Moderate CRP levels; Class 2 

– Moderate-High CRP levels; Class 3 – High-Moderate CRP levels), and three group-

based trajectories of depressive symptoms during young adulthood (i.e. Class 1 – Low 

depressive symptoms; Class 2 – Moderate depressive symptoms; Class 3 – Severe 

depressive symptoms). In regression analysis, the associations of individual ACEs, 

cumulative ACEs scores, and ACEs dimensions across different early-life periods with 

the CRP trajectories were weak. Bullying victimisation and sexual abuse (in boys only) 

between 7-18 years were the only individual adversities associated with elevated CRP 

levels, independently of previous ACEs and other covariates. Additionally, 

experiences of household dysfunction in adolescence were related to moderate-high 

CRP levels. The cumulative ACEs scores, ACEs dimensions, and most individual 

adversities across all early-life periods were related to an increased risk of both 

moderate and severe levels of depressive symptoms in young adulthood. The 

household dysfunction and emotional/physical threat dimensions had similar 

associations with depressive symptoms. Among the single adversities, the largest 

associations were found for experiences of sexual and physical abuse in adolescence. 

The associations of ACEs during late childhood/adolescence with depressive 

symptoms were generally larger than those of earlier ACEs, also when accounting for 

previous ACEs exposure. In addition, repeated exposure to the same or different 

ACEs throughout childhood was more strongly related to depressive symptoms than 

single ACEs exposure. Lastly, neither longitudinal patterns nor single measures of 

inflammation were related to depressive symptoms in young adulthood. 

Correspondingly, there was no evidence for the mediating role of CRP in the 

associations between ACEs and depressive symptoms.  

Overall, findings from Study 6 add significant value to the existing knowledge 

linking ACEs with inflammation and depressive symptoms in young people. The 

analysis showed that ACEs experienced at any stage of childhood may increase the 

risk of depression in adulthood. Further, there also was some evidence for recency 

and accumulation effects of ACEs. This suggests that sensitive period, accumulation, 

and recency effects might all contribute to the widespread associations between ACEs 

and depression. In agreement with the results of Study 5 and earlier work, threat-



 254 

related ACEs (i.e. sexual and physical abuse) demonstrated the largest associations 

with depressive symptoms in young adulthood. With regard to inflammation, this study 

provides weak evidence for the association between ACEs and CRP levels during 

childhood and adolescence. However, a few associations emerged between 

increased CRP trajectories and experiences of bullying victimisation, sexual abuse, 

and household dysfunction in late childhood and adolescence. This finding suggests 

that late childhood and adolescence could be particularly sensitive periods for the 

effects of ACEs on inflammation. Finally, the lack of associations between early-life 

CRP levels and depressive symptoms might indicate that the relationship of CRP with 

depression does not emerge before adulthood. However, other biomarkers of 

inflammation (e.g. IL-6) could be particularly important in children and adolescents 

(see Chapter 9.2).  

 

Taken together, the studies presented in this thesis offer novel insights into the 

inflammatory, neuroendocrine, and gene-environment mechanisms involved in the 

relationship between ACEs and depression in young people and older adults. 

Furthermore, they shed light on the patterning and timing of ACEs, and on the role of 

different types and longitudinal patterns of depressive symptoms and stress-related 

biological responses. The findings have important implications for future research and 

mental health interventions, and they could help to stimulate novel evidence-based 

prevention and treatment strategies to reduce the global burden of ACEs and 

depression.  
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9.2. Methodological issues and limitations  
 

The results of the studies must be interpreted in light of their limitations. A 

detailed discussion of the shortcomings of each study is provided in the relevant 

chapter. In this section, I will discuss the most important methodological issues and 

limitations of the studies, highlighting the potential implications for the interpretation of 

the results.  

 

9.2.1. The study measures  
 

9.2.1.1. ACEs  

 
This PhD thesis has sought to improve the measurement of ACEs by adopting 

a comprehensive and theoretically justified definition of this construct, and by 

comparing different ways of operationalising ACEs, including cumulative risk scores, 

individual adversities, and dimensional approaches. Nevertheless, there are some 

methodological issues concerning the ACEs measures used in the studies. In the 

ELSA studies, ACEs were assessed retrospectively based on the participants’ 

recollections of their childhood experiences. Retrospective reports are particularly 

prone to measurement error arising from the participants’ motivations, personality 

styles, cognitive function, and memory biases, particularly at older ages (Hardt & 

Rutter, 2004). Importantly, these factors could have influenced the accuracy of the 

participants’ responses, particularly on more sensitive and subjective topics. In turn, 

this might have affected the ability of the ELSA studies to determine whether distinct 

types of ACEs might be more strongly related to mental health and biological 

mechanisms than others. Hence, the lack of differential associations between different 

ACEs dimensions and inflammation (Study 1) could be explained by the fact that all 

ACEs were retrospectively assessed as part of a one-off interview.  

In an attempt to provide a more comprehensive assessment of ACEs and 

reduce potential measurement error, the TEDS and ALSPAC studies used 

prospectively collected ACEs information reported by the study children and their 

parents. Additionally, these data were complemented by retrospective reports for 

sensitive topics such as sexual abuse. The main advantage of prospectively collected 

ACEs data is that they are less influenced by those aforesaid self-report biases. 

However, prospective measures are not without limitations, as their validity could be 
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affected by other factors such as under-reporting by caregivers (Hardt & Rutter, 2004). 

Further, individuals may also be reluctant to disclose some types of experiences (e.g. 

sexual abuse) at the time. Comparisons of prospective and retrospective measures of 

the same ACEs have demonstrated low to modest agreement (Baldwin et al., 2019; 

Patten et al., 2015). Interestingly, retrospective self-reports of childhood maltreatment 

have been shown to have stronger associations with psychopathology than 

prospective or objective (e.g. court records) measures of ACEs (Danese & Widom, 

2020; Newbury et al., 2018), therefore suggesting that the subjective memory of 

childhood maltreatment could be particularly relevant to the development of 

psychopathology. In another study, official reports of childhood maltreatment were 

associated with increased inflammation later in life, whereas retrospective self-reports 

were unrelated to inflammation (Osborn & Widom, 2020). Taken together, these 

findings suggest that the associations of ACEs with mental health and biological 

mechanisms might vary according to whether ACEs are measured through 

prospective assessments, retrospective self-reports, or official records. To illustrate, 

experiences of emotional and physical abuse exhibited the largest associations with 

depressive symptoms in the TEDS study (Study 5). Notably, these ACEs were 

retrospectively self-reported at the same time as the assessment of depression, while 

other ACEs were prospectively assessed. Therefore, the association between 

physical and emotional abuse with depression might partly reflect retrospective recall 

bias, whereby individuals with depression are more likely to report abusive 

experiences due to negative bias in autobiographical memory. Another issue 

regarding the TEDS and ALSPAC studies is that the parents of the study children 

reported both on events they themselves experienced and on those experienced by 

their child, which could introduce bias in understanding the child’s actual experience. 

In the ALSPAC study (Study 6), ACEs in late childhood and adolescence exhibited 

larger associations with depressive symptoms and inflammation than earlier ACEs. 

This result could be partly explained by the fact that the study children began self-

reporting ACEs from age 8 onwards. Indeed, as discussed above, earlier research 

suggests that the subjective experience of ACEs is particularly important in predicting 

mental health outcomes (Danese & Widom, 2020).  
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9.2.1.2. HPA-axis activity and systemic inflammation  

 
This PhD thesis aimed to provide a more robust assessment of long-term HPA-

axis activity through the measurement of hair cortisol. However, hair cortisol data were 

only available in ELSA. In the TEDS study (Study 5), multiple measures of salivary 

cortisol were used to assess daytime HPA-axis activity. Since all measurements took 

place over a single day, the study could not assess long-term patterns of cortisol 

production. Nevertheless, one advantage of the measurement of salivary cortisol was 

the possibility to assess cortisol reactivity, which was indexed by the change in salivary 

cortisol levels before and after the participants completed a computer task. Of note, 

different aspects of HPA-axis function (e.g. basal cortisol levels, long-term cortisol 

production, diurnal variations, cortisol reactivity, etc.) could be differentially influenced 

by adversity exposure. For instance, although ACEs demonstrated weak associations 

with hair cortisol in the ELSA study (Study 1), other aspects of HPA-axis activity than 

total cortisol output over time might be particularly relevant to adversity exposure in 

older adults. Furthermore, both the ELSA and TEDS studies could not assess changes 

in cortisol levels over time owing to a lack of repeated assessments of cortisol over 

longer follow-up periods (e.g. years). Further research is needed to address these 

limitations (see Chapter 9.3).   

Regarding the assessment of systemic inflammation, the studies used repeated 

measures of CRP to assess exposure to chronic systemic inflammation and patterns 

of change over time. However, a limitation is that they only considered a single 

biomarker of inflammation. The reason is that the datasets did not include repeated 

measures of other inflammatory markers that might be related to ACEs and depression 

(e.g. ILs and TNF-α). In the ELSA studies (Studies 1-4), elevated CRP levels were 

consistently associated with both ACEs and depressive symptoms, suggesting that 

CRP concentration may be well suited for the assessment of stress-induced 

inflammation in older adults. In contrast, the associations of CRP with ACEs and 

depressive symptoms were weak in the ALSPAC study. Notably, recent research 

suggests that other markers of inflammation, such as IL-6, might be particularly useful 

in understanding stress-related inflammatory responses in children and adolescents 

(Chu et al., 2019; Flouri, Francesconi, Midouhas, & Lewis, 2020). Additionally, it has 

been shown that novel inflammatory markers, including soluble urokinase 

plasminogen activator receptor (suPAR) and glycoprotein acetyls (GlycA), are 
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associated with ACEs in samples where CRP is not (O’Connor et al., 2020; 

Rasmussen et al., 2020).  

 

9.2.1.3. Depressive symptoms  

 
In all studies, depressive symptoms were assessed using validated scales 

specifically designed to screen for the presence of depressive symptoms in the 

general population. Additionally, the ELSA and ALSPAC studies included repeated 

measures of depressive symptoms, which enabled me to assess the persistence, 

change, and longitudinal patterns of depressive symptoms over time. Despite these 

strengths, a number of weaknesses need to be considered.  

In ELSA (Studies 2-4), depressive symptoms were ascertained using the 8-item 

Centre for Epidemiological Studies Depression scale (CESD-8) (Radloff, 1977). This 

short version of the CESD has comparable psychometric properties to the full 20-item 

CESD (Radloff, 1977; Turvey et al., 1999), and has good psychometric properties for 

use among older adults (Andresen et al., 1994; Karim et al., 2015). Furthermore, it has 

been validated against standardised psychiatric interviews in older populations 

(Turvey et al., 1999), and has been shown to have high internal consistency at each 

wave of ELSA (Cronbach’s α > 0.95) (White et al., 2016). However, the CESD-8 does 

not assess all symptoms set out in the diagnostic criteria for MDD, such as suicidal 

ideation and changes in appetite or weight (see Chapter 1.2.2). Furthermore, there 

are some inconsistencies in the definition of cognitive-affective and somatic 

depressive symptoms in the literature (Chu et al., 2019), as well as in the types of 

items that characterise these two symptom clusters across different depression scales 

(Shafer, 2006). Therefore, although the work presented in this thesis employed the 

most suitable classification of somatic and cognitive-affective symptoms for the CESD-

8 (Radloff, 1977; Shafer, 2006), this may not correspond to that used in other studies. 

In TEDS and ALSPAC, depressive symptoms were ascertained using the Short 

Mood and Feeling Questionnaire (SMFQ) (Angold et al., 1987). This scale has been 

shown to be a reliable and valid tool to evaluate the severity of depressive symptoms 

among children and adolescents in both clinical and population-based studies 

(Burleson Daviss et al., 2006; Sund et al., 2001; Wood et al., 1995). Furthermore, it 

demonstrates good internal validity (Cronbach’s α ~ 0.85) in the ALSPAC (Kwong, 

2019) and TEDS (Waszczuk et al., 2020) cohorts. Although the SMFQ provides a 
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comprehensive assessment of the core affective and cognitive features of MDD, 

somatic symptoms of MDD are not well covered by this scale (e.g. sleep problems, 

changes in appetite/weight) (see Appendix E  – Table E7). As such, it was not possible 

to distinguish between cognitive-affective and somatic depressive symptoms in the 

TEDS and ALSPAC studies.  

It is also worth noting that this PhD has focused on the levels of depressive 

symptoms in the general population. As discussed in Chapter 1.2.2, subthreshold 

depressive symptoms that do not meet the diagnostic criteria for MDD can have a 

significant impact on mental and physical wellbeing, quality of life, and socioeconomic 

outcomes, as well as being a predisposing factor for a diagnosis of MDD (Rodríguez 

et al., 2012; Rowe & Rapaport, 2006). Hence, a consideration of the entire spectrum 

of depressive symptoms in the population may help to achieve a better understanding 

of the aetiology of depression. However, while this PhD offers novel insights into the 

experience of depressive symptoms in the general population, the findings cannot be 

directly generalised to individuals with MDD. Although previous research suggests that 

ACEs and dysregulation of HPA-axis and inflammatory responses are associated with 

depressive symptoms in both the general population and patients with MDD (see 

Chapters 1.4.5.1 and 1.4.5.2), different mechanisms could underlie the development 

of MDD.  

 

9.2.1.4. Genetic factors  

 
Another key strength of this PhD thesis consists in the assessment of genetic 

influences on depression, cortisol, and inflammation and their interplay with ACEs. In 

ELSA, several polygenic scores (PGSs) have been calculated in order to assess 

polygenic influences on various health and socioeconomic outcomes. This enabled 

me to test the confounding and moderating role of PGSs of depression, CRP, and 

plasma cortisol in the associations of ACEs with their respective phenotypes (Study 

4). The PGSs of depression and CRP were constructed using large GWAS meta-

analyses (N > 200,000), which identified several SNPs linked to these phenotypes. 

However, the GWAS meta-analysis used for the PGS of plasma cortisol had a small 

sample size (N = 12,59), and it only identified few SNPs related to cortisol levels. For 

this reason, Study 4 also used a multilocus genetic score (MGS) including risk alleles 

of 10 SNPs from four HPA-axis related genes. Interestingly, the results showed that 
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this HPA-axis MGS moderated the association between ACEs and hair cortisol, 

whereas the PGS of plasma cortisol did not. This finding demonstrates the potential 

value of using MGSs of HPA-axis function in the absence of larger GWAS meta-

analyses of cortisol.  

In the TEDS study (Study 5), genetic influences on cortisol and depressive 

symptoms were measured using a latent twin-based method, capitalising on the fact 

that MZ and DZ twins typically share 100% and 50% of their genes, respectively. The 

latent genetic risk scores used in the analysis accounted for potential confounding 

effects due to gene-environment correlations and interactions between genetic and 

shared environmental influences. However, variance attributable to gene by non-

shared environment interactions was left unexplained. Additionally, the impact of the 

interplay between ACEs and genetic influences on cortisol and depressive symptoms 

could not be accurately tested using these latent genetic risk scores. It should also be 

noted that this thesis did not examine the role of genetic influences on depression and 

inflammation and their interaction with ACEs in the ALSPAC cohort. Future research 

should address these limitations (see Chapter 9.3).   

 

9.2.2. The study samples  
 

This PhD used data from large population-based studies of older adults (i.e. 

ELSA) and young people (i.e. TEDS and ALSPAC). The study participants were not 

selected based on the presence of depression, ACEs, or dysregulation of HPA-axis or 

inflammatory functioning, and therefore were more representative of the general 

population. Nonetheless, the participant samples are not without limitations.  

Studies 1-4 involved large subsamples of ELSA participants with at least one 

measure of the exposure and outcome variables (N ~ 4,000). While the entire ELSA 

sample is representative of the national population of older adults, missing data on the 

exposure or outcome variables of interest (e.g. biomarkers, genetic data) and attrition 

substantially reduced the size of the analytical samples. To minimise bias due to 

missing data, multiple imputation was used to account for missing values in the 

exposure, outcome, and covariate variables within the analytical samples. This 

approach helped to enhance the representativeness and statistical power of the 

analyses. As a sensitivity analysis, the characteristics of the analytical samples were 

compared with those of ELSA participants not included owing to missing data (see 
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Results section of Chapters 2-6). Compared with those excluded due to missing data, 

the ELSA participants included in the studies were younger, more educated, wealthier, 

and had better health and lifestyle characteristics. Although their magnitude was 

generally small, such differences might have introduced some bias to the study results.  

Study 5 involved a subsample of twins from TEDS, who participated in a follow-

up study involving the assessment of salivary cortisol at age 11 years (N = 290). The 

entire TEDS sample is representative of the general UK population. In addition, no 

significant differences were observed in the baseline characteristics of twins who took 

part in the cortisol study compared with the full TEDS sample (see Appendix E – Table 

E1). Hence, the analytical sample of Study 5 was broadly representative of the general 

population. To maintain the representativeness of the analytical sample, multiple 

imputation was used to account for missing values in the exposure, outcome, and 

covariate variables. This subsample of TEDS participants has been shown to have 

adequate power to study genetic and early-life environmental influences on cortisol 

(Ouellet-Morin et al., 2011; Steptoe et al., 2009). However, its small sample size 

reduced the statistical power of the moderation and mediation analyses to detect 

statistically significant differences. Furthermore, the frequencies of certain individual 

adversities in the analytical sample were low (e.g. Parental separation: N = 10; 

Physical abuse: N = 9), and therefore their associations with the outcomes could not 

be reliably tested in regression analysis. Nevertheless, the grouping of the individual 

adversities into different dimensions resulted in a higher prevalence of ACEs within 

each group, thereby enhancing the statistical power of the analysis.  

In Study 6, data were analysed from a large subsample of ALSPAC participants 

with at least 10% of ACEs data across all early-life periods, one measure of CRP, and 

one measure of depressive symptoms (N = 3,931). Compared with the national 

population, children who are part of the ALSPAC sample have higher educational 

attainment, they are more likely to be white, and less likely to be eligible for free school 

meals. Although these factors may affect the external validity of prevalence data 

obtained from the ALSPAC cohort, their impact on the results of longitudinal analyses 

can be minimised using appropriate statistical techniques (e.g. multiple imputation) to 

account for missing data. Therefore, as for the previous studies, missing values in the 

exposure, outcome, and covariate variables were estimated through multiple 

imputation. A comparison of the analytical sample versus ALSPAC participants 

excluded owing to missing data revealed significant differences in their 
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sociodemographic characteristics. Compared with excluded participants, the children 

who were part of the analytical sample were more likely to be female and have a white 

ethnic background, and they had higher family socioeconomic status (see Appendix F 

– Table F44). Such differences might have introduced some bias to the results of the 

ALSPAC study.   

 

9.2.3. Causality  
 

Although the analyses were longitudinal, all studies were observational as the 

relationships of interest were observed without imposing experimental conditions. 

Several factors could underlie the presence or absence of a statistical association in 

observational studies. Therefore, it is not possible to directly infer whether there is a 

causal relationship between the exposures and outcomes of interest on the basis of 

the findings from this PhD research.  

The Bradford Hill’s criteria (Hill, 1965) provide a useful framework for reflecting 

on the possible causal nature of an observed association in observational research. 

These criteria are summarised in Table 9.1. Based on the findings from this PhD and 

earlier studies, the association between ACEs and depression aligns closely with 

these criteria. More specifically, ACEs have been shown to be major risk factors for 

depression across different study populations and assessment methods (strength and 

consistency); this relationship is specific to those early-life experiences that require 

significant adaptation by an average child and which represent a deviation from the 

expectable environment (specificity); ACEs typically precede the development of 

depression (temporality), and they consistently demonstrate a dose-response 

association with the risk of depression (biological gradient); the relationship between 

ACEs and depression is also biologically plausible based on the existing literature 

regarding the biological embedding of ACEs (biological plausibility), and it is consistent 

with the current knowledge of the biology of depression (coherence); further, 

experimental studies have offered corroborative evidence for this relationship 

(experiment), and similar ACEs show analogous associations with depression 

(analogy). In contrast, studies to date (including those presented in this thesis) have 

provided mixed evidence for the possible causal relationships of HPA-axis and 

inflammatory responses with ACEs and depression, particularly regarding the 

strength, consistency, and temporality of these associations. For instance, in this PhD, 
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elevated CRP levels were associated with ACEs and depressive symptoms among 

older adults, whereas these associations were weak in young people. Lower salivary 

cortisol levels were related to ACEs and depressive symptoms in young people, 

whereas higher hair cortisol levels were associated with depressive symptoms but 

unrelated to ACEs among older adults. Furthermore, the magnitude of these 

associations was small in most analyses, and it is not possible to rule out the presence 

of reverse causality in the associations between HPA-axis and inflammatory 

responses and depressive symptoms.  

 

Table 9.1. Bradford-Hill’s criteria for establishing a causal relationship. 

Criteria  Explanation 
“A relationship is more likely to be causal if…” 

Strength The association is large and statistically significant.  
Consistency  The association is consistently replicated using a variety of methods and 

among different populations.  
Specificity  The association is specific to groups of individuals with a particular 

exposure.  
Temporality  The exposure precedes the outcome.  
Biological gradient  Changes in the exposure lead to corresponding changes in the outcome.  
Biological plausibility  There is a potential biological mechanism underlying the relationship 

between the exposure and the outcome.   
Coherence  The relationship is in agreement with the current knowledge of the natural 

history/biology of the outcome.  
Experiment  There is experimental evidence to support the relationship.  
Analogy  A comparable association is observed between the same outcome and 

an analogous exposure.  

 

Another relevant framework for thinking about causality in observational 

research is the Potential Outcomes framework. According to this model, the causal 

effect of an exposure is the difference between the observed outcome when an 

individual is exposed to a risk factor and the unobserved potential outcome that would 

result if the same individual had not been exposed (Shimonovich et al., 2020). 

However, the fundamental problem of causal inference within this framework is that 

both outcomes cannot be measured for any given individual. Therefore, researchers 

usually compare the observed outcomes of exposed and unexposed groups. 

However, to establish causality, the groups must be exchangeable. In other words, 

they must not differ with respect to both measured and unmeasured characteristics. 

Randomised controlled trials (RCTs) are the gold standard approach for establishing 

causal effects since randomisation to treatment and control groups aims to produce 

two exchangeable groups. However, for certain risk factors (e.g. ACEs), it would be 
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highly unethical to assign participants to treatment and control groups. Therefore, the 

role of ACEs in mental health and biological mechanisms in humans is typically 

investigated using observational methods. Unfortunately, exchangeability may not 

hold in observational studies owing to the breadth of confounding factors that could 

affect the relationship between two variables (i.e. factors that may influence both the 

exposure and outcome variables thereby causing a spurious association) (Hernán & 

Robins, 2020). In order to minimise the impact of confounding bias, the statistical 

analyses presented in this thesis were adjusted for potential confounders of the 

associations between ACEs, HPA-axis and inflammatory responses, and depressive 

symptoms, including sociodemographic, lifestyle, health-related, medication, and 

genetic factors. These variables were selected based on previous studies in the field 

and through the use of directed acyclic graphs (DAGs). Nevertheless, it is not possible 

to exclude the presence of other potential sources of unmeasured confounding bias 

that could underlie the observed associations, such as different sociodemographic or 

genetic characteristics of the study participants than those considered in the studies. 

As a sensitivity analysis, E-values were calculated to determine the minimum strength 

of the association that an unmeasured confounder should have with both the exposure 

and the outcome to fully explain their relationship (VanderWeele & Ding, 2017). This 

method is particularly useful to understand how robust an observed association is to 

potential unmeasured confounding. Although there are no specified ranges of E-

values that are deemed large or small, the E-values of the associations of ACEs with 

CRP and cortisol levels were generally smaller than those found for the associations 

between ACEs and depressive symptoms. This suggests that relatively modest 

unmeasured confounder effects could explain away the associations between ACEs 

and HPA-axis and inflammatory responses observed in the studies.  

Another well-recognised drawback of observational studies is reverse 

causation, which occurs when the outcome is causally related to the exposure being 

studied. It is difficult to establish the direction of the relationship between two variables 

in observational studies, even in the presence of longitudinal data. In addition, certain 

variables can also have a bidirectional relationship in which each factor is causally 

related to the other. The issue of revere causation is particularly relevant to the 

relationships of cortisol and systemic inflammation with depression, which may 

develop slowly over time. For instance, in Study 2, the measurement of cortisol and 

CRP was concurrent to the assessment of depressive symptoms. Thus, this study 
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does not provide reliable evidence regarding the direction of their relationships. In 

Study 3, the assessment of CRP preceded that of depressive symptoms. However, 

the possibility that depressive symptoms before the start of the study might have 

influenced baseline CRP levels cannot be ruled out. Indeed, although the 

psychoneuroimmunology literature has predominantly focused on the role of the HPA-

axis and systemic inflammation in the development of depression, some research 

suggests that depressive symptoms can sometimes precede and augment HPA-axis 

and inflammatory responses (Beurel et al., 2020; Negriff et al., 2021; Stewart et al., 

2009). Further research is therefore needed to assess the bidirectional relationships 

between depression and stress-related biological responses in people affected by 

ACEs.  

Lastly, the results of observational studies are also affected by selection bias 

(i.e. the error introduced when the study population is not representative of the target 

population) and measurement bias (i.e. the error arising from the measurement of the 

exposure, outcome, and covariates) (Delgado-Rodríguez & Llorca, 2004). As 

discussed previously, the study samples used in this PhD research may not be fully 

representative of the general population (see Chapter 9.2.2), and there could be some 

measurement error in the study variables, particularly those representing ACEs (see 

Chapter 9.2.1). Notably, these potential biases could have impeded the identification 

of causal relationships in this PhD. 

 

 

9.3. Suggestions for future research 

 
In light of the limitations of the studies, specific suggestions for future 

investigations have been presented in the Discussion section of each analytical 

chapter (Chapters 3-8). In this section, I will discuss possible ways to address the 

limitations of the studies and highlight more general directions for future research in 

this field.  

 

Regarding the assessment of ACEs, further work is needed to elucidate the 

impact of the specific assessment methods on the results. As discussed previously, 

the strength of the associations of ACEs with mental health and biological outcomes 

could vary depending on whether ACEs are assessed through prospectively or 
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retrospectively collected data, and according to the type of informant (e.g. study 

participants, parents, or official records). Indeed, these different assessment methods 

may be differentially affected by various sources of measurement error. Future 

analyses should test whether prospective versus retrospective and child-reported 

versus parent-reported and objective measures of the same ACEs show analogous 

associations with mental health outcomes and mechanisms. This work will be 

particularly useful to establish whether certain ACEs might have a greater impact on 

mental health than others. Future research should also assess the clustering of ACEs 

in other samples and seek to identify combinations of ACEs that may be more strongly 

related to mental health. It is also important to compare results across different 

clustering techniques (e.g. factor analysis and latent class analysis) and other ways of 

operationalising ACEs (i.e. cumulative risk scores, single adversities). Whenever 

possible, the role of the timing of ACEs in their relationships with mental health should 

be considered, as the current evidence is inconclusive. This will require longitudinal 

studies with repeated assessments of various ACEs throughout childhood.  

With regard to the associations of ACEs with cortisol and inflammation, 

numerous possibilities for further research should be noted. First, it would be important 

to compare the associations of ACEs with different indices of cortisol production 

across different stages of the life course within the same study populations. This 

approach will demonstrate whether certain aspects of HPA-axis activity might be 

particularly responsive to ACEs, and whether exposure to early-life adversity might 

lead to different patterns of HPA-axis activity across the life course (e.g. hypoactivity 

during adolescence and hyperactivity during adulthood). Second, studies to date have 

typically used multiple measures of salivary cortisol collected over short periods (e.g. 

a single day) or one-off measures of hair cortisol, a limitation that also applies to the 

work presented in this thesis. Longitudinal assessments of both salivary and hair 

cortisol levels are needed to understand whether ACEs might be related to their 

patterns of change over time. This will provide more robust evidence regarding the 

plausible causal role of ACEs in the regulation of HPA-axis responses. Third, future 

studies should assess the associations of ACEs with different markers of systemic 

inflammation than CRP, such as IL-6, suPAR, and GlycA, in both adults and children. 

Lastly, a growing body of preclinical studies suggests that exposure to early-life stress 

can lead to neuroinflammation, and in particular elevated microglial activity (Calcia et 

al., 2016; Catale et al., 2020). However, this association has rarely been studied in 
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humans. Given the possible link between brain inflammation and peripheral 

inflammatory processes in the development of depression (Nettis & Pariante, 2020), 

another potential direction for future research is to examine the relationship between 

ACEs and neuroinflammation in humans. This work will make a significant contribution 

to advancing the current state of knowledge of the inflammatory pathways linking 

ACEs with depression.  

  A novel aspect of this PhD is the assessment of specific subtypes of 

depressive symptoms (i.e. cognitive-affective and somatic symptoms) and their 

associations with cortisol and inflammation in the ELSA cohort. Future investigations 

should compare the associations of cortisol and inflammation with cognitive-affective 

and somatic depressive symptoms in other samples of adults and young people, using 

different depression scales. Further, it would be important to replicate the analyses 

presented in this thesis using clinical samples of patients with depression and healthy 

controls. Such work will help to understand whether the same psychobiological and 

gene-environment mechanisms influencing depressive symptoms are also involved in 

the development of MDD.  

The findings from this PhD shed light on the role of genetic influences in the 

psychobiology of depression. However, the TEDS study (Study 5) accounted for 

genetic influences using a latent twin-based method. In addition, genetic influences 

on depression and inflammation were not accounted for in the ALSPAC study. Further 

research is needed to test the confounding and moderating effects of PGSs of 

depression, cortisol, and inflammation in these and other cohorts of young people. 

Another aspect that requires more attention is the PGS of plasma cortisol used in 

Study 4. This PGS was constructed using summary statistics from a small GWAS 

meta-analysis (N = 12,597), which had only identified three SNPs associated with 

cortisol concentration. A larger GWAS meta-analysis of hair cortisol is currently 

underway. Once the results are publicly available, it will be important to replicate Study 

4 using a PGS of hair cortisol.  

Regarding confounding and reverse causation, future observational research 

in this field should use statistical and genetically informed methods to account for 

these sources of bias and strengthen causal inference. These may include, for 

instance, mendelian randomisation (MR), sibling and twin designs, and propensity 

score methods. MR uses genetic variants associated with an exposure as instruments 

for investigating causal associations with the outcome and vice versa, thereby limiting 
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reverse causation and unmeasured confounding (Davey Smith & Hemani, 2014). 

Using this approach, a number of MR studies have demonstrated that genetic variants 

linked to inflammatory markers (i.e. IL-6) and cortisol are associated with a higher risk 

of depression in adults (Perry et al., 2021; Zhou & Qiao, 2019). Of note, a recent 

GWAS study has revealed that childhood maltreatment is moderately heritable, with 

SNP-based heritability similar to that of depression (~ 9%). Further, this study used 

MR to test the causal links of childhood maltreatment with mental and physical health. 

The results confirmed the potential causal effect of childhood maltreatment on 

depression, whereas there was no evidence for the causal effect of childhood 

maltreatment on inflammation (i.e. CRP) (Warrier et al., 2021). More MR studies are 

needed to test the bidirectional associations of ACEs and depression with different 

markers of systemic inflammation and HPA-axis activity in both adults and young 

people, as the strength and direction of their causal links might vary across different 

stages of the life course. In light of these findings, future research should also account 

for the role of genetic influences on ACEs and gene-environment correlations. Twin 

and sibling designs are other powerful tools to strengthen causal inference in 

observational research. For instance, by comparing outcomes in exposed versus non-

exposed members of twin pairs (i.e. co-twin control design), it is possible to account 

for unobserved confounding by unmeasured genetic variation or shared environment 

(Pingault et al., 2018; Vitaro et al., 2009). Using this design, previous research has 

demonstrated that childhood maltreatment may be causally related to an increased 

risk of various psychiatric disorders, including depression (Brown et al., 2014; Kendler 

et al., 2000; McCutcheon et al., 2009). Future investigations should use twin and 

sibling designs to assess the associations of ACEs with depression and dysregulation 

of HPA-axis and inflammatory systems. Propensity score methods (e.g. matching, 

inverse probability of treatment weighting) allow researchers to design and analyse an 

observational study mimicking some of the characteristics of RCTs, thereby reducing 

confounding bias (Austin, 2011; Naimi et al., 2016). However, studies to date have 

rarely used these methods to investigate the associations of ACEs with mental health 

and biological mechanisms. Further research is therefore needed in this area. 

Moreover, more efforts should be directed towards triangulating results obtained from 

different causal inference methods. This will provide stronger evidence than any single 

study alone or set of studies using the same method (Matthay et al., 2020).  
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Finally, it is worth noting some broader potential directions for future research 

in this field. Future studies should consider alternative stress-related biological 

mechanisms that could underlie the relationship between ACEs and depression. For 

instance, different lines of research suggest that neurocognitive processes, 

microbiome alterations, and epigenetic changes are all likely to be involved in the link 

between ACEs and mental health, as well as being associated with HPA-axis and 

inflammatory responses (Berens et al., 2017). Hence, it is necessary to understand 

how these different biological processes may interact with each other and contribute 

to the development of depression in individuals affected by ACEs. Future 

investigations should also elucidate the role of psychobiological and gene-

environment mechanisms in the relationship between ACEs and other stress-related 

psychopathologies, such as anxiety and post-traumatic stress disorders. Furthermore, 

more research is required to identify modifiable mechanisms of resilience that may 

help individuals to adapt successfully to early-life experiences that threaten the 

development of positive mental health. Various personal, familial, and community 

factors have been proposed to offer resilience against the impact of ACEs on mental 

health (e.g. social and emotional skills, peer support, engagement in physical activity, 

participation in social/cultural clubs, positive parenting practices, supportive school 

environment, etc.) (Bellis et al., 2018; Chen et al., 2020; Fritz et al., 2018; Li, 2016; 

Traub & Boynton-Jarrett, 2017). However, little empirical evidence is currently 

available on the extent to which different resilience factors can help to prevent the 

development of depression and improve HPA-axis and inflammatory functioning. 

RCTs or observational longitudinal studies using causal inference methods are well 

suited to test mechanisms of resilience and inform prevention and intervention 

strategies. Of note, I have been awarded a Sir Henry Wellcome Postdoctoral 

Fellowship to test the role of physical activity in promoting resilience against stress-

related psychopathology among young people. In the fellowship, I will use longitudinal 

data from various population-based studies, and I will apply an array of causal 

inference methods to account for confounding and reverse causality. This research 

will potentially strengthen the evidence for the plausible protective effect of physical 

activity against the development of depression and anxiety in young people affected 

by ACEs.  
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9.4. Implications 

 

9.4.1. Preventing and reducing ACEs and ACE-related trauma through early 
interventions  
 

The results of this PhD provide strong evidence for the negative impact of ACEs 

on the risk of depression in young people and older adults (Studies 3, 4, 5, 6). The 

association between ACEs and depressive symptoms was consistently observed 

across different ACEs and early-life periods, and it was independent of 

sociodemographic and genetic factors. This finding highlights the importance of 

implementing early interventions to prevent and reduce ACEs and ACE-related 

trauma.  

Unfortunately, ACEs often go undetected, which makes it difficult to implement 

adequate interventions. For instance, in a recent population-based study of children 

from the UK, only 20% of trauma-exposed children sought help from general 

practitioners or mental health professionals (Lewis et al., 2019). Potential strategies to 

improve the identification of ACEs include to: screen for ACEs in primary care and 

non-specialist health settings; improve the current understanding of barriers to 

accessing health and social care services in individuals affected by ACEs; and 

improve primary care practitioners’ training in mental health and trauma-related 

disorders (Danese et al., 2020).  

Trauma-informed care (TIC) has recently emerged as a promising approach to 

improve the identification of ACEs and promote children’s resilience (Sweeney et al., 

2016). The main aim of this approach is to improve service providers’ understanding 

and acknowledgement of the links between trauma and mental health in children and 

adults. This in turn can enable service providers to recognise trauma and trauma-

related psychopathology, avoid practices that may cause further trauma, and refer 

trauma-exposed individuals to mental health support services (Asmussen et al., 2020). 

Trauma-informed practices are increasingly being adopted by primary care services, 

schools, child protection agencies, and other frontline services for children and 

families. Despite their potential benefits, it is currently unclear whether trauma-

informed practices are delivering their intended outcomes owing to a lack of rigorous 

evaluation studies (Hanson & Lang, 2016; Maynard et al., 2019). Further research is 

needed to evaluate the extent to which TIC can provide specific benefits for children 

affected by ACEs.  
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A recent review conducted by the Early Intervention Foundation (EIF) has 

identified a variety of universal and targeted early interventions with some preliminary 

causal evidence of preventing and reducing the psychological impact of ACEs 

(Asmussen et al., 2019). Universal interventions delivered through or alongside 

universal services (e.g. schools, routine health services) that might be effective in 

preventing ACEs include: perinatal mental health screening to provide effective 

treatment and improve maternal mental health during pregnancy (Gavin et al., 2015); 

perinatal intimate partner violence screening to increase mothers’ awareness of 

abusive partner behaviours and reduce the risk of further victimisation (Alhusen et al., 

2015); school-based interventions to increase children’s social-emotional skills and 

promote psychological resilience (Taylor et al., 2017); and co-parenting support 

programmes to increase family harmony and reduce parental conflict (Cowan et al., 

2011; Feinberg et al., 2010, 2014). Targeted interventions are specifically aimed at 

reducing ACE-related trauma and its intergenerational transmission. Some examples 

of targeted interventions which could help to improve the outcomes of children with a 

history of ACEs include: interventions for parents at risk of maltreating their child aimed 

at replacing maltreating behaviours with positive parenting practices (Sanders et al., 

2007; Scott et al., 2014); psychotherapeutic support for parents and children to help 

them work through traumatic experiences, develop more positive parent-child 

relationships, and reduce psychopathology symptoms (Ghosh Ippen et al., 2011; 

Lieberman et al., 2006; Toth et al., 2002); individual psychotherapies such as trauma-

focused cognitive behavioural therapy (TF-CBT), which is specifically designed to 

teach cognitive strategies for managing negative emotions and beliefs stemming from 

distressing and/or abusive experiences (Cohen et al., 2011; Deblinger et al., 2006; 

Goldbeck et al., 2016; Jensen et al., 2014); interventions for separating or divorcing 

parents aimed at reducing parental conflict and preventing adverse outcomes for 

children (Stallman & Sanders, 2014); and, lastly, interventions to prevent at-risk 

children entering care, focusing on reducing trauma-related aggressive behaviours in 

children and improving family functioning (Fonagy et al., 2018; Humayun et al., 2017; 

Li et al., 2011).  

Owing to the complex and pervasive nature of ACEs, system-wide universal 

and targeted strategies are needed to effectively prevent and reduce their wide-

ranging and devastating effects on children’s outcomes. The early detection and 

prevention of ACEs and the immediate provision of psychological support to alleviate 
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ACE-related trauma have the potential to reduce the risk of depression and other 

stress-related disorders throughout the life course. Long-term public investment is 

necessary to enhance the implementation of early interventions and evaluate their 

effectiveness.  

 

9.4.2. Psychosocial and lifestyle interventions for depression  
 

The PhD findings draw attention to the value of screening for ACEs in children 

and adults affected by depression to provide targeted therapies (De Bellis et al., 2019). 

Indeed, it is apparent from the discussion thus far that ACEs are not only major risk 

factors for the development of depression, but they are also associated with a worse 

clinical presentation of the disorder and poor treatment outcomes. The National 

Institute for Health and Care Excellence (NICE) guidelines suggest that depression 

should be treated with psychotherapy (e.g. cognitive behavioural therapy; CBT), or 

with a combination of psychotherapy and medication (NICE, 2009; updated 2016). 

However, as acknowledged in the NICE guidance, there is currently limited evidence 

to guide the treatment of depression in relation to the personal characteristics of 

patients.  

Psychotherapies specifically designed to address ACE-related trauma might be 

particularly effective to reduce depressive symptoms in patients with a history of ACEs. 

Several studies have shown that trauma-informed psychotherapies such as TF-CBT 

and eye movement desensitisation and reprocessing (EMDR) are highly effective for 

the treatment of post-traumatic stress disorder (PTSD) in adults and children (Cusack 

et al., 2016; Lancaster et al., 2016; Smith et al., 2019). However, there is 

comparatively limited evidence for their effectiveness in the treatment of trauma-

related depression. A number of RCTs have demonstrated that TF-CBT can reduce 

symptoms of depression in trauma-exposed children and adolescents (Deblinger et 

al., 2006; Goldbeck et al., 2016; Jensen et al., 2014). Further, initial evidence from 

RCTs suggests that trauma-focused therapies including TF-CBT and EMDR can 

ameliorate depressive symptoms in MDD patients with a history of ACEs (Martínez et 

al., 2021; Minelli et al., 2019; Paauw et al., 2019). 

Interventions involving physical activity (e.g. aerobic exercise) and body-mind 

activities (e.g. yoga) are increasingly being used as complementary or alternative 

treatments for depression. Data from RCTs support the effectiveness of physical 
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exercise (Schuch et al., 2016) and yoga (Brinsley et al., 2020; Cramer et al., 2013) in 

the treatment of depression. Given the beneficial effects of physical activity on both 

mental and physical health, engaging in regular physical activity may also be useful to 

improve the health outcomes of individuals affected by ACEs. Accordingly, trauma-

informed approaches have recently started to be applied to physical activity 

interventions for individuals with trauma or PTSD. This approach takes into account 

the current knowledge of the impact of trauma in all phases of intervention design and 

delivery (Darroch et al., 2020). Preliminary evidence from small RCTs suggests that 

trauma-informed yoga interventions are effective in reducing PTSD symptoms and 

improving psychological wellbeing (Kelly et al., 2021; Price et al., 2017; Van Der Kolk 

et al., 2014). Of note, the application of trauma-informed approaches to physical 

activity interventions might also be beneficial for the treatment of depression in 

individuals with a history of ACEs.  

Larger RCTs are needed to test the effectiveness of trauma-informed 

psychosocial and physical activity interventions to reduce ACE-related trauma and 

depressive symptoms.  

 

9.4.3. Reducing the biological embedding of ACEs through psychosocial and 
lifestyle interventions 
 

The findings of this PhD contribute to a growing body of evidence suggesting 

that interventions to improve HPA-axis and inflammatory responses may help to 

reduce the risk of depression in individuals affected by ACEs, as well as in the general 

population. A variety of psychosocial and lifestyle interventions could have beneficial 

effects on the function of the inflammatory and HPA-axis systems. Psychosocial 

interventions aimed at improving parenting, social relationships, or psychosocial 

functioning in at-risk children (e.g. due to a history of maltreatment, foster 

care/adoption, parent mental health problems, low socioeconomic status) have been 

shown to reduce systemic inflammation and improve cortisol regulation (Bernard et 

al., 2015; Miller et al., 2014; Slopen et al., 2014). Findings from RCTs also suggest 

that psychotherapy and physical activity interventions, including  CBT, mindfulness-

based therapies, and yoga, are not only effective in reducing stress and 

psychopathology symptoms but are also associated with enhanced immune system 

and HPA-axis functioning (Moraes et al., 2018; Pascoe et al., 2017; Shields et al., 
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2020). Furthermore, a new body of research suggests that dietary interventions to 

improve adherence to healthy diets (i.e. diets high in vegetables and fruits, whole 

grains, fibre, and healthy fats) could help to reduce stress-related inflammatory 

responses and depressive symptoms in children and adults (Bujtor et al., 2021; 

Lassale et al., 2019). These findings highlight the need to increase research capacity 

and public funding to develop, test, and implement evidence-based interventions to 

mitigate the psychobiological impact of ACEs on mental health.  

 

9.4.4. Pharmacological interventions for depression 
 

The PhD findings also carry implications for pharmacological interventions for 

depression, which are recommended by NICE for the treatment of mild to moderate 

and severe depressive symptoms (NICE, 2009).  

First, given the robust associations between ACEs and depressive symptoms 

found in this PhD and previous research, it is important to screen for ACEs in order to 

identify patients who are more likely to benefit from antidepressant treatment. Studies 

have demonstrated that standard antidepressant medications are significantly less 

effective in patients with a history of childhood trauma (Nikkheslat et al., 2020; Williams 

et al., 2016). Therefore, depressed patients affected by ACEs might require additional 

psychosocial interventions to directly address the impact of ACE-related trauma (e.g. 

TF-CBT, trauma-informed yoga).  

Second, Study 2 suggest that depressive symptoms are associated with 

elevated CRP and hair cortisol levels in older adults, and both biomarkers exhibit 

stronger relationships with somatic than with cognitive-affective symptoms. Such 

findings highlight the importance of considering patterns of inflammatory and HPA-

axis responses and specific depressive symptom profiles in order to facilitate more 

targeted treatments and inform antidepressant medication selection. For instance, a 

recent meta-analysis of 9 clinical trials has concluded that treatment with cortisol 

synthesis inhibitors may be effective in reducing depressive symptoms in patients with 

elevated cortisol levels at baseline (Lombardo et al., 2019). Further, meta-analyses of 

RCTs have concluded that anti-inflammatory drugs may be effective in reducing 

depressive symptoms in patients with MDD (Bai et al., 2020), as well as in depressed 

patients with a primary inflammatory disorder (Wittenberg et al., 2020). However, 

these studies did not consider whether distinct types of depressive symptoms could 
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be linked to different pathophysiological mechanisms (Fried & Nesse, 2015), thereby 

moderating the effectiveness of these novel antidepressant therapies. Further work is 

needed to understand whether anti-glucocorticoid and anti-inflammatory drugs may 

be particularly effective for cases of depression characterised by increased 

inflammation and cortisol levels, and whether the effectiveness of these new 

treatments may vary according to the specific symptom profiles of patients (e.g. high 

vs low somatic symptoms).  

Third, Studies 4 and 5 provide evidence for the role of genetic influences on 

depression and stress-related mechanisms and for the interplay between ACEs and 

genetic factors. It has been proposed that the individual’s genetic susceptibility to 

depression and GxE interactions might underlie the response to antidepressant 

treatment (Assary et al., 2018; Robert Keers & Uher, 2012; Murray et al., 2021). For 

example, recent research has found that depressed patients at high polygenic risk for 

depression, neuroticism, and schizophrenia respond worse to antidepressants than 

those at low polygenic risk (Fanelli et al., 2020; Ward et al., 2018). Furthermore, earlier 

studies demonstrated that depressed patients with the SS genotype of the 5-HTTLPR 

gene responded poorly to antidepressant treatment, but only if they experienced a 

stressful life event prior to treatment (Keers et al., 2011; Mandelli et al., 2009). Another 

study found that the interaction between early-life stress and one SNP found in the 

monoamine neurotransmitter system gene was associated with worse antidepressant 

response (Xu et al., 2016). However, these studies were limited by small sample sizes 

and did not account for the highly polygenic nature of depression. Larger studies are 

needed to test whether PGSs of depression and stress-related mechanisms (e.g. 

cortisol, inflammation) and their interaction with ACEs could help to reliably predict 

response to antidepressant therapy.  

Taken together, the evidence presented in this section highlights the value of 

adopting a personalised medicine approach in the treatment of depression. Predictive 

algorithms and treatment decisions should account for the complex, multifactorial 

nature of depression, including genetic factors, history of ACEs and stressful life 

events, physiological markers (e.g. cortisol and inflammation), and subtypes of 

depressive symptoms. A personalised approach can potentially aid clinical decision-

making and enhance the effectiveness of pharmacological, psychosocial, and lifestyle 

interventions for depression.  
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9.5. Impact of the COVID-19 pandemic on mental health and ACEs  

 

9.5.1. Initial impact of the pandemic on mental health  
 

As discussed in the introductory chapter of this thesis (Chapter 1.2.3.2), the 

COVID-19 pandemic has recently emerged as a new source of chronic stressors 

owing to its ongoing impact on several aspects of people’s lives, including 

employment, financial security, social connections, health-related worries, and access 

to health and social care services (Holmes et al., 2020). The widespread experience 

of COVID-19 related stressors (e.g. loss of employment, financial instability, illness or 

death of a relative), social isolation, reduced access to mental health services, and 

high levels of tension and fear of the virus may have all contributed to greater 

psychological distress and higher levels of abusive and distressing experiences in the 

population (Brooks et al., 2020; Pereda & Díaz-Faes, 2020; Usher et al., 2020). 

A rapidly growing body of research suggests that the prevalence of depression 

and anxiety in the early periods of the pandemic was higher than would be expected 

for the general adult population (Pierce et al., 2020; Salari et al., 2020). Along with 

other colleagues from the UCL Psychobiology research group, I conducted two studies 

that demonstrated particularly high levels of mental health difficulties among adults 

during the first national lockdown in the UK (March-June 2020).  

The first study aimed to: (i) explore patterns of abuse, self-harm, and suicidal 

ideation in the first month of lockdown; and (ii) identify levels of engagement with 

formal and informal mental health support. For this purpose, I analysed data from 

44,775 adults participating in the UCL COVID-19 Social Study, a large longitudinal 

study on the psychological and social experiences of over 50,000 adults in the UK 

during the pandemic. The results revealed high rates of psychological and physical 

abuse (9.2%) and thoughts of death or self-harm (17.8%). Descriptively, the 

prevalence of these experiences was greater than in previous national surveys – i.e. 

around 5% for both suicidal thoughts and psychological/physical abuse (McManus et 

al., 2016; Office For National Statistics, 2019) (Figure 9.1).  

 



 277 

Figure 9.1. Comparison of the prevalence of abuse, self-harm, and suicidal ideation in the 
COVID-19 Social Study versus pre-COVID-19 national surveys.  

Note. Sample: COVID-19 Social Study (N = 44,775). All data were weighted to the national proportions 
of gender, age, ethnicity, education, and country of living.  
 
 
 

In line with the epidemiology of these experiences before the pandemic, 

thoughts and experiences of self-harm and abuse were more common among women 

(except for physical abuse), Black, Asian and minority ethnic (BAME) groups, and 

people experiencing socioeconomic disadvantage, unemployment, disability, and 

chronic physical or mental illnesses (Figure 9.2). 
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Figure 9.2. Prevalence of abuse, self-harm, and suicidal ideation in the COVID-19 Social Study 
by sociodemographic and health-related characteristics. 

Note. Sample: COVID-19 Social Study (N = 44,775). All data were weighted to the national proportions 
of gender, age, ethnicity, education, and country of living.  
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Lastly, psychiatric medications were the most common type of support being 

used, but fewer than half of those affected were accessing formal or informal mental 

health support (Figure 9.3).  

 

Figure 9.3. Formal/structured and informal mental health support in participants with 
experiences of abuse, self-harm behaviours, and thoughts of death or self-harm. 

Note. Sample: COVID-19 Social Study (N = 44,775). All data were weighted to the national proportions 
of gender, age, ethnicity, education, and country of living.  

 

 

Notably, this was the first empirical study exploring the psychosocial 

experiences of adults during lockdown in the UK. The findings underscored the 

importance of finding new ways of identifying and evaluating individuals at risk of 

abuse and self-harm, and they highlighted the need to make additional support 

available to people at home. This study has been published in The British Journal of 

Psychiatry (Iob, Steptoe, et al., 2020), and it has been awarded the BJPsych Editor's 

Choice 2021 award.  

 
The second study aimed to: (i) examine the levels of severity of depressive 

symptoms during the early months of the pandemic in the UK; and (ii) identify 

population subgroups most at risk of experiencing psychological distress. As for the 

previous study, the study participants were drawn from the UCL COVID-19 Social 

Study (N = 51,417). The results revealed several key findings. Using latent growth 

mixture modelling, three distinct trajectories of depressive symptoms were identified 
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in the sample: Class 1 – low depressive symptoms (60.0%); Class 2 – moderate 

depressive symptoms (29.0%); Class 3 – severe depressive symptoms (11%). The 

Low and Moderate depression trajectories were relatively stable over time, while the 

Severe depression trajectory decreased following the start of lockdown but began to 

increase again in weeks 5 and 6 (Figure 9.4).  

 

 
Figure 9.4. Group-based trajectories of depressive symptoms. 

Note. Sample: COVID-19 Social Study (N = 51,417). The Low depression trajectory (Class 1) includes 
participants with minimal depressive symptoms at all waves [30,850 individuals (60%)]. The Moderate 
depression trajectory (Class 2) represents participants with moderate depressive symptoms throughout 
the study [14,911 individuals (29%)]. The severe depression trajectory (Class 3) represents participants 
with persistently severe levels of depressive symptoms [5,656 individuals (11%)]. PHQ-9 = Patient 
Health Questionnaire-9.  

 

 

Individuals facing certain sociodemographic, psychosocial, and health-related 

vulnerabilities were at heightened risk of experiencing moderate and severe levels of 

depressive symptoms during lockdown. The risk of both moderate and severe 

depressive symptoms was considerably higher among people experiencing abuse and 

low social support, individuals with low SEP, and those with pre-existing mental and 

physical health conditions (Figure 9.5). Essential workers and BAME groups were not 

more likely to report elevated depressive symptoms when other vulnerabilities were 

taken into account.  
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Figure 9.5. Associations of sociodemographic, psychosocial, and health-related vulnerabilities 
with the Moderate and Severe depression trajectories. 

Note. Sample: COVID-19 Social Study (N = 51,417). The ORs (odds ratios) represent the risk of 
belonging to the Moderate or Severe depressive-symptom trajectory compared with the Low trajectory. 
All models were adjusted for sex, age, and COVID-19 diagnosis, and were weighted using survey 
weights. 

 

Notably, the associations with SEP and psychosocial and health-related 

vulnerabilities were larger than might be expected from previous literature, particularly 

for abuse and social support. For example, pre-pandemic meta-analytic results 

suggest that the odds of depression were 1.87 (1.42;2.46) higher in people exposed 

to intimate partner violence as compared to non-exposed people (Beydoun et al., 

2012) and 0.74 (0.72;0.76) lower in people with high levels of social support compared 
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with those with poor social support (Gariépy et al., 2016). The relationships of abuse 

and low social support with severe depressive symptoms were more than 5 times 

larger in this study, with odds ratios of 13.16 (12.95;13.37) for abuse and 12.72 

(12.58;12.86) for low social support (Figure 9.5). Likewise, previous meta-analyses 

have shown that low SEP (Lorant, 2003) and chronic physical health conditions such 

as cardiovascular disease (Correll et al., 2017) increase the odds of depression by 

1.81 (1.57;2.10) and 1.75 (1.36;2.26), respectively. In contrast, data from this study 

suggest that in the early months of the pandemic the odds of severe depressive 

symptoms were 3.41 (3.29;3.54) times higher for people with chronic physical 

illnesses and 5.22 (5.08;5.36) times higher in those facing socioeconomic 

disadvantage (Figure 9.5).  

These findings highlighted the importance of developing strategies to identify 

vulnerable individuals during the pandemic, reallocate mental health services to those 

in need, and swiftly provide evidence-based treatments to alleviate depressive 

symptoms. This study has been published in JAMA Network Open (Iob, Frank, et al., 

2020).  

 

Taken together, these two studies have contributed to a better understanding 

of the initial impact of the COVID-19 pandemic on the mental health of the adult 

population. The findings of this research have informed mental health policy during 

COVID-19 in the UK, including government guidance on supporting population mental 

health and wellbeing during the pandemic and additional funding for mental health 

charities (House of Commons, 2021; Public Health England, 2021). However, a 

number of limitations should be noted. First, although well-stratified across 

sociodemographic characteristics and weighted to population proportions, the COVID-

19 Social Study’s sample is not random, and therefore is not nationally representative. 

It is possible that the study inadvertently attracted individuals experiencing greater 

psychological distress during the pandemic, or individuals who were more engaged or 

interested in mental health. Hence, the results are not presented as prevalence figures 

but are instead used to understand the patterning of psychological distress and risk 

factors. Second, the COVID-19 Social Study lacks data on individuals before the 

beginning of the pandemic. As such, it was not possible to identify whether and how 

patterns of mental health difficulties during lockdown varied relative to an individual’s 

usual mental health. Nevertheless, results from the COVID-19 Social Study have been 
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corroborated by longitudinal and nationally representative studies that compared 

psychological experiences during the early months of the pandemic with data collected 

in the past years (Daly et al., 2020; Pierce et al., 2020). 

 

9.5.2. Longer-term impact of the pandemic on mental health  
 

Despite the emphasis placed on the psychological consequences of the 

pandemic, little is currently known about mental health beyond the initial period of the 

COVID-19 crisis, as most analyses have focused on the early months of the pandemic. 

Repeated assessments are needed to understand whether mental health and 

wellbeing levels recovered or continued to deteriorate as the pandemic progressed. In 

an attempt to address this evidence gap, I recently contributed to a longitudinal study 

examining changes in mental health before and during the initial and later phases of 

the pandemic. Data were analysed from a nationally representative sample of older 

adults participating in the ELSA COVID-19 Substudy (N = 5,146), who provided data 

before the pandemic (2018-19) and on two occasions in 2020 (COVID-19 w1: June-

July; COVID-19 w2: November-December). Changes in depression and other mental 

health outcomes before and during the pandemic were tested using fixed-effects 

regression models. The results demonstrated that the prevalence of clinically 

significant depressive symptoms increased from 12.5% before the pandemic to 22.6% 

(p<0.001) in June-July 2020, with a further rise to 28.5% (p<0.001) in November-

December (Figure 9.6).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9.6. Predicted trajectory of depression before and during the COVID-19 pandemic. 

Note. Sample: ELSA COVID-19 Substudy (N = 5,146). Weighted pooled estimates from two-way 
fixed-effects linear models across 20 imputed datasets.  
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Further, the results provided evidence for some heterogeneity in the mental 

health impact of the pandemic. In particular, women experienced significantly worse 

changes in all mental health outcomes than men. Patterns of changes in depression 

were similar across age and socioeconomic groups. Socioeconomic inequalities in 

mental health have persisted during the pandemic, as participants with lower levels of 

wealth had worse mental health than those with higher wealth both before and during 

COVID-19 (Figure 9.7).  

 

Figure 9.7. Interaction effects between changes in depression and sex and wealth. 

Note. Sample: ELSA COVID-19 Substudy (N = 5,146). Predicted values of the outcomes by 
sociodemographic characteristics, derived from mutually adjusted two-way fixed-effects linear models. 
Weighted pooled estimates across 20 imputed datasets.

 

 

These findings suggest that the mental health of the adult population in England 

has continued to deteriorate throughout the course of the pandemic in 2020. Policies 

should be in place for the immediate provision of targeted psychological interventions 

to support adults, and in particular women and those from low socioeconomic groups. 

Notably, people from low socioeconomic backgrounds are at greater risk of 

experiencing financial difficulties and psychological/physical abuse during COVID-19 

(Iob, Steptoe, et al., 2020; Wright et al., 2020), and these adversities may contribute 

to greater levels of psychological distress. As the pandemic in the UK evolves, longer-

term monitoring of the patterning and determinants of mental health and the 

consequences for other aspects of people’s lives will be necessary. This study has 
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been submitted for publication and is under review. A preprint of the article can be 

accessed on medRxiv (Zaninotto, Iob, et al., 2021).  

 

9.5.3. Impact on children’s mental health and ACEs 
 

Although children are less likely to develop serious illness from COVID-19 

infection, they are not immune to the psychosocial effects of the pandemic. The 

pandemic has caused major changes for children and their families because of 

quarantine and social distancing measures, prolonged closure of schools and parks, 

social isolation, and increased poverty and financial instability (Panda et al., 2021; 

Pereda & Díaz-Faes, 2020). Unsurprisingly, there is emerging evidence that ACEs, 

including child abuse and neglect, violence and conflict between parents, and parental 

mental health or substance use problems, may have worsened during the current 

pandemic (Bryant et al., 2020; Sidpra et al., 2021). These factors might have all 

contributed to the worsening of mental health in children and adolescents.  

Several studies have shown that during the early months of the pandemic the 

levels of depression and anxiety in children and adolescents, as well as irritability, 

boredom, and fear of COVID-19, were high across different countries (e.g. Italy, 

France, Spain, and China) (Panda et al., 2021). In the UK, longitudinal data from a 

representative sample of children participating in the England’s Mental Health of 

Children and Young People (MHCYP) survey suggest that the incidence of mental 

health problems among children aged 5-16 years rose from 10.8% in 2017 to 16% in 

July 2020, across all age, sex, and ethnic groups. One in four children also reported 

disrupted sleep, and one in ten children often or always felt lonely during the early 

months of the pandemic. Children with parents facing psychological distress or 

financial challenges were at greater risk of poor mental health (Newlove-Delgado et 

al., 2021). This finding is particularly concerning because parents have experienced 

higher levels of psychological distress than working-age adults without children during 

the pandemic (Pierce et al., 2020). In addition, recent data suggest that the percentage 

of children eligible for free school meals has increased from 17% in 2020 to 21% in 

January 2021 (BBC News, 2021). Increased psychological distress among children 

and adolescents during COVID-19 has also been documented in other countries, 

including the US, Netherlands, Iceland, and Peru (Barendse et al., 2021; Thorisdottir 

et al., 2021).  
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It is thus apparent that the COVID-19 pandemic has disrupted the lives of 

millions of children across the world. Owing to an increased risk of ACEs and 

psychological distress, the pandemic might have further exacerbated the impact of 

ACEs on children’s mental health and stress-related responses. This could have 

enduring effects on their physical and psychosocial development, thereby affecting 

their future health and socioeconomic prospects. Longitudinal studies are needed to 

understand the longer-term impact of the COVID-19 pandemic on children’s mental 

health. Social protection and mental health services should promptly respond to the 

psychological and socioeconomic challenges that children and families are facing 

during the pandemic, and they should provide adequate support to mitigate the 

psychosocial effects of COVID-19.   

 

 

9.6. Final conclusion    

 
This PhD consisted of six studies seeking to assess the role of HPA-axis and 

inflammatory responses in the relationship between ACEs and depression, and the 

gene-environment mechanisms involved. Data were analysed from three population-

based cohort studies of young people and older adults in order to investigate these 

relationships across different stages of the life course. The results demonstrated that 

individual ACEs, cumulative ACEs scores, and clusters of ACEs were all consistently 

associated with an increased risk of elevated depressive symptoms in both young 

people and older adults (Studies 3, 4, 5, and 6). All types of ACEs were associated 

with elevated systemic inflammation in older adults (Study 1), and threat-related ACEs 

in adolescence (i.e. bullying and sexual abuse) were associated with increased 

systemic inflammation among young people (Study 6). Cumulative exposure to ACEs 

and bullying were also associated with lower salivary cortisol levels in young people 

(Study 5), whereas ACEs had weak associations with hair cortisol in older adults 

(Study 1). The results further showed that elevated systemic inflammation was 

associated with persistent depressive symptoms in older adults, with larger 

associations for somatic than for cognitive-affective symptoms (Study 2). In turn, 

systemic inflammation mediated the association between ACEs and depressive 

symptoms in this sample of older adults (Study 3), but not in young people (Study 6). 

The association between ACEs and depressive symptoms in young adulthood was 
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partly explained by lower salivary cortisol in adolescence (Study 5). Notably, the 

relationships between ACEs, stress-related biomarkers, and depressive symptoms 

were independent of sociodemographic, lifestyle, and genetic influences. In addition, 

evidence was found for the interplay between ACEs and genetic factors, suggesting 

that ACEs were more strongly related to depressive symptoms and stress-related 

mechanisms in individuals at higher genetic risk (Study 4). Taken together, these 

findings contribute to a better understanding of the psychobiological and gene-

environment mechanisms underlying the relationship between ACEs and depression, 

and they have relevant implications for psychosocial, lifestyle, and pharmacological 

interventions to reduce the burden of depression and ACEs. In light of the limitations 

of this PhD research, future studies should seek to replicate and expand the current 

findings in other study populations, with different measures of the variables of interest, 

and using methods to strengthen causal inference.  
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APPENDICES  
 
 

Appendix A  
 
sMethods  

 

Parental Bonding Instrument (PBI) 

 

The seven-item PBI (Parker et al., 1979) includes 3 items about care (i.e. understood 

my problems and worries, emotionally cold mother/ father, and made me feel not wanted) and 

4 items about overprotection (i.e. let me do things I liked, liked me to make decisions, made 

me feel dependent on them, and were overprotective). Each question is rated on a 4-point 

scale ranging from ‘strongly agree’ to ‘strongly disagree’. All responses were dichotomised 

into ‘agree’ (=1) and ‘disagree’ (=0), and positive items (e.g. understood my problems and 

worries) were reverse scored.  

 

Questions assessing ACEs in the ELSA’s life history interview 
 

Parental bonding instrument  

 
Mother figure  

1. She let me do the things I liked doing. 
2. She seemed emotionally cold to me. 
3. She appeared to understand my problems and worries. 
4. She liked me to make my own decisions. 
5. She made me feel I was not wanted. 
6. She tried to make me dependent on her. 
7. She was overprotective of me. 

 
Father figure  

1. He let me do the things I liked doing. 
2. He seemed emotionally cold to me. 
3. He appeared to understand my problems and worries. 
4. He liked me to make my own decisions. 
5. He made me feel I was not wanted. 
6. He tried to make me dependent on him. 
7. He was overprotective of me. 

 

Difficult life events  

 
1. Have you ever been a victim of serious physical attack or assault? (when aged 16 years 

or younger) 
2. Have you ever been a victim of sexual assault including rape or harassment? (when aged 

16 years or younger) 
3. When you were aged under 16, did your parents argue or fight very often? 
4. When you were aged under 16, did your parents drink excessively, take drugs or have 

mental health problems? 
5. When you were aged under 16, were you physically abused by your parents?  
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Accommodation and parental separation/divorce  

 
1. Have you ever experienced any of the following things? 

 Lived in a children's home. 

 Been fostered with another family. 
 

2. Did your parents permanently separate or divorce before you were 16? 

 Yes.  

 No.  

 One or both parents died before respondent was 16.  

 Parents never lived together during respondent's lifetime.  

 Never lived with parents / don't know.  
 

3. Were you ever separated from your mother for 6 months or longer before you were 16?  

 Yes. 

 No. 
 

4. If so, why did this separation happen?  

 Parents separated or divorced.  

 Mother died.  

 Mother was ill.  

 Respondent was adopted.  
 

 
 
Measurement and coding of the covariates  

 

The analyses were adjusted for relevant covariates including demographic, 

socioeconomic, lifestyle, and medication data. These were: sex, age, childhood 

socioeconomic position, marital status, adult wealth, body mass index (BMI), smoking status, 

physical activity, alcohol drinking, use of anti-inflammatory or antihypertensive drugs (CRP 

only), steroid medications (cortisol only), and hair-related characteristics (i.e. whether hair was 

dyed, season of hair collection, hair colour, and phase of hair analysis – cortisol only). All 

covariates, except BMI, medication use, and hair characteristics, were assessed in wave 3. 

Data on BMI were collected in wave 4 for the CRP sample and in wave 6 for the cortisol 

sample. Medication use and hair characteristics were assessed in wave 6. Sex was a binary 

variable, and age was measured in years. Marital status was a categorical variable indicating 

whether the participant was married/in a civil partnership, separated/divorced, widowed, or 

single. Adult wealth was derived from a comprehensive assessment of the participant’s 

economic resources (e.g. financial, housing and physical wealth) excluding pension wealth, 

and was categorised into quintiles (1= lowest wealth; 5 = highest wealth). Childhood 

socioeconomic position was measured using information collected during the Life History 

interview on overcrowding (number of people/number of bedrooms > 2), number of books in 

the home (none vs one or more), father’s occupation (manual vs other), financial hardship, 

and parent unemployment. Based on these measures, I calculated a cumulative score 
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representing the total number of childhood socioeconomic adversities reported by the 

participant. Smoking status was a categorical variable indicating whether the participant was 

a current smoker, smoked in the past, or never smoked. Physical activity was assessed using 

data on the frequency of participation in vigorous, moderate, and light activities. A categorical 

variable was derived comprising three groups: vigorous (vigorous activity on a weekly basis), 

moderate (moderate activity on a weekly basis), and light (no vigorous or moderate activity on 

a weekly basis) physical activity. For alcohol drinking, participants reported how often they 

had alcoholic beverages during the past 12 months on an 8-point scale ranging from “almost 

every day” to “not at all in the last 12 months”. From this information, I derived a categorical 

variable for whether the participant drank alcohol less than weekly, 1-4 days a week, or 5-7 

days a week. BMI was calculated based on measures of height and body weight collected 

during the nurse visits and was treated as a continuous variable. Anti-inflammatory and 

antihypertensive medications were grouped into a single binary variable (yes/no). A separate 

binary variable was also created for steroid medications (yes/no). Lastly, hair-related 

characteristics included whether hair was dyed (yes/no), season of hair collection [summer 

(Jun-Aug), autumn (Sep-Nov), winter (Dec-Feb), spring (Mar-May)], hair colour 

(blonde/ginger, brown, grey/white), and phase of hair analysis (1=2015; 2=2018). A sensitivity 

analysis also examined the impact of the participant’s mental health status (i.e. self-reported 

depressive symptoms) on the relationships of interest. Depressive symptoms were 

ascertained using the 8-item Centre for Epidemiological Studies Depression scale (CESD-8) 

(Radloff, 1977). A dichotomous (yes/no) response was used for each item, resulting in a total 

CESD-8 score ranging between 0 (no symptoms) and 8 (all eight symptoms). 

 

sResults  

 

EFA of the ACE items in the four training datasets   

 

EFA of the ACEs items resulted in four factors with eigenvalues greater than 1 across 

all training datasets. Similar results were indicated by visual inspection of the scree plots. The 

same factor loadings emerged in two training datasets. The other two datasets revealed very 

similar factor solutions, with some minor variations in the loadings of a number of items (see 

Table A5). The factor solution identified in the first two datasets was the most consistent 

throughout the training phase. In addition, it had higher factor loadings and better 

interpretability, and it aligned closely to the results of previous factor analyses. Hence, this 

factor model was selected for the CFA performed on the test dataset. 
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Table A1. Descriptive statistics and comparison of observed and imputed data - CRP sample 
(N=4198).    

Observed Imputed  
Variables  Levels  Mean(sd)/ % Missing (%) Mean(sd)/ % 

Adverse Childhood Experiences (ACEs) 
   

Physical abuse 
 

3.2 15 3.5 
Sexual abuse 

 
5.3 15.1 5.5 

Physical assault 
 

2.7 15 2.8 
Parent arguments  

 
20.7 15.9 21.3 

Low maternal bonding 
 

17.1 19.5 17.6 
Low paternal bonding 

 
17.4 22.1 18.4 

Institutionalisation 
 

1.6 0.1 1.6 
Separation from mother 14.6 0.2 14.6 
Foster care/Adoption 

 
1.8 0.1 1.8 

Parent death 
 

5.1 0.2 5.2 
Parent mental illness/substance abuse 6.5 15.3 6.7 
Parent separation/divorce 5.9 0.2 5.9 
Demographic and socioeconomic characteristics  

   

Age  
 

69.67(8.72) 0 69.67(8.72) 
Sex: Female  

 
56 0 56 

Marital status Married  69.3 0.1 69.2  
Separated/Divorced  11.7 

 
11.7  

Widowed  13.4 
 

13.4  
Single  5.7 

 
5.7    

Wealth quintiles  1 (lowest) 15.3 1.7 15.2  
2 18.2 

 
18.2  

3 20.4 
 

20.4  
4 22.2 

 
22.2  

5 (highest) 23.9 
 

24 
Childhood socioeconomic indicators 

   

Overcrowding 
 

19.2 3.8 19.3 
No books when aged 10 25 4.3 25.1 
Manual occupation (father) 1.1 0.2 1.2 
Financial hardship  

 
6.8 15.3 6.9 

Parent unemployment  
 

8 15.3 8.2 
Biomarkers 

    

CRP log (w4) 
 

0.481(0.94) 20 0.523(0.95) 
CRP log (w6) 

 
0.393(0.93) 15 0.440(0.94) 

High CRP (w4+w6) 0 64.2 
 

56.6  
1 25.6 

 
23.8  

2 10.2 
 

19.6 
Lifestyle indicators  

    

BMI  
 

28.21(5.09) 9 28.24(5.12) 
Smoking Current smoker  16.1 0.2 16.1  

Smoked in the past  43.3 
 

43.3  
Never smoked  40.6 

 
40.6 

Physical activity  Light  14.7 1.1 14.7  
Moderate  51.1 

 
51.2  

Vigorous 34.2 
 

34.1 
Alcohol consumption  5-7 days a week 24.4 10.7 24  

1-4 days a week 40 
 

39.7  
Less than weekly 35.5 

 
36.3 

 Medications     
 Anti-inflammatory /antihypertensive drugs 48.2 0 48.2 
Depressive symptoms  

    

CESD-8 (mean) 1.31(1.85) 0.1 1.32(1.85) 

Note.  Sample = ELSA, w3-w6. Sd=standard deviation. ACEs=adverse childhood experiences. CRP=c-reactive 

protein. BMI=body mass index. 
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Table A2. Descriptive statistics and comparison of observed and imputed data - Cortisol sample 
(N=3357)   

Observed 
 

Imputed  
Variables Levels  Mean(sd)/ % Missing 

(%) 
Mean(sd)/ % 

Adverse Childhood Experiences (ACEs) 
   

Physical abuse 
 

3.5 14.9 3.9 
Sexual abuse 

 
6.1 15 6.4 

Physical assault 
 

2.4 14.9 2.5 
Parent arguments  

 
21.5 15.8 22.5 

Low maternal bonding 
 

18 20.1 18.9 
Low paternal bonding 

 
18 22.3 19.4 

Institutionalisation 
 

1.6 0.1 1.6 
Separation from mother 15 0.1 15 
Foster care/Adoption 

 
1.8 0.1 1.8 

Parent death 
 

5.1 0.2 5.1 
Parent mental illness/substance abuse 7.1 15.1 7.6 
Parent separation/divorce 6.4 0.2 6.4 
Demographic and socioeconomic characteristics  

   

Age  
 

69.79(9.10) 0 69.79(9.10) 
Sex: Female  

 
67.9 0 67.9 

Marital status Married  68.3 1.2 68.4  
Separated/Divorced  11.9 

 
11.8  

Widowed  14.6 
 

14.4  
Single  5.3 

 
5.4 

Wealth quintiles  1 (lowest) 15.2 3 15.2  
2 17.8 

 
18  

3 19.7 
 

19.6  
4 22.3 

 
22.3  

5 (highest) 24.9 
 

25 
Childhood socioeconomic indicators 

   

Overcrowding 
 

19.2 4.1 19.3 
No books when aged 10 22.6 4.7 22.8 
Manual occupation (father) 1.1 0.3 1.1 
Financial hardship  

 
7.9 15.3 8.4 

Parent unemployment  
 

7.9 15.3 8.1 
Biomarkers 

    

Hair cortisol log (w6) 
 

0.896(0.576) 0 0.889(0.577) 
Lifestyle indicators  

    

BMI  
 

28.3(5.26) 5 28.3(5.27) 
Smoking Current smoker  15.9 1.4 16  

Smoked in the past  42 
 

41.9  
Never smoked  42.1 

 
42.2 

Physical activity  Light  16.2 2.2 16.2  
Moderate  50.2 

 
50.6  

Vigorous 33.2 
 

332 
Alcohol consumption  5-7 days a week 23.5 11.4 23.2  

1-4 days a week 38 
 

37.7  
Less than weekly 38.5 

 
39.1 

Medications  
    

Steroids  
 

4.8 0 4.8 
Hair characteristics 

    

Hair colour  Blonde/ginger 16 0.6 16  
Brunette  23.5 

 
23.4  

Grey/white 60.5 
 

60.6 
Season hair collection  Autumn 43.4 0 43.4  

Spring 6.3 
 

6.3  
Summer  23.9 

 
23.9  

Winter 26.4 
 

26.4 
 Hair dyed/chemically treated  31.3 0 31.3 
 Phase of hair analysis 2 (2018) 39.7 0 39.7 
Depressive symptoms    

   

CESD-8 (mean) 
 

1.36(1.87) 0.1 1.36(1.88) 

Note. Sample = ELSA, w3-w6. Sd=standard deviation. ACEs=adverse childhood experiences. BMI=body mass 

index. 
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Table A3. Spearman's correlation coefficients of the ACE items - CRP sample (N=4198). 
 

Low Maternal 
bonding 

Low Paternal 
bonding 

Separation 
from mother 

Physical 
abuse 

Sexual 
abuse 

Physical 
assault 

Parent 
arguments  

Foster 
care/Adoptio
n 

Parent death Institutionalisation Parent 
mental 
illness/subst

ance abuse 
Low Maternal bonding 

           

Low Paternal bonding  0.45*** 
          

Separation from mother  0.08***  0.07***  
         

Physical abuse  0.27***  0.26***  0.11*** 
        

Sexual abuse  0.12***  0.11*** 0.02  0.17*** 
       

Physical assault  0.08***  0.10*** 0.03  0.17***  0.18*** 
      

Parent arguments   0.28***  0.33***  0.07***  0.24***  0.11***  0.12*** 
     

Foster care/Adoption  0.09***  0.06***   0.18***  0.08***  0.08***  0.08*** 0.02 
    

Parent death 0.01  0.04*     0.21*** 0.00 -0.02 0.00 -0.07***  0.06***  
   

Institutionalisation  0.09***  0.10***  0.21***  0.13***  0.07***  0.08***  0.04**    0.29***  0.09*** 
  

Parent mental 
illness/substance abuse 

 0.17***  0.22***  0.09***  0.22***  0.08***  0.08***  0.32***  0.05**   0.00  0.10*** 

Parent separation/divorce  0.09***  0.12***  0.21***  0.10***  0.08***  0.03*     0.23***  0.08*** -0.06***   0.09***  0.10*** 

Note. Sample = ELSA, w3-w6. P-value <0.05(*), <0.01(**), <0.001(***). 

 
 

Table A4. Spearman's correlation coefficients of the ACE items - Cortisol sample (N=3357).   
Low 

Maternal 
bonding 

Low 

Paternal 
bonding 

Separation 

from mother 

Physical 

abuse 

Sexual 

abuse 

Physical 

assault 

Parent 

arguments  

Foster 

care/Adoption 

Parent 

death 

Institutionalisation Parent mental 

illness/substance abuse 

Low Maternal bonding 
           

Low Paternal bonding  0.46*** 
          

Separation from mother  0.09***  0.05**   
         

Physical abuse  0.29***  0.27***  0.10*** 
        

Sexual abuse  0.15***  0.12***  0.04*    0.19*** 
       

Physical assault  0.09***  0.11***  0.04*    0.20*** 0.24*** 
      

Parent arguments   0.29***  0.32***  0.06***  0.24*** 0.16*** 0.12*** 
     

Foster care/Adoption  0.08***  0.04*     0.17*** 0.08*** 0.08***  0.05**   0.01 
    

Parent death 0.02  0.04*     0.20*** -0.02 -0.03 -0.01 -0.07***  0.03 
   

Institutionalisation  0.08***  0.09***  0.23*** 0.11*** 0.06***  0.05**    0.05*     0.25***  0.08*** 
  

Parent mental 
illness/substance abuse 

 0.19***  0.21***  0.10*** 0.21*** 0.12*** 0.08***  0.31***  0.08*** 0.00  0.11*** 

Parent separation/divorce  0.11***  0.14***  0.21*** 0.10*** 0.11*** 0.03  0.24***  0.07*** -0.06***   0.09***  0.09*** 

Note. Sample = ELSA, w3-w6. P-value <0.05(*), <0.01(**), <0.001(***).   
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Table A5. Geomin rotated loadings of EFA in the four training sets.  
 

Training set 1  
(N=1571) 

Training set 2  
(N=1571) 

Training set 3  
(N=1571) 

Training set 4  
(N=1571) 

ACE items  Factor 

1 

Factor 

2 

Factor 

3 

Factor 

4 

Factor 

1 

Factor 

2 

Factor 

3 

Factor 

4 

Factor 

1 

Factor 

2 

Factor 

3 

Factor 

4 

Factor 

1 

Factor 

2 

Factor 

3 

Factor 

4 

Low Maternal bonding 0.796* 0.038 0.008 -0.024 0.565* -0.037 0.252* 0.030 0.771* -0.017 0.017 0.021 0.901* -0.026 -0.028 -0.223 

Low Paternal bonding 0.659* 0.007 0.030 0.163 0.879* -0.030 0.000 0.008 0.711* -0.013 0.138 -0.013 0.710* -0.021 0.085 -0.034 

Separation from mother -0.013 0.893* -0.099 0.039 -0.018 0.848* 0.248 0.047 -0.133 0.954* 0.017 0.042 0.012 0.873* -0.164 0.038 

Physical abuse 0.186 -0.034 0.678* 0.315* 0.510* 0.035 0.563* 0.013 0.422* 0.082 0.430* 0.136 0.592* 0.243* 0.287* 0.082 

Sexual abuse -0.044 0.025 0.575* 0.175 0.007 -0.046 0.641* 0.139 0.015 -0.024 0.437* 0.375 -0.004 -0.044 1.062* -0.01 

Physical assault -0.039 0.009 0.850* -0.032 0.014 -0.103 0.754* 0.044 0.004 -0.004 0.291 0.481* 0.093 0.297* 0.557* 0.012 

Parent arguments  0.199 0.001 -0.019 0.900* 0.125 0.003 0.005 0.883* 0.06 -0.013 0.932* -0.278 0.462* -0.017 -0.044 0.851* 

Foster care/Adoption -0.027 0.542* 0.517* -0.041 0.111 0.498* 0.421* 0.076 -0.051 0.583* 0.066 0.298 -0.047 0.691* 0.171 -0.213 

Parent death 0.131 0.539* 0.008 -
0.421* 

0.392* 0.521* -0.034 -
0.482* 

0.221 0.573* -
0.473* 

-0.041 0.047 0.498* -0.083 -
0.411* 

Parent mental illness/substance 
abuse 

0.085 0.039 0.161 0.627* 0.251* 0.002 0.070 0.557* 0.012 0.125 0.642* -0.041 0.341* 0.176* 0.067 0.434* 

Parent separation/divorce -0.062 0.464* 0.020 0.544* -0.016 0.442* -0.059 0.654* 0.019 0.382* 0.355 -0.309 -0.055 0.451* 0.057 0.340* 

Institutionalisation 0.058 0.605* 0.501* 0.021 -0.030 0.622* 0.739* -0.091 0.088 0.557* -0.022 0.595* 0.019 0.801* -0.018 -0.020 

Note. Sample = ELSA, Life History Interview w3. Bold coefficients indicate the highest factor loading of every item in each training set. * significant at 95% level.  
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Table A6. Associations of the ACEs cumulative score with CRP w4 and sustained high 
CRP w4+w6.  

Ref: ACE(0) 
 

B SE P-Value 95% CI E-value (lower CI) 
 

Outcome: CRP (w4)     
Model 1 

     

ACE(1) 0.006 0.041 0.890 -0.075;0.086 
 

ACE(2) -0.052 0.054 0.337 -0.158;0.054 
 

ACE(3+) 0.169 0.056 0.003 0.059;0.279 1.68(1.37) 
Model 2 

     

ACE(1) 0.000 0.040 0.999 -0.078;0.078 
 

ACE(2) -0.043 0.054 0.426 -0.149;0.063 
 

ACE(3+) 0.166 0.055 0.003 0.058;0.274 1.63(1.31) 
Model 3 

     

ACE(1) 0.002 0.037 0.961 -0.071;0.075 
 

ACE(2) -0.002 0.049 0.964 -0.098;0.094 
 

ACE(3+) 0.151 0.052 0.003 0.049;0.253 1.58(1.28) 

Ref: ACE(0) OR SE P-Value 95% CI E-value (lower CI) 

Outcome: High CRP w4+w6 
Model 1     

 

ACE(1) 1.104 0.016 0.000 1.069;1.14 1.30(1.24) 
ACE(2) 1.054 0.021 0.012 1.012;1.097 1.25(1.17) 
ACE(3+) 1.419 0.020 0.000 1.365;1.477 1.74(1.69) 
Model 2 

     

ACE(1) 1.082 0.017 <0.001 1.047;1.118 1.24(1.18) 
ACE(2) 1.049 0.021 0.023 1.007;1.092 1.18(1.06) 
ACE(3+) 1.385 0.020 <0.001 1.332;1.442 1.63(1.58) 
Model 3 

     

ACE(1) 1.049 0.017 0.005 1.014;1.085 1.18(1.09) 
ACE(2) 1.071 0.022 0.001 1.027;1.118 1.22(1.13) 
ACE(3+) 
 

1.352 0.021 <0.001 1.297;1.409 1.60(1.54) 

Note. CRP Sample = ELSA, w3-w6 (N=4198). Pooled estimates from linear regression (CRP 
w4) and ordinal logistic regression (high CRP w4+w6) with 20 multiple imputed datasets. Model 
1: adjusted for sex, age, childhood socioeconomic position, and use of anti-inflammatory/anti-
hypertensive medications; Model 2: Model 1 + adult sociodemographic factors; Model 3: Model 
2 + BMI, smoking, alcohol consumption, and physical activity. B=linear regression coefficient. 
OR=odds ratio. SE=standard error. CI=confidence interval.  
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Table A7. Associations of the ACEs cumulative score with hair cortisol (w6). 

 B SE P-Value 95% CI 
 

E-value 
(lower CI) 

Model 1      
ACE(1) 0.007 0.028 0.794 -0.048;0.063 

 

ACE(2) 0.012 0.037 0.753 -0.061;0.084 
 

ACE(3+) 0.016 0.037 0.668 -0.056;0.088 
 

Model 2 
     

ACE(1) 0.005 0.028 0.851 -0.050;0.060 
 

ACE(2) 0.010 0.037 0.777 -0.063;0.083 
 

ACE(3+) 0.019 0.037 0.598 -0.054;0.092 
 

Model 3 
     

ACE(1) 0.003 0.028 0.904 -0.052;0.058 
 

ACE(2) 0.008 0.037 0.824 -0.065;0.081 
 

ACE(3+) 0.016 0.037 0.671 -0.057;0.089 
 

 
Interaction effect: ACE x Age 

   

Model 1 
     

ACE(1) -0.209 0.237 0.379 -0.673;0.255  
ACE(2) -0.003 0.285 0.991 -0.561;0.555  
ACE(3+) -0.641 0.311 0.039 -1.25;-0.032  
Age  0.000 0.002 0.926 -0.003;0.003  
ACE(1)*Age 0.003 0.003 0.363 -0.004;0.01 

 

ACE(2)*Age 0.000 0.004 0.959 -0.008;0.008 
 

ACE(3+)*Age 0.010 0.005 0.034 0.001;0.019 1.14 (1.02) 
Model 2 

     

ACE(1) -0.212 0.237 0.371 -0.675;0.252  
ACE(2) 0.007 0.285 0.980 -0.551;0.565  
ACE(3+) -0.644 0.310 0.038 -1.251;-0.036  
Age  0.000 0.002 0.930 -0.003;0.003  
ACE(1)*Age 0.003 0.003 0.359 -0.003;0.009 

 

ACE(2)*Age 0.000 0.004 0.991 -0.008;0.008 
 

ACE(3+)*Age 0.010 0.005 0.032 0.000;0.020 1.14 (1.02) 
Model 3 

     

ACE(1) -0.219 0.236 0.353 -0.682;0.243  
ACE(2) -0.008 0.284 0.979 -0.565;0.549  
ACE(3+) -0.661 0.309 0.033 -1.267;-0.056  
Age  0.000 0.002 0.835 -0.003;0.004  
ACE(1)*Age 0.003 0.003 0.350 -0.003;0.009 

 

ACE(2)*Age 0.000 0.004 0.956 -0.008;0.008 
 

ACE(3+)*Age 
 

0.010 0.005 0.029 0.000;0.020 
 

1.14 (1.02) 

Note. Cortisol Sample = ELSA, w3-w6 (N=3357). Pooled estimates from linear 
regression with 20 multiple imputed datasets. Model 1: adjusted for sex, age, childhood 
socioeconomic position, hair characteristics, and use of steroids; Model 2: Model 1 + 
adult sociodemographic factors; Model 3: Model 2 + BMI, smoking, alcohol 
consumption, and physical activity. B=linear regression coefficient. SE=standard error. 
CI=confidence interval.  
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Table A8. Associations of the ACEs dimensions with CRP w4, sustained high CRP w4+w6, and hair 
cortisol w6.   

Model 1 Model 2  
B SE P-Value β B SE P-Value β 

Outcome: log CRP w4 (N=4198)       
Threat 0.105 0.050 0.034 0.054 -0.099 0.134 0.462 -0.051 
Household Dysfunction  0.061 0.027 0.022 0.055 0.057 0.056 0.312 0.050 
Low Parental Bonding  0.059 0.029 0.043 0.044 0.013 0.062 0.835 0.010 
Loss of an attachment 
figure 

0.097 0.034 0.004 0.080 0.087 0.044 0.047 0.071 

 
Outcome: Sustained high CRP w4+w6 (N=4198) 
Threat 0.098 0.033 0.003 0.070 -0.159 0.098 0.102 -0.115 
Household Dysfunction  0.056 0.017 0.001 0.070 0.033 0.039 0.397 0.042 
Low Parental Bonding 0.062 0.019 0.001 0.066 0.080 0.044 0.069 0.085 
Loss of an attachment 
figure 

0.082 0.022 0.000 0.094 0.074 0.028 0.009 0.085 

 
Outcome: log Hair Cortisol w6 (N=3357) 
Threat  -0.001 0.026 0.976 -0.001 0.065 0.077 0.401 0.066 
Household Dysfunction  -0.003 0.018 0.843 -0.005 -0.038 0.043 0.387 -0.053 
Low Parental Bonding -0.004 0.019 0.842 -0.005 -0.022 0.042 0.592 -0.028 
Loss of an attachment 
figure 

0.008 0.022 0.708 0.010 0.020 0.028 0.477 0.025 

Note. ELSA, w3-w6; CRP sample: N=4198; Cortisol sample: N=3357. Pooled estimates from SEM with 20 
multiple imputed datasets. Model 1: adjusted for sex, age, marital status, hair characteristics (cortisol only), 
medication use, childhood and adult socioeconomic factors, BMI, smoking, alcohol consumption, and physical 
activity. Model 2: Model 1 + mutual adjustment of ACEs dimensions. B=regression coefficients. SE=standard 
error. CI=confidence interval. β=standardised regression coefficient. Estimator = WLSMV.  
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Table A9. Comparison of sample characteristics between the analytical samples and the full ELSA sample at wave 3.  
  

CRP sample Cortisol sample 
  

Excluded Included Group 
comparisons 

Excluded Included Group 
comparisons  

Variable  Levels N Mean (sd)/ 

% 

N Mean (sd)/ 

% 

p-value* r* N Mean (sd)/ 

% 

N Mean (sd)/ 

% 

p-value* r* 

Age  
 

5149 66.68(11.62
) 

4194 69.67(8.72
) 

<.001 -0.109 6027 66.05(11.24
) 

3316 69.79(9.10
) 

<.001 -0.068 

Sex: female  
 

5150 54.10 4194 56.00 0.143 -0.018 6028 48.00 3316 67.70 <.001 -0.189 

Marital status Married  5150 63.70 4194 69.30 <.001 0.059 6028 65.00 3316 68.30 <.001 0.032 
 

Separated/Divorced  11.00 
 

11.70 
   

11.00 
 

11.90 
  

 
Widowed  

 
19.60 

 
13.40 

   
18.00 

 
14.60 

  

 
Single  

 
5.80 

 
5.70 

   
6.00 

 
5.30 

  

Educational attainment Degree 5150 14.70 4194 19.90 <.001 -0.142 6028 15.40 3316 20.00 <.001 -0.099 
 

A-levels  
 

19.80 
 

25.80 
   

21.40 
 

24.50 
  

 
GCSE 

 
21.50 

 
23.90 

   
21.90 

 
23.80 

  

 
Foreign/Other 

 
7.70 

 
8.00 

   
7.70 

 
8.20 

  

 
No qualification 

 
35.40 

 
22.40 

   
32.90 

 
23.50 

  

Wealth quintiles  
(1=lowest; 5=highest) 

4971 2.83(1.41) 4125 3.21(1.39) <.001 0.134 5840 2.87(1.41) 3256 3.24(1.40) <.001 0.124 

Self-reported health 

(1=very good; 5=very bad) 

49.26 2.27(0.96) 4193 2.01(0.83) <.001 -0.133 5803 2.22(0.94) 3316 2.03(0.84) <.001 -0.088 

Smoking Current 
smoker  

5069 21.60 4190 16.10 <.001 0.069 5949 20.90 3310 15.90 <.001 0.075 

 
Smoked in the past  42.80 

 
43.30 

   
43.60 

 
42.00 

  

 
Never smoked  

 
35.60 

 
40.60 

   
35.50 

 
42.10 

  

Physical activity  Light  5109 30.40 4152 14.70 <.001 0.178 5979 27.30 3282 16.20 <.001 0.120 
 

Moderate  
 

45.70 
 

51.10 
   

46.80 
 

50.60 
  

 
Vigorous 

 
23.90 

 
34.20 

   
25.90 

 
33.20 

  

Alcohol consumption  5-7 days a 
week 

3842 21.30 3750 24.40 <.001 -0.175 4618 22.40 2974 23.50 <.001 -0.120 

 
1-4 days a 
week 

 
36.30 

 
40.00 

   
38.30 

 
38.00 

  

 
Less than weekly 42.30 

 
35.50 

   
39.30 

 
38.50 

  

Note. Sample = ELSA, w3-w6. *p-value estimates from significance tests, including t-tests (continuous variables) or chi-square tests (categorical variables). r coefficients obtained from Spearman’s 

Rho correlation tests. Sd=standard deviation.  
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Table A10. Associations of the ACE cumulative score with CRP (w4) and sustained high CRP (w4+w6) - complete 
case analysis.  

Outcome: Log CRP w4 
     

Ref: ACE(0) B SE P-Value N 
 

Model 1 
     

ACE(1) 0.027 0.045 0.551 3137 
 

ACE(2) -0.026 0.058 0.662 
  

ACE(3+) 0.273 0.060 0.000 
  

Model 2 
     

ACE(1) 0.030 0.048 0.526 2494 
 

ACE(2) -0.020 0.061 0.747 
  

ACE(3+) 0.311 0.064 0.000 
  

Model 3 
     

ACE(1) 0.003 0.046 0.949 2226 
 

ACE(2) 0.077 0.060 0.202 
  

ACE(3+) 
 

0.325 0.062 0.000 
  

Outcome: Sustained high CRP (w4+w6) 
     

Ref: ACE(0) Log OR SE P-value OR N 

Model 1      

ACE(1) 0.083 0.085 0.326 1.087 4192 

ACE(2) -0.060 0.115 0.601 0.942 
 

ACE(3+) 0.326 0.112 0.004 1.386 
 

Model 2 
     

ACE(1) 0.104 0.091 0.252 1.110 3312 

ACE(2) -0.047 0.123 0.703 0.954 
 

ACE(3+) 0.328 0.122 0.007 1.388 
 

Model 3 
     

ACE(1) 0.083 0.085 0.326 1.087 2756 

ACE(2) -0.060 0.115 0.601 0.942 
 

ACE(3+) 

 

0.326 0.112 0.004 1.386 
 

Note. CRP Sample = ELSA, w3-w6. Estimates from linear regression (CRP w4) and ordinal logistic regression (high CRP 
w4+w6). Model 1: adjusted for sex, age, childhood socioeconomic position, and use of anti-inflammatory/anti-hypertensive 

medications; Model 2: Model 1 + adult sociodemographic factors; Model 3: Model 2 + BMI, smoking, alcohol consumpt ion, 
and physical activity. B=linear regression coefficient. OR=odds ratio. SE=standard error.  
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Table A12. Associations of the ACE dimensions with CRP (w4), sustained high CRP (w4+w6), and hair cortisol – 
Model 1, complete-case analysis.  

 

B 

 

SE 

 

P-Value 

 

β 

 

N 

 

Outcome: log CRP (w4)      

Threat  0.258 0.071 0.000 0.115 2756 

Household Dysfunction  0.123 0.030 0.000 0.112  

Low Parental Bonding 0.128 0.032 0.000 0.097  
Loss of an attachment figure 

 

0.194 

 

0.039 

 

0.000 

 

0.175 

  

Outcome: Sustained high CRP (w4+w6)      

Threat 0.367 0.096 0.000 0.144 2756 

Household Dysfunction  0.180 0.039 0.000 0.146  

Low Parental Bonding 0.194 0.041 0.000 0.130  
Loss of an attachment figure 
 

0.255 
 

0.049 
 

0.000 
 

0.204 
  

Outcome: log Hair Cortisol (w6)      

Threat 0.016 0.031 0.613 0.015 2129 

Household Dysfunction  0.003 0.020 0.900 0.004  

Low Parental Bonding 0.006 0.022 0.775 0.008  

Loss of an attachment figure 0.019 0.030 0.523 0.023  
Note. ELSA, w3-w6. Estimates from SEM model. Model 1: adjusted for sex, age, marital status, hair characteristics (cortisol 

only), medication use, childhood and adult socioeconomic factors, BMI, smoking, alcohol consumption, and physical activity; 
Model 2: Model 1 + mutual adjustment of ACE dimensions. B=regression coefficients. SE=standard error. β=standardised 

regression coefficient. Estimator = WLSMV.  

 

 
 

  

Table A11. Associations of the ACE cumulative score with hair cortisol - complete case analysis.  
 

B 

 

SE P-Value N 

Model 1     

ACE(1) 0.004 0.029 0.888 2986 

ACE(2) 0.018 0.038 0.625 
 

ACE(3+) 0.031 0.037 0.403 
 

Model 2 
    

ACE(1) 0.006 0.031 0.847 2323 

ACE(2) 0.014 0.041 0.734 
 

ACE(3+) 0.026 0.041 0.526 
 

Model 3 
    

ACE(1) 0.01 0.034 0.762 1920 

ACE(2) 0.024 0.046 0.603 
 

ACE(3+) 0.016 0.045 0.718 
 

 
Interaction effect: ACEs x Age  

Model 1 
    

ACE(1)*Age 0.004 0.003 0.244 2986 

ACE(2)*Age 0.001 0.004 0.865 
 

ACE(3+)*Age 0.011 0.005 0.013 
 

Model 2 
    

ACE(1)*Age 0.005 0.004 0.168 2323 

ACE(2)*Age 0.003 0.004 0.569 
 

ACE(3+)*Age 0.010 0.005 0.047 
 

Model 3 
    

ACE(1)*Age 0.004 0.004 0.286 1920 

ACE(2)*Age 0.006 0.005 0.225 
 

ACE(3+)*Age 0.007 0.006 0.202 
 

Note. Cortisol Sample = ELSA, w3-w6. Estimates from linear regression. Model 1: adjusted for sex, age, 
childhood socioeconomic position, and use of anti-inflammatory/anti-hypertensive medications; Model 2: Model 
1 + adult sociodemographic factors; Model 3: Model 2 + BMI, smoking, alcohol consumption, and physical 

activity. B=linear regression coefficient. OR=odds ratio. SE=standard error. 
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Table A14. Associations of the ACEs cumulative score with CRP w4 and 
sustained high CRP w4+w6 excluding only participants with CRP >20 mg/L.  

 
Ref: ACE(0) 

   

Outcome: CRP (w4) B SE P-Value  

Model 1    
ACE(1) 0.087 0.058 0.136 

ACE(2) -0.070 0.074 0.344 
ACE(3+) 0.243 0.078 0.002 
Model 2    

ACE(1) 0.096 0.058 0.096 
ACE(2) -0.062 0.075 0.407 
ACE(3+) 0.232 0.079 0.003 

Model 3    
ACE(1) 0.104 0.053 0.051 
ACE(2) -0.005 0.069 0.945 

ACE(3+) 0.163 0.073 0.026 

    
Outcome: High CRP w4+w6 OR SE P-Value 

Model 1    
ACE(1) 1.247 0.024 <.001 
ACE(2) 1.058 0.030 0.057 

ACE(3+) 1.529 0.029 <.001 
Model 2    
ACE(1) 1.169 0.016 <.001 

ACE(2) 1.113 0.019 <.001 
ACE(3+) 1.458 0.018 <.001 
Model 3    

ACE(1) 1.231 0.025 <.001 
ACE(2) 1.118 0.031 <.001 
ACE(3+) 

 1.433 0.030 <.001 

Note. ELSA, w3-w6 (N=4782). Pooled estimates from linear regression (CRP w4) and 
ordinal logistic regression (high CRP w4+w6) with 20 multiple imputed datasets. Model 

1: adjusted for sex, age, childhood socioeconomic position, and use of anti-
inflammatory/anti-hypertensive medications; Model 2: Model 1 + adult 
sociodemographic factors; Model 3: Model 2 + BMI, smoking, alcohol consumption, 

and physical activity. B=linear regression coefficient. OR=odds ratio. SE=standard 
error. CI=confidence interval. 

 

 
 

  

Table A13. Differences between the effects of the ACEs dimensions on CRP w4 and sustained high CRP w4+w6.  
  

CRP w4 High CRP w4+w6 

Comparisons  
 

Difference SE p-value Difference SE p-value 

Threat Household Dysfunction  0.044 0.057 0.438  0.042 0.037 0.257 

 
Low Parental Bonding  0.046 0.058 0.426 0.036 0.038 0.344 

 
Loss of an attachment 

figure 

0.008 0.060 0.894 0.016 0.040 0.686 

Household 
Dysfunction  

Low Parental Bonding   0.002 0.040 0.959 0.006 0.025 0.814 

 
Loss of an attachment 
figure 

0.036 0.043 0.407 0.026 0.028 0.349 

Low Parental Bonding   Loss of an attachment 

figure 

0.038 0.045 0.395 0.020 0.029 0.491 

Note. ELSA, w3-w6; CRP sample: N=4198. Models adjusted for sex, age, marital status, medication use, childhood and 
adult socioeconomic factors, BMI, smoking, alcohol consumption, and physical activity. 
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Table A15. Associations of the ACEs cumulative score with CRP w4, sustained high CRP 
w4+w6, and hair cortisol w6 controlling for baseline depressive symptoms.    

Ref: ACE(0)    

Outcome: CRP (w4) B SE P-Value 
ACE(1) 0.002 0.037 0.966 
ACE(2) -0.002 0.049 0.962 

ACE(3+) 0.150 0.052 0.004 
 
Outcome: High CRP w4+w6 

 
OR 

 
SE 

 
P-Value 

ACE(1) 1.046 0.017 0.010 
ACE(2) 1.068 0.022 0.002 
ACE(3+) 1.339 0.021 <.001 

 
Outcome: Hair Cortisol (w6) 

 
B 

 
SE 

 
P-Value 

ACE(1) 0.004 0.029 0.892 

ACE(2) 0.009 0.037 0.818 
ACE(3+) 0.015 0.037 0.676 
 

ACE*Age interaction on Hair 
Cortisol  

 

B 

 

SE 

 

P-Value 

ACE(1)*Age 0.003 0.003 0.344 

ACE(2)*Age 0.000 0.004 0.954 
ACE(3+)*Age 0.010 0.005 0.027 

Note. ELSA, w3-w6. CRP Sample: N=4198; Cortisol Sample: N=3357. Pooled estimates from linear 

regression (CRP w4 and Hair Cortisol w6) and ordinal logistic regression (high CRP w4+w6) with 20 
multiple imputed datasets. Models adjusted for age, sex, marital status, medication use, hair 
characteristics (cortisol only), childhood and adult socioeconomic factors, lifestyle indicators and 

depressive symptoms.    
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Appendix B  
 

sMethods  
 
CESD-8 items in the ELSA study  
 

 
INTERVIEWER: “Now think about the past week and the feelings you have experienced. 
Please tell me if each of the following was true for you much of the time during the past 
week”.  
 
1.You felt depressed.  
2. You felt that everything you did was an effort.  
3. Your sleep was restless.  
4. You were happy.  
5. You felt lonely.  
6. You enjoyed life.  
7. You felt sad.  
8. You could not get going.  

 
 
Covariates  

 

The analyses were adjusted for demographic, socioeconomic, lifestyle, health-related, 

and hair characteristics that could affect the relationship of depressive symptoms with cortisol 

and CRP levels. Demographic variables included sex and age in years. Wealth was used as 

an indicator of socioeconomic position. This measure was derived from a comprehensive 

assessment of the participant’s economic resources (e.g. financial, housing and physical 

wealth) excluding pension wealth, and was categorised into quintiles (1 = lowest wealth; 5 = 

highest wealth). Lifestyle characteristics were represented by smoking status, physical 

activity, frequency of alcohol use, and body mass index (BMI). Smoking status was a binary 

variable (yes/no). Physical activity was assessed using data on the frequency of participation 

in vigorous, moderate, and light activities. This variable was dichotomised into two groups: 

high (vigorous or moderate activity on a weekly basis) and low (no vigorous or moderate 

activity on a weekly basis) physical activity. For alcohol drinking, participants reported how 

often they had an alcoholic drink during the past 12 months on an 8-point scale ranging from 

“almost every day” (=1) to “not at all in the last 12 months” (=8). BMI was calculated based on 

measures of height and body weight collected during the nurse visit, and was treated as a 

continuous variable. Health-related variables included chronic diseases and use of anti-

inflammatory, antihypertensive, or antidepressant drugs. The presence of chronic diseases 

was represented by a binary variable (yes/no) for lifetime self-reported physician diagnoses 

of cardiovascular conditions, cancers, chronic lung disease, or diabetes. Anti-inflammatory 
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and antihypertensive medications were grouped into a single binary variable (yes/no). Use of 

antidepressants was also treated as a binary measure (yes/no). Lastly, for the cortisol sample, 

the analyses were adjusted for a number of hair-related characteristics that may influence 

cortisol levels. These included whether hair was dyed (yes/no), season of hair collection 

[summer (Jun-Aug), autumn (Sep-Nov), winter (Dec-Feb), spring (Mar-May)], and phase of 

hair analysis (1 = 2015; 2 = 2018).  

 
Figure B1. Trait-State-Occasion (TSO) model of depressive symptoms (full specification). 
 
Note.  O = Occasion. S = somatic score. C = cognitive-affective score. The TSO model includes state 
factors for each time point. These are used as second-order indicators of the overall (i.e. trait) factor. 
The occasion factors represent residual variance in the state factors once the trait variance is removed. 
The cognitive-affective and somatic (i.e. method) factors correspond to the variance specific to each 
dimension of depressive symptoms.  
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Figure B2. Confirmatory factor analysis (CFA) of the CESD-8: One-factor versus two-factor 
solutions.  
 
Note. The CFA of the CESD-8 items was performed using all ELSA participants in wave 6 with at least 
one valid response on the CESD-8 scale (N = 8031). Estimator: WLSMV. Adequate discriminant validity 
of the two-factor CFA model was determined by a correlation between the two latent factors of less than 
0.85 (Kenny, 2016).  
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Table B1. Trait-State-Occasion model parameters of the cortisol sample.  

 Total 
variance  

R2  State Variance  R-squared decomposition  

 R2 State Method  Trait  Occasion  Trait Occasion  Method 

Wave 1     

Cognitive-affective 
score   

0.813 0.591  0.221 0.473 
 

0.527 28.0 31.2 22.1 

Somatic score  0.795 0.680  0.104   32.2 35.8 10.4 
Wave 2    

Cognitive-affective 

score   

0.610 0.610 * 0.956 0.044 58.3 2.7 * 

Somatic score  0.622 0.623 *   59.6 2.7 * 
Wave 3     

Cognitive-affective 
score   

0.752 0.621  0.131 0.596 0.404 37.0 25.1 13.1 

Somatic score  0.755 0.646  0.098   38.5 26.1 09.8 

Wave 4          
Cognitive-affective 
score   

0.727 0.594  0.132 0.687 0.313 40.8 18.6 13.2 

Somatic score  0.762 0.544  0.203   37.4 17.0 20.3 
Wave 5          
Cognitive-affective 

score   

0.753 0.599  0.154 0.615 0.385 36.8 23.1 15.4 

Somatic score  0.759 0.616  0.131   37.9 23.7 13.1 
Wave 6         

Cognitive-affective 
score   

0.758  0.598  0.159 0.604 0.396 36.1 23.7 15.9 

Somatic score  0.775 0.585  0.177   35.3 23.2 17.7 

Wave 7         
Cognitive-affective 
score   

0.806 0.865  0.176 0.460 0.540 39.8 46.7 17.6 

Somatic score  0.825 0.599  0.213   27.6 32.3 21.3 
Wave 8         
Cognitive-affective 

score   

0.771 0.624  0.147 0.548 0.452 34.2 28.2 14.7 

Somatic score  0.806 0.558  0.234   30.6 25.2 23.4 
Average       38% 24% 16% 

Note. ELSA, waves 1-8. N = 4761. Trait = time-invariant variance. Occasion = time-varying variance. Method = symptom-
specific variance. *Wave 2 scores were not included in the estimation of the method factors to maintain a positive definite 
latent variable covariance matrix.  
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Table B2. Trait-State-Occasion model parameters of the CRP sample.  

 Total 

variance  

R2  State Variance  R-squared decomposition  

 R2 State Method  Trait  Occasion  Trait Occasion  Method 

Wave 1     

Cognitive-affective 
score   

0.790 0.626 0.164 0.503 0.497 31.5 31.1 16.4 

Somatic score  0.790 0.664 0.118   33.4 33.0 11.8 

Wave 2    

Cognitive-affective 
score   

0.625 0.626 * 0.897 0.103 56.2 6.4 * 

Somatic score  0.639 0.638 *   57.2 6.6 * 
Wave 3     

Cognitive-affective 

score   

0.750 0.628 0.120  0.593 0.407 37.2 25.6 12.0 

Somatic score  0.761 0.640 0.114   38.0 26.0 11.4 
Wave 4          

Cognitive-affective 
score   

0.735 0.588 0.146 0.672 0.328 39.5 19.3 14.6 

Somatic score  0.759 0.569 0.181   38.2 18.7 18.1 

Wave 5          
Cognitive-affective 
score   

0.768   0.564 0.204 0.615 0.385 34.7 21.7 20.4 

Somatic score  0.767 0.600 0.157   36.9 23.1 15.7 
Wave 6         
Cognitive-affective 

score   

0.764 0.599 0.165 0.590 0.410 35.3 24.6 16.5 

Somatic score  0.783 0.584 0.189   34.5 23.9 18.9 
Wave 7         

Cognitive-affective 
score   

0.793 0.624 0.170 0.496 0.504 30.9 31.4 17.0 

Somatic score  0.813 0.601 0.203   29.8 30.3 20.3 

Wave 8         
Cognitive-affective 
score   

0.777 0.618 0.160 0.539 0.461 33.3 28.5 16.0 

Somatic score  0.811 0.557 0.244   30.0 25.7 24.4 
Average       37%  23% 15% 

Note. ELSA, waves 1-8. N = 5784. Trait = time-invariant variance. Occasion = time-varying variance. Method = symptom-

specific variance. *Wave 2 scores were not included in the estimation of the method factors to maintain a positive definite 
latent variable covariance matrix.  
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Table B3. Associations of hair cortisol and C-reactive protein with persistent depressive symptoms (i.e. overall, cognitive-affective, 
and somatic latent factors) in the subsample with a mean total CESD-8 score ≥ 3 across waves 1-8.  

                       
Overall factor 

        
Cognitive-affective factor 

                     
Somatic factor 

 
  B SE  p-value β  B SE  p-value β  B SE  p-value β 

                       Hair Cortisol (N = 763) 
 

Model 1   
(Unadjusted) 

0.052 0.027 0.060 0.143  0.003 0.038 0.945 0.004 0.108 0.034 <0.001 0.161 

Model 2 

(Partially 
adjusted) 

0.043 0.027 0.118 0.104 -0.011 0.039 0.784 -0.015 0.097 0.034 0.004 0.139 

Model 3 
(Fully 

adjusted) 

     
0.030 

0.027 0.274 0.070 -0.020 0.041 0.629 -0.027 0.079 0.033 0.018 0.113 

                       C-reactive protein (N = 801) 
 

Model 1   

(Unadjusted) 

0.077 0.030 0.010 0.212 -0.011 0.043 0.790 -0.014 0.169 0.036 <0.001 0.238 

Model 2 
(Partially 

adjusted) 

0.075 0.031 0.015 0.189 -0.023 0.043 0.587 -0.027 0.166 0.037 <0.001 0.224 

Model 3 
(Fully 

adjusted) 

0.063 0.031 0.044 0.150 -0.026 0.044 0.562 -0.029 0.141 0.037 <0.001 0.191 

Note. ELSA, waves 1-8.  B = regression coefficient. SE = standard error. β = standardised regression coefficient. CI = confidence interval. Model 
1 = unadjusted. Model 2 = adjusted for demographic, socioeconomic, lifestyle, and hair (cortisol only) characterist ics. Model 3 = Model 2 + 

chronic disease and medication use. 
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Table B4. Associations of hair cortisol and C-reactive protein with the observed mean total scores of overall, cognitive-affective, and 
somatic depressive symptoms across waves 1-8.  
 

                       
Overall depressive symptoms  

        
Cognitive-affective symptoms 

                     
        Somatic symptoms 

 

  B SE  p-value   B SE  p-value   B SE  p-value  

 
Hair Cortisol  

 

Model 3 
(Fully adjusted) 

0.264 0.223 0.236  0.026 0.135 0.848  0.238 0.112 0.034  

 

C-reactive protein 
 

           

Model 3 
(Fully adjusted) 

0.256 
 

0.128 
 

0.046 
 

 0.043 
 

0.078 
 

0.581 
 

 0.213 
 

0.064 
 

0.001 
 

 

Note. ELSA, waves 1-8. B = regression coefficient. SE = standard error. Model 3 = adjusted for demographic, socioeconomic, lifestyle, health-
related, and hair (cortisol only) characteristics.  
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Table B5. Characteristics of participants included in the cortisol sample versus excluded participants (wave 6).  

 Excluded Included Group comparisons  
 

 N Mean (%) SD N Mean (%) SD p-value*  r* 

Cognitive-affective score 
  

5139 0.65 1.23 4713 0.61 1.19 0.223 -0.020 

Somatic score 
 

5164 0.74 0.97 4743 0.71 0.94 0.105 -0.005 

Sex (ref: men) 
 

5840       0.46       0.50 4761 0.67 0.47 <.001 0.213 

Age   
 

5840 65.13 10.22 4761 67.09 9.00 <.001 0.103 

Wealth (quintiles) 
 

5683 2.94 1.42 4679 3.08 1.40 <.001 0.050 

Current smoker (ref: no) 
 

5835 0.14 0.34 4761 0.11 0.31 <.001 -0.040 

Physical activity                                         
(ref: low) 

5840 0.40 0.49   4761 0.40   0.49 0.529 -0.006 

Alcohol use (frequency) 

 

4465 4.28 2.22 4365 4.44 2.23 <.001 0.038 

Body Mass Index (BMI) 
 

3139 28.33 5.06 4554 28.27 5.40 0.624 -0.016 

Anti-inflammatory/ 
hypertensive medication 
(ref: no)  

3293   0.45 0.50 4761 0.45 0.50   0.922 -0.001 

Antidepressants  
(ref: no) 

3293 0.10 0.31 4761 0.12 0.32 0.064 0.021 

Any chronic disease  
(ref: no) 

5840 0.36 0.48 4761 0.35 0.48 0.540 -0.006 

Note. *p-value estimates from significance tests, including t-tests (continuous variables) or chi-square tests (binary variables). r 

coefficients obtained from Spearman’s Rho correlation tests. Means of binary variables are expressed as proportions.  
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Table B6. Characteristics of participants included in the CRP sample versus excluded participants (wave 6).  

 Excluded Included Group comparisons  

 
 N     Mean (%) SD N Mean (%) SD p-value*  r* 

Cognitive-affective score 

  

4110 0.71 1.29 5742 0.57 1.15 <.001 -0.055 

Somatic score 
 

4140 0.81 1.01 5767 0.67 0.91 <.001 -0.066 

Sex (ref: men) 
 

4817 0.56 0.50 5784 0.55 0.50 0.253 -0.011 

Age   

 

4667 65.81 10.74 5727 66.18 8.83 0.058 0.022 

Wealth (quintiles) 
 

4677 2.87 1.43 5685 3.11 1.39 <.001 0.082 

Current smoker (ref: no) 
 

4812 0.14 0.35 5784 1.11 0.31 <.001 -0.043 

Physical activity                                         

(ref: low) 

4817        0.36 0.48 5784 1.44 0.50 <.001 0.084 

Alcohol use (frequency) 
 

3514 4.51 2.30 5316 4.26 2.17 <.001 -0.052 

Body Mass Index (BMI) 
 

2078 29.13 5.94 5615 27.98 4.95 <.001 -0.084 

Anti-inflammatory/ 

hypertensive medication 
(ref: no)  

2270 0.51 0.50 5784 0.43 0.49 <.001 -0.077 

Antidepressants  

(ref: no) 

2270 0.13 0.34 5784 0.11 0.31 0.001 -0.036 

Any chronic disease  
(ref: no) 

4817 0.41 0.49 5784 0.31 0.46 <.001 -0.104 

Note. *p-value estimates from significance tests, including t-tests (continuous variables) or chi-square tests (categorical variables). r 

coefficients obtained from Spearman’s Rho correlation tests. Means of binary variables are expressed as proportions.  
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Appendix C 
 

 

sMethods  

 

Measurement and coding of the covariates  

 

All covariates except medication use were assessed in wave 2. Medication use was 

measured only once in wave 6. Sex was a binary variable, and age was measured in years. 

Adult wealth was derived from a comprehensive assessment of the participant’s economic 

resources (e.g. financial, housing and physical wealth) excluding pension wealth and was 

categorised into quintiles (1= lowest wealth; 5 = highest wealth). Childhood socioeconomic 

position was measured using information collected during the Life History interview on 

overcrowding (number of people/number of bedrooms > 2), number of books in the home 

(none vs one or more), father’s occupation (manual vs other), financial hardship, and parent 

unemployment. Based on these measures, a cumulative score was calculated representing 

the total number of childhood socioeconomic adversities reported by the participant. Smoking 

status was a categorical variable indicating whether the participant was a current smoker, 

smoked in the past, or never smoked. Physical activity was assessed using data on the 

frequency of participation in vigorous, moderate, and light activities. A categorical variable was 

derived comprising three groups: vigorous (vigorous activity on a weekly basis), moderate 

(moderate activity on a weekly basis), and light (no vigorous or moderate activity on a weekly 

basis) physical activity. For alcohol drinking, participants reported how often they had alcoholic 

beverages during the past 12 months on an 8-point scale ranging from “almost every day” to 

“not at all in the last 12 months”. From this information, a categorical variable was derived for 

whether the participant drank alcohol less than weekly, 1-4 days a week, or 5-7 days a week. 

BMI was calculated based on measures of height and body weight collected during the nurse 

visits and was treated as a continuous variable. Anti-inflammatory and anti-hypertensive 

medications were grouped into a single binary variable (yes/no).  
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Figure C1. Directed Acyclic Graph (DAG) of the longitudinal associations between ACEs, CRP, 
and depressive symptoms, including possible confounders and additional mediators.  

 
Note. Red empty circles represent confounding variables; blue empty circles represent additional 
mediators.  
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Table C1. Longitudinal mediation pathways: Direct associations between ACEs (total score and dimensions), CRP, and Depressive Symptoms (Model 1). 

 CRP Intercept  CRP Slope  Depression Intercept  Depression Slope  

 β SE 95% CI E- 
value 

β SE 95% CI E- 
value 

β SE 95% CI E- 
value 

β SE 95% 
CI 

E- 
value 

ACEs total score                 
ACEs total 
score 

0.066 

 
0.018 0.030; 

0.102 
1.23 

(1.15) 

0.205 0.056 0.095; 
0.315 

1.37 
(1.33) 

0.149 0.017 0.115; 
0.183 

1.37 
(1.31) 

0.355 

 
0.087 

 
0.184; 
0.526 

1.42 
(1.28) 

CRP 
Intercept  

        0.145 0.021 
 

0.104; 
0.186 

1.36 
(1.29) 

0.215 
 

0.046 
 

0.124; 
0.306 

1.30 
(1.22) 

CRP Slope  
 

        0.339 
 

0.154 
 

0.037; 
0.641 

1.66 
(1.16) 

-0.111 
 

0.380 
 

-0.855; 
0.633 

-- 
 

Threat                 
Threat  
 

0.034 
 

0.019 -0.003; 
0.071 

-- 
 

0.113 0.065 
 

-0.014; 
0.240 

-- 0.035 
 

0.047 
 

-0.056; 
0.126 

-- 0.149 

 
0.042 

 
0.066; 
0.232 

1.24 
(1.15) 

CRP 
Intercept  

        0.155 0.021 0.114; 
0.196 

1.38 
(1.31) 

0.238 

 
0.046 

 
0.147; 
0.329 

1.32 
(1.24) 

CRP Slope          0.366 0.216 -0.057; 
0.789 

-- -0.132 
 

0.411 
 

-0.937; 
0.673 

-- 
 

Loss                 

Loss 
 

0.049 0.016 0.017; 
0.081 

1.20 
(1.11) 

0.155 0.052 
 

0.054; 
0.256 

1.30 
(1.16) 

0.031 
 

0.017 
 

-0.003; 
0.065 

-- 
 

0.088 

 
0.041 

 
0.008; 
0.168 

1.18 
(1.05) 

CRP 
Intercept  

        0.155 
 

0.021 
 

0.114; 
0.196 

1.38 
(1.31) 

0.243 

 
0.047 

 
0.150; 
0.336 

1.33 
(1.24) 

CRP Slope          0.357 

 
0.159 

 
0.046; 
0.668 

1.69 
(1.18) 

-0.143 
 

0.441 
 

-1.008; 
0.722 

-- 
 

Household Dysfunction               
Household 
Dysfunction  

0.038 
 

0.017 0.005; 
0.071 

1.16 
(1.05) 

0.112 
 

0.059 
 

-0.004; 
0.228 

-- 0.110 0.019 
 

0.073; 
0.147 

1.31 
(1.24) 

0.199 0.044 0.113; 
0.285 

1.29 
(1.20) 

CRP 
Intercept  

        0.153 0.021 0.112; 
0.194 

1.38 
(1.31) 

0.237 0.046 0.147; 
0.327 

1.32 
(1.24) 

CRP Slope     
 

    0.372 0.223 -0.065; 
0.809 

-- -0.111 0.397 -0.888; 
0.666 

-- 

Low Parental Bonding               
Parental 
Bonding 

0.036 
 

0.019 
 

0.000; 
0.072 

-- 0.119 

 
0.060 

 
0.002; 
0.236 

1.26 
(1.02) 

0.125 

 
0.019 

 
0.088; 
0.162 

1.33 
(1.27) 

0.250 

 
0.042 

 
0.168; 
0.332 

1.34 
(1.26) 

CRP 
Intercept  

        0.152 
 

0.021 
 

0.111; 
0.193 

1.38 
(1.30) 

0.230 
 

0.048 
 

0.135; 
0.325 

1.32 
(1.23) 

CRP Slope  
 

    
 

    0.353 
 

0.222 
 

-0.081; 
0.787 

-- 
 

-0.127 
 

0.399 
 

-0.909; 
0.655 

-- 
 

Note. Sample: ELSA, w2-w8 (N = 4,382). Pooled standardised estimates from LGC mediation analysis with 20 imputed datasets and bootstrapped standard errors. β = standardised regression 

coefficient. SE = standard error. CI = confidence interval. All models were adjusted for potential confounders (sex, age, childhood socioeconomic position), additional mediators (adult 
socioeconomic position, lifestyle factors) and use of anti-inflammatory/anti-hypertensive drugs (Model 1). β coefficients in bold are statistically significant at the 95% confidence level. E-values are 
reported only for statistically significant associations.  
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Table C2. Difference tests between the indirect associations of Loss with depressive 
symptoms (via CRP intercept) and those of the other ACEs dimensions.  

                               Loss-CRPi-DEPi 

vs Difference  95% CI 

Threat-CRPi-DEPi 0.0019 0.0016; 0.0022 
HouseDys-CRPi-DEPi 0.0052 0.0050; 0.0054 
Bonding-CRPi-DEPi 0.0059 0.0057; 0.0062 

                              Loss-CRPi-DEPs 

vs Difference  95% CI 
Threat-CRPi-DEPs 0.0000 -0.0001; 0.0002 

HouseDys-CRPi-DEPs 0.0020  0.0019; 0.0022 
Bonding-CRPi-DEPs 0.0020  0.0019; 0.0021 

Note. CI = confidence interval. CRP = C-reactive protein. DEP = depression. HouseDys = 

Household Dysfunction. Difference values in bold are statistically significant at the 95% 
confidence level. 
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Table C3. Longitudinal mediation pathways: Direct associations between ACEs (total score and dimensions), CRP, and depressive 
symptoms (Model 2). 

 CRP Intercept  CRP Slope  Depression Intercept  Depression Slope  

 β SE p-
value 

β SE p-
value 

β SE p-
value 

β SE p-value 

ACEs total score             

ACEs total score 0.066 0.002 <0.001 0.208 0.003 <0.001 0.176 0.010 <0.001 0.377 0.007 <0.001 
CRP Intercept        0.145 0.01 <0.001 0.228 0.015 <0.001 
CRP Slope        0.358 2.739 0.145 -0.152 0.833 0.597 

Threat              
Threat  0.034 0.051 0.079 0.113 0.016 0.077 0.095 0.047 <0.001 0.213 0.034 <0.001 
CRP Intercept        0.155 0.021 <0.001 0.254 0.014 <0.001 

CRP Slope        0.363 2.779 0.149 -0.182 0.837 0.561 
Loss             
Loss 0.049 0.034 0.004 0.159 0.011 0.005 0.049 0.035 0.004 0.138 0.024 0.002 

CRP Intercept        0.156 0.021 <0.001 0.262 0.014 <0.001 

CRP Slope        0.384 2.940 0.146 -0.199 0.831 0.543 
Household Dysfunction            
Household 

Dysfunction  

0.038 0.031 0.031 0.230 0.024 <0.001 0.117 0.035 <0.001 0.230 0.024 <0.001 

CRP Intercept       0.153 0.021 <0.001 0.254 0.014 <0.001 
CRP Slope        0.254 0.014 <0.001 -0.16 0.821 0.603 

Low Parental Bonding            
Parental Bonding  0.036 0.032 0.054 0.121 0.010 0.050 0.147 0.034 <0.001 0.317 0.024 <0.001 
CRP Intercept        0.152 0.021 <0.001 0.245 0.015 <0.001 

CRP Slope        0.365 2.803 0.144 -0.174 0.834 0.563 

Note. Sample: ELSA, w2-w8 (N = 4,382). Pooled standardised estimates from LGC mediation analysis with 20 imputed datasets and 
bootstrapped standard errors. β = standardised regression coefficient. SE = standard error. All models were adjusted for potential confounders 

(sex, age, childhood socioeconomic position) and use of anti-inflammatory/anti-hypertensive drugs. β coefficients in bold are statistically 
significant at the 95% confidence level.  
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Table C4. Longitudinal mediation pathways: Direct associations between ACEs (total score and dimensions), CRP, and 
Depressive Symptoms (Model 1; Complete case analysis).   

 CRP Intercept CRP Slope Depression Intercept Depression Slope 
 β p-value β p-value β p-value β p-value 

ACEs total score         

ACEs total score 0.067 0.002 0.151 0.010 0.147 <.001 0.314 <.001 
CRP Intercept      0.124 <.001 0.170 0.008 
CRP Slope      0.196 0.224 -0.153 0.585 

Threat          
Threat  0.027 0.178 0.085 0.151 0.070 <.001 0.144 0.003 
CRP Intercept      0.143 <.001 0.182 0.001 

CRP Slope      0.307 0.181 -0.130 0.756 
Loss         
Loss 0.061 0.002 0.172 0.003 0.029 0.157 0.077 0.133 

CRP Intercept      0.138 <.001 0.176 0.002 
CRP Slope      0.310 0.223 -0.129 0.772 
Household Dysfunction        

Household Dysfunction  0.041 0.042 0.113 0.051 0.114 <.001 0.212 <.001 
CRP Intercept      0.136 <.001 0.172 0.003 
CRP Slope      0.299 0.186 -0.118 0.767 

Low Parental Bonding        
Parental Bonding  0.041 0.051 0.105 0.075 0.132 <.001 0.278 <.001 
CRP Intercept      0.131 <.001 0.161 0.006 

CRP Slope      0.229 0.149 -0.171 0.683 

Note. Sample: ELSA, w2-w8 (N = 3,498). β = standardised regression coefficient. All models were adjusted for potential 

confounders (sex, age, childhood socioeconomic position), additional mediators (adult socioeconomic position, lifestyle factors) 
and use of anti-inflammatory/anti-hypertensive drugs. β coefficients in bold are statistically significant at the 95% confidence level.   
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Table C5. Longitudinal mediation pathways: Indirect associations of ACEs with 
Depressive Symptoms through CRP (Model 1; Complete case analysis).  

Mediation Pathway Indirect effect p-value 

ACEs total score   
ACE-CRPi-DEPi  0.005 0.015 
ACE-CRPi-DEPs 0.002 0.054 

ACE-CRPs-DEPi 0.019 0.378 
ACE-CRPs-DEPs -0.004 0.654 
Threat   

Threat-CRPi-DEPi  0.011 0.195 
Threat-CRPi-DEPs 0.004 0.228 
Threat-CRPs-DEPi 0.075 0.367 

Threat-CRPs-DEPs -0.009 0.757 
Loss   
Loss-CRPi-DEPi  0.018 0.007 

Loss -CRPi-DEPs 0.007 0.029 
Loss-CRPs-DEPi 0.116 0.318 
Loss -CRPs-DEPs -0.014 0.813 

Household Dysfunction    
HouseDys-CRPi-DEPi  0.010 0.067 
HouseDys-CRPi-DEPs 0.004 0.121 

HouseDys-CRPs-DEPi 0.065 0.337 
HouseDys-CRPs-DEPs -0.007 0.804 
Low Parental Bonding   

Bonding-CRPi-DEPi  0.010 0.077 
Bonding-CRPi-DEPs 0.004 0.125 
Bonding-CRPs-DEPi 0.044 0.360 

Bonding-CRPs-DEPs -0.009 0.694 

Note. Sample: ELSA, w2-w8 (N = 3,498). CRP = C-reactive protein. DEP = depression. 
HouseDys = Household Dysfunction. The Total Effect Mediated is a ratio of the indirect effect 

to the total effect [Indirect Effect/ (Direct Effect + Indirect Effect)]. All models were adjusted for 
potential confounders (sex, age, childhood socioeconomic position), additional mediators 
(adult socioeconomic position, lifestyle factors) and use of anti-inflammatory/anti-hypertensive 

drugs. Indirect effects in bold are statistically significant at the 95% confidence level.  
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Table C6. Longitudinal mediation pathways: Direct associations of ACEs total score and CRP with somatic vs cognitive affective depressive 
symptoms (Model 1). 
 

Depression Intercept Depression Slope 

 
β SE p-value Lower 

CI 
Upper 

CI 
P-value 

difference 

somatic vs 
cognitive-
affective 

symptoms 

β SE p-
value 

Lower 
CI 

Upper 
CI 

P-value 
difference 

somatic vs 
cognitive-
affective 

symptoms 

Outcome: Somatic depressive symptoms  
       

ACEs total score 0.127 0.010 <0.001 0.050 0.090 <0.001 0.281 0.011 <0.001 0.055 0.099 <0.001 

CRP Intercept  0.186 0.023 <0.001 0.144 0.234 0.015 0.269 0.024 <0.001 0.088 0.182 <0.001 

CRP Slope  0.438 3.199 0.142 -1.570 10.970 0.677 -0.454 1.687 0.425 -4.654 1.960 0.606 

Outcome: Cognitive-affective depressive symptoms  
       

ACEs total score 0.153 0.012 <0.001 0.065 0.113 
 

0.377 0.012 <0.001 0.059 0.107 
 

CRP Intercept  0.093 0.027 <0.001 0.046 0.152 
 

0.225 0.025 <0.001 0.042 0.140 
 

CRP Slope  0.082 2.046 0.642 -3.059 4.961 
 

-0.148 1.171 0.698 -2.750 1.840 
 

Note. Sample: ELSA (N = 4,382). Pooled standardised estimates from LGC mediation analysis with 20 imputed datasets and bootstrapped standard 
errors. β = standardised regression coefficient. SE = standard error. CI = confidence interval. All models were adjusted for potential confounders (sex, 

age, childhood socioeconomic position), additional mediators (adult socioeconomic position, lifestyle factors) and use of anti-inflammatory/anti-
hypertensive drugs (Model 1). p-values in bold are statistically significant at the 95% confidence level.  
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Table C7. Indirect associations of ACEs with somatic vs cognitive-affective depressive symptoms through CRP 

(Model 1). 

Mediation Pathway Indirect 

effect 

SE p-value Lower 

CI 

Upper 

CI 

P-value difference 

somatic vs 
cognitive-affective 

symptoms 

Outcome: Somatic depressive symptoms 
     

ACE-CRPi-DEPi  0.007 0.002 0.001 0.003 0.011 0.075 

ACE-CRPi-DEPs 0.005 0.002 0.003 0.001 0.009 0.181 

ACE-CRPs-DEPi 0.052 0.041 0.205 -0.028 0.132 0.870 

ACE-CRPs-DEPs -0.015 0.019 0.442 -0.052 0.022 0.861 

Outcome: Cognitive-affective depressive symptoms 
    

ACE-CRPi-DEPi  0.004 0.001 0.012 0.002 0.006 
 

ACE-CRPi-DEPs 0.003 0.001 0.009 0.001 0.005 
 

ACE-CRPs-DEPi 0.010 0.022 0.645 -0.033 0.053 
 

ACE-CRPs-DEPs -0.005 0.013 0.713 -0.030 0.020 
 

Note. Sample: ELSA (N = 4,382). Pooled estimates from LGC mediation analysis with 20 imputed datasets and bootstrapped 

standard errors. SE = standard error. CI = confidence interval. CRP = C-reactive protein. DEP = depression. ACEs = Adverse 
Childhood Experiences. All models were adjusted for potential confounders (sex, age, childhood socioeconomic position), 
additional mediators (adult socioeconomic position, lifestyle factors) and use of anti-inflammatory/anti-hypertensive drugs 

(Model 1). p-values in bold are statistically significant at the 95% confidence level. 
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Table C8. Comparison of sample characteristics between the analytical sample and the full ELSA sample at 
wave 2.    

Excluded Included Group comparisons 

Variable  Levels N Mean (sd)/ 
% 

N Mean 
(sd)/ % 

p-
value* 

r* 

Age  
 

4965 66.55 
(11.68) 

4382 63.95      
(8.95) 

<.001 0.089 

Sex: female  
 

4966 54.1 4382 56.0 0.122 0.019 

Marital status  Married  4966 63.6 4378 69.0   <.001 0.057 a 
 

Separated/Divorced   11.0  11.6   
 

Widowed  
 

19.5  13.8   
 

Single  
 

5.8  5.6   

Educational 
attainment  

Degree 4966 14.6 4378 19.8 <.001 0.138 b 

 
A-levels   19.9  25.4   

 
GCSE  21.5  23.8   

 
Foreign/Other  7.6  8.2   

 
No qualification  35.5  22.8   

Wealth quintiles  

(1=lowest; 5=highest) 

4793 2.82      

(1.41) 

4303 3.21      

(1.39)   

<.001 0.139 

Self-reported health 
(1=very good; 5=very bad) 

4742 2.27      
(0.97) 

4377 2.02      
(0.83) 

<.001 0.124 

Smoking Current smoker  4885 21.9 4374 16.1 <.001 0.071 

Physical activity  Light  4926 30.3 4335 15.5 <.001 0.167 
 

Moderate   45.7  51.0   
 

Vigorous  24.1  33.5   

Alcohol 
consumption  

5-7 days a week 4966 21.3 4378 24.3 <.001 0.059 

 
1-4 days a week 

 
36.6  39.6   

 
Less than weekly  42.1    36.1 

  

Note. Sample = ELSA, w2-w8. *p-value estimates from significance tests including t-tests (continuous variables) and 

chi-square tests (categorical variables). r coefficients obtained from Spearman’s Rho correlation tests. Sd = standard 
deviation. 
a comparison based on binary variable (1=married; 0=not married).  
b comparison based on binary variable (1=qualification; 0=no qualification).  
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Appendix D 

 

sMethods  

 

Genetic scores  

 

The genome-wide genotyping in ELSA was performed at University College London 

Genomics in 2013-2014, using the Illumina HumanOmni2.5 BeadChips (HumanOmni2.5-4v1, 

HumanOmni2.5-8v1.3). All non-European ethnic groups (genetically established and self-

reported) were excluded from the sample. Using PLINK, R, and VCFtools, single-nucleotide 

polymorphisms (SNPs) were excluded if: (a) they were non-autosomal, (b) the minor allele 

frequency was <0.01%, (c) more than 2% of genotype data were missing, or (d) the Hardy-

Weinberg Equilibrium P-value was <10−4. Samples were removed based on call rate (<0.99), 

suspected non-European ancestry, sex difference in allelic frequency of ≥ 0.2, heterozygosity, 

and relatedness. Principal components analysis (Price et al., 2006) was employed to identify 

those individuals who deviated from the ethnic population they self-reported to be (i.e. ethnic 

outliers). This set of analyses demonstrated the presence of ancestral admixture in 65 

individuals, who were subsequently removed. Concordant genetic ancestry and self-reported 

ethnicity participants were retained for further analyses. After these quality control steps, 7,183 

(96.9% of N = 7,412) individuals and 1372240 (61.5% of N = 2230767 SNPs) directly 

genotyped SNPs remained for further analyses. 

To calculate PGSs for MDD, CRP, and plasma cortisol, SNPs associated with each of 

these outcomes were weighted by their effect size derived from recent genome-wide meta-

analyses of these phenotypes, and were then summed in a continuous score using PRSice 

(Euesden et al., 2015). Because PGSs including all available SNPs either explain the most 

amount of variation in a trait or are not significantly different from PGSs based on different p-

value thresholds (Ware et al., 2017), a single p-value threshold of 1 for all PGSs was used in 

order to limit multiple testing and maximise the potential predictive ability of the PGSs. 

A multilocus genetic score of HPA-axis function (HPA-MGS) was constructed including 

risk alleles of 10 SNPs from four HPA-axis related genes (i.e. CRHR1, NR3C1, NR3C2, and 

FKB5) (see Table D1), as described elsewhere (Pagliaccio et al., 2014; Starr et al., 2020). 

Multilocus genetic scores are unweighted, additive scores of risk alleles drawn from genetic 

loci associated with biological systems of interest (Bogdan et al., 2013). The SNPs included 

in this MGS were selected based on their associations with dysregulated cortisol levels and 

depression (Pagliaccio et al., 2014; Starr et al., 2020).  
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Covariates 

 

All covariates, except medication use and hair-related characteristics, were measured 

in wave 3, concurrently to the assessment of ACEs. Medication use and hair-related 

characteristics were measured only once in wave 6. Sex was a binary variable and age was 

measured in years. Childhood socioeconomic position was measured using data from the Life 

History interview on overcrowding (number of people/number of bedrooms > 2), number of 

books in the home (none vs one or more), father’s occupation (manual vs other), financial 

hardship, and parent unemployment. Based on these measures, a cumulative score was 

calculated representing the total number of childhood socioeconomic adversities reported by 

the participant. Anti-inflammatory and antihypertensive medications were grouped into a 

single binary variable (yes/no). Use of antidepressants and steroids were also treated as 

binary variables (yes/no). Hair-related characteristics included whether hair was dyed 

(yes/no), season of hair collection [summer (Jun-Aug), autumn (Sep-Nov), winter (Dec-Feb), 

spring (Mar-May)], and phase of hair analysis (1 = 2015; 2 = 2018). For descriptive purposes 

only, adult wealth and educational attainment were also included in the analysis. Adult wealth 

was derived from a comprehensive assessment of the participant’s economic resources (e.g. 

financial, housing and physical wealth) excluding pension wealth and was categorised into 

quintiles (1= lowest wealth; 5 = highest wealth). Educational attainment was indexed by a 

binary variable for whether the participant had a degree qualification or not.  

 

Latent growth mixture (LGM) modelling of depressive symptoms 

 

LGM models are characterised by the combination of latent growth curve modelling 

and latent class analysis. Such method can be used to group individuals into distinct 

trajectories according to their pattern of change over time (Newsom, 2015). In the present 

study, the LGM models were estimated with a specific intercept and slope growth factor for 

each trajectory, which represent the within-group variation in each trajectory. The optimal 

number of trajectories was identified using a stepwise approach. First, one LGM model with a 

single trajectory was fitted. Second, an additional trajectory was included in the model at each 

following step until the optimal number of trajectories was reached. The optimal number of 

trajectories was determined using the following criteria: lower sample-size adjusted Bayesian 

Information Criterion (ssaBIC); every class containing more than 5% of participants; entropy 

value (i.e. quality of the classification model) closer to 1; and good theoretical interpretability 

of the classes (Herle et al., 2020). A three-class solution was selected as the best fitting model 

since it had the best combination of lower AIC/ssaBIC and higher entropy, it contained more 

than 5% of participants in each class, and the classes were theoretically meaningful.   
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LGM model fit indices  

  2 classes  3 classes   4 classes  5 classes  

AIC  -39235.44 -38235.04 -38110.06 -38074.74 

ssaBIC   -39260.00 -38281.09 -38048.66 -37997.99 

N classes >5%  Yes Yes  No No 

Entropy  0.9995 0.9999 

 

0.9999 

 

0.9994 

 

 

 

Multiple imputation analysis 

 

Missing data on ACEs, outcome variables, and covariates were estimated using 

multiple imputation by chained equations (MI). All variables included in the analysis were used 

as predictors in the imputation models, in addition to supplementary auxiliary variables 

including socioeconomic data, physical health, lifestyle factors, survey weights, and covariates 

from other waves of the study. The missing values were imputed under the Missing at Random 

(MAR) assumption. In the present analysis, the MAR assumption implies that reliable 

estimates of the missing data can be computed if all the variables associated with the missing 

data generation process are included in the imputation model. Age and socioeconomic 

position are the main drivers of non-response and attrition in ELSA (Steptoe et al., 2013). As 

these variables were included in the imputation models, the MAR assumption is likely to be 

valid in this study. Twenty imputed datasets were created, and the estimates from LGM and 

regression analyses were pooled using Rubin’s rules (Rubin, 2004).  
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Table D1. SNPs included in the multilocus HPA-axis genetic score.  

Gene SNP Alleles Coded in HPA axis score 

CRHR1 rs4792887 C>T TT=1, CT=0.5, CC=0 

 rs110402 G>A / G>C CC=1, CG=0, GG=0 

 rs242941 A>C / A>T CC=1, AC=1, AA=0 

 rs242939 C>A / C>G / C>T TT=1, CT=1, CC=0 

 rs1876828 C>T CC=1, CT=1, TT=0 

NR3C2 rs5522 C>T TT=1, CT=1, CC=0 

NRC31 rs41423247 G>T GG=1, CG=1, CC=0 

 rs10482605 A>G AA=1, AG=0, GG=0 

 rs10052957 G>A AA=1, AG=0, GG=0 

FKBP5 rs1360780 T>A / T>C TT=1, CT=1, CC=0 

Note. SNPs = single nucleotide polymorphisms.  
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Table D2. G+E additive and GxE multiplicative interaction effects of ACEs and PGSs on depressive-symptom 
trajectories.  

Moderate vs Low Depression 
Trajectory  

High vs Low Depression 
Trajectory  

 
 

 
OR 

 
95%CI 

E-value 
(lower CI) 

 
OR 

 
95%CI 

E-value 
(lower CI) 

Model 1 - G+E Additive effects 
 

      

MDD PGS 1.17 1.08;1.27 1.37 (1.24) 1.47 1.28;1.70 2.30 (1.87) 
CRP PGS 0.99 0.91;1.08 - 0.97 0.84;1.12 - 
Cortisol PGS 1.00 1.00;1.00 - 1.00 0.99;1.00 - 
ACE total score  1.17 1.09;1.25 1.38 (1.26) 1.44 1.30;1.60 2.24 (1.92) 
Threat 1.64 1.17;2.29 1.88 (1.38) 2.93 1.86;4.62 5.31 (3.13) 
Loss 1.23 0.99;1.52 - 1.70 1.20;2.41 2.79 (1.69) 
Household Dysfunction 1.42 1.17;1.74 1.67 (1.38) 2.52 1.80;3.51 4.48 (3.00) 
Low Parental Bonding 1.50 1.22;1.83 1.75 (1.44) 2.36 1.70;3.28 4.15 (2.79) 
 
Model 2 - GxE Interaction effects  

      

 
ACEs x MDD PGS 

      

ACE total score  1.17 1.09;1.26  1.43 1.29;1.60  
MDD PGS 1.02 0.98;1.08  1.06 0.98;1.15  
ACE tot x MDD PGS 1.10 1.03;1.17  1.13 1.04;1.23  
Threat 1.64 1.17;2.30  2.76 1.70;4.50  
MDD PGS 1.04 1.00;1.09  1.09 1.01;1.18  
Threat x MDD PGS 1.15 0.82;1.62  1.46 0.95;2.25  
Loss 1.25 1.01;1.55  1.65 1.16;2.36  
MDD PGS 1.04 0.99;1.09  1.09 1.01;1.18  
Loss x MDD PGS 1.30 1.06;1.60  1.52 1.09;2.11  
Household Dysfunction 1.42 1.16;1.74  2.45 1.75;3.44  
MDD PGS 1.03 0.98;1.08  1.07 0.99;1.16  
Household Dysfunction x MDD PGS  1.29 1.07;1.55  1.48 1.15;1.9  
Low Parental Bonding  1.51 1.23;1.84  2.28 1.63;3.20  
MDD PGS 1.03 0.98;1.08  1.07 0.98;1.15  
Low Parental Bonding x MDD PGS 1.21 1.01;1.44  1.47 1.15;1.89  
 
ACEs x CRP PGS 

      

ACE total score  1.20 1.01;1.42  1.44 1.14;1.81  
CRP PGS 0.99 0.92;1.06  0.98 0.86;1.12  
ACE tot x CRP PGS 0.99 0.94;1.05  1.01 0.94;1.08  
Threat 2.68 1.21;5.97  4.40 1.35;7.98  
CRP PGS 0.99 0.93;1.05  0.99 0.89;1.10  
Threat x CRP PGS 0.86 0.68;1.09  0.90 0.64;1.26  
Loss 1.27 0.77;2.10  1.79 0.82;3.90  
CRP PGS 0.98 0.92;1.05  0.99 0.89;1.11  
Loss x CRP PGS 0.99 0.85;1.15  0.98 0.77;1.25  
Household Dysfunction 1.34 0.84;2.14  2.89 1.41;5.93  
CRP PGS 0.98 0.92;1.04  1.01 0.89;1.14  
Household Dysfunction x CRP PGS  1.03 0.89;1.18  0.96 0.77;1.20  
Low Parental Bonding  1.52 0.96;2.40  2.64 1.29;5.42  
CRP PGS 0.98 0.92;1.05  1.01 0.89;1.15  
Low Parental Bonding x CRP PGS 1.00 0.87;1.15  0.98 0.78;1.22  
 
ACEs x Cortisol PGS 

      

ACE total score  1.17 1.10;1.25  1.44 1.32;1.58  
Cortisol PGS 1.01 0.92;1.11  0.94 0.80;1.11  
ACE tot x Cortisol PGS 0.97 0.91;1.03  1.00 0.92;1.09  
Threat 1.51 1.11;2.05  2.74 1.83;4.09  
Cortisol PGS 0.99 0.92;1.07  0.95 0.83;1.08  
Threat x Cortisol PGS 0.80 0.59;1.08  0.92 0.62;1.37  
Loss 1.12 0.92;1.37  0.92 0.81;1.06  
Cortisol PGS 1.00 0.92;1.08  1.00 1.00;1.00  
Loss x Cortisol PGS 0.84 0.69;1.03  1.04 0.78;1.39  
Household Dysfunction 1.33 1.10;1.61  2.20 1.67;2.91  
Cortisol PGS 0.98 0.90;1.07  0.94 0.81;1.09  
Household Dysfunction x Cortisol PGS  0.96 0.80;1.15  1.01 0.76;1.33  
Low Parental Bonding  1.61 1.34;1.94  2.52 1.86;3.40  
Cortisol PGS 0.99 0.90;1.08  0.98 0.84;1.14  
Low Parental Bonding x Cortisol PGS 0.96 0.79;1.16  0.91 0.69;1.21  

Note. Sample = ELSA (N=3,428). Pooled estimates across 20 imputed datasets from latent class growth mixture modelling 
with multinomial logistic regression analysis. The odds ratios represent the Moderate or High Depression trajectory 
compared with the Low trajectory. Associations adjusted for sex, age, childhood socioeconomic position, use of 
antidepressant medications, and 5 principal components of population stratification. ACEs = adverse childhood experiences. 
PGS = polygenic score. CRP = C-reactive protein. MDD = major depressive disorder. OR = odds ratio. CI = confidence 
interval. Values presented in bold are statistically significant at the 95% level (i.e. 95% CI does not include 1). E-values are 
presented only for additive effects that are statistically significant.  
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Table D3. G+E additive and GxE multiplicative interaction effects of ACEs and PGSs on repeated exposure to 
high CRP w2-6.  

Repeated exposure to high CRP w2-6  
 

OR 
 

95% CI 
 

E-value 
(lower CI) 

Model 1 - G+E Additive effects    

CRP PGS 1.04 1.03;1.06 1.16 (1.14) 
MDD PGS 1.03 1.01;1.04 1.14 (1.08) 
ACE total score 1.08 1.07;1.09 1.24 (1.22) 
Threat 1.08 1.03;1.14 1.24 (1.13) 
Loss 1.20 1.16;1.25 1.42 (1.37) 
Household Dysfunction  1.13 1.09;1.17 1.32 (1.26) 
Low Parental Bonding  1.04 1.04;1.05 1.16 (1.16) 
 
Model 2 - GxE Interaction effects  
 
 

   

ACEs x CRP PGS    
ACE total score  1.08 1.07;1.10  
CRP PGS 1.03 1.01;1.05  
ACE tot x CRP PGS 1.02 1.01;1.03  
Threat 1.09 1.04;1.15  
CRP PGS 1.03 1.02;1.05  
Threat x CRP PGS 1.11 1.05;1.17  
Loss 1.20 1.16;1.25  
CRP PGS 1.04 1.03;1.06  
Loss x CRP PGS 0.98 0.95;1.02  
Household Dysfunction  1.13 1.10;1.17  
CRP PGS 1.04 1.02;1.06  
Household Dysfunction x CRP PGS  1.01 0.98;1.04  
Low Parental Bonding  1.04 1.04;1.05  
 CRP PGS 1.01 0.99;1.03  
Low Parental Bonding x CRP PGS 1.01 1.01;1.02  
 
ACEs x MDD PGS 

   

ACE total score  1.08 1.07;1.09  
MDD PGS 1.03 1.01;1.05  
ACE tot x MDD PGS 1.00 0.99;1.01  
Threat 1.09 1.04;1.15  
MDD PGS 1.04 1.02;1.05  
Threat x MDD PGS 0.97 0.93;1.02  
Loss 1.20 1.16;1.25  
MDD PGS 1.06 1.04;1.08  
Loss x MDD PGS 0.88 0.85;0.91  
Household Dysfunction  1.12 1.08;1.16  
MDD PGS 1.02 1.00;1.03  
Household Dysfunction x MDD PGS  1.05 1.02;1.09  
Low Parental Bonding  1.04 1.03;1.04  
MDD PGS 1.00 0.98;1.02  
Low Parental Bonding x MDD PGS 1.01 1.01;1.02  

Note. Sample = ELSA (N=3,343). Pooled estimates across 20 imputed datasets from ordinal logistic regression analysis. 
The odds ratios represent the likelihood of repeated exposure to high CRP levels (≥ 3 mg/L) across waves 2, 4, and 6. 
Associations adjusted for sex, age, childhood socioeconomic position, use of anti-inflammatory/antihypertensive 
medications, and 5 principal components of population stratification. ACEs = adverse childhood experiences. PGS = 
polygenic scores. CRP = C-reactive protein. MDD = major depressive disorder. OR = odds ratio. CI = confidence interval. 
Values presented in bold are statistically significant at the 95% level (i.e. 95% CI does not include 1). E-values are 
presented only for additive effects that are statistically significant. 
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Table D4. G+E additive and GxE multiplicative interaction effects of ACEs and PGSs on hair cortisol.   
Imputed data (N=2,153) 

 
Complete data (N=1,500) 

 
Estimate 

(b) 
95% CI p-

value 
Estimate 

(b) 
95% CI p-

value 

Model 1 - G+E additive effects       
 
Cortisol PGS 0.007 -0.016;0.029 0.545 0.009 -0.021;0.039 0.555 
MDD PGS 0.000 -0.022;0.022 0.969 0.000 -0.030;0.030 0.994 
ACE total score -0.003 -0.019;0.013 0.709 0.007 -0.018;0.032 0.589 
Loss 0.015 -0.047;0.076 0.639 0.031 -0.044;0.106 0.419 
Threat 0.022 -0.063;0.108 0.609 0.073 -0.028;0.175 0.155 
Household Dysfunction  -0.019 -0.070;0.032 0.470 -0.023 -0.089;0.042 0.483 
Low Parental Bonding  0.000 -0.056;0.055 0.992 -0.005 -0.072;0.061 0.873 
 
Model 2 - GxE interaction effects  

      

 
ACEs x Cortisol PGS 

      

ACE total score  -0.003 -0.019;0.014 0.762 0.008 -0.017;0.033 0.543 
Cortisol PGS 0.002 -0.028;0.033 0.872 0.004 -0.033;0.041 0.823 
ACE tot x Cortisol PGS 0.004 -0.014;0.023 0.641 0.005 -0.017;0.028 0.642 
Threat 0.015 -0.047;0.077 0.636 0.029 -0.046;0.104 0.447 
Cortisol PGS 0.008 -0.017;0.034 0.526 0.013 -0.017;0.043 0.388 
Threat x Cortisol PGS -0.007 -0.068;0.055 0.835 -0.019 -0.092;0.054 0.610 
Loss 0.025 -0.062;0.111 0.576 0.079 -0.024;0.182 0.134 
Cortisol PGS 0.005 -0.018;0.028 0.682 0.003 -0.026;0.032 0.840 
Loss x Cortisol PGS 0.027 -0.056;0.109 0.528 0.056 -0.044;0.157 0.270 
Household Dysfunction  -0.018 -0.070;0.034 0.495 -0.020 -0.086;0.045 0.542 
Cortisol PGS -0.002 -0.029;0.025 0.890 -0.007 -0.039;0.025 0.668 
Household Dysfunction x Cortisol PGS  0.036 -0.018;0.089 0.195 0.062 0.000;0.124 0.051 
Low Parental Bonding  0.000 -0.056;0.056 0.995 -0.006 -0.072;0.061 0.870 
Cortisol PGS 0.007 -0.020;0.035 0.593 0.012 -0.023;0.046 0.515 
Low Parental Bonding x Cortisol PGS -0.001 -0.056;0.053 0.958 -0.009 -0.072;0.055 0.788 
 
ACEs x MDD PGS 

      

ACE total score  -0.003 -0.019;0.014 0.762 0.008 -0.017;0.033 0.543 
MDD PGS 0.002 -0.025;0.029 0.907 0.007 -0.030;0.044 0.706 
ACE tot x MDD PGS -0.002 -0.020;0.015 0.810 -0.009 -0.034;0.016 0.481 
Threat 0.015 -0.047;0.077 0.636 0.029 -0.046;0.104 0.447 
MDD PGS 0.004 -0.020;0.029 0.736 0.010 -0.021;0.04 0.544 
Threat x MDD PGS -0.028 -0.094;0.038 0.413 -0.040 -0.116;0.035 0.295 
Loss 0.025 -0.062;0.111 0.576 0.079 -0.024;0.182 0.134 
MDD PGS -0.001 -0.024;0.023 0.958 0.001 -0.028;0.031 0.935 
Loss x MDD PGS -0.005 -0.096;0.087 0.920 -0.006 -0.107;0.095 0.904 
Household Dysfunction  -0.018 -0.070;0.034 0.495 -0.020 -0.086;0.045 0.542 
MDD PGS 0.000 -0.025;0.025 0.999 0.005 -0.028;0.037 0.784 
Household Dysfunction x MDD PGS  -0.002 -0.054;0.050 0.938 -0.018 -0.083;0.048 0.597 
Low Parental Bonding  0.000 -0.056;0.056 0.995 -0.006 -0.072;0.061 0.870 
MDD PGS 0.000 -0.025;0.025 0.997 0.004 -0.030;0.038 0.812 
Low Parental Bonding x MDD PGS -0.002 -0.054;0.049 0.926 -0.003 -0.071;0.065 0.930 

Note. Sample = ELSA. Pooled estimates across 20 imputed datasets from linear regression models and complete data 
analyses. Associations adjusted for sex, age, childhood socioeconomic position, use of steroid medications, hair-related 
characteristics, and 5 principal components of population stratification. ACEs = adverse childhood experiences. PGS = 
polygenic score. MDD = major depressive disorder. CI = confidence interval. Values presented in bold are statistically 
significant at the 95% level.  
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Table D5. G+E additive and GxE multiplicative interaction effects of ACEs and HPA-MGS on hair cortisol.   
Imputed data (N = 2,153) 

 
Complete data (N = 1,500) 

 
Estimate 

(b) 
95% CI p-value Estimate 

(b) 
95% CI p-value 

Model 1 - G+E additive effects 
 

      

HPA-axis MGS 0.010 -0.016;0.036 0.450 0.033 -0.040;0.107 0.374 
ACEs total score  -0.003 -0.020;0.013 0.691 0.013 -0.023;0.048 0.487 
 
Model 2 - GxE interaction effects  
 

      

1 ACE -0.152 -0.602;0.297 0.507 -0.120 -0.693;0.453 0.682 
2 ACEs 0.017 -0.513;0.547 0.949 0.106 -0.609;0.822 0.771 
3 ACEs -0.568 -1.099;-0.037 0.037 -1.317 -2.125;-0.509 0.001 
HPA-axis MGS -0.007 -0.045;0.031 0.724 -0.012 -0.060;0.037 0.639 
1 ACE x HPA-axis MGS 0.025 -0.044;0.095 0.472 0.024 -0.065;0.112 0.598 
2 ACEs x HPA-axis MGS -0.005 -0.087;0.076 0.898 -0.010 -0.120;0.099 0.853 
3 ACEs x HPA-axis MGS 0.089 0.007;0.170 0.034 0.209 0.084;0.334 0.001 

Note. Sample = ELSA. Pooled estimates across 20 imputed datasets from linear regression models and complete data analyses. Associations 
adjusted for sex, age, childhood socioeconomic position, use of steroid medications, hair-related characteristics, and 5 principal components 
of population stratification. ACEs = adverse childhood experiences. HPA-axis MGS = multilocus genetic score of HPA-axis function. CI = 
confidence interval. Values presented in bold are statistically significant at the 95% level.  

Table D6. G+E additive and GxE multiplicative interaction effects of ACEs and HPA-axis MGS on depressive-symptom 
trajectories.   

Moderate vs Low 
Depression Trajectory  

 

High vs Low Depression 
Trajectory  

 
 

OR 95% CI OR 95% CI 

Model 1 - G+E Additive effects 
     
HPA-axis MGS 1.04 0.97;1.12 1.02 0.91;1.15 
ACE total score  1.17 1.10;1.25 1.44 1.32;1.57 
 
Model 2 - GxE Interaction effects  
 

    

ACE total score  1.17 1.10;1.25 1.44 1.32;1.57 
HPA-axis MGS 1.06 0.96;1.16 1.02 0.87;1.20 
ACE tot x HPA-axis MGS 0.99 0.92;1.05 1.00 0.91;1.08 

Note. Sample = ELSA (N=3,428). Pooled estimates across 20 imputed datasets from latent class growth mixture modelling with multinomial 
logistic regression analysis. The odds ratios represent the Moderate or High Depression trajectory compared with the Low trajectory. 
Associations adjusted for sex, age, childhood socioeconomic position, use of antidepressant medications, and 5 principal components of 
population stratification. ACE = adverse childhood experiences. HPA-axis MGS = multilocus genetic score of HPA-axis function. OR = odds 
ratio. CI = confidence interval. Values presented in bold are statistically significant at the 95% level (i.e. 95%CI of OR does not include 1). 
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Table D7. G+E additive and GxE multiplicative interaction effects of ACEs and PGSs on depressive-symptom trajectories 
without adjustment for antidepressants.   

Moderate Depression Trajectory (vs Low) High Depression Trajectory (vs Low)  
OR 95% CI OR 95% CI 

Model 1 - G+E Additive effects 
 

    

MDD PGS 
 

1.18 1.09;1.28 1.52 1.31;1.75 
CRP PGS 

 
0.99 0.92;1.08 0.98 0.85;1.13 

Cortisol PGS  0.99 0.92;1.06 0.98 0.87;1.1 
ACE total score  1.17 1.09;1.25 1.46 1.32;1.61 
Threat 

 
1.69 1.21;2.35 3.21 2.10;4.93 

Loss 
 

1.18 0.95;1.46 1.52 1.08;2.14 
Household Dysfunction 1.44 1.18;1.76 2.58 1.86;3.59 
Low Parental Bonding 1.54 1.26;1.88 2.50 1.81;3.45 
 
Model 2 - GxE Interaction effects 
 

   

ACEs x MDD PGS 
    

ACE total score  1.17 1.09;1.26 1.45 1.30;1.60 
MDD PGS 

 
1.02 0.97;1.07 1.06 0.98;1.15 

ACE tot x MDD PGS 1.10 1.03;1.17 1.15 1.06;1.24 
Threat 

 
1.68 1.20;2.34 3.00 1.90;4.73 

MDD PGS 
 

1.04 0.99;1.09 1.10 1.01;1.18 
Threat x MDD PGS 1.19 0.85;1.65 1.55 1.02;2.35 
Loss 

 
1.20 0.97;1.49 1.46 1.03;2.06 

MDD PGS 
 

1.04 0.99;1.09 1.10 1.02;1.18 
Loss x MDD PGS 1.33 1.09;1.64 1.65 1.19;2.29 
Household Dysfunction 1.44 1.17;1.75 2.50 1.79;3.50 
MDD PGS 

 
1.03 0.98;1.08 1.07 0.99;1.16 

Household Dysfunction x MDD PGS  1.30 1.09;1.56 1.53 1.20;1.95 
Low Parental Bonding  1.55 1.26;1.90 2.48 1.78;3.47 
MDD PGS 

 
1.10 1.03;1.17 1.27 1.12;1.43 

Low Parental Bonding x MDD PGS 
 

1.09 0.89;1.33 1.15 0.85;1.56 

ACEs x CRP PGS 
    

ACE total score  1.21 1.02;1.44 1.48 1.18;1.85 
CRP PGS 

 
0.99 0.92;1.06 0.99 0.87;1.13 

ACE tot x CRP PGS 0.99 0.94;1.04 1.00 0.93;1.07 
Threat 

 
2.76 1.24;6.12 4.72 1.55;7.37 

CRP PGS 
 

0.99 0.93;1.05 0.99 0.89;1.11 
Threat x CRP PGS 0.86 0.67;1.09 0.90 0.65;1.24 
Loss 

 
1.26 0.76;2.08 1.69 0.78;3.65 

CRP PGS 
 

0.98 0.92;1.05 1.00 0.90;1.11 
Loss x CRP PGS 0.97 0.84;1.13 0.96 0.75;1.22 
Household Dysfunction 1.36 0.86;2.16 3.01 1.50;6.02 
CRP PGS 

 
0.98 0.92;1.04 1.01 0.90;1.15 

Household Dysfunction x CRP PGS  1.02 0.89;1.17 0.96 0.77;1.18 
Low Parental Bonding  1.58 1.01;2.50 3.08 1.55;6.11 
CRP PGS 

 
0.98 0.92;1.05 1.02 0.90;1.15 

Low Parental Bonding x CRP PGS 
 

0.99 0.86;1.14 0.94 0.76;1.17 

ACEs x Cortisol PGS     
ACE total score  1.17 1.10;1.25 1.46 1.34;1.60 
Cortisol PGS 1.01 0.92;1.11 0.94 0.80;1.10 
ACE tot x Cortisol PGS 0.97 0.91;1.03 1.02 0.94;1.11 
Threat 1.56 1.16;2.11 3.03 2.06;4.45 
Cortisol PGS 1.00 0.92;1.08 0.96 0.85;1.09 
Threat x Cortisol PGS 0.80 0.59;1.08 0.96 0.65;1.41 
Loss 1.08 0.89;1.32 1.46 1.10;1.94 
Cortisol PGS 1.01 0.93;1.09 0.95 0.83;1.08 
Loss x Cortisol PGS 0.84 0.69;1.02 1.04 0.79;1.38 
Household Dysfunction  1.35 1.12;1.63 2.29 1.74;3.00 
Cortisol PGS 0.99 0.91;1.08 0.95 0.82;1.10 
Household Dysfunction x Cortisol PGS  0.97 0.80;1.16 1.04 0.79;1.35 
Low Parental Bonding  1.65 1.37;1.98 2.65 1.97;3.55 
Cortisol PGS 0.99 0.91;1.08 0.98 0.84;1.14 
Low Parental Bonding x Cortisol PGS 0.98 0.81;1.18 0.96 0.74;1.27 

Note. Sample = ELSA (N=3,428). Pooled estimates across 20 imputed datasets from latent class growth mixture modelling with 
multinomial logistic regression analysis. Associations adjusted for sex, age, childhood socioeconomic position, and 5 principal 
components of population stratification. ACEs = adverse childhood experiences. PGS = polygenic score. CRP = C-reactive protein. 
MDD = major depressive disorder. OR = odds ratio. CI = confidence interval. Values presented in bold are statistically significant at the 
95% level (i.e. 95% CI does not include 1). 
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Table D8. G+E Additive and GxE interaction effects of ACEs and PGSs on depressive-symptom trajectories - Complete data 
analysis.   

Moderate vs Low Depression 
Trajectory (N = 2,424) 

 

High vs Low Depression Trajectory 
(N = 2,424) 

 
OR 95%CI OR 95%CI 

Model 1 - G+E Additive effects 
 

    

MDD PGS 1.16 1.06;1.27 1.60 1.32;1.95 
CRP PGS 1.00 0.91;1.10 1.02 0.86;1.22 
Cortisol PGS 1.00 0.91;1.09 1.01 0.87;1.18 
ACE total score  1.21 1.11;1.32 1.45 1.28;1.65 
Threat 1.76 1.25;2.49 3.23 1.99;5.27 
Loss 1.35 1.07;1.70 1.75 1.16;2.63 
Household Dysfunction 1.46 1.18;1.80 2.58 1.82;3.65 
Low Parental Bonding 
 

1.51 1.22;1.87 2.29 1.60;3.28 

Model 2 - GxE Interaction effects 
  

    

ACEs x MDD PGS     
ACE tot x MDD PGS 1.13 1.04;1.22 1.19 1.06;1.34 
Threat x MDD PGS 1.15 0.82;1.61 1.44 0.89;2.34 
Loss x MDD PGS 1.43 1.15;1.79 1.58 1.08;2.30 
Household Dysfunction x MDD PGS  1.29 1.06;1.56 1.43 1.09;1.89 
Low Parental Bonding x MDD PGS 
 

1.27 1.06;1.54 1.60 1.19;2.16 

ACEs x CRP PGS     
ACE tot x CRP PGS 0.98 0.92;1.04 1.00 0.91;1.09 
Threat x CRP PGS 0.82 0.63;1.06 0.85 0.59;1.21 
Loss x CRP PGS 1.03 0.87;1.21 1.01 0.77;1.34 
Household Dysfunction x CRP PGS  1.01 0.87;1.16 0.92 0.73;1.17 
Low Parental Bonding x CRP PGS 
 

0.99 0.85;1.14 0.92 0.72;1.18 

ACEs x Cortisol PGS     
ACE tot x Cortisol PGS 0.93 0.86;1.00 0.96 0.86;1.06 
Threat x Cortisol PGS 0.78 0.62;0.98 0.99 0.71;1.38 
Loss x Cortisol PGS 0.71 0.51;0.99 0.81 0.53;1.25 
Household Dysfunction x Cortisol PGS  0.97 0.80;1.18 1.04 0.78;1.40 
Low Parental Bonding x Cortisol PGS 0.91 0.75;1.11 0.88 0.65;1.19 

Note. Sample = ELSA. Estimates from latent class growth mixture modelling with multinomial logistic regression analysis. The odds 
ratios represent the Moderate or High Depression trajectory compared with the Low trajectory. Associations adjusted for sex, age, 
childhood socioeconomic position, use of antidepressant medications, and 5 principal components of population stratification.  ACEs = 
adverse childhood experiences. PGS = polygenic score. CRP = C-reactive protein. MDD = major depressive disorder. OR = odds ratio. 
CI = confidence interval. Values presented in bold are statistically significant at the 95% level (i.e. 95% CI does not include 1). 
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Table D9. G+E additive and GxE interaction effects of ACEs and PGSs on repeated exposure to high CRP w2-6 – 
Complete data analysis.   

Repeated exposure to high CRP w2-6 (N = 1,416) 
  

OR 95% CI 

Model 1 – G+E Additive effects 
 

  

CRP PGS 1.03 0.93;1.14 
MDD PGS 1.02 0.92;1.13 
ACE tot 1.06 1.02;1.10 
Threat 0.98 0.59;1.37 
Loss 1.42 1.15;1.69 
Household Dysfunction  1.21 0.97;1.46 
Low Parental Bonding  
 

1.08 1.04;1.12 

Model 2 – GxE Interaction effects  
 

  

ACEs x CRP PGS   
ACE tot x CRP PGS 1.05 1.01;1.10 
Threat x CRP PGS 1.16 0.69;1.62 
Loss x CRP PGS 1.08 0.80;1.35 
Household Dysfunction x CRP PGS  1.11 0.87;1.35 
Low Parental Bonding x CRP PGS 
 

1.05 1.00;1.09 

ACEs x MDD PGS   
ACE tot x MDD PGS 0.99 0.95;1.04 
Threat x MDD PGS 0.78 0.38;1.19 
Loss x MDD PGS 0.95 0.67;1.23 
Household Dysfunction x MDD PGS  0.98 0.73;1.22 
Low Parental Bonding x MDD PGS 1.03 0.98;1.07 

Note. Sample = ELSA, w1-w8. Estimates from ordinal logistic regression analysis. The odds ratios represent the likelihood 
of repeated exposure to high CRP levels (≥ 3 mg/L) across waves 2, 4, and 6. Associations adjusted for sex, age, childhood 
socioeconomic position, use of anti-inflammatory/antihypertensive medications, and 5 principal components of population 
stratification. ACEs = adverse childhood experiences. PGS = polygenic scores. CRP = C-reactive protein. MDD = major 
depressive disorder. OR = odds ratio. CI = confidence interval. Values presented in bold are statistically significant at the 
95% level (i.e. 95% CI does not include 1). 
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Table D11. Associations of ACEs and PGSs with CRP w2, excluding versus including CRP values > 10 mg/L.  
 

Outcome: Log CRP w2 (excluding > 10 mg/L) Outcome: Log CRP w2 (including > 10 mg/L) 

Risk Factor  Estimate 
(B) 

Standard 
error 

p-value Sample 
size 

Estimate 
(B) 

Standard 
error 

p-value Sample 
size 

ACEs total 
score 

0.043 0.016 0.008 2055 0.044 0.018 0.018 2514 

CRP-PGS 0.010 0.004 0.018 2641 0.011 0.005 0.018 3100 

MDD-PGS 0.002 0.001 0.028 2641 0.002 0.001 0.048 3100 

Note. Complete data analysis. Estimates presented in bold are statistically significant at the 95% level.  

 
  

Table D10. Comparison of sample characteristics between the analytical sample and the full ELSA sample at wave 3. 

  Analytical sample a  
  

Excluded 
 

Included Group comparisons 

Variable  Levels N Mean 
(sd)/ % 

N Mean 
(sd)/ % 

p-value 
b 

r b 

Age  
 

5927 65.65 
(11.54) 

3416 64.78 
(8.61) 

<.001 0.001 

Sex Female 5927 54.8% 3416 55.3% 0.634 0.005 

Marital status c Married  5926 63.8 %   3416 70.3% <.001 0.066 
 

Separated/Divorc
ed  

 11.5%  10.9 %   

 
Widowed   18.5%  13.9%   

 
Single   6.2%    4.8%   

Educational attainment Degree 5890 15.9% 3414 19.2% <.001 0.042 

Wealth quintiles  
(1=lowest; 5=highest) 

5736    2.86 
(1.41) 

3360 3.25 
(1.38) 

<.001 0.133 

Self-reported health 
(1=very good; 5=very bad) 

5704 2.24 
(0.95) 

3415 2.01 
(0.83) 

<.001 0.113 

Number of mobility problems (1-10) 5923 2.17 
(2.73) 

3416 1.63 
(2.29) 

<.001 0.082 

Smoking Current smoker  5849 21.3% 3410      15.5% <.001 0.055 

Physical activity  Light  5871 28.4% 3390 14.7% <.001 0.144 
 

Moderate   46.1%  51.7%   
 

Vigorous  25.5%  33.6%   

Alcohol consumption  5-7 days a week 4482   21.3% 3110 25.1% <.001 0.064 
 

1-4 days a week  37.1%  39.6%   
 

Less than weekly  41.5%  35.3% 
  

Note. Sample = ELSA. a The analytical sample represent those participants who were included in the depression, CRP, or cortisol 
samples. b p-value estimates from significance tests including t-tests (continuous variables) or chi-square tests (categorical variables); 
r coefficients obtained from Spearman’s Rho correlation tests. c Comparison based on binary variable (1=married; 0=not married). sd 
= standard deviation. 
 



 338 

Appendix E 

 
sMethods  

 

ACEs measures  

 

Exposure to several ACEs was assessed repeatedly from age 3 to 11 years using both 

prospectively and retrospectively collected information, reported by the parents and the twins. 

These included: Negative Parental Practices, Negative Parental Feelings, Maternal 

Depression, Divorce of Parents, Separation from Parents, Bullying, Emotional Abuse, and 

Physical Abuse. Negative Parental Practices were assessed using the Parental Discipline 

scale, which was adapted from a semi-structured interview developed by Deater-Deckard et 

al. (1998) (Deater-Deckard et al., 1998) (Table E2). This scale includes six questions about 

different discipline methods used by parents. Each item was rated on a 5-point scale ranging 

from “never” to “usually”. The total score representing negative parental practices was 

calculated by subtracting the total score of positive parental practices (e.g. “Explain to child, 

or reason with child”) from that of negative practices (e.g. “Give a smack or slap”). The scale 

has been previously shown to have low internal consistency in the TEDS sample (Cronbach's 

α ~ 0.60) (Viding et al., 2009; Wilkinson et al., 2013). The Cronbach's α of the scale in the 

subsample of participants used in this study was around 0.60 at all time points. Nevertheless, 

it has been suggested that α values between 0.60 and 0.70 can also be deemed acceptable, 

particularly if the scale has only few items and the sample size is small (Hair et al., 2006), as 

in the case of the present study. In addition, the Parental Discipline scale has been widely 

used to investigate the role of parenting in child psychopathology in previous research (Viding 

et al., 2009; Wilkinson et al., 2013). Negative Parental Feelings were measured using the 

Parent Feelings Questionnaire (Deater-Deckard, 2000) (Table E3), which contains seven 

questions about different types of positive and negative feelings experienced by parents 

towards their children (e.g. “Feel impatient”, “Feel quite happy”, “She/he makes me angry”). 

Each item was scored on a 5-point scale ranging from “Very untrue” to “Very true”. The total 

score indicating negative parental feelings was calculated by subtracting the total positive 

feelings score from the negative feelings score. This scale has been previously shown to have 

good internal validity in the TEDS sample (α ~ 0.70) (Hannigan et al., 2017; Wilkinson et al., 

2013). Maternal Depression was ascertained using the Edinburgh Postnatal Depression Scale 

(EPDS) (Cox et al., 1987) (Table E4), a 10-item self-report scale screening for postnatal 

depressive symptoms among mothers (e.g. “I have blamed myself unnecessarily when things 

went wrong”, “I have been anxious or worried for no good reason”, “I have felt sad or 

miserable”). Each item was scored on a 4-point scale ranging from “No, not at all” to “Yes, 
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most of the time”. The presence of depression was defined as EPDS total scores higher than 

12 points. The scale has been validated against diagnostic criteria in the postpartum period, 

and has good internal validity in the TEDS sample (α ~ 0.70) (Asbury et al., 2003). Information 

on Divorce of parents and Separation from parents for a prolonged period of time was 

collected as part of a life events questionnaire. Both items were coded as binary variables 

(no/yes). Bullying was assessed using the Multidimensional Peer Victimisation Scale (Mynard 

& Joseph, 2000) (Table E5). This measure includes 16 items which are divided into four 

subscales: physical bullying (e.g. “Kicked me”), verbal bullying (e.g. “Called me names”), 

social manipulation (e.g. “Tried to make my friends turn against me”), and property attacks 

(e.g. “Tried to break something of mine”). For each item, participants were asked how often 

they experienced the bullying event during the past year on a 3-point scale ranging from “not 

at all” to “more than once”. The total bullying score was calculated by taking the mean of the 

4 subscales. This scale has been shown to have high internal validity in the TEDS sample (α 

~ 0.85) (Fontaine et al., 2018). Physical and Emotional Abuse (Table E6) were assessed 

through a retrospective questionnaire about negative childhood experiences that happened 

before the age of 11 years, which was completed by the twins at age 21 years. The 

questionnaire includes 4 questions about emotional abuse (e.g. “Say hurtful or insulting things 

to you”) and 4 questions about physical abuse (e.g. “Push, grab or shove you”) by a family 

member. Each item was scored on a 5-point scale ranging from “Never” to “Very often”, and 

the total score was calculated by adding together the item scores for each type of abuse. Both 

scales demonstrate high internal validity in the analytical sample of this study (Emotional 

abuse: α = 0.83; Physical abuse: α = 0.78).  

 

ACEs dimensions 

  

Factor analysis (FA) was employed to derive ACEs dimensions representing groups 

of ACEs that are most likely to co-occur in the sample. Explorative factor analysis (EFA) and 

confirmatory factor analysis (CFA) with 2-fold cross-validation were applied in order to reduce 

the risk of overfitting and improve the generalisability of the dimensional model, following the 

approach used in the previous studies (see Chapter 3). After randomly splitting the sample 

into training and test data (50/50 split), EFA with geomin rotation was conducted in the training 

dataset to establish the number of latent factors and their item loadings. This process was 

informed by inspection of scree plots and eigenvalues. CFA was then performed on the test 

dataset, using the EFA results to specify the number of latent factors and item loadings. The 

CFA model was tested using a diagonally weighted least squares (DWLS) estimator, which is 

specifically designed for categorical data (Li, 2016). Model fit was evaluated using 

Standardised Root Mean Square Residual (SRMSR), Root Mean Square Error of 
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Approximation (RMSEA), Comparative Fit Index (CFI), and Tucker Lewis Index (TLI). RMSEA 

and SRMSR are measures of absolute fit which should be smaller than .08. CFI and TLI are 

comparative fit indices which should be greater than .90 (Byrne, 2012). 

 

Mediation analysis  

 

Model-based causal mediation analysis was performed using the Mediation R package 

(Tingley et al., 2014) in order to examine whether the exposure (ACEs) was indirectly 

associated with the outcome (depressive symptoms) through the mediator (cortisol). This 

mediation analysis approach is embedded within the counterfactual framework of causal 

inference and does not make reference to any specific statistical model. Consequently, it can 

be applied to a wide range of data settings including mixed-effects models. The average 

causal mediation effect (ACME) (or indirect effect) is defined as follows:  

 

δi (e) =  Yi(e,Mi(1)) −Yi(e,Mi(0)), 

 

for each unit i and each exposure status e = 0, 1. This equation represents the change in the 

outcome that would occur by changing the mediator (M) from the value that would result under 

the unexposed condition Mi(0) to the value that would be realised under the exposed condition 

Mi(1), while holding exposure status constant (Imai et al., 2010). Model-based ACMEs are 

estimated under the sequential ignorability assumption (i.e. no unmeasured confounders 

affecting the relationship of the exposure with the mediator and the outcome, and the 

relationship between the mediator and the outcome), which can be satisfied by including the 

relevant confounding variables in the mediation models. Causal mediation analysis also allows 

for the exploration of whether the ACMEs may vary depending on the baseline exposure 

status. This can be tested by adding an interaction term between the exposure and the 

mediator to the outcome model, which provides the ACMEs under the exposed and 

unexposed conditions. 
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Table E1. Comparison of baseline characteristics between the analytical sample and the full TEDS sample.  
 

Excluded families 
(N=13509) 

Included families 
(N=145) 

P-value 
comparison 

Correlation (r) 

Sex - twin 1 
  

0.051 -0.017 

N-Miss 1 0 
  

Mean (SD) 0.504 (0.500) 0.437 (0.497) 
  

Sex - twin 2 
  

0.084 -0.015 

N-Miss 1 0 
  

Mean (SD) 0.496 (0.500) 0.437 (0.497) 
  

Ethnicity  
  

0.676 0.004 

N-Miss 53 0 
  

Mean (SD) 1.917 (0.276) 1.925 (0.264) 
  

Mother's higher education  
 

0.238 -0.010 

N-Miss 291 4 
  

Mean (SD) 1.355 (0.479) 1.316 (0.466) 
  

Mother's social class 
 

0.308 0.013 

N-Miss 7848 124 
  

Mean (SD) 2.855 (1.234) 2.989 (1.039) 
  

Maternal smoking during pregnancy  
 

0.775 -0.002 

N-Miss 199 2 
  

Mean (SD) 0.183 (0.387) 0.175 (0.381) 
  

High maternal stress during pregnancy 
 

0.235 -0.010 

N-Miss 91 1 
  

Mean (SD) 1.218 (0.413) 1.184 (0.388) 
  

Note. *p-values from significance tests including t-tests (continuous variables) or chi-square tests (categorical variables). r 
coefficients obtained from Spearman’s Rho correlation tests. N-Miss = number of missing values. SD = standard deviation. 

Coding of variables: Sex: 0=female;1=male. Ethnicity: 1=non-white; 2=white. Mother's higher education: 1=no; 2=yes. 
1(min)=lowest; 6(max)=highest. Maternal smoking: 0=No; 1=yes. High maternal stress: 1=No; 2=Yes.  
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Table E3. Parent Feelings Questionnaire.  

 

Negative feelings  
1. Sometimes I feel very impatient with him/her 
2. Sometimes I wish s/he would go away for a few minutes  

3. Sometimes s/he makes me angry 
4. Sometimes I am frustrated by him/her  

 

 
Positive feelings 

5. I usually feel quite happy about my relationship with him/her 

6. Sometimes I am amused by him/her  
7. I usually feel close to him/her 

 

Note. Questions included in the 3 Year Parent Questionnaire. Slightly modified items were 
used in the following assessments.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table E2. Parental Discipline scale.  

 

Negative discipline methods  
1. Give a smack or slap  
2. Telling off or shouting  

3. Make a joke out of it  
4. Ask someone else to deal with the situation (for example, other parent)  

 

Positive discipline methods  
5. Explain to child, or reason with child 
6. Be firm and calm with child  

Table E4. Edinburgh Postnatal Depression Scale (EPDS).  

 

1. I have been able to laugh and see the funny side of things*  
2. I have looked forward with enjoyment to things* 
3. I have blamed myself unnecessarily when things went wrong 

4. I have been anxious or worried for no good reason 
5. I have felt scared or panicky for no very good reason 
6. Things have been getting on top of me 

7. I have been so unhappy that I have had difficulty sleeping 
8. I have felt sad or miserable 
9. I have been so unhappy that I have been crying 

10. The thought of harming myself has occurred to me 
 

Note. *Positive items were reverse scored to calculate the total EPDS score.  
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Table E5. Multidimensional Peer Victimisation Scale.  

 

“How often during this school year has another pupil done these things to you?”  
 

1. Punched me  

2. Tried to get me into trouble with my friends  
3. Called me names  
4. Took something of mine without permission  

5. Kicked me  
6. Tried to make my friends turn against me  
7. Made fun of me because of my appearance  

8. Tried to break something of mine  
9. Hurt me physically in some way  
10. Refused to talk to me  

11. Made fun of me for some reason  
12. Stole something from me  
13. Beat me up  

14. Made other people not talk to me  
15. Swore at me  
16. Deliberately damaged some property of mine 

 
 

Table E6. Negative Childhood Experiences Questionnaire.  

 
“Before the age of 11, how often did an adult in your family:” 

 
Emotional abuse  

1. Shout at you 

2. Say hurtful or insulting things to you 
3. Punish you in a way that seemed cruel 
4. Threaten to kick, punch, or hit you with something that could hurt you or physically attack 

you in another way 
 
Physical abuse  

5. Push, grab or shove you 
6. Smack you for discipline 
7. Actually kick, punch, or hit you with something that could hurt you or physically attack you 

in another way 

8. Hit you so hard it left you with bruises or marks 
 

Table E7. Short Mood and Feeling Questionnaire.  

 
“In the past two weeks…” 
 

1. I felt miserable or unhappy* 
2. I didn’t enjoy anything at all 
3. I felt so tired I just sat around and did nothing* 

4. I was very restless* 
5. I felt I was no good any more 
6. I cried a lot* 

7. I found it hard to think properly or concentrate* 
8. I hated myself* 
9. I was a bad person 

10. I felt lonely* 
11. I thought nobody really loved me 
12. I thought I could never be as good as other people* 

13. I did everything wrong 
 

* Items included in the 8-item scale administered in TEDS.  
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Table E8. Explorative factor analysis (EFA) of the ACE binary indicators in the training data.  

ACE items  Negative Parental 

Experiences  
(Factor 1) 

Divorce/ Separation  

(Factor 2) 

Abuse 

(Factor 3) 
 

Negative Parental Practices  0.501 -0.019 0.148 

Negative Parental Feelings  0.748 0.011 -0.047 
Maternal Depression 0.493 0.000 0.012 
Divorce  -0.003 0.999 -0.008 

Separation 0.073 0.373 0.169 
Bullying  0.202 -0.097 0.043 
Emotional Abuse 0.015 0.006 0.672 

Physical Abuse  -0.031 -0.015 0.536 

Note. Bold coefficients indicate the highest factor loading of every item. According to Field (2013), items with factor loadings less 

than 0.3 should be removed. Bullying had factor loadings less than 0.3 on all factors, and was therefore included as a standalone 
dimension in the CFA model performed in the test dataset.   

 
 
 
 
 

Table E9. Associations of ACEs with average daytime cortisol levels (age 11). 
 

Model Estimate 

(b) 

SE P-value 95% CI - 

Lower 
bound 

95% CI - 

Upper 
bound 

Effect 

size  

E-value 

ACEs cumulative score 

(ref: 0 ACEs) 

       
 

1 ACE Model 1 -0.091 0.346 0.792 -0.770 0.587 -0.009  
 

Model 2 -0.095 0.318 0.764 -0.718 0.527 -0.010  

2 ACEs Model 1 -0.124 0.392 0.752 -0.893 0.645 -0.012  
 

Model 2 -0.026 0.357 0.943 -0.726 0.675 -0.003  

3+ ACEs Model 1 -0.576 0.291 0.049 -1.147 -0.005 -0.066 1.768 
 

Model 2 -0.407 0.249 0.100 -0.895 0.080 -0.045  

Abuse Model 1 -0.334 0.347 0.337 -1.015 0.347 -0.033  
 

Model 2 -0.067 0.311 0.830 -0.676 0.542 -0.007  

Bullying Model 1 -0.611 0.227 0.008 -1.056 -0.166 -0.061  
 

Model 2 -0.510 0.204 0.013 -0.910 -0.111 -0.051 1.924 

Separation/Divorce  Model 1  0.177 0.401 0.660 -0.610 0.963 0.018  
 

Model 2  0.194 0.34 0.569 -0.472 0.859 0.019  

Dysfunctional parenting Model 1 -0.152 0.277 0.585 -0.696 0.392 -0.015  
 

Model 2 -0.105 0.235 0.655 -0.565 0.355 -0.011  

Note. Sample: TEDS (N=290). Pooled estimates from mixed-effects linear regression analysis with 20 imputed datasets. Model 1 = adjusted 

for sex, age, and family SES; Model 2 = Model 1 + latent genetic liability for cortisol. Values in bold represent statistically significant 
coefficients at the 95% level (p<0.05).  
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Table E10. Associations of ACEs and average daytime cortisol levels (age 11) with depressive symptoms (age 21).  
 

Model Estimate 
(b) 

SE P-value 95% CI - 
Lower 
bound 

95% CI - 
Upper 
bound 

Effect 
size  

E-value 

Cortisol  Model 1 -0.322 0.181 0.079 -0.677 0.034 -0.020 
 

 
Model 2 -0.242 0.133 0.072 -0.503 0.020 -0.013 

 

 
Model 3* -0.193 0.132 0.148 -0.452 0.067 -0.011 

 

ACEs cumulative score (ref: 0 ACEs) 
     

 
 

1 ACE Model 1 0.864 0.907 0.343 -0.914 2.643 0.043 
 

 
Model 2 0.984 0.599 0.103 -0.19 2.158 0.050 

 

 
Model 3 0.788 0.570 0.170 -0.33 1.906 0.049 

 

2 ACEs Model 1 0.948 0.987 0.340 -0.987 2.882 0.070 
 

 
Model 2 0.914 0.665 0.172 -0.39 2.217 0.063 

 

 
Model 3 0.992 0.607 0.105 -0.197 2.182 0.062 

 

3+ ACEs Model 1 2.368 0.941 0.014 0.524 4.211 0.194 
 

 
Model 2 1.601 0.587 0.007 0.451 2.750 0.132 

 

 
Model 3 1.988 0.636 0.002 0.742 3.234 0.124 2.349 

Abuse Model 1 2.114 0.962 0.031 0.228 4.000 0.132 
 

 
Model 2 1.537 0.635 0.017 0.293 2.781 0.096 

 

 
Model 3 1.477 0.625 0.020 0.252 2.702 0.092 2.029 

Bullying Model 1 1.860 0.854 0.032 0.186 3.534 0.116 
 

 
Model 2 1.047 0.473 0.030 0.119 1.974 0.065 

 

 
Model 3 0.920 0.477 0.056 -0.015 1.856 0.058 1.698 

Separation/Divorce  Model 1 -0.006 1.356 0.996 -2.664 2.652 0.000 
 

 
Model 2 -0.035 0.790 0.965 -1.584 1.514 -0.002 

 

 
Model 3 0.007 0.758 0.992 -1.478 1.492 0.000 

 

Dysfunctional parenting Model 1 0.952 0.697 0.175 -0.413 2.318 0.060 
 

 
Model 2 0.703 0.479 0.145 -0.236 1.642 0.044 

 

 
Model 3 0.684 0.476 0.154 -0.25 1.618 0.043 

 

Note. Sample: TEDS (N=290). Pooled estimates from mixed-effects linear regression analysis with 20 imputed datasets. Model 1 = ACE 
measure OR cortisol, adjusted for sex, age, and family SES; Model 2 = Model 1 + latent genetic risk scores; Model 3 = ACE measure AND 
cortisol, adjusted for sex, age, family SES, and latent genetic risk scores. Values in bold represent statistically significant coefficients at the 

95% level (p<0.05). *Model adjusted for ACE cumulative score. 
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Table E11. Interaction effects between ACEs and average daytime cortisol levels on depressive symptoms.  

 

 

Estimate 

(b) 
 

SE 

 
 

P-value 

 
 

95% CI - 

Lower 
bound 

95% CI - 

Upper 
bound 

Effect 

size  

ACEs cumulative score (ref: 0 

ACEs) 

     

 
1 ACE 1.846 1.322 0.164 -0.744 4.437 0.115 

2 ACEs 2.342 1.392 0.094 -0.385 5.070 0.146 

3 ACEs 3.909 1.096 <0.001 1.762 6.056 0.244 

Cortisol 0.085 0.189 0.653 -0.285 0.455 0.005 

1 ACE x Cortisol -0.288 0.318 0.366 -0.911 0.335 -0.018 

2 ACEs x Cortisol -0.373 0.327 0.256 -1.013 0.268 -0.023 

3 ACEs x Cortisol -0.564 0.292 0.050 -1.136 0.000 -0.035 

Abuse  
     

 

Abuse  2.268 1.050 0.033 0.210 4.327 0.142 

Cortisol -0.161 0.147 0.278 -0.45 0.128 -0.010 

Abuse x Cortisol -0.237 0.240 0.327 -0.707 0.234 -0.015 

Bullying 
     

 

Bullying 2.078 1.023 0.044 0.073 4.084 0.130 

Cortisol -0.152 0.141 0.282 -0.429 0.124 -0.010 

Bullying x Cortisol -0.370 0.320 0.250 -0.997 0.258 -0.023 

Separation/Divorce  
     

 

Separation/Divorce  0.499 1.487 0.738 -2.416 3.413 0.031 

Cortisol -0.211 0.143 0.142 -0.491 0.069 -0.013 

Separation/Divorce x Cortisol -0.140 0.318 0.662 -0.764 0.484 -0.009 
 

Dysfunctional parenting 
     

 

Dysfunctional parenting 1.840 0.957 0.057 -0.037 3.716 0.115 

Cortisol -0.050 0.179 0.781 -0.402 0.302 -0.003 

Dysfunctional parenting x 
Cortisol 

-0.331 0.228 0.150 -0.778 0.116 -0.021 

Note. Sample: TEDS (N=290). Pooled estimates from mixed-effects linear regression analysis with 20 imputed datasets. Model 

4 – adjusted for sex, age, family SES, and latent genetic risk scores. ACEs = adverse childhood experiences. Values in bold 
represent statistically significant coefficients at the 95% level (p<0.05).  
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Table E12. Longitudinal mediation effects of average daytime cortisol levels (age 11) in the associations between ACEs and depressive symptoms (age 21). 
  

Mediation Effect (unexposed) Mediation Effect (exposed) Mediation Effect (average) 

Exposure  Model  Estimate 
(ACME)  

95% CI -
Lower 

bound 

95% CI - 
Upper 

bound 

Proportion 
mediated 

effect 

Estimate 
(ACME)  

95% CI -
Lower 

bound 

95% CI - 
Upper 

bound 

Proportion 
mediated 

effect 

Estimate 
(ACME)  

95% CI -
Lower 

bound 

95% CI - 
Upper 

bound 

Proportion 
mediated 

effect 

ACEs cumulative 
score (3+ ACEs) 

Model 1 -0.019 -0.220 0.193 -0.007 0.614 0.191 1.198 0.309 0.298 0.070 0.604 0.151 

 
Model 2 0.024 -0.085 0.157 0.015 0.288 0.032 0.602 0.218 0.156 0.018 0.343 0.116 

Abuse Model 1 0.078 -0.111 0.332 0.033 0.234 -0.026 0.618 0.107 0.156 -0.016 0.415 0.070 
 

Model 2 0.061 -0.024 0.182 0.035 0.078 -0.045 0.270 0.046 0.069 -0.030 0.212 0.041 

Bullying Model 1 0.141 -0.039 0.381 0.093 0.313 -0.125 0.930 0.201 0.227 -0.024 0.551 0.147 
 

Model 2 0.108 -0.017 0.277 0.117 0.256 -0.015 0.687 0.282 0.182 0.011 0.425 0.199 

Separation/Divorce  Model 1 -0.017 -0.200 0.142 0.009 -0.099 -0.958 0.835 0.163 -0.058 -0.573 0.476 0.086 
 

Model 2 -0.003 -0.158 0.147 0.011 -0.010 -0.424 0.399 0.046 -0.006 -0.271 0.273 0.029 

Dysfunctional 

parenting 

Model 1 -0.073 -0.318 0.076 -0.045 0.197 -0.056 0.540 0.184 0.062 -0.031 0.225 0.070 

 
Model 2 -0.016 -0.129 0.058 -0.009 0.096 -0.103 0.336 0.132 0.040 -0.038 0.162 0.061 

Note. Sample: TEDS (N=290). Pooled estimates from mixed-effects linear regression analysis with 20 imputed datasets. Model 1 = adjusted for sex, age, and family SES; Model 2 = Model 1 + latent genetic liability 
for cortisol and depressive symptoms. The estimation of the mediation effect in the unexposed and exposed groups takes into account possible interactions between the exposure and mediator variables. Values in 
bold represent statistically significant coefficients at the 95% significance level (p<0.05). ACME = average causal mediation effect.  
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Table E13. Associations of ACEs with cortisol reactivity at age 11. 
  

Estimate SE P-value 95% CI 

ACEs total score (ref: 0 ACEs) 
    

1 ACE Model 1 0.260 0.285 0.362 -0.299;0.819 
 

Model 2 0.284 0.279 0.309 -0.263;0.832 

2 ACEs Model 1 0.078 0.304 0.799 -0.518;0.673 
 

Model 2 0.119 0.294 0.686 -0.457;0.694 

3 ACEs Model 1 0.244 0.253 0.335 -0.251;0.739 
 

Model 2 0.176 0.250 0.480 -0.313;0.666 

Abuse Model 1 -0.132 0.238 0.579 -0.598;0.334 
 

Model 2 -0.217 0.231 0.349 -0.670;0.236 

Bullying Model 1 0.145 0.189 0.442 -0.225;0.515 
 

Model 2 0.089 0.184 0.632 -0.273;0.450 

Separation/Divorce  Model 1 -0.033 0.271 0.905 -0.564;0.499 
 

Model 2 -0.030 0.262 0.910 -0.544;0.485 

Dysfunctional parenting Model 1 0.241 0.195 0.218 -0.141;0.623 
 

Model 2 0.244 0.185 0.188 -0.119;0.606 

Note. Sample: TEDS (N=290). Pooled estimates from mixed-effects linear regression analysis with 20 imputed datasets. 
Model 1 = adjusted for sex, age, and family SES. Model 2 = Model 1 + latent genetic liability for cortisol.  

 
 
 
 
 

Table E14. Associations of cortisol reactivity (age 11) with depressive symptoms at age 21.  
 

Model  Estimate SE P-value 95% CI 

Cortisol reactivity  Model 1 -0.038 0.248 0.878 -0.525;0.448 
 

Model 2 -0.165 0.164 0.317 -0.486;0.157 
 

Model 3 -0.166 0.163 0.310 -0.485;0.153 

Note. Sample: TEDS (N=290). Pooled estimates from mixed-effects linear regression analysis with 20 imputed datasets. 

Model 1 = adjusted for sex, age, and family SES; Model 2 = Model 1 + latent genetic risk scores; Model 3 = Model 2 + ACEs 
cumulative exposure.  
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Table E15. Longitudinal mediation effects of cortisol reactivity in the associations between ACEs and depressive symptoms. 
  

Mediation Effect (unexposed) Mediation Effect (exposed) Mediation Effect (average) 

Exposure  Model  Estimate  95% CI Estimate  95% CI Estimate  95% CI 

3+ ACEs (ref: <3 ACEs) Model 1 -0.083 -0.329;0.094 -0.006 -0.206;0.227 -0.044 -0.200;0.097 
 

Model 2 -0.039 -0.151;0.045 -0.052 -0.19;0.033 -0.046 -0.156;0.027 

Abuse Model 1 -0.003 -0.096;0.094 0.023 -0.137;0.212 0.010 -0.076;0.111 
 

Model 2 0.021 -0.059;0.142 0.048 -0.075;0.245 0.035 -0.047;0.167 

Bullying Model 1 -0.006 -0.122;0.089 -0.059 -0.359;0.109 -0.033 -0.180;0.059 
 

Model 2 -0.024 -0.132;0.047 -0.030 -0.198;0.088 -0.027 -0.140;0.052 

Separation/Divorce  Model 1 0.006 -0.090;0.114 0.004 -0.208;0.211 0.005 -0.109;0.135 
 

Model 2 0.004 -0.120;0.114 0.009 -0.144;0.200 0.006 -0.110;0.147 

Dysfunctional parenting Model 1 -0.059 -0.287;0.093 -0.010 -0.163;0.118 -0.035 -0.170;0.061 
 

Model 2 -0.038 -0.183;0.062 -0.051 -0.184;0.027 -0.045 -0.158;0.018 

Note. Sample: TEDS (N=290). Pooled estimates from mixed-effects linear regression analysis with 20 imputed datasets. Model 1 = adjusted for sex, age, and family SES; 
Model 2 = Model 1 + latent genetic liability for cortisol and depressive symptoms. The estimation of the mediation effect in the unexposed and exposed groups takes into 

account possible interactions between the exposure and mediator variables.  
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Table E16. Associations of the individual ACEs items with average daytime cortisol levels and depressive 
symptoms.   

Model Estimate SE P-value 95% CI – 
Lower 
bound 

95% CI – 
Upper 
bound 

a) Outcome: Average Cortisol  
     

Negative Parental Practices  Model 1 -0.550 0.282 0.053 -1.103 0.004  
Model 2 -0.426 0.246 0.084 -0.908 0.055 

Negative Parental Feelings  Model 1 -0.169 0.263 0.520 -0.685 0.346  
Model 2 -0.130 0.220 0.556 -0.561 0.302 

Maternal Depression Model 1 0.111 0.282 0.693 -0.441 0.663  
Model 2 0.081 0.236 0.731 -0.381 0.544 

Divorce Model 1 -0.035 0.456 0.940 -0.927 0.858  
Model 2 0.006 0.398 0.987 -0.774 0.787 

Separation Model 1 0.421 0.620 0.497 -0.794 1.636  
Model 2 0.422 0.523 0.420 -0.602 1.446 

Bullying Model 1 -0.611 0.227 0.008 -1.056 -0.166  
Model 2 -0.510 0.204 0.013 -0.910 -0.111 

Emotional abuse Model 1 -0.337 0.321 0.295 -0.967 0.292  
Model 2 -0.054 0.284 0.849 -0.610 0.502 

Physical abuse Model 1 -0.518 0.540 0.338 -1.576 0.540  
Model 2 -0.291 0.463 0.530 -1.199 0.617 

b) Outcome: Depressive Symptoms  
     

Negative Parental Practices  Model 1 1.332 0.775 0.089 -0.186 2.850  
Model 2 0.882 0.567 0.122 -0.229 1.993 

Negative Parental Feelings  Model 1 0.733 0.903 0.420 -1.037 2.503  
Model 2 0.538 0.547 0.328 -0.535 1.611 

Maternal Depression Model 1 1.586 0.825 0.058 -0.032 3.203  
Model 2 0.538 0.492 0.277 -0.426 1.502 

Divorce Model 1 -0.686 1.609 0.671 -3.840 2.469  
Model 2 -0.488 0.927 0.600 -2.304 1.328 

Separation Model 1 0.930 1.507 0.539 -2.023 3.883  
Model 2 0.390 0.951 0.683 -1.474 2.254 

Bullying Model 1 1.860 0.854 0.032 0.186 3.534  
Model 2 1.047 0.473 0.030 0.119 1.974 

Emotional abuse Model 1 1.670 0.938 0.079 -0.168 3.507  
Model 2 1.329 0.607 0.031 0.139 2.518 

Physical abuse Model 1 4.630 1.902 0.017 0.902 8.357  
Model 2 3.029 1.232 0.016 0.615 5.443 

Note. Sample: TEDS (N=290). Pooled estimates from mixed-effects linear regression analysis with 20 imputed datasets. 
Model 1 = adjusted for sex, age, and family SES. Model 2 = Model 1 + latent genetic liability for cortisol. Values in bold 

represent statistically significant coefficients at the 95% significance level (p<0.05). SE = standard error. CI = 95% 
confidence interval. 
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Table E17. Longitudinal mediation effects of average daytime cortisol levels (age 11) in the associations between ACEs and 
depressive symptoms (age 21) - Adjusted for depressive symptoms at age 11.    

Mediation Effect 
(unexposed) 

Mediation Effect (exposed) Mediation Effect (average) 

Exposure  Model  Estimate  95% CI Estimate  95% CI Estimate  95% CI 

ACEs cumulative score 
(3+ ACEs) 

Model 1 -0.014 -0.232;0.203 0.580 0.064;1.096 0.283 0.061;0.586 

 
Model 2 0.030 -0.097;0.158 0.298 0.022;0.575 0.164 0.020;0.371 

Abuse Model 1 0.088 -0.092;0.268 0.216 -0.153;0.584 0.152 -0.061;0.365 
 

Model 2 0.061 -0.040;0.162 0.079 -0.109;0.267 0.070 -0.060;0.200 

Bullying Model 1 0.132 -0.094;0.359 0.299 -0.208;0.806 0.216 -0.005;0.528 
 

Model 2 0.117 -0.033;0.266 0.275 -0.071;0.620 0.196 0.016;0.470 

Separation/Divorce  Model 1 -0.008 -0.245;0.229 -0.038 -0.594;0.517 -0.023 -0.364;0.318 
 

Model 2 -0.004 -0.157;0.149 -0.008 -0.292;0.276 -0.006 -0.199;0.187 

Dysfunctional parenting Model 1 -0.055 -0.204;0.093 0.175 -0.115;0.464 0.060 -0.097;0.217 
 

Model 2 -0.012 -0.105;0.082 0.090 -0.083;0.264 0.039 -0.070;0.149 

Note. Sample: TEDS (N=290). Pooled estimates from mixed-effects linear regression analysis with 20 imputed datasets. Model 1 = 
adjusted for sex, age, maternal education, and depressive symptoms at age 11; Model 2 = Model 1 + latent genetic liability for cortisol and 
depressive symptoms. The estimation of the mediation effect in the unexposed and exposed groups takes into account possible interactions 

between the exposure and mediator variables. Values in bold represent statistically significant coefficients at the 95% significance level 
(p<0.05).  
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Table E18. Associations of ACEs with average daytime cortisol levels and cortisol reactivity (age 11) - Complete data analysis. 
  

Average daytime cortisol Cortisol reactivity 
 

Model Estimate 
(b) 

SE 95% CI - Lower 
bound 

95% CI - 
Upper bound 

Estimate 
(b) 

SE 95% CI - 
Lower bound 

95% CI - 
Upper bound 

ACEs cumulative score (ref: 0 ACEs) 

1 ACE Model 1 -0.236 0.341 -0.904 0.433 0.124 0.285 -0.435 0.683 
 

Model 2 -0.163 0.300 -0.752 0.425 0.097 0.285 -0.462 0.656 

2 ACEs Model 1 -0.435 0.380 -1.181 0.310 0.249 0.314 -0.367 0.864 
 

Model 2 -0.072 0.336 -0.731 0.588 0.188 0.317 -0.434 0.810 

3 ACEs Model 1 -0.818 0.506 -1.809 0.174 -0.296 0.389 -1.058 0.466 
 

Model 2 -0.546 0.434 -1.397 0.305 -0.339 0.389 -1.101 0.423 

Abuse Model 1 -0.535 0.305 -1.132 0.062 -0.072 0.267 -0.596 0.452 
 

Model 2 -0.155 0.272 -0.689 0.379 -0.203 0.276 -0.744 0.337 

Bullying Model 1 -0.406 0.327 -1.046 0.234 0.177 0.265 -0.343 0.697 
 

Model 2 -0.340 0.286 -0.900 0.220 0.174 0.264 -0.344 0.691 

Separation/Divorce  Model 1 0.235 0.589 -0.919 1.390 0.360 0.428 -0.480 1.199 
 

Model 2 0.332 0.493 -0.633 1.298 0.355 0.428 -0.484 1.194 

Dysfunctional 
parenting 

Model 1 0.194 0.387 -0.564 0.952 0.268 0.282 -0.285 0.822 

 
Model 2 0.222 0.316 -0.398 0.842 0.263 0.280 -0.286 0.812 

Note. Sample: TEDS (N=163). Estimates from mixed-effects linear regression analysis. Model 1 = adjusted for sex, age, and family SES; Model 2 = Model 1 + latent genetic liabi lity for 
cortisol.  
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Table E19. Associations of ACEs, average daytime cortisol levels, and cortisol reactivity (age 11) with 
depressive symptoms (age 21) - Complete data analysis.  

Model  Estimate 
(b) 

SE 95% CI - Lower 
bound 

95% CI - Upper 
bound 

ACEs cumulative score (ref:0 ACEs) 
   

1 ACE Model 1 0.011 0.818 -1.593 1.615 
 

Model 2 0.574 0.524 -0.453 1.601 
 

Model 3 *a 0.497 0.519 -0.520 1.513 

2 ACEs Model 1 1.336 0.912 -0.451 3.124 
 

Model 2 1.277 0.583 0.135 2.419 
 

Model 3 *a 1.078 0.581 -0.061 2.216 

3 ACEs Model 1 2.280 1.209 -0.090 4.651 
 

Model 2 1.982 0.771 0.471 3.493 
 

Model 3 *a 1.711 0.764 0.213 3.209 

Abuse Model 1 1.547 0.764 0.049 3.045 
 

Model 2 1.866 0.462 0.961 2.770 
 

Model 3 *a 1.613 0.457 0.717 2.510 

Bullying Model 1 1.720 0.740 0.268 3.171 
 

Model 2 1.150 0.495 0.180 2.120 
 

Model 3 *a 1.035 0.492 0.071 1.998 

Separation/Divorce  Model 1 -0.964 1.385 -3.677 1.750 
 

Model 2 -0.635 0.891 -2.381 1.111 
 

Model 3 *a -0.600 0.887 -2.338 1.139 

Dysfunctional parenting Model 1 0.814 0.886 -0.922 2.551 
 

Model 2 0.571 0.585 -0.576 1.718 
 

Model 3 *a 0.611 0.581 -0.528 1.750 

Average daytime cortisol  Model 1 -0.356 0.193 -0.734 0.023 
 

Model 2 -0.271 0.143 -0.550 0.009 
 

Model 3 *b -0.243 0.142 -0.521 0.035 

Cortisol reactivity Model 1 -0.084 0.228 -0.530 0.362 
 

Model 2 -0.230 0.145 -0.515 0.055 
 

Model 3 *b -0.197 0.145 -0.480 0.087 

Note. Sample: TEDS (N=163). Estimates from mixed-effects linear regression analysis. Model 1 = ACE measure OR 

cortisol, adjusted for sex, age, and family SES; Model 2 = Model 1 + latent genetic risk scores; Model 3 = ACE measure 
AND cortisol, adjusted for sex, age, family SES, and latent genetic risk scores. *a = Model adjusted for average daytime 
cortisol. *b = Model adjusted for ACEs cumulative score.  
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Appendix F 
 
 

Legend of Tables F1-F5.  
 

Legend column name: Explanation: 

variable name ALSPAC variable id 
description Brief variable description 
datasource Who reported and when  
retrospective Whether the time period reported on (see column time_period) is in the past  
ACE Adverse childhood experience category  
time_alspac Time of data collection as denoted in the alspac files 
time_period Time period (in years) covered by the question, for retrospective questions can be different 

from time_alspac 
time_yrs_start Time in years of start reported period  
time_yrs_end Time in years of end reported period  
reverse_scale When calculating adversity, the adverse condition needs to be the highest level in the factor. 

For most variable this is either true (yes) or false (no), but for some variables the order of the 
factor must be changed. This is denoted by yes_special or no_special. 

recode_ACE If the current coding needs to be adapted, this column contains the way this should be done. `;` 
separates variables and `]` indicates which categories should be merged.  
Thus Always feel;Often feel;Sometimes feel];Never feel, indicates Never feel remains one 
category while the three separate categories Always feel, Often feel, Sometimes feel will be 
merged into one category. 

factor_level_after_recode After applying recode_ACE, non-exposed on left and exposed on right of the ];. 
Thus Never feel];Always feel_Often feel_Sometimes feel indicates that if answer was never feel 
it was classified as non-exposed while answers always,often,sometimes were classified as 
exposed. 

Note. Tables F1-F5 have been adapted from: Houtepen et al. (2018), Adverse childhood experiences in the children of the 
Avon Longitudinal Study of Parents and Children (ALSPAC), Wellcome Open Research, 3:106. 
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Table F1. ACE variables in the prenatal period (-1-0 yrs).  
variable 

name 
description datasource 

retrosp
ective 

ACE time_alspac time_period 
time_yrs

_start 
time_yr
s_end 

reverse
_scale 

recode_ACE factor_level_after_recode 

b608 
PTNR was EMOT 
cruel to CH since 
PREG 

Quest_Mother no emotional_abuse 18w gestation 2nd trimester -1 -1 yes 
affected a lot;fairly affected;mildly 
affected;N effect at all];didnt happen 

didnt happen];affected a lot_fairly affected_mildly 
affected_N effect at all 

b370 
Edinburgh Post-
natal Depression 
Score 

Quest_Mother no 
mental_health_proble

ms_or_suicide 
18w gestation 2nd trimester -1 -1 no 

0;1;2;3;4;5;6;7;8;9;10;11;12];13;14;15;16;17
;18;19;20;21;22;23;24;25;26;27;28;30 

0_1_2_3_4_5_6_7_8_9_10_11_12];13_14_15_16
_17_18_19_20_21_22_23_24_25_26_27_28_30 

c600 EPDS in YP Quest_Mother no 
mental_health_proble

ms_or_suicide 
32w gestation 3rd trimester -1 -1 no 

0;1;2;3;4;5;6;7;8;9;10;11;12];13;14;15;16;17
;18;19;20;21;22;23;24;25;26;27;28;29 

0_1_2_3_4_5_6_7_8_9_10_11_12];13_14_15_16
_17_18_19_20_21_22_23_24_25_26_27_28_29 

pb260 EPDS Score I Quest_Partner no 
mental_health_proble

ms_or_suicide 
18w gestation 2nd trimester -1 -1 no 

0;1;2;3;4;5;6;7;8;9;10;11;12];13;14;15;16;17
;18;19;20;21;22;23;24;25;26;27 

0_1_2_3_4_5_6_7_8_9_10_11_12];13_14_15_16
_17_18_19_20_21_22_23_24_25_26_27 

b106 
Medication for 
anxiety this 
PREG 

Quest_Mother no 
mental_health_proble

ms_or_suicide 
18w gestation 2nd trimester -1 -1 yes 

Y in 1-3 MTHS;Y 4 MTHS to now;Y both 
time periods];not at all 

not at all];Y in 1-3 MTHS_Y 4 MTHS to now_Y 
both time periods 

b107 
Medication for 
anxiety in 1st 3 
months 

Quest_Mother no 
mental_health_proble

ms_or_suicide 
18w gestation 2nd trimester -1 -1 yes Yes];No No];Yes 

b122 
Medication for 
depression this 
PREG 

Quest_Mother no 
mental_health_proble

ms_or_suicide 
18w gestation 2nd trimester -1 -1 yes 

Y in 1-3 MTHS;Y 4 MTHS to now;Y both 
time periods];not at all 

not at all];Y in 1-3 MTHS_Y 4 MTHS to now_Y 
both time periods 

b123 
Medication for 
depression in 1st 
3 months 

Quest_Mother no 
mental_health_proble

ms_or_suicide 
18w gestation 2nd trimester -1 -1 yes Yes];No No];Yes 

b597 
Attempted suicide 
since PREG 

Quest_Mother no 
mental_health_proble

ms_or_suicide 
18w gestation 2nd trimester -1 -1 yes 

affected a lot;mildly affected;N effect at 
all];didnt happen 

didnt happen];affected a lot_mildly affected_N 
effect at all 

c093 
MEDTN for 
anxiety in last 
3MTHS 

Quest_Mother no 
mental_health_proble

ms_or_suicide 
32w gestation 3rd trimester -1 -1 yes Y];N N];Y 

c101 
MEDTN for 
depression in last 
3MTHS 

Quest_Mother no 
mental_health_proble

ms_or_suicide 
32w gestation 3rd trimester -1 -1 yes Y];N N];Y 

d152 Had bulimia Quest_Mother no 
mental_health_proble

ms_or_suicide 
15w gestation 2nd trimester -1 -1 yes Yes recently];Yes in past;No never No never_Yes in past];Yes recently 

d169 
Had 
schizophrenia 

Quest_Mother no 
mental_health_proble

ms_or_suicide 
15w gestation 2nd trimester -1 -1 yes Yes recently;Yes in past];No never No never_Yes in past];Yes recently 

d170 
Had anorexia 
nervosa 

Quest_Mother no 
mental_health_proble

ms_or_suicide 
15w gestation 2nd trimester -1 -1 yes Yes recently];Yes in past;No never No never_Yes in past];Yes recently 

pa172 Had bulimia Quest_Partner no 
mental_health_proble

ms_or_suicide 
12w gestation 1st trimester -1 -1 yes Y recently];Y in past;N never N never_Y in past];Y recently 

pa189 
Had 
schizophrenia 

Quest_Partner no 
mental_health_proble

ms_or_suicide 
12w gestation 1st trimester -1 -1 yes Y recently;Y in past];N never N never];Y recently_Y in past 

pa190 
Had anorexia 
nervosa 

Quest_Partner no 
mental_health_proble

ms_or_suicide 
12w gestation 1st trimester -1 -1 yes Y recently];Y in past;N never N never_Y in past];Y recently 

pb187 
Attempted suicide 
since PTNR 
PREG 

Quest_Partner no 
mental_health_proble

ms_or_suicide 
18w gestation 2nd trimester -1 -1 yes 

affected a lot;fairly affected;mildly 
affected;N affect at all];didnt happen 

didnt happen];affected a lot_fairly affected_mildly 
affected_N affect at all 

e427 
Attempted suicide 
since MID PREG 

Quest_Mother no 
mental_health_proble

ms_or_suicide 
8w 

2nd trimester-
0.16yrs 

-1 0.16 yes 
Affected a lot;MOD affected;Mildly 
affected;No effect];Did not happen 

Did not happen];Affected a lot_MOD 
affected_Mildly affected_No effect 

pc227 
Attempted suicide 
since MID PREG 

Quest_Partner no 
mental_health_proble

ms_or_suicide 
8w 

2nd trimester-
0.16yrs 

-1 0.16 yes 
affected a lot;MOD affected;Mildly 
affected;No effect];Did not happen 

Did not happen];affected a lot_MOD 
affected_Mildly affected_No effect 

b598 
Convicted of an 
offence since 
PREG 

Quest_Mother no 
parent_convicted_off

ence 
18w gestation 2nd trimester -1 -1 yes 

affected a lot;fairly affected;mildly 
affected;N effect at all];didnt happen 

didnt happen];affected a lot_fairly affected_mildly 
affected_N effect at all 

pb188a 
Convicted of 
offence since 
PTNR PREG,Y/N 

Quest_Partner no 
parent_convicted_off

ence 
18w gestation 2nd trimester -1 -1 yes Yes];No No];Yes 

e428 
Convicted since 
MID PREG 

Quest_Mother no 
parent_convicted_off

ence 
8w 0.16yrs -1 0.16 yes 

Affected a lot;MOD affected;Mildly 
affected;No effect];Did not happen 

Did not happen];Affected a lot_MOD 
affected_Mildly affected_No effect 

pc228a 
Convicted since 
MID PREG, Y/N 

Quest_Partner no 
parent_convicted_off

ence 
8w 0.16yrs -1 0.16 yes Yes];No No];Yes 

b578 
Divorced since 
PREG 

Quest_Mother no parental_separation 18w gestation 2nd trimester -1 -1 yes 
affected a lot;fairly affected;mildly 
affected;N effect at all];didnt happen 

didnt happen];affected a lot_fairly affected_mildly 
affected_N effect at all 
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b587 
Separated since 
PREG 

Quest_Mother no parental_separation 18w gestation 2nd trimester -1 -1 yes 
affected a lot;fairly affected;mildly 
affected;N effect at all];didnt happen 

didnt happen];affected a lot_fairly affected_mildly 
affected_N effect at all 

pb168 
Divorced since 
PTNR PREG 

Quest_Partner no parental_separation 18w gestation 2nd trimester -1 -1 yes 
affected a lot;fairly affected;mildly 
affected;N affect at all];didnt happen 

didnt happen];affected a lot_fairly affected_mildly 
affected_N affect at all 

pb177 
Separated since 
PTNR PREG 

Quest_Partner no parental_separation 18w gestation 2nd trimester -1 -1 yes 
affected a lot;fairly affected;mildly 
affected;N affect at all];didnt happen 

didnt happen];affected a lot_fairly affected_mildly 
affected_N affect at all 

e408 
Divorced since 
MID PREG 

Quest_Mother no parental_separation 8w 
2nd trimester-

0.16yrs 
-1 0.16 yes 

Affected a lot;MOD affected;Mildly 
affected;No effect];Did not happen 

Did not happen];Affected a lot_MOD 
affected_Mildly affected_No effect 

e417 
Separated since 
MID PREG 

Quest_Mother no parental_separation 8w 
2nd trimester-

0.16yrs 
-1 0.16 yes 

Affected a lot;MOD affected;Mildly 
affected;No effect];Did not happen 

Did not happen];Affected a lot_MOD 
affected_Mildly affected_No effect 

pc208 
Divorced since 
MID PREG 

Quest_Partner no parental_separation 8w 
2nd trimester-

0.16yrs 
-1 0.16 yes 

affected a lot;MOD affected;Mildly 
affected;No effect];Did not happen 

Did not happen];affected a lot_MOD 
affected_Mildly affected_No effect 

pc217 
You & PTNR 
separated since 
MID PREG 

Quest_Partner no parental_separation 8w 
2nd trimester-

0.16yrs 
-1 0.16 yes 

affected a lot;MOD affected;Mildly 
affected;No effect];Did not happen 

Did not happen];affected a lot_MOD 
affected_Mildly affected_No effect 

pc226 
PTNR physical-
cruel to CH since 
MID PREG 

Quest_Partner no physical_abuse 8w 
2nd trimester-

0.16yrs 
-1 0.16 yes 

affected a lot;MOD affected;Mildly 
affected;No effect];Did not happen 

Did not happen];affected a lot_MOD 
affected_Mildly affected_No effect 

b701 
Smoked cannabis 
in 1-3MTHS of 
PREG 

Quest_Mother yes 
substance_househol

d 
18w gestation 2nd trimester -1 -1 yes 

everyday];2-4 times PWK;once PWK;<once 
PWK;not at all 

2-4 times PWK_once PWK_<once PWK_not at 
all];everyday 

b702 
Smoked cannabis 
>3MTHS PREG 

Quest_Mother no 
substance_househol

d 
18w gestation 2nd trimester -1 -1 yes 

everyday];2-4 times PWK;once PWK;<once 
PWK;not at all 

2-4 times PWK_once PWK_<once PWK_not at 
all];everyday 

b714 Hard drugs Quest_Mother no 
substance_househol

d 
18w gestation 2nd trimester -1 -1 yes yes];no no];yes 

d167 
Had drug 
addiction 

Quest_Mother no 
substance_househol

d 
15w gestation 2nd trimester -1 -1 yes Yes recently];Yes in past;No never Yes in past_No never];Yes recently 

d168 Had alcoholism Quest_Mother no 
substance_househol

d 
15w gestation 2nd trimester -1 -1 yes Yes recently];Yes in past;No never Yes in past_No never];Yes recently 

pa187 
Had drug 
addiction 

Quest_Partner no 
substance_househol

d 
12w gestation 1st trimester -1 -1 yes Y recently];Y in past;N never Y in past_N never];Y recently 

pa188 Had alcoholism Quest_Partner no 
substance_househol

d 
12w gestation 1st trimester -1 -1 yes Y recently];Y in past;N never Y in past_N never];Y recently 

pb098 Hard drugs Quest_Partner no 
substance_househol

d 
18w gestation 2nd trimester -1 -1 yes Yes];No No];Yes 

e190 
FREQ of ganja 
use in last 
2MTHS of PREG 

Quest_Mother yes 
substance_househol

d 
8w 

3rd trimester-
0yrs 

-1 0 yes 
Daily];2-4 PWK;Once PWK;<once PWK;Not 
at all 

2-4 PWK_Once PWK_<once PWK_Not at 
all];Daily 

e203 
Hard drug in last 
2 months 

Quest_Mother no 
substance_househol

d 
8w 

3rd trimester-
0yrs 

-1 0 yes Yes];No No];Yes 

pc222 
PTNR physically 
hurt you since 
MID PREG 

Quest_Partner no 
violence_between_p

arents 
8w 

2nd trimester-
0.16yrs 

-1 0.16 yes 
affected a lot;MOD affected;Mildly 
affected];No effect;Did not happen 

Did not happen];affected a lot_MOD 
affected_Mildly affected_No effect 
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Table F2. ACE variables in early childhood (0-3 yrs).  
variable name description datasource 

retrospe
ctive 

ACE 
time_als

pac 
time_perio

d 
time_yrs

_start 
time_yr
s_end 

reverse
_scale 

recode_ACE factor_level_after_recode 

f257 
PTNR EMOT cruel to CHDR >CH 
born 

Quest_Mother no emotional_abuse 8m 0-0.67yrs 0 0.67 yes 
Y much affected;Y MOD affected;Y mildly 
affected;Y but N effect];N did not happen 

N did not happen];Y much affected_Y MOD affected_Y 
mildly affected_Y but N effect 

f258 
MUM EMOT cruel to CHDR >CH 
born 

Quest_Mother no emotional_abuse 8m 0-0.67yrs 0 0.67 yes 
Y much affected;Y MOD affected;Y mildly 
affected;Y but N effect];N did not happen 

N did not happen];Y much affected_Y MOD affected_Y 
mildly affected_Y but N effect 

pd257 Ptnr Emotionally Cruel To Children Quest_Partner no emotional_abuse 8m 0-0.67yrs 0 0.67 yes 
Yes Affected A Lot;Yes Mod Affected;Yes 
Mildly Affected;Yes Did Not Affect];No Did Not 
Happen 

No Did Not Happen];Yes Affected A Lot_Yes Mod 
Affected_Yes Mildly Affected_Yes Did Not Affect 

pd258 Self Emotionally Cruel To Children Quest_Partner no emotional_abuse 8m 0-0.67yrs 0 0.67 yes 
Yes Affected A Lot;Yes Mod Affected;Yes 
Mildly Affected;Yes Did Not Affect];No Did Not 
Happen 

No Did Not Happen];Yes Affected A Lot_Yes Mod 
Affected_Yes Mildly Affected_Yes Did Not Affect 

pc236 PTNR EMOT cruel to CH Quest_Partner no emotional_abuse 8w 0.16yrs 0.16 0.16 yes 
affected a lot;MOD affected;Mildly affected;No 
effect];Did not happen 

Did not happen];affected a lot_MOD affected_Mildly 
affected_No effect 

g337 
Partner emotionally cruel to 
children >CH8MTHs 

Quest_Mother no emotional_abuse 1yrs9m 0.67-2yrs 0.67 2 yes 
Yes Big Effect;Yes Some Effect;Yes Mild 
Effect;Yes No Effect];Did Not Happen 

Did Not Happen];Yes Big Effect_Yes Some Effect_Yes 
Mild Effect_Yes No Effect 

g338 
Mum emotionally cruel to children 
>CH18MTHs 

Quest_Mother no emotional_abuse 1yrs9m 0.67-2yrs 0.67 2 yes 
Yes Big Effect;Yes Some Effect;Yes Mild 
Effect;Yes No Effect];Did Not Happen 

Did Not Happen];Yes Big Effect_Yes Some Effect_Yes 
Mild Effect_Yes No Effect 

pe337 Partner Emotionally Cruel To Child Quest_Partner no emotional_abuse 1yrs9m 0.67-2yrs 0.67 2 yes 
Yes & Affected Lots;Yes Mod Affected;Yes 
Mildly Affected;Yes Did Not Affect];No Did Not 
Happen 

No Did Not Happen];Yes & Affected Lots_Yes Mod 
Affected_Yes Mildly Affected_Yes Did Not Affect 

pe338 Self Emotionally Cruel To Child Quest_Partner no emotional_abuse 1yrs9m 0.67-2yrs 0.67 2 yes 
Yes & Affected Lots;Yes Mod Affected;Yes 
Mildly Affected;Yes Did Not Affect];No Did Not 
Happen 

No Did Not Happen];Yes & Affected Lots_Yes Mod 
Affected_Yes Mildly Affected_Yes Did Not Affect 

h247 

E38: Whether partner was 
emotionally cruel to children since 
study child was 18 months old and 
effect this had 

Quest_Mother no emotional_abuse 2yrs9m 1.5-3yrs 1.5 3 yes 
yes had big effect;yes medium effect;yes mild 
effect;yes but no effect];didnt happen 

didnt happen];yes had big effect_yes medium effect_yes 
mild effect_yes but no effect 

h248 

E39: Whether mum was 
emotionally cruel to children since 
study child was 18 months old and 
effect this had 

Quest_Mother no emotional_abuse 2yrs9m 1.5-3yrs 1.5 3 yes 
yes had big effect;yes medium effect;yes mild 
effect;yes but no effect];didnt happen 

didnt happen];yes had big effect_yes medium effect_yes 
mild effect_yes but no effect 

pf5036 

E37: Partner's partner was 
emotionally cruel to their children 
since study child was 18 months 
old 

Quest_Partner no emotional_abuse 2yrs9m 1.5-3yrs 1.5 3 yes 
Yes & affected me a lot;Yes, moderately 
affected;Yes, mildly affected;Yes, but did not 
affect me at all];No did not happen 

No did not happen];Yes & affected me a lot_Yes, 
moderately affected_Yes, mildly affected_Yes, but did 
not affect me at all 

pf5037 
E38: Partner was emotionally cruel 
to their children since study child 
was 18 months old 

Quest_Partner no emotional_abuse 2yrs9m 1.5-3yrs 1.5 3 yes 
Yes & affected me a lot;Yes, moderately 
affected;Yes, mildly affected;Yes, but did not 
affect me at all];No did not happen 

No did not happen];Yes & affected me a lot_Yes, 
moderately affected_Yes, mildly affected_Yes, but did 
not affect me at all 

e326 
FREQ of anti-depressant use since 
birth 

Quest_Mother no 
mental_health_p
roblems_or_suici

de 
8w 0-0.16yrs 0 0.16 yes Almost daily;SMTS];Not at all Not at all];Almost daily_SMTS 

f063 Anti-depressant use since CH born Quest_Mother no 
mental_health_p
roblems_or_suici

de 
8m 0-0.67yrs 0 0.67 yes Daily;Often;SMTS];Not at all Not at all];Daily_Often_SMTS 

f248 Attempted suicide > CH born Quest_Mother no 
mental_health_p
roblems_or_suici

de 
8m 0-0.67yrs 0 0.67 yes 

Y much affected;Y MOD affected;Y mildly 
affected;Y but N effect];N did not happen 

N did not happen];Y much affected_Y MOD affected_Y 
mildly affected_Y but N effect 

f526 PTNR had schizophrenia >CH born Quest_Mother no 
mental_health_p
roblems_or_suici

de 
8m 0-0.67yrs 0 0.67 yes Y saw DR;Y didnt see DR];Never Never];Y saw DR_Y didnt see DR 

pd063 
Used Pills for Depression Since 
Baby Born 

Quest_Partner no 
mental_health_p
roblems_or_suici

de 
8m 0-0.67yrs 0 0.67 yes Every Day;Often;Sometimes];Not At All Not At All];Every Day_Often_Sometimes 

pd248 Attempted Suicide Since Baby Born Quest_Partner no 
mental_health_p
roblems_or_suici

de 
8m 0-0.67yrs 0 0.67 yes 

Yes Affected A Lot;Yes Mildly Affected;Yes 
Did Not Affect];No Did Not Happen 

No Did Not Happen];Yes Affected A Lot_Yes Mildly 
Affected_Yes Did Not Affect 

e391 EPDS Quest_Mother no 
mental_health_p
roblems_or_suici

de 
8w 0.16yrs 0.16 0.16 no 

0;1;2;3;4;5;6;7;8;9;10;11;12];13;14;15;16;17;1
8;19;20;21;22;23;24;25;26;27;28 

0_1_2_3_4_5_6_7_8_9_10_11_12];13_14_15_16_17_1
8_19_20_21_22_23_24_25_26_27_28 

pc102 EPDS Score I Quest_Partner no 
mental_health_p
roblems_or_suici

de 
8w 0.16yrs 0.16 0.16 no 

0;1;2;3;4;5;6;7;8;9;10;11;12];13;14;15;16;17;1
8;19;20;21;22;23;26;27 

0_1_2_3_4_5_6_7_8_9_10_11_12];13_14_15_16_17_1
8_19_20_21_22_23_26_27 
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f200 
Edinburgh Post-natal Depression 
Score 

Quest_Mother no 
mental_health_p
roblems_or_suici

de 
8m 0.67yrs 0.67 0.67 no 

0;1;2;3;4;5;6;7;8;9;10;11;12];13;14;15;16;17;1
8;19;20;21;22;23;24;25;26;27;28;29 

0_1_2_3_4_5_6_7_8_9_10_11_12];13_14_15_16_17_1
8_19_20_21_22_23_24_25_26_27_28_29 

pd200 
Edinburgh Post-natal Depression 
Score 

Quest_Partner no 
mental_health_p
roblems_or_suici

de 
8m 0.67yrs 0.67 0.67 no 

0;1;2;3;4;5;6;7;8;9;10;11;12];13;14;15;16;17;1
8;19;20;21;22;24 

0_1_2_3_4_5_6_7_8_9_10_11_12];13_14_15_16_17_1
8_19_20_21_22_24 

g049 
Mum had depression pills 
>CH8MTHs 

Quest_Mother no 
mental_health_p
roblems_or_suici

de 
1yrs9m 0.67-2yrs 0.67 2 yes Every day;Often;Sometimes];Not at all Not at all];Every day_Often_Sometimes 

g328 Mum attempted suicide >CH8MTHs Quest_Mother no 
mental_health_p
roblems_or_suici

de 
1yrs9m 0.67-2yrs 0.67 2 yes 

Yes Big Effect;Yes Some Effect;Yes Mild 
Effect;Yes No Effect];Did Not Happen 

Did Not Happen];Yes Big Effect_Yes Some Effect_Yes 
Mild Effect_Yes No Effect 

g612 
Partner had schizophrenia 
>CH8MTHs 

Quest_Mother no 
mental_health_p
roblems_or_suici

de 
1yrs9m 0.67-2yrs 0.67 2 yes 

Yes saw Doctor;yes did not see Dr];No Not at 
all 

No Not at all];Yes saw Doctor_yes did not see Dr 

pe020 Anxiety Since Child > 8 Months Quest_Partner no 
mental_health_p
roblems_or_suici

de 
1yrs9m 0.67-2yrs 0.67 2 yes Yes Consulted Dr];Yes Not Consult Dr;No Yes Not Consult Dr_No];Yes Consulted Dr 

pe064 
Taken Antidepressants CH > 8 
Months 

Quest_Partner no 
mental_health_p
roblems_or_suici

de 
1yrs9m 0.67-2yrs 0.67 2 yes Every Day;Often;Sometimes;Rarely];Never Never];Every Day_Often_Sometimes_Rarely 

h039 
A3e: Frequency Mum has taken 
pills for depression since study 
child was 18 months old 

Quest_Mother no 
mental_health_p
roblems_or_suici

de 
2yrs9m 1.5-3yrs 1.5 3 yes Every Day;often;smts];not at all not at all];Every Day_often_smts 

h238 
E29: Whether mum attempted 
suicide since study child was 18 
months old and effect this had 

Quest_Mother no 
mental_health_p
roblems_or_suici

de 
2yrs9m 1.5-3yrs 1.5 3 yes 

yes had big effect;yes medium effect;yes mild 
effect;yes but no effect];didnt happen 

didnt happen];yes had big effect_yes medium effect_yes 
mild effect_yes but no effect 

h497 
H3l: Partner had schizophrenia 
since study child was 18 months 
old 

Quest_Mother no 
mental_health_p
roblems_or_suici

de 
2yrs9m 1.5-3yrs 1.5 3 yes 

Yes, saw doctor;Yes, did not see doctor];No, 
not at all 

No, not at all];Yes, saw doctor_Yes, did not see doctor 

pf5028 
E29: Partner attempted suicide 
since study child was 18 months 
old 

Quest_Partner no 
mental_health_p
roblems_or_suici

de 
2yrs9m 1.5-3yrs 1.5 3 yes 

Yes & affected me a lot;Yes, but did not affect 
me at all];No did not happen 

No did not happen];Yes & affected me a lot_Yes, but did 
not affect me at all 

g290 
Edinburgh Post-natal Depression 
Score 

Quest_Mother no 
mental_health_p
roblems_or_suici

de 
1yrs9m 2yrs 2 2 no 

0;1;2;3;4;5;6;7;8;9;10;11;12];13;14;15;16;17;1
8;19;20;21;22;23;24;25;26;27;28;29;30 

0_1_2_3_4_5_6_7_8_9_10_11_12];13_14_15_16_17_1
8_19_20_21_22_23_24_25_26_27_28_29_30 

pe290 EPDS Score I Quest_Partner no 
mental_health_p
roblems_or_suici

de 
1yrs9m 2yrs 2 2 no 

0;1;2;3;4;5;6;7;8;9;10;11;12];13;14;15;16;17;1
8;19;20;21;22;23;24;25;26;27 

0_1_2_3_4_5_6_7_8_9_10_11_12];13_14_15_16_17_1
8_19_20_21_22_23_24_25_26_27 

pe328 Attempted Suicide Quest_Partner no 
mental_health_p
roblems_or_suici

de 
1yrs9m 2yrs 2 2 yes 

Yes & Affected Lots;Yes Mod Affected;Yes 
Mildly Affected;Yes Did Not Affect];No Did Not 
Happen 

No Did Not Happen];Yes & Affected Lots_Yes Mod 
Affected_Yes Mildly Affected_Yes Did Not Affect 

h200a 
DV: Edinburgh postnatal 
depression scale score (complete 
cases) 

Quest_Mother no 
mental_health_p
roblems_or_suici

de 
2yrs9m 3yrs 3 3 no 

0;1;2;3;4;5;6;7;8;9;10;11;12];13;14;15;16;17;1
8;19;20;21;22;23;24;25;26;27;28;30 

0_1_2_3_4_5_6_7_8_9_10_11_12];13_14_15_16_17_1
8_19_20_21_22_23_24_25_26_27_28_30 

g634 Partner seems very close to child Quest_Mother no 
parent_child_bon

d 
1yrs9m 2yrs 2 2 no Always feel;Sometimes feel];Never feel Always feel_Sometimes feel];Never feel 

h514 
H4e: Mum feels partner is close to 
child 

Quest_Mother no 
parent_child_bon

d 
2yrs9m 3yrs 3 3 no Feel always;Feel sometimes];Never feel Feel always_Feel sometimes];Never feel 

f249a Court conviction Quest_Mother no 
parent_convicted

_offence 
8m 0.67yrs 0.67 0.67 yes Yes];No No];Yes 

pd249a 
Convicted of Offence Since Baby 
Born 

Quest_Partner no 
parent_convicted

_offence 
8m 0.67yrs 0.67 0.67 yes Yes];No No];Yes 

g329 
Mum convicted of offence 
>CH8MTHs 

Quest_Mother no 
parent_convicted

_offence 
1yrs9m 0.67-2yrs 0.67 2 yes 

Yes Big Effect;Yes Some Effect;Yes Mild 
Effect;Yes No Effect];Did Not Happen 

Did Not Happen];Yes Big Effect_Yes Some Effect_Yes 
Mild Effect_Yes No Effect 

g329a 
Mum convicted of offence 
>CH8MTHs 

Quest_Mother no 
parent_convicted

_offence 
1yrs9m 0.67-2yrs 0.67 2 yes Yes];No No];Yes 

pe329a Convicted of Offence Y/N Quest_Partner no 
parent_convicted

_offence 
1yrs9m 0.67-2yrs 0.67 2 yes Yes];No No];Yes 

h239 
E30: Whether mum was convicted 
of an offence since study child was 
18 months old and effect this had 

Quest_Mother no 
parent_convicted

_offence 
2yrs9m 1.5-3yrs 1.5 3 yes 

yes had big effect;yes medium effect;yes mild 
effect;yes but no effect];didnt happen 

didnt happen];yes had big effect_yes medium effect_yes 
mild effect_yes but no effect 

pf5029 
E30: Partner was convicted of an 
offence since study child was 18 
months old 

Quest_Partner no 
parent_convicted

_offence 
2yrs9m 1.5-3yrs 1.5 3 yes 

Yes & affected me a lot;Yes, moderately 
affected;Yes, mildly affected;Yes, but did not 
affect me at all];No did not happen 

No did not happen];Yes & affected me a lot_Yes, 
moderately affected_Yes, mildly affected_Yes, but did 
not affect me at all 
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f228 Divorce >CH born Quest_Mother no 
parental_separat

ion 
8m 0-0.67yrs 0 0.67 yes 

Y much affected;Y MOD affected;Y mildly 
affected;Y but N effect];N did not happen 

N did not happen];Y much affected_Y MOD affected_Y 
mildly affected_Y but N effect 

f237 Separation from PTNR >CH born Quest_Mother no 
parental_separat

ion 
8m 0-0.67yrs 0 0.67 yes 

Y much affected;Y MOD affected;Y mildly 
affected;Y but N effect];N did not happen 

N did not happen];Y much affected_Y MOD affected_Y 
mildly affected_Y but N effect 

pd228 Divorced Since Baby Born Quest_Partner no 
parental_separat

ion 
8m 0-0.67yrs 0 0.67 yes 

Yes Affected A Lot;Yes Mod Affected;Yes 
Mildly Affected;Yes Did Not Affect];No Did Not 
Happen 

No Did Not Happen];Yes Affected A Lot_Yes Mod 
Affected_Yes Mildly Affected_Yes Did Not Affect 

pd237 Separated Since Baby Born Quest_Partner no 
parental_separat

ion 
8m 0-0.67yrs 0 0.67 yes 

Yes Affected A Lot;Yes Mod Affected;Yes 
Mildly Affected;Yes Did Not Affect];No Did Not 
Happen 

No Did Not Happen];Yes Affected A Lot_Yes Mod 
Affected_Yes Mildly Affected_Yes Did Not Affect 

g308 Mum divorced >CH8MTHs Quest_Mother no 
parental_separat

ion 
1yrs9m 0.67-2yrs 0.67 2 yes 

Yes Big Effect;Yes Some Effect;Yes Mild 
Effect;Yes No Effect];Did Not Happen 

Did Not Happen];Yes Big Effect_Yes Some Effect_Yes 
Mild Effect_Yes No Effect 

g317 
Mum and partner separated 
>CH8MTHs 

Quest_Mother no 
parental_separat

ion 
1yrs9m 0.67-2yrs 0.67 2 yes 

Yes Big Effect;Yes Some Effect;Yes Mild 
Effect;Yes No Effect];Did Not Happen 

Did Not Happen];Yes Big Effect_Yes Some Effect_Yes 
Mild Effect_Yes No Effect 

pe308 Divorced Quest_Partner no 
parental_separat

ion 
1yrs9m 0.67-2yrs 0.67 2 yes 

Yes & Affected Lots;Yes Mildly Affected;Yes 
Did Not Affect];No Did Not Happen 

No Did Not Happen];Yes & Affected Lots_Yes Mildly 
Affected_Yes Did Not Affect 

pe317 Separated From Partner Quest_Partner no 
parental_separat

ion 
1yrs9m 0.67-2yrs 0.67 2 yes 

Yes & Affected Lots;Yes Mod Affected;Yes 
Mildly Affected;Yes Did Not Affect];No Did Not 
Happen 

No Did Not Happen];Yes & Affected Lots_Yes Mod 
Affected_Yes Mildly Affected_Yes Did Not Affect 

h218 
E9: Whether mum got divorced 
since study child was 18 months 
old and effect this had 

Quest_Mother no 
parental_separat

ion 
2yrs9m 1.5-3yrs 1.5 3 yes 

yes had big effect;yes medium effect;yes mild 
effect;yes but no effect];didnt happen 

didnt happen];yes had big effect_yes medium effect_yes 
mild effect_yes but no effect 

h227 
E18: Whether mum and partner 
separated since study child was 18 
months old and effect this had 

Quest_Mother no 
parental_separat

ion 
2yrs9m 1.5-3yrs 1.5 3 yes 

yes had big effect;yes medium effect;yes mild 
effect;yes but no effect];didnt happen 

didnt happen];yes had big effect_yes medium effect_yes 
mild effect_yes but no effect 

pf5008 
E9: Partner was divorced since 
study child was 18 months old 

Quest_Partner no 
parental_separat

ion 
2yrs9m 1.5-3yrs 1.5 3 yes 

Yes & affected me a lot;Yes, moderately 
affected;Yes, mildly affected;Yes, but did not 
affect me at all];No did not happen 

No did not happen];Yes & affected me a lot_Yes, 
moderately affected_Yes, mildly affected_Yes, but did 
not affect me at all 

pf5017 
E18: Partner and partner's partner 
have separated since study child 
was 18 months old 

Quest_Partner no 
parental_separat

ion 
2yrs9m 1.5-3yrs 1.5 3 yes 

Yes & affected me a lot;Yes, moderately 
affected;Yes, mildly affected;Yes, but did not 
affect me at all];No did not happen 

No did not happen];Yes & affected me a lot_Yes, 
moderately affected_Yes, mildly affected_Yes, but did 
not affect me at all 

f246 
PTNR physically cruel to CHDR 
>CH born 

Quest_Mother no physical_abuse 8m 0-0.67yrs 0 0.67 yes 
Y much affected;Y MOD affected;Y mildly 
affected;Y but N effect];N did not happen 

N did not happen];Y much affected_Y MOD affected_Y 
mildly affected_Y but N effect 

f247 
MUM physically cruel to CHDR 
>CH born 

Quest_Mother no physical_abuse 8m 0-0.67yrs 0 0.67 yes 
Y much affected;Y MOD affected;Y mildly 
affected;Y but N effect];N did not happen 

N did not happen];Y much affected_Y MOD affected_Y 
mildly affected_Y but N effect 

pd246 Ptnr Physically Cruel To Children Quest_Partner no physical_abuse 8m 0.67yrs 0.67 0.67 yes 
Yes Affected A Lot;Yes Mod Affected;Yes 
Mildly Affected;Yes Did Not Affect];No Did Not 
Happen 

No Did Not Happen];Yes Affected A Lot_Yes Mod 
Affected_Yes Mildly Affected_Yes Did Not Affect 

pd247 Self Physically Cruel To Children Quest_Partner no physical_abuse 8m 0.67yrs 0.67 0.67 yes 
Yes Affected A Lot;Yes Mod Affected;Yes 
Mildly Affected;Yes Did Not Affect];No Did Not 
Happen 

No Did Not Happen];Yes Affected A Lot_Yes Mod 
Affected_Yes Mildly Affected_Yes Did Not Affect 

g326 
Partner physically cruel to children 
>CH8MTHs 

Quest_Mother no physical_abuse 1yrs9m 0.67-2yrs 0.67 2 yes 
Yes Big Effect;Yes Some Effect;Yes Mild 
Effect;Yes No Effect];Did Not Happen 

Did Not Happen];Yes Big Effect_Yes Some Effect_Yes 
Mild Effect_Yes No Effect 

g327 
Mum physically cruel to children 
>CH8MTHs 

Quest_Mother no physical_abuse 1yrs9m 0.67-2yrs 0.67 2 yes 
Yes Big Effect;Yes Some Effect;Yes Mild 
Effect;Yes No Effect];Did Not Happen 

Did Not Happen];Yes Big Effect_Yes Some Effect_Yes 
Mild Effect_Yes No Effect 

pe326 Partner Physically Cruel to Child Quest_Partner no physical_abuse 1yrs9m 0.67-2yrs 0.67 2 yes 
Yes & Affected Lots;Yes Mod Affected;Yes 
Mildly Affected;Yes Did Not Affect];No Did Not 
Happen 

No Did Not Happen];Yes & Affected Lots_Yes Mod 
Affected_Yes Mildly Affected_Yes Did Not Affect 

pe327 Self Physically Cruel to Child Quest_Partner no physical_abuse 1yrs9m 0.67-2yrs 0.67 2 yes 
Yes & Affected Lots;Yes Mod Affected;Yes 
Mildly Affected;Yes Did Not Affect];No Did Not 
Happen 

No Did Not Happen];Yes & Affected Lots_Yes Mod 
Affected_Yes Mildly Affected_Yes Did Not Affect 

h236 

E27: Whether partner was 
physically cruel to children since 
study child was 18 months old and 
effect this had 

Quest_Mother no physical_abuse 2yrs9m 1.5-3yrs 1.5 3 yes 
yes had big effect;yes medium effect;yes mild 
effect;yes but no effect];didnt happen 

didnt happen];yes had big effect_yes medium effect_yes 
mild effect_yes but no effect 

h237 

E28: Whether mum was physically 
cruel to children since study child 
was 18 months old and effect this 
had 

Quest_Mother no physical_abuse 2yrs9m 1.5-3yrs 1.5 3 yes 
yes had big effect;yes medium effect;yes mild 
effect;yes but no effect];didnt happen 

didnt happen];yes had big effect_yes medium effect_yes 
mild effect_yes but no effect 

pf5026 

E27: Partner's partner was 
physically cruel to their children 
since study child was 18 months 
old 

Quest_Partner no physical_abuse 2yrs9m 1.5-3yrs 1.5 3 yes 
Yes & affected me a lot;Yes, moderately 
affected;Yes, mildly affected;Yes, but did not 
affect me at all];No did not happen 

No did not happen];Yes & affected me a lot_Yes, 
moderately affected_Yes, mildly affected_Yes, but did 
not affect me at all 
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pf5027 
E28: Partner was physically cruel to 
their children since study child was 
18 months old 

Quest_Partner no physical_abuse 2yrs9m 1.5-3yrs 1.5 3 yes 
Yes & affected me a lot;Yes, moderately 
affected;Yes, mildly affected;Yes, but did not 
affect me at all];No did not happen 

No did not happen];Yes & affected me a lot_Yes, 
moderately affected_Yes, mildly affected_Yes, but did 
not affect me at all 

kd505a CH Sexually Abused > 6 MTHS 
Quest_Child 
Based 

no sexual_abuse 18m 0.5-1.5yrs 0.5 1.5 yes 
Yes & CH Very Upset;Yes & CH Quite 
Upset;Yes & CH Bit Upset];Did Not Happen 

Did Not Happen];Yes & CH Very Upset_Yes & CH Quite 
Upset_Yes & CH Bit Upset 

kf455a 
Child sexually abused > 18 months, 
Y/N 

Quest_Child 
Based 

no sexual_abuse 30m 1.5-2.5yrs 1.5 2.5 yes Yes];No No];Yes 

e192 FREQ of ganja use since birth Quest_Mother no 
substance_hous

ehold 
8w 0-0.16yrs 0 0.16 yes 

Daily];2-4 PWK;Once PWK;<once PWK;Not at 
all 

2-4 PWK_Once PWK_<once PWK_Not at all];Daily 

e213 Hard drug use since delivery Quest_Mother no 
substance_hous

ehold 
8w 0-0.16yrs 0 0.16 yes Yes];No No];Yes 

pc266 FREQ cannabis smoked since birth Quest_Partner no 
substance_hous

ehold 
8w 0-0.16yrs 0 0.16 yes 

Daily];2-4 times PWK;Once PWK;<once 
PWK;Not at all 

2-4 times PWK_Once PWK_<once PWK_Not at all];Daily 

f061 Cannabis use since CH born Quest_Mother no 
substance_hous

ehold 
8m 0-0.67yrs 0 0.67 yes Daily];Often;SMTS;Not at all Often_SMTS_Not at all];Daily 

f067 Amphetamine use since CH born Quest_Mother no 
substance_hous

ehold 
8m 0-0.67yrs 0 0.67 yes Daily;Often;SMTS];Not at all Not at all];Daily_Often_SMTS 

f069 
Opiate or cocaine use since CH 
born 

Quest_Mother no 
substance_hous

ehold 
8m 0-0.67yrs 0 0.67 yes Daily;Often;SMTS];Not at all Not at all];Daily_Often_SMTS 

f527 PTNR had alcoholism >CH born Quest_Mother no 
substance_hous

ehold 
8m 0-0.67yrs 0 0.67 yes Y saw DR];Y didnt see DR;Never Y didnt see DR_Never];Y saw DR 

pd061 
Used Cannabis/Marijuana Since 
Baby Born 

Quest_Partner no 
substance_hous

ehold 
8m 0-0.67yrs 0 0.67 yes Every Day];Often;Sometimes;Not At All Often_Sometimes_Not At All];Every Day 

pd066 
Used Amphetamines Since Baby 
Born 

Quest_Partner no 
substance_hous

ehold 
8m 0-0.67yrs 0 0.67 yes Often;Sometimes];Not At All Not At All];Often_Sometimes 

pd067 
Used Heroin, Cocaine Since Baby 
Born 

Quest_Partner no 
substance_hous

ehold 
8m 0-0.67yrs 0 0.67 yes Every Day;Often;Sometimes];Not At All Not At All];Every Day_Often_Sometimes 

pc276 Hard drugs Quest_Partner no 
substance_hous

ehold 
8w 0.16yrs 0.16 0.16 yes Yes];No No];Yes 

g047 Mum had cannabis >CH8MTHs Quest_Mother no 
substance_hous

ehold 
1yrs9m 0.67-2yrs 0.67 2 yes Every day];Often;Sometimes;Not at all Often_Sometimes_Not at all];Every day 

g053 
Mum had amphetamines 
>CH8MTHs 

Quest_Mother no 
substance_hous

ehold 
1yrs9m 0.67-2yrs 0.67 2 yes Every day;Often;Sometimes];Not at all Not at all];Every day_Often_Sometimes 

g056 
Mum had heroin meth coc 
>CH8MTHs 

Quest_Mother no 
substance_hous

ehold 
1yrs9m 0.67-2yrs 0.67 2 yes Every day;Sometimes];Not at all Not at all];Every day_Sometimes 

g613 Partner alcoholic >CH8MTHs Quest_Mother no 
substance_hous

ehold 
1yrs9m 0.67-2yrs 0.67 2 yes 

Yes saw Doctor];yes did not see Dr;No Not at 
all 

yes did not see Dr_No Not at all];Yes saw Doctor 

pe062 
Taken Cannabis Since CH > 8 
Months 

Quest_Partner no 
substance_hous

ehold 
1yrs9m 0.67-2yrs 0.67 2 yes Every Day];Often;Sometimes;Rarely;Never Often_Sometimes_Rarely_Never];Every Day 

pe067 
Taken Amphetamines Since CH > 8 
Months 

Quest_Partner no 
substance_hous

ehold 
1yrs9m 0.67-2yrs 0.67 2 yes Every Day;Often;Sometimes;Rarely];Never Never];Every Day_Often_Sometimes_Rarely 

pe069 
Taken Heroin/Cocaine CH > 8 
Months 

Quest_Partner no 
substance_hous

ehold 
1yrs9m 0.67-2yrs 0.67 2 yes Every Day;Often;Sometimes;Rarely];Never Never];Every Day_Often_Sometimes_Rarely 

h037 
A3c: Frequency Mum has taken 
cannabis since study child was 18 
months old 

Quest_Mother no 
substance_hous

ehold 
2yrs9m 1.5-3yrs 1.5 3 yes Every Day];often;smts;not at all often_smts_not at all];Every Day 

h043 
A3i: Frequency Mum has taken 
amphetamines since study child 
was 18 months old 

Quest_Mother no 
substance_hous

ehold 
2yrs9m 1.5-3yrs 1.5 3 yes Every Day;often;smts];not at all not at all];Every Day_often_smts 

h046 

A3l: Frequency Mum has taken 
heroin, methadone, crack or 
cocaine since study child was 18 
months old 

Quest_Mother no 
substance_hous

ehold 
2yrs9m 1.5-3yrs 1.5 3 yes Every Day;often;smts];not at all not at all];Every Day_often_smts 

h498 
H3m: Partner had an alcohol 
problem since study child was 18 
months old 

Quest_Mother no 
substance_hous

ehold 
2yrs9m 1.5-3yrs 1.5 3 yes 

Yes, saw doctor];Yes, did not see doctor;No, 
not at all 

Yes, did not see doctor_No, not at all];Yes, saw doctor 

pf1032 
A3c: Frequency partner has taken 
cannabis/marihuana since the 
study child was 18 months old 

Quest_Partner no 
substance_hous

ehold 
2yrs9m 1.5-3yrs 1.5 3 yes Every day];Often;Sometimes;Not at all Often_Sometimes_Not at all];Every day 

pf1037 

A3h: Frequency partner has taken 
amphetamines or other stimulants 
since the study child was 18 
months old 

Quest_Partner no 
substance_hous

ehold 
2yrs9m 1.5-3yrs 1.5 3 yes Every day;Often;Sometimes];Not at all Not at all];Every day_Often_Sometimes 

pf1039 
A3j: Frequency partner has taken 
heroin/methadone/crack/cocaine 

Quest_Partner no 
substance_hous

ehold 
2yrs9m 1.5-3yrs 1.5 3 yes Every day;Often;Sometimes];Not at all Not at all];Every day_Often_Sometimes 
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since the study child was 18 
months old 

f242 Physically hurt by PTNR >CH born Quest_Mother no 
violence_betwee

n_parents 
8m 0-0.67yrs 0 0.67 yes 

Y much affected;Y MOD affected;Y mildly 
affected];Y but N effect;N did not happen 

N did not happen];Y much affected_Y MOD affected_Y 
mildly affected_Y but N effect 

pd242 
Ptnr Physically Cruel Since Baby 
Born 

Quest_Partner no 
violence_betwee

n_parents 
8m 0-0.67yrs 0 0.67 yes 

Yes Affected A Lot;Yes Mod Affected;Yes 
Mildly Affected];Yes Did Not Affect;No Did Not 
Happen 

No Did Not Happen];Yes Affected A Lot_Yes Mod 
Affected_Yes Mildly Affected_Yes Did Not Affect 

g322 
Partner physically cruel to mum 
>CH8MTHs 

Quest_Mother no 
violence_betwee

n_parents 
1yrs9m 0.67-2yrs 0.67 2 yes 

Yes Big Effect;Yes Some Effect;Yes Mild 
Effect];Yes No Effect;Did Not Happen 

Did Not Happen];Yes Big Effect_Yes Some Effect_Yes 
Mild Effect_Yes No Effect 

pe322 Partner Physically Cruel Quest_Partner no 
violence_betwee

n_parents 
1yrs9m 0.67-2yrs 0.67 2 yes 

Yes & Affected Lots;Yes Mod Affected;Yes 
Mildly Affected];Yes Did Not Affect;No Did Not 
Happen 

No Did Not Happen];Yes & Affected Lots_Yes Mod 
Affected_Yes Mildly Affected_Yes Did Not Affect 

h232 

E23: Whether partner was 
physically cruel to mum since study 
child was 18 months old and effect 
this had 

Quest_Mother no 
violence_betwee

n_parents 
2yrs9m 1.5-3yrs 1.5 3 yes 

yes had big effect;yes medium effect;yes mild 
effect];yes but no effect;didnt happen 

didnt happen];yes had big effect_yes medium effect_yes 
mild effect_yes but no effect 

pf5022 
E23: Partner's partner was 
physically cruel to them since study 
child was 18 months old 

Quest_Partner no 
violence_betwee

n_parents 
2yrs9m 1.5-3yrs 1.5 3 yes 

Yes & affected me a lot;Yes, moderately 
affected;Yes, mildly affected];Yes, but did not 
affect me at all;No did not happen 

No did not happen];Yes & affected me a lot_Yes, 
moderately affected_Yes, mildly affected_Yes, but did 
not affect me at all 
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Table F3. ACE variables in middle childhood (3-7 yrs).  
variable 

name 
description datasource 

retrospe
ctive 

ACE 
time_al

spac 
time_pe

riod 
time_yr
s_start 

time_yr
s_end 

reverse_
scale 

recode_ACE factor_level_after_recode 

k4037 
D38: Mother’s partner was emotionally 
cruel to children in past year 

Quest_Mother no 
emotional_abu

se 
5yrs1m 4-5yrs 4 5 yes 

Yes, affected a lot;Yes, moderately affected;Yes, 
mildly affected;Yes, did not affect at all];No, did not 
happen 

No, did not happen];Yes, affected a lot_Yes, moderately 
affected_Yes, mildly affected_Yes, did not affect at all 

k4038 
D39: Mother was emotionally cruel to 
children in past year 

Quest_Mother no 
emotional_abu

se 
5yrs1m 4-5yrs 4 5 yes 

Yes, affected a lot;Yes, moderately affected;Yes, 
mildly affected;Yes, did not affect at all];No, did not 
happen 

No, did not happen];Yes, affected a lot_Yes, moderately 
affected_Yes, mildly affected_Yes, did not affect at all 

ph4037 

D37: Respondent's assessment of how 
much their partner being emotionally 
cruel to the children in the last year has 
affected them 

Quest_Partner no 
emotional_abu

se 
5yrs1m 4-5yrs 4 5 yes 

Yes, affected me a lot;Yes, moderately 
affected;Yes, mildly affected;Yes, but did not affect 
me at all];No, did not happen 

No, did not happen];Yes, affected me a lot_Yes, 
moderately affected_Yes, mildly affected_Yes, but did 
not affect me at all 

ph4038 

D38: Respondent's assessment of how 
much being emotionally cruel to their 
children in the last year has affected 
them 

Quest_Partner no 
emotional_abu

se 
5yrs1m 4-5yrs 4 5 yes 

Yes, affected me a lot;Yes, moderately 
affected;Yes, mildly affected;Yes, but did not affect 
me at all];No, did not happen 

No, did not happen];Yes, affected me a lot_Yes, 
moderately affected_Yes, mildly affected_Yes, but did 
not affect me at all 

l4037 
D38: Respondent's partner was 
emotionally cruel to respondent's 
children since study child's 5th birthday 

Quest_Mother no 
emotional_abu

se 
6yrs1m 5-6yrs 5 6 yes 

Yes & affected respondent a lot;Yes, moderately 
affected;Yes, mildly affected;Yes, did not affect 
respondent at all];No, did not happen 

No, did not happen];Yes & affected respondent a 
lot_Yes, moderately affected_Yes, mildly affected_Yes, 
did not affect respondent at all 

l4038 
D39: Respondent was emotionally cruel 
to their children since study child's 5th 
birthday 

Quest_Mother no 
emotional_abu

se 
6yrs1m 5-6yrs 5 6 yes 

Yes & affected respondent a lot;Yes, moderately 
affected;Yes, mildly affected;Yes, did not affect 
respondent at all];No, did not happen 

No, did not happen];Yes & affected respondent a 
lot_Yes, moderately affected_Yes, mildly affected_Yes, 
did not affect respondent at all 

pj4037 

D37: Respondent's assessment of how 
much partner's emotional cruelty to 
children since study child's 5th birthday 
has affected them 

Quest_Partner no 
emotional_abu

se 
6yrs1m 5-6yrs 5 6 yes 

Yes and affected me a lot;Yes and moderately 
affected;Yes, mildly affected;Yes, but did not affect 
me at all];No, did not happen 

No, did not happen];Yes and affected me a lot_Yes and 
moderately affected_Yes, mildly affected_Yes, but did 
not affect me at all 

pj4038 

D38: Respondent's assessment of how 
much being emotionally cruel to children 
since study child's 5th birthday has 
affected them 

Quest_Partner no 
emotional_abu

se 
6yrs1m 5-6yrs 5 6 yes 

Yes and affected me a lot;Yes and moderately 
affected;Yes, mildly affected;Yes, but did not affect 
me at all];No, did not happen 

No, did not happen];Yes and affected me a lot_Yes and 
moderately affected_Yes, mildly affected_Yes, but did 
not affect me at all 

p2037 
B38: Mother's husband/partner was 
emotionally cruel to her children since 
the study child's 6th birthday 

Quest_Mother yes 
emotional_abu

se 
9yrs2m 6-7yrs 6 7 

special_
yes 

Yes, when the study child was 6 or 7];Yes, since 
the study child's 8th birthday];Yes, both when the 
study child was 6/7 and 8+];No, did not happen in 
past 3 years 

No, did not happen in past 3 years_Yes, since the study 
child's 8th birthday];Yes, when the study child was 6 or 
7_Yes, both when the study child was 6/7 and 8+ 

p2038 
B39: Mother was emotionally cruel to her 
children since the study child's 6th 
birthday 

Quest_Mother yes 
emotional_abu

se 
9yrs2m 6-7yrs 6 7 

special_
yes 

Yes, when the study child was 6 or 7];Yes, since 
the study child's 8th birthday];Yes, both when the 
study child was 6/7 and 8+];No, did not happen in 
past 3 years 

No, did not happen in past 3 years_Yes, since the study 
child's 8th birthday];Yes, when the study child was 6 or 
7_Yes, both when the study child was 6/7 and 8+ 

pm2037 
B38: Father's wife/partner was 
emotionally cruel to his children since the 
study child's 6th birthday 

Quest_Partner yes 
emotional_abu

se 
9yrs2m 6-7yrs 6 7 

special_
yes 

Yes, when the study child was 6 or 7];Yes, since 
the study child's 8th birthday];Yes, both when the 
study child was 6/7 and 8+];No, did not happen in 
past 3 years 

No, did not happen in past 3 years_Yes, since the study 
child's 8th birthday];Yes, when the study child was 6 or 
7_Yes, both when the study child was 6/7 and 8+ 

pm2038 
B39: Father was emotionally cruel to his 
children since the study child's 6th 
birthday 

Quest_Partner yes 
emotional_abu

se 
9yrs2m 6-7yrs 6 7 

special_
yes 

Yes, when the study child was 6 or 7];Yes, since 
the study child's 8th birthday];Yes, both when the 
study child was 6/7 and 8+];No, did not happen in 
past 3 years 

No, did not happen in past 3 years_Yes, since the study 
child's 8th birthday];Yes, when the study child was 6 or 
7_Yes, both when the study child was 6/7 and 8+ 

j044 MUM took Depression Pills >1 YR Quest_Mother no 
mental_health
_problems_or_

suicide 

3yrs11
m 

3-4yrs 3 4 yes Every Day;Often;Sometimes];Not at All Not at All];Every Day_Often_Sometimes 

j615 Partner had Schizophrenia> 1 YR Quest_Mother no 
mental_health
_problems_or_

suicide 

3yrs11
m 

3-4yrs 3 4 yes Yes & saw DR;Yes & didnt see DR];No Not at All No Not at All];Yes & saw DR_Yes & didnt see DR 

pg1034 
A3e: Frequency partner has taken pills 
for depression in the past year 

Quest_Partner no 
mental_health
_problems_or_

suicide 

3yrs11
m 

3-4yrs 3 4 yes Once;Every day;Often;Sometimes];Not at all Not at all];Once_Every day_Often_Sometimes 

k1020 
A2k: Mother had schizophrenia in past 
year 

Quest_Mother no 
mental_health
_problems_or_

suicide 
5yrs1m 4-5yrs 4 5 yes 

Yes, consulted doctor;Yes, did not consult 
doctor];No 

No];Yes, consulted doctor_Yes, did not consult doctor 

k1044 
A3e: Frequency mother had pills for 
depression in past year 

Quest_Mother no 
mental_health
_problems_or_

suicide 
5yrs1m 4-5yrs 4 5 yes Every day;Often;Sometimes];Not at all Not at all];Every day_Often_Sometimes 
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k4028 
D29: Mother attempted suicide in past 
year 

Quest_Mother no 
mental_health
_problems_or_

suicide 
5yrs1m 4-5yrs 4 5 yes 

Yes, affected a lot;Yes, moderately affected;Yes, 
mildly affected;Yes, did not affect at all];No, did not 
happen 

No, did not happen];Yes, affected a lot_Yes, moderately 
affected_Yes, mildly affected_Yes, did not affect at all 

ph1020 
A2k: Respondent had schizophrenia in 
the past year 

Quest_Partner no 
mental_health
_problems_or_

suicide 
5yrs1m 4-5yrs 4 5 yes 

Yes, consulted a doctor;Yes, did not consult a 
doctor];No 

No];Yes, consulted a doctor_Yes, did not consult a 
doctor 

ph1044 
A3e: Frequency in the past year 
respondent has taken pills for depression 

Quest_Partner no 
mental_health
_problems_or_

suicide 
5yrs1m 4-5yrs 4 5 yes Every day;Often;Sometimes];Not at all Not at all];Every day_Often_Sometimes 

ph4028 
D29: Respondent's assessment of how 
much attempting suicide in the last year 
has affected them 

Quest_Partner no 
mental_health
_problems_or_

suicide 
5yrs1m 4-5yrs 4 5 yes 

Yes, affected me a lot;Yes, mildly affected;Yes, but 
did not affect me at all];No, did not happen 

No, did not happen];Yes, affected me a lot_Yes, mildly 
affected_Yes, but did not affect me at all 

l3020 
C2k: Respondent has had/continued to 
have schizophrenia since study child's 
5th birthday 

Quest_Mother no 
mental_health
_problems_or_

suicide 
6yrs1m 5-6yrs 5 6 yes 

Yes & consulted doctor;Yes but did not consult 
doctor];No 

No];Yes & consulted doctor_Yes but did not consult 
doctor 

l3044 
C3e: Frequency respondent has taken 
pills for depression since study child's 
5th birthday 

Quest_Mother no 
mental_health
_problems_or_

suicide 
6yrs1m 5-6yrs 5 6 yes Every day;Often;Sometimes];Not at all Not at all];Every day_Often_Sometimes 

l4028 
D29: Respondent attempted suicide 
since study child's 5th birthday 

Quest_Mother no 
mental_health
_problems_or_

suicide 
6yrs1m 5-6yrs 5 6 yes 

Yes & affected respondent a lot;Yes, moderately 
affected;Yes, mildly affected;Yes, did not affect 
respondent at all];No, did not happen 

No, did not happen];Yes & affected respondent a 
lot_Yes, moderately affected_Yes, mildly affected_Yes, 
did not affect respondent at all 

l6031 
F3l: Respondent's partner has had 
schizophrenia since study child was 5 
years old 

Quest_Mother no 
mental_health
_problems_or_

suicide 
6yrs1m 5-6yrs 5 6 yes 

Yes & saw a doctor;Yes, but did not see a 
doctor];No, not at all;Do not know 

No, not at all_Do not know];Yes & saw a doctor_Yes, but 
did not see a doctor 

pj3020 
C2k: Respondent has suffered from 
schizophrenia since child's 5th birthday 

Quest_Partner no 
mental_health
_problems_or_

suicide 
6yrs1m 5-6yrs 5 6 yes 

Yes and consulted a doctor;Yes but did not consult 
a doctor];No 

No];Yes and consulted a doctor_Yes but did not consult 
a doctor 

pj3044 
C3e: Respondent has taken pills for 
depression since child's 5th birthday 

Quest_Partner no 
mental_health
_problems_or_

suicide 
6yrs1m 5-6yrs 5 6 yes Every day;Often;Sometimes];Not at all Not at all];Every day_Often_Sometimes 

pj4028 
D29: Respondent's assessment of how 
much attempting suicide since study 
child's 5th birthday has affected them 

Quest_Partner no 
mental_health
_problems_or_

suicide 
6yrs1m 5-6yrs 5 6 yes 

Yes and affected me a lot;Yes, mildly affected;Yes, 
but did not affect me at all];No, did not happen 

No, did not happen];Yes and affected me a lot_Yes, 
mildly affected_Yes, but did not affect me at all 

pj6031 
F3l: Respondent's partner has had 
schizophrenia since study child was 5 

Quest_Partner no 
mental_health
_problems_or_

suicide 
6yrs1m 5-6yrs 5 6 yes Yes and saw a doctor];No, not at all;Do not know No, not at all_Do not know];Yes and saw a doctor 

p2028 
B29: Mother attempted suicide since the 
study child's 6th birthday 

Quest_Mother yes 
mental_health
_problems_or_

suicide 
9yrs2m 6-7yrs 6 7 

special_
yes 

Yes, when the study child was 6 or 7];Yes, since 
the study child's 8th birthday];Yes, both when the 
study child was 6/7 and 8+];No, did not happen in 
past 3 years 

No, did not happen in past 3 years_Yes, since the study 
child's 8th birthday;]Yes, when the study child was 6 or 
7_Yes, both when the study child was 6/7 and 8+ 

pm2028 
B29: Father attempted suicide since the 
study child's 6th birthday 

Quest_Partner yes 
mental_health
_problems_or_

suicide 
9yrs2m 6-7yrs 6 7 yes 

Yes, when the study child was 6 or 7];Yes, since 
the study child's 8th birthday;No, did not happen in 
past 3 years 

No, did not happen in past 3 years_Yes, since the study 
child's 8th birthday];Yes, when the study child was 6 or 7 

j328 MUM Attempted Suicide> CH 30 MTHs Quest_Mother no 
mental_health
_problems_or_

suicide 

3yrs11
m 

2.5-4yrs 2.5 4 yes 
Yes but Not Affected;Yes Bit affected;Yes MOD 
Affected;Yes & Affected Lot];No 

No];Yes but Not Affected_Yes Bit affected_Yes MOD 
Affected_Yes & Affected Lot 

pg3028 
C29: Degree to which attempted suicide 
affected partner since child was 2.5 
years old 

Quest_Partner no 
mental_health
_problems_or_

suicide 

3yrs11
m 

2.5-4yrs 2.5 4 yes A lot;Mildly;Not at all];Did not happen Did not happen];A lot_Mildly_Not at all 

j567 MUM Feels Close to CH Quest_Mother no 
parent_child_b

ond 
3yrs11

m 
4yrs 4 4 

special_
no 

Yes];No];Yes & No Yes & No_Yes];No 

j577 Partner Feels Close to CH Quest_Mother no 
parent_child_b

ond 
3yrs11

m 
4yrs 4 4 

special_
no 

Yes];No];Sometimes Sometimes_Yes];No 

pg4167 D10h: Partner feels very close to child Quest_Partner no 
parent_child_b

ond 
3yrs11

m 
4yrs 4 4 

special_
no 

Yes];No];Sometimes Sometimes_Yes];No 

pg4177 
D11h: Partner's partner feels very close 
to child 

Quest_Partner no 
parent_child_b

ond 
3yrs11

m 
4yrs 4 4 

special_
no 

Yes];No];Sometimes Sometimes_Yes];No 

l6054 
F4e: Frequency respondent's partner 
seems to feel very close to study child 

Quest_Mother no 
parent_child_b

ond 
6yrs1m 6yrs 6 6 no 

Always how respondent feels;Sometimes how 
respondent feels];Respondent never feels this way 

Always how respondent feels_Sometimes how 
respondent feels];Respondent never feels this way 

pj6054 
F4e: Respondent's partner feels very 
close to study child 

Quest_Partner no 
parent_child_b

ond 
6yrs1m 6yrs 6 6 no 

This is how respondent always feels;This is 
sometimes how respondent feels];Respondent 
never feels this way 

This is how respondent always feels_This is sometimes 
how respondent feels];Respondent never feels this way 

m3357 
C18h: Mother seems to feel close to 
study child 

Quest_Mother no 
parent_child_b

ond 
7yrs1m 7yrs 7 7 

special_
no 

Yes];No];Sometimes Yes];No_Sometimes 
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m3367 
C19h: Partner seems to feel close to 
study child 

Quest_Mother no 
parent_child_b

ond 
7yrs1m 7yrs 7 7 

special_
no 

Yes];No];Sometimes Yes];No_Sometimes 

pk3357 
C18h: Partner feels very close to study 
child 

Quest_Partner no 
parent_child_b

ond 
7yrs1m 7yrs 7 7 

special_
no 

Yes];No];Sometimes/occasionally Sometimes/occasionally_Yes];No 

pk3367 
C19h: Partner's partner seems to feel 
very close to study child 

Quest_Partner no 
parent_child_b

ond 
7yrs1m 7yrs 7 7 

special_
no 

Yes];No];Sometimes/occasionally Sometimes/occasionally_Yes];No 

k4029 
D30: Mother was convicted of an offence 
in past year 

Quest_Mother no 
parent_convict

ed_offence 
5yrs1m 4-5yrs 4 5 yes 

Yes, affected a lot;Yes, moderately affected;Yes, 
mildly affected;Yes, did not affect at all];No, did not 
happen 

No, did not happen];Yes, affected a lot_Yes, moderately 
affected_Yes, mildly affected_Yes, did not affect at all 

ph4029 
D30: Respondent's assessment of how 
much being convicted of an offence in 
the last year has affected them 

Quest_Partner no 
parent_convict

ed_offence 
5yrs1m 4-5yrs 4 5 yes 

Yes, affected me a lot;Yes, moderately 
affected;Yes, mildly affected;Yes, but did not affect 
me at all];No, did not happen 

No, did not happen];Yes, affected me a lot_Yes, 
moderately affected_Yes, mildly affected_Yes, but did 
not affect me at all 

l4029 
D30: Respondent convicted of an 
offence since study child's 5th birthday 

Quest_Mother no 
parent_convict

ed_offence 
6yrs1m 5-6yrs 5 6 yes 

Yes & affected respondent a lot;Yes, moderately 
affected;Yes, mildly affected;Yes, did not affect 
respondent at all];No, did not happen 

No, did not happen];Yes & affected respondent a 
lot_Yes, moderately affected_Yes, mildly affected_Yes, 
did not affect respondent at all 

pj4029 

D30: Respondent's assessment of how 
much being convicted of an offence 
since study child's 5th birthday has 
affected them 

Quest_Partner no 
parent_convict

ed_offence 
6yrs1m 5-6yrs 5 6 yes 

Yes and affected me a lot;Yes and moderately 
affected;Yes, mildly affected;Yes, but did not affect 
me at all];No, did not happen 

No, did not happen];Yes and affected me a lot_Yes and 
moderately affected_Yes, mildly affected_Yes, but did 
not affect me at all 

p2029 
B30: Mother was convicted of an offence 
since the study child's 6th birthday 

Quest_Mother yes 
parent_convict

ed_offence 
9yrs2m 6-7yrs 6 7 yes 

Yes, when the study child was 6 or 7];Yes, since 
the study child's 8th birthday;No, did not happen in 
past 3 years 

No, did not happen in past 3 years_Yes, since the study 
child's 8th birthday];Yes, when the study child was 6 or 7 

pm2029 
B30: Father was convicted of an offence 
since the study child's 6th birthday 

Quest_Partner yes 
parent_convict

ed_offence 
9yrs2m 6-7yrs 6 7 yes 

Yes, when the study child was 6 or 7];Yes, since 
the study child's 8th birthday;No, did not happen in 
past 3 years 

No, did not happen in past 3 years_Yes, since the study 
child's 8th birthday];Yes, when the study child was 6 or 7 

j329 
MUM Convicted of Offence> CH 30 
MTHs 

Quest_Mother no 
parent_convict

ed_offence 
3yrs11

m 
2.5-4yrs 2.5 4 yes 

Yes but Not Affected;Yes Bit affected;Yes MOD 
Affected;Yes & Affected Lot];No 

No];Yes but Not Affected_Yes Bit affected_Yes MOD 
Affected_Yes & Affected Lot 

pg3029 
C30: Degree to which a criminal 
conviction affected partner since child 
was 2.5 years old 

Quest_Partner no 
parent_convict

ed_offence 
3yrs11

m 
2.5-4yrs 2.5 4 yes A lot;Moderately;Mildly;Not at all];Did not happen Did not happen];A lot_Moderately_Mildly_Not at all 

k4008 D9: Mother was divorced in past year Quest_Mother no 
parental_separ

ation 
5yrs1m 4-5yrs 4 5 yes 

Yes, affected a lot;Yes, moderately affected;Yes, 
mildly affected;Yes, did not affect at all];No, did not 
happen 

No, did not happen];Yes, affected a lot_Yes, moderately 
affected_Yes, mildly affected_Yes, did not affect at all 

k4017 
D18: Mother and partner separated in 
past year 

Quest_Mother no 
parental_separ

ation 
5yrs1m 4-5yrs 4 5 yes 

Yes, affected a lot;Yes, moderately affected;Yes, 
mildly affected;Yes, did not affect at all];No, did not 
happen 

No, did not happen];Yes, affected a lot_Yes, moderately 
affected_Yes, mildly affected_Yes, did not affect at all 

ph4017 
D18: Respondent's assessment of how 
much separating from their partner in the 
last year has affected them 

Quest_Partner no 
parental_separ

ation 
5yrs1m 4-5yrs 4 5 yes 

Yes, affected me a lot;Yes, moderately 
affected;Yes, mildly affected;Yes, but did not affect 
me at all];No, did not happen 

No, did not happen];Yes, affected me a lot_Yes, 
moderately affected_Yes, mildly affected_Yes, but did 
not affect me at all 

l4008 
D9: Respondent was divorced since 
study child's 5th birthday 

Quest_Mother no 
parental_separ

ation 
6yrs1m 5-6yrs 5 6 yes 

Yes & affected respondent a lot;Yes, moderately 
affected;Yes, mildly affected;Yes, did not affect 
respondent at all];No, did not happen 

No, did not happen];Yes & affected respondent a 
lot_Yes, moderately affected_Yes, mildly affected_Yes, 
did not affect respondent at all 

l4017 
D18: Respondent separated from partner 
since study child's 5th birthday 

Quest_Mother no 
parental_separ

ation 
6yrs1m 5-6yrs 5 6 yes 

Yes & affected respondent a lot;Yes, moderately 
affected;Yes, mildly affected;Yes, did not affect 
respondent at all];No, did not happen 

No, did not happen];Yes & affected respondent a 
lot_Yes, moderately affected_Yes, mildly affected_Yes, 
did not affect respondent at all 

pj4008 
D9: Respondent's assessment of how 
much divorce since study child's 5th 
birthday has affected them 

Quest_Partner no 
parental_separ

ation 
6yrs1m 5-6yrs 5 6 yes 

Yes and affected me a lot;Yes and moderately 
affected;Yes, mildly affected;Yes, but did not affect 
me at all];No, did not happen 

No, did not happen];Yes and affected me a lot_Yes and 
moderately affected_Yes, mildly affected_Yes, but did 
not affect me at all 

pj4017 

D18: Respondent's assessment of how 
much separating from partner since 
study child's 5th birthday has affected 
them 

Quest_Partner no 
parental_separ

ation 
6yrs1m 5-6yrs 5 6 yes 

Yes and affected me a lot;Yes and moderately 
affected;Yes, mildly affected];No, did not happen 

No, did not happen];Yes and affected me a lot_Yes and 
moderately affected_Yes, mildly affected 

p2008 
B9: Mother was divorced since the study 
child's 6th birthday 

Quest_Mother yes 
parental_separ

ation 
9yrs2m 6-7yrs 6 7 

special_
yes 

Yes, when the study child was 6 or 7];Yes, since 
the study child's 8th birthday];Yes, both when the 
study child was 6/7 and 8+];No, did not happen in 
past 3 years 

No, did not happen in past 3 years_Yes, since the study 
child's 8th birthday];Yes, when the study child was 6 or 
7_Yes, both when the study child was 6/7 and 8+ 

p2017 
B18: Mother and husband/partner 
separated since the study child's 6th 
birthday 

Quest_Mother yes 
parental_separ

ation 
9yrs2m 6-7yrs 6 7 

special_
yes 

Yes, when the study child was 6 or 7];Yes, since 
the study child's 8th birthday];Yes, both when the 
study child was 6/7 and 8+];No, did not happen in 
past 3 years 

No, did not happen in past 3 years_Yes, since the study 
child's 8th birthday];Yes, when the study child was 6 or 
7_Yes, both when the study child was 6/7 and 8+ 

pm2008 
B9: Father was divorced since the study 
child's 6th birthday 

Quest_Partner yes 
parental_separ

ation 
9yrs2m 6-7yrs 6 7 

special_
yes 

Yes, when the study child was 6 or 7];Yes, since 
the study child's 8th birthday];Yes, both when the 
study child was 6/7 and 8+];No, did not happen in 
past 3 years 

No, did not happen in past 3 years_Yes, since the study 
child's 8th birthday];Yes, when the study child was 6 or 
7_Yes, both when the study child was 6/7 and 8+ 
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pm2017 
B18: Father and wife/partner separated 
since the study child's 6th birthday 

Quest_Partner yes 
parental_separ

ation 
9yrs2m 6-7yrs 6 7 

special_
yes 

Yes, when the study child was 6 or 7];Yes, since 
the study child's 8th birthday];Yes, both when the 
study child was 6/7 and 8+];No, did not happen in 
past 3 years 

No, did not happen in past 3 years_Yes, since the study 
child's 8th birthday];Yes, when the study child was 6 or 
7_Yes, both when the study child was 6/7 and 8+ 

j308 MUM Divorced> CH 30 MTHs Quest_Mother no 
parental_separ

ation 
3yrs11

m 
2.5-4yrs 2.5 4 yes 

Yes but Not Affected;Yes Bit affected;Yes MOD 
Affected;Yes & Affected Lot];No 

No];Yes but Not Affected_Yes Bit affected_Yes MOD 
Affected_Yes & Affected Lot 

j317 MUM & PTR Separated> CH 30 MTHs Quest_Mother no 
parental_separ

ation 
3yrs11

m 
2.5-4yrs 2.5 4 yes 

Yes but Not Affected;Yes Bit affected;Yes MOD 
Affected;Yes & Affected Lot];No 

No];Yes but Not Affected_Yes Bit affected_Yes MOD 
Affected_Yes & Affected Lot 

pg3008 
C9: Degree to which divorce affected 
partner since child was 2.5 years old 

Quest_Partner no 
parental_separ

ation 
3yrs11

m 
2.5-4yrs 2.5 4 yes A lot;Moderately;Mildly;Not at all];Did not happen Did not happen];A lot_Moderately_Mildly_Not at all 

pg3017 
C18: Degree to which separation 
affected partner since child was 2.5 
years old 

Quest_Partner no 
parental_separ

ation 
3yrs11

m 
2.5-4yrs 2.5 4 yes A lot;Moderately;Mildly;Not at all];Did not happen Did not happen];A lot_Moderately_Mildly_Not at all 

k4026 
D27: Mother’s partner was physically 
cruel to children in past year 

Quest_Mother no 
physical_abus

e 
5yrs1m 4-5yrs 4 5 yes 

Yes, affected a lot;Yes, moderately affected;Yes, 
mildly affected;Yes, did not affect at all];No, did not 
happen 

No, did not happen];Yes, affected a lot_Yes, moderately 
affected_Yes, mildly affected_Yes, did not affect at all 

k4027 
D28: Mother was physically cruel to 
children in past year 

Quest_Mother no 
physical_abus

e 
5yrs1m 4-5yrs 4 5 yes 

Yes, affected a lot;Yes, moderately affected;Yes, 
mildly affected;Yes, did not affect at all];No, did not 
happen 

No, did not happen];Yes, affected a lot_Yes, moderately 
affected_Yes, mildly affected_Yes, did not affect at all 

ph4026 

D27: Respondent's assessment how 
much their partner being physically cruel 
to the children in the last year has 
affected them 

Quest_Partner no 
physical_abus

e 
5yrs1m 4-5yrs 4 5 yes 

Yes, affected me a lot;Yes, moderately 
affected;Yes, mildly affected;Yes, but did not affect 
me at all];No, did not happen 

No, did not happen];Yes, affected me a lot_Yes, 
moderately affected_Yes, mildly affected_Yes, but did 
not affect me at all 

ph4027 

D28: Respondent's assessment of how 
much being physically cruel to the 
children in the last year has affected 
them 

Quest_Partner no 
physical_abus

e 
5yrs1m 4-5yrs 4 5 yes 

Yes, affected me a lot;Yes, moderately 
affected;Yes, mildly affected;Yes, but did not affect 
me at all];No, did not happen 

No, did not happen];Yes, affected me a lot_Yes, 
moderately affected_Yes, mildly affected_Yes, but did 
not affect me at all 

l4026 
D27: Respondent's partner physically 
cruel to respondent's children since 
study child's 5th birthday 

Quest_Mother no 
physical_abus

e 
6yrs1m 5-6yrs 5 6 yes 

Yes & affected respondent a lot;Yes, moderately 
affected;Yes, mildly affected;Yes, did not affect 
respondent at all];No, did not happen 

No, did not happen];Yes & affected respondent a 
lot_Yes, moderately affected_Yes, mildly affected_Yes, 
did not affect respondent at all 

l4027 
D28: Respondent physically cruel to own 
children since study child's 5th birthday 

Quest_Mother no 
physical_abus

e 
6yrs1m 5-6yrs 5 6 yes 

Yes & affected respondent a lot;Yes, moderately 
affected;Yes, mildly affected;Yes, did not affect 
respondent at all];No, did not happen 

No, did not happen];Yes & affected respondent a 
lot_Yes, moderately affected_Yes, mildly affected_Yes, 
did not affect respondent at all 

pj4026 

D27: Respondent's assessment of how 
much partner's physical cruelty to 
children since study child's 5th birthday 
has affected them 

Quest_Partner no 
physical_abus

e 
6yrs1m 5-6yrs 5 6 yes 

Yes and affected me a lot;Yes and moderately 
affected;Yes, mildly affected;Yes, but did not affect 
me at all];No, did not happen 

No, did not happen];Yes and affected me a lot_Yes and 
moderately affected_Yes, mildly affected_Yes, but did 
not affect me at all 

pj4027 

D28: Respondent's assessment of how 
much being physically cruel to children 
since study child's 5th birthday has 
affected them 

Quest_Partner no 
physical_abus

e 
6yrs1m 5-6yrs 5 6 yes 

Yes and affected me a lot;Yes and moderately 
affected;Yes, mildly affected;Yes, but did not affect 
me at all];No, did not happen 

No, did not happen];Yes and affected me a lot_Yes and 
moderately affected_Yes, mildly affected_Yes, but did 
not affect me at all 

pm2026 
B27: Father's wife/partner was physically 
cruel to his children since the study 
child's 6th birthday 

Quest_Partner yes 
physical_abus

e 
9yrs2m 6-7yrs 6 7 

special_
no 

Yes, since the study child's 8th birthday];Yes, both 
when the study child was 6/7 and 8+];No, did not 
happen in past 3 years 

No, did not happen in past 3 years_Yes, since the study 
child's 8th birthday];Yes, both when the study child was 
6/7 and 8+ 

pm2027 
B28: Father was physically cruel to his 
children since the study child's 6th 
birthday 

Quest_Partner yes 
physical_abus

e 
9yrs2m 6-7yrs 6 7 

special_
no 

Yes, since the study child's 8th birthday];Yes, both 
when the study child was 6/7 and 8+];No, did not 
happen in past 3 years 

No, did not happen in past 3 years_Yes, since the study 
child's 8th birthday];Yes, both when the study child was 
6/7 and 8+ 

p2026 
B27: Mother's husband/partner was 
physically cruel to her children since the 
study child's 6th birthday 

Quest_Mother yes 
physical_abus

e 
9yrs2m 6-7yrs 6 7 

special_
yes 

Yes, when the study child was 6 or 7];Yes, since 
the study child's 8th birthday];Yes, both when the 
study child was 6/7 and 8+];No, did not happen in 
past 3 years 

No, did not happen in past 3 years_Yes, since the study 
child's 8th birthday];Yes, when the study child was 6 or 
7_Yes, both when the study child was 6/7 and 8+ 

p2027 
B28: Mother was physically cruel to her 
children since the study child's 6th 
birthday 

Quest_Mother yes 
physical_abus

e 
9yrs2m 6-7yrs 6 7 

special_
yes 

Yes, when the study child was 6 or 7];Yes, since 
the study child's 8th birthday];Yes, both when the 
study child was 6/7 and 8+];No, did not happen in 
past 3 years 

No, did not happen in past 3 years_Yes, since the study 
child's 8th birthday];Yes, when the study child was 6 or 
7_Yes, both when the study child was 6/7 and 8+ 

j326 
PTR PHYS Cruel to CDRN> CH 30 
MTHs 

Quest_Mother no 
physical_abus

e 
3yrs11

m 
2.5-4yrs 2.5 4 yes 

Yes but Not Affected;Yes Bit affected;Yes MOD 
Affected;Yes & Affected Lot];No 

No];Yes but Not Affected_Yes Bit affected_Yes MOD 
Affected_Yes & Affected Lot 

j327 
MUM PHYS Cruel to CDRN> CH 30 
MTHs 

Quest_Mother no 
physical_abus

e 
3yrs11

m 
2.5-4yrs 2.5 4 yes 

Yes but Not Affected;Yes Bit affected;Yes MOD 
Affected;Yes & Affected Lot];No 

No];Yes but Not Affected_Yes Bit affected_Yes MOD 
Affected_Yes & Affected Lot 

pg3026 

C27: Degree to which physical cruelty 
from a partner to children affected 
partner since study child was 2.5 years 
old 

Quest_Partner no 
physical_abus

e 
3yrs11

m 
2.5-4yrs 2.5 4 yes A lot;Moderately;Mildly;Not at all];Did not happen Did not happen];A lot_Moderately_Mildly_Not at all 

pg3027 
C28: Degree to which partner being 
physically cruel to children affected 

Quest_Partner no 
physical_abus

e 
3yrs11

m 
2.5-4yrs 2.5 4 yes A lot;Moderately;Mildly;Not at all];Did not happen Did not happen];A lot_Moderately_Mildly_Not at all 
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partner since study child was 2.5 years 
old 

kl475 
D6: Child was sexually abused since age 
3 

Quest_Child 
Based 

no sexual_abuse 57m 3-5yrs 3 5 yes 
Yes, child was very upset;Yes, child was quite 
upset;Yes, child was a bit upset];No, did not 
happen 

No, did not happen];Yes, child was very upset_Yes, child 
was quite upset_Yes, child was a bit upset 

kn4005 
D6: Child sexually abused in past 15 
months 

Quest_Child 
Based 

no sexual_abuse 69m 4.5-6yrs 4.5 6 yes 
Yes And Was Very Upset;Yes And Was Quite 
Upset;Yes And Was A Bit Upset;Yes But Was Not 
Upset];No Did Not Happen 

No Did Not Happen];Yes And Was Very Upset_Yes And 
Was Quite Upset_Yes And Was A Bit Upset_Yes But 
Was Not Upset 

kq365 
D6: Child was sexually abused since 
his/her 5th birthday 

Quest_Child 
Based 

no sexual_abuse 81m 5-7yrs 5 7 yes 
Yes, very upset;Yes, quite upset;Yes, a bit 
upset;Yes, not upset];No, did not happen 

No, did not happen];Yes, very upset_Yes, quite 
upset_Yes, a bit upset_Yes, not upset 

pg1032 
A3c: Frequency partner has used 
cannabis/marihuana in the past year 

Quest_Partner no 
substance_hou

sehold 
3yrs11

m 
3-4yrs 3 4 

special_
no 

Once];Every day];Often;Sometimes;Not at all Often_Sometimes_Once_Not at all];Every day 

j042 MUM took Cannabis >1 YR Quest_Mother no 
substance_hou

sehold 
3yrs11

m 
3-4yrs 3 4 yes Every Day];Often;Sometimes;Not at All Often_Sometimes_Not at All];Every Day 

j048 MUM took Amphetamines >1 YR Quest_Mother no 
substance_hou

sehold 
3yrs11

m 
3-4yrs 3 4 yes Every Day;Often;Sometimes];Not at All Not at All];Every Day_Often_Sometimes 

j051 MUM took Heroin >1 YR Quest_Mother no 
substance_hou

sehold 
3yrs11

m 
3-4yrs 3 4 yes Every Day;Often;Sometimes];Not at All Not at All];Every Day_Often_Sometimes 

j616 Partner had Alcohol Problem> 1 YR Quest_Mother no 
substance_hou

sehold 
3yrs11

m 
3-4yrs 3 4 yes Yes & saw DR];Yes & didnt see DR;No Not at All Yes & didnt see DR_No Not at All];Yes & saw DR 

pg1037 
A3h: Frequency partner has taken 
amphetamines or other stimulants in the 
past year 

Quest_Partner no 
substance_hou

sehold 
3yrs11

m 
3-4yrs 3 4 yes Every day;Often;Sometimes];Not at all Not at all];Every day_Often_Sometimes 

pg1039 
A3j: Frequency partner has taken heroin, 
methadone, crack or cocaine in the past 
year 

Quest_Partner no 
substance_hou

sehold 
3yrs11

m 
3-4yrs 3 4 yes Every day;Sometimes];Not at all Not at all];Every day_Sometimes 

k1022 
A2m: Mother had alcohol problem in past 
year 

Quest_Mother no 
substance_hou

sehold 
5yrs1m 4-5yrs 4 5 yes 

Yes, consulted doctor];Yes, did not consult 
doctor;No 

Yes, did not consult doctor_No];Yes, consulted doctor 

k1042 
A3c: Frequency mother had 
cannabis/marijuana in past year 

Quest_Mother no 
substance_hou

sehold 
5yrs1m 4-5yrs 4 5 yes Every day];Often;Sometimes;Not at all;Once Often_Sometimes_Not at all_Once];Every day 

k1050 
A3k: Frequency mother had 
amphetamines in past year 

Quest_Mother no 
substance_hou

sehold 
5yrs1m 4-5yrs 4 5 yes Every day;Often;Sometimes];Not at all;Once Not at all_Once];Every day_Often_Sometimes 

k1053 
A3n: Frequency mother had 
heroin/methadone/cocaine in past year 

Quest_Mother no 
substance_hou

sehold 
5yrs1m 4-5yrs 4 5 yes Every day;Often;Sometimes];Not at all Not at all];Every day_Often_Sometimes 

ph1022 
A2m: Respondent had alcohol problems 
in the past year 

Quest_Partner no 
substance_hou

sehold 
5yrs1m 4-5yrs 4 5 yes 

Yes, consulted a doctor];Yes, did not consult a 
doctor;No 

Yes, did not consult a doctor_No];Yes, consulted a 
doctor 

ph1042 
A3c: Frequency in the past year 
respondent has taken 
cannabis/marihuana 

Quest_Partner no 
substance_hou

sehold 
5yrs1m 4-5yrs 4 5 yes Every day];Often;Sometimes;Not at all Often_Sometimes_Not at all];Every day 

ph1050 
A3k: Frequency in the past year 
respondent has taken 
amphetamines/other stimulants 

Quest_Partner no 
substance_hou

sehold 
5yrs1m 4-5yrs 4 5 yes Every day;Often;Sometimes];Not at all Not at all];Every day_Often_Sometimes 

ph1053 
A3m: Frequency in the past year 
respondent has taken 
heroin/methadone/crack/cocaine 

Quest_Partner no 
substance_hou

sehold 
5yrs1m 4-5yrs 4 5 yes Sometimes];Not at all Not at all];Sometimes 

pj3053 
C3l: Respondent has taken heroin, 
methadone, crack or cocaine since 
child's 5th birthday 

Quest_Partner no 
substance_hou

sehold 
6yrs1m 5-6yrs 5 6 

special_
yes 

Every day;Sometimes];Not at all];Once Not at all];Once_Every day_Sometimes 

l3022 
C2m: Respondent has had/continued to 
have alcohol problem since study child's 
5th birthday 

Quest_Mother no 
substance_hou

sehold 
6yrs1m 5-6yrs 5 6 yes 

Yes & consulted doctor];Yes but did not consult 
doctor;No 

Yes but did not consult doctor_No];Yes & consulted 
doctor 

l3042 
C3c: Frequency respondent has taken 
cannabis/marihuana since study child's 
5th birthday 

Quest_Mother no 
substance_hou

sehold 
6yrs1m 5-6yrs 5 6 yes Every day];Often;Sometimes;Not at all;Once Only Often_Sometimes_Not at all_Once Only];Every day 

l3050 
C3k: Frequency respondent has taken 
amphetamines/other stimulants since 
study child's 5th birthday 

Quest_Mother no 
substance_hou

sehold 
6yrs1m 5-6yrs 5 6 yes Every day;Often;Sometimes];Not at all Not at all];Every day_Often_Sometimes 

l3053 
C3n: Frequency respondent has taken 
heroin, methadone, crack, cocaine since 
study child's 5th birthday 

Quest_Mother no 
substance_hou

sehold 
6yrs1m 5-6yrs 5 6 yes Every day;Often;Sometimes];Not at all Not at all];Every day_Often_Sometimes 

l6032 
F3m: Respondent's partner has had a 
drink (alcohol) problem since study child 
was 5 years old 

Quest_Mother no 
substance_hou

sehold 
6yrs1m 5-6yrs 5 6 yes 

Yes & saw a doctor;Yes, but did not see a 
doctor];No, not at all;Do not know 

No, not at all_Do not know];Yes & saw a doctor_Yes, but 
did not see a doctor 
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pj3022 
C2m: Respondent has suffered from 
alcohol problems since child's 5th 
birthday 

Quest_Partner no 
substance_hou

sehold 
6yrs1m 5-6yrs 5 6 yes 

Yes and consulted a doctor];Yes but did not consult 
a doctor;No 

Yes but did not consult a doctor_No];Yes and consulted 
a doctor 

pj3042 
C3c: Respondent has taken cannabis or 
marihuana since child's 5th birthday 

Quest_Partner no 
substance_hou

sehold 
6yrs1m 5-6yrs 5 6 yes Every day];Often;Sometimes;Not at all Often_Sometimes_Not at all];Every day 

pj3050 
C3j: Respondent has taken 
amphetamines or other stimulants since 
child's 5th birthday 

Quest_Partner no 
substance_hou

sehold 
6yrs1m 5-6yrs 5 6 yes Often;Sometimes];Not at all Not at all];Often_Sometimes 

pj6032 
F3m: Respondent's partner has had 
alcohol problems since study child was 5 

Quest_Partner no 
substance_hou

sehold 
6yrs1m 5-6yrs 5 6 yes 

Yes and saw a doctor];Yes but did not see a 
doctor;No, not at all;Do not know 

Yes but did not see a doctor_No, not at all_Do not 
know];Yes and saw a doctor 

k4022 
D23: Mother’s partner was physically 
cruel to her in past year 

Quest_Mother no 
violence_betw
een_parents 

5yrs1m 4-5yrs 4 5 yes 
Yes, affected a lot;Yes, moderately affected;Yes, 
mildly affected];Yes, did not affect at all;No, did not 
happen 

No, did not happen];Yes, affected a lot_Yes, moderately 
affected_Yes, mildly affected_Yes, did not affect at all 

ph4022 
D23: Respondent's assessment of how 
much their partner being physically cruel 
in the last year has affected them 

Quest_Partner no 
violence_betw
een_parents 

5yrs1m 4-5yrs 4 5 yes 
Yes, affected me a lot;Yes, moderately 
affected;Yes, mildly affected];Yes, but did not affect 
me at all;No, did not happen 

No, did not happen];Yes, affected me a lot_Yes, 
moderately affected_Yes, mildly affected_Yes, but did 
not affect me at all 

l4022 
D23: Respondent's partner was 
physically cruel to them since study 
child's 5th birthday 

Quest_Mother no 
violence_betw
een_parents 

6yrs1m 5-6yrs 5 6 yes 
Yes & affected respondent a lot;Yes, moderately 
affected;Yes, mildly affected];Yes, did not affect 
respondent at all;No, did not happen 

No, did not happen];Yes & affected respondent a 
lot_Yes, moderately affected_Yes, mildly affected_Yes, 
did not affect respondent at all 

pj4022 

D23: Respondent's assessment of how 
much partner being physically cruel 
since study child's 5th birthday has 
affected them 

Quest_Partner no 
violence_betw
een_parents 

6yrs1m 5-6yrs 5 6 yes 
Yes and affected me a lot;Yes and moderately 
affected;Yes, mildly affected];Yes, but did not affect 
me at all;No, did not happen 

No, did not happen];Yes and affected me a lot_Yes and 
moderately affected_Yes, mildly affected_Yes, but did 
not affect me at all 

p2022 
B23: Mother's husband/partner was 
physically cruel to her since the study 
child's 6th birthday 

Quest_Mother yes 
violence_betw
een_parents 

9yrs2m 6-7yrs 6 7 
special_

yes 

Yes, when the study child was 6 or 7];Yes, since 
the study child's 8th birthday];Yes, both when the 
study child was 6/7 and 8+];No, did not happen in 
past 3 years 

No, did not happen in past 3 years_Yes, since the study 
child's 8th birthday];Yes, when the study child was 6 or 
7_Yes, both when the study child was 6/7 and 8+ 

pm2022 
B23: Father's wife/partner was physically 
cruel to him since the study child's 6th 
birthday 

Quest_Partner yes 
violence_betw
een_parents 

9yrs2m 6-7yrs 6 7 
special_

yes 

Yes, when the study child was 6 or 7];Yes, since 
the study child's 8th birthday];Yes, both when the 
study child was 6/7 and 8+];No, did not happen in 
past 3 years 

No, did not happen in past 3 years_Yes, since the study 
child's 8th birthday];Yes, when the study child was 6 or 
7_Yes, both when the study child was 6/7 and 8+ 

j322 PTR PHYS Cruel to MUM> CH 30 MTHs Quest_Mother no 
violence_betw
een_parents 

3yrs11
m 

2.5-4yrs 2.5 4 yes 
Yes but Not Affected;Yes Bit affected;Yes MOD 
Affected;Yes & Affected Lot];No 

No];Yes but Not Affected_Yes Bit affected_Yes MOD 
Affected_Yes & Affected Lot 

pg3022 
C23: Degree to which physical cruelty 
from a partner affected partner since 
child was 2.5 years old 

Quest_Partner no 
violence_betw
een_parents 

3yrs11
m 

2.5-4yrs 2.5 4 yes A lot;Moderately;Mildly];Not at all;Did not happen Did not happen];A lot_Moderately_Mildly_Not at all 
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Table F4. ACE variables in late childhood (7-12 yrs).  
variable 

name 
description datasource 

retros
pectiv
e 

ACE 
time_a
lspac 

time_pe
riod 

time_yr
s_start 

time_yrs
_end 

reverse
_scale 

recode_ACE factor_level_after_recode 

ccc290 A20: Frequency child has been bullied 
Quest_Child 
Completed 

no bullying 97m 8yrs 8 8 yes All the time];Quite a lot;A little bit;Never Quite a lot_A little bit_Never];All the time 

f8fp141 
Bullying OR, Personal belongings stolen 
- Freq: F8 

Clinic_Child no bullying 8.5yrs 8.5yrs 8.5 8.5 no 
1-3 times in the past 6 mths;4+ times last 6 mths but 
<1/wk];At least 1/wk 

FALSE_1-3 times in the past 6 mths_4+ times last 6 mths 
but <1/wk];At least 1/wk 

f8fp151 
Bullying OR, Threatened/blackmailed - 
Freq: F8 

Clinic_Child no bullying 8.5yrs 8.5yrs 8.5 8.5 no 
1-3 times in the past 6 mths;4+ times last 6 mths but 
<1/wk];At least 1/wk 

FALSE_1-3 times in the past 6 mths_4+ times last 6 mths 
but <1/wk];At least 1/wk 

f8fp161 
Bullying OR, Hit/beaten up - Freq: F8 

Clinic_Child no bullying 8.5yrs 8.5yrs 8.5 8.5 no 
1-3 times in the past 6 mths;4+ times last 6 mths but 
<1/wk];At least 1/wk 

FALSE_1-3 times in the past 6 mths_4+ times last 6 mths 
but <1/wk];At least 1/wk 

f8fp341 
Bullying RR, Got to do something didn't 
want to - Freq: F8 

Clinic_Child no bullying 8.5yrs 8.5yrs 8.5 8.5 no 
1-3 times in the past 6 mths;4+ times last 6 mths but 
<1/wk];At least 1/wk 

FALSE_1-3 times in the past 6 mths_4+ times last 6 mths 
but <1/wk];At least 1/wk 

f8fp351 
Bullying RR, Told lies about - Freq: F8 

Clinic_Child no bullying 8.5yrs 8.5yrs 8.5 8.5 no 
1-3 times in the past 6 mths;4+ times last 6 mths but 
<1/wk];At least 1/wk 

FALSE_1-3 times in the past 6 mths_4+ times last 6 mths 
but <1/wk];At least 1/wk 

fdfp141 
Bullying OR, Personal belongings stolen 
- Freq: F10 

Clinic_Child no bullying 10+yrs 10yrs 10 10 
special_

no 
1-3 times in the past 6 mths;Freq, 4+ times last 6 mths 
but <1/wk];Very freq, at least 1/wk];Ch said DK 

FALSE_Ch said DK_1-3 times in the past 6 mths_Freq, 4+ 
times last 6 mths but <1/wk];Very freq, at least 1/wk 

fdfp151 
Bullying OR, Threatened/blackmailed - 
Freq: F10 

Clinic_Child no bullying 10+yrs 10yrs 10 10 
special_

no 
1-3 times in the past 6 mths;Freq, 4+ times last 6 mths 
but <1/wk];Very freq, at least 1/wk];Ch said DK 

FALSE_Ch said DK_1-3 times in the past 6 mths_Freq, 4+ 
times last 6 mths but <1/wk];Very freq, at least 1/wk 

fdfp161 
Bullying OR, Hit/beaten up - Freq: F10 

Clinic_Child no bullying 10+yrs 10yrs 10 10 
special_

no 
1-3 times in the past 6 mths;Freq, 4+ times last 6 mths 
but <1/wk];Very freq, at least 1/wk];Ch said DK 

FALSE_Ch said DK_1-3 times in the past 6 mths_Freq, 4+ 
times last 6 mths but <1/wk];Very freq, at least 1/wk 

fdfp341 
Bullying RR, Got to do something didn't 
want to - Freq: F10 

Clinic_Child no bullying 10+yrs 10yrs 10 10 
special_

no 
1-3 times in the past 6 mths;Freq, 4+ times last 6 mths 
but <1/wk];Very freq, at least 1/wk];Ch said DK 

FALSE_Ch said DK_1-3 times in the past 6 mths_Freq, 4+ 
times last 6 mths but <1/wk];Very freq, at least 1/wk 

fdfp351 
Bullying RR, Told lies about - Freq: F10 

Clinic_Child no bullying 10+yrs 10yrs 10 10 
special_

no 
1-3 times in the past 6 mths;Freq, 4+ times last 6 mths 
but <1/wk];Very freq, at least 1/wk];Ch said DK 

FALSE_Ch said DK_1-3 times in the past 6 mths_Freq, 4+ 
times last 6 mths but <1/wk];Very freq, at least 1/wk 

p2037 
B38: Mother's husband/partner was 
emotionally cruel to her children since 
the study child's 6th birthday 

Quest_Mother no 
emotional_ab

use 
9yrs2m 8-9yrs 8 9 

special_
no 

Yes, when the study child was 6 or 7];Yes, since the 
study child's 8th birthday;Yes, both when the study 
child was 6/7 and 8+];No, did not happen in past 3 
years 

No, did not happen in past 3 years_Yes, when the study 
child was 6 or 7];Yes, since the study child's 8th 
birthday_Yes, both when the study child was 6/7 and 8+ 

p2038 
B39: Mother was emotionally cruel to her 
children since the study child's 6th 
birthday 

Quest_Mother no 
emotional_ab

use 
9yrs2m 8-9yrs 8 9 

special_
no 

Yes, when the study child was 6 or 7];Yes, since the 
study child's 8th birthday;Yes, both when the study 
child was 6/7 and 8+];No, did not happen in past 3 
years 

No, did not happen in past 3 years_Yes, when the study 
child was 6 or 7];Yes, since the study child's 8th 
birthday_Yes, both when the study child was 6/7 and 8+ 

pm2037 
B38: Father's wife/partner was 
emotionally cruel to his children since the 
study child's 6th birthday 

Quest_Partner no 
emotional_ab

use 
9yrs2m 8-9yrs 8 9 

special_
no 

Yes, when the study child was 6 or 7];Yes, since the 
study child's 8th birthday;Yes, both when the study 
child was 6/7 and 8+];No, did not happen in past 3 
years 

No, did not happen in past 3 years_Yes, when the study 
child was 6 or 7];Yes, since the study child's 8th 
birthday_Yes, both when the study child was 6/7 and 8+ 

pm2038 
B39: Father was emotionally cruel to his 
children since the study child's 6th 
birthday 

Quest_Partner no 
emotional_ab

use 
9yrs2m 8-9yrs 8 9 

special_
no 

Yes, when the study child was 6 or 7];Yes, since the 
study child's 8th birthday;Yes, both when the study 
child was 6/7 and 8+];No, did not happen in past 3 
years 

No, did not happen in past 3 years_Yes, when the study 
child was 6 or 7];Yes, since the study child's 8th 
birthday_Yes, both when the study child was 6/7 and 8+ 

pp5037 
F38: Respondent's wife/partner has been 
emotionally cruel to their children since 
the study child's 9th birthday 

Quest_Partner yes 
emotional_ab

use 
11yrs2

m 
9-10yrs 9 10 

special_
yes 

Yes, when the study child was 9 or 10];Yes, since the 
child's 11th birthday];Yes, both when the study child 
was 9/10 and 11+];No, did not happen in this period 

No, did not happen in this period_Yes, since the child's 11th 
birthday];Yes, when the study child was 9 or 10_Yes, both 
when the study child was 9/10 and 11+ 

pp5038 
F39: Respondent has been emotionally 
cruel to their children since the study 
child's 9th birthday 

Quest_Partner yes 
emotional_ab

use 
11yrs2

m 
9-10yrs 9 10 

special_
yes 

Yes, when the study child was 9 or 10];Yes, since the 
child's 11th birthday];Yes, both when the study child 
was 9/10 and 11+];No, did not happen in this period 

No, did not happen in this period_Yes, since the child's 11th 
birthday];Yes, when the study child was 9 or 10_Yes, both 
when the study child was 9/10 and 11+ 

r5037 
F38: Respondent's husband/partner has 
been emotionally cruel to their children 
since study child's 9th birthday 

Quest_Mother yes 
emotional_ab

use 
11yrs2

m 
9-10yrs 9 10 

special_
yes 

Yes, when study child was 9 or 10];Yes, since child's 
11th birthday];Yes, both when the study child was 
10/11 & 11+];No, did not happen in this period 

No, did not happen in this period_Yes, since child's 11th 
birthday];Yes, when study child was 9 or 10_Yes, both 
when the study child was 10/11 & 11+ 

r5038 
F39: Respondent has been emotionally 
cruel to their children since study child's 
9th birthday 

Quest_Mother yes 
emotional_ab

use 
11yrs2

m 
9-10yrs 9 10 

special_
yes 

Yes, when study child was 9 or 10];Yes, since child's 
11th birthday];Yes, both when the study child was 
10/11 & 11+];No, did not happen in this period 

No, did not happen in this period_Yes, since child's 11th 
birthday];Yes, when study child was 9 or 10_Yes, both 
when the study child was 10/11 & 11+ 

pp5037 
F38: Respondent's wife/partner has been 
emotionally cruel to their children since 
the study child's 9th birthday 

Quest_Partner no 
emotional_ab

use 
11yrs2

m 
11yrs 11 11 

special_
no 

Yes, when the study child was 9 or 10];Yes, since the 
child's 11th birthday;Yes, both when the study child 
was 9/10 and 11+];No, did not happen in this period 

No, did not happen in this period_Yes, when the study child 
was 9 or 10];Yes, since the child's 11th birthday_Yes, both 
when the study child was 9/10 and 11+ 

pp5038 
F39: Respondent has been emotionally 
cruel to their children since the study 
child's 9th birthday 

Quest_Partner no 
emotional_ab

use 
11yrs2

m 
11yrs 11 11 

special_
no 

Yes, when the study child was 9 or 10];Yes, since the 
child's 11th birthday;Yes, both when the study child 
was 9/10 and 11+];No, did not happen in this period 

No, did not happen in this period_Yes, when the study child 
was 9 or 10];Yes, since the child's 11th birthday_Yes, both 
when the study child was 9/10 and 11+ 

r5037 
F38: Respondent's husband/partner has 
been emotionally cruel to their children 
since study child's 9th birthday 

Quest_Mother no 
emotional_ab

use 
11yrs2

m 
11yrs 11 11 

special_
no 

Yes, when study child was 9 or 10];Yes, since child's 
11th birthday;Yes, both when the study child was 
10/11 & 11+];No, did not happen in this period 

No, did not happen in this period_Yes, when study child 
was 9 or 10];Yes, since child's 11th birthday_Yes, both 
when the study child was 10/11 & 11+ 
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r5038 
F39: Respondent has been emotionally 
cruel to their children since study child's 
9th birthday 

Quest_Mother no 
emotional_ab

use 
11yrs2

m 
11yrs 11 11 

special_
no 

Yes, when study child was 9 or 10];Yes, since child's 
11th birthday;Yes, both when the study child was 
10/11 & 11+];No, did not happen in this period 

No, did not happen in this period_Yes, when study child 
was 9 or 10];Yes, both when the study child was 10/11 & 
11+_Yes, since child's 11th birthday 

ccc250 
A16: Frequency child feels left out of 
things 

Quest_Child 
Completed 

no 
emotional_ne

glect 
97m 8yrs 8 8 no Never;Sometimes;Often];Always Never_Sometimes_Often];Always 

ccf104 
A5: Study child is understood by 
parent(s) 

Quest_Child 
Completed 

no 
emotional_ne

glect 
116m 9.5yrs 9.5 9.5 yes Not true];Mostly untrue;Partly true;Mostly true;True Mostly untrue_Partly true_Mostly true_True];Not true 

p1054 
A3e: Frequency mother has taken pills 
for depression in last 2 years 

Quest_Mother no 
mental_healt
h_problems_

or_suicide 
9yrs2m 7-9yrs 7 9 yes Every day;Often;Sometimes];Not at all Not at all];Every day_Often_Sometimes 

p3031 
C3l: Husband/partner has had 
schizophrenia, in last 2 years 

Quest_Mother no 
mental_healt
h_problems_

or_suicide 
9yrs2m 7-9yrs 7 9 yes 

Yes, saw doctor;Yes, did not see doctor];No;Do not 
know 

No_Do not know];Yes, saw doctor_Yes, did not see doctor 

pm1054 
A3e: Frequency father has taken pills for 
depression in last 2 years 

Quest_Partner no 
mental_healt
h_problems_

or_suicide 
9yrs2m 7-9yrs 7 9 yes Every day;Often;Sometimes];Not at all Not at all];Every day_Often_Sometimes 

pm3031 
C3l: Wife/partner has had schizophrenia, 
in last 2 years 

Quest_Partner no 
mental_healt
h_problems_

or_suicide 
9yrs2m 7-9yrs 7 9 yes 

Yes, saw doctor;Yes, did not see doctor];No;Do not 
know 

No_Do not know];Yes, saw doctor_Yes, did not see doctor 

n1042 A3c: Mother has ever had bulimia Quest_Mother no 
mental_healt
h_problems_

or_suicide 
8yrs1m 8yrs 8 8 yes Yes, recently];Yes, in past;No No_Yes, in past];Yes, recently 

n1059 A3t: Mother has ever had schizophrenia Quest_Mother no 
mental_healt
h_problems_

or_suicide 
8yrs1m 8yrs 8 8 yes Yes, recently;Yes, in past];No No_Yes, in past];Yes, recently 

n1060 
A3u: Mother has ever had anorexia 
nervosa 

Quest_Mother no 
mental_healt
h_problems_

or_suicide 
8yrs1m 8yrs 8 8 yes Yes, recently];Yes, in past;No No_Yes, in past];Yes, recently 

pl1042 A3c: Respondent has ever had bulimia Quest_Partner no 
mental_healt
h_problems_

or_suicide 
8yrs1m 8yrs 8 8 yes Yes, recently];Yes, in past not now;No, never No, never_Yes, in past not now];Yes, recently 

p2028 
B29: Mother attempted suicide since the 
study child's 6th birthday 

Quest_Mother no 
mental_healt
h_problems_

or_suicide 
9yrs2m 8-9yrs 8 9 

special_
no 

Yes, when the study child was 6 or 7];Yes, since the 
study child's 8th birthday;Yes, both when the study 
child was 6/7 and 8+];No, did not happen in past 3 
years 

No, did not happen in past 3 years_Yes, when the study 
child was 6 or 7];Yes, since the study child's 8th 
birthday_Yes, both when the study child was 6/7 and 8+ 

pm2028 
B29: Father attempted suicide since the 
study child's 6th birthday 

Quest_Partner no 
mental_healt
h_problems_

or_suicide 
9yrs2m 8-9yrs 8 9 

special_
no 

Yes, when the study child was 6 or 7];Yes, since the 
study child's 8th birthday];No, did not happen in past 3 
years 

No, did not happen in past 3 years_Yes, when the study 
child was 6 or 7];Yes, since the study child's 8th birthday 

pn4100 
B1k: Respondent has taken medicines 
for depression in the past 12 months 

Quest_Partner no 
mental_healt
h_problems_

or_suicide 

10yrs2
m 

9-10yrs 9 10 no Yes FALSE];Yes 

pn4110 
B1l: Respondent has taken medicines for 
anxiety/nerves in the past 12 months 

Quest_Partner no 
mental_healt
h_problems_

or_suicide 

10yrs2
m 

9-10yrs 9 10 no Yes FALSE];Yes 

q4100 
D1k: Mother used medicine in last 12 
months for depression 

Quest_Mother no 
mental_healt
h_problems_

or_suicide 

10yrs2
m 

9-10yrs 9 10 no Yes FALSE];Yes 

q4110 
D1l: Mother used medicine in last 12 
months for anxiety/nerves 

Quest_Mother no 
mental_healt
h_problems_

or_suicide 

10yrs2
m 

9-10yrs 9 10 no Yes FALSE];Yes 

r5028 
F29: Respondent attempted suicide 
since the study child's 9th birthday 

Quest_Mother yes 
mental_healt
h_problems_

or_suicide 

11yrs2
m 

9-10yrs 9 10 
special_

yes 

Yes, when study child was 9 or 10];Yes, since child's 
11th birthday];Yes, both when the study child was 
10/11 & 11+];No, did not happen in this period 

No, did not happen in this period_Yes, since child's 11th 
birthday];Yes, when study child was 9 or 10_Yes, both 
when the study child was 10/11 & 11+ 

pp5028 
F29: Respondent attempted suicide 
since the study child's 9th birthday 

Quest_Partner yes 
mental_healt
h_problems_

or_suicide 

11yrs2
m 

9-10yrs 9 10 yes 
Yes, when the study child was 9 or 10];Yes, since the 
child's 11th birthday;No, did not happen in this period 

Yes, since the child's 11th birthday_No, did not happen in 
this period];Yes, when the study child was 9 or 10 

pp5028 
F29: Respondent attempted suicide 
since the study child's 9th birthday 

Quest_Partner no 
mental_healt
h_problems_

or_suicide 

11yrs2
m 

11yrs 11 11 
special_

no 
Yes, when the study child was 9 or 10];Yes, since the 
child's 11th birthday];No, did not happen in this period 

No, did not happen in this period_Yes, when the study child 
was 9 or 10];Yes, since the child's 11th birthday_Yes, both 
when the study child was 9/10 and 11+ 

r5028 
F29: Respondent attempted suicide 
since the study child's 9th birthday 

Quest_Mother no 
mental_healt
h_problems_

or_suicide 

11yrs2
m 

11yrs 11 11 
special_

no 

Yes, when study child was 9 or 10];Yes, since child's 
11th birthday;Yes, both when the study child was 
10/11 & 11+];No, did not happen in this period 

No, did not happen in this period_Yes, when study child 
was 9 or 10];Yes, since child's 11th birthday_Yes, both 
when the study child was 10/11 & 11+ 

pq1020 
A2k: Partner has had schizophrenia in 
the last two years 

Quest_Partner no 
mental_healt
h_problems_

or_suicide 

12yrs1
m 

10-12yrs 10 12 yes Yes and consulted doctor];No No];Yes and consulted doctor 
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pq3031 
C3l: Partner's partner had schizophrenia 
in the last 2 years 

Quest_Partner no 
mental_healt
h_problems_

or_suicide 

12yrs1
m 

10-12yrs 10 12 yes No, not at all;Do not know No, not at all_Do not know 

s1020 
A2k: Mother has had schizophrenia in 
last 2 years 

Quest_Mother no 
mental_healt
h_problems_

or_suicide 

12yrs1
m 

10-12yrs 10 12 yes Yes, consulted doctor;Yes, did not consult doctor];No No];Yes, consulted doctor_Yes, did not consult doctor 

s3031 
C3l: Mother's partner has had 
schizophrenia since study child's 10th 
birthday 

Quest_Mother no 
mental_healt
h_problems_

or_suicide 

12yrs1
m 

10-12yrs 10 12 yes 
Yes, saw a doctor;Yes, did not see doctor];No;Do not 
know 

No_Do not know];Yes, saw a doctor_Yes, did not see 
doctor 

pp2002 B1c: Respondent has ever had bulimia Quest_Partner no 
mental_healt
h_problems_

or_suicide 

11yrs2
m 

11yrs 11 11 yes 
Yes, had it recently];Yes, in past, not recently;No, 
never 

No, never_Yes, in past, not recently];Yes, had it recently 

pp2019 
B1s: Respondent has ever had 
schizophrenia 

Quest_Partner no 
mental_healt
h_problems_

or_suicide 

11yrs2
m 

11yrs 11 11 yes 
Yes, had it recently;Yes, in past, not recently];No, 
never 

No, never_Yes, in past, not recently];Yes, had it recently 

pp2020 
B1t: Respondent has ever had anorexia 
nervosa 

Quest_Partner no 
mental_healt
h_problems_

or_suicide 

11yrs2
m 

11yrs 11 11 yes 
Yes, had it recently];Yes, in past, not recently;No, 
never 

No, never_Yes, in past, not recently];Yes, had it recently 

r2002 B1c: Respondent has ever had bulimia Quest_Mother no 
mental_healt
h_problems_

or_suicide 

11yrs2
m 

11yrs 11 11 yes 
Yes, had it recently(in past year)];Yes, in past, not 
recently;No, never 

No, never_Yes, in past, not recently];Yes, had it recently(in 
past year) 

r2019 
B1t: Respondent has ever had 
schizophrenia 

Quest_Mother no 
mental_healt
h_problems_

or_suicide 

11yrs2
m 

11yrs 11 11 yes 
Yes, had it recently(in past year);Yes, in past, not 
recently];No, never 

No, never_Yes, in past, not recently];Yes, had it recently(in 
past year) 

r2020 
B1u: Respondent has ever had anorexia 
nervosa 

Quest_Mother no 
mental_healt
h_problems_

or_suicide 

11yrs2
m 

11yrs 11 11 yes 
Yes, had it recently(in past year)];Yes, in past, not 
recently;No, never 

No, never_Yes, in past, not recently];Yes, had it recently(in 
past year) 

pq4100 
D1k: Partner has used medicine for 
depression in the last 12 months 

Quest_Partner no 
mental_healt
h_problems_

or_suicide 

12yrs1
m 

11-12yrs 11 12 no Yes FALSE];Yes 

pq4110 
D1l: Partner has used medicine for 
anxiety or nerves in the last 12 months 

Quest_Partner no 
mental_healt
h_problems_

or_suicide 

12yrs1
m 

11-12yrs 11 12 no Yes FALSE];Yes 

s4100 
D1k: Mother has taken medication for 
depression in the past 12 months 

Quest_Mother no 
mental_healt
h_problems_

or_suicide 

12yrs1
m 

11-12yrs 11 12 no Yes FALSE];Yes 

s4110 
D1l: Mother has taken medication for 
anxiety or nerves in the past 12 months 

Quest_Mother no 
mental_healt
h_problems_

or_suicide 

12yrs1
m 

11-12yrs 11 12 no Yes FALSE];Yes 

pm1020 
A2k: Father has had schizophrenia in 
last 3 years 

Quest_Partner no 
mental_healt
h_problems_

or_suicide 
9yrs2m 6-9yrs 6 9 no No No 

p1020 
A2k: Mother has had schizophrenia in 
last 3 years 

Quest_Mother no 
mental_healt
h_problems_

or_suicide 
9yrs2m 6-9yrs 6 9 yes Yes, consulted doctor;Yes, did not consult doctor];No No];Yes, consulted doctor_Yes, did not consult doctor 

n8377 
J20h: Mother feels very close to study 
child 

Quest_Mother no 
parent_child_

bond 
8yrs1m 8yrs 8 8 

special_
no 

Yes];No];Sometimes / occasionally Sometimes / occasionally_Yes];No 

n8387 J21h: Partner is very close to study child Quest_Mother no 
parent_child_

bond 
8yrs1m 8yrs 8 8 

special_
no 

Yes];No];Sometimes / occasionally Sometimes / occasionally_Yes];No 

p3054 
C4e: Mother feels father/partner seems 
to feel very close to the study child 

Quest_Mother no 
parent_child_

bond 
9yrs2m 9yrs 9 9 no Yes, always feel;Yes, sometimes feel];No, never feel Yes, always feel_Yes, sometimes feel];No, never feel 

pm3054 
C4e: Father feels wife/partner seems to 
feel very close to the study child 

Quest_Partner no 
parent_child_

bond 
9yrs2m 9yrs 9 9 no Yes, always feel;Yes, sometimes feel];No, never feel Yes, always feel_Yes, sometimes feel];No, never feel 

pq3054 
C4e: Partner's partner seems to feel very 
close to study child 

Quest_Partner no 
parent_child_

bond 
12yrs1

m 
12yrs 12 12 no 

Partner always feels this way;Partner sometimes feels 
this way];Partner never feels this way 

Partner always feels this way_Partner sometimes feels this 
way];Partner never feels this way 

s3054 
C4e: Mother's partner seems very close 
to study child 

Quest_Mother no 
parent_child_

bond 
12yrs1

m 
12yrs 12 12 no 

Always feels this;Sometimes feels this];Never feels 
this 

Always feels this_Sometimes feels this];Never feels this 

p2029 
B30: Mother was convicted of an offence 
since the study child's 6th birthday 

Quest_Mother no 
parent_convi
cted_offence 

9yrs2m 8-9yrs 8 9 
special_

no 

Yes, when the study child was 6 or 7];Yes, since the 
study child's 8th birthday];No, did not happen in past 3 
years 

No, did not happen in past 3 years_Yes, when the study 
child was 6 or 7];Yes, since the study child's 8th birthday 

pm2029 
B30: Father was convicted of an offence 
since the study child's 6th birthday 

Quest_Partner no 
parent_convi
cted_offence 

9yrs2m 8-9yrs 8 9 
special_

no 

Yes, when the study child was 6 or 7];Yes, since the 
study child's 8th birthday];No, did not happen in past 3 
years 

No, did not happen in past 3 years_Yes, when the study 
child was 6 or 7];Yes, since the study child's 8th birthday 
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pp5029 
F30: Respondent has been convicted of 
an offence since the study child's 9th 
birthday 

Quest_Partner yes 
parent_convi
cted_offence 

11yrs2
m 

9-10yrs 9 10 yes 
Yes, when the study child was 9 or 10];Yes, since the 
child's 11th birthday;No, did not happen in this period 

No, did not happen in this period_Yes, since the child's 11th 
birthday];Yes, when the study child was 9 or 10_Yes, both 
when the study child was 9/10 and 11+ 

r5029 
F30: Respondent was convicted of an 
offence since study child's 9th birthday 

Quest_Mother yes 
parent_convi
cted_offence 

11yrs2
m 

9-10yrs 9 10 yes 
Yes, when study child was 9 or 10];Yes, since child's 
11th birthday;No, did not happen in this period 

No, did not happen in this period_Yes, since child's 11th 
birthday];Yes, when study child was 9 or 10 

pp5029 
F30: Respondent has been convicted of 
an offence since the study child's 9th 
birthday 

Quest_Partner no 
parent_convi
cted_offence 

11yrs2
m 

11yrs 11 11 
special_

no 
Yes, when the study child was 9 or 10];Yes, since the 
child's 11th birthday];No, did not happen in this period 

No, did not happen in this period_Yes, when the study child 
was 9 or 10];Yes, since the child's 11th birthday_Yes, both 
when the study child was 9/10 and 11+ 

r5029 
F30: Respondent was convicted of an 
offence since study child's 9th birthday 

Quest_Mother no 
parent_convi
cted_offence 

11yrs2
m 

11yrs 11 11 
special_

no 
Yes, when study child was 9 or 10];Yes, since child's 
11th birthday];No, did not happen in this period 

No, did not happen in this period_Yes, when study child 
was 9 or 10];Yes, since child's 11th birthday 

pq5014 
E2c: Partner has been convicted of an 
offence other than speeding in the last 
year 

Quest_Partner no 
parent_convi
cted_offence 

12yrs1
m 

11-12yrs 11 12 yes Yes];No No_FALSE];Yes 

s5014 
E2c: Mother was convicted of an offence 
in the last year 

Quest_Mother no 
parent_convi
cted_offence 

12yrs1
m 

11-12yrs 11 12 yes Yes];No No_FALSE];Yes 

p2008 
B9: Mother was divorced since the study 
child's 6th birthday 

Quest_Mother no 
parental_sep

aration 
9yrs2m 8-9yrs 8 9 

special_
no 

Yes, when the study child was 6 or 7];Yes, since the 
study child's 8th birthday;Yes, both when the study 
child was 6/7 and 8+];No, did not happen in past 3 
years 

No, did not happen in past 3 years_Yes, when the study 
child was 6 or 7];Yes, since the study child's 8th 
birthday_Yes, both when the study child was 6/7 and 8+ 

p2017 
B18: Mother and husband/partner 
separated since the study child's 6th 
birthday 

Quest_Mother no 
parental_sep

aration 
9yrs2m 8-9yrs 8 9 

special_
no 

Yes, when the study child was 6 or 7];Yes, since the 
study child's 8th birthday;Yes, both when the study 
child was 6/7 and 8+];No, did not happen in past 3 
years 

No, did not happen in past 3 years_Yes, when the study 
child was 6 or 7];Yes, since the study child's 8th 
birthday_Yes, both when the study child was 6/7 and 8+ 

pm2008 
B9: Father was divorced since the study 
child's 6th birthday 

Quest_Partner no 
parental_sep

aration 
9yrs2m 8-9yrs 8 9 

special_
no 

Yes, when the study child was 6 or 7];Yes, since the 
study child's 8th birthday;Yes, both when the study 
child was 6/7 and 8+];No, did not happen in past 3 
years 

No, did not happen in past 3 years_Yes, when the study 
child was 6 or 7];Yes, since the study child's 8th 
birthday_Yes, both when the study child was 6/7 and 8+ 

pm2017 
B18: Father and wife/partner separated 
since the study child's 6th birthday 

Quest_Partner no 
parental_sep

aration 
9yrs2m 8-9yrs 8 9 

special_
no 

Yes, when the study child was 6 or 7];Yes, since the 
study child's 8th birthday;Yes, both when the study 
child was 6/7 and 8+];No, did not happen in past 3 
years 

No, did not happen in past 3 years_Yes, when the study 
child was 6 or 7];Yes, since the study child's 8th 
birthday_Yes, both when the study child was 6/7 and 8+ 

pp5008 
F9:  Respondent has divorced since the 
study child's 9th birthday 

Quest_Partner yes 
parental_sep

aration 
11yrs2

m 
9-10yrs 9 10 

special_
yes 

Yes, when the study child was 9 or 10];Yes, since the 
child's 11th birthday];Yes, both when the study child 
was 9/10 and 11+];No, did not happen in this period 

No, did not happen in this period_Yes, since the child's 11th 
birthday];Yes, when the study child was 9 or 10_Yes, both 
when the study child was 9/10 and 11+ 

pp5015 
F16: Respondent's wife/partner went 
away since the study child's 9th birthday 

Quest_Partner yes 
parental_sep

aration 
11yrs2

m 
9-10yrs 9 10 

special_
yes 

Yes, when the study child was 9 or 10];Yes, since the 
child's 11th birthday];Yes, both when the study child 
was 9/10 and 11+];No, did not happen in this period 

No, did not happen in this period_Yes, since the child's 11th 
birthday];Yes, when the study child was 9 or 10_Yes, both 
when the study child was 9/10 and 11+ 

pp5017 
F18: Respondent has separated from 
wife/partner since the study child's 9th 
birthday 

Quest_Partner yes 
parental_sep

aration 
11yrs2

m 
9-10yrs 9 10 

special_
yes 

Yes, when the study child was 9 or 10];Yes, since the 
child's 11th birthday];Yes, both when the study child 
was 9/10 and 11+];No, did not happen in this period 

No, did not happen in this period_Yes, since the child's 11th 
birthday];Yes, when the study child was 9 or 10_Yes, both 
when the study child was 9/10 and 11+ 

r5008 
F9: Respondent has been divorced since 
child's 9th birthday 

Quest_Mother yes 
parental_sep

aration 
11yrs2

m 
9-10yrs 9 10 

special_
yes 

Yes, when study child was 9 or 10];Yes, since child's 
11th birthday];Yes, both when the study child was 
10/11 & 11+];No, did not happen in this period 

No, did not happen in this period_Yes, since the child's 11th 
birthday];Yes, when the study child was 9 or 10_Yes, both 
when the study child was 9/10 and 11+ 

r5017 
F18: Respondent separated from 
husband/partner since the study child's 
9th birthday 

Quest_Mother yes 
parental_sep

aration 
11yrs2

m 
9-10yrs 9 10 

special_
yes 

Yes, when study child was 9 or 10];Yes, since child's 
11th birthday];Yes, both when the study child was 
10/11 & 11+];No, did not happen in this period 

No, did not happen in this period_Yes, since the child's 11th 
birthday];Yes, when the study child was 9 or 10_Yes, both 
when the study child was 9/10 and 11+ 

pq3003 
C1d: Partner's current partner is the 
same as on the study child's 9th birthday 

Quest_Partner no 
parental_sep

aration 
12yrs1

m 
9-12yrs 9 12 no Yes the same];No, a new partner;Don't remember Yes the same];No, a new partner_Don't remember 

s3003 
C1d: Mother's current partner is the 
same as on study child's 9th birthday 

Quest_Mother no 
parental_sep

aration 
12yrs1

m 
9-12yrs 9 12 no Yes];No;Don't remember Yes];No_Don't remember 

pp5008 
F9:  Respondent has divorced since the 
study child's 9th birthday 

Quest_Partner no 
parental_sep

aration 
11yrs2

m 
11yrs 11 11 

special_
no 

Yes, when the study child was 9 or 10];Yes, since the 
child's 11th birthday;Yes, both when the study child 
was 9/10 and 11+];No, did not happen in this period 

No, did not happen in this period_Yes, when the study child 
was 9 or 10];Yes, since the child's 11th birthday_Yes, both 
when the study child was 9/10 and 11+ 

pp5015 
F16: Respondent's wife/partner went 
away since the study child's 9th birthday 

Quest_Partner no 
parental_sep

aration 
11yrs2

m 
11yrs 11 11 

special_
no 

Yes, when the study child was 9 or 10];Yes, since the 
child's 11th birthday;Yes, both when the study child 
was 9/10 and 11+];No, did not happen in this period 

No, did not happen in this period_Yes, when the study child 
was 9 or 10];Yes, since the child's 11th birthday_Yes, both 
when the study child was 9/10 and 11+ 

pp5017 
F18: Respondent has separated from 
wife/partner since the study child's 9th 
birthday 

Quest_Partner no 
parental_sep

aration 
11yrs2

m 
11yrs 11 11 

special_
no 

Yes, when the study child was 9 or 10];Yes, since the 
child's 11th birthday;Yes, both when the study child 
was 9/10 and 11+];No, did not happen in this period 

No, did not happen in this period_Yes, when the study child 
was 9 or 10];Yes, since the child's 11th birthday_Yes, both 
when the study child was 9/10 and 11+ 

r5008 
F9: Respondent has been divorced since 
child's 9th birthday 

Quest_Mother no 
parental_sep

aration 
11yrs2

m 
11yrs 11 11 

special_
no 

Yes, when study child was 9 or 10];Yes, since child's 
11th birthday;Yes, both when the study child was 
10/11 & 11+];No, did not happen in this period 

No, did not happen in this period_Yes, when study child 
was 9 or 10];Yes, since child's 11th birthday_Yes, both 
when the study child was 10/11 & 11+ 

r5017 
F18: Respondent separated from 
husband/partner since the study child's 
9th birthday 

Quest_Mother no 
parental_sep

aration 
11yrs2

m 
11yrs 11 11 

special_
no 

Yes, when study child was 9 or 10];Yes, since child's 
11th birthday;Yes, both when the study child was 
10/11 & 11+];No, did not happen in this period 

No, did not happen in this period_Yes, when study child 
was 9 or 10];Yes, since child's 11th birthday_Yes, both 
when the study child was 10/11 & 11+ 
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p3003 
C1d: Same partner/husband as mother 
had when study child had 6th birthday 

Quest_Mother no 
parental_sep

aration 
9yrs2m 6-9yrs 6 9 no Yes];No;Don't remember Yes];No_Don't remember 

pm3003 
C1d: Same partner/wife as father had 
when study child had 6th birthday 

Quest_Partner no 
parental_sep

aration 
9yrs2m 6-9yrs 6 9 no Yes];No;Don't remember FALSE_Yes];No_Don't remember 

p2026 
B27: Mother's husband/partner was 
physically cruel to her children since the 
study child's 6th birthday 

Quest_Mother no 
physical_abu

se 
9yrs2m 8-9yrs 8 9 

special_
no 

Yes, when the study child was 6 or 7];Yes, since the 
study child's 8th birthday;Yes, both when the study 
child was 6/7 and 8+];No, did not happen in past 3 
years 

No, did not happen in past 3 years_Yes, when the study 
child was 6 or 7];Yes, since the study child's 8th 
birthday_Yes, both when the study child was 6/7 and 8+ 

p2027 
B28: Mother was physically cruel to her 
children since the study child's 6th 
birthday 

Quest_Mother no 
physical_abu

se 
9yrs2m 8-9yrs 8 9 

special_
no 

Yes, when the study child was 6 or 7];Yes, since the 
study child's 8th birthday;Yes, both when the study 
child was 6/7 and 8+];No, did not happen in past 3 
years 

No, did not happen in past 3 years_Yes, when the study 
child was 6 or 7];Yes, since the study child's 8th 
birthday_Yes, both when the study child was 6/7 and 8+ 

pm2026 
B27: Father's wife/partner was physically 
cruel to his children since the study 
child's 6th birthday 

Quest_Partner no 
physical_abu

se 
9yrs2m 8-9yrs 8 9 yes 

Yes, since the study child's 8th birthday;Yes, both 
when the study child was 6/7 and 8+];No, did not 
happen in past 3 years 

No, did not happen in past 3 years];Yes, since the study 
child's 8th birthday_Yes, both when the study child was 6/7 
and 8+ 

pm2027 
B28: Father was physically cruel to his 
children since the study child's 6th 
birthday 

Quest_Partner no 
physical_abu

se 
9yrs2m 8-9yrs 8 9 yes 

Yes, since the study child's 8th birthday;Yes, both 
when the study child was 6/7 and 8+];No, did not 
happen in past 3 years 

No, did not happen in past 3 years];Yes, since the study 
child's 8th birthday_Yes, both when the study child was 6/7 
and 8+ 

pp5026 
F27: Respondent's wife/partner was 
physically cruel to their children since the 
study child's 9th birthday 

Quest_Partner yes 
physical_abu

se 
11yrs2

m 
9-10yrs 9 10 

special_
yes 

Yes, when the study child was 9 or 10];Yes, since the 
child's 11th birthday];Yes, both when the study child 
was 9/10 and 11+];No, did not happen in this period 

No, did not happen in this period_Yes, since the child's 11th 
birthday];Yes, when the study child was 9 or 10_Yes, both 
when the study child was 9/10 and 11+ 

pp5027 
F28: Respondent was physically cruel to 
their children since the study child's 9th 
birthday 

Quest_Partner yes 
physical_abu

se 
11yrs2

m 
9-10yrs 9 10 

special_
yes 

Yes, when the study child was 9 or 10];Yes, since the 
child's 11th birthday];Yes, both when the study child 
was 9/10 and 11+];No, did not happen in this period 

No, did not happen in this period_Yes, since the child's 11th 
birthday];Yes, when the study child was 9 or 10_Yes, both 
when the study child was 9/10 and 11+ 

r5026 
F27: Respondent's husband/partner was 
physically cruel to their children since 
study child's 9th birthday 

Quest_Mother yes 
physical_abu

se 
11yrs2

m 
9-10yrs 9 10 

special_
yes 

Yes, when study child was 9 or 10];Yes, since child's 
11th birthday];Yes, both when the study child was 
10/11 & 11+];No, did not happen in this period 

No, did not happen in this period_Yes, since the child's 11th 
birthday];Yes, when the study child was 9 or 10_Yes, both 
when the study child was 9/10 and 11+ 

r5027 
F28: Respondent was physically cruel to 
their children since the study child's 9th 
birthday 

Quest_Mother yes 
physical_abu

se 
11yrs2

m 
9-10yrs 9 10 

special_
yes 

Yes, when study child was 9 or 10];Yes, since child's 
11th birthday];Yes, both when the study child was 
10/11 & 11+];No, did not happen in this period 

No, did not happen in this period_Yes, since the child's 11th 
birthday];Yes, when the study child was 9 or 10_Yes, both 
when the study child was 9/10 and 11+ 

pp5026 
F27: Respondent's wife/partner was 
physically cruel to their children since the 
study child's 9th birthday 

Quest_Partner no 
physical_abu

se 
11yrs2

m 
11yrs 11 11 

special_
no 

Yes, when the study child was 9 or 10];Yes, since the 
child's 11th birthday;Yes, both when the study child 
was 9/10 and 11+];No, did not happen in this period 

No, did not happen in this period_Yes, when the study child 
was 9 or 10];Yes, since the child's 11th birthday_Yes, both 
when the study child was 9/10 and 11+ 

pp5027 
F28: Respondent was physically cruel to 
their children since the study child's 9th 
birthday 

Quest_Partner no 
physical_abu

se 
11yrs2

m 
11yrs 11 11 

special_
no 

Yes, when the study child was 9 or 10];Yes, since the 
child's 11th birthday;Yes, both when the study child 
was 9/10 and 11+];No, did not happen in this period 

No, did not happen in this period_Yes, when the study child 
was 9 or 10];Yes, since the child's 11th birthday_Yes, both 
when the study child was 9/10 and 11+ 

r5026 
F27: Respondent's husband/partner was 
physically cruel to their children since 
study child's 9th birthday 

Quest_Mother no 
physical_abu

se 
11yrs2

m 
11yrs 11 11 

special_
no 

Yes, when study child was 9 or 10];Yes, since child's 
11th birthday;Yes, both when the study child was 
10/11 & 11+];No, did not happen in this period 

No, did not happen in this period_Yes, when study child 
was 9 or 10];Yes, since child's 11th birthday_Yes, both 
when the study child was 10/11 & 11+ 

r5027 
F28: Respondent was physically cruel to 
their children since the study child's 9th 
birthday 

Quest_Mother no 
physical_abu

se 
11yrs2

m 
11yrs 11 11 

special_
no 

Yes, when study child was 9 or 10];Yes, since child's 
11th birthday;Yes, both when the study child was 
10/11 & 11+];No, did not happen in this period 

No, did not happen in this period_Yes, when study child 
was 9 or 10];Yes, since child's 11th birthday_Yes, both 
when the study child was 10/11 & 11+ 

kt5005 
E6: Since 7th birthday child has been 
sexually abused 

Quest_Child 
Based 

no 
sexual_abus

e 
105m 7-9yrs 7 9 yes Yes, very upset;Yes, quite upset;Yes, bit upset];No No];Yes, very upset_Yes, quite upset_Yes, bit upset 

p1052 
A3c: Frequency mother has taken 
cannabis/marihuana in last 2 years 

Quest_Mother no 
substance_h

ousehold 
9yrs2m 7-9yrs 7 9 yes Every day];Often;Sometimes;Not at all;Once Often_Sometimes_Not at all_Once];Every day 

p1060 
A3k: Frequency mother has taken 
amphetamines or other stimulants in last 
2 years 

Quest_Mother no 
substance_h

ousehold 
9yrs2m 7-9yrs 7 9 yes Every day;Often;Sometimes];Not at all Not at all];Every day_Often_Sometimes 

p1063 
A3n: Frequency mother has taken 
heroin, methadone, crack, cocaine in last 
2 years 

Quest_Mother no 
substance_h

ousehold 
9yrs2m 7-9yrs 7 9 yes Every day;Often;Sometimes];Not at all Not at all];Every day_Often_Sometimes 

p3032 
C3m: Husband/partner has had drink 
(alcohol) problem, in last 2 years 

Quest_Mother no 
substance_h

ousehold 
9yrs2m 7-9yrs 7 9 yes 

Yes, saw doctor];Yes, did not see doctor;No;Do not 
know 

Yes, did not see doctor_No_Do not know];Yes, saw doctor 

pm1052 
A3c: Frequency father has taken 
cannabis/marihuana in last 2 years 

Quest_Partner no 
substance_h

ousehold 
9yrs2m 7-9yrs 7 9 yes Every day];Often;Sometimes;Not at all Often_Sometimes_Not at all];Every day 

pm1060 
A3j: Frequency father has taken 
amphetamines or other stimulants in last 
2 years 

Quest_Partner no 
substance_h

ousehold 
9yrs2m 7-9yrs 7 9 yes Often;Sometimes];Not at all Not at all];Often_Sometimes 

pm1063 
A3l: Frequency father has taken heroin, 
methadone, crack, cocaine in last 2 
years 

Quest_Partner no 
substance_h

ousehold 
9yrs2m 7-9yrs 7 9 yes Every day;Often;Sometimes];Not at all Not at all];Every day_Often_Sometimes 

pm3032 
C3m: Wife/partner has had drink 
(alcohol) problem, in last 2 years 

Quest_Partner no 
substance_h

ousehold 
9yrs2m 7-9yrs 7 9 yes 

Yes, saw doctor];Yes, did not see doctor;No;Do not 
know 

Yes, did not see doctor_No_Do not know];Yes, saw doctor 
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n1057 
A3r: Mother has ever had a drug 
addiction 

Quest_Mother no 
substance_h

ousehold 
8yrs1m 8yrs 8 8 yes Yes, recently];Yes, in past;No Yes, in past_No];Yes, recently 

n1058 A3s: Mother has ever had alcoholism Quest_Mother no 
substance_h

ousehold 
8yrs1m 8yrs 8 8 yes Yes, recently];Yes, in past;No Yes, in past_No];Yes, recently 

pl1057 
A3q: Respondent has ever had drug 
addiction 

Quest_Partner no 
substance_h

ousehold 
8yrs1m 8yrs 8 8 yes Yes, recently];Yes, in past not now;No, never Yes, in past not now_No, never];Yes, recently 

r2017 
B1r: Respondent has ever had a drug 
addiction 

Quest_Mother no 
substance_h

ousehold 
11yrs2

m 
10-11yrs 10 11 yes 

Yes, had it recently(in past year)];Yes, in past, not 
recently;No, never 

Yes, in past, not recently_No, never];Yes, had it recently(in 
past year) 

pq1022 
A2m: Partner has had an alcohol 
problem in the last two years 

Quest_Partner no 
substance_h

ousehold 
12yrs1

m 
10-12yrs 10 12 yes 

Yes and consulted doctor];Yes but did not consult 
doctor;No 

Yes but did not consult doctor_No];Yes and consulted 
doctor 

pq3032 
C3m: Partner's partner had a drink 
problem in the last 2 years 

Quest_Partner no 
substance_h

ousehold 
12yrs1

m 
10-12yrs 10 12 yes 

Yes, and saw a doctor];Yes, but did not see a 
doctor;No, not at all;Do not know 

Yes, but did not see a doctor_No, not at all_Do not 
know];Yes, and saw a doctor 

s1022 
A2m: Mother has had an alcohol problem 
in last 2 years 

Quest_Mother no 
substance_h

ousehold 
12yrs1

m 
10-12yrs 10 12 yes Yes, consulted doctor];Yes, did not consult doctor;No Yes, did not consult doctor_No];Yes, consulted doctor 

s3032 
C3m: Mother's partner has had an 
alcohol problem since study child's 10th 
birthday 

Quest_Mother no 
substance_h

ousehold 
12yrs1

m 
10-12yrs 10 12 yes 

Yes, saw a doctor];Yes, did not see doctor;No;Do not 
know 

Yes, did not see doctor_No_Do not know];Yes, saw a 
doctor 

pp2017 
B1q: Respondent has ever had a drug 
addiction 

Quest_Partner no 
substance_h

ousehold 
11yrs2

m 
11yrs 11 11 yes 

Yes, had it recently];Yes, in past, not recently;No, 
never 

Yes, in past, not recently_No, never];Yes, had it recently 

p1022 
A2m: Mother has had alcohol problem in 
last 3 years 

Quest_Mother no 
substance_h

ousehold 
9yrs2m 6-9yrs 6 9 yes Yes, consulted doctor];Yes, did not consult doctor;No Yes, did not consult doctor_No];Yes, consulted doctor 

pm1022 
A2m: Father has had alcohol problem in 
last 3 years 

Quest_Partner no 
substance_h

ousehold 
9yrs2m 6-9yrs 6 9 yes Yes, consulted doctor];Yes, did not consult doctor;No Yes, did not consult doctor_No];Yes, consulted doctor 

p2022 
B23: Mother's husband/partner was 
physically cruel to her since the study 
child's 6th birthday 

Quest_Mother no 
violence_bet
ween_parent

s 
9yrs2m 8-9yrs 8 9 

special_
no 

Yes, when the study child was 6 or 7];Yes, since the 
study child's 8th birthday;Yes, both when the study 
child was 6/7 and 8+];No, did not happen in past 3 
years 

No, did not happen in past 3 years_Yes, when the study 
child was 6 or 7];Yes, since the study child's 8th 
birthday_Yes, both when the study child was 6/7 and 8+ 

pm2022 
B23: Father's wife/partner was physically 
cruel to him since the study child's 6th 
birthday 

Quest_Partner no 
violence_bet
ween_parent

s 
9yrs2m 8-9yrs 8 9 

special_
no 

Yes, when the study child was 6 or 7];Yes, since the 
study child's 8th birthday;Yes, both when the study 
child was 6/7 and 8+];No, did not happen in past 3 
years 

No, did not happen in past 3 years_Yes, when the study 
child was 6 or 7];Yes, since the study child's 8th 
birthday_Yes, both when the study child was 6/7 and 8+ 

pp5022 
F23: Respondent's wife/partner was 
physically cruel to them since the study 
child's 9th birthday 

Quest_Partner yes 
violence_bet
ween_parent

s 

11yrs2
m 

9-10yrs 9 10 
special_

yes 

Yes, when the study child was 9 or 10];Yes, since the 
child's 11th birthday];Yes, both when the study child 
was 9/10 and 11+];No, did not happen in this period 

No, did not happen in this period_Yes, since the child's 11th 
birthday];Yes, when the study child was 9 or 10_Yes, both 
when the study child was 9/10 and 11+ 

r5022 
F23: Respondent's husband/partner was 
physically cruel to them since study 
child's 9th birthday 

Quest_Mother yes 
violence_bet
ween_parent

s 

11yrs2
m 

9-10yrs 9 10 
special_

yes 

Yes, when study child was 9 or 10];Yes, since child's 
11th birthday];Yes, both when the study child was 
10/11 & 11+];No, did not happen in this period 

No, did not happen in this period_Yes, since the child's 11th 
birthday];Yes, when the study child was 9 or 10_Yes, both 
when the study child was 9/10 and 11+ 

pp5022 
F23: Respondent's wife/partner was 
physically cruel to them since the study 
child's 9th birthday 

Quest_Partner no 
violence_bet
ween_parent

s 

11yrs2
m 

11yrs 11 11 
special_

no 

Yes, when the study child was 9 or 10];Yes, since the 
child's 11th birthday;Yes, both when the study child 
was 9/10 and 11+];No, did not happen in this period 

No, did not happen in this period_Yes, when the study child 
was 9 or 10];Yes, since the child's 11th birthday_Yes, both 
when the study child was 9/10 and 11+ 

r5022 
F23: Respondent's husband/partner was 
physically cruel to them since study 
child's 9th birthday 

Quest_Mother no 
violence_bet
ween_parent

s 

11yrs2
m 

11yrs 11 11 
special_

no 

Yes, when study child was 9 or 10];Yes, since child's 
11th birthday;Yes, both when the study child was 
10/11 & 11+];No, did not happen in this period 

No, did not happen in this period_Yes, since child's 11th 
birthday];Yes, when study child was 9 or 10_Yes, both 
when the study child was 10/11 & 11+ 
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Table F5. ACE variables in adolescence (12-18 yrs).  
variable 

name  
description datasource 

retrospe
ctive 

ACE 
time_als

pac 
time_pe

riod 
time_yr
s_start 

time_y
rs_end 

reverse
_scale 

recode_ACE factor_level_after_recode 

ff6011 
OR9: Frequency someone threatened/blackmailed 
teenager 

Clinic_Child no bullying 12.5yrs 12.5yrs 12.5 12.5 no 
Seldom (1-3 times);Frequently (>4 
times)];Very frequently (>1/week) 

FALSE_Seldom (1-3 times)_Frequently (>4 
times)];Very frequently (>1/week) 

ff6211 
RR9: Frequency friends have tried to get teenager to 
do things didn’t want to do 

Clinic_Child no bullying 12.5yrs 12.5yrs 12.5 12.5 no 
Seldom (1-3 times);Frequently (>4 
times)];Very frequently (>1/week) 

FALSE_Seldom (1-3 times)_Frequently (>4 
times)];Very frequently (>1/week) 

ff6221 
RR16: Frequency friends have told lies about 
teenager 

Clinic_Child no bullying 12.5yrs 12.5yrs 12.5 12.5 
special

_no 

Seldom (1-3 times);Frequently (>4 
times)];Very frequently (>1/week)];Doesnt 
know 

FALSE_Doesnt know_Seldom (1-3 
times)_Frequently (>4 times)];Very frequently 
(>1/week) 

fh8332 
EY2340: Frequency YPs friends put YP down in front 
of others : TF3 

Clinic_Child no bullying 15.5yrs 15.5yrs 15.5 15.5 no 
Hardly ever/never;< Once a week];At least 
once a week;Most days 

Hardly ever/never_< Once a week];At least once a 
week_Most days 

fh8334 
EY2360: Frequency YPs friends put pressure on YP to 
do things they don't want to do : TF3 

Clinic_Child no bullying 15.5yrs 15.5yrs 15.5 15.5 no 
Hardly ever/never;< Once a week];At least 
once a week;Most days 

Hardly ever/never_< Once a week];At least once a 
week_Most days 

ccxa210 
A9: Frequency during the last school year YP has 
been upset by name calling/exclusion from groups or 
bullying 

Quest_Child 
Completed 

no bullying year 11 16yrs 16 16 yes Most days];Sometimes;Rarely;Never Sometimes_Rarely_Never];Most days 

fjpc4000 
PL642: Frequency YP has been directly bullied in the 
last 6 months [F17] 

Clinic_Child no bullying 17.5yrs 17.5yrs 17.5 17.5 no 
Never;Not much (1-3 times)];Quite a lot (>4 
times a week);A lot (least once a week) 

Never_Not much (1-3 times)];Quite a lot (>4 times a 
week)_A lot (least once a week) 

fjpc4100 
PL645: Frequency YP has been relationally bullied in 
the last 6 months [F17] 

Clinic_Child no bullying 17.5yrs 17.5yrs 17.5 17.5 no 
Never;Not much (1-3 times)];Quite a lot (>4 
times a week);A lot (least once a week) 

Never_Not much (1-3 times)];Quite a lot (>4 times a 
week)_A lot (least once a week) 

ypb8050 
H6a: Frequency adult in family shouted at respondent 
between ages of 11 and 17 

Quest_Child 
Completed 

yes emotional_abuse 22yrs 11-17yrs 11 17 yes 
Never];Hardly ever;Sometimes;Most of the 
time;Always 

Hardly ever_Sometimes_Most of the 
time_Always];Never 

ypb8051 
H6b: Frequency adult in family said hurtful or insulting 
things to respondent between ages of 11 and 17 

Quest_Child 
Completed 

yes emotional_abuse 22yrs 11-17yrs 11 17 yes 
Never];Hardly ever;Sometimes;Most of the 
time;Always 

Hardly ever_Sometimes_Most of the 
time_Always];Never 

ff5316 
PM70: Frequency carers ask teenager what happened 
in their free time 

Clinic_Child no emotional_neglect 12.5yrs 12.5yrs 12.5 12.5 yes 
Never];Hardly ever;Sometimes;Most of the 
time;Always 

Hardly ever_Sometimes_Most of the 
time_Always];Never 

ff5317 
PM80: Frequency past month carers started 
conversation about teenager’s spare time 

Clinic_Child no emotional_neglect 12.5yrs 12.5yrs 12.5 12.5 yes 
Never];Hardly ever;Sometimes;Most of the 
time;Always 

Hardly ever_Sometimes_Most of the 
time_Always];Never 

ff5318 
PM90: Frequency carers take time to listen, when 
teenager talks about what happened in their free time 

Clinic_Child no emotional_neglect 12.5yrs 12.5yrs 12.5 12.5 yes 
Never];Hardly ever;Sometimes;Most of the 
time;Always 

Hardly ever_Sometimes_Most of the 
time_Always];Never 

ff5331 
PM130: Frequency carers know who teenager’s 
friends are, outside of school 

Clinic_Child no emotional_neglect 12.5yrs 12.5yrs 12.5 13.5 yes 
Never];Hardly ever;Sometimes;Most of 
time;Always 

Hardly ever_Sometimes_Most of 
time_Always];Never 

ff5346 
PM240: Frequency carers ask teenager what has 
happened at school, on normal school day 

Clinic_Child no emotional_neglect 12.5yrs 12.5yrs 12.5 13.5 yes 
Never];Hardly ever;Sometimes;Most of 
time;Always 

Hardly ever_Sometimes_Most of 
time_Always];Never 

fg7116 
PM70: Frequency carers ask teenager what happened 
in free time : TF2 

Clinic_Child no emotional_neglect 13.5yrs 13.5yrs 13.5 13.5 yes 
Never];Hardly ever;Sometimes;Most of 
time;Always 

Hardly ever_Sometimes_Most of 
time_Always];Never 

fg7118 
PM90: Frequency carers take time to listen, when 
teenager talks about what happened in free time : TF2 

Clinic_Child no emotional_neglect 13.5yrs 13.5yrs 13.5 13.5 yes 
Never];Hardly ever;Sometimes;Most of 
time;Always 

Hardly ever_Sometimes_Most of 
time_Always];Never 

fg7131 
PM130: Frequency carers know who teenager’s 
friends are, outside of school : TF2 

Clinic_Child no emotional_neglect 13.5yrs 13.5yrs 13.5 15.5 yes 
Never];Hardly ever;Sometimes;Most of 
time;Always;Doesn't apply 

Hardly ever_Sometimes_Most of 
time_Always_Doesn't apply];Never 

fg7146 
PM240: Frequency carers ask teenager what has 
happened at school, on normal school day : TF2 

Clinic_Child no emotional_neglect 13.5yrs 13.5yrs 13.5 15.5 yes 
Never];Hardly ever;Sometimes;Most of 
time;Always;Dont know;Doesn't apply 

Hardly ever_Sometimes_Most of 
time_Always_Dont know_Doesn't apply];Never 

fh9819 
PM9: Frequency carer asks YP what they did in their 
free time : TF3 

Clinic_Child no emotional_neglect 15.5yrs 15.5yrs 15.5 15.5 yes 
Never];Hardly ever;Sometimes;Most of 
time;Always;Dont know;Doesn't apply 

Hardly ever_Sometimes_Most of 
time_Always_Dont know_Doesn't apply];Never 

fh9820 
PM10: Frequency carer started conversation about 
YPs free time, in last month : TF3 

Clinic_Child no emotional_neglect 15.5yrs 15.5yrs 15.5 15.5 yes 
Never];Hardly ever;Sometimes;Most of 
time;Always;Doesn't apply 

Hardly ever_Sometimes_Most of 
time_Always_Doesn't apply];Never 

fh9821 
PM11: Frequency carer listens to YP, when they talk 
about what they did in their free time : TF3 

Clinic_Child no emotional_neglect 15.5yrs 15.5yrs 15.5 16 no Most days;Sometimes;Rarely];Never Most days_Sometimes_Rarely];Never 

fh9838 
PM28: Frequency carer asks YP about what 
happened at school on normal school day : TF3 

Clinic_Child no emotional_neglect 15.5yrs 15.5yrs 15.5 16 yes Never];Sometimes;Often;Don't know Sometimes_Often_Don't know];Never 

ccxa240 
A12a: Frequency over last term parents have asked 
YP how they are getting on with different subjects at 
school 

Quest_Child 
Completed 

no emotional_neglect year 11 16yrs 16 16 yes Never];Sometimes;Often;Don't know Sometimes_Often_Don't know];Never 

txa220 
A13a: Frequency in recent months parent/carer/other 
adult in household has talked to study child about 
study child's experiences at school 

Quest_Child 
Based 

no emotional_neglect 

school 
year 

11/16yrs
/192m 
(see 

txa991a) 

16yrs 16 16 yes Never];Sometimes;Often;Don't know Sometimes_Often_Don't know];Never 

txa221 
A13b: Frequency in recent months parent/carer/other 
adult in household has talked to study child about 
study child's friends 

Quest_Child 
Based 

no emotional_neglect 

school 
year 

11/16yrs
/192m 

16yrs 16 17.5 
special

_no 
Very easy;Quite easy;Neutral;Quite 
difficult];Very difficlt];Don't know 

Don't know_Very easy_Quite easy_Neutral_Quite 
difficult];Very difficlt 
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(see 
txa991a) 

txa222 
A13c: Frequency in recent months parent/carer/other 
adult in household has talked to study child about 
things that are troubling study child 

Quest_Child 
Based 

no emotional_neglect 

school 
year 

11/16yrs
/192m 
(see 

txa991a) 

16yrs 16 16 no No];Yes No_FALSE];Yes 

fjpc2100 
PL617: How easy YP finds it to discuss their problems 
with anyone in their family [F17] 

Clinic_Child no emotional_neglect 17.5yrs 17.5yrs 17.5 16 no No];Yes No_FALSE];Yes 

ypb8120 
H13: Frequency someone in family made respondent 
feel important or special, between ages 11 and 17 

Quest_Child 
Completed 

yes emotional_neglect 22yrs 11-17yrs 11 12 no 
Partner always feels this way;Partner 
sometimes feels this way];Partner never 
feels this way 

Partner always feels this way_Partner sometimes 
feels this way];Partner never feels this way 

ccs6501 L1b1: YP's mum has hurt themselves on purpose 
Quest_Child 
Completed 

no 
mental_health_pro
blems_or_suicide 

16yrs 16yrs 16 12 no 
Always feels this;Sometimes feels 
this];Never feels this 

Always feels this_Sometimes feels this];Never feels 
this 

ccs6502 L1b2: YP's dad has hurt themselves on purpose 
Quest_Child 
Completed 

no 
mental_health_pro
blems_or_suicide 

16yrs 16yrs 16 12.5 yes 
Many conflicts];Some 
conflicts;Neutral;Quite agreeable;Very 
agreeable 

Some conflicts_Neutral_Quite agreeable_Very 
agreeable];Many conflicts 

pq3054 
C4e: Partner's partner seems to feel very close to 
study child 

Quest_Partne
r 

no parent_child_bond 12yrs1m 12yrs 12 17.5 
special

_no 

Very close to at least one;Quite close to at 
least one];Not very close to either;Not close 
at all to either];No parents;Don't know 

No parents_Don't know_Very close to at least 
one_Quite close to at least one];Not very close to 
either_Not close at all to either 

s3054 C4e: Mother's partner seems very close to study child Quest_Mother no parent_child_bond 12yrs1m 12yrs 12 16 yes Yes];No No];Yes 
ff4530 EAS20: Adult/child interaction - harmony Clinic_Child no parent_child_bond 12.5yrs 12.5yrs 12.5 17.5 yes Yes];No No];Yes 

fjpc2000 PL615: How close YP feels to their parents [F17] Clinic_Child no parent_child_bond 17.5yrs 17.5yrs 17.5 17.5 yes Yes];No No];Yes 

ccs2050 
C6i: YP's parents have divorced/separated since the 
age of 12 

Quest_Child 
Completed 

no 
parental_separatio

n 
16yrs 12-16yrs 12 17.5 no 

1;2;3;4;5;6;7;8;9;10;11;12;13;14;15;16;17;1
8;19];20;21;22;23;24;25;26;27;29;31;34;36 

1_2_3_4_5_6_7_8_9_10_11_12_13_14_15_16_17
_18_19];20_21_22_23_24_25_26_27_29_31_34_3
6 

fjle112 A7A: In the last year YP's parents have divorced [F17] Clinic_Child no 
parental_separatio

n 
17.5yrs 

16.5-
17.5yrs 

16.5 13.5 yes Yes];No No];Yes 

fjle114 
A8A: In the last year YP's parents have separated 
[F17] 

Clinic_Child no 
parental_separatio

n 
17.5yrs 

16.5-
17.5yrs 

16.5 13.5 yes Yes];No No];Yes 

ypb8053 
H6d: Frequency adult in family smacked respondent 
for discipline between ages of 11 and 17 

Quest_Child 
Completed 

yes physical_abuse 22yrs 11-17yrs 11 13.5 yes Yes];No No];Yes 

ypb8056 

H6g: Frequency adult in family actually kicked, 
punched, hit respondent with something that could 
hurt respondent or physically attacked respondent in 
another way between ages of 11 and 17 

Quest_Child 
Completed 

yes physical_abuse 22yrs 11-17yrs 11 13.5 yes Yes];No No];Yes 

ypb8057 
H6h: Frequency adult in family hit respondent so hard 
it left bruises or marks between ages of 11 and 17 

Quest_Child 
Completed 

yes physical_abuse 22yrs 11-17yrs 11 13.5 yes Yes];No No];Yes 

ypb8052 
H6c: Frequency adult in family pushed, grabbed or 
shoved respondent between ages of 11 and 17 

Quest_Child 
Completed 

yes physical_abuse 22yrs 11-17yrs 11 13.5 yes Yes];No No];Yes 

ypb8080 
H9: Respondent was touched in a sexual way by adult 
or older child, or was forced to touch adult or older 
child in a sexual way, between ages of 11 and 17 

Quest_Child 
Completed 

yes sexual_abuse 22yrs 11-17yrs 11 17 no Never;Rarely;Sometimes;Often];Very Often Never_Rarely_Sometimes_Often];Very Often 

ypb8090 

H10: Adult or older child forced, or attempted to force, 
respondent into any sexual activity by threatening or 
holding respondent down or hurting respondent in 
some way, between ages of 11 and 17 

Quest_Child 
Completed 

yes sexual_abuse 22yrs 11-17yrs 11 17 no Never;Rarely;Sometimes;Often];Very Often Never_Rarely_Sometimes_Often];Very Often 

fjal4000 
 DV: Alcohol Use Disorders Identification Test (AUDIT) 
score [F17] 

Clinic_Child no 
substance_househ

old 
17.5yrs 17.5yrs 17.5 17 yes Never];Rarely;Sometimes;Often;Very Often Rarely_Sometimes_Often_Very Often];Never 

 
Note. YP = young person. 
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Table F6. Prevalence of ACEs across the early-life periods in the observed and imputed data.   
ACEs: -1 to 0 years ACEs: 0 to 3 years  ACEs: 3 to 7 years  ACEs: 7 to 12 years  ACEs: 12 to 18 years ACEs: -1 to 18 years  

Observed 
data   

Imputed 
data   

Observed 
data   

Imputed 
data   

Observed 
data   

Imputed data   Observed 
data   

Imputed data   Observed 
data   

Imputed data   Observed 
data   

Imputed data   

Physical abuse 
            

Yes  1 (0.0%) 30 (0.0%) 113 (3.3%) 2534 (3.2%) 132 (4.1%) 3229 (4.1%) 40 (1.2%) 907 (1.2%) 241 (7.5%) 5297 (6.7%) 380 (12.4%) 9689 (12.3%) 
Missing  1072 (27.3%) 0 (0.0%) 455 (11.6%) 0 (0.0%) 738 (18.8%) 0 (0.0%) 608 (15.5%) 0 (0.0%) 709 (18.0%) 0 (0.0%) 869 (22.1%) 0 (0.0%) 
Emotional abuse/neglect 

           

Yes  31 (0.8%) 683 (0.9%) 252 (8.3%) 6796 (8.6%) 354 (11.1%) 8821 (11.2%) 266 (7.2%) 6198 (7.9%) 727 (20.2%) 17489 (22.2%) 1196 (32.7%) 29239 (37.2%) 
Missing  271 (6.9%) 0 (0.0%) 889 (22.6%) 0 (0.0%) 739 (18.8%) 0 (0.0%) 247 (6.3%) 0 (0.0%) 336 (8.5%) 0 (0.0%) 268 (6.8%) 0 (0.0%) 
Sexual abuse  x x 

          

Yes  
  

2 (0.1%) 42 (0.1%) 18 (0.5%) 436 (0.6%) 2 (0.1%) 47 (0.1%) 165 (6.1%) 3513 (4.5%) 170 (4.8%) 3797 (4.8%) 
Missing  

  
259 (6.6%) 0 (0.0%) 416 (10.6%) 0 (0.0%) 537 (13.7%) 0 (0.0%) 1204 (30.6%) 0 (0.0%) 395 (10.0%) 0 (0.0%) 

Bullying x x x x x x 
      

Yes  
      

443 (12.7%) 10023 (12.7%) 587 (17.1%) 12857 (16.4%) 919 (26.0%) 20377 (25.9%) 
Missing  

      
444 (11.3%) 0 (0.0%) 497 (12.6%) 0 (0.0%) 392 (10.0%) 0 (0.0%) 

Household violence  
            

Yes  18 (0.6%) 607 (0.8%) 166 (4.8%) 3888 (4.9%) 198 (6.2%) 4996 (6.4%) 149 (4.5%) 3581 (4.6%) x x 698 (20.6%) 22391 (28.5%) 
Missing  1072 (27.3%) 0 (0.0%) 455 (11.6%) 0 (0.0%) 735 (18.7%) 0 (0.0%) 600 (15.3%) 0 (0.0%)   538 (13.7%) 0 (0.0%) 
Parental substance use problems 

           

Yes  109 (3.0%) 2524 (3.2%) 135 (4.0%) 3539 (4.5%) 160 (5.3%) 4501 (5.7%) 87 (3.0%) 2631 (3.3%) 38 (1.2%) 899 (1.1%) 365 (11.2%) 9460 (12.0%) 
Missing  280 (7.1%) 0 (0.0%) 560 (14.2%) 0 (0.0%) 889 (22.6%) 0 (0.0%) 1052 (26.8%) 0 (0.0%) 813 (20.7%) 0 (0.0%) 674 (17.1%) 0 (0.0%) 
Parental mental health problems   

           

Yes  863 (23.3%) 18612 
(23.7%) 

910 (26.9%) 21884 
(27.8%) 

593 (18.9%) 15877 
(20.2%) 

263 (12.2%) 11197 (14.2%) 39 (2.0%) 1999 (2.5%) 1504 (48.4%) 39886 (50.7%) 

Missing  227 (5.8%) 0 (0.0%) 553 (14.1%) 0 (0.0%) 799 (20.3%) 0 (0.0%) 1781 (45.3%) 0 (0.0%) 1932 (49.1%) 0 (0.0%) 826 (21.0%) 0 (0.0%) 
Parental convictions 

            

Yes  47 (1.3%) 1114 (1.4%) 101 (2.9%) 2374 (3.0%) 86 (2.7%) 2115 (2.7%) 59 (1.9%) 1518 (1.9%) 24 (0.7%) 538 (0.7%) 241 (7.4%) 5951 (7.6%) 
Missing  284 (7.2%) 0 (0.0%) 471 (12.0%) 0 (0.0%) 729 (18.5%) 0 (0.0%) 765 (19.5%) 0 (0.0%) 656 (16.7%) 0 (0.0%) 656 (16.7%) 0 (0.0%) 
Parental separation 

            

Yes  156 (4.3%) 3757 (4.8%) 252 (7.3%) 6227 (7.9%) 351 (11.1%) 9624 (12.2%) 206 (9.1%) 9683 (12.3%) 316 (10.5%) 8324 (10.6%) 875 (27.9%) 24196 (30.8%) 
Missing  293 (7.5%) 0 (0.0%) 464 (11.8%) 0 (0.0%) 772 (19.6%) 0 (0.0%) 1657 (42.2%) 0 (0.0%) 911 (23.2%) 0 (0.0%) 800 (20.4%) 0 (0.0%) 
Low parent-child bonding 

           

Yes  x x 124 (3.5%) 2948 (3.7%) 383 (12.7%) 10521 
(13.4%) 

432 (14.4%) 12006 (15.3%) 367 (11.0%) 8589 (10.9%) 738 (23.7%) 19529 (24.8%) 

Missing  
  

389 (9.9%) 0 (0.0%) 919 (23.4%) 0 (0.0%) 922 (23.5%) 0 (0.0%) 581 (14.8%) 0 (0.0%) 813 (20.7%) 0 (0.0%) 
Cumulative ACEs score  

            

0 ACEs 2684 (71.6%) 55264 
(70.3%) 

2297 (62.2%) 45318 
(57.6%) 

2155 
(60.8%) 

42404 
(53.9%) 

2394 (64.0%) 41733 (53.1%) 2072 (53.5%) 35842 (45.6%) 921 (23.8%) 10259 (13.0%) 

1 ACEs  925 (24.7%) 19992 
(25.4%) 

958 (25.9%) 22166 
(28.2%) 

857 (24.2%) 21666 
(27.6%) 

929 (24.8%) 23118 (29.4%) 1144 (29.5%) 25659 (32.6%) 1008 (26.0%) 17616 (22.4%) 

2 ACEs 120 (3.2%) 2853 (3.6%) 276 (7.5%) 6945 (8.8%) 306 (8.6%) 8477 (10.8%) 283 (7.6%) 8809 (11.2%) 446 (11.5%) 11386 (14.5%) 797 (20.6%) 18134 (23.1%) 
3 ACEs 17 (0.5%) 437 (0.6%) 121 (3.3%) 2934 (3.7%) 143 (4.0%) 3749 (4.8%) 94 (2.5%) 3407 (4.3%) 166 (4.3%) 4232 (5.4%) 536 (13.8%) 14174 (18.0%) 
4 ACEs or more 2 (0.1%) 74 (0.1%) 43 (1.2%) 1257 (1.6%) 85 (2.4%) 2324 (3.0%) 39 (1.0%) 1553 (2.0%) 45 (1.2%) 1501 (1.9%) 611 (15.8%) 18437 (23.5%) 
Missing  183 (4.7%) 0 (0.0%) 236 (6.0%) 0 (0.0%) 385 (9.8%) 0 (0.0%) 192 (4.9%) 0 (0.0%) 58 (1.5%) 0 (0.0%) 58 (1.5%) 0 (0.0%) 

Note. Sample: ALSPAC (N=3,931). X = variable not available. ACEs = adverse childhood experiences.  
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Table F7. Explorative factor analysis of ACEs (-1-18 yrs) in the four training sets.  
 

Training set 1  
(N=2566) 

Training set 2 
(N=2566) 

Training set 3 
(N=2566) 

Training set 4 
(N=2566) 

ACE items  Factor 1 Factor 2 Factor 1 Factor 2 Factor 1 Factor 2 Factor 1 Factor 2 

Physical Abuse  0.372* 0.114* 0.361* 0.112* 0.405* 0.065* 0.353* 0.131* 

Sexual Abuse  0.129* 0.007 0.119* 0.020 0.133* -0.002 0.133* 0.000 

Emotional Abuse/ Neglect 0.569* -0.009* 0.562* -0.003 0.551* -0.003 0.579* -0.002* 

Bullying Victimisation  0.145* 0.005 0.166* -0.013 0.155* -0.004 0.166* -0.014 

Household Violence    0.177* 0.341* 0.123* 0.374* 0.115 0.375* 0.048* 0.429* 

Parental Substance Use Problems  -0.007* 0.432* -0.037 0.435* -0.069 0.447* -0.046* 0.418* 

Parental Mental Health Problems   0.184* 0.264* 0.163* 0.282* 0.122 0.311* 0.072* 0.352* 

Parental Convictions  -0.021 0.352* -0.015 0.330* -0.037 0.340* -0.054* 0.347* 

Parental Separation  0.144* 0.359* 0.106* 0.388* 0.054 0.425* 0.003 0.459* 

Low Parent-Child Bonding  0.316* 0.014 0.345* 0.003 0.325* 0.002 0.272* 0.061* 

Note. Sample = ALSPAC (N=12,830). Geomin rotated factor loadings. Bold coefficients indicate the highest factor loading of every item in each training set. * Significant at the 95% confidence level.  

 
 

Table F8. Model fit indices of the latent class growth analysis.  

 Depressive symptoms  CRP 
  2-class model 3-class model 4-class model 2-class model 3-class model 4-class model 

AIC  -30177.51 -29888.63 -29838.82 -11119.62 -11025.85 -10918.75 
BIC   -30208.89 -29935.70 -29901.59 -11151.00 -11072.92 -10981.51 
N classes ≥ 5%  Yes Yes Yes Yes Yes No 
Entropy   0.818 0.731 0.616 0.575 0.584 0.559 
Good 
Interpretability  

Yes  Yes  No, the trajectories of 
the first and second 
classes were almost 
identical.  

Yes Yes Yes 

Note. Depressive symptoms – the 3-class solution was selected as the best fitting model because its AIC and BIC values are similar to those of the 4-class 
model, and it has considerably higher entropy and better interpretability than the 4-class model. CRP – the three-class solutions was selected as the best fitting 
model because its AIC and BIC values are similar to those of the 4-class model, all classes include ≥ 5% of participants, and it has higher entropy.  
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Table F9. Associations of ACEs in the prenatal period (-1-0 yrs) with moderate-high and high-moderate CRP trajectories (vs low-moderate).  

Outcome: CRP trajectories  
 

Moderate-high Trajectory  High-moderate Trajectory  
  Model  OR SE Lower CI Upper CI p-value  p-

value_fdr 
OR SE Lower CI Upper CI p-value  p-

value_fdr 

Total ACEs cumulative score 1 0.83 0.08 0.67 0.99 0.020 0.090 0.94 0.10 0.74 1.14 0.536 0.794 
ACEs dimensions               
Emotional/ Physical threat  1 0.59 0.54 -0.46 1.64 0.327 0.676 0.85 0.62 -0.36 2.06 0.794 0.987 
Household Dysfunction 1 0.79 0.10 0.60 0.99 0.018 0.090 0.90 0.13 0.65 1.15 0.406 0.701 

Note. Sample: ALSPAC (N = 3,931). Pooled estimates from multinomial logistic regression models across 20 imputed models. Reference outcome: Low-moderate CRP trajectory. CI = confidence interval. SE 
= standard error. fdr = false discovery rate (p-value). ACEs = adverse childhood experiences. CRP = C-reactive protein. Model 1: adjusted for sex, ethnicity, maternal smoking during pregnancy, mother’s marital 
status, mother’s education, and household’s social class. P-values highlighted in bold are statistically significant at the 95% confidence level. 

 
Table F10. Associations of ACEs in the prenatal period (-1-0 yrs) with moderate and severe depression trajectories (vs low).  

Outcome: Depression 
trajectories  

 
Moderate Trajectory Severe Trajectory 

  Model OR SE Lower CI Upper CI p-value p-
value_fdr 

OR SE Lower CI Upper CI p-value p-
value_fdr 

Total ACEs cumulative score 1 1.31 0.07 1.17 1.45 0.000 0.001 1.53 0.10 1.33 1.73 0.000 0.001 
ACEs dimensions              
Emotional/ Physical threat  1 0.43 0.61 -0.77 1.62 0.164 0.436 2.53 0.45 1.64 3.42 0.041 0.137 
Household Dysfunction 1 1.40 0.09 1.22 1.57 0.000 0.001 1.69 0.14 1.43 1.96 0.000 0.001 

Note. Sample: ALSPAC (N = 3,931). Pooled estimates from multinomial logistic regression models across 20 imputed models. Reference outcome: Low depression trajectory. CI = confidence interval. SE = 
standard error. fdr = false discovery rate (p-value). ACEs = adverse childhood experiences. Model 1: adjusted for sex, ethnicity, maternal smoking during pregnancy, mother’s marital status,  mother’s education, 
and household’s social class. P-values highlighted in bold are statistically significant at the 95% confidence level. 
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Table F11. Associations of ACEs in early childhood (0-3 yrs) with moderate-high and high-moderate CRP trajectories (vs low-moderate).  

Outcome: CRP trajectories  Moderate-high Trajectory High-moderate Trajectory 

  Model  OR SE Lower CI Upper CI p-value 
p-

value_fdr OR SE Lower CI Upper CI p-value 
p-

value_fdr 
              
Total ACEs cumulative score 1 0.96 0.05 0.87 1.06 0.464 0.670 0.99 0.07 0.86 1.11 0.824 0.970 

 2 1.01 0.06 0.91 1.12 0.809 0.970 1.00 0.07 0.86 1.14 0.974 0.988 
ACEs dimensions               
Emotional/ Physical threat  1 0.88 0.14 0.62 1.15 0.363 0.603 0.79 0.19 0.42 1.15 0.195 0.439 

 2 0.93 0.14 0.66 1.20 0.619 0.825 0.79 0.19 0.42 1.17 0.225 0.450 
Household Dysfunction 1 0.99 0.09 0.80 1.17 0.884 0.985 0.99 0.12 0.75 1.23 0.944 0.988 

 2 1.09 0.10 0.88 1.29 0.418 0.634 1.03 0.13 0.77 1.28 0.849 0.970 
Single adversities               
Physical abuse 1 0.90 0.25 0.40 1.40 0.676 0.888 1.22 0.29 0.64 1.80 0.496 0.704 

 2 0.94 0.25 0.44 1.44 0.812 0.970 1.24 0.30 0.66 1.83 0.461 0.670 
Emotional abuse/neglect 1 0.81 0.16 0.50 1.13 0.201 0.442 0.75 0.22 0.31 1.19 0.195 0.439 

 2 0.87 0.16 0.54 1.19 0.384 0.619 0.76 0.23 0.31 1.21 0.225 0.450 
Household violence  1 0.96 0.20 0.56 1.35 0.824 0.970 1.15 0.27 0.63 1.67 0.601 0.813 

 2 1.01 0.20 0.61 1.41 0.964 0.988 1.17 0.27 0.65 1.70 0.545 0.750 
Parental Substance Use Problems 1 0.68 0.26 0.18 1.18 0.133 0.354 1.52 0.24 1.05 1.99 0.080 0.244 

 2 0.74 0.26 0.23 1.25 0.241 0.462 1.59 0.24 1.11 2.06 0.057 0.192 
Parental Mental Health Problems   1 0.94 0.10 0.74 1.13 0.521 0.727 0.81 0.13 0.55 1.07 0.115 0.326 

 2 1.03 0.11 0.81 1.25 0.776 0.970 0.81 0.14 0.53 1.09 0.144 0.362 
Parental Convictions 1 1.27 0.24 0.81 1.74 0.312 0.528 1.03 0.32 0.40 1.67 0.917 0.988 

 2 1.33 0.24 0.86 1.80 0.232 0.454 1.05 0.32 0.42 1.69 0.875 0.985 
Parental Separation 1 1.15 0.17 0.82 1.48 0.412 0.634 1.25 0.22 0.82 1.68 0.308 0.528 

 2 1.24 0.17 0.90 1.57 0.220 0.450 1.29 0.22 0.85 1.73 0.253 0.466 
Low Parent-Child Bonding 1 1.01 0.23 0.55 1.47 0.980 0.988 1.00 0.31 0.39 1.60 0.988 0.988 

 2 1.05 0.24 0.59 1.51 0.827 0.970 1.01 0.31 0.41 1.61 0.971 0.988 

Note. Sample: ALSPAC (N = 3,931). Pooled estimates from multinomial logistic regression models across 20 imputed models. Reference outcome: Low-moderate CRP trajectory. CI = confidence interval. SE 
= standard error. fdr = false discovery rate (p-value). ACEs = adverse childhood experiences. CRP = C-reactive protein. Model 1: adjusted for sex, ethnicity, maternal smoking during pregnancy, mother’s marital 
status, mother’s education, and household’s social class; Model 2: Model 1 + earlier ACEs. P-values highlighted in bold are statistically significant at the 95% confidence level. 

 
  



 380 

 
Table F12. Associations of ACEs in early childhood (0-3 yrs) with moderate and severe depression trajectories (vs low).  

Outcome: Depression 
trajectories   Moderate Trajectory Severe Trajectory 

  Model OR SE Lower CI Upper CI p-value 
p-

value_fdr OR SE Lower CI Upper CI p-value 
p-

value_fdr 
              
Total ACEs cumulative score 1 1.19 0.05 1.10 1.28 0.000 0.001 1.49 0.06 1.37 1.61 0.000 0.000 

 2 1.13 0.05 1.03 1.23 0.015 0.073 1.42 0.07 1.29 1.56 0.000 0.000 
ACEs dimensions               
Emotional/ Physical threat  1 1.34 0.12 1.10 1.58 0.018 0.084 1.91 0.18 1.57 2.25 0.000 0.002 

 2 1.24 0.13 0.99 1.49 0.087 0.256 1.69 0.18 1.34 2.05 0.004 0.024 
Household Dysfunction 1 1.42 0.08 1.25 1.58 0.000 0.000 2.15 0.14 1.88 2.42 0.000 0.000 

 2 1.30 0.09 1.12 1.48 0.004 0.024 1.93 0.15 1.63 2.23 0.000 0.000 
Single adversities               
Physical abuse 1 1.29 0.22 0.85 1.73 0.254 0.466 2.37 0.29 1.81 2.93 0.003 0.018 

 2 1.21 0.22 0.77 1.65 0.394 0.619 2.14 0.29 1.57 2.71 0.009 0.045 
Emotional abuse/neglect 1 1.35 0.15 1.06 1.64 0.040 0.146 1.89 0.21 1.48 2.30 0.002 0.017 

 2 1.24 0.15 0.94 1.53 0.155 0.378 1.63 0.22 1.20 2.06 0.026 0.109 
Household violence  1 1.02 0.20 0.63 1.41 0.916 0.988 1.79 0.25 1.30 2.28 0.021 0.092 

 2 0.94 0.20 0.55 1.34 0.770 0.970 1.58 0.26 1.08 2.09 0.074 0.231 
Parental Substance Use 
Problems 1 1.34 0.20 0.95 1.73 0.143 0.362 1.70 0.28 1.15 2.24 0.056 0.192 

 2 1.19 0.20 0.79 1.59 0.394 0.619 1.38 0.29 0.81 1.95 0.265 0.475 
Parental Mental Health 
Problems   1 1.52 0.09 1.34 1.69 0.000 0.000 2.05 0.14 1.78 2.33 0.000 0.000 

 2 1.40 0.10 1.20 1.59 0.001 0.005 1.81 0.16 1.51 2.12 0.000 0.001 
Parental Convictions 1 0.72 0.26 0.21 1.24 0.213 0.450 1.13 0.33 0.48 1.79 0.708 0.916 

 2 0.67 0.26 0.15 1.19 0.132 0.354 1.01 0.34 0.34 1.67 0.982 0.988 
Parental Separation 1 1.13 0.16 0.82 1.45 0.435 0.649 1.87 0.22 1.44 2.31 0.005 0.025 

 2 1.03 0.16 0.71 1.35 0.848 0.970 1.61 0.23 1.16 2.06 0.039 0.146 
Low Parent-Child Bonding 1 1.34 0.21 0.93 1.76 0.162 0.386 1.85 0.28 1.30 2.40 0.028 0.111 

 2 1.26 0.21 0.84 1.68 0.280 0.492 1.67 0.28 1.11 2.22 0.070 0.227 

Note. Sample: ALSPAC (N = 3,931). Pooled estimates from multinomial logistic regression models across 20 imputed models. Reference outcome: Low depression trajectory. CI = confidence interval. SE = 
standard error. fdr = false discovery rate (p-value). ACEs = adverse childhood experiences. Model 1: adjusted for sex, ethnicity, maternal smoking during pregnancy, mother’s marital status,  mother’s education, 
and household’s social class; Model 2: Model 1 + earlier ACEs. P-values highlighted in bold are statistically significant at the 95% confidence level. 
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Table F13. Associations of ACEs in middle childhood (3-7 yrs) with moderate-high and high-moderate CRP trajectories (vs low-moderate).  

Outcome: CRP trajectories   Moderate-high Trajectory High-moderate Trajectory 

  Model OR SE Lower CI Upper CI p-value 
p-

value_fdr OR SE Lower CI Upper CI p-value 
p-

value_fdr 
              
Total ACEs cumulative score 1 0.99 0.04 0.90 1.07 0.728 0.987 1.03 0.05 0.93 1.14 0.550 0.987 

 2 1.00 0.05 0.91 1.10 0.926 0.987 1.05 0.06 0.93 1.18 0.430 0.984 
ACEs dimensions               
Emotional/ Physical threat  1 1.00 0.11 0.79 1.21 0.993 0.999 0.97 0.15 0.68 1.26 0.829 0.987 

 2 1.03 0.11 0.81 1.24 0.814 0.987 0.98 0.16 0.66 1.29 0.877 0.987 
Household Dysfunction 1 1.00 0.10 0.81 1.19 0.999 0.999 1.06 0.13 0.81 1.31 0.668 0.987 

 2 1.04 0.11 0.83 1.25 0.694 0.987 1.08 0.14 0.81 1.36 0.566 0.987 
Single adversities               
Physical abuse 1 0.79 0.25 0.30 1.28 0.336 0.946 1.03 0.28 0.48 1.59 0.905 0.987 

 2 0.80 0.26 0.30 1.30 0.379 0.946 1.05 0.29 0.48 1.61 0.877 0.987 
Emotional abuse/neglect 1 0.98 0.14 0.70 1.26 0.915 0.987 0.93 0.19 0.56 1.31 0.715 0.987 

 2 1.02 0.15 0.72 1.31 0.917 0.987 0.94 0.20 0.55 1.33 0.759 0.987 
Household violence  1 1.13 0.17 0.79 1.47 0.479 0.987 1.06 0.25 0.57 1.55 0.821 0.987 

 2 1.18 0.18 0.83 1.52 0.357 0.946 1.08 0.26 0.57 1.59 0.777 0.987 
Parental Substance Use 
Problems 1 0.84 0.20 0.45 1.24 0.405 0.971 1.37 0.23 0.92 1.82 0.170 0.573 

 2 0.88 0.21 0.48 1.29 0.546 0.987 1.41 0.24 0.95 1.88 0.144 0.512 
Parental Mental Health 
Problems   1 0.91 0.12 0.67 1.14 0.425 0.984 1.06 0.14 0.79 1.34 0.663 0.987 

 2 0.94 0.13 0.69 1.20 0.640 0.987 1.10 0.16 0.79 1.40 0.559 0.987 
Parental Convictions 1 0.98 0.28 0.44 1.53 0.953 0.990 0.98 0.35 0.28 1.67 0.943 0.990 

 2 1.00 0.28 0.46 1.55 0.991 0.999 0.98 0.35 0.29 1.67 0.959 0.990 
Parental Separation 1 1.07 0.14 0.80 1.35 0.609 0.987 1.03 0.19 0.66 1.40 0.864 0.987 

 2 1.10 0.14 0.81 1.38 0.528 0.987 1.04 0.19 0.66 1.42 0.836 0.987 
Low Parent-Child Bonding 1 1.03 0.13 0.77 1.29 0.821 0.987 1.07 0.17 0.72 1.41 0.711 0.987 

 2 1.05 0.13 0.79 1.31 0.705 0.987 1.08 0.18 0.72 1.43 0.678 0.987 

Note. Sample: ALSPAC (N = 3,931). Pooled estimates from multinomial logistic regression models across 20 imputed models. Reference outcome: Low-moderate CRP trajectory. CI = confidence interval. SE 
= standard error. fdr = false discovery rate (p-value). ACEs = adverse childhood experiences. CRP = C-reactive protein. Model 1: adjusted for sex, ethnicity, maternal smoking during pregnancy, mother’s marital 
status, mother’s education, and household’s social class; Model 2: Model 1 + earlier ACEs. P-values highlighted in bold are statistically significant at the 95% confidence level. 
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Table F14. Associations of ACEs in middle childhood (3-7 yrs) with moderate and severe depression trajectories (vs low).  

Outcome: Depression trajectories  Moderate Trajectory Severe Trajectory 

  Model OR SE Lower CI Upper CI p-value 
p-

value_fdr OR SE Lower CI Upper CI p-value 
p-

value_fdr 
              
Total ACEs cumulative score 1 1.15 0.04 1.08 1.23 0.000 0.005 1.35 0.05 1.24 1.45 0.000 0.000 

 2 1.10 0.04 1.01 1.18 0.040 0.225 1.18 0.06 1.05 1.31 0.010 0.075 
ACEs dimensions               
Emotional/ Physical threat  1 1.28 0.10 1.08 1.48 0.015 0.096 1.87 0.15 1.58 2.17 0.000 0.001 

 2 1.17 0.11 0.97 1.38 0.130 0.498 1.50 0.16 1.18 1.81 0.012 0.081 
Household Dysfunction 1 1.32 0.09 1.15 1.49 0.001 0.014 1.74 0.14 1.47 2.02 0.000 0.002 

 2 1.18 0.09 1.00 1.36 0.077 0.350 1.30 0.16 1.00 1.61 0.091 0.393 
Single adversities               
Physical abuse 1 1.35 0.20 0.95 1.74 0.140 0.512 1.32 0.32 0.70 1.94 0.378 0.946 

 2 1.17 0.21 0.77 1.58 0.442 0.987 0.90 0.33 0.25 1.56 0.762 0.987 
Emotional abuse/neglect 1 1.48 0.13 1.23 1.73 0.002 0.019 1.81 0.18 1.46 2.17 0.001 0.013 

 2 1.33 0.13 1.07 1.59 0.031 0.184 1.36 0.19 0.99 1.73 0.104 0.417 
Household violence  1 1.09 0.17 0.76 1.42 0.617 0.987 1.53 0.24 1.07 2.00 0.072 0.346 

 2 0.94 0.17 0.60 1.28 0.717 0.987 1.07 0.25 0.58 1.56 0.783 0.987 
Parental Substance Use 
Problems 1 1.34 0.17 1.00 1.67 0.094 0.393 1.26 0.27 0.74 1.79 0.384 0.946 

 2 1.17 0.17 0.83 1.51 0.366 0.946 0.92 0.28 0.37 1.48 0.782 0.987 
Parental Mental Health 
Problems   1 1.58 0.10 1.38 1.77 0.000 0.000 1.88 0.15 1.58 2.18 0.000 0.001 

 2 1.42 0.11 1.21 1.63 0.001 0.013 1.38 0.17 1.05 1.71 0.057 0.289 
Parental Convictions 1 0.90 0.27 0.37 1.42 0.680 0.987 1.22 0.38 0.48 1.97 0.598 0.987 

 2 0.84 0.27 0.31 1.36 0.510 0.987 1.04 0.38 0.30 1.79 0.909 0.987 
Parental Separation 1 0.95 0.14 0.68 1.22 0.715 0.987 1.60 0.18 1.25 1.96 0.009 0.075 

 2 0.87 0.14 0.60 1.14 0.305 0.886 1.29 0.19 0.92 1.66 0.177 0.573 
Low Parent-Child Bonding 1 1.15 0.12 0.91 1.39 0.260 0.805 1.78 0.18 1.42 2.14 0.002 0.014 

 2 1.06 0.13 0.82 1.31 0.630 0.987 1.45 0.19 1.08 1.82 0.048 0.254 

Note. Sample: ALSPAC (N = 3,931). Pooled estimates from multinomial logistic regression models across 20 imputed models. Reference outcome: Low depression trajectory. CI = confidence interval. SE = 
standard error. fdr = false discovery rate (p-value). ACEs = adverse childhood experiences. Model 1: adjusted for sex, ethnicity, maternal smoking during pregnancy, mother’s marital status,  mother’s education, 
and household’s social class; Model 2: Model 1 + earlier ACEs. P-values highlighted in bold are statistically significant at the 95% confidence level. 
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Table F15. Associations of ACEs in late childhood (7-12 yrs) with moderate-high and high-moderate CRP trajectories (vs low-moderate). 

Outcome: CRP trajectories   Moderate-high Trajectory High-moderate Trajectory 

  Model OR SE Lower CI Upper CI p-value 
p-

value_fdr OR SE Lower CI Upper CI p-value 
p-

value_fdr 
              
Total ACEs cumulative score 1 1.01 0.04 0.93 1.10 0.757 0.995 1.04 0.06 0.93 1.15 0.510 0.995 

 2 1.03 0.05 0.93 1.13 0.529 0.995 1.03 0.07 0.90 1.16 0.648 0.995 
ACEs dimensions               
Emotional/ Physical threat  1 0.99 0.11 0.78 1.20 0.911 0.995 0.98 0.14 0.70 1.26 0.890 0.995 

 2 1.00 0.12 0.78 1.23 0.973 0.995 0.95 0.15 0.64 1.25 0.717 0.995 
Household Dysfunction 1 1.04 0.10 0.85 1.24 0.666 0.995 0.97 0.13 0.71 1.24 0.831 0.995 

 2 1.07 0.11 0.87 1.28 0.500 0.995 0.95 0.15 0.66 1.24 0.718 0.995 
Single adversities               
Physical abuse 1 0.60 0.51 -0.40 1.60 0.317 0.801 1.02 0.49 0.05 1.98 0.976 0.995 

 2 0.62 0.52 -0.39 1.63 0.353 0.848 0.98 0.50 0.00 1.96 0.968 0.995 
Emotional abuse/neglect 1 0.98 0.16 0.67 1.30 0.916 0.995 0.93 0.22 0.50 1.35 0.724 0.995 

 2 1.01 0.17 0.68 1.33 0.976 0.995 0.90 0.22 0.47 1.33 0.630 0.995 
Bullying 1 1.00 0.14 0.74 1.27 0.981 0.995 1.43 0.15 1.13 1.73 0.019 0.111 

 2 1.02 0.14 0.75 1.28 0.908 0.995 1.43 0.15 1.13 1.73 0.020 0.111 
Household violence  1 1.00 0.21 0.58 1.42 0.993 0.995 1.06 0.27 0.53 1.59 0.833 0.995 

 2 1.02 0.22 0.59 1.46 0.913 0.995 1.02 0.28 0.46 1.58 0.938 0.995 
Parental Substance Use 
Problems 1 0.57 0.31 -0.05 1.18 0.070 0.281 1.10 0.30 0.52 1.69 0.745 0.995 

 2 0.60 0.32 -0.03 1.22 0.102 0.362 1.10 0.30 0.51 1.70 0.747 0.995 
Parental Mental Health 
Problems   1 1.12 0.14 0.84 1.40 0.436 0.951 1.10 0.19 0.74 1.47 0.596 0.995 

 2 1.16 0.15 0.86 1.45 0.337 0.830 1.10 0.19 0.72 1.48 0.624 0.995 
Parental Convictions 1 1.00 0.31 0.39 1.62 0.995 0.995 0.21 1.00 -1.75 2.17 0.122 0.391 

 2 1.01 0.31 0.40 1.63 0.963 0.995 0.21 1.00 -1.75 2.17 0.121 0.391 
Parental Separation 1 1.17 0.15 0.88 1.46 0.294 0.762 0.93 0.19 0.55 1.31 0.717 0.995 

 2 1.18 0.16 0.88 1.49 0.285 0.760 0.89 0.20 0.50 1.29 0.580 0.995 
Low Parent-Child Bonding 1 1.03 0.12 0.79 1.26 0.835 0.995 1.04 0.16 0.72 1.35 0.822 0.995 

 2 1.04 0.13 0.79 1.29 0.746 0.995 1.00 0.17 0.67 1.34 0.980 0.995 

Note. Sample: ALSPAC (N = 3,931). Pooled estimates from multinomial logistic regression models across 20 imputed models. Reference outcome: Low-moderate CRP trajectory. CI = confidence interval. SE 
= standard error. fdr = false discovery rate (p-value). ACEs = adverse childhood experiences. CRP = C-reactive protein. Model 1: adjusted for sex, ethnicity, maternal smoking during pregnancy, mother’s marital 
status, mother’s education, and household’s social class; Model 2: Model 1 + earlier ACEs. P-values highlighted in bold are statistically significant at the 95% confidence level. 
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Table F16. Associations of ACEs in late childhood (7-12 yrs) with moderate and severe depression trajectories (vs low). 

Outcome: Depression trajectories  Moderate Trajectory Severe Trajectory 

  Model  OR SE Lower CI Upper CI p-value 
p-

value_fdr OR SE Lower CI Upper CI p-value 
p-

value_fdr 
              
Total ACEs cumulative score 1 1.19 0.04 1.11 1.27 0.000 0.001 1.35 0.06 1.23 1.47 0.000 0.000 

 2 1.13 0.05 1.04 1.22 0.006 0.056 1.20 0.07 1.06 1.34 0.009 0.072 
ACEs dimensions               
Emotional/ Physical threat  1 1.17 0.10 0.98 1.37 0.107 0.367 1.82 0.15 1.53 2.11 0.000 0.002 

 2 1.04 0.11 0.83 1.25 0.722 0.995 1.45 0.16 1.14 1.76 0.019 0.111 
Household Dysfunction 1 1.28 0.10 1.09 1.47 0.011 0.080 1.47 0.16 1.15 1.79 0.018 0.111 

 2 1.15 0.10 0.95 1.36 0.163 0.489 1.16 0.18 0.80 1.52 0.419 0.938 
Single adversities               
Physical abuse 1 1.10 0.38 0.36 1.84 0.806 0.995 1.34 0.57 0.23 2.45 0.602 0.995 

 2 0.85 0.39 0.09 1.60 0.671 0.995 0.81 0.58 -0.33 1.95 0.718 0.995 
Emotional abuse/neglect 1 1.54 0.15 1.26 1.83 0.003 0.032 1.56 0.22 1.14 1.98 0.040 0.181 

 2 1.37 0.15 1.07 1.66 0.039 0.181 1.14 0.23 0.70 1.59 0.559 0.995 
Bullying 1 1.49 0.12 1.26 1.72 0.001 0.010 1.83 0.17 1.50 2.15 0.000 0.007 

 2 1.44 0.12 1.21 1.67 0.002 0.024 1.69 0.17 1.36 2.02 0.002 0.024 
Household violence  1 1.32 0.20 0.94 1.70 0.155 0.481 1.61 0.27 1.08 2.14 0.078 0.298 

 2 1.10 0.20 0.71 1.50 0.624 0.995 1.11 0.28 0.55 1.67 0.715 0.995 
Parental Substance Use 
Problems 1 1.58 0.23 1.13 2.02 0.045 0.187 1.10 0.39 0.33 1.88 0.805 0.995 

 2 1.33 0.23 0.87 1.78 0.225 0.653 0.74 0.41 -0.06 1.55 0.470 0.981 
Parental Mental Health 
Problems   1 1.47 0.13 1.21 1.73 0.004 0.038 1.57 0.20 1.17 1.97 0.028 0.147 

 2 1.33 0.14 1.07 1.60 0.035 0.176 1.26 0.21 0.85 1.67 0.272 0.745 
Parental Convictions 1 1.36 0.28 0.81 1.90 0.270 0.745 1.11 0.47 0.19 2.04 0.822 0.995 

 2 1.29 0.28 0.74 1.84 0.364 0.853 0.99 0.48 0.05 1.93 0.982 0.995 
Parental Separation 1 0.98 0.13 0.72 1.24 0.884 0.995 1.39 0.20 1.01 1.77 0.093 0.344 

 2 0.89 0.14 0.62 1.17 0.420 0.938 1.17 0.21 0.75 1.58 0.461 0.981 
Low Parent-Child Bonding 1 1.06 0.12 0.83 1.29 0.617 0.995 1.80 0.17 1.47 2.13 0.000 0.009 

 2 0.94 0.13 0.69 1.19 0.606 0.995 1.44 0.18 1.09 1.79 0.042 0.181 

Note. Sample: ALSPAC (N = 3,931). Pooled estimates from multinomial logistic regression models across 20 imputed models. Reference outcome: Low depression trajectory. CI = confidence interval. SE = 
standard error. fdr = false discovery rate (p-value). ACEs = adverse childhood experiences. Model 1: adjusted for sex, ethnicity, maternal smoking during pregnancy, mother’s marital status,  mother’s 
education, and household’s social class; Model 2: Model 1 + earlier ACEs. P-values highlighted in bold are statistically significant at the 95% confidence level. 

 
  



 385 

Table F17. Associations of ACEs in adolescence (12-18 yrs) with moderate-high and high-moderate CRP trajectories (vs low-moderate). 

Outcome: CRP trajectories  Moderate-high Trajectory  High-moderate Trajectory 

  Model OR SE Lower CI Upper CI p-value 
p-

value_fdr OR SE Lower CI Upper CI p-value 
p-

value_fdr 
              
Total ACEs cumulative 
score 1 1.07 0.04 0.99 1.15 0.104 0.246 1.07 0.06 0.96 1.19 0.209 0.454 

 2 1.08 0.04 0.99 1.16 0.097 0.235 1.07 0.06 0.95 1.19 0.256 0.502 
ACEs dimensions               
Emotional/ Physical 
threat  1 0.96 0.09 0.78 1.13 0.617 0.804 1.03 0.13 0.78 1.28 0.810 0.887 

 2 0.95 0.09 0.76 1.13 0.559 0.775 1.01 0.13 0.76 1.27 0.916 0.972 
Household 
Dysfunction 1 1.27 0.11 1.05 1.49 0.030 0.086 1.14 0.17 0.80 1.48 0.440 0.654 

 2 1.28 0.11 1.06 1.51 0.029 0.084 1.13 0.18 0.79 1.48 0.480 0.693 
Single adversities               
Physical abuse 1 1.15 0.16 0.83 1.47 0.391 0.603 1.22 0.21 0.81 1.64 0.337 0.599 

 2 1.17 0.17 0.85 1.50 0.340 0.599 1.21 0.21 0.78 1.63 0.383 0.603 
Emotional 
abuse/neglect 1 0.91 0.10 0.71 1.12 0.394 0.603 1.07 0.14 0.81 1.34 0.610 0.804 

 2 0.91 0.11 0.70 1.12 0.374 0.599 1.06 0.14 0.79 1.33 0.667 0.814 
Sexual abuse  1 1.09 0.19 0.71 1.47 0.653 0.814 0.91 0.26 0.39 1.42 0.707 0.824 

 2 1.09 0.19 0.72 1.47 0.644 0.814 0.90 0.26 0.38 1.42 0.681 0.814 
Bullying 1 1.11 0.11 0.88 1.33 0.372 0.599 1.15 0.14 0.87 1.43 0.340 0.599 

 2 1.11 0.11 0.88 1.33 0.371 0.599 1.14 0.14 0.86 1.43 0.350 0.599 
Parental Substance 
Use Problems 1 1.47 0.38 0.73 2.21 0.304 0.577 0.75 0.61 -0.45 1.94 0.634 0.814 

 2 1.47 0.38 0.73 2.22 0.305 0.577 0.74 0.61 -0.46 1.94 0.618 0.804 
Parental Mental 
Health Problems   1 1.31 0.29 0.74 1.89 0.352 0.599 1.21 0.46 0.32 2.10 0.673 0.814 

 2 1.34 0.31 0.74 1.94 0.341 0.599 1.18 0.47 0.26 2.11 0.721 0.824 
Parental Separation 1 1.27 0.14 1.00 1.54 0.082 0.208 1.11 0.19 0.73 1.48 0.597 0.804 

 2 1.27 0.14 0.99 1.54 0.090 0.222 1.09 0.19 0.71 1.46 0.667 0.814 
Low Parent-Child 
Bonding 1 1.03 0.13 0.77 1.29 0.804 0.887 1.01 0.18 0.65 1.37 0.970 0.994 

 2 1.02 0.14 0.75 1.29 0.878 0.951 0.98 0.19 0.62 1.35 0.930 0.977 

Note. Sample: ALSPAC (N = 3,931). Pooled estimates from multinomial logistic regression models across 20 imputed models. Reference outcome: Low-moderate CRP trajectory. CI = confidence interval. SE 
= standard error. fdr = false discovery rate (p-value). ACEs = adverse childhood experiences. CRP = C-reactive protein. Model 1: adjusted for sex, ethnicity, maternal smoking during pregnancy, mother’s 
marital status, mother’s education, and household’s social class; Model 2: Model 1 + earlier ACEs. P-values highlighted in bold are statistically significant at the 95% confidence level.  

 
  



 386 

Table F18. Associations of ACEs in adolescence (12-18 yrs) with moderate and severe depression trajectories (vs low).  

Outcome: Depression trajectories  Moderate Trajectory Severe Trajectory 

  Model OR SE Lower CI Upper CI p-value 
p-

value_fdr OR SE Lower CI Upper CI p-value 
p-

value_fdr 
              
Total ACEs cumulative 
score 1 1.47 0.04 1.38 1.55 0.000 0.000 1.87 0.06 1.76 1.99 0.000 0.000 

 2 1.43 0.05 1.34 1.52 0.000 0.000 1.79 0.07 1.67 1.92 0.000 0.000 
ACEs dimensions               
Emotional/ Physical threat  1 1.47 0.09 1.29 1.64 0.000 0.000 2.46 0.13 2.21 2.72 0.000 0.000 

 2 1.39 0.09 1.21 1.56 0.000 0.001 2.23 0.13 1.96 2.49 0.000 0.000 
Household Dysfunction 1 1.38 0.12 1.14 1.62 0.008 0.025 1.82 0.17 1.48 2.15 0.001 0.002 

 2 1.27 0.13 1.02 1.52 0.057 0.151 1.57 0.19 1.21 1.93 0.015 0.045 
Single adversities               
Physical abuse 1 1.98 0.16 1.67 2.29 0.000 0.000 5.54 0.18 5.18 5.90 0.000 0.000 

 2 1.81 0.16 1.50 2.13 0.000 0.001 4.83 0.19 4.46 5.20 0.000 0.000 
Emotional abuse/neglect 1 1.38 0.10 1.19 1.57 0.001 0.004 2.14 0.14 1.86 2.41 0.000 0.000 

 2 1.32 0.10 1.12 1.51 0.006 0.019 1.96 0.14 1.68 2.24 0.000 0.000 
Sexual abuse  1 3.16 0.18 2.80 3.52 0.000 0.000 4.43 0.22 3.99 4.87 0.000 0.000 

 2 3.09 0.18 2.73 3.45 0.000 0.000 4.29 0.23 3.85 4.74 0.000 0.000 
Bullying 1 2.16 0.10 1.97 2.36 0.000 0.000 2.14 0.16 1.83 2.45 0.000 0.000 

 2 2.12 0.10 1.92 2.32 0.000 0.000 2.01 0.16 1.69 2.33 0.000 0.000 
Parental Substance Use 
Problems 1 1.28 0.39 0.53 2.04 0.521 0.732 2.53 0.45 1.65 3.42 0.040 0.109 

 2 1.23 0.39 0.47 1.99 0.595 0.804 2.39 0.46 1.48 3.30 0.061 0.158 
Parental Mental Health 
Problems   1 1.44 0.29 0.87 2.01 0.207 0.454 1.70 0.41 0.90 2.49 0.194 0.445 

 2 1.10 0.29 0.52 1.67 0.748 0.845 1.00 0.43 0.15 1.85 0.997 0.997 
Parental Separation 1 1.11 0.14 0.83 1.39 0.458 0.671 1.18 0.20 0.78 1.58 0.417 0.628 

 2 1.02 0.15 0.72 1.31 0.912 0.972 1.01 0.21 0.60 1.43 0.955 0.994 
Low Parent-Child Bonding 1 1.45 0.12 1.20 1.69 0.003 0.011 2.04 0.18 1.70 2.39 0.000 0.000 

 2 1.33 0.13 1.08 1.58 0.026 0.077 1.75 0.19 1.39 2.11 0.003 0.009 

Note. Sample: ALSPAC (N = 3,931). Pooled estimates from multinomial logistic regression models across 20 imputed models. Reference outcome: Low depression trajectory. CI = confidence interval. SE = 
standard error. fdr = false discovery rate (p-value). ACEs = adverse childhood experiences. Model 1: adjusted for sex, ethnicity, maternal smoking during pregnancy, mother’s marital status,  mother’s 
education, and household’s social class; Model 2: Model 1 + earlier ACEs. P-values highlighted in bold are statistically significant at the 95% confidence level. 
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Table F19. Associations of any ACEs exposure throughout childhood (-1-18 yrs) with moderate-high and high-moderate CRP trajectories (vs low-moderate). 

Outcome: CRP 
trajectories   Moderate-high Trajectory High-moderate Trajectory 

  Model OR SE Lower CI Upper CI p-value 
p-

value_fdr OR SE Lower CI Upper CI p-value 
p-

value_fdr 
              
Total ACEs cumulative 
score 1 1.01 0.03 0.96 1.06 0.720 0.782 1.02 0.03 0.96 1.09 0.480 0.713 
ACEs dimensions               
Emotional/ Physical threat  1 0.95 0.09 0.78 1.12 0.560 0.777 0.96 0.11 0.74 1.18 0.700 0.782 
Household Dysfunction 1 0.96 0.10 0.76 1.15 0.658 0.778 1.07 0.13 0.82 1.32 0.585 0.777 
Single adversities               
Physical abuse 1 0.93 0.14 0.67 1.20 0.605 0.777 1.16 0.16 0.84 1.48 0.373 0.646 
Emotional abuse/neglect 1 0.92 0.09 0.74 1.10 0.386 0.648 0.94 0.12 0.70 1.18 0.597 0.777 
Sexual abuse  1 1.09 0.19 0.72 1.46 0.644 0.778 0.88 0.25 0.38 1.38 0.613 0.777 
Bullying 1 1.09 0.10 0.90 1.28 0.359 0.644 1.35 0.12 1.12 1.58 0.012 0.030 
Household violence  1 1.15 0.10 0.94 1.35 0.188 0.350 1.05 0.13 0.79 1.31 0.706 0.782 
Parental Substance Use 
Problems 1 0.81 0.15 0.51 1.10 0.155 0.298 1.28 0.17 0.95 1.61 0.138 0.275 
Parental Mental Health 
Problems   1 0.93 0.09 0.75 1.11 0.431 0.659 0.91 0.11 0.69 1.13 0.417 0.659 
Parental Convictions 1 1.04 0.16 0.72 1.36 0.815 0.831 0.87 0.22 0.44 1.30 0.530 0.765 
Parental Separation 1 1.17 0.10 0.97 1.37 0.115 0.240 1.06 0.13 0.81 1.31 0.641 0.778 
Low Parent-Child Bonding 1 1.03 0.10 0.83 1.23 0.778 0.826 0.95 0.14 0.69 1.22 0.722 0.782 

Note. Sample: ALSPAC (N = 3,931). Pooled estimates from multinomial logistic regression models across 20 imputed models. Reference outcome: Low-moderate CRP trajectory. CI = confidence interval. SE 
= standard error. fdr = false discovery rate (p-value). ACEs = adverse childhood experiences. CRP = C-reactive protein. Model 1: adjusted for sex, ethnicity, maternal smoking during pregnancy, mother’s 
marital status, mother’s education, and household’s social class. P-values highlighted in bold are statistically significant at the 95% confidence level. 
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Table F20. Associations of any ACEs exposure throughout childhood (-1-18 yrs) with moderate and severe depression trajectories (vs low). 

Outcome: Depression trajectories  Moderate Trajectory Severe Trajectory 
  Model OR SE Lower CI Upper CI p-value p-value_fdr OR SE Lower CI Upper CI p-value p-value_fdr 
              
Total ACEs cumulative 
score 1 1.24 0.03 1.19 1.29 0.000 0.000 1.51 0.04 1.43 1.58 0.000 0.000 
ACEs dimensions               
Emotional/ Physical 
threat  1 1.48 0.09 1.32 1.65 0.000 0.000 2.56 0.16 2.26 2.87 0.000 0.000 
Household Dysfunction 1 1.52 0.11 1.31 1.73 0.000 0.000 2.06 0.19 1.70 2.42 0.000 0.000 
Single adversities               
Physical abuse 1 1.59 0.12 1.35 1.83 0.000 0.000 3.56 0.16 3.26 3.87 0.000 0.000 
Emotional abuse/neglect 1 1.54 0.09 1.38 1.71 0.000 0.000 2.33 0.14 2.06 2.60 0.000 0.000 
Sexual abuse  1 2.92 0.18 2.57 3.27 0.000 0.000 4.43 0.21 4.01 4.84 0.000 0.000 
Bullying 1 1.89 0.09 1.72 2.06 0.000 0.000 1.95 0.14 1.68 2.22 0.000 0.000 
Household violence  1 1.26 0.10 1.06 1.45 0.020 0.046 1.75 0.15 1.45 2.05 0.000 0.001 
Parental Substance Use 
Problems 1 1.31 0.12 1.07 1.54 0.027 0.061 1.48 0.19 1.11 1.86 0.038 0.083 
Parental Mental Health 
Problems   1 1.60 0.08 1.43 1.76 0.000 0.000 2.01 0.14 1.74 2.28 0.000 0.000 
Parental Convictions 1 0.98 0.16 0.67 1.29 0.892 0.892 1.20 0.22 0.76 1.63 0.421 0.659 
Parental Separation 1 0.98 0.10 0.79 1.16 0.796 0.828 1.55 0.15 1.26 1.84 0.003 0.009 
Low Parent-Child 
Bonding 1 1.28 0.09 1.10 1.47 0.007 0.019 1.82 0.14 1.54 2.10 0.000 0.000 

Note. Sample: ALSPAC (N = 3,931). Pooled estimates from multinomial logistic regression models across 20 imputed models. Reference outcome: Low depression trajectory. CI = confidence interval. SE = 
standard error. fdr = false discovery rate (p-value). ACEs = adverse childhood experiences. Model 1: adjusted for sex, ethnicity, maternal smoking during pregnancy, mother’s marital status,  mother’s 
education, and household’s social class. P-values highlighted in bold are statistically significant at the 95% confidence level. 
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Table F21. Associations of single-exposure and multiple-exposure to ACEs throughout childhood (-1-18 yrs) with moderate-high and high-moderate CRP trajectories (vs low-moderate). 

Outcome: CRP trajectories   Moderate-high Trajectory High-moderate Trajectory 

   OR SE Lower CI Upper CI p-value 
p-

value_fdr OR SE Lower CI Upper CI p-value 
p-

value_fdr 

Total ACEs cumulative score Single-exposure 1.035 0.173 0.696 1.375 0.842 0.915 1.213 0.212 0.798 1.628 0.362 0.673 

 Multiple-exposure 1.028 0.127 0.778 1.277 0.829 0.915 1.291 0.168 0.962 1.621 0.128 0.272 
ACEs dimensions               
Emotional/ Physical threat  Single-exposure 0.952 0.107 0.741 1.162 0.645 0.839 0.981 0.139 0.709 1.254 0.892 0.919 

 Multiple-exposure 0.940 0.109 0.726 1.154 0.571 0.803 0.955 0.139 0.684 1.227 0.742 0.888 
Household Dysfunction Single-exposure 0.974 0.133 0.714 1.235 0.844 0.915 1.232 0.161 0.916 1.547 0.196 0.407 

 Multiple-exposure 1.039 0.106 0.832 1.247 0.716 0.886 1.070 0.137 0.801 1.340 0.622 0.831 
Single adversities               
Physical abuse Single-exposure 0.979 0.152 0.680 1.278 0.890 0.919 1.109 0.185 0.747 1.471 0.575 0.803 

 Multiple-exposure 0.838 0.319 0.214 1.463 0.580 0.803 1.404 0.321 0.776 2.033 0.289 0.579 
Emotional abuse/neglect Single-exposure 0.922 0.102 0.722 1.123 0.430 0.721 0.964 0.139 0.693 1.236 0.794 0.915 

 Multiple-exposure 0.886 0.149 0.594 1.178 0.417 0.718 0.887 0.194 0.506 1.268 0.536 0.802 
Sexual abuse * Single-exposure 1.076 0.186 0.713 1.440 0.692 0.882 0.910 0.254 0.412 1.408 0.711 0.886 
Bullying Single-exposure 1.077 0.103 0.876 1.277 0.472 0.767 1.324 0.126 1.077 1.571 0.026 0.049 

 Multiple-exposure 1.048 0.255 0.548 1.548 0.853 0.915 1.317 0.309 0.713 1.922 0.372 0.678 
Household violence  Single-exposure 1.283 0.130 1.027 1.538 0.056 0.149 1.205 0.189 0.834 1.575 0.324 0.624 

 Multiple-exposure 0.936 0.207 0.531 1.342 0.751 0.888 1.088 0.253 0.592 1.584 0.739 0.888 
Parental Substance Use Problems Single-exposure 0.909 0.169 0.578 1.241 0.574 0.803 1.224 0.212 0.809 1.639 0.339 0.642 

 Multiple-exposure 0.650 0.268 0.126 1.174 0.107 0.253 1.536 0.263 1.020 2.052 0.103 0.253 
Parental Mental Health Problems   Single-exposure 0.912 0.137 0.645 1.180 0.502 0.783 1.014 0.160 0.701 1.327 0.930 0.949 

 Multiple-exposure 0.918 0.107 0.709 1.127 0.421 0.718 0.905 0.136 0.639 1.172 0.466 0.767 
Parental Convictions Single-exposure 1.027 0.194 0.647 1.406 0.892 0.919 1.059 0.249 0.570 1.547 0.819 0.915 

 Multiple-exposure 1.015 0.287 0.452 1.578 0.959 0.968 0.324 0.644 -0.939 1.587 0.080 0.203 
Parental Separation Single-exposure 1.117 0.136 0.851 1.383 0.414 0.718 1.100 0.176 0.756 1.444 0.587 0.803 

 Multiple-exposure 1.225 0.131 0.969 1.482 0.121 0.268 1.038 0.176 0.692 1.383 0.834 0.915 
Low Parent-Child Bonding Single-exposure 1.032 0.152 0.735 1.329 0.834 0.915 0.840 0.206 0.436 1.245 0.399 0.715 

 Multiple-exposure 1.025 0.123 0.783 1.266 0.843 0.915 1.102 0.166 0.777 1.427 0.557 0.803 

Note. Sample: ALSPAC (N = 3,931). Pooled estimates from multinomial logistic regression models across 20 imputed models. Reference outcome: Low-moderate CRP trajectory. CI = confidence interval. SE = standard 
error. fdr = false discovery rate (p-value). ACEs = adverse childhood experiences. CRP = C-reactive protein. Model 4: adjusted for sex, ethnicity, maternal smoking during pregnancy, mother’s marital status, mother’s education, 
and household’s social class. P-values highlighted in bold are statistically significant at the 95% confidence level. 
* The Multiple-exposure group was not included due to limited sample size.  
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Table F22. Associations of single-exposure and multi-exposure to ACEs throughout childhood (-1-18 yrs) with moderate and severe depression trajectories (vs low). 

Outcome: Depression trajectories  Moderate Trajectory Severe Trajectory 

  Model  OR SE Lower CI Upper CI p-value 
p-

value_fdr OR SE Lower CI Upper CI p-value 
p-

value_fdr 

Total ACEs cumulative 
score 

Single-exposure 
1.316 0.179 0.966 1.667 0.124 0.269 1.846 0.334 1.191 2.500 0.066 0.173  

Multiple-exposure 2.103 0.134 1.840 2.365 0.000 0.000 4.278 0.278 3.732 4.823 0.000 0.000 
ACEs dimensions               
Emotional/ Physical 
threat  

Single-exposure 
1.507 0.103 1.305 1.709 0.000 0.000 1.985 0.178 1.636 2.335 0.000 0.001  

Multiple-exposure 1.502 0.099 1.307 1.697 0.000 0.000 2.982 0.162 2.665 3.299 0.000 0.000 
Household Dysfunction Single-exposure 1.280 0.122 1.040 1.519 0.043 0.125 1.589 0.221 1.156 2.022 0.036 0.110  

Multiple-exposure 1.619 0.102 1.419 1.819 0.000 0.000 2.644 0.178 2.295 2.994 0.000 0.000 
Single adversities               
Physical abuse Single-exposure 1.563 0.133 1.303 1.823 0.001 0.003 3.664 0.165 3.339 3.988 0.000 0.000  

Multiple-exposure 1.634 0.254 1.137 2.131 0.053 0.145 2.787 0.343 2.115 3.460 0.003 0.011 
Emotional 
abuse/neglect 

Single-exposure 
1.475 0.096 1.286 1.663 0.000 0.000 2.071 0.157 1.763 2.378 0.000 0.000  

Multiple-exposure 1.646 0.132 1.388 1.904 0.000 0.001 2.767 0.189 2.397 3.138 0.000 0.000 
Sexual abuse * Single-exposure 2.802 0.177 2.454 3.149 0.000 0.000 4.097 0.215 3.676 4.518 0.000 0.000 
Bullying Single-exposure 1.789 0.092 1.609 1.969 0.000 0.000 1.757 0.149 1.466 2.048 0.000 0.001  

Multiple-exposure 2.937 0.226 2.495 3.380 0.000 0.000 3.981 0.288 3.417 4.545 0.000 0.000 
Household violence  Single-exposure 1.349 0.151 1.052 1.645 0.048 0.135 2.042 0.195 1.660 2.423 0.000 0.001  

Multiple-exposure 1.332 0.177 0.985 1.678 0.105 0.253 2.192 0.263 1.676 2.708 0.003 0.011 
Parental Substance Use 
Problems 

Single-exposure 
1.114 0.162 0.796 1.431 0.507 0.783 1.180 0.270 0.651 1.710 0.539 0.802  

Multiple-exposure 1.735 0.197 1.350 2.121 0.005 0.019 1.938 0.299 1.352 2.524 0.027 0.087 
Parental Mental Health 
Problems   

Single-exposure 
1.320 0.119 1.086 1.553 0.020 0.068 1.392 0.212 0.976 1.807 0.119 0.268  

Multiple-exposure 1.721 0.094 1.536 1.906 0.000 0.000 2.232 0.151 1.936 2.529 0.000 0.000 
Parental Convictions Single-exposure 0.928 0.190 0.557 1.300 0.695 0.882 1.096 0.281 0.545 1.647 0.744 0.888  

Multiple-exposure 1.209 0.271 0.677 1.741 0.484 0.775 1.226 0.432 0.380 2.072 0.637 0.838 
Parental Separation Single-exposure 0.916 0.133 0.655 1.178 0.512 0.783 1.518 0.191 1.144 1.891 0.029 0.090  

Multiple-exposure 1.065 0.129 0.813 1.318 0.623 0.831 1.665 0.185 1.302 2.029 0.006 0.021 
Low Parent-Child 
Bonding 

Single-exposure 
1.466 0.129 1.214 1.719 0.003 0.012 1.556 0.212 1.140 1.971 0.037 0.110  

Multiple-exposure 1.207 0.119 0.974 1.440 0.113 0.261 2.059 0.166 1.734 2.384 0.000 0.000 
Note. Sample: ALSPAC (N = 3,931). Pooled estimates from multinomial logistic regression models across 20 imputed models. Reference outcome: Low depression trajectory. CI = confidence interval. SE = 
standard error. fdr = false discovery rate (p-value). ACEs = adverse childhood experiences. CRP = C-reactive protein. Model 4: adjusted for sex, ethnicity, maternal smoking during pregnancy, mother’s marital 
status, mother’s education, and household’s social class. P-values highlighted in bold are statistically significant at the 95% confidence level. 
* The Multiple-exposure group was not included due to limited sample size.  
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Table F23. Interaction effects between ACEs and sex on CRP trajectories.  

Outcome: Moderate-High CRP Trajectory     
  OR SE Lower CI Upper CI p-value p-value_fdr 

ACEs -1-0 yrs       
ACEs cumulative score 0.63 0.16 0.33 0.94 0.003 0.009 
Child sex: Female 1.47 0.10 1.28 1.67 0.000 0.000 
ACEs cumulative score*Female 1.45 0.18 1.11 1.80 0.033 0.084 
Household Dysfunction 0.54 0.18 0.18 0.89 0.001 0.002 
Child sex: Female 1.42 0.10 1.23 1.62 0.000 0.001 
Household Dysfunction*Female 1.76 0.21 1.34 2.17 0.008 0.021 
ACEs 0-3 yrs       
Household Dysfunction 0.80 0.17 0.48 1.13 0.188 0.344 
Child sex: Female 1.39 0.11 1.18 1.60 0.003 0.007 
Household Dysfunction*Female 1.58 0.19 1.21 1.96 0.015 0.039 
ACEs 3-7 yrs       
Household Dysfunction 0.80 0.17 0.47 1.13 0.190 0.412 
Child sex:Female 1.43 0.11 1.22 1.64 0.001 0.002 
Household Dysfunction*Female 1.49 0.20 1.11 1.88 0.043 0.120 
Parental Mental Health Problems   0.64 0.30 0.04 1.24 0.140 0.337 
Child sex: Female 1.59 0.13 1.34 1.84 0.000 0.001 
Parental Mental Health Problems*Female 2.12 0.34 1.45 2.79 0.028 0.080 
ACEs 12-18 yrs       
Sexual abuse  6.52 0.57 5.39 7.64 0.001 0.003 
Child sex:Female 1.71 0.09 1.54 1.89 0.000 0.000 
Sexual abuse*Female 0.13 0.62 -1.08 1.34 0.001 0.003 
Parental Separation 1.82 0.22 1.40 2.25 0.006 0.015 
Child sex:Female 1.75 0.09 1.57 1.93 0.000 0.000 
Parental Separation*Female 0.57 0.27 0.04 1.11 0.041 0.093 
ACEs -1-18 yrs       
Sexual abuse 6.69 0.52 5.67 7.71 0.000 0.001 
Child sex 1.70 0.09 1.53 1.87 0.000 0.000 
Sexual abuse*Child sex 0.13 0.55 -0.96 1.21 0.000 0.001 
Parental Mental Health Problems   0.70 0.15 0.41 0.99 0.016 0.038 
Child sex 1.31 0.12 1.07 1.55 0.027 0.060 
Parental Mental Health Problems*Child sex 1.56 0.18 1.20 1.92 0.015 0.037 

Note. Sample: ALSPAC (N = 3,931). Pooled estimates from multinomial logistic regression models across 20 imputed models. Reference outcome: Low-moderate CRP 
trajectory. CI = confidence interval. SE = standard error. fdr = false discovery rate (p-value). ACEs = adverse childhood experiences. CRP = C-reactive protein. Model 
3: adjusted for sex, ethnicity, maternal smoking during pregnancy, mother’s marital status, mother’s education, household’s social class, and earlier ACEs. P-values 
highlighted in bold are statistically significant at the 95% confidence level. Only statistically significant interaction effects (p < 0.05) are presented in the table.  
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Figure F1. Interaction effects between ACEs and sex on CRP trajectories.  
 
Note. Sample: ALSPAC (N =3,931). Predicted odds ratios derived from multinomial logistic regression models adjusted for sex, ethnicity, maternal smoking 
during pregnancy, mother’s marital status, mother’s education, household’s social class, and earlier ACEs. Pooled estimates across 20 imputed datasets. 
Reference outcome: low-moderate CRP trajectory. Only statistically significant interaction effects (p < 0.05) are presented in the figure.   
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Table F24. Interaction effects between ACEs and sex on depression trajectories.  

Outcome: Moderate depression trajectory  
  OR SE Lower CI Upper CI p-value p-value_fdr 

ACEs 0-3 yrs       
Low Parent-Child Bonding 0.55 0.43 -0.29 1.40 0.168 0.331 
Child sex: Female 1.44 0.08 1.28 1.59 0.000 0.000 
Low Parent-Child Bonding*Female 3.52 0.50 2.55 4.49 0.011 0.029 
ACEs -1-18 yrs       
Physical abuse 1.12 0.20 0.72 1.52 0.589 0.733 
Child sex 1.41 0.09 1.25 1.58 0.000 0.000 
Physical abuse*Child sex 1.76 0.25 1.26 2.25 0.025 0.056 

Note. Sample: ALSPAC (N = 3,931). Pooled estimates from multinomial logistic regression models across 20 imputed models. Reference outcome: Low depression trajectory. CI = confidence interval. SE = 
standard error. fdr = false discovery rate (p-value). ACEs = adverse childhood experiences. Model 3: adjusted for sex, ethnicity, maternal smoking during pregnancy, mother’s marital status,  mother’s education, 
household’s social class, and earlier ACEs. P-values highlighted in bold are statistically significant at the 95% confidence level. Only statistically significant interaction effects (p < 0.05) are presented in the 
table.  

 

 
 
 

 
Figure F2. Interaction effects between ACEs and sex on depression trajectories.  
 
Note. Sample: ALSPAC (N =3,931). Predicted odds ratios derived from multinomial logistic regression models adjusted for sex, ethnicity, maternal smoking 
during pregnancy, mother’s marital status, mother’s education, household’s social class, and earlier ACEs. Pooled estimates across 20 imputed datasets. 
Reference outcome: low depression trajectory. Only statistically significant interaction effects (p < 0.05) are presented in the figure.  
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Table F25. Associations of the individual CRP measures and CRP trajectories with moderate and severe depression trajectories (vs low).  

Outcome: Depression trajectories  Moderate Trajectory Severe Trajectory 
  OR SE Lower CI Upper CI p-value OR SE Lower CI Upper CI p-value 

Single CRP measures            
CRP 18 yrs (log) 0.94 0.04 0.86 1.03 0.20 0.96 0.07 0.83 1.10 0.58 
CRP 15 yrs (log) 0.99 0.05 0.90 1.08 0.85 1.00 0.07 0.86 1.15 0.98 
CRP 9 yrs (log) 0.94 0.04 0.86 1.02 0.13 1.00 0.06 0.88 1.12 0.99 
CRP Trajectories            
Low CRP Trajectory  ref     ref     
Moderate-High CRP Trajectory  0.96 0.10 0.77 1.15 0.64 1.01 0.15 0.70 1.31 0.97 
High-Moderate CRP Trajectory  0.85 0.13 0.59 1.10 0.21 1.19 0.19 0.83 1.56 0.34 

Note. Sample: ALSPAC (N = 3,931). Pooled estimates from multinomial logistic regression models across 20 imputed models. Reference outcome: Low depression trajectory. CI = confidence interval. SE = 
standard error. CRP = C-reactive protein. Model 1: adjusted for sex, ethnicity, maternal smoking during pregnancy, mother’s marital status, mother’s education, and household’s social class.  P-values highlighted 
in bold are statistically significant at the 95% confidence level.  

 
 

Table F26. Associations of the individual CRP measures and CRP trajectories with the risk of depression (SMFQ total score ≥ 10) at 18 years and 23 years.  

 Outcome: Depression, age 18 years  Outcome: Depression, age 23 years 
  OR SE Lower CI Upper CI p-value OR SE Lower CI Upper CI p-value 

Single CRP measures            
CRP 18 yrs (log) 0.97 0.05 0.88 1.07 0.57 0.99 0.05 0.89 1.09 0.81 
CRP 15 yrs (log) 0.98 0.05 0.87 1.08 0.69 1.04 0.05 0.95 1.13 0.40 
CRP 9 yrs (log) 1.00 0.05 0.91 1.09 0.95 1.00 0.04 0.91 1.09 1.00 
CRP Trajectories            
Low CRP Trajectory  ref     ref     
Moderate-High CRP Trajectory  0.95 0.11 0.74 1.16 0.63 0.97 0.11 0.76 1.18 0.78 
High-Moderate CRP Trajectory  1.03 0.15 0.75 1.32 0.83 1.00 0.14 0.73 1.27 0.99 

Note. Sample: ALSPAC (N = 3,931). Pooled estimates from logistic regression models across 20 imputed models. CI = confidence interval. SE = standard error. ACEs 
= adverse childhood experiences. CRP = C-reactive protein. Model 1: adjusted for sex, ethnicity, maternal smoking during pregnancy, mother’s marital status, mother’s 
education, and household’s social class. P-values highlighted in bold are statistically significant at the 95% confidence level.  
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Table F27. Interaction effects between ACEs -1-18 years and CRP trajectories on moderate and severe depression trajectories.  

Outcome: Depression trajectories  Moderate Trajectory Severe Trajectory 
  OR SE Lower CI Upper CI p-value p-value_fdr OR SE Lower CI Upper CI p-value p-value_fdr 

Total ACE score 1.21 0.03 1.16 1.27 0.00 0.00 1.53 0.05 1.44 1.62 0.00 0.00 
CRP traj 2 0.81 0.19 0.44 1.19 0.28 0.81 1.49 0.32 0.86 2.11 0.21 0.71 
CRP traj 3 0.66 0.26 0.16 1.17 0.11 0.48 0.92 0.43 0.08 1.75 0.84 0.94 
total ACE score x CRP traj 2 1.06 0.06 0.94 1.18 0.37 0.81 0.88 0.09 0.70 1.07 0.18 0.64 
total ACE score x CRP traj 3 1.10 0.09 0.93 1.26 0.28 0.81 1.09 0.12 0.86 1.32 0.48 0.81 
ACEs dimensions              
Emotional/ Physical threat  1.43 0.10 1.24 1.62 0.00 0.00 2.62 0.19 2.25 2.98 0.00 0.00 
CRP traj 2 0.86 0.16 0.55 1.16 0.32 0.81 1.14 0.28 0.58 1.69 0.65 0.88 
CRP traj 3 0.87 0.20 0.48 1.26 0.48 0.81 1.11 0.38 0.38 1.85 0.77 0.92 
Emotional/ Physical threat x CRP traj 2 1.22 0.21 0.81 1.64 0.34 0.81 0.87 0.37 0.15 1.59 0.70 0.89 
Emotional/ Physical threat x CRP traj 3 0.96 0.28 0.42 1.50 0.88 0.94 1.11 0.46 0.20 2.01 0.83 0.94 
Household Dysfunction 1.48 0.12 1.24 1.72 0.00 0.01 2.36 0.23 1.92 2.80 0.00 0.00 
CRP traj 2 0.83 0.24 0.37 1.29 0.43 0.81 1.71 0.35 1.02 2.39 0.13 0.50 
CRP traj 3 0.89 0.29 0.31 1.47 0.69 0.89 0.98 0.54 -0.07 2.04 0.98 0.98 
Household Dysfunction x CRP traj 2 1.20 0.28 0.65 1.74 0.52 0.81 0.52 0.40 -0.27 1.31 0.10 0.47 
Household Dysfunction x CRP traj 3 0.93 0.34 0.26 1.61 0.84 0.94 1.23 0.58 0.09 2.37 0.72 0.89 
Single adversities              
Physical abuse 1.33 0.15 1.04 1.62 0.05 0.29 3.60 0.19 3.23 3.97 0.00 0.00 
CRP traj 2 0.91 0.11 0.71 1.12 0.40 0.81 1.07 0.18 0.72 1.42 0.72 0.89 
CRP traj 3 0.73 0.15 0.44 1.02 0.03 0.18 1.16 0.22 0.72 1.60 0.51 0.81 
Physical abuse x CRP traj 2 1.44 0.33 0.80 2.08 0.26 0.81 0.86 0.43 0.02 1.70 0.72 0.89 
Physical abuse x CRP traj 3 2.54 0.38 1.80 3.27 0.01 0.09 1.22 0.48 0.29 2.16 0.67 0.89 
Emotional abuse/neglect 1.52 0.10 1.32 1.73 0.00 0.00 2.41 0.17 2.07 2.75 0.00 0.00 
CRP traj 2 0.91 0.13 0.65 1.16 0.46 0.81 1.18 0.23 0.74 1.62 0.46 0.81 
CRP traj 3 0.92 0.17 0.59 1.25 0.62 0.88 1.05 0.31 0.45 1.66 0.86 0.94 
Emotional abuse/neglect x CRP traj 2 1.16 0.21 0.73 1.58 0.50 0.81 0.75 0.35 0.06 1.45 0.42 0.81 
Emotional abuse/neglect x CRP traj 3 0.83 0.29 0.25 1.40 0.51 0.81 1.24 0.44 0.39 2.10 0.62 0.88 
Sexual Abuse 2.40 0.22 1.96 2.83 0.00 0.00 5.26 0.25 4.76 5.75 0.00 0.00 
CRP traj 2 0.92 0.10 0.72 1.12 0.44 0.81 1.08 0.16 0.76 1.40 0.63 0.88 
CRP traj 3 0.80 0.14 0.53 1.07 0.10 0.47 1.32 0.19 0.94 1.70 0.15 0.55 
Sexual Abuse x CRP traj 2 1.43 0.41 0.63 2.22 0.38 0.81 0.58 0.54 -0.48 1.64 0.32 0.81 
Sexual Abuse x CRP traj 3 2.63 0.59 1.47 3.79 0.10 0.47 0.60 0.80 -0.97 2.17 0.52 0.81 
Bullying 1.85 0.10 1.65 2.06 0.00 0.00 1.94 0.17 1.61 2.27 0.00 0.00 
CRP traj 2 0.95 0.12 0.72 1.17 0.63 0.88 0.93 0.19 0.55 1.31 0.69 0.89 
CRP traj 3 0.75 0.17 0.42 1.08 0.09 0.43 1.28 0.22 0.84 1.72 0.27 0.81 
Bullying x CRP traj 2 1.01 0.22 0.58 1.43 0.97 0.98 1.22 0.33 0.57 1.88 0.55 0.83 
Bullying x CRP traj 3 1.25 0.28 0.70 1.81 0.43 0.81 0.73 0.41 -0.08 1.54 0.44 0.81 
Household violence  1.29 0.11 1.08 1.51 0.02 0.11 1.91 0.17 1.57 2.26 0.00 0.00 
CRP traj 2 0.96 0.13 0.71 1.20 0.71 0.89 1.10 0.20 0.71 1.49 0.65 0.88 
CRP traj 3 0.91 0.16 0.59 1.22 0.54 0.83 1.30 0.25 0.80 1.79 0.31 0.81 
Household violence x CRP traj 2 0.97 0.25 0.49 1.46 0.91 0.96 0.76 0.34 0.09 1.43 0.43 0.81 
Household violence x CRP traj 3 0.79 0.33 0.13 1.44 0.47 0.81 0.77 0.49 -0.19 1.73 0.59 0.87 
Parental Substance Use Problems 1.24 0.15 0.95 1.53 0.14 0.54 1.76 0.23 1.32 2.20 0.01 0.08 
CRP traj 2 0.94 0.11 0.74 1.15 0.57 0.86 1.17 0.16 0.84 1.49 0.35 0.81 
CRP traj 3 0.81 0.14 0.52 1.09 0.14 0.52 1.16 0.21 0.75 1.57 0.48 0.81 
Parental Substance Use Problems x CRP traj 
2 1.13 0.32 0.50 1.77 0.70 0.89 0.26 0.70 -1.11 1.64 0.06 0.30 
Parental Substance Use Problems x CRP traj 
3 1.32 0.37 0.60 2.03 0.45 0.81 1.09 0.50 0.11 2.07 0.87 0.94 
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Parental Mental Health Problems   1.55 0.10 1.35 1.74 0.00 0.00 2.16 0.17 1.83 2.49 0.00 0.00 
CRP traj 2 0.89 0.16 0.57 1.20 0.45 0.81 1.38 0.24 0.90 1.86 0.19 0.64 
CRP traj 3 0.83 0.21 0.43 1.24 0.37 0.81 0.97 0.36 0.27 1.67 0.94 0.97 
Parental Mental Health Problems x CRP traj 2 1.14 0.22 0.71 1.58 0.55 0.83 0.60 0.33 -0.05 1.25 0.12 0.49 
Parental Mental Health Problems x CRP traj 3 1.06 0.30 0.47 1.64 0.85 0.94 1.37 0.44 0.50 2.24 0.48 0.81 
Parental Convictions 1.01 0.18 0.65 1.36 0.97 0.98 0.97 0.30 0.38 1.56 0.92 0.96 
CRP traj 2 0.95 0.10 0.75 1.15 0.60 0.88 0.95 0.16 0.63 1.27 0.76 0.91 
CRP traj 3 0.88 0.13 0.62 1.15 0.35 0.81 1.14 0.20 0.75 1.53 0.52 0.81 
Parental Convictions x CRP traj 2 1.11 0.38 0.37 1.85 0.78 0.92 1.72 0.53 0.69 2.75 0.30 0.81 
Parental Convictions x CRP traj 3 0.44 0.76 -1.05 1.93 0.29 0.81 1.67 0.70 0.30 3.05 0.46 0.81 
Parental Separation 0.98 0.12 0.75 1.20 0.84 0.94 1.68 0.18 1.34 2.02 0.00 0.02 
CRP traj 2 0.97 0.12 0.73 1.21 0.82 0.94 1.24 0.20 0.84 1.64 0.29 0.81 
CRP traj 3 0.82 0.16 0.51 1.14 0.22 0.73 1.05 0.26 0.53 1.56 0.86 0.94 
Parental Separation x CRP traj 2 0.95 0.23 0.50 1.41 0.84 0.94 0.57 0.36 -0.13 1.27 0.12 0.49 
Parental Separation x CRP traj 3 1.11 0.31 0.50 1.72 0.73 0.89 1.33 0.41 0.53 2.13 0.48 0.81 
Low Parent-Child Bonding 1.28 0.11 1.06 1.49 0.03 0.16 1.73 0.18 1.37 2.09 0.00 0.02 
CRP traj 2 0.95 0.12 0.72 1.17 0.64 0.88 0.92 0.20 0.54 1.31 0.69 0.89 
CRP traj 3 0.85 0.15 0.55 1.15 0.30 0.81 1.20 0.24 0.74 1.67 0.43 0.81 
Low Parent-Child Bonding x CRP traj 2 1.04 0.24 0.56 1.51 0.88 0.94 1.27 0.35 0.59 1.96 0.49 0.81 
Low Parent-Child Bonding x CRP traj 3 0.98 0.32 0.36 1.61 0.96 0.98 0.97 0.45 0.08 1.86 0.95 0.98 

Note. Sample: ALSPAC (N = 3,931). Pooled estimates from multinomial logistic regression models across 20 imputed models. Reference outcome: Low depression trajectory. CI = confidence interval. SE = 
standard error. ACEs = adverse childhood experiences. CRP traj 2 = moderate-high CRP trajectory; CRP traj 3 = high-moderate CRP trajectory; ref = low-moderate CRP trajectory. Model adjusted for sex, 
ethnicity, maternal smoking during pregnancy, mother’s marital status, mother’s education, and household’s social class. P-values highlighted in bold are statistically significant at the 95% confidence level.  
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Table F28. Longitudinal mediation effects of CRP trajectories (9-18 yrs) in the association between ACEs (-1-18 yrs) and depression trajectories (18-23 yrs).  

  Mediation Effect (unexposed) Mediation Effect (exposed) Mediation Effect (average) 

Exposure  Mediator  
Estimate 
(ACME) 

Lower 
CI  

Upper 
CI 

p-
value 

Proportion 
mediated 
effect 

Estimate 
(ACME) Lower CI Upper CI p-value 

Proportion 
mediated 
effect 

Estimate 
(ACME) Lower CI 

Upper 
CI p-value 

Proportion 
mediated effect 

Outcome: Moderate depression trajectory (vs low) 

               
ACEs multiple-
exposure (2+ ACEs) 

Moderate-High 
CRP Traj 0.000 -0.002 0.001 0.828 -0.002 0.000 -0.001 0.001 0.918 0.000 0.000 -0.001 0.001 0.885 -0.001 

 

High-moderate 
CRP Traj 0.000 -0.002 0.002 0.901 -0.001 0.000 -0.001 0.001 0.947 0.000 0.000 -0.001 0.001 0.900 -0.001 

Emotional/ Physical 
threat  

Moderate-High 
CRP Traj 0.000 -0.001 0.001 0.515 0.004 0.000 -0.001 0.001 0.705 -0.002 0.000 -0.000 0.001 0.793 0.001 

 

High-moderate 
CRP Traj 0.001 0.000 0.001 0.244 0.008 0.001 -0.001 0.002 0.272 0.010 0.001 -0.000 0.002 0.179 0.009 

Household Dysfunction 
Moderate-High 
CRP Traj 0.000 -0.001 0.001 0.849 0.002 0.000 -0.001 0.001 0.973 0.000 0.000 -0.001 0.001 0.861 0.001 

 

High-moderate 
CRP Traj 0.000 -0.001 0.001 0.991 0.000 0.000 -0.001 0.001 0.986 0.000 0.000 -0.001 0.001 0.985 0.000 

Physical abuse 

Moderate-High 

CRP Traj 0.000 -0.001 0.001 0.658 0.003 -0.001 -0.004 0.003 0.693 -0.009 0.000 -0.002 0.001 0.773 -0.003 

 

High-moderate 
CRP Traj -0.001 -0.003 0.001 0.346 -0.011 0.003 -0.003 0.009 0.349 0.029 0.001 -0.001 0.003 0.441 0.009 

Emotional 
abuse/neglect 

Moderate-High 
CRP Traj 0.000 -0.001 0.001 0.933 0.000 0.000 -0.001 0.001 0.979 0.000 0.000 -0.001 0.001 0.976 0.000 

 

High-moderate 
CRP Traj 0.000 -0.001 0.001 0.987 0.000 0.000 -0.002 0.002 0.974 0.000 0.000 -0.001 0.001 0.972 0.000 

Sexual abuse  
Moderate-High 
CRP Traj 0.000 -0.002 0.001 0.660 -0.002 0.002 -0.007 0.012 0.653 0.010 0.001 -0.004 0.006 0.714 0.004 

 

High-moderate 
CRP Traj 0.000 -0.002 0.003 0.707 0.002 -0.002 -0.014 0.009 0.712 -0.010 -0.001 -0.006 0.004 0.731 -0.004 

Bullying 
Moderate-High 
CRP Traj 0.000 -0.001 0.001 0.928 0.000 0.000 -0.001 0.001 0.963 0.000 0.000 -0.001 0.001 0.932 0.000 

 

High-moderate 

CRP Traj -0.001 -0.003 0.001 0.215 -0.010 0.000 -0.003 0.003 0.782 -0.003 -0.001 -0.003 0.001 0.339 -0.007 

Household violence  
Moderate-High 
CRP Traj 0.000 -0.001 0.001 0.945 0.001 0.000 -0.002 0.002 0.976 0.001 0.000 -0.001 0.001 0.954 0.001 

 

High-moderate 
CRP Traj 0.000 -0.001 0.001 0.779 0.003 0.001 -0.002 0.003 0.666 0.012 0.000 -0.001 0.002 0.646 0.007 

Parental Substance 
Use Problems 

Moderate-High 
CRP Traj 0.000 -0.001 0.001 0.850 0.002 0.001 -0.002 0.004 0.682 0.012 0.000 -0.001 0.002 0.658 0.007 

 

High-moderate 
CRP Traj -0.002 -0.003 0.000 0.126 -0.024 0.000 -0.005 0.005 0.926 0.004 -0.001 -0.003 0.002 0.611 -0.010 

Parental Mental Health 
Problems   

Moderate-High 
CRP Traj 0.000 -0.001 0.001 0.693 0.002 0.000 -0.001 0.001 0.882 -0.001 0.000 -0.001 0.001 0.865 0.001 

 

High-moderate 
CRP Traj 0.001 0.000 0.002 0.045 0.012 0.000 -0.001 0.001 0.664 0.003 0.001 -0.000 0.002 0.137 0.007 

Parental Convictions 

Moderate-High 

CRP Traj 0.000 -0.001 0.001 0.686 -0.026 0.001 -0.003 0.004 0.743 0.078 0.000 -0.001 0.002 0.833 0.026 

 

High-moderate 
CRP Traj 0.000 -0.001 0.002 0.571 -0.032 0.002 -0.004 0.009 0.486 -0.159 0.001 -0.002 0.005 0.468 -0.096 

Parental Separation 
Moderate-High 
CRP Traj 0.000 -0.002 0.001 0.722 0.538 0.000 -0.002 0.002 0.776 0.515 0.000 -0.001 0.001 0.651 0.526 

 

High-moderate 
CRP Traj 0.000 -0.002 0.001 0.448 -0.178 0.000 -0.002 0.001 0.570 -0.142 0.000 -0.001 0.001 0.403 -0.160 

Low Parent-Child 
Bonding 

Moderate-High 
CRP Traj 0.000 -0.001 0.000 0.516 -0.004 0.000 -0.001 0.002 0.726 0.004 0.000 -0.001 0.001 0.986 0.000 

 

High-moderate 
CRP Traj 0.000 -0.001 0.001 0.822 0.003 0.000 -0.002 0.002 0.926 0.002 0.000 -0.001 0.001 0.863 0.002 
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Outcome: Severe depression trajectory (vs low)               
ACEs multiple-
exposure (2+ ACEs) 

Moderate-High 
CRP Traj                

 

High-moderate 
CRP Traj -0.001 -0.002 0.000 0.067 -0.017 0.000 -0.000 0.001 0.259 0.006 0.000 -0.001 0.000 0.244 -0.005 

Emotional/ Physical 
threat  

Moderate-High 
CRP Traj 0.000 -0.001 0.001 0.616 -0.003 0.000 -0.001 0.002 0.654 0.003 0.000 -0.001 0.001 0.965 0.000 

 

High-moderate 
CRP Traj 0.000 -0.001 0.001 0.866 -0.001 0.000 -0.001 0.001 0.608 -0.002 0.000 -0.001 0.000 0.569 -0.001 

Household Dysfunction 

Moderate-High 

CRP Traj 0.000 -0.001 0.001 0.624 -0.003 0.000 -0.001 0.001 0.703 -0.002 0.000 -0.001 0.001 0.587 -0.003 

 

High-moderate 
CRP Traj 0.001 -0.001 0.002 0.413 0.014 0.000 -0.001 0.001 0.654 -0.004 0.000 -0.001 0.001 0.544 0.005 

Physical abuse 
Moderate-High 
CRP Traj 0.000 -0.001 0.001 0.930 -0.001 0.000 -0.001 0.001 0.389 0.007 0.000 -0.001 0.001 0.616 0.003 

 

High-moderate 
CRP Traj 0.000 -0.001 0.001 0.818 -0.001 0.000 -0.004 0.005 0.961 0.001 0.000 -0.002 0.002 0.996 0.000 

Emotional 
abuse/neglect 

Moderate-High 
CRP Traj 0.000 -0.001 0.001 0.935 0.000 0.000 -0.004 0.003 0.879 -0.002 0.000 -0.002 0.002 0.878 -0.001 

 

High-moderate 
CRP Traj 0.000 -0.001 0.000 0.415 -0.004 0.000 -0.001 0.002 0.629 0.004 0.000 -0.001 0.001 0.976 0.000 

Sexual abuse  
Moderate-High 
CRP Traj 0.000 -0.001 0.001 0.836 0.001 0.000 -0.001 0.002 0.890 0.001 0.000 -0.001 0.001 0.839 0.001 

 

High-moderate 

CRP Traj 0.000 -0.001 0.001 0.562 -0.002 0.003 -0.005 0.011 0.489 0.014 0.001 -0.003 0.005 0.521 0.006 

Bullying 
Moderate-High 
CRP Traj -0.001 -0.003 0.001 0.180 -0.006 0.003 -0.017 0.023 0.799 0.012 0.001 -0.009 0.011 0.906 0.003 

 

High-moderate 
CRP Traj 0.000 -0.001 0.001 0.934 0.000 0.000 -0.002 0.002 0.848 0.002 0.000 -0.001 0.001 0.878 0.001 

Household violence  
Moderate-High 
CRP Traj 0.001 -0.001 0.002 0.408 0.008 0.000 -0.002 0.002 0.936 0.001 0.000 -0.001 0.002 0.601 0.005 

 

High-moderate 
CRP Traj 0.000 -0.001 0.001 0.695 -0.003 0.000 -0.001 0.002 0.713 0.006 0.000 -0.001 0.001 0.883 0.001 

Parental Substance 
Use Problems 

Moderate-High 
CRP Traj 0.000 -0.001 0.001 0.918 -0.001 0.000 -0.001 0.001 0.958 -0.001 0.000 -0.001 0.001 0.920 -0.001 

 

High-moderate 
CRP Traj -0.001 -0.002 0.001 0.458 -0.013 0.003 -0.002 0.009 0.221 0.079 0.001 -0.001 0.004 0.253 0.033 

Parental Mental Health 

Problems   

Moderate-High 

CRP Traj 0.000 -0.001 0.001 0.816 0.002 0.000 -0.003 0.004 0.877 0.005 0.000 -0.002 0.002 0.833 0.003 

 

High-moderate 
CRP Traj 0.000 -0.001 0.001 0.692 -0.004 0.000 -0.001 0.001 0.747 0.003 0.000 -0.001 0.001 0.934 0.000 

Parental Convictions 
Moderate-High 
CRP Traj 0.000 -0.001 0.001 0.772 -0.001 0.000 -0.002 0.001 0.557 -0.006 0.000 -0.001 0.000 0.481 -0.004 

 

High-moderate 
CRP Traj 0.000 -0.001 0.001 0.925 -0.005 0.001 -0.003 0.004 0.664 0.098 0.000 -0.002 0.002 0.689 0.047 

Parental Separation 
Moderate-High 
CRP Traj 0.000 -0.001 0.001 0.842 -0.029 -0.001 -0.006 0.004 0.602 -0.350 -0.001 -0.004 0.002 0.613 -0.189 

 

High-moderate 
CRP Traj 0.000 -0.001 0.002 0.625 0.008 -0.001 -0.002 0.001 0.551 -0.014 0.000 -0.001 0.001 0.783 -0.003 

Low Parent-Child 
Bonding 

Moderate-High 
CRP Traj 0.000 -0.001 0.001 0.975 0.000 0.000 -0.002 0.002 0.880 0.003 0.000 -0.001 0.001 0.898 0.001 

 

High-moderate 

CRP Traj 0.000 -0.001 0.001 0.724 -0.002 0.000 -0.001 0.002 0.592 0.009 0.000 -0.001 0.001 0.701 0.003 

Note. Sample: ALSPAC (N = 3,931). Pooled estimates from causal mediation analysis with 20 imputed datasets. The outcome and mediator models were estimated using logistic regression analysis. The estimation of the mediation effects in the unexposed and 

exposed groups allows the investigation of possible interactions between the exposure and mediator variables. Values in bold represent statistically significant coefficients at the 5% significance level (p<0.05). ACME = average causal mediation effect. 

  



 399 

Table F29. Associations of ACEs in the prenatal period (-1-0 yrs) with moderate-high and high-moderate CRP trajectories (vs low-moderate) – Complete data analysis.  

Outcome: CRP 
trajectories   Moderate-High Trajectory High-moderate Trajectory 

  Model OR SE Lower CI Upper CI p-value p-value_fdr OR SE Lower CI Upper CI p-value p-value_fdr 

Total ACEs cumulative 
score 1 0.83 0.15 0.55 1.11 0.20 0.65 1.00 0.19 0.62 1.38 0.99 0.99 

ACEs dimensions               
Emotional/ Physical 
threat  1 0.00 541.90 -1062.13 1062.13 0.98 0.99 1.46 1.13 -0.76 3.68 0.74 0.99 

Household Dysfunction 1 0.75 0.17 0.42 1.09 0.10 0.35 0.93 0.23 0.49 1.38 0.76 0.99 

Note. Sample: ALSPAC (N = 1,242). Estimates from multinomial logistic regression models in the complete data sample. Reference outc ome: Low-moderate CRP trajectory. CI = confidence interval. SE = 
standard error. fdr = false discovery rate (p-value). ACEs = adverse childhood experiences. CRP = C-reactive protein. Model 1: adjusted for sex, ethnicity, maternal smoking during pregnancy, mother’s marital 
status, mother’s education, and household’s social class; Model 2: Model 1 + earlier ACEs. P-values highlighted in bold are statistically significant at the 95% confidence level. 

 
 

Table F30. Associations of ACEs in the prenatal period (-1-0 yrs) with moderate and severe depression trajectories (vs low) – Complete data analysis.  

Outcome: Depression 
trajectories  Moderate Trajectory Severe Trajectory 

  Model OR SE Lower CI Upper CI p-value 
p-

value_fdr OR SE Lower CI Upper CI p-value 
p-

value_fdr 
              
Total ACEs 
cumulative score 1 1.64 0.13 1.38 1.89 0.00 0.00 1.82 0.19 1.44 2.20 0.00 0.01 
ACEs dimensions               
Emotional/ Physical 
threat  1 1.92 0.94 0.09 3.76 0.48 0.99 1.79 1.24 -0.64 4.23 0.64 0.99 
Household 
Dysfunction 1 1.75 0.15 1.45 2.05 0.00 0.00 2.34 0.24 1.88 2.81 0.00 0.00 

Note. Sample: ALSPAC (N = 1,242). Estimates from multinomial logistic regression models in the complete data sample. Reference outcome: Low depression trajectory. CI = confidence interval. SE = standard 
error. fdr = false discovery rate (p-value). ACEs = adverse childhood experiences. Model 1: adjusted for sex, ethnicity, maternal smoking during pregnancy, mother’s marital status, mother’s education, and 
household’s social class; Model 2: Model 1 + earlier ACEs. P-values highlighted in bold are statistically significant at the 95% confidence level. 
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Table F31. Associations of ACEs in early childhood (0-3 yrs) with moderate-high and high-moderate CRP trajectories (vs low-moderate) – Complete data analysis.  

Outcome: CRP 
trajectories   Moderate-High Trajectory High-moderate Trajectory 

  Model OR SE Lower CI Upper CI p-value 
p-

value_fdr OR SE Lower CI Upper CI p-value 
p-

value_fdr 
              
Total ACEs 
cumulative score 1 0.94 0.09 0.77 1.11 0.49 0.68 0.82 0.13 0.56 1.08 0.13 0.36 

 2 0.98 0.09 0.80 1.17 0.84 0.88 0.79 0.14 0.51 1.07 0.10 0.31 
ACEs dimensions               
Emotional/ Physical 
threat  1 0.71 0.24 0.23 1.18 0.15 0.39 0.78 0.33 0.14 1.42 0.44 0.63 

 2 0.73 0.24 0.26 1.21 0.20 0.46 0.77 0.33 0.12 1.42 0.43 0.63 
Household 
Dysfunction 1 1.08 0.16 0.78 1.39 0.61 0.70 0.67 0.23 0.22 1.12 0.08 0.28 

 2 1.21 0.17 0.89 1.54 0.25 0.52 0.63 0.25 0.14 1.11 0.06 0.23 
Single adversities               
Physical abuse 1 0.56 0.55 -0.52 1.63 0.29 0.52 0.56 0.75 -0.91 2.03 0.44 0.63 

 2 0.58 0.55 -0.50 1.65 0.32 0.56 0.56 0.75 -0.92 2.03 0.44 0.63 
Emotional 
abuse/neglect 1 0.75 0.29 0.18 1.31 0.31 0.56 0.81 0.40 0.03 1.59 0.59 0.70 

 2 0.78 0.29 0.21 1.35 0.39 0.61 0.79 0.40 0.00 1.58 0.57 0.69 
Household violence  1 0.68 0.40 -0.11 1.47 0.34 0.58 0.73 0.54 -0.34 1.80 0.56 0.69 

 2 0.70 0.40 -0.10 1.49 0.37 0.61 0.73 0.55 -0.34 1.80 0.56 0.69 
Parental Substance 
Use Problems 1 0.70 0.51 -0.29 1.70 0.49 0.68 2.60 0.44 1.73 3.47 0.03 0.14 

 2 0.72 0.51 -0.27 1.72 0.53 0.68 2.61 0.45 1.73 3.48 0.03 0.14 
Parental Mental 
Health Problems   1 0.99 0.17 0.67 1.32 0.97 0.98 0.46 0.27 -0.07 1.00 0.01 0.04 

 2 1.10 0.18 0.74 1.46 0.60 0.70 0.40 0.30 -0.18 0.98 0.00 0.02 
Parental 
Convictions 1 0.90 0.44 0.03 1.76 0.80 0.85 0.83 0.63 -0.41 2.07 0.77 0.83 

 2 0.95 0.44 0.08 1.82 0.91 0.93 0.83 0.64 -0.41 2.08 0.77 0.83 
Parental Separation 1 1.48 0.29 0.90 2.05 0.18 0.43 1.22 0.42 0.40 2.05 0.63 0.70 

 2 1.59 0.30 1.00 2.17 0.12 0.34 1.23 0.43 0.40 2.06 0.63 0.70 
Low Parent-Child 
Bonding 1 0.50 0.49 -0.46 1.47 0.16 0.39 0.68 0.62 -0.54 1.89 0.53 0.68 

 2 0.52 0.49 -0.45 1.48 0.18 0.43 0.68 0.62 -0.54 1.90 0.54 0.68 

Note. Sample: ALSPAC (N = 1,221). Estimates from multinomial logistic regression models in the complete data sample. Reference outc ome: Low-moderate CRP trajectory. CI = confidence interval. SE = 
standard error. fdr = false discovery rate (p-value). ACEs = adverse childhood experiences. CRP = C-reactive protein. Model 1: adjusted for sex, ethnicity, maternal smoking during pregnancy, mother’s marital 
status, mother’s education, and household’s social class; Model 2: Model 1 + earlier ACEs. P-values highlighted in bold are statistically significant at the 95% confidence level. 
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Table F32. Associations of ACEs in early childhood (0-3 yrs) with moderate and severe depression trajectories (vs low) – Complete data analysis.  

Outcome: Depression 
trajectories   Moderate Trajectory Severe Trajectory 

  Model OR SE Lower CI Upper CI p-value 
p-

value_fdr OR SE Lower CI Upper CI p-value 
p-

value_fdr 
              
Total ACEs cumulative 
score 1 1.28 0.08 1.11 1.44 0.00 0.03 1.76 0.11 1.54 1.99 0.00 0.00 

 2 1.16 0.09 0.99 1.34 0.09 0.31 1.67 0.12 1.42 1.91 0.00 0.00 
ACEs dimensions               
Emotional/ Physical threat  1 1.23 0.22 0.81 1.65 0.34 0.58 2.34 0.29 1.77 2.91 0.00 0.03 

 2 1.11 0.22 0.68 1.54 0.62 0.70 2.10 0.30 1.51 2.68 0.01 0.09 
Household Dysfunction 1 1.67 0.15 1.38 1.96 0.00 0.01 2.75 0.24 2.27 3.22 0.00 0.00 

 2 1.46 0.16 1.14 1.77 0.02 0.10 2.42 0.26 1.92 2.93 0.00 0.01 
Single adversities               
Physical abuse 1 0.77 0.52 -0.24 1.78 0.61 0.70 3.66 0.52 2.64 4.68 0.01 0.09 

 2 0.71 0.52 -0.31 1.73 0.51 0.68 3.28 0.53 2.24 4.32 0.03 0.12 
Emotional abuse/neglect 1 1.32 0.26 0.82 1.83 0.28 0.52 2.08 0.35 1.39 2.78 0.04 0.15 

 2 1.19 0.26 0.67 1.70 0.52 0.68 1.74 0.36 1.02 2.45 0.13 0.36 
Household violence  1 1.07 0.37 0.35 1.78 0.86 0.89 2.19 0.46 1.29 3.09 0.09 0.31 

 2 1.00 0.37 0.27 1.72 0.99 0.99 2.08 0.46 1.19 2.98 0.11 0.32 
Parental Substance Use 
Problems 1 1.34 0.42 0.52 2.16 0.48 0.68 3.29 0.49 2.33 4.25 0.01 0.09 

 2 1.26 0.42 0.43 2.08 0.59 0.70 2.90 0.50 1.92 3.89 0.03 0.14 
Parental Mental Health 
Problems   1 1.76 0.16 1.45 2.07 0.00 0.01 2.35 0.25 1.87 2.83 0.00 0.01 

 2 1.50 0.17 1.16 1.84 0.02 0.10 1.93 0.27 1.40 2.46 0.01 0.09 
Parental Convictions 1 0.69 0.47 -0.23 1.61 0.43 0.63 1.84 0.53 0.80 2.88 0.25 0.52 

 2 0.59 0.48 -0.35 1.52 0.26 0.52 1.59 0.53 0.54 2.63 0.39 0.61 
Parental Separation 1 1.60 0.29 1.04 2.17 0.10 0.31 1.97 0.41 1.17 2.77 0.10 0.31 

 2 1.41 0.29 0.83 1.98 0.25 0.52 1.60 0.43 0.76 2.43 0.27 0.52 
Low Parent-Child Bonding 1 1.50 0.37 0.77 2.23 0.28 0.52 2.14 0.53 1.09 3.18 0.15 0.39 

 2 1.38 0.38 0.64 2.13 0.39 0.61 1.92 0.54 0.86 2.97 0.23 0.50 

Note. Sample: ALSPAC (N = 1,221). Estimates from multinomial logistic regression models in the complete data sample. Reference outcome: Low depression trajectory. CI = confidence interval. SE = standard 
error. fdr = false discovery rate (p-value). ACEs = adverse childhood experiences. Model 1: adjusted for sex, ethnicity, maternal smoking during pregnancy, mother’s marital status, mother’s education, and 
household’s social class; Model 2: Model 1 + earlier ACEs. P-values highlighted in bold are statistically significant at the 95% confidence level. 
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Table F33. Associations of ACEs in middle childhood (3-7 yrs) with moderate-high and high-moderate CRP trajectories (vs low-moderate) – Complete data analysis. 

Outcome: CRP trajectories   Moderate-High Trajectory High-moderate Trajectory 

  Model OR SE Lower CI Upper CI p-value 
p-

value_fdr OR SE Lower CI Upper CI p-value p-value_fdr 
              
Total ACEs cumulative score 1 0.97 0.07 0.82 1.12 0.69 0.99 0.99 0.10 0.79 1.19 0.93 1.00 

 2 1.01 0.09 0.84 1.18 0.91 1.00 1.09 0.11 0.87 1.31 0.44 0.96 
ACEs dimensions               
Emotional/ Physical threat  1 0.93 0.19 0.56 1.31 0.72 1.00 1.23 0.25 0.73 1.73 0.41 0.96 

 2 0.98 0.20 0.58 1.38 0.93 1.00 1.55 0.27 1.02 2.08 0.10 0.63 
Household Dysfunction 1 1.18 0.16 0.86 1.50 0.32 0.93 0.87 0.24 0.41 1.34 0.57 0.99 

 2 1.34 0.18 0.99 1.69 0.11 0.63 1.06 0.26 0.56 1.56 0.82 1.00 
Single adversities               
Physical abuse 1 0.27 0.61 -0.92 1.46 0.03 0.42 1.23 0.46 0.33 2.14 0.65 0.99 

 2 0.29 0.62 -0.92 1.50 0.04 0.42 1.57 0.48 0.63 2.51 0.35 0.96 
Emotional abuse/neglect 1 0.80 0.26 0.29 1.31 0.38 0.96 1.01 0.35 0.33 1.69 0.97 1.00 

 2 0.88 0.28 0.33 1.42 0.64 0.99 1.32 0.37 0.60 2.04 0.45 0.96 
Household violence  1 0.85 0.37 0.14 1.57 0.67 0.99 0.77 0.54 -0.29 1.84 0.64 0.99 

 2 0.94 0.38 0.20 1.68 0.87 1.00 0.96 0.55 -0.13 2.05 0.94 1.00 
Parental Substance Use Problems 1 0.72 0.41 -0.09 1.53 0.42 0.96 1.02 0.51 0.02 2.03 0.97 1.00 

 2 0.79 0.42 -0.02 1.61 0.58 0.99 1.13 0.52 0.11 2.14 0.82 1.00 
Parental Mental Health Problems   1 0.97 0.20 0.59 1.36 0.89 1.00 0.96 0.28 0.41 1.50 0.88 1.00 

 2 1.12 0.22 0.69 1.55 0.60 0.99 1.32 0.30 0.72 1.91 0.37 0.96 
Parental Convictions 1 1.21 0.42 0.38 2.05 0.65 0.99 0.32 1.03 -1.70 2.35 0.27 0.91 

 2 1.24 0.43 0.41 2.07 0.61 0.99 0.34 1.04 -1.69 2.37 0.29 0.91 
Parental Separation 1 1.62 0.24 1.16 2.08 0.04 0.42 1.27 0.34 0.61 1.94 0.48 0.96 

 2 1.76 0.24 1.28 2.23 0.02 0.42 1.43 0.35 0.75 2.11 0.30 0.91 
Low Parent-Child Bonding 1 0.97 0.24 0.50 1.43 0.88 1.00 1.38 0.31 0.78 1.99 0.29 0.91 

 2 1.05 0.25 0.56 1.54 0.85 1.00 1.71 0.32 1.08 2.34 0.09 0.63 

Note. Sample: ALSPAC (N = 1,172). Estimates from multinomial logistic regression models in the complete data sample. Reference outc ome: Low-moderate CRP trajectory. CI = confidence interval. SE = 
standard error. fdr = false discovery rate (p-value). ACEs = adverse childhood experiences. CRP = C-reactive protein. Model 1: adjusted for sex, ethnicity, maternal smoking during pregnancy, mother’s 
marital status, mother’s education, and household’s social class; Model 2: Model 1 + earlier ACEs. P-values highlighted in bold are statistically significant at the 95% confidence level. 
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Table F34. Associations of ACEs in middle childhood (3-7 yrs) with moderate and severe depression trajectories (vs low) – Complete data analysis.  

Outcome: Depression trajectories  Moderate Trajectory Severe Trajectory 

  Model OR SE Lower CI Upper CI p-value p-value_fdr OR SE Lower CI Upper CI p-value 
p-

value_fdr 
              
Total ACEs cumulative score 1 1.13 0.07 0.99 1.26 0.08 0.63 1.32 0.10 1.12 1.51 0.01 0.28 

 2 1.03 0.08 0.87 1.18 0.74 1.00 1.05 0.12 0.82 1.29 0.66 0.99 
ACEs dimensions               
Emotional/ Physical threat  1 1.35 0.18 1.01 1.70 0.09 0.63 2.19 0.27 1.66 2.72 0.00 0.28 

 2 1.18 0.19 0.82 1.55 0.37 0.96 1.59 0.30 1.01 2.17 0.12 0.67 
Household Dysfunction 1 1.13 0.16 0.82 1.44 0.43 0.96 1.70 0.26 1.19 2.20 0.04 0.42 

 2 0.91 0.18 0.56 1.25 0.57 0.99 1.08 0.29 0.52 1.65 0.78 1.00 
Single adversities               
Physical abuse 1 0.99 0.38 0.25 1.74 0.99 1.00 1.75 0.52 0.73 2.77 0.28 0.91 

 2 0.77 0.39 0.00 1.54 0.51 0.97 1.00 0.55 -0.08 2.08 1.00 1.00 
Emotional abuse/neglect 1 1.31 0.23 0.85 1.76 0.25 0.91 2.09 0.35 1.41 2.77 0.03 0.42 

 2 1.04 0.25 0.54 1.53 0.88 1.00 1.20 0.39 0.43 1.97 0.64 0.99 
Household violence  1 1.44 0.33 0.79 2.08 0.27 0.91 2.07 0.48 1.13 3.01 0.13 0.69 

 2 1.16 0.34 0.49 1.82 0.67 0.99 1.25 0.51 0.25 2.24 0.67 0.99 
Parental Substance Use 
Problems 1 0.95 0.38 0.20 1.71 0.90 1.00 1.63 0.51 0.64 2.63 0.33 0.94 

 2 0.86 0.39 0.09 1.62 0.69 0.99 1.09 0.54 0.04 2.14 0.88 1.00 
Parental Mental Health 
Problems   1 1.55 0.18 1.20 1.91 0.01 0.42 1.63 0.29 1.06 2.20 0.09 0.63 

 2 1.28 0.20 0.89 1.67 0.22 0.91 0.92 0.33 0.27 1.58 0.81 1.00 
Parental Convictions 1 0.71 0.47 -0.22 1.64 0.47 0.96 1.11 0.66 -0.18 2.40 0.87 1.00 

 2 0.70 0.48 -0.24 1.63 0.45 0.96 0.98 0.68 -0.35 2.32 0.98 1.00 
Parental Separation 1 0.89 0.25 0.40 1.37 0.64 0.99 1.28 0.36 0.56 1.99 0.50 0.97 

 2 0.77 0.26 0.27 1.27 0.30 0.91 0.95 0.38 0.21 1.70 0.90 1.00 
Low Parent-Child Bonding 1 1.36 0.22 0.94 1.79 0.15 0.73 2.04 0.33 1.38 2.69 0.03 0.42 

 2 1.26 0.22 0.82 1.70 0.30 0.91 1.46 0.35 0.77 2.15 0.28 0.91 

Note. Sample: ALSPAC (N = 1,172). Estimates from multinomial logistic regression models in the complete data sample. Reference outcome: Low depression trajectory. CI = confidence interval. SE = standard 
error. fdr = false discovery rate (p-value). ACEs = adverse childhood experiences. Model 1: adjusted for sex, ethnicity, maternal smoking during pregnancy, mother’s marital status, mother’s education, and 
household’s social class; Model 2: Model 1 + earlier ACEs. P-values highlighted in bold are statistically significant at the 95% confidence level. 
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Table F35. Associations of ACEs in late childhood (7-12 yrs) with moderate-high and high-moderate CRP trajectories (vs low-moderate) – Complete data analysis. 

Outcome: CRP trajectories   Moderate-High Trajectory High-moderate Trajectory 

  Model OR SE Lower CI Upper CI p-value 
p-

value_fdr OR SE Lower CI Upper CI p-value 
p-

value_fdr 
              
Total ACEs cumulative score 1 1.03 0.08 0.87 1.19 0.74 0.96 1.14 0.10 0.94 1.34 0.20 0.69 

 2 1.05 0.09 0.87 1.23 0.58 0.96 1.19 0.12 0.97 1.42 0.13 0.60 
ACEs dimensions               
Emotional/ Physical threat  1 1.06 0.19 0.69 1.43 0.77 0.96 1.35 0.24 0.87 1.83 0.22 0.69 

 2 1.10 0.21 0.69 1.50 0.66 0.96 1.43 0.27 0.91 1.96 0.18 0.69 
Household Dysfunction 1 1.13 0.19 0.76 1.50 0.52 0.96 0.69 0.29 0.13 1.26 0.20 0.69 

 2 1.25 0.20 0.86 1.63 0.26 0.81 0.74 0.30 0.16 1.33 0.31 0.92 
Single adversities               
Physical abuse 1 0.00 753.18 -1476.23 1476.23 0.98 0.99 1.31 0.80 -0.26 2.87 0.74 0.96 

 2 0.00 524.53 -1028.08 1028.08 0.98 0.99 1.24 0.85 -0.43 2.91 0.80 0.96 
Emotional abuse/neglect 1 0.92 0.29 0.35 1.49 0.77 0.96 1.18 0.36 0.46 1.89 0.66 0.96 

 2 1.01 0.31 0.41 1.61 0.97 0.99 1.25 0.39 0.50 2.01 0.56 0.96 
Bullying 1 1.06 0.22 0.63 1.49 0.80 0.96 1.69 0.26 1.18 2.21 0.04 0.35 

 2 1.08 0.23 0.63 1.52 0.75 0.96 1.85 0.27 1.32 2.37 0.02 0.30 
Household violence  1 0.98 0.36 0.27 1.69 0.96 0.99 0.70 0.55 -0.37 1.77 0.51 0.96 

 2 1.11 0.38 0.36 1.85 0.79 0.96 0.74 0.57 -0.39 1.86 0.60 0.96 
Parental Substance Use Problems 1 0.12 1.03 -1.90 2.14 0.04 0.35 0.51 0.77 -1.00 2.02 0.38 0.95 

 2 0.14 1.04 -1.89 2.17 0.06 0.41 0.77 0.80 -0.79 2.32 0.74 0.96 
Parental Mental Health Problems   1 1.22 0.26 0.71 1.74 0.44 0.96 1.03 0.39 0.26 1.81 0.93 0.99 

 2 1.42 0.27 0.88 1.96 0.20 0.69 1.21 0.41 0.41 2.01 0.64 0.96 
Parental Convictions 1 0.95 0.53 -0.09 1.98 0.92 0.99 0.00 455.97 -893.71 893.71 0.98 0.99 

 2 0.99 0.53 -0.06 2.03 0.98 0.99 0.00 573.58 -1124.23 1124.23 0.98 0.99 
Parental Separation 1 1.50 0.28 0.95 2.05 0.15 0.67 1.20 0.41 0.40 2.01 0.65 0.96 

 2 1.65 0.29 1.10 2.21 0.08 0.41 1.26 0.42 0.43 2.08 0.59 0.96 
Low Parent-Child Bonding 1 1.10 0.22 0.67 1.53 0.67 0.96 1.66 0.27 1.13 2.20 0.06 0.41 

 2 1.19 0.24 0.72 1.66 0.47 0.96 1.90 0.30 1.31 2.49 0.03 0.35 

Note. Sample: ALSPAC (N = 1,188). Estimates from multinomial logistic regression models in the complete data sample. Reference outc ome: Low-moderate CRP trajectory. CI = confidence interval. SE = 
standard error. fdr = false discovery rate (p-value). ACEs = adverse childhood experiences. CRP = C-reactive protein. Model 1: adjusted for sex, ethnicity, maternal smoking during pregnancy, mother’s marital 
status, mother’s education, and household’s social class; Model 2: Model 1 + earlier ACEs. P-values highlighted in bold are statistically significant at the 95% confidence level.  
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Table F36. Associations of ACEs in late childhood (7-12 yrs) with moderate and severe depression trajectories (vs low) – Complete data analysis.  

Outcome: Depression trajectories  Moderate Trajectory Severe Trajectory 

 Model OR SE Lower CI Upper CI p-value 

p-
value_fd

r OR SE Lower CI Upper CI p-value 
p-

value_fdr 
              

Total ACEs cumulative score 1 1.17 0.08 1.03 1.32 0.03 0.35 1.31 0.11 1.09 1.54 0.02 0.28 

 2 1.12 0.08 0.95 1.28 0.19 0.69 1.14 0.13 0.88 1.40 0.33 0.92 
ACEs dimensions               
Emotional/ Physical threat 1 1.11 0.18 0.75 1.46 0.58 0.96 2.17 0.26 1.65 2.69 0.00 0.09 

 2 1.00 0.20 0.61 1.39 0.99 0.99 1.83 0.30 1.25 2.42 0.04 0.35 
Household Dysfunction 1 1.38 0.18 1.03 1.73 0.07 0.41 1.22 0.29 0.65 1.79 0.50 0.96 

 2 1.20 0.19 0.83 1.57 0.34 0.94 0.90 0.32 0.27 1.52 0.73 0.96 
Single adversities               
Physical abuse 1 1.61 0.65 0.33 2.88 0.47 0.96 1.41 1.14 -0.82 3.63 0.76 0.96 

 2 1.19 0.67 -0.13 2.50 0.80 0.96 0.76 1.19 -1.57 3.09 0.82 0.96 
Emotional abuse/neglect 1 1.08 0.27 0.55 1.60 0.78 0.96 1.22 0.41 0.42 2.02 0.63 0.96 
 2 0.93 0.29 0.36 1.49 0.79 0.96 0.77 0.46 -0.14 1.68 0.57 0.96 
Bullying 1 1.44 0.20 1.04 1.83 0.07 0.41 1.72 0.30 1.13 2.31 0.07 0.41 
 2 1.38 0.21 0.97 1.78 0.12 0.60 1.56 0.32 0.94 2.18 0.16 0.67 
Household violence 1 1.60 0.33 0.95 2.25 0.15 0.67 1.04 0.57 -0.08 2.16 0.95 0.99 

 2 1.28 0.35 0.59 1.97 0.48 0.96 0.57 0.63 -0.67 1.81 0.38 0.95 
Parental Substance Use Problems 1 1.09 0.49 0.13 2.05 0.86 0.98 2.14 0.61 0.94 3.35 0.21 0.69 

 2 0.70 0.54 -0.35 1.76 0.51 0.96 1.13 0.66 -0.16 2.43 0.85 0.98 
Parental Mental Health Problems 1 2.05 0.25 1.57 2.53 0.00 0.09 1.33 0.43 0.49 2.17 0.51 0.96 

 2 2.09 0.26 1.59 2.60 0.00 0.09 0.93 0.47 0.00 1.85 0.87 0.99 
Parental Convictions 1 1.57 0.49 0.60 2.54 0.36 0.94 1.49 0.80 -0.08 3.06 0.62 0.96 

 2 1.49 0.50 0.51 2.47 0.42 0.96 1.21 0.81 -0.38 2.81 0.81 0.96 
Parental Separation 1 0.72 0.31 0.11 1.33 0.29 0.86 0.64 0.55 -0.43 1.72 0.42 0.96 

 2 0.75 0.32 0.13 1.37 0.36 0.94 0.64 0.57 -0.48 1.75 0.42 0.96 
Low Parent-Child Bonding 1 1.10 0.21 0.69 1.52 0.64 0.96 2.89 0.30 2.30 3.48 0.00 0.04 

 2 1.08 0.23 0.63 1.53 0.73 0.96 2.60 0.34 1.94 3.26 0.00 0.09 

Note. Sample: ALSPAC (N = 1,188). Estimates from multinomial logistic regression models in the complete data sample. Reference outcome: Low depression trajectory. CI = confidence interval. SE = standard 
error. fdr = false discovery rate (p-value). ACEs = adverse childhood experiences. Model 1: adjusted for sex, ethnicity, maternal smoking during pregnancy, mother ’s marital status, mother’s education, and 
household’s social class; Model 2: Model 1 + earlier ACEs. P-values highlighted in bold are statistically significant at the 95% confidence level.  

 
  



 406 

Table F37. Associations of ACEs in adolescence (12-18 yrs) with moderate-high and high-moderate CRP trajectories (vs low-moderate) – Complete data analysis. 

Outcome: CRP trajectories  Moderate-High Trajectory  High-moderate Trajectory 

  Model OR SE Lower CI Upper CI p-value 
p-

value_fdr OR SE Lower CI Upper CI p-value 
p-

value_fdr 
              
Total ACEs cumulative 
score 1 1.05 0.08 0.90 1.21 0.50 0.76 1.32 0.10 1.13 1.51 0.00 0.03 

 2 1.04 0.08 0.88 1.21 0.61 0.84 1.29 0.10 1.09 1.50 0.01 0.05 
ACEs dimensions               
Emotional/ Physical 
threat  1 0.92 0.16 0.60 1.23 0.59 0.84 1.28 0.21 0.87 1.69 0.24 0.50 

 2 0.93 0.17 0.60 1.26 0.65 0.84 1.23 0.22 0.80 1.66 0.35 0.64 
Household 
Dysfunction 1 1.20 0.19 0.82 1.58 0.34 0.63 1.11 0.27 0.59 1.64 0.68 0.84 

 2 1.23 0.20 0.83 1.63 0.30 0.60 0.97 0.28 0.41 1.52 0.90 0.99 
Single adversities               
Physical abuse 1 1.10 0.29 0.52 1.67 0.76 0.90 2.35 0.32 1.71 2.98 0.01 0.04 

 2 1.14 0.31 0.53 1.76 0.67 0.84 2.29 0.35 1.60 2.98 0.02 0.06 
Emotional 
abuse/neglect 1 0.88 0.19 0.51 1.25 0.49 0.76 1.26 0.23 0.81 1.72 0.32 0.61 

 2 0.87 0.19 0.49 1.25 0.48 0.76 1.24 0.24 0.77 1.71 0.37 0.67 
Sexual abuse  1 0.77 0.38 0.02 1.51 0.48 0.76 1.59 0.43 0.75 2.43 0.28 0.57 

 2 0.74 0.40 -0.05 1.53 0.45 0.76 1.84 0.44 0.97 2.70 0.17 0.38 
Bullying 1 1.17 0.20 0.77 1.57 0.44 0.76 1.91 0.25 1.42 2.39 0.01 0.04 

 2 1.10 0.22 0.68 1.52 0.66 0.84 2.07 0.25 1.57 2.56 0.00 0.03 
Parental Substance 
Use Problems 1 1.38 0.61 0.17 2.58 0.60 0.84 1.71 0.80 0.14 3.28 0.50 0.76 

 2 1.37 0.62 0.16 2.58 0.61 0.84 1.55 0.81 -0.03 3.13 0.59 0.84 
Parental Mental 
Health Problems   1 1.53 0.63 0.29 2.76 0.50 0.76 0.83 1.10 -1.33 3.00 0.87 0.98 

 2 1.63 0.67 0.32 2.94 0.47 0.76 0.81 1.13 -1.40 3.02 0.85 0.98 
Parental Separation 1 1.32 0.25 0.83 1.80 0.26 0.55 0.88 0.39 0.12 1.65 0.75 0.90 

 2 1.42 0.26 0.92 1.92 0.17 0.38 0.85 0.40 0.06 1.63 0.68 0.84 
Low Parent-Child 
Bonding 1 0.97 0.25 0.47 1.47 0.91 0.99 1.19 0.33 0.55 1.82 0.60 0.84 

 2 1.02 0.26 0.50 1.53 0.95 0.99 1.14 0.34 0.48 1.80 0.69 0.84 

Note. Sample: ALSPAC (N = 1,220). Estimates from multinomial logistic regression models in the complete data sample. Reference outc ome: Low-moderate CRP trajectory. CI = confidence interval. SE = 
standard error. fdr = false discovery rate (p-value). ACEs = adverse childhood experiences. CRP = C-reactive protein. Model 1: adjusted for sex, ethnicity, maternal smoking during pregnancy, mother’s marital 
status, mother’s education, and household’s social class; Model 2: Model 1 + earlier ACEs. P-values highlighted in bold are statistically significant at the 95% confidence level. 
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Table F38. Associations of ACEs in adolescence (12-18 yrs) with moderate and severe depression trajectories (vs low) – Complete data analysis. 

Outcome: Depression trajectories  Moderate Trajectory Severe Trajectory 

  Model  OR SE Lower CI Upper CI p-value 
p-

value_fdr OR SE Lower CI Upper CI p-value 
p-

value_fdr 
              
Total ACEs cumulative 
score 1 1.49 0.07 1.35 1.64 0.00 0.00 2.08 0.11 1.87 2.29 0.00 0.00 

 2 1.44 0.08 1.28 1.60 0.00 0.00 2.11 0.12 1.87 2.34 0.00 0.00 
ACEs dimensions               
Emotional/ Physical threat  1 1.51 0.15 1.22 1.80 0.01 0.03 2.71 0.24 2.25 3.17 0.00 0.00 

 2 1.49 0.16 1.18 1.79 0.01 0.05 2.78 0.25 2.28 3.28 0.00 0.00 
Household Dysfunction 1 1.35 0.18 0.99 1.72 0.10 0.26 1.93 0.27 1.40 2.46 0.02 0.06 

 2 1.16 0.20 0.77 1.55 0.45 0.76 1.57 0.30 0.99 2.15 0.13 0.31 
Single adversities               
Physical abuse 1 2.04 0.27 1.51 2.57 0.01 0.04 6.06 0.34 5.40 6.73 0.00 0.00 

 2 1.86 0.29 1.29 2.44 0.03 0.11 6.99 0.37 6.26 7.71 0.00 0.00 
Emotional abuse/neglect 1 1.49 0.17 1.16 1.82 0.02 0.06 1.97 0.26 1.46 2.47 0.01 0.04 

 2 1.35 0.18 1.01 1.70 0.09 0.24 1.93 0.27 1.40 2.47 0.02 0.06 
Sexual abuse  1 4.41 0.38 3.66 5.16 0.00 0.00 14.48 0.43 13.64 15.32 0.00 0.00 

 2 4.22 0.41 3.42 5.02 0.00 0.00 15.26 0.45 14.37 16.15 0.00 0.00 
Bullying 1 1.90 0.18 1.54 2.26 0.00 0.00 1.86 0.31 1.26 2.46 0.04 0.13 

 2 1.81 0.19 1.44 2.19 0.00 0.01 1.67 0.33 1.03 2.31 0.12 0.29 
Parental Substance Use 
Problems 1 2.86 0.59 1.69 4.02 0.08 0.22 4.07 0.76 2.58 5.56 0.06 0.19 

 2 2.86 0.60 1.68 4.04 0.08 0.23 4.29 0.77 2.77 5.81 0.06 0.18 
Parental Mental Health 
Problems   1 0.83 0.68 -0.51 2.17 0.79 0.93 0.00 543.49 -1065.24 1065.24 0.98 0.99 

 2 0.70 0.73 -0.73 2.13 0.63 0.84 0.00 787.05 -1542.63 1542.63 0.99 0.99 
Parental Separation 1 1.07 0.25 0.57 1.56 0.80 0.93 1.42 0.36 0.72 2.12 0.33 0.61 

 2 0.90 0.27 0.37 1.42 0.68 0.84 1.26 0.37 0.53 1.99 0.54 0.80 
Low Parent-Child Bonding 1 1.36 0.24 0.90 1.82 0.19 0.41 2.66 0.32 2.03 3.29 0.00 0.02 

 2 1.20 0.25 0.70 1.69 0.48 0.76 2.63 0.34 1.96 3.30 0.00 0.03 

Note. Sample: ALSPAC (N = 1,220). Estimates from multinomial logistic regression models in the complete data sample. Reference outcome: Low depression trajectory. CI = confidence interval. SE = standard 
error. fdr = false discovery rate (p-value). ACEs = adverse childhood experiences. Model 1: adjusted for sex, ethnicity, maternal smoking during pregnancy, mother’s marital status, mother’s education, and 
household’s social class; Model 2: Model 1 + earlier ACEs. P-values highlighted in bold are statistically significant at the 95% confidence level. 
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Table F39. Associations of any ACEs exposure throughout childhood (-1-18 yrs) with moderate-high and high-moderate CRP trajectories (vs low-moderate) – Complete data analysis.  

Outcome: CRP trajectories   Moderate-High Trajectory High-moderate Trajectory 
  Model OR SE Lower CI Upper CI p-value p-value_fdr OR SE Lower CI Upper CI p-value p-value_fdr 
              
Total ACEs cumulative score 1 1.03 0.04 0.95 1.12 0.45 0.61 1.09 0.06 0.98 1.21 0.14 0.29 
ACEs dimensions               
Emotional/ Physical threat  1 1.02 0.15 0.73 1.31 0.90 0.96 1.34 0.20 0.95 1.74 0.14 0.29 
Household Dysfunction 1 1.11 0.16 0.80 1.41 0.52 0.65 0.90 0.21 0.48 1.31 0.60 0.71 
Single adversities               
Physical abuse 1 0.79 0.25 0.30 1.29 0.35 0.54 1.79 0.27 1.25 2.33 0.03 0.09 
Emotional abuse/neglect 1 0.91 0.16 0.60 1.21 0.53 0.65 1.16 0.21 0.76 1.57 0.46 0.62 
Sexual abuse  1 0.63 0.37 -0.09 1.35 0.21 0.38 1.17 0.41 0.37 1.98 0.70 0.77 
Bullying 1 1.15 0.17 0.82 1.48 0.41 0.59 1.90 0.21 1.48 2.31 0.00 0.01 
Household violence  1 1.09 0.19 0.73 1.46 0.63 0.73 1.22 0.25 0.73 1.72 0.42 0.59 
Parental Substance Use Problems 1 0.79 0.27 0.26 1.32 0.39 0.58 1.19 0.33 0.54 1.84 0.59 0.71 
Parental Mental Health Problems   1 1.19 0.16 0.89 1.50 0.26 0.44 0.81 0.21 0.40 1.23 0.33 0.52 
Parental Convictions 1 1.01 0.28 0.47 1.56 0.97 0.97 0.55 0.48 -0.40 1.49 0.21 0.38 
Parental Separation 1 1.32 0.17 0.99 1.65 0.10 0.23 0.99 0.24 0.52 1.46 0.97 0.97 
Low Parent-Child Bonding 1 1.06 0.18 0.70 1.42 0.75 0.81 1.11 0.25 0.62 1.60 0.69 0.77 

Note. Sample: ALSPAC (N = 1,224). Estimates from multinomial logistic regression models in the complete data sample. Reference outcome: Low-moderate CRP trajectory. CI = confidence interval. SE = standard 
error. fdr = false discovery rate (p-value). ACEs = adverse childhood experiences. CRP = C-reactive protein. Model 1: adjusted for sex, ethnicity, maternal smoking during pregnancy, mother’s marital status, 
mother’s education, and household’s social class; Model 2: Model 1 + earlier ACEs. P-values highlighted in bold are statistically significant at the 95% confidence level. 

 
Table F40. Associations of any ACEs exposure throughout childhood (-1-18 yrs) with moderate and severe depression trajectories (vs low) – Complete data analysis. 

Outcome: Depression trajectories  Moderate Trajectory Severe Trajectory 

  Model OR SE Lower CI Upper CI p-value 
p-

value_fdr OR SE Lower CI Upper CI p-value 
p-

value_fdr 
              
Total ACEs cumulative score 1 1.23 0.04 1.14 1.31 0.00 0.00 1.57 0.06 1.45 1.70 0.00 0.00 
ACEs dimensions               
Emotional/ Physical threat  1 1.67 0.14 1.39 1.95 0.00 0.00 3.19 0.25 2.69 3.68 0.00 0.00 
Household Dysfunction 1 1.76 0.15 1.46 2.06 0.00 0.00 3.45 0.31 2.84 4.05 0.00 0.00 
Single adversities               
Physical abuse 1 1.60 0.22 1.17 2.04 0.03 0.09 5.41 0.28 4.85 5.96 0.00 0.00 
Emotional abuse/neglect 1 1.61 0.15 1.33 1.90 0.00 0.00 2.61 0.24 2.14 3.07 0.00 0.00 
Sexual abuse  1 3.57 0.34 2.90 4.23 0.00 0.00 10.76 0.37 10.03 11.49 0.00 0.00 
Bullying 1 1.67 0.16 1.37 1.98 0.00 0.00 1.41 0.26 0.91 1.91 0.18 0.35 
Household violence  1 1.45 0.18 1.10 1.79 0.04 0.09 2.04 0.26 1.52 2.56 0.01 0.02 
Parental Substance Use 
Problems 1 1.31 0.24 0.83 1.79 0.27 0.44 2.66 0.33 2.02 3.30 0.00 0.01 
Parental Mental Health 
Problems   1 1.91 0.15 1.62 2.21 0.00 0.00 3.06 0.27 2.54 3.58 0.00 0.00 
Parental Convictions 1 0.98 0.28 0.44 1.53 0.95 0.97 1.53 0.38 0.78 2.28 0.27 0.44 
Parental Separation 1 0.89 0.17 0.56 1.23 0.51 0.65 1.49 0.25 0.99 1.99 0.12 0.26 
Low Parent-Child Bonding 1 1.37 0.17 1.03 1.71 0.07 0.16 2.41 0.26 1.90 2.92 0.00 0.00 

Note. Sample: ALSPAC (N = 1,224). Estimates from multinomial logistic regression models in the complete data sample. Reference outcome: Low depression trajectory. CI = confidence interval. SE = standard 
error. fdr = false discovery rate (p-value). ACEs = adverse childhood experiences. Model 1: adjusted for sex, ethnicity, maternal smoking during pregnancy, mother’s marital status, mother’s education, and 
household’s social class; Model 2: Model 1 + earlier ACEs. P-values highlighted in bold are statistically significant at the 95% confidence level. 
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Table F41. Associations of the individual CRP measures and CRP trajectories with moderate and severe depression trajectories (vs low) – Complete data analysis.  

Outcome: Depression 
trajectories  Moderate Trajectory  Severe Trajectory 
  OR SE Lower CI Upper CI p-value OR SE Lower CI Upper CI p-value 

Single CRP measures            
CRP 18 yrs (log) 0.96 0.09 0.79 1.13 0.62 0.97 0.15 0.68 1.27 0.86 
CRP 15 yrs (log) 0.92 0.09 0.75 1.10 0.38 1.01 0.15 0.72 1.30 0.95 
CRP 9 yrs (log) 0.86 0.08 0.71 1.01 0.05 1.19 0.12 0.95 1.44 0.15 
CRP Trajectories            
Low CRP Trajectory  ref          
Moderate-High CRP Trajectory  0.92 0.17 0.59 1.25 0.62 0.78 0.30 0.20 1.36 0.40 
High-Moderate CRP Trajectory  0.84 0.24 0.37 1.32 0.49 1.80 0.32 1.18 2.43 0.07 

Note. Sample: ALSPAC (N = 1,242). Estimates from multinomial logistic regression models in the complete data sample. Reference outcome: Low depression trajectory. CI = confidence interval. SE = standard 
error. Model adjusted for sex, ethnicity, maternal smoking during pregnancy, mother’s marital status, mother’s education, and household’s social class. P-values highlighted in bold are statistically significant at 
the 95% confidence level. 

 
 

Table F42. Associations of the individual CRP measures and CRP trajectories with the risk of depression at age 18 years – Complete data analysis. 

Outcome: Depression, age 18 years  
  OR SE Lower CI Upper CI p-value 

Single CRP measures 
CRP 18 yrs (log) 0.97 0.11 0.75 1.19 0.78 
CRP 15 yrs (log) 0.97 0.12 0.74 1.20 0.80 
CRP 9 yrs (log) 0.91 0.10 0.70 1.11 0.36 
CRP Trajectories 
Low CRP Trajectory  ref     
Moderate-High CRP Trajectory  0.94 0.23 0.48 1.39 0.77 
High-Moderate CRP Trajectory  1.29 0.30 0.70 1.89 0.40 

Note. Sample: ALSPAC (N = 1,242). Estimates from logistic regression models in the complete data sample. CI = confidence interval. SE = standard error. Model 
adjusted for sex, ethnicity, maternal smoking during pregnancy, mother’s marital status, mother’s education, and household’s social class. P-values highlighted in 
bold are statistically significant at the 95% confidence level.  
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Table F43. Longitudinal mediation effects of CRP trajectories (9-18 yrs) in the association between ACEs (-1-18 yrs) and depression trajectories (18-23 yrs) – Complete data analysis.  

  Mediation Effect (unexposed) Mediation Effect (exposed) Mediation Effect (average) 

Exposure Mediator 

Estimate 

(ACME) Lower CI Upper CI 

Estimate 

(ACME) Lower CI Upper CI 

Estimate 

(ACME) Lower CI Upper CI 

Outcome: Moderate depression trajectory          
ACEs multiple-exposure (2+ ACEs) Moderate-High CRP Traj -0.003 -0.016 0.001 0.000 -0.004 0.002 -0.001 -0.010 0.001 

 High-moderate CRP Traj -0.001 -0.003 0.008 -0.001 -0.004 0.002 -0.001 -0.002 0.002 
Emotional/ Physical threat Moderate-High CRP Traj 0.000 -0.001 0.000 0.000 -0.001 0.010 0.000 -0.001 0.004 

 High-moderate CRP Traj 0.000 -0.004 0.001 0.000 -0.006 0.002 0.000 -0.004 0.001 

Household Dysfunction Moderate-High CRP Traj 0.000 -0.004 0.003 -0.001 -0.003 0.003 0.000 -0.002 0.002 

 High-moderate CRP Traj 0.000 -0.007 0.001 0.000 -0.000 0.008 0.000 -0.002 0.003 
Physical abuse Moderate-High CRP Traj 0.004 -0.001 0.009 -0.019 -0.036 0.014 -0.008 -0.014 0.007 

 High-moderate CRP Traj -0.003 -0.008 0.000 0.007 -0.013 0.017 0.002 -0.010 0.008 
Emotional abuse/neglect Moderate-High CRP Traj 0.000 -0.005 0.001 0.000 -0.002 0.003 0.000 -0.003 0.001 

 High-moderate CRP Traj 0.000 -0.003 0.001 0.000 -0.006 0.004 0.000 -0.004 0.002 
Sexual abuse Moderate-High CRP Traj 0.000 -0.002 0.007 0.001 -0.016 0.007 0.001 -0.005 0.002 

 High-moderate CRP Traj 0.000 -0.009 0.003 -0.002 -0.042 0.043 -0.001 -0.020 0.017 
Bullying Moderate-High CRP Traj 0.000 -0.003 0.001 0.000 -0.003 0.008 0.000 -0.002 0.003 

 High-moderate CRP Traj -0.002 -0.014 0.003 -0.003 -0.020 0.004 -0.002 -0.013 0.003 
Household violence Moderate-High CRP Traj -0.001 -0.010 0.005 0.001 -0.009 0.016 0.000 -0.004 0.008 

 High-moderate CRP Traj -0.001 -0.003 0.002 -0.001 -0.006 0.003 -0.001 -0.005 0.002 
Parental Substance Use Problems Moderate-High CRP Traj 0.000 -0.001 0.007 0.001 -0.004 0.010 0.001 -0.002 0.006 

 High-moderate CRP Traj -0.001 -0.002 0.005 -0.002 -0.007 0.010 -0.001 -0.004 0.007 

Parental Mental Health Problems Moderate-High CRP Traj -0.001 -0.003 0.003 -0.002 -0.004 0.003 -0.002 -0.002 0.001 

 High-moderate CRP Traj 0.000 -0.002 0.002 0.003 -0.003 0.013 0.002 -0.002 0.007 
Parental Convictions Moderate-High CRP Traj 0.000 -0.003 0.006 -0.001 -0.019 0.030 0.000 -0.007 0.014 

 High-moderate CRP Traj 0.001 -0.004 0.008 0.010 -0.003 0.035 0.005 -0.002 0.020 
Parental Separation Moderate-High CRP Traj 0.000 -0.003 0.007 -0.002 -0.006 0.001 -0.001 -0.002 0.001 

 High-moderate CRP Traj 0.000 -0.002 0.003 -0.001 -0.007 0.014 0.000 -0.002 0.008 
Low Parent-Child Bonding Moderate-High CRP Traj -0.001 -0.006 0.001 -0.003 -0.009 0.001 -0.002 -0.005 0.000 

 High-moderate CRP Traj 0.000 -0.001 0.003 0.000 -0.013 0.003 0.000 -0.007 0.002 
Outcome: Severe depression trajectory         
ACEs multiple-exposure (2+ ACEs) Moderate-High CRP Traj 0.000 -0.001 0.001 -0.001 -0.003 0.003 0.000 -0.001 0.001 

 High-moderate CRP Traj -0.002 -0.002 0.000 0.004 -0.001 0.009 0.001 -0.000 0.004 
Emotional/ Physical threat Moderate-High CRP Traj 0.001 -0.003 0.002 -0.002 -0.005 0.005 0.000 -0.001 0.002 

 High-moderate CRP Traj 0.001 -0.005 0.003 0.006 -0.003 0.007 0.004 -0.003 0.005 
Household Dysfunction Moderate-High CRP Traj 0.000 -0.002 0.002 -0.001 -0.004 0.000 0.000 -0.002 0.000 

 High-moderate CRP Traj 0.001 -0.004 0.005 0.002 -0.008 0.004 0.001 -0.006 0.004 
Physical abuse Moderate-High CRP Traj 0.002 -0.001 0.009 0.001 -0.021 0.017 0.002 -0.008 0.009 

 High-moderate CRP Traj 0.002 0.001 0.008 0.003 -0.006 0.011 0.003 -0.003 0.010 
Emotional abuse/neglect Moderate-High CRP Traj 0.000 -0.003 0.001 0.002 -0.003 0.010 0.001 -0.001 0.004 

 High-moderate CRP Traj 0.001 -0.001 0.003 0.003 -0.001 0.012 0.002 -0.001 0.007 
Sexual abuse Moderate-High CRP Traj 0.000 -0.003 0.003 0.028 -0.054 0.067 0.014 -0.028 0.034 

 High-moderate CRP Traj -0.005 -0.014 -0.002 -0.035 -0.081 0.000 -0.020 -0.040 0.000 

Bullying Moderate-High CRP Traj -0.001 -0.001 0.001 -0.001 -0.002 0.002 -0.001 -0.001 0.002 

 High-moderate CRP Traj 0.006 0.000 0.013 0.000 -0.004 0.018 0.003 -0.001 0.010 
Household violence Moderate-High CRP Traj 0.000 -0.001 0.003 0.002 -0.003 0.013 0.001 -0.002 0.008 

 High-moderate CRP Traj 0.001 -0.003 0.006 0.002 -0.006 0.009 0.002 -0.005 0.006 
Parental Substance Use Problems Moderate-High CRP Traj 0.001 -0.000 0.005 0.015 -0.004 0.021 0.008 -0.002 0.012 

 High-moderate CRP Traj 0.003 -0.004 0.008 0.012 -0.035 0.020 0.007 -0.019 0.011 
Parental Mental Health Problems Moderate-High CRP Traj 0.000 -0.003 0.003 0.001 -0.008 0.001 0.000 -0.005 0.001 

 High-moderate CRP Traj 0.000 -0.002 0.005 0.002 -0.009 0.005 0.001 -0.004 0.005 
Parental Convictions Moderate-High CRP Traj 0.001 -0.002 0.005 0.000 -0.010 0.007 0.000 -0.003 0.004 

 High-moderate CRP Traj -0.004 -0.005 0.002 -0.003 -0.012 0.014 -0.004 -0.008 0.008 
Parental Separation Moderate-High CRP Traj -0.002 -0.006 -0.001 -0.002 -0.008 0.000 -0.002 -0.004 0.000 

 High-moderate CRP Traj 0.002 -0.001 0.005 0.003 -0.005 0.014 0.002 -0.003 0.009 
Low Parent-Child Bonding Moderate-High CRP Traj 0.000 -0.001 0.001 -0.001 -0.006 0.001 -0.001 -0.003 0.001 

 High-moderate CRP Traj -0.001 -0.001 0.010 -0.001 -0.000 0.010 -0.001 -0.000 0.010 
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Table F44. Comparison of sample characteristics between the analytical sample and non-included ALSPAC participants.   
Non-included 
(N=8439) 

Included 
(N=3931) 

P-value 
comparison 

Correlation (r) 

Sex 
  

< 0.001 0.155 
Male 56.6% 40.1% 

  

Female 43.4% 59.9% 
  

Ethnicity 
  

0.005 -0.029 
White 95.1% 96.3% 

  

Other 4.9% 3.7% 
  

Missing  10.9% 6.9% 
  

Parental occupational class 
  

< 0.001 -0.133 
Professional 7.8% 13.2% 

  

Managerial and technical 29.7% 37.3% 
  

Skilled non-manual 12.3% 13.6% 
  

Skilled manual 40.3% 29.7% 
  

Partly skilled 6.7% 4.4% 
  

Unskilled 3.2% 1.8% 
  

Missing  32.1% 23.6% 
  

Mother's education 
  

< 0.001 0.216 
CSE 22.6% 9.6% 

  

Vocational 11.1% 6.7% 
  

O level 35.9% 33.6% 
  

A level 20.1% 29.8% 
  

Degree 10.2% 20.3% 
  

Missing  8.3% 6.0% 
  

Mother's marital status at birth  
  

< 0.001 0.090 
Never married 19.5% 12.5% 

  

Widowed 0.2% 0.1% 
  

Divorced/Separated 6.1% 4.2% 
  

1st marriage 67.8% 77.0% 
  

2nd/3rd marriage 6.5% 6.3% 
  

Missing  6.2% 5.4% 
  

Maternal smoking during pregnancy  
  

< 0.001 -0.123 
No 72.1% 83.5% 

  

Yes  27.9% 16.5% 
  

Note. P-values from chi-square tests. r coefficients obtained from Spearman’s Rho correlation tests. The analytical sample includes participants with  at 
least 10% of ACEs data across all early-life periods, one measure of CRP, and one measure of depressive symptoms.  

Note. Sample: ALSPAC (N = 1,224). Estimates from causal mediation analysis in the complete data sample. The outcome and mediator models were estimated using logistic regression analysis. The estimation of the 

mediation effects in the unexposed and exposed groups allows the investigation of possible interactions between the exposure and mediator variables. Values in bold represent statistically significant coefficients at the 
5% significance level (p<0.05). ACME = average causal mediation effect. 



 412 

REFERENCES  
 
Abell, J. G., Stalder, T., Ferrie, J. E., Shipley, M. J., Kirschbaum, C., … Kumari, M. (2016). Assessing 

cortisol from hair samples in a large observational cohort: The Whitehall II study. 
Psychoneuroendocrinology, 73, 148–156. https://doi.org/10.1016/j.psyneuen.2016.07.214 

Acabchuk, R. L., Kamath, J., Salamone, J. D., & Johnson, B. T. (2017). Stress and chronic illness: 
The inflammatory pathway. Social Science & Medicine, 185, 166–170. 
https://doi.org/10.1016/j.socscimed.2017.04.039 

Adam, E. K., & Kumari, M. (2009). Assessing salivary cortisol in large-scale, epidemiological 
research. Psychoneuroendocrinology, 34(10), 1423–1436. 
https://doi.org/10.1016/j.psyneuen.2009.06.011 

Aguilera, G. (2012). The hypothalamic-pituitary-adrenal axis and neuroendocrine responses to stress. 
In G Fink, D. Pfaff, & J. Levine (Eds.), Handbook of Neuroendocrinology (pp. 175–196). 
Academic Press. 

Aguilera, G. (2017). Stress: Neuroendocrinology and Neurobiology. In George Fink (Ed.), Stress: 
Neuroendocrinolgy and Neurobiology (Issue January, pp. 243–254). Elsevier. 
https://doi.org/10.1016/B978-0-12-802175-0.00019-X 

Alemany, S., Goldberg, X., van Winkel, R., Gastó, C., Peralta, V., & Fañanás, L. (2013). Childhood 
adversity and psychosis: Examining whether the association is due to genetic confounding using 
a monozygotic twin differences approach. European Psychiatry, 28(4), 207–212. 
https://doi.org/10.1016/j.eurpsy.2012.03.001 

Alhusen, J. L., Ray, E., Sharps, P., & Bullock, L. (2015). Intimate partner violence during pregnancy: 
Maternal and neonatal outcomes. Journal of Women’s Health, 24(1), 100–106. 
https://doi.org/10.1089/jwh.2014.4872 

Allen, M., & Donkin, A. (2015). The impact of adverse experiences in the home on the health of 
children and young people, and inequalities in prevalence and effects. UCL Institute of Health 
Equity. www.instituteofhealthequity.org 

American Psychiatric Association. (2013). Diagnostic and Statistical Manual of Mental Disorders (5th 
ed). APA. 

Amso, D., & Lynn, A. (2017). Distinctive Mechanisms of Adversity and Socioeconomic Inequality in 
Child Development: A Review and Recommendations for Evidence-Based Policy. Policy Insights 
from the Behavioral and Brain Sciences, 4(2), 139–146. 
https://doi.org/10.1177/2372732217721933 

Andersson, N. W., Goodwin, R. D., Okkels, N., Gustafsson, L. N., Taha, F., … Munk-Jørgensen, P. 
(2016). Depression and the risk of severe infections: prospective analyses on a nationwide 
representative sample. International Journal of Epidemiology, 45(1), 131–139. 
https://doi.org/10.1093/ije/dyv333 

Andresen, E. M., Malmgren, J. A., Carter, W. B., & Patrick, D. L. (1994). Screening for Depression in 
Well Older Adults: Evaluation of a Short Form of the CES-D. American Journal of Preventive 
Medicine, 10(2), 77–84. https://doi.org/10.1016/S0749-3797(18)30622-6 

Angold, A, Costello, E., Pickles, A., Winder, F., & Silver, D. (1987). The development of a 
questionnaire for use in epidemiological studies of depression in children and adolescents. 
International Journal of Methods in Psychiatric Research, 5, 237–249. 

Angold, Adrian, Costello, J., Van Kämmen, W., & Stouthamer-Loeber, M. (1996). Development of a 
short questionnaire for use in epidemiological studies of depression in children and adolescents: 
factor composition and structure across development. International Journal of Methods in 
Psychiatric Research, 5(4), 251–262. 

Arnau-Soler, A., Adams, M. J., Clarke, T.-K., MacIntyre, D. J., Milburn, K., … Thomson, P. A. (2019). 
A validation of the diathesis-stress model for depression in Generation Scotland. Translational 
Psychiatry, 9(1), 25. https://doi.org/10.1038/s41398-018-0356-7 

Arseneault, L. (2008). Being Bullied as an Environmentally Mediated Contributing Factor to Children’s 
Internalizing Problems. Archives of Pediatrics & Adolescent Medicine, 162(2), 145–150. 
https://doi.org/10.1001/archpediatrics.2007.53 

Arseneault, L., Cannon, M., Fisher, H. L., Polanczyk, G., Moffitt, T. E., & Caspi, A. (2011). Childhood 
trauma and children’s emerging psychotic symptoms: A genetically sensitive longitudinal cohort 
study. American Journal of Psychiatry, 168(1), 65–72. 
https://doi.org/10.1176/appi.ajp.2010.10040567 

Asbury, K., Dunn, J. F., Pike, A., & Plomin, R. (2003). Nonshared Environmental Influences on 
Individual Differences in Early Behavioral Development: A Monozygotic Twin Differences Study. 



 413 

Child Development, 74(3), 933–943. https://doi.org/10.1111/1467-8624.00577 
Asmussen, K., Fischer, F., Drayton, E., & McBride, T. (2020). Adverse childhood experiences: What 

we know, what we don’t know, and what should happen next. Early Intervention Foundation. 
https://www.eif.org.uk/report/adverse-childhood-experiences-what-we-know-what-we-dont-know-
and-what-should-happen-next 

Asmussen, K., McBride, T., & Waddell, S. (2019). The Potential of Early Intervention for Preventing 
and Reducing ACE-Related Trauma. Social Policy and Society, 18(3), 425–434. 
https://doi.org/10.1017/S1474746419000071 

Asparouhov, T., & Muthén, B. (2010). Weighted Least Squares Estimation with Missing Data. 
http://www.statmodel.com/download/GstrucMissingRevision.pdf 

Assary, E., Vincent, J. P., Keers, R., & Pluess, M. (2018). Gene-environment interaction and 
psychiatric disorders: Review and future directions. Seminars in Cell and Developmental 
Biology, 77, 133–143. https://doi.org/10.1016/j.semcdb.2017.10.016 

Austin, P. C. (2011). An introduction to propensity score methods for reducing the effects of 
confounding in observational studies. Multivariate Behavioral Research, 46(3), 399–424. 
https://doi.org/10.1080/00273171.2011.568786 

Bai, S., Guo, W., Feng, Y., Deng, H., Li, G., … Tang, Z. (2020). Efficacy and safety of anti-
inflammatory agents for the treatment of major depressive disorder: A systematic review and 
meta-analysis of randomised controlled trials. Journal of Neurology, Neurosurgery and 
Psychiatry, 91(1), 21–32. https://doi.org/10.1136/jnnp-2019-320912 

Baldwin, J. R., Arseneault, L., Caspi, A., Fisher, H. L., Moffitt, T. E., … Danese, A. (2018). Childhood 
victimization and inflammation in young adulthood: A genetically sensitive cohort study. Brain, 
Behavior, and Immunity, 67, 211–217. https://doi.org/10.1016/j.bbi.2017.08.025 

Baldwin, J. R., Reuben, A., Newbury, J. B., & Danese, A. (2019). Agreement Between Prospective 
and Retrospective Measures of Childhood Maltreatment. JAMA Psychiatry, 76(6), 584. 
https://doi.org/10.1001/jamapsychiatry.2019.0097 

Baranne, M. L., & Falissard, B. (2018). Global burden of mental disorders among children aged 5–
14 years. Child and Adolescent Psychiatry and Mental Health, 12(1), 19. 
https://doi.org/10.1186/s13034-018-0225-4 

Barendse, M., Flannery, J., Cavanagh, C., Aristizabal, M., Becker, S. P., … Pfeifer, J. (2021). 
Longitudinal change in adolescent depression and anxiety symptoms from before to during the 
COVID-19 pandemic: A collaborative of 12 samples from 3 countries. PsyArXiv Preprints. 
https://doi.org/10.31234/osf.io/hn7us 

Barnes, J., Mondelli, V., & Pariante, C. M. (2017). Genetic Contributions of Inflammation to 
Depression. Neuropsychopharmacology, 42(1), 81–98. https://doi.org/10.1038/npp.2016.169 

Bartels, M., Van den Berg, M., Sluyter, F., Boomsma, D. I., & De Geus, E. J. C. (2003). Heritability of 
cortisol levels: Review and simultaneous analysis of twin studies. Psychoneuroendocrinology, 
28(2), 121–137. https://doi.org/10.1016/S0306-4530(02)00003-3 

Bartoli, F., Lillia, N., Lax, A., Crocamo, C., Mantero, V., … Clerici, M. (2013). Depression after Stroke 
and Risk of Mortality: A Systematic Review and Meta-Analysis. Stroke Research and Treatment, 
1–11. https://doi.org/10.1155/2013/862978 

Bates, D., Mächler, M., Bolker, B., & Walker, S. (2015). Fitting Linear Mixed-Effects Models Using 
lme4. Journal of Statistical Software, 67(1). https://doi.org/10.18637/jss.v067.i01 

Bates, T. C., Maes, H., & Neale, M. C. (2019). umx: Twin and Path-Based Structural Equation 
Modeling in R. Twin Research and Human Genetics, 22(1), 27–41. 
https://doi.org/10.1017/thg.2019.2 

Baumeister, D, Akhtar, R., Ciufolini, S., Pariante, C. M., & Mondelli, V. (2016). Childhood trauma and 
adulthood inflammation: a meta-analysis of peripheral C-reactive protein, interleukin-6 and 
tumour necrosis factor-α. Molecular Psychiatry, 21(5), 642–649. 
https://doi.org/10.1038/mp.2015.67 

Baumeister, David, Russell, A., Pariante, C. M., & Mondelli, V. (2014). Inflammatory biomarker 
profiles of mental disorders and their relation to clinical, social and lifestyle factors. Social 
Psychiatry and Psychiatric Epidemiology, 49(6), 841–849. https://doi.org/10.1007/s00127-014-
0887-z 

BBC News. (2021). Free school meals: Poorer pupils miss out in funding change, say unions . 
https://www.bbc.co.uk/news/education-57497297 

Beck, A. T., Steer, R. A., & Carbin, M. G. (1988). Psychometric properties of the Beck Depression 
Inventory: Twenty-five years of evaluation. Clinical Psychology Review, 8(1), 77–100. 
https://doi.org/10.1016/0272-7358(88)90050-5 

Bell, J. A., Kivimäki, M., Bullmore, E. T., Steptoe, A., Bullmore, E., … Carvalho, L. A. (2017). 



 414 

Repeated exposure to systemic inflammation and risk of new depressive symptoms among 
older adults. Translational Psychiatry, 7(8), e1208. https://doi.org/10.1038/tp.2017.155 

Bellis, M.A., Ashton, K., Hughes, K., Ford, K., Bishop, J., & Paranjothy, S. (2015). Adverse Childhood 
Experiences and their impact on health-harming behaviours in the Welsh adult population. 
www.nationalarchives.gov.uk/doc/open-government-licence/version/3/ 

Bellis, M.A., Hughes, K., Ford, K., Ramos Rodriguez, G., Sethi, D., & Passmore, J. (2019). Life 
course health consequences and associated annual costs of adverse childhood experiences 
across Europe and North America: a systematic review and meta-analysis. The Lancet Public 
Health, 4(10), e517–e528. https://doi.org/10.1016/S2468-2667(19)30145-8 

Bellis, M.A., Hughes, K., Leckenby, N., Perkins, C., & Lowey, H. (2014). National household survey of 
adverse childhood experiences and their relationship with resilience to health-harming behaviors 
in England. BMC Medicine, 12(72). https://doi.org/http://www.biomedcentral.com/1741-
7015/12/72 

Bellis, Mark A., Hughes, K., Ford, K., Hardcastle, K. A., Sharp, C. A., … Davies, A. (2018). Adverse 
childhood experiences and sources of childhood resilience: A retrospective study of their 
combined relationships with child health and educational attendance. BMC Public Health, 18(1), 
1–12. https://doi.org/10.1186/s12889-018-5699-8 

Bellis, Mark A, Hughes, K., Ford, K., Ramos Rodriguez, G., Sethi, D., & Passmore, J. (2019). Articles 
Life course health consequences and associated annual costs of adverse childhood experiences 
across Europe and North America: a systematic review and meta-analysis. The Lancet Public 
Health, 4, e517–e528. https://doi.org/10.1016/S2468-2667(19)30145-8 

Belsky, J., Ruttle, P., Boyce, T., Armstrong, J., & Essex, M. (2015). Early Adversity, Elevated Stress 
Physiology, Accelerated Sexual Maturation and Poor Health in Females Jay. Developmental 
Psychology, 51(6), 816–822. https://doi.org/10.1016/j.cogdev.2010.08.003.Personal 

Belvederi Murri, M., Pariante, C., Mondelli, V., Masotti, M., Atti, A. R., … Amore, M. (2014). HPA axis 
and aging in depression: Systematic review and meta-analysis. Psychoneuroendocrinology, 41, 
46–62. https://doi.org/10.1016/j.psyneuen.2013.12.004 

Ben-Shlomo, Y., & Kuh, D. (2002). What is a Life Course Approach to Chronic Disease 
Epidemiology? Conceptual Models in Life Course Epidemiology. International Journal of 
Epidemiology, 31, 285–293. https://doi.org/10.1093/ije/31.2.285 

Berens, A. E., Jensen, S. K. G., & Nelson, C. A. (2017). Biological embedding of childhood adversity: 
from physiological mechanisms to clinical implications. BMC Medicine, 15(1), 135. 
https://doi.org/10.1186/s12916-017-0895-4 

Bergman, K., Sarkar, P., O’Connor, T. G., Modi, N., & Glover, V. (2007). Maternal Stress During 
Pregnancy Predicts Cognitive Ability and Fearfulness in Infancy. Journal of the American 
Academy of Child & Adolescent Psychiatry, 46(11), 1454–1463. 
https://doi.org/10.1097/chi.0b013e31814a62f6 

Bernard, K., Frost, A., Bennett, C. B., & Lindhiem, O. (2017). Maltreatment and diurnal cortisol 
regulation: A meta-analysis. Psychoneuroendocrinology, 78, 57–67. 
https://doi.org/10.1016/j.psyneuen.2017.01.005 

Bernard, K., Hostinar, C. E., & Dozier, M. (2015). Intervention effects on diurnal cortisol rhythms of 
Child Protective Services-referred infants in early childhood preschool follow-up results of a 
randomized clinical trial. JAMA Pediatrics, 169(2), 112–119. 
https://doi.org/10.1001/jamapediatrics.2014.2369 

Bet, P. M., Penninx, B. W. J. H., Bochdanovits, Z., Uitterlinden, A. G., Beekman, A. T. F., … 
Hoogendijk, W. J. G. (2009). Glucocorticoid receptor gene polymorphisms and childhood 
adversity are associated with depression: New evidence for a gene-environment interaction. 
American Journal of Medical Genetics Part B: Neuropsychiatric Genetics, 150B(5), 660–669. 
https://doi.org/10.1002/ajmg.b.30886 

Beurel, E., Toups, M., & Nemeroff, C. B. (2020). The Bidirectional Relationship of Depression and 
Inflammation: Double Trouble. Neuron, 107(2), 234–256. 
https://doi.org/10.1016/j.neuron.2020.06.002 

Bevilacqua, L., Kelly, Y., Heilmann, A., Priest, N., & Lacey, R. E. (2021). Adverse childhood 
experiences and trajectories of internalizing, externalizing, and prosocial behaviors from 
childhood to adolescence. Child Abuse and Neglect, 112, 104890. 
https://doi.org/10.1016/j.chiabu.2020.104890 

Beydoun, H. A., Beydoun, M. A., Kaufman, J. S., Lo, B., & Zonderman, A. B. (2012). Intimate partner 
violence against adult women and its association with major depressive disorder, depressive 
symptoms and postpartum depression: A systematic review and meta-analysis. Social Science 
& Medicine, 75(6), 959–975. https://doi.org/10.1016/j.socscimed.2012.04.025 



 415 

Bienvenu, O. J., Davydow, D. S., & Kendler, K. S. (2011). Psychiatric diseases versus behavioral 
disorders and degree of genetic influence. Psychological Medicine, 41(1), 33–40. 
https://doi.org/10.1017/S003329171000084X 

Bilbo, S. D. (2009). Early-life programming of later-life brain and behavior: a critical role for the 
immune system. Frontiers in Behavioral Neuroscience, 3(AUG). 
https://doi.org/10.3389/neuro.08.014.2009 

Björkenstam, E., Burström, B., Vinnerljung, B., & Kosidou, K. (2016). Childhood adversity and 
psychiatric disorder in young adulthood: An analysis of 107,704 Swedes. Journal of Psychiatric 
Research, 77, 67–75. https://doi.org/10.1016/j.jpsychires.2016.02.018 

Björkenstam, E., Pebley, A. R., Burström, B., & Kosidou, K. (2017). Childhood social adversity and 
risk of depressive symptoms in adolescence in a US national sample. Journal of Affective 
Disorders, 212, 56–63. https://doi.org/10.1016/j.jad.2017.01.035 

Blum, M. R., Tan, Y. J., & Ioannidis, J. P. A. (2020). Use of E-values for addressing confounding in 
observational studies—an empirical assessment of the literature. International Journal of 
Epidemiology. https://doi.org/10.1093/ije/dyz261 

Blumenthal, H., Leen-Feldner, E. W., Badour, C. L., Trainor, C. D., & Babson, K. A. (2014). Pubertal 
maturation and cortisol level in response to a novel social environment among female 
adolescents. Journal of Adolescence, 37(6), 893–900. 
https://doi.org/10.1016/j.adolescence.2014.06.005 

Bluthé, R. M., Castanon, N., Pousset, F., Bristow, A., Ball, C., … Dantzer, R. (1999). Central injection 
of IL-10 antagonizes the behavioural effects of lipopolysaccharide in rats. 
Psychoneuroendocrinology, 24(3), 301–311. https://doi.org/10.1016/S0306-4530(98)00077-8 

Bogdan, R., Hyde, L. W., & Hariri, A. R. (2013). A neurogenetics approach to understanding individual 
differences in brain, behavior, and risk for psychopathology. Molecular Psychiatry, 18(3), 288–
299. https://doi.org/10.1038/mp.2012.35 

Bolton, D., & Gillett, G. (2019). The Biopsychosocial Model 40 Years On. In The Biopsychosocial 
Model of Health and Disease (pp. 1–43). Springer International Publishing. 
https://doi.org/10.1007/978-3-030-11899-0_1 

Bolton, J. L., Hayward, C., Direk, N., Lewis, J. G., Hammond, G. L., … Walker, B. R. (2014). Genome 
Wide Association Identifies Common Variants at the SERPINA6/SERPINA1 Locus Influencing 
Plasma Cortisol and Corticosteroid Binding Globulin. PLoS Genetics, 10(7), e1004474. 
https://doi.org/10.1371/journal.pgen.1004474 

Boomsma, D., Busjahn, A., & Peltonen, L. (2002). Classical twin studies and beyond. Nature Reviews 
Genetics, 3(11), 872–882. https://doi.org/10.1038/nrg932 

Bosch, N. M., Riese, H., Dietrich, A., Ormel, J., Verhulst, F. C., & Oldehinkel, A. J. (2009). 
Preadolescents’ somatic and cognitive-affective depressive symptoms are differentially related 
to cardiac autonomic function and cortisol: The TRAILS study. Psychosomatic Medicine, 71(9), 
944–950. https://doi.org/10.1097/PSY.0b013e3181bc756b 

Bosch, N. M., Riese, H., Reijneveld, S. A., Bakker, M. P., Verhulst, F. C., … Oldehinkel, A. J. (2012). 
Timing matters: Long term effects of adversities from prenatal period up to adolescence on 
adolescents’ cortisol stress response. The TRAILS study. Psychoneuroendocrinology, 37(9), 
1439–1447. https://doi.org/10.1016/j.psyneuen.2012.01.013 

Bosker, F. J., Hartman, C. A., Nolte, I. M., Prins, B. P., Terpstra, P., … Nolen, W. A. (2011). Poor 
replication of candidate genes for major depressive disorder using genome-wide association 
data. Molecular Psychiatry, 16(5), 516–532. https://doi.org/10.1038/mp.2010.38 

Boulanger, L. M. (2009). Immune Proteins in Brain Development and Synaptic Plasticity. Neuron, 
64(1), 93–109. https://doi.org/10.1016/j.neuron.2009.09.001 

Bowes, L., Joinson, C., Wolke, D., & Lewis, G. (2015). Peer victimisation during adolescence and its 
impact on depression in early adulthood: prospective cohort study in the United Kingdom. BMJ, 
350(jun02 2), h2469–h2469. https://doi.org/10.1136/bmj.h2469 

Bowlby, J. (1988). A Secure Base: Clinical Applications of Attachment Theories. Routledge. 
Boyd, A., Golding, J., Macleod, J., Lawlor, D. A., Fraser, A., … Smith, G. D. (2013). Cohort profile: 

The ’Children of the 90s’-The index offspring of the avon longitudinal study of parents and 
children. International Journal of Epidemiology, 42(1), 111–127. 
https://doi.org/10.1093/ije/dys064 

Bradley, R. G., Binder, E. B., Epstein, M. P., Tang, Y., Nair, H. P., … Ressler, K. J. (2008). Influence 
of Child Abuse on Adult Depression. Archives of General Psychiatry, 65(2), 190. 
https://doi.org/10.1001/archgenpsychiatry.2007.26 

Braithwaite, E. C., O’Connor, R. M., Degli-Esposti, M., Luke, N., & Bowes, L. (2017). Modifiable 
predictors of depression following childhood maltreatment: A systematic review and meta-



 416 

analysis. Translational Psychiatry, 7(7). https://doi.org/10.1038/tp.2017.140 
Brand, S. R., Brennan, P. A., Newport, D. J., Smith, A. K., Weiss, T., & Stowe, Z. N. (2010). The 

impact of maternal childhood abuse on maternal and infant HPA axis function in the postpartum 
period. Psychoneuroendocrinology, 35(5), 686–693. 
https://doi.org/10.1016/j.psyneuen.2009.10.009 

Brendgen, M., Vitaro, F., Bukowski, W. M., Dionne, G., Tremblay, R. E., & Boivin, M. (2013). Can 
friends protect genetically vulnerable children from depression? Development and 
Psychopathology, 25(2), 277–289. https://doi.org/10.1017/S0954579412001058 

Brensilver, M., Negriff, S., Mennen, F. E., & Trickett, P. K. (2011). Longitudinal relations between 
depressive symptoms and externalizing behavior in adolescence: Moderating effects of 
maltreatment experience and gender. Journal of Clinical Child and Adolescent Psychology, 
40(4), 607–617. https://doi.org/10.1080/15374416.2011.581618 

Brinsley, J., Schuch, F., Lederman, O., Girard, D., Smout, M., … Rosenbaum, S. (2020). Effects of 
yoga on depressive symptoms in people with mental disorders: a systematic review and meta-
analysis. British Journal of Sports Medicine, 0, bjsports-2019-101242. 
https://doi.org/10.1136/bjsports-2019-101242 

Brooks, S. K., Webster, R. K., Smith, L. E., Woodland, L., Wessely, S., … Rubin, G. J. (2020). The 
psychological impact of quarantine and how to reduce it: rapid review of the evidence. The 
Lancet, 395(10227), 912–920. https://doi.org/10.1016/S0140-6736(20)30460-8 

Brown, R. C., Berenz, E. C., Aggen, S. H., Gardner, C. O., Knudsen, G. P., … Amstadter, A. B. 
(2014). Trauma exposure and Axis I psychopathology: A cotwin control analysis in Norwegian 
young adults. Psychological Trauma: Theory, Research, Practice, and Policy, 6(6), 652–660. 
https://doi.org/10.1037/a0034326 

Bryant, D. J., Oo, M., & Damian, A. J. (2020). The rise of adverse childhood experiences during the 
COVID-19 pandemic. Psychological Trauma: Theory, Research, Practice, and Policy, 12(S1), 
S193–S194. https://doi.org/10.1037/tra0000711 

Brydon, L., Harrison, N. A., Walker, C., Steptoe, A., & Critchley, H. D. (2008). Peripheral inflammation 
is associated with altered substantia nigra activity and psychomotor slowing in humans. 
Biological Psychiatry, 63(11), 1022–1029. https://doi.org/10.1016/j.biopsych.2007.12.007 

Buchmann, A. F., Holz, N., Boecker, R., Blomeyer, D., Rietschel, M., … Laucht, M. (2014). 
Moderating role of FKBP5 genotype in the impact of childhood adversity on cortisol stress 
response during adulthood. Eur Neuropsychopharmacol, 24(6), 837–845. 
https://doi.org/10.1016/j.euroneuro.2013.12.001 

Bujtor, M., Turner, A. I., Torres, S. J., Esteban-Gonzalo, L., Pariante, C. M., & Borsini, A. (2021). 
Associations of dietary intake on biological markers of inflammation in children and adolescents: 
A systematic review. Nutrients, 13(2), 1–29. https://doi.org/10.3390/nu13020356 

Buka, S. L., Stichick, T. L., Birdthistle, I., & Earls, F. J. (2001). Youth exposure to violence: 
Prevalence, risks, and consequences. American Journal of Orthopsychiatry, 71(3), 298–310. 
https://doi.org/10.1037/0002-9432.71.3.298 

Bunea, I. M., Szentágotai-Tătar, A., & Miu, A. C. (2017). Early-life adversity and cortisol response to 
social stress: a meta-analysis. Translational Psychiatry, 7(12), 1274. 
https://doi.org/10.1038/s41398-017-0032-3 

Burke, H. M., Davis, M. C., Otte, C., & Mohr, D. C. (2005). Depression and cortisol responses to 
psychological stress: A meta-analysis. Psychoneuroendocrinology, 30(9), 846–856. 
https://doi.org/10.1016/j.psyneuen.2005.02.010 

Burleson Daviss, W., Birmaher, B., Melhem, N. A., Axelson, D. A., Michaels, S. M., & Brent, D. A. 
(2006). Criterion validity of the Mood and Feelings Questionnaire for depressive episodes in 
clinic and non-clinic subjects. Journal of Child Psychology and Psychiatry, 47(9), 927–934. 
https://doi.org/10.1111/j.1469-7610.2006.01646.x 

Busso, D. S., McLaughlin, K. A., & Sheridan, M. A. (2017). Dimensions of Adversity, Physiological 
Reactivity, and Externalizing Psychopathology in Adolescence: Deprivation and Threat. 
Psychosomatic Medicine, 79(2), 162–171. https://doi.org/10.1097/PSY.0000000000000369 

Buuren, S. van. (2019). Package “mice”. Multivariate Imputation by Chained Equations. 
https://doi.org/10.18637/jss.v045.i03 

Byrne, B. M. (2012). Structural equation modeling with Mplus: Basic concepts, applications, and 
programming. Routledge/Taylor & Francis Group. 

Calcia, M. A., Bonsall, D. R., Bloomfield, P. S., Selvaraj, S., Barichello, T., & Howes, O. D. (2016). 
Stress and neuroinflammation: a systematic review of the effects of stress on microglia and the 
implications for mental illness. Psychopharmacology, 233(9), 1637–1650. 
https://doi.org/10.1007/s00213-016-4218-9 



 417 

Capuron, L., Gumnick, J. F., Musselman, D. L., Lawson, D. H., Reemsnyder, A., … Miller, A. H. 
(2002). Neurobehavioral Effects of Interferon-α in Cancer Patients Phenomenology and 
Paroxetine Responsiveness of Symptom Dimensions. Neuropsychopharmacology, 26(5), 643–
652. https://doi.org/10.1016/S0893-133X(01)00407-9 

Cardoso, F. L., Herz, J., Fernandes, A., Rocha, J., Sepodes, B., … Brites, D. (2015). Systemic 
inflammation in early neonatal mice induces transient and lasting neurodegenerative effects. 
Journal of Neuroinflammation, 12(1), 82. https://doi.org/10.1186/s12974-015-0299-3 

Carrion, V. G., Weems, C. F., Ray, R. D., Glaser, B., Hessl, D., & Reiss, A. L. (2002). Diurnal salivary 
cortisol in pediatric posttraumatic stress disorder. Biological Psychiatry, 51(7), 575–582. 
https://doi.org/10.1016/S0006-3223(01)01310-5 

Caspi, A. (2003). Influence of Life Stress on Depression: Moderation by a Polymorphism in the 5-HTT 
Gene. Science, 301(5631), 386–389. https://doi.org/10.1126/science.1083968 

Catale, C., Gironda, S., Lo Iacono, L., & Carola, V. (2020). Microglial Function in the Effects of Early-
Life Stress on Brain and Behavioral Development. Journal of Clinical Medicine, 9(2), 468. 
https://doi.org/10.3390/jcm9020468 

Chandan, J. S., Thomas, T., Gokhale, K. M., Bandyopadhyay, S., Taylor, J., & Nirantharakumar, K. 
(2019). The burden of mental ill health associated with childhood maltreatment in the UK, using 
The Health Improvement Network database: a population-based retrospective cohort study. The 
Lancet Psychiatry, 6(11), 926–934. https://doi.org/10.1016/S2215-0366(19)30369-4 

Chen, M., & Lacey, R. E. (2018). Adverse childhood experiences and adult inflammation: Findings 
from the 1958 British birth cohort. Brain, Behavior, and Immunity, 69, 582–590. 
https://doi.org/10.1016/j.bbi.2018.02.007 

Chen, R., Peng, K., Liu, J., Wilson, A., Wang, Y., … Lu, J. (2020). Interpersonal Trauma and Risk of 
Depression Among Adolescents: The Mediating and Moderating Effect of Interpersonal 
Relationship and Physical Exercise. Frontiers in Psychiatry, 11, 194. 
https://doi.org/10.3389/fpsyt.2020.00194 

Cheong, E. Von, Sinnott, C., Dahly, D., & Kearney, P. M. (2017). Adverse childhood experiences 
(ACEs) and later-life depression: Perceived social support as a potential protective factor. BMJ 
Open, 7(9), 1–11. https://doi.org/10.1136/bmjopen-2016-013228 

Chiang, J. J., Taylor, S. E., & Bower, J. E. (2015). Early adversity, neural development, and 
inflammation. Developmental Psychobiology, 57(8), 887–907. https://doi.org/10.1002/dev.21329 

Chu, A. L., Stochl, J., Lewis, G., Zammit, S., Jones, P. B., & Khandaker, G. M. (2019). Longitudinal 
association between inflammatory markers and specific symptoms of depression in a 
prospective birth cohort. Brain, Behavior, and Immunity, 76, 74–81. 
https://doi.org/10.1016/j.bbi.2018.11.007 

Cicchetti, Dante, Handley, E. D., & Rogosch, F. A. (2015). Child maltreatment, inflammation, and 
internalizing symptoms: Investigating the roles of C-reactive protein, gene variation, and 
neuroendocrine regulation. Development and Psychopathology, 27(2), 553–566. 
https://doi.org/10.1017/S0954579415000152 

Ciufolini, S., Dazzan, P., Kempton, M. J., Pariante, C., & Mondelli, V. (2014). HPA axis response to 
social stress is attenuated in schizophrenia but normal in depression: Evidence from a meta-
analysis of existing studies. Neuroscience & Biobehavioral Reviews, 47, 359–368. 
https://doi.org/10.1016/j.neubiorev.2014.09.004 

Clark, C., Caldwell, T., Power, C., & Stansfeld, S. A. (2010). Does the Influence of Childhood 
Adversity on Psychopathology Persist Across the Lifecourse? A 45-Year Prospective 
Epidemiologic Study. Annals of Epidemiology, 20(5), 385–394. 
https://doi.org/10.1016/j.annepidem.2010.02.008 

Coelho, R., Viola, T. W., Walss-Bass, C., Brietzke, E., & Grassi-Oliveira, R. (2014). Childhood 
maltreatment and inflammatory markers: a systematic review. Acta Psychiatrica Scandinavica, 
129(3), 180–192. https://doi.org/10.1111/acps.12217 

Cohen-Cline, H., Jones, K. G., Kulkarni-Rajasekhara, S., Polonsky, H. M., & Vartanian, K. B. (2019). 
Identifying underlying constructs of childhood adversity in a low-income population. Child Abuse 
& Neglect, 91, 1–11. https://doi.org/10.1016/j.chiabu.2019.02.005 

Cohen-Woods, S., Fisher, H. L., Ahmetspahic, D., Douroudis, K., Stacey, D., … McGuffin, P. (2018). 
Interaction between childhood maltreatment on immunogenetic risk in depression: Discovery 
and replication in clinical case-control samples. Brain, Behavior, and Immunity, 67, 203–210. 
https://doi.org/10.1016/j.bbi.2017.08.023 

Cohen, J. A., Mannarino, A. P., & Iyengar, S. (2011). Community treatment of posttraumatic stress 
disorder for children exposed to intimate partner violence: A randomized controlled trial. 
Archives of Pediatrics and Adolescent Medicine, 165(1), 16–21. 



 418 

https://doi.org/10.1001/archpediatrics.2010.247 
Cohen, S., Janicki-Deverts, D., Doyle, W. J., Miller, G. E., Frank, E., … Turner, R. B. (2012). Chronic 

stress, glucocorticoid receptor resistance, inflammation, and disease risk. Proceedings of the 
National Academy of Sciences of the United States of America, 109(16), 5995–5999. 
https://doi.org/10.1073/pnas.1118355109 

Colasanto, M., Madigan, S., & Korczak, D. J. (2020). Depression and inflammation among children 
and adolescents: A meta-analysis. Journal of Affective Disorders, 277, 940–948. 
https://doi.org/10.1016/j.jad.2020.09.025 

Cole, D. A. (2006). Coping with longitudinal data in research on developmental psychopathology. 
International Journal of Behavioral Development, 30(1), 20–25. 
https://doi.org/10.1177/0165025406059969 

Cole, S. W. (2008). Social regulation of leukocyte homeostasis: The role of glucocorticoid sensitivity. 
Brain, Behavior, and Immunity, 22(7), 1049–1055. https://doi.org/10.1016/j.bbi.2008.02.006 

Coleman, J. R. I., Peyrot, W. J., Purves, K. L., Davis, K. A. S., Rayner, C., … Eley, T. C. (2020). 
Genome-wide gene-environment analyses of major depressive disorder and reported lifetime 
traumatic experiences in UK Biobank. Molecular Psychiatry, 25(7), 1430–1446. 
https://doi.org/10.1038/s41380-019-0546-6 

Colodro-Conde, L., Couvy-Duchesne, B., Zhu, G., Coventry, W. L., Byrne, E. M., … Martin, N. G. 
(2018). A direct test of the diathesis–stress model for depression. Molecular Psychiatry, 23(7), 
1590–1596. https://doi.org/10.1038/mp.2017.130 

Comijs, H. C., Van Exel, E., Van Der Mast, R. C., Paauw, A., Oude Voshaar, R., & Stek, M. L. (2013). 
Childhood abuse in late-life depression. Journal of Affective Disorders, 147(1–3), 241–246. 
https://doi.org/10.1016/j.jad.2012.11.010 

Conger, R. D., Conger, K. J., Elder, G. H., Lorenz, F. O., Simons, R. L., & Whitbeck, L. B. (1992). A 
Family Process Model of Economic Hardship and Adjustment of Early Adolescent Boys. Child 
Development, 63(3), 526. https://doi.org/10.2307/1131344 

Conner, K. R., Pinquart, M., & Gamble, S. A. (2009). Meta-analysis of depression and substance use 
among individuals with alcohol use disorders. Journal of Substance Abuse Treatment, 37(2), 
127–137. https://doi.org/10.1016/j.jsat.2008.11.007 

Correll, C. U., Solmi, M., Veronese, N., Bortolato, B., Rosson, S., … Stubbs, B. (2017). Prevalence, 
incidence and mortality from cardiovascular disease in patients with pooled and specific severe 
mental illness: a large-scale meta-analysis of 3,211,768 patients and 113,383,368 controls. 
World Psychiatry, 16(2), 163–180. https://doi.org/10.1002/wps.20420 

Cowan, C. P., Cowan, P. A., & Barry, J. (2011). Couples’ Groups for Parents of Preschoolers: Ten-
Year Outcomes of a Randomized Trial. Journal of Family Psychology, 25(2), 240–250. 
https://doi.org/10.1037/a0023003 

Cox, J. L., Holden, J. M., & Sagovsky, R. (1987). Detection of Postnatal Depression: Development of 
the 10-item Edinburgh Postnatal Depression scale. British Journal of Psychiatry, 150(JUNE), 
782–786. https://doi.org/10.1192/bjp.150.6.782 

Cramer, H., Lauche, R., Langhorst, J., & Dobos, G. (2013). Yoga for depression: a systematic review 
and meta-analysis. Depression and Anxiety, 30(11), 1068–1083. 
https://doi.org/10.1002/da.22166 

Cuijpers, P., & Smit, F. (2002). Excess mortality in depression: A meta-analysis of community studies. 
Journal of Affective Disorders, 72(3), 227–236. https://doi.org/10.1016/S0165-0327(01)00413-X 

Cuijpers, P., Vogelzangs, N., Twisk, J., Kleiboer, A., Li, J., & Penninx, B. W. (2014). Comprehensive 
Meta-Analysis of Excess Mortality in Depression in the General Community Versus Patients 
With Specific Illnesses. American Journal of Psychiatry, 171(4), 453–462. 
https://doi.org/10.1176/appi.ajp.2013.13030325 

Culverhouse, R. C., Saccone, N. L., Horton, A. C., Ma, Y., Anstey, K. J., … Bierut, L. J. (2018). 
Collaborative meta-Analysis finds no evidence of a strong interaction between stress and 5-
HTTLPR genotype contributing to the development of depression. Molecular Psychiatry, 23(1), 
133–142. https://doi.org/10.1038/mp.2017.44 

Cusack, K., Jonas, D. E., Forneris, C. A., Wines, C., Sonis, J., … Gaynes, B. N. (2016). Psychological 
treatments for adults with posttraumatic stress disorder: A systematic review and meta-analysis. 
Clinical Psychology Review, 43, 128–141. https://doi.org/10.1016/j.cpr.2015.10.003 

D’Acunto, G., Nageye, F., Zhang, J., Masi, G., & Cortese, S. (2019). Inflammatory Cytokines in 
Children and Adolescents with Depressive Disorders: A Systematic Review and Meta-Analysis. 
Journal of Child and Adolescent Psychopharmacology, 29(5), 362–369. 
https://doi.org/10.1089/cap.2019.0015 

D’Elia, A. T. D., Matsuzaka, C. T., Neto, J. B. B., Mello, M. F., Juruena, M. F., & Mello, A. F. (2018). 



 419 

Childhood Sexual Abuse and Indicators of Immune Activity: A Systematic Review. Frontiers in 
Psychiatry, 9, 354. https://doi.org/10.3389/fpsyt.2018.00354 

Dalgard, O. S., Dowrick, C., Lehtinen, V., Vazquez-Barquero, J. L., Casey, P., … Dunn, G. (2006). 
Negative life events, social support and gender difference in depression. Social Psychiatry and 
Psychiatric Epidemiology, 41(6), 444–451. https://doi.org/10.1007/s00127-006-0051-5 

Dalvie, S., Maihofer, A. X., Coleman, J. R. I., Bradley, B., Breen, G., … Nievergelt, C. M. (2020). 
Genomic influences on self-reported childhood maltreatment. Translational Psychiatry, 10(1), 1–
12. https://doi.org/10.1038/s41398-020-0706-0 

Daly, M., Sutin, A., & Robinson, E. (2020). Longitudinal changes in mental health and the COVID-19 
pandemic: Evidence from the UK Household Longitudinal Study. Psychological Medicine. 
https://doi.org/10.1017/S0033291720004432 

Danese, A., & Baldwin, J. R. (2017). Hidden Wounds? Inflammatory Links Between Childhood 
Trauma and Psychopathology. Annual Review of Psychology, 68(1), 517–544. 
https://doi.org/10.1146/annurev-psych-010416-044208 

Danese, A., & J Lewis, S. (2017). Psychoneuroimmunology of Early-Life Stress: The Hidden Wounds 
of Childhood Trauma? Neuropsychopharmacology, 42(1), 99–114. 
https://doi.org/10.1038/npp.2016.198 

Danese, A., & McEwen, B. S. (2012). Adverse childhood experiences, allostasis, allostatic load, and 
age-related disease. Physiology & Behavior, 106(1), 29–39. 
https://doi.org/10.1016/j.physbeh.2011.08.019 

Danese, A., McLaughlin, K. A., Samara, M., & Stover, C. S. (2020). Psychopathology in children 
exposed to trauma: Detection and intervention needed to reduce downstream burden. The BMJ, 
371. https://doi.org/10.1136/bmj.m3073 

Danese, A., Pariante, C. M., Caspi, A., Taylor, A., & Poulton, R. (2007). Childhood maltreatment 
predicts adult inflammation in a life-course study. Proceedings of the National Academy of 
Sciences of the United States of America, 104(4), 1319–1324. 
https://doi.org/10.1073/pnas.0610362104 

Danese, A., & Widom, C. S. (2020). Objective and subjective experiences of child maltreatment and 
their relationships with psychopathology. Nature Human Behaviour, 4(8), 811–818. 
https://doi.org/10.1038/s41562-020-0880-3 

Dantzer, R. (2001). Cytokine-induced sickness behavior: Where do we stand? Brain, Behavior, and 
Immunity, 15(1), 7–24. https://doi.org/10.1006/brbi.2000.0613 

Dantzer, R. (2009). Cytokine, sickness behavior, and depression. Immunology and Allergy Clinics of 
North America, 29(2), 247–264. https://doi.org/10.1016/j.iac.2009.02.002 

Dantzer, R. (2018). Neuroimmune Interactions: From the Brain to the Immune System and Vice 
Versa. Physiological Reviews, 98(1), 477–504. https://doi.org/10.1152/physrev.00039.2016 

Dantzer, R., Gheusi, G., Johnson, R. W., & Kelley, K. W. (1999). Central administration of insulin-like 
growth factor-1 inhibits lipopolysaccharide-induced sickness behavior in mice. NeuroReport, 
10(2), 289–292. https://doi.org/10.1097/00001756-199902050-00015 

Dantzer, R., O’Connor, J. C., Freund, G. G., Johnson, R. W., & Kelley, K. W. (2008). From 
inflammation to sickness and depression: when the immune system subjugates the brain. 
Nature Reviews Neuroscience, 9(1), 46–56. https://doi.org/10.1038/nrn2297 

Dardani, C., Yarmolinsky, J., Robinson, J., Zheng, J., Smith, G. D., … Sinclair, L. I. (2019). 
Disentangling causal relationships between inflammatory markers and depression: a 
bidirectional Mendelian randomization analysis. BioRxiv, 712133. https://doi.org/10.1101/712133 

Darroch, F. E., Roett, C., Varcoe, C., Oliffe, J. L., & Gonzalez Montaner, G. (2020). Trauma-informed 
approaches to physical activity: A scoping study. Complementary Therapies in Clinical Practice, 
41, 101224. https://doi.org/10.1016/j.ctcp.2020.101224 

Davey, A., Halverson, C. F., Zonderman, A. B., & Costa, P. T. (2004). Change in Depressive 
Symptoms in the Baltimore Longitudinal Study of Aging. The Journals of Gerontology: Series B, 
59(6), P270–P277. https://doi.org/10.1093/geronb/59.6.P270 

Davey Smith, G., & Hemani, G. (2014). Mendelian randomization: genetic anchors for causal 
inference in epidemiological studies. Human Molecular Genetics, 23(R1), R89–R98. 
https://doi.org/10.1093/hmg/ddu328 

Davis, E. P., Glynn, L. M., Waffarn, F., & Sandman, C. A. (2011). Prenatal maternal stress programs 
infant stress regulation. Journal of Child Psychology and Psychiatry and Allied Disciplines, 52(2), 
119–129. https://doi.org/10.1111/j.1469-7610.2010.02314.x 

De Bellis, M. D., Nooner, K. B., Scheid, J. M., & Cohen, J. A. (2019). Depression in Maltreated 
Children and Adolescents. Child and Adolescent Psychiatric Clinics of North America, 28(3), 
289–302. https://doi.org/10.1016/j.chc.2019.02.002 



 420 

de Craen, A. J. M., Posthuma, D., Remarque, E. J., van den Biggelaar, A. H. J., Westendorp, R. G. J., 
& Boomsma, D. I. (2005). Heritability estimates of innate immunity: An extended twin study. 
Genes and Immunity, 6(2), 167–170. https://doi.org/10.1038/sj.gene.6364162 

De La Garza, R. (2005). Endotoxin- or pro-inflammatory cytokine-induced sickness behavior as an 
animal model of depression: focus on anhedonia. Neuroscience & Biobehavioral Reviews, 29(4–
5), 761–770. https://doi.org/10.1016/j.neubiorev.2005.03.016 

Deater-Deckard, K. (2000). Parenting and Child Behavioral Adjustment in Early Childhood: A 
Quantitative Genetic Approach to Studying Family Processes. Child Development, 71(2), 468–
484. https://doi.org/10.1111/1467-8624.00158 

Deater-Deckard, K., Dodge, K. A., Bates, J. E., & Pettit, G. S. (1998). Multiple risk factors in the 
development of externalizing behavior problems: Group and individual differences. Development 
and Psychopathology, 10(3), 469–493. https://doi.org/10.1017/S0954579498001709 

Deblinger, E., Mannarino, A. P., Cohen, J. A., & Steer, R. A. (2006). A follow-up study of a multisite, 
randomized, controlled trial for children with sexual abuse-related PTSD symptoms. Journal of 
the American Academy of Child and Adolescent Psychiatry, 45(12), 1474–1484. 
https://doi.org/10.1097/01.chi.0000240839.56114.bb 

Degli Esposti, M., Humphreys, D. K., Jenkins, B. M., Gasparrini, A., Pooley, S., … Bowes, L. (2019). 
Long-term trends in child maltreatment in England and Wales, 1858–2016: an observational, 
time-series analysis. The Lancet Public Health, 4(3), e148–e158. https://doi.org/10.1016/S2468-
2667(19)30002-7 

Deighton, S., Neville, A., Pusch, D., & Dobson, K. (2018). Biomarkers of adverse childhood 
experiences: A scoping review. Psychiatry Research, 269, 719–732. 
https://doi.org/10.1016/J.PSYCHRES.2018.08.097 

Delgado-Rodríguez, M., & Llorca, J. (2004). Bias. Journal of Epidemiology and Community Health, 
58(8), 635–641. https://doi.org/10.1136/jech.2003.008466 

Dietrich, A., Ormel, J., Buitelaar, J. K., Verhulst, F. C., Hoekstra, P. J., & Hartman, C. A. (2013). 
Cortisol in the morning and dimensions of anxiety, depression, and aggression in children from a 
general population and clinic-referred cohort: An integrated analysis. The TRAILS study. 
Psychoneuroendocrinology, 38(8), 1281–1298. 
https://doi.org/10.1016/J.PSYNEUEN.2012.11.013 

Dinwiddie, S. H., Heath, A. C., Dunne, M. P., Bucholz, K. K., Madden, P. A. F., … Martin, N. G. 
(2000). Early sexual abuse and lifetime psychopathology: A co-twin-control study. Psychological 
Medicine, 30(1), 41–52. https://doi.org/10.1017/S0033291799001373 

Dohrenwend, B. P., Levav, I., Shrout, P. E., Schwartz, S., Naveh, G., … Stueve, A. (1992). 
Socioeconomic status and psychiatric disorders: The causation-selection issue. Science, 
255(5047), 946–952. https://doi.org/10.1126/science.1546291 

Dong, M., Anda, R. F., Felitti, V. J., Dube, S. R., Williamson, D. F., … Giles, W. H. (2004). The 
interrelatedness of multiple forms of childhood abuse, neglect, and household dysfunction. Child 
Abuse & Neglect, 28(7), 771–784. https://doi.org/10.1016/J.CHIABU.2004.01.008 

Doom, J. R., & Gunnar, M. R. (2013). Stress physiology and developmental psychopathology: past, 
present, and future. Developmental Psychopathology, 25, 1359–1373. 
https://doi.org/10.1017/S0954579413000667 

Dowlati, Y., Herrmann, N., Swardfager, W., Liu, H., Sham, L., … Lanctôt, K. L. (2010). A Meta-
Analysis of Cytokines in Major Depression. Biological Psychiatry, 67(5), 446–457. 
https://doi.org/10.1016/j.biopsych.2009.09.033 

Dube, S. R., Anda, R. F., Felitti, V. J., Chapman, D. P., Williamson, D. F., & Giles, W. H. (2001). 
Suicide in Teenagers: Assessment, Management, and Prevention Childhood Abuse, Household 
Dysfunction, and the Risk of Attempted Suicide Throughout the Life Span Findings From the 
Adverse Childhood Experiences Study. JAMA, 242424, 3089–3096. 
https://doi.org/10.1001/jama.286.24.3089 

Duffy, K. A., Mclaughlin, K. A., & Green, P. A. (2018). Early life adversity and health-risk behaviors: 
Proposed psychological and neural mechanisms. Annals of the New York Academy of Sciences, 
1428(1), 151. https://doi.org/10.1111/nyas.13928 

Duivis, H. E., Vogelzangs, N., Kupper, N., de Jonge, P., & Penninx, B. W. J. H. (2013). Differential 
association of somatic and cognitive symptoms of depression and anxiety with inflammation: 
Findings from the Netherlands Study of Depression and Anxiety (NESDA). 
Psychoneuroendocrinology, 38(9), 1573–1585. 
https://doi.org/10.1016/J.PSYNEUEN.2013.01.002 

Dunn, A. J., Swiergiel, A. H., & Beaurepaire, R. de. (2005). Cytokines as mediators of depression: 
What can we learn from animal studies? Neuroscience & Biobehavioral Reviews, 29(4–5), 891–



 421 

909. https://doi.org/10.1016/j.neubiorev.2005.03.023 
Dunn, E. C., Gilman, S. E., Willett, J. B., Slopen, N. B., & Molnar, B. E. (2012). The impact of 

exposure to interpersonal violence on gender differences in adolescent-onset major depression: 
results from the national comorbidity survey replication (ncs-r). Depression and Anxiety, 29(5), 
392–399. https://doi.org/10.1002/da.21916 

Dunn, E. C., McLaughlin, K. A., Slopen, N., Rosand, J., & Smoller, J. W. (2013). Developmental 
timing of child maltreatment and symptoms of depression and suicidal ideation in young 
adulthood: Results from the national longitudinal study of adolescent health. Depression and 
Anxiety, 30(10), 955–964. https://doi.org/10.1002/da.22102 

Dunn, E. C., Nishimi, K., Gomez, S. H., Powers, A., & Bradley, B. (2018). Developmental timing of 
trauma exposure and emotion dysregulation in adulthood: Are there sensitive periods when 
trauma is most harmful? Journal of Affective Disorders, 227(October 2017), 869–877. 
https://doi.org/10.1016/j.jad.2017.10.045 

Dunn, E. C., Nishimi, K., Powers, A., & Bradley, B. (2017). Is developmental timing of trauma 
exposure associated with depressive and post-traumatic stress disorder symptoms in 
adulthood? Journal of Psychiatric Research, 84, 119–127. 
https://doi.org/10.1016/j.jpsychires.2016.09.004 

Dunn, E. C., Soare, T. W., Raffeld, M. R., Busso, D. S., Crawford, K. M., … Susser, E. S. (2018). 
What life course theoretical models best explain the relationship between exposure to childhood 
adversity and psychopathology symptoms: recency, accumulation, or sensitive periods? 
Psychological Medicine, 1–11. https://doi.org/10.1017/S0033291718000181 

Dunn, E. C., Uddin, M., Subramanian, S. V., Smoller, J. W., Galea, S., & Koenen, K. C. (2011). 
Research Review: Gene-environment interaction research in youth depression - a systematic 
review with recommendations for future research. Journal of Child Psychology and Psychiatry, 
52(12), 1223–1238. https://doi.org/10.1111/j.1469-7610.2011.02466.x 

Dutcher, E. G., Pama, E. A. C., Lynall, M.-E., Khan, S., Clatworthy, M. R., … Dalley, J. W. (2020). 
Early-life stress and inflammation: A systematic review of a key experimental approach in 
rodents. Brain and Neuroscience Advances, 4, 239821282097804. 
https://doi.org/10.1177/2398212820978049 

Dwivedi, Y. (2009). Brain-derived neurotrophic factor: role in depression and suicide. Neuropsychiatric 
Disease and Treatment, 5(1), 433. https://doi.org/10.2147/NDT.S5700 

Eachus, H., & Cunliffe, V. T. (2018). Biological Embedding of Psychosocial Stress Over the Life 
Course. Epigenetics of Aging and Longevity, 4, 251–270. https://doi.org/10.1016/B978-0-12-
811060-7.00012-7 

Egeland, M., Zunszain, P. A., & Pariante, C. M. (2015). Molecular mechanisms in the regulation of 
adult neurogenesis during stress. Nature Reviews Neuroscience, 16(4), 189–200. 
https://doi.org/10.1038/nrn3855 

Ehrlich, K. B., Miller, G. E., Rogosch, F. A., & Cicchetti, D. (2020). Maltreatment exposure across 
childhood and low‐grade inflammation: Considerations of exposure type, timing, and sex 
differences. Developmental Psychobiology, dev.22031. https://doi.org/10.1002/dev.22031 

Ehrlich, K. B., Miller, G. E., Rohleder, N., & Adam, E. K. (2016). Trajectories of relationship stress and 
inflammatory processes in adolescence. Development and Psychopathology, 28(1), 127–138. 
https://doi.org/10.1017/S0954579415000334 

Ellis, B. J., Abrams, L. S., Masten, A. S., Sternberg, R. J., Tottenham, N., & Frankenhuis, W. E. 
(2020). Hidden talents in harsh environments. Development and Psychopathology, 1–19. 
https://doi.org/10.1017/S0954579420000887 

Ellis, B. J., Boyce, W. T., Belsky, J., Bakermans-Kranenburg, M. J., & Van Ijzendoorn, M. H. (2011). 
Differential susceptibility to the environment: An evolutionary- neurodevelopmental theory. 
Development and Psychopathology, 23(1), 7–28. https://doi.org/10.1017/S0954579410000611 

Enache, D., Pariante, C. M., & Mondelli, V. (2019). Markers of central inflammation in major 
depressive disorder: A systematic review and meta-analysis of studies examining cerebrospinal 
fluid, positron emission tomography and post-mortem brain tissue. Brain, Behavior, and 
Immunity, 81, 24–40. https://doi.org/10.1016/j.bbi.2019.06.015 

Engel, G. L. (1977). The need for a new medical model: A challenge for biomedicine. Science, 
196(4286), 129–136. https://doi.org/10.1126/science.847460 

England, M. J., & Sim, L. J. (2009). Depression in parents, parenting, and children: Opportunities to 
improve identification, treatment, and prevention. National Academies Press. 
https://doi.org/10.17226/12565 

Espinosa-Oliva, A. M., de Pablos, R. M., Villarán, R. F., Argüelles, S., Venero, J. L., … Cano, J. 
(2011). Stress is critical for LPS-induced activation of microglia and damage in the rat 



 422 

hippocampus. Neurobiology of Aging, 32(1), 85–102. 
https://doi.org/10.1016/j.neurobiolaging.2009.01.012 

Esposito, G., Azhari, A., & Borelli, J. L. (2018). Gene × Environment Interaction in Developmental 
Disorders: Where Do We Stand and What’s Next? Frontiers in Psychology, 9(OCT). 
https://doi.org/10.3389/fpsyg.2018.02036 

Euesden, J., Lewis, C. M., & O’Reilly, P. F. (2015). PRSice: Polygenic Risk Score software. 
Bioinformatics, 31(9), 1466–1468. https://doi.org/10.1093/bioinformatics/btu848 

Evans, G., Li, D., & Whipple, S. S. (2013). Cumulative risk and child development. Psychological 
Bulletin, 139(6), 1342–1396. https://doi.org/10.1037/a0031808 

Evans, J., Macrory, I., & Randall, C. (2016). Measuring National Well-Being: LIfe in the UK. Office for 
National Statistics, 1–52. http://www.ons.gov.uk/ons/dcp171766_352740.pdf 

Fanelli, G., Benedetti, F., Kasper, S., Zohar, J., Souery, D., … Fabbri, C. (2020). Higher polygenic risk 
scores for schizophrenia may be suggestive of treatment non-response in major depressive 
disorder. Progress in Neuro-Psychopharmacology and Biological Psychiatry, 108, 110170. 
https://doi.org/10.1016/j.pnpbp.2020.110170 

Feinberg, M. E., Jones, D. E., Kan, M. L., & Goslin, M. C. (2010). Effects of family foundations on 
parents and children: 3.5 years after baseline. Journal of Family Psychology, 24(5), 532–542. 
https://doi.org/10.1037/a0020837 

Feinberg, M. E., Jones, D. E., Roettger, M. E., Solmeyer, A., & Hostetler, M. L. (2014). Long-term 
follow-up of a randomized trial of family foundations: Effects on children’s emotional, behavioral, 
and school adjustment. Journal of Family Psychology, 28(6), 821–831. 
https://doi.org/10.1037/fam0000037 

Felitti, V. J., Anda, R. F., Nordenberg, D., Williamson, D. F., Spitz, A. M., … Marks, J. S. (1998). 
Relationship of Childhood Abuse and Household Dysfunction to Many of the Leading Causes of 
Death in Adults. American Journal of Preventive Medicine, 14(4), 245–258. 
https://doi.org/10.1016/S0749-3797(98)00017-8 

Feller, S., Vigl, M., Bergmann, M. M., Boeing, H., Kirschbaum, C., & Stalder, T. (2014). Predictors of 
hair cortisol concentrations in older adults. Psychoneuroendocrinology, 39(1), 132–140. 
https://doi.org/10.1016/j.psyneuen.2013.10.007 

Ferrari, E., Cravello, L., Muzzoni, B., Casarotti, D., Paltro, M., … Pontiggia, B. (2001). Age-related 
changes of the hypothalamic-pituitary-adrenal axis: pathophysiological correlates. European 
Journal of Endocrinology, 144, 319–329. 

Ferrari, F., & Villa, R. F. (2017). The Neurobiology of Depression: an Integrated Overview from 
Biological Theories to Clinical Evidence. Molecular Neurobiology, 54(7), 4847–4865. 
https://doi.org/10.1007/s12035-016-0032-y 

Field, A. (2013). Discovering statistics using SPSS. SAGE Publications Limited. 
Finkelhor, D., Shattuck, A., Turner, H., & Hamby, S. (2013). Improving the adverse childhood 

experiences study scale. Archives of Pediatrics and Adolescent Medicine, 167(1), 70–75. 
https://doi.org/10.1001/jamapediatrics.2013.420 

Finkelhor, D., Shattuck, A., Turner, H., & Hamby, S. (2015). A revised inventory of Adverse Childhood 
Experiences. Child Abuse and Neglect, 48, 13–21. https://doi.org/10.1016/j.chiabu.2015.07.011 

Fischer, B. A. (2012). A Review of American Psychiatry Through Its Diagnoses. Journal of Nervous & 
Mental Disease, 200(12), 1022–1030. https://doi.org/10.1097/NMD.0b013e318275cf19 

Fisher, H. L., Caspi, A., Moffitt, T. E., Wertz, J., Gray, R., … Arseneault, L. (2015). Measuring 
adolescents’ exposure to victimization: The Environmental Risk (E-Risk) Longitudinal Twin 
Study. Development and Psychopathology, 27, 1399–1416. 
https://doi.org/10.1017/S0954579415000838 

Fiske, A., Wetherell, J. L., & Gatz, M. (2009). Depression in Older Adults. Annual Review of Clinical 
Psychology, 5(1), 363–389. https://doi.org/10.1146/annurev.clinpsy.032408.153621 

Flint, J., & Kendler, K. S. (2014). The Genetics of Major Depression. Neuron, 81(3), 484–503. 
https://doi.org/10.1016/j.neuron.2014.01.027 

Flouri, E., Francesconi, M., Midouhas, E., & Lewis, G. (2020). Prenatal and childhood adverse life 
events, inflammation and depressive symptoms across adolescence. Journal of Affective 
Disorders, 260, 577–582. https://doi.org/10.1016/j.jad.2019.09.024 

Flouri, E., Francesconi, M., Midouhas, E., Papachristou, E., & Lewis, G. (2020). Prenatal and 
childhood adversity and inflammation in children: A population-based longitudinal study. Brain, 
Behavior, and Immunity, 87, 524–530. https://doi.org/10.1016/j.bbi.2020.01.024 

Fogelman, N., & Canli, T. (2018). Early life stress and cortisol: A meta-analysis. Hormones and 
Behavior, 98, 63–76. https://doi.org/10.1016/j.yhbeh.2017.12.014 

Fonagy, P., Butler, S., Cottrell, D., Scott, S., Pilling, S., … Goodyer, I. M. (2018). Multisystemic 



 423 

therapy versus management as usual in the treatment of adolescent antisocial behaviour 
(START): a pragmatic, randomised controlled, superiority trial. The Lancet Psychiatry, 5(2), 
119–133. https://doi.org/10.1016/S2215-0366(18)30001-4 

Fontaine, N. M. G., Hanscombe, K. B., Berg, M. T., McCrory, E. J., & Viding, E. (2018). Trajectories of 
Callous-Unemotional Traits in Childhood Predict Different Forms of Peer Victimization in 
Adolescence. Journal of Clinical Child and Adolescent Psychology, 47(3), 458–466. 
https://doi.org/10.1080/15374416.2015.1105139 

Foster, J. D., Kuperminc, G. P., & Price, A. W. (2004). Gender differences in posttraumatic stress and 
related symptoms among inner-city minority youth exposed to community violence. Journal of 
Youth and Adolescence, 33(1), 59–69. https://doi.org/10.1023/A:1027386430859 

Franceschi, C., & Campisi, J. (2014). Chronic Inflammation (Inflammaging) and Its Potential 
Contribution to Age-Associated Diseases. The Journals of Gerontology Series A: Biological 
Sciences and Medical Sciences, 69(Suppl 1), S4–S9. https://doi.org/10.1093/gerona/glu057 

Fried, E. I., & Nesse, R. M. (2015). Depression sum-scores don’t add up: why analyzing specific 
depression symptoms is essential. BMC Medicine, 13(1), 72. https://doi.org/10.1186/s12916-
015-0325-4 

Fritz, J., de Graaff, A. M., Caisley, H., van Harmelen, A.-L., & Wilkinson, P. O. (2018). A Systematic 
Review of Amenable Resilience Factors That Moderate and/or Mediate the Relationship 
Between Childhood Adversity and Mental Health in Young People. Frontiers in Psychiatry, 9, 
230. https://doi.org/10.3389/fpsyt.2018.00230 

Fuchs, A., Jaite, C., Neukel, C., Dittrich, K., Bertsch, K., … Kaess, M. (2018). Link between children’s 
hair cortisol and psychopathology or quality of life moderated by childhood adversity risk. 
Psychoneuroendocrinology, 90, 52–60. https://doi.org/10.1016/j.psyneuen.2018.02.003 

Gabard-Durnam, L. J., & McLaughlin, K. A. (2019). Do Sensitive Periods Exist for Exposure to 
Adversity? Biological Psychiatry, 85(10), 789–791. 
https://doi.org/10.1016/j.biopsych.2019.03.975 

Gallagher, D., Kiss, A., Lanctot, K., & Herrmann, N. (2017). Depression with inflammation: longitudinal 
analysis of a proposed depressive subtype in community dwelling older adults. International 
Journal of Geriatric Psychiatry, 32(12), e18–e24. https://doi.org/10.1002/gps.4645 

Gallo, E. A. G., Munhoz, T. N., Loret de Mola, C., & Murray, J. (2018). Gender differences in the 
effects of childhood maltreatment on adult depression and anxiety: A systematic review and 
meta-analysis. Child Abuse & Neglect, 79, 107–114. 
https://doi.org/10.1016/j.chiabu.2018.01.003 

Gao, W., Stalder, T., Foley, P., Rauh, M., Deng, H., & Kirschbaum, C. (2013). Quantitative analysis of 
steroid hormones in human hair using a column-switching LC-APCI-MS/MS assay. Journal of 
Chromatography B: Analytical Technologies in the Biomedical and Life Sciences, 928, 1–8. 
https://doi.org/10.1016/j.jchromb.2013.03.008 

Gardill, B. R., Vogl, M. R., Lin, H.-Y., Hammond, G. L., & Muller, Y. A. (2012). Corticosteroid-Binding 
Globulin: Structure-Function Implications from Species Differences. PLoS ONE, 7(12), e52759. 
https://doi.org/10.1371/journal.pone.0052759 

Gardner, M. J., Thomas, H. J., & Erskine, H. E. (2019). The association between five forms of child 
maltreatment and depressive and anxiety disorders: A systematic review and meta-analysis. 
Child Abuse and Neglect, 96, 104082. https://doi.org/10.1016/j.chiabu.2019.104082 

Gariépy, G., Honkaniemi, H., & Quesnel-Vallée, A. (2016). Social support and protection from 
depression: systematic review of current findings in Western countries. British Journal of 
Psychiatry, 209(4), 284–293. https://doi.org/10.1192/bjp.bp.115.169094 

Gavin, N. I., Meltzer-Brody, S., Glover, V., & Gaynes, B. N. (2015). Is population-based identification 
of perinatal depression and anxiety desirable? A public health perspective on the perinatal 
depression care continuum. In J. Milgrom & A. W. Gemmill (Eds.), Identifying perinatal 
depression and anxiety: Evidence-based practice in screening, psychosocial assessment, and 
management (pp. 11–31). Wiley-Blackwell. 

GBD. (2018). Global, regional, and national incidence, prevalence, and years lived with disability for 
354 diseases and injuries for 195 countries and territories, 1990–2017: a systematic analysis for 
the Global Burden of Disease Study 2017. The Lancet, 392(10159), 1789–1858. 
https://doi.org/10.1016/S0140-6736(18)32279-7 

Gee, G. C., Spencer, M., Chen, J., Yip, T., & Takeuchi, D. T. (2007). The association between self-
reported racial discrimination and 12-month DSM-IV mental disorders among Asian Americans 
nationwide. Social Science and Medicine, 64(10), 1984–1996. 
https://doi.org/10.1016/j.socscimed.2007.02.013 

Germine, L., Dunn, E. C., McLaughlin, K. A., & Smoller, J. W. (2015). Childhood Adversity Is 



 424 

Associated with Adult Theory of Mind and Social Affiliation, but Not Face Processing. PLOS 
ONE, 10(6), e0129612. https://doi.org/10.1371/journal.pone.0129612 

Gerritsen, L., Geerlings, M. I., Beekman, A. T. F., Deeg, D. J. H., Penninx, B. W. J. H., & Comijs, H. 
C. (2010). Early and late life events and salivary cortisol in older persons. Psychological 
Medicine, 40(9), 1569–1578. https://doi.org/10.1017/S0033291709991863 

Geschwind, D. H., & Flint, J. (2015). Genetics and genomics of psychiatric disease. Science, 
349(6255), 1489–1494. https://doi.org/10.1126/science.aaa8954 

Ghosh Ippen, C., Harris, W. W., Van Horn, P., & Lieberman, A. F. (2011). Traumatic and stressful 
events in early childhood: Can treatment help those at highest risk? Child Abuse and Neglect, 
35(7), 504–513. https://doi.org/10.1016/j.chiabu.2011.03.009 

Gilbert, R., Kemp, A., Thoburn, J., Sidebotham, P., Radford, L., … MacMillan, H. L. (2009). 
Recognising and responding to child maltreatment. The Lancet, 373(9658), 167–180. 
https://doi.org/10.1016/S0140-6736(08)61707-9 

Girod, J. P., & Brotman, D. J. (2004). Does altered glucocorticoid homeostasis increase 
cardiovascular risk? Cardiovascular Research, 64(2), 217–226. 
https://doi.org/10.1016/j.cardiores.2004.07.006 

Glaser, R., & Kiecolt-Glaser, J. K. (2005). Stress-induced immune dysfunction: implications for health. 
Nature Reviews Immunology, 5(3), 243–251. https://doi.org/10.1038/nri1571 

Glymour, M. M., & Kubzansky, L. D. (2017). Causal inference in psychosocial epidemiology. In M. 
Kivimäki, G. D. Batty, A. Steptoe, & I. Kawachi (Eds.), The Routledge International Handbook of 
Psychosocial Epidemiology (pp. 21–45). Routledge. https://doi.org/10.4324/9781315673097-2 

Gold, S. M., Köhler-Forsberg, O., Moss-Morris, R., Mehnert, A., Miranda, J. J., … Otte, C. (2020). 
Comorbid depression in medical diseases. Nature Reviews Disease Primers, 6(1), 69. 
https://doi.org/10.1038/s41572-020-0200-2 

Goldbeck, L., Muche, R., Sachser, C., Tutus, D., & Rosner, R. (2016). Effectiveness of Trauma-
Focused Cognitive Behavioral Therapy for Children and Adolescents: A Randomized Controlled 
Trial in Eight German Mental Health Clinics. Psychotherapy and Psychosomatics, 85(3), 159–
170. https://doi.org/10.1159/000442824 

Goltermann, J., Redlich, R., Grotegerd, D., Dohm, K., Leehr, E. J., … Dannlowski, U. (2020). 
Childhood maltreatment and cognitive functioning: the role of depression, parental education, 
and polygenic predisposition. Neuropsychopharmacology, 46(5). https://doi.org/10.1038/s41386-
020-00794-6 

Goodkind, M., Eickhoff, S. B., Oathes, D. J., Jiang, Y., Chang, A., … Etkin, A. (2015). Identification of 
a common neurobiological substrate for mental Illness. JAMA Psychiatry, 72(4), 305–315. 
https://doi.org/10.1001/jamapsychiatry.2014.2206 

Graig, R., Deverill, C., & Pickering, K. (2006). Quality control of blood, saliva and urine analyses. In K. 
Spronston & J. Mindell (Eds.), Health survey for England 2004, Methodology and documentation 
Vol. 2 (pp. 34–41). 

Green, J. G., Mclaughlin, K. a, Berglund, P. a, Gruber, M. J., Sampson, N. a, … Kessler, R. C. (2010). 
Childhood Adversities and Adult Psychiatric Disorders in the National Comorbidity Survey 
Replication I. Archives of General Psychiatry, 67(2), 113–123. 
https://doi.org/10.1001/archgenpsychiatry.2009.187 

Grenard, J. L., Munjas, B. A., Adams, J. L., Suttorp, M., Maglione, M., … Gellad, W. F. (2011). 
Depression and Medication Adherence in the Treatment of Chronic Diseases in the United 
States: A Meta-Analysis. Journal of General Internal Medicine, 26(10), 1175–1182. 
https://doi.org/10.1007/s11606-011-1704-y 

Gunnar, M. R., & Vazquez, D. (2006). Stress neurobiology and developmental psychopathology. In D 
Cicchetti & D. J. Cohen (Eds.), Developmental Psychopathology, Vol 2: Developmental 
Neuroscience (2nd ed, pp. 533–577). John Wiley&Sons Inc. 

Gunnar, Megan R., Morison, S. J., Chisholm, K., & Schuder, M. (2001). Salivary cortisol levels in 
children adopted from Romanian orphanages. Development and Psychopathology, 13(3), 611–
628. https://doi.org/10.1017/S095457940100311X 

Gunnar, Megan R., Wewerka, S., Frenn, K., Long, J. D., & Griggs, C. (2009). Developmental changes 
in hypothalamus-pituitary-adrenal activity over the transition to adolescence: Normative changes 
and associations with puberty. Development and Psychopathology, 21(1), 69–85. 
https://doi.org/10.1017/S0954579409000054 

Haapakoski, R., Mathieu, J., Ebmeier, K. P., Alenius, H., & Kivimäki, M. (2015). Cumulative meta-
analysis of interleukins 6 and 1β, tumour necrosis factor α and C-reactive protein in patients with 
major depressive disorder. Brain, Behavior, and Immunity, 49, 206–215. 
https://doi.org/10.1016/j.bbi.2015.06.001 



 425 

Hackett, R. A., Kivimäki, M., Kumari, M., & Steptoe, A. (2016). Diurnal Cortisol Patterns, Future 
Diabetes, and Impaired Glucose Metabolism in the Whitehall II Cohort Study. The Journal of 
Clinical Endocrinology & Metabolism, 101(2), 619–625. https://doi.org/10.1210/jc.2015-2853 

Hackett, R. A., & Steptoe, A. (2017). Type 2 diabetes mellitus and psychological stress - a modifiable 
risk factor. Nature Reviews Endocrinology, 13(9), 547–560. 
https://doi.org/10.1038/nrendo.2017.64 

Hair, J., Black, W., Babin, B., Anderson, R., & Tatham, R. (2006). Multivariate Data Analysis (6th ed.). 
Pearson Educational, Inc. 

Halldorsdottir, T., Piechaczek, C., Paula Soares de Matos, A., Czamara, D., Pehl, V., … Binder, E. B. 
(2019). Polygenic Risk: Predicting Depression Outcomes in Clinical and Epidemiological 
Cohorts of Youths. Am J Psychiatry, 176, 615–625. 
https://doi.org/10.1176/appi.ajp.2019.18091014 

Hallquist, M. N., & Wiley, J. F. (2018). MplusAutomation: An R Package for Facilitating Large-Scale 
Latent Variable Analyses in Mplus. Structural Equation Modeling: A Multidisciplinary Journal, 
25(4), 621–638. https://doi.org/10.1080/10705511.2017.1402334 

Hamilton, J. P., Etkin, A., Furman, D. J., Lemus, M. G., Johnson, R. F., & Gotlib, I. H. (2012). 
Functional Neuroimaging of Major Depressive Disorder: A Meta-Analysis and New Integration of 
Baseline Activation and Neural Response Data. American Journal of Psychiatry, 169(7), 693–
703. https://doi.org/10.1176/appi.ajp.2012.11071105 

Hammen, C. (2005). Stress and Depression. Annu. Rev. Clin. Psychol, 1, 293–319. 
https://doi.org/10.1146/annurev.clinpsy.1.102803.143938 

Hankin, B. L., Fraley, R. C., Lahey, B. B., & Waldman, I. D. (2005). Is Depression Best Viewed as a 
Continuum or Discrete Category? A Taxometric Analysis of Childhood and Adolescent 
Depression in a Population-Based Sample. Journal of Abnormal Psychology, 114(1), 96–110. 
https://doi.org/10.1037/0021-843X.114.1.96 

Hannigan, L. J., McAdams, T. A., & Eley, T. C. (2017). Developmental change in the association 
between adolescent depressive symptoms and the home environment: results from a 
longitudinal, genetically informative investigation. Journal of Child Psychology and Psychiatry, 
58(7), 787–797. https://doi.org/10.1111/jcpp.12689 

Hänninen, T., & Soininen, H. (1997). Age-associated memory impairment. Normal aging or warning of 
dementia? Drugs and Aging, 11(6), 480–489. https://doi.org/10.2165/00002512-199711060-
00007 

Hänsel, A., Hong, S., Cámara, R. J. A., & von Känel, R. (2010). Inflammation as a 
psychophysiological biomarker in chronic psychosocial stress. Neuroscience & Biobehavioral 
Reviews, 35(1), 115–121. https://doi.org/10.1016/j.neubiorev.2009.12.012 

Hanson, R. F., Borntrager, C., Self-Brown, S., Kilpatrick, D. G., Saunders, B. E., … Amstadter, A. 
(2008). Relations Among Gender, Violence Exposure, and Mental Health: The National Survey 
of Adolescents. American Journal of Orthopsychiatry, 78(3), 313–321. 
https://doi.org/10.1037/a0014056 

Hanson, R. F., & Lang, J. (2016). A Critical Look At Trauma-Informed Care Among Agencies and 
Systems Serving Maltreated Youth and Their Families. Child Maltreatment, 21(2), 95–100. 
https://doi.org/10.1177/1077559516635274 

Hardcastle, K., Bellis, M. A., Ford, K., Hughes, K., Garner, J., & Ramos Rodriguez, G. (2018). 
Measuring the relationships between adverse childhood experiences and educational and 
employment success in England and Wales: findings from a retrospective study. Public Health, 
165, 106–116. https://doi.org/10.1016/j.puhe.2018.09.014 

Hardeveld, F., Spijker, J., Peyrot, W. J., de Graaf, R., Hendriks, S. M., … Beekman, A. T. F. (2015). 
Glucocorticoid and mineralocorticoid receptor polymorphisms and recurrence of major 
depressive disorder. Psychoneuroendocrinology, 55, 154–163. 
https://doi.org/10.1016/j.psyneuen.2015.02.013 

Hardt, J., & Rutter, M. (2004). Validity of adult retrospective reports of adverse childhood experiences: 
Review of the evidence. Journal of Child Psychology and Psychiatry and Allied Disciplines, 
45(2), 260–273. https://doi.org/10.1111/j.1469-7610.2004.00218.x 

Harold, G. T., & Sellers, R. (2018). Annual Research Review: Interparental conflict and youth 
psychopathology: an evidence review and practice focused update. Journal of Child Psychology 
and Psychiatry and Allied Disciplines, 59(4), 374–402. https://doi.org/10.1111/jcpp.12893 

Harpur, L. J., Polek, E., & van Harmelen, A. L. (2015). The role of timing of maltreatment and child 
intelligence in pathways to low symptoms of depression and anxiety in adolescence. Child 
Abuse and Neglect, 47, 24–37. https://doi.org/10.1016/j.chiabu.2015.05.019 

Harrison, N. A., Brydon, L., Walker, C., Gray, M. A., Steptoe, A., & Critchley, H. D. (2009). 



 426 

Inflammation Causes Mood Changes Through Alterations in Subgenual Cingulate Activity and 
Mesolimbic Connectivity. Biological Psychiatry, 66(5), 407–414. 
https://doi.org/10.1016/j.biopsych.2009.03.015 

Hartel, C., Adam, N., Strunk, T., Temming, P., Muller-Steinhardt, M., & Schultz, C. (2005). Cytokine 
responses correlate differentially with age in infancy and early childhood. Clinical and 
Experimental Immunology, 142(3). https://doi.org/10.1111/j.1365-2249.2005.02928.x 

Haworth, C. M. A., Davis, O. S. P., & Plomin, R. (2013). Twins Early Development Study (TEDS): A 
Genetically Sensitive Investigation of Cognitive and Behavioral Development From Childhood to 
Young Adulthood. Twin Research and Human Genetics, 16(1), 117–125. 
https://doi.org/10.1017/thg.2012.91 

Hayes, A. F. (2009). Beyond Baron and Kenny: Statistical mediation analysis in the new millennium. 
Communication Monographs, 76(4), 408–420. https://doi.org/10.1080/03637750903310360 

Heard-Garris, N., Davis, M. M., Estabrook, R., Burns, J., Briggs-Gowan, M., … Penedo, F. (2020). 
Adverse childhood experiences and biomarkers of inflammation in a diverse cohort of early 
school-aged children. Brain, Behavior, & Immunity - Health, 1, 100006. 
https://doi.org/10.1016/j.bbih.2019.100006 

Heim, C., & Binder, E. B. (2012). Current research trends in early life stress and depression: Review 
of human studies on sensitive periods, gene–environment interactions, and epigenetics. 
Experimental Neurology, 233(1), 102–111. https://doi.org/10.1016/j.expneurol.2011.10.032 

Heim, C., Newport, D. J., Heit, S., Graham, Y. P., Wilcox, M., … Nemeroff, C. B. (2000). Pituitary-
adrenal and automatic responses to stress in women after sexual and physical abuse in 
childhood. Journal of the American Medical Association, 284(5), 592–597. 
https://doi.org/10.1001/jama.284.5.592 

Helvik, A.-S., Skancke, R. H., & Selbaek, G. (2010). Screening for depression in elderly medical 
inpatients from rural area of Norway: prevalence and associated factors. International Journal of 
Geriatric Psychiatry, 25(2), 150–159. https://doi.org/10.1002/gps.2312 

Herbert, J., Goodyer, I. M., Grossman, A. B., Hastings, M. H., de Kloet, E. R., … Seckl, J. R. (2006). 
Do Corticosteroids Damage the Brain? Journal of Neuroendocrinology, 18(6), 393–411. 
https://doi.org/10.1111/j.1365-2826.2006.01429.x 

Herle, M., Micali, N., Abdulkadir, M., Loos, R., Bryant-Waugh, R., … De Stavola, B. L. (2020). 
Identifying typical trajectories in longitudinal data: modelling strategies and interpretations. 
European Journal of Epidemiology. https://doi.org/10.1007/s10654-020-00615-6 

Hernán, M. A., & Robins, J. M. (2020). Causal Inference: What If. What If. Boca Raton: Chapman & 
Hall/CRC. 

Het, S., Ramlow, G., & Wolf, O. (2005). A meta-analytic review of the effects of acute cortisol 
administration on human memory. Psychoneuroendocrinology, 30(8), 771–784. 
https://doi.org/10.1016/j.psyneuen.2005.03.005 

Hill, A. B. (1965). The Environment and Disease: Association or Causation? Journal of the Royal 
Society of Medicine, 58(5), 295–300. https://doi.org/10.1177/003591576505800503 

Hillis, S., Mercy, J., Amobi, A., & Kress, H. (2016). Global Prevalence of Past-year Violence Against 
Children: A Systematic Review and Minimum Estimates. Pediatrics, 137(3), e20154079. 
https://doi.org/10.1542/peds.2015-4079 

Hinkelmann, K., Moritz, S., Botzenhardt, J., Riedesel, K., Wiedemann, K., … Otte, C. (2009). 
Cognitive Impairment in Major Depression: Association with Salivary Cortisol. Biological 
Psychiatry, 66(9), 879–885. https://doi.org/10.1016/j.biopsych.2009.06.023 

Hinkelmann, K., Muhtz, C., Dettenborn, L., Agorastos, A., Wingenfeld, K., … Otte, C. (2013). 
Association Between Childhood Trauma and Low Hair Cortisol in Depressed Patients and 
Healthy Control Subjects. Biological Psychiatry, 74(9), e15–e17. 
https://doi.org/10.1016/j.biopsych.2013.04.021 

Ho, G. W. K., Bressington, D., Karatzias, T., Chien, W. T., Inoue, S., … Hyland, P. (2020). Patterns of 
exposure to adverse childhood experiences and their associations with mental health: a survey 
of 1346 university students in East Asia. Social Psychiatry and Psychiatric Epidemiology, 55(3), 
339–349. https://doi.org/10.1007/s00127-019-01768-w 

Hodes, G. E., Kana, V., Menard, C., Merad, M., & Russo, S. J. (2015). Neuroimmune mechanisms of 
depression. Nature Neuroscience, 18(10), 1386–1393. https://doi.org/10.1038/nn.4113 

Holmes, E. A., O’Connor, R. C., Perry, V. H., Tracey, I., Wessely, S., … Bullmore, E. (2020). 
Multidisciplinary research priorities for the COVID-19 pandemic: a call for action for mental 
health science. The Lancet Psychiatry, 0366(20), 1–14. https://doi.org/10.1016/S2215-
0366(20)30168-1 

Holsboer, F., & Ising, M. (2010). Stress Hormone Regulation: Biological Role and Translation into 



 427 

Therapy. Annu. Rev. Psychol, 61, 81–109. 
https://doi.org/10.1146/annurev.psych.093008.100321 

Horn, S. R., Long, M. M., Nelson, B. W., Allen, N. B., Fisher, P. A., & Byrne, M. L. (2018). Replication 
and reproducibility issues in the relationship between C-reactive protein and depression: A 
systematic review and focused meta-analysis. Brain, Behavior, and Immunity, 73, 85–114. 
https://doi.org/10.1016/j.bbi.2018.06.016 

Horowitz, M.A., Zunszain, P. A., Anacker, C., Musaelyan, K., & Pariante, C. M. (2013). 
Glucocorticoids and Inflammation: A Double-Headed Sword in Depression? In Inflammation in 
Psychiatry (Vol. 28, pp. 127–143). S. Karger AG. https://doi.org/10.1159/000343980 

Horowitz, Mark A., Cattaneo, A., Cattane, N., Lopizzo, N., Tojo, L., … Pariante, C. M. (2020). 
Glucocorticoids prime the inflammatory response of human hippocampal cells through up-
regulation of inflammatory pathways. Brain, Behavior, and Immunity, 87, 777–794. 
https://doi.org/10.1016/j.bbi.2020.03.012 

Hostinar, C. E., & Gunnar, M. R. (2013). Future Directions in the Study of Social Relationships as 
Regulators of the HPA Axis Across Development. Journal of Clinical Child and Adolescent 
Psychology, 42(4), 564–575. https://doi.org/10.1080/15374416.2013.804387 

Hostinar, C. E., Johnson, A. E., & Gunn, M. R. (2015). Early Social Deprivation and the Social 
Buffering of Cortisol Stress Responses in Late Childhood: An Experimental Study. 
Developmental Psychology, 51(11), 1597–1608. 

House of Commons. (2021). Mental health policy in England. 
https://commonslibrary.parliament.uk/research-briefings/cbp-7547/ 

Houtepen, L. C., Heron, J., Suderman, M. J., Tilling, K., & Howe, L. D. (2018). Adverse childhood 
experiences in the children of the Avon Longitudinal Study of Parents and Children (ALSPAC). 
Wellcome Open Research, 3, 106. https://doi.org/10.12688/wellcomeopenres.14716.1 

Howard, D. M., Adams, M. J., Clarke, T. K., Hafferty, J. D., Gibson, J., … McIntosh, A. M. (2019). 
Genome-wide meta-analysis of depression identifies 102 independent variants and highlights 
the importance of the prefrontal brain regions. Nature Neuroscience, 22(3), 343–352. 
https://doi.org/10.1038/s41593-018-0326-7 

Howren, M. B., Lamkin, D. M., & Suls, J. (2009). Associations of Depression With C-Reactive Protein, 
IL-1, and IL-6: A Meta-Analysis. Psychosomatic Medicine, 71(2), 171–186. 
https://doi.org/10.1097/PSY.0b013e3181907c1b 

Hughes, K., Bellis, M. A., Hardcastle, K. A., Sethi, D., Butchart, A., … Dunne, M. P. (2017). The effect 
of multiple adverse childhood experiences on health: a systematic review and meta-analysis. 
The Lancet Public Health, 2(8), e356–e366. https://doi.org/10.1016/S2468-2667(17)30118-4 

Hughes, K., Ford, K., Kadel, R., Sharp, C. A., & Bellis, M. A. (2020). Health and financial burden of 
adverse childhood experiences in England and Wales: a combined primary data study of five 
surveys. BMJ Open, 10(6), e036374. https://doi.org/10.1136/bmjopen-2019-036374 

Hughes, M. M., Connor, T. J., & Harkin, A. (2016). Stress-Related Immune Markers in Depression: 
Implications for Treatment. International Journal of Neuropsychopharmacology, 19(6), pyw001. 
https://doi.org/10.1093/ijnp/pyw001 

Humayun, S., Herlitz, L., Chesnokov, M., Doolan, M., Landau, S., & Scott, S. (2017). Randomized 
controlled trial of Functional Family Therapy for offending and antisocial behavior in UK youth. 
Journal of Child Psychology and Psychiatry and Allied Disciplines, 58(9), 1023–1032. 
https://doi.org/10.1111/jcpp.12743 

Humphreys, K. L., LeMoult, J., Wear, J. G., Piersiak, H. A., Lee, A., & Gotlib, I. H. (2020). Child 
maltreatment and depression: A meta-analysis of studies using the Childhood Trauma 
Questionnaire. Child Abuse and Neglect, 102, 104361. 
https://doi.org/10.1016/j.chiabu.2020.104361 

Hunter, A. L., Minnis, H., & Wilson, P. (2011). Altered stress responses in children exposed to early 
adversity: a systematic review of salivary cortisol studies. Stress, 14(6), 614–626. 
https://doi.org/10.3109/10253890.2011.577848 

Imai, K., Keele, L., & Tingley, D. (2010). A General Approach to Causal Mediation Analysis. 
Psychological Methods, 15(4), 309–334. https://doi.org/10.1037/a0020761 

Inagaki, T. K., Muscatell, K. A., Irwin, M. R., Cole, S. W., & Eisenberger, N. I. (2012). Inflammation 
selectively enhances amygdala activity to socially threatening images. NeuroImage, 59(4), 
3222–3226. https://doi.org/10.1016/j.neuroimage.2011.10.090 

Infurna, M. R., Reichl, C., Parzer, P., Schimmenti, A., Bifulco, A., & Kaess, M. (2016). Associations 
between depression and specific childhood experiences of abuse and neglect: A meta-analysis. 
Journal of Affective Disorders, 190, 47–55. https://doi.org/10.1016/j.jad.2015.09.006 

Institute of Medicine. (2015). Psychosocial Interventions for Mental and Substance Use Disorders: A 



 428 

framework for establishing evidence-based standards. In Psychosocial Interventions for Mental 
and Substance Use Disorders. National Academies Press. https://doi.org/10.17226/19013 

Iob, E., Lacey, R., & Steptoe, A. (2020). The long-term association of adverse childhood experiences 
with C-reactive protein and hair cortisol: Cumulative risk versus dimensions of adversity. Brain, 
Behavior, and Immunity, 87. https://doi.org/10.1016/j.bbi.2019.12.019 

Iob, E, Zaninotto, P., Demakakos, P., & Steptoe, A. (2021). The immediate and longer-term impact of 
the COVID-19 pandemic on the mental health and wellbeing of older adults in England. 
MedRxiv, 2021.04.30.21256385. https://doi.org/https://doi.org/10.1101/2021.04.30.21256385 

Iob, Eleonora, Frank, P., Steptoe, A., & Fancourt, D. (2020). Levels of Severity of Depressive 
Symptoms Among At-Risk Groups in the UK During the COVID-19 Pandemic. JAMA Network 
Open, 3(10), e2026064. https://doi.org/10.1001/jamanetworkopen.2020.26064 

Iob, Eleonora, Kirschbaum, C., & Steptoe, A. (2018). Positive and negative social support and HPA-
axis hyperactivity: Evidence from glucocorticoids in human hair. Psychoneuroendocrinology, 96, 
100–108. https://doi.org/10.1016/j.psyneuen.2018.06.008 

Iob, Eleonora, Kirschbaum, C., & Steptoe, A. (2020). Persistent depressive symptoms, HPA-axis 
hyperactivity, and inflammation: the role of cognitive-affective and somatic symptoms. Molecular 
Psychiatry, 25(5), 1130–1140. https://doi.org/10.1038/s41380-019-0501-6 

Iob, Eleonora, Lacey, R., & Steptoe, A. (2020a). The long-term association of adverse childhood 
experiences with C-reactive protein and hair cortisol: Cumulative risk versus dimensions of 
adversity. Brain, Behavior, and Immunity, 87, 318–328. https://doi.org/10.1016/j.bbi.2019.12.019 

Iob, Eleonora, Lacey, R., & Steptoe, A. (2020b). Adverse childhood experiences and depressive 
symptoms in later life: Longitudinal mediation effects of inflammation. Brain, Behavior, and 
Immunity, 90, 97–107. https://doi.org/10.1016/j.bbi.2020.07.045 

Iob, Eleonora, Schoeler, T., Cecil, C. M., Walton, E., McQuillin, A., & Pingault, J.-B. (2020). Identifying 
risk factors involved in the common versus specific liabilities to substance use: A genetically 
informed approach. Addiction Biology, e12944. https://doi.org/10.1111/adb.12944 

Iob, Eleonora, & Steptoe, A. (2019). Cardiovascular Disease and Hair Cortisol: a Novel Biomarker of 
Chronic Stress. Current Cardiology Reports, 21(10), 116. https://doi.org/10.1007/s11886-019-
1208-7 

Iob, Eleonora, Steptoe, A., & Fancourt, D. (2020). Abuse, self-harm and suicidal ideation in the UK 
during the COVID-19 pandemic. The British Journal of Psychiatry, 217(4), 543–546. 
https://doi.org/10.1192/bjp.2020.130 

Jackson, S. E., Kirschbaum, C., & Steptoe, A. (2017). Hair cortisol and adiposity in a population-
based sample of 2,527 men and women aged 54 to 87 years. Obesity, 25(3), 539–544. 
https://doi.org/10.1002/oby.21733 

Jaffee, S. R., Ambler, A., Merrick, M., Goldman-Mellor, S., Odgers, C. L., … Arseneault, L. (2018). 
Childhood maltreatment predicts poor economic and educational outcomes in the transition to 
adulthood. American Journal of Public Health, 108(9), 1142–1147. 
https://doi.org/10.2105/AJPH.2018.304587 

Jaffee, S. R., & Price, T. S. (2008). Genotype–environment correlations: implications for determining 
the relationship between environmental exposures and psychiatric illness. Psychiatry, 7(12), 
496–499. https://doi.org/10.1016/j.mppsy.2008.10.002 

Jensen, T. K., Holt, T., Ormhaug, S. M., Egeland, K., Granly, L., … Wentzel-Larsen, T. (2014). A 
Randomized Effectiveness Study Comparing Trauma-Focused Cognitive Behavioral Therapy 
With Therapy as Usual for Youth. Journal of Clinical Child and Adolescent Psychology, 43(3), 
356–369. https://doi.org/10.1080/15374416.2013.822307 

Jentsch, M. C., Van Buel, E. M., Bosker, F. J., Gladkevich, A. V., Klein, H. C., … Schoevers, R. A. 
(2015). Biomarker approaches in major depressive disorder evaluated in the context of current 
hypotheses. Biomarkers in Medicine, 9(3), 277–297. https://doi.org/10.2217/bmm.14.114 

Jeon, H.-S., & Dunkle, R. E. (2009). Stress and Depression Among the Oldest-Old: A Longitudinal 
Analysis. Research on Aging, 31(6), 661–687. https://doi.org/10.1177/0164027509343541 

Jha, M. K., Minhajuddin, A., Gadad, B., Greer, T., Grannemann, B., … Trivedi, M. H. (2017). Can C-
Reactive Protein Inform Antidepressant Medication Selection in Depressed Outpatients? 
Findings from the CO-MED Trial. Psychoneuroendocrinology, 78, 105. 
https://doi.org/10.1016/J.PSYNEUEN.2017.01.023 

Jia, Y., Li, F., Liu, Y. F., Zhao, J. P., Leng, M. M., & Chen, L. (2017). Depression and cancer risk: a 
systematic review and meta-analysis. Public Health, 149, 138–148. 
https://doi.org/10.1016/j.puhe.2017.04.026 

Jiang, N. M., Cowan, M., Moonah, S. N., & Petri, W. A. (2018). The Impact of Systemic Inflammation 
on Neurodevelopment. Trends in Molecular Medicine, 24(9), 794–804. 



 429 

https://doi.org/10.1016/j.molmed.2018.06.008 
Jivraj, S., Goodman, A., Ploubidis, G. B., & de Oliveira, C. (2020). Testing Comparability Between 

Retrospective Life History Data and Prospective Birth Cohort Study Data. The Journals of 
Gerontology: Series B, 75(1), 207–217. https://doi.org/10.1093/geronb/gbx042 

Johnson, J. G., Cohen, P., Dohrenwend, B. P., Link, B. G., & Brook, J. S. (1999). A longitudinal 
investigation of social causation and social selection processes involved in the association 
between socioeconomic status and psychiatric disorders. Journal of Abnormal Psychology, 
108(3), 490–499. https://doi.org/10.1037//0021-843x.108.3.490 

Johnson, T. V., Abbasi, A., & Master, V. A. (2013). Systematic Review of the Evidence of a 
Relationship Between Chronic Psychosocial Stress and C-Reactive Protein. Molecular 
Diagnosis & Therapy, 17(3), 147–164. https://doi.org/10.1007/s40291-013-0026-7 

Jokela, M., Virtanen, M., Batty, G. D., & Kivimäki, M. (2016). Inflammation and Specific Symptoms of 
Depression. JAMA Psychiatry, 73(1), 87. https://doi.org/10.1001/jamapsychiatry.2015.1977 

Jorgensen, T. D., Pornprasertmanit, S., Schoemann, A. M., & Rosseel, Y. (2021). semTools: Useful 
tools for structural equation modeling. R Package Version 0.5-4. https://doi.org/https://CRAN.R-
project.org/package=semTools 

Judd, L. L., Schettler, P. J., Brown, E. S., Wolkowitz, O. M., Sternberg, E. M., … Singh, G. (2014). 
Adverse consequences of glucocorticoid medication: Psychological, cognitive, and behavioral 
effects. American Journal of Psychiatry, 171(10), 1045–1051. 
https://doi.org/10.1176/appi.ajp.2014.13091264 

Kalmakis, K. A., & Chandler, G. E. (2015). Health consequences of adverse childhood experiences: A 
systematic review. Journal of the American Association of Nurse Practitioners, 27(8), 457–465. 
https://doi.org/10.1002/2327-6924.12215 

Kaplow, J. B., & Widom, C. S. (2007). Age of onset of child maltreatment predicts long-term mental 
health outcomes. Journal of Abnormal Psychology, 116(1), 176–187. 
https://doi.org/10.1037/0021-843X.116.1.176 

Kappelmann, N, Lewis, G., Dantzer, R., Jones, P. B., & Khandaker, G. M. (2016). Antidepressant 
activity of anti-cytokine treatment: a systematic review and meta-analysis of clinical trials of 
chronic inflammatory conditions. Nature Publishing Group, 23, 335–343. 
https://doi.org/10.1038/mp.2016.167 

Kappelmann, Nils, Arloth, J., Georgakis, M. K., Czamara, D., Rost, N., … Binder, E. B. (2021). 
Dissecting the Association Between Inflammation, Metabolic Dysregulation, and Specific 
Depressive Symptoms. JAMA Psychiatry, 78(2), 161. 
https://doi.org/10.1001/jamapsychiatry.2020.3436 

Karege, F., Bondolfi, G., Gervasoni, N., Schwald, M., Aubry, J. M., & Bertschy, G. (2005). Low Brain-
Derived Neurotrophic Factor (BDNF) levels in serum of depressed patients probably results from 
lowered platelet BDNF release unrelated to platelet reactivity. Biological Psychiatry, 57(9), 
1068–1072. https://doi.org/10.1016/j.biopsych.2005.01.008 

Karg, K., Burmeister, M., Shedden, K., & Sen, S. (2011). The serotonin transporter promoter variant 
(5-HTTLPR), stress, and depression meta-analysis revisited: Evidence of genetic moderation. 
Archives of General Psychiatry, 68(5), 444–454. 
https://doi.org/10.1001/archgenpsychiatry.2010.189 

Karim, J., Weisz, R., Bibi, Z., & ur Rehman, S. (2015). Validation of the Eight-Item Center for 
Epidemiologic Studies Depression Scale (CES-D) Among Older Adults. Current Psychology, 
34(4), 681–692. https://doi.org/10.1007/s12144-014-9281-y 

Karlen, J., Frostell, A., Theodorsson, E., Faresjo, T., & Ludvigsson, J. (2013). Maternal Influence on 
Child HPA Axis: A Prospective Study of Cortisol Levels in Hair. Pediatrics, 132(5), e1333–
e1340. https://doi.org/10.1542/peds.2013-1178 

Keers, R., Uher, R., Huezo-Diaz, P., Smith, R., Jaffee, S., … Aitchison, K. J. (2011). Interaction 
between serotonin transporter gene variants and life events predicts response to 
antidepressants in the GENDEP project. Pharmacogenomics Journal, 11(2), 138–145. 
https://doi.org/10.1038/tpj.2010.14 

Keers, Robert, & Uher, R. (2012). Gene–Environment Interaction in Major Depression and 
Antidepressant Treatment Response. Current Psychiatry Reports, 14(2), 129–137. 
https://doi.org/10.1007/s11920-011-0251-x 

Kelly, U., Haywood, T., Segell, E., & Higgins, M. (2021). Trauma-Sensitive Yoga for Post-Traumatic 
Stress Disorder in Women Veterans who Experienced Military Sexual Trauma: Interim Results 
from a Randomized Controlled Trial. Journal of Alternative and Complementary Medicine, 
27(S1), S45–S59. https://doi.org/10.1089/acm.2020.0417 

Kelly, W. F., Kelly, M. J., & Faragher, B. (1996). A prospective study of psychiatric and psychological 



 430 

aspects of Cushing’s syndrome. Clinical Endocrinology, 45(6), 715–720. 
https://doi.org/10.1046/j.1365-2265.1996.8690878.x 

Kempton, M. J., Salvador, Z., Munafò, M. R., Geddes, J. R., Simmons, A., … Williams, S. C. R. 
(2011). Structural neuroimaging studies in major depressive disorder: Meta-analysis and 
comparison with bipolar disorder. Archives of General Psychiatry, 68(7), 675–690. 
https://doi.org/10.1001/archgenpsychiatry.2011.60 

Kendler, K. S., Bulik, C. M., Silberg, J., Hettema, J. M., Myers, J., & Prescott, C. A. (2000). Childhood 
sexual abuse and adult psychiatric and substance use disorders in women: An epidemiological 
and cotwin control analysis. Archives of General Psychiatry, 57(10), 953–959. 
https://doi.org/10.1001/archpsyc.57.10.953 

Kendler, K. S., Gatz, M., Gardner, C. O., & Pedersen, N. L. (2006). A Swedish National Twin Study of 
Lifetime Major Depression. Am J Psychiatry, 163(1), 109–114. http://ajp.psychiatryonline.org 

Kendler, K. S., Karkowski, L. M., & Prescott, C. A. (1998). Stressful life events and major depression: 
Risk period, long-term contextual threat, and diagnostic specificity. Journal of Nervous and 
Mental Disease, 186(11), 661–669. https://doi.org/10.1097/00005053-199811000-00001 

Kendler, K. S., Karkowski, L. M., & Prescott, C. A. (1999). Causal Relationship Between Stressful Life 
Events and the Onset of Major Depression. American Journal of Psychiatry, 156(6), 837–841. 
https://doi.org/10.1176/ajp.156.6.837 

Kendler, K. S., Kuhn, J., & Prescott, C. A. (2004). The Interrelationship of Neuroticism, Sex, and 
Stressful Life Events in the Prediction of Episodes of Major Depression. American Journal of 
Psychiatry, 161(4), 631–636. https://doi.org/10.1176/appi.ajp.161.4.631 

Kennis, M., Gerritsen, L., van Dalen, M., Williams, A., Cuijpers, P., & Bockting, C. (2020). Prospective 
biomarkers of major depressive disorder: a systematic review and meta-analysis. Molecular 
Psychiatry, 25(2), 321–338. https://doi.org/10.1038/s41380-019-0585-z 

Kenny, D. A. (2016). Multiple Latent Variable Models: Confirmatory Factor Analysis. 
http://davidakenny.net/cm/mfactor.htm 

Kessler, R. C. (1997). The effects of stressful life events on depression. Annual Review of 
Psychology, 48(1), 191–214. https://doi.org/10.1146/annurev.psych.48.1.191 

Kessler, R. C., Berglund, P., Demler, O., Jin, R., Merikangas, K. R., & Walters, E. E. (2005). Lifetime 
Prevalence and Age-of-Onset Distributions of DSM-IV Disorders in the National Comorbidity 
Survey Replication. Archives of General Psychiatry, 62(6), 593. 
https://doi.org/10.1001/archpsyc.62.6.593 

Kessler, R. C., & Bromet, E. J. (2013). The Epidemiology of Depression Across Cultures. Annual 
Review of Public Health, 34(1), 119–138. https://doi.org/10.1146/annurev-publhealth-031912-
114409 

Kessler, R. C., Foster, C. L., Saunders, W. B., & Stang, P. E. (1995). Social consequences of 
psychiatric disorders, I: Educational attainment. American Journal of Psychiatry, 152(7), 1026–
1032. https://doi.org/10.1176/ajp.152.7.1026 

Khandaker, G. M., Stochl, J., Zammit, S., Goodyer, I., Lewis, G., & Jones, P. B. (2018). Childhood 
inflammatory markers and intelligence as predictors of subsequent persistent depressive 
symptoms: a longitudinal cohort study. Psychological Medicine, 48(09), 1514–1522. 
https://doi.org/10.1017/S0033291717003038 

Khandaker, Golam M., Pearson, R. M., Zammit, S., Lewis, G., & Jones, P. B. (2014). Association of 
Serum Interleukin 6 and C-Reactive Protein in Childhood With Depression and Psychosis in 
Young Adult Life. JAMA Psychiatry, 71(10), 1121. 
https://doi.org/10.1001/jamapsychiatry.2014.1332 

Khoury, J. E., Bosquet Enlow, M., Plamondon, A., & Lyons-Ruth, K. (2019). The association between 
adversity and hair cortisol levels in humans: A meta-analysis. Psychoneuroendocrinology, 103, 
104–117. https://doi.org/10.1016/j.psyneuen.2019.01.009 

Khoury, J. E., Gonzalez, A., Levitan, R. D., Pruessner, J. C., Chopra, K., … Atkinson, L. (2015). 
Summary cortisol reactivity indicators: Interrelations and meaning. Neurobiology of Stress, 2, 
34–43. https://doi.org/10.1016/j.ynstr.2015.04.002 

Kim-Cohen, J., Caspi, A., Moffitt, T. E., Harrington, H., Milne, B. J., & Poulton, R. (2003). Prior 
Juvenile Diagnoses in Adults With Mental Disorder. Archives of General Psychiatry, 60(7), 709. 
https://doi.org/10.1001/archpsyc.60.7.709 

Kingsbury, M., Weeks, M., MacKinnon, N., Evans, J., Mahedy, L., … Colman, I. (2016). Stressful Life 
Events During Pregnancy and Offspring Depression: Evidence From a Prospective Cohort 
Study. Journal of the American Academy of Child & Adolescent Psychiatry, 55(8), 709-716.e2. 
https://doi.org/10.1016/j.jaac.2016.05.014 

Kirschbaum, C., Tietze, A., Skoluda, N., & Dettenborn, L. (2009). Hair as a retrospective calendar of 



 431 

cortisol production—Increased cortisol incorporation into hair in the third trimester of pregnancy. 
Psychoneuroendocrinology, 34(1), 32–37. https://doi.org/10.1016/J.PSYNEUEN.2008.08.024 

Kivimäki, M., Batty, G. D., Kawachi, I., & Steptoe, A. (2017). The Routledge International Handbook of 
Psychosocial Epidemiology (M. Kivimäki, D. Batty, I. Kawachi, & A. Steptoe (eds.)). Routledge. 
https://doi.org/10.4324/9781315673097 

Kivimäki, M., & Steptoe, A. (2017). Effects of stress on the development and progression of 
cardiovascular disease. Nature Reviews Cardiology, 15(4), 215–229. 
https://doi.org/10.1038/nrcardio.2017.189 

Knafl, G. J., & Grey, M. (2007). Factor analysis model evaluation through likelihood cross-validation. 
Statistical Methods in Medical Research, 16(2), 77–102. 
https://doi.org/10.1177/0962280206070649 

Knorr, U., Vinberg, M., Kessing, L. V., & Wetterslev, J. (2010). Salivary cortisol in depressed patients 
versus control persons: A systematic review and meta-analysis. Psychoneuroendocrinology, 
35(9), 1275–1286. https://doi.org/10.1016/j.psyneuen.2010.04.001 

Knuesel, I., Chicha, L., Britschgi, M., Schobel, S. A., Bodmer, M., … Prinssen, E. P. (2014). Maternal 
immune activation and abnormal brain development across CNS disorders. Nature Reviews 
Neurology, 10(11), 643–660. https://doi.org/10.1038/nrneurol.2014.187 

Köhler, O., Benros, M. E., Nordentoft, M., Farkouh, M. E., Iyengar, R. L., … Krogh, J. (2014). Effect of 
Anti-inflammatory Treatment on Depression, Depressive Symptoms, and Adverse Effects. JAMA 
Psychiatry, 71(12), 1381–1391. https://doi.org/10.1001/jamapsychiatry.2014.1611 

Kok, R. M., & Reynolds, C. F. (2017). Management of Depression in Older Adults. JAMA, 317(20), 
2114. https://doi.org/10.1001/jama.2017.5706 

Koss, K. J., & Gunnar, M. R. (2018). Annual Research Review: Early adversity, the hypothalamic–
pituitary–adrenocortical axis, and child psychopathology. Journal of Child Psychology and 
Psychiatry, 59(4), 327–346. https://doi.org/10.1111/jcpp.12784 

Koss, K. J., Hostinar, C. E., Donzella, B., & Gunnar, M. R. (2014). Social deprivation and the HPA 
axis in early development. Psychoneuroendocrinology, 50, 1–13. 
https://doi.org/10.1016/j.psyneuen.2014.07.028 

Kuhlman, K. R., Chiang, J. J., Horn, S., & Bower, J. E. (2017). Developmental psychoneuroendocrine 
and psychoneuroimmune pathways from childhood adversity to disease. Neuroscience and 
Biobehavioral Reviews, 80(April), 166–184. https://doi.org/10.1016/j.neubiorev.2017.05.020 

Kuhlman, K. R., Geiss, E. G., Vargas, I., & Lopez-Duran, N. L. (2015). Differential associations 
between childhood trauma subtypes and adolescent HPA-axis functioning. 
Psychoneuroendocrinology, 54, 103–114. https://doi.org/10.1016/j.psyneuen.2015.01.020 

Kuhlman, K. R., Horn, S. R., Chiang, J. J., & Bower, J. E. (2020). Early life adversity exposure and 
circulating markers of inflammation in children and adolescents: A systematic review and meta-
analysis. Brain, Behavior, and Immunity, 86, 30–42. https://doi.org/10.1016/j.bbi.2019.04.028 

Kumari, M., Head, J., Bartley, M., Stansfeld, S., & Kivimaki, M. (2013). Maternal separation in 
childhood and diurnal cortisol patterns in mid-life: Findings from the Whitehall II study. 
Psychological Medicine, 43(3), 633–643. https://doi.org/10.1017/S0033291712001353 

Kuo, E. S., Stoep, A. Vander, & Stewart, D. G. (2005). Using the Short Mood and Feelings 
Questionnaire to Detect Depression in Detained Adolescents. Assessment, 12(4), 374–383. 
https://doi.org/10.1177/1073191105279984 

Kwong, A. S. F. (2019). Examining the longitudinal nature of depressive symptoms in the Avon 
Longitudinal Study of Parents and Children (ALSPAC). Wellcome Open Research, 4, 126. 
https://doi.org/10.12688/wellcomeopenres.15395.2 

Kwong, A. S. F., López-López, J. A., Hammerton, G., Manley, D., Timpson, N. J., … Pearson, R. M. 
(2019). Genetic and Environmental Risk Factors Associated With Trajectories of Depression 
Symptoms From Adolescence to Young Adulthood. JAMA Network Open, 2(6), e196587. 
https://doi.org/10.1001/jamanetworkopen.2019.6587 

Lacey, R. E., Bartley, M., Kelly-Irving, M., Bevilacqua, L., Iob, E., … Howe, L. D. (2020). Adverse 
childhood experiences and early life inflammation in the Avon longitudinal study of parents and 
children. Psychoneuroendocrinology, 122, 104914. 
https://doi.org/10.1016/j.psyneuen.2020.104914 

Lacey, R. E., Howe, L. D., Kelly-Irving, M., Bartley, M., & Kelly, Y. (2020). The Clustering of Adverse 
Childhood Experiences in the Avon Longitudinal Study of Parents and Children: Are Gender and 
Poverty Important? Journal of Interpersonal Violence, 088626052093509. 
https://doi.org/10.1177/0886260520935096 

Lacey, R. E., Kumari, M., & McMunn, A. (2013). Parental separation in childhood and adult 
inflammation: The importance of material and psychosocial pathways. 



 432 

Psychoneuroendocrinology, 38(11), 2476–2484. https://doi.org/10.1016/j.psyneuen.2013.05.007 
Lacey, R. E., & Minnis, H. (2020). Practitioner Review: Twenty years of research with adverse 

childhood experience scores – Advantages, disadvantages and applications to practice. Journal 
of Child Psychology and Psychiatry, 61(2), 116–130. https://doi.org/10.1111/jcpp.13135 

Lacey, R. E., Pinto Pereira, S. M., Li, L., & Danese, A. (2020). Adverse childhood experiences and 
adult inflammation: Single adversity, cumulative risk and latent class approaches. Brain, 
Behavior, and Immunity, 87, 820–830. https://doi.org/10.1016/j.bbi.2020.03.017 

Lai, J. C. L., Lee, D. Y. H., & Leung, M. O. Y. (2021). Childhood adversities and salivary cortisol 
responses to the trier social stress test: A systematic review of studies using the children trauma 
questionnaire (CTQ). International Journal of Environmental Research and Public Health, 18(1), 
1–15. https://doi.org/10.3390/ijerph18010029 

Lamers, F., Vogelzangs, N., Merikangas, K. R., De Jonge, P., Beekman, A. T. F., & Penninx, B. W. J. 
H. (2013). Evidence for a differential role of HPA-axis function, inflammation and metabolic 
syndrome in melancholic versus atypical depression. Molecular Psychiatry, 18(6), 692–699. 
https://doi.org/10.1038/mp.2012.144 

Lamers, Femke, Milaneschi, Y., Smit, J. H., Schoevers, R. A., Wittenberg, G., & Penninx, B. W. J. H. 
(2019). Longitudinal Association Between Depression and Inflammatory Markers: Results From 
the Netherlands Study of Depression and Anxiety. Biological Psychiatry, 85(10), 829–837. 
https://doi.org/10.1016/j.biopsych.2018.12.020 

Lancaster, C., Teeters, J., Gros, D., & Back, S. (2016). Posttraumatic Stress Disorder: Overview of 
Evidence-Based Assessment and Treatment. Journal of Clinical Medicine, 5(11), 105. 
https://doi.org/10.3390/jcm5110105 

Lassale, C., Batty, G. D., Baghdadli, A., Jacka, F., Sánchez-Villegas, A., … Akbaraly, T. (2019). 
Healthy dietary indices and risk of depressive outcomes: a systematic review and meta-analysis 
of observational studies. Molecular Psychiatry, 24(7), 965–986. https://doi.org/10.1038/s41380-
018-0237-8 

Lawes, S. (2020). Depression and inflammation: implications for cardiovascualr disease. University 
College London. 

Lee, J. H., Espinera, A. R., Chen, D., Choi, K.-E., Caslin, A. Y., … Yu, S. P. (2016). Neonatal 
inflammatory pain and systemic inflammatory responses as possible environmental factors in 
the development of autism spectrum disorder of juvenile rats. Journal of Neuroinflammation, 
13(1), 109. https://doi.org/10.1186/s12974-016-0575-x 

Lehto, K., Hägg, S., Lu, D., Karlsson, R., Pedersen, N. L., & Mosing, M. A. (2020). Childhood 
Adoption and Mental Health in Adulthood: The Role of Gene-Environment Correlations and 
Interactions in the UK Biobank. Biological Psychiatry, 87(8), 708–716. 
https://doi.org/10.1016/j.biopsych.2019.10.016 

LeMoult, J., Humphreys, K. L., Tracy, A., Hoffmeister, J.-A., Ip, E., & Gotlib, I. H. (2020). Meta-
analysis: Exposure to Early Life Stress and Risk for Depression in Childhood and Adolescence. 
Journal of the American Academy of Child & Adolescent Psychiatry, 59(7), 842–855. 
https://doi.org/10.1016/j.jaac.2019.10.011 

Lerner, D., & Henke, R. M. (2008). What does research tell us about depression, job performance, 
and work productivity? Journal of Occupational and Environmental Medicine, 50(4), 401–410. 
https://doi.org/10.1097/JOM.0b013e31816bae50 

Levy, O., Zarember, K. A., Roy, R. M., Cywes, C., Godowski, P. J., & Wessels, M. R. (2004). 
Selective Impairment of TLR-Mediated Innate Immunity in Human Newborns: Neonatal Blood 
Plasma Reduces Monocyte TNF-α Induction by Bacterial Lipopeptides, Lipopolysaccharide, and 
Imiquimod, but Preserves the Response to R-848. The Journal of Immunology, 173(7), 4627–
4634. https://doi.org/10.4049/jimmunol.173.7.4627 

Lewer, D., King, E., Bramley, G., Fitzpatrick, S., Treanor, M. C., … Story, A. (2020). The ACE Index: 
mapping childhood adversity in England. Journal of Public Health, 42(4), e487–e495. 
https://doi.org/10.1093/pubmed/fdz158 

Lewis, S. J., Arseneault, L., Caspi, A., Fisher, H. L., Matthews, T., … Danese, A. (2019). The 
epidemiology of trauma and post-traumatic stress disorder in a representative cohort of young 
people in England and Wales. The Lancet Psychiatry, 6(3), 247–256. 
https://doi.org/10.1016/S2215-0366(19)30031-8 

Li, A., Tu, M. T., Sousa, A. C., Alvarado, B., Kone, G. K., … Zunzunegui, M. V. (2015). Early life 
adversity and C-reactive protein in diverse populations of older adults: a cross-sectional analysis 
from the International Mobility in Aging Study (IMIAS). BMC Geriatrics, 15(1), 102. 
https://doi.org/10.1186/s12877-015-0104-2 

Li, C.-H. (2016). Confirmatory factor analysis with ordinal data: Comparing robust maximum likelihood 



 433 

and diagonally weighted least squares. Behavior Research Methods, 48(3), 936–949. 
https://doi.org/10.3758/s13428-015-0619-7 

Li, K. K., Washburn, I., DuBois, D. L., Vuchinich, S., Ji, P., … Flay, B. R. (2011). Effects of the positive 
action programme on problem behaviours in elementary school students: A matched-pair 
randomized control trial in Chicago. Psychology and Health, 26(2), 187–204. 
https://doi.org/10.1080/08870446.2011.531574 

Li, M., D’Arcy, C., & Meng, X. (2016). Maltreatment in childhood substantially increases the risk of 
adult depression and anxiety in prospective cohort studies: systematic review, meta-analysis, 
and proportional attributable fractions. Psychological Medicine, 46(4), 717–730. 
https://doi.org/10.1017/S0033291715002743 

Lieberman, A. F., Ghosh Ippen, C., & Van Horn, P. (2006). Child-Parent Psychotherapy: 6-Month 
Follow-up of a Randomized Controlled Trial. Journal of the American Academy of Child & 
Adolescent Psychiatry, 45(8), 913–918. https://doi.org/10.1097/01.chi.0000222784.03735.92 

Ligthart, S., Vaez, A., Võsa, U., Stathopoulou, M. G., de Vries, P. S., … Slagboom, E. P. (2018). 
Genome Analyses of >200,000 Individuals Identify 58 Loci for Chronic Inflammation and 
Highlight Pathways that Link Inflammation and Complex Disorders. The American Journal of 
Human Genetics, 103(5), 691–706. https://doi.org/10.1016/j.ajhg.2018.09.009 

Liming, K. W. (2019). Examining the Differing Effects of Economic Hardship and Poor Maternal 
Wellbeing on Cumulative Exposure to Adverse Childhood Experiences. Journal of Child & 
Adolescent Trauma, 12(3), 307–321. https://doi.org/10.1007/s40653-018-0230-z 

Linder, A., Gerdtham, U.-G., Trygg, N., Fritzell, S., & Saha, S. (2020). Inequalities in the economic 
consequences of depression and anxiety in Europe: a systematic scoping review. European 
Journal of Public Health, 30(4), 767–777. https://doi.org/10.1093/eurpub/ckz127 

Little, R. J. A., & Rubin, D. B. (2002). Statistical Analysis With Missing Data (2nd Editio). Willey. 
Liu, Y., Zhang, N., Bao, G., Huang, Y., Ji, B., … Li, G. (2019). Predictors of depressive symptoms in 

college students: A systematic review and meta-analysis of cohort studies. Journal of Affective 
Disorders, 244, 196–208. https://doi.org/10.1016/j.jad.2018.10.084 

Lombardo, G., Enache, D., Gianotti, L., Schatzberg, A. F., Young, A. H., … Mondelli, V. (2019). 
Baseline cortisol and the efficacy of antiglucocorticoid treatment in mood disorders: A meta-
analysis. Psychoneuroendocrinology, 110, 104420. 
https://doi.org/10.1016/j.psyneuen.2019.104420 

Lopez-Duran, N. L., Kovacs, M., & George, C. J. (2009). Hypothalamic–pituitary–adrenal axis 
dysregulation in depressed children and adolescents: A meta-analysis. 
Psychoneuroendocrinology, 34(9), 1272–1283. https://doi.org/10.1016/j.psyneuen.2009.03.016 

LoPilato, A. M., Addington, J., Bearden, C. E., Cadenhead, K. S., Cannon, T. D., … Walker, E. F. 
(2020). Stress perception following childhood adversity: Unique associations with adversity type 
and sex. Development and Psychopathology, 32(1), 343–356. 
https://doi.org/10.1017/S0954579419000130 

Lopizzo, N., Chiavetto, L. B., Cattane, N., Plazzotta, G., Tarazi, F. I., … Cattaneo, A. (2015). Gene-
environment interaction in major depression: Focus on experience-dependent biological 
systems. Frontiers in Psychiatry, 6(MAY). https://doi.org/10.3389/fpsyt.2015.00068 

Lorant, V. (2003). Socioeconomic Inequalities in Depression: A Meta-Analysis. American Journal of 
Epidemiology, 157(2), 98–112. https://doi.org/10.1093/aje/kwf182 

Luciana, M. (2013). Adolescent brain development in normality and psychopathology. Development 
and Psychopathology, 25, 1325–1345. https://doi.org/10.1017/S0954579413000643 

Luger, T. M., Suls, J., & Vander Weg, M. W. (2014). How robust is the association between smoking 
and depression in adults? A meta-analysis using linear mixed-effects models. Addictive 
Behaviors, 39(10), 1418–1429. https://doi.org/10.1016/j.addbeh.2014.05.011 

Lupien, S. J., McEwen, B. S., Gunnar, M. R., & Heim, C. (2009). Effects of stress throughout the 
lifespan on the brain, behaviour and cognition. Nature Reviews Neuroscience, 10(6), 434–445. 
https://doi.org/10.1038/nrn2639 

Luppa, M., Sikorski, C., Luck, T., Ehreke, L., Konnopka, A., … Riedel-Heller, S. G. (2012). Age- and 
gender-specific prevalence of depression in latest-life – Systematic review and meta-analysis. 
Journal of Affective Disorders, 136(3), 212–221. https://doi.org/10.1016/j.jad.2010.11.033 

Mac Giollabhui, N., Ellman, L. M., Coe, C. L., Byrne, M. L., Abramson, L. Y., & Alloy, L. B. (2020). To 
exclude or not to exclude: Considerations and recommendations for C-reactive protein values 
higher than 10 mg/L. Brain, Behavior, and Immunity, 87, 898–900. 
https://doi.org/10.1016/j.bbi.2020.01.023 

Machlin, L., Miller, A. B., Snyder, J., McLaughlin, K. A., & Sheridan, M. A. (2019). Differential 
Associations of Deprivation and Threat With Cognitive Control and Fear Conditioning in Early 



 434 

Childhood. Frontiers in Behavioral Neuroscience, 13, 80. 
https://doi.org/10.3389/fnbeh.2019.00080 

MacKinnon, D. P., Fairchild, A. J., & Fritz, M. S. (2007). Mediation Analysis. Annual Review of 
Psychology, 58(1), 593–614. https://doi.org/10.1146/annurev.psych.58.110405.085542 

Maes, M. (1995). Evidence for an immune response in major depression: A review and hypothesis. 
Progress in Neuro-Psychopharmacology and Biological Psychiatry, 19(1), 11–38. 
https://doi.org/10.1016/0278-5846(94)00101-M 

Malhi, G. S., & Mann, J. J. (2018). Depression. The Lancet, 392(10161), 2299–2312. 
https://doi.org/10.1016/S0140-6736(18)31948-2 

Mandelli, L., Marino, E., Pirovano, A., Calati, R., Zanardi, R., … Serretti, A. (2009). Interaction 
between SERTPR and stressful life events on response to antidepressant treatment. European 
Neuropsychopharmacology, 19(1), 64–67. https://doi.org/10.1016/j.euroneuro.2008.08.005 

Manji, H. K., Drevets, W. C., & Charney, D. S. (2001). The cellular neurobiology of depression. Nature 
Medicine, 7(5), 541–547. https://doi.org/10.1038/87865 

Marees, A. T., de Kluiver, H., Stringer, S., Vorspan, F., Curis, E., … Derks, E. M. (2018). A tutorial on 
conducting genome-wide association studies: Quality control and statistical analysis. 
International Journal of Methods in Psychiatric Research, 27, 1–10. 
https://doi.org/10.1002/mpr.1608 

Marryat, L., & Frank, J. (2019). Factors associated with adverse childhood experiences in Scottish 
children: A prospective cohort study. BMJ Paediatrics Open, 3(1), e000340. 
https://doi.org/10.1136/bmjpo-2018-000340 

Martínez, P., Gloger, S., Diez de Medina, D., González, A., Carrasco, M. I., … Vöhringer, P. A. 
(2021). Early Adverse Stress and Depressive and Bipolar Disorders: A Systematic Review and 
Meta-Analysis of Treatment Interventions. Frontiers in Psychiatry, 12, 650706. 
https://doi.org/10.3389/fpsyt.2021.650706 

Matthay, E. C., Hagan, E., Gottlieb, L. M., Tan, M. L., Vlahov, D., … Glymour, M. M. (2020). 
Alternative causal inference methods in population health research: Evaluating tradeoffs and 
triangulating evidence. SSM - Population Health, 10, 100526. 
https://doi.org/10.1016/j.ssmph.2019.100526 

Maughan, B., & Collishaw, S. (2015). Development and psychopathology: a life course perspective. In 
A. Thapar, D. Pine, J. Leckman, S. Scott, M. Snowling, & E. Taylor (Eds.), Rutter’s child and 
adolescent psychiatry (6th ed., pp. 5–16). JohnWiley & Sons, Ltd. 

Maynard, B. R., Farina, A., Dell, N. A., & Kelly, M. S. (2019). Effects of trauma‐informed approaches 
in schools: A systematic review. Campbell Systematic Reviews, 15(1–2), e1018. 
https://doi.org/10.1002/cl2.1018 

McCutcheon, V. V., Heath, A. C., Nelson, E. C., Bucholz, K. K., Madden, P. A. F., & Martin, N. G. 
(2009). Accumulation of trauma over time and risk for depression in a twin sample. 
Psychological Medicine, 39(3), 431–441. https://doi.org/10.1017/S0033291708003759 

McEwen, B. S. (2012). Brain on stress: How the social environment gets under the skin. Proceedings 
of the National Academy of Sciences, 109, 17180–17185. 
https://doi.org/10.1073/pnas.1121254109 

McEwen, Bruce S. (2007). Physiology and neurobiology of stress and adaptation: Central role of the 
brain. Physiological Reviews, 87, 873–904. https://doi.org/10.1152/physrev.00041.2006 

McLaughlin, K. A. (2016). Future Directions in Childhood Adversity and Youth Psychopathology. 
Journal of Clinical Child & Adolescent Psychology, 45(3), 361–382. 
https://doi.org/10.1080/15374416.2015.1110823 

McLaughlin, K A, Sheridan, M. A., Tibu, F., Fox, N. A., Zeanah, C. H., & Nelson, C. A. (2015). Causal 
effects of the early caregiving environment on development of stress response systems in 
children. Proc Natl Acad Sci U S A, 112(18), 5637–5642. 
https://doi.org/10.1073/pnas.1423363112 

McLaughlin, Katie A., Greif Green, J., Gruber, M. J., Sampson, N. A., Zaslavsky, A. M., & Kessler, R. 
C. (2012). Childhood Adversities and First Onset of Psychiatric Disorders in a National Sample 
of US Adolescents. Archives of General Psychiatry, 69(11), 1151. 
https://doi.org/10.1001/archgenpsychiatry.2011.2277 

McLaughlin, Katie A., & Sheridan, M. A. (2016). Beyond Cumulative Risk: A Dimensional Approach to 
Childhood Adversity. Current Directions in Psychological Science, 25(4), 239–245. 
https://doi.org/10.1177/0963721416655883 

McLaughlin, Katie A., Sheridan, M. A., & Lambert, H. K. (2014). Childhood adversity and neural 
development: Deprivation and threat as distinct dimensions of early experience. Neuroscience & 
Biobehavioral Reviews, 47, 578–591. https://doi.org/10.1016/j.neubiorev.2014.10.012 



 435 

McLeod, B. D., Weisz, J. R., & Wood, J. J. (2007). Examining the association between parenting and 
childhood depression: A meta-analysis. Clinical Psychology Review, 27(8), 986–1003. 
https://doi.org/10.1016/j.cpr.2007.03.001 

McManus, T., Bebbington, P., Jenkins, R., & Brugha, T. (2016). Mental health and wellbeing in 
England: Adult psychiatric morbidity survey 2014. Leeds: NHS Digital. 

Menard, C., Pfau, M. L., Hodes, G. E., Kana, V., Wang, V. X., … Russo, S. J. (2017). Social stress 
induces neurovascular pathology promoting depression. Nature Neuroscience, 20(12), 1752–
1760. https://doi.org/10.1038/s41593-017-0010-3 

Meng, X., & D’Arcy, C. (2016). Gender moderates the relationship between childhood abuse and 
internalizing and substance use disorders later in life: A cross-sectional analysis. BMC 
Psychiatry, 16(1), 401. https://doi.org/10.1186/s12888-016-1071-7 

Menke, A. (2019). Is the HPA Axis as Target for Depression Outdated, or Is There a New Hope? 
Frontiers in Psychiatry, 10(FEB), 101. https://doi.org/10.3389/fpsyt.2019.00101 

Mental Health Foundation. (2016). Fundamental facts about mental health 2016. 
https://www.mentalhealth.org.uk/sites/default/files/fundamental-facts-about-mental-health-
2016.pdf 

Merrick, M. T., Ford, D. C., Ports, K. A., & Guinn, A. S. (2018). Prevalence of Adverse Childhood 
Experiences From the 2011-2014 Behavioral Risk Factor Surveillance System in 23 States. 
JAMA Pediatrics, 172(11), 1038. https://doi.org/10.1001/jamapediatrics.2018.2537 

Mersky, J. P., Janczewski, C. E., & Topitzes, J. (2017). Rethinking the Measurement of Adversity: 
Moving Toward Second-Generation Research on Adverse Childhood Experiences. Child 
Maltreatment, 22(1), 58–68. https://doi.org/10.1177/1077559516679513 

Metzler, M., Merrick, M. T., Klevens, J., Ports, K. A., & Ford, D. C. (2017). Adverse childhood 
experiences and life opportunities: Shifting the narrative. Children and Youth Services Review, 
72, 141–149. https://doi.org/10.1016/j.childyouth.2016.10.021 

Meyer, J. S. (1983). Early adrenalectomy stimulates subsequent growth and development of the rat 
brain. Experimental Neurology, 82(2), 432–446. https://doi.org/10.1016/0014-4886(83)90415-6 

Milaneschi, Y., Lamers, F., Peyrot, W. J., Abdellaoui, A., Willemsen, G., … Penninx, B. W. J. H. 
(2016). Polygenic dissection of major depression clinical heterogeneity. Molecular Psychiatry, 
21(4), 516–522. https://doi.org/10.1038/mp.2015.86 

Miller, A. H., & Raison, C. L. (2016). The role of inflammation in depression: from evolutionary 
imperative to modern treatment target. Nature Reviews Immunology, 16(1), 22–34. 
https://doi.org/10.1038/nri.2015.5 

Miller, A., Maletic, V., & Raison, C. (2009). Inflammation and Its Discontents: The Role of Cytokines in 
the Pathophysiology of Major Depression. Biological Psychiatry, 65(9), 732–741. 
https://doi.org/10.1016/j.biopsych.2008.11.029 

Miller, G. E., Brody, G. H., Yu, T., & Chen, E. (2014). A family-oriented psychosocial intervention 
reduces inflammation in low-SES African American youth. Proceedings of the National Academy 
of Sciences of the United States of America, 111(31), 11287–11292. 
https://doi.org/10.1073/pnas.1406578111 

Miller, G. E., Chen, E., Fok, A. K., Walker, H., Lim, A., … Kobor, M. S. (2009). Low early-life social 
class leaves a biological residue manifested by decreased glucocorticoid and increased 
proinflammatory signaling. Proceedings of the National Academy of Sciences, 106(34), 14716–
14721. https://doi.org/10.1073/pnas.0902971106 

Miller, G. E., Chen, E., Sze, J., Marin, T., Arevalo, J. M. G., … Cole, S. W. (2008). A Functional 
Genomic Fingerprint of Chronic Stress in Humans: Blunted Glucocorticoid and Increased NF-κB 
Signaling. Biological Psychiatry, 64(4), 266–272. https://doi.org/10.1016/j.biopsych.2008.03.017 

Miller, G. E., Chen, E., & Zhou, E. S. (2007). If it goes up, must it come down? Chronic stress and the 
hypothalamic-pituitary-adrenocortical axis in humans. Psychological Bulletin, 133(1), 25–45. 
https://doi.org/10.1037/0033-2909.133.1.25 

Minelli, A., Zampieri, E., Sacco, C., Bazzanella, R., Mezzetti, N., … Bortolomasi, M. (2019). Clinical 
efficacy of trauma-focused psychotherapies in treatment-resistant depression (TRD) in-patients: 
A randomized, controlled pilot-study. Psychiatry Research, 273, 567–574. 
https://doi.org/10.1016/j.psychres.2019.01.070 

Moffitt, T. E. (2002). Teen-aged mothers in contemporary Britain. Journal of Child Psychology and 
Psychiatry, 43(6), 727–742. https://doi.org/10.1111/1469-7610.00082 

Molendijk, M. L., Spinhoven, P., Polak, M., Bus, B. A. A., Penninx, B. W. J. H., & Elzinga, B. M. 
(2014). Serum BDNF concentrations as peripheral manifestations of depression: Evidence from 
a systematic review and meta-analyses on 179 associations (N=9484). Molecular Psychiatry, 
19(7), 791–800. https://doi.org/10.1038/mp.2013.105 



 436 

Monroe, S. M., & Simons, A. D. (1991). Diathesis stress theories in the context of life stress research 
- implications for the depressive-disorders. Psychological Bulletin, 110(3), 406–425. 
https://doi.org/10.1037//0033-2909.110.3.406 

Moore, S. E., Norman, R. E., Suetani, S., Thomas, H. J., Sly, P. D., & Scott, J. G. (2017). 
Consequences of bullying victimization in childhood and adolescence: A systematic review and 
meta-analysis. World Journal of Psychiatry, 7(1), 60. https://doi.org/10.5498/wjp.v7.i1.60 

Moraes, L. J., Miranda, M. B., Loures, L. F., Mainieri, A. G., & Helena Mármora, C. C. (2018). A 
systematic review of psychoneuroimmunology-based interventions. Health & Medicine, 23(6), 
635–652. https://doi.org/10.1080/13548506.2017.1417607 

Morris, M. C., Compas, B. E., & Garber, J. (2012). Relations among posttraumatic stress disorder, 
comorbid major depression, and HPA function: A systematic review and meta-analysis. Clinical 
Psychology Review, 32(4), 301–315. https://doi.org/10.1016/j.cpr.2012.02.002 

Mulinari, S. (2012). Monoamine theories of depression: Historical impact on biomedical research. 
Journal of the History of the Neurosciences, 21(4), 366–392. 
https://doi.org/10.1080/0964704X.2011.623917 

Müller, V. I., Cieslik, E. C., Serbanescu, I., Laird, A. R., Fox, P. T., & Eickhoff, S. B. (2017). Altered 
brain activity in unipolar depression revisited: Meta-analyses of neuroimaging studies. JAMA 
Psychiatry, 74(1), 47–55. https://doi.org/10.1001/jamapsychiatry.2016.2783 

Mullins, N., Power, R. A., Fisher, H. L., Hanscombe, K. B., Euesden, J., … Lewis, C. M. (2016). 
Polygenic interactions with environmental adversity in the aetiology of major depressive 
disorder. Psychological Medicine, 46(4), 759–770. https://doi.org/10.1017/S0033291715002172 

Munafò, M. R., Durrant, C., Lewis, G., & Flint, J. (2009). Gene × Environment Interactions at the 
Serotonin Transporter Locus. Biological Psychiatry, 65(3), 211–219. 
https://doi.org/10.1016/j.biopsych.2008.06.009 

Munhoz, C. D., Lepsch, L. B., Kawamoto, E. M., Malta, M. B., De Sá Lima, L., … Scavone, C. (2006). 
Chronic unpredictable stress exacerbates lipopolysaccharide-induced activation of nuclear 
factor-κB in the frontal cortex and hippocampus via glucocorticoid secretion. Journal of 
Neuroscience, 26(14), 3813–3820. https://doi.org/10.1523/JNEUROSCI.4398-05.2006 

Murray, G. K., Lin, T., Austin, J., McGrath, J. J., Hickie, I. B., & Wray, N. R. (2021). Could Polygenic 
Risk Scores Be Useful in Psychiatry?: A Review. JAMA Psychiatry, 78(2), 210–219. 
https://doi.org/10.1001/jamapsychiatry.2020.3042 

Muscatell, K. A., Slavich, G. M., Monroe, S. M., & Gotlib, I. H. (2009). Stressful life events, chronic 
difficulties, and the symptoms of clinical depression. Journal of Nervous and Mental Disease, 
197(3), 154–160. https://doi.org/10.1097/NMD.0b013e318199f77b 

Musci, R. J., Masyn, K. E., Benke, K., Maher, B., Uhl, G., & Ialongo, N. S. (2015). The effects of the 
interplay of genetics and early environmental risk on the course of internalizing symptoms from 
late childhood through adolescence. Development and Psychopathology, 28(1), 225–237. 
https://doi.org/10.1017/S0954579415000401 

Mynard, H., & Joseph, S. (2000). Development of the multidimensional peer-victimization scale. 
Aggressive Behavior, 26(2), 169–178. https://doi.org/10.1002/(SICI)1098-
2337(2000)26:2<169::AID-AB3>3.0.CO;2-A 

Naimi, A. I., Cole, S. R., & Kennedy, E. H. (2016). An Introduction to G Methods. International Journal 
of Epidemiology, 756–762. https://doi.org/10.1093/ije/dyw323 

Nanni, V., Uher, R., & Danese, A. (2012). Childhood maltreatment predicts unfavorable course of 
illness and treatment outcome in depression: A meta-analysis. American Journal of Psychiatry, 
169(2), 141–151. https://doi.org/10.1176/appi.ajp.2011.11020335 

NatCen Social Research. (2018). English Longitudinal Study of Ageing (ELSA): User Guide to the 
Nurse Visit Datasets. Waves 2, 4, 6, 8. 

NatCen Social Research. (2020). ELSA User Guide to the Main Interview Datasets, Waves 1 to 9. 
https://www.ucl.ac.uk/epidemiology-health-care/sites/epidemiology-health-
care/files/5050_elsa_waves_1-9_interviewer_data_user_guide_v1.pdf 

Negriff, S. (2020). ACEs are not equal: Examining the relative impact of household dysfunction versus 
childhood maltreatment on mental health in adolescence. Social Science and Medicine, 245. 
https://doi.org/10.1016/j.socscimed.2019.112696 

Negriff, S., Gordis, E. B., & Susman, E. J. (2021). Associations between HPA axis reactivity and 
PTSD and depressive symptoms: Importance of maltreatment type and puberty. Development 
and Psychopathology, 1–12. https://doi.org/10.1017/S095457942100050X 

Nelemans, S. A., Boks, M., Lin, B., Oldehinkel, T., van Lier, P., … Meeus, W. (2021). Polygenic Risk 
for Major Depression Interacts with Parental Criticism in Predicting Adolescent Depressive 
Symptom Development. Journal of Youth and Adolescence, 50(1), 159–176. 



 437 

https://doi.org/10.1007/s10964-020-01353-4 
Nelson, J., Klumparendt, A., Doebler, P., & Ehring, T. (2017). Childhood maltreatment and 

characteristics of adult depression: Meta-analysis. British Journal of Psychiatry, 210(2), 96–104. 
https://doi.org/10.1192/bjp.bp.115.180752 

Nettis, M. A., & Pariante, C. M. (2020). Is there neuroinflammation in depression? Understanding the 
link between the brain and the peripheral immune system in depression. In International Review 
of Neurobiology (Vol. 152, pp. 23–40). Academic Press Inc. 
https://doi.org/10.1016/bs.irn.2019.12.004 

Neumann, A., Direk, N., Crawford, A. A., Mirza, S., Adams, H., … Tiemeier, H. (2017). The low single 
nucleotide polymorphism heritability of plasma and saliva cortisol levels. 
Psychoneuroendocrinology, 85, 88–95. https://doi.org/10.1016/j.psyneuen.2017.08.011 

Newbury, J. B., Arseneault, L., Moffitt, T. E., Caspi, A., Danese, A., … Fisher, H. L. (2018). Measuring 
childhood maltreatment to predict early-adult psychopathology: Comparison of prospective 
informant-reports and retrospective self-reports. Journal of Psychiatric Research, 96, 57–64. 
https://doi.org/10.1016/j.jpsychires.2017.09.020 

Newlove-Delgado, T., McManus, S., Sadler, K., Thandi, S., Vizard, T., … Ford, T. (2021). Child 
mental health in England before and during the COVID-19 lockdown. The Lancet Psychiatry, 
8(5), 353–354. https://doi.org/10.1016/S2215-0366(20)30570-8 

Newsom, J. T. (2015). Longitudinal Structural Equation Modeling. Taylor & Francis. 
Ng, A., Tam, W. W., Zhang, M. W., Ho, C. S., Husain, S. F., … Ho, R. C. (2018). IL-1β, IL-6, TNF- α 

and CRP in Elderly Patients with Depression or Alzheimer’s disease: Systematic Review and 
Meta-Analysis. Scientific Reports, 8(1). https://doi.org/10.1038/s41598-018-30487-6 

NHS Highland Public Health. (2018). Adverse Childhood Experiences, Resilience and Trauma 
Informed Care: A Public Health Approach to Understanding and Responding to Adversity. 
https://www.nhshighland.scot.nhs.uk/Publications/Documents/DPH-Annual-Report-2018_(web-
version).pdf 

NICE. (2009). Depression in adults: Recognition and management. 
https://doi.org/10.1211/CP.2017.20202439 

NICE. (2010). Depression in Adults with a Chronic Physical Health Problem: Treatment and 
Management. (Issue 91). British Psychological Society. 
https://www.ncbi.nlm.nih.gov/books/NBK82926/ 

Nicholson, A., Kuper, H., & Hemingway, H. (2006). Depression as an aetiologic and prognostic factor 
in coronary heart disease: a meta-analysis of 6362 events among 146,538 participants in 54 
observational studies. European Heart Journal, 27(23), 2763–2774. 
https://doi.org/10.1093/eurheartj/ehl338 

Nikkheslat, N., McLaughlin, A. P., Hastings, C., Zajkowska, Z., Nettis, M. A., … Mondelli, V. (2020). 
Childhood trauma, HPA axis activity and antidepressant response in patients with depression. 
Brain, Behavior, and Immunity, 87, 229–237. https://doi.org/10.1016/j.bbi.2019.11.024 

Nikkheslat, N., Pariante, C. M., & Zunszain, P. A. (2018). Neuroendocrine Abnormalities in Major 
Depression: An Insight Into Glucocorticoids, Cytokines, and the Kynurenine Pathway. In 
Inflammation and Immunity in Depression (pp. 45–60). Elsevier. https://doi.org/10.1016/B978-0-
12-811073-7.00003-9 

Nishi, M. (2020). Effects of Early-Life Stress on the Brain and Behaviors: Implications of Early 
Maternal Separation in Rodents. International Journal of Molecular Sciences, 21(19), 7212. 
https://doi.org/10.3390/ijms21197212 

Norman, R. E., Byambaa, M., De, R., Butchart, A., Scott, J., & Vos, T. (2012). The Long-Term Health 
Consequences of Child Physical Abuse, Emotional Abuse, and Neglect: A Systematic Review 
and Meta-Analysis. PLOS Medicine, 9(11), e1001349. 
https://doi.org/10.1371/journal.pmed.1001349 

Normann, C., & Buttenschøn, H. N. (2020). Gene–environment interactions between HPA-axis genes 
and childhood maltreatment in depression: a systematic review. Acta Neuropsychiatrica, 32(3), 
111–121. https://doi.org/10.1017/neu.2020.1 

O’Connor, M., Ponsonby, A.-L., Collier, F., Liu, R., Sly, P. D., … Harrison, L. (2020). Exposure to 
adversity and inflammatory outcomes in mid and late childhood. Brain, Behavior, & Immunity - 
Health, 9, 100146. https://doi.org/10.1016/j.bbih.2020.100146 

O’Connor, T. G., Heron, J., Golding, J., & Glover, V. (2003). Maternal antenatal anxiety and 
behavioural/emotional problems in children: A test of a programming hypothesis. Journal of 
Child Psychology and Psychiatry and Allied Disciplines, 44(7), 1025–1036. 
https://doi.org/10.1111/1469-7610.00187 

O’Donnell, K. J., Glover, V., Barker, E. D., & O’Connor, T. G. (2014). The persisting effect of maternal 



 438 

mood in pregnancy on childhood psychopathology. Development and Psychopathology, 26(2), 
393–403. https://doi.org/10.1017/S0954579414000029 

O’Donnell, K., O’Connor, T. G., & Glover, V. (2009). Prenatal stress and neurodevelopment of the 
child: Focus on the HPA axis and role of the placenta. Developmental Neuroscience, 31(4), 
285–292. https://doi.org/10.1159/000216539 

Office for National Statistics. (2019). Measures of National Well-being Dashboard. 
https://www.ons.gov.uk/peoplepopulationandcommunity/wellbeing/articles/measuresofnationalw
ellbeingdashboard/2018-09-26 

Office For National Statistics. (2019). Domestic abuse prevalence and trends, England and Wales: 
year ending March 2019. In Office for National Statistics (Issue March). 
https://www.ons.gov.uk/peoplepopulationandcommunity/crimeandjustice/articles/domesticabuse
victimcharacteristicsenglandandwales/yearendingmarch2019 

Osborn, M., & Widom, C. S. (2020). Do documented records and retrospective reports of childhood 
maltreatment similarly predict chronic inflammation? Psychological Medicine, 50(14), 2406–
2415. https://doi.org/10.1017/S0033291719002575 

Osimo, Emanuele F., Pillinger, T., Rodriguez, I. M., Khandaker, G. M., Pariante, C. M., & Howes, O. 
D. (2020). Inflammatory markers in depression: A meta-analysis of mean differences and 
variability in 5,166 patients and 5,083 controls. Brain, Behavior, and Immunity, 87, 901–909. 
https://doi.org/10.1016/j.bbi.2020.02.010 

Osimo, Emanuele F., Stochl, J., Zammit, S., Lewis, G., Jones, P. B., & Khandaker, G. M. (2020). 
Longitudinal population subgroups of CRP and risk of depression in the ALSPAC birth cohort. 
Comprehensive Psychiatry, 96, 152143. https://doi.org/10.1016/j.comppsych.2019.152143 

Osimo, Emanuele Felice, Baxter, L. J., Lewis, G., Jones, P. B., & Khandaker, G. M. (2019). 
Prevalence of low-grade inflammation in depression: a systematic review and meta-analysis of 
CRP levels. Psychological Medicine, 49(12), 1958–1970. 
https://doi.org/10.1017/S0033291719001454 

Otte, C., Gold, S. M., Penninx, B. W., Pariante, C. M., Etkin, A., … Schatzberg, A. F. (2016). Major 
depressive disorder. Nature Reviews Disease Primers, 2(1), 16065. 
https://doi.org/10.1038/nrdp.2016.65 

Ouellet-Morin, I., Brendgen, M., Girard, A., Lupien, S. J., Dionne, G., … Boivin, M. (2016). Evidence 
of a unique and common genetic etiology between the CAR and the remaining part of the diurnal 
cycle: A study of 14 year-old twins. Psychoneuroendocrinology, 66, 91–100. 
https://doi.org/10.1016/j.psyneuen.2015.12.022 

Ouellet-Morin, I., Cantave, C., Paquin, S., Geoffroy, M.-C., Brendgen, M., … Côté, S. (2020). 
Associations between developmental trajectories of peer victimization, hair cortisol, and 
depressive symptoms: a longitudinal study. Journal of Child Psychology and Psychiatry. 
https://doi.org/10.1111/jcpp.13228 

Ouellet-Morin, I., Danese, A., Bowes, L., Shakoor, S., Ambler, A., … Arseneault, L. (2011). A 
discordant monozygotic twin design shows blunted cortisol reactivity among bullied children. 
Journal of the American Academy of Child and Adolescent Psychiatry, 50(6), 574–582. 
https://doi.org/10.1016/j.jaac.2011.02.015 

Oxford Economics. (2016). Added Value: Mental Health as a Workplace Asset. 
https://www.oxfordeconomics.com/recent-releases/added-value-mental-health-as-a-workplace-
asset 

Paauw, C., de Roos, C., Tummers, J., de Jongh, A., & Dingemans, A. (2019). Effectiveness of 
trauma-focused treatment for adolescents with major depressive disorder. European Journal of 
Psychotraumatology, 10(1). https://doi.org/10.1080/20008198.2019.1682931 

Pagliaccio, D., Luby, J. L., Bogdan, R., Agrawal, A., Gaffrey, M. S., … Barch, D. M. (2014). Stress-
System Genes and Life Stress Predict Cortisol Levels and Amygdala and Hippocampal Volumes 
in Children. Neuropsychopharmacology, 39(5), 1245–1253. 
https://doi.org/10.1038/npp.2013.327 

Palmer, F. B., Anand, K. J. S., Graff, J. C., Murphy, L. E., Qu, Y., … Tylavsky, F. A. (2013). Early 
Adversity, Socioemotional Development, and Stress in Urban 1-Year-Old Children. The Journal 
of Pediatrics, 163(6), 1733-1739.e1. https://doi.org/10.1016/j.jpeds.2013.08.030 

Pan, X., Wang, Z., Wu, X., Wen, S. W., & Liu, A. (2018). Salivary cortisol in post-traumatic stress 
disorder: a systematic review and meta-analysis. BMC Psychiatry, 18(1), 324. 
https://doi.org/10.1186/s12888-018-1910-9 

Panda, P. K., Gupta, J., Chowdhury, S. R., Kumar, R., Meena, A. K., … Gulati, S. (2021). 
Psychological and Behavioral Impact of Lockdown and Quarantine Measures for COVID-19 
Pandemic on Children, Adolescents and Caregivers: A Systematic Review and Meta-Analysis. 



 439 

Journal of Tropical Pediatrics, 67(1). https://doi.org/10.1093/tropej/fmaa122 
Pariante, C. M. (2017). Why are depressed patients inflamed? A reflection on 20 years of research on 

depression, glucocorticoid resistance and inflammation. European Neuropsychopharmacology, 
27(6), 554–559. https://doi.org/10.1016/j.euroneuro.2017.04.001 

Pariante, C. M., & Lightman, S. L. (2008). The HPA axis in major depression: classical theories and 
new developments. Trends in Neurosciences, 31(9), 464–468. 
https://doi.org/10.1016/j.tins.2008.06.006 

Parker, G., Tupling, H., & Brown, L. B. (1979). A Parental Bonding Instrument. British Journal of 
Medical Psychology, 52(1), 1–10. https://doi.org/10.1111/j.2044-8341.1979.tb02487.x 

Parkin, E. (2016). Mental health policy in England (Issue 07547). House of Commons Library. 
http://researchbriefings.parliament.uk/ResearchBriefing/Summary/CBP-7547 

Pascoe, M. C., Thompson, D. R., & Ski, C. F. (2017). Yoga, mindfulness-based stress reduction and 
stress-related physiological measures: A meta-analysis. Psychoneuroendocrinology, 86, 152–
168. https://doi.org/10.1016/J.PSYNEUEN.2017.08.008 

Patel, V., Chisholm, D., Parikh, R., Charlson, F. J., Degenhardt, L., … Whiteford, H. (2016). 
Addressing the burden of mental, neurological, and substance use disorders: key messages 
from Disease Control Priorities, 3rd edition. The Lancet, 387(10028), 1672–1685. 
https://doi.org/10.1016/S0140-6736(15)00390-6 

Patten, S. B., Wilkes, T. C. R., Williams, J. V. A., Lavorato, D. H., El-Guebaly, N., … Bulloch, A. G. M. 
(2015). Retrospective and prospectively assessed childhood adversity in association with major 
depression, alcohol consumption and painful conditions. Epidemiology and Psychiatric 
Sciences, 24(2), 158–165. https://doi.org/10.1017/S2045796014000018 

Patterson, P. H. (2009). Immune involvement in schizophrenia and autism: Etiology, pathology and 
animal models. Behavioural Brain Research, 204(2), 313–321. 
https://doi.org/10.1016/j.bbr.2008.12.016 

Pearson, R. M., Evans, J., Kounali, D., Lewis, G., Heron, J., … Stein, A. (2013). Maternal Depression 
During Pregnancy and the Postnatal Period. JAMA Psychiatry, 70(12), 1312. 
https://doi.org/10.1001/jamapsychiatry.2013.2163 

Pearson, T. A., Mensah, G. A., Alexander, R. W., Anderson, J. L., Cannon, R. O., … Vinicor, F. 
(2003). Markers of Inflammation and Cardiovascular Disease. Circulation, 107(3), 499–511. 
https://doi.org/10.1161/01.CIR.0000052939.59093.45 

Pepys, M. B., & Hirschfield, G. M. (2003). C-reactive protein: a critical update. Journal of Clinical 
Investigation, 111(12), 1805–1812. https://doi.org/10.1172/JCI200318921 

Pereda, N., & Díaz-Faes, D. A. (2020). Family violence against children in the wake of COVID-19 
pandemic: a review of current perspectives and risk factors. Child and Adolescent Psychiatry 
and Mental Health, 14(1), 40. https://doi.org/10.1186/s13034-020-00347-1 

Perry, B. I., Upthegrove, R., Kappelmann, N., Jones, P. B., Burgess, S., & Khandaker, G. M. (2021). 
Associations of immunological proteins/traits with schizophrenia, major depression and bipolar 
disorder: A bi-directional two-sample mendelian randomization study. Brain, Behavior, and 
Immunity. https://doi.org/10.1016/j.bbi.2021.07.009 

Peyrot, W. J., Milaneschi, Y., Abdellaoui, A., Sullivan, P. F., Hottenga, J. J., … Penninx, B. W. J. H. 
(2014). Effect of polygenic risk scores on depression in childhood trauma. British Journal of 
Psychiatry, 205(2), 113–119. https://doi.org/10.1192/bjp.bp.113.143081 

Peyrot, W. J., Van der Auwera, S., Milaneschi, Y., Dolan, C. V., Madden, P. A. F., … Sullivan, P. F. 
(2018). Does Childhood Trauma Moderate Polygenic Risk for Depression? A Meta-analysis of 
5765 Subjects From the Psychiatric Genomics Consortium. Biological Psychiatry, 84(2), 138–
147. https://doi.org/10.1016/j.biopsych.2017.09.009 

Pierce, M., Hope, H., Ford, T., Hatch, S., Hotopf, M., … Abel, K. M. (2020). Mental health before and 
during the COVID-19 pandemic: a longitudinal probability sample survey of the UK population. 
The Lancet Psychiatry, 7(10), 883–892. https://doi.org/10.1016/S2215-0366(20)30308-4 

Pillay, V., Savage, N., & Laburn, H. (1994). Circulating cytokine concentrations and cytokine 
production by monocytes from newborn babies and adults. Pflugers Archiv European Journal of 
Physiology, 428(3–4), 197–201. https://doi.org/10.1007/BF00724497 

Pimlott-Kubiak, S., & Cortina, L. M. (2003). Gender, victimization, and outcomes: Reconceptualizing 
risk. Journal of Consulting and Clinical Psychology, 71(3), 528–539. 
https://doi.org/10.1037/0022-006X.71.3.528 

Pingault, J.-B., O’Reilly, P. F., Schoeler, T., Ploubidis, G. B., Rijsdijk, F., & Dudbridge, F. (2018). 
Using genetic data to strengthen causal inference in observational research. Nature Reviews 
Genetics, 19(9), 566–580. https://doi.org/10.1038/s41576-018-0020-3 

Pinquart, M., & Duberstein, P. R. (2010). Depression and cancer mortality: A meta-analysis. 



 440 

Psychological Medicine, 40(11), 1797–1810. https://doi.org/10.1017/S0033291709992285 
Pinto Pereira, S. M., Stein Merkin, S., Seeman, T., & Power, C. (2019). Understanding associations of 

early-life adversities with mid-life inflammatory profiles: Evidence from the UK and USA. Brain, 
Behavior, and Immunity, 78, 143–152. https://doi.org/10.1016/J.BBI.2019.01.016 

Pizzagalli, D. A. (2014). Depression, Stress, and Anhedonia: Toward a Synthesis and Integrated 
Model. Annual Review of Clinical Psychology, 10(1), 393–423. https://doi.org/10.1146/annurev-
clinpsy-050212-185606 

Plant, D. T., Pawlby, S., Sharp, D., Zunszain, P. A., & Pariante, C. M. (2016). Prenatal maternal 
depression is associated with offspring inflammation at 25 years: a prospective longitudinal 
cohort study. Translational Psychiatry, 6(11), e936–e936. https://doi.org/10.1038/tp.2015.155 

Plant, E. A., & Sachs-Ericsson, N. (2004). Racial and Ethnic Differences in Depression: The Roles of 
Social Support and Meeting Basic Needs. Journal of Consulting and Clinical Psychology, 72(1), 
41–52. https://doi.org/10.1037/0022-006X.72.1.41 

Plomin, R, Owen, M., & McGuffin, P. (1994). The genetic basis of complex human behaviors. 
Science, 264(5166), 1733–1739. https://doi.org/10.1126/science.8209254 

Plomin, Robert, DeFries, J. C., McClearn, G. E., & McGuffin, P. (2008). Behavioral Genetics (5th 
edition). Cambridge University Press. https://doi.org/10.1375/twin.11.2.245 

Ploubidis, G. B., Benova, L., Grundy, E., Laydon, D., & DeStavola, B. (2014). Lifelong Socio 
Economic Position and biomarkers of later life health: Testing the contribution of competing 
hypotheses. Social Science & Medicine, 119, 258–265. 
https://doi.org/10.1016/J.SOCSCIMED.2014.02.018 

Polanczyk, G., Caspi, A., Williams, B., Prince, T. S., Danese, A., … Moffitt, T. E. (2009). Protective 
Effect of CRHR1 Gene Variants on the Development of Adult Depression Following Childhood 
Maltreatment. Arch Gen Psychiatry, 66(9), 978–985. 
https://doi.org/10.1001/archgenpsychiatry.2009.114.Protective 

Prasad, S., Sung, B., & Aggarwal, B. B. (2012). Age-associated chronic diseases require age-old 
medicine: Role of chronic inflammation. Preventive Medicine, 54(Suppl), S29–S37. 
https://doi.org/10.1016/j.ypmed.2011.11.011 

Prenoveau, J. M. (2016). Specifying and Interpreting Latent State–Trait Models With Autoregression: 
An Illustration. Structural Equation Modeling, 23(5), 731–749. 
https://doi.org/10.1080/10705511.2016.1186550 

Price, A. L., Patterson, N. J., Plenge, R. M., Weinblatt, M. E., Shadick, N. A., & Reich, D. (2006). 
Principal components analysis corrects for stratification in genome-wide association studies. 
Nature Genetics, 38(8), 904–909. https://doi.org/10.1038/ng1847 

Price, M., Spinazzola, J., Musicaro, R., Turner, J., Suvak, M., … Van Der Kolk, B. (2017). 
Effectiveness of an Extended Yoga Treatment for Women with Chronic Posttraumatic Stress 
Disorder. Journal of Alternative and Complementary Medicine, 23(4), 300–309. 
https://doi.org/10.1089/acm.2015.0266 

Pryce, C. R., Rüedi-Bettschen, D., Dettling, A. C., Weston, A., Russig, H., … Feldon, J. (2005). Long-
term effects of early-life environmental manipulations in rodents and primates: Potential animal 
models in depression research. Neuroscience & Biobehavioral Reviews, 29(4–5), 649–674. 
https://doi.org/10.1016/j.neubiorev.2005.03.011 

Psarraki, E. E., Kokka, I., Bacopoulou, F., Chrousos, G. P., Artemiadis, A., & Darviri, C. (2021). Is 
there a relation between major depression and hair cortisol? A systematic review and meta-
analysis. Psychoneuroendocrinology, 124, 105098. 
https://doi.org/10.1016/j.psyneuen.2020.105098 

Public Health England. (2021). COVID-19: mental health and wellbeing surveillance report - GOV.UK. 
https://www.gov.uk/government/publications/covid-19-mental-health-and-wellbeing-surveillance-
report 

Quan, N., & Banks, W. A. (2007). Brain-immune communication pathways. Brain, Behavior, and 
Immunity, 21(6), 727–735. https://doi.org/10.1016/j.bbi.2007.05.005 

Radloff, L. S. (1977). The CES-D Scale: A Self-Report Depression Scale for Research in the General 
Population. Applied Psychological Measurement, 1(3), 385–401. 
https://journals.sagepub.com/doi/pdf/10.1177/014662167700100306 

Rasmussen, L. J. H., Moffitt, T. E., Arseneault, L., Danese, A., Eugen-Olsen, J., … Caspi, A. (2020). 
Association of Adverse Experiences and Exposure to Violence in Childhood and Adolescence 
with Inflammatory Burden in Young People. JAMA Pediatrics, 174(1), 38–47. 
https://doi.org/10.1001/jamapediatrics.2019.3875 

Ravelle, W. (2021). psych: Procedures for Psychological, Psychometric, and Personality Research. 
https://doi.org/https://CRAN.R-project.org/package=psych 



 441 

Read, J. R., Sharpe, L., Modini, M., & Dear, B. F. (2017). Multimorbidity and depression: A systematic 
review and meta-analysis. Journal of Affective Disorders, 221, 36–46. 
https://doi.org/10.1016/j.jad.2017.06.009 

Reichenberg, A., Yirmiya, R., Schuld, A., Kraus, T., Haack, M., … Pollmächer, T. (2001). Cytokine-
associated emotional and cognitive disturbances in humans. Archives of General Psychiatry, 
58(5), 445–452. https://doi.org/10.1001/archpsyc.58.5.445 

Reinherz, H. Z., Paradis, A. D., Giaconia, R. M., Stashwick, C. K., & Fitzmaurice, G. (2003). 
Childhood and adolescent predictors of major depression in the transition to adulthood. 
American Journal of Psychiatry, 160(12), 2141–2147. 
https://doi.org/10.1176/appi.ajp.160.12.2141 

Reuben, A., Moffitt, T. E., Caspi, A., Belsky, D. W., Harrington, H., … Danese, A. (2016). Lest we 
forget: comparing retrospective and prospective assessments of adverse childhood experiences 
in the prediction of adult health. Journal of Child Psychology and Psychiatry, 57(10), 1103–1112. 
https://doi.org/10.1111/jcpp.12621 

Ribeiro, M. A. (1997). C-reactive protein. Brazilian Journal of Medical and Biological Research, 30(9), 
1055–1059. 
https://pdfs.semanticscholar.org/5678/0670632b5d7dee731281078008e0e040fb1a.pdf 

Ridout, K. K., Parade, S. H., Seifer, R., Price, L. H., Gelernter, J., … Tyrka, A. R. (2014). Interleukin 
1B gene ( IL1B ) variation and internalizing symptoms in maltreated preschoolers. Development 
and Psychopathology, 26(4pt2), 1277–1287. https://doi.org/10.1017/S0954579414001023 

Rietschel, L., Streit, F., Zhu, G., McAloney, K., Frank, J., … Rietschel, M. (2017). Hair Cortisol in 
Twins: Heritability and Genetic Overlap with Psychological Variables and Stress-System Genes. 
Scientific Reports, 7(1). https://doi.org/10.1038/s41598-017-11852-3 

Riglin, L., Petrides, K. V., Frederickson, N., & Rice, F. (2014). The relationship between emotional 
problems and subsequent school attainment: A meta-analysis. Journal of Adolescence, 37(4), 
335–346. https://doi.org/10.1016/j.adolescence.2014.02.010 

Ripley, B., Venables, B., Bates, D. M., Hornik, K., Gebhardt, A., & Firth, D. (2019). Package “MASS.” 
http://www.stats.ox.ac.uk/pub/MASS4/ 

Rivera Rivera, Y., & Vazquez Santiago, F. J. (2016). Impact of Depression and Inflammation on the 
Progression of HIV Disease. Journal of Clinical & Cellular Immunology, 7(3). 
https://doi.org/10.4172/2155-9899.1000423 

Robinson, M., Mattes, E., Oddy, W. H., Pennell, C. E., Van Eekelen, A., … Newnham, J. P. (2011). 
Prenatal stress and risk of behavioral morbidity from age 2 to 14 years: The influence of the 
number, type, and timing of stressful life events. Development and Psychopathology, 23(2), 
507–520. https://doi.org/10.1017/S0954579411000241 

Rodda, J., Walker, Z., & Carter, J. (2011). Depression in older adults. BMJ, 343, d5219–d5219. 
https://doi.org/10.1136/bmj.d5219 

Rodríguez, M. R., Nuevo, R., Chatterji, S., & Ayuso-Mateos, J. L. (2012). Definitions and factors 
associated with subthreshold depressive conditions: a systematic review. BMC Psychiatry, 
12(1), 181. https://doi.org/10.1186/1471-244X-12-181 

Roelofs, J., Muris, P., Braet, C., Arntz, A., & Beelen, I. (2014). The Structured Clinical Interview for 
DSM-IV Childhood Diagnoses (Kid-SCID): First Psychometric Evaluation in a Dutch Sample of 
Clinically Referred Youths. Child Psychiatry and Human Development, 46(3), 367–375. 
https://doi.org/10.1007/s10578-014-0477-z 

Rohleder, N. (2014). Stimulation of Systemic Low-grade Inflammation by Psychosocial Stress. 
Psychosomatic Medicine, 76(3), 181–189. https://doi.org/10.1097/psy.0000000000000049 

Rosenman, S., & Rodgers, B. (2004). Childhood adversity in an Australian population. Social 
Psychiatry and Psychiatric Epidemiology, 39(9), 695–702. https://doi.org/10.1007/s00127-004-
0802-0 

Rosseel, Y. (2012). lavaan: An R Package for Structural Equation Modeling. Journal Of Statistical 
Software, 48(2), 1–36. 

Rowe, S. K., & Rapaport, M. H. (2006). Classification and treatment of sub-threshold depression. 
Current Opinion in Psychiatry, 19(1), 9–13. https://doi.org/10.1097/01.yco.0000194148.26766.ba 

Rubin, D. B. (2004). Multiple Imputation for Nonresponse in Surveys. John Wiley and Sons. 
Rueger, S. Y., Malecki, C. K., Pyun, Y., Aycock, C., & Coyle, S. (2016). A meta-analytic review of the 

association between perceived social support and depression in childhood and adolescence. 
Psychological Bulletin, 142(10), 1017–1067. https://doi.org/10.1037/bul0000058 

Ruhé, H. G., Mason, N. S., & Schene, A. H. (2007). Mood is indirectly related to serotonin, 
norepinephrine and dopamine levels in humans: a meta-analysis of monoamine depletion 
studies. Molecular Psychiatry, 12(4), 331–359. https://doi.org/10.1038/sj.mp.4001949 



 442 

Ruotsalainen, S. E., Partanen, J. J., Cichonska, A., Lin, J., Benner, C., … Koskela, J. (2020). An 
expanded analysis framework for multivariate GWAS connects inflammatory biomarkers to 
functional variants and disease. European Journal of Human Genetics, 29(2), 309–324. 
https://doi.org/10.1038/s41431-020-00730-8 

Rutter, M. (1989). Isle of Wight Revisited: Twenty-five Years of Child Psychiatric Epidemiology. 
Journal of the American Academy of Child & Adolescent Psychiatry, 28(5), 633–653. 
https://doi.org/10.1097/00004583-198909000-00001 

Salari, N., Hosseinian-Far, A., Jalali, R., Vaisi-Raygani, A., Rasoulpoor, S., … Khaledi-Paveh, B. 
(2020). Prevalence of stress, anxiety, depression among the general population during the 
COVID-19 pandemic: a systematic review and meta-analysis. Globalization and Health, 16(1), 
57. https://doi.org/10.1186/s12992-020-00589-w 

Sanders, M. R., Bor, W., & Morawska, A. (2007). Maintenance of treatment gains: A comparison of 
enhanced, standard, and self-directed Triple P-Positive Parenting Program. Journal of Abnormal 
Child Psychology, 35(6), 983–998. https://doi.org/10.1007/s10802-007-9148-x 

Sapolsky, R. M., Romero, L. M., & Munck, A. U. (2000). How Do Glucocorticoids Influence Stress 
Responses ? Preparative Actions. Endocrine Reviews, 21(April), 55–89. 
https://doi.org/10.1210/er.21.1.55 

Sas, A. A., Vaez, A., Jamshidi, Y., Nolte, I. M., Kamali, Z., … Snieder, H. (2017). Genetic and 
environmental influences on stability and change in baseline levels of C-reactive protein: A 
longitudinal twin study. Atherosclerosis, 265, 172–178. 
https://doi.org/10.1016/j.atherosclerosis.2017.08.008 

Schedlowski, M., Engler, H., & Grigoleit, J.-S. (2014). Endotoxin-induced experimental systemic 
inflammation in humans: A model to disentangle immune-to-brain communication. Brain, 
Behavior, and Immunity, 35, 1–8. https://doi.org/10.1016/j.bbi.2013.09.015 

Schisterman, E. F., Cole, S. R., & Platt, R. W. (2009). Overadjustment bias and unnecessary 
adjustment in epidemiologic studies. Epidemiology (Cambridge, Mass.), 20(4), 488–495. 
https://doi.org/10.1097/EDE.0b013e3181a819a1 

Schmaal, L., Veltman, D. J., Van Erp, T. G. M., Smann, P. G., Frodl, T., … Hibar, D. P. (2016). 
Subcortical brain alterations in major depressive disorder: Findings from the ENIGMA Major 
Depressive Disorder working group. Molecular Psychiatry, 21(6), 806–812. 
https://doi.org/10.1038/mp.2015.69 

Schoeler, T., Choi, S. W., Dudbridge, F., Baldwin, J., Duncan, L., … Pingault, J. B. (2019). Multi-
Polygenic Score Approach to Identifying Individual Vulnerabilities Associated with the Risk of 
Exposure to Bullying. JAMA Psychiatry, 76(7), 730–738. 
https://doi.org/10.1001/jamapsychiatry.2019.0310 

Schoeler, T., Duncan, L., Cecil, C. M., Ploubidis, G. B., & Pingault, J. B. (2018). Quasi-experimental 
evidence on short- and long-term consequences of bullying victimization: A meta-analysis. 
Psychological Bulletin, 144(12), 1229–1246. https://doi.org/10.1037/bul0000171 

Schreier, H. M. C., Roy, L. B., Frimer, L. T., & Chen, E. (2014). Family Chaos and Adolescent 
Inflammatory Profiles. Psychosomatic Medicine, 76(6), 460–467. 
https://doi.org/10.1097/PSY.0000000000000078 

Schuch, F. B., Vancampfort, D., Richards, J., Rosenbaum, S., Ward, P. B., & Stubbs, B. (2016). 
Exercise as a treatment for depression: A meta-analysis adjusting for publication bias. Journal of 
Psychiatric Research, 77, 42–51. https://doi.org/10.1016/j.jpsychires.2016.02.023 

Schuch, F., Vancampfort, D., Firth, J., Rosenbaum, S., Ward, P., … Stubbs, B. (2017). Physical 
activity and sedentary behavior in people with major depressive disorder: A systematic review 
and meta-analysis. Journal of Affective Disorders, 210, 139–150. 
https://doi.org/10.1016/j.jad.2016.10.050 

Schwarzbach, M., Luppa, M., Forstmeier, S., König, H.-H., & Riedel-Heller, S. G. (2014). Social 
relations and depression in late life-A systematic review. International Journal of Geriatric 
Psychiatry, 29(1), 1–21. https://doi.org/10.1002/gps.3971 

Scott, K. M., McLaughlin, K. A., Smith, D. A. R., & Ellis, P. M. (2012). Childhood maltreatment and 
DSM-IV adult mental disorders: comparison of prospective and retrospective findings. The 
British Journal of Psychiatry, 200(6), 469–475. https://doi.org/10.1192/bjp.bp.111.103267 

Scott, S., Briskman, J., & O’Connor, T. G. (2014). Early prevention of antisocial personality: Long-
term follow-up of two randomized controlled trials comparing indicated and selective 
approaches. American Journal of Psychiatry, 171(6), 649–657. 
https://doi.org/10.1176/appi.ajp.2014.13050697 

Segal, D. S., Kuczenski, R., & Mandell, A. J. (1974). Theoretical implications of drug induced adaptive 
regulation for a biogenic amine hypothesis of affective disorder. Biological Psychiatry, 9(2), 147–



 443 

159. http://europepmc.org/article/MED/4154114 
Seitz, D., Purandare, N., & Conn, D. (2010). Prevalence of psychiatric disorders among older adults in 

long-term care homes: a systematic review. International Psychogeriatrics, 22(7), 1025–1039. 
https://doi.org/10.1017/S1041610210000608 

Selig, J. P., & Preacher, K. J. (2009). Mediation Models for Longitudinal Data in Developmental 
Research. Research in Human Development, 6(2–3), 144–164. 
https://doi.org/10.1080/15427600902911247 

Sethi, D., Yon, Y., Parekh, N., Anderson, T., Huber, J., … Meinck, F. (2018). European status report 
on preventing child maltreatment. http://www.euro.who.int/pubrequest 

Shafer, A. B. (2006). Meta-analysis of the factor structures of four depression questionnaires: Beck, 
CES-D, Hamilton, and Zung. Journal of Clinical Psychology, 62(1), 123–146. 
https://doi.org/10.1002/jclp.20213 

Shanahan, L., Copeland, W. E., Costello, E. J., & Angold, A. (2011). Child-, adolescent-and young 
adult-onset depressions: Differential risk factors in development? Psychological Medicine, 
41(11), 2265–2274. https://doi.org/10.1017/S0033291711000675 

Shao, N., Gong, Y., Wang, X., Wei, J., Shi, J., … Han, J. (2021). Effects of polygenic risk score, 
childhood trauma and resilience on depressive symptoms in Chinese adolescents in a three-
year cohort study. Journal of Affective Disorders, 282, 627–636. 
https://doi.org/10.1016/j.jad.2020.12.114 

Sharpley, C. F., Palanisamy, S. K. A., Glyde, N. S., Dillingham, P. W., & Agnew, L. L. (2014). An 
update on the interaction between the serotonin transporter promoter variant (5-HTTLPR), 
stress and depression, plus an exploration of non-confirming findings. Behavioural Brain 
Research, 273, 89–105. https://doi.org/10.1016/j.bbr.2014.07.030 

Shen, X., Howard, D. M., Adams, M. J., Hill, W. D., Clarke, T. K., … Whalley, H. C. (2020). A 
phenome-wide association and Mendelian Randomisation study of polygenic risk for depression 
in UK Biobank. Nature Communications, 11(1), 1–16. https://doi.org/10.1038/s41467-020-
16022-0 

Sheridan, M. A., & McLaughlin, K. A. (2014). Dimensions of early experience and neural 
development: deprivation and threat. Trends in Cognitive Sciences, 18(11), 580–585. 
https://doi.org/10.1016/j.tics.2014.09.001 

Shields, G. S., Spahr, C. M., & Slavich, G. M. (2020). Psychosocial Interventions and Immune System 
Function. JAMA Psychiatry, 77(10), 1031. https://doi.org/10.1001/jamapsychiatry.2020.0431 

Shimonovich, M., Pearce, A., Thomson, H., Keyes, K., & Katikireddi, S. V. (2020). Assessing causality 
in epidemiology: revisiting Bradford Hill to incorporate developments in causal thinking. 
European Journal of Epidemiology, 0123456789. https://doi.org/10.1007/s10654-020-00703-7 

Shirtcliff, E. A., Allison, A. L., Armstrong, J. M., Slattery, M. J., Kalin, N. H., & Essex, M. J. (2012). 
Longitudinal stability and developmental properties of salivary cortisol levels and circadian 
rhythms from childhood to adolescence. Developmental Psychobiology, 54(5), 493–502. 
https://doi.org/10.1002/dev.20607 

Sidpra, J., Abomeli, D., Hameed, B., Baker, J., & Mankad, K. (2021). Rise in the incidence of abusive 
head trauma during the COVID-19 pandemic. Archives of Disease in Childhood, 106(3), e14–
e14. https://doi.org/10.1136/archdischild-2020-319872 

Silverman, M. N., & Sternberg, E. M. (2012). Glucocorticoid regulation of inflammation and its 
functional correlates: from HPA axis to glucocorticoid receptor dysfunction. Annals of the New 
York Academy of Sciences, 1261(1), 55–63. https://doi.org/10.1111/j.1749-6632.2012.06633.x 

Simmons, J. G., Badcock, P. B., Whittle, S. L., Byrne, M. L., Mundy, L., … Allen, N. B. (2016). The 
lifetime experience of traumatic events is associated with hair cortisol concentrations in 
community-based children. Psychoneuroendocrinology, 63, 276–281. 
https://doi.org/10.1016/j.psyneuen.2015.10.004 

Simmons, N. E., Do, H. M., Lipper, M. H., & Laws, E. R. (2000). Cerebral atrophy in Cushing’s 
disease. Surgical Neurology, 53(1), 72–76. https://doi.org/10.1016/S0090-3019(99)00197-4 

Simon, A. K., Hollander, G. A., & McMichael, A. (2015). Evolution of the immune system in humans 
from infancy to old age. Proceedings of the Royal Society B: Biological Sciences, 282(1821). 
https://doi.org/10.1098/rspb.2014.3085 

Singham, T., Viding, E., Schoeler, T., Arseneault, L., Ronald, A., … Pingault, J. B. (2017). Concurrent 
and Longitudinal Contribution of Exposure to Bullying in Childhood to Mental Health: The Role of 
Vulnerability and Resilience. JAMA Psychiatry, 74(11), 1112–1119. 
https://doi.org/10.1001/jamapsychiatry.2017.2678 

Slavich, G. M., & Irwin, M. R. (2014). From stress to inflammation and major depressive disorder: A 
social signal transduction theory of depression. Psychological Bulletin, 140(3), 774–815. 



 444 

https://doi.org/10.1037/a0035302 
Slopen, N, McLaughlin, K. A., & Shonkoff, J. P. (2014). Interventions to improve cortisol regulation in 

children: a systematic review. Pediatrics, 133(2), 312–326. https://doi.org/10.1542/peds.2013-
1632 

Slopen, Natalie, Kubzansky, L. D., Mclaughlin, K. A., & Koenen, K. C. (2013). Childhood adversity 
and inflammatory processes in youth: A prospective study. Psychoneuroendocrinology, 38, 188–
200. https://doi.org/10.1016/j.psyneuen.2012.05.013 

Smith, K. J., Au, B., Ollis, L., & Schmitz, N. (2018). The association between C-reactive protein, 
Interleukin-6 and depression among older adults in the community: A systematic review and 
meta-analysis. Experimental Gerontology, 102, 109–132. 
https://doi.org/10.1016/j.exger.2017.12.005 

Smith, P., Dalgleish, T., & Meiser‐Stedman, R. (2019). Practitioner Review: Posttraumatic stress 
disorder and its treatment in children and adolescents. Journal of Child Psychology and 
Psychiatry, 60(5), 500–515. https://doi.org/10.1111/jcpp.12983 

Smoller, J. W., Andreassen, O. A., Edenberg, H. J., Faraone, S. V, Glatt, S. J., & Kendler, K. S. 
(2019). Psychiatric genetics and the structure of psychopathology. Molecular Psychiatry, 24(3), 
409–420. https://doi.org/10.1038/s41380-017-0010-4 

Solomon, A., Haaga, D. A. F., & Arnow, B. A. (2001). Is Clinical Depression Distinct from 
Subthreshold Depressive Symptoms? A Review of the Continuity Issue in Depression Research. 
The Journal of Nervous and Mental Disease, 189(8), 498–506. 
https://doi.org/10.1097/00005053-200108000-00002 

Somerville, L. H., Jones, R. M., & Casey, B. J. (2010). A time of change: Behavioral and neural 
correlates of adolescent sensitivity to appetitive and aversive environmental cues. Brain and 
Cognition, 72(1), 124–133. https://doi.org/10.1016/j.bandc.2009.07.003 

Soria, V., González-Rodríguez, A., Huerta-Ramos, E., Usall, J., Cobo, J., … Labad, J. (2018). 
Targeting hypothalamic-pituitary-adrenal axis hormones and sex steroids for improving cognition 
in major mood disorders and schizophrenia: a systematic review and narrative synthesis. 
Psychoneuroendocrinology, 93, 8–19. https://doi.org/10.1016/j.psyneuen.2018.04.012 

Stalder, T., & Kirschbaum, C. (2012). Analysis of cortisol in hair - State of the art and future directions. 
Brain, Behavior, and Immunity, 26(7), 1019–1029. https://doi.org/10.1016/j.bbi.2012.02.002 

Stalder, T., Steudte-Schmiedgen, S., Alexander, N., Klucken, T., Vater, A., … Miller, R. (2017). 
Stress-related and basic determinants of hair cortisol in humans: A meta-analysis. 
Psychoneuroendocrinology, 77, 261–274. https://doi.org/10.1016/j.psyneuen.2016.12.017 

Stalder, T., Steudte, S., Miller, R., Skoluda, N., Dettenborn, L., & Kirschbaum, C. (2012). 
Intraindividual stability of hair cortisol concentrations. Psychoneuroendocrinology, 37(5), 602–
610. https://doi.org/10.1016/j.psyneuen.2011.08.007 

Stallman, H. M., & Sanders, M. R. (2014). A Randomized Controlled Trial of Family Transitions Triple 
P: A Group-Administered Parenting Program to Minimize the Adverse Effects of Parental 
Divorce on Children. Journal of Divorce and Remarriage, 55(1), 33–48. 
https://doi.org/10.1080/10502556.2013.862091 

Stansfeld, S., & Rasul, F. (2006). Psychosocial factors, depression and illness. In A. Steptoe (Ed.), 
Depression and Physical Illness (pp. 19–50). Cambridge University Press. 

Starr, L. R., Stroud, C. B., Shaw, Z. A., & Vrshek-Schallhorn, S. (2020). Stress sensitization to 
depression following childhood adversity: Moderation by HPA axis and serotonergic multilocus 
profile scores. Development and Psychopathology, 1–15. 
https://doi.org/10.1017/S0954579420000474 

Staufenbiel, S. M., Penninx, B. W. J. H., de Rijke, Y. B., van den Akker, E. L. T., & van Rossum, E. F. 
C. (2015). Determinants of hair cortisol and hair cortisone concentrations in adults. 
Psychoneuroendocrinology, 60, 182–194. https://doi.org/10.1016/J.PSYNEUEN.2015.06.011 

Staufenbiel, S. M., Penninx, B. W. J. H., Spijker, A. T., Elzinga, B. M., & van Rossum, E. F. C. (2013). 
Hair cortisol, stress exposure, and mental health in humans: A systematic review. 
Psychoneuroendocrinology, 38(8), 1220–1235. https://doi.org/10.1016/j.psyneuen.2012.11.015 

Steel, J. L., Antoni, M., Pathak, R., Butterfield, L. H., Vodovotz, Y., … Geller, D. A. (2020). Adverse 
childhood experiences (ACEs), cell-mediated immunity, and survival in the context of cancer. 
Brain, Behavior, and Immunity, 88, 566–572. https://doi.org/10.1016/j.bbi.2020.04.050 

Stepanichev, M., Dygalo, N. N., Grigoryan, G., Shishkina, G. T., & Gulyaeva, N. (2014). Rodent 
Models of Depression: Neurotrophic and Neuroinflammatory Biomarkers. BioMed Research 
International, 2014, 1–20. https://doi.org/10.1155/2014/932757 

Steptoe, A. (2006). Biological and behavioural processes. In A. Steptoe (Ed.), Depression and 
Physical Illness (pp. 263–264). Cambridge University Press. 



 445 

Steptoe, A. (2019). Depression and negative emotions. In M. Kivimäki, G. D. Batty, I. Kawachi, & A. 
Steptoe (Eds.), The Routledge International Handbook of Psychosocial Epidemiology (pp. 136–
155). Routledge. 

Steptoe, A., Breeze, E., Banks, J., & Nazroo, J. (2013). Cohort profile: The English Longitudinal Study 
of Ageing. International Journal of Epidemiology, 42(6), 1640–1648. 
https://doi.org/10.1093/ije/dys168 

Steptoe, A., Hamer, M., & Chida, Y. (2007). The effects of acute psychological stress on circulating 
inflammatory factors in humans: A review and meta-analysis. Brain, Behavior, and Immunity, 
21(7), 901–912. https://doi.org/10.1016/j.bbi.2007.03.011 

Steptoe, A., Johnston, D. W., Johnston, M., Bellack, A. S., & Hersen, M. (2001). Psychophysiological 
bases of disease. Health Psychology, Vol. 8. Comprehensive Clinical Psychology., 39–78. 
https://doi.org/10.1016/B0080-4270(73)00086-9 

Steptoe, A., Marteau, T., Fonagy, P., & Abel, K. (2019). ACEs: Evidence, Gaps, Evaluation and 
Future Priorities. Social Policy and Society, 18(3), 415–424. 
https://doi.org/10.1017/S1474746419000149 

Steptoe, A., van Jaarsveld, C. H. M., Semmler, C., Plomin, R., & Wardle, J. (2009). Heritability of 
daytime cortisol levels and cortisol reactivity in children. Psychoneuroendocrinology, 34(2), 273–
280. https://doi.org/10.1016/j.psyneuen.2008.09.006 

Stetler, C., & Miller, G. E. (2011). Depression and hypothalamic-pituitary-adrenal activation: A 
quantitative summary of four decades of research. Psychosomatic Medicine, 73(2), 114–126. 
https://doi.org/10.1097/PSY.0b013e31820ad12b 

Steudte-Schmiedgen, S., Wichmann, S., Stalder, T., Hilbert, K., Muehlhan, M., … Beesdo-Baum, K. 
(2017). Hair cortisol concentrations and cortisol stress reactivity in generalized anxiety disorder, 
major depression and their comorbidity. Journal of Psychiatric Research, 84, 184–190. 
https://doi.org/10.1016/j.jpsychires.2016.09.024 

Steudte, S., Kirschbaum, C., Gao, W., Alexander, N., Schönfeld, S., … Stalder, T. (2013). Hair 
Cortisol as a Biomarker of Traumatization in Healthy Individuals and Posttraumatic Stress 
Disorder Patients. Biological Psychiatry, 74(9), 639–646. 
https://doi.org/10.1016/J.BIOPSYCH.2013.03.011 

Stevens, T. N., Ruggiero, K. J., Kilpatrick, D. G., Resnick, H. S., & Saunders, B. E. (2005). Variables 
Differentiating Singly and Multiply Victimized Youth: Results From the National Survey of 
Adolescents and Implications for Secondary Prevention. Child Maltreatment, 10(3), 211–223. 
https://doi.org/10.1177/1077559505274675 

Stevenson, A. J., McCartney, D. L., Harris, S. E., Taylor, A. M., Redmond, P., … Marioni, R. E. 
(2018). Trajectories of inflammatory biomarkers over the eighth decade and their associations 
with immune cell profiles and epigenetic ageing. Clinical Epigenetics, 10(1), 159. 
https://doi.org/10.1186/s13148-018-0585-x 

Stewart, J. C., Rand, K. L., Muldoon, M. F., & Kamarck, T. W. (2009). A prospective evaluation of the 
directionality of the depression-inflammation relationship. Brain, Behavior, and Immunity, 23(7), 
936–944. https://doi.org/10.1016/j.bbi.2009.04.011 

Stoltenborgh, M., Bakermans-Kranenburg, M. J., Alink, L. R. A., & van IJzendoorn, M. H. (2015). The 
Prevalence of Child Maltreatment across the Globe: Review of a Series of Meta-Analyses. Child 
Abuse Review , 24, 37–50. https://doi.org/10.1002/car.2353 

Stratakis, C. A., & Chrousos, G. P. (1995). Neuroendocrinology and pathophysiology of the stress 
system. Annals of the New York Academy of Sciences, 771, 1–18. 

Stroud, C. B., Chen, F. R., Doane, L. D., & Granger, D. A. (2018). Early adversity and internalizing 
symptoms in adolescence: Mediation by individual differences in latent trait cortisol. Dev 
Psychopathol, 1–16. https://doi.org/10.1017/S0954579418000044 

Sullivan, M. W., Bennett, D. S., & Lewis, M. (2013). Individual Differences in the Cortisol Responses 
of Neglected and Comparison Children. Child Maltreatment, 18(1), 8–16. 
https://doi.org/10.1177/1077559512449378 

Sullivan, P. F., Daly, M. J., Ripke, S., Lewis, C. M., Lin, D. Y., … Viktorin, A. (2013). A mega-Analysis 
of genome-wide association studies for major depressive disorder. Molecular Psychiatry, 18(4), 
497–511. https://doi.org/10.1038/mp.2012.21 

Sumner, J. A., Colich, N. L., Uddin, M., Armstrong, D., & McLaughlin, K. A. (2019). Early Experiences 
of Threat, but Not Deprivation, Are Associated With Accelerated Biological Aging in Children and 
Adolescents. Biological Psychiatry, 85(3), 268–278. 
https://doi.org/10.1016/j.biopsych.2018.09.008 

Sun, S., & Wang, S. (2015). The Children’s Depression Inventory in Worldwide Child Development 
Research: A Reliability Generalization Study. Journal of Child and Family Studies, 24(8), 2352–



 446 

2363. https://doi.org/10.1007/s10826-014-0038-x 
Sund, A. M., Larsson, B., & Wichstrøm, L. (2001). Depressive symptoms among young Norwegian 

adolescents as measured by The Mood and Feelings Questionnaire (MFQ). European Child & 
Adolescent Psychiatry, 10(4), 222–229. https://doi.org/10.1007/s007870170011 

Sweeney, A., Clement, S., Filson, B., & Kennedy, A. (2016). Trauma-informed mental healthcare in 
the UK: what is it and how can we further its development? Mental Health Review Journal, 
21(3), 174–192. https://doi.org/10.1108/MHRJ-01-2015-0006 

Takizawa, R., Danese, A., Maughan, B., & Arseneault, L. (2015). Bullying victimization in childhood 
predicts inflammation and obesity at mid-life: A five-decade birth cohort study. Psychological 
Medicine, 45(13), 2705–2715. https://doi.org/10.1017/S0033291715000653 

Tampubolon, G., & Maharani, A. (2017). When Did Old Age Stop Being Depressing? Depression 
Trajectories of Older Americans and Britons 2002–2012. American Journal of Geriatric 
Psychiatry, 25(11), 1187–1195. https://doi.org/10.1016/j.jagp.2017.06.006 

Tang, Y., Fung, E., Xu, A., & Lan, H.-Y. (2017). C-reactive protein and ageing. Clinical and 
Experimental Pharmacology and Physiology, 44, 9–14. https://doi.org/10.1111/1440-1681.12758 

Tartter, M., Hammen, C., Bower, J. E., Brennan, P. A., & Cole, S. (2015). Effects of chronic 
interpersonal stress exposure on depressive symptoms are moderated by genetic variation at 
IL6 and IL1β in youth. Brain, Behavior, and Immunity, 46, 104–111. 
https://doi.org/10.1016/j.bbi.2015.01.003 

Taylor-Robinson, D. C., Straatmann, V. S., & Whitehead, M. (2018). Adverse childhood experiences 
or adverse childhood socioeconomic conditions? The Lancet Public Health, 3(6), e262–e263. 
https://doi.org/10.1016/S2468-2667(18)30094-X 

Taylor, R. D., Oberle, E., Durlak, J. A., & Weissberg, R. P. (2017). Promoting Positive Youth 
Development Through School-Based Social and Emotional Learning Interventions: A Meta-
Analysis of Follow-Up Effects. Child Development, 88(4), 1156–1171. 
https://doi.org/10.1111/cdev.12864 

Tengku Mohd, T. A. M., Yunus, R. M., Hairi, F., Hairi, N. N., & Choo, W. Y. (2019). Social support and 
depression among community dwelling older adults in Asia: a systematic review. BMJ Open, 
9(7), e026667. https://doi.org/10.1136/bmjopen-2018-026667 

Tennant, C. (2002). Life events, stress and depression: A review of recent findings. Australian and 
New Zealand Journal of Psychiatry, 36(2), 173–182. https://doi.org/10.1046/j.1440-
1614.2002.01007.x 

Thapar, A., & McGuffin, P. (1998). Validity of the shortened Mood and Feelings Questionnaire in a 
community sample of children and adolescents: a preliminary research note. Psychiatry 
Research, 81(2), 259–268. https://doi.org/10.1016/S0165-1781(98)00073-0 

Thompson, M. P., Kingree, J. B., & Desai, S. (2004). Gender Differences in Long-Term Health 
Consequences of Physical Abuse of Children: Data from a Nationally Representative Survey. 
American Journal of Public Health, 94(4), 599–604. https://doi.org/10.2105/AJPH.94.4.599 

Thorisdottir, I. E., Asgeirsdottir, B. B., Kristjansson, A. L., Valdimarsdottir, H. B., Jonsdottir Tolgyes, E. 
M., … Halldorsdottir, T. (2021). Depressive symptoms, mental wellbeing, and substance use 
among adolescents before and during the COVID-19 pandemic in Iceland: a longitudinal, 
population-based study. The Lancet Psychiatry, 0(0). https://doi.org/10.1016/S2215-
0366(21)00156-5 

Tingley, D., Yamamoto, T., Hirose, K., Keele, L., & Imai, K. (2014). Mediation: R package for causal 
mediation analysis. Journal of Statistical Software, 59(5), 1–38. 
https://doi.org/10.18637/jss.v059.i05 

Tomitaka, S., Kawasaki, Y., & Furukawa, T. (2015). Right Tail of the Distribution of Depressive 
Symptoms Is Stable and Follows an Exponential Curve during Middle Adulthood. PLOS ONE, 
10(1), e0114624. https://doi.org/10.1371/journal.pone.0114624 

Tomitaka, S., Kawasaki, Y., Ide, K., Akutagawa, M., Ono, Y., & Furukawa, T. A. (2018). Distribution of 
item responses and total item scores for the Center for Epidemiologic Studies Depression Scale 
(CES-D): Data from the Irish Longitudinal Study on Ageing (TILDA). PLOS ONE, 13(8), 
e0202607. https://doi.org/10.1371/journal.pone.0202607 

Toth, S. L., Maughan, A., Manly, J. T., Spagnola, M., & Cicchetti, D. (2002). The relative efficacy of 
two interventions in altering maltreated preschool children’s representational models: 
Implications for attachment theory. Development and Psychopathology, 14(4), 877–908. 
https://doi.org/10.1017/S095457940200411X 

Tracy, M., Salo, M., Slopen, N., Udo, T., & Appleton, A. A. (2019). Trajectories of childhood adversity 
and the risk of depression in young adulthood: Results from the Avon Longitudinal Study of 
Parents and Children. Depression and Anxiety, 36(7), 596–606. 



 447 

https://doi.org/10.1002/da.22887 
Traub, F., & Boynton-Jarrett, R. (2017). Modifiable resilience factors to childhood adversity for clinical 

pediatric practice. In Pediatrics (Vol. 139, Issue 5). American Academy of Pediatrics. 
https://doi.org/10.1542/peds.2016-2569 

Trouton, A., Spinath, F. M., & Plomin, R. (2002). Twins Early Development Study (TEDS): A 
Multivariate, Longitudinal Genetic Investigation of Language, Cognition and Behavior Problems 
in Childhood. Twin Research, 5(5), 444–448. https://doi.org/10.1375/136905202320906255 

Ttofi, M. M., Farrington, D. P., Lösel, F., & Loeber, R. (2011). Do the victims of school bullies tend to 
become depressed later in life? A systematic review and meta‐analysis of longitudinal studies. 
Journal of Aggression, Conflict and Peace Research, 3(2), 63–73. 
https://doi.org/10.1108/17596591111132873 

Tucker-Drob, E. M., Grotzinger, A. D., Briley, D. A., Engelhardt, L. E., Mann, F. D., … Harden, K. P. 
(2017). Genetic influences on hormonal markers of chronic hypothalamic–pituitary–adrenal 
function in human hair. Psychological Medicine, 47(08), 1389–1401. 
https://doi.org/10.1017/S0033291716003068 

Turner, N., Joinson, C., Peters, T. J., Wiles, N., & Lewis, G. (2014). Validity of the Short Mood and 
Feelings Questionnaire in late adolescence. Psychological Assessment, 26(3), 752–762. 
https://doi.org/10.1037/a0036572 

Turpeinen, U., & Hämäläinen, E. (2013). Determination of cortisol in serum, saliva and urine. Best 
Practice & Research Clinical Endocrinology & Metabolism, 27, 795–801. 
https://doi.org/10.1016/j.beem.2013.10.008 

Tursich, M., Neufeld, R., Frewen, P. A., Harricharan, S., Kibler, J. L., … Lanius, R. A. (2014). 
Association of trauma exposure with proinflammatory activity: a transdiagnostic meta-analysis. 
Translational Psychiatry, 4, 413. https://doi.org/10.1038/tp.2014.56 

Turvey, C. L., Wallace, R. B., & Herzog, R. (1999). A revised CES-D measure of depressive 
symptoms and a DSM-based measure of major depressive episodes in the elderly. International 
Psychogeriatrics, 11(2), 139–148. https://doi.org/10.1017/S1041610299005694 

Tyrka, A. R., Price, L. H., Gelernter, J., Schepker, C., Anderson, G. M., & Carpenter, L. L. (2009). 
Interaction of Childhood Maltreatment with the Corticotropin-Releasing Hormone Receptor 
Gene: Effects on Hypothalamic-Pituitary-Adrenal Axis Reactivity. Biological Psychiatry, 66(7), 
681–685. https://doi.org/10.1016/j.biopsych.2009.05.012 

Tyrka, A. R., Wier, L., Price, L. H., Ross, N., Anderson, G. M., … Carpenter, L. L. (2008). Childhood 
Parental Loss and Adult Hypothalamic-Pituitary-Adrenal Function. Biological Psychiatry, 63(12), 
1147–1154. https://doi.org/10.1016/j.biopsych.2008.01.011 

Uher, R. (2014). Gene-environment interactions in severe mental illness. Frontiers in Psychiatry, 5, 1–
9. https://doi.org/10.3389/fpsyt.2014.00048 

Uher, R., & Zwicker, A. (2017). Etiology in psychiatry: embracing the reality of poly-gene-
environmental causation of mental illness. World Psychiatry, 16(2), 121–129. 
https://doi.org/10.1002/wps.20436 

Upham, J. W., Lee, P. T., Holt, B. J., Heaton, T., Prescott, S. L., … Holt, P. G. (2002). Development of 
interleukin-12-producing capacity throughout childhood. Infection and Immunity, 70(12), 6583–
6588. https://doi.org/10.1128/IAI.70.12.6583-6588.2002 

Usher, K., Bhullar, N., Durkin, J., Gyamfi, N., & Jackson, D. (2020). Family violence and COVID‐19: 
Increased vulnerability and reduced options for support. International Journal of Mental Health 
Nursing. https://doi.org/10.1111/inm.12735 

Valkanova, V., Ebmeier, K. P., & Allan, C. L. (2013). CRP, IL-6 and depression: A systematic review 
and meta-analysis of longitudinal studies. Journal of Affective Disorders, 150(3), 736–744. 
https://doi.org/10.1016/J.JAD.2013.06.004 

van Buuren, S. (2007). Multiple imputation of discrete and continuous data by fully conditional 
specification. Statistical Methods in Medical Research, 16(3), 219–242. 
https://doi.org/10.1177/0962280206074463 

Van den Bos, E., de Rooij, M., Miers, A. C., Bokhorst, C. L., & Westenberg, P. M. (2014). 
Adolescents’ Increasing Stress Response to Social Evaluation: Pubertal Effects on Cortisol and 
Alpha-Amylase During Public Speaking. Child Development, 85(1), 220–236. 
https://doi.org/10.1111/cdev.12118 

Van Der Kolk, B. A., Stone, L., West, J., Rhodes, A., Emerson, D., … Spinazzola, J. (2014). Yoga as 
an adjunctive treatment for posttraumatic stress disorder: A randomized controlled trial. Journal 
of Clinical Psychiatry, 75(6). https://doi.org/10.4088/JCP.13m08561 

VanderWeele, T. J., & Ding, P. (2017). Sensitivity Analysis in Observational Research: Introducing the 
E-Value. Annals of Internal Medicine, 167(4), 268–274. https://doi.org/10.7326/M16-2607 



 448 

Viding, E., Fontaine, N. M. G., Oliver, B. R., & Plomin, R. (2009). Negative parental discipline, conduct 
problems and callous-unemotional traits: Monozygotic twin differences study. British Journal of 
Psychiatry, 195(5), 414–419. https://doi.org/10.1192/bjp.bp.108.061192 

Vitaro, F., Brendgen, M., & Arseneault, L. (2009). The discordant MZ-twin method: One step closer to 
the holy grail of causality. International Journal of Behavioral Development, 33(4), 376–382. 
https://doi.org/10.1177/0165025409340805 

Walker, E. R., McGee, R. E., & Druss, B. G. (2015). Mortality in mental disorders and global disease 
burden implications a systematic review and meta-analysis. JAMA Psychiatry, 72(4), 334–341. 
https://doi.org/10.1001/jamapsychiatry.2014.2502 

Walsh, D., McCartney, G., Smith, M., & Armour, G. (2019). Relationship between childhood 
socioeconomic position and adverse childhood experiences (ACEs): a systematic review. 
Journal of Epidemiology and Community Health, 73(12), 1087–1093. 
https://doi.org/10.1136/jech-2019-212738 

Wang, J., Mann, F., Lloyd-Evans, B., Ma, R., & Johnson, S. (2018). Associations between loneliness 
and perceived social support and outcomes of mental health problems: A systematic review. 
BMC Psychiatry, 18(1). https://doi.org/10.1186/s12888-018-1736-5 

Ward, J., Graham, N., Strawbridge, R. J., Ferguson, A., Jenkins, G., … Smith, D. J. (2018). Polygenic 
risk scores for major depressive disorder and neuroticism as predictors of antidepressant 
response: Meta-analysis of three treatment cohorts. PLoS ONE, 13(9). 
https://doi.org/10.1371/journal.pone.0203896 

Ward, K., Medina, J., Mo, M., & Cox, K. (2009). ELSA Wave Three: Life History Interview A user 
guide to the data. National Centre for Social Research. 
https://www.ifs.org.uk/elsa/user_guides/Wave_3_Life_History_User_Guide.pdf 

Wardle, J., Carnell, S., Haworth, C. M. A., & Plomin, R. (2008). Evidence for a strong genetic 
influence on childhood adiposity despite the force of the obesogenic environment. American 
Journal of Clinical Nutrition, 87(2), 398–404. https://doi.org/10.1093/ajcn/87.2.398 

Ware, E. B., Schmitz, L. L., Faul, J., Gard, A., Mitchell, C., … Kardia, S. L. (2017). Heterogeneity in 
polygenic scores for common human traits. BioRxiv, 5, 106062. https://doi.org/10.1101/106062 

Warrier, V., Kwong, A. S. F., Luo, M., Dalvie, S., Croft, J., … Cecil, C. A. M. (2021). Gene–
environment correlations and causal effects of childhood maltreatment on physical and mental 
health: a genetically informed approach. The Lancet Psychiatry, 0(0). 
https://doi.org/10.1016/S2215-0366(20)30569-1 

Waszczuk, M. A., Zavos, H. M. S., & Eley, T. C. (2020). Why do depression, conduct, and 
hyperactivity symptoms co-occur across adolescence? The role of stable and dynamic genetic 
and environmental influences. European Child and Adolescent Psychiatry, 1, 3. 
https://doi.org/10.1007/s00787-020-01515-6 

Wei, J., Sun, G., Zhao, L., Yang, X., Liu, X., … Ma, X. (2015). Analysis of hair cortisol level in first-
episodic and recurrent female patients with depression compared to healthy controls. Journal of 
Affective Disorders, 175, 299–302. https://doi.org/10.1016/j.jad.2015.01.023 

Westermair, A. L., Stoll, A. M., Greggersen, W., Kahl, K. G., Hüppe, M., & Schweiger, U. (2018). All 
Unhappy Childhoods Are Unhappy in Their Own Way—Differential Impact of Dimensions of 
Adverse Childhood Experiences on Adult Mental Health and Health Behavior. Frontiers in 
Psychiatry, 9, 198. https://doi.org/10.3389/fpsyt.2018.00198 

White, J., Zaninotto, P., Walters, K., Kivimäki, M., Demakakos, P., … Batty, G. D. (2015). Severity of 
depressive symptoms as a predictor of mortality: The English longitudinal study of ageing. 
Psychological Medicine, 45(13), 2771–2779. https://doi.org/10.1017/S0033291715000732 

White, James, Kivimäki, M., Jokela, M., & Batty, G. D. (2017). Association of inflammation with 
specific symptoms of depression in a general population of older people: The English 
Longitudinal Study of Ageing. Brain, Behavior, and Immunity, 61, 27–30. 
https://doi.org/10.1016/j.bbi.2016.08.012 

White, James, Zaninotto, P., Walters, K., Kivimäki, M., Demakakos, P., … Batty, G. D. (2016). 
Duration of depressive symptoms and mortality risk: The English Longitudinal Study of Ageing 
(ELSA). British Journal of Psychiatry, 208(4), 337–342. 
https://doi.org/10.1192/bjp.bp.114.155333 

White, L. O., Ising, M., von Klitzing, K., Sierau, S., Michel, A., … Stalder, T. (2017). Reduced hair 
cortisol after maltreatment mediates externalizing symptoms in middle childhood and 
adolescence. Journal of Child Psychology and Psychiatry and Allied Disciplines, 58(9), 998–
1007. https://doi.org/10.1111/jcpp.12700 

Whiteford, H. A., Degenhardt, L., Rehm, J., Baxter, A. J., Ferrari, A. J., … Vos, T. (2013). Global 
burden of disease attributable to mental and substance use disorders: findings from the Global 



 449 

Burden of Disease Study 2010. The Lancet, 382(9904), 1575–1586. 
https://doi.org/10.1016/S0140-6736(13)61611-6 

Wielaard, I., Schaakxs, R., Comijs, H. C., Stek, M. L., & Rhebergen, D. (2018). The influence of 
childhood abuse on cortisol levels and the cortisol awakening response in depressed and 
nondepressed older adults. The World Journal of Biological Psychiatry, 19(6), 440–449. 
https://doi.org/10.1080/15622975.2016.1274829 

Wigmore, E. M., Hafferty, J. D., Hall, L. S., Howard, D. M., Clarke, T. K., … McIntosh, A. M. (2020). 
Genome-wide association study of antidepressant treatment resistance in a population-based 
cohort using health service prescription data and meta-analysis with GENDEP. 
Pharmacogenomics Journal, 20(2), 329–341. https://doi.org/10.1038/s41397-019-0067-3 

Wilkinson, P O, & Goodyer, I. M. (2011). Childhood adversity and allostatic overload of the 
hypothalamic-pituitary-adrenal axis: a vulnerability model for depressive disorders. Dev 
Psychopathol, 23(4), 1017–1037. https://doi.org/10.1017/S0954579411000472 

Wilkinson, Paul O., Trzaskowski, M., Haworth, C. M. A., & Eley, T. C. (2013). The role of gene-
environment correlations and interactions in middle childhood depressive symptoms. 
Development and Psychopathology, 25(1), 93–104. 
https://doi.org/10.1017/S0954579412000922 

Williams, L. M., Debattista, C., Duchemin, A. M., Schatzberg, A. F., & Nemeroff, C. B. (2016). 
Childhood trauma predicts antidepressant response in adults with major depression: Data from 
the randomized international study to predict optimized treatment for depression. Translational 
Psychiatry, 6(5), e799. https://doi.org/10.1038/tp.2016.61 

Willner, P., Scheel-Krüger, J., & Belzung, C. (2013). The neurobiology of depression and 
antidepressant action. Neuroscience & Biobehavioral Reviews, 37(10), 2331–2371. 
https://doi.org/10.1016/j.neubiorev.2012.12.007 

Witt, A., Münzer, A., Ganser, H. G., Fegert, J. M., Goldbeck, L., & Plener, P. L. (2016). Experience by 
children and adolescents of more than one type of maltreatment: Association of different classes 
of maltreatment profiles with clinical outcome variables. Child Abuse and Neglect, 57, 1–11. 
https://doi.org/10.1016/j.chiabu.2016.05.001 

Wittenberg, G. M., Stylianou, A., Zhang, Y., Sun, Y., Gupta, A., … Drevets, W. C. (2020). Effects of 
immunomodulatory drugs on depressive symptoms: A mega-analysis of randomized, placebo-
controlled clinical trials in inflammatory disorders. Molecular Psychiatry, 25(6), 1275–1285. 
https://doi.org/10.1038/s41380-019-0471-8 

Wood, A., Kroll, L., Moore, A., & Harrington, R. (1995). Properties of the Mood and Feelings 
Questionnaire in Adolescent Psychiatric Outpatients: A Research Note. Journal of Child 
Psychology and Psychiatry, 36(2), 327–334. https://doi.org/10.1111/j.1469-7610.1995.tb01828.x 

World Health Organization. (1992). The ICD-10 Classification of Mental and Behavioural Disorders. 
https://www.who.int/classifications/icd/en/bluebook.pdf 

World Health Organization. (2013). Mental Health Action Plan 2013-2020. https://doi.org/ISBN 978 92 
4 150602 1 

World Health Organization. (2017a). Depression and other common mental disorders: global health 
estimates. https://doi.org/10.1002/mas 

World Health Organization. (2017b). Mental health in the workplace. 
http://www.who.int/mental_health/world-mental-health-day/2017/en/ 

Wosu, A. C., Valdimarsdóttir, U., Shields, A. E., Williams, R., & Williams, M. A. (2014). Correlates of 
Cortisol in Human Hair: Implications for Epidemiologic Studies on Health Effects of Chronic 
Stress Adaeze. Annals of Epidemiology, 23(12), 797–811. 
https://doi.org/10.1016/j.annepidem.2013.09.006.Correlates 

Wray, N. R., Lee, S. H., Mehta, D., Vinkhuyzen, A. A. E., Dudbridge, F., & Middeldorp, C. M. (2014). 
Research Review: Polygenic methods and their application to psychiatric traits. Journal of Child 
Psychology and Psychiatry, 55(10), 1068–1087. https://doi.org/10.1111/jcpp.12295 

Wray, N. R., Ripke, S., Mattheisen, M., Trzaskowski, M., Byrne, E. M., … Sullivan, P. F. (2018). 
Genome-wide association analyses identify 44 risk variants and refine the genetic architecture of 
major depression. Nature Genetics, 50(5), 668–681. https://doi.org/10.1038/s41588-018-0090-3 

Wright, L., Steptoe, A., & Fancourt, D. (2020). Are we all in this together? Longitudinal assessment of 
cumulative adversities by socioeconomic position in the first 3 weeks of lockdown in the UK. 
Journal of Epidemiology and Community Health, 74(9), 683–688. https://doi.org/10.1136/jech-
2020-214475 

Wright, R. J., Finn, P., Contreras, J. P., Cohen, S., Wright, R. O., … Gold, D. R. (2004). Chronic 
caregiver stress and IgE expression, allergen-induced proliferation, and cytokine profiles in a 
birth cohort predisposed to atopy. Journal of Allergy and Clinical Immunology, 113(6), 1051–



 450 

1057. https://doi.org/10.1016/j.jaci.2004.03.032 
Wu, Q., & Kling, J. M. (2016). Depression and the Risk of Myocardial Infarction and Coronary Death. 

Medicine (United States), 95(6). https://doi.org/10.1097/MD.0000000000002815 
Xu, Z., Reynolds, G. P., Yuan, Y., Shi, Y., Pu, M., & Zhang, Z. (2016). TPH-2 polymorphisms interact 

with early life stress to influence response to treatment with antidepressant drugs. International 
Journal of Neuropsychopharmacology, 19(11), 1–8. https://doi.org/10.1093/ijnp/pyw070 

Yan, S. R., Qing, G., Byers, D. M., Stadnyk, A. W., Al-Hertani, W., & Bortolussi, R. (2004). Role of 
MyD88 in Diminished Tumor Necrosis Factor Alpha Production by Newborn Mononuclear Cells 
in Response to Lipopolysaccharide. Infection and Immunity, 72(3), 1223–1229. 
https://doi.org/10.1128/IAI.72.3.1223-1229.2004 

Yap, M. B. H., Pilkington, P. D., Ryan, S. M., & Jorm, A. F. (2014). Parental factors associated with 
depression and anxiety in young people: A systematic review and meta-analysis. Journal of 
Affective Disorders, 156, 8–23. https://doi.org/10.1016/j.jad.2013.11.007 

Yeager, M. P., Pioli, P. A., Collins, J., Barr, F., Metzler, S., … Guyre, P. M. (2016). Glucocorticoids 
enhance the in vivo migratory response of human monocytes. Brain, Behavior, and Immunity, 
54, 86–94. https://doi.org/10.1016/j.bbi.2016.01.004 

Yirmiya, R., & Goshen, I. (2011). Immune modulation of learning, memory, neural plasticity and 
neurogenesis. Brain, Behavior, and Immunity, 25(2), 181–213. 
https://doi.org/10.1016/j.bbi.2010.10.015 

Young, A. H. (2004). Cortisol in Mood Disorders. Stress, 7(4), 205–208. 
https://doi.org/10.1080/10253890500069189 

Zahodne, L. B., Gilsanz, P., Glymour, M. M., Gibbons, L. E., Brewster, P., … Gross, A. L. (2017). 
Comparing Variability, Severity, and Persistence of Depressive Symptoms as Predictors of 
Future Stroke Risk. The American Journal of Geriatric Psychiatry : Official Journal of the 
American Association for Geriatric Psychiatry, 25(2), 120–128. 
https://doi.org/10.1016/j.jagp.2016.10.009 

Zaninotto, P., & Steptoe, A. (2019). English Longitudinal Study of Ageing. In D. Gu & M. E. Dupre 
(Eds.), Encyclopedia of Gerontology and Population Aging (pp. 1–7). Springer International 
Publishing. https://doi.org/10.1007/978-3-319-69892-2_335-1 

Zhang, S., Lin, X., Yang, T., Zhang, S., Pan, Y., … Liu, J. (2020). Prevalence of childhood trauma 
among adults with affective disorder using the Childhood Trauma Questionnaire: A meta-
analysis. Journal of Affective Disorders, 276, 546–554. https://doi.org/10.1016/j.jad.2020.07.001 

Zhang, Y., Cecil, C. C. A. M., Barker, E. D., Mori, S., & Lau, J. Y. F. (2019). Dimensionality of Early 
Adversity and Associated Behavioral and Emotional Symptoms: Data from a Sample of 
Japanese Institutionalized Children and Adolescents. Child Psychiatry & Human Development, 
50(3), 425–438. https://doi.org/10.1007/s10578-018-0850-4 

Zhou, X., & Qiao, N. (2019). Association of Cortisol Levels With Neuropsychiatric Functions: A 
Mendelian Randomization Analysis. Frontiers in Endocrinology, 10. 
https://doi.org/10.3389/fendo.2019.00564 

Zivin, K., Llewellyn, D. J., Lang, I. A., Vijan, S., Kabeto, M. U., … Langa, K. M. (2010). Depression 
among older adults in the United States and England. American Journal of Geriatric Psychiatry, 
18(11), 1036–1044. https://doi.org/10.1097/JGP.0b013e3181dba6d2 

Zorn, J. V., Schür, R. R., Boks, M. P., Kahn, R. S., Joëls, M., & Vinkers, C. H. (2017). Cortisol stress 
reactivity across psychiatric disorders: A systematic review and meta-analysis. 
Psychoneuroendocrinology, 77, 25–36. https://doi.org/10.1016/j.psyneuen.2016.11.036 

 
 
 

 


	1. CHAPTER 1. LITERATURE REVIEW
	1.1. Chapter overview
	1.2. Depression
	1.2.1. Epidemiology
	1.2.2. Definition, diagnosis, and measurement
	1.2.3. Aetiology
	1.2.3.1. Biological factors
	1.2.3.2. Psychosocial factors


	1.3. Adverse childhood experiences (ACEs)
	1.3.1. Definition
	1.3.2. Epidemiology
	1.3.3. Research evidence for the association between ACEs and depression
	1.3.3.1. Early research and meta-analyses
	1.3.3.2. Timing and patterning of ACEs


	1.4. Psychobiological pathways linking ACEs with depression
	1.4.1. Physiology of the stress response in humans
	1.4.2. Neuroendocrine-inflammatory interactions
	1.4.3. Effects of glucocorticoids and inflammation on the brain and behaviour
	1.4.4. Biomarkers of HPA-axis function and inflammation
	1.4.5. Research evidence for the relationship of ACEs and depression with the HPA-axis and inflammation
	1.4.5.1. Association of ACEs with inflammation and HPA-axis function
	1.4.5.2. Association of inflammation and HPA-axis function with depression

	1.4.6. Gaps and limitations of the current evidence base
	1.4.6.1. Measurement of ACEs
	1.4.6.2. Timing of ACEs exposure and development of stress-related biological systems
	1.4.6.3. Measurement of inflammation and HPA-axis activity
	1.4.6.4. Heterogeneity of depressive symptoms
	1.4.6.5. Lack of evidence for mediation effects


	1.5. The interplay between ACEs and genetic factors
	1.5.1. Genetic influences on depression, HPA-axis function, and inflammation
	1.5.2. Candidate GxE studies
	1.5.3. Polygenic GxE studies
	1.5.4. Genetic confounding

	1.6. Summary of the literature review

	2.  CHAPTER 2. THESIS PURPOSE, AIMS, AND OBJECTIVES
	2.1. Purpose, aims, and objectives
	2.2. My contribution to the research presented in this thesis

	3. CHAPTER 3. STUDY 1: The long-term association of adverse childhood experiences with inflammation and cortisol in later life: Cumulative risk versus dimensions of adversity.
	3.1. Overview of the ELSA study
	3.2. Introduction
	3.3. Methods
	3.3.1. Sample
	3.3.2. Measures
	3.3.2.1. Adverse childhood experiences (ACEs)
	3.3.2.2. Biomarkers of systemic inflammation and HPA-axis function
	3.3.2.3. Covariates

	3.3.3. Statistical analyses

	3.4. Results
	3.4.1. Descriptive statistics
	3.4.2. ACEs cumulative score
	3.4.2.1. Associations with CRP
	3.4.2.2. Associations with hair cortisol

	3.4.3. ACEs dimensions
	3.4.3.1. EFA and CFA with cross-validation
	3.4.3.2. Associations with CRP and hair cortisol

	3.4.4. Sensitivity analyses

	3.5. Discussion
	3.5.1. Summary of main results
	3.5.2. Interpretation of results in relation to previous findings
	3.5.2.1. ACEs cumulative score
	3.5.2.2. ACEs dimensions

	3.5.3. Strengths, limitations, and suggestions for further research
	3.5.4. Conclusion


	4. CHAPTER 4. STUDY 2: Depression, hair cortisol, and inflammation in later life: The role of cognitive-affective and somatic symptoms.
	4.1. Introduction
	4.2. Methods
	4.2.1. Sample
	4.2.2. Measures
	4.2.2.1. Depressive symptoms
	4.2.2.2. Biomarkers of HPA-axis activity and systemic inflammation
	4.2.2.3. Covariates

	4.2.3. Statistical analyses

	4.3. Results
	4.3.1. Descriptive statistics
	4.3.2. TSO model results in the cortisol sample
	4.3.3. TSO model results in the CRP sample
	4.3.4. Sensitivity analyses

	4.4. Discussion
	4.4.1. Summary of main results
	4.4.2. Interpretation of results in relation to previous findings
	4.4.3. Implications
	4.4.4. Strengths, limitations, and suggestions for further research
	4.4.5. Conclusion


	5. CHAPTER 5. STUDY 3: Adverse childhood experiences and depression in later life: Longitudinal mediation effects of inflammation.
	5.1. Introduction
	5.2. Methods
	5.2.1. Sample
	5.2.2. Measures
	5.2.2.1. Depressive symptoms
	5.2.2.2. Adverse childhood experiences (ACEs)
	5.2.2.3. C-reactive Protein (CRP)
	5.2.2.4. Covariates

	5.2.3. Statistical analyses

	5.3. Results
	5.3.1. Descriptive statistics
	5.3.2. Unconditional parallel process LGC model of CRP and depressive symptoms
	5.3.3. Direct associations between ACEs, CRP, and depressive symptoms
	5.3.4. Mediation effects of CRP in the associations between ACEs and depressive symptoms (i.e. indirect effects)
	5.3.5. Sensitivity analyses

	5.4. Discussion
	5.4.1. Summary of main results
	5.4.2. Interpretation of results in relation to previous findings
	5.4.3. Strengths, limitations, and suggestions for further research
	5.4.4. Conclusion and implications


	6. CHAPTER 6. STUDY 4: Adverse childhood experiences and polygenic risk: Gene-environment interplay in depression, inflammation, and hair cortisol.
	6.1. Introduction
	6.2. Methods
	6.2.1. Sample
	6.2.2. Measures
	6.2.2.1. Adverse childhood experiences (ACEs)
	6.2.2.2. Depressive symptoms
	6.2.2.3. C-reactive protein (CRP)
	6.2.2.4. Hair cortisol
	6.2.2.5. Genetic scores
	6.2.2.6. Covariates

	6.2.3. Statistical analyses

	6.3. Results
	6.3.1. Descriptive statistics
	6.3.2. Depressive symptoms: G+E additive and GxE multiplicative interaction effects of ACEs and PGSs
	6.3.3. Repeated exposure to systemic inflammation: G+E additive and GxE multiplicative interaction effects of ACEs and PGSs
	6.3.4. Hair cortisol: G+E additive and GxE multiplicative interaction effects of ACEs and PGSs
	6.3.5. Sensitivity analyses

	6.4. Discussion
	6.4.1. Summary of main results
	6.4.2. Findings regarding depressive symptoms
	6.4.3. Findings regarding CRP
	6.4.4. Findings regarding hair cortisol
	6.4.5. Strengths and limitations
	6.4.6. Conclusion


	7.  CHAPTER 7. STUDY 5: Adverse childhood experiences, early-life cortisol, and depressive symptoms in young adulthood: A longitudinal genetically informed twin study.
	7.1. Overview of the TEDS study
	7.2. Introduction
	7.3. Methods
	7.3.1. Sample
	7.3.2. Measures
	7.3.2.1. Adverse childhood experiences (ACEs)
	7.3.2.2. Salivary cortisol
	7.3.2.3. Depressive symptoms
	7.3.2.4. Latent genetic risk scores
	7.3.2.5. Covariates

	7.3.3. Statistical analyses

	7.4. Results
	7.4.1. Descriptive statistics
	7.4.2. ACEs dimensions
	7.4.3. Genetic influences on cortisol and depressive symptoms
	7.4.4. Associations of ACEs with average daytime cortisol levels in adolescence (path a)
	7.4.5. Associations of average daytime cortisol levels and ACEs with depressive symptoms in early adulthood (paths b and c’)
	7.4.6. Mediation effects of average daytime cortisol levels in the relationship between ACEs and depressive symptoms
	7.4.7. Associations between ACEs, cortisol reactivity, and depressive symptoms
	7.4.8. Sensitivity analyses

	7.5. Discussion
	7.5.1. Summary of main findings
	7.5.2. Interpretation of findings in relation to previous evidence
	7.5.3. Strengths, limitations, and suggestions for future research
	7.5.4. Conclusion


	8. CHAPTER 8. STUDY 6: Adverse childhood experiences, early-life inflammation, and depressive symptoms in young adulthood: timing and patterning effects.
	8.1. Overview of the ALSPAC study
	8.2. Introduction
	8.3. Methods
	8.3.1. Sample
	8.3.2. Measures
	8.3.2.1. Adverse childhood experiences (ACEs)
	8.3.2.2. Early-life inflammation
	8.3.2.3. Depressive symptoms
	8.3.2.4. Covariates

	8.3.3. Statistical analyses
	8.3.3.1. ACEs dimensions
	8.3.3.2. Group-based trajectories of CRP and depressive symptoms
	8.3.3.3. Regression models and mediation analysis
	8.3.3.4. Multiple imputation
	8.3.3.5. Software


	8.4. Results
	8.4.1. Descriptive statistics
	8.4.2. ACEs dimensions
	8.4.3. Group-based trajectories of CRP and depressive symptoms
	8.4.4. Associations of ACEs with inflammation and depressive symptoms
	8.4.4.1. ACEs -1-0 years (prenatal period)
	8.4.4.2. ACEs 0-3 years (early childhood)
	8.4.4.3. ACEs 3-7 years (middle childhood)
	8.4.4.4. ACEs 7-12 years (late childhood)
	8.4.4.5. ACEs 12-18 years (adolescence)
	8.4.4.6. ACEs -1-18 years (entire childhood period)
	8.4.4.7 Sensitive period, recency, and accumulation effects of ACEs
	8.4.4.8. Sex differences in the associations of ACEs with CRP and depressive symptoms

	8.4.5. Associations between inflammation and depressive symptoms
	8.4.6. Mediation analysis
	8.4.7. Sensitivity analyses

	8.5. Discussion
	8.5.1. Summary of main findings
	8.5.2. Interpretation of findings
	8.5.2.1. Findings regarding depressive symptoms
	8.5.2.2. Findings regarding inflammation

	8.5.3. Strengths and limitations
	8.5.4. Conclusion


	9. CHAPTER 9. DISCUSSION
	9.1. Summary of the studies and main findings
	9.1.1. Study 1: The long-term association of adverse childhood experiences with inflammation and cortisol in later life: Cumulative risk versus dimensions of adversity.
	9.1.2. Study 2: Depression, hair cortisol, and inflammation in later life: The role of cognitive-affective and somatic symptoms.
	9.1.3. Study 3: Adverse childhood experiences and depression in later life: Longitudinal mediation effects of inflammation.
	9.1.4. Study 4: Adverse childhood experiences and polygenic risk: Gene-environment interplay in depression, inflammation, and hair cortisol.
	9.1.5. Study 5: Adverse childhood experiences, early-life cortisol, and depressive symptoms in young adulthood: A longitudinal genetically informed twin study.
	9.1.6. Study 6: Adverse childhood experiences, early-life inflammation, and depressive symptoms in young adulthood: timing and patterning effects.

	9.2. Methodological issues and limitations
	9.2.1. The study measures
	9.2.1.1. ACEs
	9.2.1.2. HPA-axis activity and systemic inflammation
	9.2.1.3. Depressive symptoms
	9.2.1.4. Genetic factors

	9.2.2. The study samples
	9.2.3. Causality

	9.3. Suggestions for future research
	9.4. Implications
	9.4.1. Preventing and reducing ACEs and ACE-related trauma through early interventions
	9.4.2. Psychosocial and lifestyle interventions for depression
	9.4.3. Reducing the biological embedding of ACEs through psychosocial and lifestyle interventions
	9.4.4. Pharmacological interventions for depression

	9.5. Impact of the COVID-19 pandemic on mental health and ACEs
	9.5.1. Initial impact of the pandemic on mental health
	9.5.2. Longer-term impact of the pandemic on mental health
	9.5.3. Impact on children’s mental health and ACEs

	9.6. Final conclusion

	PUBLICATIONS
	CONFERENCE PRESENTATIONS AND INVITED TALKS
	GRANTS
	AWARDS AND ACHIEVEMENTS
	APPENDICES
	Appendix A
	Appendix B
	Appendix C
	Appendix D
	Appendix E
	Appendix F

	REFERENCES



