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Abstract
Chronic physical illness of parents and children is highly prevalent worldwide,
has a large impact on families and can contribute to a child’s emotional and
behavioural problems.
This PhD thesis has three aims:
(1) to determine whether selected chronic physical illnesses in families during
early childhood (age 3) are associated with children’s mental health at ages 514;
(2) to investigate the potential pathways through which these associations may
function; and
(3) to identify trajectories in children’s mental health between ages 3-14.
This thesis used longitudinal data from the UK Millennium Cohort Study,
following children from age 3-14 years. Multivariable linear regression analysis
examined the long-term effect of growing up in households with physical
health stressors, including asthma, obesity, and chronic illness of a parent, on
children’s mental health, across the childhood-adolescence period. Structural
equation modelling tested the family stress model to explore potential
mediating pathways linking family chronic illness to adolescents’ adverse
mental health outcomes. Using growth mixture models, different trajectories of
mental health status between age 3 -14 were explored. A multinomial logistic
regression model examined physical health predictors for group membership.
Mothers’ chronic illness and childhood asthma at age 3 were associated with
worse mental health at age 5-14 in both sexes. Consistent with the family
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stress model, the effect of these two factors’ on adolescents’ mental health
were mediated by maternal mental health, family dysfunction and child selfesteem. Regarding trajectories of mental health scores between ages 3-14,
asthmatic children and those of chronically ill mothers tended to have a
significant change in pattern of their mental health trajectories over time,
compared to those without such conditions.
Evidence presented suggests that public health prevention and interventional
strategies targeting family and child physical health in the UK can have longterm benefits in improving children’s mental health.
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Impact statement
In an era when around one in eight children in the UK are classified as having
a mental health problem [1], and the cost of mental health conditions for the
NHS is higher than for any other disease [2], reducing mental health burden
in children is a public health priority. The obstacles that mental health problems
create for children are diverse, from psychological distress to a high likelihood
of continued mental health problems in adulthood and persistently
compromised health.
Although the early origins of mental health difficulties are thought to be in
childhood [1-4], there is a research gap in understanding how mental health
development varies according to the earlier risk exposures. The current
research has a unique opportunity to address this by examining the harmful
impact of family’s adverse physical health in early childhood on mental health
from childhood into adolescence. Furthermore, this study looks at specific
pathways, critical and sensitive periods of these exposures, and the possible
mechanism behind such an association. Such findings are important to
policymakers and healthcare professionals, as they lend support to the
integrated family-centred care approach to strategies aimed at reducing
mental health difficulties during childhood.
Knowledge of how children’s mental health changes over time is also limited.
Little research has investigated changes to mental health over the shift from
childhood to adolescence. This is a crucial period of development in which a
rise in suicide and self-harm risks exist [3, 4]. Such risks are greater for
children with mental ill health. Therefore, it is vital that policymakers,
practitioners and researchers better understand the ‘normal’ trajectory of
6

mental health symptoms for children, and in particular, identify the factors in
early life which may place some children, as they transition into adolescence,
at risk of mental health problems. For developmental psychopathology, this
period is thought to be a significant challenge.
This PhD research identifies different trajectories of mental health problems,
using a social-ecological framework, in order to give a deeper appreciation of
the natural pattern and features of mental health symptoms in children. The
study also offers insight into changes in child mental health through this
transition to adolescence when exposed to family physical health stressors.
The results give vital prognostic information concerning how chronically ill
children, or children of parents with chronic illness manage as they gradually
move into adolescence. Moreover, investigating the trajectories of mental
health problems over time can also inform the timing and construction of
interventions.
The present study has significant implications for clinical care. Data
concerning a medical history of child’s chronic illness or chronic parental
illness could aid to identify children at risk of mental health issues. It is also
important to investigate individual disorders in order to stratify risk
assessments. Interventions for enhancing resilience and psychological wellbeing in young children with chronic illness or with parental chronic illness may
contribute to avoiding the strain of such children’s emotional problems as
adults.
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"It is easier to build strong children than to repair broken men"
Frederick Douglass

Chapter 1: Introduction
Globally, the number of young children not achieving their full potential in terms
of development skills remains large [5, 6]. Inadequate socioemotional health
is considered to be a major risk factor preventing millions of young children
from reaching their developmental potentials thus influencing later well-being
and health [5, 7].
Mental health development early in childhood is linked to emotional, social,
professional, and academic skills in later life [8, 9]. Sufficient emotional and
social skills aid children to persevere with challenging tasks, to effectively seek
support when needed, and to consider their actions [10]. As academic skills
are frequently considered the priority, emotional and social skill development
might not always be foremost in parents’ minds. Nevertheless, research has
indicated that such emotional and social skills are vital for children to be
socially and academically successful [8].
The lowest chances for optimal mental health are given to children with early
exposure to adverse environments [11, 12]. These young experiences set the
foundations for strong mental health [13]. Disruptions in the developmental
process can impede children’s abilities in learning and social relationships —
with lifelong implications [14]. Although schools and other institutions play a
significant role in improving children’s mental health outcomes, the fact that
rapid brain development happens in a child’s first three years [15] emphasises
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the family’s importance as a site of opportunity [16, 17].
Adverse physical health conditions in their families subject a young child to
complex threats and demands, disrupting their lives and those of family
members as a whole, which could impede mental health development [18].
Also, young children’s emotional and behavioural well-being is directly linked
to their relationship with their caregivers [19]. Abusive, chronically neglectful,
threatening, or other psychologically damaging relationships constitute strong
risk factors for the early onset of mental health problems in young children. In
contrast, supportive and dependably responsive relationships can shield
young children from the consequences of other stressors. Therefore, limiting
the impact of physical health stressors on children involves reducing their
families’ stresses. By enhancing children’s early environments of relationships
and experiences, society may reduce many costly problems, including
homelessness, incarceration, and young peoples’ inability to leave school with
a qualification [13, 20].
While integrated care initiatives exist in England and elsewhere, not enough
attention has been given in these to the connection between physical and
mental health [21]. There is a marked lack of literature concerning the many
possible challenges for young people during chronic family illness. This is a
significant yet understudied public health area. In particular, the psychosocial
risk factors potentially mediating these exposures’ effects, which will be shed
the light on, at least partially, in this research.
To address these issues, the UK government’s most current and national
representative dataset, the Millennium Cohort Study (MCS), is used in this
thesis and an ecological model of child development [22, 23] is applied as a
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theoretical framework to map out risk factors that are obtained from the MCS
data. The goal is to provide new information using the MCS data about various
risk factors young children in the UK are currently exposed to, with a particular
focus on the family’s health. The causal pathways between these exposures
and children’s developmental outcomes, including mental health, will be
examined in order to uncover more about how children grow up to become
functional or dysfunctional young adults. Moreover, although much
developmental literature concentrates on the mother’s role in a child’s early
years, the research in this thesis investigates the significance of both the
mother’s and father’s presence, health, behaviour and caregiving for young
children on their mental health.
Furthermore, this research had a unique opportunity to examine the stability
and change in child mental health over an 11-year period from child ages 3 to
14 years; to assess how the growth trajectories of the a child’s mental health
vary across the childhood-adolescence period, and to identify the
characteristics and predictors of membership in a stable, increasing, or
decreasing mental health trajectories.
Three common (prevalence >10% in the MCS) adverse physical health
conditions, asthma, obesity, and chronic illness of a parent, are examined in
this thesis as main exposures. Mental health problems including total
socioemotional difficulties, internalising and externalising problems are being
investigated as the outcome of the prementioned exposures.
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Thesis structure
This thesis is structured as follows. Chapter 2 starts with a brief introduction,
followed by a description of the importance of the main outcome, mental
health. The main theoretical models behind this research are then discussed.
This will be followed by introducing the main exposures in this research: child
ill health (specifically asthma and obesity) and parent’s ill health (parental
chronic illness) and the literature related to their impact on a child’s mental
health. Possible pathways for these associations are then proposed and child
mental health trajectories and their related literature are then outlined. Chapter
2 ends by delineating previous research gaps, and with a proposal for how to
overcome them.
In Chapter 3, the aim, objectives and conceptual framework of the research
for this thesis are described.
Chapter 4 presented the dataset used in this thesis, the Millennium Cohort
Study, study sample, and variables used for all analyses. The way outcomes,
exposures and all covariates were operationalised, in other words coded and
classified, is described in chapter 4.
Chapter 5 gives a description of the statistical methods used for the analysis
of this thesis’s different models, including regression, path and growth models.
Moreover, how missing data are dealt with is also discussed in chapter 5.
Chapter 6 covers all analyses that have been carried out using the MCS
dataset. In the first section the descriptive statistics of the study sample are
provided. In the second, the association is tested between mental health

30

scores and the three main exposures (parent’s chronic illness, child asthma,
and obesity). The third section discusses the testing of mediating pathways to
explain mechanisms that underlie the predictive effects of physical illness on
child mental health. In the fourth section, different trajectories of mental health
outcomes are identified, and whether these identified trajectories are
differently associated with the selected physical health condition. The chapter
ends with an overall summary of the presented results.
Finally, in Chapter 7, a summary of the key results in terms of all objectives
and hypotheses is presented. This is followed by a discussion of the strengths
and limitations of the research, comparing the current research findings with
those from other studies, providing implications for further research and policy,
and a conclusion
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Chapter 2: Literature review
2.1 Introduction
Globally, one of the greatest burdens on young people in the current century
is mental health problems [24]. Around half of these psychological problems
have their onset before the age of 14 years [25, 26], and these tend to continue
throughout childhood and adolescence into adulthood. There are several risk
factors that affect children’s likelihood of developing mental ill-health. This
research is focused on the importance of one of these factors, the physical
health within the family in which children live.
To reach a full understanding of how such family ill health contributes to
children’s mental health, the literature review begins with an outline of the
definition, importance, and burden of childhood mental health, which is the
main outcome of this research. Then, theoretical models used as a foundation
to build this study, addressing the importance of the child’s surrounding
environment, are discussed. This is followed by a highlighting of the
importance of the early childhood period as a time of vulnerability and
opportunity [27, 28]. Then, the association between early childhood selected
adverse physical health conditions, including asthma, obesity, and chronic
illness of a parent, and mental health problems are explored.
The research is further extended in order to explore mechanisms that might
explain the relationship between physical health stressors and children’s
mental health. Its theoretical underpinning and the factors which may go some
way to explain the relationship between family ill health and children’s mental
health are addressed. Finally, the literature and relative theoretical
background to children’s mental health trajectories are explored.
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2.2 Mental health in early childhood
2.2.1 Definition of mental health
The 1995 Health Advisory Committee report in the UK stressed the importance
of defining terminology concerning children’s and young people’s mental
health as a lack of terminological clarity leads to doubt and confusion
surrounding their condition, its treatment and the allocation of resources [29].
‘Mental illness’ or ‘mental ill health’, also termed ‘mental health problems’ or
‘mental disorders’ imply a greater likelihood of clinically diagnosable illness,
ranging from anxiety and depression to more advanced psychiatric illness like
bipolar and schizophrenia in adulthood.
Children’s mental disorders are described as severe alternations in how they
learn, conduct themselves and manage their emotions. This can manifest as
socioemotional difficulties including behavioural, and emotional problems.
Behavioural problems, which are also called externalising disorders, refer to
aggression [30], antisocial behaviour, hyperactivity [31], inattention, and
conduct problems[32]. In comparison, emotional problems, also known as
internalising disorders, are characterised by depression, anxiety, and peer
relationship problems [33, 34]. Such disorders occur for various reasons,
frequently interacting with each other. In some situations, a change in a young
person’s external circumstances may largely resolve the issue [35]. These
behaviours can be symptomatic of underlying problems, either environmental
(e.g., parental conflict and poor parental behaviour) or developmental (e.g.,
autistic spectrum disorders) [36]. In contrast, mental well-being is more
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concerned with life satisfaction and happiness, in particular in people’s
feelings about their own lives [37]. This research focuses on the mental ill
health of children and adolescence, covering both behavioural and emotional
aspects.

2.2.2 Prevalence of mental ill health in the UK
It has been reported recently that one in eight children between 5 and 19 years
had at least one clinically diagnosable mental disorder when assessed in 2017
in the UK, yet 75% of them have not had appropriate intervention at a
sufficiently early age [1, 38]. Girls were less likely to be diagnosed than boys,
although with age, prevalence in both sexes increased [1, 29]. According to
the most recent population-level data, among 5-10 years old, 12% of boys and
6% of girls had mental health problems, while among 11-16 years old, the
prevalence increased to 14% for both boys and girls [1]. Girls were more likely
to be diagnosed as suffering from emotional problems whereas boys were
more likely to be identified as experiencing hyperactivity or conduct problems
[29].
The Mental Health Difficulties in Early Adolescence in the UK report,
comparing two separate cross-sectional samples of children 11 to 13 years
old in 2009 and 2014, revealed similar mental ill health levels in both (19.7%
compared with 19.0%) [39]. Yet this report indicated a marked increase in girls’
emotional problems and a reduction in boys’ “at risk” levels of total difficulty
over age [39].
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2.2.3 The importance of mental health
Mental health interacts with children’s physical health and capacity for success
at school, and later at work and in society. Mental disorders constitute chronic
health conditions that may persist until death. They are considered a leading
cause of disabilities in children and can have an adverse long term impact.
The World Happiness Report cites various sources, concluding that over 50%
of children with mental health problems in early years will have mental health
problems as adults [40]. Moreover, aggressive behaviour as a child was found
to predict an adult’s criminal behaviour, arrests, convictions and spouse
abuse, also affecting their social relationships.
Mental health problems cost the UK economy around 70 to 100 billion pounds
every year, and account for 4.5% of GDP [41]. Such mental health problems
may have a negative impact on school attendance outcomes, and educational
attainment. Thus, early recognition of the risk factors that play a role in mental
health is important for healthy development into adulthood [42].
Having outlined the importance and burden of mental health, Bronfenbrenner’s
ecological model and the life course model, which are two of the main theories
used as a basis for building this study, are reviewed below, while other relevant
alternative model are presented in later sections (sections 2.9.1 & 2.10.1).
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2.3 Theoretical model

2.3.1 Bronfenbrenner’s ecological model of human development
The early environment’s importance for later mental health has been pointed
out in previous research, drawing on human development theories to
conceptualise the risk factors in child development [43, 44]. Bronfenbrenner’s
[22, 23] ecological model of human development is one of the most popular
and effective theories that expresses the dynamic, complex and reciprocal
interaction between individuals and their environment and families.
Brofenbrenner states that the interactions between person, process, time and
context have substantial effects on a person’s development.
Bronfenbrenner’s theory puts the developing human at the centre of five
interrelated, hierarchical spheres of socialisation moving from the most
proximal to the most remote as shown by Walker et al in Figure 2.1. These
spheres are microsystem, mesosystem, exosystem, macrosystem and
chronosystem (Figure 2.1).
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Figure 2. 1 Early childhood development spheres of influence.

Source: Walker et al [45]
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The microsystem consists of interpersonal relationships and direct interactions
with those in the individual’s immediate vicinity: the family, peer groups and a
child's school (Figure 2.1). These interactions are not unidirectional. How
these groups or individuals interact with the child will affect how the child
develops. In turn, how the child responds to the individuals in the microsystem
will affect how they treat the child, with more nurturing and supportive
interactions fostering improved child development.
The second sphere is the mesosystem, which includes interactions between
two or more microsystems. In other words, a relationship between a child’s
family and school is conceptualised as part of the mesosystem. These two
direct influences may interact to affect a child’s development positively or
negatively. For instance, when a parent is actively involved at the school,
communicating well with the teachers, and regularly participating in parentteacher meetings, this interaction positively influences the child’s educational
achievement positively.
The exosystem involves connections between social settings not directly
involving the child. For instance, a child’s home experience could be affected
by their parent’s experiences at the workplace. A promotion could require
more time away from home, which may cause conflict with or pressure on the
other parent, possibly leading to altered patterns of interaction between each
parent and the child.
The fourth sphere, the macrosystem, is the most sizeable and most remote
ecosystem for the developing child. This encompasses the child’s culture
together with the microsystems and mesosystems embedded within that
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culture. Cultures are not homogenous, and cultural contexts can vary with
ethnicity, geographic location, socioeconomic status, and, indeed, poverty.
Even so, a cultural group's members tend to share a common heritage,
identity,

and

values,

although

with

time

and

across

generations,

macrosystems evolve.
Finally, the chronosystem adds the intrinsic dimension of time to a child’s
development. This sphere comprises the pattern of external events and
transitions across the life course, and changes in socio-historical
circumstances. For instance, it has been found that in the first year following
a divorce, its negative influence on children often peaks. By the time two years
have elapsed after the divorce, family interaction is becoming more stable
again.
The five spheres are interconnected and all affect children’s development
simultaneously. However, this research focuses at the microsystem of the
family, which impacts children’s well-being. Specifically, how aspects of
physical health within the home environment could act as psychosocial
stressors and affect children’s mental health.
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2.3.2 Life course model
The life course approach is another notable theoretical perspective influencing
this research’s conceptual framework. Unlike the aetiological model of the
preceding theory, this is a multi-disciplinary framework encompassing many
exploratory models [46]. Life course epidemiology can be defined as the study
of the long term effects on later health or disease risk, of physical, social and
biological exposures during gestation, childhood, adolescence, young
adulthood and later adult life [47]. This takes into consideration that community
and individual health and well-being depend on interactions between risk
factors and protective factors, beginning in early life and extending throughout
the life course. The Marmot review stresses the significance of the life course
perspective to conceptualise how individuals gather positive and negative
influences through life on their health [48].
One of the life course models is called the accumulation of risk model [49]. Its
purpose is to assess the severity of biological systems’ accumulated
impairment as the numbers, seriousness or duration of exposures increase
and as body system gradually come to be less capable of repairing this
damage with increasing age [50]. The accumulation of risk model stems from
Riley’s [51] notion of insult accumulation, the idea that life course exposures
or insults, whether clustered or independent, gradually accumulate via
episodes of injury or sickness, harmful environmental conditions, and
behaviours which impede good health.
A further life course based model is the pathway model, which considers
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pathways and mechanisms potentially involved with linking exposures to an
outcome [52]. The model refers to a series of related exposures, where one
follows the next [50]. Factors such as educational achievement, lifestyles,
health behaviours, and social class are pointed to. These are imputed to
function as a mediators between events early in life and adult health [53]. For
example, childhood adversity might restrain educational opportunities which
then limits socioeconomic material prosperity and resources. This in turn
affects health behaviours, potentially resulting in reduced health in old age.
In addition to these two life course models, a person’s life stages are all
connected and linked with others’ lives in society, and also to previous and
future generations of their families [47]. This approach suggests an individual’s
whole trajectory through life can explain specific future outcomes [53, 54].
Thus a trajectory offers a long term perspective of one aspect of the
individual’s life, with time. These aspects comprise social (e.g. work, marriage,
socioeconomic position), physiological (e.g. lung function), or psychological
states (e.g. depression).
Longitudinal investigations of health involve how individual trajectories
develop along different pathways [55]. Such trajectories can be stable,
fluctuating, or deteriorating, since some individuals maintain good health as
years pass while others do not, or have always been in poor health [55]. Health
trajectories indicate continuous developments and reflect individuals’ health
histories. The concept of trajectories therefore implies a long term approach,
unlike a transition, which concerns short-term events or movements [49].
Finally, the life course perspective emphasises the timing of causal actions
[56]. Specifically, the critical period model presumes the differences in health
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across social groups are in part explicable by exposures occurring in particular
developmental periods [49, 56]. Such exposures include sickness, divorce,
deprivation and risky behaviours (for instance smoking and unbalanced
nutrition). Because of their timing during critical periods in an individual’s life,
such events are considered to possibly result in irreversible damage or illness
[53]. As the term “critical period” tends to indicate biological determinism for
social scientists, the concepts of a “sensitive period”, or a “time associated
with vulnerability” are preferred [57-59]. Such expressions convey a less
deterministic model, the underlying assumption being that an exposure in a
particular period of the life course raises the risk of harm rather than
necessarily resulting in irreversible damage[50].
Life course epidemiology also pays special attention to the long term results
of exposures early in childhood on later life [53]. A consistent finding in
psychiatric epidemiology is that adversity in childhood, such as stressful life
events and maltreatment, is one of the strongest determinants of mental health
problems throughout later life [60-62].
Central to the present study are investigations into the significance of the life
course accumulation of risk, pathway and trajectory models, and also the
timing of exposure to psychosocial stressors.
Before discussing the previous literature related to the harmful effect of a
family’s physical ill health on children’s mental ill health, the importance of
early life experiences as a time of vulnerability and opportunity are considered
in the next section.
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2.4 Early child development: A time of vulnerability and
opportunity
As we have now entered this century’s third decade, early childhood
development (ECD) has become recognised as crucial for the lasting success
of families, communities, and countries [7, 63]. ECD, defined as the period
from the prenatal in utero stage until eight years, is considered the most
intensive period of development [27, 64]. This period is extremely sensitive for
adverse exposure to psychosocial stressors in a child’s life, strongly impacts
the rest of our lives, and holds the greatest opportunity for positive influences
[27, 65].
Early childhood is critical for development of children’s foundational
socioemotional features [5]. Early experiences of responsive and warm
relationships with peers and caregivers may aid fostering their foundational
emotional and social competencies, including the capacity to independently
get on with others and handle aggressive behaviours and negative emotions
[6]. Such early patterns form the basis for attaining later developmental
milestones [66, 67], to access physical and mental health, and ultimately to
become productive and economically successful adults [68].
Previous research estimates that, globally, around 80 million children (1 in
every 3 preschool age children) under age five in low and middle income
countries (LMICs) experienced socioemotional problems in 2010 [5]. In
addition, it has been estimated from Multiple Indicator Cluster Survey (MICS)
data, in particular, the Early Childhood Development Index (ECDI) data,
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indicate over a third of 3-4year olds children residing in LMICs were not on
track in their cognitive and socioemotional development [69, 70]. In more
developed countries, children in low socioeconomic position (SEP) families
and those in remote locations are more likely to experience developmental
vulnerability than children in middle/ high SES families and those not living
remotely [10, 12, 71].
Early adverse experiences have been considered the origin of inequality
between and within populations as more advanced brain development
depends on previous phase completion[72]. Such previous phase completion
is reliant on expected environmental input to attain its full genetic potential
during the critical ECD stage [11, 73]. Such environmental input is vital to
support the functions of emotional and cognitive control, language and
memory [73].
Children’s socioemotional development can be hindered by early adverse
exposure that negatively interferes with brain development such as poverty,
child ill heath, exposure to chronic family stress, poor parental behaviours and
psychosocial deprivation. These factors undermine educational achievement
and adult productivity [28, 74]. Although previous work found that
disadvantages from birth imply enormous talent wastage [6], early intervention
could change this trajectory as the brain’s extensive neural plasticity in early
life provides it with high sensitivity to positive environments [75].
Having outlined the importance of the early childhood period in promoting poor
outcomes, the next sections of the literature review particularly focus on
chronic physical ill health as an early childhood stressor for mental health
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outcomes. A chronic illness is defined as "a health problem being present for
at least three months" [76, 77]. The discussion turns to how chronic physical
illness in the child or one parent can increase the risk of children’s mental illhealth.

2.5 Child’s chronic physical illness
In the UK, findings from the Health Survey for England showed that 16% of
children between 0 and 15 in 2018 were reported to have chronic illness,
among which respiratory conditions were the most common [78]. A child’s
chronic illness adversely influences the child, the family, and society [79].
Childhood chronic illness can result in functional impairment, dependencies to
make up for restricted function, and above average requirement for health care
[80]. A chronic illness for a child or an adolescent poses many obstacles: it
affects going to school regularly, participating in regular school work, or
engaging in the usual childhood activities [81, 82]. In addition, attention or
treatment from a doctor is frequently needed, as is regular medication or
equipment [83].
Children with chronic illness are often quite challenged in terms of their
psychological well-being, reporting significantly increased risk of psychiatric
disorder compared to healthy children [84, 85]. A meta-analysis showed that
children living with chronic physical illness are more susceptible, in childhood
and adolescence, to psychosocial problems [86]. A later meta-analysis
indicated that adults with chronic physical illnesses beginning in childhood
tend to experience emotional problems more so than those without [77].
Using USA data from the National Centre for Health Statistics at the Centres
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for Disease Control and Prevention, a cross-sectional study of 102,353
children aged 0-17 also suggested that chronically ill children (e.g., cystic
fibrosis, heart and blood problems, asthma, allergies) have almost three times
the risk of developing emotional and behavioural problems, compared with
healthy children [87]. Previous studies indicated that, as chronically ill children
become older, their psychological problems may either lessen or be sustained,
becoming more entrenched with time [77]. However, limited evidence exists
associating childhood chronic illness to later mental ill-health.
Each type of chronic illness in children presents its own challenges. Of these,
asthma and obesity are considered of concerning worldwide. The World
Health Organisation (WHO) announced them to be among this century’s most
important challenges to public health [88, 89], and for this reason a decision
was made to focus on these two conditions in this thesis. An overview of the
prevalence of these two conditions, and the cost, consequences and
association with adverse child mental developmental outcomes is given in the
following sections (2.5.1 & 2.5.2).
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2.5.1 Asthma
2.5.1.1 Asthma: prevalence, complications and economic burden
Globally, asthma is the most common chronic disease in children [90-92],
causing sensitivity to the airways and characterised by recurrent wheeze and
breathlessness due to several environmental factors [93]. Prevalence of
asthma in childhood varies widely between and within countries [94-96] but is
increasing [97], with 14% of the world’s children affected [88].
UK information reveals almost 8 million people diagnosed with asthma at least
once in their lives. This figure currently exceeds 12% of the population [98100]. In 2019, on average, 1 in 11 children in the UK suffer from asthma [101,
102]. It was estimated that there are 2-3 asthmatic children in every classroom,
making the UK one of the countries with the highest prevalence of childhood
asthma worldwide [103, 104].
Asthma associated morbidity is widespread and includes emergency
department visits, outpatient appointments and hospitalizations [105, 106].
Hospitalizations for asthma for 10-18 years old rose between 2010/11 and
2016/17 in England [102]. In UK, according to the Annual Asthma Survey 2018
report, asthmatic children constituted the largest proportion of hospital
emergency admissions [107], 45% of < 18 years who are asthmatic had
attended emergency care in the last 12 months.
The economic burden of asthma is among the highest for chronic health
diseases worldwide [108, 109]. UK national database have revealed that
roughly 10% of primary care prescribing expenses are for asthma and other
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allergic problems; NHS expenditure for asthma management of patients at all
ages sits at approximately one billion UK pounds annually [99, 104].
The burden of childhood asthma can affect the family, especially the primary
caregiver whose mood, emotional stability, spare time, leisure and resistance
to stress can be compromised [110-113] [114], and increased work
absenteeism is reported [115, 116]. Childhood asthma has been linked to
lower adult health and SES, lower adult income, underpayment and fewer
chances of employment, leading to financially instability [117-120].
The peak of asthma’s onset is during the highly impressionable years of early
childhood [88, 121]. Children with asthma could experience restrictions in their
social activities, everyday lives and time spent at school despite the availability
of effective management [122-124]. Its severity can impact children’s quality
of life [110, 125].
Asthmatic children are often dependent on their parents, thus hindering their
socialisation and possibly their maturation, potentially leading to loneliness,
depression, lower self-esteem and possibly affecting peer relationships [126129]. Thus, asthma can have a great impact on children emotionally and
behaviourally, which will be explored in the following section.
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2.5.1.2 Impact of asthma on child’s mental health
Asthmatic childrens’ risk for anxiety and depression is higher that of the
general population [130] . One 2011 meta-analysis assessed the behavioural
problems of children and adolescents (aged ≤ 18 years; mean age of 10.6
years) with chronic physical illness, asthmatic patients being the largest
subgroup [86]. In general, an elevated level of behavioural problems among
all chronically ill patients was found, and higher levels of internalising and
externalising problems in asthmatics compared to the non-asthmatic group.
This supports McQuaid et al meta-analysis where asthmatics exhibited
increased risk of internalising behaviour problems [131]. They found that
asthma had a smaller effect on younger patients (<6 years) for internalising
and externalising behaviour problems.

Boys were more likely to show

externalising behaviours. However, as most studies were cross-sectional, this
major limitation cannot be ignored.
Lu and his team conducted the first meta-analysis examining depressive and
anxiety symptoms among adolescents (13 to 18) with asthma in comparison
to non asthmatic healthy peers in developed countries [132], involving eight
studies. The aggregated prevalence of depressive and anxiety symptoms was
considerably greater for asthmatics. Depressive symptoms’ prevalence
among asthmatic adolescents was around one in four compared to one in ten
in non asthmatic adolescents. The odds of developing depression and anxiety
among asthmatic adolescents were 2.09 (95%CI: 1.65- 2.64) and 1.83 (95%
CI: 1.63- 2.07) higher respectively, than for the control group.
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Only a few longitudinal studies assessing the impact of childhood asthma on
mental health problems were identified. Most recently, the prospective UK
ALSPAC1 study examined if asthma symptoms were linked to poorer mental
health in school, as reported by the teachers of children at age 8 [133]. Child
wheezing was reported by the child’s mother, with the classifications as:
‘none’,

‘early

onset

transient’

(infancy/preschool

only),

‘persistent’

(infancy/preschool and at school age), and ‘late onset’ (school age only) [133].
No association between children with wheeze and teacher reported
internalising or externalising behaviours at age 8 was observed in the fully
adjusted model.
This contradicts an earlier ALSPAC study finding showing that persistent
wheeze was linked to mother reported internalising and externalising
outcomes[134]. The authors argued that this might mean wheeze has less
influence on a child’s behaviour at school than at home [133]. However, in
another large UK study, asthmatic children of 5-15 years, particularly those
with ill health, were reported by their teachers to have more internalising and
externalising problems than their healthy peers [135]. The mixed findings of
prior studies may be due to maternal reporting bias, or teachers either not
noticing or not perceiving children’s behavioural problems.
Many cross-sectional studies have repeatedly identified an association
between childhood asthma and psychological symptoms [136-140]. Ballardini
and his colleagues found that children with asthma symptoms at average age
6.5 years ran a greater risk of accompanying emotional problems [140]. In

1

Avon Longitudinal Study of Parent and Children.
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support of this, Hammer-Helmich’s team identified that children with current
asthma symptoms, and not those ever diagnosed with asthma, had higher
SDQ scores of emotional, conduct and hyperactivity problems using health
survey of children aged 3, 6, 11 and 15 years in Denmark [141].
Lahaye and associates’ study confirmed earlier results that asthma increased
the risk of internalising behaviour, with boys more so than girls [142].
Blackman and Gurka, studying children under 18 in the US, indicated the odds
of having emotional problems (OR 1.82, 95% CI 1.43-2.33), conduct issues
(OR 1.62, 95% CI 1.27-2.05), and a drop in school attendance (OR 2.17, 95%
CI 1.77-2.67) were higher among asthmatics compared to non-asthmatic
irrespective of sex, ethnicity, age and family SES [136]. In the UK, data from
633 preschool children (at 3 years) found a significant association for three or
more wheezy attacks and behavioural problems (OR = 1.023, P = 0.03) [138].
In contrast, some studies suggested that asthmatic children did better than
expected [143, 144]. For example, Letitre et al’s analysis revealed no
statistically significant differences in the prevalence of anxiety, depression, or
low self-esteem between well-controlled asthmatic children and their healthy
non asthmatic peers [143]. Another Canadian study, conducted on children
diagnosed with mild to moderate asthma aged between 5 to 12 years, found
that psychological difficulties including both emotional and behavioural
problems were not increased in these children [144]. They added that the
psychological adaptation of asthmatic children was not determined by
disease-related variables (measures of disease severity), but strongly by the
emotional climate of the family. Results from a US study revealed that no
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cross-sectional or longitudinal association was identified between early onset
(9 to 24 months) or later onset (4 years) of asthma and child behaviour at 4
years [145]. In another study, Feldman and colleagues found no long-term
significant association between baseline childhood asthma (Wave 1) and
internalising behaviour one year later (Wave 2) [146].
Overall, results for asthma’s association with mental health outcomes are not
conclusive. Even when an association was observed between asthma and
mental health outcomes, the direction of association

was not clearly

established. Thus, the literature lends support to the need for further research
on how asthma impacts on children's mental health.
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2.5.2 Childhood Obesity
2.5.2.1 Obesity: prevalence, complications, and economic burden
Childhood obesity and its associated risks have become a major health
concern [147-149]. Body mass index (BMI) is a measure used to determine
childhood obesity. Obesity is defined as a BMI at or above the 95th
percentile for children and adolescents of the same [150].
In 2013, the American Medical Association decided to recognise obesity as a
chronic disease that requires medical attention [151]. The substantial rise in
obesity and overweight in developed and developing countries [152-155] has
been described as a global pandemic [156, 157]. According to WHO, 40 million
children under the age of 5 were overweight or obese in 2018 worldwide [158].
Over the past four decades, there has been a tenfold rise in the population of
obese children and adolescents (aged five to 19 years) [159].
Recently, the National Child Measurement Programme (NCMP) showed that
in 2015/16 over a fifth of reception year school children (4-5 year olds) and
over a third of Year 6 (10-11 year olds) were overweight or obese [160], with
obesity fluctuating between 14% and 17% from 2008 to 2015 [161]. Results
from the 2017 Health Survey for England (HSE) revealed 29% of boys and
girls aged 2 to 15 years old were either overweight or obese, with 17% being
obese [162].
Strong evidence suggests obesity in children and adults is linked to increased
risk for some cancers, joint and bone problems, cardiovascular disease,
hypertension and type 2 diabetes, respiratory and endocrine complications,
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and general physical discomfort [163-168]. Moreover, it was found that obesity
could lower life expectancy. In 2015, worldwide, 4 million deaths, 4 % of years
life lost and same percentage of disability-adjusted life-years (DALYs) were
caused by overweight and obesity[169] . Obesity can therefore cost health
care with one estimate at £5.1 billion in 2014/15 for the UK government [170].
Obese children have more likelihood of becoming obese adults therefore
various risks and complications of obesity apparent in childhood are likely to
persist, and worsen, with time [171]. While obesity’s impact on physical health
and its economic burden are clear, less is known of its effect on child
developmental outcomes, including their mental health and this is now the
focus. The following section reviews the most recent studies investigating
childhood obesity’s impact on a child’s mental health.
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2.5.2.1 Impact of obesity on child's mental health
Obese children and adolescents face stigmatisation [172-174]. It has been
argued their psychological well-being is consequently compromised. Strong
evidence suggests a link between obesity and mental ill-health for teenagers
and adults, with weaker evidence for younger children and the direction of
causality is not always clear [174-177].
A recent systematic review, used six international literature databases (20042014) and only included Australian children aged 0-18 years, indicated that
overweight/obese Australians of this age, compared with their normal weight
peers, experienced greater negative psychological outcomes (lower ratings on
health-related quality of life, depression, and low self-esteem) [178].
In the UK, MCS data was used [179] to identify BMI trajectories across ages
3 to 11, to examine early BMI trajectory predictors and investigate the
socioemotional difficulties and risky behaviour associated with particular BMI
trajectories in early adolescence (age 11). The authors identified four BMI
trajectories including stable, decreasing, moderately increasing and highly
increasing. They also concluded the risk of child obesity was socially patterned
and the magnitude of inequalities widened across childhood, and they stated
that unhealthy BMI trajectories, including both moderately and highly
increasing trajectories, were associated with socioemotional difficulties
(emotional, conduct and peer problems) and worse mental well-being (low
self-esteem, unhappiness and body dissatisfaction).
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In another study, also using MCS data, Griffiths and his colleagues examined
childhood obesity’s longitudinal effect on emotional and behavioural problems
[180]. Obesity at age 3 was linked to peer relationship issues at 5, but only for
boys. They concluded that childhood obesity was associated with abnormal
mental health from a very young age and boys were at particular risk.
Gatineau and Dent [181] summarised current evidence for obesity’s link with
mental health for UK children, adolescents and adults. Results were
inconclusive for children and adolescents, though several possible mediators
and moderators were proposed. Obesity’s correlation with mental ill-health
increased with age and was stronger for girls [181]. In addition, physical
inactivity, and poor body image and self-esteem were found to be the most
important mediators.
With a representative sample of high school students in Amsterdam, the
Netherlands, a recent cross-sectional study [174] identified that overweight or
obese adolescents reported psychosocial problems and suicidal ideation more
frequently than their normal weight peers, with victimisation being a mediator
in this link.
Other studies could not find any significant impact of childhood obesity on
behavioural problems [182, 183]. However, Lawlor and associates’ research
combined overweight and obese groups [182] and Drukker’s study did not
differentiate for sex [183]. These results found in the previous literature
highlights the importance of understanding the association between obesity
and children's mental health.
After reviewing the literature related to effect of child's chronic ill-health
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indicators (asthma and obesity) on mental health, the following sections
summarise the association between parents' chronic illness and mental health
in childhood

2.6 Parents’ chronic illness
2.6.1 Parents chronic illness: prevalence, complications and
related theories
Globally, about 10% of children are raised in a home with one parent
experiencing chronic illness [108, 184, 185]. In western countries, 5-15% of
children live with a chronically ill parent such as diabetes, cancer, epilepsy,
cardiovascular disease, HIV/AIDS, multiple sclerosis, Parkinson disease,
rheumatoid arthritis, and spinal cord injury [186, 187]. The most recent census
disclosed (Office for National Statistics, 2011) almost 166,000 English children
(aged 5-17) gave care to a parent with a chronic condition or disability [188].
These young carers offer personal care, emotional support, and manage some
of the household budgeting.. Parentification is the process of role reversal
where a child is feeling and acting as a parent to their own parents, as well as
caring and taking responsibility for them, which can result, in extreme cases,
in a child trying to fill the void of the alienated parents’ emotional life [189].
Fairly substantial evidence points to the adverse impact of such parentification
on social and mental health outcomes [190-192].
With such immediate and irreversible alternations in their family, children may
also experience a mixture of emotions: highly frustrated, angry, even guilty
and ashamed, which contribute to greater internalising issues [193]. The
change from living with a healthy parent to one chronically ill can lead to the
loss of a parental figure, which may be very upsetting [194]. Even so, in both
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research and clinical practice, these children are frequently invisible or receive
quite limited attention and professional support [195].
Several theories and hypotheses have been suggested which attempt to
explain the psychosocial effect of parents’ health on children’s mental health.
Conger's family stress model, Rolland's Family System-Illness Model and
Hocking and Lochman's transactional stress and coping (TSC) model are
some of the most common in the field. The family stress model is presented
in later sections (sections 2.9.1) while the other two are discussed below.
Rolland’s family systems model [196] and Hocking and Lochman’s TSC model
[197] indicate that characteristics of parental illness (e.g. severity, illness type,
presence of disability, onset, course) influence child and adolescent
adjustment via several family adaptation processes. According to Rolland, if
during childrearing in the life cycle, a parent develops a chronic illness, the
family’s capacity to follow its developmental course is seriously challenged.
Furthermore, major family system variables such as cohesion, adaptability and
communication styles between members of the family are considered to
impact family functioning, via these variables’ interactions with the nature of
the illness.
In addition to family functioning, Hocking and Lochman’s [197] propose that
children’s cognitive processes and coping methods for stress significantly
influence their adjustment outcome. When children and adolescents are faced
with parental illness, they might use range of cognitive and adaptive process
so as to comprehend and interpret what this illness means and what part they
can play in dealing with it. Children’s understandings of the seriousness,
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stressfulness, and uncertainty of parental illness strongly influence their
emotional and behavioural outcomes [198-200].
Because of the above, it is important for practitioners to appreciate that
children of parents with a chronic illness are at a higher risk of mental health
problems than children from healthy families [201, 202]. This will be discussed
in the following section.

2.6.2 Impact of parent chronic illness on children’s mental health
Research comparing children of the chronically ill with children of ‘healthy’
parents suggests that the former are at risk for socioemotional and behavioural
problems [187, 203, 204].
A 2010 meta-analysis was conducted in the Netherlands using studies
focusing on children under 18. It included 19 studies published between 1990
and 2010 evaluating the behaviour of children of chronically ill parents
compared with children of non-chronically ill parents [108]. Findings suggested
that children of chronically ill parents display significantly higher internalising
(withdrawal, depression and anxiety) and externalising behavioural problems,
more so among younger children and younger parents, lower SEP families
and parents with illnesses of longer duration.
According to cross-sectional analysis using UK MCS data at child’s age 3
years, children whose mother was reported to have poor health were at four
times higher risk of having high total difficulties scores than children of mothers
in the best health group at age 3 [42]. Other subsequent studies have also
confirmed higher risk of emotional and behavioural problems in children of
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poor health mothers and suggested that the mother health was found to have
a stronger impact on the child’s health than the father's [65, 205, 206].
Two multi-level cross-sectional studies in the Netherlands in 2012 and 2013
involving children and adolescents aged 10-20 years whose parents had
chronic illness found greater internalising yet similar externalising behavioural
problems than among the group of children and adolescents with parents
without chronic illness [207, 208]. The first study argued that alienation from
parents accounted for differences in behavioural problems [207], supporting
the attachment theory. The second study supported the stress theory, showing
the at risk group (n=161) rated more highly on caregiving variables,
internalising behaviour, stress and daily hassles than the normative group
(n=112). Many other cross-sectional studies have indicated an association
between a child’s behavioural problem and variables associated with the
negative impact of a parent’s illness on child well-being [204, 209-212]. While
the burden is clear, the mechanisms and mediators are not.
Some other studies have found results contradicting the harmful effects of
parental illness reported in the above mentioned literature [213]. Jantzer et al
[214] and Razaz at al [103] suggested that children of chronically ill parents
function similarly to or better than their counterparts. Moreover, Annunziato
and colleagues in the US explored 812 mother-child pairs in single parent
families [215], finding no differences between children of ill mothers and those
of healthy ones for depression, internalising, externalising and positive
behaviours. A recent survey of Dutch students found that the negative effects
of growing up with a mentally ill family member pose a greater risk than with
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one who is physically ill [216]. Another study using sample of USA children
found that ill parent emotional well-being rather than physical illness per se
increases the risk of negative consequence [217].
So far, a growing body of literature has studied the impact of parent’s chronic
illness on child development, including mental health. However, many of the
studies found were conducted in developing countries where the
socioeconomic environments are different from those in developed ones. To
the author’s knowledge, no prospective longitudinal study has been carried
out to explore the impact of chronically ill parents on children’s development
[187, 218]. Prior research demonstrated that parental illness affects children’s
psychosocial functioning in many areas with variable extents. For this reason,
the continued investigation of the effect of parental health on child
development, including mental health, is vital.
Having presented a review of the literature on the relationship between chronic
physical illness and socioemotional difficulties in childhood, the discussion
turns in the following two sections (2.7 and 2.8) to possible factors associated
with exposures and outcomes, and which may confound or moderate these
associations.
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2.7 Possible confounding factors
2.7.1 The role of socioeconomic position (SEP)
Socioeconomic position (SEP) is associated with health, with a rise in SEP
linked with significant health benefits [219]. This is explained in various ways.
The most popular explanation, based on the economic theory of human
capital, proposes that wealthier parents can pay for or invest more in their
children, leading to better results (see Figure 2.2) [220, 221].

Figure 2. 2 The economic investment model

Source: Cooper and Kerris[220]

A further potential explanation for the association between low income and
child outcomes concerns parenting behaviour [220]. According to Conger and
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colleagues’ family stress model [222], it is suggested that a low income raises
parental stress, which inhibits a parent’s capacity to give quality care,
negatively impacting on children’s outcomes [222, 223]. Known as the family
stress model, this will be outlined with more detail in later sections (section
2.9. 1).
A third potential explanation is that some other parental features are
associated with their income, for example their education, behaviours,
motivation, attitudes and beliefs, which affect children’s outcomes [221, 224,
225].
In the UK, research using the MCS has shown that parent health scores were
socially patterned. For example, 78% of mothers with a postgraduate
qualification had very good health, compared with 51% with no qualification
[42]. Similar patterns were seen for occupations, poverty and housing tenure
for both mothers and fathers [42].
Research does show that socioeconomic circumstances affect the association
between adverse family physical health and child development. Chen [203]
suggested in his literature review that, for families on low income with little
support, managing the demands of long term illness imposed on the family
could be especially hard [108, 198, 226]. Therefore, children from these
families are possibly the most susceptible to maladjustment (e.g., learning
problems, psychosocial adjustment, behavioural problems).
In other studies, Datar and Sturm found a strong attenuating effect of
socioeconomic circumstances, in particular family income and maternal
education, when studying differences in children’s cognitive scores according
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to their weight status [227].
In the UK, results from the Millennium Cohort Study shows that BMI
trajectories among children aged 3 to 11 years were socially patterned.
Unhealthy trajectories appeared to be disproportionately represented among
the socially disadvantaged and these were associated with adverse
behavioural outcomes[228]. In another study using that same data (MCS), low
socio-economic position SEP was particularly important in accounting for the
higher behavioural problems among children whose fathers had poor
health[42].

2.7.2 Demographic factors
2.7.2.1 Mother’s age at birth
A higher maternal age was linked to enhanced health and development,
beyond birth and for the postnatal period [229, 230]. In contrast, children with
teenage mothers frequently experienced numerous health problems, including
the heightened risk of prenatal death, premature birth, low birthweight [231,
232], greater obesity [233], and more risk of asthma [234]. Also, early age at
first birth has a long term impact for women’s health as they grow older,
including the potential for diabetes and cardiovascular disease [235].
Children of teenage mothers tended to experience weaker socioemotional
outcomes than those with more mature mothers [230, 236-238]. Teenage
mothers tend to have fewer socioeconomic resources and assets than their
peers [239]. In addition they have fewer parenting skills than older mothers
and tend not to be married, which may also put their children at risk of poorer
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socioemotional outcomes. According to one longitudinal study, for each year
that a mother delays the first birth, there is a 0.02 to 0.04 standard deviation
rise in school attainment and a similarly sized lessening of behavioural issues
at child age 13 years [230]. Applying mediation analyses, this study identified
postponing first birth is advantageous for children mainly because mothers can
complete more years of education.
Using the MCS and the National Evaluation of Sure Start Study (a random
sample of children in deprived areas), Sutcliffe and others found that children
of older mothers had fewer socioemotional problems [236]. An analysis
structured by maternal age indicated that, at 3 and 5 years, when compared
to those with mothers in the oldest category (>33 years), children of mothers
in the youngest age category (<22 years) had higher mean socioemotional
difficulties scores. More recently, research using the MCS concluded that
when mothers were 30-39 years old at the child’s birth, this reduced total
difficulties outcomes significantly, especially at child ages 7 and 11 (with these
ages having greater coefficient). This effect was found to be weaker for
internalising than externalising outcomes [240].

2.7.2.2 Birth weight
Birth weight, as a marker of the intrauterine environment, has been the focus
of extensive epidemiological research in relation to later health and illnesses
[241-244]. Low birth weight was linked to the greater risk of cardiovascular
disease, adverse psychiatric outcomes [245], and asthma [246-248]. In
contrast, a high birth weight, defined as ≥3500 g, was also connected to the
increased chance of children’s obesity [249, 250].
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A low birth weight has also been connected with children’s mental ill health
[251, 252]. Results from the Early Childhood Longitudinal Study-Birth Cohort,
a nationally representative study of 10,700 children born in the USA indicated
that lower birth weight was associated with worse socioemotional outcomes at
age 4, with stronger effects for lower SES children [253]. In addition to that, a
recent MCS-based study documenting an increase in birth weight was
associated with pronounced internalising and externalising skills at age 5
[254].
One explanation is that the immature nervous system is prone to abnormal
development and injury, meaning that infants with a low birth weight show
widespread changes in brain connectivity and network architecture [255].
These neurodevelopmental shifts have been demonstrated to predict later
neurocognitive function and persist in adults [256].

2.7.2.3 Ethnicity
Evidence indicates some ethnic variation in a range of health markers across
the life course [257-259]. Such ethnic inequalities can be interpreted as a
result of the ethnic group’s features, or due to the economic and social
disadvantages of certain ethnic minorities. Such minority groups have a
greater risk of most main chronic diseases than whites [260]. Previous studies
indicate extensive ethnic disparities among US children in terms of the health
care received for chronic physical conditions [261].
While there has been considerable research into ethnic variations in children’s
socioemotional difficulties, inconsistencies abound over time. In the UK,
children in Indian, Pakistani and Bangladeshi families were found to have a
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greater risk of socioemotional difficulties. Kelly et al [262] who investigated
ethnic differences in children’s socioemotional difficulties at age 7 years using
the MCS study found children from Pakistani, Bangladeshi and Black
Caribbean families had greater total difficulties scores than white children, in
an unadjusted model. However, with adjustment for SEP, mother’s
psychological distress and different family environment and routines variables,
the findings for socioemotional difficulties among Bangladeshi and Black
Caribbean were not statistically significant whereas Pakistani children scored
0.69 unit higher on socioemotional difficulties score than white children. Other
MCS research into adolescents indicated fewer socioemotional difficulties
among Indian and Pakistani groups, and most other ethnic minorities; Asian
children (at age 11 and 14) were also found to have better mental health
compared to whites [240, 263, 264].

2.7.3 Mother’s healthy behaviour
2.7.3.1 Smoking
In utero development is one of the most crucial times at which adverse
intrauterine conditions and exposures may affect the foetus’s development
and heath and behaviour postnatally [265, 266]. For instance, findings show
the global increase in asthma is statistically significantly related to pregnant
mothers’ smoking [267]. Other research indicates that children of smoking
mothers are at greater risk of being overweight or obese, compared to children
of non-smokers [268].
A growing body of research has suggested that women’s smoking during
pregnancy is linked to their children’s adverse mental health outcomes [26967

271]. A multivariate analysis of behavioural outcomes (SDQ), again with MCS
data, led to this result, in terms of externalising problems and higher total
difficulties score in children aged 5, 7 and 11 years [240] . Other data from the
prospective community based EDEN birth cohort study of 1113 families in
France followed from pregnancy in 2003-2005 until the child’s 5th birthday
indicated an association between maternal smoking in pregnancy and child
socioemotional difficulties. This was still the case after adjusting for both SEP
factors (family income and parental education) and developmental factors
(breastfeeding status, premature birth and birth weight) [272].

2.7.3.2 Alcohol drinking during pregnancy
There is widespread recognition that excessive prenatal alcohol consumption
is deleterious to the foetus [273, 274]. Prior research indicated that prenatal
light drinking is not associated with adverse behavioural or cognitive
developmental outcomes in early and middle childhood [275-277]. Other
studies linked moderate and binge prenatal alcohol drinking to a reduction in
the child’s academic ability and more hyperactivity and inattentiveness in early
adolescence [278, 279]. Kelly et al, using MCS data, found children born to
mothers classified as light drinkers were less likely to score highly for
behavioural

problems,

including

total

difficulties,

externalising

and

internalising problems. Those born to mothers classified as heavy or binge
alcohol consumers were identified as more likely to have high scores at age 3
in comparison to children born to abstainers [275].
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2.7.3.3 Breastfeeding
The current literature indicates that the risk of chronic disease is higher in
children who have not been breastfed in infancy compared to those who have
been [280]. There are various short- and long term benefits established for
breastfeeding in relation to maternal and child health. These include greater
neurodevelopment and infection protection during infancy, reduced likelihood
of obesity later in childhood, and, among breastfeeding mothers, a decreased
risk of type 2 diabetes and breast cancer [281]. The benefits for children,
irrespective of SES, are supported by a number of studies [282].
Evidence suggests that breastfeeding affects the emotional and social
development of both children and adolescents[283]. In a recent systematic
review, children breastfed for at least three or four months were found to have
fewer total behaviour disorders in childhood [284]. These researchers
identified a chemical explanation, positing that the oxytocin which triggers
breast milk release through a baby’s suckling, warmth and touch promotes the
infant’s socioemotional functioning by enhancing positive tendencies
(approach) and reducing negative tendencies (withdrawal and anxiety).
Another publication using MCS study identified that children breastfed for four
months or more had less likelihood of an abnormal total SDQ score at age 5
compared with similarly aged children never breastfed [285]. Similar results
were found for all SDQ subscales. The adverse mental health effects of not
being breastfed seemed to extend into adulthood. A longitudinal study
following adults from 20 to 40 years indicated adults never breastfed
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demonstrated significantly more aggressive behaviour compared to adults
breastfed as children [286].

2.7.4 Family structure
2.7.4.1 Family stability
A number of studies have found child development to be negatively influenced
by familial instability, with the greatest effect on the socioemotional domain
[287-289]. Mental health difficulties happen more frequently when parents
separate. The evidence suggests having two parents at home benefits
children’s behaviour, lessening their emotional problems [290]. Studies found
marital instability has been found to offer a sequence of risk factors for
children, rather than simply one [291, 292], with the financial hardship ensuing
in single parent families following divorce being the factor associated most
strongly with children’s psychological difficulties
Another review of 18 UK and international studies supported the finding that
divorce was connected to the greater long term risk of depression in adult
offspring [293]. Earlier studies using MCS data confirmed that 14 years old
children whose parents stayed together had a reduced risk of experiencing
mental health problems [294]. The researchers added that, irrespective of the
mother’s background at the child’s birth - her marital status, ethnicity, age,
education, and initial relationship happiness - family breakdown is the greatest
single influence on girls’ mental health, for boys, this and parents’ initial
relationship happiness take equal first place.
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2.7.4.2 Marital status
When parents were married at the child’s birth, such children were less at risk
of experiencing mental health difficulties [292, 295, 296]. Benson et al found,
using MCS data, that children born to married parents, on average, show
greater cognitive and socioemotional development at ages 3 and 5, than
children born to unmarried cohabiting couples [297]. The MCS data, after
adjusting for sociodemographic factors, supported this finding in another
study, again linking the marital status of the parents and the child’s
socioemotional problems [298].
Various explanations have been suggested in different studies. Unmarried
cohabiting couples were apparently less happy [291], more prone to
relationship problems [299], less committed to each other [294], and
experience more insecurity in their relationships when compared to married
couples [300]. This may affect the child’s health and ability to maintain positive
behaviour and emotion.

2.7.4.3 Number of siblings/ birth parity
Quantitative research into influences on child development frequently controls
for the number of siblings [263, 264]. In a cross-sectional analysis of MCS
data, researchers investigated the association between child development at
age 3, 5, and 7 years and the number of co-resident siblings [301]. Findings
were that children with ≥ 2 siblings generally showed increased likelihood of
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total difficulties problems at all three ages, compared to those with only one
sibling.
There are both potential benefits and disadvantages in having siblings.
Siblings offer language and other learning, company, and affection. Younger
siblings could develop more cognitively by interacting with older siblings than
immediate age peers, while older siblings as teachers develop verbally and
intellectually. However the risk of being bullied at home rises with the number
of siblings [302, 303], as does competition for parental attention, time energy
and money as the Avon Longitudinal Study of Parents and Children (ALSPAC)
found, irrespective of socioeconomic status and financial resources [304].
Birth order is also negatively associated with poorer outcomes [305]. De Haan
using a US sample from Wisconsin, posited an explanation based on financial
resource dilution, with parents spending less on later born children [306]. A
further study found that children born after their siblings are given less quality
time by both parents, notably during 0-12 years, compared to their older
siblings’ experience in this early period [307].

2.7.5 Puberty
Puberty’s onset is crucial for human development and growth and its early
timing has been associated with mental ill health in adolescents [308-310].
This onset has reduced dramatically over the 20th century in more affluent
states and, less so, in middle and low income nations [311-313]. Genetic
factors, general health, psychosocial stressors and obesity reportedly
influence the timing of puberty [314-316].
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The child development theory proposes that the quality of family environments
may influence the length of childhood [317]. According to this theory, the
advantages of a delayed puberty are greater in high quality family contexts in
which socio-competitive competencies are fostered. In comparison, the
disadvantages of accelerated puberty are reduced in adverse family contexts
where these competencies are not significantly promoted [318].

2.8 Potential effect modifier: Child sex
Sex is central to individual’s identity [319]. It determines the different levels of
power and control which people (women or men) have over the socioeconomic
determinants of their lives, including their mental health, social position, and
general treatment within society[320]. Sex also differentiates their vulnerability
and exposure to particular mental health risks [321].
Sex plays a part in the effect of adverse experiences on children and young
people [322]. Children’s coping strategies may address a problem or a
person’s thoughts and feelings about it [323]. Some are adaptive for coping,
(involving many activities linked to emotional and mental well-being,
regardless of whether the main reason for them is to cope)[324]. Other
strategies are actually dysfunctional [325].
Coping concerns how emotions are regulated and expressed [326, 327].
There have been some complex sex differences identified in how people cope
and how mental health problems develop, with origins and processes
attributed to various psychological, environmental, biological, and other
factors[328-331]. Biologically, such sex differences are explained in terms of
hormones, genetics, and brain structure and function [332, 333].
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A review presented evidence that girls and young women reflected on and
spoke out about their feelings more than boys and young men [24]. However,
rumination (defined as “ a pattern of behaviors and thoughts that focus the
individual’s attention on his or her emotional state and inhibit any actions that
might distract the individua from his or her mood” [334]), including during
conversations, has been identified as adding to anxiety and depression
symptoms [335, 336]. Adolescent girls also perceived greater interrelationship
stress than boys [337]. Moreover, they seek help for unexplained physical
symptoms that might be linked to psychological distress [24]. Sex differences
have been observed in children’s help seeking attitudes [338], as early as
three years [339]. It has been considered that girls’ and young women’s
awareness of mental health and emotional competence lead to their seeking
help for such problems more frequently than boys and young men [24].
Most research into parental health and child functioning has stressed child sex
as a moderator of parental health’s effect on offspring in terms of children’s
behavioural and emotional problems [199, 204, 340, 341]. Girls, who tend to
adopt caregiving tasks for chronically ill parents more than boys run a greater
risk of stress, depression and other internalising behaviours [108, 199].
Cassil [342] observed that sex differences in internalising are more
pronounced after 12-13 years and that at the middle of adolescence,
depression is nearly twice as frequently reported in girls than boys. The reason
why is not clear, with medically influenced researchers often attributing this to
hormonal differences in females. Hilt [343] considered increased internalising
in women to stem from their tendency to bond emotionally with others and
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being greatly invested in their lives. Hilt combined this with the supposition that
women tend to rely on others in measuring their own self-worth.
Furthermore, family system therapy posits parents as the core family dyad
from which messaging about what is appropriate interaction and emotional
expression is conveyed from one generation to the next [344]. According to
Bandura’s social learning theory [345], children are influenced more by role
models of same sex, thus parents of the same sex as their children have more
influence on them. It is possible that girls with a chronically sick mother may
show more problems than with a chronically sick father, and for boys, vice
versa. Thus, child sex should be taken into account as a possible modifier for
the association between family health stressors and child mental health
development. The current research examines if the extent of family physical
health stressors’ effect on the child’s mental health differs according to the
child’s sex.
To conclude the literature review concerning the potential for adverse effects
of parental chronic illness on child’s mental health and its related confounding
and moderating factors, it must be stated that children in families with chronic
illness do not necessarily experience negative developmental outcomes.
Children’s resilience may significantly account in their psychological wellbeing. A growing number of studies have found the family to be the major
determinant of such children’s resilience.
Although chronic illness in the family is difficult, the family’s capacity to
continue to function healthily, adjusting to stressors, and reprioritising in
response to changed circumstances all indicate such resilience, which, in turn,
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boosts the child’s healthy development. Shedding light on mechanisms
explaining the psychological effect of a child experiencing chronic illness or
growing up with chronically ill parent will offer greater insight into how these
adverse effects can be contained, informing preventative strategies and
clarifying approaches to treatment for children with mental health problems.
An illustrative review of potential pathways connecting adverse family physical
health and child mental health outcomes, with an outline of the family stress
model, the theoretical model related to it, are provided below.

2.9 Potential pathways linking adverse family physical
health and child mental health outcomes
Stress emerges as an unclear experience, uncontrollably and without warning,
which is sometimes functionally inhibiting for both children and parents [346].
Chronic or severe stressors place families in danger of encountering relational
and psychological problems [347].
A child’s well-being is founded on that of the family [348]. If families struggle,
the child’s well-being also suffers [348, 349]. Children living with chronic
physical illness or those raised in a family with chronically ill parents may be
more subjected to stressful situations and occurrences, such as financial
constraints, negative parent-child relations, marital discord and conflict and
psychosocial problems in parents[18, 80]. All these stressors are linked with a
range of adverse child psychological outcomes which include increased
depression, anxiety, hostility and even criminality.
In the next section, an illustrative review of the family stress model (FSM) is
provided. The FSM is considered a useful framework to comprehend the
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influence of a family’s physical health stressors (asthma, obesity and parent’s
chronic disease) on children’s mental health.

2.9.1 Family stress model (FSM)
Further to the ecological theory discussed in Section 2.3, the family stress
model, developed by Conger’s group in 1992, helps explaining how family
stressors are linked to children’s outcomes. Conger et al tested the model in
US Mid-west on middle class white dual parent families with a male adolescent
in Grade 7 (aged approximately 12 years) [350]. Through structural equation
modelling, the researchers found economic pressure to strongly affect
parental depressed mood, and that maternal mood, in particular, predicted
parental conflict The conflict levels and mood of both parents directly affected
their parenting, and their parenting styles significantly predicted their
adolescent sons’ adjustments, as established by measurements of hostility
and depression (Figure 2.3). The same findings were made for adolescent
girls [351] and African American families with two resident carers [352].
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Figure 2. 3 Family stress model

Source: Conger’s et al [341]
Adaptation of family stress models have been made and validated for use with
young children [353]. Linver et al. tested the model on US families with
premature and low birth weight infants from 0 to 5 years. Findings include a
link between family income and behavioural problems at age 3 and 5,
mediated by parental emotional distress and parenting practices. Using a
similar model, Schoon et al. assessed various mediating processes
influencing children’s development at age 3 using MCS data. These included
school readiness and behavioural problems [354]. Findings indicated longer
term economic hardship in families was linked to child cognitive and
behavioural developmental outcomes, partially mediated by maternal distress,
which affected the quality of parent-child interactions and the extent of
stimulation in the home environment [354].
Other reports by Conger's group [223, 352] and Barnet [355], systematically
reviewing empirical support for the FSM since its initial publication, have
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offered substantial supportive evidence for it. More recently, Masarik and
Conger [347] reviewed research using FSM framework, referring mainly to
longitudinal studies, in order to understand how family stress affects children
across their development in physical, social-emotional, and cognitive domains
[347]. They had several conclusions. Firstly, continued support for the FSM
pathways outlined in Figure 2.3 was found. Secondly, sampled families had
diverse structures, locations, and ethnicities. Thirdly, although the model
focuses on economic stress as the main exposure, they suggested it also
applied to various environmental stressors. Finally, they concluded that it is
important to expand and strengthen the FSM by including new explanatory
pathways and mediators.
Prior studies provided some insight into the potential role of child self-esteem
as an exploratory mediator, linking family stressors with mental health
problems in children [356-358]. Wilkinson [359] found in mid-to-late
adolescence, that parent-child relationship quality can indirectly affect
adolescents’ depression, through self-esteem. Corroborating this, after
adjusting for sex and SEP, a further study identified family dysfunction to be
significantly linked to anxiety in adolescents, with self-esteem partially
mediating this [360]. Hunter and colleagues found the self-esteem of students
in Grades 5 (age 10 years) and 8 (age 13 years) to mediate the association
between parenting behaviours and the students’ antisocial behaviour and
depression [361]. More details on the role of child self-esteem as a mediator
are provided in Sections 2.4.4.
Having outlined the literature concerning the FSM, and drawing on an
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ecological model of child development which combines psychosocial and
broader structural factors for predicting child health outcomes, this thesis uses
the FSM to test for mechanisms connecting chronic physical illness in the
family to child mental ill health in a population based sample. Moreover, an
extension of FSM will be provided by including child self-esteem as a new
exploratory

mediator.

Mäntymaa

et

al

[362]

have

classified

child

psychopathology risk factors as (1) risks affecting the child, (2) risks impacting
the parents, and (3) risks in the family and social context. This PhD study is
particularly focused on investigating how parental mental health, family
dysfunction

and

child

self-esteem,

would

compose

a

network

of

interconnected relationships: chronic physical illness during childhood,
whether in the child or in the parent, would lead to greater parental
psychological distress, which, in turn, results in further family dysfunction,
leading to lowered child self-esteem, and increased symptoms of adolescent
mental ill health. Each of the mediators to be used in the conceptual path
model is discussed below.

2.9.2 Parent's mental health (psychosocial distress)
Parents’ mental health has been found to be associated with different aspects
of child development, cognitively and emotionally [363]. Previous studies and
reviews have reported from very early in life, the harmful impacts of parental
postpartum depressive symptoms, with a greater risk of children experiencing
externalising and internalising behaviour issues [364-368]. Moreover, an
association between exposure to parental psychological distress across the
childhood and adolescence period and offspring's behavioural outcomes was
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also observed [369-371].
One family type at particular risk of parental psychological distress is that with
a chronically ill parent. This is because such a diagnosis in itself can lead to
greater measured depression for both parents [372]. A parent’s chronic illness
may constrain parents from accessing timely care for their children, lower their
income and remove their job due to sickness absence, maladaptation to the
disease, and a decreased social network, all of which were all found to the
increase the risk of child mental health problems [203]. A Dutch crosssectional study of young people aged 10-20 years explored a target group with
one parent suffering from chronic illness, and an intact group with two parents
with no chronic illness. Similarly, in the target families, adolescents with one
depressed parent were identified to have significantly more internalising
problems than those without [341].
On the other hand, caring for a chronically ill child was also found to increase
risk of parental psychological distress or depression[373-375]. Parents feel a
sense of loss of their healthy child, they feel less confident about being able to
protect their child, and experience less freedom for themselves. One major
risk factor for depressive symptoms and disorders is the loss of perceived
control, which this predicament may well represent to such parents [376, 377].
Moreover, with their sick child needing more care, this might lead to parental
chronic stress and exhaustion, both emotional and physical, all of which could
result in parental depression [363, 378].
Genetic factors have tended to be used in theoretical explanations of the link
between mental health issues in children of parents with mental health
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difficulties. However, children of a psychologically distressed parent or parents
may be at greater risk of experiencing other stressors, which may in turn, affect
their adjustment.
Parental mental ill health harms family functioning and thus children’s
emotional and behavioural growth. Studies looking at the pathway from
maternal depression to children’s adjustment have found psychologically
distressed mothers may have less sensitivity to their children and be
withdrawn, more aggressive and upset, more disengaged from their children,
and positively socially interact and play less with them, possible leading to
adverse interactions between the mother and her child [379-381]. Also,
significant evidence exists that spousal depression and marital distress are
complicatedly linked [382, 383], with severe effects on children. Research has
related parental depression to negative conflict strategies, which are
associated with internalising symptoms in children [384].
The maternal role has been the primary focus of most research about parental
psychopathology and child well-being, with paternal mental health’s impact on
child health less well understood [385, 386]. Yet evidence is developing that
fathers’ depressive symptoms are connected to child emotional and
behavioural development [341, 371, 387-389]. Some research states mothers
and fathers adopt different roles to foster their children’s development, and
that if this is disrupted, the child can be affected [390]. As a result, the current
research aims to address the impact of both parents’ mental health as
mediators.
As indicated earlier, the negative effect of parental mental ill health on family
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functioning has proved to be one mechanism whereby parental mental health
influences children’s emotional and behavioural development. In the next
section, the literature is reviewed on the significance of family functioning in
mediating the risky impact of family stressors on children’s outcomes.

2.9.3 Family functioning
Adolescents and child early relationships may have significant implications for
their health across their life spans [391]. Specifically, family members
(commonly parents) constitute the point of departure for close, major
relationships in childhood and adolescence.
Emotionally important and supportive relationships in childhood are linked to
better physiological profiles throughout the life course. As a corollary, abusive
or conflictual relationships in childhood predict a range of negative health
outcomes across the life course.
In parallel to the support to family stress model, Newland in 2014 [349]
suggested a model of family well-being (FWB) to account for a variety of
individual and family factors. These FWB factors affect the quality,
opportunities, and outcomes of parenting, including child well-being.
According to Newland’s model, parenting quality frequently mediates the
relationship between family and child well-being. Family environments and
relationships can either support or impede the most advantageous child
outcomes. The FWB model places family system functioning at the centre of
the child’s well-being, and includes several exo- and macro-system influences
affecting children through this family system and through parent-child
interactions.
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Another model, the McMaster model of family functioning (MMFF) [392],
proposes that a positive family context is essential for family members’ healthy
physical, psychological, and social development . The MMFF posits that the
six key dimensions of family functioning: problem solving, communication,
roles, emotional responsiveness, emotional involvement and behaviour
control. Family dysfunction is seen as occurring where one or more of these
dimensions is not properly facilitated by the family system.
Family functioning is one of the common mediators proposed in the FSM that
can indirectly mediate the effects of family stressors, particularly a parent's
mental health, on a child's outcomes. Barker et al. set out a number of family
relational factors that offer insight into the potential mechanism of the risk for
child psychopathology development [393]. These are: the parent-child
relationship, parenting, and the couple’s relationship, in particular a conflictual
relationship, which were established as potential mediators linking parental
psychopathology to child psychopathology. In this research, following Barker
et al.’s approach, family functioning is conceptualised by means of three
interpersonal

variables:

the

parent-child

relationship,

parent-child

involvement, and quality of parental relationship, which are now summarised
in turn.

2.9.3.1 Parent-child relationship
The parent-child relationship refers to the enduring and unique connection
between a child and their caregiver. Bowlby stressed that the primary bond
with the principal caregiver, normally the mother, is the most important
relationship, forming a secure base for world exploration and future social
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relationships [394-396]; destroying it, Bowlby maintained, will have severe
irreversible cognitive, social and emotional consequences [397]. Bowlby’s
suggested that parents have a significant part to play in reassuring their
children when they feel threatened by stressful life events like chronic illness
[397, 398]. In particular, alienation from the parents could affect a child’s
development, leading them to growing up in isolation, which will have a big
impact on their behaviour as an adolescent [204, 399].
Further, Sroufe et al. found insecurely attached children to show more
negative emotions and aggression when interacting with their peers, and also
less prosocial behaviour, compared to securely attached children [400].
Two vitally important and interrelated features of parental interaction with their
children are their levels of aggression (i.e., shouting, anger, and rejection of
the child), and of warmth (i.e., shows of affection, acceptance, closeness, and
responsiveness) toward their child [401].
In particular, parental warmth was identified as mitigating against the direct
effect of adverse conditions on symptoms of children’s internalising and
externalising behaviour [402, 403] [404-407]. Such warmth’s proactive
influence in nurturing children’s emotional regulation and conflict management
could explain its positive association with their good mental health [408, 409].
A meta-analysis affirmed less maternal warmth was linked to greater mental
health problems in children [410]. A more recent study of young adolescents
corroborated such an association. The researchers also established higher
maternal warmth to be related to more emotional security, which was then
associated with less internalising and externalising [411].
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An increasing proportion of studies have taken into account the quality the
parental-child relationship in mothers and fathers for predicting child
developmental outcomes. Both such relationships can be negatively
influenced amid family adversity. Flouri and Malmberg, [412] using data from
the first two waves of the UK's MCS, found that both the mother-child and
father-child relationships predicted preschool children’s socioemotional
problems. However, the impact of the relationship between mother and child
on all child behaviour outcomes was consistently stronger than that of the
father. Moreover, the quality of the father-child relationship was identified to
completely mediate the impact of father’s depressed mood on such outcomes.
Other research added weight to this in offering evidence for a mediating effect
of parent-child interaction, on the link between parental depression and
children’s mental ill health, both internalising and externalising [413, 414]. For
instance, Kane and Garber [415] identified that father-child conflict mediated
the link between paternal depression and children’s externalising issues. In
another observational study, Burt et al. [416] found negative mother-child
interaction to partially mediate the relationship between depression in mothers
and adolescents’ mental ill health.
Based on this evidence, the role of the child-parent (both with mothers and
fathers) relationship as a mediator will be tested in this thesis.

2.9.3.2 Parental involvement
Parenting’s effect on a child’s early development is critical to the child’s
experiences, education and opportunities in life [417]. The significance of
parenting for healthy development in children is clearly and comprehensively
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documented, with its underlying mechanisms being complicated and
numerous [418].
Parents directly encourage children’s healthy development through emotional
support, engagement with daily activities and help with problem solving.
Indirectly, they do so through enabling their child to foster internal resources,
including self-esteem [358]. Especially during critical periods of development,
when the child is particularly vulnerable to environmental influences,
parenting’s impact is most significant [419, 420].
Parental involvement, which is one aspect of parenting, has attracted more
attention recently. Studies have proposed its link with a variety of behavioural,
cognitive, and mental health outcomes for children of school age, and with
health and socioeconomic outcomes later when they become adults [421424]. These studies have not been consistent in how they describe and
conceptualise the construct of parental involvement. Lamb et al. [425]
proposed one of the most significant and popularly-used frameworks to
operationalise the construct, with three primary components: accessibility availability and presence, responsibility - participation in decisions on
childcare, health visits and other practical issues, and engagement - direct
contact, such as playing, reading, going out or caregiving activities [426].
In the UK, a number of MCS papers focused more on the engagement aspect
of parents’ involvement, showing that parental engagement has an important
part in explaining children’s development. A cross-sectional research has
indicated that activities in which parents are involved with children at home
(parental investment) significantly affect children’s development both
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cognitively and in terms of behaviour at age 3 and 5 [427]. McMunn et al. [428],
also using MCS data, identified that mothers’ reading engagement with their
child aged 3 was significantly linked to improved child socioemotional
behaviour at both 3 and 5. In a fully adjusted model, Kroll et al. similarly
discovered fathers’ frequency of creative play with their 5 year old, whether
male or female, was positively related to fewer behavioural issues in these
children when aged 7 [429].
Child developmental research into how family adversities affects children’s
outcomes has highlighted parenting as a potential mediator. A cross-sectional
US study of chronically ill mothers with children aged 10–18 years suggested
mothers with severe illness constraints2 affects their families’ functioning3 as
they tended to be less involved with their children, so affecting their academic
achievement [430]. In a UK study with ALSPAC data several hypothesised
mediators were evaluated. Results suggested the relationship between
postnatal paternal depression and total socioemotional problems in children at
3.5 and 7 years was explained by the mediation of family factors: partner
depression, conflict in the couple and parent-child involvement through
engagement activities. Yet, the indirect effect through parent-child involvement
explained only a small proportion of the total effect [431]. Other research has
indicated that depressed father tend to be less engaged and interact less
positively with their children, which, consequently predicts increased
behavioural problems in these children.
Overall, these findings highlight the importance of parent-child involvement as
2
3

Levels of demands of illness measured by family difficulties arising during the course of the illness
Family functioning measured by family cohesion, marital quality, depression and family satisfaction
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a potential mediator that might influence the association between family
adversities and subsequent child outcomes.

2.9.3.3 Quality of marital relationship
Relationships between parents vary from closely supportive to coldly distant.
Children obviously benefit from an affectionate, close, and mutually respectful
parental relationship, and are inevitably upset if their parents become
estranged. The bio-psychosocial model illustrates that physical illness involves
more than medical and biological processes; it includes psychosocial
ramifications for families due to illness-related tension and stress [346].
Research has found that marital relationships are negatively affected by
having a chronically ill child. This results in reduced time with the spouse;
communication issues, more divorces, more relationship conflict, more role
strain, and less relationship satisfaction [432].
Also, the quality of the marital relationship was found to be more affected
among families with a chronically ill parent. A chronically ill person’s spouse
or partner can confront many challenges as the main provider of support who
may

also

require

help

to

deal

with

the

illness-related

stresses

experienced[433, 434]. The spouse could feel fatigued or emotionally depleted
by the extensive illness period or the intensity of their caregiver workload. This
can all affect their psychological and mental functioning to a significant degree,
producing marital stress. Golics and his team [18] found that chronic illness
has an impact on the quality of life of patients’ family members. They found
that 69% of participants reported an effect on marital relationships for families
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with a chronically ill person [18].
Previous studies emphasised the importance of the couple’s relationship in
fostering their children’s positive or negative developmental outcomes. Family
relationship breakdown is an acknowledged risk factor for negative
psychological outcomes in children at all ages. Berger and McLanahan found
that for the children who considered their parents’ relationship to be of above
average quality, this relationship took on a protective role in their cognitive and
social-emotional development [435].
One study analysing Millennium Cohort Study data showed relationships
between the parents’ marital status and maternal mental health, maternal
smoking, and maternal drinking habits through pregnancy, even after taking
into account sociodemographic factors [298]. The researchers proposed that
“the degree of bonding between parents has important implications for
maternal health and health-related behaviours” as is also their ability to
emotionally bond in a stable way with their children. Both these were identified
as greatly affecting children’s developmental outcomes. Other researchers
found that in familes with a parental illness the quality of perents’ relationship
was linked to children’s behavioural adjustment [436].
This concludes the explanation of each aspect of family dysfunction. Prior
studies have pointed to the challenge of uncovering the mechanism for how
family relationships experienced during childhood might maintain longlasting
effects on the child’s health, even decades afterwards. As well, several
researchers have found mediators explaining the underlying mechanisms in
the relationship between family dysfunction and anxiety. In theoretical studies
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it has been hypothesised that the selfworth develops in accordance with
plentiful intrapersonal and social influences – with many highlighting the role
of children’s families and parent-child interactions. The importance of a child’s
self-esteem and how it can indirectly mediates the link between family health
stressors and the child’s outcomes is discussed in the next section.

2.9.4 Child’s self-esteem
Prospective studies have identified low self-esteem as linked to mental ill
health, especially following a stressful event [437-439]. Self-esteem is
fundamental to good mental health and well-being that has drawn
considerable research attention, with inconsistent findings [440]. Self-esteem
is defined as an individual’s attitude to and evaluation of him or herself,
generally expressing approval or disapproval and this illustrates their
perception of their own capability, importance and value [441]. Also, selfesteem can be viewed as that part of the self-concept which has evaluative
and affective perceptions. Self-concept is "the sum of an individual's beliefs
and knowledge about his/ her personal attributes and qualities" [442].
A child’s level of self-esteem influences their responses to particular events or
circumstances [443]. Positive self-esteem gives a person the strength and
flexibility to take control of their life and develop by learning from their own
errors [444]. In contrast, low self-esteem is an unhealthy condition preventing
a person from manifesting their full potential.
Cognitive and psychoanalytic theorists have proposed that experiences early
in life create certain beliefs about the self (i.e., self-esteem) that operate as
vulnerability factors which then interact with later negative life experiences to
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start and sustain depression [445]. The vulnerability model posits that stress
and low self-esteem interplay to produce psychopathology; whereas high selfesteem cushions the impacts of stress, low self-esteem heightens one’s
vulnerability to its effects [446]. This is reported to happen as people with low
self- esteem have fewer resources to cope than those enjoying high selfesteem.
As mentioned above, previous studies highlighted the important role of selfesteem in mediating adverse child and family risk factors on a child’s outcome.
In research on Chinese adolescents, structural equation modelling (SEM) was
used to show that child self-esteem mediates the link between aspects of
parent-child relationships ( including parental support and child-parent conflict)
and adolescents’ resilience [447].
In comparison, Ferro and Boyle [448] investigated a more complete model that
illustrated how physical illness results in increased mental ill health in children.
On testing the stress model, they discerned indirect mediating effects such
that chronic physical illness led to increased symptoms of depression in
mothers and family dysfunction. These then brought about reduced child selfesteem, and this, in turn, boosted symptoms of depression and anxiety. This
research offered some evidence supporting the view that children’s altered
self-esteem preceded altered symptoms of depression and anxiety and this
further tested the stress model. These studies give important evidence about
self-esteem as a mechanism, and this partly accounts for how parents can
defend their children against psychological distress.
This review of the previous literature has generated important evidence about
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the significance of chronic physical health in increasing children’s risk of
mental health difficulties, and the mechanism that might explain such an
association. Another key methodological issue found in the previous literature
is the lack of attention to mental health trajectories. Previous studies failed to
consider diverse explanations for individual heterogeneity in the onset and
development of mental health problems. The literature related to mental health
growth trajectories, and its theoretical background, is discussed in the
following section.

2.10 Child mental health growth trajectory
Growth trajectories have a crucial part in life course epidemiology, frequently
giving essential indicators of development in childhood, and also a range of
potential determinants for health outcomes in adult.
Children follow differing growth pathways, which can be clustered into "latent
trajectories". These may vary with time and with different contextual space. It
is not yet certain to what extent this variation originates from early
circumstances and nor have the risk factors been established. If this process
were completely understood, this may aid in directing resources appropriately
for effective interventions in the future. In particular, key points might be
identified where the mental health trajectories of children at high risk of adult
mental health problems diverge from those at low risk. This would help to
pinpoint how individuals’ growth patterns are established
Before starting to discuss previous findings from the literature related to child
mental health growth, an overview of theoretical approach used in constructing
this thesis framework is presented in the following sections.
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2.10.1 Theoretical basis
A widely used theory acknowledged in the existing literature is the Moffitt’s
developmental theory of crime. Moffitt in 1993 developed a dual taxonomy of
offending behaviour according to the age of onset [449]. She identified two
groups of children, distinguishing their trajectories as "life course persistent"
and "adolescent-limited".
The "life course persistent" group started their antisocial behaviour in early
childhood, continuing this during their adolescence and into adulthood.
According to Moffitt, this pathway might be partly explicable by negative
interactions between individuals and their environment. The theory suggests
that child risk factors of hyperactivity, neuropsychological problems, and a
difficult temperament are either inherited or develop in early years, and that
these are worsened by environmental risk factors such as negative parenting,
parental divorce, and low SEP. It is hypothesised that, over time, accumulated
personal and environmental risks create hardships in many facets of adult life,
which are found to be linked with adult psychopathology, delinquency, and
violent relationships.
The adolescence-limited group, on the other hand, exhibits antisocial
behaviour only during adolescence. Moffitt (1993) suggested that this
trajectory stems from some discord between biological maturity and access to
adult privileges, the so-called "maturity gap". Antisocial and problematic
behaviour are perceived as a way of challenging authority figures and rules,
gaining a sense of autonomy. Hence at this age behaviour problems are
thought to be normative and, unlike the life course persistent path, are
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confined to adolescence.
Numerous studies have distinguished between behavioural problems, which
are life course persistent, and those limited to the adolescent period [450, 451].
Nevertheless, several issues remain unresolved, as Odgers et al [452]
indicated after an extensive review of this literature. First, another trajectory
was identified and termed "childhood-limited" or "early onset desisting". This
pathway featured extensive antisocial problems early in childhood, reducing
through later childhood and adolescence. As with those in the persistent life
course group, children in the childhood-limited group were demonstrated to
show disruptive developmental traits, live in households with less family
stability, and experience socioeconomic deprivation and less effective
parenting in their early years. Although children in both groups share many
early risks, their pathways differ in the scope and severity of risk exposure.
The researchers concluded that no agreement exists on the adult adjustment
of those in the "childhood-limited" group.
Second, adolescence onset antisocial behaviour is rarely confined to
adolescence and may serve as an indicator for future maladjustment in terms
of externalizing behaviour. In other words, it is proposed that the term,
adolescence-limited, might be a misleading and should be replaced by
adolescence onset. As this was a fairly small group, this trajectory’s
normativity was called into question by other researchers. Those on
adolescence-limited pathway tend to display more rebelliousness to parents
and have more access to adult privileges. They also mix with antisocial peers
and experience less parental monitoring, all of which result in adolescent onset
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behavioural issues.
Having discussed the theories and empirical findings, which underlie the
growth trajectory in children, person-centered studies on mental health
trajectories suggesting distinct pathways of behavioural and emotional issues
from childhood to adolescence are outlined below.

2.10.2 Developmental trajectories of mental health problems
A large body of research has corroborated the existence of distinctly identified
pathways of behavioural and emotional problems from childhood to
adolescence. The studies have varied across populations, ages and tools to
evaluate emotional and behavioural problems. However, the vast majority has
focused on children’s externalising behaviour problems. These studies
supported the identification of similar patterns of externalising problem
trajectories as established in Moffitt’s and Odgers’s suggestions using different
samples from the UK [453, 454], the USA [455], Canada [456], and Europe
[457, 458].
For example, drawing on the MCS study, Gutman’s group [454] used the SDQ
to assess behaviour problems in children aged 3 to 14, identifying four
trajectory groups: low level conduct problems (56.4%), childhood-limited
(23.2%), adolescence-onset (12.7%), and persistent problems (7.7%).
Similar trajectories of conduct problems were also reported in a Belgian study
of children and teenagers aged 4 to 17 and using maternal reports of the child
behaviour checklist [457]. The authors argued that the age span used in their
study enabled them to clearly differentiate the childhood-limited and life course
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persistent groups, but as 17 is not exactly the "end" of adolescence, the
adolescence-onset and adolescence-limited groups were less clearly
definable. As in the Odger (2008) review, both the childhood-limited and life
course persistent groups showed high levels of behaviour problems in their
early years, although in adolescence, the former’s behaviour improved to a
level comparable to the low group. The authors concluded that the childhood
onset of behaviour difficulties does not predict these issues persisting into
adolescence and adulthood. In contrast, the adolescence-onset group began
their young lives with levels of behaviour problems similar to those of the low
group, while from around age 10 these behavioural problems changed and by
mid- adolescence, were comparable to the levels of the life course persistent
group.
Separate pathways were evident also for other mental health constructs:
socioemotional difficulties and internalising difficulties. In general, previous
studies reported four to six different trajectories of internalizing or total
difficulties[453, 459-461]. Yet, these studies have also supported the
identification of similar trajectories as those suggested by Moffit [449] and
Odgers [452].
A recent study examined data collected for the longitudinal study of Australian
children (LSAC) using the SDQ to assess total socioemotional problems at
ages 4, 6, 8, 10 and 12 years [459]. The researchers identified six sub-groups
of socioemotional difficulties; again, the low level problem, childhood-limited
(early decliner, late improver), adolescence-onset (early improver, late
decliner), and persistent problems groups were among the identified
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trajectories. Nearly three-quarters of children (73%) experienced a stable, low
difficulty trajectory, representing the group least at risk of mental ill health.
However, a small proportion (2%) showed a stable, high difficulty trajectory,
representing the most at risk group. The study highlighted the importance of
the early improvers/late decliner group, which is similar to Odgers’
adolescence-onset group [452], as a target for future intervention. This group
was considered the most problematic due to their improvement in total
difficulties in early childhood, followed by larger later decline, resulting in total
difficulties scores above the threshold for clinical significance.
Another study identified distinct groups of internalising symptoms trajectories
for USA children, from age 4-5 to 14-15 years [461]. Results from latent class
growth modelling (LCGM) suggested five trajectories, labeled as follows: low
stable (68%), moderate stable (12%), adolescent onset (10%), high childhood
(6%) and high stable (4%). This supports the growing number of studies
identifying different classes of emotional and depressive symptoms
trajectories in young people.
The existence of the high and persistent trajectory of internalising or
socioemotional problems was not commonly identified among studies using
the UK data. Recently, two UK studies could not identify a group of children
with high and persistent scores of internalising problems over the follow up
period [453, 462]. Nivard et al

[462] concluded that the developmental

trajectories for internalising and externalising problems were largely similar.
However, the absence of a trajectory characterised by stable high scores for
internalising problems was one of the most notable differences observed.
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Besides the different developmental patterns of children’s emotional and
behavioural problems found in prior studies, a number of distinct individual and
socio-ecological factors were also reported which appear to implicate different
developmental processes, and these are discussed in the following section.

2.10.3 Individual and socio-ecological factors
There is particular scope to explore the underlying influences on the various
trajectories of mental health development, as these are not yet clearly
understood. Previous work reported that a range of socio-ecological risk
factors were linked to such trajectories for children. A recent publication using
the MCS study by Gutman et al [454] examined variations in the trajectories
of children’s conduct problems among 3 to 14 year old. Findings included that
for all three problem trajectories (persistently high, childhood-limited, and
adolescent-onset) high exposure to childhood risk factors, in particular early
socioeconomic disadvantages, was related. However, while such exposure to
adverse social, environmental, and psychological well-being risk factors
persisted through adolescence for those on the "persistent-high" and
"adolescence-onset" pathways, this reduced for the "childhood-limited"
trajectory.
Another MCS-based study gave more support to the Gutman’s findings and
showed a number of group differences among internalising and externalizing
trajectory groups [453]. They summarised that overall, normally developing
girls and boys are the most advantaged in terms of experiencing less
socioeconomic disadvantages, having older and more educated mothers,
enjoying better child-parent relationships, living in less unstable homes, and
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more likely to live with both biological parents. Moreover, they found that
children in the "improvers" group which resembles "childhood-limited" group
found by Odger’s group, were not different from those of their typically
developing peers in not experiencing adverse risk during early adolescence.
On the other hand, exploration of risky behaviours in adolescence such as
smoking or drinking, being bully victims, disliking school, being unhappy and
reporting lower self-esteem were more common for those in the "troubled"
(with persistently high levels of problems) and "deteriorators" groups (with
worsening behaviour across adolescence) in their adolescence.
International studies have also found that early life risk factors were more
predictive of childhood onset than adolescence onset of internalising or
externalising. They concluded that the early childhood environment might not
be as significant for predicting adolescent emotional and behavioural problems
[458, 461]. However, others have found factors in early childhood and those
during late childhood and adolescence, to be significant for predicting
adolescent trajectories [463-465]. There is no clear reason why these findings
contradict each other. One possible explanation may be related to the
methodological dissimilarity between these studies, so they cannot be directly
compared.
Epidemiological studies that have specifically considered physical health
predictors of children mental health trajectories are rare. No previous study
examined the effect of parental chronic illness on trajectory membership
groups, and no focus was given to childhood chronic condition such as asthma
or obesity as predictors of distinct mental health growth trajectories. Thus, this
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research emphasises the importance of evaluating children’s mental health
over time, summarising the socio-ecological characteristics of identified
classes, and identifying adverse physical health predictors of distinct growth
patterns.
The current PhD research aims to study the applicability of these trajectories
to a population based UK sample (MCS), not only as they relate to
externalising problems but also to identify different trajectories of internalising
and socioemotional difficulties. Other related questions are also expected to
be resolved. For example, it will be assessed whether different behavioural
and emotional growth patterns are limited to a specific development period,
whether it is adolescence-limited (as Moffitt suggests [449]) or childhoodlimited (as others propose). Furthermore, this project will investigate what are
the important individual and socio-ecological characteristics of those identified
trajectories, and whether parental and child physical chronic illness predict
different growth trajectories. Before concluding this chapter, limitations found
in the previous literature are discussed as well as describing how the research
will address these gaps.

2.11 Methodological limitations of previous studies and
research gaps to be addressed in this thesis
This research is connected to a small, yet growing area of research on the
effect of children’s and parents’ physical health on children’s mental health.
So far, relatively few quantitative studies have examined the socioemotional
and behavioural differences between these disadvantaged children and
healthy children with healthy parents [108].
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Most previous research used a cross-sectional design. Another limitation of
this body of research is the lack of data covering children from a young age
until adolescence, and studies using multiple time periods in their temporal
ordering. In the UK, few longitudinal research studies have been conducted in
the field of interest with a life course approach, which is a major limitation for
previous research. Moreover, age ranges have tended to be broad, which
could mean acute age related risk could not be identified. The data for
adolescents is often collapsed into data for other age groups, even though
adolescence presents its own unique health profiles. As this thesis sample
forms part of a cohort study and because mental ill-health measures are
available at multiple time points, this made it possible to replicate, within the
same sample, the temporal association between mental and physical health
over time. Such replication across time is vital to ascertain if there is a change
in the increased risk for mental ill health, as children grow older. Moreover,
this will allow us to take into account the development of mental health or any
pattern of change in this development within individuals over time.
Moreover, most early childhood literature on child and parental health and
developmental outcomes was conducted on small and non-representative
samples of different populations. The current research will use MCS data
which consists of a large sample of families from diverse backgrounds and
ethnicities.
Many of the existing literature combined samples from boys and girls, and
lacked adjustment for risk factors including family factors, prenatal exposure
and socio-demographic characteristics [207, 218]. However, the MCS
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database contains information on various risk factors for parents and children
to account for effect potential confounders which will help in the adjustment for
wide range of risk factors. Moreover, this thesis analysis will be separated for
sex to overcome previous literature limitation of combining samples from boys
and girls. Also, the research for this thesis will focus on collapsing parents’
chronic illness rather than general parents’ health as the family stressor,
improving understanding of how parents’ chronic illnesses affect child
developmental outcomes overall.
Data about father’s behaviour and health are often lacking [208, 466-468]. It
is worth emphasising the scant nature of comparisons between children
whose mother is ill and children whose father is ill, despite the fact that children
with an ill parent report more adverse outcomes than their peers from families
with healthy parents. The effect of both the father’s and mother’s health and
behaviour on child development will be studied. Furthermore, little research
has investigated the effect of parental mental health, family function and child
self-esteem on mediating the relationship between physical illness in the
family and children’s mental health. This is despite the fact that all of these
conditions were found to be related to the association of interest. Due to the
longitudinal MCS data design the true mediating effects will be evaluated and
permitted examination of multiple mediating pathways use of structural
equation modelling (SEM).
Despite the large number and variety of statistical methods in analysing growth
trajectories, many challenges persist. While for most participants in a study,
repeated measurements of the variables of interest might be available, usually
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only scant temporal sampling of these variables exists. To obtain a detailed
understanding of growth patterns is thus difficult. The current thesis will
overcome this gap by using sophisticated statistical methods to take into
account the pattern of change or growth of mental health within individuals
over time, covering both childhood and adolescent period using mental health
variables available at first six waves of MCS.
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Chapter 3. Study Aims, Objectives and Conceptual
framework
3.1 Aims
This PhD project has three main aims: (1) to determine whether family’s
selected chronic physical health conditions during early childhood (age 3) are
associated with children’s mental health at ages 3-14; (2) to investigate the
potential pathways in which these effects may function; and (3) to identify
distinct trajectories in children’s mental health.

3.2 Objectives and hypotheses
In order to achieve these aims, the following specific objectives will be
addressed and hypotheses tested:
Objective 1) To determine whether markers of family physical health, such as
childhood obesity, asthma and parents’ chronic illness at child age 3, affect
mental health outcomes at early-middle childhood (ages 3-5), late childhood
(age 7) and early adolescence (ages 11-14), and compare whether these
associations differ between sexes.
Hypothesis 1: The mental health of obese and/or asthmatic children will be
worse than for those without these conditions, and this association will be
stronger in girls than boys.
Hypothesis 2: Children living with chronically ill parents will have more mental
health difficulties than children living with healthy parents. The child of the
same sex as the chronically ill parent will have higher mental health problems
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scores when compared to children from the opposite sex.
Objective 2) To test a family stress model of the potential mediating pathways
linking family chronic illness, through parents’ mental health, family
dysfunction and child self-esteem to adverse mental health outcomes during
adolescence, in order to explore why children in families with adverse physical
health have consistently poorer outcomes than children in healthier families,
and test if these mediating pathways are affected by child sex.
Hypothesis 3: Adverse physical family health will increase levels of adverse
parental mental health symptoms; raise family dysfunction, and lower child
self-esteem. Parental mental health, family dysfunction, and child self-esteem
will mediate the influence of chronic physical illness on child mental health.
Hypothesis 4: The mediating pathways will differ between girls and boys.
Objective 3) To identify distinct longitudinal trajectories of mental health scores
from early childhood to early adolescence (ages 3-14) and describe individual
and socio-ecological characteristics of these identified trajectories and
compare the results between both sexes.
Hypothesis 5: There is heterogeneity in the trajectories of mental health
scores over time (ages 3-14) for various population subgroups and between
sexes.
Hypothesis 6: Children with a consistently lower mental health problem
scores during ages 3–14 are the most advantaged in terms of
sociodemographic characteristics, psychosocial well-being and different
environmental factors (family related, and non-family related), compared to all
106

other groups.
Objective 4) To explore the risk of childhood obesity and asthma, and parent’s
chronic illness among 3-year-old children in predicting membership in different
developmental trajectories between ages 3-14 in boys and girls, and to identify
optimal conditions for good mental health.
Hypothesis 7: The group with a consistently lower mental health problem
score during ages 3–14 is less likely to experience adverse health conditions
(e.g. obesity or asthma) or live with parents with chronic illness, at age 3.
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3.3 Conceptual framework
In order to achieve the goal of this research, to answer the research questions
and to address the study aims and objectives, an initial conceptual framework
was developed, consisting of three parts. The first part deals with the long term
effect of the family’s physical health in a child’s early years on a child’s mental
health at later ages. The second part looks at potential mediators connecting
adverse family physical health with mental health outcomes evident in the
adolescent period. The third part of this conceptual model explores the
individual heterogeneity in mental health problems during childhood to
adolescence.
The first part of this conceptual framework outlines the long term contributions
of the family’s physical health during a child’s early years to a child’s mental
health at later ages. This research theorises that the mental health of a child
exposed to family physical health stressors (either the child or a parent) will
be worse than the mental health of a child without these conditions. This was
influenced by two theoretical foundations. The first is Brofenbrenner’s
ecological theory that stresses the importance of the proximal environments,
including the family, for child development [23]. The second is the life course
approach that allows consideration of long term effects of social and biological
experiences during early child years [49]. The first part of this conceptual
framework assists the investigation of the significance of early childhood (age
3) as crucial and sensitive to the effect of adverse family physical health
stressors, which then affect later developmental outcomes.
In order to address this first part of the conceptual framework, regression
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model will be used to test the associations of physical health stressors with
child mental health as indicated by the black arrows in Figure 3.1. These
associations will be examined cross-sectionally at age 3, and longitudinally at
ages 5, 7, 11 and 14. Potential moderators, such as child sex, as well as
confounders such as demographic and socioeconomic factors, are taken into
account in the conceptual model. These are further outlined in Chapter 4.
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Figure 3. 1 Overview of the conceptual model, three designed model: regression model (black arrows), path model (red
arrows) and growth model (blue arrows).
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The second part of the conceptual framework reviews the impact of family
physical health on an adolescent’s mental health more widely. It outlines the
additional stressors that might mediate the negative impact of chronic family
physical illness on the adolescent’s mental health. The main theory underlying
this part is the family stress model (FSM) [350]. The FSM proposes that the
emotional (parental mental health) and psychosocial (family functioning)
environment surrounding the child shapes an adolescent’s mental health. This
can be addressed by using a structural equation path model in order to interlink
variables at various levels. This model attempts to show a process through
pathways as represented by the red arrows in Figure 3.1.
An extended conceptual framework, presented in Figure 3.2, demonstrates
the causal order of variables within the path model at five levels, which is
outlined in more depth below in this section. The model assumes that the first
level variables, obesity, asthma and parent’s chronic illness, affect children’s
outcomes through more proximal directly experienced processes, such as the
surrounding psychological and emotional environment.
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Figure 3. 2 Extended conceptual framework showing causal orders of
variables linking family physical health stressors with child mental health

Variables are primarily sequenced in a way which is theoretically and
conceptually driven. Also, temporal ordering is applied in order to meet the
assumption of a correct mediation chain: at Wave 6 (14 years), a child’s mental
health outcome is assessed, with previous levels mainly measured at Waves
2, 3, 4 and 5. In Chapter 4 the relations between the model variable
measurements and these waves are outlined.
Thus, in the conceptual path model, variables are sorted into conceptual
blocks describing a common construct and are presented in five levels. Causal
links are posited between level variables while within each level the
relationship between variables is proposed to be non-causal. Therefore this
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model is simplified. Although such relationships between variables within the
same level are recognised to exist, this model does not take them into account
Family physical health is on Level One. Family physical health lies at the focal
centre of the model. It includes both parents’ chronic illness and selected
adverse health conditions in the child: asthma and obesity. Both the direct and
indirect links between variables at this level and child outcomes are tested
using structural equation modelling (SEM).
Levels Two and Three concern family processes and the child’s immediate
environment which includes the emotional environment and psychological
environment, represented by parental mental health (Level Two) and family
dysfunction (Level Three) respectively. Family dysfunction is split into three
variables: the parent-child relationship, parental involvement, and marital
relationship.
The model theorises that the first level (family physical health) can act directly
on mental health outcomes, or indirectly through the surrounding emotional
and psychosocial environment (Levels Two and Three). Stressors such as
diagnosed chronic physical illness in childhood can directly enhance the risk
of adverse mental health outcomes. Alternatively, its impact may be mediated
by symptoms of parental psychological distress and/or family dysfunction.
Level Four involves the variable of a child’s self-esteem. Prospective studies
show low self-esteem is a risk for developing problems in mental health.
Conversely, positive self-esteem is linked to satisfaction, mental well-being,
success, adjustment, happiness and academic achievement [469-471].
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The final level, Level Five, includes child mental health, which is the outcome
of interest. Poor mental health is hypothesised to be due to the converging
consequences of all factors in the stress model.
It is worth mentioning here that the current thesis aimed to explore all possible
relationships connecting different blocks presented in the conceptual path
model that might explain the association of interest; provided that the temporal
ordering remains. These webs of interconnecting relationships (see Appendix
1, Figure A1.1) are further illustrated in the method and result chapters.
The family SEP was included as a confounder, as well as other variables such
as demographic, maternal healthy behaviour and family structure, in the path
model. This allows the conceptual model to account for both proximal and
distal variables [22]. Also, potential moderators, such as child sex, do form
part of the path model. These are further outlined in Chapter 4.
Finally, the third part of the conceptual model explores the individual
heterogeneity in mental health problems during childhood to adolescence
period. Two theoretical foundations were used for this: Moffit’s developmental
theory of crime and, as with, the life course approach. Moffit’s developmental
theory of crime (discussed in detail in chapter 2, Section 2.10.1) suggests
different trajectories of children with significant behavioural problems
according to the age of onset [449]. The life course approach proposes that
an individual’s entire trajectory through life explains particular outcomes [54].
This provides a long term view of this individual’s mental health over time.
In order to address this, a growth model will be used. The growth model makes
it possible to identify different mental health trajectories during ages 3-14 and
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discover patterns of change or growth with individuals over time. Moreover,
selected early childhood health conditions (childhood asthma and obesity) and
parents’ health (chronic illness) at child age 3, which are associated with
different growth patterns, can be recognised.
As indicated by the blue arrows shown in Figure 3.1, first, the average
population’s mental health scores at the baseline (intercept), and their rates of
change with time (slope) will be identified. Then, latent classes for mental
health trajectories will be extracted. After that, covariates will be incorporated
into the model in order to investigate the risks and predictors which may
negatively influence mental health in such exposed groups. More details
regarding the procedures for implementing this are discussed in Chapters 4
and 5.
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Chapter 4: Description of data and variables
4.1 The Dataset: Millennium Cohort Study (MCS)
The Millennium Cohort Study (MCS) is a multi-disciplinary, multipurpose
research project following the lives of 18,552 of 18,818 children born in the UK
between 2000 and 2002 [472]. It is considered to be the latest of Britain’s
world-renowned national representative longitudinal birth cohort studies
tracing UK children from early childhood and planning to follow them into
adulthood, reflecting the experiences of children born in Britain and charting
out their early years in this century [473].

4.2 Sample design
The initial MCS sample comprised children from Northern Ireland, Wales,
Scotland and England [474]. The basic goal of the MCS survey design was to
obtain a properly representative sample of the entire population, with sufficient
numbers of key child sub-groups for statistically valid analysis [475, 476]. To
reach these objectives, random selection methods were complemented by a
design of clustering and stratification [477, 478].

4.2.1 Stratification, and clustering
To offer more detail, the MCS was disproportionately stratified to overrepresent children from deprived backgrounds, in order to better see the
impact of disadvantage on child outcomes [472, 479]. Additionally, the MCS
aimed to represent the UK’s growing diversity with clear evidence of differing
health, social and educational outcomes across ethnic groupings, through
oversampling individuals from relatively dense areas of ethnic minority
concentrations [472, 475, 479]. For England, three strata were used (‘ethnic
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minority’, ‘disadvantaged’ and ‘advantaged’) and for Northern Ireland,
Scotland and Wales, due to the low proportions of ethnic minorities, 1%, only
two such strata were used (‘advantaged’ and ‘disadvantaged’) [476]. These
definitions were used for the classifications:
•

‘Ethnic minorities’: at least 30% of this population are classified as
either ‘black’ or ‘Asian’.

•

‘Disadvantaged’: children living in the poorest 25% of wards, with the
Child Poverty Index (CPI)4 at 38.4% minimum.

•

‘Advantaged’: children living in wards other than those described above.

As implied above, the MCS sample is clustered by the characteristics of the
electoral ward [472, 479]. Within each stratum, there is geographical
clustering. The unit for primary sampling was thus the ward. Some wards
being combined to form so-called super-wards where a minimum of annual
births reached 24. In total, 398 primary units of ‘wards’ were sampled [475].
This clustering method is more efficient as it is less expensive to gather a
cluster sample of particular locations than to sample in the entire UK [472].
After selection of sample wards, the list of all children residing in the UK, alive
at 9 months and born from September 2000 to January 2002 was taken from
child benefit5 registers (a universal benefit scheme for families with children)

4

The CPI was defined as the percentage of children under 16 in families
obtaining one or more of these benefits in 1998: jobseekers’ allowance,
income support, family credit or disability working allowance.

5

Child benefit is money paid to parents or other people who are responsible
for bringing up a child.
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operated by the Department for Work and Pensions (DWP) [480]. Sensitive
cases were withdrawn by the DWP from the given sample. These comprised
families losing their children through death or going into local care by that
stage, or where benefit fraud was being investigated in the family [481]. Other
exclusions were UK-born children emigrating before nine months of age and
those not established as resident in the UK at this age.

4.2.2 Response and weights
In the MCS data, the overall response rate decreased over time from 96.4%
in wave 1 (MCS1) to 60.9% in Wave 6 (MCS6); the sample decreased by
almost 35% by the time of the age 14 (see Appendix 2, Table A2.1) [479].
When exploring different response patterns, these show that 47.2% of all
respondents participated in all six waves of MCS (9,088 families of 9,204
children of the original sample). In contrast, 22% have interrupted patterns,
participating in some waves, dropping out from one or more waves, and then
participating in further waves. Families responding only for one period of
waves comprised 30.7% of total respondents. Table 4.1 shows response rates
from MCS1 to MSC6 [472, 479].
The proportion of productive cases (respondents participating in all six waves
of MCS) differs with sampling strata across countries. Socially advantaged
families tended to be productive in all four countries, more so than
disadvantaged sampled families [479]. Respondents classified as from an
ethnic minority tend to be less productive than those classed as advantaged
in England. This may induce bias, as those households lost over the waves
will probably be systematically different from those kept in the sample.
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In MCS the survey weights were calculated for two reasons: first, to correct for
cohort members having unequal likelihoods of selection in the study because
of the clustered and stratified sample design; second, to take into account unit
nonresponse and attrition between waves. Weights are available for single
country analysis and also the UK as a whole [477, 480].
Table 4. 1 Sample size and response rate for MCS1-MCS6 [472, 479].
(MCS1)
Dates (years) * 2001
No.
families 18,552
interviewed
No.
children 18,818
interviewed
Child age
9 months
Response rate 96%

(MCS2) (MCS3)
2004
2006
15,590 15,246

(MCS4)
2008
13,857

(MCS5)
2012
13,287

(MCS6)
2015
11,714

15,808

15,459

14,043

13,469

11,872

3 years
81%

5 years
79%

7 years
72%

11 years
69%

14 years
61%

* Dates when waves 1-6 took place

4.3 MCS data collection
In each wave, MCS collects information from interviewing the main parent
(normally mother), resident partner, and increasingly as the child grows older,
from the cohort member. It was designed to give rich data on children and
families (considered as the immediate environment of the children). It focuses
on the socio-demographic and family backgrounds, as well as parental
characteristics, health and involvement, and child health and development
from early childhood onwards in order to give vital evidence illustrating how
circumstances in early life can influence later development and health [472].
Wave 1 baseline data (MCS1) was collected for 18,552 families with a child
aged 9 months and included home visit interviews by trained interviewers with
the main (usually the mother) and partner respondents, with questions about
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family routines, demographics and SES.

Features of family background,

pregnancy and birth, and initial months of children’s lives were recorded.
Subsequently, data was collected at child ages 3 (MCS2), 5 (MCS3), 7
(MCS4), 11 (MCS5), and 14 (MCS6) years, respectively, when the main
respondent was additionally asked about any behavioural problems, and
child’s cognitive and physical measurements were assessed. At MCS4 and
MCS5, information regarding teaching and school health services was also
asked. At MCS6, the study incorporated significant new data: (1) saliva
samples (for DNA) from child cohort members and their biological parents, to
allow research into genetic impacts on life course events and pathways; (2)
accelerometers were included to monitor levels of physical activity and
sedentary inactivity and (3) mobile phone apps and online completion
measured detailed time use.

4.4 Analytical sample selection
The research for this thesis used data from all first six waves of the UK MCS
obtained from the UK Data Archive (open access) [482]. To focus the research
study on the research questions, some primary exclusion criteria were used
as follows (see Figure 4.1):
•

New families at MCS2 and non-biological mothers were excluded as
they lack information about pre- and postnatal predictors from Wave 1.

•

Non-biological fathers were excluded, as sample sizes were too small
for meaningful analysis.

•

Families with twins or triplets were excluded to avoid the requirement
of including another level of analysis accounting for intra-family
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variability.
•

One-parent families at MCS2 were excluded in order to make it possible
to compare the effect of fathers’ and mothers’ variables on child
outcomes and health.

After applying exclusion criteria, of the 18,552 families (18,818 children)
participating in the study, a sample of 12,115 participants (boys: 6182,
girls: 5933) was obtained. Missing data and methods applied to deal with
it are discussed in details in the next chapter (Chapter five, section 5.1.2).
Figure 4. 1 Exclusion of participants from analysis at MCS16.

6

CM in the figure means cohort member.
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4.5 Outcome variables: Mental health outcomes
Parents were requested to undertake the Strength and Difficulties
Questionnaire (SDQ) at child ages 3, 5, 7, 11 and 14. This is a validated tool
for measuring psychological adjustment in children from 3 to 16 years [483].
25 psychological items were measured in five sub-domains: (1) hyperactivity/
inattention, (2) conduct problems, (3) emotional symptoms, (4) peer problems,
and (5) pro-social behaviour (see Appendix 3, Table A3.1). Each item was
marked either not true (0), somewhat true (1) or very true (2). The totals for
each sub-scale were calculated, with scores potentially 0-10. The first four
sub-domains’ overall sum (hyperactivity, conduct, emotional and peer
problems) was used to construct a total socioemotional difficulties score
ranging from 0 to 40, higher values being indicative of more extensive
difficulties. Additionally, an externalising behaviour score was formed with
scores from the hyperactivity-inattention and the conduct problems scales. An
internalising behaviour score was created by adding together the emotional
symptoms and peer problems scores.
Bandings (‘normal’, ‘borderline’ or ‘abnormal’) for total difficulties classification
and the five sub-domains were given by SDQ instructions (see Appendix 3,
Table A3.1). In this population-based national survey, bandings of total
difficulties and five sub-domains caregories has been previously validated
[180, 484, 485] and they were constructed to establish cut-off points to classify
children according to their risk for a behavioural problem, such that 80% of
children scored "normal", 10% "borderline", and 10% "abnormal" [486].
‘Normal’ category corresponds to a parent-related total difficulties score of 0122

13, ‘borderline’ category corresponds to scores of 14-16 and ‘abnormal’
category corresponds to scores of 17-40 [486].
Following the same approach, banding for externalising and internalising
behaviour problems were also created and categorised. For both internalising
and externalising problems, scores were categorised at 80th and10th
percentile to create a variable of 0 "low to normal scores" (scores≤ 5), 1
"borderline score" (6-8) and 2 "high scores" (scores ≥9). Those at or below
80th percentile considered having "normal score".
This study adopted both the categorisation and continuous score approach.
The continuous scores were used for regression, path and growth model
analysis. Moreover, a categorical variable was also used for the descriptive
statistics to indicate risk for mental health symptoms [487].
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4.6. Exposures variables: Family physical health
Three groups of adverse family physical health exposures were examined:
child asthma, child obesity, and parental chronic illness. All were collected at
child age 3 (Wave 2). An important reason to select these three conditions is
that a sufficient sample of children were reported with either asthma or obesity
or having a chronically ill parent (>10%) in the Millennium Cohort Study data,
thus a properly rigorous analysis was available.

4.6.1 Child asthma
For all waves, at an interview with the main respondent (usually the child’s
mother), questions on asthma diagnosis and symptoms were answered.
These were taken from the International Study of Asthma and Allergies in
Childhood (ISAAC) core questionnaire (see Appendix 4, Table A4.1), a
validated instrument in widespread use [488]. The questions probed into
asthma and wheezing occurrence, and various severity indicators, for
instance, whether the wheeze was serious enough to affect the child talking
and to disturb his sleep. Reports of ever having been diagnosed with asthma
and a wheeze episode in the last year at child age 3 (Wave 2) were used for
this thesis analysis. This is consistent with previous studies that used the same
questions on asthma diagnosis and asthma recent symptoms in evaluating
childhood asthma among MCS children [138, 489-491]. The main respondent
was asked whether their child had any “wheezing in the last 12 months” (0 =
no wheezy attacks during the last year; 1 = had wheeze in the last 12 months)
and if the child was ever diagnosed with asthma (0 = no; 1 = yes).
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4.6.2 Child obesity
Trained interviewers measured the child’s weight, without outdoor clothing and
shoes, using Tanita scales during home visit, recording it in kilograms rounded
to one decimal place. The child’s height was recorded with the Leicester
Height Measure Stadiometer to the nearest millimetre [492]. Body mass index
(BMI) was then calculated. International Obesity Taskforce (IOTF) cut-offs for
BMI (age and sex specific) classified whether the children were overweight or
obese [493] (see Appendix 5, Table A5.1). Those below ‘overweight’ were
categorised as ‘normal’. A three-category variable was used for descriptive
analysis (normal weight, overweight and obese) and two dummy variables
were created and used in the models’ analysis, as the Mplus program does
not allow for categorical independent variables. The first dummy variable was
coded as overweight = 1, other = 0 and the second dummy variable was coded
as obese children = 1, other =0.

4.6.3 Parental chronic illness
Questions on parent’s chronic illness were available at all waves as part of the
parent interview.

The main carer (usually the mother) and partner

respondents were asked: “do you have a longstanding illness, disability or
infirmity?” “Longstanding” means anything that has troubled the patient over a
period of time or that is likely to affect him/her over a period of time. Also,
responses to questions about the severity of chronic illness, such as if the
chronic illness was severe enough to affect the parent’s daily activity were
provided. However, questions concerning activity being limited were only
available from child age 5 years (Wave 3) onward (not the level of this thesis’s
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main exposures), thus only a binary variable (no, yes) of whether parents have
a chronic illness was used at child age 3 (Wave 2).

4.7 Covariate variables
The variables identified in the MCS and used in the current study as
confounders, mediators, and for descriptive analyses are discussed below.
Details on how these variables would be used in each of the three models
(longitudinal regression, path and growth model) are provided below. For
summary of the variables used in the three models with the corresponding
waves, please see Appendix 6, Table A6.1.

4.7.1 Covariates - used in regression, path and growth models
In regression, path, and growth model, certain demographic variables,
mother’s healthy behaviour, family structure, puberty and socioeconomic
variables were assessed as potential confounders that are related to the main
exposure and outcome of interest. These may falsely obscure or accentuate
the relationship between them. This accounts for the relation of interest, but is
not intermediate in a causal sequence, in order to examine the contribution of
the child and family characteristics that could account for potential differences
in the outcome of interest. These covariates were assessed concurrently to
adverse family physical health exposures at child age 3 years (Wave 2) with
the exceptions of birth order, mother age at childbirth, mother’s pre-natal
healthy behaviour, which all were collected at child age 9 months (Wave 1).
The non-intact families variables were collected across the childhoodadolescence period at child ages 3, 5, 7, 11 and 14, (Waves 2, 3, 4, 5 and 6).
Sex-specific puberty variables were obtained at child age 11 (Wave 5). These
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variables were also used for descriptive analysis.

2.7.1.1 Socioeconomic position variables
Given the history of SES definitions and their measurement, parental work
status, educational attainment and household income were considered as
core components of any SEP measures [494]. Therefore, all were used in
Wave 2 as a marker of socioeconomic position.
Parental educational attainment: The seven-level categorisation of the
National Vocational Qualification (NVQ) was used: NVQ1, NVQ2, NVQ3,
NVQ4, NVQ5, other academic overseas qualifications and none of these (see
Table 4.2). Generally speaking, an NVQ5 equates to a graduate degree; an
NVQ4 represents a Diploma; an NVQ3 equates to two A levels (A/ AS), an
NVQ2 > 4GCSEs, and an NVQ1 <5 GCSEs. No detailed information on
overseas qualifications and the “none of these” category were collected.
Questions about educational qualifications were asked to both resident parent
respondents separately. The highest educational qualification of either partner
living in the household is accepted for reporting. No detailed data on overseas
qualifications was recorded. Thus, any partner who holds a British qualification
is considered as a parent with the highest education.
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Table 4. 2 NVQ educational level equivalence degree [495].
NVQ LEVEL
NVQ Level 5
NVQ Level 4
NVQ Level 3
NVQ Level 2
NVQ Level 1

Equivalence degree
Higher degree and postgraduate qualifications
First degree/ diploma in higher education/ other higher
education qualifications/ teaching qualifications for schools
A/ AS/ S Levels
O Level or GCSE Grades A-C
CSE below Grade 1 or GCSE or O level below Grade C

Household income: In Wave 2, certain questions were asked regarding state
pension, child benefits, second job earning, gross and net earnings etc.
Equivalised household income in quintiles was then derived by study
organisers and provided in the data. These quintiles were made by modifying
The Organisation for Economic Cooperation and Development (OECD)
equivalence scale in order to group the cohort into weighted quintiles based
on their income (from the UK analysis). The quintiles were therefore organised
into five income groups, ranging from low (first quintile) to high (fifth quintile).
Occupational class: By asking both resident partners separately, detailed
occupational information was obtained, with occupations being categorised via
the National Statistics Socioeconomic Classification (NS-SEC). These
socioeconomic categories are based on occupation and employment status
and, in some situations, the workplace size, producing a five-category
variable, as officially recommended by the Office for National Statistics [496].
Households were classified as: managerial and professional, intermediate
occupations, small and self-employers, lower supervisory and technical
occupations, semi-routine and routine. A further category described those
whose occupational class was absent, which could include people never
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having held a job.
For each partner in the household, the occupational class was reported in the
data used. The highest occupational class in the household is reported.

4.7.1.2 Demographic parameters
Child age at time of outcome measure: a continuous variable reflecting age
in years and months when the specific outcome variable is measured in Waves
2, 3, 4, 5 and 6.
Child ethnicity: assessed in Wave 1, by asking the mother about her child’s
ethnicity, with six categories: white, mixed, Indian, Pakistani and Bangladeshi,
black or black British, and other ethnic group.

The ‘other’ ethnic group

comprises a mix of ethnic groups and minorities that could not be placed into
any of the other defined groups (for example Chinese).
Primary language spoken at home: used as a marker of cultural tradition. A
binary variable of English /not English was being used in the analysis.
Birth weight: considered a proxy for both genetic endowment and parental
prenatal resource allocation, and classified into five groups: extremely low
(<1kg), very low (1-<1.5 kg), low (1.5-<2.5 kg), normal (2.5-4 kg) and high (>4
kg). Because of low representation in the first three categories, these were
collapsed into ‘low’, and thus three groups (low, normal, high) were used in
the descriptive analysis. For covariate adjustment, a continuous variable was
used.
Maternal age at child birth: used as a categorical variable for descriptive
statistics (≤19, 20-24, 25-29, 30-34, >34 years) and continuous for covariate
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adjustment.

4.7.1.3 Mother’s health behaviour
Breastfeeding: The mother was asked two questions, if the child was ever
breastfed and the age of the child when last fed breast milk.

The 2004 UK

Department of Health breastfeeding guidelines advise exclusively feeding
breast milk for six months after birth [497]. This is in accordance with the World
Health Organisation’s global strategy on infant feeding practices [498]. It is
acknowledged that this was announced after the MCS children were born. In
2000 the advocated breastfeeding period was only four months. Although
71% of the sampled children had received some breast milk, those exclusively
breastfed dropped to 34% at age 1 month; 3% by 4 months and only 0.3% by
age 6 months[499] .Consequently it was unacceptable to use children
exclusively breastfed for 4 or 6 months to identify any inter-group differences.
So, irrespective of duration, breastfeeding initiation was implemented as a
binary (yes/no) variable.
Maternal alcohol drinking during pregnancy: when the cohort children
were 9 months old, the mother was asked how frequently she drank alcohol
during pregnancy (never, less than once monthly, 1-2 times monthly, 1-2 days
weekly, 3-4 days weekly, or 5-6 days weekly, and every day). If she drank at
least once or twice weekly, the mother was asked: “In an average week, how
many units of alcohol did you drink?” If drinking once or twice monthly, she
was asked: “On the days when you did drink alcohol, on average how many
units did you drink in a day?” Units were explained to mothers as “half a pint
of beer, a glass of wine or a single measure of spirit or liqueur”.
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There is no widespread agreement on what levels of alcohol constitute light,
moderate or heavy drinking in pregnancy [500, 501]. In this research, such
classifications are taken from those of the National Alcohol Strategy, which is
consistent with Department of Health guidelines for drinking during pregnancy
[502-504].
In this study, drinking categories during pregnancy are thus defined as follows:
•

Never

•

Light, not more than 1-2 units per week or per occasion

•

Moderate, not more than 3-6 units per week or 3-5 units per occasion

•

Heavy/binge, 7 or more units per week or 6 or more units per
occasion.

Maternal smoking during pregnancy: The mother was asked: “How many
cigarettes a day were you usually smoking just before you became pregnant?”
A continuous variable was available ranging from 0-60 cigarettes/day. These
were merged into three categories to evaluate the dose-response relation in
child outcomes: 0 cigarettes daily; 1-9 cigarettes daily; and ≥10 cigarettes
daily, as in a previous study [505]. Maternal smoking was used as a categorical
variable for descriptive statistics and as a continuous variable for covariate
adjustment.
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4.7.1.4 Family structure
Number of children in household: a continuously derived variable gained in
Wave 2, then merged into three classifications: single child; child with one
sibling; and child with ≥2 siblings. Large families were taken to be those with
three or more children. This family size was considered a risk factor due to the
potential for sibling competition for parents’ attention and family resources
[506]. Number of children in household was used as a categorical variable for
descriptive statistics and as a continuous variable for covariate adjustment.
Childbirth order: a binary birth order variable generated with 1 = first birth, 0
= higher parity.
Marital status: a two-group variable used from Wave 2 of only two-parent
families (married, cohabiting) as the one-parent families were excluded from
the sample.
Non-intact families: so as to concentrate on children living in two-parent
families, at child age 3, one-parent families were removed from the analysis.
However, the family structure may alter in longitudinal studies. Hence, these
modifications to the family structure were controlled for and newly formed twoparent families variable was included in this analysis. This was achieved as,
for each wave, a variable of the number of parents residing in the household
was available in the MCS; 1 = a single-parent household, and 2 = a two-parent
household. For the current research analysis, a two-group variable was
generated from these data variables gathered at ages 5, 7, 11 and 14: 0 =
intact families during the whole period; 1 = two parents not living together at
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least at one time point in the follow up period, indicating an unstable family
structure.

4.7.1.5 Puberty variables
Pubertal maturation is not uniform and happens at different ages and with
different rated of development. Early puberty have been shown to increase
risk of socioemotional difficulties for children [507, 508]. In order to control for
this, early puberty is considered as a potential confounder in this thesis. In
MCS, sex-specific pubertal data were mother reported using an adapted
question from the Petersen Pubertal Development Scale [509]; indicating if the
child had begun puberty or not. Mothers were asked questions regarding
different signs of pubertal development (such as breast growth, voice change,
growth spurt, or menarche).
For girls, mothers were asked, "Has she begun to menstruate (we mean
started to have her period)?” Responses were: No, Yes, Don’t know or don’t
wish to answer, with participants in the latter category considered as
missingness. The boy's measures of voice deepening, and facial hair were
combined to create a composite variable of pubertal status variable consisting
of 0=no (has not begun puberty) and 1= yes (has begun puberty). Following
previous literature [308, 510], menarche for girls, and voice deepening and
facial hair for boys were selected as markers of early puberty at age 11.
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4.7.1.6 Maternal mental health (level of exposure)
Maternal mental health was adjusted for at child age 3 for the following
reasons: (1) to overcome results being affected by reporter bias as the mother
reported her children’s symptoms and feelings, and (2) to control for the
mother’s mental health status at age 3 in order to test the true effect of the
mother’s mental health at child age 5 as a potential mediator, independently
of her mental health status at the prior wave
At child age 3, maternal mental health was measured via maternal reports on
the six-item Kessler Psychological Distress Scale [511]. Responses to items
are scored from 0 “none of the time” to 4 “all of the time” resulting in a total
score ranging from 0 to 24. Both continuous and categorical variables at child
age 3 years were used in the analysis. A cut-off point of 13 and above,
commonly used in previous studies [512-514], was used to classify high levels
of maternal depressive symptoms for the descriptive analysis and a
continuous score was used for the covariate adjustment. Further details
regarding the Kessler Psychological Distress Scale and its related items will
be discussed in section 4.7.3.
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4.7.2 Covariates - used in growth model only
Sets of socioecological variables were incorporated into the growth model to
sum up the sample’s features by class membership. These were treated as
explanatory variables to better describe heterogeneity in mental health growth.
Besides the demographics, parent health behaviour, family structure and
socioeconomic variables, which were mainly obtained at the baseline and
indicate risk factors early in life, these socioecological variables, calculated at
a point during the adolescent period, characterised the child’s home, social
and wider environments, and his or her psychosocial well-being. Including
these sets of socioecological variables also aid the understanding the risk
factors associated with mental ill health throughout the child’s life trajectory.
Similar sets of socioecological variables are available in the MCS data at ages
11 and 14 years. A sensitivity analysis was done using variables collected at
both age 11 and 14 in order to describe heterogeneity in mental health growth
and similar results were obtained. Thus to simplify the model, only variables
collected at age 14 were used, and are described below.

4.7.2.1 Home environment
Two features of the child’s home environment were incorporated into the
analysis:
1) Adolescent’s frequency of arguing with his or her parents. A parent was
questioned “How often does your child argue with the mother/ father?” Five
categories existed for this parent-reported item in Wave 6: 1 = most days, 2 =
about once a week, 3 = less than once a week, 4 = hardly ever, 5 = never. In
accordance with earlier studies [263, 264], the first two categories were
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grouped into “at least once a week” and used as a parent reported indicator of
frequent arguing between a parent and the cohort member.
2) Adolescent bullied by their siblings. This was based on an adolescent’s
response to: “How often do brothers or sisters hurt or pick on you?” Selfreported items were scored on a six-point scale from 1 = most days, 2 = about
once a week, 3 = about once a month, 4 = every few months, 5 = less often
and 6 = never. As with prior research, the first two categories were grouped
into “at least once a week” and used to illustrate frequent bullying by siblings.

4.7.2.2 Social and wider environment
The adolescent’s view about his or her social relationships and the wider
environment were added to the analysis in terms of three aspects:
1) Adolescent bullied by peers: Adolescent were asked “How often do other
children hurt or pick on you?” A six-point scale was used from 1 = most days,
2 = about once a week, 3 = about once a month, 4 = every few months, 5 =
less often and 6 = never. Again, the first two responses were combined to form
“at least once a week” and used to indicate frequent bullying by peers.
2) School connectedness: A Adolescent’s self-reported evaluation of their
school environment was gained through asking them “How much do you like
school” and “How often do you find school interesting?” on a scale from 1 (a
lot) to 3 (not at all).
3) Neighbourhood safety: In Wave 6, a 4-point scale item was used with the
question “How safe is to walk, play or hang out in this area during day?”, with
the responses: very safe, safe, not very safe, and not at all safe. From this, a
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two-group binary variable was derived (safe and not safe).

4.7.2.3 Well-being and risky behaviour
Three variables were assessed for the well-being and psychosocial dimension
as outlined below:
1) Overall happiness: This measure was generated by adding responses to
six MCS questions for how happy the child feels in six domains, using a 7point Likert scale from 1 (completely happy) to 7 (not at all happy). The
domains comprised appearance, school, friends, family, work, and life as a
whole. The overall happiness score ranges from 6 (happy in all six domains)
to 42 (unhappy in all domains). Those with a summed score in the lower
quintile (scored between 17 to 42) were categorised as unhappy.
2) Adolescent’s risky behaviour: Single item ‘yes-no’ questions were used to
evaluate unsafe behaviour including drinking, smoking, and drugs, using
questions, “Have you ever tried a cigarettes? ”, “Have you ever had an
alcoholic drink?” or “Do you use any drugs?”
3) Peer influence: Self reports of adolescent at age 14 were used as there is
considerable evidence suggesting peer influences are especially relevant in
early adolescence [515]. Adolescents were asked “How often do your friends
smoke cigarettes?” and “How many of your friends drink alcohol?” Responses
were reclassified: none of them as no; some/most/all of them as yes. Single
item ‘yes-no’ questions including “Do your friends take any illegal drugs?” were
also used to assess the influence of peers.
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4.7.3 Mediators - used in path model only
A chain of variables was examined in temporal ordering in path model in order
to explain some of the mechanisms that might link the exposure of interest
(family physical health) to the main outcome (child mental health) over a period
of time extending from early childhood, through middle and late childhood, and
into adolescence (see Figure 4.2).

Figure 4. 2 Mediation pathways
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4.7.3.1 Parent's mental health (child age 5)
The Kessler Psychological Distress Scale (K6), a six-question tool, was
developed specifically to estimate the prevalence of serious mental illness as
defined by the US Public Law (PL) and the Alcohol, Drug Abuse, and Mental
Health Administration (ADAMHA) Reorganisation Act [516]. It was devised via
up-to-date psychometric methods to contain questions with the maximum
precision at the scale’s clinical threshold [516, 517]. In the MCS, the six-item
K6 was used to assess both parents’ (mother’s and father’s) psychological
distresses using a computer-assisted self-completion questionnaire at child
ages 3, 5, 7, 11 and 14. Each parent was asked how frequently over the past
30 days they had felt: “so depressed that nothing could cheer you up”,
“hopeless”, “restless or fidgety”, “that everything you did was an effort”,
“worthless”, and “nervous”. Respondents scored four points for ‘all of the time’;
three for ‘most of the time’; two for ‘some of the time’; one for ‘a little of the
time’ and no points for ‘none of the time’. The total score ranged from 0-24. A
continuous score was used for the mediation analyses.
With good reliability and validity[511, 518], the Kessler scale correlates with
both currently treated depression and previously diagnosed depression. In
various countries worldwide K6 validation studies were conducted, all of which
have shown the K6 scale to have very good agreement with independent
clinical ratings of serious mental illness.
Methodological studies also indicated K6 to have little bias for sex and
education [519]. These are features integral to the scale, with items chosen
based on the formal comparisons of age, sex and education differences in
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different items, functioning so as to minimise bias for these demographic
elements[511].

4.7.3.2 Markers of family functioning (child age 7)
Parental involvement
As discussed in Chapter 3, parenting has the potential for a strong and lasting
impact on the child’s well-being. Moreover, it mediates external influences,
which makes it crucially important for researchers and policymakers. Many
parental involvement aspects have been linked to different child behavioural
outcomes [412, 424, 520, 521].
Parental involvement with the child was assessed at age 7 (MCS4) by asking
both mother and father about the nature and frequency of activities they share
with their children. The mother and father were asked about: (i) reading to the
child, (ii) telling stories to the child, (iii) doing musical activities with the child,
(iv) drawing or painting, (v) playing active games, (vi) playing indoor games,
and (vii) taking the child to the park or playground, with responses on a 6- point
scale (“every day” to “never”) for each question.
To simplify the model, exploratory factor analysis (EFA) reduced the variables
to fewer constructs. Evidence of one common factor for both the mother’s and
father’s activity was found. This is consistent with a previous study that used
the same data [521]. More details about the method used to conduct the EFA
through Mplus software are provided in Chapter 5.
Child-parent relationship
During the school years, the social world of a child grows to include more
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settings and people outside the home. Nevertheless, the child-parent
relationship continues to be the most critical influence on child development.
Studies have revealed attachment to be indirectly measurable by investigating
the primary caregiver’s sensitivity to the child, especially when responding to
the child’s fear or distress[522]. A significant link has been identified between
the child’s security of attachment and maternal sensitivity [522].
In the MCS, attachment is measured in Wave 1 by the Condon Maternal
Attachment Questionnaire and in Wave 2 by the Pianta scale in order to
measure the parent’s perception of the quality of the relationship with their
child. However, no measures of child-parent attachment are available at child
age 5 and 7 (Wave 3 and 4). Instead, at Wave 3 and 4 questions on how main
and partner respondents are sensitive and respond to the child were posed.
The mother and father were asked about: (1) how close the parent is to the
child, (2) whether they enjoy listening and doing things with the child, (3) if they
express affection, and (4) if they easily get irritated with the child. Evidence
showed one factor only loaded positively on all four responses. Consequently,
a measure of “parent-child relationship” as a combined result draws on these
four questions; higher values can be considered as representing a ‘more
attached’ relationship. More details about the EFA for this data are given in
the next chapter.
Marital relationship
An adapted version of the Golombok Rust Inventory of Marital State (GRIMS)
was implemented to assess marital conflict[523]. The GRIMS was constructed
as a short easy questionnaire to assess the overall quality of a couple’s
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relationship and locate the extent of disharmony, if found. It focuses on
nonsexual aspects within an adult cohabiting couple’s relationship, addressing
features

considered

significant

for

harmony.

The

original

28-item

questionnaire had high content validity and reliability of 0.91 (men) and 0.87
(women) using the Cronbach’s alpha coefficient. GRIMS creates an overall
rating of relationship quality separately for the female and male partner. Higher
scores indicate greater levels of marital conflict (Rust and Golombok, 1986).
In the MCS, for all respondents with a full-time resident spouse or partner,
seven questions were incorporated in Wave 1, and four in Waves 2 and 3. In
Wave 4, other items were used to assess the parental relationship which
resembled the GRIMS but were not precisely the same questions, in order to
identify areas believed to be important in any marital relationship. At MCS4,
each of the parents was asked four questions: (1) “How often do you and your
partner disagree on issues concerning the child?” (2) “How often do you and
your partner go out without the children?” (3) “How happy are you in your
current relationship?” and (4) “Has your partner ever used force on you for any
reason?” These were included in the self-completed section of the survey.
As each of the parents was asked separately, two measures of parental
relationship were available, one from each parent’s viewpoint. The current
research selected the mother’s assessment of her marital relationship, in line
with most previous studies. Again, only one factor loaded positively on all
responses so the measure of ‘parental relationship quality’ draws on the
composite response to these four questions; higher values can be considered
to represent ‘higher marital conflict’ in the relationship.
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4.7.3.3 Child self-esteem (child age 11)
To evaluate individual self-esteem, the Rosenberg Self-Esteem Scale is
widely used as a self-report instrument. The original scale is a ten-item scale
assessing self-worth holistically by appraising negative and positive feelings
about the self which is considered to have good reliability and validity as a tool
for measuring self-esteem [524]. Initially, it was devised using a sample of
more than 5000 children from schools in New York State and has since been
widely implemented.
An adapted version of Rosenberg’s Self-Esteem Scale was used in the MCS,
consisting of five items reflecting a positive view of the self. Responses were
made on a 4-point scale, from strongly agree to strongly disagree. The cohort
members at age 11 years (Wave 5) were asked to rate these statements:
(1) “On the whole, I am satisfied with myself”, (2) “I feel that I have a number
of good qualities”, (3) “I am able to do things as well as most other people”, (4)
“I am a person of value”, and (5) “I feel good about myself”. No total score was
given in the data.
In the research for this thesis, the self-esteem variable was used as a latent
continuous variable measured by the five items mentioned above, with a
higher score indicating higher self-esteem. EFA was implemented (identifying
a single common factor) and showed that items loaded well on a single factor,
consistent with a previous study with the same data. More details about the
EFA with Mplus software are given in Chapter 5.
This chapter has presented the dataset for this analysis, the Millennium Cohort
Study, with definitions of the variables used for operationalisation of the

143

conceptual model. The next chapter outlines the methodology employed to
test the model and describes how missing data are considered, in more detail.
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Chapter 5: Statistical Methods
The statistical methods used for the regression, path and growth model data
analysis are described here, including how missing data were dealt with.

5.1 Model building
The purpose of data modelling is to describe the data’s structure simply, and
to specify a set of relationships between variables that is comprehensible and
readily interpretable. Three models are presented below: regression, path, and
growth models. Longitudinal analysis for these three life course models is
carried out using Mplus Version 8 [525], which permits complex data
management and analyses.
As this thesis only have continuous outcomes, one estimator was used. An
“estimator” is defined as a method to solve the model equation and produce
the estimates of parameter values. The maximum likelihood (ML) estimator is
the Mplus default for continuous dependent variables. The maximum
likelihood with robust errors (MLR) was estimated in this study, which also
allows for complex survey settings, as it is robust for deviation from normality.
In other words, the non-normality of outcomes and the non-independence of
observations in cluster sampling were both taken into account. A Wald test
was used with a p-value of less than 0.05 being considered statistically
significant.
All regression, path, and growth analysis models were estimated using the
following strategies: multiple group analysis, the full information maximum
likelihood (FIML) method for missing data, and complex survey analysis.
These are further described below.
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5.1.1 Multiple group analysis
In the multiple group approach, the sample is divided into sub-groups based
on the moderator variable, in this case, the child’s sex. Each sub-group is
treated as a separate dataset. The model is fitted and the results are estimated
in each group separately. Statistical methods applied in the research for this
thesis follow a multiple group analysis approach to observe group (boys and
girls) differences in different models measurement. An exception is made for
exploratory factor analysis, where multiple group analysis cannot be estimated
in Mplus. In this case, the "subpopulation" option was utilised to choose the
group of observations for analysis.

5.1.2 Handling missing data
As a result of the applied exclusion criteria, the sample size decreased from
18,818 to 12,115 children. The modified sample was then confined to cases
with complete data for all model variables (i.e. complete case analysis). This
further decreased the sample size from 12,115 to 5106, 3781, and 3777
children in regression, path and growth model respectively (see Appendix 7,
Figures A7.1, A7.2, and A7.3). So as to avoid such a large reduction in the
sample sizes, it was resolved not to limit analyses to complete cases. For this
reason, the Full Information Maximum Likelihood (FIML) approach was
adopted and various strategies were employed to ensure the analyses and
conclusions were valid.
Full Information Maximum Likelihood (FIML) approach is an advanced missing
data method frequently used in structural equation modelling (SEM), allowing
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missing data to be accounted for by estimating the model via missing data
theory using the information for all available cases [526, 527]. The FIML
estimation method neither imputes nor adds in missing data, but calculates
parameter estimates based on all available data, including cases which are
incomplete [528].
FIML posits that the data are ‘missing at random’ (MAR) [526-528]. In other
words, the likelihood that data are missing depends on the observed data in
the analysis model; missingness is not dependent on unobserved data.
Because many variables in the models predict missingness (for instance
parental income, see Appendix 8, Table A8.1) the data needed to be assumed
as MAR. This assumption was made more plausible by including confounders
in the analysis that are predictive of missing data (i.e. sociodemographic
measures) [527, 529].
When the missing data is randomly missing, FIML appears less biased than
pairwise or listwise deletion (i.e. MAR data) [527, 530, 531]. FIML and multiple
imputation (MI) methods are asymptotically equivalent, have similar statistical
properties, make similar assumptions and yield similar results to MAR
data[527]. However, FIML is simpler and more straightforward to apply,
especially if the right software was used.
In the FIML approach, each observation in the study must have information on
at least one endogenous (dependent) variable and all exogenous
(independent) variables in order to be included in the analysis. Mplus removes
cases with missing independent variables (x’s), which conforms to regression
analysis where the model is estimated, conditioned on the observed
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independent variables (x’s). These variables’ means, variances, and
covariances are not model parameters. This may be problematic as missing
an observed (x) variable greatly reduces the sample size (combined with other
predictor x-variables), especially when the missingness arises from father
variables (e.g. fathers were not interviewed). To avoid this, the variables (x’s)
can be integrated into the model and estimated by the FIML approach.
However, this involves further assumptions such as normality for the x’s than
in the original analysis model where no assumption is made for the distribution
of the x’s. In Mplus, this can be achieved by mentioning the mean or variance
parameters for the x’s in the input file.
It is worth mentioning here that this approach of keeping cases with
missingness on the independent variables is not available for the three step
analysis used in the growth model, which is outlined in more detail in the result
chapter Section 6.4.5. Moreover, for the entire descriptive analysis, these
missing records will be also removed.
After applying the strategies described above in dealing with missing data, a
complete sample of 12,115 (boys: 6182 and girls: 5933) was included for both
the regression and path models. For the growth model, the sample size was
further reduced to 12,033 (boys: 6141 and girls: 5892), due to the number of
cases with missing data in all mental health repeated measures. Mplus
excluded such records from the growth model.
A series of sensitivity analyses was conducted to examine the differences
which emerged due to the different approaches used to deal with missing data.
First, a sensitivity analysis was performed comparing results of the complete
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case analysis to those for the full information maximum likelihood (FIML)
(excluding missingness on independent variables). Results from both
sensitivity analyses were similar, which also suggests that the missing data
mechanism in operation could be MAR. However, the estimates were slightly
greater in size and 95% CI were slightly narrower in the FIML model compared
to the complete cases model (results not shown).
Second, another sensitivity analysis was carried out to check that the action
of allowing missingness on the independent variable to be included in the
model (by specifying their variance) did not bias the estimates. Two exercises
were performed. First, the models were run on a sample excluding all cases
with missing data on independent variables. Second, the same models were
run, however, cases of missingness on independent variables were kept by
specifying their variance. No substantial differences were identified between
these two models, so the one with the larger sample was preferred.

5.1.3 Complex survey analysis approach
All analyses were weighted to take into account the nonresponse of eligible
participants and the unequal likelihood of selection. By using complex survey
analysis, corrections to the standard errors and chi-square test of the model
fit that account for non-independence of observations due to cluster sampling,
stratification, and the unequal likelihood of being sampled were gained.
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5.2 Descriptive analysis
Before starting to run any of the three models, a descriptive analysis was
adopted to summarise the major features of the study population collected
from Waves 1-6: (1) father, mother and child characteristics, demographic
parameters, healthy behaviour, puberty, and socioeconomic characteristics;
(2) the proportions of the three main exposure variables (child obesity, child
asthma, and parental chronic illness); and (3) mental health outcomes and
their distribution by child age.
The SAMSTAT option in Mplus was used to request sample statistics for the
data analysed. For continuous variables, these include sample means,
variances, covariance, and correlations. For binary and categorical variables,
these include sample thresholds; sample proportions.
In the following sections, the methods used to address the objectives of this
research are described.
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5.3 Regression model (to address objectives 1)
Regression analysis is a standard way of modelling relationships within
observed variables. Because this study deals with continuous outcome
variables, linear regression analysis was used. An unadjusted univariable
analysis, followed by a serious of multivariable linear regression models was
constructed using standard guidelines. This will be discussed in the following
sections (section 5.3.1 & 5.3.2).

5.3.1 Univariable analysis
An unadjusted univariable analysis was conducted for two reasons: First, to
describe the characteristics of children with higher total mental health
difficulties scores, with different socio-demographic variables that make up the
regression conceptual model. Second, although previous literature did not
exclude any association between the selected variables, a theoretical model
consistent with the observed data is necessary for statistical analysis and
results interpretation. Therefore, univariable analysis approach was followed
to achieve simpler working model by checking covariates significantly related
to outcome variables in order to eliminate variables that were not adding any
extra predictive power to the multivariable model.

5.3.2 Multivariable analysis
Multivariable adjusted linear regression analysis model was used to evaluate
the temporal associations between exposures of family physical health
differences at age 3 with mental health scores at 3, 5, 7, 11 and 14 including
socioemotional difficulties, internalising and externalising problems. Moreover,
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the independent contribution of demographic characteristics, family structure,
puberty, parental healthy behaviours, socioeconomic positions and maternal
mental health status on aspects of mental health were investigated. In the
base model, the initial estimates of family physical health differences were
presented. Then explanatory factors’ importance was assessed by individually
adjusting for six sets of covariates. Five models were formed in stepwise
fashion. Model 1 an unadjusted model, Model 2 adjusted for demographic and
maternal healthy behaviours variables; Model 3 additionally adjusted for family
structure variables; Model 4 adjusted for socioeconomic positions; and Model
5 adjusted for maternal mental health status. All models were adjusted for child
age at each time point and correlations between child mental health measure
at ages 3, 5, 7, 11 and 14 were estimated in the same model.

5.3.3 Identifying effect modifiers
Although the multi-group analysis was applied to all tested models, moderation
analysis was done to confirm if the observed differences between boys and
girls are significant. The role of child sex as a moderator of the relationship
between the main exposures and outcomes was assessed. The interaction
term of child sex with the main exposure was created by using the Define
command in Mplus. Then, the interaction term was fitted in the model and a
Wald test was used to determine significant interaction in the adjusted
multivariable model.

5.3.4 Model assumptions
All linear regression model assumptions were tested and met for mental
difficulties scores: linearity, normality, homoscedasticity, and independence of
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residuals (results not shown). These assumptions were checked using Stata
15 software, not Mplus. At the time of writing, there was no option to perform
such checks in Mplus. However, the MLR estimator was found robust against
deviations from the normality assumption.

5.4 Path model (to address objective 2)
As mentioned in the preceding section (on the regression model), the first
hypothesis was evaluated by examining a reduced regression equation
without the mediators (including only confounders; for simplicity, these are not
shown in the equation below):
Y= i + cX+ε
In order to proceed to the path model and evaluate the mechanism linking the
family’s physical health at child age 3 with the child’s mental health at age 14,
the null hypothesis (H0: c = 0) for this reduced regression equation should be
rejected. Instead, it should be considered that x and y (i.e., the exposure and
the outcome) are related and potential mediators should be explored. Two
types of mediation were tested following the SEM approach through Mplus:
full mediation (i.e., the exposure has no direct effect on the outcome) and
partial mediation (i.e., the exposure has direct, indirect and/or total effects on
the outcome) [532]. Inference about such effects (standard errors and Pvalues) was achieved using a Soble test through SEM [533, 534]. The details
concerning these methods are provided in Sections 5.4.1 through 5.4.5.
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5.4.1 Total, direct and indirect effects
The term “statistical mediation” or simply “mediation” refers to a causal
connection where it is assumed that the effect of one or more independent
variables is transmitted to one or more dependent variables via a third variable.
Statistical mediation analysis has been used in child development research to
disclose the pathways underscoring an exposure’s impact on a particular
outcome variable. In other words, it helps researchers uncover the mechanism
through which a cause (independent variable) brings about an effect
(dependent variable) [535].
By using statistical mediation analysis, the total impact of such an exposure
on an outcome variable was transformed into a direct and indirect effect. The
latter effect happens through a mediator variable (see Paths a and b in Fig.
5.1), and the remaining effect consists of the direct one (see Path c’ in Fig.
5.1) [536].
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Figure 5. 1 Path model of a relatively simple mediation model. The total effect
of X on Y (A), a simple mediation model (B).

When investigating indirect effects, researchers require an estimate of this
effect and testing of its significance. Various statistical approaches have been
proposed for indirect effect testing. In 1981, Judd and Kenny suggested a
series of regression equations [537]:
(1) Y = i1 +cX+ε1
(2) M = i2 +aX+ε2
(3) Y = i3 + c’X+ b M+ ε3

where in Equation (1), c represents the total effect of the exposure variable X
on the outcome variable Y (Path A in Figure 5.1). In Equation (2), a represents
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the effect of the exposure variable X on the mediator variable M (Path B in
Figure 5.1). In Equation (3), c’ represents the direct effect of the exposure
variable X on the outcome variable Y which is the pathway from the exogenous
variable to the outcome while controlling for the mediators, and b represents
the effect of the mediator variable M on the outcome variable Y (Path B in
Figure 5.1). In all three equations, i stands for the intercept and ε the error
term.
Baron and Kenny’s (1986) causal steps procedure [536] tests for an indirect
effect by imposing four conditions for the above mentioned regression
equations which must be satisfied: (1) Variables X and Y must be related, and
c must not equal zero. (2) variables X and M must be related, and a must not
equal zero. (3) Variables M and Y must be related once the effect of X is
controlled, this is, coefficient b must not equal zero. (4) The relationship
between X and Y must be significantly decreased when controlling the effect
of M. That is, the coefficient c’ must be smaller than the coefficient c [536].
Despite this method having been the most widespread in recent years, it
contains important limitations [538-541]. The method only provides a binary
conclusion. It asks if the indirect effect exists or not, instead of formally testing
for further information regarding the indirect effect [535]. Also, in a review by
MacKinnon, Lockwood, Hoffman, West, and Sheets (2002) comparing
fourteen methods to contrast the mediation hypothesis, the procedure was
shown to yield a low statistical power to identify an indirect effect [539].
Moreover, Mallinckrodt and his team (2006) corroborated this when comparing
Baron and Kenny’s strategy to methods based on bootstrapping [542].
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In mediation analysis, it has recently become practice to formally test the
indirect effect as well as each individual path comprising this effect [534, 543].
The Sobel (1982) test evaluates the mediator’s significance by the product of
coefficients. The confidence intervals (CIs) for the indirect effect are estimated
and the standard error determined. In the simple mediation model presented
in Figure 5.1, the indirect effect of X on Y via M can be calculated as the
product of a and b. In other words, the indirect effect can be estimated as a*b.
Using standard errors, this method (called the Sobel test), assumes a normal
sampling distribution of ab [535]. Mackinnon et al. (1995) have shown that
product of two normally distributed variables is not necessarily itself a variable
which is normally distributed [544]. Bollen and Stine (1990) have also
concluded that the distribution of ab tends to be asymmetric [533]. This
asymmetry might influence the relevance of Sobel’s test. In order to address
this, researchers [533, 545, 546] have suggested using the bootstrapping
approach.
However, bootstrapping was not taken up by the current research due to the
following reasons: (1) there was a large sample, (2) the distribution of a*b
typically did not significantly deviate from normality, and (3) when the
hierarchical structure of the data is taken into account by using TYPE =
COMPLEX, bootstrapping is not available in Mplus.
The SEM approach was conducted in this study to test the mediation
hypotheses with the Soble test. This will be demonstrated in the following
section.
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5.4.2 Structural equation modelling (SEM) approach
SEM was used in this research to test the hypotheses about the mediator’s
effects through Sobel testing. SEM offers a more suitable inference framework
for mediation and other causal analyses, offering several benefits.
First, with Baron and Kenny’s regression approach, Equations (1) to (3) (see
Section 5.4.1) were fitted as three separate regression models using several
linear regression models[536]. In comparison, with SEM, these equations
were fitted simultaneously as one model. Thus the direct, indirect and total
effects could be obtained simultaneously, the attenuating effects of
measurement error corrected and the dual role of the mediator as the
exposure’s effect and a cause for the outcome depicted appropriately with
structural equations instead of regression analysis[532, 547, 548].
Second, SEM has two components: a measurement part (the latent variables
) for factor analysis and a structural model for path analysis. As a result, when
a model contains one or more latent mediator variables, SEM provides ease
of estimation and interpretation. It simplifies testing the mediation hypothesis
by doing so in a single analysis input model that includes both path and factor
analyses of several independent variables, mediators or outcomes at once
[532].
Third, SEM provides information about model identification. Identification is a
property of the model, not the data. A model is identified if it is theoretically
possible to drive unique estimates for all parameters in the model. At least two
conditions have to be satisfied to identify a model. The first condition is known
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as “the counting rule” and it relates to the number of degrees of freedom (df).
The number of degrees of freedom (df) is equal to the number of observed
data (Variance & Covariance) minus the number of estimated free parameters.
If df > 0, then the model is called “over identified”. This means that a model
has fewer parameters than observations. If the df =0, the model is “just
identified” which means that a model with an equal number of parameters and
observations; and if the df < 0, then the model is “not identified”. An under
identified model has more parameters than observations and is not possible
to estimate; model coefficients can be only estimated in the just identified or
over-identified model.
For the measurement model only (factor analysis), the second condition had
to be applied: a scale has to be assigned for each latent variable. As the latent
variables are not observed, they do not have an inherent scale. Therefore, the
model has to be set up in such a way that the scale of the latent variable is
clear. As a result, this researcher adopted the default parameterization
approach in which the factor loading of the first indicator was constrained to 1
and other items’ factor loadings were interpreted relative to the constrained
item [549, 550].
Fourth, SEM provides information about the hypothesized mediational model’s
consistency with the data and also gives evidence for the causality
assumptions’ plausibility [551, 552]. Mplus gives several indices for the
evaluation of an a priori hypothesized model’s fit to the sample data [553]. The
likelihood ratio test (chi-square test) is an objective goodness of model fit
index, classically implemented in SEM. However, it has long been seen as
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problematic that it is sensitive to sample size and assumes the model fits the
sample data perfectly. Several subjective model fit indices have therefore
been devised to overcome these concerns. These comprise either absolute fit
indices, such as the root mean square error (RMSEA) [554] and the
standardized root mean residual (SRMR) [555], or incremental fit indices, such
as comparative fit indices (CFI) and the Tucker-Lewis Index (TLI) [556]. While
the latter evaluate improvement in fit through comparing a target model to a
more constrained nested model, the former measure how well an a priori
model replicates the sample data [553]. Because of their separate
advantages, multiple fit indices have been proposed in SEM in order to
consider different aspects of fit. The results of this procedure are reported in
Chapter 6.
It must be noted here that while just identified and over identified models both
meet the identification requirement and so both can be estimated, goodness
of fit statistics are not obtainable for just identified models. Therefore, only the
over identified models are capable of being evaluated in terms of their
goodness of fit for the data.
After justifying the methods employed in this research to test the indirect effect
in mediation analysis, more details are given in the next section on how these
were applied.
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5.4.3 Implementation of the SEM to test family stress model
For this PhD research’s SEM path model, which is more complex, the same
rules discussed above were applied.
The current thesis aimed to explore all possible indirect relationships that
might explain the association between family’s physical health and child’s
mental health; provided that the temporal ordering remains. As shown in
Figure 5.2, the total effect (c) of X on Y can be divided into its direct (c`) and
indirect components through M1, M2, M3. Here, c = c` + a*b*c + d*e*b*c+ d*f*c
+ d*g+ h*c + a*i+ h*i. The last seven terms represent specific indirect effects
and their sum constitutes the total indirect effect. Exposures, outcomes, and
parents’ mental health were assumed to be observed so rectangles (not
circles) were used to represent the variables, while family functioning and child
self-esteem variables were assumed to be latent. In order to assess different
dimentions of family functioning, three of its markers were analysed (not
shown in Figure 5.2). These markers are parental involvement, parental
warmth, and marital conflict which all are shown in Figure 5.3. Figure 5.2 is a
simplified SEM model that provides a general idea of the relationships in the
web of observed and latent variables that are under study, however, a more
detailed conceptual model (Figure 5.3) will be presented later in the same
section.
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Figure 5. 2 Conceptualised SEM path model

Different strategies were followed to build the SEM model. First, the
measurement part was evaluated. The latent variables incorporated in the
SEM were constructed using confirmatory factor analysis (CFA). This was
preceded by exploratory factor analysis EFA. The CFA based on the EFA
approach was preferable for two reasons. First, to discover the number of
factors most fitting the data. Second, to avoid relying on extensive modification
indices to find a well-fitting CFA model. The method used to create latent
variables through an EFA approach is discussed in the following section
(section 5.4.5). All related results are presented in the results chapter (chapter
6, section 6.3.2).
Following EFA results, a measurement model with four latent factors was
adopted to introduce parameter estimation in the CFA (Figure 5.3). These four
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factors are, the three markers of family functioning (parent involvement factor
with 7 indicators, parental warmth factor with three indicators, and marital
conflict factor with four indicators), and child self-esteem factor with five
indicators. Each measurement error (E1, E1, E3, E4, etc.,) for each indicator
represent unique variance, which is the indicator variance not explained by the
factor.
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Figure 5. 3 Extended conceptualised SEM path model including both measurement and structural parts.
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To ensure that latent factors had equivalent structure and meaning across
boys and girls, it was further tested for factorial measurement invariance (MI)
by child sex, using multi-group CFA methods. For this purpose, a series of
nested models was used in which successive equivalence constraints were
determined in the model parameters across groups [557]. The baseline model
(Model 1) was the configural model, which meant it had the fewest limitations
on its parameters. This model was examined by specifying the same structure
across the two groups (e.g., same items and factor configuration) while
allowing all other parameters to differ. The second model (Model 2), the metric
model, included factor loading invariance. In addition to the same factor
structure, Model 2 was tested by putting equality constraints on each of the
factor loadings across groups. For Model 3, the scalar model, further
constraints were placed on the measured variables’ intercept so as to test
scalar invariance.
Traditionally, one single criterion was used to test measurement invariance
(MI), i.e., the significance of the change in chi square (X2) for two nested
models [558-560]. More recently, some researchers have shifted attention
from absolute fit in terms of X2 to instead focussing on alternative fit indices
[561-563]. This is because, in sizeable samples, X2 is too sensitive to minor,
insignificant deviations from a perfect model [564]. A substantially sized total
sample might result in over-rejection of the measurement invariance tests if
the modification to X2 is the sole criterion for evaluating fit.
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Researchers have suggested four specific indices for testing measurement
invariance. These are based on the differences in CFI, TLI, RMSEA, and
SRMR between baseline and nested models. If the difference between the two
models shows a change in the values of CFI, TLI, RMSEA, and SRMR equal
or greater to 0.01, 0.01, 0.015 and 0.03 in magnitude, respectively, the
constrained model should be rejected [562]. This procedure was repeated for
each latent factor.
In order to conduct multigroup SEM analysis, scalar measurement invariance
should be achieved [565]. Thus, if the fit between the Model 3 (scalar model
with more restrictions puts on the loading and intercepts) and the baselineless constrained Model 2 (metric model) were not significantly worse, it would
be concluded that latent constructs were equivalent across sexes. On the
contrary, if the fit between the two models is significantly worse, then scalar
MI was not accepted. However, partial measurement invariance can still be
tested [566]. The purpose of examining partial MI is to discover which of the
intercepts or loadings vary across groups. A valid inference can be made
regarding group differences by identifying items that caused MI not to hold in
the model, and thus unconstraining them [567].
To establish partial MI, a few steps should be followed [565]. First, one needs
to go back to Model 1, baseline configural model, and compare the size of the
loadings/ or intercepts between two groups. Second, all loadings and
intercepts should be constrained except for the one intercept/ loadings with
the largest unstandardised difference between the two groups, which should
be released. Third, a comparison between this partially constrained scalar
model with the old Model 2 (metric model) should be made. If there are
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insignificant changes in the values of CFI, TLI, RMSEA, and SRMR in these
two models, then partial MI should now be accepted. If the differences in the
model fit values are still significant, then another item should be released, and
this will be continued until the item that causes MI not to be held is identified.
According to the Byrne et al [558], a valid inference can be made as long as
there are at least two loadings and intercepts that are constrained across the
two groups.
In this thesis, after applying all the above mentioned methods, the scalar MI
by child’s sex was confirmed for the child self-esteem, marital conflict, and
maternal warmth latent constructs. The results of the tested models are all
shown in Table 5.1 . On the other hand, scalar MI was not accepted for both
parental involvement with the child, and paternal warmth. However, by
releasing constraints on one or more loadings and/or intercepts, partial MI was
achieved (Table 5.1). Hence, the prevailing invariance pattern lent weight to
the feasibility of the items’ use as latent construct indicators for two groups,
one for girls and the other for boys.
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Table 5. 1 Fit statistics of the measurement invariance MI tests for latent constructs used in SEM
Latent
construct
Marital
relationship

Model

Configural
Metric
Scalar
Mother
Configural
involvement Metric
Scalar
Partial
scalar
Father
Configural
involvement Metric
Scalar

Mother
child
relationship
Father child
relationship

Child self
esteem

Partial
scalar
Configural
Metric
Scalar
Configural
Metric
Scalar
Partial
scalar
Configural
Metric
Scalar

X2

df

p

DX2 (p)

CFI

DCFI TLI

DTLI SRMR DSRMR RMSEA DRMSEA Decision

2.18
2.71
14.72
183.87
195.96
425.54
208.03

3
6
9
27
33
39
34

0.30
0.82
0.10
<0.001
<0.001
<0.001
<0.001

0.53 (0.97)
12.01 (0.01)
9.13 (0.16)
242.43(<0.001)
12.07 (0.07)

1.00
1.00
0.991
0.975
0.974
0.938
0.972

0.00
0.009
0.001
0.03
0.002

0.00
0.007
0.006
0.03
0.002

1.00
1.00
0.993
0.961
0.967
0.933
0.965

0.005
0.006
0.01
0.022
0.024
0.038
0.025

0.001
0.004
0.002
0.014
0.001

0.00
0.00
0.01
0.034
0.031
0.04
0.032

0.01
0.003
0.009
0.001

Accepted
Accepted
Accepted
Rejected
Accepted

0.974 0.017
0.978 0.004 0.022
0.908 0.07 0.045

0.005
0.023

0.027
0.026
0.052

0.001
0.026

Accepted
Rejected

90.60 23 <0.001 103.77 29 <0.001 12.65 (0.05)
405.04 35 <0.001 353.08
(<0.001)
142.12 30 <0.001 38.35 (<0.001)

0.986 0.986 0
0.923 0.06

0.977 0.009 0.967 0.01

0.024

0.005

0.031

0.005

Accepted

0.00
0.77
2.46
0.00
2.97
40.40
4.74

0
2
4
0
2
4
3

<0.001
0.67
0.65
<0.001
0.09
<0.001
0.28

1.00
1.00
1.00
1.00
1.00
0.975
1.00

0.00
0.009
0.013
0.00
0.02
0.04
0.008

0.009
0.004
0.02
0.02
0.01

0.00
0.00
0.00
0.00
0.019
0.049
0.00

0.00
0.00
0.019
0.03
0.019

Accepted
Accepted
Accepted
Rejected
Accepted

39.46
44.92
99.69

2
5
8

<0.001 <0.001 3.41 (0.33)
<0.001 58.27 (<0.001)

0.985 0.956 0.022
0.985 0.005 0.967 0.01 0.026
0.983 0.002 0.962 0.005 0.037

0.004
0.01

0.049
0.042
0.045

0.007
0.003

Accepted
Accepted

0.77 (0.67)
2.07 (0.35)
2.97 (0.38)
37.43 (<0.001)
1.77 (0.18)

0.00
1.00
0.002
0.023
0

1.00
1.00
1.00
1.00
0.994
0.963
1.00

0.00
0.00
0.006
0.03
0.006

Note: All comparisons are made between the more constrained model and baseline-less constrained model; metric is compared to
configural. Scalar and partial scalar are compared to metric.
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Next, after incorporating the CFA into the SEM and evaluating its adequacy,
the structural part was added. The extended hypothesised SEM path model is
shown in Figure 5.3. The total effect (c) of X (family physical health at age 3)
on Y (child’s mental health at age 14) can similarly be divided into its direct
(c`) and indirect effects through mediators. These mediators are parental
mental health at age 5, markers of family functioning including parental
warmth, parental involvement and marital conflict at age 7, and child selfesteem at age 11. The inclusion of the direct path in the model will allow to
test how much of the association between family physical health and child
mental health remained unexplained by the model.
For each endogenous variable, confounder variables (socioeconomic,
demographic, family structure, etc.,) were controlled for in the structural
equations. The rule of thumb guidelines are that CFI≥0.95; TLI≥0.95, SRMR ≤
0.05, and RMSEA ≤0.06 represent a well fitted model [568] . These guidelines
were used in this study. Model re-specification will be considered to improve
the model-data fit, which should be theory driven. MODINDICES option was
used to request modification indices in order to improve the model misfit. When
the parameter is estimated freely, a modification index gives the expected
decrease in chi-square. An indirect effect is considered significant if the 95%
CI does not include zero. Only significant paths will be reported in the
conceptual path diagrams presented in the result chapter. Path with
insignificant coefficients at the level of 5% will be omitted from the path
diagram presented in the results chapter.
The path model is built on the findings of the previous regression model
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analysis. Only exposures that found to have a significant association with
mental health outcomes at age 14 in the multivariable regression analysis will
be tested in the SEM model. As three mental health outcomes were evaluated
(total socioemotional difficulties, internalising and externalising difficulties), the
plausibility of the mechanism driven the association between the same
exposure and each of the mental health outcomes were evaluated in a
separate model. For comparison purposes, the three models were identical
with the exception of the tested outcome variable.
Moreover, the majority of studies concerning parent psychopathology and
child functioning have focused on the role of the mother. In this thesis,
however, the mental health and psychosocial related factors of fathers will be
examined as a mediator separately to those of mothers, making two different
models (see Figure 5.4). For comparison purposes, the same model is
repeated for each parent mediators’ measures.
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Figure 5. 4 Conceptualised path model stratified by parent sex.

Besides testing for the total, direct and indirect effects, an investigation was
conducted to assess if a mediated or indirect effect was constant for diverse
groups of the population. Methods for testing moderated mediation effect are
outlined in the following sections.
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5.4.4 Identifying effect modifiers: Moderated mediation
In mediation analysis, the question often arises whether a mediated or total
indirect effect is the same for diverse groups of individuals [569]. In another
way, it is necessary to explore if the total indirect effect is influenced by a
moderator, which, in our case, is the child’s sex. We, therefore, tested if the
total indirect effect differs between boys and girls via a Wald test of parameter
constraints.

A wald test was used to determine the extent to which the

parameter estimates in the unconstrained model differ from the equality
constraint (coefficient (boy) - coefficient (girl) = 0) with the sampling error taken
into account. If the p-value is <0.05, the total indirect coefficients are
significantly different for boys and girls.
As indicated earlier, some mediators in the path model were latent variables,
for which exploratory factor analysis EFA was adopted. This is outlined in
detail in the following section.
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5.4.5 Exploratory factor analysis
The data set for the research in this thesis was quite large, consisting of
several variables. As discussed in Chapter 4, many different measures of
family functioning (parental involvement (10 items), parent-child attachment (3
items), marital conflict (4 items) and child self-esteem (5 items) were provided
in the MCS data. To simplify the approach so as to narrow down on some key
variables that could be vitally important, factor analysis was employed to place
variables into meaningful categories and to reduce observed variables that
share a common variance to fewer “latent” variables [570, 571].
The factor analysis approach was preferred to the sum scores one for the
following reasons. First, factor analysis assumes that responses to an item
are, to some extent, explained by the underlying trait and also, partly, by error
[549, 571]. In contrast, the sum scores approach assumes the items are pure
and contain no error. Second, factor analysis includes different weights for
items (called the factor loading) [572]. This helps determine which items are
stronger manifestations of the underlying trait than others, whereas in the sum
scores assumption, all items are equally important.
EFA was used in this research. One of EFA’s fundamental assumptions is that
there are common “latent” factors in the data set, the aim being to uncover the
lowest number of such factors which explain the correlations[573]. The method
used to conduct EFA through Mplus software is provided below.
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5.4.5.1 Inspection of the correlation matrix
The factor indicator variables should correlate in order to provide a construct.
The correlation matrix should show a good correlation between the items that
allows running the factor analysis, giving high probability of the item to get load
on a common factor. The correlation assumption of variables normality was
tested. Histogram showed the items were not normally distributed. However,
MLR estimator, used in this thesis is robust for deviation from normality.

5.4.5.2 Factor extractions
In factor analysis, variances are employed to identify commonalities between
or among variables (i.e., the variance in the observed variables can be
explained by a common factor or common variance). In several factor analysis
techniques, the aim is to remove as much common variance in the first factor
as is possible through extraction[574].
To inform the decision about the actual number of factors to extract, it is
important to select which criterion is most suitable [571]. In this research,
Kaiser’s criterion determined the number of factors, retaining all above the
eigenvalue of 1[575]. Kaiser’s criterion has the potential to lead to an
overestimation of the number of factors extracted [576, 577]. For this reason,
the scree test was implemented in conjunction. In this test, the retained
number of factors constitutes those data points above the “break” (i.e., the
point of inflection of a horizontal and a vertical line beginning from each end of
the curve) [571].
Measures of misfit were also used to determine the number of factors best fit
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the data, including CFI, TLI, SRMR and RMSEA. In addition, the standardised
residuals covariance/correlation matrix was also inspected. The standardised
residuals covariance/correlation matrix provides valuable information about
the local model misfit. Significant values of standardised residuals’ covariance
highlight significant differences in covariance between the proposed modelbased computed covariance and the covariance observed, which affects the
overall goodness of fit. A significant standardised residual covariance is one
with an absolute value greater than 1.96.

5.4.5.3 Rotation methods
The goal of rotating factors is to find a simple yet optimal structure, each
variable loaded on as few factors as possible, with the maximum number of
high loadings on each variable [578]. Broadly speaking, rotation can be
classified as either orthogonal or oblique7. The former assumes that the factors
in the analysis are not correlated while the later assumes that the factors are
correlated. The default in Mplus used in this research was the oblique rotation
as it is more flexible and, as mentioned earlier, allows correlation.

7

A summary of the rotation techniques can be found in Table 13.9 (p. 639) in 'Using Multivariate
Statistics (5th ed.)' by Tabachnick and Fidell (2007).
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5.5 Growth model (address Objective 3 & 4)
Two structural equation models were used in order to achieve this research’s
hypothesis 3, 4 and 5. First, a latent growth curve model (LGCM) was applied
to plot the average trajectory of the mental health repeated measure. This was
to identify the average population’s mental health scores at age 3, their rates
of change with time (ages 5, 7, 11 and 14) and the between-person variability
around these levels. Then, a growth mixture model (GMM) was applied to
extract latent classes for mental health trajectories and incorporate covariates
(exposures) in order to investigate the risks and predictors, which may
negatively influence mental health in such exposed groups.
The growth model was built in steps, as set out below.
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5.5.1. Latent growth curve models LGCM
The latent growth curve (LGCM) model, as part of SEM, is normally
implemented to analyse continuous repeated measures, meaning in the
context of this study, how variables capturing aspects of mental health
development modify across a particular time period [579]. In theory, this
approach assumes the presence of an average latent trajectory representing
an underlying process, only indirectly observable through the repeated
measurements [580-582].
Following the classic application of the LGCM, two latent variables were
created for the growth trajectory: the intercept (average level of mental health
score at the starting point) (child age 3), and the slope (summarizing the
degree of change over time/ growth steadiness) at each time point (ages 5, 7,
11 and 14) [583, 584]. These two latent growth factors could be described in
terms of their mean values and the variation around them [585, 586].
These captured intra-individual stability and described the overall sample
change, in order to know, over time, if there was a significant decrease or
increase in mental health problems, or no significant change. Also, a variance
of the average intercept and slope was estimated to predict inter-individual
differences in intra-individual change.

178

5.5.2. Identifying the shape of the growth
Crucial as an initial step in any growth model is the identification of the
trajectory’s optimal functional form across time; in other words, how the
repeated measures change over time must be accurately determined [529]. If
the incorrect functional shape is used as the foundation for the initial growth
model, expanding the model to account for complexities such as growth
predictors will probably lead to bias in results [584].
Classically, LGC models specify a linear process of change [583, 584].
However, quadratic curve and piecewise linear modelling are also possible. A
quadratic function may be postulated for a developmental process for
repeated data measures in a curvilinear shape (non-linear function) [587]. On
the other hand, a piecewise latent growth curve (PLGC) model allows the
integration of separate growth profiles which correspond to several
developmental phases observed at repeated successive points [588].
PLGC models are flexible, as each stage can be specified for a particular
functional form of the general change process, thus a linear-linear piecewise
process can be considered [589]. Such multiphase models have one or more
transitional (i.e., “knot”) points, where one phase of development ends and
another begins [590, 591]. This point can be identified a priori (fixed) or freely
estimated [583, 590]. This particular model is considered to be quite
appropriate for education, psychology, and developmental studies, because
many developmental processes, e.g., the development of mental health, may
occur in two stages with differing functional forms[583, 590]. The transition
time point when the growth trajectory moves from one stage to the other (i.e.,
179

the knot) is highly significant. It frequently represents a substantial turning
point (e.g., a level of proficiency has been reached) or, importantly, indicates
when an intervention could most be of use [583].
In this research, all three functional shapes were tested: linear, quadratic and
piecewise growth. In the quadratic model, the slope was raised to a second
power related to curvilinear growth and this was later added to the model. In
the piecewise growth model, sensitivity analysis was implemented to identify
and select the best knot point where one developmental stage ended and
another started. Model fit was compared between diverse models with varied
knot points (at ages 5, 7 and 11). Better fits were based on the differences in
the CFI, TLI, RMSEA, and SRMR (see Section 5.4.3). In the piecewise growth
model, the rate of growth varied over two differing time periods (growth rates
1 & 2), leading to not one but two slopes being formed.
Not only is it vital to report on the pathway’s shape in the final model, but also
to test each model against alternative specifications. For example, it was
useful to compare a linear growth model with a further quadratic model or with
a piecewise linear model [584]. In this thesis, the criterion of model goodness
of fit was used to decide which shape fits the data most, including linear,
quadratic and piecewise linear models. Chi-square test statistics and fit indices
were applied. To reiterate, these were the RMSEA (root mean squared error
of approximation), SRMR (standardized root mean residual (SRMR), CFI
(comparative fit), TLI (Tucker-Lewis index), BIC (Bayesian information
criterion) [592] and AIC (Akaike information criterion) [593].
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5.5.3. Extraction of classes
After fitting an unconditional latent growth curve model and identifying the
proper growth shape, a growth mixture model GMM was used to identify
specific sub-groups of children with specific trajectories of mental health
scores.
Muthen and others generalized the LGCM to a GMM model[594, 595]. The
GMM approach provides for unobserved heterogeneity in the population, on
the assumption that distinct individual growth trajectories are characteristic of
a combination of quite diverse subpopulations with varying fixed effects (i.e.,
estimated group-level growth characteristics: intercept and slope) and random
effects (i.e., estimated individual growth variation: variance)[596].
In this PhD research, two models were fitted to identify the actual number of
latent sub-groups (also known as classes) and compared to choose the
preferred approach. First, GMMs were used. The GMM method deals with
heterogeneity within a class, which will allow free estimations of the variance
and covariance of the slope and intercept factors in each class, thus variation
is allowed in each class and a sub-group can be heterogeneous [595-598].
Second, latent class growth analysis (LCGA), a kind of GMM, was performed
on the data. In this, within each class the growth factors’ variance and
covariance estimates are presumed to equal zero (i.e., resulting in within-class
homogeneity) [451, 599-601].
An exploratory GMM/LCGA was estimated to extract the numbers of classes
which most fitted the data used. To obtain an optimal latent profile solution, a
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succession of latent class models was estimated, incrementing the number of
classes in subsequent models, and the models were iteratively compared
based on conceptual, empirical, and practical considerations [602].
Model comparison used standard model fit indices, which included the
Bayesian information criterion [592] (BIC), the sample-size-adjusted BIC [603]
and the Akaike information criterion [593] (AIC). Lower scores indicated better
fitting models. We also used the Lo–Mendell–Rubin (LMR) likelihood ratio test
and the parametric bootstrapped likelihood ratio test (BLRT) [604], which
evaluates the estimated model with a model decreased by one class. In this,
a p value <0.05 shows the current model to be better than that with one class
fewer. Also, the relative entropy value, a value between 0 and 1 (with a higher
score reflecting greater accuracy in classification) was used to compare
different models with different numbers of latent classes [529, 605, 606]. Other
model selection criteria that were used were the sizes of classes (preferably ≥
5%) and the similarities of the trajectories in each of the classes [529].
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5.5.4. Incorporating predictors
After establishing the baseline growth model with the optimal number of latent
classes, the model can further developed to incorporate one or more growth
predictors, to develop a richer analysis of the data. [584]. Through this
inclusion, the conditional growth model was obtained, in that the fixed and
random effects were being now “conditioned on” the predictors. Incorporating
predictors in the model establishes the particular variables linked with
individuals reporting higher and lower intercepts, or steeper and flatter slopes
[529, 584].
Three-step latent profile analysis (LPA) developed by Block, Croon, and
Hagennars [607], is designed for response variables, where subjects are
placed in latent classes because of their probability of their posterior class
membership; the link between such an assigned class membership and
certain external variables is examined using multinomial logistic regression
analysis [608, 609]. When following this strategy, three steps are applied. First,
an unconditional model is run so as to extract the optimal number of latent
classes which best fitted the data. Then the most probable class membership
is derived, saved and merged with the initial dataset, creating a new dataset
which is analysed separately. The third step is to extend the unconditional
model to a conditional one by adding predictors using multinomial regression
analysis in the newly generated data.
Block, Croon, and Hagennars (2004) showed an underestimation in this threestep method to find associations between covariates and class membership:
the uncertainty concerning an individual’s class allocation is ignored. Class
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allocation is presumed to be achieved without classification errors; adding
predictors is considered not to affect this class allocation [607]. However, their
results indicated that adding predictors will change the distribution of
observations on trajectories and thus, trajectories will become re-estimated,
conditional upon predictors. This means that prediction based on covariates
will underestimate the true effect, with biased estimates for the covariate
effects.
To resolve this issue, this research followed the three-step approach with an
adjustment for such classification errors. This adjustment method was devised
by Vermunt, based on original work by Block, Croon, and Hagennars [610,
611]. The "three-step approach" with adjustment for classification errors
presents the same benefits as the simpler three-step method mentioned
earlier; that is, constructing a meaningful latent trajectory model for the
response variables of interest can be achieved separately to modelling the
latent classes’ associations with external variables [529]. However, in this
biased adjusted three-step method, particular assumptions are made,
including that class indicators and external variables are conditionally
independent.

The

bias

adjusted

three-step

approach

accounts

for

measurement error (or uncertainty of class membership) in the most likely
class variable [608, 612]. Ignoring the uncertainty of class membership can
intensify bias and reduce accuracy in subsequent analyses and in estimating
the magnitudes of the links between latent classes and external variables and
distal outcomes [610].
One of the main goals of this thesis research is to identify the association
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between selected adverse health conditions (childhood asthma, obesity and
parents’ chronic illness) at child age 3, with different mental health growth
patterns; which physical illness increased or decreased the likelihood of
membership in different trajectory class.

To accomplish this, multinomial

logistic regression models was constructed using biased adjusted three-step
method. For investigation of the relative importance of physical health
predictors for group membership, a multivariable multinomial model was run.
The most likely class variable was regressed on a number of physical health
predictor measures at the child age 3, in fully adjusted model. For all models,
the low group (i.e., the largest class) was set as the reference group; thus, the
chronic high group was compared to the low group as were the other groups.
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Chapter 6: Results
First, descriptive statistics of the study sample will be presented. This will be
followed by dividing the data analysis results in three main sections: (1)
Regression model results, (2) Path model, and (3) Growth model results. As
it was mentioned in the method chapter (section 5.1.3), all analysis used
sample weights to adjust for unequal probability of being sampled and the
stratified and clustered sample design. The results for overall socioemotional
difficulties scores are presented in the main tables, while the results for
externalising and internalising subscales will be briefly described in the main
text and the tables will be shown in the Appendix.

6.1 Descriptive analysis
Descriptive statistics of 12,115 families (boys: 6182, girls: 5933) selected in
the analytical sample are shown for boys and girls separately in Tables 6.1,
6.2, and 6.3 (see also Appendix 9, Tables A9.1 & A9.2 for similar statistics for
sub-scale outcomes).
(1) Mental health outcomes and their distribution by child age; (2) the
proportions and weighted percentages of the three main exposure variables
(child obesity, child asthma, and parental chronic illness); and (3) Family
demographic parameters, maternal health behaviour, family structure, puberty
status, and socio-economic characteristics are all presented in the following
sections (6.1.1 - 6.1.3). The sets of variables below will remain constant for
the three models. Additional descriptive results for extra variables used in the
path and growth model samples are presented under each model.
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6.1.1 Prevalence and age-specific distribution of mental health
outcomes
Socioemotional difficulties
Table 6.1 shows average scores of socioemotional difficulties in children at
ages 3, 5, 7, 11 and 14. Across all five waves, there were significant sex
differences in scores on socioemotional difficulties. On average, boys scored
higher than girls. However, in both sexes, socioemotional difficulties scores
declined from age 3 to 5, but then increased steadily across the MCS waves
from child age 5 to 14.
At each age, the prevalence of total difficulties was also investigated
separately for boys and girls (based on scoring higher than an established
threshold, see chapter 4, section 4.5). As shown in Figure 6.1, the proportion
of high socioemotional difficulties almost doubled from around 3% to 6% in
girls and 5% to 9% in boys from ages 5 to 14.
It is important to note that, due to attrition, the sample size gets smaller as
the children become older. Moreover, the higher rate at age 3 years may
reflect the lack of established age norms for 3 years olds.
Externalising and internalising subscale
Internalising difficulties scores increase through childhood into adolescence.
Boys scored higher than girls at age 3, however, girls scored higher than boys
at age 14 (see Appendix 9, Table A9.1). There were no significant differences
in scores on internalising difficulties at age 5, 7 and 11.
In contrast, externalising difficulties scores were highest at age 3, and
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decreased to almost one third at age 14 in boys and girls (see Appendix 9,
Table A9.2). Boys scored higher than girls on externalising difficulties across
all five waves.
It is shown in Figure A9.1 (see Appendix 9) that there was an increase in
prevalence of internalising problems from ages 3 to 14, from around 3% to 8%
in boys and 2% to 9% in girls. In term of externalising difficulties, Figure A9.2
shows that both sexes follow the same pattern of change in the prevalence of
externalising problems from ages 3 to 14, however boys showed more
externalising problem at all ages. Around 30 % of boys and 20% of girls at age
3 had problems, this then decrease considerably during childhoodadolescence period to13% in boys and 6% in girls by age 14.
.
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Table 6. 1 Descriptive characteristics of total difficulties scores from age 3 to 14.
Boys

Girls

Sex differences

Child age

N

Mean

SD

N

Mean

SD

P value

3 years

5865

9.46

5.07

5624

8.42

4.74

<0.001

5 years

5378

7.08

4.78

5168

6.11

4.25

<0.001

7 years

4972

7.43

5.36

4849

6.13

4.64

<0.001

11 years

4706

7.61

5.72

4640

6.45

5.16

<0.001

14 years

4227

7.63

5.83

4201

7.10

5.45

<0.001

Note: The sample size varied between waves due to attrition across the waves of the study
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Figure 6. 1 Prevalence of total socioemotional difficulties.
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6.1.2 Sample distribution of main exposures at child age 3
At MCS2 (age 3), 20% of boys and 16% of girls had at least one wheezy
attack in the last 12 months. On the other hands, 12% of boys and 9 % of
girls have been diagnosed with asthma. Almost one quarter of boys and
girls had abnormal weight, with 18% overweight and 5% obese.
Approximately 20% of mothers and fathers had chronic illness at child age
3 (Tables 6.2).
Table 6. 2 Descriptive table of main exposures.
Boys sample

Girls sample

Doctor diagnosed asthma

Yes
No
N

729 (12%)
5345 (88%)
6074

526 (9%)
5320 (91%)
5846

Wheeze in the last 12 months

Yes
No
N

1236 (20%)
4946 (80%)
6182

949 (16%)
4984 (84%)
5933

Child weight status

Normal
overweight
obese
N

4372 (77%)
1022 (18%)
284 (5%)
5678

4261 (77%)
996 (18%)
277 (5%)
5534

Mother has chronic illness

Yes
No
N

1236 (20%)
4945 (80%)
6181

1246 (21%)
4685 (79%)
5931

Father has chronic illness

Yes
No
N

1005 (20%)
4021 (80%)
5026

1021 (21%)
3839 (79%)
4860

Note: The sample size varied by the number of missing values on
exposure variables.
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6.1.3 Sample socio-demographic, child and family
characteristics
The following sections summarise sample demographic, child and
maternal characteristics and behaviours, family structure, puberty status
and family socioeconomic characteristics (see Table 6.3). Both the boys’
and girls’ samples share the same characteristics, therefore, throughout
this section, the term “sample” will be used to describe both. In case there
is a difference between the samples, the sample denomination will be
specified.

6.1.3.1 Child and family demographic
With approximately the same number of children in each sex, the mean
child ages at mental outcome assessment were 3, 5, 7 and 11 and 14 years
in Wave 2, 3, 4, 5 and 6, respectively. In general, around 90% were white
and spoke only English. The rest are divided into mixed, Indian, Pakistani
and Bangladeshi, black and other ethnic groups. Less than 20% of children
were born with abnormal birth weight (6% low, 12% high). In this sample,
most of the children were first born (59%). Almost half of the mothers were
in their thirties at the time of child pregnancy (Table 6.3).

6.1.3.2 Maternal health behaviours and mental health
During pregnancy, the majority of the mothers didn’t smoke or drank
alcohol. On the other hand, 5% of the mothers drank frequently (moderate
and heavy) and around 21% of them smoked heavily (≥10 cigarettes/day)
during pregnancy. Almost three quarters of children were breastfed (Table
6.3).
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The proportion of mothers with depressive symptoms at child age 3 (study
baseline) was small, approximately 2% (see Table 6.3).

6.1.3.3 Family structure
When children were aged 3 years, 80% lived with two married parents,
and 20% with two cohabiting parents. Similarly, around 80% of the children
had not been exposed to parental relationship change (stable family
structure) during the whole follow up period (Table 6.3). At age 3 years,
around 20% of children had no sibling, 50% had one sibling and 30% had
more than one siblings.

6.1.3.4 Puberty status
19% of boys and 10% of girls having started puberty at age 11. This
difference in prevalence could be explained due to the different measures
used to assess sexual characteristics for each sex (menarche for girls;
voice deepening and facial hair for boys).

6.1.3.5 Family socioeconomic characteristics
Almost half of the sample were in managerial and professional
occupations. The rest are divided into intermediate occupations, selfemployers, low supervisory and technical occupations, and semi-routine
and routine occupations (Table 6.3).
At age 3, around 10% of the sample was classified as having NVQ level 5
qualifications, such as a postgraduate degree. 44% of the sample was
classified as having NVQ level 4 qualifications (e.g. undergraduate
193

degree). Sixteen per cent of the sample was categorised with NVQ level 3
qualifications (e.g. AS and A level) at ages 3. Approximately 20% of the
sample had NVQ level 2 (GCSE grades A*-C). A small proportion of the
sample had overseas qualifications (approximately 1%), and around 4% of
the sample had no qualifications at all.
The majority of families were in the middle-income groups (2nd, 3rd and
4th quintile), while almost one quarter of the families were in the highest
quintile (26% in the highest quintile).
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Table 6. 3 Descriptive characteristics of the study sample (Weighted %).
Boys sample

Girls sample

Childbirth weight

Normal (2.5- 4 kg)
Low (<1.5 kg)
High (> 4 kg)
N

4936 (80%)
308 (5%)
926 (15%)
6170

5036 (85%)
356 (6%)
533 (9%)
5925

Maternal age at childbirth

12 to 19
20 to 29
30 to 39
40 and older
N

247 (4%)
2535 (41%)
3215 (52%)
185 (3%)
6182

237 (4%)
2432 (41%)
3143 (53%)
119 (2%)
5931

Child ethnicity

White
Mixed
Indian
Pakistani and
Bangladeshi
Black
Other ethnic group
N

5552 (90%)
123 (2%)
123 (2%)
247 (4%)

5327 (90%)
118 (2%)
118 (2%)
238 (4%)

62 (1%)
62 (1%)
6169

59 (1%)
59 (1%)
5919

6058 (98%)
124 (2%)
6182

5814 (98%)
119 (2%)
5933

Language spoken at home English
Other languages
N
Childbirth order

1st born
Not 1st born
N

3647 (59%)
2535 (41%)
6182

3500 (59%)
2433 (41%)
5933

Number of children in
house

Single child

1298 (21%)

1305 (22%)

With 1 sibling
With ≥ 2 siblings
N

3215 (52%)
1669 (27%)
6182

2967 (50%)
1661 (28%)
5933

Number of cigarettes
mother smoked during
pregnancy

0
1/ 9
≥ 10
N

4511 (73%)
494 (8%)
1174 (19%)
6179

4329 (73%)
474 (8%)
1127 (19%)
5930

Mother alcohol during
pregnancy

Never
Light
Moderate
Heavy
N

5502 (89%)
371 (6%)
247 (4%)
62 (1%)
6182

5338 (90%)
297 (5%)
237(4%)
59 (1%)
5931
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Continue table 6.3
Boys sample

Girls sample

(N=6182)

(N=5933)

Breastfeeding

Yes
No
N

4755 (77%)
1420 (23%)
6175

4446 (75%)
1482 (25%)
5928

Partner relationship

Cohabiting
Married
N

4884 (79%)
1298 (21%)
6182

4746 (80%)
1187 (20%)
5933

Family stability

Yes
No
N

3519 (81%)
825 (19%)
4,344

3403 (82%)
747 (18%)
4,150

Maternal mental health

Not depressed
Depressed
N

5469 (98%)
112 (2%)
5581

5225 (98%)
107 (2%)
5332

Puberty status

Not begun
Has begun
N

3449 (81%)
809 (19%)
4258

3755 (90%)
417 (10%)
4172

Equivalised household
income Quintiles

Highest quintile
Fourth quintile
Third quintile
Second quintile
Lowest quintile
N

1605 (26%)
1543 (25%)
1358 (22%)
1049 (17%)
617 (10%)
6172

1598 (27%)
1480 (25%)
1302 (22%)
1006 (17%)
533 (9%)
5919

Parental education level

NVQ 5
NVQ 4
NVQ 3
NVQ 2
NVQ 1
Overseas
qualifications
None of these
N

556 (9%)
2720 (44%)
989 (16%)
1360 (22%)
247 (4%)
62 (1%)

594 (10%)
2611 (44%)
949 (16%)
1246 (21%)
237 (4%)
59 (1%)

247 (4%)
6182

237 (4%)
5933

Manager &
professional
Intermediate
Self-employers
Lower support &
technical

2967 (48%)

2907 (49%)

680 (11%)
556 (9%)
495 (8%)

653 (11%)
534 (9%)
415 (7%)

Parental occupational
class
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Semi-routine &
742 (12%)
routine
Unemployed &
742 (12%)
student
N
6182
Note: The sample size varied by the number of missing values on
descriptive variables.

712 (12%)
712 (12%)
5933

6.2. Regression model
The regression analysis results will be presented in two sections. First,
univariable regression results will be presented to identify potential
covariates to be added to the multivariable regression model. Then,
multivariable regression results will be given to report the predictive effects
of physical illness on child’s mental health.

6.2.1 Univariable analysis for the mental health outcomes with
several demographic and social variables
Socioemotional difficulties
The unadjusted associations between socioemotional difficulties scores at
child age 3, 5, 7, 11 and 14 were checked with covariates collected mainly
at age 3 (Tables 6.4 & 6.5). In both the boys’ and girls’ samples, similar
univariable associations were noticed, therefore, throughout this section,
the term “children” will be used to describe both. In case there is a
difference between the samples, the sex denomination will be specified.
Sample sizes varied in the univariable model by the number of cases with
missing data on all variables included in model, and ranged from 6156 to
6182 for boys, and from 5906 to 5933 for girls.
Results suggested that both children born to mother’s aged ≥30 years and
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breastfed, had lower total difficulties scores. However, low birth weight,
with a home language not English was associated with higher scores of
child’s total difficulties problems. By looking at child ethnic group category
separately and examining its association with the child total difficulties
score longitudinally at age 5, 7, 11 and 14, it was shown that Pakistani and
Bangladeshi children having significantly higher scores comparing to white
children at all child age period starting from age 5 up to age 14 (Tables 6.4
& 6.5).
In households where mothers smoked during pregnancy, there were higher
scores of socioemotional difficulties at ages 3, 5, 7, 11 and 14, compared
to households where mothers were non-smoker in boys and girls. Also,
depressed mothers reported higher scores of socioemotional difficulties
compared to non-depressed mothers (Tables 6.4 & 6.5). For example,
boys and girls of depressed mothers at age 3 had 5.47 (95% CI: 3.41/ 7.54)
and 4.97 (95% CI: 3.14/ 6.80) units higher score of socioemotional
difficulties at age 14 compared to children of non-depressed mothers,
respectively.
The family structure variables were significantly associated with total
difficulties at child age 3, 5, 7, 11 and 14. In households where parents had
been through a relationship change during follow up period, there were
association with higher scores of socioemotional difficulties in children. For
example, at 14 years, children whose had not been exposed to parental
relationship change had 1.78 (95% CI: 1.36/ 2.20) and 1.87 (95% CI: 1.47/
2.28) higher scores of socioemotional difficulties than those living in stable
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families in boys and girls, respectively (Tables 6.4 & 6.5). Moreover,
cohabiting parents at child age 3 was found to significantly associate with
higher socioemotional difficulties scores during childhood-adolescence
period comparing to married parents.
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Results confirm higher scores of socioemotional difficulties in households
with disadvantaged SEP across all waves. The scores of total difficulties
outcome increases incrementally with decrease in income quintile, with
children in the lowest quintile having the highest scores of socioemotional
difficulties during childhood-adolescence period in boys and girls. For
example, at age 14 years children in highest income quintile scored lower
than those in lower income quintile in boys (-3.93, 95%CI: -4.70/ -3.17) and
girls (-4.32, 95%CI: -5.10/ -3.53) (Tables 6.4 & 6.5). Similar associations
were shown for parental occupation class and education level. Parents with
a higher level of education or with higher occupational class were
associated with lower scores of child’s socioemotional difficulties across all
waves.
These results confirm that most of the covariates assessed are significantly
related to the outcome variables which were included in the multivariable
models. Childbirth order and puberty status were not associated with the
outcome across all waves and were therefore excluded from further
analysis.

Externalising and internalising subscales
There were no marked differences between univariable analysis results for
subscales compared to total socioemotional difficulties (see Appendix 10,
Tables A10.1- A10.4).
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Table 6. 4 Univariable linear regression analysis associating total socioemotional difficulties at child age 5, 7, 11 and 14 years with
several demographic and social variables. Boys sample sizes range from 6156 to 6182.
Covariates
Child ethnicity
White
Mixed
Indian
Pakistani and
Bangladeshi
Black
Other ethnic groups
Language spoken at
home
English
Other language
Birth weight
Normal
Low
High
Maternal age at birth
< 20
20 to 29
30 to 39
40 plus
Childbirth order
1st born
Not 1st born

Child age 3

Child age 5

Child age 7

Child age 11

Child age 14

Reference category
-0.50 (-1.43/0.44)
1.71 (0.28/3.14) *
3.21 (2.40/3.14) ***

-0.01(-0.96/0.95)
0.49 (-0.29/1.26)
2.58 (1.78/3.38) ***

-0.50 (-1.45/0.52)
0.90 (0.00/1.79)
2.53 (1.67/3.39) ***

-0.33 (-1.65/0.98)
0.09 (-0.82/0.99)
1.20 (0.44/1.95) **

-0.39 (-1.72/0.92)
0.29 (-0.80/1.39)
1.50 (0.56/2.43) **

-0.07 (-1.16/1.03)
2.94 (0.45/5.43) *

0.26 (-1.40/1.93)
1.32 (-0.29/2.94)

-0.04 (-1.49/1.41)
1.06 (-0.60/2.73)

-1.15 (-2.90/0.60)
1.40 (-0.43/3.24)

-0.26 (-1.86/1.35)
1.50 (-0.28/3.29)

1.36 (0.69/2.03) ***

0.82 (0.40/1.25) ***

0.99 (0.29/1.68) **

0.58 (-0.12/1.28)

0.68 (0.10/1.26) *

Reference category
0.73 (-0.18/1.64)
-0.56 (-0.96/-0.16) **

1.19 (0.42/ 1.96) **
-0.50 (-0.87/-0.13) **

1.57 (0.62/ 2.52) **
-0.51 (-0.95/-0.08) *

1.26 (0.26/2.27) *
-0.45 (-0.92/0.01)

0.73 (-0.23/1.71)
-0.46 (-0.95/0.02)

Reference category
-1.82 (-2.58/-1.06) ***
-3.36 (-4.11/-2.61) ***
-2.92 (-4.21/-1.64) ***

-1.41 (-2.30/-0.52) **
-2.64 (-3.53/-1.75) ***
-2.26 (-3.65/-0.87) **

-1.93 (-2.94/-0.93) ***
-3.40 (-4.40/-2.41) ***
-3.18 (-4.69/-1.67) ***

-1.19 (-2.19/-0.20) *
-2.77 (-3.77/-1.77) ***
-2.34 (-4.03/-0.66) **

-1.63 (-2.71/-0.54) **
-3.12 (-4.22/-2.02) ***
-2.81 (-4.41/-1.21) **

Reference category
-0.09 (-0.40/0.22)

0.03 (-0.30/0.35)

0.03 (-0.32/0.40)

0.09 (-0.29/0.47)

-0.04 (-0.45/0.38)

Reference category

Note: * P value <0.05. ** P value <0.01. *** P value <0.001. The higher the socioemotional score, the more risk of having
mental health problems.
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Continue Table 6.4
Covariates
Breastfeeding
Yes
No
Maternal alcohol
drinking
Never drinker
Light
Moderate
Heavy
Maternal smoking
0 cigarettes
1/9 cigarettes
≥ 10 cigarettes
Number of siblings
Single child
With 1 sibling
With ≥ 2 siblings
Marital status
Married
Cohabiting
Non-intact families
Stable families
Non stable
Puberty status
Not yet
Has begun puberty

Child age 3

Child age 5

Child age 7

Child age 11

Child age 14

Reference category
1.50 (1.11/1.90) ***

1.15 (0.80/1.51) ***

1.30 (0.88/1.72) ***

1.08 (0.60/1.55) ***

1.36 (0.83/1.89) ***

Reference category
-0.87 (-1.46/-0.26) **
-0.15 (-0.84 /0.53)
0.44 (-0.68/1.57)

-0.75 (-1.36/-0.14) *
-0.30 (-1.09/0.49)
0.10 (-1.07/1.29)

-1.01 (-1.70/-0.33) **
-1.11 (-1.90/-0.32) **
0.63 (-0.69/1.95)

-0.45 (-1.19/0.30)
-0.20 (-1.40/1.01)
0.27 (-1.22/1.76)

-0.50 (-1.42/0.41)
-0.39 (-1.52/0.74)
1.45 (-0.43/3.34)

Reference category
1.01 (0.48/1.55) ***
2.35 (1.97/2.75) ***

0.88 (0.30/1.47) **
2.04 (1.64/2.44) ***

1.29 (0.68/1.89) ***
2.20 (1.72/2.68) ***

1.35 (0.69/2.00) ***
2.48 (1.96/3.00) ***

1.11 (0.37/1.85) **
2.38 (1.78/2.97) ***

Reference category
0.01 (-0.33/0.36)
0.52 (0.05/0.98) *

-0.42 (-0.76/-0.07) *
-0.10 (-0.59/0.39)

-0.35 (-0.78/0.08)
0.11 (-0.36/0.67)

-0.56 (-1.04/-0.08) *
-0.15 (-0.75/0.45)

-0.58 (-1.15/-0/02) *
0.01 (-0.64/0.67)

Reference category
1.85 (1.48/2.23) ***

1.65 (1.28/2.03) ***

1.87 (1.47/2.27) ***

2.20 (1.70/2.69) ***

2.36 (1.75/2.97) ***

Reference category
1.11 (0.78/1.45) ***

1.17 (0.83/1.50) ***

1.51 (1.13/1.88) ***

2.00 (1.60/2.40) ***

1.78 (1.36/2.20) ***

Reference category
NA

NA

NA

-0.58 (-1.45/0.28)

-0.71 (-1.68/0.26)

Note: * P value <0.05. ** P value <0.01. *** P value <0.001. The higher the socioemotional score, the more risk of having mental
health problems.
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Continue Table 6.4
Covariates
Child age 3
Parental occupational
Not working
Manager/ professional
Intermediate
Small and selfemployers
Lower supervisory/
technical
Semi-routine/ routine
occupations
Paternal educational
No qualification
Overseas
NVQ1
NVQ2
NVQ3
NVQ4
NVQ5
Household income
Lowest quintile
Second quintile
Third quintile
Fourth quintile
Highest quintile
Maternal mental health
Not depressed
Depressed

Child age 5

Child age 7

Child age 11

Child age 14

Reference category
-2.29 (-2.71/-1.87) ***
-0.90 (-1.47/-0.32) **
-1.81 (-2.44/-1.18) ***

-1.77 (-2.15/-1.39) ***
-0.54 (-1.00/-0.08) *
-1.28 (-1.91/-0.64) ***

-2.20 (-2.61/-1.78) ***
-0.57 (-1.11/-0.05) *
-2.00 (-2.71/-1.26) ***

-2.15 (-2.58/-1.71) ***
-0.36 (-0.98/ 0.25)
-1.66 (-2.45/-0.87) ***

-2.12 (-2.62/-1.61) ***
-0.70 (-1.37/-0.03) *
-1.41 (-2.44/-0.38) **

0.08 (-0.84/0.85)

0.02 (-0.81/0.86)

0.23 (-0.77/1.23)

0.60 (-0.82/2.03)

0.76 (-0.62/2.13)

0.11 (-0.43/0.66)

0.07 (-0.39/0.54)

-0.03 (-0.62/0.55)

-0.07 (-0.70/0.54)

-0.17 (-0.86/0.52)

Reference category
-0.15 (-1.08/0.78)
-0.57 (-1.40/0.26)
-1.41 (-1.93/-0.88) ***
-1.83 (-2.43/-1.23) ***
-2.67 (-3.16/-2.18) ***
-3.79 (-4.52/-3.06) ***

-0.16 (-1.09/0.76)
-0.98 (-1.73/-0.23) *
-1.43 (-1.92/-0.93) ***
-1.91 (-2.49/-1.32) ***
-2.40 (-2.84/-1.96) ***
-3.48 (-4.10/-2.86) ***

-1.13 (-2.15/-0.11) *
-1.17 (-2.05/-0.29) **
-1.90 (-2.48/-1.32) ***
-2.34 (-2.95/-1.75) ***
-2.84 (-3.36/-2.30) ***
-3.97 (-4.71/-3.23) ***

-1.00 (-2.23/ 0.22)
-1.16 (-2.21/-0.11) *
-2.10 (-2.74/-1.46) ***
-2.76 (-3.45/-2.07) ***
-3.31 (-3.88/-2.73) ***
-4.57 (-5.21/-3.92) ***

-0.56 (-1.92/ 0.80)
-1.21 (-2.17/-0.24) *
-1.75 (-2.55/-0.95) ***
-2.42 (-3.18/-1.65) ***
-3.00 (-3.68/-2.31) ***
-3.76 (-4.59/-2.94) ***

Reference category
-0.91 (-1.55/-0.26) **
-2.36 (-3.01/-1.70) ***
-3.20 (-3.86/-2.54) ***
-4.05 (-4.65/-3.45) ***

-0.85(-1.49/-0.22) ***
-1.68(-2.31/-1.04) ***
-2.55(-3.23/-1.88) ***
-3.24(-3.81/-2.66) ***

-1.33(-2.06/-0.60) ***
-2.56(-3.27/-1.89) ***
-3.49(-4.14/-2.83) ***
-4.41(-5.04/-3.77) ***

-0.12 (-0.91/0.67)
-1.62 (-2.39/-0.85) ***
-2.49 (-3.25/-1.73) ***
-3.52 (-4.24/-2.80) ***

-0.77 (-1.67/0.12)
-2.32 (-3.12/-1.53) ***
-2.82 (-3.68/-1.97) ***
-3.93 (-4.70/-3.17) ***

Reference category
4.57(3.35/5.80) ***

4.85(3.57/6.13) ***

5.29 (3.77/6.81) ***

5.86 (3.96/7.76) ***

5.48 (3.41/7.54) ***

Note: * P value <0.05. ** P value <0.01. *** P value <0.001. The higher the socioemotional score, the more risk of having mental health
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problems.

Table 6. 5 Univariable linear regression analysis associating total socioemotional difficulties at child age 5, 7, 11 and 14 years with
several demographic and social variables. Girls sample sizes range from 5906 to 5933.
Covariates
Child ethnicity
White
Mixed
Indian
Pakistani and
Bangladeshi
Black
Other ethnic group
Language spoken at
home
English
Other language
Birth weight
Normal
Low
High
Maternal age at
childbirth
< 20
20 to 29
30 to 39
40 plus
Childbirth order
1st born
Not 1st born

Child age 3

Child age 5

Child age 7

Child age 11

Child age 14

Reference category
0.03 (-0.90/0.95)
0.59 (-0.53/1.72)
3.82 (2.89/4.74) ***

-0.02 (-0.85/0.81)
1.21 (-0.19/2.62)
2.84 (1.87/3.82) ***

0.01(-1.00/1.01)
0.22(-1.29/1.72)
2.31 (-1.51/3.02) ***

0.07 (-0.10/1.12)
-0.24(-2.03/1.54)
1.37(0.81/1.92) ***

-0.42(-1.58/0.74)
-1.07(-2.47/0.32)
2.22 (1.45/3.00) ***

-0.28 (-1.30/0.75)
0.32 (-0.91/1.55)

0.33 (-0.55/1.22)
1.30 (-0.57/3.19)

-0.55(-1.33/0.24)
-0.16(-1.67/1.35)

-0.61(-1.82/0.60)
-0.75(-2.10/0.58)

-0.39(-1.57/0.80)
-0.61(-2.32/1.10)

0.67 (0.11/1.24) *

0.67 (0.15/1.18) *

0.64 (0.08/1.20) *

-0.06 (-0.53/0.41)

0.47 (-0.14/1.08)

Reference category
1.77 (1.12/2.43) ***
-0.35 (-0.84/0.14)

1.35 (0.76/1.93) ***
-0.32 (-0.76/0.11)

1.76 (1.08/2.44) ***
-0.30 (-0.75/0.15)

1.77 (0.94/2.60) ***
0.03 (-0.52/0.60)

2.31 (1.57/3.05) ***
-0.30 (-0.93/0.34)

-2.97 (-3.80/-2.12) ***
-4.37 (-5.18/-3.55) ***
-4.88 (-5.92/-3.84) ***

-2.09 (-3.10/-1.08) ***
-3.22 (-4.20/-2.25) ***
-3.98 (-5.13/-2.81) ***

-2.19 (-3.23/-1.15) ***
-3.55 (-4.54/-2.57) ***
-3.50 (-4.70/-2.29) ***

-1.59 (-2.89/-0.28) *
-2.79 (-4.05/-1.53) ***
-2.20 (-3.73/-0.66) **

-2.31(-3.80/-0.82) **
-3.85(-5.26/-2.44) ***
-3.14(-4.88/-1.40) ***

Reference category
0.14 (-0.15/0.44)

0.16 (-0.14/0.47)

0.39 (0.05/0.74) *

0.03 (-0.36/0.41)

-0.28 (-0.67/0.12)

Reference category

Reference category

Note: * P value <0.05. ** P value <0.01. *** P value <0.001. The higher the socioemotional score, the more risk of having mental
health
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Continue Table 6.5
Covariates
Breastfeeding
Yes
No
Maternal alcohol
drinking
Never drinker
Light
Moderate
Heavy
Maternal smoking
0 cigarettes
1/9 cigarettes
≥ 10 cigarettes
Number of siblings
Single child
With 1 sibling
With ≥ 2 siblings
Marital status
Married
Cohabiting
Non-intact families
Stable families
Non stable
Puberty status
Not yet
Has begun puberty

Child age 3

Child age 5

Child age 7

Child age 11

Child age 14

Reference category
1.81(1.45/2.17) ***

1.10 (0.77/1.41) ***

1.06 (0.66/1.46) ***

0.92 (0.52/1.32) ***

1.30 (0.79/1.82) ***

-0.98 (-1.50/-0.48) ***
-0.70 (-1.40/0.00)
1.11 (-0.23/2.45)

-0.95 (-1.45/-0.44) ***
-1.02 (-1.67/-0.36) **
0.40 (-0.82/1.64)

-0.82 (-1.40/-0.25) **
-0.80 (-1.64/0.03)
0.35 (-1.00/1.70)

-0.60 (-1.26/0.06)
-0.34 (-1.09/0.41)
0.48 (-0.87/1.83)

-1.12 (-1.90/-0.34) **
-0.47 (-1.53/0.59)
1.03 (-0.59/2.66)

Reference category
1.01 (0.54/1.47) ***
2.08 (1.69/2.46) ***

0.71 (0.20/1.23) **
1.90 (1.51/2.28) ***

0.86 (0.34/1.38) **
2.11 (1.69/2.54) ***

0.84 (0.22/1.46) **
2.34 (1.86/2.81) ***

0.64 (-0.14/1.43)
2.94 (2.36/3.50) ***

Reference category
-0.52 (-0.84/0.21) **
0.17 (-0.26/0.61)

-0.79 (-1.11/-0.47) ***
-0.30 (-0.68/0.08)

-1.22 (-1.62/-0.83) ***
-0.71 (-1.14/-0.27) **

-1.03 (-1.50/-0.55) ***
-0.10 (-0.57/0.36)

-1.28 (-1.72/-0.84) ***
0.01 (-0.53/0.54)

Reference category
1.69 (1.30/2.08) ***

1.52 (1.15/1.89) ***

1.44 (1.01/1.87) ***

1.41 (0.95/1.87) ***

1.40 (0.86/1.93) ***

Reference category
0.94 (0.60/1.28) ***

0.95 (0.63/1.26) ***

1.33 (0.99/1.67) ***

1.83 (1.45/2.21) ***

1.87 (1.47/2.28) ***

Reference category
NA

NA

NA

0.40 (-0.69/1.50)

0.90 (-0.51/2.32)

Reference category

Note: * P value <0.05. ** P value <0.01. *** P value <0.001. The higher the socioemotional score, the more risk of having mental
health problems
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Continue Table 6.5
Covariates
Parental educational
No qualification
Overseas
NVQ1
NVQ2
NVQ3
NVQ4
NVQ5
parental occupational
Not working
Manager/ professional
Intermediate
Small/ self-employers
Lower supervisory/
technical
Semi-routine/ routine
occupations
Household income
Lowest quintile
Second quintile
Third quintile
Fourth quintile
Highest quintile
Maternal mental health
Not depressed
Depressed

Child age 3

Child age 5

Child age 7

Child age 11

Child age 14

Reference category
-1.39 (-2.62/-0.15) *
-1.05 (-2.01/-0.10) *
-2.18 (-2.86/-1.49) ***
-3.11 (-3.80/-2.41) ***
-3.89 (-4.59/-3.20) ***
-4.42 (-5.21/-3.64) ***

-1.28 (-2.52/-0.04) *
-0.86 (-1.72/0.01)
-1.94 (-2.51/-1.37) ***
-2.52 (-3.21/-1.83) ***
-3.17 (-3.74/-2.60) ***
-3.44 (-4.14/-2.74) ***

-1.78 (-2.92/-0.64) **
-1.07 (-2.12/-0.01) *
-1.91(-2.60/-1.23) ***
-2.55 (-3.29/-1.80 )***
-3.17 (-3.82/-2.51) ***
-3.38 (-4.28/-2.54) ***

-1.32 (-2.51/-0.12) *
-0.08 (-1.12/0.97)
-0.92 (-1.66/-0.19) *
-1.92 (-2.73/-1.10) ***
-2.80 (-3.50/-2.11) ***
-3.28 (-4.14/-2.42) ***

-1.10 (-2.26/0.07)
-0.20 (-1.45/1.05)
-1.73 (-2.61/-0.84) ***
-2.80 (-3.74/-1.86) ***
-3.65 (-4.48/-2.81) ***
-4.06 (-5.16/-2.97) ***

Reference category
-1.83 (-2.22/-1.42) ***
-1.27 (-1.74/-0.81) ***
-1.93 (-2.68/-1.19) ***
0.59 (-0.59/1.77)

-1.41(-1.76/-1.06) ***
-0.91(-1.26/-0.54) ***
-1.39(-2.04/-0.73) ***
0.94 (0.00/2.00)

-1.23(-1.63/-0.83) ***
-0.82 (-1.31/-0.33) **
-1.01 (-1.78/-0.23) *
1.33 (0.04/2.63) *

-1.42(-1.85/-1.00) ***
-0.63 (-1.17/-0.08) *
-0.76 (-1.64/0.11)
0.98 (-0.32/2.28)

-1.79 (-2.25/-1.33) ***
-1.35 (-1.89/-0.81) ***
-1.30 (-2.41/-0.19) *
0.20 (-1.20/1.60)

0.18 (-0.29/0.66)

0.11(-0.33/0.57)

0.32 (-0.16/0.81)

0.44 (-0.13/1.01)

0.26 (-0.35/0.89)

Reference category
-1.20 (-1.80/-0.61) ***
-2.50 (-3.08/-1.93) ***
-3.38 (-3.96/-2.81) ***
-4.28 (-4.83/-3.72) ***

-1.16 (-1.74/-0.57) ***
-2.41 (-3.00/-1.83) ***
-2.72 (-3.30/-2.15) ***
-3.52 (-4.10/-2.95) ***

-0.93 (-1.58/-0.29) **
-2.10 (-2.70/-1.50) ***
-2.40 (-3.00/-1.80) ***
-3.38 (-3.96/-2.80) ***

-0.29 (-1.07/0.49)
-1.80(-2.54/-1.07) ***
-2.38(-3.10/-1.66) ***
-3.53(-4.20/-2.87) ***

-0.75 (-1.63/0.11)
-2.54(-3.39/-1.69) ***
-3.26(-4.06/-2.46) ***
-4.32(-5.10/-3.53) ***

Reference category
5.17 (3.93/6.40) ***

3.99 (2.83/5.15) ***

3.75 (2.30/5.19) ***

5.40 (3.95/6.86) ***

4.97 (3.15/ 6.80) ***

Note: * P value <0.05. ** P value <0.01. *** P value <0.001. The higher the socioemotional score, the more risk of having mental
health problems
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6.2.2 Multivariable linear regression
The associations between mental health scores (age 3, 5, 7, 11 and 14)
and the three main exposures (parent's chronic illness, child asthma and
obesity) at child age 3 were assessed using multivariable linear regression
analysis and after controlling for different sets of variables. The final sample
size used in this model was 12,115 children; 6182 boys and 5933 girls. The
socioemotional analysis results are shown in tables 6.6 - 6.9, and those
related to subscales analysis are presented in Appendix 11, Tables A11.1
to A11.9. All exposures were measured at child age 3, therefore,
throughout this section, child age will be mainly mentioned at the time of
outcome.

207

6.2.2.1 Childhood asthma
Socioemotional difficulties analysis
At every age, in unadjusted model, asthma symptoms were associated
with higher scores of socioemotional difficulties in boys and girls (Table
6.6). The unadjusted magnitude of associations varies with age. In boys,
the strength of association rose during childhood period with the largest
association at age 5, then starts to decrease during adolescence period
(age 11 and 14). In contrary, in girls, the size of association rose with age,
with the largest association during adolescence period (age 11 and 14).
In model 2, which controlled for demographic and maternal health
behaviour, estimates were partially attenuated but remained significant. In
model 3, adjustment for family structure variables made little difference to
the size of estimates. Adding family SEP factors to the analysis, further
reduced associations, however, remained statistically significant. In the
fully adjusted model, after introducing maternal mental health variable to
the analysis, estimate failed to reach significance in boys at age 14. At age
14, there was no significant association between asthma symptoms and
boys’ socioemotional difficulties in Model 5. However, in girls, the
association remained robust to the full adjustment at age 14. Girls with
symptoms of asthma scored 1.13 units higher on the socioemotional
difficulties problems at age 14 compared to girls who never had asthma
symptoms (Table 6.6).
Moreover, there was no statistical evidence for the interaction between
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childhood asthma and child sex for the total difficulties outcome scores at
child age 5, 7, 11 and 14 (results not shown).

Externalising and internalising difficulties
Similar to the results of the

socioemotional difficulties, girls who

experienced asthma symptoms were more likely to have internalising
difficulties, as well as externalising difficulties compared to those with no
asthma symptoms across all waves (see Appendix 11, Tables A11.1 &
A11.2). However, subscale analysis showed that boys who experienced
asthma symptoms in early childhood, tend to report experiencing more
internalising difficulties than externalising ones. Boys who developed
asthma symptoms at age 3 years had higher internalising problems scores
at age 5 (coefficient 0.43, 95% CI: 0.24/0.62), age 7 (coefficient 0.35, 95%
CI: 0.11/0.59), age 11 (coefficient 0.35, 95% CI: 0.09/0.61) and age 14
(coefficient

0.37, 95% CI: 0.07/0.67) compared to healthy boys (see

Appendix 11, Tables A11.1 & A11.2).
Sensitivity analysis of asthma symptoms and asthma diagnosis:
Sensitivity analysis was used to examine if there were differences in the
predictive effect of reporting of wheezy symptoms by the main respondent
and being actually diagnosed with asthma. At age 3, there was a smaller
number of children diagnosed with asthma than those who reported to have
recent symptom of asthma (wheezy attack). Although the multivariable
model showed that both variables had almost similar associations, the
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effect size was smaller in asthma diagnosed children compared to those
with recent symptoms. For example, both asthma symptoms and
diagnoses were reported to have higher socioemotional difficulties scores
at age 14 for girls, however, the former increased the score by 1.13, while
the later increased the score by 0.94; but both are significant (see Appendix
11, Tables A11.3). To simplify the thesis models, the decision was made
to continue with the asthma symptoms variable in this thesis, which is
similar to previous literature.
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Table 6. 6 Sex stratified regression coefficients (95% CI) for the socioemotional difficulties scores at child age 3, 5, 7, 11
and 14 by asthma symptoms at age 3, cross-sectional and longitudinal analysis.
Boys (N=6182)

Girls (N=5933)

Model 1

Model 2

Model 3

Model 4

Model 5

Model 1

Model 2

Model 3

Model 4

Model 5

0.84 ***

0.70 ***

0.69 ***

0.62 ***

0.36 *

1.21 ***

0.92 ***

0.91 ***

0.84 ***

0.64 **

(0.50/1.18)

(0.36/1.04) (0.35/1.03) (0.29/0.94)

(0.04/0.68)

(0.80/1.62) (0.51/1.33)

(0.50/1.31)

(0.44/1.24) (0.25/1.03)

R2

<1%

8%

9%

13%

18%

1%

10%

10%

14%

21%

Age 5

1.18 ***

1.07 ***

1.05 ***

0.99 ***

0.74***

1.37 ***

1.15 ***

1.12 ***

1.06 ***

0.93 ***

(0.80/1.56)

(0.68/1.45) (0.66/1.43) (0.61/1.37)

(0.37/1.11)

(0.97/1.76) (0.77/1.54)

(0.73/1.50)

(0.68/1.44) (0.56/1.29)

R

1%

7%

8%

10%

15%

1%

9%

9%

12%

17%

Age 7

1.04 ***

0.91***

0.89 ***

0.82 ***

0.58**

1.41 ***

1.17***

1.11***

1.05 ***

0.93 ***

(0.61/1.46)

(0.50/1.33) (0.48/1.30) (0.42/1.22)

(0.18/0.98)

(0.95/1.87) (0.73/1.61)

(0.67/1.55)

(0.60/1.50) (0.49/1.37)

R2

1%

7%

8%

10%

14%

1%

7%

9%

11%

14%

Age 11

1.02 ***

0.89***

0.85***

0.78**

0.51 *

1.73 ***

1.48 ***

1.42 ***

1.35***

1.22***

(0.54/1.50)

(0.42/1.36) (0.39/1.32) (0.32/1.25)

(0.05/0.96)

(1.30/2.16) (1.05/1.92)

(0.99/1.85)

(0.93/1.78) (0.80/ 1.64)

R2

1%

5%

7%

10%

14%

1%

6%

8%

11%

14%

Age 14

0.96 **

0.84 **

0.80 **

0.74**

0.50

1.68 ***

1.37 ***

1.33 ***

1.25 ***

1.13 ***

(0.40/1.53)

(0.28/1.39) (0.25/1.36) (0.19/1.30)

(-0.05/1.05)

(1.19/2.17) (0.90/1.85)

(0.87/ 1.80)

(0.79/1.72) (0.66/1.59)

<1%

5%

11%

1%

8%

11%

Age 3

2

R2
•

6%

8%

7%

14%

* P value <0.05. ** P value <0.01. *** P value <0.001
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6.2.2.2 Childhood obesity
Socioemotional difficulties analysis
In boys, unadjusted model showed that, at ages 5 and 11, obese children
had higher socioemotional scores than non-obese children (see Table 6.7).
However, the p-value was more than 0.01 and 95% confidence intervals
were wide. After controlling for family demographic and maternal health
behaviour in model 2, all estimates failed to reach significance.
In

girls,

childhood

obesity

was

not

associated

with

children’s

socioemotional difficulties at any age, in any models.
Externalising and internalising difficulties
There were no marked differences in the effect estimates between
analyses of childhood obesity for externalising subscale and the total
socioemotional difficulties analysis in boys and girls (see Appendix 11,
tables A11.4 and A11.5).
For internalising problems, in the unadjusted model, the association with
childhood obesity was significant at age 7, 11, 14 years in boys and 5, 7,
11 in girls. However, after additional of confounders, only association at
age 11 remained significant in the fully adjusted model. For example, the
internalising scores of obese boys at age 11 was 0.60 (95%CI: 0.17/1.03)
and 0.53 (95%CI: 0.07/1.00) units higher in boys and girls respectively than
those children with normal weight (see Appendix 11, Table A11.4).
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Table 6. 7 Sex stratified regression coefficients (95% CI) for the socioemotional difficulties scores at child age 3, 5, 7, 11
and 14 by child obesity at age 3, cross-sectional and longitudinal analysis.
Boys (N=6182)

Girls (N=5933)

Model 1

Model 2

Model 3

Model 4

Model 5

Model 1

Model 2

Model 3

Model 4

Model 5

0.69

0.51

0.46

0.37

0.51

0.37

0.10

0.11

0.02

0.07

(0.00/1.37)

(-0.21/1.23)

(-0.25/1.18)

(-0.35/1.11)

(-0.20/1.22)

(-0.34/1.08)

(-0.60/0.80)

(-0.58/0.80)

(-0.64/0.67)

(-0.55/0.69)

R2

<1%

8%

9%

12%

18%

<1%

9%

10%

14%

20%

Age 5

0.74*

0.56

0.55

0.48

0.61

0.64

0.42

0.41

0.31

0.36

(0.03/1.46)

(-0.20/1.32)

(-0.21/1.32)

(-0.28/1.24)

(-0.11/1.34)

(-0.02/1.30)

(-0.25/1.09)

(-0.25/1.08)

(-0.34/0.96)

(-0.27/1.00)

R

<1%

6%

7%

9%

15%

<1%

8%

9%

12%

16%

Age 7

0.81

0.68

0.65

0.52

0.59

0.48

0.31

0.30

0.19

0.22

(-0.15/1.77)

(-0.29/1.66)

(-0.31/1.62)

(-0.42/1.46)

(-0.32/1.51)

(-0.26/1.23)

(-0.47/1.10)

(-0.47/0.97)

(-0.57/0.95)

(-0.51/0.94)

R2

<1%

6%

7%

10%

14%

<1%

7%

8%

10%

13%

Age 11

1.09 *

0.87

0.83

0.68

0.81

0.61

0.47

0.44

0.25

0.26

(0.05/1.95)

(-0.10/1.83)

(-0.13/1.79)

(-0.27/1.63)

(-0.10/1.73)

(-0.15/1.38)

(-0.30/1.22)

(-0.31/1.20)

(-0.49/1.01)

(-0.46/0.99)

R2

<1%

5%

6%

9%

14%

<1%

5%

7%

10%

14%

Age 14

0.87

0.75

0.71

0.60

0.69

0.21

0.04

0.02

-0.14

-0.10

(-0.25/2.00)

(-0.38/1.88)

(-0.41/1.83)

(-0.78/0.28)

(-0.72/0.32)

(-0.58/0.99)

(-0.78/0.85)

(-0.79/0.84)

(-0.68/0.35)

(-0.64/0.38)

<1%

5%

6%

8%

11%

<1%

6%

7%

11%

14%

Age 3

2

R2

•

* P value <0.05. ** P value <0.01. *** P value <0.001
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6.2.2.3 Mother chronic illness
Socioemotional difficulties analysis
In boys and girls, the unadjusted results suggest that children whose
mothers reported chronic illness in early childhood (age 3) experienced
higher scores of total socioemotional difficulties at age 3, age 5, age 7, age
11 and age 14 (Table 6.8).
The association between maternal chronic illness and socioemotional
difficulties were larger at older ages, socioemotional score would increase
2.22 and 1.85 units at age 11 and 14 respectively for boys whose mother
had chronic illness at age 3 (see Table 6.8). In girls, the unadjusted model
showed the socioemotional score would increase to almost double its value
at age 11 and 14 in comparison to age 3 and 5.
In both sexes, associations were affected by addition of demographic and
maternal health behaviour variables in Model 2. Model 3 (Table 6.8) brings
in the family structure variables, which further reduced the beta coefficient
in boys. In girls, addition of family structure variables did not affect the size
of the estimates or the strengths of the Model 2 association. In Model 4
family socioeconomic variables were introduced into the analysis, which
led to a further reduction in adjusted beta coefficient and turned the crosssectional association at age 3 insignificant in girls.
In Model 5, after introducing mother’s mental health, which were found very
important, all the associations were attenuated and turned insignificant in
girls, however, remained statistically significant among boys. In boys, the
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fully adjusted results suggest that children whose mothers reported chronic
illness in early childhood (age 3) scored higher on the socioemotional
difficulties at age 5 (coefficient 0.73, 95% CI: 0.35/1.10), age 7 (coefficient
1.07, 95% CI: 0.70/1.44), age 11 (coefficient 1.53, 95% CI: 1.06/1.99) and
age 14 (coefficient 1.12, 95% CI: 0.64/1.61) compared to those of healthy
mothers (Table 6.8).
Moreover, when comparing boys fully adjusted effect size with the girl’s
models, results showed that the effect size seems to be smaller among
girls than boys. For example, at age 7, boys and girls of chronically ill
mother reported 0.73- and 0.07-units higher scores of socioemotional
difficulties, compared to those of healthy mothers. Mother chronic illnesses
with child sex interactions were found for the total difficulties outcome
scores at child age 5, 7, 11 and 14 (results not shown).
Externalising and internalising difficulties
Associations between mother chronic illness and both internalising and
externalising subscales were weaker than for total socioemotional
difficulties (see Appendix 11, Tables A11.6 & A11.7). Moreover, exposure
to maternal chronic illness had a stronger significant association with high
internalising behaviours than externalising behaviours in boys and girls.
For example, Boys aged 11 who were lived with chronically ill mother had
0.97- and 0.53-units higher score of internalising and externalising
problems, respectively, compared to children who were lived with healthy
mothers.
As for total difficulties, Mother chronic illnesses with child sex interactions
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were found for externalising and internalising scores at child age 5, 7, 11
and 14 (results are not shown).

216

Table 6. 8 Sex stratified adjusted regression coefficients (95% CI) for the total socioemotional scores at child age 3, 5, 7, 11
and 14 by mother chronic illness at child age 3, cross-sectional and longitudinal analysis.
Boys (N=6182)

Girls (N=5933)

Model 1

Model 2

Model 3

Model 4

Model 5

Model 1

Model 2

Model 3

Model 4

Model 5

1.25 ***

1.13 ***

1.09 ***

1.01 ***

0.50 **

0.66 ***

0.49 **

0.49 **

0.34

-0.12

(0.88/1.62)

(0.77/1.49) (0.73/1.44)

(0.66/1.36) (0.14/0.85) (0.28/1.02) (0.13/0.84) (0.14/0.85) (-0.01/0.69)

(-0.45/0.21)

R2

1%

9%

10%

13%

18%

<1%

10%

10%

14%

20%

Age 5

1.39 ***

1.28 ***

1.24 ***

1.17 ***

0.73 ***

0.67 ***

0.53 **

0.54 **

0.42 *

0.07

(0.99/1.80)

(0.88/1.68) (0.85/ 1.63)

(0.79/1.56) (0.35/1.10) (0.33/1.00) (0.20/0.86) (0.21/0.86) (0.09/0.74)

(-0.24/0.39)

R

1%

7%

8%

10%

15%

<1%

8%

9%

12%

16%

Age 7

1.69 ***

1.57 ***

1.52 ***

1.41 ***

1.07 ***

0.98 ***

0.83 ***

0.83 ***

0.70 ***

0.36

(1.28/2.09)

(1.16/1.97) (1.12/1.92)

(1.02/1.80) (0.70/1.44) (0.59/1.36) (0.45/1.20) (0.46/1.20) (0.32/1.07)

(-0.02/0.74)

R2

2%

8%

9%

11%

14%

1%

7%

8%

10%

14%

Age 11

2.22 ***

2.10 ***

2.04 ***

1.94 ***

1.53 ***

1.17 ***

1.01 ***

1.01 ***

0.84 ***

0.42

(1.70/ 2.75)

(1.59/2.61) (1.53/2.55)

(1.44/2.43) (1.06/1.99) (0.75/1.60) (0.59/1.43) (0.59/1.43) (0.43/1.25)

(-0.01/0.85)

R2

3%

7%

9%

11%

15%

1%

6%

7%

10%

14%

Age 14

1.85 ***

1.67 ***

1.60 ***

1.51 ***

1.12 ***

1.13 ***

0.91 ***

0.91 ***

0.72 **

0.31

(1.28/2.41)

(1.12/2.23) (1.05/2.15)

(0.97/2.05) (0.64/1.61) (0.65/1.62) (0.44/1.38) (0.44/1.38) (0.24/1.19)

(-0.15/0.77)

2%

6%

9%

14%

Age 3

2

R2
•

7%

12%

1%

7%

7%

11%

* P value <0.05. ** P value <0.01. *** P value <0.001
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6.2.2.4 Father chronic illness
Socioemotional difficulties analysis
In both sexes, unadjusted models at all ages show father chronic illness
was associated with higher scores of socioemotional difficulties. The
unadjusted effect size and significance of associations varies by age, with
the

largest

association

at

age

14

in

boys

(coefficient

0.85,

95%CI:0.28/1.42) and girls (coefficient 0.85, 95% CI: 0.31/1.39) (see Table
6.9). In Model 2, after adjusting for demographic and maternal health
behaviour, beta coefficients were partially attenuated, but continued to be
significant for boys exposed to paternal chronic illness for ages 3, 5 and
11, and 14 years. In girls, adding demographic and maternal health
behaviour into the analysis reduced associations, with only estimates at
age 14 remaining significant (coefficient 0.71, 95% CI: 0.17/1.23). Model 3
brings in family structure variables, which did not significantly affect neither
the size of effects nor strength of association. Model 4 introduces family
SEP variables. After adjusting for them, only P value for the association
between paternal chronic illness and boys’ total difficulties at age 14
remained significant. Boys exposed to paternal chronic illness will have
0.62 higher total difficulties score than their comparison at age 14. All other
significant associations found in model 3 turned in significant in girls and
boys. Moreover, the beta coefficients dropped to almost its half value in
model 3.
In the final model, after adding the remaining variable to the model
(maternal depression), the estimate for age 14 in boys was attenuated
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further and turned insignificant.
Externalising and internalising difficulties
There were no marked differences between analysis of father chronic
illness for subscales compared to total socioemotional difficulties analysis
(see Appendix 11, Tables A11.8 & A11.9).
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Table 6. 9 Sex stratified regression coefficients (95% CI) for the socioemotional difficulties scores at child age 3, 5, 7, 11
and 14 by father chronic illness at child age 3, cross-sectional and longitudinal analysis.
Boys (N=6182)

Girls (N=5933)

Model 1

Model 2

Model 3

Model 4

Model 5

Model 1

Model 2

Model 3

Model 4

Model 5

0.51*

0.48 *

0.44 *

0.28

0.15

0.41

0.33

0.32

0.18

0.08

(0.11/0.90) (0.09/0.86) (0.06/0.82) (-.10/0.66)

(-0.24/0.53)

(0.00/0.82)

(-0.03/0.71)

(-0.06/0.70)

(-0.19/0.54)

(-0.29/0.45)

R2

<1%

8%

9%

12%

18%

<1%

9%

10%

14%

20%

Age 5

0.46 *

0.43 *

0.40 *

0.26

0.15

0.13

0.08

0.05

-0.11

-0.23

(0.06/0.85) (0.04/0.82) (0.01/0.79) (-0.13/0.65)

(-0.24/0.54)

(-0.23/0.50)

(-0.27/0.42)

(-0.30/0.40)

(-0.45/0.22)

(-0.57/0.10)

R

<1%

6%

7%

9%

15%

<1%

8%

9%

12%

16%

Age 7

0.70 **

0.65 **

0.61 **

0.41

0.29

0.46 *

0.37

0.35

0.21

0.09

(0.23/1.17) (0.20/1.11) (0.16/1.06) (-0.03/0.84)

(-0.16/0.74)

(0.04/0.88)

(-0.04/0.78)

(-0.05/0.77)

(-0.18/0.61)

(-0.31/0.50)

R2

<1%

6%

7%

10%

14%

<1%

7%

8%

10%

13%

Age 11

0.60 *

0.55 *

0.52 *

0.30

0.14

0.46*

0.37

0.35

0.15

0.03

(0.10/1.10) (0.07/1.03) (0.05/1.00) (-0.15/0.76)

(-0.29/0.57)

(0.01/0.92)

(-0.09/0.82)

(-0.11/0.81)

(-0.30/0.60)

(-0.42/0.48)

R2

<1%

5%

7%

9%

14%

<1%

5%

7%

10%

14%

Age 14

0.85 **

0.81 **

0.80 **

0.62 *

0.48

0.85 **

0.71 **

0.69 *

0.41

0.28

(0.28/1.42) (0.26/1.36) (0.24/1.35) (0.07/1.17)

(-0.05/1.02)

(0.31/1.39)

(0.17/1.23)

(0.16/1.22)

(-0.09/0.92)

(-0.22/0.78)

<1%

11%

<1%

6%

7%

11%

14%

Age 3

2

R2
•

5%

6%

8%

* P value <0.05. ** P value <0.01. *** P value <0.001
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6.2.3 Summary of the regression results
The multivariable analysis adjusted results suggest that children of
mothers who reported chronic illness in early childhood (age 3)
experienced higher scores of total socioemotional difficulties at ages 3, 5,
7, 11 and 14 among boys. On the other hand, children with asthma
symptoms in early childhood (age 3) experienced higher scores of total
socioemotional difficulties at 3, 5, 7, 11 and 14 among girls.
Subscale analysis suggested that, among boys and girls, having a
chronically ill mother or exposed to asthma symptoms at age 3 results in
higher scores of internalising difficulties problems across all waves. In
contrast, higher scores of externalising difficulties problems was only
reported among girls exposed to chronically ill mothers or boys
experienced asthma symptoms.
From the regression model results shown above, it is concluded that both
mother’s chronic illness and childhood asthma symptoms effect at age 3
continue to predict abnormal mental health outcomes up to the age 14. The
next model will extend the previous work and tests the hypothesis of
whether the effect of main exposures (mother’s chronic illness and asthma)
upon child mental health outcomes operate either fully or in part, through
the mediator variables.
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6.3. Path model
The path model was built on the findings of the previous model analysis.
The aim of path was to test certain mediating pathways to explain
mechanism or processes that underly the predictive effects of physical
illness on child mental health through parent’s mental health, markers of
family functioning and child self-esteem. These directional pathways
followed the timing of data collection as well as the theoretical model family stress model (FSM) - presented in chapter 2 (section 2.9.1).
Path model results will be shown in three steps. Initially, descriptive
statistics for a set of mediators used in this model will be presented.
Secondly, results of exploratory factor analysis that was applied to evaluate
a number of mediator factors constructs will be discussed. Finally,
structural equation modelling (SEM) results will be demonstrated.
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6.3.1 Descriptive analysis of potential mediators
6.3.1.1 Parental mental health at child age 5
Both parents’ mental health scores ranged from 0 to 24, with higher scores
reflecting more parental depressive symptoms. In wave 3, the mean of the
mothers’ mental health score was 2.81 (SD 3.43), and 2.77 (SD 3.42) in
boys and girls’ samples respectively (Table 6.10). Both mean scores
indicate low level of maternal psychological distress in the analytical
sample.
In terms of the father mental health, this thesis reported similar mean
scores to the mothers’. However, lower standard deviation was noticed for
fathers’ variable comparing to the mother; which indicates less variation
around the mean (Table 6.10).
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Table 6. 10 Descriptive characteristics of parental mental health at
child age5.
Age 5

Boys

Girls

N

Mean

SD

N

Mean

SD

Maternal mental
health

5592

2.81

3.43

5074

2.77

3.42

Paternal mental
health

4380

2.91

3.26

4229

2.78

3.12

Note: Sample size varied by number of missing values in mediator
variables.
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6.3.1.2 Parental involvement at child age 7
Overall, both parents’ involvement scores ranged from 1 (not at all) to 6
(involved daily) (Table 6.11). For mothers, the highest mean of involved
activity was reported for reading to the child or teaching them songs. For
example, the mean of a mother’s involvement with reading was 5.01 (SD
1.14) in boys and 5.00 (SD 1.16) in girls. Other activities such as telling
stories, painting, drawing, playing or taking the child to the playground/park
have a mean ranging between 3.16 to 4.58 (Table 6.11).
In contrast, the fathers’ highest mean of involved activities was detected
for playing with the child, whereas, the lowest mean was reported for
reading or painting with the child (Table 6.11). In Wave 4, a mean of 4.23
(SD 1.10) and 3.92 (SD 1.15) belonged to father playing indoor with the
boys and girls respectively. In comparison, mean of father involvement with
reading was 2.86 (SD 1.26) in boys and 2.79 (SD 1.29) in girls.
To simplify the model, as it was mentioned in chapter 4 section 4.7.3.2,
these seven items presented in Table 6.11 were further reduced to a lower
number of factors, and results of applied EFA will be shown in the section
6.3.2.
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Table 6. 11 Descriptive characteristics of parental involvement at child
age 7.
Age 7

Boys

Girls

Mother involvement

N

Mean SD

N

Reads to the child

5089

5.01

1.14

4963 5.00

1.16

Tells stories to the child
(not read from book)

5090

3.16

1.53

4963 3.19

1.52

Does musical activities
with the child

5090

4.22

1.53

4962 4.58

1.34

Draws/ paints with the
child
Active play

5090

3.83

1.16

4964 3.60

1.17

5089

3.39

1.34

4963 3.31

1.26

Plays games/ with toys
indoors with child

5087

3.91

1.19

4964 3.88

1.14

Takes child to park/
playground

5089

3.47

1.12

4964 3.38

1.06

Father involvement

N

Mean SD

N

Mean SD

Reads to the child

3956

2.86

1.26

3852

2.79

1.29

Tells stories to the child
(not read from book)

3956

3.27

1.49

3849

3.13

1.49

Does musical activities
with the child

3955

3.69

1.59

3850

3.89

1.52

Draws/ paints with the
child
Active play

3956

2.93

1.11

3852

2.92

1.15

3956

4.22

1.18

3852

3.78

1.19

Plays games/ with toys
indoors with child

3954

4.23

1.10

3852

3.92

1.15

Takes child to park/
playground

3951

3.37

1.01

3852

3.19

1.00

Mean SD

Note: Sample size varied by number of missing values in mediator
variables.
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6.3.1.3 Parent-child relationship at child age 7
Table 6.12 shows the distribution of three variables that described the level
of warmth in the parent-child relationship: enjoying listening to the child
(scaled from 1 to 4), expressing affection (scaled from 1 to 5), and being
close to the child (scaled from 1 to 5), with higher scores indicating warm
relationship.
In boys, the mean score of how much their mothers or fathers enjoy
listening to their children was 3.60 (SD 0.57) and 3.36 (SD of 0.72),
respectively. For mothers, the answers to the affection variable had a mean
of 4.43 (SD 0.62), whereas the answers to the closeness item had a mean
of 4.72 (SD 0.50). Fathers, on the other hand, reported mean score of 4.30
(0.66) and 4.40 (0.72) for physical affection and closeness respectively.
For girls, similar estimates were observed.
Overall, at Wave 4, high good quality of parent-child warm relationship was
observed. The distribution of these measures did not differ substantially
between boys and girls. Moreover, these measures showed that fathers
had slightly but statistically significantly worse warm relationship with their
child than mothers (p value is not shown in the table).
Again, EFA was applied to reduce the number of items presented in Table
6.12, and these results will be shown in section 6.3.2.
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Table 6. 12 Descriptive characteristics of parent-child warmth relationship
at age 7
Age 7

Boys

Girls

Mother-child relationship

N

Mean SD

N

Mean SD

Enjoys listening and doing things with
child
Express affection by hugging, kissing
How close would you say you are to
child?

4906

3.60

0.57

4777

3.63

0.57

4912
4912

4.43
4.72

0.62
0.50

4778
4778

4.44
4.75

0.61
0.49

Father-child relationship

N

Mean SD

N

Mean SD

Enjoys listening and doing things with
child
Express affection by hugging, kissing
How close would you say you are to
child?

3813

3.36

0.72

3713

3.37

0.70

3814
3814

4.30
4.40

0.66
0.72

3718
3716

4.28
4.42

0.66
0.70

Note: Sample size varied by number of missing values in mediator
variables.
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6.3.1.4 Marital conflict at child age 7
Mother-reported marital relationship quality was measured using the 4
items presented in Table 6.13. The parent disagreement ranged from 0 to
6 (never to daily). It was observed that parents disagree over boys more
than girls (1.89 (0.84) compared to 1.81 (0.82)) while there were no sex
differences for the other three items.
The Marital Happiness score ranged between 1 to 8, with higher scores
indicating less marital happines. A happiness score mean of 3.25 (1.46)
and 3.23 (1.43) was reported for samples of boys and girls, respectively,
suggesting that most partners were happy in their relationship.
The marital relationship was also measured using another four-point Likert
scale (ranging from often to hardly ever/ never) asking how often couples
go out alone. A similar mean estimate was seen among boys 2.83 (0.98)
and girls 2.85 (0.96) (Table 6.13).
In term of domestic violence, among both the boys’ and girls’ samples,
less than 5% of the partners often used force with their spouse.
The items presented in Table 6.13 were further used in EFA and will be
shown in the section 6.3.2.
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Table 6. 13 Descriptive characteristics of Marital relationship at child age
7
Age 7

Boys

Girls

Continuous Items

N

Mean

SD

N

Mean SD

How often disagree over child
How unhappy in current
relationship
How often go out as a couple
without child

4252
4398

1.89
3.25

0.84
1.46

4107
4284

1.81
3.23

0.82
1.43

4353

2.83

0.98

4250

2.85

0.96

Binary Item

N

n (weighted %)

N

n (weighted %)

If partner ever used force on
respondent: Yes

4280

156 (4%)

4183

151 (4%)

Note: Sample size varied by number of missing values in mediators’
variables.
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6.3.1.5 Child self-esteem at child age 11
At 11 years, high rates of child’s self esteem were observed. The mean
and standard deviation of a child’s self-esteem was described using five
variables and reported in Table 6.14. The five variables ranged from 0
(strongly disagree) to 4 (strongly agree), with the higher scores on the scale
indicating higher self-esteem. Variables means ranged between 3.29
(0.56) and 3.44 (0.62) in girls, and between 3.33 (0.61) and 3.56 (0.60) in
boys. Overall, girls reported lower self-esteem mean scores than boys on
most of the items, and these differences are statistically significant (results
not shown).
The items presented in Table 6.14 were further used in the EFA and will
be shown in section 6.3.2.
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Table 6. 14 Descriptive characteristics of the self-esteem at child age 11.
Age 11

Boys

Girls

Child self-esteem

N

Mean SD

On the whole, I am satisfied
with my self

4609

3.34

0.57 4614 3.29

0.56

I feel that I have a number
of good qualities

4633

3.46

0.58 4634 3.36

0.57

I am able to do things as
well as most others

4636

3.37

0.68 4670 3.33

0.65

I am a person of value

4547

3.33

0.61 4539 3.34

0.59

I feel good about my self

4648

3.56

0.60 4664 3.44

0.62

N

Mean SD

Note: Sample size varied by number of missing values in mediator
variables.

232

6.3.2 Exploratory factor analysis
Next, exploratory factor analysis (EFA) model results will be presented to
report the factor structure of markers of family functioning, as well as the
child self-esteem factor constructs.
EFA was conducted to investigate the possibility that one or more than one
latent variables underly the indicators of family functioning (parental
involvement, parental-child relationship, marital conflict) and the child self
esteem, all of which were used as mediators in the SEM path analysis.
Results of this exercise are reported in Tables 6.15-6.20. The following
sections will discuss the results for each mediator.
The EFA reveals patterns of correlation among the variables that reflects
underlying processes. The correlation matrix showed a good positive
correlation (most range between 0.96-1.00) between indicators of each
tested factor including parental involvement items, parental-child
relationship items, marital conflict items, and child self-esteem items(result
not shown).
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6.3.2.1 Parental involvement
All statistics point towards one latent factor, parental involvement for both
mothers and fathers in both girls and boys sample at age 7 years. Higher
values can be considered as representing a "more involved" parent (Tables
6.15 & 6.16). Among both samples, only Factor 1 has an eigenvalue above
1. In addition, by looking at the heel of the scree plot (Appendix 12, Figure
A12.1 & 12.2), Factor 1 solution is highly preferred. Moreover, according
to the model of fit information in EFA with Factor 1, the SRMR is
significantly under 0.06, the RMSEA is under the usual rule of thumb of
0.08, and both CFI and TLI are also at the acceptable value. Also, small
residuals covariance values (<0.08) were obtained in factor 1 solution
indicating a good model fit (result not shown).
Looking at the factor loadings (a measure of how much the variable
contributes to the factor), it can be seen that all the loadings are significant
at the 5% level. Of note is that the three largest factor loadings in both
mother and father involvement items are the measures of the frequency
with which the mother or the father plays with the child, in either active or
indoor games, and teacheing the child how to paint.
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Table 6. 15 Summary results of the exploratory factor analysis (EFA) for mother involvement.
Mother involvement
items

Rotated factor loading
Boys (N=5090)
One
factor

Mother reads to the
child
Anyone at home takes
the child to the library
Anyone at home
teaches child songs
Anyone at home
teaches child to paint
or draw
Active play
Indoor play
Park
Degree of freedom
Eigenvalues
CFI/ TLI
RMSEA
SRMR
X2 test of model fit
•
•

Girls (N=4964)

Two factors

Three factors

One
factor

Two factors

Three factors

0.38*

F1
0.20*

F2
0.20*

F1
0.07

F2
F3
-0.01 0.35*

0.43*

F1
0.44*

F2
0.02

F1
0.33*

F2
0.16

F3
0.01

0.43*

0.50*

0.003

0.54*

0.01

-0.004

0.44*

0.45*

0.02

0.45*

0.06

0.01

0.42*

0.51*

-0.003

0.49*

0.01

0.02

0.45*

0.45*

0.02

0.45*

0.08

0.00

0.61*

0.34*

0.33*

0.17

0.00

0.52*

0.63*

0.65*

0.33

0.43*

0.27

0.01

0.62*
0.67*
0.40*
14
2.56
0.97/0.95
0.04
0.02
122.54***

-0.002 0.67*
0.12
0.59*
-0.06
0.47*
8
0.95
0.98/ 0.99
0.02
0.01
28.84***

0.57*
0.67*
0.39*
14
2.63
0.98/0.97
0.03
0.02
83.36 ***

0.35
9.71
0.65*
0.04
0.37*
0.03
8
0.91
0.99/0.98
0.02
0.01
27.71 ***

0.01
0.85* 0.001
0.003 0.17 0.55*
-0.04 0.22 0.25*
3
0.85
1.00/1.00
0.00
0.00
0.74

0.35* 0.27
0.02
0.88*
0.002 0.002
3
0.81
1.00/1.00
0.00
0.00
1.31

* Significant at 5% level. *** Chi square P value <0.001.
Sample size varied by number of missing on factor indicators variables.
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0.02
0.01
6.78*

Table 6. 16 Summary results of the exploratory factor analysis (EFA) for father involvement.
Father involvement items

Rotated factor loading
Girls (N=3852)

Boys (N=3956)
One
factor
Father reads to the
child
Anyone at home takes
the child to the library
Anyone at home teaches
child songs
Anyone at home teaches
child to paint or
draw
Plays active games
Plays indoor games
Takes the child to the
park or playground
Degree of freedom
Eigenvalues
CFI/ TLI
RMSEA
X2 test of model fit
SRMR
•
•

Two factors

Three factors

Two factors

Three factors

0.47*

F1
0.45*

F2
0.05

F1
0.00

F2
0.30*

F3
0.22*

0.51*

F1
0.50*

F2
0.02

F1
0.001

F2
0.15

F3
0.40*

0.43*

0.50*

-0.02

-0.02

0.54*

-0.02

0.46*

0.49*

-0.02

0.002

0.61*

-0.003

0.44*

0.47*

0.01

-0.01

0.51*

0.002

0.48*

0.49*

0.01

0.004

0.40

0.17

0.53*

0.59*

-0.02

0.03

0.46*

0.10

0.63*

0.70*

-0.05

-0.01

0.25

0.46*

0.58*
0.63*
0.45*

0.01
0.43*
0.23*

0.98*
0.24*
0.30*

0.02
1.52
-0.08

0.05
0.00
-0.01

0.57*
0.00
0.62*

0.55*
0.66*
0.43

0.00
0.54*
0.29*

1.01
0.16
0.19

6.84*
0.01
0.02

0.00
-0.02
0.10

0.00
0.70*
0.31*

14
2.56
0.94/ 0.91
0.05
242.12***
0.03

8
0.95
0.99/0.98
0.03
43***
0.01

14
2.71
0.95/0.92
0.05
154.9***
0.03

8
0.94
0.98/0.95
0.04
55.6***
0.01

3
0.78
1.00/0.98
0.03
13.62**
0.01

One
factor

3
0.79
1.00/1.00
0.01
3.90
0.01

* Significant at 5% level. *** Chi square P value <0.001.
Sample size varied by number of missing on factor indicators variables
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6.3.2.2 Parent-child relationship
As only three variables were available in the data at child age 7 to describe
how emotionally close the father and/or mother is to their child, only one
factor solution was available in the Mplus output (the maximum number of
factors was set to 1 as too many factors were requested). Higher values
can be considered as representing a ' warmth' relationship between the
father/ mother with the child and among both boys and girls.
Tables 6.17 and 6.18 showed the results of the exploratory factor analysis
of the three items for both mother and father relationship with the child and
suggested that the model was just identified (d.f =0), with eigenvalue above
1, and factor 1 loaded positively on all three items. In addition, the residuals
covariance values were insignificant (result not being shown).
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Table 6. 17 Summary results of the exploratory factor analysis (EFA) for
mother-child warmth relationship.
Mother close to child

Rotated factor loading
Boys (N=4912) Girls (N=4778)
Factor 1

Factor 1

How close would you say you are to child

0.50*

0.48*

How often enjoys listening and doing things with
child

0.65*

0.68*

How often do you express affection by hugging,
kissing child

0.62*

0.65*

Eigenvalues
1.69
1.73
CFI/ TLI
1.00/ 1.00
1.00/1.00
RMSEA
0.00
0.00
X2 test of model fit
0.00***
0.00 ***
SRMR
0.00
0.00
• * Significant at 5% level. *** Chi square P value <0.001.
• Sample size varied by number of missing on factor
indicators variables.
Table 6. 18 Summary results of the exploratory factor analysis (EFA) for
father-child warmth relationship.
Father close to child

Rotated factor loading
Boys (N=3814) Girls (N=3718)
Factor 1

Factor 1

How close would you say you are to child

0.54*

0.51*

How often enjoys listening and doing things with
child

0.66*

0.68*

How often do you express affection by hugging,
kissing child

0.64*

0.61*

Eigenvalues
1.75
1.72
CFI/ TLI
1.00/1.00
1.00/1.00
RMSEA
0.001
0.00
X2 test of model fit
0.00 ***
0.00 ***
SRMR
0.001
0.00
• * Significant at 5% level. *** Chi square P value <0.001.
• Sample size varied by number of missing on factor
indicators variables.
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6.3.2.3 Marital relationship
Again, only one factor loaded positively on all the marital conflict items
(variables) so the measure ‘parental relationship quality’ draws on the
composite response to these four questions: (1) How often do you and your
partner disagree on CM issues? (2) How often do you and your partner go
out without children? (3) How happy are you in the current relationship?
and (4) Has your partner ever used force on you for any reason? Higher
values can be considered to represent "higher marital conflict" in the
relationship among both male and female samples. The model showed
that the eigenvalue, and goodness of fit statistics are acceptable (Table
6.19). Also, the small covariances between residuals indicate a good fit
(result not shown).
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Table 6. 19 Summary results of the exploratory factor analysis (EFA) for marital
relationship.
Marital relationship

Rotated factor loading
Boys (N=4399)

Girls (N=4284)

Factor 1

Factor 1

How often disagree over CM

0.43*

0.37*

How often go out as a couple
without any children

0.20*

0.27*

partner ever used force on
respondent for any reason

0.54*

0.65*

How happy/unhappy |in current
relationship

0.27*

0.22*

Degree of freedom
Eigenvalues
CFI/ TLI
RMSEA
X2 test of model fit
SRMR

2
1.39
1.00/ 1.00
0.00
0.84
0.00

2
1.41
0.99/ 0.96
0.02
7.24 *
0.01

•
•

* Significant at 5% level. *** Chi square P value <0.001.
Sample size varied by number of missing on factor
indicators variables.
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6.2.1.4 Child self esteem
The self-esteem variable was used as a latent continuous variable
measured by the five items mentioned in section 6.3.1, Table 6.14, with a
higher score indicating good self-esteem. Exploratory factor analysis (EFA)
was implemented (identifying a single common factor), and this showed
that the eigenvalue, scree plot (Appendix 12, Figure A12.3), and goodness
of fit statistics suggest that the five items loaded well on a single factor for
both girls and boys samples, consistent with a previous study with the
same data [613] (Tables 6.20).
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Table 6. 20 Summary results of the exploratory factor analysis (EFA) for child self-esteem.
Child self-esteem

Rotated factor loading
Boys (N=4689)

On the whole, I am
satisfied with myself
I feel that I have a number
of good qualities
I am able to do things as
well as most others
I am a person of value
I feel good about my self
Degree of freedom
Eigenvalues
CFI/ TLI
RMSEA
X2 test of model fit
SRMR
•
•
•

Girls (N=4703)

One factor solution

Two factors solution

One factor solution

Two factors solution

0.61*

Factor 1
0.15

Factor 2
0.51*

0.66*

Factor 1
0.77*

Factor 2
-0.001

0.60*

0.47*

0.18

0.64*

0.12*

0.54*

0.47*

0.55*

-0.01

0.50*

-0.10

0.62*

0.64*
0.65*
5
2.42
0.98/0.96
0.04
41.12***
0.02

0.46*
-0.00

0.24
0.74*

0.66*
0.67*
5
2.57
0.97/0.94
0.08
152.39 ***
0.02

0.01
0.48*

0.70*
0.24

1
0.79
1.00/ 1.00
0.00
0.15
0.00

1
0.77
1.00/ 1.00
0.02
2.35
0.00

* Significant at 5% level. *** Chi square P value <0.001.
Factor loading are standardised
Sample size varied by number of missing on factor indicators variables.
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6.3.3 SEM Path analysis
After establishing adequate fit of the factor structure to the data, structural
models were used to test and interpret specific mediation effects of
parental mental health (age 5), markers of family functioning (age 7) and
child self-esteem (age 11) on the relationship between maternal chronic
illness/ child asthma at age 3 and adolescent mental health outcomes at
age 14.
Tables 6.21 and 6.22, and Tables A13.1-13.4 in Appendix 13 present the
total, direct and indirect effect coefficients with corresponding 95% CI. All
models are presented separately for boys and girls, and the results are
explained in detail below.

6.3.3.1 Childhood asthma and child mental health outcomes
Total socioemotional difficulties
In this section pathways linking asthma symptoms in early childhood with
socioemotional difficulties problems at age 14 will be discussed. Total,
direct and indirect effects for both boys and girls are all outlined in Table
6.21. The overall fit was good (d.f=332, X2=783.68, p<0.001,
RMSEA=0.02, CFA=0.95; TLI=0.94, SRMR=0.02).
Direct effects of childhood asthma: In the fully adjusted path model, asthma
symptoms were found to be directly related to higher socioemotional
difficulties scores in girls (Table 6.21). This direct effect was statistically
significant. However, no significant direct effect was found among boys.
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Mediated effects of childhood asthma, via maternal mental health, family
functioning, and/or child self-esteem: For girls, the total indirect effects of
asthma on the child’s total difficulties was equal to 0.22 (95% CI: 0.17/
0.63) in the fully adjusted model (Table 6.21). This means that girls who
experienced asthma symptoms at age 3 have a total difficulties score that
is 0.22 units higher than healthy girls through mediators. This result was
also statistically significant. Compared to girls, no significant indirect effect
was found among boys.
Figure 6.2 shows that the significant indirect paths drive the association
between asthma and total difficulties in girls. This does not apply to boys,
as no significant total indirect effects were reported. The model results
show that the mother’s mental health mediates all the significant indirect
effects. As can be seen in Figure 6.2, three significant indirect pathways
were found. In the “one mediator” pathway: maternal mental health was
observed to mediate significantly the association between asthma
symptoms and socioemotional difficulties, in an independent manner.
Mothers of asthmatic girls experienced more psychological distress
symptoms than mothers of non-asthmatic children (coefficient= 0.43,
95%CI: 0.17/ 0.69), a finding that was related directly to children’s total
difficulties (coefficient = 0.18, 95%CI: 0.10/ 0.25) ( see Figure 6.2).
In the “two mediators” pathways: maternal mental health (depressive
symptoms) also was related to children’s socioemotional difficulties by
influencing marital relationship negatively, which directly affect children’s
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total socioemotional difficulties. The increase in marital conflict found to
have a significant association with higher scores of socioemotional
difficulties. In every 1-unit increase in the marital conflict, there was a 2.59
unit increase in the socioemotional problems score (p value<0.001) (see
Figure 6.2).
In the “three mediators” pathways: maternal depressive symptoms were
observed to exert an indirect effect by directly increasing marital conflict,
which in turn was found to lower child self-esteem, and thus affecting child
total socioemotional difficulties.
The three mentioned indirect pathways drive only one-quarter of the total
effect of asthma symptoms on total socioemotional difficulties, whereas
three-quarters are driven by its direct effects (Table 6.21).
Externalising and internalising subscales
There were no marked differences between mediation pathways for
subscales

of

socioemotional

difficulties

compared

to

the

total

socioemotional difficulties score analysis (see Appendix 13, Tables A13.1
& 13.2, and Figures A13.1 & A13.2). However, the single-mediator
pathway, in which mother’s mental health independently mediated the
impact of asthma symptoms on girls’ mental health at age 14, was not
identified for externalising difficulties.
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Table 6. 21 Test of mediation from asthma symptoms at child age 3
years to total socioemotional difficulties score at child age 14.

Total effect

Direct effect

Indirect effect

Proportion mediated %
Moderated mediated P value

Boys sample
(N=6182)

Girls sample
(N=5933)

0.56 (0.00/ 1.13)

0.94 (0.47/ 1.41) ***

0.10 (0.00/ 0.20)

0.17 (0.09/ 0.26) ***

0.58 (0.00/ 1.15)

0.72 (0.24/ 1.20) **

0.11 (0.00/ 0.20)

0.13 (0.04/ 0.22) **

-0.01 (-0.15/ 0.13)

0.22 (0.05/ 0.39) *

-0.002 (-0.03/ 0.02)

0.04 (0.01/ 0.07) *

0%

23%
>0.05

•

Notes: ***p<0.001, **p<0.01, *p<0.05. Model adjusted for
demographic, parental health behaviours and socioeconomic
characteristics.

•

Unstandardised regression coefficients and standard errors are in
bold. Standardised coefficients and standard errors are nonbolded.
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Figure 6. 2 Conceptual models linking asthma symptoms at age 3 with total socioemotional difficulties at child age 14
through parental mental health (child age 5), family function (child age 7) and child self-esteem (child age 11). Girls sample

Note: The model illustrates the hypothesised relationships linking chronic illness and socioemotional difficulties. The diagram
shows unstandardised regression coefficients and standard errors in bold. Standardised coefficients and standard errors 247
are
non-bolded. Only statistically significant (*p < 0.05; **p < 0.01; ***p < 0.001) results are shown. The model was controlled by
demographic and mother’s health behaviour, family structure, SEP and maternal mental health variable at base line.

6.3.3.2 Mother’s chronic illness
Total socioemotional difficulties
Table 6.22 shows the SEM path estimates for the association between
maternal chronic illness and child’s total socioemotional difficulties in boys
and girls, respectively. The overall fit was good (d.f=339, X2=969.7,
p<0.001, RMSEA=0.02, CFA=0.95; TLI=0.93, SRMR=0.02).
Direct effects of maternal chronic illness: After controlling for all the
covariates, applying the SEM path model demonstrated that maternal
chronic illness had a significant direct association with total difficulties in
boys, however, in girls, the direct effect was non-significant (Table 6.22).
Mediated effects of maternal chronic illness, via maternal mental health,
family functioning, and/ or child self-esteem: in the fully adjusted model,
the total indirect effects of the mother’s chronic illness on the child’s total
difficulties was significant among boys and equal to 0.40 (95% CI: 0.17/
0.63). In other words, boys whose mothers suffered from chronic disease
at age 3 had a total difficulties score that is 0.40 units higher than children
of healthy mothers through all mediators simultaneously. The proportion of
the total effect that was mediated was around 35%. In comparison to boys,
no significant total indirect effect was found among girls (see Table 6.22).
As this thesis also examines different pathways of indirect effects, each
significant pathway will be discussed separately. This applies only to boys
in this model, as no significant total indirect effects in girls were reported,
as mentioned above.
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For boys, in the single-mediator pathway, mother’s mental health mediated
the impact of maternal chronic illness on the child’s socio-emotional
problems. Figure 6.3 illustrates that chronically ill mothers experiencing
more depressive symptoms than mothers who were not ill (coefficient 0.49,
95% CI: 0.25/ 0.72), a finding that was related directly to children’s
socioemotional problems (coefficient 0.19, 95% CI: 0.11/ 0.27).
In the two mediator pathways, chronic illness in the mother was found to
increase symptoms of maternal depressive symptoms, resulting in an
increase in family dysfunction, and in turn, leading to increases in
symptoms of socioemotional problems. As can be seen in Figure 6.3, low
parental warmth, and high marital conflict, but not parental involvement,
were observed to mediate significantly the association between maternal
mental health (depressive symptoms) and socioemotional difficulties.
Similarly, increases in maternal depressive symptoms lead to declines in
child self-esteem which was also found to mediate the impact of the
mother’s chronic illness on the child’s socioemotional difficulties.
Finally, in the three mediator pathways, chronic illness in the mother seems
to increase her depressive symptoms. This was found to contribute
negatively to the warmth of her relationship with her child, leading to a
decrease in the child’s self-esteem. In turn, lack of self-esteem resulted in
an increase in the child’s socioemotional difficulties symptoms.
No father effect was found as a significant mediator in the fully adjusted
path SEM model, neither the role of his mental health nor his relationship
with his child (Figure 6.3).
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Externalising and internalising subscales
There were no marked differences between the analyses of mediation
pathways for the subscales and for the total socioemotional difficulties (see
Appendix 13, Tables A13.3 & A13.4, Figure A13.3 & A13.4). However, no
significant direct effect of mothers’ chronic illness on boys’ externalising
behavioural problems was found. This means that mothers’ mental health,
family dysfunction and child self-esteem completely mediate the
relationship between mother’s chronic illness and boys’ externalising
problems.
The indirect effect estimates between maternal chronic illness and both
subscales were smaller than for total socioemotional difficulties. However,
the consistency of the indirect effects observed in this thesis for different
mental health outcomes support the argument that the mediating role of
mothers' mental health, family function, and child self-esteem is a
significant one.
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Table 6. 22 Test of mediation from mother chronic illness at child age 3
years to total socioemotional difficulties score at child age 14.

Total effect

Direct effect

Indirect effect

Proportion mediated %
Moderated mediated P value

Boys (N=6182)

Girls (N=5933)

1.12 (0.60/ 1.64) ***

0.35 (-0.12/0.82)

0.19 (0.10/ 0.28) ***

0.06 (-0.02/0.15)

0.72 (0.17/ 1.28) *

0.23 (-0.24/0.71)

0.12(0.03/ 0.22) *

0.04 (-0.04/0.13)

0.40 (0.17/ 0.63) **

0.12 (-0.06/0.29)

0.07 (0.03/ 0.11) **

0.02 (-0.01/0.05)

36%

0%
0.03

•

Notes: ***p<0.001, **p<0.01, *p<0.05. Model adjusted for
demographic, parental healthy behaviour and socioeconomic
characteristics.

•

Unstandardised regression coefficients and standard errors are in
bold. Standardised coefficients and standard errors are nonbolded.
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Figure 6. 3 Conceptual models linking mother chronic illness at age 3 with total socioemotional difficulties at child age 14
through parental mental health (child age 5), family function (child age 7) and child self-esteem (child age 11). Boys sample

Note: The model illustrates the hypothesised relationships linking mother chronic illness and socioemotional difficulties. The
diagram shows unstandardised regression coefficients and standard errors in bold. Standardised coefficients and standard
errors are non-bolded. Only statistically significant (*p < 0.05; **p < 0.01; ***p < 0.001) results are shown. The model was
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controlled by demographic and mother’s health behaviour, family structure, SEP and maternal mental health variable at base
line.

6.3.3.3 Moderated mediation model
Socioemotional difficulties
No significant differences between boys and girls were found in the total
indirect effect of childhood asthma on socioemotional difficulties problems
(see Table 6.21).
On the other hand, an observed sex difference in the total indirect effect of
mother chronic illness was suggested by the multiple-group path analysis.
This was confirmed by the moderated mediation results, which was used
to test the difference between boys and girls in the total indirect effect
results which in turn suggest a significant sex difference in the mediated
effect (see Table 6.22). In other words, the total indirect effect of the
mother’s chronic illness at child age 3 on the socioemotional difficulties at
age 14 was stronger for boys than girls.
This significant moderated sex difference was consistent with the
regression analysis modification results, which indicates that child sex
moderated

the

relations

between

maternal

chronic

illness

and

socioemotional difficulties outcome, but not for the asthma effect.
Internalising and externalising subscale
Overall, the results were consistent with the socioemotional difficulties
model. the magnitude of the total mediated effect of asthma symptoms on
internalizing and externalising behavioural problems did not depend on the
child’s sex as shown by the non-significant moderated mediated effects in
Appendix 13, Tables A13.1 & A13.2.
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On the other hand, for mothers’ chronic illness, a significant moderated
mediated effect was found between boys and girls for both internalising
and externalising difficulties (Appendix 13, Tables A13.3 & A13.4).
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6.3.4 Summary of path model
Following the SEM results, evidence was found supporting the fact that a
mother’s chronic illness and asthma symptoms are associated with
adolescent mental health outcomes through the mother’s mental health,
family functioning and child self-esteem. Of the three markers of family
functioning, only parental involvement showed no significant effect on the
child’s socioemotional difficulties and therefore could not be a mediator.
The SEM path models illustrate the importance of the mothers’ mental
health in influencing children’s socioemotional problems. As indicated in
Figures 6.2 and 6.3 (and Figures A13.1 and A13.4 in Appendix 13),
maternal depressive symptoms were observed to be the only mediator to
significantly mediate the association between mother chronic illness or
asthma symptoms and socioemotional difficulties, in an independent
manner. Markers of family functioning and child self-esteem only exerted
an indirect effect when preceded by maternal depression. These data
suggest that maternal mental health in early childhood is relevant, such
that maternal mental health increases the risk for child psychopathology in
adolescence through affecting family functioning and child self-esteem.
Next, in the growth model, which is the final model, different trajectories of
socioemotional difficulties (as well as internalising and externalising) will
be evaluated.

It will also be assessed how these trajectories differ

according to different sets of demographic and socio-ecological variables
measured from age 9 to 14 years, and whether the identified trajectories
are differently associated with selected physical health condition.
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6.4 Growth model
In this model, the pattern of change or growth of the child’s mental health
over time (during childhood and early adolescence) will be taken into
account. As mentioned in the Methods chapter, the growth model was built
in steps and the result will be presented accordingly. Socioemotional
difficulties-related results will be presented below, and subscales’ results
are presented in Appendix. All analyses were stratified by sex in light of
evidence for sex differences in the developmental trajectories of problems
behaviour in children.
A descriptive analysis for an extra set of socioecological variables obtained
during adolescence period (age 14), used in this model, is presented first.

6.4.1 Descriptive analysis of socioecological variables
collected during adolescence
Table 6.23 presents descriptive statistics for a set of environmental, social
and well-being variables collected during the adolescence period.
Nearly half of the boys and girls hardly or never argue with their parents.
On the other hand, 27% of girls and 22% of boys frequently argued with
their mothers. Approximately fifteen percent of boys and girls reported
arguing with their fathers at least once a week. One third of the girls selfreported to be frequently bullied by their siblings, compared to 23% of boys.
Children’s attitudes and perception of school are also shown in Table 6.23.
More than half of the girls liked school a lot and around three-quarters of
them have a high interest in school. For boys, compared to girls, lower
proportions were observed: 39% of them like school a lot and 68% are
interested in school a lot. In both samples, around 10% of children are
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frequently exposed to peer bullying, and roughly an equal proportion do
not live in a safe area.
Markers of well-being and risky behaviours are also presented in Table
6.23. More than one third of girls and a quarter of boys are overall not
happy with their appearance, school, friends, family, work, and life as a
whole. In both samples, on average, 10% of children smoke cigarettes, 4%
use drugs and 45% drink alcohol. Half of boys and girls have friends who
drink alcohol and third of boys and girls have friends who smoke. 21% of
boys’ and 17% of girls’ friends use drugs, respectively.
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Table 6. 23 Distribution of socio-ecological characteristics in the study
sample at age 14. (Weighted %).
Boys sample

Girls sample

At least once a week
Less than once a week
Hardly ever/ never
N
At least once a week
Less than once a week
Hardly ever/ never
N
At least once a week
About once a month
Every few months
Less often
Never
N

900 (22%)
1227 (30%)
1963 (48%)
4,090
598 (15%)
1075 (27%)
2310 (58%)
3,983
898 (23%)
235 (6%)
195 (5%)
977 (25%)
1601 (41%)
3,906

1132 (27%)
1384 (33%)
1678 (40%)
4194
647 (16%)
1133 (28%)
2266 (56%)
4,046
1233 (31%)
318 (8%)
199 (5%)
995 (25%)
1233 (31%)
3,978

At least once a week
About once a month,
Every few months
Less often
Never
N
A lot
A bit
Not at all
N
A lot
A bit
Not at all
N

454 (11%)
206 (5%)
247 (6%)
1154 (28%)
2026 (50%)
4,123
1832 (39%)
2537 (54%)
329 (7%)
4,698
3195 (68%)
1363 (29%)
141 (3%)
4,699

380 (9%)
211 (5%)
253 (6%)
1225 (29%)
2153 (51%)
4,222
2630 (56%)
1926 (41%)
141 (3%)
4,697
3715 (79%)
893 (19%)
94 (2%)
4,702

Home environment
Argue with mother

Argue with father

Child bullied by siblings

Social relationship and
wider
environment
Bullied by peers

Like school

Interest school

Safe neighborhood

Safe
4204 (90%)
4155 (89%)
Not safe
467 (10%)
514 (11%)
N
4,671
4,669
Note: Sample size varied by number of missing values in descriptive
variables.
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Continue Table 6.23
Boys sample

Girls sample

Well-being
Overall Happiness

Upper quintile
1719 (42%)
Middle quintile
1351 (33%)
Lower quintile
1023 (25%)
N
4,093
Child smoke cigarettes
Yes
493 (12%)
No
3618 (88%)
N
4,111
Child drink alcohol
Yes
1898 (46%)
No
2227 (54%)
N
4,125
Child use drugs
Yes
165 (4%)
No
3958 (96%)
N
4,123
Child's friend smoke cigarettes Yes
1236 (33%)
No
2508 (67%)
N
3,744
Child's friend drink alcohol
Yes
1861 (55%)
No
1522 (45%)
N
3,383
Child's friend use drugs?
Yes
738 (21%)
No
2774 (79%)
N
3,512
Note: Sample size varied by number of missing values in descriptive
variables.

1260 (30%)
1385 (33%)
1554 (37%)
4,199
548 (13%)
3664 (87%)
4,212
1774 (42%)
2450 (58%)
4,224
169 (4%)
4057 (96%)
4,226
1255 (32%)
2666 (68%)
3,921
2165 (59%)
1504 (41%)
3,669
635 (17%)
3098 (83%)
3,733
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6.4.2 Linear latent growth curve models (LGCM)
Socioemotional difficulties
Initially, linear growth model was used to estimate growth trajectory of
socioemotional difficulties score. The mean intercept of the total
socioemotional difficulties average trajectory was equal to 8.44 units in
boys and 7.14 units in girls and both were statistically significant (See Table
6.24). This means that the average score of total socioemotional difficulties
score at the first time point (age 3) was significantly different from zero.
Also, the slope was negative, in boys (-0.06) and girls (-0.03), which means
that over time there was a decrease in the socioemotional difficulties score
(negative growth) and this negative slope was statistically significant (See
Table 6.24).
The variances of both average intercept and slopes were significant,
predicting inter-individual differences in intra individual change. The
relationships between the average intercept and slopes are often of
considerable interest. Table 6.24 shows a significant negative relationship
between intercept and slope among both sexes. This indicates that those
with a higher total difficulties score at the baseline tend to have a steeper
decrease in the total difficulties score over childhood-adolescence period
and vice versa.
However, Figure 6.4 shows the estimated means of both intercepts and
slopes depart from the sample means and the model fit indices presented
in Table 6.26 suggest that the linear growth trajectories did not fit the data
well. The model was thus further tested for non-linear trajectories, the
results of which are presented in the next section.
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Externalising and internalising sub-scale
For internalising difficulties, in boys and girls, the slope was positive,
meaning an increase in total difficulties scores over time (see Appendix 14,
Table 14.1 & Figure A14.1). Although boys had a higher intercept than girls,
girls demonstrated a steeper positive slope than boys.
For externalising difficulties, similar results to the analysis of the
socioemotional difficulties were reported in both sexes. However, lower
intercept and steeper slope was noticed for externalising trajectory
comparing to the total socioemotional difficulties (see Appendix 14, Table
14.2 & Figure A14.2).
Consistent with the total socioemotional difficulties results, Figure A14.1
and Figure A14.2, in addition to model fit indices presented in Table A14.5
and A14.6, suggest that the linear growth internalising and externalising
trajectories did not fit the data well.
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Table 6. 24 Parameters estimates (standard errors) of the linear latent
growth curve model for socioemotional difficulties scores.
Parameter

Estimates (SE)
Boys (N=6141)

Girls (N=5892)

Mean initial status (Intercept)

8.44 (0.06) ***

7.14 (0.06) ***

Mean Growth Rate (Slope)

-0.06 (0.01) ***

-0.03 (0.01) ***

Covariance (intercept with slope)

-0.19 (0.04)***

-0.17 (0.04)***

Variance initial status (intercept)

16.91 (0.44) ***

13.71 (0.38) ***

Variance Growth Rate (slope)

0.14 (0.01) ***

0.10 (0.01) ***

•

* P value <0.05, ** P value <0.01, *** P value <0.001
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6.4.3. Identifying the shape of the growth
Socioemotional difficulties
The linear growth curve model was tested against alternative specifications
comparing a linear growth model with two further models that included a
quadratic growth effect and piecewise growth. Before the models’
comparison, a sensitivity analysis was followed in order to choose and
identify the best knot point for piecewise growth model, where one phase
of development ends and another begins. Table 6.258 and Figures 6.6-6.8
suggests that using child age 5 as the knot point fits the data the best as
the time at which the growth trajectory transitions from pre-school period
to the school years period. Moreover, the quadratic growth curve (Figure
A5) shows that at child age 5 the trajectory changes from a decreasing
phase to an increasing one, confirming the sensitivity analysis results.
After fitting the best knot point for piecewise growth model at age 5, the
goodness of fit for linear, quadratic and piecewise models were compared.
The AIC and BIC for the piecewise models were lower in comparison with
AIC and BIC for linear and quadratic models, indicating better fitting model.
Moreover, the incremental fit indices; CFI and TLI, were higher and closer
to 1 in the piecewise comparing to CFI and TLI for linear and quadratic
models. The absolute fit indices; RMSEA and SRMR, were lower than 0.06
and 0.05 respectively, in the piecewise model, but not in linear and
quadratic models, which indicate a good model fit.

8

The best fit according to Lowest BIC and AIC scores, SRMR≤0.05, RMSEA ≤0.06, TLI≥0.95,
and CFI≥0.95
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The model fit indices are shown in Table 6.26, with the results (lower BIC
and AIC scores, RMSEA ≤0.06, SRMR ≤ 0.05, TLI ≥0.95, and CFI≥0.95)
confirming that piecewise growth fits the data the best and gives the actual
representation of the data used (see Figures 6.4-6.6).

Internalising and externalising subscale
Consistent with the socioemotional difficulties’ results, piecewise growth
model with age 5 was chosen as the knot point fits the data well for both
externalising and internalising difficulties. All tables and figures are
presented in Appendix14 (See Tables A14.3-A14.6 & Figures A14.1A14.10) .
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Table 6. 25 Model fit indices comparing piecewise latent growth curve
models using different knot-point at age 5, 7 and 11 for socioemotional
difficulties scores.
Model
Fit
Indices

Boys (N=6141)

Girls (N=5892)

Piecewise Piecewise Piecewise Piecewise Piecewise Piecewise
Age 5
Age 7
Age 11
Age 5
Age 7
Age 11
X2
131.7 *** 1290.3*** 3604.6*** 163.69***
DF
7
8
10
7
AIC
143093.8 144252.3 146560.7 136783.9
BIC
143181.2 144339.7 146627.9 136870.7
RMSEA 0.05
0.17
0.24
0.06
CFI
0.99
0.89
0.71
0.99
TLI
0.98
0.85
0.71
0.98
SRMR
0.02
0.08
0.15
0.02
• * P value <0.05, ** P value <0.01, *** P value <0.001

1239.3***
8
137859.5
137946.4
0.17
0.88
0.88
0.08

4039***
10
140653.2
140720.0
0.26
0.62
0.62
0.18

Table 6. 26 Model fit indices comparing linear latent growth curve model
with quadratic and piecewise (knot-point at age 5) latent growth curve
models for socioemotional difficulties scores.
Model
Fit
Indices

Boys (N=6141)9
Linear

Girls (N=5892)

Quadratic Piecewise Linear

Quadratic Piecewise

X2
1589.3*** 745.59*** 131.7***
1957.1*** 583.9***
DF
10
7
6
10
7
AIC
144545.4 143709.6 143093.8
138571.3 137206.1
BIC
144612.6 143803.7 143181.2
138638.2 137299.7
RMSEA 0.16
0.14
0.05
0.18
0.13
CFI
0.87
0.94
0.99
0.81
0.94
TLI
0.87
0.90
0.98
0.81
0.91
SRMR
0.12
0.05
0.02
0.13
0.04
• * P value <0.05, ** P value <0.01, *** P value <0.001

163.6***
6
136783.9
136870.7
0.06
0.99
0.98
0.02

9

The sample size (for boys and girls) was further reduced, compared to that of regression and
path model, due to the number of cases with missing data in all socioemotional repeated
measures; such records are excluded from the Mplus model.
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Figure 6. 4 Sample and estimated means of child socioemotional difficulties by child age (3-14) resulting from linear latent
curve growth analysis, stratified by child sex.
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Figure 6. 5 Sample and estimated means of child total socioemotional difficulties by child age (3-14) resulting from
quadratic latent curve growth analysis, stratified by child sex.
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Figure 6. 6 Sample and estimated means of total socioemotional difficulties by child age (3-14) resulting from piecewise
latent curve growth analysis with age 5 chosen as the knot point, stratified by child sex.
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Figure 6. 7 Sample and estimated means of child total socioemotional difficulties by child age (3-14) resulting from
piecewise latent curve growth analysis with age 7 chosen as the knot point, stratified by child sex.
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Figure 6. 8 Sample and estimated means of child total socioemotional difficulties by child age (3-14) resulting from
piecewise latent curve growth analysis with age 11 chosen as the knot point, stratified by child sex.
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6.4.3. Extraction of classes (GMM/ LCGA)
Socioemotional difficulties
A total of six growth mixture models were tested to explore the number of
classes best fit the data. Fit indices are presented in Table 6.27. Beginning
with the one class model, a stepwise addition of classes produced lower
BIC, AIC, and SSA-BIC values, suggesting a better model fit to the data for
higher class solutions. For all models, entropy was adequate. LMR showed
a significant enhancement of fit for the two-compared with the one-class
model up until the four- compared with the three-class model. The fiveclass model did not add to the fit compared with the four-class model. The
two- and three-class solutions provided sufficiently sizable classes
whereas the four- and five- class solutions yielded one rather small class.
Models beyond five classes were not identified and best likelihood was not
replicated.
Thus, based on model fit indicators (AIC, BIC and SSA-BIC)

10

,

classification quality (entropy), percentage of sample per class, and
likelihood ratio tests (LMR-LRT and BLRT)11, the three-class solution was
selected in girls for socio-emotional difficulties (see Figure 6.9). The
additional one or two classes beyond a three-class solution reflected
variants of low total mental health difficulties scores and these additional
classes were small, with prevalence below 5%.

10

AIC: Akaike Information Criterion. BIC: Bayesian Information Criterion.
SSA-BIC: Sample size adjusted Bayesian Information Criterion.
11
LMR-LRT: Lo, Mendell & Rubin Likelihood Ratio Test. BLRT: Parametric Bootstrapped
Likelihood Ratio Test.
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In boys, the three class model best represented the data; however, the four
class model was deemed most appropriate for the following reasons: the
additional fourth class, in particular, reflected a different pattern of growth
consisting of high risk children across the whole follow up period which is
of significant theoretical importance. Although this four class is the smallest
group in number (3%), the identification of this class is consistent with past
research [454, 455, 459] and theory [449] that demonstrates that a small
proportion of children exhibiting high consistent/ chronic developmental
patterns of behavioural problems. Finally, the change in fit between a three
and four class model (i.e., decreasing SSBIC statistic), indicated that the
four class model can still fit the data well. This indication was confirmed by
the BLRT and LMR test with p value still less than 0.05.
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Table 6. 27 Log-likelihood and information criteria (fit indices) of latent
profile analyses for child total socioemotional difficulties repeated
measures (age 3-14).
Boys (N=6141)
Classes

SSABIC

Entropy

2
3
4
5
6*

142184.4
141678.2
141411.9
141235.1
141456.3

0.80
0.82
0.79
0.79
0.83

Smallest
class size
11%
7%
3%
2%
0%

LMR (p)

BLRT (p)

<0.001
<0.001
0.02
0.05
0.29

<0.001
<0.001
<0.001
<0.001
1.00

Smallest
class size
10%
6%
4%
1%
0%

LMR (p)

BLRT (p)

<0.001
<0.001
<0.001
0.05
0.95

<0.001
<0.001
<0.001
<0.001
1.00

Girls (N=5892)
Classes

SSABIC

Entropy

2
3
4
5
6*

135971.4
135420.5
135151.0
134954.1
135195.0

0.82
0.82
0.81
0.81
0.85

•

* Model was not identified, and best likelihood was not replicated

The trajectory groups identified with growth mixture model GMM are shown
in Figure 6.9, and the unstandardized intercepts and slopes are shown in
Table 6.28. In both sexes, the largest group was described as
“consistently-low” (83% girls, 75% boys). This group showed a stable
trajectory of low scores of socioemotional difficulties problems from ages 3
to 14. This group’s scores, for each age were assessed, and was found to
be the nearest to the overall sample mean.Their mean scores varied from
5 to 9 for both boys and girls across the five assessment periods (see
Figure 6.9).
The “childhood-limited” group (9% girls,12% boys) consisted of cohort
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members with the highest score during the early childhood period with a
decline from ages 5 to 14 reaching normal scores in early adolescence
(ages 11 and 14), with means ranging from 9 to 14 among girls and boys
across the five assessment points (Figure 6.9).
In contrast to this group, an “adolescent-onset” group (8 % girls, 10% boys
of the sample) started with normal initial total difficulties status during early
childhood and then deteriorated and had the poorest mental health
outcome during the early adolescence period (ages 11 and 14), with mean
scores ranging from 10 to 20 among boys and girls. Noticeably, at age 14
years, total socioemotional difficulties mean scores diverge considerably
across the “consistently-low” and “adolescent -onset” groups, resulting in
mean values for the “adolescent-onset” group being triple those of the
“consistently low” group. Moreover, the gap between the “adolescentonset” and “childhood-limited” groups at child age 14 almost doubled and
reversed in comparison to that at age 3 (Figure 6.9).
In boys only, a fourth latent class was also determined and labelled as
“persistently-high” group, which represent only 3% of the sample. The
“persistently-high” group, had the highest level of socioemotional
difficulties problems in early childhood, which remained elevated
throughout the adolescence period.
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Figure 6. 9 Longitudinal latent total socioemotional difficulties profile.
Millennium Cohort Study waves 2-6.
(a) Boys

(b) Girls
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Three parameter estimates from the resulting piecewise growth model are
presented in Table 6.28. These parameters are the intercept (initial starting
point), slope 1 (growth rate in the pre-school period), and slope 2 (growth
rate in the school years period).
The first parameter, which is the intercept, was significant for all identified
trajectories. This means that socioemotional difficulties scores were
significantly different from zero at the starting point (child age 3). Class 1
(consistently-low) had the lowest initial status compared to the others, with
the mean intercept equal to 8.55 in boys and 7.59 in girls. On the other
hand, Class 4 (persistently-high) in boys and Class 2 (childhood-limited) in
girls had the highest mean intercept compared to the others (see Table
6.28).
As shown in Table 6.28, children in Class 1 (consistently-low) have
negative slope 1 equal to -1.11 in boys and -1.24 in girls. These results
were significant in both sexes, indicating a significant decrease in the total
difficulties growth over the pre-school period (ages 3-5). Slope 2 in boys
was not significant, suggesting no changes in total difficulties during the
school period. On the other hand, slope 2 for girls showed a significant
positive growth rate, yet, the slope magnitude was small (see Table 6.28).
For Class 2 (the childhood-limited group), slope 1 was not significant in
both boys and girls, meaning that there was no growth in the total
difficulties scores over the pre-school period (ages 3-5). On the other hand,
slope 2 was significant and equal to - 0.51 and – 0.45 in boys and girls,
respectively, denoting a negative total difficulties growth over the school
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period (Table 6.28).
For Class 3 (the adolescent-onset group), in boys and girls, a negative
slope 1 and a positive slope 2 were observed. This indicates that children
following this trajectory had a significant decrease in their total difficulties
scores over the pre-school period, followed by an increase in the total
difficulties score over the school period. These growth rates were
statistically significant (Table 6.28).
Class 4 (persistently-high), only found in boys, showed a significant
increase in the total difficulties growth during the pre-school period (slope
1 equal to 2.79, P value <0.05) . However, slope 2 was not significant as
evident by P-value more than 0.05 (Table 6.28).
Both the growth mixture model (GMM)12 and latent growth class analysis
(LGCA)13 were fitted to the data and compared (result not shown). As a
result, the growth mixture model (GMM) was preferred because of the
following reasons: (1) a better fit to the data; lower AIC, BIC and SA-BIC
than those of LGCA, (2) higher entropy (>0.8) which is very important for a
model to be able to clearly identify individuals following different trajectory
types, (3) large sample size, and finally (4) no computation difficulties were
faced (no convergence issues).
In the GMM, Mplus constrains parameters (e.g., variances, and

12

GMM: variance around the growth parameters was estimated within a latent class.

13

LGCA: all individual growth trajectories within a class are assumed to be homogeneous, and
the variance and covariance estimates for the growth parameters within each class are assumed to
be fixed to zero
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covariances of growth parameters) to be equal across latent classes by
default. A sensitivity analysis was done to compare the default output with
another model where the parameters differ (variances, and covariances of
growth factors) across classes (result not shown). Again, the default output
(unconstrained variances and covariances within each class but equal
variances and covariances across classes) fits the data better with lower
AIC, BIC and SA-BIC and higher entropy than those of the model where
the parameters were set as different across classes (result not shown).
Moreover, the unconstrained model led to convergence issues.
Internalising and externalising subscales
GMM determined that four latent classes best determined the
heterogeneity in internalising and externalising difficulties from childhood
through adolescence in boys and girls (see Appendix 15, Tables A15.1 15.4, and Figures 15.1 & 15.2). For externalising difficulties, similar to the
analysis for total socioemotional difficulties, the four latent trajectories were
characterised

as

“consistently-low”,

“adolescent-onset”,

“childhood-

limited”, and “persistently-high” group in boys and girls.
There was, however, some variability in the developmental patterns of
internalising difficulties. For girls, the ‘persistently-high’ class was not
identified. On the other hand, this group was replaced by an “earlyimprovers” class, which comprised of children with high levels of
internalizing problems at the baseline, decreasing sharply during early
years, and starting to increase slowly after the primary school transition,
continuing through the normal range of internalizing behaviour (see
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Appendix 15, Figure 15.1). For boys, which was consistent with
socioemotional difficulties results, the four latent trajectories were
characterised

as

“consistently-low”,

“adolescent-onset”,

“childhood-

limited”, and “persistently-high” group.
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Table 6. 28 Parameter estimates (standard errors) of unconditional piecewise growth mixture model. Socioemotional
difficulties scores.
Parameter

Estimates (SE)
Boys (N=6,141)

Girls (N=5,892)

Class 1

Class 2

Class 3

Class 4

Class 1

Class 2

Class 3

(Consistentlylow, 75%)

(Childhoodlimited, 12%)

(Adolescentonset, 10%)

(Persistently
high, 3%)

(Consistentlylow, 83%)

(Childhoodlimited, 9%)

(Adolescentonset, 8%)

Mean
Intercept

8.55 (0.11) ***

14.50(0.67) ***

11.57 (0.36) ***

15.40 (0.90) ***

7.95(0.09) ***

14.59(0.46) ***

11.05(0.49) ***

Mean
slope1

-1.46 (0.05) ***

-0.01 (0.23)

-0.95 (0.25) ***

2.79 (0.39) ***

-1.42(0.04) ***

0.34 (0.34)

-1.14 (0.28) ***

Mean
slope2

0.03 (0.01)

-0.51(0.08) ***

1.00 (0.07) ***

0.02 (0.17)

0.07(0.01) ***

-0.45(0.06) ***

1.14 (0.07) ***

•

* P value <0.05, ** P value <0.01, *** P value <0.001

280

6.4.4 Description of the classes
Tables 6.29 to 6.33 show the class differences in: (1) demographic factors,
(2) socio-economic factors, (3) mother healthy behaviour, (4) family
structure, (5) home environment, (6) social and environmental factors, and
(7) psychological well-being during adolescence. Both the boys’ and girls’
samples share the same characteristics, therefore, throughout this section,
the term “sample” will be used to describe both. In case there is a difference
between the samples, the sample denomination will be specified.

Total socioemotional difficulties
6.4.4.1 Demographic variables
Table 6.29 summarises the demographic characteristics of the sample by
class membership, stratified by child sex. These proportions suggest a
number of group differences among trajectory groups. More than 80% of
the children following the consistently-low, persistent-high and adolescentonset classes were white. There was a higher proportion of ethnic
minorities in the childhood-limited group than any other group. Half of the
boys’ families and one third of girls’ families in the childhood-limited class
came from non-white ethnic groups with almost 60% of these from
Pakistani and Bangladeshi origins (Table 6.29).
There were more children of teenage mothers in the three problems groups
compared to low group. Half of the children's mothers for the consistentlylow class were in their thirties at the time of the child’s birth, while half of
the mothers of the other three classes were in their twenties at the time of
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the child’s birth.
During pregnancy, around 35% of children's mothers from the adolescentonset and childhood-limited classes smoked heavily compared to 17% of
mothers of children from the consistently-low class. Almost three quarters
of children belonging to the consistently-low class were breastfed,
compared to half of those following childhood-limited group.
For mother mental health at age 3, the low trajectory showed the lowest
levels (1%) compared to other groups. On the other hand, 15% of boys in
the persistently-high group had a depressed mother at age 3. In girls, 12%
of those in the childhood-limited group and 8% of those in the adolescentonset group had a depressed mother.
Table 6.35 results show that the percentage of children living in a unstable
family was the highest among those following the adolescent-onset growth
trajectory, with one third of girls on the adolescent-onset trajectory living in
unstable family compared to 15% and 20% of those living with stable
families in the consistently-low and childhood-limited groups respectively.
Among boys, results show little difference in the family structure between
the three problems groups, with the lowest percentage of one parent
families among the consistently-low group (Table 6.29).
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Table 6. 29 Descriptive statistics of socioemotional difficulties latent class by demographic variables.
Boys sample (N=6,141)

Girls sample (N=5,892)

Demographic
variables

Category

Consistently- Persistently- Adolescent- ChildhoodLow
High
Onset
Limited

ConsistentlyLow

Adolescent- ChildhoodOnset
Limited

Child ethnicity

White
Mixed
Indian
Pakistani
and
Bangladeshi
Black
Other

5465 (89%)
123 (2%)
123 (2%)
246 (4%)

4851 (79%)
123 (2%)
61 (1%)
737 (12%)

5281 (86%)
122 (2%)
122 (2%)
552 (9%)

3378 (55%)
184 (3%)
553 (9%)
1719 (28%)

5067 (86%)
118 (2%)
177 (3%)
353 (6%)

5067 (86%)
177 (3%)
118 (2%)
412 (7%)

4065(69%)
118 (2%)
295 (5%)
1237(21%)

123 (2%)
61 (1%)

246 (4%)
123 (2%)

61 (1%)
3 (<1%)

61 (1%)
246 (4%)

118 (2%)
59 (1%)

59 (1%)
59 (1%)

59 (1%)
118 (2%)

Mother age at
childbirth

<20
20 to 29
30 to 39
40 plus

246 (4%)
2456 (40%)
3255 (53%)
184 (3%)

737 (12%)
3193 (52%)
1965 (32%)
246 (4%)

430 (7%)
3255 (53%)
2395 (39%)
61 (1%)

491 (8%)
3623 (59%)
1965 (32%)
62 (1%)

177 (3%)
2474 (42%)
3064 (52%)
177 (3%)

471 (8%)
3182 (54%)
2062 (35%)
177 (3%)

766 (13%)
3241(55%)
1826(31%)
59 (1%)

Language at
home

Not English

123 (2%)

368 (6%)

307 (5%)

860 (14%)

177 (3%)

177 (3%)

471 (8%)

Birth weight

L.B.W

246 (4%)

675 (11%)

307 (5%)

553 (9%)

295 (5%)

589 (10%)

825 (14%)

Mother
smoking during
pregnancy

0
1/9
≥10

4667 (76%)
491 (8%)
983 (16%)

3255 (53%)
798 (13%)
2088 (34%)

3377 (55%)
553 (9%)
2211 (36%)

3562 (58%) 4419 (75%)
430 (7%)
471 (8%)
2149 (35%) 1002 (17%)

3182 (54%)
471 (8%)
2239 (38%)

3182(54%)
530 (9%)
2180(37%)
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Continue Table 6.29
Boys sample (N=6,141)

Girls sample (N=5,892)
ConsistentlyLow

Demographic
variables

Category

Consistently- Persistently- Adolescent- ChildhoodLow
High
Onset
Limited

Breastfeeding

Yes

4667 (76%)

4053 (66%)

3992 (65%)

3377 (55%) 4360 (74%)

3888 (66%)

3240(55%)

Number of
siblings

Single child
1 sibling
≥2 siblings

1228 (20%)
3071 (50%)
1842 (30%)

982 (16%)
2641 (43%)
2518 (41%)

1474 (24%)
2640 (43%)
2027 (33%)

1474 (24%) 1237 (21%)
2518 (41%) 2887 (49%)
2149 (35%) 1768 (30%)

1473 (25%)
2298 (39%)
2121 (36%)

1237(21%)
2298(39%)
2357(40%)

Family
structure

Unstable
family

1044 (17%)

2026 (33%)

1719 (28%)

2026 (33%) 884 (15%)

1768(30%)

1178(20%)

Mother's
mental health

Depressed:
Yes

61(1%)

921(15%)

307(5%)

491(8%)

471 (8%)

707 (12%)

59 (1%)

Adolescent- ChildhoodOnset
Limited
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6.4.4.2 Socio-economic variables
For both boys and girls, as can be seen in Table 6.30, children who
consistently belong to the low-class group were the most advantaged
compared to others. Parents of children with consistently low levels of total
difficulties were less poor, more educated and worked in higher
professional classes than the other groups. For boys, almost half of the
childrens’ families from the consistently-low class were in managerial and
professional occupations, compared to one quarter of those on the
persistently-high group. Only 6% of children’s families from consistentlylow class were from lowest income quintile, whereas, one third of those
from persistently-high class were from lowest income quintile.
Nearly one third of the childrens’ families from the childhood-limited group
were from the lowest income quintile (31% in boys, 35% in girls), about
30% of their parents having none of the five known levels of NVQ education
qualification, and nearly 35% of their parents being unemployed (Table
6.30). Compared to the childhood-limited group, the adolescent-onset
group experienced less socioeconomic disadvantages. For example,
around 20% were from the lowest income quintile (20% in boys, 23% in
girls), 15% of their parents having none of the five known levels of NVQ
education qualification, and approximately 30% of families were in the
managerial and professional occupations.
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Table 6. 30 Descriptive statistics of socioemotional difficulties latent class by socioeconomic variables
Boys sample (N=6,141)

Girls sample (N=5,892)

Consistently- Persistently- Adolescent- ChildhoodLow
High
Onset
Limited

Consistently- Adolescent- ChildhoodLow
Onset
Limited

Occupational Manager &
class
professional
Intermediate
Small & selfemployers
Lower support
& technical
Semi-routine
& routine
Unemployed
& student

3070 (50%)

1044 (17%)

1658 (27%)

860 (14%)

2828 (48%)

1650 (28%)

1002 (17%)

737 (12%)
553 (9%)

614 (10%)
553 (9%)

675 (11%)
430 (7%)

430 (7%)
491 (8%)

648 (11%)
530 (9%)

472 (8%)
530 (9%)

354 (6%)
412 (7%)

430 (7%)

614 (10%)

737 (12%)

491 (8%)

413 (7%)

530 (9%)

530 (9%)

737 (12%)

1351 (22%)

1167 (19%)

1720 (28%)

766 (13%)

1355 (23%)

1532 (26%)

614 (10%)

1965 (32%)

1474 (24%)

2149 (35%)

707 (12%)

1355 (23%)

2062 (35%)

Education

368 (6%)
123 (2%)

1720 (28%)
368 (6%)

921 (15%)
246 (4%)

1904 (31%)
369 (6%)

471 (8%)
177 (3%)

943 (16%)
236 (4%)

1768 (30%)
412 (7%)

307 (5%)
1597 (26%)
983 (16%)
2395 (39%)
368 (6%)

614 (10%)
1412 (23%)
983 (16%)
860 (14%)
184 (3%)

798 (13%)
1966 (32%)
798 (13%)
1351 (22%)
61 (1%)

798 (13%)
1842 (30%)
614 (10%)
553 (9%)
61 (1%)

354 (6%)
1591 (27%)
943 (16%)
2062 (35%)
294 (5%)

766 (13%)
2180 (37%)
707 (12%)
1001 (17%)
59 (1%)

589 (10%)
1650 (28%)
648 (11%)
766 (13%)
59 (1%)

Socioeconomic
variables

Category

None of these
Overseas
qualification
NVQ1
NVQ2
NVQ3
NVQ4
NVQ5
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Continue Table 6. 30
Boys sample (N=6,141)

Girls sample (N=5,892)

Demographic Category Consistently- Persistently- Adolescent- Childhoodvariables
Low
High
Onset
Limited

Consistently- AdolescentLow
Onset

ChildhoodLimited

Family income Lowest
quintile
2nd
3rd
4th
Highest
quintile

491 (8%)

1719 (28%)

1228 (20%)

2088 (34%)

530 (9%)

1355 (23%)

2062 (35%)

1044 (17%)
1412 (23%)
1597 (26%)
1597 (26%)

1965 (32%)
1228 (20%)
798 (13%)
430 (7%)

1658 (27%)
1474 (24%)
1105 (18%)
675 (11%)

2333 (38%)
1105 (18%)
430 (7%)
184 (3%)

1119 (19%)
1296 (22%)
1473 (25%)
1473 (25%)

1650 (28%)
1414 (24%)
1001 (17%)
471 (8%)

2062 (35%)
943 (16%)
589 (10%)
236 (4%)
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6.4.4.3 Home environment
Distinct home environmental factors collected during the adolescence
period also suggested a number of group differences among trajectory
groups (see Table 6.31). Overall, prevalence of adolescents arguing with
parents or those experienced sibling bullying appeared to be less frequent
in the consistently-low group as compared to the other groups. For
instance, around half of the boys in the persistently-high group frequently
argued with their mothers and one third of them were bullied by their
siblings compared to 19% and 20% in the consistently-low group.
Cohort members belonging to the adolescent-onset class, compared to
those in the childhood-limited classe, argued more with their parents and
experienced more sibling bullying (Table 6.31). For example, half of the
children following the adolescent-onset trajectory argued with their mothers
(boys: 40%, girls: 51%) compared to 23% and 30% of boys and girls
respectively in the childhood-limited trajectory. One third of the children
following the adolescent-onset class argued with their fathers (boys: 31%,
girls: 32%), while 12 % of the boys and 17% of the girls in the childhood
limited group did that.
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Table 6. 31 Descriptive statistics of socioemotional difficulties latent class by home environmental factors
Boys sample (N=6,141)

Girls sample (N=5,892)

Home
environment

Category

Consistently- Persistently- AdolescentLow
High
Onset

ChildhoodLimited

Consistently- Adolescent- ChildhoodLow
Onset
Limited

Arguing with
mother

At least
once a week

1167 (19%)

2702 (44%)

2456 (40%)

1412 (23%)

1414 (24%)

3005 (51%)

1767 (30%)

Arguing with
father

At least
once a week

860 (14%)

1290 (21%)

1904 (31%)

737 (12%)

825 (14%)

1885 (32%)

1002 (17%)

Being bullied
by siblings

At least
once a week

1290 (21%)

1658 (27%)

2026 (33%)

1290 (21%)

1709 (29%)

2298 (39%)

1885 (32%)
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6.4.4.4 Social and wider environmental factors
During adolescence, the percentages of children who had less interest in
school or don’t like school, experienced more peer bullying, and had a
perception of less neighbourhood safety are higher among the adolescentonset class and persistently-high class compared to the others, whereas
the consistently-low group having the lowest prevalence (Table 6.32).
For example, 22% of the boys in the adolescent-onset and 17% of those
in the persistently-high classes were bullied by their peers compared to 8%
and 9% of those on the childhood-limited and persistent-low classes,
respectively. Also, 25% of the girls in the adolescent-onset class had a
perception of their neighbourhood safety being low compared to 17% of
those in the childhood-limited class (Table 6.32).
Regarding school related variables, the consistently-low trajectory showed
the lowest proportions (5% in boys, 1% in girls) of children who do not like
school in comparison to the others (Table 6.32). On the other hand, 19%
of boys in the persistently-high and the adolescent-onset groups don’t like
school. For girls, 6% of those in the childhood-limited group and 15% of
those in the adolescent-onset group don’t like school. Moreover, the
percentage of girls who never had any interest in school was doubled in
the adolescent onset group compared to childhood-limited group.
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Table 6. 32 Descriptive statistics of socioemotional difficulties latent class by social and wider environmental factors.
Boys sample (N=6,141)

Girls sample (N=5,892)

Social and
wider
environmental
factors

Category

Consistently- Persistently- Adolescent- Childhood- Consistently- Adolescent- ChildhoodLow
High
Onset
Limited
Low
Onset
Limited

Being bullied by
peers

Yes

553 (9%)

1044 (17%)

1351 (22%)

491 (8%)

412 (7%)

1709 (29%)

648 (11%)

Liking school

No

307 (5%)

1167 (19%)

1167 (19%)

491 (8%)

59 (1%)

884 (15%)

353 (6%)

Interest in
school

Never

123 (2%)

368 (6%)

614 (10%)

245 (4%)

59 (1%)

530 (9%)

236 (4%)

Safe
neighborhood

No

430 (7%)

1290 (21%)

1351 (22%)

675 (11%)

530 (9%)

1473 (25%)

1002 (17%)

291

6.4.4.5 Psychosocial well-being
Table 6.33 presents the prevalence of markers of psychosocial well-being
among adolescence in the four class groups. Results suggest that among
both sexes, the adolescent-onset class had higher rates of risky
behaviours (smoking and use drugs) compared to consistently -low and
childhood-limited groups. Smoking estimates by socioemotional difficulties
trajectories show the highest prevalence of smoking among cohort
members in the adolescent-onset (boys: 26%, girls: 31%), which is higher
than cohort members in either the consistently-low (boys: 9%, girls: 11%)
or childhood-limited classes (boys: 15%, girls: 19%). Similarly, to smoking
prevalence, cohort members in the adolescent-onset class had a higher
prevalence of using illegal drugs; around tenth of the children self-reported
to ever use drugs (boys: 9% and girls: 13%). Boys in the persistently-high
group partook in risky behavioural activities at almost similar rates as those
in the adolescent-onset group (Table 6.33).
The children in the adolescent-onset and persistently-high groups were
found to have higher rates of friendships with peers who had devious
behaviours compared to the other groups. For example, one third of the
boys in the adolescent-onset and persistently-high groups had peers who
used illegal drugs, compared to 15% of those in the other two groups. Also,
53% and 37% of the girls in the adolescent-onset and the childhood-limited
groups respectively had reported having peers who smoke cigarettes
(Table 6.33).
Children following the persistently-high and adolescent-onset trajectories
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had lower happiness scores compared to those in the other trajectories
(Table 6.33). For example, half the boys following the persistently-high or
adolescent-onset trajectories reported not being happy with their family,
friends, school, life, look / appearance and schoolwork compared to a third
of those in the childhood-limited group. Also, 70% of girls following the
adolescent-onset trajectory reported not being happy which is higher than
those in the consistently-low (33%) or childhood-limited (49%) groups.
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Table 6. 33 Descriptive statistics of internalising difficulties latent class by risky behaviour and well-being variables.
Boys sample (N=6,141)

Girls sample (N=5,892)

Adolescence
well-being

Category Consistently- Persistently- AdolescentLow
High
Onset

ChildhoodLimited

Consistently- Adolescent- ChildhoodLow
Onset
Limited

Overall
Happiness

Not
happy

1228 (20%)

3255 (53%)

2825 (46%)

1781 (29%)

1944 (33%)

4124 (70%)

2887 (49%)

Does child
smoke
cigarette

Yes

553 (9%)

1351 (22%)

1597 (26%)

921 (15%)

648 (11%)

1826 (31%)

1119 (19%)

Does child
drink alcohol

Yes

2948 (48%)

2333 (38%)

2886 (47%)

1719 (28%)

2475 (42%)

2946 (50%)

1944 (33%)

Does child
use drugs

Yes

123 (2%)

368 (6%)

553 (9%)

307 (5%)

118 (2%)

766 (13%)

236 (4%)

Does child’s
friend smoke
cigarettes

Yes

1842 (30%)

2518 (41%)

3070 (50%)

2149 (35%)

1768 (30%)

3123 (53%)

2180 (37%)
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Continue Table 6. 33

Boys sample (N=6,141)

Girls sample (N=5,892)

Adolescence
well-being

Category Consistently- Persistently- Adolescent- ChildhoodLow
High
Onset
Limited

Consistently- Adolescent- ChildhoodLow
Onset
Limited

Does child’s
friend drink
alcohol

Yes

3439 (56%)

3377 (55%)

3439 (56%)

2641 (43%)

3476 (59%)

4065 (69%)

2946 (50%)

Does child's
friend use
drugs?

Yes

921 (15%)

1842 (30%)

1781 (29%)

982 (16%)

943 (16%)

1768 (30%)

1002 (17%)
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Externalising and internalising sub-scales
The distribution of the socio-demographic, family structure, home
environment, social and environmental, and adolescence psychosocial
well-being variables by externalising and internalising latent classes were
approximately similar to the descriptive analysis for socioemotional
difficulties in boys and girls (all related Tables are presented in
Appendix16).
The early-improver class was only identified in the internalising difficulties
analysis in girls (see Figure A15.1b) and was found to have similar
characteristics to the childhood-limited group. For example, a higher
proportion of those who come from ethnic minorities, low income families,
lowest income quintile or have parent with no educational qualification
were found in the early-improver class compared to the adolescent-onset
and low groups (see Tables A16.1 & A16.2). On the other hand, during the
adolescence period, the proportions of those who argue with their mothers,
experience bullying attacks by peers, are less happy, or partook in risky
behaviours was higher in the adolescent-onset group compared to the
early-improver group (see Tables A16.3).
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6.4.5 Multinomial regression analysis
Total socioemotional difficulties
The associations between selected adverse family health conditions
(childhood asthma, obesity and parents’ chronic illness) at child age 3, with
socioemotional

difficulties

growth

classes,

were

assessed

using

multinomial logistic regression analysis. Important to note again, is due to
number of cases with missing data on independent variables14, the sample
size was smaller in these analysis than in the previous models.
The results from the multivariable model can found in Table 6.34. To ease
the interpretation, all trajectories were compared to the consistently-low
trajectory. For consistency and comparison between the thesis three
models; regression, path and growth models, the multinomial analysis was
further adjusted for the same set of confounders used in the previous two
models.
The adjusted results suggest that the RRR (relative risk ratio or multinomial
odds ratio) for mother chronic illness equals 2.12 (95%CI: 1.82/ 2.41) and
1.52 (95%CI: 1.18/ 1.86) among boys and girls respectively, meaning that,
compared to children of healthy mothers, children of chronically ill mothers
were 2.12 and 1.52 times more likely to be on the adolescent-onset
trajectory than the consistently-low trajectory (Table 6.34). This result was
only marginally significant in girls.

14

In the 3- step mixture analysis, listwise deletion is applied to the covariate’s variables in the
analysis.
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In boys, living with a chronically ill mother in early childhood was also
associated with increased odds of being in the persistently-high groups.
Compared to boys of healthy mothers, boys of chronically ill mothers had
twice the risk 2.10 (95% CI: 1.63/ 2.56) of being in the persistently-high
group; this result was statistically significant (Table 6.34).
Regarding childhood asthma, the results suggested that children
experiencing asthma symptoms at age 3 were more likely to be on the
childhood-limited trajectory than healthy children (Table 6.34). The odds of
being on the childhood-limited group versus the consistently-low group
were 1.75 (95% CI: 1.45/ 2.05) and 2.17 (95% CI: 1.90/ 2.43) times higher
for children having asthma symptoms in boys and girls respectively,
compared to those with no symptoms.
In the fully adjusted model, among both sexes, no significant association
was found between fathers’ chronic illness and childhood obesity for all
different mental health growth patterns (Table 6.34).

Internalising and externalising subscale

Subscale analyses showed similar results to those related to the total
socioemotional difficulties latent classes (Appendix 17, Tables 17.1 & 17.2).
The results of both subscales analysis suggest that, in boys and girls,
asthma symptoms had an increased risk of being in the childhood-limited
group after adjustment for confounders. On the other hand, the risk of being
on the adolescent-onset group or persistently-high group was higher for
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those children of chronically ill mothers, compared to consistently-low
trajectory.
Moreover, the findings showed that girls who experienced asthma
symptoms early in life were found to have a higher chance of being on the
early-improver group compared to the consistently-low group.
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Table 6. 34 Multinomial odds ratio (95% CI) for different socioemotional
difficulties growth classes by selected adverse family health conditions
(childhood asthma, obesity and parents’ chronic illness) at child age 3.
Boys sample
(N=4257)
Trajectory 1

Girls sample
(N=4153)
Reference group

Trajectory 2

Persistently - high trajectory

Mother chronic illness

2.10 **
(1.63/ 2.56)
1.13
(0.74/ 1.52)
1.16
(0.79/ 1.54)
0.94
(0.62/ 1.27)

Father chronic illness
Child asthma
Child obesity

N/A
N/A
N/A
N/A

Trajectory 3

Adolescent - onset trajectory

Mother chronic illness

2.12 ***
(1.82/ 2.41)
1.07
(0.70/ 1.44)
0.98
(0.63/ 1.31)
1.23
(0.96/ 1.49)

Father chronic illness
Child asthma
Child obesity

1.52*
(1.18/ 1.86)
1.25
(0.86/ 1.64)
1.40
(0.99/ 1.81)
1.05
(0.77/ 1.32)

Trajectory 4

Childhood - limited trajectory

Mother chronic illness

1.28
(0.93/ 1.63)
1.21
(0.86/ 1.55)
1.75***
(1.45/ 2.05)
0.91
(0.17/ 1.65)

Father chronic illness
Child asthma
Child obesity

0.98
(0.65/ 1.30)
0.98
(0.61/ 1.34)
2.17***
(1.90/ 2.43)
0.93
(0.64/ 1.22)

•

* P value <0.05. ** P value <0.01. *** P value <0.001

•

Model adjusted for demographic, healthy behaviour and
socioeconomic characteristics, family structure and maternal
mental health.

•

Reference group: Consistently-low trajectory.
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6.5 Summary of results
The research in this thesis sought to describe and explain differences in
childhood mental health according to their family’s physical health, in a
longitudinal manner. Mental health outcomes were defined by total
socioemotional difficulties, internalising problems (emotional and peer
related) and externalising problems (conduct and hyperactivity related).
Three common adverse physical health conditions, asthma symptoms,
obesity and parent’s chronic illness were used as indicators of family
physical health. Three different types of statistical modelling were carried
out (regression, path and growth mixture) in order to meet the objectives of
this thesis. The summary of these results is presented in the following
sections.
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6.5.1 Summary of regression model results
The results from the multivariable adjusted analysis demonstrated that
children living in a family with chronic physical illness were more likely to
have adverse mental health outcomes than those living in physically
healthy families.
Of the family adverse physical health stressors, mother chronic illness and
asthma symptoms at 3 years were associated with higher scores of total
socioemotional difficulties at ages 5, 7 11 and 14.
It is apparent that internalising problems were found to be more common
in children with a chronically ill mother or those who experienced asthma
symptoms than externalising problems. Boys living with a chronically ill
mother at 3 years had higher internalising and externalising problems
during the follow up period (age 5-14), while girls with similar issues, only
suffered from internalising problems. In contrast, among children
experiencing asthma symptoms, increased internalising problems were
apparent for both boys and girls, but externalising problems were observed
in girls only.
The potential contributions of different sets of covariates on the relationship
of interest were also examined in the multivariable model. Mother’s mental
health at age 3 was found to be the most powerful covariate added to the
model. Adding the mother’s mental health variables to the model was found
to be very important where it has the most powerful role in attenuating some
of the significant results found in the crude model to non-significant.
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To sum up, at age 14, boys of chronically ill mothers and girls who had
experienced asthma symptoms in early childhood, had more internalising
and externalising problems, as well as total difficulties, than their
counterparts. The effects of a wide range of potential mediators were
explored in order to understand the association of chronic illness in mothers
and childhood asthma symptoms in early life with adolescent mental health
outcomes and a summary of the results will be presented next.
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6.5.2 Summary of path model results
The second main aim of this thesis was to suggest possible pathways
through which family physical health (mother chronic illness at age 3) can
affect child mental health. To do so, a conceptual model was established
supporting a family stress model and built in temporal ordering through
three sequential mediators at different child ages: (1) parental mental
health at child age 5, (2) family functioning identified by three markers:
parental involvement, child parent relationship and marital relationship
quality at child age 7 years, and (3) child self-esteem at age 11 years.
Structural equation modelling (SEM) analysis was conducted to ascertain
whether pathways, within the proposed model predicted child mental health
disorders at age 14 years.
With regards to the mother’s chronic illness, the indirect association of
chronic illness in mothers at age 3 with total socioemotional difficulties at
age 14 through mediators was significant, but only in boys. In boys, around
one third of the total effect of the mother’s chronic illness on child total
difficulties was explained by mediators.
The results indicated that the mother’s mental health has a central role
through which mother’s chronic illness affects adolescent’s mental health.
Mother’s mental health was found to mediate all of the indirect significant
paths. These findings suggest that living with a chronically ill mother early
in life increases the risk of children’s emotional and behavioural problems
later in life, by affecting mother’s mental health (increase maternal
depressive symptoms). Mothers who suffer from poor mental health impact
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the entire family system relationships negatively, including the relationship
between her partner and child. This, in turn, affects the development of child
self-esteem, which will also have an impact on a child’s mental health
outcome.
Results for internalising and externalising behavioural outcomes were all
consistent with the results for the child’s socioemotional difficulties.
However, despite the significant indirect effect, the direct effect between
mother chronic illness and externalising difficulties problems in boys was
insignificant, indicating that the negative impact of having chronically ill
mother during childhood on their adolescent’s externalising behaviour was
entirely explained by mediators.
Moving on to childhood asthma, the effect of asthma symptoms on
socioemotional difficulties outcome seems to also be partially explained by
its indirect effect, and that is present only in girls. Asthma symptoms in
childhood exert its effect on girl’s socioemotional difficulties through
mother’s mental health, marital relationship and child self-esteem, even
after accounting for confounders. No marked differences were reported
between internalising or externalising sub-scale and total socioemotional
difficulties analyses.
These results suggest that family physical illness is an important stressor
on mother’s mental health which, in turn, impacts her family function and
her child’s self-esteem. This pathway is critical in order to understand the
process by which family physical health might affect child mental health.
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6.5.3 Summary of growth model results
This study presents data on the stability and changes in mental health
across the childhood-adolescence transition. The repeated measure of
child total socioemotional difficulties outcome made it possible to (1)
explore and identify different growth trajectory groups across early
childhood extending to the adolescence period, (2) describe characteristics
of different growth trajectories, and (3) investigate important predictors of
trajectories identified.
The model fit indices confirmed that the piecewise growth model give the
best fit of the data, using age 5 as a knot point. Among girls, the best fitting
latent growth model identified three discrete socioemotional problems
groups from ages 3 to 14 which were labeled as “consistently-low” (83% of
the sample), “adolescent-onset” (8% of the sample), and “childhoodlimited” (9% of the sample). In boys, on the other hand, four difficulties
trajectories were identified. These are: “consistently-low” (75% of the
sample), “adolescent-onset” (10% of the sample), “childhood-limited” (12%
of the sample), and “persistently high” (3% of the sample) group.
The “consistently-low” trajectory demonstrated a decrease in the total
socioemotional difficulties score during the pre-school period (age 3-5),
while no significant growth was reported during the school period (age 514). The “adolescent-onset” trajectory showed a significant decrease in
children's total difficulties score over the pre-school period (ages 3-5),
followed by a pronounced accelerated growth in total difficulties problems
during school period (ages 5-14). The “childhood-limited” trajectory,
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showed a decelerating total difficulties growth in the school period
preceded by an initial accelerating total difficulties growth during the
preschool period. The final group, the “persistently-high”, which was only
identified in boys, reports persistent high scores of socioemotional
difficulties across the whole follow-up period.
Children belonging to the “consistently-low” socioemotional group were the
most advantaged during both childhood and adolescence periods, in terms
of socio-demographic characteristics and psychosocial well-being as well
as home, social and wider environmental factors, compared to all other
groups.

For

example,

they

experienced

less

socioeconomic

disadvantages, had older, more educated and less depressed mothers,
lived in less chaotic homes, were more likely to live with both parents during
the whole follow up period, had high level of school appreciation, lived in
better neighbourhoods, were happier and less involved in risky behaviours,
compared to all other groups.

On the other hand, children in the

“persistently-high” group were the exact opposite in all aspects during both
periods.
One third of families for the “childhood-limited” group came from non-white
ethnic groups, most of whom came from Pakistani and Bangladeshi origins.
In contrast, those in the other groups were predominantly white. Moreover,
compared to the “adolescence-onset” group, children in the “childhoodlimited” group experienced more disadvantages in their early years, such
as having less educated and non-working parents, and living in lower
income families.
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During the adolescence period, the results showed that cohort members in
the “adolescent-onset” group were more likely to argue with their parents,
experience more sibling and peer bullying, had less interest in school and
less perception of neighbourhood safety compared to the “childhoodlimited” group. Also, results suggest that among both sexes, children in the
“adolescent-onset” group are more likely to engage in exploratory risky
behaviours, and are less happy than their peers in the “childhood limited”
groups. Also, higher rates of having peers who partake in risky behaviours
including smoking, alcohol and drug use, were evident among those in
“adolescent-onset” class compared to the “childhood limited” group.
Results for the multinomial logistic regression models for class membership
prediction showed that, of the family physical health exposures considered,
the most important factor found to increase the children’s risk of following
the “adolescent-onset” or “persistently-high” trajectory was mother chronic
illness. Compared with the “consistently-low” trajectory, children of
chronically ill mothers in early childhood were 2 times more likely to follow
the “adolescent-onset” or “persistently-high” total difficulties growth
trajectory, even after controlling for confounders in boys. For girls, similar
to boys, the adjusted results suggest that the having a chronically ill mother
in early childhood significantly raised the chances of following “adolescentonset” trajectory.
In contrast, asthma in early childhood is found to increase the child’s risk of
being on the “childhood-limited” trajectory compared with “consistently-low”
trajectory in both sex. Asthmatic children at age 3 showed more risk of
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having an increase in their total difficulties score over the pre-school period
(ages 3-5). This was followed by a pronounced decrease in their total
difficulties score during school period (ages 5-14), even after correction for
confounders. Finally, both childhood obesity and father chronic illness were
not significant predictors of any group membership across all the
trajectories identified.
Going on to the externalising and internalising sub-scale analyses, four
trajectories were identified in both boys and girls, which were similar to
those of the total difficulties’ groups: “consistently-low”, “persistently-high”,
“childhood-limited”, and “adolescent-onset”. The sole exception is for that
girls in the “persistently-high” class were not identified for internalising
difficulties problems. This was replaced by an “early-improvers” class,
which comprised of girls with high levels of internalising problems at the
baseline, decreasing sharply during early years, and starting to increase
slowly after the primary school transition, continuing through the normal
range of internalising behaviour.
Heterogeneity

between

trajectories

in

terms

of

individual

and

social/contextual factors during the relevant period in time was also
reported for internalising and externalising trajectories, which was broadly
similar to that for the socioemotional difficulties group. The “early-improver”
class was found to have similar characteristics to the “childhood-limited”
group. Moreover, both children with asthma symptoms and those of
chronically ill mothers were seen to have a significant change in patterns
relating to the children’s internalising and externalising outcomes over time.
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The methodological issues and interpretation of the main findings will be
addressed in detail in Chapter 7, with their implications for practice, policy
and research.
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Chapter 7: Discussion
In this chapter, first the key results in terms of all objectives and hypotheses
listed in Chapter 3 are summarised. A discussion of various methodological
issues is then presented, with a comparison of the current research’s
findings with those from other studies. Finally, implications for further
research and policy are provided, followed by the conclusion.

7.1 Summary of the principal findings
In the interests of simplicity and clarity, first, results related to
socioemotional difficulties outcome are presented and compared with the
corresponding hypothesis. Subsequently a summary of the sub-scale
results (externalising and internalising problems) is provided separately.
Objective 1
To determine whether markers of family physical health, such as
childhood obesity, asthma and parents’ chronic illness at child age 3,
affect mental health outcomes at early-middle childhood (ages 3-5),
late childhood (age 7) and early adolescence (ages 11-14), and
compare whether these associations differ between sexes.
Hypothesis 1 The mental health of obese and/or asthmatic children will be
worse than for those without these conditions, and this association will be
stronger in girls than boys.
With respect to the first hypothesis, the findings lend support. After
controlling for a wide range of background characteristics, asthma
symptoms at 3 years had a significant negative impact on children’s
socioemotional development up to age 14.
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Moreover, it was observed that, in both sexes, the strength of the
association between asthma symptoms and total difficulties depends on the
age group. For boys, this association strengthened during childhood, was
strongest at age 5, then began to weaken during adolescence (ages 11 and
14). In contrast, for girls, the association strengthened with age and was
strongest during adolescence (ages 11 and 14).
Unlike asthma, the thesis results indicate that obesity at child age 3 do not
display strong associations with socioemotional difficulties in later
childhood and adolescence, once confounders have been taken into
account. This could be due to the possibility that obese children may
experience greater degrees of mental health problems because of some of
their sociodemographic features rather than due to their obesity per se
[614].
However, there were indications that some areas of internalising
behavioural problems may be differentially associated with childhood
obesity. This is discussed in Section 7.2, the sub-scale analysis results.
Hypothesis 2: Children living with chronically ill parents will have more
mental health difficulties than children living with healthy parents. The child
of the same sex as the chronically ill parent will have higher mental health
problems scores when compared to children from the opposite sex.
For Hypothesis 2, the association between parental chronic illness and
child’s socioemotional difficulties was found only for the mothers (not the
fathers). At every follow up age, children of chronically ill mothers had
greater scores of total socioemotional difficulties than children of non
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chronically ill mothers.
Significant differences were also found between the socioemotional
difficulties scores of boys and girls of chronically ill mothers. Contrary to
expectations, boys scored higher on socioemotional difficulties problems
than girls when the mother was ill. Moreover, the association between
maternal chronic illness and socioemotional difficulties scores were larger
at older age.
It is worth noting that, for both sexes, the greatest impact of the mother’s
chronic illness on socioemotional difficulties problems was at child age 11.
Several explanations are possible. First, young adolescents have
frequently been observed to be at greater risk for various emotional and
behavioural problems. Early adolescence (at age 11) is a time of rapid
physical, cognitive, psychological and sociocultural shifts, while building
one’s sense of autonomy and identity [615]. Second, it can be hard for
parents to adapt to their child’s early adolescence [616]. Anxiety, the
absence of support, physical sickness and exhaustion may reduce parents’
capacity to influence their child’s development and growth. Third, research
has found that, as the adolescent’s brain changes, pubertal hormones
influence socioemotional development and children in stressful households
can mature more rapidly through puberty [617, 618]. In some, heightened
hormones may cause increased emotionality, escalating mental ill health.
As mentioned above, contrary to what was hypothesised, the data did not
indicate any systematic tendencies toward greater mental health problems
for children with chronically ill fathers, regardless of the child’s sex.
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Objective 2
To test a family stress model of the potential mediating pathways
linking family chronic illness, through parents’ mental health, family
dysfunction and child self-esteem to adverse mental health outcomes
during adolescence, in order to explore why children in families with
adverse physical health have consistently poorer outcomes than
children in healthier families, and test if these mediating pathways are
affected by child sex.
Hypothesis 3: Adverse physical family health will increase levels of
adverse parental mental health symptoms; raise family dysfunction, and
lower child self-esteem. Parental mental health, family dysfunction, and
child self-esteem will mediate the influence of chronic physical illness on
child mental health.
Overall, the findings of this thesis supported the family stress model as a
framework for understanding the process of family stress and its potential
effect on children's lives. Although this model emphasises economic stress
and family functioning, data from this thesis population study shows that it
can be successfully applied to partially explain different mental health
outcomes for children experiencing asthma symptoms or those living with
chronically ill mothers.
Results support Hypothesis 3 in the sense that when a child is raised by a
physically healthy family, this protects against adverse mental health in the
child, in part through maintaining mother's mental health. If families are
exposed to the stress of a chronic illness, but the mother continues to have
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supportive and positive interactions with her child, together with a high
quality of relationship with her partner, this adds to promote her child’s selfesteem, which consequently mitigates against the child’s adverse
emotional and behavioural problems later.
Hypothesis 4: The mediating pathways will differ between girls and boys.
Consistent with hypothesis 4, the effect of asthma symptoms on
socioemotional difficulties through maternal mental health, family
dysfunction, and child self-esteem was significant in boys, whereas the
mediating effect was not significant in girls. On the other hand, these
mediators partially explain the effect the mother’s chronic illness on
socioemotional difficulties in girls, but not in boys.
As this research examined both parents’ psychosocial effects as mediators,
the mediating effect of father’s mental health on his family’s relations and,
in turn, on his child’s self-esteem and mental health, has been muted after
accounting for confounders.
To sum up, according to Bronfenbrenner’s bio-ecological theory of human
development, this study concentrated on the microsystem, or, in other
words, children’s immediate social environment [23]. Evidence suggests
that the psychosocial mediators more proximal to children’s daily lives had
a significant indirect effect in mediating the negative impact of mother
chronic illness or asthma symptoms during childhood on adolescent
socioemotional difficulties outcome. This supports the family stress model,
in that a child’s environment may be a protective factor in a well-functioning
family and a risk factor in a highly dysfunctional one.
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Objective 3:
To identify distinct longitudinal trajectories of mental health scores
from early childhood to early adolescence (ages 3-14) and describe
individual and socio-ecological characteristics of these identified
trajectories and compare the results between both sexes.
Hypothesis 5: There is heterogeneity in the trajectories of mental health
scores over time (ages 3-14) for various population subgroups and
between sexes.
In this thesis, data has been provided on the stability and changes in child
mental health across the transitions from childhood to adolescence. This
period involves moving from primary to secondary school, from parent to
peer centric socialisation and the physiological changes of puberty.
Based on prior work, it was hypothesised (Hypothesis 5) that the population
to be analysed would not show a homogenous mental health change over
time. It comprises individuals who may be classified into subgroups due to
their specific developmental trajectories. The results supported this
hypothesis for both sexes. The findings indicated four latent trajectory
classes for socioemotional difficulties among boys. These trajectories were
labelled as “consistently-low (75%)” and “persistently-high (3%)”,
“childhood-limited (12%)”, and “adolescent-onset (10%)” trajectories. For
girls, compared to boys, this research did not identify a group of children
with persistently high total socioemotional difficulties (Figure 7.1). Only
three groups were identified in girls; “consistently-low (83%)”, “childhoodlimited (9%)”, and “adolescent-onset (8%)” trajectories.
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As expected in this generally low-risk community sample, most children
experienced little to no behavioural risk from ages 3 to 14. This majority of
the population sample was classified as “consistently-low”. On the other
hand, the “childhood-limited” group demonstrated high socioemotional
difficulties scores in their early years though this was seen to decrease from
age 5 and reach a normal level by age 14. However, in other trajectories,
there were children whose socioemotional problems remained elevated
throughout the whole period, the “persistently-high” group, and children for
whom increasing levels of socioemotional problems surfaced after the
school transition and reached abnormal levels during adolescence, the
“adolescent-onset” group. While it has not been established if either of
these groups will experience or express difficulties with socioemotional
problems into adulthood, these developmental variations may induce some
adverse risk for these children over the course their lives. Early disruptive
behaviours and emotions set the scene for later behavioural issues, conflict
in relationships, academic difficulties and other problematic outcomes. To
establish which trajectory will continue to increase or end soon after
adolescence, longer follow up and an extension of this analysis within the
same dataset is required.
Furthermore, the growth mixture model results shed light on the importance
of the preschool-school transitional period (child age 5).

The results

suggested that using child age 5 (knot point) as a time at which the growth
trajectory transitions from one phase to the other happened to fit the data
most. Entering primary school, with its new academic and interpersonal
challenges, has been acknowledged as a developmental milestone for
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children [619-621]. This transition may see children maintaining a positive
or negative developmental trajectory, or alternatively the change may in
itself prompt an altered course [622]. Previous literature suggested that the
extent to which relationships with peers and teachers offer the behavioural
and emotional support to successfully adapt to school will probably
influence the child’s adjustment to the transition [623].
Hypothesis 6: Children with a consistently lower mental health problem
score during ages 3–14 are the most advantaged in terms of
sociodemographic characteristics, psychosocial well-being and different
environmental factors (familial and non-familial related), compared to all
other groups.
With respect to Hypothesis 6, as expected from the relevant literature,
children in the “consistently-low” group experienced fewer socioeconomic
disadvantages, their mother’s age ≥ 30 at child birth, their mother smoked
less during pregnancy, the children lived in a healthy home environment, in
a more stable family structure, had a perception of a safe neighbourhood,
were less bullied by their peers, had more interest in school, were happier,
and experienced less risky behaviour during adolescence.
On the other hand, children in the “persistently-high” trajectory were most
likely to experience more socioeconomic disadvantages and to be exposed
to higher levels of early life risk factors including maternal smoking during
pregnancy, teenage motherhood at childbirth, and low birth weight.
Moreover, they continued to be exposed to an unhealthy home
environment (arguing with parents, bullied by siblings), risky behaviours
(smoking and drug use), peers’ influence, have a dislike of school and were
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less happy during the adolescent period. In comparison to the “consistentlylow” group, this group’s members more probably grew up in single parent
families.
Compared to the “adolescence-onset” group, children in the “childhoodlimited” group experienced more disadvantages in their early years, such
as having less educated and non-working mothers and fathers, living in
lower income families, and this group had a higher proportion of children
from ethnic minorities. However, unsurprisingly, those on the “adolescenceonset” pathway showed higher levels of risk factors during adolescence
than the “childhood-limited” group. They were more likely to be unhappy,
experience risky behaviour, be bullied by their peers and argue more with
their parents.
Interestingly, with the child ethnicity indicator used in this study, a
significant number of children in the “childhood-limited” trajectory were from
ethnic minorities (35% of boys and 21% of girls were Bangladeshi and
Pakistani). In contrast, those in the “persistently-high” and “adolescenceonset” groups were predominantly white. The generalised improvement
pattern of socioemotional difficulties among Bangladeshi and Pakistani
populations in this sample is certainly reassuring, considering the
socioeconomic disadvantage of many ethnic minorities. While the etiology
is unclear of such observed inter-ethnic differences, this finding is of
significant potential interest.
These results suggest that adverse early childhood risk factors (e.g.,
socioeconomic disadvantage and ethnic minority status) might not
condemn children to later adverse outcomes in early adolescence if not
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accompanied by a disadvantaged adolescence phase. Specifically, highly
useful insights into protective factors impeding child mental health
problems may be gleaned from further understanding some groups’
apparent advantage and the lack of other groups’ disadvantage, despite
socioeconomic adversity.
In distinguishing these groups’ characteristics, the current results
emphasise the critical role of environmental and psychological factors as a
child grows up. These findings support the life course theory and highlight
the crucial role of the multiplicity of environmental features which influence
our lives from birth, through childhood and adolescence to adulthood and
death, while acknowledging Bronfenbrenner’s ecological system theory in
that an individual interacts within multiple contexts at any life stage [23].

Objective 4
To explore the risk of childhood obesity and asthma, and parent’s
chronic illness among 3 year old children in predicting membership
in different developmental trajectories between ages 3-14 in boys and
girls, to identify optimal conditions for good mental health.
Hypothesis 7: The group with a consistently lower mental health problem
score during ages 3–14 is less likely to experience adverse health
conditions (e.g. obesity or asthma) or live with parents with chronic illness,
at age 3.
One of the prime interests was to find out which chronic physical illness
(e.g., parental or child) predicted distinct developmental patterns of
socioemotional problems. Based on Hypothesis 7, it was found that
children with asthma symptoms and those of chronically ill mothers showed
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a significant change pattern relating to their socioemotional difficulties’
outcome over time.
A more unfavourable trajectory of “persistently-high” socioemotional
difficulties was found for boys of chronically ill mothers. Also, for both boys
and girls, living with chronically ill mothers significantly raised the chances
of being in the “adolescence-onset” group.
On the other hand, childhood asthma symptoms increased the odds of
being in the “childhood-limited” group where socioemotional difficulties
reduced greatly with time in both sexes. Children experiencing asthma
symptoms demonstrated an improving growth trajectory of socioemotional
health extending from primary into secondary school (ages 5-14).
Finally, children with obesity and those with chronically ill fathers early in
life showed no favourable trajectory pattern.

7.2 Summary of the sub-scale analysis results
Similarly, to the socioemotional difficulties results, the sub-scale analysis
lends support to the thesis hypothesis 1 to 7. Similar results were reported
for the internalising and externalising problems as those found for the
socioemotional difficulties, with a few exceptions that are presented below.
Objective 1 (regression model)
In term of the regression model results, elevations of internalising problems
were larger than elevations of externalising problems among children
experiencing asthma symptoms and those of chronically ill mothers in both
boys and girls. These results are intuitive given that internalising
behaviours could be described as in part emotionally driven, or at least
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requiring emotional resources.
Girls with asthma symptoms were reported as having more externalising
problems than boys with a similar condition. It is not clear why asthma
symptoms among girls (and not boys) increase externalising problems,
given that previous studies reported higher rates of externalising problems
among boys than girls in general [624-626]. The finding needs to be
replicated in the future.
Although the thesis results include no significant differences in
socioemotional difficulties in relation to child obesity, there are indications
that some areas of psychopathology may be differentially associated with
weight problems. Obese children had more internalising problems than
their normal weight counterparts at the age 11, with results tapering off and
turning insignificant at age 14.
Objective 2 (path model)
Similar to the socioemotional difficulties, the family stress model was
applicable to explain the mediating relationship of asthma symptoms and
internalising/ externalising problems, but only in girls, in the fully adjusted
model.
For mother's chronic illness, the results of the sub-scale analysis were
consistent with those for the socioemotional difficulties in that the family
stress model explained the relationship between mother's chronic illness
and adolescent’s internalising and externalising problems, in boys only.
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Objective 3 & 4 (growth model)
Four trajectories were identified for both externalising and internalising
problems, similarly to those of the total difficulties groups: “consistentlylow”, “persistently-high”, “childhood-limited”, and “adolescent-onset”.
The developmental trajectories for externalising problems are largely
similar among boys and girls. In terms of internalising problems, notable
differences were found. The “persistently-high” class was not identified in
girls. However, this group was replaced by an “early-improvers” class,
which comprised children with high levels of internalising problems at the
baseline, decreasing sharply during early years, and starting to increase
slowly after the primary school transition, continuing through the normal
range of internalising behaviour.
Heterogeneity

between

trajectories

in

terms

of

individual

and

social/contextual factors during the relevant period in time was also
reported for internalising and externalising trajectories, which was broadly
similar to that for the socioemotional difficulties groups. Moreover, it was
possible to identify early physical health predictors of qualitatively different
pathways of internalising and externalising problems: both children with
asthma symptoms and those of chronically ill mothers were seen to have a
significant change pattern relating to the children’s internalising and
externalising outcomes over time.
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7.3 Strengths and limitations
This study had several methodological features, both limitations and
strengths, which might affect the obtained results. These are presented in
the next sections.

7.3.1 Study strengths
The study has several strengths. First, a large recent birth cohort study
was used, the MCS, representative of the UK population. The MCS is an
abundant set of data, which permits various economic, cognitive,
psychological, demographic and social factors to be modelled, any of which
have the potential to affect child outcomes. Moreover, using a large and
representative cohort means that its findings can be broadly generalised to
the UK population.
To my knowledge, this research is thought to be the first in the UK which is
an investigation of the early life physical health predictors of children’s
mental health problems at multiple time points from preschool, moving to
primary and secondary schools, covering their childhood and moving
toward adolescence. This research is more successful than earlier studies
in unpacking the family’s role from a broad diversity of other factors that
heighten

children’s

behavioural

and

emotional

problems.

Using

sophisticated statistical methods, it was not only able to account for a wide
range of family social background characteristics but also to discover
different mechanisms driving the association of interest, explore the role of
child sex as an important modifier in each of the tested models, and take
into account the pattern of change or growth of mental health within
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individuals over time. This allowed the important benefit that all the tested
models were examined in the same sample.
As longitudinal data is needed to evaluate true mediating effects, this
study’s findings are appropriate to answer the relevant research questions.
Generally speaking, prior studies have only investigated two to three
constructs (exposure, one mediator and an outcome) whereas this
research simultaneously tested five (exposure, three mediators and an
outcome). This permitted examination of multiple mediating pathways.
Moreover, an important finding of this thesis was the mediating role of child
self-esteem. Conger and his team developed the family stress model
focusing on the parents’ mental health and family function as the main
mediators [350], however, this study extended their work by adding child
self-esteem in the final pathway, mediating the impact of maternal
psychological distress and family functioning on child mental health.
A major strength of this research is its use of structural equation modelling
(SEM). With SEM, multiple dependent and independent variables can be
analysed as well as including observed and latent variables. Latent
variables are able to be used to model underlying constructs which
represent abstract phenomena such as marital relationship, child selfesteem and parent-child attachment and involvement. SEM has the ability
to model total, indirect and direct effects of latent and observed variables.
SEM can provide estimation of the proportion mediated. In addition, the
use of the statistical SEM software Mplus allowed modeling of various kinds
of analysis in the same input, e.g. path analysis, confirmatory factor
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analysis, and multiple group analysis.
Due to the longitudinal study design of this research, the potential is
decreased for the results to reflect reverse causation (i.e., that mental
health affects physical health). Prior longitudinal studies showed the
greatest predictor of psychopathology at Wave 2 to be psychopathology at
Wave 1 [146, 627]. While most of the previous studies did not take into
account the child and mother’s mental health at the baseline, this study
does.
Finally, the key strength of the current research is emphasising the
importance of both the children’s and parents’ sexes. Consequently, all the
analyses were stratified by child sex. Moreover, mental health, physical
health and other psychosocial factors’ effect in both parents on their
children’s outcomes were measured and comparisons were made.
Assessment of these factors in both parents, when applicable, would better
inform the relationship between parents’ physical and psychosocial factors
and mental health outcomes in children and adolescents. In addition, this
captures the entire parenting experience of children in households with
more than one parent. This also usefully contributes to the empirical
evidence on fathers’ health and parenting and whether the relationship with
and mechanisms driving the association of interest are different or the
same.
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7.3.2 Study limitations
To estimate a true association, the present findings might have been
tempered by a few limitations including different types of bias and
confounders, all of which were considered.

7.3.2.1 Residual confounders
Although all the analysis has been statistically controlled for potential
confounding factors, there might still be some residual confounding. For
example, socioeconomic position (SEP) family parameters may not
accurately convey SEP’s influence on the association of interest or reflect
them strongly enough to detect confounding. As a consequence the
association of interest might be overestimated.
Even though a relationship has been established between asthma and
mental health, this could be confounded by poor asthma control which
could be a major factor in the link between asthma and behavioural
problems [628]. A previous case-control study found no increased risk of
behavioural problems among children with well-controlled asthma;
however, the small sample size may have contributed to the limitation in
the overall sample power to statistically detect the observed differences
[143].
School characteristics and school environmental factors were not
measured in the MCS. For example, in schools with insufficient anti-bullying
policies and implementation, children who are physically sick might face
more victimisation. Moreover, the unavailability of mental health services
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based at schools was a known risk factor for children’s mental health.
Indeed, students’ perceptions of school connectedness and teacher
support are linked with students’ enhanced psychological well-being [629].
Due to these confounding factors, overestimation or underestimation of
exposure–outcome relationships may occur.

7.3.2.2 Selection bias
Due to the nature of longitudinal data collection, refusal to participate and
loss in follow up may have occurred, making sample attrition an important
limitation of the study. The providers of the dataset offer information on the
response rate, which reached approximately 61% at the last wave included
in this research (child age 14) (see Table 4.1. in Chapter 4 for response
rates by data collection wave). Thus, the current findings should be
interpreted with caution, as there could be possible selection bias due to
attrition. However, all analyses were performed using weights which adjust
for survey design and loss in follow up.
Moreover, when investigating the distribution of sample characteristics, for
the omitted sample compared to the analytical samples, it was assumed
that the data are ‘missing-at-random’. In other words, the probability of
missingness depends on the observed data in the analysis model. For
example, it was more probable that mothers with lower educational
attainment and low income were the mothers of children who were missing
data. As a result, the FIML method was used to deal with missingness.
However, the high incidence of missingness found on the father variables
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makes the comparisons between two parents less accurate and affects the
extent to which the results are generalisable to the broader population. The
heightened vulnerability for boys and girls with chronically ill fathers might
have been under-emphasised due to the large numbers of missing
variables for fathers in comparison to the mothers’ variables.
This research has focused solely on families who, at the baseline, included
both biological parents either as married or cohabiting. This excluded many
families, including those functionally comparable in several ways to the
sample. This condition limits the extent to which the results could be
generalised to families with stepfathers or non-residing fathers. However,
as there were insufficient numbers of these types of families represented,
it was not possible to make comparisons with them.

7.3.2.3 Information, measurement and reporting bias
The very young age (age 3) used as the baseline to test the effect of asthma
may give the study some limitation. This is due to the fact that the
recommended lung function tests used to confirm the diagnosis of asthma
are not suitable for children less than 5. Instead, for the children at age 3,
the dataset relied on mothers’ reporting their child’s asthma by answering
some questions about the history of current symptoms like coughing and
wheezing. The responses to these questions were not validated with any
administrative data or medical record. However, provided that anonymity is
completely guaranteed, several studies have suggested that self-reporting
does actually offer valid information [630, 631]. Furthermore, some
research studies showed that asthma questionnaires like ISAAC to be valid
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asthma diagnosis screening tools. Also, to minimize recall bias, ISAAC
questions asked for reporting of the last wheezy attack over a 12-month
period. Moreover, at child age 3, it is uncertain if, in all cases, respiratory
symptoms indicate asthma [138]. Wheezing early in life takes many forms;
distinguishing among its various origins can add some limitations to our
findings [632-635].
This study’s main limitations concern the mental health outcome
measurement where clinical diagnostic tools were not utilised for mental
illness cases. Therefore, the results of this research cannot be applied
directly to adolescents with ADHD, or depressive or anxiety disorders and
results are not representative for the clinical population. Moreover, although
children’s mental health outcomes were assessed with validated tools
(SDQ), these could be susceptible to reporting bias. The mothers reported
SDQ even in older children. Patalay and Fitzsimons (2016) identified strong
patterns of variables predicting parent reported child symptomatology
[263]. This highlights the importance of taking children’s own subjective
views of their mental health into account. The researchers added that
various factors require consideration, for instance parents’ mental state,
employment status, and the number of children in the household. All these
were found to affect how parents assess their child’s mental health. To
overcome this bias, the study analysis was controlled for these factors at
the baseline (child age 3). Moreover, previous studies comparing parents’
reports and adolescents’ self-reports of behaviour problems identified that,
while adolescents reported more problematic behaviours than their
parents, the two sources of information tended to show considerable
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agreement [636, 637]. In addition, some literature demonstrates strong
inter-rater agreement between the parent and teacher responses to the
SDQ, showing maternal mental health does not largely affect SDQ score
reporting.
The present research was also unable to take into account the particular
influences on children of different kinds of parental illnesses, such as
cancer, diabetes, traumatic brain injury, multiple sclerosis etc. These
various diseases may have significant different influences on hindering the
parental role, presence and attentiveness, affecting the child’s role in the
household and child mental health outcomes. Instead, the present study
encompassed a wide variety of parental chronic illnesses that lasted for
more than 6 months, as distinctions among separate illnesses were not
available in the data used at child age 3. For instance, in a very recent
structured review focusing on young people’s reactions to various parental
neurological disorders, the children or adolescent whose parent had
dementia experienced considerable generalised stress and emotional
burden [638]. The singular grief for children who have dementia-affected
parents was a standout; this level of distress not evident for children whose
parents suffered from the other nine neurological conditions included (e.g.,
multiple sclerosis, stroke, epilepsy, headache, Parkinson, etc.). While such
conditions may be chronic and quite debilitating, dementia causes a deep
behavioural change in the parent, more so than any other condition.
Parents are said to “slide away” which severely disrupts the family as a
whole
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Moreover, it could be argued that parental limiting longstanding illness (LLI)
might be a more precise measure to capture parental illness as a family
physical health stressor than a more general measure of health.
Nevertheless, the LLI variable was not collected at age 3 years and thus
unavailable for comparison with child and family data for later years.
In the next section the study’s findings are compared to those of the existing
literature.
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7.4 Comparison with previous literature
In this section, the results presented in this thesis are compared with prior
relevant research. This comparison is presented in three main sections: (1)
findings related to child’s chronic health including both association and
mechanism, (2) findings related to the parents’ chronic health including
both association and mechanism, and (3) those related to mental health
trajectories.

7.4.1 Child's chronic health and mental health outcomes
7.4.1.1 Association between chronic illness in children and mental
health
In terms of child physical health and mental health outcomes, this study
found that asthma symptoms in childhood were associated with higher
levels of emotional and behavioural problems at ages 3 to 14 years.

Several reviews, longitudinal and cross-sectional studies have
supported the associations between asthma and mental health
problems [132, 648] [649-652]. However, very few studies were found
using British data. One large cross-sectional UK study by Calam et al.
reported that asthma at age 3 increases the risk of children's behavioural
problems [138]. Consistent with this thesis and other previous studies
[140, 141, 649] parent-reported respiratory wheezing, and not current
physician diagnosis, was significantly associated with higher scores on
the Eyberg Child Behaviour Inventory for children [138]. A cautionary
note is required at this point: it is challenging for medical doctors to label
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a child as an asthmatic patient at the age of three and below. First, lung
function tests used to confirm the diagnosis of asthma are not suitable
for children under 5. Second, many children with asthma present only
with wheeze at a younger age. With time, other symptoms of asthma
appear (e.g. nocturnal cough, seasonal variations, or shortness of
breath). Thus, parent reported wheeze is better to be used rather than
GP recorded asthma in order not to underestimate the proper incidence
of asthma in young children. This corresponds to a recent MCS study
claiming that, for preschool aged children, parent reported wheezing is
likely more prevalent than GP recorded diagnosis of asthma [653]. At
age 3, 24% of children were reported to have a wheezy attack by their
parent, compared to 13% of children diagnosed with asthma by the GP.
Prior studies showed some evidence of a reporter effect for behavioural
and emotional problems. In one longitudinal UK study, there was no
significant association between wheezy symptoms in a child and teacherreported internalising or externalising problems of that child at age 8 [133].
Other studies suggested that parents and teachers have different informant
reporting patterns [654, 655]. This disparity between teacher and mother
reporting might be because of a maternal reporting bias. Alternatively,
teachers might neither observe nor understand a child’s behaviour in the
ways mother would do. One explanation is that children's abnormal
behaviours may change depending whether they are at home or at school.
For example, a child's physical health might affect his behaviour more at
home than at school. Another possible reason is that the mother’s
psychological well-being might influence her reporting, which could
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introduce some bias to the findings. Parent reported behavioural problems
only were used in the current research, the model, however, being adjusted
for maternal psychological distress, making the obtained results less
susceptible to influence by reporter bias.
Other existing international and European studies have shown promising
results to support the links between the asthma model and mental health
outcomes among children and adolescents [140, 141, 651, 656],
particularly for internalising behavioural problems. Alati et al. conducted a
longitudinal study among the Australian population and found that children
who have asthma by age 5 are at greater risk of having internalising
behaviour problems at 14 [649]. Their conclusion was that both
psychological and biological factors could play apart in the high comorbidity
between internalising disorder and asthma. Asthma management, which
requires medication regimens and the avoidance of triggers, produces
constant everyday stressors, which could heighten children's psychological
symptoms.
Regarding obesity's effect on children's behavioural and emotional
problems, after final adjustment, only internalising problems, at child age
11, were significantly higher among obese girls and boys than those of
normal weight. A previous MCS study found obesity, at age 3, was
predictive of peer relationship problems at age 5 [657]. However, that
analysis did not include later ages of children in order to study the effect of
obesity on the continuity of the child's behavioural problems with their peers
over a longer period. On the other hand, the insignificant association
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between BMI status and other aspects such as externalising (conduct
problems & hyperactivity) and total difficulties outcomes found in this thesis
was replicated in a recent Australian study where no association was found
between BMI status and emotion, aggressive behaviour, hyperactivity and
inattention problems at the start of school[658].
The present thesis added to previous studies in that the current analysis
examined the association between preschool weight status and child
mental health outcomes at subsequent time periods, suggesting that early
years obesity effect's on children's emotional and behavioural problems
does not persist into adolescence. However, no definite conclusion can be
drawn from the current results, as different weight growth patterns were not
taken into consideration. For example, those who were reported to be
obese or overweight at younger ages might grow out of their abnormal
weight status and become young adults of normal weight. In contrast, those
who became overweight and obese later may start their childhood with a
normal weight status. Supporting this, a 20 year long cohort study showed
that after taking into account weight in adulthood, no mental disorder in
non-obese adults was linked to childhood obesity or overweight[176]. Thus,
future research should take into account different weight growth patterns
and examine how these patterns predict different aspects of psychological
problems.

7.4.1.2 Possible mechanism linking child chronic illness with mental
health outcomes
In terms of childhood asthma, the family stress model, through maternal
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mental health, markers of family dysfunction, and child self-esteem, was
found to explain some of asthma's effect on adolescents' mental health
problems, but only among girls.
Overall, the results are generally consistent with previous literature. As for
the mother's chronic illness, a recent cross-sectional study emphasises the
important role of mothers in mediating the asthma effect on children's
anxiety and depression. The researchers confirmed the hypothesis that
asthmatic children's mothers could confront psychological challenges
linked to their child's chronic condition and that these children have a higher
risk of psychological problems[659]. However, the study's cross-sectional
design could affect its results' validity and direction of causality. The current
research confirmed these results using a more sophisticated model (SEM)
in assessing mothers' and family relationships' role as mediators in a
longitudinal design study.
Wickramaratne and colleagues concluded that the successful treatment of
maternal depression was related to improved children's mental health[660].
A more recent study identified that the remission from depression from
mothers was associated with the child’s own depression symptoms
decreasing, which was partly explicable by the mother’s parenting and
parental bonding being improved [661]. This thesis supports these findings
in that childhood internalising problems are affected by maternal mental
health, which, again, is mediated by parenting.
Lim et al., using SEM in a sample of children with asthma found that family
dysfunction (negative parenting and interparental negativity) mediate the
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effect of maternal depressive symptoms on child internalising problems
[662].These researchers also found that the effect of the father's
depression on his parenting behaviour was not linked to the child's
internalising problems. Instead, they conclude that the father's depressive
symptoms appeared to contribute to the mother's negative parenting (and
not the father's), which predicted child internalising problems.
The discrepancy in the mediating effect of maternal versus paternal
psychological distress and parenting variables found in Lim's study is
consistent with this thesis results. One possibility is that school aged
children usually spend less time with their fathers than their mothers, with
mothers as primary caretakers, and so children are more susceptible to
their mother's negative mood and parenting. The mother's parental stress
may lead to stress in the child. Another explanation is that it is commonly
found that mothers, compared with fathers, are more distressed by the
negative life events of their child, for instance a disease or accident, and
cope in different ways to fathers. It is conceivable that, especially for
mothers of asthmatic children, when that child has more frequent episodes
of inflammation, this may lead to negative emotions, increased
helplessness, and other forms of stress in the mother.
Contrary to this, other studies noted that depression in fathers was a strong
predictor of adolescent outcomes[389, 663]. In support of that, Sheerin
identified that parental depression’s effect on adolescents’ outcomes was
not merely restricted to depression in mothers [341]. Fathers’ depression
also significantly affected such outcomes in adolescents [341]. However,
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most of these did not use SEM in testing for the mediating effect of father's
mental health, instead, mean differences or multiple regression analysis
was used. Moreover, they did not take into account any potential
confounders including the SES variables.
The current findings were replicated within a Canadian study that gave
more support to the family stress model in linking children's chronic physical
illness with symptoms of internalising problems through maternal
depression, family dysfunction and child self-esteem[448]. However, the
measure of exposure was a pooled chronic physical illness variable. Such
heterogeneity in depression and psychological distress in parents of
chronically ill children across diverse medical conditions could introduce
some bias and affect these results' validity. More studies are required to
understand the pathway from childhood asthma to different aspects of
mental health problems.

7.4.2 Parent's chronic physical health and child's mental health
outcomes
This section begins with a comparison of this study's results for the effect
of parents' chronic health on child’s mental health with findings from the
previous literature, followed by a consideration of the mechanism
explaining these.

7.4.2.1 Association between chronic illness in parents and child’s
mental health
Data from this study population suggest that children aged 3 years living
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with chronically ill mothers were at higher risk for abnormal emotional and
behavioural problems at every follow up age until adolescence, compared
to their counterparts, with boys at higher risk than girls.
The current findings are generally in line with previous reviews on the
associations of parent chronic illness with mental ill health [108, 207, 664].
A meta-analysis by Sieh et al. indicated that children with chronically ill
parents show significantly more socioemotional difficulties than those with
healthy parents according to self reported outcomes, but not parent
reported outcomes [108]. The negligible effect for the parent reported
socioemotional difficulties, contrary to the current thesis findings, may stem
from the small number of studies involved in the review, leading to a lower
power to detect the difference. Another plausible explanation for the null
effect in this earlier research is that the child behaviour checklist (CBCL)
measure used by most of the studies included in the review contains items
about sexual and bowel problems, thought disorders and sex identity,
which rarely apply to children [108]. Studies based on self-reports involved
adolescents more frequently than children [207, 264, 399]. It is possible
that adolescents report more problems than their parents do. This might be
particularly true for externalising problems and total socioemotional
difficulties because adolescents barely reveal delinquent behaviours and
sexual problems. Consequently, the results in self-reported total problems
might be confounded.
The current findings were also consistent with UK studies. Using the MCS
data, Kelly and Bartley [42] found that at age 5, children whose mother had
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poor health were more than four times as likely to have high socioemotional
difficulties scores as those with healthy mothers [42]. In another MCS study,
a clear longitudinal association was reported between maternal health
difficulties at child age 3 and children’s behaviour problems at age 5 [487].
They found that after controlling for the mother’s psychological distress,
parental engagement, caregiving and sociodemographic characteristics,
the odds of having socioemotional difficulties among children of mothers
with health difficulties was 1.49 (95% CI: 1.03/ 2.17) more than those of
healthy mothers. However, those MCS studies only looked at outcomes
during the early childhood period (at ages 3 and 5). The current study gives
more support to these previous MCS research studies, extends their work,
and gains more robustness through providing further evidence for the
longitudinal effects of living with chronically ill mothers in early years with
socioemotional outcomes through the childhood-adolescence period (at
ages 5, 7, 11 and 14) in a population based study.
International evidence also supports the association between parent's
health and child behavioural and emotional problems. A cross-sectional
study of data from the Australian community sample on children's
adjustment and well-being suggested that children living with an ill parent
showed more negative behaviour compared to those in a healthy family,
irrespective of whether that parental illness was physical, mental or related
to substance misuse [204].
The current findings support previous claims by researchers that
internalising problems are more affected than externalising problems in
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children living with a chronically ill parent, for boys and girls [108]. A
potential explanation for this pattern of emotional problems is that they are
due to children's feeling of their parent's health being threatened, as
reported in some previous studies[108, 204]. It has been shown that more
than half of children living with a chronically ill parent had emotional
problems that frequently persist into adulthood[108]. Many studies agree
that children's problematic behaviour is determined by the extent of their
everyday hassles and their perception of stressfulness instead of their
parents' illness itself [665]. Children might react to these imposed stressors
by separating themselves, feeling guilt and worrying about the changes in
their parents' health [108]. This will also result in increased levels of
depressive symptoms, anxiety and withdrawn behaviour, composing
internalising behavioural problems.
Of interest was the impact of child sex on modifying the association
between the parental illness and their emotional and behavioural problems.
Boys of chronically ill mothers were at higher behavioural problems risk
than girls. This contradicts the findings in previous studies that indicate a
higher vulnerability of children with ill parents who have the same sex as
the child [666, 667]. It was identified in some previous research that often
parents more easily perceive emotional distress in adolescents of the
opposite sex to themselves [340, 668]. However, a subsequent study
suggested that whether adolescents’ outcomes vary based on the ill
parents’ sex is an open question; stress, culture, and SES may have more
influence [342]. Other research found no significant differences between
adolescents with an ill parent of the same sex as the adolescent compared
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to those with an ill parent of the opposite sex to the adolescent [669]. More
recently, one study identified that no significantly higher internalising scores
existed for adolescents of the same sex as their chronically ill parent than
the opposite sex dyads [341]. A recent Australian study found additional
support for this finding[204]. The researchers examined the differences in
behavioural adjustment between children of ill parents and their peers with
healthy parents, and found that boys reported more total difficulties than
did girls [204]. Furthermore, the Sieh et al. review did not prove the larger
effect sizes for internalising behavioural problems in girls than boys. They
concluded that boys and girls of chronically ill parents struggle with similar
adjustment difficulties, in particular, internalising problems[108].
The research in this thesis found that chronically ill fathers were not
associated with higher scores of different mental ill health outcomes after
adjustment for covariates in both sexes at any of the follow up periods [670].
To the best of our knowledge, most of the previous studies either focused
on (1) the father's mental health instead of his physical health, (2) the
presence of an ill parent regardless of the sex or (3) the mother's physical
health, with little attention given to the father, which made the comparison
almost impossible. Out of the very few studies found, the MCS study by
Kelly's group found that low socioeconomic status was particularly
important in accounting for the higher behavioural problems among
children whose fathers had poor health [42]. The thesis findings give more
support to Kelly's results as controlling different measures of SES muted
the association of interest and made it insignificant.
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7.4.2.2 Possible mechanism linking parent chronic physical illness
with mental health outcomes
The family stress model, through maternal mental health, markers of family
dysfunction, and child self-esteem, was applicable to explaine some of
mother chronic illness's effect on adolescents' mental health problems, but
only among boys.
The important role of mothers' mental health (depressive symptoms) in
mediating all of the indirect pathways linking mother chronic illness with
mental health outcomes was emphasised by this research. Various recent
studies produced robust observations which support this finding:
adolescents of depressed parents would tend to display more emotional
and behavioural disorders compared to those of healthy parents [202, 671674]. A Dutch study showed that greater parental depression when coupled
with a parent experiencing chronic physical illness, was associated with
more internalizing problems in adolescents [341]. On the other hand,
among those living with physically healthy parents, parental depression
was not found to be associated with elevated scores of internalising
problems. The researchers claimed that parental depression linked to the
parental illness may have had a more recent onset, rather than being a
lifetime occurrence which led to a more disruptive effect.
The mediating effect of the mother's mental ill health on her adolescent
child’s behaviour was suggested to result from disruption in her parenting.
Wilson and Durbin’s meta-analysis [675] disclosed that depressed parents
display severely decreased positive emotions, receptiveness, sensitivity
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and affection. They also exhibit increased negativity, hostility and
disengagement with their children. This disturbance to their parenting role
may play a part in the heightened emotional and behavioural scores noted
in adolescents of chronically mentally ill parents. Another US crosssectional study found that the indirect effect of the parent's psychological
distress on the respective adolescent's externalising behavioural problems
was only significant through parent-child dysfunctional interaction [676].
Such findings support this thesis's findings in that maternal mental health
contributes to childhood behavioural problems, mediated by parenting.
This research added a new exploratory pathway to the family stress model
through highlighting the importance of the child's self-esteem as a possible
explanation for mental health differences in children raised in dysfunctional
families. In particular, it was outlined that chronic physical illness in the
mother seems to increase her psychological distress, which contributes
negatively on her family function, and in turn decreases her child's selfesteem, which increases the child's socioemotional symptoms. In
comparison to the literature reporting how child's self-esteem affects
children's mental health, Ying and his group identified interparental conflict
as positively related to children’s depressive symptoms, and that this was
partially mediated by the child’s self-esteem [677]. Further, Hunter et al also
observed child self-esteem's impact as a mediator of the relationship
between parenting behaviour and Grades 5 and 8 students’ depression and
antisocial problems [361].

A separate Canadian study proposed that

supportive parents safeguard against psychological distress in their
youngsters, by encouraging their children’s self-esteem [358].
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This was supported by previous studies identifying possible explanations
for high self-esteem as a factor contributing to resilience against long term
mental health problems. Elevated self-esteem’s protective effect was
partially explained by how self-esteem affects coping with stress. According
to Lazarus and Folkman, with exposure to stress, an individual uses
different coping mechanisms to reduce, tolerate or escape from its
consequences [678, 679]. They proposed that individuals with high selfesteem will actively solve problems, thus facing them, processing their
stress and therefore functionally adapting. In comparison, individuals with
low self-esteem will often take on a coping strategy of passive avoidance,
focusing on their emotions, which is regarded as dysfunctional. The
avoidant strategies disable the processing of, and adaptation to, the
problem which, in turn, might impact the individual's mental health
negatively. An analysis using SEM by Sieh's group supported this
explanation. They found that an ill parent's quality of life (e.g., depression/
internalising problems), family functioning, and their child's adaptation
process play an integral part in the child's adjustment to parental chronic
illness [399].

7.4.3 Mental health trajectories and its related findings
In this section, a comparison between the mental health growth trajectories'
results and findings from previous literature are discussed in two separate
sections. First, the trajectories patterns and numbers are elaborated in
detail, and then the characteristics and predictors of those trajectories are
described.
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7.4.3.1 Numbers and patterns of trajectories identified
One aim of the present study was to explore the heterogeneity in mental
health problems during the childhood to adolescence period using a recent
UK dataset. A small, yet growing body of research has been focused on
comparing different trajectories of mental health problems emerging in
childhood. As discussed earlier in the literature review (Chapter 2, section
2.5. 2), Moffitt’s 1993 developmental taxonomy suggested two different
groups of people with significant antisocial behaviour: (1) a small group that
shows continuity of antisocial behavioural problems over the years, who
are labelled “ life course persistent”, versus (2) a larger “ adolescence
limited” group whose behaviour is expected to be transient during their
teenage years, mostly reforming during adulthood [449].
Later on, Odgers et al. pointed out several unanswered issues raised after
the taxonomy theory gained popularity [452]. They concluded that, first, in
both boys and girls, the “adolescence onset” antisocial behaviour group
tend to act as a marker for future behavioural maladjustment as such
behaviour usually persists into adulthood. Second, not anticipated by the
taxonomy theory, a “childhood limited” subgroup was also identified.
The disparity between these empirical findings and the previously
mentioned theoretical claims is intriguing. Overall, the current research
identified similar patterns of trajectories in externalising problems,
differentiating between “consistently-low”, “persistently-high”, “childhoodlimited” and “adolescence-onset” groups in boys and girls. These findings
were largely in line with a priori expectations internationally and nationally
and consistent with previous MCS studies [453, 680]. For example, a very
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recent study using the MCS data identified four trajectories of low,
persistent, childhood limited and adolescence onset conduct problems
following children from ages 3 to 14 years [454]. In another study, using a
Canadian sample, four trajectories of hyperactivity and inattention were
also observed between the ages 6 and 12 years: stable low, high and two
crossing trajectories [456].
Sentse et al. using a European sample, also identified four trajectories of
child conduct problems covering early childhood until emerging adulthood
in boys and girls [457]. This study gave more support to the “adolescence
onset” label over and above the “adolescence-limited” term suggested by
Moffitt [449] for two reasons. First, they found that the adolescence-onset
group did not seem to cease their manifestation of conduct problems in mid
to late adolescence (age 17), indicating that the original label of
adolescence-limited may be imprecise. Second, the low proportion of
children in this group (15%) in their sample raises question about the
normativity of adolescent externalising problems and consequently the
maturity gap, as widely acknowledged by Moffit’s taxonomy theory [449].
Results presented in this thesis lend further support to the Sentse findings
and have indicated that within the UK sample (MCS) the group known as
“adolescence-onset” may actually begin, well prior to adolescence, to
develop behavioural problems. Although the lines of “childhood-limited” and
“adolescence-onset” intersect around the end of the childhood period (age
7) (see Figure 6.9), it seems that the true “onset” of these behavioural
problems in the adolescence onset group lies before this age. However, it
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is worth mentioning that although the study sample covers both childhood
and early adolescence, this age range does not rule out the possibility for
some participants in the adolescence onset group to cease displaying
behavioural problems and related maladjustment in their later years. Thus,
further studies with a longer timespan are required to extend the
investigation of this particular trajectory group.
The current results provide more evidence to support the taxonomy theory
[449] and the Odgers group [452] suggestions, and go beyond externalising
problems. Four groups of socioemotional and internalising problems were
also identified that proved to show trajectories similar to the previously
discussed externalizing problems, with some sex differences. The absence
of

the “persistently-high” group of socioemotional and internalising

problems in girls was the obvious difference between sexes. A prior MCS
study, where the analysis was stratified by child sex, noted this difference
[453]. Other longitudinal studies also reported the lack of “persistently-high”
group, however, they were limited due to the lack of sex stratification [462,
681]. It is worth noting here that the presence of a small group of girls with
persistent symptoms of total difficulties and internalising problems cannot
be ruled out. This may be the result of the comparatively low prevalence of
such disorders, particularly in childhood. For the growth mixture model very
sizeable samples are needed to reliably identify classes consisting of small
percentages of children.
Unlike the results of this thesis, other studies found more than four
trajectories of total difficulties, externalising and internalising behavioural
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problems across the childhood and adolescence period. For example, a
very recent study using the Longitudinal Study of Australian Children
sample of children aged 4-12 years found six distinct trajectories of total
socioemotional difficulties using SDQ measures: low difficulty, high
difficulty and four other crossing intermediate trajectories [459]. Another
study identified five groups of internalising and externalising behavioural
problems across childhood and adolescence in the UK [462]. However
these extra one or two classes beyond the four identified in the present
study reflected varieties of behavioural problems, which were of limited
theoretical importance as they represented low and average levels only.
Given the different study settings, sample sizes and empirical approaches
for identifying groups, such dissimilarities in the observed trajectories may
be unsurprising.

7.4.3.2 Prevalence, characteristics and predictors of identified
trajectories
Previous literature found that most of the children begin their early years
with little to no behavioural and emotional risk (the consistently-low group),
continuing on this path through the childhood and adolescence period [453,
454, 459, 461, 623]. This typology is also true for the MCS sample, with the
majority showing low and stable behavioural and emotional problem levels
in boys and girls. There appears, however, to be a slight variation in the
prevalence of the other three problematic trajectories across the previous
studies. For example, among boys, the low proportion of children following
“persistently-high” trajectories for total difficulties, internalising and
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externalising problems (approximately 4%) found in this thesis were clearly
demonstrated in the previous literature [140, 455, 461, 623]. Furthermore,
this was consistent with the life course persistent theory of antisocial
behaviour [449], representing a small subset of children with high
externalising behaviours across childhood and adolescent development. In
contrast, other studies reported a higher prevalence of the persistently high
group (25-33%) [457, 458, 682]. The strikingly high prevalence might be
due to the high risk sample of children used in some studies instead of the
community sample, or to the differences in the timeframe for follow up of
observation among those studies focusing more on the adolescence
period. The final two trajectories, the “adolescent-onset” and “childhoodlimited” groups identified in this thesis, proved to show a similar proportion,
pattern and shape of trajectories as other studies [454, 459, 461, 462, 623].
Similarly to the findings of this thesis, studies have suggested
heterogeneity between trajectories for individual, social and contextual
factors during the corresponding period (i.e., adolescence in the
adolescence onset trajectory, or early childhood for the childhood limited
group) which could either reinforce or mitigate existing behaviours [461].
Using MCS data, Flouri et al. [453] found that during early childhood,
children in the “childhood-limited” group were more likely to be from
disadvantaged socioeconomic circumstances, and had a more stressed
and younger mother at their birth than those in the “adolescence-onset”
group[453]. Further, they found that children in the “adolescence-onset”
and “persistently-high” groups were more likely to be exposed to
behavioural, social and emotional problems during early adolescence
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compared to the normative group. Consistent with the current findings, they
concluded that in boys and girls, compared to typically developing children,
those following the “adolescence-onset” and “persistently-high” trajectories
tended to be more likely to dislike school, be victims of bullying, be unhappy
and report lower self-esteem during early adolescence.
A large nationally representative US study found that early life factors such
as socioeconomic status, maternal smoking or drinking during pregnancy,
and birth weight when children were aged 4-5 years were more predictive
of child- than adolescence onset internalising trajectories. [461]. Others
found that factors in late childhood and early adolescence could be more
significant for the development of adolescent’s internalising symptoms
[461]. Indeed, some research indicates that, while early childhood adversity
can heighten the risk for depression in adolescence, this could be mediated
through adolescence’s negative life events and stressors [683, 684]. These
findings strengthen the support for the number of group differences among
trajectories as identified in this research. This therefore aids in the
understanding of risk factors associated with mental ill health symptoms in
childhood and adolescence.
This thesis provides further evidence that ethnic minority children are overrepresented in the “childhood-limited” group, unlike the children in the
“persistently-high” group who were predominantly white. This finding fits
well with previous suggestions. Flouri’s group, using MCS data, noticed a
striking over-representation of ethnic minority children, in particular
Pakistani and Bangladeshi, among “childhood-limited” internalising and
externalising groups in boys and girls [453]. In another MCS study, Gutman
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et al. reported that children on the “persistently-high” problem trajectory
were predominantly white British boys [454].
The current study was able to identify a number of physical health
predictors of different mental health pathways. Most notably, maternal
chronic illness increased the likelihood of boys and girls following
“adolescence-onset” and “persistently-high” trajectories. One possible
explanation is that children might be more emotionally sensitive to
psychological stressors in the home environment during adolescence than
earlier in childhood [685]. Children are more aware of parental health at
older ages [108]. Therefore, the emotional disruption of a parent with
chronic illness has more influence on children’s mental health as they
mature.
Furthermore, as adolescents are more developed cognitively and
physically than younger children, they may be required to take on more
caregiving activities [686]. Children may feel overwhelmed with
continuously caring for their ill parents, especially because they lack
knowledge about their parents’ true health conditions [687, 688]. Finally, as
children seek continuous love, care, approval and support, having a parent
with a longstanding illness can affect the child-parent relationship, possibly
with a lasting impact on the child’s development and an increased risk of
frequent contact with deviant peers [108].
This finding might also give support to the importance of the school
transition phase. As stated before, the social process of the new school
environment may increase risk among vulnerable children whose
maladaptive behaviours may be continued or exacerbated. For instance,
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living with a chronically ill mother during this transitional year may trigger
these behaviours to emerge.
On the other hand, membership in the “childhood-limited” trajectory was
predicted by asthma in both sexes. Asthmatic children demonstrated an
improving growth trajectory of socioemotional health extending from
primary into secondary school (ages 5-14). This could be due to the natural
history of asthma well documented in the previous studies. In preschool
children, symptoms of asthma are quite frequent, with approximately a third
of children reported to experience wheeze during their first three years of
life [689]. In most cases, however, asthma symptoms (e.g., wheeze)
resolved by the age of 6 [633, 690, 691], only less than half of them will
continue to wheeze and the symptom severity will diminish with time.
Another possible explanation is that the early detection of asthma may
result in a decreased risk of long term morbidities and decreased urgent
care visits compared to delayed identification. For example, interventions
such as inhaled corticosteroids have improved respiratory symptoms,
airway inflammation, bronchial responsiveness, asthma exacerbations and
the general quality of life [692].
The impact of preschool asthmatic children’s parents should not be
underestimated. In the hope of avoiding conflict or upsetting the child, it is
possible that they may defer to their child’s wishes if they feel a
disagreement may result in the child crying or breathing difficulties. This
may increase negative cycles of child/parent interaction, reinforcing the
child’s coercive behaviour, including tantrums and similar negativity. In turn,
this would result in more conflict in the child’s early years, tapering off as
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the child grows older [138].
Epidemiological studies that have specifically considered physical health
predictors of child mental health trajectories are rare. These do not
necessarily take into account child sex and parental health. Similar to the
findings of this thesis, one study aimed to find risk factors related to
internalising symptoms which appeared early (child onset) versus
symptoms that emerge only in adolescence (adolescent onset). It was
reported that children faced with early childhood chronic illness had a
higher risk of being on the “childhood-limited” internalising trajectory,
compared to healthy children [461]. Supporting this, recent meta-analysis
indicated that adults who had experienced asthma as children were not at
a greater risk of depression compared to those without childhood asthma
(controls), and that psychological impact of childhood asthma did not
persist beyond childhood-adolescence period[77]. Another study using
data from the National Longitudinal Survey of Canadian Children aged 1011 years, who were subsequently followed until 24-25 years of age,
concluded that chronically ill young people had markedly less favourable
trajectories and significantly higher scores of depressive symptoms over
time, compared to their healthy peers [693]. However, multilevel modelling
(MLM) analysis was used in that study to investigate the latent average
trajectory of depressive symptoms instead of growth mixture modelling
(GMM) analysis to identify specific subgroups of children with specific
trajectories in the current research, which could account for the difference
in results.
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More studies are needed to identify groups of children with specific
trajectories of mental health scores, and to examine how families’ physical
health can predict a child’s membership of a specific growth trajectory, with
more attention to child sex in modifying the results of interest.

7.5 Theoretical implications: Future direction of analysis
7.5.1 Further research using other data
This quantitative research can be extended in a couple of ways. First, this
research has only concentrated on biological co-residing parents, yet this
does not capture the effect of the complex structure of modern families
(stepfamilies and non-full siblings). Future work should contribute to the
emerging stream of studies which take into account other family structures
and link children’s well-being to their relationships not just with their parents
but also their siblings.
Future studies should test larger father reported samples and attempt to
encompass a more comprehensive view of the family. All types of parentchild dyadic relationships by sex should be explored, taking into account
also each adolescent’s more extended social environment. Due to the
inability of MCS data to offer this level of detail, this study had less capacity
to find differences of significance between the children of fathers who had
chronic disease and those who did not. Therefore, the interpretations of the
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results relevant to these children are not definitive, but exploratory. They
are proposed as hypotheses for rigorous testing in larger samples of father
reported data.
Another future research direction is the investigation of the conceptualised
mediational pathways in high risk clinical populations and the study of
family physical health within clinical settings. Also, it is worth investigating
the mechanisms for protective factors which lead to resilience against
mental ill health symptoms in children.
For much child mental health research, the possibility of obtained results
being affected by reporter biases is commonly overlooked. As mentioned
in the methodological section, parent reports are often used to record
children’s symptoms and feelings. Recently, health and broader policy
agendas have emphasised the significance of children’s own reporting of
their health situation. Increasingly, studies suggest that with appropriate
questioning, children can report about their own mental health from as early
as ages 5 and 7 [694-697] . As they enter adolescence, this tends to be
even more relevant. If future research investigated the discrepancies in
predictors of well-being and mental illness in children as reported by the
child, the parent and the teacher, this would assist in discovering where
such results may be influenced by these three different sources of
reporting.
Considerably important is the priority for future studies to extend this
research by exploring contextual factors at school in order to better
understand the development of poor psychological well-being in school
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aged children. Moreover, as children’s social world grows with their
transitioning to school, it is vital to take into account the risk factors and
relationships present before and after this transition so as to examine which
relationships significantly affect development. This is especially worthy of
further future research.
Moreover, examining the role of asthma severity (e.g. wheezy attacks,
sleep disturbance, speech limitation) and different types of asthma
phenotypes (e.g., early transient wheeze, persistent wheeze, late onset
wheeze) in the association of interest will give a better understanding of
asthma risk in child behaviour.
The differences between results can also be explained in part by differing
study populations in developed and developing countries. Most longitudinal
research concerning child developmental outcomes has been conducted
on samples in developed countries (for example: North America, Europe
and the United Kingdom). Therefore, it is possible that differences in the
population culture, ethnic backgrounds or social norms might influence the
association. Shining a light on the extent and impact of child vulnerability in
least developed countries, focusing in particular on children with family
physical ill stressors, would assist in testing similar hypotheses.
Furthermore, for increased generalizability, conducting the research
globally is recommended.
The current findings suggest that addressing maternal mental health may
decrease health service use for vulnerable children and adolescents.
Intervention studies which screen for psychological distress in mothers and
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give short and readily accessible psychological interventions [35] are
required to ascertain if this could reduce [35] mental health problems in
children and adolescents with family physical health problems [11,17, 36].
The effect of genes and shared heritability between asthma and mental
illness should be considered in future work. Previous studies’ results
suggested that there might be shared genetic factors that potentially link
asthma and severe mental illness, which requires further investigation [651,
698, 699]. For example, Mogensen et al’s research based on the first twin
study concerning a longitudinal link between asthma and ADHD, adds
weight to the hypothesis of a genetic overlap between asthma and
hyperactivity-impulsivity phenotypes [651].

7.5.2 Further research using the MCS data
An obvious extension of the current research would be a repeat analysis
utilising the multiple imputation method to boost the power and reinforce
the

findings

of

the

longitudinal

associations

for

stressors

with

socioemotional difficulties. However, it would be expected to observe
similar associations for stressors with socioemotional difficulties as those
found for the complete case analysis and FIML.
The contextual factors of children’s lives, measured by socioeconomic
factors (parental education, work and income quintile) were adjusted for in
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the three model analyses. Having learnt more about the impact of timevarying confounders, in future analysis, I would explore the potential effect
of measures of SEP at multiple time points throughout childhood.
As behaviour problems in early childhood are associated with academic
success and educational attainment in later life, future research should use
a longitudinal design to view the linkages between socioemotional
difficulties, educational attainment, and adolescents’ cognitive function so
as to inform policymakers about intervention areas.
Moreover, the non-independence between fathers’ and mothers’ impacts,
as the two members of a couple, should be investigated. The
interrelationship of how such partners can influence each other’s behaviour
should be examined. Does maternal mental health predict the father-child
involvement and relationship, and does paternal mental health predict the
mother-child involvement and relationship? Answers to these questions
should be addressed using further MCS studies.
Finally, longer follow up and additional replication within the same dataset
is needed to ascertain whether adolescent mental health will continue to be
influenced by early physical health stressors. Moreover, it is not clear from
the current study whether children on the persistently high or the
adolescent-onset socioemotional trajectories will continue with mental ill
health during adulthood.
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7.6 Policy and intervention
Children’s mental health improvement is a policy priority. Recently the
Association of Child Psychotherapists (ACP) claimed that vulnerable
children in the UK are failing to be treated [700].They added that for the
Child and Adolescent Mental Health Services, it has become increasingly
hard to provide effective care and treatment for children and adolescent.
The current findings showed that the presence of physical ill health and its
psychosocial consequences within a family during the formative years of a
child’s life is thought to be important determinants of a child’s mental health.
While it is not possible to eradicate the existence of chronic illness, one
implication of this research is that proper and well-timed interventions that
tackle the entire family can positively alter the childrens’ outcomes. For
example, the current findings support the implementation of family centered
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care strategies, which have been demonstrated to be associated with
improved child and parent outcomes. Clinicians should consider entering
discussions about mental health with children and families shortly after a
physical condition is diagnosed. Psychologists might be included in the
pediatric team. This would result in providing integrated multidisciplinary
services to manage and prevent physical health morbidity [628]. For
instance, asthma’s medical care should not be confined to the treatment of
asthma’s physical consequences. It should also be recognized that asthma
affects the quality of life, and that a link with mental health has been
identified. In addition, modalities should be considered which aim to
improve self-management and raise the capacity to reduce anxiety
symptoms.
In addition, this study found that associations between physical ill health
and childhood mental health were partly explained by mother mental
health. More support for the emotional health of parents could be one
crucial intervention that could improve the psychosocial environment
children are exposed to. For example, clinicians should be sensitive to the
family environment and openly discuss how a mother’s mood may affect
child outcomes by influencing the family atmosphere. This kind of action
could be influential upstream, according to the family stress model, to
lessen chronic illness’s effect on family functioning and maternal mental
health. Furthermore, clinicians are encouraged to use the Psychosocial
Assessment Tool to identify children at risk and give referrals for these
children and their families to support services, on a case by case basis.
With such routine screening and supportive resource provision, this might
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also aid families to adapt more successfully to the difficulties associated
with chronic physical illness and potentially ward off emotional and
behavioural problems in such children.
Increasingly, the need for family-focused interventions has gained
recognition to better assist families by providing them with supportive
resources for assistance in adapting to a chronic physical illness.
Preliminary evidence suggests that, among diabetic children, structured
behavioural group training to decrease parental stress and enhance
parenting skills is linked to decreased anxiety symptoms [701]. Due to
multimorbidity’s chronicity and pervasiveness and its effect on psychosocial
functioning in parents and children, continually monitoring during routine
clinical assessments could also be worthwhile.
The mediating role of the child’s self-esteem found in this thesis could be a
priority for intervention to avoid the onset or decrease the gravity of adverse
mental health symptoms among children exposed to physical health
stressors early in their lives. For children and also adolescents, with and
without chronic physical illness, solid evidence exists that a variety of
interventions can significantly enhance self-esteem at home or school and
in community or clinical settings. Interventions particularly targeting
enhancing child self-esteem have had stronger positive impacts on
academic and behavioural functioning when compared with those aimed
at other functional aspects such as social skills.
Mental disorders manifesting during primary school years are likely to
persist if left untreated. Thus, school-based interventions with policies
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which promote well-being and mental health are crucial. Despite advances
in developing and evaluating efficacious treatments for child mental health
problems, less than half of children affected get mental health care. This is
especially concerning for children in ethnic and racial minorities who
receive fewer and lower quality mental health services compared with their
white peers [702]. Being more acceptable and accessible than communitybased ones, school-based mental health services may reduce persistent
disparities in mental health needs or service use. Indeed, young people
referred to school-based services tend to participate in these more
frequently and successfully than those referred to community-based ones.
Furthermore, schools must create (and, in some cases, publish online) a
spectrum of policies to support and promote mental health and well-being.
These policies must be consistent with duties of schools proscribed by the
Equality Act 2010.
The Marmot Review recognised schools’ significant role in developing
resilience. One policy recommendation was that schools, families and
communities work together to reduce the inequality in the health, well-being
and resilience of children and young people, proportionately to the extent
of their disadvantage [703].
To sum up, interventions can decrease children’s socioemotional difficulties
and alleviate family distress. Multidimensional approaches integrating
improved detection, clinical engagement and culturally suitable responses,
together with national policies and programs circumventing mental ill
health’s progression, can assist in mitigating disadvantages among families

364

with physical ill health.

7.7 Conclusion
The findings of this thesis give another perspective that further illustrates
the extensive challenges for children living in a family with chronic physical
illness. In this study, population based data was used: (1) to document
family physical health differences in children’s emotional and behavioural
problems at successive age points during childhood to adolescence, (2) to
examine factors mediating observed inequalities, and (3) to identify
different mental health growth trajectories and investigate significant
predictors of these identified trajectories.
The research findings can be summarised as follows. First, it has been
found that children growing up in a household characterised by physical
illness stressors experience increase risk of mental health problems. Of the
family physical health exposures that we considered, the most important
factors that affected child’s mental health were mother chronic illness and
asthma.
Second, the effects of family physical illness stressors on adolescents’
mental health were mediated by symptoms of maternal psychological
distress, family dysfunction and child self-esteem.
Third, the present study demonstrated different trajectories of children with
different stability in mental ill health between ages 3 and 14. Family physical
ill health was found to predict the children’s risk of being on a less stable
trajectory. Of note, children experiencing asthma symptoms and those of
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chronically ill mothers tend to have a low stability pattern in their mental
health over childhood and adolescence, compared with other children.
This thesis findings suggested that particular attention should be given to
children of families with chronic illness as these children have an increased
susceptibility to adverse mental health outcomes during their childhood and
adolescence. Consistent with the family stress model, for families with
chronic illness, this study recommends family centered care approaches
with a special emphasis on maternal mental health as an antecedent to
more severe psychopathology. In addition, as this thesis examined
changes in mental health between the ages 3 and 14, the findings support
that initiatives to address intergenerational transmission of mental health
problems and its early risk factors are vital for the health of British families.
To conclude, this study provides comprehensive insight into the factors
associated with child mental ill health. The research in this thesis
demonstrates that physical health stressors in the family contribute to the
development of different aspects of mental ill health above and beyond
other contextual risk factors. The results demonstrate potentially fruitful
areas for more detailed future investigation into its causes and
development. This provides an essential foundation to develop and
implement interventions targeting not only children’s mental illness
prevention or symptom treatment but also the improvement of the entire
family’s well-being.
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Appendix 1
Figure A1. 1 Conceptual Path Model
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Appendix 2
Table A2. 1 Productive and unproductive cases in all MCS waves
MCS1

MCS2

MCS3

MCS4

MCS5

MCS6

Age 9 months

Age 3 years

Age 5 years

Age 7 years

Age 11 years

Age 14 years

Freq.

%

Freq.

%

Freq.

%

Freq.

%

Freq.

%

Freq.

%

Productive

18,551

96.4

15,590

81

15,246

79.2

13,857

72

13,287

69

11,726

60.9

Refusal

0

0

1739

9

2315

12

1811

9.4

2195

11.4

3029

15.7

Ineligible

0

0

167

0.9

300

1.6

126

0.7

78

0.4

45

0.2

Untraced movers

0

0

686

3.6

546

2.8

706

3.7

388

2

428

2.2

Not-contact

0

0

930

4.8

546

2.8

123

0.6

438

2.3

75

0.4

Not issued

692

3.6

0

0

0

0

2212

11.5

2851

14.8

3828

19.9

Other
unproductive

0

131

0.7

290

1.5

408

2.1

6

0

112

0.6

Total

19243

19243

100

19243

100

19243

100

19243

100

19243

100

0
100
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Appendix 3
Table A3. 1 Strength difficulties questionnaire SDQ psychological domains
Psychological
sub-scale
i) Hyperactivity
Scale

ii) Conduct
problems

iii) Emotional
symptoms

iv) Peer
problems

v) Pro-social
scale

25 Items respond by the parent
in the SDQ questionnaire

Categorisation of
SDQ psychological
measures

1) Restless, overactive,
cannot stay still for long
2) Constantly fidgeting
3) Easily distracted
4) Can stop and think before
acting
5) Sees tasks through to the
end

0 – 5: Normal
behaviour

1) Fights with or bullies other
children
2) Can be spiteful to others
3) Often argumentative with
adults
4) Generally obedient
5) Often has temper tantrums

0 – 2: Normal
behaviour

1) Complains of headache/
stomach aches/sickness
2) Often seems worried
3) Often unhappy
4) Nervous or clingy in new
situations
5) Many fears, easily scared

0 – 3: Normal
behaviour

1) Tends to play alone
2) Has at least one good
friend
3) Generally liked by other
children
4) Picked on or bullied by
other children
5) Gets on better with adults

0 – 2: Normal
behaviour

1) Considerate of others’
feelings
2) Shares readily with others
3) Helpful if someone is hurt,
upset or ill
4) Kind to younger children
5) Often volunteers to help
others

6 – 10: Normal
behaviour

6: borderline abnormal
behaviour
7 – 10: Abnormal
behaviour

3: borderline abnormal
behaviour
4 – 10: Abnormal
behaviour

4: borderline abnormal
behaviour
5-10: Abnormal
behaviour

3: borderline abnormal
behaviour
4 – 10: Abnormal
behaviour

5: borderline abnormal
behaviour
0 – 4: Abnormal
behaviour
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Appendix 4
Table A4. 1 ISAAC Core Questionnaire for Wheezing and Asthma

1) Has your child ever had wheezing or whistling in the chest at any time in
the past?
2) Has your child had wheezing or whistling in the chest in the last 12
months?
3) How many attacks of wheezing has your child had in the last 12 months?
4) In the last 12 months, how often, on average, has your child's sleep been
disturbed due to wheezing?
5) In the last 12 months, has wheezing ever been severe enough to limit your
child's speech to only one or two words at a time between breaths?
6) Has your child ever had asthma?
7) In the last 12 months, has your child's chest sounded wheezy during or
after exercise?
8) In the last 12 months, has your child had a dry cough at night, apart from a
cough associated with a cold or chest infection?
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Appendix 5
Table A5. 1 Cole’s international age and sex specific cut-offs for BMI in children
In theory a centile cutoff point is determined as the point on the body mass
index (BMI) at which the health risk of obesity begins to sharply rise.
Unfortunately, as BMI changes significantly with age in children, this point
cannot be identified with any certainty for children. BMI increases strongly in
infancy, then falls before school age and again increases into adulthood [493].
An International Obesity Task Force workshop suggested linking adult cutoff
points (overweight at 25 kg/m2 and obesity at 30 kg/m2) to children’s BMI
centiles. Cole’s team developed sex and age specific BMI cutoff points for
overweight and obesity in children, defined as passing through the BMI of 25
kg/m2 and 30 kg/m2 at age 18 for overweight and obesity, respectively. These
cutoff points were obtained by averaging data from Brazil, Great Britain, Hong
Kong, Netherlands, Singapore, and the United States [493]. This
classification was applied to MCS children,
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Appendix 6

Table A6. 1 Summary of the covariate variables used in the three models,
regression, path and growth models.
Covariate variables
Demographic parameters
Child age at time of outcome
Child ethnicity
Language at home
Birth weight
Maternal age at child birth
Family structure
Number of siblings in household
Childbirth order
Marital status
Non-intact families
Mother's health behaviour
Breastfeeding
Maternal smoking in pregnancy
Maternal alcohol drinking in pregnancy
Socioeconomic variables
Parental education attainment
Parental work status
Household income
Puberty
Home environment
Arguing with parents
Bullied by siblings
Social and wider environment
Bullied by peers
School connectedness
Neighbourhood safety
Well-being markers
Overall happiness
Child's risky behaviour
Peers’ influence
Potential mediators
Parents' mental health
Family functioning markers
Child self-esteem measures

Wave used in
model

Type of the model

2,3,4,5,6
2
2
2
1

Regression, path, growth
Regression, path, growth
Regression, path, growth
Regression, path, growth
Regression, path, growth

2
2
2
3,4,5,6

Regression, path, growth
Regression, path, growth
Regression, path, growth
Regression, path, growth

1
1
1

Regression, path, growth
Regression, path, growth
Regression, path, growth

2
2
2
6
6
6

Regression, path, growth
Regression, path, growth
Regression, path, growth
Regression, path, growth
Regression, path, growth
Growth
Growth

6
6
6

Growth
Growth
Growth

6
6
6

Growth
Growth
Growth

3
4
5

Path
Path
Path
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Appendix 7
Figure A7. 1 Flow chart of missing data in regression model sample

419

Figure A7. 2 Flow chart of missing data in path model sample
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Figure A7. 3 Flow chart of missing data in growth model sample
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Appendix 8
Table A8. 1 Descriptive table of missing values characteristics
Variable

Category

P value

Male
Female

% Of
missing
52%
48%

Child sex
Language spoken
at home

English
Not English

95%
5%

<0.001

Partner relationship

Married
Cohabiting

75%
25%

<0.001

Number of children in
household

Single child
With 1 sibling
With ≥ 2 siblings

21%
45%
34%

<0.001

Income weighted quintiles

Lowest quintile
2nd quintile
3rd quintile
4th quintile
Highest quintile

17%
26%
22%
19%
16%

<0.001

Mother age at childbirth

12 to 19
20 to 29
30 to 39
40 plus

7%
48%
43%
2%

<0.001

Parental NVQ education
level

Other qualification
Overseas qual
Level1
Level2
Level3
Level4
Level5

15%
4%
8%
29%
14%
26%
4%

<0.001

0.02
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Continue Table A8 descriptive table of missing values characteristics
Variable

Category

% Of
missing

P value

Parental work class

Never / long term
unemployed

52%

<0.001

Manager/ professional

17%

Intermediate

11%

Small and self
employers

3%

Lower supervisory and
technical

2%

Semi-routine and
routine
White
Mixed
Indian
Pakistani and
Bangladeshi
Black
Other ethnic group

17%

Child birth weight

Normal
Low
Big baby

83%
7%
10%

<0.001

Breastfeeding

Ever tried: Yes

68%

<0.001

Mother’s smoking
during pregnancy

0
1/ 9
≥10

68%
9%
23%

<0.001

Mother alcohol drinking
during pregnancy

Never
light
moderate
heavy

92%
4%
3%
1%

<0.001

Child ethnicity

79%
2%
3%
11%

<0.001

3%
2%
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Appendix 9
Table A9. 1 Descriptive characteristics of internalising scores from age 3 to 14.
Note: The sample size varied between waves due to attrition across the waves of the study
Boys
Girls

Sex differences

Child age

N

Mean

SD

N

Mean

SD

P value

3 years

5840

2.75

2.41

5628

2.56

2.30

<0.001

5 years

5388

2.25

2.41

5178

2.21

2.21

0.33

7 years

4966

2.50

2.73

4852

2.39

2.45

0.05

11 years

4714

2.95

3.05

4651

2.92

2.98

0.73

14 years

4228

3.19

3.19

4207

3.63

3.32

<0.001
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Table A9. 2 Descriptive characteristics of externalising scores from age 3 to 14.
Boys

Girls

Sex differences

Child age

N

Mean

SD

N

Mean

SD

P value

3 years

5865

6.76

3.72

5624

5.89

3.46

<0.001

5 years

5378

4.85

3.35

5168

3.91

2.99

<0.001

7 years

4972

4.94

3.56

4849

3.75

3.11

<0.001

11 years

4706

4.67

3.57

4640

3.53

3.05

<0.001

14 years

4227

4.44

3.58

4201

3.46

3.06

<0.001
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Figure A9. 1 Prevalence of internalising difficulties problems
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Figure A9. 2 Prevalence of externalising difficulties problems
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Appendix 10

Table A10. 1 Univariable linear regression analysis associating internalising difficulties scores at child age 5, 7, 11 and 14 years with several
demographic and social variables. Boys sample sizes range from 6149 to 6182.
Covariates
Child ethnicity
White
Mixed
Indian
Pakistani and
Bangladeshi
Black
Other ethnic group
Language spoken at
home
English
Other language
Birth weight
Normal
Low
High
Maternal age at birth
< 20
20 to 29
30 to 39
40 plus
Childbirth order
1st born
Not 1st born

Child age 3

Child age 5

Child age 7

Child age 11

Child age 14

Reference category
-0.31(-0.80/0.18)
0.95 (0.33/1.57)**
2.02 (1.60/2.45)***

0.14 (-0.32/0.60)
0.49 (-0.04/1.01)
1.91 (1.50/2.31) ***

0.05 (-0.52/0.62)
0.38 (-0.15/0.91)
1.76 (1.28/2.25) ***

0.10 (-0.65/0.84)
0.19 (-0.27/0.75)
0.94 (0.60/1.27) ***

-0.04 (-0.75/0.67)
0.44 (-0.10/0.98)
1.02 (0.59/1.44) ***

0.24 (-0.36/0.85)
1.60 (0.53/2.65)**

0.55 (-0.31/1.41)
1.27 (0.34/2.19) **

0.34 (-0.38/1.07)
1.26 (0.33/2.19) **

-0.29 (-1.22/0.64)
1.18 (0.18/2.17) *

-0.10 (-0.82/0.62)
0.69 (-0.27/1.64)

Reference category
0.86 (0.56/ 1.17) ***

0.56 (0.30/ 0.82) ***

0.79 (0.45, 1.13) ***

0.37 (0.06/ 0.69) *

0.29 (-0.01/ 0.60)

Reference category
0.41(-0.04/0.85)
-0.24(-0.41/-0.07) **

0.57 (0.13/0.102) *
-0.31(-0.50/-0.13) **

0.88 (0.35/1.40) **
-0.28(-0.48/-0.07) **

0.64 (0.15/1.16) *
-0.24(-0.50/0.01)

0.60 (0.12/1.09) *
-0.16(-0.44/0.11)

-0.89 (-1.25/-0.52)***
-1.36 (-1.72/-1.00)***
-1.05 (-1.64/-0.45)**

-0.50 (-0.91/-0.9) **
-1.00 (-1.40/-0.59)
-0.60 (-1.27/0.08)

-0.62 (-1.10/-0.14) *
-1.32(-1.81/-0.82) ***
-0.60 (-1.39/0.20)

-0.38 (-0.91/0.15)
-1.01 (-1.56/-0.46) ***
-0.54 (-1.45/0.37)

-0.52 (-1.05/0.02)
-1.12 (-1.68/-0.57) ***
-0.84 (-1.76/0.07)

Reference category
-0.05 (-0.18/ 0.09)

0.19 (0.05/ 0.33) **

0.14 (-0.02/ 0.31)

0.06 (-0.13/ 0.25)

0.08 (-0.12/ 0.29)

Note: * P value <0.05. ** P value <0.01. *** P value <0.001. The higher the internalising score, the more risk of having internalising problems
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Continue Table A10.1
Covariates
Breastfeeding
Yes
No
Maternal alcohol drinking
Never
Light
Moderate
Heavy
Maternal smoking
0 cigarettes
1/9 cigarettes
≥ 10 cigarettes
Number of siblings
Single
With 1 sibling
With ≥ 2 siblings
Marital status
Married
Cohabiting
Non-intact families
Stable families
Non stable
Puberty status
Not yet
Has begun puberty

Child age 3

Child age 5

Child age 7

Child age 11

Child age 14

Reference category
0.57 (0.38/0.77) ***

0.34 (0.16/0.51) ***

0.49 (0.26/0.71) ***

0.21 (-0.02/0.44)

0.40 (0.14/0.67) **

Reference category
-0.35 (-0.65/-0.04) *
-0.12 (-0.49/-0.25)
0.16 (-0.35/0.66)

-0.56 (-0.86/-0.27) ***
-0.24 (-0.62/0.14)
0.09 (-0.64/0.47)

-0.60 (-0.91/-0.29)***
-0.56 (-1.01/-0.10) *
-0.21 (-0.86/0.45)

-0.34 (-0.73/0.05)
-0.28 (-0.95/0.40)
-0.01 (-0.84/0.83)

-0.31 (-0.80/0.17)
-0.36 (-0.99/0.27)
0.42 (-0.65/1.50)

Reference category
0.15 (-0.10/0.40)
0.54 (0.35/0.73) ***

0.04 (-0.26/0.35)
0.56 (0.37/0.75) ***

0.49 (0.17/0.81) **
0.73 (0.47/0.98) ***

0.50 (0.12/0.87) **
0.96 (0.67/1.24) ***

0.34 (-0.01/0.70)
0.96 (0.66/1.25) ***

Reference category
-0.06 (-0.24/0.12)
0.23 (0.03/0.44) *

-0.27 (-0.44/-0.11) **
0.02(-0.22/0.25)

-0.17 (-0.39/0.04)
0.10 (-0.17/0.37)

-0.31 (-0.56/-0.07) *
-0.04 (-0.34/0.26)

-0.51(-0.79/-0.24) ***
-0.07 (-0.41/0.26)

Reference category
0.56 (0.39/ 0.72) ***

0.47 (0.29/ 0.65) ***

0.64 (0.44/ 0.84) ***

0.73 (0.48/ 0.98) ***

0.81 (0.52,/1.10) ***

Reference category
0.27 (0.11/0.43) ***

0.40 (0.23/0.57) ***

0.63 (0.44/0.82) ***

0.88 (0.66/1.10) ***

0.86 (0.62/1.10) ***

Reference category
NA

NA

NA

-0.19 (-0.64/0.25)

-0.59 (-1.08/ -0.10) *

Note: *P value <0.05, ** P value <0.01, *** P value <0.001. The higher the internalising score, the more risk of having internalising problems
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Continue Table A10.1
Covariates
Parental occupation
Not working
Manager/ professional
Intermediate
Small and self-employers
Lower supervise/ technical
Semi-routine/ routine
Parental education
No qualification
Overseas
NVQ1
NVQ2
NVQ3
NVQ4
NVQ5
Household income
Lowest quintile
Second quintile
Third quintile
Fourth quintile
Highest quintile
Maternal mental health
Not depressed
Depressed

Child age 3

Child age 5

Child age 7

Child age 11

Child age 14

Reference category
-0.96 (-1.15/-0.77) ***
-0.63 (-0.87/-0.40) ***
-0.58 (-0.93/-0.24) **
-0.38 (-0.83/0.07)
-0.01 (-0.28/0.26)

-0.83 (-1.01/-0.65) ***
-0.47 (-0.70/-0.24) ***
-0.52 (-0.88/-0.16) **
-0.16 (-0.61/0.28)
-0.13 (-0.36/0.09)

-1.18 (-1.38/-0.98) ***
-0.60 (-0.86/-0.34) ***
-1.07 (-1.43/-0.71) ***
-0.74 (-1.24/-0.24) **
-0.27 (-0.55/0.01)

-1.08 (-1.28/-0.87) ***
-0.39 (-0.70/-0.09) *
-0.81 (-1.28/-0.34) **
-0.12 (-0.77/0.53)
-0.05 (-0.38/0.27)

-1.09 (-1.33/-0.85)***
-0.56 (-0.89/-0.23) **
-0.86 (-1.41/-0.31) **
0.16 (-0.55/0.87)
-0.13 (-0.48/0.21)

Reference category
-1.06 (-1.61/-0.51) ***
-1.03 (-1.40/-0.65) ***
-1.45 (-1.78/-1.12) ***
-1.64 (-1.98/-1.30) ***
-2.07 (-2.38/-1.76) ***
-2.06 (-2.49/-1.64) ***

-0.73 (-1.27/-0.19) ***
-0.99 (-1.41/-0.56) ***
-1.40 (-1.73/-1.07) ***
-1.43 (-1.80/-1.06) ***
-1.77 (-2.09/-1.45) ***
-1.61 (-2.04/-1.17) ***

-0.11 (-0.82/0.61)
-0.72 (-1.24.-0.20) **
-1.31 (-1.71/-0.91) ***
-1.38 (-1.79/-0.96) ***
-1.84 (-2.22/-1.45) ***
-1.88 (-2.43/-1.34) ***

0.24 (-0.63/1.12)
-0.82 (-1.42/-0.23) **
-1.26 (-1.67/-0.84) ***
-1.16 (-1.60/-0.72) ***
-1.82 (-2.20/-1.44) ***
-1.93 (-2.44/-1.42) ***

-0.01 (-0.86/0.83)
-0.47 (-1.04/0.10) ***
-1.07 (-1.51/-0.64)
-1.28 (-1.78/-0.78) ***
-1.80 (-2.20/-1.40) ***
-1.91 (-2.41/-1.41) ***

Reference category
-0.48 (-0.80/-0.16) **
-1.12 (-1.43/-0.80) ***
-1.50 (-1.79/-1.21) ***
-1.75 (-2.04/-1.48) ***

-0.45 (-0.75/-0.14) **
-0.88 (-1.19/-0.57) ***
-1.18 (-1.47/-0.89) ***
-1.48 (-1.75/-1.20) ***

-0.65 (-1.04/-0.27) **
-1.09 (-1.43/-0.74) ***
-1.52 (-1.86/-1.19) ***
-2.01 (-2.35/-1.67) ***

-0.02 (-0.41/0.37)
-0.65 (-1.04/-0.25) **
-1.02 (-1.40/-0.63) ***
-1.48 (-1.84/-1.12) ***

-0.49 (-0.92/-0.05) *
-1.06 (-1.47/-0.65) ***
-1.23 (-1.65/-0.80) ***
-1.84 (-2.23/-1.45) ***

Reference category
1.62 (1.03/2.20) ***

2.27 (1.58/2.96) ***

2.56 (1.64/3.48) ***

2.61 (1.50/3.72) ***

2.81 (1.73/3.89) ***

Note: *P value <0.05, ** P value <0.01, *** P value <0.001. The higher the internalising score, the more risk of having internalising problems
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Table A10. 2 Univariable linear regression analysis associating internalising difficulties scores at child age 5, 7, 11 and 14 years with several
demographic and social variables. Girls sample sizes range from 5909 to 5933.
Covariates
Child ethnicity
White
Mixed
Indian
Pakistani and Bangladeshi
Black
Other ethnic group
Language spoken at
home
English
Other language
Birth weight
Normal
Low
High
Maternal age at childbirth
< 20
20 to 29
30 to 39
40 plus
Childbirth order
1st born
Not 1st born

Child age 3

Child age 5

Child age 7

Child age 11

Child age 14

Reference category
0.20 (-0.20/0.59)
0.78 (0.20/1.34) **
2.42 (1.98/2.86) ***
0.35 (-0.20/0.91)
0.87 (0.30/1.45) **

0.00 (-0.43/0.43)
0.77 (0.11/1.44) *
1.68 (1.19/2.18) ***
0.16 (-0.28/0.61)
1.28 (0.30/2.26) *

0.28 (-0.24/0.79)
0.34 (-0.41/1.10)
1.56 (1.16/1.96) ***
-0.03(-0.41/0.34)
0.33 (-0.42/1.07)

0.35 (-0.32/1.03)
-0.24 (-1.20/0.71)
0.83 (0.49/1.18) ***
-0.49 (-1.21/0.22)
0.01 (-0.80/0.83)

-0.39 (1-.11/0.34)
-0.67 (-1.35/0.01)
1.11 (0.72/1.50) ***
-0.77 (-1.38/-0.16) *
-0.40 (-1.34/0.54)

Reference category
0.59 (0.22/0.96) **

0.61 (0.31/0.91) ***

0.54 (0.24/0.83) ***

0.05 (-0.18/0.28)

0.31 (-0.01/0.63)

Reference category
0.76 (0.40/1.13) ***
-0.11 (-0.32/0.10)

0.43 (0.12/0.74) **
-0.08 (-0.30/0.14)

0.72 (0.36/1.08) ***
-0.06 (-0.30/0.17)

0.76 (0.28/1.25) **
0.10 (-0.27/0.42)

1.11 (0.60/1.61) ***
-0.08 (-0.46/0.31)

Reference category
-1.21 (-1.62/-0.80) ***
-1.64 (-2.05/-1.22) ***
-1.90 (-2.43/-1.36) ***

-0.88 (-1.35/-0.42) ***
-1.31 (-1.77/-0.85) ***
-1.51 (-2.11/-0.92) ***

-0.82 (-1.31/-0.33) **
-1.36 (-1.83/-0.89) ***
-1.34 (-1.97/-0.72) ***

-0.69 (-1.30/-0.08) *
-1.22 (-1.80/-0.63) ***
-0.67 (-1.50/0.15)

-0.87 (-1.59/-0.16) *
-1.57 (-2.24/-0.89) ***
-1.05 (-1.98/-0.11) *

Reference category
0.23 (0.08/ 0.37) **

0.21 (0.06/0.36) ***

0.29 (0.12/0.46) **

0.20 (-0.01/0.40)

-0.11 (-0.33/0.40)

Note: *P value <0.05, ** P value <0.01, *** P value <0.001. The higher the internalising score, the more risk of having internalising problems
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Continue table A10.2
Covariates
Breastfeeding
Yes
No
Maternal alcohol drinking
Never drinker
Light
Moderate
Heavy
Maternal smoking
0 cigarettes
1/9 cigarettes
≥ 10 cigarettes
Number of siblings
Single child
With 1 sibling
With ≥ 2 siblings
Marital status
Married
Cohabiting
Non-intact families
Stable families
Non stable
Puberty status
Not yet
Has begun puberty

Child age 3

Child age 5

Child age 7

Child age 11

Child age 14

Reference category
0.61 (0.44/0.78) ***

0.31 (0.15/0.48) ***

0.26 (0.07/0.46) **

0.34**(0.11/0.57)

0.51***(0.23/0.80)

Reference category
-0.58 (-0.80/-0.35) ***
-0.63 (-0.92/-0.34) ***
0.31 (-0.36/0.99)

-0.42 (-0.72/-0.11) **
0.46 (-0.84/-0.09) *
-0.18 (-0.75/0.37)

-0.30 (-0.70/0.09)
-0.51 (-0.92/-0.11) *
-0.12 (-0.80/0.55)

-0.28 (-0.67/0.11)
-0.08 (-0.50/0.34)
0.14 (-0.88/1.17)

-0.45 (-0.98/0.08)
-0.35 (-0.98/0.28)
0.10 (-0.79/0.98)

Reference category
0.18 (-0.05/0.41)
0.64 (0.45/0.83) ***

0.10 (-0.12/0.32)
0.51 (0.33/0.69) ***

0.19 (-0.07/0.46)
0.67 (0.45/0.90) ***

0.24 (-0.14/0.62)
0.98 (0.69/1.26) ***

0.19(-0.22/0.60)
1.30***(0.94/1.66)

Reference category
-0.31 (-0.46/-0.15) ***
0.07(-0.14/0.29)

-0.31 (-0.48/-0.15) ***
-0.08(-0.28/0.12)

-0.46 (-0.67/-0.25) ***
-0.20 (-0.43/0.04)

-0.48 (-0.74/-0.21) ***
-0.04 (-0.31/0.22)

-0.55 (-0.80/-0.29) ***
0.12(-0.20/0.44)

Reference category
0.57 (0.39/ 0.76) ***

0.43 (0.24/ 0.63) ***

0.41 (0.22/ 0.60) ***

0.54 (0.30/ 0.78) ***

0.57 (0.27/ 0.88) ***

Reference category
0.16 (0.01/0.32) *

0.22 (0.06/0.38) **

0.45 (0.28/0.63) ***

0.71 (0.50/0.92) ***

0.84 (0.60/1.09) ***

Reference category
NA

NA

NA

-0.03 (-0.44/ 0.39)

0.11 (-0.32/0.57)

Note: *P value <0.05, ** P value <0.01, *** P value <0.001. The higher the internalising score, the more risk of having internalising problems
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Continue table A10.2
Covariates
Parental education
No qualification
Overseas
NVQ1
NVQ2
NVQ3
NVQ4
NVQ5
Parental occupational class
Not working
Manager/ professional
Intermediate
Small and self-employers
Lower supervisory/ technical
Semi-routine/ routine
Household income
Lowest quintile
Second quintile
Third quintile
Fourth quintile
Highest quintile
Maternal mental health
Not depressed
Depressed

Child age 3

Child age 5

Child age 7

Child age 11

Child age 14

Reference category
-0.30 (-0.98/0.38)
-0.57 (-1.03/-0.11) *
-1.02 (-1.36/-0.67) ***
-1.34 (-1.69/-1.00) ***
-1.62 (-1.96/-1.28) ***
-1.57 (-2.00/-1.16) ***

-0.26 (-0.93/0.41)
-0.59 (-0.98/-0.20) **
-1.03 (-1.32/-0.74) ***
-1.09 (-1.41/-0.77) ***
-1.30 (-1.60/-1.01) ***
-1.32 (-1.70/-0.93) ***

-0.44 (-1.03/0.15)
-0.39 (-0.86/0.08)
-0.87 (-1.20/-0.55) ***
-1.08 (-1.43/-0.72) ***
-1.18 (-1.51/-0.85) ***
-1.26 (-1.65/-0.87) ***

-0.27 (-1.02/0.47)
-0.16 (-0.66/0.34)
-0.33 (-0.73/0.08)
-0.73 (-1.18/-0.29) **
-1.00 (-1.37/-0.62) ***
-1.27 (-1.75/-0.80) ***

-0.62(-1.26/0.03)
-0.17 (-0.84/0.49)
-0.77 (-1.28/-0.25)**
-1.20 (-1.74/-0.65)***
-1.44 (-1.93/-0.95)***
-1.81 (-2.50/-1.11)***

Reference category
-0.77 (-0.96/-0.58) ***
-0.62 (-0.88/-0.36) ***
-0.71 (-1.06/-0.36) ***
-0.01 (-0.52/0.50)
-0.19 (-0.42/0.04)

-0.74 (-0.92/-0.57) ***
-0.57 (-0.78/-0.36) ***
-0.63 (-0.94/-0.32) ***
0.16 (-0.42/0.74)
-0.11(-0.36/0.15)

-0.57 (-0.78/-0.37) ***
-0.54 (-0.79/-0.29) ***
-0.42 (-0.82/-0.03) *
0.36 (-0.34/1.07)
0.01 (-0.22/0.24)

-0.82 (-1.06/-0.56) ***
-0.50 (-0.82/-0.19) ***
-0.29 (-0.80/0.23)
0.29 (-0.45/1.03)
0.15 (-0.16/0.46)

-0.86 (-1.13/-0.58)***
-0.81 (-1.12/-0.49)***
-0.68 (-1.26/-0.09)*
-0.22 (-0.96/0.52)
0.16 (-0.23/0.55)

Reference category
-0.73 (-1.02/-0.45) ***
-1.20 (-1.49/-0.91) ***
-1.43 (-1.71/-1.15) ***
-1.77 (-2.05/-1.50) ***

-0.59 (-0.87/-0.30) ***
-1.03 (-1.31/-0.75) ***
-1.16 (-1.44/-0.88) ***
-1.48 (-1.76/-1.19) ***

-0.51 (-0.85/-0.18) **
-1.01 (-1.33/-0.69) ***
-1.00 (-1.34/-0.65) ***
-1.43 (-1.74/-1.13) ***

-0.15(-0.59/0.29)
-0.79 (-1.20/-0.38) ***
-1.05 (-1.44/-0.66) ***
-1.69 (-2.06/-1.32) ***

-0.40 (-0.93/0.13)
-1.12 (-1.62/-0.62)***
-1.52 (-2.03/-1.01)***
-2.09 (-2.58/-1.59)***

Reference category
2.46 (1.78/3.15) ***

1.62 (1.10/2.14) ***

1.86 (1.09/2.63) ***

2.97 (2.14/3.80) ***

2.72 (1.61/3.84) ***

Note: *P value <0.05, ** P value <0.01, *** P value <0.001. The higher the internalising score, the more risk of having internalising problems
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Table A10. 3 Univariable linear regression analysis associating externalising difficulties scores at child age 5, 7, 11 and 14 years with
several demographic and social variables. Boys sample sizes range from 6153 to 6182.
Covariates
Child ethnicity
White
Mixed
Indian
Pakistani and Bangladeshi
Black
Other ethnic group
Language spoken at home
English
Other language
Birth weight
Normal
Low
High
Maternal age at childbirth
<20
20 to 29
30 to 39
40 plus
Childbirth order
1st born
Not 1st born

Child age 3

Child age 5

Child age 7

Child age 11

Child age 14

Reference category
-0.13 (-0.78/0.52)
0.63 (0.02/1.65)
1.36 (0.82/1.91) ***
-0.37 (-1.07/0.32)
1.64 (0.11/3.16)

-0.06 (-0.66/0.55)
0.10 (-0.43/0.63)
1.00 (0.54/1.47) ***
-0.19 (-1.07/0.69)
0.63 (-0.39/1.65)

-0.33 (-0.98/0.31)
0.37 (-0.35/1.09)
0.90 (0.51/1.29) ***
-0.41 (-1.24/0.43)
0.65 (-0.35/1.65)

-0.45(-1.15/0.25)
-0.09(-0.74/0.56)
0.38(-0.05/0.80)
-0.40(-1.38/0.58)
0.27(-0.90/1.44)

-0.46 (-1.22/0.31)
-0.20 (-0.75/0.35)
0.47 (0.01/0.94)
-0.20 (-1.21/0.81)
0.82 (-0.11/1.76)

Reference category
0.58 (0.15/1.01) **

0.40 (0.01/0.73) *

0.36 (0.00/0.72)

0.25 (-0.14/0.65)

0.37 (0.03/0.71) *

Reference category
0.45 (-0.13/ 1.03)
-0.31 (-0.61/ -0.01) *

0.63 (0.17/ 1.09) **
-0.28 (-0.53/ -0.04) *

0.80 (0.25/ 1.37) **
-0.28 (-0.57/0.01)

0.67 (0.10/0.125) *
-0.26 (-0.55/0.02)

0.25 (-0.27/0.79)
-0.32 (-0.60/ -0.04) *

Reference category
-0.88 (-1.42/-0.34) **
-1.96 (-2.47/-1.45) ***
-1.94 (-2.85/-1.03) ***

-0.98 (-1.55/-0.41) **
-1.77 (-2.33/-1.21) ***
-1.77 (-2.66/-0.89) ***

-1.09 (-1.71/-0.47) **
-1.97 (-2.58/-1.36) ***
-2.01 (-2.97/-1.05) ***

-0.96 (-1.51/-0.41) **
-1.94 (-2.49/-1.39) ***
-2.06 (-2.92/-1.19) ***

-0.82 (-1.43/-0.20) **
-1.69 (-2.31/-1.08) ***
-1.55 (-2.41/-0.70) ***

Reference category
-0.07 (-0.31/ 0.16)

-0.22 (-0.45/ 0.01)

-0.16 (-0.39/ 0.07)

-0.11 (-0.33/ 0.10)

-0.15 (-0.38/ 0.08)

Note: *P value <0.05, ** P value <0.01, *** P value <0.001. The higher the externalising score, the more risk of having externalising problems
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Continue table A10.3
Covariates
Breastfeeding
Yes
No
Maternal alcohol drinking
Never drinker
Light
Moderate
Heavy
Maternal smoking
0 cigarettes
1/9 cigarettes
≥ 10 cigarettes
Number of siblings
Single child
With 1 sibling
With ≥ 2 siblings
Marital status
Married
Cohabiting
Non-intact families
Stable families
Non stable
Puberty status
Not yet
Has begun puberty

Child age 3

Child age 5

Child age 7

Child age 11

Child age 14

Reference category
0.97 (0.68/1.25) ***

0.91 (0.66/1.16) ***

0.84 (0.56/1.11) ***

0.87 (0.58/1.17) ***

0.87 (0.55/1.18) ***

Reference category
-0.60 (-1.03/-0.17) **
-0.12 (-0.62/0.37)
0.22 (-0.62/1.05)

-0.18 (-0.64/0.29)
0.12 (-0.45/0.70)
0.09 (-0.75/0.92)

-0.31(-0.79/0.17)
-0.13(-0.69/0.43)
0.56(-0.40/1.51)

-0.10 (-0.57/0.37)
0.16 (-0.43/0.76)
-0.08 (-0.97/0.81)

-0.17 (-0.70/0.35)
0.13 (-0.52/0.79)
0.43 (-0.66/1.52)

Reference category
0.88 (0.49/1.27) ***
1.78 (1.48/2.08) ***

0.79 (0.40/1.17) ***
1.40 (1.11/1.69) ***

0.78 (0.38/1.17) ***
1.49 (1.18/1.80) ***

0.79 (0.41/1.17) ***
1.58 (1.26/1.89) ***

0.64 (0.20/1.07) ***
1.34 (0.98/1.69) ***

Reference category
0.10 (-0.15/0.35)
0.32 (-0.01/0.65)

-0.10 (-0.34/0.13)
0.05 (-0.28/0.38)

-0.17 (-0.44/0.10)
0.11 (-0.24/0.46)

-0.28 (-0.56/0.00)
0.06 (-0.30/0.42)

-0.02 (-0.32/0.28)
0.22 (-0.14/0.58)

Reference category
1.29 (1.00/ 1.58) ***

1.21 (0.95/ 1.47) ***

1.36 (1.08/ 1.63) ***

1.40 (1.04/ 1.70) ***

1.36 (0.99/1.72) ***

Reference category
0.84 (0.60/1.07) ***

0.77 (0.55/1.00) ***

0.88 (0.64/1.13) ***

1.14 (0.89/1.39) ***

0.94 (0.68/1.19) ***

Reference category
NA

NA

NA

-0.40 (-0.95/ 0.16)

-0.09 (-0.67/ 0.50)

Note: *P value <0.05, ** P value <0.01, *** P value <0.001. The higher the externalising score, the more risk of having externalising problems
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Continue table A10.3
Covariates
Parental education
No qualification
Overseas
NVQ1
NVQ2
NVQ3
NVQ4
NVQ5
Parental occupational
class
Not working
Manager/ professional
Intermediate
Small and self-employers
Lower supervise/ technical
Semi-routine/ routine
Household income
Lowest quintile
Second quintile
Third quintile
Fourth quintile
Highest quintile
Maternal mental health
Not depressed
Depressed

Child age 3

Child age 5

Child age 7

Child age 11

Child age 14

Reference category
-0.27 (-1.07/0.53)
-0.70 (-1.27/-0.14) *
-1.55 (-2.00/-1.10) ***
-1.76 (-2.24/-1.27) ***
-2.65 (-3.09/-2.22) ***
-2.38 (-3.97/-2.79) ***

-0.44 (-1.19/0.30)
-0.58 (-1.09/-0.07) *
-1.23 (-1.67/-0.80) ***
-1.32 (-1.78/-0.85) ***
-2.19 (-2.60/-1.78) ***
-2.57 (-3.17/-1.97) ***

-0.02 (-0.79/0.74)
-0.29 (-0.87/0.29)
-1.30 (-1.81/-0.80) ***
-1.44 (-1.94/-0.95) ***
-2.21 (-2.69/-1.74) ***
-2.56 (-3.21/-1.92) ***

-0.81 (-1.71/0.09)
-0.77 (-1.43/-0.09) *
-1.48 (-2.04/-0.93) ***
-1.69 (-2.27/-1.11) ***
-2.42 (-2.98/-1.87) ***
-3.10 (-3.72/-2.47) ***

-0.86 (-1.71/0.00)
-0.24 (-0.97/0.49)
-1.24 (-1.81/-0.67) ***
-1.41 (-2.00/-0.82) ***
-2.05 (-2.60/-1.49) ***
-2.65 (-3.28/-2.02) ***

Reference category
-1.35 (-1.67/-1.03) ***
-0.32 (-0.71/0.08)
-1.32 (-1.81/-0.84) ***
0.26 (-0.41/0.93)
0.13 (-0.22/.48)

-1.11(-1.37/-0.84) ***
-0.20 (-0.51/0.11)
-0.90 (-1.35/-0.45) ***
-0.02 (-0.59/0.55)
0.07 (-0.24/0.37)

-1.16 (-1.46/-0.86) ***
-0.16 (-0.52/0.20)
-1.08 (-1.61/-0.55) ***
0.31 (-0.36/0.99)
0.05(-0.32/0.44)

-1.16 (-1.43/-0.89) ***
-0.15 (-0.50/.20)
-0.96 (-1.46/-0.45) ***
0.35 (-0.49/1.18)
-0.03 (-0.40/0.34)

-1.09 (-1.40/-0.79) ***
-0.29 (-0.69/0.11)
-0.55 (-1.14/0.05)
0.27 (-0.52/1.05)
-0.13 (-0.52/0.26)

Reference category
-0.43 (-0.84/-0.02) *
-1.30 (-1.72/-0.88) ***
-1.74 (-2.20/-1.29) ***
-2.37 (-2.78/-1.96) ***

-0.44 (-0.88/0.00)
-0.87 (-1.30/-0.43) ***
-1.47 (-1.95/-1.00) ***
-1.90 (-2.30/-1.49) ***

-0.65 (-1.12/-0.18) **
-1.31 (-1.78/-0.84) ***
-1.83 (-2.29/-1.36) ***
-2.39 (-2.79/-2.00) ***

0.02 (-0.44/0.49)
-0.83 (-1.26/-0.39) ***
-1.35 (-1.82/-0.88) ***
-1.93 (-2.34/-1.52) ***

-0.36 (-0.86/0.15)
-1.05 (-1.53/-0.57) ***
-1.50 (-2.04/-0.96) ***
-1.92 (-2.38/-1.47) ***

Reference category
3.09 (2.25/3.93) ***

2.58 (1.80/3.36) ***

2.78 (1.90/3.66) ***

3.19 (2.18/4.20) ***

2.55 (1.39/ 3.71) ***

Note: *P value <0.05, ** P value <0.01, *** P value <0.001. The higher the externalising score, the more risk of having externalising problems
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Table A10. 4 Univariable linear regression analysis associating externalising difficulties scores at child age 5, 7, 11 and 14 years with
several demographic and social variables. Girls sample sizes range from 5908 to 5933.
Covariates
Child ethnicity
White
Mixed
Indian
Pakistani and Bangladeshi
Black
Other ethnic group
Language spoken at
home
English
Other language
Birth weight
Normal
Low
High
Maternal age at childbirth
< 20
20 to 29
30 to 39
40 plus
Childbirth order
1st born
Not 1st born

Child age 3

Child age 5

Child age 7

Child age 11

Child age 14

Reference category
-0.11 (-0.86/0.64)
0.06 (-0.62/0.74)
1.55 (0.97/2.14) ***
-0.37 (-1.05/0.31)
-0.50 (-1.26/0.27)

0.00 (-0.56/0.57)
0.37 (-0.43/1.16)
1.17 (0.65/1.69) ***
0.11 (-0.49/0.72)
0.25 (-0.69/1.20)

-0.24 (-0.88/0.40)
0.16 (-0.66/0.99)
0.75 (0.29/1.22) **
-0.40 (-0.84/0.03)
-0.18 (-1.01/0.65)

-0.29 (-0.87/0.30)
0.04 (-0.84/0.93)
0.37 (0.08/0.66) *
-0.36 (-0.97/0.24)
-0.32 (-1.02/0.38)

-0.30 (-0.85/0.26)
-0.67 (-1.36/0.02)
0.96 (0.53/1.39) *
0.17 (-0.65/0.99)
-0.59 (-1.38/0.20)

Reference category
0.17 (-0.14/0.48)

0.15 (-0.13/0.43)

0.03(-0.28/0.35)

-0.19 (-0.49/0.11)

0.02 (-0.28/0.33)

Reference category
1.05 (0.63/1.47) ***
-0.24 (-0.61/0.13)

0.92 (0.54/1.30) ***
-0.24 (-0.53/0.05)

1.14 (0.73/1.56) ***
-0.17 (-0.46/0.12)

0.95 (0.51/1.38) ***
-0.13 (-0.42/0.17)

0.97 (0.57/ 1.37) ***
-0.19 (-0.51/0.13)

Reference category
-1.71 (-2.29/-1.13) ***
-2.75 (-1.32/-2.19) ***
-3.03 (-3.76/-2.31) ***

-1.24 (-2.87/-0.62) ***
-2.00 (-2.60/-1.37) ***
-2.57 (-3.30/-1.83) ***

-1.14 (-1.78/-0.51) ***
-2.05 (-2.65/-1.26) ***
-2.00 (-2.75/-1.22) ***

-1.12 (-1.84/-0.40) **
-1.82 (-2.53/-1.11) ***
-1.75 (-2.66/-0.83) ***

-1.35 (-2.17/-0.53) **
-2.18 (-2.95/-1.40) ***
-1.91 (-2.92/-0.89) ***

Reference category
-0.09 (-0.31/0.13)

-0.08 (-0.29/ 0.11)

0.07 (-0.14/ 0.28)

-0.15 (-0.36/ 0.06)

-0.15 (-0.36/ 0.07)

Note: *P value <0.05, ** P value <0.01, *** P value <0.001. The higher the externalising score, the more risk of having externalising problems
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Continue table A10.4
Covariates
Breastfeeding
Yes
No
Maternal alcohol drinking
Never drinker
Light
Moderate
Heavy
Maternal smoking
0 cigarettes
1/9 cigarettes
≥ 10 cigarettes
Number of siblings
Single
With 1 sibling
With ≥ 2 siblings
Marital status
Married
Cohabiting
Non-intact families
Stable families
Non stable
Puberty status
Not yet
Has begun puberty

Child age 3

Child age 5

Child age 7

Child age 11

Child age 14

Reference category
1.18 (0.91/1.45) ***

0.82 (0.61/1.04) ***

0.88 (0.63/1.12) ***

0.64 (0.41/0.88) ***

0.81 (0.54/1.08) ***

Reference category
-0.49 (-0.94/-0.04) *
-0.16 (-0.67/0.36)
0.71 (-0.30/1.72)

-0.55 (-0.86/-0.21) **
-0.60 (-1.03/-0.17) **
0.44 (-0.41/1.29)

-0.60 (-0.93/-0.27) ***
-0.30 (-0.85/0.25)
0.33 (-0.59/1.25)

-0.43 (-0.83/-0.03) *
-0.28 (-0.75/0.18)
0.13 (-0.59/0.85)

-0.64 (-1.01/-0.27) **
-0.05 (-0.62/0.52)
0.60 (-0.40/1.60)

Reference category
0.78 (0.40/1.16) ***
1.45 (1.17/1.73) ***

0.67 (0.31/1.03) ***
1.40 (1.13/1.66) ***

0.72 (0.38/1.07) ***
1.41 (1.15/1.66) ***

0.52 (0.17/0.87) **
1.44 (1.17/1.71) ***

0.66 (0.22/1.09) **
1.59 (1.30/1.89) ***

Reference category
-0.23 (-0.47/0.01)
0.011(-0.20/0.42)

-0.46(-0.70/-0.29) ***
-0.16 (-0.41/0.10)

-0.73 (-0.96/-0.50) ***
-0.45 (-0.72/-0.19) **

-0.47 (-0.71/-0.22) ***
-0.02 (-0.30/0.25)

-0.60 (-0.84/-0.36) ***
-0.01 (-0.29/0.27)

Reference category
1.11 (0.82/1.40) ***

1.06 (0.81/ 1.30) ***

1.08 (0.80/1.30) ***

0.99 (0.74/1.25) ***

0.88 (0.61/1.16) ***

Reference category
0.77 (0.52/1.01) ***

0.74 (0.52/0.96) ***

0.86 (0.64/1.08) ***

1.13 (0.90/1.35) ***

1.03 (0.80/1.26) ***

Reference category
NA

NA

NA

0.05 (-0.31/0.40)

-0.04 (-0.42/ 0.41)

Note: *P value <0.05, ** P value <0.01, *** P value <0.001. The higher the externalising score, the more risk of having externalising problems
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Continue table A10.4
Covariates
Parental education
No qualification
Overseas
NVQ1
NVQ2
NVQ3
NVQ4
NVQ5
Paternal occupational
class
Not working
Manager/ professional
Intermediate
Small and self-employers
Lower supervise/ technical
Semi-routine/ routine
Household income
Lowest quintile
Second quintile
Third quintile
Fourth quintile
Highest quintile
Maternal mental health
Not depressed
Depressed

Child age 3

Child age 5

Child age 7

Child age 11

Child age 14

Reference category
-1.08 (-1.84/0.32) **
-0.54 (-1.20/0.11)
-1.37 (-1.84/-0.90) ***
-1.96 (-2.46/-1.47) ***
-2.47 (-2.94/-2.00) ***
-3.04 (-3.59/-2.50) ***

-0.84 (-1.50/-0.17) *
-0.27 (-0.85/0.30)
-1.01 (-1.40/-0.62) ***
-1.51 (-1.97/-1.05) ***
-1.97 (-2.35/-1.59) ***
-2.26 (-2.74/-1.78) ***

-0.87 (-1.59/-0.16) *
-0.43 (-1.12/0.26)
-0.95 (-1.41/-0.49) ***
-1.29 (-1.80/-0.78) ***
-1.84 (-2.29/-1.39) ***
-2.10 (-2.68/-1.53) ***

-0.81 (-1.55/-0.07) *
0.12 (-0.54/0.78)
-0.65 (-1.07/-0.22) **
-1.16 (-1.65/-0.67) ***
-1.76 (-2.19/-1.32) ***
-2.06 (-2.60/-1.53) ***

-0.56 (-1.34/0.22)
-0.24 (-0.90/0.42)
-0.92 (-1.37/-0.46) ***
-1.52 (-2.01/-1.03) ***
-2.15 (-2.57/-1.72) ***
-2.23 (-2.76/-1.70) ***

Reference category
-1.33 (-1.64/-1.02) ***
-0.53 (-0.98/-0.07) *
-0.67 (-1.05/-0.28) **
-0.04 (-0.43/0.35)
0.38 (0.01/0.74)

-1.10 (-1.36/-0.84) ***
-0.40 (-.86/0.04)
-0.66 (-1.00/-0.33) ***
-0.29 (-0.66/.08)
0.01 (-0.33/0.33)

-1.02 (-1.27/-0.76) ***
-0.52 (-1.00/-0.04) *
-0.66 (-0.97/-0.36) ***
-0.02 (-0.44/0.41)
0.38 (0.05/0.70)

-1.08 (-1.34/-0.82) ***
-0.54 (-1.01/-0.07) *
-0.62 (-0.99/-0.25) **
-0.12 (-0.53/0.28)
0.22 (-0.12/0.56)

-1.25 (-1.52/-0.98) ***
-0.68 (-1.19/-0.17) **
-0.65 (-0.97/-0.33) ***
-0.10(-0.57/0.37)
0.09(-0.25/0.43)

Reference category
-0.37 (-0.77/0.04)
-1.32 (-1.72/-0.93) ***
-2.00 (-2.38/-1.60) ***
-2.54 (-2.94/-2.15) ***

-0.54**(-0.91/-0.17)
-1.38 (-1.74/-1.02) ***
-1.63 (-2.00/-1.27) ***
-2.13 (-2.48/-1.77) ***

-0.36 (-0.73/0.02)
-1.03 (-1.38/-0.69) ***
-1.40 (-1.74/-1.05) ***
-1.97 (-2.31/-1.62) ***

-0.14 (-0.55/0.27)
-1.00 (-1.38/-0.60) ***
-1.32 (-1.71/-0.93) ***
-1.87 (-2.25/-1.50) ***

-0.54 (-0.98/-0.10) *
-1.27 (-1.71/-.83) ***
-1.69 (-2.09/-1.29) ***
-2.21 (-2.58/-1.85)

Reference category
2.67 (1.87/3.45) ***

2.30 (1.53/3.08) ***

1.84 (1.01/2.65) ***

2.39 (1.54/3.23) ***

2.21 (1.30/3.12) ***

Note: *P value <0.05, ** P value <0.01, *** P value <0.001. The higher the externalising score, the more risk of having externalising problems
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Appendix 11

Table A11. 1 Sex stratified adjusted regression coefficients (95% CI) for the internalising difficulties scores at child age 3, 5, 7, 11 and 14 by
asthma symptoms at child age 3, cross-sectional and longitudinal analysis.
Boys (N=6182)
Age 3
Age 5
Age 7
Age 11
Age 14

Girls (n=5933)

Model 1

Model 2

Model 3

Model 4

Model 5

Model 1

Model 2

Model 3

Model 4

Model 5

0.30 **

0.26 **

0.26 **

0.22 **

0.13

0.48 ***

0.40 ***

0.39 ***

0.37***

0.29 **

(0.13/0.47)

(0.09/0.43)

(0.09/0.43)

(0.06/0.39)

(-0.03/0.29)

(0.29/0.68)

(0.20/0.59)

(0.20/0.59)

(0.17/0.57)

(0.10/0.48)

0.60 ***

0.58 ***

0.57 ***

0.55***

0.43 ***

0.47 ***

0.41 ***

0.40***

0.38***

0.32 **

(0.40/0.81)

(0.38/0.77)

(0.37/0.77)

(0.35/0.74)

(0.24/0.62)

(0.26/0.67)

(0.20/0.62)

(0.20/0.61)

(0.18/0.58)

(0.12/0.51)

0.55 ***

0.52 ***

0.51 ***

0.47 ***

0.35 **

0.60 ***

0.53 ***

0.51 ***

0.49 ***

0.42**

(0.31/0.79)

(0.28/0.75)

(0.27/0.75)

(0.24/0.71)

(0.11/0.59)

(0.34/0.85)

(0.28/0.78)

(0.26/0.77)

(0.23/0.75)

(0.15/0.67)

0.59 ***

0.54***

0.53 ***

0.50 ***

0.35 **

0.86***

0.76 ***

0.73***

0.70 ***

0.61***

(0.31/0.86)

(0.27/0.81)

(0.26/0.80)

(0.23/0.76)

(0.09/0.61)

(0.59/1.12)

(0.49/1.03)

(0.46/1.01)

(0.44/0.97)

(0.34/0.88)

0.60 ***

0.55 ***

0.53 **

0.50**

0.37 *

0.87 ***

0.76 ***

0.74 ***

0.70 ***

0.61 ***

(0.29/0.91)

(0.25/0.85)

(0.23/0.84)

(0.20/0.80)

(0.07/0.67)

(0.58/1.17)

(0.46/1.05)

(0.45/1.03)

(0.41/0.99)

(0.32/0.90)

•

* P value <0.05. ** P value <0.01. *** P value <0.001

•

Model 1: socioemotional difficulties regressed on mother chronic illness

•

Model 2: Model 1 + Demographic and mother’s health behaviour

•

Model 3: Model2 + family structure variables

•

Model 4: Model 3 + socioeconomic characteristics

•

Model 5: Model 4 + maternal mental health

•

Reference group for mother chronic illness: mother has no chronic illness

•

The higher the internalising score, the more risk of having internalising problems
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Table A11. 2 Sex stratified adjusted regression coefficients (95% CI) for the externalising difficulties scores at child age 3, 5, 7, 11 and 14 by
asthma symptoms at child age 3, cross-sectional and longitudinal analysis.
Boys (N=6182)
Age 3
Age 5
Age 7
Age 11
Age 14

Girls (n=5933)

Model 1

Model 2

Model 3

Model 4

Model 5

Model 1

Model 2

Model 3

Model 4

Model 5

0.54 ***

0.44 **

0.43 **

0.40 **

0.21

0.72 ***

0.52 **

0.51 **

0.46**

0.34*

(0.29/0.80)

(0.19/0.70)

(0.18/0.69)

(0.16/0.65)

(-0.03/0.45)

(0.41/1.03)

(0.20/0.83)

(0.20/0.81)

(0.16/0.76)

(0.04/0.64)

0.60 ***

0.52 ***

0.50 ***

0.46**

0.30 *

0.94 ***

0.75 ***

0.73 ***

0.69 ***

0.61***

(0.33/0.86)

(0.26/0.79)

(0.23/0.77)

(0.20/0.72)

(0.04/0.56)

(0.65/1.23)

(0.47/1.03)

(0.45/1.01)

(0.41/0.98)

(0.33/0.89)

0.50 ***

0.44 **

0.42 **

0.38 **

0.24

0.80 ***

0.64 ***

0.60 ***

0.56 ***

0.50**

(0.22/0.77)

(0.17/0.70)

(0.16/0.69)

(0.12/0.64)

(-0.01/0.50)

(0.50/1.10)

(0.36/0.92)

(0.32/0.88)

(0.29/0.84)

(0.22/0.77)

0.52 ***
(0.23/0.80)

0.44 **

0.42 **

0.34 *

0.18

0.80 ***

0.71 ***

0.67 ***

0.63***

0.55***

(0.17/0.72)

(0.14/0.69)

(0.07/0.62)

(-0.08/0.46)

(0.55/1.05)

(0.45/0.97)

(0.41/0.93)

(0.37/0.89)

(0.30/0.81)

0.45 **

0.37 *

0.35 *

0.32

0.19

0.73 ***

0.61 ***

0.58 ***

0.54 ***

0.47 ***

(0.13/0.78)

(0.04/0.69)

(0.03/0.68)

(0.00/0.64)

(-0.14/0.51)

(0.45/1.00)

(0.36/0.86)

(0.34/0.83)

(0.29/0.78)

(0.23/0.72)

•

* P value <0.05. ** P value <0.01. *** P value <0.001

•

Model 1: socioemotional difficulties regressed on mother chronic illness

•

Model 2: Model 1 + Demographic and mother’s health behaviour

•

Model 3: Model2 + family structure variables

•

Model 4: Model 3 + socioeconomic characteristics

•

Model 5: Model 4 + maternal mental health

•

Reference group for mother chronic illness: mother has no chronic illness

•

The higher the externalising score, the more risk of having externalising problems
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Table A11. 3 Sex stratified adjusted regression coefficients (95% CI) for socioemotional difficulties scores at child age 3, 5, 7, 11 and 14 by
asthma diagnosis at child age 3, cross-sectional and longitudinal analysis.
Male (N=6182)
Model 1

Model 2

Model 3

Model 4

Model 5

Model 1

Model 2

Model 3

Model 4

Model 5

1.13 ***

0.78 **

0.74 **

0.70 **

0.49 *

0.88 ***

0.41

0.40

0.25

0.22

(0.65/1.61)

(0.33/1.23)

(0.30/1.18)

(0.28/1.13)

(0.08/0.90)

(0.41/1.35)

(-0.05/0.88)

(-0.06/0.87)

(-0.20/0.70)

(-0.22/0.65)

1.14 ***

0.87 **

0.85 **

0.80 **

0.61 *

1.09 ***

0.79 **

0.69 **

0.55 *

0.50 *

(0.62/1.65)

(0.36/1.38)

(0.34/1.35)

(0.30/1.30)

(0.12/1.10)

(0.57/1.60)

(0.21/1.18)

(0.20/1.17)

(0.06/1.03)

(0.01/1.00)

0.95 **

0.63 *

0.61 *

0.56 *

1.40 ***

0.98 **

0.97 **

0.82 **

0.77 *

(0.41/1.50)

(0.08/1.17)

(0.07/1.14)

(0.04/1.08)

0.39
(-0.12/0.90)

(0.77/2.02)

(0.40/1.55)

(0.39/1.55)

(0.23/1.40)

(0.16/1.38)

1.09 ***

0.79 **

0.77 **

0.69 *

0.46

1.51 ***

1.11 ***

1.10 ***

0.87 **

0.80 **

(0.50/1.69)

(0.21/1.38)

(0.20/1.34)

(0.13/1.24)

(-0.10/1.02)

(0.96/2.05)

(0.56/1.65)

(0.55/1.64)

(0.35/1.40)

(0.28/1.31)

1.05 **

0.71 *

0.67 *

0.59

0.37

1.76 ***

1.25 **

1.03 **

0.94 **

(0.43/1.66)

(0.09/1.32)

(0.06/1.28)

(0.00/1.17)

(-0.19/0.93)

(1.00/2.53)

1.25 **
(0.53/1.98)

(0.52/1.98)

(0.33/1.74)

(0.24/1.65)

Age 3
Age 5
Age 7

Female (n=5933)

Age 11
Age 14
•

* P value <0.05. ** P value <0.01. *** P value <0.001

•

Model 1: socioemotional difficulties regressed on mother chronic illness

•

Model 2: Model 1 + Demographic and mother’s health behaviour

•

Model 3: Model2 + family structure variables

•

Model 4: Model 3 + socioeconomic characteristics

•

Model 5: Model 4 + maternal mental health

•

Reference group for mother chronic illness: mother has no chronic illness

•

The higher the socioemotional difficulties scores, the more risk of having problems
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Table A11. 4 Sex stratified adjusted regression coefficients (95% CI) for the internalising difficulties scores at child age 3, 5, 7, 11 and 14 by
childhood obesity at child age 3, cross-sectional and longitudinal analysis.
Boys (N=6182)
Age 3
Age 5
Age 7
Age 11
Age 14

Girls (n=5933)

Model 1

Model 2

Model 3

Model 4

Model 5

Model 1

Model 2

Model 3

Model 4

Model 5

0.24

0.16

0.15

0.12

0.16

0.09

-0.01

-0.01

-0.03

-0.02

(-0.08/0.56)

(-0.16/0.49)

(-0.18/0.48)

(-0.21/0.45)

(-0.16/0.49)

(-0.25/0.44)

(-0.35/0.32)

(-0.34/0.32)

(-0.36/0.29)

(-0.33/0.30)

0.25

0.16

0.16

0.14

0.20

0.36*

0.28

0.28

0.25

0.27

(-0.13/0.62)

(-0.22/0.55)

(-0.22/0.54)

(-0.24/0.52)

(-0.15/0.55)

(0.01/0.71)

(-0.08/0.64)

(-0.08/0.64)

(-0.12/0.61)

(-0.08/0.63)

0.51*

0.44

0.44

0.38

0.41

0.50 *

0.44*

0.44*

0.40

0.41

(0.05/0.97)

(-0.02/0.91)

(-0.03/0.90)

(-0.07/0.83)

(-0.03/0.85)

(0.08/0.91)

(0.01/0.87)

(0.01/0.87)

(-0.03/0.82)

(0.00/0.81)

0.68 **

0.61 *

0.60 *

0.54 *

0.60 **

0.67 **

0.61*

0.60 *

0.53*

0.53*

(0.21/1.16)

(0.13/1.08)

(0.13/1.06)

(-0.08/1.00)

(0.17/1.03)

(0.21/1.14)

(0.14/1.07)

(0.14/1.06)

(0.06/0.99)

(0.07/1.00)

0.60 *

0.53

0.51

0.47

0.51

0.31

0.23

0.23

0.15

0.17

(0.02/1.17)

(-0.04/1.09)

(-0.03/1.06)

(-0.08/1.03)

(-0.04/1.05)

(-0.19/0.81)

(-0.28/0.75)

(-0.29/0.75)

(-0.36/0.65)

(-0.33/0.67)

•

* P value <0.05. ** P value <0.01. *** P value <0.001

•

Model 1: socioemotional difficulties regressed on mother chronic illness

•

Model 2: Model 1 + Demographic and mother’s health behaviour

•

Model 3: Model2 + family structure variables

•

Model 4: Model 3 + socioeconomic characteristics

•

Model 5: Model 4 + maternal mental health

•

Reference group for mother chronic illness: mother has no chronic illness

•

The higher the internalising score, the more risk of having internalising problems
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Table A11. 5 Sex stratified adjusted regression coefficients (95% CI) for the externalising difficulties scores at child age 3, 5, 7, 11 and 14 by
childhood obesity at child age 3, cross-sectional and longitudinal analysis.
Boys (N=6182)
Age 3
Age 5
Age 7
Age 11
Age 14

Girls (n=5933)

Model 1

Model 2

Model 3

Model 4

Model 5

Model 1

Model 2

Model 3

Model 4

Model 5

0.49

0.35

0.32

0.27

0.36

0.28

0.12

0.13

0.06

0.09

(-0.02/0.10)

(-.17/0.87)

(-0.20/0.84)

(-0.26/0.80)

(-0.16/0.88)

(-0.20/0.76)

(-0.34/0.59)

(-0.33/0.60)

(-0.38/0.50)

(-0.33/0.51)

0.47

0.38

0.37

0.33

0.41

0.29

0.15

0.15

0.07

0.10

(-0.05/1.00)

(-0.16/0.92)

(-0.17/0.92)

(-0.22/0.87)

(-0.13/0.95)

(-0.18/0.76)

(-0.31/0.62)

(-0.31/0.61)

(-0.36/0.52)

(-0.33/0.54)

0.30

0.23

0.22

0.14

0.18

-0.02

-0.13

-0.14

-0.22

-0.20

(-0.32/0.92)

(-0.39/0.86)

(-0.40/0.84)

(-0.47/0.75)

(-0.41/0.77)

(-0.52/0.47)

(-0.64/0.37)

(-0.64/0.36)

(-0.71/0.28)

(-0.68/0.28)

0.31
(-0.30/0.91)

0.24

0.22

0.13

0.21

-0.05

-0.14

-0.16

-0.26

-0.26

(-0.38/0.87)

(-0.41/0.85)

(-0.49/0.76)

(-0.42/0.83)

(-0.52/0.42)

(-0.60/0.32)

(-0.62/0.31)

(-0.70/0.19)

(-0.69/0.18)

0.27

0.22

0.19

0.12

0.17

-0.11

-0.20

-0.21

-0.29

-0.27

(-0.43/0.97)

(-0.50/0.94)

(-0.53/0.92)

(-0.60/0.84)

(-0.54/0.89)

(-0.65/0.40)

(-0.72/0.32)

(-0.73/0.31)

(-0.80/0.22)

(-0.76/0.23)

•

* P value <0.05. ** P value <0.01. *** P value <0.001

•

Model 1: socioemotional difficulties regressed on mother chronic illness

•

Model 2: Model 1 + Demographic and mother’s health behaviour

•

Model 3: Model2 + family structure variables

•

Model 4: Model 3 + socioeconomic characteristics

•

Model 5: Model 4 + maternal mental health

•

Reference group for mother chronic illness: mother has no chronic illness

•

The higher the externalising score, the more risk of having externalising problems
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Table A11. 6 Sex stratified adjusted regression coefficients (95% CI) for the internalising difficulties scores at child age 3, 5, 7, 11 and 14 by
mother chronic illness at child age 3, cross-sectional and longitudinal analysis.
Boys (N=6182)
Age 3
Age 5
Age 7
Age 11
Age 14

Girls (n=5933)

Model 1

Model 2

Model 3

Model 4

Model 5

Model 1

Model 2

Model 3

Model 4

Model 5

0.34***

0.30 **

0.29 **

0.24 **

0.05

0.30 **

0.25 **

0.25 **

0.20*

0.01

(015/0.52)

(0.12/0.48) (0.11/0.47)

(0.06/0.42) (-0.13/0.24)

(0.12/0.48) (0.07/0.43)

(0.07/0.43)

(0.02/ 0.37)

(-0.15/0.18)

0.66 ***

0.64 ***

0.59 ***

0.38 ***

0.34 ***

0.29 **

0.14

0.62 ***

0.40***

0.34 ***

(0.45/0.86) (0.43/0.83) (0.42/0.82)

(0.39/0.78) (0.21/0.59)

(0.18/0.55) (0.15/0.52)

(0.16/0.52)

(0.11/0.47)

(-0.03/0.32)

0.88 ***

0.77 ***

0.60 ***

0.55 ***

0.50 ***

0.35**

0.85 ***

0.83 ***

0.60 ***

0.55 ***

(0.66/1.10) (0.62/1.06) (0.61/1.05)

(0.56/0.99) (0.39/0.80)

(0.39/0.80) (0.35/0.75)

(0.35/0.75)

(0.30/0.70)

(0.15/0.56)

1.30 ***

1.19 ***

0.66 ***

0.59 ***

0.50 ***

0.30 *

1.26 ***

1.24 ***

0.97 ***

0.59 ***

(1.03/1.58) (0.99/1.54) (0.97/1.52)

(0.93/1.45) (0.73/1.21)

(0.41/0.90) (0.35/0/83)

(0.35/0.83)

(0.27/0.74)

(0.05/0.55)

1.06 ***

0.90 ***

0.68 ***

0.59 ***

0.60 ***

0.49 **

0.30 *

0.40/0.97)

(0.31/0.87)

(0.32/0.88)

(0.20/0.77)

(0.02/0.59)

0.98 ***

0.95 ***

(0.77/1.36) (0.69/1.27) (0.66/1.24)

0.74***

(0.62/1.19) (0.48/1.00)

•

* P value <0.05. ** P value <0.01. *** P value <0.001

•

Model 1: socioemotional difficulties regressed on mother chronic illness

•

Model 2: Model 1 + Demographic and mother’s health behaviour

•

Model 3: Model2 + family structure variables

•

Model 4: Model 3 + socioeconomic characteristics

•

Model 5: Model 4 + maternal mental health

•

Reference group for mother chronic illness: mother has no chronic illness

•

The higher the internalising score, the more risk of having internalising problems
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Table A11. 7 Sex stratified regression coefficients (95% CI) for the externalising difficulties scores at child age 3, 5, 7, 11 and 14 by mother
chronic illness at age 3,cross-sectional and longitudinal analysis.
Boys (N=6182)
Age 3
Age 5
Age 7
Age 11
Age 14

Girls (n=5933)

Model 1

Model 2

Model 3

Model 4

Model 5

Model 1

Model 2

Model 3

Model 4

Model 5

0.93 ***

0.83 ***

0.80 ***

0.75 ***

0.43 **

0.33 **

0.21

0.21

0.12

-0.14

(0.65/1.21) (0.57/1.09)

(0.53/1.05)

(0.50/1.01) (0.18/0.69)

(0.08/0.58) (-0.03/0.45)

(-0.02/0.45)

(-0.12/0.35)

(-0.38/0.09)

0.73 ***

0.62***

0.59 ***

0.29 *

0.18

0.12

-0.07

(0.46/1.01) (0.38/0.92)

(0.36/0.88)

(0.32/0.85) (0.08/0.60)

(0.06/0.51) (-0.04/0.40)

(-0.03/0.40)

(-0.10/0.34)

(-0.29/0.15)

0.82 ***

0.71***

0.65 ***

0.37 **

0.26*

0.18

0.01

(0.54/1.10) (0.46/1.01)

(0.43/0.99)

(0.38/0.93) (0.18/0.73)

(0.11/0.63) (0.01/0.52)

(0.01/0.52)

(-0.07/0.43)

(-0.24/0.27)

0.92***

0.80 ***

0.75 ***

0.52 ***

0.42 **

0.34*

0.15

(0.61/1.24) (0.54/ 1.15)

(0.50/1.10)

(0.45/1.05) (0.22/0.82)

(0.25/0.78) (0.15/0.68)

(0.15/0.68)

(0.07/0.60)

(-0.11/0.42)

0.78 ***

0.63 ***

0.60 ***

0.44 **

0.32 *

0.23

0.04

(0.30/0.96)

(0.26/0.93) (0.08/0.68)

(0.05/0.59)

(-0.03/0.51)

(-0.21/0.30)

0.65 ***
0.74 ***
0.85 ***
0.68 ***

(0.43/1.12) (0.34/1.01)

0.34*
0.46**
0.52 **
0.38 *

•

* P value <0.05. ** P value <0.01. *** P value <0.001

•

Model 1: socioemotional difficulties regressed on mother chronic illness

•

Model 2: Model 1 + Demographic and mother’s health behaviour

•

Model 3: Model2 + family structure variables

•

Model 4: Model 3 + socioeconomic characteristics

•

Model 5: Model 4 + maternal mental health

•

Reference group for mother chronic illness: mother has no chronic illness

•

The higher the externalising score, the more risk of having externalising problems

0.18
0.26 *
0.42 **
0.32 *

(0.17/0.72) (0.04/0.59)

446

Table A11. 8 Sex stratified adjusted regression coefficients (95% CI) for the internalising difficulties scores at child age 3, 5, 7, 11 and 14 by
father chronic illness at child age 3, cross-sectional and longitudinal analysis.
Boys (N=6182)
Age 3
Age 5
Age 7
Age 11
Age 14

Girls (n=5933)

Model 1

Model 2

Model 3

Model 4

Model 5

Model 1

Model 2

Model 3

Model 4

Model 5

0.18

0.19

0.18

0.10

0.04

0.19

0.18

0.17

0.11

0.06

(-0.01/0.38)

(0.00/0.39)

(-0.01/0.37)

(-0.09/0.29)

(-0.15/0.23)

(-0.01/0.39)

(-0.01/0.37)

(-0.02/0.35)

(-0.07/0.30)

(-0.11/0.24)

0.17

0.17

0.16

0.09

0.03

0.03

0.02

0.01

-0.05

-0.12

(-0.05/0.38)

(-0.04/0.38)

(-0.05/0.37)

(-0.12/0.30)

(-0.18/0.24)

(-0.15/0.21)

(-0.15/0.19)

(-0.16/0.18)

(-0.21/0.12)

(-0.28/0.05)

0.29*

0.28*

0.27*

0.17

0.10

0.24*

0.21

0.21

0.15

0.08

(0.04/0.54)

(0.04/0.53)

(0.03/0.52)

(-0.07/0.41)

(-0.14/0.33)

(0.02/0.46)

(-0.01/0.43)

(-0.01/0.43)

(-0.07/0.36)

(-0.13/0.30)

0.23

0.22

0.21

0.10

0.03

0.27

0.23

0.22

0.13

0.05

(-0.04/0.49)

(-0.04/0.48)

(-0.05/0.47)

(-0.16/0.35)

(-0.22/0.27)

(-0.02/0.55)

(-0.06/0.52)

(-0.06/0.51)

(-0.15/0.41)

(-0.23/0.33)

0.42**

0.40**

0.40 **

0.30*

0.23

0.48**

0.41*

0.40*

0.26

0.18

(0.14/0.70)

(0.14/0.67)

(0.13/0.67)

(0.03/0.57)

(-0.02/0.50)

(0.13/0.82)

(0.07/0.75)

(0.06/0.74)

(-0.07/0.59)

(-0.13/0.50)

•

* P value <0.05. ** P value <0.01. *** P value <0.001

•

Model 1: socioemotional difficulties regressed on mother chronic illness

•

Model 2: Model 1 + Demographic and mother’s health behaviour

•

Model 3: Model2 + family structure variables

•

Model 4: Model 3 + socioeconomic characteristics

•

Model 5: Model 4 + maternal mental health

•

Reference group for mother chronic illness: mother has no chronic illness

•

The higher the internalising score, the more risk of having internalising problems
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Table A11. 9 Sex stratified adjusted regression coefficients (95% CI) for the externalising difficulties scores at child age 3, 5, 7, 11 and 14 by
father chronic illness at child age 3, cross-sectional and longitudinal analysis.
Boys (N=6182)
Age 3
Age 5
Age 7
Age 11
Age 14

Girls (n=5933)

Model 1

Model 2

Model 3

Model 4

Model 5

Model 1

Model 2

Model 3

Model 4

Model 5

0.33 *

0.28

0.25

0.17

0.06

0.24

0.17

0.16

0.07

0.003

(0.04/0.62) (0.00/0.56)

(-0.02/0.53)

(-0.11/0.45)

(-0.22/0.34)

(-0.06/0.55)

(-0.12/0.45)

(-0.13/0.44)

(-0.22/0.3)

(-0.28/0.29)

0.29 *

0.24

0.16

0.07

0.10

0.05

0.04

-0.01

-0.14

(0.01/0.57) (-0.02/0.54)

(-0.04/0.51)

(-0.11/0.43)

(-0.20/0.34)

(-0.16/0.36)

(-0.20/0.30)

(-0.21/0.29)

(-0.32/0.18)

(-0.39/0.11)

0.42 **

0.34 *

0.24

0.15

0.23

0.17

0.15

0.07

0.01

(0.11/0.72) (0.08/0.66)

(0.06/0.63)

(-0.05/0.52)

(-0.14/0.43)

(-0.05/0.50)

(-0.10/0.44)

(-0.11/0.43)

(-0.19/0.33)

(-0.25/0.28)

0.36 *
(0.05/0.68)

0.37 *

0.34 *

0.24

0.11

0.20

0.17

0.15

0.07

-0.02

(0.08/0.67)

(0.06/0.63)

(-0.05/0.52)

(-0.17/0.40)

(-0.06/0.45)

(-0.10/0.44)

(-0.11/0.43)

(-0.19/0.33)

(-0.28/0.24)

0.40*

0.39 *

0.31

0.24

0.37 **

0.29 *

0.28 *

0.16

0.10

(0.03/0.75)

(-0.04/0.67)

(-0.11/0.59)

(0.09/0.65)

(0.02/0.56)

(0.01/0.56)

(-0.11/0.43)

(-0.18/0.37)

0.43 *

0.26
0.37 *

(0.06/0.80) (0.04/0.76)
•

* P value <0.05. ** P value <0.01. *** P value <0.001

•

Model 1: socioemotional difficulties regressed on mother chronic illness

•

Model 2: Model 1 + Demographic and mother’s health behaviour

•

Model 3: Model2 + family structure variables

•

Model 4: Model 3 + socioeconomic characteristics

•

Model 5: Model 4 + maternal mental health

•

Reference group for mother chronic illness: mother has no chronic illness

•

The higher the externalising score, the more risk of having externalising problems
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Appendix 12

Figure A12. 1 Scree plot of mother involvement factor eigenvalues for
exploratory factor analysis (EFA).
(a) Boys sample

(b) Girls sample
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Figure A12. 2 Scree plot of father involvement factor eigenvalues for
exploratory factor analysis (EFA).
(a) Boys sample

(b) Girls sample
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Figure A12. 3 Scree plot of child self esteem factor eigenvalues for exploratory
factor analysis (EFA).
(a) Boys sample

(b) Girls sample

451

Appendix 13
Table A13. 1 Test of mediation from asthma symptoms at child age 3 years to
internalising difficulties score at child age 14

Total effect
Direct effect
Indirect effect
Proportion mediated %

Boys (N=6182)

Girls (N=5933)

0.41 (0.10/ 0.72) *

0.53 (0.23/ 0.82) **

0.13 (0.03/ 0.22) *

0.16 (0.07/0.25) **

0.40 (0.10/ 0.70) **

0.40 (0.10/ 0.71) **

0.13 (0.03/ 0.22) **

0.12 (0.03/ 0.21) **

0.01 (-0.09/ 0.10)

0.13 (0.04/ 0.21) **

0.002 (-0.03/ 0.03)

0.04 (0.01/ 0.06) **

0%

0.25%

Moderated mediated P value

>0.05

•

Notes: ***p<0.001, **p<0.01, *p<0.05. Model adjusted for demographic,
parental healthy behaviour and socioeconomic characteristics.

•

Unstandardised regression coefficients and standard errors are in bold.
Standardised coefficients and standard errors are non-bolded.

Table A13. 2 Test of mediation from asthma symptoms at child age 3 years to
externalising difficulties score at child age 14.

Total effect
Direct effect
Indirect effect
Proportion mediated %
Moderated mediated P value

Boys (N=6182)

Girls (N=5933)

0.21 (-0.11/ 0.53)

0.42 (0.16/ 0.67) **

0.06 (-0.03/ 0.15)

(0.05/0.22) **

0.21 (-0.11/ 0.53)

0.32 (0.06/ 0.58) *

0.06 (-0.03/ 0.15)

0.10 (0.02/ 0.19) *

0.003 (-0.12/ 0.13)

0.10 (0.01/ 0.18) *

0.001 (-0.03/ 0.04)

0.03 (0.004/ 0.06) *

0%

23%
>0.05

•

Notes: ***p<0.001, **p<0.01, *p<0.05. Model adjusted for demographic,
parental healthy behaviour and socioeconomic characteristics.

•

Unstandardised regression coefficients and standard errors are in bold.
Standardised coefficients and standard errors are non-bolded
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Figure A13. 1 Conceptual models linking asthma symptoms at age 3 with internalising difficulties problems at child age 14 through
parental mental health (child age 5), family function (child age 7) and child self-esteem (child age 11). Girls sample

Note: The model illustrates the hypothesised relationships linking mother chronic illness and internalising difficulties. The diagram shows
unstandardised regression coefficients and standard errors in bold. Standardised coefficients and standard errors are non-bolded. Only statistically 453
significant (*p < 0.05; **p < 0.01; ***p <0 .001) results are shown. The model was controlled by demographic and mother’s health behaviour, family
structure, SEP and maternal mental health variable at base line.

Figure A13. 2 Conceptual models linking asthma symptoms at age 3 with externalising difficulties problems at child age 14 through
parental mental health (child age 5), family function (child age 7) and child self-esteem (child age 11). Girls sample

Note: The model illustrates the hypothesised relationships linking mother chronic illness and externalising difficulties. The diagram shows
unstandardised regression coefficients and standard errors in bold. Standardised coefficients and standard errors are non-bolded. Only statistically
454
significant (*p < 0.05; **p < 0.01; ***p < 0.001) results are shown. The model was controlled by demographic and mother’s health behaviour, family
structure, SEP and maternal mental health variable at base line.

Table A13. 3 Test of mediation from mother chronic illness at child age 3 years
to internalising difficulties score at child age 14.

Total effect
Direct effect
Indirect effect
Proportion mediated

Boys (N=6182)

Girls (N=5933)

0.72 (0.44/ 1.00) ***

0.30 (0.05/ 0.54) *

0.22 (0.14/ 0.31) ***

0.10 (0.01/ 0.18) *

0.54 (0.25/ 0.82) ***

0.25 (0.02/ 0.48) *

0.17 (0.08/ 0.26) ***

0.08 (0.01/ 0.16) *

0.18 (0.08/ 0.28) ***

0.05 (-0.04/ 0.14)

0.05 (0.02/ 0.08) ***

0.02 (-0.01/ 0.05)

25%

0%

Moderated mediated P value
•
•
•

0.04

Notes: ***p<0.001, **p<0.01, *p<0.05. Model adjusted for demographic,
parental healthy behaviour and socioeconomic characteristics .
Unstandardised regression coefficients and standard errors are in bold.
Standardised coefficients and standard errors are non-bolded.

Table A13. 4 Test of mediation from mother chronic illness at child age 3 years
to externalising difficulties score at child age 14.
Boys (N=6182)

Girls (N=5933)

Total effect

0.40 (0.07/ 0.72) *

0.07 (-0.21/ 0.34)

Direct effect

0.11(0.02/ 0.20) *
0.18 (-0.16/ 0.53)

0.02 (-0.07/ 0.11)
0.02 (-0.25/ 0.30)

Indirect effect

0.05 (-0.04/ 0.15)
0.22 (0.08/ 0.35) **

0.01 (-0.08/ 0.10)
0.05 (-0.04/ 0.13)

Proportion mediated

0.06 (0.02/ 0.10) **
55%

0.01 (-0.01/ 0.04)
0%

Moderated mediated P value

0.03

•

Notes: ***p<0.001, **p<0.01, *p<0.05. Model adjusted for demographic,
parental healthy behaviour and socioeconomic characteristics.

•

Unstandardised regression coefficients and standard errors are in bold.
Standardised coefficients and standard errors are non-bolded.
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Figure A13. 3 Conceptual models linking mother chronic illness at age 3 with internalising difficulties problems at child age 14 through
parental mental health (child age 5), family function (child age 7) and child self-esteem (child age 11). Girls sample

Note: The model illustrates the hypothesised relationships linking mother chronic illness and externalising difficulties. The diagram shows
unstandardised regression coefficients and standard errors in bold. Standardised coefficients and standard errors are non-bolded. Only
statistically significant (*p <0 .05; **p < 0.01; ***p <0 .001) results are shown. The model was controlled by demographic and mother’s health
456
behaviour, family structure, SEP and maternal mental health variable at base line.

Figure A13. 4 Conceptual models linking mother chronic illness at age 3 with externalising difficulties problems at child age 14 through
parental mental health (child age 5), family function (child age 7) and child self-esteem (child age 11). Girls sample

Note: The model illustrates the hypothesised relationships linking mother chronic illness and externalising difficulties. The diagram shows
unstandardised regression coefficients and standard errors in bold. Standardised coefficients and standard errors are non-bolded. Only457
statistically significant (*p < 0.05; **p < 0.01; ***p < 0.001) results are shown. The model was controlled by demographic and mother’s health
behaviour, family structure, SEP and maternal mental health variable at base line.

Appendix 14
Table A14. 1 Parameters estimates (standard errors) of the linear latent growth
curve model for internalising difficulties scores.
Parameter

Estimates (SE)
Boys (N=6141)

Girls (N=5892)

Mean initial status (Intercept)

2.60 (0.03) ***

2.38 (0.03) ***

Mean Growth Rate (Slope)

0.06 (0.004) ***

0.10 (0.005) ***

Covariance (intercept with slope)

-0.06 (0.01)***

-0.05 (0.01)***

Variance initial status (intercept)

3.39 (0.10) ***

2.87 (0.09) ***

Variance Growth Rate (slope)

0.05 (0.002) ***

0.04 (0.002) ***

•

* P value <0.05, ** P value <0.01, *** P value <0.001

Table A14. 2 Parameters estimates (standard errors) of the linear latent growth
curve model for externalising difficulties scores.
Parameter

Estimates (SE)
Boys (N=6141)

Girls (N=5892)

Mean initial status (Intercept)

5.85 (0.05) ***

4.77 (0.04) ***

Mean Growth Rate (Slope)

-0.12 (0.005) ***

-0.13 (0.005) ***

Covariance (intercept with slope)

-0.19 (0.02)***

-0.18 (0.02)***

Variance initial status (intercept)

8.53 (0.22) ***

6.94 (0.19) ***

Variance Growth Rate (slope)

0.05 (0.003) ***

0.03 (0.002) ***

•

* P value <0.05, ** P value <0.01, *** P value <0.001
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Table A14. 3 Model fit indices comparing Piecewise latent growth curve models
using different knot-point at age 5, 7 and 11 for internalising difficulties scores.
Model
Fit
Indice
s

Boys (N=6148)

Girls (N=5899)

Piecewis
e
Age 5

Piecewis
e
Age 7

Piecewis
e
Age 11

Piecewis
e
Age 5

Piecewis
e
Age 7

Piecewis
e
Age 11

X2
AIC

56***
114819

661***
115425

2268***
117026

618***
111565

2222***
113162

BIC

114907

115512

117093

111652

113229

RMSE
A
CFI
TLI
SRMR

0.03

0.12

0.19

104***
111051.2
7
111138.1
5
0.05

0.12

0.19

0.99
0.99
0.01

0.91
0.88
0.07

0.71
0.71
0.14

0.99
0.98
0.02

0.90
0.86
0.07

0.66
0.66
0.16

•

* P value <0.05, ** P value <0.01, *** P value <0.001

Table A14. 4 Model fit indices comparing Piecewise latent growth curve models
using different knot-point at age 5, 7 and 11 for externalising difficulties scores.
Model
Fit
Indice
s

Boys (N=6151)

Girls (N=5901)

Piecewis
e
Age 5

Piecewis
e
Age 7

Piecewis
e
Age 11

Piecewis
e
Age 5

Piecewis
e
Age 7

Piecewis
e
Age 11

X2
AIC

147***
123470.6

1520***
124843

4251***
127568

1541***
117557

4949***
120959

BIC

123558.0
4
0.05

124930

127635

117644

121026

0.18

0.26

133.45***
116149.3
8
116236.2
6
0.05

0.19

0.29

0.99
0.98
0.02

0.87
0.82
0.08

0.65
0.65
0.18

0.99
0.98
0.02

0.85
0.79
0.10

0.53
0.53
0.22

RMSE
A
CFI
TLI
SRMR
•

* P value <0.05, ** P value <0.01, *** P value <0.001
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Table A14. 5 Model fit indices comparing linear latent growth curve model with
quadratic and Piecewise latent growth curve models for internalising difficulties
scores.
Model
Fit
Indices

Boys (N=6148)
Linear

Quadratic

Girls (N=5899)
Piecewise Linear

X2
612***
189***
56***
638***
AIC
115369.8 114954.80 114819.91 111579.4
BIC
115437.1 115048.93 114907.32 111646.3
RMSEA 0.10
0.07
0.03
0.10
CFI
0.92
0.97
0.99
0.90
TLI
0.92
0.96
0.99
0.90
SRMR
0.07
0.03
0.01
0.06
• * P value <0.05, ** P value <0.01, *** P value <0.001

Quadratic

Piecewise

92***
111041.01
111134.56
0.05
0.98
0.98
0.02

104***
111051.27
111138.15
0.05
0.99
0.98
0.02

Table A14. 6 Model fit indices comparing linear latent growth curve model with
quadratic and Piecewise latent growth curve models for externalising difficulties
scores.
Model
Fit
Indices

Boys (N=6151)
Linear

Quadratic

Girls (N=5901)
Piecewise Linear

X2
1609***
836***
147***
1977***
AIC
124926.33 124161.8
123470.6
117987.18
BIC
124993.58 124255.9
123558.04 118054.01
RMSEA 0.16
0.15
0.05
0.18
CFI
0.87
0.93
0.99
0.81
TLI
0.87
0.88
0.98
0.81
SRMR
0.12
0.05
0.02
0.14
• * P value <0.05, ** P value <0.01, *** P value <0.001

Quadratic

Piecewise

813.91***
116831.85
116925.41
0.15
0.92
0.87
0.06

133.45***
116149.38
116236.26
0.05
0.99
0.98
0.02
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Figure A14. 1 Sample and estimated means of child internalising difficulties by
child age (3-14) resulting from linear latent curve growth analysis, stratified by
child sex.

Figure A14. 2 Sample and estimated means of child externalising difficulties by
child age (3-14) resulting from linear latent curve growth analysis, stratified by
child sex.
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..Figure A14. 3 Sample and estimated means of child internalising difficulties by
child age (3-14) resulting from quadratic latent curve growth analysis, stratified by
child sex.

Figure A14. 4 Sample and estimated means of child externalising difficulties by
child age (3-14) resulting from quadratic latent curve growth analysis, stratified by
child sex.
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Figure A14. 5 Sample and estimated means of internalising difficulties by child
age (3-14) resulting from piecewise latent curve growth analysis with age 5
chosen as the knot point, stratified by child sex.

Figure A14. 6 Sample and estimated means of externalising difficulties by child
age (3-14) resulting from piecewise latent curve growth analysis with age 5
chosen as the knot point, stratified by child sex.
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Figure A14. 7 Sample and estimated means of child internalising difficulties by
child age (3-14) resulting from piecewise latent curve growth analysis with age 7
chosen as the knot point, stratified by child sex.

Figure A14. 8 Sample and estimated means of child externalising difficulties by
child age (3-14) resulting from piecewise latent curve growth analysis with age 7
chosen as the knot point, stratified by child sex.

464

Figure A14. 9 Sample and estimated means of child internalising difficulties by
child age (3-14) resulting from piecewise latent curve growth analysis with age 11
chosen as the knot point, stratified by child sex.

Figure A14. 10 Sample and estimated means of child externalising difficulties by
child age (3-14) resulting from piecewise latent curve growth analysis with age 11
chosen as the knot point, stratified by child sex.
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Appendix 15
Table A15. 1 Information criteria (fit indices) of latent profile analyses for child
internalising difficulties scores repeated measures (age 3-14).
Classes

SSABIC

Entropy

Smallest class size

LMR (p)

BLRT (p)

0.86
0.85
0.83
0.83
0.87

9%
8%
3%
2%
0%

<0.001
<0.001
0.02
0.06
0.48

<0.001
<0.001
<0.001
<0.001
0.03

Boys (N=6148)
2
3
4
5
6

113475.1
112760.9
112222.5
111818.7
112266.9

Girls (N=5899)
2
3
4
5
*6
•

110009.7 0.85
12%
<0.001
<0.001
109282.6 0.82
9%
<0.001
<0.001
108878.1 0.83
7%
0.01
0.01
109318.8 0.87
0%
0.99
1.00
NA
* Model was not identified, and best likelihood was not replicated

Table A15. 2 Information criteria (fit indices) of latent profile analyses for child
externalising difficulties scores repeated measures (age 3-14).
Classes

SSABIC

Entropy

Smallest class size

LMR (p)

BLRT (p)

2
122799.9
3
122472.8
4
122277.1
5
122220.9
6
122243.1
Girls (N=5901)

0.76
0.82
0.81
0.72
0.75

12%
8%
4%
3%
0%

<0.001
<0.001
0.03
0.17
0.99

<0.001
<0.001
<0.001
<0.001
1.00

2
3
4
5
6

0.79
0.79
0.78
0.76
0.81

11%
8%
3%
2%
0%

<0.001
<0.001
0.08
0.13
0.79

<0.001
<0.001
<0.001
<0.001
1.00

Boys (N=6151)

115435.7
115026.5
114823.2
114685.8
114900.4
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Figure A15. 1 Trajectory group of internalising difficulties problems from ages 3
to 14 years. Millennium Cohort Study.
(a) Boys sample

(b) Girls sample
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Figure A15. 2 Trajectory group of externalising difficulties problems from ages 3
to 14 years. Millennium Cohort Study.
(a) Boys sample

(b) Girls sample
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Table A15. 3 Parameter estimates (standard errors) of unconditional piecewise growth mixture model for internalising difficulties problems.
Parameter

Estimates (SE)
Boys (N=6,151)

Girls (N=5901)

Class 1

Class 2

Class 3

Class 4

Class 1

Class 2

Class 3

(Consistentlylow,75%)

(Childhoodlimited,15%)

(Adolescenceonset, , 7%)

(Persistentlyhigh, 3%)

(Consistentlylow, 77%)

(Childhoodlimited, 8%)

(Adolescence- (Earlyonset, 7%)
improver, 8%)

Mean
intercept

2.40(0.04) ***

4.44(0.09) ***

3.61(0.22) ***

6.60(0.54) ***

2.00(0.04) ***

4.77(0.27) ***

2.93(0.18) ***

7.96(0.23) ***

Mean
slope 1

-0.47(0.02) ***

0.65(0.23) ***

-0.30(0.12) *

2.01(0.23) ***

-0.19(0.02) ***

1.30(0.13) ***

-0.02 (0.12)

-2.22(0.12) ***

Mean
slope 2

0.09(0.01) ***

-0.15(0.04) ***

0.83(0.06) ***

-0.14 (0.12)

0.11(0.01) ***

-0.23 (0.03) ***

0.88 (0.04) ***

0.14 (0.03) ***

•

Class 4

* P value <0.05, ** P value <0.01, *** P value <0.001
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Table A15. 4 Parameter estimates (standard errors) of unconditional piecewise growth mixture model for externalising
difficulties problems.
Parameter

Estimates (SE)
Boys (N=6,151)
Class 1

Class 2

(Consistently- (Childhoodlow, 69%)
limited,16%)

Girls (N=5901)
Class 3

Class 1

Class 2

(Adolescence- (Persistently- (Consistently- (Childhoodonset, 11%)
high, 4%)
low, 72%)
limited, 16%)

Mean
intercept

5.80(0.08) ***

9.68(0.24) *** 8.28 (0.25) ***

Mean
slope 1

-1.13(0.03)
***

-0.19 (0.12)

Mean
slope 2

-0.04(0.01)
***

-0.41(0.04)
***

•

Class 4

11.04(0.44)
***

Class 3

Class 4

(Adolescence- (Persistently
onset, 9%)
high, 3%)

5.05(0.11) ***

8.90 (0.63) ***

-0.88(0.15) *** 0.78(0.22) **

-1.16(0.05)
***

-0.58 (0.14) *** -1.22(0.17) *** 0.37 (0.30)

0.41 (0.05) ***

-0.03(0.02)

-0.39 (0.05) *** 0.46 (0.05) ***

0.02 (0.07)

7.40(0.36) ***

10.59
***

(0.47)

-0.11 (.17)

* P value <0.05, ** P value <0.01, *** P value <0.001
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Appendix 16

Table A16. 1 Descriptive statistics of internalising difficulties scores latent class by demographic variables.
Boys sample (N=6148)

Girls sample (N=5899)

Demographic
variables

Category

ConsistentLow

Persistent
-High

Adolescent- ChildhoodOnset
Limited

Consistent Adolescent- Childhood-Low
Onset
Limited

Earlyimprover

Child ethnicity

White
Mixed
Indian
Pakistani and
Bangladeshi
Black
Other

89%
2%
2%
4%

69%
3%
3%
21%

88%
1%
2%
5%

58%
2%
7%
25%

89%
2%
2%
4%

90%
2%
1%
5%

67%
2%
5%
20%

60%
2%
4%
28%

2%
1%

2%
2%

2%
2%

3%
5%

2%
1%

1%
1%

2%
4%

3%
3%

Mother age at
child birth

<20
20 to 29
30 to 39
40 plus

4%
42%
52%
2%

12%
52%
33%
3%

7%
52%
40%
1%

6%
55%
37%
2%

3%
42%
52%
3%

7%
51%
39%
3%

10%
50%
38%
2%

10%
53%
35%
2%

Language at
home
Birth weight

Not English

3%

6%

4%

8%

3%

2%

8%

10%

L.B.W

4%

12%

6%

8%

5%

11%

12%

14%

Smoke during
pregnancy

0
1/9
≥10

74%
8%
18%

55%
13%
32%

60%
8%
32%

68%
8%
24%

74%
9%
17%

66%
6%
28%

56%
8%
36%

65%
6%
29%
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Continue Table A16.1
Boys sample (N=6148)

Girls sample (N=5899)

Category

ConsistentLow

Persistent
-High

Adolescent- ChildhoodOnset
Limited

Consistent Adolescent- Childhood-Low
Onset
Limited

Earlyimprover

Breastfeeding

Yes

74%

66%

69%

70%

26%

33%

36%

42%

Number of
siblings

Single child
1 sibling
≥2 siblings

21%
50%
29%

22%
39%
39%

26%
40%
34%

21%
45%
34%

21%
50%
29%

25%
41%
34%

24%
39%
37%

20%
37%
43%

Family
structure

Unstable family 17%

24%

33%

27%

18%

34%

25%

19%

Mother’s
mental Health

Depressive:
Yes

15%

7%

6%

1%

8%

8%

9%

1%
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Table A16. 2 Descriptive statistics of internalising difficulties scores latent class by socioeconomic variables.
Boys sample (N=6148)

Girls sample (N=5899)

Category

Consistent
-Low

Persistent- AdolescentHigh
Onset

ChildhoodLimited

Consistent
-Low

AdolescentOnset

Childhood
-Limited

Earlyimprover

Manager &
professional
Intermediate
Small & self-employers
Lower support &
technical
Semi-routine & routine
Unemployed & student

48%

21%

30%

22%

48%

29%

22%

20%

12%
8%
7%

7%
10%
6%

12%
6%
13%

7%
8%
7%

11%
9%
7%

9%
8%
9%

8%
11%
7%

8%
10%
10%

13%
12%

23%
33%

17%
22%

24%
32%

13%
12%

19%
26%

22%
30%

25%
27%

Education

No qualification
Overseas qualification
NVQ1
NVQ2
NVQ3
NVQ4
NVQ5

7%
2%
6%
27%
16%
37%
5%

27%
6%
11%
25%
10%
17%
4%

14%
7%
12%
29%
15%
22%
1%

31%
5%
11%
27%
10%
14%
2%

8%
2%
6%
27%
16%
36%
5%

13%
2%
11%
39%
12%
20%
3%

25%
5%
9%
25%
13%
20%
3%

29%
9%
9%
26%
12%
12%
3%

Family
income

Lowest quintile
2nd
3rd
4th
Highest quintile

9%
18%
23%
25%
25%

26%
31%
19%
14%
10%

21%
23%
25%
18%
13%

31%
33%
19%
11%
6%

9%
18%
22%
25%
26%

20%
29%
25%
17%
9%

30%
28%
18%
14%
10%

27%
35%
20%
12%
6%

Occupational
class
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Table A16. 3 Descriptive statistics of internalising difficulties scores latent class by home and wider environmental factors.
Boys sample (N=6148)

Home environment
Arguing with mother
Arguing with Father
Bullied by siblings
Social and wider
environmental
factors
Being bullied by
peers
Liking school
Interest in school
Safe neighborhood

Girls sample (N=5899)

Category

Consistent Low

PersistentHigh

AdolescentOnset

ChildhoodLimited

Consistent
-Low

AdolescentOnset

ChildhoodLimited

Earlyimprover

At least
once a week
At least
once a week
At least
once a week

20%

31%

29%

24%

25%

41%

30%

22%

14%

23%

23%

15%

14%

20%

23%

14%

21%

24%

33%

23%

30%

32%

36%

30%

Yes

10%

19%

24%

10%

7%

27%

10%

5%

No
Never
No

5%
2%
7%

17%
7%
25%

18%
10%
20%

7%
3%
12%

2%
1%
8%

12%
8%
24%

5%
4%
14%

3%
2%
20%
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Continue Table A16.3
Boys sample (N=6148)

psychosocial well
being
Overall Happiness
Does child smoke
cigarettes
Does child drink
alcohol
Does child use
drugs
Does child's friend
smoke cigarettes
Does child's friend
drink alcohol
Does child's friend
use drugs?

Girls sample (N=5899)

Category

ConsistentLow

PersistentHigh

AdolescentOnset

ChildhoodLimited

Consistent Low

AdolescentOnset

ChildhoodLimited

Earlyimprover

Not happy
Yes

20%
11%

45%
17%

43%
14%

31%
14%

33%
12%

68%
19%

46%
14%

38%
15%

Yes

49%

35%

34%

36%

44%

41%

32%

30%

Yes

4%

8%

4%

3%

3%

7%

3%

3%

Yes

31%

34%

41%

37%

31%

42%

31%

31%

Yes

57%

37%

45%

45%

60%

61%

46%

46%

Yes

21%

15%

21%

19%

17%

21%

18%

11%
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Table A16. 4 Descriptive statistics of externalising difficulties scores latent class by demographic variables.
Boys sample (N= 6151)

Girls sample (N=5901)

Category

Consistent Low

PersistentHigh

AdolescentOnset

ChildhoodLimited

Consistent
-Low

PersistentHigh

AdolescentOnset

Childhood
-Limited

White
Mixed
Indian
Pakistani and
Bangladeshi
Black
Other

87%
2%
3%
5%

95%
<1%
1%
3%

85%
2%
1%
9%

75%
3%
5%
13%

86%
3%
3%
5%

89%
2%
2%
5%

84%
1%
2%
10%

77%
2%
4%
14%

2%
1%

1%
<1%

2%
1%

2%
2%

2%
1%

1%
1%

1%
1%

1%
2%

Mother age at birth

<20
20 to 29
30 to 39
40 plus

3%
40%
54%
3%

11%
60%
28%
1%

6%
54%
39%
1%

8%
53%
37%
2%

3%
39%
55%
3%

13%
62%
25%
<1%

8%
58%
32%
2%

10%
54%
36%
<1%

Language at home

Not English

3%

3%

5%

6%

3%

1%

4%

6%

Birth weight

L.B.W

4%

7%

4%

9%

5%

8%

10%

12%

Smoke during
pregnancy

0
1/9
≥10
Yes

77%
8%
15%
77%

46%
9%
45%
57%

59%
8%
33%
66%

62%
11%
27%
66%

77%
8%
15%
77%

46%
8%
46%
48%

57%
9%
34%
62%

60%
10%
30%
56%

Child ethnicity

Breastfeeding
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Continue table A16.4
Boys sample (N=6151)

Girls sample (N=5901)

Category

Consistent Low

PersistentHigh

AdolescentOnset

ChildhoodLimited

Consistent Adolescent- Adolescent
-Low
Onset
-Onset

ChildhoodLimited

Number of siblings

Single child
1 sibling
≥2 siblings

21%
50%
29%

16%
42%
42%

22%
45%
33%

25%
44%
31%

21%
50%
29%

24%
41%
35%

24%
39%
37%

21%
42%
37%

Family structure

Unstable family 17%

36%

30%

24%

17%

42

31%

23%

Partner relationship Married
Cohabiting

83%
17%

52%
48%

69%
31%

69%
31%

83%
17%

17%
43%

73%
27%

68%
32%

Mother’s mental
Health

1%

11%

3%

7%

1%

13%

3%

8%

Depressive:
Yes
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Table A16. 5 Descriptive statistics of externalising difficulties scores latent class by socioeconomic variables
Boys sample (N=6151)
Category
Parental
education

Occupational
class

Family income

None of these
Overseas
qualification
NVQ1
NVQ2
NVQ3
NVQ4
NVQ5
Manager &
professional
Intermediate
Small & selfemployers
Lower support &
technical
Semi-routine &
routine
Unemployed &
student
Lowest quintile
2nd
3rd
4th
Highest quintile

Girls sample (N=5901)

Consistent
-Low
3%
1%

Persistent
-High
10%
4%

Adolescent
-Onset
7%
3%

Childhood
-Limited
10%
5%

Consistent Adolescent
-Low
-Onset
3%
17%
1%
3%

Adolescent
-Onset
10%
3%

Childhood
-Limited
11%
3%

3%
20%
16
45
12
49%

11%
33%
15%
25%
2%
21%

8%
28%
18%
34%
2%
27%

6%
30%
18%
27%
4%
28%

3%
19%
16%
45%
13%
49%

12%
32%
17%
17%
2%
15%

8%
33%
20%
21%
5%
23%

7%
28%
16%
31%
4%
23%

11%
9%

11%
7%

13%
7%

11%
10%

11%
9%

6%
10%

8%
10%

8%
5%

7%

13%

9%

7%

7%

11%

12%

10%

12%

18%

20%

22%

12%

28%

25%

24%

12%

30%

24%

23%

12%

30%

22%

30%

9%
17%
22%
25%
27%

29%
27%
24%
15%
5%

15%
30%
23%
18%
14%

24%
27%
23%
15%
11%

8%
17%
22%
25%
28%

31%
36%
17%
11%
5%

22%
28%
23%
17%
10%

28%
32%
19%
13%
8%
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Table A16. 6 Descriptive statistics of externalising difficulties scores latent class by ecological and different environmental factors
Boys sample (N=6151)
Category
Home environment
Arguing with mother
Arguing with Father
Bullied by siblings
Social and
environmental
factors
Being bullied by peers
Liking school
Interest in school
Safe neighborhood

Consistent
-Low

Persistent
-High

Girls sample (N=5901)
Adolescent- ChildhoodOnset
Limited

Consistent Adolescent-Low
Onset

Adolescent
-Onset

ChildhoodLimited

At least once 17%
a week
At least once 12%
a week
At least once 21%
a week

49%

42%

23%

22%

47%

51%

27%

39%

26%

15%

13%

33%

34%

14%

30%

30%

22%

22%

38%

42%

25%

Yes
No
Never
No

24%
19%
9%
25%

15%
18%
8%
22%

11%
8%
3%
15%

7%
1%
1%
8%

23%
12%
8%
25%

18%
12%
6%
18%

10%
3%
2%
13%

9%
5%
2%
7%
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Continue Table A16.6
Boys sample (N=6151)

psychosocial well
being
Overall Happiness
Does child smoke
cigarettes
Does child drink
alcohol
Does child use
drugs
Does child's friend
smoke cigarettes
Does child's friend
drink alcohol
Does child's friend
use drugs?

Girls sample (N=5901)

Category

Consistent
-Low

PersistentHigh

AdolescentOnset

ChildhoodLimited

Consistent
-Low

AdolescentOnset

AdolescentOnset

ChildhoodLimited

Not happy
Yes

20%
8%

48%
40%

43%
30%

26%
10%

31%
10%

69%
18%

52%
40%

46%
15%

Yes

45%

60%

55%

39%

41%

41%

61%

35%

Yes

1%

19%

9%

2%

3%

16%

12%

2%

Yes

30%

63%

50%

31%

26%

63%

58%

36%

Yes

54%

72%

62%

46%

57%

81%

64%

55%

Yes

20%

40%

35%

14%

16%

14%

34%

17%
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Appendix 17
Table A17. 1 Multinomial odds ratio (95% CI) for internalising difficulties scores growth
classes by selected adverse family health conditions (childhood asthma, obesity and
parents’ chronic illness) at child age 3.
Boys sample (N=4261)
Trajectory 1

Girls sample (N=4154)
Reference group

Trajectory 2

Persistently - high trajectory

Early improver

Mother chronic illness

2.20***
(1.77/ 2.63)
0.88
(0.35/ 1.41)
1.68 *
(1.25/ 2.11)
1.06
(0.43/ 1.70)
Adolescent - onset trajectory

0.98
(0.61/ 1.33)
1.25
(0.88/ 1.62)
2.01 ***
(1.67/ 2.34)
1.21
(0.49/ 1.91)

2.07***
(1.74/ 2.40)
0.97
(0.54/ 1.40)
1.12
(0.77/ 1.47)
1.04
(0.61/ 1.47)
Childhood - limited trajectory

1.73**
(1.33/ 2.12)
1.35
(0.95/ 1.74)
1.52
(1.08/ 1.95)
0.90
(0.44/ 1.35)

1.24
(0.98/ 1.49)
1.22
(0.94/ 1.49)
1.55**
(1.29/ 1.80)
1.01
(0.69/ 1.32)

1.27
(0.95/ 1.58)
1.24
(0.86/ 1.62)
1.73**
(1.39/ 2.06)
1.01
(0.60/ 1.42)

Father chronic illness
Child asthma
Child obesity
Trajectory 3
Mother chronic illness
Father chronic illness
Child asthma
Child obesity
Trajectory 4
Mother chronic illness
Father chronic illness
Child asthma
Child obesity
•

* P value <0.05. ** P value <0.01. *** P value <0.001

•

Model adjusted for demographic, healthy behaviour, family structure, socioeconomic
characteristics and maternal mental health at baseline.

•

Reference group: Consistently-low trajectory.
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Table A17. 2 Multinomial odds ratio (95% CI) for externalising difficulties scores growth
classes by selected adverse family health conditions (childhood asthma, obesity and
parents’ chronic illness) at child age 3.
Boys sample (N=4262)
Trajectory 1

Girls sample (N=4157)
Reference group

Trajectory 2

Persistently - high trajectory

Mother chronic illness

2.11***
(1.68/ 2.54)
1.56
(1.03/ 2.09)
1.14
(0.67/ 1.61)
1.16
(0.47/ 1.85)
Adolescent - onset trajectory

1.10
(0.63/ 1.57)
1.30
(0.77/ 1.83)
1.70*
(1.19/ 2.20)
0.97
(0.06/ 2.00)

1.46*
(1.13/ 1.79)
1.15
(0.77/ 1.52)
1.10
(0.77/ 1.43)
0.83
(0.38/ 1.28)
Childhood - limited trajectory

1.31
(0.96/ 1.66)
1.13
(0.72/ 1.56)
1.42
(0.99/ 1.85)
0.84
(0.03/ 1.65)

1.30
(1.05/ 1.59)
1.47
(1.07/ 1.86)
1.47**
(1.20/ 1.74)
1.27
(0.66/ 1.88)

0.79
(0.47/ 1.10)
1.09
(0.75/ 1.42)
1.48*
(1.16/ 1.79)
0.81
(0.44/ 1.18)

Father chronic illness
Child asthma
Child obesity
Trajectory 3
Mother chronic illness
Father chronic illness
Child asthma
Child obesity
Trajectory 4
Mother chronic illness
Father chronic illness
Child asthma
Child obesity

•

* P value <0.05. ** P value <0.01. *** P value <0.001

•

Model adjusted for demographic, healthy behaviour, family structure, socioeconomic
characteristics and maternal mental health at baseline.

•

Reference group: Consistently-low trajectory.
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