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ABSTRACT

Background: Adverse childhood experiences (ACEs) have been associated with both inflammation and depres-
sion. However, few studies have examined the role of inflammation as a possible biological mechanism un-
derlying the association of ACEs with depression in later life using longitudinal data. This study investigated the
longitudinal mediation effects of inflammation in the relationship between ACEs and depressive symptoms in
older adults.

Methods: We utilised data from the English Longitudinal Study of Ageing (N = 4382). ACEs (i.e. threat, family
dysfunction, low parental bonding, loss experiences) were assessed retrospectively at wave 3 (2006/07). C-
reactive protein (CRP), an inflammatory marker, was measured at waves 2 (2004/05), 4 (2008/09), and 6
(2012/13). Depressive symptoms were ascertained from wave 6 to 8 (2016/17). The mediation analysis was
conducted using parallel process latent growth curve modelling.

Results: Greater ACEs cumulative exposure was associated with higher CRP and depressive symptoms at baseline
(Bcrri = 0.066[0.030-0.102]; PBpgp;i = 0.149[0.115-0.183]) and with their increase over time
(Bcrps = 0.205[0.095-0.3151; PBprps = 0.355[0.184-0.526]). Baseline CRP levels were positively associated
with  baseline depressive symptoms (Bpgpi =  0.145[0.104-0.186]) and their trajectory
(Bpeps = 0.215[0.124-0.306]). The mediation analysis indicated that higher baseline CRP levels mediated re-
spectively 7% and 5% of the total effect of ACEs cumulative exposure on the baseline value and change in
depressive symptoms. These mediation effects were larger for Loss experiences (i.e. 20% and 12% respectively)
than for other types of ACEs. In addition, they were independent of possible confounders and additional med-
iators including adult socioeconomic position and lifestyle factors.

Conclusion: ACEs were related to higher depressive symptoms partly via elevated CRP levels. Inflammation
might be one of the psychobiological mechanisms underlying the link between ACEs and depression.
Psychosocial and behavioural interventions to prevent and reduce the negative impact of ACEs might help to
lower the risk of inflammation and depression in the population.

1. Introduction

instance, 22% of men and 28% of women aged over 65 years are esti-
mated to experience significant depressive symptoms in the UK

Depression is the predominant mental disorder across the world
affecting > 300 million people globally (Patel, 2016). It is amongst the
leading causes of the global burden of disease and disability (James,
2018). Additionally, it is associated with the development of other
physical diseases and premature mortality (Kiviméki et al., 2019). The
burden of depression is higher amongst older adults compared with
younger people (Global Burden of Disease Collaborative Network,
2018), possibly due to increasing cognitive and physical impairments
and diminishing social connections (Kok and Reynolds, 2017). For

(College, 2018). Cross-sectional and longitudinal studies suggest that
depressive symptoms tend to exhibit a U-shape trajectory across the life
course, characterised by relatively high levels of depressive symptoms
in early adulthood, lower symptoms during middle age, and elevated
symptoms again during later life (Tampubolon and Maharani, 2017).
On the other hand, there is some evidence suggesting that older age
could also represent a protective factor for depression due to better
emotion regulation, positive reappraisal of negative events, higher self-
esteem, and greater meaningful engagement in social activities,
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religion, or volunteering (Fiske et al., 2009). Understanding the biolo-
gical, psychological, and social factors that may increase the risk of
depression among older adults, or offer protection against its develop-
ment, is an important public health priority owing to the ongoing in-
crease in the pace of population ageing in numerous countries (Rodda
et al., 2011).

Adverse childhood experiences (ACEs) can be defined as those early-
life experiences that are likely to require considerable psychological,
social or neurobiological adaptation by an average child and which
represent a deviation from the expectable environment (McLaughlin,
2016). The first major investigations into the effects of ACEs on health
and child development considered adversities such as abuse (emotional,
physical, and sexual), neglect (emotional and physical), and experi-
ences of household dysfunction (e.g. violence between parents, parental
separation, and household members affected by substance misuse,
mental illness or criminal behaviour) (Felitti, 1998; Dong, 2004). More
recently, studies on ACEs have also incorporated additional adversities
to represent other important domains of childhood experiences that
might be important in predicting long-term health and well-being
outcomes (Finkelhor et al., 2015, 2013), such as parent-child re-
lationships, bullying, and neighbourhood violence (Hughes, 2017;
Houtepen et al., 2018). ACEs are extremely common across several
countries (Bellis et al., 2014; Merrick et al., 2018), and are major
psychosocial risk factors for depression, as well as for other mental and
physical disorders (Hughes, 2017; Bellis, 2019). Overall, individuals
who experienced four or more ACEs are three times more likely to
develop depression compared with those without ACEs (Hughes, 2017).
ACEs have been associated not only with the development of depres-
sion, but also with worse prognosis and treatment outcomes amongst
depressed indviduals (Nanni et al., 2012). Relatively little is known
about the role of ACEs in late-life depression since most studies have
utilised samples of mixed ages excluding the oldest age groups.
Nevertheless, recent evidence suggests that the adverse effects of early-
life stress on mental health are likely to persist into later life (Cheong
et al., 2017).

Maladaptive alterations in the function of the inflammatory re-
sponse system could underlie the long-term biological impact of ACEs
on depression. Observational human studies and experimental animal
models suggest that exposure to severe and chronic stress during early
life might adversely affect the development of the immune system,
leading to chronically elevated and hyperactive inflammatory re-
sponses. This in turn may impair the development and function of the
brain thereby increasing the individual’s vulnerability to stress-related
psychopathologies such as depression (Danese and Baldwin, 2017).
Numerous studies have found that individuals exposed to multiple ACEs
have increased plasma levels of inflammatory markers such as C-re-
active protein (CRP) several decades later. A meta-analysis of 25 studies
confirmed the relationship between different types of ACEs and ele-
vated inflammation in adults (mean age = 42 years) (Baumeister et al.,
2016). Furthermore, a recent investigation has demonstrated that ACEs
were associated with high CRP levels in a large sample of older adults
(mean age = 70 years) (Iob et al., 2019). On the other hand, increased
levels of inflammation have been implicated in the pathogenesis of
depression (Miller et al., 2009). Meta-analyses of the literature have
indicated that depressed individuals tend to have elevated concentra-
tions of various inflammatory markers, both peripherally and in the
brain (Haapakoski et al., 2015; Enache et al., 2019).

A large number of studies have investigated the relationship of in-
flammation with either ACEs or depression. Yet, most research has not
formally tested the role of inflammation as a mediating mechanism
through which ACEs may become biologically embedded and increase
the risk of depression. One study found that greater exposure to psy-
chosocial stressors was related to the onset of depressive symptoms
partly via increasing levels of interleukins (i.e. inflammatory marker) in
a sample of adolescents (Flouri et al., 2020). However, there are vir-
tually no studies focusing on older adults. Importantly, the contribution
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of inflammation to depression might be particularly relevant to older
adults. Inflammatory responses in healthy adults have been shown to
increase in an age-dependent fashion (Tang et al., 2017). In addition,
elevated inflammation is linked to various long-term conditions such as
cardiovascular disease and diabetes which tend to emerge at older ages.
New evidence also indicates that the relationship of ACEs with in-
flammatory markers might be stronger in adults compared with chil-
dren and adolescents (Kuhlman et al., 2019). Hence, a better under-
standing of how elevated inflammation in the context of ACEs might
influence the risk of depression amongst older adults will be instru-
mental in developing more targeted intervention and prevention stra-
tegies. Another important evidence gap concerns the prevailing use of
cumulative risk scores of ACEs which ignore the potentially different
physiological consequences of different ACEs dimensions (McLaughlin
and Sheridan, 2016). For instance, preliminary evidence suggests that
ACEs involving harm or threat of harm might have more powerful ef-
fects on stress-related biological and cognitive outcomes than ACEs
related to deprivation (i.e. absence of expected cognitive and social
input) (Busso et al., 2017; Sumner et al., 2019). In addition, one study
employing latent class analysis demonstrated that ACEs clusters in-
cluding experiences of household dysfunction, parental loss, and mal-
treatment were particularly important for elevated inflammation in
mid-life (Lacey et al., 2020). Lastly, most studies have employed cross-
sectional measures of inflammation and depressive symptoms which do
not permit to consider the temporal dynamics of their relationship.

This study aimed to address these evidence gaps by testing the
mediation effects of trajectories of CRP (i.e. inflammatory marker) in
the relationship between different dimensions of ACEs and depressive
symptom trajectories in a large sample of older adults. First, we ex-
pected that greater ACEs exposure would be associated with elevated
CRP and depressive symptoms at baseline and predict an increase in
their trajectories over time. Second, we hypothesised that the associa-
tions of ACEs with depressive symptoms would be mediated by elevated
CRP levels. Third, we expected that distinct ACEs dimensions would
exhibit differential relationships with inflammation and depressive
symptoms.

2. Materials and methods
2.1. Sample

The data came from the English Longitudinal Study of Ageing
(ELSA), an ongoing prospective population-based cohort study of older
adults aged 50 years and over living in England (Zaninotto and Steptoe,
2019). The study began in 2002 with an original sample of 12,099
participants, who were drawn from the Health Survey for England. This
sample was representative of the general English population of older
adults (Steptoe et al., 2013), and was not selected on the basis of ex-
posure to ACEs or presence of depressive symptoms. Further details
about the sample design and methods of data collection can be found on
the study website (www.elsa-project.ac.uk). Retrospective data on ACEs
were collected during the Life History Interview in wave 3 (2006/07).
Plasma concentrations of CRP were measured in waves 2, 4, and 6
(2004/05-2012/13). Depressive symptoms were assessed from wave 6
(2012/13) to wave 8 (2016/17) in order to represent the temporal
order of their relationship with inflammation (Fig. 1). The analytical
sample included all participants who completed the Life History In-
terview at wave 3 (N = 7855), who also had available measures of CRP
and depressive symptoms on at least one occasion (N = 5627). In ad-
dition, study members with CRP values > 10 mg/L were excluded
from the study (Nwavez = 459; Nyaves = 444; Nyaves = 342) since this
could reflect current infection or trauma rather than chronic in-
flammation (Pearson, 2003). This resulted in a final analytical sample
of 4382 participants. All respondents provided informed consent, and
ethical approval was obtained from the National Research Ethics Ser-
vice.
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Fig. 1. Longitudinal Mediation Model and Study Design. Note. Parallel Process Latent Growth Curve (LGC) Model including longitudinal trajectories of C-reactive
protein (CRP) and depressive symptoms with four mediation paths. ACEs = Adverse Childhood Experiences; i = Intercept; s = Slope.

2.2. Measures

2.2.1. Exposures

The Life History interview gathered information about different
types of ACEs experienced up to the age of 16 years. These include:
sexual abuse, physical assault, physical abuse from parents, parent ar-
guments, parent mental illness or substance abuse, parent separation or
divorce, maternal bonding, paternal bonding, separation from mother
for more than six months, parent death, foster care or adoption, and
institutionalisation (Table 1). The selection of these ACE items was
informed by the ACEs definition presented in the Introduction
(McLaughlin, 2016), and by recent studies in this field which have
considered a wider range of adversities compared with the first major
ACE investigations to provide a more comprehensive assessment of this
construct. For all items, except parental bonding, participants reported
whether or not they ever experienced that particular event during
childhood. Child-parent relationships were assessed using the seven-
item Parental Bonding Instrument (PBI) (Parker et al., 1979). Low
maternal and paternal bonding were defined as total PBI scores = 3,
since the majority of participants (around 80%) had a score lower than
3. Based on these items, we calculated a cumulative risk score re-
presenting the total number of ACEs experienced by the participant. In
addition, we examined the effects of different ACEs dimensions which
we identified in our previous dimensional analysis of ACEs in ELSA
using explorative and confirmatory factor analysis with cross-validation
(Iob et al., 2019). These were: Threat (sexual abuse, physical assault,
physical abuse from parents), Household Dysfunction (parent argu-
ments, parent mental illness or substance abuse, parent separation or
divorce), Low Parental Bonding (poor maternal and paternal bonding),
and Loss experiences (separation from mother for more than six
months, parent death, foster care or adoption, and institutionalisation).
Each dimension was measured using a dichotomous score representing
the presence or absence of at least one type of ACE relevant to that
dimension. It is worth noting that we did not include childhood so-
cioeconomic disadvantage in our ACEs measures since it is conceptually
different from the types of psychosocial adversities considered in this
study. Childhood socioeconomic factors represent the financial,
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material, and sociocultural circumstances in which children grow up
and might affect mental health through different mechanisms (Taylor-
Robinson et al., 2018; Amso and Lynn, 2017). In addition, numerous
studies have suggested that childhood socioeconomic disadvantage is
an important risk factor for ACEs (Walsh et al., 2019). We therefore
included childhood socioeconomic position as a covariate in the ana-
lysis. Further details about the specific questions included in the Life
History Interview can be found in the User Guide (Ward et al., 2009).

2.2.2. Mediator

Blood samples for the assessment of CRP were collected during the
nurse visits. All participants who gave consent were eligible for a blood
sample to be taken. The only exclusion criteria for blood sampling were:
clotting or bleeding disorders, history of fits or convulsions, and being
on anticoagulant medication. Participants were asked to fast before
their nurse visit unless they had diabetes and were on treatment or if
they were unfit to fast. A minimum of three small tubes of blood
(ranging in size from 2 ml to 6 ml) were collected from each re-
spondent. After collection, the tubes were sent to the Department of
Clinical Biochemistry at the Royal Victoria Infirmary in Newcastle
(UK), and were then frozen for long-term storage. Plasma concentra-
tions of CRP were assayed in duplicate from the 6 ml plain tubes using
the N Latex CRP mono Immunoassay on the Behring Nephelometer II
Analyser (Dade Behring, Milton Keynes, UK). The CRP values were
expressed in mg/L. The coefficients of variation ranged between 3%
and 7%. The reference range for CRP used by the laboratory was
0-5 mg/L. Values within this range were considered to be clinically
‘normal’, while those outside were treated as clinically ‘abnormal’. For
the present analysis, the CRP measures were log-transformed since their
distribution was positively skewed. Further details about the blood
sample analyses, internal quality control, and external quality assess-
ment of the laboratory can be found in the ELSA Nurse Visit doc-
umentation (NatCen Social Research, 2018) and the 2004 Health
Survey for England technical report (Graig et al., 2004), which em-
ployed the same laboratory, guidelines, and procedures for the analysis
of blood biomarkers as those used in ELSA.
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Table 1
Descriptive statistics and comparison of observed and imputed data.
Observed Missing Imputed ?
Variable Levels % (Counts) % (Counts) %
Adverse childhood experiences (ACEs)
Physical abuse 3.2(119) 149 (653) 3.4
Sexual abuse 52194 15.1 (66 0) 5.4
Physical assault 2.7 (99) 15.0 (6 56) 2.8
Parent arguments 20.4(751) 15.8(694) 20.9
Low maternal bonding 17 (598) 19.7 (86 3) 17.3
Low paternal bonding 17.3(591) 22.1(967) 18.4
Institutionalisation 1.6 (70) 0.1 (3) 1.6
Separation from mother 14.6 (639) 0.1 (3) 14.6
Foster care/Adoption 1.8 (78) 0.1 (3) 1.8
Parent death 5.2(226) 0.2 (7) 5.2
Parent mental illness/substance abuse 6.3(235) 15.2 (66 8) 6.5
Parent separation/divorce 57(251) 0.2 (7) 5.8
CRP (mg/L) — Mean (sd)
w2 2.42 (2.12) 32 (1405) 2.48 (2.17)
w4 2.41 (2.13) 28 (1241) 2.56 (2.22)
w6 2.19 (1.98) 24 (1033) 2.35 (2.01)
CESD-8 (total score) — Mean (sd)/% = 3 symptoms
w6 1.24 (1.79)/18.2 0.1 (38) 1.25 (1.80)/18.4
w7 1.28 (1.75)/17.5 12.2 (533) 1.36 (1.82)/19.2
w8 1.27 (1.72)/18.1 21.7(951) 1.44 (1.86)/21.6
Demographic and socioeconomic characteristics
Age 69.94 (8.82) 0.0 69.94 (8.82)
Sex: Female 56 (2453) 0.0 56
Marital status Married 65.2 (2856) 0.1 (4 65.2
Separated/Divorced 11 (483) 11
Windowed 18.3(803) 18.3
Single 55239 5.5
Wealth quintiles 1 (lowest) 15.4 (66 4) 1.8 (79) 15.4
2 18.0 (775) 18.0
3 20.4(878) 20.4
4 22.4(963) 22.4
5 (highest) 23.8 (1023) 23.8
Childhood socioeconomic position
Overcrowding 19.4(819) 390170) 19.5
No books when aged 10 25 (1045) 45(196) 25.1
Manual occupation (father) 1.1 (48) 0.2 (7) 1.1
Financial hardship 6.8(253) 15.3(669) 7.0
Parent unemployment 8(298) 15.3(671) 8.3
Lifestyle indicators
BMI — Mean (sd) 28.2 (5.1) 49219 28.3 (5.1)
Smoking Current smoker 16.1 (703) 0.2 (8) 16.1
Physical activity Light 15.5(672) 1.1 (47) 15.5
Moderate 51.0 (2209) 51.0
Vigorous 33.5 (1454) 33.5
Alcohol consumption 5-7 days a week 243 (952) 10.7 (467) 23.9
1-4 days a week 39.6 (1551) 39.4
Less than weekly 36.1 (1412) 36.7
Medications
Anti-inflammatory /antihypertensive drugs Yes 48.8 (2137) 0.0 48.8

Note: Sample = ELSA, w2-w8 (N = 4,382). Sd = standard deviation. ACEs
CESD-8 = 8-item Centre for Epidemiological Studies-Depression scale.

adverse childhood experiences. CRP = C-reactive protein. BMI = body mass index.

20nly percentages are given for the imputed data since frequencies vary across the 20 imputed datasets.

2.2.3. Outcome

Depressive symptoms were ascertained using the 8-item Centre for
Epidemiological Studies Depression scale (CESD-8), which measures
eight different cognitive-affective (i.e. “enjoyed life”, “felt depressed”,
“happy”, “lonely”, and “felt sad”) and somatic symptoms of depression
(“everything I did was an effort”, “sleep was restless”, and “I could not
get going”) (Radloff, 1977). A dichotomous (yes/no) response was used
for each item, resulting in a total CESD-8 score ranging between 0 (no
symptoms) and 8 (all eight symptoms). This short version of the CESD
has been widely used in studies of late life depression (White, 2016;
Zivin, 2010), and has good psychometric properties for use in these
populations (Karim et al., 2015; Andresen et al., 1994). It has also been

shown to have good internal consistency at each wave of ELSA
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(Cronbach’s a > 0.95) (White, 2016), and comparable psychometric
properties to the full 20-item CESD (Radloff, 1977; Turvey et al., 1999).
A cut-off of 3 or more symptoms is typically used to identify cases of
depression or significant depressive symptoms. This definition was
validated against standardised psychiatric interviews in older popula-
tions (Turvey et al., 1999). At each wave, we calculated the total CESD-
8 score to assess the overall number of depressive symptoms reported
by the participant.

2.2.4. Covariates

We included a number of covariates which were selected based on
previous studies in the field and through the use of directed acyclic
graphs (DAGs; Supplement, eFig. 1). Sex, age, and childhood
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Fig. 2. Prevalence of ACEs in the ELSA sample. Note. ACEs total score and dimensions (i.e. Household Dysfunction, Loss, Low Parental Bonding, and Threat).

socioeconomic position (overcrowding, number of books in the home,
father’s occupation, financial hardship, and parent unemployment)
were included as possible confounders in all models. The analyses were
also adjusted for the use of anti-inflammatory or antihypertensive drugs
which may alter CRP levels. As indicated by our DAG, lifestyle factors
[i.e. body mass index (BMI), smoking status, physical activity, and al-
cohol drinking] and adult socioeconomic position were intermediate
variables on the causal pathways linking ACEs with depressive symp-
toms. Hence, they were included in the models as additional mediators
rather than confounders in order to avoid overadjustment bias
(Schisterman et al., 2009). The inclusion of these covariates enabled us
to measure the extent to which CRP explained the association between
ACEs and depressive symptoms after accounting for possible con-
founders and additional mediators. A more detailed description of the
measurement and coding of the covariates can be found in the
Supplement (eMethods).

2.3. Statistical analyses

The longitudinal mediation analysis was conducted using parallel
process Latent Growth Curve (LGC) modelling (Selig and Preacher,
2009). This technique allows to estimate a mediation model including
longitudinal trajectories of both the mediator and the outcome si-
multaneously (Fig. 1). The mediation effects of CRP were tested by
calculating the indirect association of ACEs with depressive symptoms
through CRP after other covariates had been taken into account using
the ‘Product of Coefficients’ method (MacKinnon et al., 2007). The
parallel process LGC mediation model includes four types of mediation
effects since the intercept (i) and slope (s) of the growth trajectories are
both part of the mediation paths (see Fig. 1). All direct and indirect
associations were calculated using bias-corrected bootstrapped stan-
dard errors based on 5,000 samples (Hayes, 2009). First, we fit an
unconditional parallel process LGC model of CRP and depressive
symptoms without risk factors. Second, we introduced the ACEs total
score/dimension and all covariates (confounders and additional med-
iators) in the model to test the mediation paths illustrated in Fig. 1
(Model 1; see example of model syntax in the Supplement, eMethods).
We tested one LGC mediation model for the ACEs cumulative score and
one for each ACEs dimension. All models were estimated using robust

weighted least squares estimation since depressive symptoms were
treated as ordinal variables. As a sensitivity analysis, we tested the di-
rect and indirect associations between ACEs, CRP, and depressive
symptoms without adjustment for additional mediators (i.e. adult life-
style factors and socioeconomic position; Model 2). In addition, we
calculated E-values and least extreme confidence limits for all statisti-
cally significant direct effects in order to determine the minimum
strength of the association on the risk ratio scale that an unmeasured
confounder should have with both the exposure and the outcome to
fully explain their relationhsip (VanderWeele and Ding, 2017). Missing
data on the exposure, mediator, outcome, and covariate variables were
estimated using multiple imputation by chained equations (MI). All
variables included in the analysis were used as predictors in the im-
putation model in addition to additional data on physical health, survey
weights, and covariates from other waves of the study. We created
twenty imputed datasets, and the estimates from the LGC mediation
analysis were pooled used Rubin’s rules (Rubin, 2004). Data manage-
ment and MI analysis were performed in Rstudio 3.4.4. The LGC models
were estimated in Mplus 7. An overview of the fit indices used to assess
the adequacy of the models can be found in the Supplement
(eMethods).

3. Results
3.1. Descriptive statistics

The characteristics of the study participants in the observed and
imputed data are reported in Table 1. The average age was 70 years
(56% female). There was a higher proportion of participants in the
highest compared with the lowest wealth quintiles. Depressive symp-
toms were generally low (mean total CESD-8 score = 1.3) but ranged
across the full spectrum from zero to eight. Around 18% of the parti-
cipants had elevated depressive symptoms (=3 symptoms), which is
lower than the estimated prevalence of depression among older people
in the UK (22% in men and 28% in women) (College, 2018). The mean
CRP value at baseline was 1.63 mg/L. Around 50% of the sample did
not have any ACEs, whereas 7% reported 3 ACEs, and another 6% of
participants had 4 or more ACEs (Fig. 2). The percentage of participants
who reported at least one ACE related to Household Dysfunction, Loss,
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Low Parental Bonding, or Threat was respectively 25%, 18%, 27%, and
10% (Fig. 2). The observed and imputed values of the participants’
characteristics were broadly similar, indicating that the multiple im-
putation method achieved its goals (Table 1).

3.2. Unconditional parallel process LGC Model of CRP and depressive
symptoms

The unconditional parallel process LGC model of CRP and depres-
sive symptoms without risk factors fit the data well, RMSEA = 0.027,
CFI = 0.995, TLI = 0.990. The average expected value of log CRP at
wave 2 (intercept, i.e. baseline) was 0.53. The mean of the slope (i.e.
change) was —0.02 (p < .001), suggesting that CRP decreased by 0.02
points in each consecutive wave of the study, on average. The estimated
mean number of depressive symptoms at wave 6 (intercept; i.e. base-
line) was 1.25. The mean of the slope (i.e. change) was 0.04 (p = .002),
indicating that the mean number of depressive symptoms increased by
0.04 points in each consecutive wave.

3.3. Direct associations between ACEs, CRP, and depressive symptoms

The direct associations between ACEs, CRP, and depressive symp-
toms adjusted for possible confounders and additional mediators
(Model 1) are reported in Table 2 and illustrated in Fig. 3. The ACEs
total score was positively associated with the intercept and slope of
both CRP and depressive symptoms (Bcrpi = 0.066[0.030-0.102],
Beres 0.205[0.095-0.315];  Bpepi 0.149[0.115, 0.183],
Bpeps = 0.355[0.184-0.526]. Although the average CRP score in the
sample decreased during the study, the positive effect of ACEs on the
CRP slope indicates that CRP levels increased amongst participants with
a higher number of ACEs. The intercept of CRP was positively asso-
ciated with both the intercept and slope of depressive symptoms
(Boepi 0.145[0.104-0.1861; PBpeps 0.215[0.124-0.306])
dependently of ACEs and other covariates. In addition, there was a
positive association between the slope of CRP and the intercept of de-
pressive symptoms (Bpgp; = 0.339[0.037-0.6411).

In relation to the direct associations of the ACEs dimensions, Loss
was positively associated with both the intercept and slope of CRP
(Berpi = 0.049[0.017-0.081]; Berps = 0.155[0.054-0.256]), but not
with depressive symptoms. Household Dysfunction
(Bpepi = 0.110[0.073-0.1471; Bpeps = 0.199[0.113-0.285]) and Low
Parental Bonding (BoEpi 0.125[0.088-0.162];
Bpeps = 0.250[0.168-0.332]) were both positively associated with the
intercept and slope of depressive symptoms. In addition, Household
Dysfunction was positively associated with the CRP intercept
(Bcrpi = 0.038[0.005-0.071]), while Low Parental Bonding was posi-
tively associated with the CRP slope (Bcrps = 0.119[0.002-0.236]).
Threat had a positive association only with the slope of depressive
symptoms (Bpgps = 0.149[0.066-0.232)]. The direct associations of
CRP with depressive symptoms in the dimension-specific models were
similar to those found in the model with the ACEs total score (Table 2).

= = in-

3.4. Indirect associations of ACEs with depressive symptoms through CRP

The indirect associations of the mediation models adjusted for
possible confounders and additional mediators (Model 1) are reported
in Table 3. For the ACEs total score, we found a small positive indirect
association of ACEs via the CRP intercept with the intercept
(ind = 0.006[0.002-0.010]) and slope (ind = 0.003[0.001-0.005]) of
depressive symptoms. These results indicate that baseline CRP levels
mediated 7% and 5% of the association of ACEs with the intercept and
slope of depressive symptoms respectively, independently of possible
confounders and additional mediators. The indirect associations invol-
ving the slope of CRP were almost null and did not reach statistical
significance. The mediation effects of baseline CRP levels were larger
for Loss experiences than for the other ACEs dimensions. In this case,
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the intercept of CRP mediated respectively 20%
(ind = 0.016[0.004-0.028]) and 12% (ind = 0.007[0.001-0.013]) of
the association of Loss with the intercept and slope of depressive
symptoms after controlling for other study covariates. There also was a
positive indirect association of Household Dysfunction with the inter-
cept of depressive  symptoms  through  baseline = CRP
(ind = 0.011[0.001-0.021]). In contrast, the indirect effects of CRP in
the pathways linking Threat and Low Parental Bonding with depressive
symptoms were smaller and nonsignificant. Although the indirect as-
sociations of Loss experiences were significantly larger than those of the
other dimensions, the magnitude of such differences was small across
most comparisons (Supplement, eTable 1).

3.5. Sensitivity analyses

The pattern of relationships between ACEs, CRP, and depressive
symptoms found in the models without additional mediators (i.e. adult
lifestyle factors and socioeconomic position) aligned closely to the re-
sults of the main analysis including these factors (Model 2, Supplement,
eTable2), although some associations were larger when the additional
mediators were not taken into account. Likewise, the size of the indirect
associations of ACEs with depressive symptoms through CRP was al-
most unchanged in the models without additional mediators (Model 2,
Table 3).

The E-values of the direct associations between ACEs, CRP, and
depressive symptoms for the main imputed data analysis (Model 1)
ranged between 1.16 (lower limit 1.05) and 1.66 (lower
limit = 1.16) (Table 2). Although there are no specified ranges of E-
values that are deemed large or small, this suggests that relatively
modest confounder associations could explain away the observed ef-
fects of ACEs and CRP. Therefore, it is important to consider potential
sources of unmeasured confounding when interpreting these findings
(Blum et al., 2020) (see Section 4).

The mediation models were reanalysed in the sample of participants
with complete data on all variables (N = 3498). The direct and indirect
associations between ACEs, CRP, and depressive symptoms were
broadly similar to those found in the analyses with the imputed data
(Supplement, eTables 3 and 4).

We found significant differences in socioeconomic, health, and
lifestyle characteristics between the subsample of ELSA participants
included in the study and those excluded owing to insufficient data (i.e.
unavailability of at least one measure of ACEs, CRP, and depressive
symptoms). However, the magnitude of these differences was small
(Supplement, eTable 5).

4. Discussion

This is the first prospective study to test the mediation role of CRP in
the psychobiological pathways underlying the relationship between
ACEs and depression in a large sample of older adults using repeated
measures of CRP and depressive symptoms. Our results indicate that
greater cumulative exposure to ACEs was associated with elevated CRP
levels and depressive symptoms at baseline and with their increase over
time. This corroborates the evidence for the long-term association of
ACEs with inflammation and depression. Baseline CRP levels were po-
sitively associated with depressive symptoms measured 8 years later.
Additionally, they predicted an increase in depressive symptoms over
the following waves. The mediation analysis indicated that ACEs were
associated with depressive symptoms partly through elevated CRP le-
vels. In particular, baseline CRP explained respectively 7% and 5% of
the association between ACEs cumulative exposure and the baseline
value and change in depressive symptoms, independently of possible
confounders (sex, age, childhood socioeconomic position) and addi-
tional mediators (adult socioeconomic position and lifestyle factors).
The mediation effects of CRP were larger for Loss experiences than for
the other ACEs dimensions. Baseline CRP levels mediated respectively



Table 2
Longitudinal mediation pathways: Direct associations between ACEs (total score and dimensions), CRP, and Depressive Symptoms.
CRP intercept CRP slope Depression intercept Depression slope
B SE 95% CI E-value B SE 95% CI E-value B SE 95% CI E-value B SE 95% CI E-value

Model A

ACE:s total score 0.066 0.018  0.030;0.102 1.23(1.15) 0.205 0.056  0.095;0.315 1.37 (1.33) 0.149 0.017 0.115; 0.183 1.37 (1.31)  0.355 0.087  0.184; 0.526 1.42 (1.28)
CRP Intercept 0.145 0.021  0.104; 0.186 1.36 (1.29)  0.215 0.046  0.124; 0.306 1.30 (1.22)
CRP Slope 0.339 0.154  0.037; 0.641 1.66 (1.16) —0.111  0.380 —0.855; 0.633 -

Model B

Threat 0.034 0.019 —0.003; 0.071 - 0.113 0.065 —0.014; 0.240 - 0.035 0.047 —0.056; 0.126 - 0.149 0.042  0.066; 0.232 1.24 (1.15)
CRP Intercept 0.155 0.021 0.114; 0.196 1.38 (1.31) 0.238 0.046 0.147; 0.329 1.32 (1.24)
CRP Slope 0.366 0.216 —0.057; 0.789 - —0.132  0.411 —0.937; 0.673 -

Model C

Loss 0.049 0.016 0.017; 0.081 1.20 (1.11) 0.155  0.052 0.054; 0.256 1.30 (1.16) 0.031 0.017 —0.003; 0.065 - 0.088 0.041 0.008; 0.168 1.18 (1.05)
CRP Intercept 0.155 0.021  0.114; 0.196 1.38 (1.31)  0.243 0.047  0.150; 0.336 1.33 (1.24)
CRP Slope 0.357 0.159  0.046; 0.668 1.69 (1.18) —0.143  0.441 —1.008; 0.722 -

Model D

Household Dysfunction ~ 0.038  0.017  0.005;0.071 1.16 (1.05)  0.112 0.059 —0.004; 0.228 - 0.110 0.019  0.073; 0.147 1.31 (1.24)  0.199 0.044  0.113; 0.285 1.29 (1.20)
CRP Intercept 0.153  0.021  0.112; 0.194 1.38 (1.31)  0.237 0.046  0.147; 0.327 1.32 (1.24)
CRP Slope 0.372 0.223 —0.065; 0.809 - —-0.111  0.397 —0.888; 0.666 -

Model E

Low Parental Bonding 0.036 0.019  0.000;0.072 - 0.119 0.060  0.002;0.236 1.26 (1.02) 0.125 0.019 0.088; 0.162 1.33(1.27)  0.250 0.042  0.168; 0.332 1.34 (1.26)
CRP Intercept 0.152  0.021  0.111; 0.193 1.38 (1.30)  0.230 0.048  0.135; 0.325 1.32 (1.23)
CRP Slope 0.353 0.222 —0.081; 0.787 - —-0.127 0.399 —0.909; 0.655 -

Note. ELSA, w2-w8 (N = 4,382). Pooled standardised estimates from LGC mediation analysis with 20 imputed datasets and bootstrapped standard errors. B = standardised regression coefficient. SE = standard error.
CI = confidence interval. All models were adjusted for potential confounders (sex, age, childhood socioeconomic position), additional mediators (adult socioeconomic position, lifestyle factors) and use of anti-
inflammatory/anti-hypertensive drugs (Model 1). B coefficients in bold are statistically significant at the 95% confidence level. E-values are reported only for statistically significant associations.
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Fig. 3. Direct associations between ACEs (total score and dimensions), CRP, and Depressive Symptoms. Note. Estimates in bold are statistically significant at the 95%

confidence level (see Table 2). CRPi

C-reactive protein Intercept; CRPs = C-reactive protein Slope; DEPi = Depressive symptoms Intercept; DEPs = Depressive

symptoms Slope. Model 1: adjusted for potential confounders (sex, age, childhood socioeconomic position), additional mediators (adult socioeconomic position,
lifestyle factors) and use of anti-inflammatory/anti-hypertensive drugs. Standard errors and confidence intervals can be found in Table 2.

20% and 12% of the remaining association of Loss with the baseline
value and change in depressive symptoms, after other covariates had
been taken into account. Sensitivity analyses showed that adult socio-
economic position and lifestyle factors had little influence on the
mediation effects of CRP. The E-values suggested that unmeasured
confounders showing relatively modest associations (risk ratio = 1.16
or above) with ACEs, CRP, and depressive symptoms could explain
away these relationships. However, the analysis did adjust for the most
likely confounders and additional mediators, including childhood and
adult socioeconomic position, lifestyle factors such as smoking and al-
cohol consumption, adiposity, and medications.

Numerous studies have investigated the relationship of inflamma-
tion with ACEs or depression (Baumeister et al., 2016; Iob et al., 2019;
Haapakoski et al., 2015). However, very limited research has assessed
these associations amongst older adults and formally tested the possible
mediation role of inflammation with longitudinal data. Our results
suggest that the relationship of ACEs with elevated CRP levels and
depressive symptoms is likely to persist into later life, and that ACEs
might also be related to a greater increase in these outcomes over time.
These findings are consistent with the notion that inflammation might
be an important psychobiological mechanism underlying the relation-
ship of ACEs with depression. Hence, exposure to severe and chronic
stress during early life might adversely affect the development of the
immune system, resulting in chronically elevated and hyperactive in-
flammatory responses. This in turn may impair the development and
function of the brain thereby increasing the individual’s vulnerability to
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depression (Danese and Baldwin, 2017). One study recently found that
greater exposure to psychosocial stress was related to the onset of de-
pressive symptoms in a sample of adolescents partly via increasing le-
vels of interleukins but not CRP (Flouri et al., 2020). The fact that CRP
partially mediated the association between ACEs and depressive
symptoms in this study of older adults could indicate that CRP is a more
relevant biomarker of ACEs and depression in later life than at younger
ages. Accordingly, the inflammatory contribution to depression seems
to be particularly relevant to older adults since advancing age is linked
to upregulation of the inflammatory response and greater risk of phy-
sical health comorbidities (Gallagher et al., 2017). In addition, recent
evidence indicates that the relationship of ACEs with CRP is stronger in
adults compared with children and adolescents (Kuhlman et al., 2019),
possibly due to the presence of a hyporesponsive inflammatory re-
sponse during early life (Simon et al., 2015).

In line with previous evidence, the average levels of depressive
symptoms in the sample increased over time. But, unexpectedly, CRP
levels showed a slight decrease across the timepoints. This result could
be explained by the fact that ELSA is a population-based study of pre-
dominantly healthy older adults, with a relatively low prevalence of
chronic physical health conditions linked to inflammation. Declines in
CRP levels over time have in fact been documented also in other po-
pulation-based studies of older adults (Stevenson, 2018). Hence, the
small decline in CRP levels presented here could indicate a more suc-
cessful ageing process in our sample.

It is also not clear whether different dimensions of ACEs might have
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Longitudinal mediation pathways: Indirect associations of ACEs with Depressive Symptoms through CRP.

Model 1 (Adjusted for confounders and additional mediators)

Model 2 (Confounders only)

Mediation Pathway Indirect effect SE 95% CI Total effect mediated (%)* Indirect effect  SE 95% CI Total effect mediated (%)?
ACE:s total score

ACE-CRPi-DEPi 0.006 0.002 0.002; 0.010 7% 0.006 0.002 0.002; 0.010 6%
ACE-CRPi-DEPs 0.003 0.001 0.001; 0.005 5% 0.003 0.001 0.001; 0.005 5%
ACE-CRPs-DEPi 0.041 0.023 —0.004; 0.086 - 0.044 0.035 —-0.025;0.113 -
ACE-CRPs-DEPs —0.004 0.014 —0.031; 0.023 - —0.005 0.009 —-0.023;0.013 -
Threat

Threat-CRPi-DEPi 0.014 0.008 —0.002; 0.030 - 0.014 0.008 —0.002; 0.030 -
Threat-CRPi-DEPs 0.007 0.004 —0.001; 0.015 - 0.007 0.004 —0.001; 0.015 -
Threat-CRPs-DEPi 0.118 0.116 —0.109; 0.345 - 0.118 0.13 —0.137; 0.373 -
Threat-CRPs-DEPs —0.012 0.041 —0.092; 0.068 - —0.014 0.028 —0.069; 0.041 -
Loss

Loss-CRPi-DEPi 0.016 0.006 0.004; 0.028 20% 0.016 0.006  0.004; 0.028 15%
Loss -CRPi-DEPs 0.007 0.003 0.001; 0.013 12% 0.007 0.003  0.001;0.013 8%
Loss-CRPs-DEPi 0.117 0.07 —0.020; 0.254 - 0.13 0.106 —0.078;0.338 -
Loss -CRPs-DEPs —0.012 0.039 —0.088; 0.064 - —0.015 0.025 —0.064; 0.034 -
Household dysfunction

HouseDys-CRPi-DEPi 0.011 0.005 0.001; 0.021 5% 0.011 0.005 0.001; 0.021 5%
HouseDys-CRPi-DEPs 0.005 0.003 —0.001; 0.011 - 0.005 0.003 —-0.001; 0.011 -
HouseDys-CRPs-DEPi 0.079 0.069 —-0.056; 0.214 - 0.075 0.069 —-0.060; 0.210 -
HouseDys-CRPs-DEPs —0.006 0.026 —0.057; 0.045 - —0.008 0.017 —0.041; 0.025 -
Low parental bonding

Bonding-CRPi-DEPi 0.010 0.005 0.000; 0.020 - 0.010 0.005  0.000; 0.020 -
Bonding-CRPi-DEPs 0.005 0.003 —0.001; 0.011 - 0.005 0.003 —0.001; 0.011 -
Bonding-CRPs-DEPi 0.077 0.071 —-0.062; 0.216 - 0.081 0.072 —0.060; 0.222 -
Bonding-CRPs-DEPs 0.007 0.026 —0.058; 0.044 - —0.009 0.016 —0.040; 0.022 -

Note: Sample = ELSA, w2-w8 (N = 4382). Pooled estimates from LGC mediation analysis with 20 imputed datasets and bootstrapped standard errors. SE = standard

error. CI = confidence interval. CRP = C-reactive protein. DEP = depression. HouseDys

Household Dysfunction. ACEs = Adverse Childhood Experiences. The

Total Effect Mediated is a ratio of the indirect effect to the total effect [Indirect Effect/ (Direct Effect + Indirect Effect)]. Model 1: adjusted for potential confounders
(sex, age, childhood socioeconomic position), additional mediators (adult socioeconomic position, lifestyle factors) and use of anti-inflammatory/anti-hypertensive
drugs. Model 2: adjusted for potential confounders and CRP-related drugs. Indirect effects in bold are statistically significant at the 95% confidence level. *The total

effect mediated is reported only for statistically significant indirect effects.

distinct psychological and physiological effects on child development.
In our study the dimension representing experiences related to loss of
an attachment figure had stronger associations with CRP, which in turn
explained a larger proportion of its association with depressive symp-
toms, compared with the effects of other ACEs dimensions. However,
the differences between the indirect associations of Loss and those of
the other ACEs dimensions were small. These results are in contrast
with previous studies using the Threat-Deprivation model (McLaughlin
et al., 2014), which showed that ACEs involving harm or threat of harm
have stronger relationships with stress-related biological outcomes (e.g.
cortisol) than ACEs related to deprivation (Busso et al., 2017; Sumner
et al., 2019; LoPilato, 2019). However, the Threat-Deprivation model is
not well suited to represent the ACEs dimensions found in our study.
Notably, it does not capture certain adversities (e.g. parental substance
abuse and separation), and some deprivation experiences are likely to
belong to distinct sub-dimensions (e.g. parental loss and neglect) (Iob
et al., 2019). On the other hand, the results regarding Loss experiences
are in line with the findings of earlier analyses suggesting that CRP
might be predominantly related to parental absence during childhood,
whereas its associations with other types of adversities seem to be
weaker (Baumeister et al., 2016). In addition, they are partially con-
sistent with the Biological Salience model which highlights the likely
adverse biological consequences of disruptions in the caregiving en-
vironment (e.g. death of a parent, parental separation) for the devel-
opment of the central nervous system and downstream neuroendocrine
and inflammatory responses linked to mental and physical health
(Kuhlman et al., 2017). Nevertheless, it is also important to note that
most dimensions of ACEs were related to higher CRP and depressive
symptoms, and their cumulative effect exhibited the strongest re-
lationship with these outcomes. Consequently, all types of ACEs

assessed in this study are likely to be important risk factors for elevated
inflammation and depressive symptoms in later life.

Our study has several important strengths. We used a large popu-
lation-based sample of older adults. Participants were not selected on
the basis of exposure to ACEs or presence of depressive symptoms and
were therefore more representative of the general population. We were
also able to assess the mediation effects of CRP with greater subtlety
owing to the availability of repeated measures of CRP and depressive
symptoms. Another strength of our analysis concerns the measurement
of different dimensions of ACEs in addition to the use of a cumulative
risk score, which enabled us to assess the specific associations of dis-
tinct ACEs dimensions separately. Despite this, a number of limitations
should be noted. First, as suggested by the E-values, our results could be
prone to unmeasured confounding bias. Although the analysis was
adjusted for relevant confounders and additional mediators, it is ne-
cessary to consider other potential sources of unmeasured confounding
associated with our exposure, mediator, and outcome variables when
interpreting the results (Blum et al., 2020). These might include, for
instance, different childhood socioeconomic characteristics than those
included in our study (e.g. area deprivation, parental social networks)
(Allen and Donkin, 2015) or genetically influenced individual traits and
vulnerabilities (Dalvie, 2020; Schoeler, 2019). Second, ACEs were as-
sessed retrospectively based on the participants’ recollections of their
childhood experiences. Such measures are particularly prone to mea-
surement error arising from the participants’ motivations, personality
styles, cognitive function, and memory biases, particularly at older ages
(Hardt and Rutter, 2004). Biases in disclosing childhood experiences
could also account for the high numbers of missing data in certain ACEs
measures (Table 1). A recent meta-analysis has demonstrated that
agreement between prospective and retrospective ACEs measures for
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experiences such as abuse and neglect is substantially lower than for
other more clear-cut types of ACEs like parental loss (Baldwin et al.,
2019). This could explain why Loss experiences exhibited larger asso-
ciations with the outcomes than the other ACEs dimensions in this
sample of older adults. It is also important to note that, despite the large
number of studies on ACEs, a concrete and agreed-upon definition of
this construct has not been achieved yet. There is a lack of consistency
in the way in which ACEs are defined and measured across different
studies (Lacey and Minnis, 2020). Consequently, our results cannot be
directly compared with those of studies including different ACE items.
Third, the mediation effects of CRP were generally small. This suggests
that other markers of inflammation or different biological mechanisms
might also play a role in the association between ACEs and depression.
For instance, different lines of research suggest that neuroendocrine
responses, microbiome alterations, neurocognitive processes, and epi-
genetic changes are all likely to be involved in the link between ACEs
and mental health, as well as being associated with inflammation
(Berens et al., 2017). Hence, it would be important to understand how
these different biological processes influence each other in the aetiology
of depression. Furthermore, several studies have found that the asso-
ciation between inflammation and depressive symptoms might be pre-
dominantly driven by the somatic symptoms of depression, whereas
associations with cognitive-affective symptoms tend to be much smaller
(White et al., 2017; Jokela et al., 2016; Chu, 2019; Iob et al., 2019).
Along similar lines, a recent analysis found that CRP mediated the re-
lationship of polygenic susceptibility to depression with somatic de-
pressive symptoms, but not that with cognitive-affective symptoms
(Frank et al., 2020). The mediation effects of inflammation found in our
study could therefore be more strongly related to somatic symptoms of
depression, but further work is needed to assess this possibility. Fourth,
a considerable number of ELSA participants were not included in the
study since they did not have data on at least one measure of ACEs,
CRP, and depressive symptoms. Sensitivity analyses demonstrated that
our analytical sample had better socioeconomic, health, and lifestyle
characteristics than the full ELSA sample, although such differences
were small. This could pose some limitations to the representativeness
of the sample. Lastly, the trajectories of CRP and depressive symptoms
were examined over a relatively short period which may not be suffi-
cient to provide an accurate representation of their change during later
life.

More prospective studies are needed to investigate the mediation
role of inflammation and other stress-related biological processes in
different samples of older adults and young people. Future studies
should also consider the potentially different physiological effects of
different types of ACEs and take into account a wider range of potential
confounders if possible, including both individual and contextual-level
socioeconomic characteristics and genetic factors. Furthermore, it
would be important to determine whether there might be sensitive
periods during early development when environmental exposures could
have more powerful and enduring consequences for the development of
the immune system and the brain.

5. Conclusions

To conclude, greater cumulative exposure to ACEs was associated
not only with elevated CRP and depressive symptoms at baseline but
also with their increase over time in a large population-based sample of
older adults, independently of possible confounders (sex, age, and
childhood socioeconomic position) and additional mediators (adult
socioeconomic position and lifestyle factors). ACEs were related to
depressive symptoms partly via higher CRP levels. CRP had larger
mediation effects in the pathways linking Loss experiences with de-
pression than in those involving other ACEs dimensions. These results
suggest that inflammation might be one of the psychobiological me-
chanisms underlying the relationship of ACEs with depression.
However, the mediation effects of CRP were generally small and
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susceptible to possible unmeasured confounding. Other inflammatory
markers and different stress-related biological processes should also be
considered in order to provide a more comprehensive understanding of
the biological embedding of ACEs. Taken together, our findings high-
light the importance of adopting an ACE-informed approach in the
prevention and treatment of depression. Psychosocial and behavioural
interventions to prevent ACEs and reduce their biological impact on
children’s development might help to lower the risk of elevated in-
flammation and depression in the population, as well as of other
medical conditions linked with these disorders.
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