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Objective: Depression and obesity are 2 highly prevalent and often comorbid conditions. Exposure to early-life stress (ELS) has been associated with
both depression and obesity in adulthood, as well as their preclinical manifestations during development. However, it remains unclear whether (1)
associations differ depending on the timing of stress exposure (prenatal vs postnatal), and whether (2) ELS is a shared risk factor underlying the co-
morbidity between the 2 conditions.

Method: Leveraging data from 2 large population-based birth cohorts (ALSPAC: n ¼ 8,428 [52% male participants]; Generation R: n ¼ 4,268 [48%
male participants]), we constructed comprehensive cumulative measures of prenatal (in utero) and postnatal (from birth to 10 years) ELS. At age 13.5
years, we assessed the following: internalizing symptoms (using maternal reports); fat mass percentage (using dual-energy X-ray absorptiometry); and
their comorbidity, defined as the co-occurrence of high internalizing and high adiposity.

Results: Both prenatal (total effect [95% CI] ¼ 0.20 [0.16; 0.22]) and postnatal stress (b [95%CI] ¼ 0.22 [0.17; 0.25]) were associated with higher
internalizing symptoms, with evidence of a more prominent role of postnatal stress. A weaker association (driven primarily by prenatal stress) was
observed between stress and adiposity (prenatal: 0.07 [0.05; 0.09]; postnatal: 0.04 [0.01; 0.07]). Both prenatal (odds ratio [95%CI] ¼ 1.70 [1.47;
1.97]) and postnatal (1.87 [1.61; 2.17]) stress were associated with an increased risk of developing comorbidity.

Conclusion: We found evidence of timing and shared causal effects of ELS on psycho-cardiometabolic health in adolescence; however, future research
is warranted to clarify how these associations may unfold over time.

Diversity & Inclusion Statement: We worked to ensure sex and gender balance in the recruitment of human participants. We worked to ensure
race, ethnic, and/or other types of diversity in the recruitment of human participants. We worked to ensure that the study questionnaires were prepared
in an inclusive way. One or more of the authors of this paper self-identifies as a member of one or more historically underrepresented racial and/or ethnic
groups in science. One or more of the authors of this paper self-identifies as a member of one or more historically underrepresented sexual and/or gender
groups in science. We actively worked to promote sex and gender balance in our author group.
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he co-occurrence of depression and obesity is a
rising public health concern, affecting increas-
ingly younger populations.1 Individuals with
obesity are w30% to 40% more likely to develop
depression compared to the general population.2 In turn,
depression also increases the risk of developing obesity3

and related cardiometabolic disease.4 Although the rela-
tionship between depression and adiposity is likely multi-
factorial and complex, the observed comorbidity between
the 2 may be partially explained by shared environmental
risk factors, such as exposure to stressful experiences early
in life.5
he American Academy of Child & Adolescent Psychiatry
Number - / - 2023
Indeed, early-life stress (ELS) is a well-established risk
factor for both adult depression6 and obesity.7 In children
and adolescents, ELS exposure in utero and postnatally (eg,
adverse childhood experiences) have been separately linked
to preclinical manifestations of depression, such as inter-
nalizing problems,8,9 and several adiposity measures.10,11

Identifying critical exposure windows (ie, prenatal vs
postnatal) can provide important insights into the best
timing for prevention and intervention programs, and can
shed light on the mechanisms through which stress may
lead to disease.12 However, very few studies have prospec-
tively investigated the influence of both pre- and postnatal
www.jaacap.org 1
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stress on these outcomes; and, because stress shows conti-
nuity over time, it is unclear whether (1) previously reported
postnatal associations may partly reflect preceding prenatal
exposures (ie, prenatal ELS as confounder), and (2)
observed prenatal associations may be partly mediated by
postnatal ELS (ie, postnatal ELS as mediator).

Furthermore, existing studies have examined ELS as-
sociations with internalizing and adiposity either sepa-
rately13 or as part of a broader “multisystemic” disease
constructs.14 It remains unknown whether ELS represents a
shared risk factor for comorbid emotional problems and
adiposity. Establishing such association is important, as
protocols for the integrated detection and management of
these health conditions are lacking,15 and as differential
patterns of ELS exposure may help to identify subgroups of
adolescents at higher risk for comorbidity.

To address these gaps, we leveraged longitudinal data
from 2 population-based prospective birth cohorts to
examine the following: (1) how pre- and postnatal ELS (up
to age 10 years) associate with internalizing symptoms and
adiposity in early adolescence (ie, at age 13 years), taking
into account potential confounding and mediation effects;
and (2) whether ELS accounts for comorbidity between
internalizing problems and excess adiposity, above and
beyond its contribution to each health outcome individu-
ally. Based on previous findings, we expect that both pre-
and postnatal ELS prospectively associate with internalizing
symptoms and adiposity, as well as their comorbidity. No a
priori hypotheses were specified regarding the relative
importance of pre- vs postnatal ELS.
METHOD
This manuscript follows Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE)
guidelines.16

Participants
Our sample was drawn from 2 population-based cohorts:
the Generation R Study (GenR), including 9,778 preg-
nant women in Rotterdam (the Netherlands), who
delivered their infants between April 2002 and January
200617; and the Avon Longitudinal Study of Parents
and Children (ALSPAC) involving 14,541 pregnant
women in Avon (UK), with delivery dates between April
1991 and December 1992.18,19 The ALSPAC website
contains details of all of the data that are available
through a fully searchable data dictionary and variable
search tool (http://www.bristol.ac.uk/alspac/researchers/
our-data/).
2 www.jaacap.org
Response rates at the 13-year follow-up were 64% in
GenRand 61% inALSPAC. Participants withmore than 50%
missing ELS variables in the pre- or postnatal period were
excluded, as were all twins. In the case of non-twin siblings,
only 1 sibling was selected (Figure S1, available online). The
final sample included 4,268 GenR and 8,428 ALSPAC
children.

Ethical approval was obtained from the medical ethical
committee of Erasmus MC, University Medical Center
Rotterdam, and from the ALSPAC Ethics and Law Com-
mittee and the Local Research Ethics Committees. Written
informed consent was obtained from all participants. Both
studies conform with the tenets of the World Medical As-
sociation Declaration of Helsinki (2013).

Measures
Prenatal and Postnatal ELS. The prenatal (ie, maternal
exposure during pregnancy) and postnatal (ie from birth to
10 years) cumulative ELS scores comprise information
about 5 stress domains in line with previous literature20,21:
(1) life events (eg, death of a parent), (2) contextual risk (eg,
financial difficulties), (3) parental risk (eg, parental psy-
chopathology), (4) interpersonal risk (eg, family conflicts),
and (5) direct victimization (only postnatally, eg, maltreat-
ment or bullying). It should be noted that, consistent with
other work using this measure,22 we use the term “post-
natal” (in contrast to “prenatal”) to encompass stressors
experienced across childhood (ie, until the age of 10 years),
rather than immediately following birth. A detailed
description of the ELS scores is provided in Supplement 1,
available online (see also https://github.com/SereDef/
cumulative-ELS-score for further details and scripts).
Briefly, w100 stress items were selected from each cohort,
dichotomized into no risk (¼0) or risk (¼1), and assigned
to a domain based on expert knowledge (see Figure 1 for an
overview of included items). Within each domain, dichot-
omized risks were summed and divided by the number of
items in the domain. Finally, domain scores were summed
within periods to obtain prenatal and postnatal stress scores.

Internalizing Symptoms. Internalizing symptoms were
measured at an average age of 13.5 years (range, 12.5-16.8
years) using the Child Behavior Checklist (CBCL 6-18)23 in
GenR and the Strengths and difficulties questionnaire
(SDQ)24 in ALSPAC. Both instruments are well-validated
parental reports of emotional and behavioral functioning
referring to the past 6 months, and have been shown to be
comparable.25 The CBCL internalizing subscale consists of
32 items rated on a 3-point scale (eg, “my child feels
worthless or inferior”). The SDQ emotional problems
Journal of the American Academy of Child & Adolescent Psychiatry
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FIGURE 1 Temporal Structure of the Prenatal and Postnatal Early-Life Stress (ELS) Score
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subscale contains 5 items rated on a 3-point scale (eg, “often
unhappy, down-hearted, or tearful”).

Adiposity (Fat Mass). Body composition was measured
using a dual-energy X-ray absorptiometry (DXA) scanner at
an average age of 13.5 years (range, 12.5-16.6 years).
Technical details of these measurements are provided else-
where.19,26 Fat mass percentage was calculated by dividing
the total body fat mass (kg) by the weight (kg) and multi-
plying by 100. To explore the importance of body fat dis-
tribution, measurements of android fat mass were also
extracted from DXA scans.

Comorbidity. To compute psycho-cardiometabolic comor-
bidity, internalizing symptoms and fat mass percentage were
first dichotomized into high vs low-moderate, based on a
cohort-specific 80th percentile cut-off value.The dichotomized
values were then used to assign children to 1 of 4 groups:
“healthy” (both outcomes <80th percentile); “high internal-
izing” (internalizing >80th and fat mass percentage �80th);
“high adiposity” (internalizing�80th and fat mass percentage
>80th); and “comorbid” (both outcomes >80th percentile).
Additional information is provided in Table 1 and online
Supplement 2, available online.

Covariates. During pregnancy, mothers reported on their
smoking status, alcohol consumption, and pre-pregnancy
body mass index (BMI). Information about child sex and
date of birth was extracted from registries. Ethnic back-
ground (available only for GenR children) was determined
by questionnaire-based assessment of the country of origin
of participants’ parents. Following Statistics Netherlands’
guidelines,27 if one of the parents was born abroad, the
child’s ethnicity was determined according to that parent. If
both parents were born abroad, the child was classified ac-
cording to the mother’s birthplace. Six large national groups
were identified (ie, Cape Verdean, Dutch, Dutch Antillean,
Moroccan, Surinamese, and Turkish). Smaller national
groups were aggregated into 5 additional categories: “Africa
and Middle East,” “Asia and Oceania,” “Europe,” “Latin
America,” and “North America” (Figure S5). Table 1 and
Supplement 3, available online, provide additional infor-
mation on covariate measurement and distribution.
Note: The 2 graphs summarize the complex temporal structure of the prenatal (left) and
(gestation) for prenatal and of years for postnatal items. For each question/item on the
and gray shading indicates the time period to which the question refers (eg, “since preg
dots/labels refer to Generation R items. Items are grouped by domain, as indicated by th
risk, green for interpersonal risk, and purple for direct victimization). The solid black vert
tion (or start of pregnancy) for prenatal items, and birth for postnatal items. The dashed
period, and a span of 1 year in the postnatal period. ALSPAC ¼ Avon Longitudinal St
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Statistical Analysis
Analyses were run separately in the 2 cohorts, using R
version 4.0.328 (scripts available at https://github.com/
SereDef/association-ELS-PCM-project).

Missing values in the exposure, covariate and outcome
variables were imputed by conditional multiple imputa-
tion29 using 60 iterations and 30 imputed datasets (a
complete assessment of missing values and detailed impu-
tation strategy is provided in Supplement 4 and Table S1,
available online). Model parameters were fit in each
imputed dataset and then pooled according to the Rubin
rules. Pre- and postnatal stress, internalizing and adiposity
were standardized using a z transformation. All statistical
tests were 2-sided and interpreted at a p value significance
threshold of .05. To account for multiple comparisons, false
discovery rate (FDR) correction was applied.

Association of Prenatal ELS With Internalizing Symptoms
and Adiposity. For each continuous outcome (ie, inter-
nalizing and adiposity), we performed a causal mediation
analysis featuring prenatal stress as the exposure and post-
natal stress as mediator.30 The method is described in detail
in Supplement 5, available online. In summary, the “total”
effect of prenatal ELS on each outcome was decomposed
into a direct (ie, not due to postnatal ELS) and indirect (ie,
acting through postnatal ELS) pathway, allowing us to
quantify the direct and mediated contribution of prenatal
stress.

Association of Postnatal ELS With Internalizing Symptoms
and Adiposity. For each continuous outcome, 4 multiple
linear regression models were run: (1) baseline (covariate
only) model; (2) prenatal stress þ covariates model; (3)
postnatal stress þ covariates model; and (4) prenatal þ
postnatal stress þ covariates model. The baseline model
served as reference for the computation of Rinc

2; the prenatal
model was used to ensure comparability of estimates between
approaches.

Association of Prenatal and Postnatal ELS With
Comorbidity. For the combined comorbidity outcome, 2
multinomial logistic regression models were performed,
using the “healthy” group as reference, and pre-/postnatal
postnatal (right) ELS scores. Time is depicted on the x-axis on the scale of weeks
y-axis, a colored dot represents the timepoint(s) at which the item was measured,
nancy” or “in the last year”). Red dots and labels refer to ALSPAC items and blue
e background color (yellow for life events, red for contextual risk, blue for parental
ical line indicates the beginning of the exposure period of interest, that is, concep-
gray lines additionally provide temporal markers, that is, trimesters in the prenatal
udy of Parents and Children. Please note color figures are available online.
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TABLE 1 Sample Characteristics

GenR
(n ¼ 4268)

ALSPAC
(n ¼ 8428)

Prenatal stress, median (range)
Total score 0.42 (0-2.60) 0.48 (0-2.34)
Life events 0.13 (0-0.67) 0.07 (0-0.57)
Contextual risk 0.25 (0-1.00) 0.25 (0-0.88)
Parental risk 0.00 (0-0.71) 0.10 (0-0.83)
Interpersonal risk 0.06 (0-0.95) 0.00 (0-0.84)

Postnatal stress, median (range)
Total score 0.64 (0-3.59) 2.69 (0.17-16.43)
Life events 0.23 (0-0.82) 1.07 (0-3.50)
Contextual risk 0.20 (0-1.00) 0.50 (0-2.90)
Parental risk 0.00 (0-0.79) 0.57 (0-3.62)
Interpersonal risk 0.00 (0-0.79) 0.29 (0-5.49)
Direct victimization 0.13 (0-0.86) 0.00 (0-3.10)

Internalizing score, median
(range)

4.00 (0-41) 1.00 (0-10)

Fat mass percentage,
median (range)

24.7 (8.5-54.6) 23.9 (4.9-56.3)

Outcome groups, n (%)
Healthy 2,791 (65) 5,916 (70)
High internalizing 623 (15) 795 (9)
High adiposity 631 (15) 1,476 (18)
Comorbid 223 (5) 241 (3)

Sex, n (%)
Male 2,087 (48) 4,370 (52)
Female 2,181 (52) 4,058 (48)

Ethnic background, n (%)
Africa and Middle Easta 115 (2.7)
Asia and Oceaniaa 100 (2.3)
Cape Verdean 100 (2.3)
Dutch 2,673 (62.6)
Dutch Antillean 118 (2.8)
Europea 334 (7.8)
Latin Americaa 72 (1.7)
Moroccan 176 (4.1)
North Americaa 25 (0.6)
Surinamese 296 (6.9)
Turkish 247 (5.8)

Child age, y, median (range) 13.5 (12.6-16.6) 13.5 (12.8-15.0)
Pre-pregnancy BMI,
kg/m2, median (range)

22.6 (14.4-50.2) 22.1 (12.5-48.6)

Maternal smoking, n (%)
Never 3,228 (76) 4,412 (52)
Until (early) pregnancy 390 (9) 2,524 (30)
During pregnancy 650 (15) 1,492 (18)

Maternal alcohol consumption, GenR: n (%); ALSPAC: median
(range)
Never 1,694 (40) 0.50 (0-3.5)
Until early pregnancy 596 (14)
Continued occasionally 1,570 (37)
Continued frequently 407 (10)

(continued)

TABLE 1 Continued

GenR
(n ¼ 4268)

ALSPAC
(n ¼ 8428)

Maternal education, n (%)b

Low 1,716 (40.2) 4,216 (50.0)
Medium 1,278 (29.9) 3,001 (35.6)
High 1,274 (29.9) 1,212 (14.4)

Household income, n (%)c

Low 702 (16.4) 1,318 (15.6)
Medium 2,070 (48.5) 4,324 (51.3)
High 1,497 (35.1) 2,786 (33.1)

Note: Sample characteristics pooled across 30 imputed datasets. BMI ¼
body mass index.
aAfrica and Middle East: Iran (n ¼11); Iraq (10); South Africa (8); Angola
(7); Eritrea (7); Israel (6); Cameroon (5); Egypt (5); Nigeria (5); Ethiopia (4);
Algeria (3); Ghana (3); Lebanon (3); Liberia (3); Syria (3); Tanzania (3); Co

ˇ

te
d’Ivoire (2); Guinea (2); Mozambique (2); Saudi Arabia (2); Senegal (2);
Zimbabwe (2); Africa (1); Armenia (1); Burundi (1); Congo (1); French
Congo (1); Gambia (1); Kenya (1); Mali (1); Mauritania (1); Palestine (1);
Sierra Leone (1); Somalia (1); Sudan (1); Togo (1); Tunisia (1); Uganda (1);
Yemen (1).Asia and Oceania: Indonesia (n¼ 23); Pakistan (9); Australia (6);
China (6); Japan (6); Philippines (6); Thailand (6); India (5); Afghanistan (4);
Hong Kong (4); South Korea (4); Vietnam (4); Bangladesh (3); Korea (3);
Taiwan (3); Kazakhstan (2); New Zealand (2); Dutch New Guinea (1); East
Timor (1); Singapore (1); Sri Lanka (1).Europe: Germany (n ¼ 55); Belgium
(35); United Kingdom (30); France (29); Portugal (22); Spain (18); Yugo-
slavia (18); Poland (16); Italy (12); Bosnia-Herzegovina (11); Russia (10);
Croatia (7); Czech Republic (7); Switzerland (7); Hungary (6); North
Macedonia (6); Serbia-Montenegro (5); Denmark (4); Ireland (4); Norway
(4); Sweden (4); Greece (3); Lithuania (3); Romania (3); Austria (2); Kosovo
(2); Ukraine (2); Canary Islands (1); Estonia (1); Finland (1); Luxembourg (1);
Madeira Islands (1); Moldova (1); Monaco (1); Slovakia (1); Slovenia
(1).Latin America: Colombia (n ¼ 18); Brazil (11); Dominican Republic (8);
Chile (6); Venezuela (6); Cuba (4); Mexico (4); Argentina (3); Peru (3);
Ecuador (2); Guyana (2); Belize (1); Bolivia (1); Haiti (1); Paraguay (1);
Trinidad and Tobago (1).North America: United States (n ¼ 16); Can-
ada (9).
bMaternal education: low ¼ “secondary, phase 2” or lower in GenR,
“none,” “CSE,” “vocational,” or “O level” in ALSPAC; medium ¼
“higher, phase 1” in GenR, “A level” in ALSPAC; high ¼ “higher, phase
2” in GenR, “(college or university) degree” in ALSPAC. Categorization
based on International Standard Classification of Education
(ISCED 2011).
cHousehold income: low ¼ < V1600 /month in GenR, < £200 /wk in
ALSPAC; medium ¼ between V1600 and V 4000 /mo in GenR, between
£200 and £400 /wk in ALSPAC; high ¼ > V 4000 /mo in GenR, > £400
/wk in ALSPAC.
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stress as independent predictors. The odds ratios (OR) and
95% CI of developing comorbidity were visually compared
with those of developing high internalizing and high
adiposity only, to determine whether pre-/postnatal stress
influenced comorbidity beyond either health problem
alone.

Follow-up and Sensitivity Analyses
We examined effect modification by sex and by ethnic back-
ground (in GenR only, given its multi-ethnic composition17).
www.jaacap.org 5

http://www.jaacap.org


DEFINA et al.
In addition, to explore the relative contribution of different
types of stress, 3 regression models (for internalizing,
adiposity, and comorbidity) were run, including all 9
domain scores (4 prenatal and 5 postnatal) as independent
predictors.

To assess the impact of the imputation procedure on
our results, we ran the analyses in the subsample with
complete outcome data (ie, both internalizing and
adiposity). Finally, we tested the stability of our results
using android fat mass as an alternative measure of
adiposity.
RESULTS
Sample Characteristics
Sample characteristics were pooled across imputed datasets
and summarized in Table 1. Briefly, the ALSPAC sample
included 8,428 children (48% male), 30% of whose
mothers were highly educated (ie, held a college or uni-
versity degree). The GenR sample included 4,268 partici-
pants (52% male) 62% of whom were “Dutch” and 14% of
whom had highly educated (ie, “higher, phase 2”) mothers.
Pre- and postnatal ELS were moderately correlated (GenR:
r ¼ 0.56; ALSPAC: r ¼ 0.48) (Supplement 1, available
online), whereas the correlation between internalizing
symptoms and adiposity was weak (GenR: r ¼ 0.15;
ALSPAC: r ¼ 0.11).

Associations of Prenatal ELS With Internalizing
Symptoms and Adiposity
Results of the mediation analysis linking prenatal stress to
internalizing and adiposity were highly consistent across
cohorts (Figure 2; Table S2, available online).
FIGURE 2 Prenatal Early-Life Stress (ELS) Contribution (Causal M

Note: The causal estimates for the total effect (TE), natural direct effect (NDE), and natu
R; B: ALSPAC) and adiposity (C: Generation R; D: ALSPAC) are displayed in the gray boxe
between brackets, and the respective p values are marked in gray. The predominant pat
and Children.
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About 60% of the total effect (TE) of prenatal stress on
internalizing symptoms (TE [95% CI] ¼ GenR: 0.27
[0.23; 0.30]; ALSPAC: 0.16 [0.13; 0.18]) was mediated
through postnatal stress (GenR: 0.16 [0.14; 0.19];
ALSPAC: 0.10 [0.08; 0.11]).

The TE of prenatal stress on adiposity (GenR: 0.12
[0.09; 0.15]; ALSPAC: 0.04 [0.03; 0.06]) was smaller
compared to internalizing and largely (w70%) operating
via the direct pathway (GenR: 0.08 [0.04; 0.12]; ALSPAC:
0.03 [0.01; 0.05]).

Association of Postnatal ELS With Internalizing
Symptoms and Adiposity
Results of the hierarchical regressions examining the asso-
ciation of postnatal stress with internalizing and adiposity
were also largely similar across cohorts (Figure 3; Tables S3
and S4, available online).

Higher postnatal stress associated with increased inter-
nalizing symptoms both before (b [95% CI] ¼ GenR: 0.33
[0.29; 0.37]; ALSPAC: 0.22 [0.19; 0.25]) and after (GenR:
0.27 [0.22; 0.31]; ALSPAC: 0.19 [0.15; 0.22]) adjustment
for prenatal stress.

Higher postnatal stress also associated with increased
adiposity (GenR: 0.10 [0.07; 0.13]; ALSPAC: 0.03 [0.01;
0.05]). The association remained after prenatal stress
adjustment in GenR (0.07 [0.03; 0.11]), but not in
ALSPAC (0.02 [0.00; 0.05]).

Association of Prenatal and Postnatal ELS With
Comorbidity
Higher stress in the prenatal (OR [95% CI] ¼ GenR: 2.13
[1.84; 2.47]; ALSPAC: 1.48 [1.28; 1.71]) and postnatal pe-
riods (GenR: 2.37 [2.05; 2.75]; ALSPAC: 1.61 [1.39; 1.87])
ediation Analysis Results)

ral indirect effect (NIE) of prenatal stress on internalizing symptoms (A: Generation
s. The percentage of the total effect due to direct and indirect pathway is reported
h is highlighted with a thicker arrow. ALSPAC ¼ Avon Longitudinal Study of Parents
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FIGURE 3 Postnatal Early-Life Stress (ELS) Contribution (Hierarchical Regression Results)

Note: In each cohort (A: Generation R; B: ALSPAC), the standardized b estimates of pre- and postnatal ELS (and their 95% CI) are represented along the x-axis, using
different color sets for internalizing symptoms (light and dark blue) and adiposity (yellow and orange). Estimates generated by the prenatal-only model are presented
on the first row and marked in lighter colors (ie, light blue and yellow); these correspond to the total effect (TE) displayed in Figure 2. Postnatal ELS b estimates, before
(round marker) and after (square marker) prenatal adjustment are displayed in darker colors (blue and orange). For each model, the total and incremental R2 is reported in
the legend below the graphs. The first number provides an indication of total model fit; the second number quantifies the increase in variance explained by the introduc-
tion of the predictor (compared to the covariate-only model). ALSPAC ¼ Avon Longitudinal Study of Parents and Children. Please note color figures are available online.

EARLY-LIFE STRESS AND ADOLESCENT HEALTH
was associated with higher odds of belonging to the comor-
bidity group compared to the healthy group (Figure 4;
Table S5, available online). This association was the strongest
FIGURE 4 Pre- and Postnatal Early-Life Stress (ELS) and Psycho-c

(A, B) Scatterplots of internalizing symptoms (on the x axis) and fat mass percentage (o
tributions of both primary outcomes are shown on the respective axes, with darker shadi
variable. Color indicates the assigned group (green ¼ healthy; blue ¼ high internalizing;
of the total cohort sample) were pooled across imputed datasets and reported on the
their 95% CIs) on the odds ratio (OR) scale are represented along the x-axis, with differ
high adiposity; blue ¼ healthy vs high internalizing; red ¼ healthy vs comorbid), in Gen
ents and Children. Please note color figures are available online.

Journal of the American Academy of Child & Adolescent Psychiatry
Volume - / Number - / - 2023
compared with all other (single-outcome) groups. However,
the CIs of the comorbidity estimates did overlap with those of
high internalizing only (Figure 4C, D).
ardiometabolic Comorbidity

n the y-axis), for the Generation R (A) and ALSPAC (B) cohorts. The univariate dis-
ng indicating the 80th percentile cut-off used in the construction of the comorbidity
yellow ¼ high adiposity; red ¼ comorbid). Group sizes (ie, number and percentage
right of each scatterplot. (C, D) Effect estimates for pre- and postnatal stress (and
ent colors, depending on the comparison to which they refer (yellow ¼ healthy vs
eration R (C) and ALSPAC (D) children. ALSPAC ¼ Avon Longitudinal Study of Par-
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Follow-up Analyses
Interaction With Sex and Ethnic Background. After strat-
ifying by sex, in GenR, the association between prenatal
ELS and adiposity was larger in girls than in boys (Z ¼
1.89, p ¼ .029), whereas that of postnatal ELS was slightly
larger in boys (Z ¼ �1.38, p ¼ .083). A similar pattern of
associations was found in ALSPAC but with smaller mag-
nitudes (Figures S2-S4 and Tables S6-S9, available online).

In GenR, Cape Verdian and Dutch Antillean children
experienced the highest cumulative prenatal and postnatal
stress, followed by Turkish, Surinamese, and Moroccan
children (Figure S5B, available online). We did not find
evidence for a significant interaction between pre- or post-
natal ELS and the examined ethnic background groups on
any outcome of interest (ie, internalizing symptoms,
adiposity, or comorbidity) (Table S10 and Figure S5C,
available online). It should be noted, however that the as-
sociation between pre-/postnatal ELS and comorbidity in
the “North American” group could not be estimated
because of an insufficient number of observations (ie, co-
morbidity group size �5).

Contribution of Specific Stress Domains. Across cohorts,
internalizing symptoms were consistently associated with
higher prenatal and postnatal parental risk (eg, parental
psychopathology), postnatal life events, and direct victimi-
zation (Figure S6 and Table S11, available online). We
found no consistent associations for adiposity. Only post-
natal parental risk was consistently associated comorbidity
status (vs healthy) across cohorts (Figure S7 and Table S12,
available online).

Sensitivity Analyses. Restricting the analyses to participants
with complete outcome data (GenR: n ¼ 2,749; ALSPAC:
n ¼ 4,096) did not substantively change the reported
findings (Figure S8 and Tables S13-S15, available online),
nor did the use of android fat mass rather than fat mass
percentage as a proxy of adiposity (Figure S9 and Table S16,
available online). None of the main conclusions were
affected by false discovery rate correction.
DISCUSSION
Our aim was to elucidate the role of ELS on adolescent
internalizing problems and adiposity, as well as their co-
morbidity, based on prospective data from 2 population
birth cohorts. We highlight 2 key findings. First, exposure
to cumulative stress is strongly associated with internalizing
symptoms (especially postnatal ELS) and, to a lesser extent,
with adiposity (especially prenatal ELS). Second, both pre-
and postnatal stress associate with psycho-cardiometabolic
8 www.jaacap.org
comorbidity more strongly than with individual health
outcomes.

Our first objective was to disentangle the relative
contribution of pre- and postnatal stress exposure to
adolescent internalizing symptoms and adiposity.

We found that, although both pre- and postnatal ELS
contribute to internalizing symptoms, the impact of post-
natal stress is larger and is not explained by prenatal con-
founding, whereas w60% of the prenatal effect was
mediated though postnatal stress. This finding aligns with
previous studies investigating the contribution of prenatal
and postnatal exposure to specific stressors,31,32 and holds
promising clinical implications, given that several aspects of
the postnatal environment may be modifiable.33 In partic-
ular, parental risk factors (such as psychopathology), direct
victimization (eg, maltreatment), and life events emerged as
independent predictors of internalizing symptoms in our
exploratory analyses, indicating that these may represent
important targets for intervention.

To our knowledge, no study to date has explored such
timing effects on adiposity or related outcomes. Here, we
found that approximately 70% of the effect of prenatal
stress on adiposity was “direct” (ie, not mediated by post-
natal stress); the effect of postnatal stress, both as mediator
and as predictor in the adjusted models, was smaller and was
statistically significant only in GenR. Although it is
important to note that the effect sizes observed in the
adiposity models were markedly smaller than for internal-
izing symptoms, these findings provide some indication that
fat accumulation processes could be particularly vulnerable
to (stress-induced) alterations of the prenatal environment.
This is in line with previous theoretical34,35 and empir-
ical36,37 accounts showcasing the impact of stress and stress
hormones during prenatal life on the programming of
metabolic function and obesity risk. In our exploratory
follow-up analyses, we additionally found some evidence
that adiposity may be more strongly associated with prenatal
stress in girls, vs postnatal stress in boys. However, previous
accounts of these sex differences are mixed,38,39 and dif-
ferences in pubertal development may be an important
confounding factor that was not accounted for in our
analysis.

It is also possible that stronger associations between
postnatal ELS and adiposity will emerge later in develop-
ment. Indeed, accumulating postnatal risks may influence
biological (eg, inflammatory and neuro-endocrine) and
behavioral (eg, diet and exercise) factors that, in turn, in-
crease physical health burden; however, this might become
evident only later in life.7,10

Our second aim was to examine whether ELS relates to
psycho-cardiometabolic comorbidity, as suggested by some
Journal of the American Academy of Child & Adolescent Psychiatry
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theoretical accounts14 but never explicitly investigated
before. If comorbidity were a discrete stress-related patho-
physiological process, then the effect of ELS on comorbidity
would differ from the effect of ELS on mental and physical
health separately. This expectation was partially confirmed
by our data: ELS increased the risk of developing comor-
bidity compared to being healthy, and this estimate was
highest relative to all other groups. However, the overlap
between CIs of the comorbidity and the internalizing-only
estimate indicates that neither pre- nor postnatal stress
levels were sufficient to predict whether a child would
develop comorbidity vs internalizing problems alone.
Notably, cross-sectional correlations between internalizing
and adiposity at age 13 years were small (and so were the
comorbidity group sizes), which may partly explain these
findings. However, comorbidity is known to increase with
age,40 and it is possible that pre- and postnatal stress may
serve as better discriminators between comorbidity and
internalizing problems in older samples with higher co-
morbidity rates.

This study has several important strengths. We analyzed
data from 2 large population-based cohorts with remarkably
consistent results, which adds confidence to the robustness
and generalizability of our findings. We used a longitudinal
and comprehensive assessment of ELS, enabling us to
quantify the relative contribution of pre- and postnatal
exposure to a broad spectrum of stressors. We focused on 2
pre-clinical health markers that manifest in adolescence and
may be important targets for early prevention. Also, the
challenge of incomplete data and possible selection bias
were thoroughly addressed by multiple imputation and
sensitivity analyses. However, it is important to note that
our measures of ELS and internalizing symptoms rely pri-
marily on parent reports, which might have introduced
information bias. Furthermore, although several important
confounders were taken into account, it will be important in
the future to examine the role of other potential contribu-
tors, including (epi-)genetic influences,41 pubertal status,
disability/functional impairment, and other behavioral fac-
tors (eg, sleep, exercise, diet).

In conclusion, current approaches to the prevention
and management of depression and obesity have yielded
limited success. We believe that the adoption of an inte-
grated, developmental framework is necessary to improve
our understanding and to set the stage for better detection
and prevention of these disorders, both in isolation and in
their comorbid forms. We provide evidence that both pre-
and postnatal ELS associate with adolescent internalizing
symptoms (with prenatal < postnatal stress), adiposity
(with prenatal > postnatal stress), and their comorbidity at
age 13 years. Although recommendations for how best to
Journal of the American Academy of Child & Adolescent Psychiatry
Volume - / Number - / - 2023
intervene when a higher psychosocial stress burden is
identified are still in the embryonic stage, one novel sug-
gestion emerging from our findings is that prenatal stress
may be an underrecognized factor for identifying children
at higher risk for overweight. We would therefore advice
clinicians to inquire about prenatal stress exposure as part
of routine pediatric assessments, so that adequate moni-
toring and lifestyle preventive measures can be introduced
as early as infancy.

Finally, as we follow these children, it will be infor-
mative to see how these associations evolve over time. For
instance, the association between ELS exposure and
adiposity-related outcomes may not emerge fully until
adulthood, and it is possible that the nature of the relation
between ELS and comorbidity also differs as a function of

developmental stage.
Accepted July 6, 2023.
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