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Abstract

Background Research on childhood adversity and psychopathology has begun investigating the dimension of tim-
ing, however the results have been contradictory depending on the study population, outcome and how adverse life
events (ALEs) were operationalized. Additionally, studies so far typically focus only on a narrow range of psychiatric
diagnoses or symptoms. The current cross-sectional study aimed to examine the association between timing, type
and chronicity of ALEs and adolescent mental health problems.

Methods Adolescents from a population-based cohort oversampled on emotional and behavioral problems (mean
age 14.8; range 12-17,N=861) were included in the current analysis. Primary caregivers were interviewed on what
ALEs adolescents experienced. ALEs were defined in two ways: (1) broad operationalization, including school difficul-
ties, parental divorce, and family sickness; and (2) physically threatening abuse only, including physical and sexual
violence. After looking at lifetime ALEs, we turned to chronicity, timing and sex differences. We focused on overall
psychiatric symptoms as well as specific domains of emotional and behavioral problems, assessed using the Youth
Self Report (YSR) and psychotic experiences assessed using the Prodromal Questionnaire-16 (PQ-16). A series of linear
models adjusted for sociodemographic and parental factors were used.

Results Lifetime ALEs were associated with all types of psychopathology, with relatively bigger effect sizes for broad
than for physical ALEs. The latter associations were found to be more robust to unmeasured confounding. The 9-12
age period of experiencing both broad and physical ALE's was most saliently associated with any psychopathol-
ogy. Girls were more at risk after experiencing any ALEs, especially if the adversity was chronic or ALEs took place
after the age of 12.

Conclusions Broad as well as physical ALEs are associated with psychopathology, especially ALEs experienced
during the 9-12 age period. Physical ALEs may be more useful in investigating specific etiological factors than broad
ALEs. Sex differences may not emerge in lifetime measures of ALEs, but can be important for chronic and later child-
hood adversity.
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Introduction

Adverse life experiences (ALEs) are some of the most
robust environmental predictors of future psychologi-
cal, social and economic outcomes [31, 73]. The original
Adverse Childhood Experiences (ACE) study performed
by the Centers for Disease Control and Prevention in the
mid-1990s demonstrated a marked dose—response rela-
tionship between the count of childhood adversities and
increased problems in the affective, cognitive, somatic,
aggression and substance use domains [3]. This opera-
tionalization of counting the number of specific adversi-
ties was named the ACE score and it attracted substantial
interest as both a tool for screening and for studying etio-
logical factors of disease [30, 60]. The use of the cumu-
lative ACE score, however, has been challenged on both
these fronts [26, 55]. A person who experienced parental
incarceration at age four could conceivably receive the
same ACE score as a teenager who was subjected to sex-
ual abuse at fifteen. This has produced criticisms that the
current approach neglects critical dimensions of adver-
sity, such as the type (e.g., parental deprivation versus
threatening abuse) and timing (e.g., age, occurrence and
frequency) of the adverse events. These aspects can sig-
nificantly influence the impact of childhood experiences,
yet are overlooked in the cumulative scoring method [4,
54]. Attention has therefore shifted to investigating how
type and timing of adversity can account for the develop-
ment of emotional and behavioral problems.

Extensive research has been devoted to investigat-
ing the association between specific types of abuse and
psychopathology [10, 32, 45]. Isolating distinct adversity
categories, however, is not straightforward as co-occur-
rence of multiple childhood events is overwhelmingly
the norm rather than the exception [14]. For instance, up
to 63% of people that report one type of childhood mal-
treatment also report other abuse [80] Thus, rather than
replacing the original ACE list with individual adverse
events, researchers have proposed several aspects on
which cumulative approaches can be improved. Two
will be highlighted here. First, a more comprehensive
set of adversities guided by previous research has been
suggested to expand the list of adversities [27]. Less vis-
ible events such as peer and school difficulties, constant
moving and a disorganized family environment all pose
unique developmental challenges that can be incorpo-
rated in a broader operationalization of adversity [25, 70,
75]. Authors have advocated for using different terminol-
ogy to differentiate this broader operationalization from
the original ACE score, like for example early adversity or
adverse life events (ALEs) [12]. Second, while individual
events might be impossible to isolate, salient characteris-
tics shared by groups of events can be investigated sepa-
rately. One theoretical research line considers threatening
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events (such as physical or sexual abuse) separately from
other adverse experiences which might be more depriv-
ing in nature (such as losing a parent, neglect, academic
problems) [54]. Empirical investigations using the latter
approach are still in early stages and studies are yet to
compare using a broad cumulative operationalization of
ALEs including all events compared to ALEs consisting
exclusively of physically threatening events such as sexual
and physical abuse. Exploratory studies using these new
operationalizations are needed to investigate the devel-
opment of emotional, behavioral and cognitive problems
similar to the tradition of the original ACE methodology.

Beside the issue of grouping events, the dimension
of timing is also key in understanding the mechanisms
through which adversity operates. According to theory,
as the developing brain matures, different brain struc-
tures undergo periods of heightened neuroplasticity and
accordingly periods of heightened vulnerability to stress
as well [47]. For example, the hippocampus roughly
develops in the first 5 years of life, after which the amyg-
dala goes through a period of increased sensitivity in the
ages of 8 to 12, while the prefrontal cortex peaks later
in the teenage years [46]. Building on that knowledge,
researchers started exploring the distal effects of stress
in relation to how its timing affects psychopathologi-
cal outcomes. The empirical findings have been mixed.
Some researchers report that physical and sexual abuse
in childhood were associated with depressive problems,
anxiety symptoms, and suicidal ideation regardless of
when they happened, as found in both large cohorts [20,
22] and longitudinal designs [18]. Other studies report
adversity before adolescence (e.g. before age 11) to be
more predictive of psychosis and depression when com-
pared to adversity in adolescence [2, 50, 66]. Yet others
report adversity before age 6 as most predictive of anxiety
and depression problems [43]. Finally, timing of adver-
sity has sometimes been reported not to be of conse-
quence to transitioning into psychiatric disorders, as only
cumulative lifetime scores were found to be significantly
associated with psychopathology [20, 22, 35]. These find-
ings are difficult to compare and combine due to several
design differences, which can be found in the sample
populations; the outcomes under study and the analysis
strategies used. To form a solid knowledge base, stud-
ies investigating a broad range of outcomes covering the
internalizing/externalizing spectrum are necessary. This
approach is analogous to the outcome-wide epidemio-
logic approach [78]. Briefly, the outcome-wide approach
argues that it is desirable to relate a single category of
exposure to many health outcomes in a single study while
controlling for shared sources of bias. This approach has
rarely been applied in the context of childhood adversity.
In particular the timing dimension of adversity has not
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been studied in relation to a variety of mental health out-
comes using a single sample and analysis strategy.

Finally, childhood adversities affect men and women
differently. Women are 1.5 to 5 times more likely to
develop anxious or depressive responses to adverse
events [37, 69]. Beyond emotional problems, women are
also more likely to report behavioral problems following
childhood adversity [24]. These differences are not pre-
sent in early childhood, but emerge around ages 11 to
13 when girls also start developing depressive problems
at an exponentially higher rate [7, 63]. While biological
differences in this early pubertal period have been a lead-
ing hypothesis for the mechanism behind observed sex
differences, interactions between (neuro)hormonal fac-
tors and adversity can only account for up to a quarter
of the variance in psychopathology [13, 67]. Wider social
factors clearly have an important role in this relationship,
some of which could be captured by broader inclusion of
adverse events. Regardless of how social or biological the
etiology behind observed differences is, it is clear that sex
is an important moderator when studying the relation-
ship between adversity and psychopathology.

The current cross-sectional study investigates the
dimensions of type and timing of ALEs and their associa-
tion with psychopathology in a population-based cohort
of adolescents. We take an outcome-wide approach to
examine a wide range of emotional and behavioral psy-
chopathology domains as outcomes. Those include
anxious-depressed, withdrawn-depressed, somatic, rule-
breaking, aggressive, social, attention, and thought prob-
lems, as well as psychotic experiences. To investigate the
dimension of type of adversity, we scored ALEs in two
ways: one which includes a wide array of adverse expe-
riences (broad operationalization) and one which sepa-
rately considers physically threatening experiences (e.g.
sexual and physical violence) in line with distinctions
made in the theoretical literature. To investigate timing,
threatening and broad adverse life events were catego-
rized according to when they occurred, namely in the first
3 years of life, between ages 4 to 8, ages 9 to 12, or after
the age of 12. While we hypothesize a positive association
between adversity and psychopathology, past literature is
equivocal on specifying which periods of life should be
particularly vulnerable to adversity. We therefore do not
pre-specify which period we expect to be most associated
with psychopathology. Third, we address the role of sex
in moderating the association with psychopathology.

Methods

Setting and study population

The current study uses the iBerry (Investigating Behav-
ioral and Emotional Risk in Rotterdam Youth) cohort,
which follows 1022 adolescents [34]. The sampling
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method was designed to deliberately include more ado-
lescents at risk of developing emotional and behavior
problems and thus increase the statistical power of analy-
ses targeting mental health outcomes [52]. The selec-
tion process started with 16,758 adolescents in their first
year of high school (aged 13), who were screened using
the self-report Strengths and Difficulties Questionnaire
(SDQ [33]). All the adolescents who scored in the high-
est 15% range of the SDQ problem scores and a random
sample of the bottom 85% were included, resulting in a
2.5:1 ratio of high-risk adolescents. For the current cross-
sectional analysis, adversity and psychopathology data
were available for 861 (84.2%) out of the 1022 adolescents
during the baseline assessment (mean age 14.8 years).

Adverse life events predictors

Information on exposure to adverse life events dur-
ing childhood was obtained via the childhood adversity
interview from The Tracking Adolescents’ Individual
Lives Survey [58]. The accompanying parent or caregiver
was asked whether each of 13 events occurred in the
adolescent’s life and how old the adolescent was at the
time of the event. These events were: (1) hospitalization
of the adolescent, (2) serious illness or hospitalization
of the mother, (3) father, (4) sibling or (5) close friend;
(6) death in the family or (7) outside of family (e.g. of a
friend); (8) parental divorce; (9) repeating class; (10)
switching school; (11) extended living away from home;
(12) physical violence and (13) sexual abuse. We cat-
egorized whether each event happened in the following
four age periods: O to 3 years old; 4 to 8; 9 to 12; 12 or
later. Chronicity was measured as in how many of these
four age periods an event had occurred. These intervals
were chosen to balance theoretically meaningful matura-
tion windows which are considered particularly suscep-
tible to the effects of adverse life events [5] and to also
keep in line with adverse life event timing literature so
far [19]. A cumulative sum score theoretically ranging
between 0 (no events experienced) and 13 (all events
experienced) was created. This all-inclusive broad score,
which includes physical and sexual abuse, is closest to
the cumulative scores used in prior literature [72]. Addi-
tionally, cumulative sum scores for each of the four age
periods were created (e.g. 4 events that occurred in the 4
to 8 years old period). Certain events were not included
in the O to 3 year olds period, as they were impossible
to occur (repeating class and switching school). Finally,
the same sum scores were applied for only physical and
sexual abuse events to create a sum score of physically
threatening adverse events ranging from 0 to 2 (both
physical and sexual abuse occurred). This latter sum
score was also split into timing periods, however this
time each variable was a binary indicator if sexual and/or
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physical abuse had occurred. These events were isolated
as physical and particularly traumatizing, as they are
interpersonal, assaultive and generally considered within
the psychiatric literature as particularly traumagenic [9].

Psychopathology outcomes

Two self-report questionnaires were used to collect data
on the adolescents’ emotional and behavioral problems.
The Youth Self-Report scale (YSR; [1]) was used to meas-
ure general internalizing and externalizing problems,
as well as a composite total psychological problems
score. Problem subscales were also calculated, namely
for anxious-depressive problems, withdrawn-depres-
sive problems, somatic complaints, social problems,
thought problems, attention problems, rule-breaking
behavior and aggressive behavior. The questionnaire is
comprised of 112 items, which could be answered on a
3-point Likert scale (“Not true’;'Somewhat or sometimes
true”; “Always true”). Detailed information on number of
items for each subscale and reliability estimates is pre-
sented in Additional file 1: Table S1. McDonald’s omega
ranged from 0.95 for total problems to 0.55 for social
problems. The 16-item version of the Prodromal Ques-
tionnaire (PQ-16) was used as a measurement of adoles-
cents’ psychotic experiences [38]. This questionnaire asks
about hallucinatory experiences (e.g. “I see things others
don’t”), delusional ideations (e.g. “I sometimes find spe-
cial meaning in advertisements”) and two items on nega-
tive symptoms (e.g. “I don’t find interest in things I used
to enjoy”) associated with risk for developing a psychotic
disorder. The response options for each item are a binary
“Agree” or “Disagree”. The items are summed together in
a total score, with good reliability—McDonald’s omega
was 0.68 for boys and 0.73 for girls.

Confounder variables

Basic demographic information about age and sex was
collected from the participating adolescents using self-
report questionnaires. Educational achievement was
categorized according to the Dutch high school system.
The lowest level was pre-vocational secondary educa-
tion, followed by higher-general secondary education,
then pre-university general education. There were also
two categories for combined education levels and special
needs education. The accompanying caregiver (primar-
ily mothers, 83.3%) provided information on household
income (categorized as<€ 1599, € 1600-2399, € 2400—
4399,>€ 4400). Ethnic origin was categorized as one
of the parents being born abroad (e.g. Dutch vs. non-
Dutch). Urbanicity of living environment was determined
from the number of addresses per km?* surrounding the
adolescents’ home address; each adolescent was catego-
rized as living rural, suburban or urban neighborhood

(2024) 18:37

Page 4 of 13

(defined as< 1000, 1000-1500, and> 1500 addresses/km?,
respectively)[71]. Parental psychopathology was assessed
using the Brief Symptoms Inventory (BSI [15]). The BSI
is a self-report general measure consisting of 53 items
with 3-point Likert-scale response options each, measur-
ing psychological symptoms in various domains such as
depression, anxiety, somatization, hostility, psychoticism
and paranoid ideation. A weighted mean global severity
index measuring the general psychological functioning
was calculated.

Statistical analysis

The estimates of interest in the current analysis were
the associations of adverse life events as predictors and
a range of emotional and behavioral problems as out-
comes. The broad operationalization of ALE produced
the following set of predictors: (1) a lifetime cumulative
score; (2) broad ALEs occurring before age 3; (3) occur-
ring between ages 4 to 8; (4) occurring between ages 8
to 12; (5) occurring after age 12; (6) chronicity of broad
ALEs. The physically threatening operationalization pro-
duced identical six predictors, however in this case only
sexual and/or physical abuse was counted as an ALE.
Each broad and physical ALE predictor was modelled
separately. For the outcomes, the following 12 problems
were considered: (1) total psychopathological problems;
(2) externalizing problems; (3) internalizing problems; (4)
anxious-depressive problems; (5) withdrawn-depressive
problems; (6) somatic complaints: (7) social problems;
(8) thought problems; (9) attention problems; (10) rule-
breaking behavior; (11) aggressive behavior and (12) psy-
chotic experiences. We underscore that our approach to
this analysis is primarily exploratory. Individually there
are 12 predictors times 12 outcomes resulting in 144
associations. Consequently, individual p-values are not
adjusted, nor interpreted in isolation as independent
tests, as this would require more statistical power than
any existing individual cohort can offer. Instead they are
used to identify patterns on a general level in timing, type
of ALE and psychopathology. Each of the specific 144
associations could then be the subject of careful confirm-
atory planning in a future study.

For the current cross-sectional analyses we used mul-
tiple linear regression models. Each model was adjusted
for a set of demographic and familial confounders. These
were age, sex, ethnic origin, educational level, urbanicity
of living environment, parental psychopathology and
harsh parenting from the primary caregiver. The associa-
tion between later-life ALEs and psychopathology could
be confounded by a history of chronic ALEs earlier in
life. This is why to adjust for earlier ALEs, the associa-
tion with the 9-12 and 12 and older timing predictors,
we also included the chronicity variable as a confounder.
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As an estimate of the effect size between the ALE predic-
tors and a given outcome, Pearson’s semi-partial r was
used. This allowed us to plot all associations and com-
pare them in a standardized way. The significance level
was set at the standard 0.05 for exploratory research [28].
As a secondary analysis, we also added interaction terms
between the ALE predictor and sex to each model to test
which associations were moderated by sex. We present
standardized interaction coefficients from these analy-
ses to compare the direction and magnitude of modera-
tion for each psychopathology outcome. A series of effect
plots are presented to assess how associations differ
between sexes. All regression analyses were performed
using the base R statistical software (v. 4.1.1 [61]). Addi-
tionally, we calculated estimates for unmeasured con-
founders, which would have to be present to completely
explain the observed associations. Briefly, the procedure
as implemented in the R packages “sensemakr” calculates
how many times an unobserved confounder would have
to be bigger than an observed one for the association of
interest to become zero [11]. We selected parental psy-
chopathology as a large and pervasive confounder against
which to benchmark potential unobserved confounders.
Because some adolescents participated without one of
their parents or caregiver, there were 112 (10.9%) partici-
pants with missing data for the adverse life events vari-
ables. Those cases were not included, as there were no
adequate auxiliary variables to carry out an imputation
with. Missing case analysis is presented in Additional
file 1: Table S2. It showed that compared to those who
contributed ALE data, the missing 112 participants score
higher on rule-breaking behavior (p=0.002). There were
a further 49 participants with missing psychopathology
data, leaving the analysis sample with 861 participants.
In this final analysis sample, there were 58 participants
missing data for household income, 45 for harsh parent-
ing, 44 for parental psychopathology, 31 for ethnic origin
and 9 for education. Multiple imputation as implemented
in the R package “mice” was used to replace these covari-
ate missing values with 5 imputed datasets [77]. Auxiliary
variables used only for imputation were IQ scores [74],
perceived social support [81] and sense of coherence [6].
All analysis files are available at https://osf.io/8w7bp/.

Results

Characteristics of the included adolescents stratified by
sex are presented in Table 1. The analysis sample com-
prised 861 adolescents with mean age of 14.9 years (rang-
ing from 12.6 to 18.1) and 48% were male. The majority
of participants were of Dutch origin (78%) and lived in
an urban setting (60%). On average, boys reported simi-
lar rates of adversities (mean 5.85 lifetime events) as girls
(mean 5.86 lifetime events). Of note, only 15 adolescents
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had physical or sexual abuse reported before age 3.
This limits considerably the inferential evidence that
can be obtained for associations in this combination
of age group and type of ALE. The full distribution of
ALEs across age groups is presented in Additional file 1:
Table S3. Girls had a higher average score on total psy-
chological problems (46) than boys (39, see Additional
file 1: Table S4). Across the sample, the mean Pearson’s
correlation between psychopathology outcomes was
r=0.54 (SD=0.18).

Broad adverse life events and psychopathology

The adjusted semi-partial correlation coefficients
between the broad operationalization of adverse life
events and all psychopathology outcomes are visualized
in Fig. 1A. Lifetime reporting of adverse life events were
positively associated with all emotional and behavioral
problems (partial r range 0.07-0.15). The largest partial
correlations observed were with the total problem score
(partial r=0.15 [0.08, 0.21], p<0.001), followed by exter-
nalizing problems (0.14 [0.08, 0.21], p <0.001). The small-
est associations were with internalizing problems such
as the withdrawn/depressed (0.07 [0.00, 0.15], p=0.043)
and the anxious/depressed subscales (0.08 [0.01, 0.15],
p=0.017). Considering next the timing of broad adver-
sity, we did not find associations in the early periods of
life before age 3 or between age 4 and 8. The only excep-
tion was the only significant negative association with
somatic complaints in ages 4—8 (— 0.09 [— 0.15, — 0.02],
p=0.014). Next, the period 9-12 years old was when
most associations of statistical significance emerged,
namely with total problems, externalizing, internal-
izing, anxious/depressed, somatic complaints, aggres-
sive behavior and social problems scores (partial r range
0.09-0.11). There were no associations with scores
reflecting attention problems, thought problems and psy-
chotic experiences (partial r range 0.4—0.6). When look-
ing at events happening after the age of 12, only psychotic
experiences (0.07 [0.00, 0.14], p=0.036) and internalizing
problems (0.09 [0.02, 0.15], p=0.013), in particular anx-
ious/depressed problems (0.10 [0.03, 0.17], p=0.003)
were significantly associated. Chronicity of broad ALEs
was not associated with any of the outcomes, except for
psychotic experiences (0.09 [0.02, 0.16], p=0.009). Full
standardized semi-partial correlations are presented in
Additional file 1: Table S5. Robustness to unmeasured
confounding was strongest for the lifetime predictors,
particularly the externalizing total problem score, rule-
breaking behavior and psychotic experiences, all of which
required a confounder 4 times bigger than parental psy-
chopathology to remove the association. The external-
izing problems subscales and psychotic experiences
score were also fairly robust to confounding in the 9-12
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Table 1 Characteristics of the adolescents (N=861)
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Male n=4147

Female n=447°

Age, years
Ethnic origin
Dutch
Non-Dutch
Net monthly household income, euro’s
<1599€
1600-2399¢€
2400-4399¢€
>4400€
Educational level
Pre-vocational education
Higher general education
Pre-university education
Combined educational level
Special needs education
Urbanicity of living environment®
Urban
Suburban
Rural
Parental psychopathology, score®
Broad adverse life events?
Physical adverse life events, number®
Total
Age upto3
Age4to8
Age 9to 12
Age older than 12

14.87 (14.35,15.30)

14.84 (14.33,15.26)

308 (77%) 338 (78%)
90 (23%) 94 (22%)
47 (12%) 51 (12%)
57 (15%) 72 (17%)
192 (50%) 209 (50%)
91 (23%) 84 (21%)
176 (43%) 206 (47%)
82 (20%) 109 (25%)
88 (22%) 86 (18%)
42 (10%) 29 (7%)
21 (5%) 13 (3%)
255 (62%) 260 (58%)
79 (19%) 88 (20%)
80 (19%) 99 (22%)
0.14(0.02,0.21) 0.18 (0.04,0.25)

3.32(2.00, 4.00)

3.39(2.00, 5.00)

107 (26%) 100 (22%)
7 (1.7%) 8 (1.8%)
22 (5.3%) 32 (7.2%)
62 (15%) 28 (6.3%)
29 (7.0%) 41(9.2%)

9 Mean (Interquartile range); n (%)
b Defined as number of addresses per km? surrounding home address

¢ Measured by the Basic Symptom Inventory

4Sum count of the following categories: hospitalization of the adolescent; serious illness or hospitalization of the mother, father, sibling or close friend; death in the
family or outside of family; parental divorce; repeating class; switching school; extended living away from home; physical violence and sexual abuse. See Additional

file 1: Table S3 for full distribution of events across age groups

€ Sum count exclusively of physical violence and sexual abuse. Presented if either occurred in a given age group

age period, requiring a 3 times bigger confounder than
parental psychopathology. All unmeasured confounding
estimates are presented in Additional file 1: Fig. S1A.

Physically threatening adverse life events

and psychopathology

For the physical ALE predictors consisting of physical and
sexual abuse, we present the adjusted semi-partial corre-
lations with all psychopathology outcomes in Fig. 1B. As
before, the most significant associations were found with
the lifetime physical ALE count, however smaller positive
correlations were observed (ranging from 0.11 to 0.03).
In this analysis, there were also non-significant associa-
tions with the withdrawn/depressed score and attention

problems. Again, we found no evidence of associations
with early life physical ALEs in either the up to 3 or the
4 to 8 age period. The period between ages 9 to 12 had
the highest number of significant associations. Those
consisted of the anxious/depressed score (0.10 [0.03,
0.16], p=0.005), somatic complaints (0.08 [0.02, 0.15],
p=0.016), total problems (0.08 [0.01, 0.14], p=0.025),
internalizing problems (0.08 [0.01, 0.14], p=0.029) and
social problems (0.07 [0.00, 0.14], p=0.044). There were
no significant associations in the most recent age group
(older than 12), except for rule-breaking behavior (0.08
[0.02, 0.15], p=0.015). Finally, more associations and
some of the biggest effect sizes were found with chronic-
ity of physical ALEs. Those were with social problems
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Fig. 1 Standardized semi-partial r coefficients from associations between adverse life events (ALEs) and psychopathology outcomes. Results
presented according to when ALEs occurred and their type. All estimates adjusted for sex, age, national origin, educational level, urbanization
of living environment, harsh parenting of primary caregiver and parental psychopathology. Stars represent p-values, * p <0.05, ** p<0.01, ***
p<0.001. Broad ALEs consist of hospitalization of the adolescent; serious illness or hospitalization of the mother, father, sibling or close friend; death
in the family or outside of family; parental divorce; repeating class; switching school; extended living away from home; physical violence and sexual

abuse. Physical ALEs consist of physical violence and sexual abuse only

(0.12 [0.05, 0.19], p=0.001), total problems (0.09 [0.02,
0.16], p=0.008), anxious/depressed score (0.08 [0.01,
0.14], p=0.029) and thought problems (0.07 [0.00, 0.14],
p=0.046). All associations with physical ALEs were
considerably more robust to unmeasured confound-
ing. Except the withdrawn/depressed outcome, all life-
time associations required an unmeasured confounder
at least 3 times bigger than parental psychopathology to
remove them. All associations in the 9 to 12 age period
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required a 5 times or bigger confounder to become zero.
All unmeasured confounding estimates are presented in
Additional file 1: Fig. S1B.

The moderating effect of sex

Finally, the standardized interaction coefficients of the
analyses where a significant sex moderation was iden-
tified are presented in Fig. 2. All significant interac-
tion terms shared a consistent feature—the positive

B
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Fig. 2 Standardized coefficients from interaction terms between sex and adverse life event (ALE) predictors. Results presented according

to when ALEs occurred and their type. Significant moderation at p < 0.05 displayed in color. All estimates adjusted for sex, age, national origin,
educational level, urbanization of living environment, harsh parenting of primary caregiver and parental psychopathology. Stars represent p-values,
*p<0.05,** p<0.01,*** p<0.001. Broad ALEs consist of hospitalization of the adolescent; serious illness or hospitalization of the mother, father,
sibling or close friend; death in the family or outside of family; parental divorce; repeating class; switching school; extended living away from home;
physical violence and sexual abuse. Physical ALEs consist of physical violence and sexual abuse only
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standardized coefficients indicated the association
between ALEs and all of the psychopathology outcomes
were stronger among female adolescents than males.
Thus, in all significant sex interaction models ALEs were
a risk factor for psychopathology for female and not male
adolescents. These sex differences are illustrated through
estimated marginal means in Additional file 1: Fig. S2.
Starting with Fig. 2A, there were no interactions identi-
fied for the lifetime broad ALEs predictors, signifying
those association effect sizes were statistically indistin-
guishable between boys and girls. There were no signifi-
cant interaction terms for the up to 3 years window, nor
for the 4-8 years group. In the 9-12 period, there were
interactions identified for externalizing problems (0.15
[0.02, 0.28], p=0.020), in particular aggressive behav-
ior (0.15 [0.02, 0.28], p=0.024); indicating the associa-
tions were of bigger effect size among girls. A smaller
interaction effect was also found for somatic complaints
(0.13 [0.00, 0.25], p=0.050). Turning to the older than 12
period, there were many interaction effects, which were
previously not significant in their first order associations.
The biggest effect sizes were also found in this window,
psychotic experiences being the largest interaction (0.24
[0.09, 0.39], p=0.001), followed by total problems (0.21
[0.07, 0.35], p=0.004), internalizing problems (0.19 [0.05,
0.33], p=0.009), withdrawn/depressed score (0.18 [0.04,
0.33], p=0.013), somatic complaints (0.19 [0.05, 0.33],
p=0.007), thought problems (0.19 [0.04, 0.34], p=0.014)
and finally social problems (0.15 [0.01, 0.30], p=0.040).
Chronicity of broad ALEs was also moderated by sex
across all psychopathology outcomes, with the exception
of the anxious/depressed score and social problems out-
comes. The standardized interaction coefficients ranged
from 0.18 ([0.07, 0.29], p=0.002) for psychotic experi-
ences to 0.11 ([0.00, 0.21], p=0.048) for internalizing
problems. Interaction coefficients from all analyses are
presented in Additional file 1: Table S6.

Turning to Fig. 2B, there were sex differences in the
association between physical ALEs and psychopathology
for 4 outcomes, 3 of which were related to externalizing
behaviors. The first was the externalizing problems score,
for which an interaction-effect was found for the lifetime
physical ALE predictor (0.38 [0.11, 0.66], p=0.007), the
older than 12 age period (0.57 [0.08, 1.06], p=0.022)
and the chronicity operationalization (0.40 [0.13, 0.66],
p=0.003). Next, rule-breaking behavior was also moder-
ated in its association with lifetime physical ALEs (0.33
[0.05, 0.60], p=0.019), older than 12 age period (0.58
[0.10, 1.06], p=0.019) and chronicity predictor (0.36
[0.10, 0.62], p=0.007). The aggressive behavior asso-
ciation was moderated with sex for the lifetime physical
ALEs (0.35 [0.07, 0.63], p=0.013) and chronicity pre-
dictor (0.35 [0.08, 0.62], p=0.010). Finally, for psychotic
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experiences the association between physical ALEs after
age 12 (0.53 [0.04, 1.03], p=0.034) and chronic physical
ALEs (0.29 [0.03, 0.56], p=0.032) was also moderated by
sex. The effect sizes were relatively biggest for the older
than 12 age period predictors, standardized interaction
terms ranging from 0.53 to 0.58.

Discussion

The current study examined three dimensions of ALEs
(type, timing and sex differences) in their association
with psychopathology outcomes. Several clear patterns
emerged. First, the lifetime associations with broad ALEs
(which included hospitalization, parental divorce, repeat-
ing a class) showed a bigger effect size than the physically
threatening operationalization (which only included sex-
ual and physical abuse). However, the latter category of
ALEs was found to be more robust to unmeasured con-
founding and thus associations were less likely to arise
due to an unobserved variable. Second, adverse events in
later years, particularly between ages 9 to 12, were found
to be most associated with psychopathology regardless of
type of ALE. Due to low numbers of physical ALEs in the
age period up to 3 years old, we could not provide strong
evidence for associations in this earliest period. Third, a
markedly consistent pattern of sex moderation emerged.
Whenever there were sex differences in effects, girls were
always estimated to have a stronger association between
ALEs and psychopathology than boys. These differences
were most often found in the broad operationalization of
ALEs, particularly for events happening after age of 12
and for chronic ALEs. The implications of each of these
general patterns are discussed.

Differences between broad and physical adverse life
events associations

Adolescents with more ALE in their lifetime history also
self-reported more emotional, behavioral problems on
all psychopathology outcomes measured. This positive
lifetime association is solidly rooted in previous litera-
ture, which has reported similar links to internalizing/
externalizing problems in children [21], young adults
[68], and in later adulthood [42]. As in the current study,
these associations remain after adjustment for socioeco-
nomic factors and are robust when using official records
to measure abuse [40, 49]. Going beyond previous litera-
ture, we found that using a broad operationalization of
adversity produced bigger effect sizes on the associations
with psychopathology than when limiting the definition
only to physical and/or sexual adversity. This finding is
perhaps not counterintuitive, considering that broad ALE
predictor by definition contains more information about
family dynamics, household dysfunction and the general
environment growing up [8]. The results from the current
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study show this information can be exploited to more
effectively predict mental health symptoms of any type.
This better predictive value of broad ALEs, however,
comes at a cost. Although the effect sizes were bigger for
broad ALEs, the associations were also vulnerable to con-
founding by unmeasured factors. This suggests that the
same environmental factors (e.g. household dysfunction),
which are closely linked to broad ALEs, can both increase
its predictive power and simultaneously confound its
associations [79]. This has considerable implications for
any theoretical model that attempts to causally map the
effects of adversity. The physical ALE predictor, on the
other hand, was found to have an association of smaller
effect sizes with the psychopathology outcomes, but this
time very large unmeasured confounders were needed to
remove those associations. The current study therefore
provides stronger evidence for physical and sexual abuse
rather than broad ALEs as probable etiological contribu-
tors to psychopathology. The limited number of studies
attempting to establish causal effects of adversity indeed
support physical and sexual abuse as a causal factor for,
for example, antisocial behavior and maladjustment [41,
76]. Taken together, this information points to a fun-
damental trade-off when using broad versus physically
threatening operationalizations of ALEs. Broad ALEs
provide better predictive value above and beyond key
sociodemographic and parental factors. Physical ALEs
are more suited for an etiological study into the mecha-
nism behind psychopathology.

In terms of timing, we found the developmental
period in the ages 9-12 was overall most often associ-
ated with psychopathology outcomes. This corroborates
some empirical findings reported so far in the litera-
ture on adolescent mental health. For instance, a study
which looked into harsh physical parenting and its tim-
ing effects on psychopathology found that age 9 was a
particularly sensitive period [17]. Girls were most likely
to develop internalizing problems at that age follow-
ing harsh physical discipline, however boys were more
sensitive at age 5. Another large cohort study focusing
on children reports that middle childhood (around age
7) was when sexual and physical abuse produced most
total psychopathology [21]. Physically assaultive events
were also more predictive of later depression for events
experienced in childhood (age<12) than adolescence or
adulthood in a twin study design [53]. There are, there-
fore, studies using children, adolescent and adult sam-
ples that report results similar to the present ones. Some
researchers have made sense of these findings by positing
that the beginning of puberty is a particularly sensitive
period for adverse events due to accelerated hormonal
and neurodevelopmental changes [51]. Equally however,
there are studies that do not detect sensitive age periods
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for psychopathology after interpersonal violence expo-
sure [22, 35]. Machine learning methods have also pro-
duced equivocal findings that adversity at ages 5-14 is
most predictive of psychiatric symptoms [65] and adver-
sity around age 5 is most predictive of positive psycho-
sis symptoms [64]. These wide differences in designs,
predictors, outcomes and methodology underline the
importance of using outcome-wide approaches similar to
the current study. The current results suggest that both
internalizing and externalizing problems are most associ-
ated with adversity in the 9-12 age period.

Heightened vulnerability of girls to ALE

The current study found that girls were at higher risk
for nearly all externalizing, internalizing and cogni-
tive outcomes after exposure to broad chronic ALEs or
ALEs after age 12. Additionally, girls were at higher risk
for externalizing problems after chronic physical ALEs
(e.g. physical and sexual abuse), and physical ALEs after
age 12. Analyses for ALEs after age 12 were adjusted for
prior chronicity. Therefore, most likely, different mecha-
nisms underlie these two findings. There were less sex
differences with smaller effect sizes for lifetime and mid-
dle-childhood ALEs. Chronic adversity has previously
appeared to be associated with psychopathology only
with very small effect sizes when not considering the role
of sex [23]. Studies that explicitly model sex differences,
however, consistently report bigger effect sizes in girls
exposed to adversity for depression [36], psychosis [29],
PTSD [37] and delinquent behavior [48]. To our knowl-
edge, this is the first study to show similar sex differences
for chronic adversity and psychopathology. Notably,
prior studies that investigated the timing component of
sex differences report findings that parallel the present
results. Breslau and colleagues (2017) used large-scale
national survey data to study when girls surpass boys in
reporting depression. Similar to the current sample, they
estimate that age 12 is when statistically distinguishable
differences emerge and continue to increase until around
age 17. The present results suggest different responses
to ALEs could be one explanation for that divergence.
In a similar manner to the current analysis, Harkness
et al. [36] studied how age moderates the effect of vari-
ous ALEs with depressive disorders. Unlike the present
results, they found that ALEs after age 17 was when
women were significantly more vulnerable to adver-
sity than men. The authors themselves, however, note a
major limitation in their adolescent group that they had
17 boys in total. With the current bigger sample, we were
able to show that events experienced in adolescence after
age 12 were more associated with psychopathology for
girls. This sex difference again has been theoretically
attributed to differences in pubertal hormonal changes
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and prescribed affiliative gender norms for girls [13].
Although the mechanisms behind the sex differences
remain ground for future research, the current investi-
gation advances the knowledge about which ALEs could
be prioritized for future study. Namely, chronic and late
childhood experiences instead lifetime cumulative scores
could be of particular research interest.

Strengths and limitations

A range of limitations should be noted about the present
study. First, the chosen mode of outcome-wide analy-
sis was strictly on the exploratory end of the spectrum.
In practice this meant we could only interpret general
trends in the data which are extremely unlikely to be
Type I errors (e.g. sex interactions for all outcomes being
of the same direction, across all outcomes association
concentrating in the middle childhood age group). There-
fore, a substantial limitation is that we could not confi-
dently conclude anything about the specific associations
between predictors and outcomes (e.g. definitively con-
clude physical abuse in ages 9-12 is positively associated
with psychotic experiences). Those types of conclusions
require rigorous adjustments for multiple hypothesis
testing. Even limiting the scope of the investigation to a
subsection of outcomes would require statistical power
far beyond the reach of existing cohorts, especially for
the high-risk adolescent population we report on here.
We have argued, however, that the general conclusions
offered here still meaningfully advance our understand-
ing of how ALEs and psychopathology relate. An added
strength is that the current high-risk sample is a particu-
larly adequate population for this research question, as
many studies focusing on childhood adverse experiences
use cases from social services or other governmental
referrals [44]. In order for governmental intervention to
occur, those cases selectively represent extreme and vis-
ible abuse, which do not capture the full range of less
harsh adverse experiences [16]. Conversely, using par-
ent-reported events could miss important events in the
later years of the child or abuse perpetrated by the par-
ents themselves [56]. Misclassifying abused adolescents
as not abused could have conceivably biased associations
towards the null. The current sample offers an advanta-
geous balance of both heightened risk of reporting adver-
sity, while covering a broad spectrum of experiences.
There were physically threatening events we could study
across all age and sex groups, except the earliest infancy
period up to age 3 where events were reported only
rarely. Due to the sampling strategy, the current high-
risk cohort is not representative of the general population
and thus the distributions of adversity and psychopa-
thology are markedly distinct. However, the associations
reported here can generalize to the general population
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due the inclusion of adolescents not at high risk of psy-
chopathology [62]. Limitations also emerge from the
cross-sectional nature of the study. It is conceivable that
some reciprocal relationship exists between current lev-
els of psychopathology and experiences of academic
hardship or even parental dynamics resulting in divorce.
Such a case is harder to make, however, for physical and
sexual abuse events. We also took into account a wide
range of socioeconomic variables, parental style and his-
tory of psychopathology, and prior chronic experiences
of adversity when reporting on each association. We also
conducted sensitivity analyses for unmeasured variables,
which provided information on which associations are
robust and which are likely to disappear under inevitable
residual confounding.

Conclusions

The current study shows when adversity may be most
predictive of emotional and behavioral problems, espe-
cially in the middle-childhood years as adolescents tran-
sition into puberty. Furthermore, increased attention
is warranted towards adolescent girls with chronic or
recent experiences of broad adversity. Although physical
or sexual abuse are striking events in an adolescent’s his-
tory, a girl with less conspicuous adversities might still be
considered at a higher risk for developing emotional or
behavioral problems. The operationalization of ALE as
physically threatening, on the other hand, may be more
useful in understanding etiological origins of psycho-
pathology. As such, they are prime intervention targets
to prevent future psychopathology of any kind. Future
confirmatory studies could focus on any specific combi-
nation of ALEs and a psychopathology outcome to inves-
tigate other moderating mechanisms, changes over time
and effectiveness of interventions like resilience training.
Additionally, studies could investigate which protective
factors attenuate the association with psychopathology in
vulnerable age periods of childhood. A strong social sup-
port network or finding meaning in one’s experiences, for
example, are some of the known factors that can lower or
even reverse the effects of trauma into what is sometimes
referred to as posttraumatic growth [57, 59]. Finally, we
make recommendations on how ALE should be opera-
tionalized in practice. A nuanced decision should be
made depending on the purpose of measuring ALEs. For
prediction purposes, a broad operationalization of ALEs,
including family divorce, school difficulties, and parental
health, is best suited, even if the adolescent socioeco-
nomic status and their parents’ mental health is known.
This could be particularly useful for screening purposes,
as there is already a strong movement in pediatric care to
identify adversity early and promote practices for a sup-
portive family environment [39]. Taken altogether, the
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current study provides information for which operation-
alizations of adversity are most associated with psycho-
pathology, at what time point and in what sex.
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