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Editor's evaluation

This study aims to investigate the impact of adverse experiences during childhood on adult psycho-
logical and psychiatric resilience. Leveraging the excellent data from an ongoing cohort study on
Icelandic women, the authors showed that in the face of accumulated adverse childhood events
the prevalence of resilience declines, which supports earlier studies suggesting that resilience is not
invincibility. The study makes an important contribution to raising awareness of the adverse child-
hood experiences and their impact on resiliency.

Introduction

Exposure to adverse childhood experiences (ACEs), including child abuse, neglect and growing up
in dysfunctional households, is associated with elevated risk of a wide range of physical and mental
health problems across the life course (Anda et al., 2006; Bellis et al., 2015; Hughes et al., 2017,
Petruccelli et al., 2019). The results from a recent meta-analysis (Hughes et al., 2017) suggest that
the adult health outcomes most clearly associated with ACEs include problematic alcohol consump-
tion and substance use, violence, and mental illness. However, there is great variation in long-term
outcomes of children exposed to ACEs, and many children remain healthy despite excessive ACE
exposure. Importantly, it has been documented that a substantial proportion of individuals exposed
to ACEs do not develop mental iliness in adulthood (Green et al., 2010; Kessler et al., 2010), but
instead exhibit resilience (Holmes et al., 2015, DuMont et al., 2007).

Resilience is generally conceptualized as maintained mental health or positive adaptation despite
trauma exposure (Luthar et al., 2000; Kalisch et al., 2017, Choi et al., 2019; Rutter, 2006). And
although the scientific investigation of resilience can be traced back to the 1970s (Luthar et al., 2015,
Masten et al., 2008; Garmezy, 1974; Garmezy, 1990, Werner, 1989; Rutter, 1990), the complexity
of the concept has to date contributed to varying definitions and measurement approaches (South-
wick et al., 2014). Two common contemporary approaches to operationalize the concept among
adults, define resilience as perceived coping ability reflecting individuals’ perceptions of their ability
to cope effectively with stress and adversity (Campbell-Sills and Stein, 2007; Connor and Davidson,
2003), and as psychiatric resilience reflecting an empirically derived outcome, such as the absence of
PTSD or other psychiatric disorders among individuals exposed to traumatic events (Nishimi et al.,
2021; Sheerin et al., 2018). Indeed, it is important to note that psychiatric resilience is never directly
measured as it consists of two separate components, trauma exposure and positive adaptation, and
is therefore indirectly ascertained based on evidence of the two components (Luthar, 2006). The
different resilience definitions (i.e. perceived coping ability and psychiatric resilience) are not mutually
exclusive, but rather complementary and may capture different underlying dimensions of resilience
(Choi et al., 2019, Sheerin et al., 2018, Fisher and Law, 2020).

Only a handful of previous studies have addressed the association between ACEs and adult resil-
ience. Childhood maltreatment, variously defined, has been negatively associated with psychiatric
resilience (Mersky and Topitzes, 2010; Topitzes et al., 2013, McGloin and Widom, 2001; Williams
et al., 2006) and perceived coping ability (Campbell-Sills et al., 2009; Nishimi et al., 2020) in adult-
hood. However, most studies have focused solely on childhood maltreatment or included only a small
number of ACEs. Therefore, to date, little is known about the association between cumulative ACE
exposure and adult resilience, and whether specific ACE types are to a varying extent associated with
resilience.

Leveraging a large nationwide study of Icelandic women, we aimed to investigate the association
between the cumulative number of a broad spectrum of ACEs and two distinct measures of adult resil-
ience, that is perceived coping ability and an outcome-based measure of low psychiatric morbidity.
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Materials and methods
Study sample

In this study, we utilized data from the ongoing Stress-And-Gene-Analysis (SAGA) cohort, a population-
based study in Iceland on the impact of trauma on women'’s health. All 18-69 year-old Icelandic
speaking women residing in Iceland with an identifiable address or telephone number (n=104,197),
were invited to participate in the study from March 2018. Data collection continued until July 1st 2019,
yielding a total of 30,403 participating women (30% of eligible women). The participants of the SAGA
cohort represent the general Icelandic female population in terms of distribution of age, education
level, geographical location, and monthly wages (Appendix 1—figure 1).

Since trauma exposure is intrinsic to psychiatric resilience, the analytic sample was restricted to
women reporting a worst traumatic event at some point during their lifetime (see description of PCL-5
below). In addition, women who had more than 25% missing on perceived coping ability (n = 511),
psychiatric resilience (n = 1040) and/or ACE-IQ (n = 93) were excluded, which resulted in a final study
population of 26,198 women (Appendix 1—figure 2).

Measures
Adverse childhood experiences (ACEs)

ACEs were measured with a modified version of the Adverse Childhood Experiences International
Questionnaire (ACE-IQ) developed by the WHO (WHO, 2021). The instrument consists of 39 items
assessing how often individuals were exposed to the following 13 ACEs during the first 18 years of
their life: emotional neglect, physical neglect, emotional abuse, physical abuse, sexual abuse, domestic
violence, living with a household member who abuses drugs and/or alcohol, living with a household
member who is mentally ill or suicidal, incarceration of a household member, parental death or separa-
tion/divorce, being bullied, witnessing community violence, and exposure to war/collective violence.
Response options varied between items and items were either answered on a 5-point scale ranging
from O (never) to 4 (always), on a 4-point scale ranging from 0 (never) to 3 (many times) or answered
dichotomously 0 (no) and 1 (yes). For an overview of included items and their response options see
Appendix 1—table 1. The recommended frequency scoring system (WHO, 2021), which takes into
account the level of exposure for each ACE, was used to generate three types of exposure variables:
(1) a continuous ACE-IQ total score ranging from 0 to 13, reflecting the number of ACEs participants
were exposed to; (2) the total score was categorized (0, 1, 2, 3-4 and >5 ACEs) based on the distri-
bution of the sample; (3) binary variables for each individual ACE type (described above), coded as 0
(unexposed) and 1 (exposed).

Perceived coping ability

Perceived coping ability was assessed with the 10-item version of the Connor-Davidson Resilience
Scale (CD-RISC-10) (Campbell-Sills and Stein, 2007). The scale, which measures individuals’ percep-
tions of their ability to cope effectively with stress and adversity, such as the ability to adapt to change,
achieving goals despite obstacles, and maintaining positivity in the face of stress, has demonstrated
good reliability and validity (Campbell-Sills and Stein, 2007). All items were answered on a 5-point
scale ranging from 0 (not true at all) to 4 (true nearly all the time). Items were summed to create a total
score ranging from 0 to 40 with a higher score indicating higher levels of perceived coping ability. As
there is no standardized cut-off for the CD-RISC, the total scores were divided into quintiles (for more
details see the Appendix 1), and a binary variable was created where the highest quintile was used to
define a high level of perceived coping ability (i.e. resilience, CD-RISC score >35).

Psychiatric resilience
Consistent with previous literature (Choi et al., 2019; Nishimi et al., 2021; Stein et al., 2019) psychi-
atric resilience was defined as absence of or low psychiatric morbidity among women exposed to
lifetime trauma, that is total sum of the inverse number of above-threshold symptom levels on PTSD,
trauma-related sleep disturbances, binge drinking, depression, and anxiety.

The PTSD Checklist for DSM-5 (PCL-5) is a 20-item valid instrument that assesses symptoms of
PTSD in the past month according to the DSM-5 (Weathers et al., 2013; Blevins et al., 2015, Wort-
mann et al., 2016; Bovin et al., 2016). Before answering the PCL-5, participants reported their
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lifetime exposure to potentially traumatic events assessed with the Life Events Checklist for DSM-5
(LEC-5). Participants were asked to determine the worst traumatic event they had experienced and
answer the PCL-5 according to the worst selected trauma. A clinical cut-off score of 233 was used
to indicate probable PTSD (Weathers et al., 2013). The Pittsburgh Sleep Quality Index Addendum
for PTSD (PSQI-A) is a seven-item valid questionnaire designed to assess the frequency of disruptive
nocturnal behaviors common in individuals with PTSD (Germain et al., 2005). A clinical cut-off score
of >4 was used to discriminate between participants with and without trauma-related sleep distur-
bances (Germain et al., 2005). Binge drinking was defined as having six or more units of alcohol on
a single occasion (one unit corresponds to a single measure of spirits) at least once a month during
the last year (Bush et al., 1998). The widely used Patient Health Questionnaire (PHQ-9) (Kroenke
et al., 2001) and Generalized Anxiety Disorder Scale (GAD-7) (Kroenke et al., 2010; Spitzer et al.,
2006; Léwe et al., 2008) were used to measure the presence of depression and anxiety symptoms,
respectively, during the past 2 weeks. The standard cut-off score of 210 was used, indicating clinically
relevant depression and anxiety (Kroenke et al., 2001; Spitzer et al., 2006).

Binary variables were created indicating whether an individual met the clinical cut-off for symptoms
of each disorder above (0 = no, 1 = yes). The psychiatric resilience phenotype was derived by summing
together the binary variables and reversing the score which resulted in a total score ranging from 0
to 5 where higher scores indicate greater psychiatric resilience in these trauma-exposed women. In
addition, we created a binary variable where endorsement of 0 on all measures indicated high psychi-
atric resilience.

Covariates

We summarised variables with a conceptual rationale for being associated both with ACEs and
perceived coping ability or psychiatric resilience in Appendix 1—figure 3. We considered as covari-
ates, age (at responding) and childhood deprivation (potential confounders), as well as educational
level, employment status, civil status and current monthly income at responding (potential mediators).
Age was divided into five groups for descriptive purposes: 18-29 years, 30-39 years, 40-49 years,
50-59 years, and 60 years and older. The age covariate was used as a continuous variable in all
models. Education was categorized as primary education, secondary education (high school or voca-
tional education), tertiary education A (BSc or equivalent), and tertiary education B (MSc or above).
Civil status was divided into married or in a relationship and single or widowed, and employment
status was divided into employed (including being a student and being on parental leave) and retired
or on disability or sick leave. Current monthly income was categorized into the following groups:
low income (<$2527), low-medium income ($2528-$4212), medium income ($4213-$5897), medium-
high income ($5898-$8424), and high income (>$8425; conversion rates according to Central Bank of
Iceland, October 17, 2018). Childhood deprivation was assessed with the question: Was your family’s
economic situation ever so bad that you suffered any deprivation as a consequence? For example,
this could apply to deprivation of nutritious food and/or deprivation of warm clothes and appropriate
footwear during the winter months, with response options ranging from 0 (never) to 4 (often). In addi-
tion, current perceived social support, measured with the Multidimensional Scale of Perceived Social
Support (MSPSS) (Zimet et al., 1988), and perceived happiness, measured with a 10-point visual
digital scale, were included in additional analyses (for further details, see the Appendix 1).

Multiple imputation

The ACE-IQ scale and the five psychopathology scales (PHQ-9, GAD-7, PCL-5, PSQI-A and binge
drinking) used to derive psychiatric resilience, had missing values which resulted in a reduced sample
size (see Appendix 1—figure 4). We used multiple imputation (Ml) to replace missing data with m =
20 rounds of imputations, using predictive mean matching (van Buuren, 2019). We imputed data for
participants who responded to more than 75% of items on each scale and then calculated the total
score for the scales. The subsequent analyses (described below) were conducted using the imputed
dataset. For comparison, the main analyses were repeated in the original dataset with complete data.

Statistical analyses
Descriptive characteristics were compared using Chi-square tests for categorical data and ANOVAs
for continuous data.
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Rank order correlations were used to determine (i) the correlation between perceived coping ability
and psychiatric resilience, (i) correlations between perceived coping ability and different measures of
psychopathology (PHQ-9, GAD-7, PCL-5, PSQI-A, binge drinking) used to derive psychiatric resil-
ience, and (iii) correlations between different ACE subtypes.

We used linear regression models assuming normally distributed errors and log-linear Poisson
regression models with robust error variance to determine the associations between ACEs and
perceived coping ability and psychiatric resilience, as continuous and binary outcomes (high perceived
coping ability/ high psychiatric resilience), respectively. In all analyses, we adjusted for age and child-
hood deprivation (model 1) and then additionally for adult educational level, civil status, employment
level and income (model 2).

We ran all models with ACE-IQ as a continuous predictor and as a categorical predictor where
we compared resilience levels of unexposed women (0 ACEs) to resilience levels of those who had
been exposed to increasing number of ACEs (1, 2, 3-4, and >5 ACEs). In addition, we carried out
stratified analyses to assess whether the association between ACEs and resilience differed by levels
of perceived social support (linear models). Furthermore, because parental separation/divorce is
a common childhood experience, we carried out a sensitivity analysis excluding this item from the
ACE-IQ score and re-ran the linear models. Finally, to preclude whether a particular response style
influenced the observed associations between ACEs and resilience, we excluded women who scored
low or high on happiness (10% top/bottom scores) and re-ran the linear models.

To determine the independent associations of specific types of ACEs with resilience, we ran anal-
yses on perceived coping ability and psychiatric resilience for each of the 13 ACEs. We first examined
each ACE type separately while adjusting for covariates, and then re-ran the analyses with all ACE
subtypes entered simultaneously into the model, as ACEs frequently co-occur (Radford et al., 2013).

Standardized regression coefficients were reported from all linear regression analyses and prev-
alence ratios (PR) were reported from the Poisson regression analyses. All statistical analyses were
performed using R (version 3.6.1).

Results

Characteristics of the sample

Descriptive statistics of the study population are presented in Table 1. Overall, 19.7% of participants
reported no ACEs and 20.4% reported five or more ACEs. Middle aged women had on average higher
scores on the ACE-IQ than younger or older women. Women with higher ACE scores were more often
single or widowed, less educated, unemployed, had lower income and were more likely to report
childhood deprivation and low perceived social support (Table 1).

Bivariate associations

Both perceived coping ability and psychiatric resilience were consistently associated with older age,
higher educational level, being in a relationship or married, being employed, higher income, lower
childhood deprivation and higher perceived social support (Table 2). The two resilience measures
were moderately correlated (r, = 0.47). Perceived coping ability was moderately negatively correlated
with each of the measures used to derive the psychiatric resilience phenotype (i.e. symptoms of
depression, anxiety, PTSD, and trauma-related sleep disturbances) but weakly correlated with binge
drinking (Appendix 1—table 2). The 13 ACE subtypes were weakly to moderately correlated with
each other (r, ranging from 0.06 to 0.46), with emotional abuse showing the strongest correlation with
other ACEs (Appendix 1—table 3).

Associations between ACEs and resilience

Linear models revealed that exposure to one or more ACEs (relative to 0 ACEs) was associated with
lower perceived coping ability and psychiatric resilience in a dose-dependent manner (Table 3); every
1 SD unit increase in ACE-IQ scores was associated with lower levels of perceived coping ability (8
= —0.14; 95% Cl —0.15,-0.13) and psychiatric resilience (8 = —0.28; 95% CI —0.29,-0.27) in the fully
adjusted model. Associations between ACEs and perceived coping ability and psychiatric resilience
were observed across levels of social support but were slightly stronger among women with low social
support (Appendix 1—table 4). Sensitivity analyses showed that the associations remained evident
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Table 1. Descriptive characteristics of the study population by number of adverse childhood experiences (ACE-IQ) (n = 26,198).

Number of ACEs ACE-1Q sum score
Total 0ACE 1ACE 2 ACEs
3-4 ACEs >5ACEs
N (%) N (%) N (%) N (%) N (%) N (%) p-value global*  Mean (SD) p-value globalt
Total 26,198 5,149 (19.7) 5,567 (21.3) 4,491 (17.1) 5,640 (21.5) 5,351 (20.4) 26(24)
Age, mean (SD) 44.0(13.6) 43.7 (13.9) 44.7 (13.9) 44.6 (13.6) 44.1(13.4) 43.1(12.8) <0.001
Age groups
18-29 years 4,881 (18.6) 1,043 (20.3) 993(17.8) 805 (17.9) 1,045 (18.5) 995 (18.6) <0.001 2.6(2.5) <0.001
30-39 years 5,309 (20.3) 1,074 (20.9) 1,128 (20.3) 864 (19.2) 1,107 (19.6) 1,136 (21.2) 272.4)
40-49 years 5,923 (22.6) 1,092 (21.2) 1,167 (21.0) 1,003 (22.3) 1,301 (23.1) 1,360 (25.4) 28(2.5)
50-59 years 6,055 (23.1) 1,091 (21.2) 1,281 (23.0) 1,088 (24.2) 1,356 (24.0) 1,239 (23.2) 2.7 (2.4)
> 60 years 4,030 (15.4) 849 (16.5) 998 (17.9) 731(16.3) 831 (14.7) 621 (11.6) 2322
Educational level
Primary education 3,739 (14.3) 442 (8.6) 662 (11.9) 602 (13.4) 889 (15.8) 1,144 (21.4) <0.001 3.4(2.61) <0.001
Secondary education 8,013 (30.6) 1,402 (27.2) 1,658 (29.8) 1,360 (30.3) 1,744 (30.9) 1,849 (34.6) 2.8(2.32)
Tertiary A (BSc or equivalent) 8,359 (31.9) 1,856 (36.0) 1,872 (33.6) 1,488 (33.1) 1,782 (31.6) 1,361 (25.4) 2.3(2.09)
Tertiary B (MSc or above) 5,990 (22.9) 1,437 (27.9) 1,360 (24.4) 1,022 (22.8) 1,210 (21.5) 961 (18.0) 2.3(2.08)
Unknown 97 (0.4) 12(0.2) 15(0.3) 19(0.4) 15(0.3) 36(0.7) 37 (259
Civil status
Married/in a relationship 19,750 (75.4) 4,061 (78.9) 4,309 (77.4) 3,442 (76.6) 4,173 (74.0) 3,765 (70.4) < 0.001 25(2.3) <0.001
Single/widowed 6,314 (24.1) 1,070 (20.8) 1,241 (22.3) 1,030 (22.9) 1,432 (25.4) 1,541 (28.8) 2.9(2.5)
Unknown 134 (0.5) 18(0.3) 170.3) 19(0.4) 35(0.6) 45(0.8) 3.6(2.8)
Employment status
Employed/studying 22,088 (84.3) 4,639 (90.1) 4,826 (86.7) 3,888 (86.6) 4,734 (83.9) 4,001 (74.8) <0.001 2.5(2.3) <0.001
Retired/disability/sick leave 3,941 (15.0) 494.(9.6) 718 (12.9) 573(12.8) 854 (15.1) 1,302 (24.3) 3.5(2.8)
Unknown 169 (0.6) 16(0.3) 23(0.4) 30(0.7) 52(0.9) 48 (0.9) 3.5(2.6)
Income
Low income 7,723 (29.5) 1,206 (23.4) 1,532(27.5) 1,216 (27.1) 1,750 (31.0) 2019 (37.7) <0.001 3.0(2.6) < 0.001
Low-medium income 7,862 (30.0) 1,478 (28.7) 1,663 (29.9) 1,406 (31.3) 1,717 (30.4) 1,598 (29.9) 2.6(2.4)
Medium income 6,050 (23.1) 1,352 (26.3) 1,363 (24.5) 1,081 (24.1) 1,236 (21.9) 1,018 (19.0) 23(2.2)
High-medium income 2,636 (10.1) 654 (12.7) 567 (10.2) 466 (10.4) 534(9.5) 415(7.8) 22(22)
High income 929 (3.5 250 (4.9) 226 (4.1) 141 (3.1) 196 (3.5) 116 (2.2) 2.0(2.0)
Unknown 998 (3.8) 209 (4.1) 216 (3.9) 181(4.0) 207 (3.7) 185 (3.5) 2.5(2.4)
Childhood deprivation
Never 19,727 (75.3) 4,843 (94.1) 4,919 (88.4) 3,628 (80.8) 3,954 (70.1) 2,383 (44.5) <0.001 2.0(2.0) <0.001
Rarely 2,929 (11.2) 218(4.2) 430(7.7) 516 (11.5) 833(14.8) 932 (17.4) 3.5(2.4)
Sometimes 2,320 (8.9) 71(1.4) 193 (3.5) 278 (6.2) 627 (11.1) 1,151 (21.5) 4.6(2.5)
Often 1,169 (4.5) 15(0.3) 21(0.4) 60 (1.3) 206 (3.7) 867 (16.2) 6.3(2.6)
Unknown 53(0.2) 2(0.0) 4(0.1) 90.2) 20 (0.4) 18 (0.3) 3.8(2.0)
Perceived social support
Low 6,332 (24.2) 747 (14.5) 995 (17.9) 972 (21.6) 1,582 (28.0) 2036 (38.0) <0.001 35(2.7) <0.001
Moderate 12,831 (40.0) 2,487 (48.3) 2,833 (50.9) 2,282 (50.8) 2,762 (49.0) 2,467 (46.1) 2.5(2.3)
High 6,151 (23.5) 1,790 (34.8) 1,579 (28.4) 1,102 (24.5) 1,075 (19.1) 605 (11.3) 18(1.9
Unknown 884 (3.4) 125(2.4) 160 (2.9) 135@3.0) 221(3.9) 243 (4.5) 3.2(2.5)

"p-values were obtained by x? tests, except for mean age which was compared with an ANOVA.
p-values were obtained by ANOVA.
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Psychiatric resilience

Mean (SD) p-value global* Mean (SD) p-value global*
Total 28.0(7.5) 3.6(1.5
Age groups
18-29 years 24.8(7.9) <0.001 3.1(1.6) <0.001
30-39 years 26.8(7.5) 3.5(1.6)
40-49 years 27.8(7.4) 3.7 (1.5
50-59 years 28.5(7.2) 3.8(1.4)
> 60 years 28.8(6.9) 4.0(1.3)
Educational level
Primary education 24.2 (8.3) < 0.001 3.1(1.6) < 0.001
Secondary education 26.3(7.6) 3415
Tertiary A (BSc or equivalent) 28.0(7.0) 3.8(1.4)
Tertiary B (MSc or above) 29.8 (6.5) 4.0(1.3)
Unknown 23.6(8.1) 31(1.7)
Civil status
Married/in a relationship 27.7 (7.4) <0.001 3.7(1.4) <0.001
Single/widowed 26.3(7.9) 3.3(1.6)
Unknown 24.7 (8.5) 2.7(1.8)
Employment status
Employed/studying 28.0(7.2) < 0.001 37014 < 0.001
Retired/disability/sick leave 23.9(8.5) 3.0(1.6)
Unknown 23.3(9.0) 2.8(1.6)
Income
Low income 24.5 (8.0) < 0.001 3.1(1.6) < 0.001
Low-medium income 27.0(7.2) 3.6(1.5)
Medium income 29.3(6.5) 4.0(1.3)
High-medium income 30.9 (6.1) 4.1(1.2)
High income 31.9(6.1) 41(1.2)
Unknown 26.6(7.9) 3.7 (1.5
Childhood deprivation
Never 27.9(7.3) < 0.001 3.8(1.4) < 0.001
Rarely 26.4(7.6) 3.3(1.6)
Sometimes 25.4(7.9) 3.1(1.6)
Often 25.0(8.4) 2.6(1.6)
Unknown 24.0(8.9) 2.6(1.6)
Perceived social support
Low 24.5(8.0) < 0.001 3.1(1.6) < 0.001
Moderate 27.2(7.1) 37015
High 30.9 (6.4) 41012
Unknown 24.7 (8.0) 3.2(1.6)

“p-values were obtained by ANOVAs.

Danielsdéttir et al. eLife 2022;11:e71770. DOI: https://doi.org/10.7554/eLife.71770

7 of 25


https://doi.org/10.7554/eLife.71770

e Llfe Research article

Table 3. Associations between the number of ACEs and perceived coping ability (CD-RISC) and psychiatric resilience (B and

Epidemiology and Global Health

95% CI)*.
Perceived coping ability Psychiatric resilience
N (%) Model 17 Model 2 * Model 1* Model 2 *

ACE-IQ total score ** 26,198 -0.19(-0.20,-0.17) -0.14(-0.15,-0.13) -0.32(-0.34,-0.31) -0.28 (-0.29,-0.27)
Number of ACEs

0ACE 5,149 (19.7) 0 (ref.) 0 (ref.) 0 (ref) 0 (ref)

1 ACE 5,567 (21.3) -0.07 (-0.08,-0.05) -0.05 (-0.07,-0.04) -0.09 (-0.10,-0.07) -0.07 (-0.09,-0.06)

2 ACE 4,491 (17.1) -0.10(-0.11,-0.08) -0.08 (-0.10,-0.07) -0.13(-0.15,-0.12) -0.12(-0.13,-0.10)
3-4 ACE 5,640 (21.5) -0.16 (-0.17,-0.14) -0.13(-0.14,-0.11) -0.22 (-0.23,-0.20) -0.19(-0.21,-0.18)
>5ACEs 5,351 (20.4) -0.22 (-0.24,-0.20) -0.16 (-0.18,-0.15) -0.36 (-0.37,-0.34) -0.31(-0.33,-0.30)

*Coefficients are standardized; **per 1 SD unit increase in ACE-IQ scores.
Tadjusted for age and childhood deprivation.
*additionally adjusted for education level, civil status, employment status and income.

when excluding parental separation/divorce from the ACE-IQ score (Appendix 1—table 5), and when
excluding women with top/bottom 10% happiness values (Appendix 1—table 6).

Poisson models revealed that compared to women with 0 ACEs, women with >5 ACEs had a
lower prevalence of high perceived coping ability (PR = 0.64, 95% ClI 0.59, 0.70), and high psychiatric
resilience (PR = 0.42, 95% Cl 0.39, 0.45) in the fully adjusted model (Table 4). Every unit increase in
the ACE-IQ scores was associated with lower prevalence of high perceived coping ability (PR = 0.93,
95% Cl 0.92, 0.94) and high psychiatric resilience (PR = 0.87, 95% CI 0.86, 0.87).

All ACE subtypes were associated with lower levels of perceived coping ability and psychiatric
resilience (Appendix 1—figure 5) as well as lower prevalence of high psychiatric resilience and high
perceived coping ability except for physical neglect- and abuse, parental death or separation/divorce,
incarceration of a household member, and community- and collective violence (Appendix 1—figure
6). After mutual adjustment for all ACE subtypes, we found that emotional neglect, being bullied,
sexual abuse, and growing up with a mentally ill household member had consistent associations with
both resilience measures, both in linear models (Figure 1) and Poisson models (Figure 2). Associa-
tions were also suggested for emotional abuse, domestic- and community violence with psychiatric
resilience in the full model while associations for other ACEs were substantially attenuated (Figures 1
and 2).

Table 4. Prevalence Ratios (with 95% Cl) of high perceived coping ability (CD-RISC >35) and high psychiatric resilience (absence of
psychiatric morbidity) in relation to the number of ACEs.

Perceived coping ability Psychiatric resilience

N (%) Model 1** Model 2 * Model 1* Model 2 #

ACE-IQ total score* 26,198 0.91(0.90, 0.92) 0.93(0.92, 0.94) 0.85(0.84, 0.8¢) 0.87 (0.86, 0.87)
Number of ACEs

0ACE 5,149 (19.7) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

1 ACE 5,567 (21.3) 0.83(0.77,0.89) 0.87 (0.81, 0.93) 0.82 (0.79, 0.84) 0.84 (0.81,0.87)

2 ACE 4,491 (17.1) 0.71 (0.66, 0.77) 0.75(0.70, 0.81) 0.73(0.70, 0.76) 0.75(0.72,0.78)
3-4 ACE 5,640 (21.5) 0.61(0.56, 0.66) 0.66 (0.61,0.71) 0.59 (0.56, 0.61) 0.62 (0.60, 0.65)
>5ACEs 5,351 (20.4) 0.56 (0.51, 0.61) 0.64 (0.59, 0.70) 0.38 (0.35, 0.40) 0.42 (0.39, 0.45)

*per 1 SD unit increase in ACE-IQ scores.
Tadjusted for age and childhood deprivation.
*additionally adjusted for education level, civil status, employment status and income.
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A Perceived coping ability

Coefficient (95% CI)
Neglect
Emotional neglect -0.10 (-0.11, -0.08)
Physical neglect - 0.01(-0.00, 0.02)
Abuse
Emotional abuse - -0.01 (-0.03, 0.00)
Physical abuse - 0.01 (0.00, 0.03)
Sexual abuse -0.04 (-0.05, -0.03)
Household Dysfunction
Domestic violence - -0.01 (-0.03, 0.00)
Lost a parent/separation of parents t- 0.01(-0.01,0.02)
Mental llness in houschold -0.06 (-0.08, -0.05)
Household substance abuse - 0.00 (-0.01,0.02)
Incarcerated household member te- 0.01(-0.00, 0.02)
Violence
Community violence t- 0.01(-001,0.02)
Collective violence -« -0.00 (-0.01, 0.01)
Bullying -0.08 (-0.09, -0.07)
T T
-25 0 -}

B Psychiatric resilience

Neglect
Emotional neglect
Physical neglect

Abuse
Emotional abuse
Physical abuse
Sexual abuse

Household Dysfunction
Domestic violence

Lost a parent/separation of parents
Mental illness in household
Household substance abuse
Incarcerated household member

Coefficient (95% CI)

-0.12(-0.14,-0.11)
-0.01 (-0.02, 0.00)

-0.07 (-0.08, -0.05)
- -0.00 (-0.01, 0.01)
-0.08 (-0.09, -0.07)

-0.02 (-0.04, -0.01)

o 0.00 (-0.01, 0.02)
-0.07 (-0.09, -0.06)
-0.02 (-0.03, -0.00)

o 0.00 (-0.01, 0.01)

Violence
Community violence -~ -0.04 (-0.05, -0.03)
Collective violence -~ -0.03 (-0.04, -0.02)
Bullying -0.11 (-0.12,0.10)
T T
-25 0 25

Figure 1. Associations between different types of ACEs and perceived coping ability (A) and psychiatric resilience (B) (8 and 95% Cl). Models were
corrected for age, childhood deprivation, educational level, civil status, employment status, income and mutually adjusted for other ACEs. *Coefficients

are standardized.

Overall, the results of the complete case analyses were similar to the results using multiple imputa-
tion (main analyses) in terms of both effect sizes and confidence intervals. See Appendix 1—tables 7
and 8 (number of ACEs), and Appendix 1—figures 7 and 8 (ACE subtypes) for the complete case

analyses.

A High perceived coping ability PR (95% CI) B High psychiatric resilience PR (95% CI)
Neglect Neglect
Emotional neglect 0.82(0.77, 0.87) Emotional neglect 0.75 (0.72,0.78)
Physical neglect — 1.10 (0.98, 1.22) Physical neglect — 0.94 (0.87, 1.01)
Abuse Abuse
Emotional abuse . 0.99 (0.90, 1.10) Emotional abuse 0.77 (0.72, 0.83)
Physical abuse — 1.16 (1.00, 1.34) Physical abuse —_— 1.00 (0.89, 1.12)
Sexual abuse - 0.89 (0.84, 0.94) Sexual abuse 0.81 (0.78, 0.84)
Household Dysfunction Household Dysfunction
Domestic violence —_—r 0.98 (0.90, 1.05) Domestic violence - 0.93 (0.88, 0.97)
Lost a parent/separation of parents i ol 1.00 (0.94, 1.06) Lost a parent/separation of parents - 0.99 (0.96, 1.02)
Mental illness in household 0.78 (0.74, 0.84) Mental illness in household - 0.84 (0.81, 0.87)
Household substance abuse —r 0.99 (0.93, 1.05) Household substance abuse el 0.95 (0.92, 0.99)
Incarcerated household member s 0.98 (0.86, 1.12) Incarcerated household member —_— 0.98 (0.90, 1.07)
Violence Violence
Community violence i L 1.02 (0.87,1.21) Community violence —_—— 0.77 (0.68, 0.86)
Collective violence — > 1.22(0.89, 1.66) Collective violence —_— 0.79 (0.63, 1.00)
Bullying 0.76 (0.69, 0.84) Bullying 0.70 (0.66, 0.74)

T T T T

5 1 15 5 1 15

Figure 2. Prevalence Ratios (with 95% Cl) of high perceived coping ability (A) and high psychiatric resilience (B) in relation to individual ACEs. Models
were corrected for age, childhood deprivation, educational level, civil status, employment status, income and mutually adjusted for other ACEs.
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Discussion

In a large nationwide study of Icelandic women, a comprehensive measure of 13 adverse childhood
experiences (ACEs) was negatively associated with two distinct measures of resilience in adulthood
in a dose-dependent manner. Indeed, women who endorsed five or more ACEs had 36% lower
prevalence of high perceived coping ability and 58% lower prevalence of high psychiatric resilience
compared to women who endorsed 0 ACEs. In addition, specific ACEs including emotional neglect,
bullying, sexual abuse and growing up with a mentally ill household member were strongly associated
with lower adult resilience.

To our knowledge, the present study is the first to consider a wide range of ACEs in relation to adult
resilience, and to address their association with two distinct resilience measures. Overall, our results
are in line with previous studies examining the association between childhood maltreatment and adult
resilience (Mersky and Topitzes, 2010; Topitzes et al., 2013; McGloin and Widom, 2001; Williams
et al., 2006; Campbell-Sills et al., 2009; Nishimi et al., 2020). However, the existing evidence base is
limited by relatively small sample sizes, consideration of only few ACEs (McGloin and Widom, 2001,
Williams et al., 2006, Campbell-Sills et al., 2009; Nishimi et al., 2020), and/or the use of composite
measures of childhood adversity (Mersky and Topitzes, 2010; Topitzes et al., 2013).

Our results indicating a dose-response relationship between the cumulative number of ACEs and
lower adult resilience is consistent with a recent cross-sectional study by Nishimi et al., 2020 who
observed a similar pattern between four ACEs (emotional abuse, physical abuse, sexual abuse, and
witnessing domestic violence) and perceived coping ability, as measured with the CD-RISC. We have
now extended these findings to psychiatric resilience as an outcome, and further demonstrated this
pattern for a broad set of ACEs in a large nationwide study representing 30% of the Icelandic female
population. Furthermore, our results suggest that all ACE subtypes are associated with perceived
coping ability and psychiatric resilience. However, when mutually adjusting for other ACEs, only
emotional neglect, sexual abuse, being bullied and growing up with a mentally ill household member
were consistently associated with both resilience measures.

In line with previous literature (Nishimi et al., 2021; Sheerin et al., 2018), we found that self-
assessed coping ability and outcome-based psychiatric resilience were only moderately correlated with
each other, indicating these may reflect different patterns of adaptive functioning following adversity.
Collectively, our research adds to the growing literature on the nature of resilience as a construct. The
associations between ACEs and adult resilience were independent of age, childhood deprivation and,
importantly, other adult socio-demographic factors (i.e. educational level, civil status, employment
level and income), suggesting that ACEs affect resilience over and above these potential mediating
variables. Indeed, one possible mechanism through which ACEs could influence resilience, are func-
tional outcomes in adulthood (e.g. social, financial and/or educational functioning). Previous research
has found that ACEs are associated with greater risk of poor educational and financial outcomes, as
well as poor social functioning (Bellis et al., 2014; Copeland et al., 2018), both adult factors that
have previously been associated with resilience (Nishimi et al., 2021; Campbell-Sills et al., 2009,
Southwick et al., 2016). However, in the current study, effect sizes only diminished slightly when we
additionally adjusted for adult socio-demographic factors, which indicates that adult characteristics
such as education and employment level do not compensate for the deleterious impact of ACEs
on adult resilience. This suggests that adult resilience may largely be determined in childhood and
that situational factors in adulthood (e.g. high social support) only marginally buffer the association
between ACEs and adult resilience.

The main strengths of the study include the population-based design and large sample size of the
SAGA cohort, which represents the Icelandic adult female population in terms of distribution of age,
residence, education and income. The wealth of measures in the SAGA cohort baseline assessments
made it possible to derive two types of resilience measures and examine a wide range of ACEs. The
wealth of relevant data also allowed us to adjust for childhood deprivation, an important confounder
when examining ACEs and adult outcomes (Copeland et al., 2018; Arseneault et al., 2011; Bellis
et al., 2017), which has not been taken into account in previous ACE-resilience studies. However,
our study also has several limitations. First, the cross-sectional nature of our data does not allow us
to make any inferences about the directionality of the studied associations. Second, we cannot rule
out that the observed association between ACE growing up with a mentally ill household member
and resilience, is due to a genetic predisposition for psychopathology rather than the experience
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itself. Future genetically informative studies will need to examine the extent to which this associa-
tion is confounded by genetic factors. Although we adjusted for an array of important confounding
factors, we cannot exclude the possibility that unmeasured or residual confounding may contribute
to our results. In addition, ACEs were retrospectively reported and thus may be subject to recall
bias. However, previous studies have shown acceptable validity for retrospective assessments of ACEs
(Reuben et al., 2016; Hardt and Rutter, 2004; Widom and Shepard, 1996, Widom and Morris,
1997), although they may be influenced by current mental health status or response style (Reuben
et al., 2016). Yet, the similar results obtained from our sensitivity analyses excluding individuals with
extreme values on the happiness assessment, reduce concerns that our results are due to a particular
response style. Finally, our results are based on an exclusively female sample, therefore, future studies
should explore whether there are qualitative differences in how ACEs relate to adult resilience among
men as well as among sexual and gender minorities.

In conclusion, in a large nationwide-representative female population, we observed a negative
association between cumulative exposure of ACEs and two distinct measures of adult resilience.
Specific ACEs, including exposure to emotional neglect and bullying, sexual abuse, and growing up
with a mentally ill household member were consistently associated with lower adult resilience. If these
findings are confirmed through prospective designs, there may be huge societal benefits of preven-
tion strategies targeting the protection of children against traumatic occurrences and their conse-
quences. Future research is needed to address how children exposed to ACEs can be supported to
reduce risks of compromised adult resilience and health inequalities.
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Perceived coping ability

The CD-RISC total scores were divided into quintiles which resulted in 21.50% of the sample in the
lowest quintile (raw CD-RISC scores = 0-21), 20.95% in the lower middle quintile (raw CD-RISC
scores = 22-26), 20.63% in the middle quintile (raw CD-RISC scores = 27-30), 17.99% in the higher
middle quintile (raw CD-RISC scores = 31-34) and 18.93% in the highest quintile (raw CD-RISC
scores = 35-40).

Covariate assessment

Social support was assessed with the Multidimensional Scale of Perceived Social Support (MSPSS)
(Zimet et al., 1988). The instrument consists of 12 items answered on a 7-point scale ranging from
0 (very strongly disagree) to 6 (very strongly agree). ltems were summed to create a total score
ranging from 0 to 72, with higher scores indicating higher levels of perceived social support. In
addition, the total scores were divided into quartiles which resulted in 25.09% of the sample in the
lowest quartile (raw MSPSS scores = 0-49), 25.52% of the sample in the low-middle quartile (raw
MSPSS scores = 50-61), 24.92% of the sample in the high-middle quartile (raw MSPSS scores =
62-69) and 24.47% of the sample in the highest quartile (raw MSPSS scores = 70-72). A categorical
variable was then created where the highest tertile was used to define a high level of social
support, the two middle quartiles were merged and used together to define a moderate level of
social support and the lowest quartile was used to define a low level of social support. Happiness
was assessed with the question “In general, how would you rate your happiness?”, and participants
rated their happiness with a slider ranging from 1 to 10.

Appendix 1—table 1. List of the 30 ACE-1Q items used to derive the 13 different ACEs and their
response options.
ACE item Scoring*

Neglect

Emotional neglect

Did your parents/guardians understand your problems and Always = 0, Most of the time = 1, Sometimes = 2, Rarely = 3,
worries? Never = 4

Did your parents/guardians really know what you were doing with Always = 0, Most of the time = 1, Sometimes = 2, Rarely = 3,
your free time when you were not at school or work? Never = 4

Physical neglect

How often did your parents/guardians not give you enough food
even when they could easily have done so? Never = 0, Once = 1, A few times = 2, Many times = 3

Were your parents/guardians too drunk or intoxicated by drugs
to take care of you? Never =0, Once = 1, A few times = 2, Many times = 3

How often did your parents/guardians not send you to school
even when it was available? Never = 0, Once = 1, A few times = 2, Many times = 3

Abuse

Emotional abuse

Did a parent, guardian or other household member yell, scream
or swear at you, insult or humiliate you? Never =0, Once = 1, A few times = 2, Many times = 3

Did a parent, guardian or other household member threaten to,
or actually, abandon you or throw you out of the house? Never = 0, Once = 1, A few times = 2, Many times = 3

Physical abuse

Did a parent, guardian or other household member spank, slap,
kick, punch or beat you up? Never =0, Once = 1, A few times = 2, Many times = 3

Did a parent, guardian or other household member hit or cut you
with an object, such as a stick (or cane), bottle, club, knife, whip
etc? Never = 0, Once = 1, A few times = 2, Many times = 3

Sexual abuse

Appendix 1—table 1 Continued on next page

Danielsdéttir et al. eLife 2022;11:€71770. DOI: https://doi.org/10.7554/eLife. 71770 16 of 25


https://doi.org/10.7554/eLife.71770

ELIfe Research article Epidemiology and Global Health

Appendix 1—table 1 Continued
ACE item Scoring*

Did someone touch or fondle you in a sexual way when you did
not want them to? Never = 0, Once = 1, A few times = 2, Many times = 3

Did someone make you touch their body in a sexual way when
you did not want them to? Never = 0, Once = 1, A few times = 2, Many times = 3

Did someone attempt oral, anal, or vaginal intercourse with you
when you did not want them to? Never =0, Once = 1, A few times = 2, Many times = 3

Did someone actually have oral, anal, or vaginal intercourse with
you when you did not want them to? Never = 0, Once = 1, A few times = 2, Many times = 3

Household dysfunction

Domestic violence

Did you see or hear a parent or household member in your home
being yelled at, screamed at, sworn at, insulted or humiliated? Never = 0, Once = 1, A few times = 2, Many times = 3

Did you see or hear a parent or household member in your home
being slapped, kicked, punched or beaten up? Never = 0, Once = 1, A few times = 2, Many times = 3

Did you see or hear a parent or household member in your home
being hit or cut with an object, such as a stick (or cane), bottle,
club, knife, whip etc.? Never = 0, Once = 1, A few times = 2, Many times = 3

Lost a parent / separation of parents

Were your parents ever separated or divorced? No =0, Yes =1

Did your mother, father or guardian die? No =0, Yes =1

Mental iliness in household

Did you live with a household member who was depressed,
mentally ill or suicidal? No =0, Yes =1

Household substance abuse

Did you live with a household member who was a problem
drinker or alcoholic, or misused street or prescription drugs? No =0, Yes =1

Incarcerated household member

Did you live with a household member who was ever sent to jail
or prison? No=0, Yes =1

Other violence

Community violence

Did you see or hear someone being beaten up in real life? Never =0, Once = 1, A few times = 2, Many times = 3

Did you see or hear someone being stabbed or shot in real life?  Never = 0, Once = 1, A few times = 2, Many times = 3

Did you see or hear someone being threatened with a knife or
gun in real life? Never = 0, Once = 1, A few times = 2, Many times = 3

Collective violence

During the first 18 years of your life, were you exposed to war/
collective violence (e.g. from gangs or police)?t No =0, Yes =1

Were you forced to go and live in another place due to any of
these events? Never = 0, Once = 1, A few times = 2, Many times = 3

Did you experience the deliberate destruction of your home due
to any of these events? Never =0, Once = 1, A few times = 2, Many times = 3

Were you beaten up by soldiers, police, militia, or gangs? Never = 0, Once = 1, A few times = 2, Many times = 3

Was a family member or friend killed or beaten up by soldiers,

police, militia, or gangs? Never =0, Once = 1, A few times = 2, Many times = 3
Bullying
How often were you bullied? Never = 0, Once = 1, A few times = 2, Many times = 3

“all items also had the option ,can’t/don’t want to answer”.
Tthis is a screening question, only participants that responded yes got the following four questions.
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Appendix 1—table 2. Rank order correlations for perceived coping (CD-RISC) and different
measures of psychopathology used to derive the psychiatric resilience phenotype (n = 26,198).

CD-RISC PHQ-9 GAD-7 PCL-5 PSQI-A Binge drinking
CD-RISC 1
PHQ-9 -0.55 1
GAD-7 -0.51 0.76 1
PCL-5 -0.48 0.70 0.66 1
PSQI-A -0.41 0.62 0.62 0.63 1
Binge drinking -0.04 0.10 0.09 0.07 0.09 1
Appendix 1—table 3. Rank order correlations for ACE subtypes (n = 26,198).
Losta Mental Household Incarcerated
Emotional Physical Sexual Emotional Physical Domestic parent/ illness in Collecti
abuse  abuse abuse neglect neglect violence separation housshold abuse  member  violence violence Bullying
Emotional
abuse 1
Physical
abuse 0.46 1
Sexual abuse  0.19 0.14 1
Emotional
neglect 0.36 0.23 0.22 1
Physical
neglect 0.29 0.18 0.14 0.27 1
Domestic
violence 051 031 0.18 0.34 0.30 1
Lost a parent/
separation of
parents 0.16 0.09 0.12 0.19 0.19 0.21 1
Mental illness
in household  0.33 0.18 0.14 0.26 0.23 0.37 0.19 1
Household
substance
abuse 0.20 0.11 0.16 0.24 0.29 0.36 0.26 031 1
Incarcerated
household
member 0.14 01 0.09 0.12 0.18 022 0.14 0.18 0.25 1
Community
violence 0.20 0.20 0.10 0.13 0.14 0.18 0.08 012 011 011 1
Collective
violence 0.09 0.08 0.06 0.07 0.08 0.09 0.06 0.07 0.06 0.10 011 1
Bullying 021 0.16 013 0.15 011 0.15 0.06 0.16 0.08 0.06 0.12 0.08 1

Appendix 1—table 4. Associations between the number of ACEs and perceived coping ability (CD-
RISC) and psychiatric resilience stratified by social support (n = 25,314) (B and 95% Cl).

Perceived coping ability

Psychiatric resilience

N (%) Low support Moderate support High support Low support Moderate support High support
Number of ACEs’
0ACE 5024(19.8) 0 ref) 0 (ref) 0 (ref) 0 (ref) 0 (ref) 0 (ref)
1ACE 5407 (21.3) -0.06(-0.10-002) -0.05(-0.06,-0.03) 0,02 (-0.05,-000) 010 (-0.14,-0.06) 0,07 (-0.09,-005) -0.05 (-0.07,-0.03)
2ACE 4,356(17.2)  -0.08 (-0.12,-005) 0,06 (-0.08,-0.04) 0,06 (-0.08,-0.03) 013 (-0.16,-0.09) 011 (-0.13,-009) 0,09 (-0.11,-0.07)
34ACE  5419(214) -0.11(0.14,-0.07) 0,09 (-0.11,-0.07) 0,08 (-0.11,-006) -0.22(-0.25,-017) 016 (-0.18,-0.14) ~0.13(0.16-0.10)
25ACEs  5108(202 0.14(0.17,-0.10) 0,10 (-0.12,-0.08) 0,08 (-0.11,-005) ~0.32(-0.36-0.28) ~0.27 (-0.29,-0.25) 021 (0.24-0.1)
‘Coefficients are standardized; adjusted for age, childhood deprivation, education level, civil status, employment status and income.
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Appendix 1—table 5. Associations between the number of ACEs (excluding parental divorce/
separation) and perceived coping ability (CD-RISC) and psychiatric resilience (f and 95% CI)*.

Perceived coping ability

Psychiatric resilience

N (%) Model 12 Model 2° Model 12 Model 2°
Number of ACEs*
0ACE 6,095 (23.3) 0 (ref.) 0 (ref.) 0 (ref.) 0 (ref.)
1ACE 6,201 (23.7) -0.08 (-0.09,-0.06) -0.06 (-0.08,-0.05) -0.10 (-0.11,-0.08) -0.08 (-0.10,-0.07)
2 ACE 4,877 (186)  -0.12(-0.13-0.10)  -0.10(-0.11,-008)  -0.16(-0.17,-0.14)  -0.14 (-0.16,-0.13)
3-4 ACE 5,582 (21.3) —-0.18 (-0.19,-0.16) -0.14 (-0.16,-0.13) —0.25 (-0.27,-0.24) —-0.23 (-0.24,-0.21)
>5ACEs 3,443 (13.1) —-0.20 (-0.21,-0.19) -0.15(-0.15,-0.12) —-0.33(-0.35,-0.32) -0.29 (-0.30,-0.28)

“Coefficients are standardized; *adjusted for age and childhood deprivation; “additionally adjusted for education level, civil status,
employment status and income.

Appendix 1—table 6. Associations between the number of ACEs and perceived coping ability
(CD-RISC) and psychiatric resilience excluding participants with =10% lowest and highest happiness
values (raw scores 1-5 and 10) (n = 15,449) (B and 95% CI)*.

Perceived coping ability

Psychiatric resilience

N (%) Model 12 Model 2° Model 12 Model 2°
Number of ACEs”
0ACE 4,088 (20.38) O (ref.) 0 (ref.) 0 (ref) 0 (ref)
1 ACE 4,384 (21.86) -0.05(-0.07,-0.04) -0.04 (-0.06,-0.02) -0.09 (-0.10,-0.07) -0.08 (-0.09,-0.06)
2 ACE 3,573(17.82) -0.08 (-0.09,-0.06) -0.06 (-0.08,-0.05) -0.12 (-0.14,-0.11) -0.11 (-0.13,-0.10)
3-4 ACE 4,341 (21.65) -0.12(-0.14,-0.10) -0.10(-0.12,-0.08) -0.19 (-0.20,-0.17) -0.17 (-0.19,-0.16)
>5ACEs 3,669 (18.29) -0.15(-0.17,-0.13) -0.12(-0.13,-0.10) -0.31 (-0.33,-0.29) -0.28 (-0.30,-0.27)

“Coefficients are standardized; *adjusted for age and childhood deprivation; "additionally adjusted for education
level, civil status, employment status and income.

Appendix 1—table 7. Associations between the number of ACEs and perceived coping ability (CD-
RISC) and psychiatric resilience (B and 95% Cl)*, complete case analyses.

Perceived coping ability

Psychiatric resilience

N (%) Model 1? Model 2° Model 12 Model 2°

ACE-IQ total score* 19,637 -0.18 (-0.19,-0.16) -0.13(-0.15,-0.12) -0.31(-0.32,-0.30) -0.28 (-0.29,-0.26)
Number of ACEs

0ACE 4,377 (22.3) 0 (ref) 0 (ref) 0 (ref.) 0 (ref.)

1 ACE 4,496 (22.9) -0.07 (-0.09,-0.05) -0.06 (-0.07,-0.04) -0.08 (-0.10,-0.06) -0.07 (-0.09,-0.05)

2 ACE 3,437 (17.5) -0.10(-0.11,-0.08) -0.08 (-0.10,-0.06) -0.13(-0.14,-0.11) -0.11(-0.13,-0.10)
3-4 ACE 3,985(20.3) -0.14 (-0.16,-0.13) -0.12(-0.14,-0.10) -0.20(-0.21,-0.18) -0.18(-0.19,-0.16)
>5ACEs 3,342 (17.0) -0.20 (-0.22,-0.18) -0.15(-0.17,-0.14) -0.33(-0.35,-0.31) -0.29(-0.31,-0.27)

"Coefficients are standardized; **per 1 SD unit increase in ACE-IQ scores; *adjusted for age and childhood
deprivation; Padditionally adjusted for education level, civil status, employment status and income.

Appendix 1—table 8 Continued on next page
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Appendix 1—table 8. Prevalence Ratios (with 95% Cl) of high perceived coping ability (CD-
RISC >35) and high psychiatric resilience (absence of psychiatric morbidity) in relation to the number

of ACEs, complete case analyses.

High perceived coping ability

High psychiatric resilience

N (%) Model 1* Model 2° Model 1* Model 2°
ACE-IQ total score* 19,637 0.92(0.90,0.93)  0.94(0.92,0.95) 0.86(0.85,0.87)  0.87(0.87,0.88)
Number of ACEs
0ACE 4,377 (22.3)  1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
1ACE 4,496 (22.9) 0.83(0.77,0.89)  0.87(0.81,0.93)  0.84(0.81,0.87)  0.86(0.83,0.89)
2 ACE 3,437 (17.5 0.73(0.67,0.79)  0.77(0.71,0.83)  0.74(0.71,0.78)  0.76(0.73, 0.80)
3-4 ACE 3,985(20.3) 0.66(0.60,0.71)  0.70(0.65,0.76)  0.62(0.59,0.65)  0.65 (0.62, 0.68)
>5ACEs 3,342 (17.00 0.59(0.53,0.65)  0.67 (0.60,0.74)  0.41(0.38,0.44)  0.44(0.41,0.48)

“adjusted for age and childhood deprivation; "additionally adjusted for education level, civil status, employment
status and income.
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Appendix 1—figure 1. Sociodemographic characteristics of SAGA participants vs. the general
female population of Iceland (see further: https://www.afallasaga.is/nidurstodur).

West-  North
fiords

East  South  South
peninsula

Danielsdéttir et al. eLife 2022;11:e71770. DOI: https://doi.org/10.7554/eLife.71770

20 of 25


https://doi.org/10.7554/eLife.71770
https://www.afallasaga.is/nidurstodur

ELIfe Epidemiology and Global Health

n = 30,403 women 18-69 years
participated in the SAGA cohort

Women reporting no lifetime
trauma (n = 2563)

\

\
n=27,840
»| Missing information perceived
coping ability (n = 509)
Y
n=27,331
More than 25% missing on
»| psychopathology measures
used to derive psychiatric
resilience (n = 1040)
n=26,291
> More than 25% missing on
ACE-IQ (n=93)
\/

Analytic sample n = 26,198

Appendix 1—figure 2. Flow-chart of the analytic sample.
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Appendix 1—figure 3. Proposed causal model with alternative pathways of how ACEs could
influence resilience in adulthood.

Note: Boxes in green indicate potential confounders of the association between ACEs and adult
resilience, whereas boxes in red indicate potential mediators of the association.
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n = 30,403 women 18-69 years
participated in the SAGA cohort

Women reporting no lifetime
trauma (n = 2563)

\

\
n =27,840
»| Missing information perceived
coping ability (n = 509)
\
n=27,331
»| Missing information psychiatric
resilience (n = 4745)
\
n=22,586
»| Missing information ACEs
(n =2949)
\

Analytic sample n = 19,637

Appendix 1—figure 4. Flow-chart of the analytic sample (complete case analysis).
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Appendix 1—figure 5. Associations between different types of ACEs and perceived coping
ability (A) and psychiatric resilience (B) (B and 95% Cl). Models were corrected for age, childhood

deprivation, education level, civil status, employment status and income. *Coefficients are

standardized.
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Appendix 1—figure 6. Prevalence Ratios (with 95% Cl) of high perceived coping ability (A) and high
psychiatric resilience (B) in relation to individual ACEs. Models were corrected for age, childhood
deprivation, education level, civil status, employment status and income.
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Appendix 1—figure 7. Associations between different types of ACEs and perceived coping ability
(A) and psychiatric resilience (B) (B and 95% Cl), complete case analyses (n = 19,637). Models were

corrected for age, childhood deprivation, educational level, civil status, employment status, income
and mutually adjusted for other ACEs. *Coefficients are standardized.

A High perceived coping ability

Neglect
Emotional neglect
Physical neglect

Abuse
Emotional abuse
Physical abuse
Sexual abuse

Household Dysfunction
Domestic violence

Lost a parent/separation of parents
Mental illness in household
Household substance abuse
Incarcerated household member

Violence

Community violence
Collective violence
Bullying

PR (95% CI)

083 (078, 0.89)
109 (0.97. 124

1.04 (0.94, 1.17)
117(1.00, 1.38)
0.89 (0.83, 0.94)

I
I
IR
— 099 (0.91, 1.07)
r— 102 (0.96, 1.08)
0.78 (0.72, 0.84)
— 0.98 (0.92, 1.05)
— 0.93 (0.80, 1.09)
— 103 (0.87,1.22)
> 123090, L68)
0.76 (0.69, 0.84)

B High psychiatric resilience

Neglect
Emotional neglect
Physical neglect

Abuse
Emotional abuse
Physical abuse
Sexual abuse

Household Dysfunction
Domestic violence

Lost a parent/separation of parents
Mental illness in household
Household substance abuse
Incarcerated household member

Violence
Community violence
Collective violence
Bullying

PR (95% CI)

076 (0.73,0.79)
0.91(0.83, 1.00)

0.82(0.76, 0.89)
100 (0.88, 1.13)
0.84(0.81.087)

0.92(0.87,097)
0.99 (0.96, 1.03)
0.84 (0.80, 0.88)
0.96(0.93, 1.00)
0.95 (0.87, 1.05)

0.72(0.62,083)
0.96(0.76, 1.22)
0.72(0.67,0.76)

Appendix 1—figure 8. Prevalence Ratios (with 95% Cl) of high perceived coping ability (A) and high
psychiatric resilience (B) in relation to individual ACEs, complete case analyses (n = 19,637). Models
were corrected for age, childhood deprivation, educational level, civil status, employment status,

income and mutually adjusted for other ACEs.
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Background: Adverse childhood experiences (ACEs) are associated with an elevated risk of
mental health problems, yet, not all individuals exposed to ACEs suffer mental health
morbidities in adulthood, i.e. they remain resilient. However, what factors contribute to
resilience after childhood adversity remains largely unknown.

Objective: We aimed to study the relative contribution of genetic and environmental factors
to individual variation in adult resilience in the context of ACEs.

Method: We used data from the Swedish Twin Registry, comprising 8,606 twin individuals
(n=3,408 monozygotic pairs, n=5,198 dizygotic pairs), aged 21 to 47 years, reporting at least
one of the follwing ACEs: family violence, emotional abuse/neglect, physical neglect,
physical abuse, sexual abuse, rape, and hate crime. We obtained information about first adult
clinical diagnosis of a psychiatric disorder (i.e., anxiety, depression, substance abuse and
stress-related disorders) from the Swedish National Patient Register and dispensed
antidepressants and anxiolytics from the Swedish Prescribed Drug Register, defining the
absence of such indications as resilience to ACEs. We used structural equation models to
estimate the relative contribution of genetic and environmental factors to the variation in
adult resilience in the context of ACEs. In addition, we used polygenic risk scores (PRS) for
6 psychiatric traits, to assess the association between genetic liability for these traits and
resilience after ACEs.

Results: Genetic and non-shared environmental factors contributed to variation in the ACE
resilience phenotype, 0.40 (95% CI 0.28-0.52) and 0.60 (95% CI 0.48-0.72) respectively,
while we found no evidence of a shared environmental component. The PRS analyses
revealed that genetic liability for all psychiatric traits was associated with reduced odds of
ACE resilience (e.g., OR per standard-deviation increase in PRS for major depressive

disorder = 0.75; 95% CI 0.70-0.80).



Discussion: These data suggest that variation in resilience after exposure to ACEs is
influenced by both genetic and non-shared environmental factors. Further characterization of
the specific contributing genetic and environmental factors is needed for targeted

interventions aimed at enhancing resilience.



Background

Adverse childhood experiences (ACEs) are severe experiences, conditions or intensive
stressors that occur in childhood or adolescence, including emotional and physical abuse or
neglect and growing up in dysfunctional home environments (e.g., parental substance abuse or
witnessing domestic violence) (Anda, Butchart, Felitti, & Brown, 2010). Although ACEs have
consistently been associated with poor mental health outcomes extending into adulthood
(Hughes et al., 2017; Li, D'Arcy, & Meng, 2016; Petruccelli, Davis, & Berman, 2019; Scott,
Smith, & Ellis, 2010), there is considerable heterogeneity in long-term outcomes after exposure
to ACEs (Kuzminskaite et al., 2021). That is, despite the robust link between ACEs and
psychiatric symptoms and disorders, many individuals with a history of ACEs do not
experience prolonged psychiatric symptoms extending into adulthood (Galatzer-Levy, Huang,
& Bonanno, 2018). Indeed, previous research indicates that roughly 40% to 60% of ACE
exposed children demonstrate resilient outcomes (S. Luthar, 2006; Masten, 2001).

Resilience is broadly defined as positive psychological functioning or maintained
mental health in the context of significant exposure to trauma or adversity (Kalisch et al., 2017,
S. S. Luthar, Cicchetti, & Becker, 2000; Rutter, 2006). The conceptual definition of resilience
entails two essential components: a) experiencing significant trauma or adversity, and b) an
achievement of positive adaptation (Garmezy, Masten, & Tellegen, 1984; S. S. Luthar et al.,
2000; Masten, Lucke, Nelson, & Stallworthy, 2021). Indeed, one way to operationalize
resilience is as the absence of PTSD or other psychiatric disorders among individuals exposed
to traumatic events (Nishimi et al., 2021; Sheerin, Stratton, Amstadter, Education, &
McDonald, 2018).

The determinants of resilience are multifactorial (Cicchetti, 2010), ranging from
cognitive or psychological factors (e.g., self-efficacy and problem solving skills) to broader

environmental factors (e.g., availability of social support and community resources).



Moreover, accumulating evidence point towards a considerable genetic contribution to
variation in resilience. Twins offer a natural experiment to assess the relative contribution of
genetic (i.e., heritability) and environmental factors to variability in a phenotype by comparing
observed resemblance between MZ and DZ twins (Boomsma, Busjahn, & Peltonen, 2002;
Hagenbeek et al., 2023). Results from twin studies indicate that between 25% and 50% of
variance in resilience to lifetime or past-year stressors can be explained by genetic factors
(Ananda B. Amstadter, Myers, & Kendler, 2014; Boardman, Blalock, & Button, 2008;
Hofgaard, Nes, & Roysamb, 2021). These studies have conceptualized resilience based on
residuals of positive affect (Boardman et al., 2008), or internalizing symptoms (Ananda B.
Amstadter et al., 2014; Hofgaard et al., 2021) after lifetime stressors (Boardman et al., 2008;
Hofgaard et al., 2021), or past year stressors (Ananda B. Amstadter et al., 2014) have been
regressed out. To the best of our knowledge, no previous twin study has estimated the
heritability of resilience among individuals exposed to significant childhood adversity.
Therefore, leveraging a large sample of Swedish twins, we aimed to examine the
relative contribution of genetic and environmental factors to the variation in resilience,
conceptualized as absence of psychiatric morbidity among adults reporting exposure to ACEs.
In addition, we aimed to assess whether genetic liability for common psychiatric traits was

associated with resilience among individuals exposed to ACEs.

Methods

Data sources / Study participants

Data from two birth cohorts of twins derived from the Swedish Twin Registry were used in the
current study; The Study of Twin Adults: Genes and Environment (STAGE) and The Young
Adult Twins in Sweden Study (YATSS). The STAGE study population includes Swedish twins

born between 1959 and 1985 (N=25,313). A web-based data collection was carried out in 2005,



where participants answered an extensive questionnaire including sections on various
traumatic experiences, and physical and mental health (Furberg et al., 2008; Lichtenstein et al.,
2006). The YATSS study population includes Swedish twins born between 1986 and 1992
(N=6,860). During 2013 and 2014 participants answered an electronic questionnaire that
consisted of questions evaluating various somatic and mental health symptoms, as well as
questions about traumatic experiences in childhood (Zagai, Lichtenstein, Pedersen, &
Magnusson, 2019). Furthermore, between 2017 and 2019, individuals from the STAGE and
YATSS cohorts, who had previously donated saliva samples, were genotyped (Zagai et al.,
2019). The STR cohorts were additionally linked to nationwide health registers (described
below).

In both cohorts, zygosity was determined based on either DNA analysis or questions
on intra-pair similarities during childhood, which had over 95% accuracy when validated
against DNA testing (Lichtenstein et al., 2002). An ethical permit was granted by the regional
ethical review board in Stockholm, Sweden (2018/960-31/2).

For the present analyses we excluded twins with unknown zygosity (2.19%). In
addition, since trauma exposure is intrinsic to the conceptualisation of resilience, the analytic
sample was restricted to twins reporting an ACE (see description of resilience below), which
resulted in a final analytic sample of 8,606 twin individuals, of which 3,408 were MZ twins
(732 complete twin-pairs), 2,522 were DZ same-sex twins (394 complete twin-pairs) and 2,676
were DZ opposite sex twins (323 complete twin-pairs) (see Table 1). Single twins were retained

as they contribute to information relating to the prevalence of resilience.



Measures

Resilience

Resilience was defined as the absence of psychopathology among individuals exposed to
ACEs. We therefore operationalized resilience by assessments in two domains: 1) self-reported
exposure to ACEs, and ii) independently assessed adult mental health outcomes.

ACEs were measured with seven items adapted from the Life Stressor Checklist-
revised (LSC-R) (Wolfe & Kimerling, 1997). The instrument consists of 30 items assessing
potentially traumatic life events according to DSM-IV criteria for PTSD as well as other
traumatic events. For this study, seven yes/no questions from the LSC-R were used to assess
exposure to the following ACEs: emotional neglect/abuse, physical neglect, physical abuse,
sexual abuse, rape, hate crime, and witnessing family violence (see eTable 1 for a list of items).
Follow-up questions were used to determine whether the seven LSC-R items were endorsed
before 19 years. Since by definition resilience reflects ,,relatively positive adaptation despite
experiences of significant adversity or trauma® (S. Luthar, 2006) one cannot be resilient
without being exposed to adversity or trauma, and therefore in the current study, participants
with no reported ACEs were excluded from the analytic sample.

Information about adult mental health outcomes was obtained from Swedish
nationwide health registers. That is, using unique personal identification numbers, the STR was
linked to the population-based Swedish National Patient Register (NPR) which has nationwide
coverage for inpatient care since 1987 and outpatient specialized care since 2001 (Ludvigsson
et al., 2011). Through these resources, we identified all individuals with any first inpatient or
outpatient hospital visit that resulted in a diagnosis of depressive disorders, anxiety disorders,
alcohol or drug misuse disorders and stress-related disorders, after their 19th birthday. The

diagnoses were assigned in accordance with the International Classification of Diseases, eighth



revision (ICD-8), ninth revision (ICD-9), or tenth revision (ICD-10) (see eTable 2 for ICD
codes). Data from the NPR were available until the end of 2016.

In addition, the STR was linked to the population-based Swedish Prescribed Drug
Register (PDR), which includes all dispensations of prescribed drugs since 2005 (Wettermark
et al., 2007). Since the NPR includes only information related to inpatient or specialised
outpatient care, we additionally used information about dispensed antidepressants (ATC code
NO6A) or anxiolytics (ATC code NO5B) as an indication of milder psychiatric disorders not
requiring specialized care. Data from the PDR were available until the end of 2016.

Based on information from the NPR and PDR, we derived a primary and secondary
phenotype of resilience. Our main resilience phenotype was operationalised as absence of
clinically diagnosed psychiatric disorders (i.e., depression, anxiety, substance abuse and stress-
related disorders) as well as absence of dispensed antidepressants and anxiolytics among
individuals exposed to ACEs. To test the robustness of our results, we also conducted paralell
analyses of resilience as absence of clinically diagnosed psychiatric disorders among

individuals exposed to ACEs (disregarding information on medication use).

Polygenic risk scores

A total of 10,494 individuals from the STAGE and YATSS cohorts were genotyped using the
650K Illumina Global Screening Array (GSA) BeadChip (Zagai et al., 2019). To ensure quality
of the genotype data, samples were processed using RICOPILI (Lam et al., 2020). Samples
were filtered based on variant missingness, sex chromosome abnormalities, sex mismatch,
unexpected relatedness patterns, per-sample call rate, and excessive heterozygosity. Variants
were filtered based on per-SNP call rate, minor allele frequency (<0.01), and Hardy-Weinberg

disequillibrium. For the STAGE and YATSS cohorts, 207,658 and 199,113 out of 700,078



measured variants, failed quality control. Imputation to the Haplotype Reference Consortium
panel (HRC 1.1) was done using the Sanger imputation server (McCarthy et al., 2016).
Polygenic risk scores (PRS) were calculated for the sub-sample of individuals with
available genotype data in our sample (n = 10,949), using GWAS summary statistics from the
largest published studies available for PTSD (Nievergelt et al., 2019), major depressive
disorder (MDD) (Als et al., 2023), anxiety (Purves et al., 2020), alcohol dependence (Walters
et al., 2018), bipolar disorder (Mullins et al., 2021) and neuroticism (Nagel et al., 2018). The
PRSs were estimated using Ldpred2-auto (Privé, Arbel, & Vilhjalmsson, 2020), with
recommended parameter settings. The main hypothesis testing was done using a sample of n =

4013 with available genotype data and reporting at least one ACE.

Statistical analysis

The classical twin design allows partitioning of variance in a phenotype into genetic and
environmental sources, capitalizing on the fact that MZ twins share all their genes while DZ
twins share on average 50% of their segregating genes (Verweij, Mosing, Zietsch, & Medland,
2012). Sources of variance include additive genetic (A, sum of additive allelic effects across
the genome), dominance genetic (D, interactions between alleles), shared environmental (C,
environment shared by family members, e.g., prenatal environment or socio-economic
conditions in childhood) and unique environmental variance (E, specific for individuals,
contributes to differences between twins and also includes measurement error). In the classical
twin design, it is assumed that A and D correlate 1.00 in MZ twins, while A is assumed to
correlate 0.50 in DZ twins, and D is assumed to correlate 0.25. The C component is assumed
to correlate 1.00 in both MZ and DZ twins, whereas E is uncorrelated in both MZ and DZ twins

(Verweijj et al., 2012).



Using these assumptions, we estimated the relative contribution of genetic and
environmental factors to the liability of the resilience phenotype by fitting structural equation
models using the packages OpenMx (version 2.20.6) (Neale et al., 2016) and umx (Bates,
Maes, & Neale, 2019) in the R software. Since we conceptualized resilience as a binary trait,
we used a liability threshold model where the observation of being resilient or not in each
individual is assumed to reflect an underlying normally distributed liability. Before fitting twin
models, we used saturated models to assess assumptions of equal thresholds across twin order
and zygosity, and observed no violations (see eTable 3).

Next, we estimated cross-twin correlations (tetrachoric correlations since resilience is
a binary trait), with a constrained saturated model where the thresholds were equated across
twin order and across zygosity (correlations were adjusted for sex and birthyear). Cross-twin
correlations indicate the degree to which each phenotype correlates within twin-pairs.

It should be noted that C and D cannot be estimated simultaneously, as they are
confounded in the classical twin design. Therefore, we started by fitting separate ACE and
ADE models. Next, we fitted AE models to determine whether the C or D parameters could be
excluded from either the ACE or ADE models without a significant loss in model fit.
Likelihood ratio tests were used to compare the goodness of fit between the saturated model
and the ACE/ADE models. In addition, the ACE/ADE models were compared to nested
submodels (AE). Akaikes Information Criterion (AIC; a lower value is better) was used for
model comparison. All models were adjusted for sex and birth year. Birth year was adjusted
for using a 2 degree-of-freedom polynomial.

Finally, to examine the association between genetic liability to the psychiatric traits
(disorders and neuroticism) and resilience, we conducted PRS analyses. First, to validate the
PRSs we assessed the association between each PRS and their respective trait/disorder (e.g.,

we tested the association between PRSanxiety and clinically diagnosed anxiety). Next, we
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assessed associations between the PRSs and resilience. The associations between the PRSs and
outcomes (i.e., each respective trait/disorder and the resilience phenotype) were estimated
using generalized estimating equations (GEE) with cluster robust standard errors (i.e., using
sandwich estimation on twin-pair ID) to adjust for the lack of independence of twin data. Since
we operationalized resilience as a binary variable, we estimated odds ratios (OR), and included
sex, birthyear, and 10 principal components of the genetic relatedness matrix as covariates in

the models.

Results

Characteristics of the sample

Descriptive statistics of the sample are presented in Table 1. Among the 8,606 individual twins
that reported at least one ACEs, 5,240 twin individuals were categorized as resilient (Table 1),
whereas 7,199 twin individuals were categorized as resilient according to our secondary

resilience phenotype (eTable 4).

Cross-twin correlations

The DZ twin correlations were less than half of the MZ twin correlations (MZ twins r = 0.47,
95% CI 0.37-0.57; DZ twins r = 0.17, 95% CI 0.05-0.28), suggesting that dominance genetic
factors (D) rather than shared familial factors (C) play a role. Similar correlations were

observed for an alternative definition of resilience (eTable 5).

The structural equation models
The model fitting results for the twin models are presented in Table 2. According to the
likelihood ratio tests, the ACE/ADE models did not fit the observed data significantly worse

than the saturated model. However, in the ACE model the C parameter was estimated at 0
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(Table 3), and the AE model did not fit the data significantly worse than the ACE model (Table
2). Furthermore, the ADE model had large 95% Cls for the A and D parameters (ranging from
-0.51 to 0.96, see Table 3) suggesting that these parameters are poorly identified in this model.
Correspondingly the AE model did not fit the data significantly worse than the ADE model
(Table 2). Taken together, with the lowest AIC, the AE model showed the best fit to the data
(Table 2). In this model, the heritability of the primary ACE resilience phenotype was 0.40
(95% CI 0.28-0.52), and the unique environment effect was 0.60 (95% CI 0.48-0.72). These
findings were confirmed using an alternative definition of resilience (disregarding information

on prescription of antidepressants and anxiolytics) (eTable 6 and 7).

The PRS analyses

As expected, higher PRSs for PTSD, MDD, anxiety and bipolar disorder were associated with
higher odds of receiving a diagnosis of the respective disorder (eFigure 1) while the PRS for
alcohol dependence was not associated with a substance abuse diagnosis in this cohort of twins
(and was therefore not used in the main hypothesis testing). Higher neuroticism-PRS was
correspondingly associated with higher scores on the neuroticism scale from the Eysenck
Personality Questionnaire-Revised in STAGE (=0.64, 95% CI 0.55-0.73). The PRSs for
PTSD, MDD, anxiety, bipolar disorder and neuroticism were associated with reduced odds of
the ACE resilience phenotype (Figure 1). The MDD-PRS had the strongest association with
resilience, i.e., one standard-deviation increase in MDD-PRS was associated with a 25%
reduction in resilience (OR = (.75 per standard-deviation increase in PRS; 95% CI 0.70-0.80).
We found similar results using an alternative definition of resilience (i.e., disregarding

information on prescription of antidepressants and anxiolytics; eFigure 2).
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Discussion

Using a large sample of Swedish twins, we examined the etiology of resilience, conceptualised
as the absence of clinically confirmed psychiatric disorders (i.e., depressive, anxiety, substance
misuse, or stress-related disorders) as well as absence of dispensed antidepressants and
anxiolytics among adult twins exposed to ACEs. We found that the variation in adult resilience
after exposure to ACEs was attributed to both genetic and individual specific environmental
influences. In parallel, we found that genetic liability for psychiatric traits (i.e., neuroticism,
PTSD, MDD, anxiety and bipolar disorder) predicted reduced odds of adult resilience to ACEs.

Our finding that 40% of the variance in adult resilience to ACE:s is due to genetic factors
is in line with existing studies on resilience to past-year stressors, which reported a heritability
of 38%-52% (Ananda B. Amstadter et al., 2014; Boardman et al., 2008). The heritability to
life-time stressors seems to be slightly lower, or 24%-30% (Hofgaard et al., 2021). Perhaps
somewhat surprisingly, we found that environmental factors shared by members within twin
pairs had negligible influence on adult resilience to ACEs. This is, however, in accordance to
previous twin studies on resilience among adults (in the context of lifetime or past-year
stressors) (A. B. Amstadter et al., 2016; Ananda B. Amstadter et al., 2014; Boardman et al.,
2008; Hofgaard et al., 2021), while in contrast to studies that have found that children’s
resilience to disadvantage is influenced by shared environmental factors (Kim-Cohen, Moffitt,
Caspi, & Taylor, 2004; Vazquez et al., 2021).

Our results, however, indicate a major role of environmental effects in adult resilience
to ACEs that are unique to individuals. That is, we found that a substantial proportion of the
variation of adult resilience to ACEs is shaped by individual-specific environmental factors.
This emphasises the potential for environmental efforts to facilitate adult resilience among

individuals exposed to ACEs.
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Furthermore, we found that genetic liability for psychiatric traits (i.e., neuroticism,
PTSD, MDD, anxiety and bipolar disorder) significantly predicted reduced odds of adult
resilience to ACEs. These results provide evidence that psychiatric traits and resilience are
partly influenced by overlapping genetic factors,

The main strengths of the study include the large nationwide twin sample, which
allowed us to confine the sample to twins reporting an ACE and evaluate the etiology of
resilience in an exclusively high-risk twin sample. Furthermore, we believe another strength of
our study was to operationalise resilience based on a combination of self-report (ACEs) and
independently ascertained psychiatric morbidity obtained through linkages to national
registers.

However, our study also has several limitations. First, resilience reflects a dynamic
process that unfolds during or after adversity (S. S. Luthar et al., 2000; Rutter, 2006) and while
we operationalize resilience as the outcome of this process we cannot fully capture the process
of resilience that unfolds after ACEs. Future research would benefit from a longitudinal design
including repeated measurements of trauma and psychopathology to better capture the dynamic
process of resilience as adaptive functioning following adversity. Second, ACEs were
retrospectively reported and may thus be subject to recall bias. Although this is a common
approach for assessing ACEs, we cannot exclude the possibility that current mental health
symptoms affected the reporting of ACEs (Danese & Widom, 2020; Reuben et al., 2016). To
triangulate evidence, future research could investigate adult resilience in the context of
objective ACE indicators, obtained through official records such as child protection services.
Finally, given that our assessment of ACEs was based on selected items from the LSC-R, we
may have missed several important ACE domains, such as exposure to bullying. Therefore, a
more thorough ACE assessment is warranted in future studies examining the etiology of adult

resilience to ACEs.

14



Conclusion

Taken together, our findings demonstrate that individual differences in adult resilience to ACEs
are attributable to both genetic and individual-specific environmental factors. We further found
in PRS analyses that genetic liability for several psychiatric traits was associated with lower
odds of adult resilience to ACEs, providing supportive evidence that psychiatric traits and
resilience are influenced by overlapping genetic factors. The contribution of individual-specific
environmental factors highlights the need for continued development of interventions to
enhance resilience among individuals exposed to ACEs. At the same time, the observed genetic
contribution motivates further studies identifying genetic loci and biological factors underlying

adult resilience.
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OR (95% Cl)

PTSD-PRS 0.88 (0.82, 0.95) ———
MDD-PRS 0.75 (0.70, 0.81) e
Anxiety-PRS 0.84 (0.79, 0.91) ————
BD-PRS 0.89 (0.83, 0.96) e
Neuroticism-PRS 0.83 (0.77, 0.89) e
0.75 0.87 1.00 1.15
OR

Figure 1. Associations between PRSs for psychiatric traits and resilience.

Models were adjusted for sex, birthyear, and 10 principal components. OR = Odds Ratio for every
standard-deviation increase in PRS. BD = bipolar disorder. PTSD = posttraumatic stress disorder. MDD =
major depressive disorder.
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eTable 2. International Classification of Diseases (ICD) codes, eight (ICD-8; 1969-1986),
ninth (ICD-9; 1987-1996), and tenth (ICD-10; 1997-2016) used to identify psychiatric

disorders.
ICD-8 ICD-9 ICD-10

Psychiatric diagnosis
AlCOhOl or drug misuse 291E 2920 303
disorders 303, 304 304, 305 F10-F19
Depressive disorders

296.0, 300.4 296, 311 F32-F34, F38-F39
Anxiety disorders

300.0, 300.1 300A, 300C, 300D F40, F41, F42, F44
Stress-related disorders

307 308, 309 F43

Note. Based on the Swedish version of the ICD version 8, 9 and 10 codes for the identification of diagnosis.
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OR (95% Cl)

PTSD-PRS  1.28 (1.14, 1.43) e
MDD-PRS  1.52(1.38, 1.67) e
Anx-PRS  1.48(1.34,1.63) —————

AlcDep-PRS 1.10 (0.96, 1.26) | |

BP-PRS 1.24 (1.15, 1.33) ———

0.87 1.00 115 133 1.54 1.78
OR

eFigure 1. Associations between PRSs for psychiatric traits and each respective disorder.
Models were adjusted for sex, birthyear, and 10 principal components. OR = Odds Ratio for every standard-
deviation increase in PRS. BD = bipolar disorder. PTSD = posttraumatic stress disorder. MDD = major
depressive disorder.

OR (95% Cl)
PTSD-PRS 0.86 (0.78, 0.95) e
MDD-PRS 0.71(0.65, 0.78) e
Anxiety-PRS 0.78 (0.71, 0.85) P
BD-PRS 0.81(0.74, 0.90) e
Neuroticism-PRS 0.80 (0.73, 0.88) e S

0.65 0.75 0.87 1.00 1.15

eFigure 2. Associations between PRSs for psychiatric traits and the secondary resilience

phenotype.
Models were adjusted for sex, birthyear, and 10 principal components. OR = Odds Ratio for every standard-

deviation increase in PRS. BD = bipolar disorder. PTSD = posttraumatic stress disorder. MDD = major
depressive disorder. Note. Resilience is operationalised as absence of clinically diagnosed psychiatric disorders
among ACE exposed individuals.
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