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Abstract

Background—~Great variability exists in response to stressful or traumatic events, leading to an
interest in the construct of resilience as a trait and an outcome. The etiologic sources of variability
across differing conceptualizations of resilience are poorly understood.

Methods—Using behavioral genetic methods in a sample of 2,056 female twins, the present
study sought to a) examine the etiologic sources of a trait-based self-report measure of perceived
resilience (PR), b) determine the genetic and environmental overlap with an outcome-based
measure of resilience, as defined by the absence of psychiatric symptoms after stressful life events,
previously used by our research team (discrepancy-based psychiatric resilience; DBPR), and c)
determine the etiologic overlap of these two resilience measures with major depressive disorder
(MDD).

Results—PR was modestly (11%) heritable. A moderate degree of genetic overlap (39%) and a
nominal amount of environmental overlap (3%) was found between the two alternative measures
of resilience. Genetic factors that influence PR accounted for 3% of MDD heritability, whereas
31% of MDD heritability was due to DBPR genetic factors.

Conclusions—Findings of a higher genetic correlation between the outcome-based resilience
measure and MDD compared to the trait-based measure and MDD suggest gene-finding efforts
may benefit from considering the multifaceted nature of resilience and that resilience is best
understood as both a phenotypically and genetically heterogeneous construct.
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Introduction

Exposure to stressful and traumatic life events has been associated with negative
psychological outcomes, such as posttraumatic stress disorder (PTSD) and major depressive
disorder (MDD; Overstreet, Berenz, Kendler, Dick, & Amstadter, 2017; Pietrzak, Goldstein,
Southwick, & Grant, 2011), though many exposed to such events demonstrate resilience.
The field has, in more recent years, shown an appreciation of the study of resilient
phenotypes. However, the popularity of resilience has had a snowball effect, and the term
‘resilience’ is currently used interchangeably to describe this multifaceted construct from
various perspectives (Southwick, Pietrzak, Tsai, Krystal, & Charney, 2015). As a result,
prevalence rates of resilience across different samples in the literature vary, likely in part due
to differing definitions of this construct. Studies have demonstrated differences within the
same sample based on various approaches to modeling resilience outcomes (Infurna &
Luthar, 2016) and various definitions (Sheerin, Stratton, Amstadter, Education, &
McDonald, 2018). Moreover, the genetic and environmental etiologic contributions to
various definitions of resilience, as well as their potential etiologic overlap, are unknown.
Due to wide-ranging public health implications of better elucidating the etiologic
components of resilience, refining this phenotype and comparing ways in which it has been
measured is critical.

Resilience has been conceptualized in numerous ways, including as an outcome (e.g., the
absence of PTSD; Bonanno, Galea, Bucciarelli, & Vlahov, 2006; Polusny et al., 2017), a
process (e.g., developmental or systems perspectives; Masten, 2016; Walsh, 2016), and
longitudinal trajectories of responses to stress (e.g., “resistant” and “resilient” patterns; Fink
etal., 2017; Norris, Tracy, & Galea, 2009). However, arguably, the most frequently used
operationalization and thus measurement of resilience in the traumatic stress literature is that
of a trait (e.g., a stable, distinguishing quality or characteristic; Bensimon, 2012; Connor &
Davidson, 2003). Self-report assessments, such as the Connor-Davidson Resilience Scale
(CD-RISC; Connor & Davidson, 2003) or the Resilience Scale for Adults (RSA; Friborg,
Hjemdal, Rosenvinge, & Martinussen, 2003) were developed to assess resilience traits and
skills. Trait-based measurements assume resilience to be a multidimensional trait that the
respondent believes is present or absent. In this definition, this multidimensional trait exists
regardless of whether an individual experiences adversity and/or symptoms of mental illness
(Luthar, Cicchetti, & Becker, 2000). Despite being a frequently used method of defining
resilience, to our knowledge only one genetically-informed study has examined a trait-based
measure of perceived resilience. In a recent study, Wolf et al. (2018) quantified the
heritability of the CD-RISC in a sample of Vietnam-era veteran twins at 25% and found that
the genetic influence on resilience fully overlapped with the genetic influence on PTSD.

Behavioral genetic methodologies have also been employed to quantify the etiologic sources
(i.e., degree of genetic and environmental influence underlying the phenotype) of a
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quantitative measure of resilience as an outcome. A model used in children to quantitatively
measure psychological resilience (Kim-Cohen, Moffitt, Caspi, & Taylor, 2004) was adapted
to measure psychological resilience in adults on a continuum based on the severity of
symptoms pursuant to adverse experiences (Amstadter, Myers, & Kendler, 2014).
Specifically, resilience was operationalized as the difference between an individual’s actual
score on a specific outcome (e.g., psychiatric distress) and the score predicted by their level
of adversity (e.g., number of stressful life events or total trauma load). Resilience scores
were derived from standardized residuals in a regression model. The residuals represent the
variance in each individual’s outcome remaining after removal of the predictor’s effects.
Amstadter et al. (2014) used this discrepancy-based model of resilience, regressing total
stressor load on internalizing symptoms, and found that genetic factors constituted about
50% of the variance for this resilience definition (Amstadter et al., 2014). Additional studies
identified that 60% of the heritability of resilience was explained by genetic factors shared
with neuroticism (Amstadter, Moscati, Maes, Myers, & Kendler, 2016). There was also a
larger genetic overlap of resilience with internalizing disorders (e.g., major depressive
disorder) than with externalizing disorders (e.g., alcohol use disorder), but some unique
genetic influence on resilience remained (Amstadter, Maes, Sheerin, Myers, & Kendler,
2016). Thus, resilience defined in this way is not simply the absence of psychiatric
disorders. Two other twin studies using a residual-based model of resilience have
demonstrated moderate to strong genetic influence on resilience (Boardman, Blalock, &
Button, 2008; Kim-Cohen et al., 2004).

To our knowledge, no attempts have been made to compare patterns of genetic and
environmental factors between trait-based and outcome-based resilience. Improved
understanding of the etiology of different definitions of resilience can assist the field in
answering important questions about the validity of the measurements used and can identify
factors that lead to positive outcomes following stressful and traumatic events. The current
study utilized data from a community-based twin study to evaluate the magnitude of genetic
and environmental influences on a trait-based, self-report measure of perceived resilience
(PR) similar to that measured with the CD-RISC. The aims of the current study were to use
twin modeling to 1) quantify genetic and environmental factors of PR, 2) clarify patterns of
genetic and environmental covariance between PR and discrepancy-based psychiatric
resilience (referred to hereafter as DBPR), and 3) to examine the shared versus unique
contributions of the two forms of resilience with major depressive disorder (MDD), a
common stress-related psychiatric disorder. Consistent with previous research, we expected
to find moderate heritability of PR. Moderate-to-strong genetic overlap was anticipated
between PR and DBPR, given they are both definitions of resilience currently in use in the
literature. Differences in measurement were expected to result in small unique genetic
effects attributed to PR and DBPR. Lastly, given that previous studies suggested DBPR is
not simply the absence of negative psychiatric outcomes, it was expected that there would be
moderate, but not complete genetic overlap among PR, DBPR, and MDD. It was not known
whether PR or DBPR would exhibit stronger genetic overlap with MDD.
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Participants were from the all-female first wave of the Virginia Adult Twin Studies of
Psychiatric and Substance Use Disorders (VATSPSUD), a large, longitudinal twin study of
Caucasian adults, described in detail elsewhere (Kendler & Prescott, 2006) with sample
characteristics as shown in Table 1. The Institutional Review Board at Virginia
Commonwealth University (VCU) approved this study, and all subjects provided informed
consent before participating. Items used in the perceived resilience measure were only
available in the all-female wave of this sample. Zygosity was determined by discriminant
function analyses using standard twin questions validated against genotyping in 496 pairs
(Kendler & Prescott, 1999).

Resilience Measures

Perceived resilience (PR)—Participants completed several questionnaires as part of
VATSPSUD. All items were examined for similarity in wording with the CD-RISC 10-item
scale (Campbell-Sills & Stein, 2007). An approximate match was found for seven items.
These items were extracted and their factor structure analyzed via confirmatory factor
analysis (CFA).

Discrepancy-based psychiatric resilience (DBPR)—VATSPSUD participants
completed a shortened version of the Symptom Checklist-90, (SCL-90; Derogatis, Lipman,
& Covi, 1973; Hardt & Gerbershagen, 2001) to assess past-month distress symptoms. The
shortened version used a Likert scale ranging from 1 (“not at all”’) to 4 (“extremely”) and
contained 27 items from four of the SCL-90 subscales: depression (10 items), somatization
(5 items), anxiety (7 items), and phobic anxiety (5 items). It demonstrates relatively high
internal reliability (Chronbach’s a= 0.74; Hardt & Gerbershagen, 2001). A composite score
was calculated for symptoms and used to create the resilience variable. Exposure to a range
of stressful life events (SLEs; e.g., assault, marital problems, job loss, death of a spouse or
child) over the past 90 days (to be proximal to distress ratings) was also assessed (via a 15-
item checklist) and a stressor load value based on total number of SLEs was assigned. The
measure of DBPR was operationalized as the residual from regressing total stressor load
(SLE) on internalizing symptoms (SCL-90; Amstadter et al., 2014). For clarity in
interpreting subsequent analyses, scores were reverse-coded, and the residual was used as a
continuous measure of resilience, with positive, higher residuals indicating greater resilience
and negative residuals representing lower resilience.

Major depressive disorder (MDD)—Last year MDD was assessed at personal interview
by trained mental health professionals who were blind to the status of cotwin, using
modifications of the Structured Clinical Interview for DSM-I11-R Axis | Disorders (Spitzer,
Williams, Gibbon, & Williams, 1995). Last year MDD status was the most relevant of
available stress-related psychiatric diagnoses in our sample to assess shared etiology of PR
and DBPR.
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Twin Modeling

Results

PR Creation

This study used a classic twin design, which leverages the differences between monozygotic
(MZ) and dizygotic (DZ) twin types to decompose the phenotypic variation into additive
genetic (A), common environmental (C), and unique environmental (E) factors (Neale &
Cardon, 1992). Table 3 shows the cross-twin cross-trait correlations for MZ and DZ twin
pairs. These correlations are the basis for the classic twin design used in this study. Due to
MZ twins sharing 100% of their genes and DZ twins sharing, on average, 50% of their
segregating genes, the genetic factor contributes twice as much to the MZ twin correlation
compared to the DZ twin correlation. Common environmental factors are shared factors,
which make twins more similar and contribute equally to the MZ and DZ twin correlations.
Unique environmental factors are specific to the individual, represent experiences not shared
by twins, do not contribute to either MZ or DZ twin correlation, and capture measurement
error.

We examined three primary models that investigated 1) the etiology of PR via a univariate
twin model, 2) the shared etiology of PR and DBPR via a bivariate twin model, and 3) the
shared etiology of PR, DBPR, and MDD via a trivariate twin model. For each of the primary
models, submodels (models 11-VI1 in each section of Table 4) were tested by dropping
parameters. By comparing the fit statistics to the full model (I) we determined the
significance of each set of factors to identify the best-fitting model for the univariate,
bivariate, and trivariate models. All twin analyses used a full information maximum-
likelihood approach for raw data implemented in the OpenMx software (Neale, Boker, Xie,
& Maes, 2003; Neale et al., 2016). A likelihood ratio x 2 test was used to determine if the
constrained model fit the data significantly worse than the full models (model I in each
section of Table 4). Akaike Information Criterion (AIC) is based on twice the difference in
log-likelihood between higher order and submodels with a penalty for degrees of freedom. A
lower AIC denoted a better balance of model fit and parsimony (Akaike, 1987; Williams &
Holahan, 1994).

Item wording from questions in our dataset and their corresponding CD-RISC 10 wording
can be found in Table 2 along with the standardized factor loadings from the CFA, and the
scale from which each item was drawn. One twin from each family was used to account for
the non-independence of twins in the CFA (N = 1,028). To assess if the selected items
represented a unitary construct similar to the theory behind the CD-RISC-10 we used a 1-
factor CFA with a diagonally weighted least squares estimator. We found the model
adequately fit the data (CFI = 0.95, TLI =0.92, RMSEA = 0.06), consistent with the unitary
factor structure of the CD-RISC-10 (Campbell-Sills & Stein, 2007). Since the modeling was
used to test a specific theory and not to create a new psychometric scale, no further models
were fitted. The total score of these 7-items was used as the PR measure for the VATSPSUD
participants.
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To quantify the genetic and environmental influences on both measures of resilience we
fitted univariate and bivariate twin models. The Univariate Model section in Table 4 outlines
the models we tested for PR. Models were compared to the full ACE model (I). Beginning
with model Il we tested the significance of each latent factor. A sub-model that was
significantly different from the full model (compared using chi-squared of —2LL) would
indicate the necessity of the dropped parameter. Our best fitting univariate model was a
genetic and environmental model which found PR to be 11% heritable with the remaining
variance accounted for by unique experiences (89%; model I1- AE).

To clarify the patterns of covariance between the two measures of resilience, a series of
bivariate twin models was conducted. The best fitting bivariate model was a genetic and
environmental model (model Il in Bivariate Model section of Table 4) and the heritability of
PR was 11%, consistent with the univariate model. DBPR was found to be 35.2% heritable
with 15% of the total heritability shared with PR and the remaining 85% specific to DBPR.
The remaining 64.2% of DBPR’s total variance was accounted for by unique experiences
with only 5% of DBPR’s unique environmental influences shared with PR and the
remaining 95% specific to DBPR. These proportions were derived by squaring the path
estimates of the best fitting model illustrated in Figure 1, and all sources of variance sum to
1.0.

Incorporating MDD into the bivariate models above allowed for examination of the shared
etiology between these two measures of resilience and MDD. The subsequent best fitting
trivariate model was a genetic and environmental model (path diagram shown in Figure 2,
model fit shown in Trivariate Model section of Table 4, model Il). It had a similar structure
to the bivariate model of PR and DBPR with slightly differing relationships to MDD (path
estimates shown in Figure 2). Overall, MDD was found to be 38% heritable, with 3% of its
total heritability shared with PR, 31% shared with DBPR and the remaining 66% specific to
MDD. Unique environmental factors had a similar structure to the genetic factors, with
specific factors explaining 62% of MDD variance and nominal overlap of unique
experiences between MDD and PR (1%) and DBPR (1%). The negative path estimates onto
MDD (Figure 2) denote that factors that increase scores for the resilience measures would
also be protective of MDD. Despite the nominal overlap in unique environmental experience
between these three measures we were unable to remove the cross-paths without a
significant deterioration in fit (model fits and comparisons shown in Trivariate Section of
Table 4).

Discussion

The aims of this study were threefold. We first sought to construct a trait-based, self-report
measure of resilience (PR) and clarify the genetic and environmental etiology of this
measure. We next sought to determine the overlap, or covariance, between PR and a
residual-based resilience construct (DBPR). Finally, we sought to explore the overlap
between these two resilience definitions and MDD. Each will be discussed in turn.
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Genetic and unique environmental (AE) models provided the best fit of all models, which
was consistent with existing studies examining various measures of resilience and resilience-
like traits (e.g., Amstadter, Myers, & Kendler, 2014; Boardman, Blalock, & Button, 2008).
Modeling from the first aim found that PR was modestly heritable (11%). Compared to the
heritability of other trait-like measures (e.g., mastery estimated at 33% (Kessler, Gilman,
Thornton, & Kendler, 2004; Kiecolt, Aggen, & Kendler, 2013); optimism estimated at 36%
(Mosing, Zietsch, Shekar, Wright, & Martin, 2009)), present findings suggest a smaller
contribution of genetic factors to individual differences in PR, but align with findings of
greater impact of environmental influences.

For the second aim, the bivariate model found the genetic overlap accounted for 30% of the
phenotypic correlation of PR and DBPR, suggesting that genetic influences played a modest
to moderate role in the etiologic relationship between the two constructs. The greater degree
of unique genetic variance for the DBPR outcome as compared to the PR outcome aligns
with previous work with alternative measures of resilience when operationalized as positive
affect despite repeated exposure to stressful life events (38% for women and 52% for men;
Boardman et al., 2008), as well as previous work by our group using the DBPR construct in
this sample (31-50% heritability; Amstadter et al., 2014). However, for both constructs,
unique environmental effects explained more of the variance. Such unique environmental
events may include differences in the various trauma exposure types and other aspects in
which twins may differ, all of which were unmeasured in our sample. This finding highlights
the importance of a wide range of individual experiences, and environmental contexts, in
addition to the moderate influence of genetic liability when evaluating the etiology of
resilience. Further, the presence of a more modest degree of effects common to both
constructs, as compared to effects unique to each, supports the conceptualization of
resilience as a multifaceted, heterogeneous construct (Southwick, Bonanno, Masten, Panter-
Brick, & Yehuda, 2014). Our findings also align with more recent discussion in the literature
of separating resilience into different facets (i.e., ‘resistance to breakdown’ describing the
ability to withstand a stressor without breakdown, while “plasticity’ describes the ability to
undergo change without breakdown; Hobfoll, Stevens, & Zalta, 2015). Perhaps these facets
map on to various definitions of resilience (outcomes-based, systems-based, or trait-based)
and in turn evidence unique genetic etiology.

The trivariate model examining the etiological overlap across both resilience constructs and
depression (aim 3) indicated greater genetic correlations of MDD with the DBPR measure
(-0.56) as compared to the PR measure (—0.07). The genetic correlation between MDD and
DBPR could be partially explained by construct overlap (e.g., some items of the SCL, which
is used to calculate the DBPR variable, overlap with symptoms of MDD). However, our
prior work with the DBPR demonstrated a unique genetic influence on DBPR that is
separate from that of MDD over and above shared genetic influence of DBPR and MDD
(Amstadter et al., 2016). Furthermore, the current findings suggest the majority of etiologic
influences on resilience and depression are unique to each phenotype. This adds to ongoing
discussion in the literature of whether resilience is the polar opposite of psychopathology
(Hobfoll, 2012) or represents a qualitatively different phenotype (Hobfoll et al., 2015).
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Present findings can inform future genetic investigations of resilience. Most notably, gene-
finding efforts should not be focused on a unitary construct, as resilience is not likely to be
best captured in this manner. As suggested by Choi et al (2019), studies should also clearly
define resilience to facilitate interpretation and replication efforts. Limited work has
examined candidate genes associated with a small number of resilience and related trait-
based constructs (e.g., CD-RISC, optimism) and has not found significant associations
(Rana et al., 2014). It is hoped that continued efforts that focus on a wider range of well-
measured resilience constructs will prove fruitful. Additionally, resilience is not the same as
the absence of psychopathology, as discussed above, yet many of the existing, large-powered
genetic investigations continue to view resilience in the context of psychopathology (e.g.,
absence of PTSD; Nievergelt et al., 2015). While this work remains important, in order for
continued growth in our understanding of resilience as a unique construct, there is a need to
examine a wider distribution of resilient responding (Bonanno, Romero, & Klein, 2015;
Choi, Stein, Dunn, Koenen, & Smoller 2019), which genetic researchers should also bear in
mind. Clinically, the contribution of unique experiences to resilience, however defined,
highlights the need for continued research to identify environmental and psychological
factors that are modifiable and may be intervened upon to foster resilience (see review by
Chmitorz et al., 2018). Furthermore, there are potential benefits of examining resilience
from gene by environment interaction approaches to better understand the mechanisms of
resilience (see review by Elbau, Cruceanu, & Binder, 2019).

A number of limitations are worth noting. First, the trait-based measure (PR) was not
standardized and had only seven of 10 items linked with its comparison measure (CD-
RISC), therefore results need to be replicated with a more standardized trait-based measure.
While the DBPR measure reduces a source of error because it is not based solely on an
individual’s self-perception, it is calculated using self-reported distress, which may be
correlated with MDD, thus potentially inflating the strength of association. It is also noted
that in contrast to PR, which is more unidimensional, DBPR, by definition as a residual,
includes other unmeasured factors, such as sociodemographic factors. Thus, the measure is
more multifaceted and is dependent upon the sample in which it was determined. Another
limitation of the DBPR measure is that it primarily captures stressors along with a few
traumas (e.g. assaults) and not lifetime trauma burden, which also plays a role in the degree
of distress observed and is thus an inherent limitation of this study. Additionally, the
Caucasian- and female-only sample limits generalizability, and replication is needed in more
diverse samples. Finally, neither resilience measure examined here captures resilience as an
ongoing process nor do they capture aspects of functioning relevant for resilience. Continued
work examining a broader set of resilience conceptualizations will help inform our
understanding of the genetic underpinnings of this multifaceted and important construct.

Conclusion

In summary, resilience is best viewed as a phenotypically heterogeneous construct (Infurna
& Luthar, 2016; Southwick et al., 2014), and present findings suggest it is also genetically
heterogeneous. Results also add further evidence to the perspective that resilience is unique
from the absence of a disorder, in this case, MDD. The slightly stronger heritability
estimates for DBPR as compared to PR suggest the potential benefit of future gene-finding
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efforts using this construct. However, our findings also suggest that future efforts aimed at
understanding the etiology of resilience take into account its multifaceted nature and
examine a wide range of well-measured constructs. Study findings, while supportive of
common genetic factors, also highlight the relatively greater importance of unique
experience; this wide range of individual experiences and circumstances (e.g., trauma
exposure, social support) at play may later manifest in a wide range of resilient responding.
Notably, these unique environmental experiences are additive, and understanding their
impact on genetic predisposition over time is a useful avenue of further research.
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Figure 1.

Final Bivariate Model for Trait-based Resilience and Measures Resilience. Standardized
parameter estimates are bolded and standard errors are reported below. Proportions of
variance are calculated by squaring these standardized path estimates.
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Figure 2.

Final Trivariate Model for Perceived Resilience (PR), Discrepancy-Based Psychiatric
Resilience (DBPR) and lifetime Major Depressive Disorder (MDD). Standardized parameter
estimates are bolded and standard errors are reported below each parameter. Proportions of
variance are calculated by squaring these standardized path estimates.
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Sample Characteristics

Characteristic Mean (SD)
Age (in years) 29.3(7.72)
PR 19.78 (1.64)
SLE 1.67 (1.66)
MDD Last Year Diagnosis N =217 (11%)
MZ twins N=1,178
DZ twins N =878

Table 1.

Page 14

Note. PR = Perceived Resilience, SLE = number of stressful life events in past 90 days, MDD = Major Depressive Disorder. MZ = monozygotic
twin pair, DZ = dizygotic twin pair. Discrepancy-based psychiatric resilience (DBPR) was a standardized measure with mean = 0 and variance = 1.
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Table 2.

CD-RISC Item Descriptors and Most Closely Matched Items

Page 15

CD-RISC Item Descriptor Most Closely Matched Items within the VATSPSUD dataset Original CFA Standardized
Scale Factor Loading
Able to adapt to change There is no way | can solve some of the problems | have.? PMS 0.39
Can deal with whatever comes I can do just about anything | set my mind to. PMS 0.60
See the humorous side of things | always look on the bright side of things. LOT 0.74
You can achieve your goals Whatever happens to me in the future mostly depends on me. PMS 0.48
Under pressure, focus and think In the last 30 days how much discomfort have you felt from the SCL-90 0.35
clearly . . . a
following symptom: Trouble concentrating

Not easily discouraged by failure In uncertain times, | usually expect the best. LOT 0.57
Think of self as strong person PMS 0.71

| often feel helpless in dealing with the problems of my life.?

Note. CD-RISC = Connor-Davidson Resilience Scale, VATSPSUD = Virginia Adult Twin Studies of Psychiatric and Substance Use Disorders,
LOT = Life Orientation Test (Scheier & Carver, 1985), PMS = Pearlin Mastery Scale (Pearlin & Schooler, 1978), SCL-90 = the Symptom

Checklist-90 (Derogatis et al.

,1973).

altem scores were inversed. Both LOT and PMS questions use a 4-point Likert scale for participants to rate how strongly they agreed with each

statement.
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Table 3.
MZ and DZ Cross-twin Cross-trait Correlations
Twin 1 Twin 2
PR DBPR MDD PR DBPR MDD
PR - 18 —024™  om1” 0.07 -0.05
Twinl DBPR 032*** - -0.28" 007 034" 010"
MDD  -010" -0.20"" - -0.04  -014™* 019™
PR 0.07" 0.02 -0.03 - 029 ™ -014™"
Twin2 DBPR 0.6 016™  -011% 0207 - -0.24™"*
MDD  -0.04 -0.18 0.07 -0147  -0277 -

Note. MZ twin pair correlations are above the diagonal and DZ twin pair correlations are below the diagonal. MZ = monozygotic twin pair, DZ =
dizygotic twin pair. PR = Perceived Resilience, DBPR = Discrepancy-Based Psychiatric Resilience, MDD = Major Depressive Disorder.

*
p<0.05
Ak
p<0.01

HokA

p<0.001
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Table 4.

Results of Cholesky Models for Resilience and Major Depressive Disorder

Model Parameters Paths Constrained -2LL ADF  A(-2LL) AAIC p
Univariate Model (PR)

| ACE - 6585.08 - - - -
11 AE C - 1 0.12 -1.88 0.724
1 CE - 1 0.16 -1.85 0.692
v E AC - 2 6.86 -2.86 0.032

Bivariate Model (PR & DBPR)

| ACE - 12336.27 - - - -
11 AE AllC - 3 0.01 -5.98 .998
1 CE All A - 3 14.46 8.47 .002
v E All AC - 6 90.87 78.88 <.001
\Y% AE Shared A - 4 6.32 -1.76 176
VI AE Shared E - 4 34.49 2650 <.001
VI AE Shared AE - 5 110.23 100.24 <.001

Trivariate Model (PR, DBPR & MDD)

| ACE - 15085.78 - - - -
11 AE AllC - 6 1.74 -10.23  .939
1 CE All A - 6 19.21 7.21 .003
v E All AC - 12 132.60 108.61 <.001
\% AE Shared A - 9 43.24 2525 <.001
VI AE Shared E - 9 45.12 27.12 <001
VI AE Shared AE - 12 242.01 218.01 <.001

Page 17

Note. -2LL = -2 log-likelihood, ADF = change in degrees of freedom from full model (1), AAIC = change in Akaike Information Criterion from
full model (1), ACE = model with additive genetic, shared environment, and unique environmental factors included, AE = model with additive
genetic and unique environmental factors included, CE = model with shared and unique environmental factors included. Best fitting models are
designated in bold text for each section of analyses.
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