
Psychological resilience and the gene regulatory
impact of posttraumatic stress in Nepali child soldiers
Brandon A. Kohrta,b,c,1, Carol M. Worthmand, Ramesh P. Adhikaric, Nagendra P. Luitelc, Jesusa M. G. Arevaloe,f,
Jeffrey Mae,f, Heather McCreathg, Teresa E. Seemang,h, Eileen M. Crimminsi, and Steven W. Colee,f

aDepartment of Psychiatry and Behavioral Sciences, Duke University School of Medicine, Durham, NC 27708; bDuke Global Health Institute, Duke University,
Durham, NC 27710; cTranscultural Psychosocial Organization Nepal, Kathmandu 44616, Nepal; dDepartment of Anthropology, Emory University, Atlanta,
GA 30322; eDivision of Hematology-Oncology, Department of Medicine, University of California, Los Angeles School of Medicine, Los Angeles, CA 90095;
fDepartment of Psychiatry & Biobehavioral Sciences, University of California, Los Angeles School of Medicine, Los Angeles, CA 90095; gDivision of Geriatrics,
Department of Medicine, University of California, Los Angeles School of Medicine, Los Angeles, CA 90095; hDepartment of Epidemiology, University of
California, Los Angeles School of Public Health, Los Angeles, CA 90095; and iDavis School of Gerontology, University of Southern California, Los Angeles,
CA 90089

Edited by Cynthia M. Beall, Case Western Reserve University, Cleveland, OH, and approved June 6, 2016 (received for review January 26, 2016)

Adverse social conditions in early life have been linked to increased
expression of proinflammatory genes and reduced expression of
antiviral genes in circulating immune cells—the conserved tran-
scriptional response to adversity (CTRA). However, it remains unclear
whether such effects are specific to the Western, educated, industri-
alized, rich, and democratic (WEIRD) cultural environments in which
previous research has been conducted. To assess the roles of early
adversity and individual psychological resilience in immune system
gene regulation within a non-WEIRD population, we evaluated CTRA
gene-expression profiles in 254 former child soldiers andmatched non-
combatant civilians 5 y after the People’s War in Nepal. CTRA gene
expression was up-regulated in former child soldiers. These effects
were linked to the degree of experienced trauma and associated
distress—that is, posttraumatic stress disorder (PTSD) severity—
more than to child soldier status per se. Self-perceived psycholog-
ical resilience was associated with marked buffering of CTRA acti-
vation such that PTSD-affected former child soldiers with high
levels of personal resilience showed molecular profiles comparable
to those of PTSD-free civilians. These results suggest that CTRA re-
sponses to early life adversity are not restricted to WEIRD cultural
contexts and they underscore the key role of resilience in determin-
ing the molecular impact of adverse environments.
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Exposure to social adversity during childhood and adolescence
predicts a host of physical and mental health problems across

the life span (1, 2). One hypothesized mechanism of such effects
involves the impact of adverse environmental conditions on de-
velopment of bidirectional regulatory interactions between the ner-
vous and immune systems (3, 4). For example, chronic exposure to
adverse social environments is associated with activation of a con-
served transcriptional response to adversity (CTRA) involving up-
regulation of proinflammatory genes and down-regulation of type
I IFN- and antibody-related genes in myeloid lineage immune cells
(5–7). These molecular dynamics have been implicated in a diverse
array of disease processes, including cardiovascular and neurode-
generative diseases (8, 9), metastatic cancer (10), viral infection
(6, 11), and psychiatric conditions such as anxiety and depression
(12). In nonhuman primates, exposure to unstable social conditions
for the first 4 mo of life is sufficient to induce the CTRA profile (13),
and longitudinal human studies suggest that the molecular residue of
such effects can persist into middle and late adulthood (14, 15).
Research has begun to clarify the basic neuroimmune signaling
pathways involved in CTRA development (6, 7, 9, 16).
Mapping the sources of molecular resilience to early adversity

is complicated by the fact that all previous research in this area
has been conducted in Western, educated, industrialized, rich, and
democratic (WEIRD) populations (17). Non-WEIRD societies
differ in the degree and type of exposure to stressful and traumatic

life events. For example, non-WEIRD populations are more likely
to be exposed to war and political violence (18, 19). Children in
non-WEIRD populations are also more likely to be exposed to
war as both civilians and combatants (20). WEIRD cultures may
also atypically influence the nature and sources of psychological
resilience to early life adversity. Previous studies have identified
some resilience factors that may protect against CTRA emergence
in midadulthood, such as early-life maternal relationship quality
(21) and a sense of personal purpose in life (22–24). These studies
were conducted in WEIRD cultures with comparatively extreme
individualistic orientations, in which resilience is seen as an at-
tribute of the person. It is unclear whether such individualized con-
ceptions of resilience would pertain in non-WEIRD populations
that are more collectivistic in orientation (25, 26), particularly if
the nature, intensity, or context of adversity also differs in these
environments. In contrast to individualistic interventions, in non-
WEIRD populations with high trauma exposure, social ecological
resilience interventions promoting family and community recovery
have been considered culturally consistent and have shown positive
outcomes (27). Non-WEIRD environments may also differ from
WEIRD environments in the nature of microbial exposures and
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resulting immune system regulatory dynamics (28, 29). Such con-
siderations suggest that assessments of resilience developed for use
in WEIRD contexts may not associate with immune cell molecular
markers in other cultural and ecological contexts. Given the
population bias in existing CTRA research, it remains unclear
whether early life social adversity would affect CTRA gene ex-
pression similarly in a non-WEIRD low-/middle-income country
(LMIC), which is more comparable with the context in which the
majority of the world’s children develop (30).
Therefore, the present research examined how early life social

adversity and individual psychological resilience interact with
CTRA gene expression in a non-WEIRD/LMIC population ex-
posed to adversity: specifically, former child soldiers and other
war-affected youth in Nepal.

Results
To assess the roles of early adversity and self-perceived resilience
in the development of CTRA gene expression profiles in a non-
WEIRD/LMIC culture, we evaluated 154 former child soldiers
(age 16–26 y) and 136 matched civilians (15–24 y) who grew up
amid war but were not combatants (Table 1). The participants
were part of a 5-y longitudinal study that began in 2007, a year
after peace accords ending the decade-long People’s War in
Nepal (31, 32). Two hundred fifty-eight former child soldiers were
enrolled in the study before participating in nongovernmental
reintegration services provided by United Nations Children’s
Emergency Fund (UNICEF), and a cohort of 258 civilian children
matched on demographics were enrolled in the study but did not
receive intervention services. Twelve months later, 222 of the
former child soldiers (86% of original sample) and 234 of the
matched civilians (91%) were reinterviewed. For the current
study, in 2012, 154 of the former child soldiers (60% of original
participants) and 136 of the matched civilians (53%) were trace-
able for interviews, at which time blood spots were collected for
gene expression profiling (n = 282). In 2012, posttraumatic stress
disorder (PTSD) was evaluated with the Child PTSD Symptom
Scale (CPSS) (33), which was culturally and clinically validated in
Nepal (34). Self-perceived psychological resilience was measured
using a culturally adapted abbreviated version of Wagnild and
Young’s Resilience Scale (35). The prevalence of PTSD in 2012

was 16.2% among former child soldiers compared with 5.9% among
matched civilians [odds ratio (OR) = 3.10, 95% confidence interval
(CI) (1.35, 7.13), P = 0.008]. The mean resilience score was 12.55
(SE 0.30) among child soldiers and 13.15 (SE 0.33) among matched
civilians (t = 1.35, df = 288, P = 0.18).
Among the 282 participants from whom dried blood spot

samples were collected, 254 (90.1%) participants’ samples
yielded valid transcriptome profiles and had data available for all
other measures analyzed. Expression of the CTRA profile was
assessed using an a priori-defined contrast among 53 gene tran-
scripts (52 of which were detectable in this sample) comprising up-
regulation of 19 proinflammatory genes and down-regulation of 34
genes involved in type I IFN and antibody responses. Mixed-effect
linear model analyses found CTRA gene expression to vary sys-
tematically as a function of an a priori-specified set of demographic
characteristics [age, sex, ethnic minority status, low caste status, and
educational attainment; F(5, 240) = 57.55, P < 0.0001] and an a
priori-specified set of RNA transcripts marking the relative
prevalence of major leukocyte subsets [CD4+ and CD8+ T
lymphocytes, B lymphocytes, natural killer cells, and monocytes;
F(8, 240) = 123.74, P < 0.0001]. Parameter estimates relating
CTRA gene expression to individual demographic and leukocyte
subset dimensions are reported in Table 2, model 1.
Beyond the effects of demographic characteristics and leuko-

cyte subset distributions, CTRA gene expression was also signifi-
cantly up-regulated in former child soldiers compared with
civilians [F(1, 239) = 4.88, P = 0.0281] (Table 2, model 2). Sub-
sequent analyses examining a 2D representation of war-related
adversity that included current PTSD symptoms as well as child
soldier status (i.e., soldier vs. civilian) found CTRA expression to
vary significantly within this space [F(2, 238) = 7.64, P = 0.0006].
Dimension-specific parameters (Table 2, model 3) showed limited
CTRA association with child soldier status per se [F(1, 238) =
2.90, P = 0.0901] but substantial CTRA up-regulation among
those experiencing PTSD [F(1, 238) = 10.35, P = 0.0015] (Fig. 1).
Above and beyond the effects of demographic characteristics,

leukocyte subset distributions, and the 2D representation of war-
related adversity, CTRA gene expression was also down-regulated
in direct proportion to Resilience Scale scores [F(1, 237) = 5.54,
P = 0.0194] (Table 2, model 4 and Fig. 1). To determine how fully

Table 1. Demographics of former child soldiers and civilian youth

Demographic Former child soldiers (n = 154) Civilian youth (n = 136) Group differences

Age, mean (SE) 20.43 (0.13) 19.88 (0.15) t = 2.75, P < 0.01
Gender, n (%)

Female 77 (50.0%) 58 (42.6%) χ2 = 1.57, P = 0.24
Male 77 (50.0%) 78 (57.4%)

Caste, n (%)
Upper caste 37 (24.0%) 35 (25.7%) χ2 = 0.13, P = 0.94
Lower caste 38 (24.7%) 32 (23.5%)
Ethnic minority 79 (51.3%) 69 (50.7%)

Education, n (%)
≤5th grade completed 37 (24.0%) 26 (19.1%) χ2 = 1.40, P = 0.50
5th–9th grade completed 59 (38.3%) 51 (37.5%)
≥10th grade completed 58 (37.7%) 59 (43.4%)

Lifetime traumatic events, n (%)
≤1 event 58 (37.7%) 93 (68.4%) χ2 = 27.31, P < 0.01
Two or more events 96 (62.3%) 43 (31.6%)

Combat exposure, n (%)
No combat 116 (75.3%) 131 (96.3%) χ2 = 25.22, P < 0.01
Any combat 38 (24.7%) 5 (3.7%)

PTSD
No (CPSS <20) 129 (83.8%) 128 (94.1%) χ2 = 7.67, P < 0.01
Yes (CPSS ≥20) 25 (16.2%) 8 (5.9%)

Resilience, mean (SE) 12.55 (0.30) 13.15 (0.33) t = 1.35, P = 0.18
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individual psychological resilience might buffer the effects of war-
related adversity, we examined predicted CTRA gene expression
levels across the observed range of individual differences in
Resilience Scale scores (i.e., −2, −1, 0, +1, and +2 SD relative to
the sample average). As shown in Fig. 1, buffering effects were
pronounced. Among PTSD-affected former child soldiers, those
with high resilience scores (+2 SD) showed CTRA gene expression
levels markedly below those observed for average- and low-resilience
PTSD-affected child soldiers and comparable in magnitude with
levels observed in the PTSD-free civilian youth. These buffering
effects did not arise from any confounding of high adversity
exposure with low self-perceived resilience because Resilience
Scale scores in PTSD-affected child soldiers were broadly similar
to the remainder of the sample (mean 11.7 ± SD 4.1 vs. 12.9 ±
SD 3.8 for the remainder; difference in means, P = 0.1675; dif-
ference in dispersion, P = 0.7737).

Discussion
These data show the emergence of persistent CTRA gene ex-
pression profiles in the aftermath of early life adversity among
former child soldiers in a non-WEIRD/LMIC cultural environ-
ment. CTRA gene expression profiles were linked to the degree
of trauma exposure and associated distress, as measured by PTSD
symptom severity above a culturally and clinically validated cutoff
point (34), more than to child soldier status per se. These rela-
tionships were independent of demographic characteristics (age,
sex, ethnic status, low caste, and education) and individual dif-
ferences in leukocyte subset prevalence. They also emerged in a
cultural context that is likely more collectively orientated than
populations previously studied in social genomics literature (36–38).
Despite this collective social orientation, individual self-perceptions
of personal psychological resilience were associated with markedly

lower CTRA gene expression profiles, to the extent that PTSD-
affected former child soldiers with high levels of self-reported
resilience showed molecular profiles comparable to those of PTSD-
free civilian youth. These results suggest that CTRA responses to
early life social adversity may represent a relatively broad human
potential that can be observed in non-WEIRD populations. Our
findings echo a recent study in which a molecular association
established in WEIRD populations was replicated in a non-WEIRD
population: specifically, the association of stressful exposures and
telomere shortening among Indian conservation refugees (39).
The present data underscore the importance of recognizing

PTSD in non-WEIRD cultural groups because PTSD may herald
physical and mental health problems throughout the life course.
However, this contrasts with some anthropological and psychiatric
perspectives arguing that PTSD is not relevant in non-WEIRD
populations (40). We demonstrated an association between
CTRA up-regulation and child soldier status and a stronger
association between CTRA up-regulation and current PTSD.
Given that both child soldiers and matched youth were exposed
to war and different forms of trauma (41, 42), it is not surprising
that PTSD was a stronger predictor of CTRA up-regulation than
child soldier status per se. Our prior research with child soldiers in
Nepal indicates that there were protective factors arising from being

Table 2. Difference in CTRA gene expression as a function of
demographic and hematologic covariates, child soldier status,
PTSD, and resilience

Model b (SE)* P value

Model 1 (demographic and hematologic
control variables only)
Age, y −0.066 (0.026) 0.0125
Sex (female) −1.315 (0.093) <0.0001
Ethnic minority (Janajati) 0.114 (0.112) 0.3100
Low social caste (Dalit) 0.122 (0.136) 0.3706
Education level (range 0–6) 0.197 (0.032) <0.0001
CD3D 2.605 (0.286) <0.0001
CD3E −6.483 (0.560) <0.0001
CD4 −4.219 (0.369) <0.0001
CD8A 1.202 (0.220) <0.0001
CD19 1.833 (0.564) 0.0013
NCAM1 −1.448 (1.067) 0.1760
FCGR3A 1.155 (0.144) <0.0001
CD14 −1.004 (0.123) <0.0001

Model 2 (model 1 + child soldier status)
Child soldier† 0.198 (0.009) 0.0281

Model 3 (model 2 + PTSD)
Child soldier† 0.154 (0.090) 0.0901
PTSD† 0.468 (0.146) 0.0015

Model 4 (model 3 + resilience)
Child soldier† 0.133 (0.091) 0.1443
PTSD† 0.455 (0.146) 0.0020
Resilience (range 2–24) −0.028 (0.012) 0.0194

*Partial regression coefficient frommixed-effect linear model relating average
expression of 52 CTRA indicator genes to listed variables. n = 254.
†Child soldier status and PTSD status included as categorical variables: former
child soldier = 1, civilian youth = 0; current PTSD (CPSS total score ≥20) = 1; not
current PTSD (CPSS total score <20) = 0.
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Fig. 1. CTRA gene expression as a function of early life adversity and psy-
chological resilience. (Left three bars) Average CTRA gene expression values
for civilians, former child soldiers (absent PTSD), and former soldiers suf-
fering significant PTSD symptoms with minimal Resilience Scale scores. (Right
five bars) Average CTRA gene expression values for former child soldiers
with PTSD and Resilience Scale scores 2 SD below average (Low), 1 SD below
average (Med Low), average (Average), 1 SD above average (Med High), and
2 SD above average (High). Estimates come from a mixed-effect linear model
controlling for demographic characteristics, leukocyte subset indicators, a 2D
representation of war-related adversity exposure (child soldier status and
PTSD status), and continuous Resilience Scale scores. Data represent difference
(+ SE) in CTRA gene expression relative to baseline.
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a child soldier, such as protection against sexual violence among
girl soldiers in the People’s Army (43, 44). Child soldiers also
reported solidarity and feeling supported by Maoists, which was not
reported by community members (43). Therefore, despite higher
trauma burden among child soldiers, the child soldier experience
may confer protective factors. Similar findings of both psycholog-
ical liabilities and benefits have been reported for adult soldiers in
the United States (45).
A more surprising finding was the association between a resilience

questionnaire designed in a WEIRD cultural context and CTRA
gene expression in this non-WEIRD population. Wagnild and
Young’s Resilience Scale is dominated by items related to indi-
vidualistic psychological processes and does not refer to familial,
community, or other collective processes (35). Items from their
scale used in the Nepali version, for example, included the fol-
lowing: “I am able to depend on myself more than anyone else,”
“I can be on my own if I have to,” and “my belief in myself gets me
through hard times.” Endorsement of these beliefs was associated
with down-regulated CTRA gene expression, which raises the
potential that self-efficacy, whether in collectivistic or individualistic
societies, could be beneficial for health.
Another important finding was that both PTSD and self-

perceived psychological resilience contributed unique variance
to this biological process. Critics have argued that resilience is
often conflated with the absence of psychological distress after
trauma (46): i.e., PTSD symptom severity is inversely proportional
to resilience. Our findings support other research arguing that
resilience is not merely the flipside of psychological trauma (47).
For example, some child soldiers had high PTSD symptom se-
verity, but they also reported high levels of resilience, and these
soldiers displayed molecular profiles comparable with civilian
children without PTSD. These results suggest that biological se-
quelae of trauma and adversity might be addressed by promoting
resilience, even in the absence of PTSD symptom reduction. From
an evolutionary perspective, these findings are important for un-
derstanding how humans have dealt with social adversity. An-
thropologists suggest that much of human history was characterized
by violence and small-scale warfare (48). Resilience may represent
a protective psychosocial process evolved to mitigate against the
long-term health effects of trauma on health (49).
Given that this study is, to our knowledge, the first study to

identify both adversity and protective processes associated with
CTRA profiles in a non-WEIRD population, it is important to
consider limitations of the methods and analysis. First, the full
Wagnild and Young Resilience Scale was not used (35). We se-
lected items through pilot testing to determine cultural salience
(50). The full 26-item version may show a different association
with CTRA profiles. Second, this study examined average asso-
ciation of an a priori-specified set of genes and was not designed
to discover novel genomic profiles or specific individual gene
transcripts that show statistically reliable associations with adver-
sity or resilience factors. Additional genomic profiles or individual
transcripts may well be found to associate with early life adversity
in future exploratory/discovery analyses. Third, differences be-
tween child soldiers and civilian youth may be biased by those
individuals whom we located for this 5-y follow-up study. Although
no differences were found in PTSD at baseline in 2007 be-
tween current participants and persons lost to follow-up in 2012
(Supporting Information), there may be other domains in which
participants and persons lost to follow-up differ. Fourth, because
the child soldiers in this study had received an intervention from
UNICEF, the limited difference in CTRA expression relative to
civilian children could be a result of reintegration services, which
emphasized social connectedness and community supports (31)
and yielded improvement for PTSD and depression (32).
The present study was enabled by dried blood spot (DBS)

sampling under field conditions in Nepal. However, technical
calibration studies suggest that DBS transcriptome profiling is

less sensitive to true differences in gene expression than are
analyses of immediately processed venipuncture blood samples
[peripheral blood mononuclear cells (PBMCs)] (Supporting In-
formation and ref. 51). This result implies that the Nepal DBS
study may have missed some results that could have been ap-
parent using optimal venipuncture blood samples but that the
significant results that were detected are unlikely to be spurious
and more likely underestimate the true magnitude of differences
that would have been observed using gold standard PBMCs. An
additional issue is that early exposure to parasites, which is more
prevalent in non-WEIRD settings, may impact immune func-
tioning (29) and thus the relationship of CTRA expression to
social adversity. Future research should include measures of
parasite burden and immune markers in relation to CTRA
expression.
Regarding causal pathways, this study was not able to identify

the developmental period most salient in producing current
CTRA profiles (e.g., was it early childhood antecedent to be-
coming child soldiers, experiences during war, or postwar cir-
cumstances?). Although self-report measures were conducted
longitudinally, CTRA was evaluated only at the third wave of
data collection. Future studies should use longitudinal repre-
sentative samples to identify associations of CTRA with adversity
and resilience over the course of child development into adult-
hood. It is also important to note that this study is an observational
analysis and cannot formally define causal relationships among
child soldier status, PTSD, resilience, and gene expression.
Keeping these limitations in mind, it is useful to consider

implications to improve the lives of persons exposed to early
adversity in LMIC settings. The association of psychological
resilience with CTRA down-regulation independent of PTSD
suggests that promoting resilience, rather than just focusing on
PTSD symptom reduction, may have benefits for health. This
hypothesis is important because the dearth of mental health ex-
perts in LMIC settings limits the feasibility of administering in-
tensive trauma-focused interventions (52). Resilience-promotion
interventions may be more easily delivered in such contexts and
may have more buy-in from beneficiaries compared with psychi-
atric interventions (53, 54). For example, child soldiers identified
the ability to help others, to help their country, and to reduce
discrimination in society as more important mental health goals
than reduction of symptoms such as nightmares and flashbacks
(55). This aspiration-based approach reflects previous findings in
WEIRD populations linking a self-transcendent purpose in life
(eudaimonic well-being) to reduced CTRA gene expression (22–24).
Ultimately, these advances in understanding the role of social ge-
nomics can contribute to reducing the physical and mental health
impacts of trauma and adversity worldwide.

Materials and Methods
Setting and Participants. Nepal ranks 142 out of 174 on the human devel-
opment index—near the bottom of the medium human development cat-
egory (56). Nepal is characteristic of low-income countries with a high
burden of infectious disease, which contributes to high rates of infant and
under-5-y-old mortality (57). In addition to high exposure to infectious dis-
ease and lack of adequate health care, children in Nepal also experience
adversity in the form of political violence (58). From 1996 to 2006 during the
People’s War in Nepal, the Communist Party of Nepal (Maoists) People’s
Liberation Army (PLA) and the Royal Nepal Army conscripted children as
soldiers, sentries, spies, cooks, and porters (59, 60). Our prior research in
Nepal in 2007, conducted a few months after the war ended, found that
55% of child soldiers had PTSD compared with 20% of matched civilian
children, in a sample that was unique from the current cohort (41).

The current cohort began in 2007 when we used criterion sampling to
select 258 child soldiers and 258 matched civilian children for this study from
eight districts across Nepal (see Supporting Information for additional infor-
mation on identification of study participants). In 2008, at 1-y follow-up, child
soldiers (n = 222, 86% of baseline participants) and matched civilian youth (n =
234, 91% of baseline participants) were reinterviewed (32). For the current
study in 2012, attempts were made to reinterview all participants from the
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original study. For participants over 18 y of age at the time of the current study
follow-up in 2012, consent was obtained. For participants under 18 y of age,
legal guardians provided consent, and the minors provided assent. The re-
search was approved by the institutional review boards of the Nepal Health
Research Council, Kathmandu, Nepal; Emory University; George Washington
University; and the University of California, Los Angeles (RNA Comparison
Study in Supporting Information).

Variables. Participants completed 60- to 90-min individual interviews. Due to
high illiteracy rates, research assistants read questionnaires in Nepali to the
youth. The interview included culturally adapted versions of mental health
assessment questionnaires and a 37-question semistructured interview, de-
veloped based on findings fromqualitative researchwith child soldiers (43, 61).
Child PTSD Symptom Scale. PTSD was assessed with the Child PTSD Symptom
Scale (CPSS) (33), a 17-item scale corresponding to Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition, Text Revision (DSM-IV-TR)
symptoms (scale range 0–68). The range for this sample was 0–48, mean =
5.68 (SE 0.58). The CPSS was transculturally translated and validated in Nepal
and has good psychometric properties: area under the curve (AUC) = 0.77,
sensitivity = 0.68, specificity = 0.73, cutoff score ≥20, Cronbach’s α = 0.94 (34).
For the current analyses, participants were categorized as PTSD-positive or
PTSD-negative based on the validated cutoff (34). Participants lost to follow-up
did not differ from participants interviewed in 2012 with regard to baseline
CPSS scores in 2007 (Supporting Information).
Wagnild and Young’s Resilience Scale. Resilience was assessed with eight items
from Wagnild and Young’s Resilience Scale (35) as follows: “I am able to
depend on myself more than anyone else”; “I can be on my own if I have
to”; “I usually take things in stride”; “I feel that I can handle many things at
a time”; “I can usually find something to laugh about”; “My belief in myself
gets me through hard times”; “I have enough energy to do what I have to
do”; and “I am resilient.” These items were used based on previous piloting of
the tool in Nepal to determine which items were culturally salient (50). For the
eight-item Nepal version, α = 0.72, range = 2–24, mean = 12.83 (SE = 0.22).
Continuous Z-scores were used for the current analyses.

CTRA Gene Expression. Details on blood spot collection, analysis, and assay
validation are provided in Supporting Information. Briefly, total RNA was
extracted from DBS samples (Qiagen RNeasy) in the University of California, Los
Angeles (UCLA) Social Genomics Core and converted to fluorescence-labeled

cDNA (NuGEN Ovation PicoSL) and hybridized to Illumina HT-12 v4.0 BeadChips
in the UCLA Neuroscience Genomics Core following the manufacturer’s stan-
dard protocol. Data are deposited in the Gene Expression Omnibus database
(accession no. GSE77164). Two hundred fifty-four of 282 DBS samples (90.1%)
yielded valid results, and CTRA gene expression was analyzed as previously
described (6, 22), with data quantile-normalized (62), log2-transformed, and
z-score–standardized within gene for mixed-effect linear model analyses (63)
quantifying association between expression of 53 CTRA indicator transcripts
(with inverse components weighted negatively as described below) and expo-
sure factors including child soldier status (1/0), posttraumatic stress (1/0: CPSS
score ≥20), and Resilience Scale score (continuous score). Analyses controlled for
a priori-specified covariates, including systematic effects of gene, participant
age (years), sex (1/0, 1 = female), ethnic minority status (1/0, 1 = Janajati), low
caste (1/0, 1 = Dalit), education level (seven ordinal levels) (see Supporting In-
formation for additional information on demographic categories), and ex-
pression of eight mRNA transcripts indicating relative prevalence of major
leukocyte subsets (CD14 for monocytes; CD3D, CD3E, CD4, and CD8A for
T-lymphocyte subsets; CD19 for B lymphocytes; and CD56/NCAM1 and CD16/
FCGR3A for natural killer cells). The 53 CTRA indicator genes comprised two a
priori-specified gene sets as follows: 19 proinflammatory genes (IL1A, IL1B, IL6,
IL8, TNF, PTGS1, PTGS2, FOS, FOSB, FOSL1, FOSL2, JUN, JUNB, JUND, NFKB1,
NFKB2, REL, RELA, and RELB) weighted +1 as positive indicators of the CTRA
profile and 34 genes involved in type I IFN responses (GBP1, IFI16, IFI27,
IFI27L1-2, IFI30, IFI35, IFI44, IFI44L, IFI6, IFIH1, IFIT1-3, IFIT5, IFIT1L, IFITM1-3,
IFITM4P, IFITM5, IFNB1, IRF2, IRF7-8, MX1-2, OAS1-3, and OASL) and antibody
synthesis (IGJ, IGLL1, and IGLL3) weighted −1 as inverse indicators (10, 22–24,
64). Data were unavailable for IFI16 due to random variations in microarray
probe synthesis, leaving a final analyzed set of 52 CTRA indicator transcripts.
Models were estimated by maximum likelihood using SAS PROC MIXED, with
the 52 indicator genes treated as repeated measures and a heterogeneous
compound symmetry covariance structure specified to accommodate correla-
tion and heteroscedasticity across residuals (22).
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