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a b s t r a c t

The Marine Resiliency Study-II examined changes in symptomatology across a deployment cycle to
Afghanistan. U.S. Servicemembers (N ¼ 1041) received clinical testing at two time points either brack-
eting a deployment (855) or not (186). Factor analyses were used to generate summary and change
scores from Time 1 to Time 2. A between-subject design was used to examine changes across the
deployment cycle with deployment (low-trauma, high-trauma, and non-deployed) and social support
(low vs. high) as the grouping variables. Insomnia increased post-deployment regardless of deployment
trauma (std. effect for high-trauma and low-trauma ¼ 0.39 and 0.26, respectively). Only the high-trauma
group showed increased PTSD symptoms and non-perspective-taking (std. effect ¼ 0.40 and 0.30,
respectively), while low-trauma showed decreased anxiety symptoms after deployment (std.
effect ¼ �0.17). These associations also depend on social support, with std. effects ranging from �0.22 to
0.51. When the groups were compared, the high-trauma deployed group showed significantly worse
PTSD and non-perspective-taking than all other groups. Similar to studies in other military divisions,
increased clinical symptoms were associated with high deployment stress in active duty Service-
members, and social support shows promise as a moderator of said association.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

The importance of US Servicemembers’ mental health has
become increasingly apparent with the recent rise in suicide rates,
reported post-traumatic stress disorder (PTSD) symptoms, and
other psychopathologies (Hoge et al., 2004, 2006; Kang et al., 2003;
Prigerson et al., 2002; Ramchand et al., 2015). For example, in a
large sample of active duty and reserve Servicemembers returning
from Iraq in 2005e2006 (n ¼ 88,235), 17e35% were determined to
have amental health risk, defined as endorsement of low-threshold
levels of depression, PTSD, suicide ideation, interpersonal conflict,
or aggressive ideation depending on the instrument used (Milliken
Perelman School of Medicine,
Gates Pavilion, Philadelphia,

.

et al., 2007). Examination of individual mental illnesses paints
largely the same picture; in a sample of 1032 men returning from
Iraq and Afghanistan, 33%, 39%, and 62% screened positive for PTSD,
depression, and pain, respectively (Haskell et al., 2010). Lapierre
et al. (2007) report similar numbers, with 44% of 4089 soldiers
returning from Iraq and Afghanistan reporting clinically significant
levels of depression, PTSD, or both.

A primary approach to understanding mental health costs of
combat deployment has been to document the prevalence or
incidence of post-deployment psychiatric disorders. However,
several researchers pursue a more detailed understanding of
combat sequelae by examining phenomena such as symptom
clusters embeddedwithin psychiatric disorders, or trans-diagnostic
symptom clusters that help understand comorbidities and tailor
therapeutic interventions. To our knowledge, no study has exam-
ined symptom level data using a large combat deployed cohort
assessed longitudinally on a diverse battery of psychiatric and
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psychosocial measures. Here we provide such data from a large
deployed cohort, stratified by level of combat intensity and social
support. The latter are considered key covariates when analyzing
post-deployment outcomes. Combat exposure is known to predict
PTSD, and in cross sectional research social support moderated
(and perhaps mediated) effects of combat intensity on PTSD
severity after deployment (Dirkzwager et al., 2003; Fontana et al.,
1997; Han et al., 2014; Kaspersen et al., 2003; King et al., 1998;
Pietrzak et al., 2009; Polusny et al., 2011; Schnurr et al., 2004;
Solomon et al., 1988). However, a recent longitudinal study sug-
gests that social support perception changes post-trauma in rela-
tion to PTSD severity, and that social support does not influence
subsequent PTSD symptoms (Nickerson et al., 2016). The combat
intensity and social support data used were subscales of the
Deployment Risk and Resilience Inventory (DRRI) (Vogt et al., 2008,
2013).

We examined the overall change in mental health in Service-
members deployed to Afghanistan between 2011 and 2013. The
goal was to present unified overarching “profiles” of U.S. Service-
members who were not deployed, deployed with low trauma
exposure, or deployed with high trauma exposure. We distin-
guished among clinical associations stratified by, 1) deployment, 2)
trauma, 3) military service with neither deployment nor trauma,
and 4) perceived social support at follow-up. We have two hy-
potheses. First, trauma events produce changes in perception,
biology, and behavior, predicting that traumatic deployment will be
associated with negative outcomes across clinical dimensions,
especially those related to dysregulated arousal (PTSD, anxiety, and
insomnia) and interpersonal relationships (lack of perspective-
taking). Second, the well-documented tendency of social support
to abate negative trauma-related outcomes predicts that negative
outcomes will be less severe among those who perceive strong
social support upon returning from deployment.

2. Methods

2.1. Participants

The participants in MRS-II have been described in depth previ-
ously (Acheson et al., 2015). Briefly, 1444 U.S. Servicemembers (3
battalions; mean age ¼ 21.9 ± 2.7 years, range 18e43) were
assessed before and after a 7-months deployment to Afghanistan.
Two battalions were assessed 1e2 weeks pre-deployment and 4e6
months post-deployment. To control for deployment effects, a third
battalion was assessed at the same time points but was not
deployed in the interim. Out of 1444 total infantry participating in
the study, 1387 had valid measures at pre-deployment
(deployed ¼ 1192, not-deployed ¼ 195) and 1033 had valid mea-
sures at post-deployment (deployed ¼ 871, not-deployed ¼ 162).
There were no exclusion criteria beyond what is enforced by the
U.S. Marine Corps upon joining the Service. The institutional review
boards of the University of California San Diego and the University
of Pennsylvania, VA San Diego Research Service, and Naval Health
Research Center approved the study.Written informed consent was
obtained from all participants.

Supplementary Table S1 shows the demographic sample char-
acteristics, separated by deployment group. Groups differ signifi-
cantly on only three characteristics. Years spent in the Marines thus
far for the non-deployed (ND) group was significantly lower than
that for the low-trauma (DLT) and high-trauma (DHT) deployed
groups (jtj ¼ 3.49 and 3.33, respectively; p < 0.005 for both). The
proportion who had been on a previous operational deployment in
the ND group was significantly higher than that for the DLT and
DHT groups (c2(1) ¼ 43.6 and 41.4, respectively; p < 0.005). The
effects mean that the ND group has spent longer in the military,
during which time they were often deployed. Finally, the propor-
tion who reported being a current cigarette smoker in the DLT
group was significantly higher than that for the ND and DHTgroups
(c2(1) ¼ 6.3 and 3.9, respectively; p < 0.05 for both). This effect was
examined to allow comparison of our sample with that of
Vasterling et al. (2006).
2.2. Measures

Measures were collected using well-established instruments.
Because factor analyses were performed at the item-level (see
below), items from a scale designed to measure one construct were
“allowed” to contribute (often solely) to a different construct if
indicated by the analysis. Supplementary Table S2 shows the item
text of these scales, and Supplementary Table S3 shows their means
and standard deviations. The scales included: Clinician Adminis-
tered PTSD Scale (CAPS) (Blake et al., 1995); PTSD Checklist (PCL)
(Weathers et al., 1993); Beck Depression Inventory 2 (BDI) (Beck
et al., 1996); Beck Anxiety Inventory (BAI) (Beck et al., 1993);
Alcohol Use Disorders Identification Test (AUDIT) (Saunders et al.,
1993); SF-12 Health Survey (Ware et al., 1996); Interpersonal
Reactivity Index (IRI) (Davis, 1980,1983); Army STARRS New Soldier
Study Sleep Scale (NSSS) (Kessler et al., 2013; Ursano et al., 2014),
and Deployment Risk and Resilience Inventory-2 (DRRI) (Vogt et al.,
2013). Due to research goals of theworkgroups who designedMRS-
II, only one sub-scale of the IRI was collected: perspective-taking.
This was because empathic processes have both cognitive
(perspective-taking) and affective components (Davis, 1980, 1983),
and social cognition was the primary research interest, more so
than affect. Perspective-taking is foundationaldi.e. if the cognitive
stage of empathic responding is erroneous, subsequent affective
responses are also impaired, and because perspective-taking is
foundational, its assessment is suggestive regarding overall
empathic tendencies as well as specific perspective-taking skills.
One sees this empirically, in that perspective-taking is consistently
shown to be correlated with all other subscales of the IRI and loads
highly on IRI hierarchical factors (Pulos et al., 2004). Finally, one
relevant question about perspective-taking in this context is, how
much does it differ from social support, one of the primary inde-
pendent variables used in this study. The correlation between
perspective-taking and social support in the present sample
is �0.21, suggesting that they are mostly unique phenomena. The
Supplement contains further description of these measures, and to
allow comparison with previous and subsequent studies, Table 1
contains the means and standard deviations of the raw scores of
all scales used here.

One necessary step in the analysis process described below was
to decide how best to utilize the myriad psychological measures
(described above) administered to the Service Member cohort. Due
to the large number of clinical scales, many of which measure
similar pathologies and domains, we were presented with the
problem of family wise error and possibly redundant results. As
described below, our approach was to use exploratory factor
analysis (EFA) (Kim et al., 1978) to reduce the data to latent di-
mensions, and as we demonstrate, this empirically driven approach
yielded interpretable scores that are well-determined (see Grice,
2001).
2.3. Data analysis

Missing data were confirmed missing completely at random
(MCAR) using the MissMech package (Jamshidian et al., 2014) in R,
and imputed using the Amelia package (Honaker et al., 2011) in R.



Table 1
Mean raw score (and SD) for all clinical and DRRI scales used, for full sample and by deployment Category.

Baseline (Time Point ¼ 1) Follow-up (Time Point ¼ 2)

Full Sample By Deployment Status Full Sample By Deployment Status

Deployed
(High-Trauma)

Deployed
(Low-Trauma)

Not Deployed Deployed
(High-Trauma)

Deployed
(Low-Trauma)

Not Deployed

CAPS Total 13.39 (13.97) 12.61 (13.38) 12.68 (13.52) 14.61 (14.71) 16.05 (16.61) 19.34 (17.63) 13.32 (15.27) 15.72 (16.35)
PCL 22.46 (8.43) 21.82 (7.77) 22.10 (8.11) 23.26 (9.10) 23.94 (9.44) 25.75 (9.96) 22.57 (8.73) 23.46 (9.36)
IRI 15.99 (5.29) 15.92 (5.20) 15.92 (5.20) 16.10 (5.43) 15.53 (5.51) 14.89 (5.37) 15.97 (5.53) 15.82 (5.65)
BDI 5.66 (6.59) 5.33 (6.16) 5.40 (6.32) 6.15 (7.09) 5.19 (6.70) 5.60 (6.61) 4.55 (6.38) 5.88 (7.50)
BAI 4.49 (6.26) 4.67 (6.66) 4.27 (5.77) 4.55 (6.37) 3.73 (6.39) 4.42 (7.36) 2.87 (5.45) 4.35 (6.08)
SF12 (Physical) 54.46 (6.04) 54.44 (5.66) 54.96 (5.64) 54.04 (6.61) 52.96 (7.29) 52.50 (7.64) 53.13 (7.04) 53.52 (7.14)
SF12 (Mental) 50.25 (9.27) 50.91 (8.63) 50.25 (9.07) 49.73 (9.88) 50.43 (9.28) 50.10 (9.11) 51.16 (9.09) 49.36 (9.98)
AUDIT 7.27 (5.64) 7.80 (6.01) 6.24 (5.38) 7.76 (5.47) 6.67 (5.25) 7.38 (5.63) 5.82 (4.78) 7.23 (5.24)
Insomniaa 2.11 (4.60) 2.11 (4.68) 1.71 (4.13) 2.45 (4.91) 2.95 (4.83) 3.63 (5.12) 2.46 (4.52) 2.67 (4.80)
PTSD Criteria Met 4.52% 2.78% 5.70% 4.81% 4.30% 6.27% 2.18% 5.29%
DRRI CESb 13.14 (8.99) 20.67 (7.07) 6.50 (3.72)
DRRI GPDSb 54.26 (9.54) 53.90 (9.07) 54.56 (9.94)

Note. SD¼ standard deviation; CAPS¼ Clinician Administered PTSD Scale; PCL¼ PTSD Checklist; IRI¼ Interpersonal Reactivity Index; BDI¼ Beck Depression Inventory; BAI¼
Beck Anxiety Inventory; SF12 ¼ SF-12 Health Survey; AUDIT ¼ Alcohol Use Disorders Identification Test; DRRI ¼ Deployment Risk and Resiliency Inventory-2; CES ¼ Combat
Experience Scale; GPDS ¼ General Post-Deployment Support.

a There is no standard insomnia total score for this scale, so the score listed is a sum of all NSSS items listed in Supplementary Table S2.
b DRRI scale scores not available at baseline or for non-deployed servicemembers at follow-up.
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2.3.1. Factor analyses
We performed exploratory item factor analyses (itemwise EFAs)

using the psych package in R. Because we did not necessarily expect
simple-structure a priori, we used iterated-target rotation (Moore
et al., 2015), which can detect complex structure. The number of
factors was determined by examination of the scree plot. Because
the clinical data were items,1 the polychoric correlation matrix was
analyzed, a common procedure in item factor analysis (Wirth and
Edwards, 2007).

Based on the consistent clinical results, we opted to calculate
factor scores (Thurstone, 1935) for these data. Itemwise EFAs were
calculated separately for T1 and T2, and then to assure the scores at
the two time points were on the same scale, we estimated a model
to be used for both time points. This was done by rotating the T2
model to the T1 model using procrustean rotation (Browne, 1967;
Sch€onemann, 1966), sometimes called target rotation (Browne,
2001). The process involves attempting to get one factor pattern
matrix as close to another as possible, resulting in a pattern matrix
that is “in between” the two pattern matrices. Here, it resulted in
onemodel that could be used to calculate scores at both time points
simultaneously, ensuring that they are on the same scale and can
therefore be used for change scores.

To assess whether our target-rotated EFA model was invariant
across the two time points, we performed confirmatory factor an-
alyses (CFAs) in Mplus (Muth�en and Muth�en, 2012) where each
itemwas assigned only to factors onwhich it loaded at least 0.25 in
the EFA. First, the models for the two time points were estimated
freely (no constraints). Then, the same models were estimated but
with the added constraints that the factor loadings and thresholds
be equal across the two time points. These two sets of models
(constrained and unconstrained) were then compared using a c2-
difference test (DIFFTEST; see Muth�en and Muth�en, 2012, pp.
485e487).
2.3.2. Trauma and social support group assignment
Trauma was determined by a section of the DRRI that probes
1 The only exception was the CAPS variables, which were total scores on each
section ranging from 0 to 7 or 0 to 8. To make them consistent with the remaining
items, these were made ordinal by discretizing such that scores of 0e1 were coded
a 0, scores of 2e5 were coded a 1, and score of 6 or greater were coded a 2.
combat experiences during the last deploymentde.g., “I saw the
bodies of dead Americans or allies.” Scores on this 19-item scale
were split at the median (13) to categorize those who were
deployed into “low” (N ¼ 458; 53.4% of deployed) and “high”
(N ¼ 399; 46.6% of deployed) trauma. Note that this categorization
is related purely to combat experiences and not to signs or symp-
toms of PTSD. Social support was measured by a section of the DRRI
that probes post-deployment support from family and friend-
sde.g., “When I am ill, friends or familymembers will help out until
I am well.” Scores on this 15-item scale were split at the median
(55) to create two social support categories for deployed marines,
low (N ¼ 428) and high (N ¼ 428). Marines who were not deployed
(N ¼ 186; 17.8% of total) were not administered the DRRI.

The above group-assignment resulted in three deployment
groups [“Not Deployed”, “Deployed (Low-Trauma)”, and “Deployed
(High-Trauma)”], which were then further broken down by social
support category (“Strong Social Support” vs. “Weak Social Sup-
port”). This resulted in four social support groups: 1) High-Trauma
with Strong Support (N ¼ 196; 22.9% of deployed), 2) High-Trauma
with Weak Support (N ¼ 203; 23.7% of deployed), 3) Low-Trauma
with Strong Support (N ¼ 232; 27.1% of deployed), and 4) Low-
Trauma with Weak Support (N ¼ 225; 26.3% of deployed).

2.3.3. Mean comparisons
Change in clinical symptomatology (measured by the factor

scores) was assessed using linear mixed models to account for both
within- and between-subject effects. The independent variable of
interest was time point, and the following were entered into the
model as covariates: years in themilitary, history of TBI (yes/no; see
below for definition), having been on a previous deployment before
Time 1 (yes/no), and, to account for regression to the mean, T1
clinical score. Groups were then compared to each other using
analysis of covariance (ANCOVA) where the dependent variables
were change scores. To account for regression to the mean, T1 score
was always included as a covariate, along with years in the military,
history of TBI (yes/no), and having been on a previous deployment
before Time 1 (yes/no). For significant ANCOVA results, post hoc t-
tests were performed. Again, T1 clinical score, years in the military,
history of TBI (yes/no), and having been on a previous deployment
before Time 1 (yes/no) were all regressed out of all change scores
before conducting t-tests.

All p-values were corrected for multiple comparisons using the



Table 2
Linear mixed model results for MRS clinical T1-to-T2 change by deployment Cate-
gory and social support Category, with TBI history, years in the military, and
deployment history as covariates.

DV (change in) Deployment
category

Std. Effect By social support

Strong Weak

Std. Effect Std. Effect

Anhedonic depression Deployed HT �0.03 �0.11 0.04
PTSD Deployed HT 0.40*** 0.28** 0.51***
Insomnia Deployed HT 0.39*** 0.32** 0.46***
Physical health Deployed HT 0.12 0.00 0.25
Anxiety Deployed HT �0.12 �0.19 �0.05
Alcohol use/abuse Deployed HT �0.17 �0.19 �0.15
Non-Perspective-Taking Deployed HT 0.30*** 0.22* 0.38***
Anhedonic depression Deployed LT �0.08 �0.15 �0.01
PTSD Deployed LT 0.06 �0.02 0.14
Insomnia Deployed LT 0.26*** 0.18 0.34***
Physical health Deployed LT 0.14 0.07 0.22
Anxiety Deployed LT �0.17* �0.22* �0.13
Alcohol use/abuse Deployed LT �0.12 �0.18* �0.07
Non-Perspective-Taking Deployed LT 0.11 �0.10 0.33***
Anhedonic depression Not deployed �0.18
PTSD Not deployed �0.17
Insomnia Not deployed �0.02
Physical health Not deployed 0.06
Anxiety Not deployed �0.07
Alcohol use/abuse Not deployed �0.08
Non-Perspective-Taking Not deployed �0.03

Note. *p < 0.05; **p < 0.01; ***p < 0.001; DV ¼ dependent variable; n.s. ¼ not sig-
nificant; HT ¼ high-trauma; LT ¼ low-trauma; p-values were adjusted for multiple
comparisons separately for the analyses including and not including social support
(with social support adjusted for 28, without social support adjusted for 21).
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Holm method (Holm, 1979). Due to the well-documented associa-
tion of TBI with psychological outcomes (Hibbard et al., 1998;
Hoofien et al., 2001; Rao and Lyketsos, 2000), analyses for clinical
change were also performed on a sub-group of Marines who re-
ported no TBI during deployment (and TBI was therefore not used
as a covariate for these analyses). These results were then
compared to the full-sample to examine any discrepancy. TBI was
defined using the Department of Defense protocol for mild TBI/
concussiondspecifically, a head injury event accompanied by an
alteration of consciousness and at least one of the following
symptoms immediately after the injury event: feeling dazed or
confused, experiencing loss of consciousness, or experiencing loss
of memory of the injury event (Conaton, 2012). This reduced the N
to 860, with 273 still remaining in the high-trauma group.

3. Results

3.1. Factor analyses

Supplementary Table S4 shows the results of the EFA of 113
clinical items from the MRS. Factor 1 comprises items mostly from
the BDI, CAPS, and SF12, and appears to represent anhedonic
depression. The two highest loading items are BDI #4 (“I don't
enjoy things the way I used to.”) and #12 (“I am less interested in
other people or things than before.”). Factor 2 comprises items
mostly from the PCL and CAPS, and appears to represent PTSD. The
two highest loading items are PCL #1 (“Repeated, disturbing
memories, thoughts, or images of the event?”) and #5 (“Having
physical reactions - e.g., heart pounding, trouble breathing,
sweating - when something reminded you of the event?”). Factor 3
comprises items mostly from the BAI, and appears to represent
anxiety. The two highest loading items are BAI #20 (“Face flushed”)
and #3 (“Wobbliness in legs”). Factor 4 comprises items mostly
from the NSSS, and appears to represent insomnia. The two highest
loading items are NSSS #2 (“Have you had awhole month or longer
when you had insomnia at least three nights a week?”) and #1
(“Have you ever had insomnia?”). Factor 5 is composed entirely of
AUDIT items, and appears to represent alcohol use/abuse. The two
highest loading items are AUDIT #8 (“How often during the last
year have you been unable to remember what happened the night
before because you had been drinking?”) and #3 (“Howmany times
have you had 8 or more units of alcohol on a single occasion in the
last year?”). Factor 6 is composed entirely of SF12 items, and ap-
pears to represent subjective physical and emotional health. The
two highest loading items are SF12 #5 (“During the past 4 weeks,
howmuch of the timewere you limited in the kind of work or other
regular activities as a result of your physical health?”) and #2
(“Does your health now limit you in moderate activities, such as
moving a table, pushing a vacuum cleaner, bowling or playing
golf?”). Finally, Factor 7 is composed entirely of IRI items, and ap-
pears to represent lack of perspective-taking, which we will call
non-perspective-taking (NPT). The two highest loading items are
IRI #6 (“When I'm upset at someone, I usually try to ‘put myself in
his shoes’ for a while.”) and #3 (“I sometimes try to understand my
friends better by imagining how things look from their perspec-
tive.”). To keep the IRI score in the negative direction
(higher¼worse), wemultiplied it by negative one. That is, whereas
a high score on the perspective-taking section of the IRI usually
indicates a positive (good) outcome, a high score on our reversed
IRI indicates a lack of perspective-taking. Supplementary Table S5
shows the means and standard deviations of the seven factors
described above, separated by time point.

The test of measurement invariance across the two time points
provided somewhat mixed results. When both T1 and T2 models
were fit with the constraint that factor loadings be equal, joint-
estimated model fit was good (comparative fit index ¼ 0.93;
RMSEA¼ 0.025 ± 0.001). However, when this model was compared
to the model in which loading were freely estimated at the two
time points, the less constrained model fit significantly better
(Dc2 ¼ 253.5; Ddf ¼ 136; p < 0.01). This suggests some violation of
the measurement invariance assumption; however, note that factor
scores used here were calculated from an EFA that was identical at
the two time points.
3.2. Mean comparisons

Table 2 shows the results of the linear mixed models, by
deployment category and social support category. All T1-to-T2 ef-
fects are standardized such that they indicate standard deviations
of change (positive or negative), controlling for covariates. Starting
with deployment category, those who were deployed with high
trauma showed significant and substantial increases in PTSD
symptoms, insomnia, and NPT. Those who were deployed with low
trauma showed significant increase in insomnia but significant
improvement (decrease) in anxiety symptoms. Thosewhowere not
deployed showed no significant change from T1 to T2. When social
support group is considered (last two columns of Table 2), the high-
trauma/strong-support group showed significant increases in PTSD
symptoms, insomnia, and NPT. The low-trauma/strong-support
group showed significant improvement in anxiety and alcohol
use. The high-trauma/weak-support group showed significant in-
creases in PTSD symptoms, insomnia, and NPT. Finally, those in the
low-trauma/weak-support group showed significant increases in
insomnia and NPT. For convenient visualization of these effects,
Supplementary Figs. S1 and S2 show the mean raw change scores
for the seven groups in Table 2, alongwith 95% confidence intervals.

Table 3 shows the results of the ANCOVAs and post hoc t-tests
used to compare the deployment categories to each other. PTSD,



Table 3
ANOVAs and post hoc t-tests Comparing Clinical Change Scores Across Deployment
Categories.

DV (Change in) ANOVAs Post hoc t-tests

F Comparison jtj
Anhedonic depression 1.51
PTSD 22.09*** ND vs DHT 3.70**

ND vs DLT 0.94
DLT vs DHT 3.51**

Insomnia 9.29*** ND vs DHT 2.09
ND vs DLT 0.79
DLT vs DHT 1.77

Physical health 0.38
Anxiety 0.72
Alcohol use/abuse 0.67
Non-Perspective-Taking 8.10*** ND vs DHT 3.30**

ND vs DLT 1.59
DLT vs DHT 2.24

Note. *p < 0.05; **p < 0.01; ***p < 0.001; DV ¼ dependent variable; ND ¼ not
deployed; DHT ¼ deployed (high-trauma); DHT ¼ deployed (low-trauma); post hoc
t-test p-values were adjusted for multiple comparisons (9 tests) using the Holm
method.
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insomnia, and NPT showed significance at the omnibus level
(adjusted p < 0.001 for all three). For PTSD, the high-trauma group
showed significantly worse change than both the low-trauma and
the non-deployed group (adjusted p < 0.01 for both). For insomnia,
none of the between-group contrasts was significant after correc-
tion for multiple comparisons. For NPT, the high-trauma group
showed significantly worse change than the non-deployed group
(adjusted p < 0.01). Fig. 1 shows the groups’ mean changes relative
to each other (note that unlike Fig. S1, the mean overall change in
Fig. 1 is zero because the change scores are residuals).

Table 4 shows the results of the ANCOVAs and post hoc t-tests
examining clinical change by deployment category and social
Fig. 1. Change in Clinical Symptoms by Deployment Category, Controlling for Time 1 Sy
support. Five of the seven omnibus ANOVA effects were significant:
Anhedonic depression differed between social support categories
(p < 0.05); PTSD differed between deployment categories
(p < 0.001) and social support categories (p < 0.01); insomnia
differed between social support categories (p < 0.05); reported
psycho-physical health differed between social support categories
(p < 0.05); and NPT differed between deployment categories
(p < 0.01) and social support categories (p < 0.001). Post hoc t-tests
revealed that, for Anhedonic depression, all six groups differed
from each other (and in the expected direction) with two excep-
tions: the high-trauma/strong-support (HTSS) and low-trauma/
strong-support (LTSS) groups did not differ (adjusted pe1.0), and
the high-trauma/weak-support (HTWS) and low-trauma/weak-
support (LTWS) groups did not differ (adjusted pe1.0). For PTSD,
the largest difference was between HTWS and LTSS (adjusted
p < 0.001). For insomnia, the only groups that differed were HTWS
and LTSS (p < 0.001). For physical health, HTSS and HTWS differed
(p < 0.05). Finally, for NPT, the largest differences were between
LTSS and LTWS, and between HTWS and LTSS (p < 0.001 for both).
The HTSS and LTSS groups also differed (p < 0.05). Fig. 2 shows
these results graphically, where the y-axis is mean change score
with all covariates regressed out, and therefore has the same
interpretation as in Fig. 1.

When these analyses were repeated excluding participants who
had experienced a TBI (reducing the sample to N ¼ 860), some of
the results became non-significant. Specifically, when deployment
and social support were examined together (corresponding to
Table 4), there was no longer an association between social support
and anhedonic depression (p > 0.05), between social support and
insomnia (p > 0.05), and between social support and physical
complaints (p > 0.05).

4. Discussion

The well-known association between heavy combat during
mptom Levels, Previous Deployment, Years in the Marine Corps, and history of TBI.



Table 4
ANOVAs and post hoc t-tests Comparing Clinical Change Scores Across Deployment
and Social Support Categories.

DV (Change in) ANOVAs Post hoc Contrasts

Deployment
Cat.

Social Support
Cat.

Comparison t

F F

Anhedonic depression 0.58 5.73* HTSS vs HTWS 3.85**
HTSS vs LTSS �0.38
HTSS vs LTWS 4.23***
HTWS vs LTSS 3.69**
HTWS vs LTWS 0.20
LTSS vs LTWS 4.07**

PTSD 22.30*** 7.65** HTSS vs HTWS 2.88
HTSS vs LTSS 2.25
HTSS vs LTWS 0.33
HTWS vs LTSS 4.99***
HTWS vs LTWS 2.60
LTSS vs LTWS 2.65

Insomnia 3.29 4.38* HTSS vs HTWS 2.71
HTSS vs LTSS 0.81
HTSS vs LTWS 1.61
HTWS vs LTSS 3.60**
HTWS vs LTWS 1.36
LTSS vs LTWS 2.62

Physical health 0.07 5.95* HTSS vs HTWS 3.34*
HTSS vs LTSS �1.63
HTSS vs LTWS 2.88
HTWS vs LTSS 2.07
HTWS vs LTWS 0.68
LTSS vs LTWS 1.47

Anxiety 0.60 2.32
Alcohol use/abuse 0.50 1.56
Non-Perspective-

Taking
8.02** 21.33*** HTSS vs HTWS 2.16

HTSS vs LTSS 3.12*
HTSS vs LTWS 2.32
HTWS vs LTSS 4.86***
HTWS vs LTWS 0.09
LTSS vs LTWS 5.35***

Note. *p < 0.05; **p < 0.01; ***p < 0.001; interaction between Deployment Category
and Social Support Category was significant for Non-Perspective-Taking (p¼ 0.042);
all other interactions were non-significant; DV ¼ dependent variable;
Cat. ¼ category; HTSS ¼ high-trauma with strong social support; HTWS ¼ high-
trauma with weak social support; LTSS ¼ low-trauma with strong social support;
LTWS ¼ low-trauma with weak social support.
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deployment with increases in PTSD symptoms (Vasterling et al.,
2010) was fully replicated in the present study. Non-Deployed
participants and participants with relatively low combat exposure
showed little change from pre-deployment symptom levels.
Research suggesting that social support moderates the effect of
combat intensity on PTSD symptom severity after deployment (Han
et al., 2014; Schnurr et al., 2004) was also replicated. Non-Deployed
participants and participants with relatively low combat exposure
showed little change from pre-deployment symptom levels. We
also found that social support at Time 2 was associated with
changes in perspective taking only in low trauma or non-deployed
groups, while high trauma groups showed reduced perspective
taking regardless of social-support status. Note, however, that
because perceived social support was assessed only post-
deployment (and not assessed at all in non-deployed service-
members), our claims about social support are limited to its po-
tential associations post-deployment. For example, while we did
find that the relationship of deployment with change in symptoms
depends on post-deployment social supportdthus meeting the
statistical definition of moderationdwe cannot rule out the pos-
sibility that pre-deployment social support is just as (if not more)
important as post-deployment social support. It might be that
servicemembers with strong social support in general are simply
less vulnerable to trauma-related symptom change.
There has been little research on the effects of trauma and
deployment on social habits and attitudes, notwithstanding the
social withdrawal and dysfunction commonly reported in trauma
survivors (Maercker et al., 1999; Schnurr et al., 2004). PTSD patients
show reduced perspective taking on the IRI, attributed to the
emotional numbing and avoidance components of PTSD
(Nietlisbach and Maercker, 2009; Nietlisbach et al., 2010; Parlar
et al., 2014). Our findings suggest that perspective taking is
reduced with trauma exposure, rather than changing only in those
with a PTSD diagnosis. This conclusion is supported by the low
correlation (r ¼ 0.06) between change in PTSD symptoms and
change in perspective taking among the high-trauma group.
Furthermore, analysis of IRI stratified by perceived social support,
showed that perceived social support moderated perspective tak-
ing only in low trauma or non-deployed groups, while the high
trauma groups showed reduced perspective taking regardless of
perceived social-support. A recent longitudinal study showed that
post-trauma social support perception was related to PTSD devel-
opment and severity. Our finding of reduced perspective taking
regardless of perceived social-support status in our high trauma
group lends additional support to perspective taking being related
to trauma exposure, and not specifically PTSD-related (Nickerson
et al., 2016). Further research can determine whether trauma ef-
fects on perspective taking resolve with time in traumatized in-
dividuals or after treatment in those who develop PTSD. There is
another notable point about our perspective-taking findings. Since
perspective-taking is largely conceptualized as a dispositional trait,
one would not expect it to change at all. That perspective taking
does appear to be affected by deployment trauma suggests that
either, a) the view of empathic tendency as a trait might be prob-
lematic, or b) battle trauma is psychologically powerful enough to
change even deeply rooted personality traits.

We observed increased sleep problems in participants that
experienced significant combat exposure (Fig. 1). This association
was maintained when controlling for PTSD and depression symp-
toms, thus it is not simply related to other mental health symptoms
experienced after deployment. Sleep disruption after deployment
predicts subsequent development of depression and PTSD symp-
toms, suggesting that deployment-related sleep problems may
precede other signs of clinical dysfunction (Wright et al., 2011).

In summary, participants were relatively resilient to significant
deployment-related changes in most mental health indices. The
group with high combat exposure showed increased PTSD and
insomnia symptoms and reductions in perspective-taking scores
compared to low-exposure or non-deployed groups. Notably, the
decrease in perspective taking was one of the least sensitive to
social support, with no significant difference between the HTSS and
HTWS groups. Associations related to sleep problems and non-
perspective-taking could inform post-deployment mental health-
care. First, clinicians and family members should be particularly
watchful for insomnia symptoms. These symptoms could represent
a unique clinical phenomenon that could best be palliated with
therapy targeted specifically toward sleep disturbance. Alterna-
tively, they could portend other symptoms. The decreased
perspective-taking of Servicemembers after experiencing a trau-
matic deployment seems to improve minimally from social sup-
port. Clinicians and family should be aware of the apparent
counter-intuitive possibility that increasing social support might
not help with the Servicemember's non-perspective-taking and
perhaps more individualized therapies such as cognitive-
behavioral treatment are needed.

The clinical EFAs suggest cleanmeasurement of well-established
psychopathologies at both time points. This finding is encouraging,
because it means the combined (target-rotated) model likely comes
close toboth individual timepoints’ structures, and scores generated



Fig. 2. Change in Clinical Symptoms by Deployment Category and Social Support Category, Controlling for Time 1 Symptom Levels, Previous Deployment, Years in the Marine Corps,
and history of TBI.
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from it can therefore safely be used to calculate change. Notably,
although some of the clinical measures formed their corresponding
factor in the EFA (e.g. AUDIT), this was not always the case. For
example, factors 1 and 2 (“Anhedonic Depression” and “PTSD”,
respectively) are a blend of the BDI, CAPS, SF-12, and PCL. This un-
derlines the potential benefit of empirically derived measures, as
some items from one measure are better indicators of a construct
other than the one for which theywere developed. Methods such as
principal components analysis and factor analysis (used here) allow
assignment of items to constructs based on what the data suggest
rather than on theoretical expectations.

Overall the present study found that significant combat experi-
ence resulted in a specific pattern of changes in mental health,
namely in increased PTSD and insomnia symptoms, as well as re-
ductions in perspective-taking. Limitations to the study include a
restricted assessment of psychiatric symptoms, a highly homoge-
nous study population (male, infantry Marine battalions) that re-
duces generalizability, and a relatively long time span (4e6months)
between return from deployment and assessment of symptoms.
This renders us unable to parse effects of deployment fromeffects of
other experiences that occurred in the 4e6 months after deploy-
ment. An additional limitation is the single (post-deployment)
collection of social support. Pre-as well as post-deployment social
support would have permitted evaluation of change in social sup-
port in relation to combat exposure and PTSD and a choice of using
social support for stratification. Finally, formal CFA testing of mea-
surement invariance across the two time points suggested some
violation of the measurement invariance assumption. Nonetheless,
the present findingsmove us toward a fuller psychological profile of
US Marines, whether non-deployed, deployed with low trauma
exposure, or deployed with substantial trauma exposure.
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