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Impairments in psychosocial functioning are common in veterans, especially in those with significant mental health symptoms.
Although available treatments are aimed at alleviating these symptoms, impairments in psychosocial functioning do not appear
to be fully addressed. To achieve rehabilitation and full societal participation, there is a need to identify longitudinal
associations of both symptoms and functional outcomes which can be targeted in treatment. United States veterans (N = 491)
of the Iraq and Afghanistan wars were recruited as part of a longitudinal assessment study which examined predictors of
postdeployment adjustment. Veterans were assessed at four timepoints over the course of a two-year period. A Bayesian
multivariate multilevel model was used to estimate the association of predictors of PTSD (depression, alcohol use, suicidal
ideation, and sleep) on psychosocial functioning as encompassed by quality of life (Quality of Life Scale (QLS)) and disability
(World Health Organization Disability Assessment Schedule (WHODAS)) scores over time. As female veterans have unique
environmental exposures and functional demands, interactions between predictors and gender were included in all models.
There was significant overlap between predictors of PTSD and predictors of disability across domains and quality of life.
Depressive symptoms and social support emerged as the strongest predictors of psychosocial functioning. Additionally,
suicidality and alcohol use emerged as predictors of quality of life, but not disability. As expected, increases in PTSD
symptoms predicted increased disability and decreased quality of life. The effect of depressive symptoms on quality of life was
more pronounced for male veterans, and the effect of PTSD and alcohol use on quality of life was more pronounced for female
veterans. Findings highlight various treatment targets which have the potential to improve symptoms of PTSD and functional
outcomes. Findings highlight an opportunity to leverage intervention and prevention efforts focused on decreasing depression
and increasing social support to improve trauma symptoms and maximize rehabilitation and functional recovery in veterans.

1. Introduction

There has been a growing interest in describing the trajec-
tory and predictors of functional outcomes in order to better
understand and measure recovery. Functional outcomes
encompass a range of dimensions including physical well-
being, social functioning, ability to complete tasks of daily
living, meeting various role expectations, and overall quality
of life. The association between psychopathology and func-
tional outcomes is complex. Functional disability can pre-

date the onset of psychological symptoms [1] and persist
when symptom remittance has been achieved [2], and psy-
chological symptoms and functional outcomes can move in
tandem, exerting a bidirectional influence [3].

Trajectories of functional outcomes have a high degree
of variability in the veteran population [4], although a wors-
ening course might be common, especially for female vet-
erans [3]. Further, functional deficits appear to increase the
risk for suicide and overall mortality independent of psycho-
logical symptoms [5]. Importantly, evidence suggests that
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psychosocial rehabilitation may be a potential avenue for
decreasing suicidal ideation, as employment, meeting basic
needs, self-care, living stability, social support, spirituality,
resilience, and self-determination are all longitudinally asso-
ciated with decreased suicidal ideation [6]. Intervention
efforts within the Veterans Health Administration (VHA)
have traditionally been leveraged at the symptom level, pri-
oritizing evidence-based treatments (EBTs) for diagnosable
psychopathology. However, given the ubiquity of functional
impairments in veterans and their potential to exacerbate
psychological symptoms and increase mortality, there is an
untapped potential to intervene at the level of psychosocial
functioning to improve treatment outcomes.

To hone targeted intervention, prevention, and outreach
efforts at the functional level, predictors of functioning need
to be identified. Efforts towards identifying these predictors
are underway, with evidence for the influence of mental
health symptoms and social factors [7], moral injury [4],
and demographic characteristics [8, 9] on functioning. The
existing research underscores that contributors to functional
outcomes are likely diverse and vary in their degree of mal-
leability. The identification of malleable predictors that can
serve as first-line treatment and prevention targets is an
important extension of the available research and a logical
subsequent course of inquiry.

One approach to identifying these first-line treatment
targets is to establish longitudinal predictors that are associ-
ated with symptoms and functional outcomes. This would
allow for the direction of prevention and treatment resources
towards those targets which are likely to ameliorate both psy-
chological and functional impairments. Post-traumatic stress
disorder (PTSD) should be a priority outcome to examine in
conjunction with functional impairment given the high base
rate of the disorder in the veteran population and the signif-
icant associated emotional distress. Lee et al. [10] recently
identified that suicidal ideation, social support, alcohol abuse,
and depression were associated with PTSD symptom course
over a period of 20 years. There is evidence suggesting that
these predictors of PTSD symptom course are also associated
with functional outcomes. For example, alcohol use and
depression were associated with disability in a sample of vet-
erans with high levels of traumatic brain injury [11]. Further,
there appears to be a positive relationship between substance
use and functional disability independently of and comorbid
with PTSD [12]. Similarly, lack of social support [7, 13] has
been associated with dimensions of functional disability in
veterans. In addition to the predictors of PTSD course iden-
tified by Lee et al. [10], sleep difficulties are another potential
driver of both PTSD and psychosocial functioning. Sleep dif-
ficulties, including insomnia, sleep apnea, and parasomnias,
are very common in veterans [14]. Insomnias and other sleep
disorders have been associated with poor functional out-
comes in multiple domains, including social functioning,
occupational attainment, and quality of life [15, 16]. Sleep
difficulties, including disrupted REM sleep and predeploy-
ment nightmares, predict the onset of PTSD symptoms over
time [17–19]. Further, there is evidence that disrupted sleep
(e.g., nightmares) within PTSD is a driver of impairment in
psychosocial functioning [20, 21].

Despite these reported associations, there are several
limitations to the available evidence. Although the influence
of predictors of PTSD course on functional outcomes has
been examined in isolation, there is a need to examine these
predictors in one model to establish their independent con-
tributions to functional outcomes. Further, much of the
available evidence is cross-sectional (e.g., [22]); however, as
the association between predictors and functional outcomes
is dynamic, their relationship should be examined longitudi-
nally. Additionally, research effort needs to be focused on
examining multiple dimensions of functioning, encompass-
ing both degree of disability (e.g., ability to complete tasks
of daily living), as well as more subjective experiences of
functioning (e.g., quality of life). Lastly, there have been
urgent calls within the VA scientific community to report
gender-specific results, as female veterans are the fastest
growing subgroup of veterans receiving VA care and
uniquely at risk for adverse outcomes [23]. Epidemiological
studies indicate that prevalence rates of PTSD are higher in
women [24]; however, data from the recent U.S. wars in Iraq
and Afghanistan has been more mixed with one study sug-
gesting that combat exposure was related to higher rates of
depression and PTSD in women compared to men [25]
and another finding of no evidence of gender differences
[26]. Given the unique characteristics of female veterans in
terms of familial, occupational, and social demands, the
influence these predictors exert on functional outcomes
may also vary by gender. Thus, there is a need to examine
which predictors of PTSD course influence functional out-
comes and for whom these predictors might be most salient.

To address the limitations of the existing research, this
study leverages a longitudinal cohort study of post-9/11 vet-
erans to examine if the determinants of PTSD symptom
course also predict quality of life and disability. Suicidal ide-
ation (SI), social support, alcohol abuse, sleep, and depres-
sion, along with PTSD, were entered into a Bayesian model
to ascertain their influence on functional outcomes. An
additional Bayesian model was developed to ascertain if sui-
cidal ideation, social support, alcohol abuse depression, and
sleep also predicted PTSD symptom severity in this sample.
We specified results by gender, which is a necessary step
towards honing and optimizing gender sensitive outreach,
prevention, and intervention efforts. It should be noted that
the term “predictor” is used throughout in a statistical sense
(i.e., to refer to variables on the right-hand side of a regres-
sion equation) and does not necessarily imply a causal rela-
tionship or that these variables predict the onset of
functional impairments. Instead, the overarching goal of this
study is to identify potential targets for intervention and pre-
vention, which could ameliorate functional impairment in
the course of PTSD.

2. Methods

2.1. Participants. Participants were 491 post-9/11 veterans
who were deployed in Operation Enduring Freedom/Opera-
tion Iraqi Freedom and/or Operation New Dawn recruited
at the Central Texas Veterans Health Care System
(CTVHCS). Participants self-referred through seeing study
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advertisements (2.8%) were referred from other studies, or
participants (2.8%) were recruited through letters sent to
those who met initial study eligibility based on medical
record data (94.4%). The response rate to recruitment letters
was 11.2% (799/7127). Study inclusion criteria were as fol-
lows: (1) ability to comprehend and sign the informed con-
sent forms, (2) ability to complete the structured interviews
and self-report assessments, (3) willingness to be contacted
for follow-up assessments, (4) stability on psychotropic
medications (defined as ≥3 months on a selective serotonin
reuptake inhibitor or monoamine oxidase inhibitor, >1
month on an anxiolytic or beta-blocker, and >1 month med-
ication discontinuation or “wash out” for all medications) at
the time of the baseline assessment, and (5) stability in psy-
chotherapy (≥3-month stabilization for psychotherapy and
≥1-month psychotherapy discontinuation) at the time of
the baseline assessment. These latter two criteria were
included to ensure that symptoms assessed during the base-
line assessment were due to any underlying psychiatric con-
dition and not due to the effects of starting or stopping
medications and/or psychotherapy. Changes in treatment
were permissible during the current study, as this reflects
real-world practice. Exclusion criteria were as follows: (1)
planning to relocate out of the CTVHCS system within four
months of protocol initiation; (2) meeting criteria for a diag-
nosis of schizophrenia, schizophreniform disorder, schizoaf-
fective disorder, delusional disorder, or a manic/hypomanic
episode; (3) reporting current suicidal or homicidal risk war-
ranting crisis intervention; (4) reporting symptoms consis-
tent with severe traumatic brain injury (TBI) that interfere
with their ability to complete the consent process or assess-
ment (i.e., due to ethical concerns about obtaining informed
consent and difficulties with completing the structured
assessment); or (5) reporting current non-military-related
hallucinations or delusions that cause significant distress
and/or impairment. See Table 1 for participant characteris-
tics. At timepoints 2, 3, and 4, 87.8%, 86.2%, and 84.9% of
participants were retained, respectively. See Table 2 for addi-
tional information on missing data.

2.2. Study Design and Procedure. This study used data drawn
from a longitudinal assessment study consisting of 4 time-
points which were scheduled approximately at 8-month
intervals (month 0, month 8, month 16, and month 24).
Research technicians established initial eligibility by phone.
Participants who met initial eligibility criteria were scheduled
for an in-person assessment, where informed consent was
obtained, and interview-based and baseline self-report mea-
sures were completed. Consenting participants were included
in the study and were reassessed using self-report question-
naires administered through mailed packets or a secure sur-
vey platform at the month 8 and 16 timepoints. At the
month 24, timepoint participants completed another in-
person assessment consisting of follow-up interview-based
and self-reportmeasures.When needed, participants received
referrals for nonstudy treatment resources. Participants were
compensated $200 for completing all study appointments.
The study took place between 2014 and 2018 and was
approved by the CTVHCS institutional review board.

2.3. Measures

2.3.1. Predictors. Alcohol Use Disorders Identification Test
(AUDIT) [27] is a 10-item measure which assesses alcohol
use. The AUDIT is scored on a 5-point Likert scale, ranging
from 0 (never) to 4 (daily or almost daily). Total scores range
from 0 to 40, with higher scores reflecting more problematic
alcohol use. In this sample, the scale had good internal con-
sistency (α = 0 88) and test-retest reliability (r = 0 86) and
strong concurrent validity with other alcohol use screening
measures [28].

Columbia Suicide Severity Rating Scale (C-SSRS) [29]
intensity of ideation subscale is a 5-item clinician-
administered measure designed to systematically assess and
track suicidal ideation. The C-SSRS is scored on a 5-point

Table 1: Baseline sample characteristics (N = 491).

Female
M (SD)

Male
M (SD)

Age 39.6 (8.3) 41.6 (9.1)

Years in active duty military 10.7 (7.4) 11.5 (7.5)

Education 15.1 (1.9) 14.6 (2.3)

Time since deployment (months) 84.9 (36.2) 90.1 (30.5)

Number of OIF/OEF deployments 1.6 (0.9) 2.1 (1.3)

Female
N (%)

Male
N (%)

Female 120 (24.4%) 371 (75.6%)

Latino 25 (20.8%) 73 (19.7%)

Race

Black 48 (40%) 102 (27.5%)

White 47 (39%) 212 (57.2%)

Other 25 (21%) 57 (15.4%)

Above clinical cut-off

AUDIT, female (>2); male (>3) 44 (36.7%) 162 (43.7%)

Alcohol use disorder 13 (10.8%) 58 (15.6%)

PCL-5 (>30) 68 (56.6%) 205 (55.3%)

PTSD 51 (42.5%) 145 (39.1%)

PHQ-9 (>9) 72 (60%) 190 (51.2%)

Major depressive disorder 52 (43.3%) 94 (25.3%)

Traumatic brain injury 49 (40.8%) 195 (52.5%)

Table 2: Missing data for predictors and outcomes over time.

Time
1 2 3 4

% (N) % (N) % (N) % (N)

QLS (quality of life) 0 (0) 17 (85) 15 (75) 19 (91)

WHODAS (disability) 0 (0) 14 (69) 14 (69) 16 (77)

AUDIT (alcohol use) 0 (0) 13 (62) 15 (74) 15 (76)

PHQ-9 (depression) <0.1 (0) 14 (67) 14 (70) 15 (75)

PCL-5 (PTSD) 0 (0) 13 (66) 14 (71) 16 (78)

C-SSRS (suicidality) 1 (3) 1 (3) 1 (3) 1 (3)

DRRI (social support) <0.1 (0) 17 (84) 15 (74) 18 (87)

HPLP-II (sleep) <0.1 (0) 100 (491) 100 (491) 18 (88)
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scale, ranging from 1 (least severe) to 5 (most severe). Total
scores range from 0 to 25 with higher scores indicating
increased intensity of suicidal ideation. In this sample, the
scale had good internal consistency (α = 0 90), and the scale
is well validated in its ability to detect suicidal behavior and
risk. The C-SSRS allows for the assessment of lifetime and
current suicidal ideation. The C-SSRS items used in the
models were those which measure lifetime suicidal ideation
prior to study enrollment. These items were measured at
baseline and considered time-invariable (i.e., baseline scores
were carried forward for the rest of study timepoints). We
chose to include history of lifetime C-SSRS items instead of
concurrent C-SSRS items as the base rate of suicidal ideation
was very low in the current sample.

The Deployment Risk and Resilience Inventory (DRRI)
[30] social support scale is a 15-item measure which assesses
postdeployment social support across multiple domains
including familial, workplace, and community social sup-
port. The DRRI is scored on a 5-point Likert scale, ranging
from 1 (strongly disagree) to 5 (strongly agree). Total scores
range from 15 to 75, with higher scores reflecting increased
social support. In this sample, the DRRI social support scale
had good internal consistency (α = 0 88) and the scale has
been validated for use with OIF veterans [31].

Health-Promoting Lifestyle Profile-II (HPLP-II) [32]
sleep question (“indicate the frequency with which you get
enough sleep”) was used to assess sleep quantity. Sleep was
assessed at scores range from 1 (never) to 4 (routinely).
There is cumulating evidence suggesting that single-item
sleep measures are a valid alternative to lengthier assess-
ments of sleep [33, 34]. Sleep quantity was assessed at base-
line and timepoint 4 and imputed at timepoints 2 and 3.

Patient Health Questionnaire-9 (PHQ-9) [35] is a 9-item
measure based on DSM-5 diagnostic criteria used for screen-
ing, diagnosing, and monitoring depression. It incorporates
DSM-5 diagnostic criteria. The PHQ-9 is scored on a 4-
point Likert scale, ranging from 0 (not at all) to 3 (nearly
every day). Total scores range from 0 to 27, with higher
scores reflecting increased depression severity, and clinically
meaningful change is a reduction of scores by 50%. In this
sample, the scale demonstrated good internal consistency
(α = 0 91) and there is strong evidence for criterion and con-
struct validity [35].

PTSD Checklist for DSM-5 (PCL-5) [36] is a 20-item
measure on a 5-point scale assessing PTSD symptom sever-
ity. The PCL-5 is scored on a 5-point Likert scale, ranging
from 0 (not at all) to 4 (extremely). Total scores range from
0 to 80 with higher scores reflecting increased endorsement
of PTSD symptoms. A score decrease of 18 points consti-
tutes clinically significant change on the PCL-5 [37]. In this
sample, the scale had good internal consistency (α = 0 97),
and there is evidence for good test-retest reliability and con-
vergent and discriminant validity [38].

2.3.2. Outcomes. Quality of Life Scale (QLS) [39] is a 16-item
questionnaire which assesses life satisfaction in 16 areas
(mate, physical well-being, relationships with others, social,
community, civic activities, personal development and ful-
fillment, recreation, and independence). The QLS is scored

on a 7-point anchored scale, ranging from 1 (terrible) to 7
(delighted). Total scores range from 16 to 112, with higher
scores reflecting increased satisfaction in life areas. In this
sample, the scale had good internal consistency (α = 0 93)
and there is evidence for high test-retest reliability (r = 0 78
to 0.84) and validity [40].

World Health Organization Disability Assessment
Schedule-II (WHODAS) [41] is a 36-item questionnaire
which assesses functional disability across 7 domains
(understanding and communicating, getting around, getting
along with people, life activities, work, participation in soci-
ety, and self-care) as well as a total score. The AUDIT is
scored on a 5-point Likert scale, ranging from 1 (none) to
5 (extremely or cannot do). The complex scoring guidelines
were used, where total score is calculated in three steps: (1)
summing of recoded item scores within each domain, (2)
summing of all six domain scores, and (3) converting the
summary score into a metric ranging from 0 to 100 (where
0 = no disability and 100 = full disability). In this sample,
the WHODAS had good internal consistency (α = 0 98)
and there is evidence for high test-retest reliability (r = 0 98)
and concurrent and construct validity [41].

2.4. Analyses

2.4.1. Imputation of Missing Data. To preserve the maxi-
mum number of cases, missing predictor and outcome data
were imputed using a Bayesian multivariate multilevel
model. Missing data was coded into the model as a vector
of parameters, and missing data was imputed as a probabil-
ity distributions for each missing data point. This allowed
for the quantification of the uncertainty for each specific
imputed data point, and it allowed this uncertainty to be
propagated through the other parameters in the model.
The depression and PTSD imputation models were each fit
as multilevel models with varying intercepts for participant.
Time, time since deployment, gender, race, ethnicity, sleep,
and social support were used as predictors in the depression
and PTSD missing data imputation models. All remaining
imputation models were also fit as multilevel models, with
(alcohol, social support, and sleep) or without (SI and time
since deployment) varying intercepts for participant and
the following predictors (except when the outcome was time
since deployment which included an intercept only): time,
time since deployment, gender, race, ethnicity, PTSD, and
depression. Varying intercepts among all of the models were
modeled as correlated, as correlations between predictors
and outcomes are likely for the same individual. The impu-
tation for time since deployment included an intercept only.
For all missing data imputation models except for alcohol,
truncated Gaussian families were used. Alcohol scores were
very skewed, so a truncated lognormal family with identity
link was used instead of Gaussian. Normal (0, 1) priors were
used for all predictors, since the outcomes consisted of the
centered and scaled variables.

2.4.2. PTSD Outcome Analyses. A Bayesian multivariate
multilevel model was fit to covariates and predictors of inter-
est for the outcome PTSD (see supplementary materials for
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model specifications (available here)). A beta family with a
logit link function was used to model PTSD, which was
scaled to a proportion of the max value of the PTSD
response item. Covariates and predictors used for the PTSD
model were time, gender, race, ethnicity, time since deploy-
ment (covariates), depression, alcohol, SI, social support,
and sleep (predictors). Additionally, interactions for gender
and time, gender and depression, gender and SI, gender
and social support, and gender and alcohol were specified.
Model results are reported as means and 95% uncertainty
intervals, which are means and 95% quantiles of the poste-
rior distribution for the parameters of interest.

2.4.3. Primary Outcome Analyses. A single Bayesian multi-
variate multilevel model was fit to covariates and predictors
of interest for the primary outcomes of WHODAS and QLS.
This model included several likelihood statements (models)
both for the main outcomes WHODAS and QLS, as well
as for the predictors for missing data imputation purposes
(see above for further detail on handling of missing data
and supplementary materials for details on model specifica-
tions). Covariates and predictors used for the primary out-
come analyses were gender, race, ethnicity, time since
deployment (covariates), depression, PTSD, alcohol, SI,
social support, and sleep (predictors). In both models, inter-
actions for gender and time, gender and depression, gender
and PTSD, gender and SI, gender and social support, and
gender and alcohol were specified. The variables sleep and
SI were 4 and 3 level ordinal categorical variables that were
fit as continuous variables. The SI variable was originally a
measure on the 0-25 scale, but the distribution of this vari-
able was bimodal and zero-inflated, and thus, it was catego-
rized into a 3-level ordinal variable (scores < 11 = 1,
scores > 10 and <21 = 2, and scores > 20 = 3). All other con-
tinuous variables were centered and scaled by 1 standard
deviation, except for the primary outcome variables QLS
and WHODAS, which were left on the original scale. For
the primary outcome models, normal (0, 10) priors for all
predictors were used. As the trend over time for the QLS
was nonlinear, a spline for the trend over time and an inter-
action for the spline of time with gender were used to model
the trend in QLS over time. A penalized thin plate regression
spline was used where the amount of wiggliness was con-
trolled by a parameter that is analogous to the standard devi-
ation of varying intercepts or slopes. As this parameter
approaches zero, the smooth term approaches a straight line,
but as the parameter increases, increasing amounts of wigg-
liness in the smooth term is allowed, similar to the way in
which an increasing standard deviation parameter on a vary-
ing intercept allows more heterogeneity. This parameter was
estimated to be well above zero (16.03 (4.44–42.60) for
women and 17.93 (6.36–45.42) for men) in the case for both
smooth terms (men and women), which is evidence that the
smooth term provides better fit than a simple linear trend.

In the WHODAS model, time was included as a linear
predictor. Both models included varying intercepts for par-
ticipant. The varying intercepts in the two models were
modeled as correlated, as correlations between responses
on the QLS and on the WHODAS are likely for the same

individual. Model results are reported as means and 95%
uncertainty intervals, which are means and 95% quantiles
of the posterior distribution for the parameters of interest.
Gaussian families were used for the primary outcomes QLS
and WHODAS. All models were fit in R version 3.6.3 using
the brms package version 2.17.0 which uses Stan on the
backend.

All models were fit with 4 chains, 4,000 iterations per
chain, of which 1,500 were warm-up samples. Convergence
was checked visually by inspecting trace plots and via Rhat
(a measure of convergence comparing between and within-
chain estimates), and all Rhat was less than 1.05. Model fit
was assessed visually via posterior predictive checking, as
recommended in Bayesian modeling workflow [42]. Poste-
rior predictive checks involve simulating data from the pos-
terior predictive distribution and comparing this to the
actual data. Models that fit well should generate data that
are similar (though not exactly the same) to the actual data.
Plots of posterior predictive checks are included in the
Supplementary Material (see Supplementary Figures 1-3).

3. Results

3.1. PTSD. Predictors associated with PTSD were social sup-
port (-0.27 (-0.37, -0.18)), depression (0.47 (0.35, 0.59)), and
sleep (-0.31 (-0.41, -0.21)). There was little discernable effect
of alcohol (0.08 (-0.05, 0.20)) and SI (0.07 (-0.14, 0.28)) on
PTSD, as the 95% uncertainty intervals broadly covered both
sides of zero. There was no discernable difference for men vs.
women for any of the examined predictors on PTSD, as the
95% uncertainty intervals for all interactions between predic-
tors and gender broadly covered both sides of zero. See Sup-
plementary Table 1 for correlations and model coefficients
and Table 3 for predictor and outcome descriptive statistics
over time.

3.2. Primary Outcomes

3.2.1. Variability and Correlation. The standard deviations
of the varying intercepts in the models are a measure of
between-person variability, while the standard deviation of
the models is a measure of within-person variability. Both
within-person variability and between-person variability
were high in all models: the between-person variability for
the WHODAS model was 12.01 (10.96, 13.16) and for the
QLS model was 8.65 (7.84, 9.51), while the within-person
variability was 10.52 (10.12, 10.96) and 9.44 (9.07, 9.83),
respectively. The correlation between the varying intercept
for the WHODAS model and the varying intercept for the
QLS model was -0.52 (-0.62, -0.42), indicating that baseline
WHODAS was negatively correlated to baseline QLS in
participants. See Supplementary Table 2 for correlations
coefficients.

3.2.2. WHODAS. The baseline (time zero) mean WHODAS
score for white, non-Hispanic veterans when depression,
social support, time since deployment, and PTSD were at
their overall mean value; sleep was at 0 level (poor sleep,
the most frequent level); SI was at 0 level (lowest ideation,
the most frequent level); and alcohol was at 0 level (least
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hazardous alcohol consumption, the most frequent level) for
women was 40.78 (36.98, 44.61) and for men was 41.03
(38.33, 43.73), which was not discernably different (0.26
(-3.65, 4.15)). There was no discernable trend over time
(-0.02 (-0.98, 0.93)) for women and no discernably different
trend for men compared to women (-0.06 (-1.09, 0.96)) (see
Figure 1). The Bayesian R2 for the full model was 0.85 (0.84-
0.86). There were no discernable differences based on race
and ethnicity or time since deployment, as the uncertainty
intervals for estimates broadly spanned zero.

There was little discernable effect of alcohol for women
(0.58 (-1.33, 2.48)) or for men (0.74 (-0.42, 1.89)), with no
discernable difference in men vs. women, 0.16 (-1.98, 2.24).
The same was true for suicidal ideation (0.48 (-2.94, 3.91)
for women and -0.59 (-2.95, 1.76) for men, or men vs.
women, -1.08 (-5.10, 3.04)) and sleep (0.89 (-0.36, 2.11))
on WHODAS as the 95% uncertainty intervals broadly cov-

ered both sides of zero. Depression and PTSD were strong
predictors of WHODAS. For every single standard deviation
increase in depression, there was a 8.12 (5.81, 10.45) point
increase in WHODAS for women and a 7.9 (6.34, 9.5) point
increase in WHODAS for men, with no discernable differ-
ence for men compared to women, -0.22 (-2.76, 2.32). For
each standard deviation increase in PTSD, there was a 9.90
(7.42, 12.42) point increase in WHODAS for women and a
9.43 (7.69, 11.21) point increase in WHODAS for men, with
no discernable difference for men compared to women,
-0.47 (-3.14, 2.27). Social support was also predictive of
WHODAS scores; for each standard deviation increase in
social support, there was a 1.53 (0.08, 3.12) point decrease
in WHODAS for women and a 1.65 (0.56, 2.76) point
decrease in WHODAS for men, with no discernable differ-
ence for men compared to women, -0.12 (-1.89, 1.62). Model
coefficients are presented in Supplementary Table 2, and the

Table 3: Predictors and outcomes over time.

(a)

Time
1 2 3 4

M (SD) M (SD) M (SD) M (SD)

WHODAS (disability)

Female 44.0 (25) 47.5(27.7) 45.5 (28.1) 42.4 (26.9)

Male 42.0 (27) 41.9 (27.6) 42.6 (26.2) 39.0 (26.9)

QLS (quality of life)

Female 74.4 (16.6) 68.8 (20.3) 69.4 (20.3) 75.3 (19.6)

Male 75.8 (18.3) 70.8 (19.5) 71.8 (18.3) 75.0 (18.7)

AUDIT (alcohol use)

Female 3.4 (5.2) 3.5 (5.2) 3.5 (5.7) 3.2 (5.3)

Male 5.1 (6.4) 3.9 (5.2) 4.7 (6.4) 4.2 (5.4)

DRRI (social support)

Female 37.9 (8.5) 34.6 (9.5) 34.9 (10) 36.8 (9.9)

Male 39.0 (8.2) 37.0 (8.9) 36.7 (8.8) 37.4 (8.7)

PHQ-9 (depression)

Female 11.6 (6.2) 12.2 (7) 11.7 (7.2) 10.7 (6.2)

Male 10.2 (6.8) 10.4 (6.8) 10.4 (7) 9.4 (6.9)

PCL-5 (PTSD)

Female 34.7 (21) 35.9 (22.3) 36.8 (22.6) 32.6 (21.6)

Male 34.2 (21.6) 33.1 (21.4) 33 (21.2) 30.7 (21.3)

(b)

Time
1

N (%)

C-SSRS∗

Female
0 (N = 62, 52.1%)
1 (N = 47, 39.5%)
2 (N = 10, 8.4%)

Male
0 (N = 231, 62.4%)
1 (N = 124, 33.5%)
2 (N = 15, 4.1%)

∗Lifetime suicidal ideation is time-invariable.
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effects of predictors and gender on WHODAS scores are
presented in Figure 2.

3.2.3. QLS. The baseline (as defined above for WHODAS)
mean QLS score was 75.45 (72.59, 78.34) for women and
72.52 (70.5, 74.58) for men; the baseline QLS was slightly
less for men compared to women, -2.93 (-5.67, -0.16). The
trend over time was nonlinear, as can be seen in Figure 3.
The Bayesian R2 for the full model was 0.74 (0.72-0.76). As
with WHODAS, race, ethnicity, and time since deployment
had no discernable effect on QLS in this model.

Depression, PTSD, social support, and SI were all
strongly predictive of QLS. For every single standard devia-
tion increase in depression, there was a 3.04 (0.99, 5.14)
point decrease in QLS for women and a 5.35 (3.94, 6.77)
point decrease in QLS for men. Men had an additional
2.31 (0.02, 4.58) point decrease beyond that of women. For
each SD increase in PTSD, there was a 5.24 (3.05, 7.39) point
decrease in QLS for women and a 2.64 (1.07, 4.22) point
decrease in QLS for men. The effect of PTSD on QLS was
not as great in men, as indicated by the contrast between
the slopes of men versus women, 2.60 (0.37, 4.88). For each
SD increase in social support, there was a 3.30 (1.87, 4.69)
point increase in QLS for women and a 4.27 (3.28, 5.26)
point increase in QLS for men. There was an additional
0.97 (-0.58, 2.50) point increase for men vs. women,
although this latter estimate is inconclusive as the lower
95% UI covers 0. For each SD increase in SI, there was a
5.58 (2.93, 8.23) point decrease in QLS for women and a
0.61 (1.17, 2.39) point decrease in QLS for men. The contrast
between the slopes for men versus women was 4.97 (1.85,
8.07), indicating that there was no appreciable effect of SI
on QLS for men. There was some evidence, though not at
the 95% level, that increased alcohol predicted decreased
QLS in women (-0.91 (-2.49, 0.67)) and men (-1.03 (-2,
0.06)) with little discernable difference for men vs. women
(-0.12 (-1.83, 1.60)). Model coefficients are presented in Sup-

plementary Table 2, and the effects of predictors and gender
on QLS scores are presented in Figure 4.

4. Discussion

This study examined if PTSD and identified predictors of the
course of PTSD in veterans, namely, depression, social sup-
port, sleep, alcohol use, and SI, also predicted functional out-
comes in a longitudinal sample of 491 post-9/11 veterans. As
female veterans have unique environmental stressors and
functional demands, differential effects of predictors were
examined by veteran gender. In this study, the course of dis-
ability was relatively stable over time, which aligns with
reports of relative invariability in psychosocial functioning,
including entrenched functional impairments in large sub-
sets of this population [4]. In contrast, the course of quality
of life was more variable, which is expected as these experi-
ential measures of well-being are more likely to be state
dependent [43].

Depressive symptoms, social support, and sleep were the
strongest predictors of PTSD symptom severity in this sam-
ple. Results indicate that previously established predictors of
the course of PTSD also predicted disability and quality of
life in this sample. Depressive symptoms and social support
also emerged as the strongest predictors of functional out-
comes in this study, which converges with their predictive
power in Lee et al. [10] examination of the course of PTSD.
Additionally, SI (in women) and alcohol use emerged as pre-
dictors of quality of life, but not disability. Although chronic
alcohol abuse is associated with significant functional
impairments in all domains [44], alcohol use of this severity
level was rare in this sample. Therefore, it is possible that the
increases in alcohol use reported here are not severe enough
to cause disability but still cause fluctuations in quality of
life. As expected, increases in PTSD symptoms predicted
increased disability and decreased quality of life. Although
the predictive value of trauma symptomatology on disability
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Figure 1: Trajectory of WHODAS scores over time. The figure shows the trend in WHODAS scores over time for men (dashed line) and
women (solid line). Lines are mean estimates, and shaded regions are 95% uncertainty intervals.
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[45] and quality of life [46] has been widely reported, these
findings demonstrate that this association remains signifi-
cant after controlling for predictors of psychosocial func-
tioning, giving us insights into the unique and potent effect
of PTSD on these functional domains.

The interaction between predictors and gender was espe-
cially pronounced for quality of life, with the effects of alco-
hol use on quality of life strongest for female veterans.
Research has previously found gender differences in the
harms associated with alcohol use: women who use alcohol,
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Figure 2: Predictor effects on WHODAS scores. For this figure and Figure 4, depression, social support, and PTSD symptoms are centered
and scaled to 1 standard deviation. Alcohol was categorized into a 4-category variable, suicidal ideation a 3-category variable, and sleep
a 4-category variable that were fit as continuous variables in the model. The effects on the outcome for each predictor are shown when
all other continuous predictors are held at their mean (zero) and alcohol, suicidal ideation, and sleep at their lowest level (zero).
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Figure 3: Trajectory of QLS scores over time. The figure shows the trend in QLSS scores over time for men (dashed line) and women (solid
line). Lines are mean estimates, and shaded regions are 95% uncertainty intervals.
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even at more moderate levels, are more likely to suffer
adverse physical consequences [47], report relationship diffi-
culties in certain contexts [48], and have lower levels of life
satisfaction [49]. Additionally, the effect of depressive symp-
toms on quality of life was more pronounced for male vet-
erans, and the effect of PTSD on quality of life was more
pronounced for female veterans. These findings dovetail
with research suggesting that depressive symptoms may
especially coincide with functional declines in men [50,
51]. There is some evidence that women experience greater
functional impairment following trauma exposure [52],
although this has not been consistently described [45]. Fur-
ther research is needed to understand this pattern; however,
it could be that the observed gender differences in depres-
sion, PTSD, and quality of life may be attributable to societal
constructions of gender and gender roles that influence and
exacerbate the effects of specific types of symptoms on qual-
ity of life [53]. Although stigma can be experienced by any-
one with mental health difficulties, it could be that the
societal gender roles exacerbate the influence of stigma on
depression in men and PTSD in women. This pattern could
also be due to the inherent confound between gender with
severity and types of traumas that influence depression,
PTSD, and quality of life. For example, experiences of sexual
trauma are strongly linked to PTSD and highly prevalent
among female veterans [54]. We did not examine the type
of index trauma or sexual assault exposure; however, it could
be that these findings are picking up on a difference in
impact on quality of life that is driven by a higher rate of sex-
ual assault exposure among the women in this sample and

unmeasured direct and indirect effects of assault on quality
of life (Maguen, Cohen, Ren, Bosch, Kimerling, & Seal).
Given the pattern of these results, including gender and sex-
ual assault history in future research, examining quality of
life in veterans is warranted.

For post-9/11 veterans, the majority of VA mental health
resources are directed towards the treatment of PTSD [55];
however, these results suggest that other clinical dimensions
significantly impact functional outcomes independent of
PTSD. Diversifying treatment targets could increase the
potency of treatments offered within the VA. Importantly,
these treatment targets are not routinely included in treat-
ments for veterans, even when they are present. For exam-
ple, severe depressive symptoms in veterans presenting to
specialized PTSD treatments within the VA are common
[56]; however, EBTs for PTSD do not explicitly address
depressive symptoms, and residual depression symptoms
are endorsed at high rates after termination of PTSD-
focused treatment [57, 58].

Social support is an established risk factor for the emer-
gence and exacerbation of mental health symptoms, and
attempts have been made to intervene at the level of social
functioning for an array of mental health disorders [59].
Importantly, there is evidence that social support could be
an effective addition to the treatment for PTSD [60], and tri-
als including peer support into EBTs for PTSD are underway
[61]. Similarly, there have been calls for a greater emphasis
on depressive symptoms in the treatment of PTSD, along
with a growing recognition that depressive symptoms exist
partly independent of trauma symptoms [62, 63]. Available
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transdiagnostic treatments have grown exponentially over
the last decade [64, 65], and dual diagnosis interventions,
mostly for comorbid substance use disorders, are gaining
ground within VA care [66]. Depressive symptoms appear
to be associated with both PTSD and functional impairment
within the context of PTSD and independent of PTSD.
Given these findings including additive treatments for
depressive symptoms in EBTs for PTSD may be merited.
For example, behavioral activation (BA), an effective treat-
ment for depression, has been successfully leveraged for
the treatment of PTSD [67], with reported downstream
effects for comorbid depressive symptoms. Including BA in
PTSD treatment protocols may be relatively seamless given
the behavioral focus of these protocols and is potentially
an untapped means to increase treatment effects and
decrease functional disability. Ultimately, adding these treat-
ment components may be most beneficial for those individ-
uals who have severe functional impairment or for those
who are at risk for treatment nonresponse. There is a need
for further research to evaluate what would be the optimal
method and timing for incorporating any additional treat-
ment components into PTSD treatments and who might
benefit most from them.

The current study has several strengths. First, as veterans
were followed longitudinally, functional outcomes and the
effects of predictors were mapped over time. Our sample size
was also large, lending confidence to results. In addition, we
were able to nuance results by measuring multiple dimen-
sions of psychosocial functioning and modeling effects by
gender. Despite suggesting various promising avenues of
future research, there are also certain limitations to the cur-
rent study. The effect of SI and alcohol use on PTSD symp-
tom severity was relatively weak. This is likely partially the
result of floor effects in this nonclinical sample. That is, the
severity and variability of psychopathology (i.e., PTSD, alco-
hol use, and SI) were relatively low in this sample, and there-
fore, the strength of effects may have been constrained. This
may have been especially pertinent for SI, and lifetime SI was
used for the current study, as current SI was very rare in this
sample. Future studies should oversample veterans with
diagnosable psychopathology and psychosocial impairment
to investigate whether results generalize to these veterans
and to further examine the associations between predictors
with relatively low base rates in this sample (i.e., current
SI) and psychosocial outcomes.

This study only included veterans who are enrolled in
VA services, and therefore, results may not generalize to
the broader population of veterans. We also relied exclu-
sively on self-report measures of predictors and functional
disability, and our methodology would have been strength-
ened by the inclusion of other measurements, such as eco-
logical momentary assessment, medical record data (i.e.,
service connection and health status), or corroborating fam-
ily assessments. This might be especially pertinent for sleep
and SI, which were not associated with disability and/or
quality of life in this study. This is surprising given the body
of research associating sleep and SI with functional impair-
ments [68, 69]. Sleep was only assessed at baseline and time-
point 4. Our models took into account the uncertainty

inherent in the imputed data and propagated this uncer-
tainty to the other model parameters; however, future
research would be strengthened by the inclusion of addi-
tional measurements of these constructs to ascertain
whether this lack of association is spurious or true. Addi-
tionally, as functional disability was rather invariable in the
current study, a longer follow-up period and/or examining
functional disability closer to trauma exposure (e.g., by start-
ing assessment in active duty personnel or recently separated
veterans) may provide additional insights into which predic-
tors are associated with changes in disability over time.
Lastly, future studies might consider exploring how changes
between examined predictors and psychosocial outcomes
relate to changes in PTSD symptoms. Examining these rela-
tionships could elucidate the sequencing of risk (or conver-
gingly resilience) and suggest potential entry points for
intervention.

Despite the limitations, this study contributes to the
growing literature examining psychosocial outcomes in vet-
erans. To successfully address veterans’ unique and comor-
bid mental health challenges, an arsenal of evidence-based
treatment approaches is likely required. Results suggest that
depressive symptoms and social support are treatment tar-
gets which can potentially be integrated into existing
PTSD interventions. Additionally, stand-alone intervention
focused on psychosocial outcomes could be offered to vet-
erans as a lower barrier initial treatment option than EBTs
for PTSD. There is evidence that these lower threshold
interventions may be an eventual gateway to more focused
PTSD treatment [70]. This approach is in line with a broader
shift within the VA towards recovery and resilience-based
alternatives to traditional treatment options. As available
treatment options fail to fully address psychosocial function-
ing deficits in veterans presenting with PTSD, there con-
tinues to be a need to focus research efforts on establishing
data-driven priority treatment targets. Results outlined in
this study can be used to guide these efforts, with the over-
arching goal of improving symptoms and facilitating vet-
erans’ reintegration and rehabilitation.
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