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Abstract

Returning veterans often face multiple concurrent psychiatric and behavioral conditions that
negatively impact reintegration into civilian life and are associated with functional disability.
Understanding how conditions interact to negatively impact functioning is an important step
toward developing holistic treatment approaches that are optimized for this population. This study
utilized a cross-sectional and prospective longitudinal cohort design applying regression
algorithms to understand the relative contribution of common clinical issues to functional
disability in U.S. veterans who served after the September 11, 2001 (9/11) terror attacks.
Community-dwelling post-9/11 veterans (A= 397) completed detailed assessments, including
common clinical condition diagnoses, combat experience, and demographics, which were used to
predict functional disability (World Health Organization Disability Assessment Schedule); 205
participants were reassessed approximately 1-2 years after enrollment. Regression analyses
showed a strong association between the predictor variables and functional disability, 72 = 1.488.
Validation analyses showed high prediction ability of functional disability both to independent
samples, r=.719, and across time in the same individuals, r=.780. The strongest predictors
included current posttraumatic stress disorder, depressive disorder, sleep disturbance, and pain
diagnoses. These results demonstrate the importance of considering multiple common co-
occurring conditions when assessing functional disability in post-9/11 veterans, and suggest that
certain syndromes contribute the most unique information for predicting functional disability with
high confidence. As most U.S. veterans utilize private healthcare systems, these results have
clinical utility for both Veterans Affairs and civilian healthcare practitioners in assessing and
monitoring functional disability in post-9/11 veterans over time.

A substantial percentage of U.S. veterans who served in the recent conflicts after the
September 11, 2001 [9/11] terror attacks (e.g., Afghanistan and Iraq) were exposed to
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physical and psychological trauma while deployed and present to primary care clinics with
multiple psychiatric, behavioral, and/or neurological conditions that interfere with successful
reintegration into civilian life. In addition to the two signature injuries of these wars—
traumatic brain injury (TBI) and posttraumatic stress disorder (PTSD; Atkinson, Guetz, &
Wein, 2009; Hoge, et al., 2004; Terrio, et al., 2009), numerous studies have identified
common comorbidities that often accompany PTSD and TBI, such as chronic pain and sleep
disturbances, as well as additional psychiatric conditions, such as depressive, anxiety, and
substance use disorders (Amick, et al., 2018; Beckham, et al., 1997; Bleich, Koslowsky,
Dolev, & Lerer, 1997; McGlinchey, Milberg, Fonda, & Fortier, 2017; Thomas, et al., 2010;
Walker, Clark, & Sanders, 2010). These comorbid diagnoses likely interact with concurrent
diagnoses of PTSD or TBI to further impair cognitive, social, and functional outcomes both
during reintegration from military to civilian cultures and well into the future (Amick, et al.,
2018; Fonda, et al., 2017; Lew, et al., 2008; Schult, 2011). Previous work has shown that the
totality of these complex clinical presentations may be larger than the sum of symptoms or
features associated with each individual diagnosis (Amick, et al., 2018; Lew, et al., 2008;
Lippa, et al., 2015; Walker, et al., 2010).

Often, clinical assessment and treatment focuses on individual conditions (e.g., PTSD).
However, this approach may not be appropriate in complex clinical populations in which
there are multiple concurrent clinical factors in play. Rather than attending to a single
diagnosis, it has been proposed that attention to commonly occurring comorbid conditions
among this veteran cohort provides a more holistic understanding of the underlying causes
of reintegration difficulty and overall functional disability over time (Amick, et al., 2013;
Amick, et al., 2018; Fortier, et al., 2018; Lippa, et al., 2015; McGlinchey, et al., 2017).
Further, it has been shown that in addition to their relatively high co-occurrence, at least six
comorbid conditions are associated with increases in self-reported functional disability
(Lippa, et al., 2015). These include mild TBI (mTBI), PTSD, depressive disorder, anxiety
disorder, current pain, and sleep disturbances. Although findings reported to date have noted
significant associations among these conditions, there remains a need to determine the extent
to which associative relations with these clinical issues are replicable and predictive of
outcomes. Additionally, there is a need for longitudinal assessments to determine the
temporal stability of these associations to strengthen confidence in findings that influence
the development of future therapeutic interventions.

The present study sought to extend and validate recent findings regarding the relative
influence of co-occurring clinical disorders on overall functional disability by leveraging a
large cohort of post-9/11veterans that includes longitudinal assessments over a 1-2-year
time period. First, we assessed the ability of the multivariable regression model proposed by
Lippa et al., (2015), which utilizes diagnostic statuses readily available in most clinical
settings, to predict functional disability in novel participant samples and within the same
participants over time. Second, using a novel hierarchical cross-validation algorithm, we
tested the hypothesis that combining information across multiple diagnoses provides better
predictive ability of functional disability than individual diagnoses alone and aimed to
determine which subsets of diagnoses would optimize prediction ability within the cohort
tested.
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Participants and Procedure

Measures

Participants were community-dwelling post-9/11 veterans enrolled in the longitudinal cohort
study conducted by the Translational Research Center for TBI and Stress Disorders
(TRACTS). This ongoing longitudinal cohort study employs a convenience sample, with
participants self-selected based on interest in the study. Participants were not selected a
priori for any specific clinical diagnoses. Thus, this sample also includes a subset of healthy
veterans with no clinical issues and is demographically representative of the post-9/11
veteran population who utilize the Veterans Affairs (VA) Health Care system (Lippa, et al.,
2015). However, the sample does show higher rates of TBI and mental health issues than the
larger post-9/11 veteran population. At the time of this study, the full TRACTS cohort
included 475 consecutively run veterans who met the major inclusion and exclusion criteria.
All participants recruited to TRACTS complete comprehensive psychiatric and
neuropsychological assessments (McGlinchey, et al., 2017). Diagnostic interviews were
completed by doctoral-level psychologists, with cases reviewed by at least three doctoral-
level psychologists or psychiatrists to achieve consensus. Inclusion criteria for the TRACTS
cohort was that participants were deployed or to-be-deployed post-9/11 service members
between 18 and 65 years of age. General exclusion criteria included prior seizure disorders,
cognitive disorder due to general medical conditions, and/or neurological illness unrelated to
TBI; active suicidal and/or homicidal ideation requiring intervention; or a current diagnosis
of bipolar disorder or psychotic disorder unrelated to PTSD. Following the methodology
outlined by Lippa et al. (2015), participants were additionally excluded if they had not been
deployed to a combat zone (7= 22), in order to focus on deployment-related trauma, and/or
had a history of moderate or severe TBI (n7= 16). Four additional participants were excluded
due to non—combat-related factors that could significantly impact cognitive (7= 1),
psychiatric (n= 1), or neurological (r7= 2) function, such as low premorbid 1Q, possible
psychotic or personality disorder diagnoses, and congenital neurological irregularities,
respectively. Participants were then excluded for missing data on the functional disability
questionnaire used as our dependent variable (7= 26) or any clinical assessments used as
independent variables outlined herein (7= 10). We note that rerunning all analyses including
the 10 participants with missing clinical assessments, using 10-fold multiple imputation with
pooled estimates, did not alter any of the results outlined later and are thus not reported.
Table 1 shows demographic information for the remaining 397 participants. From this
sample, 205 participants returned for follow-up reassessment 1-2 years following their
enrollment (i.e., baseline) assessment. This study was approved by the VA Boston
Healthcare System internal review board, and all participants completed written informed
consent before testing.

Demographic characteristics.—Demographic information on age, race/ethnicity,
gender, and other variables was collected via a questionnaire administered at baseline and
follow-up assessent.
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Combat exposure.—Combat exposure was assessed using the Deployment Risk and
Resilience Inventory (DRRI) Combat Experience subscale (King, King, Vogt, Knight, &
Samper, 2006). The DRRI combat module is a 16-item self-report questionnaire that uses a
Likert scale ranging from 0 (never) to 4 (daily or almost daily), with higher scores indicating
a larger number of combat experiences. In the present sample, the Combat Experience total
score ranged from 0 to 64, Cronbach’s a = .91. Evidence for the internal consistency
reliability, criterion-related validity, discriminative validity, and test-retest reliability of the
DRRI scales has been demonstrated (King, et al., 2006; Vogt, Proctor, King, King, &
Vasterling, 2008).

Symptom validity.—The Neurobehavioral Symptom Inventory (NSI: Cicerone & Kalmar,
1995) is a 22-item self-report questionnaire that uses a Likert scale ranging from 0 (never) to
4 (very severe). In the current sample, the NSI total score ranged from O to 88, Cronbach’s a
=.95. The Validity-10 Scale (Vanderploeg, et al., 2014), which is embedded in the NSI, was
used to examine possible symptom overreporting or exaggeration on self-report measures.
Validity-10 scores can range from 0 to 40, and a cutoff score of 23 or higher was used to
classify groups (Lange, Brickell, Lippa, & French, 2015).

Traumatic brain injury.—The Boston Assessment of TBI-Lifetime (BAT-L: Fortier, et
al., 2014) was used to assess participants’ history of TBI that occurred pre-deployment,
during deployment, and post-deployment. A history of military mTBI was defined as a
period of self-reported loss of consciousness that lasted less than 30 minutes, and/or
posttraumatic amnesia that lasted less than 24 hours, and/or altered mental status that lasted
less than 24 hours following a credible injury mechanism that occurred during military
service (U.S. Department of Veterans Affairs and U.S. Department of Defence, 2009).

PTSD.—To evaluate the presence, history, and severity of PTSD, participants were assessed
using the Clinician-Administered PTSD Scale (CAPS: Blake, et al., 1990) based on criteria
from the fourth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-
1V, Weathers, Ruscio, & Keane, 1999). Interrater reliability for the CAPS-IV was examined
in 5% of the TRACTS cohort. Interrater reliabilities were strong (range x = 0.687 to 0.691),
for diagnoses for each time epoch (current and post-deployment) as compared to established
CAPS-IV interrater reliability (i.e., x = 0.58; Blake, et al., 1995). In our sample, CAPS-IV
total scores ranged from 0 to 125, Cronbach’s a = .96.

Psychiatric disorders.—The Structured Clinical Interview for DSM-/V Axis | Disorders
(SCID: First, Spitzer, Gibbon, & Williams, 1996; Lobbestael, Leurgans, & Arntz, 2011;
Williams, et al., 1992), nonpatient edition, was used to assess current depressive, anxiety,
and substance abuse disorders. Note that we refer to the assessment of Axis 1 mood
disorders as depressive disorders in this sample as it includes major depressive disorder,
dysthymic disorder, substance-induced depressive disorder, or depressive disorder not
otherwise specified, but not bipolar disorder, which is an exclusionary criterion for the
TRACTS sample.

Sleep quality.—The Pittsburgh Sleep Quality Index (PSQI: Carpenter & Andrykowski,
1998) was administered, and, following the format outlined by Lippa et al., (2015), a global
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cutoff score of 6 or higher was used to define the presence of sleep disturbance. In the
present sample, PSQI global scores ranged from 0 to 20 with higher values indicating poorer
sleep, Cronbach’s a = .79.

Pain.—Using the Short Form McGill Pain Questionnaire (SFMPQ: Grafton, Foster, &
Wright, 2005; Melzack, 1987), participants reported current overall pain levels (ordinal, with
response options ranging from noneto excruciating) and 30-day average pain severity
(range: 0-100, with higher scores indicating a higher level of pain). Participants who self-
reported current overall pain levels as mild or higher were classified as having current pain.

Functional disability.—The World Health Organization Disability Assessment Schedule
2.0 (WHODAS: World Health Organization, 2010) was used to measure self-reported
functional disability. The WHODAS-2 is a 36-item self-report questionnaire that uses a
Likert scale ranging from 0 (never) to 4 (extreme/cannot do). It has been shown to have high
internal consistency (Cronbach’s a = 0.86), stable factor structure, and high test-retest
reliability (intraclass correlation coefficient = 0.98; (Ustiin, et al., 2010). Within this 36-item
questionnaire, there are six subscales: Understanding and Communicating, Getting Around,
Self-Care, Getting Along with People, Life Activities, and Participation in Society. Overall
and subdomain scores range from 0 to 100, with higher scores indicating worse functioning.
Each item contributes to the respective subdomain score equally, and each subdomain score
is divided by the total possible points. Each subdomain score contributes equally to the
overall score. In our sample, the WHODAS overall total ranged from 0 to 75, Cronbach’s a
= .97. For all analyses, the square root of the overall WHODAS and subscale scores was
used to normalize the positively skewed distribution (normalized range: 0-10). The
normalized overall WHODAS score is subsequently referred to as the measured disability
score.

Data Analysis

Descriptive statistics for demographics and clinical characteristics during initial enrollment
and the follow-up testing sessions were calculated. Independent sample #tests and chi-
square tests were calculated using SPSS (Version 24) to test for sample differences across
the two testing periods. The main analyses used the Statistics Toolbox and custom scripts
written in Matlab (MathWorks Inc., Natick, MA) to examine the degree to which clinical
diagnoses were related to disability. TRACTS employs periodic dataset releases, with
approximately 50 newly enrolled participants included in each release. Utilizing this, we
separated the initial enrollment data (/= 397) into our model development group (N = 355),
including all participants from the December 2015 data release, and a novel enrollment
validation dataset (V= 42) that included all newly enrolled participants in the February 2017
data release. For the initial model development, a multiple linear regression analysis was
performed on the 2015 data release (V= 355). Following the method described by Lippa et
al. (2015), 12 independent predictors were used to model the participant-reported disability.
These predictors included general demographic information (gender, age, years of
education), the DRRI combat exposure score, and diagnoses (yes or no) for potential
symptom exaggeration (NSI), military mTBI, current PTSD, current sleep disturbance and
pain, and current depressive, anxiety, and substance disorders.
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Model validation in novel groups.—Even with low parameter numbers relative to
observations, regression models can overfit data for a number of reasons (Arlot & Celisse,
2010; Babyak, 2004; Hawkins, 2004). Ultimately, for a model to be of clinical relevance, it
should be able to predict performance in independent datasets. To assess the quality and
prediction ability of the initial regression model, the beta weights from the regression model
on the 2015 dataset were used to predict reported disability in two novel samples of
participants. First, the beta weights were applied to the measured data in the 42 novel
participants from the 2017 dataset to predict their measured disability scores. The same
process was then used to predict the measured disability scores for the 205 participants in
the longitudinal follow-up dataset. This process allowed us to assess the validity of the
model in predicting functional disability in unique participants and to track functional
disability within individuals over time.

Full cross-validation modeling approach.—As the TRACTS cohort may have varied
systematically over time, a full 10-fold cross-validation approach was also used to model the
data. Here, all 397 initial enrollment participants were randomly assigned to one of 10
groups. In each iteration, one dataset was left out and a regression model was fit to the 9
remaining training datasets. The resulting beta weights were then applied to the participants
in the left-out test dataset. After all 10 iterations, the quality of the regression fit was
assessed by correlating the measured versus predicted disability scores across participants,
using Pearson r. The average beta weights across the 10 iterations were then used to predict
reported disability in the follow-up testing dataset. For this approach, we first used the
overall measured disability score as the dependent variable and then repeated the analysis
using each of the six WHODAS subscale scores.

Relative contributions of individual conditions to predicted disability.—Since
assessing all predictors may not be feasible in clinical settings, our final hierarchical cross-
validation analysis assessed the extent to which individual diagnoses contribute to overall
predictive ability to determine whether reduced models can provide sufficient prediction
ability. First, the hierarchical order in which variables would be added was determined from
the percent of variance in disability explained by each of the 12 independent variables
separately in the initial enrollment dataset. Thus, the order was not defined in a fully
independent manner for the enrollment dataset but is independent when the model was
applied to the follow-up dataset. Second, in each of 12 iterative steps, the full 10-fold cross-
validation approach outlined earlier was used to calculate the correlation between observed
and predicted disability scores for both the initial enroliment and follow-up datasets. The
percent of variance explained (R2) was then calculated from the Pearson’s 7. In each iterative
step, a new predictor variable was added to the set of predictors, and the procedure was
repeated. The order in which parameters were added to the model began with the
independent variable that explained the largest proportion of variance independently (PTSD)
and proceeded to the variable that explained the least proportion of variance independently
(gender).

Random permutation testing approaches, such as Monte-Carlo permutations, are appropriate
when the number of possible permutations is large. Given the limited number of potential
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permutations in our dataset, which contained only 12 potential features, we instead used
exact permutation testing, where the expected /2 value is calculated from all possible
permutations at each level in the hierarchy (Table 4), to assess the quality of our model
statistically (Berry, Mielke Jr, & Mielke, 2002). The null distribution here assumes that the
selected model performs no better than the other possible permutations of n randomly
selected variables from the 12 potential parameters. For example, for the level of the
regression model that includes three parameters (current PTSD, depressive disorders, and
pain), the variance explained by the a priori model was assessed relative to all possible three-
parameter models. This addresses whether the selected three-parameter model provides
more information than all other possible combinations of three diagnoses (e.g., current
PTSD, military mTBI, and current substance use disorder).

As with our a priori model, for each null distribution comparative model, the variance
explained (R2) was calculated from a 10-fold cross-validation procedure comparing the
observed and predicted disability scores for all 397 participants in the enrollment dataset.
The average beta weights from the 10-fold procedures were then applied to the data of the
205 participants in the follow-up dataset to calculate the variance explained (A2) between
observed and predicted disability scores in this sample.

For each dataset, p values, representing the probability that an /2 value as high as that seen
in the a priori model would have been observed with a randomly selected model of the same
number of parameters, were calculated as the proportion of permutations with an /2 value
equal to or higher than the /2 value of the a priori model. For all 77levels of the hierarchy,
the permutation approach was applied except for the final 12-parameter model, for which
there was only one potential combination (i.e., all available parameters). As seen in Table 4,
for the single parameter and 11-parameter models, only 12 potential permutations were
possible, meaning the minimum p value of p=.083 falls above criterion (a = .05) for
significance.

Aside from increases in age and months since last deployments, group-level differences
across the two datasets showed an increase in the average level of educational attainment
and decreases in PTSD severity scores and proportion of the sample diagnosed with current
PTSD (Table 1). The level of PTSD severity at initial enrollment did not differ across
participants who did and did not return for follow-up prior to the 2017 release. This suggests
individuals who had yet to return for follow up (due to timing or declining to return) did not
have more severe PTSD symptoms, {319.96) = 1.30, p=.196, corrected for unequal
variance. Additionally, PTSD severity scores were positively correlated across the initial and
follow-up testing sessions in those participants who did return for additional testing, 7=
0.730, p<.001. Similar to previous findings (Lippa, et al., 2015), functional disability as
scored on the WHODAS was higher than would be expected in 75% of the general
international population (World Health Organization, 2010) and showed stability across the
two testing periods, r=0.734, p< .001.
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The initial regression model fit to the December 2015 dataset (Figure 1 and Table 2) showed
positive associations with reported functional disability, with all clinical diagnoses except
for current substance use contributing significantly to model (Table 2). Overall, the model
showed a strong correlation between the observed and predicted functional disability scores,
A2, 342) = 42.445, p< .001, A% = 598, 90% CI [.525 — .638], # = 1.488. Although similar
patterns were seen for the beta weights on the six WHODAS subdomain scores, the number
of diagnoses that reached significance varied from two to six (Table 3).

The coefficients from the initial model were then applied to the 42 novel participants in the
February 2017 dataset. Results showed a strong correlation between the observed and
predicted functional disability scores in this new sample of participants, r=.719, p<.001
(Figure 1, Panel B). Next, the coefficients were applied to the data from the participants in
the follow-up dataset. As seen in Panel C of Figure 1, the results again showed a strong
correlation between the observed and predicted functional disability scores in these
longitudinal participants, r=.780, p< .001. This suggests temporal stability in prediction
ability across time (Figure 1, Panel D).

A 10-fold cross-validation approach was then applied to the enrollment dataset for overall
disability as well as the six subscale scores from the WHODAS (Figure 2, Panel A). For the
overall score in the initial enrollment dataset, a strong correlation was still observed between
the measured and predicted disability scores, r=.752, p<.001. When the average beta
weights across the 10-fold procedures were used to predict functional disability in the
follow-up dataset, a strong positive correlation was observed, again demonstrating temporal
stability in prediction ability, r=.763, p<.001. Though lower than the overall score,
significant positive associations were also observed for all six subscales for both the initial
enrollment and follow-up datasets, p% < .001.

Finally, a hierarchical cross-validation approach was used to assess the prediction ability of
reduced models with subsets of diagnoses included (Figure 2, Panel B). Starting with just
current PTSD diagnosis, on each iteration the full 10-fold cross-validation approach was
repeated, moving from one to all 12 independent predictors included in the model.
Permutation testing showed that the selected model order out-performed randomly selected
features in the two-parameter model up to the 10-parameter model. Prediction ability in the
follow-up dataset out-performed random model selections at all iterations. As seen in Figure
2 (Panels B and C) and Table 4, prediction ability increased, adding current PTSD,
depressive disorder, pain, sleep disturbance diagnoses, mTBI, and our symptom
exaggeration flag. However, after including these variables, prediction ability began to
asymptote, with relatively small or no changes in prediction ability in both the initial
enrollment and longitudinal datasets as more variables are added to the model.

Discussion

The present results demonstrate strong associations between reported functional disability
and a set of common clinical and behavioral disorders in a large sample of post-9/11 U.S.
veterans. Importantly, we also demonstrate that these clinical variables can be used to predict
functional disability in independent samples and across time. These validation analyses
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support that previous assessments of these associations (Lippa et al., 2015) are robust and
have clinical implications for assessing and tracking disability in both public and private
clinical settings, as over 50% of veterans receive healthcare outside of the VVA healthcare
system (Epidemiology Program Post-Deployment Health Group, 2012; National Center for
Veterans Analysis and Statistics, 2017).

A great deal of resources from both the VA and the U.S. Department of Defense have been
expended to understand and treat PTSD and mTBI in post-9/11veterans. However, there is
accumulating evidence that these disorders alone do not wholly account for the substantial
reintegration issues and functional disability experienced among veterans over the long term
(Carlson, et al., 2010; Sayer, et al., 2009; Sayer, Noorbaloochi, Frazier, Carlson, & Gravely,
2010) and are not easily isolated in such a highly polymorbid population (Carlson, et al.,
2010; Hoge, et al., 2008). Determining which combination of conditions are associated most
strongly with functional disability may aid in the development of interventions for the
individuals most at risk for poor functional outcomes, by targeting symptoms that occur
across diagnoses. The present results support findings across the literature that relates PTSD
diagnosis to poor functional outcomes (Amick, et al., 2018; Hoge, et al., 2004; Schult, 2011,
Zatzick, et al., 1997). Additionally, consistent with an emerging body of literature (Amick,
etal., 2018; Fonda, et al., 2017; Hoge, Goldberg, & Castro, 2009; Lippa, et al., 2015; Pugh,
et al., 2018), we found a history of mTBI as a single, isolated diagnosis to be rare and only
mildly predictive of increased disability. In contrast, other behavioral conditions, such as
sleep disturbance and pain, were found to be more predictive. We note, however, that within
our sample, a positive history of mTBI was highly associated with current sleep disorders
and pain, with only 1.5% of veterans with a history of mTBI not reporting concurrent issues
with sleep or pain. Although this represents a higher comorbidity rate than expected at the
population level (Lew, et al., 2008), this result suggests that within our sample, it may not be
a question of whether an individual experiences an mTBI per se but rather whether a history
of mTBI is accompanied by sleep and pain conditions due to physical trauma that
determines future functional disabilities.

Although collecting as much information as possible about issues that patients may be
facing has advantages, such broad assessments are simply not feasible in the current milieu
of fast-paced, time-limited clinical settings. Our final analysis suggests that with regards to
prioritizing clinical assessments in this veteran population, certain diagnoses provide more
information regarding functional disability than others and, thus, may be sufficient regarding
identification of individuals at high risk for poor outcome. Specifically, assessments of
current PTSD status, depressive disorder, pain, and sleep disturbances were the most
informative (Figure 2, Panel C). Of interest, however, PTSD showed significant associations
with subscales measuring communication, social, and work functioning but not with
measures of mobility (e.g., getting around and self-care), whereas depressive disorders were
associated with all aspects of functioning (Table 3). Although they were significant
contributors in the regression model, a positive history of mTBI during military service and
a current diagnosis of anxiety disorder provided far less information regarding disability.
However, mTBI showed an association with difficulties in self-care that was not seen with
PTSD and thus may be tapping into unique aspects of disability not typically associated with
PTSD. Current substance abuse disorder appears to provide the least unique information in
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this regard. Of note, however, this does not suggest that these latter diagnoses are not related
to functional impairments (Fonda, et al., 2017). Rather, within such a highly comorbid
sample, it may be that “yes or no” diagnostic categories in these areas fail to provide unique
information regarding functional disability that is not already captured by diagnoses of
PTSD, depression, pain, and sleep. Although there are evidence-based treatments for the
individual diagnoses included in this sample, even well-validated treatments, like those for
PTSD, face issues such as higher treatment dropout rates in post-9/11 veterans than other
veteran populations (Goetter, et al., 2015). The present results support the hypothesis that
post-9/11 veterans are a highly comorbid population with co-occurring multiple diagnoses
that interact to negatively impact daily functioning. Thus, treatments designed to address
multiple co-occurring conditions, such as the Polytrauma Integrative Medicine Initiative
(Cornis-Pop & Reddy, 2019), or those that are transdiagnostic in nature (Fortier, et al., 2018)
may best address the underlying symptoms that are driving dysfunction in this population.

There are several limitations to the current study. First, the current approach was data-driven
and identified the pattern of conditions most predictive of functional disability within the
current cohort. Although the current study focused on community-dwelling veterans with a
range of issues and symptom severity, deviations of our sample from the larger post-9/11
veteran population may limit the degree to which the current model generalizes to the larger
population. Future studies that assess the validity of the model in larger samples would help
to further validate the present results and allow for more detailed analysis of specific
subgroups within diagnostic categories on prediction ability (e.g., generalized anxiety
disorder vs. all anxiety disorders) or medical conditions (e.g., amputation or shrapnel) that
could mediate the clinical diagnoses. As only 33 women were enrolled in the current study,
testing larger groups of female veterans is needed to determine if the patterns of
comorbidities and functional disability observed hold for female veterans. Although the
gender distribution is representative of the larger population, understanding any gender-
specific disability patterns is important for addressing unique challenges female veterans
may face after leaving the military.

Longer follow-up assessments would also be of value. Five-year follow-up assessments and
recruitment at different sites is currently underway. The current longitudinal assessments
also lack detailed information regarding treatments that participants may have sought for
specific conditions (e.g., PTSD, substance use) between the initial and follow-up
assessments. Although the models were robust despite this shortcoming, adding this
information will allow for further assessments of potential treatment impacts on the overall
model performance and whether their status at the initial assessment is predictive of future
additional issues. For example, considering just anxiety disorders, whereas 18 participants
presented with anxiety disorders across both assessments, 19 participants presented with an
anxiety disorder only at the initial assessment, and 22 participants presented with an anxiety
disorder only at the follow-up assessment. Though beyond the scope of the current paper,
additional information about treatments and other potential mediating life events may allow
additional analyses regarding whether and how these events impact changes seen in specific
disorders across time within individuals and their potential concurrent impact on the other
disorders assessed in the present study.
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Finally, although the WHODAS is well-validated (Gold, 2014; Ustiin, 2010; World Health
Organization, 2010), additional research is needed to determine if the current assessments
can predict other objective measures of functional outcome (e.g., employment status). Of
note is the significant beta weight for the NSI Validity-10 scale, which is thought to assess
overreporting or exaggeration of neurobehavioral symptoms and could also indicate
overreporting of functional disability in our sample. There is currently disagreement in the
literature on the optimal cutoff for this validity measure (Lippa, et al., 2016) and whether
these symptoms, including those comprising the Validity-10, are due to mTBI or concurrent
psychiatric and/or behavioral conditions (Andrews, Fonda, Levin, McGlinchey, & Milberg,
2018). Additionally, only 2%-4% of the current sample showed signs of overreporting.
However, the significance of this predictor in the current model highlights the need for
validity measurements when the outcome measure is itself based on self-report, especially in
clinical samples in which the goal is to help screen for potential exaggeration but not
exclude representative patients from a sample or future care.

We report robust evidence that taking a holistic approach to characterizing multiple clinical
and behavioral conditions provides the best indicator of functional disability, both now and
in the future, in post-9/11veterans. Similar to geriatric populations, post-9/11 veterans often
face several concurrent clinical and behavioral issues. Although understanding each
condition independently can aid in the characterization and delineation of clinical
conditions, assessing multiple clinical domains may provide the most comprehensive and
accurate picture of a patient’s current functional status and better inform future treatment
approaches.
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Regression model results and predictions of functional disability in novel datasets. Panel A
depicts a scatterplot showing the association between measured and predicted disability
scores on the World Health Organization Disability Assessment Schedule 2.0 (WHODAS)
from the regression model fit to 355 participants’ data during their initial enrollment testing
period. Each dot shows the data of a single participant. The solid line shows the best-fitting
linear function. Panel B depicts a scatterplot showing the association between measured and
predicted functional disability scores in 42 novel participants, applying the beta weights
derived from the initial enrollment testing dataset. Panel C depicts a scatterplot showing the
association between measured and predicted functional disability scores in 205 participants
at their first follow-up session, applying the beta weights derived from the initial enroliment
testing dataset. Panel D depicts a histogram showing the range of time between the initial
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enrollment testing session and the first follow-up testing session, in years, for the 205 repeat
participants (as shown in Panel C).

J Trauma Stress. Author manuscript; available in PMC 2021 October 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Fortenbaugh et al. Page 17

(a) ‘ (b) 0.35 ———————1———1— (C) 07 PISD Depr Pan Sep miBl NSI ORI Anx Edu Age Subst Gonder
06| N Follow-Up N=205 &
— N\ — 3 08
— A\ §- < 025 ‘ —
05 | & r*\ .. 05
g | N g
T os § § §Q §_ 5 o ‘ o S o4
g |F - | e | & o
_§ § § § § §§ § é | & 02
s - 11 BEM | B g
\ § §‘ § \ 0.05 W 0.1 a
LJAELERRR RN, - =
.géggigﬁ 8g§%é5§%‘§§,8§ o 1 2 3 4 5 6 7 8 9 10 11 12 13
z g E3c8E“8:5< 8% Number of Parameters
0] o g < 3 § (G]
WHODAS Measure d B ¢
Figure2.

10-Fold cross-validation and contribution of individual predictor variables. Panel A depicts a
bar graph showing the proportion of variance explained in the 10-fold cross-validation
analyses predicting the six subscales and the overall disability score on the World Health
Organization Disability Assessment Schedule 2.0 (WHODAS) in the initial enrollment and
follow-up datasets. Panel B depicts a bar graph showing the proportion of variance in overall
disability scores explained in the initial enrollment dataset by the 12 predictor variables
independently using bivariate Pearson rcorrelations. Predictors are shown in the descending
order used in the following iterative analysis. Panel C depicts the proportion of variance in
overall disability scores explained when independent predictors are iteratively added to the
10-fold cross-validation regression analyses starting with current PTSD diagnosis and
progressively adding predictors. Cross-validation was run on initial enrollment data (grey
diamonds), and the average beta weights. were used to predict functional disability scores in
the follow-up dataset (black circles). The light grey squares show the average proportion of
variance explained from all permutations of A predictors at each level.

*p<.05 and ** p< .01 for the initial enrollment dataset. UC = Understanding and
Communicating (Cognition domain); GA = Moving and Getting Around (Mobility domain);
SC = Self-Care domain; GAWP = Getting Along with People domain; LA = Life Activities
domain; PS = Participating in Society (Participation domain); Depr = Depressive disorders;
Anx = anxiety disorders; Edu = education; Subst = substance use disorder
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Multiple Linear Regression of Transformed World Health Organization Disability Assessment Schedule 2.0

(WHODAS) Total Score and Demographic, Psychiatric, and Behavioral Conditions®

Variable B SE B (342)
Age 0.018 0.009 .073 1.983
Gender 0.223 0.265 .030 0.841
Education (years) -0.045 0.041 -.041 -1.092
DRRIb 0.009 0.007 .050 1.238
NSIC 1208 0425 103  5g3g**
mTBI 0398 0163 094  536*
PTSD 1252 0.186 288 g790***
Depressive disorder 139%6 0182 293 74517
Anxiety disorder 0504 0185 .099 5 796**
Substance use disorder -0.045 0.203 -.008  -0.223
Current Pain 0985 0175 213 gg3p***
Sleep disturbance 0.684 0200 133 3 414***

Note. N= 355, R% =598, Adjusted R2 =584, DRRI = Deployment Risk and Resilience Inventory; NSI = Neurobehavioral Symptom Inventory;
mTBI = mild traumatic brain injury; PTSD = posttraumatic stress disorder.

a\NHODAS total score transformed by taking the square root to normalize the distribution across participants.

b
Combat Exposure score.

cVaIidity—lO symptom exaggeration score derived from NSI (score = 23).

*
p<.05.

Aok

p<.0L

Kok

p<.001
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