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Abstract

Cross-sectional work suggests that deployment-related posttraumatic sequelae
are associated with increased disability in U.S. veterans deployed following the
September 11, 2001 (9/11), terrorist attacks. However, few studies have exam-
ined the psychiatric and somatic variables associated with changes in functional
disability over time. A total of 237 post-9/11 veterans completed comprehen-
sive assessments of psychiatric and cognitive functioning, as well as a disabil-
ity questionnaire, at baseline and 2-year follow-up. At baseline, higher levels
of PTSD, depressive, and pain-related symptoms were associated with baseline
global functional disability, semipartial > (sr*) = .036-.044. Changes in symp-
toms of PTSD, depression, pain, and sleep, but not anxiety or alcohol use, were
independently associated with changes in functional disability sr* = .017-.068.
Baseline symptoms of these conditions were unrelated to changes in disability,
and cognitive performance was unrelated to disability at any assessment point.
Together, this suggests that changes in psychiatric and somatic symptoms are
tightly linked with changes in functional disability and should be frequently
monitored, and even subclinical symptoms may be a target of intervention.

Psychiatric and somatic conditions, including posttrau-
matic stress disorder (PTSD), alcohol use, chronic pain,
sleep disturbance, depression, and anxiety, are common in
veterans who served in conflicts following the September
11, 2001, terrorist attacks (9/11). Relative to veterans of
previous war eras, post-9/11 veterans are at higher risk of
several such conditions and are more likely to experience
difficulties with reintegration to civilian life following
their military service (Parker et al., 2019). Unsurpris-
ingly, symptoms of these conditions have demonstrated

significant negative repercussions for post-9/11 veterans’
everyday functioning upon returning from military service
(Amick et al., 2018; Fortenbaugh et al., 2020; Lippa et al.,
2015; McGlinchey et al., 2017).

Psychological assessments and interventions have tradi-
tionally targeted veterans’ individual diagnoses (Maguen
et al., 2019). Although exceptions to this rule exist (e.g.,
trauma management therapy, combined cognitive behav-
ioral therapy and prolonged exposure; Frueh et al., 1996;
Harned, 2014), several of these interventions have yet
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to be widely implemented in clinical practice. A more
holistic approach emphasizing the co-occurrence of these
diagnoses may be necessary to provide optimal care to
post-9/11 veterans given the multitude of mental health
symptoms they experience and the high likelihood that
these symptoms interact with one another (Amick et al.,
2018; Fonda et al., 2017; Lippa et al., 2015). Consistent
with this approach, Fortenbaugh and colleagues (2020)
found that PTSD depressive disorder, pain diagnoses, and
sleep disturbance at baseline were particularly predictive
of functional disability at 2-year follow-up, and each
explained unique variance in functional disability in a
sample of post-9/11 veterans (Fortenbaugh et al., 2020).
Other researchers have noted that the combined clinical
effects of multiple conditions on disability may be greater
than simply summing each condition’s contributions
(Amick et al., 2018; Lippa et al., 2015; Walker et al., 2010).
Such findings point to a plethora of mental health condi-
tions that independently and collectively impact post-9/11
veterans’ functional disability.

PTSD and comorbid psychiatric conditions common
among post-9/11 veterans have also been linked to dif-
ficulties in several cognitive domains. PTSD may be
accompanied by weaknesses in aspects of attention and
executive functioning, most commonly working memory
(Brandes et al., 2002; Vasterling et al., 1998) and sustained
attention and inhibitory control (Aupperle et al., 2012;
DeGutis et al., 2015; Esterman et al., 2019). Verbal memory
difficulties, particularly at the stage of initial learning,
have also been reported (Brewin et al., 2007). Concurrent
PTSD symptom treatment and compensatory cognitive
training may lead to improvements in cognitive function-
ing (e.g., attention, working memory, verbal learning, and
memory) and novel problem-solving as well as, notably,
larger reductions in PTSD symptom severity (Jak et al.,
2019; Metcalf et al., 2020). Research regarding conditions
that are frequently comorbid with PTSD has yielded links
with oftentimes-similar cognitive impairments. Higher
levels of depressive symptom severity are broadly linked to
poorer episodic memory, executive function, and process-
ing speed (McDermott & Ebmeier, 2009), whereas chronic
pain is frequently tied to deficient attention and processing
speed. Poor sleep quality has been tied to reduced atten-
tion, processing speed, episodic memory, and working
memory, and some research has suggested that sleep qual-
ity may partially mediate the association between PTSD
and cognition in post-9/11 veterans (Fortier-Brochu et al.,
2012; Schneider et al., 2004; Verfaellie et al., 2016). Among
trauma-exposed veterans with an alcohol use disorder,
higher degrees of alcohol consumption have been associ-
ated with poor learning and memory (Heinz et al., 2016).

Given the high comorbidity among these psychiatric
and somatic conditions in the post-9/11 veteran population,

some work has sought to tease apart whether particular
clusters of diagnoses and/or symptoms convey a height-
ened risk for difficulties in individual cognitive domains.
For example, Esterman and colleagues (2019) found that
whereas veterans who endorsed significant comorbid pain,
sleep disturbance, and a history of mild traumatic brain
injury (mTBI) demonstrated higher rates of failure to
engage attention, those with comorbid PTSD and a mood
disorder and those with a substance use disorder were
more likely to show inhibitory control failures. Cognitive
difficulties may be partially responsible for increases in vet-
erans’ functional disability (Riley et al., 2019; Stika et al.,
2021). In a study of post-9/11 veterans with or without cog-
nitive dysfunction (i.e., z score of -1 on two or more mea-
sures in a domain), Riley and colleagues (2019) found that
post-9/11 veterans with cognitive dysfunction were more
likely to have symptoms of anxiety, depression, and PTSD
and endorse more disturbed sleep, pain, and alcohol con-
sumption than those without. Veterans with cognitive dys-
function also reported more functional disability, particu-
larly with regard to mobility and understanding as well as
communicating with others (Riley et al., 2019).

Most studies examining the contributions of somatic
and psychiatric diagnoses and/or cognitive functioning to
post-9/11 veterans’ functional disability have been cross-
sectional in design (Lippa et al., 2015; Riley et al., 2019).
Although Fortenbaugh and colleagues (2020) found con-
sistently strong associations between functional disability
and PTSD, depressive disorder, pain, and sleep disturbance
diagnoses at both an initial assessment and 2-year follow-
up, they did not specifically examine change in functional
outcomes and what measures were associated with these
changes. Identifying psychiatric, somatic, and cognitive
variables that change in conjunction with alterations in
functional disability over this period would provide a
further understanding of both the measures most closely
associated with changes in functional disability as well
as whether changes in measures uniquely predict such
changes. These results could provide important insights
into what psychiatric or cognitive measures could be
targeted with interventions to improve functioning. Addi-
tionally, no studies of which we are aware have directly
compared the degree to which somatic and psychiatric
symptoms differ from cognitive abilities in their capacity
to independently predict functional disability in this
population. This is surprising given the implications that
such comparisons may have for treatment targets (e.g.,
psychotherapy for a mood disorder vs. cognitive reha-
bilitation). Finally, although past studies have examined
associations between diagnostic categories and functional
disability in post-9/11 veterans (Fortenbaugh et al., 2020;
Lippa et al., 2015), to our knowledge, none have examined
the effects of continuously measured symptoms of these
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diagnoses. Kessler (2002) suggests that the use of diagnos-
tic categories is appropriate only when the associations
between those categories and outcomes of interest would
be expected to be constant across the range of symptom
severity (Kessler, 2002). In the case of daily functioning, it
is expected that even among individuals with a particular
diagnosis (e.g., PTSD), a dose-effect is likely whereby
those with more severe symptoms endorse higher degrees
of disability. Adopting a continuous approach may also
provide a more nuanced, dimensional understanding of
veterans’ somatic and psychiatric symptoms and would
be in line with a larger field shift away from categorical
diagnoses (e.g., the Research Domain Criteria Initiative
[RDoC]; Insel et al., 2010).

The present study aimed to determine which base-
line and changes in continuously measured psychiatric,
somatic, and cognitive variables were associated with
changes in functional disability over a 2-year period in a
sample of post-9/11 veterans. This study used a rigorous
reliable change index (RCI) approach (Duff, 2012) to bet-
ter quantify whether increases or decreases in functional
disability from baseline to follow-up were significant and
to account for regression-to-the-mean effects. We proposed
three hypotheses. First, we posited that at baseline, we
would observe similar associations with functional dis-
ability as those identified by Fortenbaugh et al (2020; i.e.,
PTSD, depression, sleep, and pain) using continuous mea-
sures. Second, we expected that the longitudinal changes
in the somatic and psychiatric symptoms outlined in our
first hypothesis would also predict concurrent changes in
functional disability. Finally, consistent with prior cross-
sectional work, we hypothesized that (a) baseline cogni-
tive functioning would predict baseline functional disabil-
ity and (b) longitudinal changes in cognitive functioning
would predict concurrent changes in global functional dis-
ability.

METHOD
Participants and procedure

Participants in the present study were post-9/11 veterans
enrolled in the longitudinal cohort study at the Trans-
lational Research Center for TBI and Stress Disorders
(TRACTYS), a research center at the VA Boston Healthcare
System. This ongoing, convenience-sample study recruits
a community-dwelling cohort with a range of psychiatric
diagnoses and levels of functional impairment as well as
individuals with no diagnoses. The present study included
353 veterans who returned for follow-up assessment 1-2
years after their baseline visit and met the inclusion and
exclusion criteria across both time points (see below). Par-
ticipants enrolled in the TRACTS longitudinal study com-
plete comprehensive psychiatric and neuropsychological

assessments, including diagnostic interviews conducted by
doctoral-level psychologists. This study was approved by
the VA Boston institutional review board and was car-
ried out in accordance with the World Medical Association
Declaration of Helsinki.

The inclusion criteria for the TRACTS cohort were (a)
deployment or anticipated deployment to a post-9/11 con-
flict area and (b) 18-65 years of age. Exclusionary criteria
for the TRACTS cohort included (a) prior seizure disorder,
cognitive disorder due to a general medical condition, or
neurological illness unrelated to TBI; (b) active suicidal
or homicidal ideation requiring intervention (based on
clinical interview and diagnostic impressions of the
psychologist); or (c) current diagnosis of bipolar disorder
of psychotic disorder unrelated to PTSD. Participants were
excluded from the present study if they had not been
deployed to a combat zone (n = 13), to maintain a focus
on deployment-related trauma, or if they had a history of
moderate or severe TBI (n = 12). A total of 31 participants
who did not complete the functional disability question-
naire used in the present study at either time point were
further excluded. Participants were also excluded due to
failure on a measure of performance validity (n = 19) and
a measure of symptom validity (n = 9) at either time point
(see Measures). Finally, as the aim of this study was to
examine changes in functional disability, we excluded par-
ticipants who reported that their functional difficulties did
not interfere with their daily life across both time points (n
= 45). Supplemental analyses including these participants
are shown in Supplementary Tables S1 and S2 . Few sig-
nificant differences in patterns of results were identified.

After accounting for the exclusionary criteria, the final
study sample included 237 participants. Sample demo-
graphic, clinical, and cognitive characteristics are dis-
played in Table 1. The sample was 90.2% male, 77.1% white,
and the mean participant age was 33 years (SD = 8). On
average, participants reported educational attainment of 14
years (SD = 2).

Measures
Functional disability

The World Health Organization Disability Assessment
Schedule II (WHODAS 2.0; World Health Organization
[WHOY], 2010) total score was used to assess self-reported
global functional disability. For descriptive purposes, clin-
ically meaningful functional disability was defined based
on an a priori score cutoff of 32 or higher (Bovin et al.,
2019). Additionally, the six WHODAS 2.0 subscales (i.e.,
Understanding and Communicating, Getting Around,
Self-Care, Getting Along with People, Life Activities, and
Participation in Society) were used to assess individual
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TABLE 1 Baseline demographic characteristics
Variable M SD %
Gender identity
Male 90.3
Female 9.7
Age (years) 33.29 8.80
Race
Black 5.9
White 76.8
Other 17.3
Educational attainment (years) 14.09 1.96
Estimated premorbid IQ (WTAR) 104.94 11.25
Time since baseline (years) 2.02 1.02
PTSD severity (CAPS-IV) 51.62 27.06
Current PTSD diagnosis 63.3
Current mood disorder 28.7
Current anxiety disorder 19.8
Current substance use disorder 16.0
Depression severity (DASS-D) 10.06 9.71
Anxiety severity (DASS-A) 6.94 7.25
Antidepressant use 28.1
Military mTBI 481
Lifetime mTBI 65.8
Overall daily life functioning (WHODAS 2.0)* 27.38 19.77
Baseline clinically significant disability 38.8
Follow-up clinically significant disability 38.0
Decline 21.1
Chronic 59.1
Improve 19.8
Overall sleep quality (PSQI) 10.31 4.43
Average pain (McGill) 33.99 23.85
Total lifetime drinks (weight-adjusted; LDH) 2,244.45 2,358.86
Average drinks per month (LDH) 36.89 85.13
Combat exposure 16.87 11.68

Note: N = 237. WTAR = Wechsler Test of Adult Reading; CAPS-IV = Clinician-Administered PTSD Scale for DSM-IV; DASS = Depression, Anxiety and Stress
Scale; DASS-D = DASS Depression subscale; DASS-A = DASS Anxiety subscale; mTBI = mild traumatic brain injury; WHODAS 2.0 = World Health Organization
Disability Assessment Schedule II; PSQI = Pittsburgh Sleep Quality Index; LDH = Lifetime Drinking History.

2Clinically significant disability is defined as a WHODAS 2.0 total score of 32 or higher (Bovin et al., 2019). “Decline” indicates the percentage of participants
who showed a statistically significant worsening in functional disability from baseline to follow-up based on a cutoff of 1.96 (z score) on the Reliable Change
Index standardized regression model (RCIgzg). “Chronic” indicates the percentage of participants whose functional disability did not significantly change from
baseline to follow-up. “Improve” indicates the percentage of participants who showed a statistically significant improvement in functional disability from baseline

to follow-up based on a cutoff of 1.96 (z score) on the RClggp.

facets of functional disability. The simple scoring method
was applied such that each subscale score contributed
equally to the WHODAS 2.0 total score (WHO, 2010). The
square roots of the total WHODAS 2.0 and subscale scores
were used to normalize the positively skewed distribution
(Fortenbaugh et al., 2020). After participants report their
functional difficulties across the six subscales, they are
asked to indicate how much their functioning interferes
with their daily life, scoring their responses on a scale of

0 (none) to 4 (extreme). Total scores ranged from 0 to 75.
As the present study aimed to examine changes in func-
tional disability, individuals who reported no interference
in daily life functioning (i.e., WHODAS 2.0 total score less
than 32) across both time points were removed from the
analyses (n = 45). An examination of global functioning
among this subgroup (i.e., WHODAS 2.0 total score) at
baseline (M = 3.89) and follow-up (M = 5.31) confirmed
participants’ lack of interference in daily life functioning.
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Internal reliability for the WHODAS 2.0 total score was
adequate, r = .60 for the correlation between baseline and
follow-up.

Somatic and psychiatric symptoms

PTSD

The Clinician-Administered PTSD Scale for DSM-IV
(CAPS-1V; Weathers et al., 1995), a structured interview
used to assess symptoms and establish a diagnosis based
on the criteria outlined in the fourth edition of the Diag-
nostic and Statistical Manual of Mental Disorders (DSM-
IV; American Psychiatric Association, 1994), was used to
assess PTSD symptom severity. Respondents were asked
to rate symptom severity on a scale of 0 to 4, with higher
scores indicating more severe PTSD symptoms (range:
1-109). In the present sample, internal reliability for the
CAPS-IV was adequate, r = .72.

Depression and anxiety

The self-report Depression and Anxiety subscales from the
21-item Depression, Anxiety, and Stress Scale (DASS; Lovi-
bond & Lovibond, 1995) were used to measure depressive
and anxiety-related symptoms, respectively. Respondents
were asked to rate their symptoms on a scale of 0-3, with
higher scores reflecting more severe symptoms. Scores
ranged from O to 42 for the Depression subscale and from
0 to 36 for the Anxiety subscale. In the present sample,
internal reliability correlations were r = .64 and r = .55,
respectively, for the Depression and Anxiety subscales.

Pain

Pain was assessed using the visual analog scale of the
McGill Short-Form Pain Questionnaire (Melzack, 1975). In
the present sample, scores ranged from 0 to 87, and the
internal reliability correlation was r = .54.

Sleep quality

The Pittsburgh Sleep Quality Index (PSQI; Buysse et al.,
1989) was used to assess perceived sleep quality. In the
present sample, total scores ranged from 1 to 20, and the
internal reliability correlation was .57.

Alcohol use

Alcohol use was assessed using the Lifetime Drinking His-
tory Interview (Skinner & Sheu, 1982) by multiplying the
average number of drinks on a drinking day by the number
of drinking days in the most recent phase. In the present
sample, total scores ranged from O to 21, and internal reli-
ability was adequate, r = .95.

Symptom report validity

The Validity-10 scale of the Neurobehavioral Symptoms
Inventory (NSI; Cicerone & Kalmar, 1995; Vanderploeg
et al., 2014) was used to identify potential symptom exag-
geration or overreporting on self-report measures. A fail-
ure on the Validity-10 Scale, indicating possible symptom
overreporting, was defined based on an a priori defined
cutoff score of 23 or higher (range: 0-40; Lange et al., 2015).

Cognitive performance

Participants completed a battery of validated neuropsy-
chological measures to assess attention, memory, and
executive function (Esterman et al., 2019; Riley et al., 2019).
These cognitive domains were targeted given their demon-
strated associations with PTSD and other deployment-
related sequelae (Esterman et al., 2019; Vasterling et al.,
1998). Raw scores were converted to scaled, age-corrected
Z scores; to compute composite scores, z scores were
summed within each cognitive domain and divided by the
number of scores within a domain. Measures of attention
measures included the Test of Variables of Attention
(TOVA; Henry, 2005; d-prime and reaction time) as a mea-
sure of sustained attention, Digit Span (Digits Forward;
Wechsler, 2008) as a measure of simple auditory attention,
and Trail Making Test Part A (Delis et al., 2001; total time)
asameasure of visual attention and processing speed. Mea-
sures of executive function included the Trail Making Test
Part B (Delis et al., 2001; total time) as a measure of task-
switching, Stroop Test (Delis et al., 2001; inhibition total
time) as a measure of inhibitory control, Cambridge Neu-
ropsychological Test Automated Battery (CANTAB) Intra-
Extra Dimensional Set Shift (www.cantab.com; the num-
ber of stages completed) as a measure of set-shifting, Ver-
bal Fluency (FAS; Delis et al., 2001; total score) as a mea-
sure of phonemic fluency, and Auditory Consonant Tri-
grams (ACT; Stuss et al., 1985; total score) as a measure of
working memory. Select scores from the California Verbal
Learning Test-II (CVLT; Woods et al., 2006; i.e., short-delay
free recall, long-delay free recall, and long-delay recogni-
tion hits) were included as a measure of verbal memory.
Composite scores ranged from —1.5 to 1.7 for attention,
—3.5 to 1.5 for memory, and —1.7 to 1.4 for executive func-
tioning and demonstrated adequate internal reliability in
the present sample, rs = .57, .49, and .66, respectively.
Premorbid intellectual functioning was estimated using
the Wechsler Test of Adult Reading (WTAR; Wechsler,
2001). Additionally, consistent with previous studies
from our lab, the Medical Symptom Validity Test (MSVT;
Green, 2004) was used as a measure of performance
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validity. Individuals who scored 85% or below on imme-
diate recall, delayed recall, or consistency, according to
manual guidelines, were removed from the analyses.

Data analysis

Change in functional disability on the WHODAS 2.0 across
1-2 years was defined using a regression-based approach
to ensure against findings attributable to regression to
the mean and to account for baseline functional disability
levels. Specifically, we computed a continuous, regression-
based reliable change metric (i.e., the RCI standardized
regression model; RCIggrp) introduced by McSweeny and
colleagues (1993), which adjusts for regression to the mean,
test-retest reliability, and inequality of variance, using

the following formula: (Hinton-

\/ 2+(std(T1 CAPS)x/ 1—R)2)
Bayre, 2016; McSweeny et al., 1993). In this formula, X

represents global functional disability at Time 2 (T2 WHO-
DAS) adjusted for baseline global functioning ([T1 WHO-
DAS]; residuals) and time since baseline, and R is the test—
retest reliability of the WHODAS 2.0 (Chisolm et al., 2005).
Square roots of the total WHODAS 2.0 scores at baseline
and follow-up were computed prior to computing X to nor-
malize the positively skewed distribution (Fortenbaugh
et al., 2020). Although the present study took a continuous
approach to characterizing associations with changes in
functioning, this formula results in a standardized (i.e., z
score) metric of change, which can be used to define statis-
tically significant changes in global functional disability.
For descriptive purposes, a statistically significant change
at the individual level was defined at a z score cutoff 0f1.96.
Pearson correlation coefficients were used to examine
associations between (a) baseline psychiatric and cogni-
tive variables and baseline global functional disability (i.e.,
WHODAS 2.0 total) and (b) baseline psychiatric and cogni-
tive variables with changes in global functional disability
(RCIgrp)- A Bonferroni correction (p = .0002) was applied
to all analyses within domains (i.e., psychiatric/somatic vs.
cognitive). Because multiple baseline psychiatric variables
were correlated with baseline global functional disability
(see Results), these psychiatric variables were next entered
into follow-up simultaneous multiple linear regressions to
examine whether particular psychological variables were
independently predictive of global functional disability.
These same psychiatric variables were also entered as
predictors into simultaneous multiple linear regressions
to examine whether discrete psychological variables were
independently predictive of specific facets of functional
disability (i.e., WHODAS 2.0 subscale scores) at baseline.
Pearson correlation coefficients were also used to
examine the associations between changes in psychiatric

and cognitive variables with changes in global functional
disability (RClggg). Similar to the baseline analyses,
psychiatric variables were next entered into follow-up
simultaneous multiple linear regressions to examine
whether changes in particular psychiatric variables were
independently predictive of changes in global functional
disability. The same psychiatric variables were also
entered as predictors into simultaneous multiple linear
regressions to examine whether changes in particular
psychiatric variables were independently predictive of
changes in specific facets of functional disability.

RESULTS

Prevalence of functional disability at
baseline and follow-up and changes in
disability

The prevalence of clinically meaningful functional dis-
ability (i.e., a WHODAS 2.0 total score of 32 or higher) at
baseline and follow-up can be found in Table 1. A similar
proportion of participants endorsed clinically meaningful
disability at baseline (39.4%) and follow-up (38.2%). RCIs,
using a z score cutoff 0f 1.96, indicated that 21.2% of partici-
pants in the full sample displayed a statistically significant
decline in functioning from baseline to follow-up, whereas
20.5% displayed statistically significant improvements in
functioning and 59.4% did not demonstrate significant
change. Descriptive information regarding continuous
measures of somatic and psychiatric symptoms, cognitive
performance, and functional disability at baseline and
follow-up can be found in Supplementary Table S3.

Associations among baseline somatic and
psychiatric symptoms, cognitive
performance, and functional disability

Correlations among baseline somatic and psychiatric
symptoms and global functional disability measures
can be found in Supplementary Table S4. Higher levels
of baseline PTSD, anxiety, depressive, pain-, and sleep
dysfunction-related symptoms were correlated with
higher baseline functional disability, Bonferroni-corrected
ps < .001. In contrast, alcohol use at baseline was not signif-
icantly correlated with functional disability, p = .277. These
associations did not vary in strength depending on history
of military mTBI and/or blast exposure (see Supplemen-
tary Tables S5 and S6 , respectively). No baseline cognitive
domains (i.e., attention, memory, or executive function)
were significantly correlated with baseline functional
disability, ps = .053-.646 (see Supplementary Table 7).
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Somatic and psychiatric variables that were correlated
with global functional disability at baseline were next
entered into simultaneous multiple linear regressions to
examine independent associations (see Supplementary
Table S8). Regressions indicated that more severe baseline
PTSD, anxiety, depressive, and pain-related symptoms
were independently associated with higher global func-
tional disability at baseline, R?> = .614, p < .001. Regarding
WHODAS 2.0 subscales, more severe PTSD symptoms
were independently associated with lower scores on
measures of communication, the ability to get along with
others, and the ability to participate in society, s = .20-.36,
ps < .001-.009. Higher levels of depressive symptoms were
independently associated with lower ratings on measures
of communication, the ability to take care of oneself, the
ability to get along with others, completion of life activities
and work/school tasks, and participation in society, s =
.22 -.35, ps < .001-p = .005. Higher pain ratings were inde-
pendently associated with lower scores on measures of
the ability to get around, take care of oneself, complete life
activities and work/school tasks, and participate in society,
Bs = .21-.35, p< .001-p = .023. Higher levels of anxiety
symptoms were independently associated with lower rat-
ings on measures of the ability to communicate with others
and participate in society, fs = .16-.21, ps = .006-.041.
More sleep-related symptoms were independently asso-
ciated with a lower ability to take care of oneself. § = .16,
p=.032.

Associations between baseline somatic and
psychiatric symptoms and cognitive
performance and changes in functional
disability

We next examined whether baseline psychiatric or cog-
nitive variables were correlated with changes in global
functional disability and, surprisingly, found no significant
associations, ps = .461-.541 This indicates that baseline
psychiatric and cognitive differences among participants
did not substantially determine who improved or wors-
ened with regard to functional outcomes.

Associations among changes in somatic
and psychiatric symptoms, cognitive
performance, and changes in functional
disability

Correlations between changes in somatic and psychiatric
symptoms and global functional disability measures can be
found in Supplementary Table S9, and scatter plots depict-
ing several change correlations are found in Figure 1. Par-

allel to the baseline correlations noted, larger increases in
PTSD, anxiety, depression, pain, and sleep dysfunction—
related symptoms were correlated with larger increases in
global functional disability, ps < .001. Also similar to the
baseline correlations, changes in alcohol use were not cor-
related with changes in global functional disability, p =
.821. Further, changes in cognitive domains were not asso-
ciated with changes in global functional disability, ps =
.436-.704 (see Supplementary Table S7).

Psychiatric change variables that were correlated with
changes in global functional disability were next entered
into simultaneous multiple linear regressions to examine
independent associations (Table 2). The regressions indi-
cated many similar associations to those found at baseline.
Specifically, larger increases in PTSD, depressive, pain, and
sleep dysfunction-related symptoms were independently
associated with larger increases in global functional dis-
ability, R? = 48, 3s = 15-.32, p < .001. In contrast, changes
in anxiety symptoms did not uniquely predict changes in
global functional disability, p = .347.

Regarding WHODAS 2.0 subscales, larger increases in
PTSD were independently associated with difficulties com-
municating, getting along with others, completing life
activities and work/school tasks, and participate in soci-
ety, s = .21-.31, ps < .001-p = .018. Larger increases in
depressive symptoms were independently associated with
increased difficulties communicating with others, taking
care of oneself, getting along with others, completing life
activities and work/school tasks, and participating in soci-
ety, Bs = .15-.33, ps < .001-p = .038 Larger increases in pain
were independently associated with increased difficulties
communicating with others, getting around, completing
work and school tasks, and participating in society, §s =
.15-.22, ps < .001-p = .022. Larger increases in anxiety were
independently associated with increased difficulties com-
municating with others and taking care of oneself, 8s = .16-
.23, ps = .007-.031. Larger increases in sleep-related symp-
toms were independently associated with increased dif-
ficulties communicating with others and completing life
activities, fs = .15-.21, ps = .002-.033.

DISCUSSION

The present study identified independent associations
between overall functional disability and changes in the
symptom severity of multiple somatic and psychiatric
conditions common in post-9/11 veterans. Specifically,
increases from baseline to 2-year follow-up in PTSD,
depressive, pain, and sleep dysfunction-related symp-
toms were each independently associated with concur-
rent increases in global functional disability. Notably,
whereas baseline symptoms of some conditions (i.e., PTSD,
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depression, and pain) were also independently predictive
of baseline global disability, others (i.e., sleep) were not.
Baseline somatic and psychiatric symptoms were broadly
unrelated to changes in global disability. This pattern of
findings suggests that relatively little information about
a veteran’s change in functional disability can be gleaned
from past psychiatric symptom levels; rather, these symp-
toms must be continuously monitored to have an accu-
rate understanding of an individual’s current level of
disability.

Baseline alcohol use was not correlated with baseline
global disability nor were changes in alcohol use correlated
with changes in global disability, following a Bonferroni
adjustment. Although individuals who meet the criteria
for alcohol use disorders report significant disability on the
WHODAS 2.0 (Balhara et al., 2017), the present study sug-
gests that alcohol use is less strongly tied to disability when
measured continuously in a sample that includes individ-
uals with and without alcohol use disorders. This may
partially be attributable to the lack of negative effects of
light-to-moderate alcohol consumption on disability and
cognitive health (Rodgers et al., 2005). Participants in the

present sample also endorsed a relatively large amount of
drinking, which may have resulted in a limited range on
the drinking self-report measure.

To date, this study represents one of the only examina-
tions of how changes in somatic and psychiatric symptoms
may be linked with changes in facets of post-9/11 veter-
ans’ functional disability. In comparison to Fortenbaugh
and colleagues (2020), the present study used RCIs to show
that temporal increases in symptoms of these same disor-
ders were linked to increases in disability over this period.
Such findings indicate that even over this relatively brief
interval, fluctuations in somatic and psychiatric symptoms
were closely associated with functional disability. Forten-
baugh et al. (2020) also used clinical diagnoses and/or clin-
ical cutoff scores to measure the presence or absence of a
particular psychiatric condition, while the present study
employed continuous measures of somatic and psychiatric
symptoms. As such, temporal associations between psychi-
atric functioning and disability appear to be continuous
across the full span of psychiatric and disability severity
and not limited to individuals whose symptoms reach a
specific clinical threshold.
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cutoffs to denote cognitive status (i.e., cognitive dysfunc-
tion vs. none), but continuous measures of cognitive dys-
function were only weakly linked to disability (Riley et al.,
2019). Thus, whereas post-9/11 veterans who demonstrate
significant cognitive difficulties are at risk for more disabil-
ity, cognitive testing appears to be less useful as a predic-
tor of disability when individuals who display no or only
subtle cognitive difficulties are included in the analyses.
In addition to a dearth of significant cognition-disability
associations at baseline, the current results showed that
changes in cognitive function from baseline to follow-up
were not associated with changes in disability. This may be
explained by the relatively small change in cognitive per-
formance over this brief period. Future work should exam-
ine these alterations over a more extended period during
which cognitive change is more likely, such as the transi-
tion from middle to older adulthood.

The present results suggest that, regardless of baseline
mental health symptoms, symptoms of PTSD, depression,
and pain are particularly important clinical targets for
intervention when seeking to reduce the functional dis-
ability of post-9/11 veterans. Indeed, veterans who endorse
even subclinical levels of psychiatric symptom severity
may stand to benefit functionally from brief, targeted treat-
ments that address the specific psychiatric symptom areas
of concern. These findings conflict somewhat with cur-
rent clinical practices, as providers frequently only treat
patients who meet the full diagnostic criteria for a psychi-
atric disorder. On the other hand, cognitive abilities should
generally not be considered the sole target for improving
daily functioning for most post-9/11 veterans. Although
cognitive rehabilitation may be recommended for post-9/11
veterans with clinically significant cognitive dysfunction
(Riley et al., 2019) and may be considered a supplement
for ongoing psychotherapy in some cases (Jak et al., 2019),
such interventions in isolation are not warranted for indi-
viduals who demonstrate more mild cognitive difficulties.

Although the findings of the current study are com-
pelling, there are some limitations. The TRACTS longi-
tudinal study only recently began assessing psychological
treatments in which participants may be engaged between
study visits (e.g., cognitive processing therapy for PTSD).
As such, our understanding of participants’ engagement in
psychotherapy and its potential to reduce somatic and psy-
chiatric symptoms and, thus, potentially impact disabil-
ity is unclear. Additionally, as noted, although the regres-
sion models controlled for the time between baseline and
follow-up appointments, it is possible that changes in some
predictor measures, most notably domains of cognitive
functioning, would have been tied more strongly to disabil-
ity ifalonger follow-up period (e.g., decades) was observed.
Despite the longitudinal study design, the analyses were
unable to establish causality, and it is possible that the asso-

ciations observed were bidirectional in nature, whereby
reductions in disability may have, in part, led to reduc-
tions in somatic and psychiatric symptoms. Because the
TRACTS study recruits solely a post-9/11 veteran popula-
tion that is predominantly male, it is unclear whether the
same associations between symptoms and functional dis-
ability would be observed in samples from other war eras,
samples composed exclusively of female veterans, or civil-
ians, where the frequency and severity of somatic and psy-
chiatric symptoms may differ. The recruitment of a conve-
nience sample rather than a random-sampling approach
further limits the generalizability to individuals who are
less likely to participate in clinical research (Elfil & Negida,
2017). In particular, the recruitment of such individuals
may have limited the sample to participants with milder
cognitive dysfunction and/or psychiatric symptom sever-
ity, which, in turn, might limit or weaken the observed
associations between these variables and disability.

This study used a well-validated set of measures to
tap facets of attention, memory, and executive function-
ing (Esterman et al., 2019; Riley et al., 2019). Tests of
these abilities were chosen based on their purported asso-
ciations with deployment-related psychiatric conditions
(McGlinchey et al., 2017); however, they by no means rep-
resent an exhaustive assessment of all cognitive domains
that may be impacted in this population. For example,
prior work suggests that inhibitory control measures that
include emotional stimuli (e.g., the emotional Stroop task)
are particularly sensitive to the effects of PTSD on cog-
nitive performance (Cisler et al., 2011). Additionally, the
present study’s reliance on paper-and-pencil measures of
timed abilities (e.g., Trails, Stroop) rather than computer-
ized versions may have limited their sensitivity (Park &
Schott, 2021). Finally, although the present study strived
to capture disability via the WHODAS 2.0, the instrument
is, nonetheless, a self-report measure with inherent sub-
jective biases and possible floor effects for this population,
especially for some subscales (e.g., Self-Care). Future stud-
ies using more objective assessments of functional disabil-
ity (e.g., employment status, technology-based measures
of mobility) would provide a fuller understanding of vet-
erans’ difficulties completing everyday activities (Amick
et al., 2018; Greenhalgh et al., 2021).

In summary, changes in post-9/11 veterans’ somatic and
psychiatric symptoms, particularly PTSD and depression,
were found to be strongly associated with changes in
functional disability. In contrast, cognitive performance in
isolation provided comparatively less information about
a veteran’s functional disability. Ongoing symptom, espe-
cially with regard to PTSD and depression, is fundamental
to understanding a veteran’s current level of functioning.
The assessment of and treatment for these individuals
should emphasize a holistic approach to more fully
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comprehend how various somatic and psychiatric symp-
toms may directly or interactively impede veterans’ quality
of life.
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