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Abstract

The purpose of this study was to examine neurobehavioral symptom reporting in a large sample
of military veterans (N=12,144) who completed the Comprehensive Traumatic Brain Injury
Evaluation (CTBIE) and enrolled in the VA’s Million Veteran Program (MVP). The CTBIE

is a clinician-administered interview that assesses for historical, deployment-related traumatic
brain injury (TBI) and evaluates symptoms using the Neurobehavioral Symptom Inventory
(NSI). Clinicians completing the CTBIE made clinical determinations about participants’ (1)
TBI diagnostic status (i.e., CTBIE+ or CTBIE-) and (2) current symptom etiology (i.e.,
Symptom Resolution, TBI, Behavioral Health, Comorbid TBI + Behavioral Health [Comorbid],
or Other). We evaluated the association of TBI diagnostic status and symptom etiology group
with neurobehavioral symptoms. Results showed a significant association between TBI diagnostic
status and all NSI variables, with CTBIE+ veterans endorsing greater symptoms than CTBIE-
veterans. There was also a significant association between symptom etiology group and all

NSI variables; specifically, the Comorbid and Behavioral Health groups generally endorsed
significantly greater symptoms compared to the other groups. Follow-up analyses showed that
relative to the Symptom Resolution group, the Comorbid and Behavioral Health groups had
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increased odds of severe/very severe cognitive and affective symptoms, whereas the TBI and
Other groups did not. Finally, presence of psychiatric symptoms, pain, post-traumatic amnesia,
loss of consciousness, and blast exposure significantly predicted Comorbid symptom etiology
group membership. Findings from this large epidemiologic MVP study have relevant clinical
implications and further highlight the importance of prioritizing integrated behavioral health
interventions for this vulnerable population.

Keywords

traumatic brain injury; post-concussive symptoms; CTBIE; military veterans; behavioral health

Introduction

Accumulating evidence demonstrates that a remarkable subset of U.S. military service
members and veterans with a history of traumatic brain injury (TBI) report debilitating
symptoms and poor clinical and functional outcomes chronically following injury (i.e., for
many months and even years post-injury; VA/DoD Clinical Practice Guidelines, 2016).
Specifically, a wide range of neurobehavioral symptoms are often endorsed post-injury,
including somatic (e.g., headache), vestibular (e.g., dizziness), cognitive (e.g., difficulties
with memory and concentration), and affective-related symptoms (e.g., increased irritability
and mood changes) (MacGregor et al., 2013; Schwab et al., 2017; Vanderploeg et al.,
2015). Although these symptoms are generally expected to resolve within weeks to months
post-injury (Boyle et al., 2014), these sequelae can persist for much longer (Schwab et al.,
2017; Stein et al., 2016) and can interfere with daily functioning and overall quality of

life (Haagsma et al., 2015; Lange, Lippa, et al., 2020). In fact, of the estimated 20% of
Operation Enduring Freedom/Operation Iragi Freedom (OEF/OIF) veterans with a history
of at least one TBI, approximately one-third of these individuals report symptoms several
months to years following injury (Lindquist et al., 2017). Thus, it is critical to understand
these clinical sequelae and to identify the etiology of such symptoms so that suitable care
and evidence-based treatments can be provided to this vulnerable population.

In response to the increased prevalence of TBI and its associated sequelae, the Veterans
Health Administration (VHA) implemented a nationwide screening system in 2007 to
routinely assess for TBI in OEF/OIF veterans and to offer further evaluation of veterans
who screened positive for TBI (VHA, 2007; VHA, 2010). According to VHA Directive
2007-013, “It is VHA policy that all OEF and OIF veterans receiving medical care, within
VHA, must be screened for possible TBI; those who, on the basis of the screen, might

have TBI must be offered further evaluation and treatment by clinicians with expertise

in the area of TBI” (VHA, 2007). The initial screen (referred to hereafter as the “TBI
Clinical Reminder Screen”) is administered to veterans upon enrollment in the VA, typically
by a primary care provider, and includes four questions to ascertain TBI history (i.e.,
establishing possible TBI events/mechanisms of injury, presence of immediate signs or
symptoms associated with the event/injury, symptom progression following the event/injury,
and current symptoms). A positive TBI screen reflects endorsement of all four questions on

J Psychiatr Res. Author manuscript; available in PMC 2023 June 14.
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the TBI Clinical Reminder Screen. Importantly, only OEF/OIF-era veterans who have not
previously been diagnosed with a TBI are administered the TBI Clinical Reminder Screen.

Any veteran with a positive screen is then referred to a TBI specialist (i.e., a “licensed
independent medical provider” with “experience and advanced training in TBI”) who
completes the Comprehensive Traumatic Brain Injury Evaluation (CTBIE; VHA Directive
2010-012; VHA, 2010), a clinician-administered interview that assesses for historical,
deployment-related TBIs. At the conclusion of the CTBIE, the clinician makes a
determination about the veteran’s (1) TBI diagnostic status and (2) current symptom
etiology. Regarding TBI diagnostic status, the clinician is asked, “Based on the history

of the injury and course of clinical symptoms, did the Veteran sustain a TBI during
OEF/OIF deployment?” The clinician must indicate (1) “Yes’ (i.e., CTBIE+) or (2)

‘No’ (i.e., CTBIE-). With regard to current symptom etiology, the clinician is asked,

“In your clinical judgment the current clinical symptom presentation is most consistent
with...” and must select one of the following options: (1) ‘Symptom resolution (patient is
currently not reporting symptoms)’ [Symptom Resolution]; (2) ‘An OEF/OIF deployment-
related TBI residual problems’ [TBI]; (3) ‘Behavioral health conditions (e.g., PTSD,
depression)’ [Behavioral Health]; (4) ‘A combination of OEF/OIF deployment-related TBI
and behavioral health condition(s)’ [Comorbid]; or (5) ‘Other condition not related to
OEF/OIF deployment-related TBI or behavioral health condition(s) [Other].

Previous studies have evaluated the TBI Clinical Reminder Screen and CTBIE with respect
to its reliability, validity, and other psychometric properties, and findings have been mixed
(Belanger et al., 2016; Belanger et al., 2012; Donnelly et al., 2011; Fortier et al., 2015;
Pape et al., 2018; Pogoda et al., 2014; Radigan et al., 2018; Van Dyke et al., 2010). For
example, Belanger et al. (2012) showed that the TBI Clinical Reminder Screen has good
sensitivity but poor specificity for detecting historical TBI, whereas Pape et al. (2018)
showed moderate sensitivity and moderate-to-good specificity, noting that the psychometrics
of the measure largely depend on the “diagnostic reference standard to which it is being
compared.” As for the CTBIE, Radigan et al. (2018) showed it has moderate sensitivity,
but poor specificity compared to the Boston Assessment of TBI-Lifetime. Although there
is some variability in the psychometrics associated with the TBI Clinical Reminder Screen
and CTBIE, these measures continue to be utilized across the VHA; thus, it is beneficial to
evaluate these tools and understand how they inform clinical care.

In addition to psychometric studies, several other investigators have used CTBIE data to
examine a wide range of clinical outcomes in the context of military and/or deployment
related TBI (Carlson et al., 2010; Gray et al., 2020; Iverson et al., 2011; Pogoda et al., 2012;
Pogoda et al., 2016; Scholten et al., 2012; Seal et al., 2016). Of relevance to the current
study, Scholten et al. (2012) examined veterans who completed the CTBIE between 2007
and 2010 and found that regardless of CTBIE status (i.e., among veterans with and without
a CTBIE-confirmed history of TBI), it was common for a//veterans to experience moderate-
to-severe neurobehavioral symptoms (Scholten et al., 2012). Notably, though, CTBIE+
veterans endorsed a significantly higher rate of symptoms compared to CTBIE- veterans.
Scholten and colleagues (2012) additionally reported that among CTBIE+ veterans,
clinicians most often attributed patients’ current symptom presentation to a combination

J Psychiatr Res. Author manuscript; available in PMC 2023 June 14.
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of TBI and behavioral health. However, Aow clinicians made this determination was not
evaluated. Two major takeaways from this study were (1) the high rates of neurobehavioral
symptoms in veterans who screen positive for TBI (regardless of TBI history status

on the CTBIE) and (2) the presumed role of behavioral health in the maintenance of
neurobehavioral symptoms. Since then, several other studies have similarly highlighted
the strong association between behavioral health comorbidities (e.g., posttraumatic stress
disorder [PTSD] and depression) and neurobehavioral symptoms following TBI (Andrews
et al., 2018; Lange, French, et al., 2020; Porter et al., 2018), emphasizing the negligible
influence of TBI itself on neurobehavioral symptoms—especially symptoms endorsed
chronically following injury.

To date, CTBIE outcome studies have largely focused on TBI diagnostic status and
surprisingly few studies have examined clinician-rated symptom etiology data. In

fact, no studies, to our knowledge, have evaluated associations between self-reported
neurobehavioral symptoms and clinicians’ symptom etiology classifications on the CTBIE.
In the present study, we examined neurobehavioral symptom reporting in a large, nationwide
sample of military veterans who (1) completed the CTBIE between 2007 and 2019 and

(2) enrolled in the VA’s Million Veteran Program (MVP; Gaziano et al., 2016). Our first
objective was to compare neurobehavioral symptoms across clinician-rated TBI diagnostic
groups (i.e., CTBIE+ vs. CTBIE-), similar to what was accomplished in Scholten et al.’s
(2012) study. However, we evaluated CTBIE data spanning over a decade, but only among
MVP-enrolled veterans. This aim was conducted to verify that our MVP sample was
representative of the broader CTBIE cohort from which prior studies have been based. Our
second objective was to evaluate neurobehavioral symptoms as a function of clinician-rated
symptom etiology groups (i.e., Symptom Resolution vs. TBI vs. Behavioral Health vs.
Comorbid vs. Other)—something that has not previously been examined. We hypothesized
that in our sample of MVP-enrolled veterans who completed the CTBIE, that (1) veterans
with a history of TBI (CTBIE+) would experience a greater symptom burden compared to
those without a history of TBI (CTBIE-) and (2) veterans classified as either Comorbid or
Behavioral Health would endorse a greater symptom burden compared to all other symptom
etiology groups. Finally, we compared rates of severe/very symptoms in CTBIE+ veterans
across symptom etiology groups.

Material and Methods

Procedures and Participants

The current study was conducted using data from the VA’s MVP, a national research
program that seeks to evaluate how lifestyle factors, military exposure, and genes influence
health and illness (Gaziano et al., 2016). Any veteran is eligible to participate in MVP

(as long as they are able to provide consent); thus, the MVP cohort reflects a nationwide
sample of veterans. As part of MVP enrollment, participants (1) consent to investigators
accessing their electronic health record (EHR) data; (2) complete self-report questionnaires;
and (3) provide a blood sample for genetic analysis. For the purpose of this study, only
EHR data assembled from the VA’s Corporate Data Warehouse (Fihn et al., 2014) was
utilized. Specifically, the CTBIE! served as the primary data source (see below for details).

J Psychiatr Res. Author manuscript; available in PMC 2023 June 14.
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The overarching MVP project was granted Institutional Review Board (IRB) approval in
2010 and enrollment into MVP began in 2011. IRB approval for the present study (project
“MVP026”) was obtained in 2019.

Eligible participants for the current study included MVP-enrolled veterans who were
administered the CTBIE (between 2007 and 2019) following a positive TBI Clinical
Reminder Screen (VHA, 2007; VHA, 2010). Participants were excluded from the present
study if (1) CTBIE TBI diagnostic data were unavailable, incomplete, or uncertain; (2)
neurobehavioral symptom data were missing, and/or (3) they failed symptom validity testing
(described in more detail below under “Measures™). See Figure 1 for a flow diagram
representing the study’s inclusion and exclusion criteria. Applying these criteria resulted in a
final sample of N=12,144.

Comprehensive Traumatic Brain Injury Evaluation (CTBIE)—The CTBIE is a
tool that was designed for VA clinicians with expertise in TBI to assess for historical

TBIs sustained during an OEF/OIF-related deployment (VHA, 2010). As part of the
CTBIE interview template, clinicians gather basic sociodemographic data and inquire
about deployment-related injuries sustained during OEF/OIF. Specifically, information is
collected regarding mechanism of injury (categories include bullet, vehicular, fall, and blast)
as well as other injury characteristics such as loss of consciousness (LOC), alteration

of consciousness (AOC), and post-traumatic amnesia (PTA). Clinicians also ask about
whether the veteran sustained any TBIs prior to or since deployment. Specifically, the
CTBIE states, “Prior to your OEF/OIF deployment, did you experience a brain injury

or concussion?” and “Since your OEF/OIF deployment, have you experienced a brain
injury or concussion?”, with the following response options: ‘Yes’, ‘No’, ‘Uncertain’, and
‘Not Assessed’. Comorbid psychiatric symptoms (i.e., is the veteran currently experiencing
psychiatric symptoms, with response options including “Yes’, ‘No’, ‘Suspected/Probable’,
and ‘Not Assessed”) and pain (i.e., has the veteran had any problems with pain in the

last 30 days, with response options including “Yes’” and ‘No’) are also assessed. Finally,
neurobehavioral symptoms are evaluated as part of the CTBIE using the Neurobehavioral
Symptom Inventory (NSI; described below).

As described previously, at the conclusion of the CTBIE, the clinician is instructed to
render two diagnostic decisions, one pertaining to TBI diagnostic status (i.e., “Based on

the history of the injury and the course of clinical symptoms, did the veteran sustain a

TBI during OEF/IOF deployment?) and the other pertaining to current symptom etiology
(i.e., “In your clinical judgment the current clinical symptom presentation is most consistent
with...”). For the TBI diagnostic status question, response options are “Yes’ and ‘No’;

for the symptom etiology question, the response options are: (1) ‘Symptom resolution
(patient is currently not reporting symptoms)’ [Symptom Resolution]; (2) ‘An OEF/OIF
deployment-related TBI residual problems’ [TBI]; (3) ‘Behavioral health conditions (e.g.,
PTSD, depression)’ [Behavioral Health]; (4) ‘A combination of OEF/OIF deployment-

INote that for this study, data access was limited to veterans enrolled in MVP who completed the CTBIE (in other words, we did not
evaluate [or have access to] a//veterans with completed CTBIE’s, only those enrolled in MVP with completed CTBIE’s).

J Psychiatr Res. Author manuscript; available in PMC 2023 June 14.
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related TBI and behavioral health condition(s)’ [Comorbid]; or (5) ‘Other condition not
related to OEF/OIF deployment-related TBI or behavioral health condition(s) [Other].

Neurobehavioral Symptom Inventory (NSI)—The NSI (Cicerone & Kalmar, 1995) is
comprised of 22 unique “post-concussive” symptoms. The NSI is a self-report measure with
excellent internal consistency, test-retest reliability, and concurrent and construct validity
(King et al., 2012; Menatti et al., 2020; Soble et al., 2014; Vos et al., 2019). Respondents are
asked to rate the extent to which they have experienced each symptom over the past 30 days
using a 5-point scale ranging from 0-4, where 0=None, 1=Mild, 2=Moderate, 3=Severe, and
4=Vfery Severe. In addition to evaluating the individual items, several scores were generated
from the NSI to capture both symptom severity and symptom breadth.

Total Score: The NSI total score was computed by summing the ratings across
the 22 individual items (range: 0-88); this score reflects overall symptom
severity, with higher scores indicative of more severe symptom endorsement.

Symptom Domain Scores: Based on the results of a previous factor analysis
conducted on the NSI using a similar military sample (Vanderploeg et al., 2015),
four symptom domain scores were computed reflecting vestibular symptoms
(items 1-3; range: 0-12), somatic/sensory symptoms (items 4-7 and 9-11; range:
0-28), cognitive symptoms (items 13-16; range: 0-16); and affective symptoms
(items 17-22; range: 0-24). As with the NSI total score, each symptom domain
score was computed by summing the ratings of the individual items associated
with each domain. The symptom domain scores reflect domain-specific symptom
severity, with higher scores indicative of more severe symptom endorsement.

Positive Symptom Total (PST) Scores: A ‘PST-Mild’ score was calculated by
counting how many of the 22 NSI items were endorsed at a mild or greater
severity level (denoted by a rating of “1” or more on an individual item; range:
0-22); a ‘PST-Moderate’ score was calculated by counting how many of the 22
items were endorsed at a moderate or greater severity level (denoted by a rating
of “2” or more on an individual item; range: 0-22); and a ‘PST-Severe’ score
was calculated by counting how many of the 22 items were endorsed at a severe
or greater severity level (denoted by a rating of “3” or more on an individual
item; range: 0-22). The PST scores reflect symptom breadth, with higher scores
indicative of greater symptom breadth (Derogatis, 1994; Merritt et al., 2015).

Symptom Interference Score. The ‘symptom interference’ score was derived
from a single item on the CTBIE that asked participants to rate how much the
NSI symptoms interfered with their life over the past 30 days, using a similar
0-4 rating scale where 0=Not at all, 1=Mildly, 2=Moderately, 3=Severely, and
4=Extremely.

Symptom Validity: The ‘symptom validity’ score was derived from the NSI
using 10 infrequently endorsed items (Vanderploeg et al., 2014). The score from
each of these items is added together to create the Validity-10 index; scores
greater than 22 reflect symptom over-reporting whereas scores of 22 or less are
considered valid (Vanderploeg et al., 2014). Given the high base rate of symptom

J Psychiatr Res. Author manuscript; available in PMC 2023 June 14.
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exaggeration in military cohorts (Armistead-Jehle, 2010) and the possibility of
secondary gain (i.e., disability pensions) in this cohort, anyone with a Validity-10
score greater than 22 was excluded to minimize the possible effects of symptom
overreporting on our results.

Statistical Analyses

Results

Stata (Stata/MP 15.1, StataCorp LLC, College Station, TX) was used to conduct all
statistical analyses. Independent variables of interest from the CTBIE were clinician ratings
on (1) TBI diagnostic status and (2) current symptom etiology, and dependent variables
included NSI symptoms (i.e., summary scores, symptom domain scores, and individual
items). Descriptive statistics were conducted on all variables of interest and analyses of
covariance (ANCOVAS) adjusting for relevant sociodemographic characteristics (i.e., age,
sex, race/ethnicity, premilitary education, employment status, and marital status) were used
to evaluate the effect of (1) TBI diagnostic group and (2) symptom etiology group on
neurobehavioral symptoms. Adjusted effect sizes are reported as partial eta-squared (77,02 )
values, with the following interpretation: small = 0.01; medium = 0.06; and large = 0.14;
unadjusted effect sizes are reported as Cohen’s d'values, with the following interpretation:
small = 0.20; medium = 0.50; and large = 0.80.

In follow-up analyses, logistic regression adjusting for sociodemographic variables (i.e.,
age, sex, race/ethnicity, education, employment status, and marital status) was used to (1)
estimate the odds of having severe/very severe symptoms as a function of symptom etiology
group and (2) evaluate the variables most associated with being classified in the ‘Comorbid’
symptom etiology group. Odds ratios and 95% confidence intervals were computed for all
logistic regression models.

Participant Characteristics

In total, 12,144 MVP-enrolled veterans were included in this study; all completed the
CTBIE between 2007 and 2019. Participants were, on average, 34.9 years of age (50=9.6)
and the majority were male (91.0%). Participant characteristics (i.e., sociodemographic,
injury-related variables, and CTBIE diagnostics) are presented in Table 1, both for the full
sample (i.e., CTBIE+ and CTBIE- veterans) and for the CTBIE+ sample only. Of the
12,144 veterans included in the present study, 62.8% were classified as CTBIE+, meaning
that a clinician determined that their history was consistent with a TBI, and the remaining
37.2% were classified as CTBIE-. With regard to symptom etiology, close to half of the
participants from the full sample (i.e., CTBIE+ and CTBIE- veterans) were classified

as Behavioral Health (47.8%), meaning that clinicians determined that veterans’ current
symptoms were primarily due to behavioral health conditions. In contrast, when examining
only CTBIE+ veterans (N=7,631), symptoms were most often attributed to Comorbid TBI +
Behavioral Health (42.9%), followed by Behavioral Health (35.5%).

J Psychiatr Res. Author manuscript; available in PMC 2023 June 14.
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Neurobehavioral Symptoms: Summary Data

Table 2 presents descriptive statistics for the NSI variables (summary scores, symptom
domain scores, and individual items) across the full sample (CTBIE+ and CTBIE-
veterans) and Figure 2 displays the 22 individual neurobehavioral symptoms by severity
level. As shown in Figure 2, the most commonly endorsed severe/very severe symptoms
were difficulty falling or staying asleep (56.4%), irritability (50.5%), feeling anxious or
tense (45.9%), and forgetfulness (42.3%). The least commonly endorsed symptoms (i.e.,
symptoms rate as “none”) were change in taste and/or smell (70.6%), nausea (51.6%), and
loss of appetite or increased appetite (39.5%).

Neurobehavioral Symptoms by CTBIE Diagnostic Group

Table 3 presents the ANCOVA results comparing CTBIE diagnostic groups (i.e., CTBIE+
and CTBIE- groups) across NSI variables. There was a significant association between
CTBIE group and all NSI items (i.e., summary scores, symptom domain scores, and
individual items; all p’s<.001, adjusted effect sizes: 77p2:.001-.027; unadjusted effect
sizes: ¢=0.06-0.32), such that CTBIE+ veterans endorsed greater symptoms than CTBIE-
veterans.

Neurobehavioral Symptoms by CTBIE Symptom Etiology Group

Participant characteristics (i.e., sociodemographic and injury-related variables) are presented
in Table 4 by CTBIE symptom etiology group (i.e., Symptom Resolution, TBI, Behavioral
Health, Comorbid, and Other groups) for the CTBIE+ sample, and Table 5 presents

the ANCOVA results comparing symptom etiology groups across NSI variables for the
CTBIE+ sample. There was a significant association between symptom etiology group and
all NSl items (i.e., summary scores, symptom domain scores, and individual items; all
p’s<.001, np2:.003-.080; see Table 5). Post-hoc analyses, displayed in Table 6, generally
showed that the Comorbid and Behavioral Health groups endorsed significantly greater
symptoms compared to the Symptom Resolution, TBI, and Other groups. Additionally, the
Comorbid group endorsed significantly greater symptoms relative to the Behavioral Health
group for many of the NSI summary and symptom domain scores. Finally, there were no
significant differences between the TBI and Symptom Resolution groups for the majority
of NSI summary and symptom domain scores; the only exception to this was the somatic/
sensory and cognitive symptom domain scores, where the TBI group endorsed more severe
symptoms than the Symptom Resolution group. Supplemental Table 1 provides summary
statistics and ANCOVA results for the NSI variables by CTBIE symptom etiology group
across the full sample (including both CTBIE+ and CTBIE- veterans).

Follow-up Analyses Examining Neurobehavioral Symptoms Across Symptom Etiology

Groups

Given the significant associations between symptom etiology group and neurobehavioral
symptoms, we conducted follow-up analyses to explore severe/very severe neurobehavioral
symptoms as a function of symptom etiology group. For these analyses, we dichotomized
symptom scores into high and low symptom groups (Bouldin et al., 2021; Iverson et al.,
2011). High symptoms were defined as a rating of 3 (“severe”) or 4 (“very severe”) whereas

J Psychiatr Res. Author manuscript; available in PMC 2023 June 14.
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low symptoms were defined as a rating of 0 (“none”), 1 (“mild™), or 2 (“moderate").2
Across all symptom etiology groups, endorsement of severe/very severe vestibular and
somatic/sensory symptoms was low (0.0%-1.2%), whereas endorsement of severe/very
severe cognitive and affective symptoms was comparatively high (6.5%-27.9%). Table 7
displays the proportion of CTBIE+ veterans reporting severe/very severe symptoms by
symptom etiology group, and Supplemental Table 2 displays similar data for the full sample
(including both CTBIE+ and CTBIE- veterans).

Logistic regression analyses adjusting for sociodemographic variables (i.e., age, sex, race/
ethnicity, education, employment status, and marital status) were then used to estimate the
odds of having severe/very severe symptoms as a function of symptom etiology group for
the CTBIE+ veteran sample. Results showed that relative to the Symptom Resolution group
(the reference group), both the Comorbid and Behavioral Health groups had increased odds
of endorsing severe/very severe cognitive and affective symptoms, as well as symptom
interference with daily life, whereas the TBI and Other groups did not (see Table 8).
Supplemental Table 3 shows the logistic regression results when analyzing the full sample
(including both CTBIE+ and CTBIE- veterans).

Finally, given the particularly high symptom burden within the Comorbid group, we
conducted a final set of analyses focusing on this subgroup of vulnerable veterans. Logistic
regression analyses evaluated several predictors associated with being classified in the
Comorbid symptom etiology group within the CTBIE+ sample. Predictor variables (all
categorical3) included age, sex, race/ethnicity, education, employment status, marital status,
and presence of psychiatric symptoms, pain, blast exposure, LOC, and PTA; the most
significant predictors of Comorbid group membership included endorsement of psychiatric
symptoms (p < .001; OR =5.92; 95% CI = 4.63-7.57) and pain (p < .001; OR = 1.90; 95%
Cl = 1.48-2.44) on the CTBIE, as well as several injury-related characteristics including
presence of PTA (p<.001; OR = 1.44; 95% CI = 1.25-1.65), LOC (p < .001; OR = 1.40;
95% CI = 1.23-1.61), and blast exposure (p=.001; OR = 1.26; 95% CI = 1.10-1.45).

Discussion

Leveraging a large, nationwide sample of veterans enrolled in the VA’s MVP, we sought to
evaluate neurobehavioral symptoms obtained from the CTBIE as a function of (1) clinician-
rated TBI diagnostic status (i.e., CTBIE+ vs. CTBIE-) and (2) clinician-rated symptom
etiology groups (i.e., Symptom Resolution vs. TBI vs. Behavioral Health vs. Comorbid

vs. Other). Results were consistent with our expectations—those with a history of TBI
(CTBIE+) experienced a greater symptom burden compared to those without a history

of TBI (CTBIE-). Additionally, veterans classified as Comorbid and Behavioral Health
experienced the greatest symptom burden compared to all other symptom etiology groups
(i.e., Symptom Resolution, TBI, and Other). Our findings have relevant clinical implications
and further highlight the importance of prioritizing behavioral health treatments in this
veteran cohort.

2For these analyses, symptom domain total scores were transformed to scaled scores by dividing the symptom domain total score by
the number of items within that domain; these scaled scores were subsequently dichotomized into high and low groups.
Predictor variables were entered as categorical variables, coded based on how the data are presented in Tables 1 and 4.
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Prior work by Scholten and colleagues (2012) evaluated a national sample of veterans

who completed the CTBIE between 2007 and 2010 and found that while both CTBIE+

and CTBIE- veterans experienced moderate-to-severe neurobehavioral symptoms, CTBIE+
veterans endorsed a significantly higher rate of symptoms. Moreover, they showed that
among CTBIE+ veterans, clinicians most often attributed patients’ current symptoms to
Comorbid TBI + Behavioral Health conditions (61%), followed by Behavioral Health
conditions alone (23%). In our cohort of MVP-enrolled veterans who completed the CTBIE
between 2007 and 2019, we similarly showed high rates of neurobehavioral symptoms

in both CTBIE+ and CTBIE- veterans, with CTBIE+ veterans endorsing significantly
greater symptoms than CTBIE- veterans. We likewise found that among CTBIE+ veterans,
clinicians most often attributed patients” symptoms to Comorbid TBI + Behavioral Health
conditions (43%), followed by Behavioral Health conditions alone (36%). Interestingly,
when examining the full cohort of veterans in our sample (i.e., CTBIE+ and CTBIE-
veterans), clinicians rated Behavioral Health conditions as the leading etiology of patients’
symptoms (48%). Taken together, these findings support the view that behavioral health
plays a prominent role in the presentation and maintenance of neurobehavioral symptoms,
both in veterans screening positive for TBI and in those with confirmed TBI histories.

In fact, the vast majority of the CTBIE+ sample (78.4%) were classified as having a
symptom presentation involving a behavioral health component. Although it should be
acknowledged that CTBIE+ veterans endorsed significantly greater symptoms than CTBIE-
veterans, effect sizes were small and findings highlight the high degree of symptom distress
in all veterans completing the CTBIE, regardless of TBI diagnostic status. It is also

notable that the most commonly endorsed severe/very severe symptoms (across the full
sample of CTBIE+ and CTBIE- veterans) included difficulty falling or staying asleep,
irritability, feeling anxious or tense, and forgetfulness—all of which are non-specific to TBI.
Importantly, these findings were observed in veterans who passed symptom validity testing,
further strengthening the validity of these results.

The more novel aspect of this study was the comparison of neurobehavioral symptoms
across CTBIE clinician-rated symptom etiology groups. For these analyses, we focused
our findings on the CTBIE+ group; however, the results for the full sample (CTBIE+

and CTBIE- veterans) are provided in the supplemental data. As expected, our results
demonstrated that veterans classified as Comorbid and Behavioral Health endorsed the
greatest symptom burden, whereas veterans classified as TBI had symptom profiles most
similar to the Symptom Resolution group. These findings are consistent with prior research
that prospectively recruited distinct groups of veterans (i.e., those with comorbid TBI +
PTSD, PTSD-alone, TBI-alone, and controls [those without a history of TBI or PSTD])
and found that the highest rates of neurobehavioral symptoms occurred in veterans with
comorbid TBI + PTSD and PTSD-alone as opposed to veterans with TBI-alone and controls
(Balba et al., 2018; Combs et al., 2015; Merritt, Jurick, et al., 2019).

Moreover, when examining severe/very severe neurobehavioral symptoms among CTBIE+
veterans in follow-up analyses, the Comorbid and Behavioral Health groups were at least
two times more likely than the Symptom Resolution group to endorse cognitive and affective
symptoms, as well as significant symptom interference with daily life. In contrast, the
symptoms reported by the TBI group were generally comparable to the symptoms reported
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by the Symptom Resolution group, which is a notable finding in and of itself. Altogether,
these findings add further evidence to suggest that behavioral health comorbidities are a
driving factor of chronic neurobehavioral symptoms in this population and results highlight
the importance of referring distressed veterans for interdisciplinary, complementary
treatments including psychoeducation, cognitive rehabilitation, and integrated behavioral
health interventions such as cognitive behavioral therapy, cognitive processing therapy, or
SMART-CPT (Cooper et al., 2015; Jak et al., 2019).

Finally, when examining CTBIE+ veterans, we found that those who endorsed psychiatric
symptoms and pain on the CTBIE and who experienced PTA, LOC, and blast exposure
were at greatest risk for being classified in the Comorbid symptom etiology group. No
prior studies have examined how clinicians make their symptom etiology ratings, and
these data offer insight into the factors that may contribute to, or influence, clinicians’
symptom etiology ratings on the CTBIE. Furthermore, these findings underscore the
importance of offering psychoeducation to this group of veterans (Cooper et al., 2015;
Venkatesan & Ramanathan-Elion, 2021). Although more research is needed to evaluate
the efficacy of psychoeducation offered in the chronic phase of injury, it is possible that
providing psychoeducation to patients at the time of CTBIE completion could help patients
with managing expectations about symptom etiology, attribution, and recovery, as well

as understanding the overlay between common neurobehavioral symptoms and behavioral
health symptoms (Cooper et al., 2015; Merritt et al., 2020). Notably, a recent review
highlighted the use of “personalized psychoeducation” when working with veterans with
a history of TBI (Venkatesan & Ramanathan-Elion, 2021); widespread implementation of
this approach could have significant benefits to veterans who undergo the TBI screen and
CTBIE.

Although identifying the precise etiology of clinical sequelae observed following TBI is
challenging, further elucidating the mechanisms that underly neurobehavioral symptoms in
this vulnerable population could significantly aid in tailoring treatment interventions for
patients with chronic symptoms. Studies have overwhelmingly shown that structural and
brain alterations (e.g., cortical thinning, reduced cerebral blood flow), particularly in frontal
and brainstem regions, likely underlie the cognitive and affective symptomatology often
observed following neurotrauma (Clark et al., 2018; Delano-Wood et al., 2015; Ozturk &
Tan, 2018; Sorg et al., 2014; Sorg et al., 2021; Sorg et al., 2016). Furthermore, it has

been suggested that genetic polymorphisms such as apolipoprotein E £4 (APOE-e4) status
may play a role in neurobehavioral symptom onset and maintenance (Merritt, Lapira, et
al., 2019). Consideration of polygenic risk scores for at-risk individuals may also lead to
promising insights regarding neurobehavioral symptom reporting in the chronic phase of
injury (Polimanti et al., 2017). Future efforts by our laboratory will focus on expanding the
results of the current study by exploring these possibilities using MVP clinical and genetic
data.

It is important to note study limitations of the present research. Given that our sample
included Irag/Afghanistan-era veterans with a history of deployment who were enrolled in
the VA’s MVP and completed the CTBIE, our results may not extend to veterans who served
in other eras or who never experienced deployment. Furthermore, our sample was comprised
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of predominantly male veterans who were likely in the chronic phase of injury, limiting the
generalizability of our findings to females, civilians, and those in the acute or post-acute
phases of injury. It is also important to highlight that the CTBIE is based on clinicians’
evaluations of patients’ se/f-reported histories of events that likely took place years prior.
Consequently, determining an exact “time since injury” (i.e., days between TBI event and
date of CTBIE completion) is difficult, as is corroborating self-reported injury details.

Another study limitation is that our findings are based on retrospective, cross-sectional
medical record data; this type of data is subject to potential inaccuracies related to the
charting and documentation of TBI. Relatedly, although clinicians who administer the
CTBIE are instructed to make their TBI diagnostic decisions based on LOC, AOC, and PTA
status alone, we cannot be certain that patients’ self-reported NSI symptoms do not play
into clinicians’ diagnostic decisions regarding TBI. Finally, the psychometrics of the TBI
Clinical Reminder Screen and CTBIE are also somewhat variable and should be considered
in the interpretation of these results (Belanger et al., 2016; Belanger et al., 2012; Donnelly
etal., 2011; Fortier et al., 2015; Pape et al., 2018; Pogoda et al., 2014; Radigan et al., 2018;
Van Dyke et al., 2010). Nevertheless, the utility of large datasets such as the one used in

the present study is considerably valuable and findings from this large clinical epidemiologic
study set the stage for future research within MVP to further elucidate the mechanisms that
underly neurobehavioral symptoms.
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Figure 1.
Flow diagram representing study inclusion/exclusion criteria.
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Neurobehavioral Symptom Inventory (NSI) Symptom Endorsement by Severity Level (Full
Sample™).

Notes. TN=12,144.
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Table 1.
CTBIE Participant Characteristics for the Full Sample (CTBIE+ and CTBIE- Veterans) and CTBIE+ Sample.

Variables Full sample’ | CTBIE+ Sample”
Sociodemographics N % N %
Age at CTBIE

18-29 4,404 | 36.7 2,990 39.7

30-39 3,984 | 33.2 2,573 34.2

40-49 2,548 | 21.2 1,413 18.8

50+ 1,060 8.8 559 7.4
Sex

Male 11,049 | 91.0 7,009 91.9

Female 1,095 9.0 622 8.2

Race/Ethnicity

White 6,602 | 54.4 4,199 55.0
Hispanic 1,945 16.0 1,320 17.3
Black 1,813 | 14.9 951 12.4
Asian 310 2.6 205 2.7
Another Race 613 5.0 372 49
Unknown/Not Reported 861 7.1 584 7.7

Education Level (Pre-Military)

High School or Less 6,929 58.5 4,430 59.4
Some College 4,030 34.0 2,500 335
College Degree or More 888 75 525 7.0

Employment Status

Employed 5310 | 446 3,203 42.7
Unemployed 4,349 | 36.5 2,772 36.9
Student 2,106 | 17.7 1,435 19.1
\olunteer/Homemaker 154 1.3 96 13

Marital Status

Single/Never Married 2,867 23.6 1,793 235
Married or Partnered 6,236 | 51.4 3,936 517
Divorced or Separated 2,969 24.5 1,857 24.4
Widowed 52 0.4 34 0.5

Psychiatric Symptoms

Yes 6,237 | 64.2 4,126 67.2
No 1,274 | 131 735 12.0
Suspected/Probable 1,547 | 159 860 14.0
Not Assessed 660 6.8 415 6.8

Problems with Pain
Yes 11,092 | 91.4 7,089 93.0
No 1,041 8.6 536 7.0
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Variables Full SampIeJr CTBIE+ Sample¢
Sociodemographics N % N %
Injury-Related Characteristics N % N %
Mechanism of Injury/\

Bullet 265 2.2 182 3.0
Vehicular 2,299 | 18.9 1,690 26.9
Fall 2,859 | 235 2,098 329
Blast 7,113 58.6 5,141 74.7
LOC Present
Yes 4,170 45.5 3,814 55.9
No 4,285 | 46.7 2,434 35.6
Uncertain 718 7.8 579 8.5
AOC Present
Yes 7,905 | 79.2 6,691 92.3
No 1,749 | 175 414 5.7
Uncertain 322 3.2 144 2.0
PTA Present
Yes 2,320 | 2838 2,195 37.0
No 4,932 | 61.2 3,075 51.8
Uncertain 811 10.1 663 11.2
TBI Prior to Deployment
Yes 2,754 | 22.7 1,640 215
No 8,669 | 714 5,588 73.2
Uncertain 509 4.2 296 3.9
Not Assessed 204 1.7 105 1.4
TBI Since Deployment
Yes 1,306 | 10.8 822 10.8
No 10,314 | 84.9 6,520 85.5
Uncertain 353 2.9 208 2.7
Not Assessed 164 14 79 1.0
Diagnostics N % N %
CTBIE TBI Diagnosis -- -
TBI (CTBIE+) 7,631 | 62.8
No TBI (CTBIE-) 4513 | 37.2
CTBIE Current Symptom Etiology
Symptom Resolution 750 7.2 408 6.5
TBI 612 5.9 588 9.3
Behavioral Health 4,965 47.8 2,236 35.5
Comorbid 2,773 | 26.7 2,702 429
Other 1,282 | 123 371 5.9

Page 20

Abbreviations: CTBIE = Comprehensive Traumatic Brain Injury Evaluation; LOC = loss of consciousness; AOC = alteration of consciousness;
PTA = post-traumatic amnesia; TBI = traumatic brain injury.
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Notes:

fThe “full sample” refers to veterans who completed the CTBIE, regardless of TBI diagnostic status (i.e., CTBIE+ and CTBIE- veterans make up
this sample); N=12,144; however, n’s may not total 12,144 due to missing data.

’tThe “CTBIE+ sample” refers to veterans who completed the CTBIE and were confirmed to have a history of TBI; N=7,631; however, n’s may not
total 7,631 due to missing data.

A
Not mutually exclusive categories; thus, it is possible for a participant to endorse more than one mechanism of injury.
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