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Objective: The study aimed to examine the association between post-concussive

comorbidity burdens [post-traumatic stress disorder (PTSD), depression, and/or

headache] and central nervous system (CNS) polypharmacy (five or more

concurrent medications) with reported neurobehavioral symptoms and symptom

validity screening among post-9/11 veterans with a history of mild traumatic brain

injury (mTBI).

Setting: Administrative medical record data from the Department of Veterans

A�airs (VA) were used in the study.

Participants: Post-9/11 veteranswithmTBI and at least 2 years of VA care between

2001 and 2019 who had completed the comprehensive traumatic brain injury

evaluation (CTBIE) were included in the study.

Design: Retrospective cross-sectional design was used in the study.

Main measures: Neurobehavioral Symptom Inventory (NSI), International

Classification of Diseases, Ninth Revision, and Clinical Modification diagnosis

codes were included in the study.

Results: Of the 92,495 veterans with a history of TBI, 90% had diagnoses of

at least one identified comorbidity (PTSD, depression, and/or headache) and

28% had evidence of CNS polypharmacy. Neurobehavioral symptom reporting

and symptom validity failure was associated with comorbidity burden and

polypharmacy after adjusting for sociodemographic characteristics. Veterans

with concurrent diagnoses of PTSD, depression, and headache were more

than six times more likely [Adjusted odds ratio = 6.55 (99% CI: 5.41, 7.92)].

to fail the embedded symptom validity measure (Validity-10) in the NSI.
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Conclusion: TBI-relatedmultimorbidity and CNS polypharmacy had the strongest

association with neurobehavioral symptom distress, even after accounting

for injury and sociodemographic characteristics. Given the regular use of

the NSI in clinical and research settings, these findings emphasize the

need for comprehensive neuropsychological evaluation for individuals who

screen positively for potential symptom overreporting, the importance of

multidisciplinary rehabilitation to restore functioning following mTBI, and the

conscientious utilization of symptom validity measures in research e�orts.

KEYWORDS

veterans, polypharmacy, multimorbidity, post-traumatic stress disorders, concussion,

headache

Introduction

Traumatic brain injury (TBI) is a ‘signature wound of war’

among post-9/11 veterans, with more than 463,000 documented

cases since 2000 (1). Although 80–85% of all cases are mild

in severity (mTBI), TBI of any severity can result in long-term

changes in physical, emotional, and cognitive functioning (1). As a

result, exposure to TBI is possibly better described as the potential

onset of a multifaceted disease process rather than a historical

event (2). Multiple, concurrent, chronic physical, or mental health

conditions (i.e., multimorbidity) and/or central nervous system

(CNS) polypharmacy (i.e., 5 or more central nervous system

medications) can have compounding adverse effects on wellbeing

and functioning (3–5). The challenges veterans of the post-9/11

era face encompass not only recovery but also the stress of

stigma and the logistics of care for ambiguous and common

clinical complaints, cumulatively described as the “burden of

adversity.” (6).

The timely identification and treatment of TBI have the

potential to prevent or delay the accumulation of related

comorbidities, symptoms, and burdens (including CNS

polypharmacy’s adverse effects). In response, the Department

of Veterans Affairs (VA) instituted mandatory TBI screening

among all post-9/11 veterans in 2007 (7). Those who screen

positively for TBI are referred for the comprehensive TBI

evaluation (CTBIE), an in-depth structured interview, and physical

assessment administered by a clinical specialist. Embedded within

the CTBIE, the Neurobehavioral Symptom Inventory (NSI)

assesses the impact of neurobehavioral symptoms commonly

associated with TBI exposure (8).

TBI, however, is often followed by common mental and

physical health symptoms, making it difficult to isolate TBI-related

sequelae and symptoms from other causes. Given this complicated

clinical picture, patients with a history of mTBI may present with

an extensive medical history that includes treatment with multiple

(sometimes concurrent) medications acting on the CNS (i.e., CNS

polypharmacy) which can further exacerbate symptomology with

medication-induced side effects (4, 9, 10).

To assess potential symptom overreporting, the Validity-

10, an embedded measure of symptom validity, was developed

leveraging low frequency or unusual symptom complaints on the

NSI (11). Current guidance recommends that individuals who

score 23 or greater on the Validity-10 should be referred for

more comprehensive neuropsychiatric evaluation, presumably to

evaluate psychological issues to which the symptom reporting

might be better attributed. Its initial derivation, however, was in

a sample of relatively healthy young men on active duty, from

which those with neurological disorders were excluded. Although

the Validity-10 is a valuable tool that has been praised for its clinical

utility, concerns have emerged regarding its sensitivity among

more clinically complex patient subgroups, particularly those with

psychiatric conditions (12–14).

In this study, we examined the association between common

comorbidities and polypharmacy with neurobehavioral symptom

reporting among post-9/11 veterans with deployment-related

mTBI. We first hypothesized that increasingly complex

comorbidity would be associated with significantly greater

neurobehavioral symptom burden and Validity-10 failure.

Accounting for complex comorbidity, we also hypothesized that

CNS polypharmacy would similarly have a significant association

with increased neurobehavioral burden and Validity-10 failure.

These findings are an important step toward increasingly sensitive

estimates for symptom overreporting to account for the unique and

complex needs of veterans experiencing multimorbidity associated

with TBI exposure.

Methods

Sample

Following institutional review board approval, we used national

health system data from the Departments of Defense (DoD) and

Veterans Health Administration (VHA). The inclusion criteria

were post-9/11 deployed veterans who a) had at least 3 years in

the DoD (FY1999-FY2019) and b) at least 2 years of VHA care

between fiscal year (FY) 2001 (1 October 2001) and the end of

FY 2019 (30 September 2019). We further restricted this sample

to those who completed the CTBIE after its institution in 2007

through 2018. The CTBIE is an in-depth clinical interview that

includes a physical examination, a medical and psychiatric history,

combat exposures, and the NSI. Finally, we limited the sample to

veterans who were classified as having mTBI using a previously

developed algorithm described elsewhere (15). For those who met
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these inclusion criteria, we compiled and merged VHA inpatient

and outpatient healthcare data and pharmacy records from FY 2001

to FY 2020.

Neurobehavioral symptom inventory

The NSI is a self-reported measure that assesses disruption over

the past 30 days attributable to commonly observed symptoms

after TBI (8). Response options for each item range from 0

(rarely or never present, not a problem at all) to 4 (almost

always present, very severe problem) with total scores as the

result of summing of all 22 items. Scores range between 0 and

88, where higher values indicate greater disruption of activities

due to neurobehavioral symptoms. The NSI can also describe a

more specific disruption due to affective, cognitive, somatosensory,

and vestibular symptoms based on a recent factor analysis

(16). Affective, cognitive, somatosensory, and vestibular subscale

scores represent average responses to each item within the scale.

To assess potential symptom overreporting, the Validity-10 was

developed leveraging a subset of items of the NSI that are low

frequency or unusual symptom complaints for healthy young

active duty men (11). Scores of 23 or greater on the Validity-

10 subscale are considered possible symptom overreporting, and

clinical practice dictates that such patients should be referred

for additional neuropsychiatric evaluation. Validity-10 status is

therefore considered either “pass” (i.e., scores of 22 or lower) or

“fail” (i.e., scores of 23 or greater).

Comorbidity burden

Depression, headache, and PTSD were used to assess the

comorbidity burden based on their prominent association with

TBI among military veterans (10). We used the International

Classification of Diseases, Ninth and Tenth Revisions, and

Clinical Modification (ICD-9-CM and ICD-10-CM) diagnosis

codes to identify PTSD, depression, and headache (see

Supplementary Table 1) within 1 year (before or after) of the

CTBIE. We used an established and conservative approach of

requiring at least two diagnosis codes assigned at least 7 days

apart in VA outpatient care or a single inpatient diagnosis to

identify qualifying diagnoses (17). We then created a composite

score based on the number of qualifying diagnoses among each

PTSD, depression, and/or headache. The resultant variable was

zero (“none”) for those with no history of PTSD, depression, or

headache but otherwise equal to the count of these three diagnoses.

CNS polypharmacy

The VHA Pharmacy Benefits Management outpatient

database was used to identify unique outpatient medications

dispensed by the VA product name. Although there is no

standardized definition for polypharmacy, the field has most

frequently utilized a definition of five or more concurrent

CNS medications for younger patients (18). We used an

algorithm to identify veterans in receipt of five or more CNS-

active medications (hereafter polypharmacy, “yes” or “no”)

within a year (before or after) of CTBIE administration (see

Supplementary Table 2) (19).

Sociodemographic characteristics

We collected personal and military history information

from VHA datasets. From the CTBIE, we included age,

sex (men or women), marital status (married/partnered,

divorced/separated/widowed, or single/never married),

race/ethnicity (white, Black Hispanic, Black non-Hispanic,

Asian American and Pacific Islander [AAPI], Native

American, Hispanic, or other), and education (high school

or equivalent, college graduate/post-graduate, some college,

less than high school, or unknown). Age violated the

assumption of normality and was subsequently categorized

into 19–29, 30–39, 40–50, or 51 years and older. We also

classified veterans according to military branch (army,

air force, marine corps, or navy/coast guard), component

(active duty, national guard, or reserve), and rank (enlisted

or officer).

Statistical analyses

Descriptive statistics characterized the post-9/11 veteran

sample by comorbidity burden. General linear modeling was used

to predict NSI total and subscale (i.e., affective, cognitive,

somatosensory, and vestibular) scores using comorbidity

burden and polypharmacy variables while controlling for

sociodemographic characteristics (age, sex, race/ethnicity, marital

status, education, military branch, rank, and component).

Model fits were measured by the coefficient of determination

(R2). Logistic regression was used to predict Validity-10 failure

using comorbidity burden and polypharmacy status while

controlling for sociodemographic characteristics (age, sex,

race/ethnicity, marital status, education, military branch, rank,

and component). We used a p-value of <0.01 as our level of

significance and reported 99% confidence intervals for each

analysis. All analyses were conducted using SAS
R©

Version 9.3

(SAS Institute, Cary, NC).

Results

As shown in Table 1, on average, the sample was 31.9 (SD 8.2)

years old, men (94%), white (63%), married/partnered (52%), and

had a high school education or equivalent (60%). Most veterans

were from the Army (72%) and served as enlisted members (96%).

More than 28% of the sample met the criteria for polypharmacy.

Approximately 91% of the sample had diagnoses of either PTSD,

depression, headache, or some combination thereof diagnosed

in VA care. Overall, 76.12% had diagnoses of PTSD, 53.59%

depression, and 58.36% headache.
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TABLE 1 Characteristics of the post-9/11 veteran sample with deployment-related mild traumatic brain injury (mTBI) by comorbidity burden.

Comorbidity burden∗ Total sample

N = 92,495

N (%) None
7,664
(8.29)

One
22,894
(24.75)

Two
34,746
(37.57)

Three
27,191
(29.40)

Polypharmacy 183 (2.39) 2,419 (10.57) 9,857 (28.37) 13,536 (49.78) 25,995 (28.10)

Age

19–29 4,191 (54.68) 12,519 (54.68) 17,631 (50.74) 12,033 (44.25) 46,374 (50.14)

30–39 1,951 (25.46) 6,287 (27.46) 10,846 (31.22) 9,431 (34.68) 28,515 (30.83)

40–49 1,157 (15.10) 3,205 (14.00) 5,004 (14.40) 4,686 (17.23) 14,052 (15.19)

50+ 365 (4.76) 883 (3.86) 1,265 (3.64) 1,041 (3.83) 3,554 (3.84)

Sex (F) 241 (3.14) 933 (4.08) 1,681 (4.84) 2,228 (8.19) 5,083 (5.50)

Race/ethnicity

White 5,203 (67.89) 15,269 (66.69) 22,119 (63.66) 16,028 (58.95) 58,619 (63.38)

Asian American/Pacific Islander 562 (7.33) 1,851 (8.09) 3,465 (9.97) 3,196 (11.75) 9,074 (9.81)

Black Hispanic 34 (0.44) 90 (0.39) 113 (0.33) 135 (0.50) 372 (0.40)

Black non-Hispanic 951 (12.41) 2,838 (12.40) 4,748 (13.66) 4,323 (15.90) 12,860 (13.90)

Hispanic 767 (10.01) 2,325 (10.16) 3,514 (10.11) 2,860 (10.52) 9,466 (10.23)

Native American 130 (1.70) 460 (2.01) 715 (2.06) 608 (2.24) 1,913 (2.07)

Unknown 17 (0.22) 61 (0.27) 72 (0.21) 41 (0.15) 191 (0.21)

Marital status

Married/partnered 3,564 (46.50) 11,440 (49.97) 17,796 (51.22) 15,186 (55.85) 47,986 (51.88)

Divorced/separated/widowed 1,446 (18.87) 4,691 (20.49) 8,129 (23.40) 6,799 (25.00) 21,065 (22.77)

Single, never married 2,638 (34.42) 6,713 (29.32) 8,761 (25.21) 5,149 (18.94) 23,261 (25.15)

Unknown 16 (0.21) 50 (0.22) 60 (0.17) 57 (0.21) 183 (0.20)

Education

High school or equivalent 4,486 (58.53) 13,723 (59.94) 21,314 (61.34) 16,149 (59.39) 55,672 (60.19)

College grad/post graduate 563 (7.35) 1,396 (6.10) 1,884 (5.42) 1,591 (5.85) 5,434 (5.87)

Less than high school 108 (1.41) 291 (1.27) 491 (1.41) 383 (1.41) 1,273 (1.38)

Some college 2,405 (31.38) 7,052 (30.80) 10,285 (29.60) 8,424 (20.98) 28,166 (30.45)

Unknown 102 (1.33) 432 (1.89) 772 (2.22) 644 (2.37) 1,950 (2.11)

Military branch

Army 5,170 (67.46) 15,671 (68.45) 25,191 (72.50) 20,657 (75.97) 66,689 (72.10)

Air force 251 (4.58) 935 (4.08) 1,352 (3.89) 1,042 (3.83) 3,680 (3.98)

Marine corps 1,534 (20.02) 4,706 (20.56) 6,311 (18.16) 4,127 (15.18) 16,678 (18.03)

Navy/coast guard 609 (7.95) 1,582 (6.91) 1,892 (5.45) 1,365 (5.02) 5,448 (5.89)

Military component

Active 2,694 (35.15) 8,592 (37.53) 14,929 (42.97) 14,293 (52.57) 40,508 (43.79)

Guard 1,421 (18.54) 3,955 (17.28) 6,035 (17.37) 4,454 (16.38) 15,865 (17.15)

Reserve 3,549 (46.31) 10,347 (45.20) 13,782 (39.66) 8,444 (31.05) 36,122 (39.05)

Military rank (enlisted) 7,235 (94.40) 21,926 (95.77) 33,525 (96.49) 26,144 (96.15) 88,830 (96.04)

mild traumatic brain injury, mTBI; central nervous system, CNS.
∗The comorbidity burden value is defined as “none” for those with no history of PTSD, depression, or headache, but otherwise equal to the count of these three diagnoses.
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TABLE 2 Mean neurobehavioral symptom inventory (NSI) scores by

comorbidity burden.

Comorbidity burden∗

M (SD) None One Two Three

NSI measure

Affective

subscale

1.51 (0.88) 2.00 (0.95) 2.49 (0.87) 2.80 (0.81)

Cognitive

subscale

1.36 (0.93) 1.73 (1.01) 2.13 (1.00) 2.45 (0.95)

Somatosensory

subscale

0.91 (0.64) 1.21 (0.71) 1.46 (0.75) 1.75 (0.77)

Vestibular

Subscale

0.78 (0.72) 1.00 (0.79) 1.24 (0.83) 1.49 (0.86)

Total NSI 25.46 (14.18) 33.13 (15.50) 40.66 (15.51) 47.01 (15.43)

∗Comorbidity burden value is defined as “none” for those with no history of PTSD,

depression, or headache but otherwise equal to the count of these three diagnoses.

Total NSI and subfactor scores

Table 2 describes the mean scores on the NSI subscales (i.e.,

affective, cognitive, somatosensory, and vestibular) by comorbidity

burden. The reported neurobehavioral symptom burden was

the highest on the affective subscale and the lowest on the

vestibular subscale. Regardless of the NSI subscale, the reported

neurobehavioral symptom burden increased as the comorbidity

burden increased.

As shown in Table 3, comorbidity burden and polypharmacy

were each significantly associated with increased neurobehavioral

symptom reporting. Comorbidity burden demonstrated an

increasing association on all examined aspects of neurobehavioral

symptom burden as the number of comorbid conditions

increased, which was also the single largest association among all

covariates in the analysis. Even after accounting for the effects of

comorbidity burden, polypharmacy had a significant association

with neurobehavioral symptom reporting, which was the second

strongest association in the fully adjusted analysis.

Older age, women (relative to men), veterans of non-white

ethnicity (relative to white), married/partnered (relative to all other

marital statuses), and enlisted service members (relative to officers)

were each consistently associated with increased neurobehavioral

symptom burden reporting. The various models ranged in variance

were explained (R2) by the series of models, ranging from 10%

(NSI-vestibular subscale) to 21% (NSI-affective subscale).

Validity-10 failure

The results of the logistic regression predicting Validity-10

failure are shown in Table 4. Increasing comorbidity burden was

associated with increased odds for Validity-10 failure, wherein

those with PTSD, depression, and headache were more than six

times more likely [Adjusted odds ratio = 6.55 (99% CI: 5.41,

7.92)]. to do so relative to those with none of those comorbidities.

Similarly, those who met the criteria for polypharmacy were twice

as likely to exceed the Validity-10 cutoff score. Consistent with

the other NSI measures, older age, veterans of non-white ethnicity

(relative to white), female veterans, and enlisted veterans (relative

to officer) also had increased odds for Validity-10 failure.

Discussion

Among post-911 veterans with a history of mTBI, burdensome

comorbidity, and CNS polypharmacy accounted for substantial

variation in neurobehavioral symptom reporting after controlling

for sociodemographic characteristics. This is consistent with

previous studies, in that, while the NSI is a reliable and valid

measure of post-concussive symptom distress, its scores are

influenced by co-occurring psychiatric disorders such as PTSD,

depression, and generalized anxiety (12, 20, 21). These analyses

extend this effect to headache, a predominant complaint associated

with TBI exposure. Perhaps more importantly, the Validity-

10 failure rate was similarly affected by comorbidity burden

and polypharmacy, revealing a need to account for TBI-related

comorbidity in the utilization of the NSI. Patients with burdensome

comorbidity following mTBI are likely best served by clinical

and research contexts with increasingly holistic evaluation and

care, particularly among those for whom potential symptom

overreporting is a concern.

A history of mTBI exposure and psychological complaints

are deeply and inextricably entwined (22). A clinical history of

mTBI is emerging as a significant factor in the treatment for

PTSD, influencing the type of treatment administered and how

effective it may be (23, 24). It appears that, even though there

are several treatments that are generally effective in treating PTSD

symptoms, patients with a history of mTBI often have more

persistent symptoms (25, 26). Given that Brenner et al. have

similarly evidenced higher-than-expected rates of probable TBI

among veterans seeking mental health services at the VA, a clearer

understanding of how TBI and mental health are intertwined is

critical (6). Therefore, although the Validity-10 symptom validity

scale was initially derived from a clinically uncomplicated service

member sample aside from deployment-related TBI status, its

implementation could be adapted for use among the more complex

patients often seen in polytrauma care. In fact, these findings

emphasize the need for enhanced interdisciplinary clinical teams to

ameliorate neurobehavioral symptoms and reduce polypharmacy

(27). It is possible that clinical care teams with an eye for long-term

adaptations in stress and mental health management could better

enable sustainable reductions in symptom reporting and disability.

Increasingly advanced and sensitive statistical tools have

recently made possible the identification of latent subgroups

among clinic populations treating patients with TBI-related issues.

For example, the polytrauma clinical triad describes a post-9/11

veteran patient subgroup that experienced TBI and grappled

with pain and PTSD in its wake (28). Ensuing investigations

have revealed that the constellation of clinical history and

comorbid conditions encapsulated by the polytrauma clinical triad

renders a substantially greater risk for prolonged symptomology,

substance abuse, homelessness, and suicide-related behavior (3,

29, 30). Combined physical and health challenges experienced

following TBI exposure can be enduring, progressive, and

frequently diagnostically ambiguous, underscoring the need for
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TABLE 3 Results of the generalized linear model on each of the total score and subfactors of the Neurobehavioral Symptom Inventory (NSI).

B, SE A�ective Cognitive Somatosensory Vestibular Total NSI

R2 = 0.21 R2 = 0.14 R2 = 0.16 R2 = 0.10 R2 = 0.20

Comorbidity burden∗∗

None Ref Ref Ref Ref Ref

One 0.45 (0.01)∗ 0.33 (0.01)∗ 0.27 (0.01)∗ 0.19 (0.01)∗ 6.92 (0.20)∗

Two 0.86 (0.01)∗ 0.66 (0.01)∗ 0.46 (0.01)∗ 0.37 (0.01)∗ 12.97 (0.19)∗

Three 1.07 (0.01)∗ 0.88 (0.01)∗ 0.67 (0.01)∗ 0.54 (0.01)∗ 14.44 (0.20)∗

Polypharmacy

No Ref Ref Ref Ref Ref

Yes 0.37 (0.01)∗ 0.37 (0.01)∗ 0.25 (0.01)∗ 0.26 (0.01)∗ 6.66 (0.12)∗

Age

19–29 Ref Ref Ref Ref Ref

30–39 0.07 (0.01)∗ 0.07 (0.01)∗ 0.10 (0.01)∗ 0.08 (0.01)∗ 1.57 (0.12)∗

40–49 0.01 (0.01) 0.04 (0.01)∗ 0.19 (0.01)∗ 0.13 (0.01)∗ 2.00 (0.16)∗

50+ 0.02 (0.02) 0.07 (0.02)∗ 0.23 (0.01)∗ 0.26 (0.01)∗ 3.00 (0.27)∗

Sex

Men Ref Ref Ref Ref Ref

Women 0.03 (0.01) 0.00 (0.01) 0.15 (0.01)∗ 0.16 (0.01)∗ 1.29 (0.22)∗

Race/ethnicity

White Ref Ref Ref Ref Ref

Asian American/Pacific Islander 0.03 (0.01)∗ 0.03 (0.01)∗ 0.03 (0.01)∗ 0.04 (0.01)∗ 0.68 (0.18)∗

Black Hispanic 0.17 (0.04)∗ 0.12 (0.05)∗ 0.17 (0.04)∗ 0.18 (0.04)∗ 3.35 (0.78)∗

Black non-Hispanic 0.15 (0.01)∗ 0.04 (0.01)∗ 0.17 (0.01)∗ 0.12 (0.01)∗ 2.73 (0.15)∗

Hispanic 0.07 (0.01)∗ 0.03 (0.01) 0.09 (0.01)∗ 0.09 (0.01)∗ 1.58 (0.17)∗

Native American 0.07 (0.02)∗ 0.07 (0.02)∗ 0.09 (0.02)∗ 0.08 (0.02)∗ 1.70 (0.35)∗

Unknown 0.09 (0.06) −0.01 (0.07) 0.04 (0.05) 0.01 (0.06) 0.63 (1.08)

Marital status

Married/partnered Ref Ref Ref Ref Ref

Divorced/separated/widowed 0.04 (0.01)∗ 0.01 (0.01) −0.01 (0.01) −0.01 (0.01) 0.27 (0.12)

Single, never married −0.09 (0.01)∗ −0.09 (0.01)∗ −0.11 (0.01)∗ −0.08 (0.01)∗ −2.01 (0.13)∗

Unknown −0.18 (0.06)∗ −0.24 (0.07)∗ −0.19 (0.05)∗ −0.25 (0.06)∗ −4.40 (1.13)∗

Education

High school or equivalent Ref Ref Ref Ref Ref

College grad/post-graduate −0.05 (0.01)∗ −0.05 (0.02)∗ 0.00 (0.01) −0.01 (0.01) −0.68 (0.24)∗

Less than high school 0.03 (0.02) 0.06 (0.03) 0.04 (0.02) 0.06 (0.02)∗ 1.04 (0.42)

Some college −0.02 (0.01)∗ −0.01 (0.01) 0.00 (0.01) 0.00 (0.01) −0.17 (0.11)

Unknown 0.20 (0.02)∗ 0.24 (0.02)∗ 0.21 (0.02)∗ 0.23 (0.02)∗ 4.52 (0.35)∗

Branch

Army Ref Ref Ref Ref Ref

Air force −0.04 (0.01) −0.05 (0.02)∗ 0.00 (0.01) 0.03 (0.01) −0.45 (0.26)

Marine corps −0.03 (0.01)∗ −0.03 (0.01)∗ 0.00 (0.01) 0.00 (0.01) −0.19 (0.14)

(Continued)
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TABLE 3 (Continued)

B, SE A�ective Cognitive Somatosensory Vestibular Total NSI

R2 = 0.21 R2 = 0.14 R2 = 0.16 R2 = 0.10 R2 = 0.20

Navy/coast guard −0.06 (0.01)∗ −0.08 (0.01)∗ −0.03 (0.01) 0.01 (0.01) −1.04 (0.22)∗

Component

Active Ref Ref Ref Ref Ref

Guard −0.03 (0.01)∗ −0.02 (0.01) −0.04 (0.01)∗ −0.05 (0.01)∗ −0.64 (0.15)∗

Reserve −0.03 (0.01)∗ −0.02 (0.01) −0.05 (0.01)∗ −0.05 (0.01)∗ −0.69 (0.12)∗

Rank

Officer Ref Ref Ref Ref Ref

Enlisted 0.11 (0.02)∗ 0.07 (0.02)∗ 0.10 (0.01)∗ 0.06 (0.02)∗ 2.06 (0.28)∗

∗Statistically significant at the p < 0 .01 level.

reference, Ref.
∗∗The comorbidity burden value is defined as “none” for those with no history of PTSD, depression, or headache but otherwise equal to the count of these three diagnoses.

an interdisciplinary approach to rehabilitation following TBI,

regardless of its chronicity.

CNS polypharmacy status was associated with neurobehavioral

symptom reporting, even when controlling for the comorbidity

burden and sociodemographic characteristics. CNS polypharmacy

is an established concern among older individuals as the risk

for multimorbidity or multiple concurrent chronic conditions

becomesmore common in older age (31, 32). Older veterans appear

to be at a particular risk for adverse outcomes associated with

polypharmacy, including morbidity, mortality, and suicide (5, 19,

32). Moreover, polypharmacy itself has been repeatedly associated

with a greater risk for suicide-related behaviors (4, 19, 33). Similar

to the existing literature on CNS polypharmacy among older

adults, post-911 veterans were also susceptible to severe adverse

reactions secondary to having multiple CNS-acting medications

on hand to manage co-existing chronic conditions. Side effects

of common CNS depressants (e.g., somnolence, fatigue, and poor

concentration) and/or CNS stimulants (e.g., headache, insomnia,

dizziness, and dizziness) potentially amplified under conditions

of polypharmacy and can be indistinguishable from otherwise

diagnostically ambiguous TBI sequelae.4(p) In fact, most patients

subjected to polypharmacy are largely unaware of its existence or

dangers, revealing that patient educationmay be an opportune path

forward in ameliorating or preventing adverse outcomes to which

this patient subpopulation may be particularly vulnerable (34). Our

assessment of medication data in this effort is limited, however, to

prescriptions filled at the VA and may underestimate the extent

to which polypharmacy impacts military veterans. Fortunately,

support for alternatives to pharmaceutical treatments for several

post-concussive conditions (e.g., insomnia and headache), such as

neurostimulation in its various incarnations, continues to mount in

the literature (35–39). Given that more than 90% of the sample in

the present study had mTBI and at least one other condition (i.e.,

PTSD, depression, and/or headache), the need for clinical practice

guidelines sensitive to polypharmacy andmultimorbidity is of great

importance (40, 41).

Complex comorbidity and CNS polypharmacy impart a

significant burden on the patient, provider, and healthcare system

on the whole (41, 42). Heightened symptom reporting may

influence clinical care pathways and affect patient engagement,

particularly for racial/ethnic minorities or those with a lower

socioeconomic status (43). In this analysis, minority status was

associated with significantly greater neurobehavioral symptom

distress and Validity-10 failure, even after accounting for many

other socio = demographic and clinical characteristics. Although

this effect was the most dramatic among Black Veterans, all

minority veterans demonstrated a similar trend. Taken together

with recent reports that extant barriers in the TBI screening process

make the access and utilization of care more burdensome, renewed

scrutiny and continued evolution of these programs are vital to

enhancing long-term outcomes among veterans with mTBI (6, 9,

44). This finding may also underscore the continued need for

diversity among clinical care providers, efforts to reduce stigma in

the receipt of care, the enhancement of patient education efforts,

and the coordination of complex care through social work and

programmatic supports (45).

Consistent with the “burden of adversity” hypothesis, these

findings have direct implications for the interpretation of

neurobehavioral symptom burden scores captured by the NSI,

particularly for patients with burdensome comorbidity (6).

Landmark efforts to establish normative distributions (46) and

develop the Validity-10 (11) for the NSI were undertaken among

relatively homogenous clinical populations from which patients

with neurological conditions were excluded. As a result, patients

with more numerous and/or severe psychological, physical,

or neurological comorbidities are not well characterized or

represented by these initial efforts. Consistent with this gap,

numerous reports have concluded that amended or refined

thresholds for the Validity-10 may be critical to its implementation

in more clinically complex populations (12, 13, 47–50). Moreover,

the use of Validity-10 failure to exclude patients in research efforts

may harm the generalizability of the findings and applicability

to those most impacted by TBI-related neurobehavioral sequelae.

Given that the potential symptom overreporting is presumably

more consequential and prevalent in forensic settings (as opposed

to clinical or research contexts, of which the VA is a unique

entity given its role in service-connected disability adjudication),

considering that the setting in which the NSI is collected could
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TABLE 4 Results of the logistic regression predicting Validity-10 failure.

AOR (99% CI) Validity-10 failure

Comorbidity burden∗∗

None Ref

One 2.50 (2.06, 3.04)∗

Two 4.30 (3.55, 5.19)∗

Three 6.55 (5.41, 7.92)∗

Polypharmacy

No Ref

Yes 2.06 (1.95, 2.18)∗

Age

19–29 Ref

30–39 1.26 (1.18, 1.34)

40–49 1.53 (1.42, 1.66)∗

50+ 1.94 (1.71, 2.20)∗

Sex

Men Ref

Women 1.20 (1.08, 1.33)∗

Race/ethnicity

White Ref

Asian American/Pacific Islander 1.20 (1.10, 1.31)∗

Black Hispanic 1.64 (1.14, 2.37)∗

Black non-Hispanic 1.58 (1.47, 1.69)∗

Hispanic 1.45 (1.33, 1.57)∗

Native American 1.39 (1.18, 1.65)∗

Unknown 0.95 (0.50, 1.80)

Marital status

Married/partnered Ref

Divorced/separated/widowed 0.99 (0.93, 1.06)

Single, never 0.82 (0.77, 0.89)∗

Unknown 0.54 (0.28, 1.04)

Education

High school or equivalent Ref

College grad/post-graduate 1.00 (0.89, 1.13)

Less than high school 1.13 (0.91, 1.39)

Some college 0.99 (0.94, 1.05)

Unknown 1.58 (1.35, 1.85)∗

Military branch

Army Ref

Air force 1.08 (0.95, 1.23)

Marine corps 1.03 (0.95, 1.11)

Navy/coast guard 0.98 (0.87, 1.10)

(Continued)

TABLE 4 (Continued)

AOR (99% CI) Validity-10 failure

Military component

Active Ref

Guard 1.02 (0.95, 1.10)

Reserve 0.99 (0.93, 1.05)

Military rank

Officer Ref

Enlisted 0.76 (0.66, 0.89)∗

∗Statistically significant at the p < 0.01 level.
∗∗The comorbidity burden value is defined as “none” for those with no history of PTSD,

depression, or headache but otherwise equal to the count of these three diagnoses.

be a principal factor in its interpretation (51). Given that a recent

report noted a stark dearth of effort assessments among veterans

in receipt of diagnoses of early-onset dementia, a reminder of

the need for its comprehensive assessment appeared warranted

(52). Cumulatively, this underscores a need for more dynamic and

comprehensive ways of evaluating symptom overreporting among

patients with complex comorbidity who are more likely to indicate

greater disruption from neurobehavioral symptoms by virtue of

that comorbidity status.

This study has some notable limitations. First, while the

examined factors sought to comprehensively capture clinical

and sociodemographic factors associated with neurobehavioral

symptom burden, the list is not necessarily exhaustive. These

nationwide data were also cross-sectional and, therefore, only

examined associations rather than causal relationships on the

neurobehavioral symptom burden. Our approach to approximating

comorbidity burden selected among the most common TBI-

related sequelae (i.e., PTSD, depression, and headache) as an

exhaustive list was considered less feasible and interpretable with

the statistical tools available. Another limitation to using clinical

diagnoses from ICD codes instead of diagnostic instruments is

that clinicians tend to use heuristics to minimize the number of

diagnoses and/or to ensure access to certain clinics. Assessment of

medications was limited to those prescribed in the VA and did not

include medications from outside providers or over-the-counter

medications that may similarly contribute to polypharmacy status.

Moreover, medication-level data in this evaluation were not

considered in this analysis but could be an opportune future

direction. The generalizability of the findings may be limited to

veterans actively engaged in VHA care as care outside the VHA

in more representative samples was not captured. Moreover, we

included only post-9/11 veterans who completed the CTBIE in

this analysis; thus, generalizability is limited to veterans who were

screened and evaluated.

Conclusion

This study sought to examine neurobehavioral symptom

reporting among post-9/11 veterans with a history of deployment-

related mTBI. Comorbidity burden (i.e., mTBI, PTSD, depression,

and/or headache) and concomitant CNS polypharmacy provided
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significant explanative power in reported neurobehavioral

symptom distress and the evaluation of symptom validity

(i.e., Validity-10), underscoring a potential benefit for adjusted

thresholds for clinically complex patients to maintain its specificity

for identifying potential symptom overreporting. The application

of the Validity-10 in complex clinical populations outside of mTBI

likely extends the use of the brief screening measure beyond

its original scope. As such, it is strongly recommended that

“failure” on a single symptom validity assessment prompt the

examination of additional indicators of effort and/or symptom

distress. Patients reporting substantial distress on the NSI

would likely benefit from treatment through a coordinated,

multidisciplinary lens for clinical care. Additionally, careful

consideration and implementation of symptom validity metrics

in research efforts could improve representation for those

with burdensome neurobehavioral symptoms that may have

otherwise been excluded from analyses by virtue of that status.

Consistent with the onus for and promising early evidence from

the VA-funded Intensive Evaluation and Treatment Programs

(IETP) project (53), there is a need for increasingly nuanced

clinical practice guidelines and utility for interdisciplinary clinical

teams to serve subpopulations of patients at a greater risk for

multimorbidity or polypharmacy. Future efforts could expand on

this line of inquiry to identify particularly deleterious combinations

of CNS-active medications, particularly burdensome drug effects,

or interactions that reveal opportunities for enhanced patient

education and facilitate clinical care pathways that connect patients

with clinical specialists in consideration of the totality of their

rehabilitative journey.

Cumulatively, this study broadly invokes renewed

consideration for the “burden of adversity,” a hypothesis

that highlights the far-reaching effects of physical, mental,

and functional disability that TBI-related multimorbidity

can impart and highlights psychosocial, stigmatizing, and

logistical challenges endemic to the pursuit of rehabilitation

following TBI.

Data availability statement

The datasets presented in this article are not readily

available because the dataset is owned by the Department

of Veterans Affairs and is subject to Federal restrictions.

Requests to access the datasets should be directed

to alicia.swan@va.gov.

Ethics statement

The studies involving human participants were reviewed

and approved by Salt Lake City VA IRB. Written informed

consent for participation was not required for this study

in accordance with the national legislation and the

institutional requirements.

Author contributions

AS, MP, EK, and MA contributed to conception

and design of the study. MA organized the database

and performed the statistical analysis. AS wrote the

first draft of the manuscript. AS, MP, EK, JM, DC, AV,

and ML wrote sections of the manuscript. All authors

contributed to manuscript revision, read, and approved the

submitted version.

Funding

This work was supported by the Department of Defense,

through Psychological Health/Traumatic Brain Injury

Research Program Long-Term Impact of Military-Relevant

Brain Injury Consortium (LIMBIC) award no. W81XWH-

18-PH/TBIRP-LIMBIC under awards W81XWH1920067

and W81XWH-13-2-0095 (PI Cifu) and by US Department

of Veterans Affairs award no. I01 RX003443-01 (MP

as PI). The US Army Medical Research Acquisition

Activity is the awarding and administering acquisition

office. This study was also supported by award no. I01

RX003443-01 from the US Veterans Administration Health

Services Research and Development Service (to MP as

principal investigator).

Conflict of interest

The authors declare that the research was conducted

in the absence of any commercial or financial relationships

that could be construed as a potential conflict

of interest.

Publisher’s note

All claims expressed in this article are solely those

of the authors and do not necessarily represent those of

their affiliated organizations, or those of the publisher,

the editors and the reviewers. Any product that may be

evaluated in this article, or claim that may be made by

its manufacturer, is not guaranteed or endorsed by the

publisher.

Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fneur.2023.

1228377/full#supplementary-material

Frontiers inNeurology 09 frontiersin.org

https://doi.org/10.3389/fneur.2023.1228377
mailto:alicia.swan@va.gov
https://www.frontiersin.org/articles/10.3389/fneur.2023.1228377/full#supplementary-material
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Swan et al. 10.3389/fneur.2023.1228377

References

1. DOD TBI Worldwide Numbers. Military Health System. Available online at:
https://armymedicine.health.mil/MHSHome/Military-Health-Topics/Centers-of-
Excellence/Traumatic-Brain-Injury-Center-of-Excellence/DOD-TBI-Worldwide-
Numbers (accessed December 29, 2022).

2. Masel BE, DeWitt DS. Traumatic brain injury: a disease process, not an event. J
Neurotrauma. (2010) 27:1529–40. doi: 10.1089/neu.2010.1358

3. Pugh MJ, Swan AA, Amuan ME, Eapen BC, Jaramillo CA, Delgado
R, et al. Deployment, suicide, and overdose among comorbidity phenotypes
following mild traumatic brain injury: a retrospective cohort study from the
Chronic Effects of Neurotrauma Consortium Agarwal S, editor. PLoS ONE. (2019)
14:e0222674. doi: 10.1371/journal.pone.0222674

4. Brown-Taylor L, Jaramillo C, Eapen BC, Kretzmer T, Gavin LP, Cooper T,
et al. Accumulation of good intentions: how individual practice guidelines lead to
polypharmacy in the treatment of patients with polytrauma. PM&R. (2021) 13:1169–
75. doi: 10.1002/pmrj.12526

5. Eide RP, Stahlman S. Polypharmacy involving opioid, psychotropic, and central
nervous system depressant medications, period prevalence and association with
suicidal ideation, active component, U.S. Armed Forces, 2016.MSMR. (2018) 25:2–9.

6. Brenner LA, Vanderploeg RD, Terrio H. Assessment and diagnosis of
mild traumatic brain injury, posttraumatic stress disorder, and other polytrauma
conditions: Burden of adversity hypothesis. Rehabil Psychol. (2009) 54:239–
46. doi: 10.1037/a0016908

7. Screening and Evaluation of Possible Traumatic Brain Injury in Operation
Enduring Freedom (OEF) and Operation Iraqi Freedom (OIF) Veterans (2007).
Available online at: https://www.va.gov/optometry/docs/vha_directive_2007-013_
screening_possible_tbi.pdf (accessed May 24, 2023).

8. Cicerone KD, Kalmar K. Persistent postconcussion syndrome: the structure of
subjective complaints after mild traumatic brain injury. J Head Trauma Rehabil. (1995)
10:1–17. doi: 10.1097/00001199-199510030-00002

9. Moore DH, Powell-Cope G, Belanger HG. The veterans health administration’s
traumatic brain injury screen and evaluation: service delivery insights.Mil Med. (2018)
183:e494–501. doi: 10.1093/milmed/usy036

10. Management and Rehabilitation of Post-Acute Mild Traumatic Brain Injury
(mTBI) (2021). Available online at: https://www.healthquality.va.gov/guidelines/
Rehab/mtbi/index.asp (accessed December 29, 2022).

11. Vanderploeg RD, Cooper DB, Belanger HG, Donnell AJ, Kennedy JE, Hopewell
CA, et al. Screening for post-deployment conditions: development and cross-validation
of an embedded validity scale in the neurobehavioral symptom inventory. J Head
Trauma Rehabil. (2014) 29:1–10. doi: 10.1097/HTR.0b013e318281966e

12. Dretsch MN, Williams K, Staver T, Grammer G, Bleiberg J, DeGraba T,
et al. Evaluating the clinical utility of the Validity-10 for detecting amplified
symptom reporting for patients with mild traumatic brain injury and
comorbid psychological health conditions. App Neuropsychol Adult. (2017)
24:376–80. doi: 10.1080/23279095.2016.1220947

13. Bodapati AS, Combs HL, Pastorek NJ, Miller B, Troyanskaya M, Romesser
J, et al. Detection of symptom over-reporting on the Neurobehavioral Symptom
Inventory in OEF/OIF/OND veterans with history of mild TBI. Clin Neuropsychol.
(2019) 33:539–56. doi: 10.1080/13854046.2018.1482003

14. Jurick SM, Twamley EW, Crocker LD, Hays CC, Orff HJ, Golshan
S, et al. Postconcussive symptom overreporting in Iraq/Afghanistan
Veterans with mild traumatic brain injury. J Rehabil Res Dev. (2016)
53:571–84. doi: 10.1682/JRRD.2015.05.0094

15. Pugh MJ, Finley EP, Wang C-P, Copeland LA, Jaramillo CA, Swan AA, et al.
A retrospective cohort study of comorbidity trajectories associated with traumatic
brain injury in veterans of the Iraq and Afghanistan wars. Brain Injury. (2016)
30:1481–90. doi: 10.1080/02699052.2016.1219055

16. Meterko M, Baker E, Stolzmann KL, Hendricks AM, Cicerone KD, Lew
HL. Psychometric assessment of the Neurobehavioral Symptom Inventory-22: the
structure of persistent postconcussive symptoms following deployment-related mild
traumatic brain injury among veterans. J Head Trauma Rehabil. (2012) 27:55–
62. doi: 10.1097/HTR.0b013e318230fb17

17. Hebert PL, Geiss LS, Tierney EF, Engelgau MM, Yawn BP, McBean AM.
Identifying persons with diabetes using medicare claims data. Am J Med Qual. (1999)
14:270–7. doi: 10.1177/106286069901400607

18. Masnoon N, Shakib S, Kalisch-Ellett L, Caughey GE. What is
polypharmacy? A systematic review of definitions. BMC Geriat. (2017)
17:230. doi: 10.1186/s12877-017-0621-2

19. Collett GA, Song K, Jaramillo CA, Potter JS, Finley EP, Pugh MJ. Prevalence
of central nervous system polypharmacy and associations with overdose and suicide-
related behaviors in Iraq and Afghanistan war veterans in VA Care 2010–2011. Drugs -
Real World Outcomes. (2016) 3:45–52. doi: 10.1007/s40801-015-0055-0

20. King PR, Donnelly KT, Donnelly JP, Dunnam M, Warner G, Kittleson CJ, et al.
Psychometric study of the Neurobehavioral Symptom inventory. J Rehabil Res Dev.
(2012) 49:879–88. doi: 10.1682/jrrd.2011.03.0051

21. Cooper DB, Kennedy JE, Cullen MA, Critchfield E, Amador RR, Bowles
AO. Association between combat stress and post-concussive symptom reporting in
OEF/OIF service members with mild traumatic brain injuries. Brain Injury. (2011)
25:1–7. doi: 10.3109/02699052.2010.531692

22. Lew HL, Vanderploeg RD, Moore DF, Schwab K, Friedman L, Yesavage J, et al.
Overlap of mild TBI and mental health conditions in returning OIF/OEF service
members and veterans. J Rehabil Res Develop. (2008) 45:xi–xvi.

23. Vanderploeg RD, Belanger HG, Curtiss G. Mild traumatic brain injury and
posttraumatic stress disorder and their associations with health symptoms. Arch Phys
Med Rehabil. (2009) 90:1084–93. doi: 10.1016/j.apmr.2009.01.023

24. Wachen JS, Mintz J, LoSavio ST, Kennedy JE, Hale WJ, Straud CL, et al. The
impact of prior head injury on outcomes following group and individual cognitive
processing therapy among military personnel. J Trauma Stress. (2022) 35:1684–
95. doi: 10.1002/jts.22870

25. Vasterling JJ, Jacob SN, Rasmusson A. Traumatic brain injury and
posttraumatic stress disorder: conceptual, diagnostic, and therapeutic considerations
in the context of co-occurrence. J Neuropsychiatry Clin Neurosci. (2018)
30:91–100. doi: 10.1176/appi.neuropsych.17090180

26. Reisman M, PTSD. Treatment for veterans: what’s working, what’s new, and
what’s next. P & T Peer-Reviewed J Form Manag. (2016) 41:623–34.

27. Pundlik J, Perna R, Arenivas A. Mild TBI in interdisciplinary
neurorehabilitation: Treatment challenges and insights. NeuroRehabilitation. (2020)
46:227–41. doi: 10.3233/NRE-192971

28. Lew HL, Otis JD, Tun C, Kerns RD, Clark ME, Cifu DX. Prevalence of
chronic pain, posttraumatic stress disorder, and persistent postconcussive symptoms
in OIF/OEF veterans: polytrauma clinical triad. J Rehabil Res Dev. (2009) 46:697–702.

29. Swan AA, Amuan ME, Morissette SB, Finley EP, Eapen BC, Jaramillo CA,
et al. Long-term physical and mental health outcomes associated with traumatic brain
injury severity in post-9/11 veterans: a retrospective cohort study. Brain Injury. (2018)
32:1637–50. doi: 10.1080/02699052.2018.1518539

30. Bouldin ED, Swan AA, Norman RS, Tate DF, Tumminello C, Amuan ME, et al.
Health phenotypes and neurobehavioral symptom severity among post-9/11 veterans
with mild traumatic brain injury: a chronic effects of neurotrauma consortium study. J
Head Trauma Rehabil. (2021) 36:10–9. doi: 10.1097/HTR.0000000000000574

31. Hajjar ER, Cafiero AC,Hanlon JT. Polypharmacy in elderly patients.Am JGeriatr
Pharmacother. (2007) 5:345–51. doi: 10.1016/j.amjopharm.2007.12.002

32. Jyrkkä J, Enlund H, Korhonen MJ, Sulkava R, Hartikainen S. Polypharmacy
status as an indicator of mortality in an elderly population. Drugs Aging. (2009)
26:1039–48. doi: 10.2165/11319530-000000000-00000

33. Gibson CJ, Li Y, Jasuja GK, Keyhani S, Byers AL. Long-term psychoactive
medications, polypharmacy, and risk of suicide and unintended overdose death
among midlife and older women veterans. J Gen Intern Med. (2022 S) 37:770–7.
doi: 10.1007/s11606-022-07592-4

34. Singhal A, Yadav AK, Subramanian S, Pathak BK, Gupta A, Aggarwal V.
Comprehension of prescriptions and errors in taking prescribed medicines by
veterans - polypharmacy a problem underrated. Indian J CommunMedi Off Pub Indian
Assoc Prevent Soc Med. (2021) 46:85–7. doi: 10.4103/ijcm.IJCM_260_20

35. Kopell B, Leung A, Levy R, Poree L, Wasserman E, Adamson MM, et al.
Transcranial Magnetic stimulation for pain, headache and co-morbid depression:
INS-NANS expert consensus panel review and recommendation. Brain Stimul Basic
Translat Clin Res Neuromod. (2020) 13:1851. doi: 10.1016/j.brs.2020.06.046

36. Krueger EM, DiGiorgio AM, Jagid J, Cordeiro JG, Farhat H. Current trends in
mild traumatic brain injury. Cureus. (2021) 13:10. doi: 10.7759/cureus.18434

37. Argyriou AA, Mitsikostas DD, Mantovani E, Litsardopoulos P, Panagiotopoulos
V, Tamburin S. An updated brief overview on post-traumatic headache and a systematic
review of the non-pharmacological interventions for its management. Expert Rev
Neurotherap. (2021) 21:475–90. doi: 10.1080/14737175.2021.1900734

38. Farmer AD, Strzelczyk A, Finisguerra A, Gourine AV, Gharabaghi A, Hasan
A, et al. International consensus based review and recommendations for minimum
reporting standards in research on transcutaneous vagus nerve stimulation (version
2020). Front Human Neurosci. (2021) 14:568051. doi: 10.3389/fnhum.2020.568051

39. Breit S, Kupferberg A, Rogler G, Hasler G. Vagus nerve as modulator of the
brain–gut axis in psychiatric and inflammatory disorders. Front Psychiatry. (2018) 3:44.
doi: 10.3389/fpsyt.2018.00044

40. Blozik E, van den Bussche H, Gurtner F, Schäfer I, Scherer M. Epidemiological
strategies for adapting clinical practice guidelines to the needs of multimorbid patients.
BMC Health Serv Res. (2013) 13:352. doi: 10.1186/1472-6963-13-352

Frontiers inNeurology 10 frontiersin.org

https://doi.org/10.3389/fneur.2023.1228377
https://armymedicine.health.mil/MHSHome/Military-Health-Topics/Centers-of-Excellence/Traumatic-Brain-Injury-Center-of-Excellence/DOD-TBI-Worldwide-Numbers
https://armymedicine.health.mil/MHSHome/Military-Health-Topics/Centers-of-Excellence/Traumatic-Brain-Injury-Center-of-Excellence/DOD-TBI-Worldwide-Numbers
https://armymedicine.health.mil/MHSHome/Military-Health-Topics/Centers-of-Excellence/Traumatic-Brain-Injury-Center-of-Excellence/DOD-TBI-Worldwide-Numbers
https://doi.org/10.1089/neu.2010.1358
https://doi.org/10.1371/journal.pone.0222674
https://doi.org/10.1002/pmrj.12526
https://doi.org/10.1037/a0016908
https://www.va.gov/optometry/docs/vha_directive_2007-013_screening_possible_tbi.pdf
https://www.va.gov/optometry/docs/vha_directive_2007-013_screening_possible_tbi.pdf
https://doi.org/10.1097/00001199-199510030-00002
https://doi.org/10.1093/milmed/usy036
https://www.healthquality.va.gov/guidelines/Rehab/mtbi/index.asp
https://www.healthquality.va.gov/guidelines/Rehab/mtbi/index.asp
https://doi.org/10.1097/HTR.0b013e318281966e
https://doi.org/10.1080/23279095.2016.1220947
https://doi.org/10.1080/13854046.2018.1482003
https://doi.org/10.1682/JRRD.2015.05.0094
https://doi.org/10.1080/02699052.2016.1219055
https://doi.org/10.1097/HTR.0b013e318230fb17
https://doi.org/10.1177/106286069901400607
https://doi.org/10.1186/s12877-017-0621-2
https://doi.org/10.1007/s40801-015-0055-0
https://doi.org/10.1682/jrrd.2011.03.0051
https://doi.org/10.3109/02699052.2010.531692
https://doi.org/10.1016/j.apmr.2009.01.023
https://doi.org/10.1002/jts.22870
https://doi.org/10.1176/appi.neuropsych.17090180
https://doi.org/10.3233/NRE-192971
https://doi.org/10.1080/02699052.2018.1518539
https://doi.org/10.1097/HTR.0000000000000574
https://doi.org/10.1016/j.amjopharm.2007.12.002
https://doi.org/10.2165/11319530-000000000-00000
https://doi.org/10.1007/s11606-022-07592-4
https://doi.org/10.4103/ijcm.IJCM_260_20
https://doi.org/10.1016/j.brs.2020.06.046
https://doi.org/10.7759/cureus.18434
https://doi.org/10.1080/14737175.2021.1900734
https://doi.org/10.3389/fnhum.2020.568051
https://doi.org/10.3389/fpsyt.2018.00044
https://doi.org/10.1186/1472-6963-13-352
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Swan et al. 10.3389/fneur.2023.1228377

41. Buffel du Vaure C, Ravaud P, Baron G, Barnes C, Gilberg S, Boutron
I. Potential workload in applying clinical practice guidelines for patients with
chronic conditions and multimorbidity: a systematic analysis. BMJ Open. (2016)
6:e010119. doi: 10.1136/bmjopen-2015-010119

42. van der Aa MJ, van den Broeke JR, Stronks K, Plochg T. Patients with
multimorbidity and their experiences with the healthcare process: a scoping review.
J Comorb. (2017) 7:11–21. doi: 10.15256/joc.2017.7.97

43. Andermann A. Taking action on the social determinants of health in clinical
practice: a framework for health professionals. Can Med Assoc J. (2016) 188:E474–
83. doi: 10.1503/cmaj.160177

44. Evans CT. St. Andre JR, Pape TL-B, Steiner ML, Stroupe KT, Hogan TP, et al.
An Evaluation of the veterans affairs traumatic brain injury screening process among
operation enduring freedom and/or operation Iraqi freedom. Veterans PM&R. (2013)
5:210–20. doi: 10.1016/j.pmrj.2012.12.004

45. Saha S, FreemanM, Toure J, Tippens KM,Weeks C, Ibrahim S. Racial and ethnic
disparities in the va health care system: a systematic review. J Gen Intern Med. (2008)
23:654–71. doi: 10.1007/s11606-008-0521-4

46. Soble JR, Silva MA, Vanderploeg RD, Curtiss G, Belanger HG, Donnell AJ,
et al. Normative data for the neurobehavioral symptom inventory (NSI) and post-
concussion symptom profiles among TBI, PTSD, and nonclinical samples. Clin
Neuropsychol. (2014) 28:614–32. doi: 10.1080/13854046.2014.894576

47. Bomyea J, Jurick SM, Keller AV, Hays CC, Twamley EW, Jak AJ.
Neurobehavioral symptom validity and performance validity in veterans:
Evidence for distinct outcomes across data types. App Neuropsychol Adult. (2020)
27:62–72. doi: 10.1080/23279095.2018.1480484

48. Gradwohl BD, Mangum RW, Tolle KA, Pangilinan PH, Bieliauskas
LA, Spencer RJ. Validating the usefulness of the NSI validity-10 with the
MMPI-2-RF. Int J Neurosci. (2020) 130:926–32. doi: 10.1080/00207454.2019.17
09844

49. Ashendorf L. Neurobehavioral symptom validity in U.S. Department of Veterans
Affairs (VA) mild traumatic brain injury evaluations. J Clin Exp Neuropsychol. (2019)
41:432–41. doi: 10.1080/13803395.2019.1567693

50. Lippa SM, Lange RT, Bailie JM, Kennedy JE, Brickell TA, French LM.
Utility of the Validity-10 scale across the recovery trajectory following traumatic
brain injury. J Rehabil Res Dev. (2016) 53:379–90. doi: 10.1682/JRRD.2015.0
1.0009

51. Bush SS, Ruff RM, Tröster AI, Barth JT, Koffler SP, Pliskin NH, et al.
Symptom validity assessment: practice issues and medical necessity NAN policy &
planning committee. Arch Clin Neuropsychol J Nat Acad Neuropsychol. (2005) 20:419–
26. doi: 10.1016/j.acn.2005.02.002

52. Marceaux JC, Soble JR, O’Rourke JJF, Swan AA, Wells
M, Amuan M, et al. Validity of early-onset dementia diagnoses
in VA electronic medical record administrative data. Clin
Neuropsychol. (2020) 34:1175–89. doi: 10.1080/13854046.2019.16
79889

53. Haun JN, Nakase-Richardson R, Melillo C, Kean J, Benzinger
RC, Schneider T, et al. Traumatic brain injury intensive evaluation
and treatment program: protocol for a partnered evaluation initiative
mixed methods study. JMIR Res Protoc. (2023) 12:e44776. doi: 10.2196/
44776

Frontiers inNeurology 11 frontiersin.org

https://doi.org/10.3389/fneur.2023.1228377
https://doi.org/10.1136/bmjopen-2015-010119
https://doi.org/10.15256/joc.2017.7.97
https://doi.org/10.1503/cmaj.160177
https://doi.org/10.1016/j.pmrj.2012.12.004
https://doi.org/10.1007/s11606-008-0521-4
https://doi.org/10.1080/13854046.2014.894576
https://doi.org/10.1080/23279095.2018.1480484
https://doi.org/10.1080/00207454.2019.1709844
https://doi.org/10.1080/13803395.2019.1567693
https://doi.org/10.1682/JRRD.2015.01.0009
https://doi.org/10.1016/j.acn.2005.02.002
https://doi.org/10.1080/13854046.2019.1679889
https://doi.org/10.2196/44776
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	Comorbidity and polypharmacy impact neurobehavioral symptoms and symptom validity failure among post-9/11 veterans with mild traumatic brain injury
	Introduction
	Methods
	Sample
	Neurobehavioral symptom inventory
	Comorbidity burden
	CNS polypharmacy
	Sociodemographic characteristics
	Statistical analyses

	Results
	Total NSI and subfactor scores
	Validity-10 failure

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


