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Abstract

Objective: To evaluate whether neurobehavioral symptoms differ between groups of Veterans 

with mild traumatic brain injury (mTBI) classified by health characteristics.

Participants: 71,934 post-9/11 Veterans with mTBI from the Chronic Effects of Neurotrauma 

Consortium Epidemiology Warfighter cohort.

Design: Cross-sectional analysis of retrospective cohort.

Main Measures: Health phenotypes identified using latent class analysis of health and function 

over 5 years. Symptom severity measured using Neurobehavioral Symptom Inventory; domains 

included vestibular, somatic, cognitive, and affective.
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Results: Veterans classified as Moderately Healthy had the lowest symptom burden while the 

Polytrauma Phenotype group had the highest. After accounting for sociodemographic and injury 

characteristics, Polytrauma Phenotype Veterans had about three times the odds of reporting severe 

symptoms in each domain compared to Moderately Healthy Veterans. Those Veterans who were 

initially Moderately Healthy but whose health declined over time had about twice the odds 

of severe symptoms as consistently healthier Veterans. The strongest associations were in the 

affective domain. Compared to the Moderately Healthy group, Veterans in other phenotypes were 

more likely to report symptoms substantially interfered with their daily lives (OR range: 1.3–2.8).

Conclusion: Symptom severity and interference varied by phenotype, including between 

Veterans with stable and declining health. Ameliorating severe symptoms, particularly in the 

affective domain, could improve health trajectories following mTBI.
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An estimated 17% of Veterans of post-9/11 conflicts have experienced traumatic brain 

injuries during military service.1 The majority of these injuries are classified as mild 

traumatic brain injury (mTBI),1,2 defined as an impact to the head that is accompanied 

by one or more of the following symptoms despite normal day-of-injury neuroimaging: a 

loss of consciousness for up to 30 minutes, changes in thinking or mental state, and/or 

post-traumatic amnesia.3,4 Typically, symptoms associated with mTBI subside in the first 

three months post-injury,5,6 however, there are possible long-term consequences including 

persistent headache, changes in vision and hearing, and chronic neck pain.4 Recent evidence 

suggests that the long-term outcomes of mTBI among service members are substantial. In 

a study of Veterans with combat blast-related mTBI, most experienced declines in function 

and quality of life between years one and five post-injury and fared worse than combat-

deployed peers without mTBI.7 Furthermore, when mTBI co-occurs with post-traumatic 

stress disorder (PTSD) and/or depression, disability and negative employment outcomes are 

common.8

Our understanding of the long-term consequences of combat-related mTBI remains 

incomplete. One gap in knowledge relates to the factors associated with health trajectories 

among Veterans with mTBI. In a recent study, Pugh and colleagues identified five patient 

phenotypes among a large cohort of post-9/11 Veterans with mTBI: Moderately Healthy, 

Moderately Healthy+Decline, Mental Health, Polytrauma+Improvement, and Polytrauma.9 

These subgroups were identified based on latent models using clinical and self-reported data 

from the Department of Veterans Affairs (VA) and Department of Defense (DoD). Veterans 

in the MoH group had relatively low probabilities of pain and of mental health and sensory 

conditions. Likewise, those in the MoH+Decline group had low probabilities of pain and 

other conditions initially but these probabilities increased the five years of follow-up. The 

Polytrauma group was characterized by higher probabilities of mental health conditions, 

pain, and other post-concussion symptoms throughout the five year period. Similar patterns 

were evident in the Polytrauma+Improvement group in year one, with a significant reduction 

noted in the probabilities of diagnoses over the five years of follow-up. The Mental Health 
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group was defined by increasing probabilities of having mental health conditions diagnosed 

over the five year period.9 The health status and characteristics of these groups differed 

substantially from one another and, like another study by MacDonald and colleagues,7 

suggest long-term and ongoing health burden associated with mTBI.

The current study sought to extend these findings by examining the relationship between 

neurobehavioral symptoms and multimorbidity among Veterans with combat-related mTBI. 

We were interested in determining whether neurobehavioral symptom experience – both 

the presence of and disruption from these symptoms – differed between latent groups 

of post-9/11 deployed Veterans with mTBI. We were particularly interested in whether 

we could distinguish between Veterans whose health tended to improve or decline in the 

years following their initial TBI screening through the VA since any differences identified 

might be useful targets for intervention to improve long-term health trajectories among 

these Veterans. We hypothesized that symptom burden would be lowest in the Moderately 

Healthy group given that they generally had the lowest probability of health conditions. 

We expected the Polytrauma+Improvement group to have a somewhat similar symptom 

burden compared to the Moderately Healthy group since we hypothesized this lower 

symptom burden may have partially explained their improved trajectory over time. We 

also hypothesized that symptoms would be significantly higher in (1) the Moderately 

Healthy+Decline group compared to the Moderately Healthy group and (2) the Polytrauma 

Phenotype compared to the Polytrauma+Improvement group. In other words, we expected 

that a higher symptom burden would be associated with poorer health trajectories over time. 

Finally, we hypothesized that the association between phenotype group and neurobehavioral 

symptoms would differ by sex given the differences reported in both symptom experience 

and health outcomes among male and female Veterans.10,11

Methods

Cohort

We used data from the Chronic Effects of Neurotrauma Consortium (CENC)9 Epidemiology 

study Warfighter Cohort, which comprises Veterans who were deployed in support of 

post-9/11 conflicts based on the Operations Enduring and Iraqi Freedom and Operation New 

Dawn (OEF/OIF/OND) roster file from the Department of Defense’s Defense Manpower 

Data Center. For those included in the OEF/OIF/OND roster file, we compiled and merged 

inpatient and outpatient healthcare data and pharmacy records from the United States 

Veterans Health Administration (VHA) between October 1, 2001-September 30, 2014, 

combined with data from the Department of Defense Trauma Registry (DoDTR) for those 

who were treated for trauma during deployment. The CENC Warfighter Cohort includes 

Veterans who first received VHA care between October 1, 2001 and September 30, 2011 and 

who received care at least once a year for at least three years during the study period. We 

further restricted the cohort to those who received care at least once after the VHA initiated 

the mandatory TBI screening program for post-9/11 Veterans program in 2007. Briefly, 

mTBI was classified using the hierarchical algorithm based on the most clinically relevant 

data available shown in Figure 1.

Bouldin et al. Page 3

J Head Trauma Rehabil. Author manuscript; available in PMC 2023 November 15.

V
A

 A
uthor M

anuscript
V

A
 A

uthor M
anuscript

V
A

 A
uthor M

anuscript



For this analysis, we included Veterans who were classified as having mTBI based on the 

algorithm developed for the CENC Warfighter Cohort and completed the Comprehensive 

TBI Evaluation (CTBIE) through 2015.9 CTBIE data are limited to post-9/11 Veterans 

who screen positive for a possible TBI12 and who complete the CTBIE.13 A positive TBI 

screen is defined as a Veteran identifying at least one experience or symptom in each of 

the following four areas: (1) experiencing a blast, explosion, vehicular crash, fragment or 

bullet wound above the shoulders, or fall during deployment; (2) after the event, losing 

consciousness, being dazed or confused, not remembering the event, or having a concussion 

or head injury; (3) after the event having at least one of the following problems start or 

get worse: memory problems, balance problems or dizziness, light sensitivity, irritability, 

sleep problems, or headache; and (4) in the past week, experiencing any of the symptoms 

listed in item 3.13 If the Veteran screened positively for TBI they were referred on for 

the CTBIE which includes a physical examination, medical and psychiatric history, combat 

experience including etiology for potential concussive events and duration of loss/alteration 

of consciousness and posttraumatic amnesia, demographics, and the Neurobehavioral 

Symptom Inventory-22 (NSI).13 The date of mTBI is not included in the administrative 

data and therefore was not used in this study. This study received institutional review 

board approval from the University of Texas Health Science Center at San Antonio, the 

University of Utah, the Bedford VHA Hospital, and the Department of Defense (DoD) 

Human Research Protection Office with a waiver of informed consent.

Self-Reported Symptom Experience: Neurobehavioral Symptom Inventory-22

The NSI is a self-reported measure that uses a 5-point Likert scale to assess how much the 

respondent was disturbed by a list of 22 symptoms over the past 30 days.14–16 Response 

options range from 0, representing that a symptom is rarely or never present and that it is 

not a problem at all, to 4, indicating a very severe problem that is almost always present, has 

interfered with the respondent’s performance at work, school, or home, and that they feel 

they could not function without help.14

Based on work by Meterko et al.,17 we used the four-dimension subscales of the NSI 

identified by this group: vestibular, somatosensory, cognitive, and affective. The table in 

Supplemental Digital Content 1 lists which items are included in each subscale. In addition 

to the four domains, we also included a self-report measure of the overall impact of NSI 

symptoms on the Veteran’s life. Specifically, Veterans reported how much the various 

symptoms evaluated by the NSI interfered with their life in the past 30 days. This item was 

rated on the same 0–4 scale ranging from not at all to extremely.

We calculated the total NSI and subscale scores. We also were interested in classifying 

respondents into two groups based on experiencing relatively low and relatively high 

symptom burden. Consistent with work by Iverson and colleagues,10 we chose to 

dichotomize scores at 3 so that scores of 0–2.9 (no problem to moderate problem) indicate 

less symptom severity while scores of 3.0–4 (severe or very severe impacts) indicate more 

severe symptoms. Since the number of items in each subscale varies, we calculated the mean 

score accounting for the number of items so that all means remain on a 0–4 scale. We 

required that Veterans answer all items in a subscale in order to be included.
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Based on concerns about over-reporting, researchers have developed the Validity-10 subset 

of the NSI, which includes symptoms not commonly reported among people with TBI 

and may therefore represent inaccurate reports.18 The Validity-10 is calculated by adding 

scores from the items that relate to the following symptoms: feeling dizzy, loss of balance, 

poor coordination, nausea, vision problems, hearing difficulty, noise sensitivity, change in 

taste/smell, difficulty making decisions, and slowed thinking. A score greater than of 22 or 

higher on these symptoms has been proposed to represent over-reporting. We calculated the 

Validity-10 score for all Veterans and excluded those with a score greater than 22.18

As noted above, the NSI is part of the CTBIE. It is routinely collected only at the time of 

the CTBIE exam; therefore, that we used only the NSI measured at the time of CTBIE in 

this study. On average, the CTBIE exam, including the NSI, was completed 25.8 months 

(SD=29.6) after the Veteran initiated VA care in the study sample. The median time to 

completion was 14 months.

Comorbidity Phenotype

A previous study using the CENC Warfighter Cohort used latent class analysis to identify 

five comorbidity phenotypes among Veterans with mTBI: Moderately Healthy (MoH), 

MoH+Decline, Polytrauma+Improvement, Polytrauma, and Mental Health.9 These latent 

groups were identified using indicators of the presence of various mental health conditions 

(i.e., depression, substance use disorder), post-concussive symptoms (i.e. anxiety, tinnitus, 

hearing loss, vestibular dysfunction, blurred vision), pain concerns, sleep problems, and 

obesity based on International Classification of Diseases, 9th revision, Clinical Modification 

(ICD-9-CM) diagnosis codes from inpatient and outpatient data in each year over a 5-year 

period beginning with the date of entry into VA care.9 The latent class model was developed 

using only one 5-year period for each Veteran, and each Veteran was assigned to the one 

phenotype group for which they had the highest probability of membership based on that 

5-year period of data following their entry into VA care. The NSI was not used to develop 

the latent class model or to assign Veterans phenotype groups.

Covariates

We collected personal and military history information from VHA datasets. We included age 

at the time of CTBIE (19–29, 30–39, 40–49, 50–59, 60–69), sex (male, female), educational 

attainment (less than high school, high school or equivalent, some college, college graduate 

or graduate degree), marital status (married or not married), race and ethnicity (white, non-

Hispanic; black, non-Hispanic; Asian, non-Hispanic; Native American or Pacific Islander, 

non-Hispanic; Hispanic; unknown). We also classified Veterans according to their service 

branch (Air Force, Army, Coast Guard, Navy, or Marines), component (active duty, National 

Guard or Reserve), rank (enlisted, warrant or officer), injury mechanism (blast only, non-

blast only, blast and non-blast, no blast and no non-blast), and other TBI experience (TBI 

preceding and/or following deployment).

Statistical Analyses

We calculated and reported mean overall and scaled mean domain scores along with 

the percent of respondents whose average score was 3.0 or higher. We used logistic 
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regression to estimate the odds of having severe or very severe symptoms associated with 

phenotype group membership, accounting for a variety of sociodemographic and injury 

characteristics: age group, race/ethnicity, sex, educational attainment, marital status, service 

branch, component, rank, injury mechanism, and other TBI history. We used the MoH 

phenotype as our reference group and therefore the odds ratios compare the odds of having 

severe/very severe symptoms in a given phenotype to the odds of having severe/very severe 

symptoms in the MoH group. Because we compared various symptom domains in separate 

models, we used a Bonferroni-corrected p-value to account for multiple comparisons. Since 

there were 5 different analyses (4 domains and interference) we used 0.05/5=0.01 as our 

alpha value. We tested each model for effect modification by sex, and considered a p-value 

of 0.05 to indicate significant differences between male and female Veterans. We conducted 

one sensitivity analysis in which we excluded respondents who had Validity-10 scores 

greater than 22. All analyses were conducted using SAS ® Version 9.2 (SAS Institute, Cary, 

NC).

Although the phenotype groups were created using longitudinal data, this study utilizes a 

cross-sectional design. Because we did not have the injury date and because the CTBIE 

exam was not necessarily completed at the beginning of the follow-up period used to assign 

Veterans to a phenotype group, we cannot be sure that the symptom measure preceded 

the Veteran’s trajectory. The timing of the NSI varied in relation to the five years of 

data collection for the latent class analysis and therefore we cannot disentangle whether 

the symptoms impacted the trajectories or the changing trajectories drove the symptoms. 

However, in most cases the CTBIE occurred within the first 2 years of follow-up given that 

most post-9/11 Veterans seen during the study period would have received TBI screening 

shortly after initiating VA care. Veterans in the Polytrauma and Polytrauma+Improve 

phenotypes tended to have the CTBIE earlier in their follow-up (i.e., 12 months, on average) 

than the MoH and MoH+Decline groups (mean 48 and 27 months, respectively), suggesting 

that people with more health concerns were evaluated more quickly.

Results

Of the 93,003 Veterans in the CENC Warfighter cohort with mTBI, 72,898 had data in 

the CTBIE. We required these Veterans not be missing age, sex, or phenotype group and 

therefore our final study sample was 71,934 (Figure 1). The majority of Veterans in the 

sample were men, younger than 40 years old, white, non-Hispanic who had served on 

active duty in the Army (Table 1). The demographic characteristics of Veterans across 

groups generally were similar, although the Polytrauma+Improvement and Mental Health 

phenotypes tended to be somewhat younger, were less likely to be married, had less 

educational attainment, and were more commonly in the Marines than those in the other 

comorbidity phenotypes.

Symptom Severity and Interference by Phenotype

Veterans in the Polytrauma phenotype had the highest mean NSI overall (total) 

scores followed sequentially by Veterans in the MoH+Decline, Mental Health, 

Polytrauma+Improvement, and MoH groups (Table 2). This pattern generally held 

Bouldin et al. Page 6

J Head Trauma Rehabil. Author manuscript; available in PMC 2023 November 15.

V
A

 A
uthor M

anuscript
V

A
 A

uthor M
anuscript

V
A

 A
uthor M

anuscript



within each of the domains, although the MoH+Decline and Mental Health phenotypes 

occasionally alternated order in terms of severity. Within each phenotype, average symptom 

severity was highest within the affective domain followed by the cognitive domain, 

then somatosensory, and finally the vestibular domain. This trend was similar whether 

comparing mean scores or the percent of Veterans reporting severe or very severe symptom 

burden. The frequency of Veterans reporting severe or very severe symptoms (mean ≥3) 

varied considerably by domain. Fewer than one in ten experienced severe vestibular or 

somatosensory symptoms, between one in six and one in three experienced severe cognitive 

symptoms, and between one in five and one in two reported severe affective symptoms.

Average scores relating to how much the neurobehavioral symptoms evaluated in the 

NSI interfered with the Veteran’s daily life followed the same pattern as the NSI scores 

themselves. MoH Veterans had the lowest scores and Polytrauma Veterans reported the 

greatest impact of neurobehavioral symptoms on daily life. Across phenotype groups, a 

substantial proportion of Veterans reported severe interference resulting from symptoms, 

ranging from 28% of the MoH group to 56% of the Polytrauma phenotype.

Differences between Phenotype Pairs of Interest

We found no evidence of effect modification by sex (p>0.05 for all interactions between 

sex and phenotype). Our first hypothesis was that the MoH and Polytrauma+Improvement 

groups would have similar symptom burden, which we found to be true: compared to 

Veterans in the MoH phenotype, those in the Polytrauma+Improvement phenotype generally 

had similar odds of severe symptoms after accounting for a variety of sociodemographic and 

injury characteristics (Table 3). Our other hypotheses compared two pairs of phenotypes: 

MoH vs. MoH+Decline and Polytrauma vs. Polytrauma+Improvement. Relative to the 

MoH phenotype, Veterans in the MoH+Decline phenotype had about twice the odds of 

experiencing severe/very severe symptom burdens across all domains (OR range: 2.0–2.2) as 

well as of the overall symptom interference (OR=1.8). We calculated estimates comparing 

the two Polytrauma groups directly and found the Polytrauma phenotype group was much 

more likely to report severe affective (OR=2.8, 95%CI: 2.6–3.0), vestibular (OR=2.6, 

95%CI: 2.4–2.9), somatosensory (OR=2.5, 95CI: 2.2–2.8), and cognitive (OR=2.4, 95%CI: 

2.3–2.6) symptoms and symptom interference (OR=1.7, 95%CI: 1.6–1.8) compared to the 

Polytrauma+Improvement phenotype.

Other Associations between Phenotype and Symptom Severity

Compared to Veterans in the MoH phenotype, the Mental Health phenotype had modestly 

increased odds of severe symptoms in the vestibular and somatic domains (OR=1.5) and 

more substantial increases in the odds of severe cognitive and affective symptoms (OR=2.2 

and 2.6, respectively). Veterans in the Polytrauma phenotype were substantially more likely 

than MoH phenotype Veterans to have severe symptoms across all domains (OR range: 

2.9–3.6) and also more likely to report severe interference from these symptoms (OR=2.2). 

All differences reported were statistically significant (p<0.0001).
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Covariate Associations

Several of the covariates included in the models were statistically significantly associated 

with experiencing severe or very severe symptom burden. Across domains, older Veterans, 

women, Veterans who identified as Black or Hispanic, Veterans who had experienced blast 

and/or non-blast injuries, and Veterans who had other TBIs following deployment were 

generally more likely to report greater symptom burdens. The full model results including 

these covariates is available in Supplemental Table 2.

Sensitivity Analysis

Overall, 9,332 Veterans or 12.8% of the sample had Validity-10 scores greater than 22, 

suggesting possible symptom over-reporting. There was variability in the proportion of 

respondents with high Validity-10 scores across phenotypes: 8.3% of MoH, 9.6% of 

Polytrauma+Improvement, 13.0% of Mental Health, 16.1% of MoH+Decline, and 22.3% 

of Polytrauma phenotypes. After excluding these Veterans from the analysis, the odds ratios 

for severe or very severe symptoms were generally attenuated but the patterns were similar 

to those observed in the full sample (Supplemental Table 3). Specifically, the point estimates 

were smaller in the vestibular and somatosensory domains, which are the domains where 

most of the Validity-10 items come from. Point estimates were similar to those in the main 

analysis in the cognitive domain, and virtually unchanged in the affective domain across all 

phenotypes.

Discussion

We found substantial variation in the severity of symptoms among post-9/11 Veterans 

with mTBI based on the comorbidity phenotype to which they belonged. While 

it was not surprising that Veterans with better health trajectories (i.e., MoH and 

Polytrauma+Improvement) reported fewer symptoms related to mTBI, the association 

between symptom experience and health trajectory was quite strong. We found that Veterans 

in the MoH+Decline and Polytrauma phenotypes were more affected by neurobehavioral 

symptoms across all domains – vestibular, somatosensory, cognitive, and affective – 

compared to MoH and Polytrauma+Improve phenotypes, respectively. In both cases, the 

largest point estimate was for symptoms in the affective domain. This is consistent with 

previous work that co-occurring mental health conditions like PTSD account for much 

of the symptom burden reported by Veterans with mTBI,15 and suggests that clinical 

management approaches focusing on these affective symptoms could reduce symptom 

severity. Contrary to our expectation, the relationship between phenotype and symptom 

disruption was consistent across male and female Veterans.

This study extends previous work to identify potential links between severe symptom burden 

and health trajectories. Our finding that substantial symptom burden exists among Veterans 

with mTBI, even those whose injury was not recent, is consistent with several recent studies 

showing long-term impacts of mTBI among Veterans.7,19–21 It may be possible to improve 

health trajectories by clinically addressing and tracking severe symptoms captured by the 

NSI and focusing on treating affective symptoms like fatigue, sleep problems, anxiety, 

depressed mood, and irritability. While these affective symptoms could result from other 
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diagnoses like depression and post-traumatic stress disorder,22 both of which are common 

in post-9/11 Veterans with mTBI,8,23 targeting the symptoms could nonetheless impact a 

Veteran’s health trajectory, regardless of co-occurring diagnoses. There is limited evidence, 

however, to guide clinicians on the best interventions or treatment approaches for complex 

conditions that co-occur with mTBI.24,25 While promising interventions for co-occuring 

mTBI and conditions like PTSD and sleep disorders have recently been described or 

proposed26,27, these data suggest that additional research into evidence-based approaches 

for these Veterans is needed. It is possible that other, more urgent health needs are being 

addressed among Veterans and their affective symptoms are not being addressed as early in 

the treatment process. It was not possible to describe the details of care in this study, but it 

would be helpful to do so in the future to form evidence-based practice recommendations for 

improving trajectories among Veterans with mTBI.

When we evaluated scores across phenotype groups using the Validity-10 measure, we 

found a lower percentage of Veterans with potential over-reporting in the relatively healthy 

groups (MoH and Polytrauma+Improvement) than in the other phenotypes. Particularly 

striking was the observation that more than one in five Veterans Polytrauma phenotype 

were excluded from the analysis because of high Validity-10 scores. Their high symptom 

burden is not surprising given the broad array of symptoms associated with polytrauma. 

However, this result suggests that high Validity-10 scores occur more commonly among 

Veterans with more substantial comorbidity. We encourage researchers to consider that using 

the Validity-10 cut point of 22 with the NSI may inadvertently bias samples by eliminating 

Veterans with the most complex injury histories and health care needs.

This study has several limitations. The first is its cross-sectional nature. Specifically, the 

latent groups were constructed using multiple years of data that could have included the time 

of the CTBIE and therefore the NSI measure. Another limitation is that we used depression 

and PTSD diagnoses in constructing the latent classes and therefore did not test for effect 

modification by these conditions or separately adjust for them.8,22,23 Finally, these data 

represent only Veterans who used the VA system for health care and therefore may not 

represent the entire population of post-9/11 veterans who experienced mTBI. The strengths 

of this study include the large sample size that is generally representative of deployed 

troops,8,28 the combination of self-reported and clinical measures, and the use of a common 

and validated measure of symptom burden.

Conclusion

The variation in symptom severity and the interference of these symptoms based on 

Veterans’ health trajectory suggests a relationship between mTBI-related symptoms and 

health status and outcomes. Longitudinal research is needed to determine whether the 

symptom domain or severity can reliably indicate Veterans’ future health trajectories and 

also to more fully assess how changes in neurobehavioral symptoms impact changes in these 

trajectories. Timely clinical symptom management may be one approach to influencing 

health trajectories to prevent declines in well-being among Veterans with mTBI, regardless 

of whether they are otherwise relatively healthy or have substantial comorbidity.

Bouldin et al. Page 9

J Head Trauma Rehabil. Author manuscript; available in PMC 2023 November 15.

V
A

 A
uthor M

anuscript
V

A
 A

uthor M
anuscript

V
A

 A
uthor M

anuscript



Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flow diagram for Chronic Effects of Neurotrauma (CENC) Warfighter cohort and this study.
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Table 3.

Logistic regression results estimating the association between Neurobehavioral Symptom Inventory (NSI) 

subscale scores and group membership.

Comorbidity Phenotype Severe or Very Severe Symptoms (Average Scaled NSI Score ≥3.0)

Vestibular Somato-sensory Cognitive Affective Interference

OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI)

Moderately Healthy 1.0
(Ref)

1.0
(Ref)

1.0
(Ref)

1.0
(Ref)

1.0
(Ref)

Moderately Healthy + Decline 2.1*
(1.8–2.4)

2.0*
(1.8–2.3)

2.0*
(1.9–2.1)

2.2*
(2.0–2.3)

1.9*
(1.8–2.0)

Polytrauma + Improvement 1.2
(1.0–1.4)

1.2
(1.1–1.4)

1.2*
(1.2–1.3)

1.3*
(1.2–1.4)

1.3*
(1.3–1.4)

Polytrauma Phenotype 2.9*
(2.6–3.3)

2.9*
(2.6–3.3)

3.0*
(2.9–3.2)

3.6*
(3.4–3.8)

2.8*
(2.7–3.0)

Mental Health 1.5*
(1.3–1.7)

1.5*
(1.4–1.8)

2.1*
(2.0–2.3)

2.6*
(2.5–2.8)

2.1*
(2.0–2.2)

*
p<0.0001

OR: odds ratio

CI: confidence interval

Ref: Reference group

All models are adjusted for: age group at the time of NSI (30–39, 40–49, 50–59, 60–69 years), race/ethnicity (white, non-Hispanic; black, 
non-Hispanic; Asian, non-Hispanic; Native American or Pacific Islander, non-Hispanic; Hispanic; unknown), sex (men, women), educational 
attainment (less than high school, high school or equivalent, some college, college graduate or graduate degree), marital status (married or not), 
service branch (Air Force, Army, Coast Guard or Navy, Marines), component (active duty, National Guard or Reserve), rank (enlisted, warrant or 
officer),injury mechanism (blast only, non-blast only, blast and non-blast), and other TBI history (no other TBI, other TBI pre-deployment, other 
TBI post-deployment, other TBI both pre- and post-deployment).

Colors indicate magnitude of difference between Moderately Healthy Veterans and comparison group. Green represents similar (OR: 0.7–1.4), 
yellow indicates small differences (OR: 1.5–1.9), light red indicates moderate differences (OR: 2.0–2.4), and dark red indicates large differences 
(OR: 2.5 or higher).
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