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Abstract

Objective—This study evaluated frontal behavioral symptoms, via the FrSBe self-report, in
military personnel with and without history of blast-related mild traumatic brain injury (mild TBI).

Methods—Prospective observational cohort study of combat-deployed service members
leveraging 1-year and 5-year demographic and follow up clinical outcome data.

Results—The blast mild TBI group (n=164) showed greater frontal behavioral symptoms,
including clinically elevated apathy, disinhibition, and executive dysfunction, at five-year follow-
up, compared to a group of combat-deployed controls (n=107) without mild TBI history or history
of blast exposure. We also explored change in behavioral symptoms over a 4-year span, which
showed clinically significant increases in disinhibition in the blast mild TBI group, whereas the
control group did not show significant increases in symptoms over time.

Conclusion—Our findings add to the growing evidence that a proportion of individuals who
sustain mild TBI experience persistent behavioral symptoms. We also offer a demonstration of
a novel use of the FrSBe as a tool for longitudinal symptom monitoring in a military mild TBI
population.

Keywords

mild traumatic brain injury; executive function; long term outcomes; military service members;
frontal behavioral symptoms

Corresponding Author: Christine L. Mac Donald, PhD, Department of Neurological Surgery, University of Washington, 325 Ninth
Avenue, Box 359924, Seattle, WA 98104-2499, Office: 206-897-4047, cmacd@uw.edu.

Disclosure Statement: The authors report there are no competing interests to declare.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Parsey et al. Page 2

Introduction

Traumatic brain injury (TBI) is the most common injury in modern military conflicts(1).
Specifically, mild TBI comprises 82.3% of the nearly 380,000 head injuries that were
reported between 2000-2017 in the US military(2). Estimates range from approximately
17-20% of military personnel from Operations Enduring Freedom, Iragi Freedom, and

New Dawn (OEF/OIF/OND) who reported at least one mild TBI during deployment(3, 4).
The prevalence of mild TBI incidents has led to the Department of Defense describing

mild TBI as a “signature injury” of OEF/OIF/OND(5). In one study, more than 75% of
reported mild TBI incidents were associated with blast exposures(6). During recent conflicts
in Irag and Afghanistan, there has been a clear increase in blast-related injuries due to

use of improvised explosive devices (IEDs) that may result in chronic post-concussive
conditions and neuropathology(7, 8). Eighty percent of a convenience sample of US soldiers
who served in these conflicts reported receiving at least one blast exposure within 100
meters of their location during their deployment (9). These findings have emphasized the
need to understand the impact of blast and non-blast related mild TBI in combat-deployed
military personnel, including behavioral symptoms commonly associated with frontal lobe
dysfunction.

It is well established that the frontal cortex is vulnerable in all TBI (3), and in blast-related
injuries in particular (10). Studies examining frontal behavioral symptoms in mild TBI

and blast-related injury are of high importance, as veterans diagnosed with mild TBI

often report frontal neurobehavioral symptoms such as emotional lability, disinhibition, and
difficulties with executive functioning. Longitudinal studies, including our own work, have
suggested behavioral and emotional symptoms may persist even after the period of expected
recovery from mild TBI(11). The mild TBI literature suggests that people who sustain

a mild TBI experience relatively predictable progressive recovery with return to baseline
within 3 months post-injury(12). However, more recent studies have found evidence of a
higher proportion of individuals who experience symptoms beyond three months(13). In

the TRACK-TBI cohort study, Nelson and colleagues (12) found that 53% of participants
with mild TBI reported functional impairments 12 months post-injury, and Mikolic and
colleagues found that 51% of their mild TBI group of the CENTER-TBI study demonstrated
GOSE scores less than 8 after 6 months post-injury, suggesting persistent functional
difficulties after the expected recovery window(13). Recently, in a comprehensive review

of the TBI literature, Maas and colleagues and the Lancet Neurology Commission reported
that approximately 50% of adults who sustain a mild TBI do not recover to pre-injury levels
of health after six months, challenging the long-standing belief that mild TBI does not cause
chronic symptoms or functional limitations(14). In our own work with military personnel,
we found that over a 5-year period, 30% of participants with history of blast mild TBI
declined into a worse disability bracket, and statistically significant increases in psychiatric
and neurobehavioral symptoms were reported at 5-year follow-up visits(11).

The Frontal Systems Behavioral Scale (FrSBe) is a validated measure of symptoms and
behaviors associated with frontal lobe damage (15). It includes self- and observer-report
(“Family” rating) versions and can be further analyzed with three domain-based scores that
assess clusters of symptoms related to apathy, disinhibition, and executive dysfunction. The
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FrSBe has been widely used to assess neurobehavioral symptoms at baseline and post-injury
and evaluate and monitor change in behaviors and symptoms following injury or damage

to frontal systems. For example, Reid-Arndt and colleagues showed that symptoms on the
FrSBe predicted functional outcomes in patients with a self-reported history of TBI (16).
Karr and colleagues focused on Irag and Afghanistan veterans with blast-related mild TBI
and found that 82% of the group had clinically elevated post-injury total score on the FrSBe,
a significant increase from 11% of the group pre-injury(17). In a study by Lengenfelder and
colleagues, thirty-three people with moderate-to-severe TBI reported increased post-injury
scores for both self and family ratings in all three domains, apathy, disinhibition, and
executive dysfunction(3).

While the FrSBe was designed to assess premorbid behavior and behavior post-injury, we
have employed it as a measure of current symptoms. This represents a relatively novel use
of the FrSBe to measure frontal-network behavioral symptoms in a longitudinal setting. Our
intention is to use the FrSBe to assess persistence versus resolution of behavioral symptoms
in our participant sample over time. A search for similar approaches yielded limited

studies. One study of community-based severe TBI sample found that most participants
demonstrated stability of apathy symptoms over a 10-month period(18). The literature

also indicates two studies of patients with Parkinson’s disease demonstrating worsening

of behavioral symptoms in the progression of the disease process(19, 20). To our knowledge,
this study is the first reported use of the FrSBe as a longitudinal measure assessed in a
military service member sample with and without mild TBI over multiple time points.

The aim of the present study was to examine the extent of resultant frontal behavioral
symptoms (as measured by the FrSBe) at 5-years post-injury in military personnel

who sustained blast-related mild TBI during combat deployment. We hypothesized that
participants with history of blast mild TBI would demonstrate higher symptom endorsement
on the FrSBe at 5-year follow-up, compared to non-blast, combat-deployed controls, which
would support impact of mild TBI above and beyond environmental factors that were also
experienced by the combat-deployed force as a whole. Because the FrSBe was added later
into the study protocol (i.e., during Year 1 data collection), we focused on more robust

Year 5 FrSBe data in our two primary participant groups, blast-related mild TBI and the
non-blast controls. We also conducted exploratory analyses of Year 1 FrSBe data, as well as
change over time from Year 1 to Year 5 FrSBe scores within and between groups. In these
analyses, we hypothesized that the non-blast control group would demonstrate stability,

or possibly, a decrease in behavioral symptoms from Year 1 to Year 5. However, based

on our prior work that demonstrated persistence or worsening, rather than resolution, of
cognitive and psychological symptoms at 5-year follow-up, we hypothesized that the blast
mild TBI group would exhibit an increase in behavioral symptoms via the FrSBe from

Year 1 to Year 5. Our study provides a unique perspective in that the FrSBe rating scale

is utilized not simply to assess change between pre- and post-injury, but to monitor the
trajectory of post-injury symptoms in combat-deployed military personnel with history mild
TBI compared to controls with comparable environmental exposures but without history of
TBI or blast exposure.
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Materials and Methods

A secondary analysis was performed of data obtained from the “EValuation Of Longitudinal
outcomes in mild TBI active-duty military and VEterans” (EVOLVE) study examining

the long-term effects of combat-related mild TBI which has been described in detail
elsewhere(21-23). All methods were carried out in accordance with approved Institutional
Review Board human subjects protocols and informed consent was obtained from all
participants at enrollment (University of Washington, STUDY 00001323, FWA #00006878).

Participants:

Briefly, all participants were military service members deployed between November 2008
and July 2013 and enrolled in the study while in Afghanistan or after they were medically
evacuated to Landstuhl Regional Medical Center in Landstuhl, Germany. In the full
longitudinal study, participants were assigned to 1 of 4 study groups based on clinical
assessment. Two primary groups were blast-related mild TBI (Blast mild TBI group), and
combat-deployed service members without any TBI or blast exposure (Non-blast control
group). The two exploratory participant groups were not included in the current analysis
(mild TBI from non-blast mechanisms, exposure to blast but without mild TBI). Diagnosis
of mild TBI was made by trained medical personnel (24) immediately after the event,
according to the United States Department of Defense definition of mild, uncomplicated
TBI (i.e., loss of consciousness lasting 30 minutes or less, alteration of consciousness less
than 24 hours, post-traumatic amnesia less than 24 hours, Glasgow Coma Scale of 13-15,
unremarkable CT or MRI findings)(25). Mild TBI participants were enrolled on average
4-9 days post-injury depending on evacuation status. Participants in the non-blast control
group were either enrolled during combat deployment or underwent medical evacuation for
noncombat diagnoses such as dermatitis or gastrointestinal illness. Upon clinical evaluation
they were found to be without signs and symptoms suggestive of acute TBI. Exclusion
criteria for all groups included prior TBI or psychiatric diagnosis.

Study Methods:

In-person clinical evaluations were conducted 1 year and 5 years after enrollment during
deployment. The Self-Rating form of the Frontal Systems Behavior Scale (FrSBe)(26, 27)
was administered as part of this evaluation. Participants completed the self-report form

for their current symptoms at Year 5 follow-up, and a smaller subgroup completed this
measure at Year 1 (n=81). The FrSBe is a 46-item behavior rating scale that captures frontal
behavioral symptoms commonly attributed to damage to frontal lobe networks. The FrSBe is
designed to assess premorbid behavior and behavior post-injury and demonstrates utility in
numerous populations including patients with neurological disorders, psychiatric disorders
with frontal systems impairment, and head injury(15). Each item represents a description
of a possible symptom (e.g., “Doing things impulsively”, “Lost interest in things”), and

is reported on a scale of 1, “Almost Never” to 5 “Almost Always”; thus, higher scores
reflect greater symptom endorsement. The assessment results in a total composite score,

as well as subscale scores in the three behavioral domains of “Apathy,” “Disinhibition,”
and “Executive Dysfunction” with raw to T-score conversion corrected for age, gender,

and education. T-scores below 60 are considered within normal limits, T-scores of 60 to
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64 indicate borderline clinical significance, and T-scores of 65 or greater are considered
clinically elevated and reflect significant frontal systems abnormalities. Clinically-elevated
scores on the Apathy subscale suggest problems with initiation, persistence, loss of

energy, anhedonia, lack of concern about self-care, and/or blunted affective expression.
Elevated scores on the Disinhibition subscale suggest impulsivity, hyperactivity, socially
inappropriate behavior, emotional lability, or irritability. Lastly, higher scores on the
Executive Dysfunction subscale suggest difficulties with organization, planning, sequencing,
problem solving, insight, mental flexibility, or self-monitoring of ongoing behavior(15).

Statistical Analyses:

Differences in patient characteristics between the blast mild TBI and non-blast controls

were assessed for statistical significance using Fisher’s exact tests for categorical variables
and Mann-Whitney tests for continuous variables. Linear regression adjusting for age and
education was used to analyze differences between the two groups on the 5-year and 1-year
FrSBe scores, using all data available at that assessment. Spaghetti plots and unadjusted
analyses of change within group between 1 and 5 years were performed including only
subjects with data at both years using paired t-tests. Mixed-effects linear regression adjusting
for age and education was used to model the FrSBe scores at 1 and 5 years, including

all cases with FrSBe assessed at either time and assuming random subject slopes and an
unstructured correlation matrix; the interaction between group and year assessed whether the
scores changed differentially between the groups. Normality of the residuals was observed
for all FrSBe models. For all analyses a two-sided significance level of 0.05 was used and no
adjustments were made for multiple comparisons.

Data Availability

Results

Data used in the analysis of this manuscript can be made available to interested parties
through data requests submitted to the corresponding author.

From 2008-2013, a total of 591 participants were enrolled in the EVOLVE study. Of
these, 271 participants were in the primary groups and completed the FrSBe as a part of
their 5-year follow-up evaluation (164 blast mild TBI, 107 non-blast control). Participant
demographic, information including mean age, sex, race, education, and branch of military
service, are presented in Table 1.

Primary Analyses

Group Differences at Year 5 Follow-up: Average T-scores for the blast mild TBI group
were clinically elevated (i.e., T>65) for FrSBe total score (T-score Mean=69.5, s6=19.3)
and the Executive Dysfunction subscore (T-score Mean=68.2, sa=18.5). The FrSBe Apathy
subscore was just below clinical elevation for the blast mild TBI group (T-score Mean=64.9,
50=19.0). In contrast, the non-blast control group did not show clinical elevations on FrSBe
total (T-score Mean=54.0, sa=15.2) or any of the three FrSBe subscores (Apathy: T-score
Mean=53.2, sa=15.8; Disinhibition: T-score Mean=52.7, sa=13.1); Executive Dysfunction:
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T-score Mean=53.7, sa=13.0). All means and standard deviations for group differences at
Year 1 and Year 5 are presented in Supplemental Material.

Overall, mean group differences were found for all FrSBe variables and are visualized for
total and domain subscores in Figure 1. The blast mild TBI group demonstrated significantly
higher FrSBe Total scores (MeanA =+15.6, 95% CIl=11.2-19.9, p<.001), compared to the
non-blast control group. Similar results were observed in examining the subscale scores of
the three FrSBe domains. On the FrSBe Apathy subscale at Year 5, the blast mild TBI group
reported significantly higher apathy-related symptoms (MeanA = +11.8, 95% Cl=7.4-16.1,
p<.001) compared to the non-blast control group. On the FrSBe Disinhibition subscale at
year 5, the blast mild TBI group endorsed significantly higher scores than the non-blast
control group (MeanA = +10.7, 95% CI=7.4-14.1, p<.001). On the FrSBe Executive
Dysfunction subscale at Year 5, the blast mild TBI group again reported significantly higher
scores than the non-blast control group (MeanA = +14.5, 95% C1=10.5-18.6, p<.001).

Exploratory Analyses

During the 1-year follow-up, 124 participants completed the FrSBe as the assessment was
introduced later in the study. Of those, 81 were in the primary groups (44 blast mild TBI,
37 non-blast control) with 59 completing both 1-year and 5-year FrSBe evaluations. We
explored trends in Year 1 data, as well as change in FrSBe scores from Year 1 to Year 5
follow-up.

Group Differences at Year 1: At Year 1, average T-scores for the blast mild TBI group
were clinically elevated (i.e., T>65) for FrSBe total score (T-score Mean=65.5, sa=23.7)
and the Executive Dysfunction subscore (T-score Mean=67.4, sa=22.1). The FrSBe Apathy
subscore (T-score Mean=59.4, sa=20.0) and Disinhibition subscore (T-score Mean=58.9,
50=16.4) were not clinically elevated for the blast mild TBI group. In addition, the non-blast
control group did not show clinical elevations on FrSBe total (T-score Mean=49.8, sa=15.3)
or any of the three FrSBe subscores (Apathy: T-score Mean=48.7, sa=13.8; Disinhibition:
T-score Mean=47.6, sa=13.8); Executive Dysfunction: T-score Mean=52.2, sa=14.9).

As shown in Figure 2, the blast mild TBI group demonstrated significantly higher FrSBe
Total scores, compared to the non-blast control group (MeanA = +15.7, 95% CI1=6.8-24.6,
£~=.001). On the FrSBe Apathy subscale at Year 1, the blast mild TBI group reported
significantly higher apathy-related symptoms compared to the non-blast control group
(MeanA = +10.7, 95% CI1=3.1-18.3, p=.007). On the FrSBe Disinhibition subscale, the

blast mild TBI group endorsed significantly higher scores than the non-blast control group
(Meanh = +11.3, 95% Cl1=4.6-18.0, p=.001). On the FrSBe Executive Dysfunction subscale,
the blast mild TBI group again reported significantly higher scores than the non-blast control
group (MeanA = +15.2, 95% C1=6.8-23.6, p=.001).

Change in FrSBE Scores from Year 1 to Year 5: We also evaluated whether
significant changes in scores were present from Year 1 to Year 5 within groups (Figure

3). For the blast mild TBI group, significantly higher FrSBe Disinhibition scores were
reported at Year 5 compared to Year 1 (MeanA = +6.29; 95% CI 1.29-11.29; p=.015), and
there was a trend in the same direction for Total FrSBe score (MeanA = +5.32; 95% ClI
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-0.68-11.33, p=.080). Although there were higher mean T-scores for Apathy and Executive
Function subscores, these changes were not statistically significant for the blast mild TBI
group (p’s>.05). Although in the same direction, none of the mean T-score changes were
significant for the non-blast control group (©'s>.05). We also investigated between group
comparisons of Year 1 to Year 5 change. There was no suggestion of differential change
between the groups (Modeled interactions between —.47 and .01, adjusted p-values all >.80;
see Supplemental Material).

Discussion

This study evaluated differences of frontal behavioral symptoms between two groups of
combat-deployed military personnel with and without history of blast-induced mild TBI.

We found that the blast mild TBI group showed clinically-elevated frontal behavioral
symptoms at 5 years post-injury, including those indicative of apathy, disinhibition, and
difficulties with executive functioning. These symptoms were significantly higher when
compared to combat-deployed controls without history of TBI or blast exposure. This is
consistent with prior studies, including several large civilian and military cohort TBI studies,
including on showing veterans with blast-related injuries often report several frontal network
behavioral symptoms including irritability and disinhibition, amongst others(8, 13). Our
primary findings also support the growing evidence that a proportion of individuals who
sustain mild TBI experience persistent symptoms and do not follow the expected recovery of
full symptom resolution in 3—6 months post-injury(14). This raises not only a call for better
understanding of mild TBI mechanisms and symptom trajectories, but also the appropriate
post-injury care to promote recovery.

We also found evidence of trends for the blast mild TBI group demonstrating increases in
frontal behavioral symptoms between 1- and 5-years post injury. This phenomenon appears
to be driven mostly by disinhibition, with lesser presence of apathy or executive functioning
symptoms in their self-report. This is concerning, given that individuals with prior TBI

are at risk for future TBIs, and disinhibited behavior may lead to further risk-taking
behavior increasing the possibility of additional injuries. Interestingly, the non-blast control
group also showed increases in behavioral symptom endorsement, but these did not reach
statistical significance or averages above the clinical thresholds. This raises questions about
co-morbid presence of mental or physical health conditions that may be contributing to
frontal behavioral symptom endorsement.

Mild TBI is associated with high rates of co-occurring mental health disorders, including,
and most commonly, PTSD(28). Many military veterans with a history of blast related TBI
experience a higher PTSD symptom severity (17). Studies have shown that military veterans
with comorbid mild TBI and PTSD, as opposed to PTSD alone or mild TBI alone, are

at greater risk for experiencing long lasting subjective distress (29). In the present study

we found clinically elevated scores at Year 1 follow-up for the control group, as well as
non-significant increases in symptom endorsement from Year 1 to Year 5. One explanation
could be the comorbid presence of psychiatric symptoms. The current study did not address
potential drivers of persistent symptoms. As such, given the high frequency of clinical
comorbidity, further research into the neural networks of both PTSD and mild TBI, as well
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as the potential interaction effects of PTSD and mild TBI on the duration and severity of
symptoms would be of high utility.

Lastly, our study was one of few to use the FrSBe to assess long-term frontal
neurobehavioral symptoms, as opposed to its initial design to assess pre- and post-injury
symptoms. To our knowledge, this is also the first study to apply this longitudinal approach
with the FrSBe to evaluate frontal behavioral symptoms in a longitudinal combat-deployed
military cohort study. We have demonstrated the potential for using the FrSBe to assess
frontal behavioral symptoms beyond the immediate post-injury period and incorporating
more detailed assessment of these symptoms in observational and interventional studies

of TBI, including mild TBI, to better understand progression or resolution of symptoms
over time. While the present study does not represent a formal validation of the FrSBe
measure for longitudinal monitoring of behavioral symptoms, it creates a foundation for
future studies to consider analyses of this type of use.

There are several limitations to our conclusions. This study did not explore specific causal
mechanisms for persistence, and in some cases increases, in behavioral symptoms. Our
intention was to lay the groundwork for further models to explore causal or mechanistic
research questions. For example, symptoms of depression or PTSD may be contributing
differently in our groups, including the co-morbid presence of mild TBI. The study
participants represent a rather homogenous group, predominantly Non-Hispanic White
males, and may not be generalizable to other racial/ethnic groups. The Year 1 data is also
limited in group size and represents exploratory analyses and repeating the analyses of
changes with larger group sizes is recommended. In addition, we acknowledge the limitation
of using a single behavioral instrument such as the FrSBe in such a complex study. The
FrSBe includes a total score and three defined behavioral domains; however, additional
symptoms that are common in mild TBI, such as irritability, are not separately captured, but
instead included under the loadings of the defined domains. Future studies should consider
inclusion of additional or alternative measures that assess other common symptoms more
specifically. This study also comes with several strengths, including the relatively large
group of combat-deployed control subjects with similar environmental exposures in military
settings. This allows for stronger conclusions to be drawn about differences in groups who
sustained blast-related mild TBI compared to those with similar combat, environment, and
military experience. In addition, rather than retrospective reporting of injury history and
symptoms, data for these participants was obtained shortly after injury during enrollment,
and behavioral symptom reports represent the present rather than retrospective recall.

Future directions include evaluating models of mild TBI outcomes, such as moderating

or mediating factors of psychiatric symptoms (e.g., PTSD, depression) or neuroimaging
findings, as predictors driving post-injury symptom prognosis. Future studies should focus
on the neural networks and pathophysiology connecting mild TBI to frontal network
symptoms and could also focus on the effect and pathophysiology of comorbid PTSD and
mild TBI have on the severity and duration of frontal symptoms. In addition, future studies
should consider pursuit of models that address cognitive functioning (by neuropsychological
tests) presenting co-morbidly with neuropsychiatric and behavioral symptoms in the post-
injury periods of military personnel with and without history of mild TBI, including
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differentiation of blast versus non-blast injury mechanism. The EVOLVE study continues
to conduct follow-up visits, now in Year 10, and we anticipate opportunities to re-evaluate
our current findings with a longer time interval to better understand trajectories of physical,
emotional, and behavioral symptoms in combat-deployed military personnel.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: FrSBe T-scores at 5-Year Follow-up for Blast Mild TBI and Non-blast Controls
Note. A) FrSBe Total T-scores; p<.001. B) FrSBe Apathy T-scores; p<.001. C) FrSBe

Disinhibition T-scores; p<.001. D) FrSBe Executive Dysfunction T-scores; p<.001.
Dashed horizontal line = Clinical elevation threshold of T>65
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Figure 2: FrSBe T-scoresat 1-Year Follow-up for Blast Mild TBI and Non-blast Controls
Note. A) FrSBe Total T-scores; p=.001. B) FrSBe Apathy T-scores; p=.007. C) FrSBe

Disinhibition T-scores; p=.001. D) FrSBe Executive Dysfunction T-scores; p=.001.
Dashed horizontal line = Clinical elevation threshold of T>65
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Note. A) FrSBe Total T-scores; Non-blast controls, p=.094, Blast mild TBI, p=.080. B)

FrSBe Apathy T-scores; Non-blast controls, p=.182, Blast mild TBI, p=.236. C) FrSBe
Disinhibition T-scores; Non-blast controls, p=.089 Blast mild TBI, p=.015. D) FrSBe

Executive Dysfunction T-scores; Non-blast controls, p=.186, Blast mild TBI, p=.172.

Dashed horizontal line

Clinical elevation threshold of T>65
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Demographic Characteristics of Participants at 5 Year Follow-up

Table 1

Non-Blast Control n=107 Blast Mild TBI N=164 Full Sample n=271

M sd M sd M s
Age (years) 36.2 7.8 317 6.8 335 7.6
Education (years)* 15.9 2.7 136 17 145 24
% % %
Gender *
Female 16% 4% 8%
Male 84% 96% 92%
Race/Ethnicity
White 76% 74% 75%
African American 15% 8% 11%
Hispanic/Latino 9% 15% 13%
Asian/Pacific Islander 0% 2% 1%
Other 0% 1% 0%
Military Branch *
Army 56% 85% 73%
Navy 20% 1% 8%
Air Force 16% 1% 7%
Marines 8% 13% 11%
Note.

*
statistically significant group difference at p < .05

M=Mean

sd=Standard Deviation
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