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Abstract

Objective—While traumatic brain injury (TBI) is common across the lifespan, the detailed
neurobehavioral characteristics of older adults with prior TBI remain unclear. Our goal was to
compare the clinical profile of older independently-living veterans with and without prior TBI.

Setting—Two veterans' retirement communities
Participants—75 participants with TBI and 71 without (mean age 78 years)
Design—Cross-sectional

Main Measures—TBI history was determined by the Ohio State University TBI Questionnaire.
We assessed psychiatric and medical history via interviews and chart review and conducted
measures assessing functional/lifestyle, psychiatric, and cognitive outcomes. Regression analyses
(adjusted for demographics, diabetes, prior depression, substance abuse, and site) were performed
to compare between TBI and non-TBI participants.

Results—Compared to veterans without TBI, those with TBI had greater functional impairment
(adjusted p = 0.05), endorsed more current depressive (adjusted p=0.04) and PTSD symptoms
(adjusted p=0.01), and had higher rates of prior depression and substance abuse (both adjusted
p<0.01). While composite memory and language scores did not differ between groups, participants
with TBI performed worse on tests of executive functioning/processing speed (adjusted p=0.01).

Conclusions—Our results suggest that TBI may have adverse long-term neurobehavioral
consequences and that TBI-exposed adults may require careful screening and follow-up.

Introduction

Traumatic brain injury (TBI) is associated with known short-term functional, psychiatric,
and cognitive impairments.1:2 One of the most feared long-term consequences of moderate
to severe TBI is cognitive impairment and dementia, with many studies reporting a two to
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three times increased risk of dementia associated with prior TBI.3-5 The specific profile of
long-term neurobehavioral sequelae of TBI among TBI-exposed older adults, however, is
not well-characterized. While studies linking TBI to dementia have suggested that the
phenotype of post-TBI dementia may be similar to Alzheimer disease (AD)*5 or chronic
traumatic encephalopathy (CTE),® few studies have explored detailed characteristics among
non-demented TBI-exposed elders, at a time when early symptoms may point to etiology.

Better understanding of the long-term outcomes of TBI is an important preliminary step in
exploring the underlying etiology, mechanisms, and ultimately treatment and prevention of
post-TBI impairments. It is especially important to understand the potential outcomes of TBI
in high-risk populations, such as military veterans. Military veterans are at elevated risk of
experiencing TBI compared to the civilian population, a risk which is not limited to those
exposed to combat.” Studies from the conflicts in Iraq and Afghanistan estimate that 15-20%
of deployed service members suffered at least one mild TBI (mTBI)82 and multiple mTBIs
are common.19 Retrospective studies from the Vietnam era indicate that exposure to mTBI
in that conflict was comparable to what is reported in more recent conflicts.1? Among
civilians, an estimated 1.7 million Americans suffer TBI each year!? and the lifetime
prevalence of TBI has been estimated to be greater than 40%.13 Thus, due to combined
combat, non-combat military, and civilian exposure, a history of TBI is highly prevalent
among older veterans.1

Our objectives were to (1) describe the characteristics of head injuries in older veterans, and
(2) describe the neurobehavioral phenotype of older independently-living veterans with and
without past TBI.

Study population

All participants were independently-living residents of the Armed Forces Retirement Home
(Washington, D.C.) or the Veterans Home of California-Yountville (Yountville, CA), aged
50-95. Requirements for living in the independent housing section included the ability to
independently perform activities of daily living (i.e., manage medications, appointments,
laundry, etc.), live in a communal environment, and the absence of active substance abuse.
We excluded individuals with low cognition [Mini-Mental State Examination® (MMSE) <
201, anyone with a past penetrating head injury, and those with medical conditions, hearing
loss, or vision loss severe enough to preclude participating in the majority of study
components. Residents were recruited through the use of flyers, town hall meetings, and
word of mouth. The study was approved by the Human Research Committees at each site.
All participants gave written informed consent.

Assessment of TBI history

A positive TBI history was defined as having sustained at least one prior head injury
necessitating medical care (doctor's visit, emergency room, treatment from field medic,
hospitalization, etc.). Detailed TBI history was evaluated using the Ohio State University
TBI Identification Method (OSU-TBI ID)16, a structured clinical interview. From this, we
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determined the severity of all TBIs over the life course, the number of total TBIs for each
participant, the cause of each TBI, and the age at each TBI. Although medical record
verification of all TBI cases at time of injury was not feasible, we reviewed the participants'
retirement home chart and validated TBI history in 51% of the TBI participants and absence
of TBI history in the non-TBI participants.

The TBI was categorized as mildl’: no loss of consciousness (LOC) or LOC < 30 minutes;
moderate: LOC = 30 minutes but < 24 hour; or severe: LOC = 24 hours. Each head injury
was described as military or civilian. Military TBI encompassed injuries occurring during
combat or non-combat duty activities while the participant was in the military. Civilian TBI
was defined as occurring before or after military service.

Assessment of past medical and psychiatric history

A medical history was compiled for each participant through a combination of chart review
and self-report to assess past and current medical conditions. Psychiatric history, consisting
of depression, bipolar disorder, post-traumatic stress disorder (PTSD), anxiety disorders
other than PTSD (such as generalized anxiety disorder and panic disorder), and substance
abuse (alcohol or other drugs), was assessed in a similar manner.

Lifestyle, Functional, and Psychiatric Outcomes

Several well-validated and reliable instruments were used to assess lifestyle, functional, and
psychiatric outcomes among participants. To evaluate sleep quality, we used the Pittsburgh
Sleep Quality Index!® (PSQI), a brief questionnaire assessing sleep habits in the past month.
We used the 5-item Satisfaction with Life Scalel® (SWLS) to assess quality of life. To
examine leisure activity level (how often participants read a book, went to group discussions,
attended a concert, etc.), we used the Intellectual and Leisure Activity Scale (ILAS)20. We
assessed function with the Functional Activities Questionnaire?! (FAQ) and the Everyday
Cognition scale-short form22 (ECOG), both self-report. Current depressive symptoms were
measured by the Geriatric Depression ScaleZ3, a 15-item scale which surveys symptoms
during the past week. PTSD symptoms were assessed by participant responses to the PTSD
Checklist-Civilian (PCL-C)24, a 17-item instrument to measure PTSD symptoms in the past
30 days.

Cognitive Outcomes

A comprehensive neuropsychological battery was administered to each participant by a
trained examiner. Included was the Mini-Mental State Examination'® (MMSE), a measure of
general cognition. Specific domains assessed included learning and memory (Auditory
Verbal Learning Task; AVLT; 2526 sym of five learning trials and delayed recall), language
(Boston Naming Test-Short Form; BNT27 and Category Verbal Fluency28:29), and
processing speed/executive functioning (Trail Making Tests A and B30 and Digit Symbol31).
Z-scores for the individual test variables were created using the mean and standard deviation
from the non-TBI group. Composite variables were created by combining the z-scores from
the individual test variables in each cognitive domain.
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Statistical analyses

Results

We compared demographics and past medical/psychiatric history between TBI and non-TBI
participants using t-tests or chi-square tests as appropriate for continuous or categorical
variables. We compared lifestyle, functional, psychiatric, and cognitive outcomes between
groups using regression models as appropriate for continuous or categorical measures. We
adjusted for demographics and medical comorbidities that significantly differed (o < 0.05)
by TBI group (age, race, and history of diabetes) and also adjusted for gender, education,
and site. All analyses of non-psychiatric outcomes were also adjusted for psychiatric history
that significantly differed (p < 0.05) by group (history of depression and substance abuse). In
sensitivity analyses of cognitive outcomes, the analyses were additionally adjusted for
current depression and PTSD symptoms as objectively measured by the GDS and PCL-C.
Lastly, to determine the role of TBI severity and frequency, we used trend analysis to
compare outcomes between non-TBI, mild TBI, and moderate-to-severe TBI as well as
between non-TBI, single TBI, and multiple TBI participants. Unadjusted frequencies and
means are shown in all tables. Analyses were conducted using SAS 9.2.

We enrolled 75 participants with a history of TBI and 71 participants with no history of TBI.
Most TBI participants (61%) experienced more than one TBI in their lifetime, and most
(72%) reported loss of consciousness for at least one TBI (Table 1). First TBI occurred an
average of 50 (standard deviation 22) years previously and most recent TBI occurred an
average of 32 (standard deviation 25) years previously. Thus, most TBIs were very remote.
In total, 159 symptomatic head injuries were recorded for these 75 participants. Falls (35%)
and blunt force trauma (34%) were the most common causes of TBI, followed by motor
vehicle or bicycle accidents, blast injuries, and other (Table 1). Because most TBI
participants experienced multiple prior TBIs, TBI severity for each participant was
categorized based on each participant's most severe prior TBI. Overall, 68% of TBI
participants were categorized as mild, 20% as moderate, and 12% as severe.

Basic demographic, medical, and psychiatric history comparisons between veterans with and
without TBI are shown in Table 2. Compared to veterans without a TBI, TBI participants
were less likely to be a minority (p=0.01), more likely to have a history of diabetes (p <
0.01), more commonly reported a prior history of depression and substance abuse (both p <
0.01), and trended to being younger (p = 0.06). No significant differences between groups
were found for history of anxiety, PTSD, or bipolar disorder.

Lifestyle and Functional Outcomes

TBI participants reported worse sleep quality, lower participation in intellectual/leisure
activities, more functional impairment (FAQ), worse cognitively-mediated functional
impairment (eCog), and lower satisfaction with life compared to non-TBI participants (all
effects were significant at least at the trend level with £< 0.10, see Table 3). After
adjustment for covariates, functional impairment remained greater among TBI participants
(FAQ p = 0.06, eCog p = 0.05).
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With increasing TBI severity, participants reported increasing impairments across most
lifestyle and functional outcomes (Table 4). Similar results were found for increasing TBI
frequency (data not shown). After multivariable adjustment, functional impairment remained
worse and satisfaction with life remained progressively lower with increasing TBI severity
(adjusted p-value for trend FAQ p = 0.03, eCOG p = 0.04, SWLS p = 0.06). Similarly, after
multivariable adjustment cognitively-mediated functional impairment remained worse with
increasing TBI frequency (adjusted p-value for trend eCog p = 0.04).

Psychiatric Outcomes

Compared to participants without TBI, TBI participants reported nearly two times higher
scores on the GDS and 18% higher scores on the PCL-C (all effects were significant at P <
0.05 both before and after multivariable adjustment, see Table 3). Symptoms of depression
and PTSD as measured by the GDS and PCL-C, respectively, also increased with increasing
TBI severity (Table 4) and increasing TBI frequency, a finding that remained significant both
before and after multivariable adjustment.

Cognitive Outcomes

Global cognition (MMSE) was slightly lower among TBI participants compared to non-TBI
participants (unadjusted p=0.05), but this finding was no longer significant with covariate
adjustment and also did not differ by TBI severity or frequency. There were no differences
between groups in performance on the cognitive domains of learning/memory or language
(P> 0.6 for all). In the domain of executive functioning / processing speed, however, TBI
participants performed worse than non-TBI participants, an effect that remained significant
both before and after adjustment for covariates. Furthermore, those with greater TBI severity
and TBI frequency had worse scores in this domain both before and after adjustment for
covariates.

In a sensitivity analysis designed to account for possible adverse cognitive effects of ongoing
depressive or PTSD symptoms, we further adjusted cognitive outcome analyses for score on
GDS and PCL-C. Executive functioning / processing speed remained significantly more
impaired among TBI participants (see adjusted means in Figure) and with increasing TBI
severity/frequency.

Discussion

Our findings suggest that older veterans with a past history of TBI, but who are living
independently in retirement communities, demonstrate worse functioning in multiple clinical
domains compared to their peers without prior TBI. Specifically, TBI participants had more
impaired scores on most lifestyle, functional, and psychiatric outcomes assessed as well as
on tests of global cognition and executive function/processing speed. Even after adjustment
for demographics and medical/psychiatric history, TBI participants were still found to be
significantly more impaired than their non-TBI peers on measures of function, symptoms of
depression and PTSD, and tests of executive function/processing speed, suggesting that
many of these clinical differences are not explained by differences in demographics or
comorbidities. Furthermore, many of these impairments in function, psychiatric symptoms,

J Head Trauma Rehabil. Author manuscript; available in PMC 2018 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Peltz et al.

Page 6

and executive function/processing speed deficits increased with increasing TBI severity and
increasing TBI frequency, providing additional support for a causal association. Because
active psychiatric symptoms may confound cognitive impairment, we performed sensitivity
analyses of cognitive outcomes additionally adjusted for current symptoms of depression
and PTSD and found that TBI participants have more impaired executive function/
processing speed that appears to be independent of psychiatric symptoms.

Our results build upon the findings of prior studies that have examined chronic effects of
TBI. The term “chronic” or “long-term” in the field of TBI research, however, is frequently
used to refer to effects measured just a few months or years post-TBI.32 Most prior studies
of “chronic” effects of TBI have largely followed outcomes at most 10 to 15 years post-
TBI,33-35 have predominantly assessed outcomes among adolescents or young to middle-
aged adults,32:33:36 have frequently not included a comparison group without TBI,33:37 and
may rely upon mailed surveys rather than in-person evaluations.36-38 Thus, the effects of
remote TBI into late-life, particularly as compared to normal aging, have not been rigorously
studied. Our findings highlight that TBI may have important long-term effects on aging and
suggests that TBI-exposed elders need to be monitored closely for neurobehavioral
symptoms.

While previous research has consistently shown adverse long-term effects of moderate-to-
severe TBI, the long-term effects of mild TBI have been mixed39-42. A recent systematic
review of mild TBI reported that in well-controlled studies, mild TBI was not associated
with long-term cognitive or psychiatric outcomes?*3. In the current study, the majority (68%)
of our participants with TBI had mild TBI as their most severe head injury, yet we found
differences in lifestyle and functional outcomes, psychiatric symptoms, and cognitive
performance. We further examined the influence of TBI severity and frequency on our
outcomes and found that most of our outcomes were associated with greater severity and
frequency of TBI. However, as only 15 of the 75 participants with TBI had a single mild
TBI, the results were likely driven by individuals with repeated mild TBI and moderate-to-
severe TBI.

The observed phenotype of executive dysfunction, behavioral symptoms, and functional
impairment has been reported in younger patients or those with more recent TBI. For
example, among primarily young to middle-aged adults with TBI an average of 15 years
previously, increasing TBI severity or TBI frequency has been associated with greater
cognitive impairment/complaints, impaired social activity/behavior, and greater functional
impairment.33:36 Similarly, individuals across the age spectrum with follow-up five to 10
years after TBI have been found to have more cognitive difficulties, more anxiety, more
PTSD, and worse function compared to controls.3* Young American military veterans an
average of three months post-TBI have been found to have worse performance specifically
on executive function and processing speed compared to healthy controls,32 similar to our
own results. One central question that emerges from this literature is whether these deficits
are static or progressive. A Swiss study that compared self-reported outcomes one year after
TBI to outcomes 10 years after TBI found that many with TBI experienced progressive
decline in quality of life, increasing cognitive complaints, and increasing rates of disability/
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unemployment, suggesting that some chronic post-TBI deficits may be progressive over
time.35

Our findings suggest that the clinical phenotype of older veterans with remote TBI is not an
amnestic pattern, which might be expected to precede a clinical diagnosis of late-onset
amnestic mild cognitive impairment or typical late-onset Alzheimer's dementia. Rather, the
phenotype we have identified — with symptoms of depression/PTSD and executive function/
processing speed cognitive impairments — bears similarities to the mood/behavior phenotype
that has been described in autopsy-confirmed cases of CTE® and in the behavioral/
dysexecutive variant of Alzheimer's dementia.** As mentioned above, it is unclear from this
cross-sectional study, however, whether the phenotype we identified reflects primarily static
residual deficits of prior TBI or the early stage of a progressive, potentially degenerative,
process. Ultimately, understanding the pathophysiology of TBI-associated neurobehavioral
disorders will require studies that incorporate imaging, cerebrospinal fluid and blood
biomarkers, and pathology.

Strengths of this study include that each participant underwent a highly detailed multi-
domain in-person evaluation. Other strengths of this study include the use of the OHSU-TBI
ID, a validated TBI screening instrument that is one of the TBI common data elements
recommended by the National Institute of Neurological Disorders and Stroke, as well as
corroboration of TBI history via chart review whenever possible. Our findings are also
strengthened by the inclusion of a comparison cohort that is similar to the TBI participants,
and who were actually living side-by-side in the same military retirement communities.
Lastly, the study is strengthened by the lack of overly restrictive exclusionary criteria, thus
making this study highly representative of the aging veteran population, among whom
multiple medical comorbidities are common.

Some aspects of our study need to be considered when interpreting our results. Although we
used a highly-regarded clinical interview to determine TBI history, in many individuals TBI
history was self-report only, as medical records were not available. This may have led to
inaccurate reporting of these often very remote TBIs. The cross-sectional design limits our
ability to determine if these deficits are chronic or progressive. In addition, veterans with
more impairment may be less likely to participate in the study. A final limitation is the
predominantly white and male study population, which was highly representative of the
veteran population residing in the study sites, but not of the general veteran or civilian
population. This limitation may serve to under-estimate the degree of post-TBI impairment
in the veteran population as racial and ethnic minorities may have worse functional
outcomes following TBI.4°

Given the aging of the global population in combination with the high lifetime prevalence
and declining mortality of TBI, the elderly TBI population is rapidly growing. This study
provides the first comprehensive analysis of what specific deficits may be present among
older independently-living veterans an average of 30 years following TBI of varied severities
and frequencies. Given our focus in this study on independently-living veterans, who likely
represent the healthier end of the aging veteran population, as well as our adjustment for
multiple covariates, it is even more notable that we identified so many domains of significant
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impairment among the TBI participants. These surprising results underscore the critical need
for ongoing efforts at developing improved rehabilitation strategies for the very chronic
effects of TBI as well as the need to further elucidate underlying mechanisms and ultimately
treatments of these chronic effects.
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Figure. Sensitivity analysis of cognitive domains accounting for psychiatric symptoms among
veteranswith and without TBI

Legend: After multivariable adjustment including adjustment for current psychiatric
symptoms, older veterans with TBI had significantly greater impairments in executive
functioning/processing speed compared to veterans without TBI. The mean z-scores shown
in the figure reflect the adjusted means and therefore the “Non-TBI” mean z-scores are not
equal to zero.; * P=0.02 adjusted for age, gender, race, education, diabetes, history of
depression, prior substance abuse, site, Geriatric Depression Scale score, and Post-Traumatic
Stress Disorder Checklist - Civilian score.
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Table 1
Characteristics of Traumatic Brain Injury (TBI) among the 75 veterans with history of
TBI
Characteristic Mean (SD) or %
Age at first TBI, years 26.9 (21.5)
Age at most recent TBI, years 44.4 (24.8)
Participants with > 1 TBI 61.3%
At least 1 TBI with LOC 72.0%
Military related TBI 28.0%
Mechanism of injury (all TBIs)
Falls 34.6%
Blunt Force Trauma 34.0%
Motor Vehicle or Bicycle Accident 24.5%
Blast Injuries 5.0%
Other 1.9%

Severity (most severe per person)

Mild 68%
Moderate 20%
Severe 12%

LOC = loss of consciousness
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Demographics and Medical/Psychiatric History of the veterans by TBI history

Mean (SD) or % N,S nj;lfl NT=B|75 P-value
Age, years 78.9(8.8) 76.5(10.2) 0.06
Male 88.7% 92.0% 0.27
Non-white race 12.7% 2.7% 0.01
Education, years 146 (2.7) 14.3(2.6) 0.26
Military Service, years ~ 10.9(8.9) 11.1(8.9) 0.44
Past Medical History
Hypertension 78.9% 77.0% 0.40
Stroke 12.7% 13.5% 0.44
Diabetes 18.3% 38.7% <0.01
Past Psychiatric History
Depression 18.3% 44.0% <0.01
Anxiety 15.7% 26.7% 0.29
PTSD 8.5% 17.6% 0.10
Bipolar Disorder 4.2% 8.0% 0.40
Substance abuse 20.0% 46.7% <0.01

PTSD=Post-Traumatic Stress Disorder
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Table 3
Clinical profile of older veteranswith and without prior TBI

Non-TBI TBI Unadjusted p-value  Adjusted

Mean (SD) or % N=71 N=75 p-vaJue*
Lifestyle/Functional
Pittsburgh Sleep Quality Inventory ” 6.7(52) 8.4(54) 0.05 0.48
Intellectual/Leisure Activities Scale 29.4 (8.5) 25.4(9.6) <0.01 0.23
Functional Activities Questionnaire t 048(17) 13(@37) 0.10 0.06
Everyday Cognition 12(03) 15(13) 0.10 0.05
Satisfaction with Life Scale 28.0(5.7) 25.5(6.4) 0.02 0.37
Psychiatric
Geriatric Depression Scale” 11(16) 20(28) 0.02 0.04
Post-traumatic Stress Disorder Checklist-Civilian/  19-5(6.6)  23.1(8.5) <0.01 0.01
Cognitive
Mini Mental Status Examination 28.2(1.5) 275(2.6) 0.05 0.12
Learning/memory Z-score 0.0 (0.9) 0.0(1.1) 0.87 0.86
Language Z-score 0.0(0.9) -0.1(0.9) 0.64 0.71
Executive function/processing speed Z-score 0.0(.8) -03(1.1) 0.04 0.01

*
adjusted for age, gender, race, education, history of diabetes, and site (all non-psychiatric outcomes also adjusted for history of depression and
prior substance abuse).

7. .
higher score is worse

1duosnuey Joyiny

1duosnuen Joyiny

J Head Trauma Rehabil. Author manuscript; available in PMC 2018 January 01.



Page 15

Peltz et al.

9SI0M SI 3109S ac_m._;qN

*(asnqge aoursqns Jorid pue uoissaldap o A101s1y Joy paisnipe osje sawo2InNo dLIeIYIASA-UoU |[e) d1IS pue ‘salagelp Jo AI0IsIY ‘uoreanps ‘ade. ‘Japuab ‘abie Joy paisnipe
¥

100 v0'0 (T vo- (e eo- (80)00 2100s-Z paads Buissaooidjuonouny aANoex3
180 180 (6'0) 00 (o) T0-  (60)00 2100s-7 dfenbue
890 L0 ((RIRAI] Tnto (6000 2109s-7 Atowsw/Buiurea
v€0 810 (02)8Le (82)eLe (ST)T8e ISAIN
anllubod
100> 100> omzsz (OTzz (99)ger 4UBIMOISIPOID J9IOSIQ SSANS IELINEN-1S0d
500 200 (0e)ee (8261  (ODTT 4 3Ieas uoissaideq aLitelien
o1.1eIYdASd
900 100> (8'9) 822 (79) L9z (L9)o8e 9edS 3417 YUM UonJe)sIeS
00 500 01T (omeT €0zt Juomubod Aephiang
£0°0 €00 (L9)oz (o1 (@1)S0 4BIIUUONSEND SSNIADY [EUOROUN
120 100 (06) 97C (66) L'Sc  (58) 6T 3]3S SANIAIIY 3INSIa7]/[en)ds| U]
vT°0 100> (g9 eor (c9)sL  (29)2L9 fowanul Augend deays ybingshid
feuoiounde|Asell
*vcomwmﬂ_wug ’ pud .1 Jojanfea-d pasnpeun _mWw,wW\znos_ _mﬁm.w___/__\,_ _M_».w:ozz % 0 (@S) VoI

Author Manuscript

A1lnes g1 016ulplodde sue oA BPJo Joajjoid eaiuld

¥ alqeL

Author Manuscript

Author Manuscript

Author Manuscript

J Head Trauma Rehabil. Author manuscript; available in PMC 2018 January 01.



	Abstract
	Introduction
	Methods
	Study population
	Assessment of TBI history
	Assessment of past medical and psychiatric history
	Lifestyle, Functional, and Psychiatric Outcomes
	Cognitive Outcomes
	Statistical analyses

	Results
	Lifestyle and Functional Outcomes
	Psychiatric Outcomes
	Cognitive Outcomes

	Discussion
	References
	Figure
	Table 1
	Table 2
	Table 3
	Table 4



