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Traumatic brain injury and risk of

dementia in older veterans
[

ABSTRACT

Objectives: Traumatic brain injury (TBI) is common in military personnel, and there is growing con-
cern about the long-term effects of TBI on the brain; however, few studies have examined the
association between TBI and risk of dementia in veterans.

Methods: We performed a retrospective cohort study of 188,764 US veterans aged 55 years or
older who had at least one inpatient or outpatient visit during both the baseline (2000-2003) and
follow-up (2003-2012) periods and did not have a dementia diagnosis at baseline. TBI and dementia
diagnoses were determined using ICD-9 codes in electronic medical records. Fine-Gray proportional
hazards models were used to determine whether TBI was associated with greater risk of incident
dementia, accounting for the competing risk of death and adjusting for demographics, medical
comorbidities, and psychiatric disorders.

Results: VVeterans were a mean age of 68 years at baseline. During the 9-year follow-up period,
16% of those with TBI developed dementia compared with 10% of those without TBI (adjusted
hazard ratio, 1.57; 95% confidence interval: 1.35-1.83). There was evidence of an additive
association between TBI and other conditions on risk of dementia.

Conclusions: TBI in older veterans was associated with a 60% increase in the risk of developing
dementia over 9 years after accounting for competing risks and potential confounders. Our results
suggest that TBI in older veterans may predispose toward development of symptomatic dementia
and raise concern about the potential long-term consequences of TBI in younger veterans and
civilians. Neurology® 2014;83:312-319

GLOSSARY

AD = Alzheimer disease; FTD = frontotemporal dementia; ICD-9-CM = International Classification of Diseases, ninth revi-
sion, Clinical Modification; PTSD = posttraumatic stress disorder; TBI = traumatic brain injury; VaD = vascular dementia;
VHA = Veterans Health Administration.

There is growing evidence that traumatic brain injury (TBI) is associated with a variety of short-
and long-term adverse health outcomes. A 2008 Institute of Medicine report concluded that
TBIs are consistently associated with an increased risk of unprovoked seizures, premature mor-
tality, and neurocognitive deficits in the affected region, with evidence strongest for penetrating
wounds and severe or moderate TBIs.! However, prior research on the relationship between TBI
and risk of Alzheimer disease (AD) and all-cause dementia has been mixed.*** Most prior
studies have not adequately controlled for potential confounders, such as medical and psychi-
atric comorbidities, and none have considered death as a competing risk.

Furthermore, to our knowledge, only one prior study has specifically focused on examining the
relationship between TBI and risk of dementia in veterans. Many veterans have other combat-
related risk factors such as posttraumatic stress disorder (PTSD) and depression, which have been

1516 and could act as either

associated with an increased risk of dementia in veterans in prior studies,
confounders or effect modifiers of the association between TBI and dementia in veterans.
The objective of our study was to determine whether TBI is independently associated with

the risk of incident dementia in older veterans after accounting for the competing risk of
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mortality and adjusting for potential con-
founding. We also examined PTSD, depres-
sion, and cerebrovascular disease as potential
effect modifiers.

METHODS Subject population. Data were extracted from
the Veterans Health Administration (VHA) National Patient Care
Database, an electronic database that captures information on all inpa-
tient and outpatient encounters that occur at VHA health care facil-
ities nationwide. Subjects were a random sample of 200,000 veterans
aged 55 years or older who had at least one inpatient or outpatient
visit during both the baseline (October 1, 2000 to September 30,
2003) and follow-up (October 1, 2003 to September 30, 2012)
periods. A total of 11,236 subjects (5.6%) had dementia at baseline
and were excluded for a final sample size of 188,764.

Standard protocol approvals, registrations, and patient
consents. This study was approved by the Committee on Human
Research at the University of California, San Francisco; the Research
& Development Committee at the San Francisco VA Medical Cen-
ter; and the Human Research Protection Office of the US Army
Medical Research and Materiel Command. Informed consent was
waived because this was a low-risk, retrospective analysis of existing
medical record data, and it would not have been practicable to obtain
consent because many study participants had died. We did not have
access to identifying information such as names or contact
information, and scrambled social security numbers were used to

track participants over time.

Measures. Information related to all inpatient and outpatient medical
encounters that occur within the VHA system is entered by the clini-
cian into an electronic medical record system. Required data include
diagnostic codes related to the reason(s) for the visit and procedure co-
des related to any procedures performed. Diagnoses and inpatient pro-
cedures are coded using the /CD-9-CM; outpatient procedures are
coded using Current Procedural Terminology codes.

Traumatic brain injury. Veterans who had a current head
injury diagnosis during the baseline period were identified through
ICD-9-CM codes; however, the TBI date was not recorded, and
TBIs could have occurred recently or in the past. Specific codes
included skull fracture (800-804); intracranial injury without skull
fracture (850-854); late effects of skull fracture (905.0) or late ef-
fects of intracranial injury without skull fracture (907.0); post-
concussion syndrome (310.2); and unspecified head injury (873.8,
873.9, 959.01). Extension codes were used when available to
examine level of severity (open vs closed wounds). This approach
has been validated in civilian populations.'”

Dementia. Dementia at baseline was defined using a broad
range of diagnostic codes that were designed to maximize sensitivity

1819 Dementia at

and identify as many prevalent cases as possible.
follow-up was defined using previously defined criteria based on a
restricted set of codes to maximize specificity.'>'® Codes included
those for AD (331.0), vascular dementia (VaD) (290.4), senile
dementia (290.0, 290.2, 290.3, 331.2), frontotemporal dementia
(FTD) (331.1), Lewy body dementia (331.82), and dementia not
otherwise specified (294.8).

Mortality. Date of death was determined using the VHA
Vital Status File, which combines information from the VHA,
the Center for Medicare & Medicaid Services, and the Social
Security Administration to determine date of death.?® Prior stud-
ies have found that the VHA Vital Status File is comparable to the
National Death Index in accuracy and completeness.?!

Other measures. Demographic variables included age and sex.

Socioeconomic status was determined based on neighborhood

education and income data from the 2000 US Census. Education
was dichotomized based on whether veterans were living in a zip code
tabulation area where =25% or >25% of the adult population had
completed a college degree (bachelor’s degree or higher). Income was
defined using tertiles of median income in the zip code tabulation
area. /CD-9 codes were used to identify veterans with specific medical
diagnoses (diabetes, hypertension, myocardial infarction, cerebrovas-
cular disease, peripheral vascular disease, chronic pulmonary disease,
renal disease, obesity) and psychiatric diagnoses (major depressive dis-
order, PTSD, alcohol abuse, drug abuse, tobacco use) at baseline.

Statistical analyses. Prevalence of TBI at baseline (2000~2003) was
determined, and characteristics of veterans with and without TBI at
baseline were compared using # tests for continuous variables and x*
for categorical variables. The proportion of veterans who developed
dementia was determined for veterans with vs without TBL

Cumulative incidence of dementia accounting for the com-
peting risk of death was plotted by age at diagnosis for veterans
with and without TBI. Time to event was calculated from the
date of first visit or first recorded TBI diagnosis during baseline
(2000-2003) until the date of dementia diagnosis or death
(whichever occurred first) during follow-up (2003-2012). Veter-
ans who did not die or develop dementia were censored at the end
of follow-up (September 30, 2012).

Fine-Gray proportional hazards regression was used to exam-
ine time to dementia onset with age as the time scale while
accounting for the competing risk of death.” Traditional Cox
proportional hazards regression treats subjects who die as cen-
sored, which assumes that they would still be “at risk” if addi-
tional follow-up data had been available.?® In contrast, Fine-Gray
regression models mortality as an alternate “competing risk,”
thereby providing a more conservative estimate of the association.

Models were unadjusted and adjusted for groups of potential
confounders that were significantly associated with TBI or dementia
in bivariate analyses. Model 1 included demographic factors (educa-
tdon, income). Model 2 included demographic factors plus medical
conditions (hypertension, diabetes mellitus, myocardial infarction,
cerebrovascular disease, peripheral vascular disease, chronic pulmo-
nary disease, renal disease). Model 3 included demographic and
medical factors plus psychiatric conditions (PTSD, major depressive
disorder, alcohol abuse, drug abuse, and tobacco use). Analyses were
performed examining the primary outcome of all-cause dementia as
well as specific dementia subtypes (AD, VaD, Lewy body dementia,
FTD). Analyses of a specific dementia subtype excluded veterans
with other subtypes.

Additional analyses examined different TBI diagnoses and
severity levels. In addition, the potential interactive effects of TBI
with PTSD, depression, and cerebrovascular disease were examined
by including interaction terms in the models to test for greater-
than-additive effects; thus, nonsignificant p values are consistent
with additive associations. Sensitivity analyses also were performed
excluding subjects with cerebrovascular disease at baseline. Data
were missing only for census data variables (education, income).
Because the amount of missing data was minimal (approximately
3%), these data points were excluded from multivariable models.
Standard statistical and graphical techniques were used to assess

proportional hazards assumptions.

RESULTS A total of 1,229 veterans (0.65%) had a
current TBI diagnosis during the baseline assessment
period (table 1). The most common types of TBI were
intracranial injury without skull fracture (43%), skull
fracture (21%), late effects of TBI (14%), and post-
concussion syndrome (4%), while 27% of TBIs were
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[ Table 1 Traumatic brain injury (TBI) diagnoses in older veterans® ]

Skull fracture (800-804)

Intracranial injury without skull fracture (850-854)
Concussion (850)

Cerebral laceration/contusion (851)
Hemorrhage (852, 853)
Other/unspecified (854)

Late effects of head injury (905, 907)
Late effects of skull fracture (905)
Late effects of intracranial injury (907)

Postconcussion syndrome (310.2)

Unspecified (873.8, 873.9, 959.01)

Total

All veterans Veterans with TBI
No. (n = 188,764), % (n = 1,229), %
259 0.14 211
530 0.28 431
110 0.06 8.9
35 0.02 2.8
121 0.06 9.8
289 0.15 235
167 0.09 136
25 0.01 2.0
146 0.08 119
49 0.03 4.0
333 0.18 27.1
1,229 0.65

2Numbers for individual diagnoses sum to more than total because of veterans who had more than one diagnosis.

of an unspecified nature; 57% were classified as open
wounds while 4% were closed and 39% had unspeci-
fied severity; 9% of veterans with TBI had more than
one diagnosis.

Veterans with TBI were slightly younger than those
without TBI (67 vs 68 years, p < 0.001; table 2) but the
groups were similar in sex and income distributions.
Despite being younger, veterans with TBI had signifi-
cantly higher prevalence of most comorbid medical con-
ditons including diabetes (32% vs 29%, p = 0.01),
hypertension (77% vs 71%, p < 0.001), myocardial
infarction (13% vs 7%, p << 0.001), and cerebrovascular
disease (27% vs 12%, p < 0.001) as well as most
comorbid mental health conditions including depres-
sion (15% vs 5%, p < 0.001) and PTSD (8% vs
3%, p < 0.001).

The mean length of follow-up was 7.44 years (max-
imum: 9.67 years; total: 1,404,729 years). During the
follow-up period, 196 (16%) veterans with TBI devel-
oped dementia compared with 18,255 (10%) of those
without TBI (p < 0.001). Figure 1 shows time to
dementia onset with age as the time scale and account-
ing for the competing risk of death in veterans with and
without TBI. On average, veterans with TBI developed
dementia 2.1 years eatlier than those without TBI (78.5
vs 80.7 years, p < 0.001). In addition, those who did
not develop dementia died 2.3 years earlier if they had a
TBI vs no TBI (77.0 vs 79.3 years, p < 0.001).

The unadjusted hazard of dementia accounting for
the competing risk of death was 81% higher in veter-
ans with TBI than in those without TBI (hazard ratio
[95% confidence interval]: 1.81 [1.56-2.09]; table 3).
The magnitude of increase was generally similar for all
TBI diagnoses and severity levels (intracranial injury:

1.79 [1.41-2.27]; skull fracture: 1.41 [0.92-2.15];
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postconcussion: 4.33 [1.91-9.78]; late effects: 1.74
[1.08-2.82]; open: 1.70 [1.38-2.08]; unspecified:
1.49 [1.03-2.17]). Furthermore, risk was significantly
elevated for all dementia subtypes, although we did not
have enough cases to examine the association between
TBI and FTD (table 3). The association between TBI
and dementia risk was attenuated slightly by adjustment
for demographic, medical, and psychiatric factors but
remained statistically significant (1.57 [1.35-1.83]). Re-
sults were similar using traditional Cox proportional
hazards regression (unadjusted, 2.05 [1.78-2.35];
adjusted, 1.56 [1.35-1.80]).

There was no evidence of multiplicative interac-
tion between TBI and depression (p = 0.14), PTSD
(p = 0.18), or cerebrovascular disease (p = 0.41) on
dementia risk. Instead, there was evidence of an inde-
pendent, additive association, such that the risk of
dementia was higher in veterans with TBI plus
depression, PTSD, or cerebrovascular disease than
in those with either TBI or these other conditions
alone (figure 2). In addition, the association between
TBI and dementia remained significant in sensitivity
analyses that excluded veterans with cerebrovascular

disease (1.34 [1.08-1.65]).

DISCUSSION In this study of more than 188,000
older veterans, those who had a TBI diagnosis at
baseline were 60% more likely to develop dementia
over 9 years of follow-up, and the age of dementia
onset was approximately 2 years earlier, compared
with those without TBI. Furthermore, these
associations remained strong after accounting for
the competing risk of death, and there was evidence
of an additive association between TBI and other
dementia risk factors.



[ Table 2 Baseline characteristics of 188,764 older veterans with or without traumatic brain injury (TBI) ]

Characteristic TBI (h = 1,229) No TBI (h = 187,535) p Value
Demographics
Age, y, mean (SD) 66.77 (8.31) 68.27 (7.95) <0.0001
Sex, female 48 (3.91) 6,520 (3.48) 0.71
>25% college degree in zip code® 324 (27.65) 56,047 (30.88) 0.02
Median income tertile in zip code® 0.11
<$23,520 423 (36.09) 60,483 (33.32)
$23,520.01-s31,088.50 383 (32.68) 60,495 (33.33)
>$31,088.50 366 (21.23) 60,526 (33.35)
Medical
Diabetes 395 (32.14) 54,060 (28.83) 0.01
Hypertension 941 (76.57) 133,387 (71.13) <0.0001
Myocardial infarction 154 (12.53) 12,514 (6.67) <0.0001
Cerebrovascular disease 330 (26.85) 21,670 (11.56) <0.0001
Peripheral vascular disease 207 (16.84) 21,929 (11.69) <0.0001
Chronic pulmonary disease 471 (38.32) 47,393 (25.27) <0.0001
Renal disease 122 (9.93) 10,827 (5.77) <0.0001
Obesity 220 (17.90) 31,420 (16.75) 0.28
Psychiatric
Major depression 184 (14.97) 9,935 (5.30) <0.0001
Posttraumatic stress disorder 96 (7.81) 6,118 (3.26) <0.0001
Alcohol abuse 200 (16.27) 10,178 (5.43) <0.0001
Drug abuse 74 (6.02) 2,943 (1.57) <0.0001
Tobacco use 325 (26.44) 32,299 (17.22) <0.0001

Values are no. (%) unless otherwise specified. The p values are based on unpaired t test for age and x? test for other

variables.

2Income has 6,088 (3.23%) missing values and education has 6,122 (3.24%) missing values.

Prior studies on the association between head injury
and risk of dementia in the general population have been
mixed, with some studies suggesting an increased

k1214 or earlier onset>'°

ris and others suggesting no asso-
ciation.>*® Still others have found that the association
between TBI and dementia is restricted to those positive
for the APOE €4 allele”" or is stronger in men.*’
Several recent studies have examined the association
between concussions in athletes and adverse neurocog-
nitive outcomes. A study of retired football players
found that those who had experienced 3 or more con-
cussions were more likely to develop mild cognitive
impairment; in addition, onset of AD was earlier than
in the general populadon.® Another study of former
university hockey or football players found that those
who had experienced one or more sports-related con-
cussions had worse cognitive performance on several
measures.”® In addition, a study examining causes of
death in retired football players found that, although

their overall mortality rates were lower than the general
population, their risk of dying of a neurodegenerative

disease (AD, Parkinson disease, or amyotrophic lateral
sclerosis) was 3 to 4 times higher.”®

Relatively few prior studies have examined the asso-
ciation between TBI and dementia in veterans. One
study found that World War II navy and marine veter-
ans who had experienced moderate or severe service-
related head injuries, but not mild head injuries, had
an increased risk of dementia.'" Another study found
that Vietnam veterans who had penetrating head inju-
ries experienced an accelerated rate of cognitive decline
over 30 years compared with noninjured controls;
however, this decline was unrelated to dementia, and
preinjury intelligence was the most consistent predictor

of cognitive function over time.”®

Finally, a study of
veterans seen at VA Cognitive Disorders Clinics found
that TBIs were more than 4 times more likely to be
present in FTD than other forms of dementia such as
AD, VaD, and dementia with Lewy bodies.””

A limitation of prior studies in both veteran and
nonveteran populations is that they did not account

for the competing risk of death. Our study adds to
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Figure 1

Age at dementia diagnosis in veterans with and without TBI,
accounting for mortality

TBI and dementia risk

Baseline traumatic brain injury
——— Any TBI

None

Cumulative incidence of dementia
N
1

T

60

T T T T

70 80 90 100

Analysis time (age in years)

The cumulative incidence of dementia is shown for veterans with traumatic brain injury (TBI)
at baseline (orange) and without TBI at baseline (green), accounting for the competing risk of
mortality. Age is used as the time scale to indicate age at dementia diagnosis.

the existing literature by finding that there is a consis-
tent association between TBI in older veterans and the
subsequent risk of developing dementia, even after
accounting for mortality as a competing risk. In addi-
tion, we found that the risk of dementia increased in
an additive manner when TBI was combined with
other medical and psychiatric comorbidities, including
PTSD, depression, and cerebrovascular disease.

There are several potential mechanisms by which
TBIs may increase dementia risk, because TBI can
involve a variety of neural changes, depending on
the nature and severity of the injury as well as the
cumulative number of TBIs an individual has experi-
enced.”® In closed head injury, the brain is sub-
jected to forces of acceleration and deceleration,

which can stretch and tear axons and blood vessels,
resulting in diffuse axonal and vascular injury.?® TBI
can also lead to gross alterations in brain structure.
For example, in a recent study of former athletes, remote
sports-related concussion was associated with ventricular
enlargement and cortical thinning.** TBI-induced neu-
ral changes may serve to lower individuals’ cognitive
reserve and thus increase their propensity to exhibit cog-
nitive decline in older adulthood, particularly when
brain changes associated with normal aging start to
occur in a neural system that has already undergone
damage.”" Alternatively, TBI may initiate a neuropath-
ologic process that more directly leads to dementia. Ani-
mal and human studies indicate that, after TBI, there is
a buildup of amyloid precursor protein and even forma-
tion of diffuse B-amyloid plaques in some cases, resem-
bling the neuropathology of AD.?#°

However, other studies have suggested that
TBI-related dementia is distinct from AD, both
in the clinical presentation®” and the associated neuro-
pathology. The term chronic traumatic encephalopathy
has become widely accepted to describe a dementia
syndrome attributable to a history of multiple TBIs
with presentations including cognitive impairment,
behavioral and psychiatric symptoms, and parkinson-
ism.*®* The neuropathology of chronic traumatic
encephalopathy, whether seen in athletes with repeated
sports injuries or veterans with repeated blast injuries,*
includes prominent accumulation of tau in the form of
neurofibrillary tangles, which are located and distrib-
uted differently from the neurofibrillary tangles seen in
AD.?® Furthermore, yet other work has suggested that
TBI may predispose individuals to FTD more than
other dementias,”” possibly related to alterations in lev-
els of the protein progranulin that occur after TBI and

[ Table 3 Unadjusted and adjusted risk of dementia from Fine-Gray Cox proportional hazards models ]

Any dementia

Dementia subtype®

AD

VaD
FTD
LBD

No. (%)

Hazard ratio (95% ClI)

No TBI TBI Unadjusted Demographics medical psychiatric
187,535 (9.73) 1,229 (15.95) 1.81 (1.56-2.09) 1.77 (1.53-2.06) 1.72 (1.48-2.00) 1.57 (1.35-1.83)
1,098 (0.59) 12 (0.98) 1.89 (1.07-3.35) 1.97 (1.11-3.48) 2.20 (1.25-3.90) 2.13(1.20-3.77)
732 (0.39) 12 (0.98) 2.83 (1.60-5.01) 2.98 (1.69-5.29) 2.83 (1.59-5.04) 2.41 (1.35-4.31)
34 (0.02) 0(0) — - - —

133 (0.07) 3(0.24) 3.92 (1.25-12.30) 4.22 (1.34-13.26) 4.23 (1.35-13.26) 4.14 (1.32-13.01)

Adjusted

Demographics,

Demographics, medical,

Abbreviations: AD = Alzheimer disease; Cl = confidence interval; FTD = frontotemporal dementia; LBD = Lewy body dementia; TBI = traumatic brain injury;

VaD = vascular dementia.

Model 1: adjusted for demographics (education, income). Model 2: adjusted for demographics and medical comorbidities (diabetes, hypertension,

myocardial infarction, cerebrovascular disease, peripheral vascular disease, chronic pulmonary di , renal di

, obesity). Model 3: adjusted for

demographics, medical comorbidities, and psychiatric conditions (major depressive disorder, posttraumatic stress disorder, alcohol abuse, drug abuse,

tobacco use).

2 Analyses of each dementia subtype exclude veterans who developed other dementia subtypes.
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The additive association between traumatic brain injury (TBI) and other dementia risk factors
is illustrated by showing the cumulative incidence of dementia with age as the time scale for
veterans with TBI only (blue), other risk factor only (orange), both risk factors (brown), or nei-
ther risk factor (green). Other risk factors examined include depression (A), posttraumatic
stress disorder (PTSD) (B), and cerebrovascular disease (CVD) (C).

in FTD.* In our study, the risk of dementia was sig-
nificantly elevated for all dementia subtypes, although
we did not have an adequate number of cases to exam-
ine the association between TBI and FTD.

Despite recent findings from this and other stud-
ies, the association between TBI and dementia re-
mains somewhat controversial, particularly for mild
TBI. It is possible that the association observed in

these studies is not causal and is attributable to
uncontrolled confounding or other factors.
Strengths of our study include the large, nation-
ally representative sample of older veterans and the
use of VHA medical record data, which capture
information on all inpatient and outpatient VHA
encounters nationwide. However, several potential
limitations also should be considered. It is likely that
the TBI and dementia diagnoses captured in the
VHA medical system reflect more severe disease,
and that veterans with mild TBIs or early-stage
dementia cases were not detected. It also was not
possible to ascertain how long ago individuals sus-
tained a TBI or to classify TBI severity based on
the available data. If the time between TBI and onset
of dementia was short, the possibility that the injury
resulted from subclinical motor or cognitive dys-
function cannot be excluded. In addition, visits out-
side the VHA system are not included. Assuming
that misclassification associated with these issues
was nondifferential, any resulting bias should be
toward the null (i.e., an underestimate of the true
association). In addition, our study sample was
restricted primarily to male veterans, so it is not clear
whether results are generalizable to women and non-
veterans. We also do not know whether these TBIs
were sustained in military or civilian settings, so it
is not clear whether results are generalizable to civil-
fan or sport-related injuries. Finally, this study
focused on older veterans over 9 years of follow-
up, and it is possible that the association between
TBI and dementia may vary over the life course.
Our primary finding was that, in a nationally repre-
sentative sample of more than 188,000 older veterans,
TBI was associated with approximately a 60% increase
in the risk of developing dementia over 9 years of
follow-up after accounting for mortality and adjusting
for medical and psychiatric conditions, with age at onset
2 years eatlier in those with TBI compared with those
without TBI. In addition, an additive association was
observed between TBI and other dementia risk factors.
These results are consistent with recent studies in civilian
populations and professional athletes and support the
growing body of literature suggesting that TBIs
throughout the lifespan are associated with adverse ef-
fects on the brain. Furthermore, these findings raise con-
cern about the consequences of blast-related injuries in

36,37

today’s veterans®®” as well as the growing rate of TBls

in the civilian population.’®*
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