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Traumatic brain injury (TBI) is one of the
signature wounds of the current military oper-
ations in Iraq and Afghanistan. Individuals with
TBI have been found to be 1.5 times more
likely to die than are individuals in the general
population of similar age, gender, and race,
resulting in an estimated average life expec-
tancy reduction of 4 years.1 For the US civilian
population hospitalized and rehabilitated for TBI,
the strongest predictors of death 1 year after
injury have been found to be increasing age,
being male, having less education, having a lon-
ger hospitalization, having an earlier year of
injury, and being in a vegetative state at dis-
charge to rehabilitation.1 Race/ethnicity has
been found to be associated with short-term
mortality in the civilian population, with con-
flicting results for Hispanic civilians according
to the study population.2---7

A study using Healthcare Cost and Utiliza-
tion Project data found that relative to White
patients, Black and Asian patients had a higher
risk of death.2 A study of 164 abuse patients
found that Blacks had a higher risk of mortality
after adjusting for covariates despite similar
severity of injury.3 A study of 17977 patients
with severe TBI found that Asians had a higher
risk of mortality relative to Whites whereas
Hispanics and Blacks did not.4 A study of 357
patients with TBI admitted to a level-1 trauma
center between 2001 and 2004 found that after
adjusting for age and an injury severity score,
Asians and Blacks had significantly higher mor-
tality than did Whites, with Hispanics having
slightly but not significantly lower mortality.5 A
study of 56482 patients with moderate to severe
TBI who were hospitalized in level-1 or -2
trauma-designated hospitals between 2000 and
2003 found that compared with Whites, Blacks
and Asians had higher mortality rates, with
a trend toward significantly higher mortality for
Hispanics.6 Finally, a study of prehospital death
founded on case reviews from medical examiner
referrals in the Bronx borough of New York City
found that race-specific mortality was highest

for Blacks, intermediate for Hispanics, and lowest
for Whites.7

The US Department of Veterans Affairs (VA)
strives to be an equal access system for vet-
erans of all races and ethnicities. A study
examining mortality from brain injury in the
veteran population was conducted for US
World War II veterans. The study found that
the presence of posttraumatic epilepsy and
lower levels of education were associated with
an increased risk of death in a Cox proportional
hazard model that did not include race.8

Generally Black and Hispanic veterans have been
found to have similar or lower mortality rates
than those of White veterans for diabetes,9---12

pneumonia,11,13,14 acute myocardial infarction,14

hip fracture,14 gastrointestinal bleeding,14 con-
gestive heart failure,11,14,15, angina,11 chronic ob-
structive pulmonary disease,11 and chronic renal
failure.11 The literature is mixed regarding stroke.
One study found risk-adjusted mortality 30 days
after hospitalization to be lower for Black than
for White veterans. Yet another study16 found
a 20% higher likelihood of death among Blacks
in a 6-year period at 1 southeastern VA medical

center. The only condition for which minority
veterans have been found to have worse mor-
tality without opposing evidence is HIV.17

Given the absence of published evidence
regarding race/ethnicity and mortality among
veterans with TBI, we sought to test our hy-
pothesis that in an equal access system there
will be no racial/ethnic disparities in mortality
rates among veterans clinically diagnosed with
TBI after controlling for relevant covariates.

METHODS

We identified 14690 veterans who were
seen at VA medical centers and community-
based outpatient clinics between January 1,
2006 and December 31, 2006 with clinically
diagnosed TBI (diagnosed at any time) using
definitions established in a previous VA study
that included all International Classification of
Diseases, Ninth Revision (ICD-9) codes used by
the Center for Disease Control and Prevention
as well as ICD-9 codes for postconcussive
syndrome and TBI-related late effects man-
dated by the VA. 18,19

Objectives. We examined the association of race/ethnicity with mortality risk in

a national cohort of US veterans clinically diagnosed with traumatic brain injury.

Methods. Between January 1, 2006 and December 31, 2006, we obtained data

from a national cohort study of 7885 non-Hispanic White, 1748 Non-Hispanic

Black, 314 Hispanic, and 4743 other or missing race/ethnicity veterans clinically

diagnosed with traumatic brain injury in Veterans Affairs medical centers

and community-based outpatient clinics.

Results. Overall mortality at 48 months was 6.7% in Hispanic, 2.9% in non-

Hispanic White, and 2.7% in non-Hispanic Black veterans. Compared with non-

Hispanic White, Hispanic ethnicity was positively associated with a higher

mortality risk (hazard ratio [HR]=2.33; 95% confidence interval [CI]=1.49, 3.64) in

the race/ethnicity-only adjusted model. After adjusting for sociodemographic

characteristics and comorbidities, Hispanic ethnicity continued to be positively

associated (HR=1.61; 95% CI=1.00, 2.58) with a higher mortality risk relative to

non-Hispanic White ethnicity.

Conclusions. Hispanic ethnicity is positively associated with higher mortality

risk among veterans clinically diagnosed with traumatic brain injury. More

research is needed to understand the reasons for this disparity. (Am J Public

Health. 2011;102:S266–S271. doi:10.2105/AJPH.2011.300176)
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Measurements

We created a national cohort of veterans
with TBI by linking multiple patient and ad-
ministrative files from 2 large VA databases.
These 2 databases, the Veterans Health Ad-
ministration Decision Support System and Vital
Status Files, were linked by scrambled social
security number. The Veterans Health Ad-
ministration Decision Support System is a na-
tional automated management information
system that uses commercial software to in-
tegrate data from clinical and financial systems
for both inpatient and outpatient care. Veterans
with clinically diagnosed TBI were identified
on the basis of having an ICD-9 code for TBI
(according to VA coding guidelines with a
primary diagnosis of 800.xx, 801.xx, 803.xx,
804.xx, 851.xx, 852.xx, 853.xx, 854.xx, or
V57.xx along with a TBI secondary diagnosis
code of 800.xx, 801.xx, 803.xx, 804.xx, 851.xx,
852.xx, 853.xx, 854.xx, 310.2, 905.0, or
907.0)19 in the patient treatment file. We used
the term ‘‘clinically diagnosed TBI’’ to distinguish
from the VA primary care TBI screen that was
implemented in the VA for all Operation En-
during Freedom and Operation Iraqi Freedom
veterans since September 2007. A positive result
on the primary screen is only an indicator of
possible TBI. A secondary examination by a spe-
cialist is required to confirm TBI. We included
only veterans with confirmed TBI in this study.
We used these criteria to assemble a retrospec-
tive cohort of14690 veterans who had an ICD-9
code for clinically diagnosed TBI between Janu-
ary 1, 2006 and December 31, 2006. We
collected sociodemographic and clinical variables
from the patient treatment file. We obtained date
of death from the Vital Status File between
January 1, 2006 and December 31, 2009. The
main outcome measure was time to death, which
was defined as months to death between date
of entry into the study in 2006 and date of death
or December 31, 2009.

Race/ethnicity was determined by self-report
and classified as non-Hispanic White, non-His-
panic Black, Hispanic, and other or missing
owing to the large number of veterans with
missing race. The race and ethnicity of the pa-
tient was taken from the VA 2006 Outpatient
Medical SAS, version 9.3, (SAS Institute, Cary,
NC) data files. Currently, race can be categorized
using the variables race (race or national origin)

or race1---race7 (race with collection methods).
Using the race variable alone produced a data
file with approximately 58% of race identified
as other or missing. We created an algorithm
using both race and race1---race7 variables to
decrease this number to approximately 32%.

We compared socioeconomic and clinical
variables across racial groups by using the v2

test for categorical variables. Other risk factors
(covariates) included age, marital status, gender,
service connectedness (had a service-related
condition), urban residence, VA region of resi-
dence, insurance status, and ICD-9---coded
comorbidities (substance abuse, anemia, cancer,
heart disease, depression, hypertension, hypo-
thyroidism, lung disease, liver disease, and psy-
choses). Age was categorized into 4 groups (<50,
50---64, 65---74, and ‡75 years). Marital status
was classified as married or nonmarried. Gender
was classified as male or female.

Service connectedness is the percentage of
disability a veteran incurred while in military
service. It can range from 0% to 100%. We
classified veterans in our study as service
connected or nonservice connected. Urban
residence was classified as urban or nonurban.
VA region of residence was classified into 5
categories: northeastern, mid-Atlantic, south-
ern, midwestern, and western. Insurance status
was classified as VA only, Medicare, or private
insurance. Important comorbidity variables
with high prevalence were defined on the basis
of enhanced ICD-9 codes using validated al-
gorithms (substance abuse disorder 303.9,
304.xx, or 305.xx; anemia 280.0, 648.20---
648.24, 280.1---281.9, 285.21---285.29, or
285.9; cancer 140.xx---208.xx; coronary heart
disease 410.xx---414.xx; depression 300.4,
301.12, 309.0, 309.1, or 311.xx; hypertension
401.xx---405.xx; hypothyroidism 243.xx---
244.2, 244.8, or 244.9; lung disease 490.xx---
492.8, 493.00---493.92, 494.xx---494.1,
495.0---505.xx, 506.4, 415.11---415.19, 416.0---
416.9, or 417.9; liver disease 070.22, 070.23,
070.32, 070.33, 070.44, 070.54, 456.0,
456.1, 456.20, 456.21, 571.0, 571.2, 571.3,
571.40---572.49, 571.5, 571.6, 571.8, 571.9,
572.3, 572.8, or V427.xx; psychoses 295.1,
295.2, 295.3, 295.4, 295.6, or 295.7).20

Statistical Methods

In preliminary analyses, we examined
crude associations between mortality and all

measured covariates in our study population of
veterans with clinically diagnosed TBI by using
the v2 test for categorical variables. We used
Cox regression methods to model the association
between race and time to death. Time to death
was defined as the number of months from time
of entry into the study in 2006 until time of death
or censoring (December 31, 2009). Death was
coded as 1 if death occurred and 0 if censored.
We created 3 models to provide hazard ratios
(HRs) for mortality risk, all adjusted by race/
ethnicity and then sequentially by a specific set
of covariates. We adjusted the first model for
race/ethnicity only, the second model for race/
ethnicity and a set of sociodemographic variables,
and the third model for race and sociodemo-
graphic and comorbid conditions. We used the
Kaplan-Meier method to plot the survival func-
tion. We conducted all data analyses using SAS
version 9.1.3 (SAS Institute, Cary, NC).21

RESULTS

Table1shows sociodemographic and clinical
characteristics of the study cohort by racial/
ethnic group. Mortality rates significantly dif-
fered by race, with 6.69% of Hispanic veterans
clinically diagnosed with TBI having died
compared with 2.93% of non-Hispanic White
veterans during the study period. Age, gender,
marital status, service connectedness, urban
residence, region of residence, and insurance
status all differed significantly by race/ethnic-
ity. Hispanic veterans with clinically diagnosed
TBI made up the highest percentages of those
aged 65 to 74 years (18.15%) and 75 years
and older (26.11%), men (98.73%), those who
were married (51.91%), those with service
connectedness (50.64%), those living in urban
areas (90.76%), those living in the southern
region (62.74%), and those who had Medicare
coverage (33.76%). Hispanic veterans had
the lowest percentage of those aged 50 to
64 years (36.94%) and younger than 50 years
(18.79%); those living in the northeastern
(4.78%), Atlantic (1.27%), and midwest (10.83%)
regions; and those who had private insurance
(6.69%). Despite having the highest death
rates, Hispanic veterans had the lowest pres-
ence of substance abuse (4.46%), depression
(3.50%), hypertension (6.69%), hypothyroid-
ism (0.32%), lung disease (1.27%), and psy-
choses (1.91%).

RESEARCH AND PRACTICE

Supplement 2, 2011, Vol 102, No. S2 | American Journal of Public Health Egede et al. | Peer Reviewed | Research and Practice | S267



We created intermediate regression models
to examine the effect of specific sets of cova-
riates on the association between risk of mor-
tality and race among veterans with clinically
diagnosed TBI. Table 2 shows the HR and
95% confidence intervals (CIs) for 3 such
sequentially built models. The first model,
adjusted only for race, showed an association of
Hispanic ethnicity (HR=2.33; 95% CI=1.49,
3.64) with higher mortality risk compared with
non-Hispanic White ethnicity. In the sec-
ond model, adjusted for sociodemographic

characteristics, Hispanic ethnicity (HR=1.62;
95% CI=1.02, 2.60) continued to be positively
associated with a higher mortality risk than
did non-Hispanic White ethnicity. In addi-
tion, increasing age, female gender, service
connectedness, and insurance status were sig-
nificantly associated with mortality risk. Mor-
tality risk was positively associated with being
aged 50 to 64 (HR=4.27; 95% CI=2.65,
6.88), 65 to 74 (HR=9.81; 95% CI=5.83,
16.49), and 75 years or older (HR=16.87;
95% CI=10.25, 27.76), compared with those

who were younger than 50 years. Mortality
risk was also positively associated with service
connectedness (HR=1.00; 95% CI=1.001,
1.006) and negatively with female gender
(HR=0.19; 95% CI=0.06, 0.60). Veterans
who had Medicare coverage in addition to VA
care were estimated to have a higher mortality
risk (HR=1.58; 95% CI=1.22, 2.05) com-
pared with VA care alone.

The third and final model adjusted for
comorbidities as well as sociodemographic
characteristics and race/ethnicity. The HR
estimates for race/ethnicity were very similar
to the second model, with Hispanic ethnicity
(HR=1.61; 95% CI=1.00, 2.58) continuing to
be positively associated with a higher mortality
risk than was non-Hispanic White ethnicity.
Age, gender, and service connectedness con-
tinued to be significant, with approximately the
same HRs found for model 2. Mortality risk
was positively associated with being aged 50 to
64 (HR=4.27; 95% CI=2.64, 6.89), 65 to 74
(HR=9.97; 95% CI=5.94, 6.70), and 75
years or older (HR=16.87; 95% CI=10.25,
27.76) compared with being aged 50 years.
Mortality risk was also positively associated
with service connectedness (HR=1.35; 95%
CI=1.10, 1.67) and Medicare coverage
(HR=1.60; 95% CI=1.23, 2.07) and nega-
tively associated with female gender (HR=
0.19; 95% CI=0.06, 0.60). Comorbidities
significantly associated with increased mortal-
ity were heart disease (HR=2.34; 95%
CI=1.18, 4.63) and lung disease (HR=1.81;
95% CI=0.76, 3.97), whereas depression
(HR=0.48; 95% CI=0.24, 0.97) was found to
be negatively associated with mortality risk.

The 3 sequential models indicate that asso-
ciation between Hispanic ethnicity and higher
mortality risk among veterans with clinically
diagnosed TBI is robust to model specification.
The higher mortality risk for Hispanic veterans
is also apparent in the survival curve for time
to death by race/ethnicity shown in Figure 1.

DISCUSSION

We observed a significant difference in mor-
tality rates in Hispanic veterans with clinically
diagnosed TBI compared with non-Hispanic
White veterans despite lower prevalence of
comorbidities among Hispanic veterans. This is
an important finding because the only previously

TABLE 1—Sample Characteristics by Race: Racial/Ethnic Disparities in US Veteran

Traumatic Brain Injury Mortality, January 1, 2006–December 31, 2009

Non-Hispanic White,

% (n = 7885)

Non-Hispanic Black,

% (n = 1748)

Hispanic,

% (n = 314)

Other/Race Missing,

% (n = 4743)

Died* 2.93 2.69 6.69 1.37

Age,* y

< 50 31.68 39.53 18.79 42.72

50–64 43.06 46.00 36.94 38.39

65–74 11.17 7.32 18.15 9.28

‡ 75 14.09 7.15 26.11 9.61

Married* 41.45 28.95 51.91 41.03

Male* 94.08 92.91 98.73 90.81

Service connected* 48.10 42.73 50.64 40.75

Urban* 62.50 85.58 90.76 66.43

Region*

Northeastern 12.75 10.93 4.78 9.49

Mid-Atlantic 19.57 27.86 1.27 16.70

Southern 23.40 31.98 62.74 23.42

Midwestern 25.29 18.99 10.83 21.95

Western 18.92 10.24 20.38 28.25

Insurance type

VA only insurance* 55.29 70.14 59.55 65.91

Medicare* 31.29 18.48 33.76 19.99

Private insurance* 13.42 11.38 6.69 14.10

Disorders

Substance abuse* 6.01 9.84 4.46 5.36

Anemia 0.88 1.09 0.32 0.70

Cancer 1.19 0.80 0.64 0.84

Heart disease 0.70 0.29 1.27 0.72

Depression* 6.34 4.41 3.50 6.81

Hypertension* 11.29 11.56 6.69 11.95

Hypothyroidism* 1.27 0.40 0.32 1.27

Lung disease* 2.82 1.66 1.27 2.30

Liver disease 1.10 0.97 0.32 0.93

Psychoses* 5.19 6.41 1.91 4.26

Note. VA = Veteran’s Affairs. The sample size was n =14 690.
*P £.05.
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documented condition for which minority vet-
erans had higher mortality rates was HIV.

Our findings are, however, consistent with
the civilian literature on short-term mortality
from TBI.6,7 Hispanics were found to have
a higher (trending toward significant) mortality
than were non-Hispanic White individuals in
a study of 56482 patients with moderate to

severe TBI who were hospitalized in level-1or -2
trauma-designated hospitals between 2000 and
2003.6 Another study of prehospital death
founded on case reviews from medical examiner
referrals in the Bronx borough of New York City
found that race-specific mortality was highest for
Blacks, intermediate for Hispanics, and lowest for
Whites.7

Our findings are also consistent with racial/
ethnic disparities in various functional out-
comes among civilians with TBI.22---27 A study
of 58729 individuals in the National Trauma
Data Bank with severe blunt TBI found that after
adjusting for potential confounders, minority
patients were 15% less likely to be placed in
rehabilitation.22 A study of 3056 individuals in
the Traumatic Brain Injury Model Systems Na-
tional Database found that despite similar func-
tional status at inpatient rehabilitation discharge
and after controlling for confounders, Hispanic
ethnicity was associated with poorer functional
outcomes 1 year after injury as measured by the
Disability Rating Scale, the Functional Indepen-
dence Measure Instrument, and the Community
Integration Questionnaire (CIQ).23 Another
study of 4929 individuals hospitalized between
1989 and 2004 from the TBI Model Systems
Database found that at discharge and 1 year
after injury, Hispanics and Blacks had worse
Disability Rating Scale, Functional Independence
Measure, and CIQ outcomes than did non-
Hispanic Whites, but there were no significant
differences between Hispanics and Blacks.24 A
study of 211patients with blunt TBI from the TBI
Clinical Trials Network found that minority
patients experienced worse long-term functional
outcomes in all domains that reached statistical
significance in post-TBI standard of living, en-
gagement in leisure activities, and return to work
or school.25 Another study of Rehabilitation
Services Administration case service report data
for fiscal year 2004 of 7366 persons with TBI
found that non-Hispanic White individuals
(53%) had appreciably higher competitive em-
ployment rates than did Native Americans
(50%), Asian Americans (44%), non-Hispanic
Black individuals (51%), and Hispanics (41%).26

Finally, a study of 151 individuals with mild to
severe TBI recruited from consecutive admis-
sions to the neurosurgery service of a county
level-1 trauma center found that non-Hispanic
Black individuals had lower CIQ scores than did
non-Hispanic White individuals; non-Hispanic
Black and Hispanic individuals had lower scores
than did non-Hispanic White individuals on
the Home Integration Scale; and non-Hispanic
Black individuals had lower scores than did non-
Hispanic White and Hispanic individuals on
the CIQ Productive Activity Scale.27

There is scant literature regarding the effects
of TBI on language that could be potentially

TABLE 2—Adjusted Mortality Using Cox Proportional Hazard: Racial/Ethnic Disparities in

US Veteran Traumatic Brain Injury Mortality, January 1, 2006–December 31, 2009

Model 1 (Race),

HR (95% CI)

Model 2 (Race, Demographics),

HR (95% CI)

Model 3 (Race, Demographics,

Comorbidities), HR (95% CI)

Race

Hispanic 2.33* (1.49, 3.64) 1.62* (1.02, 2.60) 1.61* (1.00, 2.58)

Non-Hispanic Black 0.92 (0.67, 1.25) 1.24 (0.90, 1.72) 1.25 (0.90, 1.73)

Other/unknown race 0.46* (0.35, 0.61) 0.62* (0.47, 0.82) 0.62* (0.47, 0.82)

White (Ref) 1.00 1.00 1.00

Age, y

< 50 (Ref) 1.00 1.00 1.00

50–64 4.27* (2.65, 6.88) 4.27* (2.64, 6.89)

65–74 9.97* (5.94, 16.70) 9.81* (5.83, 16.49)

‡ 75 16.87* (10.25, 27.76) 16.67* (10.13, 27.44)

Married 0.91 (0.73, 1.12) 0.91 (0.73, 1.13)

Female 0.19* (0.06, 0.60) 0.19* (0.06, 0.60)

Service connected 1.00* (1.00, 1.01) 1.35* (1.10, 1.67)

Region

Urban 1.10 (0.87, 1.39) 1.10 (0.87, 1.39)

Region 1 northeastern 0.92 (0.64, 1.32) 0.92 (0.64, 1.33)

Region 2 mid-Atlantic 1.22 (0.90, 1.65) 1.24 (0.91, 1.68)

Region 4 midwestern 0.99 (0.73, 1.35) 1.00 (0.73, 1.36)

Region 5 western 0.94 (0.68, 1.30) 0.95 (0.69, 1.31)

Insurance

Medicare 1.58* (1.22, 2.05) 1.60* (1.23, 2.07)

Private insurance 0.98 (0.65, 1.47) 0.98 (0.65, 1.46)

Disorders

Substance abuse 1.12 (0.67, 1.89)

Anemia 1.31 (0.58, 2.98)

Cancer 0.95 (0.44, 2.05)

Heart disease 2.34* (1.18, 4.63)

Depression 0.48* (0.24, 0.97)

Hypertension 0.75 (0.54, 1.03)

Hypothyroidism 0.87 (0.35, 2.14)

Lung disease 1.81* (1.12, 2.92)

Liver disease 1.74 (0.76, 3.97)

Psychoses 1.09 (0.66, 1.82)

Note. CI = confidence interval; HR = hazard ratio. Service connected is rounded to 2 decimal places of actual number
(HR = 1.004; CI = 1.001, 1.006). The sample size was n = 14 690.
*P £.05.
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relevant for multilingual individuals, as may be
the case for many veterans of Hispanic ethnic-
ity. A review of the literature found that the
outcome of brain injury may be influenced by
factors such as cerebral representation of a
secondary language, method of language ac-
quisition, age of acquisition, premorbid language
proficiency, and style of learning in individ-
uals.28 A study assessing the Behavioral Assess-
ment of Dysexecutive Syndrome and the Wis-
consin Card Sorting Test, tests commonly used
to assess executive function in individuals with
TBI, found statistically significant differences for
race/ethnicity on the profile scores (raw scores),
standard scores, and the Zoo Map subset of the
Behavioral Assessment of Dysexecutive Syn-
drome. The authors concluded that caution
should be taken when administering and inter-
preting Behavioral Assessment of Dysexecutive
Syndrome for individuals with TBI from diverse
cultural and linguistic backgrounds.29 A recent
study in the civilian population at a level-1
trauma center found that after controlling for
education and whether actively practicing re-
ligion, Spanish-speaking Hispanics reported
a greater percentage of misconceptions regarding
TBI than did English-speaking Hispanics and
Blacks.30 Studies indicate a variety of likely root
causes of disparities, including racial differences
in patients’ medical knowledge and information

sources, trust and skepticism, and levels of
participation in health care interactions and de-
cisions and social support and resources; clinician
judgment or bias; the racial or cultural milieu
of health care settings; and differences in the
quality of care at facilities attended by different
racial groups.31

The other significant finding of higher mor-
tality risk positively associated with Medicare
coverage is also consistent with previous stud-
ies. Dual users of the VA and the commercial
health system have been found to have an
increased attributable risk of death (15.6%)
compared with those who are VA users
only.32,33 The VA is a safety net for uninsured
veterans, and commercial insurance is not asso-
ciated with mortality among veterans with TBI
although Medicare is associated with a worse
outcome. Although some conditions may be
treated with equal quality of care by either VA or
civilian providers, certain conditions targeted as
priority, such as TBI, may be better suited for
treatment inside the VA.

The final significant finding that comorbid
depression is associated with a decreased risk
of mortality is consistent with a previous study
that showed that persistent recognition of de-
pression (a documented diagnosis of depres-
sion on repeat clinic visits) is associated with
lower mortality risk.9 Because VA guidelines

mandate annual screening for depression in
primary care and patients identified through the
screening process usually receive ongoing de-
pression treatment, persistent recognition of de-
pression (i.e., according to repeated documen-
tation of ICD-9 codes for depression) may be
a surrogate for depression treatment.

Our study has numerous limitations. The
cohort is for 1 year of veterans clinically di-
agnosed with TBI although this cohort was
followed for 4 years. We included only clini-
cally diagnosed TBI and not TBI detected via
the VA primary screen but not yet confirmed
clinically. Our data did not allow us to ascertain
the cause of death. We did not have data on
other potentially important factors associated
with mortality such as time between injury and
diagnosis, branch of military, Department of
Defense or civilian treatment, severity, Glas-
gow Coma Score, discharge disposition, edu-
cation, and family support. We had a high
number of missing race/ethnicity values that
we controlled for by including missing as
a race/ethnicity category. Because the missing
race group has a much lower death rate overall
and lower HR after controlling for covariates,
we do not believe we had a problem with bias.
Despite these limitations, our 3 models indicate
that our finding that Hispanic ethnicity is
associated with higher mortality is robust to
model specification.

Given the absence of published evidence
regarding race/ethnicity and mortality among
veterans with TBI, we sought to determine
whether race/ethnicity is associated with
mortality risk among veterans clinically di-
agnosed with TBI after controlling for relevant
covariates. We found that Hispanic ethnicity
was associated with an approximately 60%
higher mortality rate after controlling for
sociodemographic and clinical confounders.
Our findings are novel for the VA but are
consistent with evidence from the civilian
population with TBI. Between 2000 and
2009, incidence of TBI in the military more
than doubled (from 10963 to 27862 per
year) and as of September 2010, Hispanics are
the second highest ethnicity/race experienc-
ing military deaths (10.6%), slightly higher
than non-Hispanic Blacks (9.7%).34 This find-
ing suggests that further research is needed to
understand the factors that explain differential
mortality among Hispanics and strategies to

FIGURE 1—Survival curve for time to death by race/ethnicity: racial/ethnic disparities in

US veteran traumatic brain injury mortality, January 1, 2006–December 31, 2009.
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decrease the mortality differential among vet-
erans with TBI. National VA data are limited in
the variables they contain, which could be
associated with the disparities found in this study.
Further research needs to be conducted using
chart abstraction in combination with survey
data to identify explanatory factors for differen-
tial mortality by race/ethnicity in veterans with
TBI accounting for pertinent patient, provider,
and facility characteristics. j
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