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TraumaTic brain injury (TBI) is increasing in inci-
dence in the US. Approximately 1.7 million TBIs 
occur annually; the majority of these patients are 

evaluated and discharged from the emergency department; 
however, 275,000 are hospitalized with moderate to se-
vere TBI and survive to discharge.5 A TBI can result in 

long-term functional loss, which then increases the bur-
den on family support systems and societal resources.15 
Prior studies have shown that minority patients are at an 
increased risk for TBI compared with the non-Hispanic 
white (NHW) population.8,9,17 After discharge from acute 
hospitalization, both outpatient and inpatient rehabilita-
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OBJect Disparities in access to inpatient rehabilitation services after traumatic brain injury (TBI) have been identified, 
but less well described is the likelihood of discharge to a higher level of rehabilitation for Hispanic or black patients com-
pared with non-Hispanic white patients. The authors investigate racial disparities in discharge destination (inpatient reha-
bilitation vs skilled nursing facility vs home health vs home) following TBI by using a nationwide database and methods 
to address racial differences in prehospital characteristics.
MetHODS Analysis of discharge destination for adults with moderate to severe TBI was performed using National 
Trauma Data Bank data for the years 2007–2010. The authors performed propensity score weighting followed by or-
dered logistic regression in their analytical sample and in a subgroup analysis of older adults with Medicare. Likelihood 
of discharge to a higher level of rehabilitation based on race/ethnicity accounting for prehospital and in-hospital variables 
was determined.
reSultS The authors identified 299,205 TBI incidents: 232,392 non-Hispanic white, 29,611 Hispanic, and 37,202 
black. Propensity weighting resulted in covariate balance among racial groups. Hispanic (adjusted OR 0.71, 95% CI 
0.68–0.75) and black (adjusted OR 0.94, 95% CI 0.91–0.97) populations were less likely to be discharged to a higher 
level of rehabilitation than were non-Hispanic whites. The subgroup analysis indicated that Hispanic (adjusted OR 0.79, 
95% CI 0.71–0.86) and black (OR 0.87, 95% CI 0.81–0.94) populations were still less likely to receive a higher level of 
rehabilitation, despite uniform insurance coverage (Medicare).
cONcluSiONS Adult Hispanic and black patients with TBI are significantly less likely to receive intensive rehabilitation 
than their non-Hispanic white counterparts; notably, this difference persists in the Medicare population (age ≥ 65 years), 
indicating that uniform insurance coverage alone does not account for the disparity. Given that insurance coverage and a 
wide range of prehospital characteristics do not eliminate racial disparities in discharge destination, it is crucial that ad-
ditional unmeasured patient, physician, and institutional factors be explored to eliminate them.
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tion (less and more intensive rehabilitation, respectively) 
have been shown to improve functional status in a large 
proportion of patients.10,16,21

Race-based and insurance-based disparities in access 
to inpatient rehabilitation have been demonstrated in sev-
eral studies;1,7,19,20 however, most of these studies variously 
included only inpatient rehabilitation (IR) as an outcome, 
excluded older adults, or were limited by their database 
and statistical methodology.3,7,18 Frequently, studies clas-
sify non-IR discharge destinations as equivalent outcomes 
(e.g., home or skilled nursing facility [SNF]). Unfortunate-
ly, these previous studies have not adequately accounted 
for the ordered nature of discharge destinations. We posit 
that discharge destination should be considered in light of 
the spectrum of rehabilitative services offered. The lowest 
level of the spectrum is home, in which no services are 
offered; the next level is home health, with outpatient or 
in-home services; this is followed by SNF; and the highest 
level of rehabilitation is IR. Hispanic and black patients 
with comparable injuries and rehabilitation needs who 
are discharged to a level of rehabilitation lower than that 
of NHW patients are likely to have worse functional out-
comes and require more long-term community resourc-
es.4,16 The opportunity exists to reduce long-term sequelae 
as well as to improve functional status and outcomes in 
patients with TBI when higher levels of rehabilitative ther-
apy are offered.

 Little is known concerning the influence of race and 
ethnicity on discharge disposition for older adults with 
TBI. This injury disproportionately affects older adults, 
with incidence rising during the 6th decade of life.5 As 
the population of the US ages, TBI is a significant source 
of morbidity and decreased functionality. Patients ≥ 65 
years old have frequently been excluded from analyses, 
because it was thought that the uniformity of insurance 
coverage would decrease the disparity. However, if the 
disparity in discharge destination is absent or decreased 
in a group of older adults with uniform coverage, then this 
suggests a target of opportunity with policy implications 
for reducing this disparity in the larger population. Ex-
ploring the potential disparity in all levels of rehabilita-
tive therapy is a significant, clinically relevant, and timely 
endeavor.

In this study we hypothesized that racial and ethnic 
disparities exist in the likelihood of discharge to a higher 
level of rehabilitation. Additionally, we hypothesized that 
the subgroup of Medicare beneficiaries ≥ 65 years old who 
have moderate to severe TBI would have less disparity due 
to the uniformity of insurance coverage.

Methods
Study Design, Data Source, and Study Population

This retrospective cohort study used data from the 
National Trauma Data Bank Research Data Set (NTDB 
RDS) for the years 2007–2010. The NTDB is a volun-
tary repository of de-identified trauma registry data from 
across the US and is maintained by the American Col-
lege of Surgeons. These years were chosen specifically 
to include only years in which the NTDB used the Na-
tional Trauma Data Standard, representing a marked im-
provement in data reliability and fidelity. Additionally, all 

American College of Surgeons–verified trauma centers 
were required to submit information in accordance with 
the National Trauma Data Standard beginning in 2007.7

The initial analytical sample included observations in 
patients older than 18 years with an Abbreviated Injury 
Score for the head (AIS-H) of 2–5 who survived to dis-
charge. Patients with injuries with an AIS-H of 1, rep-
resenting minor injury, and injuries with an AIS-H of 6, 
representing fatal injuries by definition, were excluded. 
Patients who had an undocumented discharge destina-
tion, were discharged to another acute care hospital or to 
hospice, or who left against medical advice were also ex-
cluded. Patients with missing race information were then 
excluded. The sample was limited to individuals coded 
as NHW, Hispanic, or black, because of the small sample 
size in other racial categories. Patients in whom data were 
missing on insurance status, Glasgow Coma Scale–Mo-
tor (GCS-M), Injury Severity Score (ISS), mechanism of 
injury (MOI), sex, and length of stay (LOS) were excluded 
as well.

control variables and Outcome Measure
Patient data for analysis included the following: age; 

sex; race/ethnicity; insurance status (self-pay, Medicare, 
Medicaid, private, third-party payer, other); MOI (blunt, 
penetrating, other); ISS (range 6–75); AIS-H score (range 
2–5); GCS-M score (range 1–6); LOS; days in the inten-
sive care unit (ICU); and days on a ventilator. The primary 
exposure variable was race/ethnicity status, operational-
ized as one of three mutually exclusive categories: NHW, 
Hispanic, or black.

The outcome of interest in this study was discharge 
destination. Observations were categorized into one of 
four mutually exclusive discharge categories: IR; SNF; 
home with home health services; and home. These catego-
ries represent decreasing levels of care at discharge and, to 
some degree, decreasing potential intensity of rehabilita-
tion services available to an individual.

Statistical analysis
Differences among NHW, Hispanic, and black groups 

were compared using the Pearson chi-square test for cat-
egorical variables and ANOVA for continuous variables 
in unadjusted cohorts. We also calculated absolute stan-
dardized average mean differences (ASAMD) to compare 
covariate imbalance before and after the adjustment was 
made using propensity score weighting.

Complex relationships between race/ethnicity, ob-
served control variables, and outcome measures signifi-
cantly increase the potential for bias in underspecified or 
misspecified multivariable models. Therefore this study 
used a multiassignment propensity score, estimated via a 
multinomial logistic regression, to derive the conditional 
probability of assignment according to race/ethnicity cat-
egory (NHW, Hispanic, or black) given the observed pre-
hospital variables. Inverse probability of treatment assign-
ment weighting (IPTW) was performed to achieve balance 
among race/ethnicity categories for selected prehospital 
variables. The prehospital variables included age, sex, 
insurance status, MOI, AIS-H score, GCS-M score, and 
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ISS—after a literature review, our confounding variables 
for inclusion in the IPTW were decided a priori because 
these are associated with the outcome (discharge destina-
tion) and exposure (race). The ASAMD was compared be-
tween the unweighted and IPTW groups to assess balance. 
Following IPTW and balance assessment, ordered logistic 
regression was used to estimate odds ratios for discharge 
to a higher level of rehabilitation, with IR being the high-
est and home being the lowest level of rehabilitation. The 
regression was adjusted with in-hospital covariates (LOS, 
days in the ICU, and days on a ventilator) that were found 
to be associated with the outcome, and included robust 
clustered (hospital) standard errors to account for repeated 
observations within facilities.

A subgroup analysis was completed in patients ≥ 65 
years old who were Medicare beneficiaries, using the 
same statistical methods. All analysis was completed us-
ing STATA software (Version 12; StataCorp). The a priori 
level of statistical significance was set at p < 0.05 for all 

analyses. The study was reviewed and deemed exempt by 
the university’s institutional review board.

results
The NTDB for 2007–2010 contained 7,618,816 inci-

dents, of which there were 435,376 incidents in patients 
older than 18 years with an AIS-H score of 2–5 and a dis-
charge destination of interest. In 17,870 incidents no race 
or ethnicity was recorded, 31,811 incidents were classified 
as other racial or ethnic minorities, and 96,445 were miss-
ing data in at least one variable; these incidents were ex-
cluded. After these exclusions, the final study population 
consisted of 299,205 incidents (Fig. 1).

The mean age of the study population was 48 ± 21 
years (mean ± SD), with a majority being white (77%), 
male (67%), diagnosed with blunt injury (94%), and dis-
charged home (71%). Hispanic (82%) and black (77%) pa-
tients were more likely to be discharged home than NHW 

FIG. 1. Algorithm showing study population and exclusion criteria.  
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(69%). Conversely, NHW individuals (12%) were more 
likely to be discharged to IR than Hispanic (9%) and black 
(8%) individuals (p < 0.001) (Table 1).

Following IPTW for age, sex, ISS, AIS-H score, GCS-
M score, MOI, and payer source, the ASAMD for the ad-
justed sample was significantly improved in most covari-
ates and below the suggested 10% threshold in all covari-
ates. Figure 2 demonstrates the balance in our unadjusted 
and propensity-weighted samples.

According to ordered logistic regression on the IPTW-
adjusted sample, black (OR 0.94, 95% CI 0.91–0.97) and 
Hispanic (OR 0.71, 95% CI 0.68–0.75) individuals were 
significantly less likely than NHW to be discharged to a 
higher level of rehabilitation (Table 2).

Unadjusted demographic data in our subgroup analysis 
for Medicare beneficiaries ≥ 65 years old (n = 56,235) are 
displayed in Table 3. The average age was 77.9 ± 6.9 years, 
91% were NHW, and 52.6% were female. The MOI was 
blunt in 98.3%, and 52.3% had an ISS ≥ 16. Only 44% were 

discharged home. Following IPTW, balance was achieved 
in the covariates as previously described. The ordered lo-
gistic regression demonstrated that the disparity persisted, 
with Hispanic (OR 0.79, 95% CI 0.71–0.86) and black (OR 
0.87, 95% CI 0.81–0.94) patients significantly less likely 
than NHW patients to be discharged to a higher level of 
rehabilitation (Table 4).

Discussion
There are population-specific differences in the pres-

ence of disease, health outcomes, quality of health care, 
and access to health care services that exist across racial 
and ethnic groups in the US.13 As the US becomes more 
diverse in the coming decades, efficiencies in health care 
delivery will not be achieved unless health care disparities 
are addressed. In this study we demonstrated the existence 
of disparities in discharge destination in the TBI popula-
tion. We found that Hispanic and black patients were sig-

taBle 1. Prehospital and clinical characteristics of patients with moderate to severe tBi by race*

Characteristic Overall NHW Hispanic Black p Value†

No. of patients 299,205 232,392 29,611 37,202
Mean age in yrs, ± SD 48.2 ± 21.1 50.4 ± 21.5 38.9 ± 17.6 41.8 ± 17.4 <0.001
Male sex 200,452 (67) 149,721 (64.4) 23,107 (78) 27,624 (74.3) <0.001
Payer source <0.001
  Private 92,309 (30.9) 77,275 (33.3) 6553 (22.1) 8481 (22.8)
  Medicare 67,842 (22.7) 60,346 (26) 2700 (9.1) 4796 (12.9)
  Self-pay 56,101 (18.8) 34,628 (14.9) 10,011 (33.8) 11,462 (30.8)
  3rd party 33,492 (11.2) 26,768 (11.5) 3381 (11.4) 3343 (9)
  Medicaid 28,786 (9.6) 18,360 (7.9) 3943 (13.3) 6483 (17.4)
  Other 20,675 (6.9) 15,015 (6.5) 3023 (10.2) 2637 (7.1)
ISS <0.001
  Mild; ≤8 71,336 (23.8) 52,876 (22.8) 7155 (24.2) 11,305 (30.4)
  Moderate; 9–14 91,408 (30.6) 71,072 (30.6) 9161 (30.9) 11,175 (30)
  Severe; 15–25 98,505 (32.9) 78,535 (33.8) 9350 (31.6) 10,620 (28.5)
  Extremely severe; ≥26 37,956 (12.7) 29,909 (12.9) 3945 (13.3) 4102 (11)
median GCS-M score (IQR) 6 (0) 6 (0) 6 (0) 6 (0) 0.001
median AIS-H (IQR) 3 (2) 3 (2) 3 (2) 3 (2) 0.001
MOI <0.001
  Blunt 283,083 (94.6) 223,406 (96.1) 26,949 (91) 32,728 (88)
  Penetrating 5608 (1.9) 2289 (1) 1072 (3.6) 2247 (6)
  Other/unspecified 10,514 (3.5) 6697 (2.9) 1590 (5.4) 2227 (6)
Discharge destination <0.001
  Home 212,151 (70.9) 159,280 (68.5) 24,356 (82.3) 28,515 (76.6)
  Home w/ HH 11,523 (3.9) 9388 (4) 711 (2.4) 1424 (3.8)
  SNF 42,161 (14.1) 36,082 (15.5) 1917 (6.5) 4162 (11.2)
  IR 33,370 (11.2) 27,642 (11.9) 2627 (8.9) 3101 (8.3)
Mean LOS in days, ± SD 7.3 ± 10.8 7.2 ± 10.1 8.0 ± 13.2 8.0 ± 13.0 <0.001
Mean ICU days, ± SD 2.8 ± 6.2 2.7 ± 6.0 3.0 ± 6.9 2.9 ± 6.9 <0.001
Mean vent days ± SD 1.3 ± 4.9 1.3 ± 4.7 1.4 ± 5.0 1.5 ± 5.5 <0.001

HH = home health care; IQR = interquartile range; vent = ventilator.
*  Unless otherwise specified, values are expressed as number of patients (%).
†  The p values were calculated using ANOVA for continuous variables, Kruskal-Wallis for ordinal variables, and chi-square test for binary/categorical variables (signifi-
cant at p < 0.05). 
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nificantly less likely to be discharged to a higher level of 
rehabilitation than similarly matched NHW patients. This 
disparity persisted in our subgroup examination of older 
adults with uniform Medicare coverage.

Previously, Shafi et al. demonstrated that minority pa-
tients were less likely to be discharged to IR; however, the 
study did not include other discharge destinations within 
the analysis, and minority status was binary.18 Englum et 
al. interacted race with insurance status, finding Hispanic 
and black patients were less likely to be discharged to any 
form of rehabilitation.7 However, this study excluded pa-
tients ≥ 65 years old and did not account for the ordered 
nature of discharge destination. Our study advances prior 
knowledge by explicitly accounting for the inherently or-
dered spectrum of rehabilitative services in discharge des-
tinations. This study is the first to demonstrate that not 
only are minority patients with TBI less likely to be dis-
charged to IR, they are in fact less likely to be discharged 
to a concordant level of rehabilitation than their matched 
NHW counterparts. In addition, this study is the first to 
demonstrate that these racial and ethnic disparities persist 

in a population of older adults with TBI despite coverage 
by uniform public insurance.

The limitations of working with a large retrospective 
administrative database include selection or reporting 
bias—we were unable to account for unobserved or unre-
corded patient or location characteristics. Socioeconomic 
indicators are not available in this data set, although we 
did use insurance status, a known marker for socioeco-
nomic status, in our IPTW analysis. Additional data such 
as secondary insurance, geographic location, and hospi-
tal-level characteristics may be useful, but these are not 
captured within the NTDB. However, given the analyti-
cal sample size and the robustness of our estimates, these 
unobserved characteristics would need to be a strong risk 
factor for a lower level of care and exhibit a strong im-
balance in distribution among race/ethnicity categories to 
mitigate our findings. 

Another limitation of our study is missing data; 22% 
of our study cohort was dropped because of missing vari-
ables. Previous studies have used multiple-imputation 
techniques to manage missing data by mirroring a com-
plete data set.11 However, this method relies heavily on 
the assumption that the data are missing at random. In 
our preliminary analysis we found strong evidence that 
our data were not missing at random; therefore multiple-
imputation techniques could not be used in this study. To 
minimize these sources of bias, we chose to implement 
IPTW for race/ethnicity status and complete case analy-
sis in our propensity score and outcome models, therefore 
substantially reducing the potential for bias in our esti-
mates. Another limitation is the classification of race and 
ethnicity itself. In this data set, race and ethnicity may not 
be self-assigned, but rather administratively conferred, 

FIG. 2. Scatter plot showing cohort differences before and after weighting. Balance between NHW and Hispanic above, and NHW 
and black below. The dashed line represents 10% ASAMD.

taBle 2. adjusted odds of discharge to a higher level of  
rehabilitation in patients with tBi

Factor OR 95% CI p Value

NHW 1.0 Reference —
Hispanic 0.714 0.683–0.746 <0.001
Black 0.936 0.905–0.967 <0.001
LOS in days 1.051 1.048–1.054 <0.001
ICU days 1.092 1.086–1.099 <0.001
Vent days 0.962 0.957–0.968 <0.001
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therefore introducing uncontrollable sources of error. Fi-
nally, the NTDB is an incident-level registry rather than a 
patient-level registry; thus we were unable to identify and 
control for patients with multiple traumatic events who 
may be represented in the database multiple times.

Historically, health care disparities among minorities 
have been regarded as a marker for socioeconomic status, 
with insurance status tightly intertwined in the outcome.2,14 
Yet, we have shown that even in a uniformly insured (Medi-
care) population ≥ 65 years old, this disparity persists. This 
has significant economic implications at the societal level 
as well as cognitive and functional implications at the pa-
tient level.6 There are numerous unexplained variables that 
probably play significant roles in this disparity, including 
sociocultural norms and family support systems as well as 

physician and patient expectations. Patients and families 
may believe that they can be best cared for at home, rather 
than in a facility; however, patients with TBI may be less 
functional at home, relying heavily on others (particularly 
their immediate family) for assistance with activities of 
daily living.6 This results in decreased contributions to the 
workforce by not only the patient but also their primary 
caretaker. The resulting economic burden to the individual, 
family, and society is significant.6,12  Importantly, physicians 
and therapists may inadequately communicate the benefits 
of rehabilitation and the differences in the discharge desti-
nations.1 Physician attitudes, cultural competency, and real 
or perceived expectations of functional prognosis must be 
considered as sources for this disparity.

conclusions
With the changing health care paradigm and the imple-

mentation of the Affordable Care Act, addressing persis-
tent racial and ethnic disparities in the US with emphasis 
on access, quality, and outcomes is of paramount impor-
tance.2 A prospective qualitative analysis of physician and 
stakeholder understanding and expectations of discharge 
destinations is warranted.
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TABLE 3. Prehospital and clinical characteristics of patients with moderate to severe TBI by race in Medicare beneficiaries ≥ 65 years old*

Characteristic Overall NHW Hispanic Black p Value†

No. of patients 56,235 51,366 2014 2855
Mean age in yrs, ± SD 77.9 ± 6.9 78.1 ± 6.9 76.1 ± 6.8 75.8 ± 7.1 <0.001
Male sex 26,654 (47.4) 24,011 (46.7) 1043 (51.8) 1600 (56) <0.001
ISS <0.001
  Mild; ≤8 9525 (16.9) 8646 (16.8) 319 (15.8) 560 (19.6)
  Moderate; 9–14 17,227 (30.6) 15,831 (30.8) 568 (28.2) 828 (29)
  Severe; 15–25 24,894 (44.3) 22,681 (44.2) 950 (47.2) 1263 (44.2)
  Extremely severe; ≥26 4589 (8.2) 4208 (8.2) 177 (8.8) 204 (7.1)
median GCS-M score (IQR) 6 (0) 6 (0) 6 (0) 6 (0) 0.001
median AIS-H (IQR) 4 (1) 4 (1) 4 (1) 4 (1) 0.082
MOI <0.001
  Blunt 55,300 (98.3) 50,577 (98.5) 1958 (97.2) 2765 (96.8)
  Penetrating 138 (0.2) 123 (0.2) 4 (0.2) 11 (0.4)
  Other/unspecified 797 (1.4) 666 (1.3) 52 (2.6) 79 (2.8)
Discharge destination <0.001
  Home 25,044 (44.5) 22,664 (44.1) 1049 (52.1) 1331 (46.6)
  Home w/ HH 3601 (6.4) 3289 (6.4) 119 (5.9) 193 (6.8)
  SNF 18,982 (33.8) 17,501 (34.1) 513 (25.5) 968 (33.9)
  IR 8608 (15.3) 7912 (15.4) 333 (16.5) 363 (12.7)
Mean LOS in days, ± SD 6.9 ± 7.4 6.8 ± 7.2 7.5 ± 8.6 7.9 ± 9.1 <0.001
Mean ICU days, ± SD 2.4 ± 4.8 2.3 ± 4.8 2.9 ± 5.4 2.7 ± 5.2 <0.001
Mean vent days, ± SD 0.8 ± 3.5 0.8 ± 3.5 0.9 ± 3.9 0.9 ± 3.9 0.005

*  Unless otherwise specified, values are expressed as number of patients (%).
†  The p values were calculated using ANOVA for continuous variables, Kruskal-Wallis for ordinal variables, and chi-square test for binary/categorical variables.

taBle 4. adjusted odds of discharge to a higher level of  
rehabilitation in patients with tBi who were Medicare  
beneficiaries ≥ 65 years old

Factor OR 95% CI p Value

NHW 1.0 Reference —
Hispanic 0.786 0.714–0.864 <0.001
Black 0.872 0.811–0.937 <0.001
LOS  1.091 1.078–1.105 <0.001
ICU days 1.052 1.033–1.071 <0.001
Vent days 0.952 0.936–0.969 <0.001
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