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isparities in health outcomes have been uncovered for
many conditions. Data indicate that black patients cur-
rently have higher mortality than white patients for 9 of the
leading 15 causes of death. The life expectancy gap between
black patients and white patients persists, although it has gradually
improved from 7.1 years in 1989 to less than 5.0 years in 2009.!
Recent research suggests that patients from minority
groups have higher mortality than white patients following trauma.
This was surprising to some because trauma was thought to be
immune to disparities given its emergent nature and apparent
universal access to care for it. Therefore, an in-depth review of
currently published literature on this topic is warranted. Studies
have also shown that disparities in trauma are associated with
insurance coverage and socioeconomic status (SES). Under-
standing the relationship between disparities based on race,
insurance status, and SES may help to elucidate the mechanisms
leading to these disparities. Moreover, by assessing the litera-
ture regarding disparities in the context of the continuum of
care, a better understanding of possible interventions address-
ing these mechanisms can be obtained.

OBJECTIVES

The objectives of this review were to critically assess and
summarize trauma outcome disparities by race, insurance, and
SES and to determine if racial disparities are independent of
insurance and SES. The objective of the meta-analysis was to

determine whether mortality among trauma patients in the
United States is associated with differences in patients’ race
and/or insurance coverage.

METHODS

Search Strategy

Using the Cochrane Handbook, the Meta-Analysis of
Observational Studies in Epidemiology (MOOSE) statement
and the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement as guides, we created a
study protocol (see Supplement A, Supplemental Digital Con-
tent 1, http://links.lww.com/TA/A257). Accordingly, we searched
PubMed and EMBASE for articles published between April 1990
and October 2011. Our search strategy is detailed in our study
protocol, and the search process and study selection are detailed
in Figure 1.

Analyses

We performed double data extraction and risk-of-bias
assessment for all studies included in the meta-analysis. Articles
were evaluated for variables tested, data quality, and statistical
compatibility. Meta-analyses were performed only on those
studies that provided information on race or insurance. Studies
with the same-effect measure can be combined; therefore, only
studies providing odds ratios (ORs) and confidence intervals
(CIs) or standard errors (SEs) were included. In cases where study
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Figure 1. Flow diagram of search process and study selection as suggested by the Preferred Reporting Items for Systematic Reviews

and Meta-analysis (PRISMA).>
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populations were likely to be overlapping, larger or higher-quality
studies were selected for inclusion in meta-analysis. Studies were
evaluated using a random-effects model to account for heteroge-
neity between the studies, which was evaluated using I°. Forest
plots were generated to evaluate relevant subgroups and sensitivity
analyses. A p value of <0.05 was chosen a priori as indication of
statistical significance. Statistical analysis was performed using
Stata 12.1 (Statacorp, College Station, TX)

RESULTS

We identified 35 articles that qualified for inclusion in the
systematic review (see Appendix I for characteristics). Ten
studies were eliminated from the meta-analysis owing to in-
sufficient mortality data.?"'! We also eliminated eight studies
for statistical incompatibility.'>~°

Disparities by Insurance Status

Of 14 studies that assessed the impact of insurance status
on trauma outcomes, 12!%1415-20-29 ¢conclude that uninsured
trauma patients have higher mortality rates than insured pa-
tients, while 1% found they had worse long-term functional
outcomes, and one concludes that lack of private insurance is
associated with higher mortality.'> Increased mortality among
uninsured patients was consistent among studies of the National
Trauma Data Bank (NTDB), in regional studies and in single-
institution studies.?® %2829 The finding also held across stud-
ies of both adults and pediatric patients,>>?° independent of
injury type.?® Vettukattil et al.' suggest that patients treated at
safety-net hospitals do not experience an increased burden of
mortality, despite the fact that they treat a higher burden of un-
insured patients. While the definition of insurance differed among
studies, consistency in conclusions suggests that this variation is
unlikely to affect overall results.

For the meta-analysis, only those studies that were sta-
tistically compatible and which provided mortality data were
eligible.2>2° These studies categorized insurance in various
ways; however, the majority of comparisons analyzed insured
versus uninsured patients and private versus uninsured pa-
tients. There were insufficient nonoverlapping studies to allow
for meta-analysis comparing insured and uninsured patients.
Of the 10 eligible studies, 22%?? did not compare privately in-
sured patients with uninsured patients, 4242628 overlapped with
larger studies.?’?° Our meta-analysis demonstrates that unin-
sured patients were more likely than privately insured patients to
die after trauma (OR, 2.17; 95% CI, 1.51-3.11) (Fig. 2).

Differences in interventions may be related to disparities in
trauma outcomes. In a statewide study in Massachusetts, unin-
sured trauma patients were less likely than the privately insured to
undergo an operative procedure (OR, 0.68; 95% CI, 0.63-0.74)
or physical therapy (OR, 0.61; 95% CI, 0.57-0.67).2! Wood
et al.'” showed that uninsured more likely than the insured pa-
tients to receive skeletal surveys to uncover suspected child
abuse; however, child abuse or positive skeletal surveys were
more common among whites in this study.

Disparities by SES

Two studies'>?* assess outcome disparities by SES, both
of which conclude that median income of the patient’s home
address is a predictor of higher trauma mortality rates. In a small
study on infant mortality following nonaccidental trauma by
Rangel et al.,'> median income was divided into quartiles and
compared with the highest earning quartile (Q4). Each of the
lower three quartiles were found to have significantly higher
odds of mortality (Q1: OR, 6.75; p = 0.0008) (Q2: OR, 5.58;
p =0.003) (Q3: OR, 5.64; p = 0.007). Similarly, a large retro-
spective study of adults hospitalized after injury by Arthur et al 3
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Figure 2. Random-effects meta-analysis of mortality for uninsured and privately insured patients. Pooled OR 2.17 (95% Cl,
1.51-3.11) for uninsured patients compared with privately insured patients.
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showed that a median income of patient’s home zip code less
than $45,000 was a predictor of higher mortality rates. This was
highest for a median income less than $25,000, the lowest in-
come bracket (OR, 1.32; 95% CI, 1.14-1.53).

Disparities by Race

Overall, data show that minority patients have worse trauma
outcomes than white patients. Twenty-four studies®>812:14-16:20,
22-36 assess outcome disparities between racial groups; the
majority focus on mortality as the outcome, and five focus
on posttrauma functional outcomes. Of those, four>3%-3% show
that minority patients have worse functional outcomes, and
one® found no significant difference by race. Another study went
beyond comparing outcomes between racial groups and found
that patients treated in hospitals with higher percentages of mi-
nority patients had significantly increased odds of mortality
compared with hospitals treating primarily white patients.'>

Similar to our qualitative review, our meta-analysis dem-
onstrates that black patients have worse trauma mortality rates
than white patients. Of the 24 studies in the qualitative analysis,
14 were eligible for meta-analysis,2*-2>2>2732:34-36 ad 1 study
was eliminated from the analysis because it did not provide data
for specific races.?! Another study was eliminated because it did
not provide ORs comparing minority races to the reference
group.?? Five studies?*?>-28:32:36 were eliminated because they
overlapped with larger studies.?”?° Our meta-analysis showed
that black patients have worse trauma mortality rates than white
patients (OR, 1.19; 95% CI, 1.09-1.31) (Fig. 3).

Findings vary when all nonwhite patients are combined
into a single group. Of those, Downing et al.!?> and Gannon
et al.3! found that nonwhite race was a significant predictor of

mortality, while three other studies'*!®?? found no significant
difference. However, there were insufficient nonoverlapping
studies to perform a meta-analysis of nonwhite patients com-
pared with white patients.

These conflicting results become clearer when considering
each nonwhite cohort independently. Ten studies!#2327-32-3>
found that black patients have significantly higher posttrauma
mortality than white patients, while only three studies??2439
found no significant difference between groups. In a retrospec-
tive cross-sectional analysis of the NTDB, Rosen et al.?” found
that black trauma patients had higher odds of death than white
trauma patients after controlling for severity and patient char-
acteristics including insurance status (OR, 1.18; 95% CI,
1.07-1.29). Oyetunji et al.'* obtained similar results (OR, 1.31;
95% CI, 1.20-1.44). However, a retrospective single-institution
study of 29,829 trauma patients controlled for similar factors
and found that no single race or ethnicity was a significant
predictor of mortality.??

Outcome disparities for black patients held across several
types of trauma as well. Most prominent are well-documented
racial disparities in pediatric traumatic brain injury (TBI)
patients.>*3> In a retrospective study comparing 3,111 pediatric
head injury patients from the trauma database of Cincinnati
Children’s Hospital Medical Center to 13,363 patients in the
NTDB, Falcone et al.3* found that, even after controlling for
insurance, injury severity, and other factors, African-American
children had a mortality OR 3.1 times higher than that of white
children (95% CI, 1.2-7.8). In moderately and severely injured
pediatric trauma patients in the NTDB, blacks had higher mor-
tality rates than whites (OR, 1.37; 95% CI, 1.22-1.52), even after
controlling for insurance status, injury severity, and other
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Figure 3. Random-effects meta-analysis of mortality for black and white patients. Pooled OR 1.19 (95% Cl, 1.09-1.31) for black

patients compared with white patients.
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factors.2® While one study found no significant difference for
in-hospital mortality, black pediatric TBI patients had signifi-
cantly worse functional outcomes at discharge than white patients.>

In both of the studies that assessed Asian trauma out-
comes, mortality rates were higher than whites. In a 2008 study
of adults hospitalized after injury, using data from the
Healthcare Cost and Utilization Project, odds of death were
higher for Asian patients (OR, 1.39; 95% CI, 1.06—1.83) and
black patients (OR, 1.14; 95% CI, 1.03—1.27) compared with
whites.?> Among patients with moderate-to-severe TBI, blacks
and Asians each had higher odds of mortality than whites with
ORs of 1.19 (95% CI, 1.02-1.39) and 1.41 (95% CI,
1.11-1.79), respectively. In addition to controlling for patient
characteristics and injury severity, this study also used the two
following proxies to control for SES: insurance status and me-
dian income by patient zip code.?*

In the seven studies comparing Hispanic and white post-
trauma mortality outcomes, the results are less clear. Three
studies found that Hispanic patients have worse post-trauma
mortality outcomes than whites,?>2628 one found worse outcomes
only associated with blunt mechanism,>® and three found no
significant difference between groups.?>?*?7 Using the NTDB,
Rosen et al.?’ found no significant mortality difference between
Hispanic and white trauma patients after controlling for severity
and patient characteristics such as insurance status. By contrast,
an analysis of 429,751 patients in the NTDB showed that
Hispanic patients had higher adjusted odds of mortality than
white patients (OR, 1.47; 95% CI, 1.39-1.57).28 Millham and
Jain¢ found that Hispanic drivers in motor vehicle crashes ex-
perienced higher mortality than white patients (OR, 1.72; 95%
CI, 1.36-2.19) even after controlling for patient characteristics,
presence of shock, and treatment facility characteristics. Two
additional studies showed that Hispanic patients fare worse as
pedestrians in motor vehicle accidents as well as in moderately
and severely injured pediatric trauma.?>2 Our meta-analysis,
however, only demonstrated a trend toward a difference in mor-
tality between Hispanic and white patients (OR, 1.08; 95% CI,
0.99-1.18).

An additional concern considered by this review was
initial treatment upon presentation to the emergency depart-
ment. Some might suggest that differential initial assess-
ment and management of minority patients might lead to the

aforementioned disparities, yet Shafi and Gentilello'® found
that these factors do not differ between racial groups.

Independence of Race Outcome Disparities

Because race and SES are correlated, it is important
to decipher whether racial disparities are independent of so-
cioeconomic disparities. The overwhelming majority of data
show that black race is a predictor of higher trauma mortality
independent of SES. Of the eight studies that compared black
and white trauma patients while controlling for insurance status,
seven!#25-27-32-34 showed that black race is an independent
predictor of mortality, while one study® found no significant
difference. Arthur et al.>® conclude that black patients have
higher mortality rates independent of both proxies for SES
(insurance status and median income of patient zip code).

For Hispanic trauma outcomes, controlling for SES does
not significantly add to the mixed results presented previously.
Of the studies that control for insurance status, two>>2® found
that Hispanic patients had worse outcomes, while two?2%7 found
no difference. Likewise, only one? of the two studies®* assess-
ing Asian trauma outcomes controlled for SES. While Asian
race was an independent predictor of higher mortality rates using
both proxies, further studies are needed to validate this finding.
Although black race seems to be an independent predictor of
mortality and results regarding other racial disparities are not
clear, one study showed that insurance has a stronger predictive
value on mortality than race,?® a finding echoed by two other
recent studies.'*2°

Disparities in Post-Acute Trauma Care
and Rehabilitation

Disparities in post—acute care have also been well demon-
strated.*%!1-18 Millham and Jain®® found that black and Hispanic
patients surviving gunshot wounds and motor vehicle accidents
had a shorter length of stay than white patients (p < 0.001). The
study controlled for insurance, injury severity, and other patient
and hospital characteristics. A large study of the NTDB found
that black and Hispanic patients were less likely to be discharged
to a rehabilitation center than white patients following mod-
erate or severe TBI with relative odds of 0.68 (95% CI,
0.55-0.83) and 0.67 (95% CI, 0.52-0.86).>* Despite some
conflicting evidence,® these results are confirmed by a comparable

Disparities and the Continuum of Trauma Care
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Figure 4. The continuum of trauma care. Factors identified in literature that are thought to impact outcome and lead to disparities in

trauma outcomes.
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study of TBI patients in the NTDB by Shafi et al.” and a study by
Nirula et al.,> which showed evidence that race and insurance
status are independent negative predictors in the likelihood of
being transferred to a rehabilitation facility upon discharge.
Englum et al.'® found that black patients were much less likely
to be discharged to rehabilitation centers (RRR 0.61; 95%
CI 0.56-0.66) as were Hispanic patients (RRR 044; 95%
CI 0.40-.049).

DISCUSSION

Trauma is considered an important frontier in disparities
research because of apparent universal access and well-validated
means of severity adjustment that allow for reasonable com-
parisons between groups.>® Despite these advantages, refining
study variables and developing comparison groups that un-
cover existing disparities are still a work in progress. This re-
view demonstrates the progress that has been made in refining
the measurement of SES and addressing the heterogeneity of
minority populations. Both of the studies that assessed SES
outcome disparities using median income of the patient’s home
address found clear evidence that SES is a predictor of higher
trauma mortality rates. The apparent significance of this vari-
able should encourage health disparities researchers to incor-
porate additional SES indicators. At the same time, researchers
should continually push for more accurate and sensitive data,
such as income, wealth, and education data at the census tract
level and occupation data on the individual patient level. Over-
all, studies that combine all minority patients into one cohort
did not find evidence of inequalities. Departing from this bi-
nary approach, evidence of disparities becomes immediately
evident for black and Asian trauma patients. While outcome
disparities were less clear for Hispanic patients, the large het-
erogeneity in length of years in the United States and English
proficiency of the US Hispanic population may mask inequali-
ties experienced by segments of this population. Disparities in
Hispanic patient outcomes may be ambiguous at a national level
but should be able to be unmasked through additional regional
and subgroup studies.

Mechanisms of Disparities and Opportunities
for Intervention

While trauma may provide universal access to some level of
care, clear outcome disparities based on race, SES, and insurance
status suggest that these inequalities are likely to have a systemic
component. By assessing mechanisms of disparities within the
context of the continuum of care (Fig. 4), we can begin to un-
derstand the interplay of factors that contribute to disparate health
outcomes. See Supplement B (Supplemental Digital Content 2,
http://links.lww.com/TA/A258) for an in-depth discussion of
mechanisms of disparities within the continuum of trauma
care as well as interventions we believe to be most prudent for
reducing or eliminating those disparities. Firm elucidation of
mechanisms underlying disparities is timely, as policy makers
have begun to seek and support interventions.

Limitations
This study is limited by the observational nature of the
included articles and the inherent risks of selection bias and

1200

confounding associated with such studies. Many of the included
articles assessed mortality following trauma, although it has been
suggested that adjusted mortality may not be the best indicator
of quality of trauma care.?’ Future studies should assess qual-
ity of care using quality indicators, such as those proposed by
the American College of Surgeons’ Committee on Trauma
(ACSCOT), which have been shown to correlate with out-
comes.>® Moreover, it has been suggested that when assessing
outcomes, it is important to determine subtler measures of
quality not currently included in the ACSCOT quality indicators
by assessing metrics such as failure to rescue, cost-effectiveness,
and functional outcomes in lieu of “blunt,” measures such as
mortality.?® Databases such as the NTDB represent conve-
nience samples, leading to a risk of selection bias. However,
the vast majority of trauma centers are now reporting to the
NTDB, and this database is thus becoming more representa-
tive of the general US population. Administrative databases
are also limited in that they lack patient-level information nec-
essary to use ACSCOT audit filters or other metrics of quality.>®
To address confounding, we performed an assessment of risk
of bias and included effect measures from the most adjusted
models in the meta-analysis. Even still, not all studies adjusted
for the same variables, which likely led to increased interstudy
heterogeneity. One limitation of the meta-analysis is that studies
reported outcomes by different groups, thus limiting the num-
bers of comparisons we could make. Moreover, many of the
studies were published using the NTDB, and because study
populations overlapped, we were forced to eliminate many
studies from the meta-analysis, thus reducing our sample size.
Future systematic reviews and meta-analysis should take care
to assess risk of bias in included studies, attempt to reduce
sources of bias and confounding, and avoid analyzing studies
that investigate overlapping populations.

CONCLUSION

This study finds consistent evidence that disparities in
trauma care and outcomes exist between privately insured
patients and uninsured patients, with the bulk of the literature
showing uninsured patients have worse outcomes regardless
of the reference group. This study also finds significant dis-
parities in outcomes between black and white patients, but we
identified inconsistent evidence that these disparities in trauma
care and outcomes also exist for Hispanic and Asian patients.
Finally, we suggest that interventions should focus on injury
prevention, increasing access to care, encouraging growth in
number of trauma centers serving vulnerable populations, and
improvements in resident training.
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