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Abstract
Background Racial/ethnic disparities in trauma care have
been reported. The American Indian/Alaska Native (AI/AN)
population faces a twofold to fourfold increase of risk for
traumatic injury. We hypothesized that surgical intervention
and time to surgery were associated with race/ethnicity, spe-
cifically AI/AN compared to other race/ethnicity groups with
open pelvic and lower extremity fractures (OPLEFx).
Methods Non-AI/AN racial/ethnic groups were compared to
AI/ANs among adults aged 15 years and older using the
National Trauma Data Bank for 2008–2012. OPLEFx were
identified via ICD-9-CM. Predictors of surgery and time to
surgery were modeled via logistic regression and survival
analyses.
Results AI/AN patients (2.7 %, n = 206) were younger (36 ±
16 versus 41 ± 18 years, p < 0.001) and more likely to have
Medicaid and other government insurance. There were no
differences in AI/ANs versus non-AI/ANs undergoing

surgery (88.4 versus 86.8 %, respectively) or time to surgery
(11.7 ± 25.3 versus 12.0 ± 22.5 h, respectively). Injury sever-
ity was predictive of surgery in all six models (OR = 0.04 to
0.32). A race-gender interaction increased odds of surgery in
the AI/AN versus all other races model (OR = 3.58, 95 % CI
1.18–10.84) and in three of five pairwise models. Median time
to surgery varied by race, favoring AI/ANs with least preop-
erative time.
Conclusion The AI/AN population experienced no disparities
in rate of, or time to, OPLEFx surgery. Race-specific predic-
tors for surgery included gender, probability of death, and
multiple fractures. More study is warranted to ameliorate trau-
ma care disparities and achieve reasonably equitable care as
demonstrated in AI/ANs with OPLEFx.
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Background

Disparities in healthcare among racial/ethnic groups have
been well documented across the spectrum of human disease
[1–4]. However, in the treatment of traumatic injuries, dispar-
ity of care among racial/ethnic groups remains controversial.
When smaller racial/ethnic groups are aggregated into a single
category or dropped from analysis, the assumption is made
that the provision of care and clinical outcomes is uniform
among individuals in the category regardless of racial/ethnic
distinction and important information is lost.

Investigating the processes and outcomes of healthcare in
all racial/ethnic groups is warranted. One such population is
the American Indian/Alaska Natives (AI/AN) whose burden
of traumatic injury and healthcare outcomes merit study. In
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2000, Burhansstipanov and Satter presented an overview of
the AI/AN population, noting that the routine collapsing of
smaller minority populations into an Bother^ category or ex-
cluding them altogether during analysis can lead to biased
conclusions [5]. Policymakers, researchers, and AI/AN tribal
planners require such evidence to develop effective programs
for the AI/AN population. The Office of Management and
Budget (OMB) recommends all federally funded research
and service projects follow the racial categories outlined in
Directive 15 when reporting study findings [6, 7]. These in-
clude American Indian or Alaska Native, Asian, Black or
African American, Native Hawaiian or Other Pacific
Islander, and White; for data on ethnicity: BHispanic or
Latino^ and Bnot Hispanic or Latino^ [7].

The AI/AN population currently represents approximately
2 % of the US population and is noted to be one of the fastest
growing racial minorities [8]. In 2010, approximately 2.6 mil-
lion people identified their race as AI/AN alone, while 5.2
million identified themselves as AI/AN in combination with
one or more other race(s) [8]. The AI/AN minority’s growth
rate is currently three times that of the national rate (27 versus
9 %) [8]. Unintentional injuries are the greatest cause of death
for AI/AN less than 44 years of age [9]. Among the AI/AN
population, unintentional injuries account for 28 % of the years
of potential life lost before age 65 [9]. Motor vehicle crash,
including pedestrian-motor vehicle trauma, is the leadingmech-
anism of injury for this group, commonly resulting in severe,
open pelvic and lower extremity fractures (OPLEFx) [10].

For patients with OPLEFx, evidence suggests that mini-
mized time to primary and definitive operative management
is critical to optimize outcomes, specifically fewer infections
and improved survival [11–14]. In contrast to exsanguinating
hemorrhage where small delays of care can be rapidly fatal, a
complex of orthopedic injuries requiring urgent intervention
was selected because there is a temporal margin of safety
where variation in timing of care can take place. Thus, the
time from emergency department arrival until operative inter-
vention is a measure of care at the very start of hospitalization
for patients with OPLEFx. In prior work, we observed access
to rehabilitative care at the conclusion of hospitalization for
AI/ANs with spinal cord injury occurred at a rate equitable to
or greater than other races when other important factors are
taken into account [15]. The medical literature is sparse re-
garding racial differences in surgical treatment for OPLEFx.
We sought to identify such differences in this growing seg-
ment of the US population using rates of operative treatment
of OPLEFx and elapsed time from hospital arrival to surgical
procedure as finite measures of one aspect of healthcare pro-
vision for AI/ANs relative to other race/ethnicity groups at the
beginning of the trauma care process. We hypothesized that
surgical intervention would be equitable and that time to sur-
gery for OPLEFx would be equal or shorter for AI/ANs rela-
tive to other race/ethnicity groups.

Methods

Data Source

After approval from the Chandler Regional Medical Center
Institutional Review Board, we conducted a cohort study
using the National Trauma Data Bank (NTDB) for years
2008–2012. The NTDB is the largest, voluntarily submitted,
national trauma registry [16]. Patient and hospital identifiers
are removed. Currently, the NTDB contains data on over five
million cases from over 900 trauma centers [16]. Injuries,
comorbidities, and procedures were identified by their respec-
tive International Classification of Diseases, Ninth Revision,
Clinical Modification [17] (ICD-9) codes. See Table 4 in
Appendix for the diagnostic codes used to define these
injuries.

Cohort Selection

We included patients aged 15 years and older who had open
fractures of the pelvis, femur, tibia/fibula, and tarsal bones.
Age 15 was selected because this age differentiates the adult
from pediatric population in terms of trauma center capability
and accreditation. Moreover, patients younger than 15 repre-
sent a heterogeneous population due to the progressive stages
of bone development. OPLEFx were selected because they
collectively represent an urgent need for orthopedic interven-
tion. Patients were included if their OPLEFx injury was their
most severe; defined as the injury contributing the greatest
probability of death using the trauma mortality prediction
model (TMPM) [18]. The TMPM estimates each patient’s
probability of death based only on their anatomic injuries.
The TMPM has been validated as a superior predictor of mor-
tality over the injury severity score [19]. We included all
racial/ethnic categories represented in the NTDB registry:
White, Black, Hispanic/Latino, Asian, American Indian or
Alaska Native, and other race. The race/ethnic categories were
entered in the NTDB by patient self-identification. Of note,
although Hispanic/Latino is an ethnic distinction, it is treated
as a racial/ethnic category equal to White, Black, etc., and
includes all patients who self-identify Hispanic in their ethnic-
ity response. This was done to keep the racial/ethnic groups
adequately sized to allow for stable effect estimates. The pa-
tients were excluded if their race/ethnicity was unknown, were
admitted to a hospital that did not treat AI/AN patients during
the study period, were admitted to the hospital for less than
24 h, were injured by a penetrating mechanism, or were not
admitted from the emergency department.

Comorbidities were enumerated using the Elixhauser co-
morbidity score [20]. Whether a patient’s OPLEFx was man-
aged operatively and the elapsed hours from admission until
surgical procedure were our outcomes of interest. Surgical
procedures were grouped into seven categories of similarity
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and an Bother procedures^ for smaller subgroups for compar-
ison between AI/AN and non-AI/AN groups. Similarly,
OPLEFx injuries were grouped by bone fractured.

Statistical Analysis

Frequencies with percentages and means with standard devi-
ations were used to describe the overall cohort of patients.
Independent sample t tests were used to compare mean differ-
ences for continuous versus parametric variables. Chi-square
tests were used to compare distributions for ordinal or dichot-
omous variables. Partial eta-squared values are reported to
demonstrate effect size. A series of hierarchical multivariate
logistic regression (HMVLR) models clustered on hospital
facility were used to predict surgical versus non-surgical
cases. Covariates in the model included the following: age,
gender, insurance (payment), injury severity, comorbidities,
single versus multiple fractures, and level of hospital trauma
center level.

As shown in Table 3, the AI/AN group is compared to all
non-AI/AN. Subsequent models compared the AI/AN group
to each of the individual racial groups. Of note, there were
only 30 patients identified as Native Hawaiian or Other
Pacific Islander. Estimates using this small group would be
unstable so they were omitted from regression analyses. For
the models, the variable payer was coded such that a response
of uninsured was utilized as the reference group and compared
to the privately insured (i.e., insurance provided by one’s em-
ployer), government insurance (e.g., Medicaid, Medicare,
Veterans Benefits Administration, Indian Health Services),
and payment (other) cohorts. Predicted probabilities from
models were used to calculate the area under the receiver
operating characteristic curve. The continuous variable of
probability of death was logarithmically transformed to ac-
count for skew and kurtosis. Model discrimination was eval-
uated using the area under the receiver operating characteristic
curve (AUC). Kaplan-Meier survival curves with the log rank
test were used to compare time to surgery between cohorts. To
achieve a combined type I error rate of 0.05 for the 15 com-
parisons, we used the following formula which adjusted our
alpha to 0.003: 1 – (1 – α) [15]. This adjustment did not
change our post hoc results as stated in the last paragraph of
the results section. SPSS version 22, IBM Corporation,
Armonk, NY and STATA version 14.0, Stata Corporation,
College Station, TX were used for statistical analysis. p
Values of less than 0.05 were considered statistically
significant.

Results

Our cohort consisted of 7667 patients between the ages of 15
and 97 years who were admitted to a trauma center for

OPLEFx injuries between 2008 and 2012. The patients were
70.21 % male (n = 5383) and predominantly White (66.30 %)
with mean age of 40.90 years ± 17.82. Collectively, there were
9291 fractures in our cohort treated with 14,122 orthopedic
procedures. There were no significant differences in fracture
types or numbers of fractures between AI/AN and non-AI/AN
patients. However, two procedures differed between these
groups. Open reduction of fractures was performedmore often
in AI/AN group (76.37 versus 66.67 % in non-AI/AN, p =
0.006), whereas application of an external fixator was per-
formed more often in the Non-AI/AN group (21.27 versus
14.84 % in AI/AN, p = 0.036). The average length of hospital
stay was 7.55 days ± 7.92 with an average intensive care unit
(ICU) stay of 5.46 days ± 6.66 and a mean time on ventilator
of 5.68 days ± 7.92, for the 1334 and 601 patients admitted to
the ICU and ventilated, respectively. The mean TMPM was
0.03 ± 0.05with 92.47% of patients demonstrating a Glasgow
Coma Scale (GCS) score of 15 upon admission. The majority
of patients were treated surgically (86.81 %). Nearly one half
of patients were privately insured (47.87 %) followed by un-
insured (18.36 %), Medicaid (12.99 %), and then Medicare
(11.75 %). The most frequent patient comorbidities were hy-
pertension requiring medication (15.52 %), smoking
(13.21 %), alcoholism (7.54 %), diabetes (6.85 %), obesity
(5.11 %), and respiratory disease (5.06 %).

The cohort was 2.69 % (n = 206) AI/AN. Proportionately,
there were fewer AI/ANmales compared to non-AI/ANmales
(62.14 versus 70.43 %, p = 0.010), respectively. The AI/AN
patients were significantly younger than the non-AI/AN co-
hort (35.64 years ± 15.59 versus 41.05 ± 17.86, p < 0.001),
had proportionately more comorbidities (60.68 versus
46.09 %, p < 0.001), and were more likely to have alcohol in
their system (32.52 versus 14.05 %, p < 0.001). Cohort char-
acteristics are shown in Table 1.

Univariate comparisons of patient and treatment character-
istics between patients undergoing surgery versus not under-
going surgery are shown in Table 2. Patients undergoing sur-
gery had a lower probability of death (0.02 ± 0.04 versus 0.06
± 0.07, p < 0.001) and fewer ventilated days (5.31 days ± 7.55
versus 7.46 days ± 9.34, p = 0.012). Surgical patients were
more likely to have multiple fractures compared to non-
surgical patients (19.29 versus 8.70 %, p < 0.001) and more
likely to have at least one comorbidity in comparison to non-
surgical cases (47.31 versus 41.05 %, p < 0.001).

Although there was not a statistically significant difference
in the proportion of AI/ANs versus non-AI/ANs undergoing
surgery, p = 0.509; the distribution of the proportion of pa-
tients across all races undergoing surgery versus not undergo-
ing surgery was significantly different, p < 0.001. The distri-
bution of payment was also significantly different for surgical
versus non-surgical patients, p = 0.012.

Our sample of Native Hawaiian/Pacific Islanders was too
small for a regression model; however, we felt it important to
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describe this cohort. There were 30 Native Hawaiian/Pacific
Islanders (76.7 % male, n = 23) with an average age of
33.40 years ± 12.78 and mean TMPM of 0.02 ± 0.02. Five

patients (16.67 %) were hospitalized in the ICU with a mean
stay of 2.20 days ± 1.10. All 30 Native Hawaiian/Pacific
Islanders underwent surgery, 5 (16.7 %) had multiple fractures,

Table 1 Cohort characteristics, N = 7667, AI/ANs compared to non-AI/ANs

Entire sample (N = 7667)
Mean ± SD or count (%)

AI/AN (n = 206) Non-AI/AN (n = 7461) p value

Age (years) 40.90 ± 17.82 (min/max 15 to 97) 35.64 ± 15.59 41.05 ± 17.86 <0.001
LOS days 7.55 ± 7.92 (min/max 2 to 66) 7.88 ± 9.02 7.55 ± 7.67 0.541
ICU days (n = 1334) 5.46 ± 6.66 (min/max 1 to 67) 6.20 ± 9.49 5.44 ± 6.57 0.643
Ventilator days (n = 601) 5.68 ± 7.92 (min/max 1 to 55) 10.08 ± 13.56 5.59 ± 7.76 0.277
Injury severity, TMPM p(death) 0.03 ± 0.05 (min/max 0 to 0.46) 0.03 ± 0.06 0.03 ± 0.05 0.283
GCS total score 15 (n = 7358) 6804 (92.47 %) 157 (88.20 %) 6647 (92.58 %) 0.029
Gender: male 5383 (70.21 %) 128 (62.14 %) 5255 (70.43 %) 0.010
Received rehabilitation services 1584 (20.67 %) 39 (18.93 %) 1545 (20.71 %) 0.533
Comorbidity: ≥1 chronic condition 3564 (46.48 %) 125 (60.68 %) 3439 (46.09 %) <0.001
Alcohol on board 1115 (14.54 %) 67 (32.52 %) 1048 (14.05 %) <0.001
Underwent surgery 6656 (86.81 %) 182 (88.35 %) 6474 (86.77 %) 0.509
Time to surgery (h) (n = 5961) 11.96 ± 22.57 (min/max 1 to 408) 11.68 ± 25.32 11.97 ± 22.49 0.443
Fracture groupsa

Tibia/fibula 2989 (38.99) 86 (41.75) 2903 (38.91) 0.410
Ankle 1822 (23.76) 45 (21.84) 1777 (23.82) 0.512
Femur 1527 (19.92) 41 (19.90) 1486 (19.92) 0.996
Foot, NECb 1232 (16.07) 27 (13.11) 1205 (16.15) 0.241
Pelvis 986 (12.86) 29 (14.08) 957 (12.83) 0.597
Patella 714 (9.31) 17 (8.25) 697 (9.34) 0.596
Leg, NEC 21 (0.27) 0 21 (0.28) 0.446

Procedure groupsb

Fracture debridement 4706 (70.70) 119 (65.38) 4587 (70.85) 0.110
Open reduction 4455 (66.93) 139 (76.37) 4316 (66.67) 0.006
Closed reduction 2049 (30.78) 48 (26.37) 2001 (30.91) 0.191
Application external fixator 1404 (21.09) 27 (14.84) 1377 (21.27) 0.036
Other procedures 792 (11.90) 19 (10.44) 773 (11.94) 0.537
Internal fixation 473 (7.11) 7 (3.85) 466 (7.20) 0.083
Arthrotomy 184 (2.76) 9 (4.95) 175 (2.70) 0.690
Amputation/disarticulation 59 (0.89) 0 59 (0.91) 0.196
Multiple fractures (>1) 1372 (17.89) 34 (16.50) 1338 (17.93) 0.598

Race
White 5083 (66.30 %)
Black 1175 (15.33 %)
Hispanic or Latino 886 (11.56 %)
AI/AN 206 (2.69 %)
Other 202 (2.63 %)
Asian 85 (1.11 %)
Native Hawaiian or Pacific Islander 30 (0.439 %)

Insurance <0.001
Private insurance 3239 (47.87 %) 45 (23.94 %) 3194 (48.56 %)
Medicaid 879 (12.99 %) 48 (25.53 %) 831 (12.63 %)
Medicare 795 (11.75 %) 11 (5.85 %) 784 (11.92 %)
Other government 312 (4.61 %) 49 (26.06 %) 263 (4.00 %)
Uninsured 1242 (18.36 %) 29 (15.43 %) 1213 (18.44 %)
Other 299 (4.42 %) 6 (3.19 %) 293 (4.45 %)

Discharge 0.020
Home without services 5276 (68.83 %) 160 (77.67 %) 5116 (68.59 %)
Home with services 621 (8.10 %) 3 (1.46 %) 618 (8.29 %)
Transfer to short term general hospital 115 (1.50 %) 3 (1.46 %) 112 (1.50 %)
Rehabilitation, long term care, SNF 1584 (20.67 %) 39 (18.93 %) 1545 (20.71 %)
Left against medical advice 23 (0.30 %) 0 23 (0.31 %)
Hospice 7 (0.09 %) 0 7 (0.09 %)
Died 39 (0.51 %) 1 (0.49 %) 38 (0.51 %)

a The sum of percentages will be greater than 100 due to multiple procedures in most patients
bNEC not elsewhere classified
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10 (33.3 %) experienced a complication, and 15 (50 %) had at
least 1 comorbidity. Mean time to surgery for this cohort was
8.93 h ± 7.66 with a median time to surgery of 6.5 h.

Regression Models

A series of HMVLR models were used to understand how
patient characteristics predicted surgery for each racial group
compared to AI/ANs. The AUC for the six models ranged
from 0.72 (95 % CI 0.70–0.72) to 0.88 (95 % CI 0.79–0.97)
suggesting that our predictors were good discriminators be-
tween patients who did versus did not have surgery.

Race was the predictor of primary importance in our
analyses. Race did not emerge as a main effect predicting

surgical status in any of the six models; however, in four
models, a gender by race interaction emerged such that
the odds of undergoing surgery were higher for AI/AN
males. In the AI/AN versus non-AI/AN model, the odds
of undergoing surgery was increased by 3.58 times (95 %
CI 1.18–10.84) for AI/AN males. The odds of surgery
were 4.53 (95 % CI 1.27–16.18) for AI/AN males com-
pared to Hispanic. In the AI/AN versus African American
or Black model, the AI/AN males’ odds of surgery were
6.59 (95 % CI 1.95–22.23) times greater. Finally, the odds
of surgery for AI/AN males was 13.42 (95 % CI 2.15–
83.91) greater than the odds of surgery for patients be-
longing to the other races group. The race by gender in-
teraction failed to emerge as a predictor in the AI/AN

Table 2 Surgery for OPFLEFx
versus non-surgical management Surgery

(n = 6656)
No surgery
(n = 1011)

p value Effect size or odds
ratio (95 % CI)

Age (years) 40.90 ± 17.72 40.97 ± 18.52 0.904

LOS Days 7.58 ± 7.75 7.40 ± 7.44 0.505

ICU Days (n = 1334) 5.41 ± 6.46 5.70 ± 7.49 0.531

Mechanical ventilator days (n = 601) 5.31 + 7.55 7.46 + 9.34 0.012 0.010

Injury Severity, TMPM p(death) 0.02 ± 0.04 0.06 ± 0.07 <0.001 0.048

GCS total score 15 (n = 7358) 5934 (92.79 %) 870 (90.34 %) 0.007 1.38 (1.09–1.74)

Gender: male 4627 (69.52 %) 756 (74.78 %) 0.001 0.77 (0.66–0.90)

Multiple fractures 1284 (19.29 %) 88 (8.70 %) <0.001 2.51 (2.00–3.15)

Alcohol on board 979 (14.71 %) 136 (13.45 %) 0.291

Comorbidity: ≥1 chronic condition 3149 (47.31 %) 415 (41.05 %) <0.001 1.29 (1.13–1.48)

Trauma level 0.124

Level 1 4879 (87.45 %) 700 (12.55 %)

Level II 1445 (85.66 %) 242 (14.34 %)

Level III 213 (85.54 %) 36 (14.46 %)

Race 0.509

AI/AN 182 (88.35 %) 24 (11.65 %)

Non-AI/AN 6474 (86.77) 987 (13.23 %)

Race <0.001

White 4499 (88.51 %) 584 (11.49 %)

Black 952 (81.02 %) 223 (18.98 %)

Hispanic or Latino 748 (84.42 %) 138 (15.58 %)

AI/AN 182 (88.35 %) 24 (11.65 %)

Other 167 (82.67 %) 35 (17.33 %)

Asian 78 (91.76 %) 7 (8.24 %)

Native Hawaiian or Pacific Islander 30 (100 %) 0

Insurance 0.012

Private insurance 2881 (88.95 %) 358 (11.05 %)

Medicaid 754 (85.78 %) 125 (14.22 %)

Medicare 690 (86.79 %) 105 (13.21 %)

Other government 272 (87.18 %) 40 (12.82 %)

Uninsured 1077 (86.71 %) 165 (13.29 %)

Other 249 (83.28 %) 50 (16.72 %)
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versus White model; however, the p value was only
slightly above the standard threshold at p = 0.057. The
only model for which the race by gender interaction was
not significant was the AI/AN versus Asian model.

Covariates played significant, albeit different, roles across
models. Payment was entered into our models as a categorical
variable with private insurance as the reference group. Five
significant comparisons across three of our six models
emerged as predictors of surgery, all with odds ratios less than
one suggesting that patients with Medicaid, Medicare, unin-
sured, other government, and other payments were less likely
to undergo surgery (with all other predictors held constant),
in a model. The log transformation of probability of death was
a significant covariate in all six models. Odds ratios of less
than one were suggestive that odds of undergoing surgery

decreased as injury severity increased. Patients with multiple
fractures were at increased odds of undergoing surgery in all
models with the exception of the AI/AN versus Asian model,
with odds ratios ranging from 3.23 (95 % CI 2.26–4.62) in the
AI/AN versus White model to 11.46 (95 % CI 1.39–94.36) in
the AI/AN versus other races model. Age, GCS score and
trauma level were non-significant. Models are shown in
Table 3.

Survival functions were graphed to demonstrate the signif-
icant race by gender interactions in our HMVLR models. The
median time to surgery was significantly lower for AI/AN ver-
sus non-AI/AN males, 4.0 h (95 % CI 3.38–4.62) and 6.0 h
(95 % CI 5.83–6.18), respectively, p = 0.011. Statistics related
to the survival analysis, including patients at risk, are illustrated
in the Kaplan-Meier curves in Fig. 1. Figure 2 depicts the

Table 3 HMVLR models comparing AI/AN to other racial groups for predicting surgery

p value OR (95 % CI) p value OR (95 % CI) p value OR (95 % CI)

AI/AN versus non-AI/AN AI/AN versus White AI/AN versus African American or Black
Age 0.270 0.282 0.900
Gender: male 0.033 0.81 (0.67–0.98) 0.934 0.011 0.53 (0.33–0.87)
GCS score of 15 0.488 0.398 0.102
Multiple fractures 0.000 3.66 (2.74–4.89) 0.000 3.23 (2.26–4.62) 0.000 3.49 (1.88–6.47)
Probability of death, TMPM (log) 0.000 0.28 (0.23–0.33) 0.000 0.23 (0.18–0.29) 0.000 0.32 (0.21–0.48)
Trauma level (level 1 reference)
Level 2 0.925 0.105 0.589
Level 3 0.255 0.214 0.179

Payment (private reference)
Medicaid 0.033 0.75 (0.58–0.98) 0.865 0.161
Medicare 0.281 0.601 0.146
Other government 0.203 0.203 0.041 0.46 (0.22–0.97)
Uninsured 0.033 0.78 (0.62–0.98) 0.444 0.274
Other 0.318 0.991 0.041 0.41 (0.18–0.97)

Comorbidities 0.143 0.887 0.041 1.48 (1.02–2.15)
American Indian (race) 0.153 0.106 0.175
American Indian male (interaction) 0.024 3.58 (1.18–10.84) 0.057 0.002 6.59 (1.95–22.23)
Sample size 6436 4371 1122
AUC (95 % CI) 0.74 (0.72–0.76) 0.72 (0.70–0.72) 0.76 (0.72–0.80)

AI/AN versus Hispanic AI/AN versus Asian AI/AN versus other
Age 0.453 0.995 0.380
Gender: male 0.251 0.313 0.042 0.23 (0.06–0.95)
GCS score of 15 0.204 0.173 0.730
Multiple fractures 0.001 3.89 (1.77–8.56) 0.132 0.023 11.46 (1.39–94.36)
Probability of death, TMPM (log) 0.000 0.28 (0.17–0.46) 0.000 0.04 (0.01–0.15) 0.000 0.14 (0.06–0.33)
Trauma level (level 1 reference)
Level 2 0.449 0.814 0.486
Level 3 0.143 – 0.501

Payment (private reference)
Medicaid 0.037 0.51 (0.27–0.96) 0.052 0.851
Medicare 0.849 0.029 0.05 (0.03–0.73) 0.873
Other government 0.095 0.252 0.847
Uninsured 0.150 0.252 0.195
Other 0.739 0.996 0.967

Comorbidities 0.279 0.152 0.260
American Indian 0.521 0.881 0.181
American Indian male (interaction) 0.020 4.53 (1.27–16.18) 0.944 0.005 13.42 (2.15–83.91)
Sample size 972 236 337
AUC (95 % CI) 0.80 (0.76–0.84) 0.88 (0.79–0.97) 0.82 (0.74–0.89)
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analysis with all races and both males and females. The six
racial groups yielded 15 pairwise comparisons, of which 10
were significant (p < 0.05). The log rank test suggested time
to surgery was significantly different by race, p < 0.001.

Discussion

Inequalities in health status between AI/ANs and Europeans
and non-AI/AN Americans have been recognized for five
centuries [21]. Our results demonstrate surgical intervention
and time to initial surgery for OPLEFx vary by race. However,

this study demonstrates the AI/AN patients experience equi-
table rates of operative intervention for OPFLEx injuries, hos-
pital mortality, and discharge to rehabilitative facilities com-
pared to non-AI/AN groups, and AI/AN males received sur-
gery 2 hours earlier on average. Moreover, our findings un-
derscore the importance of the OMB recommendation that all
racial/ethnic groups be considered as distinct entities rather
than collapsing these distinctions into an aggregate Bother^
racial category. Yet it is common in this literature to do so
and obscure important findings among the injured.

For example, Shafi et al. compared non-Hispanic White,
Black, and Hispanic groups and found that ethnic minorities

AI/AN Male NNon-AI/AN Males

Fig. 1 Kaplan-Meier analysis of
time to surgery for OPLEFx by
race/ethnicity for males

Fig. 2 Kaplan-Meier analysis of
time to surgery for OPLEFx by
race/ethnicity
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were less likely to be discharged to rehabilitation after severe
blunt traumatic brain injuries [22]. Following this, Shafi et al.
found that ethnic minorities fared worse long-term functional
outcomes after traumatic brain injury compared to non-
Hispanic Whites [23]. Conversely, Osler et al. found no dif-
ference in mortality among Whites, Blacks, and Hispanics
younger than 65 years old [24]. Similarly, Branch et al.
found no difference in the timing of definitive fixation
for open femoral fractures among Whites and Blacks with
all other racial categories included under the category of
Bother race^ [25]. Despite divergent findings, these four
studies share similar methods of racial categorization, thus
leaving gaps in our understanding of healthcare equality
among smaller race/ethnic groups. Additionally, investiga-
tors have identified that misclassification of the AI/AN
people limits accurate injury and mortality rate estimates
[26]. For example, Sugarman et al. found a 69 % difference
between the number of patients listed as AI/AN in the
Oregon Injury Registry and the number of those listed as
injured in the Indian Health Service records [27]. However,
solutions have been proposed such as geocoding and sur-
name analysis or linkage between state trauma registries
and an AI/AN registry [28, 29].

Concordant with other investigators, we found that AI/
ANs were a larger proportion of patients testing positive
for alcohol on board in the emergency departments [26,
30]. In fact, the AI/AN group testing positive for alcohol
was more than twice that of the non-AI/AN group. The
association of injury, death, and alcohol in the AI/AN
population has been extensively studied and found to be
significant [10, 26]. Fortunately, successful interventions
aimed at decreasing the injury morbidity and mortality
associated with alcohol in the AI/AN population have
been described [10]. Testing positive for alcohol in the
ED bore no association with whether or not a patient
underwent surgery for OPLEFx.

We observed a significant interaction between AI/AN
and male sex favoring surgery for OPLEFx except in the
comparisons of AI/AN to White and Asian groups. The
interaction of AI/AN and male sex has been observed in
studies of healthcare disparities for AI/ANs in other areas
of concern. For example, high rates of risk taking behav-
ior, including binge drinking, have been observed in AI/
AN males compared to AI/AN females [31]. Finally, it is
noteworthy that no differences were observed in overall
mortality and discharge to rehabilitation, long-term care,
or skilled nursing facilities. This is in agreement with
previous work investigating the equality or disparity of
trauma care for AI/ANs [15].

This study has several limitations. First, the NTDB data
do not represent a population-based sample of injured
patients. Additionally, AI/ANs have been shown to be

misclassified as such in several reports. Recently, Liebler
et al. found that B…less than one third of ever–American
Indian people in the data had the same race/Hispanic
response in 2000 and 2010^ [32]. As such, the AI/AN
group in this study may be underestimated. However, we
were adequately powered to accept our hypotheses, and
the lack of misclassification would likely strengthen our
findings. Next, the retrospective clinical registry data in
the NTDB were not gathered specifically to measure
healthcare disparities among racial/ethnic groups. As
such, these data may omit important contributors to the
clinical decision making processes regarding timing of
surgical intervention. Finally, a small group (2.63 %) of
the cohort remained identified as other race due to the
taxonomy of the NTDB. We emphasize one caveat re-
garding our conclusions. Our finding of well-met needs
of surgical treatment and the time to surgery for OPLEFx
injuries among AI/ANs should not be extrapolated beyond
the endpoints of this study as an omnibus conclusion that
racial/ethnic disparities in healthcare do not exist for AI/
ANs or other minority racial/ethnic groups. Nonetheless,
the strength of this study is the large, adequately powered
cohort from over 900 trauma centers across the USA,
allowing investigation of disparities of care for AI/ANs
with OPLEFx compared to other race/ethnic groups.

Conclusion

During the years studied, reasonably equitable care was
achieved for OPLEFx for the often overlooked AI/AN people
compared to other racial/ethnic groups. As such, these find-
ings argue against broad conclusions that racial disparities
exist in trauma care, at least with regard to the treatment of
AI/AN patients for OPLEFx. Research is needed to transform
other areas of healthcare, such that racial disparities are ame-
liorated as demonstrated in the operative care of patients with
OPLEFx.
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