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Abstract

Background—Barriers to trauma care for rural populations are well documented, but little is 

known about the magnitude of urban-rural disparities in injury mortality. This study sought to 

quantify differences in injury mortality comparing rural and non-rural residents with traumatic 

injuries.

Methods—Using data from the 2009–2010 Nationwide Emergency Department Sample, multiple 

logistic regression analyses were conducted to estimate odds of death following traumatic injury 

for rural residents compared to non-rural residents, while controlling for age, sex, injury type and 

severity, comorbidities, trauma designation and Census region.

Results—Rural residents were 14% more likely to die, compared to non-rural residents (p < 

0.001). Increased odds of death for rural residents were observed at Level I (OR = 1.20, p < 

0.001), Level II (OR = 1.34, p < 0.001), and Level IV/non-trauma centers (OR = 1.23, p < 0.001). 

The disparity was greatest for injuries occurring in the South and Midwest (OR = 1.54, p < 0.001 
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and OR = 2.06, p < 0.001, respectively), and for cases with an injury severity scores less than nine, 

or unknown severity (OR = 2.09, <0.001 and OR = 1.31, p < 0.001, respectively).

Conclusions—Rural residents are significantly more likely than non-rural residents to die 

following traumatic injury. This disparity varies by trauma center designation, injury severity, and 

US Census region. Distance and time to treatment likely play a role in rural injury outcomes, along 

with regional differences in pre-hospital care and trauma system organization.

Background

Injury treatment at designated trauma centers can reduce mortality from traumatic injury,1–4 

but the majority of US residents in rural areas do not have timely access to Level I or II 

trauma centers.5 Geographic barriers to trauma care are more likely to impact racial 

minorities and people living in poverty,6 paralleling established racial and socioeconomic 

disparities in trauma mortality.7–12 Rural residents face elevated risk of traumatic injury 

compared to non-rural residents,13, 14 and injury mortality rates are higher in rural 

communities than in urban and suburban settings.15, 16 While higher injury incidence in 

rural settings can explain at least some of the difference in injury mortality rates, variation in 

outcomes within injured populations likely plays a significant role in rural injury mortality 

rates.17

Several studies have examined urban/rural differences in mortality following injuries using 

samples from small geographic areas.18, 19 Lipsky, et al. found no geographic variation in 

trauma outcomes comparing trauma mortality in rural Northern California with the Los 

Angeles Metro area; however, the authors note that the rural emergency medical services 

(EMS) system examined was well organized and used enhanced EMS practices.18 

Conversely, Svenson, et al. found that children from rural regions in Kentucky are more 

likely to die from traumatic injuries, compared to non-rural children with similar injuries.19

While existing studies demonstrate urban/rural differences in injury incidence13, 14 and 

mortality rates15, 16 using nationally representative data, we are not aware of any nationally 

representative studies exploring urban/rural variation in odds of death following injury for 

all injury mechanisms and types. This study used the Nationwide Emergency Department 

Sample (NEDS) from the Agency for Healthcare Research and Quality Healthcare Cost and 

Utilization Project to analyze geographic differences in mortality among people with 

traumatic injury, based on the National Center for Health Statistics (NCHS) Urban-Rural 

Classification Scheme.

Methods

Study Design

We performed a retrospective analysis of 2009–2010 NEDS data to determine if trauma 

mortality differs across urban/rural classification. The NEDS is an all payer sample of 

emergency department (ED) visits, including encounters resulting in discharge, transfer, 

admission, and/or death.20, 21 The 2009–2010 NEDS contains 57,445,348 ED records 

(unweighted), of which 8,949,530 include an injury as the primary diagnosis based on the 

National Trauma Data Standard (NTDS).22 The data are weighted based on geographic 

Jarman et al. Page 2

Surgery. Author manuscript; available in PMC 2017 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



region, trauma center designation, urban-rural hospital location, teaching hospital status, and 

hospital ownership in order to provide a nationally representative sample of EDs. In addition 

to the stratification fields used to weight the sample, the NEDS includes administrative, 

diagnostic, and mortality outcomes data.21

Study Sample

Our analyses included ED encounters with injury as the primary or secondary diagnosis, 

based on International Classification of Disease, Ninth Revision, Clinical Modification 
(ICD-9-CM) codes included in the NEDS data (ICD-9-CM 800–959.9). In accordance with 

the NTDS,22 we did not include encounters with superficial injury (ICD-9-CM 910–924.9), 

foreign body injury (ICD-9-CM 930–939.9) or late effects of injury (ICD-9-CM 905–909.9) 

as the only injury diagnosis. Records with missing urban-rural classification for the patient’s 

residence or unknown disposition from the hospital were excluded. We also excluded 

encounters that resulted in transfer to another hospital as transferred patients are likely to be 

represented in data from other EDs in the NEDS, and the NEDS does not include identifiers 

to facilitate tracking of patients across facilities.

Variables and Measurement

The primary outcome of interest was mortality following traumatic injury, including death in 

the ED or in the hospital following admission. The NEDS includes mortality as a categorical 

variable, with codes indicating that the patient died in the ED, died in the hospital, or did not 

die. The NEDS includes a separate variable for disposition from the ED, with codes 

indicating discharge, admission, transfer, death, or leaving against medical advice (AMA). 

For the purposes of this study, ED and hospital deaths were combined to create a single 

dichotomous variable for mortality. Encounters with an indication of death in the ED or in 

the hospital during the admission associated with the ED encounter were coded as deaths. 

Encounters with an indication of discharge from the ED, discharge from the hospital 

admission associated with the ED encounter, or leaving AMA were coded as non-deaths.

The primary independent variable of interest for this study was urban-rural classification 

based on the National Center for Health Statistics (NCHS) Urban-Rural Classification 

Scheme. The NEDS includes NCHS classification for each encounter based on the patient’s 

county of residence,23 and classifications are determined based on county population size 

and location within or outside of a metropolitan statistical area (MSA). NCHS classifications 

include large central metropolitan (at least one million residents, includes principal city in 

MSA), large fringe metropolitan (at least one million residents, in MSA), medium 

metropolitan (at least 250,000 residents, in MSA), small metropolitan (at least 50,000 

residents, in MSA), micropolitan (between 10,000 to 49,999 residents, not In MSA), and 

noncore (fewer than 9,999 residents, not in MSA).23 Based on NCHS groupings, we 

collapsed the classifications to a dichotomous rural/non-rural measure, with micropolitan 

and noncore residences classified as rural, and all others classified as non-rural.23

Our analyses also included ED trauma designation, blunt and penetrating injury, injury 

severity, comorbidities, age, sex, and geographic region as covariates. The NEDS includes 

ED trauma designation based on American College of Surgeons designation of trauma 
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centers and/or state designation with EDs coded as level I–III and a combined code for Level 

IV and non-trauma facilities.21 The NEDS masks trauma center designation when inclusion 

of this information in combination with other hospital features would make a hospital 

identifiable. Masked trauma centers ere coded as a combined Level I/II or Level I/II/III. 

Blunt and penetrating injuries were identified based on injury mechanism, which was 

extracted from medical records at each participating hospital using External Cause of Injury 

Codes (E-codes).24 Penetrating injuries included those with cutting or firearm as the 

mechanism. Blunt injuries included those caused by falls, machinery, motor vehicle traffic, 

cyclist, pedestrian, or being struck by an object. Blunt and penetrating injuries were included 

as separate dichotomous variables, and it was possible to have both or neither in a single 

observation. Injury severity in the NEDS is measured as the Injury Severity Score (ISS). 

Scores range from 1 to 75, and are calculated based on ICD-9-CM code using the method 

developed by Baker et al.25 ISS was categorized as 1–8, 9–15, 16–19, and 20 or greater. 

Records were coded as having an unknown ISS when the ISS could not be determined based 

on the available diagnosis codes. These records were included as unknown ISS in this 

analysis. Comorbidities were measured with the Charlson Comorbidity Index (CCI), which 

was calculated for each encounter based on selected diagnoses reported in the NEDS as 

ICD-9-CM codes.26 Charlson scores were coded as zero, one, and two or higher. Patient age 

and sex in the NEDS were extracted from billing data at each participating hospital.21 Age 

was coded as the patient’s age at the time of arrival in the ED, and was categorize as 

younger than 18, 18–24, 25–34, 35–44, 45–55, 54–65, and 65 or older. Patient sex was 

coded as male or female. Geographic region was coded as Northeast, South, Midwest, or 

West based the location of the treating hospital and US Census region.27

Statistical Analysis

All analyses were conducted using STATA 14.1 (StataCorp LP, College Station, TX), and 

using NEDS sampling and discharge weights to produce nationally representative patient-

level estimates and standard errors. We tabulated population characteristics by urban/rural 

status, and tested differences between groups using χ2 test for categorical. Multiple logistic 

regressions were used to calculate odds ratios comparing odds of death from traumatic 

injury for rural and non-rural, while controlling for age, sex, injury severity, presence of 

blunt and penetrating trauma, comorbidities, trauma center designation, and US Census 

region. Models were then stratified by trauma center designation, injury severity, and Census 

region.

Results

Sample Characteristics

Of the 8,949,530 records identified as injury cases, we excluded records with missing urban-

rural classification for the patient’s home address, unknown disposition for the ED, and with 

patients transferred to another medical facility (Figure 1). Patients excluded due to transfer 

disposition were less likely to have an ISS in the lowest category than the study sample 

(62.62% vs. 93.77%, p < 0.001), and more likely to be rural residents (36.82% vs. 18.83%, p 
< 0.001). Due to the large sample size, the distribution of ISS by rural residence was 
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statistically significantly different for the exclusion categories, compared to the study 

sample, but the differences were not clinically meaningful.

Age ranged from zero to one hundred years, with a mean age of 35.43 years, and the sample 

was 46.43% female. Overall, 0.21% of observations resulted in death in the ED (0.05%) or 

hospital (0.21%). The vast majority of patients had an ISS between 1 and 8 (93.77%), while 

3.47% had a score between 9 and 15, 0.54% between 16 and 19, 0.33% were 20 or higher, 

and 2.20% with unknown ISS. Most subjects had no comorbidities and a CCI of zero 

(90.47%), while 7.26% had a CCI of 1 and 2.27% had a score of 2 or higher. Modest 

differences in the distribution of age, sex, location of death, comorbidities and injury 

severity for rural and non-rural populations were statistically significant due to the size of 

the study sample, but these differences were not clinically significant (Table 1). Blunt 

injuries were observed in 55.47% of cases, and penetrating injuries were observed in 10.60% 

of cases. Rural residents were slightly less likely to have blunt injuries than non-rural 

residents (51.87% vs. 56.31%, p < 0.001), but the difference in penetrating injury was not 

clinically meaningful. Most ED encounters took place at Level IV/non-trauma centers 

(68.05%), followed by Level I (10.23%), Level II (8.34%), and Level III (6.15%). 

Encounters with masked trauma center level accounted for 7.23% of all records (2.41% 

Level I/II and 4.82% Level I/II/III). Rural residents were significantly less likely to receive 

treatment at a Level I, Level II, or masked trauma center (Level I/II or Level I/II/III) 

compared to non-rural residents (3.32% vs. 11.83%, 2.63% vs. 9.67%, 0.89% vs. 2.76%, and 

2.10% vs 5.45%, respectively; p <0.001), and more likely to receive treatment at a Level IV 

trauma center or non-trauma center (85.61% vs. 63.98%, p < 0.001). The South Census 

region accounted for the largest proportion of observations (40.54%), followed by the 

Midwest (22.20%), Northeast (20.05%), and West (17.13%). Rural residents were more 

likely be in the South and Midwest regions (50.61% vs. 38.20%, and 29.71% vs. 21.25%, 

respectively, p < 0.001), and less likely to be in the Northeast and West regions (12.67% vs. 

21.76%, and 10.00% vs. 18.78%, respectively, p < 0.001).

While urban-rural variation in the overall distribution of ISS was minimal, there were 

differences in rural/non-rural distribution of ISS when examined by trauma center level. At 

Level I centers, rural patients were more likely to have an ISS in the more severe categories 

compared to non-rural patients (15.24% vs. 4.55% with ISS 9–15, 5.52% vs. 1.14% with ISS 

16–19, and 5.48% vs. 0.96% with ISS 20+; p < 0.001), and rural patients were less likely to 

have an ISS in the lowest severity category compared to non-rural patients (73.77% vs. 

93.35% with ISS 1–8; p < 0.001). A similar pattern was observed at Level II centers 

(89.26% vs. 95.50% with ISS 1–8, 7.48% vs. 3.45% with ISS 9–15, 1.90% vs. 0.68% with 

ISS 16–19 and 1.36% vs. 0.37% with ISS 20+; p < 0.001). The distribution of injury severity 

at Level III and Level IV/Non-Trauma centers varied very little by urban-rural designation, 

but the differences were statistically significant (p < 0.001 at both levels).

Mortality Odds

Overall, rural residents were 14% more likely to die, compared to non-rural residents when 

controlling for age, sex, ISS, CCI, injury type, trauma designation, and Census region (Table 

2; OR = 1.14, p <0.001). Odds of death increased with each age category, relative to patients 
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age 18 and younger, with and 88% increase in odds of death for patients age 18–24 (p < 

0.001) to a more than six fold increase for patients age 65 or older (p < 0.001). Female 

patients were 44% less likely to die compared to otherwise similar male patients (p < 0.001). 

Compared to patients treated at Level IV/non-trauma centers, odds of death was highest for 

Level III centers (OR = 2.34, p < 0.001), followed by Level II centers (OR = 1.84, p < 

0.001), and Level I centers (OR = 1.34, p < 0.001). The odds ratios for masked trauma 

centers were 1.80 (p < 0.001) for Level I/II centers, and 2.18 (p < 0.001) for Level I/II/III 

centers. Relative to patients with ISS 1–8, odds of death increased by 26.39 times (p < 

0.001) for patients with ISS 9–15, 72.82 times for ISS 16–19, and 232.80 times for patients 

with ISS 20 or greater. Patients with unknown ISS were 5.80 times more likely to die than 

patients with ISS 1–8. Penetrating injuries were associated with a 4.37 times increase in 

odds of death (p < 0.001), while blunt injuries were not associated with increased odds of 

death. Patients with a Charlson score of 1 were 21% more likely to die than those with no 

comorbidities (p < 0.001), while those with 2 or more comorbidities were 2.36 times more 

likely to die (p < 0.001). Finally, patients in the Midwest region were 17% less likely to die 

than those in the Northeast (p < 0.001), while patients in the South were 8% more likely to 

die (p = 0.002). Odds of death did not vary for patients in the Western region (OR = 0.99, p 
= 0.828).

When stratified by trauma designation and controlling for age, sex, ISS, CCI, injury type, 

and census region, rural residents were 20% more likely to die than non-rural residents at 

Level I trauma centers (p < 0.001; Table 3), 34% more likely to die at Level II centers (p < 

0.001), and 23% more likely to die at Level IV/non-trauma centers (p < 0.001). Odds of 

death did not vary for rural residents at Level III trauma centers of masked trauma centers. 

When stratified by injury severity, odds of death were 31% higher for rural residents with 

ISS 1–8 compared to similar non-rural residents (p < 0.001), 10% higher for ISS 9–15 (p = 

0.009), 21% higher for ISS 16–19 (p = 0.001), 10% higher for ISS 20 or higher (p = 0.046). 

Rural residents with unknown ISS were more than twice as likely to die as otherwise similar 

non-rural residents (OR = 2.09, p < 0.001). When stratified by Census region, rural residents 

in the Midwest were 21% more likely to die, and rural residents in the South were 11% more 

likely to die, compared to urban residents. There was no difference in odds of death for rural 

residents in the Northeast and South.

Sensitivity Analyses

Sensitivity analyses were conducted to assess the impact of excluding patients leaving 

AMA, those with missing ISS, and those with masked trauma center designation. While 

individual coefficients varied by as much as 0.05 in each direction, the significance and 

direction of the results did not changes for any variable under any of the sensitivity analyses.

Discussion

This study demonstrates that rural residents are more likely to die from traumatic injury than 

non-rural residents when controlling for injury severity, presence of blunt and penetrating 

trauma, comorbidities, age, sex, and geographic region. This disparity was observed when 

examining mortality across all trauma designation levels combined, and was also observed at 
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Level I, II and IV/non-trauma centers. The disparity persists across injury severity 

categories, though the association was less pronounced for the highest severity categories. 

The difference in odds of death for rural residents was present in the South and Midwest 

Census regions, and was not observed in the Northeast of West regions.

Our findings regarding the role of age, sex, injury severity, comorbidities, and injury type are 

consistent with prior studies examining determinants of injury mortality.28–36 We found that 

odds of death are higher for patients treated at Level I and II trauma centers. While this may 

seem inconsistent with established lifesaving ability of trauma center care,4 this is likely a 

reflection of trauma system organization and triage decisions, with the most critically 

injured patients receiving treatment at Level I and II centers.

Our findings also suggest that injury mortality varies by Census region, with patients treated 

in the South region facing higher odds of death than in other regions, and with larger urban-

rural disparities in mortality observed in the Midwest and South. Distance from trauma 

centers and travel time are likely significant contributors to this pattern. Nearly all of 

Northeast region falls within a sixty minute drive of a Level I or II trauma center, while other 

regions have larger rural populations living more than an hour from trauma care.5 Treatment 

in the Midwest region does not predict higher odds of death, but rural residents in the 

Midwest face a greater disparity in mortality than rural residents in the South. This may be 

due to variation in time to treatment for rural residents across regions. While many rural 

residents in the both regions live more than an hour from a Level I or II trauma center, time 

to trauma center care is longer in the Midwest than in the South.5 Treatment in the West 

region does not predict mortality, and we did not observe a disparity in mortality for rural 

residents in the West region. Again, this is likely due to travel times, which are longer in the 

West than in any other Census region.5 Travel times in the West region may be long enough 

that patients are dying in transit (and not included in the NEDS), while similar patients in 

other regions die in the ED. Differences in EMS system structure and pre-hospital care also 

likely contribute to regional variation in injury mortality,37–39 including the presence of 

well-organized EMS systems in the West region, as noted by Lipsky, et al.18

Approximately 20% of the US population live in rural areas and face elevated risk of death 

from injury.23 This increased risk of death may result in part from differences in injury 

incidence,13, 14 but our findings suggest that differences in injury response also contribute to 

injury mortality in rural populations, including documented barriers to trauma center access 

for the majority of rural residents.5 Our findings are consistent with prior studies indicating 

that rural residents are more likely to die from injury that non-rural residents.19, 40 While our 

findings are not consistent with the overall findings of Lipsky et al., we do find variation in 

mortality across trauma designation levels, with no disparity found at Level III and IV 

trauma centers, which may support a similar conclusion that well organized EMS systems 

reduce mortality in populations with limited trauma center access.18

These findings suggest a significant disparity in outcomes following traumatic injury, with 

rural populations experiencing worse outcomes than non-rural populations. Due to the 

geographic distribution of various demographic groups in the US, this disparity may 

disproportionately impact racial minorities and people living in poverty.6 Little is known 
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about the causal pathway for this disparity. Time to treatment is presumed to be a significant 

factor in trauma outcomes,41 and would disparately impact rural populations,5, 6 but 

evidence for the relationship between pre-hospital time and mortality is widely 

variable.30, 32, 42–52 Other factors, such as community-level wealth and insurance 

coverage,53–55 may also contribute to geographic disparities in injury mortality. Further 

research is needed to examine the potentially complex network of factors that determine 

injury outcomes for rural residents.

Limitations

The NEDS is one of several retrospective data sets commonly used to examine injury 

outcomes. We selected the NEDS for use in this analysis due to the inclusion of urban-rural 

residence at the patient level. Urban-rural residence is either not included, or missing for 

most observations in other data sets commonly used to examine injury outcomes.56, 57 While 

the NEDS is the best data set available for this study, there are several limitations. Injury 

severity and comorbidity measures are based on diagnostic codes included in the NEDS. 

While each observation can include up to 15 diagnostic codes, this may not capture all 

relevant co-morbid conditions, and it is likely that CII scores based on NEDS data are 

artificially low. The use of diagnostic codes to estimate injury severity has been validated as 

a strong predictor of injury mortality58, but the inclusion of other severity indicators, such as 

Glascow Coma Score, would enhance our ability to control for injury characteristics. While 

the NEDS uses a stratified sampling strategy to produce a nationally representative sample, 

there are likely state level effects that are not reflected in this approach, including differences 

in EMS system organization. The NEDS does not include any measure of distance or travel 

time. Distance and travel time are closely related to rural residence status,5, 6 and may 

determine time to definitive care and the trauma designation of the treating hospital. Finally, 

the NEDS only contains data on ED encounters for patients who are alive upon arrival, and 

does not include pre-hospital deaths. This limitation may exclude the most severely injured 

patients who died prior to hospital arrival. If increased distance from a trauma center 

increases risk of death, then severely injured rural residents may disproportionately be 

excluded from the NEDS, which would decrease the observed magnitude of the difference in 

mortality between rural and non-rural residents.

Our findings are limited by the number of records excluded due to unknown disposition 

from the ED or transfer to another hospital. Rural residents were more likely to be excluded 

due to hospital transfer, which is consistent with standard hospital transfer protocols for 

patients with severe injury arriving at Level III trauma centers, Level IV trauma centers, or 

non-trauma facilities.59 If these transfers represent a more severely injured subset of 

patients, these exclusions are likely to attenuate our findings as the most severely injured 

rural residents are not represented.

Next Steps

In light of the disparity demonstrated in this study, future studies should explore differences 

in cause-specific mortality by urban-rural status, especially for penetrating injuries, that are 

most likely to benefit from rapid delivery of definitive care.30, 32 Researchers should also 

evaluate the role of distance and travel time as they relate to mortality for rural residents, 
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both for patients receiving care in the ED and for those who die prior to hospital arrival. As a 

more detailed understanding of the mortality disparity develops, researchers should explore 

differences in mortality within the rural population and examine the role of EMS and trauma 

center characteristics on trauma outcomes for rural residents.

Conclusion

Rural residents have significantly increased risk of death from traumatic injury compared to 

non-rural residents when treated at Level I or II trauma centers, even when controlling for 

injury severity and comorbidities. This disparity indicates a need to improve the response to 

and treatment of traumatic injuries in rural communities. Further research should explore 

distance and travel time to definitive hospital care as a determinant of disparity in mortality, 

as well as the role of pre-hospital care.
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Figure 1. 
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Table 1

Population characteristics by urban/rural status

Rural (%) Non-rural (%) p

Age

 Younger than 18 25.74 26.20 <0.001

 18–24 13.33 13.25 <0.001

 25–34 15.53 15.73 <0.001

 35–44 12.74 12.83 <0.001

 45–54 11.89 11.69 <0.001

 55–64 7.55 7.92 <0.001

 65 or older 12.76 12.85 <0.001

Female 46.48 46.17 <0.001

Mortality

 ED 0.05 0.05 <0.001

 Hospital 0.16 0.15 <0.001

Trauma Designation

 Level I 63.98 85.61 <0.001

 Level II 6.31 5.45 <0.001

 Level III 9.67 2.63 <0.001

 Level IV/Non-Trauma 11.83 3.32 <0.001

 Trauma level masked (I or II) 2.76 0.89 <0.001

 Trauma level masked (I, II, or III) 5.45 2.10 <0.001

ISS

 1–8 93.78 93.70 <0.001

 9–15 3.52 3.27 <0.001

 16–19 0.55 0.47 <0.001

 20 or higher 0.32 0.35 <0.001

 Missing 1.82 2.20 <0.001

Blunt injury 51.87 56.31

Penetrating injury 11.15 10.47

Charlson Comorbidity Index

 0 91.59 90.21 <0.001

 1 6.42 7.45 <0.001

 1 or more 1.99 2.33 <0.001

Census Region

 Northeast 21.76 12.67 <0.001

 Midwest 21.25 26.71 <0.001

 South 38.20 50.61 <0.001

 West 18.78 10.00 <0.001
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Table 2

Odds ratios from logistic model

Odds Ratio 95% CI p

Rural/urban status

 Non-rural Ref -- --

 Rural 1.14 1.09 – 1.19 <0.001

Age

 Younger than 18 Ref -- --

 18–24 1.88 1.17 – 2.07 <0.001

 25–34 1.81 1.64 – 1.99 <0.001

 35–44 1.83 1.66 – 2.02 <0.001

 45–54 2.19 1.99 – 2.40 <0.001

 55–64 2.79 2.54 – 3.07 <0.001

 65 or older 6.44 5.93 – 7.01 <0.001

Sex

 Male Ref -- --

 Female 0.66 0.64 – 0.68 <0.001

Trauma Designation

 Level I 1.34 1.24 – 1.45 <0.001

 Level II 1.84 1.74 – 1.95 <0.001

 Level III 2.34 2.23 – 2.45 <0.001

 Level IV/Non-Trauma Ref -- --

 Trauma level masked (I or II) 1.80 1.66 – 1.95 <0.001

 Trauma level masked (I, II, or III) 2.18 2.04 – 2.32 <0.001

ISS

 1–8 Ref -- --

 9–15 26.39 25.11 – 27.73 <0.001

 16–19 72.82 68.64 – 77.24 <0.001

 20 or higher 232.80 220.13 – 246.20 <0.001

 Unknown 5.80 5.05 – 6.65 <0.001

Blunt injury

 No Ref -- --

 Yes 1.05 1.00 – 1.10 0.063

Penetrating injury

 No Ref -- --

 Yes 4.37 4.11 – 4.65 <0.001

Charlson Comorbidity Index

 0 Ref -- --

 1 1.21 1.16 – 1.27 <0.001

 1 or more 2.36 2.26 – 2.47 <0.001
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Odds Ratio 95% CI p

Census Region

 Northeast Ref -- --

 Midwest 0.83 0.79 – 0.88 <0.001

 South 1.08 1.03 – 1.13 0.002

 West 0.99 0.94 – 1.05 0.828
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Table 3

Odds ratios for rural vs. urban residence, stratified by trauma center designation, injury severity, and Census 

region

Odds Ratio 95% CI p

Trauma center designation

 Level I 1.20 1.11 – 1.30 <0.001

 Level II 1.34 1.16 – 1.54 <0.001

 Level III 1.12 0.93 – 1.34 0.211

 Level IV/non-trauma 1.23 1.15 – 1.31 <0.001

 Masked I/II 1.03 0.79 – 1.34 0.831

 Masked I/II/III 1.05 0.84 – 1.30 0.665

Injury severity

 ISS 1–8 1.31 1.19 – 1.44 <0.001

 ISS 9–15 1.10 1.03 – 1.19 0.009

 ISS 16–19 1.21 1.09 – 1.35 0.001

 ISS 20+ 1.10 1.00 – 1.20 0.046

 Unknown ISS 2.09 1.51 – 2.91 <0.001

Census Region

 Northeast 1.10 0.97 – 1.24 0.125

 Midwest 1.21 1.11 – 1.31 <0.001

 South 1.11 1.04 – 1.18 0.002

 West 1.11 0.97 – 1.28 0.130
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