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Abstract

Introduction: Racial disparities have been both published and disputed in trauma patient 

mortality, outcomes, and rehabilitation. In this study, the objective was to assess racial disparities 

in patients with penetrating colon trauma.

Methods: The National Trauma Data Bank was searched for males aged ≥14 years from 2010 

through 2014 who underwent operative intervention for penetrating colon trauma. The primary 

outcomes for this study were stoma formation and transfer to rehabilitation; secondary outcomes 

were postoperative morbidity and mortality. Analyses were performed in 2016–2018.

Results: There were 7,324 patients identified (4,916 black, 2,408 white). Black and white 

patients underwent fecal diversion with stoma formation at a similar rate (19.6% vs 18.5%, 

p=0.28). Black patients were more likely than white patients to be uninsured (self-pay; 37.1% vs 

29.9%) and more likely to be injured by firearms (88.3% vs 70.2%, p<0.001), but had a lower 

overall postoperative morbidity rate (52.6% vs 55.3%, p=0.04). The odds of stoma formation 

(OR=0.92, 95% CI=0.78, 1.09, p=0.35) and the odds of transfer to rehabilitation (OR=1.03, 95% 

CI=0.82, 1.30, p=0.78) were similar for black versus white patients.

Conclusions: Black patients experienced similar rates of stoma formation and transfer to 

rehabilitation as white patients with penetrating colon trauma. Multivariate analysis confirmed 

expected findings that trauma severity increased the odds of receiving an ostomy and rehabilitation 
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placement. The protocol-based management approach to emergency trauma care potentially 

decreases the risk for the racial biases that could lead to healthcare disparities.

INTRODUCTION

Healthcare disparities, particularly racial disparities in health care, are of importance in 

understanding how to improve the quality of health for all patients. Racial disparities have 

been demonstrated in cancer care1,2 and surgical outcomes.3–6 Racial disparities after 

treatment for traumatic injury have been demonstrated as well, but also contradicted. One 

such study found a higher mortality rate in minority trauma patients.7 However, a study 

using the National Trauma Data Bank (NTDB) found no racial disparities in mortality when 

accounting for shock8 and another study using the National Inpatient Sample found no 

difference in trauma mortality between races in risk-adjusted models.9 Disparate outcomes 

have been demonstrated in pediatric black brain-injured patients10; formal rehabilitation has 

been shown to occur less often among brain-injured minority patients than among white 

patients.11–13 Socioeconomic factors and insurance status likely factor into these disparities.
14–16

The Centers for Disease Control and Prevention ranks trauma as the leading cause of death 

in males from age 1 to 34 years.17 The colon is the second most commonly injured organ in 

penetrating abdominal trauma.18 Still, colorectal injuries from trauma are uncommon, 

accounting for about 1% of both blunt and penetrating injuries.18,19

Historically, when repairing or resecting the colon after traumatic injury, fecal diversion was 

common. In 1943, a letter from the Office of the Surgeon General issued a mandate that all 

colon injuries receive an ostomy.20,21 Stoma formation for fecal diversion is fraught with 

adverse issues, such as patient dissatisfaction, decreased quality of life, and often the need 

for a subsequent reversal operation. Stoma cares are burdensome and appliances can be 

costly.22 Today, for most colon injuries in civilians, primary repair has become standard—

thanks to the advent of more detailed colon injury classification,23–26 improved critical care, 

more rapid operative intervention, and prospective, multicenter studies.27 Whether fecal 

diversion is performed depends heavily on the extent of colon tissue destruction, and 

management with a stoma is often still performed in more severe traumatic injuries.28 

Various factors, such as injury by firearms, affect the extent of colon tissue destruction. 

Blunt colon trauma is more often managed nonoperatively than penetrating trauma, yet the 

extent of colon tissue destruction is often more severe when an operation is required.18,24

One of the primary goals of this study is to assess the rate of stoma formation. Previous 

studies in rectal cancer and Crohn’s disease have demonstrated a higher rate of fecal 

diversion in black patients compared with white patients.3,29–31 Although these diseases are 

different from penetrating traumatic injury to the colon, findings in the above studies, which 

are adjusted for disease severity, suggest further hypotheses that black patients may be 

treated by surgeons who are not as capable of performing a quality anastomosis, resulting in 

the easier and more expeditious maneuver of a stoma, or that a surgeon is unwilling to take 

added risk and time during a procedure to attempt a high-quality anastomosis in blacks. 

Stoma formation in the current study is used as a surrogate of quality of surgical care, and 
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the hypothesis is that fecal diversion will occur more commonly in black men. The second 

goal of this study is to assess the rate of transfer to rehabilitation. Transfer to rehabilitation 

has been shown to be of importance for racial disparities in previous studies on traumatic 

brain injury11,12,32 and general trauma care.33 The hypothesis for this outcome is that black 

men are less likely to transfer to rehabilitation.

Previous literature demonstrating disparate racial outcomes in elective colorectal surgery has 

been published,3,29–31 and it is well known that penetrating trauma disproportionately 

affects more black men.34–37 Racial disparities among colon trauma have yet to be studied. 

The objective of this study is to assess racial disparities in surgical care between black and 

white patients with operatively managed penetrating colon trauma.

METHODS

Study Sample

For this retrospective review, the NTDB, the world’s largest repository of trauma registry 

data, was accessed. It includes deidentified data from trauma centers (n=747, as of 201638) 

in the U.S. and contains >7 million records.

Measures

The records of males aged ≥14 years39 were searched in the NTDB from 2010 through 2014 

to isolate those who underwent operative intervention for penetrating colon trauma. The 

cohort was limited to non-Hispanic black and non-Hispanic white patients. Those 

transferred to another facility were excluded.

To limit the database search to patients with a colon injury diagnosis, diagnosis codes from 

ICD-9-CM were used. Patients with rectal injury were excluded. To define the mechanism of 

injury, the NTDB database category “INJTYPE” was used to include only patients with 

penetrating colon injury.

The two racial groups were compared and analyzed: black men and white men. To adjust for 

confounders, data on race, age, insurance status, injury mechanism, admission Glasgow 

Coma Scale (GCS) score, admission Injury Severity Score (ISS),40 admission Abbreviated 

Injury Scale score, time to operation, comorbidities (which is also inclusive of smoking, 

alcohol use, and drug use), hospital region, trauma level, hospital setting, and number of 

trauma surgeons were used in each regression model.

Hospital-associated data were also obtained: geographic region, trauma-level status, teaching 

status, and number of trauma surgeons. A comparison of outcomes for a subpopulation, 

using only the South region of the U.S. as defined by the NTDB, was performed to examine 

potential regional differences in trauma care. This region constitutes the 16 states in the 

South U.S. Census region and also includes the most hospitals, incidents, and percentage of 

firearm injuries compared with the other regions of the NTDB.

Patients with missing data were omitted from calculations for those individual categories. 

Missing values ranged from 0.01% for ostomy creation to 13.6% for trauma center level. 
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The other missing variables with >0.01% data missing included transfer to rehabilitation 

(13.3%), time to surgery >6 hours (12.4%), hypotension on admission (8.5%), comorbidities 

(7.2%), postoperative complications (3.5%), and GCS score (2.3%). Sensitivity analysis was 

performed using imputation methods to determine whether missing values skewed results.

Primary outcome measures were stoma formation and transfer to rehabilitation. Secondary 

outcome measures were postoperative morbidity and mortality, presence of surgical site 

infection, number of hospital days, and number of intensive care unit days. ICD-9-CM 

procedure codes for diversion were used to determine ostomy status, which included 

creation of an ileostomy or a colostomy. Transfer to rehabilitation was defined as transfer to 

an inpatient rehabilitation facility, long-term care hospital, skilled nursing facility, 

intermediate-care facility, or other rehabilitation facility within the “HOSPDIS” category. 

“Overall morbidity” was created from the NTDB hospital complications category and 

included “any medical complication that occurred during the patient’s stay at [the] hospital.” 

This included 20 specific complications as well as an “other” option.

Statistical Analysis

Summary statistics are presented as frequencies and percentages for qualitative items and 

medians and interquartile ranges (IQR) for ordered and quantitative variables. Statistical 

analyses were performed in 2016–2018 using SAS, version 9.3. Chi-square or Fisher’s exact 

tests for categorical variables and the nonparametric two-sample Wilcoxon rank-sum test for 

age, GCS score, number of hospital days, and number of intensive care unit days were used 

for data analysis. Multiple logistic regression for both stoma formation and transfer to 

rehabilitation was performed. Results for race and other potential covariates are reported as 

ORs with their 95% CIs. To account for the missing values for some of the covariates used 

in the logistic regression, a sensitivity analysis was conducted using multiple imputation 

with the Markov chain Monte Carlo method.41 A p-value <0.05 was considered statistically 

significant for all analyses.

RESULTS

The final cohort in this study included 7,324 patients (4,916 black, 2,408 white) with 

penetrating colon trauma who underwent operative intervention. More than 67% of the 

cohort consisted of black patients, compared with only 33% white males, demonstrating the 

disproportionate incidence of penetrating abdominal trauma in the black population. Using 

the general male population to infer expected incidence, ≅12% of the patients would be 

expected to be black and 88% white.17,42 In the study cohort, black patients and white 

patients underwent fecal diversion with stoma formation at similar rates (19.6% vs 18.5%, 

p=0.28).

Patient-level data are summarized in Table 1. Black patients were younger (median age, 27 

years, IQR, 21–35 years) than white patients (median age, 35 years, IQR, 25–49 years). In 

addition, black patients were more likely to be uninsured (self-pay; 37.1% vs 29.9%), less 

likely to have private insurance (15.2% vs 25.7%), and more likely to be injured by firearms 

(88.3% vs 70.2%, p<0.001). Black patients had an ISS >15 more frequently than white 

patients (51.3% vs 44.9%, p<0.001). Per univariate analysis, black patients were less likely 
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to transfer to rehabilitation after their hospital admission (10.5% vs 14.1%, p<0.001). 

Subcategories of the “transfer to rehabilitation” variable were also analyzed, with black men 

less likely to transfer to most of the facilities (Appendix Table 1, available online). Mortality 

was similar between the two groups, but black patients had a lower overall morbidity (52.6% 

vs 55.3%, p=0.04).

Hospital-level data were relatively consistent for the two groups (Table 2), although black 

patients were more often treated at a Level I trauma center and university hospital settings.

A subset analysis of the South region of the NTDB was performed. This subpopulation 

included 3,297 patients (2,198 black, 1,099 white). There were no obvious differences in 

study outcomes in the South region, as compared with the entire U.S. Stoma formation was 

again similar for black and white patients (20.2% vs 19.3%, p=0.6). Median hospital days 

were the same for black men and white men (9.0, IQR, 6–17 vs 9.0, IQR, 5–19, p=0.7) and 

median intensive care unit days were fewer for black men (4.0, IQR, 2–10 vs 5.0, IQR, 3–

12, p=0.001). The South region again demonstrated a lower rate of transfer to rehabilitation 

(9.1% vs 12.8%, p=0.002) and lower overall morbidity (56.6% vs 60.7%, p=0.04) in black 

patients.

Per multivariable analysis of the records of patients who underwent stoma formation, the 

odds of stoma formation were similar for black versus white patients (Table 3). Firearm-

generated penetrating trauma, higher ISS at presentation, increased time to operation, 

Northeast region compared with the South region, and a high number of trauma surgeons 

correlated with increased odds of receiving a stoma. Self-pay patients (no insurance) had 

decreased odds of receiving an ostomy compared with those with private or government-

based health insurance.

Although univariate analysis demonstrated that fewer black patients were transferred from 

the hospital to rehabilitation, multivariable analysis did not demonstrate a significant 

difference between races (Table 4). Transfer to rehabilitation following penetrating colon 

trauma and operative intervention was associated with higher age, higher ISS, higher 

Abbreviated Injury Scale abdomen score, firearm injury, treatment in the Northeast region 

compared with the South, and the presence of private or government insurance compared 

with self-pay. Transfer to rehabilitation was negatively associated with a higher GCS at 

presentation.

Because of the missingness of data for certain variables (0.01%–13.6%), a sensitivity 

analysis was performed to test the consistency of the analyses. Using imputation, the OR for 

black race was similar to the original data for stoma formation (0.90, p=0.14 vs 0.92, 

p=0.35) and for transfer to rehab (0.95, p=0.50 vs 1.03, p=0.78). This provides evidence that 

the original analyses are generalizable even with some incomplete variables.

DISCUSSION

This study did not demonstrate a difference in stoma formation or in transfer to 

rehabilitation among black versus white patients experiencing penetrating colon trauma. As 
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expected, trauma severity (including injury by firearms and a higher ISS) increased the odds 

of stoma formation and transfer to rehabilitation.

Interestingly, patients with self-pay insurance had lower odds of stoma formation. This 

association is likely due to uncontrolled factors. It is possible that a biased decision was 

made by the surgeon to attempt to prevent additional expensive procedures and 

hospitalizations. Further work is needed to assess the relationship of insurance status in 

stoma formation.

Mortality was similar among black and white patients. However, white patients had a higher 

rate of overall postoperative morbidity. Unfortunately, these data further confirm findings 

from other studies34–37,43 that blacks suffer disproportionately from penetrating abdominal 

trauma, with a preponderance of fireman injury. In this study, blacks comprised 67% of 

males with penetrating colonic trauma who survived injury and reached the operating room, 

whereas extrapolation from Census data would predict only 12% of patients would be black 

if no disparities in injuries occurred.42 For comparison, only 7% of motor vehicle crash 

patients were black in a recent trauma study using the NTDB.8

Trauma care, unlike other specialties in medicine, involves a multidisciplinary, systematic 

approach to patients, beginning in the prehospital setting, through the designation of trauma 

centers and the use of the Advanced Trauma Life Support algorithms.44 To be designated as 

a trauma center, specific criteria must be met; quality measurement on a national level helps 

ensure that hospitals are compliant with standards of care and follow management 

approaches consistent with current evidence-based literature.44 Standardized systems often 

dictate trauma care, given the acute, emergency nature of injuries.45–47 In addition, multiple 

healthcare professionals, including multiple surgeons, are often caring for an individual 

patient, which may also play a role in reducing potential racial or other biases in trauma 

care.8 It is possible that rigorous trauma systems and adoption of the evidence-based 

guideline recommending primary repair of penetrating colon injuries have minimized racial 

disparities, potentially through decreasing the need for subjective decision making by the 

surgeon or healthcare team. Nonetheless, in some areas of trauma care, racial disparities 

persist, as evidenced by multiple studies7,10,12,48–53 and by a recent systematic review and 

meta-analysis.49 Haider et al.51,52,54 argued, in a series of articles, that perhaps unconscious 

racial bias contributes to some racial disparities in health care.

Many studies of racial disparities in trauma care have addressed rehabilitation of patients 

with brain injury.10–12 Other studies of racial disparities in trauma care have not focused on 

a specific area of injury and simply evaluated overall morbidity and mortality,7,48–50,53 

although some have looked at hospital-level factors.48,50 By contrast, this study concentrated 

on a specific injury: penetrating colon trauma that required operative intervention. This is the 

first study on racial disparities in patients with penetrating colon trauma. One prior single-

institution study on socioeconomic and insurance status disparities in patients with bowel 

injuries was found during literature review.55

In civilians, the principles of managing penetrating colon trauma have changed significantly 

over the past 50 years, favoring primary repair.23,24,57,58 In 2000, Demetriades and 
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colleagues27 advocated considering, in all patients with penetrating colon trauma, primary 

anastomosis without diversion. In patients who did undergo primary anastomosis without 

diversion (versus those who had stoma formation), a meta-analysis of six RCTs 

demonstrated a similar mortality rate and a potentially decreased complication rate.58,59 

Recently, racial and socioeconomic disparities have been demonstrated in ostomy reversal.
60,61 Studies of rectal cancer patients using national databases have demonstrated a higher 

rate of stoma formation in black (versus white) rectal cancer patients,29,30 though the disease 

factors attributing to such differences may be distinct from those in the trauma population.

Results of this study did not support the hypothesis that, in black patients, stoma formation 

rates would be higher and postoperative outcomes worse. Instead, no meaningful difference 

was found between the two racial groups.

Limitations

By using the NTDB, it is possible to capture a large cohort of patients with penetrating colon 

injury throughout the U.S. Although the NTDB has been criticized in the past for missing 

and inaccurate data, those concerns have lessened after the most recent updates of the data 

dictionary in 2007.56 One limitation of this database includes the absence of prehospital 

data, particularly transportation time, which, if prolonged, may cause tissue devitalization 

and fecal contamination, spoiling conditions for a primary repair and increasing the chance 

of stoma formation. Another concern is its potential bias of trauma data, because it includes 

records from mainly Level I and Level II trauma centers. In the past, the NTDB was able to 

link ZIP code data to income as an additional marker of SES; however, such linkage is no 

longer available. Furthermore, the NTDB does not offer data on cost of care, which could be 

useful for further analysis of disparities. The NTDB does not allow for adjustment for 

important confounders of estimated blood loss and the need for blood transfusions because 

such data were unavailable. Lastly, outcomes are limited to morbidity and mortality 

associated with the admission trauma, length of stay, and discharge disposition. Subsequent 

hospitalizations and procedures outside of the initial trauma admission, including rates and 

timing of ostomy reversal, cannot be captured within this database.

CONCLUSIONS

This study did not demonstrate a difference in stoma formation or in transfer to 

rehabilitation or rehabilitation among black versus white patients with penetrating colon 

trauma that required operative intervention. Trauma severity increased the odds of both of 

those outcomes. The acute, emergent nature of penetrating injuries and the systematic 

approach to trauma care may help protect against disparate outcomes between races, but 

further research is needed. The factors that influence racial disparities are complex, perhaps 

occurring in only certain aspects of trauma care and likely involving unconscious biases or 

even specific patient, hospital, and caregiver attributes. A protocol-based management 

approach to emergency trauma care could decrease the risk of racial disparities. Identifying 

areas that lack obvious racial disparities is as important as identifying areas where disparities 

are at play, so that future research can elucidate the mechanisms behind racial disparities in 

trauma care.
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ACKNOWLEDGMENTS

Publication of this article was supported by a grant from the National Institute on Minority Health and Health 
Disparities, National Institutes of Health [grant number U54MD008620]. The findings and conclusions in this 
article are those of the authors and do not necessarily represent the official position of the National Institute on 
Minority Health and Health Disparities or the National Institutes of Health.

No financial disclosures were reported by the authors of this paper.

REFERENCES

1. Farley J, Risinger JI, Rose GS, Maxwell GL. Racial disparities in blacks with gynecologic cancers. 
Cancer. 2007;110(2):234–243. 10.1002/cncr.22797. [PubMed: 17559136] 

2. Bach PB, Cramer LD, Warren JL, Begg CB. Racial differences in the treatment of early-stage lung 
cancer. N Engl J Med 1999;341 (16):1198–1205. 10.1056/NEJM199910143411606. [PubMed: 
10519898] 

3. Arsoniadis EG, Ho YY, Melton GB, Madoff RD, Le C, Kwaan MR. African Americans and short-
term outcomes after surgery for Crohn’s disease: an ACS-NSQIP analysis. J Crohns Colitis 
2017;11(4):468–473. 10.1093/ecco-jcc/jjw175. [PubMed: 27683803] 

4. Sukumar S, Ravi P, Sood A, et al. Racial disparities in operative outcomes after major cancer 
surgery in the United States. World J Surg 2015;39(3):634–643. 10.1007/s00268-014-2863-x. 
[PubMed: 25409836] 

5. Alavi K, Cervera-Servin JA, Sturrock PR, Sweeney WB, Maykel JA. Racial differences in short-
term surgical outcomes following surgery for diverticulitis. J Gastrointest Surg 2012;16(3):613–621. 
10.1007/s11605-011-1787-0. [PubMed: 22125173] 

6. Lucas FL, Stukel TA, Morris AM, Siewers AE, Birkmeyer JD. Race and surgical mortality in the 
United States. Ann Surg 2006;243(2):281–286. 10.1097/01.sla.0000197560.92456.32. [PubMed: 
16432363] 

7. Haider AH, Chang DC, Efron DT, Haut ER, Crandall M, Cornwell EE. Race and insurance status as 
risk factors for trauma mortality. Arch Surg 2008;143(10):945–949. 10.1001/archsurg.143.10.945. 
[PubMed: 18936372] 

8. Millham F, Jain NB. Are there racial disparities in trauma care? World J Surg 2009;33(1):23–33. 
10.1007/s00268-008-9745-z. [PubMed: 19023623] 

9. Osler T, Glance LG, Li W, Buzas JS, Wetzel ML, Hosmer DW. Trauma care does not discriminate: 
the association of race and health insurance with mortality following traumatic injury. J Trauma 
Acute Care Surg 2015;78(5):1026–1033. 10.1097/TA.0000000000000593. [PubMed: 25909426] 

10. Haider AH, Efron DT, Haut ER, DiRusso SM, Sullivan T, Cornwell EE. Black children experience 
worse clinical and functional outcomes after traumatic brain injury: an analysis of the National 
Pediatric Trauma Registry. J Trauma 2007;62(5):1259–1262. 10.1097/TA.0b013e31803c760e. 
[PubMed: 17495733] 

11. Shafi S, de la Plata CM, Diaz-Arrastia R, et al. Ethnic disparities exist in trauma care. J Trauma 
2007;63(5):1138–1142. 10.1097/TA.0b013e3181568cd4. [PubMed: 17993963] 

12. Meagher AD, Beadles CA, Doorey J, Charles AG. Racial and ethnic disparities in discharge to 
rehabilitation following traumatic brain injury. J Neurosurg 2015;122(3):595–601. 
10.3171/2014.10.JNS14187. [PubMed: 25415069] 

13. Shafi S, Marquez de la Plata C, Diaz-Arrastia R, et al. Racial disparities in long-term functional 
outcome after traumatic brain injury. J Trauma 2007;63(6):1263–1268. 10.1097/
TA.0b013e31815b8f00. [PubMed: 18212648] 

14. Greene WR, Oyetunji TA, Bowers U, et al. Insurance status is a potent predictor of outcomes in 
both blunt and penetrating trauma. Am J Surg 2010;199(4):554–557. 10.1016/
j.amjsurg.2009.11.005. [PubMed: 20359573] 

Skube et al. Page 8

Am J Prev Med. Author manuscript; available in PMC 2020 August 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



15. Haas JS, Goldman L. Acutely injured patients with trauma in Massachusetts: differences in care 
and mortality, by insurance status. Am J Public Health. 1994;84(10):1605–1608. 10.2105/
AJPH.84.10.1605. [PubMed: 7943478] 

16. Rosen H, Saleh F, Lipsitz SR, Meara JG, Rogers SO. Lack of insurance negatively affects trauma 
mortality in U.S. children. J Pediatr Surg 2009;44(10):1952–1957. 10.1016/
j.jpedsurg.2008.12.026. [PubMed: 19853754] 

17. National Center for Health Statistics. 10 Leading Causes of Death, United States. WISQARS 
Atlanta, GA: Center for Injury Prevention and Control, CDC; 2015 https://webappa.cdc.gov/
sasweb/ncipc/leadcause.html Accessed May 22, 2018.

18. Perry WB. Trauma of the Colon, Rectum, and Anus. 3rd ed New York: Springer International 
Publishing; 2016 10.1007/9783-319-25970-3_43.

19. Demetriades D, Velmahos G, Cornwell E, et al. Selective nonoperative management of gunshot 
wounds of the anterior abdomen. Arch Surg. 1997;132 (2):178–183. 10.1001/
archsurg.1997.01430260076017. [PubMed: 9041923] 

20. U.S. Army. Circular Letter no. 178. Office of the Surgeon General of the U.S Washington, DC; 10 
23, 1943.

21. Mattox KL, Moore EE, Feliciano DV. Trauma 7th ed New York, NY: McGraw-Hill Medical, 2013.

22. Shellito PC. Complications of abdominal stoma surgery. Dis Colon Rectum 1998;41(12):1562–
1572. 10.1007/BF02237308. [PubMed: 9860339] 

23. Maxwell RA, Fabian TC. Current management of colon trauma. World J Surg 2003;27(6):632–
639. 10.1007/s00268003-6762-9. [PubMed: 12724824] 

24. Cleary RK, Pomerantz RA, Lampman RM. Colon and rectal injuries. Dis Colon Rectum 
2006;49(8):1203–1222. 10.1007/s10350-006-0620-y. [PubMed: 16858663] 

25. Moore EE, Dunn EL, Moore JB, Thompson JS. Penetrating abdominal trauma index. J Trauma 
1981;21(6):439–445. [PubMed: 7230296] 

26. Moore EE, Cogbill TH, Malangoni MA, et al. Organ injury scaling, II: pancreas, duodenum, small 
bowel, colon, and rectum. J Trauma 1990;30 (11):1427–1429. 
10.1097/00005373-199011000-00035. [PubMed: 2231822] 

27. Demetriades D, Murray JA, Chan L, et al. Penetrating colon injuries requiring resection: diversion 
or primary anastomosis? An AAST prospective multicenter study. J Trauma 2001;50(5):765–775. 
10.1097/00005373-200105000-00001. [PubMed: 11371831] 

28. Durham RM, Pruitt C, Moran J, Longo WE. Civilian colon trauma: factors that predict success by 
primary repair. Dis Colon Rectum 1997;40(6):685–692. 10.1007/BF02140898. [PubMed: 
9194463] 

29. Ricciardi R, Virnig BA, Madoff RD, Rothenberger DA, Baxter NN. The status of radical 
proctectomy and sphincter-sparing surgery in the United States. Dis Colon Rectum 
2007;50(8):1119–1127. 10.1007/s10350-007-0250-5. [PubMed: 17573548] 

30. Paquette IM, Kemp JA, Finlayson SR. Patient and hospital factors associated with use of sphincter-
sparing surgery for rectal cancer. Dis Colon Rectum 2010;53(2):115–120. 10.1007/
DCR.0b013e3181bc98a1. [PubMed: 20087084] 

31. Arsoniadis EG, Fan Y, Jarosek S, et al. Decreased use of sphincter-preserving procedures among 
African Americans with rectal cancer. Ann Surg Oncol 2018;25(3):720–728. 10.1245/
s10434-017-6306-4. [PubMed: 29282601] 

32. Kane WG, Wright DA, Fu R, Carlson KF. Racial/ethnic and insurance status disparities in 
discharge to posthospitalization care for patients with traumatic brain injury. J Head Trauma 
Rehabil 2014;29(6):E10–E17. 10.1097/HTR.0000000000000028. [PubMed: 24590153] 

33. Englum BR, Villegas C, Bolorunduro O, et al. Racial, ethnic, and insurance status disparities in use 
of posthospitalization care after trauma. J Am Coll Surg 2011;213(6):699–708. 10.1016/
j.jamcollsurg.2011.08.017. [PubMed: 21958511] 

34. Rich JA, Grey CM. Pathways to recurrent trauma among young black men: traumatic stress, 
substance use, and the “code of the street.” Am J Public Health. 2005;95(5):816–824. 10.2105/
AJPH.2004.044560. [PubMed: 15855457] 

Skube et al. Page 9

Am J Prev Med. Author manuscript; available in PMC 2020 August 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://webappa.cdc.gov/sasweb/ncipc/leadcause.html
https://webappa.cdc.gov/sasweb/ncipc/leadcause.html


35. Godbold DT, Grant M, Rydman R, Smith R, Johnson T. Young black males and trauma: 
predisposing factors to presentation in an urban trauma unit. J Natl Med Assoc 1996;88(5):273–
275. [PubMed: 8667435] 

36. Griffith EE, Bell CC. Recent trends in suicide and homicide among blacks. JAMA 
1989;262(16):2265–2269. 10.1001/jama.1989.03430160087036. [PubMed: 2677427] 

37. Hu G, Webster D, Baker SP. Hidden homicide increases in the USA, 1999 2005. J Urban Health. 
2008;85(4):597–606. 10.1007/s11524-008-9287-6. [PubMed: 18509760] 

38. Chang MC. National Trauma Data Bank 2016 Annual Report. Chicago, IL: American College of 
Surgeons, 2016.

39. Hatch Q, Causey M, Martin M, et al. Outcomes after colon trauma in the 21st century: an analysis 
of the U.S. National Trauma Data Bank. Surgery. 2013;154(2):397–403. 10.1016/
j.surg.2013.05.011. [PubMed: 23889967] 

40. Baker SP, O’Neill B, Haddon W, Long WB. The injury severity score: a method for describing 
patients with multiple injuries and evaluating emergency care. J Trauma 1974;14(3):187–196. 
10.1097/00005373-197403000-00001. [PubMed: 4814394] 

41. Little RJA, Rubin DB. Statistical Analysis with Missing Data. 2nd ed Hoboken, NJ: John Wiley & 
Sons, Inc.; 2002 10.1002/9781119013563.

42. Humes K, Jones N, Ramirez R. Overview of Race and Hispanic Origin. Washington, DC: U.S. 
Census Bureau, 2010:24.

43. CDC. Non-fatal physical assault-related injuries treated in hospital emergency departments—
United States, 2000 Atlanta, GA: CDC, 2002460–463.

44. The Committee on Trauma. Resources for the Optimal Care of the Injured Patient. Chicago, IL: 
American College of Surgeons, 2014.

45. Lendrum RA, Lockey DJ. Trauma system development. Anaesthesia 2013;68(suppl 1):30–39. 
10.1111/anae.12049. [PubMed: 23210554] 

46. Celso B, Tepas J, Langland-Orban B, et al. A systematic review and meta-analysis comparing 
outcome of severely injured patients treated in trauma centers following the establishment of 
trauma systems. J Trauma 2006;60(2):371–378. 10.1097/01.ta.0000197916.99629.eb. [PubMed: 
16508498] 

47. Vali Y, Rashidian A, Jalili M, Omidvari AH, Jeddian A. Effectiveness of regionalization of trauma 
care services: a systematic review. Public Health. 2017;146:92–107. 10.1016/j.puhe.2016.12.006. 
[PubMed: 28404479] 

48. Haider AH, Ong’uti S, Efron DT, et al. Association between hospitals caring for a 
disproportionately high percentage of minority trauma patients and increased mortality: a 
nationwide analysis of 434 hospitals. Arch Surg 2012;147(1):63–70. 10.1001/archsurg.2011.254. 
[PubMed: 21930976] 

49. Haider AH, Weygandt PL, Bentley JM, et al. Disparities in trauma care and outcomes in the United 
States: a systematic review and meta-analysis. J Trauma Acute Care Surg 2013;74(5):1195–1205. 
10.1097/TA.0b013e31828c331d. [PubMed: 23609267] 

50. Haider AH, Hashmi ZG, Zafar SN, et al. Minority trauma patients tend to cluster at trauma centers 
with worse-than-expected mortality: can this phenomenon help explain racial disparities in trauma 
outcomes? Ann Surg 2013;258(4):572–579. 10.1097/SLA.0b013e3182a50148. [PubMed: 
23979271] 

51. Haider AH, Schneider EB, Sriram N, et al. Unconscious race and class bias: its association with 
decision making by trauma and acute care surgeons. J Trauma Acute Care Surg 2014;77(3):409–
416. 10.1097/TA.0000000000000392. [PubMed: 25159243] 

52. Haider AH, Schneider EB, Sriram N, et al. Unconscious race and class biases among registered 
nurses: vignette-based study using implicit association testing. J Am Coll Surg 2015;220(6):1077–
1086. 10.1016/j.jamcollsurg.2015.01.065. [PubMed: 25998083] 

53. Harris AR, Fisher GA, Thomas SH. Homicide as a medical outcome: racial disparity in deaths 
from assault in U.S. Level I and II trauma centers. J Trauma Acute Care Surg 2012;72(3):773–782. 
10.1097/TA.0b013e318226eb39. [PubMed: 22491569] 

Skube et al. Page 10

Am J Prev Med. Author manuscript; available in PMC 2020 August 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



54. Haider AH, Schneider EB, Sriram N, et al. Unconscious race and social class bias among acute 
care surgical clinicians and clinical treatment decisions. JAMA Surg 2015;150(5):457–464. 
10.1001/jamasurg.2014.4038. [PubMed: 25786199] 

55. Hazlitt M, Hill JB, Gunter OL, Guillamondegui OD. Disparities in trauma: the impact of 
socioeconomic factors on outcomes following traumatic hollow viscus injury. J Surg Res 
2014;191(1):6–11. 10.1016/j.jss.2013.05.052. [PubMed: 24731764] 

56. The Committee on Trauma. National Trauma Data Standard Data Dictionary. Chicago, IL: 
American College of Surgeons, 2017.

57. Woodhall JP, Ochsner A. The management of perforating injuries of the colon and rectum in 
civilian practice. Surgery. 1951;29 (2):305–320. [PubMed: 14817639] 

58. Welling DR, Duncan JE. Stomas and trauma. Clin Colon Rectal Surg 2008;21(1):45–52. 10.1055/
s-2008-1055321. [PubMed: 20011396] 

59. Nelson R, Singer M. Primary repair for penetrating colon injuries. Cochrane Database Syst Rev 
2003(3):CD002247 10.1002/14651858.CD002247. [PubMed: 12917927] 

60. Daluvoy S, Gonzalez F, Vaziri K, Sabnis A, Brody F. Factors associated with ostomy reversal. Surg 
Endosc 2008;22(10):2168–2170. 10.1007/s00464-008-0014-x. [PubMed: 18626708] 

61. Zafar SN, Changoor NR, Williams K, et al. Race and socioeconomic disparities in national stoma 
reversal rates. Am J Surg 2016;211 (4):710–715. 10.1016/j.amjsurg.2015.11.020. [PubMed: 
26852146] 

Skube et al. Page 11

Am J Prev Med. Author manuscript; available in PMC 2020 August 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Skube et al. Page 12

Ta
b

le
 1

.

Pa
tie

nt
-l

ev
el

 C
ha

ra
ct

er
is

tic
s 

(n
=

7,
32

4 
Pa

tie
nt

s:
 4

,9
16

 B
la

ck
, 2

,4
08

 W
hi

te
)

C
ha

ra
ct

er
is

ti
cs

W
hi

te
B

la
ck

p-
va

lu
e

A
ge

, y
ea

rs
, m

ed
ia

n 
(I

Q
R

)
35

.0
 (

25
–4

9)
27

.0
 (

21
–3

5)
<0

.0
01

In
su

ra
nc

e 
st

at
us

, n
 (

%
)

<0
.0

01

 
 

Pr
iv

at
e 

in
su

ra
nc

e
61

9 
(2

5.
7)

74
8 

(1
5.

2)

 
 

G
ov

er
nm

en
t p

ay
79

1 
(3

2.
9)

1,
68

4 
(3

4.
3)

 
 

Se
lf

-p
ay

71
9 

(2
9.

9)
1,

82
3 

(3
7.

1)

 
 

O
th

er
/u

nk
no

w
n

27
9 

(1
1.

6)
66

1 
(1

3.
5)

A
dm

is
si

on

 
 

G
C

S 
sc

or
e,

 m
ed

ia
n 

(I
Q

R
)

15
.0

 (
14

.5
–1

5)
15

.0
 (

15
–1

5)
0.

6

 
 

H
ea

d 
in

ju
ry

 d
oc

um
en

te
d,

 n
 (

%
)

84
 (

3.
5)

18
9 

(3
.8

)
0.

5

 
 

 
A

IS
 h

ea
d 

>
3

33
 (

39
.3

)
87

 (
46

.0
)

0.
4

 
 

H
yp

ot
en

si
on

 (
SB

P 
<

90
 m

m
H

g)
, n

 (
%

)
23

8 
(1

0.
5)

44
8 

(1
0.

1)
0.

6

 
 

T
im

e 
to

 p
ro

ce
du

re
 >

6 
ho

ur
s,

 n
 (

%
)

11
8 

(5
.6

)
18

6 
(4

.3
)

0.
03

 
 

IS
S 

>
15

, n
 (

%
)

1,
03

8 
(4

4.
9)

2,
35

8 
(5

1.
3)

<0
.0

01

 
 

A
IS

 a
bd

om
en

 >
3

34
9 

(1
4.

5)
79

3 
(1

6.
2)

0.
07

 
 

Ty
pe

 o
f 

pe
ne

tr
at

in
g 

in
ju

ry
, n

 (
%

)
<0

.0
01

 
 

 
C

ut
/p

ie
rc

e
71

7 
(2

9.
8)

57
3 

(1
1.

7)

 
 

 
Fi

re
ar

m
s

1,
68

9 
(7

0.
2)

4,
34

3 
(8

8.
3)

 
 

Se
le

ct
ed

 c
om

or
bi

di
tie

s,
 n

 (
%

)

 
 

 
B

le
ed

in
g 

di
so

rd
er

54
 (

2.
4)

49
 (

1.
1)

<0
.0

01

 
 

 
C

ir
rh

os
is

19
 (

0.
8)

4 
(0

.1
)

<0
.0

01

 
 

 
C

on
ge

st
iv

e 
he

ar
t f

ai
lu

re
22

 (
1.

0)
13

 (
0.

3)
<0

.0
01

 
 

 
C

ur
re

nt
 s

m
ok

er
55

5 
(2

4.
5)

1,
01

7 
(2

2.
5)

0.
07

 
 

 
C

O
PD

10
0 

(4
.4

)
27

6 
(6

.1
)

0.
00

4

 
 

 
D

ia
be

te
s 

m
el

lit
us

11
0 

(4
.9

)
10

9 
(2

.4
)

<0
.0

01

 
 

 
D

is
se

m
in

at
ed

 c
an

ce
r

11
 (

0.
5)

6 
(0

.1
)

0.
00

9

 
 

 
H

yp
er

te
ns

io
n

35
5 

(1
5.

7)
35

1 
(7

.8
)

<0
.0

01

 
 

 
M

yo
ca

rd
ia

l i
nf

ar
ct

io
n

19
 (

0.
8)

8 
(0

.2
)

<0
.0

01

 
 

 
M

or
bi

d 
ob

es
ity

 (
B

M
I 

>
40

)
17

1 
(7

.5
)

26
1 

(5
.8

)
0.

00
5

Am J Prev Med. Author manuscript; available in PMC 2020 August 06.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Skube et al. Page 13

C
ha

ra
ct

er
is

ti
cs

W
hi

te
B

la
ck

p-
va

lu
e

 
 

A
t l

ea
st

 o
ne

 N
T

D
B

 c
om

or
bi

di
ty

1,
59

2 
(7

0.
2)

2,
58

6 
(5

7.
1)

<0
.0

01

O
ut

co
m

es

 
 

St
om

a 
fo

rm
at

io
n,

 n
 (

%
)

44
6 

(1
8.

5)
96

3 
(1

9.
6)

0.
3

 
 

 
L

oo
p 

os
to

m
y

30
 (

1.
3)

13
8 

(2
.8

)
<0

.0
01

 
 

 
E

nd
 o

st
om

y
41

8 
(1

7.
4)

84
2 

(1
7.

1)
0.

8

 
 

H
os

pi
ta

l d
ay

s,
 m

ed
ia

n 
(I

Q
R

)
9.

0 
(5

–1
7)

9.
0 

(6
–1

7)
0.

1

 
 

IC
U

 d
ay

s,
 m

ed
ia

n 
(I

Q
R

)
5.

0 
(2

–1
1)

4.
0 

(2
–9

)
0.

01

 
 

C
om

pl
ic

at
io

ns
, n

 (
%

)

 
 

 
B

le
ed

in
g

22
 (

1.
0)

36
 (

0.
8)

0.
4

 
 

 
Su

pe
rf

ic
ia

l S
SI

89
 (

3.
9)

16
4 

(3
.4

)
0.

4

 
 

 
D

ee
p 

SS
I

74
 (

3.
2)

17
0 

(3
.6

)
0.

5

 
 

 
O

rg
an

 s
pa

ce
 S

SI
12

3 
(5

.4
)

25
4 

(5
.3

)
1.

0

 
 

 
O

ve
ra

ll 
m

or
bi

di
ty

1,
27

2 
(5

5.
3)

2,
50

8 
(5

2.
6)

0.
04

 
 

 
M

or
ta

lit
y

23
0 

(9
.6

)
45

2 
(9

.2
)

0.
6

 
 

T
ra

ns
fe

r 
to

 r
eh

ab
ili

ta
tio

n,
 n

 (
%

)
29

8 
(1

4.
1)

44
6 

(1
0.

5)
<0

.0
01

N
ot

e:
 B

ol
df

ac
e 

in
di

ca
te

s 
st

at
is

tic
al

 s
ig

ni
fi

ca
nc

e 
(p

<
0.

05
).

A
IS

, A
bb

re
vi

at
ed

 I
nj

ur
y 

Sc
al

e;
 C

O
PD

, c
hr

on
ic

 o
bs

tr
uc

tiv
e 

pu
lm

on
ar

y 
di

so
rd

er
; G

C
S,

 G
la

sg
ow

 C
om

a 
Sc

al
e;

 I
C

U
, i

nt
en

si
ve

 c
ar

e 
un

it;
 I

Q
R

, i
nt

er
qu

ar
til

e 
ra

ng
e;

 I
SS

, I
nj

ur
y 

Se
ve

ri
ty

 S
co

re
; S

B
P,

 s
ys

to
lic

 
bl

oo
d 

pr
es

su
re

; N
T

D
B

, N
at

io
na

l T
ra

um
a 

D
at

a 
B

an
k;

 S
SI

, s
ur

gi
ca

l s
ite

 in
fe

ct
io

n.

Am J Prev Med. Author manuscript; available in PMC 2020 August 06.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Skube et al. Page 14

Ta
b

le
 2

.

H
os

pi
ta

l-
le

ve
l C

ha
ra

ct
er

is
tic

s 
(N

=
7,

32
4 

Pa
tie

nt
s:

 4
,9

16
 B

la
ck

, 2
,4

08
 W

hi
te

)

C
ha

ra
ct

er
is

ti
cs

W
hi

te
B

la
ck

p-
va

lu
e

R
eg

io
n,

 n
 (

%
)

<0
.0

01

 
M

id
w

es
t

48
3 

(2
0.

1)
1,

22
7 

(2
5.

0)

 
N

or
th

ea
st

32
8 

(1
3.

6)
98

8 
(2

0.
1)

 
So

ut
h

1,
09

9 
(4

5.
6)

2,
19

8 
(4

4.
7)

 
W

es
t

49
8 

(2
0.

7)
50

1 
(1

0.
2)

T
ra

um
a 

ce
nt

er
 le

ve
l, 

n 
(%

)
<0

.0
01

 
L

ev
el

 I
1,

42
9 

(6
8.

4)
3,

38
8 

(7
9.

9)

 
L

ev
el

 I
I,

 I
II

, I
V

66
1 

(3
1.

6)
85

3 
(2

0.
1)

H
os

pi
ta

l t
yp

e,
 n

 (
%

)
<0

.0
01

 
C

om
m

un
ity

75
3 

(3
1.

3)
1,

15
2 

(2
3.

4)

 
N

on
te

ac
hi

ng
24

9 
(1

0.
3)

29
8 

(6
.1

)

 
U

ni
ve

rs
ity

1,
40

6 
(5

8.
4)

3,
46

6 
(7

0.
5)

N
um

be
r 

of
 tr

au
m

a 
su

rg
eo

ns
, n

 (
%

)
0.

00
8

 
0–

3
93

 (
3.

9)
19

4 
(4

.0
)

 
4–

8
1,

75
5 

(7
2.

9)
3,

41
6 

(6
9.

5)

 
>

8
56

0 
(2

3.
3)

1,
30

6 
(2

6.
6)

N
ot

e:
 B

ol
df

ac
e 

in
di

ca
te

s 
st

at
is

tic
al

 s
ig

ni
fi

ca
nc

e 
(p

<
0.

05
).

Am J Prev Med. Author manuscript; available in PMC 2020 August 06.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Skube et al. Page 15

Ta
b

le
 3

.

O
dd

s 
of

 S
to

m
a 

Fo
rm

at
io

n,
 p

er
 L

og
is

tic
 R

eg
re

ss
io

n

C
ha

ra
ct

er
is

ti
cs

O
R

 (
95

%
 C

I)
p-

va
lu

e

R
ac

e 
(b

la
ck

)
0.

92
 (

0.
78

, 1
.0

9)
0.

4

Pa
ym

en
t

 
Pr

iv
at

e 
in

su
ra

nc
e

1.
17

 (
0.

95
, 1

.4
3)

0.
1

 
G

ov
er

nm
en

t
1.

16
 (

0.
97

, 1
.3

8)
0.

1

 
O

th
er

/u
nk

no
w

n
1.

28
 (

1.
02

, 1
.6

1)
0.

03

 
Se

lf
-p

ay
 (

re
f)

–
–

In
ju

ry
 b

y 
fi

re
ar

m
3.

74
 (

2.
86

, 4
.9

0)
<0

.0
01

A
ge

 (
5-

ye
ar

 in
cr

em
en

ts
)

1.
02

 (
0.

99
, 1

.0
5)

0.
1

G
C

S 
to

ta
l s

co
re

 ≥
8

0.
91

 (
0.

73
, 1

.1
4)

0.
4

IS
S 

sc
or

e 
>

15
1.

59
 (

1.
36

, 1
.8

5)
<0

.0
01

A
IS

 a
bd

om
en

 >
3

1.
07

 (
0.

88
, 1

.3
0)

0.
5

T
im

e 
to

 p
ro

ce
du

re
 >

6 
ho

ur
s

1.
40

 (
1.

02
, 1

.9
1)

0.
04

A
t l

ea
st

 o
ne

 c
om

or
bi

di
ty

1.
00

 (
0.

86
, 1

.1
7)

1.
0

O
be

si
ty

 (
B

M
I 

≥4
0)

1.
12

 (
0.

85
, 1

.4
8)

0.
4

R
eg

io
n

 
M

id
w

es
t

0.
85

 (
0.

69
, 1

.0
4)

0.
1

 
N

or
th

ea
st

1.
23

 (
1.

02
, 1

.4
7)

0.
03

 
W

es
t

0.
86

 (
0.

65
, 1

.1
3)

0.
3

 
So

ut
h 

(r
ef

)
–

–

T
ra

um
a 

ce
nt

er
 le

ve
l I

0.
84

 (
0.

66
, 1

.0
6)

0.
1

Te
ac

hi
ng

 h
os

pi
ta

l
1.

16
 (

0.
94

, 1
.4

3)
0.

2

T
ra

um
a 

su
rg

eo
ns

 >
8

1.
30

 (
1.

12
, 1

.5
2)

0.
00

1

N
ot

e:
 B

ol
df

ac
e 

in
di

ca
te

s 
st

at
is

tic
al

 s
ig

ni
fi

ca
nc

e 
(p

<
0.

05
).

A
IS

, A
bb

re
vi

at
ed

 I
nj

ur
y 

Sc
al

e;
 G

C
S,

 G
la

sg
ow

 C
om

a 
Sc

al
e;

 I
SS

, I
nj

ur
y 

Se
ve

ri
ty

 S
co

re
.

Am J Prev Med. Author manuscript; available in PMC 2020 August 06.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Skube et al. Page 16

Ta
b

le
 4

.

O
dd

s 
of

 T
ra

ns
fe

r 
to

 R
eh

ab
ili

ta
tio

n,
 p

er
 L

og
is

tic
 R

eg
re

ss
io

n

C
ha

ra
ct

er
is

ti
cs

O
R

 (
95

%
 C

I)
p-

va
lu

e

R
ac

e 
(b

la
ck

)
1.

03
 (

0.
82

, 1
.3

0)
0.

8

Pa
ym

en
t

 
Pr

iv
at

e 
in

su
ra

nc
e

2.
54

 (
1.

89
, 3

.4
0)

<0
.0

01

 
G

ov
er

nm
en

t
2.

09
 (

1.
60

, 2
.7

3)
<0

.0
01

 
O

th
er

1.
38

 (
0.

96
, 2

.0
0)

0.
08

 
Se

lf
-p

ay
 (

re
f)

–
–

In
ju

ry
 b

y 
fi

re
ar

m
1.

64
 (

1.
21

, 2
.2

1)
0.

00
1

A
ge

 (
5-

ye
ar

 in
cr

ea
se

)
1.

24
 (

1.
19

, 1
.2

8)
<0

.0
01

G
C

S 
to

ta
l s

co
re

 ≥
8

0.
60

 (
0.

44
, 0

.8
3)

0.
00

2

IS
S 

sc
or

e 
>

15
2.

77
 (

2.
21

, 3
.4

6)
<0

.0
01

A
IS

 a
bd

om
en

 >
3

1.
33

 (
1.

03
, 1

.7
3)

0.
03

T
im

e 
to

 p
ro

ce
du

re
 >

6 
ho

ur
s

1.
44

 (
0.

97
, 2

.1
4)

0.
07

A
t l

ea
st

 o
ne

 c
om

or
bi

di
ty

0.
97

 (
0.

78
, 1

.2
0)

0.
8

O
be

si
ty

 (
B

M
I 

≥4
0)

1.
39

 (
0.

97
, 1

.9
9)

0.
07

R
eg

io
n

 
M

id
w

es
t

1.
30

 (
0.

99
, 1

.7
2)

0.
06

1

 
N

or
th

ea
st

1.
82

 (
1.

42
, 2

.3
2)

<0
.0

01

 
W

es
t

0.
95

 (
0.

65
, 1

.3
8)

0.
8

 
So

ut
h 

(r
ef

)
–

–

T
ra

um
a 

ce
nt

er
 I

0.
84

 (
0.

60
, 1

.1
7)

0.
3

Te
ac

hi
ng

 h
os

pi
ta

l
1.

15
 (

0.
86

, 1
.5

5)
0.

3

T
ra

um
a 

su
rg

eo
ns

 >
8

1.
08

 (
0.

87
, 1

.3
4)

0.
5

N
ot

e:
 B

ol
df

ac
e 

in
di

ca
te

s 
st

at
is

tic
al

 s
ig

ni
fi

ca
nc

e 
(p

<
0.

05
).

A
IS

, A
bb

re
vi

at
ed

 I
nj

ur
y 

Sc
al

e;
 G

C
S,

 G
la

sg
ow

 C
om

a 
Sc

al
e;

 I
SS

, I
nj

ur
y 

Se
ve

ri
ty

 S
co

re
.

Am J Prev Med. Author manuscript; available in PMC 2020 August 06.


	Abstract
	INTRODUCTION
	METHODS
	Study Sample
	Measures
	Statistical Analysis

	RESULTS
	DISCUSSION
	Limitations

	CONCLUSIONS
	References
	Table 1.
	Table 2.
	Table 3.
	Table 4.

