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Introduction: The United States (US) leads all high income countries in gunshot wound (GSW) deaths.
However, as a result of two decades of reduced federal support, study of GSW has been largely neglected.
In this paper we describe the current state of GSW hospitalizations in the US using population-based
data.
Patients and methods: We conducted an observational study of patients hospitalized for GSW in the
National (Nationwide) Inpatient Sample (NIS) 2004 2013. Our primary outcome is mortality after
admission and we model its associations with gender, race, age, intent, severity of injury and weapon
type, as well as providing temporal trends in hospital charges.
Results: Each year approximately 30,000 patients are hospitalized for GSW, and 2500 die in hospital. Men
are 9 times as likely to be hospitalized for GSW as women, but are less likely to die. Twice as many blacks
are hospitalized for GSW as non-Hispanic whites. In-hospital mortality for blacks and non-Hispanic
whites was similar when controlled for other factors. Most GSW (63%) are the result of assaults which
overwhelmingly involve blacks; accidents are also common (23%) and more commonly involve nonHispanic whites. Although suicide is much less common (8.3%), it accounts for 32% of all deaths; most of
which are older non-Hispanic white males. Handguns are the most common weapon reported, and have
the highest mortality rate (8.4%). During the study period, the annual rate of hospitalizations for GSW
remained stable at 80 per 100,000 hospital admissions; median inﬂation-adjusted hospital charges have
steadily increased by approximately 20% annually from $30,000 to $56,000 per hospitalization. The
adjusted odds for mortality decreased over the study period. Although extensively reported, GSW
inﬂicted by police and terrorists represent few hospitalizations and very few deaths.
Conclusions: The preponderance GSW hospitalizations resulting from assaults on young black males and
suicides among older non-Hispanic white males have continued unabated over the last decade with
escalating costs. As with other widespread threats to the public wellbeing, federally funded research is
required if effective interventions are to be developed.
© 2017 Elsevier Ltd. All rights reserved.
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The United States leads in gunshot wound (GSW) mortality
among all high income nations [1]. Firearm-related injuries
resulted in an estimated 385,769 emergency department visits
and resulted in 141,914 hospital admission and cost $88.6 billion
from 2006 to 2010 in the United States (US) [2]. The cost of GSW
extends well beyond medical treatment alone. Total lifetime costs
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for fatal and nonfatal GSW injuries sum to $44 billion and $1.4
billion, respectively [3]. Single year productivity losses due to GSW
have been estimated greater than $35 billion [4]. Several
investigators have noted annual GSW mortality rates of 28,000
35,200 deaths in reports from 1993 to 2010 [2,3,5,6]. Previous
work has shown high rates of hospitalized GSW patients are
discharged with disabilities [7]. For example, GSWs are the third
most frequent cause of traumatic spinal cord injury [8]. Until
recently, legislation prohibiting research on GSW at the Centers for
Disease Control and Prevention (CDC) and later the entire
Department of Health and Human Services has slowed understanding of the health care implications of this signature American
epidemic for the last two decades [9,10]. The lack of objective data
requires public policy to be based upon opinion and ideology alone.
Over the years, some information concerning GSW has accrued
[3,11–13]. Such reports include single institution studies [13] and
analyses of vital statistics death registries and episode tracking
systems like the National Electronic Injury Surveillance System [3].
One dataset which provides a population-based perspective of
hospitalizations for GSW is the Healthcare Cost and Utilization
Project (HCUP) National (Nationwide) Inpatient Sample (NIS). We
describe the current, demographics, in-hospital mortality, and
hospital charges for patients hospitalized following GSW in the US.
The institutional review boards from Chandler Regional Medical
Center and the University of Vermont approved this project.

Classiﬁcation of Diseases, 9th Revision, Clinical Modiﬁcation,
(ICD-9) External Cause of Injury Codes (E-Codes) describing both
the intent and the type of weapon used in ﬁrearm related injuries
as follows: unintentional ﬁrearm deaths (E922.0–E922.9), suicide
or self-inﬂicted ﬁrearm injury deaths (E955.0–E955.4), assaultrelated ﬁrearm injury (E965.0–E965.4), legal intervention injuries
by ﬁrearm (E970), terrorism involving ﬁrearms (E979.4), ﬁrearm
injuries of undetermined intent (E985.0–E985.4). The E-Codes also
describe weapon type, categorized as handgun, shotgun, hunting
riﬂe, military and other/unknown. Traumatic shock was deﬁned as
ICD-9 code 958.4 and was included as a measure of physiologic
derangement.
Patient characteristics, including gender, age, severity of injury,
race, comorbid conditions, GSW intent, gun type, insurance status,
length of stay and yearly rates of GSW admissions were tabulated
in total and by hospital discharge status. Anatomic injury severity
was computed from injury related ICD-9 codes using the Trauma
Mortality Prediction Model (TMPM) [16]. The TMPM estimates
each patient’s probability of death based only on their recorded
anatomic injuries. The TMPM better predicts mortality than does
ISS, particularly when injuries are recorded in the ICD-9 lexicon
[17]. The outcomes of interest were temporal trends of hospitalization, in-hospital mortality, length of hospital stay, and hospital
charges from the TOTCHG data ﬁeld in the NIS dataset. Payer
information is categorized as commercial/HMO, Medicare/Medicaid, and uninsured, and trended annually.

Patients and methods
Statistical analysis
A descriptive epidemiological study was performed using data
from the NIS for the ten years, 2004–2013. The NIS is an
anonymized, stratiﬁed probability sample of clinical and hospital
charge data abstracted from hospital billing data compiled by
Agency for Healthcare Research and Quality (AHRQ) and HCUP and
includes all patients covered by public and private insurers, as well
as those who are uninsured [14]. The NIS database contains data
from hospitalized patients only, thus excluding less severe injury,
emergency department (ED) treat and release patients as well as
fatally injured GSW patients who die prior to admission. Despite
the exclusion of these two groups from the NIS, important insights
can be gleaned about this middle group of patients, speciﬁcally
their race, gender and age, intent, weapon type, as well as temporal
trends of in-hospital mortality, and details about their hospital
stays. and hospital charges.
Each year the NIS provides information on approximately 8
million inpatient stays from about 1000 hospitals. The sampling
probabilities are proportional to the number of US community
hospitals in each stratum. Community hospitals are deﬁned as all
non-Federal, short-term, general, and other specialty hospitals,
excluding hospital units of institutions. Included among community hospitals are public hospitals and academic medical centers.
This universe of U.S. community hospitals is divided into strata
using ﬁve hospital characteristics: ownership/control, bed size,
teaching status, urban/rural location, and U.S. region. Prior to 2012,
the NIS included data from every hospital admission from a 20
percent sample of hospitals from “partner states”, that is, states
that submit data to the HCUP [15], a group of between 37 and 46
states over the period of this study. Beginning in 2012, the NIS
changed the sampling frame to 20 percent of discharges from all
hospitals in the partner states. To facilitate the calculation of
national estimates, trend weights and discharge weights are
provided with TRENDWT for years prior to 2012 and DISCHWT
data ﬁelds for the years 2012 and 2013. Each discharge weight
represents the number of target universe discharges that each
sampled discharge represents in its stratum.
The analysis included only patients admitted for treatment of
injuries due to GSWs as identiﬁed by the 24 International

The signiﬁcance of temporal trends were tested using Spearman's rank correlation coefﬁcients. Logistic regression was used to
model factors that were associated with dying before hospital
discharge. Predictors were selected using the method of purposeful selection, and continuous variables age and the logit
transformation of the TMPM probability of death were modeled
using second degree fractional polynomials as outlined by Hosmer,
Lemeshow and Sturdivant [18]. Interactions among predictors
were assessed and none were found to be signiﬁcant. This logistic
model was also used to examine the trend adjusted in-hospital
mortality over time. The model’s ability to discriminate survivors
from fatalities was evaluated by the area under the receiver
operating characteristic curve (ROC) [19]. The Hosmer-Lemeshow
goodness-of-ﬁt test (H-L) assessed model calibration [20]. The H-L
has been shown to be sensitive to large sample sizes [21]. Recently,
a method of bootstrapping with iterative H-L tests have been
shown to yield reliable estimates of goodness-of-ﬁt for logistic
regression models with large samples [22]. This process was done
with ten samples of 5000 observations each to evaluate the
goodness-of-ﬁt for the logistic regression model.
Discharge and trend weights provided by AHRQ were used
throughout to calculate national estimates for the outcomes of
interest, but were not used in the construction of the mortality
model; as a result standard errors for this model are somewhat
inﬂated. The U.S. Bureau of Labor Statistics Consumer Price Index
inﬂation calculator was employed to estimate the increase in
median total hospital cost in constant 2015 dollars [23]. All data
manipulation and statistical analysis was performed using Stata/
MP, version 14.2.
Results
The NIS provided data on a total of over 385 million hospital
admissions during the 10 year study period. This study was
conﬁned to the 292,595 (0.08%) patients who were admitted
following GSW, a proportion that remained stable from year to year
over the decade of study.
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GSW patients were overwhelmingly male (85.3%) and young
(median age 26); black patients were substantially over represented (45.5%). GSWs were most commonly the result of assaults
(61.2%), unintentional GSW (22.5%) or suicides (8.3%); assaults
were especially common among young black males. Non-Hispanic
whites had an average in-hospital mortality of 10.5%, which was
higher than that of other races whose mortalities ranged from 5.4%
(black) to 6.28% (Asian). In-hospital mortality among non-Hispanic
whites accounted for 45.1% of the overall mortality of the cohort
with suicide as the primary mechanism (31.1%). The category of
“undetermined intent” is likely a mix of the other intent categories
and may be proportional to the known mechanisms of intent.
Although suicide attempts were less than 10% of admissions, 35.5%
of deaths occurred because suicide was overall almost 7 times
more deadly compared to assaults or unintentional GSW. Suicide
was more common among older patients, and especially among
older non-Hispanic white patients. (Fig. 1) The type of gun was
unknown in 59.4% of cases, however when weaponry was known
handguns dominated all other weapons (77.1%) and was the most
lethal type of gun with an overall in-hospital mortality of 8.4%.
(Table 1) For assault-related GSW hospital admissions, mortality
by gun type was evenly distributed among handguns (4.5%),
shotguns (4.5%), hunting riﬂes (5.3%), and military-style guns
(4.1%).
Unadjusted in-hospital mortality ranged from 7.2% (95% CI 6.6–
7.9) to 9.1% (8.4–9.8) but showed no signiﬁcant trend over time
(p = 0.40), see Appendix A Fig. A1. Police shootings accounted for
few hospitalizations (1.8%) and 7.7% of deaths. Ten people were
hospitalized due to terrorist GSW and all 10 survived. In-hospital
mortality rates increased sharply with age in patients over the age
of 50. Among this group of patients 50 years-old and older, the
mortality climbed steeply from 10.6% to 46.4%, p < 0.001. One-ﬁfth
of the cohort hospitalized for GSW was younger than 20 years old,
and of these children and young adults, 11.6% died. Comorbid
conditions present on admission were not common. However,
among patients with comorbid diseases, in-hospital mortality was
highest among those with cancers (metastatic (23.5%), solid tumor
without metastasis (21.3%), and lymphoma (16.4%)), depression
(11.9%), and hypertension (10.7%) (Table 1).
As expected, the logistic model showed that greater degree of
anatomic injury, older age, and the presence of traumatic shock to
be strongly associated with death, as was the mechanism of selfinﬂicted GSW. After adjustment, black patients were no more likely
to succumb to their injuries compared to non-Hispanic whites; all
other races were slightly less likely to die than non-Hispanic
whites. In general, income level was not associated with inhospital mortality, although the highest income quartile was at a

3

slight in-hospital survival disadvantage. Four groups of year with
similar estimated coefﬁcients emerged after examining the nine
estimated coefﬁcients for year using 2004 as the referent: 2004,
2005–2006, 2007–2010 and 2011–2013. A model using these four
groups was ﬁt and found to be not signiﬁcantly different from the
more complicated using year at 10 levels. In addition, estimated
odds-ratios from the four group model ﬁt are simpler to interpret
for a clinical audience (Table 2) The mortality model had excellent
discrimination (ROC = 0.94) and calibration computed using the
approach suggested by Barkley22 supported model ﬁt (10 H-L tests
range 3.80–17.34, p = 0.03–0.87).
Over the study period, median hospital LOS decreased by one
day from 4 to 3 days (p < 0.001) and the median hospital charge in
constant 2015 dollars more than doubled, from $24,027 to $54,836,
(128% increase). During this period, the rates of patients with
private insurance decreased slightly (1.8%) while coverage for
Medicare and Medicaid increased by 5.2%. One-third of the cohort
had no insurance (Fig. 2).
Discussion
Each year approximately 30,000 patients are hospitalized for
GSW, and 2500 die in hospital. Men are nine times as likely to be
hospitalized for GSW as women, but are less likely to die. Fiftyseven percent more blacks are hospitalized for GSW as nonHispanic whites. In-hospital mortality for blacks and non-Hispanic
whites was similar when controlled for other factors. Most GSW
are the result of assaults, which overwhelmingly involve blacks;
accidents are also common and more often involve non-Hispanic
whites. Although suicide is much less common, it accounts for a
third of all deaths; most of which are older non-Hispanic white
males. Handguns are the most common weapon reported, and are
associated the highest death rate by gun type. During the study
period, the annual number of hospitalizations for GSW, and length
of stay remained stable; charges have steadily increased by
approximately 20% annually while the adjusted log odds for
mortality decreased.
Our population-based estimates of annual hospitalizations for
GSW in the United States are similar to those reported by Fowler,
et al., [3] as well as the Web-based Injury Statistics Query and
Reporting System (WISQARS) from the CDC [24]. While GSWs can
be immediately fatal, the consequences of GSWs for victims who
do not immediately die are also profound. Each year ﬁrearm
violence results in nearly 2500 deaths prior to hospital discharge in
the present study. It has been estimated when prehospital and
hospital deaths from GSW are combined, more than 31,000 die
annually [24]. Meanwhile, annual hospital charges for GSW have

Fig. 1. Hospital GSW assault and suicide admissions by age and Black/White race.
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Table 1
Characteristics of patients admitted for GSW 2004–2013.
All, n (%)

Lived, n (%)

Died, n (%)

Sex, Male
Female

259,650
30,787

(89.4)
(10.6)

238,115
27,854

(91.9)
(90.6)

21,100
2905

(8.1)
(9.5)

Age groups: 10–19
20–29
30–39
40–49
50–59
60–69
70–79
80–89
90–99
100+

56,084
116,020
56,454
31,633
19,706
7011
3265
1525
436
347

(19.4)
(40.1)
(19.5)
(10.9)
(5.8)
(2.4)
(1.1)
(0.5)
(0.2)
(0.1)

52,509
107,870
52,179
28,675
14,503
5779
2356
962
198
183

(93.8)
(93.1)
(92.6)
(90.8)
(87.0)
(82.5)
(72.2)
(63.1)
(45.3)
(53.4)

3490
8007
4154
2915
2171
1227
909
563
239
160

(6.2)
(6.9)
(7.4)
(9.2)
(13.0)
(17.5)
(27.8)
(36.9)
(54.7)
(46.6)

Race/Ethnicity: Black
Non-Hispanic White
Hispanic
Asian
Native American/Alaska Native
Other

119,319
67,775
43,210
2529
1735
8681

(49.1)
(27.9)
(17.8)
(1.0)
(0.7)
(3.6

103,860
68,127
39,316
2861
1547
7700

(94.6)
(89.5)
(93.5)
(93.9)
(93.2)
(90.6)

5923
8013
2737
188
114
803

(5.4)
(10.5)
(6.5)
(6.2)
(6.8)
(9.4)

Comorbid Conditions
Hypertension, Uncomplicated and Complicated
Drug Abuse
Alcohol Abuse
Chronic Lung Disease
Deﬁciency Anemia
Depression
Psychoses
Liver Disease
Solid Tumor Without Metastasis
Metastatic Cancer
Lymphoma

35,142
33,869
27,399
19,752
14,199
12,842
11,741
2068
989
653
296

(12.1)
(11.6)
(9.4)
(6.8)
(4.9)
(4.4)
(4.0)
(0.7)
(0.3)
(0.2)
(0.1)

32,537
33,053
26,441
18,761
13,258
11,301
11,187
1828
783
505
248

(92.6)
(97.6)
(96.5)
(95.0)
(93.4)
(88.0)
(95.3)
(88.4)
(79.2)
(77.3)
(83.8)

2605
816
958
991
942
1541
555
241
206
149
48

(7.4)
(2.4)
(3.5)
(5.0)
(6.6)
(12.0)
(4.7)
(11.6)
(20.8)
(22.7)
(16.2)

Intent: Assaults
Unintentional
Suicide
Undetermined
Law enforcement
Terrorism

179,793
65,502
24,624
17,401
5266
10

(61.5)
(22.4)
(8.4)
(6.0)
(1.8)
(<0.01)

169,687
62,399
15,924
15,226
4780
10

(94.5)
(95.4)
(64.8)
(87.6)
(92.3)
(<0.01)

9902
3034
8648
2152
399
0

(5.5)
(4.6)
(35.25)
(12.4)
(7.7)

Gun Type: Other/Unknown
Handgun
Shotgun
Hunting Riﬂe
Military

173,291
92,144
20,686
5691
785

(59.2)
(31.5)
(7.1)
(1.9)
(0.3)

158,910
83,657
19,429
5274
756

(91.9)
(90.9)
(94.0)
(92.8)
(96.3)

14,080
8379
1233
413
29

(8.1)
(9.1)
(6.0)
(7.3)
(3.7)

TMPMa probability of death, median (IQR)
Insured
Length of stay, median days, (IQR)

0.019
160,284
4

(0.05)
(61.9)
(7)

0.017
146,674
4

(0.03)
(91.6)
(6)

0.329
13,444
1

(0.52)
(8.4)
(2)

Year: 2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
Died

31,644
29,138
29,449
30,227
26,119
27,099
36,883
27,161
28,106
26,775
24,133

(10.8)
(10.0)
(10.1)
(10.3)
(8.9)
(9.3)
(12.6)
(9.3)
(9.6)
(9.2)
(8.3)

28,767
27,030
27.79
27,760
24,084
24,755
33,397
24,900
25,721
24,535

(90.9)
(92.8)
(92.0)
(91.9)
(92.2)
(91.6)
(90.9)
(92.0)
(91.6)
(91.8)

2873
2085
2341
2434
2035
2280
3358
2180
2346
2205

(9.1)
(7.6)
(8.0)
(8.1)
(7.8)
(8.4)
(9.1)
(8.1)
(8.4)
(8.3)

a

Trauma Mortality Prediction Model.

grown to nearly $3 billion, a cost that does not include professional
fees, lost income, lost tax revenue, or the human cost in pain,
disability, and bereavement. When medical cost and work loss
costs are combined, the annual burden exceeds $48 billion [3].
An unexpected ﬁnding was that the adjusted average inhospital mortality for patients admitted to hospitals following
GSW injury has decreased over the last decade by 40%. This may be
the result of better trauma systems, including advances in care

from emergency medical services and the acute care surgical
management of GSW patients once they arrive at the ED. Although
some reports from individual centers have found an increase in inhospital mortality during an overlapping time frame [13], an in
depth evaluation of trauma systems and practice patterns is
beyond the scope of this study. Because the rate of GSW admissions
has not changed, this decrease in GSW in-hospital mortality has
had the apparent effect of decreasing the overall number of
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Table 2
Predictors of hospital mortality in patients admitted for GSW 2004–2013.a
Odds Ratioa

95% Conﬁdence Interval

P-value

Sex, Male

1.22

1.06–1.40

0.005

GSW Intent, Reference: Unintentional
Suicide
Assaults
Other/Undetermined

3.69
0.91
1.72

3.15–4.32
0.80–1.04
1.44–2.06

<0.001
0.16
<0.001

Year, Reference: 2004
2005–2006
2007–2010
2011–2013

0.83
0.81
0.61

0.70–0.99
0.69–0.94
0.52–0.72

0.04
0.006
<0.001

Race/Ethnicity, Reference: non-Hispanic White
Black
Hispanic
Asian
Native American/Alaska Native
Other

0.99
0.89
0.58
0.58
1.44

0.88–1.12
0.77–1.03
0.36–0.94
0.30–1.10
1.14–1.80

0.93
0.13
0.03
0.10
0.002

Zip Code Income Quartile, Reference: Highest
2
3
4
Shock

0.98
1.03
1.07
3.01

0.88–1.09
0.91–1.17
0.91–1.26
2.67–3.39

0.71
0.67
0.40
<0.001

a

Adjusted for age and severity of injury, included but coefﬁcients not shown, using the following fractional polynomial transformation.
Age1 = AGE Age2 = AGEln(AGE).
TMPM1 = TMPM3 TMPM2=X3ln(TMPM).
OR: using the (1,1) for Age and (3,3) for TMPM.

Fig. 2. Payer mix for GSW patients 2004–2013.

“homicides”, that is, assault-related GSW that result in death. It is
likely that such improvements are, at least, in part due to the
efforts of frontline health care providers, though other reasons
have been suggested by pundits, politicians and police commisioners [25–37].
The continuing burden of GSWs can be thought of as the tragic
conﬂuence of two distinct phenomena linked only by the
coincidence of having guns as their common mechanism: the
ﬁrst is an epidemic of assaults upon young black men, the second
an epidemic of suicides among older non-Hispanic white men.
Other investigators have observed a similar association of suicide

by ﬁrearm among middle-aged non-Hispanic white men, persons
with cancer, and chronic illnesses like end-stage renal disease
[38–42]. Because these phenomena are quite different, distinct
policy initiatives will be required to combat them. Thus, while
expanded psychiatric and hospice care may mitigate the selfinﬂicted gun violence found in older males, an entirely different
approach will be required to address the epidemic of GSW that are
the result of assaults on young, largely black, men. In fact,
Wintemute observed that GSW was the leading cause of death for
black males, ages 15–34 [43]. However, because guns, and
handguns in particular, are involved in both epidemics, initiatives
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aimed at handguns are an obvious starting point. Speciﬁc policy
proposals are the province of our legislators, but, because the very
high cost of treating gunshot wounds is unlikely to decrease,
policies aimed at preventing GSWs are an economic necessity.
Citizens reasonably look to their governments for remedy when
the public welfare is threatened. In matters of healthcare, federal
agencies like the National Institutes of Health and the CDC are
charged with understanding and combating epidemics. For
example, in 2004 US federal funding for domestic and international HIV/AIDS research was estimated to total $3 billion [44].
However, beginning in 1997 congress has discouraged research
into GSW. The Omnibus Consolidated Appropriations Act of 1997
explicitly stated, “ . . . none of the funds made available for injury
prevention and control at the CDC may be used to advocate or
promote gun control [9].” Research into the epidemic of GSW was
further impeded by the Consolidated Appropriations Act of 2012
which further banned ﬁrearm-related medical research throughout the entire U.S. Departments of Health and Human Services,
Labor and Education by prohibition of the use of funds for the
“ . . . advocacy or promotion of gun control [10].” In the absence of
such funding, prospective prevention initiatives are unlikely to be
developed and studied.
Based upon the results of this study, one can conservatively
estimate over 500,000 people have been hospitalized due to GSW
injuries and approximately 45,000 have died since the ratiﬁcation
of the Omnibus Consolidated Appropriations Act of 1997 at a cost
of more than $45 billion in 2015 dollars. In January of 2013,
President Barack Obama issued a memorandum calling for the
Department of Health and Human Services, through the CDC to
“ . . . conduct or sponsor research into the causes of gun violence
and the ways to prevent it [45].” However, no government
appropriations or reversal of the ban on federal funding of ﬁrearm
research has occurred. Like most GSW studies in the literature, the
present study was investigator funded.

A notable strength of this study is the population-based nature
of the dataset that allows for inferences that are more generalizable than those from single institutions. This study has limitations.
First, although the NIS samples all hospital admissions, it is an
administrative, not clinical, database. Like other studies of
administrative data, ours is subject to the same problemss,
including variation in diagnosis accuracy and data completeness.
A second limitation is the inability to identify the number of times
a patient was shot from the NIS dataset, because it is known that
multiple GSW increase mortality [13,46]. However, use of the
TMPM captured all injuries, so the addition of number of GSW is
unlikely to affect the study’s conclusions.
Conclusions
Tens of thousands of injuries, hospital admissions, and deaths,
combined with the billions of healthcare dollars spent are the
annual toll of GSW in the United States. The twin epidemics of GSW
assaults on young black men and GSW suicides by older nonHispanic white men persisted over the decade of this study,
suggesting that multiple strategies will be required to address this
public health crisis. Every epidemic requires that a government
fund the research required to protect its citizens; the epidemic of
GSW injury and death is no different.
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Fig. A1. GSWs per 100,000 admits per year.

Please cite this article in press as: A. Cook, et al., Gunshot wounds resulting in hospitalization in the United States: 2004–2013, Injury (2017),
http://dx.doi.org/10.1016/j.injury.2017.01.044

G Model
JINJ 7076 No. of Pages 7

A. Cook et al. / Injury, Int. J. Care Injured xxx (2016) xxx–xxx

References
[1] Richardson EG, Homicide Hemenway D. suicide, and unintentional ﬁrearm
fatality: comparing the United States with other high-income countries, 2003.
J Trauma 2011;70:238–43.
[2] Lee J, Quraishi SA, Bhatnagar S, Zafonte RD, Masiakos PT. The economic cost of
ﬁrearm-related injuries in the United Statesfrom 2006 to 2010. Surgery
2014;155:894–8.
[3] Fowler KA, Dahlberg LL, Haileyesus T, Annest JL. Firearm injuries in the United
States. Prev Med 2015;79:5–14.
[4] Corso P, Finkelstein E, Miller T, Fiebelkorn I, Zaloshnja E. Incidence and lifetime
costs of injuries in the United States. Inj Prev 2015;21:434–40.
[5] Centers for Disease Control Prevention. Nonfatal and fatal ﬁrearm-related
injuries—United States, 1993–1997. MMWR: Morbidity and mortality weekly
report 1999; 48: 1029-1034.
[6] Gotsch KE, Annest JL, Mercy JA, Ryan GW. Surveillance for fatal and nonfatal
ﬁrearm-related injuries—United States, 1993–1998. MMWR Morb Mortal
Wkly Rep 2001;50:1–32.
[7] DiScala C, Sege R. Outcomes in children and young adults who are hospitalized
for ﬁrearms-related injuries. Pediatrics 2004;113:1306–12.
[8] Jain NB, Ayers GD, Peterson EN, Harris MB, Morse L, O’Connor KC, et al.
Traumatic spinal cord injury in the United States, 1993–2012. JAMA
2015;313:2236–43.
[9] Omnibus Consolidated Appropriations Act of 1997. Public Law No 104–108, 110
Stat 3009. .
[10] Consolidated Appropriations Act of 2012. Public Law No. 112-74, 125 Stat. 1085.
.
[11] Firearm Injury in the United States. Firearm and Injury Center at Penn. http://
www.uphs.upenn.edu/ﬁcap/resourcebook/pdf/monograph.pdf. Accessed
February 24, 2016.
[12] Fleegler EW, Lee LK, Monuteaux MC, Hemenway D, Mannix R. Firearm
legislation and ﬁrearm-related fatalities in the United States. JAMA Intern Med
2013;173:732–40.
[13] Livingston DH, Lavery RF, Lopreiato MC, Lavery DF, Passannante MR.
Unrelenting violence: an analysis of 6, 322 gunshot wound patients at a
Level I trauma center. J Trauma Acute Care Surg 2014;76:2–9 discussion 11.
[14] National Inpatient Sample and Nationwide Impatient (NIS). Healthcare Cost
and Utilization Project (HCUP). Rockville, MD: Agency for Healthcare Research
and Quality; (2004–2013) (Accessed December 30, 2015, at www.hcup-us.
ahrq.gov/nisoverview.jsp).
[15] Healthcare Cost and Utilization Project (HCUP) Nationwide Inpatient Sample
(NIS) Database Documentation. Agency for Healthcare Research and Quality.
http://www.hcup-us.ahrq.gov//db/nation/nis/nisdbdocumentation.jsp
Accessed July 10, 2016.
[16] Glance LG, Osler TM, Mukamel DB, Meredith W, Wagner J, Dick AW. TMPMICD9: a trauma mortality prediction model based on ICD-9-CM codes. Ann
Surg 2009;249:1032–9.
[17] Cook A, Weddle J, Baker S, Hosmer D, Glance L, Friedman L, et al. A comparison
of the injury severity score and the trauma mortality prediction model. J
Trauma Acute Care Surg 2014;76:47–52 discussion 3.
[18] Hosmer DW, Lemeshow S, Sturdivant RX. Applied Logistic Regression.
Hoboken, New Jersey: John Wiley & Sons, Inc; 2013.
[19] Hanley J, McNeil B. The meaning and use of the area under a receiver operating
characteristic (ROC) curve. Radiology 1982;143:29–36.
[20] Hosmer DW, Lemesbow S. Goodness of ﬁt tests for the multiple logistic
regression model. Commun Stat Theory Methods 1980;9:1043–69.
[21] Kramer AA, Zimmerman JE. Assessing the calibration of mortality benchmarks
in critical care: the Hosmer-Lemeshow test revisited. Crit Care Med
2007;35:2052–6.
[22] Barkley A. Evaluating goodness-of-ﬁt for a logistic regression model using the
Hosmer-Lemeshow test on samples from a large data set. Unpublished
Masters Thesis. Columbus, OH, USA: Department of Biostatistics, School of
Public Health, The Ohio State University; 2014.
[23] Consumer Price Index Inﬂation Calculator. U.S. Bureau of Labor Statistics.
http://www.bls.gov/data/inﬂation_calculator.htm. Accessed January 4, 2016.

7

[24] Centers for Disease Control and Prevention, Control NCfIPa Web-based Injury
Statistics Query and Reporting System (WISQARS). Centers for Disease Control
and Prevention. http://www.cdc.gov/ncipc/wisqars. Accessed July 9, 2016.
[25] Kutcher ME, Kornblith LZ, Narayan R, Curd V, Daley AT, Redick BJ, et al. A
paradigm shift in trauma resuscitation: evaluation of evolving massive
transfusion practices. JAMA Surg 2013;148:834–40.
[26] Harris AR, Thomas SH, Fisher GA, Hirsch DJ. Murder and medicine the lethality
of criminal assault 1960–1999. Homicide Stud 2002;6:128–66.
[27] Holcomb JB, Jenkins D, Rhee P, Johannigman J, Mahoney P, Mehta S, et al.
Damage control resuscitation: directly addressing the early coagulopathy of
trauma. J Trauma Acute Care Surg 2007;62:307–10.
[28] Shrestha B, Holcomb JB, Camp EA, Del Junco DJ, Cotton BA, Albarado R, et al.
Damage-control resuscitation increases successful nonoperative management
rates and survival after severe blunt liver injury. J Trauma Acute Care Surg
2015;78:336–41.
[29] Chovanes J, Cannon JW, Nunez TC. The evolution of damage control surgery.
Surg Clin North Am 2012;92:859–75.
[30] Ehrenfreund M, We’ve had a massive decline in gun violence in the United
States. Here’s why. The Washington Post. https://www.washingtonpost.com/
news/wonk/wp/2015/12/03/weve-had-a-massive-decline-in-gun-violencein-the-united-states-heres-why/. Accessed July 10, 2016.
[31] Ford M, What caused the great crime decline in the U.S.? The Atlantic. http://
www.theatlantic.com/politics/archive/2016/04/what-caused-the-crimedecline/477408/. Accessed July 10, 2016.
[32] Francis D, What Reduced Crime in New York City. National Bureau of Economic
Research. http://www.nber.org/digest/jan03/w9061.html. Accessed July 10,
2016.
[33] Holcomb JB, Del Junco DJ, Fox EE, Wade CE, Cohen MJ, Schreiber MA, et al. The
prospective, observational, multicenter, major trauma transfusion
(PROMMTT) study: comparative effectiveness of a time-varying treatment
with competing risks. JAMA Surg 2013;148:127–36.
[34] Savage SA, Zarzaur BL, Croce MA, Fabian TC. Redeﬁning massive transfusion
when every second counts. J Trauma Acute Care Surg 2013;74:396–402.
[35] Johnson JW, Gracias VH, Schwab CW, Reilly PM, Kauder DR, Shapiro MB, et al.
Evolution in damage control for exsanguinating penetrating abdominal injury.
J Trauma 2001;51:261–71.
[36] Higa G, Friese R, O'Keeffe T, Wynne J, Bowlby P, Ziemba M, et al. Damage control
laparotomy: a vital tool once overused. J Trauma Acute Care Surg 2010;69:53–
9.
[37] Brenner ML, Moore LJ, DuBose JJ, Tyson GH, McNutt MK, Albarado RP, et al. A
clinical series of resuscitative endovascular balloon occlusion of the aorta for
hemorrhage control and resuscitation. J Trauma Acute Care Surg 2013;75:506–
11.
[38] Hu G, Wilcox HC, Wissow L, Baker SP. Mid-life suicide: an increasing problem
in US Whites, 1999–2005. Am J Prev Med 2008;35:589–93.
[39] Misono S, Weiss NS, Fann JR, Redman M, Yueh B. Incidence of suicide in
persons with cancer. J Clin Oncol 2008;26:4731–8.
[40] Kurella M, Kimmel PL, Young BS, Chertow GM. Suicide in the United States endstage renal disease program. J Am Soc Nephrol 2005;16:774–81.
[41] Juurlink DN, Herrmann N, Szalai JP, Kopp A, Redelmeier DA. Medical illness and
the risk of suicide in the elderly. Arch Intern Med 2004;164:1179–84.
[42] Romero MP, Wintemute GJ. The epidemiology of ﬁrearm suicide in the United
States. J Urban Health 2002;79:39–48.
[43] Wintemute GJ. The epidemiology of ﬁrearm violence in the twenty-ﬁrst
century United States. Annu Rev Public Health 2015;36:5–19.
[44] Summers T, Kates J. Trends in US Government Funding for HIV/AIDS. . p. 7032. .
Available at www.kff.org..
[45] Obama B. Presidential Memorandum – Engaging in public health research on
the causes and prevention of gun violence. Washington, DC: The White House;
2013 at.
[46] Sauaia A, Gonzalez E, Moore HB, Bol K, Moore EE. Fatality and severity of
ﬁrearm injuries in a Denver trauma center, 2000–2013. JAMA 2016;315:2465–
7.

Please cite this article in press as: A. Cook, et al., Gunshot wounds resulting in hospitalization in the United States: 2004–2013, Injury (2017),
http://dx.doi.org/10.1016/j.injury.2017.01.044

