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Abstract
Objective: To describe the prevalence, trends, correlates, and short-term outcomes of inpa-

tient hospitalizations for firearm-related injuries (FRIs) in the United States between 1998 and 

2011.

Methods: We conducted a retrospective, cross-sectional analysis of inpatient hospitalizations 

using data from the Nationwide Inpatient Sample. In addition to generating national prevalence 

estimates, we used survey logistic regression to calculate odds ratios (ORs) and 95% confidence 

intervals (CIs) for the association between FRIs and patient/hospital-level characteristics. Tempo-

ral trends were estimated and characterized using joinpoint regression.

Results: There were 10.5 FRIs (95% CI: 9.2–11.8) per 10,000 non-maternal/neonatal inpatient 

hospitalizations, with assault accounting for 60.1% of FRIs, followed by unintentional/accidental 

(23.0%) and intentional/self-inflicted FRIs (8.2%). The highest odds of FRIs, particularly FRIs 

associated with an assault, was observed among patients 18–24 years of age, patients 14–17 years 

of age, patients with no insurance/self-pay, and non-Hispanic blacks. The mean inpatient length of 

stay for FRIs was 6.9 days; however, 4.7% of patients remained in the hospital over 24 days and 

1 in 12 patients (8.2%) died before discharge. The mean cost of an inpatient hospitalization for a 

FRI was $22,149, which was estimated to be $679 million annually; approximately two-thirds of 

the annual cost (64.7%) was for assault ($439 million).

Conclusion: FRIs are a preventable public health issue which disproportionately impacts 

younger generations, while imposing significant economic and societal burdens, even in the ab-

sence of fatalities. Prevention of FRIs should be considered a priority in this era of healthcare cost 

containment.
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Introduction
Firearm-related injuries (FRIs) have long been 

a major public health concern. In 2013 alone, 

over 32,000 people in the United States (US) 

died as a result of a FRI (nearly 4 people every 

minute), including 193 children less than 

15 years of age [1]. Despite the overwhelm-

ing attention on immediately fatal FRIs, 

there have been 43 non-fatal FRIs for every 

fatality since 2000 [2]. Most non-fatal FRIs 
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result in lengthy hospital stays, a diminished quality of life 

for the surviving victim, and considerable economic costs to 

society [3–5].

Although the frequency of FRIs in the US decreased pre-

cipitously between 1990 and 1999, the rate has plateaued 

during the 2000s [6]. There is little evidence, however, regard-

ing a variation in FRI trends, short-term outcomes, or annual 

medical care expenditures over the past decade across soci-

odemographic and geographic subgroups, or in the underly-

ing reasons for FRIs (e.g., assault, accident, or self-inflicted). 

Therefore, the primary aims of this study were as follows: (1) 

describe the frequency, prevalence, and temporal trends of 

inpatient hospitalizations for FRIs in the US between 1998 and 

2011; (2) investigate individual- and hospital-level sociode-

mographic and clinical characteristics that are associated with 

FRIs and FRI subtypes; and (3) estimate indices of healthcare 

utilization, the costs of inpatient care, and in-hospital mortality 

among patients hospitalized for a FRI.

Methods
Study design and data source
We conducted a retrospective, cross-sectional analysis of inpa-

tient hospitalizations in the US between 1 January 1998 and 

31 December 2011 using data from the Nationwide Inpatient 

Sample (NIS). The NIS is part of a collection of healthcare 

databases created under the Healthcare Cost and Utilization 

Project (HCUP), and it currently constitutes the largest all-

payer, publicly-available inpatient database in the US [7]. The 

NIS stratifies all non-federal community hospitals from par-

ticipating states into groups according to the following five 

characteristics: geographic region of the US; urban location; 

rural location; number of beds; and type of ownership. Then, 

within each stratum, a 20% sample of hospitals is drawn using 

systematic random sampling to ensure unbiased geographic 

representation [7]. All inpatient hospitalization records from 

selected hospitals are included in the NIS, and HCUP provides 

discharge-level sampling weights so that national frequency 

and prevalence estimates take into account the two-stage 

cluster sampling design. The NIS contains approximately 

7 million inpatient hospitalizations each year (36 million when 

weighted), and has grown from 22 participating states in 1998 

to 46 in 2011.

Study population
In this study, we were interested in identifying inpatient hos-

pitalizations associated with FRIs. Our definition of a fire-

arm in this study included handguns, shotguns, hunting rifles, 

military firearms, and other/unspecified firearms; however, 

we did not consider air guns, paintball guns, or explosive 

devices as firearms. A hospitalization was considered to have 

occurred as a result of a FRI and was subsequently classified 

according to the manner/intent of the injury using the fol-

lowing International Classification of Diseases, 9th Revision, 

Clinical Modification (ICD-9-CM) E-codes: E965.0-E965.4, 

E979.4 (assault); E922.0-E922.3, E922.8, E922.9 (uninten-

tional); E955.0-E955.4 (intentional/self-inflicted); E970 (legal 

intervention); and E985.0-E985.4 (other or unknown manner/

intent). For the small proportion of records that included codes 

for more than one manner/intent category (0.1%), the final 

classification was hierarchical, so that groups were mutually 

exclusive and did not have dual membership. Classification 

ordering was as follows: assault; accident; self-inflicted; and 

legal intervention. For example, if a discharge record had codes 

for both assault and legal intervention, it would be classified as 

assault. Discharge records without at least one of these codes 

were considered as a non-FRI hospitalization. We excluded dis-

charge records, regardless of the presence of a FRI, in which 

the primary reason for admission was associated with preg-

nancy, childbirth, or the neonatal period. These were identified 

using major diagnostic categories 14 (“pregnancy, childbirth, 

and the puerperium”) and 15 (“newborns and other neonates 

with conditions originating during the perinatal period”), and 

using an HCUP-created variable that indicated neonatal and/or 

maternal diagnoses and procedures. The reason for the exclu-

sion of maternal and neonatal discharge records was that these 

discharges represented nearly one-fourth (23.5%) of all inpa-

tient discharges in the US between 1998 and 2011, but were 

much less likely to be at risk for a FRI (the discharges make up 

only 0.38% of all FRIs in the NIS). Therefore, we felt preva-

lence estimates would be more accurate by considering the rate 

of FRIs among non-maternal/neonatal inpatient discharges.

Individual- and hospital-level covariates
We used ICD-9-CM codes to ascertain other clinical details 

for each FRI hospitalization, including the type of firearm 
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involved (e.g., handgun, shotgun, hunting rifle, or military fire-

arm), the geographic location of the injury (home/residential 

area vs. away from home), and the site of the injury (head, 

trunk, upper extremity, lower extremity, multiple sites, or 

unknown). We documented whether or not the patient had 

a mental illness, including adjustment, anxiety, disruptive 

behavior, impulse control, mood, personality, and psychotic 

disorders, or use/abuse of alcohol or illicit substances. For 

each discharge record, the NIS contains individual-level soci-

odemographic characteristics. The patient age in years was 

categorized as follows: <14; 14–17; 18–24; 25–34; 35–44; 

45–54; 55–64; and ≥65. Self-reported race/ethnicity was first 

stratified on ethnicity (Hispanic or non-Hispanic [NH]), and 

the NH group was further subdivided by race (white, black, 

or other). The primary payer was classified into government 

(Medicare/Medicaid), private (commercial carriers, and pri-

vate HMOs and PPOs), and other, including self-pay and no 

charge. Using the patient’s residential zip code, HCUP pro-

vided quartiles of estimated median household incomes. We 

also considered several characteristics of the treating hospi-

tal, including US census region (northeast, midwest, south, or 

west), location (urban or rural), bed size (small, medium, or 

large), and teaching status (teaching or non-teaching).

Outcomes
We examined several short-term outcomes associated with 

hospitalization for a FRI. Length of stay (LOS) was used as a 

proxy for the level of healthcare utilization, and for the sever-

ity of complications resulting from the FRI. In addition to the 

mean LOS, we also considered the proportion of FRIs requir-

ing a prolonged hospitalization, which was defined as a LOS 

≥95th percentile among all FRIs (>24 days in our sample). 

The NIS does not capture events beyond the current hospi-

talization; therefore, we were only able to assess in-hospital 

mortality or death before discharge. The cost of inpatient care 

associated with FRIs was estimated using the total hospital 

charges reported for the patient’s hospitalization. Unadjusted 

charges can be a misleading indicator because the markup 

from the cost for the hospital to provide services to what is 

ultimately charged varies significantly across hospitals, among 

different departments within the same hospital, and over time 

[8, 9]. To obtain a more accurate estimate of actual cost, we 

adjusted total charges as follows: (1) multiplied the reported 

charges by a year- and hospital-specific cost-to-charge ratio 

(CCR) obtained from HCUP; and (2) multiplied the amount 

from step 1 by a HCUP-generated “adjustment factor” (AF), 

which attempts to account for interdepartmental variations in 

markup within each hospital [10, 11]. The final formula esti-

mating the direct cost of inpatient care for each hospitalization 

for FRI is presented below by the following equation:

total cost = total charges × year- and hospital-specific CCR × AF

Statistical analysis
We estimated the frequency and rate of inpatient hospi-

talizations for FRIs overall, for FRI subtypes, and by indi-

vidual- and hospital-level characteristics. All discharges 

were weighted to account for the complex sampling design 

of the NIS and so that national estimates can be generated 

[7]. Temporal trends were estimated and characterized using 

joinpoint regression (JPR). JPR is useful in identifying 

changes in the temporal trends of events over time [12]. First, 

the JPR model fits annual rate data to a straight line (one with 

no “joinpoints”) that assumes a single trend can best charac-

terize rates over the entire study period [13]. Then, a join-

point is added to the model and a Monte Carlo permutation 

test is used to determine whether or not the joinpoint offers 

a statistically significant improvement to the model; if so, 

the joinpoint is incorporated. The process is repeated until 

a best fitting model, with an optimal number of joinpoints, 

is specified. In the final model, each joinpoint corresponds 

to a statistically significant change (increase or decrease) in 

the temporal trend, and an annual percent change (APC) is 

calculated to describe how the rate changes within that time 

interval. JPR also estimates the average APC (AAPC), which 

characterizes the trend over the entire study period, even 

when there are significant changes in the trend over time 

[13]. Because the NIS sampling design changed between 

1998 and 2011, we incorporated HCUP-supplied NIS-trends 

files for our trend analyses so that trend weights and data ele-

ments were defined consistently over time [14].

Survey logistic regression was used to calculate odds ratios 

(ORs) and 95% confidence intervals (CIs) that represent the 

association between FRI and each patient- or hospital-level 
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characteristic. We constructed a crude (unadjusted) model for 

each factor and two multivariable models. Selection of covari-

ates for inclusion into each multivariable model was based 

on a review of the literature, data availability, and empirical 

bivariate analyses. The first multivariable model included all 

patient factors, including age, gender, race/ethnicity, house-

hold income, primary payer, alcohol or substance use/abuse, 

and mental illness. The second multivariable model added 

timing of the admission and hospital region, location, and 

teaching status to the first model. In this paper, we present 

the results of the crude and second (best-fitting) multivariable 

model.

The mean LOS, in-hospital mortality rate, and costs asso-

ciated with hospitalization for a FRI were calculated, followed 

by FRI and patient subgroup analyses. Our national prevalence 

and cost estimates were used to determine the total annual 

expenditures on inpatient care in the US caused by FRIs. To 

account for inflation, all cost estimates were adjusted to 2011 

US dollars using the medical care component of the Consumer 

Price Index [15]. Statistical analyses were performed with 

SAS (version 9.4; SAS Institute, Inc., Cary, NC, USA) and the 

JPR program (version 4.1.1.3) [12]. We assumed a 5% type I 

error rate for all hypothesis tests (two-sided). Because of the 

de-identified nature of NIS data, this study was classified as 

exempt by the Baylor College of Medicine and the University 

of South Florida Institutional Review Boards.

Results
Between 1998 and 2011 there were an estimated 429,036 

discharge records with a diagnosed FRI (an average of 30,645 

per year) in the US, which corresponds to a rate of 10.5 FRIs 

(95% CI: 9.2–11.8) per 10,000 non-maternal/neonatal inpatient 

hospitalizations (Table 1). The most common documented 

manner/intent associated with FRIs was assault (60.1%), 

followed by unintentional/accidental (23.0%), intentional/

self-inflicted (8.2%), and legal intervention (1.6%). Greater 

than 62% of discharge records were missing the specific type 

of firearm responsible for the injury; however, among the dis-

charge records with documentation, handguns were implicated 

in over 76% of FRIs, with shotguns and hunting rifles respon-

sible for 17.7% and 5.4%, respectively. Although the overall 

rate of inpatient hospitalizations caused by FRIs decreased 

from 13.0 per 10,000 in 1998 to 9.5 per 10,000 in 2011, there 

was considerable annual fluctuation and no statistically sig-

nificant temporal trend during the study period (Fig. 1, APC: 

–0.5; 95% CI: –2.3–1.4).

The associations between patient- and hospital-level char-

acteristics and FRIs are presented in Table 1, in addition to sub-

group-specific frequencies, rates, and trends. The highest rates 

of FRIs (per 10,000 hospitalizations) were observed among 

patients 18–24 years of age (117.6), patients 14–17 years of age 

(69.4), patients with no insurance/self-pay (52.1), NH-blacks 

(36.2), and patients with a substance abuse disorder (27.1). 

Except for children under 14 years of age, we observed a trend 

of decreasing odds of hospitalization for FRIs with increas-

ing age (P
trend

<0.001). Males were nearly 8 times more likely 

than females to have a FRI hospitalization (95% CI: 7.5–8.1), 

and compared to NH whites, NH blacks and Hispanics had 

3.7 (95% CI: 3.4–4.1) and 1.6 (95%: 1.4–1.9) higher odds of 

hospitalization for a FRI. There was a statistically significant 

trend of higher odds of FRIs with lower levels of household 

income (P
trend

<0.001); specifically, patients in the lowest ver-

sus highest quartile of income were 2.8 times more likely to be 

hospitalized for a FRI (95% CI: 2.5–3.1). There was consid-

erable geographic variation, even after adjusting for popula-

tion characteristics, with the western region of the US having 

the highest odds of hospitalization caused by a FRI. Teaching 

hospitals (OR=2.7; 95% CI: 2.3–3.3) and hospitals in urban 

areas (OR=1.7; 95% CI: 1.5–2.0) were more likely to have a 

FRI hospitalization, and FRIs were twice as common on the 

weekend compared to the weekday. Several subgroups, includ-

ing the 18–24 year age group, patients with private insurance, 

patients residing in rural areas, and patients in the 2nd quar-

tile of household income experienced statistically significant 

decreases in the rate of FRI hospitalizations during the study 

period, with APCs ranging from –1.6 to –3.9 (Table 1). All 

other subgroups experienced no significant rate changes over 

time; there were no increasing trends among any subgroup.

Table 2 describes the distribution of inpatient hospitaliza-

tions for FRIs by the reported manner or intent of injury and 

the geographic location in which the injury occurred. Assault 

was the intent of injury in 6 of every 10 FRI hospitalizations 

overall, and was more likely the reason for the FRIs among 

Hispanics (72.8%), NH blacks (70.8%), patients with lower 
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Table 1. Frequency, prevalence, and temporal trends of inpatient hospitalizations for firearm-related injuries in the United States, by individual 

and hospital-level characteristics, Nationwide Inpatient Sample, 1998–2011.

Patient/hospital 
characteristic

   Total inpatient 
hospitalizations 
(in thousands)

  Prevalence*    Crude OR†   Adjusted OR‡    Temporal trend§

n (95% CI)   Rate* (95% CI) Est (95% CI)   Est (95% CI) AAPC (95% CI)  Direction

All hospitalizations   429 (373, 485)   10.5 (9.2, 11.8)   n/a   n/a   –0.5 (–2.4, 1.4)   –

Age group (years)            

  <14   8 (6, 9)   3.4 (3.0, 3.9)   0.59 (0.52, 0.68)   0.44 (0.39, 0.50)   –2.6 (–5.3, 0.2)   –

  14–17   39 (33, 45)   69.4 (59.5, 79.2)  12.05 (10.73, 13.52)  12.23 (10.87, 13.76)   –3.2 (–7.6, 1.5)   –

  18–24   144 (124, 164)  117.6 (103.0, 132.3)  20.53 (19.00, 22.18)  16.46 (15.24, 17.78)   –2.0 (–3.8, –0.2)   ↓
  25–34   118 (102, 134)   48.7 (42.8, 54.6)   8.44 (7.97, 8.94)   7.20 (6.79, 7.63)   0.6 (–1.2, 2.4)   –

  35–44   61 (53, 68)   14.9 (13.1, 16.7)   2.58 (2.47, 2.70)   2.52 (2.41, 2.63)   0.5 (–1.7, 2.7)   –

  45–54   33 (29, 37)   5.8 (5.2, 6.4)   Reference   Reference   0.7 (–1.0, 2.5)   –

  55–64   13 (12, 15)   2.2 (1.9, 2.4)   0.38 (0.36, 0.40)   0.42 (0.40, 0.44)   1.9 (–0.8, 4.7)   –

  ≥65   11 (10, 12)   0.6 (0.6, 0.7)   0.11 (0.10, 0.11)   0.16 (0.15, 0.18)   0.9 (–1.6, 3.4)   –

Gender            

  Male   382 (332, 432)   20.2 (17.7, 22.7)   10.07 (9.67, 10.49)   7.82 (7.51, 8.14)   –0.6 (–2.4, 1.2)   –

  Female   44 (39, 49)   2.0 (1.8, 2.2)   Reference   Reference   –0.8 (–2.9, 1.3)   –

Race/ethnicity            

  NH white   93 (82, 103)   4.0 (3.6, 4.5)   Reference   Reference   0.3 (–1.5, 2.1)   –

  NH black   161 (131, 191)   36.2 (30.4, 42.0)   8.97 (7.88, 10.22)   3.74 (3.39, 4.13)   –0.4 (–2.4, 1.6)   –

  Hispanic   60 (46, 74)   20.6 (16.3, 24.9)   5.11 (4.16, 6.27)   1.64 (1.42, 1.89)   –1.3 (–3.9, 1.4)   –

  Other   17 (14, 21)   11.0 (9.2, 12.7)   2.71 (2.37, 3.11)   1.38 (1.23, 1.55)   –3.0 (–5.0, –0.9)   ↓
  Unknown/unreported   99 (71, 126)   10.8 (7.9, 13.6)   2.67 (2.02, 3.52)   1.76 (1.43, 2.17)   –3.5 (–6.4, –0.5)   ↓
Household income            

  Lowest quartile   202 (169, 234)   17.3 (14.8, 19.8)   4.33 (3.82, 4.91)   2.80 (2.50, 3.13)   0.6 (–1.6, 2.8)   –

  2nd quartile   108 (94, 121)   10.2 (9.0, 11.4)   2.55 (2.32, 2.80)   2.10 (1.94, 2.28)   –1.6 (–3.2, –0.1)   ↓
  3rd quartile   70 (62, 79)   7.5 (6.6, 8.4)   1.87 (1.74, 2.02)   1.58 (1.48, 1.69)   –1.6 (–3.8, 0.7)   –

  Highest quartile   33 (29, 38)   4.0 (3.5, 4.5)   Reference   Reference   –1.3 (–3.6, 1.1)   –

Primary payer            

  Government   133 (116, 150)   5.4 (4.7, 6.1)   0.67 (0.60, 0.74)   1.26 (1.15, 1.39)   0.6 (–1.3, 2.5)   –

  Private   102 (87, 116)   8.1 (7.0, 9.2)   Reference   Reference   –2.4 (–4.2, –0.6)   ↓
  Other   195 (165, 224)   52.1 (45.5, 58.6)   6.46 (5.77, 7.23)   2.63 (2.36, 2.92)   –1.7 (–3.5, 0.2)   –

Timing of admission              

  Weekday   273 (237, 309)   8.3 (7.2, 9.3)   Reference   Reference   –0.4 (–2.4, 1.5)   –

  Weekend   155 (135, 176)   19.9 (17.5, 22.4)   2.41 (2.36, 2.47)   1.93 (1.88, 1.97)   –0.8 (–2.6, 1.1)   –

Hospital region (of US)              

  Northeast   70 (53, 87)   8.2 (6.3, 10.2)   Reference   Reference   1.9 (–1.1, 5.0)   –

  Midwest   94 (65, 123)   9.8 (6.9, 12.7)   1.19 (0.82, 1.73)   1.46 (1.10, 1.94)   –1.6 (–4.7, 1.6)   –

  South   175 (137, 214)   11.2 (8.9, 13.5)   1.35 (0.99, 1.85)   1.40 (1.09, 1.78)   –4.1 (–11.8, 4.3)   –

  West   90 (68, 112)   12.6 (9.6, 15.5)   1.53 (1.10, 2.12)   1.91 (1.49, 2.46)   –1.8 (–5.1, 1.6)   –

Hospital location              

  Urban   406 (351, 462)   11.6 (10.1, 13.1)   3.55 (3.01, 4.19)   1.71 (1.45, 2.02)   –0.8 (–2.7, 1.1)   –

  Rural   19 (17, 22)   3.3 (2.9, 3.6)   Reference   Reference   –3.9 (–5.4, –2.3)   ↓
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household incomes, patients without private insurance, and 

patients 14–34 years of age. Compared with the overall propor-

tion of FRIs that were accidental (23.0%), unintentional FRIs 

were particularly common among children under 14 years 

of age (49.6%), NH whites (34.0%), and patients residing in 

rural settings (47.5%). The proportion of FRIs that were self-

inflicted increased markedly with increasing age (from 2.7% 

in the <14 year age group to 41.8% in the ≥65 year age group) 

and increasing income (5.9%–13.9%), and was particularly 

high among NH whites (23.1% compared to NH blacks and 

Patient/hospital 
characteristic

   Total inpatient 
hospitalizations 
(in thousands)

  Prevalence*    Crude OR†   Adjusted OR‡    Temporal trend§

n (95% CI)   Rate* (95% CI) Est (95% CI)   Est (95% CI) AAPC (95% CI)  Direction

Hospital teaching status            

  Teaching   335 (281, 388)   17.9 (15.2, 20.6)   4.39 (3.55, 5.42)   2.72 (2.25, 3.27)   –0.5 (–2.4, 1.6)   –

  Non-teaching   91 (77, 105)   4.1 (3.5, 4.7)   Reference   Reference   –2.1 (–4.0, –0.1)   ↓

AAPC, Average annual percent change; CI, confidence interval; Est, point estimate; NH, non-Hispanic; OR, odds ratio.
*All hospital stays (discharge records) listed as being maternal or neonatal were excluded from this analysis, which constituted 0.38% of all 

discharges with a firearm-related injury diagnosis. Rate is presented as firearm-related injuries per 10,000 non-maternal/neonatal inpatient 

hospitalizations.
†Model with occurrence of a firearm-related injury as the outcome and the listed characteristic as the only independent variable.
‡Crude model+adjustment for other variables listed in the table as well as for alcohol- and substance-related disorders and mental illnesses.
§If there was a statistically significant trend at the alpha=5% level, an up or down arrow is used to reflect the direction of the trend; otherwise, a 

horizontal line is used to indicate an annual percent change that was not statistically significantly different from zero.

Table 1. (continued)
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Intentional/self-inflicted: 0.5 (-1.8, 2.9)

Unintentional: APC=-1.3 (-3.1, 0.6)

Assault: APC=0.2 (-1.9, 2.4)

Overall: APC=-0.5 (-2.3, 1.4)
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Fig. 1. Trends in inpatient hospitalizations for major types of firearm-related injuries in the United States, Nationwide Inpatient Sample,  

1998–2011.

X-axis: year of discharge; Y-axis: number of firearm-related injuries per 100,000 non-maternal/neonatal inpatient discharges.

APC, Annual percent change, point estimate (95% confidence interval).

Note: Markers indicate the observed annual rate, whereas solid lines represent the trend estimated by joinpoint regression.
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Table 2. Distribution of inpatient hospitalizations for firearm-related injuries in the United States*, by individual and hospital-level 
characteristics and by the manner/intent and geographic location of injury, Nationwide Inpatient Sample, 1998–2011.

Patient/hospital 
characteristic

   Reported manner or intent of injury    Location of Injury

Assault  

 

Unintentional  

 

Intentional/
self-inflicted

 

 

Legal 
intervention

 

 

Other or 
unknown

Home/
residential

 

 

Away from 
home

n   %† n   %† n   %† n   %† n   %† n   %‡ n   %‡

All hospitalizations  257,675  60.1   98,863  23.0  35,087   8.2  6878   1.6   30,533   7.1  38,499   48.9   40,216   51.1

Age group (years)                            

  <14   3060  40.6   3737  49.6   201   2.7   28   0.4   515   6.8   1497   70.3   633   29.7

  14–17   25,179  64.1   9563  24.3   1428   3.6   357   0.9   2763   7.0   3175   38.9   4988   61.1

  18–24   97,513  67.6   29,478  20.4   5559   3.9  1667   1.2   9960   6.9   9431   38.1   15,348   61.9

  25–34   75,783  64.2   24,543  20.8   7059   6.0  2131   1.8   8446   7.2   8674   44.2   10,960   55.8

  35–44   33,181  54.8   14,593  24.1   6500   10.7  1589   2.6   4640   7.7   6352   58.3   4539   41.7

  45–54   15,109  45.3   8890  26.7   6321   19.0   715   2.1   2317   6.9   4376   64.2   2445   35.8

  55–64   4786  35.7   4237  31.6   3203   23.9   244   1.8   954   7.1   2353   76.4   725   23.6

  ≥65   2099  18.5   3522  31.1   4736   41.8   118   1.0   850   7.5   2544   89.8   290   10.2

Gender                            

  Male  232,924  60.9   87,774  23.0  28,132   7.4  6480   1.7   27,022   7.1  31,450   46.5   36,134   53.5

  Female   22,910  52.0   10,545  23.9   6890   15.6   365   0.8   3390   7.7   6787   66.5   3415   33.5

Race/ethnicity                            

  NH white   30,977  33.5   31,463  34.0  21,408   23.1  2302   2.5   6366   6.9  15,097   73.2   5533   26.8

  NH black  113,812  70.8   29,738  18.5   2346   1.5  1584   1.0   13,262   8.3   9255   34.5   17,594   65.5

  Hispanic   43,579  72.8   10,280  17.2   2038   3.4  1078   1.8   2905   4.9   6771   41.7   9467   58.3

  Other   11,370  65.4   3506  20.2   980   5.6   331   1.9   1199   6.9   1547   42.0   2133   58.0

  Unknown/unreported   57,937  58.8   23,877  24.2   8315   8.4  1583   1.6   6800   6.9   5829   51.5   5489   48.5

Household income                            

  Lowest quartile  127,777  63.4   44,057  21.9   11,878   5.9  2500   1.2   15,333   7.6  14,701   44.6   18,263   55.4

  2nd quartile   63,193  58.7   25,502  23.7   9916   9.2  1744   1.6   7275   6.8  10,055   50.5   9859   49.5

  3rd quartile   39,288  56.0   17,544  25.0   7293   10.4  1341   1.9   4629   6.6   7878   53.3   6914   46.7

  Highest quartile   16,984  51.0   8665  26.0   4635   13.9   803   2.4   2195   6.6   4771   56.5   3673   43.5

Primary payer                            

  Government   80,664  60.7   28,810  21.7  12,224   9.2  1597   1.2   9571   7.2  13,348   51.4   12,615   48.6

  Private   51,563  50.8   29,623  29.2  12,041   11.9  1382   1.4   6897   6.8   11,155   58.1   8057   41.9

  Other  125,448  64.4   40,430  20.8  10,822   5.6  3899   2.0   14,065   7.2  13,996   41.7   19,544   58.3

Timing of admission                            

  Weekday  160,417  58.7   63,477  23.2  24,997   9.1  4866   1.8   19,462   7.1  25,438   50.7   24,746   49.3

  Weekend   97,078  62.4   35,263  22.7  10,050   6.5  2001   1.3   11,070   7.1  13,022   45.8   15,391   54.2

Hospital region (of US)                            

  Northeast   47,893  68.6   12,954  18.5   3567   5.1   774   1.1   4667   6.7   3307   31.7   7125   68.3

  Midwest   58,536  62.1   20,808  22.1   6998   7.4  1266   1.3   6622   7.0   8318   50.8   8059   49.2

  South   89,796  51.3   49,279  28.1  17,800   10.2  2557   1.5   15,771   9.0   11,219   62.3   6781   37.7

  West   61,451  68.5   15,823  17.6   6722   7.5  2282   2.5   3473   3.9  15,655   46.2   18,251   53.8

Hospital bed size                            

  Small   8699  51.3   5319  31.3   1090   6.4   222   1.3   1642   9.7   2036   51.7   1904   48.3
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Hispanics [1.5% and 3.4%, respectively]). Although the loca-

tion of the injury was only listed in 1 of every 5 FRI hospitali-

zations, there was a near-even split among documented cases. 

Injuries were more likely to occur at home or in residential 

areas among young and old age extremes, females, NH whites, 

patients with higher household incomes, and patients residing 

in rural areas (Table 2).

Hospital LOS, in-hospital mortality, and the direct costs of 

inpatient care that were associated with FRI hospitalizations 

are presented in Table 3. Overall, the mean inpatient LOS for 

FRIs was 6.9 days; however, 4.7% of patients remained in 

the hospital over 24 days and approximately 1 in 12 patients 

(8.2%) died before discharge. The mean cost of medical ser-

vices provided during an inpatient hospitalization for a FRI 

was $22,149, which was estimated at more than $7.5 billion 

between 2001 and 2011 or $679 million annually. FRIs result-

ing from assault comprised 64.7% of annual expenditures 

on FRIs ($439 million), followed by 17.3% for unintentional 

injuries ($117 million), and 9.3% for intentional/self-inflicted 

FRIs ($63 million). The LOS and in-hospital mortality rates 

were highest for intentional/self-inflicted FRIs, of which 1 

in 3 patients died before discharge, and for FRIs in which 

a head wound occurred. Except for the youngest age group, 

the mortality rate increased with increasing age (from 6.9% 

among patients 14–17 years of age to 30% in patients ≥65 

years of age).

Discussion
In the current study we investigated the 14-year frequency, 

prevalence, trends, and healthcare costs associated with inpa-

tient hospitalizations for various types of FRIs in the US. One 

of our key findings was that despite annual fluctuation, the 

consistent declining trends in FRIs observed in the 1990s that 

happened to accompany firearms regulations legislation [16, 

17] did not continue in the 2000s. In fact, we did not observe 

any significant changes in the rate of inpatient hospitaliza-

tion for any FRI subtype (assault, accidental, or intentional/

self-inflicted) among most socioeconomic subgroups, except 

an approximate 2% annual decline within the 18–24 year age 

group and patients with private insurance, and a 4% annual 

decline in rural areas. A recent 2000–2010 study examining 

hospitalizations from the National Hospital Discharge Survey 

Patient/hospital 
characteristic

   Reported manner or intent of injury    Location of Injury

Assault  

 

Unintentional  

 

Intentional/
self-inflicted

 

 

Legal 
intervention

 

 

Other or 
unknown

Home/
residential

 

 

Away from 
home

n   %† n   %† n   %† n   %† n   %† n   %‡ n   %‡

  Medium   56,787  59.2   23,107  24.1   7697   8.0  1333   1.4   7037   7.3   7295   43.5   9474   56.5

  Large  190,219  60.9   69,368  22.2  25,899   8.3  5244   1.7   21,716   7.0  28,486   49.9   28,621   50.1

Hospital location                            

  Urban  250,654  61.7   88,680  21.8  31,734   7.8  6468   1.6   28,638   7.1  35,645   47.5   39,326   52.5

  Rural   5051  26.3   9113  47.5   2953   15.4   331   1.7   1757   9.1   2171   76.4   672   23.6

Hospital teaching status                            

  Teaching  212,754  63.6   68,203  20.4  24,579   7.3  5046   1.5   24,132   7.2  25,348   45.1   30,851   54.9

  Non-teaching   42,951  47.4   29,590  32.6  10,108   11.1  1752   1.9   6262   6.9  12,469   57.7   9147   42.3

NH, Non-Hispanic.
*All hospital stays (discharge records) listed as being maternal or neonatal were excluded from this analysis, which constituted 0.38% of all 

discharges with a firearm-related injury diagnosis.
†Percentages listed represent row percentages with the denominator being the total number of firearm-related hospitalizations.
‡Percentages listed represent row percentages; however, breakdown by geographic location of injury only included those hospitalizations 

for which the location of injury was documented (the denominator), which was for 18.3% of all inpatient hospitalizations for firearm-related 

injuries.

Table 2. (continued)
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Table 3. Hospital length of stay, costs of inpatient care, and in-hospital mortality associated with firearm-related injuries in the 
United States by injury, patient, and hospital-level characteristics, Nationwide Inpatient Sample, 1998–2011.

Injury/patient/hospital 
characteristic

   Frequency  

 

 

Hospital length of stay     Mortality     Direct costs of medical care

Annual 
admissions* 

(in thousands)

Per 
hospitalization

 

 

Prolonged† 
stay

Death prior to 
discharge

Per hospitalization  

 

Annual 
expenditures 

(in millions)

n (95% CI) Mean (95% CI) % (95% CI) % (95% CI) Mean‡ (95% CI) Total‡ (95% CI)

Overall  30.6 (26.7, 34.6)   6.9 (6.6, 7.2)   4.7 (4.3, 5.1)   8.2 (7.9, 8.5)  22,149 (20,995, 23,303)   679 (569, 788)

Manner/intent            

  Assault  18.4 (15.5, 21.3)   7.0 (6.7, 7.4)   4.7 (4.2, 5.2)   5.7 (5.4, 6.1)  23,449 (21,924, 24,973)   439 (353, 525)

  Unintentional   7.1 (6.3, 7.8)   5.8 (5.5, 6.1)   3.3 (2.8, 3.8)   4.6 (4.2, 4.9)  17,224 (16,130, 18,317)   117 (100, 135)

  Intentional/self-inflicted   2.5 (2.2, 2.8)   8.2 (7.8, 8.6)   7.7 (7.0, 8.4)  33.3 (31.9, 34.7)  25,081 (23,761, 26,401)   63 (55, 72)

  Legal intervention   0.5 (0.4, 0.6)   9.9 (9.0, 10.9)  9.2 (7.8, 10.7)   7.8 (6.3, 9.3)  32,778 (29,554, 36,001)   18 (14, 21)

  Other or unknown   2.2 (1.8, 2.6)   6.8 (6.3, 7.3)   4.8 (4.1, 5.5)  12.0 (10.9, 13.1)  20,189 (18,797, 21,580)   41 (33, 50)

Injury site            

  Head   4.3 (3.8, 4.9)   7.1 (6.7, 7.4)   6.5 (6.0, 7.1)  33.6 (32.3, 34.9)  25,441 (24,171, 26,711)   108 (93, 124)

  Trunk   8.1 (6.9, 9.2)   9.0 (8.7, 9.4)   6.8 (6.2, 7.5)   6.8 (6.3, 7.3)  28,077 (26,414, 29,740)   224 (185, 263)

  Upper extremity   3.0 (2.6, 3.3)   3.2 (3.0, 3.4)   0.5 (0.4, 0.7)   0.1 (0.0, 0.1)   9827 (9,138, 10,516)   29 (24, 34)

  Lower extremity   6.3 (5.5, 7.0)   4.4 (4.2, 4.6)   1.4 (1.1, 1.7)   0.3 (0.2, 0.4)  12,714 (12,063, 13,365)   80 (68, 92)

  Multiple   8.3 (7.1, 9.6)   7.7 (7.3, 8.1)   5.4 (4.7, 6.0)   5.8 (5.3, 6.2)  26,678 (24,901, 28,455)   228 (185, 270)

  Unknown   0.6 (0.6, 0.7)   9.1 (7.8, 10.4)   7.3 (5.4, 9.2)   1.3 (0.7, 1.8)  15,005 (12,937, 17,073)   9 (8, 11)

Age group (years)            

  <14   0.5 (0.5, 0.6)   6.2 (5.5, 6.9)   4.5 (3.2, 5.8)   9.1 (7.6, 10.7)  20,333 (17,731, 22,934)   10 (7, 12)

  14–17   2.8 (2.4, 3.2)   5.8 (5.5, 6.1)   3.3 (2.8, 3.8)   6.9 (6.2, 7.6)  18,987 (17,898, 20,075)   52 (43, 61)

  18–24   10.3 (8.8, 11.7)   6.3 (6.1, 6.6)   3.8 (3.4, 4.2)   6.7 (6.4, 7.1)  21,075 (19,929, 22,221)   216 (178, 253)

  25–34   8.4 (7.3, 9.6)   7.1 (6.7, 7.4)   4.9 (4.4, 5.4)   6.8 (6.4, 7.2)  22,962 (21,592, 24,333)   195 (161, 229)

  35–44   4.3 (3.8, 4.9)   7.7 (7.4, 8.1)   5.9 (5.3, 6.4)   8.0 (7.4, 8.5)  23,697 (22,355, 25,038)   101 (85, 118)

  45–54   2.4 (2.1, 2.7)   7.8 (7.4, 8.2)   6.1 (5.3, 6.9)   10.7 (9.8, 11.6)  23,919 (22,268, 25,570)   60 (50, 70)

  55–64   1.0 (0.8, 1.1)   8.2 (7.4, 8.9)   7.5 (6.3, 8.7)  14.3 (12.9, 15.8)  25,742 (22,641, 28,844)   26 (21, 31)

  ≥65   0.8 (0.7, 0.9)   7.3 (6.8, 7.8)   5.4 (4.4, 6.4)  30.0 (27.9, 32.1)  22,033 (19,859, 24,207)   18 (15, 21)

Gender            

  Male  27.3 (23.7, 30.9)   6.9 (6.6, 7.2)   4.7 (4.3, 5.1)   8.1 (7.8, 8.4)  22,359 (21,150, 23,567)   610 (509, 711)

  Female   3.1 (2.8, 3.5)   7.0 (6.7, 7.3)   5.0 (4.5, 5.5)   9.2 (8.5, 10.0)  21,214 (20,112, 22,315)   66 (57, 76)

Race/ethnicity            

  NH white   6.6 (5.9, 7.4)   7.0 (6.8, 7.3)   5.1 (4.7, 5.6)  12.5 (11.8, 13.1)  21,868 (20,843, 22,893)   142 (121, 163)

  NH black   11.5 (9.3, 13.6)   7.0 (6.6, 7.4)   4.8 (4.2, 5.3)   5.6 (5.2, 6.0)  22,430 (20,855, 24,005)   257 (195, 320)

  Hispanic   4.3 (3.3, 5.3)   7.3 (6.8, 7.7)   5.2 (4.6, 5.9)   7.2 (6.6, 7.9)  25,948 (23,570, 28,326)   111 (77, 144)

  Other   1.2 (1.0, 1.5)   7.4 (6.8, 8.0)   5.4 (4.4, 6.3)   9.2 (8.0, 10.5)  25,653 (23,338, 27,968)   33 (25, 41)

  Unknown/unreported   7.0 (5.0, 9.0)   6.2 (5.7, 6.8)   3.7 (2.9, 4.4)   8.8 (7.9, 9.7)  19,039 (17,446, 20,631)   136 (97, 174)

Primary payer            

  Government   9.5 (8.3, 10.7)   8.7 (8.3, 9.1)   7.3 (6.7, 7.9)   8.4 (7.8, 8.9)  26,994 (25,134, 28,854)   252 (209, 295)

  Private   7.3 (6.2, 8.3)   6.3 (5.9, 6.7)   3.9 (3.3, 4.5)   8.2 (7.4, 9.0)  20,797 (19,275, 22,320)   145 (123, 166)

  Other  13.9 (11.8, 16.0)   5.9 (5.6, 6.2)   3.3 (2.8, 3.7)   8.1 (7.6, 8.5)  19,652 (18,572, 20,732)   282 (227, 337)
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[18] also reported non-significant changes in the rate of hos-

pitalizations among FRIs because of assault or accident; how-

ever, the authors did report a small reduction in the rate of 

self-inflicted injuries. Recently, Agarwal [19] observed that 

the subtle annual variations in hospitalizations for FRI mir-

rored changes in the Dow Jones Industrial Average, suggesting 

that stock market volatility may reflect broader economic inse-

curities that trigger violence and an increase in FRIs.

The burden of firearm-related violence continues to dis-

proportionately affect the young, poor, and minority males 

in urban settings. Sixty percent of all hospitalizations for 

FRIs were because of assaults; however, that percentage 

increased to over 70% for NH blacks and Hispanics overall, 

and was well above 80% for NH black and Hispanic males 

under 25 years of age in the lowest quartile of household 

incomes. Although the prevalence estimates by race/ethnic-

ity must be interpreted with caution because of reporting in 

the NIS (25% of discharges have missing race/ethnicity), 

these gender, race/ethnic, and socioeconomic disparities in 

fatal and non-fatal assaults with a firearm have been ech-

oed consistently in government reports and research studies 

[2, 6, 19–23]. Conversely, the proportion of FRIs that were 

accidental or the result of an attempted suicide were more 

common among NH whites and patients in higher socioeco-

nomic strata, and the rate of self-inflicted injuries increased 

substantially with increasing age, constituting over 40% of 

all hospitalizations for FRIs among patients 65 years of age 

or older.

The short-term outcomes associated with FRIs were simi-

lar to the short-term outcomes reported in other studies [18, 

19]. The mean LOS was 7 days, with a slight increase over 

time, and nearly 5% of patients were hospitalized a month or 

longer. Even for FRIs that were not immediately fatal, hospi-

talized patients still experienced over an 8% chance of death 

before discharge, a mortality rate that did not change signifi-

cantly over time. As expected, self-inflicted and head injuries 

Injury/patient/hospital 
characteristic

   Frequency  

 

 

Hospital length of stay     Mortality     Direct costs of medical care

Annual 
admissions* 

(in thousands)

Per 
hospitalization

 

 

Prolonged† 
stay

Death prior to 
discharge

Per hospitalization  

 

Annual 
expenditures 

(in millions)

n (95% CI) Mean (95% CI) % (95% CI) % (95% CI) Mean‡ (95% CI) Total‡ (95% CI)

Hospital region (of US)            

  Northeast   5.0 (3.8, 6.2)   7.3 (6.9, 7.8)   5.5 (4.7, 6.2)   7.6 (6.9, 8.3)  21,934 (20,267, 23,602)   91 (62, 121)

  Midwest   6.7 (4.7, 8.8)   5.9 (5.4, 6.4)   3.2 (2.5, 3.8)   7.9 (7.1, 8.7)  19,960 (17,833, 22,087)   146 (100, 193)

  South   12.5 (9.8, 15.3)   7.3 (6.9, 7.8)   5.3 (4.6, 6.0)   8.3 (7.7, 8.8)  21,357 (19,057, 23,657)   267 (184, 350)

  West   6.4 (4.8, 8.0)   6.6 (6.3, 6.9)   4.4 (4.0, 4.9)   8.8 (8.1, 9.5)  26,176 (24,372, 27,979)   174 (128, 220)

Hospital location            

  Urban  29.0 (25.0, 33.0)   7.0 (6.7, 7.3)   4.8 (4.4, 5.2)   8.3 (8.0, 8.7)  22,446 (21,275, 23,616)   650 (541, 759)

  Rural   1.4 (1.2, 1.5)   4.7 (4.4, 5.0)   1.6 (1.1, 2.2)   5.3 (4.2, 6.3)  12,729 (11,521, 13,937)   17 (14, 20)

LOS, Length of stay; NH, non-Hispanic.
*Calculated by determining the total number of inpatient hospitalizations for firearm-related injuries from 1998 to 2011 and dividing by the 

number of years (14).
†A prolonged length of hospital stay was defined as being greater than the 95th percentile of all hospitalizations in which a firearm-related injury 

occurred (>24 days).
‡Cost analyses only performed from 2001 to 2011. Costs expressed in 2011 US dollars ($), represent third party institutional inpatient 

hospitalization costs. Mean cost represents the mean, per discharge cost. The total annual cost was calculated by determining the total cost from 

2001 to 2011 and dividing by the number of years in the cost analysis (11).

Table 3. (continued)
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had the highest risk of death. The economic cost of FRIs is 

substantial; specifically, FRIs cost hospitals over $679 million 

annually on inpatient care for the index FRI hospitalization 

alone. Over the entire study period, the cost of FRIs equates 

to over $9 billion, an amount which does not include direct 

medical costs for physicians, indirect costs caused by lost pro-

ductivity, the costs borne by families and society as a whole, 

or the costs for victims of FRIs who are never hospitalized. 

Furthermore, because the NIS does not link hospitalizations 

longitudinally, our estimates are extremely conservative not 

only for costs, but also for the overall morbidity and mortality 

attributable to FRIs [3–5].

Despite the strength of using of a large, nationally-

representative dataset compiled and used frequently for 

health services research, the findings from the current and 

other studies on FRIs that leverage HCUP data must be inter-

preted within the context of the following limitations. First, 

despite obvious visual cues for diagnosing a FRI, the NIS 

relies exclusively on ICD-9-CM codes for identifying medi-

cal conditions and procedures. These codes have suboptimal 

sensitivity and accuracy because of errors both in translation 

of information from the medical record into an appropriate 

code and in entry of codes into the hospital information man-

agement system. Second, the NIS databases fail to capture 

FRIs that are immediately lethal, minor FRIs that are treated 

in physician’s offices, walk-in clinics, and emergency depart-

ments without the need for hospitalization, and victims of 

FRIs who do not seek medical care, which may collectively 

comprise more than 80% of all FRIs. Therefore, the national 

frequency, prevalence, and trends we report reflect a particu-

lar subset of serious FRIs that result in inpatient hospitali-

zation. Third, although we controlled for mental illness and 

substance abuse, we did not analyze the independent effects 

of these conditions on hospitalizations for FRIs. Our denom-

inator consisted of other inpatient hospitalizations and not a 

population estimate, and considering the frequency of hos-

pitalizations for people with clinically-diagnosed addictions 

and mental illnesses, we reasoned that comparing the rela-

tive odds of FRIs in this particular subgroup would misrep-

resent the desired odds of being involved in a FRI. Lastly, the 

NIS lacks circumstantial information regarding the victim 

and perpetrator, the location of the injury, and the specific 

firearm(s) used, particularly for accidental or assault-driven 

FRIs. Despite these limitations in addressing the entire 

scope of the problem, our analyses highlight the enormous 

financial cost of FRIs in the US. There are complex socio-

historical, cultural, and political processes that underlie FRIs 

and which permeate individual, family, and community-level 

systems in the US [24, 25]. Although trends in FRIs remain 

stable over the period covered by this study, the burden of 

firearm-related violence continues to be disproportionately 

borne by young, poor, and minority males in urban settings. 

Comprehensive public health and legal measures to curtail 

FRIs should incorporate targeted measures directed to this 

demographic group.
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