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Objectives. To quantify the inflation-adjusted costs associated with initial hospitali-
zations for firearm-related injuries in the United States.

Methods. We used the Healthcare Cost and Utilization Project Nationwide Inpatient
Sample to identify patients admitted for firearm-related injuries from 2006 to 2014. We
converted charges from hospitalization to costs, which we inflation-adjusted to 2014
dollars. We used survey weights to create national estimates.

Results. Costs for the initial inpatient hospitalization totaled $6.61 billion. The largest
proportion was for patients with governmental insurance coverage, totaling $2.70 billion
(40.8%) and was divided between Medicaid ($2.30 billion) and Medicare (50.40 billion).
Self-pay individuals accounted for $1.56 billion (23.6%) in costs.

Conclusions. From 2006 to 2014, the cost of initial hospitalizations for firearm-related
injuries averaged $734.6 million per year. Medicaid paid one third and self-pay patients
one quarter of the financial burden. These figures substantially underestimate true

health care costs.

Public health implications. Firearm-related injuries are costly to the US health
care system and are particularly burdensome to government insurance and
the self-paying poor. (Am J Public Health. 2017;107:770-774. doi:10.2105/

AJPH.2017.303684)

%J See also Kalesan, p. 638.

he United States has the highest rate of

firearm homicides among developed
countries. Although the US homicide rate is
7.0 times higher than that of other developed
nations, gun homicide rates are 25.2 times
higher.' Between 2003 and 2010, 82% of all
individuals killed by firearms in high-income
countries were in the United States." In 2014
alone, firearms caused an estimated 33 700
deaths.”> However, that same year there were
approximately 81 000 nonfatal firearm in-
juries, far exceeding the number of deaths.’
The financial burden on patients and the US
health care system to care for these injuries is
substantial and not frequently discussed.

To our knowledge, the most recent esti-
mation of the medical costs of firearm injuries
extends through 1997 and uses hospital data
from only 2 states.* Although estimations
of the societal cost of firearm injuries have
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been made more recently, these values often
include a broad range of metrics, such as
productivity loss and pain and suftering, that
make standardization or comparison of actual
hospital costs difficult.”® The most recent
estimations of these broader costs caused by
firearm injuries extend through 2010.” The
frequency of firearm injuries likely generates
a substantial financial burden to the health
care system and to patients themselves.

We sought to determine the costs associated
with the initial hospitalization of individuals
with firearm-related injuries and where the
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burden of payment fell. Our goal was to better
understand the financial burden of these injuries
and to inform discussions of firearm-related

public policy decisions and health care funding.

METHODS

We used the Healthcare Cost and Ultilization
Project Nationwide Inpatient Sample (INIS)
from the Agency for Healthcare Research and
Quality for 2006 to 2014. The NIS is the largest
inpatient care database in the United States,
contains data from about 8 million discharges
each year, and is a stratified sample of approxi-
mately 20% of nonfederal, short-term, and
general specialty hospitals in the United States.®
The NIS provides sample weights that allow
national estimates to be derived. Details regarding
NIS data have been published, and there are
multiple internal validation quality measures.”

We identified admissions caused by
firearm-related injuries using the International
Classification of Diseases, 9th Revision, Clinical
Modification (ICD-9-CM))"° codes. We in-
cluded patients if they had an ICD-9-CM
diagnosis code of E922.0-0.3, 0.8, 0.9,
E955.0-0.4, E965.0—4, E979.4, E985.0-0.4,
or E970."" Because E-codes distinguish
emergency conditions, we were able to
identify injured patients. However, we could
not identify patients being hospitalized sub-
sequent to their initial injury. Thus we fo-
cused on initial hospitalization, which we
defined as the first hospitalization of a patient

Sarabeth A. Spitzer is a medical student at Stanford University School of Medicine, Stanford, CA. Kristan L. Staudenmayer,
Lakshika Tennakoon, David A. Spain, and Thomas G. Weiser are with the Department of Surgery, Stanford University

School of Medicine.

Correspondence should be sent to Sarabeth A. Spitzer, Stanford Division of General Surgery, 300 Pasteur Drive H3591, Stanford,
CA 94305 (e-mail: spitzers@stanford.edu). Reprints can be ordered at http://uww.ajph.org by clicking the “Reprints” link.

This article was accepted January 24, 2017.
doi: 10.2105/AJPH.2017.303684

AJPH May 2017, Vol 107, No. 5


mailto:spitzers@stanford.edu
http://www.ajph.org

injured by a firearm until discharge, as dis-
tinguished by the association of admission
with an E-code.

We did not include patients treated and
released from an emergency department
(i.e., not admitted) or subsequent inpatient
experiences not associated with an E-code
(i.e., readmission). We derived the injury

severity score using the ICD Programs for
Injury Characteristic, a Stata module that
translates diagnosis codes into standard injury
categories and scores.'' We reported race/
ethnicity according to the NIS classification,
which included White, Black, Hispanic,
Asian/Pacific Islander, Native American, and

other. Because of small sample sizes of Asian/
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Pacific Islanders, Native Americans, and
others, we combined these subgroups and
included them in our “other” classification.
The primary outcome of interest was the
cost associated with admissions for firearm-
related injuries. The NIS contains information
regarding the total charges billed for services and
cost to charge ratios, allowing us to estimate

TABLE 1—Patient Characteristics and Outcomes by Payer Status: Healthcare Cost and Utilization Project Nationwide Inpatient Sample, United

States, 2006-2014

Medicare, No. (%) or
Mean (95% Cl)

Medicaid, No. (%) or
Mean (95% Cl)

Self-Pay, No. (%) or
Mean (95% Cl)

Other, No. (%) or
Mean (95% CI)

Private Insurance, No. (%) or

Characteristic Mean (95% CI)

Count 15864 (6.0) 77224 (29.1) 56 877 (21.4) 78020 (29.4) 37299 (14.1)
Age,y 57 (55.8, 57.7) 26 (25.7, 26.2) 32 (31.2,32.1) 29 (29.4, 30.0) 31 (30.2, 31.0)
Gender
Male 13224 (83.4) 66 344 (86.5) 48783 (86.2) 72285 (93.2) 34247 (92.5)
Female 2624 (16.6) 10381 (13.5) 7797 (13.8) 5266 (6.8) 2781 (1.5)
Race/ethnicity
White 8732 (64.2) 11377 (16.6) 21100 (44.1) 15480 (22.9) 8255 (24.5)
Black 3634 (26.7) 40209 (58.8) 18069 (37.8) 36490 (53.9) 15994 (47.5)
Hispanic 796 (5.9) 13230 (19.4) 6139 (12.8) 12407 (18.3) 7288 (21.6)
Other 444 (3.3) 3555 (5.2) 2505 (5.2) 3310 (4.9) 2156 (6.4)
Median household income
0-25th percentile ($1-$37999) 6989 (45.3) 42465 (58.0) 22027 (39.7) 41563 (55.3) 18006 (50.1)
26th-50th percentile ($38 000-547 999) 4256 (27.6) 16440 (22.5) 14720 (26.5) 18696 (24.9) 8703 (24.2)
51st-75th percentile ($48 000-$63 999) 2750 (17.8) 10265 (14.0) 11483 (20.7) 10498 (14.0) 6415 (17.9)
76th-100th percentile (=>$64000) 1421 (9.2) 3995 (5.5) 7296 (13.1) 4389 (5.8) 2791 (7.8)
ISS
0-9 9885 (62.4) 42786 (55.4) 34474 (60.6) 46212 (59.2) 21611 (57.9)
10-15 2126 (13.9) 14491 (18.8) 9743 (17.1) 15495 (19.9) 7553 (20.3)
16-25 3209 (20.2) 14368 (18.6) 9982 (17.6) 13022 (16.7) 6333 (17.0)
>26 636 (4.0) 5559 (7.2) 2679 (4.7) 3292 (4.2) 1805 (4.8)
Average 10 (9.5, 10.3) 11 (11.2, 11.5) 10 (10.0, 10.4) 10 (10.0, 10.4) 10 (10.3, 10.7)
Length of stay, d 8 (7.4,823) 9(9.4,9.7) 6 (6.2, 6.8) 6 (5.3, 5.8) 7(7.0,7.9)
Intent
No E-code 1559 (9.8) 6726 (8.7) 4261 (1.5) 4525 (5.8) 3338 (9.0)
Unintentional 4757 (30.0) 13892 (18.0) 15821 (27.8) 16158 (20.7) 6785 (18.2)
Self-inflicted 4394 (21.7) 3583 (4.6) 7299 (12.8) 4869 (6.2) 2 066 (5.5)
Assault 4144 (26.1) 48941 (63.4) 26 675 (46.9) 47390 (60.7) 23293 (62.5)
Undetermined 966 (6.1) 3961 (5.1) 2748 (4.8) 4947 (6.3) 1768 (4.7)
Disposition
Routine discharge 7211 (45.5) 53188 (69.0) 38336 (67.4) 60833 (78.1) 29356 (78.9)
Transfer to short-term hospital 628 (4.0) 2052 (2.7) 2171 (3.8) 1129 (1.5) 759 (2.0)
Transfer to other (SNF, ICF) 3707 (23.4) 8762 (11.4) 5628 (9.9) 3295 (4.2) 2237 (6.0)
Home health care 1723 (10.9) 6795 (8.8) 5559 (9.8) 3723 (4.8) 2096 (5.6)
Left AMA 143 (0.9) 1342 (1.7) 318 (0.6) 1745 (2.2) 439 (1.2)
Died in hospital 2415 (15.2) 4929 (6.4) 4786 (8.4) 7135 (9.2) 2315 (6.2)
Discharged to court, law enforcement 5(0.0) 5(0.0) 0 (0.0) 11 (0.0) 10 (0.0)
Discharged alive, destination unknown 16 (0.1) 59 (0.1) 45 (0.1) 26 (0.0) 15 (0.0)

Note. AMA = against medical advice; Cl=confidence interval; ICF =intermediate care facility; ISS = Injury Severity Score; SNF = skilled nursing facility.
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costs. We inflation-adjusted costs to 2014 dollars
using Consumer Price Index rates.

We performed unadjusted and adjusted
analyses. We used the Student ¢ test for
normally distributed continuous data. We
used %2 analysis and analysis of variance to
compare categorical variables. We considered
P values of less than .05 to be significant. We
used linear regression to determine adjusted
costs on the basis of payer status. Regression
variables included demographics, length of
stay, injury severity scores, and hospital re-
gion; we controlled for center.

We used Stata SE version 14.1 (StataCorp
LP, College Station, TX) for analyses. The
NIS contains survey strata using US Census
division, location, teaching status, ownership,
and bed size. We applied survey weights
according to Healthcare Cost and Ultilization
Project recommendations to create national
estimates for the entire US population.

RESULTS

A total of 267 265 patients were admitted
for firearm-related injuries from 2006
through 2014. Table 1 displays the patient
demographics broken down by the primary
payer status, including Medicare (6.0%),
Medicaid (29.1%), private insurance (21.4%),
self-pay (29.4%), and other (14.1%). Other
insurance includes individuals who were not
charged by the hospital and those with alter-
native forms of insurance. We found age,
gender, race/ethnicity, median household
income, injury severity, length of'stay, injury
intent (self-inflicted, assault, etc.), and
discharge disposition to differ significantly
(P<.001) between payer groups. Across all
payer groups, patients were overwhelmingly
male. Medicaid patients were younger, more
likely to be non-White, and more likely to fall
into a lower income quartile than were privately
insured patients. Medicaid-insured individuals
stayed in the hospital for an average of 3
days longer and their injuries were more likely
to be from assault. Self-pay and privately insured
individuals had the shortest average length of
stay compared with other insurance groups.

Medicare and privately insured patients
were more likely to be White and from higher
income quartiles. Medicare patients sustained
injuries that were significantly more likely to
be self-inflicted, whereas privately insured
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patients comprised the highest proportion of
unintentional injuries.

Patients with firearm injuries were over-
whelmingly admitted to large urban teaching
hospitals. Table 2 shows hospital character-
istics by the primary payer status of the patient.
We found that 43.0% of all initial hospital
admissions for firearm injuries were in the
South; the West and Midwest each had
20.0%, and the Northeast had 16%. Hospitals
in the South had the highest proportion of
self-pay patients and the lowest proportion of’
Medicaid patients. In fact, 48.3% of all self-
pay patients in the study—but only 30.0% of
Medicaid patients—were from this region.

The inflation-adjusted costs of initial in-
patient hospitalizations from 2006 through 2014
totaled $6.61 billion (Figure 1). There was
a significant increase in both costs and charges
over the study period (P=.001 for trend) but
no increase in the number of initial hospitali-
zations. The largest proportion of costs was for
patients with governmental insurance coverage,
totaling $2.70 billion (40.8%) divided between

Medicare (6.0%, $0.40 billion) and Medicaid
(34.8%, $2.30 billion). Private insurers were
responsible for $1.32 billion (20.0%), and self-
pay individuals were in aggregate accountable
for $1.56 billion (23.6%) of costs (Table 3).

Average unadjusted costs per admission
ranged from $19 642 for self-pay patients to
$30952 for Medicaid patients. This large dif-
ference in unadjusted costs was striking, con-
sidering the seemingly similar demographics
between Medicaid and self-pay patients. We
thus compared these 2 groups to determine
whether there were alternative factors that may
have accounted for the difference in hospital
costs. However, after controlling for length of
stay, Injury severity score, age, region, race/
ethnicity, and center, there was no significant
difference in costs (P=.27).

DISCUSSION
From 2006 through 2014, the costs of
initial hospitalizations for firearm-related

TABLE 2—Hospital Characteristics by Payer Status: Healthcare Cost and Utilization Project

Nationwide Inpatient Sample, United States, 20062014

Private
Characteristic Medicare Medicaid Insurance Self-Pay Other P
Hospital region, no. (%) <.001
Northeast 1997 (4.1) 22860 (47.4) 8522 (17.7) 11469 (23.8) 3381 (7.0)
Midwest 3535 (6.2) 15609 (27.5) 14179 (25.0) 17237 (30.4) 6179 (10.9)
South 8599 (7.3) 24276 (20.6) 25963 (22.0) 39564 (33.5) 19558 (16.6)
West 2524 (4.5) 18359 (33.0) 11088 (19.9) 13678 (24.6) 10068 (18.1)
Urban vs rural status of hospital, <.001
no. (%)
Urban 15078 (5.7) 78686 (29.6) 56747 (21.3) 77941 (29.3) 37468 (14.1)
Rural 1381 (15.1) 1743 (19.1) 2318 (25.4) 2921 (32.0) 757 (8.3)
Teaching status, no. (%) .3
Nonteaching hospital 4508 (9.0) 11352 (22.5) 12062 (24.0) 15975 (31.7) 6467 (12.8)
Teaching hospital 11953 (5.3) 69066 (30.7) 47002 (20.9) 64887 (28.9) 31769 (14.1)
Hospital bed size, no. (%) 07
Small 988 (8.4) 3581 (30.6) 2568 (21.9) 3123 (26.7) 1443 (12.3)
Medium 3367 (6.1) 15348 (27.6) 13912 (25.0) 16300 (29.3) 6728 (12.1)
Large 12087 (5.8) 61497 (29.6) 42597 (20.5) 61434 (29.6) 30053 (14.5)
Hospital ownership, no. (%) .03
Government or private 7984 (5.1) 46705 (29.6) 32820 (20.8) 46974 (29.8) 23321 (14.8)
Nonfederal government (public) 1703 (6.3) 7714 (28.7) 5745 (21.4) 7803 (29.0) 3939 (14.6)
Private not-for-profit (voluntary) 5203 (7.1) 21811 (29.6) 16910 (23.0) 21840 (29.7) 7830 (10.6)
Private, investor owned 1391 (9.0) 3979 (25.6) 3178 (20.5) 3954 (25.5) 3023 (19.5)
(proprietary)
Private (collapsed) 169 (13.7) 213 (17.3) 423 (34.2) 306 (24.7) 124 (10.1)
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FIGURE 1—Total Costs and Charges Inflation-Adjusted to 2014 Dollars for Initial Inpatient Hospitalizations for Firearm-Related Injuries by

Year: United States, 20062014

injuries totaled almost $7 billion and averaged
$730 million per year. Patients with no form
of insurance accounted for approximately

a quarter of these costs. In aggregate, the
government was responsible for 41% of the
total costs of initial hospitalizations for firearm
injuries, amounting to almost $2.7 billion.
The bulk of government costs was from
Medicaid, which accounted for one third of
the total financial burden. Medicaid patients
also had the highest per incident costs, av-
eraging more than $30 000 per initial
hospitalization. Privately insured patients

accounted for 20% of the total costs with
an average incident cost of approximately
$23 000.

The demographic distribution between
different payer statuses was noteworthy,
with the intent of firearm injury varying
significantly between payer groups.
Firearm injury with intent of assault ranged
from 26.1% among Medicare patients to
63.4% among Medicaid patients, whereas
self-inflicted injuries ranged from 4.6%
among Medicaid patients to 27.7% among
Medicare patients. This is consistent with

previous epidemiological research of the
intent of firearm injuries considering the
racial and age compositions of payer
groups. '

Our regression analysis demonstrated that
there was no significant difference between
Medicaid and uninsured individuals’ costs
after controlling for variables that in-
dependently alter costs, such as injury severity
and region. In fact, we found no significant
difference in costs when only controlling for
length of stay and center, suggesting that
firearm-related cost burden is high for all

TABLE 3—Costs and Charges Inflation-Adjusted to 2014 Dollars by Payer Status: Healthcare Cost and Utilization Project Nationwide Inpatient

Sample, United States, 2006-2014

Payer Status Total Costs, $ Average Cost per Incident (95% Cl), $ Total Charges, $ Average Charges per Incident (95% Cl), $

Government 2696252 699.68 29911.63 (28 215, 31607) 10219841 009.15 106 630.30 (100 139, 113 121)
Medicaid 2298583 423.09 30951.92 (28 975, 32 928) 8822077 248.95 110970.60 (103 746, 118 195)
Medicare 397669 276.59 25045.96 (23 000, 27 091) 1397763 760.20 85519.05 (78 587, 92 451)

Private 1324518 448.60 23150.88 (22073, 24228) 4668398519.47 79630.85 (75 624, 83 636)

Self-Pay 1563305 481.06 19642.32 (18779, 20 504) 543655451337 67210.58 (63298, 71122)

Other 997 236 040.59 25802.52 (24154, 27 450) 3505339038.58 89818.38 (83757, 95879)

All 6611291019.46 24746.10 (23 815, 25676) 23927812 262.96 86700.16 (82616, 90784)

Note. Cl=confidence interval.
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injured patients and not aftected by social or
other factors.

These results indicate that firearm-related
injuries place a particular burden on gov-
ernmental payers and the poor. Just more than
80% of self-pay patients fell below the 50th
income percentile; this group is unlikely to be
able to absorb health care costs. In addition,
without a third-party negotiator, these pa-
tients are often faced with full hospital charges
when billed.

Furthermore, the government covers
an enormous share of firearm injury costs.
Hospitals that experience high volumes of
these injuries, such as urban safety net hos-
pitals, frequently provide unreimbursed care.
In addition to uninsured individuals, patients
who were not charged by hospitals incurred
costs of just more than $200 million over the
study period. These costs are often written oft
as losses to hospitals. As a result, government
funding through county tax levies or block
grant mechanisms is likely required to keep
these hospitals solvent.

These values are a lower bounds estimate
of the burden because they identify only costs
associated with the initial inpatient hospital-
ization. These costs do not include the costs of
readmissions, rehabilitation, long-term care,
or disability. They also exclude the costs of
those who were treated and released or died
before admission. Finally, these health care
costs do not include the broader social cost of
firearm injuries such as quality-adjusted life-
years or health-related productivity loss,
which provide a broader but more abstract
estimation.

It is important to note the inherent
population differences between individ-
uals killed by firearms and patients hospi-
talized for firearm injuries. Although
suicide is the biggest cause of mortality
from firearms, accounting for 60.7% of all
firearm deaths in 2015, they accounted for
only 8.4% of patients initially hospitalized
for firearm injuries.” Suicide patients typi-
cally do not survive long enough to be
admitted and, thus, do not incur as many
hospital costs. Furthermore, assault victims
that survive long enough to be admitted
typically survive; many assault victims die
before hospitalization. Assault injuries
accounted for 56.5% of initial hospitaliza-
tions and thus are associated with the
highest costs.
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Limitations

The limitations of this research are rooted
in the information available at the NIS, which
does not include information about the
subsequent health care costs of firearm pa-
tients. Because we used ICD-9-CM codes,
including E-codes, specifically related to
firearm injuries to identify patients, it is
possible that this excluded patients with
firearm injuries who were classified with
different codes. Although we correlated
our numerical output with other sources,
such as the Web-Based Injury Statistics Query
and Reporting System and the Bureau of
Justice, it is possible that such exclusions
further underestimate the initial hospital
costs for these patients.

In addition, the sensitive and unpredictable
payment methods between hospitals, in-
dividuals, insurance companies, and the
government make determining specific
values of reimbursed and unreimbursed care
very difficult. There is likely an additional
burden placed on Medicaid because un-
insured patients may be enrolled during their
initial hospitalization; thus, subsequent care
for their injuries end up being covered by
governmental payers. However, we were
not able to explore this with our data set
because the NIS does not provide readmission
information. Finally, the charge to cost
conversion, although standardized and
an accepted method of assessing cost, does
not necessarily reflect actual costs, re-
imbursements, or capital outlays for patient
care.

Public Health Implications

The financial burden of initial hospitali-
zations for firearm injuries is more than
$700 million per year, and likely much
greater. The responsibility for payment falls
primarily on government payers and the
uninsured. This information can be used both
to inform public policy recommendations
and to track the progress of implemented
public policy measures.

Further research should evaluate the burden
of costs beyond the initial hospitalization to
include rehabilitation, long-term health care
costs, and costs associated with time lost from
work. In addition, understanding specific state
and federal funding of hospitals dedicated to

trauma and firearm injury treatment would

allow a more realistic estimation of how gov-
ernments may allocate expenditures for treating
firearm injuries. AJPH
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