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Association between unintentional i
firearm injury characteristics and deaths
in adolescents
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Abstract

Background Approximately 15% of pediatric firearm injuries are unintentional. While demographic characteristics of
unintentional firearm injuries have been described, the relationship between injury characteristics and mortality is not
well understood. In this study, we identified injury characteristics associated with fatality among unintentional firearm
injuries in adolescents.

Methods We conducted a retrospective (May 2022-May 2023) cross-sectional study of unintentional firearm injuries
among adolescents 12-17 years old using the Gun Violence Archive. Variables included victim age and sex, shooter
age and sex, injury location, injury circumstance, number of firearms, type of firearm, firearm owner, census region,
and shooter relationship to the victim. Logistic regression was used to identify variables associated with fatality.

Results Of 319 unintentional incidents, 212 (66.5%) were non-fatal and 107 (34.5%) were fatal. Of all shootings,
176 (55.2%) occurred in a residence. A shooter was identified in 256 (80.3%) cases; 43.0% of these were a peer of
the victim. The adjusted odds of fatality were higher when a peer was the shooter (aOR 5.38,95% Cl 2.57, 11.80)
compared to self-inflicted injury and when the shooting took place in the victim's residence (@OR 2.87,95% Cl 1.07,
7.88) or another residence (aOR 3.03, 95% Cl 1.45, 6.67) versus a public location (Fig. 1).

Conclusions Unintentional firearm injuries were more likely fatal when a peer was the shooter and when the
shooting occurred at a residence. This amplifies the importance of safe home firearm storage and exploring other
evidence-based approaches to decreasing youth access to firearms.
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Introduction

Approximately 15% of pediatric firearm injuries (fatal
and non-fatal) are unintentional Naik-Mathuria et al.
(2023). Previous cross-sectional studies of pediatric unin-
tentional firearm fatalities using National Violent Death
Reporting System (NVDRS) data have found that victims
are predominantly male, 66-85% of incidents occurred
in a home, and more than half of injuries were inflicted
by others (Wilson et al. 2023; Vaishnav et al. 2023; Hem-
enway at al. 2010; Hemenway and Solnick 2015). More
detailed data on injury characteristics and non-fatal inju-
ries in adolescents, and the relationship between specific
characteristics of unintentional firearm injuries and risk
of fatality, is lacking. In this study, we examined injury
characteristics associated with fatality among uninten-
tional firearm injuries in adolescents 12—17 years old.

Methods
We conducted a retrospective (May 2022-May 2023)
cross-sectional study of unintentional firearm injuries
among adolescents 12—17 years old using data from the
Gun Violence Archive (GVA) (Gun Violence Archive
2024). The GVA is a publicly available national database
of firearm-related incidents collected from law enforce-
ment, media, government, and commercial sources that
includes associated media and police reports (Gun Vio-
lence Archive 2024). It provides granular data regarding
incident location, collects data near real-time allowing
for more timely and relevant analyses, and has high cor-
relation (>0.95) with CDC data for interpersonal violence
(Johnson et al. 2021). This study was deemed exempt by
the University of Colorado Institutional Review Board.
One investigator (AH) reviewed all records; approxi-
mately 10% of records were reviewed by a second inves-
tigator (MH), with discrepancies resolved by consensus.
Logistic regression was used to examine injury charac-
teristics associated with fatality. Initial variables included
victim age and sex, shooter age and sex, injury location,
injury circumstance, number of firearms, type of firearm,
firearm owner, census region, and shooter relationship to
the victim. Missing data were categorized as “unspeci-
fied” and included in models. Backward stepwise selec-
tion was used to identify a model that minimized Akaike
Information Criterion. The final model included victim
sex, shooter sex, injury location, number of firearms,
type of firearm, and shooter relationship to the victim.
Firth’'s penalized logistic regression was used to mitigate
the issues of complete separation and small sample size.
Analysis was performed using R version 4.3.1 (R Core
Team 2016).
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Results

Of 319 unintentional shooting incidents, 212 (66.5%)
were non-fatal and 107 (34.5%) were fatal. The median
victim age was 15.0 years old (IQR 14.0, 16.0); 71.8% of
victims were male and the injury was self-inflicted in
21.3% of incidents (Table 1). More than half of shoot-
ings occurred in a place of residence. In 80.3% of cases, a
shooter was identified. Of known shooters (80.3%), 43.0%
were a peer of the injured adolescent.

The adjusted odds of fatality were higher when a peer
was the shooter (aOR 5.38, 95% CI 2.57, 11.80) compared
to self-inflicted injury, and when more than one firearm
was present (aOR 3.03, 95% CI 1.10, 8.60) compared
with one firearm. The adjusted odds were also higher for
shootings in the victim’s home (aOR 2.87, 95% CI 1.07,
7.88) or in another home (aOR 3.03, 95% CI 1.45, 6.67)
versus a public location (Fig. 1).

Discussion

In this cross-sectional study of unintentional injuries
among adolescents 12-17 years old, more than two-
thirds of victims were male and over half of injuries
occurred in a home, complimenting NVDRS data and
filling a crucial knowledge gap around non-fatal injuries
(Wilson et al. 2023; Vaishnav et al. 2023). Unlike NVDRS
data, which looked only at fatal injuries and showed that
approximately half were self-inflicted, one in five injuries
(both fatal and non-fatal) in this study were self-inflicted
(Wilson et al. 2023; Vaishnav et al. 2023; Hemenway at
al. 2010; Hemenway and Solnick 2015). This discrepancy
may be partly due to the inclusion of younger age groups
(ages 0-5), which have higher rates of self-inflicted inju-
ries, in NVDRS data (Wilson et al. 2023; Vaishnav et al.
2023).

Our finding that unintentional firearm injuries are
more likely to be fatal when they occur in a place of resi-
dence is particularly concerning. Approximately 40% of
US households with children have a firearm, and 4.6 mil-
lion US children live in homes with firearms stored in the
least safe way (unlocked and loaded), increasing the risk
of unintentional injury, suicide, and homicide (Azrael
et al. 2018; Miller and Azrael 2022). In a survey of ado-
lescents, 44.5% reported access to a firearm, and 68% of
these adolescents reported home firearm access (Haasz et
al. 2023). Our work amplifies the importance of decreas-
ing youth access to firearms among firearm-owning
households through various methods including safe stor-
age. Child Access Prevention laws, state-level laws that
impose a penalty for improperly stored household fire-
arms, are one example of an evidence-based approach to
reducing pediatric unintentional firearm injuries (Azad
et al. 2020; RAND Corporation 2024). Further prospec-
tive work is needed to determine whether decreasing
access to home firearms decreases unintentional firearm
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Table 1 Characteristics of fatal and nonfatal unintentional firearm injuries in adolescents, May 2022 to May 2023

Overall Fatal Non-fatal
(N=319) (N=107) (N=212)
Victim age
12 3(10.3%) 11(10.3%) (1 0.4%)
13 2 (10.0%) 8(7.5%) 4 (11.3%)
14 9 (12.2%) 17 (15.9%) (1 0.4%)
15 58 (18.2%) 24 (22.4%) 4 (16.0%)
16 2 (16.3%) 16 (15.0%) 6 (17.0%)
17 0 (18.8%) 22 (20.6%) (1 7.9%)
Unspecified teen 5(14.1%) 9 (8.4%) 6 (17.0%)
Victim sex
Male 229 (71.8%) 83 (77.6%) 146 (68.9%)
Female 68 (21.3%) 24 (22.4%) 44 (20.8%)
Unspecified 22 (6.9%) 0 (0%) 22 (10.4%)
Shooter age
0-11 5(1.6%) 1 (0.9%) 4 (1.9%)
12-18 198 (62.1%) 77 (72.0%) 121 ( 1%)
Adult, 19 or older 43 (13.5%) 18 (16.8%) 5(11.8%)
Unspecified 3(22.9%) 11 (10.3%) 62 (29.2%)
Shooter sex
Male 214 (67.1%) 82 (76.6%) 132 (62.3%)
Female 14 (4.4%) 10 (9.3%) 4(1.9%)
Both male and female or unspecified 91 (28.5%) 15 (14.0%) 76 (35.8%)
Location
Victim's home 37 (11.6%) 13 (12.1%) 24 (11.3%)
Other home 139 (43.6%) 61 (57.0%) 78 (36.8%)
Public location (20.7%) 12 (11.2%) 54 (25.5%)
Other/unspecified location 7 (24.1%) 21 (19.6%) 56 (26.4%)
Circumstance
Cleaning gun or other accidental 271 (85.0%) 98 (91.6%) 173 (81.6%)
Hunting/sport shooting 11 (3.4%) 4 (3.7%) 7 (3.3%)
Stray bullet 37 (11.6%) 5(4.7%) 32 (15.1%)
Number of firearms
1 299 (93.7%) 96 (89.7%) 203 (95.8%)
2 or more 20 (6.3%) 11 (10.3%) 9 (4.2%)
Type of firearm involved
Handgun 76 (23.8%) 27 (25.2%) 49 (23.1%)
Long gun 17 (5.3%) 6 (5.6%) 11 (5.2%)
Unspecified 226 (70.8%) 74 (69.2%) 152 (71.7%)
Firearm owner
Self (shooter) 61 (19.1%) 24 (22.4%) 37 (17.5%)
Family member 35 (11.0%) 15 (14.0%) 20 (9.4%)
Peer 12 (3.8%) 8 (7.5%) 4(1.9%)
Other/unspecified 11 (66.1%) 60 (56.1%) 151 (71.2%)
Census region
Midwest 79 (24.8%) 20 (18.7%) 9(27.8%)
Northeast 40 (12.5%) 12 (11.2%) 28 (13.2%)
South 158 (49.5%) 59 (55.1%) 99 (46.7%)
West 42 (13.2%) 16 (15. O%) 6 (12.3%)

Shooter’s relationship to victim

Self as shooter 68 (21.3%) 15 (14.0%) (25 0%)
Family member as shooter 5(11.0%) 13(12.1%) 2(10.4%)
Peer as shooter 110 (34.5%) 59 (55.1%) 1(24.1%)
Other shooter 106 (33.2%) 20 (18 7%) (40 6%)
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Characteristic (reference group) aOR 95% CI
Victim sex (male) i
Female 0.80 (0.42,1.52) —_—
Shooter sex (male) f
Female 3.17 (0.94,12.4) j
Location (public location) f
Victim's home 2.87 (1.07,7.88)
Other home 3.03 (1.45,6.67) 5
Number of firearms (1) ;
2 or more 3.03 (1.10, 8.58) i
Type of firearm involved (handgun) i
Long gun 171 (0.46, 6.20) :
Shooter's relationship to victim (self as shooter) '
Family member as shooter 243 (0.94,6.32) '
Peer as shooter 5.38 (2.57,11.8)
0.1 1 10

Favors non-fatal injury Favors fatal injury

Fig. 1 Association of Injury Characteristics and Fatality: Adjusted odds ratio (aOR) of fatality for each characteristic with associated 95% confidence inter-

vals. The reference group appears in parentheses. The vertical line in the forest plot denotes OR=1

injuries in general, and fatal injuries in particular (Wilson
et al. 2023; R Core Team 2016).

We also found that fatal injury is associated with mul-
tiple firearms and peers as shooters. Work to date has
primarily focused on parental education around firearm
safety (Haasz et al. 2024; Burch et al. 2023; Fraser Doh
et al. 2024). Future work should explore whether edu-
cating adolescents about firearm safety can decrease the
incidence and fatality of unintentional firearm injuries
(Haasz et al. 2022).

These findings should be considered in the context of
several limitations. First, the GVA is not a government-
regulated data source and not all pediatric firearm inju-
ries are captured, although correlation with Centers for
Disease Control and Prevention epidemiologic data is
high (Johnson et al. 2021). Second, some incident char-
acteristics were missing. This lack of detail limits their
helpfulness in formulating prevention strategies. Finally,
there is potential for miscategorization of intent and
other injury characteristics, as the GVA is a secondary
data source. Despite these limitations, this study provides
an important understanding of specific characteristics
associated with fatal unintentional firearm injuries in
adolescents that may help support policies and research
to prevent firearm deaths.
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