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IMPORTANCE Firearm injury is the second leading cause of death in the United States for
children and young adults. The risk of unintentional and self-inflicted firearm injury is lower
when all household firearms are stored locked.

OBJECTIVE To estimate the reduction in youth firearm suicide and unintentional firearm
mortality that would result if more adults in households with youth stored household guns
locked.

DESIGN, SETTING, AND PARTICIPANTS A modeling study using Monte Carlo simulation of youth
firearm suicide and unintentional firearm mortality in 2015. A simulated US national sample of
firearm-owning households where youth reside was derived using nationally representative
rates of firearm ownership and storage and population data from the US Census to test a
hypothetical intervention, safe storage of firearms in the home, on youth accidental death
and suicide. Data analyses were performed from August 3, 2017, to January 9, 2018.

EXPOSURES Observed and counterfactual household-level safe firearm storage (ie, storing all
firearms locked), the latter estimated by varying the probability that a hypothetical
intervention increased safe firearm storage beyond that observed in 2015.

MAIN OUTCOMES AND MEASURES Observed and counterfactual counts of firearm suicide and
unintentional firearm mortality among youth aged 0 to 19 years, the latter estimated by
incorporating an empirically based estimate of the mortality benefit expected from additional
safe storage (beyond that observed in 2015).

RESULTS A hypothetical intervention among firearm owners residing with children with a
20% probability of motivating these owners to lock all household firearms was significantly
associated with a projected reduction in youth firearm mortality (median incidence rate
ratio = 0.90; interquartile range, 0.87-0.93). In the overall model, 6% to 32% of deaths were
estimated to be preventable depending on the probability of motivating safer storage.

CONCLUSIONS AND RELEVANCE Results of this modeling study suggest that a relatively
modest uptake of a straightforward safe storage recommendation—lock all household
firearms—could result in meaningful reductions in firearm suicide and unintentional firearm
fatalities among youth. Approaches that will motivate additional parents to store firearms
safely are needed.
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I n 2015, 13 million US households with children also con-
tained firearms.1 In that same year approximately 14 000
youth younger than 20 years were treated for nonfatal fire-

arm injuries,2 and 2800 youths died by gunfire (of whom more
than 1100 died by suicide or unintentional firearm injury).3 The
firearm used in suicides comes from the youth’s home in ap-
proximately 9 of 10 deaths, and from the home of the victim
or the victim’s relative or friend in 9 of 10 unintentional
firearm deaths.4

The presence of a gun in a household substantially in-
creases the risk of suicide and unintentional firearm death.5-11

Moreover, when guns are present in a home with youth, stor-
ing all firearms locked as opposed to unlocked, unloaded as
opposed to loaded, and storing all ammunition locked and
separate from firearms have each been associated with a re-
duced risk of intentional self-inflicted and unintentional
firearm injuries.4

Although the American Academy of Pediatrics recom-
mends that if parents decide to keep firearms in their home,
all firearms should be locked, unloaded, and separate from
ammunition,12 only 3 of 10 adults in households with chil-
dren report storing all guns unloaded and locked up.1 Consis-
tent with this finding, data suggest that few gun owners ap-
preciate the risks posed by household firearms, let alone how
that risk is modified for youth by storage practices.13

The present study is the first, to our knowledge, to estimate
of the number of youths whose lives could be saved were addi-
tional gun-owning adults to adopt safer firearm storage practices.
In particular, we estimate the reduction in firearm suicide and
unintentional firearm deaths that would result from a hypotheti-
cal“lockallfirearms”interventionaimedatadultslivinginhomes
with youth and guns (eg, public safety campaigns, incentives for
primary care doctors to follow American Academy of Pediatrics
firearms guidelines, or firearm storage laws).

Methods
This study followed the Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) reporting guideline.
We conducted a Monte Carlo simulation using household-
level data on firearm ownership and storage, and
contemporaneous data on firearm suicide and unintentional
firearm injury among US youth (defined as children and
adolescents aged 0-19 years) in 2015. The year 2015 was selected
as this was the most recent year for which several key data
elements were available. The age range of 0 to 19 years was
chosen because, to our knowledge, it is the age group for which

the only published estimate of the observed outcomes of firearm
storage practices on firearm suicides and unintentional firearm
injuries among youth are available.14 Data analyses were
performed from August 3, 2017, to January 9, 2018. This project
was deemed exempt from human subject review by the
institutional review board of Boston Children’s Hospital.

Data Sources
All sources of data used to generate the final data set are sum-
marized in Table 1. Estimates for national firearm ownership
prevalence and firearm storage practices among households
in which youth (aged <18 years) reside were taken from the
National Firearms Survey (NFS), a nationally representative
probability-based online survey sample of US adults con-
ducted in 2015 (n = 3949; response rate, 55%). Details of the
NFS methodology are described elsewhere.16 The survey in-
cluded the following: “The next questions are about working
firearms. Throughout this survey we use the word gun to re-
fer to any firearm, including pistols, revolvers, shotguns and
rifles, but not including air guns, bb guns, starter pistols or
paintball guns.” This preamble was followed by the question:
“Do you or does anyone else you live with currently own any
type of gun?” Those who responded affirmatively were asked,
“Do you personally own a gun?” Firearm owners (those who
answered “yes”) were asked to specify the storage status of
their firearms (locked/unlocked, loaded/unloaded).

National counts of firearm suicide and unintentional fatali-
ties in 2015 among persons 19 years and younger were taken
from Centers for Disease Control and Prevention Compressed
Mortality Files (CMF).15 Deaths due to firearm suicide and
unintentional injury were identified using International
Classification of Diseases, Tenth Revision codes X72-X74 and
W32-W34, respectively.

Key Points
Question How many suicide and unintentional firearm deaths
among US residents aged 0 to 19 years could be prevented by a
modest increase in safe household firearm storage?

Findings This modeling study using Monte Carlo simulation
estimated that 6% to 32% of youth firearm deaths (by suicide and
unintentional firearm injury) could be prevented, depending on
the probability that an intervention motivates adults who
currently do not lock all household firearms to instead lock all guns
in their home.

Meaning Results of this modeling study suggest that approaches
that will motivate adults who live in homes with youths to store
firearms safely may prevent up to 32% of firearm deaths.

Table 1. Data Sources for Monte Carlo Simulations

Variable Values Source Reference
National firearm suicide and unintentional fatality estimates among
youth aged 0-19 y (2015)

1117 Compressed Mortality File National Center for Health
Statistics15

National firearm ownership prevalence among households containing
children and adolescents aged 0-17 y (2015), %

33.4 National Firearm Survey Azrael et al,16 2017

National estimates of households containing children and adolescents
aged 0-17 y (2015)

37 117 391 American Community
Survey

US Census Bureau17

Prevalence of unsafe (ie, unlocked) firearm storage among owners
cohabitating with children and adolescents aged 0-17 y, % (95% CI)

48.6 (43.4-53.8) National Firearm Survey Unpublished data16
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National counts of the number of households that con-
tain residents younger than 18 years in 2015 were taken from
The American Community Survey, a nationally representa-
tive survey administered by the US Census.17

Approach and Measures
To estimate the association of a hypothetical firearm storage in-
tervention with firearm suicide and unintentional firearm deaths
among youth 19 years and younger, we assumed that all deaths
resulted from firearms kept in homes where youth resided.
Under this assumption, we compared observed fatalities in 2015
(taken from the CMF, as noted above) with deaths in a counter-
factual 2015 generated using Monte Carlo simulation methods
in which fewer homes with youth had unlocked guns.

To operationalize this approach, we first created a data set
of homes with youth and guns consisting of 12 397 209 obser-
vations (households), based on calculations that multiplied the
number of US households with youth younger than 18 years
(37 117 391, as taken from the census) by the estimated preva-
lence of firearm ownership among households that contain
youth younger than 18 years (33.4%, as taken from the NFS).1,16

Next, we randomly selected 46.8% of these households (ie, re-
flecting the prevalence of unlocked firearm storage among
owners cohabiting with youth, provided by the 2015 NFS)1 to
which we applied an “unlocked” storage designation. We chose
locked/unlocked status (as opposed to definitions compris-
ing both locked/unlocked and loaded/unloaded designa-
tions, with or without requirements pertaining to ammuni-
tion location) to simulate the outcomes associated with a
relatively straightforward, single-component intervention (ie,
“store your firearms locked”).

We then created a death indicator variable, coded posi-
tive for a selected set of observations (ie, households), equal
to the number of observed suicide and unintentional firearm
deaths among persons aged 0 to 19 years in 2015 (n = 1117, of
which 1017 were suicides, as provided by the CMF). In approxi-
mately 10% of cases, the firearm used in youth suicides and
unintentional firearm deaths does not come from the home of
the victim or a friend or relative4 (eg, among youth aged 18 to
19 years who possess their own firearm and live away from their
parents) and thus there might be no benefit from an interven-
tion that affects adult storage practices. To address this po-
tential overestimate of benefit, we reduced the number of
potentially preventable deaths by 10%, from 1117 to 1005.

To construct data consistent with the empirical evidence
that safe storage protects against firearm fatalities, deaths were
distributed to households across our locked vs unlocked stor-
age designation such that the risk ratio (proportion of deaths
among households with all firearms locked divided by pro-
portion of deaths among households with at least 1 firearm
unlocked) was equivalent to the corresponding odds ratio (OR)
reported in Grossman et al (OR, 0.27; 95% CI, 0.17-0.45).14 This
calculation assumes the OR is a proxy for the risk ratio, which
can be justified in this case because the outcome, pediatric sui-
cide and unintentional firearm death, is rare (see eAppendix
1 in the Supplement for additional details). It is reasonable to
combine deaths by suicide with deaths by unintentional fire-
arm injury because Grossman and colleagues14 found that the

observed protective outcomes of storing firearms locked on
youth unintentional death (OR, 0.26; 95% CI, 0.10-0.64) are
nearly identical to the observed protective outcomes on sui-
cide (OR, 0.27; 95% CI, 0.16-0.47). As such, 223 deaths were
randomly assigned to households where all guns were stored
locked and 782 deaths were randomly assigned to house-
holds where at least 1 firearm was unlocked.

We then generated our counterfactual scenarios. First, a
fraction of homes originally designated as storing firearms
unlocked were randomly selected to respond to the hypotheti-
cal intervention and were recategorized as homes that store
all firearms locked. Specifically, among those observations
(households) that were not already categorized as locked, we
randomly selected a set of homes to receive an augmented
locked storage designation, where each observation had a
specified probability, ranging from 10% to 50% in 10% incre-
ments, of receiving a positive designation (ie, becoming a
household where all firearms are locked).

Second, we assigned the mortality benefit expected from
improved storage. To do so, we used crude cell count data from
Grossman et al14 to calculate the attributable (ie, prevented) frac-
tion (OR, 0.64; 95% CI, 0.43-0.78), which represents the prob-
ability that locking all household firearms would have pre-
vented a death that otherwise occurred (see eAppendix 2 in the
Supplement for additional details and sensitivity analyses).
Using this derived parameter, we randomly selected homes
among those with the augmented locked storage designation
to receive an effectively preventive designation, meaning that
firearms in the given household could not cause a death.

Finally, we created a counterfactual death variable. This vari-
able is equal to the observed death variable except where an
observation met all of the following conditions: (1) it was not des-
ignated as locked; (2) it had an augmented locked storage desig-
nation; (3) it had an effectively preventive designation; and
(4) it had a positive value for the observed death variable. In these
cases, the death was negated (ie, recoded to zero). This counter-
factual death variable represents the deaths that would have oc-
curred,givenadherencewithahypotheticalstorageintervention.

Statistical Analysis
We created a long data set with a single composite fatality vari-
able in which each household is represented by 2 observations:
first, where the composite fatality variable equaled the unaltered
CMF death indicator variable; and second, where the compos-
ite fatality variable equaled the counterfactual death variable.
Wecomparedtheobservedvsthecounterfactualdeathrateusing
a Poisson regression model with the composite fatality variable
as the dependent variable and observation type (empirical vs
counterfactual) as the independent variable. From each model
we derived the incidence rate ratio (IRR) and 95% CI.

Each model estimation represented 1 repetition. We used the
simulate command as implemented in Stata SE, version 14.2,
(StataCorpLLC)toestimate1000repetitionsofthemodelforeach
“augmented locked storage” probability under consideration (ie,
10%, 20%, 30%, 40%, and 50%). An α level of .05 was used to
determinestatisticalsignificance.Allstatisticaltestswere2-sided.
To evaluate the results of the simulation, we examined the me-
dian IRR with the corresponding interquartile range (IQR), the
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proportion of repetitions with a significantly protective observed
outcome of counterfactual safe storage, and the estimated num-
ber of deaths prevented (equal to the observed death count
minus the counterfactual death count).

We performed several sensitivity analyses. First, we re-
ran the simulations using the lower and upper bounds, respec-
tively, of the attributable fraction CI (ie, 43% and 78%). These
sensitivity analyses were repeated for each hypothetical locked
storage probability under consideration. Second, recognizing
that locking guns may also mitigate the occurrence of nonfa-
tal firearm injuries among youth, we reran our simulations
while including firearm injuries. Unintentional injury counts
among youth 19 years or younger in 2015 were taken from the
web-based Injury Statistics Query and Reporting System, main-
tained by the Centers for Disease Control and Prevention
(n = 2724; self-inflicted nonfatal injuries were not included be-
cause the estimate was based on too few cases to be consid-
ered statistically reliable). Based on evidence that, among non-
fatal youth firearm injuries, approximately 66% occurred in
the home,4 we reduced the number of potentially prevent-
able nonfatal injuries by 33%, from 2724 to 1798, giving a com-
bined fatal and nonfatal injury count for this sensitivity analy-
sis of 2803 (1005 + 1798).

Results
The results of simulations assuming an effectively preven-
tive proportion of 64%, while varying the augmented locked
storage probability from a 10% increase over the empirical 2015
baseline to a 50% increase, in 10% increments, are displayed
in Table 2. The median (IQR) IRR assuming an augmented
locked storage probability of 10% was 0.95 (0.95-0.96). How-
ever, none of the repetitions was significantly protective. Af-
ter increasing the augmented locked storage probability to 20%,
the median (IQR) IRR decreased to 0.90 (0.89-0.91) and 93.1%

of these repetitions were significantly protective. Each addi-
tional increase of the augmented locked storage probability
(30%, 40%, and 50%) decreased the median (IQR) IRR by ap-
proximately 5% (0.85 [0.84-0.86]; 0.80 [0.79-0.81]; and 0.75
[0.74-0.76], respectively).

The estimated number of deaths prevented is displayed in
Table 2. The median (IQR) number of deaths prevented per rep-
etition ranged from 50 (45-55) for simulation repetitions using
10% augmented storage probabilities, to 251 (242-260) for
simulation repetitions using 50% augmented storage prob-
abilities. We estimated that among all 782 youth firearm sui-
cide and unintentional deaths assigned to firearms that were
designated as unlocked and preventable by our hypothetical
intervention, 50 (6.4%) to 251 (32.1%) could be prevented by
a hypothetical storage intervention, depending on the pro-
portion of adult firearm owners living with youth who newly
lock all household firearms.

Table 3 shows sensitivity analyses using the lower and up-
per bounds of the effectively preventive point estimate (43% and
78%, respectively). With the effectively preventive proportion
set to 43% and an augmented locked storage probability of 30%,
93.7% of the repetitions were significantly protective. With the
effectively preventive proportion set to 78%, all repetitions were
significantly protective as the augmented storage probability
reached 20%. The Figure displays the median deaths prevented
across a range of augmented storage probabilities and effectively
preventive values, including the 95% and 99% CI bounds of the
effectively preventive point estimate.

Table 2. Simulation of Augmented Locked Firearm Storage (Percent
Increase Over Empirical Baseline) and Youth Unintentional Deaths
and Suicides by Firearm, 2015a

Probability of
Augmented
Locked
Storage, %

Summary of Model Estimates

Incidence Rate Ratio
Deaths
Prevented, No.

Median (IQR)
[Range]

Significant
Repetitions, %b

Median (IQR)
[Range]

10 0.95 (0.95-0.96)
[0.93-0.98]

0 50 (45-55)
[25-70]

20 0.90 (0.89-0.91)
[0.87-0.93]

93.1 99 (93-106)
[72-135]

30 0.85 (0.84-0.86)
[0.81-0.88]

100 150 (143-158)
[117-191]

40 0.80 (0.79-0.81)
[0.76-0.84]

100 200 (192-208)
[162-239]

50 0.75 (0.74-0.76)
[0.71-0.80]

100 251 (242-260)
[204-289]

Abbreviation: IQR, interquartile range.
a Each row represents a simulation; 1000 repetitions were estimated per

simulation. All simulations assumed a 64% probability that safe storage would
prevent a death that would have otherwise occurred.

b Percentage of repetitions of a given simulation where the upper bound of the
CI for the incidence rate ratio is less than 1.

Table 3. Sensitivity Analyses of the Probability That Augmented Locked
Storage Prevents a Death That Would Have Otherwise Occurreda

Probability of
Augmented
Locked Storage

Incidence Rate Ratio
Deaths Prevented,
Median (IQR)
[Range]

Median (IQR)
[Range]

Significant
Repeti-
tions, %b

43% Probability That Safe Storage Would Prevent a Death
That Would Have Otherwise Occurred
10% 0.97 (0.96-0.97)

[0.95-0.98]
0 33 (30-37)

[17-54]
20% 0.93 (0.93-0.94)

[0.90-0.96]
0.6 68 (62-72)

[41-100]
30% 0.90 (0.89-0.91)

[0.87-0.93]
93.7 101 (94-108)

[71-129]
40% 0.87 (0.86-0.87)

[0.83-0.90]
100 134 (128-141)

[102-175]
50% 0.83 (0.83-0.84)

[0.79-0.87]
100 167 (159-175)

[129-208]
78% Probability That Safe Storage Would Prevent a Death
That Would Have Otherwise Occurred
10% 0.94 (0.93-0.95)

[0.92-0.96]
0 60 (55-66)

[36-84]
20% 0.88 (0.87-0.89)

[0.84-0.91]
100 122 (115-129)

[89-158]
30% 0.82 (0.81-0.82)

[0.78-0.86]
100 183 (176-192)

[144-225]
40% 0.76 (0.75-0.77)

[0.72-0.80]
100 244 (235-253)

[202-283]
50% 0.70 (0.69-0.71)

[0.65-0.74]
100 306 (296-315)

[265-356]

Abbreviation: IQR, interquartile range.
a Each row represents a simulation; 1000 repetitions were estimated per

simulation.
b Percentage of repetitions of a given simulation where the upper bound of the

CI for the incidence rate ratio is less than 1.

Research Original Investigation Association of Safe Household Firearm Storage and Firearm Suicide and Unintentional Deaths Among US Youths

660 JAMA Pediatrics July 2019 Volume 173, Number 7 (Reprinted) jamapediatrics.com

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 03/05/2022

http://www.jamapediatrics.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2019.1078


In our second set of sensitivity analyses, we included non-
fatal firearm injuries along with deaths. Using the Web-based
Injury Statistics Query and Reporting System (WISQARS), we
arrived at a total count of firearm shootings among youth 19
years and younger in 2015 of 2803 (ie, 1005 deaths plus 1798
unintentional injuries). With an effectively preventive prob-
ability of 64% and the augmented locked storage probability set
at 20%, 100% of repetitions were statistically protective, and
the number of firearm injuries (fatal and nonfatal) prevented
ranged from 235 to 323, with a median (IQR) of 280 (270-290).

Discussion
Fewer than 1 in 3 US homes with youth and firearms follow
American Academy of Pediatrics recommendations to store all
household firearms locked and unloaded.1 At least 15 million
youth live in households with firearms stored in a manner in-
consistent with American Academy of Pediatrics guidelines.1,18

As such, saving lives through promoting safer storage has great,
but as yet unrealized, potential. Our findings suggest that a rela-
tively modest improvement in firearm storage practices in-
duced by a hypothetical intervention that prompted adults in
households with youth to lock all household firearms could
result in substantial, statistically significant reductions in fire-
arm suicide and unintentional fatalities among US youth. Spe-
cifically, we found that if 20% of households storing at least
1 gun unlocked moved in a single year to locking all guns (eg,
from 53.2% of households locking all firearms to 62.6% of
households), between 72 and 135 youth firearm fatalities, and
between 235 and 323 youth firearm shootings (ie, nonfatal
injuries and deaths combined) could be prevented.

Our results are based on motivating adult firearm owners
in homes with youth to lock all household firearms that were
not locked in the absence of our hypothetical intervention.
Locking firearms is not the only way to reduce risk of injury
from household firearms. Indeed, Grossman et al14 reported
that unloading firearms, as well as locking ammunition,
provided additional protective benefits. To the extent that
gun owners who respond to an intervention by locking all
guns and adopting other safer storage practices, our esti-
mates are conservative.

Our findings that youth firearm suicide rates may decline
substantially if at least 20% of households with youth moved
from storing guns unlocked to locking all guns do not speak
directly to the association that such an intervention may have
on overall suicide rates. However, it is likely that the number
of lives saved is roughly approximated by the number of fire-
arm suicides averted, based on evidence from case-control and
ecologic studies showing that the positive relationship be-
tween household firearm availability and overall suicide is en-
tirely attributable to an elevated rate of suicide by firearms and
that suicide by nonfirearm methods is trivially associated with
firearm availability (ie, lethal substitution of nonfirearm meth-
ods is minimal).5-8,10,11,19-25 Moreover, for the age group stud-
ied herein, lethal substitution is less likely than among older
age groups because the case-fatality rate for commonly used
nonfirearm suicide methods is inversely related to age.26

Limitations
Our results should be interpreted in the light of additional con-
siderations. First, our analysis relied on estimates derived from
a single study conducted more than 15 years ago, Grossman
et al,14 the only published study that quantifies the relation-
ship between storage practices among youth and the risk of
firearm injuries. However, representativeness is not neces-
sary for the mechanics of causal association measured in one
study to be transportable to other settings.27 Indeed, there is
no a priori reason to think that either the passage of time,
sociodemographic differences (between youth studied by
Grossman and colleagues14 compared with youth today), or
spatial heterogeneity with regard to rates of firearm death and
adoption of improved storage practices would materially al-
ter the extent to which an unlocked household firearm, rela-
tive to a locked firearm, increases the risk of firearm suicide
(or unintentional firearm death) to youth. Thus, our esti-
mates of the net benefit are not likely to be significantly af-
fected by these considerations. Second, although the point es-
timate for the observed protective outcomes of locking guns
on suicide attempts (ie, 0.27) in the study by Grossman and
colleagues14 pertains to both fatal and nonfatal attempts, it
seems a reasonable approximation of an OR applying to sui-
cide deaths, because 95% of attempts in Grossman et al proved
fatal. By contrast, the OR (ie, 0.26) for unintentional injuries
pertains to both the 52% of events that proved fatal and the
48% that did not. To the extent that gun storage has a differ-
ential association with the lethality of an unintentional in-
jury, as opposed to the risk of the injury itself, our results might
overestimate or underestimate the number of unintentional
deaths averted. However, since the overall effect on deaths
averted largely reflects firearm suicides prevented, our over-
all estimates are likely reasonable approximations, even if the

Figure. Estimate of Median Deaths Prevented, Stratified by Probability
of Augmented Locked Storage and Effectively Preventive Probability
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assumption about storage regarding fatal vs nonfatal
unintentional firearm injury does not hold.

Conclusions
To date, the evidence characterizing existing interventions,
such as office-based pediatrician counseling28-31 and legisla-

tive initiatives that provide penalties for misuse by youth of
unsafely stored firearms,32,33 is mixed. Our findings that a
relatively modest uptake of a straightforward recommenda-
tion to lock all household firearms is likely to result in
meaningful reductions in firearm suicide and unintentional
firearm fatalities among youth underscores the need to fur-
ther develop and test approaches that will more effectively
motivate parents to store firearms safely.
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