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Over 50,000 homicides and suicides occur each year. An estimated half of all US households are believed to have a firearm present,
making them one of the most ubiquitous consumer products. Our goal was to determine if the manner of storage of a firearm in a
home could potentially make a difference in the outcomes of intentional and unintentional injuries involving a firearm; specifically
addressing the use of gun safes and devices that block/disable firearm function (trigger locks, cable locks, etc.).
METHODS:
A comprehensive review of the literature was performed. We used Grading of Recommendations Assessment, Development, and
Evaluation methodology to assess the breadth and quality of the data specific to our Population, Intervention, Comparator, Outcomes (PICO) questions.
RESULTS:
A total of 176 studies were initially identified, then, 120 more added after a subsequent literature review, with 97 removed as duplicates. One hundred ninety-one case reports, case series, and reviews were removed because they did not focus on prevention or
did not address our comparators of interest. This left a total of two studies which merited inclusion for PICO 1, should gun locks be
used to prevent firearm injuries and six studies which merited inclusion for PICO 2, should safe storage for guns be used to prevent
firearm injuries.
CONCLUSION:
PICO 1: We conditionally recommend that gun locks be used to prevent unintentional firearm injury.PICO 2: Because of the
large effect size and the reasonable quality of available evidence with safe storage of firearms, we recommend safe storage prevent firearm-related injuries. (J Trauma Acute Care Surg. 2018;84: 1003–1011. Copyright © 2018 Wolters Kluwer Health, Inc.
All rights reserved.)
LEVEL OF EVIDENCE: Systematic review, level III.
KEY WORDS:
Evidence-based review; systematic review; firearm injury; injury prevention.
BACKGROUND:

O

ver 50,000 homicides and suicides occur each year in the
United States.1 In 2015, homicide was the second leading
cause of death, and suicide the third for persons 15 years to
24 years of age.2 Approximately 60% of all homicides and suicides in the United States are committed with a firearm. Although unintentional firearm-related injuries are less likely to
result in death, those who survive gunshot wounds can be subject to long-term sequelae associated with physical impairment
and permanent disability.3
The presence of a household firearm is associated with
an increased risk of suicide among adults and adolescents.4
Adolescent suicide completers were 2.5 times more likely to
have a gun in their home than were diagnostically similar,
psychiatrically ill, suicidal children, thus suggesting that the
availability of firearms represents a significant risk factor
for suicide.5 Other work suggests that the presence of a gun in
the home is much more likely to result in a suicide than in a defensible homicide.5 Firearms were the cause of nearly 51% of
US suicide deaths from 2004 to 2012, never falling below
50% in any year.6,7
In the United States, there are over 200 million firearms in
civilian hands, far more than in any other developed nation.
There are also far more firearm related injuries.8 Hand-guns
are present in more than half of US households with firearms,
about one in five households overall.8 A recent practice management guideline generated by the Eastern Association for the Surgery of Trauma (EAST) Injury Control and Violence Prevention
Section concluded that more restrictive licensing gun laws is
associated with lower firearm injuries,9 but given the volatile

debate about second amendment rights versus public health, universal restrictive licensing is unlikely.
Unloading and locking all guns and ammunition in the
home can potentially reduce access to guns by youth. Securely
storing guns is perhaps a more plausible strategy for intentional
gun injuries among toddlers and young children, but its effectiveness to reduce youth suicide is less clear.
The purpose of this systematic review was to determine if
the manner of storage of a firearm in a home could make a difference in firearm injuries; specifically addressing storage of a
loaded or unloaded firearm in a secure vs unsecure location,
and evaluating outcomes of devices that block/disable firearm
function (trigger locks, cable locks, etc).

Objectives
The objective of this systematic review was to evaluate the
use of firearm storage devices and safety devices that block/disable
the firing function of a firearm (trigger locks, cable locks, etc) to
prevent intentional and unintentional firearm-related injuries.
A broad-based committee of surgeons and nurses was
formed from the membership of the EAST Injury Control and
Violence Prevention Section, and the EAST Guidelines Committee. The team included individuals with a range of research
experience and many with military and/or civilian law enforcement backgrounds. We created the Populations, Intervention,
Comparator, and Outcome (PICO) questions of interest and created a list of potential outcomes. The group voted any type of
firearm injury, fatal or nonfatal, irrespective of intent, as critically important. No external funding was used for this project.
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PICO Questions

Outcome Measure Types

For this review, two PICO questions were estimated by the
authors as the most salient aspects of injury related to firearm
safety practices.

We limited the review to studies in which an injury as a result
of a firearm was the outcome; we included fatal and nonfatal injuries, and included both intentional and unintentional mechanisms.

PICO Question 1, firearm safety devices
Patient population: general population
Intervention: firearm safety devices that block/disable the
firing function (trigger locks, cable locks, etc)
Comparators: with and without firearm safety devices
Outcome: all firearm injuries

REVIEW METHODS

PICO 2, safe firearm storage
Patient population: general population
Intervention: gun storage
Comparators: with and without gun storage
Outcome: all firearm injuries

MATERIALS AND METHODS
Inclusion Criteria for this Review
Study Types
Studies included randomized controlled trials, prospective
and retrospective observational studies, ecological studies, and
case-control studies. Case reports, conceptual pieces, and reviews containing no original data or analyses were excluded.
We excluded editorials, opinion articles, and studies not addressing the PICO questions. We included all studies published between January 1, 1900, and June 30, 2017. We did not restrict
by publication language or limit our analysis to studies of the
United States population.

Participant Types
We included all relevant studies, irrespective of age, race,
sex, or other demographic characteristics.

Intervention Types
We reviewed all studies which evaluated the effects of firearm storage devices and firearm safety devices on the prevention
of firearm-related injuries.

Search Strategy
In January 2017, an institutional research librarian performed a systematic search of Ovid, MEDLINE, Embase, and
Social Sciences Citation Index (Web of Science). The search
strategies were devised to favor precision over recall. Figure 1
contains the MeSH terms used for the initial search.
In keeping consistent with previous systematic reviews, a
second search was completed to include additional social science databases: Cochrane Central Register of Controlled Trials,
Web of Science Core Collection PsychINFO, CINAHL, Art
and Humanities Citation Index, and Conference Proceedings
Citation Index. A second institutional research librarian performed this literature search which found 120 additional relevant articles (Fig. 2).

Study Selection
Two independent reviewers (P.V., M.C.) then screened titles and abstracts, excluding reviews, case reports, and unrelated
articles. The resulting studies were used for the review. The
study selection process is highlighted in the PRISMA flow diagram for Figure 3.
A total of 39 abstracts were identified in our initial searches
for PICO 1 and 257 abstracts for PICO 2. Duplicates, case reports, and small-case series were excluded (n = 3) for PICO 1
and (n = 94) for PICO 2. The authors then reviewed the articles
for relevance and excluded articles that did not include injury
as a specific outcome of interest (n = 34 for PICO 1; n = 153
for PICO 2). Articles not relevant to our specific PICO questions
(n = 0 for PICO 1; n = 4 for PICO 2) were also excluded.
There were no additional articles added to the literature
summary after reading relevant review articles (n = 0). The final
list of two articles for PICO 1 and six for PICO 2 were reviewed
and used to create the recommendations. Finally, a focused search
update in October 2017 demonstrated no new relevant articles.

Figure 1. Search strategy 1—Yale librarian.
© 2018 Wolters Kluwer Health, Inc. All rights reserved.
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Figure 3. PRISMA Flow Diagram

Data Extraction and Management

Outcome Measure Types

All references used for the review were entered into a
Microsoft Excel (Microsoft Corporation, Redmond, WA) spreadsheet containing information on authors, article title, study
methodology, and intervention and outcome measures. A master
copy was made available to all reviewers. All articles, Grading
of Recommendations Assessment, Development, and Evaluation (GRADE) resources, and instructions were electronically
available to all members of the writing team. Each independent
reviewer shared his or her PICO sheet and literature review with
all members of the team. Independent interpretations of the data
were shared through group email and conference calls. There
were a few reviewer discrepancies in grading that occurred. A
modified Delphi technique was used to resolve differences.
Grading was completed in July 2017.

We limited the review to studies in which injury was the
outcome, not simply firearm storage devices or disabling devices. Owing to the heterogeneity of injury reports, all injuries
including, but not limited to, gunshot wounds were felt to be essential to evaluating the literature within the GRADE framework.

Methodological Quality Assessment
We used the validated GRADE methodology for this
study.10–12 The GRADE methodology entails the creation of a
predetermined PICO question or set of PICO questions that
the literature aims to answer. Each designated reviewer independently evaluates the data in aggregate with respect to the quality
of the evidence to adequately answer each PICO question and
quantified the strength of any recommendations. Reviewers are
asked to determine effect size, risk of bias, inconsistency, indirectness, precision, and publication bias.
Recommendations are based on the overall quality of the
evidence on the participant. GRADE methodology suggests
the phrases, “we recommend” for strong evidence, and “we conditionally recommend” for weaker evidence.
© 2018 Wolters Kluwer Health, Inc. All rights reserved.

RESULTS
Two articles met inclusion criteria for PICO 1 and six articles for PICO 2. All studies were primarily written in English
and from United States institutions.

Results: Should Firearm Safety Devices be Used to
Prevent Firearm Injuries? (PICO 1)
Two studies were available for review for PICO 1 (Table 1).
In 1996, Sinauer et al.3 performed an observational study of firearm injuries in which they extracted firearm related injury cases
from the National Electronic Injury Surveillance System data set
from June 1, 1992 through May 31, 1994. National Electronic
Injury Surveillance System is a stratified sampling dataset that,
at the time, comprised 91 hospitals emergency departments,
intended to represent a probability sample of all hospitals in
the United States. Using the data from this sample, the study estimated an unintentional firearm injury rate of 6.7/100,000 during this period. The injuries occurred in men 87% of the time,
70% were self-inflicted, and 73% involved an extremity. In
70% of the cases, the activity associated with the unintentional
injury was identified, most often, this was gun cleaning (14%),
hunting (12%), or handling (31%). Handling-related injuries
1007
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TABLE 1. PICO 1
Study

Study Type
3

Sinauer et al., JAMA 1996

Grossman et al., JAMA 20054

Observational, ED-based

Case-control

Outcome
Unintentional GSWs

Unintentional firearm
injuries and deaths (<age 20)

occurred when individuals were showing the gun to others, carrying the gun, looking at a gun, or playing with the gun. The
study provided indirect evidence that firearm safety devices
might decrease injuries in those circumstances. The study is limited because it only indirectly addressed gun safety practices and
was not generalizable to intentional injury.
Grossman et al.4 examined the role of unsecured weapons
in unintentional pediatric firearm injuries. Firearms involved in
an incident in which a child or adolescent less than 20 years accidentally shot another individual of any age were identified
from hospital or medical examiners reports. These weapons
were matched using case-control methodology to weapons identified by random-digit dialing. Interviews of the weapons'
owners and others in the household then identified the storage
practices of the firearm in question. A total of 106 respondents
were interviewed, with 480 control firearms. The study found
lower risk of injury or death in firearms stored unloaded (odds
ratio [OR], 0.30; 95% confidence interval [CI], 0.16–0.56),
locked (OR, 0.27; 95% CI, 0.17–0.45), separately from ammunition (OR, 0.45; 95% CI, 0.34–0.93), and where ammunition
was locked (OR, 0.39; 95% CI, 0.23–0.66). Limitations of the
study included sampling and recall bias, it being a selected study
rather than population-based, and generalizability, given that
most cases were from the Pacific Northwest.
In grading the above studies with respect to PICO 1, reviewers noted significant risk of bias, inconsistency, imprecision, and indirectness in the conclusions from these studies.
However, there was really no plausible confounding that would
change the effect noted in the two studies. Despite concerns
for the small studies and low amount of data, reviewers noted
the large magnitude of the effect; therefore, we conditionally recommend that firearm safety devices, such as gun locks, be used
to prevent unintentional firearm injury.

Results: Should Safe Storage for Guns be Used to
Prevent Firearm Injuries? (PICO 2)
Six articles were reviewed for PICO 2, four case-control
studies, one retrospective observational study, and one survey
(Table 2). In 1991, Brent et al.5 performed a case-control study
of 47 adolescent suicide victims. A control group of psychiatric
in-patients who had attempted suicide and a second control
1008

Strength of Evidence and Magnitude of Effect
Most shootings involved handling the gun
in some way: showing, carrying, cleaning,
playing, etc. Indirect evidence that safe
storage might decrease injuries. Injuries
were most often to an extremity (73%),
were self-inflicted (70%), involved a
handgun (57%), and resulted during
common gun-related activities.
Guns stored locked, unloaded, storing
ammunition locked, and in a separate
location were associated with a lower risk
of injury/death (OR 0.27, 95% CI 0.17–0.45)
and suggest a feasible strategy to reduce
injuries in homes with children and
teenagers where guns are stored.

group of never-suicidal psychiatric inpatients were matched to
the victims on age, sex, and geography. The odds of a presence
of a gun in the home of a suicide victim was calculated. This
study found that guns were twice as likely to be found in the
home of adolescents who completed suicides (OR, 2.2; 95% CI,
1.4–3.5) when compared with controls. There was no evidence
that the method of storage of the firearm lessened the risk of suicide, simply the presence or absence of the firearm in the home
was related to the risk. The study is limited by the retrospective
nature of the review and recall bias on the part of the participants
and controls.
In 2002, Conwell et al.13 performed a similar case-control
study evaluating elderly (50 years and older) suicide victims and
a matched cohort of individuals of the same age, sex, living situation, and education level from the same geographic area. Post
hoc matching also accounted for Axis 1 psychiatric diagnoses.
The study evaluated 45 suicides by firearm and 31 controls.
The presence of any firearm in the home was found to be an increased risk factor for suicide in men (OR, 3.17; 95% CI,
1.83–11.22), as did the presence of a handgun in the home
(OR, 2.57; 95% CI, 1.71–13.11). Having only a long gun in
the home did not increase suicide risk and presence of any firearm did not increase suicide risk among women. Storage of the
firearm, however, was an independent predictor of suicide risk,
both by storing the weapon loaded (OR, 9.52; 95% CI,
1.52–58.82) or unlocked (OR, 6.41; 95% CI, 1.17–35.71). Limitations of the study included not controlling for psychiatric disease, participation bias (many contacted families did not
participate), and the small study population from a geographically limited area.
The Grossman et al.4 study described for PICO 1 was
also evaluated for PICO 2. In this context, the authors noted that
storing household guns as locked, unloaded, or separate from
the ammunition was associated with significant reductions in
the risk of unintentional injury and self-inflicted firearm injuries and deaths among children and adolescents. Again, this
study found lower risk of injury or death in firearms stored
unloaded (OR, 0.30; 95% CI, 0.16–0.56), locked (OR, 0.27;
95% CI, 0.17–0.45), separately from ammunition (OR, 0.45;
95% CI, 0.34–0.93) and where ammunition was locked (OR,
0.39; 95% CI, 0.23–0.66).
© 2018 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. PICO 2
Study

Study Type
5

Outcomes

Brent et al., JAMA 1991

Retrospective Case-control

Adolescent suicide
completion

Conwell et al., AJGP 200213

Case-control

Elderly suicides

Dahlberg et al., AJE 20041

Retrospective observational

1993 National Mortality
Follow-back Survey

Grossman et al. JAMA 20054

Case-control

Suicides: age, < 20 y

Khazem et al., MP 201614

Survey

Suicidal ideation

Kposowa et al., SLTB 20166

Case-control, multivariate
regression of all
United States

Suicides

The final, most recent case-control study we evaluated
was performed by Kposowa et al.6 in 2016. This study examined
both the storage practices and the state firearm regulations on
state-level suicide rates and applied a multivariate analysis to
the most recent available mortality and census data available
for 49 of the 50 states in the United States. Mixed models were
used to compile data from the Centers from Disease Control and
Prevention (CDC), the Law Center to Prevent Gun Violence and
the United States Bureau of the Census to create an overall
model of firearm regulatory practices in each state, including
past survey data from those states regarding firearm storage
methods. States were matched on demographic measures, such
as long-term unemployment and divorce rates, and then compared across nine census divisions. Suicide rates were higher
in states with higher levels of gun ownership. In this study, the
risk of firearm suicide mortality triples if guns are stored loaded
and also rises by 50% if the gun is stored unlocked, demonstrating a strong association of storage practices on suicide rates.
This study was limited by the time frame of data collection of
household level firearm data, which was collected in 2004 and
2005 and compared with suicide rates from 2011, 2012, and
2013. These data can also not currently be replicated because
state-level survey data regarding firearm ownership has been absent from the CDC’s Behavioral Risk Factor Surveillance System surveys since 2005, and state-level firearm ownership data
is incomplete due to state and federal regulations limiting such
data collection and record keeping.
In 2004, Dahlberg et al.1 evaluated data from the National
Mortality Follow-back Survey. This survey was sent by the CDC
to a sample of decedents aged 15 years and older in the United
States. Survey data from 1993 were used for this study. Death
certificate data and proxy interviews were collected, with a wide
range of interview topics including access to health care, life
© 2018 Wolters Kluwer Health, Inc. All rights reserved.

Strength of Evidence and Magnitude of Effect
No difference in odds with more or less
accessible firearms. (OR, 1.3; 95% CI,
0.6–2.8). 47 patients in each arm. Also
found the presence of firearm was
more likely in homes of suicide victims
when compared with attempters
(OR, 2.1; 95% CI, 1.2–3.7).
Storing a gun loaded and unlocked was
associated with increased risk of suicide.
(OR, 9.52; 95% CI, 1.52–58). 82 for
storing guns unlocked. 45 cases, 31 controls.
Firearms increased risk of homicide (3–8)
and suicide (20–40), but storage
practices did not impact this. 2000+
decedents, callback survey.
Locked and unloaded weapons decreased
risk of firearm suicides (OR, 0.27–0.39)
Outcome unrelated to injury; but military
personnel are more likely to consider
suicide with unlocked, loaded weapons.
Firearm suicide mortality triples if guns are
stored loaded, then rises another 50% of they
are stored unlocked (0.14 to 0.51 to 0.76).
Stricter laws moderate risk.

events, daily activities, and a number of questions about firearms in the home of the decedent. Decedents were divided into
three groups—suicide, homicide, or other, and compared by
measures of firearm availability. Nearly 75% of decedents of
suicide lived in a home with a firearm, compared with 42% of
homicide victims and 33% of those who died of other causes.
The adjusted odds ratio, based on demographic and other factors, for death by homicide in a home with a firearm was 1.9
(95% CI, 1.1–3.4), and for suicide was 10.4 for males (95% CI,
5.8–18.9) and 2.3 for women (95% CI, 1.0–5.0). The authors
concluded that there was a strong higher risk for dying a violent
death for those who live in a home with a firearm, and that risk
increases if the firearm is unlocked or loaded. The limitations
of this study include that it was retrospective and relied on proxy
interviews and was limited to deaths that occurred in the home,
and there is no evidence that the gun in the home was the one that
was involved in the death.
A single-survey study was reviewed from Khazem et al.14
This study surveyed 432 active duty military personnel who endorsed current firearm ownership from a military base in the
southern United States. Participants were asked about their firearm storage techniques and then assessed for suicidal ideation
and for self-reported past suicide attempts and likelihood of a future suicide attempt. The study found that firearm storage moderated the relationship between suicidal ideation and suicide
attempts such that the likelihood of a future suicide attempt
was greater in those individuals who stored their guns unlocked
and loaded. The authors concluded that this supports the findings of other studies that indicate an increased risk of suicide
in homes in which a gun is stored unlocked and loaded. This
study is limited by small sample size in a geographically constricted military population and by self-reported survey methods
and outcomes.
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For PICO 2, the reviewers noted that the quality of the evidence is somewhat low, although not as low as with PICO 1.
There was noted to be some risk of bias, but no inconsistency,
no indirectness, no imprecision and low likelihood of publication bias. The dose-response gradient was found to be present,
as well as a very large effect without plausible confounding. Because of the large effect size and the reasonable quality of available evidence with safe storage, we recommend safe storage to
prevent firearm injuries.

DISCUSSION
Firearm injury is a significant cause of injury in the
United States, with thousands of unintentional firearm injuries
and suicides annually. Methods to prevent firearm injury remain controversial, owing to concerns that restrictive access
and storage regulations violate the constitutional right to bear
arms afforded by the second amendment. Physicians and public
health practitioners should continue to evaluate the available evidence and recommend safe storage and handling of the weapon
as a means of protection from unintentional injury, suicide, or
homicide.15,16 Though we know that programs to improve safe
firearm storage can influence behaviors,16–18 our goal was to determine the effects on firearm injury prevention.
In studying firearm safety, several challenges were noted.
The overall quality of evidence was weak; there were no randomized controlled clinical trials, and there was a paucity of evidence
particularly for the question of gun locks. Finally, many sources
of bias were found, including recall bias and publication bias that
might have affected our results. However, despite significant
limitations in study design and data quality in individual studies,
the studies all came to similar conclusions and the magnitude of
the effect was great enough for us to make recommendations.
Recommendations
Should firearm safety devices be used to prevent firearm injuries? (PICO 1)
Recommendation
We conditionally recommend the use of firearm safety
devices to decrease the incidence of unintentional firearm injuries (Figure 4).
Despite the paucity of quality evidence to support gun
locks, the magnitude and importance of effect is large, leading
to the conditional recommendation for the use of gun locks by
this review. It has been demonstrated that access to a firearm is
a risk for completion of suicide attempts among adolescents.19,20
It has also been demonstrated that the distribution and teaching
of gun lock use can increase safe storage practices.21 The theoretical benefit of restricting firearm access to children and

adolescents, as well as lethal means access to those who are suicidal is high. Many communities, acting on this theory, have
initiated free gun lock programs and education for families such
as Project ChildSafe.22 The Veterans Administration has followed
with free gun locks for veterans,23 citing that the time it takes to
remove the gun lock may be enough for the individual to reconsider their suicidal ideations. These concepts are not well supported by the literature but nonetheless are worthy of further
study considering the low cost and easy distribution of these devices weighed against the extent of possible effect for public
health and society.
Should safe storage for guns be used to prevent firearm injuries? (PICO 2)
Recommendation
We recommend the use of safe storage of firearms as a
means of prevention of firearm injury (Figure 4).
A number of studies used in this review postulate that access to firearms increases the risk of both homicide and suicide.
Recommendations from the American Academy of Pediatrics,
the National Shooting Sports Foundation and numerous other
major organizations suggest that firearms should be stored
locked, unloaded, and separate from ammunition. In the case
of a suicidal or homicidal individual, easy and quick access
to a loaded weapon is demonstrated in all studies we reviewed
to increase the risk of completing the intended suicide or
homicide.1,4–6,13,14 Owning a firearm and the presence of a
firearm in the home with suicidal adolescents or middle aged
adults have been shown to increase the risk of a completed suicide.19,24,25 Additional studies on the epidemiology of suicide
have noted that when less lethal means are used (attempted lethal overdose, hanging) and survived, the individual makes a
second suicide attempt in only 10% of cases.26 This suggests
that a large percentage of individuals who commit suicide by
firearm are prey to impulsivity plus lethality of means. These
individuals, presumably, would receive appropriate treatment
and not make a second suicide attempt. Similarly, the population-level rate of suicide by firearm is higher in states or regions that have higher firearm ownership rates.27
The quality of the evidence in this review is limited, specifically by the retrospective nature of these studies, the interview nature of the data collection which may be subject to
recall bias, and some small sample sizes. However, all studies
conclude that safe storage of firearms decrease the risk of suicide, with one study also stating it decreases the risk of homicide
in the home. Given the magnitude of the effect, we conclude that
safe storage should receive a strong recommendation to prevent
firearm injury, in particular from suicide and homicide in the
home setting.

Figure 4. Summary of recommendations.
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Using These Guidelines in Clinical Practice
Many trauma centers see gun violence as a significant percentage of their overall trauma burden. As part of the injury prevention mission of the trauma community, trauma centers
should consider the dissemination of information and potentially free supplies to encourage safe storage and locking of guns
in their community. Ideally, this should be part of a multidisciplinary approach to gun injury prevention in coordination with
community partners and other trauma system stakeholders. Finally, as part of their responsibilities to injured patients and their
communities, trauma care providers should continue to advocate
for robust research and funding for research to study these and
other strategies for prevention of firearm related injuries.

CONCLUSION
After review of the available evidence regarding gun
locks and safe storage, we found a limited association between
gun locks and a moderate association between safe storage and
decreased firearm injury. Further updates and additional study
will continue to inform the trauma community and lay public
about the potential advantages of gun locks and safe storage
of firearms.
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