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Abstract

Intentional and unintentional firearm injury is the second leading cause of death for youth,
underscoring the need for effective primary prevention approaches that focus on increasing safe
storage by caregivers and decreasing handling/carriage among youth. This article describes the
state of the science for prevention of firearm injuries among children and adolescents. We applied
PRISMA guidelines to present results from a scoping review using PubMed, Scopus, CINAHL,
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and CJ Abstracts for original research articles published between January 1, 1985 and March

1, 2018 in the U.S. focusing on primary screening or interventions for primary prevention of
pediatric firearm injuries. In total, 46 articles met inclusion criteria: safe storage (23), screening
(2), firearm handling/carriage/use (21). Across school, healthcare, and community settings, few
evidenced-based programs exist, and data on firearm safety technologies are lacking. Programs
have generally not employed rigorous designs, and/or assessed behavioral (e.g., carriage) or
injury-related firearm outcomes. Evidenced-based prevention programs are needed to mitigate
firearm morbidity and mortality among youth.

Keywords

Universal prevention; Primary prevention; Firearm injury; Safe storage; Firearm carriage;
Children; Adolescents

Background

Firearm-related injuries are the second leading cause of deaths among children and
adolescents in the U.S. (Cunningham et al., 2018), with the majority of fatalities involving
a handgun (Fowler et al., 2017). Among adolescents, homicide and suicide are the leading
causes of firearm injuries and death (Fowler et al., 2017; Reich et al., 2002), whereas
unintentional firearm injuries are more common among younger children. Younger children
are also more likely than adolescents to be killed in incidents related to intimate partner
violence (IPV; Fowler et al., 2017). Overall, firearm-related homicide rates among Black
children are greater than 10 times the rates among White children or among Asian children
(Fowler et al., 2017). In contrast, firearm-related suicide fatalities among White children and
among First Nations children are 4-5 times higher than among Black, Asian, or Hispanic
children (Fowler et al., 2017). This firearm-related morbidity among youth underscores the
urgent need for evidenced-based prevention approaches to decrease firearm handling (e.g.
playing with a found gun), carriage (e.g., bringing a gun to school, carrying a gun while out
with friends), or use among children and adolescents; one primary way of doing this is by
increasing safe storage of firearms by caregivers (e.g., use of gun safe or gun lock, bullets
stored separately).

Recent reviews underscore high regional variability in estimates of the presence of guns

in U.S. homes (Parikh et al., 2017), with less than 50% being stored safely (e.g., locked

and unloaded; (Rowhani-Rahbar et al., 2016; Scott et al., 2018). The need to increase safe
storage and prevent access by youth is further underscored for families of youth at risk for
suicide, given that one-third of parents of children with a history of self-harm stored guns
unlocked and unloaded (Scott et al., 2018). Moreover, one-third of adolescents report access
to a handgun (Loh et al., 2010), highlighting the need to encourage safe storage and to
decrease handling, carriage and use among adolescents as well as children.

The first step in establishing recommendations for primary prevention strategies (defined
as interventions delivered to broad groups of individuals prior to injury) to reduce

firearm access among youth (e.g., increase safe storage of all firearms, decrease handling/
carriage among youth) requires understanding the current state of the science across
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foci of interventions (individual, family, and community level; firearm safety technology)
and settings (e.g., homes, schools, healthcare, community). Prior reviews of the firearm
literature, focusing on epidemiology and risk/protective factors (Crossen et al., 2015; Dowd,
1999; Fein & Mollen, 1999; Komro, 1999; Parikh et al., 2017; Williamson et al., 2014),
recommend additional research to identify effective prevention approaches to reduce youth
access to firearms (Parikh et al., 2017). Further, these reviews conclude that screening

for firearms in the home, and counseling to increase safe storage, inconsistently occurs in
healthcare settings (Roszko et al., 2016). For example, data from the American Academy of
Pediatrics shows that only 21% of pediatricians “Always” try to identify families who have
firearms in the homes (American Academy of Pediatrics, 2016). Nonetheless, counseling is
effective in improving safe storage when combined with providing a firearm safe storage
device (e.g., trigger locks which prevents the gun from being fired; (Rowhani-Rahbar et al.,
2016). Of note, previous literature reviews have neither examined firearm handling, carriage,
use, nor safe storage intervention efforts across multiple community settings (e.g., schools,
healthcare, community centers and/or community-level).

This review describes the extant research literature pertaining to primary prevention
strategies to reduce firearm access by children and adolescents under 18 years of age,
exemplifying how these prevention efforts can be done without conflict with the Second
Amendment and the legal rights of adults to own firearms. It is important to mention

that there are no restrictions on physicians in asking and counseling about firearm storage
(Rivara & Fan, 2017). Hereafter, the term children will refer to youth 0-9 years of age
(e.g., preschool and elementary) and the term adolescents will refer to those between 10
and 17 years of age (e.g., middle and high school). Specifically, we conducted a scoping
review to identify gaps in this literature for the purpose of informing future prevention and
intervention work in child and adolescent firearm injuries. This review focuses on screening
tools and interventions for: (1) safe storage and (2) firearm handling, carriage, and use.

We applied the 5-step scoping review method (Arksey & O’Malley, 2005) and utilized

the PRISMA framework for reporting standards (Moher et al., 2009), which includes: (1)
identifying the research question; (2) identifying relevant studies; (3) selecting studies; (4)
charting the data; and (5) collating, summarizing and reporting results. We used the findings
from the scoping review to establish recommendations for research and intervention to
address current gaps in the science.

Literature search strategies

We conducted a scoping review using PubMed, Scopus, CINAHL, CJ Abstracts for English-
language original research articles published between January, 1985 and March, 2018 on
primary prevention of youth firearm related outcomes in the U.S. The initial comprehensive
search was created in PubMed and subsequently duplicated in other databases. Searches
combined keywords including firearm, firearm carriage, ownership, unintentional injury,
intentional injury, self-inflicted injuries, youth, child, and adolescent. (See “Appendix” for
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example list of PubMed search terms). Citation tracking was conducted using the EndNote
citation management software for articles that met inclusion criteria.

Eligibility criteria

Acrticles were eligible if the sample included youth (ages 0-17), or if the sample was of
comprised parents/caregivers of youth. Articles were not included if they were a literature
review of empirical articles, or non-empirical recommendations, such as opinion/perspective
pieces or professional society statements. Also, we excluded studies for these reasons:
international and non-English articles; were not focused on 0-17 year olds; articles without
specific focus on firearms (e.g., general violence interventions without mention of firearm
criteria in the title or abstract, intervention components or outcomes); could not obtain

the abstract/article; and non-primary or non-universal prevention intervention articles (e.g.,
focused on epidemiology, risk/protective factors, policy, secondary prevention, case studies,
or treatment/medical management of gunshot wounds).

Data abstraction and analysis

Results

Title and abstract review was completed using the web-based program Rayyan (Ouzzani

et al., 2016). To establish the protocol for determining eligibility, two content experts
reviewed 100 title abstracts independently and blindly. Once the expert reviewers established
eligibility criteria and achieved full consensus, trained research assistants applied the

criteria for article identification and inclusion. During the title and abstract screening, the
independent reviewers erred on inclusion. Data was extracted using a form that captured
design, sample and setting, intervention description, outcomes, and limitations.

Article identification and selection

The initial search strategy identified a total of 1780 articles (Fig. 1); removing duplicates
(498) resulted in 1282 articles. The title and abstract of the 1282 articles were reviewed for
inclusion, with 90 articles meeting eligibility criteria. Experts also identified 12 articles for
potential inclusion. The full text of the 102 articles (search identified + expert identified)
was reviewed, with 46 articles continuing to meet inclusion criteria included in the scoping
review, which focused on: safe storage (23), screening (2), firearm carriage/handling/use
(21).

Firearm safe storage

In total, 23 articles focused on primary prevention efforts for safe storage (e.g., safes and/or
trigger locks), which include individual-level interventions with caregivers in health care
settings as well as community-level interventions (see Table 1).

Healthcare settings—In pediatric or health care settings, eight studies examined
physician-provided educational messages to parents with children or adolescents in the
home (See Table 1) around safe firearm storage (in a gun lock box or with trigger locks
which prevent a gun from being fired), either alone or with provision of free locking devices.
Generally, studies focused on safe storage as a way of: (1) reducing risk for accidental
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discharge by children or (2) restricting access to lethal means of self-harm for older children
at risk for suicide.

Reducing risksfor unintentional discharge of firearms. When examining education of
families without provision of safe storage devices, three studies (Grossman et al., 2000;
Oatis et al., 1999; Stevens et al., 2002) found no change in firearm storage; however, one
other study reported that participants were three times more likely to implement safe storage
practices (Albright & Burge, 2003). When examining the combination of education and
provision of a safe storage device, two randomized controlled trials (RCTs) found positive
effects (Barkin et al., 2008; Carbone et al., 2005), particularly among younger children (<
12 years old). In the largest study that has been conducted, Barkin (Barkin et al., 2008)
randomized 137 practices to provider-delivered motivational-interviewing based patient
education on a range of safety behaviors, including information on safe firearm storage,
car seats, and bike helmets, and provided free gun cable locks to families (with children
2-11 years old) that reported having firearms in the home (~ 24%); over a six-month
follow-up, this study found a significant increase in safe firearm storage (Odds Ratio: 2.0;
22% difference between groups).

Restricting accessto lethal meansfor self-harm: Two studies examined safe storage
counseling (talking with parents/caregivers about limiting youth access to potential methods
of suicide, such as firearms and medications) in emergency departments (Kruesi et al., 1999;
Runyan et al., 2016). One study showed that parents of children receiving safe storage
counseling in the emergency department were 4 times more likely to limit access to firearms
and medications compared to those parents who did not receive safe storage counseling
(Kruesi et al., 1999). In a second study, psychiatric emergency clinicians (i.e., psychiatrists,
psychologists, and social workers) participated in online training in safe storage counseling,
after which 89% of youth presenting for suicidal ideation or attempt received safe storage
counseling with provision of a free lock box, and at follow-up all caregivers reported locking
firearms (Runyan et al., 2016). More research is needed in health care settings to optimize
delivery of combined counseling, and provision of safety devices, and to measure impact on
firearm injury-related outcomes. Additionally, more research is needed on measurement of
safe storage as all but one of the studies (Grossman et al., 2000) above used self-report to
measure safe storage.

Training of healthcare providers: Finally, one study, separate from those in the two
sections above, examined training resident physicians to deliver educational messages to
patients during office visits, which is key to delivering safe storage messages to patients

in healthcare settings (Dingeldein et al., 2012). The study found increases in reported self-
efficacy in discussing firearm safety with patients after a web-based curriculum; however,
effects on actual delivery of counseling, or on patient outcomes, were not evaluated
(Dingeldein et al., 2012). Additional research is needed to determine whether and what
aspects of these trainings may be effective in increasing delivery of counseling to patients
and whether the counseling delivered has an impact on patient behaviors and outcomes such
as safe storage of firearms or reductions in firearm injuries.
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Community settings—Community-based interventions for safe firearm storage have
generally included firearm lock box give-away programs, firearm buy-back programs, and/or
community education programs. Eight studies evaluated locking device giveaways (Coyne-
Beasley et al., 2001; Grossman et al., 2012; Horn et al., 2003; Roberto et al., 2002; Sidman
et al., 2005; Simonetti et al., 2018; Wafer & Carruth, 2003; Wargo et al., 2013), with
findings generally indicating that distribution of safe storage devices led to an increase in
self-reports of safe firearm storage, regardless of where they were dispersed; however, none
of the studies evaluated the effects on youth firearm-related injury.

Safe storage education programs: Two community education initiatives report mixed
results. Assessment of a radio public service announcement (PSA) about safe storage, with
toll-free number to obtain trigger locks, found that ~ 20% of the population heard the PSA
but only 3% of gun-owning households in the community called to obtain trigger locks.
However, 87% of those who requested gun locks used them (Roberto et al., 2002). A
multifaceted community safe firearm storage educational campaign (with lock box coupons)
found a significant difference between individuals in intervention and control counties (i.e.,
individuals in intervention counties were more likely to lock guns) in a subset of firearm
owners (with 3 or more firearms; intervention: 233% increase; control: 39% decrease)
(Sidman et al., 2005).

Firearm buyback programs: Finally, six studies examined firearm buyback programs
(Callahan et al., 1994; Green et al., 2017; Celeste Kallenborn et al., 2004; Kasper et al.,
2017; McGuire et al., 2011; Violano et al., 2014), consistently finding that reasons for
participation were for safety, particularly in the context of having children at home, with
one study finding younger participants more often cited needing money as the reason
(Callahan et al., 1994). Although most studies do not assess firearm-related outcomes from
these buyback programs, one study showed no effects on rates of assault injuries or death
(Callahan et al., 1994) whereas another reported a non-significant decreasing trend on
firearm injuries in the intervention versus control communities (McGuire et al., 2011).

Firearm handling, carriage, and use

In total, 2 studies focused on screening tools and 21 articles described primary prevention
interventions for firearm handling, carriage, or use (see Table 2) conducted in healthcare,
school, and community settings, with focus typically on children or adolescents.

Screening tools—Two studies specifically examined firearm-related screening tools for
identifying those at greatest risk for firearm-related injuries. Goldstick (Goldstick et al.,
2017) recruited drug-using youth presenting to the emergency department and found that
the 4-item SaFETy score predicted firearm violence over 2 years; however, this study
oversampled those presenting for a fighting related injury (58%), all participants reported
drug use (predominantly marijuana), and the sample included emerging adults (ages 14-24).
Thus, replication is required to determine generalizability to more representative samples

of youth. The five-item FIGHTS, was developed to screen youth for firearm carriage using
cross-sectional YRBS data (Hayes & Sege, 2003), with 30% of adolescents screening
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positive (representing 82% of firearm carriers); however, longitudinal data is needed to
verify the predictive validity of this tool.

Child-focused programs (ages 0-9 years)—Twelve studies have evaluated teacher-
led programs to prevent children from handling firearms, with mixed overall findings. For
example, two studies, using education only, found no effects (Hardy, 2002; Hardy et al.,
1996), but one education program that included a letter to parents about how to obtain

free gun locks, found significant improvements in knowledge among 3rd graders, who

also reported sharing information with their families (Liller et al., 2003). Several studies
suggest that behavioral skills rehearsal (e.g., Behavioral Skills Training) is necessary for
skill acquisition, and is more effective than interactive education only (e.g., Eddie Eagle), on
outcomes assessed in hypothetical situations (Gatheridge et al., 2004; Himle et al., 2004a;
Howard, 2005; Jostad & Miltenberger, 2004; Miltenberger et al., 2005). Also, feasibility
studies suggested that parents could be trained to teach their children firearm safety skills
(Gross et al., 2007) and older peers (e.g., 67 year olds) can teach 4-5 year olds (Gatheridge
et al., 2004; Himle et al., 2004b; Howard, 2005; Jostad & Miltenberger, 2004). However,
this literature is limited by small samples sizes and either lack of assessment of behavioral
outcomes (Kenny & Wurtele, 2016) or finding null effects for in situ “real life” situations
(Himle et al., 2004a; Kelso et al., 2007). Thus, despite evidence that age appropriate firearm
safety programs for children can change knowledge of firearm safety, effects on firearm
handling (and injury) are unclear.

Adolescent-focused programs (ages 10-17 years)

School settings: Among adolescents, three school-based programs have specifically focused
on preventing weapon carriage/use, primarily among middle school students. For example,
one study conducted a RCT to evaluate a 13-week school based violence prevention
curriculum in middle schools (2 control, 2 intervention), finding that at 2-weeks post-
intervention, students in the intervention arm carried concealed weapons less frequently
than at pretest (DuRant et al., 2001). Other school-based programs show significant effects
on knowledge (Regan, 2009) and/or do not report outcomes (Emde, 2002). Thus, additional
research on school-based curricula is necessary to examine the impact on prevention of
firearm carriage.

Healthcar e settings: Other adolescent-focused programs emphasizing medical
consequences of gunshot wounds (e.g., videos, testimonials, with or without trauma center
tour) show positive effects only on knowledge and beliefs regarding firearm consequences
and safety (Chang et al., 2005; Goldberg et al., 2010; Kunkel et al., 2010); however, these
studies have not had control groups nor measured behavioral outcomes (Tucker et al., 1999).
Another program (Kids Alive and Loved; (Thomas et al., 1998) qualitatively described
positive outcomes on anger management skills and assaultive behavior among youth who
recently lost a loved one to violence but did not include a control group.

Community settings: Finally, a community-level intervention that included multiple
components, such as park cleaning/greening, leisure activities, injury prevention (including
firearms), did not show any specific effects on firearm injuries (Davidson et al., 1994).

J Behav Med. Author manuscript; available in PMC 2022 April 21.
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Discussion

It is imperative to develop primary prevention efforts to prevent firearm-related injuries and
deaths among children and adolescents given the individual, social, and economic costs
(Fowler et al., 2017; Howell & Abraham, 2013) by increasing safe storage among caregivers
and decreasing firearm handling/carriage among youth. To inform such prevention efforts,
this scoping review assessed the state of the science regarding primary prevention
approaches. We reviewed the literature on interventions focused on the safe storage of
firearms and firearm handling, carriage, and use, identifying few evidenced-based programs
in home, school, healthcare, or community settings. Overall, the literature is plagued

with methodological weaknesses, with few RCTs and infrequent evaluation of longer-term
behavioral outcomes (e.g., safe storage, firearm carriage and play), as well as the lack of
assessment of the impact on firearm injury and mortality. These weaknesses likely relate to
the lack of funding for rigorous trials. Nonetheless, some tentative conclusions and future
directions can be provided.

Firearm safe storage

Interventions in health care settings have been most rigorously evaluated, providing evidence
that clinician screening and education around firearm safety, particularly when paired with
the distribution of free gun locks, increases self-reports of safe firearm storage in homes with
children (Rowhani-Rahbar et al., 2015). Given that routine screening and education across
health care settings is lacking (Roszko et al., 2016), improving adoption of screening and
firearm safety education is needed. As safe storage education in health care settings have
often focused on children, extension to adolescents is urgently needed given rates of suicide
and homicide. In addition, there is little data regarding the feasibility and acceptability of
screening and counseling approaches in health care settings from the perspective of patients.
Finally, pediatric health care visits are constrained by time allotted to the visit, limited
opportunities to reinforce messaging over time, and are typically attended by mothers
(Barkin et al., 2008), which means that counseling in this setting may fail to reach other
adults or gun owners in the household.

Thus, from a social ecological perspective (Centers for Disease Control and Prevention,
2015; Urie, 1979), prevention programs in health care settings are necessary but are not
sufficient to prevent all youth firearm-related injuries, with community-level approaches
needed to complement such efforts. As evidence supports that providing free gun locking
devices leads to an increase in self-reports of safer storage, there is rationale to expand
such practices across settings. However, measurement of safe storage was almost solely
through self-report which may be plagued by social desirability issues, indicating a need
for further research on methods of assessing safe storage. The one study that included

field observations of safe storage did not indicate whether this observation was a cursory
visual inspection, or if it included query and assessment of firearms that may not have been
stored safely but were out of the visual field of the research team (Grossman et al., 2000).
Verification of self-report of firearm storage is needed using approaches that are acceptable
to gun owners, as some findings suggest that home visits may not be acceptable (Sangvai
et al., 2007) as well as very expensive. Finally, although firearm buyback programs increase
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the number of firearms relinquished, their efficacy on reducing youth firearm injuries is not
yet determined and requires more rigorous study.

Firearm carriage, handling, and use

Focusing on children, school-based interventions that include behavioral skills training to
prevent firearm handling increase knowledge and hypothetical skills, but lack data on real
world situations and effects on firearm injuries. Despite this unknown efficacy, development
of scalable approaches to reduce handling of firearms among preschool and elementary-aged
youth seems warranted. Similarly, among adolescents, school-based programs have positive
outcomes on knowledge and attitudes, but effects on firearm carriage, handling and use
behaviors are largely unknown, with a notable exception showing positive effects on weapon
carriage at post-test (DuRant et al., 2001). In parallel, interventions for adolescents that

use scare tactics (e.g., videos, testimonials, and/or tours illustrating gunshot wounds and
emergency care settings) lack evidence for changing firearm carriage and firearm injury.
Note that general violence prevention studies were not included in this review, as they

did not measure firearm specific outcomes. For example, a single session intervention
(Project Sync) for adolescents presenting to the emergency department for any reason
reduced aggression, including firearm aggression (Carter et al., 2016), and a collaborative
care intervention for hospitalized adolescents reduced weapon carriage, including firearms
(Zatzick et al., 2014). A potential next step for research in this area is to test the potential
impact of these promising prevention programs, such as SaferTeens, Project Sync, and
others in the CDC technical package on violence, specifically on firearm outcomes in

fully powered studies (Blueprints, 2018; Caldwell et al., 2010; Carter et al., 2016; Center
for Disease Control and Prevention, 2018; Cunningham et al., 2012; DuRant et al., 2001;
Reischl et al., 2011; Walton et al., 2010; Zatzick et al., 2014; Zimmerman et al., 2011).

Further, although multi-level community programs provide an opportunity to increase
impact on prevention of youth firearm injuries, only one study was identified in this review
that focused specifically on children or adolescents (Davidson et al., 1994). Among broader
community samples, data suggest that vacant lot clean up and greening projects have an
impact on firearm assaults (Branas et al., 2011; Garvin et al., 2013). Specifically, in a recent
cluster randomized trial that fell outside of our search period, removal of blighted vacant
lots reduced shootings, with no evidence that the shootings were displaced to adjacent
areas (Moyer et al., 2019). Moreover, a recent study demonstrated that implementation

of primary violence prevention efforts across the social ecology in a community (e.g.,
individual intervention, mentoring, vacant lot clean up) reduced assault injuries; however,
firearm-related outcomes (e.g., carriage, use, injuries) were not assessed (Heinze et al.,
2016). Finally, several community-level interventions focused primarily on gang members,
and/or older samples (e.g., adults over 18 years; Cease Fire: (Skogan et al., 2009); Safe
Streets: (Duncan et al., 2014; Milam et al., 2016; Whitehill et al., 2013), show promise

for reducing firearm injury. Altogether, these studies underscore the potential impact of
multi-sector community wide interventions.
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Several limitations must be noted. First, this scoping review may not have been fully
comprehensive (e.g., did not include targeted searching of specific journals or hand searches
in journals without an online presence). Second, studies published between the initial search
and publication of this article will not be included. Third, we did not include non-English
articles or successful prevention intervention efforts outside of the United States. Given the
unique context of U.S. firearm ownership, we felt it was appropriate to focus on the state of
the science in the U.S. Next, our review required firearms to be in the title or abstract, which
could have excluded articles that describe prevention programs that did not list firearms
specifically; however, such studies are not likely to measure firearm specific behaviors if
not stated. This review did not include policy-level changes in relation to youth firearm
outcomes as those are described elsewhere, nor did it focus on interventions for high-risk
samples (e.g., youth with a prior firearm and/or assault injury) as these likely require a
dedicated focus of their own. Despite these limitations, this scoping review provides useful
insights into future directions.

Future directions for research and practice

Overall, research on firearm safety for children and adolescents require a broader focus and
more rigorous methods, including: (1) use of RCT designs to control for societal level events
(e.g., legislative changes, mass shootings); (2) measurement of multiple firearm behavioral
outcomes that go beyond self-report, including storage, carriage and use, as well as firearm
injuries and deaths; (3) assessment of longitudinal outcomes beyond post-test; (4) inclusion
of diverse samples by age (children and adolescents), gender (caregiver and youth), race/
ethnicity, and socio-economic resources; (5) enhanced attention to fidelity of intervention
delivery; (6) focus on multiple risks for adverse firearm outcomes across youth violence,
suicide, IPV, and unintentional injuries; (7) integration of interventions across the social
ecology; (8) attention to implementation of evidenced-based approaches (e.g., see Wolk et
al., 2017), including measurement of cost effectiveness. This is particularly true for research
and interventions focusing on safe storage, and firearm handling, carriage, and use among
children and adolescents.

Of critical importance, we recommend using a participatory action framework (Baum et
al., 2006) to partner with firearm owners to further research and practice of prevention of
youth firearm-related injuries. Two recent studies which fell outside of our article search
time frame indicated that parents, healthcare providers, staff and clinic leaders found
firearm interventions acceptable and feasible (Beidas et al., 2018; Wolk et al., 2018).

Wolk and colleagues (2018) also found that firearm owners and non-owners had overall
similar responses with regard to implementing an evidence-based approach to firearm safety
promotion (Wolk et al., 2018). However, many of the interventions reviewed failed to
mention whether they received input from firearm-owning caregivers, potentially creating

a disconnect between program focus and what is acceptable, including reasons for firearm
ownership (e.g., safety/protection, hunting, recreation) and barriers to safe storage. In a
parallel manner, involvement of firearm owners in refining interventions to prevent carriage
and use of firearms by adolescents is considered essential.
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There is mounting evidence that in healthcare settings, clinician-provided education in
tandem with gun locks is a promising intervention approach for child and adolescent firearm
safety. Moreover, Beidas et al. (2018) and colleagues (in press) found that primary care
physicians who were provided training, provided education about firearm safety commonly,
although not routinely. This parallels promising preliminary evidence that community-based
gun lock distribution and education may also be an effective approach to decreasing firearm
injuries among children and adolescents (Simonetti et al., 2018). Although gun buy-back
programs have reported more mixed results, additional research into these strategies are also
needed to fully evaluate efficacy (Callahan et al., 1994; McGuire et al., 2011). Finally,

a two-pronged approach could be used, based on whether firearms are present in the

home. For families without firearms in the home, safe storage counseling would focus

on prevention of access in other homes where their children may play; for families with
firearms in the home, safe storage counseling and provision of free locking devices would be
tailored based on the adults in the home, the number/type of firearms present, and whether
the youth was at risk for suicide.

Notably, the majority of behavioral interventions across community settings are delivered
using an individual, in-person delivery modality. Alternatively, to promote fidelity and
scalability, future studies should consider harnessing digital modalities to support screening,
and intervention delivery (e.g., videos, text messaging, websites), which could be integrated
with in-person delivery. Moreover, there were no studies utilizing mobile health approaches
(e.g., social media, smartphone apps, wearables) for firearm safety for youth.

Finally, the lack of research testing the efficacy of firearm safety technology (e.qg., trigger
locks, personalized smart sensors) on improving safety and accessibility of firearms by
adults, while preventing negative firearm outcomes among youth, is a serious gap in the
field. Such studies could be informed by research examining ergonomics of firearm safety
mechanisms (Cornell & Khasawneh, 2008) as well as the preferences of gun owners. It is
unknown what segments of gun owners may prefer higher technology gun locks, or smart
firearm technology. Academic researchers, gun owners and industry manufacturers could
partner in fruitful collaborations to further advancements in firearm design and technology
(e.g., biosensors) that could potentially enhance firearm safety for children and adolescents
while respecting preferences of gun owners. Research here may learn from similar changes
in acceptability of car and safety seat technology over the past two decades.

Conclusions

There is a clear need for evidenced-based primary prevention approaches to reduce firearm
injuries among children and adolescents, which to date are limited due to methodological
weaknesses and an overall paucity of research. Best practices for prevention are needed
across settings, including homes, schools, health care, and broader communities with
attention to scalability, potentially using digital health approaches. To accelerate the process
of filling this knowledge gap, we encourage researchers to incorporate firearm-related
measures and outcomes into longitudinal studies of youth and to consider adapting
promising, evidenced-based interventions to address firearm outcomes. These adapted
interventions could be tested using hybrid efficacy-implementation studies (Curran et
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al., 2012). Partnering with community stakeholders and firearm owning parents, using a
participatory action approach (Baum et al., 2006), will be critical during adaptation to
maximize acceptability, efficacy and impact on youth. Finally, firearm safety technology
both in safe storage devise and in firearms themselves is an emerging area that requires
study to determine acceptability, feasibility and benefits and risks for families of children
and adolescents.

While we recognize and discuss the need for further research, we believe the overall
currently available evidence indicates that safe-storage of firearms will reduce the risk of
firearm injury to children and adolescents. Physicians in the U.S. are allowed to and should
ask families about firearms in the homes where youth live and regularly visit. Counseling
about safe storage and provision of locking devices can potentially reduce firearm injuries
and death among youth.
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Appendix: PubMed scoping review search strategy
PubMed

Date Searched:
March 29, 2018

Final number of results:
782

(gun[tiab] OR guns[tiab] OR handgun[tiab] OR handguns[tiab] OR firearm[tiab]

OR firearms[tiab] OR “fire-arms”[MeSH Terms] OR gunshot[tiab] OR gunshots|[tiab]
OR shooting[tiab] OR shootings[tiab]))) AND ((“Wounds and Injuries”[Mesh] OR
“wounds, gunshot”’[MeSH Terms] OR injury[tiab] OR injuries[tiab] OR mortality[-
tiab] OR non-fatal[tiab] OR nonfatal[tiab] OR fatal[tiab] OR intentional[tiab] OR
unintentional[tiab] OR accidental[tiab] OR Homicide[Mesh] OR killing*[tiab] OR
murder*[tiab]))) AND (Prevent*[tiab] OR “prevention and control”[Subheading]

OR “Primary Prevention”[MeSH Terms] OR “Preventive Health Services”[Mesh])
AND (Behavior[MeSH Terms] OR behavior[tiab] OR “violence prevention”[tiab]

OR violence[MeSH] OR crime[MeSH Terms] OR “criminal justice”[tiab] OR
Jurisprudence[MeSH] OR “legislation and jurisprudence”[Sub-heading] OR courts[tiab]
OR judicial[tiab] OR counseling[MeSH Terms] OR “Health Promotion”[MeSH Terms]
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Filters:
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OR “Health Education”[MeSH Terms] OR “Mental Health Services”[MeSH Terms]

OR “Community Health Services”[MeSH Terms] OR “community health”[tiab] OR

“mental health”[tiab] OR “safe storage”[tiab] OR storage[tiab] OR “gun safety”[tiab] OR
safety[MeSH] OR “Residence Characteristics”[MeSH Terms] OR Schools[MeSH Terms]
OR “school-based”[-tiab] OR school*[tiab] OR “community-based”[tiab] OR communit*
OR “Protective Devices”[MeSH Terms] OR bulletproof OR Technology[MeSH Terms] OR
technolog*[MeSH Terms] OR “Protective Factors”[MeSH Terms]) AND (adolescent[MeSH
Terms] OR youth[MeSH Terms] OR child[MeSH Terms] OR teenager[Title/Abstract] OR
teen[Title/Abstract] OR adolescen*[Title/Abstract] OR child[Title/Abstract] OR youth[title/
abstract] OR children[Title/Abstract] OR minor[Title/Abstract] OR minors[title/abstract] OR
delinquent[Title/Abstract] OR delinquency|[Title/Abstract] OR pediatric*[Title/Abstract] OR
parent*[tiab]) AND (“1985/01/01”[PDat]: “2018/12/31"[PDat]).

Publication date from 1985/01/01 to 2018/03/28.
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Identification

[

Screening

Eligibility

Included

Records identified through database
searching n = 1780

PubMed = 782
Scopus = 336
CINAHL =618
Criminal Justice = 44

A4

Records after duplicates removed
n =498
(383 EndNote, 115 from Rayaan)

Y

Records screened
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n=1282

Y

Full-text articles assessed for eligibility

n=102
90 Rayann, 12 additional record

References included in the scoping review

n=46

Fig. 1.

Y

Records excluded
n=1192
Reviews = 126
Not a universal prevention
intervention = 680
Wrong age = 18
Couldn’t obtain abstract = 34
International/non-English = 69
Outcome not firearm related = 265

Articles identified by experts
n=12

Full-text articles excluded
n=>56
Reviews = 31
Not a universal prevention
intervention = 11
Wrong age = 4
Qutcome not firearm related = 10

PRISMA diagram: Primary Intervention Article Identification (1985-2018)
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