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Abstract

The long-term consequences of exposure to firearm injury — including suicide, assault, and mass
shootings — on children’s mental and physical health is unknown. Using PRISMA-ScR guidelines,
we conducted a scoping review of four databases (PubMed, Scopus, PsychINFO, and CJ abstract)
between January 1, 1985 and April 2, 2018 for articles describing long-term outcomes of child or
adolescent firearm injury exposure (n=3582). Among included studies (n=31), most used
retrospective cohorts or cross-sectional studies to describe the correlation between firearm injury
and post-traumatic stress. A disproportionate number of studies examined the effect of mass
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shootings, although few of these studies were conducted in the United States and none described
the impact of social media. Despite methodologic limitations, youth firearm injury exposure is
clearly linked to high rates of post-traumatic stress symptoms and high rates of future injury.
Evidence is lacking on best practices for prevention of mental health and behavioral sequelae
among youth exposed to firearm injury. Future research should use rigorous methods to identify
prevalence, correlates, and intervention strategies for these at-risk youth.
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Introduction

Firearm related deaths are the second leading cause of injury-related death in United States
children and adolescents (Cunningham, Walton, & Carter, 2018) and a major global health
burden (Naghavi et al., 2018). Most childhood firearm deaths result from suicide (38%) and
homicide (53%); most non-fatal childhood firearm injuries, in contradiction, are due to
assault or unintentional causes (Fowler et al., 2017; Srinivasan, Mannix, & Lee, 2014). An
increasing number of children and adolescents (hereafter referred to as “youth” and referring
to the age range of 0-17) are exposed to others’ injuries by firearms, with recent studies
reporting that 5% of youth have directly witnessed a shooting in the past year (Finkelhor et
al., 2015) and suggesting an increasing prevalence of mass shootings (Rand Corporation,
2018). The number of American youth who have access to firearms may also have increased
in recent years (Karp, 2018; Levine & McKnight, 2017).

Youth injury by, or exposure to others’ injury by, firearms likely has multiple long-term
behavioral and physical health consequences, ranging from post-traumatic stress, to
substance use, to recurrent injury. Violent injuries, in general, are associated with higher
rates of post-injury mental health symptoms and recurrent injury compared with non-violent
injury (Cunningham et al., 2015; Fowler et al., 2009; Santiago et al., 2013; Shih et al.,
2010). Exposure to violence (e.g., seeing high rates of violence in one’s community;
parental domestic violence) is also associated with multiple negative long-term
consequences (Bair-Merritt, Blackstone, & Feudtner, 2006)., including epigenetic changes
(Jovanovic et al., 2017). However, firearm injury exposure of all types — including
unintentional (“accidental”) injury, suicide, homicide or assault injuries, and mass shootings
— may be qualitatively different from that of other types of violent injury, in that it is more
likely to be life-threatening or lethal, may be associated with higher risk of future injury, and
may threaten youths beliefs about the safety of their environment (Fowler et al., 2009). They
may also contribute to adverse childhood experiences, a known It is also likely that the
effects of firearm injury exposure on youth differ from those on adults, given developmental
and biological differences (Benson & Elder Jr, 2011).

For instance, data from studies with adults suggests that a prior firearm injury significantly
increases risk of future injury of all types, but particularly increases the risk of future firearm
injury (Rowhani-Rahbar et al., 2015). A youth’s exposure to firearm injury in one’s
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community (regardless of the type) may engender greater fear and sense of danger than
exposure to other types of violence (Netburn, 2018). Risk and protective factors for negative
consequences (such as substance use, anxiety, and recurrent injury) may differ for firearm
injury; for instance, in young adults, certain genetic variants correlate with risk of post-
traumatic stress after exposure to a mass shooting (Mercer et al., 2012). Finally, simply
identifying the consequences of firearm injury is insufficient; it is also important to
understand how best to prevent these negative consequences from developing. Others have
examined effect of interventions directed toward youth with all types of assault injury
(Cheng et al., 2008; Walton et al., 2010), or towards adults with other types of injuries
(Heinze et al., 2016). The effects of such interventions on firearm injury-exposed youth are
largely unknown. Additionally, the effect of youth firearm injury exposure on their parents —
and how best to engage parents to reduce long-term sequelae among youth — is, to our
knowledge, unknown. This gap is particularly important given that parental PTSD is
associated with worse childhood outcomes, and familial interventions have the potential to
increase youth resilience in the face of firearm injury (Samuelson et al., 2017; Wise &
Delahanty, 2017).

The Institute of Medicine developed a research agenda for firearm injury prevention after the
mass shooting at Sandy Hook Elementary School in 2012 (Council, 2013), and similar
agendas have been developed by other professional bodies (Ranney et al., 2017; Talley et al.,
2018). Notable elements of these reports are the lack of evidence regarding long-term
sequelae of firearm injuries and appropriate prevention thereof, as well as the lack of
specific focus on youth firearm injury. To address the perceived lack of data on the
behavioral and physical sequelae of firearm injury, and the prevention thereof, in youth, we
conducted a scoping review of the literature. For the purpose of this review, we defined
“long-term” sequelae of injury as those occurring 1+ month after injury (in concordance
with definitions of post-traumatic stress disorder). The objective of this review, as
recommended by established frameworks (Arksey & O’Malley, 2005), is to provide a
summary of the existing literature within this area and identify gaps in the literature to set a
research agenda moving forward.

Database Searches

Using PRISMA-ScR guidelines, we conducted a scoping review of four databases (PubMed,
Scopus, PsychINFO, and CJ abstract) for English-language original research articles
published between January 1, 1985 and May 25, 2018 that described longitudinal outcomes
of child or adolescent firearm injury exposure, or the prevention thereof. The initial search
was created in PubMed; searches in other databases were translations of that search (see
APPENDIX for exemplar search strategy in PubMed). To enhance the scope of the search,
researchers also reviewed reference lists of included articles, and forward citations of
included articles were searched in Scopus. Dates of search and eligibility criteria were
determined through consensus among our workgroup, which was part of the larger Firearm-
safety Among Children and Teens (FACTS) Consortium (an NIH-funded consortium which
aims to define new directions for youth firearm injury prevention research).
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Eligibility Criteria
Inclusion criteria included original scientific articles focusing on either youth (age 0-17) or
their parents that described consequences rather than precedents of firearm injury. We
defined firearm injury “exposure” as personal injury or exposure to injury of another person
by a firearm (including witnessing it or being in the same community); if a manuscript
included populations with other types of injuries, we required that at least 1/3 of the
population had a firearm-related injury. We defined a “focus on youth or their parents” as
having at least 1/3 of the study population as youth age < 17 years old. Exemplars of
potential outcomes of firearm injury included medical, psycho-social, behavioral, injury-
related, and criminal justice consequences, on either an individual or community level,
following fatal or non-fatal youth firearm injury or exposure to such firearm injury.
Exemplars of secondary prevention of firearm injury included any interventions to reduce
risk of poor behavioral or physical health outcomes among youth after a firearm injury or
exposure to such injury. We included articles from outside of the United States. We excluded
non-English-language articles, studies describing patterns of injury as a primary outcome,
policy studies, opinion pieces, review articles (although these were reviewed for references),
studies describing airsoft guns or BB guns, and studies focusing on consequences of war
given that firearm injury occurring within the war context reflects a broader societal conflict
and is often associated with other traumas

Article Selection

All titles and abstracts were reviewed, independently and blindly, by at least two
independent reviewers using the web-based program Rayyan (Ouzzani et al., 2016). The first
100 articles were reviewed by all authors, and discrepancies were discussed to ensure
consensus. After the group achieved consensus, all further articles were reviewed,
independently and blindly, by two independent reviewers (RK and KB). During the title and
abstract screening, the independent reviewers erred on inclusion. Conflicting decisions
among reviewers were discussed by the full team until consensus was reached. Full text
articles were then independently reviewed for inclusion by two reviewers (various
permutations of RK, KB, RB, and MR), with discrepancies again resolved through
consensus discussion.

Data Extraction and Quality Ratings

A standard data abstraction form was created and refined by the authorship group using one
agreed-upon full text article. This abstraction form captured the following data fields:
country in which study was conducted, type of firearm injury studied, design, population,
sample size, primary and secondary outcomes, main findings, and limitations. In keeping
with other literature (Ranney et al., 2017), the independent variable of firearm injury was
divided into the following types: peer and partner violence (i.e., homicide, non-fatal assault
injury); suicide; mass shootings; unintentional injury; and other or multiple types of firearm
injury. For each full-text review, data was abstracted into the form by one reviewer, and then
verified by a second. Included studies were assessed for methodological quality using the
“Risk of Bias” tools, as recommended by the Cochrane Collaborative (Higgins et al., 2016;
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Sterne et al., 2016). Given the heterogeneity of findings, qualitative summaries were made of
all data.

Search strategy identified a total of 3,582 articles (Figure 1). After removal of duplicates,
2,246 files were reviewed by title and abstract for potential inclusion. Of these, 59 abstracts
were retained for full text review and forward citation searches. Twelve additional articles
were included based on forward citations. After full text review, a total of 31 articles met full
eligibility criteria and were included in the final sample for the scoping review.

The included manuscripts were categorized according to the type of youth firearm injury
exposure: peer and partner violence (“assault” or “community violence”) (16%, n=5),
suicide or suicide attempts (10%, n=3), mass shooting (45%, n=14), unintentional injury
(3%, n=1) and studies that included multiple types of firearm injury (26%, n=8). Two-thirds
of manuscripts (n=21) described the behavioral health sequelae of firearm violence, with the
majority of focusing on post-traumatic stress symptoms. Sixteen percent (n=5) of the
included manuscripts described physical health sequelae of firearm injury (e.g., headaches),
and 32% (n=10) described patterns of recurrent injury (“recidivism”) following youth
firearm injury. Only one article described outcomes of a secondary prevention intervention
for firearm injury-exposed youth. All of the community firearm injury and suicide firearm
injury-related articles, and all but one of the mixed or other types of firearm injury articles,
used data from the U.S. Other articles originated from Norway (n=6, all describing
outcomes of the same mass shooting event), Sweden (n=2), and Finland (n=3). Table 1
summarizes the characteristics of the reviewed study including type of firearm exposure,
country of origin, and type of sequelae studied. Table 2 provides further details for each
individual study including study design, outcome measures, relevant findings, and quality
assessment.

Below, we describe qualitative conclusions from this scoping review about long-term
behavioral and physical sequelae of youth firearm injury, and the prevention of such
consequences, divided by the type of firearm violence exposure. We also comment on
particular methodologic strengths and weaknesses of the reviewed literature.

Peer and Partner Violence

Seven manuscripts included in this scoping review described the longitudinal consequences
of peer or partner firearm injury among youth who presented to a hospital for care of this
injury. The majority (n=4) of these manuscripts were prospective or retrospective cohort
studies examining rates and/or predictors of future injury following an initial firearm injury
event. In all of these manuscripts, children and adolescents with an index firearm-related
injury were significantly more likely to experience a subsequent injury compared to those
who presented with other types of violent injury, or compared to those who presented to the
hospital for other reasons (Carter et al., 2015; Chong, Lee, & Victorino, 2015; Davis et al.,
2013; Tellez et al., 1995). However, many of these studies were limited by multiple potential
biases in study design (including convenience samples, potential missed outcomes, and
unmeasured confounders). The Carter (2015) study was notable for systematic recruitment
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strategies, a well-designed comparison group, high follow-up rates, and standardized
assessment methodologies.

A single study reported the outcomes of an intervention directed at hospitalized gunshot
wound patients (mean age 17.8 years) (Chong, Smith, et al., 2015). This study examined
frequency of recurrent hospitalization for a violent injury among youth enrolled in a
hospital-based violence intervention program (HVIP) after a violent firearm injury,
compared to youth receiving usual care after a violent firearm injury. They found no
significant intervention effects. Conclusions were limited by the fact that patient enroliment
was non-randomized (with multiple potential biases in assignment to one intervention group
versus the other) and due to limitations in follow-up and outcome assessment.

No manuscripts described longitudinal consequences or secondary prevention of adolescent
firearm injury exposures related to dating violence or family violence.

Suicide and Self-Harm

Of the three manuscripts in this scoping review that described consequences of firearm
suicide, one examined the prevalence of repeat self-injury or suicide following an initial
presentation for self-harm with a firearm. Olfson (2018) used a large, nationally
representative cohort of adolescents insured by Medicaid who presented to the hospital with
a self-harm injury and survived the initial injury. Among this sample, adolescents who were
seen for self-injury using firearms were significantly more likely to die from suicide within a
year compared to adolescents who presented with other forms of self harm (hazard ratio
33.45, 95% CI 13.31-84.06) (Olfson et al., 2018). The other 2 manuscripts described the
longitudinal consequences of a peer firearm suicide; both reported that adolescents exposed
to peer firearm suicide (either through directly witnessing it, or through community
affiliation or peer network affiliation with the decedent) had higher subsequent rates of
depression, anxiety, PTSD, and suicidal thoughts (Brent et al., 1993a; Brent et al., 1993b).
These studies, however, were limited by small number and by the nature of the case-control
design.

Mass Shooting

Of the 14 manuscripts in this scoping review that examined the sequalae of mass shooting
events, the majority (64%) were studies conducted outside the U.S. Of the 5 studies
conducted within the US, all data collection was prior to the year 2000. All except one study
used quantitative assessments; most used validated assessments of mental health symptoms,
but all used a non-systematic sample of exposed youth.

In general, among youth directly exposed to a mass shooting, rates of post-traumatic stress
assessed using standardized assessments were consistently significantly higher compared to
control populations. The rate of post-traumatic stress ranged from 11% to 62%, depending
on the type of assessment used, nature of the exposure, and the time from the traumatic
event (Bugge et al., 2015; Hafstad et al., 2014; Haravuori et al., 2011; Schwarz & Kowalski,
1991; Suomalainen et al., 2011). Physical proximity to the shooting correlated with severity
of post-traumatic stress at one month and one year following the event (Nader et al., 1990;
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Pynoos et al., 1987a; Pynoos et al., 1987b). Media exposure to an event did not correlate
with severity of post-traumatic stress symptoms (Haravuori et al., 2011).

Six manuscripts included in this scoping review specifically reported on sequelae of a 2011
mass shooting at a summer camp for adolescents on a small island in Norway, in which 69
people were killed, and 495 survived (many of whom sustained nonfatal injuries). Following
the attacks, a nationally coordinated program was initiated to screen survivors and provide
necessary health and psychosocial services. Almost 87% of the survivors reported having
contact with the outreach team, and 73% received specialized mental health services (Dyb et
al., 2014). Almost all survivors (95%) reported having contact with any health care service
following the attack (Stene & Dyb, 2015). Rates of post-traumatic stress disorder following
the event were found to be between 11-12% by conservative criteria (Hafstad et al., 2014).
Survivors had significantly higher rates of migraines (OR 6.1) and tension-type headaches
(OR 4.67), as well as a higher frequency of headaches (OR 4.51) compared to the general
population (Stensland et al., 2018).

Other studies reported high rates of anxiety and sadness among youth in the community of
the shooting, parents in the community of a shooting, and in communities exposed to media
reports about the shooting (Hawkins et al., 2007; Omar, 1999; Schwarz & Kowalski, 1991).
A single non-U.S. based study reported that survivors of a mass shooting had no difference
in rates of substance abuse, after adjustment for overall mental health (Suomalainen et al.,
2011). Parents of survivors had five times higher post-traumatic stress and two times higher
depressive symptoms than parents of the general population in a single study based on the
Norway mass shooting (Thoresen et al., 2016).

No studies described the sequelae of mass shootings for teachers or healthcare providers
who care for the exposed youth.

Unintentional Injury

Our review identified one manuscript that specifically examined the longitudinal effects of
unintentional firearm injury. This study, conducted using population-wide databases in
Sweden with average follow-up period of 10 years, reported that childhood victims of
unintentional firearm injury were more likely to have future hospitalizations for violent
injury (OR 2.42) and for other disease processes (OR 4.0), were more likely to be
perpetrators of crimes such as assault (OR 6.33), and more likely to be imprisoned (OR
14.0) (Ponzer et al., 1997). Although the use of a national database for longitudinal
outcomes was a major strength of the study, the primary limitation of this study is that it
relied on medical chart review to determine the intent of the injury, thus potentially
misclassifying assault related injuries.

General Firearm Injury Exposure

Of the remaining eight manuscripts, the type of firearm exposure was either not specified, or
was explicitly defined as a mix of firearm assault (peer or partner), self-harm, and
unintentional firearm injury. Among these manuscripts, six reported on mental health
sequelae of firearm injury; these manuscripts all reported high levels of post traumatic stress
symptoms, including acute stress disorder, depression, and anxiety (Gill, 2002; Hamrin,
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1998; Hamrin, Jonker, & Scahill, 2004; Slovak & Singer, 2001); high levels of somatic
disease (Bergman, Ponzer, & Brismar, 1996); and low overall self-rated health (Boynton-
Jarrett et al., 2008). Recurrent injury following both unintentional and intentional assault
injury were high (Bergman et al., 1996; Carter et al., 2017; Gibson et al., 2016), although
rates of recurrent firearm injury were low (Carter et al., 2017). Firearm injury was also
associated with higher risk of future criminal convictions (Bergman et al., 1996). With the
exception of Bergman and Carter, most studies were limited by high risk of confounding in
inclusion or outcomes measurements, lack of validated outcomes measurements, and limited
time periods of follow-up.

Quality Assessments

None of the manuscripts in this scoping review were randomized controlled trials, and few
were high quality cohort studies. Overall, the quality of the conclusions was low, due to
limitations in study design, unmeasured confounders, and missingness of both independent
and dependent variables, as described in more detail in the individual sections above. All
except three studies (Bergman et al., 1996; Carter et al., 2015; Olfson et al., 2018) were
deemed to exhibit high risk of bias, due to factors including bias in selection of participants
(e.g., only including participants from a certain hospital in a city; having low response rate),
lack of concurrent comparison groups (e.g., leading to lack of clarity over whether firearm
injury exposure was actually the cause of the observed outcome), bias in assignment to
intervention groups (e.g., non-randomized or convenience samples for interventions), high
risk of missing outcome data (e.g., non-systematic follow-up), lack of standardized
assessment instruments for outcome measurements (e.g., using non-validated measures), and
lack of measurement of potential confounders of the outcomes (e.g., not adjusting analyses
for well-established risk factors for post-traumatic stress disorders).

Discussion

This scoping review summarizes the current evidence about the epidemiology and
prevention of behavioral and physical health sequelae among youth exposed to firearm
injury. We identified a total of 31 articles over three decades that met inclusion criteria; the
overall quality of these studies was low to moderate. Despite the paucity of research and
relatively weak methodological rigor of conducted studies, the behavioral and physical
health consequences of youth exposure to firearm injury are consistently reported as high,
after all types of firearm injury. Youth firearm injury exposure is clearly linked to high rates
of post-traumatic stress symptoms and high rates of future injury. Almost no literature to
date describes potential secondary prevention interventions to mitigate these negative
longitudinal effects among children or their parents, likely due to the lack of adequate
funding for research in this area. A primary objective of this scoping review was to provide
recommendations for future research based on what can be gleaned by the existing literature;
we provide these recommendations below.

Most importantly, our review identified a glaring need for more methodologically rigorous
studies of the epidemiology and prevention of post-firearm-injury sequelae among
adolescents. Existing studies rarely used prospective cohorts, objective outcome measures,
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or rigorous assessments of exposure, and rarely compare outcomes between youth who are
exposed to firearm injury versus those who are exposed to other forms of trauma. Almost
half of the included studies used cross-sectional, retrospective cohort, or case-control
designs. This study design type is frequently biased by unmeasured confounders. Although
almost all of the remainder of the studies (n=15) used prospective cohorts, this study design
has limitations including the methodology for the selection of subjects and potential attrition
bias (Song & Chung, 2010). Only eight studies had a comparison group, limiting ability to
draw conclusions about the impact of the firearm injury (versus of injury in general, or other
unmeasured confounders). Additionally, many of the studies were limited by response bias,
lack of diagnostic interviews, and non-standard follow-up periods. We note that the
limitations are at least partly due to systematic underfunding and understudy of firearm
injury in general, and pediatric firearm injury in particular, over the last 22 years (Alcorn,
2017; Stark & Shah, 2017). Although the presence of the Firearm-safety Among Children
and Teens (FACTS) Consortium (an NIH-funded consortium which aims to define new
directions for youth firearm injury prevention research) through which this manuscript was
written is an important first step in addressing the lack of literature, it is insufficient.
Improved public and private funding of firearm injury research is critical in the quest to
reduce the impact of firearm injury on youth.

Although our ability to draw conclusions from methodologically weak studies is limited, the
review of these 31 studies confirms that firearm injury exposure is associated with high rates
of post-traumatic stress among youth. The specific risk factors for development of such
sequelae, however, are not well reported in the literature. For example, we identified no
rigorous examinations of the psychophysiologic correlates, biologic outcomes, or
phenotypic and genetic mechanisms of post-firearm-injury consequences. The exploration of
mechanisms is a major gap to be addressed by future literature (The National Institute of
Mental Health, 2017). We also note the lack of evaluation of mental health sequelae beyond
post-traumatic stress symptoms; very few included manuscripts described prevalence or
correlates of, for example, depression, other anxiety disorders, substance use, or quality of
life. We urge future researchers to consider outcomes other than post-traumatic stress that
are important to youth and their families (Wanner, 2015).

Importantly, we identified only one manuscript that evaluated an intervention to specifically
prevent consequences of firearm injury among youth. This gap in the youth literature is
particularly glaring, given that an extensive literature describes effective interventions and
preventative interventions for other types of trauma and youth violence (David-Ferdon et al.,
2016; Schneider, Grilli, & Schneider, 2013); additionally, a growing body of literature
provides preliminary evidence on hospital-based post-injury intervention programs to reduce
consequences of firearm injury and other types of injuries among adults (Affinati et al.,
2016; Zatzick et al., 2013). Rather than develop new interventions - and given that many of
the manuscripts in this scoping review identified heightened post traumatic stress symptoms
in youth exposed to firearm injury - we recommend that future trials specifically examine
the efficacy and effectiveness of existing evidence-based secondary prevention and
interventions for youth that have not yet focused on firearm injury. An efficient use of scarce
resources such trials could be conducted with interventions in their original format, or in an
adapted format specific to youth firearm injury.

J Behav Med. Author manuscript; available in PMC 2021 July 29.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ranney et al.

Page 10

We also note that the reviewed studies disproportionately examine the consequences of mass
shootings (45% of included studies, <1% of youth firearm deaths), compared to articles
about the effects of firearm suicide injuries and death (10% of studies, 38% of youth firearm
deaths) or firearm assault (16% of studies, 53% of youth firearm deaths). Assault-related
firearm injury is the leading cause of death for minority males in the U.S. (Center for
Disease Control and Prevention, 2014; Fowler et al., 2017; Srinivasan et al., 2014), but
assessment of the consequences and prevention of these types of injuries is preliminary at
best. Youth with an initial assault-related firearm injury have a high likelihood of recurrent
injury (Carter et al., 2015). Yet we identified only one study providing preliminary data on
efficacy of violence intervention programs to reduce recurrent injury among firearm-injured
youth (Chong, Lee, et al., 2015). Rigorous evaluation of such programs following best
methods practice to ensure adequate recruitment and retention, controlling for both
confounders and intervention dose, is needed (Roche et al., 2018).

One potential explanation for why there are fewer studies on suicide related firearm-injury is
that 85% of suicide attempts with a firearm are lethal (Spicer & Miller, 2000); there are,
therefore, few survivors to study. However, as one of the reviewed articles describes,
survivors are particularly high risk for dying from suicide within a year (Olfson et al., 2018),
and friends and families of youth who commit suicide with a firearm may be at high risk for
future problems themselves (Brent et al., 1993a; Brent et al., 1993b). Future studies should
elucidate the sequelae of adolescent suicide attempts and/or completion by firearm amongst
family members, peers, schools, and communities of the identified proband, particularly
given preliminary evidence for suicide contagion (Brent et al., 1993a; Brent et al., 1993b);
secondary prevention interventions for this group are warranted.

Most studies describing sequelae of mass shootings for youth investigate events in other
countries (i.e., Norway, Finland) or describe events in the United States prior to 2000. Given
that the rate of shootings with casualties of four or more individuals is occurring regularly
and may be increasing in the United States (Follman, Aronsen, & Pan, 2018), additional
research on the behavioral and physical health consequences of mass shootings are
warranted. Early research on mass shootings were consistent with the Population Exposure
Model which posits that individuals closest in proximity to trauma are likely to be affected
the most (DeWolfe, 2004; Health & Services, 2005). The way in which information is
disseminated to the United States population has changed dramatically over the past twenty
years. Social network sites such as Facebook, Instagram, and Twitter are a significant source
for news, particularly for young people (Barthel et al., 2015; Bergstrém & Jervelycke
Belfrage, 2018; Kiimpel, Karnowski, & Keyling, 2015; Shultz et al., 2013). In fact, in the
2018 school shooting at Stoneman Douglas High School in Florida, youth at the school live-
tweeted their experiences and videos of the event. This may suggest that the Population
Exposure Model may no longer be the best way to understand the experience of trauma on a
community given that many individuals not at a mass shooting may experience the event as
if they are physically there. Future research addressing the virtual impact of such shootings,
and interventions to reduce long-term consequences of exposure among youth and their
communities, is needed.
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Finally, we recommend that more recent studies be conducted in the United States, given
that the largest global burden of firearm injury is experienced domestically (Naghavi et al.,
2018). The lack of research is likely at least in part due to a longstanding freeze on firearm
research instituted in the United States in 1996 via the Dickey Amendment (Betz, Ranney, &
Wintemute, 2016).

This scoping review has three main limitations. First, by virtue of design, scoping reviews
are not systematic, given that their purpose is to identify the key areas within a research
agenda and to identify research gaps in the existing literature, which is consistent with our
primary objectives (Arksey & O’Malley, 2005). Although we conducted our search within
four databases and followed suggested methods for scoping reviews, it is likely that all
sources were not identified; given our methods, however, we are doubtful that additional
articles would quantitatively or qualitatively change our conclusions. Second, this review
does not focus on the literature of witnessing violence in a child’s community or family
(McGill et al., 2014), and instead explicitly focuses on studies of firearm injury; moreover,
analysis according to type of injury (peer, partner, unintentional, mass shooting) may limit
generalizability. Third, we did not include non-English literature, which has the potential to
exclude articles that would be relevant.

Firearm injuries of all types (peer and partner assault injury, suicide, accidental, and mass
shooting) are associated with increased risk of both behavioral and physical health sequelae
among youth. However, the methodologic rigor of the existing corpus of research is limited,
and a mismatch is observed between patterns of injury and death, and types of firearm injury
studied. In particular, empirically studied secondary prevention interventions need to be
designed, tested, and widely implemented (Fowler et al., 2017). It is our hope that this
scoping review maps the gaps in the literature in a way that allows the prevention science of
youth firearm injury to move forward.
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Table 1:
Overview
Type of Outcome
Type of Firearm Exposure  First Author (Year) Country Mental Health  Injury Recidivism  Physical Health ~ Other
Peer/Partner Violence Carter, PM (2015) United States v
Chong, VE (2015a) United States v
Chong, VE (2015b) United States v
Davis, J (2013) United States v
Tellez, MG (1995) United States v
Suicide and Self-Harm Brent, DA (1993a) United States
Brent, DA (1993b) United States v
Olfson, M (2018) United States v
Mass Shooting Bugge, | (2015) Norway v
Dyb, G (2014) Norway v v
Hafstad, GS (2014) Norway v
Haravuori, H (2011) Finland v
Haravuori, H (2016) Finland v
Hawkins, NA (2008) United States v
Nader (1990) United States v
Omar, HA (1999) United States v
Pynoos (1987) United States v
Schwarz, ED (1991) United States v
Stene, LE (2015) Norway v
Stensland, SO (2018) Norway v
Suomalainen, L. (2011) Finland v
Thoresen, S (2016) Norway v
Unintentional Injury Ponzer, S (1997) Sweden v v v
%f;:,gfciﬁed or Multiple Bergman, B (1996) Sweden v v v v
Boynton-Jarrett, R (2008)  United States v v
Carter, PM (2017) United States v
Gibson, PD (2016) United States v
Gill, AC (2002) United States v
Hamrin, V (1998) United States v
Hamrin, V (2004) United States v
Slovak, K (2001) United States v
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