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Objective: About 21,000 suicides in the United Statesin 2014
involved a firearm. The authors reviewed evidence from
around the world regarding the relationship between firearm
ownership rates and firearm suicide rates and the potential
effectiveness of policy-based strategies for preventing fire-
arm suicides in the United States.

Method: Relevant publications were identified by searches
of PubMed, PsycINFO, MEDLINE, and Google Scholar from
1980 to September 2015, using the search terms suicide AND
firearms OR guns. Excluding duplicates, 1,687 results were
found, 60 of which were selected for inclusion; these sources
yielded an additional 10 studies, for a total of 70 studies.

Results: Case-control and ecological studies investigating
geographic and temporal variations in firearm ownership
and firearm suicide rates indicate that greater firearm
availability is associated with higher firearm suicide rates.
Time-series analyses, mostly from other countries, show
that legislation reducing firearm ownership lowers firearm

Suicide is a major cause of premature death in the United
States. In 2014, suicide was the second leading cause of
death among people 10-34 years of age (1). Of the 42,773 sui-
cides that year, 21,334 (49.9%) involved a firearm. Firearms
accounted for 33,599 deaths in 2014 (suicides, homicides, ac-
cidental deaths, and undetermined), the third leading cause of
violent death (1). The United States has the highest per capita
rate of gun ownership in the developed world. About 38% of
households own at least one gun, making firearms widely
available to those at risk of suicidal or homicidal behaviors (2).
This review focuses on prevention of firearm suicide but has
relevance for other types of firearm deaths.

Means restriction is amajor method for reducing suicide rates
(3). Examples include barbiturate restriction in Australia, pes-
ticide regulations in Sri Lanka, and detoxification of domestic
gas and packaging changes for analgesics in the United King-
dom (4-9). Reducing firearm access for those at risk of suicide
may work for several reasons. Firearms are a highly lethal
method for attempting suicide, with a mortality rate of 92%,
compared with 67% for drowning, 78% for hanging, and 2% for
intentional overdoses (10, 11). Because 70% of attempters take
less than 1 hour between deciding to kill themselves and the
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suicide rates. Because the Second Amendment curtails
legislation broadly restricting firearm access in the United
States, the emphasis is shifted to restricting access for
those atrisk of harming themselves or others. Most suicides
involve guns purchased years earlier. Targeted initiatives
like gun violence restraining orders, smart gun technology,
and gun safety education campaigns potentially reduce
access to already purchased firearms by suicidal individ-
uals. Such measures are too new to have evidence of
effectiveness.

Conclusions: Broadly reducing availability and access to fire-
arms has lowered firearm suicide rates in other countries but
does not appear feasible in the United States. Approaches
restricting access of at-risk individuals to already purchased
firearms by engaging the public and major stakeholders require
urgent implementation and outcome evaluation for firearm
suicide prevention.
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actual attempt (12), they are more likely to use a method that is
at hand. The transient nature of a suicidal crisis means that
restricting access to more lethal means could allow the crisis to
pass or result in an attempt with a less lethal method. About 90%
of those who survive even an almost fatal suicide attempt do not
go on to die by suicide later in life (13). Thus, surviving a suicide
crisis offers a strong chance of long-term survival, and method
substitution by a less lethal method often only modestly erodes
the gains from restricting access to a more lethal method (14).
In this review, we examine available evidence on the rela-
tionship between firearm ownership rates and firearm suicide
rates and the potential effectiveness of policy-based strategies
for preventing firearm suicides. Previous reviews are now
dated (15-17) or only consider part of the available data, such
as a meta-analysis of case-control studies (18). Unlike other
recent reviews, we examine the relationship between fire-
arm ownership and firearm suicide in case-control, eco-
logical, and time-series studies based on data from the United
States and other countries. We extrapolate from more definitive
gun control measures implemented elsewhere in considering
what can work in the United States given the social context
and the constitutional limitations on firearm legislation.
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EVIDENCE REVIEW

An electronic data search from 1980 to September 2015 was
conducted using PubMed, PsycINFO, and MEDLINE to
identify studies of the relationship between firearm avail-
ability and firearm suicide. No language or geographic lim-
itations were employed. The terms suicide AND firearms OR
guns were searched in the title, keywords, and abstract. After
excluding 620 duplicates, we reviewed 1,687 articles, of
which 60 were selected for inclusion because they directly
examined the relationship between firearm suicide and
firearm ownership, gun regulation, or prevention strategies.
Excluded papers typically did not examine the relationship
between firearm ownership and suicide risk. From the 60
selected articles, an additional 10 articles were identified, for
a total of 70 studies (Figure 1). In addition, we searched more
broadly using the top 100 hits on Google and Google Scholar
for the period 1980-2016, which yielded one additional peer-
reviewed article. We cite other sources in the text.

Our review is based on 11 ecological or geographic area
comparison studies of firearm ownership and suicide rates
in the United States and elsewhere, five U.S. time-series
studies of gun ownership and suicide rates, 15 case-control
or ecological studies investigating the relationship between
household firearm ownership and suicide risk, 13 targeted
time-series studies examining the effects of firearm legisla-
tion or regulation, and seven studies involving geographic
comparison of different legislative approaches across the
United States. These studies are listed in Tables 1-5, along
with summaries of their main findings. We also examined
the relationship between firearm ownership and psychiatric
illness and newer approaches to gun control and safety.

FINDINGS

Relationship of Firearm Ownership to Firearm

Suicide Rates

The United States has one of the highest firearm ownership
rates of all developed nations (69), although precise gun
ownership rates are not known because most U.S. states
do not require firearm registration. Estimating household
gun ownership through national and state-level surveys (21)
means that data are not available on a regular or yearly basis.
Therefore, proxies (i.e., hunting licenses, fraction of suicides
that involve firearms, fraction of homicides that involve
firearms, and gun magazine subscription rates in the era prior
to online subscriptions) are also used to estimate firearm
ownership (22, 70, 71). Approximately 57 million individuals
own 283 million firearms (an average of five firearms per
owner), and 38% of U.S. households own at least one gun (2).
Although epidemiologic studies do not confirm causality,
their findings can be consistent with a hypothetical causal
model, such as one being examined here, in which firearm
suicide rates are hypothesized to be partly driven by firearm
availability. Studies in the United States show, at both eco-
logical and individual levels, that greater firearm availability
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is associated with greater risk of firearm suicide (Tables 1
and 3). Globally, four studies of developed countries (Table 1)
found that per capita gun ownership correlates with fire-
arm suicide rates at the national level (26-29).

Ecological Studies

Time-series analyses in four studies examined the relation-
ship between gun ownership and suicide rates in the United
States (Table 2). From 1959 to 1979, there were 8,573 more
suicides that appear to be attributable to the occurrence of
7,107 more firearm suicides (32, 34). From 1962 to 1975, the
annual overall suicide rate rose from 10.9 to 12.9 per 100,000
(34). This rise in firearm suicides occurred in conjunction
with the manufacture or importation of more than 6 million
additional firearms in the United States (33).

Beginning in the 1980s, this trend reversed (30). Over a
22-year period, household gun ownership dropped from
~46% in 1981 to ~36% in 2002. For every 10% decline in
household firearm ownership rate, there was 4.2% decline in
firearm suicide rate and a 2.5% decline in overall suicide rate.
The reduction was more pronounced for children and ado-
lescents, for whom every 10% decline in firearm ownership
was accompanied by an 8.3% drop in firearm suicide rate and
a 4.1% drop in overall suicide rate (30). This finding is con-
sistent with studies showing that the relationship between
firearm availability and firearm suicide is stronger for younger
age groups than for midlife groups (31). During the same
period, firearm homicide and overall homicide rates also
declined comparably (72).

The substantial geographic variability across the United
States has allowed a time- and region-based examination of
the firearm-suicide relationship (Table 1) (19-25). Over a
3-year period (2000-2002), the 15 states with the highest
household firearm ownership (47%) had almost twice as
many suicides (N=14,809) as the six states with the lowest
firearm ownership (15%) (N=8,052). This difference in
overall suicides is largely accounted for by the difference in
firearm suicides (9,749 compared with 2,606). Non-firearm
suicides (5,060 compared with 5,446) and the total pop-
ulations of the two sets of states were comparable (21). During
a more recent 2-year period (2008-2009), these findings
persisted (19). If the relationship is causal, these findings
suggest that a 1% decrease in household firearm ownership
could reduce the firearm suicide rate by 3.5% and the overall
suicide rate by 1.5%, with greater effects for adolescents (21).
By extrapolation, reducing household firearm ownership by
5% could prevent about 3,000 suicides per year in the United
States (1).

Case-Control Studies

The relationship between firearm ownership and suicide
rates has been examined at the individual level (15 studies;
Table 3). Many studies show a greater risk of firearm suicide
in households with a gun (40-42, 44-49, 73). There are an
estimated 37 firearm suicides for each gun use for self-defense
(74). Firearms in the home are associated with a fivefold
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FIGURE 1. Flowchart of Study Selection for a Review of Firearm Suicide Prevention Studies

Potential sources:
2,307 articles in PubMed, PsycINFO, MEDLINE,
Google, and Google Scholar®
published from 1980 to September 2015

Excluded articles
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greater risk of suicide (42), and in firearm-owning house-
holds, 90% of suicides involve a firearm (42), compared with
50% of suicides in U.S. households as a whole (18). Firearm
suicide rates in male and female veterans are elevated 81%
and 188%, respectively, compared with demographically
matched nonveterans, and this is attributed to higher gun
ownership rates (43).

Studies of household gun ownership and adolescent
suicide rates (Table 3) (35-42) vary in sample size, with
smaller studies being less reliable, but overall they indicate
that a firearm in the home increases the risk of suicide
(35-38, 42, 75). Guns are twice as common in homes of
adolescent suicides compared with homes of nonfatal sui-
cide attempters or of nonsuicidal psychiatric controls
(35, 36). A loaded gun at home is associated with about a
10% higher risk of suicide (42). A locked gun closet, keeping
guns unloaded, and locking ammunition or storing it in a
different part of the house each reduces the risk of suicide
by 55%—73% (73). There is a trend for risk to increase with
the number of handguns purchased (15).

Firearm Ownership and Psychiatric Illness

Firearm ownership rates correlate with firearm suicide
rates, but not with non-firearm suicides or nonfatal suicide
attempts (19), and rates of psychiatric illness in homes with
a firearm are comparable with those in homes without a
firearm (76-78), indicating that members of households
with a firearm are not more suicidal than those without
firearms (19, 22, 79, 80). Furthermore, nonfatal suicide
attempt rates involve mostly means other than firearms
and do not differ between high- and low-gun-ownership
regions (19, 21). Firearm ownership rate, independently of
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underlying rate of nonfatal suicidal behavior, predicts suicide
rate (19, 26).

The Effect of Altering Firearm Availability and
Ownership Rates on Firearm Suicide Rates Outside

the United States

Reducing the availability of firearms has lowered both
firearm suicide rates and overall suicide rates outside the
United States, but only where firearm suicides are prevalent
(Table 4) (14, 27, 51, 52, 54-56, 59). Interrupted time-series
analyses have been used to investigate the impact of gun
control legislation on firearm-related outcomes. Legislation
enacted in 2003-2004 in Switzerland halved the size of the
civilian army (men 18-43 years old), instituted a fee to keep
service firearms after discharge from the army, and in-
troduced gun licenses (14). Before 2004, about half of all
homes in Switzerland had a firearm, and firearms were used
in 39% of suicides among men in the 18-43 age group. This
legislation was followed by a steady decline in firearm and
overall suicide rates in this demographic group. A decline
in firearm suicides was not observed in other demographic
groups, such as men in the 44-53 age group and women in the
18-44 age group. The Swiss firearm suicide rate and overall
suicide rate declined at about the same rate during the period
2003-2008, and the only evidence for method substitution
was a small increase in railway suicides that attenuated the
decrease in suicide rate by only 22% over 5 years. In the
United States, the rate of firearm suicides in 2014 among
men in this age group was 11.04 per 100,000, for a total of
6,189 deaths. If the decrease in firearm suicide observed in
Switzerland were to apply to this age group in the United
States, it would potentially have saved 1,650 lives in 2014 (1).
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TABLE 1. Regional Variations in Firearm Ownership and Suicide Rates Within the United States and Internationally

Source

Regions Compared

Findings

Miller et al.,, 2013 (19)

Miller et al., 2013 (20)

Miller et al., 2007 (21)

Miller et al., 2002 (22)

Kaplan and Geling,
1998 (23)

Markush and Bartolucci,

1984 (24)
Corr, 2014 (25)

50 U.S. states

U.S. cities

50 U.S. states

9 U.S. geographic regions

and 50 states
9 major U.S. geographic
regions

9 major U.S. geographic
regions

United States, Europe,
Asia

Firearm ownership explains 67% of variance in firearm suicides, 42% of variance in
suicides, and less than 2% of variance in non-firearm suicides. The states with the
16 highest and the 6 lowest rates of gun ownership do not differ in number of
suicide attempts, but differ in suicides (11,428 compared with 6,038) and firearm
suicides (7,275 compared with 1,697).

Difference in suicides in high-gun areas compared with low-gun areas (18,674)
overal2-year period, attributable to differencesin firearm suicides (18,526), with
little difference in non-firearm suicides (138).

A 1% difference in household firearm prevalence was associated with a relative
difference of 3.5% in firearm suicide rates and 1.4% in suicide rates. The states
withthe 15 highestand the 6 lowest rates of gun ownership have a similar number
of non-firearm suicides but differ in the number of suicides (14,809 compared
with 8,052) and firearm suicides (9,749 compared with 2,606).

Firearm suicide rates are 3.8 times higher in high-gun states compared with
low-gun states.

Positive correlation between firearm ownership and firearm suicide rates for white
males (rs=0.77), white females (rs=0.83), and black males (rs=0.76), but not black
females.

Association between gun prevalence and firearm suicide rates (r,=0.90).

For U.S. armed forces active component members, firearms accounted for 61.1%
and 97.2% of suicides within the United States and in combat zones, respectively,

but only 5.4% of suicides in Europe and Asia. For firearm suicides in the United
States, 6.3% used a military weapon, compared with 94.2% in combat zones.

Bangalore and Messerli, 27 countries

2013 (26)

Ajdacic-Gross et al., 13 countries
2006 (27)

Killias, 1993 (28) 14 countries

Positive correlation between guns per capita per country and rate of firearm-
related deaths (r,=0.80), but not mental illness rates.

Longitudinal analysis confirmed main effect on firearm suicides due to household
gun ownership rates (p<0.001).

Positive correlation between gun ownership and overall suicide (rs=0.52) and

firearm suicide (rs=0.90) rates.

Lester, 1990 (29) 20 countries

Gun ownership, as measured by the percentage of firearm homicides, positively

correlates with firearm suicide rates (r,=0.38).

High firearm ownership rates, along with high rates
of major depression, substance use disorders, and post-
traumatic stress disorder, all conditions that carry a suicide
risk, raise the risk of firearm suicide in veterans. The overall
suicide rate is more than four times higher among active
soldiers stationed in the United States compared with Europe,
and the use of a non-military-issue firearm for suicide is
11/100,00 per year in the United States and zero in Europe
(25). Firearm suicides while on leave in the United States
involve personal guns, but on base or during deployment, they
involve military-issue weapons (25). The lowering of sui-
cide rates in the Israel Defense Forces by discontinuing the
practice of soldiers taking their weapon home on leave (51)
demonstrates the potential of firearm restriction for reducing
suicide rates in the military, but it is likely to be less effective
among U.S. service personnel on leave because of higher rates
of personal gun ownership (43).

Gunreformin Australiawas enacted over several years but
became much stricter in 1996 in response to a mass shooting
that took 35 lives (56). The new laws required that firearms
be registered to their licensed owners, prohibited private
gunsales, and required ajustification beyond just self-defense
for firearm ownership. Police conducted large-scale gun
buybacks that removed about one-fifth of the country’s guns
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from circulation. Starting before the 1996 reforms, and then
perhaps accelerating after the 1996 reforms, there was a
steady decline in national firearm suicide rates, but there is
disagreement over means substitution by hanging (53, 56, 81).
Non-firearm suicide rates also declined, indicating that other
factors were also operating (81). In the 18 years preceding
the gun control reforms, there were 13 mass shootings in
Australia, compared with none in the following 18 years, but
the overall firearm homicide rate was not changed (56, 81).

In New Zealand, less than 20% of suicides use firearms,
less than half the rate in the United States. Legislation was
introduced in 1992 in New Zealand in response to a lone
gunman killing 13 people with a military-type assault weapon
in 1990. This legislation required stricter licensing for gun
ownership and locked storage for guns and ammunition.
Police confirmed compliance by home visits. Before the
legislation was enacted, firearm suicide accounted for 18%
of all suicides in New Zealand, but by 2010, firearm suicide
dropped to 8% of all suicides. The overall youth suicide rate
declined transiently (1993-1996) (55). Strict gun control
appears to reduce firearm suicides, but national rates are
reduced only in those countries where gun ownership rates
are higher and firearm suicides constitute a larger proportion
of the overall suicide rate.
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TABLE 2. Time-Series Analyses of Gun Ownership and Suicide Rates in the United States

Firearm Suicide Rates in

Findings

Source Period

the United States and Miller et al., 1981-2002
Potential Effects on 2006 (30)
Overall Suicide Rates
Successful gun control ef- .
forts in Switzerland, Australia, B|r|_c12nn:ae>$\r/aand 1979-1994
Canada, and New Zealand 2001 (31) v
have proven impossible to
duplicate in the United States.  Clarke and Jones, 1959-1984
Because of Second Amend- 1989 (32)
mentrights, variations in state

. Boyd, 1983 (33) 1953-1978
laws and regulations, and the
opposition of gun rights ad-
vocates, such efforts have Boor, 1981 (34) 1962-1975

generally resulted in inaction
or in a few states passing
limited gun control or safety

A 10% decrease in household firearm ownership was associated
with a 4.2% decrease in firearm suicide rates (8.3% in
adolescents) and a 2.5% decrease in suicide rates (4.1% in
adolescents).

A 10% decrease in household firearm ownership was associated
with an 8.2% decrease in firearm suicide rates and a 3.0%
decrease for overall suicide rates. Effect stronger for ages
15-24 years.

An association was observed between firearm suicide rates and
handgun ownership (Beta=0.68, p=0.001), but not long gun
ownership.

A steady increase in overall suicide rate was almost entirely
attributable to a rise in firearm suicide rate. No data on firearm
ownership.

Suicide rates rose from 10.9 to 12.9/100,000 per year. Firearm
suicide rates increased from 5.1 to 7.0, and non-firearm
suicides decreased from 5.8 to 5.7. No data on firearm
ownership.

laws.

Reducing access to firearms by at-risk individuals. The U.S.
Supreme Court, in District of Columbia v. Heller, 554 U.S.
570 (2008), upheld an individual’s 2nd Amendment right
to possess firearms, forcing gun control advocates to shift
their legislative focus from broad-based to targeted restrictions.
In response to mass killings, three states enacted legislation
allowing temporary seizure and restriction of firearms for
people deemed at risk of harming themselves or others, ir-
respective of psychiatric diagnosis (82-84). Although these
policies were developed to prevent mass shootings, they also
have the potential to reduce firearm suicides by restricting
firearm access to those at risk of suicide. However, evaluation
of their impact on suicide is needed (85). Media attention on
mass shooters has exaggerated the appearance of a relation-
ship between mental illness and firearm violence (86). Most
individuals with psychiatric illness are never violent toward
others, and psychiatric diagnosis alone is a poor predictor
of future firearm violence (87). Policies focused on restrict-
ing firearm access based on dangerous behaviors, instead of
psychiatric diagnosis, are more effective at reducing firearm
violence (88, 89). Unlike interpersonal violence, suicide is
a complication of psychiatric illness in almost 90% of cases
(90, 91). However, it is difficult to develop policies to restrict
firearm access for individuals at risk of suicide because of a
psychiatric illness while respecting patient confidentiality and
not discouraging psychiatric treatment.

Targeted regulation, enacted in California in 2014 in re-
sponse to the Isla Vista mass shooting, employed a “gun
violence restraining order” (GVRO) (85). The GVRO models
the legal process for domestic violence restraining orders, a
strategy for preventing domestic violence adopted by all 50
U.S. states and the District of Columbia. The GVRO allows
family members, significant others, and law enforcement per-
sonnel to formally request confiscation of firearms belonging
to a person who may hurt him- or herself or others (85). A
temporary or permanent GVRO is issued by the court, after

Am J Psychiatry 173:10, October 2016

which police are authorized to remove guns in the indi-
vidual’s possession. If the order is permanent, it also pro-
hibits the individual from purchasing firearms, through the
National Instant Criminal Background Check System
(NICS), for 1 year. After this 1-year period, affected in-
dividuals are eligible for a court review of risk, which may
be followed by either continuation or cessation of the
GVRO (85).

Many individuals at risk of suicide have either un-
diagnosed or untreated psychiatric illness, and it is assumed
that a family member or loved one may be best placed to
notice alarming behaviors. Family members initiating a
GVRO process could prevent firearm suicide and potentially
lead to individuals receiving appropriate treatment. A limi-
tation is that many families are unaware of the degree of
psychopathology in at-risk individuals. Other potential
gatekeepers are primary care physicians, who see almost
half of all suicides within 30 days of their suicide, offering
an opportunity for prevention (92). Guns used for suicide
are bought a mean of 11 years before the suicide (15), so the
implication for prevention is that it is more important for
suicide prevention to restrict access to already owned guns
by depressed suicidal persons than it is to prevent them from
purchasing a gun (93).

A similar policy in Indiana has an advantage over the
California GVRO in that it permits police officers to seize
firearms from individuals deemed dangerous, before re-
ceiving court approval (83). After a firearm seizure, the acting
officer is required to submit evidence explaining why the
individual was believed to be dangerous. Even if the firearm
is returned, the seizure serves as a “cooling off” period,
allowing the suicidal crisis to pass (83).

The GVRO’s approach to restricting new gun purchases by
at-risk individuals is also valuable, but it is limited by federal
law to background checks viathe NICS index, and reporting is
mandatory only for firearm purchases made through licensed
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TABLE 3. Availability of Firearms in the Home and Suicide Risk in the United States and Europe

Source

Study Type

Population

Findings

Brent et al.,, 1988 (35)

Brent et al.,, 1991 (36)

Brent et al., 1993 (37)

Shah et al., 2000 (38)
Werenko et al.,,

2000 (39)

Sloan et al., 1990 (40)

Lahti et al,, 2014 (41)

Kellermann et al.,
1992 (42)

Kaplan et al.,
2009 (43)

Weibe, 2003 (44)

Dahlberg et al.,
2004 (45)

Kung et al.,
2005 (46)
Conwell et al.,
2002 (47)

Grassel et al.,
2003 (48)

Cummings et al.,
1997 (49)

Case-control

Case-control

Case-control

Case-control

Ecological

Ecological

Ecological,

38 years

Case-control

Ecological

Case-control

Case-control

Case-control

Case-control

Case-control

Case-control

27 adolescent suicides, 56 suicidal
adolescents

47 adolescent suicides, 47 adolescent
suicide attempters, 47 adolescent
nonattempters

67 adolescent suicides, 67 adolescent
comparison subjects

36 adolescent suicides, 36 adolescent
comparison subjects
184 adolescent suicides

Suicides in King County, Wash., and
Vancouver, B.C.

Male suicides in North and South Finland

442 adolescent and adult suicides,
438 comparison subjects

U.S. veteran compared with nonveteran
suicides

1,959 adult suicides, 13,535 comparison
subjects

1,049 adult suicides, 535 nonsuicide
deaths

702 adult suicides, 1,995 nonsuicide
deaths

86 elderly suicides, 86 comparison
subjects

213,466 adults deaths in California in
1998; 4,728 were firearm related
deaths and 1,546 were firearm suicides

353 suicides, 1,756 comparison subjects

A gun in the home was associated with suicide
(odds ratio=2.7).

A gun in the home was associated with suicide
(odds ratio=2.1).

A gun in the home was associated with suicide
(odds ratio=4.4). A handgun in the home was
associated with suicide (odds ratio=9.4).

A gun in the home was associated with firearm
suicide (odds ratio=3.9).

Adolescent suicide rates were twofold higher in
New Mexico compared with the general U.S.
adolescent suicide rate; 67% used firearms and
75% of firearms belonged to a family member.

Individuals ages 15-24 had a greater relative risk
of suicide (1.38) and firearm suicide (3.14) in
King County compared with Vancouver. No
difference in suicide rates for other age groups.

Firearm suicide rates in North Finland compared
with South Finland were 2.6-fold higher in young
adults and 1.9-fold higher in adults. No difference
in rates of non-firearm suicide. Gun ownership
rates in North Finland are double the rates in
South Finland.

Aguninthe home was associated with suicide (odds
ratio=4.8), and a loaded gun was more strongly
associated with suicide (odds ratio=9.2).

Veterans were more likely to use firearms
compared with male (odds ratio=1.3) and female
(odds ratio=1.6) nonveterans.

Aguninthe was home associated with suicide (odds
ratio=3.4) and firearm suicide (odds ratio=16.9).

A gun in the home was associated with both male
suicide (odds ratio=10.4) and female suicide
(odds ratio=2.3).

Homes of suicides were more likely than
nonsuicide homes to have agun (oddsratio=2.6).

Aguninthe home was associated with suicide (odds
ratio=2.3). A gun stored unlocked was more
strongly associated with suicide (odds ratio=9.5).

Purchase of a handgun within 3 years of death was
associated with suicide (odds ratio=6.8) and
firearm suicide (odds ratio=12.5).

Family handgun purchase was associated with
suicide (odds ratio=1.9).

dealers (82). Because 30%—40% of firearm sales take place in
secondary markets, where buyers and sellers are unlicensed
(94), extending mandatory reporting to all firearm sales and
optimizing the completeness of the NICS national database is
essential for maximizing the effectiveness of GVRO legisla-
tion background checks (82, 95).

Strong local support from stakeholders, collaboration
with experts in the field, and media engagement helped get
the GVRO legislation passed in California (89). After fire-
arm seizure legislation is passed, the public must be ed-
ucated, with a special focus on families with a family history
of suicide. In Indiana and Connecticut, ex post facto review
of firearm seizure reports revealed that suicide risk was the
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most common reason for firearm seizure (83). The modest
number of firearm seizures in both states indicates that these
laws are not very effective (83). It is too soon to evaluate the
GVRO in California. Enhancing awareness of such seizure
laws through both suicide and firearm safety prevention
groups may increase their impact on firearm suicide.

Multifaceted or broader gun control legislation. Broader
existing state firearm restrictions may reduce gun availability
and thereby affect firearm suicide rates. States vary greatly
in the stringency of such firearm laws. A review in 2005
concluded that there was insufficient evidence to support
the effectiveness of state gun control legislation in reducing
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TABLE 4. Time-Series Effect of Firearm Legislation or Regulation on Suicide Rates Within Geographic Locations or the Military

Source Region Legislation or Regulation Postimplementation Outcome
Crifasi et al., United States ~ Permit-to-purchase (PTP) laws were enacted in Decrease in firearm suicide rates (15.4%)
2015 (50) Connecticut and repealed in Missouri. associated with implementation of
Connecticut’'s PTP law. Repeal of PTP law
in Missouri associated with an increase in
firearm suicide rates (16.1%).
Reisch et al., Switzerland Swiss army size halved and increased fee for Rates decreased 27% for firearm suicide
2013 (14) retaining guns after military service. in affected demographic group (men
ages 18-43).
Lubin et al,, Israel Israel Defense Forcesrequired thatsoldiersnottake  Overall suicide rate decreased by 40% due to
2010 (51) their firearms home on weekend leave. fewer firearm suicides.
Gagné et al,, Province of Bill C-17 (Canada) required that applicants complete  Annual percentage change in firearm suicide
2010 (52) Quebec a safety course, undergo background checks, and rates for men ages 15-34 before the bill
undergo a mandatory 28-day waiting period. was —2.7% and after the bill, —11.1%.
Klieve et al., Australia Private firearm sales and semiautomatic weapons Annual decline in firearm suicides was 3.9%
2009 (53) were banned. A genuine reason for ownership before implementation and 7.1% after
(excluding “self-defense”) and firearm registration implementation (p=0.01).
were required. A massive buyback program
removed one-fifth of guns from circulation.
Kapusta et al., Austria Purchase required a reason for ownership, Decrease in firearm suicide rates of 4.7% per

2007 (54)

Beautrais et al.,
2006 (55)

Chapman et al,,
2006 (56)

Rosengart et al.,
2005 (57)

Webster et al.,
2004 (58)

Bridges, 2004 (59)

Ludwig and Cook,
2000 (60)
Loftin et al,,
1991 (61)

New Zealand

Australia

United States

United States

Canada

United States

United States

psychological testing, minimum age of 21,
background check, safe firearm storage,
and a 3-day “cooling-off” period.

Firearm owners must be licensed. License issued
after applicants pass a test on firearm regulations,
use, safety, and storage and a policeinterviewand
safe gun storage home inspection.

Private firearm sales and semiautomatic weapons
were banned. A genuine reason for ownership
(excluding “self-defense”) and firearm registration
were required. A massive buyback program
removed one-fifth of guns from circulation.

Reviewed impact of five gun laws: law allowing
carrying of a concealed weapon, 21-year age
minimum for handgun purchase and possession,
limit on handgun purchase frequency (1 per month),
and ban on sale of cheaply constructed handguns.

Examined youth-focused firearm laws mandating a
minimum age for the purchase or possession of
handguns and child access prevention (CAP) laws
requiring safe storage.

Bill C-17 required that applicants complete a safety
course, undergo background checks, and
undergo a mandatory 28-day waiting period.

Examined effect of Brady Handgun Act (waiting
periods and background checks for handgun sales).

The District of Columbia adopted a law banning the
purchase, sale, transfer, or possession of
handguns by civilians. Registration of firearms,
background checks, and gun safety standards
were mandated.

year.

Rates of firearm suicide reduced by 66% in
adolescents and 39% in adults.

No mass shootings. Overall suicide rates
decreased 4.4% per year.

No laws associated with a significant change in
suicide rates.

CAP laws associated with an 8.3% decrease
(rate ratio=0.92) in suicide rates for 14- to
17-year-olds.

Percentage of firearm suicides decreased from
31.2% to 24.5%.

Brady Law associated with 6% lower firearm
suicide rates only in adults age 55 and older.

Decrease in firearm suicides by 23%, with no
evidence of substitution. No change in
suicide rates in the surrounding cities where
the firearm laws were not altered.

firearm-related deaths (17). However, recent studies in the
United States (50, 62-67) and elsewhere (96) (Tables 4 and 5)
are more encouraging about the benefits of multifaceted
stricter firearm restrictions. Firearm restrictions, including
permit to purchase (PTP), waiting periods, safe storage,
background checks, and registration guidelines, are associ-
ated with both lower firearm suicide rates and overall suicide
rates (62-68). Implementation of PTP laws in Connecticut
was associated with a 15% reduction in the firearm suicide
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rate, and repeal of PTP laws in Missouri was associated with
a 16% increase in the firearm suicide rate (50).

Gun safety education. Nonlegislative strategies to prevent
firearm suicides have been proposed. One approach uses
education-based collaboration with family members of sui-
cidal individuals, gun safety groups, and partners like firearm
dealers (97,98). Acommonly held misconception is that if one
method of suicide is restricted, suicidal individuals will find
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TABLE 5. Comparison of Gun Legislation and Suicide Rates Across the United States

Source

Design

Findings

Anestis and Anestis,
2015 (62)
Anestis et al., 2015 (63)

Fleeger et al., 2013 (64)

Rodriguez Andrés and
Hempstead, 2011 (65)

Price et al,, 2004 (66)

Conner and Zhong,
2003 (67)

Examined impact of four handgun laws across all
50 states: waiting periods, background checks,
gun locks, and open carry policies.

Examined impact of three handgun laws across all
50 states: permit to purchase, registration, and
license to own a handgun.

States scored based on the restrictiveness of their
firearm laws, with higher scores indicating more
stringent laws.

Firearm regulations were categorized into three
groups: general prohibitions (e.g., permit
requirements), behavioral problems, and
purchaser’s criminal history.

Firearm laws divided into five categories: crime
deterrence, government control, possession,
safety, and salesrestrictions laws. States classified
as had the law enacted, did not have it enacted,
or partially had it enacted.

States were categorized as restrictive, modest,
or unrestrictive, according to their firearm

Background checks, gun locks, and open carry policies
were associated with lower firearm suicide and
overall suicide rates.

Handgun laws were associated with lower firearm
suicide and overall suicide rates.

States in the highest quartile of stringency (e.g., Mass.,
Calif., N.J., Conn.) had an age-adjusted incident rate
ratio for firearm suicides of 0.63 compared with
statesinthe lowest quartile (e.g., Utah, Okla., La., Ky.).

Firearm regulations designed to decrease overall gun
availability reduced male suicides, but regulations
seeking to prohibit high-risk individuals from owning
firearms had little effect.

Combination gun laws (r,=—0.74) and each of the five
categories of gun laws (range: —0.43 to —0.65)
correlated negatively with firearm suicide rates.

States with unrestrictive or modestly restrictive firearm
laws had higher suicide incidence rate ratios

legislation.
Boor and Bair, 1990 (68)

purchase handgun) were examined.

State handgun laws that place restrictions on buyers
(e.g., waiting period) and sellers (e.g., license to

compared with states with restrictive laws (1.64 and
1.55 for women; 1.51 and 1.49 for men, respectively).

Suicide rates were lowest in states with restrictive laws
for buyers (rp,=—0.54) and sellers (r,=—0.45).

another way to commit suicide (99). In fact, means restriction
can save many lives because the suicide crisis resolves for
many individuals before an alternative method is identified.
Even in cases where an alternative method is identified, most
methods other than firearms dramatically reduce the like-
lihood that the suicide attempt will be fatal (11). It is critical to
educate people about the transient nature of suicidal crises
and the potential lifesaving effects of restricting firearm
access through safer storage or temporary off-site storage for
individuals at risk of suicide and especially for adolescents
(97). Means restriction counseling by gatekeepers like pri-
mary care physicians, mental health clinicians, and emer-
gency department personnel for families with an adolescent
at risk of suicide is against the law in Florida, demonstrating
how challenging suicide prevention is in the United States
(100, 101). Compliance has been inadequately studied, but
one study found that only a quarter of the families of de-
pressed adolescents heeded the clinician’s recommendations
to remove firearms from the household for the duration of
treatment (102).

Inresponse to a series of suicides in New Hampshire using
newly purchased firearms, a recent initiative analyzed the
potential of educating gun shop owners to prevent firearm
suicides by learning to recognize suicidal customers and
instead of selling them a gun, encouraging them to seek help,
as well as by educating existing customers about the importance
of safe or off-site gun storage if a member of the household
is at risk of suicide (98). Roughly half of approached gun
shops agreed to participate in the suicide prevention campaign.
The willingness to participate was related to changing the
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gun retailers’ beliefs about the inevitability of suicide (98).
Tennessee has initiated a similar program, but no results are
available (http://tspn.org/gun-safety-project). Another public
health approach involves a social media marketing campaign
modeled on the Ad Council’s Drunk Driving Prevention
campaign, “Friends Don’t Let Friends Drive Drunk.” This
campaign would promote firearm safety as a social norm and
urge friends and family of those at risk of suicide to temporarily
store guns belonging to the individual in crisis, just as they
would with a drunk friend’s car keys (98). While the effec-
tiveness of such initiatives is unknown, efforts to change social
values have contributed to the success of campaigns to en-
courage the use of seat belts, the practice of safe sex to prevent
the spread of AIDS, and smoking cessation. Similar efforts
in the domain of firearm safety emphasizing the value of
safe storage and restricting firearm access for depressed and
suicidal family and friends may lower firearm suicide rates
when combined with referral for psychiatric help.

Smart gun technology. Personalization or smart gun tech-
nology, such as fingerprint recognition, is a powerful tool that
limits firearm access to the owner or permitted users (95).
Although personalization technology is advocated for pre-
venting criminals from using stolen firearms, it will poten-
tially also reduce firearm suicides. About 40% of adolescents
with psychiatric illness are living in a home with reported
easy access to a firearm, and such technology can protect
this large at-risk population (79). Legislation mandating
personalization of firearms should mitigate concerns over
allowing gun owners access to their own firearms and the
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impact of inadequate compliance with safe storage recom-
mendations. One survey reported that 44% of Americans
support government funding for research and development
of personalized guns (86), and another survey found that 40%
of gun owners would consider trading in old guns if safer
technology became available (103). In reality, this approach
has already met with such resistance that the one gun of this
type currently on the U.S. market is sold only through the
manufacturer’s web site because no gun stores would agree
to carry it (103). Increased stakeholder support is needed
for wider marketing of personalized guns, and this requires
a change in social values regarding safe ownership and use of
guns.

Successful implementation of personalization technology
for new guns needs to be extended to guns already in cir-
culation by modifying them or trading them in for newer
smart guns because of the huge number of firearms in cir-
culation already. Restrictions on gun sales to at-risk indi-
viduals would have a limited immediate impact on firearm
suicides in the United States relative to most countries be-
cause so many guns are already in circulation. Gun buyback
programs have substantially reduced the number of firearms
in other countries, but U.S. gun buyback programs have not,
and consequently have failed to prevent firearm deaths (56,
104). The high firearm suicide mortality demands that cur-
rent and new prevention approaches be implemented rapidly
and outcomes measured (1). If personalization technology
becomes common, it can prevent a household’s firearms from
being used for suicide by family members other than the
owner. Other strategies, such as educating gun shop staff
about detection of suicide risk in their customers, are limited
in their ability to protect gun owners, because less than 10%
of the firearms used in suicides are purchased within 2 weeks
of the suicide (15, 98), and the median interval between
handgun purchase and suicide by the victim or another family
member is 11 years, with the greatest risk in the first year
after purchase (15). Reducing suicide risk for the actual gun
owner will require broader GVRO-type approaches.

CONCLUSIONS

Shockingly, 21,334 lives were lost in 2014 to firearm suicide
in the United States. Promising prevention methods must
consider that firearm suicide overwhelmingly involves guns
that are already purchased. Preventing at-risk individuals
from having access to such guns requires targeted legislation
like GVROs, safer storage, and smart-gun technology. Pro-
tecting gun owners requires better education of families and
gun store owners. Effective implementation of such measures
in U.S. society will require more legislative and social action
than has been seen thus far. Society must come to value gun
safety more in order to better protect depressed and suicidal
individuals, and this requires public education and legislation
requiring safer gun storage and smart-gun technology on all
new firearms sold. All such initiatives must be accompanied
by systematic evaluation of their effectiveness. Ultimately,
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such program evaluation and lifting of the ban on federal
funding of research on firearm violence will help improve
efforts to reduce firearm suicide mortality.
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