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Abstract Despite advances in theory and the development
and implementation of evidence-based treatments, the
United States suicide rate has been rising continuously for
over a decade. Although this does not indicate that traditional
treatment approaches should be abandoned, it does highlight
the need to supplement such approaches with alternatives.
One seemingly highly valuable option ismeans safety, defined
as the reduced access to and/or increased safe storage of po-
tentially lethal methods for suicide. This paper provides a
review of the current literature on the prevalence of six
methods for suicide and preventative efforts aimed to reduce
suicide rates. The majority of means safety interventions seem
promising given that these methods are common and highly
lethal. However, cultural and practical barriers will need to be
taken into consideration when implementing these plans.
Overall, means safety efforts and preventative measures seem
to be promising ways to reduce the national suicide rate if
implemented.
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Introduction

Suicide, the 10th leading cause of death in the United States, is
difficult to predict and prevent. Traditional prevention

approaches center on the provision of psychotherapy and/or
psychopharmacology; however, despite impressive improve-
ments in such approaches in recent years, the national suicide
rate continues to climb [1], highlighting the need to address
the issue from multiple angles. One such approach could be
means safety, which involves efforts to decrease access to and/
or increase the safe storage of specific methods for suicide.

Our aim in this review is to discuss recent research on
means safety across suicide methods and to integrate those
findings into the broader literature on these points. Although
we reference earlier work, our review focuses on research
published between 2013 and 2016, with articles selected
through consultation with online databases (PsycInfo,
PubMed) and the reference sections of relevant manuscripts.
Importantly, we will not use the common term Bmeans
restriction^ in this review, as both anecdotal and empirical
evidence suggests that the term Brestriction^ may represent a
barrier to the successful implementation of such approaches
[2•]. Given that the vast majority of means safety approaches
involve increased safety in storage or voluntary and temporary
removal of access rather than involuntary removal of means
(e.g., guns) against an individual’s will, the term means safety
also appears to simply better represent the nature of the
intervention.

Firearms

Regardless of method, suicide is a difficult topic for many to
discuss. In the United States (US), this problem is
compounded by the nature of the most commonly used meth-
od for death by suicide: firearms. Gun ownership is a politi-
cally charged issue and the topic is often avoided entirely.
When conversations emerge on a national level, they are often
in response to mass shootings and high profile homicides,
which, although tragic, are much rarer events than are firearm
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suicides. Indeed, over 60 % of all firearm deaths in the US are
suicides, meaning that the majority of gun deaths are suicides
and the majority of suicides are gun deaths [1]. The disconnect
between the focus of the conversation and the reality of gun
deaths is a reflection of the general lack of knowledge regard-
ing the relationship between guns and suicide and the litera-
ture supporting firearms-related means safety in suicide pre-
vention. Fortunately, although the findings are underpubli-
cized and have only been implemented sporadically in real
world settings, the literature base on this topic is robust, offer-
ing reason for hope in means safety as a vital tool in efforts to
reverse the decade long pattern of annually increasing suicide
rates.

Each year, despite accounting for only a small fraction of
overall suicide attempts, approximately half of all US suicides
result from self-inflicted gunshot wounds [1]. Recent research
has echoed earlier findings on this topic, demonstrating re-
peatedly that gun ownership is associated not only with state-
wide firearm suicide rates, but also with overall suicide rates
[3–7]. A common critique of such findings is that researchers
might fail to account for important confounders that might
better explain the association between gun ownership
and suicide; however, these studies have demonstrated
that the association between gun ownership and suicide
rates holds even after accounting for mental illness, sub-
stance use, non-lethal suicide attempts, antidepressant
use, and other variables proposed as potentially more
useful explanations. Such results do not discount the
importance of mental illness in suicide, but rather high-
light the incremental utility of considering firearms in-
dependent of such factors in understanding risk. The
fact that gun ownership predicts overall suicide rates
and not simply firearm suicide rates is vital, as suicide preven-
tion centered on changing the way individuals die by suicide
rather than preventing individuals from dying by suicide
would be of no value.

Demographic factors might play an important role in the
problem of firearm suicide in the US. Several of the groups
most likely to use firearms in a suicide attempt (e.g., men in
general, older adult males, soldiers) have been shown to un-
derutilize mental health resources and to underreport suicidal
ideation [8–12]. As a result, such individuals are less likely to
be identified as high risk by traditional risk assessment
methods. Further compounding that problem is that individ-
uals who die by suicide using a firearm are substantially less
likely to have prior suicide attempts (by any method) than are
individuals who die by suicide using methods other than guns
[13]. In this sense, individuals vulnerable to dying by suicide
using the most common method in the US may avoid the
mental health care system altogether, underreport their symp-
toms in a manner that invalidates risk assessment protocols,
and never show up in emergency rooms following non-fatal
suicide attempts. As such, prevention efforts centered on these

individuals need to involve approaches that extend beyond
traditional methods. The most commonly proposed solutions
on this front involve means safety, either through legislation or
the promotion of safe storage.

With respect to legislation, recent research has reported that
state laws regulating access and exposure to handguns are
associated with both firearm and overall suicide rates, even
after accounting for important demographic and geographic
factors (e.g., race, education, population density) [14••, 15].
These laws included requiring a license to own a handgun, a
permit to purchase a handgun, the registration of handguns,
universal background checks, mandatory waiting periods, the
use of gun locks, and the restriction of the open carrying of
handguns. Effect sizes in these analyses range from small to
large in scope, with most qualifying as medium or large (pη

2

range = .04–.34) [16], indicating potentially massive clinical
value. It should be noted, however, that cultural and political
factors will likely prevent the implementation of such laws in
many states with high rates of gun ownership and, in this
sense, the practical value of such approaches may prove
limited.

In response to such concerns, a second line of research has
focused on mean safety efforts involving safe storage.
Consistent with earlier work on this topic, recent studies have
supported the utility of storing personal firearms unloaded and
in a secure location (e.g., gun safe). For instance, Khazem and
colleagues [17] recruited a large sample of firearm owning
military personnel and found that the association between cur-
rent suicidal ideation and the belief that suicide was likely in
the future was significantly stronger among soldiers who
stored their gun loaded and in a non-secure location (e.g.,
bedside table). Furthermore, soldiers who stored their guns
unsafely exhibited significantly higher levels of fearlessness
about death, a key factor in facilitating the transition from
suicidal ideation to suicide attempt within several prominent
theories of suicide [18, 19]. Efforts to promote safe storage
have recently centered on gun shop dealers, with researchers
developing materials promoting safe storage and the tempo-
rary (and voluntary) removal of firearms from the house dur-
ing moments of crisis [20•]. Although such work is in its early
stages and it is not yet clear if the approach has an impact on
suicidal behavior among gun owners, results indicate that,
even among gun owners who do not believe that temporary
removal of a firearm from the house would be beneficial, a
relatively high percentage are willing to display suchmaterials
in their store. Such work may thus represent an important
entry point among gun owners for suicide prevention efforts,
creating the possibility of a cultural shift toward safe storage
of guns as a method of suicide prevention. Taken together,
these findings provide robust support for the importance
of gun access in suicide and reason for hope that, if
widely implemented, means safety efforts might help
reduce the national suicide rate.
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Hanging/Strangulation/Suffocation

Suffocation ranked as the second most common method of
suicide in 2014, accounting for 26.7 % (11,407) of suicide
deaths [1]. Despite the commonality of this method, a dearth
of recent research exists examining the effectiveness of
hanging-specific means safety efforts. Lee and colleagues
[21] proposed a surveillance system using 3-D technology to
classify suicide attempts by hanging with 95 % accuracy for
use in prisons, a setting in which hanging is a commonmethod
of suicide [22]. The use of such a systemwould allow security
personnel to intervene in the event of an attempted hanging.
The extent to which a system is effective and affordable, how-
ever, remains unknown.

Prevention efforts implemented in inpatient settings may
have applications for use in the general population. Baker
and colleagues [23] recommend installing breakaway closet
bars, lowering the height of anchor points, and increasing
knowledge about suicide risk. However, the effectiveness of
these interventions has not been tested in settings frequented
by the general population.

Intentional Overdose

In 2010, 17.1 % of pharmaceutical-related deaths were classi-
fied as suicides [24]. Furthermore, in 2014, overdose on med-
ications accounted for 11.03 % (4717) of deaths by suicide.
Previous episodes of self-poisoning have been indicated as a
strong predictor of subsequent death by suicide [25, 26]. The
accessibility of opioid medications has been associated with
increased suicide attempt frequency, particularly among fe-
males [27]. Furthermore, individuals prescribed minor tran-
quilizers have also been observed as more likely to use these
medications in an intentional overdose [28]. In one study,
76 % of individuals who died by suicide after an overdose
used multiple medications [29]. Gjelsvik, Heyerdahl, Lunn,
and Hawton [30] observed that physicians may significantly
increase these individuals’ (particularly females) medication
load after their suicide attempts. Furthermore, the authors ob-
served that these individuals’ physicians did not replace tricy-
clic antidepressants with selective serotonin reuptake inhibi-
tors, which are less lethal when ingested with the intention of
overdose [31].

Despite the strong evidence supporting the need for suicide
prevention efforts aimed at safety regarding medication use,
little research has examined the effects of suicide prevention
efforts targeting self-poisoning with medications. In 2003, the
Food and Drug Administration began publicizing the risk of
suicide associated with antidepressant use. These warnings
were associated with an increase in nonlethal psychotropic
drug poisonings among male adolescents and young adults
[32]. In England and Wales, the restriction of the sizes of
medication pack sizes has been associated with a decrease in

overdose-related suicides 15 years later [33], indicating a po-
tential means of effective suicide prevention. However,
Bateman’s [34] review of subsequent research argues that
these effects are likely small in nature. Recently, the effects
of blister packaging of medications on the reduction of over-
doses have been examined [35], and although there was no
difference in rates of overdose between those receiving med-
ications with or without blister packaging, this form of medi-
cation delivery may have implications for suicide prevention
efforts. Compared to medications that are packaged in bottles,
those in blister packaging may require greater effort and time
to use in a suicide attempt as individuals must take individual
pills out of the packaging, whereas medications in bottles may
be taken in greater quantities at once. Furthermore, the extra
time and effort involved in overdose frommedications in blis-
ter packaging may allow individuals more time to reconsider
attempting suicide. The current state of the literature on blister
packaging as a suicide prevention tool does not provide suffi-
cient information for us to effectively evaluate the efficacy of
this approach; however, we believe further research in this
area would prove highly valuable.

Gas Inhalation

In 2014, 2.6 % of suicide decedents died by intentionally self-
poisoning utilizing gas or vapors [1]. Furthermore, between
the years of 1999 and 2012, carbon monoxide (CO) poisoning
was indicated as the second most common non-medical poi-
soning death, and the rate of utilization of this method did not
change [36]. In San Diego County, California, inhaled toxins
are utilized in 81 % of non-pharmaceutical related suicides
[37], indicating that the commonality of the method may vary
geographically. Worldwide, helium inhalation has become an
increasingly common method of suicide [38–40], which may
be due, in part, to the accessibility of information regarding its
use in a suicide attempt [41].

With respect to means safety efforts specific to this method,
it should be noted that the decreased rate of fatal and nonfatal
motor vehicle-related CO poisonings in the US between 1985
and 2013 is correlated with reductions in CO emissions from
vehicles and, potentially, the U.S. Clean Air Act of 1970 and
the invention of catalytic converters in 1975 [42]. Prevention
efforts aimed at restricting access to these means has been
indicated as potentially effective in other countries, which is
particularly noteworthy as suicides utilizing this method have
increased in Eastern/Southeast Asian countries [43]. For in-
stance, in New Taipei City, Taiwan, after stores were mandat-
ed to move charcoal bags from open shelves to behind locked
areas, suicides in the area decreased, while suicides in control
areas remained constant, indicating that a suicide displace-
ment effect did not occur [44]. These data indicate that means
safety interventions and legislation may be well served in
preventing intentional poisonings utilizing gases.
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Jumping

In 2014, falls were classified as the 4th most common method
for death by suicide, accounting for 994 deaths [1]. Many of
these falls occur at bridges, and more popular bridges may be
classified as suicide hotspots. Cox and colleagues [45] con-
ducted a meta-analysis of suicide prevention efforts aimed at
suicide hotspots and identified restricting access to areas by
installation of physical barriers as an effective. Pirkis and col-
leagues [46••] provided further support to the implementation
of safety barriers, as restricting access to suicide hotspots was
associated with a decrease in the overall yearly suicide rate.
Concerns about displacement of suicides to other bridges after
these prevention efforts are implemented have largely not
been supported. Specifically, after the installation of a safety
barrier on a bridge in Montreal, suicides by jumping from the
bridge decreased, and there was no evidence of dis-
placement to other bridges in the surrounding areas
[47]. However, Pirkis and colleagues [48] noted in their
meta-analysis that, although the installation of safety
barriers was associated with an 86 % decrease in sui-
cides per year from jumping from these bridges, there
was a 44 % increase in suicides from jumping from
nearby hotspots. However, the authors also note that
despite this increase in suicides, there was a 28 % net
decrease in suicides in the cities included in the study. Further
research indicates that after a barrier was removed from a
bridge in New Zealand in 1996, suicides from the bridge in-
creased fivefold, leading to the decision to reinstall the barrier
in 2003. After reinstallation of the barrier, no suicides from the
bridge were observed [49], providing further evidence
supporting the effectiveness of bridge barriers in suicide
prevention.

Alcohol

Alcohol use is prevalent in the United States [50] and there is
an assumption among many researchers and clinicians that
alcohol and suicide are highly related. Although not a suicide
attempt method itself, for reasons detailed below, alcohol may
nonetheless represent a useful tool for means safety efforts
geared toward suicide prevention.

One rationale for potentially considering alcohol in means
safety efforts is the role that it might play in facilitating a
subsection of suicide attempts. For example, alcohol is often
consumed with other medications, such as sedatives, anxio-
lytics, tranquilizers, and over-the-counter medications, so as to
intensify the lethality of the overdose as the primary method
[31]. In this sense, although the alcohol itself was not fatal and
did not represent a suicide attempt method, its use during an
attempt had the potential to render an otherwise inert or at least
less dangerous method lethal. In support of this, in a sample of
recent suicide attempters, 12.73 % had overdosed on alcohol

and other drugs [51] and 38 % of 4377 decedents in Sweden
who died by drowning had non-zero blood alcohol concentra-
tions (BAC), with the mean concentration being 1.8 g/l [52].

There are multiple mechanisms that have been proposed
through which alcohol could potentially facilitate suicidal be-
havior. Alcohol lowers an individual’s inhibitions [53], there-
by possibly making it easier to make a lethal or near-lethal
attempt. Alcohol also affects motor control, which could ren-
der accidental death more likely when an individual is con-
templating a suicide attempt (e.g., accidentally pulling the
trigger of a gun while considering whether or not to do so)
[54]. Furthermore, Hufford [55] suggested several mecha-
nisms in which alcohol increases proximal risk for suicidal
behavior. Specifically, Hufford [55] proposed that alcohol
may have the potential to increase psychological distress and
aggressiveness, initiate suicidal action via suicide-specific al-
cohol expectancies, and constrict cognition and prevent the
usage of alternative coping strategies to regulate emotions
[55–57]. It is also possible that alcohol is used to remove
psychological barriers that make it difficult to make an attempt
by increasing courage and decreasing the fears and the pain
associated with death [58]. In this sense, alcohol may be used
as a way to overcome humans’ innate fear of death and self-
preservation tendencies [18].

Somewhat in contrast to these possibilities and to the com-
mon belief that alcohol frequently plays a proximal role in
suicidal behavior, a recent meta-analysis of 92 studies found
that suicide decedents rarely have alcohol in their system at
the time of death [59]. Only 33.6 % [60] of the 167,894 dece-
dents had non-zero BAC, meaning that 66.4 % of those who
died by suicide did not consume any alcohol preceding
their death. Of those who had, only a portion exhibited
BAC levels consistent with intoxication and, in every
sample in which such data were available, urine alcohol
content levels were higher than BAC, indicating that
alcohol was not consumed immediately prior to the sui-
cide attempt, but rather had already largely been metab-
olized. Future work examining the precise nature of the
association between acute alcohol use and suicidal be-
havior should examine the possibility that some individ-
uals, in the process of Bcoming down^ from alcohol
intoxication, experience a worsening of distress that fa-
cilitates a suicide attempt.

Although the precise role of acute alcohol use in death by
suicide remains somewhat unclear, means safety efforts that
involve alcohol may nonetheless offer value in suicide pre-
vention. Importantly, means safety is not synonymous with
prohibition. Rather, such approaches would involve managing
access and consumption at times of risk and adjusting envi-
ronments to optimize the reach of any means safety effort. As
one example, several studies have examined the effect of lim-
iting the density of retail alcohol outlets (i.e., physical loca-
tions wherein individuals can purchase alcohol) on alcohol-
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related harmful outcomes, including suicide. In one meta-
analysis, Campbell and colleagues [61] found that limiting
the physical accessibility to alcohol and thereby increasing
the distance of travel to and from alcohol outlets resulted in
a reduction in accessibility, increase in prices of alcohol, de-
creased exposure to alcohol, decreased alcohol consumption,
and ultimately decreased the rates of suicide for males
in the surrounding areas. Thus, a possible effective
means safety approach for alcohol would be enacting a
state-level policy regarding alcohol accessibility such
that specific locations are not overly saturated with in-
ventory. Furthermore, storing alcohol in a locked cabi-
net so that it is out of sight may be another effective
way for individuals not to consume it at times of dis-
tress or when experiencing suicidal ideation. Lastly,
mental health providers can also implement safety plan-
ning interventions to mitigate suicide risk and provide
an opportunity for individuals to devise a list of internal
coping and socialization strategies [62]. Ensuring that
consumers are aware of the possible lethality of alcohol
when mixed with other substances and making it more
difficult to access them may be a potential way in
which alcohol can be consumed without irrevocable
consequences.

Conclusion

Suicide is a pronounced public health concern, and substantial
efforts have been aimed toward better understanding,
preventing, and intervening when individuals are at risk.
Many risk factors for suicide have been identified, and several
evidence-based treatments have been developed across di-
verse populations. Nonetheless, despite advances in theories
and the development of effective treatments such as dialectical
behavior therapy [63], the national suicide rate has been con-
tinuously rising for over a decade [1]. Thus, a different ap-
proach may be necessary in order to reduce the overall suicide
rate. Means safety, which is a modification of the environment
to decrease access to methods that are used for attempts, has
gained attention over the years and is reported to have the
strongest empirical support amongst the many other interven-
tions [64, 65]. We believe that the evidence discussed above
demonstrates unambiguously that means safety approaches
have the potential to yield meaningful reductions in suicidal
behavior across methods, whether the approach is centered on
the specific method by which an individual might attempt
suicide (e.g., firearms) or on other factors that might indirectly
facilitate death by suicide (e.g., alcohol).

Means safety can be implemented in various ways, from
complete removal of the method to creating barriers that in-
terfere with accessibility. Means safety is especially effective
for methods that are common, highly lethal, and which

account for a significant percentage of deaths [66]. Within
the US, this thus highlights the importance of means safety
approaches that focus primarily upon firearms, as the majority
of gun deaths are suicides and the majority of suicides are gun
deaths [1]. In some states, laws have being implemented to
reduce accessibility to and increase the safe storage of guns
(particularly handguns), including universal background
checks and requiring the use of gun locks in at least some
circumstances [14••, 15]. The results from studies examining
the impact of these laws indicate that such approaches have
the potential to be of great value; however, cultural barriers
likely limit the plausibility of legislative solutions in many
high gun ownership areas. As such, newer research examining
the utility of safe storage has gained increasing attention.
Results from such studies [17] are promising; however, more
work in this area is needed to determine the specific forms of
safe storage (e.g., using a gun safe, keeping the gun unloaded,
temporarily allowing a trusted individual to keep a gun away
from the home during times of crisis) exhibit the most robust
effects on suicidal behavior.

Research on means safety with respect to jumping from
high places (e.g., bridges) has also produced unambiguously
meaningful effects with respect to suicide prevention. In par-
ticular, physical barriers to impede efforts to jump off of brid-
ges have been very effective and removal of such barriers has
resulted in increased suicidal behavior [49].There was a dearth
of research and empirical data on hanging, intentional over-
dose, and alcohol. However, researchers have put forth sug-
gestions for means safety, such as surveillance systems in jails
to prevent hanging, blister packaging for medications, and
state laws to regulate the physical accessibility of alcohol,
which all seem promising as methods to increase safety and
decrease the use of such methods in suicide attempts.

Empirical data suggests that means safety can be extremely
effective, especially when the method is common, highly le-
thal, and supported by the community [67]. The methods cov-
ered in the present review are common, and there are many
broad-based means safety interventions that have been or like-
ly will be implemented in the near future. In order for these
interventions to be effective, broad community support and
participation, as well as the leadership of policy makers are
necessary. Although these means safety and restriction
methods seem promising, there is a need to investigate the
increasing suicide rates with a multifaceted approach as to
address the many complicated factors involved in suicide.
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