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Abstract

Firearm storage method is a potentially modifiable risk factor for suicide. Using data from a large,
multi-state survey, we sought to determine whether there is an association between mental health
and household firearm storage practices, and characterize that association by state of residence.
Participants who endorsed the presence of a household firearm and answered the mental health
questions in the 2016-2017 Behavioral Risk Factor Surveillance System from eight states were
included (n=26,949). Exposures were recent poor mental health (=14 vs. 0-13 days/past month),
and diagnosis of depression. Outcomes were household firearm storage practices (loaded, and both
loaded and unlocked). Using Poisson regression, we calculated adjusted prevalence ratios (aPR)
overall and stratified by state of residence. Of adults endorsing a household firearm, 35.1%
reported storing a firearm loaded, and of those, 53.4% reported that the firearm was both loaded
and unlocked. Neither recent poor mental health nor depression was associated with loaded (aPR
1.14 [95% CI: 0.95-1.37] and aPR 0.94 [95% CI 0.80-1.09], respectively) or loaded and unlocked
(aPR 1.08 [95% CI 0.88-1.42] and aPR 1.04 [95% CI 0.88-1.22], respectively) firearm storage. In
the setting of highly prevalent loaded firearm storage, no differences in storage practices by mental
health indicators were observed across eight states despite disparate firearm policies and local
culture. The lack of difference in storage practices by mental health indicators across several states
highlights an opportunity to improve means safety counseling practices, and the need for dedicated
evaluation of state-level firearm storage policies.
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INTRODUCTION

According to the Centers for Disease Control and Prevention (CDC), suicide was the 10t
leading cause of death in the United States with 47,173 deaths in 2017.[1] Over 50% of
deaths by suicide involve a firearm.[2] Firearm availability (the presence or absence of a
firearm in the household)[3-5] and firearm storage practices [6-9] are both potentially
modifiable risk factors for death by suicide.[3,9-11] Multiple studies have demonstrated no
association between indicators of poor mental health and firearm availability[5,12,13];
however, the relationship between mental health status and firearm storage practices is less
well-characterized.

Ecologic studies have demonstrated decreased rates of suicide death or firearm-related
mortality associated with more stringent firearm legislation by state[14—16]. While there is
evidence that specific state-level policies impact the rates of suicide and homicide by
firearm[11,16-19], the mechanisms for these associations are unclear. Examining
differences in firearm storage practices in those with and without markers of poor mental
health may provide opportunities for suicide prevention. One study found no association
between indicators of poor mental health and firearm storage practices [12], but as a single-
state assessment, this may have limited generalizability to a broader population. Overall,
little is known about the association between firearm storage practices and mental health
across different states.

The relationship between mental health and firearm storage practices is made more complex
by the presence of both overt mental health diagnoses, such as depression, and undiagnosed
or sub-clinical poor mental health status that may contribute to increased risk of suicide
death. Further, individuals reporting a diagnosis of depression may have well-controlled
symptoms, and as such may not report recent poor mental health, which may impact their
firearm storage choices.

Ideally, public policy could address firearm storage practices in households with both
diagnosed and undiagnosed at-risk members in order to decrease suicide deaths by firearm.
Individual states, however, differ widely in their attitudes and legislative approach to firearm
availability and storage practices in the context of mental health. For example, by 2016
individual states differed widely in policies related to universal background checks,
mandatory mental health reporting to a national database, safe storage regulations, child
access prevention laws, firearm safety training, or risk-based (i.e., “red flag™) laws which
allow family, law enforcement, and/or medical professionals to petition the court for removal
of a firearm from an individual deemed to be a substantial danger to themselves or others.
[20] Firearm safety training could encompass more of the at-risk population; however,
mandatory training may only be required for a subset of firearm classes (as in Washington
state), [20] and the content of the training program may not include education addressing
suicide prevention and firearm storage practices.[21] In addition, though optional firearm
safety courses are widely offered in states without mandatory training, uptake is limited and
their utility is unclear.[21,22]
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Given differences in state-level policy, unmeasured population characteristics, and cultural
norms, it is possible that the association between mental health and firearm storage practices
may differ based on state of residence. However, no study to our knowledge has
characterized the association between mental health status and firearm storage across
multiple states using statewide representative data.

Using data from the Behavioral Risk Factor Surveillance System (BRFSS), we sought to
expand on findings from prior studies of mental health and firearm storage practices to
include current data from multiple states, and characterize that relationship based on state of
residence. The primary objective of this study was to determine whether the prevalence of
firearm storage practices differs between those who do and do not report poor mental health
or a depression diagnosis. As a secondary analysis, we sought to characterize this
association by state of residence. Characterizing firearm storage practices in the context of
both recent poor mental health and depression diagnosis allows for evaluation of firearm
storage practices across a more complete spectrum of those at risk of firearm death. In
addition, broad state-level characterizations may provide insight into state-level cultural and
political landscapes which impact the local population.

METHODS

Data Sources and Study Population

The BRFSS is a state-administered survey supported by the CDC, which completes
interviews with over 400,000 non-institutionalized adults age = 18 years annually through
random digit dialing including cell phone and land-line telephones. Responses are weighted
using an iterative proportional fitting method to produce national and state representative
samples.[23] We utilized BRFSS survey data from eight states that included an optional or
state-added module regarding firearm availability and storage practices in either 2016
(Washington and New Mexico) or 2017 (Texas, Oregon, Idaho, Kansas, California, and
Utah).[23] Participants who answered both the firearm and mental health questions in the
BRFSS survey and reported a household firearm were included in the study. Participants
who answered “Don’t know” or refused to answer the firearm, poor mental health days, or
depression diagnosis questions were excluded.

Exposures and Outcomes

The exposures of interest were recent poor mental health (categorized as = 14 days vs. 0-13
days in the past month)[12,24] and a prior diagnosis of depression (yes vs. no). The BRFSS
question on recent poor mental health states, “Now thinking about your mental health, which
includes stress, depression, and problems with emotions, for how many days during the past
30 days was your mental health not good?” The question on a diagnosis of depression states,
“Has a doctor, nurse, or other health professional ever told you that you have a depressive
disorder (including depression, major depression, dysthymia, or minor depression)?”

We defined two binary (yes vs. no) outcomes among participants: (1) presence of a loaded
firearm in the household and (2) presence of a loaded and unlocked firearm in the
household. The specific questions asked in the optional 2017 BRFSS Firearm Safety
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Module, the 2016 New Mexico State Firearm Safety Module, and the 2016 Washington
State Firearm Safety Module are given in Figure S1. If respondents refused to answer or
answered “No” to a question, then no further questions in the firearm module were asked.

Statistical Analysis

RESULTS

We used STATA/SE version 14 for data analysis (StataCorp LP, College Station, TX). Data
were analyzed in 2019. BRFSS survey weights were applied for all analyses. Complete case
analysis was used because missingness was less than 2% in all covariates. We calculated
weighted percentages to describe demographic characteristics of groups categorized by
recent mental health status and by depression diagnosis.

For the primary analysis assessing the association of mental health status with storage
practices, we used univariable and multivariable Poisson regression models with robust
standard errors to determine the crude and adjusted prevalence ratios and 95% Cls for each
outcome. Covariates were chosen a priori based on reported associations with mental health
status and firearm availability.[4,8,25-27] Adjusted analyses included the following
covariates: age (18-24, 25-34, 35-44, 45-54, 55-64, =65 years), sex (male, female), race/
ethnicity (white, Hispanic, black, Asian, American Indian/Alaskan Native, other), education
level (less than a high school degree, high school degree, some college but no degree,
college graduate), employment status (unemployed, employed, elective unemployment—
students, homemakers, or retirees, unable to work), marital status (married or part of an
unmarried couple, divorced or separated, widowed, never married), veteran status (yes, no),
health care coverage (yes, no), and presence of at least one child in the household (yes, no).
State of residence was included as a fixed effect in the models to account for potential
differences in unmeasured confounders. In a secondary analysis, we further characterized
the relationship between mental health status and firearm storage practices by stratifying on
state of residence.

Per the University of Washington Human Subjects Division, this study did not involve
human subjects research and therefore did not require IRB review.

Among the eight states that used the BRFSS firearm module in 2016 or 2017, there were
82,666 respondents, of whom 1,634 (2.0%) individuals refused to answer or answered
“Don’t know/Not sure” to the questions on number of recent poor mental health days and/or
diagnosis of depression (Figure 1). An additional 17,083 (20.7%) did not have a response to
at least one firearm question; in this group, 897 (5.3%) answered “Don’t know/Not sure”,
3,743 (21.9%) refused to answer, and 12,443 (72.8%) were not selected for this module or
discontinued the survey prior to reaching the module, leaving 63,949 participants who
answered both the mental health questions and the firearm modules. Those who responded
to the firearm module were slightly older, more likely to be female, and more likely to be
white, compared to non-responders (Table S1). Amongst participants answering these
modules, household firearms were common (weighted prevalence: 31.0% overall and
ranging from 20.6% in California to 55.8% in Idaho).
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Respondent Demographics

Association

Participants reporting recent poor mental health tended to be younger; predominantly
female; unemployed or unable to work; and divorced, separated, or never married compared
to those not reporting recent poor mental health. Those reporting a diagnosis of depression
were more often middle-aged; predominantly female; white; unemployed or unable to work;
and divorced or separated compared to those without a depression diagnosis (Table 1).

of mental health status with firearm storage practices

Of adults who reported presence of a household firearm, 35.1% reported storing a firearm
loaded. Of those who reported storing a firearm loaded, 53.4% reported that the firearm was
both loaded and unlocked. There were no associations between recent poor mental health or
depression diagnosis with household presence of a loaded firearm (Figure 2, Table S2) or
presence of a loaded and unlocked firearm (Figure 3, Table S3) after adjusting for potential
confounders. There was no evidence that the association between reported recent poor
mental health or depression diagnosis, and storing a firearm loaded, or unlocked and loaded
varied by state of residence as shown in figures 2 and 3, respectively (Table S2 & S3).

DISCUSSION

To our knowledge, this is one of the first multi-state studies to evaluate the relationship
between mental health and firearm storage practices using contemporary BRFSS data. In our
eight-state sample, we found no differences in household firearm storage practices between
those with poor mental health or a depression diagnosis and those without either in
aggregate or when stratified by state of residence. This is particularly concerning in the
setting of the high proportion of household firearms stored loaded, or loaded and unlocked.

Our findings echo the single-state analysis of firearm storage practices and suicide risk
factors in Washington.[12] It expands upon the existing literature by including a multi-state
assessment and by elucidating firearm storage practices in the specific subset of those with
poor mental health and with depression diagnoses. The lack of difference in the association
between storage practices and mental health between states is similar to a separate study
focusing on households with small children.[28] Though Prickett et al found no difference in
storage practices when comparing households in states with and without child access
prevention laws, they did note differences in firearm safety practices among a subset of
states that had both stringent firearm legislation and child access prevention laws.[28] This
highlights the complexity of the role of unmeasured state-level characteristics and relevant
policy in this type of analysis.

Both the American Academy of Child and Adolescent Psychiatry[29] and the American
Psychiatric Association[30] guidelines on suicide assessment and management recommend
screening for presence of a firearm and counseling on lethal means safety, defined as
reducing access to, or increasing safe storage of, potentially lethal methods for suicide.
Given that an individual must have been evaluated by a mental health or medical provider to
receive a diagnosis of depression and in light of these recommendations, we expected to find
differences in firearm storage practices in households with versus without individuals
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reporting that they had been evaluated for a mental health concern and received a diagnosis
of depression. Conversely, those experiencing recent poor mental health may not have the
opportunity to undergo evaluation by a mental health or medical provider but may still be at
increased of risk of firearm death.

This study is subject to some of the limitations inherent to the use of large-scale survey data.
Key considerations include the potential for recall and social desirability bias, especially in
the setting of a high percentage of non-respondents to the firearm module. The firearm
module was one of the last modules on the BRFSS questionnaire; as a result, most non-
respondents likely did not respond due to survey fatigue, rather than refusing to answer
questions on firearms. However, some survey participants specifically refused to answer the
firearm module, which may have introduced response bias. In a study on responses to
firearm questionnaires, female respondents were less likely to report household firearm
availability or unsafe storage.[27] In our analysis, we controlled for sex in order to mitigate
this effect, though some residual bias may remain, particularly given the higher proportion
of female respondents reporting recent poor mental health and depression diagnoses. The
effect of firearm ownership attitudes is also thought to reduce response rate overall and to be
associated with underreporting in surveys, though data are somewhat limited.[31] It is
unclear what effect this would have on responses to storage-specific questions. In addition,
BRFSS asks about presence of a household firearm, and the individual completing the
survey may not be aware of a household firearm or the method of storage; similarly, BRFSS
focuses specifically on the mental health of the individual completing survey, while the
mental health of other household members may influence firearm storage, which we were
unable to account for. Additionally, the questionnaire item format in the BRFSS firearm
module limits analysis of storage practices, as it does not provide the ability to distinguish
between all permutations of storing a firearm unlocked or loaded. Changing the question
format to better delineate these categories (as has been implemented in the Washington State
questionnaire) could allow for a more specific analysis of policy and intervention effects in
the future.

Both recent poor mental health and depression diagnosis were used as surrogates for mental
health status, however, accurate ascertainment of mental health via surveys is challenging. In
particular, BRFSS data have been shown to underestimate the prevalence of severe
depression.[32] This may be in part due to those with a diagnosis of depression or more
severe symptoms being less likely to participate in general. Both self-reported recent poor
mental health and depression diagnoses may be subject to underreporting due to social
desirability bias—this may be more pronounced in those with a household firearm or unsafe
storage practices. Additionally, results from mental health-related questions differ between
self-administered and telephone administered questionnaires with lower endorsement of
depression and depressive symptoms in interviewer-administered settings.[33] This may lead
to further under-reporting of poor mental health in our study. This survey data also does not
address the potential for poor mental health of other household members who, if affected,
may also be at higher risk of death by firearm.[3]
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Though this study is more generalizable than other studies which focus on a single state, the
states that asked the firearm modules are predominately in the western United States and
may not be generalizable to populations outside of those surveyed. Encouraging more states
to include the firearm module in future editions of the BRFSS or including it as a core
module would aid in improved generalizability. In addition, the study was not adequately
powered to formally test differences in storage practices by mental health status across
different states. However, the point estimates for that association across states were quite
similar suggesting no meaningful differences.

There are complex population characteristics that contribute to a community’s attitudes
toward both mental health and firearms. With regard to policy, our findings highlight an
opportunity to further evaluate the efficacy of current policies and practices relating to
mental health and firearm storage. At the time this survey was completed, state-level
legislation specifically addressing means safety in the setting of poor mental health was
limited and often only tangentially related (i.e. mandatory firearms training which included
means safety in the setting of at-risk persons). It should be noted that the policies
highlighted here reflect legislation at the time the surveys were conducted, and policies have
continued to evolve. The stringency of state level firearm legislation may be a surrogate for
more ingrained firearm attitudes and culture. Other studies have suggested that only select
firearm laws are associated with reduced firearm mortality including suicide death. Our
study highlights a need to further evaluate and strengthen policies surrounding firearm
storage practices. Assessment of not only firearms deaths, but of the intermediate step of
firearm storage is important to better understand the impacts of targeted interventions at
state, community, and individual levels.

Our findings are particularly concerning for those with a depression diagnosis as a formal
assessment by a medical provider is necessary to obtain the diagnosis, and clinical practice
recommendations include screening for and counseling regarding firearm availability and
storage.[29,30,34] The lack of difference in storage practices between those with and
without a diagnosis of depression suggests the need for further research evaluating both the
receipt and effectiveness of means safety assessment and education for patients diagnosed
with depression.

This study provides impetus for refinement of BRFSS firearm questions to include separate
questions on presence of unlocked or loaded firearms in the household allowing for more
specific analysis of firearm storage practices. Our study also suggests the need for critical
assessment of current practices surrounding mental health diagnosis and firearm means
safety counseling. It provides a model for analysis of firearm storage as an intermediate step
to firearm death in a population of those with poor mental health and demonstrates a
potential application for this type of model in state-level policy development and
assessment. Most importantly, this study speaks to the need for comprehensive regular
assessments of household firearm storage practices, particularly in those with poor mental
health, to create data-driven policy and practical solutions.
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Respondents to BRFSS in 8 states
with firearm module

Mental Health Questions

Firearm Module

Are any firearms kept in or around
your home?

Are any firearms kept loaded?

Are any firearms kept loaded and
unlocked?

Figure 1.
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Total
(n=82,666)
Answered Refused or
questions didn't know
(n=81,032) (n=1,634)
1
I | I 1

Answered Discontinued survey Refused to s

questions prior to module answer D'(ilgg??w

(n=63,949) (n=12,443) (n=3,743)

Yes No
(n=26,627) (n=37,322)
Yes No
(n=8,810) (n=17,817)
Yes No
(n=5,072) (n=3,738)

Number of respondents who answered each of the firearm module questions, Behavioral
Risk Factors Surveillance System (BRFSS), 2016-2017. Per the BRFSS questionnaire, those
who responded “No” to a question in the firearm module were asked no further questions in

the module.
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Figure 2.
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Association of recent poor mental health and depression diagnosis with presence of a loaded
household firearm (n=26,627), Behavioral Risk Factors Surveillance System, 2016-2017.
Numbers represent weighted prevalence of individuals reporting the presence of a loaded
household firearm for each exposure group. Prevalence ratios (aPR) adjusted for age, sex,
race/ethnicity, education level, employment status, marital status, veteran status, health

insurance status, and presence of at least one child in the household.
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Figure 3.
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aPR

Association of recent poor mental health and depression diagnosis with presence of a loaded
and unlocked household firearm, among those reporting presence of a loaded household
firearm (n=8,810), Behavioral Risk Factors Surveillance System, 2016-2017. Numbers
represent weighted prevalence of individuals reporting the presence of a loaded and
unlocked household firearm for each exposure group. Prevalence ratios (aPR) adjusted for
age, sex, race/ethnicity, education level, employment status, marital status, veteran status,

health insurance status, and presence of at least one child in the household.
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Demographic characteristics of U.S adults with household firearm access by mental health status, BRFSS,

2016-2017, n=26,627.

0-13 Poor >14 Poor No Depression Depression All, weighted
Mental Health Mental Health Diagnosis, Diagnosis, a
Respondent Demographics Days, weighted Days, weighted weighted weighte percenta 225%6257
percenta percenta percenta n=4,967
n=24,169 n=2,458 n=21,660
Age, years
18-24 8.2 14.7 9.1 7.9 8.9
25-34 135 13.4 14.2 10.8 135
35-44 14.7 19.6 14.6 17.7 15.2
45-54 17.0 15.2 16.3 19.0 16.8
55-64 21.6 233 211 247 21.8
265 25.0 13.9 24.7 20.0 23.8
Female 58.8 54.2 38.3 61.1 42.6
Race/Ethnicity
White 74.8 65.3 73.6 74.8 73.8
Hispanic 15.7 17.0 16.3 13.6 15.8
Black 4.6 7.2 4.7 55 4.9
Asian 1.8 3.8 21 1.6 2.0
American Indian/Alaskan Native 0.9 15 0.9 15 1.0
Other 2.2 5.2 24 31 25
Education Level
Less than high school 55 6.2 5.6 53 55
Completed high school or GED 22.7 335 241 229 23.9
Some college 33.4 38.0 31.8 42.7 33.9
Completed college 38.4 22.3 385 29.1 36.7
Employment Status
Unemployed 3.7 6.9 3.2 7.9 4.1
Employed 62.0 48.2 63.6 47.0 60.5
Elective unemployment” 316 25.1 309 308 309
Unable to work 2.7 19.8 2.3 14.3 4.5
Marital Status
Married/Unmarried couple 67.9 54.2 66.5 66.5 66.5
Divorced/Separated 11.2 15.2 11.2 135 11.7
Widowed 4.9 7.2 49 6.0 5.1
Never married 16.0 234 17.4 13.9 16.8
Veteran 17.2 17.8 17.7 155 17.3
Any health insurance 91.6 83.3 90.5 91.7 90.7
At least one child in household 33.6 37.0 33.6 35.6 34.0
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0-13 Poor >14 Poor No Depression Depression All, weighted
Mental Health Mental I—_|ea|th Dia_gnosis, Diagnosis, percenta
Respondent Demographics Days, weighted Days, weighted weighted weighte percenta N=26.627
a a a _ '
percent percent percent n=4,967
n=24,169 n=2,458 n=21,660
State of residence
California 31.0 33.8 31.4 30.6 31.3
Idaho 42 3.6 41 43 4.1
Kansas 5.9 4.7 5.8 5.7 58
New Mexico 1.2 13 1.2 11 1.2
Oregon 7.0 8.4 6.7 8.7 7.1
Texas 40.0 38.7 40.2 38.3 39.8
Utah 6.9 5.6 6.6 7.3 6.7
Washington 3.9 4.0 3.9 3.9 3.9

aWeighted percentages exclude missing values. All covariates with 0-2% missingness. Number of missing values were: age, 0; female, 12; race/
ethnicity, 0; education level, 49; employment status, 131; marital status, 76; veteran, 21; health insurance, 71; child in the household, 55; and state

residence, 0.

b .
Includes students, homemakers, and retirees.
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