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I n the US, more than one-third of adults live in households
with firearms.1 More than 80% of the men in these homes
personally own guns, but fewer than half of the women do.1

One outcome of this disparity is that women constitute ap-
proximately 85% of the adults who live in households with guns
but do not own firearms themselves. Little is known about how
secondhand exposure to firearms affects nonowners, espe-
cially with respect to suicide, which is the leading cause of vio-
lent death and of death by firearms in the US for both women
and men.2

Epidemiologic studies have consistently shown a posi-
tive association between the presence of household firearms
and suicide mortality, driven by higher rates of suicide by
firearm.3-8 Collectively, these studies of overall exposure to
household firearms, all of which are case-control studies, sug-
gest that adults living in households with firearms are more

than 3 times as likely to die by suicide compared with adults
in gun-free homes.4 However, nearly all studies that have as-
sessed household-level risk report only aggregate risk, which
represents a weighted mean of the risks for firearm owners and
nonowners residing in the same home. To our knowledge, only
1 study has evaluated how much risk is borne by nonowners
who live with gun owners.9 In that case-control study, con-
ducted among members of a health care system in Washing-
ton state from 1980 to 1992, 7% of suicide decedents and 5%
of living control individuals had never purchased a handgun
but lived with a family member who had (adjusted odds ra-
tio, 1.5; 95% CI, 0.9-2.5). Sample size precluded examining sui-
cide risk by method (ie, firearm vs nonfirearm), sex, or age (eg,
adults vs children). Thus, for the 20 million US women and 4
million US men who currently live with a firearm owner but
do not own guns themselves, the extent to which living in a

IMPORTANCE Little is known about the extent to which secondhand exposure to household
firearms is associated with risk of suicide in adults who do not own guns, most of whom
are women.

OBJECTIVE To evaluate changes in risk of suicide among women living in gun-free households
after one of their cohabitants became a handgun owner.

DESIGN, SETTING, AND PARTICIPANTS This cohort study observed participants for up to 12
years and 2 months from October 18, 2004, to December 31, 2016. Data were analyzed from
April to November 2021. The study population included 9.5 million adult women in California
who did not own guns and who entered the study while living with 1 or more adults in a
handgun-free home.

EXPOSURES Secondhand exposure to household handguns.

MAIN OUTCOMES AND MEASURES Suicide, firearm suicide, nonfirearm suicide.

RESULTS Of 9.5 million women living in handgun-free homes, 331 968 women (3.5% of the
study population; mean [SD] age, 41.6 [18.0] years) became exposed to household handguns
during the study period. In the entire study population, 294 959 women died: 2197 (1%) of
these were by suicide, 337 (15%) of which were suicides by firearm. Rates of suicide by any
method during follow-up were higher among cohort members residing with handgun owners
compared with those residing in handgun-free homes (hazard ratio, 1.43; 95% CI, 1.11-1.84).
The excess suicide rate was accounted for by higher rates of suicide by firearm (hazard ratio,
4.32; 95% CI, 2.89-6.46). Women in households with and without handguns had similar rates
of suicide by nonfirearm methods (hazard ratio, 0.90; 95% CI, 0.63-1.27).

CONCLUSIONS AND RELEVANCE In this study, the rate of suicide among women was
significantly higher after a cohabitant of theirs became a handgun owner compared
with the rate observed while they lived in handgun-free homes.
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household with firearms increases their risk of dying by sui-
cide is not known.1,2

We observed a cohort of 9.5 million adult female resi-
dents of California for up to 12 years 2 months to estimate
changes in rates of suicide among women who did not own
guns after someone they lived with in a previously handgun-
free household lawfully acquired a handgun.

Methods
The Stanford University institutional review board approved
this study and provided a waiver of consent. Results are re-
ported in accordance with the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guideline
(section X in the eAppendix in the Supplement).10

Study Design, Setting, and Population
This retrospective observational cohort study included 9.5 mil-
lion adult female residents of California who did not own guns.
Participants were observed for up to 12 years and 2 months from
October 18, 2004, to December 31, 2016. Data were analyzed
from April to November 2021. All study participants entered
the study while living with 1 or more adults in a handgun-free
household and all were registered voters in California.

Our study sample was drawn from a database assembled
for the LongSHOT project,11,12 which is described in detail else-
where. The LongSHOT database was formed by linking law-
ful handgun transactions from California’s Dealer Record of
Sale (DROS) database to historical extractions of the Califor-
nia Statewide Voter Registration Database (SVRD) and to all-
cause mortality data derived from the California Death Statis-
tical Master Files. Within the LongSHOT cohort, we formed
households by matching cohabitants—ie, LongSHOT members
who, per the SVRD, resided at the same residential address dur-
ing the same period. Section II in the eAppendix in the
Supplement describes our household matching methodology.

To create the study sample, we applied several exclusion
criteria to the parent cohort (section III in the eAppendix in the
Supplement). First, members of single-adult households were
excluded because they had no observable cohabitants, and
members of households composed of 5 or more adult cohabi-
tants were also dropped for reasons explained in section III in
the eAppendix in the Supplement. Second, we excluded any-
one who bought a handgun between January 1985, the first date
transfers were recorded in DROS, and the study start date, Oc-
tober 18, 2004, as well as anyone who lived with them during
the study period (to minimize exposure misclassification).
Third, we used historical data on handgun acquisitions to iden-
tify people who were residing with handgun owners on the first
day they came under observation and excluded them.13 Fourth,
we used information in the DROS database on all lawful hand-
gun acquisitions statewide—not only those observed in the par-
ent cohort, which required being listed in an active voter file—
and excluded adults residing at the most recent address of
handgun owners who were not LongSHOT members (section
III in the eAppendix in the Supplement). Fifth, a small num-
ber of women in our cohort (81 359) had missing data for cen-

sus tracts or birth dates and were dropped. Thus, all mem-
bers of the study cohort began contributing observation time
as unexposed (ie, as women who did not own handguns
and who lived in households with 1, 2, or 3 other adults, none
of whom owned handguns).

Data Sources
DROS
Handgun transfers in California, including those between pri-
vate parties, must be transacted through a licensed firearms
dealer with few exceptions (eg, certain intrafamily transfers
and purchases by dealers).14 Dealers are required to send de-
tails about the transfer and transferees to the California De-
partment of Justice, where the information is electronically
archived in the DROS database. This process has governed
handgun transfers in California for decades. Details of long gun
(ie, rifle and shotgun) transfers were not routinely archived un-
til January 1, 2014. DROS data indicated which women in our
study and which of their cohabitants had acquired handguns
and the dates of acquisition. We obtained records of the 9.1
million handgun and long gun transfers recorded in the
DROS database over a 32-year period from January 1, 1985, to
December 31, 2016.

The SVRD
The SVRD enumerates all registered voters in the state. Be-
cause the SVRD must be kept up to date with new registra-
tions, deregistrations (eg, deaths and out-of-state reloca-
tions), and changes of names and addresses, each extraction
is a sample of adults known to be alive and residing in Califor-
nia on the extraction date. We obtained 13 historical extrac-
tions of the SVRD, spaced approximately 1 year apart and span-
ning our study period. These extractions included 74% of
residents who were eligible to vote in California and 61% of all
adult residents of the state (section I in the eAppendix in the
Supplement).

California Death Statistical Master Files
The California Death Statistical Master Files are the state’s of-
ficial mortality records. These files contain detailed informa-
tion on deaths of state residents wherever the deaths occur.
We obtained data on all deaths during the study period.

Key Points
Question Does the risk of suicide change for women when
someone they live with in a previously handgun-free household
lawfully acquires a handgun?

Findings In this retrospective cohort study of 9.5 million women
living in handgun-free homes, the suicide rate increased
substantially after a cohabitant acquired a handgun compared
with the rate among women whose cohabitants never acquired
handguns. The increased rate of suicide was entirely from excess
of firearm suicides.

Meaning The findings suggest that the rate of suicide for women
living in handgun-free homes increased significantly after an adult
they lived with became a handgun owner.
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Key Measures
Exposure to Household-Level Handguns
To focus on our question of interest (does risk of suicide among
women change when someone with whom they live in a
handgun-free home lawfully acquires a handgun), we focused
exclusively on the transition to secondhand exposure that oc-
curs when a woman’s cohabitant in a handgun-free home law-
fully acquires a handgun. Two other transitions to secondhand
exposure are possible but do not pertain to our research ques-
tion: when women who do not own handguns move in with a
handgun owner or when a handgun owner moves in with them.
We censored women involved in these other transitions on the
day before the transition unless these other transitions occurred
on or after the day of an eligible transition.

Primary Outcomes
Causes of death were coded according to the International
Statistical Classification of Diseases and Related Health Prob-
lems, Tenth Revision (ICD-10). Suicide deaths are delineated
according to method (codes -X60–X84), including suicide by
firearm (codes X72–X74).

Other Variables
Age, sex, and current residential address for eligible women
in our study came from the SVRD. Because suicide rates and
rates of firearm ownership vary by race and ethnicity, race and
ethnicity data were imputed using validated methods as de-
scribed in detail elsewhere11,15,16 and in section VI in the eAp-
pendix in the Supplement. Race and ethnicity were defined
as per the 2010 US Census Summary File 1.17 We geocoded the
residential addresses and assigned them to census tracts—
that is, geographically contiguous areas designed to approxi-
mate small neighborhoods.18 On average, these tracts con-
tained fewer than 5000 people.

Using DROS data, we constructed 3 additional variables
that (1) identified adults in the LongSHOT parent database
who had acquired handguns prior to the beginning of our
study period by linking data on handgun transfers in the 19.8
years preceding the study period (January 1, 1985, to October
17, 2004); (2) indicated the cumulative number of handguns
owned based on acquisitions and transfers and used this
time-varying variable to identify transfer of the last known
handgun owned (ie, divestment); and (3) flagged partici-
pants in LongSHOT who acquired a long gun with an indica-
tor variable that switched on at the date of first-known long
gun acquisition. For additional details on all study variables,
see sections IV, V, and VI in the eAppendix in the Supple-
ment.

Observation and Exposure Time
The final analytic data set was at the person-period level. Eli-
gible women entered the cohort on the date of the SVRD ex-
tract in which they first appeared. Their observation time ended
the day before the date of the next extract in which they did
not appear or when they met 1 of the exclusion criteria, the day
before they acquired a handgun, death, or the end of the study
period. When a handgun owner with whom a cohort member
resided died, we censored the cohort member to account for

uncertainty regarding the disposition of the decedent’s fire-
arms, as California law allows certain intrafamilial transfers
without requiring a record of the transfer.19 For balance, we
also censored household members in unexposed homes when
an adult in that household died.

Exposure time began on the day someone residing with a
woman who did not own a gun acquired the household’s first
documented handgun. Exposure time ended on the day be-
fore the date of the next extraction that showed study partici-
pants no longer residing with a handgun owner or when the
observation period ended. Women censored for reasons other
than the death of a gun owner they lived with could reenter
the cohort and contribute person-time provided they were
otherwise eligible at the time they reentered.

Statistical Analysis
We used extended Cox proportional hazard models to calcu-
late hazard ratios (HRs) estimating the association between
household exposure to a handgun and time to mortality (ie,
all-cause, overall suicide, suicide by firearm, and suicide by
other methods). The binary variable of interest distin-
guished exposed person-time (periods of cohabitation with 1
or more handgun owners) from unexposed person-time (pe-
riods of cohabitation with no handgun owners). Models
allowed the baseline hazard to vary by census tract and
adjusted for baseline age, race and ethnicity, number of
adult cohabitants, and long gun ownership by study partici-
pants and their cohabitants. To estimate the cause-specific
HR, we censored participants who died of causes other than
the outcome of interest being modeled on the day before
their death.20 We compared absolute risk differences
between exposed and unexposed women by plotting
adjusted cumulative incidence functions for competing risks
data, using inverse probability weighting (section VIII in the
eAppendix in the Supplement).21,22

Statistical analyses used R version 4.0.2 (R Foundation) and
Stata version 14.1 (StataCorp). To account for multiple cohort
members in the same household, we reported cluster-
adjusted standard errors. For additional information regard-
ing statistical analyses, see section VIII in the eAppendix in
the Supplement.

Sensitivity Analyses
We explored the potential for meaningful bias due to
unmeasured confounding in 2 ways. First, we conducted
negative control outcome analyses.23 In these analyses, we
used the same modeling approach and exposure time as in
our main analyses, but the outcomes were lung cancer
(ICD-10 code C34) and alcoholic liver disease (ICD-10 code
K70), causes of death more common among people who
smoke or drink heavily, respectively, both of which are
established behavioral predictors of suicide not measured in
our data.24-28 Second, we conducted bias analyses to calcu-
late the minimum strength of association on the risk ratio
scale that an unmeasured confounder would need to have
with both our exposure and outcomes, conditional on the
measured covariates, to fully explain away our main
results.29,30
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Results

Sample Characteristics
The study sample comprised 9 546 029 women (mean [SD]
age, 41.6 [18.0] years) living with 1 to 3 other adults, none of
whom owned handguns at study entry. Participants were ob-
served for a mean (SD) of 5.5 (3.9) years, during which time
331 968 (3.5%) became exposed when any of their cohabi-
tants acquired a handgun. A total of 1.09 million exposed per-
son-years and 51.51 million unexposed person-years were ana-
lyzed. Compared with cohort members who remained
unexposed throughout the study period, cohort members who
became exposed were more likely to be White (246 201 [74.2%]
exposed vs 5 523 900 [60.0%] unexposed), reside outside ur-
ban areas (50 427 [15.3%] exposed vs 836 078 [9.1%] unex-
posed), and live in a household with more than 2 adults
(150 424 [45.3%] exposed vs 3 690 178 [40.1%] unexposed)
(Table 1).

Frequency and Rate of Death and Suicide
A total of 294 959 women died during the study period
(Table 2); 2197 (1%) died by suicide, 337 (15%) of which were
suicides by firearm. A firearm was used in 31 of the 64 sui-
cides among women residing with handgun owners (48%)
and in 306 of the 2133 suicides among those residing in house-
holds with no handgun owners (14%).

Women living in households with handgun owners had
lower rates of all-cause mortality than those living in house-
holds with no handgun owners in unadjusted analyses, but
not in adjusted analyses (Table 2). Women living in house-
holds with handgun owners had substantially higher suicide
rates in both unadjusted and adjusted analyses. Specifically,
after adjustment, the relative rate of suicide was higher
among exposed cohort members (HR, 1.43; 95% CI, 1.11-
1.84). The excess rate was entirely accounted for by higher
rates of suicide by firearm (HR, 4.32; 95% CI, 2.89-6.46), as
exposed and unexposed women did not have substantively
different rates of suicide by other methods (HR, 0.90;
95% CI, 0.63-1.27). Analyses restricted to households in
which cohort members lived with only 1 other adult and
those in which sex was not imputed produced HRs similar to
those from the full cohort (section X in the eAppendix in the
Supplement).

The excess rate of firearm suicide among cohabitants
of handgun owners was apparent shortly after the first
handgun was purchased and persisted as long as the house-
hold contained at least 1 handgun (Figure). The adjusted
cumulative incidence of firearm suicide at 10 years was
0.027% (95% CI, 0.016-0.044) for women who were
exposed to household firearms and 0.005% (95% CI, 0.005-
0.006) for those who were not exposed. Thus, for every
100 000 women who did not own guns in our study who
had a handgun enter their previously handgun-free
home, we estimate that an extra 21 firearm suicides occurred
over the ensuing 10 years compared with the number
expected to have occurred had their cohabitants not
acquired firearms.

Sensitivity Analyses
Negative control outcome analyses found that rates of death
from alcoholic liver disease (HR, 1.01; 95% CI, 0.75-1.37) and
from lung cancer (HR, 0.90; 95% CI, 0.80-1.01) were not higher

Table 1. Characteristics of Women Who Did Not Own Guns
By Exposure to Handguns Through Cohabitants

Characteristic

No. (%)

Women residing
with handgun ownersa

Women residing
with adults who did
not own handguns

Total female cohabitants 331 968 9 214 061

Age, yb

Mean 40 42

Median (range) 41 (18-109) 40 (18-109)

Race and ethnicityc

Asian 15 724 (4.7) 811 540 (8.8)

Black 13 705 (4.1) 636 130 (6.9)

Hispanic 54 815 (16.5) 2 171 630 (23.6)

White 246 201 (74.2) 5 523 900 (60.0)

Otherd 378 (0.1) 17 629 (0.2)

Missing/unknown 1145 (0.3) 53 232 (0.6)

No. of household adult
residentse

2 181 544 (54.7) 5 523 883 (60.0)

3 95 328 (28.7) 2 428 704 (26.4)

4 55 096 (16.6) 1 261 474 (13.7)

Participant owned ≥1
registered long gunsf

4 (0) 274 (0)

≥1 Cohabitants owned ≥1
registered long gunsf

633 (0.2) 3921 (0)

Residential locationg

Urban 281 541 (84.8) 8 377 983 (90.9)

Suburban 35 399 (10.7) 595 510 (6.5)

Large rural town 8908 (2.7) 144 942 (1.6)

Small rural town 6120 (1.8) 95 599 (1.0)

Missing/unknown 0 27 (<0.1)

a Women were included in this group if they resided with handgun owners at
any time while under observation.

b Values refer to cohort members’ age on the first day they came under
observation.

c The California Statewide Voter Registration Database does not contain
information on registrants’ race and ethnicity. Because suicide rates and rates
of firearm ownership vary by race and ethnicity, race and ethnicity data for all
LongSHOT cohort members were imputed using a package developed by Imai
and Khanna15 for use in voter data. See section VI in the eAppendix in the
Supplement.

d Other includes American Indian and Alaska Native, Native Hawaiian and other
Pacific Islander, some other race or ethnicity, and 2 or more races or ethnicities
as defined in the 2010 US Census Summary File 1.17 Groups were consolidated
because of low numbers.

e Number of household adult residents is based on the number of adults in the
LongSHOT12 data set who matched on address and date with the household of
the cohort member when she came under observation.

f California’s Dealer Record of Sale retained records of long gun transfers after 2014.
g Categories for residential locations are based on rural-urban commuting area

codes (section VI in the eAppendix in the Supplement). Values refer to cohort
members’ residential location on the day they entered the cohort. Missing
values arose from census tracts that could not be mapped to rural-urban
commuting area codes from the 2010 US Census. Because our analyses were
stratified by census tract, we did not adjust for urbanicity; these values are for
descriptive purposes only.
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among women in our study who lived with cohabitants who
owned handguns than among those who lived with cohabi-
tants in handgun-free households (section IX in the eAppen-
dix in the Supplement). Bias analyses showed that for a puta-
tive confounder to nullify our main results it would need to
be strongly associated with our outcome and with living with
a handgun owner (section IX in the eAppendix in the Supple-
ment). For example, for a confounder to nullify the positive
association detected between cohabitating with a handgun
owner and suicide by firearm, it would need to both increase
the risk of firearm suicide by a factor of 8 and be 8 times more
common among women living with handgun owners than
among women living only with nonowners (E-value, 8.1).

Discussion
In this study of 9.5 million women who did not own guns, all
of whom resided in homes without handguns at baseline,

the rate of death by suicide increased significantly (HR, 1.43;
95% CI, 1.11-1.84) after an adult cohabitant lawfully acquired
a handgun. This excess suicide rate, accounted for by a 4-fold
increase in suicide by firearm, persisted throughout the 12-
year follow-up period. To our knowledge, this study is the first
to estimate the association between secondary exposure to
household firearms and the rate of suicide among women who
do not own handguns.

Limitations
This study has limitations. One threat to the validity of our es-
timates is unmeasured confounding, with perhaps the great-
est concern being that we were unable to adjust for mental ill-
ness, a major risk factor for suicide. Residual confounding by
mental health conditions is likely to be small and therefore not
alter our conclusions for 4 reasons. First, prior research has
shown that members of households with and without fire-
arms appear to have similar rates of mental illness, suicidal ide-
ation, and suicide attempts.31-35 Second, as exposure to fire-

Figure. Adjusted Cumulative Incidence Functions for Suicide by Firearm for Women
Exposed and Unexposed to Handgun Owning Cohabitants
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Table 2. Counts, Crude Rates, and Adjusted Hazard Ratios for All-Cause Mortality and Suicide Among Women
by Handgun Ownership Among Cohabitants

Variable

Women residing with handgun ownersa
Women residing with adults who did not
own handgunsb

Adjusted hazard ratio (95% CI)dDeathsa Crude rate Deathsc Crude rate
All cause 4585 418.47 290 374 563.68 1.04 (1.01-1.07)

Suicide 64 5.84 2133 4.14 1.43 (1.11-1.84)

Suicide by firearm 31 2.83 306 0.59 4.32 (2.89-6.46)

Suicide by other method 33 3.01 1827 3.55 0.90 (0.63-1.27)
a Rate denominators for study participants living with handgun owners consist

of the exposure time women who did not own handguns contributed while in
such a residential arrangement.

b Rate denominators for study participants living with only nonowners consist
of the nonexposure time women who did not own guns contributed while in
such a residential arrangement.

c Death counts for study participants residing with handgun owners indicate
deaths that occurred among women who did not own handguns during a
period in which they were residing with 1 or more handgun owners. Death

counts for study participants residing with only nonowners indicate deaths
among women who did not own handguns during periods in which they
resided with only nonowners.

d Adjusted hazard ratios were estimated with the use of Cox proportional
hazards models in which baseline hazards were stratified according to census
tract. The models were controlled for age at the beginning of the study period,
household size (based on adults on the California voter file), race and ethnicity,
and binary indicators of individual and household ownership of rifles or
shotguns.
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arms in our study was positively associated with the rate of
suicide by firearms, but not suicide by other methods, it is dif-
ficult to imagine what risk factor other than access to a fire-
arm would selectively affect firearm suicide. Third, our nega-
tive control outcome analyses did not detect evidence of
meaningful residual confounding. Fourth, our computed
E-values suggest that even if such an unidentified factor ex-
ists, for it to nullify our results it would have to be as strongly
associated with firearm suicide as the strongest known sui-
cide risk factors (eg, major depressive disorder and substance
use disorder) and 8 times more common among women liv-
ing with handgun owners than among women living only with
nonowners.

Two other threats to validity suggest that the hazard ra-
tios we report are likely to be lower bounds of the hazard as-
sociated with secondhand exposure to handguns. First, some
cohort members or their cohabitants may have acquired hand-
guns unlawfully (or acquired them before January 1985, the
year our data on lawful acquisitions began), thereby biasing
our results to the null because some households classified as
unexposed may have contained handguns. Second, we only
partially accounted for long gun ownership and thus some
households unexposed to handguns may have contained un-
measured long guns. This latter omission is unlikely to have
had a large effect on our estimates because fewer than 20% of
firearm owners in California own only long guns, and only 10%
of women who die by firearm suicide use long guns.36,37

Millions of people in the US have become new gun own-
ers since the beginning of the COVID-19 pandemic.38-40 Prior
work suggests a greater than 3-fold increase in the risk of

dying by suicide for adults who become new gun owners.11

A less obvious outcome of the spike in firearm sales that
began in March of 2020 is that millions of non–gun owners
have also become exposed to household firearms for the first
time, most of whom are women and children.40 Although
our study data come from an earlier period and are restricted
to registered voters, our cohort comprises a heterogeneous
sociodemographic mix of adults from the most populous
state in the US. Moreover, we have no reason to expect that
the women in our study differ from similarly situated
women with respect to characteristics that would meaning-
fully affect generalizability, such as access to the firearms in
their home or preferences for particular suicide methods.
As such, we conservatively estimate that women in these
newly exposed households would be approximately 1.5
times as likely to die by suicide today compared with prior to
the COVID-19 pandemic.

Conclusions
Our study tried to estimate changes in suicide rates among
women when an adult cohabitant of theirs brought a hand-
gun into their previously handgun-free home. Our estimate
that the rate increased by a relative 50% is a statistic that may
be of interest to the millions of women who currently do not
own guns but reside with other adults who do, to the gun own-
ers with whom they live, and to the tens of millions of other
women who currently live in gun-free homes with other adults
who may be thinking about buying a handgun.
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