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Objective: To explore whether recent declines in household firearm prevalence in the United States were
associated with changes in rates of suicide for men, women, and children.

Methods: This time series study compares changes in suicide rates to changes in household firearm
prevalence, 1981-2002. Multivariate analyses adjust for age, unemployment, per capita alcohol
consumption, and poverty. Regional fixed effects controlled for cross sectional, time invariant differences
among the four census regions. Standard errors of parameter estimates are adjusted to account for serial
autocorrelation of observations over time.

Results: Over the 22 year study period household firearm ownership rates declined across all four regions.
In multivariate analyses, each 10% decline in household firearm ownership was associated with significant
declines in rates of firearm suicide, 4.2% (95% Cl 2.3% to 6.1%) and overall suicide, 2.5% (95% Cl 1.4% to
3.6%). Changes in non-firearm suicide were not associated with changes in firearm ownership. The
magnitude of the association between changes in household firearm ownership and changes in rates of
firearm and overall suicide was greatest for children: for each 10% decline in the percentage of
households with firearms and children, the rate of firearm suicide among children 0-19 years of age
dropped 8.3% (95% Cl 6.1% to 10.5%) and the rate of overall suicide dropped 4.1% (2.3% to 5.9%).
Conclusion: Changes in household firearm ownership over time are associated with significant changes in
rates of suicide for men, women, and children. These findings suggest that reducing availability to firearms

n 2002, 17 108 of the 31 655 Americans who committed

suicide used a firearm (54%). Men accounted for 80% of all

suicides and 88% of all firearm suicides, but over 40% of all
completed suicides by women and children also involved
guns.' Individual-level case control and cohort studies in the
United States suggest that the presence of a gun in the
home> " and purchase of firearms from a licensed dealer'*
are risk factors for suicide. Drawing causal inferences about
the gun-suicide connection from existing case control studies
has, however, been questioned on the grounds that these
studies do not adequately control for the possibility that
members of gun owning households are inherently more
suicidal than members of non-gun owning households, that
some individuals intent on suicide might purchase a firearm
just to commit suicide, and that the association may be
confounded by differential recall bias of firearm ownership
and comorbid conditions (cases v controls).' '’

Ecologic studies provide a complementary approach to
studying the possible relation between firearm ownership
and suicide. These studies have consistently found a positive
association between cross sectional measures of firearm
prevalence and firearm suicide."”* Findings with respect to
the association between firearm prevalence and rates of
overall suicide, however, have been mixed, depending largely
on the way firearm prevalence has been measured.'
Ecologic studies of the firearm-suicide connection have been
criticized for using proxies to measure firearm prevalence
that may be biased and, as with case control studies, on the
grounds that cross sectional differences in suicidal tendencies
might confound the relation between firearm prevalence and
suicide.'®

The possibility that people living in homes with guns are
inherently more suicidal than people living in homes without
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in the home may save lives, especially among youth.

guns has been addressed in case control studies by control-
ling for individual level psychopathology*"* and in ecologic
studies by controlling for aggregate level psychopathol-
ogy.”® > Nevertheless, questions remain about unmeasured
characteristics that might simultaneously be associated with
firearm prevalence and suicide risk. One approach to
mitigating potential cross sectional confounding is to conduct
longitudinal analyses, albeit at the potential cost of introdu-
cing secular distortions. To date, however, no prospective,
individual-level cohort studies have examined the firearm-
suicide connection.

The only previous time series to directly evaluate the
relation between firearm ownership and suicide® used
aggregate national data on firearm ownership, 1959-84,
and found a significant bivariate relation between firearm
ownership and firearm suicide, but no relation between
firearm ownership and overall suicide. Other ecologic time
series studies abandoned direct estimates of firearm pre-
valence, evaluating instead the relation between firearm
legislation and subsequent rates of suicide, with mixed
results.”"™

Over the past decade, surveys show that the percentage of
Americans living in households with firearms declined far
more than it had over the previous three decades.*” The
ongoing General Social Survey, for example, found that
compared to the 1960s, 1970s, 1980s, and early 1990s when
roughly one in two Americans lived in homes with firearms,
by 2000 the fraction had fallen to one in three. The current
study is the first of which we are aware to exploit recent

Abbreviations: GEE, generalized estimating equations; GSS, General
Social Survey, WISQARS, Web-based Injury Statistics Query and
Reporting System.
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longitudinal variation in firearm prevalence to explore
whether changes in firearm prevalence have been accom-
panied by significant changes in suicide by firearms, by other
means, and overall.

METHODS

Mortality data

Suicide mortality data were obtained through the Centers for
Disease Control and Prevention’s Web-based Injury Statistics
Query and Reporting System (WISQARS).' These data, which
were available for the years 1981-2002, were aggregated into
four census regions (Northeast, Midwest, South, and West).
Suicide data, grouped by firearm (ICD-9 E-codes E955.0-.4,
ICD-10 E-codes X72-X74) and non-firearm methods (ICD-9
E-codes E950-E954 and E955.5-E959; ICD-10 E-codes X60—
X71, X75-X84, Y87.0, and U03), were further stratified by
gender and age (<19, 20-34, 35-64, and =65 years). Though
coding differences between ICD-9 and ICD-10 preclude cross
era longitudinal analyses for many causes of death, compar-
ability ratios for suicide are nearly 1.0 and do not adversely
affect our data.”

Independent variables

Analyses adjusted for age, unemployment, per capita alcohol
consumption, poverty, and region of the country. Historical
unemployment rate data were obtained from the Bureau of
Labor Statistics online database.* Yearly data on regional per
capita alcohol consumption were compiled by the National
Institute on Alcohol Abuse and Alcoholism.*” The percent of
the population below poverty in each year of the study period
was found in the Historical Poverty Table derived from the
US Census Bureau’s Current Population Survey.*

Estimates of regional household firearm ownership rates
are from the General Social Survey (GSS)."”” GSS household
gun ownership data were available for the years 1982, 1984,
1985, 1987-1991, 1993, 1994, 1996-2002; estimates of
household gun ownership for missing years were imputed
using the average of the adjacent years. For the population as
a whole we derived firearm ownership estimates based on all
respondents (that is, pooled responses from male and female
respondents), the most common measure used in previous
work using this survey.

The decrease in the prevalence of household firearm
ownership derived using responses from both sexes does
not necessarily reflect the actual change in household firearm
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ownership for either sex. For example, if married men left
their wives beginning in 1990, and took their guns with
them, all else equal, the percentage of men living in
households with guns would not change, but the percentage
of women in households with guns would drop dramatically.
To more accurately capture the exposure to household
firearms for men and for women separately, we derived
household firearm prevalence estimates for women using
responses in the GSS from women only (and for men, using
responses from men only). We also derived estimates of
household firearm ownership for homes with children based
on responses of adults who reported living in households
with children 18 years of age or younger.

Parsing our exposure measure in this way has additional
advantages. It allowed us to account for the well established
observation that firearm prevalence estimates for two-adult
households based on survey responses from males only are
significantly higher than estimates derived using responses
from women only.”” * It also takes into account the
possibility that this gender related reporting gap may change
over time. In addition, it reflects the assumption that a
household gun used in a suicidal act is a gun the suicidal
individual knew was in the home.

Because our independent variable “household firearm
ownership” takes on different values for each region-year
depending on whether it is based on responses from both
sexes jointly or separately, our point estimates in regressions
on the population as a whole are not directly comparable to
point estimates from regressions on males and females
separately.

Analyses

To account for the non-independence of repeated measures
from the same census region over time, we used generalized
estimating equations (GEE) models in our multivariate
analyses.” These models build upon generalized linear
models and are designed to estimate accurate regression
coefficients for longitudinal data by allowing specification of
both the link function and correlation structure. Standard
errors of the regression parameters are computed using the
Huber-White sandwich estimator of variance to account for
the within-region correlation of outcome using GEE.*”!
Results are as if there were a cluster option and we specified
clustering on region. Regional fixed effects models were used
to account for unobserved time invariant factors that might
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. . Figure 2 Household gun ownership
[ Three year rolling average household gun ownership levels and rates of firearm and non-
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explain regional differences in rates of suicide. All models
adjust for age, unemployment, per capita alcohol consump-
tion, and poverty.

We present results of log-log regressions to express the
percent change in the dependent variable (for example,
firearm suicide rate) for a 10% change in household firearm
ownership. Results obtained using GEE are similar to those
obtained using regional fixed effects negative binomial
models that adjust for serial autocorrelation over time within
each census region (not shown).

RESULTS

Over the 22 year study period, household firearm ownership
rates declined across all four regions, with declines averaging
1.5% per year for the nation as a whole (in absolute terms, 0.6
percentage points per year) (fig 1). The absolute percentage
of men who report living in homes with firearms was always
greater than both the percentage of women who report living
in homes with firearms and the percentage of adults with
children living in homes with firearms. The relative decline in
the percentage of men who report living in homes with
firearms was slightly less than the decline for women and for
children, averaging, respectively 1.3%, 2.1%, and 2.7% per
year (fig 1).

For the nation as a whole, declines in the percentage of
American households containing firearms were accompanied
by declines in rates of suicide by firearm (fig 2); changes in
non-firearm suicide rates were not significantly related to
changes in household firearm prevalence. The steepest
declines in household firearm prevalence and in firearm

suicide occurred over the second decade of the study period
(figs 1 and 2).

In multivariate analyses, each 10% decline in firearm
prevalence was accompanied by significant declines in
suicide by firearm and suicide overall: firearm suicide rates
dropped by 4.2% (95% CI 2.3% to 6.1%) and total suicide rates
by 2.5% (95% CI 1.4% to 3.6%) (table 1). The rate of non-
firearm suicide was not significantly related to changes in
firearm prevalence for the population as a whole, for men, for
women, or for children. The magnitude of association
between the relative changes in household firearm ownership
and rates of suicide due to firearms did not differ
significantly across gender. The magnitude of the association
between changes in household firearm prevalence and rates
of firearm and overall suicide was greatest for children: for
each 10% decline in the percentage of households containing
both children and firearms, the rate of firearm suicide among
children 0-19 years of age dropped 8.3% (95% CI 6.1% to
10.5%) and the rate of overall suicide dropped 4.1% (2.3% to
5.9%).

DISCUSSION

Consistent with previous individual level studies, as
well as with some'” ** ***** > but not all'” ** cross sectional
ecologic studies, we find that higher rates of firearm
ownership are associated with higher rates of overall suicide.
For all groups, the relation between changes in household
firearm ownership and changes in overall rates of suicide is
due to the association between changes in firearm owner-
ship and changes in suicide by firearms (that is, changes in

2-12 14 15

Table 1

Longitudinal association between household gun ownership and suicide
mortality: percent decrease in mortality rate for each 10% decrease in household firearm
ownership level (1981-2001), adjusted for age, unemployment, poverty, per capita
alcohol consumption, and region of the country

% Decrease in firearm
suicide rate (95% Cl)

% Decrease in non-firearm
suicide rate (95% Cl)

% Decrease in overall
suicide rate (95% Cl)

Total population 4.2% (2.3%6.1%)**

Males 3.4% (2.8%—4.1%)***
Females 3.4% (1.9%—4.9%)***
Children (0-19 8.3% (6.1%-10.5%)***

years of age)

0.3% (—1.4%-2.3%)
1.1% (—0.7%-2.9%)
—0.5% (—1.9%-1.9%)
—0.4.% (—2.9%-2.1%)

2.5% (1.4%-3.6%)***
2.3% (1.7%=2.9%)***
1.0% (0.4%-1.6)**

4.1% (2.3%5.9%)***
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non-firearm suicide are not related to changes in rates of
firearm ownership). Our finding that the magnitude of
association between household firearm ownership and
suicide is particularly high for children is consistent with
previous empirical work," ' ** ** and with the hypothesis that
suicide acts by youth are more likely to be impulsive and
therefore more likely to be affected by the means at hand.> >

Our findings are also consistent with some’* but not
all,*® ** previous national longitudinal studies (all but one of
which examined the relation between suicide rates and
firearm related legislation rather than the relation between
suicide rates and firearm prevalence directly). Relative to
previous US studies, our longitudinal study focused on a time
period during which there was a marked downward trend in
household firearm prevalence. This statistical advantage
made it less likely that an actual association between firearm
prevalence and rates of suicide would be obscured by random
error involved in measuring firearm prevalence. This advan-
tage may explain, in part, why we found a significant relation
between changes in firearm prevalence and rates of suicide
when the only previous US study to directly investigate the
association between firearm prevalence and suicides found
none.”” In addition, that previous study did not control for
other factors and used firearm ownership data from two
different sources (Gallop and NORC polls) over a period
during which firearm prevalence changed little relative to the
measurement error associated with estimating prevalence.

The current study is the first longitudinal evaluation we are
aware of to specifically render the exposure of interest—
household firearm prevalence—separately for men, women,
and children. By doing so we are better able to account for
the possibility that changes in household firearm prevalence
might differ for these distinct groups (as might have
occurred, for example, because of changes in household
composition over time). In addition, we are able to control for
potential regional variation in rates of change in firearm
prevalence and suicide over time.

Although our ecologic approach avoids the case control
problem of recall bias (for example, cases being more likely to
accurately recall a firearm in the home than controls), this
benefit comes at the possible interpretative cost of assuming
that group-level associations reflect individual risk factors
(that is, the ecologic fallacy).” The greatest threat to the
validity of our findings in this respect is that we do not know
whether firearm suicide victims actually lived in homes with
guns. Findings from case control studies, however, suggest
that firearm suicide victims overwhelmingly use guns from
their own home.>"> "* ** For example, in one study of suicides
in the home' and in another of adolescent suicides in and
out of the home,® approximately 90% of victims used a gun if
they lived in a home with a gun. In addition, fewer than 10%
of all firearm suicides involved a firearm from a home other
than the victim’s household."

Our analyses adjust for rates of poverty, unemployment,
per capita alcohol consumption, the age distribution of the
population, and census region, but many other factors may
affect suicide rates. We could think of no obvious covariates
that, were they included, would a priori explain the
specificity of our findings—that changes in firearm suicide
(but not non-firearm suicide) correlate with changes in
firearm ownership. The covariate we most would have liked
to directly account for in our analyses is one that captured
annual changes in suicidality over time. Unfortunately, no
such data are available. However, the largest study ever to
address secular trends in the mental health of Americans
found no national changes in suicidal tendencies between
1990 and 2000 "—precisely the period of our study during
which suicide rates (and firearm ownership) declined most
steeply. In addition, previous cross sectional ecologic studies
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have found that measures of psychopathology (for example,
major depression, serious suicidal thoughts) do not appear to
be associated with rates of household firearm ownership*
and that controlling for suicide attempt rates does not
mitigate the gun-suicide connection.”

Our study has additional limitations. Although we used
survey measures of household firearm ownership, this
measure does not provide potentially important information
about many characteristics of firearm availability that may be
related to the rate of suicide deaths. For example, our
measure does not provide information about the relative
prevalence of handguns and long guns, the number of
firearms in a gun owning household, firearm storage
practices, access to illegal firearms, familiarity with firearms,
the caliber of gun(s), how often guns are used for other
purposes such as hunting or target practice, or changes in the
social acceptability of suicide by firearms over time. In
addition, survey research has found that many women, some
living in two-adult households with guns, may not have
accurate information about whether a gun is present in their
home.*** That we find significant associations between
suicide and firearm prevalence regardless of whether
prevalence estimates are derived from men or women or all
respondents suggests that reporting differences by gender do
not account for our results.

Despite these limitations, we find changes in household
firearm ownership over time were associated with significant
changes in rates of suicide for men, women, and children,
controlling for the region of the country in which they lived
and independent of rates of unemployment, poverty, and
alcohol consumption. The relation between changes in
household firearm ownership and overall rates of suicide is
due to the association of firearm ownership and suicide by
firearms (that is, changes in non-firearm suicide are not
related to changes in firearm ownership). Consistent with
our findings, a recent systematic review of all suicide
prevention studies published between 1966 and 2005
concluded that restricting access to lethal means is one of
only two suicide prevention strategies shown to prevent
suicide. This conclusion, however, is at odds with the view
held by many Americans—that restricting access to highly
lethal means is unlikely to save many lives.*

The presumption is that anyone serious enough about
suicide to use a gun or jump off a bridge will inevitably find
another way to take his own life. Results from our
longitudinal study, combined with findings from previous
case control, cohort, and ecologic studies fundamentally
undercut this presumption. In a nation where over half of all
suicides are due to guns, restricting ready access to household
firearms is likely to save many lives, especially among
children.

e Consistent with previous cross sectional case control
and ecologic studies, this time series analysis finds a
significant relation between household firearm owner-
ship and rates of suicide overall and by firearms.

® Changes in household firearm ownership over time are
associated with significant changes in rates of suicide
for men, women, and children.

o These findings suggest that reducing availability to
firearms in the home may save lives, especially among
youth.
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