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Study objective: I test the hypothesis that having a gun in the home is a risk factor
for adults to be killed (homicide) or to commit suicide.

Methods: Two case-control analyses were based on national samples of subjects
18 years of age or older. Homicide and suicide case subjects were drawn from the
1993 National Mortality Followback Survey. Living control subjects were drawn from
the 1994 National Health Interview Survey. Ten control subjects matched by sex,
race, and age group were sought for each case subject.

Results: The homicide sample consisted of 1,720 case subjects and 8,084 control
subjects. Compared with adults in homes with no guns, the adjusted odds ratio (OR)
for homicide was 1.41 (95% confidence interval [CI] 1.20 to 1.65) for adults with a gun
at home and was particularly high among women (adjusted OR 2.72; 95% CI 1.89 to
3.90) compared with men (adjusted OR 1.23; 95% CI 1.01 to 1.49) and among nonwhite
subjects (adjusted OR 1.74; 95% CI 1.37 to 2.21) compared with white subjects (ad-
justed OR 1.27; 95% CI 1.03 to 1.56). Further analyses revealed that a gun in the home
was a risk factor for homicide by firearm means (adjusted OR 1.72; 95% CI 1.40 to
2.12) but not by nonfirearm means (OR 0.83; 95% CI 0.62 to 1.11). The suicide sample
consisted of 1,959 case subjects and 13,535 control subjects. The adjusted OR for sui-
cide was 3.44 (95% CI 3.06 to 3.86) for persons with a gun at home. However, further
analysis revealed that having a firearm in the home was a risk factor for suicide by
firearm (adjusted OR 16.89; 95% CI 13.26 to 21.52) but was inversely associated with
suicide by other means (adjusted OR 0.68; 95% CI 0.55 to 0.84).

Conclusion: Having a gun at home is a risk factor for adults to be shot fatally (gun
homicide) or commit suicide with a firearm. Physicians should continue to discuss
with patients the implications of keeping guns at home. Additional studies are war-
ranted to address study limitations and to better understand the implications of
firearm ownership.
[Ann Emerg Med. 2003;41:771-782.]
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I N T R O D U C T I O N

Emergency department staff bear witness daily to the
devastation caused by guns—more than 160 patients
are treated for gunshot trauma in the United States each
day1—and the American College of Emergency Physi-
cians (ACEP) champions the potential to improve pub-
lic health throughout the nation by focusing on fire-
arms in particular.2 If the potential is proportional to
the exposure, it is great indeed: 1 in 3 US households
contains firearms, and the number of guns in those
homes approaches fully 200 million.3

By contrast, the number of case-control studies on
gun-related mortality is commensurate with neither the
death toll nor the firearms stock. Case-control designs
have been used only twice to test whether access to guns
makes Americans more likely to be shot and killed
(homicide),4,5 only once to test the converse (ie,
whether owning a gun makes one more likely to kill
another person),6 only once to examine the likelihood
of being shot and killed unintentionally,7 and only 6
times to test whether access to guns poses a suicide
risk.5,8-12 Yet epidemiologists rely on the case-control
design to make causal inferences,13 especially for expo-
sures not studied through randomized trials (guns are
not assigned to some persons and kept from others). It
is noteworthy that emergency physicians must rely on
so little empiric evidence to explain the cause of a dis-
ease they treat daily.

Why are there so few attempts to quantify how gun
availability and gun death relate? Perhaps we interpret
the United States’ experience as evidence enough that
keeping guns at home increases the likelihood of being
shot. Many homes contain guns,3 almost half (43%) of
all homicides and suicides occur in a home,14 and most
victims are shot (56% of the homicides and 61% of the
suicides in 1998).14 Furthermore, should we try to make
the case that this association is causal, we can point to
the few case-control studies that do exist,4,5,7,8 bolster
our position with evidence that areas with high gun
ownership rates have the highest rates of gun-related
mortality,15-21 and make an argument that seems to sat-
isfice.

On the other hand is the reality that most Americans
who buy a handgun think it will protect their homes
and families.3 This practice is defended by citing evi-
dence that persons frequently and effectively use guns
to keep from being attacked and killed.22

The studies behind both conclusions have limita-
tions: that guns confer protection22 because the statisti-
cal method could have overestimated their benefit,23,24

and that persons with guns in their home are at risk to
be killed4,5,7,8 because the results might be biased.25

Whether gun ownership has a net benefit or risk re-
mains debatable.26-29

An overlooked characteristic is that only one of the
homicide and one of the suicide case-control studies
(ie, those by Kellermann et al4,8) studied adults and
classified individuals with the most direct measure of
exposure used to date: whether their households con-
tained guns. Despite this strength, both studies could
have inaccurately estimated the effect of gun ownership
because important confounding factors were not
accounted for. Because of study limitations and sug-
gesting that the deleterious effects of gun ownership are
truly so large, these articles have, in the 10 years since
their publication, inspired a paper trail of challenges
that continues to grow.25,30-36 We typically demand
multiple tests of a hypothesis before judging the effi-
cacy of a protective or risk factor.37 No such literature
has followed.

This study used case-control methods, national sam-
ples of adult homicide and suicide victims, and living
matched control subjects and tested the hypothesis that
having a gun in the home is a risk factor to be killed
(homicide) or commit suicide.

M A T E R I A L S  A N D  M E T H O D S

The case subjects and control subjects came from differ-
ent data sources. Case subjects were drawn from the
National Mortality Followback Survey (NMFS). The
National Center for Health Statistics (NCHS) conducts
the NMFS to collect information about persons who die
in the United States. The NMFS conducted most re-
cently (1993) was the first version to elicit firearm own-
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ily (n=19,738) in half the households in the 1994 NHIS
sample. The response rate was 80%.

At the beginning of the firearms section, the inter-
viewer had the option of reading this statement: “Read if
necessary: Sometimes the use of firearms can lead to
injury, which is a health problem” (italics in original).
This statement was not included in the NMFS. Other-
wise, the NHIS firearm questions were almost identical
to those in the 1993 NMFS. Respondents were in-
structed to exclude guns that could not fire, starter pis-
tols, and BB guns. They were then asked the following:
“Are any firearms now kept in or around your home?
Include those kept in a garage, outdoor storage area,
truck or car.”

Two case-control analyses were conducted, one for
homicide and one for suicide. Death certificate infor-
mation according to the International Classification of
Diseases42 was used to identify the homicide and sui-
cide decedents in the data (ie, the case subjects). Control
subjects were drawn randomly without replacement
from the NHIS data and frequency matched to the case
subjects by sex, race (white, black, and other), and age
group (18 to 20, 21 to 24, 25 to 29, …, 90 to 94 years).
To improve the precision of the parameter estimates, all
available control subjects were used up to a ratio of 10
control subjects per case subject.43 Case subjects 15 to
17 years old were excluded (20 suicide case subjects
and 7 homicide case subjects) because no control sub-
jects younger than 18 years of age were available for
comparison. No perfectly matched control subjects
were available for one suicide victim, a woman in the
85- to 89-year age group of race “other.” This victim was
matched with black control subjects of the same sex and
age group. Subjects were considered exposed if they
lived in a home where one or more firearms were re-
ported present.

Conditional logistic regression was used to calculate
adjusted odds ratios (ORs). These provide estimates of
the net effect of having a gun in the home on being
killed (homicide) or committing suicide.44,45 The sta-
tistical models were estimated with Stata software
(Stata Corporation, College Station, TX). Customary
diagnostic procedures were used to assess and ensure

ership information and to include decedents younger
than 25 years.38 The decedents (n=22,957) were sam-
pled from the Current Mortality Sample, a systematic
random sample of death certificates for US residents 15
years of age or older who died in 1993 (excluding dece-
dents from South Dakota).39

Information about the decedents was gathered by
interviewing their next of kin (65% by telephone and
35% in person). The response rate was 83%. The expo-
sure of interest here, whether the decedent’s household
contained a gun, was based on the following question:
“At any time during the last year of life, were there any
firearms kept in or around [the decedent’s] home? In-
clude those kept in a garage, outdoor storage area, truck
or car.” Respondents were instructed to exclude fire-
arms that could not fire, starter pistols, and BB (ie, non-
powder) guns.

Several of the interview questions yield information
about the death: whether the homicide victim knew
their killers, the nature of the homicide (eg, family
argument), where the homicide or suicide incident
occurred, and where death occurred. Locations of death
include an ED, another hospital area, en route to a hos-
pital, the victim’s own home, and another person’s
home. Where the incident actually took place is unclear
for victims who were at someone’s home when injured
(the category is “home or private area around the home,”
which does not distinguish the victim’s home from
someone else’s). Responses to each question are pre-
sented below. The data do not indicate whether a fatal
gunshot wound was inflicted with a gun that had been
kept in the victim’s home. This issue was informed by
examining whether the victim had a gun in his or her
home that matched the type of gun used fatally.

Living control subjects were drawn from the 1994
National Health Interview Survey (NHIS).40 The NCHS
conducts the NHIS annually to obtain detailed informa-
tion about the health and health-related practices of
noninstitutionalized civilians 17 years of age or older in
the United States. For the first time, in 1994, an NHIS
supplement elicited information about firearms in
respondents’ homes.41 The supplement was adminis-
tered during in-person interviews to one adult per fam-
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goodness of fit.46 The 2 main analyses included all
deaths, either by homicide or suicide. Then, separate
models were estimated, including only subcategories of
those variables to assess whether the effect of the expo-
sure was consistent across categories of the matching
variables (male and female; white and nonwhite; 18 to
24 years old, 25 to 39 years old, 40 to 64 years old, and
65 years or older). Homogeneity across these categories
was tested with Wald statistics (P<.10).47 Instances of
effect modification are presented. The data were also
analyzed by weapon type, with one analysis including
only gunshot victims (and control subjects) and the
other analysis including only persons killed by means
other than a gunshot (and control subjects).

Variables for living arrangement (alone or not alone),
marital status, education, annual family income, mili-
tary veteran status, geographic region, and population
of the locality where the subject lived were considered
as potential confounders and included as covari-
ates.4,8,9,48 Covariates with nonstatistically significant
coefficients (2-tailed, P≥.05) were excluded from a
model if doing so resulted in a less than 5% change in
the point estimate of the firearm variable.

Greater than 95% of the case subjects and control
subjects had complete (no missing) data on the vari-
ables for living arrangement, marital status, educa-
tion, and veteran status. The amount of missing data
varied on the variables for the population (homicide
control subjects 18.8%; suicide control subjects
24.6%), income (homicide case subjects 70.6%; sui-
cide case subjects 64.6%; homicide and suicide con-
trol subjects approximately 13%), and firearm pres-
ence (homicide case subjects 36.6%; suicide case
subjects 30.3%; homicide and suicide control subjects
<3%). The analysis was conducted according to meth-
ods described by King et al49 to account for the miss-
ing data. This involved creating a total of 5 data sets in
which the missing values were replaced with multiply
imputed values,50 analyzing the 5 data sets simultane-
ously, and adjusting the SE estimates accordingly. The
study was found exempt from full review by the
University of California–Los Angeles Institutional
Review Board.
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R E S U L T S

The homicide analysis used 1,720 case subjects and
8,084 control subjects. Table 1 presents demographic
characteristics. Overall, firearms were slightly more
common in the homes of control subjects than case sub-

Table 1.
Characteristics of homicide case subjects 18 years old or
older who died in 1993 and living control subjects.

Homicide

Case Subjects,* % Control Subjects,† %
Characteristics (N=1,720) (N=8,084)

Demographic characteristics
Sex

Female 15.8 25.2
Male 84.2 74.8

Race
White 43.0 70.5
Black 54.1 25.8
Other 2.9 3.7

Age, y (mean±SD) 33.1±13.5 38.4±14.6
Lived alone 19.7 24.3
Marital status

Never married 57.2 30.2
Widowed, separated, divorced 16.8 19.4
Married 26.0 50.3

Education
<High school 31.1 18.2
High school graduate 35.7 34.9
Some college 11.3 24.5
≥College graduate 22.0 22.4

Annual family income
<$9,000 35.8 11.4
$9,000–$13,999 17.4 9.4
$14,000–$18,999 12.7 9.2
$19,000–$24,999 10.7 11.3
$25,000–$49,999 15.6 34.2
≥$50,000 7.9 21.5

Veteran 10.2 18.7
Region

Northeast 14.7 19.7
Midwest 18.7 26.6
South 43.8 33.5
West 22.8 20.2

Population
<250,000 12.9 9.9
≥250,000 87.1 90.1

Firearm(s) in home 30.7 34.0
Handgun(s) 20.1 18.6
Long gun(s) 18.5 29.1
Unspecified gun(s) 1.1 0.6

Valid percentages are shown.
*Data are obtained from the National Center for Health Statistics.38

†Data are obtained from the National Center for Health Statistics.40
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562 victims reported to have been in a home when the
injury was sustained, more died in their own home than
in any other location (ie, fully 47.2%), and only 10.9%
died in another person’s home. One quarter (25.1%) of
the victims died in a hospital (17.4% died in an ED, and
7.7% died in another hospital area), and 4.5% died en
route to a hospital.

Table 3 presents results from the logistic regression
analysis. Compared with persons living in a home with
no firearms, the adjusted OR for homicide was 1.41
(95% confidence interval [CI] 1.20 to 1.65) for persons
living in a home where a gun was present. Subgroup
analyses based on this regression model showed that
the association between a gun in the home and homi-
cide was present among younger and older persons,
among white and nonwhite subjects, and among male
and female subjects but was significantly higher among
female subjects (adjusted OR 2.72; 95% CI 1.89 to 3.90)
than among male subjects (adjusted OR 1.23; 95% CI
1.01 to 1.49) and was significantly higher among non-

jects. Long guns in particular were more common in
control subjects’ homes; the proportion of case subjects
and control subjects with handguns in the home was
very similar.

Most (56.7%) of the victims knew their killer. One
fifth (20.1%) of the homicides occurred during a rob-
bery, 15.5% during a family argument, 6.3% during a
drug deal, and 1.1% during an abduction, and other
unspecified motives accounted for 57.0% of the homi-
cides. Table 2 presents other circumstances of the homi-
cide incidents. Most of the victims died from gunshot
trauma, which accounted for 77.9% of the male victims
and 55.5% of the female victims. Most gunshots were
from a handgun. More victims, almost one third of men
and greater than one half of the women, were injured
while in a home or area around a home than in any other
location, and the proportion of incidents that occurred
at a home increased with age. Additional data indicate
that the respondent was likely referring to the victim’s
own home in a majority of the homicides. Among the
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Table 2. 
Circumstances of homicide incidents by sex and age group.*

Men,† % Women,† %

18–24 y 25–39 y 40–64 y ≥65 y Total 18–24 y 25–39 y 40–64 y ≥65 y Total Total
Circumstances (N=475) (N=663) (N=283) (N=57) (N=1,448) (N=60) (N=137) (N=60) (N=15) (N=272) (N=1,720)

Homicide by gunshot 87.7 78.7 66.4 45.7 77.9 68.3 54.0 55.0 20.0 55.5 74.4
Specific means of homicide
Handgun (E965.0) 51.8 40.8 36.0 26.3 42.9 30.0 27.0 31.7 20.0 28.3 40.6
Shotgun (E965.1) 3.4 7.3 7.4 12.3 6.2 8.3 3.7 5.0 0.0 4.8 6.0
Rifle (E965.2) 1.5 2.8 3.2 1.8 2.4 1.7 0.7 5.0 0.0 1.8 2.3
Other and unspecified gun (E965.4) 31.0 27.8 19.8 5.3 26.4 28.3 22.6 13.3 0.0 20.6 25.5
Strangulation (E963) 1.1 1.6 2.8 7.0 1.9 11.7 11.7 6.7 33.0 11.8 3.4
Cutting and piercing instrument (E966) 7.6 12.6 14.1 17.5 11.5 18.3 19.0 21.7 33.0 20.2 12.9
Blunt object (E968.2) 0.4 0.6 1.4 8.8 1.0 0.0 1.5 3.3 0.0 1.5 1.1
Other (nonfirearm) 2.7 3.5 9.5 14.0 4.8 0.0 7.3 6.7 0.0 5.2 4.9
Unspecified (E968.9) 0.6 3.0 5.7 7.0 2.9 1.7 6.6 6.7 13.3 5.9 3.4
Homicide location
Home or private area around the home 23.8 26.2 36.4 61.4 28.8 41.7 49.6 73.3 80.0 54.8 32.9
Street or highway 30.5 24.6 17.3 3.5 24.3 10.0 11.7 8.3 0.0 9.9 22.0
Public building 2.7 3.6 3.5 1.8 3.3 1.7 0.7 0.0 0.0 0.7 2.9
Place of recreation or sport 1.7 2.8 0.7 1.8 2.0 1.7 1.5 0.0 0.0 1.1 1.9
Other 14.5 13.4 16.3 12.3 14.3 11.7 8.0 5.0 0.0 7.7 13.3
Not specified 26.7 29.2 25.8 19.3 27.3 33.3 28.5 13.3 20.0 25.7 27.1
*E-codes (external cause of death) are based on International Classification of Diseases, Ninth Edition.
†Data are obtained from the National Center for Health Statistics.38
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white subjects (adjusted OR 1.74; 95% CI 1.37 to 2.21)
than among white subjects (adjusted OR 1.27; 95% CI
1.03 to 1.56).

The link observed between a gun in the home and
being killed was due entirely to an increased relative
risk of homicide by gunshot. The adjusted OR for homi-
cide by gunshot was 1.72 (95% CI 1.40 to 2.12), where-
as the adjusted OR for homicide by means other than
gunshot did not differ from the null value (adjusted OR
0.83; 95% CI 0.62 to 1.11).

The proportion of matches between the type of gun
in the victim’s home and the type of gun used fatally var-
ied by the location where the shooting occurred. More
than one third (33.8%) of the handgun victims who
were shot in a home had a handgun in their home,
whereas only 18.8% of the handgun victims who were
shot in another location had a handgun in their home.
The disparity was even greater for long guns: more than
half (57.9%) of the shotgun victims who were shot in a
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home had a shotgun in their home, whereas only 6.5%
of the shotgun victims who were shot in another loca-
tion had a shotgun in their home. A similar contrast was
seen in persons killed with a rifle: more than one half
(55.6%) of those shot at a home, compared with only
one quarter (25.0%) of those shot in another location,
had a rifle in their home.

The suicide analysis used 1,959 case subjects and
13,535 control subjects. Table 4 presents demographic
characteristics. Firearms, handguns, and long guns
were substantially more prevalent in the homes of sui-
cide case subjects than control subjects.

Table 5 presents circumstances of the suicides. A gun-
shot injury was the most common type of self-directed
injury, being used to commit suicide by 67.9% of the male
victims and 41.7% of the female victims. The most com-
monly used type of firearm was a handgun. Most men and
women were at a home when they committed suicide.
Additional data indicate the respondent was likely refer-
ring to the victim’s own home in a majority of the case
subjects. Among the 1,107 suicide victims reported to
have been at a home when the incident occurred, 74.0%
of the victims died in their own home, and only 3.7% died
in someone else’s home. A small proportion (10.5%) of
the victims died in a hospital, in an ED (4.9%), in another
hospital area (5.6%), or en route (1.6%).

Table 6 presents results from the logistic regression
analysis. Compared with persons living in a home with
no firearms, the adjusted OR for suicide was 3.44 (95%
CI 3.06 to 3.86) for persons living in a home where a
gun was present. Subgroup analyses indicated that the
association between having a gun in the home and
using a gun to commit suicide was present among male
and female subjects and among white and nonwhite
subjects. This association was also present among per-
sons of each age group but varied significantly across
age groups. The net effect of having a gun in the home
was highest among the youngest (age 18 to 24 years:
adjusted OR 4.50; 95% CI 3.26 to 6.21) and oldest per-
sons (age ≥65 years: adjusted OR 4.65; 95% CI 3.41 to
6.35) compared with others (age 25 to 39 years: ad-
justed OR 2.96, 95% CI 2.40 to 3.66; age 40 to 64 years:
adjusted OR 3.20, 95% CI 2.54 to 4.04).

Table 3. 
Adjusted ORs for homicide: Results of a case-control analysis
of 1,720 matched sets.*

Homicide

Characteristics Adjusted OR 95% CI

Living arrangement
Alone (reference) 1.0 —
Not alone 2.37 1.96–2.87
Marital status
Married (reference) 1.0 —
Never married 2.59 2.18–3.07
Widowed, separated, divorced 1.92 1.56–2.36
Did not graduate high school 1.35 1.16–1.58
Annual family income† 0.71 0.67–0.75
Veteran 0.65 0.53–0.80
Region
Northeast (reference) 1.0 —
Midwest 0.80 0.65–0.99
South 1.32 1.09–1.59
West 1.65 1.35–2.03
Gun(s) in home
No (reference) 1.0 —
Yes 1.41 1.20–1.65
*Adjusted ORs were calculated with conditional logistic regression, with control for
covariates.
†Coded 1 (<$9,000), 2 ($9,000–$13,999), 3 ($14,000–$18,999), 4 ($19,000–$24,999), 5
($25,000–$49,999), and 6 (≥$50,000).
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with a gun in the home were more likely than others to
use a gun to commit suicide and less likely than others
to commit suicide by means of drug overdose, hanging,
or other method other than a gun.

Persons who committed suicide in a home were more
likely than others to have had a gun in their home that
matched the type of the gun used fatally. However, in
contrast to what was found among the homicide vic-
tims, the great majority of the suicide victims, regard-
less of where the suicide occurred, used a gun that
matched a type of gun in their home. Fully 90.4% of the
handgun victims who committed suicide in a home did
have a handgun in their home, and fully 80.0% of the
handgun victims who committed suicide in another
location had a handgun in their home. Comparable
results were seen among shotgun victims, among whom
93.0% of those shot at a home and 77.3% of those shot
in another location had a shotgun in their home, and
among victims shot with a rifle, among whom almost all
(98.7%) of those shot at a home and fully 90.9% shot at
another location had a rifle in their home.

D I S C U S S I O N

A gun in the home is a risk factor for gun-related homi-
cide and suicide among this sample of adults in the
United States. A gun, when available, might be chosen
over a less lethal method to commit suicide.51 This
might explain why the presence of a gun at home emerges
as a risk factor for gun-related suicide and is inversely
associated with suicide by means other than a gun. The
increased risk for gun-related homicide might emerge
because a gun can make an assault easier to attempt
(because it requires no physical contact), and the case-
fatality ratio is higher for firearm trauma than for in-
juries from weapons other than guns.52,53

The main contribution of the present findings might
simply be their consistency with past results.4,5,8

Nevertheless, it would be unwarranted to infer that
such a limited body of research conclusively links gun
availability to gun-related mortality.37 Therefore, 2 of
the replicate findings should be noted in particular,
both to bolster conclusions made previously and to

Examining the data by suicide method revealed a
striking contrast. Having a gun in the home was a strong
risk factor for gun-related suicide (adjusted OR 16.89;
95% CI 13.26 to 21.52) but was inversely related to
committing suicide with a nonfirearm method (ad-
justed OR 0.68; 95% CI 0.55 to 0.84). That is, persons
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Table 4.
Characteristics of suicide case subjects 18 years old or older
who died in 1993 and living control subjects.

Suicide

Case Subjects,* % Control Subjects,† %
Characteristics (N=1,959) (N=13,535)

Demographic characteristics
Sex

Female 29.0 42.2
Male 71.0 57.8

Race
White 87.0 89.9
Black 10.2 7.3
Other 2.8 2.8

Age, y (mean±SD) 48.0±20.7 45.8±18.2
Lived alone 27.3 26.5
Marital status

Never married 29.3 20.7
Widowed, separated, divorced 27.8 23.7
Married 42.9 55.6

Education
<High school 22.7 19.4
High school graduate 37.2 35.5
Some college 15.7 22.9
≥College graduate 24.4 22.3

Annual family income
<$9,000 21.1 11.9
$9,000–$13,999 14.9 10.0
$14,000–$18,999 12.7 9.1
$19,000–$24,999 10.4 12.0
$25,000–$49,999 24.2 34.4
≥$50,000 16.7 22.8

Veteran 26.0 19.3
Region

Northeast 14.9 20.5
Midwest 21.7 27.1
South 39.2 29.9
West 24.2 22.2

Population
<250,000 26.4 11.3
≥250,000 73.6 88.7

Firearm(s) in home 65.8 36.7
Handgun(s) 53.0 19.7
Long gun(s) 53.8 31.7
Unspecified gun(s) 2.4 0.6

Valid percentages are shown.
*Data are obtained from the National Center for Health Statistics.38

†Data are obtained from the National Center for Health Statistics.40
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guide prevention strategies. Among the adults studied
here, the relative risk to be shot fatally (homicide) was
significantly higher among women than men.4 This
likely reflects the singular danger faced by women in
abusive relationships.4,54 Second, a gun in the home
was not related (not inversely related, specifically) to
homicide by means other than a gun.4,5 This runs con-
trary to the notion that keeping a gun at home makes
household members less likely to be killed by in-
truders.22 Not found previously, however, was that
adults with guns at home were significantly less likely
than others to commit suicide with a method other than
a gunshot: the corresponding effect estimates found by
Kellermann et al4 and Cummings et al5 were 0.7 and
0.8, respectively, but the CIs contained the null value.
Perhaps the lethality of the weapon made persons who
used a gun more likely to complete their suicide
attempt, or they were more likely to attempt suicide
because this method requires little preparation.
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The homicide analysis presented here differed from
the homicide study by Kellermann et al4 by including
victims regardless of where they were killed, as opposed
to using only victims killed at home. Because location
(home) and exposure (gun in the home) are related,
restricting the sample by location might have created
bias in the earlier study. The presence of a gun is likely
related more strongly to homicide in, rather than away
from, home. This might partially explain why the point
estimates were larger in the earlier study.

It is important to consider competing explanations
for the results. The association between having a gun at
home and committing suicide with a gun could emerge
because suicidal persons acquire a gun to take their own
life. However, evidence from a previous study suggests
that confounding by intent does not completely explain
the effect estimates observed here.24 Specifically,
Cummings et al5 found that persons who had a family
member who bought a handgun were more likely than

Table 5. 
Circumstances of suicide incidents by sex and age group.*

Men,† % Women,† %

18–24 y 25–39 y 40–64 y ≥65 y Total 18–24 y 25–39 y 40–64 y ≥65 y Total Total
Circumstances (N=223) (N=404) (N=360) (N=404) (N=1,391) (N=57) (N=161) (N=228) (N=122) (N=568) (N=1,959)

Suicide by gunshot 66.4 55.7 70.0 79.2 67.9 49.1 46.0 43.4 29.5 41.7 60.4
Specific means of suicide
Handgun (E955.0) 30.0 27.5 40.0 41.3 35.2 29.8 29.8 29.0 21.3 28.4 33.0
Shotgun  (E955.1) 9.9 9.7 13.6 14.4 12.1 3.5 4.4 4.0 0.8 2.9 9.6
Rifle (E955.2) 6.7 6.2 6.1 6.7 6.4 3.5 2.5 2.2 0.8 1.9 5.2
Other and unspecified gun (E955.4) 19.7 12.4 10.3 16.8 14.3 12.3 9.3 8.3 6.6 3.0 12.7
Hanging (E953.0) 16.6 20.3 9.4 6.7 12.9 8.8 15.5 6.1 8.2 8.6 11.9
Vehicle exhaust (E952.0) 2.2 7.7 4.7 3.7 4.9 5.3 6.8 8.8 5.7 5.6 5.6
Tranquilizers (E950.3) 2.2 1.7 1.4 0.0 1.2 8.8 6.8 10.5 2.5 6.4 3.1
Other (nonfirearm) 12.6 14.6 13.9 10.4 12.9 28.1 24.8 31.1 54.1 43.2 19.0
Unspecified (E958.9) 0.0 0.0 0.6 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.1
Suicide location
Home or private area around the home 49.3 47.5 53.1 69.8 69.9 56.1 55.3 60.5 59.8 62.8 56.5
Street or highway 5.4 3.7 3.9 1.2 4.1 8.8 2.5 3.1 2.5 3.7 3.3
Place of recreation or sport 1.8 2.7 3.3 0.5 1.1 5.3 2.5 2.2 0.8 0.7 2.1
Public building 1.8 1.0 1.1 0.3 2.7 1.8 1.2 0.4 0.0 2.6 0.9
Other 12.6 16.3 15.3 4.9 15.9 7.0 9.9 8.3 10.7 9.9 11.2
Not specified 29.2 28.7 23.3 23.3 6.2 21.1 28.6 25.4 26.2 20.3 25.9
*E-codes (external cause of death) are based on International Classification of Diseases, Ninth Edition.
†Data are obtained from the National Center for Health Statistics.38
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ever, confounding by neighborhood, by gun carrying,
or by drug dealing is not likely to explain the results
completely. If these were viable explanations, a gun in
the home should be associated (as a proxy) with homi-
cide by all means. In this study, having a gun at home
was strongly associated with gun-related homicide, but
it was not related to homicides not involving a gun.
Earlier findings were similar.4,5

There are methodologic limitations. First, numerous
factors affect the accuracy of survey-based firearm
data.56-58 The data used here might be similarly affected.
For example, husbands and wives might not be equally
familiar with the guns in their home and thus might
answer differently.57 Whether a given subject has valid
gun data might therefore depend on who was inter-
viewed. Because the case subjects and control subjects
came from different sources, this study warrants con-
siderations that build on this initial consideration.
There are reasons to expect that the proportion of sub-
jects classified correctly as exposed was not equal among
case subjects and control subjects. One reason to expect
fewer case subjects than control subjects to be classified
correctly is that the gun data for case subjects came
from next of kin; that is, from persons who might not
have lived with the decedent and might have known lit-
tle about their guns.59 By contrast, fewer control sub-
jects than case subjects could be classified correctly if
control subjects were disinclined to admit owning guns
on a survey in which this was eschewed. Bias from dif-
ferential misclassification could have resulted for these
and other reasons and in a direction that cannot be
anticipated.60

Large proportions of responses were missing in the
variable of interest: whether a firearm was in the home.
The multiple imputation techniques used here are
designed for such circumstances but do not obviate the
limitations of incomplete data. Generalizability should
also be addressed. The homicide findings of Keller-
mann et al4 were vilified on grounds that, because the
subjects did not represent the US population, they
could not be generalized.29 However, the worth of a
study does not hinge on whether it used representative
study groups. Strength comes instead from being able to

others to kill themselves with a gun; the effect persisted
for 5 years after the purchase.

Regarding competing explanations for the homicide
findings, first, a gun in the home might indicate that a
person lives or works in a high-crime neighborhood
and purchased the gun for protection. The danger
might stem from potential assailants in the neighbor-
hood and not from the presence of the gun in the vic-
tim’s home.24 Second, many Americans carry firearms
for purposes other than work (ie, an estimated 1.1 mil-
lion persons on any given day).3 Keeping a gun at home
might only appear to pose a risk to be shot, whereas the
danger might actually stem from drawing a gun when
confronted by an assailant. An assailant might respond
with greater force, which increases the likelihood that
the assault will be fatal.55 Third, the results could be
biased because risky behaviors like drug dealing could
not be controlled with the data used here.6,25,29 How-
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Table 6.
Adjusted ORs for suicide: Results of a case-control analysis of
1,959 matched sets.*

Suicide

Characteristics Adjusted OR 95% CI

Living arrangement
Alone (reference) 1.0 —
Not alone 1.83 1.55–2.16
Marital status
Married (reference) 1.0 —
Never married 2.79 2.33–3.34
Widowed, separated, divorced 2.09 1.78–2.45
Annual family income† 0.80 0.77–0.84
Region
Northeast (reference) 1.0 —
Midwest 0.90 0.76–1.07
South 1.31 1.12–1.53
West 1.34 1.13–1.58
Population
<250,000 (reference) 1.0 —
≥250,000 0.65 0.57–0.73
Gun(s) in the home
No (reference) 1.0 —
Yes 3.44 3.06–3.86
*Adjusted relative risks were calculated with conditional logistic regression, with con-
trol for covariates.
†Coded 1 (<$9,000), 2 ($9,000–$13,999), 3 ($14,000–$18,999), 4 ($19,000–$24,999), 5
($25,000–$49,999), and 6 (≥$50,000).
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make valid comparisons between case subjects and con-
trol subjects.61 Toward this goal, sampling weights
were not applied here. Had this been done, it would
have been necessary to account for the primary sam-
pling units and sampling strata to obtain accurate vari-
ance estimates and CIs. Doing so precludes analysis
because the case subjects and control subjects came
from separate sources and hence different primary sam-
pling units and strata (yielding no cells with discordant
pairs). The case-control study of homicide offending by
Kleck and Hogan6 also used separate case and control
data sets. Although sampling weights were applied,
there is no mentioned adjustment of the variance with
respect to primary sampling units and sampling strata.

A limitation comes from not knowing whether the
gun used fatally had actually been kept in the victim’s
home. This study found consistency between the type
of gun in the home and the type used fatally but could
not establish the gun’s true origin. The Kellermann et
al4,8 studies have the same limitation.6,29,62 A study of
battered women in California does, however, link guns
kept at home to intimate partner violence, a cause of
some deaths in the present sample. Women who had
been threatened or beaten with a firearm by their male
partner reported frequently that he owned the gun and
kept it at home.63

Ten potential confounders were controlled for in this
analysis. However, the greatest source of potential bias
might be confounding from risk factors that were not
measured or were controlled only partially. For exam-
ple, confounding by locality (ie, urban versus rural)
might have been better controlled with specific demo-
graphic information. Locality is a potential confounder
because it is related to both firearm availability and the
likelihood that a sustained injury will be fatal because
emergency medical response times vary. Other poten-
tial confounders that were not controlled were mental
illness among subjects or family members8,9 and histo-
ries of violence,4 illicit drug4,8 and alcohol use,8 time
spent (exposed) at home, and lifestyle factors like gang
membership and drug dealing.6,25,29

Finally, the use of data from the early 1990s, the same
period of the earlier studies of the homicide4 and sui-
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cide8 risks associated with keeping guns at home, was a
coincidence. The data were used because they are rich
sources collected for public health research but were
not used in this way previously. A consequence of using
dated data is that the risks associated with gun owner-
ship that apparently existed in the early 1990s might be
different today as a result of changes in attitudes toward
gun ownership, gun ownership patterns, gun storage
practices, and so on. Cummings et al,5 who found that a
family handgun purchase was a risk factor for gun-
related homicide and suicide, conducted their study
more recently (1997) but studied an even earlier time
period (deaths that occurred between 1980 and 1992).5

Studies in the current context are needed.
To address limitations and to better understand the

implications of owning firearms and keeping them at
home, it remains important to collect additional and
more comprehensive data,64 to control for confounders
beyond those related to individuals (eg, neighborhood
factors),24,29 to more accurately measure firearms
exposure, and then to evaluate whether the risks and
benefits of gun ownership are consistent with the evi-
dence to date. The attention might then shift to devel-
oping interventions and to the prevention efforts that
ACEP encourages. Attributable fractions in the ex-
posed population (OR–1/OR)24,65 provide a sense of
just how many deaths could be prevented by reducing
exposure to firearms. If the effect of gun availability on
gun-related mortality is truly of a magnitude similar to
what was found here, the estimates suggest that 41% of
the gun-related homicides (1.7–1/1.7=0.41) and fully
94% of the gun-related suicides (16.9–1/16.9=0.94)
among persons with guns in their home would not have
occurred under the same circumstances had no guns
been present. The public health would benefit greatly if
persons were less exposed to home-kept firearms.

Emergency physicians can play a preventive role,
extending their ability to improve the public health
beyond the critical care they provide patients presenting
with gunshot trauma. Keeping guns at home appears
dangerous for adults regardless of age, sex, or race, but
those at particularly high risk to be shot likely include
persons contemplating suicide and women in abusive
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relationships. When patients appear suicidal or to have

suffered domestic violence, the questions physicians

ask should include questions about guns. Are there any

guns in your home? Do you or your family members

own any guns? Physicians can then discuss the implica-

tions and discuss options to make living environments

safer. For female patients especially, Coyne-Beasley and

Johnson66 recommend talking about the degree to

which their partners will discuss firearm issues and tai-

loring counseling strategies accordingly. Because per-

sons who do not own guns likely know someone who

does, the consequences of having access to guns are

important to discuss with all patients.

In summary, on the basis of national samples drawn in

the early 1990s, adults who have a gun or guns in their

home appear at risk to be shot fatally (gun homicide) or

to take their own life with a firearm. Physicians should

continue to discuss these implications with patients

who own guns or have guns at home and to consider

how patients might make their environment safer.

I thank Susan B. Sorenson, PhD, for conceptual advice; Colin Loftin,
PhD, for suggesting the NHIS for living control subjects; Hal
Morgenstern, PhD,  for methodological advice; Lois Takahashi,
PhD, Katherine Vittes, MPH, and Catherine Taylor, MPH, MSW,  for
constructive feedback; the University of California–Los Angeles
Academic Technology Services consultants; and anonymous
reviewers for their contributions. The paper extends my disserta-
tion research. For that work, I am indebted to Joan Petersilia, PhD,
Richard McCleary, PhD, Colin Loftin, PhD, Valerie Jenness, PhD,
and Lois Takahashi, PhD.

Received for publication August 25, 2002. Revisions received
November 27, 2002, and January 8, 2003. Accepted for publication
January 12, 2003.

This work was supported at the University of California–Los
Angeles in part by a grant from The California Wellness Foundation
(TCWF). Partial funding was provided also by Public Health
Foundation Enterprises, Inc., through a grant from The California
Endowment. The original dissertation research was funded in part
by a grant from the School of Social Ecology at the University of
California–Irvine.

Address for reprints: Douglas J. Wiebe, PhD, Department of Bio-
statistics and Epidemiology, University of Pennsylvania, 933 Blockley
Hall, 423 Guardian Drive, Philadelphia, PA 19104-6021; 215-746-0149,
fax 215-573-2265; E-mail dwiebe@cceb.med.upenn.edu. 

J U N E  2 0 0 3 4 1 : 6 A N N A L S  O F  E M E R G E N C Y  M E D I C I N E 7 8 1



H O M I C I D E  A N D  S U I C I D E  R I S K S  A S S O C I A T E D  W I T H  F I R E A R M S
Wiebe

26. Kleck G. Risks and benefits of gun ownership. JAMA. 1999;282:135-136.

27. Hemenway D. Risks and benefits of gun ownership. JAMA. 1999;282:135-136.

28. Cummings P, Koepsell TD. Does owning a firearm increase or decrease the risk of
death? JAMA. 1998;280:471-473.

29. Kleck G. What are the risks and benefits of keeping a gun in the home? JAMA.
1998;280:473-475.

30. Kleck G. Suicide in the home in relation to gun ownership [letter]. N Engl J Med.
1992;327:1878.

31. Blackman PH. Suicide in the home in relation to gun ownership [letter]. N Engl J
Med. 1992;327:1878-1879.

32. Frey HS. Suicide in the home in relation to gun ownership [letter]. N Engl J Med.
1992;327:1879.

33. Ching E. Suicide in the home in relation to gun ownership [letter]. N Engl J Med.
1992;327:1879.

34. Blackman PH. Guns and homicide in the home [letter]. N Engl J Med. 1994;330:366.

35. Litaker D. Guns and homicide in the home [letter]. N Engl J Med. 1994;330:365-366.

36. LeClaire J. Guns and homicide in the home [letter]. N Engl J Med. 1994;330:366.

37. Rothman KJ, Greenland S. Causation and causal inference. In: Rothman KJ,
Greenland S, eds. Modern Epidemiology. 2nd ed. Philadelphia, PA: Lippincott Williams
& Wilkins; 1998:23-27.

38. National Center for Health Statistics. The National Mortality Followback Survey,
1993: Public Use Data File and Documentation. Washington, DC: US Department of
Health and Human Services; 1998.

39. Centers for Disease Control and Prevention. Sample design of the 1993 National
Mortality Followback Survey. Available at: http://www.cdc.gov/nchs/about/major/nmfs/
sampdsn.pdf. Accessed February 2002.

40. National Center for Health Statistics. National Health Interview Survey, 1994
(machine readable file and documentation). ICPSR version. Hyattsville, MD: US
Department of Health and Human Services, National Center for Health Statistics; 1996.

41. National Center for Health Statistics. National Health Interview Survey, 1994: Year
2000 Objectives Supplement (computer file). Hyattsville, MD: US Department of Health
and Human Services, National Center for Health Statistics; 1996.

42. World Health Organization. International Classification of Diseases, Ninth Revision.
Geneva, Switzerland: World Health Organization; 1977.

43. Hennessy S, Bilker WB, Berlin JA, et al. Factors influencing the optimal control-to-
case ratio in matched case-control studies. Am J Epidemiol. 1999;149:195-197.

44. Kleinbaum DG, Kupper LL, Morgenstern H. Measures of association. In:
Epidemiologic Research: Principles and Quantitative Methods. New York, NY: Van
Nostrand Reinhold; 1982:146-147.

45. King G, Zeng L. Estimating risk and rate levels, ratios and differences in case-con-
trol studies. Stat Med. 2002;21:1409-1427.

46. Hosmer DW, Taber S, Lemeshow S. The importance of assessing the fit of logistic
regression models: a case study. Am J Public Health. 1991;81:1630-1635.

47. Greenland S, Rothman KJ. Introduction to stratified analysis. In: Rothman KJ,
Greenland S, eds. Modern Epidemiology. 2nd ed. Philadelphia, PA: Lippincott Williams
& Wilkins; 1998:275-276.

48. Nelson DE, Grant-Worley JA, Powell K, et al. Population estimates of household
firearm storage practices and firearm carrying in Oregon. JAMA. 1996;275:1744-1749.

49. King G, Honaker J, Joseph A, et al. Analyzing incomplete political science data: an
alternative algorithm for multiple imputation. Am Political Sci Rev. 2001;95:49-69.

50. Honaker J, Joseph A, King G, et al. Amelia: a program for missing data (Windows
version). Boston, MA: Harvard University; 2001.

51. Spicer RS, Miller TR. Suicide acts in 8 states: incidence and case fatality rates by
demographics and method. Am J Public Health. 2000;90:1885-1891.

52. Saltzman LE, Mercy JA, O’Carrol PW, et al. Weapon involvement and injury out-
comes in family and intimate assaults. JAMA. 1992;267:3043-3047.

53. Zimring FE. Firearms, violence, and public policy. Sci Am. 1991;265:48-54.

7 8 2 A N N A L S  O F  E M E R G E N C Y  M E D I C I N E 4 1 : 6 J U N E  2 0 0 3

54. Kellermann AL, Mercy JA. Men, women, and murder: gender-specific differences
in rates of fatal violence and victimization. J Trauma. 1992;33:1-5.

55. Kleck G. Targeting Guns: Firearms and Their Control. New York, NY: Aldine de
Gruyter; 1997:222-223.

56. Kleck G. Targeting Guns: Firearms and Their Control. New York, NY: Aldine de
Gruyter; 1997.

57. Ludwig J, Cook PJ, Smith TW. The gender gap in reporting household gun owner-
ship. Am J Public Health. 1998;88:1715-1718.

58. Azrael D, Miller M, Hemenway D. Are household firearms stored safely? It depends
on whom you ask. Pediatrics. 2000;106:e31.

59. Litaker D. Guns and homicide in the home [letter]. N Engl J Med. 1994;330:365-366.

60. Rothman KJ, Greenland S. Precision and validity in epidemiologic studies. In:
Rothman KJ, Greenland S, eds. Modern Epidemiology. 2nd ed. Philadelphia, PA:
Lippincott Williams & Wilkins; 1998:126-127.

61. Rothman KJ, Greenland S. Case-control studies. In: Rothman KJ, Greenland S, eds.
Modern Epidemiology. 2nd ed. Philadelphia, PA: Lippincott Williams & Wilkins;
1998:133-134.

62. The Students of Dr. Mark Ferris’s Mathematical Statistics 460. Guns and homicide
in the home [letter]. N Engl J Med. 1994;330:366.

63. Sorenson SB, Wiebe DJ. Weapons in the lives of battered women. Am J Public
Health. In press.

64. Wiebe DJ, Sorenson SB. Studying homicide in the home and how guns are kept
[letter]. Inj Prev. 2002;8:345.

65. Kleinbaum DG, Kupper LL, Morgenstern H. Measures of potential impact and sum-
mary of the measures. In: Kleinbaum DG, Kupper LL, Morgenstern H, eds. Epidemio-
logic Research: Principles and Quantitative Methods. New York, NY: Van Nostrand
Reinhold; 1982:160-164.

66. Coyne-Beasley T, Johnson RM. Gun storage: who’s the right target? Pediatrics.
2001;108:e823.


