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Abstract

Background:The American Academy of Pediatrics and the American Medical Association recommend storing firearms unloaded and locked
up to minimize the chance of injury. Although these recommendations appeal to common sense, no study has yet addressed whether firearm
storage practices influence the risk of unintentional firearm injury.
Methods:Negative binomial regression analyses were used to assess the cross sectional relation between firearm storage practices and rates
of unintentional firearm death in the United States, controlling for rates of firearm prevalence, poverty and urbanization. Recently available
state-level measures of household firearm prevalence and firearm storage practices were obtained from the 2002 Behavioral Risk Factor
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urveillance System. Unintentional firearm death counts and population data came from the National Center for Health Statistics
esults: Independent of firearm prevalence, urbanization, and poverty, a disproportionately large share of unintentional firearm
ccurred in states where gun owners were more likely to store their firearms loaded, the greatest risk occurring in states where loa
ere more likely to be stored unlocked.
onclusion: Our findings provide empirical support for recommendations issued by the AMA and the AAP that firearms should b
nloaded and locked, and suggest that promoting safer storage practices could save many lives.
2005 Elsevier Ltd. All rights reserved.
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. Introduction

The circumstances involved in unintentional firearm fatal-
ties are not well characterized. Although we know that 90%
f the 11,509 Americans who died from unintentional firearm

njuries between 1991 and 2000 were male and a quarter were
nder age eighteen (CDC, 2003b), we know little about the

ype of firearm involved or how the offending firearm had
een stored.

Existing studies suggest that routine handling may play
role in both non-fatal (Stucky and Loder, 1991; Kennedy

t al., 1993; Payne et al., 1993; Annest et al., 1995; Go
eVivo et al., 1995; Sinauer et al., 1996) and fatal (Morrow
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and Hudson, 1986; Cole and Patetta, 1988; Carter, 1
Wintemute et al., 1989; Grossman et al., 1999) events. Fo
example, among children most fatal events occurred w
children were playing with guns they had found, and i
least twenty percent of the cases the child who fired the
did not know it was loaded (Wintemute et al., 1987, 1989). Of
note, firearms owned by relatives or friends living in hou
holdsother thanthe victim’s accounted for half (49%)
all unintentional injuries and deaths (Grossman et al., 1999),
suggesting that an ideal measure of firearm exposure
tures firearm-related characteristics (e.g. storage prac
not only in the victim’s home, but also in the community

Two empirical studies (a case–control study (Wiebe, 2003)
and an ecologic study (Miller et al., 2001)) have evaluate
whether household firearm ownership is related to the ra
unintentional firearm deaths in the United States. Both fo
a strong relation between household firearm ownership
rates of unintentional firearm deaths. To our knowledg
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study has yet examined the relation between firearm storage
practices and unintentional firearm deaths. Nonetheless, the
American Academy of Pediatrics (1996)and theAmerican
Medical Association (1995)have issued specific recommen-
dations regarding how firearms ought to be stored to min-
imize the chance of firearm injury. To our knowledge, the
current study is the first to investigate the empirical basis of
these recommendations with respect to unintentional firearm
deaths.

2. Methods

2.1. Dependent variable: mortality data

The study group consisted of all unintentional firearm
deaths (International Classification of Diseases, Ninth Re-
vision JICD-91, E922.0-E922.9; Tenth Edition W32-W34)
in the US between 1991 and 2000. Death counts and cor-
responding population data come from the National Center
for Health Statistics (NCHS) mortality files (CDC, 2003a,b).
Firearm deaths of undetermined intent were excluded from
analyses (ICD-9 E985, ICD-10 Y22-Y24). Mortality data
were collected by sex and age (0–17, 18–35, and over 35
years of age). Since unintentional firearm deaths are a rela-
tively rare event, mortality rates were averaged over the 10-
y
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tions: (1) “Are any firearms kept in or around your home?”;
(2) “Are any of these firearms now loaded?”; and (3) “Are
any of these loaded firearms also unlocked? By unlocked, we
mean you do not need a key or combination to get the gun or
to fire it. We don’t count a safety as a lock”.

In addition to adjusting for firearm prevalence, multivari-
ate analyses adjust for the percentage of a state’s population
living below the poverty level and the percentage living in
urban areas, both of which are ecologic characteristics as-
sociated with unintentional firearm death rates (Baker et al.,
1988). Poverty and urbanization for each state correspond to
the mean values for each state from the 1990 Census and the
2000 Census.

2.3. Statistical analysis

We chose to model the data as event rates with the nu-
merator being the number of unintentional firearm deaths
in each state and the denominator being the population of
that state over the study period (the person–time exposure).
Therefore, the dependent variable is in the form of non-
negative integer values. We use a negative binomial regres-
sion model for discrete outcome data to assess the association
between household firearm storage practices and uninten-
tional firearm deaths. The primary outcome is the number of
unintentional firearm deaths per state over the 10-year study
p as a
w 89).
B , neg-
a bet-
t dels,
w
e es
i e bi-
n ,
1 wan,
2 witz
e all
m pula-
t ing
i kage
s

arm
d a-
r d
n
a
.

F

w the
X the
s S esti-
m ge of
a ntage
o del
ear study period.

.2. Independent variables

Our primary objective was to assess the relation
ween statewide firearm storage practices and rate
nintentional firearm deaths, holding firearm prevale
onstant. Data on firearm storage practices and fir
revalence were obtained from the 2002 Behavioral
actor Surveillance System (BRFSS), an ongoing telep
urvey with over 200,000 adult respondents annually
RFSS questionnaires and data are available on the In
t www.cdc.gov/brfss. The median response rate, based

he number of individuals reached by telephone was 76
nd ranged from 62.5% in California to 99.8% in Minnes
CDC, 2003c). Data are representative at the state
ational level (CDC, 2002). The BRFSS uses a comp
ampling and weighting scheme described in detail
here (CDC, 2002). The minimum number of respondents
002 among the 50 states for the firearm prevalence que
as 2438 (range 2438–13,072) and the greatest fracti

espondents who refused to answer the firearm ques
as 8.6% (range 0.7–8.6%). These data are the first and

nformation ever collected about firearm storage prac
cross all US states. California is excluded from anal
ecause data on gun storage practices were not collec
manner corresponding to the uniform collection of sto
ractice data from the remaining forty-nine states.

Estimates of state level firearm ownership and sto
ractices come from responses to the following three q
eriod, 1991–2000, that had a range for the population
hole from 5 to 1029 with a mean of 230.8 (variance of 54
ecause the variance was much greater than the mean
tive binomial models are more appropriate since they

er account for such overdispersion than do Poisson mo
hich assume that the mean and variance are equal (Byers
t al., 2003; Lawless, 1987). Several epidemiologic studi

n this and other peer-review journals have used negativ
omial models in such instances (Glynn et al., 1993; Miaou
994; Laberge-Nadeau et al., 1996; Abdel-Aty and Rad
000; Scuffham et al., 2000; Webster et al., 2004; Marko
t al., 2003). Independent control variables included in
odels (models 1–3) are the percentage of a state’s po

ion living below the poverty level and the percentage liv
n urban areas. All analyses use STATA statistical pac
oftware (StataCorp, 2003).

Models assume that the number of unintentional fire
eaths,Yi , follows a negative binomial distribution with p
ametersα andκ (with 0≤ α ≤ 1 andκ ≥ 0). The expecte
umber of unintentional firearm deaths,Yi , occurring within
given statei defined by a known set of predictorsXi1, Xi2,

. ., Xiq, is

unction(Yi) = β0 + β1Xi1 + β2Xi2 + · · · + βqXiq

hereβ0, β1, . . ., βq are the regression coefficients and
is are the independent variables. All models include
ame three state-level independent variables: the BRFS
ate of household firearm ownership rates, the percenta
state’s population living in urban areas, and the perce
f a state’s population living below the poverty level. Mo

http://www.cdc.gov/brfss
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Table 1
Gun prevalence and storage practices (2002) and unintentional firearm death rate (1991–2000), by state

State Percent of individuals
living in households
with guns (column A)

Percent of column
A who store guns
loaded (column B)

Percent of column A who
store guns loaded and
unlocked (column C)

Percent of all persons living in
households with loaded firearms
(column A× column B)

Unintentional firearm
death rate (per
100,000 person-years)

Rhode Island 0.14 0.16 0.11 0.02 0.05
Massachusetts 0.13 0.13 0.03 0.02 0.06
New Hampshire 0.31 0.13 0.07 0.04 0.12
Connecticut 0.16 0.14 0.07 0.02 0.13
New Jersey 0.11 0.14 0.08 0.02 0.13
Utah 0.46 0.12 0.07 0.06 0.13
Hawaii 0.10 0.17 0.10 0.02 0.14
New York 0.18 0.13 0.07 0.02 0.18
Maryland 0.22 0.18 0.11 0.04 0.19
Maine 0.42 0.08 0.05 0.03 0.20
Florida 0.27 0.34 0.19 0.09 0.21
Delaware 0.27 0.24 0.13 0.06 0.23
Minnesota 0.45 0.08 0.05 0.04 0.23
Illinois 0.21 0.14 0.07 0.03 0.26
Michigan 0.41 0.14 0.08 0.06 0.26
Pennsylvania 0.37 0.15 0.10 0.06 0.27
Iowa 0.44 0.09 0.06 0.04 0.28
Washington 0.37 0.20 0.12 0.07 0.29
Wisconsin 0.45 0.08 0.05 0.04 0.30
California 0.21 * * * 0.32
North Dakota 0.55 0.06 0.04 0.03 0.33
Colorado 0.35 0.20 0.12 0.07 0.34
Virginia 0.37 0.24 0.14 0.09 0.41
All States 0.33 0.22 0.13 0.07 0.43
Nevada 0.33 0.30 0.18 0.10 0.45
Vermont 0.46 0.08 0.05 0.04 0.45
Ohio 0.32 0.17 0.11 0.05 0.46
Nebraska 0.42 0.10 0.06 0.04 0.48
Oregon 0.40 0.26 0.18 0.10 0.48
Indiana 0.40 0.24 0.15 0.10 0.54
Kansas 0.44 0.16 0.10 0.07 0.54
Texas 0.36 0.34 0.22 0.12 0.54
New Mexico 0.40 0.25 0.17 0.10 0.56
Georgia 0.41 0.33 0.18 0.14 0.57
Arizona 0.37 0.31 0.21 0.11 0.58
North Carolina 0.42 0.28 0.17 0.12 0.58
West Virginia 0.58 0.16 0.09 0.09 0.58
Oklahoma 0.45 0.29 0.17 0.13 0.64
Missouri 0.46 0.22 0.12 0.10 0.67
South Carolina 0.46 0.30 0.18 0.14 0.73
Idaho 0.57 0.21 0.14 0.12 0.77
South Dakota 0.60 0.10 0.07 0.06 0.77
Montana 0.62 0.21 0.14 0.13 0.91
Arkansas 0.59 0.27 0.18 0.16 0.94
Louisiana 0.46 0.29 0.16 0.13 0.98
Kentucky 0.49 0.25 0.14 0.12 1.09
Wyoming 0.63 0.21 0.14 0.13 1.16
Tennessee 0.47 0.26 0.14 0.12 1.29
Alabama 0.58 0.34 0.22 0.20 1.48
Mississippi 0.55 0.29 0.16 0.16 1.49
Alaska 0.61 0.25 0.18 0.15 2.37

1 has only these three independent variables. In model 2 adds
to model 1 a fourth independent variable: the percentage of
individuals in households with loaded firearms. In model 3,
variable representing the percentage of individuals in house-
holds with loaded firearms is disaggregated into two mutu-
ally exclusive and exhaustive independent variables: those in
households in which at least one firearm is both loaded and

unlocked and those households in which all loaded firearms
are locked away.

The magnitude of association between the rate of unin-
tentional firearm death and our key independent variables are
expressed using incident rate ratios (IRRs). Incidence rate ra-
tios (IRR) are obtained by exponentiating the beta coefficients
associated with each independent variable in the regression.
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Table 2
Incident rate ratios from negative binomial regression models for unintentional firearm death across the United States (N= 49 states)

Model 1 firearm
prevalence

Model 2 firearm prevalence and
storing firearms loaded (storage
reference: unloaded)

Model 3 firearm prevalence and storing firearms loaded
and unlocked (storage reference: unloaded)

All ages
Firearm Prevalence 1.05*** (1.03, 1.06) 1.03*** (1.02, 1.05) 1.03*** (1.02, 1.04)

Loaded – 1.04*** (1.03, 1.06) –
And locked – – 1.02 (0.97, 1.07)
And unlocked – 1.06*** (1.02, 1.10)

Age 0–17
Firearm prevalence 1.06*** (1.04, 1.08) 1.04*** (1.03, 1.06) 1.04*** (1.02, 1.06)

Loaded – 1.04*** (1.02, 1.05) –
And locked – 1.02 (0.96, 1.08)
And unlocked – 1.05*** (1.01, 1.08)

Age 18–35
Firearm prevalence 1.04*** (1.02, 1.06) 1.03** (1.01, 1.04) 1.02** (1.01, 1.04)

Loaded – 1.04*** (1.02, 1.06) –
And locked – 1.01 (0.95, 1.07)
And unlocked – 1.06*** (1.04, 1.09)

Age 36 and older
Firearm prevalence 1.05*** (1.03, 1.07) 1.03*** (1.01, 1.05) 1.03** (1.01, 1.05)

Loaded – 1.04*** (1.02, 1.07) –
And locked 1.03 (0.97, 1.10)
And unlocked 1.05* (1.01, 1.10)

Males all ages
Firearm prevalence 1.05*** (1.03, 1.06) 1.03*** (1.02, 1.05) 1.03*** (1.02, 1.04)

Loaded – 1.04*** (1.02, 1.05)
And locked 1.02 (0.97, 1.07)
And unlocked 1.05** (1.02, 1.08)

Females all ages
Firearm prevalence 1.06*** (1.03, 1.09) 1.03** (1.01, 1.05) 1.03* (1.00, 1.05)

Loaded – 1.07*** (1.04, 1.10)
And locked 1.07 (0.99, 1.15)
And unlocked 1.07** (1.02, 1.13)

All models adjust for state level poverty and urbanization. Multivariate incident rate ratios (IRR) express the percentage increase in the rate of unintentional
firearm deaths for each 1-percentage point increase in the given type of exposure. Model 1 relates unintentional firearm death rates to household firearm
prevalence. Model 2 adds to model 1 another independent variable: the % individuals in households with loaded firearms. Model 3 adds to model 1 two mutually
exclusive independent variables: (1) the % individuals in households in which at least one firearm is both loaded and unlocked, and (2) the % of individuals in
households in which all loaded firearms are locked away.

∗ P< 0.05.
∗∗ P< 0.01.

∗∗∗ P< 0.001.

Incidence rate ratios estimate the percentage increase in the
rate of unintentional firearm deaths for each unit (1%) in-
crease in the storage practice of interest (i.e., storing firearms
loaded; loaded and unlocked). For example, a multivariate
IRR of 1.03 indicates that the rate of unintentional firearm
deaths is 3% higher in states where, say, 21% of gun owning
households store their firearms loaded compared with states
where 20% of gun owning households store their firearms
loaded (holding firearm prevalence, urbanization and poverty
constant).

To illustrate our main finding, we compare unintentional
firearm deaths over our study period in the 10 states where the
largest fraction of gun owners choose to store their firearms
loaded to the six states where the smallest fraction of gun

owners store their firearms loaded. To control for firearm
prevalence in this simple comparison, states were grouped
such that the total number of individuals living in households
with firearms is approximately equal in each grouping.

3. Results

Eleven thousand five hundred and nine (11,509) people
died from unintentional firearm injuries over the 10-year
study period. The rate of unintentional firearm fatalities was
0.43 per 100,000 person-years and ranged from 0.05 (Rhode
Island) to 2.37 (Alaska) per 100,000 person-years (Table 1).
In 2002, 33% of Americans lived in households with firearms
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Table 3
Loaded guns and unintentional firearm deaths: a comparison of extremes (1991–2000)

Six states with the highest % of
individuals living in households with
loaded firearms

Ten states with the lowest % of
individuals living in households with
loaded firearms

Total population (person-years) (million) 211.0 567.2
Number of person-years in a household with a gun (million) 105.2 115.3
Number of person-years in a household with a loaded gun (million) 32.7 13.6
Total unintentional firearm deaths 2098 1041
Unintentional firearm deaths age 0–17 501 243

States are chosen such that the total number of individuals in households with firearms is approximately equal in both groupings. The six states where the highest
proportion of individuals live in households with loaded firearms are Alabama, Mississippi, Arkansas, Alaska, South Carolina, and Georgia. The 10 states with
the smallest proportion are New Jersey, Massachusetts, Hawaii, Rhode Island, Connecticut, New York, Illinois, Maine, North Dakota, and Wisconsin.

(10% in Hawaii to 63% in Wyoming), 22% of whom lived in
households with loaded guns (6% in North Dakota to 34% in
Texas), and 13% of whom lived in households with guns that
were loaded and unlocked (3% in Massachusetts to 22% in
Alabama).

A disproportionately large share of unintentional firearm
fatalities occurred in states where gun owners were more
likely to store their firearms loaded or loaded and unlocked
(Table 2, models 2 and 3). This finding held within each age
group and for both sexes, even after controlling for rates of
firearm prevalence, urbanization and poverty.

Independent of firearm prevalence, urbanization and
poverty, the unintentional firearm death rate was, on aver-
age, 4% higher in states where an additional 1-percentage
point of gun owning households stored their guns loaded
(IRR = 1.04,P< 0.001,Table 2, model 2). This 4% increase
in the rate of unintentional firearm deaths attributable to a
1-percentage point increase in the proportion of households
that store their firearms loaded appears to reside largely and
significantly in those households in which at least one of the
loaded firearm is also unlocked (Table 2, model 3): the un-
intentional firearm death rate was 6% higher in states where
an additional 1-percentage point of gun owning households
stored firearms loaded and unlocked (IRR = 1.06,P< 0.001,
Table 2, model 3), compared to households in which all
firearms were unloaded. Those household in which all loaded
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former (Table 3). Since more than twice as many people lived
in the group of 10 states (as lived in the six states), the actual
mortality rate ratio is closer to 5–1.

Firearm storage practices (and firearm prevalence) esti-
mates from the 2002 BRFSS were significantly and indepen-
dently related to the cross sectional pattern of unintentional
firearm death rates foreachof the 10 years of our study period.
For example, using 2001 mortality data for the population as
a whole we found, independent of firearm prevalence, that
the unintentional firearm death rate was 4% higher in states
where an additional 1-percentage point of gun owning house-
holds stored guns loaded (IRR = 1.04, 95% CI: 1.02, 1.05, not
shown).

4. Conclusion

For a given level of firearm prevalence, in states where
fewer firearm owners store their guns loaded rates of unin-
tentional firearm deaths are lower. Areas where gun owners
tend to store firearms both loaded and unlocked have the
highest rates of unintentional firearm deaths. These findings
are consistent with previous work suggesting that many un-
intentional firearm shootings occur during routine handling,
often when the shooter mistakenly believes the firearm is not
loaded (Morrow and Hudson, 1986; Cole and Patetta, 1988;
C 996;
G
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rearms were stored locked away did not appear to ha
ignificantly elevated risk of unintentional firearm deaths
tive to households with unloaded guns (IRR = 1.02,P> 0.05,
able 2model 3).

Since 7.3% of US households with firearms store at
ne of their guns loaded (and 4.3% store at least one fir

oaded and unlocked), a 1-percentage point increase
revalence of loaded (loaded and unlocked) firearms r
ents, on average, a 14% (23%) increase in exposure to l
loaded and unlocked) firearms in the home.

Over the 10-year study period approximately twice
any people died from unintentional firearm injuries in

ix states where firearm owners were most likely to store
rearms loaded (2098 deaths), compared with the 10 s
here firearm owners were least likely to store their firea

oaded (1041 deaths), even though the number of people
ived in households with firearms was slightly lower in
arter, 1989; Wintemute et al., 1989; Sinauer et al., 1
rossman et al., 1999).
The association between storage practices and rates

ntentional firearm death does not differ significantly ac
ge groups or sex. One possible explanation for this is
hildren are not the only ones who have difficulty know
hether a firearm is loaded. Consistent with this possibil
ational survey of adults found that 20% of adults incorre
elieved that a pistol with its magazine removed could
e shot and an additional fourteen percent were unsur
ote, 28% of adults who answered incorrectly or were un

ived in gun-owning households (Vernick et al., 1999). Simi-
arly, a study of all accidental firearm deaths in Maryland

ilwaukee concluded that 20% of the fatalities might h
een prevented with loaded chamber indicators (Vernick et
l., 2003). The incipient National Violent Death Reporti
ystem (NVDRS) will eventually provide detailed inform
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tion about the circumstances involved in violent deaths, in-
cluding unintentional firearm deaths, and may help explain
our findings (Azrael et al., 2003).

Our firearm prevalence and storage practice data come
from the 2002 BRFSS, whereas mortality data pertain to the
years 1991–2000. The effect of this temporal discrepancy on
our results is less of a concern for our prevalence estimates
than for our storage practices estimates, since guns are highly
durable. In fact, existing data show that the cross sectional
pattern of household firearm ownership tends to be quite con-
stant over time (Azrael et al., 2004).

Nothing, however, is known about the cross sectional sta-
bility of firearm storage practices over time. Indeed, 2002
is the only year such data were systematically collected in
the United States. Consistent with the possibility that storage
practices may also have remained fairly constant over the
study period, we found that firearm storage practices (and
firearm prevalence) estimates from the 2002 BRFSS were
significantly and independently related to the cross sectional
pattern of unintentional firearm death rates foreachof the 10
years of our study period.

As with other group level analyses, our findings are subject
to the ecologic fallacy (i.e., drawing causal inferences from
group data to individual risk factors) (Piantadosi et al., 1988).
Nevertheless, an ecologic approach to studying the relation
between firearm storage practices and unintentional firearm
d l ad-
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t s not
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t nt to
s alf of
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l
e

e first
s tices
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a cross
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or long guns, how many firearms (or loaded firearms) were
in the homes, the caliber of gun(s), etc. Likewise, because
there is no routine collection of this kind of information in
any publicly available data system, we do not know whether
individuals who stored their gun(s) loaded tend to (1) have a
greater number of firearms in their household than individu-
als who store their guns unloaded, or (2) used their guns more
often (e.g. to hunt or target shoot).

Despite these limitations, our findings lend direct empir-
ical support to recommendations by theAmerican Medical
Association (1995)and the American Academy of Pediatrics
to store firearms unloaded and locked.
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