
C International Epldemiological Association 1998 Printed in Great Britain International Journal of Epidemiology 1998;27:214-221

Firearm-related deaths in the United States
and 35 other high- and upper-middle-
income countries
EG Krug, KE Powell and LL Dahlberg

Background The Forty-Ninth World Health Assembly recently declared violence a worldwide
public health problem. Improved understanding of cross-national differences is
useful for identifying risk factors and may facilitate prevention efforts. Few cross-
national studies, however, have explored firearm-related deaths. We compared
the incidence of firearm-related deaths among 36 countries.

Methods Health officials in high-income (HI) and upper-middle-income countries (UMI)
with populations greater than one million were asked to provide data using ICD-9
codes on firearm-related homicides, suicides, unintentional deaths and deaths of
undetermined intent, as well as homicides and suicides for all methods combined.
Thirty-six (78%) of the 46 countries provided complete data. We compared age-
adjusted rates per 100 000 for each country and pooled rates by income group
and geographical location.

Results During the one-year study period, 88 649 firearm deaths were reported. Overall
firearm mortality rates are five to six times higher in HI and UMI countries in the
Americas (12.72) than in Europe (2.17), or Oceania (2.57) and 95 times higher
than in Asia (0.13). The rate of firearm deaths in the United States (14.24 per
100 000) exceeds that of its economic counterparts (1.76) eightfold and that of
UMI countries (9.69) by a factor of 1.5. Suicide and homicide contribute equally
to total firearm deaths in the US, but most firearm deaths are suicides (71%) in
HI countries and homicides (72%) in UMI countries.

Conclusions Firearm death rates vary markedly throughout the industrialized world. Further
research to identify risk factors associated with these variations may help improve
prevention efforts.

Keywords Firearms, violence, suicide, homicide, cross-cultural comparison, developed
countries, epidemiology
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In 1990, self-directed and interpersonal violence caused 2.7%
of the world's disability adjusted life years (DALY) lost—the
numbers of years of life lost from premature death combined
with the loss of health from disability.1 This percentage is pro-
jected to increase to 4.2% in 2020. In view of what it described
as a dramatic increase in the incidence of intentional injuries,
the Forty-Ninth World Health Assembly recently adopted a
resolution declaring violence a leading worldwide public
health problem and urged member states to assess and develop
science-based solutions to the problem.2

Violence can be defined as the intentional use of physical
force—against another person or against oneself—which results

Division ol Violence Prevention. National Center for Injury Prevention and
Control, Centers for Disease Control and Prevention, Mailstop K60, 4770
Buford Hwy, Atlanta. GA 30J41. USA.

in or has a high likelihood of resulting in injury or death.3

Much of the previous research conducted on violent deaths has
focused on homicide or suicide. In some countries, firearms are
the most frequently used weapons in homicide and suicide. This
is particularly true in the United States, where 71% of homi-
cides and 61% of suicides are firearm-related.4 In 1993, a fire-
arm was involved in the deaths of 39 595 people in the US (15.6
per 100 000), making firearm injuries the seventh leading cause
of death.3

Most of the research on firearm-related deaths has focused on
individual countries.6"'' To our knowledge, only two descript-
ive epidemiological cross-national studies of firearm mortality
have been published; one used the same data source as this
paper and was restricted to children <15 years old,12 and the
other was restricted to firearm homicides among males 15-24
years of age.13 International comparisons of firearm-related
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fatality rates are not common for two main reasons. First, fire-
arm mortality is rarely tabulated as a summary measure, but
rather, the individual components (e.g. firearm homicide) usually
are included in the categories of homicide, suicide, uninten-
tional deaths and deaths of undetermined intent. Second, within
those categories, the information on the firearm components
are not separately provided in the World Health Organization's
World Health Statistics Annual}4 the most common source of data
for cross-national comparisons of mortality rates. In addition, it is
not known if all countries collect information on firearm-
related deaths.

International comparisons, however, may provide important
insights into the magnitude of and risk factors for a health
problem. These risk factors can be further studied and may lead
to new prevention strategies. In this report, we describe firearm-
related deaths in 36 countries and address several questions:
How do firearm-related death rates in the US compare with
rates in other countries of similar and lower economic status?
Are firearm-related death rates similar among geographical
regions? Do sex- and age-specific firearm death rates vary across
income groups? We also place firearm death rates into the broader
context of violent deaths by presenting overall homicide and
suicide rates.

Methods
Inclusion criteria
Each year the World Bank classifies all nations by income based
on their gross national product (GNP). Of the 208 nations
included in the 1994 World Development Report,15 39 (19%) were
classified as highly industrialized or having high-income eco-
nomies (1992 GNP per capita s=$8356), 43 (21%) were classified
as having upper-middle-income economies (1992 GNP per capita
= $2696 to $8355), 71 (34%) were classified as having lower-
middle-income economies (1992 GNP per capita = $676 to $2695),
and 55 (26%) were classified as having low-income economies
(1992 GNP per capita «$675). We selected those countries in the
high-income (HI) and upper-middle-income (UM1) groups on the
assumption that they have the most accurate mortality surveil-
lance systems. We further restricted our choice to those countries
having a total population of more than one million. Forty-six
countries (in this analysis Hong Kong, Northern Ireland and
Taiwan were considered as countries) met our inclusion criteria.

Data collection
In January and February 1996, we wrote to the Ministry of
Health or the National Institute for Statistics in each of these
46 countries. For the most recent year available, we requested
the population count, the number of homicides by firearm
(International Classification of Diseases, 9th Revision [ICD-9]16

codes E965.0-E965.4), suicides by firearm (codes E955.O-
E955.4), unintentional deaths by firearm (codes E922.0-E922.9),
deaths by firearm for which intentionality was undetermined
(codes E985.0-E985.4), as well as the number of homicides
(codes E960.0-E969) and suicides (codes E950.0-E959) by all
methods combined. We solicited the information for males
and females and for 5-year age groups. A reminder letter was
sent to the countries that had not replied after 2 months and,
if necessary, a second reminder was sent after 4 months.
Countries that had not replied after 5 months were contacted by

telephone. We did not request information on deaths attributed
to legal intervention (codes E970.0-E978) or operations of war
(codes E990-E999).

Response rate
Thirty-six (78%) of the 46 countries provided complete data;
4 (9%) countries sent incomplete data; and the remaining
6 (13%) countries did not reply. Mexico is included in the
36 countries even though it did not report on firearm deaths for
which intentionality could not be determined, because firearm
deaths of undetermined intentionality represent on average
<8% of the total firearm mortality of each country. Twenty-
six (96%) of the 27 HI countries and 10 (53%) of the 19
UMI countries with populations exceeding one million are in-
cluded in our study. Eighty-three per cent of the 36 countries
provided data for 1993 or 1994, and the remaining countries
provided data for 1990, 1991, 1992, or 1995 (Table 1). The 36
countries in this study have a combined population of 1.2
billion people.

Data analysis
We calculated crude and age-adjusted rates of death per 100 000
for each country for firearm deaths for all reasons combined,
homicides by firearm, suicides by firearm, unintentional deaths
by firearm, deaths by firearm for which intentionality is un-
determined, as well as homicides and suicides by all methods
combined. We adjusted rates for age by using the standard
world population from the 1994 World Health Statistics Annual.14

We also calculated sex- and age-specific rates and pooled rates
by income group (HI and UMI). In addition, we calculated rates
by geographical region in those regions where the population
living in HI and UMI countries was well represented in our
study e.g. 96% of the population living in HI and UMI countries
in the Americas is represented in our study; 97% in Europe; and
100% in Asia and Oceania. Three countries (Mauritius, Israel
and Kuwait) are included in our study, but not in the geo-
graphical comparison. Data from the US are presented separ-
ately from the pooled rates of the other countries in the HI
group because of the exceptionally high US rates of firearm
mortality. All rates presented in this report are age-adjusted.

Results
Homicide and suicide rates
During the one-year study period, the 36 countries combined
reported 82 465 homicides (6.9 per 100 000) and 130 546 sui-
cides (10.9 per 100 000). Homicide rates for individual countries
range from 0.55 in England and Wales to 25.12 in Estonia.
Suicide rates range from 1.46 in Kuwait to 34.05 in Estonia
(Table 1). Some countries reported extremely high violent death
rates (see the boxplots in Figure 1). The highest rates for
homicide are mainly found in Estonia, Mexico, Brazil and the
US. The highest suicide rates were reported by Estonia, Hungary
and Slovenia, the only countries from Eastern Europe that are
included in our study.

A firearm was involved in over half of the deaths classified as
homicides in Northern Ireland (86%), Italy (74%), the US (71%),
Brazil (56%), Mexico (56%) and Greece (51%). In the remain-
ing countries a firearm was involved in less than half the hom-
icides reported. A firearm was involved in almost one-quarter
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Figure 1 Distribution of homicide, suicide, and firearm death rates in
36 high- and upper-middle-income countries

NB: (1) Data for 1994 or most recent year available. (2) The boxplots above
illustrate the distribution of homicide, suldde and firearm death rates by
country. The lines within the boxes indicate the median value, the top and
bottom lines of the boxes represent the 75th and 25th percentiles respectively.
The Interquartile range (IQR) equals the difference between these two values.
The two lines outside the boxes, the whiskers, extend to the smallest and
largest observations only If these values are less than 1.5 x IQR beyond the
quartiles. Outliers are values beyond this limit.

(24%) of the deaths classified as suicides in all of the countries.
A firearm was involved in less than half the suicides reported
by each of the countries individually, with the exception of the
US (61%).

Firearm-related deaths

Variations by country
During the one-year study period, 88 649 firearm deaths were
reported by the 36 countries, for a pooled rate of 7.4 deaths per
100 000. Firearm death rates for individual countries vary
widely. For example, age-adjusted rates of firearm mortality
death range from 0.05 per 100 000 in Japan to 14.24 in the US
(Table 1). Firearm homicide rates range from a low of 0.00 in
Mauritius to 10.35 in Mexico. Firearm suicide rates range from
0.02 in South Korea to 6.30 in the US. Unintentional firearm
death rates range from 0.00 in Hong Kong, Japan, Kuwait, and
Singapore to 1.32 in Mexico.

Variations by geographical region
When responding countries are grouped by region, firearm mor-
tality is highest in the Americas and lowest in Asia (Figure 2). In
fact, the overall firearm mortality rate is five to six times higher
in the Americas (12.72 per 100 000) than in Oceania (2.57) or
Europe (2.17), and it is 95 times higher than in Asia (0.13). In
the Americas most (58%) firearm deaths are homicides.
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Brazil

Mexico
Argentina
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Taiwan
Singapore

Hong Kong
South Korea

Japan

Estonia
Northern-Ireland

Finla- .
Switzerland

France
Norway
Aust
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Denmark
Sweden
Greece
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Hunga ;

Ireland
Spain

Netherlands
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England/Wales
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• Firearm death rates per 100.000
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Figure 2 Firearm death rates, by country and region, in 36 high- and upper-middle-income countries

NB: Data for 1994 or most recent year available.
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HI* USA UMI'

Firearm Deaths
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Homicides
• Firearm CUNon Firearm

HI* USA UMI*

Suicides

Figure 3 Firearm death, homicide, and suicide rates, by income, in
36 high- and upper-middle-income countries

* HI indicates high-income countries, and UMI indicates upper-middle-income
countries
NB: Data for 1994 or most recent year available.

Suicides make up most of the firearm deaths in Europe (69%)
and Oceania (80%). In Asia, 35% of the firearm deaths are
reported as homicides, 37% as suicides, 20% as unintentional
deaths and 8% as deaths of undetermined intent.

Rates by income group
The rate of firearm death in the US (14.24 per 100 000) is eight
times the pooled rate for the other HI countries (1.76) and is
1.5 times the pooled rate for the UMI countries (9.69) (Figure 3).
Firearm homicide rates are about 19 times higher in the US
(7.11) and UMI countries (6.89) than in HI nations (0.37). In
comparison, the US firearm suicide rate (6.30) is five times
higher than the rate for HI nations (1.21) and is nearly seven
times higher than the rate for UMI nations (0.91).

Comparing the proportion of homicides and suicides that in-
volve a firearm, the US emerged as having a far greater propor-
tion than either HI or UMI countries. Seventy-one per cent of
homicides in the US involve a firearm, compared with 33% in
HI countries and 54% in UMI countries. Sixty-one per cent of
suicides in the US involve a firearm, compared with 11% in HI
countries and 17% in UMI countries.

When we assessed the proportion of firearm deaths that are
homicides and suicides, we observed marked variations in the
income groups (Figure 4). In the US, the proportion of firearm

deaths that are homicides (46%) is almost equal to the propor-
tion that are suicides (48%). In the HI countries, however, the
proportion of firearm deaths that are suicides is much greater
(71%) than the proportion of such deaths that are homicides
(19%). The reverse is true for UMI countries, where most
firearm deaths are homicides (72%) rather than suicides (9%).

Variations by age and sex
Age and sex patterns of firearm mortality in HI and UMI coun-
tries are similar, differing only in magnitude. Firearm homicide
and unintentional death rates are higher in younger age groups
and firearm suicide rates are higher for older adults. However,
when compared with their counterparts in the HI and UMI
groups, the young people (15-24 year age group) in the US
stand out in several ways. In the US, the 15-24 year age group
has the highest age-specific rate of firearm homicide, whereas
the rate is higher in the 25-34 year age group in HI and UMI
countries (Figure 5). The 15-24 year age group in the US also
has the highest age-specific rate of unintentional firearm deaths,
but this is not the case in HI countries (Figure 6). Finally, in the
US, firearm suicide rates among people 15-24 years old are
higher than for those 25-54 years old (Figure 7). The reverse is
true in the HI and UMI groups.

Although firearm mortality rates among males uniformly
exceed rates among females, the rates among females are relat-
ively closer to the rates among males in the US than in either
the HI or UMI group. The male/female firearm mortality ratio in
the US (6.0) is two-thirds to almost one-half the ratio in the HI
(9.7) and UMI (10.9) countries. Five countries, however, have
a lower male/female firearm mortality ratio than the US: Hong
Kong (1.9), Kuwait (2.3), South Korea (3.2), Portugal (4.4) and
Argentina (4.9).

Discussion
Our study explores the incidence of firearm-related deaths among
36 wealthier nations of the world. It is, to our knowledge, the
first cross-national comparison of firearm death rates among
males and females of all ages. During a one-year period, a fire-
arm was involved in almost 90 000 deaths in the 36 countries
included in our study. We observed marked variations in fire-
arm deaths among these nations whether considered individu-
ally or grouped by income or geographical location. Among
these 36 countries, the US is unique in several aspects. It has the

High-Income Countries United States Upper-Middle-lncome Countries

4.8%

Homicide I Suicide • Unintentional • Of Undetermined Intent

Figure 4 Proportion of firearm deaths, by cause and income, in 36 high- and upper-middle-income
countries

NB: Data for 1994 or most recent year available
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Figure 5 Firearm-related homicide rates by age, 36 high- and upper-middle-income countries by
income group

* HI indicates high-income countries, and UMI indicates upper-middle-income countries
NB. Data for 1994 or most recent year available

Rates/100,000

1.5

0.5

Total 0-4 5-14 15-24 25-34 35-44 45-54 55-64 65-74 75+
Age (years)

• H I * aUnited States

Figure 6 Unintentional firearm-related death rates by age, 36 high- and upper-middle-income
countries by income group

* HI indicates high-income countries, and UMI indicates upper-middle-income countries.
NB- Data for 1994 or most recent year available.

highest overall firearm mortality rate, a high proportion of
homicides that are the result of a firearm injury, and the highest
proportion of suicides that are the result of a firearm injury. The
US also has a relatively low male/female firearm mortality rate
ratio—a finding which indicates that the difference between
the rates for males and females is smaller in the US than in most

other countries. Finally, the age-specific patterns indicate that
the impact of all causes of firearm mortality—homicide, suicide,
and unintentional injuries—is more pronounced in the younger
age groups (<25 years old) in the US than in other nations.

Particularly high firearm mortality rates were noted among
four nations in the western hemisphere (the US, Mexico, Brazil
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Figure 7 Firearm-related suicide rates by age, 36 high- and upper-middle-income countries by income
group

* HI indicates high-income coumnes, and UMI indicates upper-middle-income countries.
NB: Data for 1994 or most recent year available.

and Argentina). In contrast, firearm mortality among the five
participating Asian countries (Japan, South Korea, Hong Kong,
Singapore and Taiwan) was very low. Higher rates of homicide
in general and firearm homicide in particular were noted among
UMI countries. HI countries reported low Firearm suicide rates,
but overall rates of suicide were otherwise comparable with the
US rate.

The explanations for these observations is undoubtedly
complex and in need of further study. A few areas worthy of
pursuit have been identified, and future research is likely to
expand the list. For the purposes of discussion, factors influenc-
ing firearm injury mortality can be separated into three general
areas that are not mutually exclusive: factors that influence the
use of a firearm, factors that influence the homicide rate, and
factors that influence the suicide rate. Factors that have been
suggested to influence the use of firearms include the social
norms concerning the use of firearms, the availability of fire-
arms in general, and the types of firearms that people choose to
use.17"21 Social norms may play a role in firearm-related mortal-
ity, homicide and suicide, in part by influencing if a weapon
is used and what type of weapon is used. The use of firearms
should be low in places where strong social norms inhibit
people from using firearms. Social norms, for example, may be
part of the reason for the very low rates of firearm mortality in
all five Asian countries participating in our study.

Firearm availability varies greatly among nations: among
the 14 countries in our study for which such data are available,
the proportion of households possessing a firearm ranges from
< 1 % in Japan to 48% in the US.17 A positive association be-
tween firearm ownership and rates of firearm homicide, firearm
suicide, and overall suicide has been reported.17'18'21'22 Research
findings are mixed, however, about the relationship between
firearm ownership and overall homicide rates.1 7 '2 3 2 4 Because

firearms are more lethal than other weapons, such as knives,
choosing a firearm as a weapon increases the likelihood of a
fatal outcome.19 The types of firearms available may also influ-
ence mortality rates, because some models are more likely to be
lethal than others.20

Firearm mortality rates may also be influenced by underlying
causes of homicide and suicide that operate independently of
the firearm-related factors just described. Social factors that may
influence homicide rates include income inequality, low fund-
ing for social programmes, divorce, the proportion of households
with working women, ethnic-linguistic heterogeneity, and social
acceptance of violence.25 Factors that may influence suicide
rates include economic instability, unemployment, breakdown
of the family group structure, intergenerational pressures and
competition, secularization, and substance use and misuse.26

Even though the data in this report come from official sources
and are based on ICD-9 codes, our findings should be viewed
with some caution. First, the sensitivity and specificity of the sur-
veillance systems may differ from country to country because of
technical characteristics of the reporting system as well as cul-
tural, political and religious factors. Second, only a small pro-
portion of the total number of countries that form some of the
regions or continents are represented in our study. Therefore,
the pooled rates by geographical region do not represent the
region, but rather just the HI and UMI countries in the region.
Third, the number of countries is relatively small and unevenly
distributed across the globe. Therefore, we cannot determine
whether the observed geographical patterns are primarily deter-
mined by factors related to income or to other elements. For ex-
ample, all five Asian countries in this study have very low rates
of violent death, but the relative importance of income versus cul-
tural, political and social factors cannot be determined. Finally,
only 56% of the countries (including the US) reported detailed
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firearm mortality data (at the fourth digit of ICD-9 coding) that
enabled us to distinguish deaths caused by explosives from
those associated with firearms. The firearm mortality rates for
the other countries, therefore, may be slightly overestimated.

Widespread recognition of violence as a public health issue is
relatively recent,2 and the development of the specific role for
public health workers is ongoing.27 The descriptive data in this
report indicate the value of surveillance of violent events, in-
cluding firearm-related injuries, and that further study of inter-
national variation in rates, patterns and type of weapons may
suggest new prevention strategies.

Our findings highlight the need for research and surveillance
in several key areas. First, more information is needed about the
frequency of violent deaths, including those from firearm injur-
ies, in less industrialized and developing countries. Although
developing countries have many public health priorities, vio-
lence also is an important contributor to their morbidity and
mortality. The contribution of violence to morbidity and mor-
tality is relatively greater for the poorer nations of the world
than for the countries in this report.1 Efforts to improve the
completeness and the reliability of violent death data in develop-
ing countries will be an important first step toward addressing
this problem.

Second, future studies should assess the impact of war on
firearm deaths. Even though few countries included in our study
experience deaths that could be attributed to operations of war,
war is probably an important factor contributing to firearm
mortality in other parts of the world. In 1990, war was es-
timated to be the sixteenth cause of DALYs lost throughout
the world, but by 2020, it is projected to be the eighth leading
cause of DALYs lost. Also needed are better methods to deter-
mine the number of people killed in armed conflicts, because
such data are often lacking.

Finally, we should strive to improve our understanding of the
factors that account for cross-national variations in violent and
firearm death rates. For example, in most HI countries, suicide
rates are high, but firearms play a relatively small role. In most
UMI countries, firearms are involved in more than half of all
homicides. In some nations, such as the US and Estonia, firearm
death rates of all types are high, whereas in other nations, such
as the five Asian nations in our study, firearm death rates of all
types are low. A better understanding of the economic, socio-
cultural and other factors that underlie these differences will
help in the design and implementation of national or regional
interventions. The low rates in Asia show that such deaths can
be prevented and provide hope that other nations may achieve
similar levels.
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