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PERSPECTIVE
Does the Declining Lethality of Gunshot Injuries Mask a Rising
Epidemic of Gun Violence in the United States?
Anupam B. Jena, M.D, Ph.D.1,2,3, Eric C. Sun, M.D., Ph.D.4, and Vinay Prasad, M.D.5

1Department of Health Care Policy, Harvard Medical School, Boston, MA, USA; 2Department of Medicine, Massachusetts General Hospital,
Cambridge, MA, USA; 3National Bureau of Economic Research, Cambridge, MA, USA; 4Department of Anesthesia, Stanford University
Hospitals, Stanford, CA, USA; 5Medical Oncology Branch, National Cancer Institute, National Institutes of Health, Bethesda, Maryland,
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Recent mass shootings in the U.S. have reignited the
important public health debate concerning measures to
decrease the epidemic of gun violence. Editorialists and
gun lobbyists have criticized the recent focus on gun
violence, arguing that gun-related homicide rates have
been stable in the last decade. While true, data from the
U.S. Centers for Disease Control and Prevention also
demonstrate that although gun-related homicide rates
were stable between 2002 and 2011, rates of violent
gunshot injuries increased. These seemingly paradoxi-
cal trends may reflect the declining lethality of gunshot
injuries brought about by surgical advances in the care
of the patient with penetrating trauma. Focusing on
gun-related homicide rates as a summary statistic of
gun violence, rather than total violent gunshot injuries,
can therefore misrepresent the rising epidemic of gun
violence in the U.S.
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R ecent mass shootings in the United States have
reignited the important public health debate

concerning measures to decrease the epidemic of gun
violence in this country.1 The United States is an outlier
among industrialized nations. According to the United
Nations Office on Drugs and Crime,2 the rate of gun-
related homicides in the United States (3.3 gun-related
homicides per 100,000 population in 2009) exceeds rates in
each member nation of the Organisation for Economic
Cooperation and Development (OECD—the group of 34
nations including Australia, Canada, Germany, Italy, Japan,
Mexico, Switzerland, and the United Kingdom, against
which economic and health indicators in the U.S. are
frequently compared) by more than tenfold, with the sole
exception of Mexico (7.9 gun-related homicides per
100,000 population in 2009). Moreover, with just 5 % of

the world’s population, the United States houses 40 % of
the world’s guns.3

Yet despite clear evidence of high levels of gun violence in
the United States, editorialists and gun lobbyists have
criticized the recent focus on gun violence, arguing that gun-
related homicide statistics demonstrate that gun violence is not
rising. In evidence of this claim, they cite data on stable gun-
related mortality rates more generally, and gun-related
homicide rates in particular.4 And indeed, many of those
statements regarding gun-related deaths are remarkably true.
Data from the Centers for Disease Control and Prevention
(CDC) Web-based Injury Statistics and Reporting System
(WISQARS) confirm that gun-related deaths in the United
States were stable during the 10-year period between 2002 and
2011, with approximately 10.3 per 100,000 Americans dying
annually from a gun-related injury (Fig. 1). In 2002, an
estimated 30,242 of 284 million Americans died from a gun-
related injury (10.4 per 100,000) compared to an estimated
32,163 out of 311 million Americans in 2011 (10.3 per
100,000). Gun-related homicide rates have been similarly
stable at approximately 4 per 100,000 (Fig. 1).

While critics of stronger gun control policies are correct to note
that overall gun-related deaths and gun-related homicides have
remained constant over the last 10 years, they fail to recognize a
simple but important fact: non-fatal gunshot injuries, in particular
non-fatal violent gun injuries, have been rising (Figs. 1 and 2). In
2002, for instance, there were 58,841 non-fatal gunshot injuries
in the United States (20.5 per 100,000 Americans) compared to
73,883 in 2011 (23.7 per 100,000) (Fig. 1). Nearly all of the
increase in non-fatal gunshot injuries in this 10-year period was
attributable to increases in violent gun injuries (i.e., assaults),
rather than unintentional gunshot injuries or injuries arising from
attempted self-harm (Fig. 2). During this same period, death rates
from gun-related homicide, suicide, and unintentional injury
were stable (Fig. 2). These figures highlight the important point
that focusing on gun-related deaths rather than total gunshot
injuries (fatal plus non-fatal) can obscure our understanding of
changing gun violence in this country, particularly since gun-
related homicide rates have been stable, while non-fatal, violent
gun injury rates have grown. Gun violence has therefore not been
stable. It has been increasing.
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Figure 1. Rates of non-fatal and fatal gun injuries in the United States, 2002–2011.

Figure 2. Rates of non-fatal and fatal gun injuries in the United States, by cause of injury, 2002–2011.
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How is it possible that non-fatal gunshot injuries rose
from 2002 to 2011 while fatal gunshot injuries remained
stable? The answer is improvements in the management of
life-threatening penetrating trauma arising from gunshot
injury. Victims of gunshot injury today experience more rapid
and advanced emergency medical care and trauma manage-
ment than victims even a decade ago, making gun injuries less
lethal today than ever before. In fact, many of the recent
advances in the management of civilian gunshot injury have
been learned from military experiences in the battlefields of
Iraq and Afghanistan, where improvements in field hemosta-
sis,5 endovascular repair of vascular injury, and neuro-critical
care have occurred.6,7 For example, aggressive intracranial
pressure monitoring and frequent neurosurgical intervention
among victims of battlefield blast and penetrating injury has
been demonstrated to improve mortality, a practice which has
translated to civilian care.8 Similarly, early and even pre-
emptive correction of coagulopathy (e.g., through use of
recombinant factor VIIa) in battlefield victims has been
demonstrated to result in fewer transfusions with no increase
in thrombosis, providing valuable information for civilians
suffering gunshot injury. 9,10 More generally, many of the
improvements in the quality of civilian traumatic care have
followed advances made in major military conflicts. World
War I, for example, marked the beginning of motorized
ambulance evacuation of the wounded, a practice later
translated to the civilian world.11 The Korean War heralded
the beginning of radio communication in the field and
helicopter evacuation, and the war in Vietnam provided
evidence for the use of field deployed medics, the basis for
modern civilian paramedics.12

As a general principle, the annual rate of death from
gunshot injury in a population is the multiple of total
gunshot injuries (fatal plus non-fatal) times the lethality of
gunshot injuries. For any given number of gunshot injuries
in a population, the rate of death from gunshot injuries will
depend on the lethality of those injuries. The lethality of
gunshot injuries will, in turn, depend on the cause of
gunshot injury (e.g. attempted suicide vs. violent assault), as
well as the state of medical care to manage those injuries.
For example, as self-inflicted gunshot wounds are associ-
ated with the highest mortality, rising rates of attempted
suicide will increase the population-level mortality associ-
ated with guns. Similarly, improvements in medical care
that lead to greater survival after gunshot injury will lower
population-level mortality associated with gunshot injury.

This general principle implies that gun-related deaths in a
population may be stable over time (as in Figs. 1 and 2)
even while the total rate of gunshot injuries is rising. For
example, Fig. 2 demonstrates that from 2002 to 2011, the
non-fatal gun assault rate increased considerably (from
nearly 13 to 18 per 100,000), while the gun-related
homicide rate remained constant at approximately four
gun homicides per 100,000. The declining lethality of

violent gunshot injuries between 2002 and 2011 therefore
offset increases in the overall rate of violent gun injuries.

Figures 1 and 2 also illustrate why regulatory policies to
reduce the proliferation of semi-automatic weapons and
more catastrophic ammunition are critical. Increasing use of
semi-automatic weapons and more catastrophic ammunition
increases the lethality of violent gun injuries—i.e., a given
violent gunshot injury is more likely to be lethal when semi-
automatic weapons are used—thereby increasing the mor-
tality rate from guns for any given total level of violent
gunshot injuries. Without curbing the growth of semi-
automatic weapons, gun homicide rates may therefore rise
even if other public policies are actually successful in
reducing the total rate of violent gunshot injuries.

Although we have emphasized recent trends in fatal and
non-fatal gunshot injuries, the links between total gunshot
injuries, gun-related deaths, and advances in gunshot care
are even more relevant when considering changes in gun-
related deaths and non-fatal gunshot injuries over several
decades. For instance, in an analysis that assumed that the
distinction between homicide and aggravated assault is
merely the outcome befalling the victim, Harris and
colleagues13 studied trends in lethality of gunshot injury
from 1964 to 1999, defining lethality as the ratio of gun
homicides to the sum of gun-related homicides and
aggravated assaults. From such a conceptual framework,
these authors showed a sustained decline in the lethality of
gunshot injury from 1964 to 1999, estimating that gun
deaths would have been twice as high in 1999 (29,300 vs.
15,500) if medical management of gunshot injury had not
improved since 1964. In order to show that the trend in
decreasing gun lethality was largely due to medical
advances, and not safer guns, the authors demonstrated
similar declines in mortality for other weaponry, including
knives and objects.

Advances in medical care that have led to a decline in the
lethality of gunshot injuries have important implications for
the medical and non-medical costs associated with gunshot
injuries as well. Not surprisingly, medical costs associated
with gunshot injuries have been estimated to be large and
are growing. For example, in 1994, medical costs per
gunshot injury in the United States were estimated at
approximately $17,000, resulting in $2.3 billion in lifetime
medical costs.14 Similar analyses using data from
Pennsylvania estimated that inpatient hospital charges for
gunshot injuries nearly doubled from $15,182 per injury in
1996–1998 to $30,814 during 2001–2003.15 While large,
medical costs associated with gunshot injuries likely
substantially underestimate the total costs of these injuries
due to losses in job productivity, long-term disability, and
psychological illness. For example, limited data suggests
that inclusion of these non-medical costs raises the costs of
gunshot injuries for those surviving to nearly $100 billion
annually.16 While detailed data on more recent trends in the
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medical and non-medical costs of gunshot injuries are
lacking (and needed), the declining lethality of gunshot
injuries not only suggests that greater numbers of survivors
may be alive to incur both the medical and non-medical
costs of gunshot injuries, but that greater morbidity
associated with survival from gunshot injuries may contrib-
ute to both rising medical and non-medical costs as well.

The difficult truth is that despite important advances in
the management of gunshot injury even over the last
decade, gun-related homicides in the United States have
failed to decline, while at the same time, violent gunshot
injuries continue to rise. Compared to other developed
nations, the U.S. has the highest rate of gun ownership and
the highest gun-related homicide rate. While rates of gun
ownership alone do not explain why the U.S. has
dramatically higher gun-related homicide rates than other
developed nations—e.g., Switzerland has approximately
half the rate of gun ownership as the U.S. (ranking second
among OECD nations), but has one-seventh the gun
homicide rate—a number of studies demonstrate positive
correlations between gun ownership rates and gun-related
deaths, both across nations and across states of the U.S. For
example, across 26 high-income nations, greater gun
availability has been associated with higher rates of gun-
related homicide.17 Similarly, across states of the U.S.,
greater rates of household gun ownership have been
associated with higher rates of gun-related homicide.18

The scientific evidence on the association between gun
ownership rates and gun-related homicide is mixed and
hotly debated, however.

Although a number of factors aside from gun ownership
rates also likely explain greater gun-related homicides in the
U.S. compared to other developed nations—e.g. differences
in socioeconomic conditions, education, and income
inequality—there is also evidence to suggest that gun
regulatory policies themselves may have an impact on rates
of violent gun injury. In the U.S. alone, states with greater
numbers of gun regulatory laws are associated with lower
rates of both homicides and suicides due to guns.19 Outside
of the U.S., countries like Australia and Japan have received
widespread attention for their strict gun ownership policies
and low rates of gun-related deaths. For example, in Japan,
gun ownership is restricted to a limited set of guns, only
after special access is granted based on formal instruction,
written, mental, and drug tests, and background checks.
Similarly, Australian gun control policy has been touted as
highly effective in reducing gun-related homicide rates,
based on the prohibition of semi-automatic and automatic
guns, massive buyback of guns, and increased licensing
rules, including a need for licensees to demonstrate a
“need” for a particular weapon, as well as a requirement to
complete a gun safety course. Whether low gun-related
homicide rates in these countries are attributable to stricter
gun control policies is an area of open scientific debate.20,21

In summary, gun violence in the United States appears to
be a growing, rather than stable, problem. Critics of
stronger gun control legislation who focus on the stable
rate of gun-related homicides in the United States are, in
effect, ignoring an escalating trend in gun violence
evidenced by increasing rates of non-fatal violent gun
injury. Shootings, irrespective of the reason and outcome,
provide a clearer measure of the impact of guns on public
health.
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