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UPDATE: INTERNATIONAL
REPORT

Reductions In Firearm-Related Mortality And
Hospitalizations In Brazil After Gun Control

More than 5,000 gun-related deaths in 2004 may have been
prevented by the passage of Brazil’s gun control laws in 2003.

by Maria de Fatima Marinho de Souza, James Macinko, Airlane Pereira
Alencar, Deborah Carvalho Malta, and Otaliba Libanio de Morais Neto

ABSTRACT: This paper provides evidence suggesting that gun control measures have
been effective in reducing the toll of violence on population health in Brazil. In 2004, for the
first time in more than a decade, firearm-related mortality declined 8 percent from the pre-
vious year. Firearm-related hospitalizations also reversed a historical trend that year by de-
creasing 4.6 percent from 2003 levels. These changes corresponded with anti-gun legisla-
tion passed in late 2003 and disarmament campaigns undertaken throughout the country
since mid-2004. The estimated impact of these measures, if they prove causal, could be as
much as 5,563 firearm-related deaths averted in 2004 alone. [Health Affairs 26, no. 2
(2007): 575-584; 10.1377/hlthaff.26.2.575]

the world’s highest homicide rates. Fig-

ures from the World Health Organiza-
tion (WHO) suggest that as many as 45,000
Brazilians are murdered each year—approxi-
mately one person every twelve minutes.! Ho-
micide is the leading cause of death for men
ages 15-44; 90 percent of homicides in this
age group involve firearms.> Population rates
for firearm deaths are estimated at 21.72 per

B razir 1s well known as having one of

100,000 in 2002. In comparison, there were
29,237, or 10.7 per 100,000, firearm-related ho-
micides in the United States that same year.?
In October 2003 the Brazilian government
passed a new set of laws to reduce gun-related
violence.* These measures sought to control
the flow of firearms into the country, made it
illegal to own guns that are not registered or to
carry guns outside of one’s home or business,
instituted background checks for gun pur-
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chases, and raised the minimum age for gun
purchase to twenty-five.> National legislation
also imposed new penalties, including fines
and tougher prison sentences, for people found
in violation of these laws. In July 2004 addi-
tional measures took place, including a coun-
trywide voluntary disarmament program.®
These programs continue to this day. This pa-
per presents preliminary evidence of the effec-
tiveness of these measures in reducing deaths
and hospitalizations attributable to firearms
in Brazil.

Study Data And Methods

For this study, we used data from the Bra-
zilian Ministry of Health’s vital statistics sys-
tem.” Deaths and hospitalizations due to fire-
arms were analyzed from Chapter XX
(external causes of morbidity and mortality) of
the International Classification of Diseases, Tenth Re-
vision (ICD-10).® We present data both as
counts and as population-adjusted rates.’

This study takes advantage of a natural ex-
periment, since the two national interventions
intended to control gun availability were im-
plemented at two different time periods after
nearly a decade of increasing mortality and
hospitalization rates because of firearms. The
first 2004 observation took place after the gun
control measures were implemented in Octo-
ber 2003; the second took place after the vol-
untary arms buy-back program was imple-
mented in July 2004, which, according to
official figures, resulted in more than 450,000
guns turned in to the federal police at partici-
pating churches.®

To analyze the impact of the legislation on
firearm mortality, we used a linear time-series
regression approach to model the best-fitting
mortality line based on the historical time se-
ries built from observations from each of
Brazil’s twenty-seven federative units
(twenty-six states and the federal district) for
each six-month period between 1996 and 2004
(18 observations for all 27 federative units =
486 total observations). The equation of this
line was used to predict values and 95 percent
confidence intervals for 2004/2005. Predicted
values were then compared with observed val-

ues for the same period.! We analyzed city-
specific rates using the same approach, but we
used only the capital city of each state as the
unit of analysis.

Data on hospitalizations were taken from
the Hospital Information System (SIH) data-
base. Analyses of predicted hospitalizations
used a linear regression approach similar to
that used to model mortality trends. However,
data consisted of quarterly observations, and
the unit of analysis was the region rather than
the state because some states are small and did
not have stable estimates over the short period
of time studied. The final model allowed each
region to have its own intercept and used a to-
tal of five regions times six quarters, for a total
of thirty observations.

Predicted deaths and hospitalizations for
2004 can be thought of as the counterfactual
condition: what would have happened had the
gun control interventions never taken place.
Because there have been no other sudden na-
tionwide changes in other aspects of mortality
or hospitalization or other artifactual explana-
tions that would affect the entire country
(such as changes in death/disease categoriza-
tion or in billing practices) reported over this
time period, we interpreted the difference be-
tween the observed and predicted values as
the impact of the interventions.

Finally, for the analyses of firearm-related
hospitalizations for the states of Sao Paulo, Rio
de Janeiro, and Espirito Santo, we calculated
the ratio of the number of hospitalizations in
each month in each state to that occurring in
the same month of the previous year. Monthly
observations were used to control for season-
ality effects. A positive number means that the
hospitalization rate was higher than that of
the previous year; a negative number, that it
was lower.

Study Results

B Firearm-related mortality declines.
Exhibit 1 shows the number of deaths by fire-
arms for each six-month period between 1996
and 2005. The exhibit clearly shows that be-
ginning in the first months of 2004, the histori-
cal increase in firearm homicides halted; fire-
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EXHIBIT 1

Observed And Predicted Number Of Deaths By Firearms In Brazil, 1996-2005
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SOURCE: Ministry of Health of Brazil, April 2006.

NOTES: Predicted values calculated by linear regression based on data from each half-year for the period 1996-2003. Observed

values include data from 1996-2005. Cl is confidence interval.

arm homicides actually decreased 8.2 percent
from 2003 levels. Observed values were 15.4
percent lower than expected levels for the
same time period.

Brazil is composed of five main regions (the
poorest North and Northeast, the more
wealthy Southeast and South, and the mixed
Central-West). Within these regions there are
twenty-six states and one federal district
(Brasilia). Exhibit 2 shows the number of fire-
arm deaths broken down by region and state.
Every region except the North shows a decline
in deaths, ranging from a 2.1 percent decrease
in the South to a 20.1 percent decrease in the
Southeast. In some states, such as Sao Paulo,
Mato Grosso, Sergipe, and Paraiba, the yearly
decrease was at or above 30 percent. All but
six states showed significantly lower-than-
expected values. In these six states (Amazo-
nas, Amapd, Pard, and Roraima in the North;
Espirito Santo in the Southeast; and Parand in
the South) the rate of increase in homicides
was higher than expected. The marked in-
crease in firearm deaths in Amazonas and Pard
is largely responsible for the net increase in the
North region. Exhibit 2 also shows the abso-
lute difference between observed and pre-
dicted values. This figure can be thought of as
the total number of lives saved, given the inter-
ventions. For 2004, as many as 5,563 potential

deaths from firearms were averted.

When analyses were restricted to include
only the capital city of each state, a similar pat-
tern emerged. Although the capital cities con-
tain only about 24 percent of the population,
they were the site of nearly 40 percent of fire-
arm-related deaths. During the first six
months of 2004, firearm deaths decreased 10.9
percent (Exhibit 3). This was lower than the
national average of 12.5 percent; however, ad-
justing for population size, the net decrease
was 3.4 per 100,000, slightly higher than the
national average of 3.1 per 100,000. There was
also considerable variation ranging from re-
ductions of 40 percent in Palmas to increases
of 50 percent in Sao Luis. During the second
half of 2004 (after implementation of the vol-
untary disarmament programs), mortality in
capital cities fell to 22.2 percent lower than
predicted, a larger decrease than for the coun-
try as a whole (18.4 percent).

Our work led us to examine the weapons
used for homicide. More than 70 percent of ho-
micides in both years were committed using
firearms. The total number of firearm-related
homicides decreased 8.9 percent, by 3,200
deaths, from 2003 to 2004. Use of knives or
other penetrating objects decreased 2.3 per-
cent. The use of blunt objects increased 4.5
percent, and the use of physical force increased
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EXHIBIT 2
Number Of Firearm Homicides In Brazil, Observed Versus Predicted Values, By Region
And State, 2004
Difference: observed-predicted
Absolute Per Percent
State Obs. Pred. change 100,000 change
Acre 60 72 -12 -1.9 -19.2
Amazonas 255 194 61 2.0 23.8
Amapa 75 69 6 1.1 8.4
Para 1,031 966 65 1.0 6.3
Rondonia 370 446 -76 -5.2 -20.6
Roraima 46 41 5 1.3 10.1
Tocantins 117 144 =27 -2.1 -23.0
North region total 1,954 1,932 22 0.2 1.1
Alagoas 765 893 -128 -4.4 -16.8
Bahia 2,229 2,448 -219 -1.6 -9.8
Ceara 899 978 =79 -1.0 -8.7
Maranhao 360 397 =37 -0.6 -10.2
Paraiba 399 532 -133 -3.8 -33.4
Pemambuco 3,278 3,850 -572 -6.9 -17.5
Piaui 183 228 -45 1.5 -24.7
Rio Grande do Norte 368 368 0 0.0 0.0
Sergipe 309 426 -117 -6.2 -37.9
Northeast region total 8,790 10,121 -1,331 -2.7 -15.1
Espirito Santo 1,215 1,190 25 0.8 2.1
Minas Gerais 3,185 3,244 -59 -0.3 -1.9
Rio de Janeiro 6,157 7,025 -868 -5.8 -14.1
Sao Paulo 8,146 11,011 -2,865 -7.3 -35.2
Southeast region total 18,703 22,470 -3,767 -4.9 -20.1
Parana 2,078 2,042 36 0.4 1.7
Rio Grande do Sul 1,735 1,792 =57 -0.5 -3.3
Santa Catarina 447 515 -68 -1.2 -15.2
South regjon total 4,260 4,348 -88 -0.3 -2.1
Distrito Federal 600 653 -53 -2.4 -8.9
Goias 879 938 -59 -1.1 -6.7
Mato Grosso do Sul 413 508 -95 -4.3 -23.0
Mato Grosso 520 712 -192 -7.1 -36.8
Central-West region total 2,412 2,811 -399 -3.2 -16.6
Brazil total 36,119 41,682 -5,563 -3.1 -15.4

SOURCE: Brazilian Mortality Information System (SIM), April 2006.

2Predicted values calculated by linear regression based on data from each half-year for the period 1996-2003.

by 5.7 percent over 2003 levels. The category
“other and nonspecified” also decreased signif-
icantly from 2003 levels.”

H A parallel drop in hospitalizations. In
2003 there were 21,329 hospitalizations for
firearms in Brazil. This number was 20,352 in
2004—a 4.6 percent decline. This decline took
place in the context of a tendency for overall
hospitalization rates to increase or remain sta-
ble in most states.

Hospitalizations due to firearms fell pri-
marily as a result of decreased hospitalizations

for firearm-related unintentional injuries (13
percent decline) and attempted suicides with
a firearm (18 percent decline). By age group,
intentional injuries declined most of all in men
ages 15-39, averaging about 16 percent lower
than in 2003. In 2004 intentional injuries ac-
counted for almost 29 percent of firearm-
related hospitalizations, and assault ac-
counted for 65 percent. Comparing 2003 with
2004, hospitalizations due to assault with a
firearm fell only 0.2 percent.™

Regional variations in firearm-related hos-
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EXHIBIT 3
Number Of Firearm Homicides In Brazil, Observed Versus Predicted Values, By State
Capital, 2004

Difference: observed-predicted

Absolute Per Percent
State Capital city Obs. Pred.? change 100,000 change
Acre Rio Branco 40 44 -4 -1.3 -8.3
Amapa Macapa 50 38 12 3.6 31.6
Amazobnia Manaus 200 150 50 3.2 334
Para Belém 258 232 26 1.9 11.4
Rondonia Porto Velho 138 160 -22 -6.2 -14.0
Roraima Boa Vista 32 32 0 -0.1 -0.7
Tocantins Palmas 20 33 -13 -7.3 -40.1
Alagoas Maceid 414 358 56 6.5 15.8
Bahia Salvador 870 852 18 0.7 2.2
Ceara Fortaleza 384 398 -14 -0.6 -3.5
Maranhao Sao Luis 130 86 44 4.7 50.8
Paraiba Joao Pessoa 169 217 -48 -7.5 -22.1
Pemambuco Recife 873 927 -54 -3.7 -5.8
Piaui Teresina 91 104 -13 -1.7 -12.7
Rio Grande do Norte  Natal 170 131 39 5.2 30.2
Sergipe Aracaju 124 168 -44 -9.1 -26.3
Espirito Santo Vitéria 158 147 11 3.6 7.6
Minas Gerais Belo Horizonte 1,127 929 198 8.5 21.3
Rio de Janeiro Rio de Janeiro 2,456 2,733 =277 -4.6 -10.1
Sao Paulo Sao Paulo 2,824 4,320 -1,496 -13.9 -34.6
Parana Curitiba 473 402 71 4.2 17.8
Rio Grande do Sul Porto Alegre 401 383 18 1.3 4.6
Santa Catarina Florianépolis 93 88 5 1.3 5.5
Distrito Federal Brasilia 522 549 =27 -1.2 -4.9
Goias Goiania 256 259 -3 -0.2 -1.1
Mato Grosso Cuiaba 167 236 -69 -13.4 -29.2
Mato Grosso do Sul Campo Grande 152 156 -4 -0.5 -2.4
Total 12,592 14,130 -1,538 -3.6 -10.9

SOURCE: Brazilian Mortality Information System (SIM), October 2006.
NOTE: States are ordered alphabetically by region; regions are provided in Exhibit 2.
2Predicted values calculated by linear regression based on data from each half-year for the period 1996-2003.

pitalization present a somewhat different pat-
tern than mortality rates. Every region except
the South and Northeast experienced lower
hospitalization rates for firearms in 2004 com-
pared with 2003. All regions except the South
had fewer observed values than predicted,
however (Exhibit 4).

B Variations by state. Although the over-
all levels of firearm-related deaths and hospi-
talizations for the country decreased greatly in
2004, there were important differences in the
geography and potential mechanisms of this
change. We examine three high-crime states
(Sao Paulo, Rio de Janeiro, Espirito Santo) to

illustrate how the impact of federal gun con-
trol policies varied at the local level and how
these variations correspond with different
patterns of changes in hospitalization rates for
firearm-related causes.

Sao Paulo. Sao Paulo (in the Southeast re-
gion) contains thirty-nine million people and
has one of the country’s highest rates of gun vi-
olence. It is known to have strictly enforced
gun control laws (rates of arrest for firearm
possession in 2004 were 50 per 100,000—20
percent higher than the national average of 40
per 100,000) and has vigorously promoted dis-
armament programs. This resulted in one of
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EXHIBIT 4
Observed And Predicted Hospitalizations For Firearms In Brazil, By Region, 2003-
2004

2003 2004

Percent Percent Difference:

Total change from Total change from Total observed-
Region (observed) previous year (observed) previous year predicted® predicted
North 959 -3.0 923 -3.8 971 -48
Northeast 5,049 18.6 5,187 2.7 5,825 -638
Southeast 11,855 8.7 10,691 -9.8 12,362 -1,671
South 1,944 2.3 2,203 13.3 2,013 190
Central West 1,522 10.6 1,348 -11.4 1,631 -283
Brazil total 21,329 9.8 20,352 -4.6 22,802 -2,450

SOURCE: Brazilian Hospital Information System (SIH), April 2006.

2Predicted values calculated by linear regression based on data from each semester since 2002, the earliest period for which

reliable and complete state-level data were available.

the highest rates of gun buy-back in the coun-
try: 188.8 per 100,000. Firearm-related hospi-
talizations (measured as percentage change
from the number occurring in the same month
of the previous year) began to decrease in late
2003 corresponding with introduction of anti-
gun legislation (Exhibit 5). After the gun buy-
back programs, hospitalizations decreased a
further 10 percent. The average number of hos-
pitalizations was 470 during January-August

2004 and 423 during September/October
2003-March 2005. Thus, in this state, enforce-
ment of new laws corresponded with a de-
crease in firearm-related hospitalizations. The
buy-back programs in 2004 corresponded
with an accelerated decline, resulting in aver-
age hospitalization rates that were about 15
percent lower than in years prior to these
policy changes.

Rio de Janeiro. Rio de Janeiro is the third-larg-

EXHIBIT 5

Percentage Change In The Number Of Firearm-Related Hospitalizations From The
Same Month In The Previous Year, States Of Sao Paulo, Rio de Janeiro, And Espirito

Santo, Brazil, 2003-2005

Percent
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SOURCE: Ministry of Health of Brazil, April 2006.
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est state in Brazil, with fifteen million inhabit-
ants, and it borders Siao Paulo. Rio is well
known as having a weak law enforcement in-
frastructure, evidenced by some of the coun-
try’s most pervasive levels of drug trafficking
and violent crime.” Overall rates of incarcera-
tion for firearm possession did not greatly in-
crease in Rio during 2004-05, and rates of ar-
rest for firearm possession (30 per 100,000)
were 25 percent lower than the national aver-
age. However, federal and local authorities
heavily supported disarma-
ment efforts in Rio, and the
state averaged firearm buy-
back rates of 193.2 per
100,000. There was a dip in
hospitalizations after Octo-
ber 2003, but rates returned
to higher levels than in previ-
ous years (Exhibit 5). After
the buy-back programs were

A

“In Brazil a good
portion of recent
declines in firearm-
related deaths and
hospitalizations
could reasonably be
attributed to new

Santo had very low levels of arms buy-back,
collecting only 85.9 per 100,000 population.
This is reflected in the overall increase of hos-
pitalizations after the gun buy-back programs
began. Tn Espirito Santo, where neither pro-
gram was well implemented, there seems to
have been an increase in firearm-related hospi-
talizations.

Conclusions And Policy
Implications

This paper is intended to
stimulate further debate over
whether regulation of fire-
arms can be an effective strat-
egy in reducing deaths attrib-
utable to gun-related
violence. In Brazil it appears
that a good portion of recent
declines in firearm-related
deaths and hospitalizations

implemented, however, rates govem"!ent could reasonably be attrib-
fell about 12 percent and measures aimed at uted to new government mea-
stayed below 2003/04 levels. reducing the sures aimed at reducing the

The average number of fire-
arm-related hospitalizations
per month was 179 between
June and August 2004, and 157 between Sep-
tember 2004 and March 2005. In the case of
Rio, it seems that weaker (or less consistent)
enforcement of legislation did not greatly af-
fect hospitalizations, while disarmament cam-
paigns corresponded with major, sustained de-
cline.

Espirito Santo. Espirito Santo has three mil-
lion inhabitants and is also located in the
Southeast, just north of Rio de Janeiro and east
of Sao Paulo. Historically, it has had one of
Brazil's highest mortality rates as a result of vi-
olence (47.8 per 100,000). Like Rio, it also has a
limited law enforcement infrastructure (rates
of arrest for firearm possession in 2004 were
20 per 100,000—only half the national aver-
age), which is reflected in high rates of violent
crime related to drug trafficking'® Hospital-
izations actually increased dramatically after
the gun control laws took effect and continued
to vary at levels up to three times higher than
those of the previous year (Exhibit 5). Espirito

availability of guns.”

SEE——_ EEE—

availability of guns. If the
laws had not been passed,
based on projections from the
data collected during the previous decade, the
expected number of deaths in 2004 should
have been 41,682. This suggests that gun con-
trol measures implemented in 2003 and 2004
might have averted as many as 5,563 deaths in
2004 alone.

This finding is further supported by our
analysis of hospitalizations for firearms. There
appear to be two distinct effects: an early and
smaller-magnitude effect that happened after
the anti-gun legislation was implemented in
late 2003, and a later effect that happened after
implementation of the disarmament cam-
paigns in the second half of 2004. Interestingly,
much of the reduction in hospitalizations took
place for unintentional and self- inflicted inju-
ries—precisely the indicators that would be
expected to have been most affected by a vol-
untary program.” Examination of variations
by state also demonstrated the important syn-
ergistic effect of both gun control actions.

Several anomalies require further discus-
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sion. First, some parts of Brazil did not see a
decrease in firearm-related mortality. Some re-
gions (especially in the North) are not repre-
sentative of the rest of the country, in that they
are sparsely populated and would thus be ex-
pected to have considerable difficulty imple-
menting any firearm control measures. For ex-
ample, the state of Amazonass, fittingly, in the
Amazon jungle. Many populations are accessi-
ble only by plane or boat, there are few urban
centers and thus few means of enforcing gun
control laws, and there are protracted con-
flicts over property rights that often result in
violence. These reasons might help explain the
low rates of gun buy-back in this region (70.4
per 100,000).®8 Second, cause-specific mortal-
ity rates might not be stable in the small popu-
lations encountered in many northern states,
which account for less than 7 percent of all of
Brazil’s firearm deaths. Random fluctuations
in the very small number of firearm deaths in
these states from year to year could mask
changes in overall trends over time.

Because of the ecologic nature of this study,
confounding factors, such as improvements in
the economy, might explain these secular
changes. However, in Brazil, income distribu-
tion rather than absolute income levels has
been correlated with increased rates of homi-
cide; although real wages have increased some-
what over 2003 levels, income inequality has
increased dramatically over the same time pe-
riod.’® Moreover, declines seen in firearm-
related mortality were significant and sus-
tained for more than one year. They took place
after legislation intended to reduce the avail-
ability of firearms in the general population,
and there were no other major activities that
might explain the rapid and sustained drop in
deaths from this one cause in almost every city
and state in the country.

There is some skepticism whether gun laws
can be effective even in richer industrialized
countries.” For example, in Canada there is
continued debate over the registration of
handguns despite evidence showing decreases
in some death rates.” International evidence
seems to suggest that at the very least, reduced
availability of firearms is associated with

lower suicide rates.??

There is surprisingly little evidence on the
effectiveness of gun control in developing
countries. In Colombia a ban on carrying fire-
arms on weekends after paydays, on holidays,
and on election days showed a 13-14 percent
decline in homicides in cities with high levels
of violent crime.** In Brazil there had been sim-
ilar laws banning the possession of unregis-
tered handguns. However, these policies were
not widely or consistently enforced. The varia-
tion in effectiveness of the new measures re-
gionally and in different metropolitan areas
shows that expected policy impacts are likely
to differ depending on the geography and de-
mographics, political commitment, and overall
climate of that city or municipality.

In spite of the early promise of gun control
on outcomes, in October 2005 Brazilians over-
whelmingly rejected a ban on firearms. Ac-
cording to one observer, “Nearly 65 percent of
Brazilians voted to defend a right that only 1
percent of them exercise.”” Some have sug-
gested that the referendum was impeded by
the lobbying effort of U.S.-based advocacy or-
ganizations, which after the first round of leg-
islation passed in 2003 spent considerable
time providing strategic advice to pro-gun
lobbies in Brazil.®® The effectiveness of these
efforts could be seen in increased pro-firearm
advertising and reshaping the firearm debate
from one of safety to one of civil rights—a dis-
course pervasive in the United States but pre-
viously unheard-of in Brazil. Nevertheless, the
results of this study suggest that even in the
absence of legislation altogether banning fire-
arms, tougher gun laws coupled with mobili-
zation of civil society have made a difference in
reducing gun-related violence in Brazil.
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Espirito Santo),” Estaddo, 2 March 2006.

HEALTH AFFAIRS -~ Volume 26, Number 2

Downloaded from content.healthaffairs.org by Health Affairs on March 16, 2015

by guest


http://content.healthaffairs.org/

UprpDATE

17. Similar reductions in suicide rates have been
noted in Canada and New Zealand. See A.L.
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