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ABSTRACT

Background Brazil and Canada are on opposite poles of the spectrum for life expectancy in America. We identified factors underlying Brazil's

lower life expectancy relative to Canada, with emphasis on the role of injury compared with other major causes.

Methods We computed life expectancy at birth in Brazil and Canada in 2010 and identified the ages and causes of death responsible for the gap

between both countries. The main outcome measure was the contribution of homicide and traffic accidents to the gap, compared with other

causes of death.

Results Relative to Canada, life expectancy was lower in Brazil by 8.2 years (men) and 5.2 years (women). Injury lowered life expectancy of men

in Brazil by 2.2 years, or more than a quarter of the gap, mainly due to homicide and traffic accidents between ages 20 and 64 years. Homicide

and traffic accidents contributed more than all circulatory diseases combined. In women, circulatory disease was the most important cause of

lower life expectancy.

Conclusions In 2010, homicides and traffic accidents were the principal cause for short life expectancy of men in Brazil. Improving life

expectancy in Brazil requires addressing the root causes of inequalities that drive illicit drug trade, violence and accidents.
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Introduction

Brazil is the largest middle income country in Latin America
and is an emerging economic powerhouse.l Yet, Brazil is
among countries with the highest socioeconomic inequalities
in the world,” and life expectancy continues to lag behind
North America, especially Canada.™* Although there are
signs that Brazil’s health is improving due to a reduction in in-
fectious diseases,” and social and health reforms with declin-
ing child mortality,"*® many challenges remain, including a
high burden of mortality from injury. Violence and accidents
are overlooked compared with problems such as circulatory
disease.”® Homicide and traffic accidents are emerging as im-
portant causes of mortality in Brazil,”'" but the impact on life
expectancy is poorly understood.

Evaluating how life expectancy is affected by injury com-
pared with other causes of death is a first step in rectifying

this knowledge gap. Our objective was to determine to which
extent homicide, traffic accidents and other injuries lowered
the life expectancy of men and women in Brazil, relative to
other causes of death. We compared Brazil with Canada, the
country with the highest life expectancy in America,”* and a
low rate of homicide."' These two countries are at different
levels of socioeconomic development, yet both have a history
of colonization with unique political contexts. Comparison
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with Canada provides an ideal scenatio to identify possible
targets for increasing life expectancy in Brazil.

Methods

Data sources and causes of death

We obtained data on all deaths, births and population counts
in 2010 for men and women in Brazil and Canada from the
Brazil Ministry of Health and Statistics Canada.'>"?
available for infants <1 year, children 1—4 years, and every

Data were

5-year age group thereafter up to 80 years. In Brazil, 80 years
and over is the last age group for which data were publicly
available at the time of the study.'” Age at death was not
known for 3308 men (0.5%) and 474 women (0.1%) in Brazil
whom we could not include in analyses. Similarly, sex was
unknown for 442 births in Brazil (0.02%).

The principal cause of death was identified using the 10th re-
vision of the International Classification of Diseases (ICD)."*
We aggregated very rare causes of death, resulting in 17 main
categories for analysis. These included injury (V01-Y98), cir-
culatory (100-199), respiratory (J0O0-]99), tumour (C00-D48),
infectious (A00-B99), endocrine (E00-E90), digestive (K00-
K93), nervous and mental (FO0-G99), genitourinary (INOO-
N99), musculoskeletal (M00-M99), integument (LL00-L99),
eye and ear (HO0-H95), blood (D50-D89), maternal (O00-
099), perinatal (P00-P96), congenital anomaly (Q00-Q99)
and ill-defined diseases (RO0-R99).

We also sought to determine which specific causes of death
were involved in reducing life expectancy. For injuries, we
assessed homicide by firearm (X95), stabbing (X99), and
other methods (X85-X94, X96-X98, Y00-Y09), traffic crashes
(V01-V99), falls (W00-W19), other accidents such as drowning,
poisonings and burns (W20-X59), suicide (X60-X84) and all
temaining injuries. For circulatory diseases, we assessed cere-
brovascular (160-169), hypertensive (110-115), ischaemic heatt
(I20-125), non-ischaemic heart (I126-152) and all remaining cir-
culatory diseases. A complete list of specific causes and ICD
codes for the other categories of death is provided in
Supplementary data, Table S1.

Statistical analysis
We calculated mortality rates by age and cause, directly stan-
dardized using the 2010 Brazil population as reference. We
computed life expectancy at birth with 95% confidence inter-
vals (CI) for men and women,'” and the absolute difference
in life expectancy between Brazil and Canada.

To determine the age groups and causes of death respon-
sible for lowering the life expectancy of Brazil relative to
Canada, we used Arriaga’s decomposition approachl(’ with

Monte Catlo simulations for 95% CIs."” Arriaga’s method
partitions the life expectancy gap between Brazil and Canada
into smaller units. Arriaga’s decomposition yields the exact
number of years life expectancy is lost in Brazil due to each
cause and age group, relative to Canada.

To illustrate Arriaga’s method, consider a scenario whete
life expectancy in Brazil is 10 years lower than Canada, with
mortality arising from only three age groups (<20, 20—44
and >45 years) and three causes (injury, circulatory and re-
spiratory). Suppose that after partitioning the 10-year gap
using Arriaga’s method, we find that the age groups <20,
20—44 and >45 accounted for 7, 1 and 2 years of the gap, re-
spectively. The sum of all these contributions equals the total
life expectancy gap (7 + 1 + 2 = 10 years). In this example,
Brazilians aged <20 lowered life expectancy by 7 years,
whereas Brazilians aged >20 only lowered life expectancy by
3 years (1 + 2 = 3 years). Thus, mortality in Brazilians aged
<20 was responsible for 70% of the life expectancy gap, indi-
cating that improvements in longevity could be achieved pri-
marily by reducing mortality of children and youth.

Consider a more complicated scenario in which Brazil has
higher mortality from injury and circulatory diseases than
Canada, but lower mortality from tumours. After applying
Arriaga’s method, we find that injury reduced life expectancy
in Brazil by 9 years and circulatory disease by 3 years. We find,
however, that tumours reduced life expectancy in Canada by 2
years, an impact that helped bridge the gap with Brazil
The sum of all these contributions again equals the total life
expectancy gap (9 + 3 — 2 = 10 years). In this last example,
we can conclude that a major reduction in injury mortality is
required to improve life expectancy in Brazil. We can even
infer that Brazil’s low tumour mortality helped mask the full
impact of injuries on life expectancy relative to Canada.

Arriaga’s method is advantageous for its ability to identify
the exact ages and causes to prioritize for improving life ex-
pectancy. This approach does not require a reference popula-
tion, a limitation of standardized mortality rates that can
affect the ranking of causes of death in country compari-
sons.'® Arriaga’s method answers a different question than
studies addressing burden of disease, where measures such as
disability-adjusted life years report on the number of years
lost due to poor health,19 rather than the exact impact on life
expectancy. Arriaga’s method also complements regression-
based analyses that yield relative risks or odds ratios, measures
of association that do not quantify the actual amount of life
expectancy lost due to a given cause or age.

Data analyses were carried out using Arriaga’s macro in
SAS version 9.2.%° In sensitivity analyses, we verified that re-
distribution of live births with unknown sex did not impact
the results. The Institutional Review Board of the University
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of Montreal Hospital Centre provided a waiver from ethics
review, as the data were publicly available and de-identified,
conforming to regulations for ethical conduct of research in-
volving humans in Canada.

Results

In 2010, men had a life expectancy of 71.63 years in Brazil
(95% CI: 71.59, 71.67) and 79.86 years in Canada (95% CIL:
79.80, 79.93). Life expectancy for women was 79.35 years in
Brazil (95% CI: 79.32, 79.39) and 84.51 years in Canada (95%
CI: 84.45, 84.57). The life expectancy gap between Brazil and
Canada was wider for men (8.24 years, 95% CI: 8.16, 8.31)
than for women (5.16 years, 95% CI: 5.09, 5.23).

Mortality in Brazil was higher at all ages compared with
Canada (Table 1). Nonetheless, mortality of young men was
more heavily implicated in reducing life expectancy than mor-
tality of older men in Brazil. Mortality of men aged 20—64
lowered life expectancy by 4.9 years, or 58.9% of the gap rela-
tive to Canada. In contrast, mortality of young women had a
smaller impact, reducing life expectancy by 2.1 years in Brazil.
Mortality of individuals aged 65—79 lowered life expectancy
by smaller amounts (men 1.6 years and women 1.5 years).
Thus, early mortality of young adult men explained more than

Table 1 Contribution of age to loss in life expectancy, Brazil versus
Canada, 2010

Mortality rate® Contribution to life Percent
expectancy gap, of gap
Brazil Canada years (95% Cl)
Men
<1 1608 549 0.77 (0.76, 0.78) 9.4
1-19 81 24 0.69 (0.69, 0.70) 8.4
20-44 311 95 2.44(2.43, 2.45) 29.6
45-64 1009 487 2.41(2.40, 2.43) 29.3
65-79 3666 2352 1.64(1.62, 1.65) 19.9
>80 11063 10255 0.28(0.27, 0.30) 3.4
Total 753 443 8.24(8.16, 8.31) 100
Women
<1 1312 456 0.68(0.67,0.69) 13.1
1-19 38 15 0.33(0.32,0.33) 6.3
20-44 106 50 0.71(0.70, 0.72) 13.8
45-64 539 310 1.34(1.33,1.35) 26.0
65-79 2334 1522 1.53(1.52, 1.55) 29.7
>80 9257 8479 0.57 (0.55, 0.59) 1.1
Total 456 310 5.16(5.09, 5.23) 100

“Mortality rate per 100 000, directly standardized using the 2010
population of Brazil as reference.

half of the 8.2 year gap between Brazil and Canada, in con-
trast to young women whose lower mortality led to a smaller
5.2 year gap.

In Brazil, injury for men was not as important a cause of
mortality as circulatory diseases (Table 2). Men had 126 injury
deaths versus 205 circulatory deaths per 100 000. There were,
however, fewer deaths from tumours (113 per 100 000) com-
pared with injury. Women in contrast had low rates of injury
mortality, close to levels seen in Canada.

Despite high mortality from circulatory diseases, injury was
the principal cause for the low life expectancy of men in
Brazil (Table 2). In 2010, men lost 2.2 years of life expectancy
due to injury compared with 2.0 years due to circulatory dis-
eases, relative to Canada. For women, injuries lowered life ex-
pectancy by only 0.1 years, a negligible amount compared
with circulatory diseases that contributed 2.2 years. Thus, the
lower life expectancy of men in Brazil compared with women
was largely due to injury mortality.

Almost a fifth of deaths in Brazilian men were caused by
injury (18.0%). Of these, 40.2% were homicides and 30.6%
traffic crashes (Fig, 1). Nearly three-quarters (72.7%) of homi-
cides were by firearm, with stabbings accounting for most of
the remainder (15.2%). In comparison, injuries represented
less than a tenth of all deaths to men in Canada (8.5%), and
of these only 3.7% were homicides (37.4% of which occurred
with firearms). In women, only 5.1% of deaths were caused
by injury. Homicides nonetheless accounted for 17.7% of
these deaths, and accidents 61.4%.

In 2010, homicide by firearm was the single most important
cause that lowered life expectancy of men in Brazil (Fig 2 and
Supplementary data, Table S1). Firearm homicides lowered life
expectancy by 1.03 years, stabbings by 0.19 years, and other
homicides by 0.15 years, together accounting for 1.38 years lost
relative to Canada. Cerebrovascular disease was the second
most important (0.94 years), followed by traffic crashes (0.75
years). Injury in men aged 20—44 years was the largest contrib-
uting age group. Homicide at ages 20—44 decreased life expect-
ancy by 0.72 years (95% CI: 0.71, 0.73) and traffic crashes by
0.45 years (95% CI: 0.43, 0.46). Homicide in men aged <20
decreased life expectancy by an additional 0.27 years (95% CIL:
0.26, 0.27). Suicide was the only form of injury that impacted
Canada more than Brazil, lowering life expectancy of men in
Canada by 0.21 years, an amount similar to stabbings in Brazil.

In women, injury was less implicated in reducing life ex-
pectancy. Women had similar contributions from traffic
crashes and homicides (0.14 and 0.12 years of life expectancy
lost relative to Canada, respectively). The main factors that
reduced life expectancy of women were instead cetebrovascu-
lar (0.96 years) and hypertensive (0.69 years) diseases, pneu-
monia (0.77 years) and diabetes (0.74 years). These same
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Table 2 Contribution of major causes to loss in life expectancy, Brazil versus Canada, 2010

Men Women
Mortality rate” Contribution to life Percent of Mortality rate® Contribution to life Percent of
expectancy gap, gap - expectancy gap, gap

Brazil Canada years (95% Cl) Brazil Canada years (95% Cl)
Injury 126.1 50.7 2.18(2.15, 2.20) 26.4 24.4 22.0 0.09(0.07, 0.11) 1.7
Circulatory 205.2 117.4 2.01(1.98, 2.05) 24.5 142.6 76.6 2.21(2.17,2.25) 42.8
Respiratory 76.6 35.9 0.98(0.96, 1.00) 11.9 51.2 23.9 1.07 (1.04, 1.09) 20.7
Tumour 113.4 135.9 —0.45(-0.49, -042) -55 79.1 102.3 —0.90(-0.93, -0.86) —17.4
Infectious 32.1 9.7 0.60(0.59, 0.61) 7.3 19.7 6.9 0.45(0.44, 0.47) 8.8
Endocrine 42.4 17.5 0.46 (0.45, 0.48) 5.6 35.9 11.8 0.87 (0.86, 0.89) 16.9
Digestive 37.6 17.6 0.61(0.60, 0.63) 7.4 19.8 12.2 0.25(0.23, 0.27) 4.9
Nervous-Mental 24.7 33.7 -0.15(=0.17, =0.14) —1.9 15.5 33.0 -0.79(-0.81, —=0.76) —15.2
Genitourinary 14.9 8.6 0.15(0.14, 0.16) 1.8 1.3 6.8 0.15(0.14, 0.16) 2.9
Musculoskeletal 1.8 1.7 0(0,0.01) 0.0 2.9 2.6 0.01 (0, 0.01) 0.1
Integument 1.7 0.6 0.03(0.02, 0.03) 0.3 1.7 0.6 0.04 (0.04, 0.05) 0.8
Eye and Ear 0.1 0.0 0(0, 0) 0.0 0.1 0.0 0(0, 0) 0.0
Blood 3.7 1.6 0.06 (0.05, 0.06) 0.7 3.0 1.4 0.06 (0.05, 0.06) 1.1
Maternal 1.8 0.2 0.05 (0.05, 0.06) 1.0
Perinatal 13.8 4.6 0.47 (0.47, 0.48) 5.7 11.0 3.9 0.39(0.38, 0.40) 7.6
Congenital anomaly 5.6 3.1 0.13(0.12,0.14) 1.6 5.0 2.5 0.14(0.13, 0.15) 2.7
Il defined 53.2 4.7 1.15(1.13, 1.16) 14.0 31.3 3.9 1.06 (1.04, 1.08) 20.5
Total 753 443 8.24(8.16, 8.31) 100 456 310 5.16(5.09, 5.23) 100

“Mortality rate per 100 000, directly standardized using the 2010 population of Brazil as reference.
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Fig. 1 Distribution of injuries according to cause, Brazil and Canada, 2010. In men, there were 116 349 injury deaths in Brazil and 10252 in Canada. In

women, there were 24 769 injury deaths in Brazil and 6001 in Canada.

causes also lowered the life expectancy of men, but to a lesser
degree than injury. It is noteworthy that ischaemic heart
disease reduced life expectancy in both countries, but much
of the mortality in Brazil occurred before age 80 years.

The impact of other specific causes of death, many of
which shate proximal risk factors with injury, was less striking

(Supplementary data, Fig. S1). In 2010, HIV, tuberculosis and
other infections in Brazil reduced the life expectancy of both
men and women. Alcohol-related diseases were prominent in
men; mortality due to liver disease reduced life expectancy by
0.36 years, and alcohol-related nervous-mental disorders by
0.12 years. Maternal mortality lowered life expectancy of
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Respiratory

Pneumonia

Influenza

Chronic lower respiratory [ ]
Other 1

Tumour

Lung
Colorectal [ 1]
Prostate-breast |
Gastric [ |

Liver \

Pancreas
Other

Endocrine
Diabetes
Malnutrition [ |
Other

Women
Canada Brazil

Age, year
0-19
2044 i
45-64 I

m 65-79

m >80

-

-0.5 0 0.5
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Fig. 2 Contribution of major causes of death to loss in life expectancy, Brazil versus Canada, 2010. Bars to the right of the axis led to a reduction of life

expectancy in Brazil, and bars to the left a reduction of life expectancy in Canada.

women by 0.05 years, with 19.5% of the reduction occurring
before age 20. These findings contrast with dementia and
tumours, causes that lowered Canada’s life expectancy relative
to Brazil. Mortality rates for specific causes of death are
shown in Supplementary data, Table S1.

Discussion

Main finding of this study

We evaluated the impact of injury mortality in 2010 on life ex-
pectancy in Brazil relative to Canada. We found that injury mor-
tality in men was the single largest cause for Brazil’s lower life
expectancy. In Brazil, men lived 8.2 years less than in Canada,
with injury accounting for 2.2 years of this gap. Despite signs of
improvement in the 2000s,'"*! homicide and traffic crashes in
2010 were still leading injuries that shortened longevity. The
contribution from homicide alone was more important than
cerebrovascular disease, a significant finding as mortality rates

for circulatory diseases are high in Brazil.” Mortality due to
homicide and traffic accidents is only the tip of the iceberg, as
most injuries cause disability and economic losses that are diffi-
cult to quantify yet more prevalent.”'*** These findings high-
light the major role of injury in the lives of Brazilians, especially
men. Most of the loss in life expectancy occurred at young ages
and involved firearms, a preventable cause of death.

What is already known on this topic

After introducing a unified health system in the 1990s followed
by other social reforms including conditional cash transfers to
families in poverty,"” Brazil has seen improvements in cardio-

. 2 - - 6.24 25
vascular disease,” infant mortality

and life expectancy.
Although these programmes are commendable for their posi-
tive socioeconomic and health impacts, their ability to prevent
homicide and traffic accidents is less clear. Injury results from a
complex set of social determinants, which are difficult for

health systems to tackle without additional laws specific to
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injury. There is evidence, for instance, that alcohol use behind
the wheel declined after Brazil enacted a law criminalizing drink-
ing and driving in 2008.>° Gun legislation introduced in 2003 is
estimated to have prevented 5000 homicides the following year
alone.”” Homicide rates in the slums of urban areas are particu-
larly high and exacerbated by conditions that compound vio-
lence,28 such as income inequality,25 drug trafficking, weapons
smuggling and organized crime.'”?” Substance use exacerbates
problems of violence,'’ and clusters with injuries presenting to
emergency departments in Brazil. " Alcohol in particular is

1,31

prevalent and consumption may be tising, " Furthermore,

alcohol consumption is a tisk factor for traffic accidents.

What this study adds

Brazil is known for high rates of homicide and traffic-related
mortality, """ but the impact on life expectancy has not previ-
ously been investigated. In this study, we show that the life ex-
pectancy gap between Brazil and Canada was larger for men
than women, and that injuries were the reason. Even though
circulatory disease in Brazil was a more common cause of
death in men, injuries accounted for more years of life expect-
ancy lost relative to Canada. Neatly three-quarters of deaths
due to injury were homicides and traffic crashes, and most oc-
curred in young men. Thus this study’s novel contribution is
to show just how much injury was responsible for lowering
the life expectancy of Brazilian men. Past studies that report
only rates highlight the problem of injuries in Brazﬂ,g’m but
underestimate the actual impact on life expectancy. Thus, the
role of injuries in lowering life expectancy of Brazilian men
needs much greater attention in research and policy.

Our findings point to the importance of focusing on policies
with potential to reduce injuries. Declines in traffic-related
deaths were observed after Brazil enacted a 1998 Traffic
Code,'” but mortality rates are still elevated and strategies to cut
alcohol consumption may be needed to tackle rates further.
Legislation of the aggressive marketing and promotion tactics
of the alcohol and gun industries may also be helpﬁ11,2’27 in
much the same way that Brazil curtailed tobacco consumption
through antismoking reform.”” Although such tasks may seem
daunting, a simple first step might be to increase funding for
research on injury. Brazil devotes only 0.9% of funding to re-
search on violence, accidents and trauma,8 an amount far from
the 27% reduction in life expectancy caused by injury.
Including millennium development goals for violence and acci-
dents might help draw more attention to the burden of injury.2

Limitations of this study
This study should be interpreted in light of limitations
common to ecologic analyses. We used aggregated data that

prevent inference to individuals. There may be differences in
quality and comparability of coding of cause of death between
Brazil and Canada. Brazil used ill-defined disease codes more
frequently, suggesting that we may have underestimated con-
tributions from some causes. Estimates of injury mortality in
Brazil have, however, been shown to be reliable.” Accuracy
of life expectancy estimates is lowered by the last age group
available (80 years). Finally, Arriaga’s method can underesti-
mate the contribution of causes more common in older age
groups.”’ This problem does not affect estimates for injury as
most wete concentrated at younger ages.

Conclusions

In this study, injury mortality had a larger impact on reducing
life expectancy of Brazilian men than circulatory disease. The
toll of homicide and traffic crashes on life expectancy is large,
but is masked by high rates of circulatory disease mortality.
Brazil has the potential to inctrease life expectancy by reducing
injury mortality in young men to levels nearer to Canada,
where low rates of homicide and traffic crashes set a standard.
Research is needed to identify strategies for reducing homi-
cide and traffic crashes in Brazil. It is unlikely that life expect-
ancy in Brazil will increase significantly without stronger
preventive strategies to reduce injury in young men.

Supplementary data
Supplementary data is available at PUBMED online.
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