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ABSTRACT

Key words

Objectives. Cardiovascular diseases are the leading cause of death in the world. Although
mortality rates have declined gradually in developed countries, the scenario is less clear in
developing countries. We describe the trends in cardiovascular mortality in Brazil over 24
years and investigate differences according to groups of diseases, sociopolitical region, gender,
and age.

Methods. We retrieved official data on mortality and population estimates to calculate stan-
dardized mortality rates in six age strata and in the five political regions from 1980 through
2003. The negative binomial distribution model was used to estimate trends for mortality sep-
arately for each gender, age group, and geopolitical region during this period.

Results. Total cardiovascular standardized mortality rates decreased consistently over 24
years, from 287.3 to 161.9 per 100 000 inhabitants, with a mean annual decrease of 3.9%. Re-
ductions in cardiovascular standardized mortality rates were detected in all strata and for all
groups of diseases, with stroke exhibiting the largest average decline, from 95.2 to 52.6 per
100 000 inhabitants (mean 4.0% per year), followed by coronary disease, from 80.3 to 49.2 per
100 000 inhabitants (3.6% per year); the decrease was especially marked in the most developed
regions.

Cinclusions. Cardiovascular disease standardized mortality rates consistently decreased
in Brazil during the study period. The reduction is apparently related to indices of increasing
social development. Despite these encouraging findings, a gradual increase in the deaths from
cardiovascular disease is expected in the next decades, and additional efforts in prevention are
needed.

Cardiovascular diseases, epidemiology, mortality, Brazil

Cardiovascular disease (CVD) has be-
come the leading cause of death in many
developing countries and will soon at-
tain this status in several more countries.

The high burden of mortality from CVD
in developing countries (estimated at
16.7 million in 2002 and expected to in-
crease to 23.3 million by 2030) (1) is ex-
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plained not only by their large popula-
tions but also by the increase in the mean
age at death and in the prevalence rates
of classic risk factors such as hyperten-
sion, smoking, dyslipidemia, diabetes,
and obesity (2-6).

An important decline in mortality due
to CVD has been detected in developed
regions of the world—mainly North
America, Western Europe, and Australa-
sia (7-10). It has been suggested that this
process could be beginning in Brazil (11,
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12), which seems to be experiencing a
phenomenon called epidemiologic tran-
sition, in which high (but declining)
mortality from health problems charac-
teristic of underdeveloped countries
such as infectious diarrhea and gravid-
puerperal cycle complications coexist
with increasing numbers of fatalities re-
lated to chronic degenerative diseases in-
cluding those of cardiovascular origin.

A number of factors may act in concert
to reduce the incidence and death rates
from CVD, including stroke and coro-
nary heart disease. These factors may in-
clude general factors affecting the whole
population or large parts of it—such as a
gradual improvement in economic con-
ditions—and more widespread access to
drugs used to treat major risk factors
such as systemic arterial hypertension
and diabetes.

Earlier studies of trends in mortality
from CVD in Brazil analyzed data from
specific cities or regions or addressed
specific diseases (13-15). An extensive
analysis of the mortality rates from car-
diovascular causes exploring eventual
discrepancies between diverse groups of
diseases has not been undertaken. Also,
possible regional disparities in cardio-
vascular-related mortality in Brazil have
not been previously studied. Inequalities
in the distribution of cardiovascular-
related mortality are highly probable,
considering the marked discrepancies in
general health and socioeconomic con-
ditions throughout the country. We have
shown that between 1980-1982 and
20002002 stroke mortality rates in Brazil
declined more steeply in the richest re-
gions (16). We now present the evolution
of mortality rates from the main groups
of CVDs in Brazil from 1980 through
2003, exploring possible differences ac-
cording to age and gender and among
diverse geopolitical regions exhibiting
marked socioeconomic disparities.

MATERIALS AND METHODS

The number of deaths from cardiovas-
cular causes was obtained from the
Brazilian Mortality Information System
made available by the National Health
Ministry (17). Data were obtained for all
cardiovascular deaths and for four large
groups of diseases: coronary heart dis-
ease, stroke, complications of hyperten-
sion (essentially cardiac and renal dis-
ease), and other causes. For the years
1980 through 1995, causes of death were
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classified according to the ICD-9 code
system: coronary heart disease (410-
414), stroke (430-438), complications of
hypertension (401-405), and other causes
(390-398, 415429, 440-459). From 1996
on, the ICD-10 system was used: coro-
nary heart disease (120-125), stroke
(160-169), complications of hypertension
(110-113), and other causes (100-109,
126-151, 170-199).

The mortality rate estimates, ex-
pressed as the number of deaths per
100 000 inhabitants, were calculated for
the population estimates derived from
the Brazilian censuses held in 1980, 1991,
1996, and 2000 (Brazilian Institute of
Geography and Statistics) and also made
available by the National Health Min-
istry (17). The intercensus populations
(1981-1990, 1992-1995, 1997-1999, 2001-
2003) used in these calculations were es-
timated from the Lagrange interpolation,
classified according to region, gender,
and age strata. The age distribution is
presented according to the Pan Ameri-
can Health Organization system.

All rates were standardized by age
through the direct method, with the total
Brazilian population from 2000 as the
standard—derived from the Brazilian
census held in 2000 by the Brazilian In-
stitute of Geography and Statistics and
also made available by the National
Health Ministry (17). In summary, the
procedure consisted of a number of se-
quential steps (18). Specific mortality
rates for each period were calculated for
the six prespecified age groups; these
rates were then applied to the standard
population, resulting in an “expected
mortality” for each age group. The ratio
between the sum of the expected mortal-
ity of all age groups and the total popu-
lation in the same period resulted in the
age-standardized mortality rate (SMR).

We explored the evolution of cardio-
vascular mortality rates, stratifying them
by gender, age group, and region. There
are five geopolitical regions in Brazil,
two of which (Southeast and South re-
gions) have a distinctly higher gross in-
ternal product and mean income per
capita. Correction for undefined causes
of death was routinely made, as a large,
although declining, proportion of death
certificates in Brazil still carry this label
(e.g., 21.5% of deaths in 1980 versus
15.1% in 1999) (19).

Trends for mortality from CVD—total
and related to the four prespecified
groups of diseases—during the 1980-

2003 period in Brazil and separately for
each gender, age group (six categories),
and geopolitical region (five categories)
were analyzed with the negative bino-
mial regression model. This model was
used because of overdispersion found in
the analyzed data (20).
The model is represented as follows:

Log(event rate) = o + X year + €

where o indicates the intercept, B is an
angular coefficient, and € is random error.

Models were constructed for each
stratum of the variables considered—for
example, a model for mortality in fe-
males, a model for mortality in the 20- to
34-year age group, and so forth.

We obtained the average annual per-
cent change for disease rates with the fol-
lowing formula: 100[exp(B) — 11.

For all statistical analyses, we consid-
ered a P value < 0.05 to be statistically
significant. All analyses were performed
with the statistical software package SAS
for Windows 9 (21).

RESULTS

The number of deaths from CVD in
Brazil stratified by gender in 1980 and
2003 is presented in Table 1. The total
number of deaths attributable to CVD in
Brazil increased steadily during the pe-
riod studied. The mean annual number
of deaths increased 45% between 1980
and 2003; a similar trend was evident for
all four groups of diseases. This increase
mainly reflects the progressive aging
and growth of the Brazilian population.

Nevertheless, the SMR consistently
decreased in Brazil between 1980 and
2003 for all groups of diseases (Table 2
and Figure 1): total cardiovascular mor-
tality rates exhibited a mean annual re-
duction of 3.9% per 100 000 inhabitants.
Stroke exhibited the highest mortality
rates among CVD but also the largest av-
erage annual decline—4.0% per 100 000
inhabitants per year; rates related to
coronary disease exhibited an average
reduction of 3.6% per 100000 inhabi-
tants. During the same period, all-cause
mortality rates in Brazil also declined
markedly, from 631.41 to 541.73 per
100 000 inhabitants (a mean annual re-
duction of 3.9%).

For both genders, there was a statis-
tically significant declining trend for
death rates from all CVD and from the
four subgroups of diseases (P < 0.0001
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FIGURE 1. Evolution of standardized mortality rates attributable to cardiovascular diseases,

Brazil, between 1980 and 2003
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FIGURE 2. Evolution of standardized mortality rates attributable to cardiovascular diseases ac-
cording to gender, Brazil, between 1980 and 2003
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for all). The average annual percent de-
cline was similar for men and women
in all categories of diseases (Table 2).
Stroke was the main cause of death in
women in 1980 and again in 2003. Since
1999, ischemic heart disease has sur-
passed stroke as the leading cause of

12

cardiovascular death in Brazilian men
(Figure 2).

The decrease in mortality rates was
observed in all age strata (Table 2). A
more marked decline was apparent in
the youngest population group (up to 45
years) but all strata experienced a steep

decline over the last 24 years (P < 0.0001
for all findings). Mortality related to
hypertensive complications in the oldest
population group (=75 years) consti-
tuted an isolated exception, with rates
increasing slightly (mean 0.4% per year)
over the period studied.

A reduction in mortality rates oc-
curred in all geopolitical regions (Table 2
and Figure 1). The North region exhib-
ited more marked reductions during the
study period; this finding must be inter-
preted with caution because a parallel
increase in migratory inflow from other
Brazilian regions occurred between 1980
and 1991, resulting in a much higher
than average demographic expansion in
that region (22). Excluding the North re-
gion, the wealthiest regions (South and
Southeast) exhibited higher initial mor-
tality rates from CVD and also more
marked reductions over time than other,
less well-developed regions. The trends
move in the same general direction for
stroke and ischemic heart disease.

DISCUSSION

SMR from CVD consistently de-
creased in Brazil over a period of 24
years. A parallel reduction in all-cause
mortality rates has also been demon-
strated. In the early 1980s, CVD consti-
tuted the primary cause of death in
Brazil, followed by external causes, in-
fectious diseases, cancer, and respiratory
diseases. In 2003, the scenario was simi-
lar, with a relative increase in mortality
from cancer, now second to CVD, and a
decline in mortality from infectious dis-
eases, now in the fifth position. Among
these five groups of diseases, only CVD
and infectious diseases presented de-
creasing mortality rates during the study
period. The process of epidemiologic
transition is still under way in Brazil,
where mortality from infectious diseases
and undernutrition has declined steadily
over the last 70 years (most markedly be-
tween 1930 and 1985), and mortality due
to CVD increased until the early 1970s;
after a period of apparent stability be-
tween 1970 and 1985, it now exhibits a
gradual decline similar to what hap-
pened in developed countries in previ-
ous decades (23). This trend is somewhat
different from what happened in the
United States of America and Western
Europe, for instance, where marked de-
clines in mortality due to CVD were de-
tected between 1970 and 2000 (24, 25).

Rev Panam Salud Publica/Pan Am | Public Health 25(1), 2009
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On the other hand, stability or even an
increase in CVD mortality was evident
in Eastern Europe and in underdevel-
oped countries during the 1980s and
1990s (24, 25).

A striking finding of this study is the
homogeneous decline in CVD mortality
from all groups of causes in both gen-
ders and in all age strata (an isolated
exception is deaths related to hyperten-
sion in the oldest stratum). This finding
strongly suggests the interplay of factors
that influence the incidence of CVD in
the whole population such as a reduc-
tion in mean salt consumption and
blood pressure levels. The main classes
of antihypertensive drugs (B-blockers,
calcium channel blockers, angiotensin-
converting enzyme inhibitors, and di-
uretics) can now be obtained at no ex-
pense through the public health system
(26). The importance of blood pressure
control as a core determinant of the
global reduction in CVD mortality is
also suggested by the steeper decline in
stroke mortality detected and resulting
in coronary artery disease becoming the
leading cause of death in men from 1999
on. In clinical trials, the reduction in the
incidence of stroke has been greater than
the reduction in the incidence of my-
ocardial infarction—35% to 40% versus
20% to 25% (27). Another factor with a
potentially large impact should also be
mentioned. The National Program of
Smoking Control resulted in a 32% de-
crease in per capita annual cigarette con-
sumption between 1989 and 2002 as well
as a reduction in the prevalence of cur-
rent smoking (28).

A reduction in hospital mortality over
time is also probably a factor leading to
the detected reduction in CVD mortality.
The availability of hospital beds in Brazil
decreased during the study period, from
3.7 per 1000 individuals in 1980 to 3.1
per 1000 in 2001 (29). It should be men-
tioned that during this period intensive
care units and coronary care units be-
came widely available (30). The appear-
ance and increasing availability of pro-
cedures potentially resulting in greater
diagnostic accuracy or therapeutic bene-
fit such as computerized tomography,
echocardiography, endovascular inter-
ventions, and renal dialysis should also
be mentioned as contributing factors (31).

The reduction in CVD mortality dur-
ing the period studied appears to be
related to indices of increasing social
development. Coronary heart disease is

now (since 1999) the leading cause of
death in the richest region of the country
(Southeast). We found an inverse and
strong correlation between the human
development index (HDI), which in-
creases in association with improved
economic and social indicators (life
expectancy, education attainment, and
income per capita) (32), and CVD mortal-
ity between 1980 and 2000 (data available
from the authors): Spearman correlation
coefficient = —-1.0; P < 0.001. The impor-
tance of socioeconomic determinants is
highlighted by the fact that, although the
reduction in CVD mortality rates oc-
curred in all geopolitical regions, it was
more marked in the South and Southeast
regions—responsible for 75.4% of the
crude internal product and with a higher
HDI (33)—and less so in other regions,
which exhibit medium (but also increas-
ing) HDI and can be seen as nonestab-
lished market economy regions.

The interregional differences probably
reflect the variable impact of a number of
factors including lifestyle differences
(physical activity, smoking, dietary ha-
bits), thoroughness of detection and con-
trol of classic risk factors such as hyper-
tension and diabetes, and differences in
hospital care. The two wealthiest regions,
for example, concentrate three-quarters
of magnetic resonance imaging and com-
puterized tomography machines, with
additional intrinsic access inequalities
(equipment heavily concentrated in pri-
vate facilities that assist only 17.4% of the
population). The corresponding figures
for health facilities with emergency de-
partments, intensive care beds, and coro-
nary care units are 65%, 71%, and 88%,
respectively (33).

Disparities in CVD mortality accord-
ing to socioeconomic factors have been
observed in other countries. The odds of
coronary heart disease in both genders
are more than two times greater in low-
income groups (34). In the United States
of America, CVD mortality appears to
vary according to racial origin (probably
reflecting different lifestyle and dietary
risk factors) as well as to social dispari-
ties (35). A recent Scottish study indi-
cates that area-based indicators of
poverty and individual social class influ-
ence the prevalence of common risk fac-
tors and morbidity and mortality from
CVD (36).

Despite the encouraging finding of a
steadily declining cardiovascular SMR,
the total number of deaths from CVD in

Rev Panam Salud Publica/Pan Am | Public Health 25(1), 2009
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Brazil progressively increased in recent
decades. This fact could reflect total pop-
ulation growth and also a progressive
increase in mean age of the population,
which will continue in the future. Mean
life expectancy increased from 62.6 years
for people born in 1980 to 71.7 years for
those born in 2004 (37). The projected
life expectancy for those born in 2020 is
76.1 years. Additional factors in the fu-
ture may lead to a relative increase in
the number of CVD deaths such as the
observed increase in the prevalence of
diabetes and obesity (28, 38). A national
program to guarantee free access to
treatment for hypertension and diabetes
was launched in 2002 and was conceived
to revert the present picture of a very
low degree of control of hypertension
in large cities (26). Developing countries
face problems of prohibitive costs of care
and therefore a huge emphasis should be
placed on primary preventive strategies
to effectively deliver treatment for hy-
pertension and other cardiovascular risk
factors (39).

A potential limitation of this study
should be mentioned. Death certificates
are the only data source available to as-
sess population trends in CVD mortal-
ity. However, the reliance on death cer-
tificates may introduce bias, as it could
be influenced by the quality of data
recording, a worldwide problem (40). In
Brazil, the quality of mortality data col-
lection is traditionally worse in regions
with lower socioeconomic indices (19).
However, a gradual improvement in
data recording is being noted (19). In the
future, a relative increase in the propor-
tion of deaths attributable to CVD could
be reported in poorer regions, because
most of the so-called deaths of undeter-
mined cause are actually due to cardio-
vascular conditions.

In conclusion, over the past 24 years,
CVD mortality in Brazil decreased
steadily in women and men in all age
strata, but the magnitude of the de-
cline varied according to regional socio-
economic differences. Furthermore, with
the progressive increase in the total
number of annual deaths from CVD ex-
pected in the coming decades, additional
prevention efforts should be encour-
aged. Considering the observed associa-
tion between socioeconomic conditions
and CVD mortality, broad interventions
may be more successful if planned ac-
cording to social inequality and cultural
differences.
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RESUMEN

Disminucion en la mortalidad
por enfermedades
cardiovasculares en Brasil

Palabras clave

Objetivos. Las enfermedades cardiovasculares constituyen la primera causa de
muerte en el mundo. Aunque las tasas de mortalidad han disminuido gradualmente
en los paises desarrollados, el escenario es menos claro en los paises en desarrollo. Se
describen las tendencias de la mortalidad por enfermedades cardiovasculares en Bra-
sil durante 24 afios y se analizan las diferencias segtin el grupo de enfermedades, la
region, el sexo y la edad.

Meétodos. Se tomaron los datos oficiales de mortalidad y los estimados de poblacién
para calcular las tasas de mortalidad estandarizadas en seis grupos de edad y cinco
regiones sociopoliticas entre 1980 y 2003. Se empled el modelo de distribucién bino-
mial negativa para estimar las tendencias de la mortalidad por sexo, grupo de edad y
region geopolitica en ese periodo.

Resultados. Las tasas de mortalidad estandarizadas totales por enfermedades car-
diovasculares disminuyeron sistematicamente en los 24 afios, de 287,3 a 161,9 por
100 000 habitantes, con un decrecimiento anual promedio de 3,9%. Se encontraron de-
crecimientos en las tasas de mortalidad estandarizadas en todos los grupos de edad y
de enfermedades. Los accidentes cerebrovasculares presentaron la mayor reduccion
(de 95,2 a 52,6 por 100 000 habitantes; media anual: 4,0%), seguidos de la enfermedad
coronaria (de 80,3 a 49,2 por 100 000 habitantes; media anual: 3,6%). La disminucién
fue més acentuada en las regiones de mayor desarrollo.

Conclusiones. Las tasas de mortalidad estandarizadas por enfermedades cardiovas-
culares disminuyeron sistematicamente en Brasil en el periodo estudiado. Aparente-
mente, esta reduccién esta relacionada con los indices de aumento en el desarrollo so-
cial. A pesar de estos alentadores resultados, se espera un aumento gradual en las
muertes por enfermedades cardiovasculares en las proximas décadas, por lo que se
requiere un esfuerzo preventivo adicional.

Enfermedades cardiovasculares, epidemiologia, mortalidad, Brasil.
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