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Cardiovascular diseases account for 18 million deaths
per year in the world, coronary artery diseases and cerebro-
vascular diseases being responsible for two thirds of these
deaths and for approximately 22% of the 55 million deaths
due to all causes 1. Estimates on mortality due to cardiovas-
cular diseases according to the region indicate that develo-
ping countries contribute with a greater part of the overall
burden of mortality due to the disease than developed
countries 2, with a relative excess of 70% 3.

In addition to being an important cause of mortality,
cardiovascular diseases also represent a great burden in re-
gard to morbidity, being at the top of the list of causes of
years lived with disability (DALY - Disability Adjusted Life
Years Lost). DALY is a measure developed by the Global
Burden of Disease Study, which comprises the sum of the
life years lost to early mortality and years lived with disabi-
lity, adjusted to the severity of the diseases 4,5. In countries
like Brazil, the increase in the elderly population and the in-
crease in longevity associated with changes in diet pattern
and lifestyle have a strong impact on the morbidity and mor-
tality pattern. It is estimated that in 2020, three quarters of
the deaths occurring in developing countries will be related
to population aging, most of these deaths being due to
chronic diseases, especially to diseases of the circulatory
system, cancer, and diabetes mellitus 6.

Despite this evidence, epidemiological studies have
shown that cardiovascular diseases are a relatively rare cau-
se of death in the absence of major risk factors 1. Almost
75% of the new cases of cardiovascular diseases occurring
in developed countries in the 1970s and 1980s could be ex-
plained by inadequate diet and physical activity, expressed
by high lipid levels, obesity, and increased blood pressure,
associated with smoking 7. The study of these risk factors
relates their presence and intensity to the development of
the disease. These prospective studies were responsible
for the development of risk scores, which allow for the esti-
mation of the probability of developing a certain cardiovas-
cular disease in a defined time interval. These risk scores, in
addition to being useful in foretelling a cardiovascular
event, aid in its prevention and in the reduction in its inci-
dence in individuals and populations 7-9.

Objective - To determine the coronary risk profile in
adults and elderly in a community.

Methods - The study comprised a sample of adults
(30-59 years, n=547) and the entire elderly population
(60-74 years, n=1165) residing in Bambuí town, Brazil.
The Framingham score based on sex, age, smoking, diabe-
tes mellitus, systolic and diastolic blood pressure, total
cholesterol, and HDL-C was used. The score based on age
and sex was defined as “expected” and compared with the
mean score obtained by the sum of all risk factors in each
age group and sex (score “observed”).

Results - The difference between the scores “obser-
ved” and “expected” increased with aging in both sexes.
Smoking increased the difference from 30 years of age
onwards, in both sexes, and hypertension was important
in men above the age of 30 years and in women above the
age of 50 years. Diabetes and elevated total cholesterol
increased the risk of the disease above the age of 50 years
in both sexes. A higher level of HDL-C reduced the risk
among men above the age of 30 years, with no significant
difference among women. Less schooling (< 4 years
versus ≥ 4 years) was associated with a higher score in
adults of both sexes, but not among the elderly.

Conclusion - Based on these results, in the community
studied, the risk of coronary artery disease may be reduced
up to 44% in men and 38% in women.

Key words: coronary artery disease, risk score, popula-
tion-based study
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Currently in Brazil, cardiovascular diseases account
for 33% of the deaths with known causes. Between 1996 and
1999, they were the first cause of hospitalization in the public
sector among individuals aged 40 to 59 years (17%) 10 and for
those aged 60 years or more (29%) 11. In the municipality of
Bambuí in the state of Minas Gerais, Brazil, cardiovascular
diseases (ICD-9: 390-459) also topped the list of causes of
death in 1991 (34%) and were the second cause of hospitali-
zation in the public sector in 1993 (18.5%) 12. Although the
transmission of T. cruzi has been interrupted for approxima-
tely 20 years, the prevalence of infection in that community
remains elevated due to the cohort effect 13.

The present study aimed at disclosing the risk profile of
coronary artery disease in Bambuí by estimating the risk of
developing the disease within 10 years 14. In addition, this
study assesses the contribution of each risk factor included
in this algorithm to the final probability of developing corona-
ry artery disease, as well as the influence of schooling, fami-
lial income, and the presence of Trypanosoma cruzi infection.

Methods

The present study is part of the Bambuí Project, a longi-
tudinal study on aging 12. A simple probabilistic sample of the
population aged 30 to 59 years and the entire population aged
60 to 74 years living in the municipality of Bambuí were se-
lected. The size of the adult sample (18-59 years) was suffi-
cient to estimate the prevalence of risk factors = 0.50, with a
confidence interval of 0.95, losses of 0.20, and accuracy of
0.03. The interviews, physical measurements, and blood tests
were carried out between October 1996 and August 1997 12.

The parameters used for constructing the risk score
were as follows: sex, age, smoking, diabetes mellitus,
systolic and diastolic blood pressure, total cholesterol, and
HDL-C.

Blood pressure measurements were taken with the in-
dividuals seated after resting for at least 15 minutes, their
arm level with the heart, and with no caffeine ingestion or
smoking in the preceding 30 minutes. Three measurements
were taken at intervals of at least 2 minutes. The first blood
pressure measurement was disregarded, the mean of the last
2 measurements being considered for analysis purpose 15.
The construction of the score was based on the most ele-
vated systolic or diastolic blood pressure value, when these
measurements were within a distinct range of scores, using
as a reference the classification of the V Joint Committee on
Detection, Evaluation and Treatment of High Blood Pressu-
re (1993), as previously reported 15.

For the laboratory tests, blood was collected after a 12-
hour fasting period. The levels of total cholesterol, HDL-C,
and LDL-C were defined according to the criteria recom-
mended by the National Cholesterol Education Program
(1993).

Individuals who had smoked at least 100 cigarettes
throughout their lives and who continued smoking during
the period of the interview were considered smokers.
Individuals being treated with insulin or oral antidiabetic
drugs, or those with high glycemic levels (≥ 126 mg/dL),
were classified as having diabetes mellitus 14.

The presence of antibodies against T. cruzi was detec-
ted through the indirect hemagglutination (Biolab) and
ELISA (Abbott Brasil) tests. Infection with T. cruzi was defi-
ned as a positive serology (levels ≥ 1:80, in indirect hemag-
glutination, and ratio between absorbance of the sample and
cut-off of the reaction > 1.1, in the ELISA test) in both tests 12.

In the interview, all individuals reporting a previous
medical diagnosis of myocardial infarction (n=66) were ex-
cluded from the calculation of the score for coronary artery
disease 13.

The scoring and the final probability of developing
coronary artery disease within 10 years proposed by Wil-
son et al 14 were used (Chart I). The score based on age for
each sex was defined as the score “expected” and was
calculated based on an individual at the same age, with nor-
mal blood pressure, levels of total cholesterol between 160
and 199 mg/dL, HDL-C ≥ 45 mg/dL for men and
≥ 55 mg/dL for women, nonsmokers and nondiabetics. The
score “observed” was calculated by adding the points of all
factors composing the risk profile for men and women. For
each age, the mean and median of the score observed was
calculated, the former being maintained because it did not
differ from the latter. The score expected was then compared
with the mean score observed at each age. Then, the contri-
bution of each isolated factor for the difference between the
score observed with the addition of each factor and the
score expected based on age and sex was analyzed.

The individuals were classified according to their risk
range and the score observed. For this, the individuals with
a previous history of myocardial infarction were classified
as those with the greatest risk, because previous myocardial
infarction increases the risk of a new cardiovascular event16.
The 12 individuals, for whom this information was not avai-
lable were considered for study purposes as having a ne-
gative previous history for myocardial infarction.

Finally, the medians of the global scores of the adult
(30-59 years) and elderly (60-74 years) participants of both
sexes were compared according to schooling (< 4 years vs =
4 years of schooling) and income (< 2 minimum wages vs
= 2 minimum wages per month). Considering the high preva-
lence of Chagas’ disease in the municipality, particularly

Chart I - Example of the construction of the risk score for coronary
artery disease in the time period of 10 years for a man and a woman

with the same ages and lifestyle

Risk factors  Points *
Man Woman

Age (years) 55 4 7
Total cholesterol (mg%) 250 2 1
HDL-C (mg%) 39 1 2
Blood pressure (mmHg) 146/88 2 2
Diabetes (yes/no) Yes 2 4
Smoking (yes/no) No 0 0
Score 11 16
Estimated risk * 31% 24%

* - points and estimate based on the results of the Framingham Study 15.
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among the elderly 13, the risk profile of this population was
analyzed according to the presence of infection by T. cruzi.
The statistical significance was tested using the Wilcoxon
rank sum test to compare the medians. Data were processed
and analyzed using Stata Statistical software, version 1.7 17.

This study was carried out according to the current
guidelines for the development of health research in Brazil
and was approved by the Committee on Ethics of the Fun-
dação Oswaldo Cruz. Participation in the study was volun-
tary, and written informed consent was obtained prior to the
interviews and the medical and laboratory examinations 12.

Results

This study comprised 1712 individuals, 547 adults
(82.5% of the eligible population) and 1165 (85.9%) elderly.
Table I shows the distribution of the individuals included in
the study according to age group, sex, and the prevalence
of risk factors. The 2 most prevalent risk factors in adult men
(30-59 years) were low levels of HDL-C and smoking, and
those in the elderly (60-74 years) were the reduced levels of
HDL-C and high blood pressure. Adult women had a lower
prevalence of all risk factors as compared with adult men.
Elderly women had a higher prevalence of high levels of total
cholesterol and diabetes as compared with that of elderly
men. Smoking was the only risk factor with a lower prevalence
among the elderly as compared with that in adults, of both
sexes, the reduction being more significant among women.

The results show that the mean global score observed
in each age group and sex and comprising the modifiable
risk factors grows gradually apart from the mean score ex-
pected based only on age and sex (fig. 1). Among men, the
difference between the score expected and the mean score
observed increased according to the age group of the indi-
vidual, while among women the difference between the
expected and observed scores significantly increased from
the age of 50 years onwards.

The probability of developing coronary artery disease
within 10 years obtained from the global risk score for men

and women is shown in figure 1. The differences in the esti-
mates of the mean global risk and the expected risk based on
age are greater among men aged 55 years or above, and
these differences increase as age advances until reaching
the greatest difference in the oldest age group (70-74 years).
Among men, the greatest mean risk observed was 25% and
the greatest mean risk expected was 14%. Among women
aged 50 to 54 years, a twofold increase occurred in the diffe-
rence between the estimates of mean global and expected
risks, with a tendency towards maintenance from then on.
Among women, the greatest mean risk observed was 13%
and the greatest mean risk expected was 8%.

Analyzing each risk factor alone (figs. 2 and 3), eleva-
ted blood pressure was observed to have contributed to in-
creasing the difference between the score expected and that
observed among men aged 30 years or more, and its impor-
tance increased with age. Among women, elevated blood
pressure contributed to reducing the mean score observed
in the lowest age groups and to increasing that difference
between 50 and 60 years.

The presence of high levels of total cholesterol has

Table I - Prevalence of risk factors for coronary artery disease among men and women aged 30 to 59 years and 60 to 74 years. Bambuí Project, 1997

CI (95%) %

Risk factors 30-59 anos 60-74 years χ2, p

MEN
Cholesterol ≥ 240 mg/dL 13.6 (13.64-13.68) 30 27.7 p<0.001
HDL Cholesterol ≤ 45 mg/dL 46.5 (46.44-46.56) 57.5 5.5 p=0.02
Blood pressure ≥ 140/90mmHg 20.2 (20.15-20.25) 47.5 48.8 p<0.001
Smoker 39.9 (39.84-39.96) 30.6 5.3 p=0.02
Diabetes mellitus 3.5 (3.48 - 3.52) 13.5 16.8 p<0.001

WOMEN
Cholesterol ≥ 240 mg/dL 12.2 (12.16-12.24) 48.7 133.7 p<0.001
HDL Cholesterol ≤ 45 mg/dL 35.4 (35.35-35.45) 43 5.3 p=0.02
Blood pressure ≥ 140/90mmHg 16 (15.96-16.04) 42.5 47.9 p<0.001
Smoker 24.1(23.95-24.15) 11.5 35.1 p<0.001
Diabetes mellitus 3.1 (3.08- 3.12) 15.9 35.7 p<0.001

CI = confidence interval.
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Fig. 1 - Global and expected Framingham risk score and global and expected risk of
developing coronary artery disease in 10 years according to age and sex in a
population aged 30 to 74 years. Bambuí Project, 1997.
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High levels of HDL-C have contributed to reducing the
risk of coronary artery disease among men from 30 years
onwards, and this difference was less significant among
women.

Both in men and women, the presence of diabetes mel-
litus has made little contribution to increasing the score.
The difference between the score expected and the mean
score observed in diabetic individuals began to appear in
men aged 60 years and above and in women aged 45 years
and above, but the contribution towards increasing that dif-
ference was not significant.

Most adults (30-59 years) were among the individuals
at the lowest risk of developing the disease, ie, a risk lower
than 5% (fig. 4). Among men, 118 adults were in that range of
risk, representing 51.8% of the individuals in that age group
in the sample studied. Among women, this prevalence was
even greater, 243 women were in that range of risk, represen-
ting 76.2% of the women aged 30 to 59 years.

In both sexes, the elderly had a mean risk of developing
coronary artery disease ranging from 10% to 19% as follows:
160 men, 34.7% being elderly, and 329 women, 46.7% being el-
derly, were in that range of risk; 142 (30.8%) elderly men had a
risk for coronary artery disease ranging from 20 to 29%, while
114 (16.2%) women were in that same range of risk.

A high proportion of elderly men (25.2%) was classi-
fied in the highest-risk group, ie, risk for developing corona-
ry artery disease = 30%. This proportion among women was
much lower (4.8%).

contributed to increasing the difference between the score
expected and the mean score observed in men aged 50
years and above and in women aged 45 years and above.

Smoking was also an important factor in the difference
between the score expected and the mean score observed in
men aged 30 years and above, with this difference being about
the same in all ages. Among women, smoking began to con-
tribute to increasing this difference from the 45 to the 65 years.
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 Fig. 2 - Expected Framingham risk score for coronary artery disease based on age and
sex and observed score considering the contribution of each risk factor alone in men.
Bambuí Project, 1997.
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Fig. 3 - Expected Framingham risk score for coronary artery disease based on age and
sex and observed score considering the contribution of each risk factor alone in
women. Bambuí Project, 1997.
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Fig. 4 - Distribution of the individuals according to the probability of developing
coronary artery disease within 10 years by age group and sex using the Framingham
score. Bambuí Project. Note: Individuals with a previous history of infarction
(n=66) were included in the range of greatest risk (≥ 30%), because this is a criterion
that increases risk in all individuals.
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Table II - Framingham global risk score for coronary artery disease according to sex, age group, schooling, familial income, and T. cruzi infection.
Bambuí Project, 1997

Men 30-59 years 60-74 years
Median (min; max) Median (min; max)

Schooling * <4 5 (-3;9) 9 (2;14)
4+ 2 (-5;9) 9 (2;15)

p<0.0001 p=0.52

Familial income# <2 3 (-4;9) 9 (3;14)
2+ 2 (-5;9) 9 (2;15)

p=0.16 p=0.12

T. cruzi infection No 2 (-5;9) 9 (2;15)
Yes 3 (-4;9) 9 (2;14)

p=0.85 p=0.94

Women 30-59 years 60-74 years
Median (min; max) Median (min; max)

Schooling * <4 5 (-11;19) 11 (2;22)
4+ -4 (-15;18) 11 (2;22)

p<0.0001 p=0.28

Familial income# <2 -2 (-13;18) 11 (2;22)
2+ -2 (-15;19) 11 (2;22)

p=0.99 p=0.08

T. cruzi infection No -2 (-15;19) 11 (2;22)
Yes -1 (-15;18) 11 (2;22)

p=0.83 p=0.45

* Schooling in years studied, # Familial income in minimum wages.

The medians of the risk score for developing coronary
artery disease did not differ in each age group and sex accor-
ding to familial income in minimum wages. When schooling,
in years of study, was compared, the mean global score of the
population whose schooling was less than 4 years was
greater than that of the individuals whose schooling was
greater than 4 years in adults (P<0.001), but not in the elderly.
No significant difference was observed in the individuals stu-
died in regard to the presence of T. cruzi infection (tab. II).

Discussion

The results of this study reveal that the probability of
developing coronary artery disease within 10 years among
men gradually increased as age advanced, reaching its peak
(25.1%) in the oldest age group (70-74 years). Among wo-
men, this phenomenon also occurred, but the greater mean
risk (13%) was slightly over half that observed among men.
The increased risk of coronary artery disease with the in-
crease in age occurred due to a combination of factors. Ac-
cording to Kannel and Wilson 7, the incidence of cardiovas-
cular diseases in adults doubles approximately at each deca-
de of life, even in individuals with an excellent cardiovascu-
lar risk profile. Concomitantly, the increase in longevity ena-
bles longer periods of exposure to risk factors of cardiovas-
cular diseases, which results in a greater probability of ha-
ving the clinical manifestation of these diseases.

In Bambuí, men had higher risk scores and were more
concentrated in the highest positions of the ranges of coro-
nary risk than women did. This phenomenon has already
been well reported, mainly in industrialized countries. The
explanations for this difference are related to biological (sex)

and cultural features and lifestyle (gender). The biological
explanation for this fact could be the female protection pro-
vided by estrogen, which has a direct effect on the circula-
tory system, causing vasodilation and inhibiting the pro-
gression of the atherosclerotic processes, avoiding, there-
fore, ischemic events 18. The explanations favoring gender
emphasize the differences in the concentration of risk fac-
tors and in the manner by which men and women are expo-
sed to these factors throughout life. The lower exposure to
these risk factors experienced by women has a lower impact
on the development of cardiovascular diseases in the
medium and long run 19.

According to the results obtained, a maximum poten-
tial reduction in coronary risk can be calculated by the per-
centage of reduction in the risk observed to the plateau of
the risk expected according to age and sex. For example, in
the elderly aged 70 or above, who have the greatest risks,
prevention of the modifiable risk factors would mean a
reduction of approximately 44% (from 25% to 14%) for men
and of 38% (from 13% to 8%) for women. In 1996, among the
population above the age of 60 years in Brazil, 28,479 deaths
occurred due to coronary artery disease 11. A 30% reduction
in the risk of coronary artery disease would have a signifi-
cant impact on the amount of potentially avoidable diseases
and deaths.

The identification of the greatest risk factors for car-
diovascular disease using population-based studies and ef-
fective control strategies combined with community educa-
tion and monitoring of the high-risk individuals have contri-
buted to a substantial drop in mortality due to cardiovascu-
lar diseases in almost all developed countries. In recent de-
cades, a drop in mortality due to coronary and cerebrovas-
cular diseases occurred in the United States and Western
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Europe 20-22. An approximate 50-60% drop in mortality due
to cardiovascular disease has also been reported in Austra-
lia and Japan 2.

Any of the major risk factors for coronary artery disea-
se, even alone, may cause a manifest disease if left untrea-
ted for many years 8. However, several studies have shown
that these factors tend to occur in combination, and that ef-
fective prevention can only be achieved through a global
approach to the risk profile of individuals and populations 7.
In the present study, 3 factors contributed more decisively
to the final risk of coronary artery disease: smoking, high
total cholesterol and high blood pressure. The coexistence
of these risk factors has already been reported in Bambuí
with hypertensive individuals, who have a 6-fold higher
chance of simultaneously having 3 or more risk factors for
coronary artery disease after adjusting for age and sex 14.

Greater schooling, even considering the cut-off point
of only 4 years of study, was associated with a better coro-
nary risk profile in adults of both sexes, but not in the elderly.
This tendency is consistent with the results obtained in
other developed countries 23, suggesting a cohort effect, ie,
the adult generation in that community has had greater
access to the relatively recent initiative of spreading the
preventive measures for coronary artery disease. In addi-
tion, the adults with greater schooling may have had grea-
ter access to and better use of that information.

Despite all the enormous pressure of accelerated po-
pulation aging on morbidity and mortality due to cardiovas-
cular diseases, the prevalence of several risk factors for
those diseases in developing countries tend to be lower
than that observed in developed countries, providing a
window of opportunity to early and effective control of the

epidemic projected for developing countries 2. In Brazil, co-
ronary artery diseases have contributed to 29.6% of the
deaths due to cardiovascular diseases from 1996 to 1999,
with a mean mortality rate of 46.4 deaths per 100,000 inhabi-
tants/year 10. As population aging is a recent phenomenon
in Brazil, the development and consolidation of healthy life
habits among the enormous contingent of young indivi-
duals could lead to a future decline in the rates of coronary
artery diseases in the country. Therefore, this moment of de-
mographic transition that the country currently experiences
represents another window of opportunity for the develop-
ment of effective preventive strategies for cardiovascular
diseases that may minimize the estimated impact of aging on
morbidity and mortality.

According to the literature consulted, this is the first re-
presentative population-based study in Brazil to apply this
methodology to assess the impact of each risk factor in the
global risk of coronary artery disease in a community. Our
results have a great internal validity and indicate that a wide
margin exists to reduce the incidence of coronary artery di-
sease in the community studied. There is no reason to think
that the risk profile observed in Bambuí is worse than that in
other small urban communities in the country, which repre-
sent approximately 70% of Brazilian municipalities. Our resul-
ts emphasize the importance of assessing risk factors for coro-
nary artery disease in the population at large and not only
among patients who already have evidence of the disease.
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