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Abstract

Background: Cardiovascular diseases are the major cause of death in Brazil.

Objective: To correlate cardiovascular mortality rates in the states of Rio de Janeiro, São Paulo and Rio Grande do Sul, 
and in their capitals, between 1980 and 2008, with socioeconomic indicators collected from 1949 onwards.

Methods: Population and death data were obtained from the Brazilian Unified Health System databank (Datasus). 
Mortality rates due to the following were calculated and adjusted by use of the direct method and compensated for poorly 
defined causes: ischemic heart diseases; cerebrovascular diseases; cardiovascular diseases; poorly defined causes; and 
all causes. Child mortality data were obtained from state and municipal health secretariats and from the Brazilian 
Institute of Geography and Statistics (IBGE). Information on gross domestic product (GDP) and educational level was 
obtained from the Brazilian Institute of Applied Economic Research (Ipea). The mortality rates and socioeconomic 
indicators were correlated by using the estimation of Pearson linear coefficients to determine optimized year lag. The 
inclination coefficients of the regression between the dependent variable “disease” and the independent variable 
“socioeconomic indicator” were estimated.

Results: The three states showed a reduction in mortality, which was especially due to a decrease in cardiovascular 
mortality, mainly of cerebrovascular diseases. The decrease in cardiovascular mortality was preceded by a reduction 
in child mortality, an elevation in the per capita GDP, and an increase in the educational level, and a strong correlation 
between indicators and mortality rates was observed. 

Conclusion: The three indicators showed an almost maximum correlation with the reduction in cardiovascular 
mortality. Such relationship indicates the importance of improving quality of life to reduce cardiovascular mortality. 
(Arq Bras Cardiol. 2013;100(2):147-156)
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for tobacco use, whose prevalence has decreased, but that 
reduction trend is recent and posterior to the beginning 
of the decline in cardiovascular mortality12. In addition, 
high technology procedures, coronary by-pass surgery and 
angioplasty, do not explain that reduction in mortality because 
of their poor performance13-15 and reduced distribution in 
Brazil. However, that reduction in cardiovascular mortality 
might be more effectively related to the better protection 
provided to the general population against exposure to 
infectious agents, due to the improvement in the quality of 
life of the populations. That actually preceded the decline in 
cardiovascular mortality3.

The most important socioeconomic indicators are per 
capita Gross Domestic Product (per capita GDP), child 
mortality, and educational level. Such factors should have 
contributed to the positive socioeconomic evolution of the 
populations assessed in this study. 

This study was aimed at correlating the compensated and 
adjusted cardiovascular mortality rates in the states of Rio de 
Janeiro, São Paulo and Rio Grande do Sul, and in their capitals, 

Introduction
During the 20th century, especially after World War II, an 

improvement in socioeconomic indicators was observed in 
all developed countries, and later in developing countries, 
followed by a drop in general mortality rate1,2, particularly 
a decrease in the number of deaths due to cardiovascular 
diseases3.

Based on data available, the progressive drop in the 
mortality rate due to vascular diseases (coronary or cerebral) 
cannot be explained by the management of the classical 
risk factors (arterial hypertension, diabetes mellitus, obesity, 
dyslipidemia, and smoking). Over the past decades, the 
prevalence of those factors has increased in Brazil4-11, except 
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between 1980 and 2008, with the following indicators: child 
mortality collected from 1950 onwards; per capita GDP 
collected from 1949 onwards; and educational level collected 
from 1960 onwards.

Methods
Socioeconomic and mortality data were collected in 

the states of Rio de Janeiro, São Paulo and Rio Grande do 
Sul, and in their capitals. The socioeconomic indicators 
were per capita GDP, child mortality, and educational level 
(represented by the years of schooling of individuals over 
the age of 25 years). Those indicators were chosen based on 
the need to represent economic factors (per capita GDP), 
and factors related to health evolution (child mortality) 
and access to knowledge (educational level). In addition, 
those three indicators were the most available and had a 
satisfactory time lag regarding the mortality rates studied.

Information regarding child mortality, number of 
children who die by the age of one year per thousand 
live births per year, from 1980 to 2007, originated from 
the following sources: city of Rio de Janeiro – Municipal 
Health Secretariat (SMS)16; state of Rio de Janeiro – State 
Health Secretariat (SES)17; state and city of São Paulo – 
Data Analysis State System Foundation (Seade)18 of the 
Regional Planning and Development Secretariat of the São 
Paulo Government; state of Rio Grande do Sul and city of 
Porto Alegre – SMS of Porto Alegre19. For the years before 
1980, ten-year means provided by the Brazilian Institute 
of Geography and Statistics (IBGE)20, inserted in the years 
1945, 1955, 1965 and 1975, were used. 

The GDP information was obtained from the Brazilian 
Institute of Applied Economic Research (Ipea)21 for the years 
1949, 1959, 1970, 1975 and 1980, and from 1985 to 2008. 
The population data originated from the Brazilian Institute of 
Geography and Statistics 20 for the years of general censuses 
(1950, 1960, 1970, 1980, 1991, 2000 and 2010) and of 
counting (1996). Population estimates for the years between 
censuses were performed by using the arithmetic method 
with the census years or counting immediately before or after 
censuses. Those estimates were performed for the fractions 
corresponding to the age groups, at ten-year intervals, for 
each sex. The per capita GDP was calculated by dividing 
the absolute GDP (in “reais”) of the state or its capital by the 
population in the corresponding year. The educational index 
corresponds to the ratio between the sum of the years of 
schooling completed by individuals aged 25 years and over 
and the total number of individuals in that age group. Those 
data were obtained from the Ipea21 for the years 1960, 1970, 
1980, 1991 and 2000. For all the years lacking information 
on any of the indicators, estimates of arithmetic growth were 
used based on the years immediately before and after the 
interval lacking information. 

Line graphs were built with each socioeconomic indicator 
represented as variable Y and the years as variable X.

Building the mortality rates comprised the analysis of 
data restricted to adults aged 20 years and over. Population 
data from 1980 to 2008 were obtained from the Brazilian 
Unified Health System databank (Datasus)22. Data regarding 

death were discriminated in the following areas of major 
interest in the study: cardiovascular diseases, corresponding 
to those recorded in chapters VII of the International Code 
of Disease 9 (ICD-9)23 or IX of the ICD-1024; ischemic heart 
diseases (IHD), corresponding to codes 410-414 of the 
ICD-9 or I20-I25 of the ICD-10; cerebrovascular diseases 
(CBVD), corresponding to codes 430-438 of the ICD-9 or 
I60-I69 of the ICD-10. In addition, the following were also 
used: deaths due to poorly defined causes, comprised in 
chapter XVI of the ICD-9 and XVIII of the ICD-10; and the 
total of deaths due to all causes. The ICD-9 was in force up 
to 1995, while ICD-10, from 1996 onwards. Raw mortality 
rates and those adjusted for sex and age were calculated 
by use of the direct method25,26 for the states and their 
capitals, per 100 thousand inhabitants. Because the poorly 
defined causes of mortality in the state of Rio de Janeiro 
have significantly increased since 199027, compensation was 
performed by allocating to the deaths due to cardiovascular 
diseases, IHD and CBVD their part of deaths due to poorly 
defined causes. After that, the mortality rates adjusted for 
sex and age were estimated. The standard population for 
the adjustments was that of the state of Rio de Janeiro 
registered in the 2000 census, stratified according to seven 
age groups (20 to 29 years; 30 to 39 years; 40 to 49 years; 
50 to 59 years; 60 to 69 years; 70 to 79 years; and 80 years 
and over) for each sex. Those rates were denominated 
compensated and adjusted. Line graphs of mortality rate 
due to all causes, cardiovascular diseases, IHD and CBVD 
were built for the years 1980 to 2008. 

Further details about the methodology used to calculate the 
mortality rates in the three states, as well as the compensation 
maneuvers and graph construction can be obtained in a 
previously published article by the same authors3.

The mortality rates and socioeconomic indicators were 
correlated by estimating Pearson linear coefficients26 in all 
combinations of time series to determine the optimized 
annual lag according to socioeconomic data availability, 
which could be at most 31 years for per capita GDP, 
30 years for child mortality, and 20 years for educational 
level. The optimum annual lag had the highest Pearson 
linear coefficient in all combined series. For example, in the 
case of per capita GDP, 31 coefficients were generated for 
each group of causes of death, the first corresponding to a  
31-year lag (per capita GDP of 1949 to 1977 with mortality 
due to IHD of 1980 to 2008) and the last corresponding 
to no annual lag (per capita GDP and mortality due to 
IHD from 1980 to 2008). Those estimates were obtained 
for the three socioeconomic indicators (per capita GDP, 
child mortality, and educational level) and the mortality 
rates due to cardiovascular diseases, IHD, CBVD, and 
all causes. In addition, the inclination coefficients of the 
regression between the dependent variable “disease” 
(cardiovascular disease, IHD, CBVD, and all causes) and the 
independent variable “socioeconomic indicator” (per capita 
GDP multiplied by 100 reais, educational level and child 
mortality) were also estimated in the series with optimum 
lag according to the linear correlation coefficient. 

Quantitative procedures were performed with the 
programs Excel-Microsoft28 and STATA29.
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Results
Child mortality rates (Figure 1A) in the three states 

and capitals studied showed a progressive and important 
reduction over the period studied, and that reduction 
exceeded six times when comparing the rates of the years 
after 2000 with those of the 1950s. The highest values were 
found in the states of Rio de Janeiro and São Paulo, and the 
lowest, from 1980 to the most recent years, in the city of 
Porto Alegre (Figure 1A).

The educational level, represented by the mean of the 
years of schooling of individuals over the age of 25 years, 
increased over the period studied, with better indicators in 
the capitals. The best educational level indicators were found 
in the city of Porto Alegre, while the worst were found in 
the states of São Paulo and Rio Grande do Sul (Figure 1B).

The per capita GDP in the three states and capitals 
increased from 1949 to 1980, when there was a tendency 
towards a mild decrease and stagnation. Around 2004, the 
per capita GDP returned to the growing pattern (Figure 1C). 

The mortality rates compensated and adjusted for age 
and sex of adults aged 20 years and over are shown in 
figure 2. The cardiovascular mortality in the three states and 
capitals show a descending pattern over the entire period. 
The cardiovascular mortality in the state of Rio de Janeiro 
was higher than those in the other regions over the entire 
period studied, but that in its capital was close to those of 
the other states and capitals from 1994 onwards. The city 
of Porto Alegre showed the lowest rates in all years. The 
state of Rio de Janeiro showed the highest mortality rates 
due to IHD until 1993 (Figure 2B). From that year on, the 
rates were similar in the three states. The capitals of Rio de 
Janeiro and Rio Grande do Sul showed similar rates over the 
entire period, and they were higher than that of the capital 
of São Paulo until the beginning of the 1990s. From 1992 on, 
the capital of São Paulo showed persistently more elevated 
mortality rates due to IHD until 2008. The mortality rates due 
to CBVD in the states and capitals (Figure 2C) declined. The 
most marked reduction was observed in the state of Rio de 
Janeiro and its capital, whose rates became similar to those 
of the other states at the end of the studied period.

The correlations between the child mortality and 
cardiovascular mortality rates showed that each death of 
a child by the age of one year per thousand live births is 
related to an increase in mortality due to the following: IHD, 
between 1.5 and 2.4 deaths per 100 thousand inhabitants; 
CBVD, between 1.2 and 3.8; cardiovascular diseases, between 
4.4 and 7.7; and all causes, between 5.0 and 8.1. Thus, the 
reduction in child mortality correlates with the reduction in the 
mortality rates studied. The time lag ranged from 0 to 30 years, 
and the correlation coefficients, from 0.80 to 0.98 (Table 2).

The one-year increase in the mean of years of schooling 
in individuals over the age of 25 years caused a reduction in 
deaths per 100 thousand inhabitants due to the following: 
IHD, a reduction between 28.2 and 42.1; CBVD, between 
20.4 and 58.2; cardiovascular diseases, between 77 and 
124.5; and all causes, between 79.3 and 119.4. The time lag 
ranged from 0 to 20 years, and the correlation coefficients 
were high, ranging from 0.80 and 0.99 (Table 3).

Discussion
In Brazil, over the last three decades, the mortality 

rates due to cardiovascular diseases, mainly of CBVDs, 
significantly decreased. However, the magnitude of the 
problem is still considerable, especially regarding other 
consequences, such as disability with a high social cost30. 
The cardiovascular mortality rates in the three states 
studied and their capitals showed intermediate values when 
compared with those of other countries. Those three states 
and their capitals showed, from the year 2000 onwards, 
rates between 300 and 400 deaths per 100 thousand 
inhabitants, values neither as high as those from Russia, 
Ukraine, Romania and other former Soviet Republics, 
whose rates achieved 1000 deaths per 100 thousand 
inhabitants, nor as low as those from Japan, whose mortality 
rate was around 110 per 100 thousand inhabitants31-33.

According to Achutti, changes in the profile of diseases 
are still controversial. The identification of classical risk 
factors and the search for new candidate factors have guided 
the individual stagings of patients and their management 
through secondary or primary preventive measures. 
Social and economic determinants not only influence the 
presence and distribution of traditional risk factors, but 
also directly influence the biological mechanisms closely 
related to cardiovascular pathogenesis (ex.: low birth 
weight and chronic effects on neuroimmune-inflammatory 
modulation). Because the relationship between social 
sciences and neuropsychology is yet to be completely 
understood, as is the interaction of those determinants in 
the distribution of biological vulnerability to disease, the 
progress in that field has been slow34.

The classical risk factors were highly prevalent and 
increased in the past decades. The population studies of 
the late 1970s and early 1980s estimated the prevalence of 
high blood pressure as between 10% and 25%10. Currently, 
the prevalence of that risk factor ranges from 16.75% to 
40.3%, depending on the region assessed. In addition, a 
significant increase is observed with age, from 7.4%-15.7% 
at the age group of 25-39 years to 39%-59% in those 
over the age of 60 years8. In the Americas, the number of 
individuals with diabetes has been estimated as 35 million 
for the year 2000 and projected to 64 million for the year 
2025. In developed countries, the increase will affect 
mainly the more advanced age groups, due to the increase 
in life expectancy and population growth; in developing 
countries, the prevalence of diabetes will increase in all 
age groups, tripling in the 45-64 age group, and doubling 
in the 20-44 and over 65 age groups6.

According to the Brazilian National Study on Family 
Expenditure (Estudo Nacional de Despesa Familiar - ENDEF) 
carried out in 1974/1975, the prevalence of overweight 
(BMI ≥ 25kg/m2) in Brazil was as follows: Northeastern 
region, 11% of men and 19% of women; Southeastern 
region, 20% of men and 29% of women11. Those numbers 
have increased. The prevalence of overweight in Brazil is 
currently estimated as 38.5% of men and 39% of women9. 
Dyslipidemias, closely related to obesity and overweight, 
are present in 38% of men and 42% of women4. The 
Western trend of eating more and moving less has led 
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Figure 1 – Evolution of the major socioeconomic indicators in the states of Rio de Janeiro, São Paulo and Rio Grande do Sul, and in their capitals, from 1950 onwards. A1) 
Child mortality - states. A2) Child mortality - capitals. B1) Educational level (mean of years of schooling of adults over the age of 25 years) - states. B2) Educational level 
(mean of years of schooling of adults over the age of 25 years) - capitals. C1) per capita Gross Domestic Product (GDP) - states. C2) per capita GDP - capitals  RJ_state: 
Rio de Janeiro state; RJ_cap: Rio de Janeiro capital; SP_state: São Paulo state; SP_cap: São Paulo capital; RS_state: Rio Grande do Sul state; POA: Porto Alegre city.
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Figure 2 – Mortality rates of adults over the age of 20 years per 100 thousand inhabitants, adjusted for sex and age, and compensated for poorly defined causes, in the states 
of Rio de Janeiro, São Paulo, and Rio Grande do Sul, and in their capitals, from 1980 to 2008. A1) Cardiovascular mortality – states. A2) Cardiovascular mortality – capitals. B1) 
Mortality due to ischemic heart disease – states. B2) Mortality due to ischemic heart disease – capitals. C1) Mortality due to cerebrovascular diseases – states. C2) Mortality due 
to cerebrovascular diseases – capitals. RJ_state: Rio de Janeiro state; RJ_cap: Rio de Janeiro capital; SP_state: São Paulo state; SP_cap: São Paulo capital; RS_state: Rio 
Grande do Sul state; POA: Porto Alegre city
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Table 1 – Optimum year lag, linear correlation coefficient and inclination coefficient of the ratio between the standard mortality* of adults due 
to cardiovascular diseases and all causes per 100 thousand inhabitants, and the per capita Gross Domestic Product (GDP), in reais, in three 
Brazilian states and their capitals, 1980-2008

Disease** Indicator
per capita GDP

Regions***

RJ_Cap RJ_St SP_Cap SP_St POA RS

IHD

Lag**** 24 21 31 27 28 28

CorrCoef***** -0.95 -0.95 -0.97 -0.96 -0.93 -0.95

R/100****** -1.4 -2.1 -1.2 -1.1 -1.3 -1.4

CBVD

Lag**** 24 24 28 24 20 22

CorrCoef***** -0.96 -0.98 -0.96 -0.95 -0.93 -0.97

R/100****** -1.7 -3.0 -1.4 -1.6 -0.8 -1.7

CVD

Lag**** 23 24 29 25 26 23

CorrCoef***** -0.98 -0.97 -0.97 -0.96 -0.95 -0.96

R/100****** -3.6 -6.0 -3.4 -3.5 -2.8 -4.1

All
causes 

Lag**** 28 28 29 29 29 28

CorrCoef***** -0.91 -0.92 -0.83 -0.90 -0.88 -0.90

R/100****** -4.1 -6.2 -3.7 -4.1 -3.0 -4.2

*Direct method, according to sex and 10-year age groups, from the age of 20 years – standard: state of Rio de Janeiro, year 2000.
**IHD : ischemic heart disease; CBVD : cerebrovascular disease; CVD : cardiovascular disease 
***RJ_Cap : Rio de Janeiro capital; RJ_St : Rio de Janeiro state; SP_Cap : São Paulo capital;  SP_St : São Paulo state; POA : city of Porto Alegre; RS : Rio Grande 
do Sul state 
****Lag : lag in years (maximum: 31 years), optimized according to Pearson correlation coefficient
*****CorrCoef : Pearson correlation coefficient between “disease” and “per capita GDP”
******R/100 : Inclination coefficient of the regression between the dependent variable “disease” and the independent variable “per capita GDP”, multiplied by 100 reais.

Table 2 – Optimum year lag, linear correlation coefficient and inclination coefficient of the ratio between the standard mortality* of adults 
due to cardiovascular diseases and all causes per 100 thousand inhabitants, and child mortality per thousand live births in six Brazilian 
regions, 1980-2008  

Disease**
Indicator

Child 
mortality

Regions***

RJ_Cap RJ_St SP_Cap SP_St POA RS

IHD

Lag**** 25 16 20 0 22 19

CorrCoef***** 0.97 0.97 0.97 0.97 0.95 0.96

R****** 2.4 1.5 2.4 2.3 2.0 1.5

CBVD

Lag**** 25 18 27 0 27 17

CorrCoef***** 0.99 0.98 0.98 0.98 0.95 0.98

R****** 2.9 2.2 3.8 3.4 1.2 2.0

CVD

Lag**** 18 20 22 0 25 18

CorrCoef***** 0.96 0.98 0.97 0.97 0.98 0.97

R****** 6.3 4.7 7.7 7.3 4.4 4.9

All
causes

Lag**** 29 23 17 28 27 30

CorrCoef***** 0.80 0.92 0.83 0.94 0.83 0.89

R****** 5.5 5.0 7.0 8.1 4.0 7.2
*Direct method, according to sex and 10-year age groups, from the age of 20 years – standard: state of Rio de Janeiro, year 2000.
**IHD : ischemic heart disease; CBVD : cerebrovascular disease; CVD : cardiovascular disease 
***RJ_Cap : Rio de Janeiro capital; RJ_St : Rio de Janeiro state; SP_Cap : São Paulo capital;  SP_St : São Paulo state; POA : city of Porto Alegre; RS : Rio Grande 
do Sul state 
****Lag : lag in years (maximum: 30 years), optimized according to Pearson correlation coefficient
*****CorrCoef : Pearson correlation coefficient between “disease” and “child mortality”
******R : Inclination coefficient of the regression between the dependent variable “disease” and the independent variable “child mortality” (deaths/1000 live births).

152



Original Article

Soares et al
Evolution of mortality in three Brazilian states

Arq Bras Cardiol. 2013;100(2):147-156

Table 3 – Optimum year lag, linear correlation coefficient and inclination coefficient of the ratio between the standard mortality* of adults due 
to cardiovascular diseases and all causes per 100 thousand inhabitants, and the years of schooling of individuals over the age of 25 years in 
six Brazilian regions, 1980-2008 

Disease** Indicator
Years of schooling

Regions***

RJ_Cap RJ_St SP_Cap SP_St POA RS

IHD

Lag**** 18 16 17 0 14 18

CorrCoef***** -0.98 -0.98 -0.96 -0.98 -0.96 -0.97

R****** -42.1 -40.3 -29.7 -28.2 -35.3 -41.3

CBVD

Lag**** 10 15 10 0 12 10

CorrCoef***** -0.99 -0.99 -0.98 -0.98 -0.94 -0.98

R****** -50.4 -58.2 -34.4 -42.9 -20.4 -44.0

CVD

Lag**** 10 18 17 10 13 10

CorrCoef***** -0.97 -0.98 -0.97 -0.97 -0.97 -0.97

R****** -99.4 -124.5 -87.1 -104.4 -77.0 -107.8

All
causes

Lag**** 20 20 20 17 20 18

CorrCoef***** -0.84 -0.88 -0.80 -0.90 -0.86 -0.86

R****** -103.2 -117.3 -101.7 -140.8 -79.3 -119.4

*Direct method, according to sex and 10-year age groups, from the age of 20 years – standard: state of Rio de Janeiro, year 2000
**IHD : ischemic heart disease; CBVD : cerebrovascular disease; CVD : cardiovascular disease 
***RJ_Cap : Rio de Janeiro capital; RJ_St : Rio de Janeiro state; SP_Cap : São Paulo capital;  SP_St : São Paulo state; POA : city of Porto Alegre; RS : Rio Grande do Sul state 
****Lag : lag in years (maximum: 20 years), optimized according to Pearson correlation coefficient
*****CorrCoef : Pearson correlation coefficient between “disease” and “years of schooling” of individuals over the age of 25 years
******R : Inclination coefficient of the regression between the dependent variable “disease” and the independent variable “years of schooling” of individuals over the 
age of 25 years

to an excessive intake of calories, favoring the presence 
of those factors in genetically predisposed individuals 
and threatening the health of most nations, mainly in the 
Western world9.

Tobacco use is the only classical risk factor whose 
prevalence has decreased in recent years. According to the 
Brazilian National Research on Health and Nutrition (PNSN) 
carried out by IBGE in 1989, the prevalence of smoking in 
Brazil was 31.7% (39.3% of men and 25.2% of women). 
The prevalence found in the 2002-2003 epidemiological 
survey carried out in 16 Brazilian capitals ranged from 
12.9% to 25.2% (men, 16.9% to 28.2%; women, 10.0% 
to 22.9%). However, as that reduction is recent, its impact 
on the mortality rate is yet to occur12.

From 1930 to 1980, Brazil experienced a significant 
economic growth that, despite income concentration, 
made educational, sanitary, economic and infrastructure 
improvements possible, reducing infectious diseases 
and subsequent inflammatory processes. In developed 
countries, the decline in cardiovascular mortality began 
approximately 15 years after the end of World War II, 
which followed the great depression in the early 1930s and 
the 1918 influenza pandemic. In Brazil, that same decline 
began approximately 40 years after the beginning of the 
economic growth period. Exposure to infectious agents 
and other unhealthy conditions in the first years of life can 
make individuals more susceptible to the development of 
atherothrombosis. The decline in child mortality preceded 

that in cardiovascular mortality. In addition, the reduction 
in the exposure to infectious diseases early in life might 
be related to the decline observed in the cardiovascular 
mortality of adults35-39. 

Our study showed that the decline in child mortality, 
and the increase in per capita GDP and in educational level 
are strongly correlated with the reduction in cardiovascular 
mortality in adults from 1980 onwards, evidencing that the 
improvement in socioeconomic indicators preceded the 
decline in cardiovascular deaths. The increase in per capita 
GDP could prevent many deaths due to cardiovascular 
diseases. That impact was bigger in the states than in their 
capitals. A greater income increase in the capitals than in 
the inner areas of the states might seem necessary to cause 
similar reductions in cardiovascular mortality and its major 
components; however, it might be due to the fact that the 
income has increased more in the capitals than in the states 
as a whole, while the tendency towards mortality reduction 
was similar in the capitals and in the inner areas. The increase 
in the educational level over the past decades, which almost 
doubled in the three states and capitals studied, had a great 
impact on mortality, reducing in more than 100 cardiovascular 
deaths in the states and approximately 80 deaths in the capitals 
with an one-year increase in the mean of years of schooling 
among adults. The drop in child mortality preceded that in 
cardiovascular mortality, and for each child death per thousand 
live births avoided, there were five less cardiovascular deaths 
per 100 thousand inhabitants in the regions studied. Those 
three social indicators are closely related and interdependent. 
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The per capita GDP has represented the social and economic 
improvement of the Brazilian society since the second half of 
the 20th century, and its evolution over the years studied shows 
a strong relationship with the mortality variation, especially 
with the cardiovascular mortality rates, whose correlation 
coefficient is very close to 1. The improvement in the three 
indicators has related to the drop in cardiovascular mortality 
and in all-cause mortality. Of the cardiovascular causes, CBVD 
represents a large group with the greatest reduction in mortality 
rates, especially considering the fact that CBVD had higher 
values in the initial years of the period, favoring a higher drop 
as compared to IHD.

An elevated variation in the optimal correlation lag 
occurred in some cases, in which the variation in correlation 
was actually very slight. This was observed in the correlations 
of IHD and CBVD with child mortality in the state of São 
Paulo. In such cases, the correlation ranged from 0.93 to 0.97 
in the 30-year and 0-year lags, respectively, for IHD, and from 
0.92 to 0.98 in the 30-year and 0-year lags, respectively, for 
CBVD. Thus, those correlations were very elevated in any 
year lag because both pairs of indicators maintained the 
tendency towards a constant drop over the periods with data 
available, and the latencies of the associations could not be 
precisely inferred. The joint follow-up of the indicators for 
longer periods might be the only way to better elucidate that 
question. The same is valid for all indicators studied, and the 
possibility of investigating crossed determinations might apply.

The major limitations resulted from the difficulty of 
acquiring socioeconomic data of the years prior to 1980. 
Data available often corresponded to 10-year periods and 
only to census years, requiring interpolation maneuvers for 
the years whose data were unavailable. The compensation 
maneuver for poorly defined causes might have under- or 
overestimated deaths due to poorly defined causes. All three 
states and capitals analyzed showed the same pattern: a drop 
in the mortality rates studied and an improvement of the 
socioeconomic indicators. To better support those correlations, 
places whose evolution of social and mortality indicators 
differed, and where mortality increased as the indicators 

worsened should have been studied. Greater heterogeneity in 
the selection of the states or areas with more varied indicators 
would be desired; however, most Brazilian states have neither 
long nor reliable historical series of data necessary for analysis. 
Another limitation is the maximum time lag between 20 and 
31 years, depending on the indicator. In addition, longer 
historical series initiating in more remote times, which could 
encompass more than one generation, would be better.

In conclusion, in the past three decades, a significant 
reduction in all-cause mortality was observed in the three 
states assessed. That reduction occurred especially due to a 
decrease in cardiovascular mortality, especially that due to 
CBVD. The decrease in cardiovascular mortality was preceded 
by an improvement in socioeconomic indicators, and the 
evolution of those indicators showed an almost maximum 
correlation with the reduction in mortality. Such relationships 
indicate the importance of the improvement in the quality of 
life to reduce cardiovascular mortality.
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