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Abstract The objective of this study was to analy-
ze the effect of age-period and cohort (APC) of
birth on mortality for acute myocardial infarction
in Brazil and its geographic regions, according to
sex in the period from 1980 to 2009. The data was
extracted from the Mortality Information System
and was corrected and adjusted by means of pro-
portional redistribution of records with sex and
age ignored, ill-defined causes, and corrections
were made based on the death sub-register. The
APC was calculated using the Poisson regression
model with estimable functions. The APC analy-
sis on both sexes and in all regions of the country
showed gradual reductions in the risk of death in
birth cohorts from the decade of the 1940s, except
in the Northeast. In this region, there have been
progressive increases in the risk of death from the
late 1940s for both sexes. This was up until the
1950s for men and the 1960s for women. It was
concluded that the observed differences in the risk
of death in Brazilian regions is the result of socio
-economic inequalities and poor access to health
services within the Brazilian territory, favoring
early mortality for this cause especially in poorer
areas.

Key words Myocardial infarction, Mortality, Age
effect, Period effect, Cohort effect
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Introduction

Cardiovascular diseases, including acute myocar-
dial infarction (IAM), represents an important
problem for public health in Brazil and in the
world which has resulted in high rates of inci-
dences of mortality'. The rates of Brazilian mor-
tality for this group of causes® (183,3/100.000)
are amongst the highest in the world and is sim-
ilar to that of countries such as China and areas
such as the east of Europe’.

This reality can be explained by both the
changes in the age structure of the population
and the increase in the prevalence of exposure
to risk factors that have been recognized as being
associated with diseases of the circulatory system
such as: sedentarism, increase in the consump-
tion of meat and food that contain a high fat
content, a reduction in the consumption of fruits
and vegetables, the consumption of alcoholic
drinks, smoking, the increase in obesity, as well
as socioeconomic inequalities and poor access to
health services®®.

In the last decade the National Policy for the
Promotion of Health and the Program for the
Prevention and Control of Hypertension and Di-
abetes (HIPERDIA)"*"#, were implemented with
the view of reducing mortality rates which were
high due to diseases of the circulatory system.
However, the mortality rates for cardiovascular
diseases in Brazil concerning IAM is still high in
comparison to the rates in developed countries.

Age, period and birth cohort are factors which
influence the development of the incidence rates
and the illness rates that lead to mortalities. The
effects of age relates to the changes in the devel-
opment of the mortality rates of certain illnesses
based on the age range in which the person is in.
The effects of the period refers to the alterations
in the mortality tendencies and incidences that
are in themselves related to the changes that occur
at certain periods and which influence, simulta-
neously all of the age ranges (the following must
be taken into account: innovations in diagnosis
and treatment, access to health care, changes in
the certification of deaths and improvements in
the mortality information system)”!°.

The effects of the birth cohort have occurred
due to factors that have affected a generation,
promoting changes at different magnitudes in
successive ages and period groups. This permits
the analysis of the effects of long term exposure
to risk factors. The birth cohort effect, reflects
the interaction between the effect of age and pe-
riod as a result of the accumulation of exposure
throughout a person’s life®°.

Therefore analyzing just the effects of age and
period through standard rates of age per period
whilst ignoring the effect of birth cohort is not
recommended to be done on a routine basis, as
there is no evaluation of the interaction between
the effect of age and period on the progression of
the mortality rates.

Continuing on this vein, the APC model
(age-period-cohort) can be used in any situation
in which the objective is the evaluation of the
temporal effect of the occurrence of the event.
The main reason for using these is to estimate the
effect of each of these factors (APC) separately in
the increase or otherwise of the rates”'°.

Following this line of thought, the objec-
tive of this study was to analyze the effect of the
age-period and the birth cohort (APC) on the
mortality rates for acute myocardial infarction in
Brazil and the geographical regions based on sex,
during the period from 1980 to 2009.

Methods

This was an ecological study with temporal ten-
dencies in which the death registers for IAM were
analyzed covering both sexes for those who were
20 years old or over between the period from
1980 to 2009. During this period two revisions
of the International Classification Statistics for
Diseases and Problems Related to Health (CID)
were made. This included the classification in
three digits of the ninth revision for the IAM 412
and the code for the tenth revision I-21.

The registers of deaths were extracted from
the Information System on Mortality (SIM/
DATASUS)" as well as population data based on
the census for 1980, 1991, 2000 and 2010. The in-
ter-census projections for the Ist July in the years
that the census was carried out, were estimated
by the Brazilian Institute of Geography and Sta-
tistics (IBGE)".

We made some corrections due to the poor
quality of the information obtained from the In-
formation System on Mortality (SIM) and then
we progressed in three steps: (1) proportional
redistribution of the classified registers with age
and/or sex that we ignored, (2) redistribution of
the classified deaths as causes that were poorly
defined amongst the known causes'?, with the ex-
ception of the external causes, and (3) correction
of the sub-register of deaths for each of the geo-
graphical regions and sexes in accordance with
the description that follows.

The deaths that were observed in relation to
all of the causes of deaths were corrected using



the demographic methods of death distribution
particularly: a) extinct generations', b) general
equation of the balance or general growth bal-
ance” and c) adjusted extinct generation that
consist in a combination of the first two®.

These methods are robust for non-stable
populations. However, when populations are
open to migration, care needs to be taken in
some areas. The correction factors taken from the
degree of cover used in this work follows the rec-
ommendation to minimize the effect of migra-
tion which consists in adopting an average from
the estimates generated from previous methods,
as well as not considering the ideas that are most
affected by migration'®.

The estimates of the degree of coverage of
deaths by sex and region used in this study were
developed by a group of researchers in the ambit
of a research project for the Estimates of Mor-
tality and Construction of Life Tables for Small
Areas in Brazil, 1980 to 2010 that were support-
ed by official acts: MCTI/CNPQ/MEC/ CAPES/
Social Science Applied eMCTI/CNPQ/Universal
14/2014.

More methodological details and the degree
of coverage for the general deaths of men by re-
gion in Brazil, can be found in Lima and Que-
iroz". For the women, the degree of coverage for
regions was kindly given by the research project
team using the same methodological strategy.
The inverse of the degree of coverage is the factor
through which the total deaths (all of the causes
of death) are corrected.

After the carrying out of the adjustments and
corrections of the deaths per sex and geograph-
ical region for the period of study, the rates of
mortality per JAM according to sex were calculat-
ed. The rates of mortality in relation to age range
and geographical region per 100,000 inhabitants
were also calculated. The above was done based
the standards for world populations proposed by
the World Health Organization (WHO)*.

The age range, periods and the birth cohort
were grouped in intervals of five years. The age
ranges started from 20 to 24 and went up to 80,
with a total of 13 groups. The periods were also
grouped in five years (1980 to 1984, 1984, 1985
to 1989, 1990 to 1994, 1995 to 1999, 2000 to 2004
and 2005 to 2009) adding up to six periods.

The choice of the period of analysis (1980-
2009), even faced with the availability of data
for mortality that is the most recent data (2010-
2013), was subject to the restrictions of the APC
methodology. This suggests that the age and pe-
riod groups ought to have the same size so that

there is no overlapping of the birth cohorts. Also
in this study we opted to work with age ranges
and periods of death with intervals from 5 in 5
years>?,

In relation to the birth cohorts, they started
in 1985 and ended in 1989, adding up to 19 co-
horts.

The effects of age-period-birth cohort (APC)
were calculated assuming a Poisson distribution
for the number of deaths and that the temporal
effects (age-period-birth cohort) act in a mul-
tiplicative way on the rates®'®. This being the
case, the logarithm for the value of the rate that
was hoped for is a linear function of the effect of
the age, period and cohort*'*1*2,

The estimates of the parameters of the APC
effect showed that the main limitation of the
problem of the non-estimation of the complete
model, is known as noindentifiability problem.
This limitation occurs owing to the exact linear
relation amongst the temporal effects (age-pe-
riod-birth cohort)*'®", It is noted that there
is no consensus in the field-related journals on
the best methodology to be used to correct this
problem”!®*?, This being the case, in the pres-
ent study we opted for estimating the parameters
of the APC effects through the estimable func-
tions'ﬂ,l{),l‘)'

The estimable functions limit the analysis of
the effects of the linear combinations and curva-
tures. The curvatures are the estimable functions
of the parameters and they remain constant in
spite of the parameterization that was used. The
linear tendency of the effects is divided into two
components: the first is the linear effect of age
and the other is called drift, being the linear ef-
fect of the period and the cohort. The longitu-
dinal tendency of the age is equal to the sum of
the age and of the inclination of the period and
which covers linear tendency of age and period
respectively. The term drift represents the linear
tendency of the logarithm for the specific rates of
age. It is equal to the sum of the inclinations of
the period and the cohort in which there is linear
tendency for the period and the cohort respec-
tively™'®'.

The specific rates of age for the cohort/period
of reference will be the relative risk (RR) for every
cohort referring to the reference cohort and to
every period relative to the period of reference. In
this article we used as a reference the cohort for
1935-1939 and the period from 1990 to 19942'.

The adjustment of the models for the data
was checked through statistical deviance®'®".
The results were considered to be statistically sig-
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nificant with < 0,05. The analysis for the estima-
tion of the APC model was carried out through
the library Epi 1.1.18a. program R, version 3.2.1 .

Results

In the period of study, the rate of the common av-
erage mortality rates for Brazil for males (108,14
death/100,000 man) was 1.75 times greater than
that of females (61,49 deaths/100,000 women).
We noted that the highest common rate existed
for males covering all of the period that was an-
alyzed. This was a reality that was also observed
in all of the geographical regions of the country.

In relation to development of the rates in six
five year periods that were analyzed, we noted
that for females the highest rates between the pe-
riod from 1995-1999 was observed in the south-
ern region of the country. This is a period from
which occurred a reduction for females, being
rates of the subsequent periods similar to those
that were checked in the south east region.

The profile of the mortality in the south east
region suggests a lowering of the rates from the
period from 1985 to 1989. Brazil showed signs of
a reduction in the rates between 1995-1999 for
the above group reaching an incident peek in the
period from 2000 to 2004, and then showing a
reduction in the following period.

It is still important to highlight that the re-
gions of the north and the central western re-
gions showed lower rates in all periods when
compared to other geographical regions and in
Brazil increases in rates of mortality in the north-
ern region were seen from 1995 to 1999.

In this context the north east region can be
highlighted because the same region showed
a steady increase in the rates of mortality from
1990 to 1994 reaching its highest value in the last
period of the historical series that was analyzed
(Figure 1).

For males the profile of the rates of mortali-
ty for IAM suggested a descendent tendency for
Brazil in the south and south east regions. There
was an increase in the most accentuated rates of
mortality in the northern regions and the north
east from 1995 to 1999 and a minor increase in
the central western regions from 1990 to 1994
(Figure 1).

In relation to the rates of mortality for birth
cohort and the age range, we checked the pro-
gressive reduction of mortality in the women
born after the 1940s decade in Brazil and the
south and south east regions.

However, in the central western and northern
regions we saw a reduction in the birth cohort
from the decade of the 1960. The reduction in the
rates of mortality is more pronounced in the age
ranges for the young people from the age of 30.

An opposite profile was seen in the north-
east region as there is an increase in the rates of
mortality in women born after the 1940 decade
in the age range from 45 to 49 years old. On the
other hand we also saw a reduction in the rates
amongst young people from the age of 30.

A similar profile was seen in the progression
of the rates for men except in the north and north
east region. In the northern region there was an
increase in the rates for those in the age range of
30-34 and 35 to 39 and in the north east, because
there is a reduction of the mortality rates in men
born in the 1960s.

In relation to the analysis of the effects of age
(A), period (P) and birth cohort (C), we saw that
in both sexes, the model was better when adjust-
ed to the data of the complete APC model (p <
0,0001) in Brazil and all of the geographical re-
gions that. This was the case when compared to
the model just with the age, birth-cohort, age-pe-
riod and age-drift (Table 1 and 2).

With respect to the effect of age in both sexes
for Brazil and in all of the regions, we noted an
increase in the progression of the mortality rates
whereas the age ranges increased (Figure 2 and 3).

Continuing on this vein, what stood out was
the mortality rates in the northeastern region for
men in the age group being 80 or over, as this was
higher for the mortality rates in Brazil and the
other geographical regions (Figure 3).

In relation to the effect of period we saw a
profile difference in the risk of death in relation
to the period of reference (1990-1994) amongst
the sexes and the geographical Brazilian regions.

For women in Brazil and particularly in the
south and the south east we noted an increase
in the risk of death by IAM in the periods from
1994 to 1995 and 2000 and 2004 (RR 2 1), with
a subsequent reduction of the risk in the period
showing the effect of protection in relation to the
period from 1990 to 1994 (RR < 1). This high-
lighted the same for men in the southern region.
In the north and north east regions we saw a re-
duction of the risk of death in all of the periods
from 1985 to 1989 (RR < 1) in relation to 1990-
1994 (Figure 2).

The central western region showed an inter-
esting situation for both the men and women as
there was a reduction of the risk of death in the
period from 1995 to 1999 and then there was a
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Figure 1. (A) Rate of mortality due to acute myocardial infarction for women, Brazil and the geographical regions,
five year periods from 1980 to 1984 to 2005 to 2009. (A) Rate of mortality due to acute myocardial infarction for
men, Brazil and the geographical regions, five year periods from 1980 to 1984 to 2005 to 2009.

subsequent increase which once again showed a
protective effect for the period from 2005 to 2009
(Figure 2 and 3).

On the other hand for men in Brazil we noted
an increase of the risk of death for this disease in
all of the periods after 1995 to 1999 in the period
of reference.

In the north and the north east region we
observed an increase of the RR in the last peri-
od that was analyzed (2005 to 2009) in relation
to 1990 to 1994 and for the period from 2000 to
2004 the increase was also seen in the north east.
We highlighted the south east region because it
was the only region to show the effect of protec-
tion for the periods after 1995 to 1999 in relation
to the period of reference being 1990 to 1994.

In relation to the birth cohort in both sexes in
the southern regions and the regions of the south

east, north and central western regions, we noted
progressive reductions in the risk of dying due
to TAM compared with the cohort of reference
from 1935-1939. The initial cohort showed the
effect of protection for the individuals born from
the 1940s.

However in the north east region for women
we saw an inverse pattern as the risk of death in-
creased progressively from the birth cohort with
reference to the cohort from 1960-1964 based on
the risk becoming stable. However it maintained
itself as a risk factor (RR = 1) in relation to the
cohort of reference (1935 to 1939). In the same
way we checked the increase of the risk for men
considering the cohort from 1950-1954 from
which there was a reduction in the relative risk
and thus went to being lower than 1 (Figure 2
and 3).
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Table 1. Adjustments for the model of the effect age-
period-cohort, for the mortality for acute myocardial
infarction in women, according to regions in Brazil,

for the period from 1980 to 2009.

Table 2. Adjustments for the model of the effect
for age-period-cohort, for mortality due to acute
myocardial infarction in men, according to regions in

Brazil, for the period from 1980 to 2009.

Brazil Brazil
Models gl Dev.Res Valueofp Models gl Dev.Res Valueofp
Age 73 17774.50 Age 73 33683.00
Age-drift* 72 4605.20 < 0.00001 Age-drift* 72 4618.00 < 0.00001
Age-Cohort 68 3712.10 < 0.00001 Age-Cohort 68 3015.00 < 0.00001
Age-Period-Cohort 63 2018.80 < 0.00001 Age-Period-Cohort 63 1055.00 < 0.00001
Age-Period 64 2571.70 < 0.00001 Age-Period 64 2378.00 < 0.00001
Age-Drift** 72 4605.20 < 0.00001 Age-drift 72 4618.00 < 0.00001
The Central Western Region The Central Western Region
Models gl Dev.Res Valueof p Models gl Dev.Res Valueof p
Age 73 548.15 Age 73 1182.55
Age-drift* 72 37547  <0.00001 Age-drift* 72 631.73 < 0.00001
Age-Cohort 68  337.33 < 0.00001 Age-Cohort 68  409.39 < 0.00001
Age-Period-Cohort 63  242.08 < 0.00001 Age-Period-Cohort 63  271.54 <0.00001
Age-Period 64  273.63 < 0.00001 Age-Period 64  491.85 < 0.00001
Age-Drift** 72 37547  <0.00001 Age-drift* 72 631.73  <0.00001
North North
Models gl Dev.Res Valueof p Models gl Dev.Res Valueof p
Age 73 686.12 Age 73 837.86
Age-drift 72 523.76 < 0.00001 Age-drift 72 366.29 < 0.00001
Age-Cohort 68 50291 < 0.00001 Age-Cohort 68 31396 <0.00001
Age-Period-Cohort 63  308.83 < 0.00001 Age-Period-Cohort 63 166.24 < 0.00001
Age-Period 64  338.92 < 0.00001 Age-Period 64  226.32 < 0.00001
Age-drift 72 523.76  <0.00001 Age-drift 72 366.29  <0.00001
Northeast Northeast
Models gl Dev.Res Valueof p Models gl Dev.Res Valueof p
Age 73 2548.42 Age 73 1990.39
Age-drfit* 72 1614.07 < 0.00001 Age-drift* 72 1979.23 < 0.00001
Age-Cohort 68 1231.41 < 0.00001 Age-Cohort 68 1600.62 < 0.00001
Age-Period-Cohort 63  885.82 < 0.00001 Age-Period-Cohort 63  546.82 < 0.00001
Age-Period 64 1317.06 < 0.00001 Age-Period 64  950.54 < 0.00001
Age-Drift*™* 72 1614.07 < 0.00001 Age-drift 72 1979.23  <0.00001
South South
Models gl Dev.Res Valueof p Models gl Dev.Res Valueof p
Age 73 8110.50 Age 73 131118
Age-drift 72 1575.50 < 0.00001 Age-drift 72 1178.5 < 0.00001
Age-Cohort 68 1256.70 < 0.00001 Age-Cohort 68 852.1 < 0.00001
Age-Period-Cohort 63  407.20 < 0.00001 Age-Period-Cohort 63 2149  <0.00001
Age-Period 64  556.50 < 0.00001 Age-Period 64 433.3 < 0.00001
Age-Drift** 72 1575.50 < 0.00001 Age-drift 72 1178.5 < 0.00001
Southeast Southeast
Models gl Dev.Res Valueof p Models gl Dev.Res Value of p
Age 73 19816.30 Age 73 30579.1
Age-drift* 72 3285.70 < 0.00001 Age-drift* 72 3419 < 0.00001
Age-Cohort 68 244590 < 0.00001 Age-Cohort 68  2608.4 <0.00001
Age-Period-Cohort 63 979.00 < 0.00001 Age-Period-Cohort 63 725 < 0.00001
Age-Period 64 1417.60 < 0.00001 Age-Period 64 1235.6 < 0.00001
Age-Drift** 72 3285.70 < 0.00001 Age-drift 72 3419 < 0.00001

*Linear tendency of the logarithm of the specific rates for

age through the time is equal to the sum of the inclinations
of the period and the cohort (BL + yL) where BL and yL are
the linear tendency for the period and the cohort respectively;
** The longitudinal tendency of the age is equal to the sum of
the age and of the inclination of the period, in which and are
linear tendency of age and period respectively.

*Linear tendency of the logarithm of the specific rates for

age through the time is equal to the sum of the inclinations
of the period and the cohort (BL + yL) where BL and yL are
the linear tendency for the period and the cohort respectively;
** The longitudinal tendency of the age is equal to the sum
of the age and of the inclination of the period, where and are
linear tendency of age and period respectively.



Discussion

The present study showed a progressive increase
in mortality by IAM with the increase in mortali-
ty rates for men when compared to women in all
of the regions of the country and in both sexes.

We highlighted the effect of the birth cohort
that consists in the interaction between the effect
of age and period, as we observed progressive re-
ductions of the risk of death in the birth cohort
after the 1940s. This showed the effect of protec-
tion in relation to the cohort from 1935-1939 in
both sexes in Brazil and in all of the regions ex-
cept for the north east. In this region we saw an
increase of the risk of death from 1935-1939. In
relation to the progression of the rates through-
out the evaluated five year periods, it is worth
noting the increase of the mortality rates from
the period between 1995 to 1999 in the north
and north east.

The alterations in the progression of the rates
of mortality reflect the changes in the exposure
to risk factors (the environment and style of
life) as well as improvements in diagnosis, treat-
ment, checking and the certification of deaths.
Such modifications can occur in an unequal way
which can go towards explaining the differences
in the development of the mortality rates in dif-
ferent Brazilian geographical regions which we
noted in this study.

In relation to the effect of age, our results also
came from other Brazilian studies’* and from
other countries such as: Australia®, Japan®, Chi-
na*, Hong Kong?, South Korea*, England and
Wales?.We noted progressive increases in mor-
tality rates as people got older in both sexes and
particular for the over 50s.

Such a reality was expected as this is a Chron-
ic-degenerative disease which is directly relat-
ed to the accumulation of exposure to the risk
factors throughout a person’s life which in turn
increases incidences for the elderly. Therapeutic
measures also contribute to this profile, in so far
as the elderly tend to receive treatment that is less
intensive for IAM than young people?. This ex-
plains, in part, the high mortality rate in the age
groups from 80 and over with the north east re-
gion featuring high and the fact that the majority
that suffer there are men.

Backing up what was found in the other
studies'”818202%0 the magnitude of the mortality
rates in our study was greater in men than wom-
en, being 1.78 times greater.

This reality may owe itself to the unequal ex-
posure to risk factors for both sexes in relation to

known risk factors for an illness. Also we under-
stood that women showed more care in relation
to their health than men due to sociocultural rea-
sons and the construction of masculinity®*.

In the last three decades the mortality rates in
Brazil for both sexes was higher than those ob-
served in developed countries such as: Western
Europe®, the United States®?, Australia”®, Japan®,
South Korea” and Hong Kong®. We noted in
these regions that there was a epidemic of cardio-
vascular diseases up until the middle of the 1960s
and then there was a decrease. However the rates
of mortality in Brazil are similar to those observed
in Russia, Eastern Europe and Central Asia®.

The risks of death in accordance with the
birth cohorts are similar for both sexes as it
signals the effect of protection (RR < 1) for the
younger cohorts who were born in the 1940s
when compared to the cohort of reference being
1935-1939 in the northeastern region. These re-
sults go to further understand the studies done in
Australia, Japan, Hong Kong* and South Korea™.

The explanation for the reduction in the
mortality rates in the developed countries is not
clear cut and has different explanations. Some
authors argue that this tendency in the rates de-
creasing can be explained by: early diagnosis, the
quality of pre-hospital care, protocols for treat-
ing people, the availability of intensive care beds
and teams of health specialist to treat TAM. The
above can also be coupled with the identification
of risk factors related to cardiovascular diseases
which permits the implementation of measures
for prevention and control which occurs in an in-
cipient way in developing countries. This is one
explanation®*!*,

However there are studies that affirm that
the reduction in mortality due to cardiovascular
diseases in developed countries that started from
the 1960s, occurred before the reduction of the
prevalence of the risk factors and the appearance
of advances in therapy for these diseases that
started in the 197057, These authors attribute
the reduction to: improvements in basic sanita-
tion, the wider use of vaccines and the increase
in babies’ weights at birth as there is evidence of
the primordial role of the inflammatory process
on the etiology of the atherosclerosis. Continu-
ing on this vein, the improvements can be seen
in people’s conditions of life where people are
less exposed to infectious disease and due to this,
the risk of developing cardiovascular diseases in
adult life is reduced™.

This theory can explain in part the differenc-
es in the patterns of mortality by IAM that was
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Figure 2. (A) Results of the effect of the period and the birth cohort on mortality for acute myocardial infarction
in women, according to regions in Brazil, for the period from 1980 to 2009. (B) Results of the effect of the age
cohort on mortality for acute myocardial infarction in women, according to regions in Brazil, for the period
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Figure 3. (A) Results of the effect of the period and the birth cohort on mortality for acute myocardial infarction
in men, according to regions in Brazil, for the period from 1980 to 2009. (B) Results of the effect of the age on
mortality for acute myocardial infarction in men, according to regions in Brazil, for the period from 1980 a 2009.
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observed in this study. There is an interaction be-
tween the effect of the period and the age (birth
cohort) as the north east region was the only part
of the country that showed a progressive increase
in the risk of dying due to this risk pathology af-
ter the 1940s. There was a more pronounced in-
crease for women being RR>1, including young
people and men until the cohort of the 1960s.
Aside from this, only the north and the north-
eastern regions showed increases in the mortality
rates in the 2000s.

These regions are the poorest in the country
with high levels of social inequalities due to the
high concentration of income. These areas have
the highest levels of infant mortality and they
have poor basic sanitation as well as difficulties
in accessing primary health care and complex
treatment®™*’. The implementation of the Na-
tional Health Service in Brazil increased access to
health care in Brazil owning to its universal na-
ture. However the quality of the care varies from
region to region.

That is the reason why we did not see the
same epidemiological transition that has oc-
curred in industrialized countries, largely due to
the socioeconomic inequalities.

These iniquities greatly influenced the mor-
tality rates principally in relation to the prema-
ture deaths associated with cardiovascular dis-
eases having the greatest impact on the poorest in
the population. This, in part, explains the grow-
ing mortality rates in the decade from the year
2000 in the north and northeastern regions®.

It is believed that the reduction in the mortal-
ity rates observed in the south, south east and the
central western regions in the decade from the
year 2000 as well as the reduction in the risk of
death by IAM in the cohorts for younger people
in by sexes in these regions, can be explained by
the interaction between the effect of the period
promoted by the improvements in life condi-
tions, access to health services with SUS and ad-
vances in therapy for this disease. All of the afore-
mentioned permitted the reduction in the risk of
death for the younger cohorts even though they
were being more exposed to the risk factors (nu-
tritional transition, reduction in the practice of
physical activity etc) .

A completely different reality was seen in the
north east region principally for women in which
social inequality and access to health services as-
sociated with the effects of the epidemiological
and nutritional transition increased the risk of
death including in the birth cohort for young
people.

SUS, in spite of its limitations, has managed
to increase access for the Brazilian population to
health services and medication. This has aided
in controlling hypertension and diabetes which
are diseases that basic primary health care plays a
very important role in tackling, through the pro-
gram HIPERDIA. This program was launched in
2000 with the view of treating and accompanying
health care users at an ambulatorial level*".

Nevertheless, in spite of the reduction in
mortality due to IAM for both men and women
in the south, south east and central western re-
gions principally in the decade starting from the
year 2000, these rates continue to rise in relation
to the developed countries. This fact highlights
the differences between developed countries and
developing countries, which includes differences
in: life conditions, the prevention and control of
cardiovascular diseases (principally arterial hy-
pertension) and the assistance given to individ-
uals after they have a heart attack.

According to Pinho e Pierin* the control of
systemic arterial hypertension in Brazil is con-
sidered low, however detailed national data is not
available. A study of the medical literature in this
area identified a prevalence of control that var-
ies from 10.0 to 57.6%. It was noted that there
was low prevalence of control even amongst the
assisted users through the Family Health Strate-
gy (ESF)®. Such results are worrying as arterial
hypertension that is not controlled is one of the
principal factors associated with acute myocardi-
al infarction.

A study carried out in Ribeirdo Preto with
a view to identifying the causes of deaths for
those who were suffering from hypertension and
were users of a public health unit, showed that
the most common causes were related to diseas-
es of the circulatory system, highlighting: IAM
(12.9%), encephalic vascular accident (5.8%),
respiratory insufficiency (3.2%) and ventricular
flutter-fibrilation®.

Aside from this, research carried out in a co-
hort of adults above 20 years old in the city of Rio
de Janeiro showed that the risk of cardiovascular
diseases was 6.1 times greater in individuals with
uncontrolled hypertension when compared with
those that did not have hypertension. It has also
2.7 times greater for patients with uncontrolled
hypertension when compared with patients with
controlled hypertension*.

Additionally in relation to the limitations ob-
served in the primary prevention of cardiovascu-
lar diseases, it is important to highlight the need
for organizations to have a line of care for IAM,



which consists in a structured assistance network
which covers pre-hospital care to hospital admit-
tance for intensive therapy*+°.

Therefore the results of this study show the
need for urgent actions to deal with the problems
in the prevention and control of IAM starting
from health care promotional actions to pre-hos-
pital treatment. This is needed at both secondary
and tertiary levels. Also these measures need to
take into account the specific needs of each of the
country’s geographical regions.

In this study an analysis of the effect of
age-period and the birth cohort on mortality by
IAM was one of the contributions of this study
because the majority of manuscripts only evalu-
ate the effect of age and the period of death with-
out evaluating the effect of the birth cohort. This
is an important factor for understanding the pro-
gression of the rates of incidences and mortality
from diseases.

Another important contribution was the
carrying out of the correction of the classified
register as badly defining causes, including the
sub-register. This produced more reliable rates
for acute myocardial infarction in Brazil and its
geographical regions. However, it is important to
note that a greater number of deaths for badly de-
fined causes could correspond to deaths by IAM,

which in turn may increase the growing tendency
of mortality in the north and north east regions.
Nevertheless it is important to highlight the
limitations related to the APC model because the
models are still being developed and there is no
consensus in the literature on the best methodol-
ogy to rectify the problem of not identifying and
estimating the complete model. Thus the findings
vary in accordance with the assumptions that are
used in the construction of the models*'*1%2°,

Conclusion

The present study showed the reduction of the
risk of death by IAM for both sexes and for all
of the Brazilian regions except in the north east
region for individuals born after the decade that
started in 1940. Aside from this, we saw an in-
crease in the mortality rates for both sexes in
the north and north east regions. This is due to
the socioeconomics disparities and the access to
health services that exists in Brazil.

Therefore it is vital and urgent that intensive
actions be taken to improve life conditions and to
emphasize the need for prevention and control of
risk factors for this disease. Also improvements
are needed in accessing health services from basic
primary health care to tertiary care.
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