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Summary
Background Age-standardized mortality rates (ASMR) for cardiovascular diseases (CVD) have decreased in Brazil in
the last decades due to better control of risk factors and access to healthcare. However, how this reduction is
distributed across the country’s municipalities is unknown. We aimed to evaluate changes in CVD mortality rates
across Brazilian municipalities from 2000 to 2018 using estimates from the Global Burden of Disease (GBD) study.

Methods In this ecological study, ASMR for CVD were estimated using GBD methodology for 5564 Brazilian mu-
nicipalities from 5 regions in the triennials: 2000–2002, 2009–2011, 2016–2018. A visuospatial analysis was applied to
create clusters in ASMR with Moran Local analysis. Municipalities were stratified by population size in <30,000,
30,000–300,000, and >300,000 inhabitants per region. The % changes in ASMR from 2000–2002 to 2016–2018 were
calculated.

Findings In 2000–2002, ASMR for CVD were higher in more developed regions and in larger municipalities of all
regions, except for the South. In 2016–2018, CVD ASMR increased in the least developed Northern regions. The %
reduction in CVD ASMR was lower in small vs large municipalities within all 5 regions, varying from −3% in small
Northern municipalities to −43% in large Southern municipalities.

Interpretation The reduction in CVD mortality in Brazil was lower in municipalities from the most vulnerable regions
and smaller populations. Public policies tailored to these smaller municipalities, particularly on the least developed
regions, must be considered a priority.
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Introduction
Cardiovascular diseases (CVD) account for nearly 45%
of non-communicable diseases (NCD) mortality glob-
ally, promoting negative economic and social impacts,
particularly in low- and middle-income countries
(LMIC).1 In Brazil, a middle-income country, CVD ac-
count for 30% of deaths, being the first cause of death in
recent decades, only behind COVID-19 in 2020 and
2021.2,3

The epidemiological transition in Brazil started in
the 1960s when NCD became the main cause of death.4,5

Improved sanitation and nutritional conditions, along
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with broad vaccination coverage, have led to a decrease
in infectious and nutritional diseases and an increase in
life expectancy.4–6 In parallel, urbanisation and economic
growth contributed to lifestyle changes, including an
increase in of unhealthy behaviours such as high-caloric
diets, low physical activity levels, and smoking and
alcohol consumption, contributing to CVD becoming
the leading cause of death in the country.4–6 From the
1990s, age-standardized mortality rates (ASMR) for
CVD started to decrease in Brazil, mainly driven by
health promotion campaigns, better control of risk fac-
tors, and improved access to healthcare.6 However, these
s Gerais, Av. Alfredo Balena, 190, Santa Efigênia, Belo Horizonte, MG,
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Research in context

Evidence before this study
The Global Burden of Diseases, Injuries, and Risk Factors Study
(GBD) has provided regular estimates for the complex
patterns and trends in population health around the world at
the national level. In more recent years, subnational estimates
have also been presented for some countries. Since GBD’s
2016 edition, subnational estimates have been presented for
Brazil, allowing comparisons across Brazilian states. The GBD
national estimates show that age-standardized mortality rates
(ASMR) for CVD started to decrease in Brazil from the 1990s,
mainly driven by health promotion, better control of risk
factors, and improved access to healthcare. However, the
paces of these epidemiological changes occurred
heterogeneously across Brazilian states, including in the
burden of cardiovascular risk factors, due to the significant
differences in sociodemographic, socioeconomic and
healthcare aspects. However, GBD data on the municipal level
was not available for Brazil. Municipal level data would be
relevant to inform local public health decisions in a country
with a decentralised health system such as Brazil.

Added value of this study
Using an innovative data modelled with GBD methodology
for 5564 Brazilian municipalities by a collaboration of IHME
researchers and GBD Brazil Network, we provide novel and
relevant estimates for CVD mortality at the municipal level. In
summary, we observed that CVD mortality was reduced in
Brazil but heterogeneously across municipalities. This
reduction was lower in the municipalities from the most
socioeconomically vulnerable regions, the North and
Northeast, and in those municipalities with smaller
populations. Considering the two most common causes of
deaths in Brazil, ischemic heart disease and stroke, the pattern
described is similar, but more pronounced for stroke.

Implications of all the available evidence
These findings suggest that investments to address CVD
burden in Brazil should focus and be tailored to these smaller
municipalities, particularly of the least developed regions.
Moreover, this innovative analysis reveals the opportunity to
use GBD methodology to estimate mortality in smaller areas
in Brazil.
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epidemiological changes occurred heterogeneously
across Brazilian states, including the burden of cardio-
vascular risk factors.7,8

This heterogeneity partly results from significant
socioeconomic and healthcare disparities among the 5
Brazilian regions: South, Southeast, Mid-West (or
Center-West), Northeast, and North.9 The South and
Southeast are the more urbanised and socioeconomi-
cally developed areas, with wider access to healthcare,
whereas the North and Northeast are more economically
deprived, the North being more sparsely populated.
Demographic and socioeconomic indicators of all Bra-
zilian regions are described in Supplementary
Figure S1. Moreover, within these regions, there are
still disparities across municipalities regarding urbani-
sation, socioeconomic development, and access to
healthcare, and the smaller municipalities are usually
less developed and present impaired access to the entire
healthcare network.10

Given that equity and decentralisation are among the
principles of Brazil’s universal public health system, the
Sistema Único de Saúde (SUS), understanding trends in
CVD mortality rates across municipalities is necessary
for tailoring public policies and advance towards eq-
uity.11 Regarding decentralization, Brazilian municipal-
ities are responsible for ensuring access to primary
health care (PHC), health surveillance, and specialized
care, including hospitals and emergency services. This
makes the municipal level of governance crucial for
addressing the burden of CVD in Brazil.12 The aim of
this study was to evaluate the changes in CVD mortality
rates across Brazilian municipalities from 2000 to 2018,
using the estimates for municipalities from the “Global
Burden of Disease” (GBD) Study.
Methods
Study design, location, and period
This is an ecological study in which the ASMR for CVD
was estimated using the Global Burden of Disease
(GBD) methodology for all 5564 Brazilian municipal-
ities from the 5 regions in the triennials: 2000–2002,
2009–2011, and 2016–2018. We analyzed CVD mortality
data in three-year periods to smooth fluctuations in rates
over the years due to low numbers in small municipal-
ities. Municipalities were then stratified by population
size into <30,000; 30,000–300,000; and >300,000 in-
habitants per region.

Indicators and data sources
Mortality rates were calculated as the average of deaths
for each three year period in the numerator. The esti-
mated number of deaths for each municipality derived
from the Institute for Health Metrics and Evaluation
(IHME) database, from the University of Washington,
in the context of the Global Burden of Disease (GBD)
study, produced in partnership with the GBD Brazil
network. The GBD Brazil Network was created in 2015
in a partnership between UFMG and the Brazilian
Ministry of Health with the IHME. With more than 200
collaborators from diverse research centers across
Brazil, the network aims to contribute, evaluate, and
improve the GBD estimates for Brazil.13 More details
can be found at https://gbdbr.com.br/a-rede-gbd-brasil/.
www.thelancet.com Vol 46 June, 2025
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The main current data source regarding mortality in
Brazil is the Mortality Information System (Sistema de
Informação de Mortalidade, SIM), the official source of
mortality data in the country, qualified for causes of
death. SIM’s quality is rated four stars by the GBD
study’s star rating system (0–5 stars) to assess the
quality of cause of death data.14

The estimation of mortality data by municipality in
Brazil followed the same methods used to estimate
mortality rates at the state level in GBD.14 A summary of
data processing steps is included below. First, data were
assigned a GBD cause using the listed ICD code, and
data with aggregated sex or age were split onto detailed
groups.15 Next, a correction for misclassification of De-
mentia, Parkinson’s Disease, and Atrial fibrillation and
flutter was applied.15 Then, data underwent the process
by which garbage codes (ICD codes that cannot reliably
be assigned to a specific GBD cause, i.e. senility or heart
failure) are redistributed to real GBD causes.16 Finally,
data were smoothed to account for stochastic variation
across years in a process called noise reduction.15

For the denominator in rate calculations, we used the
average population based on estimates from the Min-
istry of Health and the Brazilian Institute of Geography
and Statistics (Instituto Brasileiro de Geografia e Estatís-
tica, in Portuguese, (IBGE)) at the municipal level for
each triennial.17 For age standardization, we used the
standard population from the GBD study, based on
100,000 inhabitants.16 Details about the methodology
and the results of the GBD study are available in other
publications.15,16,18

To examine the relationship between socioeconomic
vulnerability and CVD mortality, we analyzed the corre-
lation between CVD ASMR with the Brazilian Deprivation
Index (BDI or Índice Brasileiro de Privação, in Portuguese)
at the municipality level. The BDI, launched in 2020,
considers a combination of z-scores of three deprivation
indicators on the scale of census tracts: percentage of
households with income less than half a minimum wage,
percentage of illiterate individuals aged 7 years or older,
percentage of individuals with inadequate access to water,
sanitation, waste collection and bathroom. BDI generates
a final score in which the lowest value represents an area
with less deprivation, and the highest value represents an
area with greatest deprivation.19,20

Definitions of CVD deaths
The underlying cause of death was defined as due to
CVD according to the International Classification of
Diseases (ICD) codes, based on death certificates (DC)
the document that informs the causes of deaths in
countries with vital statistics systems, such as Brazil
(Sistema de Informação de Mortalidade, SIM, in Portu-
guese).21 The following causes of death and their corre-
sponding ICD-10 codes were classified as a CVD death,
according to the GBD Study’s classification list of causes,
namely: 1- rheumatic valve disease (codes I01-I01.9,
www.thelancet.com Vol 46 June, 2025
I02.0, I05-I09.9); 2-ischemic heart disease (codes I20-
I25.9); 3- stroke (G45-G46.8, I60-I69.9); 4- hypertensive
heart disease (I11); 5- cardiomyopathy and myocarditis
(A39.52, B33.2-B33.24, D86.85, I40-I43.9, I51.4-I51.5); 6-
atrial fibrillation and flutter (I48); 7- aortic aneurysm
(I71); 8- peripheral artery disease (I70.2-I70.7, I73-I73.9);
9-endocarditis (A39.51, I33-I33.9, I38-I39.9).22 Garbage
codes, such as heart failure (I50) and pulmonary embo-
lism (I26), which do not define the pathology that caused
the death, were redistributed to the aforementioned
specific causes based on the GBD methodology, accord-
ing to algorithms defined in that study.15

In a secondary analysis, we presented data for
ischemic heart disease (IHD) and stroke in separately
due to their higher frequency as causes of death, making
it possible to report the changes in these cause-specific
deaths at the municipal level, without increasing un-
certainty about the estimates. Deaths were classified as
due to ischemic heart disease or stroke according to the
ICD codes described above.

Statistical analysis
The ASMR for CVD were presented in choropleth maps
and tables. Aggregate data analyses were also conducted
according to Brazilian regions and stratified by popula-
tion size (≤30,000 inhabitants; 30,000–300,000;
>300,000) within each region. The population size strata
were defined after conducting an exploratory analysis;
95% confidence intervals (95% CI) were calculated ac-
cording to the Center for Disease Control and Preven-
tion method.23 Finally, percentages of changes in ASMR
from 2000–2002 to 2016–2018 were calculated.

The ASMR spatial analysis was based on the calcu-
lation of the Moran Global index, which was used to
assess the relationship of spatial interdependence
among all the polygons around Brazil, expressed as a
single value for the entire country.24 Next, the Local
Moran Index (LISA) was used to detect clusters between
Brazilian municipalities.24 For the purpose of better
understanding the results, only the high–high and low–
low rate clusters were used, which imply a positive as-
sociation, i.e. groups of municipalities with similar
mortality rates. A correlation between socioeconomic
vulnerability, evaluated by the Brazilian Deprivation
Index, and ASMR in the most recent period was calcu-
lated by Pearson’s correlation coefficient for the mu-
nicipalities in significant clusters detected by the
Univariate Local Moran index (LISA).25 Data presenta-
tion and analysis was conducted using the R software
with the aid of the Rgeoda package.26

For the primary analysis of CVD deaths, we also
performed sex-disaggregated analyses, considering the
known differences in CVD mortality rates by sex.

Ethical aspects
This study was conducted according to the Resolution
466/12, from the Brazilian National Health Council and
3
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Region Populatio

Center-West <30,000

30,000–30

>300,000

Northeast <30,000

30,000–30

>300,000

North <30,000

30,000–30

>300,000

Southeast <30,000

30,000–30

>300,000

South <30,000

30,000–30

>300,000

Brazil

CI, confidence interval.

Table 1: Age-standardized
triennials (2000–2002, 2

Articles

4

integrates the project “Inequalities in indicators of
noncommunicable diseases, violence, and their risk
factors in small geographic areas”, approved by the
Institutional Review Board from Universidade Federal
de Minas Gerais, number 3258076.

Role of the funding source
Funders had no role in study design, data collection,
data analysis, interpretation, and writing of the report.
Results
In the primary analysis, Table 1 shows that there was a
31% reduction in ASMR for CVD in Brazil from
2000–2002 to 2016–2018, however, this reduction was
heterogeneously distributed across regions and across
the municipalities within these regions, varying
from −3% in the small municipalities in the North
to −43% in the large municipalities in the South. In
2000–2002 ASMR for CVD were higher in the more
developed regions and in the larger municipalities of all
regions, except in the South. From 2000–2002 to
2016–2018, there was a decrease in CVD mortality rates
across all regions and municipalities. However, because
the reduction was smaller in the Northern and
Northeastern regions, particularly for smaller munic-
ipalities, the ASMR for CVD became more homoge-
neous across regions and municipalities in Brazil in
2016–2018. The described changes are also depicted in
Fig. 1, in which a visuospatial analysis reveals that the
higher CVD mortality rates are further concentrated in
part of the Northeast and North regions in the most
recent period. Fig. 2 summarizes the main findings by
depicting the percent change in ASMR per for CVD in
n size 2000–2002 CI 95% 2000–2002 2009–2011 CI 95% 2009–2011

225 218–232 185 180–190

0,000 261 253–269 205 199–210

253 246–260 190 185–194

213 211–216 202 199–204

0,000 244 242–247 224 222–226

279 275–283 210 207–212

180 174–186 170 165–176

0,000 210 204–216 188 183–192

254 246–262 192 187–197

242 239–245 187 184–189

0,000 280 277–283 205 203–207

280 278–282 201 200–203

277 272–281 197 194–200

0,000 290 285–294 210 207–213

261 255–266 179 175–182

257 256–258 202 201–202

mortality rate per 100,000 inhabitants for cardiovascular diseases for each Br
009–2011, and 2016–2018) and the absolute and relative variation among the
Brazilian municipalities from triennials 2000–2002 to
2016–2018.

Regarding the correlation between ASMR for CVD in
2016–2018 and socioeconomic vulnerability, measured
by the Brazilian Deprivation Index (BDI), a significant
positive correlation between ASMR and higher BDI (ie.
higher social vulnerability) was observed. Fig. 3 graph-
ically plots CVD ASMR (Y axis) vs BDI (X axis), at the
municipal level in Brazil, Spearman R = 0.44, p < 0.001.

Sex-disaggregated analysis (Table 2, Supplementary
Figures S2 and S3) revealed higher mean ASMR for
men in all regions, independent of the municipality’s
size and triennial. For men mean ASMR was 303, 244
and 218 per 100,000 in the three triennials, in chrono-
logical order, while for women mean ASMR was 223, 168,
147 per 100,000. In general, absolute reductions in ASMR
along the triennials were higher for men (85 vs 76/
100,000, in Brazil, for men and women, respectively),
while relative reductions were higher for women (28 and
34%, in Brazil, for men and women, respectively). The
exceptions are the small municipalities in the Centre-
West, Northeast and North regions, which had greater
absolute and relative reductions in women. Regarding the
correlation between ASMR for CVD in 2016–2018 and
socioeconomic vulnerability disaggregated by sex, similar,
statistically significant associations were observed for
women and men (Supplementary Figures S4 and S5).

For the secondary analysis, Supplementary Tables S1
and S2 reveal similar trends in ASMR reductions for
Brazil and across regions and municipalities for
ischemic heart disease and stroke, respectively. How-
ever, the reductions were more pronounced for stroke
than ischemic heart disease across the country, partic-
ularly for smaller municipalities.
2016–2018 CI 95% 2016–2018 Absolute change Percent change

166 162–170 −59 −26

182 178–186 −79 −30

158 154–161 −95 −38

194 192–196 −19 −9

212 210–214 −33 −13

186 184–188 −93 −33

175 170–180 −5 −3

191 187–195 −19 −9

181 177–185 −73 −29

163 161–165 −79 −33

176 174–177 −104 −37

174 173–176 −105 −38

168 166–170 −109 −39

174 172–177 −115 −40

148 146–150 −112 −43

178 178–179 −79 −31

azilian region, stratified by the municipalities’ population size, in three
triennials for both sexes.

www.thelancet.com Vol 46 June, 2025
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Fig. 1: Age-standardized mortality rates (ASMR) per 100,000 for cardiovascular diseases in Brazilian municipalities in three triennials,
2000–2002, 2009–2011, and 2016–2018.
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Discussion
Our data, derived from the innovative estimates of the
GBD study for Brazilian municipalities, show that in
the first temporal series of the analysis (2000–2002), the
CVD ASMR was higher in the municipalities from the
most developed regions and larger municipalities in
Brazil. In contrast, the estimates from 2016 to 2018
showed a different pattern, with higher ASMR in the
least-developed Northern and Northeastern regions. In
addition, there was a clear trend towards a lower percent
reduction of ASMR in smaller municipalities, and a
marked correlation between a smaller reduction in
ASMR attributable to CVD and higher socioeconomic
vulnerability, at the municipal level. This novel analysis
provides deep insights into the temporal trends of CVD
mortality in Brazil at the municipal level, revealing the
inequities in health and social gains across municipal-
ities. Understanding these disparities is important for
public policy planning to address the burden of CVD in
Brazil.

In this context, published data from specific regions
in Brazil have shown patterns that resemble our find-
ings. In Rio de Janeiro, administrative data from the
Brazilian Ministry of Health depicted a regional decline
in mortality from circulatory diseases preceded by an
increase in the gross domestic product per capita, with a
strong inverse correlation between these variables,27

suggesting an impact of economic growth on CVD
prevention and control. Also at the municipal level, a
study in Brazilian capital cities depicted an inverse sig-
nificant correlation between stroke mortality—a CVD
event highly dependent on the efficiency of hyperten-
sion care cascades and access to healthcare28—and
municipal human development indexes, evaluated by
the United Nations Development Program, overall and
within its individual components (income, longevity,
and age).29 A regional analysis of Brazilian federative
units between 2000 and 2010, revealed an increase in
municipal human development index (being >0.7 in
over 50% of them), as well as in the country’s
www.thelancet.com Vol 46 June, 2025
supplementary health coverage. These variables—as
surrogates for socioeconomic status—were inversely
associated with mortality due to circulatory and cere-
brovascular diseases between 2004 and 2013. High-
lighting the time lapse between economic improvement
and outcomes, mortality due to cerebrovascular diseases
and hypertensive diseases in 2013 showed an inverse
linear association with the municipal HDI in 2000, more
than 10 years apart.30 Similarly, at the national level, im-
provements in sociodemographic and social vulnerability
indexes were associated with a reduction in ASMR from
ischemic and cerebrovascular diseases (data from the
national SIM).31 However, these reductions occurred
unevenly across states, with more pronounced declines in
those with better social indicators.31

Previous discussions suggest that CVD exhibits a
‘social cross-over’, from greater risk in higher socio-
economic groups to lower socioeconomic groups, early
during economic development. This is aligned with our
data, in which CVD mortality was higher in the most
developed regions and larger municipalities at the
beginning of the temporal series. However, standard-
ized state-level data from 62.5 million Brazilian adults
comparing educational status with CVD mortality in
2010 showed that CVD ASMR ratio for women with less
school-years (<8 years) compared to those more
educated was higher in the least developed fifth of the
states (3.75, 95% CI 3.29–4.28) in comparison with the
better developed federative units (2.84, 95% CI
2.75–2.92, p-value for linear trend = 0.002), with similar
associations across subtypes of CVD (ischemic heart
disease and stroke) and robust to the extent of
geographical unit.32 Thus, existing evidence suggests
that, during late economic transition (2010), low socio-
economic groups bore a higher risk of CVD mortality in
all states, which was even more pronounced in the least
developed ones, failing to support the “social crossover”
hypothesis.

Our municipal level data provides more specific in-
sights into the distribution of CVD mortality rates in
5
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Fig. 2: Percent change in age-standardized mortality rates (ASMR) per 100,000 inhabitants for cardiovascular diseases in Brazilian municipalities
from triennials 2016–2018 to 2000–2002.
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Brazil, as previous studies showed a substantial vari-
ability of CVD mortality metrics at county and munic-
ipal levels.33 Previous analyses, in specific populations,
depicted higher CVD mortality following urbanization
in Brazil through associated lifestyle and environmental
changes.34 Furthermore, it has been demonstrated that,
during the development of urban areas, the time lapse
between urbanization and the structuring of primary
care services may result in higher CVD mortality, while
wider access may later result in better outcomes.35 Thus,
as early stages of epidemiological transition usually co-
incides with rising rates of urbanization and conse-
quently, better sanitation, nutrition and immunization
the ongoing challenge of infectious diseases overlap
with the increasing prevalence of NCD in developing
municipalities.6 Such regional observations and our
more granular municipality-level data also resemble the
findings of the pivotal PURE study, which investigated
variations in CVD rates in 21 countries across 5 conti-
nents, and reported that CVD occurs more often
in low-income (7.1 cases/1000 person-years) and
middle-income (6.8/1000 person-years) compared to
high-income countries (4.3/1000 person-years), and is
the most common cause of deaths overall (40%)
although accounting for only 23% of deaths in high-
income (vs 41% in middle-income and 43% in low-
income countries), despite the higher prevalence of
risk factors.36 Because this was a contemporary study,
the social “crossover” has probably impacted the results.

As previously demonstrated from Brazilian data, and
following global trends, socioeconomic improvements
usually precede the decline in CVD mortality globally
and at regional and municipal levels.37,38 This multifac-
torial association is evident for various outcomes, such
as stroke, myocardial infarction and heart failure,39 at
different income levels. Following this initial steep
decline, with a strict correlation with sociodemographic
indexes, there is a deceleration in this trend over time,
when economic conditions stabilize, and following the
implementation of strategies to improve access to health
education, prevention, promotion and treatment. Mu-
nicipalities with delayed and slower socioeconomic
development, on the other hand, benefit from the so-
cioeconomic improvements that previously occurred in
www.thelancet.com Vol 46 June, 2025
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Fig. 3: Correlation between cardiovascular diseases age-standardized mortality rates (ASMR) per 100,000 inhabitants in 2016–2018 and the
Brazilian Deprivation Index (BDI).

Articles
surrounding regions where the reversal in the CVD
mortality trend evolved early.

In Brazil and other Latin American countries, the size
of the cities is directly associated with the robustness of
health infrastructure (measured by the number of hospital
beds and intensive care units, and the density of health
professionals) and with the availability of basic services,
including primary care and immunization programs.40

Previous data revealed that lower access to healthcare
plays a role in adverse CVD outcomes for individuals in
LMIC. Additionally, those with lower education levels in
these countries showed higher risk of CVD events, even
when they present with better risk factor profiles.41 Con-
ditions such as cerebrovascular disease and acute coronary
syndromes are especially impacted by economic develop-
ment and infrastructure, as urgent and time-sensitive
approaches deeply impact outcomes.42 Thus, more than
numerically highlighting the aforementioned associations,
out data underscores the need for reinforcing cardiovas-
cular care, at different levels, in vulnerable Brazilian mu-
nicipalities. This is especially crucial in municipalities
where urbanization is still incipient, and in areas with
worse socioeconomic indicators. An individualized
approach, taking into consideration regional and munic-
ipal characteristics, and prioritizing health promotion,
education and prevention, may have a significant impact
www.thelancet.com Vol 46 June, 2025
on CVD mortality. This becomes particularly important as
Brazil’s age pyramid experiences a dramatic shift, with a
rapidly ageing population.

Limitations
Our study has several limitations, especially related to
data sources and the GBD methodology. At first, the
modelling of GBD estimates is dependent on data
completeness and quality. Although Brazil provides
overall good quality data for the IHME, the level of detail
and completeness—including for qualified mortality
data—may vary according to federal unit and particu-
larly for smaller municipalities. This analysis, however,
considered primary data from the Mortality Information
System applied to the GBD methodology, partially
overcoming this limitation. Second, the Brazilian
Deprivation Index, used as a surrogate for socioeco-
nomic status, is a local measure and not an individual
metric, and may not reflect the circumstances of all
citizens within an area, as poor-rated areas are not just
home to poor individuals and not all poor individuals
live in deprived areas.43 However, this issue tends to be
less important in smaller geographic units, at the
municipality-level, as areas become more homogenous
in terms of deprivation. Third, other metrics related to
infrastructure and access to healthcare, such as the
7
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Region Population size 2000–2002 CI 95%
2000–2002

2009–2011 CI 95%
2009–2011

2016–2018 CI 95%
2016–2018

Absolute
change

Percent
change

Men Center-
West

<30,000 253 248–258 212 208–216 196 192–199 −58 −23

30,000–300,000 306 298–314 242 237–247 217 213–222 −89 −29

>300,000 297 290–304 233 228–237 196 192–200 −101 −34

Northeast <30,000 249 247–251 242 240–243 232 230–233 −17 −7

30,000–300,000 295 292–298 277 274–280 259 257–261 −36 −12

>300,000 354 350–359 276 272–279 241 239–244 −113 −32

North <30,000 214 210–219 197 193–200 207 203–210 −8 −4

30,000–300,000 259 253–265 230 225–234 241 237–245 −18 −7

>300,000 323 314–331 249 243–255 245 240–250 −78 −24

Southeast <30,000 288 296–291 220 218–222 194 192–196 −94 −33

30,000–300,000 334 332–337 250 248–252 216 215–218 −118 −35

>300,000 345 342–348 252 250–254 219 218–221 −126 −36

South <30,000 324 320–327 231 229–234 198 196–201 −125 −39

30,000–300,000 334 329–338 245 242–248 206 204–208 −128 −38

>300,000 322 315–329 223 219–227 185 182–188 −138 −43

Brazil 303 303–304 244 244–245 218 217–218 −85 −28

Women Center-
West

<30,000 214 209–219 167 163–170 143 141–146 −71 −33

30,000–300,000 231 224–237 176 172–180 151 148–154 −80 −35

>300,000 210 205–216 152 148–155 125 123–127 −85 −41

Northeast <30,000 203 201–205 176 174–177 170 169–171 −33 −16

30,000–300,000 218 215–220 186 184–188 179 177–180 −39 −18

>300,000 235 232–238 167 165–168 147 145–148 −88 −38

North <30,000 196 191–200 150 147–154 148 144–151 −48 −25

30,000–300,000 188 183–193 161 157–164 151 148–154 −37 −20

>300,000 208 202–214 150 147–154 133 129–136 −76 −36

Southeast <30,000 214 211–216 162 161–164 141 140–142 −73 −34

30,000–300,000 236 235–238 171 170–172 146 145–147 −91 −38

>300,000 234 232–236 163 162–164 140 139–141 −94 −40

South <30,000 265 262–268 167 165–168 150 148–151 −115 −44

30,000–300,000 244 241–247 182 180–184 140 139–142 −104 −43

>300,000 218 214–223 172 170–174 121 119–123 −98 −45

Brazil 223 223–224 168 168–169 147 147–148 −76 −34

CI, confidence interval.

Table 2: Age-standardized mortality rate per 100,000 inhabitants for cardiovascular diseases for each Brazilian region, stratified by the municipalities’ population size, in three
triennials (2000–2002, 2009–2011, and 2016–2018) and the absolute and relative variation among the triennials, for men and women.
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number of hospital beds or intensive care units and the
number of physicians and nurses per inhabitant, were
not considered for our analysis. Despite that, the pop-
ulation size and sociodemographic profile of the mu-
nicipalities—the key variable of interest—can be
considered surrogates for healthcare access in the Bra-
zilian context. Finally, the sociocultural, demographic,
economic and ethnic heterogeneity of the cities—influ-
encing lifestyle habits, health behaviours, awareness and
control of risk factors– may not be adequately captured
by the analytical models applied. Lastly, our study uses
GBD estimates from the last GBD 2019 version, which
includes SIM mortality data until 2018, because
municipal level data has not been updated in the most
recent GBD 2021 version.

Despite these limitations, our study presents an
innovative approach to assess the variation of CVD mor-
tality according to the size of Brazilian municipalities, and
a more detailed and granular way to explore the impact of
urbanization and its effects on cardiovascular health over
time. Furthermore, a more detailed and definite associa-
tion between socioeconomic indexes and CVD mortality
was shown at the municipal level, reinforcing previous
observations. These analyses applied the robust,
comprehensive and validated GBD methodology for
producing comparable metrics between municipalities,
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taking advantage of robust primary data from the Bra-
zilian SIM database.

Conclusions
The reduction in CVD mortality in Brazil was lower in
the municipalities within the most vulnerable regions
and those with smaller populations. Public policies to
promote cardiovascular health and address CVD tailored
to these smaller municipalities, particularly those in the
least developed regions of Brazil, must be considered a
priority.
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