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Summary

Background

Cardiovascular diseases (CVD) are the leading cause of death worldwide, and their
epidemiology is correlated with genetic predisposition, exposure to risk factors, sex, age,
access to medical care, and other sociodemographic characteristics. Brazil is a developing
country with a vast territory, which leads to structural inequalities. Estimates of CVD in Brazil,

in its regions, and in its population are poorly evaluated and analysed.

Methods

We obtained CVD-related data from the Brazilian Unified Health System (SUS) and analysed
mortality and morbidity from 1996 to 2023 by sex, race/ethnicity, age, and region. We
calculated the risk of death from the most prevalent diseases, the average length of hospital

stay, and the costs associated with heart transplantation.

Findings

In Brazil, acute myocardial infarction was the pathology that led to the highest number of
deaths across all variables analysed during the evaluated period. Other CVD were also related

to causes of death and morbidity, such as hypertensive diseases and heart failure.

Interpretation

Brazil presents a serious challenge to the public health system due to the high number of
deaths and the progressive mortality rate. This study represents a fundamental contribution to
the basis for formulating public health policies aimed at reducing the growing impact

associated with these diseases.
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Research in context

Evidence before this study

Data published annually by the World Health Organization shows that cardiovascular
diseases (CVD) are the leading cause of death worldwide, with acute myocardial
infarction and stroke being the most prominent. Therefore, we began searching
Google Scholar for epidemiological data on CVD over the last 5 years (2021-2025).
We used search terms such as “myocardial infarction”, “hypertensive diseases”, and
“hospital costs for cardiovascular diseases”. We noted that the studies were scattered
in their information, in many cases failing to correlate important parameters for the
manifestation of CVD or to measure the proportion of deaths over time. Although the
population is aware that CVD are the leading cause of mortality, data available from

health systems and records are not explicit and easily interpreted.

Added value of this study

This study aimed to evaluate different variables such as hospitalization costs, region,
sex, age, and race/ethnicity in relation to the burden of CVD as a percentage of total
deaths per 100,000 inhabitants in Brazil. We were able to identify the main causes of
mortality from CVD, focusing our study on seven prominent diseases. We confirmed
that acute myocardial infarction is still the CVD that causes the most deaths in the
country. We analysed sociodemographic parameters with the manifestation of these

diseases.

Implications of all available evidence

CVD continue to be the leading cause of death in Brazil and worldwide. This study
serves as a basis for public health policy development, such as preventive measures.
It highlights that the manifestation, incidence, and progression of these diseases are
derived from a diverse set of factors, involving social, economic, and geographic
spheres.
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Introduction

According to data from the World Health Organization (WHO), cardiovascular
diseases (CVD) remain the leading cause of global mortality, accounting for
approximately 19.8 million deaths in 2022. CVD arise from a complex interplay of
genetic, environmental, and socioeconomic determinants, with modifiable risk factors
such as obesity, unhealthy dietary habits, psychosocial stress, physical inactivity, and

tobacco use playing a major role in their development and progression -2

In a global analysis, data from the Global Health Data Exchange (GHDXx), used to
estimate the Global Burden of Disease (GBD) study, indicate that CVD-related
mortality increased by approximately 18.5% between 1990 and 2023. In Latin America
and the Caribbean, the corresponding increase was 8.33%, whereas Brazil
experienced an even greater rise of 11.53%. These findings underscore the growing
burden of CVD over recent decades, likely driven by population aging, demographic
and epidemiological transitions, lifestyle changes, and persistent socioeconomic and

healthcare disparities.

Within the International Classification of Diseases (ICD), the ICD-10 version places
CVD in Chapter IX. This coding system standardizes clinical and epidemiological
records, ensuring greater consistency in data collection and analysis. Identifying the
population groups most affected is crucial for shaping public health policies and for
designing effective strategies aimed at prevention and the promotion of cardiovascular
health.

Among CVD, ischemic heart disease (125), hypertensive diseases (110-115), chronic
rheumatic heart disease (105-109), acute myocardial infarction (121), cardiomyopathies
(142), and heart failure (150) stand out, as they represent some of the most prevalent
conditions and are among the leading causes of morbidity and mortality worldwide 4=
6. The high prevalence of these CVD imposes a substantial economic burden on
healthcare systems, increasing both public and private expenditures through greater
demand for hospitalizations, diagnostic procedures, chronic pharmacological therapy,

and, in advanced cases, high-complexity interventions such as heart transplantation
7

In Brazil, health information is managed through the Department of Informatics of the
Unified Health System (DATASUS), the official information system of the Brazilian


https://doi.org/10.64898/2026.06.19.26356087
http://creativecommons.org/licenses/by/4.0/

medRxiv preprint doi: https://doi.org/10.64898/2026.06.19.26356087; this version posted June 22, 2026. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in
perpetuity.
It is made available under a CC-BY 4.0 International license .

Unified Health System (SUS), established in 1991 to integrate and disseminate
national health data. Despite its comprehensive database, DATASUS still presents
limitations in data visualization and the integration of multiple variables, hindering more
comprehensive epidemiological analyses. In this study, we transformed these large-
scale datasets into epidemiological and graphical representations spanning 1996—
2023, enabling the investigation of regional, ethnic, sex-, and age-related patterns of
cardiovascular disease mortality and morbidity, as well as their economic burden on

the Brazilian public healthcare system.

Methods

Study design and data collection

All data for this study were retrieved from the Hospital Information System of the
Unified Health System (SIH/SUS), managed by the Brazilian Ministry of Health, in
collaboration with the Department of Health Care, as well as the State and Municipal
Health Departments. All diseases included in this study are classified according to the
ICD-10, and are listed under the Chapter IX: Diseases of the Circulatory System.
These diseases are described in Table S1, while the analysed variables and
parameters are defined in Tables S2 and S3. The tables can be visualised in the

supplemental material.

The mortality data is consolidated by the Department of Health Situation Analysis of
the Health Surveillance Secretariat, together with the State and Municipal Health
Departments. Death certificates are collected from local registry offices, and this data
is consolidated and made available through the Mortality Information System; thus,
mortality data encompass the entire Brazilian population. It is important to note that,
in accordance with rules established by the WHO, the certifying physician is
responsible for assigning the cause of death for each individual. Mortality data were
analysed from 1996 to 2023, corresponding to the period during which these diseases

were classified according to the ICD-10 coding system.

Morbidity data is sent from the hospital units participating with the SUS to municipal
and state health authorities and then consolidated by the DATASUS, allowing access
to a database that contains hospital admissions carried out in Brazil to the population

served by SUS (approximately 70% of the total population). Admission data were
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retrieved using ICD-10 Chapter IX codes (Table S4, supplemental material) to avoid
noise from other diseases. We analysed admissions, relative rates, average stay, and
costs from 1998-2023. However, data are not individualized, preventing patient follow-

up, distinction between readmissions and new cases, or tracking comorbidities.

The regional divisions used for this study are legally valid as proposed by the Brazilian
Institute of Geography and Statistics (IBGE), based on geographical, demographic
and economic parameters. This division has five regions of Brazil: North, Northeast,
Midwest, Southeast and South. Rates per 100,000 people were calculated with
population numbers from censuses or estimates by IBGE. Age standardisation was
carried out using the WHO World Standard Population from 2000-2025 8.

Analysis

Data analysis was carried out through R (version 4.4.2) and RStudio (2024.04.2 Build
764). To model mortality rates associated with CVD, we employed a Jointpoint
regression model using the package “segmented” °. This analysis fits a general linear
model (GLM) to allow the consideration of piecewise linear relationships. We used
Davies' test for differences in slope to investigate a possible difference in the dynamics

of mortality rate over the analysed period.

To calculate age-specific rates of death and age-standardized number of deaths by
CVD, we stratified the data into age groups according to the Brazilian Ministry of Health
classification: 04, 5-9, 10-14, 15-19, 20-29, 30-39, 4049, 50-59, 60-69, 70-79
and > 80 years old '°. Obtained age-specific rates were then weighted by their
respective weights according to the WHO world standard population (2000-2025)

sizes to get the resulting age-standardised rates.

Role of funding source

The funding sources had no role in study design; in the collection, analysis, and
interpretation of data; in the writing of the report; and in the decision to submit the

paper for publication.
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Results

Mortality and morbidity from cardiovascular diseases in Brazil by

region, type of heart disease, sex, race and ethnicity, and age.

We evaluated the evolution of cardiovascular diseases (CVD) in Brazil between 1996
and 2023 using DATASUS data. Registered deaths peaked in 2022 at approximately
195 per 100,000 inhabitants (Figure 1A), likely reflecting the impact of the COVID-19
pandemic, which was associated with underreporting, worsening CVD outcomes,
increased sedentary behaviour, poorer dietary habits, reduced healthcare utilization,
and interruptions to ongoing treatments ''. In contrast, age-standardized mortality
rates declined between 2000 and 2023 (Figure 1A, inset).

From the 2000s onward, the number of CVD-related deaths increased steadily in the
Midwest, North, and Northeast regions, whereas the Southeast and South regions
maintained consistently high but relatively stable numbers of deaths (Figures 1B and
1C). The overall mortality rate also increased over the study period, rising from 7.3%
in 1998 to 8.3% in 2023, with a steeper upward trend after 2012 and a peak of
approximately 10.1% in 2021 (Figure 1D). Marked changes were also observed in the
regional distribution of CVD mortality rates over time. In 2008, the Southeast region
exhibited the highest mortality rate, whereas by 2022 the Midwest ranked first, with
the North and Northeast reaching similarly elevated levels. By 2023, the Northeast had
become the region with the highest CVD mortality rate, while the South consistently

exhibited the lowest rates from 2008 onward (Figures 1E and 1F).

Based on this analysis, we focused on the major diseases directly affecting the
cardiovascular system, selecting those responsible for the greatest mortality burden:
chronic rheumatic heart diseases (105-109), hypertensive diseases (110, 113-115),
hypertensive heart disease (111), acute myocardial infarction (121), chronic ischaemic
heart disease (125), cardiomyopathies (142), and heart failure (I150) (Figures 2A and
2B). Cerebrovascular diseases (e.g., stroke) and other circulatory disorders were not
included in the subsequent analyses, despite their clinical importance, because the
present study aimed to characterise the epidemiology of disorders primarily involving
the heart and cardiovascular system. Among the selected conditions, acute

myocardial infarction (121) remained the leading cause of death throughout the study
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period. Heart failure (150) ranked second until 2016, after which it was overtaken by
hypertensive diseases (110, 113-115), which remained the second leading cause of
mortality through 2023 (Figure 2B). This shift occurred at different times across
Brazilian regions, emerging earlier in the Northeast (around 2007) and later in the

remaining regions, after 2014 (Figure 2C).
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Figure 1. Cardiovascular disease (CVD) mortality in Brazil from 1996 to 2023. (a) Absolute number
of CVD deaths and crude mortality rate (per 100,000 inhabitants) obtained annually from DATASUS.
Inset: age-standardised mortality rate from 2000 to 2023. (b) Annual number of CVD deaths according
to the Brazilian five geographic regions Midwest, Northeast, North, Southeast, and South. (c)
Geographic distribution of CVD deaths across Brazil, with colour intensity representing the number of
deaths per 100,000 inhabitants. (d) Joinpoint regression analysis of the CVD mortality rate from 1998
to 2023, showing the observed values and fitted temporal trends. (e) Temporal evolution of CVD
mortality rates according to Brazil's geographic regions. (f) Geographic distribution of CVD mortality
rates across Brazil at selected time points, with colour intensity representing the mortality rate.
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Figure 2. Temporal evolution of the leading causes of cardiovascular disease (CVD) mortality in
Brazil (1996-2023). (a) Data was collected from the DATASUS platform and the classification was
made according to the 10th revision of the International Classification of Diseases (ICD-10), Chapter IX
Diseases of the circulatory system. Each code indicates a specific disease, as follows: 115 Secondary
hypertension, 102 Rheumatic chorea, 166 Occlusion and stenosis of cerebral arteries not resulting in
cerebral infarction, 178 Diseases of the capillaries, 137 Disorders of the pulmonary valve, 136 Non-
rheumatic disorders of the tricuspid valve, I00 Rheumatic fever without mention of cardiac involvement,
128 Other diseases of the pulmonary vessels, 107 Rheumatic diseases of the tricuspid valve, 145 Other
conduction disorders, 130 Acute pericarditis, I01 Rheumatic fever with cardiac involvement, 140 Acute
myocarditis, 106 Rheumatic diseases of the aortic valve, 122 Recurrent myocardial infarction, 109 Other
rheumatic diseases of the heart, 147 Paroxysmal tachycardia, 172 Other Aneurysms, 108 Multiple valve
diseases, 131 Other pericardial diseases, 120 Angina pectoris, 177 Other diseases of arteries and
arterioles, 138 Unspecified valve endocarditis, 144 Atrioventricular and left bundle branch block, 133
Acute and subacute endocarditis, 134 Non-rheumatic mitral valve disorders, 105 Rheumatic mitral valve
diseases, 162 Other non-traumatic intracranial hemorrhages, 174 Arterial embolism and thrombosis, 146
Cardiac arrest, 127 Other forms of pulmonary heart disease, 113 Hypertensive heart and kidney disease,
I73 Other peripheral vascular diseases, 135 Non-rheumatic aortic valve disorders, |70 Atherosclerosis,
148 Atrial flutter and fibrillation, 112 Hypertensive renal disease, 149 Other cardiac arrhythmias, 124 Other
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acute ischemic heart disease, 160 Subarachnoid hemorrhage, 151 Complications of heart disease and
poorly defined heart conditions, 126 Pulmonary embolism, 171 Aortic aneurysm and dissection, 163
Cerebral infarction, 167 Other cerebrovascular diseases, 142 Cardiomyopathies, 169 Sequelae of
cerebrovascular diseases, 161 Intracerebral hemorrhage, 111 Hypertensive heart disease, 125 Chronic
ischemic heart disease, 110 Essential (primary) hypertension, 150 Heart failure, 164 Stroke, not specified
as hemorrhagic or ischemic, and 121 Acute myocardial infarction. The graphs show the relationship
between them every nine years. Only the diseases highlighted in red, corresponding to the most
prevalent causes of CVD mortality, are further analysed and discussed in the manuscript. (b) Timeline
of the seven most common causes of CVD death per 100,000 inhabitants, from 1996 to 2023. Acute
myocardial infarction (121) and hypertensive heart disease (121) have become the most common causes
of CVD death. Heart failure (150) remains a concerning cause of death. (¢) Number of deaths from the
seven most common CVDs in Brazil per 100,000 inhabitants varies according to geographic region. All
regions show an increase in mortality from acute myocardial infarction (121), which is the most common
cause of CVD death in all regions.

Regarding sex-specific mortality, acute myocardial infarction remained the leading
cause of death in both men and women between 1996 and 2023, with mortality rates
consistently higher in men (approximately 21.1-26.5 deaths per 100,000 inhabitants)
than in women (14.6-17.6 deaths per 100,000 inhabitants). Heart failure and
hypertensive diseases were the second and third leading causes of death,
respectively. Heart failure mortality declined steadily in both sexes, decreasing from
approximately 10 to 7.5 deaths per 100,000 inhabitants over the study period. In
contrast, mortality from hypertensive diseases increased markedly, rising from about
3 to nearly 10 deaths per 100,000 inhabitants, with consistently higher rates among
women than men, particularly in the later years of the series. Records with unavailable

sex information remained consistently low throughout the study period (Figure 3A).

Regarding racial differences in CVD mortality, white and black populations exhibited
distinct temporal patterns. Among white individuals, mortality from acute myocardial
infarction increased sharply during the late 1990s and subsequently remained
relatively stable at high levels, whereas among black individuals it showed a gradual
and sustained increase throughout the study period. In both populations, mortality from
hypertensive diseases progressively increased, whereas heart failure mortality
declined only among white individuals. Consequently, hypertensive diseases overtook
heart failure as the second leading cause of death earlier in the black population and
later among whites. The proportion of records classified as “not available” decreased
markedly over time, likely reflecting improvements in death certificate reporting (Figure
3B).

10


https://doi.org/10.64898/2026.06.19.26356087
http://creativecommons.org/licenses/by/4.0/

medRxiv preprint doi: https://doi.org/10.64898/2026.06.19.26356087; this version posted June 22, 2026. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in
perpetuity.
It is made available under a CC-BY 4.0 International license .

Among Asian populations, acute myocardial infarction also emerged as the leading
cause of death, although mortality estimates were more variable during the early years
of the study. The ranking of the remaining diseases was less consistent, with
hypertensive diseases becoming the second leading cause toward the end of the
study period (Figure 3C). Mortality data for Native American populations were highly
variable throughout the series, likely owing to the small number of recorded deaths,
although acute myocardial infarction became the predominant cause of death in the

later years (Figure 3C).

We also investigated the impact of CVD across age groups. CVD-related mortality
remained low among individuals younger than 50 years, increased progressively from
50-59 years onward, and reached its highest levels among those aged 80 years or
older. Despite this age-dependent pattern, overall CVD mortality declined across all
age groups between 1996 and 2023, with the largest reduction observed in individuals

aged 80+ years (Figure 4A).

When analysing causes of death across age groups in 1996, heart failure was the
leading cause among individuals aged 70 years or older, whereas acute myocardial
infarction was the leading cause among those aged 30—69 years. The second leading
cause varied across age groups: cardiomyopathy ranked second among individuals
aged 80 years or older and those younger than 60 years, whereas acute myocardial

infarction ranked second among individuals aged 60-79 years (Figure 4B).

By 2005, acute myocardial infarction had become the leading cause of death among
individuals aged 40-79 years and had increased substantially among those aged 80
years or older, becoming the second leading cause of death in this age group. By
2014, it accounted for nearly half of CVD-related deaths among individuals aged 80
years or older. In 2023, it remained the leading cause of death among individuals aged
30-79 years and the second leading cause among those aged 80 years or older. Heart
failure remained the leading cause of death in the oldest age group throughout the
study period (Figure 4B).

Importantly, from 1996 to 2023, both disease-specific and overall CVD mortality rates
declined across age groups, particularly among older individuals. Among individuals
aged 80+ years, mortality rates decreased from nearly 800 deaths per 100,000
inhabitants in 1996 to less than 500 per 100,000 in 2023. Similarly, among individuals

11
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aged 70-79 years, mortality rates declined from nearly 400 deaths per 100,000
inhabitants in 1996 to less than 250 per 100,000 in 2023 (Figure 4B).
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Figure 3. Profile of selected cardiovascular diseases (CVD) according to sex and ethnicity in
Brazil. (a) Temporal trends in mortality from the seven selected CVDs according to sex. Acute
myocardial infarction remained the leading cause of death in both sexes and consistently accounted for
substantially more deaths in men than in women, whereas the remaining CVDs showed smaller sex-
related differences. (b) Temporal trends in mortality according to self-reported ethnicity (White, Black,
and Not available). Acute myocardial infarction was the leading cause of death in all groups, while
hypertensive diseases contributed proportionally more to mortality among Black individuals. (c)
Temporal trends in mortality among individuals of Asian descent and Indigenous populations. Mortality
rates were considerably lower than those observed in the other ethnic groups, although acute
myocardial infarction remained the predominant cause of death. Mortality rates are expressed as deaths
per 100,000 inhabitants.
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Figure 4. Age-specific patterns of cardiovascular disease (CVD) mortality in Brazil. (a) Temporal
trends in age-specific CVD mortality rates from 1996 to 2023. Mortality increased markedly with
advancing age, particularly after 50 years, while remaining relatively stable over time within each age
group. The 280-year group exhibited the highest mortality rates throughout the study period, despite a
gradual decline over time. Lines represent the mean mortality rate and shaded areas indicate the 95%
confidence interval. (b) Distribution of the leading causes of CVD death according to age group in 1996,
2005, 2014, and 2023. Acute myocardial infarction was the leading cause of death from 30 years of age
onward, whereas heart failure predominated among individuals aged =80 years throughout the
analysed period.
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The economic burden of cardiovascular diseases in Brazil

The overall expenditure associated with CVD-related hospitalizations increased in
Brazil between 1998 and 2023 (Figure 5A), although the magnitude of this increase
varied considerably across its regions (Figure 5B). The Southeast region consistently
accounted for the highest hospitalization costs, increasing from approximately BRL
1.45 billion (= USD 290 million) in 1998 to more than BRL 2,10 billion (= USD 420
million) in 2023. Similarly, expenditures in the South and Northeast regions increased
from BRL 640.9 million (= USD 128 million) to BRL 1.09 billion (= USD 220 million),
and from BRL 487.8 million (= USD 98 million) to BRL 900.9 million (= USD 180
million), respectively. Despite presenting the lowest absolute cost compared with the
other regions, the North region showed the highest increase, with expenditures rising
approximately 3-fold between 1998 and 2023 (Figure 5B).

CVD-related hospital admissions per 100,000 inhabitants displayed distinct regional
patterns. The Midwest, Northeast and Southeast regions showed an initial reduction
up to 2015, followed by a modest increase in 2023. The South region had an early
increase up to 2007, followed by a slight decline, reaching rates similar to 1998. The
North region showed a continuous increase throughout the period, rising from 322.3
to 417.7 admissions per 100,000 inhabitants from 1998 to 2023 (Figure 5B). Detailed
CVD-related hospitalization costs and admission rates for each Brazilian region are

presented in Table S5 (supplemental material).

All five regions showed a similar trend in the mean cost of hospitalization, with costs
increasing until the early 2010s, when they reached their peak values, followed by a
gradual decline through 2023. The South and Southeast regions consistently exhibited
the highest mean hospitalization costs throughout the study period, whereas the North
region showed the lowest values. The Midwest experienced a marked increase
between 2005 and 2013, reaching levels comparable to those observed in the
Southeast (Figure 5C).

The average length of CVD-related hospital stay remained relatively stable across
most Brazilian regions throughout the analysed period (Figure 5D). The North and
Northeast regions were exceptions, showing a gradual increase over time. In the
North, the average stay rose from approximately 5.4 days in 1998 to 6.0 days in 2023,
peaking at 7.3 days in 2022, whereas in the Northeast it increased steadily from 5.8
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to 7.5 days over the same period. The South region remained comparatively stable,
fluctuating between 5.3 and 6.0 days and exhibiting the shortest hospital stays by
2023. The Midwest showed an initial decline followed by a gradual increase after 2010,
whereas the Southeast consistently presented the longest hospital stays until around
2016, when it was surpassed by the Northeast, which thereafter exhibited the longest

average length of stay among all Brazilian regions.
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Figure 5. Hospitalizations and healthcare costs associated with cardiovascular diseases (CVD)
in Brazil. (a) Total annual expenditure on CVD-related hospitalizations from 1998 to 2023. Values were
adjusted for inflation using the Extended National Consumer Price Index (indice Nacional de Pregos ao
Consumidor Amplo, IPCA) calculated by the Brazilian Institute of Geography and Statistics (IBGE). (b)
Regional trends in total CVD-related hospitalization expenditure and hospital admissions per 100,000
inhabitants from 1998 to 2023. (¢) Mean cost per CVD-related hospitalization according to Brazil's
geographic regions between 1998 and 2023. (d) Average length of CVD-related hospital stay according
to Brazil’s geographic regions between 1998 and 2023.
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Heart transplant panorama in Brazil

We analysed the impact of heart transplantation on Brazil's public health system
(SUS), as it represents a last-line therapy for patients with severe, treatment-refractory
heart disease (Figure 6). It is important to note that the unusually low number of heart
transplants recorded in 2007 should be interpreted with caution, as this period
coincided with the implementation of a new DATASUS procedure coding system and
the unification of hospital and outpatient information databases, which likely affected
data reporting and comparability during the transition. Since then, the number of heart
transplants progressively increased, reaching a peak of 0.162 transplants per 100,000
inhabitants in 2019 and remaining at similarly high levels in 2023 (0.136 per 100,000
inhabitants) (Figure 6A). The number of transplantation-related intercurrences also
increased over time, rising from fewer than 0.05 cases per 100,000 inhabitants in 2012

to approximately 0.4 in 2023, when it reached its highest level (Figure 6B).

The total expenditure on heart transplantation peaked in 2014, reaching BRL
33,807,575.20 (= USD 6.7 million). Costs remained relatively high until 2020, when a

temporary decline was observed, before increasing again through 2023 (Figure 6C).

Between 2007 and 2023, heart transplantation rates generally increased across the
Brazilian regions, although substantial year-to-year fluctuations were observed. The
Midwest, South, and Northeast regions reached their highest rates between 2016 and
2018, followed by a decline during 2020—2021. In contrast, the Southeast peaked
around 2018-2019 and maintained relatively high transplantation rates thereafter.
Notably, the North region recorded no heart transplants throughout the study period
(Figure 6D).

The average length of hospitalization for heart transplantation (Figure 6E) and
transplantation-related intercurrences (Figure 6F) showed very similar regional
patterns throughout the analysed period. The South, Southeast, and Northeast regions
exhibited an overall decline in hospitalization duration, although with substantial year-
to-year fluctuations. In the South and Northeast, the average length of stay decreased
from approximately 30 days in 2007 to around 15 days by 2023, whereas the
Southeast declined from approximately 25 to 15 days over the same period. In
contrast, the Midwest displayed a distinct pattern, with hospitalization duration
increasing sharply between 2010 and 2015, peaking at more than 30 days, before
declining to fewer than 10 days by 2023. As expected, the North region consistently
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recorded zero hospitalization days due to the absence of heart transplant procedures
during the study period (Figures 6E and 6F).
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Figure 6. Heart transplantation in Brazil from 2007 to 2023. (a) Annual number of heart transplants
per 100,000 inhabitants in Brazil. (b) Annual number of heart transplantation-related intercurrences per
100,000 inhabitants from 2012 to 2023. (c¢) Total annual expenditure on heart transplantation in Brazil
(BRL). Values were adjusted for inflation using the Extended National Consumer Price Index (“indice
Nacional de Precos ao Consumidor Amplo”, IPCA) calculated by the Brazilian Institute of Geography
and Statistics (IBGE). (d) Heart transplantation rate (per 100,000 inhabitants) according to Brazil's
geographic regions from 2007 to 2023. (e) Average length of hospital stay following heart
transplantation according to geographic region. (f) Average length of hospital stay associated with heart
transplantation-related intercurrences according to geographic region.
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Discussion

The epidemiological profile of Brazil has changed dramatically over the past three
decades. In the early 1990s, communicable diseases (i.e., diarrhoeal diseases) were
the leading causes of mortality '2, largely reflecting inadequate sanitation and the early
stages of implementation of the Unified Health System (SUS) 314, Since then, Brazil
has undergone a marked epidemiological transition, with CVD progressively becoming
the leading cause of death '2. In this context, our study provides the most
comprehensive longitudinal assessment of the CVD burden in Brazil encompassing
nearly three decades (1996—-2023). By integrating mortality, hospitalizations, regional
disparities, ethnicity, age, sex, healthcare costs, and heart transplantation data, this
study substantially expands a previous DATASUS-based report focused primarily on
CVD-related emergency hospitalizations between 2013 and 2023 5, providing a more
comprehensive perspective on the epidemiological and economic burden of CVD in
Brazil and its implications for public health planning and resource allocation. This long-
term analysis also allowed the identification of important temporal disruptions in CVD
indicators, particularly during the COVID-19 pandemic. A marked reduction in several
indicators was observed in 2020, likely reflecting disruptions in health information
systems and changes in healthcare-seeking behaviour during the COVID-19
pandemic. The subsequent rebound may also reflect the indirect cardiovascular
consequences of delayed diagnosis and treatment during this period '6-'8. Although
CVD-related healthcare expenditures increased again after 2020, they did not return
to the peak levels observed before the pandemic, suggesting a persistent impact on

healthcare utilisation and resource allocation.

Between 1996 and 2023, CVD deaths in Brazil (Human Development Index [HDI] =
0.805) increased, reaching 383,474 deaths in 2023, approximately 180.0 per 100,000
inhabitants. By comparison, the United States (HDI = 0.938) reported 129.5 deaths
per 100,000 inhabitants in 2022, France (HDI = 0.920) 62.6, whereas Uzbekistan (HDI
= 0.740) recorded the highest rate worldwide in 2023, with 594.1 deaths per 100,000
inhabitants. Although multiple factors contribute to these differences, these
comparisons are consistent with an inverse association between socioeconomic
development and CVD mortality, which has been reported globally °2° and within

Brazilian cities 2.
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Regional disparities were among the most important findings of this study. The
Southeast and South regions consistently recorded the highest numbers of CVD-
related deaths, probably reflecting their larger and older populations 22. However,
when mortality rates were considered, the Northeast region exhibited the highest CVD
mortality rate in 2023. Nonetheless, lower mortality rates observed in other regions
should be interpreted cautiously, as they may partly reflect underdiagnosis and
underreporting. Evidence from municipalities in the Amazon region has demonstrated
substantial discrepancies between local notification systems and the national
DATASUS database, exposing important limitations in disease registration and
surveillance 23. This issue is particularly relevant for the North region, which
simultaneously showed the largest increase in CVD-related hospitalizations yet
recorded no heart transplants throughout the study period. Together with its lower
mortality rates, these findings highlight persistent inequalities in access to highly
specialised cardiovascular care and suggest that both healthcare availability and

information system limitations require greater attention in this region.

The Brazilian Institute of Geography and Statistics (IBGE) classifies ethnicity into five
groups (Black, Brown, Asian, Indigenous, and White) based on self-declared skin
colour. In epidemiological studies, Black and Brown populations are commonly
combined to represent the Black population, an approach adopted here. Within this
framework, hypertensive disease mortality increased disproportionately among Black
individuals. Although genetic susceptibility has been proposed, biological factors alone
cannot explain these disparities. Structural racism, unequal access to healthcare,
delayed diagnosis, differences in treatment, and socioeconomic inequalities likely

contribute substantially to these outcomes 2427,

Similarly, the markedly lower number of CVD-related cases observed among
Indigenous populations is likely influenced by underreporting, a limitation previously
described in other epidemiological studies in Brazil 2822, Geographic isolation, barriers
to healthcare access, and limited health infrastructure may contribute to incomplete
case registration, suggesting that the true burden of CVD in these communities is

substantially underestimated.

Sex and age emerged as major determinants of CVD mortality in the present study,

corroborating previous evidence that both are major determinants of cardiovascular
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risk and mortality 303'. Acute myocardial infarction consistently accounted for
substantially more deaths in men than in women, whereas sex differences for other
CVDs were less pronounced. This male predominance may reflect both greater
exposure to behavioural risk factors and an intrinsically faster biological ageing
process, which has recently been shown to explain a substantial proportion of the
excess cardiovascular risk observed in men, independent of traditional risk factors and
sex hormones 32, Age had an even greater influence on CVD mortality, with death
rates increasing exponentially after 50 years of age. Heart failure predominated among
the oldest individuals, whereas acute myocardial infarction became the leading cause
of death from 30 years of age onward, highlighting distinct age-related patterns in the
burden of CVD.

Conclusion

CVD remains a leading cause of death in Brazil and worldwide, imposing heavy
epidemiological and economic burdens. Mortality rates stay high across Brazil, with
disparities by time, region, ethnicity, sex, and age. Acute myocardial infarction
dominates, while hypertension and heart failure also contribute significantly. The study
highlights rising hospitalization and transplant costs, regional inequalities in access
and reporting, and the urgent need for stronger surveillance, equitable care, and

preventive strategies targeting vulnerable groups and modifiable risks.

Contributors

AGO and TVB conceptualized the idea of the analysis and research, with input from
all authors. AGO and TVB were responsible for funding acquisition, determining the
methodology for this study and project administration. MCBS and JSFG performed
data curation and investigation of all the data in this study, with input from ALMO, AGO
and TVB. MCBS, JSFG, TVB, and AGO were responsible for the formal analysis with
contributions from all authors. ALMO conducted data curation for correction of costs
based on the national extended consumer price index throughout the years. MCBS,
JSFG and TVB have directly accessed and validated the data. MCBS, JSFG were
responsible for writing the original draft, with significant contributions from all authors.
MCBS, JSFG TVB, and AGO were responsible for writing- reviewing and editing the

final version of this draft, with significant contributions from all authors.

20


https://doi.org/10.64898/2026.06.19.26356087
http://creativecommons.org/licenses/by/4.0/

medRxiv preprint doi: https://doi.org/10.64898/2026.06.19.26356087; this version posted June 22, 2026. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in
perpetuity.
It is made available under a CC-BY 4.0 International license .

Data sharing statement

The data used for this study were retrieved from public online repositories maintained
by the Brazilian Government. The system allows anyone who wishes to access the
data (https://datasus.saude.gov.br/informacoes-de-saude-tabnet/). Data can be
retrieved from different sets as follows: Morbidity
(https://datasus.saude.gov.br/acesso-a-informacao/morbidade-hospitalar-do-sus-sih-
sus/), Mortality (http://tabnet.datasus.gov.br/cgi/deftohtm.exe?sim/cnv/obt10uf.def),
and Transplants (http:/tabnet.datasus.gov.br/cgi/deftohtm.exe?sih/cnv/qruf.def).

Declaration of interests

Authors declare no competing interests.

Acknowledgments and Disclaimer

This work was supported by CNPq (Scholarship to JSFG and TVB’s grants: 404407/2025-0,
444243/2024-0, 403725/2024-0, 406936/2023-4, and 309965/2022-5), DAAD/CAPES (TVB:
88881.700905/2022-01), CAPES - Finance Code 001 (Scholarship to MCBS and TVB’s grant:
88887.916694/2023-00), FAPEMIG (TVB: BPD-00133-22), and INCT-Hepatologia 360 (AGO:
INCT 407909/2024-9).

The views expressed in this document are those of the authors and do not necessarily reflect

the views of the United Nations or the countries it represents.

References

1Alves AJ, Viana JL, Cavalcante SL, et al. Physical activity in primary and secondary
prevention of cardiovascular disease: Overview updated. World J Cardiol 2016; 8: 575-83.

2Criqui MH, Barrett-Connor E, Holdbrook MJ, Austin M, Turner JD. Clustering of
cardiovascular disease risk factors. Preventive Medicine 1980; 9: 525-33.

3Roy A, Rawal I, Jabbour S, Prabhakaran D. Tobacco and Cardiovascular Disease: A
Summary of Evidence. In: Prabhakaran D, Anand S, Gaziano TA, Mbanya J-C, Wu Y,
Nugent R, eds. Cardiovascular, Respiratory, and Related Disorders, 3rd edn. Washington
(DC): The International Bank for Reconstruction and Development / The World Bank, 2017.
http://www.ncbi.nlm.nih.gov/books/NBK525170/ (accessed June 13, 2026).

21


https://doi.org/10.64898/2026.06.19.26356087
http://creativecommons.org/licenses/by/4.0/

medRxiv preprint doi: https://doi.org/10.64898/2026.06.19.26356087; this version posted June 22, 2026. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in
perpetuity.
It is made available under a CC-BY 4.0 International license .

4 GBD 2013 Mortality and Causes of Death Collaborators. Global, regional, and national
age-sex specific all-cause and cause-specific mortality for 240 causes of death, 1990-
2013: a systematic analysis for the Global Burden of Disease Study 2013. Lancet 2015;
385: 117-71.

5Lozano R, Naghavi M, Foreman K, et al. Global and regional mortality from 235 causes of
death for 20 age groups in 1990 and 2010: a systematic analysis for the Global Burden of
Disease Study 2010. Lancet 2012; 380: 2095-128.

6Jensen RV, Hjortbak MV, Bgtker HE. Ischemic Heart Disease: An Update. Semin Nucl
Med 2020; 50: 195-207.

7 Cruz LA da. Transplante cardiaco no Hospital das Clinicas da Universidade Federal de
Minas Gerais: custo do paciente internado. 2022; published online Sept 30.
https://hdl.handle.net/1843/57600 (accessed June 13, 2026).

8 Ahmad OB, Boschi-Pinto C, Lopez AD, Murray CJL, Lozano R, Inoue M. AGE
STANDARDIZATION OF RATES: A NEW WHO STANDARD. Geneva, Switzerland: World
Health Organization, 2001.

9segmented: An R Package to Fit Regression Models with Broken-Line Relationships. R
News 2008; 8: 20-5.

10 Ministério da Saude. DATASUS: Populagao residente - notas técnicas.
http://tabnet.datasus.gov.br/cgi/lbge/popdescr.htm.

11 Wasfy JH, Lin Y, Price M, Newhouse JP, Blacker D, Hsu J. Postpandemic Cardiac
Mortality Rates. JAMA Netw Open 2025; 8: €2512919.

12 GBD 2016 Brazil Collaborators. Burden of disease in Brazil, 1990-2016: a systematic
subnational analysis for the Global Burden of Disease Study 2016. Lancet 2018; 392: 760—
75.

13 Paim J, Travassos C, Almeida C, Bahia L, Macinko J. The Brazilian health system:
history, advances, and challenges. Lancet 2011; 377: 1778-97.

14 Ortega F, Pele A. Brazil’s unified health system: 35 years and future challenges.
Lancet Reg Health Am 2023; 28: 100631.

15 Souza Luiz Y, Alvarenga VM, de Miranda Lopes M, Gomes Silva L. Epidemiological
Analysis of Emergency Hospitalizations in Brazil Due to Cardiovascular Diseases From
2013 to 2023. Int J Cardiovasc Sci 2025; 38: €20240200.

16 Santos AMD, Souza BF de, Carvalho CA de, et al. Excess deaths from all causes
and by COVID-19 in Brazil in 2020. Rev Saude Publica 2021; 55: 71.

17 Leite CEA, Guimaraes RM, Sobral A. Analysis of mortality by cardiovascular disease
subgroups in Brazil before and during the COVID-19 pandemic (2000-2022) by sex and
age group. Rev Bras Epidemiol 2025; 28: e250033.

18 Spetz M, Natt och Dag Y, Li H, Nyberg F, Rosvall M. Covid-19 and cardiovascular

disease in a total population-study of long-term effects, social factors and Covid-19-
vaccination. Nat Commun 2025; 16: 10115.

22


https://doi.org/10.64898/2026.06.19.26356087
http://creativecommons.org/licenses/by/4.0/

medRxiv preprint doi: https://doi.org/10.64898/2026.06.19.26356087; this version posted June 22, 2026. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in
perpetuity.
It is made available under a CC-BY 4.0 International license .

19 Timmis A, Aboyans V, Vardas P, et al. European Society of Cardiology: the 2023
Atlas of Cardiovascular Disease Statistics. Eur Heart J 2024; 45: 4019-62.

20 Abdalla SM, Rosenberg SB, Maani N, Contreras CM, Yu S, Galea S. Income,
education, and the clustering of risk in cardiovascular disease in the US, 1999-2018: an
observational study. The Lancet Regional Health — Americas 2025; 44.
DOI:10.1016/j.lana.2025.101039.

21 Bastos LAVM, Bichara JLP, Nascimento GS, Villela PB, de Oliveira GMM. Mortality
from diseases of the circulatory system in Brazil and its relationship with social
determinants focusing on vulnerability: an ecological study. BMC Public Health 2022; 22:
1947.

22 Instituto Brasileiro de Geografia e Estatistica (IBGE). Panorama do Censo
Demografico 2022. https://censo02022.ibge.gov.br/panorama/?localidade=BR.

23 Simeone D, Laranjeira A, Lopes PMR, et al. The accuracy and consistency of public
health data in Brazilian information systems: identification of gaps and challenges to be
faced in a municipality in the Amazon region. Front Public Health 2025; 13: 1681810.

24 Wang X, Poole JC, Treiber FA, Harshfield GA, Hanevold CD, Snieder H. Ethnic and
Gender Differences in Ambulatory Blood Pressure Trajectories. Circulation 2006; 114:
2780-7.

25 Kato N. Ethnic differences in genetic predisposition to hypertension. Hypertens Res
2012; 35: 574-81.

26 Abrahamowicz AA, Ebinger J, Whelton SP, Commodore-Mensah Y, Yang E. Racial
and Ethnic Disparities in Hypertension: Barriers and Opportunities to Improve Blood
Pressure Control. Curr Cardiol Rep 2023; 25: 17-27.

27 Stoélting G, Tran Vo KN, Haus J, Scholl Ul. The genetics of hypertension. Nat Rev
Nephrol 2026; 22: 137-51.

28 Guimaraes JSF, Mesquita JA, Kimura TY, Oliveira ALM, Leite MF, Oliveira AG.
Burden of liver disease in Brazil, 1996-2022: a retrospective descriptive study of the
epidemiology and impact on public healthcare. Lancet Reg Health Am 2024; 33: 100731.

29 Resende BL, Fonseca Guimaraes JS da, Amancio Caetano AL, Matos De Oliveira
AL, Rezende Souza B, Oliveira AG. Nationwide decline in psychiatric hospitalizations and
costs in Brazil, 2008-2022: a retrospective descriptive study evidencing reform-driven
community mental health gains. Lancet Reg Health Am 2026; 56: 101425.

30 Spence JD, Pilote L. Importance of sex and gender in atherosclerosis and
cardiovascular disease. Atherosclerosis 2015; 241: 208-10.

31 Mensah GA, Fuster V. Sex and Gender Differences in Cardiovascular Health. J Am
Coll Cardiol 2022; 79: 1385—7.

32 Liu Y, Li C. Sex differences in cardiovascular disease risk and the role of biological
aging pace. Eur J Prev Cardiol 2025; : zwaf726.

23


https://doi.org/10.64898/2026.06.19.26356087
http://creativecommons.org/licenses/by/4.0/

medRxiv preprint doi: https://doi.org/10.64898/2026.06.19.26356087; this version posted June 22, 2026. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in
perpetuity.
It is made available under a CC-BY 4.0 International license .

Supplementary Table S1: Heart diseases defined by the International Classification of
Diseases (ICD10)

Code ICD-10 Category
100 Rheumatic fever without mention of heart
involvement

101 Rheumatic fever with heart involvement

102 Rheumatic chorea

105 Rheumatic mitral valve diseases

106 Rheumatic aortic valve diseases

107 Rheumatic tricuspid valve diseases

108 Multiple valve diseases

109 Other rheumatic heart diseases

110 Essential (primary) hypertension

111 Hypertensive heart disease

113 Hypertensive heart and renal disease

115 Secondary hypertension

120 Angina pectoris

121 Acute myocardial infarction

122 Subsequent myocardial infarction

123 Certain current complications following
acute myocardial infarction

124 Certain current complications following
acute myocardial infarction

125 Chronic ischaemic heart disease

126 Pulmonary embolism

127 Other pulmonary heart diseases

128 Other diseases of pulmonary vessels

130 Acute pericarditis

131 Other diseases of pericardium

133 Acute and subacute endocarditis

134 Nonrheumatic mitral valve disorders
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135 Nonrheumatic aortic valve disorders

136 Nonrheumatic tricuspid valve disorders
137 Pulmonary valve disorders

138 Endocarditis, valve unspecified

140 Acute myocarditis

142 Cardiomyopathy

144 Atrioventricular and left bundle-branch block
145 Other conduction disorders

146 Cardiac arrest

147 Paroxysmal tachycardia

148 Atrial fibrillation and flutter

149 Other cardiac arrhythmias

150 Heart failure

151 Complications and ill-defined descriptions of

heart disease

160 Subarachnoid haemorrhage

161 Intracerebral haemorrhage

162 Other nontraumatic intracranial
haemorrhage

163 Cerebral infarction

164 Stroke, not specified as haemorrhage or

infarction
166 Occlusion and stenosis of cerebral arteries,

not resulting in cerebral infarction

167 Other cerebrovascular diseases
169 Sequelae of cerebrovascular disease
170 Atherosclerosis

171 Aortic aneurysm and dissection
172 Other aneurysm and dissection
173 Other peripheral vascular diseases

174 Arterial embolism and thrombosis
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177

Other disorders of arteries and arterioles

178

Diseases of capillaries

Supplementary Table S2: Description of variables analysed

Variable Description

Sex Sex Sex of the patient (male, female)
Race/ethnicity Race/ethnicity of the patient (White, Black,
Brown, Asian, Indigenous, or unspecified)
ICD10 chapter Cause of hospitalization, according to the

International Classification of Diseases

(ICD),retrieved by chapters.
ICD10 list

Cause of hospitalization, according to the
International Classification of Diseases
(ICD),retrieved by list.

ICD10 Category Cause of hospitalization, according to the
International Classification of Diseases
(ICD),retrieved by category .

Age group Under 1 year, 1-4 years, 5-9 years, 10-14
years, 15—-19 years, 20-29 years, 30-39

years, 40—49 years, 50-59 years, 60—69
years, 70-79 years, 80 years and older.
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Supplementary Table S3: Description of parameters analysed

Parameters Description

Hospitalization admission Number of HAA (Hospital Admission
Authorization) approved during the
period,excluding extensions (long-stay
cases). This is an approximate value of
hospitalizations, as transfers and
readmissions are included in this count

Total hospitalization cost The value referring to the approved HAA
(Hospital Admission Authorization) during
the period. This value may not necessarily

correspond to the amount transferred to the

healthcare facility, as it depends on the
situation of the units. They may receive
budgetary resources or there may be
retentions and payments of incentives,
which are not presented here. Therefore,
this value should be considered as the
approved production value

Mean cost of hospitalization admission Total hospitalization cost divided by the
number of hospitalizations

Average days of stay in hospital Average length of stay for hospitalizations
related to approved HAA
(HospitalAdmission Authorization), recorded
as admissions, during the period.

Deaths Number of hospitalizations that resulted in

discharge due to death among the

approvedHAA (Hospital Admission
Authorization) during the period.

Mortality rate The ratio between the number of deaths
and the number of approved HAA
(HospitalAdmission Authorization) recorded
as hospitalizations during the period,
multiplied by100.

Supplementary Table S4: Hospital Morbidity in the Unified Health System of Brazil
Chapter Code Description ICD10

IX 066-072 Diseases of the 100-199
circulatory system
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Supplementary Table S5: Relative admissions and hospitalisation cost by regions

Year Region Admissions (per Cost (in BRL)
100,000)

1998 Midwest 672.7167 192,959,555
1998 North 322.2924 66,846,381
1998 Northeast 482.8149 487,769,710
1998 South 817.8246 640,926,201
1998 Southeast 681.7196 1,453,770,982
2007 Midwest 645.6512 250,704,331
2007 North 395.4090 143,000,080
2007 Northeast 483.5087 669,003,818
2007 South 893.0429 960,454,497
2007 Southeast 675.8243 1,986,099,584
2015 Midwest 493.9312 309,871,057
2015 North 316.3253 161,921,327
2015 Northeast 456.1804 843,431,002
2015 South 827.7951 1,117,167,726
2015 Southeast 579.4985 2,018,729,278
2023 Midwest 541.0276 341,468,367
2023 North 417.6548 199,353,135
2023 Northeast 483.4854 900,931,365
2023 South 829.4803 1,086,713,935
2023 Southeast 627.2055 2,108,607,004
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