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Abstract

This study investigates the impact of reducing cardiovascular
disease (CVD) mortality on the gender gap in life expectan-
cy at birth in Brazil between 2010 and 2019. Using age- and
sex-specific mortality data from the Brazilian Institute of Life Expectancy
Geography and Statistics and the Mortality Information Sys- Mortality

tem, single-decrement life tables were computed under Brazil

four counterfactual scenarios: 25 %, 50 %, 75 %, and 100 %

reductions in CVD mortality. Results show that reducing

CVD mortality increased life expectancy for both sexes, with
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Gender gap...

women benefiting proportionally more, leading to a widen-
ing gender gap across Brazilian regions. Regional variations
reflected differences in competing mortality risks, cause-of-
death structures, and epidemiological transitions. Reducing
CVD mortality is a public health priority in its own right, but
its demographic dividend is unequal by sex: closing the gen-
der gap in life expectancy will require complementary action
on the causes that concentrate male premature mortality, es-
pecially external causes.

Resumen
. . . . . Palabras
Este estudio analiza el impacto de la reducciéon de la mortali- clave
dad por enfermedades cardiovasculares (ECV) sobre |la brecha
Enfermedades

de género en la esperanza de vida al nacer en Brasil entre
2010 y 2019. Utilizando datos de mortalidad por edad y sexo

cardiovasculares
Brecha de género

del Instituto Brasilefio de Geografia y Estadistica y del Siste- Esperanza de vida
ma de Informacién de Mortalidad, se calcularon tablas de vida Mortalidad
de un solo decremento en cuatro escenarios contrafactuales: Brasil

reducciones de 25 %, 50 %, 75 % y 100 % de la mortalidad por
ECV. Los resultados muestran que la reduccién de la mor-
talidad por ECV incrementa la esperanza de vida en ambos
sexos, pero que beneficia proporcionalmente mas a las mu-
jeres y amplia la brecha de género en todas las regiones.
Las variaciones regionales reflejan diferencias en los riesgos
competitivos, en la estructura de causas de muerte y en la
transicion epidemioldgica. La reduccién de la mortalidad por
ECV es una prioridad de salud publica por si misma, pero su
dividendo demografico es desigual por sexo: cerrar la brecha
de género en la esperanza de vida exigira acciones comple-
mentarias dirigidas a las causas que concentran la mortalidad
prematura masculina, en particular, las causas externas.

Enviado: 29/11/25
Aceptado: 08/09/26

Introduction

Cardiovascular diseases (CVD) are the leading cause of death world-
wide, accounting for nearly a third of all global deaths (WHO, 2023). Their
burden is particularly pronounced in low- and middle-income countries,
where healthcare access is uneven, and prevention measures remain
insufficient (Bowry et al,, 2015; Wurie & Cappuccio, 2012). According to
the World Health Organization (WHO, 2021), over 75 % of all CVD deaths
occur in these settings, further straining already overburdened health-
care systems and widening health inequalities (Roth et al., 2020).
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In Brazil, cardiovascular diseases have long been the leading cause of
death and a major driver of hospital utilization. Between 1990 and 2021,
CVD mortality declined by 53.9 % in Brazil (Guimaraes et al., 2026), while
analyses of the Hospital Information System (SIH/SUS) show that CVD
represented approximately 10 % of all hospital admissions between 2008
and 2017 (Fonseca, Lima, & Gualdi, 2020). Despite a sustained decline in
age-standardized CVD mortality rates over recent decades — driven by
improvements in primary care, expanded hypertension control, and re-
ductions in smoking (Malta et al., 2020; Mansur et al., 2022; Rache et al,,
2024) — the absolute burden of CVD has remained substantial, and recent
compendia continue to describe it as accounting for nearly one third of
all deaths in Brazil (Oliveira et al., 2024).

The decline in cardiovascular mortality is part of a broader and heteroge-
neous health transition. Rather than following a linear trajectory, Brazil's
epidemiological transition has been characterized by the coexistence of
different mortality regimes across regions, with persistent inequalities
in socioeconomic conditions, access to healthcare, and exposure to risk
factors (Baptista & Queiroz, 2019; Borges, 2017). Over the long term, life
expectancy at birth increased from 53 years in the 1960s to 75.8 years in
2019 (United Nations, 2019). However, these gains have not been evenly
distributed. Regional disparities remain substantial, reflecting different
stages of the health transition, while differences between men and
women continue to play a central role in shaping mortality patterns.

Men consistently exhibit higher mortality rates from cardiovascular dis-
eases across the life course. However, because women live longer and
cardiovascular mortality is concentrated at older ages, women account
for a larger share of deaths from these causes in relative terms (Mansur &
Favarato, 2016; Mansur et al,, 2022; Oliveira et al., 2024). As a result, reduc-
tions in cardiovascular mortality tend to generate gains in life expectancy
for both sexes, but not necessarily in equal proportions. These asymmet-
ric gains reflect interactions among age patterns of mortality, competing
risks, and the broader structure of causes of death.

One approach widely used in epidemiology and demography to quantify
disease burden involves counterfactual analyses, or “what-if" scenarios,
which estimate how eliminating or reducing a specific cause of death
would impact overall mortality patterns. These methods have provided
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key insights into how cause-specific mortality shapes health inequalities.
For example, studies have shown that removing external causes of death
(e.g., homicides, traffic accidents) — which disproportionately affect men
—substantially narrows the gender gap in life expectancy (Moraes, Souza,
& Passarelli-Araujo, 2023; Passarelli-Araujo, Souza, & Siviero, 2026; Souza &
Siviero, 2020). However, the effects of reducing CVD mortality on gender
disparities are more complex and have been less explored in the Brazilian
context.

This study addresses this gap by examining how hypothetical reductions
in CVD mortality (25 %, 50 %, 75 %, and 100 %) translate into differential life
expectancy gains for men and women in Brazil and its five regions in 2010
and 2019, and how these effects have changed over the decade. Rather
than presenting CVD reduction as a policy lever to close the gender gap,
our aim is to make the unequal demographic dividend of CVD reduction
explicit, and to interpret it in light of competing mortality risks, regional
differences in the epidemiological transition, and gendered exposures.

Background

Female life expectancy exceeds male life expectancy in almost all coun-
tries worldwide, reflecting a persistent mortality differential between
men and women (Barford et al., 2006; Crimmins et al., 2019; Glei & Hori-
uchi, 2007). Studies indicate that this advantage arises from a complex
interplay of biological, behavioral, and social factors that affect male
and female mortality differently (Oksuzyan et al., 2008; Wisser & Vaupel,
2014). Within this framework, diseases of the circulatory system (the lead-
ing cause of death globally) help explain part of this differential, as they
are strongly associated with these factors and affect men and women
unequally (Emamat et al.,, 2024; Feraldi & Zarulli, 2022; Siviero, Souza, &
Machado, 2019).

Although mortality records and the analytical procedures used here rely
on biological sex, sex differentials in CVD mortality are shaped by gen-
dered processes that operate well beyond biology (Gauci et al., 2022).
Differential exposure to tobacco and alcohol, occupational risks, health-
care-seeking behavior, the prioritization of male symptoms in clinical
reasoning, and differential access to diagnostic and therapeutic tech-
nologies all translate into mortality patterns that are observed through
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sex-disaggregated data but cannot be fully understood without a gen-
der framework (Connell, 2012; Heise et al.,, 2019; Walli-Attaei et al., 2020).
Throughout the manuscript, we therefore use the termm gender gap when
referring to interpretations of these differentials and the term sex when
describing the variable available in the data.

In Brazil, cardiovascular diseases account for approximately one third of
all deaths fromm noncommunicable diseases, with coronary artery dis-
ease and stroke as the main contributors (Oliveira et al.,, 2024). Beyond
their direct influence on sex-specific mortality levels and patterns, car-
diovascular diseases place a substantial burden on health systems due to
long-term care needs, recurrent hospitalizations, and intensive use of di-
agnostic and therapeutic technologies. These dynamics have reinforced
interest in evaluating scenarios of reduced cardiovascular mortality from
both demographic and economic perspectives (Oliveira et al., 2020, 2024).

Men face a higher risk of death from circulatory system diseases, as shown
by higher mortality rates across the life course. From a biological stand-
point, estrogen confers a protective effect for women by contributing
to cholesterol regulation and overall cardiovascular health (Xiang et al,,
2021). In addition, men are more frequently exposed to harmful health
behaviors (e.g., smoking, excessive alcohol consumption) and tend to
make less use of health services, further increasing their vulnerability to
premature mortality (Case & Paxson, 2005; Erik, Coban, & Ozcebe, 2025;
Muscogiuri et al.,, 2024; Nobile, 2007).

At the same time, the role of cardiovascular diseases in shaping sex
differences in mortality is not straightforward. Because the risk of cardio-
vascular death increases sharply with age and women live longer, a larger
proportion of female deaths from circulatory system diseases is observed
at older ages (Bots, Peters, & Woodward, 2017, Mosca, Barrett-Connor,
& Wenger, 2011). In Brazil specifically, evidence covering 1996-2019 doc-
uments that age-adjusted CVD, ischemic heart disease, and stroke
mortality declined consistently for both sexes, while remaining higher
among men, with narrowing absolute but persistent relative differences
(Mansur & Favarato, 2016; Mansur et al., 2022). The proportional contri-
bution of CVD deaths among older women has remained substantial
throughout the period (Oliveira et al., 2024). As a result, reductions in car-
diovascular mortality tend to increase longevity for both sexes but often
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yield larger gains in female life expectancy, widening the life expectancy
gap between women and men (Araujo et al., 2021; Beltran-Sanchez, Pres-
ton, & Canudas-Romo, 2008; Sun et al., 2022).

Cardiovascular mortality patterns also vary across regions (Baptista &
Queiroz, 2019; Oliveira et al., 2020, 2024). According to the Cardiovascular
Statistics — Brazil 2023 report, states with the highest age-standardized
mortality rates are concentrated mainly in the North and Northeast (Ma-
ranhao, Roraima, Amapa, Alagoas, Tocantins, and Pernambuco), while Rio
de Janeiro stands out in the Southeast. In contrast, Amazonas, Rio Grande
do Sul, Bahia, Rio Grande do Norte, Minas Gerais, Mato Grosso, and San-
ta Catarina show lower rates (Oliveira et al,, 2024). Baptista and Queiroz
(2019) document a faster decline in cardiovascular mortality in the South
and Southeast, a slower decline in the Center-West, and increasing trends
in parts of the North and Northeast, underscoring persistent regional in-
equalities in socioeconomic conditions and access to health care.

Despite regional disparities and recent declines in age-standardized
cardiovascular mortality rates, the absolute number of deaths from
circulatory system diseases in Brazil has increased, largely driven by pop-
ulation growth and aging (Oliveira et al., 2020, 2024). Studies evaluating
the impact of reducing specific causes of death consistently show that
eliminating circulatory system diseases yields some of the largest gains
in life expectancy (Araudjo et al., 2021; Beltran-Sanchez, Preston, & Canu-
das-Romo, 2008; Sun et al,, 2022). Because these diseases contribute
differently to mortality by sex, however, such reductions translate into
unequal demographic gains for men and women.

Empirical evidence consistently shows that scenarios of reduced cardio-
vascular mortality generate larger increases in life expectancy at birth for
women thanformen.Inlran, for example, eliminating cardiovascular deaths
in 2010 would have increased life expectancy by 5.74 years for men and
10.62 years for women (Naserian-Tarhan, Shahbazi, & Mohammadi, 2025).
In Brazil, Aradjo et al. (2021) estimate that eliminating deaths from specific
circulatory system diseases (ischemic, hypertensive, and cerebrovascular)
would have increased life expectancy at birth by 0.51 to 1.44 years for men
(a relative gain of approximately 0.96 %) and by 0.75 to 1.62 years for women
(@approximately 2.08 %). This asymmetry in relative gains explains why CVD
reduction widens, rather than narrows, the female longevity advantage.
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Sex differences in clinical recognition, diagnosis and treatment of CVD
add a further layer of nuance. Women present a higher proportion of
atypical symptoms, are more likely to be misdiagnosed, undergo few-
er cardiac imaging procedures and revascularization interventions, and
are underrepresented in cardiovascular clinical trials (Nathani et al., 2024;
Walli-Attaei et al., 2020). These patterns can lead both to underestima-
tion of CVD-attributable deaths in women in routine statistics and to less
effective prevention and treatment, with implications for the simulated
demographic gains discussed below.

Finally, recent projections for Latin America and the Caribbean suggest
that reducing risk factors associated with noncommunicable chronic dis-
eases, particularly cardiovascular diseases, could substantially lower future
disease burden and health expenditures. This evidence highlights the po-
tential of prevention and control policies to increase life expectancy while
alleviating financial pressures on health systems (Vecino-Ortiz et al.,, 2025).

Data and methods

This cross-sectional study used age- and sex-specific mortality functions
published by the Brazilian Institute of Geography and Statistics (IBGE,
2013) for Brazil and its five regions in 2010 and 2019. IBGE derives these
functions from census data, vital records, and demographic and epide-
miological trends, and calibrates them using demographic methods that
incorporate corrections for under-registration and intercensal projection.
Our analysis does not estimate mortality from raw deaths and popula-
tion exposures: we take the IBGE life-table inputs as given and apply a
cause-deletion procedure to them, following the strategy of Calazans,
Guimaraes, and Nepomuceno (2023). The analysis is carried out for the
two reference years 2010 and 2019, not for every year in the interval. Al-
though IBGE incorporates demographic adjustments, residual regional
inequalities in death registration coverage and in cause-of-death quality
persist, particularly in the North and Northeast (Franca et al., 2020; Que-
iroz et al,, 2017); we return to this issue in the Limitations.

Data on total deaths and deaths due to circulatory system diseases (ICD-
10 code: 100-199) for 2010 and 2019 were obtained from the Mortality
Information System (SIM) of the Ministry of Health (Brazil, 2020). The anal-
ysis excluded data from the COVID-19 pandemic period (starting in 2020)
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to avoid the influence of the temporary surge in mortality caused by the
pandemic. The analysis focused on Brazil's five regions: North, Northeast,
Southeast, South, and Central-West.

We adjusted cause-specific mortality rates for overall mortality, follow-
ing the same approach used by Calazans, Guimaraes, and Nepomuceno
(2023). This method ensures that cause-specific death rates reflect the
population’s broader mortality structure. The mortality rate for cardiovas-
cular diseases at a given age x (m$) was calculated as follows:

where:
o m! is the cause-specific mortality rate for CVD at age x,

o Ix jsthe age-specific overall mortality rate at age x,
e D¢ isthe number of deaths from CVD at age X,

e D, is the total number of deaths at age x.

Subsequently, period life tables for men and women were calculated for
each year of analysis to measure the gender gap in life expectancy at
birth. We measured the female-male gap in life expectancy at birth as an
absolute difference (female minus male life expectancy) and as a relative
difference (the absolute difference divided by male life expectancy and
multiplied by 100). For each counterfactual scenario, the female-male
difference in life-expectancy gains was calculated as the gain for women
minus the gain for men.

To further assess the impact of cardiovascular disease mortality on
the gender gap, we created single-decrement life tables. These tables
describe hypothetical scenarios in which a specific cause of death is elim-
inated by setting its probability of death to zero. However, eliminating a
cause of death does not simply mean excluding related deaths during
data collection. When a cause is removed, individuals who would have
died from that cause are instead exposed to the risk of death from other
causes, altering the probabilities of death.

This approach requires addressing the violation of the assumption of in-
dependent competing risks (Chiang, 1991; Preston, Heuveline, & Guillot,
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2001). Although the overall mortality rates remain unchanged, eliminat-
ing a cause of death increases the number of survivors at a given age,
thereby raising the number of individuals exposed to other remaining
causes of death. To adjust for this, the proportionality constant of decre-
ment / was calculated using the formula:

R*i — Dx—D;i

X x

Here, -I represents the cause being eliminated (e.g., cardiovascular
disease), and Dy refers to the observed total deaths from all causes com-
bined at age x. This constant assigns each cause its relative importance
concerning the total number of deaths in each age group. This constant
is crucial for simulating various mortality-reduction scenarios. While
the standard scenario assumes the elimination of 100 % of a cause, this
method allows adjustments to simulate partial reductions at any chosen
percentage.

We calculated the potential gain in life expectancy as the difference
between total life expectancy and life expectancy after eliminating a
specific cause of death. This study evaluated four scenarios of circulatory
system disease mortality reduction. These scenarios estimated the max-
imum possible life expectancy gain from complete elimination and the
incremental gains at different reduction levels. The methodology for con-
structing single-decrement life tables is detailed in Preston, Heuveline,
& Guillot (2001) and Grupo de Foz (2021). Data analyses were performed
using Microsoft Excel 2019 and R version 4.3.2 (R Core Team, 2023) for
life-table calculations and figures, on a 64-bit Windows 11 environment.

This study relied exclusively on publicly available aggregated data, which
do not allow for individual identification. Therefore, the Research Ethics
Committee/National Research Ethics Commission (CEP/CONEP) did not
require ethical approval.

Results
Table 1 presents the distribution of CVD deaths and total deaths by sex
for Brazil and its five regions in 2010 and 2019, together with the CVD pro-

portion for men and women and the female-male difference. Between
2010 and 2019, the absolute number of CVD deaths increased for both
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sexes in every region and at the national level. The Southeast, being the
most populous region, recorded the highest absolute number of deaths
in both years.

Women had higher CVD proportions than men in both years, although
the female-male difference narrowed over time. In 2010, CVD deaths
represented 26.46 % of all male deaths and 31.85 % of all female deaths
nationally, a difference of 5.39 percentage points. By 2019, the difference
had fallen to 2.80 percentage points (25.76 % among men and 28.56 %
among women). Regional patterns varied by sex: among men, the South-
east had the highest CVD proportion in both years (27.56 % in 2010 and
26.93 % in 2019), whereas among women the South had the highest pro-
portion in 2010 (33.31 %) and the Northeast in 2019 (29.64 %). The North
was the only region in which the CVD proportion increased for both sex-
es over the decade.

Table 1. Distribution of deaths from cardiovascular diseases
and total deaths by sex — Brazilian Regions (2010-2019).

Deaths from

cardiovascular Total deaths Proportion
Region diseases

Men Women Men Women Men Women Difference

(W-M, p.p)

2010
North 8,342 5,973 40,712 24,414 20.49 24.47 3.98
Northeast 42,428 39,198 164,328 119,559 25.82 32.79 6.97
South 27,072 25,932 101,221 77,855 26.75 33.31 6.56
Southeast 81,583 75,128 295,983 236,019 27.56 31.83 4.27
Central-West 11,523 8,777 43,817 28,808 26.30 30.47 4.17
Brazil 170,948 155,008 646,061 486,655 26.46 31.85 5.39
2019
North 11,306 8,272 51,975 33,358 21.75 24.80 3.04
Northeast 50,192 46,005 196,921 155,194 25.49 29.64 4.16
South 28,167 25,990 112,696 93,223 24.99 27.88 2.89
Southeast 88,926 81,849 330,247 284,706 26.93 28.75 1.82
Central-West 12,956 10,243 51,836 37,009 24.99 27.68 2.68
Brazil 191,547 172,359 743,675 603,490 25.76 28.56 2.80

Source: Author’s own elaboration. Data extracted from the Mortality Information System (SIM).
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Table 2 presents life expectancy at birth across Brazil and its regions by
sex in 2010 and 2019. In both years, women lived consistently longer than
men in every region. At the national level, female life expectancy at birth
was 77.6 years in 2010 and 80.1 years in 2019, compared with 70.2 and 73.1
years for men, implying an absolute female-male gap of 7.4 and 7.0 years,
respectively (about 10.5 % and 9.6 % of male life expectancy). Across re-
gions, the absolute gap ranged from 6.7 to 8.3 years in 2010 and from 6.1
to 8.3 years in 2019.

Regionally, the Northeast had the most pronounced gender gap in 2010
(8.3 years) and continued to display the highest gap in 2019 (8.3 years),
indicating persistence of sex-specific differentials in mortality. The South-
east saw a slight reduction (from 6.9 to 6.1 years), reaching the smallest
absolute gap in 2019. The North and Center-West registered modest
increases in the absolute gap. In relative terms, the North showed the
second-highest gap in 2019 (10.5 %), while the Southeast and South had
the lowest relative gaps (8.0 % and 8.9 %, respectively).

Table 2. Life expectancy at birth across Brazilian regions by sex (2010-2019).

2010 2019
Region Difference Difference
Men  Women Men  Women

Abs % Abs %
North 67.6 74.4 6.9 10.1 69.4 76.7 7.3 10.5
Northeast 67.2 75.5 8.3 12.4 69.8 78.1 8.3 11.9
South 72.5 79.3 6.9 9.5 75.3 82.0 6.7 8.9
Southeast 72.1 79.0 6.9 9.6 75.2 81.3 6.1 8.0
Central-West 70.4 77.2 6.7 9.6 72.5 79.3 6.8 9.4
Brazil 70.2 77.6 7.4 10.5 73.1 80.1 7.0 9.6

Source: Authors’ own elaboration. Brazil-level values from IBGE complete life tables (2010, 2019); re-
gional values computed by the authors. Data: Mortality Information System (SIM)/DATASUS and IBGE.

Figure Tillustrates the expected gains in life expectancy at birth for men
and women under different CVD mortality reduction scenarios across
Brazilian regions in 2010 and 2019. The results consistently show that
eliminating or reducing CVD mortality increases life expectancy for both
sexes, with gains increasing proportionally with the level of reduction, as
expected. However, across all regions and scenarios, women experience
larger increases in life expectancy than men.
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Figure 1. Expected gains in life expectancy at birth by sex across different
cardiovascular disease mortality reduction scenarios. Brazil (2010-2019).

Brazil Central-West North

Northeast South

Life Expectancy Gain (in years)

25:% 50I°.fo TSI% 1 OE)% 25I% SDI% 75'% 1 DE]% 25'% SOI% ?5.% 106%
CVD Mortality Reduction Scenarios

-8~ Men - Women — 2010 -- 2018

Source: Author’s own elaboration. Data extracted from the Mortality Information System (SIM) and
the Brazilian Institute of Geography and Statistics (IBGE).

In the 25 % reduction scenario, men’s gains range from 0.95 years in the
North to 111 years in the Center-West, while women gain between 1.06
(North) and 1.28 years (South). In the 50 % scenario, men’'s gains rise to
between 2.01 (North) and 2.37 years (Center-West), and women's to be-
tween 2.26 (North) and 2.81 years (South). In the 75 % scenario, male gains
peak at 3.85 years (Center-West) and female gains at 4.71 years (South).
Under full CVD elimination (100 %), male gains range from 4.72 (North) to
5.65 years (Center-West), and female gains from 5.41 (North) to 7.19 years
(South).

Comparing 2010 and 2019, the impact of reducing CVD mortality on life
expectancy has diminished. In every scenario and region, life expectancy
gains are smaller in 2019 than in 2010, indicating that CVD's contribution
to longevity gains has declined as Brazil advances through its epidemio-
logical transition. The decline is particularly pronounced in the South and
Northeast, where the female-male contrast in gains is also largest.
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Figure 2. Gender gap in life expectancy gains from reducing cardiovascular
disease deaths under different scenarios. Brazil (2010-2019).

o o
L f

Gender Gap in Life Expectancy (in years)
o
4

[=}
o

25% 50% 75% 100%
CVD Mortality Reduction Scenarios

~o— Brazil —#- North -#- South — 2010 - - 2019

—A— Central-West —— Northeast —% Southeast

Source: Author’s own elaboration. Data extracted from the Mortality Information System (SIM) and
the Brazilian Institute of Geography and Statistics (IBGE).

Figure 2 illustrates how the gender gap in life expectancy gains evolves
across different scenarios of CVD mortality reduction in 2010 and 2019.
The results indicate that eliminating CVD mortality disproportionately
benefits women, widening the gender gap in life expectancy across all
regions and scenarios. Notably, the South consistently exhibits the high-
est gender gap in gains, with a sharp increase as the percentage of CVD
mortality reduction rises. In the 100 % reduction scenario, the gender
gap in life expectancy gains exceeds 1.2 years in this region, indicating
that women benefit significantly more than men when CVD deaths are
eliminated. The Southeast and Northeast also show substantial gender
gaps, though they remain lower than those observed in the South.

The North and Central-West regions show the smallest gender gaps in
life expectancy gains, suggesting that reducing CVD mortality is more
evenly distributed between men and women in these areas. Comparing
2010 and 2019, the gender gap in life expectancy gains is consistently
lower in 2019 across all regions and scenarios, indicating a weakening
effect of CVD mortality on gender disparities over time.
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Discussion

This study examined how hypothetical reductionsin CVD mortality would
affect the gender gap in life expectancy at birth in Brazil and its five re-
gions in 2010 and 2019. Reducing CVD mortality increases life expectancy
for both sexes, but women experience proportionally greater gains, lead-
ing to a widening of the gender gap. This pattern is consistent across all
regions and years, with magnitude varying with regional epidemiological
and socioeconomic conditions. The result reflects fundamental demo-
graphic processes (competing mortality risks, the structure of causes of
death, and the regional heterogeneity of the epidemiological transition)
rather than a counterintuitive outcome.

A key explanation lies in competing risks of mortality (Chiang, 1991). Al-
though men have higher CVD mortality rates, women bear a greater
proportional burden of CVD relative to other causes (Mansur et al., 2022;
Walli-Attaei et al,, 2020). Men, by contrast, face elevated risks from ex-
ternal causes (homicide, traffic accidents), particularly at younger ages
(Moura et al.,, 2015; Souza & Siviero, 2020). Reducing CVD deaths therefore
yields larger relative gains for women, while men continue to face high
premature mortality from causes that CVD policies do not target. This
pattern aligns with previous evidence showing that eliminating exter-
nal causes narrows the gender gap, whereas reducing chronic-disease
mortality tends to amplify it (Aradjo et al., 2021; Moraes, Souza, & Passarel-
li-Araujo, 2023; Passarelli-Araujo, Souza, & Siviero, 2026).

A second explanation is the age distribution of CVD risk. CVD deaths con-
centrate at older ages (Mikkola et al., 2013); because women already live
longer and accumulate a larger share of late-life CVD deaths, reductions
in CVD mortality have a larger arithmetic impact on female life expectan-
cy. The effect is especially pronounced in regions with older populations
and higher CVD mortality, such as the South and Southeast (Closs &
Schwanke, 2012; Maia, Duarte, & Lebrao, 20006).

Regional heterogeneity in our results is best read against Brazil's pro-
longed and polarized epidemiological transition. Rather than the
classical sequence of high-income countries, Brazil's transition has been
marked by the coexistence of multiple epidemiological profiles across
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regions, reflecting persistent socioeconomic inequalities and uneven
access to health care (Frenk et al., 1991; Guimardes & Muzi, 2024; Lopus,
2024; Schramm et al., 2004, Vallin & Meslé, 2004). The South and South-
east, with more advanced transitions and older age structures, show the
largest absolute gains and also the most pronounced widening of the
gender gap. The Northeast shows a high relative gender gap, consistent
with structural inequalities in healthcare access and socioeconomic con-
ditions (Borges, 2017; Hissa-Teixeira, 2018). The North and Center-West,
with younger age structures and a different mix of competing risks, show
the most balanced effect on the gender gap.

The shrinking impact of CVD reduction between 2010 and 2019 is consis-
tent with previous evidence of declining age-standardized CVD mortality
in Brazil, driven by improvements in primary care, hypertension manage-
ment, smoking control, and access to acute cardiovascular care (Mansur
et al, 2022; Siqueira & Souza, 2020). These advances are tightly linked
to specific public-policy efforts: the National Tobacco Control Program;
the consolidation of primary care through the Family Health Strategy; the
People’'s Pharmacy (Farmdcia Popular) program providing free hyper-
tensive medications; and the structuring of cardiovascular emergency
lines within SUS. Persistent gender and regional disparities, however, in-
dicate that further population-level gains will increasingly depend on the
broader social determinants of health, on tackling causes that concen-
trate male premature mortality, and on regionally tailored interventions.

Our findings can also be read in the framework of compression and
expansion of mortality and morbidity. Compression of mortality refers
to a reduction in the variance of age at death, with survival becoming
more rectangular; compression of morbidity refers to a postponement
of the onset of chronic disease relative to mortality (Fries, 1980). Olshan-
sky and colleagues introduced the alternative scenario of expansion of
morbidity, in which longer lives are accompanied by more years lived
with chronic disease (Crimmins & Beltran-Sanchez, 2011; Olshansky et al,,
1991). The unequal demographic dividend of CVD reduction documented
here suggests that, in the Brazilian context, advances in cardiovascular
survival contribute to mortality compression for both sexes but extend
female longevity more, with implications for long-term care needs and
for whether additional years gained will be lived in good health.
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A further qualification concerns the clinical recognition and registration
of CVD in women. Sex differences in symptom presentation, diagnostic
referral and access to revascularization may lead to under-ascertainment
of CVD-attributable deaths in women in routine statistics (Walli-Attaei
et al,, 2020; Nathani et al.,, 2024). If such under-ascertainment exists in
Brazilian SIM data, the actual demographic dividend of CVD reduction
for women may be even larger than simulated here, reinforcing rather
than weakening the main finding.

These findings carry important public health implications. Reducing CVD
mortality remains a central public health objective on its own merits, but
it should not be expected to narrow the gender gap in life expectancy.
Closing this gap will require complementary action on the causes that
concentrate male premature mortality (most notably external causes)
alongside attention to the long-term care needs that follow from larger
gains in female longevity, especially in the South and Southeast.

Our contribution is empirical and comparative rather than methodologi-
cal. Building on the analytical strategy proposed by Calazans, Guimaraes,
and Nepomuceno (2023) and on previous Brazilian counterfactual esti-
mates (Araujo et al., 2021), we provide updated cause-deletion estimates
for Brazil and its five regions in two reference years, document the decline
in the demographic impact of CVD reduction over the 2010s, and make
explicit the unequal sex-specific dividend of CVD reduction, framed by
an explicit gender perspective.

The study has some limitations. First, although the official IBGE life tables
incorporate demographic adjustments, regional inequalities in death
registration coverage and in cause-of-death quality persist, particularly
in the North and Northeast (Franca et al., 2020; Queiroz et al., 2017); re-
sidual heterogeneity in data quality may affect both cross-regional and
2010 vs. 2019 comparisons. Second, age misreporting at older ages re-
mains a known limitation of the underlying records and could not be
evaluated independently within the present design. Third, the analysis
assumes proportional reductions in CVD mortality across all age groups,
which simplifies the heterogeneous age pattern of real-world mortality
declines. Fourth, the analysis uses aggregated mortality data and does
not capture individual-level comorbidities, socioeconomic status, or
healthcare access. Finally, we focus on life expectancy at birth (eo), which
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has the advantage of comparability with prior Brazilian and international
counterfactual studies but also captures non-CVD mortality at younger
ages; a natural extension is to replicate the analysis at older ages (eso),
which is more directly informative for CVD and for ageing populations.

In conclusion, the observed increase in the gender gap in life expectan-
cy after reducing CVD mortality is an expected demographic outcome.
It results from the interplay of mortality structure, competing risks, age
distribution effects, and regional differences in epidemiological transi-
tion. Recognizing these dynamics is crucial to understanding longevity
disparities and the distinct mortality risks men and women face in Brazil.
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