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Abstract: The disparity between the sexes in stroke mortality has been demonstrated in people from
different locations. The objective of this study was to analyze the disparity between sexes in stroke
mortality in adults in the metropolitan area of Greater Vitoria between 2000 and 2021. Ecological time
series design was conducted with a database of the Brazilian Health System Informatics Department.
The annual percentage change and average annual percentage change were calculated through
joinpoint regression. Pairwise comparisons using parallelism and coincidence tests were applied
to compare temporal trends between men and women. Men had higher mortality rates in most
years between 2000 and 2021. In contrast, women had higher proportional mortality values in all
years evaluated from 2000 to 2021. The paired comparison revealed a disparity between the sexes
in the proportional mortality time series (parallelism test: p = 0.003; coincidence test: p < 0.001).
However, the time series of the mortality rates showed no disparity between the sexes (parallelism test:
p = 0.114; coincidence test: p = 0.093). From 2000 to 2021, there was a disparity in proportional
mortality from stroke between the sexes of the population in the metropolitan area of Greater Vitoria,
Brazil. However, the time series of mortality rates between the sexes did not reveal any disparity in
the study period.
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1. Introduction

In 2022, there were 6,552,724 stroke deaths worldwide, of which 51% were men [1].
Globally, data from the Global Burden of Disease have revealed that stroke is one of the
leading causes of death in men and women [2,3]. Stroke has shown a decreasing trend in
recent decades, especially during the COVID-19 pandemic, with a reduction in ranking
from the second to the third leading cause of death worldwide [3]. Furthermore, there
is a higher incidence of stroke in women, but the mortality rate is higher in men [1]. In
Latin America and the Caribbean, stroke was the third leading cause of death in 2021, with
279,000 deaths [3]. In recent decades, the temporal trend in the stroke mortality rate in Latin
America has seen a higher decline in women (−2.4%) than in men (−1.4%) [4]. The health
ministries of 13 Latin American countries have declared priorities to reduce stroke-related
deaths [5]. Therefore, studies on the temporal trends in stroke in different locations in Latin
America are necessary to obtain a satisfactory contextual understanding.

Disparities in stroke mortality between sexes have been discussed and published in
the scientific literature [6,7]. The decrease in the mortality rate and proportional mortality
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has different magnitudes between men and women in various countries [8–11]. In the
southeast region of Brazil, the cumulative death count was higher in men between 1997
and 2012, but proportional mortality was higher in women [12]. Studies report a higher
prevalence of non-focal or atypical symptoms at the onset of stroke in women compared to
men [13,14]. The consequence of this mistaken diagnosis can lead to delayed treatment and
increased stroke mortality in women [15].

Socioeconomic and health inequalities between individuals from different locations
can result in different magnitudes of the annual percentage change in stroke mortality
between sexes [16,17]. Updated information on the temporal trend of stroke mortality
for both sexes has been published for the north and northeast regions of Brazil [6,7]. The
disease burden, as evidenced by the disability-adjusted life years indicator, was reported
for several populations in Brazil, including the southeast region [18]. However, to the
best of our knowledge, there are no updated studies on sex disparities in stroke mortality
among adults in the metropolitan area of Greater Vitoria, located in the southeast region
of Brazil. Therefore, our objective was to analyze the disparity between sexes in stroke
mortality in adults in the metropolitan area of Greater Vitoria between 2000 and 2021.

2. Materials and Methods
2.1. Study Design, Location, and Population

This is an ecological time series design from 2000 to 2021. This study was based on
secondary data from the adult population of the metropolitan area of Greater Vitoria, Brazil.
In 2021, the metropolitan area of Greater Vitoria had a Human Development Index of 0.796,
a population of 2,033,067 inhabitants, and a density of 872.18 inhabitants per km2 [19].

2.2. Data Source

The data source was the public access database of the Department of Informatics of
the Unified Health System (DATASUS), an organization linked to the Brazilian Ministry of
Health. The number of stroke deaths and the number of deaths from all causes was accessed
through the ‘Vital Statistics’ tab on the website https://datasus.saude.gov.br/informacoes-
de-saude-tabnet/ (accessed on 10 November 2023). Information on the resident population
by sex and year was accessed through the ‘Demography and Socioeconomics’ tab on the
website https://datasus.saude.gov.br/populacao-residente (accessed on 10 November
2023). Trained researchers performed data extraction. Discrepancies in data extraction
between researchers were resolved by consensus through repeated extractions.

2.3. Eligibility Criteria

The inclusion criteria were adult death from stroke and the deceased’s reported place
of residence being in the metropolitan area of Greater Vitoria. The exclusion criterion was
registered notification for the ignored sex variable.

2.4. Study Variable

The study variable was stroke as the underlying cause of death. According to the
International Classification of Diseases version 10, stroke was classified as subarachnoid
hemorrhage (I60), intracerebral hemorrhage (I61), cerebral infarction (I63), and stroke
not classified as ischemic or hemorrhagic (I64). The stroke variable was stratified by sex
and year.

2.5. Data Analysis

For each sex and year between 2000 and 2021, the mortality rate and proportional
mortality due to stroke and the percentage difference between the sexes were calculated us-
ing a Microsoft Excel spreadsheet. The mortality rate was calculated by dividing the
number of stroke deaths by the population; the division quotient was multiplied by
100,000 inhabitants. The proportional mortality was calculated by dividing the number of
stroke deaths by the number of deaths from all causes; the division quotient was multiplied

https://datasus.saude.gov.br/informacoes-de-saude-tabnet/
https://datasus.saude.gov.br/informacoes-de-saude-tabnet/
https://datasus.saude.gov.br/populacao-residente
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by 100. To calculate the percentage difference in the mortality rate and the proportional
mortality from stroke between men and women, the values for women were subtracted
from those for men. Next, the difference obtained was divided by the values for men.
Subsequently, the quotient was multiplied by 100.

Joinpoint regression models were applied to identify change points in the time series
and the trend in each segment from 2000 to 2021, with the help of the Joinpoint Regression
Program (version 5.0.2, 2023) [20]. The weighted Bayesian information criterion method
was applied to select the models. In the joinpoint regression models with a p-value < 0.05,
the hypothesis of an annual percentage change or an average annual percentage change
was accepted. The disparity between the sexes in the temporal trend in the mortality rate
and proportional mortality was assessed by pairwise comparison using parallelism and
coincidence tests. p-values < 0.05 rejected the hypothesis of parallelism or coincidence.
Furthermore, the difference in the average annual percentage change between the sexes was
calculated. Therefore, a p-value < 0.05 accepted the hypothesis of a statistically significant
difference in the average annual percentage change between the sexes.

3. Results

From 2000 to 2021, there were 12,008 stroke deaths in adults aged 20 years or older in
the metropolitan area of Greater Vitoria. The exclusions were two cases that were noted as
ignored in the sex variable. In the time series, there were 6154 (51.3%) deaths from stroke
in women.

In most years between 2000 and 2021, the stroke mortality rate was higher in men
than in women. Men had the highest mortality rate in 2000 and the lowest in 2016. Women
had the highest mortality rate in 2002 and the lowest in 2017. Throughout the study
period, proportional mortality was higher in women. Furthermore, women showed high
proportional mortality between 2000 and 2003. There was a decrease in proportional
mortality values between 2019 and 2021 for both sexes (Table 1).

Table 1. Number of deaths, mortality rate, and proportional mortality from stroke, stratified by sex,
in the metropolitan area of Greater Vitoria, Brazil, from 2000 to 2021.

Number of Deaths Mortality Rate
(per 100,000 Inhabitants) Proportional Mortality

Men Women Men Women Men Women

2000 354 318 83.1 67.3 8.0 11.4
2001 325 295 74.1 60.6 7.3 10.1
2002 339 343 75.1 68.4 7.6 11.9
2003 319 321 68.7 62.3 6.7 10.4
2004 296 282 62.1 53.3 6.1 9.1
2005 227 279 46.4 51.3 4.7 8.9
2006 268 272 53.2 48.7 5.4 8.0
2007 235 280 45.3 48.8 4.6 8.3
2008 227 253 42.6 42.9 4.4 7.1
2009 230 233 42.0 38.5 4.4 6.2
2010 268 294 47.8 47.5 5.0 7.8
2011 230 254 40.1 40.1 4.4 6.7
2012 235 274 40.1 42.3 4.4 7.1
2013 225 229 37.6 34.7 4.2 5.9
2014 221 228 36.2 33.8 4.2 5.6
2015 222 231 35.7 33.6 4.2 5.5
2016 213 226 33.6 32.2 3.9 5.2
2017 222 205 34.3 28.7 3.8 4.4
2018 238 256 36.1 35.1 4.1 5.6
2019 306 364 45.5 49.0 5.2 7.3
2020 325 370 47.5 49.0 4.3 6.1
2021 327 347 46.9 45.1 4.0 4.9
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Figure 1 shows the percentage difference between women and men in the mortality rate
and proportional mortality from stroke. In 2005, there was a high percentage difference in
the mortality rate (10.72%) in favor of women. From 2006 onward, the percentage difference
in the mortality rate between the sexes was less than 10%, except in 2017. Between 2000
and 2012, proportional mortality from stroke was 40% higher in women than in men. In
2005, there was the largest proportional difference in proportional mortality (89.12%) in
favor of women.

Figure 1. Percentage difference between the sexes in the mortality rate (per 100,000 inhabitants) and
proportional mortality due to stroke from 2000 to 2021.

Table 2 shows the annual percentage change, the average annual percentage change,
and the difference between the average annual percentage changes in the adult mortality
rates due to stroke. Men had a reduction in the average annual percentage change in the
mortality rate from stroke of −2.4 (p < 0.001), whereas women showed a stationary trend
during the study period. In the 2000–2021 period, the difference in the average annual
percentage change in the mortality rate between the sexes of 1.3 did not reveal statistical
significance (p = 0.275). The annual percentage change revealed a statistically significant
decrease (p < 0.05) in the mortality rate for both sexes from 2000 to 2017. Men and women
showed an increase in mortality rates from 2017 to 2021, with an annual percentage change
of 10.3% (p = 0.011) and 14.4% (p = 0.003), respectively. The parallelism test showed that the
mortality rate changed in parallel (p = 0.114) between the sexes between 2000 and 2021. The
coincidence test revealed a similarity (p = 0.093) in the temporal trend between the sexes.
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Table 2. Annual percentage change, average annual percentage change, and pairwise comparison in
the mortality rate (per 100,000 inhabitants) due to stroke stratified by sex from 2000 to 2021.

Trend Pairwise Comparison

Segment APC p AAPC p AAPC
Difference p Coincidence

p
Parallelism

p

1.3 0.274 0.093 0.114
Men

2000–2021 −2.4 <0.001
2000–2007 −8.4 <0.001
2007–2017 −2.9 0.008
2017–2021 10.3 0.011

Women
2000–2021 −1.1 0.156
2000–2017 −4.5 <0.001
2017–2021 14.4 0.003

APC: annual percentage change; AAPC: average annual percentage change; AAPC difference: difference in annual
percentage change between the sexes.

Table 3 presents the annual percentage change, the average annual percentage change,
and the difference between the average annual percentage changes in proportional mortality
from stroke in adults. Men and women had decreases in the average annual percentage
change in proportional mortality of −3.3 (p = 0.002) and −3.1 (p < 0.001), respectively.
From 2000 to 2021, there was a difference in the average annual percentage change in
proportional mortality between men and women of 0.2. Therefore, this 0.2 difference in the
average annual percentage change between the sexes in proportional mortality did not show
statistical significance (p = 0.869). The joinpoint regression model revealed two segments
in the annual percentage change in proportional mortality for both sexes, but at different
periods. For men, the decreasing trend in proportional mortality (annual percentage change:
−8.3%; p < 0.001) occurred between 2000 and 2016, followed by stability until 2021. In
women, there was a decrease in proportional mortality (annual percentage change: −4.9%;
p < 0.001) from 2000 to 2007, followed by stability until 2021. The parallelism test rejected
the hypothesis (p = 0.003) of a parallel change in proportional mortality between men and
women during the study period. Furthermore, the coincidence test revealed a disparity
(p < 0.001) in the temporal trend between the sexes.

Table 3. Annual percentage change, average annual percentage change, and pairwise comparison in
proportional mortality from stroke stratified by sex from 2000 to 2021.

Trend Pairwise Comparison

Segment APC p AAPC p AAPC
Difference p Coincidence

p
Parallelism

p

0.2 0.869 <0.001 0.003
Men

2000–2021 −3.3 0.002
2000–2016 −8.3 <0.001
2016–2021 −0.7 0.254

Women
2000–2021 −3.1 <0.001
2000–2007 −4.9 <0.001
2007–2021 2.8 0.466

APC: annual percentage change; AAPC: average annual percentage change; AAPC difference: difference in annual
percentage change between the sexes.
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4. Discussion

A disparity in the temporal trend in proportional mortality occurred between the
sexes from 2000 to 2021. The approximate values for the average annual percentage change
in mortality rate and proportional mortality between men and women revealed that the
variations were similar between 2000 and 2021. However, proportional mortality revealed
different trends between the sexes in the temporal series. Thus, there was no parallelism
in the change points and slopes of the lines between the joinpoint regression models for
men and women in proportional mortality. Furthermore, there was no coincidence in the
proportional mortality values between the sexes. Mortality rates between men and women
showed a parallel and coincident temporal trend.

Throughout the time series, the mortality rates for men and women changed in
parallel. Furthermore, there was a sharp decline for both sexes between 2000 and 2017.
Similarly, global stroke data also showed a decrease in the mortality rate [2]. In several
Brazilian states, there was also a decrease in stroke mortality rates for both sexes [6,12].
This decrease in stroke mortality rates may be due to government policies designed to
control factors associated with stroke [21–23]. Furthermore, in on-site observation, the
implementation of a specialized health unit for the treatment of stroke patients in the
metropolitan area of Greater Victoria may have improved the diagnosis of stroke and
prevented death. Consequently, it may have contributed to the reduction in the mortality
rate due to stroke for both sexes in the metropolitan area of Greater Vitoria.

During the COVID-19 pandemic, there was a decrease in hospital admissions for
stroke [24,25], with a high incidence of severe cases [26,27]. In most Latin American
countries, stroke hospital admissions were lower during the COVID-19 pandemic than
in 2019 [28]. However, there was an increase in the number of hospital admissions 48 h
after the onset of stroke [28]. Similarly to the rest of the world, the incidence of COVID-19
was high in the population of the southeast region of Brazil [29–31]. For both sexes, in
the metropolitan region of Greater Vitoria located in the southeast region of Brazil, there
was an increase in the mortality rate and proportional mortality from stroke after 2016
and a subsequent decline in 2021. However, the percentage difference in the mortality
rate between the sexes was less than 10%. For proportional mortality, women maintained
higher values than men. Therefore, the COVID-19 pandemic did not change the profile of
sex disparities in stroke mortality.

Regarding proportional mortality, there was a sex difference in the metropolitan area
of Greater Vitoria, with women having a higher proportion of stroke deaths. Furthermore,
women experienced a short period of decline in proportional mortality from 2000 to 2007,
with a smaller magnitude of annual percentage change than men. These sex disparities
can be partially attributed to the etiology of stroke, with women having a higher incidence
of atrial fibrillation and hypertension than men [32]. Among the exclusive risk factors
for stroke in women, the use of oral contraceptives and hormone replacement therapy in
postmenopausal women is associated with stroke [33,34]. Additionally, aspects related to
pregnancy and peripartum, such as pregnancy-induced hypertension, gestational diabetes,
and pre-eclampsia, increase the risk of stroke in women. Previous case-fatality studies
have revealed that women are more likely to die within one month after a stroke event [35].
Another study conducted in a hospital in Australia showed that one year after a stroke
event, women were more likely to die than men [36]. Consequently, the probability of
death increases substantially in women affected by stroke.

In Brazil, women have had a higher life expectancy than men since 2000 [37]. Elderly
women are predominant in the metropolitan area of Greater Vitoria [38]. Considering that
more women reach advanced age, they are therefore more susceptible to stroke [15]. This
may have increased the proportion of stroke deaths in women compared with the number
of deaths from all causes in the metropolitan area of Greater Vitoria.

The main strength of the study was the collection of information on stroke deaths from
an information system with similar standardization during the study period. All Brazilian
locations record death data in the Mortality Information System with uniformity. Subse-
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quently, this information is transferred to DATASUS and made available as open-access
data. The limitations of this study must be highlighted. Some hospitals and healthcare
facilities may experience staff reductions, leading to an excessive workload. This context
can expose employees to false alerts. However, in Brazil, there is permanent education for
health professionals that aims at professional training and occupational health through the
National Policy for Permanent Education in Health [39]. Therefore, registration failures
can be mitigated by improving the quality of life of staff with better job qualifications. A
small amount of information on sex was ignored, indicating the satisfactory quality of
the records. The result revealed two cases omitted from the sex variable records: one in
2006 and another in 2019. However, the results did not mention whether there was a lack
of registration or difficulty in determining sex for clinical reasons, such as anomalies in
sexual differentiation. Therefore, we decided to apply a complete case analysis. All missing
data-handling methods, including complete case analysis, perform satisfactorily when
there are 1000 cases or more and missing data below 20% [40]. Considering that the present
study has 12,008 deaths and a percentage of missing cases of 0.01%, we infer that the impact
of applying complete case analysis on the final result is minimal.

Evidence from the present study is essential for an adequate understanding of the
disparity between the sexes in the temporal trend in stroke mortality among adults in the
metropolitan area of Greater Vitoria. In the evaluation of health services, stroke deaths
are referred to as preventable mortality through adequate health promotion, prevention,
control, and care for non-communicable diseases [41]. Therefore, stroke mortality is an
acceptable epidemiological indicator of healthcare effectiveness in the metropolitan area
of Greater Vitoria. Furthermore, the results of the present study highlight the need for
equity in stroke healthcare in the metropolitan area of Greater Vitoria, considering the sex
disparity in the magnitude of stroke mortality indicators, differences in etiologies between
sexes, and stroke risk factors unique to women.

Future studies are needed to improve our understanding of the sex disparity in
stroke mortality. We propose an analysis of the epidemiological case-fatality measures
to describe the magnitude of deaths for the total number of stroke events by sex. In
addition, survival analysis can reveal the expected duration of time until stroke-related
death by sex. These suggested analyses can be stratified by age group and by subarachnoid
hemorrhage, intracerebral hemorrhage, cerebral infarction, and stroke not classified as
ischemic or hemorrhagic to better understand the temporal trend in stroke mortality in
men and women.

5. Conclusions

In summary, there was sex disparity in the stroke proportional mortality time series,
with no parallelism and coincidence in the pairwise comparison between men and women.
The mortality rates’ time series for men and women occurred parallel and coincidentally.
These findings underscore the importance of equity between the sexes in healthcare and
highlight the need to take action to prevent stroke-related deaths.
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