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Abstract Background Stroke is the second leading cause of death and disability around the
world.
Objective The purpose of this study is to evaluate the age- and sex-specific mortality
rates related to stroke in the state of Paraná, Brazil, between 2007 and 2016.
Methods In this cross-sectional study, residents in the state of Paraná were selected
by death certificates (from 2007–2016); the basic cause of death was stroke. A
descriptive analysis was performed, and mortality rates were calculated with a 95%
confidence interval (95% CI) for each year.
Results From2007 to 2016, therewere 62,607 deaths in the state of Paraná due to stroke.
Most individuals had medical assistance before death (85.7% in 2007 versus 83.9% in 2016),
andmost of these deaths occurred in hospitals (73.6% in 2007 versus 74.8% in 2016). Death
rates due to stroke increased from 138 (95% CI 135–142) to 163 (95% CI 159–166) per
100,000 inhabitants. This raise occurred mainly in those over 79 years old. For the ages
groups of 34 to 44 and 44 to 54 years, mortality rate decreased.
Conclusions In the past 15 years, despite the advances in the diagnosis and treatment
of stroke, there has been an increase in mortality due to stroke in the state of Paraná.
This fact is possibly associated with the aging of the population because there was a
more pronounced increase in the group over 79 years old. Thus, new health strategies
are necessary to improve the survival and quality of life of poststroke individuals.
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INTRODUCTION

Stroke is the second leading cause of death and disability
worldwide, causing extensive damage to the productive life
of individuals.1 A critical aspect of stroke analysis is that 85%
of cases occur in developing countries, where health systems
are less effective.2

From 1990 to 2017, there was a worldwide reduction in
stroke incidence, prevalence, mortality, and disability, main-
ly as a result of primary prevention strategies and advances
in the acutemanagement of stroke.1,3However, therewas an
increase in the absolute number of new cases, disability, and
deaths.4 This could be related to the epidemiology and health
changes, an increase in life expectancy, and a high frequency
of cardiovascular risk factors.5 It is expected that the aging of
the population has increased the incidence of stroke.6 Be-
sides, 23% of the Global Burden of Disease is attributed to
diseases that appear after 60 years of age. In this statistic,
neurological causes correspond to almost 7%. Hence, there is
an urgent need for public health strategies to adapt to the
population aging. There is a higher prevalence of stroke in
older people, and health services need to prepare for the
increased demand.7

The aim of the present study is to evaluate age- and sex-
specific trends in stroke mortality in the state of Paraná,
Brazil, from 2007 to 2016.

METHODS

In this cross-sectional study, we evaluated the mortality
related to stroke, in the state of Paraná, between 2007 and
2016. Themanuscript waswritten according to the strength-

ening the reporting of observational studies in epidemiology
(STROBE) statement for cross-sectional studies (see supple-
mentary material). The present study was approved by the
local research ethics committee (Ethics Committee for Re-
search Involving Human Beings of the Paraná State Health
Department).

Paraná is the 5th largest economy in Brazil and corre-
sponds to 5% of the national population. The state contains
almost 200,000 km2 of demographic area with 399 munici-
palities, and more than 80% of its population lives in urban
areas. Besides, its human development index (HDI) in 2010
was 0.749.8 Curitiba is the capital and the largest city in the
state of Paraná; the city’s population in 2006was 1,751,907,9

and its HDI was 0.823.8

The number of stroke-related deaths during the study
period was obtained from the death register database of the
state of Paraná. The stroke deaths were selected by using the
international code of diseases (ICD 10) I60 to I69.8. The ICD
I67.4 code was not included because it correlates to hyper-
tensive encephalopathy. Individuals who did not present
birth data or were not a resident in the state of Paraná
were excluded.

The reliability of mortality data in Brazil has increased
overtime, and the Southern region of Brazil, which includes
the state of Paraná, is historically recognized for the high
quality and coverage of mortality data.10 This is important
for reducing study bias.

Mortality was identified and interpreted based on the
death certificates; specifically, the basic (the disease or
injury that initiated the events resulting in death), the
intermediate (the sequence of events leading to the imme-
diate cause of death), and the immediate (final disease or

Resumo Antecedentes O acidente vascular cerebral (AVC) é a segunda principal causa de
morte e invalidez em todo o mundo.
Objetivo O objetivo desse estudo é avaliar as taxas de mortalidade específicas por
idade e sexo relacionadas ao AVC no estado do Paraná, Brasil, entre 2007 e 2016.
Métodos Neste estudo transversal, foram selecionados residentes no estado do
Paraná por certidões de óbito (de 2007–2016); a causa básica da morte foi AVC. Uma
análise descritiva foi realizada e as taxas de mortalidade calculadas com intervalo de
confiança de 95% (IC 95%) para cada ano.
Resultados De 2007 a 2016, ocorreram 62.607 óbitos no estado do Paraná por AVC. A
maioria dos indivíduos teve assistência médica antes do óbito (85,7% em 2007 contra
83,9% em 2016), e amaioria desses óbitos ocorreu em hospitais (73,6% em 2007 contra
74,8% em 2016). As taxas de mortalidade por AVC aumentaram de 138 (IC 95% 135–
142) para 163 (IC 95% 159–166) por 100.000 habitantes. Esse aumento ocorreu
principalmente emmaiores de 79 anos. Para as faixas etárias de 34 a 44 e 44 a 54 anos,
a taxa de mortalidade diminuiu.
Conclusões Nos últimos 15 anos, apesar dos avanços no diagnóstico e tratamento do
AVC, houve aumento damortalidade no estado do Paraná. Este fato está possivelmente
associado ao envelhecimento da população, pois houve um aumento mais acentuado
no grupo acima de 79 anos. Assim, novas estratégias de saúde são necessárias para
melhorar a sobrevida e a qualidade de vida dos indivíduos pós-AVC.
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condition resulting in death) cause of death were evaluated.
According to the ICD- 10 and data collected in the medical
records, the causes of death were classified as: (1) deaths
resulting from any stroke, (2) deaths resulting from ischemic
stroke, or (3) deaths resulting from hemorrhagic stroke. For
the current study, we considered only patients for whom
stroke was the basic cause of death (as described
above). ►Figure 1 shows the criteria applied in the selection
of the study individuals.

The following variables were analyzed, according to the
information provided by the register database:

• Sex;
• Age;
• Skin color: white, brown, yellow, dark skinned,

indigenous;
• Marital status: married, single, divorced, widowed, com-

mon-law marriage;
• Schooling: none, 1 to 3 years, 4 to 7 years, 8 to 11 years, 12

or more years;
• Place of death: residence, hospital, others health facilities,

other places, public roadway;
• Medical care prior to death: whether the individual

received medical care prior to death.

Variables not informed in the register database were
grouped into undetermined or ignored.

Quantitative variables were described by mean/average,
while qualitative variables were described by frequency and
percentage. Stroke mortality rates were analyzed per year
and stratified by sex and age using the population midway
through the year for each year as the denominator, deter-
mined according to the National Population Census. The
subgroups according to the age were divided as: 0 to 14,
14 to 24, 24 to 34, 34 to 44, 44 to 54, 54 to 64, 64 to 74, 74 to

79, and>79 years. Mortality rates were calculated per
100,000 inhabitants during each year of the study period
with 95% confidence intervals (CIs), using Soft Page Meta
Description.

RESULTS

From 2007 to 2016, there were 62,607 stroke deaths in the
state of Paraná that fulfilled the inclusion criteria of the
study. There was a predominance of white (80.1%), male
(53.2%), and married (43.2%) individuals.

When comparing 2007 and 2016, therewas an increase in
the education level: in 2007, 2,468 (41.6%) individuals had 4
or more years of schooling compared with 3,456 (52.7%) in
2016 (p<0.01). In both years, most individuals had medical
assistance before death: 5,082 (85.7%) in 2007 versus 5,498
(83.9%) in 2016 (p¼0.785). Most of these deaths occurred in
hospitals: 4,366 (73.6%) in 2007 versus 4,906 (74.8%) in 2016
(p¼0.117). For each year, these and other variables are
shown in ►Table 1.

During the study period, there was a fluctuation in the
number of deaths related to stroke, from 138 (95% CI 135–
142), in 2007, to 163 (95% CI 159–166) per 100,000 inhab-
itants, in 2016 (►Table 2). In addition, the age-stratified
mortality rate increased from 2007 to 2016, mainly in the
>79-year-old group, in which this difference was statisti-
cally significant for men and women (►Figure 2). However,
for the ages groups of 34 to 44 and 44 to 54 years, the age-
stratified mortality rate decreased between the years 2007
and 2016, considering the entire population and also men
and women separately (►Figure 2).

In Paraná, there was a peak of stroke-related mortality
between 2013 and 2014, represented by 172 (95% CI 168–
176) and 170 deaths (95% CI 165–174) per 100,000 inhab-
itants, respectively (►Table 2). There was a significant in-
crease in the stroke mortality rate for both women and men
in those years (►Figure 3). The only age range in which
women had a higher strokemortality rate thanmenwas over
79 years (►Figure 2).

DISCUSSION

The present study showed that mortality rates related to
stroke oscillated in the state of Paraná from 2007 to 2016.
In addition to an increase in the absolute number of deaths,
there was an increase in mortality rates, mainly in older
individuals, and a decrease in mortality rates among
middle-aged individuals. The current global trend is a
reduction in mortality rates.1 In Latin American countries,
despite the stroke incidence, prevalence and mortality
having followed the global trend, the absolute number of
incident strokes increased by 81% from 1990 to 2017,
and the absolute numbers of deaths due to stroke increased
by 40%.4

The increase in the mortality rate due to stroke observed
in our study, particularly in individuals over 79 years old, can
be related to the increase in stroke incidence in elder people,
folding every decade after 55 years of age.11 Stroke deaths

Figure 1 Study methodology flow chart.
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increases with age as well, particularly in older individuals
(over 65 years old).12 Furthermore, considering the reduc-
tion in fertility rates and mortality and the aging of the
population, an increase in stroke incidence and mortality is
expected.13,14 The state of Paraná has followed the acceler-
ated national pattern of population aging, with the last
Brazilian Institute of Geography and Statistics Census
(2010) indicating 1,316,554 inhabitants over 60 years old
in the state, representing 11.2% of the total population. In the
2000 census, the population over 60 years old represented
only 8% of the total.9

Despite the older ages, our study demonstrated a reduc-
tion in mortality rates in younger individuals, in the 34 to 44
and 44 to 54 age groups. This is compatible with the data
certified by the 2018 Saúde Brasil study, conducted by the
Ministry of Health, that affirms there was an 11% decrease in
stroke mortality in women aged 30 to 69 years from 2010 to
2016.15 In the same period, therewas a decrease from 39.9 to
35.2 deaths per 100,000 inhabitants. Furthermore, there was
also a decrease in the incidence of death due to cardiovascu-
lar disease from 55 to 51.6 deaths per 100,000 inhabitants.
These changes could be related to an improvement in prima-
ry care and the use of fewer thrombogenic oral contra-
ceptives, which had been associated with stroke by a
women’s health study.16 Another possibility is the reduce
in smoking prevalence due to successful government
campaigns.4

Lower financial contributions in public health during this
period may also have contributed to the increase in mortali-
ty. According to a 2014 study published by the Federal
Medical Council, federal, state, and municipal governments
invested R$ 3.05 (US$ 0.58) per person per day on health to
cover the expenses of the 200 million Brazilian users of the
Unified Health System (SUS, in the Portuguese acronym) in
2013. The health expenditure for each citizen in that year
was R$ 1,098.75 (US$ 208.9395).17 This corresponded to 3.6%

of the gross domestic product (GDP) invested in health,
which is below the international parameter of at least 6%.18

Between 1979 and 2004, there was an increase in deaths
in Brazilian hospitals. Nowadays, more than 5% of those
deaths are in consequence of cerebrovascular diseases.10

These data are similar to the ones found in this study, since
there was an increase in hospital deaths during the search.
Thus, the increase in the strokemortality ratemay be related
to difficulty implementing stroke units in care facilities and
to a failure to accomplish secondary prevention and rehabil-
itation. These data are based on a 5-year cohort study,
performed in Paraná, of patients who experienced their
first-ever ischemic stroke in the middle cerebral artery

Table 2 Analysis of mortality rates due to stroke in the state of
Paraná, Brazil, between 2007 and 2016

Year Scases Spop
(Cþ F.Eþ S)

Death rate
per 100.000

95%CI

Linf Lsup

2007 5,933 4,291,452 138 135 142

2008 6,250 4,032,405 155 151 159

2009 6,204 4,045,959 153 150 157

2010 6,377 4,150,958 154 150 157

2011 6,298 4,919,946 161 157 165

2012 6,223 4,329,957 144 140 147

2013 6,238 4,628,547 172 168 176

2014 6,260 4,690,477 170 165 174

2015 6,268 4,170,753 150 147 154

2016 6,556 4,032,969 163 159 166

TOTAL 62,607 40,293,423 155 154 157

Abbreviations: C, cases; CI, confidence interval; F.E, age group; S,sex;
Linf, inferior limit; Lsup, superior limit.
Notes: Scases: sum of the cases; Spop: sum of population.

Figure 2 Comparison of stroke mortality rates in 2007 and 2016,
stratified by age group, in the state of Paraná, Brazil, for the entire
population (A), men (B), and women (C). Abbreviations: CI, confi-
dence interval; Linf, inferior limit; Lsup, superior limit.
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territory: 45.3% of poststroke deaths occurred due to infec-
tions, mainly pneumonia (79.1%), and not due to cardiovas-
cular diseases as in other studies. These findings suggest a
failure in rehabilitation capacity and quality as well as in the
long-term follow-up of these patients.19

In our study, in the age group>79 years, the stroke
mortality rate was significantly higher in women compared
withmen. A 2017 study including 60 Brazilian cities reported
thatmore than 50% of deaths due to strokewere inwomen.20

Higher stroke mortality in women is probably due to greater
severity of stroke, higher prevalence of atrial fibrillation and
functional limitations, and greater longevity of women com-
pared with men.21,22

Some limitations regarding the present study should be
considered. The data were obtained retrospectively
through analysis of death certificates. This fact limited
the quality of analysis of some variables, such as schooling
and health care. When comparing our data with those of
the people living in Paraná in the same period, a divergence
is noted in the variables of sex, schooling, and marital
status. In the Paraná general population analysis, there is
no sex predominance; although most people have no
schooling or only 1 to 3 years of schooling (48.7%), there
is a smaller proportion of individuals who have 4 to 7 years
of schooling (18.1%) and a higher proportion of those who
have 8 to 11 years (22.9%) and 12 years or more (9.7%); the

majority of the population of Paraná is single (47.9%),
followed by the married individuals (44.2%), with a smaller
proportion of widowers (5.4%). Similar to our study,
there is a predominance of white individuals (70.3%). The
variable “access to medical care” was not analyzed for
people living in Paraná, as it is a databased on death
certificates.9

Nevertheless, information obtained through death certif-
icates is considered reliable,10 and Brazilian mortality data
are viewed as accurate and reliable for epidemiological
analysis.23 Moreover, it was not possible to distinguish the
mortality rates due to ischemic or hemorrhage stroke be-
cause the stroke subtype was not indicated in most of the
death certificates.

The importance of this study is due to its originality and
relevance, mainly because it shows an epidemiological study
about stroke-related mortality over a period of 10 years in
Brazil. In addition, the results of the study will be important
as comparative data to analyze the impact of the COVID-19
pandemic on the care of patients with stroke.

In the past 15 years, despite the advances in the diagnosis
and treatment, there was an increase in stroke mortality in
the state of Paraná. This fact is possibly related to the aging of
the population, since there was a more pronounced increase
in the group over 79 years old. The implementation of actions
and policies to prevent and treat stroke, both individually

Figure 3 Analysis of stroke mortality rates in men and women in the state of Paraná, Brazil, from 2007 to 2016.
Abbreviations: CI, confidence interval; Linf, inferior limit; Lsup, superior limit.
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and collectively, are fundamental. For that reason, there
should be an incentive for the State Integrated Stroke Care
Line to improve care both during the acute phase of stroke
and after individuals are discharged from the hospital.
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