DOI: 10.1590/1413-81232022278.05092022EN

Mikaela Santos Mascarenhas (https://orcid.org/0000-0003-0474-5512) 1
Diego Duque da Silva (https://orcid.org/0000-0002-3978-5859) 1
Mário Círio Nogueira (https://orcid.org/0000-0001-9688-4557) 1
William Cossich Marcial de Farias (http://orcid.org/0000-0002-0349-1488) 2
Cássia de Castro Martins Ferreira (https://orcid.org/0000-0002-6070-7257) 3
Letícia de Castro Martins Ferreira (https://orcid.org/0000-0002-2916-4477) 1

1
Faculdade de Medicina,
Universidade Federal de
Juiz de Fora (UFJF). Av.
Eugênio do Nascimento
s/n, Dom Bosco. 36038-330
Juiz de Fora MG Brasil.
mikaelamascarenhas@
gmail.com
2
University of Bologna.
Bologna BO Italia.
3
Departamento de
Geociências, Instituto de
Ciências Humanas, UFJF.
Juiz de Fora MG Brasil.

Abstract Cerebrovascular diseases (CVD) are one
of the leading causes of mortality globally. Air temperature is one of the risk factors for CVD; however, few studies have investigated the relationship
between air temperature and mortality from these
diseases in Brazil. This time series study investigated the relationship between air temperature and
CVD mortality in 10 microregions located across
Brazil’s five regions during the period 1996 to 2017
using mortality data from the national health
information system, DATASUS and daily mean
temperature data. The association between mean
air temperature and mortality from CVD was
measured using generalized additive models with
Poisson distribution and relative and attributable
risks were estimated together with 95% confidence
intervals using distributed lag non-linear models
and a 14-day lag. There were 531,733 deaths from
CVD during the study period, 21,220 of which
(11,138-30,546) were attributable to air temperature. Minimum mortality temperatures ranged
from 20.1ºC in Curitiba to 29.6ºC in Belém. Associations between suboptimal air temperatures and
increased risk of death from CVD were observed
in all of Brazil’s five regions. Relative risk from the
cold was highest in Manaus (RR 1.53; 1.22-1.91)
and Campo Grande (RR 1.52; 1.18-1.94), while
relative risk from heat was highest in Manaus (RR
1.75; 1.35-2.26) and Brasília (RR 1.36; 1.15-1.60).
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Introduction
Cerebrovascular diseases, principally strokes, are
one of the leading causes of death worldwide1.
Understanding the risk factors for these diseases
is vital to reducing morbidity and mortality. Recent studies have shown associations between air
temperature and mortality from cerebrovascular
diseases2-7. The potential health effects of the climate have become such an important issue that
temperature extremes were added to the list of
leading risk factors for morbidity and mortality
globally in the latest edition of the Global Burden
of Disease (2019)8.
The pathophysiology of the relationship between air temperature and cerebrovascular diseases is multifactorial. Low temperatures stimulate peripheral skin receptors, which causes
vasoconstriction and circulatory overload due
to the release of catecholamines. In addition,
exposure to cold can induce a hypercoagulable
state, which can contribute to the development
of these diseases9. In contrast, high temperatures
can cause local and systemic inflammation, resulting in the release of pro-inflammatory interleukins, which can give rise to atherosclerotic
plaque instability and endothelial dysfunction. In
addition, dehydration due to heat causes hemoconcentration, inhibition of the fibrinolytic
system, and activation of the pathway of coagulation, which are determining factors for acute
vascular events9.
In light of the above, understanding that
air temperature is an important risk factor for
cerebrovascular diseases is crucial for the development of effective health measures and public
policies. Extreme cold and heat warning systems
have been shown to be effective in encouraging
individuals to protect themselves against temperature extremes, particularly among vulnerable groups10,11.
The aim of this study was to provide new evidence of the relationship between air temperature and mortality from cerebrovascular diseases
in 10 micro regions in Brazilin order to draw the
attention of the public and health professionals
and managers to the need to develop measures
to address the health effects of extreme temperatures.
Although various countries possess epidemiological data on the effects of air temperature on
mortality from cerebrovascular diseases, data in
Brazil are scarce and generally limited to specific regions or shorter time intervals. The present
study therefore intends to contribute to the body

of knowledge on this issue by discussing the effects of air temperature on deaths from cerebrovascular diseases across Brazil’s five regions over
a 21-year period (1996-2017).

Methods
Study population
We conducted a time series study to investigate the effect of variations in daily mean temperature on mortality from cerebrovascular diseases. We selected the two largest cities in each
of Brazil’s five regions, which correspond to the
micro regions defined by the Brazilian Institute
of Geography and Statistics (IBGE), except in
the Center-West, where the second largest city
(Goiânia-GO) was discarded due to its proximity to the largest city (Brasília-DF). The following
10 micro regions were selected, representing the
country’s different social and climatic realities:
Porto Alegre-RS (South), Curitiba-PR (South),
São Paulo-SP (Southeast), Rio de Janeiro-RJ
(Southeast), Brasília-DF (Center-West), Campo Grande-MS (Center-West), Salvador-BA
(Northeast), Recife-PE (Northeast), ManausAM (North), and Belém-PA (North). The study
period was January 1996 to December 2017 (21
years).
Data
Data on mortality from cerebrovascular
diseases (Codes I60 to I69 of the ICD 10) were
obtained from the national health information
system, DATASUS12. Daily mean temperature
was calculated using data from model equations13 produced by the European Centre for
Medium-Range Weather Forecasts (ECMWF).
Reanalysis systems consist of a combination of
weather forecasting models and systems that
assimilate meteorological data obtained from
different platforms, such as ships, aircraft, radiosondes and satellites. Because these observations
are unevenly distributed across space and time,
the data is assimilated to combine all available information with a weather forecasting model and
generate a new analysis of the state of the atmosphere at a specific moment in time14. We calculated daily mean air temperatures at points on a
uniform horizontal grid spaced at a distance of
13 km, using the points within each of the micro
regions to obtain the daily mean temperature.
Despite variations in temperature within each
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Statistical analysis
The statistical distributions of daily mean air
temperature and daily deaths from cerebrovascular diseases by micro region were presented in
tables. Boxplot charts showing the monthly distribution of the frequency of deaths and mean
temperature were used to visualize differences in
the variables in each region.
The association between mean air temperature and mortality from cerebrovascular diseases
was measured using generalized additive models
with the negative binomial distribution. Time
was modelled using a natural cubic spline with
eight degrees of freedom per year to adjust for
long-term trends and seasonality. Day of the
week was included in the models to adjust for
days in which mortality from cerebrovascular
diseases was higher, such as weekends for example. Non-linear and time interval effects were estimated using distributed lag non-linear models
(DLNM)17. Widely used in time-series studies investigating associations between climatic factors
and health outcomes18, DLNM allow researchers
to detect non-linear and time lag associations
using cross-basis functions. We selected a natural spline with five degrees of freedom for the
exposure–response function and a polynomial
function with one intercept and four degrees of
freedom for the lag-response function to provide
greater model flexibility. Maximum lag was set
at 14 days. The analyses were performed with
the software R, version 4.1.0 using the packages
dlnm, mgcv, splines and ggplot2.
The model is represented by the equation below:
Yt ~ Negative binomial (µt)
log(µt) = α + βTemperaturet,lag + NS(time,gl) +
γDayt

Where Yt is the number of deaths observed on
day t; α is the intercept; Temperaturet,lag is a matrix of variables derived from the transformation
of temperature into a cross-basis object where β
is its vector of coefficients and lag is in days; NS
(time, df) is the natural spline of time in days,
where df is degrees of freedom per year to control
for long-term trends and seasonality.
Cumulative relative risk (RR) of mortality from cerebrovascular diseases was calculated
for each micro region for predetermined temperature percentiles (P) relative to minimum
mortality temperature - MMT (reference), with
a 14-day lag. Percentiles 2.5 and 10 represent extreme and moderate cold, respectively, while 90
and 97.5 represent moderate and extreme heat.
Finally, we calculated risks attributable to the
temperature intervals between these percentiles:
(a) Attributable risk (AR) of extreme cold (between the lowest temperature and percentile 2.5);
(b) AR of moderate cold (between percentiles 2.5
and 10); (c) AR of mild cold (between percentile 10 and MMT); (d) AR of mild heat (between
MMT and percentile 90); (e) AR of moderate
heat (between percentiles 90 and 97.5); (f) AR
of extreme heat (between percentile 97.5 and the
highest temperature).

Results
Daily mean air temperatures were highest during
the summer months and lowest in the winter across all micro regions except Manaus and
Belém, where temperatures were highest in the
spring, during September and November (Figure
1).
The highest daily mean air temperature was
observed in Fortaleza (Northeast), while the lowest was in Curitiba (South). The North and South
showed the highest and lowest mean temperatures, respectively (Table 1).
The variation in mean daily temperatures
was highest in Porto Alegre (standard deviation
4.6°C) and lowest in Fortaleza (standard deviation 0.9°C). (Table 1).
A total of 531,733 deaths from cerebrovascular diseases were analyzed in this study. The
number of daily deaths ranged between 0 and 60
across the regions. The largest and smallest number of deaths were recorded in Rio de Janeiro and
Campo Grande, respectively (Table 1).
Risk of mortality from cerebrovascular diseases was higher on days with extremet emperatures (both cold and hot) across Brazil’s five re-
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micro region, daily mean temperature provides
a good representation of temperature trends4
and is widely used by studies addressing the relationship between health and climate15. The
performance of the model equations used by the
ERA-Interim reanalysis is satisfactory when compared to meteorological data, showing a correlation of equal to or greater than 96% in the state
of Rio Grande do Sul16. These data are publically
available, meaning that, in accordance with National Health Council Resolution No. 510, the
present study did not require ethical approval.
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gions (Table 2 and Figure 2). Increased risk of
mortality was associated with extreme cold in
seven of the 10 micro regions, extreme heat in six
of the regions, and moderate temperatures in five
of the regions.
Relative risk (RR) of death from cerebrovascular diseases was highest in Manaus foreach of
the four percentiles analyzed by this study. RR of
extreme cold was also high in Curitiba (South)
and Campo Grande (Center-West), while RR of
extreme heat was highest in Manaus (North),
followed by Porto Alegre (South), and Brasília

(Center-West). Belém was the only micro region
not to show increased RR for the temperature
percentiles analyzed by this study.
Attributable fractions were highest in
Manaus and the micro regions in the South and
Center-West in each of temperature percentiles.
A significant proportion of deaths in Manaus
and Curitiba were attributable to mild cold and
mild heat. The proportion of deaths attributable
to mild cold and mild heat was higher than that
attributable to extreme temperatures because the
proportion of days with mild temperatures was

BELÉM

BRASÍLIA

CAMPO GRANDE

CURITIBA

FORTALEZA

MANAUS

PORTO ALEGRE

RIO DE JANEIRO

SALVADOR

SÃO PAULO

30
20
10

30
20

Mean temperature (º C)

10

30
20
10

30
20
10

30
20
10
1

2

3

4

5

6

7

8

9

10

11

12
1
Month

2

3

4

5

6

7

8

9

10

Figure 1. Boxplot charts showing variations in mean temperatures in each micro region by month (1996-2017).
Source: Authors.
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It is estimated that around 1,218 deaths from
cerebrovascular diseases per year were attributable to temperatures above or below the MMT
(Table 3).

Table 1. Distribution of daily mean temperatures (ºC) and daily deaths from cerebrovascular diseases in the 10
micro regions (1996-2017).
Micro region
Mean temperature
Belém
Manaus
Fortaleza
Salvador
Rio de Janeiro
São Paulo
Brasília
Campo Grande
Curitiba
Porto Alegre
Deaths
Belém
Manaus
Fortaleza
Salvador
Brasília
Campo Grande
Rio de Janeiro
São Paulo
Curitiba
Porto Alegre

Min

Q1

Q2

Q3

Max

Mean

SD

Total

23.5
22.0
23.7
21.3
13.8
8.4
15.3
8.3
4.5
4.9

26.1
25.7
26.7
24.4
21.2
18.4
21.5
22.8
16.1
16.0

26.9
26.5
27.4
25.7
23.4
20.8
22.7
24.8
19.0
19.8

27.9
27.3
27.9
26.8
25.7
23.1
24.1
26.5
21.7
23.0

30.7
31.8
29.7
29.5
31.3
29.0
29.7
32.7
27.6
31.9

27.0
26.6
27.3
25.6
23.4
20.6
22.8
24.3
18.7
19.3

1.2
1.2
0.9
1.5
3.0
3.2
2.0
3.4
3.8
4.6

-

0
0
0
0
0
0
5
5
0
0

1
1
2
3
1
0
17
16
2
5

3
1
4
4
2
1
21
19
4
6

4
2
5
5
3
2
24
22
5
8

11
9
14
13
11
7
60
38
13
24

2.7
1.6
3.8
4.1
2.4
1.1
21.0
19.0
3.9
6.5

1.7
1.3
2.1
2.0
1.6
1.1
5.3
4.8
2.0
2.8

21,629
13,036
30,733
32,799
18,894
9,210
168,480
152,919
31,481
52,552

Min: minimum temperature. Q1: first quartile. Q2: second quartile. Q3: third quartile. Max: maximum temperature. SD: standard
deviation. Total: total deaths recorded in the micro region during the period 1996-2018.
Source: Authors.

Table 2. Relative risk and 95% confidence intervals for mortality from cerebrovascular diseases in the 10 micro
regions (1996-2017),
Micro region Mean pop, MMT (ºC)
Belém
2,047,823
29.6
Manaus
1,874,377
26.9
Fortaleza
3,181,555
26.6
Salvador
3,367,078
24.7
Brasília
2,411,607
23.3
Campo Grande
820,080
23.6
Rio de Janeiro
11,210,710
25.1
São Paulo
13,468,222
23.4
Curitiba
2,977,460
20.1
Porto Alegre
3,598,691
21.6

Extreme cold
1.14 (0.82-1.58)
1.53 (1.22-1.91)
1.21 (1.04-1.41)
1.04 (0.89-1.21)
1.13 (0.95-1.33)
1.52 (1.18-1.94)
1.22 (1.15-1.3)
1.25 (1.17-1.34)
1.52 (1.32-1.74)
1.28 (1.14-1.43)

Moderate cold
1.12 (0.83-1.5)
1.34 (1.11-1.63)
1.04 (0.96-1.12)
1.02 (0.91-1.14)
1.07 (0.92-1.23)
1.19 (0.96-1.47)
1.13 (1.08-1.19)
1.15 (1.09-1.22)
1.31 (1.16-1.47)
1.16 (1.05-1.28)

Moderate heat
1.08 (0.84-1.39)
1.40 (1.14-1.72)
1.08 (0.96-1.22)
1.14 (0.99-1.3)
1.24 (1.05-1.46)
1.11 (0.92-1.34)
1.11 (1.07-1.16)
1.04 (1.01-1.06)
1.07 (0.94-1.22)
1.15 (1.05-1.27)

Extreme heat
1.03 (0.93-1.15)
1.75 (1.35-2.26)
1.10 (0.96-1.26)
1.19 (1.01-1.4)
1.36 (1.15-1.60)
1.14 (0.91-1.43)
1.29 (1.22-1.37)
1.17 (1.11-1.24)
1.07 (0.93-1.22)
1.38 (1.24-1.54)

MMT: minimum mortality temperature (ºC), Mean pop,: mean population of the micro region between 1996 and 2017.
Source: Authors.
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generally greater. Despite not having the highest
attributable fractions in any of the temperature
percentiles, São Paulo and Rio de Janeiro showed
the highest number of attributable deaths because they are the most populous cities.
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Figura 2. Riscos relativos de mortalidade por doença cerebrovascular nas dez microrregiões brasileiras, entre

Figure1996-2017.
2. Relative risk and 95% confidence intervals for mortality from cerebrovascular diseases in the 10 micro
regionsNota:
(1996-2017).
RR = risco relativo. O sombreado indica o IC95%.

Fonte: Autores.

Note: RR = relative risk. Shaded areas represent 95%CI.
Source: Authors.

Discussion
This is the first study in Brazil to carry out a
comprehensive nationwide analysis of the rela-

tionship between mortality from cerebrovascular
diseases and air temperature. The findings show
an association between mortality and both low
and high temperatures across all of Brazil’s five
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regions. Nine of the 10 micro regions showed a
high risk of mortality attributable to temperatures above or below the MMT. The findings
show that 1,218 deaths per year could have been
avoided in the 10 micro regions by adopting preventive measures to minimize exposure to temperature extremes. It is important to stress that

this number is even more alarming when these
results are extrapolated nationally, further reinforcing the hypothesis that air temperature is a
major risk factor for cerebrovascular diseases.
Previous studies have shown an association
between low and high air temperatures and increased mortality in different regions around

Table 3. Attributable fraction (%) and 95% confidence intervals, and temperature-attributable deaths from cerebrovascular
diseases in the 10 micro regions (1996-2017).
Micro region
Temperatureattributable
fraction (%)
Belém
Manaus
Fortaleza
Salvador
Brasília
Campo
Grande
Rio de Janeiro
São Paulo
Curitiba
Porto Alegre
Temperatureattributable deaths
Belém
Manaus
Fortaleza
Salvador
Brasília
Campo
Grande
Rio de Janeiro
São Paulo
Curitiba
Porto Alegre

Extreme cold Moderate cold

Mild cold

Mild heat

Moderate heat

Extreme heat

Total

0.9
(0.4-1.3)
0.6
(0.1-1.0)
-

2.0
(1.0-2.8)
-

8.4
(1.9-14.3)
-

3.1
(0.9-4.9)
-

2.9
(1.6-4.0)
-

1.3
(0.8-1.8)
-

-

-

-

1.9
(0.3-3.2)
1.1
(0.8-1.5)
1.3
(0.9-1.7)
2.4
(1.7-3.1)
1.5
(0.8-2.2)

-

1.8
(0.8-2.8)
-

0.7
(0.3-1.0)
-

-

1.2
(0.7-1.7)
0.7
(0.5-0.9)
0.7
(0.4-0.9)
1.2
(0.8-1.5)
0.8
(0.5-1.1)

2.1
(0.2-3.9)
-

3.3
(1.2-5.2)
-

0.6
(0.1-1.1)
-

0.8
(0.6-0.9)
0.5
(0.4-0.7)
-

-

5.1
(0.6-9.4)
3.7
(0.0-7.0)

1.1
(0.8-1.4)
0.6
(0.4-0.8)
-

-

1.3
(0.88-1.9)

1.0
(0.8-1.2)

-

123
(62-167)
186
(31-296)
-

256
(124-373)
-

1.098
(167-1861)
-

398
(135-630)
-

376
(212-508)
-

174
(98-227)
-

2.425

-

-

179
(34-294)
1.922
(1291-2477)
1978
(1393-2588)
766
(523-982)
794
(410-1156)

-

342
(120-515)
-

130
(56-189)
-

864

114
(59-155)
1.108
(792-1411)
1.005
(664-1293)
374
(244-472)
426
(239-584)

392
(12-714)
-

5.491
(2166-8747)
-

1.079
(178-1968)
1.615
(186-2906)
-

1.286
(1034-1518)
840
(585-1079)
-

12.738

374
(248-465)
-

1.852
(1353-2325)
891
(572-1211)
708
(406-1002)

528
(406-637)

2.456

Blanks indicate micro regions where no association was found for the temperature interval.
Source: Authors
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-

-

186

293

4.714
3.129
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the world6,19-21. A systematic review of 20 international studies investigating the relationship
between stroke and both low and high temperatures published in 2015 corroborates our main
findings. Lian et al.2 concluded that, at high temperatures, a 1°C increase in temperature led to a
1.5% increase in death from stroke, while in the
cold the increase was 1.2%2.
Gasparrini et al.20 collected data from the period 1985-2012 for 384 locations across all continents except Africa. The findings show that more
deaths were attributable to cold than heat, with
extreme cold and extreme heat accounting for
0.86% of total deaths from stroke. Studies in other regions, including China, Ireland, Iran and the
US, found similar outcomes, with increased mortality from stroke being higher in the cold4,7,22-24.
A study in Porto Rico25 reported that stroke and
cardiovascular diseases were the primary causes
of death associated with high summer temperatures, while Royé et al.26 showed that higher risk
of mortality from stroke in Spain was associated
with high temperatures26.
A number of studies in China have addressed
this issue4-7,27-29, with elevated relative risk at
non-optimal temperatures demonstrating that
both hot and cold temperatures are risk factors
for mortality from stroke in the country4,5,7.
As in the present study, other studies in China
found that that relative risk was higher at extreme temperatures6,7. However, moderate temperatures accounted for most deaths, followed
by extreme temperatures4. This is also consistent
with the findings of the present study and may
be explained by the fact that the number of days
with moderate temperatures was greater than
the number with extreme temperatures. The results of a study in India show that attributable
risk was higher for mortality from stroke and all
other causes at moderately cold temperatures,
reinforcing the need for health interventions to
focus on both moderate and extreme temperature events30.
Few studies in Brazil have investigated the relationship between air temperature and morbidity and mortality from cerebrovascular diseases.
A time-series study in São Paulo of the period
2002-2011 found an association between mortality from stroke and air temperature, reporting increased risk at temperatures below 10°C31, especially for hemorrhagic strokes. These findings are
consistent with the results of the present study for
this micro region. Another study with patients
admitted to two different hospitals in São Paulo
for strokes or heart attacks over a two-year pe-

riod showed that 2.8% and 4.9% of admissions,
respectively, were due to high temperatures and
found associations between the outcomes and air
pollution32. A time-series analysis of the period
1996-2013 in six micro regions distributed across
Brazil’s five regions found similar results to the
present study, reporting a relationship between
air temperature and mortality from heart attacks.
The findings reveal increased risk at both low and
high temperatures, particularly in the South and
Southeast. Although this study analyzed mortality from heart attack rather than cerebrovascular
diseases, comparisons can be made with the present study due to the major similarities between
the pathology of these diseases33.
Considering the diversity of this huge country, there are various plausible explanations for
the findings of the present study, including the
country’s different climates. The climate of each
micro region was defined based on the Köppen-Geiger climate classification34.
In the North, an association was found in
Manaus, but not in Belém. The two micro regions are part of the same homogeneous group
when it comes to location and climate, as they are
both located in the Amazon and have a humid
equatorial climate35. Notable findings in these regions are the low number of mean daily deaths
from cerebrovascular diseases and days with extreme temperatures. Another important factor in
this region is health care. A survey of intensive
care unit (ICU) bed numbers conducted by the
Federal Council of Medicine in 2018 showed that
the state of Amazonas (Manaus) has 2.40 beds
per 10,000 inhabitants, compared to 4.51 in the
state of Pará (Belém). This difference in ICU bed
numbers may be a possible cause of the association found in Manaus, as cerebrovascular diseases are acute conditions requiring intensive care36.
In the Northeast, associations were found in
both Fortaleza and Salvador. In Fortaleza, extreme cold was associated with a relative risk of
1.21. Understanding the climate of this micro region can help explain the findings. Fortaleza has
a tropical savanna climate with dry winter (Aw)37
and showed the highest daily mean temperatures
among the 10 micro regions and lowest variation
in temperature (SD 0.9). It is therefore possible
that exposure to extreme cold was the factor
that most influenced mortality from cerebrovascular diseases, as the bodies of people living in
this region are physiologically adapted to high
temperatures and more susceptible to low temperatures. Salvador on the other hand showed
an association with extreme heat. Despite both
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for these differences is that mean maximum temperatures were much higher in Porto Alegre than
Curitiba, which is partially due to the difference
in altitude between the two cities. Curitiba has an
altitude of 900 meters above sea level, compared
to only 47 meters in Porto Alegre39. In addition,
heat waves are more frequent and intense in Porto Alegre than in Curitiba39.
Although the present study did not stratify the population data by age and demographic
characteristics, evidence from other studies suggest that the groups that are most vulnerable to
death from cerebrovascular diseases at non-optimal temperatures are older persons, women,
and people with a low level of education5,27,28. A
study in China showed that men and older persons were the most affected and that the proportion of temperature-related deaths decreased
with decreasing latitude4. Another study in China
also showed that people living in rural areas were
more vulnerable to the effects of heat waves on
mortality from stroke29.
Study limitations include the fact that the
use of secondary air temperature data ignores
the presence of microclimates that can influence
apparent temperature in each micro region. In
addition, external air temperature does not necessarily correspond to the air temperature felt by
individuals, which is influenced by air conditioning and other factors that affect internal ambient temperature. Finally, we did not distinguish
between hemorrhagic and ischemic strokes, as
some other studies did5,31,41.
Given the significant impact of extreme and
moderate air temperatures on cerebrovascular
disorders among the Brazilian population, it is
important to stress the importance of stroke prevention measures. In this regard, heat wave and
cold spell early warning systems have been adopted in various regions around the world with the
aim of reducing morbidity and mortality caused
by variations in weather, especially among vulnerable populations10,11,42-47. These warnings allow individuals to prepare themselves and adapt
their homes and daily activities to minimize exposure to extreme temperatures. Although only
9% of Brazilian homes have air conditioning48,
the use of these devices appears to be an effective
strategy for reducing heat-related deaths49 as they
regulate internal temperatures and reduce heat
stress50. In addition to warning systems, effective
communication campaigns and education initiatives are needed to raise awareness about the
health effects of climate43-45,47.
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cities being located in the Northeast, the two micro regions have significantly different climates.
Although Salvador has a tropical rainforest climate (Am)38, mean air temperature is lower than
in Fortaleza. Frequent episodes of mild temperatures associated with cold fronts may explain the
findings in Salvador.
In the Center-West, Brasília showed an association with extreme heat and moderate heat.
The climate in the country’s capital is classified
as equatorial savannah (Aw)37 and, due to its location in the middle of country and continentality, the city has higher temperatures, which may
have been a more pronounced risk factor in this
region. Another important factor in various state
capitals in Brazil are the effects of urban heat islands. A study showed that these effects are particularly pronounced in Brasília due to an intense
process of urbanization in satellite cities, deforestation and soil exposure39. Campo Grande,
on the other hand, located further south in the
Center-West region, showed an association with
extreme cold. Despite having the same climate
as Brasília38, the capital of Mato Grosso do Sul
has specific characteristics that can help explain
the result observed for this city. While Campo
Grande has a generally high mean temperature,
temperatures in the winter can be very low, similar to those in cities in the South.
In Rio de Janeiro and São Paulo, the most
populous state capitals in the Southeast, risk of
death from cerebrovascular diseases was higher
in both cold and hot periods. In both São Paulo,
which has a humid subtropical climate (Cfa)39,
and Rio de Janeiro, which has a tropical wet-dry
climate (Aw)39, frontal systems and air masses are
common, creating distinct trends in air temperature throughout the year. This results in higher
variability in temperature, illustrated by a high
standard deviation in the air temperature data.
However, the climates of the two regions have
significant differences. São Paulo has a greater
daily thermal amplitude due to continentality.
Polar masses have a pronounced effect, causing
sharp cold spells. Rio de Janeiro on the other
hand has a lower daily and annual thermal amplitude because it is on the coast, meaning that
the population is also more susceptible to cold.
The micro regions with the lowest mean temperatures are located in the South, which has a
humid subtropical climate (Cfa)40. Porto Alegre
showed an association with both cold and heat,
while Curitiba showed an association with extreme and moderate cold. A possible explanation
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Conclusion
The findings of this analysis of 10 micro regions
located in Brazil’s five regions show that both
low and high non-optimal air temperatures are
associated with increased risk of death from cerebrovascular diseases. Preventive and health edu-
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cation measures tailored to local demographic
and climate characteristics, such as early warning systems, the provision of information on this
problem to health professionals, and the use of
air conditioning, should be adopted across different regions in order to reduce mortality from
these diseases in Brazil.

3305

1.

2.

3.
4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

World Health Organization (WHO). Global Health
Estimates 2016: Deaths by Cause, Age, Sex, by Country
and by Region, 2000-2016. Geneva: WHO; 2018.
Lian H, Ruan Y, Liang R, Liu X, Fan Z. Short-Term Effect of Ambient Temperature and the Risk of Stroke:
A Systematic Review and Meta-Analysis. Int J Environ
Res Public Health 2015; 12(8):9068-9088.
Gasparrini A, Armstrong B. The impact of heat waves
on mortality. Epidemiology 2011; 22(1):68-73.
Yang J, Yin P, Zhou M, Ou CQ, Li M, Li J, Liu X, Gao
J, Liu Y, Qin R, Xu L, Huang C, Liu Q. The burden of
stroke mortality attributable to cold and hot ambient
temperatures: Epidemiological evidence from China.
Environ Int 2016; 92-93:232-238.
Zhou L, Chen K, Chen X, Jing Y, Ma Z, Bi J, Kinney
PL. Heat and mortality for ischemic and hemorrhagic
stroke in 12 cities of Jiangsu Province, China. Sci Total
Environ 2017; 601-602:271-277.
Ban J, Xu D, He MZ, Sun Q, Chen C, Wang W, Zhu P,
Li T. The effect of high temperature on cause-specific
mortality: A multi-county analysis in China. Environ
Int 2017; 106:19-26.
Chen R, Wang C, Meng X, Chen H, Thach TQ, Wong
CM, Kan H. Both low and high temperature may increase the risk of stroke mortality. Neurology 2013;
81(12):1064-1070.
GBD 2019 Risk Factors Collaborators. Global burden of 87 risk factors in 204 countries and territories, 1990–2019: a systematic analysis for the Global Burden of Disease Study 2019. Lancet 2020;
396(10258):1223-1249.
Chen K, Breitner S, Wolf K, Rai M, Meisinger C, Heier
M, Kuch B, Peters A, Schneider A. Projection of Temperature-Related Myocardial Infarction in Augsburg,
Germany: Moving on From the Paris Agreement
on Climate Change. Dtsch Arztebl Int 2019; 116(3132):521-527.
Toloo G, FitzGerald G, Aitken P, Verrall K, Tong S.
Evaluating the effectiveness of heat warning systems:
systematic review of epidemiological evidence. Int J
Public Health 2013; 58(5):667-681.
Chau PH, Chan KC, Woo J. Hot weather warning might help to reduce elderly mortality in Hong Kong. Int
J Biometeorol 2009; 53(5):461-468.
Brasil. Ministério da Saúde (MS). Banco de dados
do Sistema Único de Saúde - DATASUS, Sistema de
Informações sobre Mortalidade [Internet]. [acessado
2021 jun 20]. Disponível em https://datasus.saude.
gov.br/.
Dee DP, Uppala SM, Simmons AJ, Berrisford P, Poli
P, Kobayashi S, Andrae U, Balmaseda MA, Balsamo
G, Bauer P, Bechtold P, Beljaars ACM, van de Berg
L, Bidlot J, Bormann N, Delsol C, Dragani R, Fuentes M, Geer AJ, Haimberger L, Healy SB, Hersbach H,
Hólm EV, Isaksen L, Kållberg P, Köhler M, Matricardi
M, McNally AP, Monge-Sanz BM, Morcrette J-J, Park
B-K, Peubey C, Rosnay P, Tavolato C, Thépaut J-N, Vitart F. The ERA-Interim reanalysis: configuration and
performance of the data assimilation system. Quart J
Roy Meteor Soc 2011; 137(656):553-597.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

Quadro MFL, Dias MAFS, Herdies DL, Gonçalves
LGG. Análise climatológica da precipitação e do
transporte de umidade na região da ZCAS através da
nova geração de reanálises. Rev Bras Meteorol 2012;
27:152-162.
Moreira A, Fontana DC, Kuplich TM, Cardoso MA.
Dados meteorológicos estimados em condições de clima subtropical e a relação com índices de Vegetação.
Rev Bras Cartogr 2018; 70(4):1409-1436.
Sun Z, Chen C, Xu D, Li T. Effects of ambient temperature on myocardial infarction: A systematic review
and meta-analysis. Environ Pollut 2018; 241:11061114.
Gasparrini A, Armstrong B, Kenward MG. Distributed
lag non-linear models. Stat Med 2010; 29:2224–2234.
Jung, J, Lee JY, Lee H, Kim H. Predicted Future Mortality Attributed to Increases in Temperature and PM10
Concentration under Representative Concentration
Pathway Scenarios. Int J Environ Res Public Health
2020; 17:2600.
Guo Y, Gasparrini A, Armstrong B, Li S, Tawatsupa
B, Tobias A, Lavigne E, de Sousa Zanotti Stagliorio
Coelho M, Leone M, Pan X, Tong S, Tian L, Kim H,
Hashizume M, Honda Y, Guo YL, Wu CF, Punnasiri
K, Yi SM, Michelozzi P, Saldiva PH, Williams G. Global variation in the effects of ambient temperature on
mortality: a systematic evaluation. Epidemiology 2014;
25(6):781-789.
Gasparrini A, Guo Y, Hashizume M, Lavigne E, Zanobetti A, Schwartz J, Tobias A, Tong S, Rocklöv J, Forsberg B, Leone M, De Sario M, Bell ML, Guo YL, Wu
CF, Kan H, Yi SM, de Sousa Zanotti Stagliorio Coelho
M, Saldiva PH, Honda Y, Kim H, Armstrong B. Mortality risk attributable to high and low ambient temperature: a multicountry observational study. Lancet
2015; 386(9991):369-375.
Yang Z, Wang Q, Liu P. Extreme temperature and
mortality: evidence from China. Int J Biometeorol
2019; 63:29-50.
Zeka A, Browne S, McAvoy, H, Goodman P. The association of cold weather and all-cause and cause-specific mortality in the island of Ireland between 1984 and
2007. Environ Health 2014; 13:104.
Gholampour R, Darand M, Halabian AH. Impacts
of cold and hot temperatures on mortality rate in Isfahan, Iran. J Thermal Biol 2019; 86:102453.
Chu SY, Cox M, Fonarow GC, Smith EE, Schwamm L,
Bhatt DL, Matsouaka RA, Xian Y, Sheth KN. Temperature and Precipitation Associate With Ischemic Stroke
Outcomes in the United States. J Am Heart Assoc 2018;
7(22):e010020.
Méndez-Lázaro PA, Pérez-Cardona CM, Rodríguez E,
Martínez O, Taboas M, Bocanegra A, Méndez-Tejeda
R. Climate change, heat, and mortality in the tropical
urban area of San Juan, Puerto Rico. Int J Biometeorol
2018; 62:699-707.
Royé D, Zarrabeitia MT, Riancho J, Santurtún A. A
time series analysis of the relationship between apparent temperature, air pollutants and ischemic stroke
in Madrid, Spain. Environ Res 2019; 173:349-358.

Ciência & Saúde Coletiva, 27(8):3295-3306, 2022

References

Mascarenhas MS et al.

3306

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

CC

Yang J, Zhou M, Li M, Yin P, Wang B, Pilot E, Liu Y,
van der Hoek W, van Asten L, Krafft T, Liu Q. Diurnal
temperature range in relation to death from stroke in
China. Environ Res 2018; 164:669-675.
Yang J, Liu HZ, Ou CQ, Lin GZ, Zhou Q, Shen GC,
Chen PY, Guo Y. Global climate change: impact of
diurnal temperature range on mortality in Guangzhou, China. Environ Pollut 2013; 175:131-136.
Chen K, Huang L, Zhou, L, Ma Z, Bi J, Li T. Spatial
analysis of the effect of the 2010 heat wave on stroke
mortality in Nanjing, China. Sci Rep 2015; 5:10816.
Fu SH, Gasparrini A, Rodriguez PS, Jha P. Mortality
attributable to hot and cold ambient temperatures in
India: a nationally representative case-crossover study.
PLoS Med 2018; 15(7):e1002619.
Ikefuti, P, Barrozo, L, Braga, A. Mean air temperature
as a risk factor for stroke mortality in São Paulo, Brazil. Int J Biometeorol 2018; 62(8):1535-1542.
Rumel D, Riedel L, Latorre M, Duncan B. Infarto do
miocárdio e acidente vascular cerebral associados
à alta temperatura e monóxido de carbono em área
metropolitana do sudeste do Brasil. Rev Saude Publica
1993; 27(1):15-22.
Ferreira LCM, Nogueira MC, Pereira RVB, de Farias
WCM, Rodrigues MMS, Teixeira MTB, Carvalho MS.
Ambient temperature and mortality due to acute
myocardial infarction in Brazil: an ecological study of
time-series analyses. Sci Rep 2019; 9(1):13790.
Alvares C, Stape J, Sentelhas P, Gonçalves J, Sparovek
G. Köppen’s climate classification map for Brazil. Meteorologische Zeitschrift 2013; 22(6):711-728.
Conselho Federal de Medicina (CFM). Medicina Intensiva no Brasil: 2018. Brasília: CFM; 2018.
Muniz L, Pereira J, Ximenes J, Studart T. Classificação
climática para o Estado do Ceará utilizando distintos
sistemas de caracterização. In: XXII Simpósio Brasileiro de Recursos Hídricos (SBRH). Florianópolis; 2017.
Kottek M, Grieser J, Beck C, Rudolf B, Rubel F. World
Map of the Köppen-Geiger climate classification updated. Meteorologische Zeitschrift 2006; 15:259-263.
Santana N. Investigação de Ilhas de Calor em Brasília:
Análise Multitemporal com Enfoque na Cobertura do
Solo. Rev Bras Geogr Fis 2015; 1044-1054.
Zavattini J, Fratianni S. Os climas Regionais do Brasil.
Rev Depart Geogr Progr Pos-Grad Geogr UFAM 2018;
9(32):93-106.
Silveira R, Alves M, Barreiro M, Bitencourt D. Ondas
de calor nas capitais do Sul do Brasil e Montevidéu
- Uruguai. Rev Bras Geogr Fis 2019; 12(4):1259-1276.
Lim YH, Kim H, Hong YC. Variation in mortality of
ischemic and hemorrhagic strokes in relation to high
temperature. Int J Biometeorol 2013; 57:145-153.

BY

42.

43.

44.

45.

46.

47.

48.

49.

50.

Bassil KL, Cole DC. Effectiveness of public health interventions in reducing morbidity and mortality during heat episodes: a structured review. Int J Environ
Res Public Health 2010; 7(3):991-1001.
Lowe D, Ebi KL, Forsberg B. Heatwave early warning
systems and adaptation advice to reduce human health consequences of heatwaves. Int J Environ Res Public
Health 2011; 8(12):4623-4648.
O’Neill MS, Carter R, Kish JK, Gronlund CJ, White
-Newsome JL, Manarolla X, Zanobetti A, Schwartz JD.
Preventing heat-related morbidity and mortality: new
approaches in a changing climate. Maturitas 2009;
64(2):98-103.
Casanueva A, Burgstall A, Kotlarski S, Messeri A,
Morabito M, Flouris AD, Nybo L, Spirig C, Schwierz
C. Overview of Existing Heat-Health Warning Systems in Europe. Int J Environ Res Public Health 2019;
16(15):2657.
Public Health England. The Cold Weather Plan for England: Protecting health and reducing harm from cold
Weather. London: Public Health England; 2018.
World Meteorological Organization (WMO). World
Health Organization (WHO). Heatwaves and Health:
Guidance on Warning-System Development. Geneva:
WHO; 2015.
Empresa de Pesquisa Energética. Nota Técnica EPE
030/2018 – Uso de Ar Condicionado no Setor Residencial Brasileiro: Perspectivas e contribuições para o avanço em eficiência energética. Brasília, EPE; 2018.
Sera F, Hashizume M, Honda Y, Lavigne E, Schwartz
J, Zanobetti A, Tobias A, Iñiguez C, Vicedo-Cabrera
AM, Blangiardo M, Armstrong B, Gasparrini A. Air
Conditioning and Heat-related Mortality: A Multi-country Longitudinal Study. Epidemiology 2020;
31(6):779-787.
Deschenes O. Temperature, human health, and adaptation: a review of the empirical literature. Energy
Econ 2014; 46:606-619.

Article submitted 17/11/2021
Approved 25/04/2022
Final version submitted 27/04/2022
Chief editors: Romeu Gomes, Antônio Augusto Moura da
Silva

This is an Open Access article distributed under the terms of the Creative Commons Attribution License

