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ABSTRACT

In the last few years, many studies have researched the impacts of heat waves on population health.
However, very few focus on the Brazilian context. This study aims to analyse the impact of heat waves
on the cardio-respiratory health of the northeastern population, analysing how heat waves from
October to March increase the risks of morbidity and mortality in the population of five municipalities.
It is observed that January, February and October present more morbidity and mortality cases in
the population and that the municipality of Belém del San Francisco presents the highest odds of
increased health risk from heat waves. Additionally, a positive signal was found between heat waves
and cardiovascular hospitalisations for many heat wave definitions. A time stratified cross-case design
was used to study the association between heat waves, deaths, and hospitalisations.
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RESUMO

Nos ultimos anos, um grande numero de estudos tem sido gerado sobre os impactos causados pelas
ondas de calor na saude da populag¢do, porém, muitos deles fora do pais. Esse estudo tem como objetivo
analisar o impacto das ondas de calor na saude cardiovascular e respiratdria da populag¢éo nordestina,
analisando como as ondas de calor de outubro a mar¢o aumentam os riscos de morbimortalidade da
populagéo de cinco municipios. Observa-se que os meses de janeiro, fevereiro e outubro sdo os que mais
apresentam casos de morbimortalidade da populagdo e, que o municipio de Belém do Sdo Francisco,
apresenta a maior probabilidade de risco. Além disso, um sinal positivo consistente foi encontrado
entre as ondas de calor e a hospitalizagdo cardiovascular. Metodologicamente, foi usado um desenho
cruzado estratificado de casos para estudar a associa¢é@o entre onda de calor e dbitos e hospitalizacdes.

Palavras-chave: Ondas de calor. Temperatura. Variabilidade. Mortalidade. Morbidade. Impactos na satde.

1 INTRODUCTION

Heat waves adversely affect human health and drive increased deaths (ALCALA, 2019; ANDERSON,
2009; ARMSTRONG, 2014; GUO, 2017; NATIONAL, GUERRERO, 2018; PERES, 2020). This was evident
after the intense heat wave that affected 16 European countries in 2003 and caused the death of
70,000 people. According to a study by Alcala (2019), the magnitude, duration and intensity of heat
waves increased globally between 2003 and 2018. The authors show that in 2018 heat waves recorded
in Asia, North America, Europe, and Oceania caused 1,500 deaths globally.

This article aims to analyse the impact of heat waves on the cardiovascular and respiratory health
of the northeastern population of Brazil. We analysed how heat waves from October to March
increased the risks of morbidity and mortality in the population of five municipalities. Many studies
have shown that the variability of air temperature (AT) and heat waves affect morbidity and mortality
rates and particularly those that are most vulnerable (ANDERSON, 2009; ARMSTRONG, 2014; BERNAL
et al., 2014; GREEN et al., 2015; GUO, 2017; LI et al., 2015). In Brazil, some studies have shown an
association between heat waves, air temperature and mortality, and socioeconomic characteristics of
the population can drive increased vulnerability (GEIRINHAS et al., 2020). According to these studies,
in different parts of the country, temperature and humidity influence general mortality indicators and
specific causes. Other studies indicate that heat waves generate a series of impacts on human health
in various regions studied (BAUTISTA et al., 2011; CARVER; SHEIER, 2014; ERCIDES, 2020; GEIRINHAS et
al., 2019; GUO et al., 2015; IKEFUTI, 2018; LAERTE et al., 2016; SILVEIRA et al., 2019).

Silveira et al. (2019) investigated the total effect of temperature on cardiovascular mortality in 27
Brazilian cities, for example, and demonstrated the existence of risks associated with temperature.
They show that cardiovascular mortality is associated with low and high temperatures in most cities in
Brazil. Zhao et al. (2019) quantified the relationship between heat and hospitalisation by the time of
year and the climatic conditions of 1,642 cities during the hot seasons of 2000-2015, showed that the
number of hospitalisations was associated with average daily temperature, increasing in the season
late warm compared to the early warm season. The author highlights that this effect is registered
similarly between women and men. However, people older than 75 years are more affected.

Laerte et al. (2016) evaluated the effect of climatic seasonality on respiratory symptoms in the tropical
city of Goiania (GO) and observed that the number of individuals with respiratory symptoms increased
significantly with the reduction of relative humidity, which the analysis of regional meteorological data
could predict. On the other hand, Ikefuti (2018) evaluated the associations between stroke and air
temperature from 2002 to 2011 in S3o Paulo and showed that air temperature increased mortality
from stroke for both men and women.
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Analysing the impact of heat waves on the cardiorespiratory health of the population, the World
Health Organization (WHO) states that the climate and its abrupt variations have an essential role
in the mortality and morbidity of the population (ALCALA, 2019; SURVEILLANCE, 2004; WHO, 2014),
showing that the climatic factor constitutes a risk factor for the health of vulnerable populations. It is
estimated that abrupt temperature variability and the emergence of heat waves, as a result of climate
change, will drive increases in mortality and morbidity of the population in the coming years (ALCALA,
2019; SURVEILLANCE, 2004). Therefore, it will be necessary to carry out specific studies to generate
adaptation measures and early local warnings to generate resilience for affected populations (CONLON
et al. 2011; KINGDOM, 2011). Therefore, understanding the most relevant thresholds to reveal the
impact of heat waves on health is essential, making it possible to activate early warning systems and
protect the population effectively.

Studies carried out in Brazil studying the health impacts of heat have predominately focused on the
country's main cities, with little attention to smaller cities where social and economic conditions may
differ. Therefore, it is crucial to carry out studies in these areas to generate scientific data that contribute
to the generation of early warnings in these regions. By generating evidence on the risk factors in these
cities, local authorities can take the corresponding actions to improve the health services and protect
population health (LUCCHESE, 2004; MACHADO et al. 2017). The research results can also increase the
knowledge of the impacts of climatic phenomena related to temperature on morbidity and mortality in
semi-arid regions of Brazil, enabling the generation of public policies that help health service providers
and the local population to better face these human health threats.

2 STUDY AREA

The San Francisco basin in Brazil is considered one of the most important in the country because, firstly,
it is one of the largest in the region and also because it has relevant economic, cultural and social
importance, particularly for the population settled in the Northeast and Southeast region of the country.
The river has a drainage area of 634,781 km?, representing 8% of the national territory, covering 503
municipalities and forming part of seven States of the Federation: Bahia, Minas Gerais, Pernambuco,
Alagoas, Sergipe, Goids and the Federal District. The basin is divided into four physiographic sub-regions
(Upper mid, sub mid, mid and lower San Francisco) and has been affected by prolonged droughts and
extreme aridity (HERMUCHE, 2002).

Each of the four physiographic regions of the basin is characterised by different types of climate, soil
and vegetation cover. This study was carried out in municipalities that correspond to the Submédio
de San Francisco (SubM-SF), which has a semi-arid and arid climate and registers an average annual
rainfall that ranges between 800 and 350 mm and an average annual temperature of 272 C., 2,800
hours of sunshine, and 1,550 mm of average annual evapotranspiration (MOURA et al., 2006).

The SubM-SF region is characterised by water scarcity, climatic extremes, unpredictable rainfall and high
evapotranspiration (MARENGO et al., 2018; SHUKLA, 1981). Maximum and minimum temperatures of
the studied area occur during November and July, respectively, registering a maximum temperature of
28.050 C and a minimum of 22.892 C.

This research analysed the impact of heat waves on the health of the population living in the
municipalities of Belém do S3o Francisco, which has 20,253 inhabitants according to the 2010 census,
Floresta with 29,285, Itacuruba with 4,369, and Petrolandia with 32,492, Jeremoabo with 37,680
and Paulo Afonso with 108,396 inhabitants. These territories correspond to the states of Bahia and
Pernambuco (Figure 1).
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Figure 1 | Map of the study area in the Sub-Medium region of San Francisco.

Source: Authors elaboration.

3 METHODS

Since 2018, the Brazilian Climate Change Research Network (REDE CLIMA for its acronym in Portuguese)
and the Socio-environmental Dynamics Observatory (INCT — ODISSEIA) have been conducting field
research together with indigenous peoples and communities of the Sub-Medium region of the San
Francisco Basin to analyse the impacts that climate change has been causing on the local population.

In this case, the objective of this research was to evaluate the effect of climatic seasonality on the
occurrence of hospitalisations and deaths of patients with cardiovascular and respiratory diseases
treated at a local Basic Health Unit (UBS) (See Table 1). The study was developed from the analysis
of primary data from the period (January 2008 to September 2019), which were provided by the
General Coordination of Information and Epidemiological Analysis (CGIAE), the area responsible for
the Mortality Information System (SIM) of the Ministry of Health of Brazil.

In this study, a heat wave event was defined as when the maximum temperature exceeds a percentile
threshold (99, 97.5 or 95) of the temperature distribution for each region within a specific month or
season from January 2008 to March 2019. The heat wave defined by the days of extreme heat within
the spring and summer seasons (October-March) were considered for this analysis. Monthly heat wave
definitions were also created and defined as the temperature exceeding the percentile threshold per
month, considering days of extreme heat each month. All definitions were considered as one- or two-
day heat wave events when the temperature reaches the percentile threshold (99, 97.5, or 95) for two
consecutive days. These various definitions were taken into account to determine the ideal measure
for heat waves and determine in which months or seasons the strongest associations are observed.
September was omitted because this month was considered a transition month with the coldest season
of the year, winter.

Regarding the statistical analysis, a time stratified case-crossover design was used to study the
association between each definition of a heat wave and deaths and hospitalisations of cardiovascular
and respiratory diseases (BASU, 2008; BASU; OSTRO, 2008; TONG, 2012). The methodology is similar
to the design and analysis of a case-control study. However, here the controls are identified for the
same individual as the cases in the study population; therefore, only variables that vary over time are
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considered covariates. Control days were selected based on the same day of the week of admission
to the hospital within the same month and year in which the case occurred. Percentiles (97.5 and 99)
were chosen for the definitions of heat wave events for this analysis to identify days of extreme heat.

A conditional logistic regression model was used to study the association between heat waves, deaths,
and hospitalisations for each definition of a heat wave and hospitalisation diagnosis. Precipitation was
used as a covariate to adjust for humidity, and each heat wave definition and hospitalisation diagnosis
for the entire region and each municipality were analysed separately.

We also analysed the climatic variability of the municipalities addressed between the period (1989 -
2019). This was done with geospatial satellite data corresponding to NASA's The Power Project. Primary
solar and meteorological data sources made available by NASA are natively produced on a 1° x 1° global
latitude/longitude grid and resigned to a 0.5° x 0.5° latitude/longitude grid by interpolation or bilinear
replication (THE POWER PROJECT, 2020). Once the data had been analysed, they were compared to the
results of other regional studies to confirm the deductions obtained (GAIVIZZO et al., 2019; MARENGO,
2009; RODRIGUES FILHO, 2016; SILVA et al., 2011; TEIXEIRA, 2016).

The climatic data acquired were analysed by associating the number of deaths and hospitalisations
of the local population, and the results obtained in the regression could inform future risks related
to heat waves.

It should be noted that this study complies with the standards and requirements of the Research Ethics
Committee of the Faculty of Human and Social Sciences of the University of Brasilia (UnB), which is duly
registered in process No. 01037218.5.0000.5540 and opinion of approval No. 3,440,596.

4 RESULTS

4.1 CLIMATE VARIABILITY IN THE STUDIED REGION

As stated, several studies show how climatic factors can harm vulnerable populations' health, which
demonstrates the importance of studying how temperature variability and heat waves can play a role
in increasing mortality and morbidity. It is believed that there will be an increase and decrease in
temperatures in the coming years due to climate change in some seasons of the year, driving increases
in mortality (CONLON et al. 2011; KINGDOM, 2011).

Therefore, it becomes relevant to carry out evaluations of these temperature extremes to generate
projections of health impacts and to generate adaptation measures to promote resiliency for
affected populations.

A slight increase in temperatures is observed from 1989 - 2019 in the region studied, reaching an

annual average of 0.52 C (See Figure 2). The year with the lowest temperature was 1989, reaching
25.42° C; the hottest was 1998, when 27.08 2 C was recorded.
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Figure 2 | Variation in the average annual temperature recorded in the study area, 1989 - 2019.

Source: Authors' elaboration, with data from NASA Prediction of Worldwide Energy Resources (Power). Higher Resolution
Daily Time Series by Location 1/2 x 1/2 degree.
Climatology Resources for SSE - Renewable Energy. Bottom-left Latitude: -10.2640 Longitude: -39.0400. Upper-right Latitude:
-8.4705 Longitude: -38.0270.

The maximum and minimum temperatures recorded corresponded to November and July, and we can
more clearly observe anincrease inthe average temperature inthese months (See Figure 3). For example,
in the first years of the analysed period, it is observed that the average temperature for November was
27.72 C, a value that went to 28.62 C in recent years, showing an increase of approximately (12 C).

Concerning the variability of the lowest temperature recorded in July, in the same way, we observed
a slight increase throughout the analysed period. In the first years, the average reached 22.52 C and
the later years registered 23.42 C. Temperature variation can influence the increase or decrease in
morbidity cases and mortality in the local population; the figures below show the historical temperature
exposure for the region.
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Figure 3 | Variation in the average annual temperature recorded in the study area, 1989 - 2019.

Source: Authors' elaboration, with data from NASA Prediction of Worldwide Energy Resources (Power). Higher Resolution
Daily Time Series by Location 1/2 x 1/2 degree.
Climatology Resources for SSE - Renewable Energy. Bottom-left Latitude: -10.2640 Longitude: -39.0400. Upper-right Latitude:
-8.4705 Longitude: -38.0270.
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4.2 HEAT WAVES, MORBIDITY AND MORTALITY OF THE LOCAL POPULATION
Our study population included 22,896 hospitalisations and 1,265 deaths in the municipalities of Belém do
Sao Francisco, Floresta, Itacuruba, Petrolandia, Jeremoabo and Paulo Afonso territories corresponding to

the states of Bahia and Pernambuco from January 2008 to September 2019 (See Table 1).

Table 1 | Description of total hospitalisations and deaths both diseases. 2008-2019

Municipality Hospitalizations for both diseases Deaths (%)
Belém de Sdo Francisco 1229 (43.0) 19 (47.4)
Floresta 3491 (43.9) 128 (49.2)
Itacuruba 175 (46.9) twenty
Jeremoabo 1553 (39.0) 104 (39.4)
Paulo Afonso 12,120 (43.6) 917 (47.3)
Petrolandia 4,328 (42.8) 95 (45.3)
TOTAL 22,896 1,265

Source: Prepared by the authors with data from the General Coordination of Information and
Epidemiological Analysis (CGIAE).

Table 2 | Description of definitions of heat waves by summer period

For summer period

Definition of Threshold percentile and Number of days by

season heat wave median temperature (°C) Duration (days) municipalities
summer HWD1 99 (31.7) 1 123
summer HWD?2 99 (31.9) 2 51
summer HWD3 97.5(31.3) 1 317
summer HWDA4 97.5 (31.5) 2 155
summer HWD5 95 (30.9) 1 617
summer HWD6 95 (31.1) 2 347

Source: Elaboration of the authors.

The temperature thresholds for the definitions of heat waves and the number of heat waves that
occurred are described in Table 2. The lowest threshold for temperature in all municipalities had an
average of 29.99C for the two-day heat waves defined at per cent 99 in January. The highest of all heat
wave definitions was 32.52C for 2-day heat waves, defined at 97.5 per cent in November (See Table 3).

Table 3 | Description of definitions of heat waves by month

Per month

Definition of heat  Threshold percentile and median Number of days by

season wave temperature (°C) Duration (days) municipalities
October HWD1lo 99 (31.2) 1 21
October HWD2o 99 (32.1) 2 5
Sustainability in Debate - Brasilia, v. 13, n.2, p. 96-108, ago/2022 | 102 [SSN-e 2175-9067
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Per month

Definition of heat  Threshold percentile and median Number of days by

season wave temperature (°C) Duration (days) municipalities
October HWD3o0 97.5(30.9) 1 54
October HWD4o 97.5 (31.0) 2 21
October HWD50 95 (30.5) 1 106
October HWD6o 95 (30.7) 2 57
November HWD1n 99 (32.4) 1 22
November HWD2n 99 (32.5) 2 8
November HWD3n 97.5 (31.7) 1 50
November HWD4n 97.5 (32.5) 2 8
November HWD5n 95 (31.3) 1 99
November HWD6N 95 (31.5) 2 46
December HWD1d 99 (31.6) 1 16
December HWD2d 99 (31.0) 2 4
December HWD3d 97.5 (31.6) 1 53
December HWD4d 97.5(31.7) 2 23
December HWD5d 95 (31.4) 1 107
December HWD6d 95 (31.6) 2 65
January HWD1le 99 (30.9) 1 20
January HWD2e 99 (29.9) 2 2
January HWD3e 97.5 (30.5) 1 56
January HWD4e 97.5(30.7) 2 21
January HWD5e 95 (30.2) 1 117
January HWD6e 95 (30.7) 2 21
February HWD1f 99 (30.6) 1 20
February HWD2f 99 (30.6) 2 2
February HWD3f 97.5 (30.5) 1 49
February HWDAf 97.5 (30.6) 2 24
February HWD5f 95 (30.2) 1 96
February HWD6f 95 (30.4) 2 53
March HWD1m 99 (31.24) 1 21
March HWD2m 99 (31.3) 2 9
March HWD3m 97.5(30.7) 1 57
March HWD4m 97.5(30.8) 2 27
March HWD5m 95 (30.4) 1 109
March HWD6m 95 (30.5) 2 63

Source: Elaboration of the authors.

When exploring the association between heat wave days, hospitalisations and deaths, there was
some variability, observing a positive signal between heat waves and cardiovascular hospitalisation,
particularly in two-day heat waves (See Figure 4). The results mainly show us that heat waves cause
a greater effect on cardiovascular morbidity, mainly the day after the heat wave and in heat waves
lasting two days. In the case of respiratory morbidity, the data show a slight impact. However, the
results were imprecise.
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Figure 4 | Impact of heat waves on cardiovascular and respiratory morbidity.
Source: Elaboration of the authors. Results of time-stratified crossover case analysis.

Because our analysis's sample of deaths was small, we focused on hospitalisations as the primary
outcomes. We generally find more impact from heat waves defined by month than those defined by the
whole period. For example, in January, we observed a higher risk of hospitalisation in the population
when heat waves are recorded (Figure 5). As can be seen, the effects of heat waves are positive at
the beginning of January, February and October, during which there would be a greater probability of
cardiovascular and respiratory hospitalisations.

1-day heat waves 97.5th percentile

MONTH
] 4
2 S DU
3 S

10 S B
11 —

12 ——r

.6 I8 1 1:4 1:8 2:2

OR and 95% Confidence Interval

Figure 5 | Heat wave impact defined by month for 1-day heat waves at the 97.5 percentile
Source: Elaboration of the authors. Stratified crossover case analysis.

Considering the results by municipality, we observe that the population most exposed and prone to
respiratory and cardiovascular problems from heat waves in these periods are in the municipality of
Belém do Sao Francisco, with an odds ratio of 1.85 (95% Cl: 0.99, 3.43).
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Figure 6 | Effect of heat waves by department
Source: Authors' elaboration, results of time-stratified crossover case analysis.

5 DISCUSSION AND CONCLUSION

The analysis of health data obtained at the municipal level shows us that heat waves from October to
March influence the number of morbidity cases in the northeastern population, particularly in Belém
do S3o Francisco. Therefore, this municipality should prepare to respond to the increase in cases as
temperature increases are expected.

The analysis of regional climate variability shows us an increase of approximately 12 C from 1989 to
2019. This could have increased the number of cases in recent years, mainly in the months that show the
highest number of cases, since, as can be seen, there is an abrupt temperature variability (See Figure 3).

The increase in cases in certain months could be driven by abrupt temperature variation and heat
waves (ANDERSON, 2009; ARMSTRONG, 2014; BAUTISTA et al., 2011; CARVER; SHEIER, 2014;
GEIRINHAS et al., 2019; GUO, 2017; GUO et al., 2015; IKEFUTI, 2018; SILVEIRA et al., 2019). For
example, Silveira et al. (2019) observed the effect of temperature and heat waves on cardiovascular
mortality in 27 Brazilian cities.

Socioeconomic or physiological factors can increase vulnerability to extreme heat, making it essential to
promote policies that aim to reduce existing risks with health services and social-economic disparities
(ERCIDES, 2020; SARRO, 2009). Housing, work and population dynamics can also play a role in the impacts
observed; illegal settlements where improvisation of access to basic services is common in this region can
also increase their health risk increasing vulnerability to climatic stressors (YANG et al., 2019).

This point could not be evaluated in the present investigation due to the objective and the data analysed.
However, we consider that it would be advantageous to analyse in future work since they would better
help to see the effects of heat waves on population health. One of the limitations encountered in order
to analyse the problem exposed in this work, comparing it to other similar realities, was the limited
existence of studies carried out in Brazil and in the region, for which it is considered necessary to
generate more epidemiological evidence to corroborate what was stated and reduce the vulnerability
of the affected population. Additionally, obtaining data on mortality and morbidity by the municipality
was another limitation, restricting the study to only be carried out in six of the fifteen municipalities for
which information was requested.

It is essential to consider improvements in the recording and dissemination of data that can be

used to carry out this type of analysis and find a solution to these uncertainties, as well as the
establishment of regional and municipal early warnings, with emphasis on the months of greatest
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risk. This would help make it possible to generate a better response from health services and a
reduction in the number of hospitalisations.

The quality of care in health service establishments also affects the number of deaths and the
population's health. The most common is the precariousness of material and professional resources
faced by the health area, mainly in Latin American countries. This was observed in this last health
crisis, showing how a lack of resources led these centres to a rapid collapse in the face of Covid-19
(GARCIA, 2020; LUCCHESE, 2004; WHO, 2020). Moreover, studies have shown that these deficiencies
increase the health risks for patients (CECCHERINI et al., 2016; EBI, 2011; FRUMKIN et al., 2008; VAN
LINDEN et al., 2015).

In conclusion, we think it is pertinent to identify the most critical periods for temperature increases,
morbidity and mortality of the population in different areas of the country, calling the attention of
local and municipal authorities to take actions that guarantee adequate equipment and health care to
reduce this health burden which will only be accentuated in the context of climate change.
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