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Abstract

tHeat waves (HWs) are one of the most important atmos-
pheric events that negatively affect human health. In this
study, HWs which occurred between May 1 and Septem-
ber 30, 2019 in Fethiye Province (SW Turkey) were inves-
tigated for their effects on human health. For this purpose,
as a first step, percentile-based threshold criteria and at
least three consecutive days’ methodology were applied
to the daily maximum temperatures to identify HWs.
Using these criteria, a total of 3 HWs (HW 1, HW 2, and
HW 3) with lengths of 6, 7, and 5 days, respectively, were
found in 2019. In statistical analyses, hospital data re-
corded on HW days (including the 3 lag days) on reference
days were compared using the logarithmic Z test method.
Hospital data between May 1 and September 30 in the
5 years between 2014 and 2018 were used as reference
data. As a result, in the 3 HWs that occurred in 2019, the
risk ratios (RRs) and their confidence intervals in HW 1, HW
2, and HW 3 at hospital admissions were 1.09 (95% Cl:
1.06-1.12), 1.11 (95% Cl: 1.08-1.14), and 1.13 (95% Cl:

1.09-1.16), (p < 0.05), respectively. When the effect of HW
on death was examined, the RR values and confidence
intervals in HW 1, HW 2, and HW 3 were 1.90 (95% CI:
1.04-3.46), 1.96 (95% Cl: 1.03-3.75), and 2.18 (95% Cl:
1.13-4.20), (p < 0.005), respectively. As a result, it was
found that a total of 22 extra deaths occurred when three
HWs were recorded in 2019. When the deaths were
analysed by age, it was seen that the most affected group
was the elderly (=65 years), accounting for 82% of deaths.
It was determined that 64% of the deaths were male, and
36% were female. These results show that HWs in Fethiye
are an important natural disaster that negatively affects
human health.
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Resumo

As ondas de calor (HWs) sao um dos mais importantes
eventos atmosféricos que afetam negativamente a saude
humana. Neste estudo, as ondas de calor que ocorreram
entre 1 de maio e 30 de setembro de 2019 na provincia de
Fethiye (SW Turquia) foram investigadas pelos seus efei-
tos na saude humana. Visando esse objetivo e como
primeiro passo, foi aplicada metodologia usando critérios
de limiar baseados no percentil e, pelo menos, trés dias
consecutivos de ocorréncia, as temperaturas maximas
didrias (Tmax) para identificar as HWSs. Utilizando este
critério, foi encontrado um total de 3 HWs (HW 1, HW 2, e
HW 3) com duracao de 6, 7, e 5 dias, respetivamente, em
2019. Nas andlises estatisticas, os dados hospitalares
registados nos dias HW (incluindo os 3 dias de atraso)
nos dias de referéncia foram comparados utilizando o
método de teste logaritmico Z. Os dados hospitalares
entre 1 de Maio e 30 de Setembro nos 5 anos entre 2014 e
2018 foram utilizados como dados de referéncia. Como
resultado, nos 3 HWs que ocorreram em 2019, os racios
de risco (RRs) e os seus intervalos de confianca no HW 1,
HW 2, e HW 3 nas admissdes hospitalares foram de 1,09
(95% Cl: 1,06-1,12), 1,11 (95% Cl: 1,08-1,14), e 1,13 (95%
Cl: 1,09-1,16), (p < 0,05), respetivamente. Quando o efeito
de HWs na morte foi examinado, os valores de RR e
intervalos de confianca em HW 1, HW 2, e HW 3 foram
1,90 (95% Cl: 1,04-3,46), 1,96 (95% Cl: 1,03-3,75), e 2,18
(95% ClI: 1,13-4,20), (p < 0.005), respetivamente. Como
resultado, verificou-se que um total de 22 mortes extras
ocorreram quando foram registados trés HWs em 2019.
Quando as mortes foram analisadas por idade, verifi-
cou-se que o grupo mais afetado era o idoso (=65
anos), sendo responsavel por 82% das mortes. Foi deter-
minado que 64% das mortes ocorreram em homens, e
36% em mulheres. Estes resultados mostram que os HWs
em Fethiye sdo desastres naturais importantes que afe-
tam negativamente a salde humana.

© 2023 The Author(s). Published by S. Karger AG, Basel
on behalf of NOVA National School of Public Health

Introduction

As a result of climate change, there have been large
increases in the number and duration of heat waves
(HWs) [1]. Substantial temperature increases and the
positioning of air masses causing HWs in a region for
a long time result in economic, environmental, and
human health problems [2]. Recent studies have focused
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on the negative effects of HWs on deaths and hospital
admissions [3-5]. For example, it was found that 70,000
people died because of HW that occurred in Europe in
2003 [6]. In another study, approximately 15,000 people
died due to HW in France [7]. A study examining the
effects of an HW on human health in California during
2006 showed that approximately 16,166 additional emer-
gency room admissions and 1,600 additional hospital-
izations were identified [8]. As a result of an HW that
occurred in Sydney, Australia in 2011, a 2% increase in
emergency service admissions, a 14% increase in ambu-
lance calls, and a 13% increase in death rates were
detected [9]. A study was conducted to examine the
effects of an HW that occurred in the US city of Houston
in 2011 on death rates and emergency service admissions.
From the results, a 3.6% increase in emergency depart-
ment admissions and a 0.6% increase in mortality rates
were found during the HW [10].

In Turkey, studies based on health diseases mainly
investigated the role of air quality and background atmos-
pheric mechanisms on human health diseases [11, 12].
However, there have been few studies indicating the effects
of HWs on health diseases in Turkey. For example, the
death rate increased by 181% in an HW that occurred in
[zmir in 2016, resulting in 29 extra deaths [13]. In addition,
there was a 19% increase in hospital admissions during
HW. When age-specific death rates were examined, a
208% increase in the deaths was of the elderly during
the HW periods. The main reasons for deaths were
identified as hypertension (37%), dementia (10%), and
heart disease (9%). In another study, 419 extra deaths were
reported in HWs that occurred between 2013 and 2017 in
Istanbul [14]. When the effects of HWs were examined by
sex, it was found that female groups were more affected by
HWs. Investigating the age-specific effects of HWs deter-
mined that people aged 75 and over were more affected.
After examining the causes of death in HW periods, it was
found that those with heart disease were more affected by
HWs. Although these studies were carried out in Istanbul
and Izmir, which are the most crowded cities in Turkey,
there have not been detailed studies for the other regions of
Turkey. Southern areas of Turkey are known as the hot
spot regions that are most affected by HWs [2]. In addition
to the population density, millions of tourists come to this
region during the summer months of every year. Despite
the overpopulation of this region in summer and latitu-
dinal proximity to the desert areas and the frequent
occurrence of HWs, the health effects associated with
HWs have never been investigated. From this large terri-
tory, Fethiye is a city with a resident population of
approximately 167,000 and an average of 1 million tourists
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visit in summer [15]. From this perspective, the impacts of
HWs on health risks need to be investigated in detail for
Fethiye. For this purpose, the aim of this study is to reveal
the effects of HWs on hospital admissions and in-hospital
mortality in the Fethiye Province of Turkey. Determining
the relationship between high temperatures, deaths, and
hospital admissions will shed light on future studies to
minimize the potential health risks.

Data and Methods

Study Area and Hospital Data

In this study, the Fethiye Province of Mugla, located in south-
western Turkey, was chosen as the study area. Fethiye is located at
36°39’5” °N and 29° 7’ 23” °E coordinates. It has a surface area of
3,055 km? and a population of 167,114. Fethiye has a Mediterra-
nean climate with hot and dry summers and mild and rainy
winters. Therefore, the hottest summer month is August with
an average temperature of 32°C, and the coldest month is January
with an average temperature of 10°C. Its annual average temper-
ature is 21°C [16].

Hospital data were obtained from the Fethiye State Hospital
between 1 May and 30 September in the 5 years between 2014 and
2019. Hospital data included daily hospital admissions and death
records and were provided with permission from the Mugla Pro-
vincial Health Directorate. Using these data, increases in hospital
admissions and deaths during HWs were examined. Hospital
mortality data included age and sex parameters. The effects of
HWs on age were examined by separating two groups: adult
(15-64 years) and elderly (=65 years). Additionally, the effects of
HWs on sex were also investigated.

Meteorological Data and HW Definition

For analysis, 60 years of daily maximum temperature (Tmax)
data of Fethiye Province were provided by the Turkish State
Meteorological Service (TSMS) from 1960 to 2019. Daily Tmax
values were used to determine the HWs that occurred in 2019.
When the definitions of HWs were examined, it was evident that
there is no single definition. Therefore, many definitions are used
in the examined studies [17]. In these definitions, daily maximum
[18], minimum [19], average temperatures [20]; relative temper-
atures such as 90% and 95% [21]; constant threshold values such as
28°C and 35°C [22]; and durations of consecutive temperatures
such as 2 days, 3 days, or 4 days [23] were used. In our study, 90th
percentile of Tmax and at least three consecutive days (>3) were
defined based on the long-term station-based daily Tmax for the
period 1960-2019. With this definition, 3 HWs with lengths of 6, 7,
and 5 days were identified in 2019. In previous studies, lag days
after HW were considered [14, 24]. A study conducted in Brisbane,
Australia found that the greatest effect of heat occurred on the first
day of exposure, then decreased rapidly, and returned to baseline
levels within 5 days [25]. According to this study, the HW effect
ended on the third day. In our study, 3-lag days were added to each
HW, like the study published by Huang et al. 2012. Thus, because
of the added 3 lag days, the length of HW 1 was 9 days, the length
of HW 2 was 10 days, and the length of HW 3 was 8 days.
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Statistical Analysis

SPSS V21.0 (SPSS Inc., Chicago, IL, USA) was used for analysis.
Increases in hospital admissions, death rates, and sex- and age-
specific mortality rates during 3-lag day HW periods were calcu-
lated using Equations 1 and 2 below. Risk ratios (RRs) and 95%
confidence intervals were calculated using Equation 3 below
(p < 0.05).

Natural logarithmic Z tests were used to compare the 3-lag day
HW period, mortality with the reference period, and mortality
rates [14]. Z tests were conducted with Equation 6 below and p
value were conducted with Equation 7 below.

Number of Deaths Heatwave Period
Population*Number o f Days Heatwave Periods

DR (HeatWave) =

(1)
DR (Reference Periad)
3 Number of Deaths Re ferance Period 2
~ Population*Number o f Days Re ference Periods
DR eatwave
RR = (Heatwave) 3)

DR (Reference Period)
var ( DRHeatwave)

B ’ Number o f Deaths Heatwave Period

(Population*Number o f Days Heatwave Periods)’
(4)
VaT(DRRe Ference Period)
3 [ Number o f Deaths Re ference Period
- \/ (Population*Number o f Days Re ference Periods)’
©)

7 In (DRheat wave) ~In (DRreference period) (6)
IVar(DR;,M wave) + var (Dwaerence penod)
\ ORicat wae)?

2
(DRyeference period)
pvalue = 2 x(1 — Normdist (Z, average; standard deviation; cumulative)

@)

Here, DRyeatwave shows the mortality rate in the HW periods
during summer months in 2019, and DRyeference period Shows the
mortality rates in the reference periods (2014-2018). In the
analyses, the hospital data recorded in the 3 HW periods between
1 May and September 30, 2019 were compared with the hospital
data recorded in the reference periods. For the analysis, 1 May to
30 September between 2014 and 2018 were chosen as the reference
period. The start and end dates of the reference days used for
comparison are the same as the start and end dates of the HWs in
days and months. Thus, the number of days of the reference period
was equal to the number of days of the HW periods.

Results

The average temperatures, population, and daily death
rates by sex and age between 2014 and 2019 are shown in
Table 1. Between 2014 and 2019, the daily death rate ranged
from 0.94 to 1.3. With a daily death rate of 1.3, 2019 had the
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Table 1. Descriptive statistics by years

Studying period 2014 2015

2016 2017 2018 2019

Mean temperatures (1 May-30 32.3 (21.2-42) 32.2 (22.6-40.3)

September)
Population 145,643 147,703
Daily death rates 1.02 0.94
Daily women death rates 0.42 0.33
Daily men death rates 0.60 0.60
Daily death rates by age
0-14 0.012 0.00
15-64 0.25 043
>65 0.73 0.74

32.5(20.3-41.1) 32.7 (20.9-43.7) 33 (23.9-40.5) 32.6 (18.1-40.3)

151,474 153,963 157,745 162,686
1.02 0.97 1.14 1.30
0.46 0.45 0.58 0.56
0.55 0.52 0.55 0.73
0.00 0.00 0.00 0.01
0.20 0.19 0.21 0.24
0.80 0.81 0.79 0.75

highest number of deaths compared to the reference years.
The daily average temperatures were the highest at 33°C in
2018, daily Tmax was 43.7°C in 2017, and the lowest daily
minimum temperature was 18.1°C in 2019. When the daily
death rates were examined by age, it was determined that
the death rates were higher in elderly people than the adults.
Since the death rates in children (0-14) were very low, they
were not considered in the analysis. Considering the death
rates by sex, the male death rate was higher than the female
death rate, except in 2018. While the male death rate was the
highest in 2019 compared to the other years, the female
mortality rate was found to be the highest during the
extended summer of 2018.

HWs and Hospital Admissions

Increases in hospital admissions during HW periods
were examined. The RR and confidence intervals showing
the relationship between HWs and hospital admissions
are shown in Table 2. Accordingly, the RRs showing the
relationship between hospital admissions and HW 1, HW
2,and HW 3 were 1.09 (95% CI: 1.06-1.12, p < 0.05), 1.11
(95% CI: 1.08-1.14, p < 0.05), and 1.13 (95% CI: 1.09-1.16,
p < 0.05), respectively. Figure 1 shows the relationship
between HWs and hospital admissions in 2019.

HWs and Deaths

Table 3 shows the temperature-death relationship
during the HW periods that occurred in 2019. In 2019,
the RRs showing the effect of HW 1, HW 2,and HW 3 on
death were 1.90 (95% CI: 1.04-3.46, p < 0.05), 1.96 (95%
CI: 1.03-3.75, p < 0.05), and 2.18 (95% CI: 1.13-4.20, p <
0.05), respectively.

To determine the effects of HWs by age, deaths occurring
between May 1 and September 30, 2019 were classified
according to age. As shown in Table 4, the death rate of
elderly people was higher than that of people aged 15-64
during the HW period. The RRs showing the effect of HW

Impact of HWs on Hospital Admissions
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1, HW 2, and HW 3 on mortality at the age of 65 and over
were 2.06 (95% CIL: 1.01-4.19, p < 0.05), 2.81 (95% CIL:
1.37-5.75, p < 0.05), and 1.78 (95% CI: 0.79-4.03, p > 0.05),
respectively. The RRs showing the effect of HW 1, HW 2,
and HW 3 on mortality in the 15-64 age group were 1.56
(95% CI: 0.50-4.19, p > 0.05), 0.43 (95% CI: 0.05-3.30, p >
0.05), and 3.35 (95% CI: 1.06-10.54, p < 0.05), respectively.
High temperatures continued for a total of 27 days in 3
HWs that occurred in 2019. A total of 22 extra deaths
occurred during these days. Extra deaths were calculated by
taking the difference between the mean death rates of the
reference periods and the deaths occurring during the HW
periods. Figure 2 shows the increase in deaths during the
HWs that occurred in 2019. Of the extra deaths that were
estimated in 2019, 18 were aged 65 and over, and 4 were
aged 15-64. According to these results, 82% of the extra
deaths that were estimated during HW periods occurred in
those 65 and over.

The study conducted to examine the effects of HWs
on sex is shown in Table 5. The RRs showing the effect
of HW 1, HW 2, and HW 3 on male mortality were 2.34
(95% CI: 1.10-5.00, p < 0.05), 1.82 (95% CI: 0.76-4.36,
p > 0.05), and 2.34 (95% CI: 1.00-5.47, p < 0.05),
respectively. The RRs showing the effect of HW 1,
HW 2, and HW 3 on female mortality were 1.38
(95% CI. 0.51-3.74, p > 0.05), 2.16 (95% CI:
0.82-5.69, p > 0.05), and 1.95 (95% CI: 0.69-5.54,
p > 0.05), respectively. It was determined that 14 of
the extra deaths that were estimated in 2019 were males
(64%) and 8 were females (36%).

Discussion
In this study, a total of 3 HWs were detected between May

1 and September 30, 2019. Increases in hospital admissions
during HWs were assessed. There was a 9% increase in
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Table 2. Hospital admissions during 2019 HW periods

HWs  Starting Ending HW length Number of Average hospital RR  Confidence p value
dates dates hospital admissions in reference intervals
admissions periods (2014-2018) (95% ClI)
HW 1 July 05, 2019 July 13, 2019 9 4,833 4,159 1.09 (1.06 1.12) 0.00009
HW 2 August 07, 2019 16/0872019 10 6,327 5,363 111 (1.08 1.14) 0.00007
HW 3  August 23, 2019 August 30, 2019 8 5,229 4,342.2 113 (1.09 1.16) 0.00004
HW 1 HW 2 HW 3

A/ 2 e Al
600 - e A
550

HOSPITAL ADMISSIONS

— HWs

—Hospital admissions in 2019 === Average hospital admissions in reference period

50

45

35

-]

TEMPERATURE [*C)

DATES

Linear [Hospital admissions in 2019)

= = Temperature

Fig. 1. HWs and hospital admissions in Fethiye Province during the summer months in 2019.

Table 3. HWs and death rates during the summer months of 2019

HWs Starting Ending HW Number of  Average deaths RR Confidence p value
dates dates length  deaths rates in reference intervals
in HW periods (2014-2018) (95% Cl)
HW 1 July 05, 2019 July 13, 2019 9 15 74 190 (1.04 346) 0.0361
HW 2  August 07, 2019  August 16, 2019 10 13 6.2 1.96 (1.03 3.75) 0.0409
HW 3  August 23,2019  August 30, 2019 8 13 5.6 218 (1.13  4.20) 0.0206

hospital admissions in HW 1, 11% in HW 2, and 13% in
HW 3. A total of 2,524 extra admissions were reported
during these three HW periods. These results are consistent
with previous studies. In a study conducted in Izmir, Turkey,
a 19% increase in emergency service admission was reported
during HW periods [13]. In a study conducted in Brisbane,
Australia, a 14% increase in emergency service admissions
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was reported during HW periods [17]. In a study conducted
in Sydney, Australia, a 2% increase in emergency service
admissions was reported during HW periods [9].

As shown in Table 3, RRs of 1.90, 1.96, and 2.18 were
observed, demonstrating increases in deaths during HWs
that occurred in 2019. A total of 22 extra deaths were
estimated in the 3 HWs in 2019. These results are consistent
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Table 4. Age-specific mortality rates due to HWs during the summer months in 2019

HWs Starting dates  Ending dates HW Number of deaths Average deaths rates RR Confidence pvalue
length  in HW in reference periods intervals
(2014-2018) (95% Cl)
Elderly (=65 years)
HW 1 July 05, 2019 July 13, 2019 9 11 50 2.06 (1.01 4.19) 0.0456
HW 2 August 07, 2019 August 16, 2019 10 12 4.0 281 (1.37 5.75) 0.0046
HW 3 August 23, 2019 August 30, 2019 8 8 4.2 1.78 (0.79 4.03) 0.1630
Adult (15-64 years)
HW 1 July 05, 2019 July 13, 2019 9 4 24 1.56 (0.50 4.84) 0.440
HW 2 August 07, 2019 August 16, 2019 10 1 2.2 043 (0.05 3.30) 0414
HW 3 August 23, 2019 August 30, 2019 8 5 14 335 (1.06 10.54) 0.039
HW 1 HW 2 HW 3
50 6
45
40 / s
~ A - \ T -
- 1
& / &y N ~ - g e N -\ N wa
g /
§ = 3 8
% 9
g £
2 22
15
10
1
: | M \
0 | 0
SEESSSRRARRARRRARREEESERARRRARRRBRRRS
§ £ B6656868568655685565665585%888883¢§8838838383838 238388
g RO agagaied g g sge " oSS agnrSs RO RT
DATES
 HWs == Temperature Average death rates in reference periods e De aths Linear (Deaths)

Fig. 2. HWs and death distribution in Fethiye Province during the summer months in 2019.

with previous studies. In a study investigating deaths due to
HWs in 9 French cities, RRs were found to be 2.37 in
Bordeaux, 3.22 in Lyon, 5.0 in Paris, and 2.0 in Strasbourg
[3]. A study examining deaths due to HWs in 15 European
cities investigated how a 1°C increase in daily Tmax affected
deaths [26]. This study determined that a 1°C increase in the
daily Tmax above the threshold value caused an average of a
3.12% increase in death rates in the Mediterranean region
and 1.84% increase in the northern regions. A study con-
ducted in Belgrade, the capital of Serbia, examined the
effects of HWs on public health (Bogdanovic et al,
2013). This study found that 167 extra deaths were

Impact of HWs on Hospital Admissions
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estimated due to HWs. A study conducted in France in
2006 found that 2,065 extra deaths occurred during
HWs [7].

The effects of HWs on mortality were examined by sex.
A total of 22 extra deaths occurred during HW periods.
Eight of the deaths were females, and 14 were males. This
shows that males were the more affected group than females
during HWs. Previous studies found that women were
more affected than men during HWs [14, 27]. However,
it was found in some studies that men are the most affected
group than women during HWs. For example, in a study
conducted at Izmir Dokuz Eylul University, men were more
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Table 5. Gender-specific mortality rates due to HWs during the summer months in 2019

HWs Starting dates Ending dates HWs length Number of Average deaths RR  Confidence p value
deaths in HW rates in reference intervals
periods (2014-2018) (95% Cl)
Male
HW 1 July 05, 2019 July 13, 2019 9 10 4.0 234 (1.10 5.00) 0.028
HW 2 August 07, 2019 August 16, 2019 10 7 3.6 1.82 (0.76 4.36) 0.180
HW 3 August 23, 2019 August 30, 2019 8 8 3.2 234 (1.00 5.47) 0.049
Female
HW 1 July 05, 2019 July 13, 2019 5 34 1.38 (0.51 3.74) 0.530
HW 2 August 07, 2019 August 16, 2019 10 6 26 2.16 (0.82 5.69) 0.120
HW 3 August 23, 2019 August 30, 2019 8 5 24 195 (0.69 5.54) 0.210

affected than women in HWs [13]. The results of this study
seem to be consistent with the results of our study.

The ages at which HWs most affect people were also
examined in previous studies. Twelve percent of the Fethiye
population was over 65 years old in 2019 [15]. Previous
studies have shown that HWs affect older people more. To
determine HW and age-specific deaths, mortality data were
divided into two groups: adult (15-64 years) and elderly
(>65). When the deaths occurring in HW periods were
examined, it was found that elderly people were more
affected than those in other age groups. For the 3 HWs
that occurred in 2019, there were 22 extra deaths. Of these
extra deaths, 18 were elderly, and the remaining 4 were in
the ages between 15 and 64. The results of our study are in
good agreement with the previous studies. For example, a
study conducted in the Netherlands in 2001 determined
that HWs mostly negatively affect elderly people, and deaths
are mostly seen in people of this age group [23]. A study
conducted in California showed that elderly people were
found to be most affected group by HWs [8].

Conclusion

In this study, the effects of HWs on hospital admissions
and in-hospital mortality were investigated in the Fethiye
Province. A total of 3 HWs were detected in 2019, and it
was found that there were 9%, 11%, and 13% increases in
hospital admissions. In addition, the effects of the 3 HWs
on mortality were examined. Deaths during HWs in-
creased by 90%, 96%, and 118%, respectively, resulting
in 22 extra deaths. It was found that 82% of the deaths
occurred in those aged 65 and over, and 18% of them were
between the ages of 15 and 64. In addition, 64% of deaths
were males and 36% females. Since very few studies have
examined the effects of HWs on human health in Turkey
and there is no HW emergency action plan in Turkey,
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precautions should be taken against HW's that may occur
in the future. More research needs to be done in this area to
determine the effects of HWs on human health, the
environment, the economy, and migrations.
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