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Summary

Introduction: Heat waves (HWs) are one of the most important atmospheric events that negatively affect human
health. Studies show that HWs trigger many diseases causing an increase in hospital admissions, ambulance calls, and
emergency department visits during HW periods.

Objective: To analyze changes in drug sales in pharmacies during HW periods in order to determine human health
effects of HWs and to establish the most affected chronic diseases based on calculated sales growth.

Materials and methods: For this study, drug sales data were obtained from eight pharmacies located in different
districts of Istanbul and classified according to the indications they contained. Meteorological data were obtained from
the Istanbul Meteorological Directorate. HWs are defined as temperatures at a threshold of 90 % of daily maximum
temperatures lasting for at least 3 or more consecutive days. Using this definition, it was determined that a 14-day HW
occurred in Istanbul on July 12-26, 2023. In the analysis, pharmaceutical sales data between the 12th and 26th days of
each month, April, May, and June, were used as a reference. Risk ratios were found by comparing the drug sales rate in
the HW period with those in the reference periods. The significance values were calculated using the logarithmic Z test.

Results: During the heat wave, the sales of eye drops increased by 104 %, cardiovascular and blood pressure
medicines by 38 %, psychology and depression medicines by 37 %, respiratory and chest disease medicines by 17 %, and
antihistamines by 12 %.

Conclusions: The findings demonstrate that high temperatures triggered eye, chronic heart, psychological, and chronic
respiratory allergic diseases, as shown by increased sales of drugs used to treat these conditions. The results of the
study will guide future preventions to be taken against HWs.

Keywords: heat waves, drugs, pharmacy, chronic heart diseases, psychological diseases, respiratory diseases, eye
diseases.
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AHanu3 anTeyYyHbIX NPoAaXK JlIeKapcTBeHHbIX NpenapaToB ANA onpeAesieHUA BIIUAHUA
BOJIH Tensia Ha XpoHu4yecKue 3aboneBaHua B Ctambyne
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Pesiome

BgedeHue. BonHbl Tenna (BT) ABNATCA 0OHUM U3 BarKHENLWNX aTMocdepHbIX ABNEHUI, OKa3blBaOLWMX HeraTuBHoe
BNMAHWE Ha 300poBbe YesnioBeKa. MccnenoBaHWA NoKasbiBaloT, YTo BT BbI3biBAlOT MHOMECTBO 3a60/1eBaHN U, Kak cnen-
CTBME, BEAYT K YBEIMYEHUIO YMCa MrOCMUTanmM3auum, BbI30BOB CKOPOW MOMOLLM U NOCELLEHNA OTAENEHNN HEOT/I0KHOM
nomoLum B nepmogel BT.

Llenb uccnedosaHus: NPoaHanM3MpoBaTb M3MEHEeHWA B 06 bEMax anTeuHbIX MPOAaXK IeKapCTBEHHbIX NMpernapaToB B
rnepuoabl BOSH Teria C Lesiblo YCTaHOBEHUA UX BAIMAHUA Ha 300pOBbe YesloBeKa U BbIABUTb XPOHUYECKUe 3abonieBaHuA,
Ha KoTopble BT okasbiBaloT HaMbosblUee BO34eNCcTBME, HA OCHOBE pacyeTHOro pocTa Npoaa.

Mamepuarnel u Memodbl. nA 3Toro uccnefnoBaHWsa 6bisv NoslyYeHbl AaHHbIE 0 MPOAAXKaX JIeKapCTBEHHbIX CPeacTs,
KnaccMdumLUMpoBaHHLIX B COOTBETCTBUM C COAEPHKALUMMUCA B HUX MOKa3aHUAMU, U3 BOCbMM anTeK, PacrosiorKeHHbIX B pa3HbiX
panoHax CtaMbyna. MeTeoponormyeckme gaHHble 6611m rnosyyeHsl oT CTamMbyIbCKOro METEOPOJIOrMUYECKOro YrpaB/ieHUs.
BonHaMu Tenna cuntalTcAa TeMnepaTtypbl atMocdepHoro Bosayxa, aocturawwwme 90 % oT MakCMMasibHbIX CYTOYHbIX
TeMrepaTtyp, coxpaHsioLmMecs B Te4eHne Tpex u 6onee nocriegoBaTtesibHbIX gHen. CornacHo 3ToMy onpedeneHuio, ¢ 12 no
26 niona 2023 rona B Ctambyne Habnmoganack 14-gHeBHanA BonHa Terna. B xone aHanvsa ansa cpaBHeHWUs UCMosib30Ba-
NNCb AaHHble 0 Npogarkax apmaueBTUYecKMX npernapaToB ¢ 12-ro no 26-e 4Mcio Kawaoro Mecsua, a UMeHHo: anpens,
Mas 1 uioHA. OTHOCUTENbHbIE PUCKU BbINIM paccyMTaHbl NyTEM CpaBHEHWs MoKasaTtesiel NpoOa JIeKapcTBeHHbIX CpeacTs
B Nepuon BOJIHbI TeMS1a C KOHTPOJIbHBLIMKY MOKasaTenAaMU. 3Ha4YeHUA CTaTUCTUYECKOM 3HAUYNMMOCTM BbININ paccunTaHbl C
1cnosib30BaHWeM norapmdmuyeckoro Z-tTecTa.

Pe3ynbmamei. B nepvoa BonHbI Ternsia Npoaarky rnasHbIx Kanesb Bbipocnn Ha 104 %, npenapaTtoB AnA neveHns cep-
[e4YHO-CcoCyanCTbIX 3abosieBaHU U rMNepToHMM — Ha 38 %, NCUXMYecKUX paccTpoicTB U Aenpeccun — Ha 37 %, 6onesHei
opraHoB AbIxaHunA — Ha 17 % 1 aHTUrMCTaMUHHBIX NpenapaToB — Ha 12 %.

Bbigodsl. Pe3ynbTaThl MOKa3biBaloT, YTO BbICOKME TeMMepaTypbl Bbi3biBalOT 60/1€3HU F1as 1 cepaua, NCMxXmM4YecKme pac-
CTPOICTBA U pecrnupaTopHbIe anfieprum, o YeM CBUOETENIbCTBYET POCT NPoAaXK JIeKapCTBEHHbIX CPeaCcTB, UCMOJIb3yeMbIX
ONA nevyeHns 3TUX CoCToAHWUN. Pe3ynbTaTbl nccienoBaHua 6yayT onpeaenaTb Mepbl, KOTopble OOHHbl 6biTb NPUHATHI
MpoOTMB BOJIH Tera B byayLiem.

KniouyeBble cnoBa: BosiHbI TEMNna, NeKapcTBeHHble rnpenaparThbl, anTtexka, 60ne3Hn cepaua, ncnxmyeckme paCCTpOVICTBa,
6onesHu opraHoB OblXaHWA, 60ne3HM rnas.

[na yutupoBanua: 03TiopK 0. AHanu3 anTeyHbIX NPOAANK JIEKAPCTBEHHBIX MPenapaToB A1 orpeAeneHusa BAAHNA BOJH Tena Ha
XpOHMYecKue 3aboneBaHnA B CtaMbyne // 3popoBbe Hacenewua 1 cpefa obutanma. 2025. T. 33. N2 6. C. 34-39. doi: 10.35627/2219-
5238/2025-33-6-34-39
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1. Introduction

Recent studies show that heat waves (HWSs)
negatively affect human health [1, 2, 3]. Studies
investigating the relationship between HWs and health
show an increase in mortality [4]. In 2003, it was found
that 70,000 extra deaths occurred across the continent
due to HW in Europe [5]. It was determined that 14,800
extra deaths occurred only in France due to the HW
[6]. A study conducted in Istanbul found that 419 extra
deaths occurred in HW between 2013 and 2017 [7]. In
2016, 29 extra deaths occurred in HWs in Izmir [8]. A
study conducted in Fethiye, Turkiye, determined that
22 extra deaths occurred due to HW [9].

Studies to determine the human health impacts of
HWs have examined increases in hospital admissions
[10], emergency room admissions [11], and ambulance
calls [12] in addition to deaths. A 2006 study of the
human health impacts of a HW in California found
approximately 16,166 additional emergency room visits
and 1,600 additional hospitalizations [13]. A study in
Italy found that a one-day increase in HW duration
resulted in a 16 % increase in hospital admissions
[14]. A 2011 study in Sydney, Australia, found a 2 %
increase in emergency room admissions, a 14 %
increase in ambulance calls, and a 13 % increase in
mortality rates due to HW [15]. A study conducted in
Perth, Australia, determined a 4.4 % increase in total
emergency room visits during HW periods [16]. A study
conducted in the USA found a 3 % increase in hospital
admissions during HW periods [17]. A study conducted
in Korea found a 4 % increase in hospitalizations due
to high temperatures during HW periods [18].

Studies have shown that HW triggers some chronic
diseases [19]. In a study conducted in the USA, it was
determined that HWs trigger heart diseases [20]. It has
been determined that increases in cardiovascular and
blood pressure diseases [21], chest and respiratory
diseases [22], and psychological and mental diseases
[23] occur during high-temperature periods. In a study
conducted in Edirne, Turkiye, it was determined that
there was a 36 % increase in cardiology outpatient
clinics, a 24 % increase in neurology outpatient clinics,
and a 17 % increase in pulmonology outpatient clinics
during the HW period [24].

Examining the studies in the literature, the effects
of HW on human health have generally been studied
with data from hospitals. However, a study investigating
which diseases are more affected by heat waves by
examining the changes in drug sales during heat wave
periods has not yet been conducted. Therefore, it was
deemed appropriate to conduct this study.

This study aims to reveal the effects of HWs on
human health in Istanbul. For this purpose, the study
tried to determine which diseases are more affected
by HWs by examining the changes in drug sales in
pharmacies during HW periods compared to reference
periods. The results obtained from this study will be
helpful for future studies on protection against high
temperatures.

2. Materials and Methods

2.1. Study Area

Istanbul is located between 280°' and 290° east
longitude and 410°" and 400°' north latitude in the

Marmara Region. It has a height of 40 m above sea
level and a surface area of 5.196 km?, with a population
of 15,000,000 people. It has a transitional climate
between the Black Sea and Mediterranean climates.
The hottest month in the region is August, with an
average of 29.6 °C. The coldest month is January,
with an average of 4.1 °C.

2.2. Pharmaceutical Data

Pharmacy data was collected from six pharmacies
in different districts of Istanbul. These data cover 14
days of pharmaceutical sales between the 12" and
26™ of each month between April and July 2023.
Since pharmacies in Turkiye are closed on Sundays,
data for this day is not available. In the analyses,
medicines are grouped according to the indications for
which they contain. Accordingly, drugs are grouped as
painkillers, antihistamine drugs, antibiotics, eye drops,
cardiovascular and blood pressure drugs, fungicides,
stomach drugs, psychological and antidepressant
drugs, respiratory and lung diseases drugs.

2.3. Meteorological Data

Meteorological data was obtained from the Fethiye
General Directorate of Meteorology Branch. The
meteorological data includes the daily maximum
temperature data of Istanbul for 2023.

2.4. Definition of Heat Waves

Since everyone accepts no common definition of
HW, many definitions have been used in the studies
[25]. In these definitions, daily maximum [26], minimum
[27] and average temperatures [28]; relative values
such as 90 %, 95 % [29] or fixed thresholds such as
30 °C, 35 °C [30] and consecutive temperatures such
as two days, three days, or four days [31] were used.
This study defines HW as temperatures that persist for
at least three consecutive days or more at 90 % as a
threshold value, using daily maximum temperatures.
With this definition, the HW that lasted 14 days between
July 12 and 26 in Istanbul in 2023 was detected. April,
May, and June were selected as the reference period
for the analysis. The days between the 12% and 26%
of each month in the reference period were used as
reference days in the analysis.

2.5. Statistical Analysis

The Microsoft Office Excel (Microsoft Corporation,
Redmond, WA, USA) was used for statistical analysis.
Increases in pharmaceutical sales during the HW
periods were calculated using equations 1 and 2 below.
Risk ratios (RR) and their significance were calculated
using equation 3 below. A 95 % confidence interval
was also calculated. For statistical significance, the
p-value < 0.05 was accepted. Natural logarithmic
Z tests were used to compare drug sales rates in the
HW period with those in the reference periods [24].
The Z test was calculated using equation 6 below, and
the p-value was calculated using equation 7 below.

Number of Drugs Heatwave Period

(M

DR =
(Heatwave) Population - Number of Days Heatwave Periods

Number of The Drugs Referaence Period

DR peferance per ©°d™ population - Number of Days Referaence Periods @
DR
(HeatWave)
(Referance Period)
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\/ Numbers of Drugs Heatwave Period

VarOR eaoove)= Population - Number of Days Heatwave Periods )
_ / Numbers of Drugs Referance Period
VarORsgronce period =V (Population - Number of Days Referance Periods)? ®)
Z — ln(DRheat wuve) - ln(DRreferunce periad) (5)
\/ var(DRheat wave) —var(DRreferance period)
(D R heat w::/ve)2 (D R referance ,ae'riz:rd)2

P Value = 2x(1-Normdist(Z,avarage; standard deviation;cumulative) (7)

Where DR,,...... represents the drug sales rate in
the HW period and DR,/ uence perios FEPYESENtS the drug
sales rates in the reference periods.

3. Results

Table 1 presents meteorological data for Istanbul.
Accordingly, the highest daily temperature was 37.7 °C
in July, and the lowest was 9.3 °C in April. When drug
sales were analyzed by month, the highest number of
sales occurred in June, with 8,627 items.

Table 2 presents information on drug sales grouped
by active ingredient. This table shows the RR and
confidence intervals calculated by comparing the
amounts of medicines sold during the HW period with
those sold during the reference months. Accordingly, the
RR indicating the increase in eye drops sales during the

https://doi.org/10.35627/2219-5238/2025-33-6-34-39
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HW period was calculated as 2.04 (95 % Cl: 1.56-2.67,
p < 0.05). The RR indicating the increase in sales of
cardiovascular and blood pressure medicines was 1.38
(95 % CI: 1.32-1.46, p < 0.05), while the RR indicating
the increase in sales of psychology and depression
medicines was 1.37 (95 % Cl: 1.26-1.50, p < 0. 05),
RR 1.17 (95 % Cl: 1.03-1.33, p < 0.05) indicating an
increase in sales of medicines for respiratory diseases
and RR 1.12 (95 % ClI: 1.02-1.22, p < 0.05) indicating
an increase in sales of medicines for allergies.

There was a decrease in the sales of antibiotics
and painkillers during the HW period. Accordingly,
the RR indicating the decrease in antibiotic sales
was 0.82 (95 % Cl: 0.77-0.87, p < 0.05), and the RR
indicating the decrease in painkiller sales was 0.850
(95 % Cl: 0.81-0.89, p < 0.05). Increases in the sales
of medicines used for fungal and stomach diseases
were not statistically significant.

4. Discussion and Conclusions

The study found a 108 % increase in the sale of eye
drops during the HW period. One of the reasons for this
increase is thought to be that the eyes are exposed
to more sunlight due to the decrease in cloud cover in
the sky during HW periods. Studies have shown that
cloud cover decreases during HW periods [32]. Due
to this decrease, more sunlight comes to the earth's
surface, and the earth is exposed to more light [26]. As

Table 1. Descriptive data for Istanbul
Tabnuya 1. OnucaTtenbHble AaHHbIe No CtaMbyny

April / Anpenb May / Mait June / WioHb July / Mionb
Maximum temperatures / MakcumanbHble TeMnepartypbl (°C) 238 28.8 32.0 37.7
Minimum temperatures / MunumanbHble TeMnepartypsl (°C) 9.3 13.9 21.2 28.2
Average insolation duration (hours) /
CpefHAA NPOAOMKUTENBHOCTL MHCONALMM (B Yacax) & 74 8.7 =
Total drug sales (quantity) (between 12—26 of each month) /
061K KoNMYecTBEHHbIA 06beM NPOAaXK NEKAPCTBEHHDIX 7,723 7,200 8,627 8,014
npenapato (c 12 no 26 44cno Kaxporo MecALa)

Table 2. Changes in pharmaceutical sales during heat waves

Tabnuya 2. aMeHeHUA B npofaxkax ¢papMaLeBTMYecKMX NpenapaTos B nepyMoAbl aHOMasibHOM »Kaphbl

Medicine sales | Total medicine sales
during HW / in the reference RR .
- Confidence interval /
. 06bem npopak period / (95%¢Cl)/ -
Medicines / /lekapcTBeHHble npenapar Npenaparos B 06w obbem npo- | O (95 % ,[lOB:l-Ip:eTe:::bIM p
Nepuof BOSHbI [ax npenaparos B ) p
Tenna Mepuofbl CPaBHEHMA
Eye drops / ['nasHble Kanm 87 142.0 2.04 1.56 2.67 0.000
Heart and blood pressure /
lpenapatbl AnA neyeHUA cepae4H0-CoCcyANCTbIX 2174 5235.0 1.38 1.32 1.46 0.000
3ab0neBaHuil ¥ TUNEPTOHMN
Psychology and depression /
[lpenapatbl AnA NeYeHUA NCUXMYECKUX PacCTPOIACTB m 1724.0 1.37 1.26 1.50 0.000
W fenpeccuu
Respiratory /
lpenaparbl Ans neveHus 6onesHeid OpraHoB AblXaHus 324 9230 117 103 133 0.015
Antibiotics / AHTMOMOTUKM 1326 4865 0.82 0.77 0.87 0.000
Allergy / CpepcTaa ot anneprim 611 2009 1.12 1.02 1.22 0.016
Analgesic / AHanbreTvku 2743 9695.0 0.85 0.81 0.89 0.000
Fungal diseases / lpoTuBorpubKoBbie npenaparbl 406 1158 1.05 0.94 1.18 0.381
Gastrointestinal diseases /
lpenaparbl Ans NeyeHns ey f0YHO-KULLIEYHOr 0 TPaKTa 63 1753 108 0.99 119 0.078
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a result, eyes are thought to be negatively affected.
Additionally, studies show that heat waves increase
air pollution [33]. Therefore, it may cause an increase
in eye infections during HW periods. A study conducted
in Spain determined an increase in eye diseases during
HWs [34]. In another study, deterioration of the retina
of the eye was observed at high temperatures [35].
The results of these studies are consistent with the
findings described. The increase in eye drop sales during
the heatwave HW period show that high temperatures
contribute to a rise in eye diseases.

The results demonstrated a 38 % increase in sales
of chronic heart and blood pressure medications during
the HW. The studies investigating the relationship
between temperature and health show that chronic
heart diseases are among the diseases most affected
by high temperatures [36]. It has also been determined
that there is an increase in deaths due to heart diseases
during HW periods [37]. A study determined a 36 %
increase in the patient density of the cardiology
outpatient clinic due to high temperatures [24].
Considering these studies conducted in many parts of
the world, one may conclude that HW triggers heart
disease. Therefore, the increase in cardiovascular and
blood pressure medications during heatwave periods
matches the findings of studies conducted in this field.

It was determined that there was a 33 % increase
in sales of mental health medications during the HW
period. The increase in the number of psychology
patient applications in hospitals during HW periods
is thought to have caused an increase in drug sales.
Previous studies have shown that while there is an
increase in psychology outpatient clinic visits during
HW periods [38] there is an increase in suicide cases,
bipolar disorder diseases, and dementia. [39]. The
increase in these diseases during the HW period is
thought to increase the sales of drugs used to treat
these conditions.

The study revealed a 20 % increase in sales of
medicines for respiratory diseases and a 10 % increase
in those of antihistamines. This result coincides with
the results of previous studies. One study determined
that the number of respiratory patients admitted to the
hospital increased during the HW period [40]. Another
study showed an increase in respiratory and allergic
diseases due to air pollution during the HW period [22].
A study investigating the effects of global warming
on allergies determined that air pollution increased
due to the warming of the atmosphere, resulting in
an increase in allergy rates [41]. It is thought that
the increases in respiratory diseases during the HW
period also led to an increase in the sales of drugs
used to treat these diseases. Therefore, the results
of the study overlap with the results of those studies.

During the HW, sales of antibiotics used to treat
infectious diseases decreased by 18 %. This result
coincides with the study conducted in Singapore, which
showed a 13 % reduction in dengue fever infectious
disease during HWs [42]. This study determined
that high temperatures reduced the reproduction of
mosquitoes and consequently decreased infectious
disease spread by mosquito bites. A study conducted
in Australia determined a 19 % decrease in hospital

admissions due to Campylobacter infectious disease
during the HW period [43].

Acknowledgement: The author would like to thank
eight pharmacy owners from Istanbul for providing
pharmaceutical sales data.

BnaropgapHocTtb: aBTOp X0Ten 6kl NobnaroaapuTb
BOCEMb BrlagesibLeB cTaMbyIbCKMX anTeK 3a npeno-
CTaBfieHMe AaHHbIX 0 MpoAarkax dapmaueBTUHecKomn
npoayKummn.
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