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ABSTRACT

BACKGROUND: We aimed to evaluate the impact of heatwaves on daily deaths due to non-accidental, cardiovascular and respiratory
causes in the city of Dezful in Iran from 2013 to 2019.

METHOD: We collected daily ambient temperature and mortality and defined 2 types of heatwaves by combining daily temperature =90th
in each month of the study period or since 30years with duration =2 and 3days. We used a distributed lag non-linear model to study the
association between each type of heatwave definition, and deaths due to non-accidental, cardiovascular and respiratory causes with lags
up to 13days.

RESULTS: There was no discernible correlation in this area, despite the fact that heatwaves raised the risk of death from cardiovascular
causes and lowered the risk from respiratory causes. On the other hand, the risk of total non-accidental mortality on days with the heatwaves
is significantly higher than normal days. In main effects, the heatwaves have a significant relationship with the risk of total non-accidental
mortality (in the first heatwave definition, Cumulative Excess Risk (CER) in lag,., was 10.4 and in second heatwave definition, CER values in
lago, 02, and 0.6 Were 12.4, 29.2, and 38.8 respectively). Also, in added effects, heatwaves have a significant relationship with the risk of total
non-accidental mortality (in the first heatwave definition, CER in lagg anq 0. Were 1.79 and 4.11 and in the second heatwave definition, CER
values in lagg g.2 ang 0.6 Were 7.76, 18.35 and 24.87 respectively). In addition, heatwaves appeared to contribute to a cumulative excess risk
of non-accidental death among the male group as well as the older adults.

CONCLUSION: However, the results showed that heatwaves could have detrimental effects on health, even in populations accustomed to
the extreme heat. Therefore, early warning systems which monitor heatwaves should provide the necessary warnings to the population,
especially the most vulnerable groups.
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Background

One of the growing natural hazards around the world is tem-
perature rise, linked to climate change, and increasingly
resulting in extreme temperature events called “heatwaves.”
Various studies show that heatwaves have severe negative
effects on human health.?> Due to the increasing global
temperature’® and the subsequent increasing frequency and
severity of the extreme weather events,”” heatwaves became
important health concerns worldwide.”7 Prior studies pro-
vide evidence that heatwaves are associated with increased

risk of deaths, hospitalizations, and emergency visits.10-19
Heatwaves are projected to increase in frequency, length,
and intensity due to the continued climate change.?0!
Understanding the relationship between heatwaves and
health is critical for better planning, mitigation strategies,
preparedness, and timely response.?? This is complex: the
association between temperature and health outcome
depends on climatic zone and latitude and it is therefore
necessary to study the health impacts of heatwaves in differ-
ent latitudes?® and specific climatic conditions. Although
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Figure 1. Map of world (left), Iran (right) included Dezful location.

the effects of heatwaves, especially health effects, have been
assessed in several settings internationally, but most heat-
wave studies have been conducted in temperate or cold
regions.?+28

There are limited studies on the effects of heatwaves on
health in the Middle East in general and in Iran in particular.?”
In recent years, studies on the effect of heatwaves on health had
been conducted by Sharafkhani et al,'® Ahmadnezhad et al,'”
and Aboubakri et al?’3® in 3 cold regions in Iran (Tehran,
Urmia, and Kerman cities, respectively). These regions have a
completely different climate from Khuzestan province and the
city of Dezful, located in the southwest of Iran. There are few
studies in developing countries that have examined the effects
of heatwaves and their impact on public health in areas with hot
climates or high-average temperatures.!*3! For example, there
were studies done in India, which has a hot climate, but the
average, minimum, and maximum base temperatures of the
studied cities differ than that of Dezful.'#3! Although many
studies have been carried out across the world on the effects of
heatwaves on health, the harmful health consequences of this
type of natural hazard in areas with hot climates have not been
tully identified.?” Dezful is a city in a region with hot and humid
climate, where the temperature reaches above 50°C in the sum-
mer, one of the hottest cities in the world. Consequently, it is
necessary to study and measure the effects of this natural disas-
ter on the health of people in this city. This study aims to assess
the effect of heatwaves on mortality as the most important
health criterion.

Materials and Methods

We use an ecological time series model to investigate the rela-
tionship between heatwaves and daily non-accidental (NAD),
respiratory, and cardiovascular deaths in the city of Dezful
from 2013 to 2019.

Climate and location of Dezful

Dezful is a city with a hot and humid climate,3?-34 located in the
north of Khuzestan province in Southwest of Iran (Figure 1).%
It is located 142m above the sea level.3%% According to the
2016 census, Dezful had a population of 444000. It has warm
summers (sometimes sultry) and Mediterranean winters. The
average annual rainfall in Dezful is about 400 mm.32-34

Awverage temperature in Dezful

The hot season lasts for 4.0 months, from May 23 to September
23, with an average daily high temperature above 40°C. The
cool season lasts for 3.4 months, from November 26 to March
7, with an average daily high temperature below 22.77°C.
Annual weather averages summary is provided in the

Supplemental Material (Additional File 1: Appendix 1).3%34

Mortality data

We obtained daily mortality data between 2013 and 2019 from
the Deputy of Health at the Dezful University of Medical
Sciences. Cause-specific mortality was coded according to 10th
revision of International Classification of Diseases (ICD-10):
non-accidental (ICD-10: A00-R99), cardiovascular (ICD-10:
100-199), and respiratory diseases (ICD-10: J00-J99). Daily
deaths were then aggregated by age (<15, 15-64, 65-74, and
=75 years) and sex (male vs female).

Meteorological data

We obtained daily maximum temperature, minimum tempera-
ture, maximum relative humidity, and minimum humidity
from the Islamic Republic of Iran Meteorological Organization.
We calculated daily mean temperature by taking the average of
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maximum and minimum temperature, and daily mean relative
humidity by taking the average of maximum and minimum
relative humidity. We also obtained daily PM,s and PM,,
between 2013 and 2019 from the Khuzestan Department of
Environment. Locations are provided in the Supplemental

Material (Additional File 1: Appendix 2).

Definitions of heatwaves

Since there is no global consensus on the definition of a “heat-
wave,” particularly in settings with average high temperatures.
We considered 2 definitions based on prior studies.!?-2>36:37 For
the first definition, we defined heatwave as daily maximum
temperature =90th percentile of maximum temperature in
each month of the current study period with duration =2 days
as a Definitions of heatwave, (HW),).36-38 For the second defi-
nition, we defined heatwave as daily maximum temperature
=90th percentile of maximum temperature in data for a
30-year period from 1983 to 2012 with duration =3 days as a
Definitions of heatwave, (HW,).17 Details are provided in the
Supplemental Material (Additional File 2: Appendix 1).

Design

We assessed both the main and added effect of heatwave on
mortality.’>3° The main effect of heatwave was used to investi-
gate the effects of heat, and the added effect of heatwave was to
examine the effects caused by heat persistence.’>% In this
study, all the heatwaves in Dezful city occurred during the
warm months from 21 March to 21 October (which is equal to
the beginning of Farvardin month till the end of Mehr in the
Persian calendar). We calculated the main effects as the risk of
mortality at the median temperature among the heatwave days
relative to the risk of death at the 65th percentile of annual
temperature distribution, which temperature percentile was
the percentile at the lowest risk of mortality (Supplemental
Material Additional File 2: Appendix 2).151¢ We calculated the
added effect as the risk of deaths during heatwave days relative
to non-heatwave days. Details are provided in the Supplemental
Material (Additional File 2: Appendix 3). In the last decades,
Dezful has been exposed to environmental pollutants from
desert dust.3>* The results of previous studies indicate that
human health is affected by environmental pollutants caused
by dust storms. Therefore, the effects of these 2 environmental
pollutants (PM,, and PM, ;) were taken into consideration in
this study.404!

Statistical analysis

Given that the distribution of daily deaths follows the Poisson
distribution, we estimated the association between heatwave
and deaths using a quasi-Poisson regression combined with a
distributed lag nonlinear model. The distributed lag nonlinear
model allows us to model both the nonlinear and delayed

effects of heatwave. We modeled the lag function using a natu-
ral cubic B-spline with 2 knots placed at equal intervals on the
logarithmic scale of the lags up to 13 days.1>16:3°

LogE [Y]=a+cb (T, 2, 3) +cb (T, 2, 3) +ns (PMy,
df=3)+ns (PM,,, df=1)+ns (RH, df=2)+ns (Season,
df=3) + ns (Time, df=7) + DOW + Holidays

Where Y, is the number of deaths on day t, T, refers to the
main effect, that is a 2-dimensional natural spline with 2 degree
of freedom (df) for temperature ('T') and 3 df for lagged tem-
peratures, with maximum lag as 13.T, refers to added effect,
which is a binary variable assuming value 1 during the heat-
wave, with maximum lag as 13. Effect of potential confounders
controlled by natural spline function. Relative humidity (RH)
with 2 df, PM,, with 3 df [ns with 3 df is a linear term] and
PM, . with 1 df [ns with 1 df is a linear term]. Season means
the variation during the warm season, that is adjusted by a nat-
ural spline with 3 df. The effect of time trend is adjusted by a
natural spline with 7 df per year. The effects of days of week
(DOW) and holidays are adjusted by including categorical
variables in the models. We conducted all analyses in R soft-
ware (version 3.5.1) with the Distributed Lag Non-linear
Model (DLNM) package to model the nonlinear and delayed
effects of heatwave. Details are provided in the Supplemental
Material (Additional File 2: Appendix 4).4243

Sensitivity analysis

In the 2 DLNM matrices constructed, the df for the variable
and lags was selected based on the lowest Akaike Information
Criterion (AIC) value. In both matrices, the degrees of lag
freedom and degrees of variable freedom were tested between 2
and 5. We used the lowest Quasi-Akaike Information Criterion
value to guide the selection of the degrees of freedom for the

lags and variables. Details are provided in the Supplemental
Material (Additional File 2: Appendix 4).

Subgroup analysis

To examine whether the effects of heatwave are varied by per-
sonal characteristics, we did subgroup analysis by age group
(<15,15-64, 65-74, and =75 years) and sex (male vs female).

Results

Descriptive results

Table 1 shows the meteorological, heatwaves, and mortality
characteristics of Dezful city and the study population, and
heatwaves during the warm season from 2013 to 2019. The
mean number of total non-accidental daily mortality in Dezful
during the study period was 8.33 £ 3. The daily temperature
and humidity during the same period in Dezful were
24.6°C £9.3°C and 51.2% = 21.2%, respectively. Other mor-
tality, meteorological, and heatwaves characteristics are pro-

vided in Table 1.
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Table 1. Mortality, meteorological, and heatwaves characteristics of
Dezful city (2013-2019).

VARIABLE VALUE

Daily death number by causes (number) mean (SD)

Non-accidental 8.3 (3)
Respiratory 0.6 (0.6)
Cardiovascular 3.5(1.9)
Daily death number by age (years) mean (SD)
<15 1.1(1.1)
15-64 2.8(1.7)
65-75 1.1 (1)
=75 31 (1.8)

Daily death number by gender (number) mean (SD)
Male 4.8 (2.2)
Female 3.4 (1.9)

Daily temperature (°C): Mean (SD)

Daily temperature 24.6 (9.3)
Minimum temperature 171 (7.8)
Maximum temperature 33 (10.7)
Daily relative humidity (%): Mean (SD)
DRH 51.2 (21.2)
Heatwaves characteristic
Number per year [mean (min, max)]
HW, 6(2,7)
HW, 6.6 (2, 8)

Average heatwave intensity (°C) [mean (min, max)]

HW, 44.7 (35.5, 51.2)

HW, 47.9 (47, 51.2)
Average heatwave duration (day) [mean (min, max)]

HW, 2.6 (2,6)

HW, 41 (3, 13)
Start date of heatwave (earliest, latest)

HW, 28 Mar, 10 Oct

HW, 11 Apr, 30 Sep

Abbreviations: °C, Centigrade; DRH, daily relative humidity; HW,, heatwave
definition 1 was defined as daily maximum temperature =90th percentile of
maximum temperature in each month of the current study period with duration
=2days; HW,, heatwave definition 2 was defined as daily maximum temperature
=90th percentile of maximum temperature since last 30years ago [1983-2012]
with duration =3days; SD, standard deviation.

The model results

Table 2, show the Cumulative excess risk in Dezful for non-
accidental, cardiovascular and respiratory deaths (Supplemental
Material Additional File 3: Appendix 1 and 2). As these table
and figures shows, heatwaves were not related to cardiovascular
and respiratory mortality, but in the main effects, the HW,
heatwaves significantly increased the excess risk of NAD in
lag,_, (10.43; 95% CI: 0.63, 20.59); and in addition, regarding
HW,, heatwaves significantly increased the excess risk of
NAD in lag, (12.48; 95% CI: 2.81, 23.05), lag,_, (29.20; 95%
CI: 8.99,50.88) and lag, ¢ (38.86; 95% CI: 3.35, 76.44).

Also, in the added effects of the HW,, the excess risk of
non-accidental death increased significantly in lag, (1.79; 95%
CI: 0.02, 3.59) and lag, , (4.11; 95% CI: 0.44, 7.83). In addi-
tion, regarding HW,, heatwaves significantly increased the
excess risk of non-accidental death in lag, (7.76; 95% CI: 1.88,
13.99), lag,, (18.35; 95% CI: 5.99, 31.25) and lag, ¢ (24.87;
95% CI: 2.96, 47.56).

Figures 2 and 3 also shows the Cumulative excess risk of
non-accidental death for the city of Dezful based on age and
sex. As shown in this figures, in main and added effects, heat-
waves significantly increased the excess risk of non-accidental
death in people equal or more than 75years old and the male
group.

In this regard, in the main effect and added effects, HW,
increases the excess risk of non-accidental death in the male
group (Main effects: lag, , (13.56%; 95% CI: 0.48,27.27), and
Added effects: lag,_, (13.56%; 95% CI: 0.48,27.27)). In addi-
tion, the main effects of the HW, significantly increased the
excess risk of death for people over 75 years old and was deter-
mined in the lag, (15.84%; 95% CI: 0.47, 33.57) and lag,,
(32.53%; 95% CI: 0.67, 68.17). For the male group, there was a
significant increase in the excess risk for lag, (17.83%; 95% CI:
4.58, 32.75) and lag,, (39.61%; 95% CI: 12.15, 69.77). In
addition, in the added effects of the HW,, the excess risk of
death for people over 75 years old in lag, (9.47%; 95% CI: 0.14,
19.67) and lag,_, (19.91%; 95% CI: 0.41, 40.81) increased sig-
nificantly. This noteworthy increase was also evident in the
male group in the same conditions in the lag, (11.25%; 95%
Cl:3.27,19.84),lag, , (25.23%; 95% CI: 8.59,42.86) and lag_,
(30.53%; 95% CI. 1.35, 61.12) (Supplemental Material
Additional File 3: Appendix).

Discussion

In this study, we found that heatwaves are associated with a
higher excess risk of non-accidental mortality in Dezful city,
which has much higher base temperature than most previous
studies about heatwaves and health.

Our results are similar to the findings of some other studies
with the same temperature and cold regions.?”*% In this
regard, Linares* stated that, in Spain increasing each Celsius
degree of daily maximum temperature from the threshold of
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Table 2. The cumulative excess risk of non-accidental, respiratory, and cardiovascular deaths due to heatwaves.

LAG DAY

HEATWAVE DEFINITION 1a

MAIN EFFECT

ADDED EFFECT

HEATWAVE DEFINITION 2°

MAIN EFFECT

ADDED EFFECT

Non-accidental 0 4.60 (-0.12, 9.56) 1.79 (0.02, 3.59)***  12.48 (2.81, 23.05)*** 7.76 (1.88, 13.99)***
N=1sad 0-2 10.43 (0.63, 20.59)*** 4.11(0.44,7.83)**  29.20 (8.99,, 50.88)***  18.35 (5.99, 31.25)***
0-6 12.78 (-4.47, 30.55) 5.18 (-1.31, 11.76) 38.86 (3.35, 76.44)*** 24.87 (2.96, 47.56)***
0-13 817 (-23.01, 40.18) 3.10 (-8.75, 15.08) 21.96 (-40.19, 87.41) 14.09 (-24.78, 54.24)
Cardiovascular 0 2.56 (-3.04, 8.50) 0.89 (-1.22, 3.05) 8.95 (-2.50, 21.77) 5.30 (-1.76, 12.87)
N=6470 0-2 5.64 (-6.03, 17.83) 2.02 (-5.32, 10.43) 19.42 (-4.64, 45.68) 11.70 (-3.18, 27.41)
0-6 6.46 (—14.16, 27.82) 2.50 (-5.32, 10.43) 21.27 (-21.16, 66.77) 13.35 (~13.10, 40.98)
0-13 5.88 (~31.65, 44.63) 1.98 (-12.33,16.46)  13.82 (-61.75, 94.35) 8.25 (-39.19, 57.61)
Respiratory 0 0.01 (~18.20, 22.23) -0.90 (-8.19,6.97) 1.29 (-30.56, 47.77) 110 (-22.09, 25.54)
N=T16s 0-2 ~3.48 (-41.83, 41.34) -3.30 (-18.59, 12.92)  -6.65 (—74.65, 84.77) -8.34 (-53.18, 45.67)
0-6 -16.22 (-84.71, 61.31) -8.48 (-36.75,20.10)  —-41.40 (-163.9, 114.1) -30.91 (-112.1, 63.4)
0-13 -15.59 (-142.01, 125.8) 7. 96 (-57.8, 44.1) -48.74 (-278.1, 236.2) -34.33 (-184.7, 137.8)

Bold typeface with ***: indicates statistical significance at P <.05.
aHeatwave definition 1 was defined as daily maximum temperature =90th percentile of maximum temperature in each month of the current study period with duration

=2days.

bHeatwave definition 2 was defined as daily maximum temperature =90th percentile of maximum temperature since last 30 years ago [1983-2012] with duration

=3days.

37°C could increase the risk of mortality by 10.3%. Also, simi-
lar results were found in studies conducted in Brazil*” and
India.}*3! In these studies, which examined the effect of heat-
waves on the mortality of 4 cities with high average tempera-
tures, Azhar et al'* and Nouri Sarma3! found that the risk of
death on days with heatwaves has increased significantly. This
shows that high temperatures, even in communities that are
adapted to the extreme heat, can have adverse effects on the
health of the exposed people. The heat-related deaths may
occur in exposed humans due to increased blood viscosity, and
known clinical syndromes such as heatstroke, dehydration, and
cardiovascular diseases.1#3148:49 Moreover, the results show that
heatwaves significantly increase the risk of non-accidental
death in the male group and those over the age of 75. The
results of most similar studies support the findings of this study
on the stronger effect of heatwaves on the risk of death of the
elderly.’>°9-52 This might be due to the reduced capacity of
elderly to regulate temperature and taking medication that can
intervene with the natural sweating process.”>>* The studies in
line with Thermoregulation in older adults’ state that with
increasing age, the activation of dilation process of skin vessels
and sweating following an increase in body temperature against
heat stress decreases, and consequently, body heat storage and
core temperature are higher in older adults compared to
younger adults during environmental heat exposure.>

In terms of the greater effects of heatwaves on the increased
risk of death in the male group, in some studies the male group

had a higher risk of death than females!®*; however, in other
studies, females were more likely at risk of death from heat-
waves than the male group.’>*? These differences may be
related to the lifestyle, economic context, and social and cul-
tural characteristics of the people of each community.’®
Importantly, any change in any of the above cases can change
the vulnerability of men and women to heatwaves. In this
regard, the studies show that people who work under the sun or
in hot weather, especially during heatwaves, are more at risk, so
maybe in this region, because men are more exposed to heat-
waves and hot weather while working outside, they are more at
risk.56:57

Although elevated ambient temperature is associated with
airway hyper-responsiveness, fluid and electrolyte imbalance,
increased heart rate, and plasma cholesterol, the cardiovascular
and respiratory effects of exposure to heatwaves are inconsist-
ent in several studies.?® The results of this study show that
heatwaves can increase the risk of cardiovascular death in all
lags. However, for respiratory death, this increase occurred only
slightly in the lag,. But in other lags, the risk of respiratory
deaths was reduced, although the consequences of these deaths
were insignificant. In this regard, Ahmadnezhad et al'’ in
Iran and Woo et al°! in Australia had also discussed the risk of
cardiovascular death in heatwaves and had noted that the risk
of death is more due to respiratory diseases. So it is possible to
say that the risk of respiratory death in areas with colder
temperatures is higher than in areas with hot temperatures.!”
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Figure 2. Cumulative excess risk of non-accidental death in Dezful based on age and sex by HW,.
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Figure 3. Cumulative excess risk of non-accidental death in Dezful based on age and sex by HW,.
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Some studies report a higher risk of respiratory death than
cardiovascular death.>® These differences in results are due to
differences in the definition of heatwaves, heat intensity, and
time and duration of heatwaves in each study.”>*° Notably, due
to the insignificant numbers of respiratory deaths, it was not
possible to track the impact of heatwaves on daily mortality of
this nature. Therefore, it is suggested that future studies inves-
tigate the relationship between heatwaves and specific deaths
in more detail and for larger populations.

From these results, we also note the importance of choosing
the correct definitions of heatwaves in each region. According to
the type of definitions and their results, it is estimated that each
community is required to determine a precise definition of heat-
waves in its region. In this study, the 2 definitions of heatwaves
did not produce the same results for mortality. Further studies
need to examine various definitions of heatwaves and their rela-
tionship with key health indicators. Finally, in this study, the
results show that the effects of heatwaves on the risk of death in
the main effect are more remarkable than the added effect. In
this regard Gasparrini and Armstrong® concluded in a study in
some American cities, the risk of death due to heatwaves in the
main effects is much higher than the added effects. To justify the
results of the current study, it can be stated that the higher risk of
death in the baseline effects versus the added effects may be due
to the announcements of the high temperature early warning
systems in Khuzestan province, followed by more compliance to
the necessary measures by citizens to prevent health effects. Lin
et al®® also stated that people may be physiologically and psycho-
logically adaptable to a higher temperature for more than a few
days which may justify the results of this study. The results of the
current study can be more strongly generalized by studying the
impact of heatwaves by including more respiratory deaths.

Conclusion

As confirmed in this and other similar studies, people living in
areas with extremely high temperature do experience risks to
their health from heatwaves, despite the common misconcep-
tion that people are not vulnerable to heatwaves in the tropics.
The specific climate of each region, the degree of exposure,
repetition of heatwaves, and body adaptation are important to
understand in each setting, and it may be important for each
setting to develop its own specific heatwave definition. In the
context of global warming, especially in the Middle East and
Iran, these findings can be of great help to policymakers in
planning and subsequent policy-making to establish early
warning systems. It is recommended that more studies need to
be conducted on the effect of other definitions of heatwaves on
public health in different regions. It is also recommended that
other studies on specific causes of death be carried out in more
detail, and over a longer period.

Limitations of the Study

We only considered the outdoor ambient temperature, and we
did not know the exact location of deaths and temperature,
because there may have been people at home who died there, as

well. The current study may be short of having the ability to
track the effect of heatwave events on cause-specific mortality
events in terms of insignificant numbers of respiratory deaths.
Also, in Dezful, the amount of ozone is not fully measured.
Therefore, we could not evaluate the possible effects of ozone
in this study. Finally, we only included the data from the city
of Dezful and its surrounding suburbs in our study, because
the life pattern, temperature and humidity of other cities in
Khuzestan province may not be consistent with the city of
Dezful and its suburbs.
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