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Abstract
Although Ahvaz is considered as one of the warmest cities around the world, few epidemiological studies have been conducted
on the adverse effects of temperature on human health using thermal indices in this city. This study investigates the relation
between physiologically equivalent temperature (PET) and respiratory hospital admissions in Ahvaz. Distributed lag non-linear
models (DLNMs) combined with quasi-Poisson regression models were used to investigate the relation between PET and
respiratory disease hospital admissions, adjusted for the effect of time trend, air pollutants (NO2, SO2, and PM10), and weekdays.
The analysis was performed by utilizing R software. Low PET values significantly decreased the risk of hospital admissions for
total respiratory diseases, respiratory diseases in men and women, chronic obstructive pulmonary diseases (COPD), and bron-
chiectasis. However, low PET (16.9°C) in all lags except lag 0–30 significantly increased the risk of hospital admissions for
asthma. The results indicate that in Ahvaz, which has a warm climate, cold weather decreased overall respiratory hospital
admissions, except for asthma.

Keywords Temperature . Thermal indices . Thermal stress . Physiological equivalent temperature . Respiratory hospital
admissions

Introduction

The hypothesis that meteorological variables can affect hu-
man health has been around since the middle of the twentieth
century. Due to the intense heat events in the last 30 years, this
period is considered to be the warmest period since 1880
(Guha-Sapir et al. 2016; NOAA 2017). According to credible
evidence, both extreme temperatures (cold and heat) play a
role in creating considerable physiological pressure on the
human body that can cause a range of complications and

mortality (Gasparrini et al. 2010; Gasparrini et al. 2015;
Zhang et al. 2017). With increasing environmental changes,
most industrialized and developing countries have seen an
increase in the number of respiratory diseases in recent de-
cades (D’Amato et al. 2015a; Haines and Ebi 2019). Some
researchers think that respiratory diseases are closely related
to high and low temperatures (Bunker et al. 2016).

So far, several studies around the world have reported a
link between exposure to extreme ambient temperature and
an increase in hospital admissions for respiratory diseases.
For example, a study in Hong Kong during 2000–2016 indi-
cated increased respiratory hospitalizations after hot weather,
but decreased respiratory hospitalizations after cold weather
(Sun et al. 2019). Also, a recent research showed that heat
waves increased the number of outpatient hospital visits for
respiratory diseases in Cangnan, China (Zhang et al. 2019).
Moreover, in rural China, only low temperatures had a strong
impact on increasing clinic visits due to respiratory illnesses
(Zhao et al. 2018).

Thermal indices are used to estimate human comfort or
thermal stress (Fröhlich et al. 2019). Human thermal comfort
has been an important topic in academic discussions since the
middle of the twentieth century on which different
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comparisons have been made (Abdel-Ghany et al. 2013). This
suggests that the assessment and interpretation of heat stress is
complex in terms of physiological and psychological stress.
The proposed indicators for heat stress can be divided into
three groups: “reasoning indicators,” “experimental indica-
tors,” and “direct indicators.” Unlike the first two groups,
which are complex indicators and cannot be used routinely,
the last group includes simple indices based on the measure-
ment of basic environmental variables (Epstein and Moran
2006). One of the most popular of these indicators is the phys-
iological equivalent temperature (PET), which is a measure of
human thermal comfort outdoors, and is estimated by consid-
ering the integral effects of meteorological parameters and
other personal conditions related to heat exchange between
the human body and its environment (Lai et al. 2018).

Observations clearly show that Iran has been warming
rapidly in recent decades, resulting in a wide range of cli-
matic effects. Meteorological records of several ground
stations throughout Iran demonstrate that Iran’s tempera-
ture in 2013 was 1.3 °C warmer than in 1951(Alizadeh-
Choobari and Najafi 2018; Lai et al. 2018; Saboohi et al.
2012). Although Ahvaz is one of the hottest cities in the
world, no study has been done about ambient temperature
and respiratory disease admissions in this city. The present
study examined the impact of PET index changes on respi-
ratory hospital admissions in Ahvaz which is located in the
southwest of Iran. The findings of this study may help to
plan strategies to mitigate the adverse effects of extreme
weather conditions.

Materials and methods

Study site

Ahvaz is one of the metropolises of Iran, and the capital of
Khuzestan province. It is the seventh most populous city in
Iran. Ahvaz is located at 31° 20′ N and 48° 40′ E, with an
area of 185 km2 and altitude of 12 m above sea level.
According to the 2016 census, the city’s population was
approximately 1,300,000 people (Statistical-Centre-of-Iran
2016).

Outcomes and exposures

Respiratory hospital admission data were obtained from the
two main referral hospitals of Ahvaz, from 2008 to 2018, for
10 years. Outcomes data was classified according to the
International Classification of Diseases (ICD-10) and includ-
ed total respiratory diseases (J00-J99), asthma (J45.9), COPD
(J44.1, J44.9), and bronchiectasis (J47).

Meteorological parameters including average daily temper-
ature, maximum daily temperature, minimum daily

temperature, average wind speed, relative humidity, and
c loud ines s we re ob t a ined f rom the Khuzes t an
Meteorological Department. The pollutants routinely mea-
sured in Ahvaz were NO2, PM10, and SO2 and were inquired
from the Ahvaz Environmental Protection Organization.

PET index

The equations for calculating the PET index have been ex-
plained in our previous publications (Sharafkhani et al. 2018).

The no stress, thermal comfort zone for PET, similar to our
previous studies (Sharafkhani et al. 2018), was assumed to be
between 17.8 and 27 °C, which means there is no thermal
stress for humans in this range. The median of PET in the
no thermal stress zone (22.5 °C) was used as the basis for
comparison. PET index analysis was performed using
RayMan software. Details about this software can be found
elsewhere (Lee and Mayer 2016).

The association of low values (1st, 5th, and 25th percentiles
relative to no thermal stress) and high values (90th, 95th, and
99th percentiles relative to no thermal stress) of PET with risk
of respiratory hospital admissions was calculated in cumula-
tive models of 0, 0–2, 0–6, 0–13, 0–20, and 0–30 day lags.
Also, similar to other studies (Lin et al. 2012; Luo et al. 2013;
Sharafkhani et al. 2018; Sharafkhani et al. 2019), the associa-
tion of cold thermal stress (1st percentile relative to 25th per-
centile) and hot thermal stress (75th percentile relative to 99th
percentile) of the PET index with outcomes was evaluated in
cumulative models of 0, 0–2, 0–6, 0–13, 0–20, and 0–30 day
lags.

In order to investigate the effect of PET on respiratory
outcomes, distributed lag non-linear models (DLNMs)
combined with quasi-Poisson regression models were used
(Gasparrini et al. 2010). A natural cubic spline DLNM was
used to determine the non-linear relation of the PET index
as well as the cumulative lag effects up to a maximum of
30 days, with respiratory hospital admission. Spline knots
were set at equally spaced values on the log scale of lags.
The long-term seasonal trend of the outcomes was adjusted
by a natural cubic spline function of time with 7 degrees of
freedom. PM10, SO2, and NO2 were controlled using the
stratified distributed lag model for up to 7 days lag with 3
degrees of freedom, as done in previous studies
(Sharafkhani et al. 2018). Also, the variable of holidays
and weekdays was adjusted as a categorical variable in
the final model (Sharafkhani et al. 2018). Akaike informa-
tion criterion (AIC) models were used to select the most
appropriate model and degrees of freedom (knots) for PET
index and lags (Gasparrini et al. 2010). The risk ratio and
95% confidence intervals were reported. The analysis was
performed by utilizing R software version 3.5.3 with the
dlnm package.
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Results

The descriptive statistics of respiratory hospital admis-
sions, air pollutants, PET index, temperature, and humidity
factors are presented in Table 1. During the 10-year study
period, the total number of respiratory admissions was
28,041 cases with an average of 8 cases per day. More than
half of the respiratory (59.2%) patients admitted were
male. The daily mean of PET, temperature, and humidity
were 27.6 °C, 27.0 °C, and 42.3%, respectively. The mean
concentrations of PM10, NO2, and SO2 were 216.9, 46.4,
and 48.8 μg/m3, respectively (Table 1).

The association between the PET index and respiratory
hospital admissions in the 1st (6.4 °C), 5th (9.9 °C), 25th
(16.9 °C), 90th (42.5 °C), 95th (43.6 °C), and 99th (45.4 °C)
percentiles relative to the no thermal stress point (22.5°C) is
presented in Table 2.

The results showed that low PET in the 1st percentile in
lags 0–2 and 0–6 caused a decrease in total respiratory admis-
sions and among the male population. In terms of specific
respiratory disease, low PET in the 1st percentile in lags 0–
6, 0–13, 0–20, and 0–30 significantly reduced bronchiectasis
hospital admissions. Also, low PET in the 1st and 5th percen-
tiles in lags 0–2 and 0–6 caused a significant reduction in
COPD hospital admissions, while low PET in the 25th per-
centile in lags 0, 0–2, 0–6, 0–13, and 0–20 increased the risk
of asthma hospital admissions. Also, low PET values in the
5th percentile in lags 0–20 and 0–30 increased respiratory
admissions among women.

Table 3 and Fig. 1 illustrate the effects of intensified ther-
mal stress, comparing the value of PET index in the first per-
centile to the 25th percentile (cold thermal stress) and

comparing the value of PET index in the 99th percentile to
the 75th percentile (hot thermal stress) in cumulative lags.

The results show that cold thermal stress significantly re-
duced the risk of total respiratory admissions in lags 0–2, 0–6,
and 0–13; respiratory admissions in the male population in
lags 0–2, 0–6, and 0–13; respiratory admissions in the female
population in lag 0–6; and in the population < 65 years in lags
0–2, 0–6, 0–13, and 0–20. In terms of specific respiratory
outcomes, cold thermal stress also significantly decreased
the risk of bronchiectasis admissions in lags 0–6, 0–13, 0–
20, and 0–30, and COPD hospital admissions in lags 0–2
and 0–6 (Table 3 and Fig. 1).

Discussion

Ahvaz is one of the hottest cities in the world; however, no
study had been conducted on ambient temperature and respi-
ratory hospital admission rates in this city.

The results of this study showed that the low values of PET
index (1st, 10th, and 25th percentiles) affect hospital admis-
sions more than the high values of PET (95th and 99th per-
centiles), and low levels of PET (cold weather) significantly
decreased the risk of hospital admissions, due to total respira-
tory diseases, COPD, respiratory diseases, and bronchiectasis
in most lags. But, low PET levels significantly increased the
risk of asthma in all lags except 0–30, and in females in long
lags.

Few studies have been conducted on the association be-
tween different temperature indices and respiratory disease
incidence. There are studies that show warm weather can
cause the release of inflammatory factors, increase ventilation,

Table 1 Descriptive statistics of respiratory hospital admissions, air pollutants, PET, and climate factors in Ahvaz city, 2008–2018

Variable (mean per day) N Mean SD Min Max Q1 Median Q3

Respiratory diseases (RD) 28,041 7.7 4.9 0 37 4 7 10

Men 16,550 4.5 3.3 0 22 2 4 6

Women 11,491 3.2 2.6 0 16 1 3 4

<65 years 21,050 5.8 4.1 0 36 3 5 8

65–74 years 3111 0.8 1.1 0 9 0 1 1

≥75 years 3880 1.1 1.3 0 9 0 1 2

Asthma 3090 0.8 1.8 0 29 0 0 1

COPD 4534 1.2 1.7 0 12 0 1 2

Bronchiectasis 1994 0.6 1.0 0 8 0 0 1

PM10 (μg/m
3) --- 216.9 278.3 1.8 4324.2 105.8 149.2 222.4

NO2 (μg/m
3) --- 46.4 43.1 1.5 443.8 17.8 35.6 60.7

SO2 (μg/m
3) --- 48.8 57.0 0.0 907.4 19.3 35.9 59.3

PET ---- 27.6 11.6 0.8 47.3 16.9 27.9 39.1

Temperature (°C) --- 27.0 9.4 1.4 47.8 18.4 27.7 36.0

Relative humidity (%) --- 42.3 17.9 7.0 96.0 27.5 40.0 54.5
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and exacerbate chronic obstructive pulmonary disease, which
is common in the elderly (Anderson et al. 2013; Leon and
Helwig 2010; Malik et al. 1983; Mannino 2011; White
2006). Anderson et al. noted that a few minutes of hot air
inhalation can cause undesirable airway responses in the el-
derly (Anderson et al. 2013). However, one of the main rea-
sons that hot weather did not show adverse effects in the
present study was that due to the very hot weather in Ahvaz,
most people stay at home or work under the cooling system
especially in the middle of the day.

Contrary to our results, a study from New York City found
a 2.7–3.1% increase in hospital admissions due to respiratory
diseases for every 1 °C above the threshold temperature (29–
36 °C) (Lin et al. 2009). Jenkins et al. (2012) reported that
during the winter months, the severity of symptoms and hos-
pital admissions due to COPD are almost doubled in the north-
ern and southern regions of the world (Jenkins et al. 2012). In
the extreme northern and southern parts of the world with
more cold weather, the rate of exacerbation of COPD symp-
toms in the cold conditions of the year is higher than the warm
months. However, no significant differences in COPD rates in
different seasons were observed in tropical areas. Therefore,
the climatic condition of an area seems to be influential in this
regard (Jenkins et al. 2012). The study by Hansel (2016) also
showed that COPD patients are more vulnerable, if cold
weather persists for a week or more. Therefore, people with
COPD should take necessary steps to minimize the effects of
cold and reduce the risk of exacerbation. Extreme heat may
also be associated with increased respiratory complications in
COPD patients, because high temperatures can modify the
effects of air pollution (Hansel 2016).

Our results showed that cold stress significantly reduced
the risk of hospital admissions due to total respiratory dis-
eases, bronchiectasis, and COPD in Ahvaz. In contrary to
the present study, the results of a study by Chen et al. (2019)
showed that cold weather generally increased respiratory hos-
pital admissions, especially in the elderly over 75 years of age
(Chen et al. 2019). And Tseng et al. showed in Taiwan that
with a decrease of 5 °C at moderate temperatures, the exacer-
bation of COPD increases, especially in the elderly (Tseng
et al. 2013). The reason for the differences between our results
and the aforementioned studies is that the cold weather which
has been reported to exacerbate diseases and increase hospital
admissions is below 0 °C which is rarely experienced in
Ahvaz.

However, in the present study, in colder weather, hospital
admissions increased for asthma and among women.
Likewise, Son et al., in eight major cities in Korea (2003–
2008), reported that an absolute decrease in ambient temper-
ature (comparing 2 °C to 15 °C) significantly increased hos-
pital admissions due to respiratory disease, allergies, and asth-
ma especially among women (Son et al. 2014). In Italy,
D’Amato et al. reported that weather may directly affectT
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irritability and cause asthma and airway diseases, or indirectly
affect the respiratory system by its effect on the level of air
allergens, air pollutants, or people’s exposure to viral illnesses
(Buckley and Richardson 2012; D’amato et al. 2015b).
Researchers think regardless of geographical and climatic
conditions decreased temperature is a factor that exacerbates
asthma symptoms (D’amato et al. 2015b). Studies have also
shown that cold air can provoke obstruction of the respiratory
tract and airways, lead to asthma (Giesbrecht 1995), and cause
sensitivity to infection, with reduced mucosal discharge
(Eccles 2002). Decreased temperature also contributes to lung
dysfunction and exacerbation of cold-related illnesses, includ-
ing chronic obstructive pulmonary diseases (Donaldson et al.
1999).

It seems that the relation between cold weather and in-
creased hospital admissions due to asthma in the city of

Ahvaz can be related to the seasonal effects and the density
of allergens and pollen in the autumn, and respiratory infec-
tions and influenza (especially in recent years) in the winter. In
the recent years, there have been several outbreaks of thun-
derstorm asthma in the autumn in Ahvaz (Idani et al. 2016).

In this present study, heat stress reduced the risk of asthma
hospital admissions. However, in the research conducted by
Lin et al, in NewYork City, the number of hospitalizations for
asthma and chronic airway obstruction increased in high tem-
peratures (Lin et al. 2009). Michelozzi et al. (2009) found a
significant relation for high temperature and admission for
respiratory disease especially in the European elderly over
75 years, as well; and, for every 1 °C increase in the apparent
maximum temperature above the threshold, respiratory admis-
sions increased by 4.5% and 3.1% in the Mediterranean and
northern cities of Europe, respectively (Michelozzi et al.

Fig. 1 The relative risks (95% CIs) of hot and cold thermal stress of PET respiratory hospital admissions at different lag days. *Statistically significant

51894 Environ Sci Pollut Res  (2021) 28:51888–51896



2009). Different climatic conditions and avoiding staying out-
doors in very hot temperatures in Ahvaz may be the main
reason for these inconsistent results.

Overall, in the present study, heat stress and cold stress
were associated with changes in hospital admissions due to
respiratory diseases; and in both situations, hospital admis-
sions in most types of respiratory diseases decreased, except
for asthma and female respiratory hospital admissions which
increased.

Conclusion

The results of the present study indicate that cold stress sig-
nificantly decreased overall respiratory hospital admissions in
Ahvaz, Iran, which has a warm climate.
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