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Respiratory Diseases Mortality in Mashhad, Iran

Introduction

Respiratory disease is a medical term that encompasses 
pathological conditions affecting the organs and tissues 
that make gas exchange possible in higher organisms. 

Respiratory diseases consist of a wide range of diseases such as 
acute respiratory infections, pneumonia, obstructive pulmonary 
disease, pneumoconiosis and malignant pleural disease, and 
respiratory devices. Respiratory diseases are considered as causes 
of morality all over the world.1 In addition, lower respiratory tract 
infection, COPD, tuberculosis, and lung cancer are among the top 
10 causes of morality worldwide.2 In all situations, the human is 
affected by his surrounding heat3 and has recognized the effect of 
climate on the incidence and spread of epidemic diseases since 
long ago. In the 5th century BCE, Hippocrates’ observations 
regarding seasonal diseases formed the base of investigating 
epidemics in his epistle.4, 5 Climate variability is one of the risk 
factors for mortality.6, 7 Many studies have reported the side effects 
caused by cold and thermal stresses on mortality. Temperature or 
a simple measure such as experimental parameters showing the 
effects of temperature, humidity and wind speed are used in most 
of these studies.8 Human thermal comfort results from the energy 

balance between body and environment affecting the human 
physiology, psychology and behavior.9,10 On the other hand, 
thermal comfort models use complex metabolic processes 
including level of physical activity and dress in addition to 
atmospheric parameters (temperature, vapor pressure of water, 
wind speed and mean radiant temperature).11 In addition, these 
models are useful tools to summarize the interactions of environmental 
stressors and human reactions expressed as empirical or logical 

12,13 
The Fiala multi-node model of human thermoregulation and heat 
balance is one of the most advanced models based on the latest 

physics, meteorology, biometeorology and environmental sciences.14 
This model is derived from the Universal Thermal Climate Index 
(UTCI). This index has been developed to create a standard 

biometeorology.15 In comparison with other indices, UTCI is 
more sensitive to slight changes in temperature, solar radiation, 
humidity and wind speed and provides a better description of 
various climatic conditions.16 Many epidemiological studies on 
the effects of temperature on mortality in Northern Europe and 
America are conducted due to increased temperature compared to 
previous decades.17 In addition, various studies in other countries 
show that daily mortality depends on temperature.18–21 There is 
evidence of a U or V shaped relationship between mean 
temperature and all mortalities in most world cities.22–24 In cold 
and moderate regions, temperature-mortality curve shows a 
minimum of 18°C called the point of maximum comfort, higher 
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and lower of which the mortality increases.25,26 McGregor has 
investigated the association between the level of ischemic heart 
disease mortality (IHD) for three English counties and the winter 
North Atlantic Oscillation (NAO) and found that there is a clear 
and negative relationship between the increased mortality and the 
above-mentioned index. Analitis, et al.27 studied the short-term 
effects of cold weather on mortality in 15 European cities and 
found that a 1°C decrease in temperature was associated with a 
1.35% increase in daily mortalities in the elderly groups. In 
addition, studies show that in almost half the world, 1°C increase 
in temperature is associated with 1% – 3% increase in the risk of 
mortality.28 Almeida, et al.29 proved that, even without extremes in 
apparent temperature, there is a relationship between the average 
temperature and daily mortality in Lisbon and Porto, Portugal 
during the warm season (April to September). Miron, et al.30 
studied the time trend of the maximum and minimum temperature 
and its relationship with mortality in Central Spain during 1975 – 
2003 and ascertained that mortality, especially in the elderly, 
increases with a decrease in temperature and thermal comfort. 
Nastosand Matzarakis7 also studied the effect of temperature and 
thermal indices on mortality and the results showed a close 
relationship between mortality and the reduced temperature 
during cold periods, so that 10°C increase in temperature was 
associated with 6% – 13% increase in the risk of mortality. In 

effects (increased mortality) of 3-day delay during cold period 
appear against 1-day delay during warm period. 

Considering the necessity of conducting studies on thermal 
comfort and its relationship with human health, this study 
examines the relationship between Universal Thermal Climate 
Index (UTCI) and temperature and respiratory mortality in 
Mashhad (Iran) from 2004 to 2013.

Study Area
In terms of topography, Mashhad is located in the southeast of 

Atrak-Kashafrud basin inside Mashhad plain. This city is located 
within the latitude and longitude of´ 36°14' to 36°48' N and 59°35' 
to 59°74' E in Khorasan Razavi province (Iran). Mashhad is the 
second largest city in Iran and the most important population 
center in north eastern Iran. According to the census of 2011, 
Mashhad’s population was 3,069,941, showing an upward trend 
compared to the previous years. In addition, the total number of 
respiratory mortalities in this city in the study period was 17,523 
subjects.

Methods

This study has used the meteorological data of temperature, 
wind speed, water vapor pressure, cloudiness, relative humidity 
(obtained from Mashhad synoptic meteorological station) and 
mortality due to respiratory diseases (pulmonary tuberculosis: 

lung cancer: 1334 cases of death, acute respiratory infection: 494 
cases of death, acute and chronic bronchitis: 1116 cases of death, 
asthma and shortness of breath topically: 949 cases of death, 
other respiratory tract diseases: 6566 cases of death based on the 

31) in Mashhad (provided by 
Ferdows Municipality) during 2004 – 2013. In order to calculate 

calculated using Ray Man software. The obtained values were 

entered to Bioklima software. Values of indices were calculation 
daily scale in Mashhad, and thresholds of thermal stress were 
extracted during the study period; then, the relationship between 
UTCI and temperature and daily mortality was assessed using the 
Pearson’s correlation. In the next step, the ratio of mortality risk 
in all stress thresholds was calculated using STATA software at a 
level of 95%.

In 1999, the International Society of Biometeorology established 
a commission “On the development of a Universal Thermal Climate 
Index (UTCI)”. The goal of this project was to derive a thermal 
index based on the most advanced thermo-physiological models. 
Since 2005, these efforts have been reinforced by Cooperation in 
Science and Technical Development (COST) which has brought 
together leading experts in the areas of human thermo-physiology, 
physiological modeling, meteorology and climatology. This index 
is known as the temperature of the reference condition yielding 
the same response in the same conditions. The UTCI value 
depends on temperature, wind speed, relative humidity and the 
mean radiant temperature and is written as follows:32

(1)

 The offset, i.e. the deviation of UTCI from air temperature, 
depends on the actual values of air and mean radiant temperature 
(Tmrt), wind speed (va) and humidity, expressed as water 
vapor pressure (vp) or relative humidity (RH). This indicator 
aims to quantify the human physiological reactions to the one-

will be calculated as multivariable dynamic model.14,33 The UTCI 
ultimately aims to be a one-dimensional quantity adequately 

condition. The index value will be calculated as a multivariate 
dynamic model. In addition, the model outputs include the 
thermoregulatory physiological processes as listed in Table 1. 

moderate and extreme thermal conditions.34,35

Different values of UTCI are categorized in terms of thermal 
stresses. These categorizations are based on the physiological 
responses to actual environmental conditions, so that these 
responses are caused by reference conditions and decreased 
thermal or cooling loads. Table 2 represents the categories of this 
index based on ecological and physiological criteria.36

Calculations of the UTCI made use of the mathematical 
equation (for more details, see the reference 36).37 The mean 
radiative temperature (Tmrt) is one of the input factors used to 
calculate UTCI. This input shows the effect of solar radiation 
and temperature on human and represents a uniform surface 
temperature of an imaginary enclosure surrounding the person 
and calculable based on mathematical relationship.38,39

In Statistics and Epidemiology, the probability of occurrence of 
an event (developing a disease or death over a period of time) 
among the exposed group compared to the unexposed group is 
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called risk ratio (relative risk) enjoying two important features of 
exposure and lack of exposure.40,41 This parameter is to be exposed 
to something that can affect health42,43 (For more details about the 
calculation of the risk ratio, see the reference 42).

Result

During 2004 to 2013, the total number of mortalities in 
Mashhad was 125262 subjects, among which 17523 respiratory 
mortalities were recorded. The average number of mortality in the 
study period is 2 to 8 deaths per day. Demographic-population 
descriptions of the rate of mortality are shown in Table 3. The 
highest and lowest rates of deaths were observed in January and 
October, respectively. January has the lowest index values and the 
highest strong cold stresses, and October has the lowest rate of 

mortality due to conditions without thermal stresses (Figure 1 and 
2). The respiratory mortality rate is shown in Figure 3, and was 

R2 values the 

increased over the time. 
In the next step, the relationship and correlation between 

thresholds regarding the index thresholds and the results obtained 
from these correlations are shown in Table 4. There is a negative 

the number of deaths, so that mortality decreases with the increase 
of temperature (r = -0.56, P = 0.03). This reverse and strong 
relationship with increased temperature is enhanced above 20°C 
(r = -0.90, P = 0.001). In addition, there is a strong and positive 

Variable Abbreviation Unit

rectal temperature Tre °C

mean skin temperature Tskm °C

face skin temperature Tskfc km

sweat production Mskdot g/min

heat generated by shivering Shiv W

skin wittedness wettA % of body area

VblSk % of basal value

Table 1. Variables available from the output of the thermophysiological model after exposure times of 30 and 120 min

Stress category UTCI range (°C)
Extreme heat stress Above +46

Very strong heat stress +38 to +46

Strong heat stress +32 to +38

Moderate heat stress +26 to +32

No thermal stress +9 to +26

Slight cold stress +9 to 0

Moderate cold stress

Strong cold stress

Very strong cold stress

Extreme cold stress
a

of the International Union of Physiological Sciences, 2003.

Table 2.Temperature thresholds (°C) of particular thermal sensations (of alert descriptions) used in bioclimatic indices

Months Mean Temperature Mean of UTCI Respiratory Mortality
January 2.04 -9.65 1728*

February 3.92 -7.51 1604*

March 7.90 -2.47 1337
April 13.97 5.42 1308
May 20.14 15.03 1473
June 25.03 21.43 1422
July 27.91 24.55 1384
August 27.52 22.95 1384
September 23.42 15.64 1324
October 18.41 8.85 1283
November 11.80 2.35 1428
December 6.07 -4.8 1704*

*The Maximum Mortality in the Years

Table 3. the Mean Temperature, Mean of UTCI and Respiratory Mortality in Mashhad during the Period under Study
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relationship between the minimum temperature and mortality at 
P < 0.01, so that mortality increases with 

decrease of temperature (r = -0.82, P = 0.0001).
In addition , considering the thermal stress thresholds, the 

correlation between UTCI and mortality indicates that the highest 
strong and positive correlation is observed in thresholds with 
moderate and severe cold stresses, and thermal stress thresholds 
have reverse and strong relationship. The results of the risk ratio 
estimate (Figure 4) show that the relationship between mortality 
and UTCI has two maximum points of 17.5°C and -6.5°C; 
in other words, the highest risk of mortality is related to these 
two points. In general, in the threshold of 30°C to -10°C, the 
relative risk of respiratory mortalities per 10°C reduction in UTCI 

obtained results (see Figure 5), the relationship between mortality 
and mean temperature and mean UTCI follows the third degree 

equation. In other words, by increasing temperature and UTCI 
index to a certain amount, the mortality rate increases and then 
decreases with further increases in mean temperature and mean 
UTCI index.

Discussion

The Fiala model has been subject to general as well as application-

behaviors,44 occupant comfort in buildings,45 transient indoor 
climate conditions in cars,46 asymmetric radiation scenarios and 
exposures to high intensity sources,47 but also anesthesia. Studies 
and clinical trials show that there is a close relationship between 
temperature and respiratory and cardiac mortality.48 This study 
investigates the relationship between temperature and mortality 
and showed that the mortality has decreased above 20°C and 

Figure 1. The Number of Mortality in different Months Figure 2. The Mean of UTCI Index In different Months

Figure 3. Time series of respiratory mortality in over 10 years

UTCI Range (°C) Stress Category P P-Value

26 to 32 Moderate heat stress -0.92 0.003

9 to 26 No thermal stress -0.49 0.03

0 to 9 Slight cold stress -0.56 0.2

0 to -13 Moderate cold stress 0.83 0.001

-13 to -27 Strong cold stress 0.87 0.001

-27 to -40 Very strong cold stress 0.29 0.5

Table 4. Correlation between UTCI and Respiratory Mortality in the Threshold
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there is a strong and reverse relationship between them, while the 
effects of the minimum temperature and thermal stresses have the 
highest positive and strong relationship with mortality. Previous 
and similar studies show that thermal stresses have the highest 
relationship with mortality.45–47 The effects of cold weather on 
respiratory and cardiovascular diseases and mortality have been 

48–50 In addition, studies conducted by Marchant, et 
al.51 and Beyerbach, et al.52 at the North Pole show the increased 
mortality due to cardiovascular diseases during severe winters. 
Considering the studies conducted by Braga, et al.53 and Hampel, 
et al.54 regarding the existence of strong relationships between 

and cold temperature, the results of this study show that there is a 
strong and positive relationship between minimum temperatures 
and cold stress thresholds. In addition, researchers believe that 

and temperature, and the incidence of seasonal respiratory 
55 This study 

also investigates the relationship between the Universal Thermal 
Climate Index (UTCI)–a thermo-physiological model of human 
comfort–and respiratory mortality in Mashhad. Findings showed 
that there is a strong and positive relationship between cold stresses 

and mortality. Like the present study, Nastos and Matzarakis7 
investigated the relationship between the above-mentioned model 
and several other climatic parameters and mortality in Athens. In 
general, it is concluded that the existence of climatic elements and 

study also has shown that low temperatures and cold stresses 
caused by them had the strongest relationship with mortality 
in Mashhad. It is recommended to consider the relationship 
between environmental factors and the incidence of diseases and 
mortality while conducting similar studies. In addition, using 
similar thermo-physiological models will be a useful guideline 
to inform vulnerable and sick people about unsuitable times of 
environmental conditions (severe cold and thermal stresses).

In conclusion, the performed analysis revealed that there is 

temperature and thermal indices such as UTCI in Mashhad, Iran. 
The relationship is U-shaped indicating that both the cold and 
hot components account for increased daily mortality, but cold 
conditions affect the daily mortality frequencies more than hot 

variations of temperature and UTCI index affect more mortality 
frequency during the cold period than the warm period of the year.

Figure 4. 

Figure 5.
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