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Abstract
Development, urbanization, industrial activity and increasing fossil fuels leads to air pollution in many parts of the
world, followed by rapid growth of cardiovascular disease.Kermanshah city as a metropolis is no exception of this
issue. The purpose of this study was to determine the association between air pollutants and climatic factors referred
to the extent of cardiovascular patients in hospital is Kermanshah city. This study is cross-sectional and ecological. In
this study, data on the number of cardiovascular patients, the concentration levels of air pollutants and weather
conditions were collected from the city of Kermanshah.To determine the association between cardiovascular patients
admitted to hospital and air pollutants, poisson regression was used (P value<0.05). Based on the results of poisson
regression among air pollutants and climatic factors including carbon monoxide, particulate matter, temperature,
precipitation and pressure were associated with the number of cardiovascular patients referred to hospitals, with
relative risk of 1.006, 1.123, 0.989, 0.956 and 1.05, respectively. The results showed the reduction of temperature and
increasing of pressure led to increasing the number of cardiovascular patients. Based on the results, there was a
significant positive association betweenair pollutants (mainly carbon monoxide and particulate matter) and the total
number of heart patients admitted to hospitals in Kermanshah. However, due to heart diseases are multifactorial, in
addition to air pollution other factors have key roles in creating and exacerbating of cardiovascular diseases. The
present study confirms previous studies on the adverse effects of air pollution as a risk factor for cardiovascular
disease in the community.
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Introduction
The spread of the urbanization and development of the cities with increasing the population and industrial
development and use of the fossil fuels caused the air pollution, environmental degradation, ecosystem change and
climate fluctuation which affected the humans health directly and indirectly and exacerbated the disease such as lung
disease, heart and respiration disease rate and increased mortality (1). Cardiovascular diseases are the main and
common cause of death and disability. The statistics showed that the second cause of death (40-50%) in Iran is
cardiovascular disease after the traffic accidents (2). There are some risk factors which prone the individuals to
affected by coronary artery disease and cardiovascular disease. These factors divided into various categories such as
heredity, age, sex, race, hypertension, smoking and environment (3). Among the mentioned factors, the environment
and environmental pollutants effect have an important role in this field in a way that the relation between the
anthropogenic pollutants level and humans disease have been represented for more than half of a century. Several
important environmental events which occurs due to the increased of pollutants level in some industrial city and
caused an extensive mortality in this cities have confirmed this fact. Despite the improvement of air quality after
several decades, the air pollution and its destructive effects still consider as an important issue for environment and
humans and various studies have addressed this issue (4). Many epidemiological studies have been done in relation
with air pollutants and mortality rate which is due to the cardiovascular disease and it indicated that, there was a
positive and significant relation between pollutants and climate factors with the death rate which was due to the
cardiovascular disease (5,6). For example in a review study which evaluated 15 cities in Italy during 1996-2000, it
was observed that by increasing the concentration of nitrogen dioxide (NO2), carbon monoxide (CO), sulfur dioxide
(SO2) and PM10 the death numbers which were due to the cardiovascular disease were increased respectively by the
coefficient of 0.4%, 0.93%, 1.11% and 0.54% (Biggeri et al., 2003). In another study which has conducted by
Gholizadeh et al. in Tehran (2009), the data which were related to the four years of 2002-2005 were evaluated and
among the air pollutants the CO was seleted as an index. This study showed that, there was a significant relation
between the correlation coefficent and Co concentration and the numbers of death due to the cardiovascular,
respiratory and heart attackts disease and finally the total rate of mortality during the evaluated years were
respectively 0.72, 0.70, 0.69, and 0.67 (7). In comparison with other studies in relation with air pollutants level and
the rate of the mortality due to the cardiovascular disease, in few studies the relation between air pollutants level and
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the numbers of reffered cardiovascular paitents to hospital have been evaluated which most of these studies were
related to Europen countries (8), North America (9) and Sydney Australia (10).
In a study which have done in Spain, there was a significant relation between the referred cardiovascular patients and
SO2, black smoke and CO concentration in hot season with relative risk (RR) of respectively 1.05, 1.038 and 1.029
(8). In another study which has done in Sydney of Australia, the number of emergency cardiovascular patients of
over 65 years old in a 5 years period were evaluated and among the emergency cardiovascular patients and particles,
CO and NO2 there was a positive and significant relation (10). In addition to environmental pollutants, climate
elements such as air temperature, humidity and pressure would have effect the incidence rate of cardiovascular
disease which in some studies the impact of these factors have considered (11-13). Nowadays in developed countries
because of the strict environmental laws during the recent years, the air pollution have been controlled but in
developing countries because of the non-structured changes of life style from traditional to industrial and lack of the
precise control on the pollutant sources, the air pollution have an growing trend(14).The developing countries include
Iran, which based on the World Health Organization (WHO) in 2011 three cities of this country reported as the most
polluted cities in the world. The Kermanshah city which has located in the west of Iran is one of them. The main
source of pollution in this city include petrochemical industry, paper plants, cement factories, textile and other
industrial factories (15). Also the everyday growing of the automobile in this city which were mostly old, and don’t
have the necessary environmental standard, caused the pollution of this city. In addition to it, in recent years, the
ingress of dust which originated from neighborhood countries (Iraq and Saudi-Arabia) exacerbates the air pollution of
this city. The studies have showed that the dusts in addition to having suspended particles have polluted gas such as
NO2 and SO2 (16). Due to the fact that, an epidemiological study in the field of the relation between air pollution and
cardiovascular disease have not been done yet in Kermanshah and according to the fact that this city have a particular
climatic and cultural property and it is not possible to generalized the results of other studies in this regard with this
study, the necessity of doing this research would become evident. The aim of the present study is to determine the
relationship between air pollution and the referral rate of cardiovascular patients to the Kermanshah city’s hospital.
Material and Methods
 The studied population
The Kermanshah city located in the west of Iran with the latitude of 34 degree and 18 north minute and 47 degree and
4 east minute. Its height from the sea level is 1430 meter and the average, maximum and minimum annual
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temperature is respectively 14.2, 38 and 3.2 degree(Figure 1). This city’s population with an area of 93.3km2 based
on the 2010 census is more than 980786 person. This is an ecological-analytical study.in this study the total number
emergency cardiovascular patients who referred to the Kermanshah’s hospital during the study time (2006-2011)
were collected. The cardiovascular disease of this study include the coronary heart disease, peripheral arterial disease,
deep vein thrombosis, pulmonary embolism and atherosclerosis. It should be noted that in this study, just the patients
who live in Kermanshah have been considered. The data which were related to the air pollutants concentration level
that used in this study have been measured online by sampling station and Kermanshah’s air analysis of
environmental protection. The metrological data which were used in this project have been measured by metrological
organization of Kermanshah.

Figure-1. The location map of the Kermanshah city in Iran.
 The data analysis
The statistical SPSS.21 software was used for data analysis. For comparing the average number of cardiovascular
patients who referred to the hospitals the One Way ANOVA statistical test was used. To determine the relation
between the rate of the cardiovascular patients which referred to the Kermanshah’s hospital the generalized linear
model and Poason regression (P value= 0.05) was used. The generalized linear model was used for quantized data.
Results
In present study, the data of the referred cardiovascular disease were collected from 7 hospital of Kermanshah.
According to the obtained data the most number of patients were referred to the Imam Ali hospital in a way that the
total average of the referred patients to this hospital was 4106 while the average of the referred patients to other
hospital was less than 10 person. Therefore, the Imam Ali hospital was chosen as the reference and standard for this
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research. The average frequency of cardiovascular patients who referred to the hospital have been shown in Figure 2
based on the year. The results of the One Way ANOVA statistical test showed that, there was a significant difference
among many of the years about the rate of the cardiovascular patients who referred to the hospitals (P value < 0.05).
For showing the differences of the average reference in the evaluated year, the Tukey test which come after the One
Way ANOVA test was used in two forms (Table2). The concentration of the air pollutants (in the form of maximum
and minimum) was presented in Table 1. The relation between the numbers of the cardiovascular patients who
referred to the hospital and the air pollutants variables and climatic factors were evaluated by Poason Regression and
generalized linear model log linear and its results have been presented in Table 3 to 4. The average level of the
cardiovascular patients who referred to the Kermanshah’s hospital in the (2006-2011) based on the seasons have been
presented in Figure 3.
Table-1: The concentration of air pollutants (maximum,mean and minimum). in 2006- 2011.
Parameters

Mean

S.D

Min

21.6
15.59
0
O3
23.3
18.9
0.17
NO
23.8
16.8
0.38
NO2
133.8
137.7
0
PM10
23.47
15.3
0.08
SO2
1.75
1.06
0.2
CO
Table-2: Mean number of patients admitted with cardiovascular disease.
Year
P
Year
2007
2006

2007

2008

158
141.75
107.2
2758.6
156.4
9.08
P

2006

<0.001
<0.001

2009

<0.001 2009 2007
<0.001
2008

2010

<0.001

2010

0.336

2011

<0.001

2011

0.999

2006

0.47

2006

<0.001

2008

0.002

<0.001

2009

2010 2007
<0.001
2008

2010

<0.001

2009

0.336

2011

<0.001

2011

0.652

2006

<0.001

2006

<0.001

2007

0.002

2007

<0.001

2009

0.001

2011 2008

<0.001

2010

<0.001

2009

0.999

2011

<0.001

2010

0.652

2008

0.47

Max
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Table-3: The relationship between air pollutants and climate elements with number of patients admitted with
cardiovascular disease.

Parameters

95% Wald Confidence
Interval

β (The regression
coefficient)

Lower

Upper

NO2

-0.013

0.001

-0.006

PM10

0.004

0.007

0.006

CO

0.042

0.019

0.116

O3

-0.001

0.008

0.003

SO2

-0.003

0.001

-0.001

Temperature

-0.013

-0.008

-0.011

Precipitation

-0.065

-0.024

-0.044

Pressure

-0.039

0.058

0.049

Humidity

-0.003

0.006

0.002

Table-4: The Relative Risk and Confidence Interval investigated parameters.
Parameters

CI (Confidence
Interval)

RR (Relative
Risk)

PM10

1.007

1.004

1.006

CO

1.21

1.042

1.123

Temperature

0.99

0.08

0.989

Precipitation

0.976

0.937

0.956

Pressure

1.059

1.039

1.05

Figure-2.The average frequency of cardiovascular patients who referred to the hospital based on the years
(2006-2011)
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Figure-3.The average frequency of cardiovascular patients who referred to the hospital based on the seasons.
Discussion
The cardiovascular disease are the most common and serious in industrial community and an issue in developing
community(17). The results of the present study showed that the Kermanshah city like the other society faced with a
growing trend of cardiovascular disease in a way that from 2006-2011 an average of 11% was added to the referred
parents. According to the fact that the data of the referred cardiovascular patients of 2006 is related to the first six
months of the year, the increasing trend has not been presented. The results of the other studies are consistent with the
present study. The results of the studies which have done in the Amsterdam of Netherland (1999) (18) Montreal
Canada (2001) (19) and Madrid of Spain (1980-1993) (20) showed that the cardiovascular disease hospitalization and
referral is increasing in these countries.
In a study which have conducted in Netherland the number of the referred cardiovascular patients during the 1975 to
1995 was evaluated and it was observed that during this period the number of the referred patients become doubled in
comparison with the primary rate of it. In 1975 the cardiovascular patients referral rate constitute 10% of all the
hospital which in 1995 this rate become 16% (18).
According to the results of the present study, between the data of the research such as climatic factors (temperature,
pressure, precipitation) and air pollutants (CO, particle and the total number of cardiovascular Patients who referred
to the hospital of Kermanshah, there was a strict and significant relationship. Wherever the temperature decreased
and pressure increased is exist, the number of the cardiovascular patients who referred to the hospital would increase.
Based on the findings, the temperature decreased caused the pressure increased and the inversion layer height
decreased and increased of the pollutants concentration density in the limited atmosphere (21).
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The average of the most referred cardiovascular disease was in April, May and February and based on the season the
most referred was estimated in spring and winter. Based on the obtained results from this study, there was a high colinearity between some variables (climatic elements and air pollutants) which in Poason Regression model the highly
correlation of variables were set aside. The results of the table 4 showed that, between CO, Cd and the less than 10µm
particles and the referred cardiovascular patients there was a positive and significant relation respectively with the
relative risk of RR=1.006, confidence interval of 1.004-1.007 and RR= 1.123, confidence interval of 1.042-1.21. The
other evaluated pollutants in multi-variable model showed a significant relation with the number of the referred
patients to hospitals. The results of the other studies are consistent with the findings of the present study. A study
which has conducted in Chicago (1998) showed that CO and the rate of referral to the hospitals due to the congestive
heart failures disease in three range of low, average and high temperature respectively with the RR of the 1.05, 1.09
and 1.02 have a positive relation (22).In a study which have done in Canada (2011) among the evaluated pollutants
the increase of the PM10 and O3 have a significant relation with the increase of the heart beat and decreased of the
respiratory capacity (23). In a study which have conducted in 10 city of the North America, it was observed that for
each increased in the CO and particle concentration respectively 2.79% and 2.4% added to the referred cardiovascular
patients (9). In addition to it in a study which have done in Tucson (US) (2013) among the air pollutants, particles and
CO respectively by 2.75 and 2.79 coefficent have a strict and significant relation with the rate of reffered
cardiovascular patients, while the other pollutants such as SO2 and NO2 and O3 with the coefficient of 0.14%, 0.69%
and 0.54%have a week relation with the rate of referred cardiovascular disease (24).However, in some of the past
studies there have been variable results in comparison with the present study’s results. For example in a study which
have done in 2013 among the evaluated pollutants, accumulative increase of 5 ppb in NO2 concentration caused the
increase of 12% in mortality rate which caused by cardiovascular disease (25). In a few studies there have not been a
relation between air pollutants and cardiovascular disease. For example in an ecological study which have done in
Scotland (2012) there wasn’t a significant relation between suspended particles (PM2.5 and PM10) and the rate of
referred cardiovascular disease (26). The reason of the difference in the obtained results is the differences in the type
of the study, statistical population, climatic condition differences and also the cultural difference of the evaluated
place, which all these factors have an significant role in causing the differences. Therefore, according to the fact that
there have not been a study with this regard in Kermanshah, the results of the present study could be used in scientific
communities.
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Conclusion
the present study have conducted like many other ecologic study which have done in past and it is an emphasis on the
fact that the air pollutants particularly CO and less than 10µm particle respectively have an improper effect on the
cardiovascular patients and caused the increased of the referral to the hospitals. Therefore, at the day which the
concentration of these two pollutants is high, the individuals who exposed to the risk particularly elderly people and
cardiovascular patients should take some safety measurements and not leave the house and in the case of leaving
house they should avoid strenuous physical activity. In addition to it, according to the fact that at low temperature,
there is a potential for exacerbation of the disease on cold day, they should observed the precaution. The government
should take some long-term action such as regulating some strict environmental action to reduce the air pollution and
cardiovascular disease.
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