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Abstract

Objectives: There are few studies about the association between breathing polluted air and increased risk of cardiovascular
diseases and cardiac death in the Middle East. This study has aimed to investigate the relation between air pollutants and cardio-
vascular mortality (based on the International Statistical Classification of Diseases and Related Health Problems, 10th revision)
in Ahvaz. Material and Methods: In this ecological study, the data about cardiovascular disease mortality and air pollutants from
March 2008 until March 2015 was inquired from the Ahvaz City Authority and the Khuzestan Province Environmental Protec-
tion Agency. The quasi-Poisson, second degree polynomial constrained, distributed lag model; using single and cumulative lag
structures, adjusted by trend, seasonality, temperature, relative humidity, weekdays and holidays was used for the data analysis
purposes. Results: Findings indicated a direct significant relation between an interquartile range (IQR) increase in ozone and
cardiovascular deaths among men after 3 days’ lag. There was also a significant relation between an IQR increase in particulate
matter below 10 um and cardiovascular deaths for all people, over 60 years old and under 18 years old after 3 and 13 days’ lags.
There was a significant relation between an IQR increase in nitrogen dioxide and carbon monoxide, and cardiovascular deaths
in the case of under 18-year-olds (in the lag 11) and over 60-year-olds (in the lag 9), respectively. We finally found a significant
association between an IQR increase in sulfur dioxide and cardiovascular deaths in the case of men, under 18-year-olds and
from 18- to 60-year-olds in the lag 9, 0, and 11, respectively (p-values < 0.05). Conclusions: It appears that air pollution is signifi-
cantly associated with cardiovascular deaths in Ahvaz City. Int J Occup Med Environ Health 2018;31(4)
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INTRODUCTION

Human health is vastly influenced by environmental and
climatic conditions. Nowadays, various natural and ar-
tificial sources have caused changes in the physical and
chemical properties of ambient air and have caused “air
pollution” [1,2]. Air pollutants have a wide range of im-
pacts on human health and are considered to be one of
the major environmental health issues in mega-industrial
world cities [3].

This problem has exacerbated with population growth,
urban development, increased motor vehicles and expan-
sion of urban traffic, rapid economic development, inap-
propriate use of systems and industrial devices, increased
energy consumption and non-compliance with environ-
mental regulations [4,5]. The effect of air pollution on
disease and morbidity has been suggested for a long time
now. Even before conducting modern epidemiological
studies in this field, events such as the sharp increase in
particulate matter in England (London, 1952) which led
to a sharp increase in the number of deaths during a short
time, had attracted attention [6].

The World Health Organization estimates that air pollution
is responsible for more than 1 million premature deaths
each year across the world [7]. Recent studies conducted
in relation to air pollution have shown that not only West-
ern Europe and North America but also developing coun-
tries are facing this health problem [8-11]. And it is pos-
sible that there is a relationship between chronic exposure
to air pollution and coronary artery diseases [12]. A study
from the US has shown that air pollution may be associated
with increased cardiovascular disease especially morbidity
and mortality from coronary heart disease; and exposure
to particulate matter (PM) is associated with myocardial
infarction and stroke [13]. There was also a positive rela-
tion between particulate matter below 10 yum (PM, ) and
death from coronary heart disease in the ecological study
done by Maheswaran et al. in Sheffield, England [14].
The results of Cesaroni et al.’s study in Rome showed that
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there was a strong correlation between particulate mat-
ter below 2.5 um (PM, ;) and nitrogen dioxide (NO,) with
cardiovascular deaths and deaths from ischemic heart dise-
ases, after adjusting for confounding factors [15].

The results of Dadbakhsh et al. in Shiraz, Iran also
showed that nitrogen monoxide (NO) and nitrogen ox-
ides (NO,) were significantly related to total cardiovas-
cular deaths; NO, NO, and sulfur dioxide (SO,) were
significantly related to female deaths and SO, was sig-
nificantly related to deaths in the case of 18- to 60-year-
olds. Nitrogen monoxide and NO, pollutants were also
related to all cardiovascular deaths that happened one
month later [2].

The most important adverse effects of air pollution in-
clude the incidence of cardiovascular complications such
as heartthrob, fluctuating heart rate, increased blood pres-
sure, increased vascular tone, blood coagulation, athero-
sclerosis [16] and increased mortality [17]. Studies have
shown that patients with congestive heart disease [18] and
a history of myocardial infarction [19] are at a higher risk
of deaths on days with higher concentrations of air pollu-
tion; and the effects of long-term exposure to air pollution
are probably stronger for deaths with cardiovascular and
respiratory causes than other causes of death [13]. Indus-
trial development and increase in the number of motor
vehicles have increased atmospheric pollutants all over
the world, and therefore conducting studies from various
parts of the world may help provide a better understand-
ing of the global problem of air pollution [20].

Several studies have been conducted about the effect of
air pollution on cardiovascular deaths with cross-section-
al, cohort and time series methodologies [2,15,21,22].
However, a study that evaluates the acute effect of air pol-
lution on cardiovascular deaths has not been conducted
in Ahvaz yet; and so far the only available knowledge has
been obtained through studies carried out using the Air Q
model to estimate the effects of air pollution on respira-
tory and cardiovascular diseases [22-24]. In this study, the
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relation between aggregated daily counts of cardiovas-
cular deaths with the average daily levels of ambient air
pollutants in the period of 7 years has been evaluated. In
this study, researchers have focused on the probable acute
effects of air pollution, which happened on the same day
or up to 14 days later.

Ahvaz, the capital of Khuzestan province, is Iran’s second
largest city in terms of area after Tehran and Iran’s fifth-
largest city in terms of population. Air pollution in this city
has increased in the recent years and has become more
severe [25]. Based on the World Health Organization’s re-
port in 2013, Ahvaz was the most polluted city in regard
to PM, in the world [26].

MATERIAL AND METHODS

Area of study

Ahvaz city has an area of 530 km? It is the capital city of
Khuzestan province, and is located at 31°20" N and 48°40" E.
According to the 2011 census, Ahvaz resides 286 032 house-
holds and 1.11 million people [27].

Data gathering

This ecological study has been based on the recorded data
from March 2008 until March 2015 from Ahvaz, Iran. The
daily data about mortalities from cardiovascular diseases
was obtained from the Deputy of Health at the Ahvaz
Jundishapur University, classified according to age and
gender.

In this study, all cardiovascular deaths according to the
definition of the International Classification of Diseases
and Related Health Problems, 10th revision (ICD-10),
which were [00-I78 and included diseases of heart
(ICD-10 codes: 100-109, 111, 113, 120-I51); essential hy-
pertension and hypertensive renal disease (110, 112, I15)
and cerebrovascular diseases (160-169) were enrolled [28].
The ambient air pollution data was inquired from the
Khuzestan Province Environmental Protection Agency
for 7 major pollutants, which included ozone (O,), particu-

late matter below 10 um (PM, ), nitrogen dioxide (NO,),
carbon monoxide (CO) and sulfur dioxide (SO,).
Particulate matter below 10 um was the only type of par-
ticulate matter, which had been recorded at the air quality
monitoring stations. There were 4 air quality monitoring
stations in Ahvaz, including the environmental protection
agency station (Mohit Zist), Naderi square station, Uni-
versity square station (Behdasht Ghadim), and the meteo-
rological organization station (Havashenasi) [8]. Accord-
ing to the environmental protection agency experts, the air
quality monitoring station locations were representative
of the ambient air quality of the whole city.

Air quality monitoring stations are environmentally classi-
fied into urban, suburban, traffic, background, industrial,
and rural stations. The stations in Ahvaz are urban type
stations, which include the built-up urban area with the
exception of city parks, the built-up area that is not mixed
with non-urbanized areas. For measuring ozone, the ur-
ban area is defined as locations such as residential and
commercial areas of cities, parks (away from the trees),
big streets or squares with very little or no traffic, open
areas used for educational, sports or recreation purposes.
Urban sites measure air quality which is representative of
a few square kilometers around them.

In Ahwaz, air pollutants were measured hourly in these
stations; and, we calculated the daily mean of air pollut-
ants, by using moving averages.

The data on mean, maximum and minimum temperature,
average relative humidity, number of sunny days, total evap-
oration, total rainfall and wind speed was inquired from the
meteorological organization of Khuzestan province.

There is just one synoptic station in Ahvaz, so meteorologi-
cal parameters were collected from the Ahvaz meteorologi-
cal station. This station is located at 48°74’ E, 31°34’ N [§].
Parameters measured and reported at this station include
air pollutants concentrations, rainfall, sunshine, evapora-
tion, air temperature, dew point and relative humidity, air
pressure, wind speed and visibility, and wind direction.
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The daily cardiovascular diseases mortality data was matched
with the daily averages of air pollutants and weather data.

Statistical analysis

In order to estimate missing data, the expectation maxi-
mum (EM) method was used. This method is an expan-
sion of the regression methods, in which, by using the
available data, regression models are built and are used
for estimating missing values. In this method, the pa-
rameters of regression are continuously estimated and
are then updated by using the new parameters. This
method is repeated several times until the difference be-
tween 2 consecutive regression coefficients becomes less
than 10 [29].

Descriptive statistics including frequency, median, mean,
standard deviation, maximum and minimum were used for
summarizing data about cardiovascular deaths, ambient
air pollutants and weather.

Air pollution might be associated with mortality happen-
ing on the same day or a few days later. In this case, lag
structures should be applied. However, we can’t use mul-
tiple lags in one model, as the collinearity between these
parameters is high [27]. In order to deal with this problem,
distributed lag models (DLM) with smoothing functions
have been used [28]. In studies DLMs have been used for
quantifying the cumulative effect of pollutants over multi-
ple-lagged days [27,29].

In the study, the association between cardiovascular
mortalities with mean daily air pollution was analyzed
using the quasi-Poisson, second degree polynomial
constrained, distributed lag model; using single and cu-
mulative lag structures, adjusted by trend, seasonality,
temperature, relative humidity, weekdays and holidays.
Single-day lag effects of air pollutant exposure were esti-
mated for lags from 1 to 14 days. Distributed lag models
with lags of 0-14 days were also used for estimating car-
diovascular mortalities with potential cumulative expo-
sure effects.

[JOMEH 2018;31(4)

We calculated lags only up to 14 day as we were looking
for the more acute effects of air pollution on cardiovascu-
lar mortalities.

Analyses were performed using R software, v. 3.2.5.
The level of significance in this study was considered
below 0.05.

RESULTS

Descriptive statistics of pollutants,

meteorological parameters and cardiovascular deaths
The number of cardiovascular deaths that happened in var-
ious subgroups in the period March 2008 — March 2015 in
Ahvaz is shown in the Table 1. The total number of cardio-
vascular deaths was 10 625.

Cardiovascular disease mortality in all, men and women,
and over 60-year-olds showed a significant increase as
compared to 2013 (Figure 1).

Due to the middle eastern dust (MED) storms in Ah-
vaz, PM, was the major air pollutant with varying values
for each season. The average value of this pollutant was
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Fig. 1. Cardiovascular disease mortality in Ahvaz, Iran,
March 2009 — March 2015
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Table 1. Cardiovascular deaths in Ahvaz City, Iran,
March 2008 — March 2015, breakdown by sex and age

above 200 ug/m* on most days in the years under consid-
eration (Table 2).

A summary of air pollution and climatic data for the years
under consideration has been shown in the Table 3.

Cardiovascular deaths
Characteristics (N =100625)
[n]

Sex

male 6139

female 4 486
Age

< 18 years 163

18-60 years 2476

> 60 years 7986

Single and cumulative lag structure analysis

The relation between cardiovascular deaths in the total
population, females, males and various age groups and air
pollutants in the single lag and cumulative lags has been
shown in the Table 4 and 5 and Figure 2.

In the model adjusted for trend, seasonality, tempera-

ture, relative humidity, weekdays and holidays, among

Table 2. Frequency of particulate matter below 10 ym (PM, ) in Ahvaz City, Iran, March 2008 — March 2015

Air quality index (AQT) Air pollution level Freq“e?%"f M,
0-50 pg/m? good 1.8
51-100 pg/m? satisfactory 40.8
101-200 pg/m* moderately polluted 45.0
201-300 ug/m? poor 3.6
301-400 ug/m? Very poor 2.1
401-500 pg/m’ severe 1.7
> 500 ug/m? more than the defined range by the US EPA [30] 5.1
> 100 pg/m? above the threshold 575

US EPA - United States Environmental Protection Agency.

Table 3. Descriptive indices of air pollutants reported as per day and climate factors in Ahvaz, Iran, March 2008 - March 2015

Variable M Me Min.-max SD

O, [ug/m’] 62.000 47.200 5.700-6509.200 206.000
PM,; [ug/m’] 237.200 162.500 25.000-4498.000 289.800
NO, [ug/m’] 44.200 39.600 0.300-427.100 34.200
CO [ug/m’] 1.300 0.900 0.010-21.900 2.000
SO, [ug/m’] 54.900 43.800 2.500-614.300 48.200
Temperature (total) [°C] 26.700 27.100 11.600-39.500 9.100

min. 19.700 20.000 18.800-20.400 0.600

max 33.600 33.900 32.600-34.300 0.600
Relative humidity [%] 43.100 41.000 19.000-77.000 15.800

[JOMEH 2018;31(4)
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Table 3. Descriptive indices of air pollutants reported as per day and climate factors in Ahvaz, Iran, March 2008 — March 2015 - cont.

Variable M Me Min.-max SD
Total rainfall [mm] 14.000 2.400 0.000-113.000 23.400
Total sunshine [h] 256.400 253.200 144.000-374.000 62.600
Total evaporation [mm] 264.700 255.200 41.000-541.000 161.300
Wind speed [m/s] 11.500 10.000 7.000-44.000 5.300

0, - ozone; PM, - particulate matter below 10 ym; NO, - nitrogen dioxide; CO - carbon monoxide; SO, - sulfur dioxide.
M - mean; Me — median; min. — minimal value; max — maximal value; SD - standard deviation.
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males, after 3 days’ lag for the IQR increase in the
mean of the O, pollutant (which was about 72.7 ug/m’),
the risk ratio (RR) for cardiovascular deaths was 1.006
(95% confidence interval (CI): 1.001-1.012) and signi-
ficant.

For PM,  in the total population and in the case
of 60-year-olds in the adjusted model after 13-day
lags and for the IQR increase in the average of PM,
(which was 237.3 ug/m’), the rate ratio for cardiovas-
cular deaths increased 1.012 (95% CIL: 1.001-1.023)
and 1.013 (95% CI: 1.001-1.025), respectively. The re-
sults also showed that in the case of under 18-year-olds,
PM,; in 3 days’ lags was related to increased cardiovascu-
lar deaths RR = 1.094 (95% CI: 1.006-1.191).

For NO, the only significant relation was in the case
of under 18-year-olds and 11 days after exposure,
in which for the IQR (about 61.3 ug/m’) increase,
the RR = 1.568 (95% CI: 1.038-2.369) was reported.
Results showed that for the IQR increase in CO
(about 1.12 ug/m?), the adjusted RR for cardiovascular
deaths with 9-day lags in the population above 60 years
old was significant RR = 1.024 (95% CI: 1.001-1.048).
The adjusted models also showed that in the lag of
11, 0, and 9 days after exposure for the IQR increase
in the mean concentration of SO, (about 62.2 ug/m’),
the RR in the case of males, under 18-year-olds and from
18- to 60-year-olds was 1.06 (95% CI: 1.01-1.113), 1.365
(95% CI: 1.035-1.799) and 1.079 (95% CI:1.01-1.153), re-
spectively (Table 3, 4 and Figure 2).

DISCUSSION

Air pollution may affect cardiovascular health by causing
endothelial dysfunction, vasoconstriction, atherosclerosis,
coagulation changes, inflammatory and oxidative stress
responses, autonomic imbalance, increased blood pres-
sure and arrhythmias [12]. The adverse effects of air pol-
lution on cardiovascular health have been shown in some
observational epidemiological studies. However, there

are a few studies about the acute effect of air pollution on
cardiovascular deaths in the Middle East, especially Iran.
Therefore, this study has aimed to investigate the rela-
tion between air pollutants in Ahvaz and cardiovascular
deaths. The time unit in this study has been days and we
have been looking for the acute effects of air pollution.
In this study, we have only evaluated the effects of air
pollution up to 14 days after exposure.

This study has shown a positive and significant relationship
between the concentrations of ambient air O, (ground
level ozone) and cardiovascular deaths among males af-
ter 3 days’ lags. The relation between cardiac admission
and O, during the warm months was investigated in vari-
ous previous studies. But, the results were inconsistent
with positive and significant estimates in London [30] and
negative and significant estimates in Hong Kong [31].

In the study conducted by Hashemi and Khanjani in Ker-
man, Iran, the adjusted results showed that O, had a posi-
tive and significant correlation with cardiovascular admis-
sion in the total population and among women [21]. But in
another study by the same researchers, the adjusted analy-
sis did not show a positive and significant relationship be-
tween ambient air O, and cardiovascular deaths [32]. In the
study by Jerrett et al. in America, there was no significant
relation between O, and cardiovascular or total deaths.
However, relatively weak positive associations were seen
between ambient air O, and cardiovascular mortality when
adjusted for PM, , [33]. Some other studies did not show
a significant effect of O, on cardiac deaths, either. For
example, there was no relationship between O, and car-
diac deaths in the studies from Dockery et al. in England
and Pope et al. in America [34,35]. In the study done by
Lipsett et al. in California, the relation between ischemic
heart disease (IHD) death and O, was barely significant
(hazard ratio (HR) = 1.06, 95% CI: 0.99-1.06), but when
the analysis was limited to summer, O, was positively and
significantly correlated with deaths from IHD (HR = 1.09,
95% CI: 1.01-1.19).

[JOMEH 2018;31(4)
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Meanwhile, there was no relation between O, and cardio-
vascular mortality [36]. Chuang et al. in a cross-sectional
study on 1023 elderly people in Taiwan reported that sys-
tolic and diastolic blood pressure had a strong, significant
and positive correlation with the annual average level
of O, [37]. But the study from Norway found no association
between O, and blood pressure [38] and even a significant
negative correlation was observed for O, in a multicenter
study about the effects of air pollution on blood pressure
in the Netherlands, Finland and Germany [39]. In another
study from Panama, there was no statistically significant
relationship between cardiovascular deaths and O, af-
ter one or 2 months’ lags in any age group [40]. In Hong
Kong, the results showed no significant positive correla-
tion between total cardiovascular deaths and O, pollution
at the same time (RR = 0.997, 95% CI: 0.99-1.003) but
there was a positive and significant correlation between
deaths due to ischemic heart disease and O, after 3-day
lags (RR = 1.009, 95% CI: 1.001-1.018) [41]. It seems that
the controversial results about ozone’s health effects re-
quire more investigations.

Results of this study also showed that PM,, was directly
and significantly associated with mortality from cardio-
vascular diseases for all people, over 60-year-olds and un-
der 18-year-olds, after 3 and 13 days’ lag time. In the study
conducted on 30 cities in a number of European countries,
positive correlations were reported between cardiovascu-
lar deaths and PM, | after up to 40 days’ delay. Cardiovas-
cular mortality increased up to 1.97% (95% CI: 1.38-2.55)
in 40-day-lagged models and most of the effects of air pol-
lution remained for more than a month after exposure to
this air pollutant. In fact, when the effects after 40 days’
delay were assessed, the effect of PM, on cardiovascular
deaths increased to double and these effects were also
seen in age subgroups. These increased effects are impor-
tant for risk assessment and show that the effects of air
pollution in regard to cardiovascular death exist even after
one month or longer after exposure [42]. In another study

[JOMEH 2018;31(4)

from Panama, results showed the effect of PM, on cardio-
vascular deaths in total increases by 5.8% (95% CI: 1.9-
9.7) after one month’s delay [40].

However, in another study conducted by Braga et al.,
in 10 US cities, results showed that cardiovascular deaths
in contrary to respiratory deaths, which were affected
by the level of PM, 2 days before (time lag 2), were af-
fected by the level of PM, on the same day as well [43].
In the study performed in the city of Sdo Paulo about the
effect of PM,; on cardiovascular disease admissions, af-
ter 20 days’ delay, a different pattern was observed for car-
diovascular diseases in the total population, women and
men. In the total population the effect was positive and
significant in zero and one-day lags, negative and signifi-
cant (harvesting) — in 4- to 6-day lags and again positive
and significant — in 10- to 12-day lags [44]. In a systematic
review study conducted by Shah et al. in 2012, the results
showed that the relation between hospitalizations and
deaths from heart failure and levels of PM,; on the same
day was RR = 1.63, 95% CI: 1.2-2.07) but not significant
after 1- or 2-month delays [45].

In this study, there was a positive and strong significant re-
lationship between NO, and cardiovascular deaths in the
case of under 18-year-olds after 11-day lags. In this regard,
in Dadbakhsh et al.’s study, in Shiraz, Iran, the results
showed that NO and NO, had a direct and significant rela-
tion with total cardiovascular deaths, and female deaths in
the same month and total cardiovascular deaths that hap-
pened one month later [2]. In the study from China, nitro-
gen dioxide was also associated with an increase in isch-
emic heart disease death [41]. The study done by Ghozi-
kali et al. in Tabriz, Iran, showed that NO, concentration
over 10 ug/m® was related to 0.47% (95% CI. 0-0.94)
increase in cardiovascular mortality in Tabriz [46]. In
the study done by Cesaroni et al. in Rome, although there
was no or poor relation between NO, and non-accidental
deaths, cardiovascular deaths and death from ischemic
heart diseases in the crude analysis; there was a strong re-
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lation between NO, and these deaths when adjusted for
personal characteristics and socio-economic status based
on the residential area [15].

In the study about the relation between air pollution and
mortality in France, the adjusted multivariate analysis
showed that the hazard ratio for cardiovascular death for
each 10 pg/m’ increase in NO, was 1.27 (95% CI: 1.04-
1.56), which was statistically significant [47]. In the mul-
ticenter cohort study in Europe, using Poisson regression
analysis of 22 006 survivors of a first myocardial infarc-
tion, the RR of readmission due to heart attack in relation
to NO, was 1.032 (95% CI: 1.013-1.051) for each 8 ug/m’
(i.e., 4.16 ppb) increase and it was concluded that there
was an increased risk for heart attack during days with
increasing concentrations of several urban air pollutants,
including PM, , CO, NO, and O, [48].

In another cohort study in Toronto, Canada, there was
a significant increase of 17% in all-cause mortality
and 40% increase in cardiovascular mortality for
each 4 ppb increase in NO, after controlling for age,
gender, lung function, obesity, smoking and neigh-
borhood deprivation [49]. In the study done by Raas-
chou-Nielsen et al. in Denmark, the adjusted mor-
tality rate ratio (MRR) for cardiovascular diseases
was 1.26 (95% CI: 1.06-1.51). In other words, there was
a significant 26% increase in cardiac death when the con-
centrations of NO, doubled [50]. Zeng et al. conducted
a study in 6 cities of China, and showed that after one
day’s lag time, for each 10 ug/m’ increase in NO,, car-
diovascular deaths increased up to 1.03% (95% CI: 0.4-
1.66) [51]. In the study conducted by Zuniga et al. in
Panama, the results showed that after one month’s
lag, NO, with concentrations > 20 pg/m’ increased car-
diovascular deaths for age groups above 85 years old
by 6.7% (95% CI: 0.9-12.8) [40]. In another study carried
out by Wong et al. in Hong Kong, the results showed that
there was a positive and significant correlation between
ischemic heart disease deaths and NO, after 1-day de-

lay (RR = 1.024, 95% CI: 1.012-1.036) [41]. A system-
atic review done by Mustafi¢ in 2012 based on 34 stud-
ies finally showed that NO, had a significant positive
relation with myocardial infarction (HR = 1.011,
95% CI: 1.006-1.016) [52].

In this study, there was a statistically significant rela-
tion between CO and cardiovascular deaths in the case
of over 60-year-olds in 9-day lags. However, a systemat-
ic review conducted by Shah et al. in 2012, showed that
the RR between the number of hospitalizations and deaths
of heart failure and CO on the same day (zero time lag)
was RR = 3.52 (95% CI: 2.52-4.54) but was not significant
in delayed lags [45].

In this study there was a statistically significant relation
between simultaneous SO, and cardiovascular deaths
among men, the < 18 and 18-60-year-olds in lag times 9, 0
and 11, respectively. In this regard, Zeng et al. showed
that SO, per 10 ug/m’ increase after one-day delay in-
creased cardiovascular deaths by 0.48% (95% CI: 0.11-
0.85) [51]. In the study conducted by Martins et al. in Sao
Paulo City, Southeastern Brazil, the results showed that
there was a positive and significant relation between SO, af-
ter zero and one-day lags with admission for IHD and all
cardiovascular diseases in the case of the total population
and female patients [44]. In the study from Hong Kong,
there was a positive and significant correlation between
deaths due to ischemic heart disease and SO, after 1-day lag
(RR = 1.028, 95% CI: 1.012-1.044) as well [41]. Investigat-
ing the effects of air pollution and cause-specific mortality
(cardiovascular, respiratory, etc.) after delays may help dis-
cover the relation between pollutants and causes of death
and provide more insight for finding the mechanisms of ef-
fects of ambient air pollutants on those deaths [43].

Some of the mechanisms for the effect of air pollutants
on cardiovascular outcomes have been mentioned in stud-
ies. Of course, it is difficult to estimate the effects of each
individual air pollutant separately in epidemiological stud-
ies [50]. It has been reported that exposure to air pollution
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is associated with increased blood viscosity and shortening
of prothrombin time in human populations [53]. Animal
studies have also shown that prolonged exposure to par-
ticles causes atherosclerosis [44] and probably does the
same in the case of humans [36].

Some studies have suggested that NO, itself causes
thrombosis [54]. But others have suggested that the known
vasodilation effects of NO and PM, are highly variable
and may have varied physiological effects, depending on
the dominant combination [55].

The strength of our study has arisen from the use of a big
database that had collected population data over a long
time period.

The limitations of this study have included the aggregated
data, and the fact that the inference cannot be directly
transferred to the individual level. Population-based eco-
logical studies cannot take care of population dynamics,
for example, immigrations and emigrations, either. In this
study, exposure to air pollution has been measured for
the population as a whole and not at an individual level.
However, this has been the only way we could measure
exposure in this particular population. Although we have
finally studied temporal variability, we have not been able
to account for the probable difference in exposure based
on location.

CONCLUSIONS

The results indicate that cardiovascular death is associat-
ed with air pollution (O,, PM, , NO,, CO and SO,) on the
same day and in multi-day lags in Ahvaz City. This finding
shows the need for effective planning to reduce the harm-
ful effects of air pollution on human health.
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