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Abstract

Background: Stroke, a leading cause of mortality and disability worldwide, is influenced by both non-
modifiable and modifiable risk factors, including air pollution. Arak, Iran, is one of the country’s most
industrialized and polluted cities. This study investigates the association between short-term and long-
term exposure to major air pollutants—PMzts, PM,,, O3, SO,, and NO,—and stroke morbidity.
Methods: This prospective cohort study included all stroke patients registered in Arak between 2019
and 2022. Air pollutant concentrations were obtained from four monitoring stations, with short-term
exposures defined as 1 week, 1 month, 3 months, and 6 months, and long-term exposures as 9, 12,
18, and 24 months. Data were analyzed using a time-series zero-inflated negative binomial regression
model, adjusting for confounders including smoking and opium use.

Results: Short-term (3-month) exposure to NO,, O, and SO, was significantly associated with
increased stroke incidence, while short-term (1-week) exposure to these pollutants showed a negative
association. PM,o and O; (6 months) and SO, (1-3 months) also demonstrated significant associations.
Long-term (2-year) exposure to PMo, NO,, and SO, was strongly associated with stroke morbidity,
whereas O; exposure showed an inverse relationship. PM, ; was not significantly associated in the short
term but showed a positive, though nonsignificant, association in the long term.

Conclusion: Both short-term and long-term exposure to certain air pollutants are associated with
stroke morbidity, with varying effects by pollutant and lag period. Reducing chronic exposure to PM,,
NO,, and SO, may help lower the incidence of stroke in high-pollution settings.
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Introduction

A stroke, caused by artery occlusion, stenosis, or rupture,
is characterized by an acute disorder of cerebral blood
circulation. Stroke is categorized into two subtypes,
including ischemic and hemorrhagic, which differ in both
etiology and risk factors (1,2). Stroke is a major cause of
death and one of the leading causes of long-term severe
disability in both developed and developing countries,
accounting for nearly 6 million deaths (approximately
11% of all global deaths) and 132 million disability-

adjusted life years lost in 2017 (2-4).

Even though various effective prevention strategies
have been implemented in recent years, the incidence of
stroke is still rising, especially in low- and middle-income
countries, due to multiple factors such as lifestyle change,
population aging, etc. (4). The risk factors of stroke are
generally classified into two main parts: non-modifiable
factors (e.g., age and race) and modifiable ones (e.g., air
pollution, diabetes, and hypertension). Among those
modifiable factors, air pollution, as one of the major

© 2026 The Author(s). Published by Kerman University of Medical Sciences. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.


http://orcid.org/0000-0002-8935-0941
http://orcid.org/0000-0003-4434-561X
http://orcid.org/0000-0001-8675-0045
http://orcid.org/0000-0002-9375-4631
http://orcid.org/0000-0003-4501-4126
http://orcid.org/0000-0001-7821-4824
http://creativecommons.org/licenses/by/4.0
https://doi.org/10.34172/EHEM.1640
https://crossmark.crossref.org/dialog/?doi=10.34172/EHEM.1640&domain=pdf
http://ehemj.com
mailto:hmirhossaini@gmail.com
mailto:hmirhossaini@gmail.com
mailto:dr.mirhoseini@arakmu.ac.ir
mailto:dr.mirhoseini@arakmu.ac.ir
https://doi.org/10.34172/EHEM.1640

Poorsaadat et al

environmental problems, has been considered by a lot
of researchers (1,5,6). Therefore, it is of public health
significance to investigate air pollution to reach a better
understanding of the relationship between air pollution
and stroke, and hence to develop intervention measures
and environmental policies (5).

Air pollution is a complex association of several
components consisting of particulate matter (PM), ozone
(O,), sulfur dioxide (SO,), nitrogen monoxide (NO),
nitrogen dioxide (NO,), and carbon monoxide (CO)
produced by different sources. In recent years, these
pollutants have attracted wide public attention due to their
impact on public health and air quality (7,8). Air pollution
has great effects on biological mechanisms such as systemic
inflammation, apoptosis, and DNA damage through the
production of reactive oxygen species and oxidative stress
(7,9,10). Therefore, exposure to air pollution is one of the
leading causes of mortality and morbidity, contributing
to 6.5 million deaths and 167.3 million disability-adjusted
life years (11). On the other hand, air pollution can lead to
misbalancing in the autonomic nervous system, causing
various complications in the human brain and thereby the
incidence of stroke (3,12,13).

While numerous studies in Europe, North America,
and Asia have demonstrated the immediate and long-
term effects of air pollution on stroke morbidity and
mortality,(14-16) few have thoroughly examined both
in a high-pollution industrial setting in the Middle East.
Our study fills this gap by analyzing detailed time-lag
effects in Arak, Iran—an industrial city with consistently
high pollutant levels.

Previous meta-analyses and multi-country studies have
reported significant associations between short-term
exposure to NO,, SO,, and PM and increased risk of
stroke admissions (5,17-19), as well as between long-term
exposure to PM,.; and NO, and elevated stroke incidence
(20-21). However, the magnitude and direction of these
associations vary by region, pollutant, and exposure
duration, underscoring the need for context-specific
research.

Arak, located in Markazi Province, has a population
of more than 520,000 people according to the latest
census in 2016. Air pollution has become an important
environmental issue in Arak, mainly due to the rapid
industrialization and urbanization of the city over the
recent decades(22-24). Accordingly, huge amounts of air
pollutants are continuously discharged into the air due
to the activities of various industries and traffic present
within and around the city. Therefore, it is important to
characterize the exposure-response relationships between
air pollution and stroke in this polluted city. This study
aimed to examine the association between short and long-
term exposures to air pollutants, including PM, , PM,,
0,, SO,, and NO, with the incidence of stroke in Arak,
Iran, during 2019- 2022.

Materials and Methods

Study Design

This study is a prospective cohort study in which all
patients diagnosed with stroke were enrolled. The
information on these patients was extracted from the
registration program for stroke patients established in the
city of Arak, Iran, from 2019 to 2022. After registration in
the program, a total of 1010 patients were included in the
analysis and followed up accordingly.

The inclusion criteria were as follows: living in Arak,
and confirmed stroke cases who were hospitalized by a
neurologist according to World Health Organization
criteria  (25). The patients whose exact date of
hospitalization was not known were naturally excluded
from the study.

The stroke registration program records demographic
and clinical information about patients, such as the daily
number of new stroke cases, the exact date of the event,
and the hospitalization.

Assessment of Environmental Futures

In this study, the relationship between the occurrence
of stroke and 6 pollutants, including PM,,, PM,;, O,
NO,, and SO, has been investigated. Both the short-
term (1lweek, 1month, three months, and 6 months)
and long-term effects (9, 12, 18, and 24 months) of the
concentration of the pollutants on the incidence of stroke
were evaluated. Pollutant concentrations were evaluated
using arithmetic mean concentrations over specified
short-term and long periods.

The pollutant data were obtained from 4 air quality
monitoring stations during the study period. (2017-
2022). The hourly concentration data were processed
such that the zero and negative data of the stations were
removed. Only stations with hourly data of more than
75% during one year (according to WHO criteria) were
considered (26-28). Across stations, the proportion of
missing data was 8.4% for PM,,, 7.9% for PM,,, 5.6% for
03, 9.2% for SO,, and 6.8% for NO,. Then, the daily mean
concentrations of PM,, PM,, NO,, and SO, and the
maximum daily 8-hour mean concentrations of O, were
calculated.

Exposure Assessment

We evaluated both short-term (1 week, 1 month, 3
months, 6 months) and long-term (9 months, 12 months,
18 months, 24 months) exposure windows. These
intervals were selected based on prior studies on lag
effects in air pollution epidemiology (19, 29-31) and the
WHO exposure assessment guidelines.

Statistical Analysis

To analyze the data, we have used a time series zero-
inflated negative binomial regression approach. This
statistical methodology is particularly pertinent when

N

Environmental Health Engineering and Management Journal. 2026;13:1640



Poorsaadat et al

dealing with count data exhibiting excess zeros and
overdispersion. The fitting process involves employing
maximum likelihood estimation in which the model can
capture the intricate relationships between variables and
the occurrence of zeros in the count data. Overdispersion,
which occurs when the variability in the data exceeds what
is expected based on the assumed statistical distribution,
was checked using the likelihood ratio test (LRT). The
model for time “i” includes two parts for the count process
and the zero inflation as follows, in which 7, is the logistic
link function for the probability of zero counts process

and fis the negative binomial distribution.

The results are formed in the count and zero-inflated
sections and can be interpreted as the exponential of the
estimated coefficients. The first part shows the impact of
variables on the number of events, while the second part
shows the impact on whether an event is not observed.

Estimates are presented as relative risks (RR) or
odds ratios (OR) per 10-unit increase in pollutant
concentration.

Covariates included: Age, sex, smoking status
(current, former, never), passive smoking, opium use,
hypertension, diabetes, seasonality and long-term trends,
daily mean temperature, and humidity. Lag periods were
incorporated by averaging pollutant concentrations
over the specified exposure windows before each stroke
event. Analyses were performed in R 4.1.3, with p<0.05
considered significant.

Results
Table 1 shows the demographic and clinical characteristics

of the patients participating in the study. The mean age

Table 1. Demographics and clinical characteristics of participants

Variable Category Mean (£SD) or N (%)
Age (Years) 70.67 (£12.8)

Female 477 (47.23)
Gender

Male 533 (52.77)

Yes 226 (22.38)
Smoking

No 784 (77.62)

Yes 101 (10.0)
Passive smoker

No 909 (90.0)

Yes 157 (15.54)
Opium

No 853 (84.46)

Hypertensive 815 (80.69)
Hypertension

Normotensive 195 (19.31)

Yes 307 (30.40)
Diabetes

No 703 (69.6)

of the participants was 70.67 years (S.D.: 12.8). Out of all
the participants, 52.77% were male, 22.38% were smokers,
10% were passive smokers, 15.54% had a history of opium
use, 80.69% had high blood pressure, and 30.4% had
diabetes.

Table 2 presents the data summarized of air pollutants
from air quality monitoring stations in the city of Arak
between 2017 and 2021. The daily means of air pollution
levels ranged between 2.9- 194 ug/m’ for PM, _, 11.3- 206.7
ug/m’ for PM , 3.8- 56.8 ppb for O,, 1.5- 179.5 ppb for
SO, and 7.4-56 ppb for NO,. Stroke effect sizes associated
with every 10-unit increase in the levels of air pollutants
in the short and long term are shown in Tables 3 and 4,
respectively.

The model results of the count process indicated that
the cumulative effect of a 10 ug/m’ increase in PM
concentrations within one week, one month, three
months and six months corresponded to a 1% (95% CI
0.96% to 1.04%), 1.02% (95% CI 0.98% to 1.06%), 1.02%
(95% CI 0.99% to 1.06%) and, 1.01% (95% CI 0.97% to
1.05%) increase in daily stroke incidences respectively
(Table 3). For NO,, the related significant association was
found to be 1.14% (95% CI 1.01% to 1.29%) during three
months.

The model results of the Zero-inflated model showed
that increases of 10 units in PM,  and O, at six months
were significantly associated with 1.18% (95% CI 1.06% to
1.33%) and 2.37% (95% CI 1.34% to 4.21%) increases in
daily stroke incidences. Also, there are positive significant
associations between the increases of 10 ppb in SO,
with 1.57% (95% CI 1.02% to 2.4%) and 2.54% (95% CI
1.05% to 6.11%) increases in daily stroke hospitalizations,
respectively, during 1- and 3-month periods (Table 3).

For long-term exposure, the increase of NO, levels (10
units) significantly increased the stroke hospitalization,
with RR values and 95% CIs of 1.22(1.07-1.4) and
1.17(1.07-1.3) over 9 and 12 months, respectively. Also,
the odds ratios of stroke were 3.81 (95% CI 1.76-8.26)
at 18 months and 1.21 (95% CI 1.06-1.39) at 24 months
for each 10 ug/m’ increase in NO, (Table 4). The Zero-
inflated model showed a statistically significant increase
0f 4.67 (95% CI 1.31-16.7) and 4.36 (95% CI 1.06-17.9) in
stroke admissions per 10 units increase in PM, and SO,
at 24 montbhs.

Discussion

This study is one of the few studies conducted in Iran
that systematically examines the relationship between
the short-term and long-term exposure to air pollutants
and the incidence of stroke hospitalization. Based on the
evaluation of the two models applied in the present study,
a significant positive association was found between the
increased risk of stroke incidence and short-term three-
month exposure to NO,, O, and SO,. These results
were consistent with a meta-analysis comprising 23
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Table 2. Summary statistics for air pollutant concentrations in Arak, Iran, 2017-2022

Percentile
Air pollutants MeantSD Minimum IQR Maximum
25th 50th 75th
PM, , (ug/m?) 27.92+151 2.85 17.9 25.36 34.26 16.36 193.98
PM,; (ug/m?) 65.68+43.2 11.3 38.85 60.3 81.4 42.55 206.7
O, (ppb) 25.72+7.8 3.81 20.18 25.35 30.9 10.72 56.78
SO,(ppb) 17.18+12.5 1.45 10.95 14.2 18.9 7.95 179.5
NO, (ppb) 19.02+7.3 7.4 13.5 18.01 2212 8.62 56.02

IQR =interquartile.

Table 3. Stroke effect sizes associated with every 10 units increase in the levels of air pollutants, including PM, ., PM,, O,, SO,, and NO, in the short term
1 week 1 month 3 months 6 months
Model Pollutants
RR/ OR 95% CI RR/OR 95% CI RR/OR 95% ClI RR/OR 95% Cl
PM, 0.92 0.84-1.15 0.97 0.88-1.08 0.98 0.89-1.08 0.89 0.79-0.99
. PM,, 1.00 0.96-1.04 1.02 0.98-1.06 1.02 0.99-1.06 1.01 0.97-1.05
Standard Poisson
regression model O, 0.8 0.65-0.98 0.94 0.77-1.15 1.09 0.92-1.30 1.04 0.88-1.23
RR
(RR) NO, 0.89 0.79-1 1.03 0.91-1.16 1.14° 1.01-1.29 0.91 0.75-1.09
SO, 0.76° 0.59-0.96 1.12 0.94-1.35 0.72° 0.6- 0.88 0.81° 0.69-0.96
PM, 1.04 0.85-1.28 1.25 0.98-1.06 0.66 0.38-1.16 0.71 0.47-1.06
PM,, 1.00 0.92-1.10 0.95 0.88-1.04 0.97 0.8-1.17 1.18 1.06-1.33
Zero-inflated 0 0.72 0.44-1.16 1.39 0.91-2.13 2.91° 1.21-7.02 237 1.34-4.21
model (OR) 3
NO, 0.31° 0.16-0.62 0.19° 0.07-0.49 0.008" 0.01-0.44 0.87 0.51-1.48
SO 1.34 0.81-2.21 1.57" 1.02-2.40 2.54° 1.05-6.11 1.36 0.85-2.17

2

*P<0.05, RR=relative risk, OR=0dds ratio, Cl=confidence interval.

Table 4. Stroke effect sizes associated with every 10 units increase in the levels of air pollutants, including PM, ,, PM

10°

0,, 80,, and NO, in the long term

9 months 12 months 18 months 24 months
Model Pollutants
RR/OR 95% CI RR/ OR 95% CI RR/ OR 95% CI RR/ OR 95% ClI
PM, . 0.94 0.85-1.04 1.13 1.03-1.24 0.82 0.72-0.93 1.02 0.88-1.19
) PM,, 1.00 0.96-1.04 0.98 0.95-1.02 1.03 0.98-1.07 1.03 0.97-1.08

Standard Poisson
regression model O, 1.00 0.88-1.15 1.42 1.25-1.61 1.1 0.94-1.31 0.78 0.65-0.94
(RR) NO, 1.22° 1.07-1.39 117 1.07-1.29 1.76 1.38-2.25 0.45 0.32-0.64

SO, 0.94 0.85-1.04 0.96 0.85-1.08 0.92 0.82-1.03 1.03 0.93-1.13

PM, 0.58 0.36-0.94 1.05 1.02-1.07 1.28 0.9-1.84 0.34 0.03-4.21

PM,, 1.45 1.22-1.72 1.03 1.01-1.04 1.07 0.95-1.2 4.67 1.31-16.7
zero-inflated 0 5.02 2.23-11.3 0.93 0.85-1.01 2.8 1.67-4.71 0.92' 0.87-0.98
model (OR) 3

NO, 1.08 0.75-1.55 0.81 0.78-0.84 3.81 1.76-8.26 1.21 1.06-1.39

SO, 0.57 0.32-1.01 0.97 0.95-0.99 0.58 0.38-0.87 4.36 1.06-17.9

2

*P<0.05, RR=relative risk, OR=0dds ratio, Cl=confidence interval.

million participants from 68 studies, which revealed the
associations between NO,, SO,, and an increased risk of
total stroke hospitalizations (1). A nationwide time-series
analysis surveyed over two million ischemic stroke cases
in 172 cities in China also supported these results (14).
However, a statistically significant negative association
was found between the short-term one-week exposure
to these pollutants and the increased incidence of stroke.
The relationship between air pollution and stroke risk
is complex and may not follow a simple linear pattern.
It is possible that at low levels of air pollutants within a

week, there is a negative association with stroke risk,
but this trend could reverse at higher levels of exposure.
Additionally, confounding factors like temperature,
humidity, and socioeconomic status could also play a
role in the relationship between air pollution and stroke
risk (3). In a time series analysis conducted in Dublin
and Cork, Ireland, as cities with low concentrations of
air pollutants, it was found that there was no significant
association between the admission of all strokes and
concentrations of the air pollutants (32). Previous studies
have shown that daily changes in Europe are ten times
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lower than those in Asia. These smaller changes in air
pollution levels lead to a lower ischemic stroke risk,
making it more difficult to distinguish the link between
air pollution levels and ischemic stroke (12). The meta-
analysis conducted by Shah et al found that there is a
significant association between air pollution and stroke.
They estimated that for every 10 pug/m’ increment of
PM, ,, there is a 1.1% increase in daily hospital admissions
for stroke. Similarly, for every 10-ppb increment of
SO,, NO,, and O,, the increase in hospital admissions
for stroke was estimated to be 1.6%, 1.2%, and 0.1%
respectively (33). However, it is important to note that
the results varied across studies due to differences in air
pollution levels, outcome definitions, weather conditions,
population  susceptibility, and sociodemographic
characteristics. Our findings of no statistically significant
positive associations between PM, . and stroke on short-
term exposure were unexpected. Whlle some previous
studies have reported negative associations between PM
and stroke, these findings have been limited to specific lag
periods, locations, seasons, or other categories of stroke
events (34-36). In the study conducted in 248 cities of
China, a weak inverse relationship with PM, was noted
for hemorrhagic stroke in the primary analyses (lag 0
day), but this connection attained statistical significance
when alternative single-day exposures (lag 1 or 2 days)
or moving average exposures (lag 0-1, 0-2, or 0-3 days)
were used as the exposure metric (4). New research has
revealed that there is no significant connection between
air pollution and overall hemorrhagic stroke. This
suggests that air pollutants may specifically elevate the
risk of intracerebral hemorrhages and not subarachnoid
hemorrhage (12). The Swedish study demonstrates
the impact of air pollutant concentration on ischemic
stroke admissions. The study found a 13% increase in
ischemic stroke admissions on days with high (>30 pg/
m?) compared to low (<15 ug/m®) concentrations of PM, |
(12). This highlights the potential health risks associated
with elevated air pollutant levels, even when the mean
concentration is relatively low at 16 ug/m’. However, in
the present study, the zero-inflated model indicated a
significant positive correlation between the number of
stroke cases and a six-month exposure to PM,, with an
increase of 10 pg/m”’. Several recent studies have reported
a significant positive association between stroke cases and
short-term exposure to PM, ,and PM, (1, 29, 37-39). The
retrospective study involving 504 stroke patients revealed
that exposure to air polluted with SO, during the acute
period of stroke had negative effects on the course of the
condition. It was found that regardless of the patient’s
clinical profile, such exposure worsened the prognosis
in terms of functional status and death within 10 days.
However, there was no significant effect on functional
status and prognosis for the subsequent three months,
and no relationship between PM pollution and post-

stroke functional status (40). Based on previous studies,
it has been established that exposure to environmental
NO, is linked to a higher risk of stroke in heavily polluted
areas. Additionally, O, is a secondary pollutant known for
its strong oxidizing properties. While concentrations of
other pollutants like PM, . have decreased in recent years,
ambient O, levels have remalned stable or even increased
globally.

In this study, the long-term effects of exposure to
pollutants on stroke incidence from 9 to 24 months
have been considered. A positive, strong relationship
between two-year exposure to PM,, NOZY and SO, with
the incidence of stroke was observed. Whereas, exposure
to O, has been found to potentially decrease the risk, as
indicated by an odds ratio of 0.92 (95% CI: 0.87-0.97)
and a relative risk of 0.78 (0.65-0.94). The finding of
the inverse association between O, exposure and stroke
hospitalization is in line with a previous study that
also observed a similar relationship among Medicare
beneficiaries(41).

In both models, there was a positive but non-significant
relationship between the long-term one-year exposure to
PM, , and stroke incidence. These findings are consistent
with existing evidence. A combined analysis of six
European cohorts investigated the relationship between
long-term exposure to air pollution and the incidence
of stroke. The study revealed a higher risk associated
with increased levels of PM,, (hazard ratio of 1.10 [95%
CI 1.01-1.21] per 5 pg/m’ 1ncrease) and NO, (hazard
ratio of 1.08 [95% CI 1.04-1.12] per 10 pg/m’ 1ncrease)
(10). The analysis of 23,423 Denmark residents, with
1,078 cases of stroke, revealed a hazard ratio (HR) of
1.13 (95% CI 1.01-1.25) for ischemic stroke per 3.9 pg/
m?® (IQR) rise in annual mean of PM, .. The results also
indicated similar hazard ratios (HRs) for both 3-year
and 23-year averages of PM2.5 levels (2). The 2019 meta-
analysis found a significant relationship between long-
term exposure to higher PM_, levels and all-cause stroke
within a 1 to 4-year exposure period (5). Also, the findings
from the China cohort study conducted by Huang et al
and the Korean retrospective study by Noh et al both
indicated a significant correlation between long-term
exposure to elevated levels of PM, , and an increased risk
of hemorrhagic stroke (16,42).

The evaluation of 30-day all-cause hospital readmission
in US fee-for-service Medicare beneficiaries aged 65 years
and older, hospitalized for ischemic stroke in 2014 to
2015, revealed that higher average annual exposure to CO,
NO,, PM,, and SO, was associated with increased risks
of readmission, while O, exposure showed a decrease in
risk. Therefore, they concluded that long-term exposure
to main air pollutants, even at levels lower than national
thresholds, correlated with increased 30-day readmission
for all causes after stroke incidence (10). The Beijing
health management cohort study from 2013 to 2018
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found that even a small increase in the concentrations
of PM,,, SO,, and NO, is associated with a higher risk
of cerebrovascular disease. Specifically, for every 1 ug/
m’ increase in PM, ,, the risk increased by 1.02; for SO,,
the risk increased by 1.06; and for NO,, the risk increased
by 1.02 (43). The study suggests that reducing long-term
exposure to these pollutants could significantly benefit
the health of individuals, especially those who are more
susceptible to cerebrovascular disease. In this study, the
correlation between stroke and air pollution was studied.
It is recommended that further studies investigate the
relationship between the type of stroke, the territory of
stroke, and the severity of cerebrovascular accident and
air pollution.

Conclusion

This study investigated the association between short-
term and long-term exposure to air pollutants and the
incidence of stroke hospitalization in Arak, Iran. Further
research is recommended to investigate the relationship
between the type of stroke, the territory of stroke, and
the severity of cerebrovascular accident and air pollution.
Reducing exposure to air pollution could be an important
strategy for preventing stroke. Both short-term and long-
term exposure to certain air pollutants are associated with
stroke morbidity in Arak, Iran. Strategies to reduce chronic
PM,o, NO,, and SO, exposure may significantly lower
stroke risk in similar urban-industrial environments.

Acknowledgements

The authors would like to thank Arak University of
Medical Sciences, Arak, Iran for their scientific and
financial support (Grant number 4178).

Authors’ contributions

Conceptualization: Seyed Hamed Mirhoseini, Leila
Poorsaadat, Amir Almasi Hashiani, Ali Koolivand.

Data curation: Leila Poorsaadat, Maede Nasrollahi,
Payam Amini, Amir Almasi Hashiani.

Formal analysis: Amir Almasi Hashiani, Payam Amini,
Seyed Hamed Mirhoseini.

Funding acquisition: Leila Poorsaadat.

Investigation: Leila Poorsaadat, Seyed Hamed Mirhoseini,
Leila Poorsaadat, Amir Almasi Hashiani, Payam Amini,
Ali Koolivand.

Methodology: Amir Almasi Hashiani, Payam Amini,
Leila Poorsaadat, Seyed Hamed Mirhoseini.

Project administration: Leila Poorsaadat, Seyed Hamed
Mirhoseini, Amir Almasi Hashiani.

Resources: Seyed Hamed Mirhoseini, Amir Almasi
Hashiani, Ali Koolivand, Liela Poorsaadat.

Software: Payam Amini, Amir Almasi Hashiani.
Supervision: Leila Poorsaadat.

Validation: Seyed Hamed Mirhoseini, Amir Almasi
Hashiani, Leila Poorsaadat.

Visualization: Leila poorsaadat, Maede Nasrollahi,
Seyed Hamed Mirhoseini, Amir Almasi Hashiani, Ali
Koolivand.

Writing-original draft: Seyed Hamed Mirhoseini, Amir
Almasi Hashiani, Ali Koolivand, Leila Poorsaadat.
Writing-review & editing: Seyed Hamed Mirhoseini,
Amir Almasi Hashiani, Payam Amini, Ali Koolivand,
Leila Poorsaadat.

Competing interests
All authors declared no conflict of interest.

Ethical issues

All stages of research were conducted following the
Declaration of Helsinki and the Ethical Statements of the
Ethics Committee of Arak University of Medical Sciences.
This study was approved by the Ethics Committee of
Arak University of Medical Sciences (Ethical code:
IR ARAKMU.REC.1401.126).

Funding
This study was funded by Vice-Chancellor for Research of
Arak University of Medical Sciences.

References

1. NiuZ, Liu F, Yu H, Wu S, Xiang H. Association between
exposure to ambient air pollution and hospital admission,
incidence, and mortality of stroke: an updated systematic
review and meta-analysis of more than 23 million
participants. Environ Health Prev Med. 2021;26(1):15. doi:
10.1186/512199-021-00937-1

2. Amini H, Dehlendorff C, Lim YH, Mehta A, Jorgensen JT,
Mortensen LH, et al. Long-term exposure to air pollution
and stroke incidence: a Danish Nurse Cohort study. Environ
Int. 2020;142:105891. doi: 10.1016/j.envint.2020.105891

3.  Chen R, Zhang Y, Yang C, Zhao Z, Xu X, Kan H. Acute
effect of ambient air pollution on stroke mortality in
the China air pollution and health effects study. Stroke.
2013;44(4):954-60. doi: 10.1161/strokeaha.111.673442

4. Gu J, Shi Y, Chen N, Wang H, Chen T. Ambient fine
particulate matter and hospital admissions for ischemic
and hemorrhagic strokes and transient ischemic attack in
248 Chinese cities. Sci Total Environ. 2020;715:136896. doi:
10.1016/j.scitotenv.2020.136896

5. Yuan S, Wang J, Jiang Q, He Z, Huang Y, Li Z, et al.
Long-term exposure to PM2.5 and stroke: a systematic
review and meta-analysis of cohort studies. Environ Res.
2019;177:108587. doi: 10.1016/j.envres.2019.108587

6. Wang Z, Peng J, Liu P, Duan Y, Huang S, Wen Y, et al.
Association between short-term exposure to air pollution
and ischemic stroke onset: a time-stratified case-crossover
analysis using a distributed lag nonlinear model in
Shenzhen, China. Environ Health. 2020;19(1):1. doi:
10.1186/s12940-019-0557-4

7. Fu P, Guo X, Cheung FM, Yung KK. The association
between PM2.5 exposure and neurological disorders: a
systematic review and meta-analysis. Sci Total Environ.
2019;655:1240-8. doi: 10.1016/j.scitotenv.2018.11.218

8. Graber M, Mohr S, Baptiste L, Duloquin G, Blanc-Labarre

)]

Environmental Health Engineering and Management Journal. 2026;13:1640


https://doi.org/10.1186/s12199-021-00937-1
https://doi.org/10.1016/j.envint.2020.105891
https://doi.org/10.1161/strokeaha.111.673442
https://doi.org/10.1016/j.scitotenv.2020.136896
https://doi.org/10.1016/j.envres.2019.108587
https://doi.org/10.1186/s12940-019-0557-4
https://doi.org/10.1016/j.scitotenv.2018.11.218

Poorsaadat et al

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

C, Mariet AS, et al. Air pollution and stroke. A new
modifiable risk factor is in the air. Rev Neurol (Paris).
2019;175(10):619-24. doi: 10.1016/j.neurol.2019.03.003
Clifford A, Lang L, Chen R, Anstey K]J, Seaton A. Exposure
to air pollution and cognitive functioning across the
life course--a systematic literature review. Environ Res.
2016;147:383-98. doi: 10.1016/j.envres.2016.01.018

Wolf K, Hoffmann B, Andersen ZJ, Atkinson RW,
Bauwelinck M, Bellander T, et al. Long-term exposure to
low-level ambient air pollution and incidence of stroke and
coronary heart disease: a pooled analysis of six European
cohorts within the ELAPSE project. Lancet Planet Health.
2021;5(9):€620-32. doi: 10.1016/s2542-5196(21)00195-9
Lee KK, Miller MR, Shah ASV. Air pollution and stroke. ]
Stroke. 2018;20(1):2-11. doi: 10.5853/j0s.2017.02894
Verhoeven JI, Allach Y, Vaartjes IC, Klijn CJ, de Leeuw
FE. Ambient air pollution and the risk of ischaemic and
haemorrhagic stroke. Lancet Planet Health. 2021;5(8):e542-
52. doi: 10.1016/s2542-5196(21)00145-5

Villeneuve PJ, Johnson JY, Pasichnyk D, Lowes J, Kirkland
S, Rowe BH. Short-term effects of ambient air pollution
on stroke: who is most vulnerable? Sci Total Environ.
2012;430:193-201. doi: 10.1016/j.scitotenv.2012.05.002
Tian Y, Liu H, Zhao Z, Xiang X, Li M, Juan J, et al
Association between ambient air pollution and daily
hospital admissions for ischemic stroke: a nationwide
time-series analysis. PLoS Med. 2018;15(10):¢1002668. doi:
10.1371/journal.pmed.1002668

Liu J, Jiang N, Fan AZ, Thompson WW, Ding
R, Ni S. Investigating the associations between
socioeconomic factors and unhealthy days among
adults using zero-inflated negative binomial regression.
Sage  Open.  2023;13(3):21582440231194163. doi:
10.1177/21582440231194163

Noh J, Sohn J, Han M, Kang DR, Choi Y], Kim HC, et al.
Long-term effects of cumulative average PM2.5 exposure
on the risk of hemorrhagic stroke. Epidemiology. 2019;30
Suppl 1:590-8. doi: 10.1097/ede.0000000000001001

Huang S, Li H, Wang M, Qian Y, Steenland K, Caudle WM,
etal. Long-term exposure to nitrogen dioxide and mortality:
a systematic review and meta-analysis. Sci Total Environ.
2021;776:145968. doi: 10.1016/j.scitotenv.2021.145968
Chen X, Qi L, Li S, Duan X. Long-term NO2 exposure and
mortality: a comprehensive meta-analysis. Environ Pollut.
2024;341:122971. doi: 10.1016/j.envpol.2023.122971

Stieb DM, Berjawi R, Emode M, Zheng C, Salama D,
Hocking R, et al. Systematic review and meta-analysis of
cohort studies of long-term outdoor nitrogen dioxide
exposure and mortality. PLoS One. 2021;16(2):e0246451.
doi: 10.1371/journal.pone.0246451

Mohammadi Dashtaki N, Fararouei M, Mirahmadizadeh
A, Hoseini M. Association between exposure to air
pollutants and cardiovascular mortality in Iran: a case-
crossover study. Sci Rep. 2025;15(1):18762. doi: 10.1038/
§41598-025-04126-w

Nguyen DT, Chen CC, Lian YZ, Nguyen NT, Kuo Y],
Chen YP. Long-Term Exposure to Ambient Air Pollution
and Risk of Non-Traumatic Osteonecrosis of the Femoral
Head: A Nationwide Cohort Study. 2025. doi: 10.2139/
ssrn.5279730

Mostafavi SA, Safikhani H, Salehfard S. Air pollution
distribution in Arak city considering the effects of
neighboring pollutant industries and urban traffics. Int

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

J Energy Environ Eng. 2021;12(2):307-33. doi: 10.1007/
540095-020-00379-5

Salehi M, Mirhoseini SH, Karimi B, Almasi Hashiani A.
Association between airborne particles and meteorological
parameters in Arak industrial city. J Air Pollut Health.
2021;6(1):42-53. doi: 10.18502/japh.v6il.7604

Mirhoseini SH, Hosseini N, Moradzadeh R, Mehrabian A.
Atmospheric pollutants in an Iranian industrial metropolis:
spatiotemporal analyses associated with health risks and
photochemical pollutions. Iran ] Toxicol. 2023;17(3):43-52.
doi: 10.61186/ijt.17.3.43

Hatano S. Experience from a multicentre stroke
register: a preliminary report. Bull World Health Organ.
1976;54(5):541-53.

Qu Z, Wang X, Li F, Li Y, Chen X, Chen M. PM2.5-
related health economic benefits evaluation based on air
improvement action plan in Wuhan city, middle China. Int
J Environ Res Public Health. 2020;17(2):620. doi: 10.3390/
ijerph17020620

Altieri KE, Keen SL. Public health benefits of reducing
exposure to ambient fine particulate matter in South
Africa. Sci Total Environ. 2019;684:610-20. doi: 10.1016/j.
scitotenv.2019.05.355

Salehi M, Almasi Hashiani A, Karimi B, Mirhoseini SH.
Estimation of health-related and economic impacts of
PM2.5 in Arak, Iran, using BenMAP-CE. PLoS One.
2023;18(12):0295676. doi: 10.1371/journal.pone.0295676

Chen L, Zhang Y, Zhang W, Chen G, Lu P, Guo Y, et
al. Short-term effect of PM1 on hospital admission for
ischemic stroke: a multi-city case-crossover study in
China. Environ Pollut. 2020;260:113776. doi: 10.1016/].
envpol.2019.113776

Sepandi M, Alimohamadi Y, Sakhaei M, Mirshafiee A,
Alimohamadi K. Assessing the risks of short-term exposure
to ambient air pollutants on COVID-19 hospitalizations in
Tehran, Iran: a time-stratified case-crossover approach.
Front Public Health. 2025;13:1514721. doi: 10.3389/
fpubh.2025.1514721

Peng J, Wu X, Chen J, Qian J, Li N, Yi Y, et al. Short-term
effects of ambient air pollutants and meteorological factors
on emergency department visits in tropical Haikou, China.
Sci Rep. 2025;15(1):20849. doi: 10.1038/s41598-025-03517-3
Byrne CP, Bennett KE, Hickey A, Kavanagh P, Broderick
B, O’Mahony M, et al. Short-term air pollution as a risk for
stroke admission: a time-series analysis. Cerebrovasc Dis.
2020;49(4):404-11. doi: 10.1159/000510080

Shah AS, Lee KK, McAllister DA, Hunter A, Nair H,
Whiteley W, et al. Short-term exposure to air pollution
and stroke: systematic review and meta-analysis. BM]J.
2015;350:h1295. doi: 10.1136/bmj.h1295

Fisher JA, Puett RC, Laden F, Wellenius GA, Sapkota
A, Liao D, et al. Case-crossover analysis of short-term
particulate matter exposures and stroke in the health
professionals follow-up study. Environ Int. 2019;124:153-
60. doi: 10.1016/j.envint.2018.12.044

Talbott EO, Rager JR, Benson S, Brink LA, Bilonick RA,
Wu C. A case-crossover analysis of the impact of PM2.5
on cardiovascular disease hospitalizations for selected
CDC tracking states. Environ Res. 2014;134:455-65. doi:
10.1016/j.envres.2014.06.018

Sun S, Stewart JD, Eliot MN, Yanosky JD, Liao D, Tinker
LF, et al. Short-term exposure to air pollution and incidence
of stroke in the Women’s Health Initiative. Environ Int.

Environmental Health Engineering and Management Journal. 2026;13:1640 | 7


https://doi.org/10.1016/j.neurol.2019.03.003
https://doi.org/10.1016/j.envres.2016.01.018
https://doi.org/10.1016/s2542-5196(21)00195-9
https://doi.org/10.5853/jos.2017.02894
https://doi.org/10.1016/s2542-5196(21)00145-5
https://doi.org/10.1016/j.scitotenv.2012.05.002
https://doi.org/10.1371/journal.pmed.1002668
https://doi.org/10.1177/21582440231194163
https://doi.org/10.1097/ede.0000000000001001
https://doi.org/10.1016/j.scitotenv.2021.145968
https://doi.org/10.1016/j.envpol.2023.122971
https://doi.org/10.1371/journal.pone.0246451
https://doi.org/10.1038/s41598-025-04126-w
https://doi.org/10.1038/s41598-025-04126-w
https://doi.org/10.2139/ssrn.5279730
https://doi.org/10.2139/ssrn.5279730
https://doi.org/10.1007/s40095-020-00379-5
https://doi.org/10.1007/s40095-020-00379-5
https://doi.org/10.18502/japh.v6i1.7604
https://doi.org/10.61186/ijt.17.3.43
https://doi.org/10.3390/ijerph17020620
https://doi.org/10.3390/ijerph17020620
https://doi.org/10.1016/j.scitotenv.2019.05.355
https://doi.org/10.1016/j.scitotenv.2019.05.355
https://doi.org/10.1371/journal.pone.0295676
https://doi.org/10.1016/j.envpol.2019.113776
https://doi.org/10.1016/j.envpol.2019.113776
https://doi.org/10.3389/fpubh.2025.1514721
https://doi.org/10.3389/fpubh.2025.1514721
https://doi.org/10.1038/s41598-025-03517-3
https://doi.org/10.1159/000510080
https://doi.org/10.1136/bmj.h1295
https://doi.org/10.1016/j.envint.2018.12.044
https://doi.org/10.1016/j.envres.2014.06.018

Poorsaadat et al

37.

38.

39.

40.

2019;132:105065. doi: 10.1016/j.envint.2019.105065

Guo Y, Xie X, Lei L, Zhou H, Deng S, Xu Y, et al. Short-
term associations between ambient air pollution and
stroke hospitalisations: time-series study in Shenzhen,
China. BMJ Open. 2020;10(3):¢032974. doi: 10.1136/
bmjopen-2019-032974

Wilker EH, Mostofsky E, Fossa A, Koutrakis P, Warren A,
Charidimou A, et al. Ambient pollutants and spontaneous
intracerebral hemorrhage in Greater Boston. Stroke.
2018;49(11):2764-6. doi: 10.1161/strokeaha.118.023128
Nzwalo H, Guilherme P, Nogueira J, Félix C, André A,
Teles J, et al. Fine particulate air pollution and occurrence
of spontaneous intracerebral hemorrhage in an area of low
air pollution. Clin Neurol Neurosurg. 2019;176:67-72. doi:
10.1016/j.clineuro.2018.11.022

Lasek-Bal A, Rybicki W, Student S, Puz P, Krzan A, Derra
A. Direct exposure to outdoor air pollution worsens the
functional status of stroke patients treated with mechanical

41.

42.

43.

thrombectomy. J Clin Med. 2024;13(3):746. doi: 10.3390/
jem13030746

Tran PM, Warren JL, Leifheit EC, Goldstein LB, Lichtman
JH. Associations between long-term air pollutant exposure
and 30-day all-cause hospital readmissions in US patients
with stroke. Stroke. 2023;54(4):¢126-9. doi: 10.1161/
strokeaha.122.042265

Huang K, Liang F, Yang X, Liu F, Li ], Xiao Q, et al. Long-
term exposure to ambient fine particulate matter and
incidence of stroke: prospective cohort study from the
China-PAR project. BMJ. 2019;367:16720. doi: 10.1136/
bmj 16720

Zhao Y, Kang X, Tian X, Liu L, Zhao Z, Luo L, et al. Long-
term exposure to air pollution and cerebrovascular disease:
findings from Beijing Health Management Cohort study.
Front Environ Sci Eng. 2023;17(7):84. doi: 10.1007/s11783-
023-1684-2

Environmental Health Engineering and Management Journal. 2026;13:1640


https://doi.org/10.1016/j.envint.2019.105065
https://doi.org/10.1136/bmjopen-2019-032974
https://doi.org/10.1136/bmjopen-2019-032974
https://doi.org/10.1161/strokeaha.118.023128
https://doi.org/10.1016/j.clineuro.2018.11.022
https://doi.org/10.3390/jcm13030746
https://doi.org/10.3390/jcm13030746
https://doi.org/10.1161/strokeaha.122.042265
https://doi.org/10.1161/strokeaha.122.042265
https://doi.org/10.1136/bmj.l6720
https://doi.org/10.1136/bmj.l6720
https://doi.org/10.1007/s11783-023-1684-2
https://doi.org/10.1007/s11783-023-1684-2

