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Abstract

Objectives: This study was conducted to examine the relationship between air pollution
and pulmonary embolism in patients hospitalized in Urmia city. This cross-sectional study
was conducted in West Azerbaijan province, Iran. According to the daily report from the
meteorology center of West Azarbaijan province, the data on the concentrations of air
pollutants, including PM10, NO2, O3, CO, and PM2.5 were extracted. Moreover, the files of
patients without underlying risk factors hospitalized due to pulmonary embolism were extracted.
Finally, admissions from 2 days before until 2 days after the polluted days were compared to
hospitalizations on clean air days of the same month.

Design: A cross-sectional study.

Setting(s): Urmia, the capital city of the West Azerbaijan province in northwestern Iran.
Participants: A total of 1275 patients without underlying risk factors hospitalized due to
pulmonary embolism were included.

Outcome measures: Admissions from 2 days before until 2 days after the polluted days were
compared to hospitalizations on clean air days of the same month.

Results: Out of 1779 patients admitted due to pulmonary embolism, 1275 patients met our
inclusion and exclusion criteria. Based on the results, 403 patients (31.6%) were hospitalized in
clean and healthy air (air quality index [AQI] of 0-50 and 50-100), 816 patients (64.1%) were
hospitalized in unhealthy air (AQI: 150-101), and 56 patients (4.4%) were hospitalized in days
with polluted air (AQI:151-200). According to Pearson’s correlation coefficient, there was a
significant relationship between carbon monoxide (r=0.09, P=0.0001), sulfur dioxide (r=0.11,
P=0.001), PM10 (r=0.28, P=0.001), and PM2.5 (r=0.45, P=0.0001) concentrations and the
frequency of hospitalizations due to pulmonary embolism.

Conclusions: There is a positive and significant relationship between air pollutants and the
number of hospitalizations due to pulmonary embolism. Hence, preventive measures should be
taken into account regarding the air pollution at the provincial and national levels.
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Introduction
Cardiovascular diseases (CVDs) are among the main
causes of death and disability in most countries, including
Iran.! However, CVDs are among preventable non-
communicable diseases.>’ Pulmonary embolism causes
cardiovascular death. It causes disability and emotional
problems.

Deep vein thrombosis (DVT) is a condition in which
a blood clot or thrombus forms in a deep vein (usually a
lower limb). Symptoms of DVT are pain, tenderness, and
swelling in the affected area, which should be diagnosed
and treated immediately. DVT can also be life-threatening.

DVT can dislodge and migrate to the lungs,
causing pulmonary embolism which could initiate

cardiopulmonary collapse and death. On the other hand,
it could result in chronic complications such as post-
thrombotic syndrome and chronic thrombotic pulmonary
hypertension.*

In the United States, it is estimated that there are 100 000
to 180000 deaths due to pulmonary embolism annually,
and it is also stated that pulmonary embolism is the
most common preventable cause of death in hospitalized
patients.”

In the United Kingdom in 2012, 2300 deaths from
pulmonary embolism were reported, accounting for
about 0.4% of deaths.® In a study conducted in Canada,
almost half of patients with pulmonary embolism after
one year of diagnosis had exercise limitations, reduced
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walking distance, or shortness of breath, resulting in
reduced quality of life.

According to the report of the World Health
Organization, about 7 million people die every year due
to diseases attributed to air pollution. There are more
than 180 types of air pollutants, which exist in different
forms such as solid particles, liquid droplets, or gas. These
pollutants are divided into two main groups, primary and
secondary subtypes.

Primary pollutants are those that originate directly
from pollution sources, including carbon monoxide,
sulfur dioxide, nitrogen oxides, hydrocarbons, and
suspended particles with a diameter of less than 10 pm
(PM10). Secondary pollutants are produced as a result
of the interaction between different factors such as the
environment (sunlight and humidity), including ozone
pollutants, aldehydes, sulfuric acid, and peroxyacetyl
nitrate. Air pollution in cities usually includes both
primary and secondary pollutants.”

Previous studies have reported that for every microgram
per cubic meter increase in PM10, the daily mortality
of CVD increases by 0.69%, and the frequency of
hospitalization due to heart failure increases by 0.8%.% The
main sources of these particles are cars and industries.’

Endothelial dysfunction is associated with increased
levels of pollutants and has an association with various
inflammatory and coagulation factors."

Other risk factors for venous thromboembolism
(VTE) include age, hereditary thrombophilia, surgery,
cancer, and other co-morbidities. VTE is more common
among women. An important risk factor is exposure to
fine particles or particulate matter (PM), for example,
PM10, PM25, and PMO.1. Epidemiological studies have
supported this relationship, although the extent and the
mechanisms of interactions are not understood yet. !

In the study conducted by Spiezia et al, short-term
exposure (for example, one month) to air pollutants
was mentioned as a possible risk factor for pulmonary
embolism."”” A prospective cohort study by Kan et al in
2010 investigated the association between long-term
exposure to traffic-related air pollution and the incidence
of VTE. In this study, a total of 13143 middle-aged men
and women who were at risk of arteriosclerosis and had no
history of DVT or pulmonary embolism were included.
Traffic and distance to main roads were evaluated as
indicators of exposure to pollutants, and the incidence of
VTE by adjusted relative risk models was evaluated. The
results of this project showed that there was no significant
relationship between traffic pollution and VTE."

Aswe know the level of traffic congestion is not the same
in different countries and also among different cities of the
same country, and the temperature and concentration of
different pollutants and their interaction differ in different
areas. This concept could make our results unique.
Considering the increasing hospitalization rate of patients
due to CVDs, the increasing trend of urbanization and
exposure to air pollution, and the lack of studies in this

field in our country, this descriptive and analytical study
was conducted to determine the relationship between air
pollution and pulmonary embolism.

Methods

In this cross-sectional study, according to the daily report
from the meteorology center of West Azarbaijan province,
the data on the concentrations of air pollutants, including
PM10, NO2, O3, CO, and PM2.5, between 2016 and 2022
were extracted. Additionally, the files of patients without
underlying risk factors hospitalized due to pulmonary
embolism were extracted. Finally, admissions from 2 days
before until 2 days after the polluted days were compared
to hospitalizations on clean air days of the same month.

Participants

All patients over 18 years old, with a definite pulmonary
embolism diagnosed by computed tomography (CT)
angiography were included in this study. Patients with
a previous history of recurrent pulmonary embolism or
deep vein thrombosis, any malignancy, and recent surgery
were excluded from the study.

Data Collection

According to meteorology center reports, the air quality
index (AQI) was analyzed. This index reports the levels of
air pollution caused by various pollutants. It was divided
into clean (AQI=0-100), unhealthy (AQI=101-150), and
polluted (AQI=150-200).

The concentrations of air pollutants, including PM10,
NO2, 03, CO, and PM2.5 were used to define good
weather (clean) and bad weather (unhealthy and polluted).

These two groups of patients were matched according
to co-morbidities, age, and gender. All patients who met
the inclusion and exclusion criteria between 2016 and
2022 were included in this study

Data Analysis

For descriptive variables, frequency tables and mean
(+SD) were used. Pearson’s correlation coefficient
and Spearman’s correlation coefficients were used for
normally and non-normally distributed data. Data
analysis was done using SPSS version 21.0, and a P value
of less than 0.05 was considered statistically significant.

Results

This cross-sectional analytical study was conducted
between 2016 and 2022. Out of 1779 patients admitted
due to pulmonary embolism, 1275 patients met our
inclusion and exclusion criteria and were included in the
study. The mean age of patients was 64.04+16.75, and
51.8% of patients were male.

During the study, 82 polluted days were recorded. In
27 days (32.9%), the AQI value was 101-150, in 40 days
(48.8%), it was 151-200, and in 15 days (18.3%), it was
200-300. Figure 1 shows the distribution of AQI values in
different years.
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Figure 1. Distribution of the air quality index (AQI) values in different years

The information on the frequency of hospitalization at
different AQI values is shown in Table 1.

According to Pearson’s correlation coefficient, there is
a significant relationship between the concentration of
carbon monoxide and the frequency of hospitalizations
due to pulmonary embolism (r=0.09, P=0.0001)
(Figure 2).

Pearson’s correlation coefficient showed a significant
relationship between sulfur dioxide concentration and the
frequency of hospitalization due to pulmonary embolism
(r=0.11, P=0.001) (Figure 3).

Our results also showed a significant relationship
between PM10 concentration and the frequency of
hospitalization due to pulmonary embolism (r=0.28,
P=0.001) (Figure 4).

According to Pearson’s correlation coefficient, there was
a significant relationship between PM2.5 concentration
and the frequency of hospitalization due to pulmonary
embolism (r=0.45, P=0.0001) (Figure 5).

Discussion

Considering the increasing hospitalization rate of patients
due to CVDs, the increasing trend of urbanization and
air pollution, and insufficient data in this field, this
descriptive-analytical study was conducted to investigate
the relationship between air pollution and pulmonary
embolism in northwest of Iran.

Our study showed that hospitalizations of patients
on days with a high air pollution index increased by
32.5% compared to clean days. Kloog et al showed that
exposure to PM2.5 was associated with an increased risk
of hospitalizations due to DVT and pulmonary embolism,
which is in line with our results."

The results of our study showed that there is a
significant relationship between the concentration of
carbon monoxide, sulfur dioxide, No2, and PM10 with
the frequency of hospitalizations due to pulmonary
embolism.

These findings are in line with the results of the study
conducted by Spiezia et al. The results of his study showed
that people who were exposed to PM10, NOx, benzene,
benzopyrene, cadmium, and lead showed a significant
increase in the risk of sudden pulmonary embolism. The

Table 1. The frequency of hospitalization at different air quality index values

Air quality index Number of admissions Percent
Clean (0-50) and (50-100) 403 34.6
Unhealthy (101-150) 816 64.1
Polluted (150-200) 56 4.4
Total 1275 100

odds ratio (OR) for exposure to PM10 per month before
the diagnosis of pulmonary embolism was 5.24 (18.12-
1.52, 95% CI), and for exposure to benzopyrene, it was
reported to be 3.95 (14.71-1.6, 95% CI). Therefore, short-
term exposure to air pollutants can be regarded as a risk
factor for pulmonary embolism.*?

Recent studies have linked endothelial damage, arterial
vessel constriction, changes in blood coagulation factors,
and activation of inflammation to exposure to air pollution,
and the production of reactive oxygen species.'>'¢

Venous thromboembolism is the third most common
CVD after acute coronary syndrome and stroke.” Recent
studies have shown that there is an association between
arterial thromboembolism and common risk factors such
as age, obesity, diabetes mellitus, hyperlipidemia, and
exposure to air pollution.'

Available limited evidence suggests that exposure to
air pollution can contribute to pulmonary and systemic
inflammation and blood coagulation. Additionally, an
epidemiological association between air pollution and
both arterial thromboembolism and VTE has been
reported in recent studies. Two retrospective case-control
studies investigating the long-term effects of air pollution
estimated a 70% increased risk of DVT for every 10 pug/m®
increase in PM10 during the year before diagnosis."”

Colais et al evaluated the short-term effects of air
pollution and showed that there was a strong relationship
between pulmonary embolism and NO2, which is similar
to our results.?’

On the contrary, two large prospective studies conducted
in the United States found no evidence of any association
between the risk of acute or chronic VTE and exposure to
air pollution (assessed by PM10 concentration and traffic
overload).!>?!

Systemic inflammation, oxidative stress, and vascular
dysfunction are possible etiologies causing pulmonary
embolism and deep vein thrombosis in unhealthy air
conditions.

Limitations

Our study is based on the concentrations of air pollutants
and the duration of exposure to these pollutants was not
evaluated in this study. Further evaluations in urban and
rural areas especially on those who live in clean areas
traveling to polluted areas for short periods could help to
get better insights.

Conclusions
According to the results of our study, there is a positive
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Figure 2. Correlation Between Carbon Monoxide Concentration and
Frequency of Hospitalization Due to Pulmonary Embolism
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Figure 3. Correlation Between Sulfur Dioxide Concentration and the
Frequency of Hospitalization

and significant relationship between air pollutants and the
number of hospitalizations due to pulmonary embolism.
Hence, preventive measures should be taken into account
regarding the air pollution at the provincial and national
levels.
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