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Abstract: Air pollution is the mixture of some chemi-
cal and environmental agents including dust, fumes,
gases, particulate matters, and biological materials
which can be harmful for the environment and the
human body. The increasing trend of the air pollution,
especially in developing countries, may exert its detri-
mental effects on human health. The potentially harm-
ful effects of air pollution on the human health have
been recognized and many epidemiological studies
have clearly suggested the strong association between
air pollution exposure and increased morbidities and
mortalities. Air pollutants are classified into gaseous
pollutants including carbon mono oxide, nitrogen
oxides, ozone and sulfur dioxide, and particulate mat-
ters (PMs). All air pollutants have destructive effects
on the health systems including cardiovascular system.
Many studies have demonstrated the effect of air pol-
lutant on the occurrence of ST elevation myocardial
infarction, sudden cardiac death, cardiac arrythmias,
and peripheral arterial disease. Recently, some studies
suggested that air pollution may be associated with
cardiac arrhythmias. In this study, we aimed to com-
prehensively review the last evidences related to the
association of air pollutant and cardiac arrythmias.
We found that particulate matters (PM;y, PM, s, and
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UFP) and gaseous air pollutants can exert undesirable
effects on cardiac rhythms. Short-term and long-term
exposure to the air pollutants can interact with the
cardiac rhythms through oxidative stress, autonomic
dysfunction, coagulation dysfunction, and inflamma-
tion. It seems that particulate matters, especially
PM, 5 have stronger association with cardiac arrhyth-
mias among all air pollutants. However, future studies
are needed to confirm these results. (Curr Probl Car-
diol 2021;46:100649.)

Introduction

ir pollution is the mixture of some chemical and environmen-
tal agents including dust, fumes, gases, particulate matters,

and biological materials which can be harmful for the envi-
ronment and the human body.'* Air pollution is one of the challeng-
ing issues in the field of environmental health globally.” The
increasing trend of the air pollution, especially in developing coun-
tries, may exert its detrimental effects on the human health."® The
potentially harmful effects of air pollution on the human health has
been recognized and many epidemiological studies have clearly sug-
gested the strong association between air pollution exposure and
increased morbidities and mortalities.””

Air pollutants are classified into gaseous pollutants, including car-
bon mono oxide (CO), nitrogen oxides, ozone (O3), and sulfur diox-
ide (SO,), and particulate matters (PMs).'”'" All air pollutants have
destructive effects on the health systems including respiratory func-
tion,'>'* nervous system,14 immune system,15 intestinal function,'®'’
and cardiovascular system.'® In fact, many studies have demonstrated
the effect of air pollutant on the occurrence of ST elevation myocar-
dial infarction,'” sudden cardiac death,”” cardiac arrythmias,21 and
peripheral arterial disease.””

Cardiac arrhythmias are a group of cardiac rhythm disorders associated
with different cardiovascular disease, including sudden cardiac arrest and
are related to low quality of life and high rate of mortality.” Recently,
some studies suggested that air pollution may be associated with cardiac
arrhythmias.”* As there is no comprehensive review on this association,
in this study, we aimed to explore the last evidences related to the
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association of air pollutant and cardiac arrythmias regarding the type of
air pollutants and the underlying pathophysiology.

Materials and Methods

Date resource and search strategy

For this narrative review, literature search was performed through
PubMed, Embase, Scopus Cochrane, and Google Scholar databases.
Our search involved all articles published from 1985 until 2020. The
following titles were used as the research topics: (1) air pollution OR
air pollutants OR particulate matters OR gaseous pollutants, (2) car-
diovascular disease OR CVD OR cardiac arrhythmia OR cardiac dys-
rhythmia OR heart rate variability, (3) atrial arrythmia OR atrial
dysrhythmia OR ventricular arrythmia OR ventricular dysrhythmia,
(4) oxidative stress OR free radicals OR active oxygen OR bio-
markers, 5) coagulation OR thrombosis disorders OR coagulation fac-
tors, (6) systemic inflammation OR inflammation cascade OR
inflammatory factors.

Inclusion and exclusion criteria

After the initial search, 234 articles were entered into the review
process. Some of the searched articles were not associated completely
to our research concept and were excluded. Studies in languages
rather than English were also excluded. Studies with the following
criteria underwent final assessment: (1) Articles related to the proper-
ties of air pollutants, (2) Articles related the association of air pollu-
tion and cardiac arrhythmia, (3) Articles related to the
pathophysiology of particulate matters in the development of arrhyth-
mia, (4) Articles related to the pathogenesis factors of cardiac
arrhythmia, (5) Articles aiming at all human populations (without any
specific feature), (6) Articles with any study design of cross-sectional,
cohort, observational, case-control, and cross-over designs.

Quality evaluation

After excluding unrelated papers, 181 articles were evaluated by 3
researchers. All articles were screened through the title and abstract.
After excluding inappropriate data and unavailable studies, 121 studies
were screened completely and included in the final review.
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Results and Discussion

Air Pollutants and cardiac arrythmia

PM are mixtures of very small solid particles and liquid droplets, con-
sisting of chemical agents, including acids, metals, soil, and dust.”” PM
are broadly categorized by aerodynamic diameter.”® The particles with an
aerodynamic diameter <10 um are called coarse particles, particles with
an aerodynamic diameter <2.5 pum are fine particles, and particles with a
diameter below 0.1 zm are categorized as ultra-fine particles.”’ Further-
more, gaseous pollutants are other common types of air pollutants which
can generally be generated from fossil fuel combustion and the transpor-
tation system.”™*’ CO, nitrogen oxides, SO,, and O; are some of the
major gaseous pollutants.”’~"’

Air pollutants, especially particulate matters (aerodynamic diameter
less than 2.5 um and <10 pum), are possible risk factors for cardiovascu-
lar events including cardiac arrhythmia.”** Epidemiologic studies have
assessed the association between the particulate matters and cardiac
arrhythmia through implantable cardioverter-defibrillator (ICD) dis-
charge episodes, electrocardiography study, hospital admission, and mor-
tality data.’* In the following article, the role of air pollutants in the
development of cardiac arrhythmia will be evaluated separately.

Particulate matters less than 10 um. The role of PM; in the develop-
ment of cardiac arrhythmia has been discussed in several studies. Link et
al. suggested that PMy, um were associated with increased risk of atrial
fibrillation onset after a few hours following exposure in patients with
ICDs.”” Rich et al. observed that the risk of ventricular arrhythmia is
associated with the concentration of particulate matters in patients with
ICD.” In the study of Ljungman et al., it was observed that the elevation
of PM;, can be related to rapid onset of ventricular arrythmia.”’ In addi-
tion, in the study of Hoek et al., the risk of mortality associated with life-
threatening arrhythmias was associated with black smoke and PM,o.”* In
the study of Liu et al., a 10 pg/m® increase in the concentration of PM;,
was associated with 2.7% increase in the risk of atrial fibrillation.’” Also,
in the study of Santos et al., a 22.2 ug/m’ increase in PM,, was associ-
ated with 6.7% increase in the emergency visit for cardiac arrythmia.*’
Tsai et al. observed an association between the high levels of particulate
matters (2.5 and 10) and number of emergency room visit for cardiac
arrythmia in cool days (<23°)."' Moreover, In the context of hospital
admission and mortality report, Wichmann et al. nearly observed 50%
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increase in hospital admission for cardiac arrhythmia in a 5 day exposure
to air pollutants, especially particulate matters resulting from the smog.**

Particulate matters less than 2.5 um. Several studies indicated the
positive role of PM, 5 in the cardiac arrhythmia. Feng et al. suggested
that the risk of different arrhythmias, including supraventricular prema-
ture beat, atrial tachycardia, ventricular tachycardia and premature ven-
tricular contraction, is associated with the concentration of PM2.5.43 In
the study of Pope et al., it was concluded that long-term exposures to
PM, 5 was strongly associated with cardiovascular mortality related to
the ischemic heart disease, cardiac arrhythmia and cardiac arrest due to
inflammation and autonomic dysfunction.”* Halonen et al. and Chen et
al. observed high level of PM, 5 was associated with arrythmia admission
at the same day.”** In the study of Ueda et al., high concentration of
PM, 5 was associated with cardiac mortality resulting from acute myocar-
dial infarction, and cardiac arrhythmia in young aged patients.”” Berger et
al. also demonstrated that the PM, 5 could increase the risk of supraven-
tricular and ventricular arrhythmia in all age groups.*® Furthermore, Ebelt
et al. suggested that the risk of supraventricular arrhythmia is related to
the ambient and non-ambient PM2.5.49

Riediker et al. concluded that PM, 5 may lead to some pathophysio-
logic changes involving inflammation, coagulation, and cardiac rhythm.”"
In the study of Chiu et al., the risk of cardiac arrhythmia emergency visit
increased after short term exposure to PM, s in both warm and cool
days.”’ In the study of Liu et al., a 10 xg/m? increase in the concentration
of PM, s was associated with 3.8% increase in the risk of atrial fibrilla-
tion.”” In addition, in the study of Zanobetti et al., the risk of ventricular
ectopy increased after exposure to PM, s and black carbon in elderly
patients.”” In an electrocardiographic evaluation, He et al. concluded that
approximately 60-minute exposure to PM,s was associated with
increased premature ventricular contraction in healthy individuals.” It
seems that, there are more evidences regarding the role of PM, 5 in the
development of cardiac arrhythmia rather than other pollutants.

Ultra-fine Particles. There are a few studies in the context of ultrafine
particles effects on the cardiac arrhythmia. Berger et al. found that 2-
5 days exposure to the UFP might be associated with the episodes of both
ventricular and supraventricular arrhythmia.*® Folino et al. suggested that
exposure to ultrafine particles was associated with cardiac arrhythmia
resulting from autonomic dysfunction in patients with the history of myo-
cardial infarction; also, they found that the risk of arrhythmia was related
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to the concentration of the particulate matters.”* In the study of Xu et al.,
significant increases in Q-T interval was observed after 1-5 days exposure
to ultrafine particles which was more significant in obese males and those
who had high levels of C-reactive protein (CRP).” It is better to conform
future original studies with resolutions on the ultrafine particle effect in
cardiac arrhythmia.

Gaseous Pollutants. Evidences regarding the positive roles of gaseous
pollutants on the development of cardiac arrhythmia are limited and con-
tradictory. Rich et al. observed an increased risk of rapid ventricular
response due to paroxysmal atrial fibrillation within hours after exposure
to ambient ozone.”® Moreover, Tsai et al. demonstrated a strong associa-
tion between the concentration of SO, in warm days (>23°) and NO, and
O3 in both warm and cool days with the emergency visit for cardiac
arrythmia in a case-crossover study in Taiwan.*' In the study of Santos et
al., 1.5 ppm increase in CO and 49,5 pug/m’ increase in NO, was associ-
ated with 12.3% and 10.4% increase in arrhythmia emergency visit."’
Hoek et al., concluded that the risk of life-threatening arrhythmias
increased after exposure to SO,, CO, and NO,.*® Raza et al. found that
short-term exposure to moderate levels of O3z may be associated with the
risk of cardiac arrest.”’ In addition, in the study of Nadzieko et al., no
association was found between the frequency of spontaneous arrhythmia
after the exposure to SO, and ultrafine carbon particle.”® Moreover, in
the study of Peters et al., the incidence of life threatening arrhythmia was
associated with NO,, CO, black carbon, and fine particle mass.”” How-
ever, Liu et al. demonstrated no relation between NO,, SO,, CO, and O3
exposure with the incidence of atrial fibrillation.”” Considering the con-
flicting results, further studies are needed to confirm the role of gaseous
pollutants in cardiac arrhythmia.

Pathophysiology

Following subtitles, are some of the possible mechanism related to the
pathophysiology of arrhythmia development with exposure to air pollu-
tion (illustrated in Fig 1).

Oxidative stress. Several studies observed an increment in oxidative
stress after exposure to elevated level of particulate matters.””* Oxida-
tive stress is a stimulator factor for calcium calmodulin kinase II activa-
tion.®® The calcium calmodulin kinase II is a serine/threonine kinase with
critical roles in human body.®* The level of calcium calmodulin kinase IT

6 Curr Probl Cardiol, March 2021



TZOT Ydie ‘|oipJe) |qoid 1nd

FIG 1. Possible mechanisms related to the pathophysiology of arrhythmia development with exposure to air pollution.



tends to be high in heart disease and higher level of calcium calmodulin
kinase II is associated with heart failure and arrhythmia.®”®” In the study
of Wu et al., high level of calcium calmodulin kinase II was associated
with inducing the arrythmia in cardiac hypertrophy in vivo.?® Van Oort et
al. found that calcium calmodulin kinase II could induce ryanodine recep-
tors phosphorylation which can be associated with abnormal calcium
release from sarcoplasmic reticulum and lethal ventricular arrythmia.®”
In addition, in another study by Greer-Short et al., calcium calmodulin
kinase II was related to the atrial myocyte late sodium current and atrial
fibrillation.””

Oxidative stress may induce arrythmia by influencing on the myocyte
action potential.”' Xie et al. observed that oxidative stress could induce
early after depolarization and impair sodium current inactivation, that are
responsible for ventricular arrythmia.”” In the study of Karagueuzian et
al., it was observed that oxidative stress could reduce repolarization
reserve by effecting the L-type calcium current, the late sodium, and the
sodium-calcium exchanger, and cause sudden cardiac death through ven-
tricular arrythmia.”” In addition, in the study of Pezhouman et al., oxida-
tive-stress-related after depolarization was associated with atrial
fibrillation through sodium current blockage.”* Furthermore, in the study
of Kim et al., it was found that the exposure to diethyl phthalate, one of
the particulate matters, could be associated with oxidative stress and pro-
long action potential through calcium current and calcium calmodulin
kinase II activation, which could be prevented by antioxidants.’” It seems
that protein kinase C activation may be responsible for oxidative-stress-
related afterdepolarization.”®

Autonomic dysfunction. Autonomic nervous system has a critical role in
the cardiac rhythm regulation and arrhythmia triggering.””” In fact, it
seems that autonomic nervous system can interact with the cardiac
rhythm through cardiac ion channels or proinflammatory cytokines.*’ ™
Air pollutants can influence the cardiac rhythm by affecting the heart rate
variability or carotid body tone.**

Changes in the heart rate variability due to PMs exposure is associated
with cardiac arrythmia.®® There are several studies that assessed the asso-
ciations between daily changes in particulate matters change and the car-
diac variability, as an indicating variable for autonomic function of the
heart.®” """ It is suggested that exposure to the particulate matters is related
to the reductions in the majority indices of heart rate variability.”'*">

Carotid body dysregulation is another mechanism of PMs related car-
diac arrythmia through autonomic dysfunction.”””* In the study of Wang
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et al., it was found that the exposure to PMs could reduce the heart rate
variability and increase the risk of ventricular arrythmia through carotid
body afferent nerve responses in mice with congestive heart failure.”
However, it is better to evaluate the effect of PMs on the human carotid
body responses in the future studies.

Coagulation dysfunction. Changes in the blood flow to the myocytes
can lead to an ischemic reaction by interacting with the level of potas-
sium, the action potential, and over expression of cytokines.”*”®

Myocardial ischemia has some characteristics including ionic and bio-
chemical dysfunction that can lead to an unstable electrical activity and
promote the cardiac arrhythmia.”” Recent studies suggested that air pollu-
tion may stimulate the coagulation and thrombosis process.' ' In addi-
tion, some studies found that air pollutants can be effective in the
coagulation cascade through shortening the prothrombin time, decreasing
factor VII, changing the tissue plasminogen activator and platelet count
and altering platelet activity.'**'"”

Chuang et al. demonstrated that high-sensitivity C-reactive protein (hs-
CRP), 8-hydroxy-2'-deoxyguanosine (8-OHdG), plasminogen activator
fibrinogen inhibitor-1, and tissue-type plasminogen activator (which are
related to the coagulation process) are associated with increased level of
particulate matters.'”* Wu et al. suggested that PM, s are associated with
hs-CRP, tumor necrosis factor alpha, fibrinogen, plasminogen activator
fibrinogen inhibitor-1, tissue-type plasminogen activator, von Willebrand
factor, soluble platelet selectin (sP-selectin), and total homocysteine.m5
In the study of Riickerl et al., increased levels of PM, and ultrafine par-
ticles were associated with high levels of CRP, which imposed an effect
on the coagulation and coronary events through a 2 day interval.'”® In
addition, Panasevich et al. found that short-term exposure to O3 was asso-
ciated with increased fibrinogen level.'’” Furthermore, Croft et al. sug-
gested that high concentrations of PM, s and ultrafine particles were
associated with increased CRP and fibrinogen levels, although the levels
of D-dimer, von Willebrand factor, or P-selectin were not significantly
associated with air pollutants.'”®

Inflammation. Recent studies suggested that systemic inflammation
plays a critical role in the development of cardiovascular diseases.'”’ In
fact, systemic inflammation can trigger cardiac arrhythmia directly or in
the context of atherosclerosis and ischemic heart disease.''”""" Interleu-
kin (IL) 1, IL-6, IL-8, and IL-18 are some of the inflammatory factors
which play a role in the pathogenesis of cardiovascular diseases.''”'"
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Furthermore, previous studies have shown the role of IL-1 and IL-6 in the
development of cardiac arrhythmia.''®"'"” Thus, air pollutants can inter-
act with the cardiac rhythm by affecting the inflammatory markers
including interleukins and other inflammatory factors.

There are many studies indicating the role of air pollutants in systemic
inflammation. Dabass et al. found that short-term exposure to high levels
of PM, s was related with the increment of CRP level as a pro inflamma-
tory marker in the metabolic syndrome patients.''® In another study, there
was an increase in the levels of IL-18, IL-6, and GM-CSF after exposure
to PM;, during an episode of acute air pollution.''” Ljungman et al.
observed that air pollution might be associated with inflammatory
responses and the polymorphism of IL-6."*" In addition, in the study of
Barraza-Villarreal et al., the level of IL-8 was associated with high levels
of PM2 5. 121

Conclusion

Air pollution is a global health issue that is associated with different
health problems including cardiovascular disease. Particulate matters
(PM,y, PM, 5, and UFP) and gaseous air pollutants can exert undesirable
effects on cardiac rthythms. Short-term and long-term exposure to the air
pollutants can interact with the cardiac rhythms through oxidative stress,
autonomic dysfunction, coagulation dysfunction, and inflammation. It
seems that particulate matters, especially PM, 5 have stronger association
with cardiac arrhythmias among all air pollutants. However, future stud-
ies are needed to confirm these results.
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