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Air pollution is a significant environmental and health hazard. Earlier studies had examined the adverse
health effects associated with short- and long-term exposure to particulate matter on respiratory disease.
However, later studies demonstrated that it was actually cardiovascular disease that accounted for
majority of mortality. Furthermore, it was not gaseous pollutants like oxides of nitrate, sulfur, carbon
mono-oxide or ozone but the particulate matter or PM, of fine or coarse size (PM- 5 and PM;) which was
linearly associated with mortality; PM,s with long term and PM;o with short term. Several
cardiovascular diseases are associated with pollution; acute myocardial infarction, heart failure, cardiac
arrhythmias, atherosclerosis and cardiac arrest. The ideal way to address this problem is by adhering to
stringent environmental standards of pollutants but some individual steps like choosing to stay indoors
(on high pollution days), reducing outdoor air permeation to inside, purifying indoor air using air filters,
and also limiting outdoor physical activity near source of air pollution can help. Nutritional anti-oxidants
like statins or Mediterranean diet, and aspirin have not been associated with reduced risk but specific
nutritional agents like broccoli, cabbage, cauliflower or brussels sprouts, fish oil supplement may help.
Use of face-mask has been controversial but may be useful if particulate matter load is higher.

© 2017 Published by Elsevier B.V., a division of Reed Elsevier India, Pvt. Ltd on behalf of Cardiological
Society of India. This is an open access article under the CC BY-NC-ND license (http://creativecommons.

org/licenses/by-nc-nd/4.0/).

1. Great smog of London

Great smog of 1952 also known as Big Smoke was an episode of
severe air-pollution that affected London in December 1952. It was
really a collection of airborne particles, arising mostly from the use
of coal, culminating in a thick layer of smog over the city, lasting 5
days (from 5-9 December 1952) and then dispersing as quickly as it
came. As London was accustomed to heavy fogs, at the time it
happened, there was no panic; it just seemed a denser and a longer
standing fog, The only problem seemed to be such a low visibility
that driving became impossible, all public transport ceased,
ambulance service stopped functioning and all outdoor sporting
events were called off. The fog even seeped indoors, resulting in the
cancellation/abandonment of concerts and movies, since stage
could not be viewed from the seats. Since that time there are
several myths associated with air pollution (Table 1). However, the
health aspects became apparent only after few weeks when
medical statistics revealed that the smog had killed 4000 people.!
As a matter of fact mortality remained elevated for months. The
cause was attributed mostly to pulmonary system; asthma,
respiratory tract infections: influenza, bronchopneumonia and
purulent bronchitis but all this remained speculative because of
faulty records. However, it was only more than 4 decades later that
Harvard Six Cities study, with a large prospective cohort, for the
first time convincingly demonstrated a definite relation between
long term environmental pollution exposure and adverse health
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outcome. In over 8000 adults with 14-16 years of exposure,
mortality rate was 26% higher in city with most pollution versus
that with least pollution. Interestingly, this study made another
surprising observation, it was not respiratory but rather cardio-
vascular (CVS) deaths which accounted for single largest cause of
mortality, nearly half of all mortality (646 out of 1401).
Furthermore, the risk for lung cancer and overall cardio-pulmo-
nary mortality was increased by a similar ratio (but numerically
numbers were higher for CVS).? The largest study to date, ACS
Cancer Prevention II study enrolling nearly 500,000 individuals
over a 16 year period also revealed that each 10 pg/m?> increase in
fine particulate matter (PM)contributed to increase in all cause,
cardiopulmonary and lung cancer mortality of 4%, 6% and 8%,
respectively.® Other hospital based studies also suggested specific
association between air pollution and acute cardiac events.** Peter
and co-workers provided the first evidence of association between
air pollution and acute myocardial infarction (AMI).° It was Hoch
and co-workers who found that it was exposure to traffic-related
pollutants which were more co-relative with mortality than back-
ground level of pollutants within the city. Living near a major road
was most strongly co-related to mortality in this study.” Among the
specific CVS causes, 10 ug/m? increase in fine particulate matter
contributed to 12% increased risk of CVS mortality, 18% increased
risk of coronary artery disease (CAD) and 13% risk of cardiac
arrhythmia, heart failure and cardiac arrest.® The short-term risks
with acute exposure may even be higher. The NMMAPS study

0019-4832/© 2017 Published by Elsevier B.V., a division of Reed Elsevier India, Pvt. Ltd on behalf of Cardiological Society of India. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ihj.2017.07.016&domain=pdf
http://dx.doi.org/10.1016/j.ihj.2017.07.016
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://dx.doi.org/10.1016/j.ihj.2017.07.016
http://www.sciencedirect.com/science/journal/00194832
www.elsevier.com/locate/ihj

426 Editorial /Indian Heart Journal 69 (2017) 425-429

Table 1
Myths associated with air pollution.

Myth

Reality

Fog/smog is innocuous

Health effects of air pollution are related to respiratory system
Gaseous pollutants are major causes of health effects

The health effects are instantaneous

Smog has a definite adverse health effects

Majority of deaths related to pollutants are due to cardiovascular causes
Particulate matter in the air are most strongly related to health effects
Health effects are both instantaneous and some occur after a lag period

conducted in 50 million individuals spread over 20 largest cities of
US revealed that 10 wg/m? increase in coarser PM contributed to
21% increase in all-cause mortality and 31% increase in cardiopul-
monary mortality.? Air Pollution and Health: a European Approach
(APHEA-2) study conducted in another 43 million individuals in 29
European cities revealed an even more robust association between
short term exposure and health effects. For each 10 pg/m? increase
in coarse PM, daily mortality increased by 0.6% and CVS mortality
by 0.7%.1° Furthermore, this study went on to show that this
increased mortality was not due to mere harvesting (temporal
displacement of mortality or advancement of mortality by a few
days) because after a lag period of 40 days this increase in CVS
mortality was even more pronounced - actually more than doubled
(1.97%).1' Again even with short term exposure, direct association
has been found with CAD, arrhythmia and heart failure, an
increased rates of hospitalization: 0.8% increase for heart failure
and 0.7% increase for CAD. In addition increased risk for AMI,
implantable cardioverter defibrillator (ICD) discharges myocardial
ischemia on stress testing, elevated systolic blood pressure and
ischemic stroke have also been demonstrated.'? In the developing
world Beijing, China issued a first “red alert” when air pollution
surpassed a level of 200 parts per million of fine particulates
(referred to as PM, 5) for at least three days on a four-tier index that
catalogs air pollutants. The Great Smog of Delhi marked the worst
period of bad air quality in New Delhi and adjoining areas in the
National Capital Territory of India (between 1 and 9 November
2016). The pollution was reputed to be even worse than the London
smog.

2. Mechanism of cardio-toxicity of air pollutants

Currently, combustion of fossil fuel, whether in industrial
applications and power plants or exhaust from motor vehicles
(airplanes, cars, trucks, or ships) account for the majority of
pollution at least in developed countries. The emissions include
gases; nitric oxide (NO), nitrogen dioxide (NO;), carbon monoxide
(CO) or sulfur dioxide (SO,), PM (both solid and liquid) like carbon
black, organic carbon, even transition metals and volatile and
semi-volatile organic compounds such as benzene, toluene,
xylene, and aromatic hydrocarbons. However, as far as health
hazards are concerned, while several gaseous pollutants, SO,,
nitrogen oxides, CO, Ozone (O3) have been implicated to some
extent, it is the PM which is the major culprit and has been co-
related to total and CVS mortality. Particulate matter is of two
types; fine PM - with particle median aerodynamic diameter
<2.5pm called PM,s and coarse PM - with particle median
aerodynamic diameter <10 pwm called PM;o. Short-term mortality
is co-relative of PMjo while long term mortality is related to
exposure to PM,s. Particulate matter can be directly toxic to
circulatory system (soluble components of PM,s can cross
respiratory epithelium into systemic blood stream) but more
commonly affects the CVS indirectly. It may incite pulmonary and
systemic oxidative stress, resulting into inflammation. The
circulatory inflammation (even without significant lung toxicity)
may serve as the initiator of a whole cascade of events culminating
in alterations in blood rheology and pro-thrombotic effects
(increased fibrinogen, enhanced platelet aggregation), alteration

in cardiac autonomic system (blunting of cardiac parasympathetic
system) leading to rhythm disturbances, endothelial dysfunction
leading to vascular spasms and plaque disturbance in short-term
and atherosclerosis in long term. The PM;q could readily penetrate
and deposit in the extra-thoracic and trachea-bronchial tree, while
PM, 5 can reach the small airways and alveoli. Generally, PM, 5 are
derived from combustion sources including vehicular exhaust and
constitute fine particles like nitrates and sulfates while PM;q are
derived from natural sources (forest fires, bio-aerosol - endo-
toxins, fungal spores, pollen, windblown soil), and occupational
exposure (grinding, smelting, etc.). Recently a third type of
particles have also been described, the ultra-fine particles (UFP)
(<0.1 wm). They can penetrate deeper into the lungs and even
directly enter the bloodstream. They arise from emissions of
factory chimneys (smoke stacks) or exhaust from trucks (tail
pipes), quickly coalesce together, absorb water, organic material
and other gases to grow large to reach a particle size in the range of
PM, 5. Sulfur dioxides is derived from sulfur containing fuels like
diesel, power plants, mining processes and kerosene space heaters
but also from forest fires. It can cause toxicity by forming
particulate sulfates. Diesel exhaust particles are known to increase
interleukin-8 and thus provoke inflammatory cascade. Increased
SO, levels increase fibrinogen levels. Nitrogen oxides are derived
primarily from combustion of fossil fuel including vehicular
exhaust and industrial processes. The major problem associated
with nitrates is that they can readily form particulate nitrates.
Ozone is the predominant component of photo-chemical smog. It
can be sourced to vehicular exhaust and industrial processes, acted
upon by UV radiation (nitrogen oxides and reactive hydro-
carbons). It can induce direct oxidation of both pulmonary and
systemic vasculature, resulting in inflammation. It is also known to
provoke arterial vasoconstriction. Carbon monoxide derived by
incomplete combustion of carbon based fuel; vehicular exhaust,
coal combustion, residential wood burning and tobacco smoking
acts as a direct toxicant. Both nitrogen oxides and CO are known to
impair ICD discharges.!?

3. Types of studies
There are three types of studies on air pollution

1. Time series or case-crossover studies which are hospital based
and evaluate end-points such as daily total mortality, CVS
mortality or hospital admissions.

2. Panel studies with repeated measures of clinical endpoints such
myocardial revascularization or arrhythmias documented by
ECGs, Holter monitors and ICD or even potential markers of
arrhythmic risk including changes in myocardial repolarization
and altered heart rate variability (HRV).

3. Prospective follow-up studies of cohort of subjects.

The largest body of evidence comes from hospital based studies
which provide a statistical link between air pollution and end-
points on a short term basis. On the other hand prospective follow-
up studies are useful to determine temporal link of associations
and determine long term risks. Panel studies are useful to identify
link with individual components like arrhythmias.
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4. Definition of pollution

In general, contamination of air by smoke and harmful gases
such as oxides of carbon, sulfur and nitrogen may be considered as
air pollution. Objectively, the standards for ambient air quality for
PM have been given buy US EPA. In general daily levels of up to
150 g/m> of PMyg and 65 pg/m?> of PM, 5 is acceptable. On annual
basis, 30 wg/m>® of PMy and 15 pg/m> of PM,s is considered
acceptable (Table 2). Anything above this value may be considered
as air pollution and it is recommended that the daily levels should
not exceed these values >35 times/year.

5. Effect on cardiovascular system
5.1. Acute myocardial infarction

The mechanism of AMI occurrence with air pollution has been
well elucidated. Both short term exposure to PM;o and PM, 5 can
induce systemic oxidation, inflammation, elevation of serum
fibrinogen contributing to increased platelet reactivity as well
endothelial dysfunction and plaque instability. In a large study
based on Medicare records PM;o was associated with triggering of
AML." Likewise, Peter and co-workers revealed the association of
PM, s with transient risk of AMI at two temporal periods (2 h and 1
day) after exposure.® Recently Argacha and co-workers analyzing
Belgian STEMI registry demonstrated that PM; s and NO, exposure
incrementally increased the risk of ST elevated AMI (STEMI).
Interestingly, the risk related to PM appeared greater in the elderly,
while younger patients appeared to be more susceptible to NO,
exposure.” In a even more recent study, Zuin and co-workers
found a direct correlation between the number patients treated
with primary percutaneous coronary interventions for STEMI and
the NO,, PM;o and Oj air concentration levels of the same day.'” In
another recent inter-city study from China, air pollutants like PM;q,
SO,, NO,, CO were associated with a 0.8%, 2.0%, 2.2%, and 1.1%
increase in AMI admissions, respectively on 2nd day after exposure
while O3 showed a positive association on day 4, 1.3%.'°

6. Heart failure

The link of air pollution and heart failure is less certain. The
mechanistic basis of acute de-compensation in patients with heart
failure involve demand supply mismatch; increasing demand by
increased heart rate, blood pressure, and filling pressures and
reduced supply due to reduced contractility as also increased
myocardial injury. Exposure to PM,s has been associated with
increased systemic blood pressure (BP) and vasoconstriction and
pulmonary vasoconstriction leading to increased pulmonary and
right ventricular diastolic filling pressures. Onset of arrhythmias or
STEMI can also precipitate acute de-compensation. On long term
basis exposure to PM may contribute to adverse ventricular re-
modeling and a worsening of myocardial fibrosis. Cumulatively,
these factors could have synergistic detrimental effects on cardiac
function.” In a meta-analysis of pollution and heart failure studies,
Shah and co-workers revealed that heart failure hospitalization or
death were associated with elevations in CO (3.52%/1 ppm), SO,
(2.36%/10 parts per billion), and NO, (1.70% per 10 parts per billion;
1.25-2.16), but not O3 (0.46%/10 parts per billion) concentrations.
Increases in these pollutants were also associated with heart

Table 2

Current US EPA National Ambient Air Quality Standards for PM.
Time period PM;o, pg/m> PM, 5, pg/m>
Daily 150 65
Annual 50 15

failure hospitalization or death (PM,s — 2.12%/10 pg/m>; PM;q —
1.63%/10 pg/m?), stronger association seen on the day of exposure,
with more persistent effects for PM,s."”

7. Arrhythmias

Environmental pollution can affect cardiac electrophysiology in
many ways. Many of these mechanisms have been elucidated based
on ICD studies. In a first of such studies, 100 patients from a US city
had 223 ICD discharges for ventricular arrhythmias during the
exposure. In this study associations were found with NO-, (increased
defibrillator therapy) and for CO, black carbon, fine particles, NO
(increased frequency of discharge).’® In another cohort of patients
followed for >3 years, linear association was found between PM, s,
05 and cardiac arrhythmias.'® However, the data regarding the co-
relation of environmental pollution and risk of arrhythmias has been
inconsistent. A US study and a study conducted in a German and
Swedish town showed some correlation between pollutants and
arrhythmia; In Swedish and German study 2-h morning PM;o values
were found associated with ventricular arrhythmias.?®?! In some
other studies such as one conducted in Vancouver, a relatively clean
metro area and a large study conducted in city of Atlanta, US there
was little evidence for any air pollutant triggering arrhythmias
(except coarse particles - PMjo_» 5 in Atlanta study).?>?> Another
study conducted in Sao Paulo evaluated the occurrence of
arrhythmias requiring presentation to emergency department co-
relating with environmental pollution. They found that several
arrhythmias; sinus tachycardia, atrial fibrillation (AF) and flutter,
supraventricular tachycardias, ventricular tachycardia and fibrilla-
tion were positively associated with increases in CO, NO, and PM;,.%*
Evaluating the lag intervals between the air pollution and the onset of
arrhythmias they found that the effects were acute and limited to the
day of exposure. Furthermore, while other pollutants have a
threshold effect, PM;o had a linear association. Several mechanisms
have been proposed for these effects; alteration in cardiac autonomic
system activity (cardiac sympathetic: parasympathetic mismatch),
repolarization abnormalities and worsening myocardial ischemic
sensitivity. Inthe Boston ICD study there was a significant association
between atrial fibrillation but also probable association with fine
particles, NO,, and carbon black.” Another study revealed an
increased risk of supraventricular arrhythmias for 5-day mean of
PM, s, sulfate and 05.2° In a German Holter study, elevated PM and
NO, concentration increased the risk for supraventricular runs and
ventricular runs which correlated with last 1-3 days of air
pollution.?®

Several studies have evaluated correlation between daily
variations in environmental pollution and HRV - a marker of
parasympathetic input to the heart. Most studies (except in young)
reveal association of PM levels with reduction in HRV and thus may
explain predisposition to tachy-arrhythmias, sometimes even
fatal.'>2728 Besides PM, sulfates, nitrates and even O3 may also
reduce HRV.?°

8. Predisposition of risk to air pollution

There is evidence that not all are affected equally by
environmental pollution. The most important predisposition is
with pre-existing cardiovascular disease, but also Stransferase M1
deletion (which reduces defense to oxidative stress due to
glutathione), diabetes and impaired glucose tolerance, smokers,
age and those with COPD.*°

9. Cardiac arrest

In a study conducted on >5000 individuals in Rome, both PM
and CO on the day of exposure predicted sudden cardiac arrest
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(SCD).3! Elderly (>65 years of age), hypertensives and those with
chronic pulmonary disease were predisposed to SCD. In a study
performed in Indianapolis, increased PM,s was predictive of
witnessed cardiac arrests although no similar association was
found in another study performed in US.3%33

10. Congenital heart disease

Congenital heart disease has long back been found associated
with medications, radiation, infections. An American study found a
dose response relationship of CO with ventricular septal defects.
Also O3 levels were found co-relative of valvular, aortic, and truncal
defects although no co-relation could be found with PM or other
pollutants.>*

11. Atherosclerosis

While several mechanisms have been proposed linking
environmental pollution with atherosclerosis and indeed some
early studies suggesting a link of pollution with atherosclerosis a
recent meta-analysis evaluating four cross-sectional European
studies found no significant co-relation between carotid intima
medial thickness (a marker of atherosclerosis), at least with eight
commonly known markers of residential pollution like PM,s,
traffic load within 100 m of home, and traffic intensity at the
nearest road.*>~3#

12. Can the effects of pollution be reversed?
12.1. Community efforts

The individual health risk of environmental pollution may be
small, at best it may qualify as a minor risk factor for CAD but the risk
to the whole community may be enormous as also likely benefit if the
pollution is reduced. World Health Organization has postulated that
nearly 8 million disabilities and 800,000 deaths occur per year only
related to PM exposure.>® In the city of London 1 in 50 AMI may be
sparked off as a consequence of environmental pollution.

The only way to control this situation is to formulate stringent
air control policy (particularly for PM) and ensure strict compli-
ance.* Indeed US EPA, UK air quality strategy and the EU Ambient
Air Quality Directive has been formulated. Unfortunately even in
the most developed countries these criteria may not be met for, e.g.
in sate of California air-quality monitoring systems are presently
not meeting this standard in 60% of cases.*’ On the other hand
there is evidence that if these norms are adhered to there would be
a reduction in >40 thousand hospital admissions and >20,000
deaths in US alone.*?

12.2. Individual efforts

While regulatory measures to reduce emissions at their sources
are effective and desirable there is some evidence that an
individual action can also help to reduce exposure and personal
risk. Awareness of air pollution levels is the key to initiating
individual action. It can be achieved by putting in place public air
quality alert systems which give appropriate alarms. Individual
risk arising from air pollution can be curtailed by choosing to stay
indoors, reducing outdoor air permeation to inside, purifying
indoor air using air filters, and also limiting physical activity,
especially outdoor activity near source of air pollution at least on
the days of higher pollution.*® The risk of air pollution is highest in
patients with pre-existing chronic cardiovascular or pulmonary
disease, elderly and the children. On the other hand efforts to avoid
exposure should be carefully balanced against negative conse-
quences of reduced physical activity. There is limited evidence that

Table 3
Tips to reduce health risk in individuals exposed to air pollution.

o During high pollution days stay indoors, avoid physical exertion in an outdoor
activity located near the source of pollution

e Reduce outdoor air permeation to inside

e Purifying indoor air using air filters

o Some foods rich in sulphorane based antioxidants like broccoli, cabbage,
cauliflower, brussels sprouts

o Fish oil supplementation

e Use of respirators - face mask

the ill-effects of environmental pollution can be mitigated by some
therapeutic agents like antioxidant or antithrombotic agents.
Statins and aspirin while useful in primary prevention of CAD
require validation of their role in air pollution. Diet based
interventions have been slightly more favorable. Mediterranean
diet was postulated to have beneficial effects in ameliorating
adverse effects of pollution, however, multiple randomized
controlled trials (RCTs) of vitamin supplements and antioxidants
(in Mediterranean and other beneficial diets) have not demon-
strated any benefit; rather in some RCTs they have proven
harmful.** Specific food based antioxidants such as sulforaphanes
which are organic compounds found in cruciferous vegetables
such as broccoli, cabbage, cauliflower, brussel sprouts, kale etc.,
may have some potential.*> Foods rich in nitrates such as beet-root
may exhibit a beneficial effect on blood pressure but there is no
data to suggest that this may impact upon ill-effects of
environmental pollution.*® Fish oil supplementation by its
multitude of effects; on blood lipids as also HRV might be useful.*”

12.3. Use of respirators

Limited evidence suggests that the use of respirators may be
effective in some circumstances.*> Wearing inexpensive respira-
tors (facemasks) to reduce exposure to air pollutants can be one of
the options in highly polluted areas. Its efficacy depends on the
type of pollutant, type of filter/adsorbent material, respirator type
and conditions of use. While useful to curtail PV, its efficacy with
gaseous pollutants remains controversial (dependant on absorbent
used and pollutant gas). An effective respirator is expected to
reduce the concentration of the pollutant within the face-piece to
<10% outside. Some evidence suggests that the use of negative
pressure generating air-purifiers may reduce cardiovascular risks
from exposure to urban PM.*®%° On the other hand, physiological
effects may confound CVS effects (elevated heart rate and
variations in BP) that might be attributed to reductions in exposure
to PM. Thus benefit with this type of respirator depends on the
degree and type of pollution, efficacy of device and its possible
physiological effects.® Finally, some other adverse effects are also
reported with the use of these devices; higher face temperature at
rest and exercise, feeling of anxiety and claustrophobia, incom-
plete fit with dense facial hair as well as social issues with
communication (with a mask wearing individual)*® (Table 3).

13. Conclusions

Air pollution has adverse effects on health, particularly CVS. It
can precipitate AMI, heart failure, arrhythmia and even cardiac
arrest. Air pollution with particulate matter (both fine and coarse)
has been correlated to both CVS and total mortality. While
intervention at societal level is most effective some personal steps
can be taken to reduce its risk.

References

1. Logan WP. Mortality in the London fog incident, 1952. Lancet. 1953;1:336-338.


http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0005

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Editorial /Indian Heart Journal 69 (2017) 425-429

. Dockery DW, Pope CA, Xu X, et al. An association between air pollution and

mortality in six US cities. N Engl ] Med. 1993;329:1753-1759.

. Pope CA, Thun MJ, Namboodiri MM, et al. Particulate air pollution as a

predictor of mortality in a prospective study of U.S. adults. Am ] Respir Crit Care
Med. 1995;151(pt 1):669-674.

. Schwartz ], Morris R. Air pollution and hospital admissions for cardiovascular

disease in Detroit, Michigan. Am J Epidemiol. 1995;142:23-35.

. Burnett RT, Dales R, Krewski D, et al. Associations between ambient particulate

sulfate and admissions to Ontario hospitals for cardiac and respiratory
diseases. Am J Epidemiol. 1995;142:15-22.

. Peters A, Dockery DW, Muller JE, Mittleman MA. Increased particulate air

pollution and the triggering of myocardial infarction. Circulation.
2001;103:2810-2815.

. Hoek G, Brunekreef B, Goldbohm S, et al. Association between mortality and

indicators of traffic-related air pollution in the Netherlands: a cohort study.
Lancet. 2002;360:1203-1209.

. Pope CA, Burnett RT, Thurston GD, et al. Cardiovascular mortality and long-

term exposure to particulate air pollution: epidemiological evidence of
general pathophysiological pathways of disease. Circulation. 2004;109:71-77.

. Samet JM, Dominici F, Curriero FC, et al. Fine particulate air pollution and

mortality in 20 U.S. cities, 1987-1994. N Engl ] Med. 2000;343:1742-1749.
Katsouyanni K, Touloumi G, Samoli E, et al. Confounding and effect
modification in the short-term effects of ambient particles on total
mortality: results from 29 European cities within the APHEA2 Project.
Epidemiology. 2001;12:521-531.

Zanobetti A, Schwartz ], Samoli E, et al. The temporal pattern of respiratory and
heart disease mortality in response to air pollution. Environ Health Perspect.
2003;111:1188-1193.

Brook RD, Franklin B, Cascio W, et al. Air pollution and cardiovascular disease:
a statement for healthcare professionals from the Expert Panel on Population
and Prevention Science of the American Heart Association. Circulation.
2004;109:2655-2671.

Zanobetti A, Schwartz ]. The effect of particulate air pollution on emergency
admissions for myocardial infarction: a multicity case-crossover analysis.
Environ Health Perspect. 2005;113:978-982.

Argacha JF, Collart P, Wauters A, et al. Air pollution and ST-elevation
myocardial infarction: a case-crossover study of the Belgian STEMI registry
2009-2013. Int J Cardiol. 2016;223:300-305.

Zuin M, Rigatelli G, dell’ Avvocata F, et al. Air pollution and ST-elevation
myocardial infarction treated with primary percutaneous coronary
angioplasty: a direct correlation. Int J Cardiol. 2017;236:49-53.

Liu H, Tian Y, Xiang X, et al. Air pollution and hospitalization for acute
myocardial infarction in China. Am J Cardiol 2017 S0002-9149(17)30954-2.
Shah AS, Langrish JP, Nair H, et al. Global association of air pollution and heart
failure: a systematic review and meta-analysis. Lancet. 2013;382(9897):1039-
1048.

Peters A, Liu E, Verrier RL, et al. Air pollution and incidence of cardiac
arrhythmia. Epidemiology. 2000;11:11-17.

Rich DQ, Schwartz J, Mittleman MA, et al. Association of short-term ambient
air pollution concentrations and ventricular arrhythmias. Am J Epidemiol.
2005;161:1123-1132.

Rich DQ, Kim MH, Turner JR, et al. Association of ventricular arrhythmias
detected by implantable cardioverter defibrillator and ambient air pollutants
in the St Louis, Missouri metropolitan area. Occup Environ Med. 2006;63:591-
596.

Ljungman PL, Berglind N, Holmgren C, et al. Rapid effects of air pollution on
ventricular arrhythmias. Eur Heart J. 2008;29:2894-2901 A case crossover
study of 211 patients with ICDs demonstrated an association between 2 h
moving averages of PM10, NO, and ventricular arrhythmias.

Vedal S, Rich K, Brauer M, et al. Air pollution and cardiac arrhythmias in
patients with implantable cardioverter defibrillators. Inhal Toxicol.
2004;16:353-362.

Metzger KB, Klein M, Flanders WD, et al. Ambient air pollution and cardiac
arrhythmias in patients with implantable defibrillators. Epidemiology.
2007;18:585-592.

Santos UP, Terra-Filho M, Lin CA, et al. Cardiac arrhythmia emergency room
visits and environmental air pollution in Sao Paulo, Brazil. ] Epidemiol
Community Health. 2008;62:267-272 In a community study, both atrial and
ventricular arrhythmia complaints were increased with higher levels of
pollutants. However, the endpoint was a soft endpoint of arrhythmia
symptoms and not documented arrhythmias [PubMed: 18272743].

Sarnat SE, Suh HH, Coull BA, et al. Ambient particulate air pollution and cardiac
arrhythmia in a panel of older adults in Steubenville, Ohio. ] Occup Environ Med.
2006;63:700-706.

Berger A, Zareba W, Schneider A, et al. Runs of ventricular and supraventricular
tachycardia triggered by air pollution in patients with coronary heart disease.
Occup Environ Med. 2006;48:1149-1158.

Pope 3rd CA3rd, Dockery DW. Health effects of fine particulate air pollution:
lines that connect. J Air Waste Manag Assoc. 2006;56:709-742.

28.

29.

30.

31

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43,

44.

45.

46.

47.

48.

49.

50.

429

Riediker M, Cascio WE, Griggs TR, et al. Particulate matter exposure in cars is
associated with cardiovascular effects in healthy young men. Am J Respir Crit
Care Med. 2004;169:934-940.

Chuang K], Chan CC, Su TC, et al. The effect of urban air pollution on
inflammation, oxidative stress, coagulation, and autonomic dysfunction in
young adults. Am ] Respir Crit Care Med. 2007;176:370-376.

Link MS, Dockery DW. Air pollution and the triggering of cardiac arrhythmias.
Curr Opin Cardiol. 2010;25(1):16-22.

Forastiere F, Stafoggia M, Picciotto S, et al. A case-crossover analysis of out-of-
hospital coronary deaths and air pollution in Rome, Italy. Am J Respir Crit Care
Med. 2005;172:1549-1555.

Rosenthal FS, Carney JP, Olinger ML. Out-of-hospital cardiac arrest and
airborne fine particulate matter: a case-crossover analysis of emergency
medical services data in Indianapolis, Indiana. Environ Health Perspect.
2008;116:631-636 Witnessed out of hospital cardiac risk was associated with
PM, 5 exposure in the hour before the arrest. Unwitnessed out of hospital
arrest did not correlate with exposure; however the time of the arrest is never
clear in these individuals [PubMed: 18470283].

Sullivan J, Ishikawa N, Sheppard L, et al. Exposure to ambient fine particulate
matter and primary cardiac arrest among persons with and without clinically
recognized heart disease. Am J Epidemiol. 2003;157:501-509.

Ritz B, Yu F, Fruin S, et al. Ambient air pollution and risk of birth defects in
Southern California. Am J Epidemiol. 2002;155:17-25.

Adar SD, Sheppard L, Vedal S, Polak JF, Sampson PD. Fine particulate air
pollution and the progression of carotid intima-medial thickness: a
prospective cohort study from the multi-ethnic study of atherosclerosis and
air pollution. PLoS Med. 2013;10(4):e1001430.

Kiinzli N, Jerrett M, Garcia-Esteban R, et al. Ambient air pollution and the
progression of atherosclerosis in adults. PLoS ONE. 2010;5(2):e9096.

Wilker EH, Mittleman MA, Coull BA, et al. Long-term exposure to black carbon
and carotid intima-media thickness: the normative aging study. Environ Health
Perspect. 2013;121(9):1061-1067.

Perez L, Wolf K, Hennig F, et al. Air pollution and atherosclerosis: a cross-
sectional analysis of four European cohort studies in the ESCAPE study. Environ
Health Perspect. 2015;123(6):597-605.

World Health Organization. World Health Report 2002. Geneva: World Health
Organization; 2002 Available at: http://www.who.int/whr/2002/en/ Accessed
12.05.04.

Poloniecki JD, Atkinson RW, de Leon AP, et al. Daily time series for
cardiovascular hospital admissions and previous day’s air pollution in
London, UK. Occup Environ Med. 1997;54:535-540.

US Environmental Protection Agency, Office of Air Quality Planning and
Standards. Review of the National Ambient Air Quality Standards for Particulate
Matter: Policy Assessment of Scientific and Technical Information. OAQPS Staff
Paper—First Draft. Research Triangle Park, NC: US Environmental Protection
Agency; 2003 Publication No. EPA-452/D-03-001.

US Environmental Protection Agency. Final Report to Congress on Benefits and
Costs of the Clean Air Act, 1990 to 2010. Washington, DC: US Environmental
Protection Agency; 1999 Publication No. EPA410- R-99-001. Available at:
http://www.epa.gov/oar/sect812/.

Laumbach R, Meng Q, Kipen H. What can individuals do to reduce personal
health risks from air pollution? J Thorac Dis. 2015;7(1):96-107.

Egner PA, Chen ]G, Zarth AT, et al. Rapid and sustainable detoxication of
airborne pollutants by broccoli sprout beverage: results of a randomized
clinical trial in China. Cancer Prev Res (Phila). 2014;7:813-823.

Schwab U, Lauritzen L, Tholstrup T, et al. Effect of the amount and type of
dietary fat on cardiometabolic risk factors and risk of developing type 2
diabetes, cardiovascular diseases, and cancer: a systematic review. Food Nutr
Res. 2014;58.

Siervo M, Lara ], Ogbonmwan I, et al. Inorganic nitrate and beetroot juice
supplementation reduces blood pressure in adults: a systematic review and
meta-analysis. ] Nutr. 2013;143:818-826.

Billman GE. The effects of omega-3 polyunsaturated fatty acids on cardiac
rhythm: a critical reassessment. Pharmacol Ther. 2013;140:53-80.
Langrish JP, Mills NL, Chan JK, et al. Beneficial cardiovascular effects of reducing
exposure to particulate air pollution with a simple facemask. Part Fibre Toxicol.
2009;6:8.

Langrish JP, Li X, Wang S, et al. Reducing personal exposure to particulate air
pollution improves cardiovascular health in patients with coronary heart
disease. Environ Health Perspect. 2012;120:367-372.

Jones JG. The physiological cost of wearing a disposable respirator. Am Ind Hyg
Assoc J. 1991;52:219-225.

Sundeep Mishra
Cardiology, AIIMS, New Delhi, IndiaE-mail address:
drsundeepmishraihj@gmail.com (S. Mishra).


http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0010
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0010
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0015
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0015
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0015
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0020
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0020
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0025
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0025
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0025
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0030
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0030
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0030
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0035
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0035
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0035
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0040
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0040
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0040
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0045
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0045
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0050
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0050
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0050
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0050
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0055
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0055
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0055
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0060
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0060
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0060
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0060
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0065
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0065
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0065
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0070
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0070
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0070
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0075
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0075
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0075
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0080
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0080
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0085
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0085
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0085
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0090
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0090
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0095
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0095
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0095
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0100
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0100
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0100
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0100
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0105
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0105
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0105
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0105
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0110
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0110
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0110
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0115
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0115
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0115
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0120
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0120
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0120
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0120
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0120
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0120
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0125
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0125
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0125
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0130
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0130
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0130
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0135
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0135
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0140
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0140
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0140
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0145
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0145
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0145
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0150
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0150
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0155
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0155
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0155
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0160
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0160
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0160
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0160
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0160
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0160
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0160
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0165
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0165
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0165
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0170
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0170
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0175
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0175
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0175
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0175
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0180
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0180
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0185
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0185
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0185
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0190
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0190
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0190
http://www.who.int/whr/2002/en/
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0200
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0200
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0200
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0205
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0205
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0205
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0205
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0205
http://www.epa.gov/oar/sect812/
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0215
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0215
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0220
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0220
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0220
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0225
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0225
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0225
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0225
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0230
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0230
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0230
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0235
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0235
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0240
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0240
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0240
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0245
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0245
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0245
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0250
http://refhub.elsevier.com/S0019-4832(17)30485-6/sbref0250
mailto:drsundeepmishraihj@gmail.com
mailto:drsundeepmishraihj@gmail.com

	Is smog innocuous? Air pollution and cardiovascular disease
	1 Great smog of London
	2 Mechanism of cardio-toxicity of air pollutants
	3 Types of studies
	4 Definition of pollution
	5 Effect on cardiovascular system
	5.1 Acute myocardial infarction

	6 Heart failure
	7 Arrhythmias
	8 Predisposition of risk to air pollution
	9 Cardiac arrest
	10 Congenital heart disease
	11 Atherosclerosis
	12 Can the effects of pollution be reversed?
	12.1 Community efforts
	12.2 Individual efforts
	12.3 Use of respirators

	13 Conclusions
	References


