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ABSTRACT

Although the attention of the world and the global health community specifically is deservedly focused on the COVID-19
pandemic, other determinants of health continue to have large impacts and may also interact with COVID-19. Air pollution
is one crucial example. Established evidence from other respiratory viruses and emerging evidence for COVID-19
specifically indicates that air pollution alters respiratory defense mechanisms leading to worsened infection severity. Air
pollution also contributes to co-morbidities that are known to worsen outcomes amongst those infected with COVID-19,
and air pollution may also enhance infection transmission due to its impact on more frequent coughing. Yet despite the
massive disruption of the COVID-19 pandemic, there are reasons for optimism: broad societal lockdowns have shown us a
glimpse of what a future with strong air pollution measures could yield. Thus, the urgency to combat air pollution is not
diminished, but instead heightened in the context of the pandemic.

PROBLEM respiratory diseases is widely recognized, 50% of the
estimated 6.7 million deaths attributable to air

Air pollution is a major contributor to the global pollution in 2019 are due to cardiovascular diseases
burden of disease, with an estimated 12% of all deaths  (1). Globally, nearly 20% of cardiovascular disease
in 2019* attributable to outdoor and householdt air deaths were attributable to air pollution. Further, air
pollution (1). While the impacts of air pollution on pollution was the 4th highest ranking risk factor for
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MORTALITY RISK FACTORS - 2019 RANK

1. High systolic blood pressure

FIGURE 1 Ranking of Air Pollution Relative to Other Leading Risk Factors for Global Mortality
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Mortality Risk Factors, Both sexes, all ages, 2019. Institute for Health Metrics and Evaluation. (Adapted from Institute for Health Metrics and Evaluation,

mortality, with more attributable deaths than high LDL
cholesterol, high body-mass index, physical inactivity, or
alcohol use (Figure 1).

Globally air pollution contributes to an average loss of
life expectancy of 20 months, nearly as high as that for
tobacco use (22 months), with losses of two point five
years in South Asia (2). Despite increasing awareness of
the impact of air pollution on population health, appre-
ciation of air pollution as a modifiable risk factor is still
limited amongst health care providers. With this joint
opinion, and in accordance with the Sustainable Devel-
opment Goals, the WHF, AHA, ESC and ACC call for action
in research and policy development at a global scale.
Further, we aim to generate awareness about the impact
of air pollution on cardiovascular disease as a means to-
wards reaching the World Heart Federation Goal of a 25%
reduction in premature cardiovascular mortality by 2025.

AIR POLLUTION AND CVD EVIDENCE

Air pollution is a complex and dynamic mixture of
numerous compounds in gaseous and particle form,
originating from diverse sources, subject to atmospheric
transformation and varying over space and time. Three
common air pollutants, particulate matter (PM), ozone
and nitrogen dioxide (NO,), are the focus of most

monitoring programs, communication efforts (3), health
impact assessments, and regulatory efforts.

Evidence for impacts on cardiovascular disease is most
consistent for PM, which is responsible for the vast ma-
jority of the disease burden via its impacts on ischemic
heart disease (4-6), and stroke (7), as well as lung cancer,
COPD, lower respiratory infections, Type 2 diabetes,
pregnancy outcomes and related infant mortality (8).
Time series studies conducted in hundreds of urban areas
globally indicate a consistent association between short-
term variability in PM and cardiovascular disease deaths
(9), while large cohort studies from both high and lower
income settings demonstrate increased cardiovascular
disease incidence and mortality in association with PM
levels (10). Further, PM air pollution has been associated
with progression of atherosclerosis (11). Ozone is mainly
associated with exacerbation of respiratory disease, with
COPD incidence and mortality and with metabolic effects.
NO, is often used as an indicator of traffic-related air
pollution. Chronic exposure to NO, is associated with
incident childhood asthma while short-term variability is
associated with exacerbation of asthma and increased
daily mortality counts.

A Scientific Statement from the American Heart Asso-
ciation provides a detailed description of the pathophys-
iologic mechanisms through which PM triggers
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FIGURE 2 Biological Pathways Linking Air Pollution With Cardiovascular Disease
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Mechanisms of cardiovascular disease attributable to air pollution exposures. (Adapted from Rajesh Vedanthan and Michael Hadley, 2019).

cardiovascular events (4). Figure 2 summarizes the likely
dominant pathways including activation of oxidative
stress/inflammation and autonomic imbalance, as well as
translocation of components of the PM mixture (ultrafine
particles or specific constituents) into the systemic cir-
culation (4). In turn, these alterations promote both sub-
clinical cardiovascular disease (myocardial remodeling,
atherosclerosis progression, systemic and pulmonary hy-
pertension, enhanced vasoconstriction and coagulation)
and thrombotic and non-thrombotic acute cardiovascular
events (acute coronary syndromes, decompensated heart
failure, stroke, life-threatening arrhythmias) (4,5,12). The
AHA statement suggests the existing evidence is

consistent with a causal relationship between PM expo-
sure and cardiovascular morbidity and mortality.

More recently, the European Society of Cardiology
expert position paper updated the observational and
mechanistic evidence and identified air pollution as one
of several major modifiable risk factors relevant to the
prevention and management of cardiovascular disease
(5). The ESC paper identified a need for additional
research regarding the role of air pollution in relation to
hypertension and incident heart failure. This position
paper also highlighted the role of health professionals,
including cardiologists, in counselling their patients on
the risks of air pollution while also supporting
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educational and policy initiatives to reduce air pollution
exposure.

OPPORTUNITY FOR GLOBAL IMPACT

The threats posed by air pollution are substantial.
Approximately seven billion persons (92% of the global
population), live in areas where the WHO Annual Air
Quality Guideline for PM, 5 is exceeded and three point
six billion people (47% of the global population) are
exposed to household air pollution from the use of solid
fuels for cooking. Recent research also indicates that air
pollution impacts cardiovascular health even at very low
levels below current WHO guidelines and most national
standards (13). Further, climate change is leading to
increased frequency and severity of wildfires, which leads
to large smoke episodes and associated health impacts
affecting major metropolitan areas (14).

Despite these challenges, given its near-ubiquitous
exposure, air pollution reduction offers a powerful op-
portunity to equitably reduce cardiovascular disease.
Experience also indicates a clear path forward. In the US,
reductions in PM concentrations resulting from a diverse
array of regulatory actions and technologies were
responsible for up to 15% of the increase in US life ex-
pectancy observed over the past several decades (15,16).
Similarly, programs such as India’s Pradhan Mantri Ujj-
wala Yojana have made clean cooking fuels accessible to
millions of households (17), helping to reduce inequalities
in non-communicable diseases.

ADDRESSING THE CHALLENGE: THE ROLE OF
CARDIAC ORGANIZATIONS, SOCIETIES, AND
FOUNDATIONS

The WHF, ACC, AHA, and ESC are united in our commit-
ment to research, advocacy, and education to reduce the
impacts of air pollution on cardiovascular health. Specif-
ically, we will advocate for further research on cardio-
vascular disease and air quality, disseminating findings
to our memberships and via other activities, such as
World Heart Day. We will also work to educate and raise
awareness among health care providers on the impor-
tance of reducing air pollution and the cardiovascular
benefits of air pollution mitigation. We will work with
senior decision-makers in national, regional and global
governmental institutions to make air pollution related

Brauer et al.
Taking a Stand Against Air Pollution—The Impact on Cardiovascular Disease

heart disease a priority and to identify interventions to
reduce air pollution and its impact on NCDs. Finally, we
will work with our members to increase the development
and use of clinical guidelines on air pollution and car-
diovascular disease to ensure clinicians are educated on
the topic. In addition, we will strive to provide pre-
sentations on the links between air pollution and cardio-
vascular disease at our respective congresses,
engagements, and events.

Structural actions to mitigate pollution emissions are
ultimately necessary to reduce harmful exposures.
Before mitigation is achieved, health care providers can
play several important roles. First, clinicians can advo-
cate for air pollution mitigation as a health measure.
Second, clinicians can provide patients with personal
measures to reduce exposures and associated risk at the
individual level. For example, use of room air filtration
can provide substantial improvements in PM levels
within residences, schools and workplaces, with some
evidence indicating improvements in blood pressure
and measures of inflammation (18). Third, health care
providers can integrate air pollution into disease man-
agement approaches. Communication tools such as
various air quality indices focused on short-term varia-
tion in air quality can help patients adjust activities
when air quality is poor (19). Detailed air pollution maps
that provide information on long-term exposures and
their impacts at neighborhood scales can also be used to
target CVD treatment (20), exposure reduction, and ef-
forts to address other behavioral risks contributing to
CVD in those living in locations with highest exposures
(21). Finally, the health sector as a whole, which bears
the impact of air pollution, can provide much-needed
support for ministries of environment, energy, and
transportation, which are traditionally responsible for
mitigation efforts.

COMPETING INTERESTS

Dr. Kovacs reports other from Cook Research Inc., other
from Clintrex, personal fees from Eli Lilly, grants and
personal fees from Gen InCode, personal fees from Prile-
nia, other from Pfizer, outside the submitted work. Dr.
Casadei reports in-kind research support from Roche Di-
agnostics and iRhythm, outside the submitted work. The
remaining authors have nothing to disclose.

REFERENCES

1. GBD 2019 Risk Factors Collaborators. Global burden
of 87 risk factors in 204 countries and territories, 1990-
2019: A systematic analysis for the Global Burden of
Disease Study 2019. Lancet. 2020 Oct 17;396:1223-49.
https://doi.org/10.1016/50140-6736(20)30752-2.

2. Apte JS, Brauer

estlett.8b00360.

M, Cohen AJ, Ezzati M,
Pope CA. Ambient PM,s Reduces Global and
Regional Life Expectancy. Environ Sci Technol
Lett. 2018;5:546-51. https://doi.org/10.1021/acs.

3. Eagle KA, Riles E, Brook R. CLINICAL EFFECTIVE-
NESS The Air Quality Index: A Tool for Managing Pa-
tients with Cardiopulmonary Disease CLINICAL CASE
FOLLOW-UP. Available at: www.airnow.gov; 2011.
Accessed September 7, 2019.

1687


https://doi.org/10.1016/S0140-6736(20)30752-2
https://doi.org/10.1021/acs.estlett.8b00360
https://doi.org/10.1021/acs.estlett.8b00360
http://www.airnow.gov

1688

Brauer et al.

Taking a Stand Against Air Pollution—The Impact on Cardiovascular Disease

4. Brook RD, Rajagopalan S, Pope CA 3rd, et al. Par-
ticulate matter air pollution and cardiovascular disease:
An update to the scientific statement from the Amer-
ican Heart Association. Circulation. 2010;121:2331-78.
https://doi.org/10.1161/CIR.0b013e3181dbecel.

5. Newby DE, Mannucci PM, Tell GS, et al. Expert po-
sition paper on air pollution and cardiovascular disease.
Eur Heart J. 2015;36:83-93. Available at: https://
academic.oup.com/eurheartj/article-lookup/doi/10.1

093/eurheartj/ehu458. Accessed August 5, 2019.

6. Rajagopalan S, Al-Kindi SG, Brook RD. Air Pollution
and Cardiovascular Disease: JACC State-of-the-Art
Review. J Am Coll Cardiol. 2018;72:2054-70. https://
doi.org/10.1016/j.jacc.2018.07.099.

7. Shah ASV, Lee KK, McAllister DA, et al. Short term
exposure to air pollution and stroke: Systematic review
and meta-analysis. BMJ. 2015:350. https://doi.org/10.
1136/bmj.h1295.

8. Schraufnagel DE, Balmes JR, Cowl CT, et al. Air
Pollution and Noncommunicable Diseases: A Review by
the Forum of International Respiratory Societies'
Environmental Committee, Part 2: Air Pollution and
Organ Systems. Chest. 2019;155:417-26. Available at:
http://www.ncbi.nlm.nih.gov/pubmed/30419237
https://doi.org/10.1016/j.chest.2018.10.042. Accessed
May 25, 2019.

9. Liu C, Chen R, Sera F, et al. Ambient Particulate Air
Pollution and Daily Mortality in 652 Cities. N Engl J
Med.  2019;381:705-15.  https://doi.org/10.1056/
NEJMoa1817364.

10. Yusuf S, Joseph P, Rangarajan S, et al. Modifiable
risk factors, cardiovascular disease, and mortality in
155 722 individuals from 21 high-income, middle-

income, and low-income countries (PURE): A pro-
spective cohort study. Lancet. 2019. https://doi.org/
10.1016/S0140-6736(19)32008-2.

11. Kaufman JD, Adar SD, Barr RG, et al. Association be-
tween air pollution and coronary artery calcification
within six metropolitan areas in the USA (the Multi-Ethnic
Study of Atherosclerosis and Air Pollution): A longitudinal
cohort study. Lancet. 2016;388:696-704. Available at:
http://www.sciencedirect.com/science/article/pii/SO14
0673616003780?via%3Dihub https://doi.org/10.1016/
j.Jvs.2016.09.013. Accessed November 24, 2017.

12. Miinzel T, Gori T, Al-Kindi S, et al. Effects of
gaseous and solid constituents of air pollution on
endothelial function. Eur Heart J. 2018;39:3543-50.
https://doi.org/10.1093/eurheartj/ehy481.

13. Pappin AJ, Christidis T, Pinault LL, et al. Exam-
ining the Shape of the Association between Low
Levels of Fine Particulate Matter and Mortality across
Three Cycles of the Canadian Census Health and
Environment Cohort. Environ Health Perspect. 2019;
127:107008. https://doi.org/10.1289/EHP5204.
Accessed November 9, 2019.

14. Reid CE, Brauer M, Johnston FH, et al. Critical re-
view of health impacts of wildfire smoke exposure.
Environ Health Perspect. 2016;124. https://doi.org/10.
1289/ehp.1409277.

15. Bennett JE, Tamura-Wicks H, Parks RM, et al. Par-
ticulate matter air pollution and national and county
life expectancy loss in the USA: A spatiotemporal
analysis. PLOS Med. 2019;16:1002856. https://doi.
org/10.1371/journal.pmed.1002856. Accessed
November 9, 2019.

JACC VOL. 77, NO. 13, 2021
APRIL 6, 2021:1684-8

16. Pope CA 3rd, Ezzati M, Dockery DW. Fine-particu-
late air pollution and life expectancy in the United
States. N Engl J Med. 2009;360:376-86. https://doi.
0org/10.1056/NEJMsa0805646.

17. Kar A, Pachauri S, Bailis R, Zerriffi H. Using sales data
to assess cooking gas adoption and the impact of India's
Ujjwala programme in rural Karnataka. Nat Energy.
2019. https://doi.org/10.1038/s41560-019-0429-8.

18. Chen R, Zhao A, Chen H, et al. Cardiopulmonary
benefits of reducing indoor particles of outdoor origin:
A randomized, double-blind crossover trial of air
purifiers. J Am Coll Cardiol. 2015;65:2279-87. https://
doi.org/10.1016/j.jacc.2015.03.553.

19. Riles E, Brook R. The air quality index: A tool for
managing patients with cardiopulmonary disease. Am
J. Med. 2011;124:705-7. https://doi.org/10.1016/].
amjmed.2011.02.034.

20. Radisic S, Bruce Newbold K. Factors influencing
health care and service providers' and their respective
‘at risk' populations' adoption of the Air Quality Health
Index (AQHI): A qualitative study. BMC Health Serv
Res. 2016;16. https://doi.org/10.1186/512913-016-
1355-0.

21. Hadley MB, Baumgartner J, Vedanthan R.
Developing a clinical approach to air pollution and
cardiovascular health. Circulation. 2018;137:725-
42. https://doi.org/10.1161/CIRCULATIONAHA.117.
030377.

KEY WORDS air pollution, cardiovascular
disease, CVD, environmental health impacts,
climate


https://doi.org/10.1161/CIR.0b013e3181dbece1
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehu458
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehu458
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehu458
https://doi.org/10.1016/j.jacc.2018.07.099
https://doi.org/10.1016/j.jacc.2018.07.099
https://doi.org/10.1136/bmj.h1295
https://doi.org/10.1136/bmj.h1295
http://www.ncbi.nlm.nih.gov/pubmed/30419237
https://doi.org/10.1016/j.chest.2018.10.042
https://doi.org/10.1056/NEJMoa1817364
https://doi.org/10.1056/NEJMoa1817364
https://doi.org/10.1016/S0140-6736(19)32008-2
https://doi.org/10.1016/S0140-6736(19)32008-2
http://www.sciencedirect.com/science/article/pii/S0140673616003780?via%3Dihub
http://www.sciencedirect.com/science/article/pii/S0140673616003780?via%3Dihub
https://doi.org/10.1016/j.jvs.2016.09.013
https://doi.org/10.1016/j.jvs.2016.09.013
https://doi.org/10.1093/eurheartj/ehy481
https://doi.org/10.1289/EHP5204
https://doi.org/10.1289/ehp.1409277
https://doi.org/10.1289/ehp.1409277
https://doi.org/10.1371/journal.pmed.1002856
https://doi.org/10.1371/journal.pmed.1002856
https://doi.org/10.1056/NEJMsa0805646
https://doi.org/10.1056/NEJMsa0805646
https://doi.org/10.1038/s41560-019-0429-8
https://doi.org/10.1016/j.jacc.2015.03.553
https://doi.org/10.1016/j.jacc.2015.03.553
https://doi.org/10.1016/j.amjmed.2011.02.034
https://doi.org/10.1016/j.amjmed.2011.02.034
https://doi.org/10.1186/s12913-016-1355-0
https://doi.org/10.1186/s12913-016-1355-0
https://doi.org/10.1161/CIRCULATIONAHA.117.030377
https://doi.org/10.1161/CIRCULATIONAHA.117.030377

