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Learning Objectives

* This talk will address
* How poor air quality may worsen heart failure

* Strategies to avoid negative impacts of pollution In
everyday life

* Ways in which COVID-19 may impact heart failure
patients
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Background

« Listed by the most recent Global Burden of Disease Study as the 4t
leading risk factor for global mortality, air pollution results in an
estimated mortality of 9 million people annually worldwide

« >50% of deaths due to air pollution are from cardiovascular causes

 Early data on use of air cleaners and facemasks support potential
benefit on cardiovascular risk factors, but randomized clinical trials of
PM, c Intervention are necessary

« Air pollution is also associated with COVID-19 mortality; HF patients
are particularly at risk for developing and suffering serious
complications from this infection

Rajagopalan S, et al. Circulation. 2020;142:00-00; Newman JD, et al. JACC. 2020;76(24):2878-94;
Rajagopalan et al. Eur J Heart. 2021;00:1-3.



Hypothesized Pathways Linking PM, -
Exposure and MACE
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Biological Pathways Linking Air
Pollution with CVD
Cardiovascular disease progression

Traditional risk factors Development of subclinical CVD Mechanisms of acute CVD

« Vasoconstriction and elevated * Myocardial remodeling and « Pulmonary and systemic
systemic and pulmonary BP fibrosis vasoconstriction

 Insulin resistance and * Progression of coronary and  Impaired coronary vasodilation
hypoglycemia carotid atherosclerosis  Endothelial dysfunction

* Dyslipidemia and HDL « Systemic and pulmonary « Platelet activation and
dysfunction hypertension thrombotic pathways

Other risk factors « Decreased fibrinolysis

» Activation of HPA axis - _ _ « Increased myocardial oxygen

. Endothelial dysfunction and Oxidative stress and m_flar_nmatl(_)n demand
smooth muscle proliferation Pollutants enter systemic circulation . Increased sympathetic tone

Neural reflex arcs and autonomic

_ * |ncreased HR and decreased
Imbalance HR variability

A\ Pathway
Chronic exposure fﬁ activation Acute exposure

Brauer et al. JACC. 2021:In Press. ‘a

HPA = hypothalamic—pituitary—adrenal



Air Pollution and HF

« Wang et. al explored the relationship between long-term
exposure to various air pollutants (right) as well as
Impact of genetic susceptibility

« 432,530 participants free of HF, atrial fibrillation, or
coronary heart disease from the UK Biobank Study were
enrolled and followed for a median 10.1 years

« 4201 were documented with incident HF, and analysis
showed the following:

« Long-term joint exposure to various air pollutants is
associated with an elevated risk of incident HF in an
additive manner

* The association between air pollution score and HF
risk was strengthened by genetic susceptibility to HF

Wang M, et al. Eur J Heart. 2021;ehaal031.

Particulate matter (PM) with
diameters <2.5um

* PM with diameters £10um

PM with diameters 2.5-10um
Nitrogen Dioxide (NO,)
Nitrogen Oxides (No,)

Pollutants



Scoring

Air Pollution Score Genetic Risk Score (GRS)

* The concentration of 5 pollutants * GRS for HF was calculated using 12
was weighted by the multivariable- single-nucleotide polymorphisms
adjusted risk estimates in the based on a genome-wide association
analysis study?

 Participants were divided into 5  Participants were classified into 3 risk
groups corresponding to the groups

quintiles of air pollution score * Low (tertile 1)

 Intermediate (tertile 2)
 High (tertile 3)

Air pollution score! =
(B[PM; 5] X PM, 5 + B[PMyo] X PM; + B[PM; 5 1]

x PM; 510 + B[NO,] x NO, + B[NO,] x NO,) x
(5/sum of the b coefficients)

1. Wang M, et al. Eur J Heart. 2021;ehaal031. 2. Shah S, et al. Nat Commun. 2020;11:163.



Baseline Characteristics of Participants in
the UK Biobank Study

93.9% 93.8% 92.0% ® Incident HF (N=4201) Characteristic HF No HF

86.4%
No Incident HF (N=428,329) _Ag€, years 61.6 56.2
BMI, kg/m? 29.5 27.3
60.2% 52.7%
48.8% 40.70% TDI . -0.8 -1.4
44.0% 20.6% MET, min/week 2478.9 2666.8
17 0% 33.8% 25 504 BP, mmHg
0 0 :
10.2% 11 61; % 15.2% Systolic 145.6 137.7
5% Diastolic 83.7 82.4

Pollution, pg/m3

< %]
@"} @‘ \o 6“ PM, . 10.2 10.0
3 Q \& 96\ _ 6\(80 Q)Q\ '
K & & Health Diet X N PM,, 19.4 19.3
<& Q) \\Q \QQ QA
< O Score @\\@ od PM,5.10 6.5 6.4
R NO, 30.0 29.3

TDI = Townsend Deprivation Index; BP = Blood Pressure

Wang M, et al. Eur J Heart. 2021;ehaal031. NO, 46.1 43.9




2.0

1.8

1.6

1.4

1.2

Adjusted Hazard Ratio

1.0

1.0

Ailr Pollution Score Assocliated with
Increased Risk of Incident HF,

@ °. ’ +%> #

Strengthened by Genetic Susceptibility

01

Q2 Q3 Q4

Air Pollution Score Quintiles

Wang M, et al. Eur J Heart. 2021;ehaal031.
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Joint Association of Air Pollution Score,
HF GRS, and Risk of Incident HF

Pollution Low Genetic Risk Medium Genetic Risk High Genetic Risk
Quintiles
Q 1 150 cases 175 cases 178 cases
N =21,186 N=22,366 N=21.,879
Q2 146 cases 221 cases 240 cases -
N= 21,321 N=22,338 N=21,770
Q3 173 cases 235 cases 218 cases
N=21,296 N=22,313 N=21,822
A 190 cases 194 cases 266 cases
Q N=21,230 N=22,332 N=21,867
210 cases . 218 cases 245 cases
Q5 N=21,215 N=22,233 o N=21,983 .

06 08 1.0 1.2 1416 1.8 2.0
Hazard Ratio

06 08 1.0 1.2 1416 1.8 2.0
Hazard Ratio

f 46% greater risk of HF in participants with high GRS and air pollution score
Wang M, et al. European Heart Journal (2021) 00, 1-10.

06 08 1.0 1.2 1416 1.8 2.0
Hazard Ratio



Adjusted HR (95% CI) for Air Pollution
Concentrations with the Risk of Incident HF

Air Pollution Concentration (Quintiles)

PM; 5 PMy, PM; 5 10 NO, NOy

Q1 1.00 1.00 1.00 1.00 1.00

Q2 1.00(0.90-1.11) 1.17(1.06-1.30) 1.03(0.93-1.13) 1.11 (1.00-1.23) 1.09 (0.98-1.21)

Q3 1.05(0.94-1.16) 1.24(1.12-1.37) 1.07 (0.97-1.18) 1.18 (1.06-1.30) 1.20 (1.08-1.33)

Q4 1.16 (1.05-1.29) 1.16(1.04-1.29) 1.04 (0.94-1.15) 1.23(1.10-1.37) 1.11 (1.00-1.24)

Q5 1.14(1.02-1.27) 1.31(1.15-1.48) 1.02(0.93-1.13) 1.24 (1.09-1.42) 1.29 (1.16-1.45)

HR (95% CI) for a 10 pug/m? increase and P for Trend

PMZ.S I:)I\/Ilo I:)I\/I2.5-10 NOZ NOX
1.85 (1.34-2.55) | 1.61(1.30-2.00) | 1.13(0.80-1.59) | 1.10 (1.04-1.15) | 1.04 (1.02-1.06)
P<0.001 P<0.001 P=0.48 P<0.001 P<0.001

Wang M, et al. Eur J Heart. 2021;ehaal031.



Adjusted Hazard Ratios (95% CI) for Air Pollution
Score and HF GRS with Risk of Incident HF

Air Pollution Score

HF Genetic Risk

Cases (total

Adjusted for

Adjusted for

Adjusted for

Adjusted for

N=86,506) Age and Sex 14 Variables
01 677 1.00 1.00
1.23 1.16
Q2 S (1.11-1.36)  (1.05-1.28)
1.32 1.19
o 220 (1.19-1.46)  (1.08-1.32)
1.43 1.21
Q4 Sl (1.30-1.58)  (1.09-1.35)
1.67 1.31
R U (151-1.84)  (1.17-1.48)
P<0.001 P<0.001

Cases/N Age and Sex 14 Variables
869/

Low 106,248 1.00 1.00

Medium 1043/ 1.15 1.15
111,582 (1.05-1.26) (1.05-1.25)

High 1147/ 1.31 1.39
J 109,321  (1.20-1.43)  (1.19-1.42)

Continuous 2.73 2.65
Variable (2.05-3.62) (1.99-3.53)

P<0.001 P<0.001

67% higher risk of incident HF in age- and sex-

adjusted model in highest quintile vs lowest
Wang M, et al. Eur J Heart. 2021;ehaal031.

173% higher risk of incident HF associated with HF GRS
In models adjusted for sex, age, assessment center,
genotyping batch, and 15t 10 genetic principal components



Long-Term Associations: Air Pollution and Hospital
Admissions Among Medicare Participants

3000

2500 - The study associated...
* PM, : Increases with
2000 SVRT :
hospitalizations
1500 across all studied
I outcomes
1000 -

* NO, increases with
stroke and AF

* And O increases with
pneumonia

500

Myocardial
infarction

mPM2.5 2536 637 1575 2489
NO2 163 N/A 357 N/A
O3 N/A N/A N/A 1131

Ischemic stroke Atrial fibrillation Pneumonia

Attributable Increase in the Number of Cases
per One-unit Increase Per Year In Pollutant

*Negative values on probability scale are not logical. As such, attributable number of cases were not calculated
Yazdi MD, et al. Circulation. 2021 Feb 22. doi: 10.1161/CIRCULATIONAHA.120.050252. Online ahead of print.



Long-Term Associations: Air Pollution and Hospital
Admissions Among Medicare Participants (cont)

« On an additive scale, air pollution risks
human health, especially among the very old
patients

* The largest increase in the risk of
admissions per unit change in exposure
occurs at lower concentrations of air

pollutants >50% of the U.S.
» At these lower concentrations, increases in population is exposed

any of the studied air pollutants increased to such levels
the probability of hospitalization with larger
effect estimates than the primary results

Yazdi MD, et al. Circulation. 2021 Feb 22. doi: 10.1161/CIRCULATIONAHA.120.050252. Online ahead of print.



e

14

Personal-Level Protective Actions Against Particulate
Matter Air Pollution Exposure: A Scientific Statement
From the American Heart Association

Circulation

Volume 142, Issue 23, & December 2020, Pages e411-e431
https:/fdoi.org/10. 116 1/CIR. 00000000 00000931
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Strategies to Avoid Negative Impacts

of Pollution

For optimal impact the approach should be practical, safe, and low cost or no cost,
to a degree congruent with the risk of the patient and level of exposure; and feasible

to apply equitably

Consider acute measures, such as staying indoors with
PM, ->300 windows closed, N95/N99 respirator when outdoors,
and PAC with effective filters indoors

Very high risk: multimorbidity ASCVD, recent ACS
hospitalization, HF, COPD, asthma

Potential for
acute ambient

PM, :>35 High risk: established ASCVD, 10-year risk >20%,
exposure :

diabetes or CKD 3-5 with =1 risk factor
Special demographics: pregnancy, older, transplant

Chronic exposure
potential
(Annual PM, :>12)

No action
needed

Rajagopalan S et al. Circulation. 2020;142:00-00.

Consider long-
term measures
such as education
on health effects
of air pollution,
evidence-based
secondary
prevention, and
PAC and HVAC for
high risk patients




Personal Exposure Mitigation and
Behavioral Tactics

— Automobile Cabin | Portable Air
Filter Cleaner

" — Pharmacologic
Agents?

: _ Avoid Polluted
T Staying Indoors Areas

Rajagopalan S et al. Circulation. 2020;142:00-00.

Exercise




In the Context of the
COVID-19 Pandemic

« Several studies have reported significant
associations between COVID-19 mortality and
air pollution®3

Ischemia/  Elevated

« The pandemic has affected patients with new infarction | pulmonary

or existing HF, potentially complicating y pressures
resentation, management, and prognosis# enous

P _ _ J _ Prog thromboembolism Increased

« Patients with HF are at risk of COVID-19 and oxygen demand
serious associated complications, and they Cytokine release .
should strictly adhere to preventive measures syndrome SITESS CECIoMpeREIT)
as well as following personal exposure Myocarditis

mitigation tactics for air pollution

|

« Itis crucial to rule out COVID-19 in
hospitalized patients with HF, as symptoms
overlap

1. Liang D, et al. Innovation (NY). 2020;1(3):100047. 2. Wu X, et al. Sci Adv. 2020;6(45).eabd4049.3. 3. Fattorini D, Regoli F.
Environ Pollut. 2020;264:114732. 4. DeFilippis EM, et al. JACC Heart Fail. 2020 Aug; 8(8): 681-691. 5. Zhang Y, et al. Eur J Heart
Fail. 2020;22(6):941-956.

Reduced
ejection fraction



Pyramid of Risk

CVD

SECONDARY AND TERTIARY PREVENTION CAD
PVD
Heart Failure
Cerebrovascular Disease

Risk Factors
Dyslipidemia
PRIMARY PREVENTION Hypertension

Diabetes
Metabolic Syndrome

Health Behaviors

PRIMORDIAL Fetal and Infant Health Body Weight
PREVENTION Smoking Environmental Pollution
Physical Activity Diet

Hong KN, Fuster V, Rosenson RS, Rosendorff C, Bhatt DL. JACC 2017;70:2171-2185.
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