Virtual Presentation
Chapel Hill, NC
June 13, 2023

Wayne Cascio, MD, FACC

Director, Center for Public Health and Environmental Assessment
Office of Research & Development, US EPA
Research Triangle Park, NC

Missouri Million Hearts
Missouri Dept. of Health and Senior Services



on Global Rank of Risk Factors by Total Deaths
EPA All Causes 2019

High systolic blood pressure - % of Global Death due to Individual Pollutants
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What is Airborne Particulate Matter?

€ PM2s
Combustion particles, arganic
compounds, metals, stc.
gemnerally kBss than or aqual to 2.5 pm

HUMAN HAIR
S0-70 mm
(oS N dsarmeter

& PMqp
Dust, pollan, mold, etc,
genarally less than or egqual 1o 10 pm

frmicrovE] in dismeter
BEACH SAND

Particulate Matter (PM)

— llsootll

* from combustion sources

* mixture of solid particles and
liquid droplets found in the air

. X7 T g . Q@ 2 pm

MacKenzie AR. Environ. Sci. Technol. 2012



SEPA Daily Variability of PM,, & PM, 5

Chapel Hill, NC 1995-96

Concentration (ug/m3)

Daily PM, .changes (BLUE arrows)

50 Short-term clinical events
NAAQS =35 pg/m3
40 Annual average PM, . (YELLOW line)
Long-term clinical events
30 NAAQS 12 pg/m3
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EPA Short-term Air Pollutant Exposure

Contribution to Cardiovascular Events

AHA Scientific Statement

Particulate Matter Air Pollution and Cardiovascular Disease

An Update to the Scientific Statement From the American
Heart Association

Fobert D. Brook, MD, Chair: Sanjay Rajagopalan., MD: C. Arden Pope 111, PhDx
Jetfrey R. Brook, PhD: Aruni Bhatnagar, PhD, FAHA: Ana V. Diez-Roux, MD, PhD, MPH;

Eorryesmnedes Floslowarngy BATH: % p0lawer Flovwner BATS T3T A TT A - Tiscg-olll S5 T swecaenlocan- BATS BAE T4 TT A -

Fine particulate matter (PM) or particle pollution can:

* Trigger heart attacks * Trigger stroke
* Trigger arrhythmia * Worsen heart failure

Heart disease patients should reduce their exposure to air pollution when levels are high

Brook RD, et al. Circulation 2010 6



S EPA Call for Public Health & Healthcare Action

European Heart Journal Advance Access published December 9, 2014 . .

® - oemion| “Air pollution should

uropean Meart Journal URRE NT PINI N .
cyncreny Eoi:ﬂp}.m;;feurhjemjfelhu455 be viewe d as one Ol

several major

Expert position paper on air pollution modifiable risk
and cardiovascular disease factors in the
David E. Newby', Pier M. Mannucci?, Grethe S. Tell3, Andrea A. Baccarelli4, preven tion and
Robert D. Brook®, Ken Donaldson®, Francesco Forastiere’, Massimo Franchini?,
Oscar H. Franco?, lan Graham?, Gerard Hoek'!, Barbara Hoffmann12, management Of
Marc F. Hoylaerts'3, Nino Kiinzli'415, Nicholas Mills!, Juha Pekkanen'4.17, ;
Annette Peters'%1?, Massimo F. Piepoli??, Sanjay Rajagopalan?l, and Robert F. Storey22*, cardiovascular
on behalf of ESC Working Group on Thrombosis, European Association for disease.”

Cardiovascular Prevention and Rehabilitation and ESC Heart Failure Association

 “Health professionals, including cardiologists, have an important role to play in
supporting educational and policy initiatives as well as counseling their patients.
Newby DE et al. Eur Heart J 2014
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EFPA . Diseases Associated with Ambient Fine PM

From Multiple Observational and Retrospective Studies

Central Nervous System:
Dementia, cerebrovascular disease Respiratory:
Asthma, chronic obstructive,
pulmonary disease, lung cancer,
pneumonia

Cardiovascular:
Myocardial infarction, coronary

artery disease, sudden cardiac death,

arrhythmia, heart disease Metabolic:

Diabetes mellitus, obesity

Renal/Genitourinary:
Kidney disease, bladder cancer,

Immune/Allergic:
renal cancer

Rhinitis, inflammatory and
autoimmune disorders

Newman JD, et al. J Am Coll Cardiol. 76:2878-2894, 2020



S EPA Long-Term PM, - & NO, Exposure

Increases Coronary Artery Calcium

Air Pollutants Multi Ethnic Study of Atherosclerosis - Air:
204 10-year coop Study with NHLBI
PM, 5 (5ug/m?) = 5 - /
= )
o 10+
NO, (40ppb) . ?‘, California
= 5o llinois
° Minnesota
NO, (10ppb) ] S o1 1 Maryland
Black carb *g New York
ack carbon 5 .
< [ 1 North Carolina
(0.5ug/m3) | o
—|4 —}.‘! 0 2I r-'lt é é 10 I 1I2 I ‘ll4 I 1]6 T 1T3 r 2:3 I
Agatston units per year Long-term average PM, - (ug/m?3)

Long-term PM, . and NO, increased coronary calcium, an indictor of atherosclerosis

Kaufman JD et al. Lancet 2016 9
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Health & Long-term Air Pollution Exposure
Association between PM and Coronary Artery Disease

5,679 patients who underwent coronary
angiography at Duke University between
2002-2009 and resided in North Carolina*

110 1.5 120 125 13.0
Satellite derived PM, ; (ug/m3)

................
.......

* Participant location -
L1 NC County

*McGuinn LA, et al. Environ Res 2016

1 ug/m? increase in annual average PM, - was
associated with an:

* 11.1% relative increase in odds of significant CAD
* 14.2% increase in the odds of having had a heart attack
during the previous year

6,575 Ohio residents undergoing elective diagnostic coronary
angiography**

1 ug/m? increase in annual average PM, ;. was
associated with an:

 17% relative increase in odds of 1-2 vessel, and
24% increase in = 3 vessel CAD

* 14% increase in odds of having a heart attack
within 3 years

**Hartiala J, et al. ] Am Heart Assoc 2016

10



SEPA Air Pollution Worsens Vascular Risk Factors
T Risk Factors for Atherosclerosis and Air Quality

@IS, ASCVD Risk Esimacor Pl Estimate Risk wie | POOF Air Quality:
cumant 10 vear g rovous 0. _z Age — acceleraftes epigenetic aging markers
ASCVD Risk o s o Ward-Caviness et al. Octotarget 2016
McCracken et al. Environ Health Perspect 2010
Patient Demographics Total Cholesterol — increases cholesterol

( Current Age ) Sex Race Shanley et al. Epidemiology 2016

HDL — decreases HDL particle number
Bell et al. Arterioscler Thromb Vasc Biol 2017

Current Labs/Exam LDL — oxidizes LDL and ox-LDL receptor

( Total Cholesterol (mg/dL) > < HDL Cholesterol (mg/dL) > <EDL Cholesterol (mg/dL) & > <Systolic Blood Pressure (mm of Hg) > Gong et a/_ Genome BIO/ 2007
Value must be between 130 - 320 Wolue must be between 20 - 100 Volue must be between 30-200 Volue must be between 90-200

Wu et al. Chemosphere 2015

Systolic BP — increases blood pressure

Personal History Giorgini et al. Curr Pharm Des. 2016

History of Diabetes? On Hypertension Treatment? Smoker,
te_ @ Diabetes — associated with type Il diabetes
On Aspirin Therapy? © Renzi et al. Environ Int 2017

Statin Therapy — might protective

http://tools.acc.org/ASCVD-Risk-Estimator-Plus/#!/calculate/estimate/ g/gzgf?l:e?; I?g%ﬁ?rjqn,‘_/;g;?ty ggrigg; 2011 11




SEPA & What have We Learned Recently

What Cardiovascular Disease Population
are We Likely to Benefit the Most by
Reducing Personal PM Exposure?

12



7 EPA

EPA CARES

Electronic Health Record Database

VISIT_NUM

source

LegacyPayors

MRN

vISIT_NUM

INSURANCE ORDER *

BILLABLEPARTY

DESCRIPTION

EpicMeds_ORI_CONSUMP

VISIT_NUM

MED_ORD*

ORI_CONSUMP

EpicMeds MED CLASS

CLASS ORD*

THERAPEUTIC CLASS

PHARMACEUTICAL CLASS

PatientDemographics PATIENT SK

—— wED Name

MED_NAME * -

PATIENT_VISIT_ORD *

UNIT_MEASURE
consume
START_TS,
END_TS

INOUT IND

DISCHG_MED_IND

EpicMeds MDCTN. DESCR

MED_NAME *

UNIT_MEASURE *

consump *

MDCTN DESCR

MRN +

PTNT DK

PATIENT SK
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EpicVitals TobaccoOnly.
VISIT_NUM *
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TOBACCO PACKS PER DAY
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TOBACCO COMMENT

CHEWING TOBACCO INDICATOR

EpicPayors SMOKE START DATE
SMOKE TOBACCO USE
VisITNOM SMOKER'S QUIT DATE
PAYOR ORD* SMOKELESS TOBACCO USE
PAYOR CIGARETTE USER INDICATOR
PIPES USER INDICATOR
PAYOR_PRI
SNUFF USER INDICATOR
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VISIT NUM MED_NAME *
MED ORD* UNIT MEASURE *
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[ mED NAmE "
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MED_NAME
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< ORIRACE UNIT_MEASURE SITNU
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Geographicbata
o ALT_ADDRESS VAL MED ORD*
MRN ¢
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e 18
* ke s
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[1 11}
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il A8
il FLE

EPA CARES — A NC-centric resource for environmental health studies using EHRs
> 100,000 individuals; > 50,000,000 observations



S EPA Air Pollution and Heart Failure Mortality
- Association with Age & Annual PM, -

Heart Failure Patient in CARES Cohort PM, . by HF Diagnosis Age 2 65 years
1.00-
\ <12ug/m3
+ 212ug/m3

O
N
ol

@

Survival Probability
()
@)
o

i
N
&

UNC-affiliated hospitals (blue circles) with the flagship 0.00.
hospital, located in Chapel Hill, NC, given as a blue star. ] 0 25 5 7.5 10
EPA PM, . monitors are represented as yellow triangles Time (Years) A




PM, - Exposure and Heart Failure

Hospital Readmissions

Percent Change

I I I I
o) 3
s 4 7 - ’a ® (S S v L
v (@ %0 6. 6 ® (X
o) o,)) o,/> S o) ¥
40/ e ©
Do

Ward-Caviness CK, et al. Am Heart Assoc. 2021

What we did: Short-term PM, -related readmission
risks for HF patients

What we learned: PM, ; risks are highest in the days
immediately after discharge, higher several months
after diagnosis and potentially blocked by beta-
blocker usage

What we did: N = 20,000 HF patients
examined for 12 years for long-term PM, ;-

related readmission risks

What we learned: PM, ; risks 40% greater for
€ plack patients. PM, ; risks seen for all types of
hospital interactions — not just hospitalizations.

Short-term PM, . and 30 Day Readmissions

; Betablocker Time since
Unstratified prescription HF diagnosis
2.0
m I
o =
O
© o 1.54 I —I_
o T 1
o E
= o
A R e e
I o
0.5
17,674 13,599 4,075 12,607 7,886 5,009
49,835 35,348 14,487 16,022 16,731 17,082
' No Yes Low Middle Upber
Tertile Tertile TertiII 5

Wyatt LH, et al. Am Heart J. 2022



S EPA Populations At-Risk Are Known

—

Populations At-Risk from PM, .

Susceptible populations include —
* those with pre-existing cardiovascular disease
e those with pre-existing respiratory disease
* older adults
* those having lower socio-economic status
* children & the developing fetus

Populations suspected to be at greater risk —
e those with chronic inflammatory diseases
(e.g., diabetes, obesity)
* those with specific genetic polymorphisms (e.g., GSTM1)

16



SEPA N

What can public health and the health care
community do to reduce the adverse impact
of air pollution?

17



- Improved Health Through Policy & Regulation
VEPA The Clean Air Act’s (CAA) Six Criteria Pollutants

* Primary air pollutants
- CO * NO @A Criteria PoIIutantA
» CO, ':Odz ] e PM - Suspended
* 50, yaroearbons particles (PM, ., PM,,)
e PM - Suspended particles ¢ O
3
« Secondary air pollutants * NO,
° 03 ° HZOZ ¢ SOZ
. SO, * SO, salts * CO

* HNO, * PARSs K- Lead (Pb) /
. H,50,

|18




o \\ Estimated PM, --Related Morbidity Effects
SEPA X 2 2005, 2011,2014
2005 [ 10.98

2011 || 8.92
2014- 8.35 I “

Non-Fatal  CV Hospital Respiratory  ED Visits , \ Exacerbated

Heart Attacks Admissions  Hospital forAsthmal Asthma
Admissions I

National population-weighted
annual average PM, . ug/m3

140,000 14,000,000

120,000 12,000,000

100,000 10,000,000

80,000 8,000,000

6,000,000

60,000

PM Health Effects
PM Health Effects

40,000 4,000,000

20,000 2,000,000

0

Fann N. Environ Res. 2018 Nov;167:506-514. 19




Public Education
Air Quality Index Available at AirNow.gov

A
NG

\ Y 4

AIR QUALITY INDEX

* Color scale detailing how clean

Qe ciuted the air s
51 -100

* Local air quality conditions also
often part of local weather

reports Unhealthy General public at risk; sensitive groups

* Where can it be found? il =0t at greater risk

* Local TV, radio or newspapers Very Unhealthy General public at greater risk; sensitive
* AirNow app 201 - 300 groups at greatest risk

* Email alerts at
www.enviroflash.info

20


http://www.enviroflash.info/

o The Environmental “Buckets”

<EFPA of Prevention Framework

Total Population Innovative Clinical Traditional Clinical
Community-Wide Prevention Prevention Prevention
4 NAAQS A :-I-iga?ts " “evidence-based” )
. . clinical prevention
Built-Environment .
management strategies
Health Literacy '
« Attain & maintain NAAQS Stds » Optimize clinical care of the * Long-term indoor air
* Improve built-environment: at-risk priority population filtration lowered
- Places for physical activity * |Increase awareness of health markers of oxidative
- Create healthier near- effects of PM among physicians, stress and inflammation
road environments health care professionals, and (Chuang H-C, et al.
* Improve overall CV health status the at-risk population Environ International
* Provide guidance to lower 2017)

exposure & associated risk

Public Health ﬁ
21

Modified from Auerbach J. J Pub Health Manag Pract, 22: 215-218, 2016




EPA’s

Increasing Environmental Health Literacy

Heart Program

M e 1 United States
\_ A Environmental Protection
\’ Agency

Environmental Topics Laws & Regulations v Report a Violation v

Related Topics: Air Research

Healthy Heart Toolkit and Research

Heart Facts

* Heart disease and stroke are the first and
fourth leading causes of death in the U.5.

¢ Ajr pollution can affect heart health and can
trigger heart attacks and strokes that cause
disability and death in those predisposed.

* Onein three American adults has heart or
blood vessel disease and is at higher risk
from air pollution.

Ve

EPA is raising awareness of heart disease and its

link to air pollution and other environmental

\fﬁf.f{]-T.'-i as a partnerin Million Hearts (43, a

Search EPA.gov

About EPA v

Heart

il for haalnhler Rasnte

Check your air

quality to

CONTACT USs

yrotect

your healt

h

e EPA’s Heart program
aims to prevent heart
attacks and strokes by:

e Raising public awareness
about the role outdoor air
pollution plays in
cardiovascular health,

e and steps individuals can
take to reduce their
pollution exposure

https://www.epa.gov/air-
research/healthy-heart-
toolkit-and-research

22



— _  Go ]
A‘ N@W’- - Local Air Quality Conditions
IFIN State: Alabama B oo

Engaging the Public ESECus

;; , ;i Current AQI AQl Loop More Maps

Fires: Current Conditions

| C e map ‘

U.S. Embassies and Consulates
Data from air quality monitors at select U.S.
embassies and consulates around the world

Examples of EPA Products

Announcements

6/15/17: National Air Quality Conference, September 11 -

13, 2017. Registration Now Open and Call for
Presentations

Particle Pollution and Your Patients' Health T e P

Environmental Topics Laws & Regulations About EPA

more announcements

— o - This course is deskpned for
Related Topics: Air Research ( (w) (9) ( q) Hedps health care providers advise their patients about particle
B

family medicine physicians,

[ —— \A,;..‘_hﬁ

Air Quality Index | Ozone | Particle Pollution | Smoke
from fires | What You Can Do

rolhuticn exposune. z B Ak
po 2 intermasts, Ill‘{,'-ln.“fll.'l.ﬁl'.'r.

Healthy Heart Toolkit and Research: Steps You
Can Take

Steps You Can Take
from Air Pollution

cooupational and
rehabilitation phayd
nurse practitionery

®

asthma educators . i

itizen Scie
pulmonany special Alr Citize S~
cardiologists, and s /-

r
medical profession ensor

SEPA

Stinth the Course Measure -Learn-Share

Studies show that air pollution can trigger i

are at risk for these conditions. If you have

exposure to high levels of air pollution.

ho - ™ i AT1
! =L r
i <y _f ¥ Course developers

Contaminantes Comunes del Aire
EFECTOS CARDIOVASCULARES Envi'oFiaSh
/’ “\

2?70# Go
“Ihan'rr Quality Index (AQ#)-for—"
Raleigh-Durham-Chapel Hill

When are air pollution levels

® Anytime of year
¢ When weather is calm
¢ Near busy roads
.
.

Location

In urban areas
In industrial areas

A kgalthior gnvirgnmant Far bpalthigr heards #
. r—
{‘i L[’ll}'(}'»l’ - - Sk
CARDICLOGY T Amoclaian. | Amoctebkm.

Heart Disease, Stroke, and Outdoor Air Pollution

Current Current
2/6/2013 2/6/2013

o Did you know that air pollution can
trigger heart attacks, stroke, and
other health effects?

Medical studies show that air polhution can
heart attacks, stroke, and i

le who are
akeadyatnskﬁorﬂﬂy . Also, for
people with a medical condition called heart
faihure, air can further reduce the ability
af the mpmrpbbadﬁlemﬂ'l.a:htsm.lld.
Very small particles are the pollutants of
test concern for tri these effects.

8:00 PM EST 8:00 PMEST

Pollutant: Pollutant:
PM2.5 0ZONE

Working to prevent a
million heart attacks
and strokes

Rechizca s riesgn, usando olindie de Caldad del Al (AQ) por sus Sighs en Inghés)
2l planear actrwidades 2l sk Mone - w2 gay

Novaim i catclad i mem Walon
a1 rpacic un e sald i eiicn 1004 i datn S0 [ pmanm T

Buare om e 3 sl

PROUD SUPPORTER

Modanide S0 sl 4 L asebaneiee b ddid o4 sk

article pollution is found in haze, smoke, and .
dust—and sometimes in air that looks dean. Dadins pam b suldt V3
This fact sheat tells you how you car: Ny e g 1 s Fr

el
« Gt up-to-date information about 0 How can you protect your health?




Partnering with HHS’ Million Hearts®
Recommendations Supported by EPA Science

Keeping People Healthy

illion
/ Hearts®

e Optimizing Care

and strokes
PROUD SUPPORTER
Priority Populations

EPA contributes the Healthy Heart program to lower air

pollutant exposures in at-risk populations in an effort to:

- decrease heart attacks and strokes

- improve vascular disease outcomes

- decrease disability and healthcare expenditures

- decrease the societal burden of vascular diseases

24



S EPA Million Hearts® 2022

Optimizing Care

Support includes: Counseling on risks of particulate matter

“ Effective Health Care Strategies

Improve ABCS* High Performers Excel in the Use of...

Targets: 80%  Teams—including pharmacists, nurses, community health workers, and cardiac
rehab professionals

» Technology—decision support, patient portals, e- and default referrals, registries,
Increase Use of Cardiac and algorithms to find gaps in care
Rehab * Processes—treatment protocols; daily huddles; ABCS scorecards; proactive
Target: 70% outreach; finding patients with undiagnosed high BP, high cholesterol, or tobacco use
* Patient and Family Supports—training in home blood press HORRG:
Engage Patients in problem-solving in medication adherence; counseling on nutrition, physical activity,

Heart-Healthy Behaviors tobacco use, risks of particulate matter; referral to community-based physical activity
- TBD programs and cardiac rehab

*ABCS - Aspirin when appropriate, Blood pressure control, Cholesterol management, Smoking cessation

25



<zEPA

illion

Hearts’

Home About ~ Tools & Protocols = Data & Reports =

Home > About Million Hearts® 2027

Building Healthy Communities

About Million Hearts®
2027

Particle pollution—also called particulate matter (PM)—is
made up of particles (tiny pieces) of solids or liquids in the
air.l Research shows that short- and long-term exposure
to particulate pollution are both linked to an increased
risk of heart attacks and other forms of heart disease.”

Building Healthy
Communities

lobacco Llse

Physlcal Inactivity

Particle Pollution

About Particle Pollution

Some particles, such as dust, dirt, soot, or smoke, are large
or dark enough to be seen with the naked eye. Others are
so small that you cannot see them in the air.! These small
particles are called PM, ; and are 2.5 micrometers and

Optimizing Care

Focusing on Health Equity

Partners & Progress =

Million Hearts® 2027

Building Healthy Communities

Search the site Q

Learn & Prevent =

Particle Pollution and Heart Disease

EFM2s
(o O SR . D AR
ORI, TR, BT
< 2.5 um rodoesi n dere

HUMAM HAIR
EC-Tdzm
Freameoral n dsrsier

[
FINE BEACH SamMD

PM10 is inhalable particles with
diameters that are generally 10
micrometers and smaller; PM2.5 are

26



Reducing Particulate Matter Exposure
Actions That Can be Taken by Individuals

Open windows often to
ventilate and remove
allergens from the home
when air guality is good

Keep windows closed
when driving in poliuted areas

Use a fuel efficlent
vehicle with o
sealed cabin

button to recycle

Utilize the

cabin air

Be aware of local

poifution forecasts
Portable air purifiers Avoid cutdoor activity
can decrease particles during peak pollution

Qg

\Venn’ime cogking ared,

Portable air purifiers
Open windows when air quality is good
Use high-efficiency filters in the home

Use air conditioning during periods of
high pollution

Keep windows closed when driving in
polluted areas

Use a vehicle with sealed cabin

Use high-efficiency vehicle cabin filter
Ventilate cooking area

Wear N95 or N99 respirators outdoors
Be aware of local pollution forecasts and

use hoods and windows . L. .
R / W avoid outdoor activity during peak
se high—efficiency utdoor octivity shou 1 1
cabin ftersang”  Use hiah-efficiency fiters respirator when outdoors  Outdoor activty should pollution times and areas

replace when soturated

Use gir conditioning
during high pollution times

from traffic pollution

Outdoor activity 400m from traffic

pollution 7



S EPA Summary and Opportunities

—

High attributable health burden

Particle pollution increases short- and long-term cardiovascular
morbidity & mortality

Improvements in air pollution levels reduce health impacts and
increase life expectancy

Many regions of US fail to meet EPA standards - >100 million exposed
EPA is working with the States to help communities meet NAAQS

Older-people, those with pre-existing heart & lung disease, & diabetes

are at higher risk from air pollution
28



S EPA Summary and Opportunities

* The electronic health record databases are opening up new
opportunities to gain insight into the effect of PM on at-risk populations

* Importantly research is providing the evidence necessary to motivate
public health and health care professionals to address risk reduction at
the level of the population and individual

* Randomized controlled trials are needed to evaluate the efficacy of
personal action to lower exposure and clinical risk and events

Counseling patients at higher risk from PM to make personal
interventions lower exposure by taking personal actions

29



Questions

Thank you

Wayne E. Cascio, MD, FACC

Director, Center for Public Health and Environmental Assessment
Office of Research and Development

U.S. Environmental Protection Agency

Email: cascio.wayne@epa.gov

* No conflicts of interest

* The presentation represents the opinions of the
speaker and does not necessarily represent the
policies of the US EPA
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