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Environmental
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Inhaled Air Pollution Particles Increases
Morbidity and Mortality

® Increased levels of air pollution particles are
assoclated with increased morbidity and
mortality and attributable to cardiovascular
and pulmonary causes particularly in older
adults

® Biological mechanisms explaining PM-
Induced adverse cardiopulmonary health
effects are not completely known but
significant progress Is being made




Adverse Health Effects of Air Pollution

Increased cardiopulmonary morbidity & mortality -

® Pulmonary
— Acute
® Asthma & COPD
— Chronic
® Lung function, lung cancer, lung development

® Cardiovascular
— Acute
® Heart attacks, arrhythmia, heart failure, stroke
— Chronic
® Premature death



Major Public Health Risks

® Diabetes ~ 60,000 deaths annually in the US

® End Stage Renal Disease ~ 60,000 deaths

® Air Particle Pollution ~ 60,000 deaths



What i1s Air Particle Pollution?

® Aerodynamic diameter
<10 pm (PM,,)
<2.5 um (PM, )

® Composition
Elemental Carbon
Metals
Sulfates / Nitrates
Organics

® Sources
Point
Mobile
Natural




Size of Air Pollution Particles

Molecule Virus Bacteria RBC Pollen Hair
0.05 um 0.5 um 5 m 50 um
0.01 pm 0.1 ym 1 um 10 pm 100 pm
I:)M<1O
Thoracic Particles
I:)M2.5-10
Coarse Particles
I:)M<2.5

Fine Particles

UFP (PM )

Ultrafine Particles



Major Episodes of Lethal Smogs“

Meuse Valley in Belgium Dec 1-5, 1930
industri Indries

and smelters :

— 10x normal'mor

® Donora; PA " O¢ &;‘, S

— metal works, co: ﬁ 4 _ and industrial facilities,
coke ovens and a zinc reflnery, Iron and steel industries

— 6X normal mortality rate

® | ondon, England Dec 5-9, 1952

— coal-burning homes, power plants and factories
— 9x normal mortality rate
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Smoke (micrograms per cubic meter)

The Great London
Smog Dec. 1952

® 12,000 excess
deaths

® 2/3 >65 years old

® Increased death
rates persisted
through the next
summer




U.S. PM;; NMMAPS

® National Morbidity, Mortality and Air Pollution Study
— Time-series analysis
— Effects on mortality
— Time period 1987 to 1994
— 90 largest U.S. cities

® Major findings
— PM levels positively associated with mortality

— PM levels on the same day, or one and two days before
death are positively associated with mortality

— National combined estimate 0.2% excess deaths
per 10 pg/m? increase in PM,,

— Association most strongly associated in the Northeast
Samet HEI 2000



PM, .-Associated Mortality

Philadelphia .
COPD ! ] = | |
Pneumonia ; ] - Philadelphia
CVD e = per 100 pug/m?3
Cancer E—.—
Total i
Utah Valley !
Respiratory | ] :
CVD — Utah Valley
All other | :i ' per 50 ug/ms
Total il

09 10 11 12 13 14
From Pope et al, EHP, 1995



PM and Myocardial Infarction

Peters and colleagues studied determinants
of Ml in the Myocardial Infarction Onset
Study - Harvard University

Case-crossover study

/72 patients with acute Ml in Boston
January 1995 - May 1996

Assoclations sought between hourly and 24
hr average concentrations of PM (<2.5um),
carbon black and gaseous pollutants and Ml

Peters A et al. Circulation 2001



PM and Myocardial Infarction

QUINTILES

I [ 1 IV \%

2-hour average PM, -

Range, pg/m* 0-5.2 5.3-7.9 7.9-11.511.6-17.0 17.1-74.8
Odds ratios 1.00 1.15 1.09 1.27 1.44

24-hours average PM, .

Range, ug/m* 1.6-6.4 6.5-8.6 8.7-11.5 11.6-16.2 16.3-52.2
Odds ratios 1.00 1.12 1.15 1.31 1.32

Peters A et al. Circulation 2001



Air Pollution and ICD Discharge

® 100 ICD patients
® Eastern Massachusetts
® Defibrillator discharges are related to:

— Measurements of ambient air pollution:
e Sulfur dioxide
¢ (Ozone
e Carbon monoxide
* PMys
e Carbon black

Peters et al. Epidemiology 2000



Air Pollution and ICD Discharge

2 Day Lag

¢

O, PM,, C CO NO, SO,

Odds Ratio (OR)
and Confidence Intervals
N
|

Peters et al. Epidemiology 2000



Potential Effects of PM on the
Cardiopulmonary System

Olfactory N [ T Ambient PM 7 1 ]
Pulmonary Reflexes l 1 Pulmonary Inflammation
} o v
- Autoncér;lgel:lnervous \@ P Systemic Inflammation )
I / / N
l 7 | [ Oxidant) |(Endothelial Platelet

dysfunction

stress activation

Impulse formation
Conduction/Repolarization |«

¢ ¢ — WBC

Atheroslerosis
rogression

activation

Heart Rate | | Cardiac Rhythm

i

Thrombosis

o

factors




Are Older Adults More Susceptible?



Mortality Associated with Ambient
PM, - in Older Adults

Age Stratum [~
65+ years - — —
<65 years [- ——

Specific Cause [~

COPD [ = [ ] |
Pneumonia [~ : [ ]
CVD | ——
Cancer [ — —
Total - — —

c9 10 11 12 13 14 15
Relative Risk Schwartz et al., 1992



Particulate Matter and Risk

® Association between PM,, and hospital
admissions for respiratory and CV disease in
10 U.S. cities

® U.S. cities
Canton Minneapolis/St. Paul
Birmingham New Haven
Chicago Pittsburgh
Colorado Springs Seattle
Detroit Spokane

® HCFA billing records & US EPA Aerometric
Information Retrieval System (1986-1994)

Zanobetti A et al. EHP 2000



Particulate Matter and Risk

Increased risk for each 10pg/ms increase in PMy,

w

1 day lag
® 2 day lag

®

N
@

—

Increase In
hospitalizations (in %)

o

COPD Pneumonia CVD

Zanobetti A et al. EHP 2000



A

+ Cook County, lllinois PM,, NMMAPS

CMS and Time period 1986 to 1991

— Population = 65 years.old
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Cook County, lllinois PM,;; NMMAPS

® Major findings
Increased excess deaths associated with PM,, for
each increment of 10 pg/m3 :
Overall 1.14%
Heart disease 1.98%
CHF 1.28%
Diabetes 1.49%
Men 1.3%

Women 1.0%
Age >65 years 0.4% for each added decade

Bateson and Schwartz Epidemiology 2004



EPA Studies - Age Related Responses

® Older adult panel studies on the east coast
— Winter of 1997 in Baltimore, MD

® Controlled exposure to concentrated ambient PM
— Younger adults
— Older adults

® NC Highway Patrolman Study
— Summer and Fall 2001



Cytokines

& soluble factors ( Brain

Lung

Simplified Scheme

Interaction with lung
o epithelium
e endothelium

Altered ANS output
o arrhythmia
e oxidant stress
e ST-T wave A
e HRV

Heart

\)& Cytokines

soluble factors
e remodel



EPA Studies - Age Related Responses

® Older adult panel studies on the east coast
— Winter of 1997 in Baltimore, MD
(HRV decreased in persons with CV disease)

® Controlled exposure to concentrate ambient PM
— Older adults (HRV decreased)
— Younger adults (HRV did not change)

® NC Highway Patrolman Study
— Summer and Fall 2001 (HRV increased)



Human Exposure Laboratory US EPA




CAPS (PM, ;) -induced Changes in HRV

4 hrs after exposure

N

| B Air
[ CAPS

* p<0.05

Ratio Post / Pre

SDNN PNN,, LF  HF Total

Devlin et al. Eur Resp J 2003



Number of Events

CAPS (PM, ;) -induced Ectopic Beats

24 hrs after exposure

=

o

o
I

B Air
| m caPs
(5 -
50 -
lmm BE B

PAC x101 Pauses

Devlin et al. Eur Resp J 2003



Contrasting Effects of PM on Older and
Younger Adults

¢ Elevated PM, - decreased HRV in older adults
and had either no effect or increased HRV In
young adults

® The HRV effect was seen primarily in HF domain
— loss of parasympathetic input in the older
— Increased parasympathetic input in the young

® Could increase the susceptibility of older adults to
adverse cardiac events and increase younger
adults to vagally induced arrhythmia



CAPS (PM, ¢)-iInduced Changes In
Fibrinolytic Proteins

Plasminogen

S T t-PA
(-)

Coagulation v PAI-1
Pathway Plasmin

-

' ' Fibrin degradation

Fibrinogen —Fibrin—» products (d-dimers)




CAPS (PM, ;) -induced Changes In
Coagulation Proteins

Extrinsic Intrinsic

\ / Factor Villa

Factor X— Xa

» Fibrin —

Devlin et al. The Toxicologist 2002



Contrasting Effects of PM on Older and
Younger Adults

Effects were more marked in older adults

® Some plasma proteins associated with:
— thrombosis increase
— fibrinolysis decrease

® Such changes will favor thrombosis



Why Do Older Adults and Younger
Adults Respond Differently?



Speculated Age-Related Factors

® Factors influencing responses to air pollution
— Altered immune response with age
— Environmental exposure and smoking history
— Infectious history
— Altered deposition of PM in diseased airways
— Antioxidant and nutritional status
— Respiratory, CV and other concurrent diseases
— Medication

Sandstromet al. Eur Respir J 2003
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Age-dependent Changes in HRV

Time-Domain
PNN50

Supine Standing
Young Adults

HF normalize units

Frequency-Domain
HF

Supine Standing
Older Adults




Role of PAI-1 in Cardiovascular Aging

Hypertension

PIM exposure PM exposure
I I_Ol;esi_tyt " Ang Il ECs CM / Vvascular sclerosis
Jinstillin IREEEIEnes) ) = (ECM accumulation)
AQINg  Stress TNF-a - PAI-1 Thrombosis C_V
Immune e 2 ' Aging
Response Insulin SMCs AdlpOCyteSAtheroscleros.is

Glucocorticoid

Activation of Coagulation
& Platelets



Concordance between the Influence
of Age and PM, . on Health Effects

Aging PM Air Pollution
Hemostatic/Thrombotic factors -

Factor VII
Fibrinogen
Protein C
PAI-1
VWF
B-thromboglobulin
Platelet factor 4

- H -

Autonomic control -
HRV

Inflammatory biomarkers -

IL-6
CRP

! |

e = sEENen




What Can Be Done to Protect Older
Adults from the Adverse Effects of Air
Pollution?



What Can Be Done?

® General Recommendations
— Decrease exposure to harmful pollutants

— Educate the health care community and
population

— ldentify high-risk populations and educate them
regarding avoidance of exposure

— Support research to identify:

® Mechanisms of health effects
® Specific sources of pollutants having adverse health effects

® Develop animal models of surrogates of human disease to study
the acute and chronic effects of air pollution



ldentify & Educate People at Risk

® Susceptible people
iInclude those with:

— advanced age

— diabetes

— coronary artery disease
— heart failure

— arrhythmias

— COPD

— asthma




Pollutant can cause lung damage, heart attack

I L} L}
Particulate matter is airborne particles caused by things like emissions or‘dust. Fine particles — 2.5 microns in I u b I C E d u Catl O I l

diameter or smaller — can pe =w1eh nto sensitive regions of the respiratory fract causing cel
damage and even premature ath. *ime's a look at what the particles can do once they enter the body:

B Porticulate matter B These particles can B while inside the lung, particles can
is breathed in and can accumulate and stay damage cells that act as a boundary
travel along airways inside the lung for long between airways and blood vessels.

deep into the lung. periods of time. : - C
B As the cells are damaged, the VI a th e p rI n te d

boundary between airways and
vessels is broken down. Particles can

seep info the bloodstream, traveling =
to the heart and other organs. I I I e I a
B Once in the
bloodstream, particles
tan encourage blood
clofs, which, in turn,

could result in o heart
attack.

Mixed signals

nerve

veins cells

arteries ———

airways

Origins of
particulate matter

Particulate matter originates

frora-many sources, incl

power D\th resuenhu. fire |J\O(L s, car or fruck
exhaust o 1€ he chem
Uhvﬁl(‘()' makeup ¢ )* nr*\flLLr\rﬂP matter varies, rw:l

some particl re more harmful than others.

Raleigh News &
Observer 2001
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Public Education
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W U.S. Environmental Protection Agency

EPA Awards $30 Million Dollar
Grant for Particulate Matter Research

Michael O. Leavitt, the Administrator of the United States
Environmental Protection Agency, today awarded the University of
Washington with a $30 million grant to study the connection
between air pollution and cardiovascular disease.

The grant is the largest ever awarded by the
EPA for scientific research, and will contribute 5=
to a better understanding of the long-term
effects of breathing air contaminated by
particulate matter (PM) and other pollutants.

WWW.epa.gov



Conclusions

® Air particle pollution increases adverse CV events
— Probably mediated by the CNS, inflammation
Increased oxidant stress and thrombosis
— Might accelerate the development of
atherosclerosis

® Aged-adults are at higher risk from the effects of air
particle pollution probably from:
— Increased physiological response to particles
— Increased prevalence of diseases that confer
risk



Conclusions

® Education of the public and medical
community

® Research is needed to:
— Identify source factors
— define the interrelationship between
disease and air pollutants
— Dbetter understand the risk in aged-adults
— long-term risks
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