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Common link between air pollutants and greenhouse gases:

Combustion of Fossil Fuels
(coal, gasoline, diesel,
natural gas, fuel oll, etc.)

NOZ’ SOZ’ CO, COZ’ NZO (nitrous oxide),

\ o\

NO3 504\ /Cﬂia:i/// BC (black Carbon)
034— VOCs + sunlight Cllmate forCIng
agent (absorb heat,

Health-related air pollutants Greenhouse Gases | |reduce albedo)




Salt Lake City, Utah- ¢

India--New Delhi (India Gate), Agra (Taj Mahal),
Lucknow, Chandigarh, Jaipur




Magnified ambient paygicles- (




Stylized outline of epidemiologic study
designs of air pollution and health

General statistical approaches

Studies of short-term exposure (hours-days)
= Episode

= Population-based daily time-series

= Panel-based acute exposure

= Case-crossover

Studies of long-term exposure (years-decades)
= Population-based cross-sectional

= Cohort-based mortality

= Cohort- and panel-based morbidity

Intervention/natural experiment/quasi-experimental

Controlled experimental human and animal




Stylized outline of epidemiologic study
designs of air pollution and health

General statistical approaches

<

Studies of short-term exposure (hours-days)

= Episode >—

=  Population-based daily time-series
= Panel-based acute exposure
= Case-crossover

Studies of long-term exposure (years-decades)
= Population-based cross-sectional

= Cohort-based mortality

= Cohort- and panel-based morbidity

Intervention/natural experiment/quasi-experimental

Controlled experimental human and animal

Simple comparative statistics.

Graphics, etc.




Compare relative number of deaths or hospitalizations or incidence of disease

Dec. 1-5, 1930: Meuse Valley, Belgium Oct. 27-31, 1948: Donora, PA .
60 deaths (10x ex 20 deaths, ¥ the town’s population fell ill

Dec. 5-9, 1952: London--1000’s of excess deaths



London Fog Episode, Dec. 1952
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Stylized outline of epidemiologic study
designs of air pollution and health

Studies of short-term exposure (hours-days)
= Episode

General statistical approaches

= Population-based daily time-series —
= Panel-based acute exposure

= Case-crossover

Studies of long-term exposure (years-decades)
= Population-based cross-sectional

= Cohort-based mortality

= Cohort- and panel-based morbidity

Intervention/natural experiment/quasi-experimental

Controlled experimental human and animal

A 4

Filtered OLS regression
Single city, Poisson regression

Poisson Regression with non-
parametric/flexible smooths

Multi-city Bayesian hierarchical
models




Time-series studies take advantage of highly variable air pollution levels
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. Utah Valley (Lindon Monitor)
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Daily changes in air pollution s daily death counts
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Joel Schwartz, PhD
Harvard

Scott Zeger, PhD
Johns Hopkins

Poisson Regression

Count data (non-negative integer values). Counts of independent and
random occurrences classically modeled as being generated by a Poisson
process with a Poisson distribution:

Prob(Y=r = e %,

Note: A = mean and variance. If A is constant across time, we have a
stationary Poisson process. If A changes over time due to changes in
pollution (P), time trends, temperature, etc., this non-stationary Poisson

process can model as:

In A, = o+ B(wP, +w, P, + WP, +...)+si(t) +s?(temp) +. ..

[

How to construct
the lag structure?
(MA, PDL, etc.)

N

How aggressive do you
fit time? (harmonics vs
GAMs, df, span, loess,
cubic spline, etc.)

How to control for
weather? (smooths of
temp & RH, synoptic
weather, etc.)

Also: How to combine or integrate information from multiple cities




Daily time-series studies ***of over 200 cities***

Estimates from
meta analysis

Estimates from Multicity studies

Estimates from
meta analysis

from Asian Lit

U of Athens, King’s College London

Klea Katsouyanni, PhD
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The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812

AUGUST 22, 2019

Ambient Particulate Air Pollution
And Daily Mortality in 652 Cities.

Liu et al. Aug. 22, 20109.

Figure 3, Panel B. Pooled concentration-
response curves for the associations of
2-day moving average concentrations of
PM, . with daily all-cause mortality.
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Stylized outline of epidemiologic study

. . . General statistical approaches
designs of air pollution and health bP

Studies of short-term exposure (hours-days)
= Episode

= Population-based daily time-series
= Panel-based acute exposure

= Case-crossover

Fixed and/or random effects
Gaussian or Logistic style models
that often address autocorrelation

A 4

Studies of long-term exposure (years-decades) Examples: Daily measure
= Population-based cross-sectional pulmonary function, or respiratory
= Cohort-based mortality symptoms in panels of children.

= Cohort- and panel-based morbidity

Intervention/natural experiment/quasi-experimental

Controlled experimental human and animal




Panel studies of asthmatics and non-asthmatics




- 225

Pope and Dockery. Acute Health Effects of
PM10 Pollution on Symptomatic and

Asymptomatic Children.
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Fig. 1. Daily PM,, levels, mean peak expiratory flow deviations (APEF), percentage who reported cough, and

number of participants for the symptomatic sample.



Stylized outline of epidemiologic study
designs of air pollution and health

General statistical approaches

Studies of short-term exposure (hours-days)
= Episode
= Population-based daily time-series

= Panel-based acute exposure

C Case-cros_
Studies of long-term exposure (years-decades)
= Population-based cross-sectional

= Cohort-based mortality
= Cohort- and panel-based morbidity

Intervention/natural experiment/quasi-experimental

Controlled experimental human and animal

Conditional logistic regression
with clever matching strategies
that control for cross-subject
differences by matched, versus
statistical modeling.

**Quasi-experimental feel**




Ischemic Heart Disease Events Triggered by Short-Term
Exposure to Fine Particulate Air Pollution

C. Arden Pope 1II, PhD; Joseph B. Muhlestein, MD; Heidi T. May, MSPH: Dale G. Renlund, MDD,
Jeffrey L. Anderson, MD: Benjamin D. Hore, PhD, MPH

Methods:

Case-crossover study of acute ischemic
coronary events (heart attacks and
unstable angina) in 12,865 well-defined
and followed up cardiac patients who
lived on Utah’s Wasatch Front

..and who underwent coronary

Acute marginal

an gl Og ra p hy branches, RCA
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Binary Data, classic time-series

Binary Data, case-crossover
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Each subject serves as his/her own control.

Conditional Logistic Reg.

Control for subject-specific effects, day of week, season,
time-trends, etc.—by matching



Conditional logistic regression:

| Prob (Y, =1) _
"\1-pProb(y,=1)/ ~

Ay + 0y + 03+ ...+ Aypges + P(WgP + WPy + WP, +00)

Control by matching for:
All cross-subject differences
(in this case, 12,865 subject-level fixed effects),
Season and/or month of year,
Time trends,
Day of week

Modeling controversies: How to select control or referent periods. Time
stratified referent selection approach (avoids bias that can occur due to time
trends in exposure) (Holly Janes, Lianne Sheppard, Thomas Lumley

Statistics in Medicine and Epidemiology 2005)
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Figure 1. Percent increase in risk (and 95% CI) of acute coronary

. . 3
events associated with 10 pg/m” of PM, ., or PM,, for

different lag structures.



Short-term PM exposures contributed to acute coronary events,
especially among patients with underlying coronary artery disease.
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10 pug/m°® of PM, , stratified by various characteristics.



Stylized outline of epidemiologic study
designs of air pollution and health

General statistical approaches

Studies of short-term exposure (hours-days)
= Episode

= Population-based daily time-series

= Panel-based acute exposure

= Case-crossover

Studies of long-term exposure (years-decades)

= Population-based cross-secW

= Cohort-based mortality
= Cohort- and panel-based morbidity

Intervention/natural experiment/quasi-experimental

Controlled experimental human and animal

Weighted OLS/GLS regression
models, etc.
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Stylized outline of epidemiologic study
designs of air pollution and health

General statistical approaches

Studies of short-term exposure (hours-days)
= Episode

= Population-based daily time-series

= Panel-based acute exposure

= Case-crossover

Studies of long-term exposure (years-decades)
= Population-based cross-sectional
= Cohort-based mortality
= Cohort- and panel-based morbidity

Intervention/natural experiment/quasi-experimental

Controlled experimental human and animal

Survival analyses,

Cox Proportional Hazard
regression models,

etc.




An Association Between Air Pollution and
Mortality in Six U.S. Cities

4 e NEW ENGLAND

e |
%’ JOURNAL of MEDICINE N
\J\ \‘—A
Doug Dockery, ScD Frank Speizer, ScD
Dockery DW, Pope CA lll, Xu X, Spengler JD, Harvard Harvard

Ware JH, Fay ME, Ferris BG Jr, Speizer FE.

Methods:
»14-16 yr prospective follow-up of 8,111 adults living in six U.S. cities.

» Monitoring of TSP PM,, PM, ., SO,, H*, SO,, NO,, O, .
» Data analyzed using survival analysis, including Cox Proportional Hazards Models.

» Controlled for individual differences in: age, sex, smoking, BMI, education, etc.


http://content.nejm.org/

1.00@;

0.95 i
©
2
% 0.90 - Clean |
w ™ @ Steubenville =y cities
© m St Louis /
:E' A Harriman Y Q\éﬁ:ﬁgg
8 085~ O Watertown L cities
-g O Topeka /
a . Portage 9
0.80 - | -
Highly ‘\.
Polluted — @™~
cities u
0.75 s o S— 1 | | I

0 2 4 6 8 10 12 14 16
Years of Follow-up



Cox Proportional Hazards Survival Model

Cohort studies of outdoor air pollution have commonly used the CPH Model
to relate survival experience to exposure while simultaneously controlling for
other well known mortality risk factors. The model has the form

A0 ()= 2o’ () expl BT X" (t)

Hazard function
or instantaneous
probability of
death for the ith
subject in the [th
strata.

Baseline
hazard
function,
common to all
subjects within
a strata.

Regression equation that
modulates the baseline
hazard. The vector X
contains the risk factor
information related to the
hazard function by the
regression vector 3 which
can vary in time.



Adjusted Hazard ratios (and 95% Cls) for

cigarette smoking and PM, .

Cause of Current Smoker, Most vs. Least
Death 25 Pack years Polluted Clty
All 2.00 1.26
(1.51-2.65) (1.08-1.47)
Lung 3.00 1.37
Cancer (2.97-21.6) (0.81-2.31)
Cardio- 2.30 1.37
pulmonary (1.56-3.41) (1.11-1.68)
All 1.46 1.01
(0.89-2.39) (0.79-1.30)

other




Rate Ratio

1.4

1.3

1.2

1

1.0

pT

| | | |

I

10 15 20 25
Fine Particles (ug/m?®)

30



JAMN March 6, 2002—Vol 287, No. 9

The Journal of the American Medical Association

Lung Cancer, Cardiopulmonary Mortality,
and Long-term Exposure
to Fine Particulate Air Pollution

C. Arden Pupc llL, _Pl_'l]_}

Richard T. Burnett, PhDD -

Michael J. Thun, MD

FEugenia E. Calle, PhD

Daniel Krewski, PhD

Kazuhiko Ito, PhD

George D). Thurston, ScD

Context Associations have been found between day-to-day particulate ai
and increased risk of various adverse health outcomes, including cardiopulmc
tality. However, studies of health effects of long-term particulate air poll
been less conclusive. \

Objective To assess the relationship between Iong—ter;*n exposure to fir
late air pollution and all-cause, lung cancer, and cardiopulmonary mortalit

Design, Setting, and Participants Vital status and cause of death data
lected by the American Cancer Society as part of the Cancer Prevention Il stu
going prospective mortality study, which enrolled approximately 1.2 million adu



http://jama.ama-assn.org/

Extended the basic Cox PH model allow random effects,
spatial autocorrelation, and semi-non-parametric spatial smoothing.

Cox Proportional Hazards Survival Model

Cohort studies of outdoor air pollution have commonly used the CPH Model
to relate survival experience to exposure while simultaneously controlling for

Richard Burnett, Phd

Health Canada/U. Ottawa other well known mortality risk factors. The model has the form
(1 (1) T ()
- /Ai (t) =40’ (1) explf X (t)
statistical
modeling
controversies X
Hazard function Baseline Regression equation that
or instantaneous | | hazard modulates the baselln?
probability of function, hazard. The vector X0
death for the ith common to all contains the risk factor
subject in the [ subjects within || Information related to the
strata. a strata. hazard function by the
regression vector 3 which
can vary in time.
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Figure 2. Nonparametric Smoothed Exposure Response Relationship
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The NEW ENGLAND
JOURNAL of MEDICINE

ESTABLISHED IN 1812 JUNE 29, 2017 VOL. 376 NO. 26

Air Pollution and Mortality in the Medicare Population

Qian Di, M.S,, Yan Wang, M.S., Antonella Zanobetti, Ph.D., Yun Wang, Ph.D., Petros Koutrakis, Ph.D.,

Christine Choirat, Ph.D., Francesca Dominici, Ph.D., and Joel D. Schwartz, Ph.D.

» 60,925,443 Medicare beneficiaries
» Followed up from 2000-2012
» 460,310,521 person-yrs follow-up

10 pg/m3 increase in PM, .

|

7.3% (95% Cl 7.1-7.5)
increase in all-cause mortality

Hazard Ratio

1.104

1.08

1.06

1.04-

1.02-

1.00

A Exposure to PM, ¢

I
6 8 10 12 14 16
PM, 5 (ug/m?)

Hazard Ratio

1.020

1.015+

1.010+

1.005

1.000

0.995+

B Exposure to Ozone
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Review and Meta-Analysis

Pope, Coleman, Pond, Burnett.

Fine Particulate Air Pollution and Human
Mortality: 25+ Years of Cohort Studies.

environmental

N AN N ‘

2019 (in press)

All studies: 75
Selected studies: 33

Note: These estimates come
now from areas with wide
ranges of pollution—very low in
Canada, high in China.

U.S., Harvard Six-Cities
Dockery et al 1993

Krewski et al 2000

Laden et al 2006

Lepeule et al 2012

U.S., ACS CPS-II, National
Pope et al 1995

Krewski et al 2000

Pope et al 2002

Smith et al 2009

Krewski et al 2009

Jerrett et al 2009

Pope et al 2015

Turner et al 2016

U.S., ACS, Other

Jerrett et al 2005 (CPS-II, LA)
Krewski et al 2009 (CPS-II, LA)
Krewski et al 2009 (CPS-Il, NY)
Jerrett et al 2013 (CPS-II, CA)
Enstrom 2005 (CPS-I, CA)
Enstrom 2005 (CPS-I, CA)
Enstrom 2017 (CPS-Il, 6 yrs)
U.S., Adventists (ASHMOG)
McDonnell et al 2000

U.S., Cystic Fibrosis
Goss et al 2004

U.S., Medicare

Eftim et al 2008 (ACS)

Eftim et al 2008 (HSC)

Zeger et al 2008 (Central)
Zeger et al 2008 (East)

Zeger et al 2008 (West)

Shi et al 2016 (North East)
Kioumourtzoglou et al 2016
Wang et al 2017a (South)

Di et al 2017

Eum et al 2018

U.S., Hypertensive Veterans
Lipfert et al 2006 (1989-1996)
Lipfert et al 2006 (1997-2001)
U.S., Nurses' Health

Puett et al 2009

Hart et al 2015

U.S., California Teachers
Ostro et al 2011

Lipsett et al 2011

Ostro et al 2015

U.S., Male Health Pros
Puett et al 2011

U.S., Truckers

Hart et al 2011

U.S., Agricultural Health
Weichenthal et al 2014

U.S., NIS-AARP

Thurston et al 2016a

U.S., CA HElderly

Garcia et al 2016

U.S., NJ Department of Health
Wang et al 2016

U.S., National Health, NHIS
Pope et al 2018a

Parker et al 2018

Pope et al 2019

0.8

All-Cause Mortality

bbb 1]

Canada, CanCHEC

Crouse et al 2012

Crouse et al 2015

Weichenthal et al 2016

Crouse et al 2016

Pinault et al 2017

Cakmak et al 2018

Canada, Breast Screening
Villeneuve et al 2015

Canada, Com . Health
Pinault et al 2016

Canada, MI Survivors
Chen et al 2016

France, PAARC

Filleul et al 2005

Germany, Urban Women
Gehring et al 2006
Netherlands, NLCS-Air
Beelen et al 2008

England, Clinical Practice
Carey et al 2013

Italy, Rome Register
Cesaroni et al 2013

Europe, ESCAPE

Beelen et al 2014a
Netherlands, DUELS
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Fischer et al 2015
France, Electric & Gas
Bentayeb et al 2015
Spain, Small Area
Keijzer et al 2017
Denmark, DCH
Hvidtfeldt et al 2019
China, Hypertension
Cao et al 2011

Japan, NIPPON

Ueda et al 2012

Hong Kong, Elderly
Wong et al 2015

Wong et al 2016

Taiw an, Taipei

Tseng et al 2015

China, TB

Peng et al 2016
China, Men

Yin et al 2017
China, CLHLS

Li et al 2018

Iran, Tehran

Y arahmadi et al 2018

Random Effects
Meta Estim ates

Al studies

Selected studies

North America, selected

Europe, selected
Asia, selected
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Stylized outline of epidemiologic study
designs of air pollution and health

General statistical approaches

Studies of short-term exposure (hours-days)
= Episode

= Population-based daily time-series

= Panel-based acute exposure

= Case-crossover California Children’s Health

Studies of long-term exposure (years-decades) / StUdy
= Population-based cross-sectional
= Cohort-based mortality

=  Cohort- and panel-based morbidit

Intervention/natural experiment/quasi-experimental

Controlled experimental human and animal




Southern California Children’s Health Study

Effects of air pollution on children’s
health, especially lung function
growth.

W. James Gauderman Kiros T. Burhane John Peters



Southern California Children’s Health Study, has shown that
air pollution impacts lung development in children.
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Children living in cities with higher air pollution and
living near major traffic sources showed greater
deficits in lung function growth.



Criginal Inwvestigation
JAMA Association of Changes in Air Quality With Bronchitic
Symptoms in Children in California, 1993-2012

Kiros Berhane, Ph; Ohih-Chish Chamg, PRD: Rob McCormell, MD; W, ames Gauderman, PhiD; Edvamard fod, K
Ed Rapapport. MPH; Robert Urman, PhD; Fred Lurmarm, kM5 Frank Gillnd, K10, PhD

POLLUTION DOWN’ KirosT.uhana,PhD usC
LUNG HEALTH UP

Air quality in the Los Angeles basin, as measured in five cities by
USC researchers, improved over two decades. That provided a
more healthful environment for children’s growing lungs.

April 2016

AIR POLLUTION CHILDREN’S LUNGS
Nitrogen  Fine In 1998, nearly eight of 100 15-year-olds
d|0X|de particles had signiﬁcant lung deﬁcits

By 2011, only about 3 1/2 of 100
15- year—olds had S|gn|ﬁcant lung deficits.

- RARR

Source: USC Children’s Health Study USC Graphic by Molly Zisk
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Stylized outline of epidemiologic study
designs of air pollution and health

General statistical approaches

Studies of short-term exposure (hours-days)
= Episode

= Population-based daily time-series

= Panel-based acute exposure

= Case-crossover

Studies of long-term exposure (years-decades)
= Population-based cross-sectional

= Cohort-based mortality

= Cohort- and panel-based morbidity

Intervention/natural experiment/quasi-experimental

Controlled experimental human and animal

Many statistical approaches including:

* Comparative stats,

e Diff-in-Diff
* |nverse Probability
weighting/doubly robust

* Propensity score Weighting
* Regression discontinuity
e Instrumental variables

Etc.

**Efforts at more design-based,
causal modeling.




Utah Valley, 1980s

» Winter inversions trap local pollution
* Natural test chamber

* Local Steel mill contributed ~50% PM, ¢
* Shut down July 1986-August 1987
* Natural Experiment
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Utah Valley, 1989, (PM10 = 220 pg/m?)

There are 250,000+ people '
breathing down there—including
asthmatic children and elderly
with CVD and COPD. Does this
pollution affect their health?




When the steel mill was open, total children’s hospital
admissions for respiratory conditions approx. doubled.

300
Children’s Respiratory Hospital Admissions
Fall and Winter Months, Ltah Valley Mill

5o | / Open
8 Total/
Q
£ Mean High : <
= 200 - PM,,
©
E L%iligor Srr]%nchitis
o Included Asthma .
»n 150 ~ 3 Pneumonia
8 and
c Mean PM,, : Pleurisy X Mill
S levels for — Closed
£ 100 1 Months = 2
°°E Included : 2
~~
g’ =

50 - 2

e 7 .
PM,, concentrations Children's respiratory hospital admissions

Sources: Pope. Am J Pub Health.1989; Pope. Arch Environ Health. 1991



Fine-Particulate Air Pollution and Life Expectancy in the United States

C. Arden Pope, Ill, Ph.D., Majid Ezzati, Ph.D., and Douglas W. Dockery, Sc.D.
January 22, 2009

Majid Ezzati, PhD
Imperial College London
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http://content.nejm.org/

10 pg/m?3 decrease in PM, . associated with a one year increase in life expectancy.

Table 2. Results of Selected Regression Models, Including Estimates of the Increase in Life Expectancy Associated with a Reduction in PM, , of 10 pg per Cuble Meter, Adjusted
for Socioeconomic, Demographic, and Proxy Indicators for Prevalence of Smoking.®
Variable Model 1 Model 2 Model 3 Model 4 Model 5§ Model 63 Model 73
pears
Interceps 2.25:0.21f  0.80:0.19§ 1.78+0.27§ 1.75£0.27§  2.0210.34f 1.71:0.51§  2.09:0.36§
Reduction in PM, ; (10 ug/m") < 0.72:0.29% 0.83£0.20f 0.600.20§ 0.61£0.20§ 0.55+0.249 101£0.25f  0.95:0 T3~
Change in income (in thousands of §) — 0.17+0.02% 0.1320.07] 0.13£0.014 0.1120.02§ 0.15+0.04§ 0.11+0.02§
Change in population (in hundreds of thousands) —_— 0.08£0.02§ 0.05£0.02§ 0.06=0.02§ 0.0520.02§ 0.04£0.02 0.050.029
Change in 5-yr in-migration (propertion of population) |** — 0.19+0.79 1.28:0.30 — -0.02+1.83 -
Change in high-school graduates [proportion of population) | - 0.17+0.56 =0, 11£0.53 —_ =0.90+0.86 —_—
Change in urban residence (proportion of population) | — -0.76:0329 0402025 — 0.03+1.88 —
Change in black population [proportion of population) | 15 —_ =1.94+0.58§ =2.74:0.58§ =2.70:0.64 -5.06+2.12{ -5.98:1.99§
Change in Hispanic population (proportion of population) |11 — 146123 1.33£1.10 — 2442 33 —
Change in lung-cancer mortality rate (no. /10,000 population) — — =0.07:0.02§ -0.06:0.02§ 0.01+0.03 0.02+0.03
Change in COPD mortality rate (no. /10,000 population]) — —_ -0.07:002f  -0.0820002§ =0.15£0.06§f  -0.1920.05§
Mo. of county units 211 211 211 211 ] | 51
R*%E 0.05 0.47 0.55 0.53 0.76 0.74

This increase in life expectancy persisted even after controlling for

socio-economic, demographic, or smoking variables
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Copper pmelter Strikg, Mid July 1967 = March 1968

Jse sharp
temporal
discontinuities
: Population Centers Adapted from: Trijonis, John.
() Seasonally adjusted percent change in sulfate Atmpspheric Environment 1979

during copper strike
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Model 11 (3 df smooth of time; deaths in neighboring states; infl/pneu, other resp., and CVD deaths)
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Figure 3a. Residual plot of model 11. The blue dot indicates the month when strike
began mid month (July 1967). Red dots indicate full strike months (Aug. 1967-March 1968).
Yellow dot indicates first end-of-strike month (April 1968).



% decrease in mortality

Mortality Effects of a Copper Smelter Strike and
Reduced Ambient Sulfate Particulate Matter Air Pollution

C. Arden Pope 111, Douglas L. Rodermund, Matthew M. Gee

Environmental Health Perspectives
2007

i Strike indicator Strike indicator Strike indicator
July 67-March 68 Aug 67-March 68 Aug. 67-April 68




Evidence on the impact of sustained exposure to air
pollution on life expectancy from China’s Huai 2013
River policy

Yuyu Chen™', Avraham Ebenstein®’', Michael Greenstone“?"’

2, and Hongbin Li®’
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Fig. 1. The cities shown are the locations of the Disease Surveillance Points.
Cities north of the solid line were covered by the home heating policy.



Key estimated equations:

TP — I . . : P .
— 2 M- - . . .
/‘E_MJF&]TJ”&J[L'}J\JFEE‘Q [2b]
Mortality or Indicator variable Polynomial Other demographic
Life expectancy equal to 1 for in degrees and city characteristics
for city j. locations North North of Huali that may effect mortality
of Huai River line River line
Y; =B+ TSP+ fof (L) + XiI + &, [2¢]

Or estimate 2a as the first step in a two stage least-squares (2SLS) and
then estimated 2c above as the second stage equation.
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Fig. 2. Eadh observation (circle) is generated by averaging T5Ps aaoss the Dis-
ease Surveillance Point locations within a 1" latitude range, weighted by the
population at each location. The size of the drchke is in proportion to the total
population at DSP locations within the 17 latitude range. The plotted line reports
the fitted values from a regression of TSPs on a cubic polynomial in latitude wsing
the sample of DSP locations, weighted by the population at eadh location.



The estimaied dange m life expeciancy
{and height of the bmce) just nordh ofithe

Huoai River is -5.0d years and s statsically
sigmificant (35% (T: 8 £, -1.27).
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Fig. 3. The plotted line reports the fitted values from a regression of life
expectancy on a cubic in latitude wsing the sample of DSP locations,
weighted by the population at each location.



Stylized outline of epidemiologic study
designs of air pollution and health

General statistical approaches

Studies of short-term exposure (hours-days)

= Episode Generally simpler statistical

= Population-based daily time-series modeling—

= Panel-based acute exposure

" Case-crossover Data are less observational with
Studies of long-term exposure (years-decades) more control by _Stat'StlcaI

= Population-based cross-sectional strategy and design.

= Cohort-based mortality

= Cohort- and panel-based morbidity

Intervention/natural experiment/quasi-experimental

Controlled experimental human and animal
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Cellular Biology

Exposure to Fine Particulate Air Pollution Is Associated
With Endothelial Injury and Systemic Inflammation

C. Arden Pope III, Aruni Bhatnagar, James P. McCracken, Wesley Abplanalp,
Daniel J. Conklin, Timothy O’Toole



Enroll research subjects including 72 young, healthy, non-smoking

Multiple blood draws during relativel
adults from BYU/Provo. (Note DataRAM PM, . monitor). P & y

clean and polluted periods over 3 yrs.

-~

Process blood, ship to UofL.

N
technologies

Your Partner in Research

An array of 42 human cytokines and an
array of 2 markers of endothelial
adhesion (sICAM-1 and sVCAM-1) were
measured from frozen plasma aliquots by
analytic services at Eve Technologies
(Calgary, Alberta, Canada) using
multiplexing laser bead technology.

Statistical Analysis

* Fixed-effects regression models

" * Subject-mean-adjusted
regression

* Graphical analysis

* Sensitivity analysis

Microparticles and immune cells quantified using a multi-laser flow
cytometer (Becton Dickinson LSR 1) at UofL
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Figure 1. PM, ¢
concentrations and
blood-draw dates
plotted during study
periods.



Table 2. Description and Summary Statistics of Microparticles and Immune Cells and Regression Coefficients for PM__ From the
Subject Mean-Adjusted Regression Models

No. of Coefficient

Dutcome Variables Phenotype obs. | Mean® sD {=10; SE) PValue R

Microparticles
MF, EPC CO34*/CDH* 132 | 2203 | 2168 —0.00 {0.34) 0.706 0.00
MF, Platelet CD41* 132 | 3737 | MM 13305 0.017 0.02

- 055 Elevated

/WP, Endotheial N\ O34 +/CD4 e | 676 | 1044 | /1.00[0.16) <0.001 011 circulating
MF, Lung endothelial CO3 +/CD41-/CD1 43¢ 32 2.82 448 0.42 (0.07) <0.001 0140 endothelial
MP, Nonlung endathelial COM */CD41-/CD143- 231 188 B.40 0.56 {0.10) <0001 [T | | microparticles
MP, Venous endothelial CD31+/CD41-/EphB4* 370 | 255 5.54 0.48 (0.00) <0.001 0.09 '“d(;caﬁvle_ (I)f !

MP, Lung venious endothelial CD3-/CD41-/EphB4-CDI43 | 320 | 2068 | 457 030[0.07) | <0.001 0.08 endothelial ce
: - : apoptosis and
MF, Arterial endothelial CD31+/CD41-/EphrinB2+ 32 1.68 5.03 0.37 (0.07) <0.001 0.07 endothelial
\ MP, Lung arterial endotheiial / CD3*/CD41EphrinB2*/CD143* | 33 127 456 |\ 0.31(0.07) <0001 ) | 006 injury.
MF, Activated endothelial CDEZ 3132 | 1701 | 16141 063 [0.26) 0.014 0.02
MF, Lung-aciivated endothelial CDG2+/C0143¢ 132 | 303 4.25 0.005 {0.06) 0.043 0.00
MF, Venous-activated endothelial CDE2+/EphB4+ 132 | 440 66T —0.02 {0.40) 0.876 0.00
MP, Lung venous—activated endothelial CDE2*/EphB4-/CIH 43 320 | 357 380 | -0.002 (0.06) 0.940 0.00
MF, Arterial-activated endothelial CDE2*/ EphrinB2* 330 | 517 5.03 0.03 (0.08) 0.702 0.00
MP, Lung arierial-activated endathelial CD62/ EphrinB2-/CD143* 330 | 452 447 .05 (0.07) 0518 0.00
Immune cells
N ] - N ) .

(" Monacytes CD14 365 | 22503 | 15535 (7 863.00(185.95) | <0.001 0.06 Elevated circulating monocytes and T,
Natural killer cells CO16* 365 | 17530 | 16784 | @B022(18224) | <0001 |, | 003 —— put not B, lymphocytes—Sugerstive
Helper T cells CD4 365 | 72604 | 42633 | 2451.75(504.36) | «<0.001 0.05 of a non-specific or innatg”

\ KillerTcells ) CDE 365 | 30250 | 2442 \J038.21(32352) | 0.001) 0.03 response and I”Pt a

response involvi
B cells CO1% 365 | 18242 | 22527 |-072 (304. 0.308 0.00 :
e antibodies tar
Platelet-monocyte aggregates CD454/C041* 368 | 471 562 0.20 {0.09) 0.020 0.0

EFC indicates endothelial progenitor cells; MP, microparticles; and PM, fine particulate matier <2.5 pm in aerdynamic diameter.
*Per wolume of the analyfic fube. All microparticle subpopulations were <1 pm and Annexin V-,

Weaker but sig. association with
platelet-monocyte aggregates
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Figure 3. Percent change (and 95% Cls) in analyte per 10 pg/m- increase in PM, . relative to mean value

of analyte. Estimates come from subject-mean adjusted regressions. The results are ordered from left to
right based on t-values--resulting in the most statistically signifiant possitive associations being on the left

and the most statistially significant negative associations being on the right.



Stylized outline of epidemiologic study
designs of air pollution and health

Studies of short-term exposure (hours-days)

Population-based daily time-series
Panel-based acute exposure
= Case-crossover

Studies of long-term exposure (years-decades)
= Population-based cross-sectional

= Cohort-based mortality

= Cohort- and panel-based morbidity

rvention/natural experiment/quasi-experi

Controlled experimental human and ani

General statistical approaches

ntal

A 4

Many study designs, statistical
approaches. ..

Has led to compelling evidence
that exposure to air pollution
has adverse health effects.
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Dietary risks

In 2015 air pollution
was estimated to be
the 4" to 6" largest
risk factor
contributing to GBD
for both men and
women.
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Figure 1. Global DALYs
attributable to risk factors for
(B) women, and (A) men in
2015.

DALYs=disability adjusted life
years.
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Il HVTAIDE and tuberculasis

[ Diarrhesea, lowver respiratony infiesctians,
and other common infectious diseases

= Maternal disoeders

= Mutritional deficiences

I TJither communicable, maternal, neonatal,
and riutritioral deseases

Il Meoplasms

[ Cardiowascular diseases

[ Thronic respiratory dissases

I Carrhosis and other chromic [reer diseases

[ Digestive diseases

O Newrological discrders

B M.ental and substanoe vse discrders

Il Diabetes, urogenital, blood, and endocrine diseases

Il M uzodcskeletal dsonders

I Tither non-communicable diseases

[ Transport ingunies

I Unintentional inpuries

I Seifharm and interpersonal siclence
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Clean versus polluted =
air is among our b 5
public policy and
economic choices.

» Clean air Is an economic good that contributes to human
well-being, human capital, and positive environmental
amenities.

» The “production” of clean air can contribute to economic
prosperity, human well being, and improved public health.



