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ABSTRACT OF DISSERTATION

Coronary Heart Disease Mortality and Long-Term Exposure to Ambient Particulate
Air Pollutants in Elderly Nonsmoking California Residents
By
Lie Hong Chen
Doctor of Public Health in Epidemiology
Loma Linda University, Loma Linda, California, 2010

Synnove M.F. Knutsen, Chair

The purpose of this study is to assess the effect of long-term concentrations of
ambient PM on risks of all causes, cardiopulmonary, coronary heart disease (CHD), total
cancer, and any mention of nonmalignant respiratory disease (NMRD) mortality.

The health effects of long-term ambient air pollution have been studied with up to
30 years of follow-up in the AHSMOG cohort, a cohort of 6,338 nonsmoking white
California adults. Monthly concentrations of ambient air pollutants [particulate matter
<10 pm in aerodynamic diameter (PM;(), Ozone (Os), sulfur dioxide (SO,), nitrogen
dioxide (NO,) or particulate matter <2.5 um in aerodynamic diameter (PM;5)] were
obtained from monitoring stations or airport visibility data (for PM; s) and interpolated to
ZIP code centroids of work and residence locations. All participants were asked to
complete a detailed lifestyle questionnaire at baseline (1976). Follow-up information on

environmental tobacco smoke and other personal sources of air pollution was available
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from four subsequent questionnaires from 1977 to 2000.

In the AHSMOG cohort, each increment of 10 pg/m’ in PMj in two-pollutant
models showed increased risks of fatal NMRD with the relative risk (RR) of 1.13 [95%
confidence interval (CI), 1.04-1.22], 1.05 (95% CI, 0.98-1.13) or 1.06 (95% CI, 0.99-1.14)
controlling for O3, NO; or SO», respectively. Also the RR of cancer mortality for each
increment of 30 days/year of PM, in excess of 100 pg/m’ was 1.16 (95% CI: 1.03-1.31),

In the AHSMOG airport subcohort (n=3,239), the RR for fatal CHD with each 10
pg/m’ increase in PM,.s was 2.00 (95 % CI: 1.51, 2.64) in the two pollutant model with
O; in females. Corresponding RR’s for a 10 ug/m3 increases in PM .o 5 and PM ;o were
1.62 and 1.45, respectively, in all females. No significant associations were found in
males.

A positive association with fatal CHD was found with all three PM fractions in
females, but not in males. The risk estimates were more significant after adjustment for
gaseous pollutants, especially O;. The risk estimates were the highest for PM; 5. Also,
increased risks of NMRD and cancer mortality were found with ambient levels of PM;,

and gases (O3, or SO»).
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CHAPTER 1

INTRODUCTION

A. Background and Significance of the Study

Interest in the cardiovascular effects of particulate air pollution has increased
dramatically in the past decade. Since the early reports of increased cardiopulmonary
deaths following serious air pollution episodes (Logan, 1953), epidemiologic evidence
has shown that increased daily cardiovascular morbidity and mortality were associated
with acute exposure to particulate air pollution (Dominici, Peng, Zeger, White, & Samet,
2007; Pope, et al., 2006; Samet, Dominici, Curriero, Coursac, & Zeger, 2000; Zanobetti,
Schwartz, & Dockery, 2000). Fine particulate matter with diameter less than 2.5 pm
(PM3.5) was found to be one of these most important particulate pollutants. Chronic
exposure to the ambient particulate matter (PM) (Abbey, et al., 1999; Dockery, et al.,
1993; McDonnell, Nishino-Ishikawa, Petersen, Chen, & Abbey, 2000; Pope, et al., 2002;
Pope, Burnett, et al., 2004; Pope, et al., 1995), black smoke (Hoek, Brunekreef,
Goldbohm, Fischer, & van den Brandt, 2002), and nitrogen oxides was found to increase
risks of cardiopulmonary, non-cancer respiratory and respiratory cancer deaths (Hoek, et
al., 2002; Nafstad, et al., 2004).

Although increased concentrations of particulate air pollution might increase risk
of morbidity and mortality, not all groups of people respond to PM exposure in the same
way (Burnett, et al., 2000; Goldberg, et al., 2000; Goldberg, Burnett, Yale, Valois, &
Brook, 2006; Kwon, Cho, Nyberg, & Pershagen, 2001; Mann, et al., 2002; Peters,

Dockery, Muller, & Mittleman, 2001; Sunyer & Basagana, 2001; Ulirsch, et al., 2007,
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Zanobetti & Schwartz, 2001, 2002; Zanobetti, Schwartz, & Gold, 2000). People with
chronic obstructive pulmonary disorder (Sunyer & Basagana, 2001), conduction disorder
(Mann, et al., 2002; Zanobetti, Schwartz, & Gold, 2000), congestive heart failure
(Goldberg, et al., 2003; Kwon, et al., 2001; Mann, et al., 2002), diabetes (Zanobetti &
Schwartz, 2001, 2002; Zanobetti, Schwartz, & Gold, 2000), and myocardial infarction
(Peters, et al., 2001) were found to be at greater risk of adverse events associated with air
pollution, especially with PM. They were more susceptible to the short term effects of air
pollution, particularly in individuals with systemic diseases (Goldberg, et al., 2001). The
identification of susceptible subgroups at risk would provide information regarding
mechanisms and also help them to reduce exposure rates to PM.

This study has built upon previous findings from the AHSMOG study with
special focus on particles (PM o, and PM; 5) and coronary heart disease (CHD) mortality.
However, the AHSMOG data on PM, 5 have only been collected in the airport subcohort
which used airport traffic controllers’ visibility data at 9 selected airports in California.
Previous analysis had been addressing the effects of PM, 5 on cardiopulmonary mortality
only through 1992. The PM, 5 data were available on only 57% of the cohort, which gave
the study less power for statistical analysis. To solve these problems, our proposed study
was based on current AHSMOG data and continued to collect data from the AHSMOG
cohort. We focused more on the association between respirable particles (PM;, and
PM, s5) and CHD mortality. The association between particulate pollution and CHD
mortality in sensitive subgroups was also included. We also extend the follow-up time to
22 years and more which helped to produce more information and offered the study more

statistical power from the previous follow-up of this cohort. The purpose of this study
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was to assess the effects of long-term ambient PM on risks of mortality for all-causes,

cardiopulmonary, CHD, total cancer, and any mention of nonmalignant respiratory

disease (NMRD). Our results will be useful for public policy makers to set the right

policy to protect these high risk populations, and also, for persons to protect themselves

appropriately from the harmful effects of air pollutants.

B. Specific Aims

To study the association between CHD mortality and all-cause mortality and
long-term ambient exposure to particulate matter with diameter < 10 um
(PM9) and gaseous pollutants (O3, NO,, SO,) in the AHSMOG cohort.

To study the association between CHD mortality and all-cause mortality and
long-term ambient exposure to particulates (PM;o, PM, s and PM;(.,5) and
gaseous air pollutants in the AHSMOG airport subcohort.

To study the association between CHD mortality and long-term ambient
exposure to PM( and gaseous pollutants (O3, NO,, SO,) in sensitive subgroup
(elderly, those with cardiovascular disease, pulmonary respiratory disease,

diabetes, and past smokes) in the AHSMOG cohort.

C. Research Questions

What is the association between ambient air pollutant (PM;o, O3, NO;, or SO5)
and CHD mortality as well as all-cause mortality in the AHSMOG cohort?
What is the association between ambient particulate air pollutant (PM,y),
adjusting for gases (O3, NO, or SO,,) and CHD mortality and all-cause

mortality in the AHSMOG cohort?



What is the association between ambient air pollutant (PMo, PM¢.25, PMas,
03, NO,, or SO,) and CHD mortality in the AHSMOG airport subcohort?
What is the association between ambient particulate air pollutants (PM,
PM.25, or PM35) adjusting for gases (O3, NO, or SO,,) and CHD mortality in
the AHSMOG airport subcohort?

What is the association between ambient air pollutant (PM,y, O3, NO, or SO;)
and CHD mortality in sensitive subgroup (age, CHD, diabetes, COPD and
smoking) in the AHSMOG cohort?

What is the association between ambient air pollutant (PM;), adjusting for
gases (O3, NO, or SO,,) and CHD mortality in sensitive subgroup (age, CHD,

diabetes, COPD and smoking) in the AHSMOG cohort?



CHAPTER 2

REVIEW OF THE LITERATURE

A. Overview

Cardiovascular disease (CVD) is the leading cause of both death and disability in
the U.S. In 2006, CVD claimed 831,272 lives in the U.S., nearly as many as all other
diseases combined (American Heart Association, 2010). There are many risk factors that
can cause CVD. After individual modifiable cardiovascular risk factors such as diet,
drugs, exercise, weight management, and smoking including environmental tobacco
smoking (ETS) or secondhand smoke exposure, air pollutants have continued to be
reported as a major contributing factor to CVD. More evidence has suggested that
ambient air pollution can increase CVD morbidity and mortality.

This is not only the case for CVD. Early studies reported that serious air pollution
episodes (Logan, 1953; Nemery, Hoet, & Nemmar, 2001; Schrenk, 1950) were associated
with a wide range of health end points, including worsening of respiratory lung function
and respiratory symptoms which lead to increase hospitalization and mortality. These
results were confirmed by studies both within the United States and abroad (Dominici,
McDermott, Zeger, & Samet, 2003; Samet, et al., 2000; Zanobetti, Schwartz, & Dockery,
2000). Increased risks of cardiopulmonary disease (CPD), non-cancer respiratory and
respiratory cancer deaths were also found to be associated with chronic exposure to
ambient particulate matter (PM) (Abbey, et al., 1999; Dockery, et al., 1993; Jerrett, et al.,
2005; McDonnell, et al., 2000; Pope, Burnett, et al., 2004; Pope, et al., 1995), black

smoke (BS) (Filleul, et al., 2005; Hoek, et al., 2002), and nitrogen oxides (NOyx) (Hoek, et
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al., 2002; Nafstad, et al., 2004). Among these ambient air pollutants, PM, s has been
found to be positively associated with mortality for all-cause (McDonnell, et al., 2000;
Pope, et al., 2002), CPD (Pope, et al., 2002), ischemic heart disease (IHD) (Pope, Burnett,
et al., 2004), and respiratory or lung cancer in the US and Europe (McDonnell, et al.,
2000; Miller, et al., 2007; Pope, et al., 2002; Pope, Burnett, et al., 2004).

The risk of mortality and morbidity increases with increased concentrations of
ambient particulate air pollution. However, not all groups of people respond to PM
exposure in the same way (Brook, Jerrett, Brook, Bard, & Finkelstein, 2008; Goldberg, et
al., 2006; Kwon, et al., 2001; Mann, et al., 2002; Peters, et al., 2001; Peters, et al., 2005;
Sunyer, et al., 2003; Sunyer, et al., 2000; Ulrich, et al., 2002). Several studies have
reported that people with chronic obstructive pulmonary disorder (COPD) (Sunyer, et al.,
2000), conduction disorder (Kwon, et al., 2001; Mann, et al., 2002; Zanobetti, Schwartz,
& Gold, 2000), congestive heart failure (CHF) (Goldberg, et al., 2003; Kwon, et al., 2001;
Mann, et al., 2002), diabetes (Brook, et al., 2008; Goldberg, et al., 2006; Zanobetti &
Schwartz, 2001, 2002; Zanobetti, Schwartz, & Gold, 2000), and myocardial infarction
(Peters, et al., 2001; Peters, et al., 2005) were at greater risk of adverse events associated
with air pollution. Individuals with systemic diseases such as cardiac disease and diabetes
are susceptible to the short term effects of air pollution (Goldberg, et al., 2006). The
effect of air pollutants seems to be stronger in certain subgroups of the population.
Unfortunately, female gender and elderly have frequently been identified as populations
with higher risk (Felber Dietrich, Ackermann-Liebrich, et al., 2008; Felber Dietrich,
Gemperli, et al., 2008; Fischer, Hoek, Brunekreef, Verhoeff, & van Wijnen, 2003).

Recent epidemiological studies have demonstrated a consistent increased risk for
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cardiovascular events in relation to both short- and long-term exposure to ambient
particulate matter. Possible mechanistic pathways include enhanced coagulation/
thrombosis (Peters, Dockery, Heinrich, & Wichmann, 1997), a propensity for
arrhythmias (Peters, et al., 2000), acute arterial vasoconstriction(Kunzli, et al., 2005),
systemic inflammatory responses (Pope, 2001), and chronic progression of
atherosclerosis. However, the exact mechanisms are still unclear. The purpose of this
literature review is to assess and evaluate current scientific evidence on the association
between the short term and long term exposure to ambient air pollutants and
cardiovascular mortality.
B. Characteristic of Particulate Matter

Air pollution is the contamination of air by anthropogenic and biogenic discharge
of harmful substances. There are seven National Ambient Air Quality Standards
(NAAQS) criteria air pollutants (e.g. PM;o, PM3 5, O3, NO,, SO,, CO, Pb) which have
been regulated by EPA since the Clean Air Act passed in 1970 (Gerard, 2005). These
pollutants can harm both human health and the environment. Of these pollutants, particle
pollution and ground-level ozone are the most widespread health threats. Particulate air
pollution, also known as PM, is a mixture of solids and liquid droplets. It includes acids,
organic and inorganic chemicals, metals, and soil or dust particles. It is a mixture of
contaminants from a wide range of sources and could be characterized into primary and
secondary particles. The primary particles are emitted directly into the air (e.g. from
exhaust stacks and tailpipes and other ground-level activities as well as from biogenic
sources such as vegetation, undomesticated animals and microbes albeit the later tends to

be gaseous in nature). The secondary particles are formed in the atmosphere from
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condensation of vaporized materials or from the byproducts of the oxidation of gases.
The toxicity of the particles greatly depends on their aerodynamic properties.

Total suspended particles (TSPs) in the ambient air include large particles (>10
um in aerodynamic diameter), inhalable particles, coarse particles, fine particles, and
ultrafine particles. Size-selective sampling of PM refers to collecting particles below,
above, or within a specified aerodynamic size range. It is usually selected to have special
relevance to inhalation and deposition, sources, or toxicity (Chow, 1995). Inhalable
particles are defined as PM less than 10 um aerodynamic diameter (PM o) and are easily
deposited in the respiratory system. Coarse particles (PMy., 5) are often indicated by
mass concentrations of particles greater than 2.5 um and less than 10 pm. Fine particles
are defined as aerodynamic diameter less than 2.5 pm (PM, s). Ultrafine particles (PM 1)
are typically defined as particles with an aerodynamic diameter less than 0.1 pm. There
has been increased interest lately in ultrafine particles because they serve as a primary
source of fine particle exposure. Ultrafine particles are more likely than larger particles to
translocate from the lungs to the systemic system and thus to other parts of the body
(Oberdorster, Oberdorster, & Oberdorster, 2005). The nanoparticles within PMy ; are very
short-lived and are largely found within only a few hundred meters of their sources (e.g.
near roadways). Nonetheless, certain aspects of PMj ; may implicate them as a cause of
human diseases as they are an important component of PM, 5 (Nogueira, 2009).

The health effects of particulate matter are significant for short-term and long-
term exposures, particularly those containing several metals and silicate-derived
constituents that can be cytotoxic to lung cells. Particle size is very important in terms of

air pollution and health (Osornio-Vargas, et al., 2003). In 1979, the U.S. National
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Research Council said that measuring particles by weight, without regard to particle size,
had “little utility for judging effects” (National Research Council National Academy of
Sciences, 1979). Fine particulates predominate in the particle mixes around most U.S.
cities. PMj can get into the large upper airways just below the throat where they are
caught and removed (by coughing and spitting or by swallowing). PM, s can penetrate the
deepest (alveolar) portions of the lungs. If these particles are soluble in water, they can
pass directly into the alveolar capillaries and become systemic via the vascular system or,
if they are not, they are retained in the deep lungs for long periods. About 60% of PM;,
particles (by weight) have a diameter of 2.5um or less, which may constitute major harm
to human health (Dockery & Pope, 1994). The study of fine particles and their effects on
human health has been under way in earnest since the mid 1970s.
C. Short-Term Exposure and Health Effects
1. Early Episodes

Air pollution episode studies are the earliest and most methodologically
simple epidemiological studies. The mortality and morbidity are compared before, during
and after pollution episodes. The air pollution disasters in the Meuse valley in Belgium
in 1930 (Nemery, et al., 2001), Donora in Pennsylvania in 1948 (Schrenk, 1950), and
London in England in 1952 (Logan, 1953) demonstrated that extremely high levels of
particulate-based smog could produce large increases in the daily mortality rate (Table
2.1). An excellent example was seen in the Greater London area in 1952, when the daily
mortality was substantially increased after unmeasured accumulation of air pollutants in

the area increased rapidly (Logan, 1953). It was believed that both respiratory and



cardiovascular diseases leading to medical care or death were associated with exposures
to elevated levels of particulate and/or sulfur oxide air pollution before, during, and after
the episode (Jelinkova & Branis, 2001; Wichmann, et al., 1989). A recent study showed
that the pollution level during the London smog was 5-19 times above current regulatory
standards (Bell & Davis, 2001), and such exposure might cause respiratory and sudden
cardiac mortality in vulnerable populations (Mage & Donner, 1995). Later studies on
daily air pollution and daily mortality have found that such associations can occur at
much lower concentrations of air pollution than those in London in the 1950s and in
Philadelphia, Santa Clara, St. Louis, Utah valley, Detroit, and eastern Tennessee in the
1970s and 1980s, respectively (Dockery, Schwartz, & Spengler, 1992; Pope, Schwartz, &
Ransom, 1992; Schwartz, 1991; Schwartz & Dockery, 1992). These results suggested
that lower mortality effects were seen with less extreme pollution (Table 2.2).
2. Hospital Admissions

By the early 1990s, several studies had evaluated acute morbidity effects
of particulate pollution by examining the short-term temporal associations between
particulate air pollution and hospital admissions, clinical visits, or other measures of
restricted activity due to CVD (Burnett, Cakmak, Brook, & Krewski, 1997; Burnett, et al.,
1995; Le Tertre, Medina, et al., 2002; Schwartz, 1997, 1999; Schwartz & Morris, 1995;
Zanobetti, Schwartz, & Dockery, 2000). These studies did not rely on extreme pollution
episodes as earlier studies but evaluated changes in daily event counts associated with
daily changes in air pollution at relatively low, more common levels of pollution.

Exposure to environmental air pollutants was suggested as a major cause of
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Table 2.1 Selected Episode Studies

Studies Health Endpoint

Summary of Findings

Meuse Valley Fog, Meuse Valley, Respiratory symptoms
Belgium, 1930

(Nemery, et al., 2001) b

Killer fog, Donora, PA, 1948 Fatal CRD
(Schrenk, 1950)

London fog, London, England, 1952 Fatal CVD
(Logan, 1953)

New York, 1966 Fatal heart disease
(Glasser & Greenburg, 1971;
Glasser, Greenburg, & Field, 1967)

Smog Episode, West Germany, 1985 Fatal CVD &
(Wichmann, et al., 1989) hospital admission

Winter Smog Episodes, Czech Fatal CVD
Republic, 1982, 85, 87 & 93
(Jelinkova & Branis, 2001)

Severe respiratory symptoms and deaths (deaths >60).

Increased mortality and morbidity in hospitals (CRD
death=20 and hospitalized=7,000) in 13,000 population
within 14 hrs.

80-90% of excess deaths due to respiratory and/or CVD
following London's lethal smog in the winter.

Significant increase fatal total and heart disease (Heart
disease death/day=91.7, total death/day=261.3)

Increased mortality and morbidity in hospitals. The
effects were more pronounced for CVD than for
respiratory diseases

Significant associations of CVD mortality with SPM &
SO,; Significant association between mortality & SPM
found in women under 65.

Abbreviation: CHF=Congestive heart failure; CVA=Cerebrovascular accident; CVD=Cardiovascular disease; CVS=Cardiac and/or respiratory; RD=Cardiorespiratory

disease; DSR=Dysrhythmia; IHD=Ischemic heart disease.
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Table 2.2 Selected Studies Investigating the Relationship between Short-Term Exposure and Hospital Admission

Studies Endpoint Exposure Summary of Findings

Detroit, Michigan CVD PM;g Significant positive association between IHD/CHF

(Schwartz & Morris, 1995) mortality and PM;o (PM;o& ITHD: RR=1.02, PM;y &
CHF: RR=1.02 w IQR of 32 pg/m’)

Ontario, Canada CVD Sulfate, NO,, Significant positive association between CVD

(Burnett, et al., 1997; Burnett, et (O]} hospital admissions and sulfate, NO;, and O3

al., 1995)

Tucson, AZ CVD PMo A 23 p,tg/m3 increase in PM;q was associated with

(Schwartz, 1997) increased 2.75% in CVD mortality

10 US cities CVD, PM; A 10 ug/m3 increase in PM;o was associated with an

(Zanobetti, Schwartz, & Dockery, = COPD increase in hospital admission due to CVD and

2000) COPD equal to 1.27% and 2.5%, respectively

Netherlands CVD, CHF, PM,, BS,CO, PMj, SO,, CO & NO,response for heart failure,

(Hoek, Fischer, Van Den Brandt, NO; SO;, 03, 10% up of CVD

Goldbohm, & Brunekreef, 2001)

New Zealand CRD PM; Each IQR increase in PM ;o was associated with an

(McGowan, Hider, Chacko, & increase in 1.26% and 3.37% rise in cardiac and

Town, 2002) respiratory admissions.

8 European cities CVD PM;g A 10 ug/m3 increase in PM;o was associated with an

(Le Tertre, Quenel, et al., 2002)

increase in 0.5% for CVD hospital admission

Table 2.2 (continued) Selected Studies Investigating the Relationship between Short-Term Exposure and Hospital Admission
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Studies

Endpoint

Exposure

Summary of Findings

14 U.S. cities
(Janssen, Schwartz, Zanobetti, &

Suh, 2002)

7 European areas
(Sunyer, et al., 2003)

13 Japanese cities
(Omori, Fujimoto, Yoshimura,
Nitta, & Ono, 2003)

204 US urban counties
(Dominici, et al., 2006)

6 French cities
(Host, et al., 2008)

119 US urban communities
(Peng, et al., 2009)

CVD

IHD

CVD, Resp

CVD, Resp

IHD, Resp

CVD, Resp

PM;q

PM o, SO,

SPM

PM; s

PM;o, PM; s,
PM;5.10

PM; s

Air conditioning and proportion of especially
traffic-related particles significantly modify the
effect of PM;o on CVD hospital admission

The increase IHD admissions were significant
associated for particles in older. RR of PM;y &
IHD was 1.3 %,

A positive association between CVD and SPM.
RR of CVD and SPM with10 pg/m’ increment
was 1.01.

Positive association between CVD and PM, s was
observed. The largest increase of heart failure in
1.28% was associated with in same-day 10 pg/m
increase in PM, 5.

3

Positive associations between PM and Resp were
observed, Significance association was observed
between PM, 5.;0and CVD, IHD (RR=6.4%).

An IQR increase in PM2.5(EC) was associated
with a 0.80%, 1.01% increasec in risk of same-
day CVD and Resp admissions, respectively
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Table 2.2 (continued) Selected Studies Investigating the Relationship between Short-Term Exposure and Hospital Admission

Studies Endpoint Exposure Summary of Findings
Roma, Italy CHF, PM;o, PM; s, A 2.3-2.4% increase in CHF was associated with
(Belleudi, et al., 2010) COPD PM; 510 an immediate and delayed impact of PM, s, 1.6%

increase in COPD. The effects were stronger in
the elderly and during the winter.

Abbreviation: CHF=Congestive heart failure; CVA=Cerebrovascular accident; CVD=Cardiovascular disease; CVS=Cardiac and respiratory; CRD=Cardiac or
respiratory disease; DSR=Dysrhythmia; [HD=Ischemic heart disease; Resp=Respiratory; SPM=Suspended particulate matter.



an increase in hospital admissions for CVD (Ballester, et al., 2006; Burnett, Smith-
Doiron, Stieb, Cakmak, & Brook, 1999; Dominici, et al., 2006; Lanki, et al., 2006; Le
Tertre, Medina, et al., 2002; Maheswaran, et al., 2005; von Klot, et al., 2005; Wellenius,
Schwartz, & Mittleman, 2005; Zanobetti & Schwartz, 2006; Zeka, Zanobetti, & Schwartz,
2005).

Regarding the specific end point of myocardial infarction (MI), however, there
were inconsistent findings in some of the single city or community studies. D’Ippoliti et
al. (2003) analyzed hospital admissions for first episode of MI in Rome between January
1995 and June 1997 by using a case cross-over analysis. They found a positive
association of MI with total suspended PM during the warm period of the year. The
association tended to be stronger among people older than 74 years of age and people
who had heart conduction disorders. Another case cross-over study in the greater Boston
area carried out by Peters et al. (2001) has demonstrated a similar finding but the risk was
related to increased concentration of PM; s They found that even temporary exposure
after just a few hours to high concentrations of PM, 5 increased the risk of MI in this
high-risk population of MI patients. Significant associations between cardiac disease
admission and particulate pollution were also observed in several studies outside the US,
such as seven European areas and Ontario, Canada (Burnett, et al., 1997; Burnett, et al.,
1995; McGowan, et al., 2002; Sunyer, et al., 2003). In contrast, Sullivan et al. (2003)
observed a slight effect of fine PM on onset of MI by using outpatient data with members
of a health organization in western Washington State between 1985 and 1994. However,
there was no association when the data were stratified for those with and without heart

disease. Mann et al. (2002) conducted a Poisson regression analysis of 19,460 hospital
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admissions for acute MI among southern California Kaiser Permanente members over an
8-year study period. The discharge diagnose was used to classify each admission. No
effect of daily PM,( was observed with acute MI. These diverse results might be a result
from the different diagnostic criteria, methodology, and possibly the population
difference.

Some recent multicity studies have confirmed that an increase of 10 pg/m’ in
ambient PM ¢ levels result in an increased risk of hospitalization for MI with same day
exposure (Ballester, et al., 2006; Lanki, et al., 2006; Maheswaran, et al., 2005; von Klot,
et al., 2005; Zanobetti & Schwartz, 2005). PM, is associated with overall hospital
admissions for cardiovascular disease in these studies. Most of these studies suggested
that an elevated PM, on the day of admission, or 1 or 2 days earlier before admission
was typically associated with increased number of hospital admission and clinic visits for
cardiac diseases (Burnett, et al., 1997; Burnett, et al., 1995; Janssen, et al., 2002; Le
Tertre, Medina, et al., 2002; Zanobetti, Schwartz, & Dockery, 2000). Some studies found
that the adjustment for co-pollutants tended to substantially reduce the effect of particles.
Opinions range from the perspective that the PM; effect may be entirely the result of co-
pollutants and that PM, is simply a surrogate for these pollutants(Moolgavkar, 2000) to
the assertion at the other extreme that the PM effect is independent of co-pollutants
(Schwartz, 1999).

There are a few studies on the short term effect of PM; s (Dominici, et al., 2006;
Peng, et al., 2009). Burnett and co-workers suggested that PM; s might have a greater

effect than PM; on combined CVD admissions (Burnett, et al., 1999). The ratio of the
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PM, 5 effect to the PM, effect was ranged from 0.7 to 1.7. They also found that the
effect for the coarse fraction of PM (PM;.,5) was greater than that for PM,, alone.

Small differences in geographic locations and pollution characteristics within a
single city have been shown to be stronger determinants of CV risk than those found for
inter-city differences. The national study done by Dominici et al. (2006) is an example of
a multicity study to represent regional difference. It included 204 US urban counties
(minimum population of 200,000 in each county) with 11.5 million Medicare enrollees
(aged 65 years and older) living an average of 5.9 miles from a PM; s monitor. This study
found that short-term increases in hospital admission rates were associated with PM, s for
all of the health outcomes except injuries. The strongest association was for heart failure,
which had a 1.28% (95% confidence interval (CI), 0.78%-1.78%) increased risk per 10
pg/m’ increase in same-day PM, 5. Other multicity studies indicated that CVD admissions
are most strongly related to PM in the Northeast, Midwest and Southern U.S. regions,
whereas exposure in Northwestern U.S. regions may not be associated with any excess
risk (Peng, et al., 2009; Zanobetti, Schwartz, & Dockery, 2000).

3. CVD Mortality

In 1996, Thurston reviewed time-series studies on PMy mortality to
provide a common basis for an evaluation of the PM;¢ and CVD mortality association
(Thurston, 1996). The studies confirmed that acute pollution-mortality association could
occur at routine ambient levels. Their effects extend below the present United States air
quality standards, especially for susceptible subpopulations. Furthermore, results of
recent PM studies are consistent with the hypothesis noted in past studies that PM is a

causal agent in the mortality impacts of air pollution (Dominici, et al., 2006; Zanobetti &
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Schwartz, 2006). Although the relative risk (RR) of mortality increased monotonically
with particulate concentrations in most studies, RR for PM,, mortality was found to vary
across studies which may be secondary to differences in PM;¢ composition and the PM
averaging period employed in the analysis. This variation may also be due to differences
in whether other pollutants were considered simultaneously in the mortality- PM,o model
(Janssen, et al., 2002) (Table 2.3).

Until the late 1990s, most studies were single-city daily time series mortality
studies. Because there was no clearly defined or uniform criteria for selecting study
cities, a fundamental concern regarding PM-mortality estimation from published single
city studies is the potential for city selection and publication bias. The multicity studies
are designed to address concerns about city selection bias, publication bias, and influence
of co-pollutants. The National Morbidity, Mortality, and Air Pollution Study (NMMAPS)
was one of the largest multicity studies using daily time series analyses (Stylianou &
Nicolich, 2009). The magnitude of this effect was highly variable and depended on the
specific disease category being considered, the time lag used in the analysis, and the role
of co-pollutants (Analitis, et al., 2006; Stylianou & Nicolich, 2009; Wong, Vichit-
Vadakan, Kan, & Qian, 2008; Zanobetti & Schwartz, 2009). Based on the evidence from
these studies, ambient PM levels are consistently associated with the increased risk of
death from all causes, cardiovascular and respiratory illnesses. With respect to the choice
of time lags used in the analysis, selection of the time lag with the maximum effect could

result in an overestimation of the true effect size (Table 2.3).
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Table 2.3 Selected Studies Investigating the Relationship between Short-Term Exposure and Mortality

Studies Endpoint  Exposure Summary of Findings

St. Louis & Eastern Tennessee Total PM o, 16-17% increase in total mortality was associated with

(Dockery, et al., 1992) PM; s PM,o. Weaker Positive associations were found with
PM; 5

Provo/Orem, UT CVD PMio A 16% increase in CVD deaths was associated with 5-

(Pope, et al., 1992) day moving avg. of PMj

Detroit Total TSP A 10% increase in total/CVD mortality was associated

Philadelphia, PA CVD with TSP.

(Schwartz, 1991; Schwartz & Dockery,

1992)

Philadelphia, PA Total TSP, O;, Mean current and previous days' levels of TSP, SO,, and

(Moolgavkar, Luebeck, Hall, & SO,, NO,, Oj; had statistically significant effects on total mortality;

Anderson, 1995) with increases in mortality of 1% for TSP and SO,, and
of 2% for O;.

Greater London CVD O3, SO,, Significant associated in CVD mortality and daily O3

(Anderson, Ponce de Leon, Bland, NO,,BS was observed.

Bower, & Strachan, 1996)

Philadelphia, PA Total TSP, SO,,  Statistically significant effects on total mortality and

(Kelsall, Samet, Zeger, & Xu, 1997) O3 daily TSP, SO,, O; equal to increases in mortality of 1%

for TSP and SO, and of 2% for O;.
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Table 2.3 (Continued) Selected Studies Investigating the Relationship between Short-Term Exposure and Mortality

Studies Endpoint Exposure Summary of Findings

Helsinki, Finland CVD PMio A 4.1 % increased in CVD mortality was associated

(Ponka, Savela, & Virtanen, 1998) with a 10 ug/rn3 increase PMq

10 large European cities CVD, Resp SO, NO,, Significant positive associations between CVD/Resp

(Zmirou, et al., 1998) BS and SO,, NO,, BS were observed. The greatest
increase was 1.06 (1.02-1.10) in CVD with 8 hr O3, in
western but not central European cities.

Bangkok, Thailand CVD PM;g 1-2% increased CVD mortality was associated with a

(B. Ostro, Chestnut, Vichit-Vadakan, & 10 pg/ms increase PM .

Laixuthai, 1999)

Coachella Valley, CA Total, CVD PM,, Significant effects of PM; s and total mortality were

(B. D. Ostro, Broadwin, & Lipsett, PMio.os, observed, with 2% increase in PM¢/PM ;5 and CVD

2000) Pmy s, mortality.

Mainly 20 largest US cities (Samet, et CVD PMjy, O3, A IO-ug/m3 increase PM;y was associated with 0.68%

al., 2000) SO,, NO» (95 % CI: 0.20, 1.16) increased in CVD and Resp, and
0.51% (95% CI: 0.07, 0.93) increased in total deaths.

90 large US cities, NMMAPS Total, CPD PM, A 10 ug/m3 increase PM ;o was associated with a

(Dominici, et al., 2003) increase 0.21% for total and 0.31% for CPD.

90 large US cities, NMMAPS Total, CVD, PM, Positive association between Total, CVD, Resp and

(Dominici, McDermott, Daniels, Zeger, Resp PM; equal to 0.41%, 0.38, and 0.50.

& Samet, 2005)
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Table 2.3 (continued) Selected Studies Investigating the Relationship between Short-Term Exposure and Mortality

Studies Endpoint Exposure Summary of Findings

22 European cities, APHENA Total, CVD, PM;, BS A 10 ug/m3 increase PM ;o was associated with 0.2-0.6%
(Samoli, et al., 2005) Resp increase in total, CVD, and Resp cross all ages of cities.
Laden et al., 2006 (Laden, All cause, PM; 5 PM; 5 from mobile sources accounted for a 3.4%
Schwartz, Speizer, & Dockery, IHD (1.7-5.2%) increase in daily mortality.

20006) COPD

29 European cities, APHEA2 CVD,Resp  PM;, BS An increase of 0.58-0.84% in CVD/ Resp was associated
(Analitis, et al., 2006) with PM;, /BS.

48 US cities (Medina-Ramon & Total O; A 10 ppb increase of O3 was associated with 0.53-1.10%

Schwartz, 2008)

5 Asia cities - PAPA (Wong, et al.,  Total, CVD,
2008) Resp

9 US cities-NMMAPS (Stylianou & Total, CVD,

PM;, O3, SO,
NO,

PM;, O3, SO,

increase in total mortality, and Greatest increase was
with 1.10% (0.44% to 1.77%) in aged 65 years.

Significant and stronger effects of CVD and PM;, O3,
NO; were observed, compare to all cause. Variations

between cities were observed.

Positive association between total /Resp mortality and

Nicolich, 2009) Resp NO, PM, o, Oz was observed in different cities.

112 US cities (Zanobetti & Total, CVD, PM;y, PM;5s, Increase in 0.98%, 0.85%, 1.18%, 1.78% and 1.68%

Schwartz, 2009) M1, stroke, PMioas in total, CVD, M1, stroke, and respiratory with PM, s
Resp was observed. Risks in PM, s was higher than in PM

Abbreviation: BS=Black smoke; CHF=Congestive heart failure; CVA=Cerebrovascular accident; CVD=Cardiovascular disease; CVS=Cardiac and respiratory;
CRD=Cardiac or respiratory disease; DSR=Dysrhythmia; I[HD=Ischemic heart disease; Resp=Respiratory; SPM=Suspended particulate matter



The cities involved in the following analyses varied from 20 U.S. cities (Daniels,
Dominici, Samet, & Zeger, 2000; Samet, et al., 2000) to 100 cities (Peng, Dominici,
Pastor-Barriuso, Zeger, & Samet, 2005). The evidence from these studies was very
consistent and showed that the ambient levels of fine particulate matter were associated
with the risk of death from all causes and cardiovascular disease although the PM-
mortality effect estimates were somewhat sensitive to various modeling and city selection
choices. Excess risk estimates are presented in Table 2.3. Because the NMMAPS
analysis included many cities with substantially different levels of co-pollutants, the
influence of co-pollutants could be directly evaluated. The PM mortality effect was not
attributable to any of the co-pollutants studied (NO,, CO, SO,, or O;). A parallel research
effort, the Air Pollution and Health - A European Approach (APHEA) project, examined
the short-term PM-mortality effects in multiple European cities. Initially, this research
effort analyzed daily mortality data from 15 European cities (five from Central Eastern
Europe) using a common protocol (Katsouyanni, et al., 1996). Daily mortality was found
to be significantly associated with ambient PM and sulfur oxide concentrations, although
the effect estimates were sensitive to approaches in controlling for long-term time trends
and seasonality (Samoli, et al., 2005). A continuation and extension of the APHEA
project, often referred to the APHEA-2, included analyses of daily mortality and
pollution data from 29 European cities (Katsouyanni, et al., 2001). APHEA-2 also found
that ambient PM air pollution was significantly associated with daily mortality counts.
Mortality associations with PM were also observed for nine French cities (Le Tertre,
Quenel, et al., 2002) and three Australian cities (Simpson, et al., 2005). Asian multicity

studies have reported daily mortality associations with measures of ambient PM. A study
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of seven major Korean cities (Lee, et al., 2000) was one of these studies. It suggested that
SO, may have functioned better as a surrogate for PM, 5 in Korea’s ambient air than TSP.
Mortality associations were observed with TSP, as well as with SO,.

Time series studies constitute the majority of short-term exposure studies after the
1990’s. The primary statistical approach was formal time series modeling of count data
using Poisson regression, allowing a comparison of effect to be estimated on a common
scale (Wong, et al., 2008; Zanobetti & Schwartz, 2009). Time series studies have
observed effects in various locations and have the advantage over many other designs in
that they limit relevant confounders to those that have a temporal correlation with air
pollution. It is conceivable that many factors could be associated with exposure to
particulate air pollution by virtue of the patients’ relationship to weekly schedules,
holidays, and other events related to the calendar. The daily time-series studies reported
positive associations between ambient particles and cardiovascular mortality (Dominici,
et al., 2003; Zanobetti & Schwartz, 2009). The factors associated with acute exacerbation
of cardiovascular disease generally involve those that place acute stress on the heart or
increase the coagulability of the blood. They can include short-term variations in diet,
compliance with medications, exertion, physical stress, infections, and acute
psychological stress. Despite substantial variations in all of the potential confounding
factors, the quantitative relationship between particles and daily mortality were
essentially the same.

Over time, increasingly rigorous modeling techniques have been used in attempts
to better estimate pollution-mortality associations while controlling for other time-

dependent covariables that serve as potential confounders. By the mid-to-late 1990s,
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generalized additive models (GAMs) using nonparametric smoothing were being applied
in these time series studies. GAMs allowed for relatively flexible fitting of seasonality
and long-term time trends, as well as nonlinear associations with weather variables, such
as temperature and relative humidity (RH). Subsequent re-analyses were conducted on
many of the potentially affected studies using more rigorous convergence criteria or using
alternative parametric smoothing approaches (Dominici, McDermott, Zeger, & Samet,
2002). APHEA-2 was one of the studies that were re-analyzed using GAM with strict
convergent criteria or parametric smoothing approaches. However, this re-analyses did
not substantially alter the estimated PM-mortality effects and subsequent analysis of
APHEA-2 data found PM-mortality effects for both cardiovascular and respiratory
mortality (Analitis, et al., 2006). Also, Burnett et al. (2000) analyzed daily mortality
counts and various measures of air pollution in eight of Canada’s largest cities using
GAM modeling and reported statistically significant PM-mortality associations. A
reanalysis of these data was conducted using strict GAM convergence criteria. Although
it was somewhat diminished, statistically significant PM, s mortality associations
remained.

The case-crossover design is another methodological innovation (Maclure, 1991).
Rather than using time series analysis, the case-crossover design is an adaptation of the
common retrospective case-control design. Basically, exposures at the time of death (case
period) are matched with one or more periods when the death did not occur (control
periods), and potential excess risks are estimated using conditional logistic regression.
Deceased individuals essentially serve as their own controls. The case-crossover study

design has been applied to studying mortality effects of daily changes in particulate air
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pollution (Pope, 1999). By carefully and strategically choosing control periods, this
approach restructures the analysis such that day of week, seasonality, and long-term time
trends are controlled for by design rather than by statistical modeling. Because this
approach focuses on individual deaths rather than death counts in a population, it
facilitates evaluation of individual-level effect modification or susceptibility. The case-
crossover design has some drawbacks. The results can be sensitive to the selection of
control periods, especially when clear time trends exist. Also, relative to the time series
approach, the case-crossover approach has lower statistical power largely because of the
loss of information from control periods not included in the analysis (Janes, Sheppard, &
Lumley, 2005) (Table 2.3).
D. Long-Term Exposure and Health Effects

Prospective cohort studies are useful complements to time-series studies. This
study design uses individual health records with survival lifetimes or hazard rates
adjusted for individual risk factors. It typically evaluates human health impacts of long-
term PM exposures indexed by community-level measurement. Cohort studies are
capable of capturing the entirety of the temporal-risk relationship during the years of
follow-up. On the other hand, it remains entirely possible that a portion of the CV risk
conveyed by long-term PM exposure is also explained by chronic adverse health effects
superimposed upon the acute health effects.

Since the 1970’s, three main prospective studies have been conducted in the
United States to assess long-term health effects of ambient air pollution in adults
[Adventist Health Study on the Health Effects of Smog (AHSMOG) (Abbey, et al., 1999),

the American Cancer Society (ACS) study (Pope, et al., 1995), and the Six Cities Study
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(Dockery, et al., 1993)]. Associations with PM, especially fine particulates (PM; s) have
been found for all-cause mortality, CPD mortality, and respiratory/lung cancer mortality
in the ACS, Six Cities, and AHSMOG studies. The ACS study showed that the mortality
is attributable to ischemic heart disease (IHD), dysrhythmias, heart failure, and cardiac
arrest (Pope, et al., 2002; Pope, Burnett, et al., 2004). The AHSMOG study has also
shown positive associations, although not always significant, between PM, and all
natural cause mortality and CPD mortality in males, but not in females (Abbey, et al.,
1999). For fatal lung cancer and any mention of nonmalignant respiratory disease, a
positive association was found with PM in both genders (Abbey, et al., 1999).
Prominent early studies of long-term exposure to air pollution also found an increased
risk of mortality associated with long-term exposure to fine particulates. More recently
these key studies have shown an association between adverse health outcomes and
chronic particulate exposure, even as particulate levels have decreased over time (Pope,
et al., 2009) (Table 2.4).

The Harvard Six Cities study by Dockery et al. (1993) evaluated the effects of
long-term pollution exposure over 14-16 years in a prospective follow-up of 8,111 adults
living in six US cities. Exposure was defined by city specific average air pollution during
the follow-up period, ignoring the year-to-year fluctuations. The ACS study by Pope et al.
(1995) has linked individual risk factor data from the American Cancer Society Cancer
Prevention Study II (CPS-II) with national ambient air pollution data. The study included
over 500,000 adults who lived in up to151 different US metropolitan areas and who were
followed prospectively for 8 years. Both studies controlled for individual differences in

age, sex, cigarette smoking, and other risk factors. Both reported a positive association
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Table 2.4 Selected Studies Investigating the Relationship between Long-Term Exposure and Health Effects

Studies Endpoint Exposure Subjects Summary of Findings
Harvard Six Cities Mortality: TSP, SO,, O3; 8111 adults at six ~ Positive association with CPD & lung
(Dockery, et al., 1993; All cause, PM, s, 1979- US cities, 14-16 cancer, not other causes combined
Krewski, et al., 2003) CPD 1985 yrs follow-up. together was observed. The association

Lung cancer Age range (25-74) was most strong with fine particles.

yrIs

Harvard Six Cities, Mortality: PM; s 8,096 Whites, Total, CVD, and lung cancer mortality
extended analysis (Laden, All cause, 1,364 deaths were positively associated with PM; s
et al., 2000) CVD, and (1974-89) & 1,368 concentrations. Improved overall

ACS original
(Krewski, et al., 2005;
Pope, et al., 1995)

ACS extended
(Pope, et al., 2002)

lung cancer

Mortality:
All cause,
CPD

Lung cancer

Mortality:
All cause,
CPD

Lung cancer

PM, s, 1979-83
PM, 5 mean
(SD)=18.2
(5.1) pg/m’,
range (9.0-
33.5) pg/m’

PM; 5, 1979-83,
1999-2000, &
avg. of above
periods

deaths (1990-98)

552.138 (295.223
PM, s cohort), 50
US metropolitan

areas, Mean age
56.6 yrs

552.138 (295.223
PM, 5 cohort), 50
US metropolitan
areas, Mean age
56.6 yrs

mortality was associated with decreased
mean PM; s between periods.

Positive association between PM, s with
CPD and lung cancer was observed, both
females and males and among smokers
and nonsmokers.

Positive association between PM, s and
CPD, all cause, lung cancer mortality
was observed.




8¢

Table 2.4 (continued) Selected Studies Investigating the Relationship between Long-Term Exposure and Health Effects

Studies Endpoint Exposure Subjects Summary of Findings
ACS extended analysis Mortality: PM, s, 1979- 552.138 (295.223 An increase in PM, s was associated
(Pope, Burnett, et al., 2004) CVD plus 83, 1999-2000, PM; s cohort), 50 with 8%-18% increases in CVD
diabetes & avg. of US metropolitan mortality.
IHD above periods  areas, mean age
56.6 yrs
AHSMOG Mortality: PM;g 6,338 SDAs, No significant association with CPD
(Abbey, et al., 1999) ANC, CPD AHSMOG cohort mortality and PM, for either sex was
observed.
AHSMOG, males ANC, CRC, PM,y, PM; s, 3,769 SDAs, airport  No significant positive association of
(McDonnell, et al., 2000) and LC PM; 510 subgroup; 6,338 PM,, with mortality, PM; s were best
mortality SDAs, AHSMOG  explained the relationship, but not
(1977-1992) cohort PM,; 5.191n males.
WU EPRI Veterans cohort  All cause PM (TSP, 90.070 US male No increased mortality with increasing
(Lipfert, Morris, & Wyzga, mortality PM)y), sulfate, veterans; mean age levels of PM. TSP show significant
2000) ozone, NO,, 51.2 yrs. responses, PM;o show largest positive
CO, PM; 5 responses.
ACS Intrametro, Los All cause, PM; 5 Deaths/subjects= The RRs for PM; s and mortality
Angeles IHD, 5856/22,905, 1982-  resulting from IHD and lung cancer
(Jerrett, et al., 2005) CPD, Lung, 2000 deaths were elevated in the range of

digest cancer

1.24-1.6.
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Table 2.4 (continued) Selected Studies Investigating the Relationship between Long-Term Exposure and Health Effects

Studies Endpoint Exposure Subjects Summary of Findings
French PAARC survey All causes, TSP, BS, 2,533 deaths, 11,753 Consistent patterns for CPD and
(Filleul, et al., 2005) lung cancer NO,, NO, alive, and 2,619 lung cancer causes were observed.
1974-1976 unknown, 1974-2000,
age range 25-59
CA CPS 1, 25 CA counties  Total PM; 5 49,975 subjects, No relationship of PM, 5 & total
(Enstrom, 2005) mortality, 39,846 deaths, 1973- mortality was observed, but not rule
2000, baseline mean out a small effect during 1973-1982.
age 65 yrs.
WHI Observational Study  Any CVD, PM;s, 6 yr 65,893 Significant association between
(Miller et al. 2007) CHD death follow-up Postmenopausal PM, 5 and CVD incidence and death
and event women, 36 US was observed. Exposure differences
metropolitan area, within cities were associated with
Age 50-79 yrs the risk of CVD.
NHS, NE Mortality: All  PM;, (1992- 66,250 US RN, 11 Increases in PM ¢ were associated
(Puett et al. 2008) cause, CHD,  2002) states, 30-55 yr with increases in all-cause and CHD
nonfatal MI mortality.
ACS CPS 11, 50 states Any cause, 05 (1977- Death/subject= In single-pollutant model, increase
(Jerrett et al. 2009) CVD 2000) 118,777/448,850, PM, s or O3 were significant
CPD, IHD, PM;5 (1999- 18 yrs follow up associated with increased in risk of
Resp 2000) CPD death. In two pollutant models,

PM, 5 was associated with CVD
death.
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Table 2.4 (continued) Selected Studies Investigating the Relationship between Long-Term Exposure and Health Effects

Studies Endpoint Exposure Subjects Summary of Findings
Brisbane, Australia CRD mortality O3 NO; or 824,489 to Significant association was observed
(Wang, Hu, & Tong, 2009) SO, 958,504, 162 between CRD mortality and SO; at the
SLAs SLA level, not with NO; or Os.
ACS CPS 11, CVD mortality PM;; Death/subject= The exposure-response relationship
(Pope, et al., 2009) 118,777/448,850,  between CVD mortality and PM, s was
18 yrs follow up relatively steep at low levels of
exposure and flattens out at higher
exposures

Abbreviation: ANC=all natural cause CPD=Cardiopulmonary disease; CRC=Underlying or contributing nonmalignant respiratory disease; CRD=Cardiac or respiratory
disease; CVD=Cardiovascular disease; IHD=Ischemic heart disease; LC=Lung cancer; Resp=Respiratory; SLA=Statistical local areca



between CPD or cardiovascular deaths and long-term exposure to ambient PM. The
association was strongest for fine particles, with relative risks (RRs) varying between
1.06 for CPD deaths (Pope, et al., 2002) and 1.12 for CVD deaths (Pope, Burnett, et al.,
2004) for each increment of 10 pg/m’ of fine particles after adjusting for age, sex, diet
indices, and other demographic covariates. When comparing most-polluted areas with
least-polluted areas, the RR for CPD death was 1.31 for a difference of 24.5 ug/ m® in the
ACS study (Pope, et al., 1995) and 1.37 for a difference of 18.6 ug/ m® in the Six Cities
Study (Dockery, et al., 1993).

Recently, Pope et al. reported that long-term ambient PM levels were most
strongly associated with mortality attributable to ischemic heart disease, dysrhythmias,
heart failure, and cardiac arrest in the CPS-II cohort study (Pope, 2009; Pope, Burnett, et
al., 2004). For these cardiovascular causes of death, a 10 ug/rn3 elevation in PM, 5 was
associated with 8-18% increases in mortality risk which was comparable to or larger than
risks being observed for smokers relative to nonsmokers. Predominant PM mortality
associations were with ischemic heart disease, but statistically significant associations
were also observed with the combined category of dysrhythmias, heart failure, and
cardiac attest. The RRs for each 10 ug/m3 increment in of PM; s was 1.18 (95% CI 1.14-
1.23) for IHD (Pope, Burnett, et al., 2004). The extended analysis of the Six Cities study
found that lower PM; s concentrations were also associated with reduced mortality (Laden,
et al., 2006). Recent extended analysis of the ACS cancer prevention study (CPS) 11
reported similar findings (Pope, et al., 2009). It reported that the exposure-response
relationship between cardiovascular disease mortality and PM, s was relatively steep at

low levels of exposure and flattened out at higher exposure (Pope, et al., 2009).
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In 1977, the Adventist Health Study (AHS) (Beeson, Mills, Phillips, Andress, &
Fraser, 1989) launched a sub-cohort study (AHSMOG study) which followed and studied
the health effects of long-term ambient air pollution on mortality in 6,338 nonsmoking,
white California Seventh-day Adventists during the period from 1977-1998 (Abbey,
Moore, Petersen, & Beeson, 1991). A comprehensive lifestyle and diet questionnaire was
completed and the cohort was followed with update of residence and workplace location
histories during the follow-up period. The monthly averages of ambient air pollutants
throughout the study period were assessed according to residence and workplace
locations. Exposures to environmental tobacco smoke, dusts and fumes in the workplaces,
potential indoor factors such as type of air condition and heating and time spent outdoors
were assessed through self-administered questionnaires in 1977, 1987 and again in 1992
and 2000.

During 16 years follow-up from 1977-1992, the AHSMOG study found weak and
non-significant positive associations between cardiopulmonary mortality and ambient PM
and gaseous pollutants in males (Abbey, et al., 1999) and no associations in females.
Likewise, for PM;y and CPD mortality, males showed stronger associations than females
(Abbey, et al., 1999). Later, the AHSMOG study reported that long-term ambient PM
was most strongly associated with mortality attributable to coronary heart disease (CHD)
in females who live near airports in California (Chen, et al., 2005). The RR of CHD
mortality for each 10 ],Lg/m3 increment in PM; s was 2.00 (95% CI, 1.51-2.64) in the two-
pollutant model with O;.

Recently, other cohort studies (Women’s Health Initiative (WHI) (Miller, et al.,

2007), Washington University EPRI Veterans Cohort (Lipfert, Perry, et al., 2000),
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Nurse’s Health Study (NHS) (Puett, et al., 2008)) have reported similar findings of a
significant association of long-term ambient PM and all causes and CVD mortality and
cardiac event in females, but not males. The WHI observational study (Miller, et al., 2007)
enrolled 65,893 postmenopausal women without previous cardiovascular disease, aged
50-79 years old, in 36 U.S. metropolitan areas from 1994 to 1998. With a median
follow-up of 6 years, a total of 1816 women had one or more fatal or nonfatal
cardiovascular events. Ambient levels of air pollution for each woman were assessed
using the monitor located nearest to each woman’s residence. The study showed that
long-term exposure to fine particulate air pollution was associated with CVD incidence
(HR=1.24) and CVD death (HR=1.76) among postmenopausal women. Further,
differences in levels of air pollution within individual cities were also found to be
associated with the risk of cardiovascular disease. The Nurses’ Health Study is another
female prospective cohort study of 66,250 women in northeastern US metropolitan areas.
During follow-up (1992-2002), 3,785 women died and there were 1,348 fatal and non
fatal MIs. The study found that for each 10 pg/m’ increase in a 12-month average PM,
there was an association with increased all-cause mortality (16%, 95% CI: 5%, 28%)
with fatal CHD mortality (43%, 95% CI: 10%, 86%). Smokers with higher body mass
indexes were at greatest risk of fatal CHD (Puett, et al., 2008). In contrast, the national
cohort of male U.S. veterans, where all subjects were hypertensive at baseline, found no
increased mortality with increasing levels of fine particulates (Lipfert, Perry, et al., 2000).
In Europe, Hoek et al. (2002) reported increased risk of CPD mortality and all-
cause mortality with increased concentrations of black smoke and nitrogen dioxide.

Nafstad et al. (2004) also found increased risk of non-cancer respiratory mortality and
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CPD mortality with increasing levels of NOy among Norwegian men. These two
European cohort studies have both studied traffic-related pollution (Hoek, et al., 2002;
Nafstad, et al., 2004). Hoek et al. (2002) found that persons living near a major road had
a RR of 1.95 greater risk of CPD death than did others and, that for each increase of 10
ug/m’ in black smoke, the RR increased by 34%. Among Norwegian men, Nafstad et al.
(2004) found that for each increase of 10 ug/m’ in nitrogen oxides (markers of traffic
pollution), the risk increased by 8% for fatal IHD and by 16% for respiratory deaths. The
French Pollution Atmosphe rique et Affections Respiratoires Chroniques/Air pollution
and chronic respiratory diseases (PAARC) study showed consistent patterns for non-
accident mortalities of cardiopulmonary and lung cancer with ambient air pollution.

The greatest adjusted risk ratio was found for CPD mortality with increasing levels of
NO; (Filleul, et al., 2005).

Among the three early long term cohort studies in the US, the AHSMOG study
has some significant components that differ from the Harvard Six Cities and ACS studies.
All subjects in the AHSMOG cohort have extensive information on lifestyle. They are all
non-smokers (although some were past smokers), and have individual residency and
work location histories including ZIP code. Therefore, the higher risk estimates from the
AHSMOG (compared to the Harvard six city and the ACS studies) could be due to more
precise estimates of ambient air pollution and thus, less exposure misclassification. The
AHSMOG study is first study that has reported gender specific findings. No other cohort
study on the health effects of ambient air pollution reported gender specific risks for
CHD mortality at that time. The Harvard six city and ACS studies used cities as their

study unit, in which the ACS study did find a slightly higher, although not significant,
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risk of cardiopulmonary mortality among nonsmoking females versus males in the most
polluted cities compared to the least polluted (RR=1.57 in females vs. 1.24 in males)
(Pope, et al., 1995). Neither the Six Cities Study nor some the European studies

(Hoek, et al., 2002; Nafstad, et al., 2004) have reported gender specific findings on
cardiopulmonary mortality. The Norwegian cohort only included males (Nafstad, et al.,
2004) as did the VA cohort mortality study (Lipfert, Perry, et al., 2000).

Prominent early studies of long-term exposure to air pollution, including the
Harvard Six Cities Study (Dockery, et al., 1993), the ACS Study (Pope, et al., 1995), and
the AHSMOG study (Abbey, et al., 1999), have been limited to finding an increased risk
of mortality associated with long-term exposure to particulates with relatively shorter
follow-up period. In 2005, the AHSMOG study reported its findings in females. These
results opened new avenues in the investigation of the link between air pollution and
heart disease in females. Meanwhile, a study investigating the association between
ambient pollution and atherosclerosis offered extra evidence supporting the sex-
differential findings observed in the AHSMOG study (Chen, et al., 2005). The study used
baseline data from two clinical trials conducted in the Los Angeles area. For a contrast of
10 mg/m’ in ambient PM, s, Carotid intima-media thickness (CIMT) was approximately
4-5% thicker in females, but not males. Recently, WHI (Miller, et al., 2007) and NHS
(Puett, et al., 2008) reported findings which were similar to our results in females in
AHSMOG study.

Several experimental studies supported the significant findings in females
observed in the AHSMOG and other studies. One of the experimental studies of 50

persons (Sorensen, et al., 2003) showed significant positive associations between
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personal PM; s exposure and oxidation products [e.g., plasma, malondialdehyde, red
blood cells (RBCs), and hemoglobin concentrations] in females but not in males. The
authors suggested that females are possibly more sensitive to airborne pollution than are
males because they have fewer RBCs which make them more sensitive to toxicologic
influences of air pollutants.

E. Biological Mechanisms

Cardiovascular response to any stress (which may include air pollution) is a
consequence of a complex interplay between the autonomic nervous system governing
centrally mediated control of the cardiovascular system, a myocardial substrate (current
state of the myocardium) altered in the course of disease processes, and myocardial
vulnerability leading to arrhythmogenic or ischemic response. Possible mechanisms
considered include: (a) effects on the autonomic nervous system (Holguin, et al., 2003;
Pope, Hansen, et al., 2004); (b) alterations in ion channel function in myocardial cells; (c)
ischemic responses in the myocardium; and (d) inflammatory responses triggering
endothelial dysfunction, atherosclerosis, and thrombosis (Peters, et al., 2001; Seaton, et
al., 1999).

There are three interesting studies that have evaluated the impact of long-term
exposure to PM air pollution and the development and progression of cardiovascular
disease. The first one is based on the data from the Third National Health and Nutrition
Examination Survey linked with air pollution data. It explored associations between air
pollution and blood markers of cardiovascular risk, specifically fibrinogen levels and
platelet and white blood cell counts, and found that elevated fibrinogen levels and platelet

and white blood cell counts were all associated with exposure to PM,o (Schwartz, 2001).
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A second study collected lung tissue samples during necropsies of individuals who died
because of violent causes and who lived in relatively clean and polluted areas near Sao
Paulo, Brazil (Souza, Saldiva, Pope, & Capelozzi, 1998). Individuals who lived in more
polluted areas showed histopathologic evidence of subclinical chronic inflammatory lung
injury. A third study used data on 798 participants from two clinical trials conducted in
the Los Angeles metro area (Kunzli, et al., 2005). PM, s was associated with increased
CIMT, a measure of subclinical atherosclerosis. It found that a cross-sectional contrast in
exposure of 10 pg/m’ of PM, 5 was associated with a 4% increase in CIMT, but only in
females. Meanwhile, several other studies on short-term effects showed that ambient PM
increased cardiac arrhythmia (Peters, et al., 2000), decreased heart rate variability (Pope,
Hansen, et al., 2004), increased the inflammatory response measured by C-reactive
protein (CRP) (Riediker, et al., 2004), and increased blood viscosity (Peters, Doring,
Wichmann, & Koenig, 1997) as well as other blood markers (e.g., hemoglobin,
fibrinogen, platelet counts, white cell counts) (Riediker, et al., 2004). These observed
effects provide a mechanism by which chronic exposure to ambient air pollution is
associated with risk of CHD.

Various pathophysiological or mechanistic pathways have been explored. None of
these pathways have definitively been demonstrated to be the pathway that clearly and
directly links exposure of ambient PM pollution to cardiopulmonary morbidity and
mortality. In fact, it is unlikely that any single pathway is responsible. There are almost
certainly multiple mechanistic pathways with complex interactions and interdependencies,
which provide a schema of some hypothetical mechanistic pathways linking PM with

cardiopulmonary disease. Potential mechanisms of deleterious effects of air pollution
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may involve response of the respiratory system, oxidative stress and inflammation, and
autonomic function. The cardiovascular system seems to be the common end point of
these pathways. Elevated PM levels have been linked with cardiac events through these
pathways, leading to serious ventricular arrhythmias and myocardial infarction (Table
2.5).

1. Oxidative Stress and Inflammation.

Inhalation of PM, especially PM, s, is believed to cause acute pulmonary
inflammation and oxidative stress. It might subsequently generate a systemic
inflammatory response, leading to the development of cardiovascular diseases. The
particles have been shown to enhance calcium influx on contact with macrophages
(Ulrich, et al., 2002). Oxidative stress is anticipated at the huge particle surface, which
can be augmented by oxidants generated by recruited inflammatory leukocytes.
Atheromatous plaques formed in the coronary arteries are major causes of morbidity and
death associated with particulate air pollution in epidemiologic studies.

Declines in lung function caused by respiratory diseases and potentially
cardiovascular disease are believed to be related to hypoxia (DeMeo, et al., 2004; Pope,
Dockery, Kanner, Villegas, & Schwartz, 1999). Evidence of pollution related
inflammation has been observed (Souza, et al., 1998; van Eeden, et al., 2001), and several
studies have reported declines in lung function associated with elevated particulate.
pollution exposures (Chawla & Lavania, 2008; DeMeo, et al., 2004; Forbes, et al., 2009;
Pope, Dockery, et al., 1999). Seaton et al. (1999) hypothesized that fine
particulate air pollution may provoke alveolar inflammation in individuals aged 60 years

and older. The release of potentially harmful cytokines (such as IL-6) and increased
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blood coagulability were found to be associated with increased fine particulate levels.
However, the study of potential PM related hypoxia on a panel of 90 elderly in Utah
Valley did not consistently observe declines in blood oxygen saturation associated with
elevated exposures to particulate air pollution (Pope, Dockery, et al., 1999). They found a
negative association only in 80 years and older male individuals, which might be
secondary to increased blood coagulability as well as inflammation of the bronchioles
and alveoli from air pollution. In a cross-sectional study using part of the Monitoring
Trends and Determinants in Cardiovascular Disease (MONICA) Augsburg survey, Peters
et al. (1997) compared measurements of plasma viscosity during a severe episode of air
pollution in 1985 with those on less polluted days. They observed an increased risk of
extreme values of plasma viscosity in both men and women during the 1985 air pollution
episode. Among these pollutants, high concentrations of sulfur dioxide, TSP, and carbon
monoxide were found to increase plasma viscosity in women and men to different
degrees. Thus, altered blood coagulability and inflammatory processes in the lung that
induces an acute-phase reaction might therefore be part of the pathological mechanisms
linking air pollution to mortality (Table 2.6).

Experimental evidence has not yet been sufficient to demonstrate the causality
and pathogenesis of cardiovascular damage induced by particulate matter. In a rat model,
exposure duration and dose-dependent myocardial injury were reported in susceptible rat
strains (Kodavanti, Schladweiler, et al., 2000), which might be caused by pulmonary
hypertension secondary to the changes in heart rate and blood pressure (Cheng, et al.,

2003) or increased whole blood viscosity observed in rats exposed to long-term tobacco
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Table 2.5 Selected Studies on Effects of Particulate Air Pollution and Autonomic Control of Cardiac Rhythm

Studies

Design & Exposure

QOutcome

Summary of Findings

Panel study, 100 subjects
with implanted
defibrillators

(Peters, et al., 2000)

Panel study, 88 elderly
subjects

(Pope, Hansen, et al.,
2004)

Panel study, 34 elderly
residents, nursing home
(Holguin, et al., 2003)

Panel study, 9 highway
patrol troopers

(Riediker, et al., 2004)

Ambient PM, s, BC,

NO,,

Ambient PM; s

PM; 5 indoor,
outdoor nursing
home measure

PM,; s vehicle
exposure

Defibrillator discharge
interventions for ventricular
tachycardias/ fibrillation

HRV

HRYV frequency domain

HRV

Increased arrhythmias was associated
with increase PM, 5 ,BC, and NO,

A 100 ],Lg/m3 increase in PM, 5 was
associated with a 35 msec decreased in
SDNN and a 42 msec decreased in r-
MSSD

A 5.0% decrease in high-frequency
HRYV was associated with increase
PM; s

Increased heart beat cycle length, HF
HRYV, SDNN was associated with
increase in PM> 5

Abbreviation: BS=Black smoke; HF=Heart failure; HRV=Heart rate variability; PM=Particulate matter; SDNN=Standard deviation of normal to normal (heart rate).
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Table 2.6 Selected Studies on Effects of Particulate Air Pollution and Systemic Inflammation & Thrombosis

Studies Design & Exposure  Outcome Summary of Findings
112 volunteers, 2 UK cities Ambient PM;, 3- Hemoglobin, RBC, WBC, CRP  An increased in PM;, was significant
(Seaton, et al., 1999) day personal fibrinogen, etc. decreased hemoglobin and RBC;
exposure (one-24 hr Increased CRP & decreased
personal) & city fibrinogen.
center
NHANES III Ambient PM;,, Fibrinogen, platelet, WBC RRs of PM; with Fibrinogen and
(Schwartz, 2001) NO,, SO, WBC were 1.77 (1.26-2.49), WBC
1.64 (1.17-2.30).
Positive associations between SO,
WBC, NO; and platelet & fibrinogen
were observed.
Cohort in Augsburg, Ambient TSP, SO,, CRP An increased in TSP, SO, was
Germany CO increased in CRP, plasma viscosity.

(Peters, et al., 2001; Peters,
Doring, et al., 1997)

Panel study, 9 North PM,; s vehicle
Carolina highway patrol exposure
troopers (Riediker, et al.,

2004)

CRP, plasminogen, lymphocytes

A 100 ug/m3 increase in PM, 5 was
associated in increased CRP.

Abbreviation: CRP=C-reactive protein; RBC=Red blood count; TSP=Total suspended particulate; WBC=White blood count.



smoke (Coates & Richardson, 1978). Similar results were observed in dogs (Wellenius,
et al., 2003) and guinea pigs (Wright & Churg, 1991). The apparent dissociation of
pulmonary hypertension and emphysema suggests that pulmonary hypertension is not
only due to destruction of the lung capillary bed, but could be a result of alteration of the
structure of small pulmonary arterioles and arteries (Wright & Churg, 1991). The
etiology of this process may be smoke-induced inflammation with release of vasoactive
substances as well as proteolytic enzymes, leading to change of red cell adhesiveness
secondary to the change of lung endothelial cells or erythrocytes. Further studies indicate
that the increased expression levels of various synthases [mainly tumor necrosis factor
(TNF) -a) and nitric oxide synthase (iNOS)] might quickly increase the free radical NO
level (Ulrich, et al., 2002), which possibly could caused endothelial damage in the lung
blood vessels by exposure to ambient particulate pollutants. The mechanism of this quick
response of gene expression was not clear, but might be related to free radical damage in
the cellular and molecular levels. Increased fibrinogen levels of about 20% increased the
tissue blood viscosity, which decreased blood flow and caused the cardiovascular and
pulmonary diseases with pulmonary inflammation induced by days’ exposure of rat to
ambient particulate matter (Table 2.7).

2. Autonomic Function

The autonomic nervous system may play an important role in the

pathophysiologic pathway between particulate exposure and cardiopulmonary disease.
The autonomic nervous system activates changes in blood viscosity as well as heart rate
and heart rate variability (HRV), which increases the likelihood of sudden cardiac death

(Nolan, et al., 1998). Dysfunction of the autonomic nervous system and ischemic
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responses in the myocardium may contribute to the process of CPD associated with PM.
In fact, animal studies with artificial ultrafine particles have demonstrated direct
penetration of these particles into the blood stream (Gold, et al., 2000; Liao, et al., 1999;
Pekkanen, et al., 2002; Pope, Verrier, et al., 1999). The observation of ambient
particulate matter in the heart muscle cells and the brain offers direct evidence of
diffusion of particles which may lead to such direct toxic effects. A few epidemiological
studies have evaluated autonomic nervous system related physiological measures
associated with ambient PM although most of these studies have been only exploratory
pilot studies. Liao et al. (1999) examined the cardiac autonomic response to daily
variations in PM. He found that increased levels of PM, 5 were associated with lower
cardiac autonomic control, which suggested that there might be a possible mechanistic
link between PM and cardiovascular disease mortality.

Particulate air pollution has shown a positive association with HRV in some
studies (Pope, et al., 1995; Pope, Verrier, et al., 1999). In addition, particulate air
pollution is associated with changes in heart rate variability (Pope, Hansen, et al., 2004;
Riediker, et al., 2004). In a controlled human exposure study, changes in heart rate
variability were observed with induced changes in concentrated ambient air pollution
particles (Devlin, Ghio, Kehrl, Sanders, & Cascio, 2003). Lower HRV was associated
with elevated concentrations of fine particulate pollution and the association was stronger
for subjects with preexisting cardiovascular conditions while the pollution levels were
relatively low during the study periods. These results extend similar findings reported in

recent panel studies and suggest potential mechanisms by which particulate matter may
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Table 2.7 Selected Experimental Studies

Studies Endpoint Exposure Summary of Findings

Rats Blood viscosity Tobacco Significant higher viscosities from the smoke-treated rats

(Coates & Richardson, smoke were observed.

1978)

Guinea pigs (Wright &  Pulmonary Cigarette The hemodynamic changes with alteration of the small

Churg, 1991) hypertension smoke pulmonary arterioles and arteries structure was observed
after exposed to smoke for periods of 1, 3, 6, and 12
months.

Rats Pulmonary CAPs With 3 hours CAPs, neutrophils elevated lymphocytes

(Gordon, Nadziejko, hypertension was decreased with no change in WBC counts. Small,

Schlesinger, & Chen, but consistent changes in HR, but not core temperature.

1998)

Dog HR, HRSD CAPs Increased HR, decreased HRSD was observed after

(Godleski, et al., 2000) exposed two at a time to CAPS for 6 hrs/day on 3
consecutive days.

Rats Six coagulation PM, 5 No consistent exposure-related effects on any of the end

(Nadziejko, et al., 2004)  parameters (platelet, points across the five experiments and no indication of

fibrinogen, any dose-dependent effects.
plasminogen)
Watanabe heritable Atherosclerotic lesions PM;g Caused progression of atherosclerotic lesions toward a

hyperlipidemic rabbits
(Suwa, et al., 2002)

more advanced phenotype after exposed to PM; 4 wk
(vol fraction 33.34+4.6%).
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Table 2.7 (continued) Selected Experimental Studies

Studies Endpoint Exposure Summary of Findings

Pulmonary hypertension HR PMy HR decreased (14.9 beats/min at 1* hr (p<0.01) and 11.7

rats beats/min at 2" hr (p=0.01)) and mean blood pressure also

(Cheng, et al., 2003) decreased (3.3 mmHg at 1* hr (p<0.01) & 4.1 mmHg at 2™ hr
(p<0.01)

Wistar Kyoto rats Cardiac lesions EPM Decreased numbers of granulated mast cells, and multifocal

(Kodavanti, et al., 2003) myocardial degeneration, chronic-active inflammation, and
fibrosis exposed to oil combustion-derived, EPM (10
mg/m(3) 6 h/day, 1 day/week for 16 weeks)

CD1 mice Pulmonary PMi¢-s, Increased in neutrophil number was associated in increased in

(Dick, et al., 2003) inflammation PM,s, PMy; 100 pg PM, s/PM, group. Two fold increase total antioxidant
capacity of the lung was associated in decreased the PM-
induced cytokine and neutrophil influx up to 50%.

Mongrel dog Myocardial CAPs Sig. ST segment elevation. No association with heart rate.

(Wellenius, et al., 2003) Ischemia

Wistar rats Genes PM Elevated expression levels of various genes include TNF-

(Ulrich, et al., 2002) expression 2,4,7 days alpha, MIP-2, ET-1, iNOS, and ACE in BALF and plasma,

exposure possible endothelial damage in the lung blood vessels by

exposure to ambient PMs.

Abbreviation: ACE= angiotensin-converting enzyme; BALF= bronchoalveolar lavage fluid; CAPs=concentration ambient particles; ET= endothelin; EPM= Fugitive
emission PM; HR=heart rate; HRSD=heart rate standard deviation; iNOS =nitric oxide synthase; MIP= macrophage inflammatory protein; PM=particulate matter;
TNF= tumor necrosis factor, WBC=White blood cell.



directly induce adverse cardiovascular events (Peters, et al., 2000). The results are not
entirely consistent, especially with measures of the short-term components of HRV. To
what degree these inconsistencies across the studies can be explained by differences in
ECG monitoring time frames, make-up of subjects, differences in pollution levels, or

other differences, needs to be explored (Table 2.8).
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Table 2.8 Selected Studies of Female Specific Findings

Studies Exposure Outcome Findings
SAPALDIA cohort, Swiss Ambient NO,, CAD (HRV indices) Significant negative association of 1-yr
(n=1,408) PM; s, PM10 average of NO, with cardio autonomic
(Felber Dietrich, Gemperli, et al. dysfunction in elderly women was observed.
2008)
Two clinical trials, VEAPS, USC, PM; s (mean=20.3 CIMT 5.9% (1-11%) increased in CIMT
_ . 3
CA (n=798) (Kunzli, et al., 2005) ~ pg/m’) 15.7% (5.7-26.6%) in older women
(age>=60 yrs) was observed.
50 students, central Copenhagen 4 time measure Plasma MDA, 3.7% increase in MDA was observed,
(Sorensen, et al., 2003) personal PM;sand  RBCs, hemoglobin  significant positive association in other
CB oxidation products with PM; s was observed
in females, but not in males.
22 young adults, UNC, Chapel Detailed regional LDF, VP Particle deposition characteristics differ in
Hill, NC (Kim & Hu, 1998) disposition of males and females under controlled
inhaled particles breathing conditions (deposition in F >M).
The Nurses' Health Study cohort ~ ETS exposure IHD incident & fatal ~Strong positive association between IHD

(n=32,046) (Kawachi, et al., 1997)

and ETS was observed.

Abbreviation: CAD=Cardio autonomic dysfunction; CIMT=Carotid intima-media thickness; ETS=Environmental tobacco smoke; HRV=Heart rate variability;
LDF=Local deposition fraction; MDA=malondialdehyde; RBC=Red blood count; VP=Volumetric depth.
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A. Abstract

The purpose of this study was to assess the effect of long-term ambient particulate
matter (PM) on risk of fatal coronary heart disease (CHD). A cohort of 3,239
nonsmoking, non-Hispanic white adults was followed for 22 years. Monthly
concentrations of ambient air pollutants were obtained from monitoring stations [PM <
10 um in aerodynamic diameter (PM;), Ozone, sulfur dioxide, nitrogen dioxide] or
airport visibility data [PM < 2.5 um in aerodynamic diameter (PM,s)] and interpolated to
ZIP code centroids of work and residence locations. All participants had completed a
detailed lifestyle questionnaire at baseline (1976) and follow-up information on
environmental tobacco smoke and other personal sources of air pollution were available
from four subsequent questionnaires from 1977 through - 2000. Persons with prevalent
CHD, stroke or diabetes at baseline (1976) were excluded and analyses were controlled
for a number of potential confounders including lifestyle. In females, the relative risk
(RR) for fatal CHD with each 10 pg/m3 increase in PM; s was 1.42 (95% confidence
interval (CI): 1.06, 1.90) in the single-pollutant model and 2.00 (95 % CI: 1.51, 2.64) in
the two-pollutant model with Os. Corresponding RR’s for a 10 pg/m’ increases in PM;.
2sand PMjpwere 1.62 and 1.45, respectively in all females and 1.85 and 1.52 in
postmenopausal females. No associations were found in males. A positive association
with fatal CHD was found with all three PM fractions in females, but not in males. The
risk estimates were strengthened when adjusting for gaseous pollutants, especially Os,
and were highest for PM, s. These findings could have great implication for policy

regulations.
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B. Introduction

Since the early reports of increased deaths from cardiopulmonary disease (CPD)
after serious air pollution episodes (Logan, 1953; Nemery, Hoet, & Nemmar, 2001),
studies both within the United States (US) and abroad have found similar short term
effects of air pollution (Dominici, McDermott, Zeger, & Samet, 2003; Samet, Dominici,
Curriero, Coursac, & Zeger, 2000; Zanobetti, et al., 2003).

Studies have also found increased risk of CPD, noncancer respiratory and
respiratory cancer deaths with chronic exposure to ambient particulate matter (PM)
(Abbey, et al., 1999; Dockery, et al., 1993; McDonnell, Nishino-Ishikawa, Petersen,
Chen, & Abbey, 2000; Pope, et al., 2002; Pope, Burnett, et al., 2004; Pope, et al., 1995),
black smoke (NOy) (Hoek, Brunekreef, Goldbohm, Fischer, & van den Brandt, 2002),
and nitrogen oxides (Hoek, et al., 2002; Nafstad, et al., 2004). Four main prospective
studies have been conducted in the United States to assess long-term health effects of
ambient air pollution in adults [the Six Cities Study, the American Cancer Society (ACS)
study, the Adventist Health Study on the health effects of smog (AHSMOG) and the
national cohort of male U.S. veterans]. Associations with fine particulates [PM < 2.5 um
in aerodynamic diameter (PM;5)] have been found for all-cause mortality, CPD mortality,
respiratory/lung cancer mortality in the ACS, Six Cities and AHSMOG studies and with
mortality attributable to ischemic heart disease (IHD), dysrhythmias, heart failure, and
cardiac arrest in the ACS study. The AHSMOG (Abbey, et al., 1999) has also shown
positive associations, although not always significant, between PM < 10 um in
aerodynamic diameter (PM)) and all-natural-cause mortality and CPD mortality in males,
but not in females. For fatal lung cancer and any mention of nonmalignant respiratory
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disease, a positive association was found with PM in both sexes. The national cohort of
male U.S. veterans, where all subjects were hypertensive at baseline, found no increased
mortality with increasing levels of fine particulates (Lipfert, et al., 2000). From Europe,
Hoek et al. (2002) reported increased risk of CPD mortality and all-cause mortality with
increased concentrations of black smoke and nitrogen dioxide, and Nafstad et al. (2004)
found increased risk of noncancer respiratory mortality and CPD mortality with
increasing levels of NOy.

Several studies on short term effects have found that ambient PM increases
cardiac arrhythmia (Peters, et al., 2000), decreases heart rate variability (Pope, Hansen, et
al., 2004), increases the inflammatory response measured by C-reactive protein (CRP)
(Riediker, et al., 2004), and increases blood viscosity (Peters, Doring, Wichmann, &
Koenig, 1997) as well as other blood markers (e.g., hemoglobin, fibrinogen, platelet
counts, white cell counts) (Riediker, et al., 2004). These observed effects would provide a
mechanism by which chronic exposure to ambient air pollution is associated with risk of
coronary heart disease (CHD).

This study reports on the risk of fatal CHD associated with long-term ambient air
pollution in AHSMOG.

C. Materials and Methods
1. Study Population
AHSMOG began in April 1977 by enrolling 6,338 participants from the
Adventist Health Study (AHS) (n=34,198), a large cohort study of the relationship
between lifestyle and risk of chronic disease (Beeson, Mills, Phillips, Andress, & Fraser,
1989). To be included in AHSMOG, subjects must be nonsmoking, non-Hispanic whites
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> 25 years of age at baseline and must have lived > 10 years within 5 miles of their 1976
neighborhood. All subjects satisfying these criteria were selected from three large
metropolitan areas in California: San Francisco, South Coast (i.e. Los Angeles and
eastward), and San Diego air basins. In addition, a 13% random sample of 862 AHS
subjects was selected from the rest of California assuring large variation and wide ranges
in concentrations of different ambient air pollutants.

As part of their enrollment in the AHS in 1976, all participants completed a
comprehensive questionnaire that included questions on education, anthropometric data,
smoking history, dietary habits, exercise patterns, and previous physician-diagnosed
chronic diseases (Beeson, et al., 1989). Monthly residence and work location histories
were obtained for each subject for the period January 1966 through December 1998 or
until date of death or date of last contact, by using mailed questionnaires (1977, 1987,
1992, 2000), tracing by telephone, and interviewing of surrogates (for deceased subjects).
Only 29 (< 0.01%) persons were lost to follow-up with respect to vital status, and these
were censored at date of last contact for inclusion in risk sets. The follow-up
questionnaires contained standardized questions on respiratory symptoms (American
Thoracic Society 1995) and questions to ascertain lifestyle and housing characteristics
pertinent to relative exposure to ambient air pollutants, as well as occupational exposures
to dust and fumes and indoor sources of air pollution, including environmental tobacco
smoke (ETS).

Several air pollutants were estimated for study participants using the statewide
network of monitoring stations maintained by the California Air Resource Board (CARB)
(Abbey, Moore, Petersen, & Beeson, 1991). Since estimated PM; s measures were not
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available on a statewide basis during follow-up, only the 3,769 (2,422 females and 1,347
males) belonging to the airport subcohort (those who lived within an airshed adjacent to
one of nine California airports with available visibility measures: Alameda, Bakersfield,
Fresno, Long Beach, Los Angeles, Ontario, Sacramento, San Jose, and San Diego) were
included in this study. Of these, 530 (n=332 females, n=198 males) were excluded
because of a history of CHD, stroke, or diabetes at baseline, leaving 3,239 subjects for
analyses.
2. Estimation of Ambient Air Pollution Concentrations

Estimates of monthly ambient concentrations of PM;, ozone, sulfur
dioxide, and NO, were formed for study participants for 1973-1998 using fixed site
monitoring stations maintained by CARB. The detailed methods for estimating ambient
air pollutants for study participants are described elsewhere (Abbey, Hwang, Burchette,
Vancuren, & Mills, 1995; Abbey, et al., 1991). Briefly, monthly indices of ambient air
pollutant concentrations at 348 monitoring stations throughout California were
interpolated to geographic ZIP code centroids according to home and work location
histories of study participants. These were cumulated and then averaged over time.
Interpolations were restricted to ZIP code centroids within 50 km of a monitoring station
and were not allowed to cross barriers to airflow or other topographic obstructions > 250
m above the surrounding terrain. Concentrations of PM; prior to 1987 were estimated
using site- and season-specific regressions based on total suspended particles (TSP)
(Abbey, Hwang, et al., 1995). Since 1987, directly monitored PM, has been used.

Daily estimates of ambient PM; 5 concentration were obtained for 11 airsheds

from daily measures of visibility collected at the nine California airports for the years
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1973-1998 using regression equations relating PM, 5 and visibility. Because of wind
patterns, Ontario provided three separate airsheds (East, West, Central). Detailed methods
for PM; s estimation has been described previously (Abbey, Ostro, Fraser, Vancuren, &
Burchette, 1995). Individual monthly average PM, s concentrations were calculated as the
mean of the daily ambient PM; s estimates for the airshed in which the participant resided.
Any month with PM, s estimates for > 75% of the days was considered to have valid data.

3. Ascertainment of Deaths

Fatal CHD, defined by codes 410-414 of the International Classification
of Diseases, 9" Revision (ICD-9) (World Health Organization 1977) as either “definite
fatal myocardial infarction” or “other definite fatal CHD” as underlying or immediate
cause of death was used to assess fatal CHD.

Deaths were ascertained through 1998 using record linkage with both the
California death certificate files and the National Death Index (Centers for Disease
Control and Prevention, National Center for Health Statistics, Atlanta, GA). In addition,
our tracing procedures, which included church records, were used (Beeson, et al., 1989).
Thus, among the airport subcohort free of CHD, stroke and diabetes at baseline, we
identified 1,054 total deaths during follow-up. Death certificates were obtained, and a
state-certified nosologist, blinded to the exposure status, coded each death certificate
according to the ICD-9 codes.

4. Statistical Analysis

Sex-specific comparisons of baseline descriptive information between

CHD mortality cases and noncases were made using the Student t-test or chi-square test.
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Time-dependent Cox proportional-hazards regression modeling was used to study
associations between pollutants (PMz s, PMj¢.2.5, PMjo, O3, SO, and NO,) and CHD
mortality with attained age as the time variable (Greenland, 1989). This was further
augmented by adding the Sandwich Variance Estimate (Lin, 1994) to adjust for
correlated observations within each airshed. All 11 airsheds around the nine airports
were included in the model. We also included the airports as dummy variables stratified
with the Cox model. Rate ratios were calculated for an increment of 10 pg/m? for each of
the particulate pollutants and 10 ppb for each of gaseous pollutants, except SO, which
was calculated for an increment of 1 ppb. Because measures for most of the pollutants
were available only from 1973, we had 4-year monthly averages for these pollutants at
baseline in 1977. To standardize the exposure window preceding events, we therefore
selected 4-year average as our moving time period of exposure, but excluded the last
month before the event to avoid measuring short-term effects. Participants who did not
die were censored at end of follow-up or at time of last contact if they were lost to
follow-up (394 females, 166 males). The different pollutants were entered into the model
as continuous variables.

The basic multivariable model included past cigarette smoking, body mass index
(BMI), years of education, and frequency of meat consumption. We added an interaction
term between sex and pollutant to this basic model that was significant and therefore, all
analyses were sex specific. Additional candidate variables for inclusion in the final model
were ETS (years lived or worked with a smoker), total physical activity at baseline,
history of hypertension at baseline, exposure to dust/fumes at work, frequency of eating
nuts (Fraser, Sabate, Beeson, & Strahan, 1992), number of glasses of water per day
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(Chan, Knutsen, Blix, Lee, & Fraser, 2002), time spent outdoors, and hormone
replacement therapy (HRT) (female models). In addition, we found that the levels of PM
pollutants used in this study have declined from 1973 to 1998 (Figure 3.1), and we
therefore included calendar time as a candidate variable to adjust for possible changes in
PM composition over time. All candidate variables were entered into the basic
multivariable model one at a time to assess their impact on the main effect. Only calendar
year changed the relative risks (RRs) > 10% (actually 16 %) and was retained in the final
model (Greenland, 1989).

The proportional hazards assumption was checked by examining log [-
log(survival)] curves versus the time (attained age) as well as the product term of each
respective variable in the final model with the log of the time variable (Greenland, 1989).
Each of these interaction terms produced a p-value >0.05 based on the Wald statistic,
indicating that the proportional hazards assumptions were not seriously violated. This
was supported further by visual inspection.

The same sex-specific, time-dependent multivariable Cox proportional-hazards
regression models with and without the Sandwich Variance Estimate, airport dummy
variables and stratified analysis were further used to study associations in two-pollutant
models for particulates (PM, s, PM .2 5, or PMj¢) with each of the gases (O3 SO, and
NO;) and CHD mortality. We evaluated the interactions between two individual
pollutants for inclusion in the final model based on whether they changed the RRs > 10%.
None of the terms met this criterion (Greenland, 1989). All analyses were repeated for

postmenopausal females separately.
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In addition, we repeated sex-specific analyses using cumulative monthly averages
of each particulate pollutant from 1973 to censoring and also for each of the PM fractions
using three levels of exposure (< 25, >25-38, >38 pug/m’) rather than as a continuous
variable. We used the SAS statistical package (version 9.1; SAS institute, Cary, NC) for
all analyses.

D. Results

During 22-year follow-up (1977-1998), there werel155 CHD deaths in females
and 95 among males, 23.7 % of all deaths in this group.

Those who died of CHD were older at baseline, had fewer years of education,
were more likely to have hypertension and a larger proportion of the females were
postmenopausal and of these, fewer had used HRT (Table 3.1). A higher proportion of
female non-cases had lived or worked with a smoker (ETS) and non-cases tended to drink
more water than cases. The mean concentrations and correlations of pollutants for this
airport subcohort from 1973 through the month of censoring are provided in Table 3.2.
Frequency histograms of the individual mean ambient concentrations of each of the PM
fractions from 1973 to censoring month are given in Figure 3.2. Those in the lowest
distribution of PM; s lived in the airsheds represented by the San Diego, San Jose,
Sacramento, and Alameda airports, medium levels were found in Fresno, Los Angeles
International, Bakersfield, Long Beach, Ontario West, and Ontario Central while the
highest distribution represents Ontario East. Figure 3.1 shows the secular trends in PM;j,
PM, 5. and O3 during the study for the East Ontario and San Diego air basins, and for the

study population as a whole.
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1. Risk of Fatal CHD
All results presented are from the time dependent Cox model without and
with the inclusion of the Sandwich Variance Estimate. For females, in age-adjusted
single-pollutant models, a positive, but non-significant, relationship was found between
each of the three PM fractions and risk of fatal CHD (Table 3.3). This association became
stronger in multivariate analyses with PM; s having the highest estimate with RR of 1.42
[95% confidence interval (CI): 1.11, 1.81] for each increment of 10 pg/m’.

In two-pollutant models with Os (Table 3.4), the associations with each of the PM
fractions became stronger and statistically significant both in age-adjusted and
multivariable adjusted models with the strongest relationship for PM, s [RR=1.99 (95%
CI: 1.37, 2.88)]. NO, did not change the associations between PM and fatal CHD whereas
SO, strengthened the association some, but not to the same degree as did Os. Point
estimates remained virtually unchanged both in single- and multi-pollutant models when
including the Sandwich Variance Estimate. When airports were included as dummy
variables or in stratified analyses, the risk estimates either remained the same or were
strengthened. Limiting the analyses to post-menopausal females resulted in small
increases in risk estimates.

Using cumulative monthly averages from 1973 to censoring instead of the 4-year
moving average, gave similar, but somewhat weaker associations. Using PM, 5 estimates
as tertiles (Figure 3.3 for females), showed that those exposed to levels greater than 38
pg/m’ were 2.3 times more likely to die of CHD than those living in areas where

concentrations were less than or equal to 25 ug/m3 (Pirend=0.007). After adjusting for O;
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in two-pollutant models, the risk estimates for PM, 5 increased to 2.03 and 5.35, in the
medium and highest tertiles respectively (Pieng=0.006).

No significant associations were found between any of the gaseous pollutants and
fatal CHD in either the age-adjusted or multivariable adjusted analyses in single-pollutant
or in two-pollutant models with PM. However, the association with NO, was elevated for
both males and females in single-pollutant models (Table 3.3). In males, no association
was found between particulate pollutants and fatal CHD either as continuous or
categorical (tertiles) variables in single or two-pollutant models (Tables 3.3 and 3.4).

E. Discussion

Most studies of the association between ambient particulate air pollution and
cardiovascular disease (CVD) have been limited to effects of short term increases in PM
on hospital admissions for CVD (Zanobetti, Schwartz, & Dockery, 2000) and total
mortality (Dominici, et al., 2003; Samet, et al., 2000). Of the particulate pollutants, PM, s
seems to show the strongest association with CVD outcomes (Pope, et al., 2002; Pope,
Burnett, et al., 2004).

The Six Cities and the ACS studies have reported a positive association between
cardiopulmonary and cardiovascular deaths and longterm exposure to ambient PM. The
association was most strong with fine particles with relative risks varying between 1.06
for cardiopulmonary deaths (Pope, et al., 2002) to 1.12 for cardiovascular deaths (Pope,
Burnett, et al., 2004) for each increment of 10 pg/m’ after adjusting for age, gender, diet
and other demographic covariates. When comparing most polluted with least polluted
areas, the relative risk for cardiopulmonary death was 1.31 for a difference of 24.5 pg/m’
in the ACS study (Pope, et al., 1995) and 1.37 for a difference of 18.6 pg/m’ in the Six
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Cities study (Dockery, et al., 1993). Pope et al. (2004) reported a somewhat higher risk
estimate for mortality from IHD with a RR of 1.18 for an increment of 10 ug/m3 and
concluded that “predominant PM mortality associations were with ischemic heart
disease”. The effect of fine particles on cardiopulmonary mortality has not been reported
from the AHSMOG study to date. For PM, and cardiopulmonary mortality, no
significant relationships were found, but males had higher estimates than females (Abbey,
et al., 1999).

Two European cohort studies have both looked at traffic related pollution (Hoek,
et al., 2002; Nafstad, et al., 2004). Hoek found that persons living near a major road had a
1.95 greater risk of cardiopulmonary death than others and for each increase of 10 pg/m’
in black smoke, the relative risk increased by 34%. Among Norwegian men, Nafstad et al.
(2004) found that for each increase of 10 pg/m’ in nitrogen oxides (markers of traffic
pollution), the risk increased by 8% for fatal IHD and by 16% for respiratory deaths.

We only found significant relationships between ambient PM and fatal CHD in
females. To our knowledge, no other cohort study on the health effects of ambient air
pollution has reported gender specific risks for CHD mortality. Therefore, we cannot
readily compare our findings to others. However, the ACS study did find a slightly higher,
although not significant, risk of cardiopulmonary mortality among never smoking
females versus males in the most polluted cities compared to the least polluted (RR=1.57
in females vs. 1.24 in males) (Pope, et al., 1995). As far as we have been able to assess,
neither the Six Cities Study nor the Dutch study (Hoek, et al., 2002) have reported gender
specific findings on cardiopulmonary mortality. The Norwegian cohort only included
males (Nafstad, et al., 2004) as did the VA cohort mortality study (Lipfert, et al., 2000).

60



In a study of short-term effects, Peters et al. (1997) reported a stronger effect of TSP on
blood viscosity in females than males during episodes of high air pollution in Augsburg,
Germany.

Several experimental studies of pulmonary deposition of inhaled particles in
healthy adults showed that particle deposition characteristics differ between males and
females under controlled breathing conditions. Kim and Hu found that deposition in
females is greater than that in males, and that the deposition was more localized within
the lung in females. The authors suggest that regional deposition enhancement in woman
may lead to a greater health risk in females than males (Kim & Hu, 1998). This is
consistent with the hypothesized mechanism in which the deposition of particles in the
lung could elicit inflammatory responses resulting in a systemic signal (Seaton, MacNee,
Donaldson, & Godden, 1995).

An experimental study of 50 persons (Sorensen, et al., 2003) showed significant
positive associations between personal PM, 5 exposure and oxidation products [such as
plasma malondialdehyde, red blood cells (RBC), and hemoglobin concentrations] in
females, but not in males. The authors suggest that females possibly are more sensitive to
airborne pollution than males since they have fewer RBC and thus may be more sensitive
to toxicological influences of air pollutants.

A recent study supporting our gender differential findings assessed the
relationship between ambient levels of PM; s at place of residence and degree of intima-
media thickness as measured by ultrasound (Kunzli, et al., 2005). In cross-sectional
analyses of baseline data from two clinical trials in Los Angeles, they reported that the
association was statistically significant among women, but not among men. Also, the
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associations were stronger among older persons who had never smoked or who reported
using lipid lowering treatment at baseline. The strongest association, however, was found
among older women (> 60 years of age). These findings corroborate with our findings
from the AHSMOG study which is also an older population with mean age at fatal CHD
of 67.6 years in men and 72.3 years in women.

Our findings and those of other studies show that particulate air pollution seems
to have a stronger effect on fatal CHD than on other fatal cardiopulmonary endpoints.
The ACS study found a somewhat higher RR associated with an increase in PM; 5 of 10
ug/m3 for fatal ischemic heart disease (IHD) [RR=1.18 (95% CI: 1.14-1.23)] (Pope,
Burnett, et al., 2004) than what they had previously found for cardiopulmonary mortality
[RR=1.09 (1.03-1.16)] (Pope, et al., 2002). In females, our findings for fatal CHD and
PM are stronger than those we have previously reported for cardiopulmonary mortality in
the total AHSMOG cohort (Abbey, et al., 1999) and in the airport cohort (McDonnell, et
al., 2000). Also, in previous reports we have only found positive associations with
cardiopulmonary mortality in males (Abbey, et al., 1999). In extended follow-up of
cardiopulmonary mortality in the total AHSMOG cohort through 1998 using the same
models as previously, we continue to find a slightly stronger association in males than in
females (unpublished data). However, when we exclude baseline CHD, stroke and
diabetes these gender differences disappear and when we limit our analyses to the airport
cohort, cardiopulmonary mortality is actually significantly increased in females, but not
in males (RR=1.14 vs. 1.02 in males). These findings warrant further study of the effect

of PM in sensitive subgroups and in densely populated areas (e.g. airport cohort) versus
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less densely populated areas. It also begs the question of whether health effects of air
pollution are different in males and females.

Even though we found the strongest association with PM; s, the coarse fraction
was also associated with significant risk. Possible explanations for the higher risk
estimates for all three PM fractions in our study could be more precise estimates of
ambient air pollution and thus less exposure misclassification. The AHSMOG study is
the only study with monthly estimates of ambient air pollution for each subject
throughout the entire follow-up period. Other reasons could be the homogeneity of the
population as discussed under strengths and limitations.

Since different components of air pollution frequently occur together and are
highly correlated (Table 3.2), EPA has suggested that the association observed with PM
could instead be due to gaseous pollutants (U.S. EPA 1989). We found no significant
association between fatal CHD and gaseous pollutants in single or two-pollutant models.
However, in two-pollutant models, both O3 and SO, strengthened the relationship
between PM and fatal CHD whereas NO; had no effect. The modifying effect of O; can
possibly be explained by findings indicating that lung epithelial permeability increases
with exposure to O3 (Blomberg, et al., 2003) thus making the body more susceptible to
intrusion of particulate matter. The proposed mechanisms for the observed cardiovascular
effects of particulates have been discussed in detail by Brook et al. (2004) in a statement
from the American Heart Association. Several pathways may be involved, but initiation
of pulmonary and systemic oxidative stress and inflammation by components of the
different PM particles seems to be the most accepted. The resulting cascades of
physiologic responses are believed to be able to jointly initiate processes that ultimately
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lead to a CHD event. Elevated ambient PM,; s levels have been shown to be associated
with cardiac autonomic function (Peters, et al., 2000), heart rate and heart rate variability
(Pope, Hansen, et al., 2004), CRP levels (Riediker, et al., 2004), and changes in blood
viscosity favoring coagulation (Peters, et al., 1997; Seaton, et al., 1995). Several authors
have suggested that risk of CVD may, at least partly, be mediated through increased
concentrations of plasma fibrinogen, possibly due to an inflammatory reaction caused by
air pollution (Koenig, et al., 1998). Fibrinogen is an important determinant of plasma
viscosity, and an independent risk factor for CHD (Koenig, et al., 1998). Numerous
animal models corroborate the findings in humans of an effect of PM on heart rate
(Chang, et al., 2004), blood viscosity (Coates & Richardson, 1978), and pulmonary
inflammation (Wichers, et al., 2004).

These pathways are very similar to those suggested for the effect of cigarette
smoking on risk of CHD such as elevated inflammatory markers, especially CRP levels
(Panagiotakos, et al., 2004), fibrinogen and white cell counts (Panagiotakos, et al., 2004),
blood viscosity (Frohlich, et al., 2003), heart rate (Bolinder & de Faire, 1998), and
oxidative stress (Guthikonda, Woods, Sinkey, & Haynes, 2004). Smoking also has been
found to trigger acute vasoconstriction and thus the enhanced development of
atherosclerosis in the systemic vasculature (Kiechl, et al., 2002). Finally, in studies of the
effect of smoking and ETS, Diez-Roux et al. (1995) and Howard et al. (1994) have
reported clear effects on intima-media thickness progression over time and on arterial
wall stiffness (Mack, Islam, Lee, Selzer, & Hodis, 2003).

1. Strengths and Limitations

Since all subjects in the AHSMOG study are non-smokers, our results are
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free from the confounding of active cigarette smoking. We had detailed information
about ETS and have been able to adjust for this effect. Any modifying effect of alcohol is
also eliminated since virtually everyone was a teetotaler. Since the AHSMOG study has
extensive information on lifestyle, we were able to adjust for the effects of a number of
such factors including dietary factors found to be associated with CHD in this cohort.
This adjustment actually strengthened the associations between PM and fatal CHD in
females, but not in males.

Although we have shown cardiovascular effects of particulate air pollution in this
study, we have unknown amounts of measurement error in both the estimated long-term
ambient concentrations of pollutants as well as other covariates. One source of
measurement error is due to interpolating ambient concentrations (PM;, O3, NO,, SO,)
from fixed site monitoring stations to ZIP code centroids of work and home locations of
study participants (Abbey, Hwang, et al., 1995; Abbey, et al., 1991). Another source of
measurement error is that ambient PM; s concentration was not measured directly for the
duration of this study, but estimated from airport visibility, temperature, and humidity
(Abbey, Hwang, et al., 1995). The precision of the PM(_, 5 is unknown as it is calculated
as the difference between PM;y and PM, 5. Use of ambient concentrations rather than
measures of personal exposure could be one limitation in this study, but it is unlikely that
we have selective bias in the females only. Further, we cannot rule out the possibility that
the observed gender difference in effect could be due to measurement error. Males, more
than females, reported working more than 5 miles from their residence and thus may have

spent more time in heavy traffic (more commutes and longer commuter distances). We
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have not been able to take this into consideration when estimating each subject’s ambient
air pollution levels.
F. Conclusions

In summary, this study found an elevated risk of fatal CHD associated with
ambient levels of PM;o, PM ., 5 and PM; 5 in females, but not in males. The risk
estimates were strengthened when adjusting for gaseous pollutants and were highest for
PM, 5. Our findings are in line with findings by others of an effect of PM on
cardiopulmonary mortality, but are of greater magnitude, possibly because the outcome
was limited to fatal CHD with better control of confounding factors such as alcohol and
tobacco.

Further studies are needed from larger cohorts and/or with longer follow-up to
support our findings of a gender differential effect of PM on risk of fatal CHD.
Developing more accurate ways to assess an individual’s exposure to ambient levels of
PM will improve precision of risk estimates. Further, it is important to study whether the
effects of air pollution are reversible in a similar manner as that found when smokers stop
smoking. The effect of different exceedance frequencies should also be explored as well
as the effect of different chemical compositions of PM.
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Table 3.1 Selected Characteristics of Study Population at Baseline

Male (n=1149)

Female (n=2090)

Characteristic Cases (n=95) Noncases (n=1,054) Cases (n=155) Noncases (n=1,935
Age (years), mean +SD 67.6 +11.5 55.8+12.9 ** 72.3 +8.9 56.6 +13.4 **
Years of education, mean +SD 13.5+3.5 14.6+3.2 * 12.6 +2.8 13.4+2.6 **
Never smokers 51(53.7) 717 (68.0) * 133 (85.8) 1,655 (85.5)
BMI at or above median 46 (48.4) 477 (45.3) 76 (49.0) 875 (45.2)
Meat consumption™”

<1 wk 40 (42.1) 496 (47.1) 88 (56.8) 913 (47.2)

>=1 wk 50 (52.6) 516 (49.0) 57 (36.8) 917 (47.4)
Total exercise

Low 25 (26.3) 344 (32.6) 67 (43.2) 937 (48.4)

Moderate and high 70 (73.7) 709 (67.3) 83 (53.5) 990 (51.2)
History of hypertension 32 (33.7) 171 (16.2) ** 70 (45.2) 444 (22.9) **
ETS 57 (60.0) 619 (58.7) 77 (49.7) 1,208 (62.5) *
Nuts®

<=2/mo 29 (30.5) 331 (31.4) 60 (38.7) 684 (35.3)

1-4/wk 37 (38.9) 428 (40.6) 51(32.9) 736 (38.0)

5+/wk 23 (24.2) 255 (24.2) 33(21.3) 397 (20.5)
Water™*

<=2 glasses 6 (6.3) 119 (11.3) 26 (16.8) 351 (18.1)

3-4 glasses 44 (46.3) 369 (35.0) 49 (31.6) 708 (36.6)

3-4 glasses 42 (44.2) 546 (51.8) 79 (51.0) 833 (43.0)
Postmenopausal, no. (%) 138 (89.0) 1,323 (68.4) **
HRT in postmenopausal females 20 (14.5) 431 (32.6) **

Abbreviations: SD=Standard deviation; BMI=Body mass index, kg/m*; ETS=Environmental tobacco smoke; HRT=Hormone replacement therapy.

Note. Value are presented as no.(%) or mean + SD.

*Some columns do not add to 100% because of missing data. "Significant at p< 0.01 for females only. “Significant at p<0.05 for males only. * p< 0.01,

**p<0.001.
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Table 3.2 Descriptive Statistics and Correlations between Long-Term Averages of Pollutants Estimated for
Study Participants, 1973 through Month of Censoring, Females and Males Combined (n=3,239)

PM; PM,; 5 PMig.25 05 NO, SO,

(ug/m’) (ng/m’) (ng/m’) (ppb) (ppb) (ppb)
Mean +SD 52.6 +16.9 29.0 +9.8 254 +8.5 262 +7.3 34.9 +9.7 4.5+2.7
PM,, 1.00 0.83* 0.91* 0.79* 0.50* 0.36*
PM,; 5 1.00 0.59* 0.60* 0.25* 0.30*
PMo.5 1.00 0.75 0.51* 0.35%
(0} 1.00 0.22%* 0.11*
NO, 1.00 0.70%*
SO, 1.00

Abbreviations: SD=Standard deviation.

#p<0.01
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Table 3.3 Age-Adjusted and Multivariable Adjusted Relative Risks of Fatal CHD for Specific PM Components. Single-Pollutant Models

Age Adjusted® Multivariable Adjusted” Multivariable Adjusted” Postmenopausal Females
Multivariable Adjusted”
Pollutant  Increment Cases RR 95% CI Cases RR 95% CI Cases RR 95% CI Cases RR 95% CI
Females
PM;, 10 (ng/m°) 92 1.11 0.98-1.26 92 1.22  1.06-1.40 92 1.22 1.01-1.47 80 1.30 1.08-1.57
PM, 5 10 (ng/m’) 92 1.19 0.96-147 92 142 1.11-1.81 92 142 1.06-1.90 80 149 1.17-1.89
PM o5 10 (ng/m’) 92 120 0.95-1.53 92 1.38 1.07-1.77 92 1.38 0.97-1.95 80 1.61 1.12-2.33
(OR 10 (ppb) 92 0.89 0.67-1.18 92 0.97 0.71-1.32 92 097 0.68-1.38 80 1.07 0.73-1.59
NO, 10 (ppb) 92 1.09 0.88-1.35 92 1.17  0.92-1.49 92 1.17 0.98-1.40 80 1.20 1.01-1.44
SO, 1 (ppb) 87 093 0.87-1.01 87 0.94 0.85-1.04 87 0.94 0.81-1.08 77 094 0.80-1.11
Males
PM;, 10 (pg/m’) 53 095 0.81-1.11 53 0.94 0.80-1.11 53 094 0.82-1.08
PM, 5 10 (ug/m’) 53 0.89 0.69-1.17 53 0.90 0.67-1.19 53 090 0.76-1.05
PM g5 10 (ng/m°) 53 093 0.68-1.29 53 0.92 0.67-1.28 53 092 0.66-1.29
(OR 10 (ppb) 53 0.87 0.58-1.29 53 0.89 0.59-1.33 53 0.89 0.60-1.30
NO, 10 (ppb) 53 124 094-1.64 53 1.16 0.86-1.56 53 1.16 0.89-1.51
SO, 1 (ppb) 51 1.06 0.98-1.14 51 1.02  0.92-1.13 51 1.02 0.94-1.11
Abbreviations: RR=Relative risk; CI=Confidence interval.
*Age adjusted.

bAdjusted for smoking status (past vs. never), years of education, BMI (below vs. at or above median), meat consumption (< 1/wk vs. 1+/wk), calendar time.
“Model “b” with Sandwich Variance Estimate.



Table 3.4 Age-Adjusted and Multivariable Adjusted Relative Risks of Fatal CHD for Specific PM Components, Two-Pollutant Models

SL

Pollutant Age Adjusted® Multivariable Adjusted” Multivariable Adjusted” Postmenopausal Females
Multivariable Adjusted”
PM Gas Cases RR 95% CI Cases RR 95% CI Cases RR 95% CI Cases RR 95% CI
Females
PM,,+ 0, 92 1.33 1.12-1.59 92 145 1.21-1.74 92 145 1.31-1.61 80 1.52 1.37-1.69
NO, 92 1.11 0.97-1.26 92 1.21 1.05-1.40 92 1.21 1.00-1.46 80 1.29 1.06-1.57
SO, 87 1.15 1.02-1.31 87 127 1.10-1.47 87 1.27 1.08-1.50 77 133  1.11-1.59
PM, s+ 0O; 92 1.61 1.17-2.22 92 199 1.37-2.88 92 2.00 1.51-2.64 80 195 1.52-2.50
NO, 92 1.18 0.95-1.47 92 1.39 1.08-1.80 92 140 1.04-1.87 80 146 1.13-1.89
SO, 87 136 1.05-1.74 87 1.50 1.15-1.97 87 1.51 1.17-1.95 77 1.51 1.19-1.92
PMpos+ O3 92 147 1.10-1.96 92 1.62 1.21-2.17 92 1.62 1.31-2.01 80 1.85 1.50-2.29
NO, 92 1.19 0.92-1.54 92 135 1.03-1.76 92 135 0.94-1.94 80 1.59 1.07-2.36
SO, 87 1.13 1.03-1.68 87 149 1.15-193 87 149 1.12-1.99 77 1.68 1.20-2.35
Males
PM,,+ 0O; 53 097 0.78-1.20 53 096 0.77-1.19 53 096 0.87-1.05
NO, 53 090 0.76-1.07 53 091 0.76-1.09 53 091 0.78-1.07
SO, 51 092 0.78-1.09 51 093 0.78-1.11 51 093 0.78-1.11
PM, s+ 0O; 53 092 0.65-1.29 53 091 0.64-1.30 53 091 0.78-1.06
NO, 53 0.82 0.61-1.10 53 0.85 0.63-1.15 53 0.85 0.70-1.04
SO, 51 0.86 0.65-1.14 51 0.88 0.65-1.19 51 0.88 0.73-1.07
PMpos+ O3 53 1.01 0.67-1.51 53 097 0.64-1.46 53 097 0.74-1.26
NO, 53 0.86 0.62-1.20 53 0.87 0.62-1.23 53 0.87 0.60-1.26
SO, 51 0.90 0.64-1.27 51 0.89 0.63-1.27 51 0.85 0.55-1.32

Abbreviations: RR=Rrelative risk; CI=Confidence interval.

*Age adjusted with Sandwich Variance Estimate.

bAdjusted for smoking status (past vs. never), years of education, BMI (below vs. at or above median), meat consumption (< 1/wk vs. 14+/wk), calendar time.
‘Model “b” with Sandwich Variance Estimate.

RR was calculated for an increase of 10 pg/m’ in concentration of the specific PM components.
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Figure 3.1 Mean Concentration Over Time, PM, s (A), PM;( (B), O3 (C), 1973-1998.
Genders combined A and B: AHSMOG cohort (solid line), East Ontario air basin
(dashed line), San Diego air basin (dotted line); C: AHSMOG cohort (solid line),
mountain areas (dashed line), coastal areas (dotted line). Note that the vertical scales
differ in the three different panels.
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Figure 3.1 (continued) Mean Concentration over Time, PM; 5 (A), PMo (B), O3 (O),
1973-1998. Genders combined A and B: AHSMOG cohort (solid line), East Ontario
air basin (dashed line), San Diego air basin (dotted line); C: AHSMOG cohort (solid
line), mountain areas (dashed line), coastal areas (dotted line). Note that the vertical
scales differ in the three different panels.
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Figure 3.1 (continued) Mean Concentration over Time, PM; 5 (A), PMo (B), O3 (O),
1973-1998. Genders combined A and B: AHSMOG cohort (solid line), East Ontario
air basin (dashed line), San Diego air basin (dotted line); C: AHSMOG cohort (solid
line), mountain areas (dashed line), coastal areas (dotted line). Note that the vertical
scales differ in the three different panels.
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Figure 3.2 Frequency Distribution of Mean Ambient Concentration of PMo (A), PM, s
(B).PM .25 (C), 1973 to Censoring Month (n=3,239). Note that the horizontal scales
differ in the three different panels.
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Figure 3.2 (continued) Frequency Distribution of Mean Ambient Concentration of PMg
(A), PM;5(B), PM.25(C), 1973 to Censoring Month (n=3,239). Note that the horizontal
scales differ in the three different panels.
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Figure 3.2 (continued) Frequency Distribution of Mean Ambient Concentration of PM;
(A), PM,5(B). PM 925 (C), 1973 to Censoring Month (n=3,239). Note that the horizontal
scales differ in the three different panels.
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A. Abstract

An increasing number of studies have found elevated risk of all causes of deaths
with short- and long-term exposure to ambient particulate matter (PM). The purpose of
this study was to assess the effect of long-term ambient PM on mortality in a low risk
population.

A cohort of 6,338 nonsmoking, non-Hispanic white adults was followed for
almost 30 years. At baseline in 1977, a comprehensive lifestyle questionnaire was
completed and the cohort was followed with periodic updates of residence and workplace.
Exposure to environmental tobacco smoke (ETS) and other sources of air pollution were
assessed through subsequent questionnaires in 1987, 1992, and 2000. Monthly
concentrations of ambient air pollutants (PM;,, Ozone, SO,, and NO,) were obtained
from monitoring stations. Air pollution metrics were interpolated to ZIP code centroids of
work and residence locations. Time-dependent Cox proportional hazard regressions in
single and two-pollutant models were used for analyses over the period of 1973 to time of
death or end of study for living subjects. The analyses were controlled for a number of
potential confounders including lifestyle.

In two pollutant models, each increment of 10 pg/m® for PM,, was associated
with an increased risk of fatal nonmalignant respiratory disease (NMRD) controlling for
03, NO; or SO, with adjusted relative risk (RR) of 1.13 [95% confidence interval (CI),
1.04-1.22], 1.05 (95% C1, 0.98-1.13) or 1.06 (95% CI, 0.99-1.14), respectively. The
highest RR of NMRD of 1.15 (1.03-1.29) was found for PM, after controlling for hours
per year in excess of 100 ppb O3 (Ose100). Also, for cancer death, an adjusted RR of 1.16
(95% CI, 1.03-1.31) was observed for each increment of 30 day/year when PM;
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exceeded 100 pg/m’ controlling for Os.

An increased risk of NMRD mortality was found to be associated with ambient
levels of PM . Also an increased risk of total cancer mortality was found to be associated
with ambient levels of PM ;. The risk estimates were strengthened when adjusting for
gaseous pollutants. These findings could have great implication for policy regulation.

B. Introduction

Short term time series studies have consistently provided evidence for harmful
effects of particulate matter (PM) on all-causes mortality of (Dominici, McDermott,
Zeger, & Samet, 2003; Samoli, et al., 2005; Wong, Vichit-Vadakan, Kan, & Qian, 2008;
Zanobetti & Schwartz, 2009), cardiopulmonary disease (CPD) (Dominici, et al., 2003),
and respiratory disease (Samoli, et al., 2005; Zanobetti & Schwartz, 2009) by using
timescales from days to months. Many studies have also found increased risks of all-
cause mortality as well as deaths from CPD, ischemic heart disease (IHD), respiratory
disease and respiratory cancer with chronic exposure to ambient PM (Abbey, et al., 1999;
Dockery, et al., 1993; Jerrett, et al., 2005; McDonnell, Nishino-Ishikawa, Petersen, Chen,
& Abbey, 2000; Pope, et al., 2004; Pope, et al., 1995), black smoke (BS), and nitrogen
oxides (NOy) (Filleul, et al., 2005; Hoek, Brunekreef, Goldbohm, Fischer, & van den
Brandt, 2002; Nafstad, et al., 2004).

The Adventist Health Study on the health effects of smog (AHSMOG) has
previously found increases in mortality due to any mention of nonmalignant respiratory
disease (NMRD), lung cancer in both genders (Beeson, Abbey, & Knutsen, 1998), all
natural cause (ANC) mortality, CPD deaths in males (Abbey, et al., 1999; McDonnell, et
al., 2000), and coronary heart disease (CHD) deaths in females (Chen, et al., 2005).
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Mortality ascertainment and exposure have recently been updated on the AHSMOG
cohort through 2006. The purpose of this study was to assess the association between
mortality of all-cause and cause-specific and long term ambient concentrations of PM;j
and other gaseous air pollutants using 30 years of follow-up.
C. Materials and Methods

1. Study Population

The AHSMOG study began in April 1977 by enrolling 6,338 participants

from the larger parent study of California Adventist [Adventist Health Study-1 (AHS-1)
(n=34,198)], a large cohort study of the relationship between lifestyle and risk of chronic
disease (Beeson, Mills, Phillips, Andress, & Fraser, 1989). To be included in the
AHSMOG study, subjects must be not currently smoking, non-Hispanic white aged 25
years or older at baseline and must have lived 10 years or longer within 5 miles of their
1976 neighborhood. All subjects satisfying these criteria were primarily selected from
three large metropolitan air basins in California - San Francisco, South Coast, and San
Diego air basins. In addition, a 13% random sample of 862 AHS-1 subjects was selected
from the rest of California and these served as a low exposure reference population. This
wide geographic spread of study subjects has assured large variation and wide ranges in
concentrations of different ambient air pollutants.

As part of their enrollment in the AHS-1 in 1976, all participants completed a
comprehensive mailed lifestyle questionnaire which included questions on years of
education, anthropometric data, past and current cigarette smoking, current and past
dietary habits, exercise patterns, and previous physician diagnosed chronic diseases
(Beeson, et al., 1989). As part of the AHSMOG cohort, monthly residence and work
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location histories were obtained for each subject for the period January 1966 through
December 2000 or until date of death or date of last contact by using mailed
questionnaires (1977, 1987, 1992, 2000), tracing by telephone, and interviewing of
surrogates (for deceased subjects). Only 29 (< 0.01%) persons were lost to follow-up
with respect to vital status and these were censored at date of last contact for purposes of
inclusion in risk sets. The follow-up questionnaires contained standardized questions on
respiratory symptoms, now included as part of the American Thoracic Society (ATS)
questionnaire (American Thoracic Society, 1995), and questions to ascertain lifestyle and
housing characteristics pertinent to relative exposure to ambient air pollutants as well as
occupational exposures to dust and fumes and indoor sources of air pollution, including
environmental tobacco smoke (ETS).

2. Estimation of Ambient Air Pollution Concentrations.

Estimates of monthly ambient concentrations of PM less than 10 pm in
aerodynamic diameter (PM,), number of days of PM;, concentrations above 100 ug/m3
per year (PMje100), 0zone (O3), number of hours of Oz concentrations above 100 ppb per
year (Ose100), sulfur dioxide (SO,), and nitrogen dioxide (NO,) were established for study
participants for 1973-2000 using fixed site monitoring stations. The detailed methods for
estimating ambient air pollutants for study participants have been described elsewhere
(Abbey, Hwang, Burchette, Vancuren, & Mills, 1995; Abbey, Mills, Petersen, & Beeson,
1991; Abbey, Ostro, Fraser, Vancuren, & Burchette, 1995). Briefly, monthly indices of
ambient air pollutant concentrations at 348 monitoring stations throughout California
were assigned to geographic ZIP code centroids using Inverse Distance Weighted (IDW)
interpolation according to home and work location histories of study participants. These
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were cumulated and then averaged over time. Interpolations were restricted to ZIP code
centroids within 50 km of a monitoring station and were not allowed to cross barriers to
airflow or other topographic obstructions in excess of 250 m above the surrounding
terrain. Concentrations of PM prior to 1987 were estimated using site- and season-
specific regressions based on total suspended particles (TSP) (Abbey, Hwang, et al.,
1995). Since 1987, directly monitored PM;( has been used. After year 2000,
concentration data for PM;¢ and O3 were further extended to 2006 by implementing
spatial interpolation methods in a GIS environment (ArcGIS 9.3, ESRI, Redlands,
California) in order to derive exposure estimates for the year 2000 residential locations of
subjects. Air pollution exposure estimates derived using the pre-2000, non-GIS methods
and those produced through the GIS based interpolation method were compared for the
years 1999 -2000 and showed a very high correlation (r=0.95). Thus, the GIS based
interpolations were used for assessing exposure to ambient air pollution from 2000 to
2006.
3. Ascertainment of Deaths

Deaths were ascertained through 2006 using record linkage with both the
California death certificate files and the National Death Index (NDI). In addition, our
tracing procedures also included examination of church records (Beeson, et al., 1989).
Each death certificate was coded according to the ICD-9 and ICD-10 codes by a state
certified nosologist who was blinded to the exposure status of the subject. Since 1998, the
cause of death was obtained from the NDI database. A total of 3,230 deaths (2012 in
females and 1218 in males) were identified as having ANC’s death (ICD-9: 1-799; ICD-
10: A00-R99). Specific causes of death with their ICD-9 and ICD-10 codes used in the
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study included : CPD (ICD-9: 401-440 and 460-519; ICD-10: 110-170 and J00-J98), CHD
(ICD-9: 410-414; ICD-10: 120-125), total cancer (ICD-9: ICD9:140-172, 174-209; ICD-
10: C00-C43 and C45-C97), and any mention of NMRD (ICD-9: 460-519; ICD-10: JOO-
J98) (Table 4.1).
4. Statistical Analysis

Time-dependent Cox proportional-hazards regression modeling was used
to study associations between pollutants (PM;o, O3, SO,, and NO;) and cause- specific
mortality with attained age as the time variable (Greenland, 1989). Measures for most of
the pollutants were available only from 1973. To standardize the exposure window
preceding the fatal event, a monthly average from1973 to the date of censoring was
selected as the time period of exposure for all death categories except cancer, CPD, and
CHD mortality. For total cancer mortality, a 3-year lag was used. This lag averaged the
pollutant only up to the 3 years prior to the date of censoring because of the expected
long latency period between the exposure and incidence of cancer. For CPD and CHD
mortality, a 4-year moving average of the ambient air pollutant level for the period
directly preceding each age risk set with 1 month lag was used as the exposure variable.
The last month before event was excluded to avoid measuring short-term effects.
Participants who did not die were censored at the end of follow-up or at the time of last
contact if they were lost for follow-up. The different air pollutants were entered into the
statistical model as continuous variables.

The basic multivariable model included past pack-years of cigarette smoking,

body mass index (BMI), and years of education. Additional candidate variables for
inclusion in the final model were selected based on literature search in addition to
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specially identified risk factors in this population and included years lived or worked with
a smoker (ETS), total physical activity at baseline, history of hypertension at baseline,
exposure to dust/fumes at work, frequency of eating nuts (Fraser, Sabate, Beeson, &
Strahan, 1992), number of glasses of water per day (Chan, Knutsen, Blix, Lee, & Fraser,
2002), time spent outdoors, frequency of meat consumption (< 1/wk vs. 1+/wk)
(Kontogianni, Panagiotakos, Pitsavos, Chrysohoou, & Stefanadis, 2008) and hormone
replacement therapy (HRT). These candidate variables were entered into the basic
multivariable model one at a time to assess their impact on the main effect. None of the
candidate variables changed the RR’s for the specific air pollutant more than 10% and
were therefore not included in the final model (Greenland, 1989). For any mention of
NMRD and total cancer mortality, the basic model also included ETS.

Sensitivity analyses were performed by including individuals in the analysis with
these prevalent diseases mentioned above and with the disease in question added to the
statistical model as a dichotomous indicator variable for each disease, indicating having
that disease (code=1) or not (code=0). The RRs of the air pollutants did not change
significantly and tended to be similar or somewhat weaker, but with narrower CI. In
addition, we found that the levels of PM pollutants used in this study had declined from
1973 to 2006 (Chen, et al., 2005) and we therefore included a variable for calendar time
to adjust for possible changes in PM composition over time.

The proportional hazard assumption was checked by examining log[-log(survival)]
curves versus time (attained age) as well as the product term of each respective variable
in the final model with the log of the time variable (Greenland, 1989). Each of these
interaction terms had a p-value greater than 0.05 based on the Wald statistic, indicating
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that the proportional hazards assumption was not seriously violated. This was supported
further by visual inspection of the log [-log(survival)] plots.

The same time dependent multivariable Cox proportional hazards regression
models were further used to study the associations in two-pollutant models of PM;( with
each of the gases (O3, SO, and NO,) for mortality from broad categories of causes. The
interactions between two individual pollutants were evaluated for inclusion in the final
model based on whether they changed the RR’s more than 10% or not. None of the terms
met this criterion (Greenland, 1989).

D. Results

A total of 1508 subjects (980 females, 528 males) were excluded in the primary
analysis because of a history of CHD, stroke, diabetes, cancer and/or COPD at baseline.
These subjects with comorbidities were later added in the sensitivity analyses. Thus, a
total of 4,830 subjects (3,080 females, 1,750 males) were included for the primary
analyses.

Table 4.1 shows the numbers and percentages of specific deaths by cause
categories from 1977 to 2006 in the ostensibly healthy AHSMOG cohort. Compared to
our earlier follow-up (Abbey, et al., 1999), the additional 6 years of follow-up resulted in
approximately 35% increase in number of deaths in each specific mortality cause
category. By the end of 2006, a total of 2,159 deaths occurred from ANC, 1,312 from
CPD, 536 from CHD, 404 from cancers and 205 from any mentioned nonmalignant
respiratory diseases. Baseline characteristics of the study population are given in Table
4.2. Those who died from ANC were older, less educated, and more likely to have
hypertension. A lower proportion of ANC cases ate nuts 1 to 4 times per week and drank
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water less than 2 glasses per day compared to the non-cases. A lower proportion of ANC
death cases had ETS. The mean concentrations of pollutants (PM;, gaseous) in the
AHSMOG cohort (Figure 4.1 to Figure 4.6) and correlation of pollutants from 1973
through the month of censoring are provided in Table 4.3. The correlations of PM;y with
03, especially PMge100 With Os¢190, were stronger than those with NO, and SO,.
1. All Natural Cause Mortality
In single-pollutant models, a positive, but non-significant, relationship was
found between each increment of 10 pg/m’ PM g and risk of ANC mortality (Table 4. 4).
This relationship became stronger and borderline significant when mean O3 concentration
was added in two-pollutant models [1.04 (95% confidence interval (CI): 1.00-1.09)].
However, this was not the case for NO, and SO, (Table 4.5).
2. Cardiopulmonary Disease Mortality
In single-pollutant models, no association was found between PM,( and
risk of fatal CPD (Table 4.4). The relationship became positive and stronger in two-
pollutant models with O3, but not with the other gaseous pollutants (NO,, and SO,). The
association between PM( and fatal CPD was the strongest in the two-pollutant model
with O3 €100 [RR of 1.07 (95% CI: 1.00-1.14)] (Table 4.5).
3. Coronary Heart Disease Mortality
In single-pollutant models, a weak positive, but non-significant,
relationship was found between each pollutant (PM;y, NO, and SO,) and risk of fatal
CHD, except for Oz (Table 4.4). The relationship between PM;( and fatal CHD was
strengthened when O3 €100 was added to the model [RR=1.09 (95% CI: 0.98-1.20)]. It
was virtually unchanged when O3 was added to the model. Adding mean O;
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concentration or other gaseous pollutants (NO, or SO,) did not change the effect of PM ;g
and fatal CHD with RR of 1.09 (95% CI: 0.98-1.20) after O; €100 was added (Table 4.5).
4. Total Cancer Mortality

In single-pollutant models, a positive, but non-significant, relationship
was found between each pollutant (PM;,, SO,, and NO,) and risk of cancer death, except
for O3 (Table 4.4). The association between PM; and risk of cancer death became
stronger and significant in two pollutant models with O3, but not with O30 in the model.
The strongest relationship in the model was found between PM ;100 (adjusted for O3) and
cancer with RR of 1.16 (95% CI: 1.03-1.31) (Table 4.5).

5. Any Mention of Nonmalignant Respiratory Disease Mortality.

In single-pollutant models, a positive and borderline significant
relationship was found between PM;oand any mention of NMRD deaths as well as for
NO;, and SO,, but not for O; (Table 4.4). However, the relationship with PM;o became
significant in two-pollutant models [(PM;o: RR=1.13 (95%CI: 1.04-1.22) with Os]; and
O3e100 [(PM10: RR=1.15 (95%CI: 1.03-1.29) with O3¢100] as well as PM;, €100 [RR=1.14
(95%CI: 1.02-1.27) with O3] (Table 4.5).

E. Discussion

With 30 years of AHSMOG cohort follow up, we found that long-term exposure
to ambient concentrations of air pollutants (PM;o, NO,, and SO,) were associated with
increased mortality. Relative risks were generally small. Statistically significant
associations between PM; exposure and mortality by any mention of nonmalignant
respiratory causes and cancer were found after adjusting for O3 with strongest effect for
NMRD controlled for O3¢50, Relative risks were also non-significantly increased for
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ANC mortality as well as mortality from CPD and CHD. The strongest association was
found between PM( and mortality by any mention of nonmalignant respiratory causes
controlled for Osc100.

Many long-term studies have found increased risks of all-cause mortality and
mortality from broad categories of causes with PM, especially with fine PM (PM, s).
Unfortunately, we do not have PM,; s estimates for entire AHSMOG cohort and therefore,
we cannot directly compare our results with results published from two US long-term
studies — the Harvard Six Cities (Dockery, et al., 1993) and the American Cancer Society
(ACS) (Pope, et al., 1995). The Harvard Six Cities Study included 8000 adults living in
six US cities with a 14- to 16-year prospective follow-up, representing a wide range of
pollution exposure. Although the Six Cities Study reported PM;, and other pollutants that
we have addressed, their pollutants were limited to six centrally located air pollution
monitoring sites. The same estimate was assigned to all participants living in the same
community and, therefore, the study had less ability to differentiate between specific
pollutants.

The Harvard Six Cities study reported that the RRs for ANC mortality and mean
concentrations of PM;owere 1.27 for a difference of 28.3 pg/m’ when comparing most-
polluted with least-polluted areas. This effect is greater than the observed in our study
with an effect of 1.04 per increment of 10 pg/m’. The Six Cities and the ACS studies
have also reported a positive association between deaths of cardiovascular disease and
CPD, and long-term exposure to ambient PM, but mostly limited to PM,s. The

Washington University-EPRI veterans cohort study (Lipfert, et al., 2000), in which all
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subjects were male and hypertensive at baseline, showed no increased mortality with
increasing levels of PM including TSP and PM,y.

Two European cohort studies have both studied traffic related pollution (Hoek, et
al., 2002; Nafstad, et al., 2004). In the Netherlands, a random sample of 5000 subjects
was selected from the Netherlands Cohort Study on Diet and Cancer (NLCS) cohort
(Beelen, et al., 2008). Recently reported results from NLCS were comparable with ours.
RRs were generally small in the full cohort. The RRs for a 10 pg/m’ increase in BS were
1.05 (95% CI: 1.00-1.11) for ANC, 1.04 (95% CI: 0.95-1.13) for cardiovascular, 1.03
(95% CI: 0.88-1.20) for lung cancer, and 1.04 (95% CI: 0.97-1.12) for mortality other
than cardiovascular, respiratory, or lung cancer. Results were similar for NO, (Beelen, et
al., 2008). Among Norwegian men, Nafstad et al. (2004) found that for each increase of
10 pg/m’ in nitrogen oxides (markers of traffic pollution), the risk increased by 8% for
ANC deaths and fatal IHD and by 16% for respiratory disease other than lung cancer
deaths.

In another European study PAARC which included 14,284 adults who resided in
24 areas from seven French cities, Filleul et al. (2005) found that for each increase of 10
ng/m’ in TSP, the risk was increased by 5% for all non-accident causes of death and by 6%
for cardiopulmonary disease death. They also reported an increase in risk of 7% for all
non-accident causes of death and of 5% in cardiopulmonary disease deaths for each
increase of 10 ug/m’ in BS.

Our findings of association between ANC, cardiovascular and CHD mortality and
PM, were positive and comparable to other US and European studies. Comparisons of
current results with published findings from other long-term studies were limited because
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they used estimates of PM, 5 and in our study PM, s is only available in a sub-cohort
(n=3,769) of our population, those living near airports in California and thus was not
included in our analyses. The ACS study has published results only pertaining to PM; s
and gases (e.g. O3, SO4) (Pope, et al., 2004; Pope, et al., 1995). The Harvard Six Cities
study addressed all the pollutants but emphasized on association with PM; s too (Dockery,
et al., 1993; Laden, Schwartz, Speizer, & Dockery, 2006). The Washington University-
EPRI Veterans cohort study (Lipfert, et al., 2000) was limited only to male and
hypertensive subjects. It only had significant findings on O3 and NOy. European cohort
studies (Filleul, et al., 2005; Hoek, et al., 2002; Nafstad, et al., 2004) mainly studied
traffic related pollutants (BS, NOy).

Compared with previous reports from the AHSMOG study (Abbey, et al., 1999),
our study extended the follow-up of mortality using improved analytical techniques. Our
results on ANC mortality were in line with previously published findings, but the effect
estimates were somewhat weaker. Possible explanations for the weaker effect estimates
in the current study could be that we excluded many subjects with prevalent diseases
(CHD, stroke, diabetes and cancer) whereas these were included in the previous 15-year
follow-up reported by Abbey et al (1999). In our study we used 4-year moving average
for CPD and CHD mortality where Abbey used cumulative mean concentration from first
month through the month of death and interquartile range (IQR) to calculate RRs. Also,
we did gender combined analyses since the interaction term with gender was not
significant.

For CPD mortality during 30 years follow-up, there were no gender differences
and no effect of PMj or the gaseous pollutants when we excluded subjects with baseline
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CHD, stroke and diabetes. Based on our previous findings and other studies, particulate
air pollution seems to have a stronger effect on fatal CHD than on other fatal endpoints
and a stronger effect was found in females (Chen, et al., 2005). We found a similar trend
of increasing risks of mortality of ANC, CPD, and CHD.

Except for mean concentrations of Os, the levels of air pollutants and pollutant
indices declined markedly from 1973 to 2006 in our study. However, the most marked
decline was seen sometime after 1992 for PM; (Chen, et al., 2005). Compared to the
earlier papers from this study, the lower risk estimates on ANC, CPD, and CHD mortality
could be partially due to lower exposure levels during recent years.

The findings from our current study were consistent with NMRD mortality when
compared with previous report on gender combined results (Abbey, et al., 1999). The
AHSMOG previous analysis reported that PM;, showed a significant association with
any mention of nonmalignant respiratory mortality. The adjusted RRs of NMRD
mortality for the 43 day/year IQR of PM;q(100) and 24.08 ug/m3 IQR of PM;yp mean
concentration were 1.18 (95% CI: 1.02, 1.36) and 1.16 (95% CI: 0.97, 1.39), respectively.
The relationship was significantly and positively related to mortality in males, but not in
females. With our improved model and exclusion of prevalent COPD, we found that the
relationship was increased in combined gender NMRD mortality. The updated analysis
from NLCS-AIR study (Beelen, et al., 2008) showed positive but non-significant
association with BS with RRs of 1.22 (95% CI, 0.99-1.50) for a 10 ug/m’ increase of
PM; for respiratory mortality in the whole cohort. Our data showed a significant positive

association for PMj. It was comparable to the NLCS-AIR study.
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The elevated risk of total cancer mortality with PM;, in our report is consistent
with the findings of others. Comparisons of current results with published findings were
limited because a few cancer mortality studies used exposure estimates of PM. NOx is a
surrogate for PM estimates. An increased risk of lung cancer with NOy was reported in
Norwegian men (Nafstad, et al., 2004) and also, an increased risk of breast cancer with
suspended particulate matters (SPMs) or converted PM; s was reported in Japanese
women (Iwai, Mizuno, Miyasaka, & Mori, 2005). The European NCLS study (Hoek, et
al., 2002) reported that the relative risk increased 15% for cancer death excluding CPD
and lung cancer with background BS. In a previous AHSMOG report, PMioc100), O3(c100),
and SO, were all significantly associated with increased risk of lung cancer mortality in
males, but not in females (Abbey, et al., 1999). The adjusted RRs of lung cancer
mortality for the 43 day/yr IQR of PM g (c100) were 2.38 (95% CI: 1.42, 3.97) in males and
1.08 (95% CI: 0.55, 2.13) in females. The previous study, however, had lower power. In
this analysis, we combined all cancer deaths, but lung and breast cancers were main
cancers. We found that exceedance frequencies of PMjo over 100 pg/m’ showed stronger
associated with cancer mortality than PM;( mean concentrations and this finding is in line
with previous AHSMOG reports for genders combined (Abbey, et al., 1999).

The biologic mechanism for how ambient PM pollution can increase cancer risk is
still not clear. However, other epidemiological studies suggest that the risk of cancer is
increased in humans with long-term occupational exposure to diesel exhaust particles
(DEP) (U.S. EPA, 2002). In addition, chronic inhalation of high concentration of DEP is
association with lung tumor formation in rats in a dose-related manner (Iwai, et al., 2000).

An indirect genotoxicity pathway was identified by chronic inhalation of carbon black
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particles in rats. This secondary genotoxicity pathway involved a particle overload
situation resulting in inflammation and proliferation of alveolar epithelial cells. Lung
inflammation is known to occur only at a high dose (a threshold effect) (Greim, et al.,
2001).

Since different components of air pollution frequently occur together and are
highly correlated (Table 4.2), EPA has suggested that the association observed with PM
could instead be due to gaseous pollutants (U.S. EPA, 1989). Some significant
associations were observed between specific mortality causes, especially NMRD
mortality, when gaseous pollutants were added one at a time to form two-pollutant
models with PM;y. The modifying effect of gases could possibly be explained by findings
which indicate that lung epithelial permeability increases with exposure to Oz (Blomberg,
et al., 2003), making the body more susceptible to intrusion of particulate matter.

1. Strengths and Limitations

Our study is one of the few long-term cohort studies with detailed
information on residence and work history in a nonsmoking cohort. Thus, we were able
to assign ambient air pollution levels accordingly. In the Harvard Six Cities study,
exposure was assessed over a longer period, but based on only one air monitoring station
in each city or residence. In the ACS study individual exposure was assessed by ZIP code
of a metropolitan area. In our study, estimation of ambient air pollution concentrations
was done through interpolations from fixed monitoring stations to ZIP code centroids of
work and home locations of study participants.

Since all subjects in the AHSMOG study were non-current smokers, our results
were free from the confounding of active cigarette smoking. We had detailed information
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about ETS and past smoking and were able to adjust for these effects as well. Any
modifying effect of alcohol was also eliminated since more than 90% never consumed
alcohol. Since the AHSMOG study has extensive information on lifestyle, we were able
to adjust for the effects of a number of such factors including dietary factors.

Although we have shown significant effects of ambient air pollution on cancer
and non-malignant respiratory mortality, we have unknown amounts of measurement
error in both the estimated long-term ambient concentrations of pollutants as well as
other covariates. One source of measurement error is due to interpolating ambient
concentrations (PMg, O3, NO,, and SO,) from fixed site monitoring stations to ZIP code
centroids of work and home locations of study participants (Abbey, Hwang, et al., 1995;
Abbey, et al., 1991). Use of ambient concentrations rather than measures of personal
exposure could be another limitation in this study. The results from the Particle TEAM
(PTEAM) study indicated that the personal exposure was poorly correlated with outdoor
ambient concentration (Ozkaynak, et al., 1996). We have not been able to take this into
consideration when estimating each subject’s ambient air pollution levels. These could
bias the results toward the null.

F. Conclusions

In summary, this study found an increased risk of any mention of nonmalignant
respiratory mortality associated with ambient levels of PM;. Also, an increased risk of
total cancer mortality was found to be associated with ambient levels of PM,. The risk
estimates were strengthened when adjusting for gaseous pollutants. Our findings are in
line with findings by others for the effects of PM on all cause, cancer, and non-cancer
respiratory mortality.
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Further studies are needed from larger cohorts and with longer follow-up to
support our findings. Developing more accurate ways to assess an individual’s exposure
to ambient levels of PM will improve precision of risk estimates. Furthermore, it is
important to study whether the effects of air pollution are reversible in a similar manner

as found when smokers stop smoking.
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Table 4.1 Mortality Distribution by Cause of Death”

Cause of Death ICD Code Totals
(n=4,830)

All nature cause ICD9: 001-799; 2159 (44.7)
ICD-10: A00-R99

Cardiopulmonary ICD9: 401-440, 460-519; 1312 (27.2)
ICD-10: 110-170 and J00-J98

CHD ICD9: 410-414; 536 (11.1)
ICD-10: 120-125

Total cancer ICDY9:140-172, 174-209; 404 (8.4)
ICD-10: C00-C43 and C45-C97

NMRD ICD9:460-519; 205 (4.2)

ICD-10: J00-J98

Abbrevations: ICD=International classification of diseases.
*Number and percentage of death by causes.

YAHSMOG cohort with exclusion of prevalence coronary, stroke, diabetes, cancer, COPD, 1977-2006.
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Table 4.2 Selected Characteristics at Baseline”

Characteristic ANC deaths Non deaths Total
(n=2,195) (n=2,635) (n=4,830)
Age (years), mean+SD 66.5 +11.1 49.5+10.8 57.1+13.8 **
Male Gender 830 (37.8) 920 (34.9) 1750 (36.2) *
Years of education, mean+SD 13.24+3.1 14.1+2.6 13.742.9 **
BMI* at or above median 1040 (47.4) 1130 (42.9) 2170 (44.9) **
Pack-years of smoking for past smokers, mean+SD 17.4 +21.0 13.6 +16.7 153+18.8 *
Hours outdoors per week, mean+SD 12.7 +11.6 12.2 +10.8 122 +11.2
Never smokers 1680 (76.5) 2132 (80.9) 3812 (78.9)
ETS 1178 (53.7) 1724(65.4) 2902 (60.1) **
OHE 103 (4.7) 94 (3.6) 197 (4.1) *
History of hypertension 640 (29.2) 408 (15.5) 1048 (21.7) **
Total exercise ok
Low 790 (36.0) 1168 (44.3) 1958 (40.5)
Moderate and high 1344 (61.2) 1499 (56.9) 2843 (58.9)
Meat consumption® *
<1wk 1051 (47.9) 1225 (46.5) 2276 (47.1)
>=1 wk 970 (44.2) 1341 (50.9) 2311 (47.8)
Use alcoholic beverages 118 (5.4) 256 (9.7) 374 (7.7) **
Nuts® ok
<=2 /mo 667 (30.4) 937 (35.6) 1604 (33.2)
1-4/wk 823 (37.5) 1108 (42.0) 1931 (40.0)
5+/wk 526 (24.0) 519 (19.7) 1045 (21.6)
Water® %
<=2 glasses/day 241 (11.0) 542 (20.6) 783 (16.2)
3-4 glasses/day 793 (36.1) 989 (37.5) 1782 (36.9)
5+ glasses/day 1076 (49.0) 1102 (41.8) 2178 (45.1)

Abbreviations: SD=Standard deviation; BMI=Body mass index=weight (kg)/height (m)*; ETS=Environmental tobacco smoke from
1977 questionnaire; OHE=Occupational exposure to air pollutants for more than 10 years; HRT=Hormone replacement therapy.

Note. Values are presented as no. (%) or mean+SD
*Some columns do not add to 100% because of missing data.

YAHSMOG cohort with exclusion of prevalence coronary, stroke, diabetes, cancer, COPD.

*<0.05, **<0.001
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Table 4.3 Descriptive Statistics and Correlations between Long-Term Averages of Pollutants Estimated for

Study Participants, 1973 through Month of Censoring (n=4,830)"

PM]() mcC PMlo e100 03 mc 03 e100 N02 mc SOZ mc

(ug/m’) (day/year) (ppb) (hrs/year) (ppb) (ppb)
Mean +SD 51.8+15.8  62.1 +64.4  26.8+7.1 27.4+24.8 36.0 +12.9 5.2 +3.1
PM;, 1.00 0.88%* 0.69%* 0.86%** 0.54%** 0.43%*
PM( c100 1.00 0.62%* 0.85%* 0.17%* 0.14%*
0; 1.00 0.78%** 0.21%** 0.15%*
03 e100 1.00 0.4]1%* 0.31%*
NO, 1.00 0.80%**
SO, 1.00

Abbreviations: SD=standard deviation; mc=mean concentration; ppb=parts per billion.
*AHSMOG cohort with exclusion of prevalence coronary, stroke, diabetes, cancer, COPD.
sk

p<0.01.
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Table 4.4 Adjusted Mortality Relative Risks by Cause of Death in Single-Pollutant Models (n=4,830)

Cause of Death Pollutant INC® Cases RR (95% CI)
All natural cause® PMjo 10 pg/m’ 1721 1.01 (0.98-1.04)
(1977-2006) PMpel100 30 day/yr 1721 1.04 (1.00-1.09)
0O; 10 ppb 1721 0.95 (0.89-1.01)
0;¢100 100 hr/yr 1721 1.00 (0.98-1.01)
NO; 10 ppb 1719 1.02 (0.98-1.06)
SO, 1 ppb 1586 1.01 (1.00-1.03)
Cardiopulmonary’ ~ PMj 10 pg/m’ 973 1.00 (0.96-1.04)
(1977-2006) PMjpel00 30 day/yr 973 0.99 (0.93-1.06)
0O; 10 ppb 973 0.92 (0.84-1.00)
05 el00 100 hr/yr 973 0.98 (0.96-1.01)
NO; 10 ppb 971 0.99 (0.94-1.05)
SO, 1 ppb 935 1.01 (0.98-1.04)
CHD" PM 10 pg/m’ 412 1.02 (0.96-1.08)
(1977-2006) PMjpel00 30 day/yr 412 1.03 (0.93-1.13)
0O; 10 ppb 412 0.93 (0.82-1.07)
0;¢100 100 hr/yr 412 0.99 (0.95-1.03)
NO; 10 ppb 412 1.01 (0.94-1.11)
SO, 1 ppb 398 1.04 (0.99-1.09)
Total cancer® PM; 10 ],Lg/rn3 341 1.05 (0.98-1.12)
(1977-2006) PMjpel00 30 day/yr 341 1.08 (0.99-1.20)
0O; 10 ppb 341 0.98 (0.85-1.13)
05 el00 100 hr/yr 341 1.03 (0.99-1.07)
NO; 10 ppb 341 1.04 (0.96-1.12)
SO, 1 ppb 314 1.01 (0.98-1.05)
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Table 4.4 (continued) Adjusted Mortality Relative Risks by Cause of Death in Single- Pollutant
Model (n=4,830)

Cause of Death Pollutant INC® Cases RR (95% CI)
Any mention of PMjo 10 pg/m’ 450 1.06 (1.00-1.12)
nonmalignant PM;pe100 30 day/yr 450 1.08 (0.99-1.17)
Respiratoryd O 10 ppb 450 0.98 (0.86-1.12)
(1977-2006) 05 ¢100 100 hr/yr 450 1.01 (0.98-1.04)
NO; 10 ppb 449 1.05 (0.98-1.13)
SO, 1 ppb 421 1.02 (0.99-1.06)

Abbreviations: RR=Relative risk; CI=Confidence interval.

*Adjusted for years of past smoking, years of education, BMI (below vs. at or above median), calendar month and
80% good data flag for PM;, & gaseous, with exclusion of prevalent coronary, stroke, diabetes, cancer, COPD,
pollution average 1973-censor date.

°Adjusted for years of past smoking, years of education, BMI (below vs. at or above median), calendar month and
80% good data flag for PM;, & gaseous, with exclusion of prevalent coronary, stroke, diabetes, cancer, COPD,
pollution 4-yr average prior to event date.

“Adjusted for years of past smoking, years of education, BMI (below vs. at or above median),ETS, calendar month
and 80% good data flag for PM,, & gaseous, with exclusion of prevalent coronary, stroke, diabetes, cancer, COPD,
pollution average 1973-censor date with 3 yrs lag.

Adjusted for years of past smoking, years of education, BMI (below vs. at or above median), ETS, calendar
month and 80% good data flag for PM,y & gaseous, with exclusion of prevalent coronary, stroke, diabetes, cancer,
COPD, pollution average 1973-censor date.

°Rate ratios were calculated for an increment of 10 pg/m’ for each of the particulate pollutants and 10 ppb for each
of the gaseous pollutants, except SO, which was calculated for an increment of 1 ppb. Also, an increment of 30
days/year was chosen to calculate rate ratios for PM;, above 100 pg/m® and an increment of 100 hours/year was
used to calculate rate ratios for O; above 100 ppb.



Table 4.5 Adjusted Mortality Relative Risks by Cause of Death in Two-Pollutant Models

(n=4,830)
Cause of Death Two Pollutants INC® Cases RR (95% CI)
All natural cause® PMo + Os PMo 10 pg/m’ 1721 1.04 (1.00-1.09)
(1977-2006) Os 10 ppb 0.89 (0.81-0.97)
PM;el100 + O, PM,pel00 30 day/yr 1721 1.04 (0.98-1.10)
O; 10 ppb 0.91 (0.84-0.99)
PM,,+05¢l100  PM,, 10 pg/m’ 1721 1.04 (0.98-1.10)
05 ¢100 100 hr/yr 0.98 (0.95-1.01)
PM,, + NO, PM,o 10 pg/m’ 1719  0.99 (0.95-1.02)
NO, 10 ppb 1.02 (0.98-1.07)
PM;, + SO, PM,o 10 pg/m’ 1586  1.01 (0.97-1.05)
SO, 1 ppb 1.01 (0.99-1.03)
Cardiopulmonary” PM;y+ O5 PMy, 10 pg/m’ 973 1.03 (0.98-1.08)
(1977-2006) 0O; 10 ppb 0.88 (0.80-0.98)
PM;( €100 + Os PM;pel00 30 day/yr 973 1.03 (0.96-1.11)
Os 10 ppb 1.01 (0.99-1.04)
PM;y+ 05 ¢el00 PM,o 10 pg/m’ 973 1.07 (1.00-1.14)
05 ¢e100 100 hr/yr 0.95 (0.91-0.99)
PM,, + NO, PM,, 10 pg/m® 971 1.00 (0.95-1.05)
NO, 10 ppb 0.99 (0.92-1.06)
PM,, + SO, PM,o 10 pg/m’ 935 1.00 (0.97-1.05)
SO, 1 ppb 1.01 (0.98-1.04)
CHD? PM;, + O3 PM,o 10 pg/m’ 412 1.05 (0.98-1.13)
(1977-2006) 0; 10 ppb 0.88 (0.75-1.03)
PM;( €100 + Os PM;pel00 30 day/yr 412 1.07 (0.95-1.19)
O; 10 ppb 0.89 (0.77-1.04)
PM;( + O; e100 PM,o 10 pg/m’ 412 1.09 (0.98-1.20)
05 ¢e100 100 hr/yr 0.95 (0.89-1.01)
PM,, + NO, PM,, 10 pg/m® 412 1.01 (0.94-1.09)
NO, 10 ppb 1.01 (0.91-1.12)
PMy, + SO, PMy, 10 pg/m’ 399 1.02 (0.96-1.09)
SO, 1 ppb 1.04 (0.99-1.09)
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Table 4.5 (continued) Adjusted Mortality Relative Risks by Cause of Death in Two-
Pollutant Models (n=4,830)

Cause of Death Two Pollutants INC* Cases RR (95% CI)
Total cancer® PM;, + O5 PM,, 10 p,tg/rn3 341 1.10 (1.01-1.21)
(1977-2006) 0; 10 ppb 0.84 (0.69-1.03)
PM;ye100 + O; PMjye100 30 day/yr 341 1.16 (1.03-1.31)
0O; 10 ppb 0.85 (0.71-1.03)
PM;y+ 05 ¢el00 PMy, 10 pg/m’ 341 1.00 (0.89-1.13)
05 ¢e100 100 hr/yr 1.03 (0.96-1.10)
PM,, + NO, PM,, 10 pg/m® 341 1.04 (0.96-1.12)
NO, 10 ppb 1.01 (0.93-1.11)
PM;, + SO, PMy, 10 pg/m’ 315 1.06 (0.98-1.15)
SO, 1 ppb 1.00 (0.97-1.04)
Any mention of PM;y + O; PMi, 10 ug/m3 450 1.13 (1.04-1.22)
nonmalignant 0O; 10 ppb 0.82 (0.68-0.98)
respiratorycl PM;, €100 + O4 PM;ye100 30 day/yr 450 1.14 (1.02-1.27)
(1977-2006) 0; 10 ppb 0.86 (0.73-1.02)
PM;( + O; e100 PM,o 10 pg/m’ 450 1.15 (1.03-1.29)
05 ¢l100 100 hr/yr 0.95 (0.89-1.01)
PM,, + NO, PMy, 10 pg/m’ 449 1.05 (0.98-1.13)
NO, 10 ppb 1.02 (0.93-1.11)
PM,, + SO, PM,, 10 pg/m® 421 1.06 (0.99-1.14)
SO, 1 ppb 1.01 (0.97-1.05)

Abbreviations: RR= Relative risk; CI= Confidence interval.

?Adjusted for years of past smoking, years of education, BMI (below vs. at or above median), calendar month and 80%
good data flag for PM;, & gaseous, with exclusion of prevalent coronary, stroke, diabetes, cancer, COPD, pollution
average 1973-censor date.

®Adjusted for years of past smoking, years of education, BMI (below vs. at or above median), calendar month and 80%
good data flag for PM;, & gaseous, with exclusion of prevalent coronary, stroke, diabetes, cancer, COPD, pollution 4-
yr average prior to event date.

“Adjusted for years of past smoking, years of education, BMI (below vs. at or above median),ETS, calendar month and
80% good data flag for PM;, & gaseous, with exclusion of prevalent coronary, stroke, diabetes, cancer, COPD,
pollution average 1973-censor date with 3 yrs lag.

4Adjusted for years of past smoking, years of education, BMI (below vs. at or above median), ETS, calendar month and
80% good data flag for PM;, & gaseous, with exclusion of prevalent coronary, stroke, diabetes, cancer, COPD,
pollution average 1973-censor date.

“Rate ratios were calculated for an increment of 10 pg/m’ for each PM, 10 ppb for each of O or NO,, and 1 ppb for
each of SO,. Also, an increment of 30 days/year was chosen to calculate rate ratios for PM;, €100 and an increment of
100 hours/year was used to calculate rate ratios for O; €100.
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CHAPTER 5

OTHER FINDINGS

A. Introduction

The risks of mortality and morbidity are increased with increased concentrations
of particulate air pollution. However, not all groups of people respond to ambient
particulate matter (PM) in the same way (Goldberg, et al., 2000; Goldberg, et al., 2001;
Kwon, et al., 2001; Kwon, Lee, Jee, Lee, & Hwang, 2007; Mann, et al., 2002; Peters, et
al., 2001; Sunyer, et al., 2000; Ulirsch, et al., 2007; Zanobetti & Schwartz, 2001, 2002;
Zanobetti, Schwartz, & Dockery, 2000)

Several studies have reported that people with chronic obstructive pulmonary
disorder (Sunyer, et al., 2000), conduction disorder (Mann, et al., 2002; Zanobetti,
Schwartz, & Gold, 2000), congestive heart failure (Goldberg, et al., 2000; Kwon, et al.,
2001; Mann, et al., 2002), diabetes (Brook, et al., 2008; Goldberg, et al., 2000; Goldberg,
et al., 2006; Zanobetti & Schwartz, 2001, 2002; Zanobetti, Schwartz, & Gold, 2000) and
myocardial infarction (Peters, et al., 2001) are at greater risk of adverse events associated
with air pollution, especially with particulate matter.

Individuals with systemic disease, such as cardiac disease and diabetes may be
susceptible to the short term effects of air pollution (Goldberg, et al., 2001). To identify
the susceptible subgroups at risk may provide information regarding mechanisms and
could have importance for public health purposes to reduce exposure for certain

subgroups. In this study, we have focused on the risk of coronary heart disease (CHD)
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deaths associated with long term ambient particulate air pollution in specific susceptible
subgroups.
B. Materials and Methods

1. Study Population

The AHSMOG study began in April 1977 by enrolling 6,338 participants

from the Adventist Health Study (AHS) (n=34,198), a large cohort study of the
relationship between lifestyle and risk of chronic disease (Beeson, et al., 1989). To be
included in the AHSMOG study, subjects must be nonsmoking, non-Hispanic whites
aged 25 years or older at baseline and must have lived 10-years or longer within 5 miles
of their 1976 neighborhood. All subjects satistying these criteria were selected from three
large metropolitan air basins in California - San Francisco, South Coast, and San Diego
air basins. In addition, a 13% random sample of 862 AHS subjects was selected from the
rest of California. This wide geographic spread of study subjects has assured large
variation and wide ranges in concentrations of different ambient air pollutants.

As part of their enrollment in the AHS in 1976, all participants completed a
comprehensive questionnaire which included questions on years of education,
anthropometric data, past and current cigarette smoking, current and past dietary habits,
exercise patterns, and previous physician diagnosed chronic diseases (Beeson, et al.,
1989). Monthly residence and work location histories were obtained for each subject for
the period January 1966 through December 1998 or until date of death or date of last
contact by using mailed questionnaires (1977, 1987, 1992, 2000), tracing by telephone,
and interviewing of surrogates (for deceased subjects). Only 29 (< 0.01%) persons were

lost to follow-up with respect to vital status and these were censored at date of last
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contact for purposes of inclusion in risk sets. The follow-up questionnaires contained
standardized questions on respiratory symptoms, now included as part of the American
Thoracic Society (ATS) questionnaire (American Thoracic Society, 1995), and questions
to ascertain lifestyle and housing characteristics pertinent to relative exposure to ambient
air pollutants as well as occupational exposures to dust and fumes and indoor sources of
air pollution, including environmental tobacco smoke (ETS).

2. Definition of Sensitive Groups

Five potential sensitive groups were identified: elderly, those with

prevalent CHD, prevalent diabetes, prevalent COPD, and past smokers. The age group
included subjects who were 65 years or old at baseline or reached this age anytime during
follow-up. The CHD group was defined as those subjects who reported having ever had
any heart attack or myocardial infarction (MI), and/or CHD at baseline, ever had a heart
attack or myocardial infarction before *82 from hospital records, or ever had a heart
attack or MI on the 1987, and 2000 follow-up questionnaires. The diabetes group was
defined as those subjects who reported having diabetes at baseline. The COPD group was
defined as those subjects who reported having any symptoms of asthma, bronchial
condition, or emphysema on the *77, *87, ’92, or 2000 questionnaires. The smoking
group was defined as those subjects who reported ever having regularly smoked
cigarettes, cigars, or a pipe on the *76, *77, ‘87, ‘92, °93 or 2000 questionnaires. The
subjects only contributed to the follow-up from the time they indicated having the disease

in the questionnaire.
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3. Estimation of Ambient Air Pollution Concentrations

Estimates of monthly ambient concentrations of PM less than 10 um in
diameter (PM,), ozone (O3), sulfur dioxide (SO;), and nitrogen dioxide (NO,) were
formed for study participants for 1973-1998 using fixed site monitoring stations
maintained by California Air Resources Board (CARB). The detailed methods for
estimating ambient air pollutants for study participants are described elsewhere (Abbey,
Hwang, Burchette, Vancuren, & Mills, 1995; Abbey, et al., 1991). Briefly, monthly
indices of ambient air pollutant concentrations at 348 monitoring stations throughout
California were interpolated to geographic ZIP code centroids according to home and
work location histories of study participants. These were cumulated and then averaged
over time. Interpolations were restricted to ZIP code centroids within 50 km of a
monitoring station and were not allowed to cross barriers to airflow or other topographic
obstructions in excess of 250 m above the surrounding terrain. Concentrations of PMj,
prior to 1987 were estimated using site- and season-specific regressions based on total
suspended particles (TSP) (Abbey, Hwang, et al., 1995). Since 1987, directly monitored
PM o has been used.

4. Ascertainment of Deaths

Fatal CHD, defined by codes 410-414 of the International Classification of
Diseases, 9" Revision (ICD-9) (World Health Organization, 1977) as either “definite
fatal myocardial infarction” or “other definite fatal CHD” as underlying or immediate
cause of death was used to assess fatal CHD.

Deaths were ascertained through 1998 using record linkage with both the
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California death certificate files and the National Death Index. In addition, our tracing
procedures, which included church records, were used (Beeson, et al., 1989). Death
certificates were obtained, and a state-certified nosologist, blinded to the exposure status,

coded each death certificate according to the ICD-9 codes.

5. Statistical Analysis
For each sensitive subgroup, gender specific time dependent Cox

proportional-hazards regression modeling was used to study associations between
pollutants (PM;y, O3 and NO,, and SO;) and CHD mortality with attained age as the time
variable (Greenland, 1989). Rate ratios were calculated for an increment of 10 pg/m’ for
each of the particulate pollutants and 10 ppb for each of gaseous pollutants, except SO,
which was calculated for an increment of 1 ppb. A moving 4-year average of the ambient
air pollutant level for the period directly preceding the event with a 1 month lag was used
as the exposure variable. Last month before event was excluded to avoid measuring
short-term effects. Participants who did not die were censored at the end of the follow-up
or at time of last contact if they were lost to follow-up. The different pollutants were
entered into the model as continuous variables.

The basic multivariable model included past pack-years of cigarette smoking,
body mass index (BMI), and years of education for all the sensitive groups, except the
smoker group. Additional candidate variables for inclusion in the final model were ETS
(years lived or worked with a smoker), total physical activity at baseline, history of
hypertension at baseline, exposure to dust/fumes at work, frequency of eating nuts (Fraser,

Sabate, Beeson, & Strahan, 1992), number of glasses of water per day (Chan, Knutsen,
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Blix, Lee, & Fraser, 2002), time spent outdoors, frequency of meat consumption (< 1/wk
vs. 1+/wk), water and nut consumption, and hormone replacement therapy (HRT). These
were entered into the basic multivariable model one at a time to assess their impact on the
main effect. None of the candidate variables changed the air pollutant RR’s more than 10%
and were therefore not included in the final model (Greenland, 1989). The basic
multivariable model for the smoking group included past pack-years of cigarette smoking,
body mass index (BMI), years of education, and ETS. In addition, we found that the
levels of PM pollutants used in this study have declined from 1973 to 1998 (Chen, et al.,
2005) and we therefore included calendar time as a candidate variable to adjust for
possible changes in PM composition over time.

The proportional hazards assumption was checked by examining
Log[-log(survival)] curves versus time as well as the product term of each respective
variable in the final model with the log of the time variable (Greenland, 1989). Each of
these interaction terms produced a p-value greater than 0.05 based on the Wald statistic,
indicating that the proportional hazards assumptions were not seriously violated. This
was supported further by visual inspection.

The same gender specific, time dependent multivariable Cox proportional-hazards
regression models were further used to study associations in two-pollutant models for
PM,, with each of the gases (O3, and NO,, and SO,) for mortality from broad categories
of causes. The interactions between two individual pollutants were evaluated for
inclusion in the final model based on whether they changed the RR’s more than 10%.
None of the terms met this criterion (Greenland, 1989).

C. Results
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Table 5.1 shows the numbers and percentages of gender specific CHD deaths in
sensitive subgroups between 1977 and 1998 in the AHSMOG cohort. Until the end of
1998, there were 644 fatal CHD cases (398 males and 246 females). Baseline
characteristics of the study population are given in Table 5.2. The mean concentrations of
pollutants (PM, gaseous) in the AHSMOG cohort, as well as the correlation of
pollutants from 1973 through the month of censoring are provided in Table 5.3. The
correlation of PM with O3 was stronger than those with NO, and SO..

1. Age Group

The adjusted mortality RRs for the single pollutant models (PM;o, O3 NO»,
and SO;) and for two pollutant models (PM;o and gaseous pollutants) are presented in
Table 5.4. Covariates included in the models are smoking status, education, BMI, and
calendar month. For males, in single pollutant model, the RR for fatal CHD for each
increment of 10 pg/m’ increase in PM o was 1.07 (95% CI: 0.99-1.17). In two-pollutant
models with gaseous pollutants (Table 5.4), no significant association between fatal CHD
and PM, was observed. The association was even weaker and showed no statistical
significance by comparing it to the single-pollutant model. For females, no significant
association was found either in single or two-pollutant models (Table 5.4). In males, the
associations among subjects younger than 65 years were similar to those in elderly group.
The adjusted mortality RRs was similar but with wide confidence interval. In females, the

adjusted mortality RRs are larger with similar wide confidence intervals (Figure 5.1).
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Table 5.1 CHD Mortality” and Sensitive Groups, 1977-1998 (n=6,338)

Cause of Death Male Female Total

Group Total Cases (%) Total Cases (%) Total Cases (%)

AHSMOG 2,278 246 (10.8) 4,060 398 (9.8) 6,338 644 (10.2)
Age 1,976 245 (12.4) 3,457 395(11.4) 5,433 640 (11.8)
CHD 202 104 (51.5) 281 121 (43.1) 483 225 (46.6)
Diabetes 132 29(22.0) 239 57 (23.8) 371 86 (23.2)
COPD 303 35(11.6) 608 61 (10.0) 911 96 (10.5)
Smoking 711 84 (11.8) 490 31(6.3) 1,201 115 (9.6)

Abbreviations: ICD=International classification of diseases.
Note. Age, age 65 years or old during study period; CHD, ever diagnosed having heart attack or coronary heart

disease during the study period; Diabetes, reported having diabetes at baseline; COPD, reported having symptoms
of asthma, some kind of bronchial condition, or emphysema during follow-up; Past Smoking, reported ever having

regularly smoked cigarettes, cigars, or a pipe during study period.

‘ICD9: 410-414
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Table 5.2 Selected Characteristics at Baseline (n=6,338)

Characteristic Males Females
(n=2,278) (n=4,060)

Age (years), mean+SD 58.5+13.5) 59.2 +14.2)
Years of education, mean+SD 14.3 £3.3) 13.1 £2.6) **
Pack-years of past smoking, mean+SD 19.8 +23.2) 11.3+14.7) **
Hours outdoors per week, mean+SD 17.5 +13.5) 9.0 +(8.2) **
BMI* at or above median 1050 (46.1) 1858 (45.8)
ETS 1292 (56.7) 2498 (61.5) **
OHE 234 (10.3) 15(0.4) **
History of hypertension 474 (20.8) 1149 (28.3) **
History of cancer 87 (3.8) 291 (7.2) **
Total exercise ok

Low 687 (29.8) 1885 (46.4)

Moderate and high 1579 (69.3) 2143 (52.8)
Meat consumption®

<1wk 1032 (45.3) 1901 (46.8)

>=1 wk 1147 (50.3) 1909 (47.0)
Nuts® ok

<=2 /mo 699 (30.7) 1436 (35.4)

1-4/wk 914 (40.1) 1516 (37.3)

S5+/wk 561 (24.6) 844 (20.8)
Water® o

<=2 glasses 278 (12.2) 693 (17.1)

3-4 glasses 813 (35.7) 1503 (37.0)

5+ glasses 1139 (50.5) 1780 (43.8)
Postmenopausal 2897 (71.4)
HRT in postmenopausal females 850 (29.3)

Abbreviations: SD=standard deviation; BMI=body mass index=weight (kg)/height (m)?;
ETS=Environmental tobacco smoke from 1977 questionnaire; OHE=Occupational exposure to air
pollutants for more than 10 years; HRT=Hormone replacement therapy.

Note. Values are presented as no. (%) or mean+SD

*Some columns do not add to 100% because of missing data.

*p-value for t-test or chi-square test <0.05
**p-value for t-test or chi-square test <0.005

127



Table 5.3 Descriptive Statistics and Correlations between Long-term Averages of Pollutants
Estimated for Study Participants, 1973 through Month of Censoring (n=6,338)

PM;omc Osmc NO> mc SO, me

(ug/m’) (ppb) (ppb) (ppb)
Mean (SD) 51.2 (15.3) 26.9 (6.7) 35.6 (12.6) 4.9 (2.9)
PM,o 1.00 0.67%* 0.55%%* 0.42%%*
0; 1.00 0.19%* 0.12%%*
NO, 1.00 0.78%%*
SO, 1.00

8CI

Abbreviations: mc=mean concentration, SD=standard deviation.
** p<0.01.
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Table 5.4 Risk of CHD Mortality According to 10 pg/m’ of PM,, in the Different Sensitive Subgroups (n=6338)

Females Males
Model Pollutants Cases RR?* 95% CI Cases RR?* 95% CI
AHSMOG" PM10 321 1.04 0.97-1.11 197 1.08 0.99-1.17
0; 321 1.00 0.87-1.16 197 1.18 0.99-1.41
NO, 321 1.02  0.94-1.12 197 1.09  0.99-1.21
SO, 308 0.97 0.92-1.01 189 1.03  0.98-1.08
PM,o+0; PM,o 321 1.06  0.98-1.15 197 1.04 0.94-1.15
0; 0.93 0.78-1.12 1.12  0.90-1.41
PM,(+NO, PM,o 321 1.04 0.96-1.13 197 1.05 0.95-1.16
NO, 0.99 0.89-1.10 1.06  0.94-1.20
PM,(+SO, PM,o 308 1.05 0.98-1.13 189 1.06 0.97-1.16
SO, 0.96 0.92-1.01 1.02  0.97-1.08
Sensitive Subgroups:
Age’ PM,q 310 1.03  0.97-1.11 182 1.07  0.99-1.17
0; 310 1.00 0.86-1.16 182 1.16 0.97-1.40
NO, 310 1.00 0.92-1.10 182 1.08 0.97-1.20
SO, 297 0.95 0.91-1.00 176 1.03  0.98-1.09
PM,,+0; PM,q 310 1.05 0.97-1.14 182 1.04 0.94-1.16
0; 0.94 0.79-1.13 1.10 0.87-1.39
PM,(+NO, PM,o 310 1.05 0.96-1.14 182 1.05 0.95-1.17
NO, 0.97 0.87-1.08 1.04 0.91-1.18
PM,,+SO, PM,q 297 1.05 0.98-1.13 176 1.05 0.96-1.15
SO, 0.95 0.90-0.99 1.03  0.97-1.08
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Table 5.4 (continued) Risk of CHD Mortality According to 10 pg/m® of PM in the Different Sensitive Subgroups
(n=6338)

Females Males

Model Pollutants Cases RR* 95% CI Cases RR* 95% CI
CHD* PM, 97 1.06 0.94-1.21 83 1.15 1.01-1.31
(OR 97 1.07 0.81-1.42 83 1.26  0.96-1.66
NO, 97 1.10  0.94-1.28 83 1.08 0.92-1.26
SO, 95 1.01 0.93-1.08 79 1.04 0.96-1.13
PM,,+0; PM, 97 1.06 0.92-1.24 83 1.12  0.95-1.31
(OR 1.00 0.82-1.39 1.11  0.78-1.57
PM,,+NO, PM;, 97 1.03 0.88-1.20 83 1.16 1.00-1.35
NO, 1.07 0.89-1.30 097 0.80-1.18
PM,,+SO, PM, 95 1.02 0.89-1.17 79 1.16 1.01-1.33
SO, 1.00  0.93-1.08 1.03  0.94-1.12
Diabetes® PM, 50 099 0.84-1.18 24 1.50 1.15-1.96
05 50 1.19  0.83-1.72 24 1.60 0.95-2.69
NO, 50 1.00 0.80-1.23 24 1.52 1.10-2.08
SO, 48 098 0.88-1.09 23 1.00 0.87-1.15
PM, (105 PM;, 50 091 0.74-1.13 24 1.54 1.08-2.20
05 1.32 0.86-2.05 092 042-2.01
PM,;,+NO, PM;, 50 0.99 0.80-1.23 24 1.37  0.99-1.89
NO, 1.00 0.77-1.31 1.25 0.85-1.85
PM;,+SO, PM, 48 1.00 0.83-1.20 23 1.52 1.17-1.99

SO, 0.98  0.87-1.09 091 0.76-1.08
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Table 5.4 (continued) Risk of CHD Mortality According to 10 pg/m® of PM in the Different Sensitive Subgroups
(n=6338)

Females Males

Model Pollutants Case RR* 95%CI Case RR* 95%CI
CoPD! PM,o 77 1.11  0.95-1.28 37 1.00 0.82-1.24
0; 77 0.93  0.68-1.27 37 1.16 0.74-1.80
NO, 77 1.12  0.93-1.36 37 1.05 0.82-1.35
SO, 75 1.02  0.92-1.13 37 1.02 0.91-1.15
PM,,+0; PM;, 77 1.18 0.99-1.41 37 0.96 0.75-1.22
0; 0.76  0.52-1.13 1.21  0.73-2.03
PM,+NO, PM,o 77 1.08 0.90-1.29 37 0.97 0.75-1.26
NO, 1.07 0.85-1.35 1.07  0.79-1.45
PM,,+SO, PM,o 75 1.10  0.94-1.28 37 0.96 0.77-1.19
SO, 1.02  0.91-1.13 1.02  0.91-1.15
Smoking® PM,q 33 1.11  0.88-1.40 84 1.13  1.00-1.28
0; 33 0.93 0.60-1.44 84 1.18 0.91-1.53
NO, 33 1.09 0.83-1.43 84 1.13  0.96-1.32
SO, 32 1.00 0.87-1.14 82 1.00  0.93-1.09
PM,,+0; PM;, 33 1.17  0.90-1.53 84 1.13  0.97-1.32
0; 0.79  0.46-1.35 1.01 0.72-1.41
PM,+NO, PM,o 33 1.10  0.82-1.46 84 .12 0.96-1.30
NO, 1.02 0.73-1.44 1.04 0.85-1.27
PM,,+SO, PM,q 32 1.11  0.88-1.41 82 1.11  0.97-1.26
SO, 0.98 0.85-1.13 0.99 0.91-1.07

*RR use 10 increment (except for SO, the increment is 1 ppb)

®AHOSMOG whole group, adjusted for past smoking, education, BMI

“Ever 65 years and older during the study, adjusted for past smoking, education, BMI

“Ever diagnosed having heart attack or MI, during the study period, and/or CHD at baseline. Adjusted for smoking, education, BMI°Ever diagnosed having
diabetes at baseline. Adjusted for years of past smoking, years of education, BMI

Reported having symptoms of asthma, some kind of bronchial condition, or emphysema on one of the 4 follow-up questionnaires (77, 87, *92, 2000).
Adjusted for years of past smoking, education, BMI

EReported ever regularly smoked on one of the 4 follow-up questionnaires (°76, 77, *87, 92, *93, 2000). Adjusted for education, BMI, ETS
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Figure 5.1. Adjusted Relative Risk Ratios and 95% ClIs for Fatal CHD and PM,y Mean
Concentration in Two-Pollutant Models (PM;¢+ O3) in Sensitive Groups.

*Ever 65 years and older during the study (females=3457, males=1976).

°65 years and younger during the study (females=603, males=302).

“Ever diagnosed having heart attack or MI, during the study period, and/or CHD at baseline (females=281, males=202).
Never diagnosed having heart attack or M1, during the study period, and/or CHD at baseline (females=3779,
males=2076).

°Ever diagnosed having diabetes at baseline (females=239, males=132).

Never diagnosed having diabetes at baseline (females=3821, males=2146).

#Reported having symptoms of asthma, some kind of bronchial condition, or emphysema on one of the 4 follow-up
questionnaires (77, *87, 92, 2000) (females=608, males=303).

"Never reported having symptoms of asthma, some kind of bronchial condition, or emphysema on one of the 4 follow-
up questionnaires (77, 87, 92, ‘2000 (females=3452, males=1975).

'Report ever regularly smoked on one of the 4 follow-up questionnaires (*76, ‘77, *87, °92, *93, 2000) (females=490,
males=711).

Never report regularly smoked on one of the 4 follow-up questionnaires (*76, <77, 87, *92, *93, 2000) (females=3570,
males=1567).
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2. CHD Group

The adjusted mortality RRs for single pollutant models (PM;o, O3, NO»,
and SO,) and for two pollutant models (PM; and gaseous pollutants) are presented
in Table 5.4. Covariates included in the models are smoking status, education, BMI, and
calendar month. In single pollutant models, a significant and positive relationship was
found with PM; in males, but not in females. For males, in the single pollutant model,
the RR of CHD mortality for 10 micrograms/m3 increase in PMjpwas 1.15 (95% CI:
1.01-1.31). In two pollutant model with ozone, the association became weaker and was
no longer statistically significant [1.12 (95% CI: 0.95-1.31)]. The two pollutant models
with other gases, (NO, and SO,), showed a stronger association between CHD mortality
and PM;,. RRs for 10 rnicrograrns/m3 increase in PM;y with NO, was 1.16 (95% CI:
1.00-1.35), and PM( with SO, was 1.16 (95% CI: 1.01-1.33) (Table 5.4). With
comparison of subjects in CHD group and non-CHD group in the AHSMOG cohort, the
adjusted mortality RRs in non-CHD group were slight higher and with narrower CI than
those in the CHD group (Figure 5.1).

3. Diabetes Group

The adjusted CHD mortality RRs for single pollutant models (PM;() and
for two pollutant models (PM and gaseous pollutants) are presented in Table 5.4.
Covariates included in the models are smoking status, education, BMI. In single pollutant
models, a positive relationship was found in both genders, but the association was only
significant for PM,o and fatal CHD in males [RR=1.50 (95% CI: 1.15-1.96)]. The

association became stronger after adding gaseous pollutants to the model. The strongest
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association was in the model of PM o with Ozone [RR=1.54 (95% CI: 1.08-2.20)] for
each increment of 10 pg/m’ increase in PM o (Table 5.4). The adjusted mortality RRs in
non-diabetic group were smaller and with narrower confidence interval (Figure 1). In
males, the associations among non-diabetic subjects were weaker when compared them
with subjects in diabetic group. In females, the associations among non-diabetic subjects
were stronger when compared them with subjects in diabetic group.
4. COPD Group

The adjusted mortality RRs for single pollutant models (PM;o, O3 NO»,
and SO;) and for two pollutant models (PM;o and gaseous pollutants) are presented in
Table 5.4. Covariates included in the models are smoking status, education, BMI and
calendar month. For both gender, a non-significant positive relationships were found
between PM;¢ and CHD mortality in single pollutant models with females showing the
strongest association with RR of 1.18 (95% CI: 0.99-1.41) for each 10 micrograms/m’
increment in PM g in two pollutant model with O; (Table 5.4). The adjusted CHD
mortality RRs in the non-COPD group were smaller and with relatively narrower
confidence interval in both genders when by compared to the COPD subgroup (Figure
5.1).

5. Smoking Group

The adjusted CHD mortality RRs for single pollutant models (PM;, O3,
NO3, and SO,) and for two pollutant models (PM;( and gaseous pollutants) are presented
in Table 5.4. Covariates included in the models are smoking status, education, BMI, ETS

and calendar month. For males, a positive relationship was found between PM; and
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CHD mortality in the single pollutant model with RR of 1.13 (95% CI: 1.00-1.28) for
each 10 ug/m3 increment in PM . For females, the relationship was smaller and not
significant for the association between CHD mortality and PM;, (Table 5.4). The
adjusted CHD mortality RRs among subjects in the never smoking group were slight
smaller when compared to those in the ever smoking group in males. In females, the
adjusted CHD mortality RRs among subjects in the never smoking group were noticeable
smaller when compared to those in the ever smoking group (Figure 5.1).
D. Discussion

Epidemiologic studies have observed a clear and consistent association between
high concentrations of ambient PM and negative health effects, but whether there are
subgroups of people who are especially susceptible to the health effects of PM is unclear.
To identify the sets of individuals who have an enhanced response to ambient PM may
suggest specific biologic mechanisms.

In previous analysis of fatal CHD and ambient PM (Chen, et al., 2005), we found
an elevated risk of fatal CHD associated with ambient levels of PM;g, PMi.o.5 and PM; s
in females, but not in males. The risk estimates were strengthened when adjusting for
gaseous pollutants and were highest for PM; 5. Due to the limited cases in the various
subgroups, these analyses have been expanded to the entire AHSMOG. In these analysis,
we consistently found similar relationship between PM and fatal CHD in various
subgroups.

A general hypothesis proposed by Frank and Tankersley (2002) suggested that

persons whose health is failing may be at higher risk for external insults, such as
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exposure to ambient air pollution, through the failure of the regulation of physiological
set points.

1. Age Group

Studies have reported that persons older than 65 years of age have a

somewhat increased risk of death associated with PM (Bateson & Schwartz, 2004; Hong,
Lee, Kim, & Kwon, 2002; Saldiva, et al., 1995; Schwartz & Dockery, 1992). The study
in Netherland did detail exam of particulate matter relating risk by deciles of age and
showed that the risk started to increase at approximately 40 years of age and reaching it
maximum for those 75 years of age and older (Fischer, et al., 2003). We also found that
risk appeared to increase with age among elderly women, but did not observe such trend
among elderly men. Several studies have found that elderly subjects experience
significant increase in pulse rate (Pope, Dockery, et al., 1999), decreases in HRV (Devlin,
et al., 2003; Liao, et al., 1999), and changes in blood markers, such as CRP (Pope,
Hansen, et al., 2004) after exposure to ambient PM. The physiologic importance of these
observed changes in HRYV is not fully understood, but HRV measures provide
quantitative indicators of cardiac autonomic function.

2. CHD Group

Recent epidemiologic studies have shown that persons with preexisting

cardiopulmonary conditions are at increased risk for adverse cardiac events associated
with ambient PM (Goldberg, et al., 2001; Kwon, et al., 2001; Mann, et al., 2002;

Zanobetti, Schwartz, & Gold, 2000).
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Bates (1992) suggested that exposure to air pollutants in persons with cardiac
disease with myocardial damage may cause acute pulmonary disease, such as
bronchiolitis or pneumonia, thereby leading to congestive heart failure. Seaton et al.
(1995) suggested that in susceptible individuals, exposure to PM will invoke alveolar
inflammation, release inflammatory mediators, exacerbate lung conditions, and increase
coagulability of blood, thereby leading to acute episode of cardiovascular disease.

3. Diabetes Group

Frank and Tankerseley (2002) have suggested that among persons with
systemic disease (e.g. Diabetes), loss of homeostasis will increase susceptibility to
external insults, such as air pollution. We found that risk appeared to increase with
increasing PM and gaseous levels among diabetic men, but not among diabetic women.
Our findings are consistent with several short term study findings. Hospital admission
studies conducted by Zanobetti and Schwartz found stronger associations between
increased levels of PM o and hospitalizations for cardiovascular diseases among those
with diabetes compared to those without (Schwartz, 2001; Zanobetti & Schwartz, 2001,
2002). These findings may make sense biologically, as persons with diabetes are at risk
for a number of cardiovascular and circulatory problems and have some of the same risk
factors for these diseases. Individuals with diabetes and cardiovascular diseases are at
higher risk. These findings are also consistent with previous observations that inhaled
urban particles can cause rapid and sustained elevations of levels of circulating plasma
endothelin-1 and endothelin-3 (Bouthillier, et al., 1998; Spieker, Noll, & Luscher, 2001;

Thomson, Goegan, Kumarathasan, & Vincent, 2004; Ulrich, et al., 2002; Zouridakis, et
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al., 2001). There is some evidence that persons with diabetes have abnormal plasma
levels of endothelins and that certain factors may be initiated or activated as a result of
hyperglycemia and may lead to endothelin dysfunction (Khan & Chakrabarti, 2003).
4. COPD group

Our study found that the CHD effects of ambient PM were predominant in
persons with chronic respiratory symptoms or diseases. Several studies suggest that
persons with respiratory illness are at increased risk for cardiovascular effects associated
with air pollution (Schwartz, 1994; Zanobetti, Schwartz, & Gold, 2000). A cohort study
from Spain found an association between particulate air pollution and all cause mortality
in persons with COPD (RR=1.10-1.11) (Sunyer & Basagana, 2001; Sunyer, et al., 2000).
A study from Quebec also found significant positive associations across indices of PM
among individuals who were classified as having acute lower respiratory diseases
(Goldberg, et al., 2001). The magnitude of the risk was substantially greater than that for
the general population.

Controlled exposure of animals with chronic bronchitis and control animals to
concentrated air particles also demonstrated a potential effect on chronic lung disease in
the response to ambient particles (Kodavanti, Mebane, et al., 2000).

5. Smoking Group

We did observe an association with PM ;o among males who had either
been active or passive smokers. However, our data did not support an increased risk of
CHD with PM or gaseous pollutants among females who have either been active or

passive smokers when compared to non-smokers (either active or passive).
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The effect of cigarette smoking on risk of CHD risk factors such as elevated
inflammatory markers, especially CRP levels (Panagiotakos, et al., 2004), fibrinogen and
white cell counts (Panagiotakos, et al., 2004), blood viscosity (Frohlich, et al., 2003),
heart rate (Bolinder & de Faire, 1998), and oxidative stress (Guthikonda, Woods, Sinkey,
& Haynes, 2004) are well known. Smoking has also been found to trigger acute
vasoconstriction and thus the enhanced development of atherosclerosis in the systemic
vasculature (Howard, et al., 1998; Kiechl, et al., 2002). This could potentially explain an
elevated risk in cardiovascular outcomes for subjects with both active (Njolstad, Arnesen,
& Lund-Larsen, 1996; Prescott, Hippe, Schnohr, Hein, & Vestbo, 1998) and passive
(Kawachi, et al., 1997) smoking. It is likely that this effect is so much stronger than the
effect of ambient air pollution that it is difficult to assess the effect of air pollution among
smokers.

Our data suggest that people with cardiac disease are at no more risk than other
subjects for the association of CHD mortality and ambient PM, except PM;o and PM ., 5
with Os. Although there are somewhat significant effects of CHD mortality and PM;, and
coarse fraction with O3, there might be some dilution effect since we look at subjects with
preexisting cardiac condition.

One hypothesis is that particles trigger the production of inflammatory mediators,
which in turn affects pro-coagulants and viscosity (Seaton, et al., 1995). Another
hypothesis is that particles affect autonomic function of the heart (Peters, et al., 2000).
Both hypotheses are supported by several studies in animals (Watkinson, Campen, &

Costa, 1998) and humans (Peters, Doring, et al., 1997; Peters, et al., 2000; Pope, Dockery,
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et al., 1999; Pope, Hill, & Villegas, 1999; Schwartz, 2001). Several authors have
suggested that risk of CVD may, at least partly, be mediated through increased
concentrations of plasma fibrinogen, possibly due to an inflammatory reaction caused by
air pollution (Koenig, et al., 1998). Fibrinogen is an important determinant of plasma
viscosity, and an independent risk factor for CHD (Koenig, et al., 1998). Numerous
animal models corroborate the findings in humans of an effect of PM on heart rate
(Chang, et al., 2004), blood viscosity (Coates & Richardson, 1978), and pulmonary
inflammation (Wichers, et al., 2004). So persons with specific disease may be more
vulnerable to high levels of ambient air pollution.

6. Strengths and Limitations

Our study has 22 year follow up and has extensive information on chronic
disease and lifestyle. Thus we were able to adjust for the effects of a number of such
factors including dietary factors found to be associated with the outcomes in this cohort.
Since each participant had both residence and workplace histories with ZIP code, thus our
study have more accurate ambient air pollution estimation for each individual.

Some subjects in our study had more than one specific diagnosis. It may be that
people with respiratory disease are at increased risk of death associated with PM, but
their risks are increased by their other diagnoses rather than the specific diagnosis of
respiratory disease.

Our measures of effect modification had large confidence intervals, especially
among the past smoker and ETS groups, because of small number of cases in these

subgroups.
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Although we have shown some cardiovascular effects of particulate air pollution
in some susceptible subjects, we have unknown amounts of measurement error in both
the estimated long-term ambient concentrations of pollutants as well as other covariates.
E. Conclusions

Our data suggest that specific subpopulations may be especially sensitive to the
effects of PM fractions. In detail, this study found an elevated risk of CHD mortality
associated with ambient levels of PM;y and gases in diabetic males, but not in females.
An elevated risk was found in subjects with past smoking history among males. The risk
of higher PM exposure is higher with fatal CHD than other outcomes. Our findings are in
line with findings by others of an effect of PM on cardiopulmonary mortality, but most of
their findings are based on short term exposure. Further studies are needed from larger
cohorts and/or with longer follow-up to support our preliminary findings of a differential

effect of PM on risk of CHD mortality among susceptible groups.
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CHAPTER 6

SUMMARY AND CONCLUSION

In the AHSMOG cohort, all participants have been followed up for over 30 years.
The mortality from all natural cause and specific causes (cardiopulmonary, coronary
heart disease (CHD), total cancer, and any mention of nonmalignant respiratory disease
(NMRD) were investigated in relation to long-term concentration of PM;o, Ozone, NOs,
and SO,. An increased risk of any mention of NMRD mortality as well as of total cancer
mortality was found to be associated with ambient levels of PM;,. The risk estimates
were strengthened when adjusting for gaseous pollutants.

In the AHSMOG airport sub-cohort, fatal CHD was specifically studied in
relation to ambient long-term concentration of particulate matter. The study found an
increased risk of fatal CHD associated with ambient levels of PM;, PM1¢..5 and PM, 5 in
females, but not in males. The risk estimates were strengthened when adjusting for
gaseous pollutants and were highest for PM; s.

In addition, we found an increased risk of CHD mortality associated with ambient
levels of PM )y and gaseous pollutants in diabetic males and males with past smoking
history, but not in females. The risk is higher for fatal CHD than other outcomes,
suggesting that this specific diagnosis may be especially sensitive to the effects of
ambient PM fractions.

Our findings are in line with previous results reported by others on the effect of

PM on all natural cause, cardiopulmonary, CHD, total cancer, and NMRD mortality. The
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findings of fatal CHD in our airport sub-cohort are of greater magnitude than that
reported by others. This is possibly due to the fact that we limited our study group to
persons living close to airports where PM, including fine PM was measured regularly and
the fact that we had better control of confounding factors such as diet, alcohol and
tobacco compared to other cohorts.

The effects of air pollution on health, especially CHD are so far not clear. Further
studies are needed with larger cohorts, with longer follow-up, and better measures of PM
and better control of potential confounders to support our findings. Developing more
accurate ways to assess an individual’s exposure to ambient levels of PM will improve

precision of risk estimates and reduce measurement error.
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APPENDIX A: 1977 AHSMOG Questionnaire

LoMA LinDa, CattFarmih 927134
(714) 796-7311 exT 3747

LOMA LINDA UNIVERSITY

SCHOGL OF HEALTH

ADVENTIST HEALTH STUDY

Dear Friend:

You are ane of a small group selected from all participants in the
Adventist Health Study to help in a special substudy, This substudy
is sponsored by the Air Resources Board to measure some effects of
the type of air you breathe.

We have greatly appreciated your cooperatien and efforts in completing
the detailed lifestyle questionnaire which is helping us to determine
the possible relationship between various aspects of lifestyle and
health status. The enclosed questionnaire will supplement this infor-
mation with some additional gquestions.

Most other members in your church are receiving only the back page

of this questionnaire which i3 the first of the yearly hospital history
forms being sent to all adult SDAs in California. It is extremely
important for you to complete this last page because it is our only
means of keeping track of the health status of California SDAs. The
few minutes necessary to fill in the entire questiompaire will contri-
bute significantly to new knowledge that may save many lives.

By completing this questionnaire NOW, you will save us the expense and
effort of having to contact you personally. Please return the completed
questionnaire in the enclosed self-addressed envelop. Thank you for
your assistance.

Sincerely yours,

A

Raland L. Phillips, M.D.
Director
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RESPLRATORY SYMPTOMS AND RESIDENCE

HISTORY QUESTIONNAIRE

gase ansWer every question.

LOUGH
1. Do you usually cough first thing in
the marning?

[ ] tes _
o 0ql - 1040

2. Do you usually cough at other times
during the day or night?

1 [ ',
[ % MZS o2 - 1oal
3. Do you cough on most days for 3 months
or more?
1 ] Yes 0Q3 - 1042
™
4, For how many years have wou had a
cough?
1L ] Never 0Qé-~=1043
[ 7 Less than | year
1L 1 Mora than | bur lass than

2 years
C 1] 2-3 years
L 1 Mors than 5 years

SPUTUM

5. Do you usually bring up phlegm,
sputum, or mucus from your chest
first thing in the morning?

1 ]v _
=E]N;§ 05 - 1044

6. Do you usually bring up phlegm,
sputum, or mucus from your chest at
other times during the day or night?

iCT¥ 6 - 1045
=IZ]M:=s X

7. Da you bring up phlegm, sputum ar
mucus from your chest on most days
for 3 months of the year or more?

SE Y 7 - 1D46
ef e x

8. For how many years have you raised
phlegm, sputum, or mucus from your
chest?
' [ ] Mever 0Q8;~ LoA7
1 [ ] Less than | year
¥ More than | but less than

i

r

il
2 years
*[ ] 2-5 years
[ ] “ere than 5 years

PLEASE 30 TO TOP QF NEXT COLUMN.
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WHEEZING
9. Does your breathing ever sound
wheazy or whistling?

H ¥ . =)
“E :]] N:s 0Q9 - 1048

10. Have you ever had attacks of
shortness of breath with wheeszing?

:HES 0QLO - L04¢

BREATHLESSNESS

11. Are you troubled by shortness of
breath when hurrying on level
ground or walking up a slight
hili?
2L ] Yes 11 - 1050
tC 1 1o .

12. Do you get short of breath when
walking at a normal pace with
other people of your awn age on
level ground?

;E % YM:S ' ogl2 - 1051

RESPIRATORY ILLNESS

13. During the PAST YEAR, how often
were you unable to do your usual
activities because of illnesses
such as chest colds, bronchitis,
or pneumonia?

:E %ﬂh:}'m 0Ql3 - 1052

[ ] 2-5 times
«[ ] More than § times

14. Do you think you have ever had any
of these chest disorders--asthma,
any kind of bronchial condition,
or emphysema?

L[ ] Yes 0Ql4 - 1053
1L Ine

15. Has a doctor ever told you that
you had asthma, sone kind of
bronchial condition, or emphysema?

i Ine 0Ql5 - 1054-

IF YES, please check [+] d
which conditions.

[ ] Asthma
“( ] Bronchial conditien
*[ ] Empnysema



16. How many days per month during the
SUMMER (June t%i Septemoer) are you
bothered by stuffy nose or past-nasal
drip {i.e. drainage from the back of
your nose into your throat)?

Nane

| =5 days 16 =
&-1Q gays =

| 1-Z0 aays

2| days or more

[ T Vot T Lot
T T T TR

17. How many days per month during the
WINTER {October thru May) are you
bothered by stuffy nose or post-nasal
drip (i.e. drainage from the back of
your nose into your throat)?

[

]

None

|=5 days

6-10 days oQl7 -
L ] 1i1=20 days

E 12 days or more

{ S |- )

3
-
L]

Have you EVER regularly smoked cigarettes,
pipes, or cigars (aside from possibly
trying them once or twice)?

Yes

No
8 1. £] Cigarettes O0QLB -
. L1 %1 Pipes ogQle -
2. LI €] Cigars  0Q20 -

During the PAST YEAR, how many times have
vou had the following il1lnesses? (Please
heck [v¥] the appropriate box for EACH
i1lness. )

21. Head cold {e.-g. runny nose, sore
throat, etc.) T og2l -
None | 2 3 or more
L B e (ol ol

22. Chest cold (acute bronchitis e.g.
cough and sputum associated with
respiratory infection) 0Q22 -

Nonea I 2 3 or more

IR IZETD

23, Ppeumonia 0923 -
Nane | z 3 or more

MCIEITLIN]

24, How many times was this pneumonia
diagnosed by a physician using a
chest x-ray?

Mone I 3 or mare

2
CILILIYL]

PLEASE GO TO TOP OF NEXT COLUMN.

1056

L057

1058

1059
LO60

1061

1062

1063
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RES IDENCE

25, Are you usually away from home for
more than 2 weeks during the summer
(June thru September)? - ’

1L 1Mo

2[ ] Yes

26. IF YES, how long are you usually away?
L ] 3-4 weeks

[ ] 5-6 weeks
1f ] 7-8 weeks
“[ 1 9 weeks or more

27. How many hours per DAY during the
work week do you usually spend
driving or riding on CROWDED roadways?
(Check the nearest category.)

- 7
Y[ ] Hone 0qQ27 - 106
HRSHOE 3[ J Less than |5 minutes
J 15 minutes to one hour

hours !

28. On a typical WEEKEND, how many hours
per day do you spend driving or
riding on CROWDED roadways? (Check
the nearest category.)

HESRDD i ] None 0028 - 1068
] Less than 15 minutes

|5=-29 minutes

-59 minutes

=2 hours

4 hours

& hours

] & hours or more |

|
1
31
13
15

AR A,

79. How nft‘en do you use aerosol sprays
(e.g. hair spray, cleaning spray,
deodorant, spray paint, etc.)?

—_— iIC Joaily
2L ] several times a week
IC ] Once a week
L Ja few times a month
[ ] Rarely or never

30. What is your usual or main occupation?
= (Do not write "retired". 1f retired
or not now working, give your usual
occupation when you were working.) <10

dob Title

D:I Major duties or responsibilities:




35.

36.

7.

]

40.

41.

az.

43.

45,

How many nours per WEEK, including weekends,
do you exercise vigorously or do heavy

physical labor (e.q. jogging, tennis,
gardening, etc.)in the open air?
g3l - lo72
(HRSEXS)

fow many hours per WEEX, including weekends,
are you outside of buiidings?

0033 - 1074
(Hkscss)

Have you ever lived for one year or more with someone who smoked?

(00_35 - To76-1077

aC 7 na

[ ] 7es =====2 How many years?

31, SUMMER

(June thru September)
IC 7 None
2L 1'1-7 ‘hours

L ] 8-14 hours

*C J i5-21 hours

5L ] 22-28 hours

"L ] 29-35 nours

T ] 36-42 hours

[ ] More than 42 hours
33. SUMMER

(Jure thru September)
I 7 None ,

ZE ] | =7 hours

¥ ] 8={4 hours

{ 115-2] nours

T ] 22-28 hours

§ ] 25-35 nours

T ] 36-42 nours

" ] Mora *han 42 hours

32, REST OF YEAR

(October thru May)

' ] None

I 7 |=7 hours

I ] 5-14 hours

‘L 1 15-2| haurs

L ] 22-28 hours

$ ] 29-35 hours

T J 36-42 hours 0Q32 -‘}Eél
®[ 1 More than 42 hours -

34, REST OF YEAR
(October thru May)

] =7 hours
1 8-14 hours

1 15-21 hours

] 22-28 hours

1 29-35 nours

] 36-42 hours  0Q34 - LI
1 More than 42 hours (Hns(

Have you worked in the same room with someone who smoked?

LI
[ ] fes ==-=-3 How manv years?

QJQB 6 - 1078-1079

Have you aver worked where you were axpesad much of the time %o var
contaminated air such as chemical fumes, paint fumes, welding, wood

@Qs 7' - 1080-1081

°C 7] Ne
[ ] Yes =====3 How manv years?

IF YES, please list:
38. Type of work

le §T —

)i ss,

).Hq) lise =5l

J1 8Ly HS3-HSY

ious types of
ar rock dust, etc.

1765157
Pl

rEEy

39. Type of contamination

If you have worked more than §

USE Thess -

miles from home in the past 10 years, please give the wark locations

and dates

StarFed Job: Endea Job: ZIP CoC

MONTH  YEAR MONTH YEAR TOWN OF WORK STATE PLACE QF »
|
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APPENDIX B: 1987 AHSMOG Questionnaire

Adventist Heaith Study
Department of Preventive Medicine
School of Medicine

Loma Linda, CA 92350
714/824-4684

Make sure you are the person named
- and that address and telephone number
are correct.

See * below if this person
is no longer living here.

Dear Friend,

In 1977, you were one of a select group from the Adventist Health Study who
participated in a special substudy that was sponsored by the California Air Resources
Board. Your response to previous questionnaires has been very much appreciated and
the results of this substudy have been widely recognized and used by State and
National Agencies. Once again we are seeking' your cooperation and assistance in
completing the following questionnaire for the follow up of this special substudy.

It is important to the scientific validity of the study that all study participants.

fill out the questionnaire as close as possible to the same point in time. Please
take a few minutes now and complete this questionnaire and mail it in the enclosed
stamped, return envelope.

All the information will be kept strictly confidential and will be reported only in
statistical summaries of large groups of people. Thank you for your important
contribution to this research project.

Sincerely yours,

David E. Abbey, Ph.D.
Co-director, Adventist Health Study

*

If this person is no longer living at this address, please indicate the person’s
status and a new address if available or the contact name and address of a close
relative and RETURN the uncompleted questionnaire in the enclosed envelope.

[ 1This person is deceased
[ ] This person is now living at a new address:

Name of contact person

Address

4 Seventhadue Adventist insttiuton with cunpases at La Sieva/Riverside sud Loma Linda, Caiffornia
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RESPIRATORY SYMPTOMS AND RESIDENCE
HISTORY. QUESTIONNAIRE - 1987

- INSTRUCTIONS

exact detail.

person named on the label.

Please answer EVERY question. For some questions you may not remember the
If this is the case, then guess as closely as you can.
PLEASE DO NOT LEAVE ANY QUESTIONS BLANK UNLESS ASKED TO SKIP THEM.

Please indicate your answer by placing an X in the appropriate box [ ] or
by writing your answer in the space provided.

Check your name, address and teiephone number on the first page adding or
correcting address and telephone number if necessary. Make sure you are the

1. Please enter today's date i, i
month day year
COUGH
2. Do you usually cough first thing'in the
morning?
1[1Yes 2 _ 1518
2[ 1 No Q

3. Do you usually cough at other times
during the day or night?

v[ IYes Q3 - 1519
2 [ ]ND
4. Do you cough on most days for 3 months
or more?
1 [ 1Yes Q4 - 1520
2[ INo

5. For how many years have you had a cough?

[ 1Never Q5 - 1521
[ 1Less than 1 year

[ 1More than 1 but less than 2 years
[ 12-5 years

[ 1More than 5 years

SPUTUM

6. Do you usually bring up phlegm, sputum,
or mucus from your chest first thing in
the morning?

1 [ 1Yes Q6 - 1522.
2[ 1No .
7. Do you usually bring up phlegm, sputum,
or mucus from your chest at other times
during the day or night?

[ ]vYes

- 1523
2 [ INo s

I FASE GO TO TOP'OF NEXT COLUMN
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8. Do you bring up phlegm, sputum or mucus
from your chest on most days for 3
months of the year or more?

[ 1Yes .

. [ 1No Q8 - 1524

9. For how many years have you raised
phlegm, sputum, or mucus from your
chest?

1 [ 1 Never

2 [ 1Less than 1 year
3 [ ] More than 1 but less than 2 years
4 [ 12-5 years

s [ ] More than 5 years

Q9 - 1525

WHEEZING
10. Does your breathing ever sound wheezy or
whistling?

1 [ 1Yes
2[ INo

Ql0o - 1526

11. Does your chest ever sound wheezy
or whistling? (Check No or Yes

for each)

No Yes
[ 1 2[ 1whenyouhave acold 1527.:
1 [ 1 2 ]Occasionally apart from colds 1528.
+ [ 1 =21 1Mostdays or nights 1529

12. Have you ever had attacks of
shortness of breath with wheezing?

1 [ 1Yes (continue) Q12 - 1530
2 [ 1No === skip to question 15

PLEASE GO TO TOP OF NEXT PAGE




13. Have you had 2 or more such episodes?

1 [ ] Yes
2[ ] No

Q13 - 1531 :

14. Have you ever required medicine or
treatment for the(se) attack(s)?

! H ;is Ql4 - 1532

BREATHLESSNESS

15. Are you troubled by shortness of
preath when hurrying on level ground
or walking up a slight hill?

v [ 1Yes
2] INo

Q15' - 1533

16. Do you get short of breath when walking
at a normal pace with other people of
your own age on level ground?

Hve. Q16 - 1534

RESPIRATORY ILLNESS

17. During the PAST YEAR, how often were you
unahle to do your usual activities
because of illnesses such as chest colds,
bronchitis, or pneumonia?

v [ 1None

2 [ 11 time

s [ 12-5 times

+ [ 1More than 5 times

Ql7 - 1535

18. Do you think you have ever had any of
these chest disorders-—asthma, any kind of
bronchial condition, or emphysema?

[ 1Yes .
A T Q18" - 1536

19. Has a doctor ever told you that you
had asthma, some kind of bronchial
condition, or emphysema?

1 [ INo Ql9. - 1537.¢
IF YES, please check [X] which
conditions
Ql9a - [ ] Asthma . 1538
©Q1l9b 1 [ 1Bronchial condition 1539.
"ql9c 1 [ 1Emphysema 1.540.

PLEASE GO TO TOP OF NEXT COLUMN
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]

THE FOLLOWING QUESTION REQUESTS ADDITIONAL
INFORMATION. PLEASE READ IT CAREFULLY. WE
NEED TO KNOW IF YOU HAVE HAD THESE AND OTHEF

CONDITIONS AND THE AGE OF FIRST DIAGNOSIS.

20. Has a doctor ever told you that you had
asthma, some kind of bronchial
condition, pneumonia, emphysema, or any
other serious respiratory condition?

1[ 1 No 020 - 1541 °
IF YES, check all that apply and give
age of first diagnosis

1 [ 1 Asthma Q20a - 1542
Q20al -_‘ 1543=44 age of first diagnosis

1 [ 1Attacks of bronchitis Q20b - 1545
Q20b1 ~ 1546-47. ‘age of first diagnosis

[ 1Chronic bronchitis Q20c - 1548

Q20cl - 1549-50 age of first diagnosis
1 [ 1Pneumonia Q20d - 1551

Q20d1. - 1552-53 age of first diagnosis |
1 [ 1Emphysema Q20e - 1554
Q20el ~ 1555-56 age of first diagnosis

[ 10ther [specify)  020f — 1557 -

Q20f1 - 1558=59 age of first diagnosis

21. Do you currently have asthma that has
been confirmed by a doctor?

1[]1 No Q21 - 1560
2[ ] Yes :

22. IF YES, are you currently taking
medication for asthma?

[ 1 No Q22 - 1561
2[ ] Yes

23. Before starting school (up to 7 years of
age) do you think you had more or less
than the average number of colds for
children your age?

1 [ 1 much less

2[ 1less

3 [ ]about the same
4+ [ ] more

s [ ] much more

Q23 - 1562

PLEASE GO TO TOP OF NEXT PAGE




24. How many days per month during the 33. During most of the time that you

SUMMER (June through September) are regularly smoked, how many cigarettes
you bothered by stuffy nose or post— did you usually smoke each day?
nasal drip (i.e. drainage from the 1No i 1579 ‘j
back of your nose into your throat)? ] ne Q33 - 157%
1-4 per day

15-14 (1/2 pack) per day
115-24 (1 pack) per day
125-34 (1 1/2 packs) per day
135-44 (2 packs) per day
145-54 (2 1/2 packs) per day
1 over 2 1/2 packs per day

[ ]1_5 davs ~ 1563
[ 16-10 days : =

[ 111-20 days

[ 121 days or more

L I R
P —

25. How many days per month during the

WINTER (October through May) are CHILDHOOD EXPOSURE TO TOBACCO SMOKE
you bothered by stuffy nose or !
post-nasal drip (i.e. drainage from the 34. Did your natural mother smoke when she
back of your nose into your throat)? was pregnant with you?
1+ [ 1None 1 [ ] Definitely NO
[ 11-5 days 2 [ ] Don't think so Q34 - 1580
16-10 days Q25 - 1564 3 [ 1 Probably

11-20 days 4 [ 1 Definitely YES

2
al
0]

s [ 121 days or more

35. During any time in your life have you EVER

SMOKING HISTORY lived for six months or more with
someone whe smoked? Q35 - 1581
o be N lv] e
B 1 o s sidp to uostion 47
9 - C19 pip 2 [ ]Yes == continue with question 36

from possibly trying them once or twice?)
36. When you were a child or teenager (up to 18

; E } co » skip 10 question 34 years), did you ever live for six months or
: es Q26 - 1565 more with someone who smoked?
27. At what age did you first start 1 [ 1No ==p skip to question 41
smoking regularly? Q27 = 1566-1567 : 2 [ 1Yes Q36 - 1582
age in years ) 37. During what ages of your childhood did you
2 4 king? live for six months or more with someone
8. Are you currently smo '"%‘28 1568 - who smoked? (Check all that apply) L]
1 [ 1No ; ! 1 [ 1 0-5 years of age Q37371583
2 [ ]Yes == skip to guestion 30 1 [ ] 6-12 years. of age Q37b-1584

- 37¢c-1585
29. At what age did you stop smoking? 1.[.1.13718 years of age Q

age in years Q29 - 1569-1570: 38. During what ages of your childhood did
your mother smoke cigarettes (check
30. Have you ever regularly smoked cigars? all that apply).
Q30 - 1571.. i
v [ INo i [ 1 Not at all Q38a - 1586
2 [ 1Yes ==p How many years? Q30a-1572-73' 1 [ 1 0-5 years of age Q38b - 1587 .
1 [ 1 6-12 years of age  Q38c - 1588 -
31. Have you ever regularly smoked a pipe? 1 [ 1 13-18 years of age (384 - 1589
v [ INo Q3L = 1574 .

2 [ ]1Yes ==» How many years? 931a. - 1575-76

32. Approximately how many years, in total,
have you regularly smoked cigarettes (not
counting the times when you had quit)? T~

Q32 - 1577-1578

years

PLEASE GO TO TOP OF NEXT PAGE
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39, During your CHILDHOOD [up to 18 years)
which of the following persons smoked in
your home for six months or mom? Chock
all that apply and for each person estimate
thi tirtal embar of yoars that you worg

posed 1o thaif tob amaki.
v [ ] Bother e WEARS
i [ ] Father emg YEARS
[ ) Cahars ==p _ YEARS

40. As a child o teenagor, during the
majority of those years that you lved
with gomecna who smoked tobacca, how
many hours per day on the averags werns
you axposed 1o tobacto smoke?

1l ] None

2l ] Lass tham 1 hour par day
1 1=2 houra por day

1 3-8 hours per day

1 6-8 hours per day

19 or more hours per day

ADULT EXPOSURE TO TORACCD SMOEE

41, Az an adult {19 yoars of age or ovor),
have you aver lived for sis months
or morg with someone who smakad?

1 1 NG == skip to guestion 47
a [ 1¥as inthe past
» [ ] ¥es currantly

42 What was your age 53 an sdull whan you
first llved with someane who smoked?

age in yoars
43, What was your aga as an adull whon you
tnst livad with someone who smoked?
g i yaars

44, During your ADULT years (19 yoears and older),

which of tha fgllowing persons have smoked
I yowr homae for six months or more? Check
all that apply and for each porson estimata

the total number of yoars that you were
exposed 10 Uheir LODACED SMok,

[ ] Spouse e— YEARS
o[ ] Dihars == YEARS

PLEASE (30 TO TOP OF NEXT COLLIMN

45, As an adult, during the majority of these
years that you lived with somaons who
smoked tobacco, how many hours per day
on the aversge wers you sxposed 1o
1obacco smokel

o[ 1 Hone

s ) Leas than 1 hour por doy

sl 1 1=2 hours per day

al 13-5 hours per day

s [ ]6-8 hours per day

sl 19 or mare hours poer day

46, Are cigareties cumently smoked in
your hama?

v [ 1 Ha
[ ) Wos =— Approximataly how
many par day?

WORE EXFOSURE TO TOBACCO SMOKE

A7, Have you aver worked whorg someong
smoked in the same room or enclossd
spaca in which you worked?

1 [ 1Mo = skip to guastion &2
[ ] ¥es inthe past
3 [ ] ¥es currantly

4@, Approximately how many years i bixtal
hava you aver worked whisrg somaons
smaked in U &AMe Foom oF enclpsad
space in which you workoed.

L i _ Yoafs

a8, What wWas your age whean you nirst
worked with somesnd who smoked?

_______ agein years

50, What was your age when you ast
worked with somacne who smoked?

BpE in yoars

&1, During the yoars that you worked whare
sogmaong smoked tOLECED in the S&ME Foom
or anclosed space as you worked, how many
hours per day on Ui A¥OraQe wors
you exposed 1o tobacco smoke?

i1 [ ] Nono

1 Less than 1 hour per day
11=2 nours par day

1 3-5 nours por day
&

2l
sl
il
sl o mone hours per day

FLEASE GO TO TOP OF NEXT PAGE



52. Ploase estimate the tolal Aumber of hours
par day on the sverage that you ank
CURRENTLY expoted 1o someons olse's
tabacco smoke. Then do tha sams for
puposurd DURING THE LAST TEN YEARS.
(Imchede time in the homae, work in
automobilos. public transport and Social
situntions that you sra’wers sxposed to
athar people’s tobacco smoke).

AVERAGE CURRENT EXPOSURE

[ 1 Naone

[ JLesa than 1 hour por day
[ 11-% hours per day

[ 13-5 hours per day

[ }E=8 hburs pér day

[ 19 or mora hiours per day

AVERAGE DURING LAST 10 YEARS

1

¢ [ Viwss than 1 howr per day
3 [ ] 1=2 hours par day

o [ 13=5 hours per day

s [ 16-8 hours per day

o [ 10 ar mons Rours par gay

ACTIATIES

53, How many howrs par DAY during the
work week do you usually spand
driving or riding on CROWDED
roadways? [Check the nearest
cafegory.)

i [ I Mone
[ JLess than 15 minuies
} 15 milnwies 1o Gd houd

54, Onoa typical WEEKEND, how many hours
par day do you spend driving or
riding on CROWDED readways? [(Check
tha nNoarast category.)

o [ 1 Mona

] Less than 15 minutes
1 15~ minutes

] 30-50 minuias

] 1=2 howrs

1 3=4 hours

15~6 hours

1 & haurs or mora

[ A

PLEASE GO TO TOP OF NEXT COLLIMN
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66. i votal, approximately how many hours
por week da you usually spand driving
ar riding on any typa of

v [ ] Mawer ride or drive
an & woekly basis

hours por weelk riding
or driving on rosdwiys

&6, How often do you uEe BRrosol Sprays
{o.p. hair spray, cleaning spray,
deadaorant, spray paint, atc.)?

v [ ] Daily

2 [ ] Soveral timas & wask
s [ ] Onee & waek

« [ 1A fow times a month
s [ ] Raraly or nover

57. How long are you usually away from home
during the Summaer (June through
September?

How many hours par WEEK, including wuhrlllh
do you auercise vigorously or do heawvy
physical lbor (8.9 jogping, tennis,
gardening, etc.) in the apan air?

A, SUMMER
{Juna through September)

o[ ] Hona

s ] 1=3 hours

al 14-7 hours

o 18-14 hours

sl 115-21 hours

[ 122-28 hours

[ 129-35 hours

[ 136-42 hours

[ 1 More than 42 hours

55, REST OF YEAR
{Octobar through May)

[ 1Hone

1 1=3 hours
14-F hours

] B=14 hours

115-21 howrs
1 22-28 hours
12
13
1

I
|
i
|
I
[
[
[ 1More than 42 hours

PLEASE GO TO TOP OF MEXT PAGE



Howy many howrs per WEEE, including woekands,
ara you outside of bulldings?

B0, SUMMER
{June through Ssplamiber)
o[ 1 Nona
o[ ] 1=F hours
al 18=14 hours
o[ 115-31 hours
sl ]122-28 hours
ol 1289-35%5 hours
7| 136-42 hours
ol ]More than 42 hours

61. REST OF YEAR
[Detaber through May)

o [ 1Mone

a2l 11-7 hours

3l ]8=14 nours

ol 115=21 hours

s [ ] 22-28 hours

a [ ]28-35 hours

r [ 1 36-42 hours

o [ ] Moro than 42 howrs

62, During your usual daily activities how
much time do you ususlly spend close to
any sowrces of combustion, such as haavy
wraffic. gas powersd eguipmant, lawn
Mowers, Gas sloves of ranges?

| None

Lass than 15 minutes
15-28 minutos
I0=58 minutes

1-2 hours

3=4 hours

&6 hours

6 haurs oF more

EMPLOYMENT

L

B3 What is your curront
amploymani status?

1 [ ] Ungmiployed

¢ [ )'Working pam time

3 [ 1'Working full time

[ 1 Retired and not working

s [ ] Retired and working part time

o [ ] Retired but working full tims
IF RETIRED, plaase give doie
of retiremant

month year

PLEASE GO TO TOP OF NEXT COLLMN

G4, What |5 your usual or main
occupatisn? (Do not write “retined”,
i ratired oF AOL RoW Working, give
your usual occupation whan you ware
working.)

B oo v

Typa ol business or indusiry;

- Major dutbss or respansibilities:

65. How many years have you been employed
in this coupation?

years
BB Are you currently employed In your
usual or makn occupation?

1 [ 1Mo
i [ ] vas =8 skip to quastion BB

67, Whon were you last employed in your
usual or main cecupation?

i
mpnth yoar
B8, What ypa of air cooling system do you
currgntly hawe at your work place?

o[ 101 am not currently working

[ ] Kona

3| ] Ewaporative cooleér [fwamp coolar]

o[ ] Rafrigerating type (air conditionsr)

5 |_ ] Both

64. Since March 1377 what type of air cooling
sysiemysystems have you had &1 your place
oF places of work?

o [ 11 hava mot worked since
Mareh 1977 = gkip to quaestion 73
| 1 None
1 [ | Evoporstive cooler (swamp cooler)
s | ] Refrigerating type (sir conditicnar)
» [ 1Boih

7 FLEASE GO TOTOP OF NEXT PAGE
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70, Simce March 1877, have you ehangad your cotupation of your location of work?

71. Sinca Mareh 1977, have you worked for 1 manth or more at a locathon more than 5 miles from home?

o [ ] Mo = skip to quasiion 73

I:[ 1 vas

72. It you havn worked mdre than 5 miles from home since March 1977, give the work locations and dates.

Started Jab: Emdad Job:

MONTH  YEAR MONTH YEAR TOWN OF WORK STATE IIF CODE OF
WIORK PLAGE

T4 Hava you maved of boan away from hofma fof mors than one month since March 18777

1 [ 1Mo = pleass skip 1o question 75
+ [ ]1¥es I heve moved L
3 [ 1¥es | have bean sway for mare than 1 manik,

Haow many monihs?

T4. For aach cammunity i which you have tived or stayed for one month or more since March 1877,
plense ghve the information requestad below. Eor larps cities, plasss give the section of
thi city, Plonse ster with your residence n 1577 and work towards tha prasant.

When did you
stan living
in this townr
TOWH STATE ae MONTH  YEAR
[} PFLEASE GO TD TOP OF NEXT PAGE
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5. Have you EVER WORKED (for 3 months ar . Please specily types of jobs of industries
mgre) where wou wore exposed much of the whene you had the above exposures.
tirmd a5 & part of your job to any of the indus Cuties
following? If So. wrile in the Bpproimate e e
nuwmber of years you were axposed 1o
gach agent and the year when |ast exposed.

[ 1 &heck hare it no regular axpossrs
to any of the balow
77, Would you raté your eapasures 1o
Mumbar of  Yoar whsn
Yeurs of st dusts at work (past or prosont) as
Exposisra Eaposed I : : Mona
F] Miilg
Bt Radiation, X-ray o ! ] Modorate
DUSTS o [ ] Bovere
S Sand or rock dust 7B Woulll you Bl YOUr SXpOSETEs 10
- Asbostos fumas or airboma contaminants
at work t 58
- Taic, ,'FH" E ]“H Ep’-l or prasant) as
i [algl:]
- Fiberglass, rock wool o[ 1 Mild
- Sawdust - 1 [ ] Moderate
- Metal dust- +[ 1 Savare
- Road, soil dust. RESIDENCE
Othar :.lh [spacity 749, How many years have you lived in your
NN B iy prosent home?
yoars
BO. What type of building do you live in?
v [ ) Single tamily home detsched from
FUMES any othar house
Faint fumes - » [ 1 Single famity home attached 10 one
) of mars housos (lor oxample, 8
——— E—— Formaldahyde Pawihdusa, duples, 0Epa L)
r Sl 5 3 [ ] Mobdle home or trailer
N . o [ ] Apariment, candominbum with more
W Insecticides E than 3 unlts.
- Resing of gleas- [ ] Oaher. ploase spacily
— Dinsel famas. B1. How old |8 your residence?
0 J— Froom or refrigecants v [ ] Lags than 1 yaar
= Aulo sxhaust - al 1 1 year ald
[ ] 2-3 wears oid
] Saolder {or Mux) fumas- r I. ] A=10 years old
= Wabding furas/ ntrogen. ol 1 11 1o 20 yoars old
oxides s [ ] More than 20 years old
fu":t"" """n“h‘"’:‘ﬂ:::"“ B2. What is the size of the living ares
“m'&'*" of your hame {in square feot)?
g M
83, How many bedrooms are thore in
yoaur nomaT
PLEASE GO TO TOP OF NEXT COLUMMN a PLEASE GO TO TOP OF NEXT PAGE
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B4, How many bathrooms arg thers in
YU homa?

85, Wharo do you park your car(s)
whikn you are homa?

w |} Im&n attached garago
al J Im&n attachsd carpon
al 1 {hr-pi or carpon datachad from
your living quamers
al 1 Ina driveway, next o
liwing gquartars
[} Onhar

BE. 'What type of air codling systom do
wou have in your home?
i I FHIH'H
[ | Evaporative cocbor [swamp coabar)

a[ ] Refrigarating type (ak conditionar)
a[ ] Both

BY. Haw many years have you had this type
of alfr cooling system in your Ficama?

YRArS

B What typa of air ccoling system did
wou hawva iR your hama in March 1977

[ ] Hone
¢ [ ] Evaporative cooler [saamp cooler)
3| ] Bedrigerating type (alr conditioner)
«[ ] Both

HEATING AND COORING

BE, iy Irequisnily are i following
haating systems used In your hams
dusring the winler months? Flease
check naver if N1 Waed,

Monihly Weokly Daily
oF lEs

[1 (1 i1

Hewar

| ) Gas forced wir
furnsce

| 1Gas wall lurnace

| | Gas foor furnace

| ) Gas spsce hawbar

e
=

TEE

| ) Karosens space
hirater

| } Fireplace

[ 1'Wood siove

[ ] Other (spacity)

[ 1 L1 i1

B

Ll

i ¥ ] a

PLEASE GO TO TOP OF NEXCT COLUSMN

B0 How many months of the year da
Wil hibkt yowr hame?

manths

1. How many YEARS during your childhood,
[up o 18 yoars), wone aach of tha
following types of heating used
in your home? Pleaso check nome

il mover used.
Mona =5 6=10 19=15 16+
01 01 1) 1 [] Gas
01 01 1) 01 1] wooD
s 01 01 01 (1 1] COALaw DL
(1 01 by 01 1] OTHER (specify]
I [} L] L] L]

92. How many YEARS duding your sdul lite,
{19 yoars and ower), have each af the
following Types of haating been wsad
in wour hisma? Flanse chock nome if

nEver used

Mona 1-5 G6-10 11=20 27+
L1 01 11 1) 1] aas
« 01 [ B0 01 11 woob

01 1 11 01 1I{:ﬁﬂ.l.urﬂﬂ.i
III Ly 1 01 010 11 OMMER(spacity,

93 Have you avar lived in & homa
with a gas cooking stove?

i1 [ ] Mo e skip to question 100
2 [ ] Yes, CLARMENTLY
3 [ ] ¥os, IN THE PAST.

Yoar last usod

19

i you answersd CURRENTLY to question 63,
ansveer quastions 04-688 for CURRENT uso only.

W you answerod IN THE PAST to quoestion 00,
snawer questions S4-68 in terms of PAST LISE.

B4, How |8 [was) your pas cooking stove ghted?

v [ ] Light by hand

r [ 1 Electric ignition

s [ 1 Pilar light === how many pilods in
range and ovent

PLEASE GO TO TOP OF NEXT PAGE
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95 How oftan oo (did] ywou wse an axbhawst
fan or range hood whon Teod Is [was)
baing prepared on the stove?

a [ 1 Rarely or naver

2 [ 1 Occasicnally {when kitchon is
amoky of for odors)

s | 1 At least haldl the time that
the stove is on

a | 1 Always/almost slweys, whsnover
stove Is on

9B, On the avorage, how many hours por
DAY i [was) COOKING dane with
& @RAS stowe in your homa?

1 [ ] Homa

2 [ ] Less than 1 howt per day

v [ ] 1=2 howrs per day

« [ ] Mora than 2 hours par day

97, On the sverage, how many howrs per
WEEK s [waz) BAKING done with

GAS aven in youwr homa?

|

) Less than 1 hour per week
] 1=2 Rours par woak

1 3=5 hours por weak

16 or mare hours per wieak

S8, Diarirs tha wintier, how frequanily
is (was) the range or stowvo used
to halp haat youwr house?

i [ ] Hover

i [ ] Manthly or loss
s | ] Waekly

al ] Daiky

99, For how many yoears hivo you
lived in & homa whetd § gas
cooking Slove wast ussd?

W

100 Do you hawe & gas water hoater?

ol | Mo
IE YES, whare is it lccated?

s 0 ] inside the home or in &
choset Inskde tha homs

s} Inthe garage

a [ ] Carpon

sl ] Ina gloset sccessad fram
outside tha heme

[ ] Daber [spcify)

PLEASE GO TO TOF OF NEXT COLUMMN
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MET AND MISCELLANEDQUS

100, How often 40 You Cuffanthy &bt mbat
poultry o figh when you ara Iﬂ"ﬂ"rl"n'lﬂ
yaur usual routing?

ol ] Mewer
i ] Less than once per MONTH
al 11-2 times par MONTH

al 11-2 times par WEEK
sl 13-4 times par WEEK
wl 156 times per WEEK

r[ ] Dnce per DAY
o[ ] More than once per DAY

102, Has yoir 8@ of meal, poultiy oF fish
ehanged since 10767

o[ 1 Mover used in 1976 or afuer

: | ] Docreased since 1976
1l 1 Mo change sinca 1976
o[ ) Incressed since 1978

0% How often do you curmenthy drink
DECAFFEIMATED colfes whon you ane
fellowing your usual routing.  Ploaso
ngte that tha chiolces reler 1o the
numbar of “TIMES" you use coffes [NOT
tha nurmber of cups).

1 [ ] Mover

al ] Lass than onco par WEEK
»[ 179=3 vimes per WEEK
o[ ] 4= timoes per WELE

v [ 1 Once por DAY

sl 12 timas por DY

vl 13 timas par DARY

1| )& times per DAy

il 15 timas par DAY

wl 1 Owvor 5 times per DAY

104, How often do you cuarrently drink REGULAR
(MOT decaffeinated) coffee when you are
following your usual routine.  Ploase
note that thie cholces rofer (o tha
mismbgr of “TIMES™ you use colfes (NOT
L mismbar of Sups)

1 Hewver

| Less than once per WEEE
1 1-3 timas por WEEEK
] 4-6 timas por WEEK

[
[
I
i
[ | Once por Dy
[
[
[
[
[

| 2 thmes per DAY
13 times per DAY
1 4 timas par DAY
15 timas par DAY
1 Ower 5 tirnes par DY

PLEASE G0 TO TOF OF NEXT PAGE
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105 H wou drink coffes, cn tha Bvarage how many
CUPE do wou ususlly drink a1 ona
Dont forger refilis ot coffes shops or
rastaurants.

1 [ ] Naver drink coffes

#[ 11 Cup

sl 12 Cups

o 13 Cups

sl 14 or more cups

106. o you drink coffes, what size cup do you

usually use? The average cup containg B
DUENCHS, BUT SOMa CUps &rd [arper of
grnallar,

1 [ ] Hower drink cotfea

a[ 16 cunce cup or smaller
[ 18 cunce cup

all 110 ounge cup

sl 112 ounes cup

o 116 ounce cup or larger

107. Has your use of DECAFFEINATED coflon
changed since 15767

[ ] Mavar usod in 1576 or after
#[ ] Docreased since 1078

3 [ 1 Mo change since 1976
a[ ]Imcreased since 1976

108, Has your ute of REGULAR cofios
changad sinca 10767

[ ] Havar used in 1996 or aftar

| ] Decreased since 1976
a| ] No changa since 1976
al ] neroased since 1978

108, How often do you curmantly drink
soit drinds contaning callelng
{such as Papsi, Coca-Cola, Dr.
Pappar, Mountain Dow, etc]?

1 [ ] Newar

1| ] Less than once per MONTH
sl 1 1= timas per MONTH

ol 11-2 timas par WEEK
sl 13-4 tmas per WEEK
s | | 5-6 timos par WEEK

o 1 Once per DAY
ol I More than onca par DAY
110 Has your use of soft drinks.
coniaining caffeine changed
since 19767

v [ ] Never usad in 1876 or after

1 [ ] Dwcroased since 1976
s [ ] Mo change since 1076
o[ ]incressed since 1976

PLEASE 30 TO TOP OF NEXT COLUMMN
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111, What is your bast astimate of your prassnt
walght in nommal indoor clothing WITHDUT
shoes?

posndi

112 What is your sax?

[ ] Male
[ ] Famala

113 What is your date of Birth?

f f
month day  year
114, ‘What i your current affiliation with the
Sewenih-day Adventist (SDA) Church?

1 [ ] Currant baptized mambar
[ ] AMiliaved, bBut nover baptizad
3 [ ] Former S04

o[ 1Mo armliation

116, Hawe you baan hodpitalired sines
January 1, 1#EIT

sl IMe
al Ives

118. Since Janusry 1. 1083, has & doctor told you
{FOR THE FIRST TIME) that you had & tuimar
or cancar of any kind?

ol IMo
#[ ] Wos = plebsd give location oF typa

o tamor SEAE

and date of diagnosis !

month year

117, Sinca January 1, 1983 has o doctor told ou
[FOR THE FIRST TIME] that you had a Hoart
Artack or “Coronary”™ (Myocardial
Infancticn?

[ 1 Ha
3l ]1¥es === Dute of diagnosis !
manth yaar

MEN, This is the and of your questicnnaine.

Plaasa chack tha quastionnaing 10 mako sure
that wou have nat lef sny questicns blank
which should have beon snewarsd.

Thank you very much fer completing the
guastignnaire. Plesse fold it and mail v in
this rturn @nvelops 84 4000 B8 possible

WOMEN, ploate continue with 1he WOMEN DHNLY .

guastions on the atlsched pink page.

1




WOMEN, ploasa argwer all the questions on filifeg s
baoah sides of this pink page. ¥

T1E. fre you curfantly pregnant or nersing a baby?
1| ] Na
e[ ]¥es

119, Has your utorus boan removed surgicaliyy

il INa
2 ] Yos == AT WHAT AGE

120. Have one or beah ovaries been remaved surgically?

ol 1Mo

il 1Mot sure, But had swgery
ngar my ovaries,

al | Had surgory on avames but not sure
whether ohié &r both were remgwed

« [ ) Both ovaries removed === AT WHAT AGE{S)

s [ ] Oniy one avary removed = AT WHAT AGE

121, Are you currantly having menstrual periads?

o[ ] Yea, rogularty

30 ] Yos, rrogularly

1 £ ] Menstrual pefiods hawe completaly
stopped dug 1o natural changa of life

+ [ 1 Past surgery stoppad my monsirual periods

122 Have you EVER taken binh control plils (oral contracoplives)?

1 [ ] Mo =g skip to gquestion 128
el ]¥as

123, When did you FIRST toke binh conrgd pills !
monih  yoear

124 ‘Whign did you LAST take birth contral pills F
manth ypoar

125 Approximately Bow many yoars, in total, did you take bérth controld plls (swm all years of use, but

do not inclede gaps in between ditfgrent porigds of use)?
yaars

126, What was the brand name of the LAST birth contral pill that you used?

T

127. Far how many yoars did you wse 1his particular beand? years

13 PLEASE GO TO TOP OF MEXT PAGE
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128, Other than birth comtred pills, heve you EVER thken far:ale Larmones (such a8 Esrogen ar Pramarin,
Progesterone of Provers. epe.)?
[ ! Ho
#[ | Wos = If yog: Fomale hormonos can be taken in four Sifferent ways. Have you taken harmanog

in any of tha following waya, and if 54, when and how long? Pleasa CIRCLE
na or yas for EACH of the four ways.

Apa of most Totsl Yaars
Startad recent use (excleding gape)
Injeciions: Mo Yoz =—
Waginal croams
oF Suppositorias: Na Yoo =
PFills by mouth: No  Yies e
Skin Patchas: Ho Yoo s

126, i you have you ewer taken ORAL astrogen pilts {often called Pr-rnmn} wore you ALSD TAKING
progesterans (ofton callod Provera) at tha same time)

v YHo
1l ] ¥os == if yos: Out of overy 30 day period, for how many doys d3d you tako?

Estrogan days
Progasteronn — doys

130, If yeu have taken astragen or progesterons pills by mouth for reasens other than birth control,
pleasa circle EACH AGE at which you took them.

E!lm-gqn: whder 3% 36 37 38 X0 40 471 42 43 44 45 48 47 4R 45 50 51 52 53 54
i) S5 56 57 58 59 60 61 62 63 B4 85 66 07 68 69 70 70+

Progestarone: under 35 35 37 30 30 40 41 42 43 A4 45 46 47 48 49 SO 51 52 53 54
(Provera) 85 56 57 5B 50 60 81 62 63 64 65 65 67 68 A0 70 7O+

WOMEN, Pleass check the whole quettionanalre to make sure

that yau hawo not laft quastions blank which shoutd have
bean answerod.

Thank you very much for eamploeting the guestiannakne,
Planza fold it and madl it in the roturm envalape
&3 200N a5 possible.

14
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APPENDIX C: 1992 AHSMOG Questionnaire

e Adventist Health Study
z : Evans Hall Room 204
= ' Loma Linda, CA 92350
T (714) B24-4268
@4 &m Universiry Make sure you are the person named and that

your addrass and telephons numbser are comect.
Son * below if this person is no longer living
here,

If your sddress or phone numbar has changed
plaase indicate your new addrass and phone:

Maw Phona | ]
Dpar Frignd, BfaS

In 1987, you ware ong of 8 salect group from the Adventist Health Study who participated in a
special study that was sponscead by the California Air Resources Board. Youwr responsa to
pravious questionnairas has been very much appreciated and the results of this study have baen
widely recognized and used by State and Mational Agencies. Once again we ane sseking your
cooperation and assistance in completing the following quastionnaire.

It is important to the sciantific validity of the study that all participants fill out tha questionnaing
a3 close &8 pessible 1o the same point in time. Ploase take a few minutes now to complete this
qusticnnaina and mail it in the enclosed, stamped, retum envalope.

All the nfermation will be kept strictly confdential and will be reported only in statisticel
summaries of large groups of people. Thank you for your important contribution to this research
propact.

Sincaraly,

Dawvid E. Abbay, Ph.D.

Co-Dirgctor, Advantist Haalth Study

*If this parson is no longer living at this address, please mdicate the person’s status and a new
addrass if aveiable or the contact name and address of a close ralative and RETURKM the
wncompleted questionnaire in the enclosad smelope,

i1 This parson is decaasad
i1 This parson is now Bving at a now addrass:

Nama of contact parson

Address

A Srewtbgoy Adtmmay Jnubimoos
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RESPIRATORY SYMPTOMS AND RESIDENCE
HISTORY QUESTIONMAIRE - 1952

INSTRUCTIONS

—-

Chack your nama, sddress and telephone numbar on the first page adding or correcting address and
telaphone member if neceisary. Maka sura you are the person named on the lnbal,

Flgasa answer EVERY question. For soma questions you may not remember the exact detail. 1 this is
the case, then guess as closely as you can, DO NOT LEAVE QUESTIONS BLANKE UNLESS ASKED TO
SKIP THEM,

I you hawve any problems with soma of the questions we will be glad to help you by phone. If this is
thi cose, please answar all the guastions as bast you can, cirche those you need halp with, mail the
questionnaire in, and we will call you back.

A numbér of the guastions will ask what has happened to you since March, 1987, Te halp you
remambar if an svant was before or after that date, it may ba helpful for you to think back to that time
in your life and remember major avents that were happening.

1. Please enter today's date | N
manth day year

COUGH

2. Do you usually cough first thing in the

rmaming

[ 1 Yes
[ 1 Mo

Do you usually cough at other times during
thie day oF night?

[ 1 Yes
[ 1 Mo

Do you cough on most days for 3 months or
T

[ 1 Yes
[ 1 No

For how many years have you had a cough?

I 1 Neawver

I | Loss than 1 year

[ | Maore than 1 but less than 2 years
[ 1 2-5 years

[ 1 More than 5§ years

B

SPUTUM

Do you usually bring up phlegm, sputum, or
mucus from your chest first thing A the
Mo rming

[ ] ¥az

[ 1 Ne

Do you usually bring up phlegm, sputum, or
maucus from your chast at other imes duning
tha day or night?#

[ ] Yes
[ 1 Ne

Do you bring up phlegm, sputum, or mucus
from your chest on most days for 3 months
of the year or more?

[ ] Yes
[ ] Na

For how many years have you raased
phlagm, sputum, or mucus from your chast?

Menvar

Less than 1 year

Maora than 1 but leas than 2 years
2-5 years

Maore than 5 years

—— — p— p—
S -

PLEASE TURN PAGE OVER FOR NEXT QUESTION
i
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SINUS

10, Have you ever had sinus trouble?

[ 1 Yes, stil have it (Continue]
[ 1 Yes, but no longer have it (Continwe)
[ 1 Mo Skipto #14)

11. Was your sinus trouble ever disgnosed by a
doctor?

[ ] Yes, as sinusitis
[ 1 Yes, as somathing else
[ 1 No

12. At what age did you first have sinus trouble?

(agpe)

13, During the pasi year, how often wera you
unable 1o do your usual activities because of
sinus troubda?

[ 1 Monae

[ ] 1 tine

[ 1 2-5 tmes

[ 1 Bdore than & times

WHEEZING

14. Does your breathing ever sound wheezy or
whistling?

I 1 ¥as
[ 1 MNe

15, Does your chest ever sound wheery of
whisthing? (Chack No or Yes for each)

[ 1 [ ] Whan you have a cold

[ 1 [ ] Occasionally apart from colds
[ 1 [ ]1Most days or nights

16. Have you ever had attacks of shortness of
beeath with wheezing?

[ 1 Yes (Continuel
[ 1 Mo i(Skipto #19)

17. Have you had 2 or more such episodes?

[ ] Yea
[ 1 No

18. Have you aever reguired medicing of —
treatmant for thaisal attackis)?

] Yes
[ 1 Ne

BREATHLESSNESS

18, Are you troubled by shortnessz of breath
wehan hurrying on bevel ground or walking up
a shght hill?
[ ] Yes
[ 1 Me

20. Do you get short of breath when walking at
a normal pace with other people of your
awn age on lavel ground?

[ ] Yes
1 Mo

RESPIRATORY ILLNESS

21. During the PAST YEAR, how often wara you
unable to do your usual activities bacausa of
illnesses such as chest colds, bronchitis, or
predumonia?

[ 1 Mona

[ 1 1tme

[ 1 25 times

[ 1 More than & times

22, Do you think you have sver had any of these
chest disorders—asthma, any kind of
bronchial condition, or emphysema¥

[ ] Yes
[ 1 Ne

PLEASE TURN PAGE OVER FOR NEXT QUESTION
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23. Has a doctor aver told you that you had
asthma, some kind of bronchial condition, or

amphysama’
[ ] Ho|(Skip to FIE)
[ ] Yes

l IFYES, please check which conditions
== apply below and continue with #24

[ 1 Asthma
[ 1 Bronchial condition
[ 1 Emphysema

THE FOLLOWING QUESTIONS REQUEST ADDITICNAL
INFORMATION. PLEASE READ THEM CAREFULLY. WE
MEED TO KMOW IF YOU HAVE HAD THESE AND OTHER
CONDITIONS. AND THE AGE OF FIRST DIAGNOSIS,

ASTHMA

24, Have you ever had asthma?

[ 1 Yes, still have it (Skip to #26)
[ ] Yes, but no lenger have it (Continue]
[ ] MNoiSkipto #28)

25. i you no longer hawva it, at what age did it
stopT?
lagel

26. Was your asthma ever confirmed by &
doctor?

[ 1 No
[] Yes
= At what age was it diagnosed?

iapgel

27, Are you currantly taking madication for youwr
asthma?
] Yea
[] Ne

CHRONIC BRONCHITIS

28. Have you ever had chronic bronchitis?

[ ] Yes, still have it (Skip to #30)
[ 1 Yes, but no longer have it (Continue)
[ 1 MoiSkip to #32)

28. W you no longer have it, at what age did it
stop?

____ [age)
30. Was your chronic bronchitis ever confirmed
by & doctor?

[ 1 No
[] Yes

l—- At what age was it disgnosed?
lapgel

31. Are you currently taking medication for your
chronic bronchitis?
[ ] Yes
[ 1 No

EMPHYSENA

32. Have you ever had emphysema?

[ 1 Yas, still have it [(Skip to #34)
[ 1 ¥es, but no longer have it (Continue)
[ ] Mo, (Skip to #36)

33, K you no longer have it, at what age did it
stop?

lage)
34, Was wyour amphysema confirmed by &
doctor?
[ 1 MNe
[ ] Yes

l'—" At what age was it diagnosed?
[age)

35. Are you currently taking medication for your
amphysamai
[ ] Yes
[ 1 Mo

RESPIRATORY ALLERGIES

J6. Do you currently expedisnce seasonal
raspiratory allergias?

[ 1 Yes, diagnosed by a physician
[ 1 Yes, not diagnosed by a physician
[ 1 No

PLEASE TURN PAGE OVER FOR NEXT QUESTION
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POST NASAL DRIP

37.

38.

How many days per month during the
SUMMER (June through September) are you
bothered by stuffy nose or post-nasal drip
(i.e. drainage from the back of your nose
into your throat)?

None

1-5 days

6-10 days
11-20 days

21 days or more

How many days per month during the
WINTER (October through May) are you
bothered by stuffy nose or post-nasal drip
(i.e. drainage from the back of your nose
into your throat)?

None

1-5b days

6-10 days
11-20 days

21 days or more

—————

EXPOSURE TO TOBACCO SMOKE

39.

40.

a1,

42,

SINCE MARCH OF 1987, have you EVER
smoked cigarettes, cigars, or a pipe?

[ 1 No
[ 1 Yes

Have you EVER lived for six months or more
with someone who smoked?

[ 1 Yes (Please continue)
[ 1 No (Skip to #47)

How many years over your lifetime have you
lived with someone who smoked?
years.

SINCE MARCH, 1987, have you ever lived
for six months or more with someone who
smoked?

[ 1 No (Skip to #47)
[ 1 Yes, but not currently (Continue)
[ 1 Yes, currently {Continue)

43.

44,

45,

Which years SINCE MARCH, 1987, have
you lived with someone who smoked?
(Please check all that apply below)

In 1987
In 1988
In 1989
In 1990
In 1991
In 1992

P—p—— p— p— p—

During this period of time that you lived with
someone who smoked, SINCE MARCH,
1987, check which years you were exposed
to the tobacco smoke of:

Your spouse
[ 1None
[ 11987
[ 11988
[ 11989
[ 11990
[ 11991
[ 11992

Others
[ 1 None
[ 11987
[ 11988
[ 11989
[ 11990
[ 11991
[ 11992

During the majority of these years that you
lived with someone who smoked tobacco,
SINCE MARCH, 1987, how many hours per
day on the average were you exposed to
tobacco smoke?

None

Less than 1 hour per day
1-2 hours per day

3-5 hours per day

6-8 hours per day

9 or more hours per day

——————
SR P —

PLEASE TURN PAGE OVER FOR NEXT QUESTION
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46,

47,

How many people regularly smoked inside
your home during this pericd of tima?

—— — —
e —

-

re cigaraites, pipes, or cigars currently
smoked in your home?

[ ] KNoiSkipto #50)
[ 1 Yes Continua)

How many paople currantly amoks in your

Approximately how many cigarettes,
pipefulls, andfor cigars are  currently
smoked in your home during the average
day? |1 pack = 20 cigarettas)

# cigarettes
# pipafulls
# cigars

WORK EXPOSURE TO TOBACCO SMOKE

50,

SINCE MARCH, 1987, have you aver
worked where someone smoked in the
same room of enclosed space in which
you worked?

[ 1 MoiSkipto #53)

[ 1 Yes, but not currently (Pleasa
continel

[ 1 Yes currently (Plaase continue)

11
[ 1in 1980

§1. SINCE MARCH, 1987, how many years

have you worked where sameans smoked in
the same room o enclosed space n which
you wiorked?

nufmibser of years —— Which years?

(Chack all that apply balow) 4
In 1987 [ 1ln 1988
[ 1In 1881

I 1ln 1988
I 1In 1992

52, During the years that you worked SINCE

MARCH. 1987, whera someone smoked
tobaceo in the same room or enclosed space
as you worked, how many hours per day on
the average were you exposed to tobacco
amaokea?

Mons

Lezs than 1 hour per day
1-2 hours per day

3-5 hours par day

6 or more hours per day

5. Please estimate the total number of hours

per day on the average that you are
CURRENTLY exposed to someone slse's
tobaccs smoke. Then do the same for
exposure DURING THE LAST FIVE YEARS.
(include time in the home, work, in
automobiles, public transport and social
situations that you arelwere exposed to
other people’s tobacoco smoke. |

AVERAGE CURRENT EXPOSURE
[ 1 MNona

Less than 1 hour per day
1-2 hours per day

3-5 hours per day

B-E hours per day

8 or more hours par day

— e

VERAGE DURING THE LAST 5 YEARS
| Hone

] Less than 1 hour per day

I 1-2 hours per day

1 3-5 hours per day

1 B-B hours per day

I

F%
|
|
|
|
I
[ 9 or mora hours per day

PLEASE TURN PAGE OVER FOR NEXT QUESTION



o4,

L1

56.

I total, approximately how many hours par
weeak do you usually spend driving or riding
on any typs of rosdway?

Mever ride of drive on @ weakly basis
2 or less howrs per week

3-4 houwrs per week

E-6 houwrs per weak

710 hours per week

11-15 hours per wesk

16-20 hours per waak

Orver 20 hours per week

How long are you usually away from home
dusring tha SUMMER [June through
Saptembar?)

wm of less

P12
1134
15
[ 1 7-8 weeks

[ 19 weaks of mara

How many hours per WEEK, including
woskends, do you exercise vigorously or do
hiawy physical labor (e.g. jogging, tennis,
gardening, e1c.) in the open air during the
SUMMER [Juna through Septembar)?

Nona

1-3 hours

4= T U

A-14 hours

15-21 howrs

22-28 hours

28-35 hours

3642 hours

maore than 42 hours

|
|
[
[
[
[
[
[
I

Kesp going, you're
halfwray theral

197

57.

58.

54,

How mary hours per WEEK, including
waekends, do you axercise vigorously or do
heavy physical labor (e.g. jogging, tennis,
gardening, #tc.) in the open air during the
REST OF THE YEAR [October through May)? _

I ) Mona

[ 1 1-3 hours

[ ] 4-7 hours

[ 1 8-14 hours

[ 1 18-21 howrs

[ 1 22-28 howrs

[ 1 258-35 hours

[ 1 36-42 hours

[ 1 more than 42 hours

How many hours per WEEK, including
weskends, are you outside of buildings in
the SUMMER [June through Septamber]?

[ 1 None

[ 11-7 hours
i1 B-14 hours

[ 115-21 hours

[ 1 22-28 hours

[ 1 29-35 hours

| 1 36-42 hours

[ 1 more than 42 hours

Hows mamy hours per WEEK, including ™
weeskends, are you outside of buildings
during the REST OF THE YEAR ([Octobar
through May]?

[ 1 Mone

[ 117 hours

[ 1814 hours
15-21 hours
22-28 hours
29-35 hours
36-42 hours

i1
11
[1
[1
[ 1 more than 42 hours

. Have you moved or been away from home

for more than one month at o time since
March, 19877

[ 1 Mo (Skip to #62)
[ ] ¥es, | have moved [Continue with FE81)
I 1 ¥es, | have been away for mone than 1

Lmunth.
How many manths?

[Continue with #61]

PLEASE TURN PAGE OVER FOR NEXT QUESTION



61. For each community in which you have lived or stayed for one month of more SINCE MARCH, 1887,
please giva tha information requested below. For large cities, please give the section of the city. Please
start with your residenca in 1987 and work towarnd the present.

When did you start
living in this town?
Town State Zip Month  Year

62. Have you worked (even on a part tima or voluntesr basis) SINCE MARCH, 19877

[ 1 Mo [Skipto FEI]
[ 1 ¥es (Plaass continue

63. SINCE MARCH, 1987, have you changed your occupation or your locatlon of work?
[ ] Ko
| 1 ¥Yas

"B4. SINCE MARCH, 1887, have you warked for 1 month of mone 5t & location mora than 5 miles from your
homa
| 1 Ne (Skip to #EE)
r[ 1 ¥as {Continua)

B5, If you have worked more than 5 miles from home BINCE MARCH, 1987, give the work locations and

dates.

Started Job:  Ended Job:

MO, YA, MO, YR, TOWM OF WORK STATE ZIP CODE OF
WORE PLACE

PLEASE TURN PAGE OVER FOR NEXT QUESTION
7
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B6. ‘What is your current smploymaent status?

I 1 Unemployed (Skip to #71)
Full tirme homemakes

Ratired and working part time
| Ratired but woarking full teme
== |F RETIRED, ploaso give date of
retiremant

i1

i1
IIWNHWM'HHH
I I Retired

11

|

i [Skip ta #7171 H not
month  year currently working)

67. Do you work at least part time away from your

homa?

[ 1 Yes (Ploase continua)
[ 1 No (Skipto #71)

68, What tma of day do you usually arrive BT your T4,
wiork place? [(Please check the nearast hour).

[ 11 am not currantly working {Skip to #71)

1 7 am.
| 8 am.
1 8 e.m.
1

[
[
[
[ 1 Othar [Plesse spacify

69, Whaet tima of day do you usually lasve your
orkplace? (Flease check the nearest howrl,

Eﬂl'ﬂ

w
|
[
I
1 1 Other (Ploase spacily

1
1
1
i

T0. What type of air cooling system do you

currantly have at your work placa?

1 1 Nona
I | Evaporative cooled [Swarmp coober
I 1 Refrigorating typa (air conditionar)
[ | Both

T1. SINCE MARCH,
least part time?

[ 1 Yas (Pleasa continual
[ 1 No [Skip to #B3)

1987, have you weorked at

TI

3

T8,

76.

717.

8.

SINCE MARCH, 1987, what type of air coolng
system/systems have you had at your place or
placies of work most of the tima?

[ ] Mona
[ | Evaporative coolar (swamp coolar)
[ | Rafrigarating type (air conditioner)
[ 1 Bath

SINCE MARCH, 1987, what has besn your
usual or MAIN type of work when you have
worked?

Job Tithe

Type of business or industry:

Major duties or responsibilities:

Which of the following describes the satting at
this type of work? Please check the omne main
catagory and give hours par day.

I 1 indoors ——= hours par day

I 1 Outdoors —— hours par day
|Skip to #76)

I 1 Inavehicls == haurs par day
1Skip 1o FTE)

b
Which of tha following best describas the
indoor satting at this type of work?

I 1 Oifice, educational facility
I 1| Medical facility

[ | Warehouse, factory. plant
[ | Retad, sales

[ 1 Other (Specify)

SINCE MARCH, 1987, how many yasrs hawe
you dond this type of work?

yaars SINCE MARCH, 1987.
Ara you currgntly employed in this type of
work
[ 1 No
I 1 Yas (Skip to #79)

‘Whan were you last employed in this type of
work? f
month  yaar

PLEASE TURN PAGE OVER FOR NEXT QUESTION
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It so, write in the
approximate  number of years you were
exposed to aach agant and the yaar when last
mxposad,

[ | Chack hare if no regular axposura to any
af the below and skip 1o #81

Mumber of
Yaars of
Exposurs Yoar

Since March, When Last

1887

E

Radiation, X-ray
BUSTS

Sand of rock dust

Asbastios

Tale, graphite

Fibarglass, rock wool

Sawdust

Matal dust

Road, soil dust

Other dusts (spacify

dates & dusts]

1|

ELMES
Paint fumas
Formaldahyde
Solvents
Insscticides
Rasins or glue
Digsel fumas
Fraon or
rafrigorates
Auto axhaust
Solder (or flux) furmas
Waealding fumaes/
natrogen oxides
Other fumas o aif-
boee  cOntaminants
[spacify dates &
furmas]

[HTHTHT TH T
L]

80. Ploase specify the types of jobs or industries
whara you have had the above axposunes
SINCE MARCH, 1987.

Industrias Job Duties

81. Would you rate your sxposures to dust at work

ISINCE MARCH, 1987, or at presant if
currantly axposad) as
[ 1 MNona
1 Mild
[ 1 Moderate
[ | Severs
82. Would yvou rate your exposures to fumes or
airborme contaminants at work (SINCE MARCH.
1987, or at presant if currantly exposed) as:
I 1 Nons
11 Mild
I 1 Moderate
I 1 Severa
HOBBIES

83. Heve you gwar had hobbies where you ware
axposad o modarate or savesa lavels of dust or
fumas for three months of more?

] Na
I 1 Yes-=How many years?
RESIDEMNCE

4. Are you currently Bving in the same home

whars you lived in MARCH, 19877
1 Yes
] Mo

B5. How many years have you lived in your presant

home?

Yaars

PLEASE TURM PAGE OVER FOR NEXT QUESTION
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EB.

BT.

a4,

81.

92,

What type of building do you live in?

[ 1 Single family homa detached from any
othar house

Single family homa attached to one o
mofe housas (for axample, a townhouse,
duplasx, triplax)

Mobile homa of traber

Apantmant, condominium with more than
3 units

Other, ploasa spacily

i1
[1
il
11

About wiven was youd homme onginally buill?
Please consider when it was originally built, net
wihan it was remodeled, added to, o converted
(plaasas chack only one box).

[ 18948 or aarliar
1950-1959
1960-1969
1970-1874
1976-1879
1980-1984

1885 10 prasent

——— — ——
(S -

How many rooms do you have in your homad
(Do not count bathrooms, ponchas, balcorses,
fapars, or halls)

MO

How marny badroomas ara thare i your homa?

Approximataly what percentage of the total
usable floorspace in your home is covarsd by
fsgs of carpets?  Plaase check neanest
CALB{Ory.

I 1 Hona
1-20%
21 - 0%
41 - 0%
61 - 80%
81 - 100%

How many individuals Bve in your home
Including yourself?

Do you have any pats, such as dogs or cats or
othar FURRY animals, which usually spand
200 time aach day In your homa?

i1
i1

Yas
Mo

a3

84,

85,

6.

7.

D you have any bands in your homea?

[ 1 Yes
I 1 No

Ia thare & dirt deive, road or alley within
100 yards of your homa?

11 Yas
11 He

Whera are cars/vehicles usually parked near
your living ouartars? (Check all that apply)

In an wndergrownd garags

In an attached garage

In an attachad canport

Garage of carport detached from your
living quarnars

1 1 ©Ontha strest next 1o living ouarters

11 inthe yard or driveway nect to Eving

quaners
1 1 Other {specify]

What type of air cooling system do you have in
youar hoemis?

e

1 MNone
I | Evaporative cooler [Swamp coolar)
[ | Relagarating type (ae condstionar)
[ 1 Beth
i

Howe many years have you had this type of air
CobEN SyELEm in wour home?

Yanrs

. Do you have centrsl s conditioning?

Yas
Mo

1]
1]

. Which months of the year do you ususlly use a

copling system in your homa? (Mlease check all
that apply below)

[ 1 Nona

[ 1 January | 1 May | | Septembar
[ 1 February | § Jura [ | Qctobaer
[ 1 March [ ) July [ | Movembar
[ 1 Apil I 1 August | 1| Decembsar

PLEASE TURN PAGE OVER FOR NEXT QUESTION
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100.Which months of the year do you use natural
ventilation (open doors of windows) in your
homa? (Pleasa chack all that apply below)

[ 1 MNona

[ ] Jonwsary | ] May | 1 Soprambar
[ 1 Pobeuary | ] June [ ] October
[ 1 March [ 1 Jualy | 1 Novaember
[ 1 Apnl [ 1 August [ | December

101, How fraquently are tha following heating
systems used in your homa during the wintar
months? Ba sure 1o check one of the categonies
for each typa of heating, () through () as well
as othar typas you may write in. Plasss chick
nover if not usad or you do not have.

Haver Monthly Waekdy Dady

oF i

Gas forced
air furnace
Gas wall furnace
Gas floor furnace
Gas space heater
Karosens Spatn
gl [1 [1 11 11
Firaplaca
wath weocd [1 i1 iy 1l
. Firopleta
with gas logs [1 i1 i1 il
Waod srove
Electric 11 11 1] 1 ]
Oghar
(pleass apacily]

|
[
I
[

sang
e

i

11
[ 1] [ 1 I

102 Which years SINCE MARCH, 1987, have
sach of the following types of heatng been
used in your home? Please check nona if
never usad or you do not have. Be swe to
answar each of the guestions lal theough (dh
balow.

83 &8 90

ok

[
trentl

1111l
111

hons 87

[1 11
[ T |

a. GAS
b, WOOD
£. COAL
gr QIL [1
d. ELECTRIC i1
e OTHER
|Ploase speciiyl

[1
i1

treEninl i1
treninl il

T O I

[1

103 Dad you check nevar of ione in guestions 101
& 102, for tha types of heating you do not
have or have not used? If not, please go back
now, and mark the approriate boxes.

104, Which months of the year do you usually
heat your hame? (Please check all that apply
below. )

[ ] None

[ ) donuary [ I May [ 1 Septermbar

[ ] Febiuary [ 1 Juna [ 1 Octoher

[ ] March 11 July [ 1 MNovember

[ 1 Apsil I 1 August [ | December
105. Do you have central heating?

[ ] Yes

| 1 No

106. Dogas yowr kitchen hawve @ Separate
ceflingfexhaust fan that vents air to the
outside?

11 Mo
I 1 Yes
| . 't YES, how often do you use it?

Rarely or mever

Oocasionally (when kitchén is amaky)
At lzast hall the time stove is on
Always/almost abways, when stove is
an

i1
11
11
11

107. SINCE MARCH, 1987, have you ever lived In
a home with a gas cooking stoved

[ 1 No (Skip ta #1131

[ 1 Yes, CURRENTLY

[ 1 Yes, BUT OMLY IN THE PAST
} = Foar last used 19

H you answered CURRENTLY to gquestion 107,
answar quastions 108-111 for CURRENT use
oy

If you answered IN THE PAST to guestion 107,
ansgwer guestions 108-111 in terms of PAST use.

108. How is
Eghted?
I 1 Light by hand
| | Electronic kgnition

| | Pilot Bght ——= how many pdots in range
and owen?

fwas] your gas cooking stove

PLEASE TURN PAGE OVER FOR NEXT QUESTION
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109. On the average, how many howrs per DAY is | 114, Do you have an unvanted gas heater in the

[was) COOKING dona with a GAS stove in house of an attached structwre?
your homat [ 1 Yes
I ] MNone [1 Mo
| | Less than 1 hour par day -
I 1 1-2 howrs per day 115, Do you have an unvented kerosens haater in
I | More than 2 hours per day the house or an attached structure?
110. On the averags, how many hours par WEEE ] Yes
i (was) BAKING done with 8 GAS owven in [ ] Mo
vy homai

116, What is your bast estimate of youwr present

1 Less than 1 hour per week wnln:l; in mormal ndoor clathing WITHOUT

|

I 1 1-2 hours per weak
I 1 35 hours per woak
[1

I 1 Nona

pounds

@ or more hours per wask 117. What is your sex?
111, Dawing the winter, how frequently is (was) [ 1 Male
the rangs of stove used to help haat your [ 1 Femabe
house?
[1m 118. What is your date of birth?
[ | Monthly or lass p f
[ | Weskly
[ | Daity month  day year
112, SINCE MARCH, 1987, which years have you 119, What s your current afifliation with the
liwed in & home wherg a gas cooking stove Seventh-day Adventist (SDA] Church?
waas used? [Please check all that apply.) [ 1 Current bagtized member -
[ | Mewer [ 1 Affillated, but never baptized
[ 1 1987 [ 1 Former SDA,
[ ] 1588 [ 1 Mo atfillaton
[ ] 1589
[ 1 1930 120. Have you been hospitalized since March,
[ 1 189 19877
1
11 1932 [1 Mo
113. Do you have a gas water haatar? L] Yu
[ 1Mo 121. Sinca March, 1987, has your doctor told
[ 1Yes you (for the first timel that you had a tumor
I,_ IF ¥ES, whera Is it located? of cancer of any kind?
[ 1 Inside the home of in 8 closar inside 11 Noi{Skip to #124)
the home i Yes
F : :;:M nl i i Please give location, type of
[ 1 Inackset accessed from outside the e
home
1 K lapiciiy] and date of diagnosis fr___

manth yaar

PLEASE TURN PAGE OVER FOR NEXT QUESTION
i2
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122. Please give the name and address of the physician and name and address of the hospital where
your cancer was diagnosed.

Physician nama and address:

Haspital name and address:

123, In order to keep track of the cccurrence of serious lliness among participants in this study, we need
to raview the medical records regarding youwr cancer diagnosis. Please sign the statement below
piving perrmission 1o review thess records. This permission will make it possible for youwr doctor
o hoapital to allow us to review your reconds,

| hereby authorize the Adventist Health Study of Loma Linda University to examina my medical
records filed in the above mentioned hospital or doctors office.

Your signature Dare

124. Please give the name and address of someaone who i not living with you who will always know
your address if you move.

Nama

Address

City State Zip

Phome( I
arga code

Please chieck the questonnaire 1o make sure that you have not left any questions blank which should
have bean answeared.

Thank you wery much for completing the guestionnaire. Please fodd it and mail it in the retwern envelops
as soon 88 possibba.

13
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APPENDIX D: 1993 AHSMOG Lung Health Questionnaire

4\ Ny Adventist Health Study

: AF N Evans Haoll Raom 215
Loma Linda, CA 92350
A (P09) B24-4268

Lops Liyne Unwersrry

LUNG HEALTH QUESTIONNAIRE - 1993

Dear Friend:

We sincerely appreciate your participation in this study since 1976. As the study
goes on, your continued participation becomes mone and mare important. 'Wa thank
you for coming to the testing today and ask your cooparation in answering the
enclosed questions.

David E. Abbay, Ph.0¥
Principal Investigator, Advantist Health Study
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INSTRUCTIONS

1s

guastionnaire, This date was: )

Pleasa enter today's date [ [
month day year

COUGH

2.

Do you usually cough first thing in the
marning ¥

il IYes
o INe

Do you usually cough at othar times during
the day or night?

o ] Yes
d 1Mo

Do you cough on most days for 3 months
or mone?

il ] Yes
d 1Mo

For how many years have you had a
cough?

il | Newver

d 1 Less than 1 yaar

a1 More than 1 but léss than 2 years
a 125 years

¢l | Mora than & years

SPUTUM

.

Do you usueally bring wup phlagm, sputum, or
mucus from youwr chest first thing in the
FRaemIngT

il | Yes
d 1 No

PLEASE GO TO TOP OF NEXT COLUMMN

Make sure you are the person named on the Iabel. Please answer EVERY guestion. Some of the
questions are similar 1o thoss which ware on the 1992 gquestionnaire, but we need them to
update information. For some questions you may not remember the exact detail. If this is the
case, than guess as closely as you can.

A number of the questions will ask what has happened to you SINCE completing the 1992

11992

206

7.

Do you usually bring up phisgm, sputum, or
mucus from your chast at other tmes

during tha day or night?

if ]Yes
il | Na

Do you bring up phlegm, sputum, or Mutus
from your chest on most days for 3 months
of the year or more]

il 1 'Yes
id INa

For how many years have you 1'-“‘_._
phlegm, sputum, or mucus from your
chast?

1| | Newvar

d ) Less than 1 year

sl 1 Mare than 1 but less than 2 years
o | 2-5 years

e[ ] More than 5 years

WHEEZING

10.

Dioes your breathing ever sound whesazy or
whistling?

il ]Yas
A 1Mo

Daes wour chest ever sound wheery of
whistling?
[Check No or Yas for aach).

‘Whan you have a cold
Occasionally apart from colds
Maost days or nights

of 14 1
of 14 1
ES

FLEASE GO TO TOF OF NEXT PAGE



13.

14.

15.

Have you ever had attacks of shortness of
breath with wheezing?

1[ 1 Yes (Continue)
2[ ] No (Skip to #16)

DURING THE PAST YEAR, how many
attacks of shortness of breath with
wheezing have you had?

1l 1 No attacks (Skip to #16)
2[ ] A few (1-3) attacks

3[ ] Several (4-12) attacks

a[ 1 Many (13 or more) attacks
s[ ] Attacks almost every day

DURING THE PAST YEAR, have you seen a
doctor about these attacks?

[ 1Yes
2[ 1No

DURING THE PAST YEAR, have you
required medicine or treatment for the(se)
attack(s)?

1 1Yes
2[ ] No

BREATHLESSNESS

16:

70

Are you troubled by shortness of breath
when hurrying on level ground or walking
up a slight hill?

1[ ] Yes
2[ 1 No

Do you get short of breath when walking at
a normal pace with other people of your
own age on level ground?

il 1Yes
2l ] No

PLEASE GO TO TOP OF NEXT COLUMN

2
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RESPIRATORY ILLNESS

18. Has a doctor ever told you that you had
asthma, some kind of bronchial condition,
or emphysema?

1[ ] No (Skip to #30)
[ 1Yes
+—— IF YES, please check which
conditions apply below and continue
with #19
1[ ] Asthma
1[ 1 Bronchial condition
1[ 1 Emphysema
ASTHMA
19. Have you ever had asthma?
1[ 1 Yes, still have it {Continue)
2[ ] Yes, but no longer have it {Continue)
a[ ] No (Skip to #24)

20. DURING THE PAST YEAR, how many
asthma attacks did you have?
1[ 1 No attacks (Skip to #24)
2[ ] A few (1-3) attacks
s[ ] Several (4-12) attacks
a[ ] Many (13 or more) attacks
s[ ] Attacks almost every day

21. DURING THE PAST YEAR, have you ever
awakened at night with an asthma attack
or wheezing?

1[ ]1Yes
2[ 1 No
22. DURING THE PAST YEAR, have you seen a
doctor for it?
i[ ] Yes
2[ 1No
23. Are you currently taking medication for

your asthma?

1[ ] Yes
2[ 1 No

PLEASE GO TO TOP OF NEXT PAGE



CHRONIC BRONCHITIS

24, Have you ever had Chronic Bronchitis?

1[ 1 Yes, still have it (Continue)
2[ 1Yes, but no longer have it (Continue)
s[ ] No (Skip to #27)

25. DURING THE PAST YEAR, have you seen a
doctor for it?

1l ]Yes
2[ 1 No

26. Are you currently taking medication for
your chronic bronchitis?

1[ ]Yes
2[ 1No

EMPHYSEMA

27. Have you ever had emphysema?
1[ ] Yes, still have it (Continue)
2[ 1 Yes, but no longer have it (Continue)
a[ ] No (Skip to #30)

28. DURING THE PAST YEAR, have you seen a
doctor for it?
1[]1 Yes
2[ ] No

29. Are you currently taking medication for
your emphysema?
[ ] Yes
2[ ] No

RESPIRATORY ALLERGIES

30. Do vyou currently experience seasonal
respiratory allergies?

1[ 1 Yes, diagnosed by a physician
2[ ] Yes, not diagnosed by a physician
s[ 1 No

PLEASE GO TO TOP OF NEXT COLUMN 3
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32.

Did your BIRTH/NATURAL father EVE’
have any of the following conditions?”
Please check NO or Yes for each condition.

i ] Check here if you don’t know who
your natural father was.

No

1[ 12[ 1Chronic bronchitis

1[ 12[ 1 Emphysema

1[ 12[ 1Asthma

1[ 12[ 1Lung Cancer

1[ 12[ 1 Other Chest or Lung Condition
+——> Specify

g

1l 12[ 1Cancer, other than lung
+—— Specify

i[ 12[ 1Hay fever
1[ 12[ ] Other severe allergies

Did your BIRTH/NATURAL mother EVER
have any of the following conditions?
Please check NO or Yes for each conditior

—

i ] Check here if you don’t know who
your natural mother was.

1 Chronic bronchitis

] Emphysema

] Asthma

] Lung Cancer

] Other Chest or Lung Condition
+—— Specify

1[ 120 1 Cancer, other than lung
+——> Specify

1[ 120 ]1Hay fever
1[ 12[ 1 Other severe allergies

EXPOSURE TO TOBACCO SMOKE

33.

During the past year have you EVER
smoked cigarettes, cigars, or a pipe?

1[ 1Yes
2[ 1No ~

PLEASE GO TO TOP OF NEXT PAGE



4.

35,

36.

a1,

3a.

SINCE THE 1552 QUESTIONNAIRE, have
you lived with someans who smoked?

il | Mo (Skip to #40)
# | Yes, but not currently (Continue)
o | Yes, currently (Continue)

When did you last live with someone who
amoked?

manth, YEar,

How marny months, SINCE THE 1892
QUESTIONMAIRE, have you lived with
somaone who smoked?

il ] Less than 1 month
il 11-2 months

al 1 3-8 months

o ] B9 months

o | mora than 3 months

During this period of time that you Eved
with someons who smoked, SINCE THE
15992 QUESTIONNAIRE, wire you éxposed
to tha tobacco smoke of:

Your spouse
il ] Yes
i 1Mo

Others
il 1Yes
i 1 Mo

During the majority of the time that you
lived with someone who smoked tobacco,
SINCE THE 1992 QUESTIONNAIRE, how
many hours per day on the average wers
you axposed to tobacco smoke:

il | None

o 1 Less than 1 hour per day
1-2 howrs per day

3-5 howrs par day

G6-3 hours per day

o 1
i |
L]
« ] More than 9 hours par day

PLEASE GO TO TOP OF NEXT COLUMN
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35.

41.

42,

How many people regularly smoked inside
your homa during this pariod of tima?

if ] None
a1

o ]2

+ 13 or mora

Are cigarettes, pipes, of Cigars currently
smaoked in your hama?

sl 1 No (Skip to #43)

A | ¥es (Continue)

How many people currently smoke in youwr
hama?

il | Mana

{11

al 12

« 13 or more

Approximately how many  clgaretbes,
pipafulls, andlor cigars are currenthy

gmoked in your home during the average
day? {1 pack = 2 cigarattes)

# cigareitas
¥ pipefulls
# cigars

WORK EXPOSURE TO TOBACCO SMOKE
43.

SINCE THE 1932 QUESTIONNAIRE, have
you aver worked where someaons smoked
in the same room or enclosed space in
wihich you warked?

ol 1 Mo (Skip to #46)
al ] Yes, but mot currently [Continual
sl ] Yes, currently (Continua)

SINCE THE 1992 QUESTIONMAIRE, how
marny months have you worked whore
someane smoked in the same room or
anclosed space in which you worked?

il | Less than 1 month
d 11-2 months

i ]3-5 montha

4] ] B9 months

o[ ] More than & months

PLEASE GO TO TOP OF NEXT PAGE



a5.

46,

47,

Dhuring the maenths that you worked SINCE
THE 1982 OQUESTIONNAIRE, where
someons smoked tobacco in the same room
of enclosed space as you worked, how
many hours per day on the svarsge were
you exposed to tobacco smoke?

il 1 Mona

#l 1 Less than 1 hour per day
al ] 1-2 hours per day

il ]13-5 hours per day

sl 1 6 or more howrs per day

Please estimate tha totsl number of hours
per day om the average that you are
CURRENTLY exposed to someons alsa’s
tobacco smoké, Then do the same for
axposure DURING THE LAST 12 MONTHS.
(Include time in tha home, work, in
automobiles, public transport and social
situations that you arg/werd éxposed to
other peopla’s tobacco smoke.}

AVERAGE CURRENT EXPOSURE
il J Mona

J Lass than 1 hour par day

1 1-2 houwrs par day

1 3-5 hours par day

| -8 hours par day

19 or more hours per day

AVERAGE DURING THE LAST 12 MONTHS
il 1 Mone
# 1 Less than 1 hour par day
sl 11-2 hours per day
s 13-5 hours par day
o] ] 8-8 hours per day
19 or more hours par day

In total, approximately how many hours per
wieek do you usually spend driving or riding
on any type of roadway?

1 Wever ride or drive on a weekly basis
12 or lass hours par woek

13-4 hours per week

1 5-6 hours per week

17-10 hours pir week

1 11-15 hours per weak

1 16-20 hours per wesk

| Over 20 hours per woek

PLEASE GO TO TOP OF NEXT COLUMN
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48.

43,

60.

81.

52,

How long wera you away from home during
the SUMMER of 1992 (June throug'

-

How many hours per WEEK, including
weekends, ware you outside of buildings in
the SUMMER of 1992 (June through
September)?

i
i
al
il
sl
ol
il
o

How many hours par WEEK, including
woeekends, ware you outside of building
during the REST OF THE YEAR (since™

September)?

il | None

1 1-7 hours

| B-14 howrs

1 16-21 hours

| 22-28 hours

1 25-35 hours

| 36-42 hours

1 mare than 42 hours

SINCE THE 1992 QUESTIONMNAIRE, have
you gver had hobbies where you were
exposed to moderate of severa levels of
dust or fumaes for three months or more?
il 1 Mo

1 Yes - How many months?

1 Mone

] 17 hours

] B-14 hours

] 15-21 hours

] 22-28 hours

| 28-35 hours

] 36-42 hours

| mare than 42 hours

| - N S - N

What is your best estimate of your present
waight in normal indoor clothing WITHOUT
shoes?

pounds

——————

PLEASE GO TO TOP OF NEXT PAGE



53.

54,

55.

56.

57

58.

What is your best estimate of your present
height WITHOUT shoes?

ft ins.

What is your date of birth?

/ /
month day year

What is your current affiliation with the
Seventh-day Adventist (SDA) Church?

1l 1 Current baptized member

o[ 1 Affiliated, but never baptized
a[ ] Former SDA

4 1 No affiliation

Have you ever had an abnormal chest X-ray?

i1 1 No
o[ 1 Yes
+—— |IF YES, where:

Name of hospital/testing site:

Address of hospital/testing site:

Please give the name and address of current physician. If you have more than one, please give
name and address of the one you see for respiratory problems.

Name of physician:

Address of physician:

In order to keep track of the occurrence of serious illness among participants in this study, we need
to review the medical records. Please sign the statement below giving permission to review the
records of the above mentioned hospital or doctor’s office. This permission will make it possible

for your doctor to allow us to review your records.

| hereby authorize the Adventist Health Study of Loma Linda University to examine my medical
records filed in the above mentioned hospital or doctor’s office.

Your Signature

211

Date

PLEASE GO TO TOP OF NEXT PAGE



59. Please give tha name and address of samesne who i not living with you who will always know
your address if you mowve. ks

Namea {relationship, if amyz_______
Address

City State Zip

Phane [ 1
area coda

Please check the questionnaire 1o make sure that you have not laft any questions blank which
should have been angwered.

Thank you very much for completing the guestionnaire,
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APPENDIX E: 2000 AHSMOG Questionnaire

Adventist Health Stedy

Evans Hall Boom 215
Loma Linda, CA 92350
(BiMD) 247- 1699
- Mak the person named and that
c.@l‘ufl .&}"ﬂl H\‘H’Eﬂmﬂ' m;mrﬁm numb:::n: ;:'rﬁ::. a

See * below ifhis person is mo longer living here,
Il your address or phone number has changed
please indicate your new address and phone:

Mew Phone { i

Diar Friend,

I 19492, you were ome of o select group froe the Adventisi Health Sty uhmmpﬂmﬂ in papecial study

that was sporsored by the Environmentad Protection Agency, \'unrmpuﬂ b previous questionnaines has
been very much appreciated and the results of this study have beenwidely recognized in the scientific
commnity snd hoes contributed to establishing standands for cleaner air in the US and elsewhiere. Onoe again
wie are seeking your cooperation and assistance.

Please 1akie & few minutes now to complete this questionnakre and mail ivinthe enclosed stampeed, retum
envelope.

Al the information will be kept sirsaly confidential and will be reported ondy in statistical surmamaries of Large
groups of people. Thank yvou for vour important contribution to this research project,

S N Y

David E. Abbey, Ph.I.
Principal Investigator Co=lnvestgator
Sub-Siudy of Adventist Health Study Sub-Study of Adventist Health Sudy

*[f this person is no bonger living ot this sddress, please indicate the person's siatus and a new address if

available or the contact name and address of'a close relative and RETURN the uncompleted questionnaine
in the enclosed envelope,

[ 1] Thiz person 15 decensed
[ ] This person is now living at a new address:

Contoct Name Phone | ]

Address

A SEVENTI-DAY ADVENTIST MEALTH SCIENCES INSTITUTION
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RESPIRATORY SYMPTOMS AND RESIDENCE
HISTORY QUESTIONNAIRE - 2008

INSTRUCTIONS

— e s T e
Check yourname, address and telephone number on the first page, adding or correcting address and telephone
number if necessary. Make sure you are the person named on the label.

Please answer EVERY question. Forsome questions, you may not remember the exact deinil. [ihis isthe case, then
guess a5 closely as vou can. DO NOT LEAVE ANY QUESTIONS BLANK UNLESS ASKED TO SKIP
THEM.

11 you should have any protlems with some of the questions, we will be glad to help you by phone. 1 this is the case,
please answer all the questions s best you can, circle those you peed help with, mail the questionnsire in, and we will
call you back.

A nirmber of the questions will ask what has happened to you since completing the 1992 questionnaire. To helpyou
remenber il event was before aralier that date, it may be helpfl for you tothink back: to that time in your e and
remember major events that were happening elose to the time of completing your 1992 questionnaire.

Please enter today's date F I EXPOSURE TO TOBACCO SMOKE
month day  year
4. SINCE MARCH OF 1992, have you EVER
Has a doctor ever told you that you had asithma, smoked cipareties, cigars, or a pipe?
some  kind of bronchial condition, or
emphysema? [ 1, Ne
[ 1; Yes

[, No(Skipto#d)
[ 1z YES. please check [x] which 5. RINCE MARCH, 1992, have vou ever lived for

conditions below six months or mone with someone who smoked?

[ L Asthma (continue with #3)

[ L Bronchial condition (Skip to i#4) [ 1, Mo (Skip te #T)

[ 1. Emphysema (Skip to #4) [ s Yes, but mot currently (Continus)

[ 15 Yes carrently {Continue)
Was your nsthma ever confirmed by a doctor?
6. SINCE MARCH, 1992, which years have you

[l Mo lived with someons who smoked? (Flexse check
[ 1. Yes=<katwhatage all that apply below)

[ Jo Mome (Skip to #7)

[ Linigex [ LiIni%%s | ]'!nm‘?l

[ LIn1993 [ Liaio%s [ ], In 1990

[ LIn1994 [ ] In1997 [ ] In 2000

PLEASE GO TO THE NEXT PAGE FOR NEXT QUESTION
1
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7.

Haove vou been employed {even on a past time or
volunieer basis) SINCE MARCH, 19927

[ 1, No (Skip to #16)
[ I Yes (Continue with #5)

WORK EXPOSURE TO TOBACTO SMOKE

SINCE MARCH, 1992, have you ever worked
where someone smoked in the =xme room or
enclosed space in which you werked?

[ 1, Mo (Skip to #10)

[ 1z Yes, but pot currently (Cominue)
[ ]5 Yes, cumently (Continue)

Continue with 89 ~

2,

10,

SINCE MARCH, 1992, how many vears have
vou worked where someone smoked in the same
room of enclosed space in which you worked?

Years

SINCE MARCH, 1992, have vou changed your
aceupation of your location of work?

[ ]
[k

No
Yes

SINCE MARCH, 1992, have vou worked for
one monih or more ot 4 location more than 5
miles from your home?

[ 1 Mo (Skipio#ld)
[k Yes(Cominue with #12 below)

If you have worked more than 5 mibes from vour home SINCE MARCH, 1992, give the work locations

and doges,
Siaried Joby; Ended Job:
MO, YR. MO, YR. TOWN OF WORK

ZIP CODE OF

ETATE WORK PLACE

=

FLEASE GO TO THE NEXT PAGE FOR NEXT QUESTION
1
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13

14.

SINCE MARCH, 1992, have you ever warked
for 3 months or more where you were exposed
much of the time 1o dusts as part of your job?
[1, No(Skipto#14)

[ 1, Yes = Specily jobsndusiry

Total number of years exposed to dusts
since March 1992:

Heviy would youw rale yoer expasure iy
dust in this job?

SINCE MARCH, 1992, have you ever worked
for 3 months or more where you were exposed
pmuch of the time 1o fumes or aitbome
comlazminants as part of your job?

[ ], Mo{Comine with #15)

[]; Yes =% Specify jobs/indusirics

Total member of years exposed 10 fames
since Mareh 1992:

I L

Hivay would you rate your exposang to
furses in this job?

[ ]; Mild

[ |, Moderate

[ L Severe

15, SINCE MARCH, 1992, what has been your

usunl pecupaiion or job - the one you have
worked al the longest?

16. What is your current employment status?

s Full time homermaker

l; Working pant time

L Working full time

b Unemplayed

i Retired and working part time
], Retired but working full time

F RETIRED, please give date of
relirement

[
[
l
[
[
[
[
|

F_
Month Year

17. How long ane you usually away from home
during the SUMMER (June through
SeptemberT)

2 woeks or less
-4 weeks

56 weeks

T-8 weocks

9 wecks OF mond

ol oo

18, How many hours per WEEK, including
weekends, do you exercise vigoronsly or do
heavy physical labor (¢-g- jogging, lenais,
gardening, cic.) in the open air during the
SUMMER (Jume through September)?

[ 15 36-42 hours
[ s more than 42 houss

PLEASE G0 TO THE NEXT PAGE FOR NEXT QUESTION
|
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19. How many hours per WEEK, including

20.

weekends, do you exercise vigorously or do
heavy physical labor (e.g. jogging, tennis,
gardening, etc.) in the open air during the
REST OF THE YEAR (October through
May)?

[ ], None

[ 1, 1-3 hours

[ 1; 4-7 hours

[ 1, 8-14 hours

[ 15 15-21 hours

[ 15 22-28 hours

[ 1, 29-35 hours

[ 15 36-42 hours

[ 1; more than 42 hours

How many hours per WEEK, including
weekends, are you outside of buildings in the
SUMMER (June through September)?

[ ], None

[ 1, 1-7 hours

[ 1; 8-14 hours

[ 1, 15-21 hours

[ 15 22-28 hours

[ 1 29-35 hours

[ 1, 36-42 hours

[ 1s More than 42 hours

21.

22.

23.

How many hours per WEEK, including
weekends, are you outside of buildings during
the REST OF THE YEAR (October through
May)?

1-7 hours

8-14 hours

4 15-21 hours

s 22-28 hours

[ 1s 29-35 hours

[ 1, 36-42 hours

[ 15 More than 42 hours

Do you use any type of air cooling system in
your home?

[ 1, No (Skip to #23)
[ 1, Yes |
What type of air cooling system? (Check all
that apply)
[ 1, Central Evaporative (swamp) cooler
[ ], Window Evaporative (swamp) cooler
[ ] Central refrigerating type
(air condition)
[ 14 Window refrigerating type (air
condition)
[ 1. Other, specify

Since MARCH, 1992, have you moved or
been away from home for more than one
month at a time?

[ 1, No, (Skip to #25)

[ 1. Yes, I have moved or been away from
home for more than one month.
(Continue with #24)

PLEASE GO TO THE NEXT PAGE FOR NEXT QUESTION



24, Foreach commumity inwhich vou have lived ar stayed for one monith of mvone SINCE MARCH, 1992, please
give the information requesied below. For large eities, please give the section of the city. Please start with

.

your residence in 1992 and work toward the present.

If nota move
When did you how man;
start living in monihs i@
this town? vou stay?
l l
Town Siate Zip Month  Yeoar hionths
What is your best estimate of your presem 29, Have you been hospitalized sinee March, 15927
weight in normal indoor chothing WITHOUT
shoes? [ ], No
[ ] Yes
pounds e
M. Sineco the age of 35, have you had any fractunes
What is your gender? (Broken bones) that were due to MINGR traama
{Falling from standing beights or less, tripping
[ 1, Malz over an obfect, falling from one step, cle) ora
[ ]; Female broken bone without & known caese?

What is vour date of birth?

! |
Momth [Day Year

What is your current affiliation with the
Seventh-day Adventist (SDA) Charch?

], Current baptized member

1. Affilinted, but pever baptized
|s Farmer SDA
ls

[
[
[
[

[ 1, Mo (skip to #32)

[ 1 Yes - Please report below which site(s) and
your approximate age when the carliest fracture
after ape 35 occurred at each site.

Hite Age at time of fracture
[LlHp ___

[ LWrist  ___
[ }Spine ___
[ LOther

Location

PFLEASE GO TO THE NEXT PAGE FOR NEXT QUESTION
H
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E1 N

Were any of the fractures mentioned in question 30 due to cancer o cancer metasiasis, Pagets diseass,

miyelomatosis or Osteogenesis Imperfecta?

[ ]i No
[ ], Yes=#Which sites?

Have you ever been told by a doctor that vou had asteoporosis?

[ ], No
[ ] Yes

Simee March of 1992 has vour doctor todd vou (for the first time) that vou had a tamer oF caneer of any
kind?

[ 1, No {Skip to #35)
[ ]; Yes =+ Please give bocation, type of tumor

“sand date of diagnosis /

Monih Year

Please give the name and address of the physician and name and address of the hospital where your cancer or
turmor was disgnosad.

Physician name and address: Hospital name and address:
Phane | ¥ Plone ( ]
area code area code

Since MARCH, 1987 (nod 1992 a5 in the previous questions), has a docior tald you (for the first time) that you
had a Heart Attack or “Coronary™ (Myoecardial Infarction)?

[ 1 Mo (Skip to #37)
[ & Yes =% Daie of disgnosis [
Month Year

PLEASE GO} T THE NEXT PAGE FOR NEXT QUESTION
&
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36. Please give the name and address of the physician and name and address of the hospital where your Heart
Attack was dingnosed.

Physician name and address: Hospital name xnd sddress:
Phome { b Phone 1
area code arca eode

an Innrdﬂlutupumkufﬂuwmnfmuuiilhmmmi:hmuhmh#udy,wnwdw
review the medical records regarding your cancer or heart aftack diagnosis. Please sign the statement
below giving permission 1o review these records. This permission will make it possible for your docior or
hospital to allow us to review your recond.

Remember that all your records will be kept strictly confidential. No individaal infarmation will e
released to another organization or entity,

I hereby authorize the Adventist Health Study of Loma Linda University to examine my medical records
filed in the above mentioned hospital or doctor's office,

Your sigraiure Dhertr

38, Please give the name and address of someone, who is not living with you, who will always know your
address if you move.

Marme

Address

Phone | )
arca code

Please check the questionnaine to make sune that you have not left amy questions hlank which should have been
answered.

Thank yeu very much for completing the questionnaire. Please fold it and mail it in the returmn envelope ns
scon as possible,
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APPENDIX F: Confirmation of IRB Approval

LOMA LINDA UNIVERSITY

Synnove Knutsen, MF, MD PhD
Professor, Department of Epidemioloogy/Biostatistics
School of Public Health

Re: IRB # 52238%“Relating cardiovascular disease risk to ambient air pollutants using
Geographic Information Systems technology and Bayesian neural networks: the AHSMOG

study”
December 17, 2010
Dear Dr. Knutsen:

Reference is made to your correspondance today regarding the role of Lie Hong Chen in the
activity cited above.

Based on the information provided, we have determined that this student’s role does not
constitute human subject research as defined in the federal regulations 45 CFR 46.102(f), in that

she did not receive data containing individual or identifiable private information and did not
interact or intervene with living individuals.

Thus this student’s participation in IRB #52238 and her subsequent research do not require IRB
review or approval. However, your cooperation in LLU’s shared responsibility for the ethical
conduct of research is appreciated.

Sincerely,

L e b Tl

Linda G. Halstead, MA
IRB Administrator
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