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Dear Dr. Enstrom,

I am sorry to inform you that your manuscript, "Fine Particulate Air
Pollution and Total Mortality among Elderly Californians, 1980-98," has
not been accepted for publication in the Journal. This decision was
based not only on the reviewers' comments, but also on the editors'
evaluation of the manuscript's focus, content, and interest to our
diverse readership. While we found your work interesting, we feel it is
more appropriate for a specialty journal.

Thank you very much for the opportunity to review this manuscript.
Sincerely yours,

Jeffrey M. Drazen, M.D.
Editor-in-Chief
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Reviewer A

The authors find no association between fine particles and mortality in
elderly Californians. The critical questions are, how does the strength of
this evidence match that of the many other, mostly positive, studies, and if
the findings here hold up, what are the reasons for the differences in
results? Overall this study appears to be well done, but these questions are
not adequately addressed and 1t is not clear how much it adds to present
knowledge.

This study is rather weak (as noted by the authors) because of its ecoloegic
design. Of course, most of the other studies are also weak, but not all of
them. Additional problems here include:

The substantial number of subjects lost to follow-up

Insensitivity of changes in total mortality to changes in specific
causes of
death

L,ack of match on time for the residence data, the air pollution data,
and
deatnh, especially the lack of smoking status since 1972

Adjustment for confounders at the personal level, but not at the
county
level (which would be difficult)

The puzzling (to me) lack of negative interaction between ambient PM
and the PM (and a lot of other junk) in tobacco smoke

The failure to demonstrate an effect of cigarette smoking (basically an
interaction of ambient PM with the PM and other pollutants in tobkacco smoke,
see Table 4) is a bit unexpected, and may indicate an unidentified problem
with the data. This should be further explored in the present text.

I was very glad to see the final two sentences of this paper, which have a
lesson that needs to be more widely understood. However, I am not cenvinced
that the differences among study results are entirely a result of differences
among the cohorts. This should be either deleted or strengthened.

Reviewer B

REVIEW OF
“WFine Particulate Air Polluticon and Total Mortality Among Elderly
Californians, 1980-1998

In page order.

Tw The references have some glaring omissions, particularly EPA’s final
version of the Air Quality Criteria for Particulate Matter document (AQCD)
released on October 28, 2004. However, this has been available to the public
in draft form since July, 2004. To be sure, a draft report was “gray
literature” then, but is now a published document as is the CARB report (ref.
13). The existence of the most recent drafts should have been acknowledged,
as the AQCD is generally regarded as the most comprehensive and encyclopedic
source of current information on particulate matter (PM) in the U.S. and

probably in many other countries. Even if the authors disagree with many of
the AQCD conclusions, omitting this reference is like failing to mention the
elephant is a serious omission. Several other critical references are

missing and were published well before this paper was submitted, notably
Villeneuve et al. (2002) and Burnett et al. (2001c) in the AQCD.




P In the last paragraph on page 3, the authors present a good case that
all particles are not created equal, then lose this insight in subseqgquent
analyses.

B Page 4, line 3. Because these cohort data have individual outcomes and
covariates but aggregate air peollution measurements, they might be more
accurately characterized as semi-ecological studies (Kunzli et al.).

4, The statement on page 4 line “.. one .. study has not found fine
particles associated with mortality .. ™ i1s overly broad. Many epidemiologic
studies have found short-term effects that are increasingly buttressed by
toxicology evidence. There is less known about effects of long-term PM
exposure in long-term experimental toxicology studies.

L Plausible mechanisms for short-term effects are being published.

6. Page 5, 4 lines from bottom. Most of the decedents were probably
elderly and no longer driving. Were the drivers’ license searches current or
historical as well?

P Page 6, lines 2 and 3. Was any attempt made to obtain primary cause of
death information from the California death file or the Social Security Death
index? Other prospective cohort studies have found much higher mortality
rates for lung cancer and cardiopulmonary diseases.

S Page 6. I’m really concerned about the use of county-wide averages to
characterize PM exposure. Some of these counties are very large, e.g. San
Bernardino, Riverside, and San Diego which reaches the Arizona border. I'm

concerned about the exposure measurement error issue, although of course
other authors have had to do the same thing. The spatial scale of averaging
may be impeortant, see (Burnett et alw, 2001e) .

5. The Harvard Six City (H6C) and BRmerican (ACS) studies made use of
“winteraction” terms as well as stratification, which allows the PM metric to
entered linearly or otherwise in the model, and qualitative measurements such
as education level to be entered as coded factors. Were any such analyses
done here? This approach allowed the reanalyses done by the Health Effects
Institiute (HEI) investigators to determine that education level and smoking
status were significant modifiers of PM effects with relatively few
parameters to estimate.

10 Page 7. Here is where the authors’ insights that different particles
may have different toxicity could have been made more useful. The counties
listed in Table 1 with the highest PM2.5 levels (Kern and Riverside) might be
reasonably assumed to have mostly ground-up crustal material. For the
counties with the lowest PM2.5 levels (Santa Barbara and Contra Costa) this
seems less likely, and the possibility that (depending where the air monitcrs
are located) more likely to have urban-source PM2.5 particles. Were any
sensitivity analyses done to look at discriminating among counties with
likely fine/coarse or urban/crustal sources?

ddes Table 2 is topsy-turvy from every similar table I've seen of this sort.
I’'m not an epidemiologist, but I believe most epidemiologists would have used
the county with the lowest PM2.5 level as the baseline (Santa Barbara in this
list, at 10.6) and the county that has almost always been identified as a
potential urban source problem, Los Angeles (3rd highest at 28.2 ) as the
upper baseline for determining an increment suitable for dirty-vs.-clean city
comparisons, 28.2 - 10.6 = 17.6 mcg/cu.m, pretty similar to the H6C and ACS
increments. Likewise, instead of a RR relative to L.A., most of the RRs in
the Table ( 15/24) would be greater than 1 and some rather far above 1, even
if non-significant, relative to Santa Barbara. This suggests that a
population-weighted or standard-error-weighted meta-analyses might have found
a positive effect. Worth trying, if only to compare with other studies.

G2 On the other analyses, a surrogate indicator of the general health of
the county (as opposed to the cohort) might be a useful covariate in a semi-
ecological study, e.g. county-wide total mortality or by-cause mortality.

13, Table 5: Why isn’t the largest cohort study, the ACS study, listed
here?
14. Time-varying covariates can be used in PHREG models, see (Villeneuve

et al. 2002.)
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Dear Dr. Enstrom:

Thank you for submitting your manuscript, "Fine Particulate Air Pollution and Total Mortality among Elderly
Californians, 1980-98," to the New England Journal of Medicine.

Your manuscript has been forwarded to members of our editorial staff, who will make an initial evaluation
and decide whether it merits further consideration. You will be notified of the decision as soon as possible.

You may track the status of your manuscript on the web using PaperTRAIL. This manuscript tracking
system for authors is at http://www.nejm.org/hfa/papertrail. To access the system you will need your
manuscript number, 04-3494, and the name of the corresponding author. The system updates once per day.

We are undertaking evaluation of your manuscript with the understanding that neither the substance of the
article nor the figures or tables have been published or will be submitted for publication elsewhere during the
period of review. Please provide the editors with copies of other manuscripts by you or your coauthors
addressing similar or related research questions that are in preparation or under consideration at other
journals. This does not apply to abstracts published in connection with scientific meetings or to news reports
based on presentations at such meetings. The Journal's policy is explained more fully at
hitp://www.nejm.org/hfa/policies.asp.

Rejected manuscripts and illustrations will not be returned.
Please call us at 617-734-9800 if you have any questions.
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All analyses presented in this manuscript have been funded by EPRI. The entire funding history of
the underlying data used for the analyses has been described in detail in my prior publications (see
references 20 and 21).
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Abstract:

BACKGROUND Fine particulate air pollution has been associated with significant long-term
mortality effects, but this epidemiologic evidence is still controversial because of methodologicai
issues, lack of support from toxicology studies and some epidemiology studies, and lack of a
plausibie causal mechanism. METHODS The long-term relation between fine particulate air
pollution and total mortality was evaluated in a cohort of 30,977 elderly Californians defined in 1959
and 1972 and followed through 1998. Exposure to fine particles (PM2.5, median diameter <2.5 um)
was estimated from sample outdoor ambient concentrations measured in 11 counties during 1979-
84. Proportional hazards regression was used to determine the relative risk of death (RR) and 95%
confidence interval (Cl) during 1980-98 among cohort members as a function of PM2.5 level. Also,
RRs by county of residence were calculated for 43,209 cohort members in 25 California counties.
RESULTS After controlling for age, sex, and eight confounding variables, all RRs by county of
residence were statistically the same. Subjects in the highest-PM2.5 counties had no greater risk of
death than those in the lowest-PM2.5 counties. The overall relationship was RR = 1.00 (0.98-1.02)
per 10 ug/m3 increase in PM2.5, before or after adjusting for confounding variables. The RRs
varied somewhat among subgroups defined by sex, age, education, smoking status, and health
status, but none was statistically different from 1.0. CONCLUSIONS These epidemiologic resuits
do not support a causal relationship between fine particulate poliution and total mortality in elderly
Californians, but they do not rule out a small effect.
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Dear Editor:

Dr. Fred W. Lipfert and | are submitting a manuscript entitled “Fine Particulate Air Pollution and
Total Mortality Among Elderly Californians, 1980-98.” We feel this manuscript should be given
serious consideration because the New England Journal of Medicine has published two other
important papers on fine particulate air pollution and mortality (references 4 and 5), as well as the
September 9, 2004 paper on air pollution and lung development and the January 8, 2004
perspective on air pollution and federal regulations by Dr. Robert Steinbrook (“Peer Review and
Federal Regulations”). Our epidemiologic study involves one of largest cohorts ever examined with
respect to fine particulate air pollution and long-term mortality. It deals with a susceptible population
of elderly Californians, who have lived in a state that is very concerned about air pollution.
Furthermore, the relative risks in this study are more precise (have smaller 95% confidence
intervals) than those in than any previous cohort study. The cohort is well defined and relatively few
subjects have been lost to follow-up. If you decide to send our manuscript out for review, | assume
that it will be treated as a strictly confidential document by the reviewers. If this is not the case, |
would like to know your current review policy before you send out the manuscript. Because our
findings may be considered controversial by some, we hope that you will select reviewers who
have not taken a strong position on air pollution and mortality and who can provide an objective
evaluation. We would like you to consider using the experienced reviewers suggested below, each
of whom has expertise in air pollution epidemiology. In the spirit of the Data Quality Act, discussed
in Dr. Steinbrook’s perspective, we would be willing to work out a way to have our underlying data
independently examined and analyzed, if this is deemed necessary by the reviewers in order to
confirm the accuracy of our findings. Thank you very much for your consideration.

Sincerely yours,
James Enstrom, Ph.D., M.P.H.
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Suggested Reviewers:

John C. Bailar, I, Professor Emeritus, University of Chicago, c/o 2101 Connecticut Avenue #8,
Washington, DC 20008, jcbailar@health.bsd.uchicago.edu, (202) 986-5646: Suresh H.
Moolgavkar, Professor, Fred Hutchinson Cancer Research Center, Seattle, WA 98195,
smoolgav@hfcrc.org, (206) 667-4273; Robert M. Maynard, Department of Health, Skipton House,
London Road, London SE1 6LD, UK, robert. maynard@doh.gsi.gov.uk: Allan H. Marcus, US
Environmental Protection Agency B243-01, Research Triangle Park, NC 27711,
marcus.allan@epa.gov, (919) 541-0636
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You will be notified by e-mail that we have received it. Once our manuscript assistant has checked the
files and logged the manuscript into our database, you will receive another e-mail acknowledgement with
your permanent manuscript number. Please use this number in all future communications with us. If you
do not receive this e-mail acknowledgement within two business days after submitting your manuscript,
please contact us at 1-800-445-8080 or 617-734-9800 or editerial@nejm.org.
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ABSTRACT

Background Fine particulate air pollution has been associated with significant long-term
mortality effects, but this epidemiologic evidence is still controversial because of methodological
issues, lack of support from toxicology studies and some epidemiology studies, and lack of a
plausible causal mechanism.

Methods The long-term relation between fine particulate air pollution and total mortality was
evaluated in a cohort of 30,977 elderly Californians defined in 1959 and 1972 and followed
through 1998. Exposure to fine particles (PM; s, median diameter <2.5 pum) was estimated from
sample outdoor ambient concentrations measured in 11 counties during 1979-84. Proportional
hazards regression was used to determine the relative risk of death (RR) and 95% confidence
interval (CI) during 1980-98 among cohort members as a function of PM, 5 level. Also, RRs by
county of residence were calculated for 43,209 cohort members in 25 California counties.

Results After controlling for age, sex, and eight confounding variables, all RRs by county of
residence were statistically the same. Subjects in the highest-PM; 5 counties had no greater risk
of death than those in the lowest-PM; s counties. The overall relationship was RR = 1.00 (0.98-
1.02) per 10 pg/m’ increase in PM, s, before or after adjusting for confounding variables. The
RRs varied somewhat among subgroups defined by sex. age, education, smoking status, and
health status, but none was statistically different from 1.0.

Conclusions These epidemiologic results do not support a causal relationship between fine
particulate pollution and total mortality in elderly Californians, but they do not rule out a small
effect.

Keywords: epidemiology, air pollution, fine particles, mortality, California
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ABSTRACT

Background Selected epidemiologic evidence shows significant mortality effects associated
with long-term fine particulate air pollution. These findings have lead to stricter air quality
regulations but are still controversial because of methodological issues, lack of support from
toxicology studies and some epidemiology studies, and lack of a pausible causal mechanism.

Methods This is an epidemiologic evaluation of the long-term relation between fine particulate
air pollution and total mortality among a cohort of 30,977 elderly Californians defined in 1959
and 1972. Sample measurements of outdoor ambient concentrations of fine particles (PM; s,
median diameter < 2.5 pm) were made in 11 counties during 1979-84. Proportional hazards
regression was used to determine the relative risk of death (RR) and 95% confidence interval

(CI) during 1980-98 among cohort members as a function of PM; 5 level. Also, RRs by county of
residence were calculated for 43,209 cohort members in 25 California counties, with Los
Angeles serving as the baseline county.

Results After controlling for age, sex, and eight confounding variables, all RRs by county of
residence were statistically the same. Subjects in the highest-PM, 5 counties had no greater risk
of death than those in the lowest-PM; 5 counties. The overall relationship, RR = 1.00 (0.98-1.02)
per 10 pg/m’ increase in PM, 5, was similar before or after adjusting for eight confounding
variables. The RRs varied somewhat among subgroups defined by sex, age, education, smoking
status, and health status at entry, but none was statistically different from 1.0.

Conclusions These results do not support a causal relationship between fine particulate
pollution and total mortality in elderly Californians, but they do not rule out a small effect of up
to 2% increase in risk per 10 pg/m’ increase in PM,s. These results support the concept that no
single cohort can adequately represent the entire United States and that local data should be used
to estimate local effects.

Keywords: epidemiology, air pollution, fine particles, mortality, California

Word count: ~2,800




INTRODUCTION

Many observational epidemiological studies have reported associations between air
pollution from combustion sources and human health (1). During past severe air pollution
events, such as the 1952 London fog incident (2), extremely high concentrations of particulate air
pollution were accompanied by major increases in coincident (acute) mortality. In more recent
years, health effects have also been associated with much lower concentrations of particulate air
pollution (3). While most recent research has focused on short-term exposures (4), several
studies suggest that long-term exposures may be more important. In particular, prospective
studies of two cohorts (5-7) have shown significantly stronger mortality associations with
outdoor concentrations of fine particles (PM; 5, median aerodynamic diameters less than 2.5
microns). Other cohort studies have found significant mortality associations with air pollutants
other than PM, 5 (8-11).

These and other studies have led to new national ambient air quality standards for fine
particles (12), as well as to stricter California standards (13). These standards are specific
with respect to particle size, but not with respect to chemical composition. All particles
measured by the approved methods are considered equally toxic. Fine particles are generated
mainly by combustion processes and their atmospheric sequellae. However, the chemical
composition of airborne particulate matter varies appreciably across the nation and within
metropolitan areas. PM, s is thus a variable mixture, rather than a defined chemical compound as
in the case of gaseous air pollutants.

The associations of low-level air pollution with mortality remain controversial, in part
because the epidemiologic studies that have examined these health effects are subject to the
methodological limitations of ecological studies (1,14-18). Actual exposures to air pollution are
difficult to determine accurately in large cohorts. Indeed, the exposure of each individual has not
been directly measured in cohort studies but has usually been defined by ambient outdoor
concentrations in the county or metropolitan area of residence. Also, one major national study
has not found fine particles associated with mortality (9,11) and experimental evidence does not
support an association (15). Most importantly, it is etiologically unclear how fine particles cause
respiratory or cardiovascular diseases because there is no plausible mechanism (14,15).

California is a large, diverse state that has long been concerned about the health effects of
air pollution and that has recently issued new stricter ambient standards (13). However, no
previous cohort study has focused on mortality with respect to measured PM; 5 in California,
although one small study used atmospheric visibility as a surrogate measure of fine particles in
selected California areas (19). Here, we have used a large cohort of elderly Californians to
examine long-term relationships between mortality from all causes during 1980-98 and PM; 5
measured during 1979-84.

METHODS
The California Cancer Prevention Study (CA CPS I) is the extended follow-up of the

118,094 California subjects from the original Cancer Prevention Study (CPS I) of 1,078,894
adults from 25 states. CPS I was initiated by the American Cancer Society (ACS) beginning in




1959 and CA CPS I has been independently conducted at the University of California, Los
Angeles (UCLA) since 1991, as described in detail elsewhere (20,21). The subjects in this
prospective cohort study were enrolled from October 1959 through February 1960 using a
detailed four-page questionnaire. Surviving cohort members completed short questionnaires in
1961, 1963, 1965, and 1972, and a two-page questionnaire in 1999. Deaths through 1972 were
identified primarily by surviving study subjects and were confirmed with death certificates. The
later deaths were identified at UCLA primarily from computerized and manual matches with the
California death file and the nationwide Social Security Death Index, using name and other
identifying variables (20,21). The CPS I cohort has only once before been used to assess the
relationship between air pollution and mortality and this assessment was limited to lung cancer
during the 1960s (22).

This paper focuses on the subjects in the 25 counties with the largest number of CA CPS
I subjects who reported their cigarette smoking status in both the 1959 and 1972 questionnaires
and were alive as of January 1, 1980. There were a total of 43,209 traceable subjects alive as of
January 1, 1980 in these counties, of whom 28,551 died as of December 31, 1998. An additional
4,006 subjects lost as of December 31, 1998 have been omitted from further analysis. Of these
subjects, there were 30,977 traceable subjects alive as of January 1, 1980 in the 11 counties with
PM, s data, of whom 20,396 died as of December 31, 1998. Most of the surviving subjects had
their 1999 address determined from a match with California driver’s license (DL) identifying
information and 33% of them responded to a two-page smoking and lifestyle questionnaire that
was mailed in mid 1999 to their DL address (20.,21). Based on the questionnaire information in
late 1959 and late 1972, and 1999 DL address information, and the death information, the county
of residence and county of death was determined for most subjects as of late 1959, late 1972, and
early 1999. About 86% of the deaths were identified on the California death file and the
remainder were identified on the Social Security Death Index.

The independent air quality variable in this analysis was PM; 5, as measured during 1979-
84 in 11 California counties (23,24). These data were averaged over time and across the
available monitoring stations in each county and have the same source as those used the recent
national cohort study (7). No routinely measured PM, 5 data exist before 1979 and routine
statewide measurements were not resumed until 1999. The average county-level PM; s value
was assigned to the traceable subjects alive as of January 1, 1980 based on their county of
residence as of late 1972. This analysis was based on the deaths from January 1, 1980 until
December 31, 1998. This period essentially encompasses that of the PM; 5 data and is roughly
the same as that used in the recent national cohort study (7).

The age-adjusted relative risk of death (RR) and 95% confidence intervals (Cls) were
calculated using Cox proportional hazards regression, specifically the SAS PHREG procedure
(21), including age at baseline in 1 year intervals and sex, as a function of fine particulate level in
units of 10 pg/m’. The “fully-adjusted” relative risks were calculated using a model that includes
age, sex, and eight potential confounding variables at baseline: race (white, nonwhite}), education
level (<12, 12, >12 years), cigarette smoking status (never, former, 1-9, 10-19, 20, 21-39, 40+
cigarettes per day), exercise (none/slight, moderate, heavy), body mass index (<20, 20-23, 23-26,
26-30, >30 kg/m2), male occupational exposure (no, yes), marital status (married, widowed,
single, separated, divorced), and fruit/fruit juice intake (0,1,2,3.4,5,6,7 days/week). One




additional variable, health status at entry (good, fair, poor, ill, sick/CA/CHD/stroke), was
evaluated as a sensitivity analysis. The confounding variables are defined at entry into study in
late 1959, except for cigarette smoking status, which was updated in late 1972.

Subgroup analysis was done by sex, year of birth, education level, cigarette smoking
status, health status, and education level, as well as by residential mobility and follow-up
subperiod (1980-89, 1990-98). Finally, the relative mortality rates by county of residence were
calculated as an alternative method to assess the influence of the varying pollution levels, similar
to the method used in the Harvard Six Cities Study (5). The Los Angeles county subjects are
used as the referent in estimating the fully adjusted 1980-98 RRs for each of the other 24
counties. Subject-weighted correlations between the 1979-84 PM, s values and the fully adjusted
RRs were computed for the 11 counties with PM; 5 data. The residential mobility of subjects was
assessed by calculating the percentage of subjects who lived or died in the same county from late
1972 to 1999.

RESULTS

Table 1 shows the late 1959 demographic and lifestyle characteristics (confounding
variables) of the CA CPS I subjects (12,794 males and 18,183 females) in the 11 counties with
1979-84 PM, 5 data (mean = 23.4 ng/m’). Table 1 also shows the same characteristics for the
subjects in the two counties (Kern and Riverside) with the highest PM, 5 levels (mean = 36.1
pg/m’) and in the two counties (Contra Costa and Santa Barbara) with the lowest PM 5 levels
(mean = 13.1 pg/m’). The average characteristics are quite similar, irrespective of the mean
pollution levels. The mean age of the subjects alive as of 1/1/1980 was 70.5 years for males and
69.8 years for females.

Table 2 shows the 1980-98 mortality risks relative to Los Angeles County, adjusted for
eight confounding variables, for the 25 counties with the most CA CPS I subjects, including the
11 counties with 1979-84 PM, 5 data. While some variation is seen, all of the risks are
statistically consistent with RR=0.990, the weighted average for all 25 counties combined. A
homogeneity test yields Woolf’s statistic y2=22.5 for 24 degrees of freedom (p=0.489) and
confirms that the RRs are statistically equal. The two counties with highest PM; s levels (Kern
and Riverside) had an RR of 0.943 (0.890-0.999), whereas the two counties with the lowest
PM; 5 levels (Contra Costa and Santa Barbara) had an RR of 1.013 (0.954-1.077). The weighted
correlation between 1979-84 PM, s and the 1980-98 RRs was an insignificant r=-0.148 (p=0.5).
This means that during 1980-98 the CA CPS I subjects had similar death rates throughout the
state that were independent of the PMj 5 levels, which varied by a factor of 4 (10.6 to 42.0
ug/m’). These results indicate no relationship between PM, 5 and total mortality. Based on their
counties of residence and counties of death, about 66% of the subjects remained in the same
county from late 1972 to 1999, indicating relative stability of residence.

Table 3 shows the relationship of 1980-98 mortality to 1979-84 PM; 5 concentrations,
calculated by Cox proportional hazards regression, based on an increase in long-term mean
ambient concentration of 10 pg/m>. The RR (95% CI) is shown to three decimal places in order
to facilitate accurate comparisons with other estimates based on PM; 5 (7,9). The age-adjusted
RRs and the fully adjusted RRs were both consistent with 1.0 for males, females, and both sexes




Although the effects in this study are quite small and none are statistically significant,
they suggest slightly higher risks from PM 5 for younger subjects, for females, for better-
educated subjects, for never- smokers, and for those who were healthy at enrollment. All of
these trends run counter to the findings from daily mortality studies that emphasize the frailty of
affected individuals (1,3,4), but they are consistent with the finding of non-significant and
negative associations between PM; s and long-term male mortality in the Veterans’ Study (9,11).

Further, the finding of slightly weaker effects during 1990-98 compared with 1980-89 is
consistent with the temporal trend in the Veterans Study. The net impression is one of
competing risks, such that long-term air pollution effects may be apparent only when more
important risk factors are absent. The RRs reported in this study and their relatively small
confidence intervals suggest that any long-term risks of all-cause mortality associated with PM s
in California are similar to those seen in studies of associations with daily mortality, but smaller
than those reported in long-term studies of other cohorts (5-7).

Failure to find a suspected effect in an epidemiological study may be because the effect
does not actually exist or because the study was incapable of detecting it. In general, the
requirements for statistical significance include a sufficient number of observations, accurate
measurements, and an adequate range of values of the independent variable of interest (here,
ambient PM, 5). The range of PM, 5 values (31 ug/m3) in this study is greater than the range (20
pg/rn3) in the largest cohort study (7), although the data are from the same database. Part of the
range difference is due to the use of counties in the present analysis, as opposed to entire
metropolitan areas in ACS CPS I (7).

In addition, there may be questions as to the basis for estimating actual exposures to
PMs, s, even though PM 5 often has a large regional component and is known to penetrate
structures relatively efficiently. The assumption that individual exposures, especially those of
decedents, are the same as group averages, given here by a few centrally-located monitors, is
known as the “ecological fallacy” and can lead to incorrect conclusions in extreme cases (18).
However, it is impractical to adequately monitor individual exposures, especially over the long-
term. Here, we use the smallest practical geographic unit (counties), given typical mobility of
subjects, in hopes of minimizing any such exposure errors. There are also questions about the
timing of exposures in a long-term study (9); we consider deaths up to 20 years after exposure.
However, these results do not suggest stronger effects of cumulative exposures, nor do any of
those summarized in Table 5.

Within the paradigm of present ambient air quality standards, which do not recognize
chemical differences in PM; 5 sampled at various locations, the substantial differences in findings
shown in Table 5 must relate to differences in the cohorts per se, rather than to the relative
statistical powers of the studies. It thus follows that no single cohort can adequately represent the
entire United States and that local data should be used to estimate local effects. As the largest
and most detailed examination of the long-term relationship between PMa 5 and total mortality in
elderly Californians, this study presents valuable new local data.

ACKNOWLEDGEMENTS




This analysis has been funded by EPRI. The entire funding history of CA CPS I has been
described elsewhere (20,21). We thank Ron Wyzga for helpful comments and suggestions. JEE
takes responsibility for and vouches for CA CPS 1, including all data and all analyzes. FWL
takes responsibility for the PM, s data. JEE and FWL designed the analyzes and wrote the

paper.
REFERENCES

1. Lipfert FW. Air Pollution and Community Health: A Critical Review and Data
Sourcebook. van Nostrand Reinhold, New York, 1994.

2. Logan WPD, Glasg MD. Mortality in London fog incident, 1952. Lancet 1953:1:336-
338.

3. Pope CA TII, Dockery DW. Epidemiology of particle effects. In: Holgate ST, Koren H,
Maynard R, Samet J, eds. Air Pollution and Health. London, England: Academic
Press;1999;673-705.

4. Samet JM, Dominici F, Curriero FC, Coursac I, Zeger SL. Fine particulate air péllution
and mortality in 20 US cities. N Engl J Med 2000;343:1742-1749.

5. Dockery DW, Pope CA III, Xu X, Spengler JD, Ware JH, Fay ME, Ferris BG, Speizer
FE. An association between air pollution and mortality in six U.S. cities. N Engl J Med
1993,329:1753-1759. ‘

6. Pope CA TII, Thun MJ, Namboodiri MM, Dockery DW, Evans J S, Speizer FE, Heath
CW, Jr. Particulate air pollution as a predictor of mortality in a prospective study of U.S. adults.
Am J Respir Crit Care Med 1995;151:669-674.

7 Pope CA III, Burnett RT, Thun MJ, Calle EE, Krewski D, Ito K, Thurston GD. Lung
cancer, cardiopulmonary mortality, and long-term exposure to fine particulate air pollution.
JAMA 2002;287:1132-1141.

8. Abbey DE, Nishino N, McDonnell WF, Burchette RJ, Knutsen SF, Beeson WL, Yang
JX, Long-term inhalable particles and other air pollutants related to mortality in nonsmokers, Am
J Respir Crit Care Med 1999; 159: 373-382.

5. Lipfert FW, Perry HM Jr, Miller JP, Baty JD, Wyzga RE, Carmody SE. The Washington
University-EPRI veterans® cohort mortality study: preliminary results. Inhal Toxicol
2000;12[S4]:41-73.

10. Hoek G , Brunekreef B, Goldbohm S, Fischer P, van den Brandt P, Association between
mortality and indicators of traffic-related air pollution in the Netherlands: a cohort study. Lancet
2002; 360:1203-1209.

L1, Lipfert FW, Perry HM Jr, Miller JP, Baty JD, Wyzga RE, Carmody SE. Air pollution,




blood pressure, and their long-term associations with mortality. Inhal Toxicol 2003;15(5):493-
512.

12.  U.S. Environmental Protection Agency. National ambient air quality standards for
particulate matter, Final Rule. Fed Register 1997; 62:3 8676.

13.  Air Resources Board. Ambient Air Quality Standards for Suspended Particulate Matter
(PM) and Sulfates. California Environmental Protection Agency, Sacramento, CA, July 5, 2003.
ftp://ftp.arb.ca.gov/carbis/regact/aagspm/isor.pdf and
http://www.arb.ca.gov/regact/aaqspm/aagspm.htm.

14. Gamble JF. PM2.5 and mortality in long-term prospective cohort studies: cause-effect or
statistical associations. Environ Health Prospect 1998:106:535-549.

15.  Phalen RF. The Particulate Air Pollution Controversy: A Case Study and Lessons
Learned. Kluger Academic Publishers, Boston, MA, 2002.

16.  Lipfert FW. Commentary on the HEI reanalysis of the Harvard Six Cities Study and the
American Cancer Society Study of Particulate Air Pollution and Mortality. J Toxicol Environ
Health A. 2003;66:1705-14.

L7 Steinbrook R. Peer review and federal regulations. N Engl J Med 2004;350:103-104.

18. Piantadosi S, Byar DP, Green SB. The ecological fallacy. Am J Epidemiol
1988;127:893-904.

19. MecDonnell WF, Nishino-Ishikawa N, Petersen FF, Chen LH, Abbey DE. Relationship of
mortality with the fine and coarse fractions of long-term ambient PM;, concentrations in
nonsmokers. J Exp Anal Environ Epidemiol 2000;10:427-436.

20. Enstrom JE and Heath CW Jr. Smoking cessation and mortality trends among 118,000
Californians, 1960-97. Epidemiology 1999;10:500-512.

21.  Enstrom JE and Kabat GC. Environmental tobacco smoke and tobacco related mortality
in a prospective study of Californians, 1960-98. BMJ 2003;326:1057-61.

22, Hammond EC and Garfinkel L. General air pollution and cancer in the United States.
Preventive Medicine 1980;9:206-211.

23. Inhalable Particle Monitoring Network data, personal communication from J. Sune, U.S.
Environmental Protection Agency, Research Triangle Park, NC, 1999.

24.  Lipfert FW, Malone RG, Daum ML, Mendell NR, Yang CC. A Statistical Study of the
Macroepidemiology of Air Pollution and Total Mortality. Brookhaven National Laboratory,
Upton, NY, Report No. BNL 52122, April 1988.




Table 1. Demographic and lifestyle characteristics in 1959 for California CPS I subjects who resided as of 1972 in the 11
counties having 1979-84 PM, s measurements, provided 1972 cigarette smoking status, and were alive as of

1/1/1980.

Characteristic

Mean level of 1979-84 PM, 5 (ug/m’)

Number of subjects alive or lost as of
1/1/1980
Lost to follow-up during 1980-98 (%)

Number of subjects alive 1/1/1980 and
not lost during 1980-98
Age as of 1/1/80 (mean in years)

Race (%o white)
Marital status (% married)
Education (% > 12 years)
Height (mean in inches)
Weight (mean in pounds)
History of serious diseases (% yes)
Cancer
Heart Disease
Stroke
Sick at the present time (% yes)
Occupation (% professional)
Residence location (% urban)
Exercise (% moderate or heavy)
Cigarette smoking (% current in 1959)
Cigarette smoking (% current in 1972)

Fruit/fruit juices (7+ times/week)

Males Females
1959 value 1959 value 1959 value 1959 value 1959 value 1959 value
(11 PM; 5 (2 highest (2 lowest (11 PM,5s (2 highest (2 lowest
counties) PM; 5 PM, 5 counties) PM> s PM, 5
counties) counties) counties) counties)
23.4 36.1 13.1 23.4 36.1 13.1
13,542 831 889 20,315 1,333 1,216
55 3.9 6.1 10.5 10.8 11.7
12,794 799 835 18,183 1,189 1,074
70.5 71.5 69.5 69.8 Tl 68.8
98.3 98.7 97.6 98.2 99.2 97.7
07.3 919 98.2 85.2 83.7 88.6
73.9 75.1 79.8 77.7 78.5 83.4
69.5 69.6 69.9 63.8 63.8 64.0
173.3 1731 174.7 136.9 138.0 1353
8.1 10.1 6.8 8.7 9.8 8.6
4.2 5.4 3.6 3 6.7 5:5
34 3.1 29 3.0 2.7 2.6
0.3 1.0 0.3 0.4 0.4 0.5
6.7 6.0 4.7 8.0 7.7 3.8
11.0 13.2 9.7 15.5 21.6 15.5
98.1 99.4 98.8 97.8 99.0 98.1
72.5 78.0 78.0 80.1 83.8 83.6
40.6 38.8 44.0 32.6 29.0 39.7
22.6 243 249 23.0 19.7 28.5
63.4 59.5 64.3 73.8 75.8 74.1
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Table 2. Fully-adjusted relative risk of death from all causes (RR and 953% CI) by
county of residence relative to Los Angeles county, during 1%80-98 for both
sexes, for the 25 counties with the most subjects, based on 10/1/1972 county
of residence. Levels of 1979-84 PM2.5 for 11 counties and correlations with
RRs are shown.

% alive

County of or dead

residence as 1980-98 same co 8 variable-adjusted 1979-84 PMz2.5

of 10/1/1972 deaths/subjects in 1999 1980-98 RR(95% CI) Bg/m3

Alameda 2,442/3,760 60.7 0.982 (0,989=1027) 14.4

Butte 339/460 13 1. 0.988 (0.883-1.104) 15 5

Contra Costa** 902/1,451 60.1 1.013 (0.945-1.085) 18 .9

Fresno 606/948 80.0 0.950 (0.874-1.032) 18.4

Humboldt 304/432 793 1.005 (0.895-1.129)

Kern* 449/687 149..5 0.949 (0.862-1.045) . 30 29

Marin 447/696 BY .2 0.928 (0.843-1.022)

Napa 361/544 73.4 1.020 (0.918-1.135)

Orange 1,.,743/%; 585 65.1 1.002 (0.952-1.055)

Riverside* 906/1,301 59.6 0.940 (0.877-1.007) 42.0

Sacramento 989/1,494 77.2 0.997 (0.933-1.065)

San Bernardino 965/1,400 63.5 0.994 (0.930-1.063)

San Diego 2,161/3,124 g4.4 1.021 (0.974-1.070) 18+ 9

San Francisco 1,173/1,805 " 48.3 0.993 (0.934-1.056) 16.4

San Joaquin 180/288 71.9 0.912 (0.783-1.061)

San Mateo 1oy L L 559 58.0 0.965 (0.904-1.030)

Santa Barbara** 302/458 67.4 1.015 (0.903-1.140) 10.6

Santa Clara 1,301/2,004 B2.b 0.950 (0.896-1.007) il o

Santa Cruz 204/319 64.7 0.863 (0.748-0.995)

Solano 284/438 598 0.902 (0.799-1.017)

Sonoma 319/471 15.7 0.917 (0.819-1.026)

Stanislaus 401/600 83.7 1.010 (0.912-1.119)

Tulare 632/937 T8 ¥ 1.031 (0.950-1.119)

Ventura 295/429 69.1 1.083 (0.962-1.218)

Los Angeles 9,815/14,979 64.4 1.000 282
Two highest exposure counties* 66.5 0.943 (0.890-0.999) 36.1
Two lowest exposure counties** 61.9 1.013 (0.954-1.077) 131
Weighted mean (1979-84 PM2.5 counties) 0. 8892 285
Weighted mean (all 25 counties) 0.990
Weighted correlation (1979-84 PM2.5 versus RR without LA county) =0..530
Weighted correlation (1979-84 PMz.5 versus RR with LA county) -0.148
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Table 3. Relative risk of death from all causes (RR and 95% CI) associated with change
of 10 png/m3 in 1979-84 PMz2.5, based on 10/1/1972 county of residence. Subgroups
defined by sex, year of birth, education level, health status as of 10/1/1959; by
cigarette smoking status as of 10/1/1972; by follow-up period; and by subjects
living in the same county as of 10/1/1972 and 10/1/1959.

Model

Age-adjusted 8 variable-adjusted
Subgroups Deaths/subjects RR (95% CI) RR {95% CI)
County of residence in 1972 Follow-up period 1980-98
All subjects 20,396/30,977 0.995 (0.976-1.014) 0.9%8 (0.979-1.017)
All males 9.:50% 12, 794 0.986 (0.959-1.014) 0.984 (0.957-1.013)
A1l females 10,889/18,183 1.004 (0.978-1.030) 1.012 (0.986-1.039)
Born 1810-1929 &y 397/8:5 ;7 9. 1.020 (0.988-1.054) 1.025 (0.992-1.059)
Born 1885-1909 12,999/15,186 0.982 (0.959-1.005) 0.983 (0.960-1.007)
<12 years educ 5,707/7,348 0.991 (0.957-1.028) 0.988 (0.952-1.025)
12 years educ 4,571/7,651 0.994 (0.955-1.034) 0.994 (0.955-1.035)
>12 years educ 10,027/15,857 0.995 (0.969-1.023) L. 005 (0+978-1:033)
Never smoker 8,288/13,374 1. 012 {0.983=1.:042) 1.009 (0.979-1.040)
Fermer smoker 77061 /106, 525 0.991 (0.960-1.024) 0.992 (0.960-1.026)
Current smoker 5,047/7,078 0.992 (0.955-1.030) 0.989 (0.951-1.027)
Healthy 15,945/24,795 0.994 (0.973-1.015) 0..297 (0. 976=1..019)
Unhealthy 3, 88245397 0..971 (0, 930-1.015) 0.980 (0.938-1.025)

Follow-up period: 1980-8%

All subjects 11y 120730977 0.996 (0.871-1.022) 1.002 (0.976-1.028)

Follow-up period: 1990-98

All subjects 9,275/1.9; 856 0.993 (0.966-1.021) 0.292 (0.964-1.021)
Same county of residence in 1972 and 1959 Follow-up period: 1980-98
All subjects 19,234/29,228 0,999 {0.978-1.019) 1.004 (0.984-1.025)
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Table 4. Relative risk of death from all causes (RR and 95% CI) associated with

change of 10 pg/m3 in 1979-84 PM2.5, for 30,977 subjects based on 10/1/1972
county of residence. Age, sex, and eight confounding variables are added to
the proportional hazards regression model one variable at a time. * = age-
sex adjusted RR; ** = 8-variable adjusted RR.

Cumulative PHREG model

based on adding cne 1980-98 1980-98

variable at a time Chi-square deaths/subjects RR (95% CI)

1979-84 pPM2.5 0.77 20,396/30,977 1.018 (0.998-1.037)
+ age 10,010 34 20,396/30,977 _0.993 (0.975-1.012)
+ sex 509,50 20,396/30,977 0.995 (0.976-1.014)~*
+ race 0.16 20,396/30,977 0.995 (0.976-1.014)
+ cigarette smoking L, 5859 20,396/30,977 1.000 (0.981-1.019)
+ education 41.77 20,305/30,856 0.998 (0.%80-1.017)
+ martial status L5. 68 20,189/30,709 0.998 (0. 9 8= L0107
+ body mass index 184.46 20,198/30,709 0.997 (0.979-1.016)
+ occupational exposure 3 97 20,179/30, 684 0.997 (0.979-1.016)
+ exercise 2.26 18,951/30, 344 0.997 (0.878-1.016)
+ fruit/fruit juice intake 26.28 19,541/29, 808 0.998 (0.,979-1.017) %%
+ health status Bilwi2B 19,024/29,089 0.983 (0.974-1.013)
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Table 5. Relative risk (RR) and 95% confidence interval (CI) for long-term all cause
mortality per 10 pg/m3 increase in PM2.5, for major US cohort studies involving data
circa 1980. * indicates that values were recalculated from published data.

PM2.5 Subjects .

data mean {range) Mean Follow-up
Cohort (year,reference) period (pg/m3) Number age period RR (95% CI)
Males
Six Cities 1893 (5) 1979-88 19 (11230} 35 bl ~50 1975-89 Lo 15 #H02=1..307 *
Us EPS Ll 1995 (6) 1.979-81 18 (9-34) ~128,743 57 1982-88 Lo OF L0 ke 12 *
CA AHSMOG 2000 (19) 1973-77 32 (17-45) 1,347 58 1976-92 L, 08 1(0.88=1.21) *
US Veterans 2000 (9) 1979-81 24 (6-42) 26,067 51 1982-88 0. 90 {0.85=1 .05)
US CPS II 2002 (7) 1979-83 21 (10-30) ~157,000 57  1982-98 1.05 (1.01-1.10)
€A GBS T 2004 1979-84 24 (11-42) 12,794 70 1980-98 098 (0:96-1:01)
Females
Six Cities 1993 (5) 1979-~88 19 (L1-30) 4,440 ~50 1975~89 1.12 (0.96-1.30)*
US '@Pg IT 1995 (6) 1979-81 18 (9-34) ~166,480 57 1982-88 1406 [Llu0T=1127%
CA RHSMOG 2000 {18y A8¥3=-77 32 (17-45) 2,422 58 1976-92 ~1 . Q0*
Us CcpS II 2002 () 1.979-83 21 (10-30) ~202,000 57 1982-98 102 (0-98=1.06)
CACPS I 2004 1979-84 24 (11-42) 18,183 70 1980-98 1.01 {0.99+1.04)
Both Sexes
Six Cities 19938 (5 L9 e~H8 19 (11-30) 8,111 ~50 1975-89 1.13 (1.04-1.23)*
Us €Pg TII 1995 (6) 1979-81 18 (9-34) 295 ;2273 5 1962-88 1.07 (1.04-1.10)*
Us ‘epg 11 2002 (7 1979-83 21 (10-30) ~359,000 57 1982-98 104 (s 02=1.08)
CA CPS I 2004 1979-84 24 (11-42) 30,977 70 1980-98 L. 00 (0.98—1.02)
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