APPENDIX AVAILABLE ON REQUEST

Special Report

Reanalysis of the Harvard Six Cities Study and the American Cancer
Society Study of Particulate Air Pollution and Mortality

Part IT: Sensitivity Analyses

Appendix F. Definition of Metropolitan Areas in the ACS Study

Daniel Krewski, Richard T. Burnett, Mark S. Goldberg, Kristin Hoover, Jack Siemiatycki,
Michael Jerrett, Michal Abrahamowicz, Warren H. White, and Others

Correspondence may be addressed to Dr Daniel Krewski, Professor of Epidemiology and Statistics,
Department of Epidemiology and Community Medicine, Room 3229C, 451 Smyth Road,
University of Ottawa, Ottawa Ontaric K1H 8MS5, Canada

Although this document was produced with partial funding by the United States Environmental Protection
Apgency under Assistance Award R824835 to the Health Effects Institute, it has not been subjectad to the
Agency’s peer and administrative review and therefore may not necessarily reflect the views of the Agency, and
no official endersement by it should be inferred. The contents of this document also have not been reviewed by
private party institutions, including those that support the Health Effects Institute; therefore, it may not reflect
the views or policies of these parties, and no endorsement by them should be inferred.

This document was reviewed by the HEI Health Review Commitice
but did not undergo the HEI scientific editing and produstion process.

Copyright © 2000 Health Effects Institute, Cambridge MA



UNIVERSITY OF OTTAWA

Faculty of Medicine Faculty of Health Sciences

Re-analysis of the Harvard Six-Cities Study
and the American Cancer Society Study
of Air Poliution and Mortality,

Phase I1: Sensitivity A nalysis

Appendix A, B,C,D,E,F, G, H, and 1

R. Samuel McLaughlin Center for
Population Health Risk Assessment
Institute of Population Health
University of Ottawa

August, 2000



APPENDIX F: DEFINITION OF METROPOLITAN AREAS IN THE ACS STUDY

CENSUS METROPOLITAN AREAS

Before describing the process by which the geographic units for the ecologic-level covariates were
determined, it is necessary to define certain terms used by the US Census Bureau. The term “standard
metropolitan statistical area” (SMSA), historically used to characterize metropolitan areas in the United
States, is no longer used by the Bureau. It was supplanted in 1983 by the terms “metropolitan statistical
area” (MSA), “consolidated metropolitan statistical areas’ (CMSAs), and their component “primary
metropolitan statistical areas” (PMSAs). An MSA must have at least one city with 50,000 or more
inhabitants, and a metropolitan region which contains a total of at least 100,000. MSAs are comprised of
the county which includes the largest city, as well as any adjacent counties in which at least 50% of the
population is in an urbanized region contiguous with that city. Ifan MSA contains a minimum of one million
inhabitants or more and can be broken into recognizable component areas (using statistical criteria as well
as local opinion), it may be designated as a CMSA, with the components becoming PMSAs. Together,
CMSAs, PMSAs and MSAs are referred to as “metropolitan areas” (MA).

THE ORIGINAL INVESTIGATOR’S APPROACH

The Original Investigators provided the Reanalysis Team with a copy of the file which was used
to link the ZIP codes of the Cancer Prevention Study 1l respondents to 159 metropolitan areas in the
United States. No documentation was available regarding the construction ofthis file, The file matched the
firstthree digits of ZIP codes to “SMSA” ID numbers, a four-letter code for the city, and a two-letter code
for the state (see Table F.1). As discussed below, the use of the obsolete term SMSA instead of the more
specific terms MSA, PMSA or CMSA presented some difficulty in reconstructing the ACS file. The ZIP
codes were obtained from the questionnaires which the ACS CPS [l respondents filled out in the fall of
1982 (Pope et al 1995). The Original Investigators used MA boundaries, as defined on June 30, 1983,
and ZIP code maps provided in the 1989 National Five Digit ZIP Code and Post Office Directory (Pope,
personal correspondence).

In the process of obtaining air pollution data from the AIRS database using the SMSA codes
provided by the Original Investigators (see Table F.1), it became apparent that the geographic areas to
which these codes referred did not match, in all cases, the areas covered by the ZIP codes of participants
in the CPS II study.

Taking the ACS location “SLOU, MO as an example, the SMSA number it was assigned (7040)
only refers to St Louis proper—the PMSA on the Missouri side of the border. The ZIP codes assigned
to SLOU, MO, however, are from both sides of the border, as indicated by the differences in the first two
digits of the three-digit forward sortation codes (620, 622, 630, 631). Moreover, ACS obtained air
pollution data for SLOU, MO at a time when the state of [llinOriginal Investigators monitored air pollution
but the state of Missouri did not. Although there is no air pollution data available for the PMSA of “St
Louis” (7040), the larger CMSA of “St Louis-East St Louis-Alton MO-IL” (7042) includes counties in
[llinois for which AIRS data are available. Therefore it seems likely that the Original Investigators were
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referring to the CMSA, 7042 rather than to the PMSA 7040.

It could not be assumed, however, that all of the metropolitan areas used by ACS were at the level
of CMSAs. Three California metropolitan arcas included by ACS—Los Angeles, Anaheim and
Riverside—are of necessity PMSAs that comprise the larger CMSA of Los Angeles-Anaheim-Riverside.
The ID codes provided by the Original Investigators for these three places are all PMSA codes, as they
should be. Given these discrepancies, it became necessary to attempt some sort of validation of the
mapping of ZIP codes onto MA identification numbers.

ZIP CODES AND THE CENSUS

The following information regarding ZIP codes was obtained through consultation with Rose
Quatero, the ZIP code expert in the Geography Division, Bureau of the Census; although similar issues are
documented by Dr Michael Frank Goodchild at the National Center for Geographic Information and
Analysis (www.ncgia.ucsb.edu/~good/176b/p04.html#SEC29.3.1).

A ZIP code is essentially a postal carrier’s route. ZIP codes and their boundaries are the purview
of local Post Masters who may change the local boundaries at any time in order to provide more efficient
service. For the most part, these changes affect only the last two digits of a ZIP code; however, alocal Post
Master may have jurisdiction over an area which crosses state boundaries in which case changes in the first
three digits may occur. As well, since 1980, three-digit codes which were previously reserved for the
United States military were added to civilian ZIP codes.

Because of this fragmented jurisdiction, it would have been necessary to contact each local Post
Master and obtain his’her archives for 1982 in order to compile a comprehensive file of ZIP codes. This
was obviously outside the scope of the reanalysis. Alternatively, there are products available which are
based on the 1980 census and which contain ZIP codes. These ZIP codes were taken directly from the
census questionnaires. Unfortunately, although there were approximately 40,000 ZIP codes in existence
at the time, the census only published information for about 20,000.

In the late 1980s, commercial companies such as Rand McNally be gan to provide atlases of ZIP
codes. The Original Investigators used ZIP code maps from this era: the 1989 National Five Digit ZIP
Code and Post Office Directory. However, these products were not alwaysreliable. For the purpose of
verifying the mapping of ZIP codes to SMSAs, the Reanalysis Team used the contemporary, 1999, ZIP
codes available on-line (www.usps.com/ncsc/lookups/lookup _zip+4.html).

Using this web site, the acceptable ZIP codes for cities and towns falling within the MSA
boundaries as shown in the County City Data Book (Bureau of the Census 1988) were obtained. The first
three digits of these ZIP codes were compared with those provided by the Original Investigators. The
results of this examination are included on the right halfof Table F.1 below. It was determined that the ZIP

_codes provided for STL.O MO did include the PMSAs in Illinois. Thirty-nine other discrepancies were
found between the SMSA code used and the ZIP codes. STLO MO was not the only area for which a
PMSA code was used when the ZIP codes actually applied to an entire CMSA (see for example, DALL,
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TX). In other cases, ZIP codes which applied to one or some counties in an MA were left out (see for
example, OKLA, OK). (This may be due to the addition of ZIP codes which had been reserved forthe
military.) In other cases, the ZIP codes listed actually applied to counties outside of the boundaries to which
the ID code referred. Occasionally these counties were in other MAs (see, for example, CRAPI0); in
other cases the ZIP codes referred to rural counties adjacent to metropolitan areas (see for example,
CHAR WV),

AGGREGATION OF ECOLOGIC COVARIATES

The United States Postal Service web site was used to determine the counties which were
predominantly made up of ZIP codes used to assign ACS cohort members to places (see Table F.1). Tt
was decided to use the largest relevant geographic area to represent each metropolitan region in the ACS
Study. Thus, if the ZIP boundaries encompassed two adjacent MAs, data for both MAs was aggregated
into one value. On the other hand, if the ZIP codes for one of the counties in the central MA were missing
(such as OKLA OK), that county was still included because it is known that new three-digit codes have
been added to the United States since 1980,

Depending upon the type of data provided (see Table E.1), weighted averages (according to the
number of residents in each county) or simple aggregations were calculated from component counties for
each metropolitan area. In some of the Eastern Seaboard States (CT, ME, MA and NH), metropolitan
areas are aggregated from towns and cities, not from counties. The list of component places contained in
the 1983 US Census Bureau definition of metropolitan areas
(http://www.census.gov/population/estimates/metro-city/83mfips.txt) was used to aggregate data for
metropolitan areas in these states.

"The Reanalysis Team considered the possibility of using 1982 ZIP code boundaries to determine
the geographic statistical areas represented by the ACS cohort. As noted above, however, a complete ZIP
code file does not appear to exist for that time. Further, the MA boundaries used by the Original
Investigators remain unclear. Consequently, it may be difficult to significantly improve upon the approach
taken here to decide likely geographic boundaries for the 154 cities included in the ACS Study.
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