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Air Pollution And Medical Care
Use By Older Americans: A
Cross-Area Analysis

Reducing air pollution not only improves people’s health, it also can
lead to reduced spending for medical care.

by Victor R. Fuchs and Sarah Rosen Frank

ABSTRACT: The case for reduction of air pollution has been predicated primarily on the fre-
quently observed relationship between pollution and mortality and morbidity. Because pol-
lution control usually involves costs, a rational public policy will weigh the benefits against
the costs. This study investigates another potential benefit from pollution reduction:
namely, decreased use of medical care. We find a strong relationship between particulate
matter and inpatient and outpatient care at ages 65-84 across 183 metropolitan statisti-
cal areas (MSAs). The relationship is statistically significant at a very high level of confi-
dence even after the region and population size of the areas, education, real income, racial
composition, use of cigarettes, and obesity are controlled for.

ported by many investigators has provided a firm foundation for policy rec-

ommendations to reduce pollution. There is little doubt that reduction in
pollution emitted primarily from power plants and motor vehicles would confer
important benefits for society through decreased rates of death and illness.! Be-
cause there are frequently large costs associated with efforts to reduce pollutants,
arational public policy should try to strike a balance between the benefits and the
costs.?

This study investigates another potential benefit from pollution reduction: de-
creased use of medical care. With medical care spending exceeding $1 trillion per
year, even a reduction of only a few percentage points would save society tens of
billions of dollars annually.® Previous studies of the relation between medical care
use and pollution have examined only a limited number of illnesses and have been
based on a limited number of areas. A few have focused specifically on children or
the elderly, but with relatively small samples.*

TH E STRONG RELATION between air pollution and health that has been re-
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This study uses millions of Medicare records of whites ages 65-84 in 183 metro-
politan statistical areas (MSAs) of greater than 100,000 population for the period
1989-1991. Measures of inpatient care, outpatient care, medical admissions, surgi-
cal admissions, and respiratory admissions are compared with air pollution mea-
sures for the same areas during the same period. Control variables include the
area’s region and population size, as well as education, real income, percentage of
the population that is black, cigarette consumption, and obesity.

Study Design

Area differences in medical care use, air pollution, and the other variables are
relatively stable over time; thus, we can estimate long-run relationships with a
cross-area analysis. We use a three-year average, 1989-1991, to reduce the influ-
ence of minor transitory within-area variations.” We focus on the elderly because
the Medicare database provides a rich source of information on the detailed use of
medical care by the elderly. Also, the elderly account for a disproportionate share
of health care use and a particularly large share of government spending for health
care. We exclude anyone age eighty-five and older because it is more difficult to
obtain accurate measures for self-reported variables such as education and income
from this population. The decision to exclude blacks was dictated by data limita-
tions and methodological considerations. We did not want our estimates of the re-
lationship between utilization and pollution to be confounded by possible differ-
ences between the black and white populations.

We measure utilization as the sum of quantities of medical care services used
by the Medicare residents in an MSA weighted by the national Medicare reim-
bursement rate for that service. Our measure of utilization includes hospital ad-
missions, physician services, and outpatient hospital care and is divided into in-
patient and outpatient care. The hospital admissions measures are created using
the Medicare Provider Analysis and Review file (MEDPAR) 20 percent sample.
Hospital admissions claims are weighted by the national average reimbursement
of the diagnosis-related group (DRG). DRG codes are used to classify admissions
as medical or surgical and to distinguish respiratory from other admissions. The
physician utilization measures are created using the Part B Medicare Annual Data
(BMAD) Procedure File 5 percent sample. The physician claims are weighted by
the national Medicare reimbursement amount, based on the HCFA Common Pro-
cedure Coding System (HCPCS) of more than 12,000 codes.® Within the age cate-
gory we used (65-84), we adjust for age and sex distributions within each area us-
ing the indirect method.

The air pollution measure is particulate matter with an aerodynamic diameter
of less than 10 micrometers (PM,,), measured in micrograms of particulate matter
per cubic meter of air as reported by the Environmental Protection Agency’s
Aerometric Information Retrieval System (AIRS) database. Annual summary
arithmetic means were averaged across all monitors in each MSA. For monitors
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missing a year of data, we used the average percentage change between years from
the other monitors in the MSA to estimate the missing data point. If an entire MSA
was missing a year of data, we used the average percentage change for areas of the
same population size in the same geographic region.

We focus on PM,, instead of other measures of pollution because reasonably
complete data are readily available, this measure has been used in other studies,
and the AIRS database does not have measures of PM, 5 (smaller, potentially more
lethal particulates) for the areas and period covered by this study. Although it is
likely that particulate matter is correlated with other pollutants, we do not con-
trol for other measures of pollution to avoid substantial problems of multi-
collinearity. Our measure of the PM,, coefficient, therefore, may reflect other pol-
lutants as well; it could be considered an indicator pollutant.”

Both air pollution and use of medical care vary considerably across areas
grouped by population size and region. In this study, areas are grouped into re-
gions to control for possible differences in climate, occupational mix, availability
of medical care, genetic heritage, and other factors. We use a seven-region classifi-
cation developed by a geographer, Ge Lin, who found it more statistically mean-
ingful than the conventional census regions or divisions in his study of disability
among the elderly.® We also assign areas to three population-size categories
(greater than 500,000; 250,000 to 500,000; and 100,000 to 249,000) to control for
possible effects of differences in access to medical care, the physical and psycho-
social environments, and other factors.

Exhibit 1 shows that utilization tends to increase as population size increases.
Air pollution is also positively correlated with population size. Air pollution is
greatest in the West and lowest in Florida and the Big Sky. Inpatient care does not
vary much across regions, but outpatient care is twice as high in Florida as in the
Big Sky. Hospital admissions are greatest in the Deep South and the West South.

Our regressions control for population size and region. We also control for five
other factors that are widely believed to affect use of medical care: education, real
income, percent black in the population, use of cigarettes, and obesity. Any finding
that utilization was related to pollution would be vulnerable to suspicion if these
variables were not included. Education is measured as the proportion of whites
ages 65-84, with less than a high school education. Real income per capita of
whites ages 65-84 is nominal income adjusted for area differences in cost of liv-
ing.” Both education and income measures were obtained from the 1990 U.S. cen-
sus. We include the proportion of an area’s population that is black because this
variable has been shown to be a significant predictor of white mortality, although
the reasons for the relationship have not been determined.”® There may be differ-
ences among the areas in locally provided public services or in the physical and
psychosocial environments. Alternatively, there may be differences among the
white populations resulting from differential migration patterns." Mortality is a
significant predictor of utilization, especially at ages 65-84: 25-30 percent of
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EXHIBIT 1
Mean Values Of Pollution And Utilization Variables, By Population Size And Region

Quantity of care per person, expressed in dollars (whites ages 65-84)

Inpatient  Outpatient Medical Surgical Respiratory
Pollution? care care admissions admissions admissions
Population size
>500,000 32.6 $2,162 $1,223 $919 $863 $211
250,000-500,000 29.8 2,068 1,098 886 850 205
100,000-249,999 29.0 2,050 1,019 894 835 209
Region
North 30.0 2,098 1,115 915 842 198
Upper South 31.8 2,123 1,237 891 839 191
Deep South 32.1 2,184 1,164 968 880 243
Florida 26.2 2,138 1,884 811 857 188
West South 26.8 2,260 1,167 972 909 232
Big Sky 30.4 2,169 943 952 872 213
West 40.0 2,187 1,232 899 875 225

SOURCE: Authors’ calculations based on data from the Centers for Medicare and Medicaid Services and Environmental
Protection Agency.

NOTES: Mean values are weighted by the number of whites, ages 65-84, in each area. The North region is New England,
Middle Atlantic, and East North Central; Upper South: Delaware, Maryland, the District of Columbia, Virginia, and West Virginia;
Deep South: North Carolina, South Carolina, Georgia, and East South Central; West South: West South Central; Big Sky: West
North Central, Montana, Idaho, Wyoming, and Colorado; West: Pacific, Nevada, Utah, Arizona, and New Mexico.

@Micrograms of particulate matter with an aerodynamic diameter of less than 10 micrometers (PM.o) per cubic meter of air.

Medicare expenditures are incurred in the last year of life.

Cigarette consumption is measured by state sales per capita (number of packs)
as reported by the Tobacco Institute for the years 1984-1989, adjusted for cross-
state sales and tax-exempt purchases."” Obesity, defined as the proportion of each
state’s population with a body mass index (BMI) greater than 30 kg/m?, is taken
from a study by Ali Mokdad and colleagues (from self-reported height and
weight), adjusted for the racial mix of the state because of the much greater preva-
lence of obesity among blacks.” Because the cigarette and obesity measures are
statewide, each MSA within a state is assigned the same value.

We estimate the relation between pollution and utilization with ordinary least
squares (OLS) regressions weighted by the number of whites ages 65-84 in the
area. In the first specification the variables are in original (untransformed) units.
In the second specification the utilization measures (that is, the dependent vari-
ables) are transformed to logarithms. In the third specification all variables except
the region and population-size dummy variables are transformed to logarithms.
All three regression specifications are run with no controls and with controls.

Results

The regression results reported in Exhibit 2 show a statistically significant rela-
tion between air pollution and inpatient care, outpatient care, medical admis-
sions, and respiratory admissions, with or without controlling for the other vari-
ables. Surgical admissions are significantly related to air pollution when there are
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EXHIBIT 2
Relation Between Air Pollution And Use Of Medical Care Among Whites Ages 65-84,
Regression Results Across 183 Metropolitan Statistical Areas (MSAs)

Absolute change in use
(expressed in dollars) per Percent change in use per Percent change in use per 1
10 pg/ma change in PM, (A) 10 ug/m3 change in PM,, (B) percent change in PM,, (C)

No controls With controls® No controls With controls’  No controls With controls®

Inpatient care, $93.4 $76.7 0.043 0.035 0.159 0.129
$2,1450 (20.0) (26.6) (0.010) (0.013) (0.032) (0.043)
[<.0001] [.0044] [<.0001] [.0056] [<.0001] [.0031]
Outpatient care, $59.8 $100.3 0.060 0.091 0.184 0.291
$1,196° (25.8) (20.4) (0.020) (0.017) (0.068) (0.059)
[.0216] [<.0001] [.0025] [<.0001] [.0072] [<.0001]
Medical admissions, $40.9 $43.2 0.046 0.048 0.177 0.164
$9140 (11.8) (15.1) (0.013) (0.017) (0.044) (0.056)
[.0006] [.0047] [.0005] [.0044] [<.0001] [.0040]
Surgical admissions, $20.7 $6.4 0.025 0.008 0.095 0.044
$860° (7.0) (8.8) (0.008) (0.010) (0.028) (0.036)
[.0036] [.4677] [.0030] [.4310] [.0008] [.2254]
Respiratory $21.7 $18.6 0.100 0.084 0.344 0.246
admissions, $210°  (3.1) (3.7) (0.015) (0.018) (0.051) (0.060)
[<.0001] [<.0001] [<.0001] [<.0001] [<.0001] [<.0001]

SOURCE: Authors’ calculations based on data from the Centers for Medicare and Medicaid Services, Environmental Protection
Agency, U.S. Department of Commerce, and other sources. See text and Notes 12 and 13.

NOTE: Standard errors of regression coefficients are in parentheses; p values are in brackets. PMy, is particulate matter with
an aerodynamic diameter of less than 10 micrometers.

2Controls were low education, real income, cigarette use, obesity, percent black in MSA, region, and population size.
"Weighted mean utilization per white person ages 65-84.

no controls, but this relation becomes insignificant when controls are introduced.
Introduction of controls greatly increases the relationship between air pollution
and outpatient care. The conclusions are not sensitive to the form of the regres-
sion; the results for the three specifications are very similar.'

With controls, outpatient care shows the largest relation to air pollution in all
three specifications. In specification (A) we find that a change of 10 pg/m?* of PM,,
is associated with a change of $100.30 in per capita outpatient utilization. The re-
gression coefficient is five times as large as its standard error (20.4), a highly sta-
tistically significant result. Specification (B) shows a 9.1 percent change in outpa-
tient utilization for every change of 10 pg/m?® of PM,,, and specification (C) shows
a change of 29.1 percent for every 1 percent change in PM,,. Respiratory admis-
sions also show a very strong relation to pollution; the absolute change, specifica-
tion (A), is small because the mean level of respiratory admissions is small.

To illustrate the relation between air pollution and the five measures of utiliza-
tion, we divide the areas into quintiles based on their level of PM,,. We then use
the regression results from specification (A) with controls to predict the utiliza-
tion levels in the most and the least polluted quintiles, under the assumption that
the areas in each quintile had the same values for all variables except pollution.

HEALTH AFFAIRS - Volume 21, Number 6 211



DaTtTAaWaTcCcH
|

The results are shown in Exhibit 3. The percentage differential (given by the ratio
in column 3) between the highest and the lowest pollution quintiles is 7 percent
for inpatient care and 18 percent for outpatient care. The comparable differentials
for medical and surgical differentials are 10 percent and 2 percent, respectively; for
respiratory admissions, the differential is 19 percent.

Between 1989-91 and 1999-2001 the mean level of PM,, in the 183 areas fell by
6.4 pg/m’® (from 32.0 to 25.6). The results of this study imply that this decline
(holding all else constant) would have lowered inpatient utilization by 2 percent
and outpatient utilization by 5 percent. In fact, of course, utilization increased
over the decade: The introduction and diffusion of new medical technologies more
than offset the effects of less pollution.

Discussion

The study results are strong and statistically highly significant except for surgi-
cal admissions. However, several qualifications and limitations should be noted.
First, as with all pollution studies, we have no data that link the health care use of
particular individuals directly to their personal exposure to pollution. The regres-
sions establish a presumption of a causal relationship but do not constitute abso-
lute proof. Second, while utilization is well measured, pollution is probably sub-
ject to considerable measurement error. It relies on a limited number of monitors
in each area—in some cases, only one. For any given level of monitor reading, the
actual exposure of the inhabitants of an area could vary depending on where they
live, where they work, how much time they spend outdoors, and other factors.
Some of the control variables are also probably measured with error. Unless offset
by correlations with other variables, random measurement error in pollution
probably results in an underestimate of its relation to utilization.”

Omitted variables are a source of concern if they are correlated with the risk
factors and with utilization in ways that bias the regression coefficients. Such
variables might include the quantity and quality of medical care, differences in the

EXHIBIT 3
Predicted Utilization In Areas With The Most And The Least Pollution Holding All
Other Variables Constant, Among Whites Ages 65-84, Annual Average 1989-1991

37 areas with most 37 areas with least
pollution (A) pollution (B) Ratioof Ato B
Inpatient care $2,225 $2,074 1.07
Outpatient care 1,300 1,103 1.18
Medical admissions 960 874 1.10
Surgical admissions 867 854 1.02
Respiratory admissions 229 193 1.19

SOURCE: Authors’ calculations; see Exhibit 2.

NOTES: Predicted utilization was calculated by the authors from multiple regression specification (A) with controls. Most and
least pollution represents the highest and lowest 20 percent of areas.
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physical or psychosocial environment, or possibly even genetic differences. Mea-
sures of pollution other than PM,, represent a special case of the omitted variable
problem. PM,, is positively correlated with many other pollutants, but high
multicollinearity makes it unlikely that their separate relationships with utiliza-
tion can be estimated with satisfactory precision.

Two other limitations of this study are inherent in its focus on whites ages
65-84. We do not know if the observed relationships between pollution and med-
ical care use would be same for blacks ages 65-84, nor is it certain that the relation
at ages 65-84 is a good indicator of the relation at other ages. Also, changes in the
incidence of disease or in modes of treatment (for example, a shift to outpatient
care in the 1990s) could possibly alter the relationships reported for 1989-1991.

Conclusion

Despite the qualifications and limitations, we conclude that air pollution, as re-
flected in PM,, greatly increases the use of medical care among whites ages 65-84.
The problem of omitted variables, while potentially significant in theory, may not
be of great practical importance. It is noteworthy that the relationship between
air pollution and utilization is much stronger for outpatient than for inpatient
care and for medical than for surgical admissions, and is particularly strong for ad-
missions for respiratory diseases. For the problem of omitted variables to be a sig-
nificant source of bias, the variable(s) would have to have the peculiar quality of
affecting respiratory disease a great deal, outpatient utilization much more than
inpatient care, and medical admissions but not surgical admissions. To posit the
existence of such a variable stretches the limit of plausibility. Moreover, inevitable
errors in measurement of pollution probably result in an underestimate of its rela-
tion to utilization.

Other studies have shown that air pollution increases mortality and morbidity.
This study shows that use of medical care is significantly higher in areas with
more pollution and that decreased use of care is an important potential benefit
from pollution control.'® Pollution levels were reduced somewhat in the 1990s, but
even in 1999-2001, PM,, in the areas in the highest quintile was still 8.0 pg/m?
higher than in the median quintile. Thus, pollution control offers an important op-
portunity for further gains in health and reductions in medical care spending.
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