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Introduction

In the United States, breast carcinoma
is currently the most common malignancy
and the second leading cause of cancer
death in women.' Based on data from ran-
domized controlled trials that have docu-
mented a reduction in breast cancer mor-
tality,2-8 routine mammography and
clinical breast examination are advo-
cated.9-"1 However, the effectiveness in
patients receiving routine care has not
been evaluated, and mammography is
underused,'2 particularly among older,
poor, and minority women. 12-16

We conducted a population-based study
of the association of mammography with
incidence and case fatality rates of breast
cancer. This ecological study included all
White female Medicare beneficiaries more
than 64 years of age, who account for about
half of all breast cancer cases.'7

Methods

The patient-level data were obtained
from the Medicare Provider Analysis and
Review Record (MEDPAR) files for all hos-
pital discharges under part A of the
Medicare program. Each record in the
MEDPAR files contains age, gender, race,
and up to five discharge diagnoses coded
according to the International Classification
of Diseases, 9th Revision, Clinical Modifi-
cation (ICD-9-CM). Survival data following
discharge, including date of death, are
obtained from the Social Security Adminis-
tration, and the database for each year
includes follow-up for 2 years after hospital
admission. Prior studies have validated the
accuracy of the ICD-9-CM diagnostic
codes'8"19 in these electronic abstracts.

The sample was assembled from all
claims for women with a diagnosis of
breast cancer (ICD-9-CM codes 174.0
through 174.9) in 1990 and 1991. Patients
were excluded if they had a previous his-
tory of breast cancer (a claim containing
diagnosis from 1984 to 1990 or 1991) or if
they were less than 65 years of age. Also,

Black women were excluded because there
were too few above 64 years of age in
many of the states. In addition, because
estimates of breast cancer incidence in
states with relatively small populations are
less reliable, we included only the 29 states
with a population of more than 300 000
White women 65 years old and older (as
determined by the 1990 US census). Since
the MEDPAR files do not include data on
stage of cancer, 2-year case fatality rates for
each state were used as a surrogate measure
for stage of disease. The case fatality rate
was defined as number of deaths from any
cause at 2 years following hospital admis-
sion divided by number of incident cases.

To determine mammography use in
each state, we used interview data from
the Behavioral Risk Factor Surveillance
System (BRFSS), a multistage probability
sample of adults administered by the Cen-
ters for Disease Control and Prevention.
The sample for this study was restricted to
White female respondents 65 years old and
older. The BRFSS obtains information on
past use of mammography as well as inter-
val since last mammogram. Because
respondents may not be able to accurately
recall the date of their last mammogram, we
considered a report within 5 years as an
indication of use and included only mam-
mograms performed for screening.

For each state, we calculated a sum-
mary breast cancer incidence rate for White
women 65 years old and older as the mean
of the 2 years. As a means of controlling for
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age-related differences in breast cancer inci-
dence, the state rates were age adjusted by
the direct method; the 1990 US census for
White women more over 64 years of age

was the standard population. The binomial
distribution was used in calculating standard
errors for incidence rates. The average state-
level 2-year case fatality rates for 1990 and
1991 were age adjusted in a manner similar
to that for the incidence rates.

Among the White BRFSS respondents
more than 64 years of age, we determined
mean mammography rates for 1990 and
1991 in the 29 states. The mammography
rates for the study states were age adjusted
and adjusted for the complex sampling
design of the BRFSS via SUDAAN soft-
ware.20 Relationships between mammogra-

phy rates and breast cancer incidence
and between mammography rates and
2-year case fatality rates were determined
at the state level with nonweighted Pearson
correlation coefficients. Weights based on

the population of each state were not
used, because the results in the 5 largest
states would have unduly influenced the
correlations.

Results

In 1990 and 1991, 82 278 and 80 438
women (respectively) had a discharge diag-
nosis of primary breast cancer. Among this
total group of 162 716 patients, 21 285
(13.1%) were excluded because of a previ-
ous diagnosis of breast cancer, 20 374
(12.5%) were excluded because they
resided in a nonstudy state, and 15 532
(9.5%) were excluded because race was

either missing or non-White. The remaining
105 525 patients were the subject of this
analysis.

A total of 11 711 White women more

than 64 years of age, or an average of 404
respondents from each of the 29 states
(range: 208 to 786), were surveyed in the
BRFSS. The state-level 5-year mammogra-

phy screening rates for White women more

than 64 years of age, shown in Table 1,
ranged from 49. 1% to 71.7% (mean =

59.2%). Although the mean rate of mam-
mography for 1990 was lower than that for
1991 (56.8% vs 63.8%), the annual state-
level rates were highly correlated (r = .71,
P < .0001). The state-level age-adjusted
incidence rates and 2-year case fatality rates
for each state are also shown in Table 1. For
the 2-year period, the mean incidence rate
and the 2-year case fatality rate for breast
cancer in White women more than 64 years
of age in the 29 study states were 414 ±
3.9/100 000 and 18.8%, respectively.

There was a positive but not statisti-
cally significant correlation between mam-

mography rate and incidence rate (r = .27,
P = .16). There was a significant negative
correlation (r = -.48, P = .008) between
mammography rate and 2-year case fatality
rate (Figure 1).

Discussion

This study attempted to estimate, in
essentially all elderly women in the United
States, the effectiveness of efforts to recom-

mend mammography. This population-
based study suggests that current efforts to
educate women about mammography have
been worthwhile. Also, the results suggest
that these efforts should continue, because
about 40% of elderly White women in the
United States are not being screened at least

once every 5 years and, presumably, many
fewer are adhering to recommended annual
or biennial screening.9-" The large differ-
ences between states in mammography
screening rates may be due to differences in
practice patterns, educational programs,
social values, health insurance coverage, or

socioeconomic status.
We did not observe a statistically

significant correlation between mammogra-
phy rates and breast cancer incidence,
although the correlation was positive. Since
mammography has become an increasingly
accepted procedure, fewer tumors detected
each year have gone undetected for a long
period of time. However, one reason for the
positive correlation (and, possibly, a signifi-
cant correlation if more data were avail-
able) is that mammography is in a growth
stage and "old" tumors are still being
detected.
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TABLE 1-Mammography, Breast Cancer Incidence, and 2-Year Case Fatality
Rates for 29 States

Mammography Age-Adjusted Breast 2-Year Case
State Rate, % Cancer Incidence Ratea Fatality Rate %

Kentucky 49.1 372 * 9.2 18.2
Ohio 49.7 428 ± 5.8 21.0
Indiana 49.9 422 ± 8.1 21.3
Mississippi 50.3 405 ± 11.5 24.6
Louisiana 50.9 396 ± 9.5 22.7
Tennessee 51.7 392 ± 8.3 19.9
South Carolina 52.9 407 ± 10.9 20.5
Missouri 53.1 404 ± 7.7 19.6
Iowa 54.5 415 ± 10.1 16.8
Oklahoma 54.9 407 ± 10.0 15.8
Pennsylvania 55.7 441 ±5.1 21.1
Wisconsin 55.9 454 ± 8.6 17.1
New York 56.8 407 ± 4.3 19.8
Illinoisb 58.0 412 ± 5.5 20.9
North Carolina 58.3 418 ± 7.7 17.1
Texas 59.6 394 ± 5.1 18.6
Connecticut 60.1 398 ± 9.8 18.0
Alabama 60.7 412 ± 9.2 18.0
Florida 62.6 403 ± 4.5 15.8
Georgia 62.9 406 ± 8.3 19.7
Arizona 64.4 443 ± 10.7 16.0
Michigan 64.5 435 ± 6.5 19.2
Minnesota 64.7 409 ± 8.9 17.3
Maryland 65.8 446 ± 9.9 17.6
Washington 68.5 437 ± 9.3 17.1
Virginia 68.9 426 ± 8.5 19.4
Oregon 69.7 459 ± 11.4 14.3
California 71.3 388 ± 3.8 18.0
Massachusetts 71.7 394 ± 7.1 20.3

Note. Rates are based on the means of 1990 and 1991 rates.
a Per 100 000 ± standard error.
b The 1991 incidence rate for Illinois was 242/100 000, as compared with 412/100 000 in
1990; in all other states, the two rates were similar. Therefore, we assumed that the
1991 rate in Illinois reflects unexplained missing data, and only the 1990 rate was used.
Of note, the results of the analysis did not change substantively when the 1991
incidence rate for Illinois was used and the mean of the 1990 and 1991 rates was
included in the analysis (r = .27 for the correlation between incidence rates and
mammography frequency; P = .16). Case fatality rates for Illinois were 22.6% for 1990
and 18.2% for 1991.
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Note. There was a negative association between the two measures (r = -.48, P = .008).

FIGURE 1-Relation between average 1990/91 mammography rates and 2-year
case fatality rates for 29 states.

Breast cancer is currently the most
commonly diagnosed malignant tumor in
American women, and it apparently
increased in incidence in the 1980s.2' In con-
trast, long-term survival rates increased over
the same time period, suggesting that a
larger number of early-stage cancers were
diagnosed.21 These temporal changes have
been associated with an increased use of
mammography.22 However, as recently as
1993, only 54% of older women surveyed in
the United States reported receiving a mam-
mogram within the past 2 years.22 There are
probably multiple underlying reasons for the
low screening rates, including physician rec-
ommendations, barriers to appropriate med-
ical care, and lack of education about mam-
Mography.23-25

Limitations

MEDPAR data are not designed for
measurement of cancer-related characteris-
tics such as staging or tumor histology.
However, diagnostic coding for breast can-
cer is associated with a sensitivity of 97%
and a positive predictive value of 84%.18
Moreover, in a recent study that compared
incidence rates for breast cancer determined
by MEDPAR data and the corresponding
Surveillance, Epidemiology, and End
Results (SEER) program rates, no differ-

ences were observed between the two
files.'9 We attempted to exclude patients
with a prior diagnosis of breast cancer by
searching files from 1984 to the year prior to
hospitalization. A study of MEDPAR and
SEER data concluded that eliminating
patients hospitalized during the prior 6 years
removed almost all prevalent cases.'9 The
study also determined that fewer than 1% of
all cases of breast carcinoma among
Medicare beneficiaries were diagnosed
before Medicare enrollment.'9 Since few
women become eligible for Medicare before
65 years of age, women who were less than
71 years of age in 1990 would not have files
available back to 1984. In a separate analy-
sis, we found that the rate of error associated
with not searching back more than 2 years
was only about 2%.26 Using comparisons
with corresponding SEER data, we esti-
mated that about 5% of women 65 and 66
years old with breast cancer (i.e., beneficia-
ries for only 1 or 2 years in 1990 and 1991)
did not have incident cases.26 Inclusion in
the MEDPAR database also required admis-
sion to the hospital. Although currently
some women with breast cancer receive
only outpatient therapy, this practice was not
widespread in 1990/91.

This study was limited to White
women because many states did not have a
large enough minority population to yield
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reliable estimates ofmammography rates or
breast cancer rates. However, since minor-
ity women may be less likely to receive
screening mammography 14,15,22 and are
more likely to present with metastatic
breast cancer,27 it is likely that the associa-
tions we found would be similar in elderly
Black women in the United States. Simi-
larly, we did not include states that had a
relatively small population of women more
than 64 years of age and/or did not partici-
pate in the BRFSS. However, there is no
indication that our conclusions would have
been different had sufficient data been
available for all states.

The study may be limited by the prob-
lems inherent in ecological analyses (i.e.,
the overall relationships of incidence, mor-
tality, and mammography rates may not be
representative of all individuals residing in
a given state). However, we cannot identify
a confounding variable or bias that is the
underlying reason for the significant corre-
lation between state-level mammography
and case fatality rates. Moreover, although
ecological studies cannot substitute for
individual-level data, a recent series of arti-
ceS28-31 and editorials32 concluded that
such studies are informative, particularly
when their limitations are recognized and
bias and confounding are minimized in the
study design.

Implications

This study provides ecological evi-
dence of the effectiveness ofmammography
in reducing breast cancer mortality, presum-
ably through the diagnosis of earlier stage
tumors. Moreover, the study suggests that
mammography is underused. The findings
should provide further incentive to promote
population-based mammography screening
programs as well as to target states with the
greatest need for enhanced screening. D
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