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Since 2006, 14 population-based studies—8
American,1–8 5 European,9–13 and 1 Austral-
ian14—have documented unanticipated annual
declines in breast cancer incidence of around
10%, especially among women aged 50 years
and older with estrogen receptor (ER)-positive
tumors. All of these investigations have attrib-
uted these declines to the dramatic reduction in
use of hormone therapy15–18 following the pub-
lication, in July 2002, of the results of the
Women’s Health Initiative (WHI) study.19 Like
the 1998 Heart and Estrogen/Progestin Re-
placement Study (HERS)20 and its 2002 follow-
up,21 the WHI found that, contrary to expecta-
tions, hormone therapy did not decrease—and
may in fact have increased—risk of cardiovascu-
lar disease, and it also confirmed that long-term
use of combined estrogen plus progestin in-
creased risk of breast cancer.

To date, however, scant research has exam-
ined whether recent reported declines in breast
cancer incidence varied not only by age and
ER status but also—like hormone therapy
use16,18,20–26—by race/ethnicity (examined in
only 3 US studies4–6) and socioeconomic posi-
tion (not examined in any studies, in the United
States or any other country). Within the United
States, data indicate that, until 2002, use of
hormone therapy was most common among
more affluent, healthier, and predominantly
White women (i.e., women with access to med-
ical care, who could afford hormone therapy and
who did not have contraindications against its
use).16,18,20–24 Socioeconomic gradients in hor-
mone therapy use have also been reported in 2
countries with national health systems—Britain25

and Sweden26—suggesting that access to med-
ical care alone is not the full reason for the higher
use by more affluent women.

We accordingly designed our study to test
the hypothesis that the recent reported declines
in US breast cancer incidence varied not only
by age and ER status but also by race/ethnicity
and socioeconomic position. Our study base
consisted of county-level incidence data from

the US Surveillance, Epidemiology and End
Result (SEER) 13 Registries Database,27 which
in 2000 covered 14% of the total US popula-
tion.28 The time period spanned the years 1992
to 2005, thereby encompassing the initial rec-
ommendations by the Food and Drug Adminis-
tration and American College of Physicians (in
1991and1992, respectively) for use of hormone
therapy to prevent cardiovascular disease17 as
well as the 1998 HERS20 and 2002 WHI study
results19 and HERS follow-up results.21 Our pre-
diction was that the sharpest post-WHI declines
in breast cancer incidence would occur among
White non-Hispanic women living in high-in-
come counties, especially those aged 50 to 69
years who had ER-positive tumors.

METHODS

The study base consisted of all women with
primary invasive breast cancer included in the
catchment area of the public access SEER 13
Registries Database27 from January 1, 1992
through December 31, 2005, and the population

from which they arose. Population denominator
data (stratified by age, gender, and race/ethnic-
ity), which were obtained from the SEER data
Web site,29 consisted of US census county
population estimates for the year 2000 and
annual US Census intercensal county population
estimates for all other years.30

The cases in the SEER13 Registries Database
are associated with census-derived population
denominator data, at the county level, for the
following 4 US census ‘‘racial’’ groups: White,
Black, American Indian/Alaska Native, and
Asian/Pacific Islander, each of which can addi-
tionally be stratified by Hispanic ethnicity.27 As
of 2000, the percentage of the US population
included in the SEER13 Registries Database was
11.8% for Whites, 11.9% for Blacks, 21.0% for
American Indians/Alaska Natives, 35.0% for
Asians, 54.4% for Native Hawaiians/Pacific
Islanders, and 21.8% for Hispanics.28 Because all
patient data in SEER registries are obtained from
medical charts, it is unknown whether breast
cancer patients’ racial/ethnic data were based on
self-report or observer report.31 In our analyses,
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we employed the following 5 racial/ethnic
groups: White non-Hispanic, Black non-Hispanic,
American Indian/Alaska Native non-Hispanic,
Asian/Pacific Islander non-Hispanic, and Hispanic.

The ER status data from SEER were likewise
based on information abstracted from medical
charts. For our analyses, we employed 3
categories: (1) ER positive, (2) ER negative, and
(3) ER unknown (no test done; test ordered, but
results not in the chart; unknown or no in-
formation about whether a test was ordered or
done); we also incorporated borderline cases
(<1% of total) into the ‘‘ER unknown’’ category.
We included the ER unknown category in
our analysis because our previous work indi-
cated that in the United States, the frequency of
unknown ER status was much higher among
economically deprived women than among
more affluent women, and among women of
color than among White women, with the
latter racial/ethnic disparities accounted for
by racial/ethnic inequities in socioeconomic
position.32

We obtained data on the breast cancer
patients’ age at diagnosis from the SEER data.
No data were available from the cancer registry
database, however, on breast cancer patients’
use of hormone therapy.

County Economic Resources

We obtained the 1999 county median
household income data for all US counties from
the SEER2000county attributevariables,which
were obtained from Census SF3 data (Table
P53).33 We assigned counties to quintiles of US
county median household income, on the basis of
the full distribution of US counties weighted by
county population size, given the enormous var-
iation in the size of county populations.34 Noting
that in1999 the US median household income
was $41944,35 we grouped the county income
quintile data into 2 categories: ‘‘high income,’’
consisting of the top 3 county median household
income quintiles (range=$40000–$82930),
and ‘‘low income,’’ encompassing the bottom 2
county median household income quintiles
(range=$9330–$39999).

Statistical Analyses

For each year (1992–2005), we first com-
puted the yearly annual age-standardized inci-
dence rate (per100000) and its 95% confidence
interval, stratified by county income quintile (high

income vs low income), using the direct method,
standardized to the year 2000 standard mil-
lion.36 We calculated these rates for (1) all
women, overall and stratified by race/ethnicity,
and (2) all women and within each racial/ethnic
group, additionally stratified by age (less than50,
50–69, and 70 years and older) and ER status.
We then depicted the observed trends by plot-
ting these age-standardized incidence rates by
year, using a 3-year moving average to provide
stability to the estimates.37

To test our hypotheses regarding temporal
trends in breast cancer incidence rates, we used
the SEER*Stat Joinpoint 3.0 software,38 which
is designed to fit joinpoint regression models.
In these models, also called segmented line
regression models, line segments are joined at
points called ‘‘joinpoints.’’ When fit on the log
scale, the slope of the line segments are inter-
pretable as the annual percentage change in the

rate, and the joinpoints denote statistically sig-
nificant changes (P<.05) in the time trend.39,40

Of note, Joinpoint 3.0 does not require prespe-
cification of a fixed joinpoint and instead treats
the number and location of the joinpoints as
unknown. The algorithm employs a grid-search
method to determine the likely number and
location of joinpoints, and conducts permutation
tests to calculate their statistical significance.39

This approach allows for detection of joinpoints
across the full time period. We consequently
conducted the joinpoint regressions for each
county income quintile, both for all women and
stratified by race/ethnicity, and then additionally
stratified by age and by ER status.

RESULTS

Table 1 presents data on the 350075
women diagnosed with primary invasive breast

TABLE 1—Characteristics of Women With Primary Invasive Breast Cancer: US Surveillance,

Epidemiology and End Result (SEER) 13 Registries Database, 1992–2005

No. of Cases (%) Person-Years

Total 350 075 535 811 082

Race/ethnicity

White, non-Hispanic 263 320 (75.2) 313 121 603

Black, non-Hispanic 30 368 (8.7) 57 478 375

American Indian/Alaskan Native, non-Hispanic 1 859 (0.5) 6 267 482

Asian/Pacific Islander, non-Hispanic 25 967 (7.4) 55 888 512

Hispanic 27 021 (7.7) 103 055 110

Age, y

< 50 81 946 (23.4) 401 736 049

50–69 152 614 (43.6) 91 481 819

‡ 70 115 515 (33.0) 42 593 214

County median household income quintile,a $

9 330–34 819 14 081 (4.1) 11 971 039

34 820–39 999 22 235 (6.4) 15 339 425

40 000–43 819 106 469 (30.6) 91 560 916

43 820–51 579 73 976 (21.3) 58 146 615

51 580–82 930 130 877 (37.6) 94 144 351

Estrogen receptor (ER) status

ER unknown 64 951 (18.6)

ER positive 219 382 (62.7)

ER negative 64 355 (18.4)

ER borderline 1 387 (0.4)

Note. The 13 SEER registries in this database comprise 5 US states (Connecticut, Hawaii, Iowa, New Mexico, Utah); 6 cities
and their corresponding counties (Atlanta, GA; Detroit, MI; Los Angeles, CA; San Francisco–Oakland, CA; San Jose–Monterey,
CA; Seattle–Puget Sound, WA); and 2 additional areas or populations (rural Georgia; Alaska Native Tumor Registry).
aQuintiles 1 and 2 were low-income households; quintiles 3–5 were high-income households.
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cancer between 1992 and 2005 who were
included in the SEER 13 Registries Database.
Overall, 75% of these women were White non-
Hispanic, and the rest were evenly divided
among Black non-Hispanic, Asian/Pacific Is-
lander non-Hispanic, and Hispanic women
(range=7%–9%), with only 1% identified as
American Indian/Alaskan Native non-
Hispanic. Nearly half were aged 50 to 69 years
at diagnosis, with one third aged 70 and
older; slightly over three fifths were ER posi-
tive, and equal proportions (just under one
fifth) were ER negative and ER status un-
known. As an indication that the population in
the catchment area of the SEER 13 Registries
Database resided in counties more affluent
than those of the United States as a whole,
only 10.5% of the cases resided in the bottom
2 US county income quintiles and 38% lived
in the top US county income quintile.

Figure 1 depicts the temporal patterning of
the moving 3-year average age-standardized
breast cancer incidence rates (per 100000),
stratified by county income level (high vs low),
for 3 age groups: younger than 50, 50 to 69,
and 70 years and older. Each figure separately
portrays the trends for all women combined
and for White non-Hispanic, Black non-
Hispanic, Asian/Pacific Islander non-Hispanic,
and Hispanic women; we do not provide
a figure for the American Indian/Alaskan
Native women because small numbers pre-
cluded calculating stable estimates of their
incidence rates, but we do include their data in
the joinpoint analyses. Figure 1a provides the
results for all cases (regardless of ER status),
Figure 1b for ER-positive cases, Figure 1c for
ER-negative cases, and Figure 1d for cases with
unknown ER status. The vertical line denotes
July 2002, when the WHI results were pub-
lished. As expected, Figure 1a shows that
among women aged 50 years and older, in-
cidence rates were highest among women in
high-income counties, a pattern than held for
all racial/ethnic groups except Black non-
Hispanic women aged 70 years and older, for
whom there was no discernable difference.

As also shown in Figure 1a, the groups
exhibiting the strongest pattern of a rising and
then falling breast cancer incidence rate were
(1) all women combined, aged 50 to 69 or
70 years and older, in both high- and low-
income counties; (2) White non-Hispanic

women, also aged 50 to 69 or 70 years and
older, in both high- and low-income counties,
and (3) Asian/Pacific Islander women, aged 50
to 69 years, in high-income counties. These
temporal trends were evident only among
women with ER-positive tumors (Figure 1b),
and not among those with ER-negative tumors
(Figure 1c). Contrary to our prediction, how-
ever, the graphed data suggested that the
inflection point marking the start of the decline
in breast cancer incidence rates preceded
2002.

Figure 1d, in turn, shows the markedly
declining incidence rate of ER-unknown tu-
mors among women aged 50 years and older,
in all racial/ethnic groups and at both county
income levels. The relevance of these data are
that any observed decline in ER-positive in-
cidence rates over time would have to exceed
the counterbalancing trend toward increasing
incidence rates due to reassignment of cases
who otherwise would have been ER un-
known.32

The joinpoint analyses presented in supple-
mental Table 1 (overall and stratified by race/
ethnicity and age, available as a supplement to
the online version of this article at http://
www.ajph.org) and in both Table 2 (addition-
ally stratified by ER status for women age 50
and older for ER-positive and ER-negative
tumors) and supplemental Table 2 (addition-
ally stratified by ER status for women younger
than 50 years; it also includes women aged
50 and older with ER-unknown tumors; avail-
able online at http://www.ajph.org) formally
tested for the changes in slope depicted in
Figures 1a–d and also quantified the annual
percentage change in rates. Among all women
(all racial/ethnic groups and all ages com-
bined), the age-standardized breast cancer
rates rose from1992 to1999 among women in
both low- and high-income counties by 1.0%
per year (95% confidence interval [CI]=0.1,
1.9) and 1.4% per year (95% CI=0.6, 2.3),
respectively, after which rates declined by
2.0% per year (95% CI=–3.0, –1.0) and 2.5%
per year (95% CI=–3.4, –1.6), respectively
(see supplemental Table 1).

These trends were driven chiefly by the
rise and fall of breast cancer incidence among
the White non-Hispanic women, among
whom the declining rates were most pro-
nounced among women aged 50 to 69 years

in high-income counties (annual percentage
change [APC]=–4.6; 95% CI=–6.4, –2.7),
followed by women aged 50 to 69 years in
low-income counties (APC=–4.0; 95% CI=
–6.5, –1.5) and by those aged 70 years and
older in both high- and low-income counties
(APC between –2.6 and –2.8). By contrast, no
changes in breast cancer incidence rates of
any other racial/ethnic group were detected,
except among the Asian/Pacific Islander
women aged 50 to 69 years living in the high-
income counties, whose rates likewise began
to decline in 1999 (95% CI=1997, 2001;
APC=–3.4% [95% CI=–5.4, –1.3]; see
supplemental Table 1).

Results additionally stratified by ER status
demonstrated that only the ER-positive inci-
dence rates among women aged 50 years and
older showed a temporal pattern of rising
and then falling between 1992 and 2005
(Table 2), with this pattern evident only among
White non-Hispanic women with ER-positive
tumors who lived in high-income counties.
Among this group, whose experience drove the
observed national reduction in breast cancer
incidence, the decline commenced in 1999,
with the post-1999 annual percentage change
for women aged 50 to 69 and 70 years and
older, respectively, equaling –3.7 (95%
CI=–6.5, –0.9) and –2.6 (95% CI=–4.5,
–0.8). No secular trends in ER-negative in-
cidence rates were observed for any group of
women, and the ongoing decline in the in-
cidence of ER-unknown cases occurring among
all groups of women notably accelerated after
2000.

DISCUSSION

Our results, based on the SEER 13 Registry
Database, indicate that between 1992 and
2005, US age-standardized breast cancer in-
cidence rates rose between1992 and1999 and
then declined, with the fall in rates driven
exclusively by trends among White non-
Hispanic women aged 50 years and older who
both had ER-positive tumors and resided in
high-income counties. No such trends were
evident—regardless of county income level, ER
status, or age—among the Black non-Hispanic
women, the Hispanic women, or—where num-
bers were sufficient to conduct meaningful
analyses—among the American Indian/Alaskan
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Native women. These findings are in accord
with our a priori hypothesis that the social
patterning of US breast cancer incidence de-
clines would mirror those of US hormone
therapy use, with the sharpest declines occur-
ring among White non-Hispanic women aged
50 to 69 years who lived in high-income

counties and had ER-positive tumors. Contrary
to our expectation, however, the decline in
breast cancer incidence rates that we observed
commenced in 1999, preceding the July 2002
publication of the WHI results.

Consideration of both study limitations and
strengths lends credence to our findings. First,

the lack of socioeconomic data in US cancer
registry records,41,42 combined with the
aggregation of the SEER13 Registry Database to
the county level,27 meant that we were con-
strained to conduct county-level analyses, using
only county-level income data. Despite well-
known problems affecting analyses using only

Note. Rates are based on 3-year rolling averages, standardized to the year 2000 standard million.

FIGURE 1—Age-standardized breast cancer incidence rates (per 100000; for all women and by race/ethnicity), stratified by county income level

and age, for (a) all cases, (b) estrogen receptor (ER)-positive cases, (c) ER-negative cases, and (d) ER status unknown cases: US Surveillance,

Epidemiology and End Result (SEER) 13 Registries Database, 1992–2005.
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group-level (‘‘ecologic’’) data,43 research never-
theless indicates that similar patterns of socio-
economic inequities in health, including in cancer
incidence, have been detected through use of
socioeconomic measures at the county, census
tract, household, and individual level.37,44–46

Second, offsetting concerns that results could be
biased by racial/ethnic misclassification, a recent
large multisite SEER validation study, based on

self-reported data among 13,538 cancer patients
diagnosed between 1973–2001 in the SEER-
National Longitudinal Mortality Study linked
database,

reported that the

overall agreement was excellent on race
(j= 0.90, 95% CI= 0.88, 0.91)’’ and ‘‘moderate
to substantial on Hispanic ethnicity (j= 0.61,
95% CI= 0.58, 0.64).31(p177)

Although the SEER results31 suggest that
misclassification of race/ethnicity among His-
panics could lead to underestimates of incidence
rates for them, it is unlikely that such misclassi-
fication would be linked to hormone therapy
use, and so would be unlikely to bias results.
Finally, although it would have been ideal to
have had access to a large, longitudinal, repre-
sentative US study cohort with detailed data—for
both the women in the study and the population
from which they arose—on lifetime socioeco-
nomic position, race/ethnicity, nativity, hormone
therapy use and other breast cancer risk
factors (e.g., reproductive history),24,47 to our
knowledge no such database exists. This limita-
tion is offset by the fact that our study had access
to records spanning the period1992 to 2005 for
over 350000 cases and the catchment popula-
tions for 13 large US cancer registries, thereby
enabling us to look meaningfully at patterns by
age, socioeconomic position, race/ethnicity, and
ER status.

Adding additional plausibility to our findings
and their interpretation, literature addressing
the observed recent declines in US, European,
and Australian breast cancer incidence rates
has discussed at length why evidence indicates
that these secular trends are not explained
by declines in breast cancer detection or
changes in other risk factors (e.g., body mass
index), and they likewise have not offered any
other additional competing hypotheses or evi-
dence to explain these declines.1–14,48–50 Con-
comitantly, US data provide strong evidence that

TABLE 2—Joinpoint Analyses Showing APC in Breast Cancer Incidence Among Women Aged

50 Years and Older With Known ER Status, by County Median Household Income, Race/

Ethnicity, and Age at Diagnosis: US SEER 13 Registries Database, 1992–2005

ER Status Race/Ethnicity

County Median

Household Income

Segment 1,

APC (95% CI)

Segment 2

Joinpoint (95% CI) APC (95% CI)

Aged 50–69 y

ER positive All women Low 4.1 (2.1, 6.2) 1999 (1996, 2002) –0.7 (–2.8, 1.5)

ER positive All women High 4.9 (3.0, 6.9) 1999 (1998, 2002) –2.5 (–4.3, –0.5)

ER positive White, non-Hispanic Low 4.6 (2.3, 6.9) 1999 (1996, 2002) –1.5 (–4.0, 1.1)

ER positive White, non-Hispanic High 4.6 (2.9, 6.3) 2000 (1998, 2002) –3.7 (–6.5, –0.9)

ER positive Black, non-Hispanic Low 2.5 (1.5, 3.5)

ER positive Black, non-Hispanic High 1.6 (0.1, 3.0)

ER positive API, non-Hispanic Low 5.1 (3.4, 6.8)

ER positive API, non-Hispanic High 4.6 (2.0, 7.3) 1999 (1997, 2002) –2.3 (–4.8, 0.3)

ER positive Hispanic Low 3.6 (2.4, 4.8)

ER positive Hispanic High 1.5 (0.4, 2.7)

ER negative All women Low 0.7 (–0.1, 1.5)

ER negative All women High –0.2 (–0.8, 0.3)

ER negative White, non-Hispanic Low 0.1 (–0.7, 1.0)

ER negative White, non-Hispanic High –0.4 (–1.1, 0.3)

ER negative Black, non-Hispanic Low 2.1 (0.3, 3.9)

ER negative Black, non-Hispanic High 1.2 (0.0, 2.5)

ER negative API, non-Hispanic Low 1.9 (–0.5, 4.3)

ER negative API, non-Hispanic High –0.9 (–2.2, 0.3)

ER negative Hispanic Low 3.0 (1.0, 5.0)

ER negative Hispanic High 0.2 (–1.1, 1.5)

Aged ‡ 70 y

ER positivea All women Low –2.8 (–18.1, 15.4) 1994 (1994, 2000) 6.8 (–9.4, 25.8)

ER positivea All women High 1.4 (0.1, 2.7) 1996 (1994, 1997) 5.1 (1.3, 9.1)

ER positive White, non-Hispanic Low 4.0 (1.2, 6.8) 1998 (1996, 2001) –0.8 (–2.9, 1.2)

ER positivea White, non-Hispanic High 1.5 (0.2, 2.9) 1996 (1994, 1997) 5.5 (1.5, 9.7)

ER positive Black, non-Hispanic Low 3.3 (2.1, 4.6)

ER positive Black, non-Hispanic High 2.4 (1.0, 3.8)

ER positive API, non-Hispanic Low 3.8 (1.5, 6.5)

ER positive API, non-Hispanic High 0.7 (–0.8, 2.3)

ER positive Hispanic Low 1.8 (0.6, 3.1)

ER positive Hispanic High 1.9 (0.4, 3.5)

ER negative All women Low 0.5 (–0.5, 1.6)

ER negative All women High 0.5 (–0.2, 1.2)

ER negative White, non-Hispanic Low 0.5 (–0.6, 1.2)

ER negative White, non-Hispanic High 0.4 (–0.4, 1.2)

ER negative Black, non-Hispanic Low 3.8 (1.9, 5.8)

ER negative Black, non-Hispanic High 1.9 (–0.3, 4.2)

ER negative API, non-Hispanic Low 2.2 (–2.0, 6.5)

ER negative API, non-Hispanic High –0.9 (–3.2, 1.5)

ER negative Hispanic Low –0.9 (–3.3, 1.6)

ER negative Hispanic High 6.0 (2.4, 9.7)

Note. API = Asian/Pacific Islander; APC = annual percentage change; ER = estrogen receptor; SEER = Surveillance, Epidemiology
and End Result; CI = confidence interval.
aAdditional segments: joinpoint (95% CI) and APC (95% CI): age ‡ 70: (1) all women, low-income county, ER+: segment
3 joinpoint = 1997 (1997, 2003), APC = –0.8 (–2.4, 0.0.9); (2) all women, high-income county, ER+: segment 3
joinpoint = 1999 (1997, 2000), APC = –2.8 (–4.6, –1.0), and segment 4 joinpoint = 2003 (2000, 2003), APC = 2.6 (–1.1, 6.4);
(3) White non-Hispanic, high-income county, ER+: segment 3 joinpoint = 1999 (1997, 2000), APC = –2.6 (–4.5, –0.8),
and segment 4 joinpoint = 2003 (2000, 2003), APC = 3.0 (–0.9, 7.2).
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before the WHI, hormone therapy use was
substantially lower among women with fewer
versus more socioeconomic resources, and also
among US Black, Latina, and Asian women
compared with White women.23,24,51,52 More-
over, research on the role of steroids—including
hormone therapy—as breast cancer tumor pro-
moters renders biologically plausible a short lag
time between cessation of hormone therapy
exposure and a decline in risk of developing
a detectable incident breast cancer.3,53,54 It is not
our purpose to repeat these discussions here.
Instead, we would like to emphasize 3 new
contributions that our analyses provide.

First, our inclusion of socioeconomic data, in
conjunction with race/ethnicity, age, and ER
status, revealed that the pattern of a recent rise
and fall in US breast cancer incidence has been
restricted solely to women who at time of
diagnosis resided in a high-income county,
were White, were aged 50 years and older, and
had ER-positive tumors. These findings bolster
the hypothesis that declines in hormone ther-
apy use led to declines in breast cancer in-
cidence among the sociodemographic groups
of women most likely to be prescribed and to
use hormone therapy, since no other hypothe-
ses have been advanced that would explain
the sociodemographic and tumor-type speci-
ficity of the incidence patterns we report.
Additionally, the results underscore the insuf-
ficiency of conventional US racialized ap-
proaches to analyzing cancer and other health
data in relation only to race/ethnicity55,56;
instead, joint information on socioeconomic
resources and race/ethnicity is vital for correctly
understanding disease distribution, including that
of cancer.34,37,41,55,56

Second, by also including data on incidence
rates of tumors with unknown ER status, our
study newly indicates that estimates of declines
in the incidence of ER-positive breast cancer
based only on observed data are likely to be
underestimates. This is because the observed,
and especially older, ER-positive rates fail to
include those cases with unknown ER status
that would otherwise have been characterized
as ER positive had the data been available.
Indeed, on the basis of our previous research
investigating the impact of imputing missing
ER status on racial/ethnic and socioeconomic
disparities in risk of ER-positive and ER-
negative tumors, it is conceivable that rates of

ER-positive breast cancer among White non-
Hispanic women living in affluent areas in the
early to mid-1990s (when a higher proportion
of cases had ER status unknown) could have
been underestimated by as much as 15%.32

The net implication is that the actual secular
decline in breast cancer incidence among these
women is larger than has been reported on the
basis of the observed data.

Third, our results indicate that the lesser
access to hormone therapy among women
subjected to socioeconomic deprivation and
among women of color, initially considered
a problem before the WHI results were
reported,23,24,51,52 may in fact have spared them
iatrogenic increases in their breast cancer in-
cidence rates. The magnitude of increases and
declines in breast cancer incidence observed
among women in those sectors of society who
were most likely to have been exposed to
hormone therapy in turn underscores the
dangers of inadequately understood pharmaco-
logical manipulation of complex hormonal sys-
tems22,57–59—a caution that ought be kept in
mind when considering past and present pro-
posals to prevent breast cancer by administering
regimens of powerful hormones to healthy
young women.60–63

Finally, one additional question highlighted
by our results concerns why the decline in
US breast cancer incidence rates—including
those among women aged 50 to 69 years with
ER-positive tumors who lived in high-income
counties—began in 1999, before publication
of the WHI results in 2002. Of note, our
findings are in accord with those of other
studies reporting that use of hormone therapy
in the United States peaked in 1999 and
200016,17,21,48,64 and that US breast cancer
incidence rates began to decline starting in
the period 1999 to 2001,4,7,8,49 albeit with the
rate of decline accelerating after the WHI
study.3,6–8 Together, these findings lend cre-
dence to the hypothesis that the 1998 HERS
results played more of a role than previously
appreciated in reducing physicians’ willing-
ness to prescribe—and women’s willingness to
use—hormone therapy.4,16,17 Better under-
standing of why hormone therapy use peaked
between 1999 and 2001, not only in the
United States15,17,64 but also the United King-
dom,13 Norway,11 and Australia,14 would be
useful in preventing future iatrogenic illness; any

such analysis will likely necessitate a longer-term
historical perspective attuned to societal deter-
minants of health.22,34,57,65,66
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