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Abstract

Women with benign proliferative breast disease are at
increased risk of subsequent breast cancer. Estrogens
and progesterone exert proliferative effects on mam-
mary epithelium, and combined hormone replacement
therapy has been associated with increased breast
cancer risk. We tested the effect of conjugated equine
estrogen plus progestin on the risk of benign prolifer-
ative breast disease in the Women’s Health Initiative
(WHI) randomized controlled trial. In the WHI trial of
estrogen plus progestin, 16,608 postmenopausal women
were randomly assigned either to 0.625 mg/day of con-
jugated equine estrogen plus 2.5 mg/day of medroxy-
progesterone acetate or to placebo. Baseline and
annual breast exams and mammograms were required.
The trial was terminated early (average follow-up,
5.5 years). We identified women who had had a biopsy

for benign breast disease, and subjected histologic
sections from the biopsies to standardized review.
Overall, 178 incident cases of benign proliferative
breast disease were ascertained in the estrogen plus
progestin group and 99 in the placebo group. The use
of estrogen plus progestin was associated with a 74%
increase in the risk of benign proliferative breast
disease [hazard ratio, 1.74; 95% confidence interval
(CI), 1.35-2.25]. For benign proliferative breast disease
without atypia the hazard ratio was 2.00 (95% CI, 1.50-
2.66), while for atypical hyperplasia it was 0.76 (95% CI,
0.38-1.52). The risk varied little by levels of baseline
characteristics. The results of this study suggest that
the use of estrogen plus progestin may increase the risk
of benign proliferative breast disease. (Cancer Epide-
miol Biomarkers Prev 2008;17(9):2337–43)

Introduction

Benign proliferative breast disease is an established
breast cancer risk factor (1, 2), and experimental and
epidemiologic evidence supports the notion that it
has malignant potential and represents a lesion on the
pathway to invasive breast cancer (2-4). Recently, with
the increase in use of mammography and with the
emergence of core needle biopsy as a replacement for
open surgical biopsy, the threshold for breast biopsy has
been lowered, thereby facilitating the diagnosis of benign
proliferative breast disease.
In the Women’s Health Initiative (WHI) randomized

trial of estrogen plus progestin, there was an increase in
breast cancer risk that emerged after several years of use

of hormone therapy (5, 6). Given the proliferative effect of
estrogens and progesterone on breast epithelial cells (7-9),
the effect of combined hormone therapy on breast cancer
risk might be mediated, in part, through detrimental
effects on breast epithelium resulting in an increase in risk
of benign proliferative breast disease. However, the
influence of estrogen plus progestin on benign prolifer-
ative breast disease has not been reported previously in a
randomized clinical trial setting. Therefore, we used the
WHI trial to test the effect of estrogen plus progestin on
the risk of benign proliferative breast disease.

Materials and Methods

Study Population. The WHI estrogen plus progestin
trial has been described elsewhere (5). In brief, 16,608
postmenopausal women ages 50 to 79 y at initial
screening, with an intact uterus, who were likely to
reside in the study area for 3 y, and who provided
written informed consent, were enrolled between 1993
and 1998 at 40 clinical centers. Exclusions were based on
competing risk, safety (e.g., prior breast cancer), and
adherence and retention considerations. Women using
postmenopausal hormones at screening were required to
have a 3-mo washout period before baseline evaluation.
All participants were taught breast self-examination
(reinforced during the trial). They also had a baseline
mammogram and clinical breast examination; abnormal
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findings suggestive of breast cancer required that breast
cancer be ruled out before the participant entered the trial.
The WHI and the ancillary study reported here (which
included all 40 clinical centers) were approved by the
institutional review boards at all participating institutions.

Study Regimens, Random Assignment, and Blind-
ing. Participants were assigned randomly to receive
either one daily tablet containing 0.625 mg of conjugated
equine estrogen plus 2.5 mg of medroxyprogesterone
acetate (Prempro, Wyeth Ayerst, Philadelphia, PA) or an
identical-looking placebo. Randomization involved the
use of a randomized permuted block algorithm, stratified
by clinic and age. All medication bottles had a unique bar
code to allow blinded dispensing.

Data Collection. Comprehensive information on
breast cancer risk factors was obtained at baseline in
the parent trial by interview (for lifetime hormone use)
and by self-report (for other covariates) using standard-
ized questionnaires. The variables of interest included
age, race/ethnicity, family history of breast cancer, body
mass index, prior breast disease, age at menarche, age at
first full-term pregnancy, parity, age at menopause, oral
contraceptive use, postmenopausal hormone use, and
mammographic screening history.

Follow-Up. Participants were contacted after 6 w to
assess symptoms and reinforce adherence, and were
assessed for clinical outcomes at 6-monthly clinic visits,
at which time their study pills for the next 6 mo were
dispensed. At their annual visits, participants were
required to have a clinical breast examination and a
pelvic examination, and the findings from their re-
quired annual mammogram were reviewed; study
medications were withheld if the breast exams were
not done, but participants continued to be followed.
Study medication was discontinued for several reasons,
including use of non-study hormones, and the devel-
opment of breast cancer, endometrial pathology, or
deep vein thrombosis. The trial was terminated early
because breast cancer risk was increased and a
summary measure of the overall balance of risks and
benefits (based on monitored outcomes) suggested that
risks exceeded benefits (5).

Ascertainment of Outcome. The outcome of interest
for the present study was histologically confirmed
incident benign proliferative breast disease with or
without atypia (see ‘‘Histology’’). Clinical events, includ-
ing breast cancers and breast biopsies for noncancerous
lesions, were initially identified from self-administered
questionnaires completed every 6 mo. Breast cancers
were confirmed by local and central adjudicators who
reviewed medical records and pathology reports and
who were blinded both to treatment assignment and to
symptoms due to study medications. For the present
study, women who reported breast biopsies that were
free of cancer were identified, and clinical centers were
sent lists of potentially eligible subjects quarterly. Clinic
staff contacted participants to obtain written informed
consent to solicit the histologic sections resulting from
the biopsies. To investigate the possibility that breast
biopsies were missed by using this approach, the charts
of 100 randomly selected participants who did not report
breast biopsy were reviewed at one center and none was
found to have unreported biopsies.

Histology. H&E-stained histologic sections were
reviewed by the study pathologist (D.L.P.) who was
blinded to the randomization assignment. The benign
lesions were classified using well-established criteria as
non-proliferative lesions, proliferative lesions without
atypia (further classified according to whether they were
mild, moderate, or florid in extent), or atypical (ductal/
lobular) hyperplasia (1, 10, 11).

Statistical Analysis. Incidence rates of benign prolif-
erative breast disease in the estrogen plus progestin and
the placebo groups were compared based on the inten-
tion-to-treat principle using time-to-event analyses. The
time to benign proliferative breast disease was defined as
the number of days from the date of randomassignment to
the date of the first diagnostic biopsy after random
assignment that showed benign proliferative breast
disease. For those who did not develop the end-point of
interest, follow-up time was censored at the date of last
documented contact, diagnosis of breast cancer, mastec-
tomy, death, or July 8, 2002 (the date of termination of the
main WHI trial), whichever came first. Women who
developed a non-proliferative benign breast lesion con-
tinued to be followed up because they remained at risk of
developing a subsequent proliferative lesion. Event rates
over time were summarized using cumulative hazard
plots. The intervention effect was summarized using
hazard ratios (HR) and 95% confidence intervals (95% CI)
estimated from Cox proportional hazards models (12),
with stratification by age, prior breast biopsies, and
randomization to the WHI Dietary Modification and
Calcium/Vitamin D supplementation trials (13). Stratifi-
cation was time-dependent in the case of the Calcium/
Vitamin D supplementation trial. The primary test of the
association between estrogen plus progestin and the risk
of benign proliferative breast disease was that estimated
from the model with the stratification variables specified
above. The association was then further evaluated in
various sensitivity analyses that were designed to assess
the robustness of the main result.
Specifically, we assessed the impact on the HR for the

estrogenplusprogestin effect of: (a) an ‘‘as treated’’ analysis
(in which events were attributed to actual hormone use
during the trial); (b) separate analyses that excluded (i)
cases that arose during the first year of follow-up, (ii)
women who had used hormone therapy prior to trial
commencement, (iii) women who had had a breast biopsy
prior to enrollment, and (iv) women who were unblinded
and reassigned from unopposed estrogen to estrogen plus
progestin; (c) separate analyses that adjusted for (i)
cumulative duration of hormone therapy prior to trial
commencement, (ii) frequency of protocol-mandated an-
nual mammograms, and (iii) frequency of clinical breast
exams (in the latter two analyses, frequency of mammo-
grams and clinical breast exams were treated as time-
dependent covariates in the Cox models); and (d) an
analysis that stratified by mammogram results. Interaction
was investigated by including product terms between
treatment assignment and indicator variables for the
subsets of interest in Cox proportional hazards models
stratified by age, prior breast biopsies, and randomization
to the Dietary Modification and Calcium/vitamin D trials,
andwas assessedby testing the equality of theproduct term
coefficients. The proportional hazards assumption, which
was tested by fitting models containing a product term
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between the intervention and follow-up time and assessing
the coefficient of the product term for statistical signifi-
cance, was shown not to be violated. Annualized event
rates were calculated for comparisons of absolute disease
rates. All statistical tests were two-sided and results were
considered statistically significant when two-sided
P values were V0.05.

Results

The randomization groups differed little at baseline with
respect to age, ethnicity, breast cancer risk factors,
participation in other WHI trials, and intake of energy,
selected nutrients, and vitamins (Table 1).
Data on follow-up, adherence, and unblinding were

reported elsewhere (5). In brief, at the termination of the
trial, vital status was known for 96.5% of subjects; 42% of
women in the intervention group and 38% of those in the
placebo group stopped taking study drugs for at least
some time; and clinic gynecologists were unblinded to
treatment assignment for 3,444 (40.5%) women in the
intervention group and 548 (6.8%) in the placebo group.
During follow-up (average duration, 5.5 years), we

identified 982 potentially eligible biopsies that had
been performed for benign breast disease. The eligibility
of 11 biopsies could not be determined due to lack
of consent, hospital refusal, and other reasons. Of the
971 biopsies confirmed to be eligible, consent was
obtained for the review of 969 histologic sections, of
which 952 were obtained. Of the sections reviewed, 285
were from biopsies that occurred outside the period of the
trial and 42 had no breast tissue. The remaining 625
sections were from 585 women. Of these women, 8 were
censored (so that the corresponding section was excluded
from consideration), 1 had no pathologic diagnosis, 299
hada non-proliferative lesion (this category included cysts,
fibrosis, apocrine metaplasia, fibroadenoma, radial scar,
and micropapillomas), and 277 had an incident benign
proliferative lesion.
Overall, 178 cases of benign proliferative breast

disease occurred in the intervention group and 99
occurred in the placebo group. The use of estrogen plus
progestin was associated with a 74% increase in the risk
of benign proliferative breast disease (HR, 1.74; 95% CI,
1.35-2.25; Table 2). When examined by histologic subcat-
egory, the risk of benign proliferative breast disease was
increased 2-fold for those who developed benign disease
without atypia (HR, 2.00; 95% CI, 1.50- 2.66) but was not
increased for those who developed atypical hyperplasia
(HR, 0.76; 95% CI, 0.38-1.52). However, the latter analysis
was based on only 16 cases in the estrogen plus progestin
group and 20 cases in the placebo group, and when these
outcomes were combined with moderately extensive or
florid proliferative disease without atypia, the HR was
1.43 (95% CI, 1.04-1.96). The Kaplan-Meier estimates of
the overall cumulative hazard of benign proliferative
breast disease show that the difference between the
estrogen plus progestin and the placebo groups emerged
during the second year of follow-up and persisted
through to the end of the follow-up period (Fig. 1). The
risk of non-proliferative benign breast disease was
increased 50% in association with estrogen plus proges-
tin (HR, 1.53; 95% CI, 1.19-1.97).

The risk of benign proliferative breast disease varied
significantly by the Gail model 5-year risk of breast
cancer (Pheterogeneity = 0.01), being increased more than
2-fold in those in the upper and lower tertile levels of
the baseline Gail model 5-year risk of breast cancer,
but unaltered in those in the middle tertile level (data not
shown). For women who had used hormone therapy
prior to randomization, the HR (95% CI) for the
association between estrogen plus progestin and the risk
of benign proliferative breast disease was 2.58 (1.50-4.44),
whereas for those who had not used hormone therapy
prior to randomization it was 1.53 (1.13-2.06); the test for
heterogeneity in the estimates of effect between these
strata was not statistically significant (P = 0.099). The
risk of benign proliferative breast disease did not vary
by levels of any of the other baseline demographic or
dietary variables, or by levels of breast cancer risk factors
(data not shown).
The overall estrogen plus progestin effect was robust

to various sensitivity analyses. In an ‘‘as treated’’
analysis, in which events were attributed to actual
hormone use (allowing for a 6-month lag), the HR for
all forms of benign proliferative breast disease combined
was 2.15 (95% CI, 1.58-2.94). The estrogen plus progestin
effect was essentially unchanged by exclusion of the first
year of follow-up (HR, 1.80; 95% CI, 1.37-2.38), but was
reduced by about 10% by the exclusion of women who
had previously used hormone replacement therapy
(HR, 1.52; 95% CI, 1.13-2.06) and increased slightly after
the exclusion of women with a prior breast biopsy
(HR, 1.93; 95% CI, 1.17-3.20). Early in the trial, partic-
ipants with a uterus were randomized either to estrogen
alone or to estrogen plus progestin. However, after use of
unopposed estrogen in those with a uterus was shown to
be contraindicated (14), the 331 women who had been
assigned to estrogen alone were unblinded and reas-
signed to estrogen plus progestin. After exclusion of
these women, the risk of benign proliferative breast
disease was unchanged (HR, 1.74; 95% CI, 1.34-2.27). The
estrogen plus progestin effect was unchanged by
adjustment for cumulative duration of the use of
hormone replacement therapy prior to randomization
(HR, 1.74; 95% CI, 1.34-2.26).
Participants had protocol-mandated annual clinical

breast exams and mammograms. On average, about 88%
of both the estrogen plus progestin group and the
placebo group had these exams annually (6). The effect
of estrogen plus progestin was essentially unchanged
after adjustment for the frequency of mammograms
(HR, 1.73; 95% CI, 1.34-2.24) or clinical breast exams
(HR, 1.75; 95% CI, 1.35-2.26). The effect of the interven-
tion was reduced by about 10% after stratification by
whether or not subjects had had at least one abnormal
mammogram during follow-up (HR, 1.55; 95% CI, 1.17-
2.06), but did not differ significantly between strata
defined by those who had at least one abnormal
mammogram (HR, 1.20; 95% CI, 0.73-1.99) and those
who did not have an abnormal mammogram (HR, 1.68;
95% CI, 1.20-2.34; P for heterogeneity = 0.28).

Discussion

Benign proliferative breast disease is important because
it is associated with increased risk of subsequent breast
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cancer (1). In the randomized, double-blind, placebo-
controlled trial reported here, the use of 0.625 mg/day of
conjugated equine estrogen and 2.5 mg/day of medrox-
yprogesterone acetate was associated with a 74% increase

in the risk of benign proliferative breast disease. An ‘‘as
treated’’ analysis that took into account actual hormone
use suggested that the estrogen plus progestin effect
might be slightly stronger. Although the increase in risk

Table 1. Baseline characteristics of participants in the Women’s Health Initiative estrogen plus progestin trial

No. (%) participants

Estrogen plus progestin (n = 8,506) Placebo (n = 8,102)

Age, y* 63.2 (7.1) 63.3 (7.1)
Race/ethnicity(%)
White 7,141 (83.95) 6,805 (83.99)
Black 548 (6.46) 574 (7.10)
Hispanic 471 (5.54) 415 (5.12)
American Indian 25 (0.29) 30 (0.37)
Asian/Pacific Islander 194 (2.29) 169 (2.09)
Other 109 (1.28) 87 (1.07)
Unknown 18 (0.21) 22 (0.27)

Family history of breast cancer (%)
c

1,286 (15.12) 1,175 (14.50)
Gail model 5-y risk>1.75 (%) 2,841 (33.40) 2,682 (33.10)
Body mass index*,

b
28.5 (6.3) 28.6 (6.5)

Prior breast biopsy(%)
No 6,340 (74.54) 6,278 (77.49)
1 biopsy 956 (11.24) 973 (12.01)
z2 biopsies 291 (3.42) 288 (3.55)
Unknown 919 (10.80) 563 (6.95)

Age in y at menarche (%)
V10 502 (5.90) 525 (6.48)
11-14 7,040 (82.77) 6,670 (82.33)
z15 943 (11.09) 870 (10.74)
Unknown 21 (0.25) 37 (0.46)

Age in y at first full-term pregnancy (%)
Never had term pregnancy 201 (2.36) 199 (2.46)
<20 1,122 (13.19) 1,114 (13.75)
20-29 4,985 (58.61) 4,685 (57.83)
z30 723 (8.50) 621 (7.66)
Unknown 1,475 (17.34) 1,483 (18.30)

Parity (%)
Never 856 (10.06) 832 (10.27)
1 690 (8.11) 661 (8.16)
2 1,908 (22.43) 1,708 (21.08)
3 2,020 (23.75) 1,952 (24.09)
4+ 2,991 (35.16) 2,912 (35.94)
Unknown 41 (0.48) 37 (0.46)

Age in y at natural menopause* 50 (4.8) 50 (4.7)
Oral contraceptive use
Ever used (%) 3,695 (43.44) 3,447 (42.55)
Duration of use, y* 5.5 (5.3) 5.7 (5.5)

Postmenopausal hormone use
Estrogen alone
Ever used (%) 903 (10.62) 865 (10.68)
Duration of use, y* 3.5 (4.6) 3.5 (5.5)

Estrogen plus progestin
Ever used (%) 1,516 (17.82) 1,396 (17.23)
Duration of use in years* 3.9 (4.2) 3.7 (4.2)

Mammography screening within 2 y (%) 5,801 (68.02) 5,585 (68.93)
Enrolment in WHI dietary modification trial (%)
No 6,077 (71.44) 5,873 (72.49)
Dietary modification 972 (11.43) 925 (11.42)
Placebo 1,457 (17.13) 1,304 (16.09)

Enrolment in WHI calcium plus vitamin D supplementation trial (%)
No 3,463 (40.71) 3,232 (39.89)
Calcium plus vitamin D group 2,508 (29.49) 2,475 (30.55)
Control group 2,535 (29.50) 2,395 (29.56)

Total daily energy intake, kcal* 1,663.8 (750.8) 1,657.8 (752.2)
Total daily fat intake, g* 63.2 (37.6) 62.8 (38.1)
Total daily calcium intake (supplements plus diet), mg* 1,110.0 (683.5) 1,114.3 (695.7)
Total daily vitamin D intake (supplements plus diet), Ag* 8.8 (6.9) 8.7 (6.8)

NOTE: Percentages may not sum to 100% because of rounding error.
*Mean (SD).
cFirst-degree female relative.
bCalculated as weight in kilograms divided by the square of height in meters.
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was confined essentially to those who developed
proliferative lesions without atypia, only a small number
of cases of atypical hyperplasia were observed during
follow-up. The risk varied significantly by Gail model
score, but not in a score-dependent manner, and given
that many subgroup analyses were performed, this may
represent a chance finding.
We are not aware of any previous randomized

controlled trials that have examined the effect of estrogen
plus progestin on the risk of benign proliferative breast
disease (or of benign breast disease in general). Although
the use of exogenous hormones has been associated with
increased risk of benign breast disease in several
observational epidemiologic studies, these findings relate
largely to the use of conjugated estrogens alone (15).
With respect to studies that have focused specifically on
benign proliferative breast disease as the outcome of
interest, two case-control studies showed no association
(16, 17), whereas the one prospective study to date
observed an increase in risk in association with relatively
long-term use of exogenous hormones (primarily conju-
gated estrogens; RR>8 years vs. never, 1.70; 95% CI, 1.06-
2.72; ref. 15). Of these latter three studies, the one study
that provided an estimate for risk in association with
combined hormone therapy showed no association (odds
ratio, 1.02; 95% CI, 0.75-1.39; ref. 17).
In addition to these findings, a recent report from the

other WHI hormone trial showed that the administration

of conjugated equine estrogen was associated with a
2-fold increase in the risk of benign proliferative breast
disease (18). Although the magnitude of this effect
exceeded that observed in the study reported here, the
confidence intervals for the two estimates overlap
substantially. Furthermore, the differences between the
two study populations in terms of their baseline
characteristics, event rates, length of intervention, and
follow-up time dictate that caution be used in making
direct comparison of these results (19). Nevertheless, the
observation that both interventions increased the risk of
benign proliferative breast disease whereas only estrogen
plus progestin increased the risk of breast cancer [indeed,
conjugated equine estrogen alone was associated with a
statistically nonsignificant decrease in risk of breast
cancer (HR, 0.77; 95% CI, 0.59-1.01)] is consistent with a
possible role of progestins in breast cancer development.
Mammographic (breast) density refers to the relative

amount and configuration of breast tissue as it appears
on a mammogram, with fat appearing dark (radiolucent)
and epithelial and stromal tissues appearing light
(radiodense; ref. 20). It has been postulated that variation
between individuals in the extent of mammographic
density is likely to reflect interindividual variation in the
number of epithelial and stromal cells in the breast, and
therefore variation in the number of cells that are
susceptible to the effects of mutagens (21). Women with
dense tissue in at least 75% of the breast have been

Table 2. Risk of benign proliferative breast disease in association with estrogen plus progestin, overall and by the
presence/absence of atypia

Benign proliferative breast disease No. of Cases (annualized %) Hazard ratio
(95% CI)

P*

Estrogen plus progestin
(n = 8506)

Placebo
(n = 8102)

All cases 178 (0.38) 99 (0.22) 1.74 (1.35-2.25) <0.0001
Benign proliferative breast disease without atypia 162 (0.34) 79 (0.18) 2.00 (1.50-2.66) <0.0001
Atypical hyperplasia 16 (0.03) 20 (0.05) 0.76 (0.38-1.52) 0.44

*Proportional hazards model stratified by age, prior breast disease, and treatment assignment in the Dietary Modification and Calcium plus Vitamin D
supplementation trials.

Figure 1. Kaplan-Meier estimates of the
cumulative hazard of benign proliferative
breast disease in association with estrogen
plus progestin, as compared with placebo
(vertical lines are 95% CI at selected time
points).
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shown to have a 4- to 6-fold increase in the risk of
subsequent breast cancer (compared with the risk for
those with low density; ref. 22). A relatively high
mammographic density has also been associated with a
9-fold increase in the risk of atypical hyperplasia and a
12-fold increase in the risk of hyperplasia without atypia
(23). Mammographic density can be modified (24) and
factors that modulate density might do so by changing
the size of the population of cells (epithelial and stromal)
that are potential targets for events that induce muta-
tions. In this regard, combined estrogen-progestin
preparations have been shown to increase mammo-
graphic density (25, 26) and abnormal mammograms
(6), and we propose that these changes result from effects
on mammary epithelial (and stromal) cells that simulta-
neously increase the occurrence of the histologic abnor-
malities that are the focus of the present report. Indeed,
estrogens and progestins increase mammary epithelial
proliferation rates (27), and continuous combined hor-
mone replacement therapy preparations inhibit the
sloughing of mammary epithelium that normally occurs
after progesterone withdrawal with cyclic regimens (28).
It is of note that breast cancers have been reported to
occur predominantly in mammographically dense areas
of the breast (29).
The strengths of this study include the large study

population; the randomized, double-blind, placebo-
controlled study design; comprehensive breast cancer
risk factor assessment; annual mammography and breast
exams; and central pathology review, with successful
retrieval of histologic sections from a high proportion of
the biopsies reported.
As discussed elsewhere (5), this trial had several

limitations, including the fact that it tested only one drug
regimen; could not distinguish between the effects of
conjugated equine estrogen and progestin; may have
underestimated effects due to the higher rate of
discontinuation in the active treatment arm and cross-
over to active treatment in the placebo group; and had
decreased precision of effect estimates due to the fact that
it was stopped early. With respect to the present study,
potentially there are two additional limitations. Firstly,
it is possible that there might have been differential
ascertainment of benign proliferative breast disease in
the two randomization groups. Specifically, it is possible
that the symptoms and signs induced by the use of
estrogen plus progestin might have increased the
likelihood of detection and subsequent biopsy of breast
lesions in the intervention group, resulting in a more
complete ascertainment of the outcome in this group
than in the placebo group. Indeed, the clinic gynecolo-
gists of women in the intervention group were more
likely to be unblinded to treatment assignment, and
women in the intervention group had more abnormal
mammograms and breast biopsies than those in the
placebo group (6, 30). However, all participants were
taught breast self-examination, and they had annual
clinical breast exams and mammograms. Furthermore,
compliance with the annual exams was extremely high
and essentially the same in the two randomization
groups, and adjustment for the frequency of mammo-
grams and clinical breast exams did not change the
corresponding estimates of effect for estrogen plus
progestin substantially. The effect of estrogen plus
progestin was somewhat weaker in those with at least

one abnormal mammogram, but given the strong
relationship between mammographic density and benign
proliferative breast disease, it is difficult to disentangle
the effect of the intervention on these two outcomes.
Nevertheless, the possibility of differential ascertainment
cannot be excluded given that estrogen plus progestin
was associated with increased risk of both proliferative
and non-proliferative forms of benign breast disease.
(Given that—appropriately—breast biopsies were not
performed on all participants, it is conceivable that there
was some under-ascertainment of the outcome in both
groups.) Secondly, the outcome (benign proliferative
breast disease) might have been misclassified. However,
any such misclassification is likely to have been non-
differential and therefore to have biased the effect
estimates towards the null (31).
In conclusion, although differential ascertainment of

outcome in the intervention and placebo groups cannot
be excluded as a potential explanation for the findings
reported here, the results of this study raise the
possibility that the use of estrogen plus progestin
increases the risk of benign proliferative breast disease.
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