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THE HEART AND ESTROGEN/
progestin Replacement Study
(HERS) was a randomized,
blinded trial to determine the

effects of estrogen plus progestin
compared with placebo in older post-
menopausal women with coronary
disease. Disease surveillance contin-
ued in HERS II for an additional 2.7
years, during which many of the
women randomized to hormones
took open-label estrogen prescribed
by their personal physicians but only
a few of those assigned to placebo
did.1 During the 6.8 years of observa-
tion in HERS and HERS II combined,
we detected no overall effect of hor-
mone therapy on cardiovascular dis-
ease (CVD) event rates.1
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Context The Heart and Estrogen/progestin Replacement Study (HERS) was a ran-
domized trial of estrogen plus progestin therapy after menopause.

Objective To examine the effect of long-term postmenopausal hormone therapy
on common noncardiovascular disease outcomes.

Design and Setting Randomized, blinded, placebo-controlled trial of 4.1 years’ du-
ration (HERS) and subsequent open-label observational follow-up for 2.7 years (HERS
II), carried out between 1993 and 2000 in outpatient and community settings at 20
US clinical centers.

Participants A total of 2763 postmenopausal women with coronary disease and av-
erage age of 67 years at enrollment in HERS; 2321 women (93% of those surviving)
consented to follow-up in HERS II.

Intervention Participants were randomly assigned to receive 0.625 mg/d of con-
jugated estrogens plus 2.5 mg of medroxyprogesterone acetate (n=1380) or placebo
(n=1383) during HERS; open-label hormone therapy was prescribed at personal phy-
sicians’ discretion during HERS II. The proportions with at least 80% adherence to hor-
mones declined from 81% (year 1) to 45% (year 6) in the hormone group and in-
creased from 0% (year 1) to 8% (year 6) in the placebo group.

Main Outcome Measures Thromboembolic events, biliary tract surgery, cancer,
fracture, and total mortality.

Results Comparing women assigned to hormone therapy with those assigned to
placebo, the unadjusted intention-to-treat relative hazard (RH) for venous thrombo-
embolism declined from 2.66 (95% confidence interval [CI], 1.41-5.04) during HERS
to 1.40 (95% CI, 0.64-3.05) during HERS II (P for time trend=.08); it was 2.08 over-
all for the 6.8 years (95% CI, 1.28-3.40), and 3 of the 73 women with thromboem-
bolism died within 30 days due to pulmonary embolism. The overall RH for biliary
tract surgery was 1.48 (95% CI, 1.12-1.95); for any cancer, 1.19 (95% CI, 0.95-
1.50); and for any fracture, 1.04 (95% CI, 0.87-1.25). There were 261 deaths among
those assigned to hormone therapy and 239 among those assigned to placebo
(RH, 1.10; 95% CI, 0.92-1.31). Adjusted and as-treated analyses did not alter our
conclusions.

Conclusions Treatment for 6.8 years with estrogen plus progestin in older women
with coronary disease increased the rates of venous thromboembolism and biliary tract
surgery. Trends in other disease outcomes were not favorable and should be assessed
in larger trials and in broader populations.
JAMA. 2002;288:58-66 www.jama.com
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Hormonetherapyaftermenopausecan
have effects on a variety of disease out-
comes. We present data on non-CVD
events over this extended period of hor-
mone therapy. We examine whether the
increase inriskof thromboembolicevents
observed in hormone-treated women in
HERS2 diminishes over time, as obser-
vational studies have suggested,3,4 and
whether the increased rateofbiliary tract
surgery that appeared to be present in
hormone-treated women in HERS5 is
confirmed as additional events occur.
More generally, we present data on the
effect of hormone therapy on other dis-
ease outcomes thought to be associated
with hormone therapy, including frac-
tures, cancer, and total mortality.

METHODS
Study Participants and Baseline
Measurements

The design and methods of HERS and
HERS II have been described.1,6,7 Briefly,
participants were postmenopausal
women younger than 80 years at base-
line with coronary artery disease and no
prior hysterectomy. Among the reasons
for exclusion were a history of deep vein
thrombosisorpulmonaryembolism,his-
toryofbreast cancer, endometrialhyper-
plasia or cancer, abnormal Papanico-
laou (Pap) result, any hormone use
within the past 3 months, and disease
judged likely to be fatal within 4 years.

During the baseline period of HERS
we obtained information by question-
naire and interview, and participants
underwent physical examination, in-
cluding pelvic examination with Pap
smear and endometrial evaluation and
screening mammography. All base-
line measures except demographics and
health history were repeated at the fi-
nal HERS visit, an average of 4 months
before enrollment in HERS II.

Treatment, Follow-up,
and Outcomes
During theHERS trial,womenwere ran-
domly allocated to receive either 0.625
mg/d of conjugated estrogen plus 2.5
mg of medroxyprogesterone acetate or
an identical placebo. After stopping
blinded medications at the end of the

HERS trial, decisions about whether to
undertake open-label hormone therapy
were left to the women and their per-
sonal physicians. During HERS II par-
ticipants were called at 4-month inter-
vals and asked about hormone therapy
and about symptoms or clinical encoun-
ters for possible disease events1; assess-
ment of lipid-lowering drugs (but not
bisphosphonates) was also continued
during HERS II.

Disease events were ascertained and
documented using the methods from the
HERS trial.7 For in-hospital nonfatal
events and deaths, we required the hos-
pital discharge summary and the follow-
ing information: for pulmonary embo-
lism, clinical signs or symptoms and a
positive ventilation/perfusion scan or im-
aging result; for deep vein thrombosis,
documentation by venography, imped-
ance plethysmography, or Doppler ul-
trasound; for biliary tract surgery, an op-
erative report; for clinical fracture,
symptoms and a definite fracture on ra-
diography; and for cancer, report of a tis-
sue diagnosis. For all deaths in which
clinical documentation was insuffi-
cient, we obtained a death certificate. For
out-of-hospitaldeathswe interviewed the
physician and/or next of kin for a de-
scription of the terminal event. Data per-
taining tosuspectedoutcomeeventswere
independently reviewedandclassifiedac-
cording to the prespecified criteria used
in the HERS trial by 2 physicians at the
University of California, San Francisco
Coordinating Center who were blinded
to original treatment assignment and to
open-label hormone therapy.1,6,7

Both the telephone contacts and the
documentation of outcomes were car-
ried out with similar efficiency and
completeness in the 2 HERS random-
ized groups.1 The proportions of all
HERS II deaths for which we obtained
clinical documentation beyond a death
certificate were 81% among women
originally randomized to hormone
therapy and 82% among those random-
ized to placebo.

Statistical Analyses
As described,1 the primary analyses (us-
ing SAS version 8.2, SAS Inc, Cary, NC)

compared the risk of events among
women assigned to hormone therapy
with the risk among women assigned
to placebo using unadjusted, intention-
to-treat Cox proportional hazards mod-
els for time to first event. We censored
women at the last contact or at loss to
follow-up. In the analyses of biliary tract
surgery, we excluded those with a cho-
lecystectomy prior to enrollment in
HERS.

Mortality was assessed in all HERS
participants throughout the 6.8 years of
follow-up, but morbidity surveillance
during HERS II was limited to the 93%
of surviving women who enrolled. To
control for confounding, we estimated
the effects of hormone therapy in ad-
justed Cox models that included all pre-
dictors significant at P�.20 in multivar-
iate analysis. The 1993-1994 baseline
values were used for all variables ex-
cept statin use, which was included as
a time-dependent covariate. In as-
treated adjusted analyses, women were
censored 30 days after they become non-
adherent to randomly assigned treat-
ment, defined as taking less than 80%
of their HERS medication or its equiva-
lent during HERS II.1

RESULTS
The number of women randomized in
HERS was 1380 in the hormone therapy
group and 1383 in the placebo group.
Of these, 1156 and 1165 enrolled in
HERS II, representing 93% of the 2485
surviving women. Vital status was
known for 99.8% of these women at the
end of HERS II, with final telephone
contacts completed in 99.5% of known
survivors (see Figure 1 on page 53). The
mean duration of disease event surveil-
lance was 6.8 years for women who
survived, which included 2.7 years in
HERS II.

Risk Factors and
Other Characteristics
TABLE 1 presents risk factors for non-
CVD outcomes using measurements
made at the outset of HERS in 1993-
1994. All the variables were equitably dis-
tributed between randomized groups for
both the HERS and HERS II cohorts.

HERS II NONCARDIOVASCULAR OUTCOMES
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Treatment With Hormones
Among women randomized to estro-
gen plus progestin, the proportions re-
porting at least 80% adherence to hor-
mone therapy during years 1 through
6 were 81%, 78%, 74%, 67%, 50%, and
45%; comparable proportions for
women randomized to placebo were
0%, 2%, 3%, 3%, 4%, and 8%.

Thromboembolism
There was a 2- to 3-fold increase in in-
cidenceofbothdeepvein thrombosis and
pulmonary embolism in the hormone
group during HERS (TABLE 2). The rela-
tive hazard (RH) for deep vein throm-
bosiswasconsiderably smaller (1.23)and
no longer statistically significant dur-
ing HERS II. There was no comparable
reduction in RH for pulmonary embo-
lism, although the number of events
available to detect such a time trend was
small. When risk for venous thrombo-
embolism was examined by year of ob-
servation (TABLE 3), the RH declined af-
ter the first 2 years, but the time trend
was not statistically significant (P=.08).

The RH for any venous thromboem-
bolic event over the entire 6.8 years was

2.08 (95% confidence interval [CI],
1.28-3.40).Event rateswere5.9per1000
person-years in the hormone group and
2.8 per 1000 person-years in the pla-
cebo group, an excess of 3.1 per 1000
person-years (P=.003). The number
needed to treat (NNT) for 5 years per
excess thromboembolicevent is65when
estimated by intention-to-treat and 50
in the as-treated analysis. Seven of the
73 women with thromboembolism died
within30daysof theevent,and3of these
deaths were judged due to the event (all
were pulmonary embolisms in women
randomized tohormonetherapy).Strati-
fying the overall findings by baseline
aspirin use, the data are weakly consis-
tent with the hypothesis that aspirin
attenuates the adverse effect of hor-
mone therapy on risk of thromboem-
bolism (RH, 1.68; 95% CI, 0.96-2.92 for
aspirin users; RH, 4.23; 95% CI, 1.41-
12.7 for nonusers; interaction P=.14).

Biliary Tract Surgery
The RH for biliary tract surgery in the
hormone group compared with pla-
cebo was 1.39 during HERS, 1.70 dur-
ing HERS II, and 1.48 overall (95% CI,

1.12-1.95) (Table 2). The overall RH af-
ter adjustment for statin use, a statisti-
cally significant predictor of lower rates
of biliary tract surgery in our study, was
1.44 (95% CI, 1.10-1.90; P=.01).

The rate of surgery was 19.1 per 1000
person-years in the hormone group, an
excess of 6.2 per 1000 person-years over
the placebo group (P=.002). The esti-
mated NNT for 5 years per excess sur-
gery was 32 (intention-to-treat) and 31
(as-treated). Six of the 211 women who
had biliary tract surgery died within 30
days, and 1 of these deaths was judged
a consequence of the surgery.

Cancer
None of the differences between groups
in cancer incidence was statistically sig-
nificant (Table 2). The overall RH com-
paring the hormone and placebo groups
was 1.27 (95% CI, 0.84-1.94) for the
88 breast cancer cases, 1.39 (95% CI,
0.84-2.28) for the 64 lung cancer cases,
and 0.81 (95% CI, 0.46-1.45) for the
47 colon cancer cases. Death due to
these cancers during the period of ob-
servation occurred in 3% of women
with breast cancer, 61% of women with

Table 1. Characteristics of HERS Participants by Treatment Group*

HERS HERS II

Hormone
(n = 1380)

Placebo
(n = 1383)

P
Value

Hormone
(n = 1156)

Placebo
(n = 1165)

P
Value

Demographics
Age, mean (SD), y 67 (7) 67 (7) .33 67 (7) 67 (7) .13

White race, % 88 90 .14 89 91 .13

Education, mean (SD), y 13 (3) 13 (3) .84 13 (3) 13 (2) .84

Risk factors
No. of children, mean (SD) 3 (2) 3 (2) .76 3 (2) 3 (2) .83

Age at first child’s birth, mean (SD), y 23 (5) 23 (5) .67 23 (5) 23 (5) .87

Age at last menstrual period, mean (SD), y 49 (5) 49 (5) .77 49 (5) 49 (5) .64

Have first-degree relative with breast cancer, % 12 11 .58 12 12 .90

Current smoker, % 13 13 .84 12 12 .84

Body mass index, mean (SD), kg/m2 29 (6) 29 (6) .60 29 (5) 29 (5) .94

Exercise �3 times weekly, % 39 38 .72 40 39 .41

Events prior to examination, %
Fractures since menopause 22 22 .90 22 23 .70

Cholecystectomy 22 23 .49 22 24 .32

Medication use, %
Estrogens (past use) 24 23 .43 25 23 .27

Statins 35 37 .22 36 39 .20

Fibrates 6 6 .77 6 6 .83

Aspirin 79 79 .80 80 80 .91

Bisphosphonates �1 �1 �1 �1

*All values were measured at the randomization visit in 1994. HERS indicates Heart and Estrogen/progestin Replacement Study.

HERS II NONCARDIOVASCULAR OUTCOMES
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Table 2. Fatal and Nonfatal Noncardiovascular Events, by Treatment Group*

Outcomes

Hormone Placebo

Relative
Hazard (95% CI)

P Value
for Each

Time Period

P Value
for Treatment-Time

Interaction†No.
Events per

1000 Person-years No.
Events per

1000 Person-years

Deep vein thrombosis
HERS 25 4.6 9 1.6 2.82 (1.32-6.04) .008
HERS II 12 4.2 10 3.4 1.23 (0.53-2.85) .63

.15

Total 37 4.5 19 2.2 1.98 (1.14-3.45) .02
Pulmonary embolism

HERS 11 2.0 4 0.7 2.78 (0.89-8.74) .08
HERS II 6 2.1 2 0.7 3.03 (0.61-15.0) .18

.93

Total 17 2.0 6 0.7 2.86 (1.13-7.26) .03
Total thromboembolic events

HERS 34 6.2 13 2.3 2.66 (1.41-5.04) .003
.

HERS II 15 5.3 11 3.8 1.40 (0.64-3.05) .40
.21

Total 49 5.9 24 2.8 2.08 (1.28-3.40) .003
Biliary tract surgery

HERS 85 19.7 62 14.2 1.39 (1.00-1.93) .05
HERS II 40 18.0 24 10.6 1.70 (1.03-2.83) .04

.51

Total 125 19.1 86 12.9 1.48 (1.12-1.95) .005
Breast cancer

HERS 34 6.2 25 4.5 1.38 (0.82-2.31) .22
HERS II 15 5.3 14 4.9 1.08 (0.52-2.24) .83

.59

Total 49 5.9 39 4.7 1.27 (0.84-1.94) .26
Colon cancer

HERS 11 2.0 16 2.9 0.69 (0.32-1.49) .35
HERS II 10 3.4 10 3.4 1.01 (0.42-2.43) .98

.52

Total 21 2.5 26 3.1 0.81 (0.46-1.45) .48
Lung cancer

HERS 24 4.4 19 3.4 1.28 (0.70-2.33) .43
HERS II 13 4.4 8 2.7 1.64 (0.68-3.96) .27

.64

Total 37 4.4 27 3.2 1.39 (0.84-2.28) .20
Endometrial cancer

HERS 2 0.4 5 0.9 0.39 (0.08-2.02) .26
HERS II 0 0.0 3 1.0 NA NA

.99

Total 2 0.2 8 0.9 0.25 (0.05-1.18) .08
Other cancers

HERS 32 5.8 31 5.6 1.04 (0.64-1.71) .87
HERS II 23 7.8 12 4.0 1.93 (0.96-3.89) .06

.16

Total 55 6.5 43 5.1 1.29 (0.87-1.92) .21
Any cancer

HERS 101 18.9 91 16.8 1.13 (0.85-1.49) .42
HERS II 58 21.4 44 16.0 1.34 (0.90-1.98) .15

.49

Total 159 19.7 135 16.5 1.19 (0.95-1.50) .13
Hip fracture

HERS 15 2.7 13 2.3 1.16 (0.55-2.44) .69
HERS II 25 8.7 12 4.1 2.11 (1.06-4.19) .03

.25

Total 40 4.8 25 3.0 1.61 (0.98-2.66) .06
Wrist fracture

HERS 29 5.3 29 5.3 1.01 (0.60-1.68) .98
HERS II 13 4.4 14 4.7 0.94 (0.44-1.99) .86

.88

Total 42 5.0 43 5.1 0.98 (0.64-1.50) .94
Vertebral fracture

HERS 14 2.5 19 3.4 0.74 (0.37-1.48) .40
HERS II 12 4.0 11 3.7 1.10 (0.49-2.50) .81

.47

Total 26 3.1 30 3.5 0.87 (0.52-1.48) .62
Other fracture

HERS 91 17.1 101 18.8 0.91 (0.69-1.21) .52
HERS II 53 19.2 53 19.3 1.00 (0.68-1.46) .99

.71

Total 144 17.8 154 18.9 0.94 (0.75-1.18) .60
Any fracture

HERS 140 26.7 148 28.0 0.96 (0.76-1.20) .70
HERS II 90 35.7 74 29.4 1.22 (0.89-1.65) .22

.22

Total 230 29.7 222 28.4 1.04 (0.87-1.25) .66

*CI indicates confidence interval; NA, not applicable. †For difference (interaction) between the relative hazard in HERS and HERS II.
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lung cancer, and 17% of women with
colon cancer.

Other cancers that occurred in at least
5 women included endometrial can-
cer (2 women in the hormone group
and 8 in placebo); malignant mela-
noma (3 hormone and 5 placebo); lym-
phoma (7 hormone and 1 placebo); and
ovarian cancer (5 hormone and 2
placebo). The total number of women
with any cancer was 159 in the hor-
mone group vs 135 in the placebo group
(RH, 1.19; 95% CI, 0.95-1.50).

Fractures
Womenrandomizedtohormonetherapy
had more hip fractures than women ran-
domized to placebo; the overall RH dur-
ing 6.8 years of observation was 1.61

(95% CI, 0.98-2.66; P=.06) (Table 2).
The RH was 1.16 in HERS and 2.11 in
HERS II, a difference that is not statis-
tically significant.

The RH estimates for vertebral, wrist,
and other fractures were close to unity.
Based on the total of 452 clinical frac-
tures during 6.8 years of observation,
the RH for any fracture was 1.04 (95%
CI, 0.87-1.25). Prevalence of bisphos-
phonate use was 2.6% at HERS close-
out (in 1998) among women random-
ized to hormone therapy and 2.5%
among those randomized to placebo.

Mortality
Death rates were high and increasing
in this population of older women with
coronary disease. Total mortality in the

placebo group was 22 per 1000 person-
years during HERS and 38 per 1000 per-
son-years during HERS II (TABLE 4).
The RH for total mortality in the hor-
mone vs placebo group was 1.06 dur-
ing HERS, 1.14 during HERS II, and
1.10 overall (95% CI, 0.92-1.31).

During the entire 6.8 years of obser-
vation, there were 261 deaths in the
hormone group and 239 in the pla-
cebo group. Overall, 61% of the deaths
were classified as due to CVD, 19% due
to cancer, and 20% due to other cause.
Among the CVD deaths, 132 women in
the hormone group and 122 in the pla-
cebo group died of CHD and the re-
mainder died of stroke (23 and 20) and
peripheral arterial disease (4 and 2).
Among the cancer deaths, 3 were due
to breast cancer (all in women random-
ized to hormone therapy). For lung can-
cer deaths 20 occurred in women ran-
domized to hormone therapy and 19 in
those randomized to placebo; for co-
lon cancer deaths, 2 and 6; and for all
other cancer deaths, 26 and 19. Among
the non-CVD noncancer deaths, the
numbers in the hormone and placebo
groups were 24 and 14 for infectious
diseases (including pneumonia and all
forms of sepsis); 15 and 13 for respi-
ratory failure (primarily chronic ob-
structive pulmonary disease, exclud-

Table 3. Venous Thromboembolic Events by Treatment Group and Year Since
Randomization*

Year Since
Randomization

Hormone Placebo

Relative Hazard
(95% CI)†No.

Events per
1000 Person-years No.

Events per
1000 Person-years

1 13 9.6 4 2.9 3.28 (1.07-10.1)

2 8 6.1 2 1.5 4.09 (0.87-19.3)

3 7 5.5 3 2.3 2.39 (0.62-9.26)

4 6 4.9 3 2.4 2.05 (0.51-8.21)

5 4 3.5 4 3.4 1.02 (0.26-4.09)

6-7 11 5.5 8 3.9 1.40 (0.57-3.49)

*CI indicates confidence interval.
†Relative hazard from Cox models with treatment group as the predictor and time to first event as the outcome.

For tests of continuous trend over time in log-relative hazard, P = .08.

Table 4. Deaths by Treatment Group*

Outcomes

Hormone Placebo

Relative Hazard
(95% CI)

P Value
for Each

Time Period

P Value
for Treatment-Time

Interaction†No.
Events per

1000 Person-years No.
Events per

1000 Person-years

CVD death
HERS 88 15.9 70 12.6 1.27 (0.93-1.73) .14

HERS II 71 23.5 74 24.3 0.97 (0.70-1.34) .84
.24

Total 159 18.6 144 16.7 1.11 (0.89-1.39) .36

Cancer death
HERS 21 3.8 24 4.3 0.88 (0.49-1.58) .67

HERS II 30 10.0 20 6.6 1.51 (0.86-2.66) .15
.19

Total 51 6.0 44 5.1 1.17 (0.78-1.75) .45

Non-CVD, noncancer death
HERS 21 3.8 29 5.2 0.73 (0.42-1.28) .27

HERS II 30 10.0 22 7.2 1.38 (0.79-2.38) .26
.11

Total 51 6.0 51 5.9 1.01 (0.68-1.49) .97

Any death
HERS 130 23.5 123 22.1 1.06 (0.83-1.36) .62

HERS II 131 43.4 116 38.1 1.14 (0.89-1.46) .31
.71

Total 261 30.6 239 27.8 1.10 (0.92-1.31) .29

*CI indicates confidence interval; CVD, cardiovascular disease.
†For difference (interaction) between the relative hazard in HERS and HERS II.
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ing pneumonia); 2 and 9 for traumatic
causes, and 10 and 15 for all other
causes.

Adjusted and As-Treated Analyses
In addition to the unadjusted intention-
to-treat findings described above, we
also estimated the effects of hormone
therapy in Cox regression analyses that
adjusted for covariates that were pre-
dictors of the outcome. The purpose
was to adjust for imbalances that could
have developed because some women
declined to enroll in HERS II. None of
the RH estimates was appreciably al-
tered by the multivariate adjustment
(TABLE 5).

We also carried out analyses re-
stricted to women who remained ad-
herent to randomly assigned treat-
ment (Table 5). These as-treated RH
estimates had wider CIs than the in-
tention-to-treat estimates due to the
smaller numbers of events (40%-73%
of the total in the various models). The
as-treated RH for venous thromboem-
bolism was higher than the unad-
justed intention-to-treat value (3.04 vs
2.08 for the overall study); the as-
treated RH was 5.83 during HERS (95%
CI, 2.23-15.3) and 0.70 during HERS
II (95% CI, 0.14-3.64). Other as-
treated RH estimates in Table 5 dif-
fered somewhat from those estimated
by intention-to-treat, but the CIs largely
overlapped.

COMMENT
This report examines non-CVD out-
comes over a total of 6.8 years of obser-
vation during and following the HERS
randomized trial of hormone therapy in
postmenopausal women with coro-
nary disease. We found an increased risk
of venous thromboembolism and bili-
ary tract surgery among women ran-
domized to hormone therapy; rates of
other important disease outcomes were
not favorably affected.

Deep Vein Thrombosis
and Pulmonary Embolism
HERS2,7 confirmed reports from obser-
vational studies3,8,9 that hormone
therapy after menopause increases risk

of venous thromboembolism. The es-
trogen component of HERS treatment
is the likely cause because estrogen
without progestin is associated with ve-
nous thromboembolism3,4 and selec-
tive estrogen receptor modulators also
increase the risk.10,11 Risk factors for
thromboembolism in HERS partici-
pants included lower extremity frac-
ture, cancer, surgery, and nonsurgical
hospitalization; use of aspirin or stat-
ins appeared to be protective.2

HERS participants represent a popu-
lation at relatively high absolute risk of
deep vein thrombosis or pulmonary em-
bolism. The overall rate in the placebo
group, 2.8 per 1000 person-years, is far
higher than that observed in healthy
young postmenopausal women but
resembles rates in other populations of
elderly women.3,12 Therefore our esti-
mated NNT, 1 excess thromboem-
bolic event among every 50 to 65

women taking hormones for 5 years, is
probably much smaller than it would
be for younger and healthier women.

The longer follow-up available in
HERS II suggests that the relative risk
for venous thromboembolic events may
decrease after the second year of hor-
mone therapy (P = .08). Similar de-
creases over time have been reported
in observational studies of postmeno-
pausal hormone3,4 and oral contracep-
tive13 use, although there is generally
some residual excess risk. A decreas-
ing risk is plausible, either through at-
trition of a susceptible subgroup14 or by
developing tolerance, and the as-
treated analysis suggests that it is not
just due to decreased compliance with
hormone therapy during HERS II. How-
ever, the decrease might partly reflect
our decision in 1997 (after noting that
venous thromboembolism was more
common in hormone-treated women)

Table 5. Overall Relative Hazards of Main Outcomes Comparing Women Randomized
to Hormone Therapy With Those Randomized to Placebo*

Hazard Estimate (95% CI)

Unadjusted
Intention-to-Treat

Adjusted
Intention-to-Treat†

Adjusted
As-Treated‡

Venous thromboembolism 2.08 (1.28-3.39) 2.06 (1.26-3.36) 3.04 (1.46-6.31)

Biliary tract surgery 1.48 (1.12-1.95) 1.44 (1.10-1.90) 1.35 (0.94-1.93)

Cancer
Breast 1.27 (0.84-1.94) 1.27 (0.84-1.94) 1.11 (0.61-2.03)

Lung 1.39 (0.84-2.28) 1.43 (0.87-2.37) 1.73 (0.93-3.21)

Colon 0.81 (0.46-1.45) 0.82 (0.46-1.47) 0.58 (0.25-1.35)

Any 1.19 (0.95-1.50) 1.19 (0.95-1.50) 1.24 (0.91-1.68)

Fracture
Hip 1.61 (0.98-2.66) 1.61 (0.97-2.66) 1.18 (0.54-2.58)

Wrist 0.98 (0.64-1.50) 1.00 (0.65-1.53) 0.90 (0.54-1.49)

Spine 0.87 (0.52-1.48) 0.89 (0.53-1.50) 0.80 (0.36-1.77)

Any 1.04 (0.87-1.25) 1.07 (0.89-1.29) 0.97 (0.76-1.23)

Total mortality 1.10 (0.92-1.31) 1.08 (0.91-1.29) 1.11 (0.84-1.47)

*CI indicates confidence interval.
†Adjusted models are adjusted for age and for predictors of the outcome in a multivariate model at P�.20 (adjusted

treatment effects are similar in larger models that include additional covariates); all covariates are those measured at
randomization except statins, which are current use. The covariates used in adjusting each model were as follows.
Venous thromboembolism: age, age at last menstrual period, systolic blood pressure, and statin use. Biliary tract
surgery: age, alcoholic drinks per week, body mass index (BMI), high-density lipoprotein cholesterol, coronary sur-
gery, prior gallbladder disease, and hypertension. Breast cancer: age, number of pregnancies, age at first preg-
nancy, first-degree relative with breast cancer, and BMI. Lung cancer: age, education, current and former smoking,
BMI, low-density lipoprotein cholesterol, and digitalis use. Colon cancer: age, smoking, diastolic blood pressure,
low-density lipoprotein cholesterol, and �-blocker use. Any cancer: age, current or former smoker, any alcohol use,
waist-hip ratio, hypertension, baseline use of aspirin or �-blockers, and first-degree relative with breast cancer. Wrist
fracture: age, smoking, BMI, waist-hip ratio, history of postmenopausal fracture, Lp(a) lipoprotein, and aspirin use.
Spine fracture: age, nonwhite race, BMI, creatinine clearance �40 mL /min, history of postmenopausal fracture, and
digitalis use. Hip fracture and any fracture: age, diuretic use, statin use, history of fracture, and exercise. Total mor-
tality: age, nonwhite race, current smoker, waist-hip ratio, diabetes, creatinine clearance �40 mL /min, uric acid,
poor/fair self-reported health, hypertension, congestive heart failure, coronary artery surgery, statin use, and base-
line use of digitalis or diuretics.

‡As-treated analyses were restricted to women who remained adherent to randomly assigned treatment and thus in-
cluded 51% of thromboembolic events; 59% of biliary tract operations; 49% of breast cancers; 66% of lung can-
cers; 53% of colon cancers; 56% of any cancers; 40% of hip fractures; 73% of wrist fractures; 48% of spine frac-
tures; 61% of any fractures; and 41% of the deaths.
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to emphasize to study participants the
need to stop HERS treatment in the
event of fracture, immobilization, sur-
gery, or cancer.15

Biliary Tract Surgery
Several decades ago the Coronary Drug
Project randomized trial found that
high-dose estrogen therapy caused gall-
bladder disease in men,16 probably due
to alteration of the concentration of
cholesterol in the bile,17 and observa-
tional studies of women receiving post-
menopausal estrogen have had similar
findings.5 We previously reported a 38%
higher adjusted rate of biliary tract sur-
gery in hormone-treated women
(P=.09).5 The longer period of obser-
vation reported here has revealed the
increased risk to be statistically signifi-
cant. Gallbladder disease was 3 times
more common than venous thrombo-
embolism in HERS women, and the
NNT for 5 years to cause 1 excess sur-
gery was 31.

Cancer
Cancer was 19% more common in the
hormone therapy group, but the find-
ing was not statistically significant, nor
were there statistically significant dif-
ferences in the rates of any specific can-
cer. The most common of these, breast
cancer, occurred slightly more fre-
quently in the hormone group; the sec-
ond most common, lung cancer, also
occurred slightly more frequently in the
hormone group; and the third most
common, colon cancer, occurred
slightly less often in the hormone group.
For each of these 3 cancers, statisti-
cally significant associations in the same
direction have been found in observa-
tional studies and biological plausibil-
ity has been discussed.18-23 However, the
wide CIs and limited duration of fol-
low-up do not permit clear inferences
from these observations of cancer oc-
currence.

Risk of endometrial cancer was 75%
lower among women randomized to
hormone therapy than among those as-
signed to placebo, but the difference was
not statistically significant. The fact that
risk is not increased provides assur-

ance that the progestin component of
HERS treatment prevents the endome-
trial hyperplasia and cancer resulting
from prolonged use of estrogen.24,25

Fracture
Estrogen is widely believed to prevent
osteoporotic fractures. Observational
studies reveal 50% lower fracture rates
among women taking hormones than
in women who are not,26,27 and there is
strong clinical trial evidence for a fa-
vorable effect of postmenopausal es-
trogen treatment, with or without pro-
gestin, on bone mineral density in
various populations, including older
women.28,29 However, the clinical trial
evidence for an effect on fractures has
been limited.30,31 Our earlier report from
the HERS main trial revealed little dif-
ference between the hormone and pla-
cebo groups in risk of any type of frac-
ture.32 Surprisingly, the additional
follow-up experience from HERS II sug-
gests a risk of hip fracture among
women in the hormone therapy group
that is higher than that in the placebo
group. Chance may explain the find-
ing, which does not meet the criteria
for statistical significance, is consider-
ably smaller in the as-treated analysis,
and lacks biological plausibility.

Chance also could play a role in the
larger question as to why we did not ob-
serve any reduction in risk of all frac-
tures in the hormone group, although
the confidence interval makes it un-
likely that we missed a large benefit. The
absence of routine spine radiographs
limited our ability to detect vertebral
fractures. Women studied in HERS were
not selected for osteoporosis and are
therefore not well suited to revealing
the effects of fracture-prevention treat-
ments. Clinical trials of bisphospho-
nates have found an effect on the risk
of fracture in women with osteoporo-
sis, but not in women with normal bone
density.33,34

Mortality
We recorded 261 deaths in the hor-
mone group and 239 in the placebo
group. The absence of mortality ben-
efit contrasts with the finding in ob-

servational studies of lower mortality
rates among women who use post-
menopausal hormones compared with
nonusers.35,36 Population differences
could underlie this disparity, but we be-
lieve that the lower mortality rate
among hormone users in observa-
tional studies is primarily due to con-
founding; women who seek hormone
therapy and remain compliant tend to
be healthier and wealthier than those
who do not.37-39 Because these charac-
teristics cannot be measured pre-
cisely, their influence cannot be ad-
equately addressed by statistical
adjustment in observational studies.40

Strengths and Limitations
Clinical trials have shown that short-
term hormone therapy after meno-
pause has favorable effects on surro-
gate markers for disease, such as blood
lipid levels and bone mineral density,
and that it relieves menopausal symp-
toms such as hot flushes and insom-
nia,41,42 but the effects of prolonged hor-
mone therapy in preventing clinical
events have not been established. HERS
is the first randomized trial to provide
substantial information on the com-
mon disease outcomes that hormones
may influence.

HERS II increases the precision of the
estimated RHs by adding events that re-
flect carryover effects from the random-
ized treatment phase as well as the ef-
fects of continuation of the originally
assigned treatment. About 50% of the
hormone group used open-label treat-
ment during HERS II compared with
less than 10% of the placebo group.
Those women who did not continue
their randomly assigned treatment
(crossovers) diminish the power to ob-
serve effects of the randomized treat-
ment but do not alter the fundamental
value of randomization. To take advan-
tage of this value, our primary ana-
lytic approach was an intention-to-
treat comparison of outcomes measured
over the entire 6.8 years. However, we
also examined the findings with as-
treated analyses to compensate for the
effects of crossing over and with ad-
justed analyses to compensate for base-
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line differences resulting from the 7%
of women who did not enroll in HERS
II. The as-treated and adjusted find-
ings differ somewhat from those of
intention-to-treat, but the overall con-
clusions are not altered.

Inferences about the effects of ran-
domized treatments are also contingent
on avoiding unintended interventions
applied disproportionately to one ran-
domized group. Randomized assign-
ment was no longer blinded in HERS II,
so at the HERS closeout visit and in
subsequent telephone calls we pro-
vided a neutral message to all women and
left advice on hormone use and other
preventive treatments to their personal
physicians. We also took steps to pre-
vent bias in the ascertainment of out-
comes by choosing disease events that
were objective and by maintaining the
HERS systems for obtaining records and
for blinded adjudication. The success of
efforts to avoid between-group bias is
supported by the comparability in the
timing and completeness with which the
telephone contacts were made and clini-
cal event data collected.1

Important limitations of HERS stem
from the older age of HERS partici-
pants, who averaged 67 years at base-
line and 74 years at the end of HERS
II, the presence of coronary disease on
entry, and the particular estrogen and
progestin that we chose to study.
These characteristics limit generaliz-
ability, and the effects of other hor-
mones in younger, healthier post-
menopausal women may be different.
Further information on the effects of
hormone therapy on disease out-
comes in healthy postmenopausal
women will be available at the conclu-
sion of the Women’s Health Initiative
randomized trial.43

CONCLUSIONS
Treatment with estrogen plus proges-
tin in older women with coronary dis-
ease increased the rates of venous
thromboembolism and biliary tract
surgery and did not produce favorable
trends in overall rates of CVD,1 frac-
ture, or death. Postmenopausal hor-
mone therapy should be limited to

indications that are supported by
randomized trial evidence that benefi-
cial clinical outcomes outweigh harm-
ful ones.
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