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A

 

BSTRACT

 

Background

 

Observational studies have suggest-
ed that estrogen-replacement therapy may reduce a
woman’s risk of stroke and death.

 

Methods

 

We conducted a randomized, double-
blind, placebo-controlled trial of estrogen therapy
(1 mg of estradiol-17

 

b

 

 per day) in 664 postmenopaus-
al women (mean age, 71 years) who had recently had
an ischemic stroke or transient ischemic attack. Wom-
en were recruited from 21 hospitals in the United
States and were followed for the occurrence of stroke
or death.

 

Results

 

During a mean follow-up period of 2.8
years, there were 99 strokes or deaths among the
women in the estradiol group, and 93 among those in
the placebo group (relative risk in the estradiol group,
1.1; 95 percent confidence interval, 0.8 to 1.4). Estrogen
therapy did not reduce the risk of death alone (relative
risk, 1.2; 95 percent confidence interval, 0.8 to 1.8) or
the risk of nonfatal stroke (relative risk, 1.0; 95 percent
confidence interval, 0.7 to 1.4). The women who were
randomly assigned to receive estrogen therapy had
a higher risk of fatal stroke (relative risk, 2.9; 95 per-
cent confidence interval, 0.9 to 9.0), and their nonfatal
strokes were associated with slightly worse neurolog-
ic and functional deficits.

 

Conclusions

 

Estradiol does not reduce mortality
or the recurrence of stroke in postmenopausal women
with cerebrovascular disease. This therapy should not
be prescribed for the secondary prevention of cere-
brovascular disease. (N Engl J Med 2001;345:1243-9.)
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LTHOUGH many observational studies
have linked postmenopausal estrogen ther-
apy with a reduced risk of vascular disease,
especially morbidity and mortality from

cardiovascular causes,

 

1

 

 concern has persisted that these
findings may be attributable not to estrogen therapy
but to other differences between users and nonusers
of such therapy.

 

2

 

 Although estrogen therapy may have
favorable effects on lipid metabolism,

 

3

 

 coagulation,

 

4,5

 

and vascular tone,

 

6,7

 

 it may also have adverse pro-
thrombotic and proinflammatory effects.

 

8,9

 

In 1998, the findings of the first placebo-controlled,
randomized clinical trial of hormone-replacement
therapy for the secondary prevention of cardiac disease
in postmenopausal women, the Heart and Estrogen/
Progestin Replacement Study (HERS), were reported.
Surprisingly, daily therapy with conjugated estrogen

A

 

and progestin did not reduce the incidence of coro-
nary events or death from any cause during four years
of follow-up.

 

10

 

When that study began, epidemiologic research
also suggested that estrogen might protect against
stroke,

 

11-14

 

 although this evidence was less consistent
than that for protection against coronary heart disease.
Some studies reported no effect of estrogen use on
the risk of stroke,

 

15-22

 

 and two large cohort studies re-
ported an increased risk.

 

23,24

 

 Our study, the Women’s
Estrogen for Stroke Trial, was designed in 1993 as a
randomized, placebo-controlled trial of estrogen re-
placement for the secondary prevention of cerebrovas-
cular disease. The primary end point was death from
any cause or nonfatal stroke; secondary outcomes were
transient ischemic attack and nonfatal myocardial in-
farction. Other prespecified analyses included the ef-
fect of estrogen on the rate of death alone, the inci-
dence of stroke alone, the severity of recurrent strokes,
and the incidence of cardiac events.

 

METHODS

 

Study Participants

 

A description of the design and methods of our study has been
reported previously.

 

25

 

 We enrolled postmenopausal women older
than 44 years of age within 90 days after a qualifying ischemic
stroke or transient ischemic attack. Women were recruited between
December 1993 and May 1998. Women were excluded if their in-
dex event was disabling (had a severity score greater than 5 on the
scale used in the North American Symptomatic Carotid Endarter-
ectomy Trial

 

26

 

) or if it occurred while the woman was taking es-
trogen. Women were considered postmenopausal if they had had
amenorrhea for at least 12 months or if they had undergone hys-
terectomy and were older than 55 years of age.

Women were not eligible if they had a history of breast or en-
dometrial cancer, had had a venous thromboembolic event while
receiving estrogen-replacement therapy, had a neurologic or psy-
chiatric disease that could complicate the evaluation of end points,
or had a coexisting condition that limited their life expectancy.
Screening tests to confirm eligibility were required before entry;
these included computed tomography to rule out nonischemic caus-
es of the stroke syndrome, clinical breast examination, mammog-
raphy, and (in women who had not undergone hysterectomy) a
Papanicolaou smear. All women provided written informed con-
sent for their participation and were specifically informed about

Copyright © 2001 Massachusetts Medical Society. All rights reserved. 
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the potential risk of uterine cancer associated with estrogen ther-
apy. Approval was obtained from the institutional review board at
each participating hospital.

Neurologic deficits were assessed by a nurse during an initial
home visit with the use of the National Institutes of Health Stroke
Scale (NIHSS),

 

27

 

 a measure of 11 categories of neurologic signs. In-
dex events were verified by a neurologist associated with the study
who reviewed the nurse’s assessment and pertinent medical records.
When women entered the study, their self-reported functional ability
in activities of daily living was recorded with the use of the Barthel
index.

 

28

 

Randomization

 

At the start of the trial, a master list of computer-generated ran-
dom treatment assignments was stored at the investigational phar-
macy at Yale–New Haven Hospital. Randomization was stratified
according to clinical center (21 hospitals) and base-line risk group
as defined according to a previously validated clinical index (three
groups)

 

29

 

 and was performed so as to equalize treatment assign-
ments in blocks of four subjects. Participants were randomly as-
signed to receive either estradiol-17

 

b

 

 (Estrace, Mead Johnson,
Evansville, Ind.) at the standard replacement dose of 1 mg daily or
matching placebo. The use of a regimen of estrogen alone was cho-
sen to avoid any possible antagonizing effects of progestins on the
hemodynamic benefits of estrogen.

 

6

 

The women and the investigators were unaware of the treatment
assignment. The study internist could be unblinded when there was
an overriding concern about a woman’s clinical care; this occurred
in the case of six women in the estradiol group and seven women
in the placebo group. The investigators who were involved in the
assessment of outcomes were not informed of the occurrence of
vaginal bleeding or other effects of active therapy.

 

Follow-up Procedures

 

Every three months after entry, a nurse contacted each woman
by telephone to promote compliance with the study-drug regimen,
assess side effects, and screen for outcomes with the use of a stand-
ardized questionnaire.

 

30

 

 The women were also asked whether any
of the following events had occurred: stroke, transient ischemic
attack, myocardial infarction, blood clot in the leg or lung, hospi-
tal admission or emergency room visit, and vaginal bleeding. We
reviewed the medical records for all reported events.

To screen for endometrial hyperplasia, women with a uterus un-
derwent transvaginal ultrasonography annually or received an annual
12-day course of medroxyprogesterone acetate (5 mg daily). Wom-
en with abnormal findings on ultrasonography (an endometrial
thickness of more than 5 mm or evidence of an irregular endome-
trial surface) or who had vaginal bleeding before day 11 of the
course of progestin were referred for endometrial biopsy.

 

31

 

 Adher-
ence to the study regimen was monitored by means of pill counts.

 

Monitoring for Adverse Events

 

We monitored the women for the occurrence of endometrial
hyperplasia or cancer by referring them for endometrial biopsy or
transvaginal ultrasonography whenever unexpected vaginal bleeding
occurred and at the end of their participation in the study. Mam-
mography was performed annually to monitor for breast cancer. We
also monitored the women for venous thromboembolic events; a di-
agnosis of deep venous thrombosis required a positive duplex ultra-
sonogram or venogram, and a diagnosis of pulmonary embolus re-
quired a ventilation–perfusion scan indicating a high probability of
pulmonary embolus, a positive pulmonary angiogram, or a diagnos-
tic computed tomographic scan of the chest. When a diagnosis of
endometrial cancer, breast cancer, or venous thrombosis was con-
firmed, the study drug was discontinued, but follow-up for the oc-
currence of the trial outcomes continued.

 

Ascertainment of Outcomes

 

Stroke was defined as an acute neurologic event of at least 24
hours’ duration, with focal signs and symptoms and without ev-

idence supporting any alternative explanation; strokes were clas-
sified as ischemic or hemorrhagic on the basis of brain imaging.

 

26

 

Transient ischemic attack, a secondary outcome, was defined by the
presence of focal neurologic or retinal symptoms lasting more than
30 seconds and resolving in less than 24 hours. Each suspected
neurologic event was initially evaluated by the principal neurologist
through the review of records and in consultation with the treating
physician, the woman, or both. When a nonfatal stroke occurred, the
study drug was stopped and follow-up ended. The severity of strokes
was quantified with the use of the NIHSS and the Barthel index
during a final visit that was conducted, whenever possible, one
month after the stroke occurred. All suspected neurologic events
were adjudicated at the conclusion of the trial by the principal neu-
rologist and two independent neurologists specializing in stroke.

Hospital records, nurses’ notes, and death certificates were ob-
tained for all deaths. Any confirmed stroke that was followed by
death within 30 days was classified as a fatal stroke. Deaths from
cardiovascular causes included deaths that followed definite or pos-
sible acute myocardial infarction as well as deaths from coronary
events as defined according to the criteria of the World Health
Organization’s Monitoring Trends and Determinants in Cardiovas-
cular Disease project.

 

32

 

 Suspected nonfatal myocardial infarctions
were evaluated by a clinical investigator according to prespecified
criteria based on the measurement of cardiac enzymes and electro-
cardiographic tracings.

 

33

 

Statistical Analysis

 

Under the assumptions that the 3-year rate of the primary out-
come (death or nonfatal stroke) would be reduced from 25 percent
(in the placebo group) to 15 percent (in the estradiol group), that
the average duration of follow-up would be 3.5 years, and that the
dropout rate would be 10 percent (including women in whom treat-
ment was discontinued and those who were lost to follow-up), we
required a sample of 652 women to achieve 80 percent power at a
two-tailed alpha level of 0.05.

 

34

 

 The P values for stopping the trial
after the five prespecified interim analyses were set at 0.001, 0.001,
0.004, 0.012, and 0.024 with the use of the O’Brien–Fleming
guidelines for early termination.

 

35

 

 An independent external perform-
ance and safety monitoring board reviewed the study protocol and
monitored adverse events and interim results during the trial.

All analyses were conducted according to the intention-to-treat
principle. Time-to-event curves for each treatment group were cal-
culated by the Kaplan–Meier method

 

36

 

 and compared by means of
the log-rank test.

 

37

 

 The estimates of relative risk, with 95 percent
confidence intervals, were derived from Cox proportional-hazards
models.

 

38

 

 We used another Cox proportional-hazards model to es-
timate relative risks for the women in both treatment groups whose
average compliance with the study regimen was at least 80 percent
(as-treated analysis).

 

RESULTS

 

Of the 5296 women who were identified as having
had cerebrovascular events that met the criteria for
eligibility, 2772 were found to be ineligible for enroll-
ment (652 were not capable of providing informed
consent, 632 had severe coexisting conditions, 512
were already taking estrogen, 326 had a history of
breast cancer, 191 did not speak English, 171 lived
out of state, 133 were premenopausal, 108 had a his-
tory of endometrial cancer, 38 had other contraindi-
cations to estrogen therapy, and 9 were enrolled in an-
other trial). Among the 2524 eligible women, 1843
declined to participate and 17 could not be randomly
assigned to a treatment group within 90 days after
their qualifying event. The final cohort comprised 664
women (26 percent of the eligible women); 337 were
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assigned to the estradiol group and 327 to the pla-
cebo group.

The mean age of the enrolled women was 71 years
(range, 46 to 91). Eighty-four percent reported their
race as non-Hispanic white, 40 percent were current-
ly married, and the median level of education was
completion of the 12th grade. The qualifying event
was stroke for 75 percent of the women. There were
no significant differences in demographic or clinical
characteristics according to treatment group (Table 1).

All women who were alive and had not had a stroke
during the study period were withdrawn from the
study during the close-out period (May 1999 through
November 1999). The mean (±SD) duration of fol-
low-up was 33±17 months. At the end of the study,
the women who had not reached an end point had
been followed for at least 12 months (mean, 38±15).
Vital status was confirmed for all women at the con-
clusion of the trial. Nine women (six in the estradiol
group and three in the placebo group) declined an
exit visit. During the trial, the study drug was discon-
tinued in 116 women in the estradiol group (34 per-
cent) and 79 women in the placebo group (24 per-
cent). Among the women who discontinued the study
drug, four in the estradiol group (1 percent) and seven
in the placebo group (2 percent) reported using open-
label estrogen. Overall, the mean compliance with
study medication (including compliance by the wom-
en who discontinued treatment) was 70 percent (66
percent in the estradiol group and 74 percent in the
placebo group); compliance among women who did
not discontinue the study drug was 90 percent in both
treatment groups.

 

Trial Outcomes

 

Primary Outcomes

 

A total of 89 deaths and 103 nonfatal strokes oc-
curred during the trial (Table 2). Primary outcomes
were confirmed for 99 women in the estradiol group
and 93 women in the placebo group. As shown in
Figure 1, there was no significant difference between
the treatment groups in the incidence of death or
nonfatal stroke. Slightly more women in the estradiol
group than in the placebo group died during follow-
up (48 vs. 41), but the difference was not significant
(Table 2). However, death due to stroke was more
common in the estradiol group (Fig. 2) (relative risk,
2.9; 95 percent confidence interval, 0.9 to 9.0). This
increase primarily reflected a difference in the inci-
dence of ischemic stroke (Table 2). The rates of death
from cardiovascular causes and death from other caus-
es were similar in the two treatment groups (Table 2).

The incidence of nonfatal stroke and nonfatal is-
chemic stroke was similar in the two treatment groups
(Table 2). When nonfatal events were included in the
analysis, the risk of stroke was not significantly differ-
ent between the two treatment groups (Fig. 2). Ad-

 

*Plus–minus values are means ±SD. Data on congestive heart failure
were missing for three women in the estradiol group and five in the placebo
group; data on hypertension were missing for one woman in the estradiol
group and two in the placebo group; data on smoking status were missing
for two women in the placebo group; data on previous estrogen therapy
were missing for six women in the estradiol group and three in the placebo
group; data on previous stroke were missing for three women in the place-
bo group; scores on the National Institutes of Health Stroke Scale
(NIHSS) were missing for one woman in the estradiol group and one in
the placebo group; and scores on the Barthel index were missing for one
woman in the estradiol group and two in the placebo group.

†P values are based on the chi-square test for the comparison of propor-
tions or the t-test for the comparison of means.

‡Values include women who were hospitalized for myocardial infarction
or who had evidence of a myocardial infarction on electrocardiography.

§Values include women who were taking insulin or receiving oral treat-
ment for diabetes.

¶The body-mass index is the weight in kilograms divided by the square
of the height in meters.

¿Antithrombotic therapy included aspirin, ticlopidine, dipyridamole,
and warfarin.

**NIHSS scores range from 0 to 42, with 0 indicating no deficits and
42 indicating most severe deficit.

††Scores on the Barthel index range from 0 to 100, with 100 indicating
no deficits and 0 indicating complete dependence.

‡‡Risk strata were defined on the basis of a validated instrument that
included five clinical features (age, blood pressure, diabetes, cardiac disease,
and index event [stroke vs. transient ischemic attack]).
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Sociodemographic characteristics

 

Age (yr) 72±10 71±10 0.44
Race (%) 0.95

White 84 83
Black 13 13
Other 3 4

Married (%) 39 43 0.27
Education (yr) 12±3 12±3 0.42

 

Clinical characteristics

 

Myocardial infarction (%)‡ 25 23 0.49
Congestive heart failure (%) 13 16 0.23
Atrial fibrillation (%) 7 7 0.85
Hypertension (%) 75 72 0.43
Diabetes (%)§ 25 31 0.07
Current cigarette smoking (%) 11 14 0.21
Body-mass index¶ 28±7 28±5 0.34
Previous estrogen-replacement therapy (%) 28 31 0.49
Hysterectomy (%) 44 45 0.73
Not receiving antithrombotic therapy (%)¿ 8 11 0.19

 

Neurologic characteristics

 

History of stroke before index event (%) 19 18 0.87
Stroke as index event (%) 75 75 0.82
NIHSS score (%)** 0.28

0–1 47 48
2–8 52 50
»9 1 2
Median 2 2

Barthel index (%)†† 0.14
95–100 84 89
55–90 15 10
0–50 <1 1
Median 100 100

 

Summary risk stratum (%)‡‡

 

0.89

Low 13 12
Medium 66 68
High 21 20
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justment for base-line risk factors (older age, history
or electrocardiographic evidence of myocardial infarc-
tion, congestive heart failure, hypertension, diabetes,
and current smoking) did not materially affect these
results.

Because an increase in vascular events with hor-
mone-replacement therapy was observed in the first
year of follow-up in HERS,

 

10

 

 we conducted a post hoc
analysis of early cerebrovascular events. During the
first six months, 3 fatal strokes and 18 nonfatal strokes
occurred in women in the estradiol group, as com-
pared with 1 fatal stroke and 8 nonfatal strokes in
women in the placebo group (P=0.03 by the log-
rank test; relative risk of any stroke at six months, 2.3;
95 percent confidence interval, 1.1 to 5.0).

We also compared the two treatment groups in
terms of the severity of nonfatal strokes (Table 3).

The median interval between a nonfatal stroke and the
evaluation of its severity was 35 days for women in
the estradiol group and 39 days for women in the pla-
cebo group. Women assigned to the estradiol group
were less likely than women in the placebo group to
have no neurologic deficits or only mild impairment of
neurologic function (a NIHSS score of 0 or 1) after
stroke and less likely to have functional independence
(a Barthel index of 90 or higher), although neither of
these differences was statistically significant. When fa-
tal strokes were included in the analysis, the differenc-
es in severity were more extreme.

 

Secondary Outcomes

 

No significant difference was observed between the
treatment groups in the incidence of transient ischemic
attack or nonfatal myocardial infarction (Table 2). The
risk of any cardiac event (fatal or nonfatal) did not dif-
fer significantly between the two groups (relative risk
in the estradiol group, 1.1; 95 percent confidence in-
terval, 0.6 to 1.9).

 

Outcomes According to Treatment Received

 

When the analysis was restricted to the 397 women
who took at least 80 percent of the assigned study
medication, the adjusted relative risk for women in the
estradiol group as compared with those in the place-
bo group was nonsignificantly elevated for death or
nonfatal stroke (relative risk, 1.2; 95 percent confi-
dence interval, 0.8 to 1.8), for any stroke (relative risk,
1.3; 95 percent confidence interval, 0.8 to 2.1), and
for death from any cause (relative risk, 1.2; 95 percent
confidence interval, 0.7 to 2.3).

 

Vital Status at the End of the Trial

 

An additional 28 deaths occurred in women who
had a nonfatal stroke as their study end point (15 in

 

Figure 1.

 

 Kaplan–Meier Curves for the Time to the Primary Out-
come (Death or Nonfatal Stroke).
P=0.69 by the log-rank test for the comparison between groups.
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*The relative risks (and 95 percent confidence intervals [CIs]) for the
primary outcomes were derived from a proportional-hazards model includ-
ing data for the entire duration of follow-up. The secondary outcomes
could occur more than once during follow-up; the relative risks of these
outcomes were derived from the analysis of the time to the first event.

†Other causes of death included cancer (in 10 women — non-Hodgkin’s
lymphoma in 2, breast cancer in 2, cancer of the colon, liver, lung, pancre-
as, and pelvis in 1 each, and metastatic cancer with an unknown primary
site in 1), infection in 8 women, renal failure in 5 women, congestive heart
failure in 2 women, pulmonary embolus in 2 women, gastrointestinal
bleeding in 2 women, ischemic bowel in 2 women, chronic obstructive pul-
monary disease in 2 women, and miscellaneous causes in 3 women (ab-
dominal aortic aneurysm, peripheral arterial disease, and small bowel ob-
struction). For six women in the estradiol group and seven in the placebo
group, the cause of death was not determined; in these cases, there was no
autopsy and no history of described symptoms consistent with ischemic
heart disease, or other diagnosis.

‡Some women had more than one event — in the estradiol group, two
women had two myocardial infarctions, two had two transient ischemic at-
tacks, and one had three transient ischemic attacks; in the placebo group,
one woman had two myocardial infarctions, one had three myocardial in-
farctions, four had two transient ischemic attacks, one had three transient
ischemic attacks, and one had four transient ischemic attacks.
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(95% CI)*

 

no.

 

Primary outcomes

 

Death or nonfatal stroke 99 93 1.1 (0.8–1.4)
Death 48 41 1.2 (0.8–1.8)

Fatal stroke 12 4 2.9 (0.9–9.0)
Ischemic 9 2 4.4 (0.9–20.2)
Hemorrhagic 3 2 1.4 (0.2–8.7)

Cardiovascular causes 11 13 0.8 (0.4–1.9)
Myocardial infarction 1 5 0.2 (0.0–1.7)
Other coronary cause 10 8 1.2 (0.5–3.2)

Other cause† 25 24 1.0 (0.6–1.8)
Nonfatal stroke 51 52 1.0 (0.7–1.4)

Ischemic 47 49 1.0 (0.6–1.4)
Hemorrhagic 4 3 1.3 (0.3–6.0)

Any stroke 63 56 1.1 (0.8–1.6)

 

Secondary outcomes‡

 

Nonfatal myocardial infarction 14 12 1.2 (0.5–2.5)
Transient ischemic attack 30 25 1.2 (0.7–2.0)
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the estradiol group and 13 in the placebo group). In-
cluding these deaths, overall mortality was 18.4 per-
cent in the estradiol group and 16.3 percent in the
placebo group.

 

Other Events during Follow-up

 

The women in the estradiol group did not have
higher rates of venous thromboembolic events, breast
cancer, or hospitalization for fractures than those in
the placebo group. However, women in the estradiol
group were more likely to have vaginal bleeding, to
have endometrial hyperplasia, and to require a hyster-
ectomy (Table 4). Two women in the estradiol group
were found to have endometrial adenocarcinoma after
having vaginal bleeding (one three months after ran-
domization and the other six months after random-
ization).

 

DISCUSSION

 

In this high-risk population of postmenopausal
women with a recent cerebrovascular event, treatment
with estradiol-17

 

b

 

 for three years was ineffective in
reducing the overall risk of stroke or death or the in-
cidence of the individual end points of death, fatal or
nonfatal stroke, transient ischemic attack, or cardiac
events during follow-up. Moreover, this therapy was
associated with adverse effects on the endometrium,
including elevated rates of vaginal bleeding and en-
dometrial hyperplasia and a more frequent need for
hysterectomy.

Although we cannot rule out the possibility that
estrogen therapy has minimal cerebrovascular benefits,
our study had sufficient power to rule out reductions
in the risk of death or stroke of more than 20 percent.
The challenges involved in getting women to contin-
ue taking estrogen are well documented,

 

39

 

 and non-
compliance may have limited our ability to detect an
effect of treatment. However, the compliance rates
achieved in this trial (mean, 66 percent over a three-

 

Figure 2.

 

 Kaplan–Meier Curves for the Time to Fatal Stroke (Panel A) and the Time to Any Stroke (Nonfatal or Fatal) (Panel B).
P=0.05 by the log-rank test for the analysis of time to fatal stroke; P=0.57 by the log-rank test for the analysis of time to any stroke.
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*Scores on the National Institutes of Health Stroke Scale
(NIHSS) range from 0 to 42, with 0 indicating no deficits
and 42 indicating the most severe deficit. Scores on the Bar-
thel index range from 0 to 100, with 100 indicating no def-
icits and 0 indicating complete dependence. Scores on the
NIHSS were missing for three women in the estradiol group
and three in the placebo group; scores on the Barthel index
were missing for three women in the estradiol group and two
in the placebo group.
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NIHSS 0.12
0–1 9 (19) 16 (33)
»2 39 (81) 33 (67)

Barthel index 0.16
95–100 21 (44) 29 (58)
<95 27 (56) 21 (42)
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year period) are considerably higher than those found
among estrogen users in the community.40 Further-
more, the point estimates for increased risk among
women who adhered well to the study regimen in-
dicate that it is unlikely that we missed a benefit of
treatment because of noncompliance.

The incidence of venous thromboembolic events
in the estradiol group in our study was low, and it did
not differ significantly from that in the placebo group.
As in other studies, the incidence of breast cancer was
not affected by estrogen therapy during the relatively
short period of follow-up. The risk of bone fracture
was also not significantly altered by treatment with es-
trogen.

Although our findings differ from those of obser-

vational studies that have reported a reduction in the
risk of stroke associated with estrogen use,11-14 they are
consistent with other large population studies that
have reported increases in the risk of stroke among
generally healthy, relatively young postmenopausal
women who were receiving estrogen therapy.23,41

HERS, another randomized trial of estrogen for the
secondary prevention of vascular disease in women,
tested a different regimen from the one we used
(0.625 mg of conjugated equine estrogens plus 2.5 mg
of medroxyprogesterone acetate per day) and enrolled
slightly younger women (mean age, 67 years) with es-
tablished coronary disease. That trial found no overall
reduction in the risk of cardiovascular events and, in
a recent secondary analysis, no reduction in the risk of
stroke in the study population (relative hazard, 1.23;
95 percent confidence interval, 0.89 to 1.70).42 Al-
though fatal stroke occurred more commonly in the
participants in HERS who were assigned to estrogen–
progestin therapy, the increase in risk was not statis-
tically significant.

Estrogen therapy may worsen the injury caused by
recurrent cerebral ischemia. In our study, women in
the estradiol group were more likely than those in the
placebo group to die from a stroke, and nonfatal events
in the estradiol group were associated with greater
neurologic and functional deficits, although these find-
ings were not statistically significant. These data also
suggest the possibility of an increase in the risk of
stroke early after the initiation of therapy among wom-
en randomly assigned to receive estrogen. The mech-
anism by which exogenous estrogen may exacerbate
the injury caused by stroke or may precipitate stroke
is unclear. Although estrogen has been shown to re-
duce some vascular risk factors, it is also associated
with potentially deleterious effects. Estrogen has direct
effects on neurons and might increase sensitivity to
ischemia, either by modulating the excitatory effects of
glutamate or by modifying the inhibitory effects of
g-aminobutyric acid.43 Another possible mechanism
for an adverse effect of treatment may involve proin-
flammatory effects of estrogen.9,44

The ongoing Women’s Health Initiative, a random-
ized trial, should help clarify the role of estrogen in
the primary prevention of cardiovascular disease, in-
cluding stroke. Our results indicate that estrogen ther-
apy should not be initiated for the purpose of second-
ary prevention of cerebrovascular disease and add to
the evolving body of evidence from clinical trials that
do not show a benefit of estrogen for women with es-
tablished vascular disease.
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*CI denotes confidence interval.

†One woman in the estradiol group had both deep venous thrombosis
and pulmonary embolism.

‡One woman in the placebo group was given a diagnosis of breast cancer
two months after randomization.

§Values are the numbers of women discharged from the hospital with a
diagnosis of fracture; three women in the estradiol group had fractures in
both the hip and another site (lumbar spine, hand, and femur).

¶Data are for the 189 women in the estradiol group and the 180 women
in the placebo group who had not undergone hysterectomy before study
entry.

¿Values are the numbers of women who reported any episode of unex-
pected vaginal bleeding during the trial. The estimates of relative risk are
for the time to the first episode of bleeding. A total of 226 episodes of
unexpected bleeding were reported in the estradiol group, and 46 in the
placebo group.

**Values are the numbers of women with a diagnosis of endometrial hy-
perplasia; women with more than one type of hyperplasia are included un-
der the more advanced category. The estimates of relative risk are for the
time to the first diagnosis. The diagnoses were made within six months af-
ter randomization for 14 women in the estradiol group with simple hyper-
plasia and 3 women in the estradiol group with complex hyperplasia.

††Bleeding began 180 days after randomization in one of the women in
whom endometrial adenocarcinoma was diagnosed and 88 days after ran-
domization in the other; the diagnosis was confirmed by biopsy on day 259
and day 222, respectively.

TABLE 4. OTHER EVENTS DURING FOLLOW-UP, ACCORDING TO 
TREATMENT GROUP.*

EVENT

ESTRADIOL

GROUP

(N=337)

PLACEBO

GROUP

(N=327)
RELATIVE RISK

(95% CI)

no.

Venous thromboembolic event† 3 4 0.8 (0.2–3.4)
Deep venous thrombosis 1 2 0.5 (0.0–5.8)
Pulmonary embolism 2 2 1.0 (0.1–7.1)

Breast cancer‡ 5 5 1.0 (0.3–3.5)

Bone fracture§ 30 33 0.9 (0.5–1.5)
Hip 9 14 0.6 (0.3–1.4)
Other 24 19 1.3 (0.7–2.3)

Endometrial abnormality¶
Vaginal bleeding¿ 115 33 4.8 (3.2–7.0)
Hyperplasia**

Simple 24 1 24.5 (3.3–180.9)
Complex 10 2 5.0 (1.1–22.7)

Endometrial cancer†† 2 0 —
Hysterectomy 6 1 5.9 (0.7–48.9)
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APPENDIX

The members of the Women’s Estrogen for Stroke Trial performance and
safety monitoring board were as follows: Barbara C. Tilley, Ph.D. (chair),
Department of Biometry and Epidemiology, Medical University of South
Carolina; Joseph P. Broderick, M.D., Department of Neurology, University
of Cincinnati Medical Center; Patricia H. Davis, M.D., Department of
Neurology, University of Iowa, Iowa City; Patrick D. Lyden, M.D., Neu-
roscience Department, University of California, San Diego; Veronica A.
Ravnikar, M.D., Department of Obstetrics and Gynecology, University of
Massachusetts School of Medicine, Worcester; and John R. Marler, M.D.,
Division of Stroke, Trauma, and Neurogenerative Disorders, National In-
stitute of Neurological Disorders and Stroke, Bethesda, Md.
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