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Postmenopausal Hormone Use and Secondary Prevention of Coronary
Events in the Nurses’ Health Study
A Prospective, Observational Study
Francine Grodstein, ScD; JoAnn E. Manson, MD; and Meir J. Stampfer, MD

Background: The Heart and Estrogen/progestin Replacement
Study (HERS) was the first randomized clinical trial of combined
hormone therapy and secondary prevention of coronary events.
The trial had overall null results but reported an unexpected in-
creased risk for recurrent events in the initial year, followed by a
decrease during the final years.

Objective: To provide additional data on a time trend in risk for
recurrent heart disease.

Design: A prospective, observational cohort study of secondary
prevention of coronary heart disease.

Setting: Nurses’ Health Study.

Patients: 2489 postmenopausal women with previous myocar-
dial infarction or documented atherosclerosis; 213 cases of recur-
rent nonfatal myocardial infarction or coronary death were iden-
tified from 1976 through 1996.

Measurements: Information on hormone status and on recur-
rent disease was collected by using biennial questionnaires. Multi-

variable-adjusted relative risks and 95% CIs were calculated from
logistic regression models.

Results: A trend of decreasing risk for recurrent major coronary
heart disease events with increasing duration of hormone use was
observed (P for trend 5 0.002). For short-term current users, the
multivariate-adjusted relative risk for major coronary heart disease
was 1.25 (95% CI, 0.78 to 2.00) compared with never-users.
However, after longer-term hormone use, the rate of second
events was lower in current users than in never-users (relative
risk, 0.38 [CI, 0.22 to 0.66]). No clear differences emerged be-
tween users of estrogen alone and users of estrogen combined
with progestin. Overall, with up to 20 years of follow-up, the
relative risk for a second event among current users of hormone
therapy was 0.65 (CI, 0.45 to 0.95) compared with never-users.

Conclusions: The risk for recurrent major coronary events seems
to increase among short-term hormone users with previous coro-
nary disease but to decrease with longer-term use.

Ann Intern Med. 2001;135:1-8. www.annals.org
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The Heart and Estrogen/progestin Replacement
Study (HERS) was a randomized clinical trial of

postmenopausal hormone use in 2763 women (1). Un-
like previous observational studies, it included only
women with previous coronary heart disease, and hor-
mone therapy was exclusively oral conjugated estrogen
plus progestin. In HERS, overall rates of recurrent cor-
onary heart disease did not differ between the treated
and nontreated groups. However, in additional, un-
planned analyses, the results of HERS were not uni-
formly null. A marked and statistically significant trend
toward decreasing risk was observed with increasing
duration of hormone use (1); in the first year, the rate
of major coronary events was 52% higher in the treat-
ment group. In the second year, rates were equal, but
during the final fourth and fifth years, women assigned
to hormone therapy had a 33% lower risk for coronary
events.

The overall results of HERS and the apparent
changes in risk over time were both unexpected. Since
no previous investigations have examined the relation

between duration of hormone use or combined hor-
mone treatment to secondary prevention of coronary
heart disease events, it remains unclear whether the time
trend was authentic and whether the observations in
HERS are limited to that hormone regimen (2).

In addition, we were interested in understanding
how women’s use of hormone therapy before their ini-
tial coronary disease event might affect the outcome of
their hormone use after that event. In HERS, duration
of hormone therapy before trial entry was necessarily
disregarded (although 23% of participants had previ-
ously taken hormones); thus, it remains unknown how,
or whether, to account for hormone use or duration of
use before a patient’s initial coronary event.

To further examine the effects of duration of hor-
mone therapy and to explore the effect of different hor-
mone regimens, we investigated the relation between
postmenopausal hormone use and secondary prevention
of major coronary events in 2489 women with estab-
lished coronary disease in the Nurses’ Health Study, a
large observational cohort.
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METHODS

The Nurses’ Health Study Cohort
The Nurses’ Health Study began in 1976, when

121 700 female nurses 30 to 55 years of age completed
a mailed questionnaire about postmenopausal hormone
use and medical history, including cardiovascular disease
and its risk factors. Every 2 years, we mail follow-up
questionnaires to the original participants to update in-
formation on risk factors and to identify newly diag-
nosed cases of major illnesses. The total follow-up for
the cohort to date exceeds 92%.

Sample for Analysis
For this analysis, we limited the cohort to post-

menopausal women who reported a previous myocardial
infarction or documented coronary atherosclerosis (cor-
onary artery bypass graft surgery, percutaneous coronary
revascularization, or angiographic evidence of $70%
occlusion of one or more major coronary arteries). Such
women were identified on the baseline questionnaire
in 1976; postmenopausal women who reported one of
these conditions on a subsequent follow-up question-
naire were added to the sample at that time. Women
ranged in age from 34 to 73 years at entry into the
sample for analysis; 60% of women had a natural meno-
pause. These criteria closely parallel those used in HERS
(1); however, in HERS, women with hysterectomy were
excluded, occlusion was defined as at least 50%, and
participants ranged in age from 44 to 79 years.

We classified women as postmenopausal from the
time of natural menopause or hysterectomy with bi-
lateral oophorectomy. Women who underwent hyster-
ectomy without bilateral oophorectomy were considered
postmenopausal when they reached the age at which
natural menopause had occurred in 90% of the cohort
(54 years for smokers and 56 years for nonsmokers) (3).
The women’s reports of age at menopause and type of
menopause were highly accurate (4).

In HERS, women with a history of breast or endo-
metrial cancers were excluded. In the current study, we
excluded women who reported stroke or cancer (except
nonmelanoma skin cancer) on the 1976 baseline ques-
tionnaire at the outset and excluded women from fur-
ther follow-up if they reported these diseases on a sub-
sequent biennial questionnaire. This was done to avoid
potential bias, in which major diseases such as stroke or

cancer may have caused women to alter their hormone
use and may be related to risk for coronary heart disease.
This type of bias could not have occurred in a random-
ized trial, such as HERS.

Two hundred forty-eight postmenopausal women
with coronary disease entered the analysis in 1976, and
2241 postmenopausal women were added during
follow-up as they reported heart disease; thus, 17 239
person-years accrued during up to 20 years of follow-up
from 1976 to 1996.

Ascertainment of Hormone Use
In 1976, women were asked about current and past

use and duration of hormone therapy; this information
was updated on each biennial questionnaire. Beginning
in 1978 and on each subsequent questionnaire, we col-
lected information on type of hormone used. For the
period 1976–1978, we assigned women to the type of
hormone reported on the 1978 questionnaire. If no data
were available on hormone therapy for a given 2-year
period, those women were assigned to a missing cate-
gory for that period. In the HERS trial, women who had
taken hormones in the 3 months before their screening
visit were excluded (although 23% to 24% of the en-
rolled participants had previously used hormones). Be-
cause this study is observational, we could not impose a
3-month “washout” period; thus, we could not dupli-
cate that aspect of the HERS protocol.

We analyzed duration of hormone use in two dif-
ferent ways. In the main analysis, we performed a
“HERS replication” and used a method similar to that
in HERS to calculate duration of use. In HERS, dura-
tion of hormone therapy began to accrue at randomiza-
tion (regardless of previous hormone use); randomiza-
tion occurred sometime after the participant’s initial
coronary disease event. Therefore, in our main analysis,
we began accruing duration of hormone use for each
participant immediately after her initial coronary disease
event (regardless of hormone use before this event). For
example, if a woman began hormone therapy in 1984
and had a revascularization procedure in 1986, her du-
ration of use in 1990 would be 4 years.

In an alternative analysis, we considered the wom-
en’s full experience with hormone therapy (both before
and after the initial coronary disease event). Thus, du-
ration of hormone use accumulated continuously from
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start to termination of therapy. For example, if a woman
began hormone therapy in 1984 and had a revascular-
ization procedure in 1986, her duration of use in 1990
would be 6 years. Similar to HERS participants, 29% of
the nurses had taken hormones before their first coro-
nary disease event.

Identification of Second Coronary Disease Events
Similar to HERS, in our study the category of “re-

current major coronary heart disease” included non-
fatal myocardial infarction and fatal coronary disease
that occurred between the return of the 1976 question-
naire and 1 June 1996. Nurses who reported a nonfatal
infarction were asked for permission to review their
medical records. Nonfatal myocardial infarctions were
confirmed by hospital records if they met the World
Health Organization criteria (5) (symptoms, plus either
elevated cardiac enzyme levels or diagnostic electrocar-
diograms). Infarctions requiring hospitalization and cor-
roborated by interview or letter, but for which medical
records were unobtainable, were included as “probable.”

Most deaths were reported by the participants’ fam-
ilies. Every 2 years, we search the National Death Index
(6) to identify deaths among nonrespondents; follow-up
for death remains more than 98% complete to date. For
all deaths possibly attributable to cardiovascular causes,
we requested permission from relatives (subject to state
regulations) to review the medical records. Deaths were
considered due to coronary disease if medical records or
autopsy findings confirmed a fatal myocardial infarc-
tion. Cases in which coronary disease was listed on the
death certificate as the underlying cause of death and
another, more plausible cause could not be discerned were
included as “probable” cases, since the nurse was known
to have had coronary disease before death. The investiga-
tors conducted all interviews and medical record reviews
without knowledge of participants’ hormone use status.

In separate analyses, results for probable cases of
coronary disease (20%) were almost identical to those for
confirmed cases (80%); thus, we present data from analy-
ses in which confirmed and probable cases are combined.

Statistical Analysis
For each participant, person-months were allocated

to hormone categories according to the baseline data
and were updated every 2 years according to informa-

tion received on follow-up questionnaires. Examination
of type of hormone therapy was limited to users of oral
conjugated estrogen with or without oral medroxypro-
gesterone acetate, as this was the most common hor-
mone regimen. If information on hormone use was
missing during a follow-up period, then person-time
was assigned to a missing category for that time period.
So that the study would be prospective, we established
hormone status during each 2-year follow-up period
from women’s reports at the start of the time period;
thus, we probably underestimate duration of use by an
average of 1 year in both the main analysis and the al-
ternate analysis. Follow-up for a participant ended with
diagnosis of myocardial infarction, death, or 1 June 1996,
whichever came first.

The analysis is based on incidence rates, using
person-months of follow-up as the denominator. We
used relative risk as the measure of association, defined
as the incidence of second major coronary events among
women in various categories of hormone use divided by
the rate among women who never used hormones. We
computed age-specific rates by using 5-year categories
(7) and calculated age-adjusted relative risks by using
Mantel–Haenszel rate ratios (8) with 95% confidence
intervals (9).

We used pooled logistic regression across the ten
2-year periods to adjust simultaneously for potential
confounding factors (10). In this approach, information
obtained for each 2-year period is pooled for regression
analysis as if it were a new observation, time-varying
covariates are accommodated by assigning 2-year blocks
of person-time to the covariate values at the start of each
time period, and the dependence of incidence on time is
modeled by using indicator variables. The distinction
between pooled regression and the classic person-years
approach is that we update risk factors at the beginning
of each follow-up period. Nonetheless, this pooling
yields a sample from which 2-year incidence can be ex-
amined and is equivalent to the person-years approach
for generating relative risk estimates from Cox regression
with time-dependent covariates (11). The necessary con-
ditions for this equivalence include relatively short inter-
vals and small probability of the outcome during each
interval, both of which are satisfied here. Information on
most variables was updated biennially, including age (5-
year categories), body mass index (,21 kg/m2, 21 to 22
kg/m2, 23 to 24 kg/m2, 25 to 29 kg/m2, 30 to 31
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kg/m2, .31 kg/m2), cigarette smoking (never; past; cur-
rent smoker of 1 to 14 cigarettes/d, 15 to 24 ciga-
rettes/d, .24 cigarettes/d), self-reported history of hy-
pertension (yes or no), diabetes (yes or no), self-reported
elevated cholesterol level (yes or no), and time period
(ten 2-year periods). The following confounding vari-
ables were not updated: age at menopause (,50 years,
50 to 53 years, .53 years) and parental myocardial in-
farction before 60 years of age (yes or no). For certain
analyses, saturated fat intake (quintiles), alcohol use
(none, ,5 g/d, 5 to 14.9 g/d, $15 g/d), use of vitamin
E supplementation (yes, no), multivitamin use (yes, no),
aspirin use (none, 1 to 6 times/wk, $7 times/wk), and
physical activity (none or at least once per week) were
added to the model. Information on these variables was
updated every 4 years; follow-up was available from
1980 to 1996 only, because data on diet and exercise
were first collected in 1980. We used SAS software (SAS
Institute, Inc., Cary, North Carolina) for all analyses.

We calculated rate differences on the basis of the
rate of recurrent major coronary heart disease events for
postmenopausal Nurses’ Health Study participants 60 to
69 years of age who never used hormone therapy. We
multiplied this rate by the multivariate-adjusted relative
risks to obtain the rates of recurrent coronary heart dis-
ease in various categories of hormone use. We sub-
tracted the rates estimated for hormone use categories
from the rate among women who never took hormones
to obtain rate differences, or the number of recurrent
coronary heart disease cases that could be attributed to
or avoided with hormone use.

Role of the Funding Source
The present analysis was funded by the National

Institutes of Health, which had no role in the study
design, conduct or reporting of results.

RESULTS

We identified 138 nonfatal myocardial infarctions
and 75 coronary deaths among women with previous
myocardial infarction or coronary atherosclerosis. In
women younger than 60 years of age who had never
taken hormone therapy, the absolute rate of a recurrent
major coronary event was 1389 per 100 000 person-
years; in women 60 to 75 years of age, this rate increased
to 1678 per 100 000 person-years. Never-users of hor-
mones accounted for 38.6% of the follow-up time, past
users accounted for 32.4%, and current users accounted
for 29.0%. Of hormone therapy users, 53% used oral
conjugated estrogen alone, 19% used oral conjugated
estrogen plus oral progestin, and 28% used other types of
hormones (mostly oral estradiol or transdermal estrogen).

Current hormone users had a slightly better risk
profile than past users or never-users (Table 1). Current
users were less likely to have diabetes or to smoke ciga-
rettes and had a somewhat lower mean body mass index
compared with never-users. However, a higher propor-
tion of current users reported a history of high choles-
terol levels.

The age-adjusted relative risk for recurrent major
coronary disease was 0.56 (95% CI, 0.39 to 0.80)
among current users of postmenopausal hormone ther-
apy compared with never-users (Table 2). Adjustment
for differences in age and other cardiovascular risk fac-
tors attenuated this relative risk somewhat to 0.65 (CI,
0.45 to 0.95), largely because current users had a lower
prevalence of cigarette smoking and diabetes. However,
controlling further for diet, vitamin supplement use, as-
pirin, and physical activity had no additional influence
on the relative risk estimate (0.61 [CI, 0.39 to 0.96]);
thus, we did not consider these factors in subsequent
analyses because we would have had to limit follow-up
(this information was first requested in 1980).

In the main analysis, when we examined duration of
hormone use since the initial coronary disease event, we
observed substantial differences in risk for a second
event between short-term and longer-term hormone us-
ers (Table 2). We found an apparent 25% increase in

Table 1. Age-Standardized Distribution of Characteristics
of Women with Previous Coronary Disease in the
Nurses’ Health Study (1976–1996), according to
Postmenopausal Hormone Use

Characteristic Hormone Use

Never Current Past

Parental myocardial infarction before
60 years of age, % 25.6 25.1 24.6

Hypertension, % 64.7 61.2 60.4
Diabetes mellitus, % 19.1 13.6 18.7
High serum cholesterol level, % 55.8 63.3 58.8
Current cigarette smoker, % 22.5 15.2 22.1
Mean age at entry, y* 57.4 57.7 60.0
Mean age at menopause, y 48.4 45.0 45.0
Mean body mass index, kg/m2 27.6 26.1 26.8

* For mean age at entry, information on hormone use at entry was used.
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the risk for recurrent coronary heart disease events (rel-
ative risk, 1.25 [CI, 0.78 to 2.00]) among women with
current use of less than 1 year compared with never-
users. Since we identified duration at the start of each
2-year follow-up period and probably underestimated
duration of use during follow-up by an average of 1
year, this observed elevation in risk is probably lower
than the true increase among short-term hormone users.
However, longer-term hormone users experienced a de-
crease in risk for a second major coronary event (relative
risk, 0.38 [CI, 0.22 to 0.66]) compared with never-
users. This trend of decreasing risk with increasing du-
ration of current use was highly statistically significant
(P 5 0.002, using categories of ,1 year, 1 to 1.9 years,
and $2 years of use).

Although we had limited statistical power to distin-
guish between the impact of different hormone regi-
mens, we saw no strong evidence of varying effects for
estrogen alone or combined with progestin; 11 of the 24
short-term users with coronary events (46%) and 10 of
the 18 longer-term users with coronary events (56%)
were taking oral conjugated estrogen alone. In addition,
we found no substantial residual effects of hormone use
after cessation of therapy: The multivariable-adjusted rela-
tive risk overall in past users was 0.80 (CI, 0.58 to 1.10).

To assess the absolute impact of hormone use on
secondary prevention of coronary events, we calculated
rate differences to measure the number of recurrent heart
disease events that could be attributed to or avoided with
postmenopausal hormone use. On the basis of these data
from the Nurses’ Health Study cohort and our current
results, if 100 000 postmenopausal women 60 to 75
years of age with heart disease received hormone ther-
apy, one would expect 420 additional recurrent cases of
coronary heart disease per year with short-term users but
1040 fewer cases per year after long-term use. However,
since the rates of recurrent heart disease are much lower
in this cohort of health professionals than in the general
population, both of these rate differences probably un-
derestimate the absolute impact of hormone therapy
in the general population.

Finally, in an alternative analysis, we included du-
ration of hormone use before each participant’s first re-
port of coronary disease to assess the effects of women’s
full experience with hormone therapy. In this alternative
analysis, we still underestimated duration by an average
of 1 year (as explained above); however, short-term use

was still largely limited to women who originally began
hormone therapy after their first coronary disease event.
In these short-term hormone users, we observed a more
than twofold increased risk for recurrent coronary events
(relative risk, 2.10 [CI, 0.88 to 5.01]) compared with
never-users and an inverse relation after longer-term use
(relative risk, 0.50 [CI, 0.32 to 0.77]). This trend of
decreasing risk for recurrent coronary events with in-
creasing duration of use since initiation of hormone
therapy was statistically significant (P for trend 5 0.02).

DISCUSSION

In this prospective, observational study of secondary
prevention of coronary events among 2489 postmeno-
pausal women with a previous myocardial infarction or
established atherosclerosis, we observed an apparent in-
crease in the risk for a recurrent event with short-term
hormone use. After longer-term use, however, the rate
of second major coronary events seemed to decrease. A
strong trend was observed in which risk for recurrent
nonfatal myocardial infarction or coronary death de-
creased as duration of current hormone use increased.
Although our sample size prohibited accurate analysis,
we found no strong suggestion that risk was linked spe-
cifically to treatment with estrogen alone or in combi-
nation with a progestin.

A limitation of our study is that information on

Table 2. Risk for Major Coronary Heart Disease among
Users and Nonusers of Postmenopausal Hormone
Therapy in Women with Previous Myocardial Infarction
or Coronary Atherosclerosis in the Nurses’ Health Study
(1976–1996)

Hormone
Use

Follow-up Cases Relative Risk (95% CI)

Age-Adjusted Multivariable-
Adjusted*

person-years n

Never 6652 99 1.0 (referent) 1.0 (referent)
Current† 4997 42 0.56 (0.39–0.80) 0.65 (0.45–0.95)

,1 y 1549 24 1.06 (0.67–1.66) 1.25 (0.78–2.00)
1–1.9 y 1522 6 0.26 (0.11–0.60) 0.55 (0.13–2.27)
$2 y 1926 12 0.38 (0.20–0.71) 0.38 (0.22–0.66)‡

* Adjusted for age, cigarette smoking, diabetes, high blood pressure, high choles-
terol level, body mass index, age at menopause, parental history of premature
myocardial infarction.
† Duration of use is underestimated by an average of 1 year because duration
during each 2-year follow-up period is established at the start of each period.
‡ P for trend 5 0.002. Test of trend was calculated by using categories of ,1 year,
1–1.9 years, or $2 years of current hormone use.
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hormones was self-reported, perhaps leading to some
misclassification. However, we believe the reports to be
accurate because participants are registered nurses with a
demonstrated interest in medical research. Validation
studies of numerous self-reported variables in this co-
hort, such as body weight (12) and diet (13), have
proven that the nurses provide highly accurate informa-
tion. In addition, reports of nonfatal myocardial infarc-
tion and coronary deaths were carefully documented.
However, the observed elevation in risk among short-
term hormone users is probably lower than the true
short-term increase, since we collect information on
hormone use from the nurses at 2-year intervals and
thus probably underestimated duration of use by an
average of 1 year.

We began the Nurses’ Health Study in 1976, when
248 postmenopausal women reported previous heart
disease. Some of these women may have already experi-
enced both a first and a second coronary event before
1976 and thus should not have been followed in the
current analysis. However, women in the analysis ranged
in age from 33 to 55 years at baseline in 1976; therefore,
the probability that even a small proportion of these 248
women had already experienced two coronary events is
very low. Moreover, in an analysis from which these 248
women with coronary disease at baseline were excluded,
our results were consistent with those reported here, but
because we had 20% fewer person-years of follow-up in
the sample, we lost considerable statistical power.

The principal concern in our observational study is
the possibility that women who choose to take hor-
mones may differ from those who do not in ways that
influence their risk for heart disease (14, 15). In partic-
ular, women whose initial coronary disease is more se-
vere may be less likely to begin or to continue hormone
therapy after their initial event than are women with less
severe disease, leading to a “healthier user” bias. Such a
bias might lead us to underestimate the true short-term
elevation in risk and overestimate the true long-term
decrease in risk. However, risk factor profiles were sim-
ilar between current hormone users and never-users and
between short-term and longer-term hormone users, in
both our main “HERS replication” analysis and our al-
ternative analysis (which included hormone use before
the initial coronary disease event). For example, in the
main analysis, 61.7% of short-term users and 61.4% of
longer-term users reported hypertension, and 15.1% of

short-term users and 15.4% of longer-term users were
smokers. Furthermore, in all analyses, we carefully ad-
justed for differences in numerous risk factors; this ad-
justment produced only modest changes compared with
our results adjusted for age alone. Thus, it is unlikely
that confounding could completely explain our results.

In addition, we previously reported a twofold in-
crease in the risk for pulmonary embolism (16) among
current hormone users and a similar increase in the risk
for cholecystectomy (17). Both estimates are consistent
with those reported by HERS for these diseases (1), fur-
ther confirming our ability to identify valid relations for
hormone therapy in the Nurses’ Health Study.

Few other studies have been published on secondary
prevention of coronary events (18–24); in addition,
none have been closely analogous to the HERS protocol,
which examined only combination hormone therapy, or
have distinguished between short-term and longer-term
effects. Some investigators speculated that the HERS
results were due to the combination therapy regimen
used in that trial (2). Although we have limited statisti-
cal ability to separately examine the type of hormone
used, data from our cohort of women largely taking oral
conjugated estrogen alone suggest that this regimen may
also be associated with a short-term increase in risk for a
recurrent coronary event. In support of this observation,
a 3-year randomized clinical trial of atherosclerosis pro-
gression in women with established heart disease (25)
showed that therapy with neither estrogen alone nor
estrogen with progestin resulted in a decrease of plaque
area. In addition, all the observational studies (26) of
combined hormone therapy and primary prevention of
coronary heart disease (including our own [27]) have
shown equivalent effects of both regimens.

The apparent impact of duration of hormone ther-
apy in HERS was surprising. Our results on secondary
prevention are consistent with the presence of a time
trend in the risk for recurrent coronary events: When we
examined duration of hormone use since initial heart
disease (our main analysis) and duration since actual
commencement of hormone therapy (our alternative
analysis), both results suggested short-term adverse ef-
fects of hormone therapy. As explained above, the rela-
tive risk of 1.25 from our HERS replication is probably
an underestimate of the true short-term risk but is con-
sistent with the relative risk of 1.52 observed in HERS
at 1 year of follow-up. However, in both our HERS
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replication and HERS, “short-term users” included
women who may have been taking hormone therapy for
many years before their initial heart disease event. Our
relative risk of 1.25 and the HERS estimate of 1.52 are
both lower than the relative risk of 2.10 from our alter-
native analysis, in which short-term hormone use largely
represents women who first began therapy after their
initial heart disease. Therefore, our data suggest that
the risk among women with coronary disease may be
marked by commencement of hormone therapy after
their initial heart disease event; however, our confidence
intervals are wide, and it is unlikely that many other
studies will have adequate power to further investigate
this issue. In one small study (28) of women taking
hormone therapy for a mean of 8 years before receiving
an intracoronary stent, target lesion revascularization
and major adverse cardiac events were reduced over 3
years of follow-up in the women who continued taking
hormones compared with those not taking hormones.

The cause of an apparent early increase in risk is
unknown. An increase in venous thromboembolism
among current hormone users was recently established
(1, 16, 29), and the HERS investigators suggested (1)
that their results might be explained by a susceptible
group of women who experience thromboembolic com-
plications of hormone therapy in the short term (al-
though no evidence links hormone use with risk for
arterial thrombosis). Recent studies indicate that post-
menopausal hormone use increases levels of C-reactive
protein, an inflammatory marker (30); it is possible that
inflammation contributes to plaque destabilization in
vulnerable women. In contrast, however, experimental
evidence has established an improved cholesterol profile
(1) and enhanced vascular reactivity (30) in women with
cardiovascular disease who take hormone therapy. Con-
tinued investigation is needed.

In contrast to the short-term increase in risk, we
found a significant decrease in second coronary events
for longer-term hormone users who were followed for
up to 20 years. This finding is consistent with those of
observational studies of secondary prevention (18–24),
which have largely included patients who used hor-
mones for a relatively long time and have all found
lower risks for second cardiovascular events or death
among women taking hormones. For example, O’Keefe
and colleagues (21) reported better survival over 7 years
among women with coronary angioplasty who contin-

ued taking estrogen. In addition, the results from the
fourth and fifth years of HERS suggested a potential
reduction in second events for those assigned to hor-
mone therapy (conditional on remaining event-free un-
til year 4); this decrease is probably an underestimate
because 25% of women had stopped taking their as-
signed hormone regimen by the third year of the trial.
Although the overall HERS results were null, one can
speculate about whether HERS may have yielded results
similar to those of these observational studies if follow-
up had been extended. However, extended follow-up of
HERS may not be entirely generalizable since most par-
ticipants were taking cholesterol-lowering medications;
recent data from a small-scale randomized clinical trial
suggest that hormone therapy alone may reduce progres-
sion of atherosclerosis, but estrogen in combination with
lipid-lowering medication provides no benefits beyond
that of lipid treatment (32).

In conclusion, results from HERS and the Nurses’
Health Study, a large prospective, observational study,
suggest that hormone therapy increases risk for a recur-
rent coronary event in the short term and that hormone
therapy should not be initiated solely for prevention of
recurrent heart disease. These studies also support the
emergence of coronary benefits after several years of
therapy. Additional data, including those from ongoing
randomized clinical trials of primary and secondary pre-
vention, will provide further information.
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