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Results from more than 40 observational studies conducted in women over 3 de-
cades have repeatedly indicated the cardioprotective effects of postmenopausal 
hormone replacement therapy (HRT).1 Women taking estrogen in these ob-

servational trials experienced a consistent 30% to 50% reduction in cardiovascular 
(CV) events. The biologic benefit of estrogen has been attributed to improvements in 
lipid profiles and endothelial function.

Observational Trials

The largest of these observational trials, the Nurses’ Health Study (NHS),2 initially 
monitored 28,263 healthy postmenopausal women and evaluated the risk of subse-
quent major cardiac events in those who were currently taking HRT (21.8%), those 
who had previously taken it (25.2%), and those who had never taken it (53%). Unop-
posed oral conjugated estrogen was used in over 71% of the hormone-treated partici-
pants, which suggests that a large number of the women had undergone hysterectomy. 
The trial reported a 51% reduction in all-cause death and a 40% reduction in CV 
deaths in current estrogen users, compared with those who had never used hormones. 
Women with the greatest CV risk burden also appeared to benefit the greatest from 
hormone use. The benefit was lost within 5 years of hormone cessation.
 At 20 years’ follow-up, with 70,533 nurse participants, the NHS again reported 
a 54% to 58% reduction in CV deaths in women who took standard doses of un-
opposed estrogen. The addition of progestin diminished the benefit of estrogen, with 
a demonstrated risk reduction of 36%. However, the risk of stroke was significant-
ly increased both in women who received progestin (relative risk [RR], 1.45) and in 
women who took estrogen at doses of 0.625 mg or greater daily (RR, 1.35–1.63). In 
2001, widespread confidence in the overall health benefits of hormone replacement 
by women and their physicians was such that 38% of postmenopausal women in the 
United States were using HRT.

Randomized Trials

Secondary Prevention

Data from randomized controlled clinical trials, beginning in 1998 with the Heart 
and Estrogen/Progestin Replacement Study (HERS), led to a dramatic revision of 
the hypothesis regarding the CV benefits of postmenopausal hormone replacement. 
A secondary-prevention trial, HERS studied 2,763 postmenopausal women (average 
age, 67 yr) with documented coronary heart disease (CHD). During the 1st year in 
which women were randomized to receive HRT, there was a reported 50% increase 
in CV death and nonfatal myocardial infarction (MI)3 (Fig. 1). At 6.8 years’ follow-
up in HERS-II, there was no CV benefit from HRT and no long-term difference in 
CV death or nonfatal MI among the 2,321 postmenopausal women randomized to 
receive either HRT or placebo. Venous thromboembolism was also increased by es-
trogen and progestin. Results from HERS suggested an early acceleration of CV risk 
from HRT in susceptible older postmenopausal women with established CHD.1

Primary Prevention
The Women’s Health Initiative (WHI) was a prospective, primary prevention trial of 
HRT in older, mostly healthy postmenopausal women (average age, 63 yr). Two par-
allel, randomized, double-blinded, placebo-controlled clinical trials were run concur-
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rently to evaluate the CV risk (CV death and nonfatal 
MI) and overall safety (including the increased risk of 
breast cancer, pulmonary embolism, stroke, colon can-
cer, and hip fracture) of combined estrogen and pro-
gestin use among 16,608 women with a uterus, versus 
the use of estrogen alone in 10,739 women without a 
uterus. There was a marked discrepancy in CV risk be-
tween the 2 groups. Hysterectomized women were at 
greater CV risk, as shown by the higher CV event rates 
for women in the placebo cohort of that group (CV 
death rate, 16%; CV death/MI rate, 54%) in compari-
son with women with an intact uterus (CV death rate, 
8%; CV death/MI rate, 33%).
 The trial of combined estrogen and progestin in 
women with a uterus (the lower-risk cohort) was halted 
early at a mean follow-up of 5.2 years because of an in-
creased risk of invasive breast cancer in those random-
ly assigned to receive estrogen plus progestin, compared 
with those assigned to placebo.4 Estrogen plus proges-
tin caused an increased risk of coronary events, stroke, 
breast cancer, and pulmonary embolism. A “global 

TABLE I. Coronary Outcomes among Women Randomly Assigned to Estrogen Plus Progestin, as Compared with 
Those Assigned to Placebo*

 Estrogen-plus-
 Progestin Placebo Adjusted
 Group Group Hazard Nominal Adjusted
             Variable (n=8,506) (n=8,102) Ratio 95% CI 95% CI

Mean follow-up time, mo 67.8 66.8 — — —

No. cases (annualized  
percentage)

CHD 188 (0.39) 147 (0.33) 1.24 1.00–1.54 0.97–1.60

Nonfatal MI 
   Including silent MI 151 (0.31) 114 (0.25) 1.28 1.00–1.63 0.96–1.70 
   Excluding silent MI 147 (0.31) 109 (0.24) 1.30 1.01–1.67 0.97–1.74

Death due to CHD 39 (0.08) 34 (0.08) 1.10 0.70–1.75 0.65–1.13

CHD, revascularization, 369 (0.77) 356 (0.79) 1.00 0.86–1.15 0.82–1.22 
or angina

CABG or PTCA 214 (0.45) 205 (0.45) 1.01 0.83–1.22 0.77–1.31

Hospitalization for angina 172 (0.36) 195 (0.43) 0.86 0.70–1.05 0.65–1.13

Confirmed angina 106 (0.22) 126 (0.28) 0.82 0.63–1.06 0.57–1.17

Acute coronary syndrome 322 (0.67) 299 (0.66) 1.03 0.88–1.21 0.83–1.28

Congestive heart failure 113 (0.23) 109 (0.24) 0.99 0.76–1.29 0.69–1.42
 
CABG = coronary artery bypass grafting; CHD = coronary heart disease; CI = confidence interval; MI = myocardial infarction; 
PTCA = percutaneous transluminal coronary angioplasty 
 

* CHD includes acute MI necessitating hospitalization, silent MI as determined by serial electrocardiography, and death due to CHD. 
Hazard ratios and nominal 95% CIs are stratified according to age, presence or absence of a previous coronary event, and randomly 
assigned diet-modification group and are adjusted for the presence or absence of previous CABG or PTCA. The adjusted 95% CI in-
cludes control for the above variables and further control for sequential monitoring (for the primary coronary endpoints) and for mul-
tiple (7) trial outcomes (for the secondary coronary endpoints). Confirmed angina includes hospitalization for angina with myocardial 
ischemia confirmed by stress testing or obstructive coronary disease (luminal narrowing of >70%) confirmed by coronary angiogra-
phy. Acute coronary syndromes include Q-wave MI, non-Q-wave MI, and hospitalization for angina. The numbers of events do not 
add up to the totals for the categories because some women had more than 1 event. Manson JE, Hsia J, Johnson KC, Rossouw JE, 
Assaf AR, Lasser NL, et al. Estrogen plus progestin and the risk of coronary heart disease. N Engl J Med 2003;349(6):523-34. Used 
by permission.

0
5
10
15
20
25
30
35
40
45
50

1 2 3 4 5 >5

CEE/MPA Placebo

E
ve

n
ts

/1
,0

00
 P

er
so

n
 -

 Y
ea

rs HERS I HERS II

Fig. 1  Coronary heart disease events by year in the Heart and 
Estrogen/Progestin Replacement Study (HERS) and HERS II. 

Data from Grady D, Herrington D, Bittner V, Blumenthal R, David-
son M, Hlatky M, et al. Cardiovascular disease outcomes during 
6.8 years of hormone therapy: Heart and Estrogen/Progestin Re-
placement Study follow-up (HERS II). JAMA 2002;288(1):49-57. 
 

Relative hazard = 0.99 (95% confidence interval, 0.80–1.22);  
P for trend = 0.009 
 

CEE/MPA = conjugated estrogens plus medroxyprogesterone 
acetate
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index” found these harmful outcomes to outweigh the 
decreased risk of hip fracture and colon cancer. A 2-fold 
increase in dementia among older (>65 yr) hormone- 
using WHI participants was later reported.5 In adjust-
ed analyses, women assigned to receive combined estro-
gen and progestin had a 24% higher risk of CHD (total 
cases of CHD, 335), compared with women random-
ly assigned to placebo (total cases of CHD, 257) (Table 
I). The hazard ratio (HR) for the combined CHD risk 
was greatest during the 1st year of combined hormone 
treatment (HR, 1.81), and the HR did not fall below 1 
until year 6. The lower HR after year 6 generated great 
interest that longer-term HRT may actually be cardio-
protective. However, the lower HR after year 6 probably 
is related to lower numbers of CV events in later years—
possibly due to a shift toward early events in susceptible 
women treated with HRT, higher placebo event rates, 
and decreased drug compliance. Furthermore, the risk  
of breast cancer increases with a longer duration of com-
bined hormone treatment, contributing to excess over-
all risk.
 The estrogen-only arm of the WHI completed al-
most 7 years of follow-up and was terminated 8 months 
before its scheduled completion because of an increased 
incidence of stroke (12 cases per 10,000 person-years) in 
patients randomized to receive 0.625 mg of unopposed 
estrogen (HR, 1.39).6 Stroke risk emerged early and per-
sisted through follow-up. There was a 33% increase in 
venous thromboembolism rates in the estrogen-only 
treatment group (28 vs 21 cases per 10,000 person-
years). The risk of breast cancer was 23% lower in the 
estrogen-only group, compared with the placebo group 
(94 vs 124 cases per 10,000 person-years, P=0.06). 
Despite a higher-risk cohort, with 23% minority par-
ticipation in the estrogen-only arm of the WHI as 
compared with the combined estrogen and progestin 
WHI cohort in women with an intact uterus, the abso-

lute number of CHD events (CV death, MI, and total 
CHD) was lower in the group assigned to receive es-
trogen alone (54, 132, and 186 per 10,000 person-years 
vs 59, 153, and 212 per 10,000 person-years; P=not 
significant). Overall global risk was well balanced be-
tween the groups. Findings from the WHI triggered 
the U.S. Food and Drug Administration to require a 
black-box warning of harm for postmenopausal HRT. 
Medical guidelines were changed to recommend that 
HRT not be used to prevent disease and that, when 
HRT was used to treat vasomotor symptoms, it be 
used at the lowest effective dose for the shortest pos-
sible time.

Discrepancies between Observational  
and Randomized Trials
Discrepancies among findings of observational and ran-
domized trials of HRT led to questions concerning the 
integrity and validity of the observational studies. The 
disparate benefits seen in the large observational studies 
are due, at least in part, to selection factors confounded 
by participants’ baseline health and behaviors. The ob-
servational studies included women who began HRT at 
the onset of menopause—at an average age of 51 years, 
when their menopause symptoms were greatest—and 
who continued treatment for many years without in-
terruption. However, in an effort to reduce crossovers 
in treatment assignment because of menopause symp-
toms, the randomized controlled trials of HRT were 
conducted in women who were no longer symptom-
atic. The women in these trials averaged in age from 
63 to 67 years, and many of them began taking the 
study hormones more than 10 years after onset of meno-
pause. The timing of HRT initiation in relation to the 
state of their vasculature might have been an additional 
source of discrepancy in the results of the observation-
al and randomized trials.7 In younger women, estro-

TABLE II. Estimated Absolute Excess Risks per 10,000 Person-Years* for Selected Outcomes in the Combined 
Trials of Menopausal Hormone Therapy of the Women’s Health Initiative among U.S. Women Followed from  
1993 to 2002 (Estrogen-Progestin Trial) and from 1993 to 2004 (Estrogen-Alone Trial)**

  Age, yr   Years Since Menopause

          Outcome 50–59 60–69 70–79 <10 10–19 ≥20

Coronary heart disease −2 −1 19a −6 4 17a

Total death −10 −4 16a −7 −1 14

Global indexb −4 15 43 5 20 23
 
** Estimated absolute excess risk per 10,000 person-years =[(annualized percentage in placebo group) × (hazard ratio in placebo 

group – 1)] × 1,000.

**Data are from Rossouw and colleagues.7

aP=0.03 compared with age 50–59 yr or <10 yr since menopause.
b The global index is a composite outcome of coronary heart disease, stroke, pulmonary embolism, breast cancer, colorectal cancer, 
endometrial cancer, hip fracture, and death. Manson JE, Bassuk SS. Invited commentary: hormone therapy and risk of coronary heart 
disease: why renew the focus on the early years of menopause? Am J Epidemiol 2007;166(5):511-7. Used by permission.
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gen might slow the development of atherosclerosis by 
improving lipid profile and vascular endothelial func-
tion, but in older women, it may trigger CHD events 
through prothrombotic and inflammatory mechanisms 
when advanced lesions are present.

Timing Hypothesis
A secondary analysis of the combined WHI groups 
examined the effect of HRT on CV risk by age or 
years since menopause. Stroke risk, although the abso-
lute numbers were small, was not influenced by years 
since menopause, drug regimen, or presence of vaso-
motor symptoms. A gradient of elevated CV risk was 
noted with increasing years since menopause (Table II) 
(RR=0.76, 1.1, and 1.28 for women who were <10, 
10–19, and ≥20 yr past menopause at study entry, re-
spectively; P trend=0.02).7 Although a subgroup anal-
ysis could not identify any group with reduced CHD 
risk, the total mortality rate was lower in women aged 
50 to 59 years who received HRT, compared with those 
who did not (total cases, 69 vs 95; HR=0.7).
 In a substudy of the WHI estrogen-only cohort, cor-
onary artery calcification was evaluated as a marker of 
total coronary plaque burden in 1,064 women aged 50 
to 59 years, after a mean of 7.4 years of follow-up.8 Mean 
coronary artery calcium scores were lower in women re-
ceiving unopposed estrogen, compared with those re-
ceiving placebo (mean score, 83.1 vs 123.1; P=0.02). 
When adjusted multivariate analysis was restricted to 
participants with >80% adherence to study treatment 

for at least 5 years, the distribution of coronary artery cal-
cium scores was significantly lower in the group receiv-
ing estrogen alone (P=0.002). These data on younger 
women enrolled in the WHI study provide reassurance 
that estrogen is unlikely to impart an adverse risk of cor-
onary events in postmenopausal women who are consid-
ering HRT for the relief of vasomotor symptoms.

Conclusions
Hormone therapy after menopause does not reduce 
the risk of CHD and should not be used for prima-
ry or secondary CHD prevention (Table III). Rates of 
stroke and venous thromboembolism are consistent-
ly increased in users of hormones after menopause. 
Screening for stroke risk factors is advised before initi-
ating hormones in all postmenopausal women. In ad-
dition, the use of postmenopausal hormones increases 
the risk of dementia. Breast cancer and CHD events 
are increased by estrogen plus progestin treatment in 
women with an intact uterus. For women with post-
menopausal vasomotor symptoms who are consider-
ing hormone treatment, the cardiovascular risk within 
the first 10 years after menopause is minimal. If HRT 
is used, it should be at the lowest effective dose for the 
least amount of time.
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