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ABSTRACT

BACKGROUND

Recent randomized clinical trials have suggested that estrogen plus progestin does not
confer cardiac protection and may increase the risk of coronary heart disease (CHD). In
this report, we provide the final results with regard to estrogen plus progestin and CHD
from the Women’s Health Initiative (WHI).

METHODS

The WHI included a randomized primary-prevention trial of estrogen plus progestin in
16,608 postmenopausal women who were 50 to 79 years of age at base line. Participants
were randomly assigned to receive conjugated equine estrogens (0.625 mg per day) plus
medroxyprogesterone acetate (2.5 mg per day) or placebo. The primary efficacy out-
come of the trial was CHD (nonfatal myocardial infarction or death due to CHD).

RESULTS

After a mean follow-up of 5.2 years (planned duration, 8.5 years), the data and safety
monitoring board recommended terminating the estrogen-plus-progestin trial because
the overall risks exceeded the benefits. Combined hormone therapy was associated with
a hazard ratio for CHD of 1.24 (nominal 95 percent confidence interval, 1.00 to 1.54;
95 percent confidence interval after adjustment for sequential monitoring, 0.97 to 1.60).
The elevation in risk was most apparent at one year (hazard ratio, 1.81 [95 percent con-
fidence interval, 1.09 to 3.01]). Although higher base-line levels of low-density lipopro-
tein cholesterol were associated with an excess risk of CHD among women who received
hormone therapy, higher base-line levels of C-reactive protein, other biomarkers, and
other clinical characteristics did not significantly modify the treatment-related risk
of CHD.

CONCLUSIONS

Estrogen plus progestin does not confer cardiac protection and may increase the risk of
CHD among generally healthy postmenopausal women, especially during the first year
after the initiation of hormone use. This treatment should not be prescribed for the
prevention of cardiovascular disease.
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UR UNDERSTANDING OF THE EFFECT

of postmenopausal hormone therapy on

the risk of coronary heart disease (CHD)
has recently undergone a major change. Although
previous observational studies had suggested that
postmenopausal hormone therapy was associated
with a reduction of 40 to 50 percent in the risk of
CHD, 1.2 recent randomized clinical trials have pro-
vided no evidence of cardiac protection and even
some evidence of harm with postmenopausal hor-
mone therapy.3-8 The primary findings of the Estro-
gen plus Progestin trial of the Women’s Health Ini-
tiative (WHI) suggested an overall increase in the
risk of CHD (hazard ratio, 1.29) among women ran-
domly assigned to combined hormone therapy as
compared with those assigned to placebo.8 The trial
was stopped early, after an average of 5.2 years of fol-
low-up, because it was found that the health risks
associated with estrogen plus progestin exceeded
the benefits.

Ithas been hypothesized that divergent findings
from observational studies and randomized clinical
trials may be at least partially attributable to differ-
ences in the clinical characteristics of the study pop-
ulations, including differences in age, years since
menopause, and underlying risk of CHD, as well
as methodologic limitations of observational stud-
ies.910 Moreover, certain biomarkers, including
base-line levels of lipoproteins, inflammatory mark-
ers, and thrombotic factors, may identify women for
whom postmenopausal hormone therapy confers a
higher or lower risk of coronary events.11-14

In this article, we present the final results of the
WHI trial of the relation between the use of estrogen
plus progestin and the risk of CHD. We provide an
updated analysis of coronary end points reached
through the termination of the trial on July 7, 2002
(previous analyses included end points reached
through April 2002). We use centrally adjudicated
end points for the primary coronary outcome of
nonfatal myocardial infarction or death due to
CHD (previous analyses were based on local adju-
dication) to enhance the uniformity of documenta-
tion of outcomes. We also provide results for addi-
tional coronary end points, including angina, acute
coronary syndromes, and congestive heart failure,
and provide detailed analyses of subgroups of wom-
en defined according to clinical characteristics and
biomarker levels to further elucidate the primary
findings.

METHODS

STUDY POPULATION, RECRUITMENT,
STUDY REGIMENS, AND FOLLOW-UP

Detailed information about the study population,
recruitment methods, study regimens, randomiza-
tion, blinding, follow-up, data and safety monitor-
ing, and quality assurance has been published pre-
viously.:15 Briefly, eligible women were 50 to 79
years of age at the time of initial screening, were
postmenopausal, and were likely to be residing in
the same geographic area for at least three years.

Postmenopausal women with an intact uterus
at screening were eligible for the trial of combined
estrogen and progestin; women who had under-
gone hysterectomy were eligible for the trial of es-
trogen alone. The protocol and consent forms were
approved by the institutional review boards of the
participating institutions, and written informed con-
sentwas obtained from all participants. The sample
analyzed here consists of the 16,608 women with
an intact uterus at base line who were enrolled in the
double-blind trial comparing estrogen plus proges-
tin with placebo. The study regimen of combined
estrogen and progestin was provided in one daily
tablet containing 0.625 mg of oral conjugated
equine estrogen and 2.5 mg of medroxyprogester-
one acetate (Prempro, Wyeth). The control group
received matching placebo.

ASCERTAINMENT OF OUTCOMES

CHD was defined as acute myocardial infarction
necessitating overnight hospitalization, death due
to CHD, or silent myocardial infarction identified
on serial electrocardiography.1¢ The diagnosis of
acute myocardial infarction was documented by a
review of the medical records according to an al-
gorithm that was adapted from standardized cri-
teria,®17 including cardiac pain, cardiac enzyme and
troponin levels, and electrocardiographic readings.
Death due to CHD was defined as death consistent
with an underlying cause of CHD plus one or more
of the following factors: hospitalization for myo-
cardial infarction within 28 days before death, pre-
vious angina or myocardial infarction, death due to
a procedure related to CHD, or a death certificate
consistentwith an underlying cause of CHD. Silent
myocardial infarction® was diagnosed through the
comparison of base-line and follow-up electrocar-
diograms at three and six years. Additional coro-
nary end points included coronary revasculariza-
tion (coronary-artery bypass grafting [CABG] or
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percutaneous transluminal coronary angioplasty
[PTCA]) confirmed by a review of the medical rec-
ords, angina necessitating hospitalization (hospi-
tal admission for chest pain or other symptoms de-
termined to be due to angina), confirmed angina
(hospitalization for angina, with myocardial ische-
mia confirmed by stress testing or obstructive coro-
nary disease [luminal narrowing of >70 percent]
confirmed by coronary angiography), acute coro-
nary syndromes (hospitalization for angina, Q-wave
infarction, or non—Q-wave infarction), and conges-
tive heart failure (necessitating hospitalization, with
a physician’s diagnosis of congestive heart failure
and pertinent abnormalities on diagnostic testing
corroborated by a review of the medical records).
Acute myocardial infarctions and deaths due to CHD
were confirmed by central physician-adjudicators
and other coronary end points by local adjudicators,
all of whom were unaware of the treatment-group
assignments. The rate of concordance between the
local and central reviews was 90 percent for myo-
cardial infarction and 97 percent for death due to
atherosclerotic CHD.

ANALYSES OF BIOMARKERS
Blood was drawn at base line after a fast lasting a
minimum of 10 hours. Serum and plasma samples
were shipped to a central repository and stored at
—70°C.18 In a random sample of 8.6 percent of par-
ticipants (oversampled for women from minority
groups), the lipid profile was obtained and glucose
and insulin were measured at base line, year 1, and
year 3. The assay methods have been described pre-
viously.18

A nested case—control study of biomarkers, treat-
ment-group assignment, and risk of CHD was also
conducted. A total of 205 cases of myocardial infarc-
tion or death due to CHD occurring between ran-
domization and February 28, 2001, were included.
Controls were selected from the hormone-therapy
trial and were matched to the cases according to age,
date of randomization, presence or absence of CHD
at base line, hysterectomy status, and follow-up
time. Additional controls selected for cases of stroke
or venous thrombosis were also included; the total
number of controls was 513. Methods of testing for
the inflammatory and thrombotic markers have
been described previously.1® Data analysis was per-
formed with the use of logistic regression.

STATISTICAL ANALYSIS
Primary analyses used time-to-event methods based
on the intention-to-treat principle. For coronary

outcomes, the time to the event was defined as the
number of days between randomization and the first
diagnosis after randomization. Comparisons with
regard to the primary outcome are presented as haz-
ard ratios with 95 percent confidence intervals that
were calculated from Cox proportional-hazards
analyses, 9 stratified according to age, presence or
absence of CHD at base line, and randomization
status in the low-fat—diet trial (as in the original
report8), and adjusted for the presence or absence
of previous CABG or PTCA. Because CHD was the
primary outcome of the hormone trial and was an
important consideration for stopping the trial ear-
ly® (the trial was terminated after the 10th semian-
nual interim analysis), both nominal 95 percent
confidence intervals and 95 percent confidence in-
tervals adjusted for sequential monitoring are pro-
vided for the primary coronary end point. For other
coronary end points, both nominal confidence in-
tervals and confidence intervals adjusted for multi-
ple (seven) trial outcomes are presented. Secondary
analyses included women who adhered fully to the
study medication.

Cox models for subgroup analyses were strati-
fied according to age and the presence or absence of
CHD at base line, and the consistency of treatment
effects among subgroups was assessed by formal
tests of interaction. Because of the large number
of subgroups considered (at least 36), the results
should be interpreted with caution, since some sig-
nificant findings (atleast one or two, based ona 0.05
nominal level of statistical significance) could have
occurred by chance alone. All reported P values are
two-sided.

RESULTS

BASE-LINE CHARACTERISTICS

As described in the original report,8 the base-line
characteristics were nearly identical in the two treat-
ment groups. The only base-line variable that dif-
fered significantly between the groups was a history
of coronary revascularization (presentin 1.1 percent
of the women in the hormone group and 1.5 percent
of those in the placebo group, P=0.04), so this var-
iable was included as a covariate in the Cox models.
A total of 8506 women were randomly assigned to
estrogen plus progestin, and 8102 were assigned to
placebo. The mean (£SD) age was 63.3+7.1 years;
16 percent of the women were members of minor-
ity groups; and one quarter of the women had pre-
viously used postmenopausal hormone therapy.
Approximately 2.4 percent of the women reported
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previous CHD (myocardial infarction, a coronary re-
vascularization procedure, or both) and 4.4 percent
reported previous CHD, stroke, or transient cerebral
ischemia. Thus, the prevalence of previous cardio-
vascular disease was low, and women with such a
history were analyzed separately in secondary analy-
ses. The base-line levels of cardiovascular risk fac-
tors (36 percent of the women had hypertension,
13 percent were being treated for hypercholesterol-
emia, 4.4 percent were being treated for diabetes,
and 10.5 percent were current smokers) were con-
sistent with those in a generally healthy population
of postmenopausal women.

FOLLOW-UP AND ADHERENCE

Vital status was known for 16,067 women who un-
derwent randomization (96.7 percent), including
485 (2.9 percent) who were known to be deceased.
Information on outcomes was up to date for 15,582
women (93.8 percent); for the 541 women (3.3 per-
cent) who were lost to follow-up or who stopped
providing information on outcomes before the tri-
al ended, we include all available information. The
present report updates information on outcomes

through July 7, 2002 (after an average of 5.6 years of
follow-up [as compared with 5.2 years in the earlier
report®] and a maximum of 8.6 years). As previously
reported,8 42 percent of women randomly assigned
to estrogen plus progestin and 38 percent of women
randomly assigned to placebo stopped taking the
study drugs during follow-up — rates that compare
favorably with community-based adherence to hor-
mone therapy.2° The cumulative “drop-in” rate —
the rate of hormone use initiated by the woman’s
clinician — was 6.2 percent in the estrogen-plus-
progestin group and 10.7 percent in the placebo
group by year 6.

INTERMEDIATE BIOMARKERS AND RISK FACTORS
FOR CHD

The results of assessments of CHD biomarkers, in-
cluding fasting blood lipid, glucose, and insulin lev-
els, in an 8.6 percent subsample of women at base
line and at year 1 are shown in Figure 1. Women
randomly assigned to estrogen plus progestin had
greater reductions in the total cholesterol, low-den-
sity lipoprotein (LDL) cholesterol, glucose, and in-
sulin levels and greater increases in the high-density

Total cholesterol =5
LDL cholesterol =122/ I
HDL cholesterol —|L
Triglycerides I 613
Insulin =4 I
s . 0.9
ystolic blood pressure
q q -0.1
Diastolic blood pressure -
Weight _0'4{
Waist circumference _0'9-E
Waist-to-hip ratio =02 {
I T T T T T T T T T T T T T T T T T T T T T T T T 1
-5 -14 13 -12 -11 -10 9 -8 -7 6 -5 -4 -3 -2 -101 23 456 7 89 10 11

Mean Percent Change from Base Line in the Estrogen-plus-Progestin Group
minus Mean Percent Change in the Placebo Group

Figure 1. Differences between the Mean Percent Changes from Base Line to Year 1 in Several Intermediate Outcomes in the Estrogen-
plus-Progestin Group as Compared with the Placebo Group.

Horizontal lines represent the 95 percent confidence intervals. The differences between the groups were significant (P<0.05) for total choles-
terol, low-density lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL) cholesterol, triglycerides, glucose, systolic blood pressure,
weight, and waist circumference.
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lipoprotein (HDL) cholesterol and triglyceride lev-
els than women in the placebo group. Systolic blood
pressure at year 1 was 1 mm Hg higher among
women receiving hormones than among those re-
ceiving placebo (remaining 1 to 2 mm Hg higher
during follow-up), although diastolic blood pres-
sure did not differ materially between groups. Body
weight and waist circumference at follow-up were
slightly lower among women in the hormone group
than among those in the placebo group, although
the ratio of the waist circumference to the hip cir-
cumference did not differ appreciably (Fig. 1). Re-
sults at year 3 (data not shown) were nearly identi-
cal to those atyear 1.

CLINICAL CORONARY OUTCOMES

Table 1 shows the rates of CHD (nonfatal myocar-
dial infarction, including silent myocardial infarc-
tion, and death due to CHD), coronary revascular-

ization, angina, and congestive heart failure. In
adjusted analyses, women randomly assigned to
estrogen plus progestin had a risk of CHD that was
24 percent higher than thatamong women random-
ly assigned to placebo (hazard ratio, 1.24 [nominal
95 percent confidence interval, 1.00 to 1.54; 95 per-
cent confidence interval with adjustment for se-
quential monitoring, 0.97 to 1.60]). The hazard ra-
tios were 1.28 for nonfatal myocardial infarction
and 1.10 for death due to CHD (total cases of CHD,
335, as compared with 286 in the earlier report8).
Absolute rates of CHD were 39 cases per 10,000
person-years and 33 cases per 10,000 person-years
for hormone therapy and placebo, respectively. No
significant differences were observed with regard to
coronary revascularization, hospitalization for an-
gina, confirmed angina, acute coronary syndrome,
or congestive heart failure.

Additional analyses were conducted to examine

Assigned to Placebo.*

Table 1. Coronary Outcomes among Women Randomly Assigned to Estrogen plus Progestin, as Compared with Those

Estrogen-plus-
Progestin Group
Variable (N=8506)

Mean follow-up time (mo) 67.8

CHD 188 (0.39)
Nonfatal Ml
Including silent MI 151 (0.31)
Excluding silent M| 147 (0.31)
Death due to CHD 9 (0.08)
CHD, revascularization, or angina 369 (0.77)
CABG or PTCA 214 (0.45)
Hospitalization for angina 172 (0.36)
Confirmed angina 106 (0.22)
Acute coronary syndrome 322 (0.67)
Congestive heart failure 113 (0.23)

no. of cases (annualized percentage)

Placebo

Group Adjusted Nominal Adjusted
N=8102 Hazard Ratio 5% Cl 5% Cl
(N=8102) d Rati 95% C 95% C

66.8

147 (0.33) 1.24 1.00-1.54 0.97-1.60
114 (0.25) 1.28 1.00-1.63 0.96-1.70
109 (0.24) 1.30 1.01-1.67 0.97-1.74

34 (0.08) 1.10 0.70-1.75 0.65-1.89
356 (0.79) 1.00 0.86-1.15 0.82-1.22
205 (0.45) 1.01 0.83-1.22 0.77-1.31
195 (0.43) 0.86 0.70-1.05 0.65-1.13
126 (0.28) 0.82 0.63-1.06 0.57-1.17
299 (0.66) 1.03 0.88-1.21 0.83-1.28
109 (0.24) 0.99 0.76-1.29 0.69-1.42

* CHD includes acute myocardial infarction (MI) necessitating hospitalization, silent myocardial infarction as determined
by serial electrocardiography, and death due to CHD. Hazard ratios and nominal 95 percent confidence intervals (Cls)
are stratified according to age, presence or absence of a previous coronary event, and randomly assigned diet-modifica-
tion group and are adjusted for the presence or absence of previous coronary-artery bypass grafting (CABG) or percuta-
neous transluminal coronary angioplasty (PTCA). The adjusted 95 percent confidence interval includes control for the
above variables and further control for sequential monitoring (for the primary coronary end points) and for multiple (sev-
en) trial outcomes (for the secondary coronary end points). Confirmed angina includes hospitalization for angina with
myocardial ischemia confirmed by stress testing or obstructive coronary disease (luminal narrowing of >70 percent)
confirmed by coronary angiography. Acute coronary syndromes include Q-wave myocardial infarction, non-Q-wave my-
ocardial infarction, and hospitalization for angina. The numbers of events do not add up to the totals for the categories

because some women had more than one event.
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the sensitivity of these results to the actual use of
study medications. Because a substantial propor-
tion of women stopped taking study pills during fol-
low-up, analyses were performed that censored the
data on a woman’s history of coronary events six
months after she stopped taking the pills (or began
taking less than 80 percent of them) or six months
after she began nonstudy hormone therapy. These
analyses produced higher estimates of the excess
risk with estrogen plus progestin. For CHD, the ad-
justed hazard ratio was 1.50 (95 percent confidence
interval, 1.14 to 1.97), and for CHD, revasculariza-
tion, or angina, the hazard ratio was 1.09 (95 per-
cent confidence interval, 0.90 to 1.31). If discon-
tinuation of treatment and initiation of nonstudy
hormone therapy occurred independently of the risk
of CHD, it would suggest that the intention-to-treat
analyses may underestimate the effect. Such “ad-
herence-based” analyses, however, have limitations
and should be interpreted with caution.

0.04+

0.034

0.02+

0.014

Cumulative Hazard Rate of CHD

Estrogen plus progestin

Placebo

0.00+ T T T T T T 1
0 1 2 3 4 5 6 7
Years of Follow-up
No. at Risk
Estrogen plus 8506 8375 8281 8196 7971 5794 3062 1339
progestin
Placebo 8102 8007 7920 7835 7636 5481 2725 988

Figure 2. Kaplan-Meier Estimates of Cumulative Hazard Rates of CHD.
CHD included nonfatal myocardial infarction and death due to CHD. The
overall hazard ratio for CHD was 1.24 (nominal 95 percent confidence inter-
val, 1.00 to 1.54; 95 percent confidence interval with adjustment for sequen-
tial monitoring, 0.97 to 1.60).
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TEMPORAL TRENDS

The cumulative hazard rates of CHD (nonfatal my-
ocardial infarction or death due to CHD) in the two
treatment groups are provided in Figure 2. An ele-
vated risk of CHD with estrogen plus progestin
appeared to emerge soon after randomization, and
the cumulative rates did not begin to converge until
year 6.

Hazard ratios for CHD for one-year intervals of
follow-up are presented in Table 2. A substantial
elevation in the risk of CHD with estrogen plus
progestin occurred in year 1 (hazard ratio, 1.81 [95
percent confidence interval, 1.09 to 3.01]), and a
smaller and nonsignificant excess risk occurred in
years 2 through 5. In year 6 and beyond, the in-
creased rates in the placebo group resulted in an ap-
parentrisk reduction. The trend toward a decreasing
relative risk over time was statistically significant.
For CHD, revascularization, or angina, the hazard
ratio was 1.48 (95 percent confidence interval, 1.03
to 2.11) at one year, but no elevation in the risk was
apparent in subsequent years.

SUBGROUP ANALYSES

To determine whether certain subgroups of women
were at particularly high or low risk for CHD (non-
fatal myocardial infarction or death due to CHD)
with estrogen plus progestin, we examined several
demographic and clinical characteristics. In addi-
tion, base-line levels of several lipid, inflammatory,
and thrombotic biomarkers were assessed as po-
tential modulators of risk. Overall, no subgroup of
women except those with higher base-line LDL cho-
lesterol levels had evidence of a pattern of hazard ra-
tios for CHD with postmenopausal hormone ther-
apy thatwas different from the pattern found among
all women. Subgroup analyses were planned a prio-
ri; the results of analyses of variables whose influ-
ence has greater biologic plausibility are shown in
Figures 3 and 4, and the remainder are summarized
in Table 3 or below.

Results of evaluations of the roles of age and the
time since menopause in modulating the risk of
treatment are shown in Figure 3. No significant in-
teraction between age and treatmentwas observed.
For women in whom menopause had begun less
than 10 years previously, 10 to 19 years previously,
and 20 or more years previously, the hazard ratios
for CHD associated with postmenopausal hormone
therapy were 0.89, 1.22, and 1.71, respectively, but
the interaction was nonsignificant. Moreover, the
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presence or absence of vasomotor symptoms (hot
flashes, night sweats, or both) was not significantly
related to the risk of CHD associated with post-
menopausal hormone therapy, either among wom-
en 50 to 59 years of age (Fig. 3) or in the total cohort
(hazard ratios, 1.26 and 1.25, respectively). Previous
use of hormone therapy did not appreciably or con-
sistently modify risk, regardless of the duration or
temporal proximity of this use. Body-mass index
(the weightin kilograms divided by the square of the
height in meters) and other anthropometric meas-
ures (the waist circumference and the waist-to-hip
ratio) did not clearly modulate the risk associated
with postmenopausal hormone therapy, nor did the
use of aspirin (>80 mg per day) or statin therapy
(Fig. 3).

The hazard ratios for CHD with estrogen plus
progestin did not differ substantially according to
ethnic group, level of education, or CHD-risk-fac-
tor status (Table 3) or according to the past use or
nonuse of oral contraceptives or levels of physical
activity (data not shown). Women who were current
smokers or who had a history of hypertension or
diabetes, a higher number of risk factors for CHD,
or preexisting CHD or other cardiovascular disease
did not have a significantly greater excess risk of
subsequent coronary events with postmenopausal
hormone therapy than did women without these
risk factors (Table 3).

Women with higher base-line LDL cholesterol
levels appeared to have a greater excess risk of CHD
with hormone therapy (P for interaction=0.01, after
adjustment for age, year of randomization, previous
CHD, and use of statins at base line) (Fig. 4), but
this finding may have been due to chance, given the
large number of comparisons tested. No other sub-
group defined according to biomarker levels, in-
cluding the C-reactive protein level, had a risk of
CHD with postmenopausal hormone therapy that
differed significantly from the risk among all wom-
en (Fig. 4).

DISCUSSION

Our findings in predominantly healthy postmeno-
pausal women 50 to 79 years of age document that
combined estrogen and progestin does not confer
cardiac protection and may slightly increase the risk
of coronary events. These findings extend the infor-
mation that has been published previously?® by in-
cluding updated and centrally adjudicated primary

N ENGL J MED 349;6 WWW.NEJM.ORG

coronary end points, providing results for addition-
al coronary outcomes, and examining risk in sub-
groups of women. The apparent slight increase in
risk occurred predominantly for myocardial infarc-
tion, with no material increase in the risk of coro-
nary revascularization, angina, or congestive heart
failure.

Although the trend toward a decreasing risk of
CHD over time with estrogen plus progestin was
statistically significant, these results must be inter-
preted with caution. Hazard ratios for CHD were
above 1.0 through year 5 among women assigned
to postmenopausal hormone therapy, with particu-
larly elevated rates in year 1. Results in subsequent
years were limited by smaller numbers and lower
rates of adherence to study medication and were
confined to women who were still at risk for a first
coronary event. Thus, results in later years could
be artifactually lowered by an acceleration of events
in earlier years among susceptible women assigned
to postmenopausal hormone therapy. In addition,
an increase in the rates of events in the placebo

Table 2. Estrogen plus Progestin and the Risk of CHD, According to Year
of Follow-up.*
Year of Hazard Ratio for CHD
Follow-up CHD (95% ClI)
Estrogen-
plus-
Progestin  Placebo
Group Group
no. of cases (annualized percentage)
1 42 (0.50) 23 (0.29) 1.81 (1.09-3.01)
2 38 (0.45) 28 (0.35) 1.34 (0.82-2.18)
3 19 (0.23) 15 (0.19) 1.27 (0.64-2.50)
4 32(0.39) 25 (0.32) 1.25 (0.74-2.12)
5 29 (0.41) 19 (0.28) 1.45 (0.81-2.59)
=6 28 (0.37) 37 (0.56) 0.70 (0.42-1.14)

* CHD includes acute myocardial infarction (M) necessitating hospitalization,
silent myocardial infarction as determined by serial electrocardiography, and
death due to CHD. There were nine silent myocardial infarctions (four in the

estrogen-plus-progestin group and five in the placebo group). Hazard ratios
are stratified according to age, presence or absence of a previous coronary
event, and randomly assigned diet-modification group and are adjusted for

previous coronary-artery bypass grafting or percutaneous transluminal coro-

nary angioplasty. The z score for trend was -2.36 (P=0.02); the test for trend
was based on Cox proportional-hazards models with time-dependent treat-

ment effects. The 95 percent confidence intervals (Cls) are nominal.
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Hazard Ratio for CHD
0.5 1.0 1i5 2i0 2i5 3i0 35 4.0 4.5

Estrogen-plus- Placebo P value for
Subgroup Progestin Group Group Interaction
No. of cases of CHD 0.0
(annualized percentage) L
Age 0.36
50-59 yr 37 (0.22) 27 (0.17)
6069 yr 75 (0.35) 68 (0.34)
70-79 yr 76 (0.78) 52 (0.55)
Years since menopause 0.33
<10 31 (0.19) 34 (0.22)
10-19 63 (0.38) 51 (0.32)
220 74 (0.75) 44 (0.46)
Hot flashes (in women 0.16
50-59 yr of age)
Yes 17 (0.20) 17 (0.21)
No 20 (0.24) 9 (0.12)
Hot flashes, night sweats, or both 0.61
(in women 50-59 yr of age)
Yes 21 (0.22) 17 (0.19)
No 15 (0.21) 9 (0.14)
Body-mass index 0.60
<25.0 53 (0.36) 37 (0.27)
25.0-29.9 64 (0.38) 53 (0.33)
>30.0 71 (0.44) 57 (0.38)
Aspirin use (=80 mg/day) 0.71
Yes 48 (0.53) 41 (0.46)
No 140 (0.36) 106 (0.29)
Statin use 0.44
Yes 24 (0.78) 23 (0.80)
No 164 (0.36) 124 (0.29)

I

I

I

I

I

|
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Figure 3. Estrogen plus Progestin and the Risk of CHD in Various Subgroups.

CHD includes nonfatal myocardial infarction and death due to CHD. Hazard ratios are adjusted for age (except for those associated with age
and years since menopause) and the presence or absence of CHD at base line. Horizontal bars represent nominal 95 percent confidence in-
tervals. The red dotted vertical line represents the hazard ratio for CHD in the overall cohort. Because of missing data on some variables, the
numbers of cases do not always add up to the total number of cases in the treatment group.
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group contributed to the apparently lower haz-
ard ratio in year 6 and beyond. Moreover, the in-
creased risk of breast cancer with a longer duration
of treatment? and the adverse overall benefit-to-risk
profile would outweigh any coronary benefit that
might be seen with longer follow-up.

No subgroup of women except those with higher
base-line LDL cholesterol levels had evidence of a
risk of CHD with estrogen plus progestin that dif-
fered significantly from that observed for all wom-
en, and the findings related to LDL cholesterol may
have been due to chance. Age, time since meno-
pause, body-mass index, presence or absence of

N ENGL J MED 349;6 WWW.NEJM.ORG

vasomotor symptoms at base line, coronary-risk-
factor status, and other variables were not signifi-
cantly related to the risk of CHD with hormone
therapy. Base-line levels of C-reactive protein, fibrin-
ogen, and other biomarkers also did not appear to
modulate the risk. None of these variables should
be used at this time for risk stratification or for the
identification of women who may be more or less
vulnerable to an adverse coronary outcome when
given hormone therapy.

The absence of the provision of cardiac protec-
tion by estrogen plus progestin in our study is con-
sistent with recent findings from randomized tri-
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Biomarker

Total cholesterol
<208 mg/dI
208-242 mg/d|
>242 mg/dl

LDL cholesterol
<126 mg/dI
126-155 mg/dl
>155 mg/d|

HDL cholesterol
<47 mg/dl
47-58 mg/dl
>58 mg/dl

Triglycerides
<109 mg/dI
109-168 mg/d|
>168 mg/d|

Lp(a) lipoprotein
<12 mg/dl
12-31 mg/dl
>31 mg/dl

Fibrinogen
<269 mg/dl
269-345 mg/d|
>345 mg/d|

Factor VIII:C
<83%
83-125%
>125%

C-reactive protein
<1.28 mg/liter
1.28-3.57 mg/liter
>3.57 mg/liter

Estrogen-plus- Placebo P Value for Odds Ratio for CHD
Progestin Group Group Interaction 00 05 1 15 20 25 30 35 40 45
No. of cases of CHD :
0.07 i
22 25 076, 1+ |
49 25 4128
51 32 i + 203
0.01 i
24 21 086, | |
41 23 | o143
5 34 L, L68
0.20 i
60 40 i o186
36 21 L4150
25 20 o88, | .
0.93 i
28 17 o 124
46 31 L 163
48 34 —1 36
i
i
0.44 i
40 22 L * 1.87
- . [ 4154
37 35 093,1 |
0.98 !
34 24 S P B
40 28 i 27
47 29 S P
0.51 i
28 20 D96 [
39 21 L 184
54 40 1y 1:40
0.35 i
25 16 Ly 144
- 2% 3 1.56
45 37 — 108
Figure 4. Estrogen plus Progestin and the Risk of CHD According to Levels of Biomarkers at Base Line.
In the nested case—control study, the women were divided into three groups of approximately equal size on the basis of their values for each
variable. Log-transformed biomarker values were used, with a likelihood-ratio statistic with two degrees of freedom. Odds ratios (with the pla-
cebo group within each subgroup used as the reference group) are adjusted for age, year of randomization, and presence or absence of CHD
at base line; in addition, odds ratios associated with lipid variables are adjusted for the use or nonuse of statin therapy. Horizontal lines rep-
resent the nominal 95 percent confidence intervals. The red dotted vertical line represents the overall odds ratio for CHD among women in
the biomarker substudy. Differences between groups in total cholesterol and lipid subfractions, factor VIII:C, and C-reactive protein were sta-
tistically significant predictors (P<0.05) of the risk of CHD in the cohort. To convert values for cholesterol to millimoles per liter, multiply by
0.02586; to convert values for triglycerides to millimoles per liter, multiply by 0.01129. LDL denotes low-density lipoprotein, and HDL high-

density lipoprotein.
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Table 3. Estrogen plus Progestin and the Risk of CHD in Various Subgroups.*

Variable

Race or ethnic group
Non-Hispanic white
Non-Hispanic black
Hispanic

Level of education
<High school or GED
>High school

Cigarette smoking
Never smoked or
former smoker
Current smoker

Hypertension
No
Yes

Diabetes
No

Yes, medication-treated 27 (1.33)

Yes (all cases)

No. of risk factors for CHD

None
1-2
EX]

Presence of cardiovascular
disease at base line

No
Yes

Presence of CHD at base
line
No
Yes

CHD

Estrogen-
plus-
Progestin
Group

Placebo
Group

no. of cases
(annualized percentage)

165 (0.41)
13 (0.42)
6 (0.24)

124 (0.33)
10 (0.32)
4(0.18)

63 (0.51)
124 (0.35)

50 (0.42)
96 (0.29)

153 (0.36) 116 (0.29)

31(0.63) 25 (0.53)

81 (0.26)
107 (0.65)

155 (0.34) 123 (0.29)
22 (1.15)

32 (1.20) 24 (0.96)

20 (0.15) 17 (0.12)
62 (0.43) 38 (0.27)
59 (1.24) 52 (1.12)

156 (0.34)
29 (1.64)

118 (0.28)
24 (1.19)

163 (0.35)
22 (2.18)

124 (0.29)
18 (1.65)

Adjusted

Hazard Ratio for Inter-

(95% CI)

1.28 (1.02-1.62)
1.22 (0.53-2.81)
1.33 (0.37-4.75)

1.26 (0.87-1.83)
1.22 (0.94-1.60)

1.27 (1.00-1.62)

1.10 (0.64-1.87)

1.14 (0.82-1.58)
1.32 (0.99-1.76)

1.20 (0.94-1.52)
1.31 (0.73-2.34)
1.45 (0.84-2.51)

1.19 (0.62-2.28)
1.59 (1.06-2.37)
1.15 (0.79-1.68)

1.23 (0.97-1.56)
1.45 (0.84-2.49)

1.23 (0.97-1.55)
1.44 (0.77-2.70)

P Value

action

0.41

0.86

0.64

0.49

0.51

0.96

0.64

0.66

* CHD includes nonfatal myocardial infarction and death due to CHD. Hazard
ratios (with nominal 95 percent confidence intervals [Cls]) are adjusted for age
and the presence of CHD at base line. P values are for the interaction between

the subgroup variable and treatment. Hypertension was defined as treated hy-

pertension or a measured blood pressure of 140/90 mm Hg or higher. Risk
factors for CHD included current cigarette smoking, hypertension, diabetes,
high cholesterol levels, and a parental history of myocardial infarction (at <55
years of age in the father or <65 years of age in the mother). The presence of
cardiovascular disease at base line was defined as a history of myocardial in-
farction, coronary-artery bypass grafting (CABG), percutaneous transluminal

coronary angioplasty (PTCA), stroke, or transient cerebral ischemia. The pres-

ence of CHD at base line was defined as a history of myocardial infarction,
CABG, or PTCA. Because of missing data on some variables, the numbers of
cases do not always add up to the total number of cases in the treatment
group. GED denotes general equivalency diploma.
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als of postmenopausal hormone therapy in women
with CHD. In the Heart Estrogen/Progestin Replace-
ment Study (HERS), estrogen plus progestin had no
overall effect on the risk of recurrent coronary events
after 4.13 and 6.821 years of follow-up, although the
finding of an increased risk after the initiation of
treatment was similar to findings in our study. In
two angiographic trials,+° neither estrogen plus
progestin nor estrogen alone was associated with
inhibition of the progression of coronary athero-
sclerosis. The Papworth trial,> which tested trans-
dermal 178-estradiol with or without norethin-
drone, and a trial of estradiol valerate (without
progestin) in women with a history of myocardial
infarction22 also demonstrated no cardioprotection
with postmenopausal hormone therapy. Moreover,
the Women’s Estrogen for Stroke Trial, which test-
ed oral 17B-estradiol (without progestin), found no
overall effect of estrogen on the risk of recurrent
stroke and an increase in the risk of fatal stroke.?3
Thus, although most of these trials tested the hor-
mone regimen we studied (oral conjugated equine
estrogen and medroxyprogesterone acetate), the tri-
als testing transdermal or oral 1783-estradiol or es-
tradiol valerate had similar results.

Previous randomized trials have elucidated sev-
eral favorable and unfavorable effects of exogenous
hormone therapy on intermediate biomarkers. Es-
trogen therapy reduces plasma levels of LDL choles-
terol and increases levels of HDL cholesterol, im-
proves endothelial vascular function, and reduces
the levels of fibrinogen, Lp(a) lipoprotein, plasmin-
ogen-activator inhibitor type 1, and insulin.11,12,24,25
However, estrogen also has adverse physiological
effects, including increasing the plasma levels of tri-
glycerides; small, dense LDL particles; C-reactive
protein; and thrombotic markers such as factor VII,
prothrombin fragment 1+2, and fibrinopeptide
A.11,12,26,27 The addition of a progestin attenuates
some of the lipid benefits of estrogen, particularly
the increase in HDL cholesterol, but does not seem
to counter the prothrombotic effects.12.24

Whether or not certain clinical characteristics of
the study population or base-line levels of selected
biomarkers predict the coronary effects of post-
menopausal hormone therapy is an important area
of inquiry. Previous trials have identified few factors
that modulate risk. In the HERS trial, despite exten-
sive subgroup analyses, results were found to be
generally similar regardless of age and coronary-
risk-factor status.3.21,28 Hormone therapy appeared
to have a less adverse coronary effect on women who
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were taking statins than on those who were not, but
the differences were not significant.2* Although the
findings are of interest in view of antiinflammatory
and C-reactive-protein—lowering effects of statins,2°
the available data do not support the use of such
agents to attenuate the risk of CHD associated with
postmenopausal hormone therapy unless and until
clinical trials demonstrate such a benefit. Finally,
the results of HERS suggested a possible reduction
in the risk of CHD with hormone therapy among
women with elevated base-line Lp(a) lipoprotein
levels13; we did not observe clear evidence of cardiac
protection by postmenopausal hormone therapy in
this subgroup.

Some limitations of our trial deserve consider-
ation. The WHI tested only a single regimen of es-
trogen plus progestin. Thus, our results do not nec-
essarily apply to other formulations, doses, or routes
of administration of these hormones, and the trial
could not distinguish the effects of estrogen from
those of progestin. However, randomized trials of
oral or transdermal estrogen alone, to date, have had
results similar to those of the WHI with regard to
CHD.#¢:22 Another limitation is the relatively high
rate of discontinuation of hormone therapy in the
trial, which tends to decrease the observed treatment
effects and may lead to an underestimate of adverse
cardiovascular effects. Finally, because of the small
size of many of the subgroups examined (which lim-
its the statistical power to detect interactions) and
the number of comparisons made (approximately
36 tests for interaction), the findings should be in-
terpreted with caution.

In conclusion, our trial documents that estrogen

plus progestin does not have a beneficial effect on
the risk of CHD among healthy postmenopausal
women. Overall, the risks of treatment outweighed
the benefits during 5.6 years of treatment. In view of
the combined excess risk of CHD, stroke, venous
thromboembolism, and breast cancer, which was
not offset by the reduced risk of hip fracture and
colorectal cancer,? this treatment is not a viable in-
tervention for primary prevention. Estrogen-plus-
progestin therapy should not be initiated or con-
tinued for the prevention of cardiovascular disease.
These conclusions are consistent with those of re-
cently published guidelines.3°-32 The trial did not
address the role of estrogen plus progestin for the
short-term treatment of menopausal symptoms,
which remains the only clear indication for the use
of this regimen.19:31 Information provided in this
report about subgroups of women are exploratory
and provide direction for future inquiry. In the in-
terim, women with indications for treatment, such
as menopausal symptoms, need to consider with
their clinicians the suggestion of a slight overall in-
crease in the risk of CHD and information on the
risks of other outcomes in making decisions about

the use of estrogen-plus-progestin therapy.
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