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Background: In recent randomized trials, conjugated
equine estrogens (CEE) with continuous medroxypro-
gesterone acetate provided no protection against coro-
nary heart disease in postmenopausal women and may
have increased cardiac risk. These trials did not address
the role of unopposed estrogen for coronary protection.

Methods: A total of 10 739 women aged 50 to 79 years
at baseline (mean age, 63.6 years) who had previously un-
dergone hysterectomy were randomized to receive CEE,
0.625 mg/d, or placebo at 40 US clinical centers begin-
ning in 1993. The trial was terminated early after 6.8 years
of follow-up (planned duration, 8.5 years). This report in-
cludes final, centrally adjudicated results for the primary
efficacy outcome (myocardial infarction or coronary death),
secondary coronary outcomes, and subgroup analyses.

Results: During the active intervention period, 201 coro-
nary events were confirmed among women assigned to
receive CEE compared with 217 events among women

assigned to receive placebo (hazard ratio, 0.95; nominal
95% confidence interval, 0.79-1.16). Among women aged
50 to 59 years at baseline, the hazard ratio for the pri-
mary outcome was 0.63 (nominal 95% confidence inter-
val, 0.36-1.08). In that age group, coronary revascular-
ization was less frequent among women assigned to receive
CEE (hazard ratio, 0.55; nominal 95% confidence inter-
val, 0.35-0.86), as were several composite outcomes,
which included the primary outcome and coronary re-
vascularization (hazard ratio, 0.66; nominal 95% confi-
dence interval, 0.44-0.97).

Conclusions: Conjugated equine estrogens provided no
overall protection against myocardial infarction or coro-
nary death in generally healthy postmenopausal women
during a 7-year period of use. There was a suggestion of
lower coronary heart disease risk with CEE among women
50 to 59 years of age at baseline.
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HE WOMEN’S HEALTH INI-

tiative includes 2 random-

ized, placebo-controlled

hormone trials, the estro-

gen plus progestin trial in
women with intact uteri and the estrogen-
alone trial in women who had undergone
prior hysterectomy." These trials, which
were designed to be analyzed separately,
both tested the hypothesis that postmeno-
pausal hormone therapy prevents coro-
nary heart disease (CHD) and assessed the
overall balance of risks and benefits. In the
estrogen plus progestin trial, conjugated
equine estrogens (CEE) with daily me-
droxyprogesterone acetate appeared to
augment coronary risk.>?

The estrogen-alone trial was stopped in
March 2003, earlier than planned; pre-
liminary results were reported shortly
thereafter.* This analysis reports final re-
sults for the primary efficacy outcome of
the estrogen-alone trial, which random-

ized 10 739 postmenopausal women who
had undergone prior hysterectomy to re-
ceive CEE or placebo. In addition to our
primary outcome, nonfatal myocardial in-
farction or coronary death, this analysis in-
cludes secondary coronary outcomes, pro-
vides detailed analyses of subgroups to
further elucidate the primary findings, and
explores the relationship between the
results of this trial and the previously
reported companion trial of CEE with
medroxyprogesterone acetate.

- EEETIEE

Details of the study design'*’ and baseline

characteristics® have previously been pub-
lished. Eligible patients were postmeno-
pausal women 50 to 79 years of age who had
undergone prior hysterectomy. Study par-
ticipants provided informed consent in a
document approved by local institutional
review boards and were randomly assigned
to receive CEE, 0.625 mg/d (Premarin;
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Figure 1. Treatment group differences from baseline to year 1 in several intermediate outcomes. Horizontal lines represent nominal 95% confidence intervals.
Physical measures were performed on the entire cohort; laboratory measures were performed in a random 8.6% subsample. Treatment group differences were
significant for triglycerides, high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C) (P<..001 for all), insulin and glucose
(P<.001), waist-hip ratio (WHR) (P =.002), and waist circumference (P = .02). CEE indicates conjugated equine estrogens.

Table 1. Coronary Outcomes Among Women Assigned to CEE vs Placebo*
No. of Cases (Annualized %)
QOutcome I CEE Placebo I Hazard Ratio (95% CI) PValue
Primary outcome
CHD (Ml or CHD death) 201 (0.53) 217 (0.56) 0.95 (0.79-1.16) .63
Nonfatal MI, including silent Ml 149 (0.40) 168 (0.43) 0.91 (0.73-1.14) 43
Nonfatal MI, excluding silent MI 142 (0.38) 161 (0.42) 0.91 (0.73-1.14) 4
Coronary death 62 (0.16) 63 (0.16) 1.01 (0.71-1.43) .96
Secondary outcome
CABG or PCI 253 (0.67) 276 (0.71) 0.93 (0.78-1.10) .38
Hospitalized angina 265 (0.70) 262 (0.68) 1.02 (0.86-1.21) .81
Confirmed angina 163 (0.43) 171 (0.44) 0.97 (0.78-1.20) 77
Hospitalized CHF 185 (0.49) 183 (0.47) 1.03 (0.84-1.26) .81
Hospitalized CHF with wall motion abnormality 60 (0.16) 69 (0.18) 0.88 (0.62-1.24) A7
Acute coronary syndrome 395 (1.05) 401 (1.04) 0.99 (0.86-1.14) .93
MI, CHD death, CABG, and PCl 356 (0.95) 372 (0.96) 0.98 (0.85-1.13) .78
MI, CHD death, CABG, PCI, and hospitalized angina 466 (1.24) 476 (1.23) 0.99 (0.87-1.13) .90
MI, CHD death, CABG, PCI, and confirmed angina 380 (1.01) 405 (1.05) 0.95 (0.83-1.09) 48

Abbreviations: CABG, coronary artery bypass grafting; GEE, conjugated equine estrogens; CHD, coronary heart disease; CHF, congestive heart failure;
Cl, nominal confidence interval; MI, myocardial infarction; PCI, percutaneous coronary intervention.
*Acute coronary syndrome includes MI and hospitalized angina. Numbers of events do not add up to the totals for categories because some women had more

than 1 event.

Wyeth Pharmaceuticals, Madison, NJ), or matching placebo.
Blood samples were collected from all participants at base-
line and year 1; analyses were performed prospectively on a
random 8.6% sample at both time points.” A nested case-
control study was also conducted to measure biomarkers in
153 CHD cases (through February 2001) and 365 matched
controls at baseline and year 1.

Close-out visits had originally been scheduled to occur be-
tween October 2004 and March 2005. The National Institutes
of Health decided to stop the trial in February 2004, deeming
it unacceptable to subject healthy women in a prevention trial
to increased risk of stroke with the possibility that no treat-
ment effect on breast cancer risk would be demonstrated in the
remaining intervention period; study participants were in-
formed of this decision on March 1. The initial report of trial

results’ was published 6 weeks later, based on outcomes for
which adjudication, either local or central, had been com-
pleted as of February 29.

During the trial, women reported outcomes by completing
a semiannual medical update questionnaire, with roughly 1 of
6 participants completing this questionnaire each month. On or
shortly after March 1, 2004, study participants completed an end-
of-intervention medical update questionnaire. This article in-
cludes all the outcomes in the pipeline on February 29, 2004,
but that had not yet made itinto the database, as well as outcomes
reported on the March 1 questionnaires. Coronary end points
were classified by review of medical records; myocardial infarc-
tionand coronary death were confirmed by central physician ad-
judicators and other coronary end points by trained local adju-
dicators, all blinded to treatment assignment.®
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CLINICAL OUTCOMES

Classification algorithms included elements of the medical his-
tory, cardiac enzymes, and electrocardiograms.”*®° The pri-
mary outcome included coronary death,® clinical myocardial
infarction,*® or silent myocardial infarction determined from
serial electrocardiograms, digitally acquired every 3 years and
analyzed by a core laboratory.” “Hospitalized angina” re-
quired overnight hospitalization with ischemic chest pain or
dyspnea; confirmatory testing was not required. “Confirmed
angina” was hospitalized angina with a confirmatory stress test
and/or more than 70% coronary obstruction by angiography.’

STATISTICAL ANALYSES

Statistical methods have been described previously.** In brief,
hazard ratios with 95% confidence intervals (Cls) were calcu-
lated from Cox proportional hazards models stratified by age,
prevalent CHD at baseline, and randomization status in the di-
etary modification trial.' Nominal and adjusted Cls are shown
for the primary outcome to reflect sequential monitoring of the
primary end point. Coronary disease was not a consideration
in deciding to stop the trial early.

Subgroup analyses were planned a priori. Logistic regression
models for subgroup analyses of biomarker levels were adjusted
for age at randomization, year of randomization, and prevalent
coronary disease at baseline. Other subgroup analyses used Cox
regression stratified by age, prevalent CHD at baseline, and ran-
domization status in the dietary modification trial. Consistency
of treatment effects among subgroups was assessed by formal tests
of interactions; 26 subgroups were evaluated. The subgroup re-
sults should be interpreted with caution, since at least 1 signifi-
cant finding would be expected by chance based on an .05 nomi-
nal level of statistical significance. All reported P values are 2-sided.
Analyses were performed with SAS statistical software for Win-
dows version 9 (SAS Institute Inc, Cary, NC).

B xesuits [

Mean duration of follow-up was 7.1 years; vital status is
known for 10 176 participants (94.8%). At the time the trial
was stopped, 54.0% of study participants assigned to re-
ceive CEE and 53.5% of those assigned to receive placebo
had discontinued use of their study medication.*
Baseline characteristics have been reported previ-
ously* and were balanced between women assigned to
receive CEE (n=5310) and those assigned to receive pla-
cebo (n=5429). Mean (SD) age was 63.6 years (7.3 years).
Atbaseline, 30.1% reported treated hypertension; 10.3%
had untreated hypertension, 7.7% had diabetes melli-
tus, 15.2% had hypercholesterolemia, and 10.5% were
current smokers. Prior myocardial infarction was re-
ported by 3.1% and coronary revascularization by 2.2%.

INTERMEDIATE BIOMARKERS
AND RISK FACTORS FOR CHD

Baseline values for blood analytes in the 8.6% bio-
marker study random sample have been previously re-
ported.® In brief, mean (SD) laboratory values were as
follows: total cholesterol, 226.5 mg/dL (41.3 mg/dL) (5.86
mmol/L [1.07 mmol/L]); low-density lipoprotein cho-
lesterol, 137.3 mg/dL (37.8 mg/dL) (3.55 mmol/L [0.78
mmol/L]); high-density lipoprotein cholesterol, 54.2

mg/dL (13.8 mg/dL) (1.40 mmol/L [0.36 mmol/L]); tri-
glycerides, 144.1 mg/dL (67.3 mg/dL) (1.63 mmol/L [0.76
mmol/L]); glucose, 101.9 mg/dL (23.9 mg/dL) (5.66
mmol/L [1.33 mmol/L]); and insulin, 11.0 pIU/mL (5.5
rIU/mL) (78.93 pmol/L [39.46 pmol/L]). Compared with
placebo recipients, women assigned to receive CEE had
greater increases from baseline to year 1 in high-density
lipoprotein cholesterol and triglyceride levels and greater
reductions in total cholesterol, low-density lipoprotein
cholesterol, glucose, and insulin levels (Figure 1).

CLINICAL CORONARY OUTCOMES

There were 201 CHD events (nonfatal myocardial in-
farction or coronary death) among women assigned to
CEE and 217 among women assigned to placebo (haz-
ard ratio, 0.95; nominal 95% CI, 0.79-1.16; adjusted CI,
0.76-1.19) (Table 1). Of the 317 nonfatal myocardial
infarctions, 14 (4.4%) were identified only by serial elec-
trocardiography (7 in the CEE group and 7 in the pla-
cebo group), with no associated clinical event. For women
adherent to CEE or placebo, defined as taking at least 80%
of the prescribed study medication, the hazard ratio was
0.91 (nominal 95% CI, 0.69-1.20).

Among women assigned to CEE, hydroxymethylglu-
taryl coenzyme A reductase inhibitors (statins) were used
by 7.4% at baseline, 9.0% at year 1, and 19.8% at year 6.
The comparable percentages in the placebo group were
7.9% (P=.39 vs CEE), 10.7% (P=.004 vs CEE), and 27.3%
(P<.001 vs CEE). In Cox models that did not include
statin use as a time-dependent covariate, the hazard ra-
tio for the primary outcome was 0.95 (Table 1); inclu-
sion of statin use as a time-dependent covariate changed
the hazard ratio estimate to 0.97. For the cohort as a whole,
no treatment group differences occurred for individual
or composite secondary coronary outcomes (Table 1).

TEMPORAL TRENDS

Hazard ratios with nominal 95% Cls for the primary out-
come (myocardial infarction or coronary death) at 1-year
intervals of follow-up were as follows: year 1, 1.11 (95%
CI, 0.64-1.94); year 2, 1.20 (95% CI, 0.69-2.10); year 3,
0.89 (95% (I, 0.50-1.58); year 4, 0.79 (95% CI, 0.45-
1.39); year 5, 1.36 (95% CI, 0.80-2.31); and year 6 or later,
0.81 (95% CI, 0.60-1.10). The z score for trend, based
on Cox proportional hazards modeling with time-
dependent treatment effects, was —1.49 (P=.14), indi-
cating no significant trend in risk over time.

TRENDS BY AGE

Cumulative hazard rates for the primary outcome are
shown by age decade (Figure 2) (P for interac-
tion=.07). For adherent participants aged 50 to 59 years,
60 to 69 years, and 70 to 79 years at baseline, hazard ra-
tios were 0.61 (nominal 95% CI, 0.25-1.50), 0.86 (95%
CI, 0.60-1.25), and 1.10 (95% CI, 0.69-1.73), respec-
tively (P for interaction=.35).

Examining the younger age group more closely, among
women 50 to 54 years of age at baseline, 8 assigned to
receive CEE experienced myocardial infarction or coro-
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Figure 2. Kaplan-Meier estimates of cumulative hazard ratios for coronary
heart disease (myocardial infarction or coronary death) by age decade.

A, age 50 to 59 years; B, age 60 to 69 years; and C, age 70 to 79 years.
CEE indicates conjugated equine estrogens.

nary death, compared with 14 women assigned to re-
ceive placebo (hazard ratio, 0.60; 95% CI, 0.25-1.44).
Among women aged 55 to 59 years, 13 assigned to re-
ceive CEE and 20 assigned to receive placebo had coro-
nary events (hazard ratio, 0.65; 95% CI, 0.32-1.32).

Secondary coronary outcomes are given by age de-
cade in Table 2. Among women aged 50 to 59 years at
baseline, coronary revascularization was less frequent
among women assigned to receive CEE (hazard ratio, 0.55;
95% CI, 0.35-0.86). Composite outcomes were also less
frequent with CEE in this age group. For example, the
hazard ratio for myocardial infarction, coronary death,
coronary revascularization, and confirmed angina was 0.66
(95% CI, 0.45-0.96). Among women aged 60 to 69 or 70
to 79 years at baseline, secondary coronary outcomes did
not differ between treatment groups.

ADDITIONAL SUBGROUP ANALYSES

To determine whether other subgroups of women had lower
or higher hazard ratios for coronary events with CEE, we
evaluated several demographic and clinical characteris-
tics, baseline levels of lipids, and inflammatory and throm-
botic biomarkers (Table 3, Figure 3, and Figure 4).
The role of time since menopause in modulating potential
risks or benefits for CHD with CEE is shown in Figure 3.
Onset of menopause in women who have undergone hys-
terectomy cannot always be determined with certainty, so
proximity to menopause was assessed 4 ways: presence of
vasomotor symptoms among women aged 50 to 59 years,
time since bilateral oophorectomy, time since hysterec-
tomy, and years since hysterectomy with no postmeno-
pausal hormone therapy. For time since hysterectomy, the
hazard ratio with CEE was higher among women who had
undergone surgery 20 or more years previously than among
the remaining women (P for interaction=.06). No such pat-
tern was identified for any of the other variables that as-
sessed proximity to menopause.

The hazard ratio for CHD was similar among white and
African American women (Table 3); Hispanic women as-
signed to receive CEE had a lower estimated hazard ratio
0f0.37 (95% CI, 0.12-1.16). Because the number of His-
panic women randomized in the trial was limited and their
CHD event rate low, this hazard ratio estimate is unstable.
The risk of subsequent coronary events with CEE among
women who smoked or had hypertension, diabetes, more
coronary risk factors, or prevalent cardiovascular or coro-
nary disease at baseline was similar to that of all women.

The effect of CEE on CHD risk did not differ in sub-
groups defined by baseline levels of lipoproteins, fibrino-
gen, or factor VIIL:C (Figure 4). In contrast, women with
elevated levels of C-reactive protein at baseline ap-
peared at greater risk for CHD with CEE than women
with lower levels (P for interaction=.04).

o TN

Conjugated equine estrogens provided no overall coro-
nary protection in women who had undergone prior
hysterectomy, although there was a suggestion of lower
CHD risk with CEE in women 50 to 59 years of age. This
trial may have been unable to demonstrate a significant
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Table 2. Coronary Events With CEE or Placebo by Age at Baseline

No. of Cases (Annualized %) by Age at Baseline, y

' 50-59 60-69 70-79 '
| 1 P Value

CEE  Placeho HR ' CEE Placeho HR ' CEE  Placeho HR for
Coronary Event (n=1637) (n = 1673) (95%Cl)  (n =2387)(n = 2465) (95%Cl) (n=1286) (n =1291) (95%Cl) Interaction

CHD (Ml or coronary 21 (0.17) 34 (0.27) 0.63 (0.36-1.08) 96 (0.57) 106 (0.61) 0.94 (0.71-1.24) 84 (0.96) 77 (0.86) 1.11 (0.82-152) .07

death)
CABG or PCI 29 (0.24) 52 (0.42) 0.55(0.35-0.86) 129 (0.77) 130 (0.75) 0.99 (0.78-1.27) 95(1.08) 94 (1.06) 1.04 (0.78-1.39) .09
Hospitalized angina ~ 42 (0.35) 51 (0.41) 0.81 (0.54-1.22) 125 (0.75) 122 (0.71) 1.06 (0.82-1.36) 98 (1.12) 89 (1.00) 1.10(0.82-1.46) .37
Confirmed angina* 21 (0.17) 35 (0.28) 0.59 (0.34-1.02) 80 (0.48) 80 (0.46) 1.03 (0.76-1.41) 62 (0.71) 56 (0.63) 1.12 (0.78-1.60) .18
Acute coronary 56 (0.46) 73 (0.59) 0.76 (0.54-1.08) 185 (1.11) 187 (1.08) 1.01 (0.82-1.24) 154 (1.76) 141 (1.58) 1.10 (0.87-1.38) .18

syndromet

MI, coronary death, 42 (0.35) 65 (0.52) 0.66 (0.44-0.97) 177 (1.06) 177 (1.02) 1.02 (0.83-1.25) 137 (1.56) 130 (1.46) 1.08 (0.85-1.38) .09
CABG, and PCI

MI, coronary death, 65 (0.54) 84 (0.68) 0.78 (0.56-1.07) 225 (1.35) 228 (1.32) 1.01 (0.84-1.21) 176 (2.01) 164 (1.84) 1.08 (0.87-1.34) 13
CABG, PCI, and
hospitalized angina

MI, coronary death, 46 (0.38) 70 (0.56) 0.66 (0.45-0.96) 186 (1.11) 194 (1.12) 0.98 (0.80-1.20) 148 (1.69) 141 (1.58) 1.05 (0.84-1.33) A1
CABG, PCI, and
confirmed angina

Abbreviations: CABG, coronary artery bypass grafting; CEE, conjugated equine estrogens; CHD, coronary heart disease; Cl, nominal confidence interval; HR, nominal
hazard ratio; MI, myocardial infarction; PCI, percutaneous coronary intervention.

*Confirmed angina requires hospitalization for angina with confirmatory stress test or obstructive coronary disease by angiography.

tAcute coronary syndrome includes myocardial infarction and hospitalized angina.

Table 3. CEE and the Risk of CHD in Various Subgroups*

No. of Cases (Annualized %)

I ] Hazard Ratio P Value for

Subgroup CEE (n = 5310) Placebo (n = 5429) (95% ClI) Interaction
Race or ethnic group

White 166 (0.58) 158 (0.54) 1.07 (0.86-1.33)

Non-Hispanic black 28 (0.51) 33 (0.55) 0.92 (0.56-1.53) ] 13

Hispanic 4(0.18) 11 (0.48) 0.37 (0.12-1.16)
Level of education

=<High school or GED 83 (0.67) 88 (0.73) 0.91 (0.67-1.23) 82

>High school 114 (0.46) 126 (0.48) 0.96 (0.75-1.24) '
Cigarette smoking

Not current smoker 163 (0.49) 176 (0.51) 0.95 (0.77-1.18) 83

Current smoker 35 (0.94) 36 (0.91) 0.98 (0.61-1.57) '
Hypertension

No 63 (0.35) 68 (0.37) 0.96 (0.68-1.35) - 99

Yes 128 (0.78) 132 (0.79) 0.97 (0.76-1.23) '
Diabetes mellitus

No 151 (0.44) 166 (0.47) 0.92 (0.74-1.15)

Yes, medication treated 44 (1.61) 47 (1.66) 1.02 (0.67-1.55) ] .33

Yes (all) 50 (1.48) 51 (1.41) 1.13 (0.76-1.69)
High cholesterol requiring pills

No 132 (0.47) 131 (0.47) 1.00 (0.78-1.27) 64

Yes 49 (1.04) 60 (1.16) 0.90 (0.62-1.32) '
Coronary risk factors

None 25(0.19) 29 (0.22) 0.86 (0.51-1.47)

1-2 134 (0.72) 139 (0.75) 0.96 (0.76-1.22) :| .82

=3 19 (2.69) 18 (2.36) 1.13 (0.57-2.21)
Presence of cardiovascular disease at baseline

No 150 (0.43) 163 (0.46) 0.95 (0.76-1.19) 81

Yes 50 (1.96) 50 (1.94) 0.97 (0.65-1.44) '
Presence of CHD at baseline

No 162 (0.45) 179 (0.49) 0.93 (0.75-1.15) :| 33

Yes 38 (2.61) 32 (2.13) 1.12 (0.69-1.80) '

Abbreviations: CEE, conjugated equine estrogens; CHD, coronary heart disease; Cl, nominal confidence interval; GED, general equivalency diploma.

*CHD includes nonfatal myocardial infarction and coronary death. Hazard ratios with nominal 95% Cls are adjusted for age and prevalent CHD at baseline.
Pvalues are for the interaction between the subgroup variable and treatment assignment. Hypertension was defined as treated hypertension or a measured blood pressure of
140/90 mm Hg or higher. Baseline risk factors for CHD included current cigarette smoking, hypertension, self-reported diabetes, and high cholesterol levels. The presence of
cardiovascular disease at baseline was defined as prior myocardial infarction, coronary revascularization, stroke, or transient cerebral ischemia. The presence of CHD at
baseline was defined as a history of myocardial infarction or coronary revascularization. Because of missing data for some baseline variables, numbers do not always add up
to the total number of cases in the treatment group. Data were complete for hypertension, diabetes, myocardial infarction, stroke, and transient cerebral ischemia. Some data
were missing for cigarette smoking (1.1%), high cholesterol levels (10.5%), educational level (1.8%), and coronary revascularization (1.5%).
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Subgroup No. of Cases of CHD P Value for Hazard Ratio 95% Cl
(Annualized Percentage) Interaction
CEE Placebo 0;0 0;5 1.0 1;5 2;0 2;5 350 3;5 4;0
Age,y .07 06E E
50-59 21(0.17) 34(0.27) =
60-69 96(0.57)  106(0.61) ‘—q—1 .
70-79 84(0.96) 77(0.86) e
Hot flashes, night sweats, or both 0
(in women 50-59 years of age) .69 0 68:
Yes 15(0.20) 22(0.29) W—
No 6(0.13) 12(0.25) e %
Years since bilateral oophorectomy .55 0.92 H
<10 3(0.16) 4(0.19) 0'92 °
10 to <20 23(0.47) 27(0.51) W’
>20 44(0.66) 53(0.71) —or—
No bilateral oophorectomy 107(0.50)  104(0.50) il
Years since hysterectomy .06 E e
<10 11(0.30) 10(0.27) T *—
100 <20 42(0.36) 67(0.55) —==
>20 147(0.67)  139(0.62) —e——=
Years since hysterectomy with no \
postmenopausal hormone therapy 22 !
<10 33(042)  31(0.39) o o108
10 to <20 46(0.37) 68(0.53) e A6
>20 121(0.71)  117(0.67) —le—"
BMI, kg/m?2 19 076
<25 32(0.41) 42(0.53) 687 H—
2510 <30 63(0.49) 78(0.57) '—01—1 ¥
>30 121(0.63) 96(0.57) —re—
Waist circumference a7 o E
<85 45(0.36) 58(0.46) '—o—f—1 &
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Figure 3. Risk of coronary heart disease (CHD) by treatment group assignment in various subgroups. Horizontal bars represent nominal 95% confidence intervals
(Cls). The dotted vertical line represents the hazard ratio for CHD in the overall cohort. Because of missing data for some variables, numbers do not always add up
to the total number of cases. BMI indicates body mass index (calculated as weight in kilograms divided by the square of height in meters); CEE, conjugated equine

estrogens; and statin, hydroxymethylglutaryl coenzyme A reductase inhibitor.

difference in the risk of myocardial infarction or coro-
nary death by age group because of the low event rate in
young women. The challenges of designing an appropri-
ate trial to address the issues of safety and efficacy in peri-
menopausal and early postmenopausal women are con-
siderable, since the coronary event rate among 50- to 54-
year-old women (n=1396) in the estrogen-alone trial was
0.21% per year. The sample size required to detect the
30% treatment effect we observed in this age group with
80% power would be 17 251, assuming equal numbers
of women in the active treatment and placebo groups'®
and complete adherence to study medication. Thus, the
data provided by the Women’s Health Initiative, al-
though not providing all the answers one might wish, are
likely to remain the basis for clinical decisions for the fore-
seeable future.

Coronary risk with CEE appeared greater for women
with more years since hysterectomy; however, the pat-
tern of coronary risk did not differ in women with and

without vasomotor symptoms by years since bilateral
oophorectomy or since hysterectomy without postmeno-
pausal hormone therapy. The totality of data, which is
limited by the numbers of CHD events in some sub-
groups, does not support a conclusion concerning the
relationship between time since menopause and coro-
nary risk with CEE.

Women with higher levels of C-reactive protein at base-
line were at apparent higher risk with CEE. If elevated
C-reactive protein level reflects a more atherogenic mi-
lieu, one might anticipate that women with greater num-
bers of coronary risk factors or with prevalent cardio-
vascular disease would be at higher risk with CEE, which
was not the case (Table 3). However, it remains possible
that inflammatory factors contribute to the vascular ef-
fects of CEE through mechanisms largely independent
of classic risk factors. No significant interaction with C-
reactive protein was identified in the estrogen plus pro-
gestin trial.’
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Figure 4. Conjugated equine estrogens (CEE) and coronary risk by biomarker tertile at baseline in the nested case-control study. Women were divided into

3 groups of approximately equal size on the basis of their values for each variable. Horizontal bars represent nominal 95% confidence intervals (Cls). Continuous,
log-transformed biomarker values were used in the tests for interaction with treatment assignment, with a likelihood ratio statistic with 1 df. Odds ratios (with the
placebo group within each subgroup used as the reference group) are adjusted for age, year of randomization, and presence or absence of coronary heart disease
(CHD) at baseline. In addition, odds ratios for lipid variables were adjusted for statin use. To convert low-density lipoprotein cholesterol (LDL-C) and high-density
lipoprotein cholesterol (HDL-C) to millimoles per liter, multiply by 0.0259; triglycerides to millimoles per liter, multiply by 0.0113; and lipoprotein(a) to

micromoles per liter, multiply by 0.0357.

In the 2 Women’s Health Initiative hormone trials, pos-
sible reasons for the differences in risk with CEE vs CEE
with medroxyprogesterone acetate include (1) underly-
ing characteristics of the cohorts, (2) an adverse proges-
tin effect, (3) differential statin use during the trial, or (4)
chance. At baseline, women who had undergone prior hys-
terectomy who joined the estrogen-alone trial were at
greater risk for coronary events than were women with in-
tact uteri who joined the estrogen plus progestin trial.®
Women joining the estrogen-alone trial had higher
mean+SD body mass index (calculated as weight in kilo-
grams divided by the square of height in meters; 30.1£6.2
vs 28.5+5.9) and higher prevalences of hypertension
(47.7% vs 36.1%), diabetes (7.7% vs 4.4%), hypercholes-
terolemia (15.2% vs 12.7%), prior myocardial infarction
(3.1% vs 1.8%), and coronary revascularization (2.2% vs
1.3%). The difference in coronary risk characteristics be-
tween women who had undergone prior hysterectomy and
those with intact uteri is consistent with prior reports'"-!?
and is reflected in the different coronary event rates in the
placebo groups: 0.56% per year in the estrogen-alone trial
vs 0.33% per year in the estrogen plus progestin trial. It
has been hypothesized that women with less underlying

atherosclerosis might be more likely to benefit from post-
menopausal exogenous estrogen.” " In that case, one
would expect women with intact uteri to have a more fa-
vorable response to hormones than women who have un-
dergone hysterectomy, which is not borne out by the over-
all hazard ratios for coronary events in the Women’s Health
Initiative hormone trials or the Heart and Estrogen/
progestin Replacement Study.'

A Cox regression analysis of data from the 2 hor-
mone trials was performed to contrast the hazard ratios
while adjusting for baseline risk factors. The CEE haz-
ard ratio was significantly lower (P=.03) than that for CEE
with medroxyprogesterone acetate in that analysis, which
allowed both disease risk and hazard ratios to depend on
age, ethnicity, body mass index, statin use, aspirin use,
and other baseline coronary risk factors. Thus, the dif-
ference in CHD risk in the 2 trials is unlikely to be due
to chance or to these baseline risk characteristics.

These differences in CHD risk may also be attribut-
able to the addition of progestin. In the Postmenopausal
Estrogen/Progestin Interventions trial, addition of pro-
gestin to CEE unfavorably affected high-density lipopro-
tein cholesterol and fibrinogen levels but did not alter
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estrogen’s effects on blood pressure, fasting glucose, in-
sulin, low-density lipoprotein cholesterol, triglycerides,
C-reactive protein, or E-selectin levels.!”'® Further-
more, in primate studies, medroxyprogesterone acetate
did not attenuate the coronary protection conferred by
CEE." Nonetheless, biomarker and animal studies may
not accurately predict clinical CHD risk, and progestin
remains a viable explanation for the differences be-
tween the trials.

Statin prescription differed between treatment
groups during the hormone trials, presumably reflect-
ing ongoing lipid management by participants’ physi-
cians. We considered the potential confounding effect
of differential statin prescription both through formal
interaction testing and by including statin use as a
time-dependent covariate in proportional hazards
modeling and did not identify a significant impact on
study results.

A similar pattern of statin prescription was observed
in the estrogen plus progestin trial: among women
assigned to placebo, 8.6% at year 1 and 17.3% at year 6
were taking statins. Among women assigned to CEE
with medroxyprogesterone acetate, 7.9% at year 1 and
14% at year 6 were taking statins. Addition of statin use
as a time-dependent covariate in Cox proportional haz-
ards modeling had virtually no effect on the hazard
ratio estimate for CHD in the estrogen plus progestin
trial. Thus, the pattern of statin prescription is unlikely
to account for any differences in results between the 2
trials.

The assumptions and concepts underlying putative
coronary protection from postmenopausal hormone
therapy have undergone strenuous reconsideration as
a consequence of recent randomized trials 12022
changes reflected in altered prescribing practices.??
The views of both the medical and lay communities
regarding the role of exogenous estrogen during and
after menopause remain in evolution during the cur-
rent paradigm shift.***

Accepted for Publication: July 15, 2005.

Author Affiliations: Department of Medicine, George
Washington University, Washington, DC (Dr Hsia); De-
partment of Family and Preventive Medicine, Univer-
sity of California at San Diego (Dr Langer); Division of
Preventive Medicine, Brigham and Women’s Hospital and
Harvard Medical School, Boston, Mass (Dr Manson); De-
partment of Epidemiology, University of Pittsburgh, Pitts-
burgh, Pa (Dr Kuller); Department of Preventive Medi-
cine, University of Tennessee Health Science Center,
Memphis (Dr Johnson); Department of Obstetrics and
Gynecology, Wayne State University/Hutzel Women’s
Hospital, Detroit, Mich (Dr Hendrix), Fred Hutchinson
Cancer Research Center (Ms Pettinger and Dr Prentice)
and Department of Epidemiology, University of Wash-
ington, Seattle (Dr Heckbert); Department of Obstetrics
and Gynecology, University of California, Irvine (Dr
Greep); Department of Medicine, University of Massa-
chusetts Medical School, Worcester (Dr Crawford); De-
partment of Family Medicine and Center for Primary Care
and Prevention, Brown University School of Medicine and
Memorial Hospital of Rhode Island, Pawtucket (Dr Eaton);

Department of Medicine, UMDN]J-Robert Wood Johnson
Medical School, New Brunswick, NJ (Dr Kostis); and Uni-
versity of Miami School of Medicine and Miami Veter-
ans Administration Medical Center, Miami, Fla (Dr
Caralis).

Correspondence: Judith Hsia, MD, Department of Medi-
cine, George Washington University, 2150 Pennsylva-
nia Ave NW, 4-414, Washington, DC 20037 (jhsia@mfa
.gwu.edu).

Author Contributions: Ms Pettinger had full access to
the data and takes responsibility for the integrity of the
data and the accuracy of analysis.

Financial Disclosure: Dr Langer received honoraria from
Solvay Pharmaceuticals (Houston, Tex) and served as a con-
sultant for Berlex (Montville, NJ) and Monarch-King Phar-
maceuticals (Bristol, Tenn) and Wyeth Pharmaceuticals
(Philadelphia, Pa). Dr Prentice received an honorarium from
Wyeth Pharmaceuticals (Madison, NJ) in 2004.
Funding/Support: The Women’s Health Initiative was
funded by the National Heart, Lung, and Blood Insti-
tute, National Institutes of Health, Department of Health
and Human Services, Bethesda, Md.

Role of the Sponsor: Wyeth Pharmaceuticals provided
study pills (active and placebo) but had no other role in
the study.

Previous Presentation: These findings were presented at
the American Heart Association Scientific Sessions; No-
vember 8, 2004; New Orleans, La.

Acknowledgment: We thank Mary Cushman, MD, Elaine
Cornell, BS, and Margaret Doyle, PhD, of the Research
Laboratory for Biomarker Study and the Laboratory for
Clinical Biochemistry Research, University of Vermont,
Burlington.

BERNNNN  REFERENCES Ry

1. The Women’s Health Initiative Study Group. Design of the Women’s Health Ini-
tiative clinical trial and observational study. Control Clin Trials. 1998;19:61-
109.

2. Writing Group for the Women’s Health Initiative Investigators. Risks and ben-
efits of estrogen plus progestin in healthy postmenopausal women: principal re-
sults from the Women’s Health Initiative randomized controlled trial. JAMA. 2002;
288:321-333.

3. Manson JE, Hsia J, Johnson KC, et al; Women’s Health Initiative Investigators.
Estrogen plus progestin and risk of CHD. N Engl J Med. 2003;349:523-534.

4. The Women’s Health Initiative Steering Committee. Effects of conjugated equine
estrogen on postmenopausal women with hysterectomy: the Women’s Health
Initiative randomized controlled trial. JAMA. 2004;291:1701-1712.

5. Hays J, Hunt JR, Hubbell A, et al. The Women’s Health Initiative recruitment meth-
ods and results. Ann Epidemiol. 2003;13:518-S77.

6. Stefanick ML, Cochrane BB, Hsia J, Barad DH, Liu JH, Johnson SR. The Wom-
en’s Health Initiative postmenopausal hormone trials: overview and baseline char-
acteristics of participants. Ann Epidemiol. 2003;13:578-S86.

7. Anderson GL, Manson J, Wallace R, et al. Implementation of the Women’s Health
Initiative Study Design. Ann Epidemiol. 2003;13:55-S17.

8. Curb JD, McTiernan A, Heckbert SR, et al. Outcomes ascertainment and adju-
dication methods in the Women’s Health Initiative. Ann Epidemiol. 2003;13:
$122-5128.

9. HsiaJ, Aragaki A, Bloch M, LaCroix AZ, Wallace R. Predictors of angina vs myo-
cardial infarction from the Women’s Health Initiative. Am J Cardiol. 2004;93:
673-678.

. Schoenfeld DA. The asymptotic properties of nonparametric tests for compar-
ing survival distributions. Biometrika. 1981;68:316-319.

11. Hsia J, Barad D, Margolis K, et al; Women’s Health Initiative Research Group.
Usefulness of prior hysterectomy as an independent predictor of Framingham
risk score (The Women’s Health Initiative). Am J Cardiol. 2003;92:264-269.

. Howard BV, Kuller L, Langer R, et al. Risk of cardiovascular disease by hyster-

ARCH INTERN MED/VOL 166, FEB 13, 2006

364

WWW.ARCHINTERNMED.COM

©2006 American Medical Association. All rights reserved.
(REPRINTED WITH CORRECTIONS)



13.

14.

15.

16.

17.

18.

ectomy status, with and without oophorectomy: the Women’s Health Initiative
observational study. Circulation. 2005;111:1462-1470.

Naftolin F, Taylor HS, Karas R, et al. The Women’s Health Initiative could not
have detected cardioprotective effects of starting hormone therapy during the
menopausal transition. Fertil Steril. 2004;81:1498-1501.

Lemay A. The relevance of the Women’s Health Initiative results on combined
hormone replacement therapy in clinical practice. J Obstet Gynaecol Can. 2002;
24:711-715.

Koh KK, Sakuma I. Should progestins be blamed for the failure of hormone re-
placement therapy to reduce cardiovascular events in randomized controlled trials?
Arterioscler Thromb Vasc Biol. 2004;24:1171-1179.

Hulley S, Grady D, Bush T, et al; Heart and Estrogen/progestin Replacement Study
(HERS) Research Group. Randomized trial of estrogen plus progestin for sec-
ondary prevention of CHD in postmenopausal women. JAMA. 1998;280:605-
613.

The Writing Group for the PEPI Trial. Effects of estrogen or estrogen/progestin
regimens on heart disease risk factors in postmenopausal women: the Post-
menopausal Estrogen/Progestin Interventions (PEPI) trial. JAMA. 2005;273:
199-208.

Cushman M, Legault C, Barrett-Connor E, et al. Effect of postmenopausal hor-
mones on inflammation-sensitive proteins: the Postmenopausal Estrogen/

20.

21.

22.
23.

24.

25.

Announcement

Clinical Trial Registration

Progestin Interventions (PEPI) study. Circulation. 1999;100:717-722.

. Clarkson TB, Appt SE. MPA and postmenopausal coronary artery atherosclero-

sis revisited. Steroids. 2003;68:941-951.

Herrington D, Reboussin DM, Brosnihan B, et al. Effects of estrogen replace-
ment on the progression of coronary-artery atherosclerosis. N Engl J Med. 2000;
343:522-529.

Hodis HN, Mack WJ, Azen SP, et al; Women’s Estrogen-Progestin Lipid-
Lowering Hormone Atherosclerosis Regression Trial Research Group.
Hormone therapy and the progression of coronary-artery atherosclerosis in post-
menopausal women. N Engl J Med. 2003;349:535-545.

Waters DD, Alderman EL, Hsia J, et al. Effects of hormone replacement therapy
and antioxidant vitamin supplements on coronary atherosclerosis in postmeno-
pausal women: a randomized controlled trial. JAMA. 2002;288:2432-2440.
Hersh AL, Stefanick ML, Stafford RS. National use of postmenopausal hormone
therapy: annual trends and response to recent evidence. JAMA. 2004;291:
47-53.

Grodstein F, Clarkson TB, Manson JE. Understanding the divergent data on post-
menopausal hormone therapy. N Engl J Med. 2003;348:645-650.

Berger L. Two years after; on hormone therapy, the dust is still settling. New
York Times. June 6, 2004;15:1.

In concert with the International Committee of Medical
Journal Editors (ICMJE), Archives of Internal Medicine will
require, as a condition of consideration for publication,
registration of clinical trials in a public trials registry
(such as http://ClinicalTrials.gov or http:/controlled
-trials.com). Trials must be registered at or before the on-
set of patient enrollment. This policy applies to any clini-
cal trial starting enrollment after March 1, 2006. For trials
that began enrollment before this date, registration will
be required by June 1, 2006. The trial registration num-
ber should be supplied at the time of submission.

For details about this new policy see the editorials by
DeAngelis et al in the September 8, 2004 (2004;292:
1363-1364) and June 15, 2005 (2005;293:2927-2929)
issues of JAMA.
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