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background

 

In postmenopausal women with coronary artery disease, conjugated equine estrogen
with or without continuous administration of medroxyprogesterone acetate has failed
to slow the progression of atherosclerosis. Whether 17

 

b

 

-estradiol (the endogenous es-
trogen molecule) alone or administered sequentially with medroxyprogesterone ace-
tate can slow the progression of atherosclerosis is unknown.

 

methods

 

We conducted a double-blind, placebo-controlled trial in 226 postmenopausal women
(mean age, 63.5 years) who had at least one coronary-artery lesion. Participants were
randomly assigned to usual care (control group), estrogen therapy with micronized
17

 

b

 

-estradiol alone (estrogen group), or 17

 

b

 

-estradiol plus sequentially administered
medroxyprogesterone acetate (estrogen–progestin group). In all patients the low-den-
sity lipoprotein (LDL) cholesterol level was reduced to a target of less than 130 mg per
deciliter. The primary outcome was the average per-participant change between base-
line and follow-up coronary angiograms in the percent stenosis measured by quantita-
tive coronary angiography.

 

results

 

After a median of 3.3 years of follow-up, the mean (

 

±

 

SE) change in the percent stenosis
in the 169 participants who had a pair of matched angiograms was 1.89

 

±

 

0.78 percent-
age points in the control group, 2.18

 

±

 

0.76 in the estrogen group, and 1.24

 

±

 

0.80 in the
estrogen–progestin group (P=0.66 for the comparison among the three groups). The
mean difference in the percent stenosis between the estrogen group and the control
group was 0.29 percentage point (95 percent confidence interval, ¡1.88 to 2.46), and
the mean difference between the estrogen–progestin group and the control group was
¡0.65 (95 percent confidence interval, ¡2.87 to 1.57).

 

conclusions

 

In older postmenopausal women with established coronary-artery atherosclerosis,
17

 

b

 

-estradiol either alone or with sequentially administered medroxyprogesterone ac-
etate had no significant effect on the progression of atherosclerosis. 

abstract
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large body of data from observa

 

-
tional and mechanistic studies suggests
that therapy with estrogen alone and estro-

gen plus sequential progestin therapy are cardio-
protective.

 

1,2

 

 Only recently has the effectiveness of
hormone therapy in slowing the progression of ath-
erosclerosis begun to be studied in randomized,
controlled trials.

 

3-7

 

 Most of these trials have used
continuous, daily administration of a combination
of conjugated equine estrogen and medroxyproges-
terone acetate, a hormone regimen that has failed
to show cardioprotection, and that may, in fact,
cause an early increase in the risk of myocardial in-
farction.

 

7-9

 

 Such combination therapy and therapy
with conjugated equine estrogen alone have also
failed to slow the progression of coronary-artery ath-
erosclerosis in postmenopausal women with estab-
lished coronary artery disease.

 

4,7

 

 Many questions re-
main regarding the effectiveness of other estrogenic
compounds, doses, regimens, and routes of admin-
istration, and it is uncertain whether 17

 

b

 

-estradiol
(the endogenous estrogen molecule) would have ef-
fects on the progression of atherosclerosis different
from those of other formulations of estrogen that
have been studied.

 

10

 

We present the primary results of the Women’s
Estrogen–Progestin Lipid-Lowering Hormone Ath-
erosclerosis Regression Trial (WELL-HART), a ran-
domized, double-blind, placebo-controlled trial that
was designed to test the effects of oral micronized
17

 

b

 

-estradiol with or without sequentially admin-
istered medroxyprogesterone acetate on the pro-
gression of atherosclerosis in postmenopausal
women with angiographically documented coro-
nary artery disease.

 

study participants

 

Women who either had or did not have a uterus were
eligible for the study if they were postmenopausal
(as indicated by a serum estradiol level below 20 pg
per milliliter), were 75 years of age or younger, had
a low-density lipoprotein (LDL) cholesterol level of
100 to 250 mg per deciliter (2.59 to 6.46 mmol per
liter) and a total triglyceride level of less than 400 mg
per deciliter (4.52 mmol per liter), and had at least
one coronary-artery lesion occluding 30 percent or
more of the luminal diameter. Women who had un-
dergone percutaneous transluminal coronary an-
gioplasty were eligible if they had at least 20 percent

stenosis in a segment of a coronary artery that was
not crossed by the guidewire used for angioplasty.
Women who had undergone coronary-artery bypass
grafting were eligible if they had at least 20 percent
stenosis in a segment of a coronary artery that was
not proximal to a patent graft. Women were exclud-
ed if they smoked more than 15 cigarettes per day,
had received a diagnosis of breast cancer or gyneco-
logic cancer within the five years before screening,
had a life-threatening disease and a projected sur-
vival of less than five years, had a diastolic blood
pressure of more than 110 mm Hg, had a fasting se-
rum glucose concentration of more than 200 mg per
deciliter, had thyroid disease, had a serum creatinine
level of more than 2.5 mg per deciliter (220 µmol
per liter), had congestive heart failure (Killip class III
or IV and an ejection fraction below 30 percent), had
more than five hot flashes per day that interfered
with their daily activities, had plans to undergo a
coronary-artery revascularization procedure within
six months after the first screening visit, had a base-
line coronary angiogram that had been obtained be-
fore or less than six months after a revascularization
procedure, or had had a myocardial infarction less
than six weeks before the first screening visit. All
participants gave written informed consent, and the
study was approved by the institutional review board
at the University of Southern California.

 

screening, randomization, and treatment

 

The study was conducted from June 1995 to October
2000. Participants were recruited from five sites. El-
igible participants were randomly assigned to one of
the three treatment groups, with stratification ac-
cording to the presence or absence of diabetes mel-
litus. The data coordinating center performed the
randomization with the use of a computerized ran-
dom-number generator. Treatment-group assign-
ment was carefully monitored, and adaptive ran-
domization

 

11

 

 was used to adjust for imbalances
among the treatment groups in the total cholesterol
level. The participants, gynecologists, clinical staff,
and image analysts were unaware of the treatment-
group assignment.

Participants randomly assigned to the estrogen
group received 1 mg of oral micronized 17

 

b

 

-estra-
diol (Estrace, Mead Johnson) daily, plus a placebo
tablet matching medroxyprogesterone acetate for
12 consecutive days of every month. Participants
randomly assigned to the estrogen–progestin group
received 1 mg of oral micronized 17

 

b

 

-estradiol dai-

a

methods

Copyright © 2003 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 8, 2009 . For personal use only. No other uses without permission. 



 

n engl j med 

 

349;6

 

www.nejm.org august 

 

7, 2003

 

estrogen–progestin and progression of atherosclerosis

 

537

 

ly, plus 5 mg of medroxyprogesterone acetate (Pro-
vera, Upjohn) daily for 12 consecutive days of every
month. Participants randomly assigned to the con-
trol group received two placebo tablets, one match-
ing the 17

 

b

 

-estradiol and taken daily and the other
matching the medroxyprogesterone acetate and tak-
en for 12 consecutive days of every month. The LDL
cholesterol level was reduced to a target of less than
130 mg per deciliter (3.36 mmol per liter) by means
of dietary intervention (25 percent of calories from
fat and 7 percent from saturated fats; less than 200
mg of dietary cholesterol per day) and lipid-lower-
ing therapy (primarily with a hydroxymethylglutaryl
coenzyme A [HMG-CoA] reductase inhibitor).

 

follow-up

 

Participants had follow-up visits every month for the
first 6 months and every other month for the re-
mainder of the trial (36 months). Dietary intake was
monitored with the use of a three-day dietary diary
(Nutrition Scientific); compliance with study med-
ication was assessed with the use of pill counts
and measurement of serum estradiol; and the use
of nonstudy medications and dietary supplements
was ascertained. Vital signs and clinical events were
recorded at each visit. Blood samples were drawn af-
ter an eight-hour fast every six months. Electrocar-
diography, mammography, a Papanicolaou smear,
and a pelvic examination with transvaginal ultraso-
nography were performed yearly. Uterine biopsy
was performed if the endometrial thickness was
greater than 5 mm.

 

acquisition and evaluation
of coronary angiograms

 

Coronary angiography was performed with the per-
cutaneous femoral technique, and right and left an-
terior oblique views were obtained in order to show
all lesions.

 

12-15

 

 Follow-up angiography was sched-
uled three years after the base-line angiogram was
obtained and was performed according to the same
protocol followed at base line. A clinically indicat-
ed coronary angiogram obtained within six months
before the scheduled final angiography or before a
revascularization procedure followed the same pro-
tocol used at base line and was used as the final an-
giogram if one was not available.

With the treatment-group assignment masked,
all readable pairs of angiograms showing identical
views of the coronary arteries were evaluated by an
expert panel of two angiographers and a modera-

tor.

 

12-16

 

 The panel reached a consensus on a global
change score (indicating regression, no change, or
progression) that integrated the visual changes that
they observed. All lesions in native arteries (exclud-
ing those proximal to grafts) and all lesions in grafts
were assessed.

Quantitative coronary angiographic analyses
were performed according to validated methods by
a single technician who was unaware of the treat-
ment-group assignment.

 

12,13,15,17,18

 

 Arterial seg-
ments were defined as extending from branch to
branch. All lesions in native arteries (excluding
those proximal to grafts) and all lesions in grafts
were analyzed. The percent stenosis and the mini-
mal luminal diameter were measured at the site of
lesions identified by the panel, by the imaging ana-
lyst, or both.

 

biochemical variables

 

Lipoproteins and estradiol were measured with the
use of standardized enzymatic

 

19

 

 and radioimmuno-
assay

 

3

 

 methods, respectively.

 

statistical analysis

 

The primary end point was the average (per-partic-
ipant) change from base line in the percent steno-
sis in all lesions evaluated by quantitative coronary
angiography. According to the power calculations,
a sample of 61 participants in each treatment group
was required in order to detect a treatment-effect
size (the mean difference between the estrogen
group and the control group or between the estro-
gen–progestin group and the control group in the
percent stenosis divided by the standard deviation
of the difference) of 0.51 or greater with 80 percent
power at the 0.05 level of significance (two-sided).
Two secondary end points were the average (per-
participant) change in minimal luminal diameter
(on quantitative coronary angiography) and the
global change score. Analyses of the changes in the
percent stenosis and the minimal luminal diameter
were specified a priori for subgroups defined accord-
ing to the presence or absence of diabetes and sub-
groups defined according to the percent stenosis at
base line (<50 percent or ≥50 percent).

Analyses included participants with a scheduled
follow-up angiogram or an early clinically indicated
follow-up angiogram; participants without a follow-
up angiogram were excluded. Analysis of variance
and the chi-square test were used to compare the
treatment groups at base line and during the study
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in terms of changes in lipoprotein and estradiol
levels and the incidence of adverse events. Analy-
sis of covariance (with covariates for the presence
or absence of diabetes and for variables that were
unevenly distributed among the groups at base line)
was used to compare the differences among the
treatment groups in the percent stenosis and the
minimal luminal diameter. The treatment groups

were compared in terms of the global change scores
with the use of chi-square methods, with and with-
out adjustment for diabetes status. Statistical analy-
ses were conducted with the use of SAS software
(SAS Institute), and a P value of 0.05 was considered
to indicate statistical significance. No interim analy-
ses were performed.

 

base-line characteristics

 

Of the 1369 women who were prescreened, 773 had
qualifying base-line angiograms and were invited
for screening (Fig. 1). Of these women, 68 (9 per-
cent) were excluded for medical reasons, and 479
(62 percent) were excluded on the basis of other trial
criteria; the remaining 226 women (29 percent, 115
[51 percent] of whom had diabetes and 111 [49 per-
cent] of whom did not have diabetes) underwent
randomization.

The mean (±SD) age was 63.5±6.5 years (range,
48 to 75); the mean time from menopause to ran-
domization was 18.2 years (range, 0.1 to 48.6); and
approximately 70 percent of the participants were
members of racial or ethnic minority groups (Ta-
ble 1). Because of the imbalance among the groups
in age and race or ethnic background, these varia-
bles were included as covariates in subsequent
analyses.

A total of 169 participants had a follow-up an-
giogram that could be evaluated; of the 57 partici-
pants without a follow-up angiogram, 15 were in the
control group, 22 in the estrogen group, and 20 in
the estrogen–progestin group (P=0.39 for the com-
parison among the three groups). All participants
with follow-up angiograms could be evaluated by
the panel, but three participants (two in the control
group and one in the estrogen–progestin group)
could not be evaluated by quantitative coronary an-
giography for technical reasons. Of the 57 partici-
pants who did not have a follow-up angiogram, 13
completed the study; 8 of these participants declined
a final angiogram, and 5 had a final angiogram that
could not be evaluated because they had undergone
coronary-artery revascularization. The remaining
44 participants (11 in the control group, 17 in the
estrogen group, and 16 in the estrogen–progestin
group; P=0.38 for the comparison among the three
groups) did not complete the study and did not have
a final angiogram. Reasons for noncompletion in-
cluded death (in 5 participants), medical problems

results

 

Figure 1. Profile of the Study.

 

QCA denotes quantitative coronary angiography.

1369 Women prescreened

596 Determined to be
ineligible on angiography

547 Ineligible because of medical
reasons or trial criteria

226 Randomized

76 In control group 74 In estrogen–
progestin group

76 In estrogen
group

15 Withdrew 20 Withdrew22 Withdrew

61 Could be evaluated
by panel

54 Could be evaluated
by panel

54 Could be evaluated
by panel

59 Could be evaluated
by QCA

53 Could be evaluated
by QCA

54 Could be evaluated
by QCA
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(in 7), open-label use of estrogen therapy (in 4), loss
to follow-up (in 5), and personal reasons (in 23). As
compared with the participants with a final angio-
gram, the participants without a final angiogram
were more likely not to be married (P=0.05) and
tended to have a greater ratio of waist circumference
to hip circumference (P=0.03). The two groups did
not differ in terms of laboratory variables. The effect
of the reduced sample size on the statistical power
was nominal, decreasing the power from 80 percent
to 76 percent and increasing the detectable effect
size from 0.51 to 0.53 when 80 percent power was
maintained.

 

compliance

 

The mean level of compliance with study treatment
was 93.6 percent with the estrogen-matching pla-
cebo and 98.4 percent with the progestin-matching
placebo in the control group, 92.6 percent with es-
trogen and 99.9 percent with the progestin-match-
ing placebo in the estrogen group, and 94.1 percent
with estrogen and 96.1 percent with progestin in the
estrogen–progestin group (P=0.61 for the compar-
ison among the three groups with respect to the use
of estrogen or estrogen-matching placebo; P=0.28
for the comparison among the three groups with
respect to the use of progestin or progestin-match-
ing placebo). At base line, there were no significant
differences among the treatment groups in the se-
rum estradiol level (P=0.74 for the comparison
among the three groups). During follow-up, the
serum estradiol levels and the changes in these lev-
els were significantly different among the treatment
groups (P<0.001 for the comparison among the
three groups), with a significant increase from base
line to follow-up in the mean serum estradiol level
in the estrogen group (from 13.7 pg per milliliter to
39.5 pg per milliliter [50.3 pmol per liter to 145.0
pmol per liter], P<0.001) and the estrogen–proges-
tin group (from 12.8 pg per milliliter to 43.4 pg per
milliliter [47.0 pmol per liter to 159.3 pmol per li-
ter], P<0.001). There was no significant change in
the control group (from 13.2 pg per milliliter to
13.0 pg per milliliter [48.5 pmol per liter to 47.7
pmol per liter], P=0.84).

 

coronary angiographic outcomes

 

The median duration of angiographic follow-up
was 3.3 years (interquartile range, 3.1 to 3.5) and
did not differ significantly among treatment groups
(P=0.91). Table 2 presents the results of quantita-

tive coronary angiography adjusted for diabetes
status, race or ethnic group, and age. The percent
stenosis and the minimal luminal diameter at base
line did not differ significantly among the treat-
ment groups. The mean change in these end points
among all lesions (or among lesions stratified ac-
cording to severity) did not differ significantly

 

* Plus–minus values are means ±SD. P values were derived by the chi-square 
test for categorical variables and by analysis of variance for continuous varia-
bles. To convert values for weight to kilograms, multiply by 0.45. The body-
mass index is the weight in kilograms divided by the square of the height in 
meters.

† Percentages given are the percentages of the women who had had a hyster-

 

ectomy.

 

Table 1. Base-Line Demographic and Clinical Characteristics of the 226 
Participants.*

Variable

Control
Group
(N=76)

Estrogen
Group
(N=76)

Estrogen–
Progestin

Group
(N=74)

P 
Value

 

Age — yr 64.2±6.2 61.8±6.7 64.4±6.4 0.02

Race or ethnic group — no. (%)
Non-Hispanic white
Non-Hispanic black
Hispanic
Asian

21 (28)
11 (14)
40 (53)
4 (5)

16 (21)
17 (22)
32 (42)
11 (14)

32 (43)
10 (14)
28 (38)
4 (5)

0.02

Marital status — no. (%)
Never married
Married
Separated, divorced, or 

widowed

5 (7)
30 (39)
41 (54)

3 (4)
40 (53)
33 (43)

7 (9)
33 (45)
34 (46)

0.39

Educational level — no. (%)
≤High school
>High school

50 (66)
26 (34)

44 (58)
32 (42)

41 (55)
33 (45)

0.34

Smoking status — no. (%)
Current smoker
Former smoker
Never smoked

7 (9)
28 (37)
41 (54)

11 (14)
27 (36)
38 (50)

8 (11)
34 (46)
32 (43)

0.55

Diabetes — no. (%) 40 (53) 38 (50) 37 (50) 0.93

Hysterectomy — no. (%)
Oophorectomy†

28 (37)
17 (61)

39 (51)
22 (56)

33 (45)
21 (64)

0.20
0.97

Time since menopause — yr 18.3±10.5 16.7±10.3 19.7±10.5 0.23

Pulse — beats/min 62.8±7.4 62.8±6.2 64.2±6.9 0.37

Blood pressure — mm Hg
Systolic
Diastolic

141.6±22.4
75.9±10.5

138.1±21.7
76.5±11.1

142.3±24.6
75.3±12.5

0.49
0.82

Weight — lb 159.2±31.7 164.5±33.9 162.7±34.4 0.61

Waist-to-hip ratio 0.90±0.08 0.89±0.09 0.90±0.08 0.59

Body-mass index 30.0±5.4 30.6±5.6 30.2±5.6 0.83
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among the groups. The mean progression of ste-
nosis in participants with diabetes was approxi-
mately twice as rapid as that in participants without
diabetes. The angiographic end points did not dif-
fer significantly among the treatment groups, either
among participants with diabetes or among those
without diabetes.

Table 3 presents the results of the panel’s evalu-
ations. Most participants were categorized as having
progression of coronary-artery atherosclerosis (99
of 169 participants [58.6 percent]). More partici-

pants with diabetes than participants without diabe-
tes had progression (54 of 80 [67.5 percent] vs. 45 of
89 [50.6 percent], P=0.03). There were no signifi-
cant differences among the treatment groups in the
global change score, either overall or within sub-
groups stratified according to diabetes status.

 

laboratory variables

 

There were no significant differences among the
treatment groups in the lipoprotein levels at base
line (Table 4). As compared with participants in the

 

Table 2. Results of Quantitative Coronary Angiography in All Lesions.*

Variable
Control 
Group

Estrogen 
Group

Estrogen–
Progestin 

Group
P

Value Mean Difference

 

Estrogen
Group minus
Control Group

Estrogen–
Progestin

Group minus
Control Group

 

All participants

 

No. of participants 59 54 53

All lesions

Percent stenosis
At base line
Change

95% CI

36.62±1.15
1.89±0.78

0.33 to 3.45

37.66±1.11
2.18±0.76

0.66 to 3.70

37.10±1.18
1.24±0.80

¡0.37 to 2.85

0.79
0.66 0.29

¡1.88 to 2.46
¡0.65

¡2.87 to 1.57

Minimal luminal diameter (mm)
At base line
Change

95% CI

1.88±0.07
¡0.13±0.04

¡0.21 to ¡0.05

1.81±0.07
¡0.15±0.04

¡0.23 to ¡0.07

1.82±0.07
¡0.11±0.04

¡0.19 to ¡0.03

0.71
0.79 ¡0.02

¡0.13 to 0.09
0.02

¡0.09 to 0.13

Mild-to-moderate lesions (<50% 
stenosis at base line)

Percent stenosis
At base line
Change

95% CI

31.34±0.82
3.46±0.89

1.68 to 5.24

32.59±0.78
3.44±0.86

1.71 to 5.17

32.34±0.83
2.99±0.91

1.16 to 4.82

0.47
0.91 ¡0.02

¡2.48 to 2.44
¡0.47

¡3.00 to 2.06

Minimal luminal diameter (mm)
At base line
Change

95% CI

2.02±0.07
¡0.18±0.04

¡0.26 to ¡0.10

1.97±0.06
¡0.18±0.04

¡0.26 to ¡0.10

1.95±0.07
¡0.16±0.04

¡0.24 to ¡0.08

0.66
0.93 0.00

¡0.11 to 0.11
0.02

¡0.09 to 0.13

Severe lesions (≥50% stenosis at 
base line)

Percent stenosis
At base line
Change

95% CI

59.21±1.21
¡3.18±1.17

¡5.52 to ¡0.84

59.60±1.18
¡2.34±1.13

¡4.61 to ¡0.07

60.36±1.24
¡4.98±1.19

¡7.37 to ¡2.59

0.76
0.25 0.84

¡2.40 to 4.08
¡1.80

¡5.11 to 1.51

Minimal luminal diameter (mm)
At base line
Change

95% CI

1.16±0.07
0.07±0.03

0.01 to 0.13

1.08±0.07
0.02±0.03

¡0.04 to 0.08

1.08±0.07
0.08±0.03

0.02 to 0.14

0.59
0.40 ¡0.05

¡0.14 to 0.04
0.01

¡0.07 to 0.09
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control group, participants in the estrogen and es-
trogen–progestin groups had significantly greater
percentage increases in the high-density lipoprotein
(HDL) cholesterol level and significantly greater per-
centage decreases in the LDL cholesterol level.

 

adverse clinical and gynecologic events

 

In total, there were nine deaths (four in the control
group, two in the estrogen group, and three in the
estrogen–progestin group). The causes of death in-
cluded cardiovascular causes (in five participants),
lung cancer (in one), sepsis (in one), cryptogenic
cirrhosis (in one), and respiratory failure (in one). At
least one “hard” cardiovascular event (death from

cardiovascular causes, nonfatal myocardial infarc-
tion, unstable angina, cerebrovascular accident,
transient ischemic attack, reversible ischemic neu-
rologic deficit, deep venous thrombosis, or pulmo-
nary embolism) occurred in 50 of the 226 partici-
pants (16 in the control group, 16 in the estrogen
group, and 18 in the estrogen–progestin group; P=
0.86 for the comparison among the three groups);
when revascularization was included as a cardio-
vascular event (a “soft” cardiovascular event), the to-
tal was 67 participants with at least one event (23 in
the control group, 19 in the estrogen group, and 25
in the estrogen–progestin group; P=0.50). There
was no significant difference among the groups in

 

* Three participants could not be evaluated by quantitative coronary angiography. Plus–minus values are means ±SE. 
P values were derived by analysis of covariance, with diabetes status, race or ethnic group, and age as covariates. P values 
for the interaction between treatment group and diabetes status were as follows: P=0.15 for the comparison of percent 
stenosis at base line; P=0.80 for the comparison of the change in the percent stenosis; P=0.85 for the comparison of the 
minimal luminal diameter at base line; and P=0.68 for the comparison of the change in minimal luminal diameter. CI de-

 

notes confidence interval.

 

Table 2. (Continued.)

Variable
Control 
Group

Estrogen 
Group

Estrogen–
Progestin 

Group
P

Value Mean Difference

 

Estrogen
Group minus
Control Group

Estrogen–
Progestin

Group minus
Control Group

 

Participants with diabetes

 

No. of participants 31 23 25

Percent stenosis

At base line
Change

95% CI

35.62±1.47
2.60±0.95

0.66 to 4.54

37.86±1.69
2.49±1.09

0.23 to 4.75

39.09±1.54
1.28±1.00

¡0.78 to 3.34

0.21
0.54 ¡0.11

¡3.02 to 2.80
¡1.32

¡4.10 to 1.46

Minimal luminal diameter (mm)

At base line
Change

95% CI

1.89±0.04
¡0.15±0.05

¡0.25 to ¡0.05

1.80±0.11
¡0.18±0.05

¡0.28 to ¡0.08

1.78±0.10
¡0.14±0.05

¡0.24 to ¡0.04

0.65
0.85 ¡0.03

¡0.18 to 0.12
0.01

¡0.13 to 0.15

 

Participants without diabetes

 

No. of participants 28 31 28

Percent stenosis

At base line
Change

95% CI

37.29±1.74
1.36±1.28

¡1.27 to 3.99

37.39±1.45
1.39±1.06

¡0.77 to 3.55

35.11±1.81
0.58±1.33

¡2.15 to 3.31

0.54
0.86 0.03

¡3.27 to 3.33
¡0.78

¡4.48 to 2.92

Minimal luminal diameter (mm)

At base line
Change

95% CI

1.86±0.10
¡0.13±0.06

¡0.25 to ¡0.01

1.85±0.08
¡0.09±0.05

¡0.19 to 0.01

1.88±0.10
¡0.07±0.06

¡0.19 to 0.05

0.97
0.75 0.04

¡0.12 to 0.20
0.06

¡0.11 to 0.23
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the number of cardiovascular events occurring dur-
ing the first year of study treatment.

Among the 126 participants who had a uterus,
the endometrial thickness was measured as 5 mm or
more in a total of 28 instances in 20 participants in
the control group, in 43 instances in 21 participants
in the estrogen group, and in 57 instances in 27 par-
ticipants in the estrogen–progestin group. Simple
hyperplasia without atypia occurred in two partici-
pants in the estrogen group. Two participants in the
estrogen group underwent hysterectomy during the
study, one because of complex hyperplasia with
atypia and one because of preexisting uterine pro-
lapse. Breast cancer was diagnosed in one partici-
pant in the control group; uterine cancer was not
diagnosed in any of the participants.

As an addition to lipid-lowering therapy, oral 17

 

b

 

-
estradiol alone and 17

 

b

 

-estradiol with sequentially
administered medroxyprogesterone acetate had no
significant effect on the progression of coronary-
artery atherosclerosis in older women with preex-
isting coronary artery disease who were studied an
average of 18 years after menopause. The results of

our study are consistent with those of other trials
of hormonal interventions for atherosclerosis in
women with preexisting cardiovascular disease,

 

4-7

 

as well as with those of studies examining cardio-
vascular events,

 

8,9,20-22

 

 of which the imaging end
point that we used is highly predictive.

 

23

 

 Howev-
er, the results of WELL-HART are strikingly differ-
ent from those of the Estrogen in the Prevention
of Atherosclerosis Trial (EPAT),

 

3

 

 a sister study to
WELL- HART that we also conducted. EPAT was
a randomized, controlled trial that used protocols
that were similar to those used in the current trial
and that was conducted by the same personnel but
that found that, relative to placebo, oral 17

 

b

 

-estra-
diol alone slowed the progression of carotid intima–
media thickness.

 

3

 

 Together, the two studies were
designed to determine the effects of hormone ther-
apy on the progression of atherosclerosis in post-
menopausal women with preexisting cardiovascu-
lar disease (WELL-HART) and in postmenopausal
women without such disease (EPAT). The divergent
outcomes of the two studies may be related to the
timing of the intervention relative to the stage of ath-
erosclerosis, as reflected by the different imaging
methods used. Carotid-wall thickness is a measure
of early, subclinical, asymptomatic atherosclerosis,
whereas coronary angiography is used to evaluate
late-stage, symptomatic atherosclerosis.

Accumulating data indicate that estrogen has lit-
tle effect in reversing atherosclerosis once it is es-
tablished, whereas it significantly reduces the extent
of atherosclerosis if therapy is initiated at an early
stage.

 

24

 

 In nonhuman primates, when the initiation
of estrogen therapy is delayed for two years (equiv-
alent to six years in humans) after oophorectomy,
there is no effect on the extent of atherosclerosis.

 

25

 

However, when estrogen is administered immedi-
ately after oophorectomy in primates that are fed an
atherogenic diet, the development of atherosclerosis
is significantly reduced.

 

26-28

 

 Our results are consis-
tent with those of the first set of studies in primates,
in which hormone therapy was initiated many years
after atherosclerosis had developed. The results of
EPAT are consistent with the latter set of studies in
primates, in which estradiol therapy was initiated
earlier in the atherosclerotic process. The time from
menopause to randomization was approximately
five years shorter in EPAT than in WELL-HART.

Since the progression of atherosclerosis is silent,
women may have advanced but asymptomatic vas-
cular disease many years after menopause. Given
this fact, the timing of treatment relative to meno-

discussion

 

* P values were derived by the chi-square test.

 

† P=0.21 with adjustment for diabetes status.

 

Table 3. Global Change Scores.*

Global Score
Control 
Group 

Estrogen 
Group 

Estrogen–
Progestin 

Group P Value

 

no./total no. (%)

 

All participants

 

0.33†

Regression 3/61 (5) 5/54 (9) 1/54 (2)

No change 24/61 (39) 15/54 (28) 22/54 (41)

Progression 34/61 (56) 34/54 (63) 31/54 (57)

 

Participants with diabetes

 

0.67

Regression 3/32 (9) 3/23 (13) 1/25 (4)

No change 7/32 (22) 4/23 (17) 8/25 (32)

Progression 22/32 (69) 16/23 (70) 16/25 (64)

 

Participants without diabetes

 

0.18

Regression 0/29 2/31 (6) 0/29 

No change 17/29 (59) 11/31 (35) 14/29 (48)

Progression 12/29 (41) 18/31 (58) 15/29 (52)
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pause or perimenopause may be important in slow-
ing the progression of atherosclerosis. In humans,
nondiseased coronary-artery vessels dilate in re-
sponse to the administration of estrogen, whereas
diseased vessels do not respond.

 

29

 

 The lack of estro-
gen-receptor expression in the presence of athero-
sclerosis could result in a decreased ability of vas-
cular tissue to respond to estrogen.

 

30

 

 This lack of
estrogen-receptor expression may result from meth-
ylation of the promoter region of the gene for estro-
gen receptor 

 

a

 

, which occurs in aging and diseased
vessels.

 

31

 

Comparison of the current results with those of
EPAT indicates that other factors such as concom-
itant lipid-lowering therapy may overshadow the
potential beneficial effects of estrogen on the pro-
gression of atherosclerosis. Although all partici-
pants in the WELL-HART study received lipid-low-
ering therapy, 40 percent of the participants in EPAT
did not. Subgroup analyses in EPAT indicated that
17

 

b

 

-estradiol therapy alone significantly slowed
the progression of atherosclerosis relative to that
in the women in the placebo group who did not re-
ceive lipid-lowering therapy but had no demon-
strable effect relative to that in the women in the
placebo group who did receive such therapy.

 

3

 

 Un-
opposed 17

 

b

 

-estradiol alone and lipid-lowering
therapy alone had similar effects on the progression
of atherosclerosis.

 

3

 

 Similar results were observed
in the Asymptomatic Carotid Artery Progression
Study.

 

32

 

 These data indicate that estrogen slows
the progression of atherosclerosis but that this ef-
fect is overshadowed by the effects of lipid-lower-
ing therapy.

The trials that have been completed to date have
not adequately tested the hypothesis that estrogen is
cardioprotective. Observational studies indicate that
there is cardiovascular benefit in women in whom
hormone therapy is initiated early after the onset
of menopause for the amelioration of hot flashes.

 

1

 

EPAT has been the closest test of this pattern of hor-
mone use, but it was not a complete test. Hot flashes
are a result of vasomotor instability and may occur
during a time when the vascular wall is still respon-
sive to hormone therapy.

In contrast to previous trials using continuous,
daily administration of a combination of conju-
gated equine estrogen and medroxyprogesterone
acetate,

 

7-9

 

 our study found no increase in the rate of
coronary events during the first year of hormone
therapy. These results suggest that continuous, dai-
ly therapy with medroxyprogesterone acetate may

initially have negative cardiovascular consequences.
Although the statistical power to detect an early in-
crease in the risk of cardiovascular events in our
study was limited, other trials testing estradiol ther-
apy have also not shown a significantly increased
risk of coronary events during the first year of ther-
apy.

 

3,5,20-22

 

 Participants in our study received an
HMG-CoA–reductase inhibitor along with hormone
therapy, and this may also account for the absence
of early cardiovascular events. In subgroup analyses
in the Heart and Estrogen/Progestin Replacement
Study (HERS), the rate of coronary events during the
first year of intervention was equivalent in the pla-
cebo and hormone-therapy groups among partici-
pants taking HMG-CoA–reductase inhibitors.

 

33

 

 Es-
trogen therapy increases the production and activity
of matrix metalloproteinases, degradative enzymes
that are important in the destabilization and rupture
of plaque.

 

34,35

 

 The administration of an HMG-CoA–
reductase inhibitor along with estrogen may reduce
the instability of plaque and the risk of plaque rup-
ture.

 

36,37

 

In summary, our results are in agreement with
those of previous randomized, controlled trials in
elderly women with coronary artery disease studied
an average of two decades after menopause. Our
study also provides additional information regard-
ing a particular estrogen compound and a particular

 

* Plus–minus values are means ±SD. P values are for the comparisons among 
the three groups and were derived by analysis of variance. 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. HDL denotes high-

 

density lipoprotein, and LDL low-density lipoprotein.

 

Table 4. Lipoprotein Levels at Base Line and Changes in Lipoprotein Levels.*

Variable

Control 
Group 
(N=76)

Estrogen 
Group 
(N=76)

Estrogen–
Progestin 

Group 
(N=74) P Value

 

Total cholesterol
Base-line level (mg/dl)
Percent change

233.0±38.9
¡10.9±12.2

232.9±43.6
¡12.7±10.3

234.1±49.8
¡13.2±11.3

0.98
0.44

HDL cholesterol
Base-line level (mg/dl)
Percent change

50.1±8.3
5.7±8.5

49.5±10.3
12.0±11.3

47.9±8.4
9.4±11.6

0.31
0.002

LDL cholesterol
Base-line level (mg/dl)
Percent change

145.9±35.5
¡14.9±19.8

146.4±40.3
¡22.2±14.0

145.4±40.9
¡20.4±14.0

0.99
0.02

Triglycerides
Base-line level (mg/dl)
Percent change

186.7±95.3
¡6.8±26.3

195.4±109.1
¡4.8±24.4

225.0±157.6
¡6.7±30.4

0.14
0.89
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hormone regimen. Our results extend the previous
null findings to a population predominantly com-
posed of members of minority groups and to a pop-
ulation of patients with diabetes mellitus. Howev-
er, comparison with EPAT indicates that estrogen
therapy may be effective in slowing the progres-
sion of atherosclerosis when it is initiated early in
menopuase, while the vascular wall remains respon-
sive to estrogen. The difference in outcomes be-
tween WELL-HART and EPAT warrants further in-
vestigation.
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Recruitment Centers: 

 

Los Angeles County–University of Southern California Medical Center and University Hospi-
tal, Los Angeles
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 A. Sevanian
(Director), J. Hwang, O. Bolusan, A. Ramirez. 
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D.P. Faxon, W.J. French, T.D. Gaarder, P.R. Mahrer, A.O. Mehra, R. Rabbani, T.L. Shook. Study Gynecologists: G. Mezrow, D. Shoupe. Re-
productive Endocrinology Laboratory: F.Z. Stanczyk (Director). Gynecological Pathology Laboratory: J.C. Felix (Director). Mammography
Reading Center: Y. Parisky (Director). Data Safety Monitoring Committee: B.G. Brown (Chairman), G. Chaudhuri, M. Malloy, T. Odom-
Maryon, J. Wilson-Ross, D.J. Gordon (ex officio, National Heart, Lung, and Blood Institute).
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