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Estrogen replacement therapy reduces risk of car-
diovascular events1–5 and is required by a great

number of postmenopausal women. Because the ad-
dition of progestins had been demonstrated to remove
the risk of endometrial cancer induced by long-term
use of estrogen,3,6 estrogen plus progestin treatment
has become the most utilized therapy today. The effect
of progestins, however, still remains controversial.
Some investigators have reported that progestin does
not affect the risk of coronary artery disease,1,3–5

whereas others have reported that it increases the
risk.3,7–9 Recently, noninvasive examination of endo-
thelial function has become possible by measuring
flow-mediated dilation of the brachial artery during
reactive hyperemia after transient occlusion.10–14The
objective of the present study was to determine the
effects of medroxyprogesterone acetate (MPA), a pro-
gestin widely used and believed to be highly success-
ful when added to estrogen replacement therapy, on
endothelial function in postmenopausal women.

• • •
The present study included 25 postmenopausal

women with mild hypercholesterolemia (mean age
54 6 1 years). Menopause was confirmed by follicle-
stimulating hormone (FSH) levels.40 IU/L and ab-
sence of menstruation for at least 1 year. All subjects
were asymptomatic, normotensive, nondiabetic, and
nonsmokers. None had coronary artery disease, con-
gestive heart failure, or any other serious disease. All
subjects gave written informed consent before the
study, and the study was conducted in accordance
with the guidelines approved by the ethics committee
at our institution.

All subjects were enrolled in a randomized, dou-
ble-blind, placebo-controlled study to evaluate the ef-
fect of estradiol with and without MPA on endothelial
function. Thirteen women were randomized to receive
8 weeks of hormone replacement, which comprised 4
consecutive treatment phases; 2 weeks of 17-b estra-
diol (2 mg/2 days) (Estraderm TTS, Novartis, Basel,
Switzerland) plus placebo corresponding to MPA, 2
weeks of 17-b estradiol plus MPA (2.5 mg/day)

(Provera, Pharmacia & Upjohn, Peapack, New Jer-
sey), 2 weeks of 17-b estradiol plus placebo, and 2
weeks of placebo corresponding to 17-b estradiol plus
placebo corresponding to MPA. The remaining 12
women received the same treatment in the opposite
order. All subjects were studied during fasting state in
the morning (8:00A.M.) before the study began and at
the end of each supplementation, as shown in Figure
1.

Flow-mediated dilation of the brachial artery after
transient occlusion was measured by 2 ultrasound
technicians. The validity of this method has been
confirmed in our previous studies and by investiga-
tors.10–14 Briefly, the diameter of the brachial artery
was measured from B-mode ultrasound images using
a 7.5-MHz linear array transducer (SSH-160A,
Toshiba, Tokyo, Japan). Flow velocity in the brachial
artery was measured using a pulsed Doppler signal.
The brachial artery was scanned in the antecubital
fossa in a longitudinal fashion. Depth and gain set-
tings were optimized at the beginning of the study and
were kept constant throughout the recording period.
When a satisfactory transducer position was found,
the surface of the skin was marked, and the arm
position was maintained throughout the study.

Each subject rested for 10 minutes before the first
scan. After baseline measurements of the diameter and
the flow velocity in the brachial artery, a blood pres-
sure cuff was placed around the forearm and inflated
to a pressure of 250 to 300 mm Hg; the cuff was
released after 5 minutes. Measurements of the arterial
diameter and the flow velocity were continuously per-
formed during cuff inflation and after cuff deflation.
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FIGURE 1. Study protocol schematic of the experimental protocol.
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Thereafter, the subjects rested for 15 minutes. After
confirming that the arterial diameter and the flow
velocity returned to baseline levels, sublingual nitro-
glycerin (0.3 mg) was administrated, and 3 to 4 min-
utes later the last measurements were performed.10–14

The ultrasound images were recorded on a super
VHS videocassette recorder (BR-S601 M, Victor, To-
kyo, Japan), and arterial diameter was measured at a
fixed distance from an anatomic marker with ultra-
sonic calipers by 2 independent observers, who were
blinded as to which phase of the therapy the images
had been acquired. Measurements were taken from the
anterior to the posterior interface between the media
and adventitia (“m” line) at the end-diastole, incident
with the R wave on a continuously recorded electro-
cardiogram.10–13,15The diameters at 4 cardiac cycles
were analyzed for each scan, and the measurements
were averaged. Diameter measurements for the reac-
tive hyperemia were taken 45 to 90 seconds after the
cuff deflation to measure peak diameter. Blood flow
was calculated by multiplying the velocity-time inte-
gral of the Doppler flow signal by heart rate and the
vessel cross-sectional area. Increase in blood flow was
calculated by dividing the maximum flow within the
first 15 seconds after the cuff deflation by the flow at
baseline.10–14

In our study, the kappa coefficients of interob-
server and intraobserver variability for the repeated
measurements of resting arterial diameter were 0.856
0.09 and 0.956 0.04, respectively. In a preliminary
study, when these procedures were performed at the
same time on 2 separate days in 20 volunteers, the
average intrasubject test-retest difference for the mea-
surements of the arterial diameter during the reactive
hyperemia was 0.056 0.04 mm.10,13

Blood samples were obtained from all study sub-
jects on the study day while they were in the fasting
state. Serum levels of estradiol, progesterone, FSH,
and luteinizing hormone were measured by a specific
immunoradiometric assay.10,12

The data were analyzed by analysis of variance.
When statistically significant effects were found, the
Newman-Keuls test was used to isolate the differences
between groups. Statistical significance was defined as
p ,0.05. All data are expressed as mean6 SEM.

All subjects well tolerated the study. Heart rate,
mean blood pressure, lipid profiles, increase in blood
flow during the reactive hyperemia, and the nitroglyc-
erin-induced arterial dilation (endothelium-indepen-
dent vasodilation) did not change throughout the study
(Table 1). The active treatments (hormone supplemen-
tations) increased estradiol levels and decreased FSH
levels.

Flow-mediated vasodilation was increased by the
initial estradiol supplementation, as shown in Figure 2
(10.726 0.18%, p,0.01 vs 4.926 0.19% baseline
and 4.886 0.18% placebo1 placebo). The estradiol
plus MPA supplementation also increased the flow-

FIGURE 2. Effects of hormone replacement on the flow-mediated
dilation of the brachial artery. *p <0.01 versus baseline and
placebo 1 placebo. See text for details. Data are expressed as
mean 6 SE.

TABLE 1 Hemodynamic and Blood Sampling Data

Baseline
Estradiol

1 Placebo
Estradiol
1 MPA

Estradiol
1 Placebo

Placebo
1 Placebo

Heart rate (beats/min) 65 6 3 67 6 3 69 6 3 71 6 2 63 6 4
Mean blood pressure (mm/Hg) 104 6 4 102 6 2 102 6 3 102 6 2 100 6 3
Baseline diameter (mm) 3 6 0.15 3 6 0.09 3 6 0.10 3 6 0.15 3 6 0.13
Baseline flow (ml/min) 161 6 19 163 6 16 165 6 19 169 6 22 159 6 15
Increase in flow during reactive

hyperemia (%)
271 6 32 256 6 25 249 6 30 260 6 36 266 6 24

Increase in diameter after
nitroglycerin (%)

15 6 2 16 6 2 16 6 1 15 6 2 15 6 2

Total cholesterol (mg/dl) 223 6 13 218 6 11 220 6 11 221 6 13 221 6 12
LDL cholesterol (mg/dl) 132 6 12 128 6 12 130 6 12 128 6 11 130 6 12
HDL cholesterol (mg/dl) 63 6 7 63 6 6 62 6 6 64 6 5 62 6 6
Triglyceride (mg/dl) 126 6 16 123 6 16 127 6 15 125 6 17 125 6 16
Estradiol (pg/ml) 15 6 9 56 6 13* 52 6 15* 59 6 16 15 6 8
Progesterone (ng/ml) 0.38 6 0.6 0.34 6 0.5 0.39 6 0.6 0.38 6 0.7 0.37 6 0.2
FSH (pg/ml) 87 6 9 51 6 5† 50 6 6† 54 6 5† 90 6 10
LH (pg/ml) 39 6 10 38 6 12 35 6 11 40 6 11 39 6 11

*p ,0.01 versus baseline and placebo 1 placebo; †p ,0.01 versus baseline and placebo 1 placebo.
HDL 5 high density lipoprotein; LDL 5 low density lipoprotein; LH 5 luteinizing hormone.
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mediated vasodilation (7.976 0.14%, p ,0.01 vs
baseline and placebo1 placebo). However, the en-
hancement with estradiol plus MPA was less pro-
nounced than that with estradiol alone (10.726
0.18% vs 7.976 0.14%, p,0.01). After the second-
ary estradiol supplementation performed in succession
to estradiol plus MPA, the flow-mediated vasodilation
recovered to the degree of the initial estradiol supple-
mentation (10.506 0.21%, p,0.01 vs baseline, es-
tradiol 1 MPA and placebo1 placebo).

• • •
Many observational studies have demonstrated that

estrogen replacement therapy has an effect on lipid
profiles and risk of cardiovascular events.1–5,16 Not
only the effect on coronary risk factors, such as lipid
profiles, but also the direct effect of estrogen replace-
ment therapy on the vascular endothelium, plays an
important role in the prevention of coronary artery
disease.16 Oral estrogen supplementation decreases
low density lipoprotein levels and increases high den-
sity lipoprotein1–5,7,16; however, because the supple-
mentation we performed was of short duration and
transdermal, lipid profiles did not change during the
therapy. The effect of estradiol therapy, with or with-
out MPA, on vascular reactivity in the present study
appears independent of its effect on lipid profiles. In
the present study, short-term administration of MPA
degraded the improvement of endothelial function of
the brachial artery as induced by estrogen replace-
ment. The endothelium-dependent relaxation of the
brachial artery correlates with that of coronary ar-
tery.13,14The results of the present study indicate that
the hormone replacement therapy with MPA plus es-
tradiol reduces cardiovascular events or angina in
postmenopausal women, which is similar to the results
of estradiol alone. However, the effect may be less
produced with MPA plus estradiol than estradiol
alone.

Some recent studies that questioned the effect of
estrogen replacement therapy, most of which utilized
MPA, reported that estrogen replacement therapy does
not necessarily reduce the prevalence of coronary
heart disease.17,18 Unfortunately, we only examined
the short-term effect of estradiol with and without
MPA on endothelial function, and the effect of MPA
was not strong enough to completely suppress the
beneficial effect of estradiol. There may be a differ-
ence between the effect of a continuous MPA regimen
and that of a cyclical MPA regimen on the endothelial
function during estrogen replacement therapy. Further
studies are needed to clarify the long-term effect of
MPA on the endothelial function in women.

Serum levels of natural progesterone did not

change throughout the study, and low doses of MPA
have been reported not to elicit any changes in serum
natural progesterone concentration in monkeys.19

Thus, the low dose of MPA (2.5 mg/day) may not
affect natural progesterone concentration in women.

In conclusion, MPA, when added to estradiol
treatment, diminishes the improvement in endo-
thelium-dependent dilation of the brachial artery
that is achieved with estrogen therapy.
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