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Blood pressure increases in many women after menopause. Ovarian hormones, particularly estrogen,

may be responsible, at least in part, for the lower blood pressure in premenopausal women. However, the

Article history:

Received: Dec 3, 2010
Revised: Jan 31, 2011
Accepted: Feb 21, 2011

KEY WORDS:
angiotensinogen;
blood pressure;
estrogen;

postmenopausal women;

progesterone

mechanisms responsible for the increase in blood pressure in women after menopause are not yet fully
known. In this article, we focused on estrogens and reviewed the effects of estrogen on the clinic blood
pressure in women. Oral high-dose conjugated equine estrogen (CEE) administration and oral contra-
ceptive use have been reported to increase the blood pressure in women. On the other hand, although
oral common- and low-dose CEE administration had little effect on the blood pressure in younger
postmenopausal women, oral common-dose CEE administration produced a slight increase of the blood
pressure in older postmenopausal women with or without an established coronary heart disease.
Transdermal 17p-estradiol had either no effect or produced a slight decrease in blood pressure in
postmenopausal women. Raloxifene had no effect on blood pressure in postmenopausal women. In
addition, concomitant administration of progestogens had little additional effect on the blood pressure
in women receiving estrogen therapy. Oral high dose of CEE administration and oral contraceptive
administration to post- and premenopausal women, respectively, and oral common-dose CEE admin-
istration to older postmenopausal women with or without established coronary heart disease should call
for caution, particularly in individuals with uncontrolled hypertension. Further large, long-term,

controlled, randomized studies are needed to confirm these findings.
Copyright © 2011, Taipei Medical University. Published by Elsevier Taiwan LLC. All rights reserved.

1. Introduction

Before menopause, blood pressure is lower in women than that in
age-matched men."? In both aging men and women, the systolic and
diastolic blood pressures increase, although in later years, the dia-
stolic blood pressure plateaus or even declines. The first decade
after menopause is accompanied by an increase of the blood pres-
sure.’® In the 7™ decade of life, the prevalence of hypertension
among women is higher than that in men."? Ovarian hormones,
particularly estrogens, may be responsible, at least in part, for the
lower blood pressure in premenopausal women and for the increase
in blood pressure in postmenopausal women. However, the increase
in blood pressure in postmenopausal women does not occur as soon
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as the ovary becomes senescent but, rather, over a number of years.*

Although other factors, such as endothelial function, endothelin,
oxidative stress, renin—angiotensin—aldosterone system (RAAS),
obesity, and the sympathetic nervous system, may also contribute to
the increased blood pressure in postmenopausal women,>® the
mechanisms responsible for the increased blood pressure in women
after menopause are not yet fully understood. In this article, we
focused on estrogens and reviewed the effects of estrogens on the
clinic blood pressure in women (Table 1).

2. Estrogens and Blood Pressure

2.1. Oral conjugated equine estrogen

Data on the effects of oral conjugated equine estrogens (CEEs) on
the clinic blood pressure are inconsistent and include reports of

little effect on the blood pressure’ ' as well as of blood pressure
elevation.?%=23 Some studies demonstrated that oral high-dose
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Table 1 Effects of hormone therapy on blood pressure in postmenopausal women
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Parameter Oral CEE Oral contraceptive Transdermal E2 Oral raloxifene Progesterone
High dose, Common dose, Low dose, High dose, Common dose, MP MPA
1.25mg/d 0.625 mg/d 0.3125 mg/d 120 mg/d 60 mg/d Cydlic Continuous Cyclic
Blood pressure Increase No change No change Increase No change No change No change No change No change No change
(younger) (premenopausal or decrease

women)
Increase (older)

CEE = conjugated equine estrogen; E2 = 17f-estradiol; MP = micronized progesterone; MPA = medroxyprogesterone acetate.

administration of CEE (1.25 mg/d), isolated from the urine of
pregnant mares, increased the blood pressure.”> A postmenopausal
woman developed hypertension after high-dose CEE administra-
tion for 5 months; however, she became normotensive at 3 months
after discontinuation of the therapy.>> On the other hand, oral low-
dose administration of CEE (0.3 mg/d) alone or CEE combined with
oral medroxyprogesterone acetate (MPA) for 3 months to healthy
postmenopausal women had no impact on the blood pressure.®!°
Hepatic first-pass metabolism of orally administered CEE at
a high dose induces the RAAS, resulting in overproduction of
angiotensinogen, whereas oral low dose of CEE may show negli-
gible hepatic first-pass effect and RAAS activation.

Several small clinical studies have reported the effects of oral
common-dose administration of CEE (0.625 mg/d) on the blood
pressure in relatively young (mean age less than 60 years) and
relatively old (mean age greater than 60 years) postmenopausal
women. Oral common-dose administration of CEE alone or CEE
combined with MPA to normotensive and hypertensive younger
postmenopausal women had no effect on the blood pressure.8~1°
Common-dose administration of CEE for 3 months had no effect
on the blood pressure in normotensive® and hypertensive younger
postmenopausal women who were not receiving antihypertensive
drug treatment.® Common-dose administration of CEE with MPA
for 3—24 months also had no effect on the blood pressure in
normotensive and hypertensive younger postmenopausal women
receiving antihypertensive drug treatment.®~1° In addition, several
large randomized clinical trials have investigated the effects of
hormone therapy on blood pressure in postmenopausal women.
The Postmenopausal Estrogen/Progestin Interventions Trial found
no significant change of the blood pressure among 875 healthy
young normotensive postmenopausal women randomized to
receive oral common-dose CEE treatment alone, CEE in combina-
tion with MPA or micronized progesterone, or placebo for 3 years.”
The Women'’s Health Initiative (WHI) reported a slight but signifi-
cant increase of the systolic blood pressure by 1.5 mmHg, but not of
the diastolic blood pressure, after a follow-up period of 2 years in
8506 healthy older postmenopausal women with intact uteri
treated with a combination of CEE and MPA.?! Another WHI trial of
5310 older postmenopausal women who had undergone hyster-
ectomy demonstrated a slight but significant increase of the systolic
blood pressure by 1.1 mmHg, but not of the diastolic blood pressure,
after oral common-dose administration of CEE alone.?? The Heart
and Estrogen/Progestin Replacement Study also confirmed the
slight systolic blood pressure—elevating effects of oral common-
dose CEE plus MPA treatment in 1380 older postmenopausal
women with established coronary heart disease. In the Heart and
Estrogen/Progestin Replacement Study and the WHI, common-
dose administration of CEE alone or CEE in combination with
MPA to older postmenopausal women with or without established
coronary heart disease resulted in only minimal changes of the
systolic blood pressure after several years of follow-up.

The mechanisms by which oral common-dose administration of
CEE might increase the blood pressure in older postmenopausal

women with or without established coronary heart disease, but not
in younger postmenopausal women, still remain unclear. However,
some possibilities are considered. Endothelial dysfunction could
contribute to the increased blood pressure. Studies in older post-
menopausal women with** or without®® established coronary
artery disease found no significant effect, whereas those of rela-
tively young healthy postmenopausal women showed significant
improvement of the endothelial function by oral common-dose CEE
therapy.®® Although oral common-dose administration of CEE
promotes angiotensinogen production by means of hepatic first-
pass metabolism in both younger and older postmenopausal
women, such administration improves endothelial function only in
younger postmenopausal women and not in older postmenopausal
women with or without an established coronary heart disease.
Thus, common-dose CEE treatment appears to have little effect on
the blood pressure in younger postmenopausal women but appears
to increase the blood pressure in older postmenopausal women
with or without established coronary heart disease.

2.2. Transdermal 17(3-estradiol

To date, the effects of transdermal estrogen on the clinic blood
pressure have not been well studied. No effect of the administration
of transdermal 17B-estradiol for 12 months was observed on the
blood pressure in either normotensive or hypertensive post-
menopausal women.?’3® Transdermal 17p-estradiol treatment
with MPA for 12 months or 24 months lowered the blood pressure
in normotensive postmenopausal women.'®!® Transdermal appli-
cation of estrogens avoids hepatic first-pass and RAAS activation.
Therefore, transdermal 17p-estradiol administration may have
either no effect or produce a small decrease of the blood pressure in
postmenopausal women. Larger clinical trials of transdermal
estrogen with longer durations of follow-up would be needed to
confirm these findings.

2.3. Oral contraceptives

Use of oral contraceptives has been shown to be associated with
hypertension. In 22 premenopausal women who developed
hypertension while on oral contraceptive pills, the blood pressure
levels returned to normal after discontinuation of the oral contra-
ceptive (the blood pressure levels before, during, and after the
discontinuation of oral contraceptive use were 125/76 mmHg, 183/
110 mmHg, and 130/82 mmHg, respectively).>> In a prospective
cohort study of 68,297 healthy premenopausal nurses, current
users of oral contraceptives had an increased risk of development of
hypertension (relative risk=1.8; 95% confidence inter-
val = 1.5-2.3).3! It is important to note that the estrogens used in
contraceptive pills (e.g., ethinyl estradiol) are different from the
natural estrogen, estradiol (e.g., 17B-estradiol). Unlike the natural
estrogen, estradiol, the synthetic estrogen ethinyl estradiol
increases the blood pressure? suggesting that the effects of
natural and synthetic estrogens differ markedly and may influence
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the mechanisms involved in the regulation of blood pressure. For
example, even though contraceptive estrogens are administered at
lower doses (30—200 pg) than estrogens (0.625—2 mg) used for
hormone therapy, contraceptive estrogens increase the blood
pressure.3? Oral contraceptives may induce hepatic synthesis of
angiotensinogen more strongly than oral estrogens used for
hormone therapy.

3. Selective Estrogen Receptor Modulators and Blood
Pressure

Raloxifene, a benzothiophene derivative that binds to the estrogen
receptor,®? is a selective estrogen receptor modulator. Raloxifene
has estrogen-agonist effects on the bones and lipid profile, and
estrogen-antagonist effects on the breast and uterus.>43° Several
small clinical studies have investigated the effects of oral common-
dose administration of raloxifene (60 mg/d) on the clinic blood
pressure in postmenopausal women. Common-dose administra-
tion of raloxifene for 6 months or 12 months had no effect on the
blood pressure in either normotensive or hypertensive osteoporotic
postmenopausal women under antihypertensive drug treat-
ment,>%37 which was associated with a lack of effect of oral ralox-
ifene on the components of the RAAS3® In addition, a large
randomized clinical trial investigating the effects of raloxifene on
the clinic blood pressure in postmenopausal women found no
significant effect of the drug on the blood pressure after 6 months
among 390 healthy postmenopausal women randomized to
common- or high-dose (120 mg/d) raloxifene treatment or
placebo.? Although the mechanisms explaining the lack of effect of
oral raloxifene on the components of the RAAS and blood pressure
in postmenopausal women remain unclear, raloxifene administra-
tion appears to have no effect on the blood pressure in post-
menopausal women.

4. Progesterone and Blood Pressure

In women with intact uteri receiving estrogen therapy, concomitant
administration of either natural progesterone or a synthetic
progestin is necessary to prevent endometrial hyperplasia and
carcinoma. Natural progesterone, such as micronized progesterone,
has no androgenic properties, whereas some synthetic progestins,
such as MPA and norethisterone acetate, possess androgenic side
effects, which raise the concern of potentially harmful effects on
blood pressure regulation. Concomitant administration of MPA or
norethisterone acetate has been shown to attenuate estrogen-
induced increase in the production of nitric oxide*® and prostacy-
clin®® in endothelial cell cultures. However, the Postmenopausal
Estrogen/Progestin Interventions Trial showed no significant
change in blood pressure after 3 years in healthy normotensive
postmenopausal women randomized to oral common-dose treat-
ment with CEE alone, CEE in combination with cyclic or consecutive
MPA or cyclic micronized progesterone, or placebo after 3 years.”
Taken together, progestogens given in either cyclic or consecutive
regimens of hormone therapy may have little additional effect on
the blood pressure.

5. Conclusion

The literature on the effects of estrogens on the clinic blood pres-
sure in women is confusing and inconsistent. Oral high-dose CEE
treatment and oral contraceptive use increase the blood pressure in
women. On the other hand, although oral common- and low-dose
CEE treatment has little effect on the blood pressure in younger
postmenopausal women, oral common-dose CEE treatment
produces a small increase in blood pressure in older
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postmenopausal women with or without an established coronary
heart disease. Transdermal 17B-estradiol has either no effect or
produces a small decrease in blood pressure in postmenopausal
women. Raloxifene has no effect on the blood pressure in post-
menopausal women. In addition, concomitant administration of
progestogens has little additional effect on the blood pressure in
women receiving estrogen therapy. Oral high dose of CEE admin-
istration and oral contraceptive administration to post- and
premenopausal women, respectively, and oral common-dose CEE
administration to older postmenopausal women with or without
an established coronary heart disease should call for caution,
particularly in individuals with uncontrolled hypertension. Further
large, long-term, controlled, randomized studies are needed to
confirm these findings.
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