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Abstract: Although initial experimental data and results of observational studies suggest that hormone replacement ther-

apy (HRT) is associated with a reduction in the risk of heart disease, the results for events such as stroke or thromboem-

bolism are less clear. Randomized secondary and primary prevention studies have found that HRT is not protective 

against the risk of coronary heart disease, stroke or progression of atherosclerosis. Therefore, HRT therapy should not be 

initiated to prevent vascular disease among postmenopausal women. There are numerous explanations for the divergent 

findings of observational and randomized clinical trials of HRT. For example, study design and differing biological effects 

of HRT on vascular risk factors.  

The use of HRT for young postmenopausal women with moderate to severe menopausal vasomotor symptoms appears to 

be safe. The absolute risk of vascular event associated with HRT is low and varies depending on factors like age or years 

since the menopause. The presence or absence of cardiovascular risk factors determines the differences in vascular risk 

linked to HRT. 

Further studies should identify the mechanisms involved and determine whether and how different regimens of HRT in-

fluence vascular risk as well as the influence of individual patient characteristics.  
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INTRODUCTION 

 Menopause may be associated with vasomotor and geni-
tal symptoms as well as changes in bone metabolism [1]. 
Changes in the lipid profile, obesity, hypertension, glucose 
intolerance and diabetes mellitus may become relevant as 
risk factors of cardiovascular disease [2]. Vascular disease 
represents the most frequent cause of mortality and morbid-
ity in the woman, more than cancer either in the United 
States as in Europe [3]. 

 The risks related to the post-menopausal period are 
mainly due to the decreased availability of estrogen, which 
has indirect protective effects on lipid, and glucose metabo-
lism as well as direct effects on vessel function. They have 
vasodilator action due to nitric oxide (NO) release, calcium-
antagonist like action and an antiproliferative effect on 
smooth muscle cells. 

 In the past, observational data, suggested that estrogen 
was cardioprotective and as a result, estrogen hormone re-
placement therapy (HRT) was routinely prescribed for both 
primary and secondary prevention of coronary heart disease 
(CHD). However, the Heart and Estrogen Progestin Re-
placement Study (HERS-I and -II) [4, 5] did not confirm a 
protective effect on the heart, and the Women's Health Initia-
tive (WHI) combined estrogen-progestin trial reported an  
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increase in CHD risk [6]. The WHI unopposed estrogen trial 
did not report an increase in CHD events, although stroke 
and venous thromboembolism were increased similarly in 
the combined estrogen-progestin trial [7]. 

 However, recent data of follow-up analysis suggests that 
younger postmenopausal women taking HRT (unopposed or 
combined) are not at increased risk for CHD [8], and had a 
lower coronary-plaque burden and a lower prevalence of 
subclinical coronary artery calcification [9]. 

 HRT is indicated for menopausal symptoms, but it should 
not be prescribed for either primary or secondary prevention 
of CHD. The net benefit of estrogen or combined estrogen-
progestin HRT in postmenopausal women is still uncertain. 
We review the impact of estrogen HRT on cardiovascular 
risk, including the effects on serum lipid values, blood pres-
sure, body weight and cardiovascular outcomes.  

CARDIOVASCULAR EFFECTS OF SEXUAL 
STEROIDS 

Estrogen 

 Estrogens have potential beneficial effects on the cardio-
vascular system such as improving: the lipid profile, insulin 
sensitivity and endothelial function [10]. Potential adverse 
effects of estrogens are: Increased serum triglyceride concen-
trations with oral estrogens, increased hepatic synthesis of 
vascular inflammatory markers such as C-reactive protein 
(CRP), prothrombotic effects including an increase in serum 
fibrinogen, factor VII, and antithrombin III with oral estro-
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gen (less affected by transdermal estrogens) [11]. However, 
it is not known how these effects influence the overall risk of 
CHD.  

Progestins 

 Synthetic progestins, such as medroxyprogesterone ace-
tate, used in the WHI and HERS trials, may counteract some 
of the beneficial effects of estrogen on lipids and endothelial 
function [12]. Drospirenone, a synthetic progestin that have 
antialdosterone activity, has been used for postmenopausal 
HRT in combination with 17-beta-estradiol (E2) signifi-
cantly reducing blood pressure in hypertensive women with-
out inducing significant increases in serum potassium [13]. 
Natural progesterone does not appear to counteract the ef-
fects of estrogen on serum lipids. 

PRIMARY PREVENTION 

 The use of HRT for prevention of disease, particularly 
CHD was based on observational studies that demonstrated a 
protective effect of estrogen on the heart [14]. Angiographic 
and autopsy studies suggested an antiatherogenic effect of 
estrogens [15].  

 The WHI trial suggests that estrogen-progestin HRT and 
unopposed estrogen HRT are not effective for primary pre-
vention of CHD. Combined continuous estrogen-progestin 
regimen (conjugated estrogen (CE) 0.625 mg and me-
droxyprogesterone acetate (MPA) 2.5 mg/day) vs. placebo in 
over 16,000 women of 50-79 years old, was discontinued 3 
years early due to an increased risk of breast cancer, stroke, 
CHD, and venous thromboembolism over an average follow-
up of 5.2 years [3]

 
although there were significant benefits in 

reduction in risk of fractures and colon cancer. 

 The WHI unopposed estrogen (CE 0.625 mg) vs. placebo 
in nearly 11,000 women with hysterectomy was also discon-
tinued (1 year early), due to an increased risk of stroke, and a 
calculation which suggested no overall health benefit [4]. 

Combined Estrogen-Progestin 

 In the initial reports from the WHI [6], the hazard ratio 
(HR) for CHD (nonfatal myocardial infarction or death due 
to CHD) in the cohort taking combined estrogen-progestin 
was 1.24. However, recent re-analysis suggests that the in-
creased risk may be confined to older women

5
. Other factors, 

such as body-mass index (BMI), presence of vasomotor 
symptoms, additional coronary risk factors (including diabe-
tes, hypertension, family history, and smoking), aspirin or 
statin use, and CRP levels were not significantly related to 
CHD risk with HRT.  

 The absolute risk of any adverse event (breast cancer, 
CHD, stroke or venous thromboembolism) occurring in an 
individual was extremely low (19 additional events per year 
per 10,000 women with HRT vs. placebo) [6]. 

 A multicenter trial (WISDOM), similar in design and 
patient population to the WHI, enrolled 5692 women, but 
was discontinued after the publication of the early results 
from the WHI [16]. After a median follow-up of 12 months, 
an excess risk of CHD events and venous thromboembolism, 

but not stroke, was observed in the cohort receiving com-
bined estrogen-progestin compared with placebo.  

Unopposed Estrogen 

 Unlike the excess of CHD risk observed in the combined 
estrogen-progestin arm of WHI trial, the unopposed estro-
gens arm, reported a hazard ratio for CHD of 0.95 [4]. This 
suggests that the progestin played an important role in the 
increased CHD risk seen with combined therapy [17].  

Advers events of unopposed estrogen included an increase in 
stroke and venous thromboembolic complications (similar to 
that seen with combined therapy).  

Age and Years since Menopause 

 These factors may influence the effects on cardiovascular 
risk as suggested by data from a primate model [18], obser-
vational study [19], secondary analyses from the WHI [20] 
and a meta-analysis of clinical trials [21].  

 The WHI population was an older population (mean age 
63 years). The older age would be expected to be associated 
with more subclinical atherosclerosis and advanced athero-
sclerotic lesions that may be more susceptible to the 
prothrombotic and proinflammatory effects of estrogen. On 
the other hand, to start estrogen soon after the menopause 
may result in cardiovascular benefit because women pre-
sumably have normal endothelium without atherosclerotic 
lesions. 

 The WHI trial, suggested a non significant reduction in 
CHD risk in women aged 50 to 59 years in the unopposed 
estrogen trial [19], and in women who started HRT less than 
10 years since the menopause in the combined estrogen-
progestin trial [22].  

 For women with <10, 10 to 19, or  20 years since the 
menopause, hazard ratios for CHD were 0.76, 1.10, and 1.28, 
respectively, with absolute excess risks of -6, +4, and +17 
per 10,000 person-years [8].  

 A possible reduction in total mortality was seen in 
younger women in WHI trial; HR for ages 50 to 50, 60 to 69, 
and 70 to 79 years were 0.70, 1.05, and 1.14, respectively 
[8].  

 These data should be interpreted with caution, as they are 
based in surrogate outcomes although there is a suggestion of 
a possible protective effect of estrogen in younger women. 
The authors of WHI trial suggest that these data should not 
change clinical practice and that HRT should not be pre-
scribed for primary prevention of CHD in younger meno-
pausal women [23].  

 An ongoing trial, the Kronos Early Estrogen Prevention 
Study, will examine whether earlier initiation of estrogen 
therapy is associated with a decreased risk of CHD,  

Type of Estrogen 

 The type of estrogen may also be important in determin-
ing risk. A case-control study suggested a possible lower risk 
of myocardial infarction and stroke with esterified estrogens 
when compared to conjugated estrogens [24]. 
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 Both the WHI [6] and the HERS [4] trials employed con-
jugated equine estrogen-progestin HRT.  

 The Estrogen in Prevention of Atherosclerosis trial 
(EPAT) assessed the effect of unopposed 17-beta-estradiol (1 
mg/day) compared with placebo measuring carotid artery 
intima-media thickness. This study demonstrated that estra-
diol therapy was associated with a decreased risk of athero-
sclerosis [25]. On the other hand, when progestin was added 
to 17-beta-estradiol no reduction in intima-medial progres-
sion was show [26]. 

Route of Estrogen 

 Transdermal estrogen has more favourable effects than 
oral estrogen on markers for cardiovascular risk [27], theo-
retically being less thrombogenic. 

SECONDARY PREVENTION 

 Observational and angiographic studies suggested that 
women with CHD benefit from HRT in terms of survival and 
preventing subsequent coronary events [28], however clini-
cal trial data have not confirmed these benefits. 

 The HERS-I trial was a randomized, blinded, placebo-
controlled secondary prevention trial [1]. In this study, 2763 
postmenopausal women with a history of CHD were ran-
domly assigned to receive the same regimen used in the WHI 
(0.625 mg of conjugated equine estrogen plus 2.5 mg of me-
droxyprogesterone acetate daily) or placebo for an average 
of 4 years. More CHD events occurred in the HRT group 
during the first year of therapy, with a trend for a reduction 
in risk in years 4 and 5.  

 There was no significant difference between the 2 groups 
in the incidence of CHD events despite a decrease in serum 
low density lipoprotein cholesterol (LDL-C) concentrations 
(11%) and increase in serum high density lipoprotein choles-
terol (HDL-C) concentrations (10%) in the hormone cohort.  

 The HERS-II trial was a continuation of HERS-I in an 
open follow-up study for 2.7 years [2]. Over the 6.8 years of 
HERS-I and HERS-II, estrogen-progestin HRT did not re-
duce the risk of CHD events in women with established 
CHD (HR 0.99). The lower rates of CHD events in the estro-
gen-progestin group in years 4 and 5 did not persist in the 
follow-up years.  

EFFECTS ON CARDIOVASCULAR RISK MARKERS 

Blood Pressure 

 Hypertension is related to increase BMI, with insulin-
resistance, sodium retention, increased blood viscosity and 
estrogen deficiency with increased smooth muscle cell pro-
liferation which determines an increase in systemic vascular 
resistance [29]. Estrogens have little effect on blood pressure 
[30]. The WHI combined estrogen-progestin trial noted only 
a small increase (1.5 mmHg) in systolic pressure compared 
with placebo [3]; a similar difference between the hormone 
and placebo groups of 1.1 mmHg was noted in the WHI trial 
of unopposed estrogen [4]. 

 The Postmenopausal Estrogen/Progestin Interventions 
trial (PEPI), a 3-year, multi-center, randomized, double-

blind, placebo-controlled trial consisted of 5 arms: placebo; 
conjugated equine estrogen (CEE), 0.625 mg/day; CEE, 
0.625 mg/day, taken with cyclic MPA 10 mg/day for 12 days 
a month; CEE, 0.625 mg/ day, plus consecutive MPA, 2.5 
mg/day; and CEE, 0.625 mg/day, plus cyclic micronized 
progesterone (MP), 200 mg/day for 12 days a month, on 875 
healthy post-menopausal women aged 45 to 64 years/ The 
authors found that estrogens, with or without progestins, did 
not affect blood pressure [31]. Other risk factors were also 
assessed.  

 In a recent clinical trial the combined use of drospirenone 
with 17beta-estradiol demonstrated a significant blood pres-
sure-lowering effect in untreated hypertension and additive 
effects when coadministered with ACE inhibitors, angio-
tensin II type 1 receptor antagonists and thiazide diuretics. In 
addition, drospirenone reduces bodyweight and lipoprotein 
concentrations [32].  

Body Weight 

 Observational trials suggest that the effect of estrogen on 
body weight is neutral or slightly beneficial. An osteoporosis 
prevention trial also reported that postmenopausal women 
receiving HRT gained less weight than women receiving 
placebo [33] similarly the PEPI trial found that women 
treated with estrogen gained significantly less weight than 
those on placebo [21]. A prospective, nonrandomized study 
of the Rancho Bernardo cohort of 651 women followed for 
15 years found that estrogen therapy had no effect on body 
weight. Abdominal obesity is associated with an increased 
risk of diabetes, hypertension, and dyslipidemia compared 
with gynecoid obesity [34]. The effect of hormonal theraphy 
on body fat distribution was also neutral or favourable [35]. 

Lipids 

 In healthy postmenopausal women oral estrogen has 
proven a beneficial effect on serum lipid concentrations such 
as HDL-C and LDL-C but triglyceride levels increase [36]. 
Estrogens may also lower lipoprotein (a) [LP (a)] levels [37]. 
These effects appear to be independent of age, with similar 
results in elderly women [38].  

 The effect of oral estradiol is similar to oral conjugated 
equine estrogens while transdermal estradiol has a minor 
effect compared with oral estrogens because of minor expo-
sure to the liver since avoid the first-pass effect on the liver 
[39].  

 In women with hyperlipidemia estrogens were compared 
with simvastatin; HRT produced a smaller decrease in total 
cholesterol and LDL-C, a similar elevation in HDL-C, a re-
duction in LP (a) without change the simvastatin-treated 
women and an increase in triglycerides vs. a decrease with 
impastation [40]. Similar results were reported when estro-
gen was compared with simvastatin [41]. 

 The beneficial effects of estrogens on serum lipid con-
centrations may be counteracted in part by progestin therapy. 
MPA and levonorgestrel decrease serum HDL-C [42] but the 
net effect of oral estrogen plus MPA on serum HDL-C is still 
beneficial, although not as beneficial as when estrogen is 
given alone [21]. Addition of a progestin has little effect on 
the estrogen-induced reduction in serum LDL-C levels. 
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 The type of progestin appears to be important. MPA low-
ers serum HDL-C much less than levonorgestrel [43]. Oral 
micronized progetserone seems to have little or no adverse 
effect [44].  

 A meta-analysis evaluated the results comparing continu-
ous and cyclic therapy with 0.625 mg conjugated estrogens 
and MPA. The effects were equivalent with the 2 regimens 
[45]. 

STROKE  

 The results of epidemiologic studies of estrogen therapy 
and primary prevention of stroke are conflicting. Estrogens 
have been related to a benefit [46], no effect [47] and in-
creased risk [48].  

 One clinical trial suggests that estrogen therapy may in-
crease stroke risk; in the HERS-I trial, there was a strong 
trend for an increase in risk for fatal stroke (HR 1.61, 95% 
CI: 0.97 - 3.55) [49].  

 In the Women's Estrogen for Stroke Trial (WEST), a 
double-blind placebo-controlled trial in 664 postmenopausal 
women with established cerebrovascular disease, oral estra-
diol 1 mg/day for an average of 2.8 years, had no effect on 
recurrent stroke or death (HR 1.0) The risk of fatal stroke 
was (HR 2.9,) [50].  

 In the WHI trial, increase in stroke risk was seen with 
combined estrogen-progestin use compared with placebo 
(HR 1.31). For ischemic and hemorrhagic stroke the hazard 
ratio were 1.44, and 0.82, respectively [51]. The risk was not 
affected by the presence of diabetes, smoking, biomarkers of 
inflammation, presence of hypertension, history of cardio-
vascular disease, or use of statins or aspirin. 

 In the trial of unopposed estrogen, stroke risk was sig-
nificantly increased with conjugated CEE vs. placebo (RR 
1.3). The excess risk of stroke appeared to be present in 
women of all ages, including younger and recently meno-
pausal women [52]. 

 In a meta-analysis of randomized trials (including HERS, 
WEST, and WHI), oral estrogen therapy (with or without 
progestin) was associated with an increase in ischemic 
stroke, but not hemorrhagic stroke or transient ischemic at-
tacks (OR 1.29) [53].  

 The increased risk of stroke associated with HRT, does 
not appear to be related to the timing of the initiation. In 
younger women, with lower stroke risk, the risk of stroke 
attributable to HRT is modest [54].  

PERIPHERAL ARTERIAL DISEASE 

 Although a population-based study suggested that estro-
gen therapy for 1 year or more was associated with a de-
creased risk of peripheral arterial disease [55], this was not 
confirmed in the HERS-I trial in which therapy with estrogen 
and progestin did not significantly reduce the incidence of 
peripheral arterial events (carotid disease, abdominal aortic 
aneurysm and lower extremity arterial disease [56]). In the 
WHI, estrogen and progestin did not affect the risk for pe-
ripheral arterial events. 

VENOUS THROMBOEMBOLISM (VTE) 

 One possible mechanism for the greater VTE risk is an 
increase in activated protein C resistance that has been re-
ported with both unopposed estradiol and combined estra-
diol-progestin therapy [57]. 

 Data from observational studies and a meta-analysis sug-
gest that HRT caused approximately a 2-fold increase in 
VTE risk [58] particularly in women with the factor V Lei-
den mutation [59].  

 The WHI trial data are consistent with previous results 
[60]. Risk of deep vein thrombosis and pulmonary embolism 
was increased approximately 2-fold in the estrogen-progestin 
group compared with placebo, highest in the first year of 
therapy, but persisting for the 5 year follow-up. Older age 
and obesity were associated with additional risk, but this was 
not significantly altered by smoking, aspirin or statin use. 
The risk was increased in women with the presence of factor 
V Leiden but not other prothrombotic mutations. In a case-
control study of 235 postmenopausal women with VTE and 
554 controls, transdermal estrogen, unlike oral estrogen, did 
not confer additional risk in women who carried a prothrom-
botic mutation [61]. 

 Unopposed CEE, also increased risk of VTE approxi-
mately 2-fold compared with placebo [62].  

 The risk may be affected by the type of estrogen, route 
and dose. Transdermal estrogen, which has little effect on 
hemostasis, may be associated with a lower VTE risk [63]. 
Neither MPA nor progesterone appeared to be associated 
with VTE risk [62].  

 Low-dose HRT, such as 0.3 mg conjugated estrogen, has 
fewer effects on coagulation and inflammatory markers than 
standard dose therapy. Higher doses of estrogen, such as 
those used in oral contraceptives, may be associated with 
higher VTE risks when compared with HRT doses [64].  

CARDIOVASCULAR MORTALITY 

 Data on the impact of estrogen HRT on mortality are 
conflicting. Observational studies reported a reduction in 
mortality, while the WHI and HERS trials found no effect. A 
meta-analysis concluded that overall mortality was reduced 
for users under age 60 years, but not over 60 years [65]. 

 Follow-up analysis combining both WHI trials suggested 
a reduction in mortality with HRT in younger postmeno-
pausal women.  

CONCLUSIONS 

 The use of HRT for young postmenopausal women with 
moderate to severe menopausal vasomotor symptoms ap-
pears to be safe. HRT should not be prescribed to postmeno-
pausal women of any age for primary or secondary preven-
tion of CHD.  
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