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Abstract

Coronary artery disease risk in women increases after menopause, and
this fact led to hypothesize a vascular protective effect of estrogen, either di-
rectly on blood vessels or mediated through metabolic factors (cholesterol and
blood sugar). However, evidence of a vascular protective effect are inexistent,
since angiographic studies have failed to show any relation between fertile
lifespan and extent of coronary disease, as well as any effect of Hormone Re-
placement Therapy (HRT) on the age-related progression of coronary artery
disease. Most studies on HRT and cardiovascular events were intrinsically
limited by the fact that enrolled women were old (on average 65 years or
more) and too late after menopause onset (on average 10 years). In addition,
most studies enrolled women after myocardial infarction or coronary revascu-
larization procedures. A more appropriate study testing the “timing hypothe-
sis” of HRT should include early post-menopausal women: however, particu-
larly if state-of-the-art control of established risk factors would be pursued,
cardiovascular event rates in such a population would be so low as to require
several thousands of patients and long-term follow-up. Current recommenda-
tions are reassuring with regard to the safety of HRT which, however, should
not be prescribed in order to prevent cardiovascular events. 

Cardiovascular disease represents the first cause of mortality among
women, and in Europe more women than men are now dying of Coronary
Artery Disease (CAD) 1. However, premature coronary deaths, that is before
the age of 65 and even 75 years, are more common among men 1. This obser-
vation implies that, at younger age, women are protected against CAD, and
this specific protection is the most likely cause of the overall survival advan-
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tage of women over men. No such advantage is being observed for cancer, the
second more frequent cause of death for both sexes 2. 

The most plausible cause of this fact has been considered to be the pro-
tective effect of estrogen in premenopausal women 3. Estrogen exerts direct ef-
fects on blood vessels as well as systemic effects that may delay the develop-
ment and progression of atherosclerosis. Its rapid vasodilatory effects are me-
diated by direct actions on vascular endothelial cells. In addition, estrogen al-
so alters serum lipid concentrations (reduced LDL and increased HDL choles-
terol), coagulation and fibrinolytic systems, antioxidant systems, and the pro-
duction of other vaso-active molecules, such as nitric oxide and prostaglandins,
all of which can influence the development of vascular disease 3. In terms of
atherosclerosis, pathology data suggests that estrogen has an anti-inflammato-
ry effect on atherosclerotic plaques, resulting in plaque stabilization, whereas
plaque erosion, a peculiar substrate for thrombosis in premenopausal women,
does not appear to be inhibited by estrogen 4. Studies using IntraVascular Ul-
traSound (IVUS) have shown less coronary atherosclerosis in women, with re-
spect to men, despite a heavier burden of risk factors 5. Prospective age and
sex-matched data from the LADIES Acute Coronary Syndrome (ACS) study
confirms that the 10-year advantage of women with regard to the amount of
angiographically measurable coronary atherosclerosis persists beyond the
eighth decade of age 6. 

fertile lifespan, mortality and cardiovascular events

This is a complex issue, difficult to address from the methodological point
of view, but it represents the basis for the development of goal-directed treat-
ment. This question was addressed by transversal 7 as well as longitudinal 8,9

studies investigating the relation between age at menopause and all cause as
well as cardiovascular mortality. Some of these studies were specifically in-
vestigating cardiovascular health 9, whereas others were longitudinal studies on
cancer 7. An important longitudinal study on more than 12.000 women fol-
lowed up for up to 20 years within a screening project of breast cancer in
Utrecht found that any year of delay in menopause was associated with a 2%
reduction in the risk of cardiovascular mortality, a benefit that extended for at
least two decades after menopause. In this study, the benefit was consistent al-
so among women having undergone oophorectomy, whereas in others the as-
sociation was consistent only for naturally occurring menopause, and not for
surgical menopause by bilateral oophorectomy 7,10. Also, some studies have
found a significant association between early menopause and mortality only in
smokers, which may well be a confounder for cardiovascular mortality 9. In
the most recent and complete meta-analysis of 32 studies that included
310.329 women, those who experienced menopause below the age of 45 ap-
peared to have a greater risk of CHD, CVD mortality, and all-cause mortality,
whereas no association was found with stroke risk. By contrast, an age of 45
to 49 years at onset of menopause, compared with 50 years or older at onset,
had no apparent association with adverse outcomes 11. In the LADIES ACS
study 6, the frequency of prior myocardial infarction was identical (15%)
among women with menopausal age below or above median (50 years). In pa-
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tients with no history of myocardial infarction, the mean age at acute coronary
syndrome was 73+10 years both among women below median menopausal
age, and among those above the median.

The hypothetical link between a longer fertility lifespan and a lower risk
of cardiovascular events after menopause might be found in a more favorable
risk factor profile as calculated using the Framingham risk score 12, or through
a lower risk of subsequent diabetes mellitus 13. An alternative hypothesis con-
siders age at menopause as a biological marker of health and aging: that is,
women that are biologically destined to a longer life tend to have also a
longer fertile life 7, whereas women with any kind of evident or latent disease
tend to experience menopause at a younger age 7,10. Finally, among 695 pre-
menopausal women followed up in the Framingham Heart Study, a significant
association was found between an earlier age at menopause and higher pre-
menopausal serum cholesterol and blood pressure 14, leading the Investigators
to conclude that “heart disease risk determines menopausal age rather than the
reverse”.

extent of coronary artery disease in women with more prolonged expo-
sure to estrogen, either physiological or pharmacological

As previously mentioned, pathology 4, IVUS5 and angiography 6 data have
shown less CAD in women as compared to men, an advantage that persists for
decades after menopause. This advantage has been plausibly attributed to the
effect of estrogen through a number of vascular protective mechanisms 3. Di-
rect consequences of this vision would be that: a) women with “early”
menopause should have more extensive CAD and an earlier occurrence of
clinically manifest CAD; and b) the therapeutic administration of estrogen
might reduce, or delay, atherosclerosis. This evidence does not exist, and
prospective studies to investigate this issue have been scarce so far. The
LADIES ACS study was the first to specifically investigate the relation be-
tween age at menopause and the extent of coronary artery disease 6. The In-
vestigators enrolled 426 women and 249 men (with sampling ratio 2:1 of
women vs age-matched men) undergoing coronary angiography due to an
ACS. Enrolment was stratified in 4 age classes from 55 years to >85 years,
with mean age 74 years (IQR 65-82 years). The extent of coronary athero-
sclerosis was assessed in a corelab and classified by using the Gensini score,
which considers both critical and subcritical stenoses in a hierarchical order. A
specific menopause questionnaire was administered to women during index
hospital stay. The mean Gensini score was 60+36 in men vs. 50+32 in women
(P <.001), being higher in men at any age. The Gensini score in women
showed a weak association with age (R2 0.127; P=0.0129), but not with
menopausal age (R20.063; P=0.228). As shown in figure 1 also no significant
association was found between fertility lifespan (i.e. the time in years between
menarche and menopause) and Gensini score 6. A recent metanalysis 11 as-
sessed the relation between age at menopause and carotid atherosclerosis (on-
ly two studies with these measurements): pooled RR (95% CI) for the risk of
carotid atherosclerosis for 3388 participants was 0.74 (0.63-0.87) when com-
paring women 50 years or older with women younger than 50 years at onset
of menopause.
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effect of hormone replacement therapy (hrt) on atherosclerosis and
CV outcomes

Post-hoc analyses of prospective cohort studies in the 1980s indicated that
postmenopausal HRT was associated with a significantly lower risk of coro-
nary heart disease 15, which prompted speculation that such therapy could be
used to prevent coronary events. However, subsequent randomized trials failed
to show any benefit of HRT with regard to coronary events (tab. I). One ex-
planation is that in observational studies, women were younger (approximate-
ly 50 years of age) and closer to menopause (typically within 2 years) when
they initiated HRT than were the women included in randomized trials (mean
age about 65 years, typically >10 years past menopause). This so-called “tim-
ing hypothesis” suggests that the effects of HRT on atherosclerosis and coro-
nary heart disease depend on the timing of the initiation of hormone therapy
relative to menopause.

Studies on the progression of atherosclerosis (carotid and coronary) seem
to be, at least in part, in agreement with this hypothesis (tab. I). In fact, the
Estrogen in the Prevention of Atherosclerosis Trial (EPAT) of early HRT in-
tervention in healthy postmenopausal women did show some benefit in terms
of reduced progression of carotid intima media thickness 16, whereas the Wom-
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Fig. 1. Correlation between Gensini score and fertile lifespan (years), calculated as age
at menopause minus age at menarche. 
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en’s Estrogen–progestin Lipid-Lowering Hormone Atherosclerosis Regression
Trial (WELL-HART), failed to show any benefit of HRT in secondary pre-
vention with regard to coronary lesions 17. 

Similarly, the Estrogen Replacement and Atherosclerosis trial 18 and the
Women’s Angiographic Vitamin and Estrogen (WAVE) trial 19, compared HRT
and placebo in postmenopausal women with regard to the angiographic pro-
gression of CAD: no effect was observed with treatment in both trials which,
however, enrolled women with a mean age of 65 years, and about half had
had a prior MI. In the ELITE study 20, 643 healthy women were randomly as-
signed, in a 1:1 ratio, to receive oral 17 b-estradiol (plus progesterone vaginal
gel in the case of intact uteri) or matching placebo within strata of early post-
menopause (<6 years since menopause) and latepost-menopause (≥10 years
since menopause). The median age at enrollment was 55 years in the early-
post-menopause stratum, and 64 years in the late-post-menopause stratum, and
the median time since menopause was 3.5 years in the early-post-menopause
stratum and 14 years in the late-post-menopause stratum. HRT significantly re-
duced the rate of progression of CIMT (primary endpoint) in the early treat-
ment group, whereas no such effect was observed in the late treatment group
(p=0.03 for interaction between strata). However, no effect at all was observed
in both groups with regard to coronary CT data (secondary endpoint).

In terms of CAD events, no benefit from HRT was observed in the Heart
and Estrogen/progestin Replacement Study (HERS) (tab. I), again as sec-
ondary prevention in women with average age of 67 which had had prior Q
wave MI, PCI or CABG 21. The primary endpoint in the Women Health Initia-
tive (WHI) was the rate of CHD (defined as CHD death plus total myocardial
infarction rate). Combined estrogen and progestin therapy showed a trend to-
ward an increased risk for CHD after 5 years of follow-up, which persisted
through 8.6 years (HR, 1.22 [CI, 0.99 to 1.50]) 22. For the overall enrolled
population, there was no reduction in the risk for CHD with estrogen alone af-
ter nearly 8 years of follow-up (HR, 0.95 [CI: 0.78 to 1.15]), though subgroup
analysis in the unopposed estrogen part of the study of women having under-
gone hysterectomy did reveal a potential reduction in CHD in women aged 50
to 59 years (HR, 0.59 [CI: 0.38 to 0.90]) but not in women aged 60 to 69 or
70 to 79 years, a finding that warrants confirmation in future studies.

A study more suitable to prove the timing hypothesis was the Danish Os-
teoporosis Prevention Study 23, which involved a cohort of women who were,
on average, 50 years of age and 7 months past menopause when they were
randomly assigned to receive estradiol alone or in combination with sequential
norethisterone acetate. This study showed a significantly lower risk of coro-
nary heart disease (a composite of death, admission to hospital for heart fail-
ure, and myocardial infarction) at 10 years of follow-up among women who
received treatment than among women who received no treatment (hazard ra-
tio 0.48, 95% CI 0.26 to 0.87; P=0.015). In this study, no excess risk of any
cancer, breast cancer, stroke and venous thrombus embolism was observed in
the HRT group. However, as expected from the young women’s age at enrol-
ment, the number of events was relatively small to draw any definite conclu-
sion.
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Current recommendations for hrt

As briefly discussed in the present review, experimental evidence of a
protective effect of estrogen with regard to coronary atherosclerosis and car-
diac events is scarce 24. Angiographic studies neither show a relation between
menopausal age and coronary atherosclerosis, nor an effect of HRT on CAD
progression. Most studies on HRT have included women which were too old
and after too many years of menopause, whereas the better designed study 23

was too small to be conclusive. Among the issues not discussed here are the
type (type of estrogen and progestin) and duration of HRT. Some expert com-
mittees and scientific societies, such as the US Preventive Services Task Force 25,
the Canadian Task Force on Preventive Health Care and the American Acade-
my of Family Physicians, have taken a strong position against the post-
menopausal use of HRT (either estrogen alone in women without uteri, or
combined estrogen and progestin in women with uteri) for the prevention of
chronic conditions. Other Societies have discouraged the use of HRT for the
sole aim of preventing CAD events, though reassuring doctors and patients
about the cardiovascular safety of HRT when administered to cure menopausal
symptoms. Two important sets of recommendations have been issued recently. 

The National Institute for Clinical Excellence (NICE) has the following
recommendations 26 in order to assist patients and physicians in decision making: 
• HRT does not increase cardiovascular disease risk when started in women

aged under 60 years, but does not affect the risk of dying from cardiovas-
cular disease;

• HRT with oestrogen alone is associated with no, or reduced, risk of coro-
nary heart disease;

• HRT with oestrogen and progestogen is associated with little or no increase
in the risk of coronary heart disease;

• taking oral (but not transdermal) oestrogen is associated with a small in-
crease in the risk of stroke (which, however, is very low in women aged un-
der 60 years).

The 2016 Revised Global Consensus Statement on menopausal hormone
therapy (MHT) 27 has been endorsed by The International Menopause Society,
The North American Menopause Society, The Endocrine Society, The Euro-
pean Menopause and Andropause Society, The Asia Pacific Menopause Feder-
ation, The International Osteoporosis Foundation and The Federation of Latin
American Menopause Societies. With regard to the specific issue of HRT and
cardiovascular events, this statement conclude that:
• RCTs and observational data as well as meta-analyses provide evidence that

standard-dose estrogen-alone MHT may decrease the risk of myocardial in-
farction and all-cause mortality when initiated in women younger than 60
years of age and/or within 10 years of menopause.

• Data on estrogen plus progestogen MHT initiated in women younger than
age 60 years or within 10 years of menopause show a less compelling trend
for mortality benefit, and evidence on cardio-protection is less robust with
inconsistent results compared to the estrogen-alone group.

With the inherent limits described in the present review, these recommen-
dations may assist patients and physicians when deciding for type and dura-
tion of HRT in early postmenopausal women in order to improve quality of
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life, sexual function and other menopause-related complaints, such as joint and
muscle pains, mood changes and sleep disturbances. 
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