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Endogenous sex hormones and cardiovascular disease in
postmenopausal women: new but conflicting data
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Cardiovascular disease is the leading contributor to
morbidity and mortality in women. The relative delay in the
onset of coronary heart disease (CHD) in women compared
with men has been attributed largely to the putative
protective effects of estrogens before menopause. However,
epidemiological data have often been misinterpreted and,
although CHD incidence is higher in postmenopausal
compared with premenopausal women, the relative
contribution of ageing and menopause itself remains
uncertain. First, CHD incidence increases exponentially
with age in women but this dramatic rise is observed in
both genders and CHD mortality rates do not accelerate
at or after natural menopause (1). Thus, there is no
rebound in CHD risk among women around age 50 years
as often claimed. Second, there is no convincing cause-
effect relationship between natural menopausal status and
CHD (2). While women who experience early menopause
have increased CHD risk (3), there is evidence that
cardiovascular health may determine the timing of
menopause rather the reverse (4). There may be shared
risk factors, such as smoking, that result in premature
menopause and increase the risk of adverse health
outcomes (5). Similarly, women who underwent bilateral
oophorectomy are at higher risk of cardiovascular and
all-cause mortality (2) but directionality of this association
cannot be addressed by observational studies and
reproductive health may be only a marker of subsequent
cardiovascular disease (6).

In this context, determining the contribution of
endogenous sex hormones to the development of
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cardiovascular disease among postmenopausal women
seems particularly relevant. Despite extensive experimental
research on the cardiovascular effects of estrogens, very
few studies have so far examined the association between
circulating sex hormone levels and cardiovascular outcomes.
In a recent issue of the Fournal of the American College
of Cardiology (7), Zhao et al. investigate the relationship
of endogenous sex hormone levels with incident
cardiovascular disease, CHD and heart failure among 2,834
postmenopausal women participating in the Multi-Ethnic
Study of Atherosclerosis (MESA). During 12 years of
follow-up, 283 cardiovascular disease events including 171
CHD occurred. In multivariable-adjusted models, higher
estradiol levels were associated with a lower CHD risk,
whereas higher levels of testosterone were associated with
an elevated CHD risk. A higher testosterone/estradiol ratio
was associated with an increased incidence of CHD and
heart failure events. No association of sex hormones with
the risk of stroke was observed.

Notable strengths of the study include a well-designed,
multiethnic cohort based, population study, a long duration
of follow-up and an adequate number of incident CHD
events. Importantly, exclusion of women using hormone
therapy (HT) make little change to the results and similar
findings were observed when analysis was restricted to
well-validated hard events. However, some limitations
raise concerns about the reliability of the results. Primary
analysis of data included seven hormonal variables
combined with five clinical outcomes within three statistical
adjustment models. In order to minimize the greatly
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increased probability of declaring false significances, the
authors could have addressed the multiple testing problem
by adjusting the P values from a family of hypothesis tests.
As emphasized by the authors themselves, some associations
may be to the chance. On the other hand, fully adjusted
model includes highly inter-correlated biological markers
and the negative association between estradiol levels
and CHD risk was significant only after simultaneous
adjustment for plasma C-reactive protein, fibrinogen, IL-6
and D-Dimer. Overadjustment for these intermediate
variables is questionable and may lead to spurious
associations.

Another limitation in the MESA study is that serum
estradiol and testosterone concentrations were measured
using direct radioimmunoassays (RIA), which are less
reliable and accurate than chromatography-tandem mass
spectrometry, the gold standard, especially at low levels of
estradiol among postmenopausal women (8). Nevertheless,
the lack of specificity and measurement error of RIA may
lead to underestimate but not cause associations between
endogenous sex hormones clinical outcomes. Interestingly,
in a pooled analysis of 18 prospective studies, stratified by
assay type, all measures of serum estradiol including RIA
were strongly positively associated with breast cancer risk,
without significant heterogeneity between the different
assay methods (9).

Are the MESA results consistent with previous findings?
The few prospective studies linking endogenous sex
hormones and cardiovascular events among postmenopausal
women have been negative or contradictory. Conflicting
results regarding testosterone and CHD have been reported
(10-12) and testosterone concentrations were not associated
with the risk of stroke in a recent meta-analysis (13). With
respect to estradiol, three prior studies found no significant
association with CHD (10,11,14). To my knowledge, the
MESA study is the first one reporting a negative association
of circulating estradiol with CHD in postmenopausal
women. However, this finding contradicts the results of two
previous studies that the authors fail to mention (15,16).
First, in the Three-City prospective study, high levels of
endogenous estradiol have emerged as a new independent
predictor of the risk of CHD and stroke among
postmenopausal women older than 65 years (15). Second,
among postmenopausal women with carotid atherosclerosis
who participated to the Rotterdam Study, high levels of
circulating estradiol were associated with both increased
likelihood of having unstable carotid plaque and increased
risk of stroke (16). While amalgamating the findings from
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postmenopausal HT and endogenous estrogens may be not
appropriate, the results of these two cohort studies reinforce
the timing hypothesis which assumes harmful effects of
estrogens in the elderly among women with underlying
atherosclerosis in contrast to protective vascular effects in
healthy younger women (17). The results of the MESA
study suggesting beneficial effects of estrogens on vascular
system among women closer to menopause may also be in
line with the timing hypothesis. The age of women enrolled
in the cohorts as well as their level of CHD risk factor may
therefore be a critical factor to explain the discrepancies
between studies.

Mechanistic interpretation of current data on sex steroid
and CHD is complex. The vascular effects of estrogens
are best documented and extensive experimental data have
shown major atheroprotective action of oestradiol (18).
These beneficial effects include vasorelaxation via
endothelial NO and prostacyclin production, and favorable
lipoprotein profile. However, other data suggest deleterious
effects of estrogens. Among postmenopausal women,
endogenous estradiol levels are positively not negatively
related to established CHD risk factors including obesity,
dyslipidemia, diabetes and C-reactive protein (7,15). In
obese women, both excess fat tissue and high estradiol
levels can result in a low-grade inflammation state that can
be a mechanism for mediating increased susceptibility to
CHD harm of estrogens. One can also speculate that switch
from protective to harmful estradiol effect is related to
age-related hyper-inflammatory state. On the other hand,
high estradiol levels in postmenopausal women have been
associated with a procoagulant profile (19,20) that may also
represent a central mechanism in the increased CHD risk
in postmenopausal women (21). Genetic factors, including
estrogen receptor polymorphisms, may also modulate the
effects of estrogens on ischemic heart disease (22). A better
understanding of the mediators of estradiol effects is still
needed and further mechanisms remain to be determined.

Inconsistencies and gaps are particularly obvious in
studies of sex hormones among postmenopausal women.
Conflicting results and impeding meaningful interpretation
make puzzling the etiological role of estrogens and
testosterone in cardiovascular disease. The modulating role
of sex hormones may differ depending on the type of vascular
outcomes. In addition, whether plasma concentrations
of sex steroids reflect the entire hormones metabolism
at the tissue level remains unclear. Furthermore, HT
findings are often used to insight the role of sex steroids
but these pharmacologic effects are not necessary relevant

atm.amegroups.com Ann Transl Med 2018;6(23):448



Annals of Translational Medicine, Vol 6, No 23 December 2018

to endogenous sex hormones and vice versa. For example,
oral but not transdermal estrogens result in a hepatic
first-pass effect that is responsible for non-physiological
changes in sex steroids and impaired protein synthesis.
Resulting changes in hemostatic variables may induce blood
coagulation activation and increase thrombotic risk among
oral estrogens users (23).

Given the rapid growth and improved survival of
the aging population, changes in CHD risk in women
throughout the long postmenopausal life may have large
clinical implications. Overall, while current data reassure
about the vascular safety of estrogens in healthy young
postmenopausal women, they highlight their potential harm
in older women. Future epidemiological research using
the most accurate assays will help to determine if and how
endogenous sex hormones are related to vascular outcomes
and if they can be used to stratify postmenopausal women as
high or low risk for cardiovascular disease. Such future data
may have the potential to improve preventive strategies.
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