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Abstract

The higher cardiovascular risk in men and post-menopausal women implies a protective action of estrogen. A large number of experimental
studies have provided strong support to this concept. However, the recent clinical trials with negative outcomes regarding hormone replacement
therapy call for “post hoc” reassessment of existing information, models, and research strategies as well as a summary of recent findings. Sex
steroid hormones, in particular estrogen, regulate numerous processes that are related to the development and progression of cardiovascular
disease through a variety of signaling pathways. Use of genetically modified models has resulted in interesting information on diverse actions
mediated by steroid receptors. By focusing on experimental findings, we have reviewed hormonal, cellular, and signaling mechanisms responsible
for sex dimorphism and actions of hormone replacement therapy and addressed current limitations and future directions of experimental research.
© 2005 Elsevier Inc. All rights reserved.
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1. Introduction

Sex-related differences in cardiovascular morbidity and
mortality have long been recognized. The most striking
difference is a 10- to 15-year delay in the prevalence of
coronary artery disease in women than men. Under conditions
of heart diseases, although younger women have less favorable
outcomes than men after myocardial infarction (MI), prognosis
is much worse in men than in women for heart failure
(Vaccarino et al., 2001). Women with pressure overload have
better preserved the left ventricular (LV) function but with a
more marked concentric hypertrophy, whereas men tend to
develop eccentric hypertrophy with LV dilatation (Aurigemma
& Gaasch, 1995). Risk of sudden cardiac death is also lower in
women than men according to the Framingham study (Kannel
& Schatzkin, 1985).

Epidemiological studies show that men and post-menopaus-
al women are at a higher risk for cardiovascular diseases than
pre-menopausal women, suggesting that female steroid hor-
mones, in particular estrogen, are cardioprotective (Mendel-
sohn & Karas, 1999; Dubey & Jackson, 2001b). Although
changes in lipid profile occur depending on menstrual status or
the use of hormone replacement therapy, direct actions of sex
steroids on the heart and blood vessels account for about 50—
70% of overall beneficial effects. These observations have

resulted in estrogen replacement as the most frequently
prescribed therapy to post-menopausal women in the last 2
decades. Indeed, cardiovascular protection by estrogen replace-
ment therapy (ERT) in post-menopausal women has been
suggested by numerous observational studies as well as large-
scale clinical trials (Grodstein et al., 1997, 2000; Greendale et
al., 1999) and by experimental studies. However, recent large-
scale randomized trials (Grady et al., 2002; Manson et al.,
2003) have provided evidence that ERT might actually increase
the risk of cardiac disease.

While these findings are in contrast to those from the
majority of observational clinical studies and animal studies,
and are therefore surprising to researchers, they do suggest a
fragmented knowledge on the mechanisms underlying sex
differences in cardiovascular disease and perhaps misinter-
pretation of existing literature of clinical and experimental
research. This calls for a timely overview of the database of
experimental research on the hormonal and molecular
mechanisms mediating sex dimorphism. This review is aimed
to provide a comprehensive summary of experimental data
on sex dimorphism in cardiac pathophysiology, lipid-inde-
pendent hormonal mechanisms, sex steroid receptors, and
molecular mechanisms that mediate sex differences, particu-
larly recent findings in a range of in vitro and in vivo
models.
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