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Introduction

Cardiovascular disease is the most com-
mon cause of mortality and morbidity in
developed countries, and both men and
women are often afflicted by heart disease.
However, many data show that cardiovas-
cular disease, and particularly heart failure,
seems to strike men more severely and
more commonly than women (Fig. 1). De-
spite the many conceptual, methodological
and logistic difficulties involved in the
study of the role of gender in cardiovascu-
lar disease, the thorough appraisal of the
sex-related clinical differences and under-
lying pathophysiologic mechanisms, and in
particular of the protective mechanisms
specific to women, may improve the under-
standing and management of heart disease
leading to benefits for both sexes1.

In the present article we review the
main epidemiologic, pathophysiologic and
clinical data regarding the role of gender in
cardiac remodeling and failure, with em-
phasis on the apparent more favorable
course in females.

Epidemiologic evidence

The incidence, prevalence and severity
of cardiovascular disease are different be-

tween men and women1,2 (Fig. 1). Specifi-
cally, women seem to be relatively protect-
ed from atherosclerosis until menopause,
and they thus usually present with sympto-
matic atherosclerotic disease much later
than men3. Moreover, many studies show
that there are very important differences
between men and women in many cardio-
vascular clinical conditions and in particu-
lar in heart failure4. Recently, this Journal
has devoted a series of thorough viewpoints
on these issues2,5-9. Nonetheless, a brief dis-
cussion of the epidemiological and clinical
evidence of the gender-related differences
in cardiovascular disease is appropriate in
this context in order to fully understand the
underlying pathophysiologic mechanisms.

Despite several conflicting reports,
heart failure seems to be less common and
less severe in women, at least when popu-
lations at risk are extensively adjusted for
the relevant covariables. Indeed, remote re-
ports such as the Framingham and the
NHANES-I studies had suggested an over-
all decreased incidence and severity of
heart failure in women10,11. However, over
the years the picture has become much
more complex. Indeed, other large surveys
suggested an increased prevalence of heart
failure of unspecified diagnosis in women,
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Heart failure appears to be less common and less severe in females, and elderly women have a bet-
ter overall survival after myocardial infarction than males and also a decreased risk of arrhythmic
death. Human and animal studies also show that females display more favorable cardiac remodeling in
several experimental and clinical conditions. However, the underlying pathophysiologic mechanisms
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myocardial progenitor or stem cells for cellular replacement therapy in cardiac failure, on the premis-
es of a greater protection from myocardial apoptosis and unfavorable remodeling in women.
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at least when age and comorbidities were not fully tak-
en into account5. On the other hand, a recent 5-million
subject wide survey from the American Heart Associa-
tion confirms previous findings and shows a lower
prevalence of heart failure in women vs men (1.9 vs
2.5%)3.

Such broad comparisons must however be consid-
ered with caution, as cardiac failure may be viewed as
a heterogeneous condition and as the final common
pathway of several distinct pathologic conditions6. In
fact, several studies, including the pivotal one from
Framingham, reported different incidences of the vari-
ous subtypes of heart failure in men vs women, as
males were more often affected by ischemic cardiac
failure while females suffered more commonly from
valvular and hypertensive cardiomyopathies10,12. None-
theless, well-designed epidemiologic studies that have
closely examined the link between gender and heart
failure by employing advanced multivariable statistical
modeling have concluded that the prognosis is better in
females with heart failure rather than in men, even after
stratification or adjustment for the underlying cause of
cardiac failure6,12,13. The Olmsted County community
study also supported these findings by showing a high-
er prevalence of a preserved left ventricular function
among women with post-infarction heart failure vs
men14, and similar findings have been reported in a re-
cent 19 710-patient study based on the US Medicare
database15.

Updated population-based and clinical studies have
thus confirmed the significant and independent role of
gender in the risk of developing ischemic cardiomyopa-
thy as well as its short- and long-term prognoses, with

particular emphasis on systolic dysfunction and unfa-
vorable left ventricular remodeling12. Cohort studies of
several hundred survivors of acute myocardial infarc-
tion have in fact shown that elderly women have better
mid and long-term survivals than males, even though
they undergo surgical or interventional coronary revas-
cularization less frequently, are less likely to receive op-
timal medical therapy than men, and, probably in part as
a consequence of the former factors, their unadjusted
in-hospital mortality appears increased6-9,16,17. Con-
versely, younger women appear at the highest risk of
death and post-infarction adverse events18. These find-
ings are in line with those of other authoritative surveys,
such as, for example, that of the American Heart Asso-
ciation which shows an unadjusted 2-fold higher rate of
post-infarction heart failure in women vs men (46 vs
22%)3. Nonetheless, this finding strikingly changes di-
rection after stratification according to age, as over the
different age strata women are always less likely to ex-
perience heart failure than men3. Moreover, because of
the greater number of elderly women, the prevalence of
heart failure appears inflated in females. Finally, in the
very same American Heart Association sample, it is
clear that once heart failure has been diagnosed, sur-
vival is significantly better in women than in men.

In addition, while women have a decreased rate of
death due to pump failure13 as well as a decreased risk
of post-infarction arrhythmic death19, other apparently
conflicting findings should be borne in mind, including
the increased incidence of post-infarction cardiac rup-
ture in females treated with thrombolysis20, the poten-
tially less favorable response to thrombolytic therapy21,
the higher unadjusted in-hospital mortality18, and the
increased risk of cardiogenic shock17. On the other
hand, such unfavorable features which are characteris-
tic of women are partially offset by the decreased out-
of-hospital case fatality typical of acute myocardial in-
farction in females5. Indeed, among 201 114 Scottish
patients with myocardial infarction, younger women
admitted to the hospital had a higher 30-day mortality
than men22. However, when the comparison was made
without undue exclusion of patients dying before ar-
rival to the hospital and after having adjusted for age,
females were overall more likely to survive to 30 days
than males (adjusted p < 0.0001). Anyway, confirming
the need for caution in extrapolating the above evidence
to our real life patients, the recent IN-CHF Registry did
not show any gender differences among the 3327 en-
rolled patients23. 

More than a word should be spent on the issue of the
optimal diagnostic and therapeutic management of
women’s cardiovascular disease, with particular em-
phasis on the specific effects of several interventions,
drugs and strategies. This issue has indeed been recent-
ly thoroughly discussed in this Journal6-9. Nonetheless,
it is sufficient to say that most of the interventions of
proved value in the overall population are of major ben-
efit and impact in females too, including beta-blockers,
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Figure 1. Typical characteristics of atherothrombotic disease, cardiac
remodeling and heart failure in women in comparison to men. AMI =
acute myocardial infarction.



angiotensin-converting enzyme inhibitors, coronary
revascularization and antithrombotic therapies. Cardiac
rehabilitation and exercise training, which have been
recently proved to significantly improve prognosis in
patients with cardiovascular disease24, are also marked-
ly beneficial in women, even though unfortunately
there is evidence that selection biases partially limit ac-
cess of female patients to rehabilitation programs even
when they are strongly indicated25.

Cardiac remodeling in women

Clinical studies in humans and experimental studies
in animals have shown that females display more fa-
vorable and adaptive patterns of cardiac remodeling in
a wide range of clinical and laboratory conditions. In-
deed, the cardiac response to overload or injury con-
sists in adaptive or maladaptive processes potentially
leading to unfavorable left ventricular remodeling (e.g.,
systolic dysfunction and cardiac dilation). These re-
modeling processes are typical of human ischemic,
valvular or hypertensive cardiomyopathies (Fig. 2).
The clinical differences between men and women are
probably due, at least in part, to such specific patterns
and mechanisms of cardiac remodeling.

Experimental studies in rats show that males ex-
posed to chronic pressure overload more frequently
have unfavorable remodeling with a depressed systolic
function in comparison to females26. In a different rat
model of volume overload, males had a 10-fold higher
mortality rate than females, and the latter much more
rarely showed signs of congestive heart failure27. More-
over, pressure overload after anterior myocardial in-
farction induces concentric ventricular hypertrophy in
female rates while causing cardiac dilation and infarct
expansion in males28.

In a human clinical study using echocardiography
to assess the left ventricular mass and contractile func-
tion, women developed unfavorable cardiac remodel-
ing less frequently than men29, and in a thorough study
in patients with aortic stenosis of similar severity eval-
uated by means of cardiac catheterization, and at simi-
lar degrees of afterload, women displayed more favor-
able left ventricular remodeling than men, who typical-
ly showed a decreased systolic and max dP/dt30.

Pathophysiologic mechanisms of cardiac failure in
women and the role of apoptosis

The pathophysiologic mechanisms underlying the
differences in the remodeling processes and clinical
outcomes between men and women have not yet been
completely established (Fig. 2). Nonetheless, several
putative mechanisms and hypothetical etiologic factors
have been proposed, including a different expression
and activation of the transcription factors Akt and nu-
clear factor-kappaB between genders31, as well as an
increased activity of telomerase in women32 (Table I).

Moreover, the attention of basic researchers has al-
so focused on the mechanisms of synthesis and on the
effects of nitric oxide, on beta-adrenergic activity, and
the cellular transduction system and the renin-an-
giotensin system33,34.

A very interesting field of research currently under-
way involves the appraisal of the role of estrogen on
myocardial cells35-37. This appears even more interest-
ing in the light of evidence of intracellular myocardio-
cyte synthesis of estrogens and the potentially anti-
apoptotic actions of these hormones38. Moreover, the
activity of estrogen receptors also seems to protect the
heart from ischemia-reperfusion injury39, and this ef-
fect may be at least in part due to a reduction in my-
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Figure 2. Myocardial damage and pathophysiologic mechanisms of the response to injury may lead to favorable cardiac remodeling or eventually over-
come cardiac adaptive processes thus causing unfavorable left ventricular remodeling. AT II = angiotensin II; ET-1 = endothelin-1; IGF-1 = insulin-
like growth factor-1; NO = nitric oxide.



ocardiocyte programmed cell death40. On the other
hand, the complex impact of estrogen replacement
therapy after myocardial infarction was demonstrated
by Smith et al.36, who showed how in ovariectomized
female animals early estrogen therapy increased infarct
size and infarct extension while later onset estrogen re-
placement could normalize wall tension and inhibit car-
diac dilation. To complicate matters further, van Eick-
els et al.37 have recently shown that estrogen therapy af-
ter myocardial infarction in ovariectomized female
mice may, on the one hand reduce myocardial apopto-
sis and infarct size, but on the other is strikingly asso-
ciated with unfavorable remodeling and an overall in-
creased mortality.

Indeed, there is still uncertainty on the relative
weight of these mechanisms and whether any of them
has a significant impact on the clinical and remodeling
differences between males and females observed in hu-
mans. Most likely, many different systems and mecha-
nisms simultaneously play a role as casual factors,
sometimes counteracting each other in a balanced ef-
fect and other times acting in one direction only with a
synergistic effect.

Nonetheless, myocardiocyte apoptosis definitely
plays an important role among the mechanisms respon-
sible for myocardial adaptation as well as unfavorable
ventricular remodeling. In fact, apoptotic progressive
loss of myocardiocytes has been implicated as a major
factor in the transition from favorable to adverse car-
diac remodeling, leading ultimately to end-stage heart
failure, in both animals and humans41-43.

Apoptosis, or programmed cell death, represents a
mechanism of “suicidal” cell death, leading, through an
active and adenosine triphosphate-dependent process,
to cell death in a highly controlled manner and usually
in the absence of any nearby inflammation44. Apoptosis
may occur in cells, including myocardiocytes, as a last

resort response to detrimental stimuli such as ischemia,
oxidative damage, acid or alkaline stress, cellular
stretching, as well as neurohumoral (i.e., beta-adrener-
gic and renin-angiotensin system) hyperactivation42

(Fig. 3).
Several animal experiments and human clinical

studies have shown that apoptosis plays a critical role in
many pathophysiologic conditions and, in particular, in
the earlier as well as later phases of acute myocardial
infarction43,45-47. However, myocardiocyte apoptotic
rates vary widely and strongly depend on several dif-
ferent clinical, pathologic and pathophysiologic fac-
tors, even though shortly after myocardial infarction
apoptosis may involve up to 7-25% of cells in the peri-
infarct regions43,46,47.

Interestingly, recent evidence shows that gender
may influence the apoptotic cascade and modulate the
rate of apoptotic cell loss after a myocardial infarction.
Indeed, cardiac aging is associated with preservation of
the ventricular mass and the total number of myocar-
diocytes in women, while in men there is a continuous
and apparently unavoidable loss of myocardiocytes
equivalent to approximately 1 g per year48. Moreover,
similar findings have been reported in rats and they
seem to be correlated with the expression of insulin-
like growth factor-1, a well-known antiapoptotic factor,
potentially acting through the Akt pathway49.

More recently, it has been demonstrated that my-
ocardial apoptotic rates in women are significantly low-
er than in men, both in humans dying of non-cardiac
causes50, and in patients with end-stage heart failure at
the time of heart transplant51.

Some mechanisms could indeed offer a unified ex-
planation of both apoptosis-modulation and gender dif-
ferences in cardiac remodeling. Specifically, estrogens
have been proved as a potential antiapoptotic mecha-
nism explaining such differences40. However, the inclu-
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Table I. Gender differences in cardiac remodeling and potential underlying pathophysiologic mechanisms.

Mechanism Typical findings Effect on cardiac remodeling Effect on
in females myocardiocyte

apoptosis

ACE-2 activity ? Increased (dizigosity) More adaptive remodeling +/-
Akt activity Increased Upregulation of IGF-1 and survival signals -
Arrhythmogenicity Decreased Decreased risk of arrhythmic clinical events NA
Beta-adrenergic expression Decreased Protection from unfavorable myocardial and +

systemic effects due to beta-adrenergic hyperactivity
IGF-1 activity Increased Favors survival and cell replication -
Intramyocardiocyte estrogen Increased Upregulates transcription factors -

synthesis
NO synthesis Increased Favors ischemic preconditioning and may -

inhibit apoptotic cascade
Resistance to ischemia Increased -
Telomerase activity Increased Favors survival and cell replication vs death ? -

ACE = angiotensin-converting enzyme; IGF-1 = insulin-like growth factor-1; NA = not applicable; NO = nitric oxide. + increased; - de-
creased; +/-variable effect.



sion in the available studies of elderly women likely to
be post-menopausal casts a shadow of caution on this
hypothesis52. On the other hand, an increased intramy-
ocardial synthesis of estrogens in women, well after
menopause, might be the mechanistic link of this phe-
nomenon.

However, the role of gender in the modulation of
post-infarction myocardial apoptosis and the potential
underlying mechanisms have not been well established.
Nonetheless, preliminary data support a favorable ef-
fect of female sex on post-infarction myocardial apop-
tosis and on the expression of the pro-apoptotic factor
bax, such that women dying after acute myocardial in-
farction appear to have 10-fold lower apoptotic rates
than men, as well as a significantly decreased peri-in-
farct expression of bax53. Moreover, in this small study,
female gender, reduced apoptosis and bax expression
after myocardial infarction seemed to be associated
with more favorable post-infarction remodeling (i.e.,
lesser wall thinning and chamber dilation), supporting
the potential cause-effect link between female sex, in-
creased myocardiocyte resistance to pro-apoptotic
stimuli and adaptive remodeling after infarction52. In
fact, these preliminary findings appear in line with ex-
perimental evidence showing that female rat cardiac fi-
broblasts appear to resist much longer to ischemic in-
jury than fibroblasts deriving from male hearts, and this
resistance is mainly related to reduced apoptotic rates
in female cells54. Myocardial cell cultures grown to
compare the lifespan and resistance of female vs male
cells to injury could indeed provide confirmation to this
hypothesis. Moreover, the relevance of such human re-
sults appears even greater in the light of the current
search for myocardial progenitor or stem cells, able to
mobilize to the heart and/or duplicate and replenish
missing or fibrous myocardial regions. Indeed, it has
been hypothesized that stem cells from female donors
could more effectively duplicate and resist the multiple
pro-apoptotic stimuli likely to be found in the host dis-
eased heart.

Conclusions

Extensive epidemiologic, experimental and clinical
evidence shows that unfavorable cardiac remodeling
and heart failure are less common and less severe in
women than in men. Several pathophysiologic mecha-
nisms are probably involved in the transition from
adaptive to unfavorable cardiac remodeling and may be
responsible for such gender differences. In particular,
myocardial apoptosis, which plays a central role in car-
diac remodeling and failure, appears to be significantly
increased in males in comparison to females in a wide
range of clinical conditions, including early and late af-
ter acute myocardial infarction. However, the precise
role of gender in the modulation of post-infarction my-
ocardial apoptosis, the underlying intracellular mecha-
nisms and their correlation with the remodeling
processes still need to be thoroughly assessed.

The precise understanding of gender-related causes,
mechanisms and potential modulators of ongoing post-
infarction myocardiocyte apoptosis may indeed yield
important pathophysiologic and therapeutic insights,
potentially bringing clinically relevant benefits to both
sexes.
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