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ABSTRACT
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More women have died from cardiovascular disease since middle 1980’s than men due to the women’s older age
and multiple comorbid conditions. Additionally, women with acute coronary syndrome have worse outcomes, in-
cluding sudden cardiac death and death before arriving to the hospital, due to the women’s atypical symptoms and
the delayed diagnosis and treatment. There are many reports on the gender-specific differences in the pathophy-
siology of ischemic heart disease. In addition to the previous reports, the WISE study was started for improving
both our understanding and the clinical outcomes of ischemic heart disease of women. These studies have sugges-
ted the structural and functional differences in the female vasculature, new paradigms for the diagnosis and treat-
ment of the ischemic heart disease of women, the various roles of estrogen and the new therapeutic targets for
preventing ischemic heart disease (IHD) or improving cardiovascular outcomes. On-going and future studies should
focus on further understanding of the pathophysiology, the clinical usefulness of the new diagnostic markers that
may related to the IHD of women, and the development of non-invasive, easily reproducible diagnostic tools for early

detection of IHD and for predicting the adverse outcomes. (Korean Circulation J 2006;36:771—779)
KEY WORDS : Ischemic heart disease ; Gender ; Women.

Cardiovascular disease remains the main cause of
death all over the world and it is the second most im-
portant cause of death in Korea, regardless of gender,
even though it has decreased in the recent three deca-
des." However, there have been some exceptions for this
decreasing tendency in the lower socioeconomic and fe-
male groups.”

From the data of the U.S. Center for Disease Control
(CDC), more women died from cardiovascular disease

than breast cancer, which is the biggest fear for women.

Although cardiovascular disease has traditionally been
regarded as a men’s disease, more women have died from
cardiovascular disease than men since the middle 1980’s
with more sudden cardiac death and death before hos-
pital arrival.”

Most of the studies on cardiovascular disease have en-
rolled more men with or without only a limited number
of women (about 2 to 2.7 times more men than women) ;
physicians and researchers have applied the results of
those studies to women who suffer with cardiovascular
disease with expecting to get similar outcomes as com-
pared to men.”
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There were many reports that have described the gen-
der differences in clinical presentations, the results of
diagnostic testing and the cardiovascular outcomes. This
has all suggests that there is a gross misunderstanding
about cardiovascular disease in women. A limited num-
ber of studies have shown that more women have chest
pain, the diagnostic test are less effective for evaluating
their symptoms, they come to the hospital later, they are
less likely to have obstructed coronary arteries and they
have worse clinical outcomes than do the men. Two is-
sues have surfaced: women underuse medical resources,
and they overuse or inadequately use services without
appropriate indications as compared to men.”

Many cardiologists have realized it is not appropriate
to treat their female patients without further research on
women’s cardiovascular diseases”

There was need for a registry study concerning women
with cardiovascular disease. 10 years ago, the National
Heart, Lung, and Blood Institute (NHLBI) sponsored
the Women’s Ischemic Syndrome Evaluation (WISE) for
the purpose of improving our understanding about car-
diovascular disease in women. The WISE group repor-
ted several studies about the gender differences of the
pathophysiology of ischemic heart disease, the different
results of the diagnostic tests and the influences of es-
trogen on women’s clinical outcomes.

From this review of cardiovascular disease in women,
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Table 1. Characteristics of the gender differences of the risk factors

Risk factors

Gender differences

Smoking
Dyslipidemia
Diabetes

Less decreasing smoking rate of women, and an increasing smoking rate for the young girls
HDL-cholesterol; a higher threshold in women

HDL-cholesterol and triglyceride are more powerful predictors for IHD in women than for men

Higher mortality in women than men a lower prevalence in premenopausal women

Hypertension

A higher prevalence in postmenopausal women

Obesity Increase IHD due to its associated metabolic alterations, and not because of the BMI

Menopause Loss of protective estrogen

Increase insulin resistance, hypertension and central obesity

HDL-cholesterol: high density lipoprotein-cholesterol, IHD: ischemic heart disease, BMI: body mass index

we wanted to recognize the current problems in applying
the result of studies that have disproportionately enrolled
men so as to present the issues for future studies and to
improve the clinical outcomes of women who suffer with
cardiovascular disease.

Gender Differences of Risk Factors for
Ischemic Heart Disease

Because estrogen in the premenopausal period of
young women has favorable effects on the risk factors for
ischemic heart disease, women are less likely to have risk
factors. Yet when they occur in women, multiple risk fac-
tors tend to occur simultaneously and they act additi-
vely for ischemic heart disease, and especially in the
postmenopausal period.

There are some gender-related differences of the risk
factors for women (Table 1).

Smoking

Cigarette smoking is a major risk factor for ischemic
heart disease in both sexes, and this diminishes such be-
neficial effects of estrogen as anti-inflammation, throm-
bosis inhibition and anti-oxidation of LDL-cholesterol
in a dose-dependent manner.”

Recent epidemiologic reports have shown that the
smoking rate has decreased dramatically in Western men
and Korean men, but there has been less or no de-
crease in women, which affects 17% of all the deaths in
U.S. women, mostly from coronary artery disease.”?” Es-
pecially, the smoking rate of young girls has increased in
the world, including Korea, which may increase the smo-
king-related diseases such as cancer and ischemic heart
disease.

For women smoking, the tendency of thrombosis is
increased additively with the use of oral contraceptives
and women have more problems when attempting to
quit smoking such as a greater likelihood of depression
and more weight gain after cessation.'”

Dyslipidemia
The HDL-cholesterol level is a diagnostic criterion for
metabolic syndrome and a risk factor for IHD because

women’s HDL-cholesterol level is higher than men until
menopause. The power of a low HDL-cholesterol level
and a high triglyceride level for predicting IHD and ad-
verse outcomes is higher for women than for men."”
Postmenopausal women who had hypertension showed
the trend toward atherogenic dyslipidemia, including
high triglyceride levels and low HDL-cholesterol levels
in Korean women.'?

Diabetes

Diabetes increases the IHD by two times compared to
non-diabetic women, even in the premenopausal period,
and diabetic women have a worse prognosis than men
due to their more frequent comorbid conditions, inclu-
ding hypertension, old age, poor glucose control and a
higher smoking rate."”"”

Hypertension

The prevalence of hypertension is highly increases after
menopause due to loss of the beneficial effects of estro-
gen on the vascular walls."”” Gierach et al.'” said that the
systolic blood pressure and pulse pressure are indepen-
dent risk factors for ischemic heart disease in postme-
nopausal women.

Obesity and metabolic syndrome

The WISE study reported that being overweight in-
creases ischemic heart disease via the associated meta-
bolic alterations, not because of the obesity itself."” This
group of risk factors is related with insulin resistance
and it is represented as metabolic syndrome, including
insulin resistance (glucose intolerance), dyslipidemia (a
high triglyceride level and a low HDL-cholesterol level)
hypertension and abdominal obesity. It is recommended
to control all the modifiable risk factors in both normal
and overweight persons to prevent transition to meta-
bolic syndrome.

Estrogen and menopause

The estrogen level is variable throughout a woman’s
entire life, including the time of puberty, pregnancy, pe-
ripartum and menopause. The studies concerned with
estrogen have reported the preventive roles of estrogen



for ischemic heart disease in young women. Estrogen has
beneficial effects on the cardiovascular system: it reduces
cellular hypertrophy, enhances vascular elasticity and has
antioxidant and anti-inflammatory effects.””™® In addi-
tion, estrogen has a role in fat distribution/deposition,
insulin resistance, lipid metabolism, coagulation factors
and also inflammation, as measured by hsCRP level.
‘Women under the influence of various levels of estrogen
present with different clinical features such as a lower
prevalence of obstructive coronary artery disease and
higher levels of endothelial dysfunction. Bailey et al. have
reported that hypoestrogenemia in premenopausal wo-
men increases the risk of IHD 7.4-fold."”

Women lose the protective estrogen after menopause
and they show central obesity and insulin resistance with
hypertension, which increases IHD to a prevalence simi-
lar to men, at ten years after menopause.

Other novel risk factors in women

Because the traditional risk factors are less effective to
predict IHD, additional risk factors or markers that are
more accurate have emerged.”” After Peter Libby sug-
gested the role of inflammation in the initiation and
progression of atherosclerosis, a high hsCRP level, which
is a inflammatory marker, is now a novel risk factor for
both sexes. Ridker et al.”® reported that a high hsCRP le-
vel was related with future cardiovascular events in their
study, which was performed on a large number of wo-
men. Anemic women also have poor outcomes of myo-
cardial infarction and heart failure. In the WISE study,
women with anemia (<12 g/dl) had a higher rate of
death from all causes and worse major adverse cardio-
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vascular outcomes than did the non-anemic women on
multivariate analysis.””

These findings may not only be relevant for under-
standing the mechanism of coronary artery disease
(CAD) in women, but they may also have potential
therapeutic implications.(’)

Evaluation of Women with Chest Pain

Typical angina pectoris has three diagnostic criteria:
1) substernal chest discomfort with a characteristic qua-
lity and duration that is 2) provoked by exertion or
emotional stress and 3) relieved by rest and NTG. These
diagnostic criteria of typical angina, for evaluating pa-
tients with chest pain, have been mainly derived from
predominantly male patient cohort studies. Although the
most frequent symptom of women is chest pain, which
is similar to men, more women have atypical symptoms
such as fatigue, shortness of breath and sleep distur-
bance.”” Women have tendency to feel the symptoms du-
ring their daily activities and when under mental stress
rather than when under physical stress.””*”

The first large prospective study, the Coronary Artery
Surgery Study (CASS), described the differences of CAD
in women; this study enrolled 24% of the women refer-
red for coronary angiography in the 1970’s. There were
some conclusions regarding the CAD gender differences
as more women didn’t have obstructive CAD and the
traditional risk factor assessment failed to predict CAD
in women.>??”

The WISE report showed that women who have chest
pain suggestive of myocardial ischemia are less likely to
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Fig. 1. The criteria of typical angina is inadequate for women for predicting CAD.™ Typ Ang: typical angina, Atyp Ang: atypical angina, Nonang:
non-angina, solid bar: WISE prevalence, open bar, predicted by Diamond probability, CAD: cardiovascular disease, WISE: women’s ischemic syn-

drome evaluation.
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have obstructive CAD detected on thier coronary angio-
graphy than men, and this is regardless of their type of
symptoms (typical chest pain and atypical chest pain, but
not non-anginal chest pain) (Fig. 1)."”

Women who have chest pain, but no obstructive coro-
nary artery disease, are likely to have depression and
persistent symptoms, a decreased functional capacity and
even poor cardiovascular outcomes. Much money and
time are expended for repeated evaluations that are
simply not appropriate for women.

The exercise electrocardiography test is less effective
for evaluating the chest pain of women, partly because
it has a high false positive rate. Women generally have
a lower exercise capacity due to comorbidities and older
age, and estrogen have vasodilatory and digoxin-like
effects that decrease the efficacy of the test.”® In addition,
women are less likely to have obstructive coronary artery
disease, though they may have chest symptoms of ische-
mic heart disease (the incidence of insignificant CAD:
50% in women and 17% in men) .*”

Single-photon emission computed tomography (SP-
ECT) is commonly used and it can detect reduction of
myocardial perfusion or regional wall motion abnorma-
lities of the left ventricle earlier than can ECG. There
are some issues that should be considered when testing
women; women have lower exercise capacity and Tc-99m
radioisotopes are preferably used due to influence of
breast tissue and obesity for improving the test specifi-
city for women.”®”” The accuracy of this test is similar
for both sexes.

Because of the later changes of regional wall motion
abnormality for the patient with a perfusion defect, as-
sessment of stress-induced wall motion abnormalities has
been associated with higher specificity. Yet stress echo-

cardiography required a skilled examiner and the revealed
echo windows can be poor due to the large amount of
breast tissue and the possible severe obesity.

Because there is less likelihood of obstructive coronary
artery disease in women, functional assessment with car-
diovascular MR imaging has benefits in evaluating the
left ventricular function and subendocardial ischemia.
Panting et al.*® proved that this test was beneficial to de-
tect subendocardial ischemia in women with chest pain,
but who were without obstructive CAD. This result was
repeated by WISE study, and it can explain the reason
for the frequent hospitalization of women with non-
obstructive coronary arteries and who have persistent and
refractory chest pain.’”’ The men with abnormal spec-
troscopy and who are without CAD have outcomes si-
milar to women with CAD, during the three years of
follow up,” and this novel test can have wide utility
for evaluating women with chest pain and predicting
adverse outcomes.’”

Paradigms for evaluating the women with or without
symptoms

From a growing body of evidence, Shaw proposed new
paradigms for identifying the women who are at-risk for
ischemic heart disease (Fig. 2)."”

Pathologic gender differences in atherosclerosis
Ischemic heart disease of women is different from that
of men because sex has an influence on the cardiovas-
cular pathophysiology. There are risk factors that are
confined to women, such as peripartum hypertensive
disorder, diabetes, coronary or aortic root dissection, and
delivering a thin baby.”” The characteristics of the risk
factors of women are a higher blood pressure and LDL-
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Fig. 2. Paradigm for testing the women with ischemic heart disease.” 6% to 20% for intermediate Framingham risk scores and >20% for high Framing-
ham risk scores. CHD: coronary heart disease, CMR! cardiovascular magnetic resonance imaging, CT: computed tomography, ECG: electrocardiogram,
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Table 2. Specific risk factors confined to women®”

Traditional risk conditions
Higher prevalence in postmenopausal women
More frequent clustering
When present, a higher level (e.g., higher BP, higher LDL)
Older age
More frequent vasculitis
(e.g., lupus, temporal arteritis, Takayasu’s and so on)
Conditions unique to women
Peripartum
Hypertensive disorders of pregnancy
Gestational diabetes
Delivering a thin baby
Coronary or aortic root dissection
Polycystic ovarian syndrome
Hypoestrogenemia of hypothalamic origin
Hormone replacement therapy

Others
BP: blood pressure, IHD: ischemic heart disease, LDL: low-density
lipoprotein

Table 3. Anatomic and functional differences between women and
33)
men

Structural findings
Macrovessels and microvessels
Smaller size
Increased stiffness (fibrosis, remodeling and so on)
More diffuse disease (erosion>rupture)
Microemboli, rarefaction (drop out), disarray and so on
Functional findings
Macro- and microvessels
Endothelial dysfunction
Smooth muscle dysfunction (Raynaud’s, migraine, CAS)
Inflammation
Plasma markers
Vasculitis (Takayasu’s, rheumatoid, SLE, CNSV,
giant cell and so on)
CAS: coronary artery spasm, CNSV: central nervous system vasculitis,
[HD: ischemic heart disease, SLE: systemic lupus erythematosus

cholesterol level, the occurrence of clustered features,
older age, after menopause and a higher prevalence of
vasculitis such as Takayasu’s arteritis, SLE and temporal
arteritis (Table 2) .*?

The arteries (macrovessels and microvessels) of women
are different from men; they are smaller, show increased
stiffness due to fibrosis and remodeling, have more dif-
fuse atherosclerosis with erosion but not with rupture as
men show, and they display microemboli, rarefaction
(drop out) and disarray. Microvascular abnormalities are
evaluated by checking for retinal artery abnormalities and
they can be regarded as risk factors for IHD in women,
but not in men.*?

The vascular functional differences between both gen-
ders are under the influence of estrogen, which affects
the vascular endothelial cells and the smooth muscle.
Oxidative stress impairs the endothelial function and li-
mits myocardial perfusions. In the WISE study, more
than half of the women had endothelial dysfunction,
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which is an independent predictor of adverse outco-
mes.” Estrogen also affects the repair mechanism of
bone-marrow derived EPCs by increasing the number of
circulating EPCs. The traditional risk factors, including
aging, can impair the repairing capacity of EPCs. The
diseases associated with altered vascular smooth muscle
function (e.g. Raynaud’s phenomenon, migraine and co-
ronary artery spasm) are more frequent in women than
in men (Table 3).*?

Endothelial dysfunction in women

Endothelial cells have protective roles in regard to an-
tiatherosclerosis, such as maintenance of vascular tone
via multiple vasoconstrictors, inhibition of platelet ag-
gregation and acting as a barrier against various cellular
offenders. The healthy endothelium is prone to impair-
ment by multiple risk factors, and endothelial dysfunc-
tion is a predictor of future cardiovascular disease and
a good therapeutic target for maintaining the proper vas-
cular condition. In the WISE study, 163 women who
underwent coronary angiography and coronary endo-
thelial function analysis were followed for 4 years. From
that study, cardiovascular events were independently pre-
dicted by the coronary vascular endothelial function, and
this was independent of the traditional risk factors and
the extent of CAD.* Restoration of abnormal endo-
thelial function is associated with improved outcomes,
and this was proven in a study of 400 hypertensive, post-
menopausal women.*”

As mentioned previously, the lower prevalence of ob-
structive coronary artery disease in women calls for alter-
native diagnostic approaches that can detect culprit pa-
tients, not culprit arteries.”” An optimal non-invasive
risk model may include ventricular function, regional
flow or perfusion, the metabolic or energy requirement
according to MR spectroscopy or PET, and/or vessel wall
abnormalities such as carotid intima media thickness,
the findings of electron beam CT and retinograms and
the markers of inflammation such as hsCRP.*®

Because this abnormal vascular function is often con-
comitant with abnormal endothelial function, prudent
treatment of these women should involve aggressive me-
dical therapy that’s directed at improving endothelial
function, their atherosclerosis and the established risk
factors, and this includes administering statins, lipid-lo-
wering drugs, angiotensin-converting enzyme inhibitors
and aspirin. The future WISE and non-WISE clinical
trials will be directed at testing these strategies for redu-
cing adverse events in these women.

Differences in women with obstructive coronary ar-
tery disease

Older women have similar plaque pathologies like a
large necrotic core surrounded by a thin fibrous cap that’s
infiltrated with a large number of macrophages and in-
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flammatory cells. But in younger women, there were
plaque erosions without a surrounded fibrous cap and
exposure of the intima consisted of abundant smooth
muscle cells and proteoglycans.” Because of the less typi-
cal symptoms, the higher rate of non-obstructive disease
and the delayed diagnosis and treatment, younger women
with acute coronary syndrome display higher mortality
than men. This high mortality of young women is due
to not only multiple comorbid conditions, but also to
the women themselves.*” Women suffering with acute
coronary syndrome are likely to have non-QQ myocardial
infarction, which means less benefit from revasculariza-
tion. In another way, women have long-term adverse
outcome rates that are similar to men who undergo re-
vascularization, despite the women’s less extensive and
less severe obstructive CAD, better LV function and high
rate of normal coronary arteries.” After coronary artery
bypass surgery, women have a higher rate of operative
mortality due to their high rate of congestive heart fai-
lure.*” This is same situation as is noted in the percu-
taneous revascularization registry data.

More women suffered from sustained symptoms like
chest pain, evidence of ischemia and reduced functional
capacity after revascularization procedure than did the
men. They recovered later than the men after bypass sur-

gery and had greater functional disability and depression.

Gender-gap in revascularization era

Women with acute coronary artery disease are more
likely to have small coronary artery disease, congestive
heart failure and inflammation. There are some differ-
ences of biomarker between the genders; men suffering
with acute coronary syndrome have higher CK-MB and
troponin levels and women have higher hsCRP and BNP
levels, and the latter are also risk factors for a poor out-
come. There are several possible explanations for the
worse outcomes of women: the higher prevalence of con-
gestive heart failure, diastolic heart failure and vasomo-
tor dusfunction and the lower hemoglobin levels in
women than in men.”” As mentioned previously, women
have higher mortality for revascularization procedures
due to their older age and the gender differences of the
clinical, angiographic and procedural factors.**”

With the advances in instruments, experience and the
increasing awareness of the burden of cardiovascular di-
sease in women,*” the gap in the procedural outcomes
such as mortality will decrease for various diseases regard-
less of the type of revascularization.*”

How can we effectively assess women with ITHD?
The disadvantages of assessing the typical chest pain
associated with obstructive coronary artery disease in
men should corrected by using a gender-specific new tool
for the assessment of IHD in women. Thus, a female-
specific questionnaire based on the data from the WISE

study may enhance our ability to diagnose IHD in wo-
men.

To improve the diagnostic accuracy for women, scoring
systems like the Duke treadmill score and exercise du-
ration are useful for predicting future cardiac outcomes.*
The 12-item Duke Activity Status Index (DASI) ques-
tionnaire was able to stratify the risk of adverse outcomes
in women and each 1-MET increase of the DASI score
was independently associated with an 8% (HR: 0.92,
95% ClI: 0.85 to 0.99, p=0.02) decreased risk of major
adverse cardiovascular events during follow up.*” In the
WISE study the DASI, which is a self questionnaire based
on activities of daily living and recreational activities, can
effectively estimate adverse outcomes.*”

It appeared that ischemia due to vascular dysfunction
plays an important role in the genesis of IHD in wo-
men. The diagnosis of coronary microvascular dysfunc-
tion or endothelial dysfunction should be considered in
those women suffering with chest pain and who do not
have obstructive CAD. Practitioners should no longer
ignore non-obstructive coronary angiograms in women.”

1) Consider a wide range of symptom, including aty-

pical symptoms, functional disability and the qua-
lity-of-life

2) Add novel risk factors to the traditional factors for

assessment

3) Further diagnostic tests should be done for deter-

mining the functional capacity and the presence of
myocardial ischemia or vascular dysfunction.

4) Use new image techniques for detecting ischemia

due to vascular dysfunction.

5) Assess of the role of sex-specific reproductive hor-

mones.

Future research for IHD of women

To improve the clinical outcomes of women with IHD,
future studies should strive to better understand the cli-
nical complexity of IHD, the appropriate diagnostic me-
thods and the gender-specific pathophysiology.’” The
vicious cycle of oxidative stress causes atherosclerosis
that’s due to various risk factors, endothelial dysfunction,
and vascular inflammation. Various inflammatory mar-
kers and the markers that represent the oxidative status
should be evaluated as risk factors for predicting future
CAD and adverse cardiovascular outcomes. The current
methods for evaluating the endothelial dysfunction have
remained as issues; 1) their general application to a wide
range of groups, 2) the possibility of selecting targets for
treatment, 3) there is a need more reproducible, non-
invasive techniques like pulsatile arterial tonometry.””

The most important modifiable risk factor for preven-
ting the CAD is obesity.’”*" The relationship of obesity
and insulin resistance and such inflammatory markers
as fibrinogen and CRP awaits disclosure.

Finally, the current understandings about the relation-



ship of the injury due to endothelial function by oxida-
tive stress and repair by peripheral bone-marrow derived
EPCs should be applied to the IHD of women.

Aspirin for the primary prevention of cardiovascular
events in women

Aspirin is consistently effective for secondary preven-
tion of adverse cardiovascular events for both men and
women.

There was a recent large randomized study and also
one meta-analysis on evaluating the usefulness of aspirin
as a drug for the primary prevention of cardiovascular
events in women. In the study of Ridker et al,’” they
enrolled 39,876 healthy women who were older than 45
years; they were given a relatively low dose of aspirin
(100 mg of aspirin on every other day), and they were
followed for ten years. The report showed disappointing
results for preventing adverse outcomes in women, in-
cluding cardiovascular deaths and myocardial infarction,
with this small dose of aspirin, except for preventing
ischemic stroke. The other gender-specific meta-ana-
lysis of randomized trials, which included Ridker’s study,
revealed that aspirin therapy reduced the risk of compo-
site cardiovascular events. From their analysis, among
51,342 women, aspirin therapy reduced cardiovascular
events by 12% and stroke by 17% with a 24% reduction
of ischemic stroke, but there was still have no benefi-
cial effects for preventing the myocardial infarction or
cardiovascular deaths.”

Gender differences in congestive heart failure (CHF)

Because of the stiff increase of hypertension after me-
nopause, and this is a bit less for women in the preme-
nopause period, which is similar to women just after
postmenopause, more women have CHF after an age >
75 years.”>

Women are more frequently admitted for congestive
heart failure symptoms and they are more likely to die
with preserved LV systolic function, as compared to men,
due to misunderstanding the pathophysiology of CHF
in women and the inappropriate management that’s ad-
ministered.”

The role of estrogen and its receptor in LV hypertro-
phy and congestive heart failure is postulated from the
lower incidence of LV hypertrophy, the lower levels of
apoptotic death signals and the protective role of exo-
genous estrogen for LV hypertrophy.”®*® The estrogen
receptors @ (ER@) and ER B are found in human myo-
cytes. ER @ can act via the genomic or nongenomic path-
way; it has protective effects against nitric oxide produc-
tion and is involved in the regulation of intracellular
Ca’" accumulation.” Nordmeyer et al.*” reported the up-
regulation of ER @ protein and ER 4 mRNA in human
hypertrophied cardiomyocytes. Estrogen treatment mo-
dulates natriuretic peptide production via the mitogen-
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activated protein kinase (MAPK) pathway and it increases
eNOS and iNOS production via ER S Y Furthermore,
estrogen has antiapoptotic and cardioprotective effects
via the activation of the protein kinase B/ Akt.®?

The ER @ is activated by peptide growth factors in the
absence of estrogen.®”

There are some difference in the clinical presentations,
disease progression and long-term outcomes due to the
effects of estrogen and other unknown reasons. In wo-
men and in contrast to men, hypertension and diabe-
tes are major risk factors for congestive heart failure, and
LV hypertrophy due to hypertension contributes to ad-
verse cardiovascular outcomes more in women than in
men. Women with CHF received less standard treat-
ments such as angiotensin converting enzyme inhibitors.
The effects of ACE inhibitors, beta-blockers and angio-
tensin receptor blockers for the treatment of CHF are
similar for both sexes. Estrogen can prevent CHF by
reducing the infarct size in myocardial infarction and
by reducing the LV hypertrophy in hypertension, and
especially during the postmenopausal period.*?

Conclusions

The majority of studies concerned with cardiovascu-
lar disease have disproportionately enrolled male patients
because the disease is falsely regarded as a man’s disease.
Recent epidemiologic data has shown the decreasing
tendency of the prevalence of cardiovascular disease with
exception of the women subgroups and they have dis-
played higher cardiovascular mortality than the men
since middle 1980’s. The increasing evidence of gender
differences in the clinical presentation, the pathophysio-
logy and the cardiovascular outcomes calls for a registry
study on the cardiovascular diseases in women, such as
the WISE study that was sponsored by the NHLBI ten
years ago. During the recent two decades, our understan-
ding of cardiovascular diseases of women has started to
improve and this has resulted some advances in the diag-
nostic and therapeutic strategies. The previous diagnostic
tests were oriented toward detecting obstructive coro-
nary artery disease, and they have been modified into
tests for evaluating endothelial function, the extent of
inflammation and the oxidative status. The traditional
exercise ECG test has been improved by also employing
a self questionnaire that’s based on the activities of daily
living and recreational activities, by the DASI score and
by functional assessment via stress echocardiography and
MR spectroscopy, which have roles in predicting the
culprit patients with obstructive CAD and the future
adverse outcomes. We need more future research that
will focus on the pathophysiology of gender differences,
the significances of the new, evolving risk factors, and
the determination of therapeutic targets for improving
the cardiovascular outcomes in women.
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