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Abstract Cardiovascular disease (CVD) is the leading cause of death in women, and knowledge of the clinical consequences of
atherosclerosis and CVD in women has grown tremendously over the past 20 years. Research efforts have increased
and many reports on various aspects of ischaemic heart disease (IHD) in women have been published highlighting sex
differences in pathophysiology, presentation, and treatment of IHD. Data, however, remain limited. A description of
the state of the science, with recognition of the shortcomings of current data, is necessary to guide future research
and move the field forward. In this report, we identify gaps in existing literature and make recommendations for
future research. Women largely share similar cardiovascular risk factors for IHD with men; however, women with
suspected or confirmed IHD have less coronary atherosclerosis than men, even though they are older and have
more cardiovascular risk factors than men. Coronary endothelial dysfunction and microvascular disease have been
proposed as important determinants in the aetiology and prognosis of IHD in women, but research is limited on
whether sex differences in these mechanisms truly exist. Differences in the epidemiology of IHD between women
and men remain largely unexplained, as we are still unable to explain why women are protected towards IHD
until older age compared with men. Eventually, a better understanding of these processes and mechanisms may
improve the prevention and the clinical management of IHD in women.
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1. Introduction
Cardiovascular disease (CVD) is the leading cause of death in both
women and men worldwide and a major cause of morbidity. Accord-
ing to the Global Burden of Disease, in 2004, CVD caused almost 32%
of deaths in women worldwide vs. 27% in men.1 In Europe, 54% of all
females’ death are from CVD vs. 43% in men.2 Ischaemic heart disease
(IHD), the most common form of CVD, is also the single most fre-
quent cause of death in Western countries. In Europe, over one in

five women (22%) and men (21%) die from IHD.2 With the ageing
of the population, and because of women’s longer life expectancy
than men, the proportion of persons, particularly women, who will
die of CVD is expected to rise even further in the upcoming decades.

2. Cardiovascular mortality
In many Western countries, cardiovascular mortality has declined
among women since the mid-1960s, as it has in men.3 In the USA,
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however, the total number of deaths due to CVD has slightly
increased in women up to the year 2000, whereas it has decreased
among men.4 This increase probably reflects changing population
demographics towards a larger proportion of older people, the
majority of whom are women. Indeed, when examining age-
standardized death rates rather than death counts, a similar decline
is noted in women and in men in the USA and many other
Western countries.3,5,6

After the year 2000, both the death rates and the number of car-
diovascular deaths have shown a similar, if not steeper, downward
trend in American women compared with men.4 However, when
looking at different age groups, the decrease in mortality appears to
have slowed down since 2000 in middle-aged women and men (age
35–54 years), whereas it has continued steadily among older
people.7 In addition to an overall decline in cardiovascular mortality
from population statistics, there has been a decline in hospital mor-
tality rates for acute myocardial infarction (AMI) among American
women and men of all ages, which has been more substantial in
women than in men.8

It should be noted that these favourable trends are not universal.
For example, they do not apply to Eastern Europe, where mortality
from both IHD and CVD is still rising for both women and men.
Exceptions are Hungary, whose rates levelled off (at very high
rates) in the mid-1990s, and Poland and the Czech Republic, whose
rates have tended to decline since the mid-1990s.3 In the Russian Fed-
eration, mortality rates from IHD and CVD for both women and men
during 1995–98 were among the highest in the world.

3. Risk factors

3.1 Traditional risk factors
As shown by the INTERHEART study, a large international case–
control study of AMI, risk estimates associated with traditional cardi-
ovascular risk factors are overall similar in women and men and across
various regions of the world.9 However, the increased risk associated
with hypertension and diabetes and the protective effect of exercise
and alcohol appear to be somewhat larger in women than in men.
Collectively, nine potentially modifiable risk factors (smoking, hyper-
tension, diabetes, waist/hip ratio, dietary patterns, physical activity,
consumption of alcohol, plasma apolipoproteins, and psychosocial
factors) account for 94% of the population attributable risk of AMI
in women and 90% in men.9 For young women with favourable
levels of all five major risk factors (smoking, hypertension, diabetes,
serum cholesterol and body mass index), IHD and CVD are rare
events.10 Unfortunately, only about 20% of women younger than 40
years of age meet these low-risk criteria10 and 48% of women have
a clustering of three or more metabolic risk factors for IHD.11

3.1.1 Smoking
Smoking is the single most important preventable cause of IHD in
women and the leading cause of IHD in women younger than 50
years old.12 There is a dose-dependent relationship between total
cigarettes consumption per day and risk of AMI; as few as one to
five cigarettes per day increase a patient’s risk.9,13 There is also a well-
established increased risk of venous thrombosis and IHD for women
who both smoke and use oral contraceptives.14 After cessation of
smoking, the risk of IHD in both women and men declines rapidly
(within months) and falls to the level of the risk among non-smokers

within 5–10 years.13,15 Exposure to passive smoking is also a risk
factor for IHD in women, increasing their risk of 24% (22% in
men).16 Although the prevalence of smoking is still slightly higher in
men than in women, the decline in tobacco use in recent decades
has been less pronounced in women than in men.

3.1.2 Hypertension
For women, as for men, hypertension is a major cause of IHD, as well
as of congestive heart failure and stroke.17 Hypertension is a highly
prevalent risk factor that becomes more common in women than
in men over the age of 55 years and is particularly prevalent among
black women.18 In the INTERHEART study, the population attribu-
table risk for hypertension was 36% in women, indicating that the
risk of AMI could be reduced by 36% where hypertension was elimi-
nated as a risk factor. The corresponding figure in men was 19%.9

Hypertension is two to three times more common in women
taking oral contraceptives, especially among obese and older
women, than in women not taking them.

In older women, isolated systolic hypertension is the most common
form of hypertension. A three-fold increase in IHD and stroke is
found in women with a systolic blood pressure .185 mmHg when
compared with women with a level of ,135 mmHg.19 Control of
any form of hypertension has been demonstrated to reduce the
risk of IHD and stroke in both sexes, as shown by large clinical
trials with a fair representation of women.20 Unfortunately,
the ongoing National Health and Nutrition Examination Study
(NHANES) survey has continued to show low rates of hypertension
awareness, treatment, and control among American women, as in
men, although these rates have increased over time.21,22

3.1.3 Dyslipidaemia
Almost half (48%) of American women 20 years of age or older have a
total cholesterol level ≥ 200 mg/dL, and almost one-third (32%) have
an LDL cholesterol ≥130 mg/dL.4 Although women aged 20–50
years tend to have more favourable lipid profiles than men, after
the onset of menopause cholesterol levels increase in women,
whereas they remain steady in men. Total and LDL cholesterol
levels predict fatal IHD in both middle-aged (,65 years) and older
(≥65 years) women, but the strength and consistency of these
relationships in older women is diminished.23

Reduced HDL cholesterol and high triglyceride levels appear to be
more important risk factors in women than in men. HDL cholesterol
inversely predicts IHD in both middle-aged and older women,
whereas it does not in older men.23 Among 32 826 post-menopausal
women from the Nurses’ Health Study, HDL cholesterol was the lipid
parameter that best discriminated the risk of IHD.24 Hypertriglyceri-
daemia, on the other hand, is associated with 37% increased CVD
risk in women, independent of other risk factors including HDL
cholesterol; the corresponding estimate for men is 14%.25

In women with known CVD, the treatment of hyperlipidaemia is
effective in reducing IHD events and IHD mortality, although it
does not affect total mortality. For women without CVD (primary
prevention), lipid lowering does not affect total or IHD mortality;
lipid lowering may reduce non-fatal IHD events, but evidence is insuf-
ficient to determine this conclusively.26 The recent Intervention Trial
Evaluating Rosuvastatin (JUPITER) evaluated the benefits of statin
therapy in apparently healthy individuals with elevated high-sensitivity
C-reactive protein but without an elevation in LDL cholesterol.
Among women, statin therapy significantly reduced the primary
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combined endpoint of AMI, stroke, hospitalization for unstable angina,
arterial revascularization, or cardiovascular death.27 However,
because of the small number of events, the absolute risk reduction
was small (about half of a percentage point) and the reduction of
‘hard’ endpoints such as fatal or non-fatal AMI, stroke or cardiovascu-
lar mortality or total mortality was not statistically significant. There-
fore, it is still debatable whether statins, or other lipid-lowering
medications, are useful for the primary prevention of CVD in
women. Given the small absolute risk of CVD in middle-aged
women (those mostly targeted by primary prevention efforts), con-
sideration of the risk/benefit ratio for any intervention is particularly
important.

3.1.4 Type 2 diabetes
Diabetes mellitus is a major risk factor for IHD for both men and
women, and among women, it nullifies the female protection
towards developing IHD compared with men.28 Although diabetes
has often been associated with a higher IHD risk in women than in
men, this is in part due to a higher rate of coexisting risk factors in
women with diabetes29 and to the better survival (relative to men)
of women without diabetes.28 The mortality rates of women with dia-
betes are actually similar, or less, that of men with diabetes.28,29 These
statistics, however, may be worsening. CVD mortality reductions in
the past 30 years have been achieved for diabetic men but not for dia-
betic women; a better survival for women with diabetes than men
noted in the 1970s and early 1980s was essentially eliminated in
1988–2000.30

3.1.5 Obesity
Obesity is an important risk factor for diabetes and CVD. It is found in
33% of women (and 31% of men), including 7% women (3% men)
being extremely obese, defined as a body mass index of ≥ 40.31

Obesity is particularly a problem among black women (54 vs. 30%
in white women); the prevalence of extreme obesity is 15% in this
group.31

There is a gradient of coronary risk with increasing overweight,
with the heaviest category of women having a four-fold increased
risk for CVD compared with lean women.32 Polycystic ovary syn-
drome is found in 10–13% of women but is often unrecognized; it
is linked with a clustering of risk factors, including obesity and type
2 diabetes mellitus, and increased IHD risk after menopause.33 There-
fore, polycystic ovary syndrome may contribute to the increased
cardiovascular risk associated with obesity among women.

3.1.6 Trends in risk factors
Over the 1990s, there have been mixed trends in CVD risk factors for
both women and men. On the positive side, between 1988 and 2002,
both sexes experienced a reduction in the prevalence of high-risk
levels of cholesterol; on the other hand, an increase in the prevalence
rates of obesity and elevated C-reactive protein was noted, particu-
larly among women.34 Furthermore, the proportion of women with
high blood pressure increased, whereas it decreased among men. A
recent update from the same ongoing US survey, up to 2004, pro-
vided additional evidence of a somewhat worsening risk factor
profile among women.35

3.2 Novel biomarkers
In an effort to improve risk prediction and guide prevention, more
than 100 new risk markers have been proposed particularly for the

large segment of the population who is currently classified as being
at intermediate risk based on existing risk algorithms. Consensus con-
ferences, however, have consistently recommended against the use of
these markers for lack of evidence that they help improve risk predic-
tion.36,37 A recent summary of systematic reviews conducted for the
United States Preventive Services Task Force has reviewed the evi-
dence concerning nine novel risk factors: C-reactive protein, coronary
artery calcium score as measured by electron-beam computed tom-
ography, lipoprotein(a) level, homocysteine level, leucocyte count,
fasting blood glucose, periodontal disease, ankle-brachial index, and
carotid intima–media thickness.38 Each factor’s potential clinical
value was evaluated by using a set of criteria that emphasized the
effect on the reclassification of intermediate-risk persons. This
review concluded that current evidence does not support the
routine use of any of the nine risk factors for screening and risk stra-
tification of intermediate-risk persons. Of the risk markers evaluated,
C-reactive protein was the best candidate for screening; however, evi-
dence is still lacking to recommend routine use. In women, in particu-
lar, a C-reactive protein level of .3.0 mg/L reclassified only 5% of
intermediate-risk women in the Women’s Health Study39 and none
in the Cardiovascular Health Study,40 suggesting a small and inconsist-
ent effect.38 However, when incorporated into the Reynolds Risk
Score, C-reactive protein assessment may be of utility in women, as
reported in more detail in the following section, although validation
of this risk algorithm is needed in different populations of women.

3.3 Risk scores for IHD
An increasing number of CVD risk factors have a cumulative effect on
IHD risk both in women and in men. For example, among women
aged 18–39 years without prior IHD enrolled in the Chicago Heart
Association Detection Project in Industry, the age-adjusted rate of
IHD per 10 000 person-years, after 31 years of follow-up, was
lowest for low-risk women (0.7) and increased with increasing
number of CVD risk factors to 2.4 in women with one risk factor
and to 5.4 in women with two or more risk factors.10 The INTER-
HEART study clearly demonstrated the cumulative effect of modifi-
able risk factors, including current or former smoking, diabetes,
hypertension, abdominal obesity, psychosocial stressors, irregular
consumption of fruits and vegetables, no alcohol intake, avoidance
of regular exercise, and plasma lipids.9

Probably, the best-known risk algorithm for IHD for asymptomatic
persons is the Framingham Risk Score (FRS), which includes age,
hypertension, smoking, diabetes, and hyperlipidaemia.41 A problem
with this score is that much of the middle-aged population is classified
as low to intermediate risk. This is particularly true for women: even
up to age 80 years, more than three quarters of women have a
10-year Framingham risk of ,10%.42 Many other risk scores have
been proposed that have mostly included the same traditional risk
factors, but have occasionally added other factors such as family
history, measures of social deprivation, or new biomarkers such as
C-reactive protein. Some of the scoring systems developed in
European countries include the SCORE (Systematic Coronary Risk
Evaluation), the ASSIGN (Assessing Cardiovascular Risk to Scottish
Intercollegiate Guidelines Network/SIGN to Assign Preventative
Treatment), and the QRISK (QRESEARCH cardiovascular risk
algorithm).43 Whether these risk scores perform better than the
FRS for risk prediction in women remains to be demonstrated.

A risk score that has been developed specifically for women is the
Reynolds Risk Score,44 whose main difference from the FRS is the
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incorporation of parental history of IHD and C-reactive protein. This
score reclassified 15% of intermediate-risk women to high risk in the
Women’s Health Study; therefore, it has promise. However, it needs
validation in other populations.

3.4 Psychosocial risk factors
There is growing evidence that psychological stress can influence the
onset and clinical course of IHD,45 and this may be especially true for
women. In the INTERHEART study, the combined exposure to psy-
chosocial risk factors including depression, perceived stress at home
or work, low locus of control, and major life events was significantly
associated with AMI with an adjusted odds ratio (OR) of 2.6 in men
and 3.5 in women.9 Individually, each of these factors predicted AMI
in a fairly similar fashion in both men and women.46

3.4.1 Depression
Depression is about two-fold more prevalent in women than in men;
it is especially common, up to 40%, in younger women with AMI.47

Depression is an important risk factor for adverse cardiac events in
women, increasing a woman’s risk of at least 50%.48–50 In addition
to cardiac outcomes, depression is related to worse quality of life
in cardiac patients51 and worse health status benefits after bypass
surgery, particularly in women.52 Furthermore, depression is one of
the strongest predictors of non-adherence to medical treatment53,54

and an important correlate of lifestyle behaviours such as smoking55

and sedentary lifestyle.56

3.4.2 Chronic emotional distress
Factors such as anxiety, marital stress, and exposure to early life
adversities have been linked to cardiovascular risk in women. On
the basis of a recent meta-analysis, anxiety is a moderate but indepen-
dent risk factor for incident IHD and cardiac death in both men and
women, although individual study results are heterogeneous.57 A
series of studies of Scandinavian women with acute coronary syn-
dromes have demonstrated robust associations of marital stress
with subsequent cardiac events,58 as well as with progression of cor-
onary artery disease measured with quantitative coronary angiogra-
phy.59 A study of US women also linked marital satisfaction to less
atherosclerosis in the carotid arteries and aorta measured by ultra-
sound and to less rapid progression of carotid atherosclerosis.60

Psychological trauma, particularly if occurring early in life, such as
childhood maltreatment, is an emerging risk factor for IHD which is
particularly common among women.61 Early trauma is also a risk
factor for depression,62 which may contribute to IHD risk in
women exposed to childhood trauma.

3.4.3 Acute stress
Acute psychological factors such as stressful events, acute anger,
sudden mood disturbances, and extreme excitement can trigger
AMI and sudden cardiac death in susceptible individuals.63 Although
it is unknown whether there are sex differences in these effects, a
stress-induced condition known as ‘takotsubo cardiomyopathy’ is
almost exclusively seen among women.64 It manifests as severe,
reversible left ventricular dysfunction, with markedly elevated levels
of plasma catecholamines.

3.4.4 Psychological interventions
Unfortunately, psychological interventions aimed at reducing stress or
treating depression or other psychosocial risk factors have shown

little to no effect on IHD incidence and total or cardiac mortality,
although they do achieve small reductions in anxiety and depression
in patients with IHD.65 When results are reported separately by
sex, men show a borderline statistically significant benefit [OR 0.73,
95% confidence interval (CI) 0.51–1.05], whereas in women, the esti-
mate is null (OR 1.01, 95% CI 0.46–2.23).66 It may be that traditional
psychosocial interventions do not work well for women and that
strategies that address more specifically women’s needs and stressors
should be developed. This is suggested by a recent study by Orth-
Gomer et al.,67 documenting a remarkable decrease in mortality
(about 70% lower) in women with IHD randomized to a stress-
reduction intervention specifically tailored to women, compared
with usual care. Although promising, the efficacy of such intervention
needs to be confirmed in other studies.

4. Pathophysiology

4.1 Atheroma burden and morphology
Women have less obstructive coronary artery disease than men along
the entire spectrum of acute coronary syndromes68–70 and across all
age groups.70 This advantage appears more marked in the coronary
tree than in other vascular beds. The population-based Rotterdam
Study examined sex differences in atherosclerosis at different sites
in the vascular tree among participants of age ≥55 years.71 A high
calcium score (.1000) was found more frequently in men than in
women in all age categories; interestingly, sex differences were
more evident in the coronary arteries than in other vascular terri-
tories. Nicholls et al.72 reported a lower atheroma volume in
women with angiographic coronary artery disease than in men, includ-
ing both intraluminal plaque and atheroma within the media, despite
the presence of more cardiovascular risk factors in women. Recently,
Han et al.,73 by measuring atheroma burden using intravascular ultra-
sonography, have extended this observation to patients without
obstructive coronary artery disease and demonstrated that even at
this early stage, women have a lower atheroma burden and different
atheroma morphology compared with men.

4.2 Vascular function
Community samples have demonstrated that women have better per-
ipheral endothelial function than men (measured as per cent of flow-
mediated vasodilation from baseline) until about age 70 and at all
levels of risk factors.74– 76 Better vascular function has also been
noted in women referred for coronary angiography but without
obstructive coronary artery disease, compared with men. In the
study by Han et al.,73 in addition to less plaque burden, women had
less diffuse epicardial endothelial dysfunction than men. Whether
better vascular function in women than men is also found among
patients with AMI or other acute coronary syndromes is not
known. However, abnormal endothelial function appears to be a
prognostic factor in women, as suggested by a small follow-up study
part of the Women’s Ischaemia Syndrome Evaluation (WISE)
study.77 More data are needed, however, to confirm these findings.

4.3 Vascular tissue repair
Ultimately, the balance between injury and repair is thought to be
the major determinant of CVD progression, with endothelial pro-
genitor cells (EPCs) playing an important role in vascular repair.
Endogenous mobilization of EPCs is associated with an enhanced
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re-endothelialization, an improvement of endothelial function, and a
reduced atherosclerotic burden. Thus, EPCs may provide a circulating
pool of cells that could constitute a cellular ‘repair’ mechanism at the
sites of vascular injury. A recent study based on 210 healthy subjects
(104 males and 106 females) demonstrated higher steady-state levels
of EPC (CD34+KDR+) in fertile women than in men, whereas they
were not different between post-menopausal women and age-
matched men.78 These sex gradients mirrored differences in cardio-
vascular profile, vascular function (brachial artery flow-mediated
dilation), and carotid intima–media thickness. EPCs are mobilized
cyclically in fertile women according to the menstrual cycle,78,79 in
synchrony with the level of circulating 17b-oestradiol,79 and they
could represent an important mechanism of protection for premeno-
pausal women. Therefore, oestrogen may play a role in stimulating
vascular repair; data from animal studies support this notion.80

4.4 Microvascular disease
Coronary microvascular dysfunction is a term used to designate
abnormalities in the vasomotor or metabolic regulation of the small
coronary arterioles (,500 mm in diameter), which are not visualized
by coronary angiography and are the main determinants of coronary
vascular resistance.81 It is a complex phenomenon that includes both
endothelium-dependent and -independent pathways but can also be
caused by structural changes in the vessel wall, such as vascular remo-
delling. Coronary microvascular disease may precede the develop-
ment of frank IHD and bears independent prognostic significance.82

Coronary microcirculatory function can be assessed invasively by
measuring coronary flow reserve in response to adenosine with an
intracoronary Doppler wire. Non-invasive methods for the measure-
ment of coronary flow reserve include positron emission tomography,
magnetic resonance imaging, and transthoracic echocardiography with
contrast material.81

According to experimental studies, sex plays a relevant role in a
number of microvascular mechanisms which may affect microvascular
function and disease. Sex-specific differences in microvascular blood
flow and vasodilatory capacity are observed very early in develop-
ment. In a study on skin microcirculation in newborn preterm
(24–28 weeks) infants, Stark et al.83 observed that male infants had
higher baseline flow than females. In animal experiments, differences
in superoxide concentration and vascular permeability of venules
were also described.84 Some of the reported sex differences are
related to gonadal hormones and their receptors. However, genetic
differences may also exert effects independent from gonadal
function.85

On the basis of experimental data and clinical observation, coron-
ary microvascular dysfunction is put forth as a major aetiological
factor for IHD in women and a frequent determinant of chest pain
in the absence of significant coronary obstruction—known as syn-
drome X or ‘microvascular angina’.86,87 To date, however, microvas-
cular angina remains a controversial entity,88 and few clinical studies
have addressed the role of microvascular dysfunction as a determinant
of IHD in women other than within the context of cardiac syndrome
X. In a recent follow-up study of 189 WISE women with suspected
coronary ischaemia, coronary flow reserve after intracoronary adeno-
sine was significantly related to increased risk of major adverse out-
comes (death or hospitalization for non-fatal AMI, congestive heart
failure or stroke), with an adjusted hazards ratio of 1.14 per unit
decrease in log-transformed coronary flow reserve.89 Data are
needed in less selected samples of women, and using non-invasive

methods of coronary flow reserve, to confirm these findings. Also,
data are needed to support the concept that this phenomenon is
more prevalent among women than men. Currently, the only proof
is the observation that cardiac syndrome X is more frequent in
women than in men, but this syndrome only accounts for a small pro-
portion of IHD in women. The few studies that have compared cor-
onary flow reserve in response to adenosine between women and
men referred for coronary angiography have found similar
values.73,90 In one study, coronary flow reserve was lower in
women, but the difference was largely explained by women’s older
age and smaller body size.73

4.5 Autonomic function
There are important sex differences in the autonomic nervous control
of the cardiovascular system. Men tend to have a higher sympathetic
cardiac autonomic activity, whereas women tend to have a higher
parasympathetic activity.91 These differences may be the result of
developmental differences (e.g. body fat distribution) or hormonal
differences between women and men.91,92 Other factors that modu-
late or alter autonomic cardiac activity, and may potentially influence
sex differences, include age,93 obesity,92 changes in hormone levels,91

inflammation,94 and psychological disorders (e.g. depression).95

Airaksinen et al.96 showed that vagal activation was more common
in women than men during acute coronary occlusion, suggesting that
this might have beneficial antiarrhythmic effects. However, in patients
with cardiac syndrome X, who are mostly post-menopausal women,
an imbalance of autonomic nervous activity has been reported.
Lanza et al.97 showed I-metaiodobenzylguanidine myocardial scintigra-
phy defects, a measure of autonomic nervous system activity, in 75%
of cardiac syndrome X patients (64% women). In addition, in patients
with cardiac syndrome X, a relationship between vagal impairment,
measured by means of heart rate variability, and non-invasive coron-
ary flow reserve measurements has been described.98 Furthermore,
Ponikowski et al.99 showed that marked vagal withdrawal, detected
by heart rate variability analysis, preceded ST-segment depression
on 24 h Holter monitoring in a predominantly female sample (19
women out of 23 patients). Although it is known that women are
more often affected by cardiac syndrome X than men, no study so
far has been conducted to examine sex differences in cardiac auto-
nomic activity in a broad range of IHD patients.

Another condition in which autonomic dysfunction is likely to play a
pathogenic role is takotsubo cardiomyopathy. A recent study showed
significant impairment in heart rate variability at the index event com-
pared with after 3 months,100 suggesting that acute autonomic dys-
function may induce neurogenic stunning of the myocardium leading
to the clinical picture of stress-induced cardiomyopathy. Therefore,
although women have normally a more favourable autonomic func-
tion profile than men, specific syndromes that are more common
among women (cardiac syndrome X and takotsubo cardiomyopathy)
are paradoxically linked to adverse autonomic function.

4.6 Role of sex hormones
The lower incidence of CVD in premenopausal women compared
with men of similar age and the menopause-associated increase in
CVD have long suggested that ovarian hormones underlie a protec-
tive effect on the cardiovascular system for women. Indeed, sex
steroid hormones exert multiple direct and indirect effects on cardi-
ovascular physiology.101 Up to now, research has focused on the
effects of oestrogen and oestrogen receptors (ERs), whereas other
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hormones, such as progesterone and testosterone and their recep-
tors (PR and AR), have received much less consideration.

4.6.1 Cardiovascular effects of oestrogens
Oestrogens improve the arterial wall response to injury and
inhibit the development of atherosclerosis by promoting
re-endothelialization, inhibiting smooth muscle cell proliferation, and
matrix deposition following vascular injury.102 Oestrogens also
decrease systemic vascular resistance, improve coronary and periph-
eral endothelial function, and prevent coronary artery spasm in
women with and without coronary atherosclerosis.103,104 Interest-
ingly, intracoronary infusion of oestradiol improves endothelial func-
tion and coronary blood flow in female patients, but not in male
patients with coronary artery disease.104

Oestrogens cause vasodilation through both rapid increases in the
production of nitric oxide (NO) and the induction of NO genes.102

Oestrogens also modulate relaxation through the endothelium-
derived hyperpolarizing factor,105 by inducing vasodilator prostanoids
(PGE2 and PGI2)

106 and by inhibiting the production of
endothelin-1.107 Additionally, oestrogens modulate myogenic vascular
responses by reducing the basal tone of microvessels.106 The majority
of these effects have been attributed to oestrogens acting on two dis-
tinct receptors, ERa and ERb, which are expressed both in vascular
endothelial and smooth muscle cells.102 ERa appears to mediate
most of the protective effects of oestrogen against vascular injury
and atherosclerosis.108 ERb expression is enhanced in the vascular
wall of women with IHD, whereas ERa predominates in unaffected
women.109

Most of the data on the cardiovascular effects of oestrogens relate
to vascular function. Much less is known about oestrogens effects on
the myocardium. ERb is present in myocardial cells, where it regulates
the expression of NO synthases.110 Additionally, oestrogens affect sig-
nalling of genes involved in cardiac conduction, such as Isk and HK2
(cardiac potassium channels) and connexion 43.110 In female mice,
for example, oestrogens have been shown to prolong AV nodal con-
duction and the right ventricular effective refractory period.111

In addition to oestrogens, progesterone may also contribute to sex-
specific differences in the regulation of vascular function; its effects,
however, remain controversial.112 Testosterone, on the other hand,
was shown to have adverse effects on blood pressure and cardiovas-
cular morbidity and mortality.113

4.6.2 Post-menopausal hormone therapy
Given the many potentially beneficial effects of oestrogens on cardi-
ovascular physiology, much expectation was placed on the protective
effects of post-menopausal hormone therapy for CVD prevention in
women. Initial observational studies did show a reduced incidence of
CVD in post-menopausal women using hormone therapy compared
with non-users.114,115 However, it has recently become clear that
hormone therapy has complex biological effects, e.g. it has both anti-
inflammatory and proinflammatory effects and it both activates coagu-
lation and improves fibrinolysis.116 Effects depend on many factors,
including route of administration, doses of oestrogens, and age of
the women, among others. Given orally, hormone therapy clearly
increases C-reactive protein.117

The Heart and Estrogen/Progestin Replacement Study (HERS), and
the Women’s Health Initiative (WHI) clinical trials did not support
beneficial effects of hormone therapy in post-menopausal women,
neither in secondary nor in primary cardiovascular prevention.118–120

In fact, the WHI study was terminated early due to a small but signifi-
cant increase in cardiovascular events and other adverse outcomes in
the hormone therapy group. In trying to explain these unexpected
results, it has been argued that the timing of initiation of hormone
therapy after the onset of menopause may influence the response
to treatment for CVD prevention. Post hoc analyses of the WHI
trial suggested that the CVD risk may be decreased when oestrogen-
only therapy is started earlier, within 10 years of menopause, but
results were not statistically significant.121 For the combination of oes-
trogen and progestin therapy, there was no indication of a decreased
CVD even among women who initiated therapy within 10 years after
menopause; a possible cardioprotective effect in these women
became apparent only after 6 years of use.122 Because the typical dur-
ation of hormone therapy is ,10 years, most women considering
combined oestrogen plus progestin therapy for the relief of menopau-
sal symptoms should not expect protection against CVD. Thus, no
trial of hormone therapy has conclusively demonstrated a beneficial
effect towards CVD in either primary or secondary prevention; if any-
thing, risk is slightly increased. Therefore, hormone therapy should
not be used for the prevention of CVD in women.

5. Conclusions and
recommendations for future
research
Women largely share similar cardiovascular risk factors for IHD with
men; however, there are important sex differences in the prevalence
of coronary atherosclerosis and coronary vascular physiology with
relevance to IHD risk. Experimental data suggest complex differences
in the regulation of vasomotor function of microvessels of females and
males. These experimental findings contribute to the understanding of
sex differences in IHD. A larger role has been proposed for coronary
endothelial dysfunction and microvascular disease in the aetiology and
prognosis of IHD in women than in men, but research is limited. Key
questions remain about the prevalence of these vascular abnormalities
in women with and without symptomatic IHD and whether they affect
women more than men. More data are also needed to explain why
women are protected towards IHD until older age. Differences in
epidemiology may reflect important aspects of cardiovascular patho-
physiology that differ between the sexes. Eventually, a better under-
standing of these processes may improve the clinical management
of IHD in women, because it may help to devise new strategies for
the prevention, detection, and treatment of IHD that are better tai-
lored to women.

Conflict of interest: none declared.

Funding
This work was funded by a grant from the European Society of Cardiol-
ogy. V.V. is supported by the National Institutes of Health, grant
K24HL077506. L.B. is funded by PNS 2006-10091 from the Spanish Min-
istry of Science.

References
1. American Heart Association. Statistical Fact Sheet. Populations 2009 Update: Inter-

national Cardiovascular Disease Statistics. 2009. http://www.americanheart.org/
downloadable/heart/1236204012112INTL.pdf (9 June 2010).

2. Allender S, Scarborough P, Peto V, Rayner M. European cardiovascular disease stat-
istics, 2008 edition. British Heart Foundation Statistics. 2008. http://www.heartstats.
org/uploads/documents%5Cproof30NOV2007.pdf (9 June 2010).

V. Vaccarino et al.14



3. Levi F, Lucchini F, Negri E, La Vecchia C. Trends in mortality from cardiovascular and
cerebrovascular diseases in Europe and other areas of the world. Heart 2002;88:
119–124.

4. Pleis JR, Lucus JW, Ward BW. Summary health statistics for U.S. adults: National
Health Interview Survey, 2008. Vital Health Stat 2009;10. Available at: http://
www.cdc.gov/nchs/data/series/sr_10/sr10_242.pdf. Accessed 1 February 2011.

5. Rodriguez T, Malvezzi M, Chatenoud L, Bosetti C, Levi F, Negri E et al. Trends in
mortality from coronary heart and cerebrovascular diseases in the Americas:
1970–2000. Heart 2006;92:453–460.

6. O’Hara T, Bennett K, O’Flaherty M, Jennings S. Pace of change in coronary heart
disease mortality in Finland, Ireland and the United Kingdom from 1985 to 2006.
Eur J Public Health 2008;18:581–585.

7. Ford ES, Capewell S. Coronary heart disease mortality among young adults in the
U.S. from 1980 through 2002: concealed leveling of mortality rates. J Am Coll
Cardiol 2007;50:2128–2132.

8. Vaccarino V, Parsons L, Peterson ED, Rogers WJ, Kiefe CI, Canto J. Sex differences
in mortality after acute myocardial infarction: changes from 1994 to 2006. Arch Intern
Med 2009;169:1767–1774.

9. Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F et al. Effect of potentially
modifiable risk factors associated with myocardial infarction in 52 countries (the
INTERHEART study): case-control study. Lancet 2004;364:937–952.

10. Daviglus ML, Stamler J, Pirzada A, Yan LL, Garside DB, Liu K et al. Favorable
cardiovascular risk profile in young women and long-term risk of cardiovascular
and all-cause mortality. JAMA 2004;292:1588–1592.

11. Wilson PW, Kannel WB, Silbershatz H, D’Agostino RB. Clustering of metabolic
factors and coronary heart disease. Arch Intern Med 1999;159:1104–1109.

12. Women and smoking: a report of the surgeon general. Executive summary. MMWR
Recomm Rep 2002;51(RR-12):1–13.

13. Willett WC, Green A, Stampfer MJ, Speizer FE, Colditz GA, Rosner B et al. Relative
and absolute excess risks of coronary heart disease among women who smoke
cigarettes. N Engl J Med 1987;317:1303–1309.

14. Castelli WP. Cardiovascular disease: pathogenesis, epidemiology, and risk among
users of oral contraceptives who smoke. Am J Obstet Gynecol 1999;180:S349–S356.

15. Kawachi I, Colditz GA, Stampfer MJ, Willett WC, Manson JE, Rosner B et al. Smoking
cessation in relation to total mortality rates in women. A prospective cohort study.
Ann Intern Med 1993;119:992–1000.

16. He J, Vupputuri S, Allen K, Prerost MR, Hughes J, Whelton PK. Passive smoking and
the risk of coronary heart disease—a meta-analysis of epidemiologic studies. N Engl
J Med 1999;340:920–926.

17. Kannel WB. Blood pressure as a cardiovascular risk factor: prevention and treat-
ment. JAMA 1996;275:1571–1576.

18. WRITING GROUP MEMBERS, Lloyd-Jones D, Adams RJ, Brown TM, Carnethon M,
Dai S et al. Heart disease and stroke statistics—2010 update: a report from the
American Heart Association. Circulation 2010;121:e46–e215.

19. van der Giezen AM, Schopman-Geurts van Kessel JG, Schouten EG, Slotboom BJ,
Kok FJ, Collette HJ. Systolic blood pressure and cardiovascular mortality among
13,740 Dutch women. Prev Med 1990;19:456–465.

20. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL Jr. et al. The
Seventh Report of the Joint National Committee on Prevention, Detection, Evalu-
ation, and Treatment of High Blood Pressure: the JNC 7 report. JAMA 2003;289:
2560–2572.

21. Ong KL, Cheung BM, Man YB, Lau CP, Lam KS. Prevalence, awareness, treatment,
and control of hypertension among United States adults 1999–2004. Hypertension
2007;49:69–75.

22. Ostchega Y, Yoon SS, Hughes J, Louis T. Hypertension Awareness, Treatment, and
Control—Continued Disparities in Adults: United States, 2005–2006. NCHS Data
Brief No. 3. Hyattsville, MD; 2008.

23. Manolio TA, Pearson TA, Wenger NK, Barrett-Connor E, Payne GH, Harlan WR.
Cholesterol and heart disease in older persons and women. Review of an NHLBI
workshop. Ann Epidemiol 1992;2:161–176.

24. Shai I, Rimm EB, Hankinson SE, Curhan G, Manson JE, Rifai N et al. Multivariate
assessment of lipid parameters as predictors of coronary heart disease among post-
menopausal women: potential implications for clinical guidelines. Circulation 2004;
110:2824–2830.

25. Hokanson JE, Austin MA. Plasma triglyceride level is a risk factor for cardiovascular
disease independent of high-density lipoprotein cholesterol level: a meta-analysis of
population-based prospective studies. J Cardiovasc Risk 1996;3:213–219.

26. Walsh JM, Pignone M. Drug treatment of hyperlipidemia in women. JAMA 2004;291:
2243–2252.

27. Mora S, Glynn RJ, Hsia J, MacFadyen JG, Genest J, Ridker PM. Statins for the primary
prevention of cardiovascular events in women with elevated high-sensitivity
C-reactive protein or dyslipidemia: results from the Justification for the Use of
Statins in Prevention: An Intervention Trial Evaluating Rosuvastatin (JUPITER) and
meta-analysis of women from primary prevention trials. Circulation 2010;121:
1069–1077.

28. Barrett-Connor EL, Cohn BA, Wingard DL, Edelstein SL. Why is diabetes mellitus
a stronger risk factor for fatal ischemic heart disease in women than in men?
The Rancho Bernardo Study. JAMA 1991;265:627–631.

29. Kanaya AM, Grady D, Barrett-Connor E. Explaining the sex difference in coronary
heart disease mortality among patients with type 2 diabetes mellitus: a meta-analysis.
Arch Intern Med 2002;162:1737–1745.

30. Gregg EW, Gu Q, Cheng YJ, Narayan KM, Cowie CC. Mortality trends in men and
women with diabetes, 1971 to 2000. Ann Intern Med 2007;147:149–155.

31. Ogden CL, Carroll MD, Curtin LR, McDowell MA, Tabak CJ, Flegal KM. Prevalence
of overweight and obesity in the United States, 1999–2004. JAMA 2006;295:
1549–1555.

32. Manson JE, Willett WC, Stampfer MJ, Colditz GA, Hunter DJ, Hankinson SE et al.
Body weight and mortality among women. N Engl J Med 1995;333:677–685.

33. Shaw LJ, Bairey Merz CN, Azziz R, Stanczyk FZ, Sopko G, Braunstein GD et al. Post-
menopausal women with a history of irregular menses and elevated androgen
measurements at high risk for worsening cardiovascular event-free survival: results
from the National Institutes of Health—National Heart, Lung, and Blood Institute
sponsored Women’s Ischemia Syndrome Evaluation. J Clin Endocrinol Metab 2008;
93:1276–1284.

34. Kim JK, Alley D, Seeman T, Karlamangla A, Crimmins E. Recent changes in cardio-
vascular risk factors among women and men. J Womens Health (Larchmt) 2006;15:
734–746.

35. Towfighi A, Zheng L, Ovbiagele B. Sex-specific trends in midlife coronary heart
disease risk and prevalence. Arch Intern Med 2009;169:1762–1766.

36. Grundy SM, Bazzarre T, Cleeman J, D’Agostino RB Sr, Hill M, Houston-Miller N et al.
Prevention Conference V: Beyond secondary prevention: identifying the high-risk
patient for primary prevention: medical office assessment: Writing Group I.
Circulation 2000;101:E3–E11.

37. Pearson TA, Mensah GA, Alexander RW, Anderson JL, Cannon RO 3rd, Criqui M
et al. Markers of inflammation and cardiovascular disease: application to clinical
and public health practice: a statement for healthcare professionals from the
Centers for Disease Control and Prevention and the American Heart Association.
Circulation 2003;107:499–511.

38. Helfand M, Buckley DI, Freeman M, Fu R, Rogers K, Fleming C et al. Emerging risk
factors for coronary heart disease: a summary of systematic reviews conducted
for the U.S. Preventive Services Task Force. Ann Intern Med 2009;151:496–507.

39. Cook NR, Buring JE, Ridker PM. The effect of including C-reactive protein in cardi-
ovascular risk prediction models for women. Ann Intern Med 2006;145:21–29.

40. Cushman M, Arnold AM, Psaty BM, Manolio TA, Kuller LH, Burke GL et al.
C-reactive protein and the 10-year incidence of coronary heart disease in older
men and women: the cardiovascular health study. Circulation 2005;112:25–31.

41. Wilson PW, D’Agostino RB, Levy D, Belanger AM, Silbershatz H, Kannel WB. Pre-
diction of coronary heart disease using risk factor categories. Circulation 1998;97:
1837–1847.

42. Pasternak RC, Abrams J, Greenland P, Smaha LA, Wilson PW, Houston-Miller N.
34th Bethesda Conference: Task force #1—identification of coronary heart
disease risk: is there a detection gap? J Am Coll Cardiol 2003;41:1863–1874.

43. Berger JS, Jordan CO, Lloyd-Jones D, Blumenthal RS. Screening for cardiovascular
risk in asymptomatic patients. J Am Coll Cardiol 2010;55:1169–1177.

44. Ridker PM, Buring JE, Rifai N, Cook NR. Development and validation of improved
algorithms for the assessment of global cardiovascular risk in women: the Reynolds
Risk Score. JAMA 2007;297:611–619.

45. Rozanski A, Blumenthal JA, Davidson KW, Saab PG, Kubzansky L. The epidemiology,
pathophysiology, and management of psychosocial risk factors in cardiac practice:
the emerging field of behavioral cardiology. J Am Coll Cardiol 2005;45:637–651.

46. Rosengren A, Hawken S, Ounpuu S, Sliwa K, Zubaid M, Almahmeed WA et al.
Association of psychosocial risk factors with risk of acute myocardial infarction in
11 119 cases and 13 648 controls from 52 countries (the INTERHEART study):
case-control study. Lancet 2004;364:953–962.

47. Mallik S, Spertus JA, Reid KJ, Krumholz HM, Rumsfeld JS, Weintraub WS et al.
Depressive symptoms after acute myocardial infarction: evidence for highest rates
in younger women. Arch Intern Med 2006;166:876–883.

48. Wassertheil-Smoller S, Shumaker S, Ockene J, Talavera GA, Greenland P,
Cochrane B et al. Depression and cardiovascular sequelae in postmenopausal
women: the Women’s Health Initiative (WHI). Arch Intern Med 2004;164:289–298.

49. Rutledge T, Reis SE, Olson MB, Owens J, Kelsey SF, Pepine CJ et al. Depression
symptom severity and reported treatment history in the prediction of cardiac risk
in women with suspected myocardial ischemia: the NHLBI-sponsored WISE
study. Arch Gen Psychiatry 2006;63:874–880.

50. Whang W, Kubzansky LD, Kawachi I, Rexrode KM, Kroenke CH, Glynn RJ et al.
Depression and risk of sudden cardiac death and coronary heart disease in
women: results from the Nurses’ Health Study. J Am Coll Cardiol 2009;53:950–958.

51. Ruo B, Rumsfeld JS, Hlatky MA, Liu H, Browner WS, Whooley MA. Depressive
symptoms and health-related quality of life: the Heart and Soul Study. JAMA 2003;
290:215–221.

52. Mallik S, Krumholz HM, Lin ZQ, Kasl SV, Mattera JA, Roumains SA et al. Patients with
depressive symptoms have lower health status benefits after coronary artery bypass
surgery. Circulation 2005;111:271–277.

53. Rieckmann N, Gerin W, Kronish IM, Burg MM, Chaplin WF, Kong G et al. Course of
depressive symptoms and medication adherence after acute coronary syndromes: an
electronic medication monitoring study. J Am Coll Cardiol 2006;48:2218–2222.

Ischaemic heart disease in women 15



54. Gehi A, Haas D, Pipkin S, Whooley MA. Depression and medication adherence in
outpatients with coronary heart disease: findings from the Heart and Soul Study.
Arch Intern Med 2005;165:2508–2513.

55. Glassman AH, Helzer JE, Covey LS, Cottler LB, Stetner F, Tipp JE et al. Smoking,
smoking cessation and major depression. JAMA 1990;264:1546–1549.

56. Whooley MA, de Jonge P, Vittinghoff E, Otte C, Moos R, Carney RM et al. Depress-
ive symptoms, health behaviors, and risk of cardiovascular events in patients with
coronary heart disease. JAMA 2008;300:2379–2388.

57. Roest AM, Martens EJ, de Jonge P, Denollet J. Anxiety and risk of incident coronary
heart disease: a meta-analysis. J Am Coll Cardiol 2010;56:38–46.

58. Orth-Gomer K, Wamala SP, Horsten M, Schenck-Gustafsson K, Schneiderman N,
Mittleman MA. Marital stress worsens prognosis in women with coronary heart
disease. JAMA 2000;284:3008–3014.

59. Wang HX, Leineweber C, Kirkeeide R, Svane B, Schenck-Gustafsson K, Theorell T
et al. Psychosocial stress and atherosclerosis: family and work stress accelerate pro-
gression of coronary disease in women. The Stockholm Female Coronary Angiogra-
phy Study. J Intern Med 2007;261:245–254.

60. Gallo LC, Troxel WM, Kuller LH, Sutton-Tyrrell K, Edmundowicz D, Matthews KA.
Marital status, marital quality, and atherosclerotic burden in postmenopausal
women. Psychosom Med 2003;65:952–962.

61. Dong M, Giles WH, Felitti VJ, Dube SR, Williams JE, Chapman DP et al. Insights into
causal pathways for ischemic heart disease: adverse childhood experiences study.
Circulation 2004;110:1761–1766.

62. Batten SV, Aslan M, Maciejewski PK, Mazure CM. Childhood maltreatment as a risk
factor for adult cardiovascular disease and depression. J Clin Psychiatry 2004;65:
249–254.

63. Bhattacharyya MR, Steptoe A. Emotional triggers of acute coronary syndromes:
strength of evidence, biological processes, and clinical implications. Prog Cardiovasc
Dis 2007;49:353–365.

64. Wittstein IS, Thiemann DR, Lima JAC, Baughman KL, Schulman SP, Gerstenblith G
et al. Neurohumoral features of myocardial stunning due to sudden emotional stress.
N Engl J Med 2005;352:539–548.

65. Rees K, Bennett P, West R, Davey SG, Ebrahim S. Psychological interventions for
coronary heart disease. Cochrane Database Syst Rev 2004:CD002902.

66. Linden W, Phillips MJ, Leclerc J. Psychological treatment of cardiac patients: a
meta-analysis. Eur Heart J 2007;28:2972–2984.

67. Orth-Gomer K, Schneiderman N, Wang H-X, Walldin C, Blom M, Jernberg T. Stress
reduction prolongs life in women with coronary disease: The Stockholm Women’s
Intervention Trial for Coronary Heart Disease (SWITCHD). Circ Cardiovasc Qual
Outcomes 2009;2:25–32.

68. Heer T, Schiele R, Schneider S, Gitt AK, Wienbergen H, Gottwik M et al. Gender
differences in acute myocardial infarction in the era of reperfusion (the MITRA reg-
istry). Am J Cardiol 2002;89:511–517.

69. Berger JS, Elliott L, Gallup D, Roe M, Granger CB, Armstrong PW et al. Sex differ-
ences in mortality following acute coronary syndromes. JAMA 2009;302:874–882.

70. Rosengren A, Wallentin L, Gitt AK, Behar S, Battler A, Hasdai D. Sex, age, and clini-
cal presentation of acute coronary syndromes. Eur Heart J 2004;25:663–670.

71. Kardys I, Vliegenthart R, Oudkerk M, Hofman A, Witteman JC. The female advantage
in cardiovascular disease: do vascular beds contribute equally? Am J Epidemiol 2007;
166:403–412.

72. Nicholls SJ, Wolski K, Sipahi I, Schoenhagen P, Crowe T, Kapadia SR et al. Rate of
progression of coronary atherosclerotic plaque in women. J Am Coll Cardiol 2007;
49:1546–1551.

73. Han SH, Bae JH, Holmes DR Jr, Lennon RJ, Eeckhout E, Barsness GW et al. Sex
differences in atheroma burden and endothelial function in patients with early cor-
onary atherosclerosis. Eur Heart J 2008;29:1359–1369.

74. Benjamin EJ, Larson MG, Keyes MJ, Mitchell GF, Vasan RS, Keaney JF Jr. et al. Clinical
correlates and heritability of flow-mediated dilation in the community: the Framing-
ham Heart Study. Circulation 2004;109:613–619.

75. Celermajer D, Sorensen K, Bull C, Robinson J, Deanfield J. Endothelium-dependent
dilation in the systemic arteries of asymptomatic subjects relates to coronary risk
factors and their interaction. J Am Coll Cardiol 1994;24:1468–1474.

76. Juonala M, Kahonen M, Laitinen T, Hutri-Kahonen N, Jokinen E, Taittonen L et al.
Effect of age and sex on carotid intima-media thickness, elasticity and brachial
endothelial function in healthy adults: The Cardiovascular Risk in Young Finns
Study. Eur Heart J 2008;29:1198–1206.

77. von Mering GO, Arant CB, Wessel TR, McGorray SP, Bairey Merz CN, Sharaf BL
et al. Abnormal coronary vasomotion as a prognostic indicator of cardiovascular
events in women: results from the National Heart, Lung, and Blood Institute-
Sponsored Women’s Ischemia Syndrome Evaluation (WISE). Circulation 2004;109:
722–725.

78. Fadini GP, de Kreutzenberg S, Albiero M, Coracina A, Pagnin E, Baesso I et al.
Gender differences in endothelial progenitor cells and cardiovascular risk profile:
the role of female estrogens. Arterioscler Thromb Vasc Biol 2008;28:997–1004.

79. Lemieux C, Cloutier I, Tanguay JF. Menstrual cycle influences endothelial progenitor
cell regulation: a link to gender differences in vascular protection? Int J Cardiol 2009;
136:200–210.

80. Strehlow K, Werner N, Berweiler J, Link A, Dirnagl U, Priller J et al. Estrogen
increases bone marrow-derived endothelial progenitor cell production and
diminishes neointima formation. Circulation 2003;107:3059–3065.

81. Camici PG, Crea F. Coronary microvascular dysfunction. N Engl J Med 2007;356:
830–840.

82. Kaul S, Ito H. Microvasculature in acute myocardial ischemia: Part I: evolving con-
cepts in pathophysiology, diagnosis, and treatment. Circulation 2004;109:146–149.

83. Stark MJ, Clifton VL, Wright IM. Sex-specific differences in peripheral microvascular
blood flow in preterm infants. Pediatr Res 2008;63:415–419.

84. Dantas AP, Franco Mdo C, Silva-Antonialli MM, Tostes RC, Fortes ZB, Nigro D et al.
Gender differences in superoxide generation in microvessels of hypertensive rats:
role of NAD(P)H-oxidase. Cardiovasc Res 2004;61:22–29.

85. Wang J, Bingaman S, Huxley VH. Intrinsic sex-specific differences in microvascular
endothelial cell phosphodiesterases. Am J Physiol Heart Circ Physiol 2010;298:
H1146–1154.

86. Nugent L, Mehta PK, Bairey Merz CN. Gender and microvascular angina. J Thromb
Thrombolysis 2011;31:37–46.

87. Lanza GA, Crea F. Primary coronary microvascular dysfunction: clinical presentation,
pathophysiology, and management. Circulation 2010;121:2317–2325.

88. Cannon RO 3rd. Microvascular angina and the continuing dilemma of chest pain with
normal coronary angiograms. J Am Coll Cardiol 2009;54:877–885.

89. Pepine CJ, Anderson RD, Sharaf BL, Reis SE, Smith KM, Handberg EM et al. Coron-
ary microvascular reactivity to adenosine predicts adverse outcome in women eval-
uated for suspected ischemia: results from the National Heart, Lung and Blood
Institute WISE (Women’s Ischemia Syndrome Evaluation) Study. J Am Coll Cardiol
2010;55:2825–2832.

90. Kern MJ, Bach RG, Mechem CJ, Caracciolo EA, Aguirre FV, Miller LW et al. Vari-
ations in normal coronary vasodilatory reserve stratified by artery, gender, heart
transplantation and coronary artery disease. J Am Coll Cardiol 1996;28:1154–1160.

91. Dart AM, Du XJ, Kingwell BA. Gender, sex hormones and autonomic nervous
control of the cardiovascular system. Cardiovasc Res 2002;53:678–687.

92. Jones PP, Snitker S, Skinner JS, Ravussin E. Gender differences in muscle sympathetic
nerve activity: effect of body fat distribution. Am J Physiol 1996;270:E363–E366.

93. Kuo TB, Lin T, Yang CC, Li CL, Chen CF, Chou P. Effect of aging on gender differ-
ences in neural control of heart rate. Am J Physiol 1999;277:H2233–H2239.

94. Lanza GA, Sgueglia GA, Cianflone D, Rebuzzi AG, Angeloni G, Sestito A et al.
Relation of heart rate variability to serum levels of C-reactive protein in patients
with unstable angina pectoris. Am J Cardiol 2006;97:1702–1706.

95. Carney RM, Freedland KE, Veith RC. Depression, the autonomic nervous system,
and coronary heart disease. Psychosom Med 2005;67:S29–S33.

96. Airaksinen KE, Ikaheimo MJ, Linnaluoto M, Tahvanainen KU, Huikuri HV. Gender
difference in autonomic and hemodynamic reactions to abrupt coronary occlusion.
J Am Coll Cardiol 1998;31:301–306.

97. Lanza GA, Giordano A, Pristipino C, Calcagni ML, Meduri G, Trani C et al. Abnormal
cardiac adrenergic nerve function in patients with syndrome X detected
by [123I]metaiodobenzylguanidine myocardial scintigraphy. Circulation 1997;96:
821–826.

98. Cemin R, Erlicher A, Fattor B, Pitscheider W, Cevese A. Reduced coronary flow
reserve and parasympathetic dysfunction in patients with cardiovascular syndrome
X. Coron Artery Dis 2008;19:1–7.

99. Ponikowski P, Rosano GM, Amadi AA, Collins P, Coats AJ, Poole-Wilson PA et al.
Transient autonomic dysfunction precedes ST-segment depression in patients
with syndrome X. Am J Cardiol 1996;77:942–947.

100. Akashi YJ, Barbaro G, Sakurai T, Nakazawa K, Miyake F. Cardiac autonomic imbal-
ance in patients with reversible ventricular dysfunction takotsubo cardiomyopathy.
QJM 2007;100:335–343.

101. Ross RL, Serock MR, Khalil RA. Experimental benefits of sex hormones on vascular
function and the outcome of hormone therapy in cardiovascular disease. Curr Cardiol
Rev 2008;4:309–322.

102. Mendelsohn ME, Karas RH. Molecular and cellular basis of cardiovascular gender
differences. Science 2005;308:1583–1587.

103. Leonardo F, Medeirus C, Rosano GM, Pereira WI, Sheiban I, Gebara O et al. Effect of
acute administration of estradiol 17 beta on aortic blood flow in menopausal
women. Am J Cardiol 1997;80:791–793.

104. Collins P, Rosano GM, Sarrel PM, Ulrich L, Adamopoulos S, Beale CM et al. 17
beta-estradiol attenuates acetylcholine-induced coronary arterial constriction in
women but not men with coronary heart disease. Circulation 1995;92:24–30.

105. Villar IC, Hobbs AJ, Ahluwalia A. Sex differences in vascular function: implication of
endothelium-derived hyperpolarizing factor. J Endocrinol 2008;197:447–462.

106. Huang A, Kaley G. Gender-specific regulation of cardiovascular function: estrogen as
key player. Microcirculation 2004;11:9–38.

107. Pearson LJ, Yandle TG, Nicholls MG, Evans JJ. Regulation of endothelin-1 release
from human endothelial cells by sex steroids and angiotensin-II. Peptides 2008;29:
1057–1061.

108. Pare G, Krust A, Karas RH, Dupont S, Aronovitz M, Chambon P et al. Estrogen
receptor-alpha mediates the protective effects of estrogen against vascular injury.
Circ Res 2002;90:1087–1092.

V. Vaccarino et al.16



109. Cruz MN, Agewall S, Schenck-Gustafsson K, Kublickiene K. Acute dilatation to phy-
toestrogens and estrogen receptor subtypes expression in small arteries from
women with coronary heart disease. Atherosclerosis 2008;196:49–58.

110. Mendelsohn ME, Karas RH. The protective effect of estrogen on the cardiovascular
system. N Engl J Med 1999;340:1801–1811.

111. Saba S, Zhu W, Aronovitz MJ, Estes NA 3rd, Wang PJ, Mendelsohn ME et al. Effects
of estrogen on cardiac electrophysiology in female mice. J Cardiovasc Electrophysiol
2002;13:276–280.

112. Wakatsuki A, Okatani Y, Ikenoue N, Fukaya T. Effect of medroxyprogesterone
acetate on endothelium-dependent vasodilation in postmenopausal women receiv-
ing estrogen. Circulation 2001;104:1773–1778.

113. Huang A, Sun D, Koller A. Endothelial dysfunction augments myogenic arteriolar
constriction in hypertension. Hypertension 1993;22:913–921.

114. Rosano GM, Sarrel PM, Poole-Wilson PA, Collins P. Beneficial effect of oestrogen on
exercise-induced myocardial ischaemia in women with coronary artery disease.
Lancet 1993;342:133–136.

115. Grodstein F, Stampfer MJ, Manson JE, Colditz GA, Willett WC, Rosner B et al. Post-
menopausal estrogen and progestin use and the risk of cardiovascular disease. N Engl
J Med 1996;335:453–461.

116. Koh KK, Yoon B-K. Controversies regarding hormone therapy: Insights from inflam-
mation and hemostasis. Cardiovasc Res 2006;70:22–30.

117. Cushman M, Legault C, Barrett-Connor E, Stefanick ML, Kessler C, Judd HL et al.
Effect of postmenopausal hormones on inflammation-sensitive proteins: the Postme-
nopausal Estrogen/Progestin Interventions (PEPI) Study. Circulation 1999;100:
717–722.

118. Hulley S, Grady D, Bush T. Randomized trial of estrogen plus progestin for second-
ary prevention of coronary heart disease in postmenopausal women. JAMA 1998;
280:605–613.

119. Grady D, Herrington D, Bittner V, Blumenthal R, Davidson M, Hlatky M et al. Car-
diovascular disease outcomes during 6.8 years of hormone therapy: Heart and
Estrogen/progestin Replacement Study follow-up (HERS II). JAMA 2002;288:49–57.

120. Rossouw JE, Anderson GL, Prentice RL, LaCroix AZ, Kooperberg C, Stefanick ML
et al. Risks and benefits of estrogen plus progestin in healthy postmenopausal
women: principal results From the Women’s Health Initiative randomized controlled
trial. JAMA 2002;288:321–333.

121. Rossouw JE, Prentice RL, Manson JE, Wu L, Barad D, Barnabei VM et al. Postmeno-
pausal hormone therapy and risk of cardiovascular disease by age and years since
menopause. JAMA 2007;297:1465–1477.

122. Toh S, Hernandez-Diaz S, Logan R, Rossouw JE, Hernan MA. Coronary heart disease
in postmenopausal recipients of estrogen plus progestin therapy: does the increased
risk ever disappear? A randomized trial. Ann Intern Med 2010;152:211–217.

Ischaemic heart disease in women 17


