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Abstract

Scientific interest in ischaemic heart disease (IHD) in women has grown considerably over the
past 2 decades. A substantial amount of the literature on this subject is centred on sex differences
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in clinical aspects of IHD. Many reports have documented sex-related differences in presentation,
risk profiles, and outcomes among patients with IHD, particularly acute myocardial infarction.
Such differences have often been attributed to inequalities between men and women in the referral
and treatment of IHD, but data are insufficient to support this assessment. The determinants

of sex differences in presentation are unclear, and few clues are available as to why young,
premenopausal women paradoxically have a greater incidence of adverse outcomes after acute
myocardial infarction than men, despite having less-severe coronary artery disease. Although
differential treatment on the basis of patient sex continues to be described, the extent to which
such inequalities persist and whether they reflect true disparity is unclear. Additionally, much
uncertainty surrounds possible sex-related differences in response to cardiovascular therapies,
partly because of a persistent lack of female-specific data from cardiovascular clinical trials.

In this Review, we assess the evidence for sex-related differences in the clinical presentation,
treatment, and outcome of IHD, and identify gaps in the literature that need to be addressed in
future research efforts.

Introduction

Mortality related to cardiovascular disease (CVVD) has declined in most Western countries
since the 1960s; however, CVD remains the leading cause of death for both women and
men and a major cause of morbidity.! Ischaemic heart disease (IHD), the most common
form of CVD, is also the single most frequent cause of death in Western countries in

both women and men.! Nevertheless, IHD in women was neglected by physicians until

the early 1990s, when reports emerged that treatment of women with this disease was less
aggressive than in men.2 Major efforts have since been made worldwide by the World
Heart Federation, the National Heart, Lung, and Blood Institute, and the Centers for Disease
Control and Prevention to increase awareness of heart health and promote healthy lifestyles
among women.34 However, despite growing attention to the issue of IHD in women, many
questions underlying sex differences in clinical manifestations and management of the
disease remain unanswered.* For example, the clinical relevance of angina among women
is unclear, and whether women have more adverse IHD-related outcomes than men do,

or even a different expression of the disease, is still to be established. Such information

is missing, because most studies have been focused on men with the under-representation
or exclusion of women. Studies of women, such as the Women’s Ischemia Syndrome
Evaluation (WISE), the Nurses’ Health Study, and the Women’s Health Initiative, have

not included a male comparison group. Moreover, even when data were available, few
publications have included analysis of data by sex. In this Review, we discuss the current
evidence for sex-related differences in the clinical presentation, treatment, and outcome of
IHD in Western countries, and identify gaps in the literature that need to be addressed in
future research.

Clinical presentation

Symptoms as predictors of IHD

The clinical presentation of IHD differs between women and men. Compared with men,
women are more likely to develop angina as their first manifestation of IHD (47% versus
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32%) and less likely to present with an acute myocardial infarction (AMI; 6% versus

10%).° This presentation pattern, which was initially reported in the USA in the 1980s

by the Framingham Heart Study investigators,® was confirmed by the results of a 2008
meta-analysis of data from 31 countries showing that women have, on average, a 20% higher
rate of angina than men, irrespective of their rate of coronary death.” In the setting of acute
coronary syndrome (ACS), women and men have different clinical profiles and presentation,
with fewer women than men presenting with ST-segment elevation myocardial infarction
(STEMI), but more presenting with unstable angina.8°

Presence of chest pain, particularly if ‘typical’ in character, is a predictor of obstructive
coronary artery disease (CAD) in both women and men, although fewer women than men
have obstructive CAD in each category of chest pain (typical, atypical, or nonanginal
chest pain).10 “Typical” symptoms of angina (Box 1) are also strong predictors of ACS

in women.11 Women with IHD are often thought to be less likely than men to present
with chest pain, but this notion is not substantiated by the latest research.12-16 Among
patients with a presumed or established diagnosis of IHD, the majority of both women
and men present with chest pain, with similar proportions by sex. Women, however, report
a larger number of additional, nonspecific symptoms (Box 1), which can complicate the
presentation. In addition, minor sex-related differences might exist in other chest pain
descriptors.12-16 Physicians should investigate symptoms indicative of cardiac ischaemia in
women, and not dismiss them as being noncardiac in origin.17-19

Symptom recognition and awareness

Awareness that IHD is the leading cause of death is low among women. A survey of
women in the USA showed that, although awareness has improved since 1997, almost

half of women remain unaware that IHD is the leading cause of death among their sex.20
Until the turn of the 215 century, fewer CAD-related public health messages were targeted
towards women than men and, consequently, women might have been less likely to modify
their lifestyles in a cardioprotective manner.2! This approach is likely to have affected
cardiac prevention among women, and has contributed to the popular view that young and
middle-aged women are ‘immune’ to heart disease. Only about half of women in the USA
would call the emergency services if they thought they were experiencing symptoms of a
heart attack.2! Fukuoka et a/. reported that <40% of women and men hospitalized for AMI
interpreted their symptoms as cardiac in origin.22 Thus, the lack of appropriate identification
of IHD-related symptoms in women continues to be an important public-health concern.
This problem, in conjunction with the less clear-cut symptom presentation in women than
in men, represents a substantial challenge for the prevention, timely identification, and
management of IHD in women.

Sex, age, and clinical characteristics

Sex differences in the presentation of IHD are more pronounced among younger patients
than older patients. In the Euro Heart Survey?® of ACS, which involved >10,000 patients,
women aged <65 years were more likely than men of a similar age to present with unstable
angina, and less likely to have STEMI, whereas presentation was similar in women and men
aged =65 years. In the US National Registries of Myocardial Infarction,12 women aged <65
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years were more likely than men of similar age to present without chest pain (Figure 1)

and to have a history of diabetes mellitus, heart failure, or stroke, and a higher Killip class
(an index of acute heart failure). These sex differences in presentation were less pronounced
or absent among older patients.}2 Although sex differences in chest pain presentation were
more marked in patients aged <65 years, older men and women were much more likely
than younger patients to present without chest pain. About 50% of patients aged =75 years
presented without chest pain.}2 The reasons for these differences are not understood.

Diagnostic strategy

Physicians tend to underestimate cardiovascular risk in women, which can lead to missed

or delayed diagnoses of IHD.2425 Part of the problem is that the diagnosis of IHD in
women is hampered by difficulties arising from sex-related differences in the prevalence and
clinical manifestations of this disease and its risk factors.2® For a substantial proportion of
women presenting for evaluation of chest pain, traditional diagnostic strategies that focus

on detection of severe coronary stenosis are likely to be inadequate. Unique challenges in
the evaluation of IHD in women include greater symptom burden, higher rate of functional
disability, and lower prevalence of obstructive CAD than in men.

Exercise electrocardiography

Exercise electrocardiography (ECG) is the diagnostic test most-frequently performed to
assess suspected IHD. Using the threshold of 1.0 mm ST-segment depression to define
abnormality, the diagnostic accuracy is lower in women (sensitivity and specificity ranging
from 60% to 70%) than in men (up to ~80%).2” The reduced accuracy is, in part, related
to the fact that women are more likely than men to have functional impairment, precluding
them from achieving adequate exercise-induced stress. In fact, women are often incapable
of performing >5 metabolic equivalents of treadmill exercise, leading to inadequate heart-
rate responses.28.29 Additional causes of diminished accuracy of ECG stress testing in
women include ST-segment abnormalities related to the menstrual cycle or other hormonal
changes, such as those that occur during the perimenopause,3? and a lower QRS voltage in
comparison with men. The diagnostic accuracy for assessing IHD can be improved by using
an imaging modality.

Stress echocardiography

As for exercise ECG, exercise stress testing using echocardiographic techniques can

be suboptimal in women owing to decreased exercise tolerance compared with men.
Pharmacological stress testing (using dobutamine or dipyridamole) is preferred in women
with reduced exercise capacity.24 In addition, the accuracy of stress echocardiography
depends on the experience of the operator. For optimal interpretation, rapid assessment of
multiple echocardiographic views at peak heart rate is essential. Despite these limitations,
stress echocardiography is a highly accurate technique for the detection of IHD in women,
with a sensitivity of 85% and a specificity of 75%.28:29.31
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Coronary angiography

The traditional diagnostic strategy of coronary angiography focusing on the detection of
coronary obstruction with a lumen stenosis of >50% can be inadequate in women, who are
more likely than men to have chest pain with a normal or near-normal coronary angiogram
(Figures 2 and 3).32-34 Even among patients with AMI, a large proportion (32%) were
found to have a normal coronary angiogram, and an additional 15% had <50% stenosis in
any of the major vessels.3> These proportions are much higher in women than in men.1’
Functional testing performed during angiography can provide an improved understanding
of the mechanisms that account for chest pain in patients with a normal or near-normal
angiogram.17-19:36 Coronary artery function is most commonly and safely assessed by
intracoronary infusion of acetylcholine.3” Reduced vasodilatory response of the coronary
microcirculation or paradoxical vasoconstriction of the epicardial coronary vessels are signs
of coronary artery dysfunction (Figure 4).38

Coronary CT angiography

Cardiac MRI

Coronary CT angiography (CCTA) has comparable diagnostic accuracy in women and men
for the detection of obstructive coronary stenosis at thresholds of both 50% and 70%.3°

In addition, CCTA can be used to detect non-obstructive atherosclerotic lesions that would
not have been detected with functional cardiac imaging, which is of critical importance

in women given their lower prevalence of obstructive disease!’ and the suboptimal
performance of traditional noninvasive tests.2829 Studies of patients with CAD assessed
using CCTA showed that women had a greater risk of death from three-vessel or left-main
disease than men, with similar mortality from nonobstructive and obstructive one-vessel or
two-vessel CAD.40-42 Importantly, the assessment of nonobstructive CAD using CCTA can
improve risk prediction beyond patient demographic data, traditional risk factors for CAD,
and the Framingham risk score.41

Cardiac MRI has emerged as a novel operator-independent diagnostic tool allowing the
diagnosis of structural heart disease and ischaemia. Wall motion can be assessed after
administration of dobutamine, analogous to stress echocardiography protocols, to evaluate
myocardial viability and ischaemia.#344 Data specific to women are not available; however,
in a meta-analysis, stress-induced wall-motion abnormality imaging with MRI demonstrated
a sensitivity of 83% and a specificity of 86% compared with coronary angiography.2®

MRI perfusion imaging had a sensitivity of 0.91 and a specificity of 0.81.2° MRI imaging
with late gadolinium enhancement provides additional information by enabling detection
and quantification of myocardial scar tissue.#>46 MRI has been used to demonstrate
subendocardial hypoperfusion during the intravenous administration of adenosine in women
with chest pain and nonobstructive CAD.4"49 Cardiac MR, therefore, can help to define
the aetiology of chest pain in patients with a negative ECG, negative cardiac enzymes, and
intermediate risk of IHD.
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Myocardial perfusion SPECT

The assessment of stress-induced myocardial perfusion abnormalities using single-photon
emission compute tomography (SPECT) is the most-commonly used nuclear-based
technique for the investigation of both women and men presenting with chest pain.>0
Overall, the diagnostic accuracy of SPECT is higher than for exercise ECG testing

and reaches a sensitivity of 85% and a specificity of 70%.28.29.31 The accuracy of this
method is, however, reduced in women with limited exercise capability. For this reason,
pharmacological stress using adenosine or dipyridamole is often recommended. In addition,
to reduce soft-tissue attenuation artefacts (owing to fat deposits or breast tissue) the
higher-energy technetium (%¥MTc) radioisotope is preferred to thallium (2°1T1) in women.5!
Another challenge with the use of SPECT imaging in women relates to the smaller size of
the heart than in men and, therefore, potentially smaller areas of myocardium with reduced
perfusion that might be missed by currently available SPECT cameras with limited spatial
resolution. Computer algorithms for attenuation correction of SPECT imaging have resulted
in dramatic improvement in diagnostic accuracy for women with chest pain.52

Specific manifestations of IHD

Stable angina

The early results of the Framingham Heart Study® suggested that women with angina had
much more favourable outcomes than their male counterparts, with fewer events such as
AMI. However, these early results must be viewed in light of the diagnostic limitations of
the time, including limited use of routine coronary angiography.8 Contemporary data from

a large community-based study indicate that women and men of all ages presenting with
stable angina have increased coronary mortality relative to the general population.>3 Women
with angina who were aged <75 years, however, had higher standardized mortality ratios for
CAD than men; among those aged 55-64 years, for example, the mortality ratio was 4.7 in
women and 2.4 in men.53 In the Euro Heart Survey of Stable Angina,>* women were twice
as likely as men die or experience nonfatal AMI during the 1-year follow-up period. These
investigations negate the notion that stable angina is a benign condition in women.

Recommendations for the management of stable angina are similar in women and men,
despite uncertainties about sex differences in response to treatment, and include adopting a
healthy lifestyle; medication to decrease ischaemia and chest pain; secondary prevention
with aspirin, p-blockers, statins, and angiotensin-converting-enzyme (ACE) inhibitors;
coronary revascularization (when indicated); and cardiac rehabilitation.>® The majority of
patients with stable angina recruited to clinical trials are male, which makes deriving
conclusions about benefits specific to women difficult. Despite similarities in treatment
recommendations between the sexes, the use of diagnostic procedures and secondary
prevention therapies for angina are reported to be lower in women than men in community-
based studies.>*6 These data suggest that stable angina remains underinvestigated and
undertreated in women. Perceived difficulties in the diagnosis of IHD among women might
explain some of these differences as described above. Currently, after a definite diagnosis
of “clinically significant’ CAD is made, guideline-driven therapies for secondary prevention
should be applied equally in men and women.>’
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Acute coronary syndromes

From the mid-1980s onwards, studies consistently documented higher unadjusted
complication rates and mortality after ACS in women than in men.>8 However, after
differences in age and comorbidity are accounted for, the evidence in the literature for

sex differences in prognosis seems to be inconsistent.? The reason for these discrepancies is
likely to be that higher mortality after ACS in women than in men does not occur across the
whole patient population, but only in specific subgroups.>8

Women with STEMI have worse outcomes than their male counterparts.®® By contrast,
after adjusting for age, no sex differences in outcome are evident among patients with non-
ST-segment elevation myocardial infarction (NSTEMI).%:60.61 Among patients with unstable
angina, women actually have a significantly better prognosis than men after adjustment

for age and risk factors.962 Reasons for differences in outcomes might be related to

the underlying pathophysiology. The less extensive the arterial obstruction the better the
prognosis, and women are more likely to have nonobtructive lesions than men in the clinical
setting of unstable angina.® On the other hand, STEMI is often secondary to acute coronary
thrombus formation on a ruptured or eroded atherosclerotic plaque. This process can lead
more often, or more suddenly, to total occlusion in women than men owing to smaller
vessels in women and their tendency to develop plaque erosion, contributing to the poorer
prognosis of women with STEMI.83

Thrombolytic therapy in patients with STEMI has been shown to reduce mortality to

a similar degree in men and women.%4 In addition, primary percutaneous coronary
intervention (PCI) for patients with STEMI is as effective in women as in men.%5 However,
the efficacy and safety of an early invasive strategy in women with unstable angina or
NSTEMI is controversial. The problem is partly caused by the low number of women
included in randomized controlled trials. Since 2009, the proportion of women included

in government-sponsored and industry-sponsored cardiovascular clinical trials has not
increased.56 A meta-analysis of contemporary trials did not show a survival benefit for

an early invasive strategy in women with unstable angina or NSTEMI.%7 The benefits of
this intervention seem to be enhanced in women presenting with increased levels of cardiac
biomarkers, such as the troponins, whereas the use of this strategy has no benefit and might
cause harm in low-risk women.%8

Women with ACS derive benefit from many pharmacological treatments, including aspirin,
B-blockers, clopi-dogrel, and oral anticoagulants.®9 In the setting of early coronary
revascularization, platelet glycoprotein l1b/Illa inhibitors provide similar benefits in women
as in men, although these agents are associated with an increased bleeding risk in women.”0
However, among patients with ACS not routinely scheduled for early revascularization,
glycoprotein Ilb/llla inhibitors benefit men but are associated with an overall lack of
efficacy in women.”! Nevertheless, the subgroup of women with an elevated level of
troponin T or | (=0.1 ug/l) derive a similar benefit from glycoprotein I1b/ll1a inhibitors to
men.”! These data support the concept that women with unstable angina or NSTEMI benefit
from an early invasive strategy and adjunctive glycoprotein IIb/ll1a use only if they have
features indicative of high-risk, such as elevated levels of cardiac biomarkers. Additionally,
these data suggest that women with unstable angina or AMI are a heterogeneous group
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with diverse pathophysiology underlying their chest pain, and thus have varied responses to
treatment.

For many decades, women with ACS have been reported to receive less-aggressive treatment
than men.23.72 |n the past 5-8 years, however, reported differences in treatment by sex
were small, particularly among patients with unstable angina or NSTEMI.61 As the size of
cardiovascular databases continues to grow, even tiny differences can become statistically
significant, thus “clinical significance’ becomes increasingly relevant.’3 In the Get With the
Guidelines—Coronary Artery Disease database, the difference between the sexes in use of
aspirin and B-blockers was only 2 percentage points. In other contemporary databases,
such as CRUSADE,”* CURE,’®> GRACE,’6 Medicare,3° and the National Registry of
Myocardial Infarction,”” such differences were similarly small. Larger differences by sex
have been reported in reperfusion therapy among patients with STEMI, although results are
varied.356L.77 |n part, these gaps in treatment by sex might derive from concerns about the
increased risk of bleeding among women. Larger treatment differences between the sexes
are usually reported for less evidence-based procedures, such as coronary catheterization
and revascularization.3%:74.75.77 Whether these differences reflect true disparities in care is
unclear, because the less-frequent use of revascularization in women might be explained

by their lower prevalence of obstructive coronary disease at catheterization or their higher
bleeding risks than in men.’475

Perhaps the most pertinent issue is not whether treatments for ACS are the same in women
and in men, but whether they should be the same. Medical treatment can have different
benefits in men and women. For example, the benefits of statins in women with AMI,78

and for primary prevention of cardiovascular events,’® might be less than in men. The same
might be true for ACE inhibitors in patients with left ventricular systolic dysfunction.8? By
contrast, B-blockers substantially improve survival in women with AMI, with possibly a
greater benefit than in men.81 According to the Committee on Understanding the Biology of
Sex and Sex Differences, which was convened by the Institute of Medicine in 2001, these
differences mean that a given therapy can no longer be assumed to have the same efficacy in
men and women.82 Additional research will be needed before guidelines specific to women
can be developed.

Coronary artery spasm and variant angina

The concept that the epicardial coronary arteries can go into spasm, provoking angina,
AMI, and even sudden death is well established.83 Coronary vasospasm is the likely
mechanism of variant angina, which is characterized by anginal symptoms at rest, absent
or mild atherosclerosis of the major coronary arteries, and ST-segment elevation on the
ECG during the anginal episode.%? Variant angina is thought to be more common in women
than in men, 8% although some cohort studies suggest a male preponderance.86:87 Transient
sympathovagal imbalance and reduced bioavailability of nitric oxide or other vasoactive
substances have been suggested as underlying mechanisms of coronary vasospasm.88-90

The long-term prognosis in patients with variant angina seems to be better than in those
with obstructive CAD.9 Survival is 95% at 1 year and 89% at 5 years.8492 However,
nonfatal AMI occurs in 25% of the population, most commonly within 3 months of

Nat Rev Cardiol. Author manuscript; available in PMC 2024 February 20.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Vaccarino et al.

Page 9

diagnosis.?3 Concurrence of CAD and incidence of serious arrhythmias are strong predictors
of mortality.%* No significant differences in clinical characteristics and outcomes exist
between men and women.

Limited data exist on the effectiveness of treatments for variant angina, and no data are
available on sex-related treatment indications for this condition. In a study performed >2
decades ago, patients with variant angina treated with diltiazem, nifedipine, or verapamil had
better outcomes than those who received other medical therapies.?!

‘Cardiac syndrome X'/nonobstructive CAD

Chest pain with a ‘normal’ or ‘near-normal’ coronary angiogram is present in 10-25% of
women presenting with ACS, compared with 6-10% of men.8 Presentation of this syndrome
ranges from uncomplicated chest pain to severe ischaemia and AMI, and yet the various
terms32-34 (Box 2) are often used to describe different clinical presentations.9® The term
‘microvascular angina’ is the most-appropriate description of this syndrome.%8 However, the
notion of ‘normal’ coronary arteries should be reconsidered in light of the intravascular
ultrasonography substudy from WISE,®” which showed that 80% of a sample of 100
women with seemingly normal coronaries had definite coronary atherosclerosis concealed
by positive remodelling.

Generally, the variability in patient populations and investigative methods makes
summarizing the literature and drawing meaningful conclusions difficult.1” The definition
of ‘cardiac syndrome X’ is particularly deceiving. Reliably identifying by angiography
those patients who have coronary arteries free from any atherosclerotic plaque is not
possible; indeed, the majority are likely to have some plaque (Figures 2 and 3). In

women presenting with chest pain, consideration should be given to the ‘microvascular
ischaemia’ hypothesis,?8:99 in which myocardial ischaemia occurs in the absence of
obstructive epicardial CAD. Research conducted over the past decade has shown that both
angiographically smooth coronary arteries and diffuse nonobstructive CAD are associated
with a significantly increased risk of major adverse cardiac events and all-cause mortality
compared with healthy individuals without IHD, even after adjusting for traditional cardiac
risk factors.17:18:36.100 The concept of microvascular disease is currently an area of intense
basic and clinical investigation.

Both abnormal coronary vasomotion and microvascular disease have been implicated in

the adverse outcomes associated with cardiac syndrome X or nonobstructive coronary
disease.101-104 For example, in WISE, 105 abnormal coronary vasomotion in response to
acetylcholine was independently linked to adverse cardiovascular outcomes in 163 women
with a clinical indication for coronary angiography, most of whom had no (or only mild)
epicardial CAD. In a study of 42 women with de novo angina, reversible myocardial
ischaemia on SPECT, and a normal coronary angiogram, Bugiardini et a/. reported that
coronary vasoconstriction provoked by intracoronary acetylcholine infusion was predictive
of the development of coronary atherosclerosis at 10-year follow-up.1% In a further analysis
of WISE,107 endothelium-independent vasodilatory reserve in response to adenosine, an
index of microvascular function, was significantly related to increased risk of major adverse
events among women with chest pain without obstructive CAD. Other investigators have
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reported similar findings.198.199 Notably, however, most studies of this condition have
included either only women, or only a small population of men. Therefore, whether sex
differences exist in outcomes of patients with nonobstructive CAD is unclear.”®

No randomized trials of therapies for the reduction of adverse cardiac events in patients
with angina and ‘normal’ coronary arteries have been conducted, and available data on
adverse patient outcomes are limited to cohort studies. p-Blockers have been shown

to be highly effective for reduction of chest-pain episodes during daily life.110 These
drugs might counteract the proischaemic effects of increased adrenergic tone, or might
simply reduce myocardial oxygen demand. Statins and ACE inhibitors improve endothelial
dysfunction, can counteract oxidative stress, and might be of benefit in patients with

a ‘normal’ angiogram.1”-111 In small, placebo-controlled trials, cilazapril and enalapril
improved exercise treadmill performance in such patients.112:113 |n one study, improved
coronary flow reserve was reported in patients taking enalapril.114 In the clinical setting of
ACS, patients with nonobstructive coronary disease should be treated in the same way as
those with obstructive disease. However, women and men were not examined separately in
these studies, partly because the majority of patients were women. Thus, sex differences in
the treatment of patients with nonobstructive CAD have not been adequately investigated.

Stress-related cardiomyopathy

Stress-related cardiomyopathy, also known as transient apical ballooning syndrome or
Takotsubo cardiomyopathy, almost exclusively affects postmenopausal women and is a
condition of sudden, severe, and reversible left ventricular dysfunction triggered by acute
emotional stress.11° The incidence of stress-related cardiomyopathy in men is low (0-18%
of patients presenting with chest pain).11® A clear nexus exists between this syndrome

and severe emotional or physical stress.}18 The syndrome is characterized by exaggerated
sympathetic stimulation with an elevated plasma catecholamine level, which is thought to
induce myocardial stunning as a result of transient vasospasm, microvascular dysfunction,
and oxidative stress.117

The prognosis of stress-related cardiomyopathy is favourable among patients who survive
the initial acute phase of heart failure, and symptoms usually resolve without long-term
sequelae. This condition can, however, lead to serious complications, such as cardiogenic
shock (6.5%), ventricular tachycardia (1.6%), and death (3.2%).118 Other rarer, but

no less serious, complications include ventricular septal defect, ventricular fibrillation,
pneumothorax, left ventricle rupture, and stroke. Whether sex differences exist in outcomes
among patients with stress-related cardiomyopathy is unknown.

Limited data exist on the effectiveness of treatments for stress-related cardiomyopathy, and
no data are available on sex-related treatment indications for this condition. The use of
B-blockers in the acute phase of stress-related cardiomyopathy is a matter of debatel1® and,
because apical ballooning increases the risk of cardiac rupture, treatment with aspirin or
heparin is also controversial. No specific treatment is recommended for the left ventricular
failure that characterizes this syndrome, because cardiac function usually normalizes within
a few weeks.
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Revascularization procedures

CABG surgery

Women undergoing CABG surgery have higher operative mortality than men.120121 This
difference has been attributed, in part, to the smaller body size and smaller coronary vessels
in women than men, as well as to a higher surgical risk owing to increased age and the
presence of comorbidities, such as diabetes and hypertension.}22 In addition, surgery in
women is more-often performed on an emergency basis than in men, which adds to the
risk.121 In a large cohort of patients undergoing CABG surgery, women had less-severe
CAD and higher left ventricular ejection fraction than men at all ages.123 Nevertheless,
in-hospital mortality was twofold higher for women than men in the youngest age group
(<50 years; 3.4% versus 1.1%) and 1.5-fold higher among patients aged 50-69 years (2.6%
versus 1.1%). In older patients (aged =75 years) the difference in mortality between the
sexes was less pronounced.123 These findings parallel those for AMI, in that the excess
mortality risk for women is more-pronounced in younger age groups.123

Percutaneous coronary intervention

PCl is reported to be less successful in women than in men. In the National Heart, Lung,
and Blood Institute Coronary Angioplasty Registry, 546 women (out of 2,136 patients)

who underwent PCI experienced more-frequent complications and had considerably higher
procedural mortality than men (2.6% versus 0.3%).124125 |n women who survived the initial
procedure, 4-year survival was similar to men.124:125 Differences in outcomes have declined
over time. In BARI,126 an analysis of 489 women and 1,340 men revealed similar early and
late mortality after PCIl. Comparable outcomes for both sexes have also been reported in
other studies published in the past decade, in which the focus has been on new treatment
strategies, such as the use of drug-eluting stents.127.128

Coronary artery size is thought to have a role in worsening outcome among women
undergoing PCI,129 because women have smaller coronary arteries than men even when
accounting for differences in body size.130 However, women exhibit a lower risk of
restenosis after coronary stenting.131 Therefore, other, as yet unknown, factors are likely
to have a role in the differential response to PCI between the sexes.132

Sex, age, and outcomes in IHD

Women who experience an AMI at a young age or in middle-age (that is, those aged <65
years, and particularly those aged <55 years) have a worse prognosis than men in the

same age group (Figure 5),133 with mortality in women declining with increasing age.134
Among older patients (aged =65 years), women tend to have better outcomes than men.
Originally reported by Vaccarino and colleagues,134 the poorer prognosis in women of a
young age has been confirmed in many population-based and registry studies,133:135-137 ang
is observed both in patients with STEMI and in those with NSTEMI.80 A similar pattern

of adverse outcomes for young women is observed for recovery138:139 and mortality®? after
CABG surgery, and also for complications and death after PCI.129.140 The adverse outcome
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for younger women is, however, less apparent in datasets from randomized clinical trials,®
probably because of enrolment criteria.

The reason that sex-related differences in outcomes of patients with AMI and those

who undergo revascularization procedures are observed only in young and middle-aged
individuals is unclear. Women aged <50 years, the majority of whom are likely to be
premenopausal, might be expected to be protected, rather than at increased risk, compared
with age-matched men in terms of survival and cardiovascular risk.134141 Indeed, in

these studies younger women have less-severe CAD, a greater incidence of preserved
systolic function and, in the AMI studies, smaller infarcts compared with men of similar
age.134141 A higher proportion of out-of-hospital CAD-related deaths among men might be
a contributory factor.142143 For example, Maclntyre et a/. found that female sex increased
the probability of surviving to reach hospital, and this outweighed the excess risk of death
occurring in younger women after hospitalization.144 The lower prehospital mortality in
women than men, however, is not a consistent finding.141:145> Unaccounted comorbidities
and risk factors might provide additional reasons for the differences in outcome. Cigarette
smoking has been associated with higher risk of AMI and increased CAD-related mortality
among women than men.146 Differences in presentation might also have an effect on
outcomes. Among those presenting without chest pain, young women have higher hospital
mortality than men in the same age group, and these sex differences decrease or even
reverse with advancing age.12 Alternatively, unknown nontraditional pathologies, such as
microvascular disease, or risk factors more common in women than in men, such as
psychological stress and social disadvantage, might be involved. Although we do not have
a full explanation for the excess mortality risk in young women, the sex difference has
narrowed over time.14 This change suggests that environmental or behavioural causes of
sex differences in outcomes are more important than biological factors.

Conclusions

Important differences exist between women and men in the clinical presentation, response
to treatment, and outcomes for IHD, for which few clear explanations have been proposed.
Issues concerning presentation and recognition of ischaemic symptoms in women continue
to raise questions regarding the specificity and sensitivity of these symptoms and the
accuracy of available tests in this population. Many questions remain to be addressed by
future research. What is the true extent of sex differences in symptom recognition and
awareness of IHD risk? Are sex differences in presentation a reflection of differences in the
pathophysiology, or rather differences in recognition or expression of cardiac symptoms
between women and men? Why do young women paradoxically have more adverse
outcomes after AMI and coronary procedures, despite having less-severe CAD, than men
of the same age? A better understanding of these issues might lead to the development of
new strategies for prevention, detection, and treatment of IHD specifically tailored to women
and, therefore, improve the clinical management of women with IHD.
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Key points

Important differences exist between women and men in clinical presentation,
recognition of symptoms by patients and physicians, outcome, and response
to treatment for ischaemic heart disease (IHD)

Among patients with IHD, environmental or behavioural causes of sex-related
differences in outcomes might be more important than biological factors

Onset of IHD in women, manifesting as an acute myocardial infarction before
the age of 65 years, is associated with adverse outcomes compared with men
of a similar age

A traditional diagnostic strategy, focusing on detection of severe coronary
stenoses, is likely to be inadequate in women

Additional invasive testing aimed at determining endothelial coronary
dysfunction might be useful to risk-stratify women with chest pain and
minimal or no obstructive coronary artery disease
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Box 1 |

Symptoms of ischaemic heart disease*

“Typical’ symptoms

Crushing substernal chest pain

Diaphoresis

‘Nonspecific’ symptoms

*Women are more likely to experience nonspecific than typical symptoms.

Epigastric pain
Intermammary pain
Intrascapular pain
Right arm pain
Fatigue

Nausea

Shortness of breath

Sleep disturbance
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Box 2 |
Terms used to describe nonobstructive CAD*
. Angina with ‘normal’ or ‘near-normal’ coronary arteriesl’
. Vasotonic angina3*
. Cardiac syndrome X147
. Sensitive heart148
. Microvascular anginal49
. Nonobstructive CAD150

*Effort-induced angina, positive stress test, positive single-photon emission computed
tomography for myocardial ischaemia, ‘normal’ or ‘near-normal’ coronary arteries on
angiography. Abbreviation: CAD, coronary artery disease.
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Review criteria

The MEDLINE and EMBASE databases were searched for articles published in

the English language, using the following key words: “sex differences”, “women”,
“pathophysiology”, “diagnosis”, “therapy”, and “prognosis” in combination with
“angina”, “myocardial infarction”, “angina with normal coronary arteries”, “cardiac
syndrome X”, “stress-related cardiomyopathy”, “nonobstructive coronary disease”,
“variant angina”, “percutaneous coronary intervention”, and “CABG surgery”. Reference

lists of published articles and abstracts of meeting presentations were also reviewed.
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Figure 1|.

Di%"ferencl:es in presentation of AMI among 1,143,513 patients (481,581 of whom were
women) in the National Registry of Myocardial Infarction (1994-2006). Women with AMI
were more likely than men with AMI to present without chest pain or discomfort, across all
age groups.12 Abbreviation: AMI, acute myocardial infarction.
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Figure 2 |.

Ur?derestlimation of stenosis by angiography in a woman aged 65 years. a | Coronary
angiography shows diffuse minor luminal irregularities (arrows) in the mid left anterior
descending artery. b | Intravascular ultrasonography image at the site of luminal irregularity
showing diffuse occult eccentric atherosclerosis (grey area adjacent to the dark lumen;
positive remodelling).
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Figure 3|.

Intracoronary imaging with optical coherence tomography in a woman aged 55 years. a |
Left anterior descending artery. Normal angiographic result after acute coronary syndrome.
b | Optical coherence tomography shows the three-layer appearance of normal vessel wall.
Intimal thickening and fibrous appearance of plaque is shown (arrows).
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Figure 4.

Acetylcholine testing in a woman aged 55 years. a | Coronary angiography shows diffuse
minor luminal irregularities (arrow) at the proximal site of the right coronary artery. b

| After administration of acetylcholine, coronary angiography shows diffuse subocclusive
vasoconstriction (arrow) indicating severe endothelial dysfunction.
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Figure 5.

Temporal trends in hospital mortality by sex and age. In the National Registry of Myocardial
Infarction (1994-2006), improvement in hospital mortality after myocardial infarction was
greater in women than in men. The reduction in mortality relative to men was most
pronounced among young women (aged <55 years). As a result, the higher mortality of
young women with myocardial infarction compared with men considerably narrowed, but
was still present.133
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