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Abstract
Cardiovascular disease has been considered a disease of men, while women have been attributed a very
low risk of heart disease. However, it is now recognized that heart disease is the first killing disease also
in women, and they present often for the evaluation of chest pain symptoms, with stable angina
constituting the most common initial presentation of cardiovascular origin. Nonetheless, for the same
degree of symptoms as men, women present with less obstructive coronary artery disease. Although
clinical evidence for myocardial ischemia in the absence of epicardial obstruction is not a new concept,
few studies have assessed its impact on clinical outcomes. In this regard, women represent a very
prototypic population subset where presence of ischemia in the absence of coronary artery disease has
been associated with worse clinical outcomes.
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Over the past decades cardiovascular disease has
been considered a disease of men, while women have
been attributed a very low risk of heart disease.
However, it is now recognized that heart disease is
the first killer of women, with an increase at middle
age [1]. Following an acute event, women are also
reported to have worse outcomes, with about two–
thirds of women never fully recovering.
Despite a general decline in the incidence of myocardial infarction [2], the prevalence of angina continues to be high [3]. Compared to men, women present
more often for the evaluation of chest pain symptoms
[4,5], with stable angina constituting the most common
initial presentation of cardiovascular origin [6].
Interestingly, available data suggest that, for the
same degree of symptoms as men, women present
with less obstructive coronary artery disease (CAD)
[7,8], with about half of all women with chest pain
undergoing coronary angiography not presenting with
obstructive CAD, compared with 17% of men [9]. In
an era in which the search for the ‘‘holy grail of
cardiology’’ is directed towards obstructive CAD,
these and other previous observations have led to
the development of the ‘‘high rate of false positives’’
myth in women. Practical consequences of such an
assumption are a less-detailed risk factor assessment,
less referral for cardiac evaluations such as stress
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testing, coronary angiography and less aggressive
preventive treatment (i.e., antiplatelet agents and statins) in women compared with men [10,11].
However, recent data have suggested that symptoms may be equally predictive of adverse prognosis
in women and men [12]. In a large-scale population
study [13], women presenting with stable angina had
an increased coronary mortality relative to women in
the general population and, similarly, high absolute
rates of prognostic outcomes when compared to men.
The Wise (Women’s Ischemia Syndrome Evaluation) study is the largest clinical trial that has evaluated ischemic syndrome and its potential mechanism with respect to clinical outcomes in the female
gender. In a sub-study analysis, women who presented with angina, non obstructive coronary arteries
and evidence of ischemia at nuclear magnetic resonance spectroscopy (MRS) had increased coronary
event rates as compared with women with no evidence of ischemia, irrespective of CAD extent [14]. In
this cohort of WISE women with chest pain, when
compared with reference WISE women with CAD,
members without CAD were significantly younger
(56 versus 64 years, P < 0.0001) and had lower rates
of diabetes (16% versus 38%, P ¼ 0.0002), hypertension (55% versus 68%, P ¼ 0.02), and dyslipidemia
(45% versus 69%, P ¼ 0.0002). In another, more
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recent, WISE sub-study [15], authors tried to correlate
reduced coronary flow reserve (CFR) in response to
intracoronary adenosine administration to mid-term
clinical outcomes. They reported that an impaired
response to adenosine was associated with increased
risk for major adverse coronary events, even in the
absence of significant obstructive CAD. The link
between CFR and major adverse outcomes remained
significant, regardless of the presence or absence of
obstructive CAD or multiple risk conditions. There
was only a borderline association of this component
of coronary reactivity with CAD severity. However,
among 152 women without any obstructive coronary
lesion, the link between impaired coronary microvascular function and adverse outcomes remained
statistically significant.
These findings suggest an obvious paradox: while
angina prevalence and cardiovascular outcomes in
women are similar to those inmen [16], the extent of
coronary artery disease is relatively low in this patient
population [17,18] when compared with men of
similar age.
CAD is a widely accepted predictor of adverse
clinical outcomes in the general population and its
association with myocardial ischemia has been the
basis for development of treatment strategies primarily
focused on removal of focal coronary obstructions.
Unfortunately, studies aimed at assessing the impact
of removal of coronary stenosis have yielded disappointing results, both on prognosis and symptoms
relief.
CAD extension and severity is also considered an
important prognostic factor in women with ischemic
syndrome. In a study evaluating gender differences in
CAD prevalence and in-hospital mortality of stable
angina patients, the risk adjusted overall response
(OR) for significant stenosis was 0.34 for women
compared with men (P < 0.0001) [9]. Besides being
older, when compared to men, women with coronary
artery disease, present more often with co-morbidities, and therefore constitute a distinct high-risk subset [19].
The WISE investigators investigated coronary
vascular endothelium-dependent and -independent
function using intracoronary acetylcholine and nitroglycerin, respectively, in 163 women undergoing
angiography. Almost 75% of the women had mild or
no angiographic CAD, and during a four-year followup period cardiovascular events were predicted by
coronary vascular endothelial function, independently
from risk factors and extent of CAD [2,15].
Findings such as augmented CAD severity in postmenopausal women have led to the common belief
that estrogen may serve as a ‘‘protective agent’’
against atherosclerosis and, consequently, ischemic
events. As a matter of fact, estrogen seems to play a
relevant role in women’s cardiovascular efficiency,
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improving the arterial wall response to injury and
inhibiting the development of atherosclerosis by
promoting re-endothelialization, and limiting both
smooth muscle cell proliferation and matrix deposition following vascular injury [20]. Estrogen also
decreases systemic vascular resistance, improves
coronary and peripheral endothelial function, and
prevents coronary artery spasm in women with and
without coronary atherosclerosis. Interestingly
enough, intracoronary infusion of estradiol improves
endothelial function and coronary blood flow in
female patients, but not in male patients with coronary
artery disease [21]. Moreover, estrogen modulates
myogenic vascular responses by reducing the basal
tone of microvessels [22].
Unfortunately, randomized studies have concluded
that hormone therapy not only did not reduce cardiovascular risk in secondary prevention [23], butmay
even result in increased coronary events, stroke and
breast cancer [24–26]. 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
coagulation and improves fibrinolysis [20].
These observations do not deny the prognostic
relevance of CAD in cardiovascular disease which,
as we know, is a systemic disease, associated with
increased age and comorbidities. In this regard,
women with CAD and stable angina represent a
particularly ill subset of patients. However, in the
premenopausal phase, women with stable angina
tend to have less CAD, yet similar outcomes. Although
clinical evidence for myocardial ischemia in the
absence of epicardial obstruction, including metabolic, electrocardiographic, scintigraphic, and histologic findings [27–29] is not a new concept, few
studies have assessed its impact on clinical outcomes.
Studies in women would therefore be of particular
importance for a better understanding of ischemic
heart disease, with or without CAD.

REFERENCES
1. Casper ML, Barnett E, Halverson JA. Geographic, racial and
ethnic disparities in heart disease mortality among women.
Ethn Dis. 2000;10:136–137.
2. Yeh RW, Sidney S, Chandra M, Sorel M, Selby JV, Go AS.
Population trends in the incidence and outcomes of acute
myocardial infarction. N Engl J Med. 2010;362:2155–2165.
3. Zaher C, Goldberg GA, Kadlubek P. Estimating angina prevalence in a managed care population. Am J Manag Care.
2004;10:S339–S346.
4. Britton A, Shipley M, Marmot M, Hemingway H. Does access
to cardiac investigation and treatment contribute to social and
ethnic differences in coronary heart disease? Whitehall II
prospective cohort study. BMJ. 2004;329:318.
5. Daly CA, Clemens F, Sendon JL, et al. The initial management
of stable angina in Europe, from the Euro Heart Survey: a
description of pharmacological management and revascularization strategies initiated within the first month of presentation to a cardiologist in the Euro Heart Survey of Stable Angina.
Eur Heart J. 2005;26:1011–2022.

21

New therapeutic approaches
Alda Huqi, Paola Capozza and Mario Marzilli

6. Murabito JM, Evans JC, Larson MG, Levy D. Prognosis after
the onset of coronary heart disease. An investigation of
differences in outcome between the sexes according to initial
coronary disease presentation. Circulation. 1993;88:2548–
2555.
7. Roeters van Lennep JE, Zwinderman AH, Roeters van Lennep
HW, et al. Gender differences in diagnosis and treatment of
coronary artery disease from 1981 to 1997. No evidence for
the Yentl syndrome. Eur Heart J. 2000;21:911–918.
8. Sullivan AK, Holdright DR, Wright CA, Sparrow JL, Cunningham D, Fox KM. Chest pain in women: clinical, investigative,
and prognostic features. BMJ. 1994;308:883–886.
9. Shaw LJ, Shaw RE, Merz CN, et al. Impact of ethnicity and
gender differences on angiographic coronary artery disease
prevalence and in-hospital mortality in the American College
of Cardiology-National Cardiovascular Data Registry. Circulation. 2006;117:1787–1801.
10. Daly C, Clemens F, Lopez Sendon JL, et al. Gender differences
in the management and clinical outcome of stable angina.
Circulation. 2006;113:490–498.
11. Crilly M, Bundred P, Hu X, Leckey L, Johnstone F. Gender
differences in the clinical management of patients with angina
pectoris: a cross-sectional survey in primary care. BMC Health
Serv Res. 2007;7:142.
12. Nicholson A, White IR, Macfarlane P, Brunner E, Marmot M.
Rose questionnaire angina in younger men and women:
gender differences in the relationship to cardiovascular risk
factors and other reported symptoms. J Clin Epidemiol. 1999;
52:337–346.
13. Hemingway H, McCallum A, Shipley M, Manderbacka K,
Martikainen P, Keskimaki I. Incidence and prognostic implications of stable angina pectoris among women and men.
JAMA. 2006;295:1404–1411.
14. Johnson BD, Shaw LJ, Buchthal SD, et al. Prognosis in women
with myocardial ischemia in the absence of obstructive
coronary disease: results from the National Institutes of
Health-National Heart, Lung, and Blood Institute-Sponsored
Women’s Ischemia Syndrome Evaluation (WISE). Circulation.
2004;109:2993–2999.
15. Pepine CJ, Anderson RD, Sharaf BL, et al. Coronary microvascular reactivity to adenosine predicts adverse outcome in
women evaluated for suspected ischemia results from the
National Heart, Lung and Blood Institute WISE (Women’s
Ischemia Syndrome Evaluation) study. J AmCollCardiol.
2010;55:2825–2832.
16. Sorlie PD, Cooper L, Schreiner PJ, Rosamond W, Szklo M.
Repeatability and validity of the Rose questionnaire for angina
pectoris in the Atherosclerosis Risk in Communities Study.
J Clin Epidemiol. 1996;49:719–725.

22

17. Boden WE, O’Rourke RA, Teo KK, et al. Optimal medical
therapy with or without PCI for stable coronary disease. N Engl
J Med. 2007;356:1503–1516.
18. Adamu U, Knollmann D, Alrawashdeh W, et al. Results of
interventional treatment of stress positive coronary artery
disease. Am J Cardiol. 2010;105:1535–1539.
19. Wenger NK, Speroff L, Packard B. Cardiovascular health and
disease in women. N Engl J Med. 1993;329:247–256.
20. Vaccarino V, Badimon L, Corti R, et al. (2010) Ischaemic heart
disease in women: are there sex differences in pathophysiology and risk factors?: Position Paper from the Working Group
on Coronary Pathophysiology and Microcirculation of
the European Society of Cardiology. Cardiovasc Res. doi:
10.1093/cvr/cvq394.
21. Vaccarino V, Horwitz RI, Meehan TP, Petrillo MK, Radford
MJ, Krumholz HM. Sex differences in mortality after myocardial infarction: evidence for a sex-age interaction. Arch Intern
Med. 1998;158:2054–2062.
22. Vaccarino V. Ischemic heart disease inwomen:many questions, few facts. Circ Cardiovasc Qual Outcomes. 2010;3:
111–115.
23. Grady D, Herrington D, Bittner V, et al. Cardiovascular
disease outcomes during 6.8 years of hormone therapy: Heart
and Estrogen/progestin Replacement Study follow-up (HERS
II). JAMA. 2002;288:49–57.
24. Hulley S, Grady D, Bush T, et al. Randomized trial of estrogen
plus progestin for secondary prevention of coronary heart
disease in postmenopausal women. Heart and Estrogen/
progestin Replacement Study (HERS) Research Group. JAMA.
1998;280:605–613.
25. Rossouw JE, Anderson GL, Prentice RL, 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.
26. Rossouw JE, Prentice RL, Manson JE, et al. Postmenopausal
hormone therapy and risk of cardiovascular disease by age
and years since menopause. JAMA. 2007;297:1465–1477.
27. Mosseri M, Yarom R, Gotsman MS, Hasin Y. Histologic
evidence for small-vessel coronary artery disease in patients
with angina pectoris and patent large coronary arteries.
Circulation. 1986;74:964–972.
28. Burke AP, Farb A, Malcom GT, Liang Y, Smialek J, Virmani R.
Effect of risk factors on themechanismof acute thrombosis and
sudden coronary death in women. Circulation. 1998;97:
2110–2116.
29. Buffon A, Rigattieri S, Santini SA, et al. Myocardial ischemiareperfusion damage after pacing-induced tachycardia in
patients with cardiac syndrome X. Am J Physiol Heart Circ
Physiol. 2000;279:H2627–H2633.

Heart Metab. 2011; 50:20–22

