
This issue of our quarterly is dedicated to the
management of women with, or at risk of
developing, coronary artery disease. The tra-
ditional view has been that the female
menopause represents a watershed in cardio-
vascular risk. Since before the menopause
overt coronary artery disease is rare. The
question of whether the relationship between
reduced estrogen/progestogen and increased
risk is associative or causative is the theme
pervading the contributions to this issue.

Within this issue Dr’s Clanachan and Fraser
present numerous lines of evidence that 
suggest the male and female cardiovascular
systems differ. These differences, as 
Dr’s Holdright and Hayward and Collins point
out, contibute to a chronological delay of
approximately 20 years in the incidence of
cardiovascular complications in women com-
pared with men. This means that the inci-
dence of cardiovascular disease increases
sharply in women after the menopause. The
question has been whether this temporal asso-
ciation between reduction in estrogen levels
and increase in manifestations of ischaemic
heart disease is causal?  This issue is critical
since estrogen replacement therapy (ERT) is
the only cardiovascular intervention that is
unique to women. 

The use of ERT to reduce cardiovascular risk is
addressed in this issue within the article by Dr
Wenger. On the basis of observational studies
women who choose to take ERT, with or with-
out progestogens, have a reduced risk of coro-
nary heart disease but it is also possible they
are better educated, more compliant and
have healthier lifestyles. Observational and
other data from small randomised trials sup-
ported the concept that the risk of developing
ischaemic heart disease after the menopausal

could be reduced by ERT. However the Heart
and Estrogen/Progestin Replacement Study
(HERS)1 has radically altered this view. This
study, was the first large-scale (n=2763), ran-
domised trial of ERT (0.625mg conjugated
equine estrogens with 2.5mg medroxyproges-
terone acetate) versus placebo, in older (mean
age 66.7yr) postmenopausal women with con-
firmed ischaemic heart disease adopting
“hard” clinical cardiovascular endpoints of
nonfatal MI or death attributable to ischaemic
heart disease. After an average of 4.1 years
follow up, no significant difference existed for
any cardiovascular end point. 

As a result of this trial most recent guidelines
do not support the initiation of ERT in women
with established ischemic heart disease.2
However since, within the HERS trial, ERT
was perhaps associated with an early hazard
(up to year 3), but then late benefit, (years 4
and 5) therapy continuation is probably rea-
sonable until longer term follow-up of the
HERS cohort and results from other ERT trials
become available.

The question of ERT therapy to reduce events
in women without overt ischaemic heart dis-
ease is a complex issue. No randomised data
are available to support efficacy. Moreover,
there are many examples of interventions
effective in a secondary setting which later
prove of value in primary prevention, whereas
I’m not aware of an example of an interven-
tion failing in secondary prevention but suc-
ceeding in primary prevention. These factors,
together with other possible risks of ERT such
as increased incidence of thromboembolic
disease, breast cancer, endometrial cancer
and gallbladder disease, means their use in
primary prevention of ischaemic heart disease
is likely to remain contentious.
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The important point made in this issue is that
although ERT is of unproven benefit, other
interventions, that reduce the complications
of ischaemic heart disease in whole popula-
tions, are increasingly becoming proven in
women as they are better represented in trial
populations.3 This is particularly the case in
women with diabetes. The worrying feature
however is that evidence suggests that women
are being denied beneficial advice and treat-
ment. For example in a recent ambulatory
care survey in the US, women were coun-
selled less often that men about exercise,
nutrition and weight reduction2 whilst in Eng-
land and Wales the prevalence of smoking is
falling much more rapidly in men than in
women.4 The cause for this complacency is
uncertain but may relate to guidelines that are
driven by absolute risk together with a lower
absolute risk of ischaemic heart disease in
women. However once ischaemic heart dis-
ease is established intervention to reduce risk
should no longer be gender-specific, yet in
the HERS study 90% of women had LDL-cho-
lesterol levels above 100mg/dl.2

These, and other issues raised in this quarterly,
have opaque solutions. However one thing is
clear; the reasons to treat men and women
differently are becoming harder to find. Vive
la difference? Perhaps not.  
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Gender differences in cardiac function and
metabolism are attracting considerable 
interest, particularly in relation to mechanisms
responsible for the relative resistance of pre-
menopausal females to ischemic heart dis-
ease. The delay in onset of cardiovascular dis-
ease in women before the menopausal years
suggests that female sex hormones might pos-
sess cardioprotective properties. However, it is
still unclear whether cardioprotection is due
to circulating estrogen or to an inherent ability
of female hearts to resist damage. Neverthe-
less, the potential benefit of estrogen has
prompted its widespread clinical use and has
stimulated numerous experimental investiga-
tions into the putative beneficial actions of
estrogen replacement therapy. There is con-
siderable evidence that physiologic concentra-
tions of estrogen elicit a number of effects on
function and metabolism that may contribute
to the ability of the female heart to resist
ischemic damage.

Introduction

Examination of the incidence of a broad spec-
trum of cardiovascular diseases has indicated
that female gender is a protective factor.1,2

Moreover, cardiovascular mortality rates are
lower in premenopausal women than in males
of equivalent age. The lack of any specific
behavioral effect to account for such cardiopro-
tection and the similarity in cardiovascular
events between older men and menopausal
women suggest that female sex hormones
might possess cardioprotective properties.3
Gender-dependent protection is also observed
in patients with heart failure. However, it is still
unclear if the resistance of the female heart is
due to estrogen or to an inherent ability of the
female heart to resist injury.

Cardiac structure

Premenopausal women have smaller hearts,
but relative to total body mass, there is no dif-
ference when compared with men.4 Left ven-
tricular (LV) wall thickness, but not LV wall
mass, increases after menopause,5 whereas
increases in LV mass during hormone replace-
ment therapy (HRT) have been noted in some6

but not all studies.7 Cardiac fibroblasts, which
contribute to structural remodeling associated
with myocardial infarction and reperfusion
injury, comprise ∼60% of the total heart cells.
Cardiac fibroblasts possess estrogen receptors,
and both increases8 and decreases9 in fibroblast
proliferation have been reported with estrogen
replacement therapy (ERT). The survival advan-
tage in women may also be related to gender-
related differences in the degree of myocardial
hypertrophy and a preserved systolic func-
tion.10

Cardiac dysfunction

Impairment of cardiac function may arise as a
consequence of the loss of cardiomyocytes by
necrosis and/or apoptosis. There are marked
differences in the rates of necrosis and apopto-
sis between male and female hearts, particular-
ly following the onset of cardiac failure.11 Gen-
der differences are also manifest during acute
coronary occlusion when females have a
greater vagal activation and fewer cardiac dys-
rhythmias.12 Thus, while it is conceivable that
the female heart resists injury by some, as yet
unidentified, inherent property, considerable
attention has focused on the cardioprotective
properties of estrogen.

ERT is considered to reduce the risk of car-
diovascular disease in menopausal females,1,3

although recent evidence from a large (n =
2763) randomized trial indicated that HRT
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consisting of a combination of conjugated
estrogens and medroxyprogesterone exerts no
significant beneficial actions.13 While the car-
dioprotective efficacy of estrogen per se was
not assessed, reports of improved cholesterol
profiles,14 decreased insulin resistance and
enhanced glucose tolerance15 by ERT provide
evidence that estrogen may offer protection
against coronary heart disease. Moreover,
experimental data that demonstrate a reduc-
tion in myocardial necrosis after ischemia and
reperfusion by chronic 17β-estradiol16 and an
improved recovery of post-ischemic contrac-
tile function in hearts perfused ex vivo17,18 sug-
gest that mechanisms occurring directly in the
heart also contribute to estrogen-induced car-
dioprotection. While most experimental mod-
els of estrogen-induced cardioprotection
require chronic therapy, rapid non-genomic
actions of estrogen may also be involved.

Indirect protective mechanisms of estrogen
Indirect (non-cardiac) mechanisms proposed
for the cardioprotective actions of estrogen
include reduced responses to vascular injury
arising, in part, from alterations in lipid metab-
olism that improve the ratio of HDL to LDL.
Indeed, this has been considered the principal

mechanism of protection.19 Estrogen also
inhibits LDL oxidation and so limits atheroscle-
rotic plaque formation.20 Moreover, estrogen
may exert an additional protective action on
the circulation by virtue of an antioxidant activ-
ity.21 Similar reduction in cardiovascular risk
factors has been observed with raloxifene, a
selective estrogen receptor modulator.22

Vasodilator properties of estrogen have been
described, including increased blood flow in
the carotid and coronary arteries.23,24 While
inhibition of L-type Ca2+ channels occurs with
17β-estradiol concentrations much higher
than those associated with ERT,23 there is con-
siderable evidence for enhanced nitric oxide
(NO) biosignaling by clinical concentrations of
estrogen25 that can exert an array of beneficial
effects on blood-borne cellular elements (inhi-
bition of platelet aggregation and neutrophil
adhesion) as well as vascular smooth muscle
(vasorelaxation and inhibition of proliferation).
Key findings include an estrogen-induced
increase in the expression and activity of NO
synthases that facilitate endogenous NO pro-
duction.26 Female vascular endothelium has
an enhanced capacity to produce NO and
reduce smooth muscle tone,27 and there is a
similar enhanced endothelial-dependent (NO-
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mediated) relaxation in 17β-estradiol-treated
male rats.27 Finally, estrogen-induced release
of vascular endothelium growth factor may
stimulate coronary angiogenesis.28

Direct protective mechanisms of estrogen
A direct cardioprotective effect of estrogen is
also demonstrable. While enhanced NO biosig-
naling in the vasculature has been implicated in
many of the cardiovascular changes arising
from estrogen, several cell types in the
myocardium, including endothelial cells29 and
cardiomyocytes,30 possess the various isoforms
of NO synthase and can generate endogenous
NO that may benefit cardiac function. Estrogen
upregulates NO synthase25,26,31 in cardiomy-
ocytes, and a recent study that discovered
enhanced myocardial NO biosignaling (NO
synthase activity and cGMP content) in hearts
from estrogen-treated rats provides strong evi-
dence for a role of NO in the direct cardiopro-
tective actions of 17β-estradiol.32

Myocardial metabolism

Myocardial energy is generated mainly from
the oxidation of fatty acids and carbohydrates.
Although the beta-oxidation of fatty acids is the
more important source of ATP production, glu-
cose metabolism, particularly the relative rate
of glycolysis and glucose oxidation, is an impor-
tant consideration during periods of sympathet-
ic activation or post-ischemic reperfusion. The
rate of glycolysis greatly exceeds that of glucose
oxidation, a condition that leads to consider-
able proton production and intracellular acido-
sis. Accumulation of Na+ (via the Na+-H+

exchanger) and Ca2+ overload (via the Na+-
Ca2+ exchanger) impair recovery of mechanical
function and myocardial efficiency upon reper-
fusion.33 Overexpression of the Na+-Ca2+

exchanger in male, but not in female, animals
worsens recovery of post-ischemic function,
presumably by promoting greater Ca2+ over-
load. Interestingly, bilateral ovariectomy pre-
vents this gender difference and suggests that
estrogen may protect by mechanisms that ulti-
mately affect Ca2+ overload.34

No direct examinations of gender differ-
ences in overall myocardial energy substrate

metabolism are available, but estrogen-
induced regulation of glucose metabolism is
demonstrable. Estrogen increases glycogen
deposition in heart35 and improves exercise
tolerance and prevents depletion of myocar-
dial glycogen.36 Estrogen signaling pathways
have also been implicated in the translational
control of enzymes in fatty acid and glucose
metabolism by the nuclear receptor, peroxi-
some proliferator-activated receptor-alpha.37

Direct assessment of rates of myocardial gly-
colysis and glucose oxidation in hearts
removed from rats treated chronically with
17β-estradiol revealed an acceleration of glu-
cose oxidation both during aerobic perfusion
and during post-ischemic reperfusion.18 These
data, in combination with the well-document-
ed benefits elicited by the optimization of
myocardial glucose metabolism,38,39 suggest
that changes in glucose metabolism arising
from chronic 17β-estradiol treatment may
indeed contribute to the direct cardioprotec-
tive efficacy of estrogen.

Conclusion

There are important gender-based differ-
ences that affect cardiovascular function
and resistance to injury, including direct
estrogen-mediated changes in cardiac func-
tion and metabolism, as well as indirect fac-
tors that alter the coronary and systemic
vasculature and the generation of athero-
sclerosis. Ongoing clinical and basic
research aims to identify more carefully the
mechanisms underlying such gender-related
differences and to exploit pharmacologically
these effects so that the full cardioprotec-
tive efficacy of estrogen and selective estro-
gen receptor modulators can be realized for
both male and female patients.  �
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Introduction

The earlier ignorance amongst the medical
profession of the importance of coronary
artery disease in women has been virtually
dispelled due to the ever-increasing number
of publications in this area. Although the mes-
sage has yet to be fully received and under-
stood by the general public, all current and
proposed studies in coronary artery disease
also address potential gender differences
which previously were generally not even
considered in trial concept or design, many
studies being conducted exclusively in the
typical middle-aged male population. We are
now able to paint a detailed picture of the
woman at risk of ischaemic heart disease.

Incidence

Generally speaking, a 50-year-old woman has
a lifetime risk of developing coronary artery
disease of 31%. The Framingham data show
that women are more likely to present with
angina (47%) than either myocardial infarction
(32%), unstable angina (7%) or cardiac death

(14%).1 Nearly one-half of first presentations in
men are due to myocardial infarction (46%),
followed by angina (32%), death (16%) and
unstable angina (6%).

More than 236,000 women die each year in
the US from myocardial infarction. Approxi-
mately one-quarter of all deaths in women in
industrialized nations are due to coronary
artery disease.2 Before the age of 75, the pro-
portion of deaths from coronary artery disease
is far less in women than in men. Whereas the
death toll from breast cancer is the same as
that from ischaemic heart disease in women
aged less than 65, the overall mortality for all
ages is 23% from ischaemic heart disease and
only 5% from breast cancer (Table 1). Mortality
rates rise rapidly with increasing age for both
men and women. The male excess, although
particularly pronounced at younger ages,
lessens with increasing age to approximately
1.5:1 in the over-75s.
Worldwide there are marked geographical dif-
ferences in coronary mortality rates for men
and women. There are remarkable differences
between countries (Figure 1), with the highest
rates in Eastern Europe and the lowest in Japan
and China, yet the ratio of men to women
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All ages <75 Years <65 Years

n % n % n %

UK
All causes 325,703 100 105,921 100 44,286 100
Ischaemic heart 6,366 23 21,843 21 5815 13
disease
Breast cancer 15,221 5 9275 9 5690 13
Cervical cancer 1863 <1 1368 1 902 2

USA
Total deaths 1,035,046 100 417,805 100 215,923 100
Ischaemic heart 236,574 23 63,051 15 20,956 10
disease
Breast cancer 43,391 4 29,933 7 18,609 9
Cervical cancer 4627 <1 3647 1 2777 1

Table 1. Deaths in women in the UK (1992) and the US (1990).2



remains similar. Changes in mortality rates over
the last few decades have been most impres-
sive in the USA, which had the highest rate in
the 1950s but has shown the most dramatic
decline in the last two decades for both men
and women. Increasing mortality rates are seen
for both sexes in many Eastern European coun-
tries.

The latest WHO MONICA publication3

showed changes in coronary event rates and
survival among 37 populations in 21 countries
over a 10-year period, beginning in the early
1980s. Overall mortality rates fell by −2.7% per
year in men and by −2.1% per year in women.
Coronary event rates fell more (by −2.1% and −
1.4% per year, respectively) than case fatalities
(−0.6% and −0.8% per year, respectively). Most
rates fell and were similar for men and women
across populations (Figure 2). The male popula-
tions with the greatest increases were predomi-

nantly Central and Eastern Europe and Asia,
with similar findings in women. Case fatality
trends were more consistent geographically in
men than in women. The overall fall in mortali-
ty was driven more by a change in event rates
than by case fatalities. This was seen for both
sexes but there was less consistency in women
due to the smaller numbers.

Aetiology

Changes in coronary event rates in men and
women are correlated within the different
countries, suggesting that whatever factors
influence or determine coronary risk, they
affect men and women similarly. Most classical
cardiovascular risk factors operate similarly in
men and women although the absolute risk is
typically lower in women.4 The exception is

MAIN CLINICAL REVIEW
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Figure 1. Ischaemic heart disease. Age-standardized (to European Standard population) mortality rates for
women and men, 1991–1993.2
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diabetes mellitus, which negates the female
advantage: mortality rates are three to seven
times higher in diabetic vs non-diabetic women
compared with a two- to fourfold difference
between diabetic and non-diabetic men.
Oestrogen deficiency, whether premature or
natural, is an important and exclusive risk fac-
tor. Cigarette smoking, which is increasing par-
ticularly in young women, quadruples the risk
of coronary artery disease.

Generally speaking, women tend to have a
better risk factor profile at younger ages in
comparison with men until older age when the
opposite is true. There is compelling evidence
from clinical trials of the benefit in women of

lowering serum cholesterol levels and reducing
blood pressure. The relative risk reductions are
generally similar but the absolute risk reduc-
tions are less in women. A 15-year follow-up of
over 15,000 adults (>50% women) from Scot-
land5 showed that women were more likely to
have high cholesterol, to be obese and to come
from lower social classes than men, but they
smoked less and had similar blood pressures.
Relative risks of coronary death were similar in
men and women for cholesterol but absolute
risks were far lower in women: women in the
top quintile for cholesterol had lower mortality
than men in the bottom quintile (Figure 3). The
relative risks in women were similar, but the
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absolute and attributable risks were also lower
than in men for smoking and diastolic blood
pressure (Table 2).

A recent comparison of 27 different potential
risk factors for coronary artery disease in men
and women indicated that the classical risk fac-
tors scored more strongly in both sexes for pre-
dicting cardiovascular risk than new ones.6
Total cholesterol, HDL cholesterol, triglycerides,
systolic blood pressure and previous angina all
ranked within the top six risk factors for coro-
nary artery disease in men and women. Dia-
betes ranked 7th in women and 21st in men.

The oestrogen status of a woman is a unique
and highly important factor with regard to

coronary risk. Premature menopause, natural
or surgical, is associated with a marked
increase in risk. How much the increased car-
diovascular risk with natural menopause is due
to oestrogen deficiency and how much is due
to the other effects of age is uncertain, since
the two are inextricably linked. There is only a
small attributable risk associated with oral con-
traception, since the group of women using it
are relatively young with low rates of coronary
artery disease.

Old trials of hormone replacement therapy
(HRT) suggested a significant protective effect7

but it is impossible to dissect out the ‘healthy
cohort’ effect, since women likely to use HRT
are generally speaking at lower cardiovascular
risk in any case.8 The HERS study,9 which is
the only reported study of secondary preven-
tion using HRT, showed no overall effect on
the occurrence of non-fatal myocardial infarc-
tion or coronary heart disease death but there
was a time trend towards benefit in years 4
and 5. There was a significant, but hardly sur-
prising, increased risk of thromboembolic dis-
ease and gallbladder disease. Consequently,
HRT is no longer recommended for secondary
prevention of coronary artery disease. Howev-
er, the trial can be criticized on several
counts, which is beyond the scope of this arti-
cle, and some would argue that the HERS
study has simply created more confusion on
this issue than it has answered any fundamen-
tal questions.

Prognosis

The Framingham database provides insight into
the prognosis of women given a diagnosis of
coronary artery disease, broken down accord-
ing to the mode of presentation (angina,
myocardial infarction, etc).1 In subjects with
angina, which was the most common presenta-
tion in women, men experienced a higher
myocardial infarction rate than did women
during follow-up. The male:female hazard risk
for subsequent myocardial infarction was 2.2,
for coronary death it was 2.1 and for total mor-
tality it was 1.6. After a recognized myocardial
infarction, women had a worse prognosis,
although the sex difference diminished, but did
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Figure 3. Adjusted mortality from coronary heart
disease (CHD) in deaths per 1000 patient-years by
quintile of plasma cholesterol.5

Table 2. Relative and attributable risk of coronary death
in men and women.5

Men
Cholesterol 1.56 211

(1.32–1.85)
Smoking 2.03 351

(1.64–2.52)
Diastolic blood 2.19 272

pressure (1.74–2.75)

Women
Cholesterol 1.77 103

(1.45–2.16)
Smoking 2.38 181

(1.92–2.96)
Diastolic blood 2.62 191

pressure (1.92–3.58)

Relative risk Deaths saved in
(95% CI) the study population
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not disappear, after adjustment for age and
other risk factors (Table 3).

The better outcome for women with angina
has been found in numerous studies and
undoubtedly relates to the difficulty in estab-
lishing whether chest pain in a woman is car-
diac in origin.10 Angiographic studies have
shown that women with ‘angina’ are far more
likely to have angiographically normal coronary
arteries compared with men. Hence, a signifi-
cant proportion of women are erroneously
given a label of coronary artery disease. It is
hardly surprising, therefore, that women with
‘angina’ have a better prognosis than men.

Outcome after myocardial infarction was
extensively investigated in the GUSTO IIb
study,11 which enrolled more than 12,000
patients (>25% women) with acute coronary
syndromes. Women were older and sicker at
presentation (with higher rates of diabetes,
hypertension and prior heart failure). Women
also had more complications in hospital and a
higher 30-day mortality (6 vs 4% in men). To a
great extent the worse outcome in women
could be accounted for by baseline variables.
Women with unstable angina had a better out-

come, undoubtedly related in part to less
severe coronary artery disease; indeed, 30.5%
of women were subsequently shown to have
no significant disease at angiography, compared
with 13.9% of men.

The worse outcome in women following
myocardial infarction probably has several
explanations. As well as having greater comor-
bidity at presentation, studies have shown that
women are treated less aggressively than men
and are less likely to be admitted to a coronary
care unit, to receive thrombolysis and to pro-
ceed to coronary angiography and revascular-
ization.12 Women are also older at presenta-
tion, raising the possibility of ageism, particular-
ly where coronary care units have upper age
limits, denying older patients the benefit of
careful monitoring and thrombolysis, which is
not usually administered outside the coronary
care unit.13

Many earlier studies showed that women
with suspected or presumed coronary artery
disease were less likely to undergo invasive
testing with a view to revascularization.14 One
of several possible explanations was that
women were generally thought to fare less well
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Table 3. Sex differences in risk for outcome events according to initial coronary heart disease (CHD) presenta-
tion: 10-year follow-up in men vs women.1

Angina as the initial CHD presentation
MI 2.20 (1.45–3.34)
CHD death 2.11 (1.32–3.36)
Total mortality 1.59 (1.14–2.24)

Coronary insufficiency as the initial CHD presentation
MI 1.43 (0.45–4.52)
CHD death 1.05 (0.32–3.46)
Total mortality 1.35 (0.60–3.02)

Recognized MI as the initial CHD presentation
MI 0.80 (0.43–1.51)
CHD death 0.88 (0.57–1.37)
Total mortality 0.75 (0.53–1.08)

Unrecognized MI as the initial CHD presentation
MI 1.28 (0.61–2.68)
CHD death 1.75 (0.92–3.31)
Total mortality 2.01 (1.28–3.15)

RF, risk factor; MI, myocardial infarction.
aRisk factors: cholesterol, diabetes, hypertension and smoking.

Outcome Age- and RF-adjusteda

(95% CI)
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after PTCA and bypass surgery, with a greater
incidence of periprocedural complications and
a poorer symptomatic result during follow-up.
More recent reports, incorporating contempo-
rary practice and recent technological and
pharmaceutical advances show that this is no
longer likely to be true, particularly when base-
line differences in clinical status are taken into
account.15

Conclusions

Compared with men, coronary artery dis-
ease is less common in women but it
remains the major cause of mortality in
developed societies. Coronary risk factors
are similar, although attributable risks are
generally lower in women than in men. The
role of HRT remains uncertain. The progno-
sis of women with coronary artery disease
differs according to the mode of presenta-
tion and is partly explained by the accuracy
of diagnosis and differing risk factor pro-
files, particularly age, at presentation.   �
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Epidemiologic data suggest the potential of
postmenopausal hormone replacement therapy
(HRT) to confer cardioprotection. These obser-
vations include the preponderance of coronary
heart disease (CHD) in postmenopausal
women1 and the accelerated appearance of
CHD in women with premature natural
menopause or bilateral oophorectomy. The
almost doubled risk of CHD in the latter is

abolished by estrogen therapy.2
Population-based observational studies of

both estrogen and estrogen/progestin use in
women not known to have CHD, and meta-
analyses of these studies, almost uniformly sug-
gest a 35–50% reduction in CHD risk3

(Figures 1 and 2). However, observational data
can be confounded by selection bias, in that
HRT is typically prescribed to healthy women.

Does hormone replacement therapy
enhance or reduce cardiovascular 

event rate?

Number 8, 2000 14 Heart and Metabolism

Dr Nanette K. Wenger
Professor of Medicine (Cardiology), Division of Cardiology, Emory University School 

of Medicine, Atlanta, GA 30303, USA; Chief of Cardiology, Grady Memorial Hospital; 
and Consultant, Emory Heart and Vascular Center, Atlanta, GA, USA

NEW THERAPEUTIC APPROACHES

Cohort-studies
Grodstein, 1996
Falkeborn, 1992

Wolf, 1991
Henderson, 1991

Sullivan, 1990
Avila, 1990

Criqui, 1988
Petitti, 1987
Bush, 1987

Wilson, 1985
Angiographic studies

McFarland, 1989
Sullivan, 1988

Gruchow, 1988
Case-control studies

Mann, 1994
Rosenberg, 1993

Croft, 1989
Beard, 1989
Szklo, 1984
Ross, 1981
Bain, 1981

Adam, 1981
Rosenberg, 1980

Pfeffer, 1978
Talbott, 1977

Rosenberg, 1976
Summary relative risk

0.01 0.1 1 10
Relative risk

Figure 1. Meta-analysis of studies investigating the risk for CHD in estrogen users compared with non-users.
(Reproduced with permission from the Annual Review of Public Health, volume 19, ©1998 by Annual
Reviews www.AnnualReviews.org).3



An additional concern is compliance bias, such
that women compliant with HRT are likely to
exhibit other favorable health-related behav-
iors. In contrast, a recent meta-analysis of CHD
adverse events in 22 small trials of HRT sug-
gests an increased relative risk of 1.4 for hor-
mone users.4 An intermediate outcomes, ran-
domized, controlled clinical trial, the Post-
menopausal Estrogen/Progestin Interventions
(PEPI) trial, documented an overall favorable
effect on coronary risk factors in healthy post-
menopausal women taking several estrogen
and estrogen/progestin regimens.5 Whether
HRT-related improvement in coronary risk fac-
tors will translate into reduced coronary event
rates remains to be ascertained.

Observational data for women with docu-
mented CHD have also shown a decrease in
death or myocardial infarction in estrogen
users compared with non-users following
PTCA.6,7 Data regarding the estrogen effect on
restenosis following PTCA remain conflict-
ing.6,7 Also, among a small cohort of women
taking estrogen after CABG surgery (with only
3% of estrogen users also receiving a prog-
estin), survival was greater in estrogen users
than in non-users.8

The Heart and Estrogen/Progestin Replace-
ment Study (HERS) significantly altered the
landscape of HRT information.9 HERS is the
sole randomized, double-blind, placebo-con-
trolled clinical trial of HRT in postmenopausal
women with established CHD reported to
date. During an average follow-up of 4.1
years, 2763 such women aged <80 years with
an intact uterus were randomized to receive
daily 0.625 mg conjugated equine estrogen
plus 2.5 mg medroxyprogesterone acetate in
one tablet versus an identical placebo.
Despite an average 11% decrease in LDL cho-
lesterol levels and a 10% increase in HDL
cholesterol levels, there was no overall reduc-
tion in the primary endpoint of coronary
death and non-fatal myocardial infarction 
(Figure 3); nor was there benefit for a variety
of secondary cardiovascular endpoints, includ-
ing coronary revascularization, hospitalization
for unstable angina, hospitalization for heart
failure, resuscitated cardiac arrest, stroke or
transient ischemic attack, peripheral arterial
disease and all-cause mortality. Within this
overall null effect was a puzzling trend: of
concern was a statistically significant time
trend of an early increase in the risk of coro-
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nary events in the first year of HRT (relative
hazard 1.52), but a favorable pattern of CHD
events after several years of therapy (relative
hazard 0.67 in years 4 and 5). The HERS rec-
ommendations are that women with estab-
lished CHD should not initiate this hormone
regimen for cardioprotection, but that it could
be appropriate for women with CHD who are
already taking HRT to continue therapy for
the potential of late protection. The increased
occurrence of venous thromboembolism (VTE)
with HRT is addressed below.

It is not appropriate to extrapolate HERS
data to unopposed estrogen therapy or other
estrogen/progestin regimens, nor should they
be extrapolated to healthy women. Nonethe-
less, the HERS results highlight the need for
clinical trial data to ascertain whether HRT
confers benefit or risk in other populations.
Among HRT trials currently underway in pre-
dominantly healthy women are the US
Women’s Health Initiative (WHI)10,11 and the
UK Women’s International Study of Long
Duration Oestrogen after Menopause (WIS-
DOM) trial.12 The 27,000 predominantly
healthy postmenopausal women in the WHI
randomized to estrogen plus progestin, estro-
gen (for women with hysterectomy), or place-
bo were notified in April 2000 of an early
increase in cardiovascular events in hormone-
treated women involving about 1% of the
women. Becauce the period of risk had
passed when these preliminary 2-year data
were reviewed, the Data Safety and Monitor-
ing Board recommended continuation of the
study to evaluate potential late benefit. Sec-
ondary prevention trials in progress supported
by the US National Institutes of Health
include WAVE (Women’s Angiographic Vita-
min and Estrogen trial), WELL-HART
(Women’s Estrogen/Progestin and Lipid-Low-
ering Hormone Atherosclerosis Regression
Trial) ERA (Estrogen Replacement and Athero-
sclerosis trial). Results were reported at the
2000 Scientific Sessions of the American Col-
lege of Cardiology. In this angiography trial,
30% of postmenopausal women with docu-
mented CHD were randomized to estrogen,
estrogen plus progestin, or placebo. Compar-
ing baseline and mean 3.2-year angiograms,
there was no difference in angiographic lesion
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Figure 3. Kaplan-Meier estimates of the cumulative
incidence of primary CHD events (left) and its con-
stituents: non-fatal myocardial infarction (center)
and CHD death (right). The number of women
observed at each year of follow-up and still free of
an event is given in parentheses, and the curves
become fainter when this number drops below half
of the cohort. Log-rank P-values are 0.91 for prima-
ry CHD events, 0.46 for non-fatal myocardial
infarction and 0.23 for CHD death. (Reproduced
with permission from the JAMA 1998; 280:
605–613, © 1998, American Medical Association).
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changes between the hormone regimens and
placebo. 

Although the increased risk of VTE with oral
contraceptive use has been well
documented,13,14 only recently has there been
evidence that the far lower dose HRT is asso-
ciated with an increased risk of VTE.

Data from recent observational studies sug-
gest a two- to fourfold increase in the risk of
spontaneous deep vein thrombosis and pul-
monary embolism.15–19 In HERS, randomized
controlled trial data from older women with
documented CHD revealed a relative hazard
of 2.7 (95% CI 1.4–5.0) for idiopathic and
non-idiopathic VTE in HRT-treated women.20

Women with lower extremity fractures had a
relative hazard of 18.1, with cancer 3.9, in
the first 90 days after inpatient surgery 4.9, in
the first 90 days after non-surgical hospitaliza-
tion 5.7, and in the first 90 days after myocar-
dial infarction 5.9 (even after adjustment for
hospitalization, with 80% of women taking
daily aspirin). The increased risk was similar
with idiopathic (relative hazard 3.1) and non-
idiopathic (relative hazard 2.5) VTE, and the
risks were similar for women with and without
other risk factors for VTE. This increased risk
of VTE must be addressed when counseling
women about the risks and benefits of HRT.

Despite biologically plausible mechanisms
for estrogen’s cardioprotective benefit21 and
observational data suggesting such benefit,
randomized controlled trial data from HERS
are contradictory. Of particular concern is the
early increased coronary risk in HERS as well
as the increased risk of venous thromboem-
bolism. Given these uncertainties, clinical out-
come randomized trial data are clearly requi-
site using varied HRT regimens in healthy
women and in women with CHD.

Until the results of such trials become avail-
able, the decision to initiate HRT for cardio-
protection must be individualized. Relevant
variables include the individual woman’s risk
of CHD, as well as her risks for osteoporosis,
VTE and breast cancer, the severity of her
menopausal symptoms and her individual
preferences. �
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Introduction

Epidemiological studies suggest that women
lag behind men by approximately 20 years
with respect to cardiovascular disease.1 Gen-
der differences exist at each stage of cardio-
vascular disease: in its presentation, investiga-
tion, treatment outcome and prognosis. This
review focuses on gender differences in the
interpretation of investigations used in the
diagnosis of coronary artery disease. While
differences do exist, most studies have found
that the same diagnostic tests remain valid for
both sexes.

Symptoms

A number of studies have found that men and
women react differently in response to coro-
nary occlusion. In a study of 1360 subjects
which examined symptoms due to definite
myocardial infarction, men were less likely to
have neck, jaw and back pain, and were more
likely to complain of diaphoresis or sweating
compared with women.2 Description of actual
chest pain was similar between the sexes. In a
further prospective study of a cohort of
patients undergoing angioplasty for single ves-
sel disease, women were more likely than
men to have vagal activation (manifested as
decreased heart rate and blood pressure) in
association with chest pain, as well as having
greater associated ST-segment change in
response to a standardized protocol of coro-
nary occlusion.3 Another significant feature
concerning presentation with symptoms of a
cardiac event, is that women tend to seek
medical care later than men.4 In the Scottish
MONICA population, women were more like-
ly to present to their local doctor with
myocardial infarction, contributing to the
delay in their presentation to hospital care.5

Electrocardiography

While baseline ‘ischaemic ECG’ abnormalities
(in apparently disease-free subjects) are more
prevalent in women, the difference is due to
mainly ST-T-wave changes.6 After correction
for risk factors, however, the 10-year prognos-
tic value of an ischaemic ECG was found to
be similar to that of men.6 Thus, the relative
risk for women with an ischaemic ECG (com-
pared with the remaining women) was similar
to the relative risk for men with resting ECG
abnormalities (when compared with the
remaining men). A myocardial perfusion study
found, however, that ST-T abnormalities in
women were not associated with increased
perfusion defects on diagnostic scanning,
whereas men with baseline ST-T abnormalities
did have a significantly higher rate of perfu-
sion defects.7 It is well recognized that the
diagnosis of left ventricular hypertrophy on
ECG is less reliable in women, even when
appropriate adjustments are performed.8,9

Exercise testing

It has been recognized for many years that
treadmill exercise testing in women is associ-
ated with a greater number of false-positive
ECG changes. It continues to be used, how-
ever, because it remains a cost-effective test in
women who have at least ‘probable angina’.10

Women typically have lower exercise capacity
and total workload, in association with more
symptoms at the time of index stress testing.11

In a meta-analysis of 19 studies which includ-
ed at least 50 women and compared exercise
testing with coronary angiography, Kwok et
al.12 found the specificity of exercise testing to
be significantly lower in women compared
with men (70 vs 77%). The reason for this is
still unknown, but differences in electrical
repolarization are likely to play a role. It has
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been suggested that this difference could be
improved using gender-specific ST/heart rate
slope partitions.13 In clinical practice, there-
fore, it is not surprising that women are more
likely to undergo a further non-invasive test
(usually perfusion imaging) before coming to
angiography.14 Shaw et al.15 found that despite
a similar rate of positive treadmill testing or
reversible thallium defect, women were still
less likely than men to undergo subsequent
invasive procedures, even in the presence of
similar risk factors. In that cohort, men were
more likely to undergo subsequent revascular-
ization procedures.

An important variable available from exer-
cise testing, independent of ECG findings, is
the exercise capacity, which has been shown
to give valuable prognostic information inde-
pendent of gender.16

Isotope scanning

Nuclear scanning has been shown to have
superior accuracy to exercise testing in both
men and women.12,17 An early meta-analysis
found both lower sensitivity and specificity of
exercise thallium scanning in women com-
pared with men,18 possibly related to breast
attenuation artefact in women.19 Despite this,
a large prospective study using rest thallium in
combination with sestamibi SPECT scanning
showed that low-risk patients of either gender
were classified appropriately, but that patients
were classified to a high-risk category with
greater accuracy in women.20 The use of tech-
netium 99m sestamibi and ECG gating has
recently been shown to improve the specifici-
ty of nuclear scanning in women, without any
decrement in sensitivity.21

Stress echocardiography

A meta-analysis comparing exercise echocar-
diography with exercise SPECT found similar
sensitivity (85 and 87%, respectively), but
higher specificity for exercise echocardiogra-
phy (77%) compared with exercise thallium
(64%).22 A recent meta-analysis found slightly
better accuracy for exercise echocardiography

over exercise thallium (sensitivity and speci-
ficity 0.86 and 0.79 vs 0.78 and 0.64, respec-
tively).12 While stress echocardiography has
been suggested as the investigation of choice
for women undergoing cardiac assessment,23 a
large study of 2748 consecutive subjects
(1209 women) found lower sensitivity in
women compared with men both for single
and multivessel disease.24 In that series, a low
specificity in both men and women was found
and attributed to post-test referral bias.

Smaller studies have less consistent results.
In a smaller study of 306 subjects (96
women), dobutamine stress echocardiography
was found to have higher accuracy in women
(82 vs 74% in men).25 Pilot data (n = 92) from
the Women’s Ischemia Syndrome Evaluation
(WISE) project showed that dobutamine stress
echocardiography reliably detected multives-
sel disease (sensitivity of 82% with adequate
heart rate response), but was usually negative
in single vessel disease.26 While cavity obliter-
ation in response to dobutamine is more com-
mon in women and impairs the visualization
of wall motion abnormalities,27 it has been
shown to be a negative predictive factor with
respect to subsequent cardiac events.28

Cardiac catheterization

Whether there is a systematic under-referral
or gender bias against women has been exam-
ined in a number of studies. Some have found
such a bias,29,30 while others have been able
to account for the differences on the basis of
differences in comorbidities and age.31

It has been suggested that the difference
exists when symptoms (angina) are the basis
for angiography, rather than infarction.32 In
the USA National Hospital Discharge Survey,
the lower angiography rate contributed to the
subsequent lower utilization of invasive proce-
dures for women such as cardiac surgery and
PTCA.30,33

A significant role for physician bias in limit-
ing referral of women for angiography is sug-
gested by a recent study which used actors of
varying age, sex and race to describe symp-
toms of chest pain.34

A likely contributor to the persistently lower

METABOLIC IMAGING
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catheterization rate in women compared with
men is the marked difference in likelihood of
significant coronary disease at angiography
with reported rates of non-significant coronary
disease of 25–41% in women compared with
only 8–14% in men.33,35 A significant propor-
tion of these women will have syndrome X
(the triad of chest pain, a positive stress test
and no significant angiographic coronary
artery disease).36 Various theories have been
proposed to account for syndrome X, with
microvascular dysfunction a favoured possibil-
ity.37

The lack of simple non-invasive measures of
detection means that the number of women
undergoing coronary angiography with non-
obstructive disease is likely to remain signifi-
cantly greater than the number of men.

Newer technologies

The roles of newer technologies such as car-
diovascular MRI and electron beam CT have
not been defined.38 MRI, in particular, shows
promise with greater resolution of perfusion
defects even in patients with poor acoustic
windows for echocardiography, though there
remains a small percentage (5%) in whom it
cannot be satisfactorily completed.39 Further
improvements in resolution with imaging of
coronary anatomy and plaque may make MRI
an attractive option in the future.

Electron beam CT has been shown to be
very sensitive in predicting coronary disease
although there is a wide scatter in the degree
of coronary calcification both in the absence
as well as the presence of coronary artery dis-
ease.40 While coronary calcification in women
lags approximately 10 years behind that in
men, in a small group of women with triple
vessel disease, Kajinami et al.40 found greater
calcification compared with men with triple
vessel disease. These findings need to be con-
firmed in larger series.

Choice of investigation

The optimal choice of investigation for the
diagnosis of coronary artery disease remains a

clinical decision based on the likelihood of
actual disease. Non-invasive tests increase or
decrease that likelihood, but only coronary
angiography remains definitive. In patients
with a high pre-test probability of coronary
disease, even angiography without prior inves-
tigation may be cost-effective.41 Differences in
the sensitivity and specificity of the various
tests need to be considered particularly in
light of local experience. �
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A 66-year-old female patient presented to the
hospital with 18 min of chest pain and was
admitted to the cardiac emergency ward.

The patient had a history of non-insulin-
dependent diabetes mellitus, diagnosed 8 years
earlier, and type 2b dyslipidemia (hypercholes-
terolemia with elevated low-density and very-
low-density lipoproteins associated with hyper-
triglyceridemia,), discovered 7 years earlier. She
was currently being treated with an oral sul-
fonylurea and fenofibrate.

On arrival, the patient received intravenous
nitroglycerin, aspirin, low molecular weight
heparin and an oral beta-blocker. Her chest
pain resolved, and, on physical examination,
this mildly/moderately obese patient was in no
apparent distress.

The 12-lead ECG showed a pattern of ST-seg-
ment elevation in the anteroseptal and apical
regions. The creatinine phosphokinase-MB
peak was 460 UI/l and troponin Ic was 2 mg/l
(normal value <0.5). Over 4 days, the ST-seg-
ment and T-wave abnormalities resolved.

On coronary angiography, moderate
anteroseptal and apical hypokinesis were seen,
consistent with the electrocardiographic diag-
nosis of a non-Q-wave infarction. However, the
patient had no significant coronary stenosis.
The ergotamine test was negative. Despite this,
the etiology of the myocardial infarction was
presumed to be vasospastic in origin and
atenolol was replaced by sustained-release ver-
apamil 240 mg.

Before discharge, an exercise stress test was
found positive and accompanied by exercise-
limiting chest pain at 150 W with a maximal
heart rate of 154 bpm (100% of the MPHR)
(Figure 1).

To improve the persistent and activity-limiting
anginal symptoms and improve the patient’s
exercise tolerance, she was started on
trimetazidine 20 mg t.i.d.

At the follow-up visit 1 month later, the
patient described a marked decrease in the fre-

quency of her anginal attacks. A second exer-
cise stress test carried out the same day
showed no ischemic ST-T changes. The patient
had no chest pain even at a maximal workload
of 150 W and a peak heart rate of 143 bpm
(93% of MPHR) (Figure 2).

Discussion

Epidemiology of coronary heart 
disease (CHD) in women

Although young women are relatively immune
to cardiovascular disease (CVD), at least in part
because of their hormonal status, CVD has
become the major cause of death in women in
developed countries.1 Coronary heart disease
(CHD) accounts for much of this and occurs on
average 7–10 years later in women than in
men.2,3 Although the frequency of CHD
increases exponentially with age, the rates
observed in women are still lower than those in
men. This trend may change somewhat in the
future in light of the increasing number of
young female smokers.4,5

Although the principal risk factors are the
same in both sexes, the prevalence differs
somewhat and the absolute mortality risk asso-
ciated with each risk factor is generally lower in
women than in men, with the exception of dia-
betes mellitus.6–8

Diagnosis and clinical pattern of CHD
in women

The clinical presentation and natural history of
angina pectoris often differ between women
and men, and the diagnosis in women may be
more difficult to make.7,9 The Framingham
study reported that women are more likely
than men to experience an unrecognized, or
silent, myocardial infarction (MI).7
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The exercise stress test has been shown to
have a lower accuracy for the identification of
coronary artery disease in women than in men,
although the basis for this remains unclear.10,11

Myocardial perfusion imaging has also been
found to be less specific for the diagnosis of
coronary artery disease in women than in men,
largely due to breast attenuation.12,13

Furthermore, women are more likely to have
syndrome X, defined as the presence of clini-
cally typical anginal chest pain, as well as evi-
dence of ischemia on the exercise stress test, in
the absence of significant coronary artery dis-
ease.14 Such was the case for the patient in this
report.

Syndrome X

The increased prevalence of syndrome X in
women, as well as its reported association with
the menopause, has led to the theory of a hor-

monal trigger, possibly estrogen deficiency,
which could in turn lead to an imbalance in
vasomotor tone involving the coronary arteries.
However, syndrome X is likely a clinical entity
of diverse etiologies and pathophysiological
mechanisms. A subset of patients may have
coronary artery disease limited to only small
arteries, so-called microvascular angina. On the
initial studies using electron microscopy of
coronary biopsies in patients with syndrome
X,14 many endothelial nuclei in capillaries were
found to be swollen, with an irregular narrow-
ing of the arterioles and small vessels and pro-
liferating and deformed smooth muscle cells.
Although the pathophysiology of syndrome X is
unclear, it is a common problem for which
therapies are needed. One approach to thera-
py, which we used with success in this patient,
is the metabolic approach using a metabolic
agent.
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Figure 1. Treadmill test no. 1 (treatment with verapamil alone).



The metabolic approach in stable angina
and syndrome X
A number of recent studies have shown that
the metabolic agent, trimetazidine, is an effec-
tive treatment for stable angina pectoris.15–21 By
specifically inhibiting the long-chain 3-ketoacyl-
coenzyme A thiolase, trimetazidine causes a
partial inhibition of fatty acid beta-oxidation.22

This leads to an optimization of cardiac metab-
olism during ischemia and reperfusion, reduc-
ing acidosis and preserving energy production
for contractility.

The metabolic approach with trimetazidine
in monotherapy has been shown to be as effec-
tive as a beta-blocker (propranolol) in patients
with chronic stable angina.15 Other studies
have demonstrated the value of adding
trimetazidine to another agent (beta-blocker,
calcium channel blocker or long-acting
nitrate).17–21 For example, in combination with
a beta-blocker, trimetazidine has been shown
to be more effective than the combination of a

beta-blocker and a long-acting nitrate (isosor-
bide dinitrate).17 The association of trimetazi-
dine with diltiazem is also useful and well toler-
ated.18,19 Such an additive benefit could be
anticipated from the distinct mechanism of
action of trimetazidine from the hemodynamic
drugs. Furthermore, this benefit occurs without
incurring any unwanted hemodynamic side
effects.

Thus, the efficacy of trimetazidine in stable
angina pectoris has been well documented in
controlled studies. Trimetazidine may also be
beneficial in the setting of syndrome X, as was
the case for this patient. Two recent studies
have reported positive results.

The first study included 35 patients with
microvascular angina.23 Microvascular angina
was defined as typical exertional chest pain
and positive exercise test results (>1 mm ST-
segment depression and typical chest pain)
with a completely normal coronary angiogram.
None of the patients had hypertension, left
ventricular hypertrophy, cardiomyopathy, coro-
nary artery spasm or conduction disturbances.
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Figure 2. Treadmill test no. 2 (treatment with verapamil and trimetazidine).
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The effects of trimetazidine (60 mg daily) were
investigated in a double-blind study comprising
two 4-week treatment periods. After a 1-week
washout period, patients received placebo for
4 weeks; after another week of washout,
patients received trimetazidine for 4 weeks. No
other drug was prescribed. Exercise testing was
performed at the end of the placebo and
trimetazidine treatment periods. Patients were
also studied with the ambulatory ECG monitor-
ing test before treatment and at the end of
both treatment periods. The number of anginal
attacks at the second week and thereafter was
significantly decreased with trimetazidine com-
pared with placebo (P < 0.0001). On treadmill
testing, the time to 1 mm ST-segment depres-
sion and total exercise time were significantly
longer in the trimetazidine group, and the max-
imum ST depression was significantly less (P <
0.0001, P < 0.0001, P < 0.0005, respectively).
Rogacka and colleagues24 found similar benefit
with trimetazidine on clinical symptoms and
exercise tolerance in 28 patients with syn-
drome X.

The exact role of trimetazidine in patients
with syndrome X remains to be determined,
but there is evidence that trimetazidine may be
as beneficial in these patients as it is in patients
with chronic stable angina and coronary artery
disease.

CONCLUSION

Even if the precise pathophysiology of
microvascular angina remains unclear and with-
out consensus on its treatment, many investiga-
tors believe that coronary microvascular dys-
function and intracellular metabolic changes
are the main etiologic factors. The metabolic
approach with trimetazidine, which is highly
effective in reducing symptoms and improving
exercise capacity in chronic stable angina, may
also be useful in certain patients with syndrome
X. �

REFERENCES

1. World Health Statistics Annuals 1982–1994. Gene-
va: World Health Organization, 1982–1994.

2. Tunstall-Pedoe H, Kuulasmaa K, Mahonen M et al.
for the WHO MONICA (Monitoring Trends and
Determinants in Cardiovascular Disease) Project.
Contributions of trends in survival and coronary
event-rates to changes in coronary heart disease
mortality: 10-year results from 37 WHO MONICA
Project populations. Lancet 1999; 353:
1547–1557.

3. Holdright DR. Risk factors for cardiovascular dis-
ease in women. J Hum Hypertens 1998; 12:
667–673.

4. Murabito JM, Evans JC, Larson MG, Levy D. Prog-
nosis after the onset of coronary heart disease. An
investigation of differences in outcome between
the sexes according to initial coronary presenta-
tion. Circulation 1993; 88: 2548–2555.

5. Isles CG, Hole DJ, Hawthorne VM, Lever AF. Rela-
tion between coronary risk and coronary mortality
in women of the Renfrew and Paisley survey: com-
parison with men. Lancet 1992; 339: 702–706.

6. Kuhn FE, Rackley CE. Coronary heart disease in
women. Risk factors, evaluation, treatment and
prevention. Arch Intern Med 1993; 153:
2626–2636.

7. Stokes JS, Kannel WB, Wolf PA et al. The relative
importance of selected risk factors for various man-
ifestations of cardiovascular disease among men
and women from 35 to 64 years old: 30 years’ fol-
low-up in the Framingham study. Circulation 1987;
75 (suppl V): 65–73.

8. Tunstall-Pedoe H et al. Comparison of the predic-
tion by 27 different factors of coronary heart dis-
ease and death in men and women of the Scottish
Heart Health Study: cohort study. Br Med J 1997;
315: 722–729.

9. Douglas PS, Ginsburg GS. The evaluation of chest
pain in women. N Engl J Med 1996; 334:
1311–1315.

10. Sketch NH, Mohiuddin SM, Lynch JD et al. Signifi-
cant sex differences in the correlation of electro-
cardiographic exercise testing and coronary arteri-
ograms. Am J Cardiol 1975; 36: 169–173.

11. Detry JMR, Kapita BM, Cosyns J et al. Diagnostic
value of history and maximal exercise electrocar-
diography in men and women suspected of coro-
nary heart disease. Circulation 1977; 56: 756–761.

12. Friedman D, Green AC, Ishandrian DS et al. Exer-
cise thallium-201 myocardial scintigraphy in
women. Correlation with coronary arteriography.
Am J Cardiol 1982; 49: 1623.

13. Ayanian JZ, Epstein AM. Differences in the use of
procedures between women and men hospitalized
for coronary heart disease. N Engl J Med 1991;
325: 221–225.

14. Schlant RC, Alexander RW. Diagnosis and manage-
ment of patients with chronic ischemic heart dis-



Heart and Metabolism 28 Number 8, 2000

CLINICAL CASE

ease. In: Alexander W, Schlant R, Fuster V, eds.
Hurst’s the heart. 9th ed. New York: McGraw-Hill,
1998; 1275–1305.

15. Detry JM, Sellier P, Pennaforte S et al. Trimetazi-
dine: a new concept in the treatment of angina.
Comparison with propranolol in patients with sta-
ble angina. Br J Clin Pharmacol 1994; 37:
279–288.

16. Lu C, Dabrowski P, Fragasso G, Chierchia SL.
Effects of trimetazidine on ischemic left ventricular
dysfunction in patients with coronary artery dis-
ease. Am J Cardiol 1998; 82: 898–901.

17. Michaelides AP, Spiropoulos K, Dimopoulos K et al.
Antianginal efficacy of the combination of
trimetazidine-propranolol compared with isosor-
bide dinitrate-propranolol in patients with stable
angina. Clin Drug Invest 1997; 13: 8–14.

18. Manchanda SC, Krishnaswami S. Combination
treatment with trimetazidine and diltiazem in sta-
ble angina pectoris. Heart 1997; 78: 353–357.

19. Levy S, and the group of South France Investiga-
tors. Combination of trimetazidine with diltiazem
in patients with coronary artery disease. Am J Car-
diol 1995; 76: 12B–16B.

20. Szwed H, Pachocki R, Domzal-Bochenska M et al. 
Efficacy and tolerance of trimetazidine in combina-
tion one of the antianginal drugs in patients with
stable effort angina. Diagnostyka i Leczenie w Kar-
diologii 1997; 4: 237–247.

21. Szwed H, Sadowski Z, Pachocki R et al. Trimpol II
— multicenter study. Efficacy and safety of
trimetazidine in patients with stable angina pectoris
under beta-blocker therapy. Preliminary results. Eur
Heart J 1999; 20: 478.

22. Kantor PF, Lucien A, Kozak R, Lopaschuk GD. The
antianginal drug trimetazidine shifts cardiac energy
metabolism from fatty acid oxidation to glucose
oxidation by inhibiting mitochondrial long-chain 3-
ketoacyl coenzyme A thiolase. Circ Res 2000; 86:
580–588.

23. Nalbangtil S, Altintig A, Yilmaz H et al. The effect
of trimetazidine in the treatment of microvascular
angina. Int J Angio 1999; 8: 40–43.

24. Rogacka D, Guzik P, Dziamaga M et al. The influ-
ence of trimetazidine therapy on clinical symptoms
and exercise tolerance in patients with syndrome
X. A pilot study.


