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Abstract: Despite numerous studies on women’s cardiac health throughout the past decade, the
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effects of RAS inhibition are partly independent from blood pressure reduction and related to
several mechanisms including vascular protective effects. The aim of the TRanscend Arterial
stiffNess
Substudy (TRANS) is to assess the effect of an angiotensin II receptor blocker (ARB),
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1999 (Mosca et al 1999). Even though research in the treatment of cardiovascular disease
trial. The TRANSCEND trial is an international, multicenter, randomized double blind placebo
(CVD) had advanced in many areas, it remains the leading cause of death in women in
controlled trial of telmisartan that enrolled patients at high risk for cardiovascular events. Some
most parts of the world. Studies have shown that 500 thousand women die of CVD every
clinical baseline data of the TRANS substudy are reported. When completed, the results of the
year in the United States, somewhat near one death every minute (American Heart
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disease (CAD) is believed to be the major cause responsible for these deaths (American
antihypertensive

Heart Association 2003). Over a quarter of a million deaths per year are attributed to CAD
alone in the United States (Merz et al 2004). Although already high, these figures are
Introduction
expected to rise even more during the next decades, due to an increase of diabetes and
The degree of arterial stiffness, obtained in various populations, has been found to be
obesity, as well as the aging of the world population (Merz et al 2004).
a powerful independent marker of vascular target organ damage and an independent
Even though women have a higher frequency of chest pain/angina than men, the
prognostic predictor for cardiovascular morbidity, as well as cardiovascular and allincidence of obstructive CAD in the female population is lower when compared with
cause mortality (Blacher et al 1999; Laurent et al 2001, 2003; Meaume et al 2001;
men with similar symptoms (Kenedy et al 1982; Diamond et al 1983; Merz et al 1999). In
Boutouyrie et al 2002; Cruickshank et al 2002; Dernellis et al 2005; Shokawa et al
addition, it would appear that young women with obstructive CAD have a worse
2005; Sutton-Tyrrell et al 2005; Mattace-Raso et al 2006; Willum-Hansen et al 2006).
prognosis after acute myocardial infarction (AMI), whereas older women in similar
Measuring pulse wave velocity (PWV) to assess arterial stiffness is a simple and
circumstances often present with larger number of comorbidities that adversely influence
reproducible method. The underlying principles and technique of this method have been
the outcome, when compared to men (Coronado et al 1997). Women with acute coronary
described in detail previously (Asmar 1999). Several experimental studies have shown
syndromes (ACS) are also less likely to receive rapid effective diagnosis and treatment
that PWV is related to the arterial wall structure, function, geometry and endothelium
than are men (Ayanian and Epstein 1991; Maynard et al 1996; Pope
functions (Asmar 1999). Validation studies have shown that automatic measurements
et al 2000).
of PWV are simple, non-invasive, accurate, and reproducible (Asmar et al 1995; Van
Regarding the North American population, the Women’s Ischemic Syndrome
Bortel et al 2002; Laurent et al 2006), making this technique a convenient, sensitive
Evaluation (WISE) study workshop (Hayes et al 2004; Maseri 2004; Nabel et al 2004;
and useful tool in physiological and pharmacological studies.
Pepine et al 2004; Shaw et al 2004; Waters et al 2004) from the National Heart, Lung and
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For example, after acute administration of an antihypertensive drug, improvement of arterial stiffness is principally
Several important points serve to better understand the effects related to functional or mechanical mechanisms such as
reduction of distension pressure, reduction of smooth muscle
of pharmacological intervention on arterial stiffness.
tone, enhancement of endothelial functions, whereas after
long-term chronic treatment, additional mechanisms can be
The arterial site
Atherosclerosis, arterial abnormalities, and their progression involved, eg, changes in the arterial geometry and structure,
vary in different arterial sites. Arteries are heterogenous in reduction in degree of ﬁbrosis, increase in elastin/collagen
structure and the arterial site has to be considered in assess- ratio, remodeling of the arterial wall (Asmar 1999; Laurent
ment of the pharmacological treatment (Asmar 1999). The et al 2002). Experts agree that assessment of arterial stiffimpact of a given pharmacological agent may differ on the ness after a long-term treatment period should be preferred
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in the same patients (Asmar 1999; Topouchian et al 1999).
its antihypertensive properties (Asmar 1999; Laurent et al
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2002). A clear dissociation between the antihypertensive
effect and the reduction of arterial stiffness by angiotensin
Duration of treatment
Since several mechanisms may be involved
in
producing
Introductionconverting enzyme (ACE) inhibitors has been reported.
reductions in arterial stiffness with a given treatment, There is evidence that the effect on arterial wall properties
The first female-specific recommendations for preventive cardiology were published in
assessment of arterial stiffness has to distinguish between the can be seen at higher doses of ACE inhibitors than with the
1999 (Mosca et al 1999). Even though research in the treatment of cardiovascular disease
effects of acute, short-term, or long-term chronic treatments. doses required for effective blood pressure (BP) reduction in
(CVD) had advanced in many areas, it remains the leading cause of death in women in
most parts of the world. Studies have shown that 500 thousand women die of CVD every
year in the United States, somewhat near one death every minute (American Heart
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Arterial stiffness in high risk patients
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decrease of PWV and BP
decrease of PWV and small changes of BP (this may
reﬂect an independent arterial effect of the drug)
- decrease of BP with unchanged PWV. This may reﬂect
a relatively “harmful” impact on the arterial wall by
other mechanisms such as increasing sympathetic tone
(hydralazine) or heart rate, or other mechanisms related
to the impact of the drug concerned.
Taking into consideration these aspects, analysis of
Effect of antihypertensive agents
PWV
changes should be discussed according to other
on arterial stiffness
Several pharmacological studies have evaluated the effects hemodynamic changes such as BP, heart rate, and peripheral
Abstract: Despite numerous studies on women’s cardiac health throughout the past decade, the
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of antihypertensive drugs on arterial stiffness. Table 1 shows resistance.
hypertensive patients (Asmar et al 1992a, b). These ﬁndings,
independent of the drug effects on BP, have been recently
conﬁrmed by the results of large clinical studies on patients
at high cardiovascular risk. In these studies, positive results
on arterial stiffness have been observed with high doses of
ACE inhibitors (Yusuf et al 2000; PROGRESS Collaborative
Group 2001; Fox et al 2003).
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according to the particular drugs used. With calcium channel 2000; PROGRESS Collaborative Group 2001; Fox et al
blockers, the results are more complex. At the aortic level, all 2003; HOPE/HOPE-TOO Study Investigators 2005). More
calcium channel blockers have shown a signiﬁcant reduction in recently, angiotensin II receptor blockers (ARBs) have
Introduction
arterial stiffness, in parallel with BP reduction, but at the periph- been reported to reduce cardiovascular events in different
The first female-specific recommendations for preventive cardiology were published in
eral level, arterial stiffness reduction was less evident. Diuretics populations, such as patients with diabetes, hypertension,
1999 (Mosca et al 1999). Even though research in the treatment of cardiovascular disease
have shown no signiﬁcant effects. Therefore, antihypertensive or heart failure (Lacourcière et al 1998; Neutel et al 1998;
(CVD) had advanced in many areas, it remains the leading cause of death in women in
treatment is associated with variable effects on arterial stiffness, Dalhöf et al 2002; Young et al 2004). Both pathophysiologimost parts of the world. Studies have shown that 500 thousand women die of CVD every
due not only to BP reduction but also duration of treatment. More cal studies and clinical trials support the hypothesis that the
year in the United States, somewhat near one death every minute (American Heart
speciﬁc long-term studies are needed.
protective effects of RAS inhibition observed with ACE
Association 2003). Such index exceeds not only the number of deaths in men, but also the
Arterial stiffness or distensibility, evaluated by PWV inhibitors and ARBs are, at least partly, independent from
next seven causes of death in women combined, and more importantly, coronary artery
or other measurements, depends on BP level. Therefore, their blood-pressure-lowering effects. Consistent improvedisease (CAD) is believed to be the major cause responsible for these deaths (American
any blood pressure decrease (decrease of the distension ment in arterial stiffness seems to be observed with some
Heart Association 2003). Over a quarter of a million deaths per year are attributed to CAD
pressure) is theoretically associated with a decrease of classes of drugs that target the RAS. Whether this effect on
alone in the United States (Merz et al 2004). Although already high, these figures are
PWV. For this reason, analysis of PWV changes according arterial stiffness may be observed with other drugs, such as
expected to rise even more during the next decades, due to an increase of diabetes and
to BP change is important. Different situations have been ARBs, in different populations needs clariﬁcation.
obesity, as well as the aging of the world population (Merz et al 2004).
described in the literature (Asmar 1999), the most frequent
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REVIEW
chronic treatment) and ARBs (powerful blocking effect the prognostic factors relating to changes in arterial stiffness,
on angiotensin II receptors) that can be discussed. While and to determine if an early change in arterial stiffness might
the relationship between reduction in arterial stiffness and be a prognostic factor for cardiovascular events.
decreased cardiovascular risk has been shown with ACE
inhibitors, this relationship is not clear with ARBs. Thus, it Patients
is important to assess the arterial effect of ARBs after long- Patient eligibility, inclusion, and exclusion criteria of the
term chronic treatment in high risk patients.
TRANSCEND study have been described elsewhere (Teo
Telmisartan is an ARB with a speciﬁc pharmacokinetic et al 2004). Approximately 6000 high risk patients were
proﬁle (Lacourcière et al 1998; Neutel et al 1998). Several enrolled.
studies have investigated the effects of telmisartan on endSpeciﬁc non-inclusion criteria for the TRANS study were:
organ damage and demonstrated beneﬁcial results. Results known signiﬁcant peripheral vascular disease with proximal
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Logistics and organization
A total of 34 centers (from 12 countries) were selected; all were
provided with Complior devices. All investigators participated
in speciﬁc training sessions on PWV assessment organized by
the study core laboratory. In order to limit inter-center variability of the PWV measurements, and to ensure data homogeneity, a pre-study assessment was carried out as part of the
investigators’ certiﬁcation to participate in the study.

Table 2 TRANS investigating centers distribution and number of
patients enrolled
Countries

Number of
centers

Number of
patients enrolled

Coronary artery disease in women: a review
on prevention, pathophysiology, diagnosis, and
treatment

Belgium
2
18
China
5
100
Czech Republic
5
75
Greece
3
16
Ireland
1
2
Malaysia
1
11
Netherlands
1
2
Portugal
1
3
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2
12
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REVIEW
arterial wall which constitutes the major target and the site
of treatment of cardiovascular disease.

Table 4 Diagnosis and previous diseases of the TRANS study
population
N

%

190
18
87
11
35

68
6
31
4
13

Coronary artery disease
in women: a review
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on prevention, pathophysiology, diagnosis, and
treatment
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disease (CAD) is believed to be the major cause responsible for these deaths (American
Heart Association 2003). Over a quarter of a million deaths per year are attributed to CAD
alone in the United States (Merz et al 2004). Although already high, these figures are
expected to rise even more during the next decades, due to an increase of diabetes and
obesity, as well as the aging of the world population (Merz et al 2004).
Even though women have a higher frequency of chest pain/angina than men, the
incidence of obstructive CAD in the female population is lower when compared with
men with similar symptoms (Kenedy et al 1982; Diamond et al 1983; Merz et al 1999). In
addition, it would appear that young women with obstructive CAD have a worse
prognosis after acute myocardial infarction (AMI), whereas older women in similar
circumstances often present with larger number of comorbidities that adversely influence
the outcome, when compared to men (Coronado et al 1997). Women with acute coronary
syndromes (ACS) are also less likely to receive rapid effective diagnosis and treatment
than are men (Ayanian and Epstein 1991; Maynard et al 1996; Pope
et al 2000).
Regarding the North American population, the Women’s Ischemic Syndrome
Evaluation (WISE) study workshop (Hayes et al 2004; Maseri 2004; Nabel et al 2004;
Pepine et al 2004; Shaw et al 2004; Waters et al 2004) from the National Heart, Lung and
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Abstract: Despite numerous studies on women’s cardiac health throughout the past decade, the
number of female deaths caused by cardiovascular disease still rises and remains the leading cause
of death in women in most areas of the world. Novel studies have demonstrated that cardiovascular
disease, and more specifically coronary artery disease presentations in women, are different than
those in men. In addition, pathology and pathophysiology of the disease present significant
gender differences, which leads to difficulties concerning diagnosis, treatment and outcome of the
female population. The reason for this disparity is all steps for female cardiovascular disease
evaluation, treatment and prevention are not well elucidated; and an area for future research. This
review brings together the most recent studies published in the field of coronary artery disease
in women and points out new directions for future investigation on some of the important issues.
Keywords: coronary artery disease, women, risk factors, prevention, diagnosis, treatment.
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The first female-specific recommendations for preventive cardiology were published in
1999 (Mosca et al 1999). Even though research in the treatment of cardiovascular disease
(CVD) had advanced in many areas, it remains the leading cause of death in women in
most parts of the world. Studies have shown that 500 thousand women die of CVD every
year in the United States, somewhat near one death every minute (American Heart
Association 2003). Such index exceeds not only the number of deaths in men, but also the
next seven causes of death in women combined, and more importantly, coronary artery
disease (CAD) is believed to be the major cause responsible for these deaths (American
Heart Association 2003). Over a quarter of a million deaths per year are attributed to CAD
alone in the United States (Merz et al 2004). Although already high, these figures are
expected to rise even more during the next decades, due to an increase of diabetes and
obesity, as well as the aging of the world population (Merz et al 2004).
Even though women have a higher frequency of chest pain/angina than men, the
incidence of obstructive CAD in the female population is lower when compared with
men with similar symptoms (Kenedy et al 1982; Diamond et al 1983; Merz et al 1999). In
addition, it would appear that young women with obstructive CAD have a worse
prognosis after acute myocardial infarction (AMI), whereas older women in similar
circumstances often present with larger number of comorbidities that adversely influence
the outcome, when compared to men (Coronado et al 1997). Women with acute coronary
syndromes (ACS) are also less likely to receive rapid effective diagnosis and treatment
than are men (Ayanian and Epstein 1991; Maynard et al 1996; Pope
et al 2000).
Regarding the North American population, the Women’s Ischemic Syndrome
Evaluation (WISE) study workshop (Hayes et al 2004; Maseri 2004; Nabel et al 2004;
Pepine et al 2004; Shaw et al 2004; Waters et al 2004) from the National Heart, Lung and
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