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Endothelial Dysfunction
A Marker of Atherosclerotic Risk

Piero O. Bonetti, Lilach O. Lerman, Amir Lerman

Abstract—Endothelial dysfunction is a systemic disorder and a key variable in the pathogenesis of atherosclerosis and its
complications. Current evidence suggests that endothelial status is not determined solely by the individual risk factor
burden but rather, may be regarded as an integrated index of all atherogenic and atheroprotective factors present in an
individual, including known as well as yet-unknown variables and genetic predisposition. Endothelial dysfunction
reflects a vascular phenotype prone to atherogenesis and may therefore serve as a marker of the inherent atherosclerotic
risk in an individual. In line with this hypothesis, dysfunction of either the coronary or peripheral vascular endothelium
was shown to constitute an independent predictor of cardiovascular events, providing valuable prognostic information
additional to that derived from conventional risk factor assessment. Interventions like risk factor modification and
treatment with various drugs, including statins and angiotensin-converting enzyme inhibitors, may improve endothelial
function and thereby, potentially prognosis. Hence, given its reversibility and granted the availability of a diagnostic tool
to identify patients at risk and to control the efficacy of therapy in clinical practice, endothelial dysfunction may be an
attractive primary target in the effort to optimize individualized therapeutic strategies to reduce cardiovascular morbidity
and mortality. (Arterioscler Thromb Vasc Biol. 2003;23:168-175.)
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During the last 2 decades, it has become evident that the
vascular endothelium is an active paracrine, endocrine,

and autocrine organ that is indispensable for the regulation of
vascular tone and maintenance of vascular homeostasis (Ta-
ble 1). Moreover, recent insights into the basic mechanisms
involved in atherogenesis indicate that deleterious alterations
of endothelial physiology, also referred to as endothelial
dysfunction, represent a key early step in the development of
atherosclerosis and are also involved in plaque progression
and the occurrence of atherosclerotic complications.1,2

Endothelial dysfunction is characterized by a reduction of the
bioavailability of vasodilators, in particular, nitric oxide
(NO), whereas endothelium-derived contracting factors are

increased.3 This imbalance leads to an impairment of endo-
thelium-dependent vasodilation, which represents the func-
tional characteristic of endothelial dysfunction. On the other
hand, endothelial dysfunction, aside from denoting impaired
endothelium-dependent vasodilation, also comprises a spe-
cific state of “endothelial activation,” which is characterized
by a proinflammatory, proliferative, and procoagulatory mi-
lieu that favors all stages of atherogenesis.4 Given this
relationship between endothelial dysfunction and atheroscle-
rosis, it is likely that the status of endothelial function may
reflect the propensity of an individual to develop atheroscle-
rotic disease, and thus, the presence of endothelial dysfunc-
tion may serve as a marker of an unfavorable cardiovascular
prognosis.
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The current review will discuss the role of endothelial
dysfunction as a specific marker of individual atherosclerotic
risk by addressing (1) the systemic nature of endothelial
dysfunction, (2) the relationship between endothelial function
and conventional cardiovascular risk factors, (3) the role of
endothelial dysfunction as a mediator and independent pre-
dictor of cardiovascular events, (4) the clinical significance of
therapeutic options to improve endothelial function, and (5)
the question of whether endothelial function testing may be of
use in targeting therapeutic strategies aimed at reducing
cardiovascular risk.

Endothelial Dysfunction Is a Systemic Disorder
Since the first description of endothelial dysfunction in
atherosclerotic epicardial coronary arteries in 1986 by Lud-
mer and colleagues,5 invasive assessment of coronary endo-
thelial function by quantitative coronary angiography and
coronary Doppler flow measurements, along with graded
intracoronary infusions of endothelium-dependent vasodila-
tors such as acetylcholine, may be considered the “gold
standard” for endothelial function testing.6 However, during
the last decade, other less-invasive or noninvasive techniques
for the assessment of endothelial function, including strain-
gauge forearm plethysmography in conjunction with intra-ar-
terial infusion of endothelium-dependent vasodilators, such
as methacholine or acetylcholine, and high-resolution exter-
nal vascular ultrasound to measure flow-mediated endotheli-
um-dependent dilation (FMD) of the brachial artery during
reactive hyperemia, have been developed. These techniques
are based on the fact that endothelial dysfunction is not
confined to the coronary arteries but rather represents a
systemic disorder that also affects peripheral vascular beds,
including both conduit arteries and small resistance vessels in
the extremities.7

Given the systemic nature of endothelial dysfunction, the
question arises as to whether peripheral vascular function
parallels that of the coronary arteries and thus, may serve as
a surrogate marker to identify individuals with coronary
endothelial dysfunction. Indeed, 2 studies demonstrated a
correlation between FMD of the brachial artery and epicardial
coronary dilation in response to intracoronary infusion of
acetylcholine or ATP, respectively, underscoring the sys-
temic nature of endothelial function.8,9 However, despite its
widespread use as a research tool and the recent development
of guidelines to standardize its use,10 protocols for assessing
FMD of the brachial artery still vary among different labo-

ratories and are operator dependent.4,10 This decreases the
feasibility of this noninvasive technique as a valuable screen-
ing tool for endothelial dysfunction in clinical practice. Thus,
there is growing interest in developing a noninvasive, reliable
method to assess endothelial function.

Endothelial Dysfunction and Risk Factors
Although the association between cardiovascular risk factors
and atherosclerotic disease is well documented, the mecha-
nisms by which these risk factors induce lesion formation and
lead to events is not entirely defined. The observation that
certain individuals do not develop atherosclerotic manifesta-
tions despite the presence of several cardiovascular risk
factors suggests the existence of a “threshold switch” that,
only when activated, translates the risk factor into an unfa-
vorable vascular effect. Given its strategic location and
biological properties, the endothelial cell layer that represents
a mechanical and biological barrier between the blood and the
vascular wall is likely to serve as the “missing link” between
any given risk factor and its detrimental vascular effect.

Most if not all risk factors that are related to atherosclerosis
and cardiovascular morbidity and mortality, including tradi-
tional and nontraditional risk factors, were also found to be
associated with endothelial dysfunction. Many of these risk
factors, including hyperlipidemia, hypertension, diabetes, and
smoking are associated with overproduction of reactive oxy-
gen species or increased oxidative stress.11 By reacting with

Figure 1. Distribution of traditional cardiovascular risk factors in
patients with normal endothelial function, mild endothelial dys-
function, or severe endothelial dysfunction of the coronary (A) or
peripheral (B) vasculature. In these studies, prevalence of hyper-
cholesterolemia, hypertension, and smoking status were similar
in all groups irrespective of the status of endothelial function,
indicating that the presence of known risk factors is not the only
determinant of endothelial function. Data for A16 and B18 are
from recent studies.

TABLE 1. Favorable and Atheroprotective Effects of the
Healthy Endothelium

Promotion of vasodilation

Antioxidant effects

Antiinflammatory effects

Inhibition of leukocyte adhesion and migration

Inhibition of smooth muscle cell proliferation and migration

Inhibition of platelet aggregation and adhesion

Anticoagulant effects

Profibrinolytic effects
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NO, reactive oxygen species may reduce vascular NO bio-
availability and promote cellular damage.12 Hence, increased
oxidative stress is considered a major mechanism involved in
the pathogenesis of endothelial dysfunction and may serve as
a common pathogenic mechanism of the effect of risk factors
on the endothelium.11–13

Some studies indicated that the risk to develop endothelial
dysfunction increases with the number of risk factors present
in an individual.14,15 Also, assuming that the potential to alter
endothelial function may vary between different risk factors,
it may be speculated that certain clusters of risk factors, like
those observed in patients with metabolic syndrome, may
have a greater impact on endothelial function than other risk
factor combinations. That the presence of established cardio-
vascular risk factors, however, is not the only determinant of
endothelial function is pointed out by the observation that
individuals with normal endothelial function and patients
with various stages of endothelial dysfunction do not neces-
sarily differ in their risk factor profiles (Figure 1).16–18

Although local factors, in particular hemodynamic forces
such as shear stress, have been recognized as important
modulators of endothelial function19 and therefore, may
influence local endothelial homeostasis, these findings indi-
cate a variable endothelial susceptibility of individual patients
to cardiovascular risk factors and underscore the importance
of other yet-unknown factors, including genetic predisposi-
tion, for both the prevention and promotion of endothelial
dysfunction.

Taken together, the status of endothelial function repre-
sents an integrated index of both the overall cardiovascular
risk factor burden and the sum of all vasculoprotective
factors in any given individual.20 Moreover, given its
pivotal role in the atherogenic process, endothelial dys-
function may be regarded as the “ultimate risk of the risk
factors” indicating the existence of a specific atherogenic
vascular milieu (Figure 2).

Endothelial Dysfunction as a Clinical Syndrome
The presence of endothelial dysfunction can be regarded as a
clinical syndrome that per se is associated with and predicts
an increased rate of adverse cardiovascular events.21–23

Endothelial Dysfunction and Myocardial Ischemia
Coronary endothelial dysfunction, which is characterized by
impaired NO bioavailability, may be associated with myocar-
dial ischemia.24 Both physical exercise25,26 and mental
stress,27 2 of the main triggers for an increase in myocardial
demand, are associated with epicardial coronary endothelial
dependant vasodilation. On the other hand, diverse studies
indicated an association between the presence of coronary
microvascular endothelial dysfunction and angina pectoris in
patients with angiographically normal coronary arteries.28–30

Zeiher and colleagues31 demonstrated an association between
impaired coronary endothelium-dependent vasodilation and
exercise-induced myocardial perfusion defects in patients
without hemodynamically relevant coronary artery disease
(CAD). We provided evidence for a direct contribution of
coronary endothelial dysfunction to myocardial ischemia by
demonstrating the appearance of myocardial perfusion de-
fects associated with intracoronary administration of acetyl-
choline in patients without obstructive CAD.32 Hence, myo-
cardial ischemia may result from endothelial dysfunction of
either epicardial arteries or coronary microvessels.

Endothelial Dysfunction and Acute Coronary Syndromes
Acute complications play a crucial role in delineating the
clinical expression of atherosclerotic disease. Endothelial
dysfunction may play a fundamental role in the pathogenesis
of acute coronary syndromes (ACSs), such as unstable angina
and acute myocardial infarction.33 Plaque destabilization, the
detrimental process that predisposes the plaque to rupture,
results from a complex interplay of inflammatory effects that
involve cellular plaque components and various proinflam-
matory mediators.34 Endothelial dysfunction is associated
with increased oxidative stress, an important promotor of
inflammatory processes.35 NO may reduce endothelial ex-
pression of several inflammatory mediators and adhesion
molecules that increase plaque vulnerability,36,37 an effect
that is mainly mediated by inhibition of the transcription
factor nuclear factor-�B, a key regulator of various inflam-
matory proteins involved in atherosclerosis.38,39 Thus, a
dysfunctional endothelium may contribute to plaque destabi-
lization owing to its reduced anti-inflammatory potential.

Figure 2. Endothelial dysfunction as the
“risk of the risk factors.” The endotheli-
um represents a mechanical and biologi-
cal barrier between the blood and the
vascular wall. Traditional and nontradi-
tional risk factors, local factors (eg, shear
stress), genetic factors, and yet-unknown
factors (protective or harmful) determine
the status of endothelial function, which
may be regarded as an integrated index
of both the overall cardiovascular risk
factor burden and the vasculoprotective
factors in any given individual. The pres-
ence of endothelial dysfunction reflects a
specific atherogenic vascular milieu,
which is associated with perfusion
abnormalities and cardiovascular events.
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Precipitation of ACSs may also involve physical factors
related to endothelial dysfunction. Given the increased vaso-
reactivity favoring local vasoconstriction in response to
metabolic and sympathetic stimuli found in the area of culprit
lesions in patients with unstable angina,40 vasoconstriction
associated with endothelial dysfunction may obviously rep-
resent a trigger for the physical disruption of coronary
plaques.

Furthermore, a healthy endothelium is characterized by an
antithrombotic milieu mediated by the secretion of various
factors that exert antiaggregatory effects on platelets (NO and
prostacyclin) or have anticoagulatory (heparin and protein
C/S) or fibrinolytic (tissue plasminogen activator) proper-
ties.41 Endothelial dysfunction is characterized by a reduction
in the anticoagulatory potential of the endothelium and an
increase in endothelial production of procoagulatory media-
tors (eg, tissue factor and plasminogen activator inhibitor),41

resulting in a thrombogenic vascular environment. In addi-
tion, platelet-derived mediators, such as serotonin, induce
vasoconstriction in the presence of a dysfunctional endothe-
lium.42 Moreover, vasoconstrictor response to these stimuli is
increased by endothelin-1,43 concentrations of which are
elevated in the plasma of patients with early and advanced
atherosclerosis44,45 as well as in culprit lesions.46

In summary, endothelial dysfunction contributes to en-
hanced plaque vulnerability, may trigger plaque rupture, and
favors thrombus formation and thus may be viewed as an
important contributory factor for several aspects of ACSs.

Endothelial Dysfunction and Prognosis
Strong evidence of a role for endothelial dysfunction as a
marker of atherosclerotic risk stems from several studies
investigating the association between the presence of endo-
thelial dysfunction in both the coronary and systemic circu-
lations and prognosis (Table 2). We recently reported the
long-term follow-up results of patients without obstructive
coronary atherosclerosis who had undergone invasive coro-
nary endothelial function testing.16 When these patients were
stratified by their coronary microvascular endothelial func-
tion status, cardiac events occurred only in those with
coronary endothelial dysfunction during follow-up. These
findings were extended to the epicardial coronary arteries by
Schächinger and colleagues,47 who reported long-term
follow-up results of patients with various stages of CAD in

whom epicardial coronary endothelial function was assessed
initially. In that study, patients who experienced cardiovas-
cular events affecting the coronary or systemic circulation
demonstrated significantly impaired endothelium-dependent
epicardial coronary vasoreactivity at the initial examination.
Moreover, multivariate analysis, which included traditional
cardiovascular risk factors and angiographic evidence for
atherosclerosis, identified the presence of epicardial coronary
endothelial dysfunction as an independent predictor of future
cardiovascular events. Recently, the prognostic significance
of microvascular and epicardial coronary endothelial dys-
function was confirmed by Halcox and colleagues.17 In this
study, patients who underwent coronary endothelial function
testing were followed up. Multivariate analysis, which con-
trolled for the presence of CAD and traditional cardiovascular
risk factors, revealed that both epicardial and microvascular
coronary endothelial dysfunction independently predicted
acute cardiovascular events in patients with and without
CAD.

First evidence of a prognostic effect of systemic endothe-
lial dysfunction was suggested by data of the prospective
“Men born in 1914” cohort, who underwent venous occlusion
plethysmography of the calf between 1968 and 1970.48 In this
study, a low pulse-wave amplitude during reactive hyperemia
was associated with a higher cardiac event rate and a higher
all-cause mortality rate during 21 years of follow-up. Given
that pulse-wave amplitude is negatively related to arterial
stiffness and that endothelial dysfunction is associated with
increased arterial stiffness49,50 it can be speculated that
patients with a low pulse-wave amplitude had peripheral
endothelial dysfunction. Recently, 3 studies have shed more
light on the relation between the presence of systemic
endothelial dysfunction and an adverse outcome. Perticone
and colleagues51 followed up hypertensive patients who
initially underwent endothelial function testing of the forearm
vasculature by strain-gauge plethysmography in connection
with intra-arterial infusion of graded doses of acetylcholine
for an average of 31.5 months. During follow-up, cardiac,
cerebrovascular, and peripheral vascular major adverse
events occurred, whereby the risk to experience such an event
depended on the magnitude of impairment of endothelial
function of the forearm vasculature. In addition, multivariate
analysis revealed the presence of severe peripheral endothe-
lial dysfunction as an independent predictor of cardiovascular

TABLE 2. Studies on the Prognostic Effect of Coronary and Peripheral Endothelial Dysfunction

Study n Population Assessment of End Function
Mean Follow-Up,

months

Cardiovascular Event Rate, % End Dysfunction as
an Independent

Predictor of
Events

Normal End
Function

Mild End
Dysfunction

Severe End
Dysfunction

Al Suwaidi et al16 157 Pts without significant coronary
stenoses

Coronary microvasculature 28 0 0 24 Not assessed

Schächinger et al47 147 Pts with various stages of CAD Coronary macrovasculature 80 Yes

Halcox et al17 308 Pts with/without CAD Coronary micro-/macrovasculature 46 Yes

Perticone et al51 225 Pts with untreated hypertension Forearm microvasculature 32 5 11 23 Yes

Heitzer et al52 281 Pts with CAD Forearm microvasculature 54 Yes

Gokce et al18 187 Pts undergoing vascular surgery Brachial artery 1 8 32 Yes

End indicates endothelial; Pts, patients.
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events in this hypertensive population. In line with these
findings, Heitzer and colleagues,52 using the same methods,
identified the presence of endothelial dysfunction in the
forearm microvasculature as an independent predictor for an
increased long-term cardiovascular risk in patients with
documented CAD. Finally, Gokce and colleagues18 measured
FMD of the brachial artery in response to reactive hyperemia
in 187 patients who subsequently underwent vascular surgery
and prospectively followed up these patients for 30 days after
surgery. During follow-up, a total of 45 patients experienced
a postoperative cardiovascular event. Multivariate analysis
identified impaired brachial FMD as an independent predictor
of adverse short-term postoperative outcome.

Taken together, these studies clearly indicate an associa-
tion between the presence of both coronary and systemic
endothelial dysfunction and an increased risk for future
cardiovascular events, further underscoring the systemic na-
ture of endothelial dysfunction and its impact on future
cardiovascular morbidity and mortality. Interestingly, the fact
that endothelial dysfunction of coronary and peripheral mi-
crovessels as well as that of the brachial artery, which hardly
ever develops atherosclerotic lesions, is linked to an adverse
outcome indicates that additional local or genetic factors play
a fundamental role for the transition from a mere atherogenic
milieu to overt disease. However, the prognostic impact of
endothelial dysfunction in peripheral, easily accessible arter-
ies suggests that assessment of peripheral endothelial func-
tion may represent an additional means for risk stratification
in patients at possible risk for cardiovascular events, as soon
as standardized and reproducible techniques for peripheral
endothelial function testing become available.

Therapeutic Strategies to Improve Endothelial Function
Endothelial dysfunction is a reversible disorder, and strate-
gies aimed at reducing cardiovascular risk factors, such as
cholesterol lowering,53 antihypertensive therapy,54 smoking
cessation,55 estrogen replacement therapy in postmenopausal
women,56 supplementation with folic acid,57 and physical
exercise,58 also translate into an improvement in endothelial
health, further supporting the association between risk factors
and endothelial dysfunction. Moreover, the observation that
several pharmacological interventions that improve endothe-
lial function are associated with a decrease in cardiovascular
events independent of risk factor modification supports the
concept that cardiovascular risk factors share a common
pathway that leads to endothelial dysfunction, such as oxida-
tive stress.

Although lowering of elevated cholesterol levels by itself
is associated with an improvement in endothelial function
independent of the therapeutic strategy used, treatment with
statins was shown to be particularly effective for this purpose.
Notably, a large body of experimental evidence indicates that
statins may improve endothelial function by lipid-
independent mechanisms, and recent reports suggest that
similar statin effects may also exist in humans.59 These
“endothelium-protective” effects may be mediated by the
statins’ antioxidant and anti-inflammatory properties and
their capability to restore vascular NO bioavailability.59 Thus,
it may be speculated that such properties are likely to

contribute to the favorable effect of these compounds on
endothelial function and cardiovascular prognosis in both
primary and secondary prevention.60–64

Angiotensin-converting enzyme inhibitors (ACEIs) in-
crease NO bioavailability by decreasing the synthesis of
angiotensin II and by enhancing serum levels of NO-releasing
bradykinin via inhibition of its degradation. Moreover,
ACEIs may also enhance the activity of endothelium-derived
hyperpolarizing factor under certain conditions.65 That short-
and long-term ACEI administration may indeed translate into
an improvement in both coronary and peripheral endothelial
function was shown for patients with CAD and/or its risk
factors,66–69 although the magnitude of this effect may vary
depending on the compound used, the presence of risk
factors, and genetic variables.70,71 In contrast to ACEIs,
controversial results have been reported regarding the effect
of angiotensin receptor antagonists, which specifically block
the effects of angiotensin II on the angiotensin type 1 (AT1)
receptor, on endothelial function.72,73 Given that increased
oxidative stress plays a pivotal role in the pathogenesis of
endothelial dysfunction,11 administration of antioxidants
would be expected to be a reasonable strategy to treat this
disorder. Indeed, supplementation with antioxidants, such as
glutathione,74 N-acetylcysteine,75 and, with a few excep-
tions,76,77 vitamin C,78 has been shown to reverse endothelial
dysfunction in coronary and peripheral arteries of patients
with cardiovascular risk factors and/or overt atherosclerosis.
On the other hand, in contrast to in vitro studies and rather
unexpectedly, current clinical data regarding the effect of
vitamin E supplementation on endothelium-dependent vaso-
reactivity are inconsistent.79

The observation that interventions such as supplementation
of the substrate for NO synthesis, L-arginine,80 and calcium
channel blockade with nifedipine81 were shown to improve
endothelial function without altering the risk factor profile
further supports the concept that the endothelium serves as
the common mediator of the detrimental effect of various
cardiovascular risk factors.

Clinical Relevance of Therapeutic Improvement of
Endothelial Function
Although various interventions were shown to be associated
with improvement in endothelial function, little is currently
known about the clinical and prognostic effect of therapeutic
improvement in endothelial function. Cholesterol lowering
with statins82–84 and therapy with ACEIs85 are also associated
with a reduction of myocardial ischemia in patients with
documented CAD. Moreover, the improvement in coronary
endothelial function by L-arginine supplementation was asso-
ciated with a reduction in anginal symptoms, suggesting a
reduction in myocardial ischemia in patients with coronary
endothelial dysfunction.80 Taken together, these findings
point out the clinical significance of therapeutic improvement
in coronary endothelial function. In contrast, given the
negative results of recent prospective long-term antioxidant
supplementation trials86,87 and the Heart and Estrogen/pro-
gestin Replacement Study (HERS),88 direct proof for a causal
relation between improvement in endothelial function and
reduction in cardiovascular events has yet to be established.89
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The reason for the lack of benefit of long-term antioxidant
supplementation in the setting of primary and secondary
prevention, however, is not clear. Given the strong relation
between oxidative stress and endothelial function11,12 and the
observation that the level of oxidative stress may be an
important determinant of clinical events,52 it may be specu-
lated that the potential of antioxidant supplementation to
decrease cardiovascular events may be limited to a subgroup
of individuals with elevated levels of endogenous oxidative
stress and the very early stages of atherosclerotic disease.
Furthermore, recent evidence suggests that certain antioxi-
dants, including vitamin E, may be inappropriate to reduce
oxidative stress in vivo or may even be pro-oxidant under
certain conditions.90 Thus, it is conceivable that combining
different antioxidant compounds is essential for adequate
reduction of oxidative stress and its sequelae.

Similarly disappointing were the negative results of the
HERS trial, which failed to demonstrate a benefit of long-
term hormone replacement therapy with conjugated equine
estrogens plus medroxyprogesterone on coronary events in
postmenopausal women with CAD. Although these results
can at least partly be attributed to the coadministration of
progesterone, which was shown to abrogate the positive
effect of estrogens on endothelial function in some studies,
the observation that administration of estrogens alone did not
reduce progression of coronary atherosclerosis in women
with established CAD indicates that other factors may have
contributed to the negative findings of the HERS trial.56,91

Most studies investigating the effect of estrogen replacement
therapy (ERT) on vascular function assessed endothelial
function in peripheral vessels.56 Thus, a differential endothe-
lial response to ERT between peripheral and coronary vessels
cannot be ruled out. Also, it is possible that ERT restores only
some endothelial properties, such as endothelium-dependent
vasodilation, whereas a proinflammatory status may persist.
This hypothesis is supported by the observation that ERT
increases C-reactive protein levels.92 Notably, in a substudy
of the Cardiovascular Health Study, ERT improved brachial
arterial endothelial function only in younger postmenopausal
women without established atherosclerosis, whereas it had no
effect in older women or in those with established atheroscle-
rosis.93 These results suggest that the beneficial effect of
estrogen substitution on endothelial dysfunction and cardio-
vascular prognosis may be limited to younger postmeno-
pausal women without established atherosclerosis.93

The overwhelming evidence from several large, clinical
intervention trials in patients at risk for cardiovascular events,
which showed a striking cardiovascular benefit with strate-
gies that improve endothelial health, such as ACEIs94 and
statins,60–64 support the notion that improvement in endothe-
lial function may translate into a reduction of morbidity and
mortality due to atherosclerotic disease. In summary, there is
still a lack of direct proof that therapeutic improvement in
endothelial function translates into lower cardiovascular mor-
bidity and mortality, and further prospective trials are re-
quired to answer the question of whether enhancement of
endothelial function should be considered a primary thera-
peutic end point.

Conclusions
Endothelial dysfunction is a systemic disorder and a critical
element in the pathogenesis of atherosclerotic disease and its
complications. Growing evidence suggests that the individual
burden of currently known cardiovascular risk factors is not the
only determinant of endothelial function. Rather, endothelial
integrity depends on the balance of all cardiovascular risk factors
and vasculoprotective elements in a given individual, including
yet-unknown variables and genetic predisposition. Endothelial
dysfunction may be regarded as a marker of the inherent
atherosclerotic risk in an individual. In line with this hypothesis,
the presence of endothelial dysfunction in either the coronary or
the peripheral circulation was shown to be an independent
predictor of an adverse cardiovascular outcome, providing prog-
nostic information additional to that derived from conventional
risk factor assessment.

Given the important role of endothelial dysfunction for the
development and progression of atherosclerosis, it seems attrac-
tive to consider endothelial dysfunction, aside from the treatment
of established cardiovascular risk factors, as a primary therapeu-
tic target in the prevention of atherosclerotic disease. However,
before endothelial functional status can be recommended as a
primary end point to guide the use of appropriate therapeutic
strategies to reduce cardiovascular risk, 2 prerequisites must be
fulfilled:1 Such a therapeutic strategy would presume the avail-
ability of an appropriate diagnostic tool that allows identification
of candidate patients. To be considered clinically useful, such a
technique, aside from having a high sensitivity and specificity
for the detection of endothelial dysfunction, would ideally have
to be noninvasive, easy to perform, accurate, reproducible, and
inexpensive.2 There must be direct evidence that therapeutic
improvement in endothelial function translates into lower car-
diovascular event rates. Thus, to date, targeting the established
and modifiable cardiovascular risk factors remains the primary
strategy to improve endothelial function and prognosis in individ-
uals at risk for atherosclerotic disease. However, as techniques to
reliably assess endothelial function will become available, targeting
endothelial dysfunction to optimize individualized risk reduction
strategies might become reality in the future.
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