
Plasma Homocysteine, Coronary Risk Factors and Serum
Nitrite in Coronary Artery Disease and Vascular Syndrome X

One of the earliest events in the development of
atherosclerosis is believed to be endothelial dysfunc-
tion (1). In addition, however, patients without es-
tablished coronary artery disease but with risk fac-
tors for its development also have evidence of en-
dothelial dysfunction (2). Such risk factors include
elevated levels of low-density lipoproteins (LDL), re-
duced levels of high density lipoproteins (HDL), free
radicals from tobacco, hypertension, diabetes melli-
tus, acquired and genetic hypercoagulable states,
and infectious organisms (2-4). These cardiovascular
risk factors, by inducing endothelial-cell injury and
dysfunction, contribute to the development of athe-
rogenesis. Furthermore, many of these risk factors
are known to act in synergy with regards to their ef-
fects on endothelial dysfunction and the develop-
ment of atherosclerosis. In addition to these so-cal-
led traditional risk factors, elevated levels of ho-
mocysteine have also been associated with endothe-
lial dysfunction. Homocysteine has been shown to
be toxic to the endothelium (5), to be prothrombo-
tic (6), and to decrease the availability of nitric oxide
(7). Elevations of plasma homocysteine have been
associated with increased age, menopause, genetic
defects in the enzymes involved in homocysteine
metabolism, nutritional deficiencies in vitamin co-fac-
tors and other systemic diseases (8). Numerous pros-
pective and case-controlled studies have shown
hyperhomocysteinemia to be an independent risk
factor for atherothrombotic vascular disease (9). Fi-
nally, another group of patients who may demonst-
rate evidence of endothelial dysfunction are those
with the so-called cardiac syndrome X. This conditi-
on is characterized by a history of typical angina pec-
toris, presence of ischemic-like ST segment changes
on exercise testing and neither obvious epicardial co-
ronary disease nor inducible spasm on coronary arte-

riography (10). Abnormal vascular reactivity seems
to be a predominant feature of this syndrome (11),
although there is controversy as to whether or not
this abnormal vascular reactivity is endothelium de-
pendent or independent (12). Many studies have
suggested an imbalance between endothelin-1 and
NO release in patients with this syndrome (11,13,
14), but the precise mechanism for this imbalance
remains an area of intense investigation.

Endothelial dysfunction is characterized by a
number of changes. Cell surface markers involved in
adhesion – such as vascular cell adhesion molecule-
1 (VCAM-1) and intercellular adhesion (ICAM-1) –
are up-regulated, and production of cytokines, che-
mokines and other growth factors is increased (1,
15, 16). As a result, there is increased adhesiveness
of platelets and leukocytes to the endothelium, inc-
reased vascular permeability and a local procoagu-
lant state. In addition, endothelial dysfunction is as-
sociated with loss of NO bioavailability due to either
reduced formation or accelerated degradation of
NO (17). Besides being a potent vasodilator, NO co-
unteracts leukocyte adhesion to the endothelium
(18, 19), prevents vascular smooth muscle prolifera-
tion (20), and inhibits platelet aggregation (21). The-
se biologic actions of NO make it an important com-
ponent in the endogenous defense against vascular
injury, inflammation, and thrombosis, all key events
involved throughout the course of atherosclerosis.
Thus, loss of the functional integrity of the endothe-
lium, as is commonly seen in the presence of cardi-
ovascular risk factors, plays a critical role in all stages
of atheroscerlosis from lesion initiation to plaque
rupture (17). 

In the current issue of AKD, Soysal et al (22). re-
port on the relationships between the various cardi-
ac risk factors, homocysteine levels and the presen-
ce of endothelial dysfunction in three well-characte-
rized groups of patients representing a spectrum of
atherosclerosis – namely, patients with established
CAD, patients with cardiac syndrome X and appa-
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rently healthy subjects. The authors make a number
of interesting oberservations. Firstly, they re-assu-
ringly confirm many of the known relationships bet-
ween homocysteine and both CAD and CAD risk fac-
tors. Importantly, however, they do this after rigoro-
usly excluding patients with co-morbidities known to
raise homocysteine levels. Secondly, they report re-
duced nitrite levels in patients with established CAD
as well as those with risk factors, including those
with elevated homocysteine levels. The finding of an
inverse relationship between homocysteine and se-
rum nitrite levels suggests a potential mechanism for
endothelial dysfunction in patients with hyperho-
mocysteinemia that is consistent with present theori-
es about the deleterious effects of homocysteine on
nitric oxide bioavailability. Thirdly, and perhaps most
interestingly, the authors also demonstrate the lack
of a relationship between either homocysteine levels
or serum nitrite levels and cardiac syndrome X – set-
ting this group apart from those with established
CAD. The latter finding might suggest the lack of en-
dothelial dysfunction in patients with cardiac syndro-
me X. Although most studies in fact do suggest the
presence of endothelial dysfunction in this patient
population (11,13,22,23), there are other studies
that do not (12, 24). One limitation of the current
study is the use of nitrite levels as the sole measure
of endothelial dysfunction. In addition to nitrite le-
vels, the measurement of other markers of endothe-
lial dysfunction (such as VCAM-1 levels, brachial ar-
tery flow measurements, or vasomotor response to
pharmacologic or physical stimuli) in this group of
patients would have been most useful. It is note-
worthy that Soysal and colleagues specifically exclu-
ded patients with one or more features of the so-cal-
led metabolic syndrome X (characterized by abdomi-
nal obesity, hypertriglyceridemia, low HDL choleste-
rol, insulin resistance, hyperinsulinemia, and hyper-
tension). Since many of these clinical characteristics
are themselves associated with endothelial dysfuncti-
on (25), their exclusion from this study controls for
any potentially confounding variables and further
strengthens the findings of these investigators. 

In summary, Soysal et al. should be commended
for a well-conducted, statistically sound study in a
group of very well characterized patients. Their data
is intriguing and strongly supports the current view
on cardiac risk factors, homocysteine and endotheli-
al dysfunction. In addition, however, their data also
provides some mechanistic insight into the potential

mechanisms of endothelial dysfunction in hyperho-
mocysteinemia and also continues to fuel the contro-
versy regarding the presence or absence of endothe-
lial dysfunction in patients with cardiac Syndrome X. 
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