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ABSTRACT 

Background: Homocysteine is a metabolite of methionine with atherogenic properties via endothelial dysfunc-
tion. Endothelial dysfunction is one of main pathophysiologic mechanisms of coronary vasospasm. We examined 
the relationship between the risk of patients with coronary vasospasm and serum total homocysteine (tHcy), 
folate, vitamin B12, and plasma vitamin B6. Methods: Fasting serum tHcy, folate, vitamin B12, and plasma vi-
tamin B6 concentrations were measured in 25 patients (15 men, age 52.8±10.1) with coronary vasospasm and 
compared with 22 healthy control subjects matching in age and sex (10 men, age 52.7±9.2). Serum tHcy con-
centration was higher in the vasospasm group than in the control group (14.8±5.3 vs 10.1±2.5 μmol/L, p<0.001). 
Results: Serum folate (6.3±1.0 vs 10.2±4.5 ng/mL, p<0.001) and vitamin B12 concentration (544.8±181.7 vs 
1004.9±567.1 pg/mL, p<0.001) were lower in vasospasm group. There was no significant difference in plasma 
vitamin B6 concentration between the two groups (77.8±44.3 and 95.8±63.4 nmol/L). Conclusions: These data 
support the hypothesis that elevated serum tHcy is a risk factor for coronary vasospasm. Low folate and vitamin 
B12 levels in patients with coronary vasospasm suggest that these agents contribute therapeutically to the treat-
ment of patients with coronary vasospasm. (Korean Circulation J 2004;34 (1):53-58) 
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Introduction 
 

Homocysteine is a sulfur containing amino acid derived 
from the metabolism of methionine and has athergoge-
nic and thrombogenic properties. It is regarded as a risk 
factor for artherosclerotic coronary artery disease.1-4) Ho-
mocysteine is readily oxidized, leading to the formation 
of superoxide and hydrogen peroxide. This oxidant stress 
may play an important role in endothelial damage, which 
occurs easily before the development of overt structural 
changes in coronary artery disease.5)6) Several animal 
and clinical studies have shown homocysteine to reduce 
the bioavailabilty of endothelium-derived relaxing factors 

(EDRF) or endothelium derived nitric oxide (NO).7) 
Increased blood homocysteine levels are associated with 
impaired flow-mediated vasodilation at the brachial ar-
tery.8-10) Flow-mediated vasodialtion of the brachial artery 
is a good indicator of endothelial function and was re-
ported to correlate with coronary circulation.11) 

Vasospasm of the coronary artery can cause various 
features of ischemic heart disease syndrome, including 
variant angina, myocardial infarction, and even sudden 
cardiac death.12) The deficiency of endothelial nitric oxide 
(NO) activity plays an important role in the pathoge-
nesis of coronary vasospasm.13) Therefore, we hypothe-
sized that mild to moderate elevations in the serum total 
homocysteine concentrations (tHcy) are associated with 
decreased nitric oxide bioavailability and coronary vaso-
spasm. Accordingly, we compared the level of fasting 
serum tHcy and related substrates to the level of ho-
mocysteine in patients with coronary vasospasm and in 
control subjects. 
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Methods 
 
Study patients 

This study included 25 patients who were diagnosed 
with vasospastic angina between January 1996 and De-
cember 1997 at Hallym University hospital. If typical 
angina symptoms, focal reversible coronary vasospasms, 
and transient ECG changes of myocardial ischemia 
occurred during coronary angiogram with ergonovine or 
during the acetylcholine provocation test, a diagnosis of 
vasospastic angina was made. All angina patients, due to 
coronary vasospasms, had angiographically documented 
reversible coronary vasospasms associated with ischemic 
ST segment changes, with chest pain or chest discomfort, 
and had no visible fixed significant stenosis on coronary 
angiogram. With the 22 control subjects, detailed medi-
cal histories were taken and physical examinations were 
performed. The patients and the control subjects were 
matched by age and sex. The exclusion criteria contained 
the following: impaired renal function (serum creatinine 
over 2.0 mg/dL), anemia, hepatic disease, current use of 
vitamin compositions, malignancy, and herb medication. 
 
Measurement 

Serum and plasma were obtained after overnight fas-
ting and were promptly spun, separated, and frozen at 
-20℃. High-performance liquid chromatography with 
fluorescent detection methods was used for the rapid 
determination of tHcy concentration.14) Serum folate and 
vitamin B12 levels were measured using radioassay kits. 
Plasma vitamin B6 levels were measured by radioenzyme 
assay. Other laboratory tests included measurements of 
fasting serum total cholesterol, HDL-cholesterol, trigly-
ceride, lipoprotein (a), and fibrinogen. LDL-cholesterol 
levels were calculated by the Friedewald equation. Body 
mass index was calculated by dividing body weight (Kg) 
by the square of height (m). 
 
Statistical analysis 

Continuous variables were expressed as mean±stan-
dard deviation, and the Mann-Whitney U test was used 

to compare means between the two groups. Fisher’s 
exact test was used to compare categorical variables be-
tween the groups. Variables that showed significance 
were included in multivariated logistic regression for 
evaluating intervariable correlations. P values less than 
0.05 were considered statistically significant. 
 

Results 
 
Basic clinical characteristics 

 The clinical characteristics of the study populations 
are shown in Table 1. There was no significant dif-
ference in age, sex, total cholesterol, triglyceride, HDL-
cholesterol, LDL-cholesterol, and BMI between the two 
groups. The frequency of hypertension and diabetes were 
also similar between the two groups. The history of ci-
garette smoking, which was higher in the vasospasm 
group, was the only difference (p<0.05). 
 
Serum total homocysteine, folate, vitamin B12, vitamin 
B6 concentrations 

Serum concentrations of tHcy were higher in patients 
with coronary vasospasm than in the control subjects 
(14.8±5.3 versus 10.1±2.5 μmol/L, p<0.001, Figure 1). 
Compared with the control group, the vasospasm group 
showed lower serum folate concentrations (10.2±4.5 

Table 1. Basic clinical characteristics and cardiovascu-
lar risk factors 

 Coronary spasm 
(n=25) 

Control 
(n=22) 

Age 052.7±09.2 052.8±10.8
Sex (male) 15 11 
Hypertension 6 04 
Diabetes 5 06 
Smoker* 13 05 
BMI (Kg/m2) 023.6±03.4 024.1±03.4
Total cholesterol (mg/dL) 182.1±31.0 199.0±73.0
Triglyceride (mg/dL) 164.0±83.9 154.8±88.9
HDL-cholesterol (mg/dL) 038.6±08.5 042.9±10.5
LDL-cholesterol (mg/dL) 115.2±25.6 124.0±10.5
*: p<0.05 by Fisher’s exact test. BMI: body mass index,
HDL: high density lipoprotein, LDL: low density lipopro-
tein 
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versus 6.3±1.0 ng/mL, p<0.001, Figure 2) and lower 
vitamin B12 levels (1004.9±567.1 versus 544.8±181.7 
pg/mL, p<0.001, Figure 3). No significant difference was 
observed in plasma vitamin B6 concentration between the 
two groups (95.8±63.4 and 77.8±44.3 nmol/L respec-
tively, Figure 4). 
 
Serum total homocysteine concentration and conven-
tional risk factors for cardiovascular disease (Table 2) 

The results showed that sex (13.8±5.6 μmol/L and 
11.1±3.2 μmol/L in males and females, respectively), 

diabetes (11.6±3.7 μmol/L and 12.9±5.1 μmol/L 
in diabetes and non-diabetes patients, respectively) and 
hypertensiveness (11.4±3.2 μmol/L and 12.5±3.9 
μmol/L in hypertensive and non-hypertensive patients, 
respectively) did not affect the concentration of serum 
tHcy. The serum tHcy level of smokers and non-smo-
kers also showed no significant difference (13.5±5.1 
μmol/L and 12.1±4.6 μmol/L respectively). By lo-
gistic regression analysis, cigarette smoking (odd ratio 
4.777, 95% confidence interval 1.076-21.202, p<0.05) 
and serum tHcy concentration (odd ratio 1.302, 95% 
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Figure 1. Serum total homocyteine concentrations (tHcy)
in control and vasospasm group. Serum tHcy concentra-
tion was higher in vasospasm group (14.8±5.3 μmol/L)
than that of control subjects (10.1±2.5 μmol/L, p<0.001
by Mann-Whitney U test). 
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Figure 2. Serum folate levels in control and vasospasm
group. Serum folate level was lowe in vasospasm group
(6.3±0.7 ng/mL) than that of control subjects (10.2±0.7
ng/mL, p<0.001 by Mann-Whitney U test). 
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Figure 3. Serum vitamin B12 levels in control and vasos-
pasm group. Serum vitamin B12 level was lowe in vasos-
pasm group (544.8±80.7 pg/mL) than that of control
subjects (1004.9±101.2 pg/mL, p<0.01 by Mann-Whitney
U test). 
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Figure 4. Serum Vitamin B6 levels in control and vasos-
pasm group. There was no significant difference bet-
ween two groups. In control group: 95.8±11.8 nmol/L, in
vasospasm group: 77.8±11.3 nmol/L. 
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confidence interval 1.064-1.594, p<0.01) 
 

Discussion 
 

 In the present cross sectional and case-control study, 
patients with coronary vasospasm showed higher serum 
total homocysteine concentration than the control pa-
tients. This suggests that increased serum homocysteine 
is associated with coronary vasospasm. 

Coronary vasospasm can cause variable clinical fea-
tures of myocardial ischemia. Despite its clinical signifi-
cance, the factors responsible for coronary artery hyper-
sensitivity to vasoconstricting stimuli are still unknown. 
From the results of several studies, cigarette smoking is 
the most accepted characteristic clinical risk factor for 
coronary vasospasm, but its association with other con-
ventional risk factors is weak.15)16) Similarly, only ciga-
rette smoking showed a significant difference between 
the two groups in this study. Serum total homocyteine is 
also independently associated with coronary vasospasm. 

Among the mechanisms of pathogenesis of coronary 
vasospasm, impaired endothelial function is regarded as 
one of the main pathophysiologic mechanisms. Endo-
thelial dysfunction manifests an impaired bioavailability 
of endothelium derived relaxing factor (EDRF). EDRF 
is a diffusible vasodilator from vascular endothelium and 
causes vascular smooth muscle relaxation. Moreover, 
reports have suggested nitric oxide (NO) to be the sub-
stance of EDRF.17) EDRF can be released by platelet 

products, thrombin, hormones, neurotransmitters, local 
autacoids, and by change of local blood flow.18) The 
response to variations in shear stress significantly affects 
the change in diameter of large arteries in response to 
increased blood flow, which is called flow-mediated 
vasodilation.19) In canine coronary arteries, acute endo-
thelial injury by a balloon-tipped catheter causes enhan-
ced contraction in response to serotonin.20) Furthermore, 
the combination of balloon removal of endothelium with 
hypercholesterolemic diet caused atherosclerotic lesions 
and selective vasospasms where the endothelium was 
removed with myocardial ischemia in the porcine mo-
del.21) Some data suggest that coronary vasospasm is 
associated with endothelial dysfunction in human. Re-
ports have also suggested genetic enzyme defects in 
endothelial NO synthesis to be a risk factor for coronary 
vasospasm.22) Moreover, the endothelium dependent 
flow-mediated dilation in the brachial artery was impaired 
in patients with vasospastic angina.23-25) 

Mild to moderate elevation of serum homocysteine is 
now regarded as a risk factor for thrombotic and athero-
sclerotic vascular disease. Homocysteine readily oxidizes, 
leading to the formation of superoxide and hydrogen 
peroxide, and this oxidant stress may play an important 
role in endothelial dysfunction, which is a major patho-
physiologic mechanism for artherosclerosis and coronary 
vasospasm. There have been several reports indicating 
that hyperhomocysteinemia is related with vascular en-
dothelial dysfunction, which easily occurs before the 
development of overt structural vascular disease. Harker 
et al. reported that adding homocysteine to a culture 
medium caused endothelial injury. Furthermore, they 
reported that intravenous infusion of homocysteine in 
baboons caused patch endothelial detatchment.5) 

No data has shown the association of homocysteine 
with coronary vasospasm. The above studies, however, 
demonstrated that increased homocysteine concentration 
is associated with impaired endothelium-dependent va-
sodilation, employed at the brachial or femoral arteries 
to estimate flow mediated endothelium-dependent vaso-
dilation. And the flow-mediated endothelium-dependent 

Table 2. Serum total homocysteine concentration ac-
cording to conventional cardiovascular risk factors 

Risk factors Serum total homocysteine
(μmol/L) 

Sex  
Male：female 13.8±5.6：11.1±3.2 
Presence of diabetes  
Diabetes：non-diabetes 11.6±3.7：12.9±5.1 
Presence of hypertensive  
Hypertensive： 

non-hypertensive 11.4±3.2：12.5±3.9 

Smoking  
Smoker：Non-smoker 13.5±5.1：12.1±4.6 
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vasodilation in the brachial artery correlated well with 
the invasively-tested endothelial function of the coro-
nary artery.26) Therefore, we assumed increased serum 
homocysteine to induce endothelial dysfunction, causing 
coronary vasospasm. The results of this study support 
this assumption . 

Homocystinuria is a rare inherited disorder caused by 
genetically impaired enzyme cystathionine-beta-synthase 
in homozygote and shows markedly increased homocy-
steine concentration.27) But decreased activity of methy-
lenetetrahydofolate reductase (MTHFR) occurs quite 
frequently, and showed mild to moderately increased 
homocysteine levels and variable clinical features, in-
cluding vascular disease.28) Vitamin B12, vitamin B6 and 
folate are essential nutritional cofactors in the metabo-
lism of homocysteine.29)30) Low levels of these vitamins 
may result in mild to moderate hyperhomocysteinemia; 
administration of these vitamins reduces homocysteine 
levels. In this study, serum folate and vitamin B12 levels 
were lower in the vasospasm group than in the control 
group. Although the activity of MTHFR was not eva-
luated, the results of this study suggest that relatively low 
levels of these vitamins are associated with increased 
homocyteine levels in patients with coronary vasospasm. 

In conclusion, we demonstrated that serum total homo-
cyteine concentration increased in patients with coronary 
vasospasm. Further studies are needed to explain the 
causal relationship by which another therapeutic moda-
lity for coronary vasospasm can be expected. 
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