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Endothelial dysfunction in the coronary artery contrib-
utes to the pathogenesis of variant angina, and endo-
thelial dysfunction in variant angina may be associated
with increased oxidant stress in the systemic arteries.
We investigated whether endothelial dysfunction exists
in the peripheral artery in patients with variant angina,
and also examined the effect of vitamin C, an antioxi-
dant, on endothelium-dependent vasodilation. Using
high-resolution ultrasound, both the flow-mediated va-
sodilation (FMD, endothelium-dependent vasodilation)
and sublingual nitroglycerin-induced vasodilation
(NTG-D, endothelium-independent vasodilation) in the
brachial artery were measured in 28 patients with vari-
ant angina and 24 control subjects who had normal
coronary arteries. FMD was significantly impaired in
patients with variant angina compared with control sub-
jects (1.8 6 2.2% vs 6.4 6 4.9%, p <0.001). FMD and
NTG-D before and after intravenous administration of
either vitamin C or placebo were measured in 17 pa-

tients with variant angina. FMD significantly improved
after the administration of vitamin C (from 2.2 6 2.4% to
4.5 6 1.6%, p <0.01), but not after adminstration of the
placebo (from 2.0 6 2.6% to 1.7 6 1.9%). The improved
FMD due to vitamin C in patients with variant angina,
however, was not significantly different from that in the
control subjects. NTG-D was not significantly different
between patients with variant angina and control sub-
jects (14.0 6 7.8% vs 13.6 6 5.0%) and it was also not
affected by vitamin C. In conclusion: (1) FMD in the
brachial artery is impaired in patients with variant an-
gina, and (2) the acute administration of the antioxidant,
vitamin C, was observed to reverse this endothelial dys-
function. These findings support the theory that the sys-
temic inactivation of nitric oxide due to oxidative stress
might exist in patients with variant angina. Q2001 by
Excerpta Medica, Inc.

(Am J Cardiol 2001;87:1154–1159)

Coronary artery spasm is involved in the pathogen-
esis of not only variant angina but also of fixed

coronary artery disease, acute myocardial infarction,
and sudden cardiac death. Several factors, including
endothelial injury and/or vascular smooth muscle hy-
persensitivity to vasoconstrictor stimuli, have been
considered to play a role in the mechanism of coro-
nary artery spasm.1 Previous studies have shown that
impaired endothelial function plays an important role
in this abnormal coronary vasoreactivity.1,2 Recent
studies have demonstrated decreased endothelial nitric
oxide activity in the coronary artery to be associated
with the pathogenesis of variant angina.3,4 Decreased
nitric oxide activity in the coronary artery induces
impairment of endothelial-dependent vasodilation
(flow-mediated vasodilation [FMD]). Vitamin C is a
typical water-soluble antioxidant and effectively scav-
enges free radical species. Increased oxidative stress
has been shown to inactivate endothelium-derived ni-
tric oxide. The link of increased oxidative stress and

decreased levels of endothelium-dependent vasodila-
tion has been shown in patients with atherosclerotic
risk factors; of these factors, smoking has been shown
to be a major risk for variant angina and cigarettes
contain large amount of free radicals.5 A recent study
demonstrated that administration of vitamin C atten-
uated abnormal vasomotor reactivity in the coronary
artery in variant angina, thus suggesting that increased
oxidant stress causes endothelial dysfunction in vari-
ant angina.6 However, the effect of vitamin C on
systemic endothelial function in variant angina has not
yet been elucidated. The purpose of the present study
is: (1) to confirm whether or not systemic endothelial
dysfunction exists in variant angina, and (2) to inves-
tigate whether the acute administration of vitamin C
can restore such systemic endothelial dysfunction if
patients with variant angina demonstrate endothelial
dysfunction in the brachial artery.

METHODS
Study populations: This study comprised 2 study

groups. The first study consisted of 28 patients with
variant angina (20 men and 8 women, mean age 596
7 years) and 24 control subjects (17 men and 7
women, mean age 566 12 years) who underwent
coronary angiography and had normal coronary arter-
ies. The second group was comprised of 17 patients
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with variant angina (11 men and 6 women, age 586
6 years). All patients with variant angina had sponta-
neous chest pain at rest and underwent diagnostic
coronary angiography. The diagnosis of variant an-
gina was made if the following criteria were satisfied:
(1) no significant luminal diameter stenosis of a major
branch of coronary artery (,50%) on angiogram, (2)
a documented ST-segment elevation during angina
immediately relieved by sublingual nitroglycerin, or
the presence of coronary spasm induced by intracoro-
nary injection of acetylcholine that was associated
with chest pain and ischemic ST-T changes. The con-
trol subjects underwent diagnostic coronary angiogra-
phy for an evaluation of atypical chest pain or elec-
trocardiographic abnormality; all control subjects had
normal coronary arteries. All vasoactive medications
were withheld for$12 hours before starting the study.
Patients with unstable angina, previous myocardial
infarction, heart failure, or any other serious cardio-
vascular diseases were excluded. Any patients in
whom the administration of vitamin C was inappro-
priate, such as those with renal dysfunction or bron-
chial asthma, were also excluded. Informed consent
was obtained from all subjects.

Brachial artery vasodilator response study: The bra-
chial artery vasodilator responses were measured by
ultrasound techniques that have all been previously
validated.7–12 A 7.5-MHz linear array transducer and
ultrasound machine (SONOS 2000, Hewlett Packard
Company, Andover, Massachusetts) were used to im-
age the brachial artery. All imaging was performed
with the subjects resting in a supine position in a
temperature-controlled room. Patients refrained from
ingesting any beverages containing caffeine or alcohol
and any meals for$12 hours before performing the
brachial vasodilator response study. The brachial
study was performed around 8:00A.M. at all phases of
the present study. The subject’s right arm (the pre-
dominant arm) was comfortably immobilized in an
extended position to image the brachial artery. For
each subject, optimal brachial artery images in a lon-
gitudinal fashion were obtained between 2 and 10 cm
above the antecubital fossa. This location was then
marked, and all subsequent imaging was obtained at
the same location. All images were recorded on super
VHS videotapes for later analysis. First, baseline 2-di-
mensional images were obtained to measure the base-
line arterial diameter. The pulse Doppler blood flow
velocity at baseline was then measured with the signal
at a 60° angle to the artery and the range gate was
adjusted to 1.0 mm and positioned in the center of the
vessel. To induce hyperemia, the blood pressure cuff
was inflated to occlusive pressure ($50 mm Hg over
the systolic blood pressure) at the most proximal po-
sition of the forearm. The artery was occluded for 5
minutes and then the cuff was rapidly deflated. Pulse
Doppler signals were recorded to determine the max-
imal hyperemic flow velocity for the first 15 seconds
after cuff deflation. Two-dimensional images of the
artery during reactive hyperemia were obtained for 60
to 90 seconds after cuff deflation to determine the
flow-mediated vasodilator response.

Nitroglycerin-induced vasodilation (NTG-D), en-
dothelial-independent response, was assessed as fol-
lows: $10 minutes after measuring the brachial vaso-
dilator response (to allow the vessel diameter to return
to prehyperemia size), 2-dimensional images at base-
line, and 3 to 5 minutes after the sublingual adminis-
tration of nitroglycerin (0.3 mg) were obtained.

To measure brachial artery diameter, 2-dimen-
sional images at the same points of the cardiac cycle
that were at peak systole (close to end of the T wave
on the electrocardiogram) were selected and a 10- to
20-mm segment of the artery was identified for anal-
ysis using the anatomic landmark in each patient by
playing back the videocassette recorder. A quantita-
tive coronary artery angiography analysis device (Car-
dio 500, Kontron Elektronik Corp., Munich, Germa-
ny), which contained a digitizing board, was used for
digitizing the artery diameter. Three separate images
were digitized and the average segment diameter was
thus determined. FMD during hyperemia and NTG-D
were determined as the percent change in the artery
diameter. Brachial artery blood flow at baseline and
during reactive hyperemia was obtained by a previ-
ously described method.8,11 Blood flow volume was
calculated by multiplying the vessel cross-sectional
area (pr2) and the velocity-time integral of the Dopp-
ler flow signal using a commercial software package
(SONOS 2000, Hewlett Packard Company). The rel-
ative increase in the blood flow at reactive hyperemia
was calculated as the maximum flow recorded in the
first 15 seconds after cuff deflation divided by the
baseline flow. This technique has been shown to be
reproducible and reliable. A previous study showed
that the intraobserver variability (coefficient of varia-
tion) for repeated measures of vessel diameter to be
,3%.12 All these measurements were performed by
the same investigator to avoid any interobserver vari-
ability; this investigator was blinded to any measure-
ment phases or treatments.

Study protocol: The study patients were allocated
into 2 study protocols. In the first study, the brachial
artery vasodilator responses were evaluated in 28 pa-
tients with variant angina and in 24 control subjects.
In the patients in the first study, the endothelial de-
pendent- and independent-vasodilator responses were
assessed to elucidate whether or not systemic endo-
thelial dysfunction exists in variant angina.

To investigate the effect of vitamin C, 17 patients
with variant angina were assigned to the second study.
The second study consisted of a single, blind, placebo-
controlled crossover design. Brachial artery vasodila-
tor responses to vitamin C and placebo (saline) ad-
ministration were evaluated in 17 patients on separate
days within 1 week. Vitamin C (ascorbic acid; Dai-
ichiseiyaku, Tokyo) was infused via the antecubital
vein (50 mg/min over 20 minutes, total dosage of
1,000 mg). Both the vitamin C and the placebo was
randomly allocated. As a result, 9 patients received
vitamin C, whereas 8 patients received the placebo.
The flow-mediated and nitroglycerin-induced vasodi-
lator responses were assessed before and after intra-
venous vitamin C and placebo administration. In ad-
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dition, 10-ml blood samples were withdrawn from the
antecubital vein before and after vitamin C adminis-
tration. The plasma concentration of vitamin C before
and after administration was determined by high-per-
formance liquid chromatography. FMD, NTG-D, and
the pulse Doppler signal were measured for each
condition (before and during, or shortly after hyper-
emia at baseline; before and during, or shortly after
hyperemia under vitamin C or placebo administration;
before and after sublingual nitroglycerin administra-
tion).

Statistical analysis: All data are expressed as the
mean 6 SD. Student’st test was applied for the
comparison of data in patients with variant angina and
in control subjects. Paired Student’st test was utilized
for comparisons of the data in the subjects taking
vitamin C and the placebo. Frequency distributions
were tested by either chi-square test or Fisher’s exact
probability test. Differences were considered signifi-
cant if the p value was,0.05.

RESULTS
Selected clinical characteristics are shown in Table

1. Generally, there were no significant differences in
the clinical characteristics between patients with vari-
ant angina and control subjects in the 2 study groups.
Age, gender, body mass index, and serum total cho-
lesterol, triglyceride, and high-density lipoprotein
cholesterol levels were almost identical in the patients
with variant angina and the control subjects. The in-
cidences of current smokers and diabetics were
slightly higher in patients with variant angina than in
the control subjects. However, these differences did
not reach statistical significance.

The brachial artery vasodilator response in patients
with variant angina was significantly different from
that in the control subjects. The FMD was signifi-
cantly decreased in patients with variant angina com-
pared with the control subjects (1.86 2.2% vs 6.46
4.9%, p,0.001; Figure 1). However, the NTG-D was

not significantly different between
the patients with variant angina and
the control subjects (14.06 7.8% vs
13.6 6 5.0%). Baseline heart rate,
blood pressure, vessel diameter, and
the calculated brachial blood flow
were not substantially different be-
tween the patients with variant an-
gina and the control subjects. Reac-
tive hyperemic blood flow and the
relative increase in the blood flow at
reactive hyperemia compared with
baseline were also identical (Table
2).

The effect of vitamin C adminis-
tration on the flow-mediated vasodi-
lator response in the brachial artery
in patients with variant angina is
shown in Figure 2. Intravenous vita-
min C administration significantly
increased the flow-mediated, endo-
thelium-dependent, vasodilator re-

sponse in 17 patients with variant angina (2.26 2.4%
to 4.5 6 1.6%, p ,0.01), whereas, no significant
increase was seen in the FMD after placebo adminis-
tration (2.06 2.6% to 1.76 1.9%). In contrast, there
was no significant difference in the sublingual nitro-
glycerin-induced, endothelium-independent, vasodila-
tor response between vitamin C and placebo admin-
istration (17.26 7.1% vs 16.76 6.9%). The im-
proved value of the flow-mediated vasodilator
response by vitamin C in the second study was not
significantly different from that in the control subjects
in the first study. The plasma level of vitamin C
increased significantly after vitamin C administration
(from 27 6 22 to 2286 126 mmol/L, p ,0.001).
Changes in heart rate, blood pressure, baseline vessel
diameter, baseline blood flow, and the relative in-
crease in blood flow at reactive hyperemia, were not
influenced by either vitamin C or placebo administra-
tion (Table 3). In this study, the flow-mediated vaso-
dilator response measurements were repeated twice a
week (before vitamin C and placebo administration)
and the reproducibility obtained from these measure-
ments were found to be acceptable (Figure 3).

DISCUSSION
The present study demonstrated that systemic en-

dothelial dysfunction exists in variant angina and that
the acute administration of vitamin C can restore
systemic endothelial dysfunction. We examined the
FMD of the brachial artery to test whether a systemic
vasomotor dysfunction exists in patients with variant
angina and found the flow-mediated, endothelium-
dependent, vasodilation in the brachial artery to be
significantly decreased in patients with variant angina
compared with control subjects who were matched for
age, gender, vessel diameter, and cardiovascular risk
factors. Because such factors as vessel diameter and
cardiovascular risk factors significantly influence
FMD in the brachial artery,13 factor-matched compar-
isons between patients with variant angina and control

TABLE 1 Characteristics of Study Patients

Patients With Variant Angina
Control
Subjects
(n 5 24)

First Study
(n 5 28)

Second Study
(n 5 17)

Age (yrs) 59 6 7 58 6 6 56 6 12
Men 20 (71%) 11 (65%) 17 (71%)
Body mass index (kg/m2) 22.8 6 3.1 23.3 6 3.4 23.6 6 4.1
Current smoker 16 (57%) 10 (59%) 9 (38%)
Systemic hypertension 6 (21%) 2 (12%) 7 (29%)
Diabetes mellitus 3 (11%) 3 (18%) 1 (4%)
Hyperlipidemia 12 (43%) 6 (35%) 13 (54%)
Total cholesterol (mg/dl) 207 6 29 207 6 35 217 6 40
Triglyceride (mg/dl) 148 6 63 154 6 69 163 6 120
HDL cholesterol (mg/dl) 56 6 17 54 6 15 57 6 14
Fasting blood sugar (mg/dl) 111 6 46 120 6 58 100 6 16

Data are expressed as the mean 6 SD.
Hypertension was defined as blood pressure $160/95 mm Hg; diabetes mellitus was defined as

fasting blood sugar $126 mg/dl; and hyperlipidemia was defined as plasma total cholesterol of $230
mg/dl.

HDL 5 high-density lipoprotein.
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subjects are important, and the present observation of
a decreased endothelial function in the brachial artery
in variant angina is thus substantiated.

Because atherosclerosis is a systemic disorder, en-
dothelial dysfunction can also develop in not only the
coronary artery but also in the systemic artery. Previ-
ous studies have shown that the extent of coronary
artery endothelium-dependent vasoreactivity to ace-

tylcholine or increased shear stress
was closely correlated to that of the
brachial artery flow-mediated vaso-
dilation in patients with suspected
coronary artery disease.7,8 However,
conflicting results have been re-
ported regarding the impairment of
systemic artery endothelial function
in patients with variant angina, al-
though endothelial dysfunction in
the coronary artery has been con-
firmed.3,4 Recently, Ito et al14 re-
ported that the systemic endothelial
function was preserved in patients
with variant angina. However, their
study was limited because the study
population only included men. In ad-
dition, Botker et al15 showed that
there were no significant differences
in the endothelial function in the bra-
chial artery between patients with
variant angina and normal subjects.
This study was also limited because
the study population only included
whites. In contrast, Motoyama et
al16,17 agreed with our findings,
which indicated an impaired endo-
thelial function in the brachial artery
in patients with variant angina. Their
study populations consisted of male
and female patients, who were all
Japanese. Some mutations of endo-
thelial nitric oxide synthase gene
have been reported to be associated
with coronary spasm.18,19These con-
flicting results therefore may be due
to differences in sex, and race and/or
genetic abnormalities in study popu-
lations, although we did not find any
significant differences in the endo-
thelial function due to any gender
differences in the patients with vari-
ant angina in the present study (data
not shown).

This study also showed that acute
intravenous administration of vita-
min C improved FMD of the brachial
artery in patients with variant angina.
Vitamin C had no effect on the base-
line vessel diameter and nitroglycer-
in-induced endothelium-independent
vasodilation. These findings suggest
that vitamin C restores brachial ar-
tery endothelial dysfunction in re-

sponse to an increase in the blood flow. Although the
precise mechanisms of endothelial dysfunction and
the beneficial effect of vitamin C in variant angina
remain undetermined in this study, some possible ex-
planations can be proposed. First, vitamin C is a
potent water soluble antioxidant in human plasma, and
this antioxidant effect helped to improve the endothe-
lial dysfunction. Vitamin C has been shown to be an

FIGURE 2. FMD in patients with angina before and after administration of vitamin C
(left) and a placebo (right). FMD was significantly improved by vitamin C administra-
tion (p <0.01). All data are expressed as mean 6 SD.

TABLE 2 Hemodynamics and Brachial Artery Parameters

Patients With
Variant Angina

(n 5 28)

Control
Subjects
(n 5 24)

Baseline heart rate (beats/min) 62 6 8 69 6 16
Baseline systolic blood pressure (mm Hg) 132 6 18 124 6 17
Baseline diastolic blood pressure (mm Hg) 80 6 10 76 6 11
Baseline vessel diameter (mm) 4.31 6 0.84 3.92 6 0.72
Baseline blood flow (ml/min) 136 6 68 161 6 98
Reactive hyperemic blood flow (ml/min) 542 6 223 554 6 206
Relative increase in blood flow at hyperemia 4.3 6 1.9 4.1 6 1.9

Data are expressed as the mean 6 SD.
Relative increase in blood flow at hyperemia means the ratio of the reactive hyperemic blood flow to

the baseline blood flow.

FIGURE 1. FMD (left) and NTG-D (right) in patients with variant angina and control
subjects. FMD was significantly impaired in patients with variant angina (p <0.001).
All data are expressed as mean 6 SD.
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effective scavenger of free radicals, such as the super-
oxide anion, which rapidly reacts with and breaks
down nitric oxide.20 Second, the acute infusion of
vitamin C resulting in supraphysiologic concentra-
tions improves endothelial-dependent vasodilation in
patients with diabetes,21 hypertension,22 a smoking
habit,23 or hypercholesterolemia24 as well as coronary
artery disease.25 Again, it is possible that vitamin C
ameliorates endothelial dysfunction in variant angina
through the same mechanisms as those conditions
described above. Lastly, vitamin C also plays an im-
portant role in regulating the intracellular redox state
and it might improve the endothelial function through
this mechanism. Vitamin C plays an important role in
regulating the intracellular redox state together with
glutathione. It can also prevent intracellular glutathi-
one from oxidation.26,27 As a result, preserved intra-
cellular glutathione improves endothelial function
probably through an increase in nitric oxide synthesis,
an increased availability of essential cofactors for the
enzyme, and/or through the stabilization of nitric ox-
ide.28

However, increasing evidence still suggests that
vascular oxidative stress might play an important role
in the pathogenesis of variant angina. Recent studies
have demonstrated a significantly lower plasma level
of antioxidant vitamin E in patients with active variant
angina while also showing oral vitamin E administra-

tion to improve impaired endothelial-dependent vaso-
dilation in patients with variant angina.17 Kugiyama et
al6 demonstrated that thiobarbituric acid reactive sub-
stances, a marker of lipid peroxidation, were produced
in coronary circulation during intracoronary acetyl-
choline infusion and the production of thiobarbituric
acid reactive substances is significantly higher in pa-
tients with variant angina than in control patients.

Quite recently, Hirashima et al29 reported that the
plasma levels of vitamin C were significantly lower in
patients with variant angina than in control subjects
and vitamin C improved impairment of FMD in the
brachial artery. Our results agree with their findings. It
is likely that oxidant stress plays a significant role in
the pathogenesis of variant angina while vitamin C
restores the peripheral endothelial dysfunction
through the antioxidant action.

Study limitations: Our results showed that the acute
administration of vitamin C improves endothelial dys-
function in the brachial artery in patients with variant
angina. However, we did not study the effect of vita-
min C on the frequency of anginal attacks or on the
prognosis of variant angina. Quite recently, clinical
studies have shown endothelial dysfunction in the
coronary artery to be closely correlated with cardiac
events in patients with coronary artery disease.30 It is
likely that an amelioration of endothelial dysfunction
can improve the clinical outcome in patients with
variant angina. In addition, the long-term effect of
vitamin C should also be studied in patients with
variant angina. A second limitation of this study is that
we did not separate our study populations into active
or inactive stages of variant angina. It is not clear
whether the activity of variant angina influences the
degree of endothelial dysfunction in patients with
variant angina. This should be clarified in a future
study. However, in 17 patients with variant angina, we
measured the FMD in the brachial artery twice a
week. As shown in Figure 3, the reproducibility of
FMD in the brachial artery in the same patients proved
to be sufficient. Over a short time period, FMD in
patients with variant angina was stable.

Acknowledgment: We sincerely express our grati-
tude to Kimio Satomura, MD, Hirokuni Etsuda, MD,
Hiroyuki Kusano, MD, Yoshihiro Matsushima, MD,
and Takashi Akima, MD, for their support in collect-
ing the data.

FIGURE 3. Relation between the differences in the measurements
of FMD (the first time to the second time) and the mean of those
measurements.

TABLE 3 Effect of Vitamin C on Hemodynamics and Brachial Artery Parameters in Seventeen Patients With Variant Angina

Vitamin C Placebo

Before After Before After

Heart rate (beats/min) 63 6 9 62 6 9 62 6 8 61 6 8
Mean blood pressure (mm Hg) 97 6 8 92 6 8 97 6 8 96 6 7
Baseline vessel diameter (mm) 3.98 6 0.70 3.96 6 0.71 4.01 6 0.69 4.01 6 0.70
Baseline blood flow (ml/min) 103 6 35 97 6 45 99 6 36 92 6 42
Relative increase in blood flow at hyperemia 4.1 6 1.4 4.9 6 2.7 4.1 6 1.5 5.1 6 1.9

Data are expressed as the mean 6 SD.

1158 THE AMERICAN JOURNAL OF CARDIOLOGYT VOL. 87 MAY 15, 2001



1. Ganz P, Alexander RW. New insights into the cellular mechanisms of vaso-
spasm.Am J Cardiol1985;56:11E–15E.
2. Maseri A, Davies G, Hackett D, Kaski JC. Coronary artery spasm and
vasoconstriction: the case for a distinction.Circulation 1990;81:1983–1991.
3. Kugiyama K, Yasue H, Okumura K, Ogawa H, Fujimoto K, Nakao K,
Yoshimura M, Motoyama T, Inobe Y, Kawano H. Nitric oxide activity is
deficient in spasm arteries of patients with coronary spastic angina.Circulation
1996;94:266–271.
4. Kugiyama K, Ohgushi M, Motoyama T, Sugiyama S, Ogawa H, Yoshimura M,
Inobe Y, Hirashima O, Kawano H, Soejima H, Yasue H. Nitric oxide-mediated
flow-dependent dilation is impaired in coronary arteries in patients with coronary
spastic angina.J Am Coll Cardiol1997;30:920–926.
5. Caralis DG, Deligonul U, Kern MJ, Cohen JD. Smoking is s risk factor for
coronary spasm in young women.Circulation 1992;85:905–909.
6. Kugiyama K, Motoyama T, Hirashima O, Ohgushi M, Soejima H, Misumi K,
Kawano H, Miyao Y, Yoshimura M, Ogawa H Yasue H. Vitamin C attenuates
abnormal vasomotor reactivity in spasm coronary arteries in patients with coro-
nary spastic angina.J Am Coll Cardiol1998;32:103–109.
7. Anderson TJ, Uehata A, Gerhard MD, Meredith IT, Knab S, Delagrange D,
Lieberman EH, Gantz P, Creager MA, Yeung AC, Selwyn AP. Close relation of
endothelial function in the human coronary and peripheral circulations.J Am Coll
Cardiol 1995;26:1235–1241.
8. Takase B, Uehata A, Akima T, Nagai T, Nishioka T, Hamabe A, Satomura K,
Ohsuzu F, Kurita A. Endothelium-dependent flow-mediated vasodilation in cor-
onary and brachial arteries in suspected coronary artery disease.Am J Cardiol
1998;82:1535–1539.
9. Celermajer DS, Sorensen KE, Gooch VM, Spiegelhalter DJ, Miller OI,
Sullivan ID, Lloyd JK, Deanfield JE. Non-invasive detection of endothelial
dysfunction in children and adults at risk of atherosclerosis.Lancet1992;340:
1111–1115.
10. Corretti MC, Plotnick GD, Vogel RA. Technical aspects of evaluating
brachial artery endothelium-dependent vasodilatation using high-frequency ultra-
sound.Am J Physiol1995;268:H1397–1404.
11. Etsuda H, Takase B, Uehata A, Kusano H, Hamabe A, Kuhara R, Akima T,
Matsushima Y, Arakawa K, Satomura K, Kurita A, Ohsuzu F. Morning attenu-
ation of endothelium-dependent, flow-mediated dilation in healthy young men:
possible connection to morning peak of cardiac events?Clini Cardiol 1999;22:
417–421.
12. Uehata A, Lieberman EH, Gerhard MD, Anderson TJ, Ganz P, Polak JF,
Creager MA, Yeung AC. Noninvasive assessment of endothelium-dependent
flow-mediated dilation of the brachial artery.Vasc Med1997;2:87–92.
13. Celermajer DS, Sorensen KE, Bull C, Robinson J, Deanfield JE. Endothelial-
dependent dilation in the systemic arteries of asymptomatic subjects related to
coronary risk factors and their interaction.J Am Coll Cardiol 1994;24:1468–
1474.
14. Ito K, Akita H, Kanazawa K, Yamada S, Shiga N, Terashima M, Matsuda Y,
Takai E, Iwai C, Takaoka H, Yokoyama M. Systemic endothelial function is
preserved in men with both active and inactive variant angina pectoris.Am J
Cardiol 1999;84:1347–1349.
15. Botker HE, Sonne HS, Sorensen KE. Frequency of systemic microvascular

dysfunction in syndrome X and in variant angina.Am J Cardiol1996;78:182–
186.
16. Motoyama T, Kawano H, Kugiyama K, Okumura K, Ohgushi M, Yoshimura
M, Hirashima O, Yasue H. Flow-mediated, endothelium-dependent dilatation of
the brachial arteries is impaired in patients with coronary spastic angina.Am
Heart J 1997;133:263–267.
17. Motoyama T, Kawano H, Kugiyama K, Hirashima O, Ohgushi M, Tsunoda
R, Moriyama Y, Miyao Y, Yoshimura M, Ogawa H, Yasue H. Vitamin E
administration improves impairment of endothelium-dependent vasodilation in
patients with coronary spastic angina.J Am Coll Cardiol1998;32:1672–1679.
18. Nakayama M, Yasue H, Yoshimura M, Shimasaki Y, Kugiyama K, Ogawa
H, Motoyama T, Saito Y, Ogawa Y, Miyamoto Y, Nakao K. T-786C mutation in
the 59-flanking region of the endothelial nitric oxide synthase gene is associated
with coronary spasm.Circulation 1999;99:2864–2870.
19. Yoshimura M, Yasue H, Nakayama M, Shimasaki Y, Sumida H, Sugiyama
S, Kugiyama K, Ogawa H, Ogawa Y, Saito Y, Miyamoto Y, Nakao K. A
missense Glu298Asp variant in the endothelial nitric oxide synthase gene is
associated with coronary spasm in the Japanese.Hum Genet1998;103:65–69.
20. Frei B, England L, Ames BN. Ascorbate is an outstanding antioxidant in
human blood plasma.Proc Natl Acad Sci USA1989;86:6377–6381.
21. Ting HH, Timimi FK, Boles KS, Creager SJ, Ganz P, Creager MA. Vitamin
C improves endothelium-dependent vasodilation in patients with non-insulin-
dependent diabetes mellitus.J Clin Invest1996;97:22–28.
22. Taddei S, Virdis A, Ghiadoni L, Magagna A, Salvetti A. Vitamin C improves
endothelium-dependent vasodilation by restoring nitric oxide activity in essential
hypertension.Circulation 1998;97:2222–2229.
23. Heitzer T, Just H, Munzel T. Antioxidant vitamin C improves endothelial
dysfunction in chronic smokers.Circulation 1996;94:6–9.
24. Ting HH, Timimi FK, Haley EA, Roddy MA, Ganz P, Creager MA. Vitamin
C improves endothelium-dependent vasodilation in forearm resistance vessels of
humans with hypercholerolemia.Circulation 1997;95:2617–2622.
25. Gokce N, Keaney JF Jr, Frei B, Holbrook M, Olesiak M, Zachariah BJ,
Leeuwenburgh C, Heinecke JW, Vita JA. Long-term ascorbic acid administration
reverses endothelial vasomotor dysfunction in patients with coronary artery
disease.Circulation 1999;99:3234–3240.
26. Meister A. Glutathione-ascorbic acid antioxidant system in animals.J Biol
Chem1994;269:9397–9400.
27. Frei B. On the role of vitamin C and other antioxidants in atherogenesis and
vascular dysfunction.Proc Soc Exp Biol Med1999;222:196–204.
28. Vita JA, Frei B, Holbrook M, Gokce N, Leaf C, Keaney JF Jr. L-2-
Oxothiazolidine-4-carboxylic acid reverses endothelial dysfunction in patients
with coronary artery disease.J Clin Invest1998 15;101:1408–1414.
29. Hirashima O, Kawano H, Motoyama T, Hirai N, Ohgushi M, Kugiyama K,
Ogawa H, Yasue H. Improvement of endothelial function and insulin sensitivity
with vitamin C in patients with coronary spastic angina.J Am Coll Cardiol
2000;35:1860–1866.
30. Schachinger V, Britten MB, Zeiher AM. Prognostic impact of coronary
vasodilator dysfunction on adverse long-term outcome of coronary heart disease.
Circulation 2000;101:1899–1906.

CORONARY ARTERY DISEASE/BRACHIAL ENDOTHELIAL FUNCTION AND VARIANT ANGINA 1159


