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Abstract

AIM: To assess coronary endothelial function of conduit
and resistance vessels in patients with metabolic syn-
drome (MS).

METHODS: Seventy-eight men (mean age, 57 years)
with chest pain and angiographically normal coronary ar-
teries were included in the study. Patients with coronary
spastic angina were excluded. Changes in coronary artery
diameter and coronary blood flow (CBF) in response to
acetylcholine (ACh) were determined using quantitative
coronary angiography and Doppler velocity measure-
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ments. Coronary flow reserve was calculated as the ratio
of coronary blood velocity after adenosine triphosphate
infusion relative to baseline values. Patients were divided
into two groups based on the presence or absence of MS.

RESULTS: There were 24 patients in the MS group (31%).
The increase in CBF in response to ACh infusion was
impaired in the MS group (P < 0.0001) compared to the
non-MS group, whereas changes in coronary artery diam-
eter in response to ACh infusion did not differ between
the two groups. Multivariate regression analysis revealed
that MS was a significant factor associated with the lesser
change in CBF induced by ACh infusion at 30 pg/min
(P < 0.0001, 7 = 0.46).

CONCLUSION: Coronary endothelial dysfunction was
present at the level of resistance vessels but not conduit
vessels in the MS patients included in our study.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

The metabolic syndrome (MS) is characterized by abdo-
minal obesity, elevated blood pressure, hypertriglycemia,
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low high-density lipoprotein (HDL) cholesterolemia, and
hyperglycemia'l. Several studies have revealed that MS is
a factor that may be responsible for future cardiovascular
events, independent of racial differences™ ™.

Studies have also indicated the presence of endothel-
ial dysfunction assessed using several modalities, such as
positron emission tomography, flow-mediated dilation in
the brachial artery, and venous occlusion plethysmography,
in MS patientspw. However, no studies have investigated
coronary endothelial function using quantitative coronary
angiography and Doppler velocity measurements, which can
provide insight into the dynamic biology of the endothelium
of coronary arteties at the level of conduit and resistance
vessels and can also provide prognostic information for
risk stratification in the later clinical phasem’ls]. Therefore,
we investigated the relationship between coronary endo-
thelial function at the level of conduit and resistance vessels
and the presence of MS in patients with chest pain and
angiographically normal coronary arteries.

MATERIALS AND METHODS

Patient population

Seventy-eight Japanese men who underwent coronary
angiography to evaluate chest pain were included in this
study. All patients had angiographically normal epicardial
coronary arteries, normal left ventricular function (contrast
ventriculographic ejection fraction = 60%), and normal
coronary flow reserve (CFR > 2.0). We excluded patients
with coronaty spastic angina, previous myocardial infar-
ction, left ventricular hypertrophy (LVH), moderate-severe
valvular disease detected by echocardiography (UCG), heart
failure or other serious diseases. Written informed consent
was obtained from all patients ptior to entry into the study.
The protocol was approved by the Ethics Committee of
our institution.

Study protocol

All anti-anginal agents were discontinued at least 48 h
prior to catheterization, except for the unrestricted use of
sublingual nitroglycerin, which was withheld for 1 h prior
to catheterization. Diagnostic left heart catheterization and
coronary angiography were performed using a standard
percutaneous brachial approach. A 6F guide catheter was
introduced into the left main coronary artery. A 0.0014-inch
Doppler flow guidewite (Volcano FloWire; Volcano Thera-
peutics Inc.,, Rancho Cordova, CA) was advanced through
the guide catheter into the proximal segment of the left
anterior descending coronary artery. The wire tip was posi-
tioned in a straight segment of the vessel to obtain a reliable
flow-velocity signal.

After baseline control conditions were established, in-
cremental doses of acetylcholine (ACh) were infused into
the left coronary artery (3 pg/min and 30 pg/min) for
2 min with 5-min intervals between consecutive doses.
After re-establishment of control conditions, nitroglycerin
was infused intracoronatily at the rate of 200 pg/min for
1 min. Finally, adenosine triphosphate (20 ug) was infused.
ACh and nitroglycerin were infused directly into the left
coronary ostium using an infusion pump (IT'E-311; Terumo,
Tokyo, Japan) at the rate of 1 mL/min.
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Coronary angiography was performed under controlled
conditions and at the end of each drug infusion. Coronary
blood flow (CBF) velocity was monitored continuously
using a 12-MHz pulsed Doppler velocimeter (FloMap;
Volcano Therapeutics Inc. Rancho Cordova, CA). Arterial
pressure, heart rate and ECG were monitored continuously
and recorded using a multichannel recorder (Polygraph
1600; Nihon Electric Corporation, Tokyo, Japan).

Quantitative coronary angiography

The method for measuring coronary diameter has been
previously described in detail'™'”. The coronary segment
2 mm distal to the Doppler wire tip was selected for quan-
titative analysis. In each patient, luminal diameters of se-
lected segments of the left anterior descending coronary
artery were measured by a single investigator blinded to
angiographic and clinical data in order to determine the
effects of different drugs on epicardial coronary diameter.
Luminal diameters were measured on an end-diastolic
frame using a computer-assisted coronary angiographic
analysis system (CAAS I /QUANTCOR; Siemens, Betlin
and Munich, Germany). Means of triplicate measure-
ments of luminal diameter were used for analysis. Chang-
es in coronary diameter in response to ACh and nitroglyce-
rin infusions are expressed as percent change from the
baseline measurement on the angiogram obtained prior to
infusion. Intra- and inter-observer variability have previ-
ously been reported to be excellent!'”,

Estimation of coronary blood flow and coronary flow
reserve

CBF was calculated as the product of CBF velocity and
vessel diameter using the following formula: T X average
peak velocity X 0.125 X diameter”. For CBF calculations,
the internal diameter of the vessel at the location of the
flow measurements (2 mm distal to the wire tip) was meas-
ured using the method desctibed above. CFR was calculated
as the ratio of CBF velocity after an adenosine triphosphate
infusion to the baseline velocity.

The definition of metabolic syndrome

The presence of MS was determined according to the final
report of the National Cholesterol Education Program’s
Adult Treatment Panel Il criteria. The above-mentioned
criteria may not be suitable for determining abdominal
obesity in Japanese patients; therefore, we adopted the Japa-
nese criteria for abdominal obesity (waist citcumference =
85 cm in men) in the present study. Consequently, we de-
fined MS as the presence of at least three of the following
factors: (1) waist citcumference = 85 cm; (2) fasting triglyc-
etides > 150 mg/dL; (3) HDL cholesterol < 40 mg/dL;
(4) hypertension (systolic blood pressure = 130 mmHg
and/or diastolic blood pressure = 85 mmHg, or use of
antihypertensive drug therapy); and (5) fasting glucose =
110 mg/dL. The patients were divided into the following
two groups based on the presence or absence of MS: the
MS group comprising patients with MS and the non-MS
group comprising patients without MS. In addition, the MS
score was defined as the sum of the MS factors (0-5) that
were present.

July 26,2010 | Volume 2 | Issue 7 |



Teragawa H et a/. Coronary endothelial dysfunction in metabolic syndrome

Variables MS group  Non-MS group P value Variables MS group Non-MS group P value
n (%) 24 (31) 56 (69) Other risk factors
Age (yr) 5742 57+2 NS Smoking 13 (54) 16 (35) NS
Body mass index (kg/m®) 264+ 0.6 243 +0.3 0.0089 Hypercholesterolemia' 6 (25) 10 (18) NS
Waist circumference (cm) 920+1 86+1 0.0114 Total cholesterol (mg/dL) 2067 194+5 NS
MS risk factors, 1 (%) Triglyceride (mg/dL) 205+17 157 £ 11 0.0218
Abdominal obesity 22 (92) 32 (59) 0.0042 HDL cholesterol (mg/dL) 443 522 0.0204
Elevated triglyceride 18 (75) 22 (41) 0.0012 LDL cholesterol (mg/dL) 121+6 111 +4 NS
Low HDL cholesterol 11 (46) 5 (9) 0.0002 Diabetes mellitus 5(21) 5(9) 0.0189
Hypertension 17 (71) 15 (28) 0.0004 Fasting blood sugar (mg/dL) 107+3 982 0.0189
Hyperglycemia 11 (46) 8 (15) 0.0032 Hemoglobin A1C 57+01 54+01 0.0445
Average MS score 33401 15401 <0.0001 HOMA-IR 25+0.2 17+£01  0.0046
C-reactive protein (mgl/L) 1.7+03 1.3+0.2 NS
MS: Metabolic syndrome; NS: Not significant; HDL: High-density lipo- Medications
. ! / Statins 1(4) 6 (11) NS
protein. ACIor ARB 28) 1Q) NS

Other parameters

In each patient, total cholesterol, triglycerides, HDL.-
cholesterol, low-density lipoprotein cholesterol, glucose,
insulin, hemoglobin A1C, and high-sensitive C-reactive
protein (CRP) were measured. The homeostasis model
assessment-insulin resistance (HOMA-IR) index was cal-
culated as the fasting glucose (mg/dL) X fasting insulin
level (uU/mL)/405.

Statistical analysis

All data were expressed as mean * SE. Baseline cha-
racteristics of the two groups were compared with Student’s
unpaired £test or by Xz analysis, as appropriate. Serial
changes in hemodynamic variables and changes in coronary
vasoreactivity in response to drug infusion were compared
using a one-way analysis of variance. If the analysis of
variance showed a significant difference between means, the
level of significance was determined by contrast analysis.
Serial percent changes in the coronary vascular response
to ACh infusion were compared between groups using a
two-way analysis of variance. We used Spearman’s rank
correlation to investigate the relationship between the MS
score and change in CBF induced by ACh infusion. We
performed uni- and multivariate regression analyses to
identify factors associated with percent changes in CBF
induced by ACh. A P value < 0.05 indicated statistical
significance.

RESULTS

Patients’ characteristics and biochemical parameters
The patients’ characteristics ate indicated in Table 1. There
were 24 patients with MS (31%). Body mass index, waist
circumference and the frequency of having each MS factor
were higher in the MS group than in the non-MS group.
The average MS score was significantly higher in the MS
group than in the non-MS group.

Data for other conventional risk factors, including
biochemical parameters and medications taken, are also
indicated in Table 2. The triglyceride, fasting blood sugar,
hemoglobin A1C, and HOMA-IR levels were higher in
the MS group and the level of HDL cholesterol was lower
in the MS group compared with the non-MS group. The
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'On therapy and/or low-density lipoprotein (LDL)-cholesterol = 140
mg/dL. MS: Metabolic syndrome; NS: Not significant; HDL: High-density
lipoprotein; HOMA-IR: Homeostasis of assessment-insulin resistance;
ACI: Angiotensin-converting enzyme inhibitor; ARB: Angiotensin receptor
blocker.

frequency of medication intake was similar in the two

groups.

Results of coronary vasoreactivity

The results of hemodynamics and cotonaty vasoreactiv-
ity are indicated in Table 3. The mean blood pressure was
higher in the MS group. The baseline coronary artery diam-
eter and CBF were similar in the two groups. Changes in
coronary artery diameter in response to ACh infusion and
NTG-induced coronary dilation also did not differ between
the two groups (Figure 1 and Table 3). However, the in-
crease in CBF in response to ACh infusion was impaired in
the MS group compared to the non-MS group (P < 0.0001,
Table 3 and Figure 2). However, CFR did not differ be-
tween the two groups (Table 3). Statistical significance be-
tween the MS and non-MS groups was more prominent in
percent change in CBF induced by ACh infusion at a dose
of 30 pg/ min, and subsequent analyses were performed
using this value. The total MS scores were negatively associ-
ated with the increase in CBF in response to infusion of
ACh at 30 pg/min (= -0.51, P < 0.0001, Figure 3).

Factors responsible for coronary microvascular
endothelial dysfunction

Analysis of individual MS factors indicated that elevated
triglycerides (P = 0.0246), low HDL cholesterol (0.0409),
elevated blood pressure (0.0032), and hyperglycemia (P =
0.0309) were associated with a lower change in CBF in re-
sponse ACh infusion at 30 pg/min. Univariate analysis re-
vealed that the presence of MS (P < 0.0001), reduced CFR
(P = 0.0003) and an elevated CRP level (P = 0.0027) were
associated with a lower CBF response induced by ACh infu-
sion at 30 pg/min; a high heart rate at baseline also tended
to be associated with the reduced response. Multivariate re-
gression analysis using these parameters demonstrated that
the presence of MS (P < 0.0001) as well as reduced CFR
(P = 0.0005) and elevated CRP (P = 0.0234) were signifi-
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Variables MS group Non-MS group
Value % change Value % change
Baseline mean blood pressure (mmHg) 111 +2° 104 +2
Baseline heart rate (/min) 67 +2 64+1
Coronary diameter (mm)
Baseline 3.26 £0.11 0 3.11+0.07 0
ACh at 3 pg/min 3.30+£0.12 16+14 3.18 £0.08 26+0.7
ACh at 30 pg/min 323+0.13 -05+1.9 3.08 £0.09 -05+1.3
Nitroglycerin 3.67 £0.12 13.9+23 3.54 +0.08 147+1.6
Coronary blood flow (mL/min)
Baseline 77+6 0 65+4 0
ACh at 3 ug/min 110 +14 38+9" 114+9 73+6
ACh at 30 pg/min 137 +20° 82 +18" 190 £13 198 12
Coronary flow reserve 33+0.2 3.6+0.1

MS: Metabolic syndrome; ACh: Acetylcholine. °P < 0.05 vs values in non-MS group; °P < 0.01, P < 0.001 vs

% change in non-MS group.
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Figure 1 Percentage changes in epicardial coronary artery diameter in re-
sponse to acetylcholine infusion. The changes in coronary artery diameter in
response to acetylcholine infusion were similar between patients with metabolic
syndrome (MS; solid circles) and patients without MS (open circles). Vertical bars
represent SE. NS: Not significant.

cant factors associated with the reduced CBF response

induced by ACh infusion at 30 pg/min (7 = 0.46, Table 4).

DISCUSSION

The present study revealed that coronary endothelial fun-
ction at the level of resistance vessels is impaired in MS
patients while that at the level of conduit vessels is simi-
lar among both MS and non-MS patients. Multivariate
regression analysis demonstrated that the presence of MS
was a significant factor associated with impaired coronary
endothelial function at the level of resistance vessels.

Many reported studies have used several modalities
to investigate the relationship between MS and coronary
microvascular circulation. PET analysis has revealed that
the increase in myocardial blood flow in response to a cold
pressor test is impaired in MS patients', indicating the
presence of coronary microvascular endothelial dysfunc-
tion; this is in accordance with the results obtained in the
present study. On the other hand, Pirat e al™ using UCG,
have reported an impaired CFR in the LAD of coronary
arteries in patients with MS. Furthermore, Turhan e al™”
reported an impaired CBF using the Thrombolysis in My-
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Figure 2 Percentage changes in coronary blood flow in response to acetyl-
choline infusion. The increase in coronary blood flow in response to acetylcho-
line infusion was attenuated in metabolic syndrome (MS) patients (solid circles)
relative to non-MS patients (open circles). Vertical bars represent SE.

ocardial Infarction frame count method in MS patients
with angiographically normal coronary arteries. The pu-
rpose of the present study was to assess ACh-induced
coronary vasomotion and circulation, and thus our study
protocol excluded patients with several conditions, such as
severely reduced CEFR (< 2.0) or LVH, which are frequently
observed in MS patients. Therefore, differences in patient
selection and other patient characteristics may contribute to
the discrepancy in the results. In all the above-mentioned
studies, the presence of coronary endothelial dysfunction
at the level of the resistance vessels was shown in MS
patients; however, no studies have investigated coronary
endothelial function at the level of the conduit vessels
in MS patients. The present study revealed that coronary
endothelial function at the level of the conduit vessels was
not reduced in response to ACh. This finding suggests that
coronary endothelial function at the level of the resistance
vessels is impaired earlier and is more prominent than that
at the level of conduit vessels. The patients in our study
exhibited chest symptoms, even in the non-MS group, and
it was not clarified whether coronary endothelial function,
especially at the level of the conduit vessels, was preserved
in such patients. Nonetheless, the finding that coronary
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Figure 3 Relationship between the change in coronary blood flow induced by
acetylcholine at 30 ug/min and the total metabolic syndrome score. The total
metabolic syndrome score was inversely associated with the change in coronary
blood flow induced by acetylcholine infusion at 30 ug/min (r = -0.51, P < 0.0001).
MS: Metabolic syndrome.

microvascular endothelial dysfunction was severely im-
paired in the MS group is certain and clarifies the impact
of MS on pathogenesis of the coronary artery vasculature.
If the degree of MS is severe and its duration is longer,
coronary endothelial dysfunction at the level of conduit
vessels may be evident after the establishment of coronary
microvascular endothelial dysfunction.

There are several possible mechanisms responsible
for MS-induced coronary endothelial dysfunction. Several
studies have revealed that insulin resistance may induce
endothelial dysfunction mediated by oxidative stress”"”
and decreases in insulin-dependent activation of endothe-
lial nitric oxide synthase (eNOS)*". Furthermore, it has
been reported that adiponectin may play a role in the
phosphorylation of eNOS™ and reduced adiponectin,
which is often recognized in MS patients, may lead to
endothelial dysfunction. In addition, it has been reported
that pericardial fat tissue, which is increased in MS patients,
discharges several cytokines systemically and locally™**,
indicating the possibility that impairment of coronary
endothelial function may be caused by pericardial fat tissue.
These mechanisms may solely and/or multifactorially contt-
ibute to coronary endothelial dysfunction in MS patients.

The present study revealed that coronary endothelial
dysfunction at the level of resistance vessels was more
prominent than that at the level of conduit vessels in MS
patients. Until now, there has been no data available indic-
ating which is the stronger factor; i.e. coronary endothelial
dysfunction at the level of conduit vessels or at that of
resistance vessels, affecting future cardiovascular events.
However, Halcox ¢z al™” have reported that if coronary
endothelial dysfunction is present either at the level of
conduit or resistance vessels, future cardiovascular events
occur mote frequently. Thus, the finding that coronary
microvascular endothelial dysfunction is more prominent
in MS patients may provide important information clar-
ifying the pathogenesis of MS-induced cardiovascular
events. The present study also demonstrated that coronary
microvascular endothelial function declined in association
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Variables % change in coronary blood flow induced by
ACh 30 pg/min
¢ value P value
Presence of MS -5.07 <0.0001
Coronary flow reserve 3.62 0.0005
C-reactive protein -2.76 0.0073
Baseline heart rate -1.13 0.262

ACh: Acetylcholine; MS: Metabolic syndrome.

with increased total MS score, even in non-MS patients
with a moderate MS score such as 2; careful follow-up may
be needed for such subjects.

There are several limitations to the present study. First,
all the patients in our study had chest symptoms and had
undergone coronary angiography; thus, they may represent
a specific group. In addition, MS patients met the minimal
criteria for MS and several non-MS patients also had a
moderate MS score. Therefore, the results of the present
study may not always represent endothelial function in all
MS patients. Second, our data showed that CFR was not
different in the two groups. However, we excluded patie-
nts with a CFR < 2.0 and/or LVH in order to accurately
measure ACh-induced coronary circulation. However, in
general, many such patients may be regarded as MS patients.
If we had added them in the MS group in the present study,
CFR in the MS group might have been lower than that in
the non-MS group. There have been many studies showing
impaired CFR in patients with MS""*” and we do not mean
to imply that CFR is preserved in MS patients. Finally,
we did not measure biochemical parameters associated
with MS, such as adiponectin, interleukin-6 and tumor
necrotizing factor-a.. Therefore, we cannot report on the
precise mechanisms of MS-induced coronary microvascular
endothelial dysfunction in the present study.

In conclusion, these findings suggest that coronary
microvascular endothelial dysfunction is present in MS
patients who have chest pain but angiographically normal
coronary arteries. Such coronary microvascular endothelial
dysfunction may be involved in the pathogenesis of MS-
induced cardiovascular events.
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Background

Metabolic syndrome (MS) is a major cause of future cardiovascular events.
Endothelial dysfunction is thought to be involved in the pathogenesis of MS-
induced cardiovascular events. However, coronary endothelial function in patients
with MS remains to be elucidated.
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Research frontiers

The purpose of the present study was to assess the coronary endothelial function
of the conduit and resistance vessels in patients with MS and angiographically
normal coronary arteries.

Innovations and breakthroughs

Several studies investigating coronary endothelial function in patients with
MS have been reported and their results have identified coronary endothelial
dysfunction at the level of the resistance vessels. However, no study has
investigated coronary endothelial function at the level of the conduit vessels.
Quantitative coronary angiography and Doppler velocity measurements, which
we adopted in the present study, can assess coronary endothelial function
at the levels of the conduit and resistance vessels simultaneously. Our study
demonstrates that the increase in coronary blood flow in response to acetylcholine
(ACh) infusion was impaired in MS patients compared with non-MS patients,
whereas changes in coronary artery diameter in response to ACh infusion did not
differ between the two groups. These findings suggest that coronary endothelial
function at the level of the resistance vessels is impaired earlier and is more
prominent than that at the level of the conduit vessels.

Applications

These findings suggest that coronary microvascular endothelial dysfunction is
present in MS patients who have chest pain but angiographically normal coronary
arteries. Such coronary microvascular endothelial dysfunction may provide a vital
evidence for the pathogenesis of MS-induced cardiovascular events.

Peer review
This is an interesting study confirming previous findings on how MS affects
coronary function.
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