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CONCLUSIONS

This study examined whether endothelial dysfunction in the brachial artery might be
associated with late in-stent restenosis (ISR) after percutaneous coronary intervention (PCI).
Simple and noninvasive identification of late ISR might help to select patients who require
further angiographic evaluation.

Endothelium-dependent flow-mediated dilation (FMD) of the brachial artery was measured
before (initial FMD) and at six months (follow-up FMD) after PCI in 141 consecutive
patients who had elective and successful PCI with bare metal stents in de novo lesions of
native coronary arteries for symptomatic coronary artery disease. Follow-up angtography was
performed at six months after PCI in all patients.

With multivariate logistic regression analysis, the impairment (=4.8% dilation from baseline
diameter) of FMD at follow-up showed the strongest association with late ISR (defined as
>50% diameter stenosis, n = 46) independently of other clinical and angiographic variables
known to be associated with ISR (odds ratio 7.4, 95% confidence interval 2.8 to 19.2, p <
0.001), whereas the initial FMD did not have the association. The sensitivity of impaired
FMD at follow-up (69%) in detecting ISR was higher than chest pain during the follow-up
penod (45%), with comparable specificity. The impaired FMD in combination with the chest

pain increased the sensitivity to 90%.

Thc impairment of FMD in the brachial artery at the time of follow-up was independently
and closely associated with late ISR in native coronary arteries. The noninvasive assessment
of FMD at the time of follow-up might be useful for identification of late ISR.  (J Am Coll

Cardiol 2005;46:648-55) © 2005 by the American College of Cardiology Foundation

In-stent restenosis (ISR), although less frequent than post-
angioplasty restenosis, remains a clinical problem, because
there is increasing use of coronary stents for the treatment of
coronary artery disease (CAD). When chest pain develops
during the follow-up period after stenting, patients might
be recommended for angiographic evaluation to detect ISR
or another coronary stenosis; however, several reports (1-3)
have shown that approximately 50% of patients remain
asymptomatic when restenosis occurs; thus, chest pain after
percutaneous coronary intervention (PCI) is a poor indica-
tor of restenosis. Therefore, a simple and noninvasive
method for identifying late restenosis after PCI might help
to select patients who require further angiographic
evaluation.

The vascular endothelium suppresses intimal hyperplasia
(4,5), an essential pathological feature of ISR (6,7). Fur-
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thermore, it has been shown that endothelial dysfunction in
systemic arteries is a strong predictor of future coronary
events (8,9). Thus, endothelial vasomotor dysfunction in
systemic arteries in patients with coronary stenting might be
associated with the development of ISR. In this study, we
evaluated the uscfulness of measuring endothelium-
dependent dilation of the brachial artery for the identifica-
tion of ISR.

METHODS

Study patients. This study included 141 consecutive pa-
tients who had elective and successful PCI of de novo
lesions with bare metal stents in native coronary arteries for
symptomatic CAD and follow-up coronary angiography at
six months after the PCI at Yamanashi University Hospital.
Patients who had acute coronary syndrome, stroke, or other
serious diseases occurring during the six-month follow-up
periods were excluded. Patients with congestive heart fail-
ure, left main trunk disease, and other serious systemic
diseases were also excluded. This study also included 48
control subjects with angiographically normal coronary ar-
teries and normal ventriculography. These control subjects
were sclected to match the age and gender of the patients
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Abbreviations and Acronyms

CAD = coronary artery disease
ECG = electrocardiography
FMD = flow-mediated dilation

HDL-C = high-density lipoprotein cholesterol

hsCRP = high-sensitivity C-reactive protein

ISR = in-stent restenosis

MLD = minimal lumen diameter

PCI = percutaneous coronary intervention

TLR = target lesions revascularization (defined as

repeat percutaneous coronary intervention of
the original stented target lesions)

with PCI, and they were studied to compare endothelial
vasomotor function with that of the PCI patients. The
characteristics of the patients and control subjects are shown
in Table 1. All patients were informed that the follow-up
angiography would be required, regardless of ischemia/
anginal symptoms, according to the study protocol. Written
informed consent was obtained from all patients and control
subjects before the study. This study was in agreement with
the guidelines approved by the ethics committee at our
institution.

Study protocol. Measurement of flow-mediated dilation
(FMD) in the brachial artery was performed in the morning
after an overnight fast in the same manner in all study patients,
within three days before the PCI and within three days before
the follow-up coronary angiography, at the end of the six-
month follow-up period. An exercise treadmill electrocardio-
graphic (ECG) test was performed in the morning after
overnight fasting a day before the follow-up FMD. Vasodila-
tors, including calcium blockers, angiotensin-converting en-
zyme inhibitors, and angiotensin receptor blockers were
withdrawn 48 h before the FMD measurement and the
exercise stress test. Beta-blockers were discontinued more
than 12 h before the FMD measurement and the exercise
stress test. Sublingual nitroglycerin was allowed to be used
when ischemia/anginal symptoms were developed. All of
the examinations were performed during hospital stay at
Yamanashi University Hospital. The ECG was continu-
ously and carefully monitored during the hospital stay to
ensure the safety of the patients. All patients were routinely
questioned for the presence or absence of chest pain during
the six-month follow-up period according to Canadian
Cardiovascular Society angina classification class (10) by
investigators (Drs. Saito and Fujioka) without knowledge of
the follow-up angiographic results. In addition, physical
activity (average min/day), especially leisure-time activity,
was assessed with a questionnaire at the end of the
follow-up period. All of the patients received standard
medical therapy during the follow-up period. Venous blood
was obtained from all patients immediately before FMD
measurement. High-sensitivity C-reactive protein (hsCRP)
levels in the serum were assayed by rate nephelometry (Dade
Behring, Marburg, Germany).
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PCI. Coronary angioplasty was performed with the Judkins
technique without intracoronary ultrasound scanning guid-
ance under systemic heparinization and oral administration
of aspirin and ticlopidine. The stent type and inflation
pressure were chosen at the discretion of the physicians
(Drs. Takano, Umetani, and Obata), who were blinded to
the study protocol and the data regarding FMD. Rotablator
and directional atherectomy were not performed in the
stented coronary lesions in any study patients. Procedural
success was defined as a residual lumen narrowing <20%.
After PCI, patients received aspirin (100 mg/day) indefi-
nitely and ticlopidine (200 mg/day) at least for four weeks.
Original stented target lesions revascularization (TLR) was
defined as repeated PCI or surgical bypass of the original
stented lesions and was performed in the presence of ISR
and any symptoms or objective signs of myocardial isch-
emia. Even if the symptoms or the objective signs were
absent, TLR was performed in the presence of =75%
diameter stenosis in the stented lesions.

Quantitative coronary angiography. All patients had cor-
onary angiography before and immediately after PCI and at
the planned six-month follow-up in multiple projections
after intracoronary injection of 1 mg of isosobide dinitrate.
Quantitative coronary angiography was conducted with the
projection that revealed the highest degree of stenosis.
Measurements were performed with CARDIOS500 (Kon-
tron Instruments Inc., Everett, Massachusetts) by operators
(Drs. Ichigi and Mende) who were blinded to the FMD
data. Lesion length, reference lumen diameter, minimal
lumen diameter (MLD), stented segment length, and di-
ameter stenosis were measured with an automated edge-
detection system. Late lumen loss was defined as the
difference between the post-PCI MLD and the MLD at the
six-month follow-up. When a lesion was totally occluded,
the lesion length was measured after opening the occlusion,
In-stent restenosis was defined as >50% diameter stenosis
at the stented site on the follow-up angiogram. Patients that
required stents in multilesions were classified as positive for
ISR, if it occurred in at least one lesion. The lesion with the
greatest lumen loss was analyzed in patients with multi-
lesions intervention.

Measurements of FMD in the brachial artery. Vasodila-
tor responses in the brachial arteries were measured with
B-mode ultrasound images with a 7.5-MHz linear array
transducer (HP-5500, Phillips Corp., Tokyo, Japan), as
validated in our previous studies (11,12). Measurements
were performed by two observers (Drs. Nakamura and
Kitta) who were blinded to the coronary angiography data.
The brachial artery was scanned in the antecubital fossa in
a longitudinal fashion. Optimal brachial artery images were
obtained between 1 and 5 cm above the antecubital crease.
This location was marked, and all subsequent images were
obtained at the same location. The exact distance of the
measured point of the skin surface from the antecubital
crease was recorded in each subject to ensure that the same
segment of the brachial artery was measured at each time
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point during follow-up. The gain setting was optimized at
the beginning of the study and was kept constant through-
out the recording period. After baseline measurements of
the diameter and flow velocity in the brachial artery, a blood
pressure cuff was placed around the forearm and inflated to
a pressure of 250 to 300 mm Hg for 5 min and then
released. Diameter measurements during reactive hyperemia
were taken 45 to 90 s after cuff deflation. Then, sublingual
nitroglycerin (0.3 mg) was administered, and three min
later, the measurements were repeated. Images were re-
corded on a super-VHS videocassette recorder (model
BR-5601M, Victor Corp., Tokyo, Japan), and brachial
arterial diameters were measured from the tape with ultra-
sonic calipers as described previously (11,12). The response
of the vessel diameter to reactive hyperemia and nitroglyc-
erin were expressed as a percentage increase in diameter
from the baseline value. The diameter responses were
assessed at three points along a 10-mm length of the artery,
and the diameter responses were averaged. Blood flow was
calculated by multiplying the velocity-time integral of the
Doppler flow signal by heart rate and the vessel cross-
sectional area. The increase in brachial blood flow was
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calculated as the maximum flow recorded in the first 15 s
after cuff deflation and was expressed as a percentage
increase in flow from the baseline value.

Exercise stress test. Symptom-limited treadmill exercise
testing was performed with the Bruce protocol while re-
cording a 12-lead ECG in 116 (82%) patients in the
morning after overnight fasting at the end of the six-month
follow-up period. The remaining 25 (18%) patients could
not have the exercise stress test because of disability. A cuff
blood pressure was recorded every min before and during
exercise. Vasodilators and beta-blockers were discontinued
more than 12 h before the exercise test. The exercise stress
test was considered positive if >0.1 mV ST-segment
depression occurred with or without chest pain.

Statistical analysis. Data are expressed as mean * SD
unless otherwise indicated. The mean value and frequency
between two groups were compared with the Student
unpaired # test and chi-square analysis, respectively. The
mean values among three groups were compared with
one-way analysis of variance, followed by a Scheffe test for
post-hoc comparisons between groups. Chi-square test
followed by Tukey test was used for comparing frequencies

Table 1. Comparisons of Clinical, Lesion, and Procedural Variables at Baseline Between

Patients With and Without ISR

Controls With ISR Without ISR
(n = 48) (n = 46) (n = 95)
Clinical variables
Age (yrs) 65 *+ 12 66 = 13 65 12
Male (%) 69 66 69
Hypertension (%) 40 69* 73*
Diabetes mellitus (%) 17 32 29
Smoker (36) 23 41 34
Family history (%) 18 20 20
Total cholesterol (mg/dl) 200 * 38 198 = 29 200 £ 40
LDL cholesterol (mg/dl) 118 = 32 119 % 29 122 £33
HDL cholesterol (mg/dl) 58 + 13 51+14 50 + 12*
HbA1lc (mg/dl) 54 +0.8 62+ 1.7 5.8+13
hsCRP (mg/dl) 0.12 = 0.09 0.23 + 0.15* 0.22 +0.13*
Prior myocardial infarction (%) 15 13
Lesion variables
LAD intervention (%) 67 51
ACC/AHA lesion type B2/C (%) 66 42
Infarct-related artery (%) 50 31t
Multivessel disease (%) 36 37
Multivessel intervention (%) 10 10
Multilesion intervention (%) 31 11%
Chronic total occlusion (%) 5 5
Number of stents 1.3+04 1.1+03
Coil stent (%) 9 7
Measurement with quantitative coronaty angiography :
Stented segment length (mm) 19+ 45 17 £ 4.7
Reference diameter (mm) 2.97 + 0.48 3.05 £ 0.73
MLD before PCI (mm) 0.59 * 0.05 0.64 + 0.59
MLD after PCI (inm) 2.35 * 0.48 2.52 + 0.67
Lesion length (mm) 12.7 £ 437 10.9 * 4.031

*p < 0.05 versus control subjects, tp < 0.05, p < 0.01 versus with ISR; hypertension, =140/90 mm Hg or taking an
antihypertensive medication; smoking, =10 cigarettes/day for =10 years; diabetes mellitus, defined according to the American
Diabetes Association report or as taking an antidiabetic medication. Data are expressed as mean + SD or percentage of the patients.

ACC/AHA = American College of Cardiology/American Heart Association; HDL = high-density lipoprotein; HbAlc =
glycosylated hemoglobin; hsCRP = high-sensitivity C-reactive protein; ISR = in-stent restenosis; LAD = left anterior
descending; LDL = low-density lipoprotein; MLD = minimal lumen diameter; PCI = percutaneous coronary intervention.



JACC Vol. 46, No. 4, 2005
August 16, 2005:648-55

among three groups. Comparisons of FMD in patients with
coronary stenting were performed with two-way analysis of
variance for repeated measures, followed by post-hoc testing
with a Scheffe test. The correlation of FMD with risk factor
profiles was examined by linear regression analysis. The
assessment of independent association of late ISR and TLR
with the impairment of the follow-up FMD was performed
with multivariate logistic regression analysis that included
the following factors as categorical variables: impairment of
the follow-up FMD (=4.8%, obtained from receiver-
operator characteristic analysis of FMD in the study pa-
tients), chest pain, positive exercise ECG test, infarct-
related artery, lesion length (=10 mm, arbitrarily defined as
the 50th percentile of the distribution of the length in the
study patients), multiple lesions with stenting, stented
segment length (=18 mm, arbitrarily defined as the 50th
percentile of the distribution of the length in the study
patients). All these variables had a significant relationship
with late ISR in the Student unpaired ¢ test or chi-square
analysis. Statistical significance was defined as p < 0.05.
Analyses were assessed, in part, with StatView 5.0 for
Windows (Tokyo, Japan).

RESULTS

Comparisons of clinical characteristics between patients
with and without ISR. In-stent restenosis was found in 46
(33%) patients at the follow-up coronary angiography.
Patients with and without ISR had comparable clinical
characteristics, including coronary risk factors and frequen-
cies of each of the cardiac medications before PCI and
during the six-month follow-up (Tables 1, 2, and 3). Also,
frequencies of newly started or increased cardiac medica-
tions immediately after PCI were not significantly different
between patients with and without ISR (Table 2). Levels of
total cholesterol, high-density lipoprotein cholesterol
(HDL-C), glycosylated hemoglobin (HbA1lc), high-
sensitivity C-reactive protein (hsCRP), systolic blood pres-
sure, and body mass index at follow-up were improved
compared with baseline in both groups of patients, and
there was a reduction in the number of smokers and an
increase in leisure-time physical activity, mainly by walking
(=30 min/day increase from baseline activity for >1 month)
during the treatment periods in both groups (Table 3).
These favorable changes, however, were not significantly
different between patients with and without ISR (Table 3).
During the six-month foﬂow—up period, chest pain occurred
in 21 (46%) of 46 patients with ISR and in 12 (13%) of the
95 patients without ISR (p < 0.01), as shown in Table 3.
Although all of the study patients had the follow-up
angiography and the discontinuation of the vasodilators
before the measurements, according to the study protocol,
there was neither an adverse complication nor refractory
myocardial ischemia associated with the examinations in
any patients.
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Table 2. Comparisons of Frequency in Use of Medications
Before PCI, Newly Added or Increased Immediately After PCI,
and Medications During the Follow-Up Period

With ISR Without ISR

(n = 46) (n = 95)
Medications before PCI
Statin (%) 14 10
ACE-I (%) .6 10
ARB (%) 11 9
Calcium channel blocker (%) 20 22
Beta-blocker (96) 4 5
Aspirin (%) 50 42
Ticlopidine (%) 39 34
Sulfonylurea (%) 11 7
Insulin (%) 4 2
Medications added or increased after
PCl1
Statin (%) 26 23
ACE-I (%) 26 33
ARB (%) 17 14
Calcium channel blocker (%) 43 45
Beta-blocker (%) 22 23
Aspirin (%) 50 58
Ticlopidine (%) 51 58
Sulfonylurea (%) 2 3
Insulin (%) 4 2
Medications during the follow-up period
Statin (%) 38 32
ACE-I (%) 31 42
ARB (%) 28 19
Calcium channel blocker (%) 62 65
Beta-blocker (%) 26 27
Aspirin (%) 100 100
Ticlopidine (%) 90 92
Sulfonylurea (%) 13 10
Insulin (%%) 9 4

There was no statistical difference in frequencies of medications between the two

groups.
ACE-1 = angiotensin-converting enzyme inhibitors; ARB = angiotensin receptor
blockers; ISR = in-stent restenosis; PCI = percutaneous coronary intervention.

Quantitative coronary angiography. Patients with ISR
had a higher prevalence of infarct-related artery and multi-
ple lesions with stenting, longer stented segment length,
and longer lesion length at the time of the stenting than
those without ISR (Table 1). Target lesions revasculariza-
tion at the six-month follow-up angiography was performed
with PCI in 36 (78%) patients with ISR. Percutaneous
coronary intervention for coronary segments other than the
stented segments was performed at the six-month follow-up
angiography in 5 (11%) patients with ISR and 8 (8%)
patients without ISR {p = NS).

Exercise treadmill ECG test. The exercise ECG test was
performed in 41 (89%) patients with ISR and 75 (79%)
patients without ISR (p = NS). Among patients who had
the exercise stress test, the test was positive in 22 (54%)
patients with ISR and 17 (23%) patients without ISR (p <
0.01). Chest pain during the exercise test occurred in 15
(37%) patients with ISR and 5 (7%) patients without ISR (p
< 0.01).

FMD. The initial FMD within three days before the

coronary stenting was comparable between patients with
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Table 3. Comparisons of Clinical Data During the Follow-Up Period Between Patients With

and Without ISR
With ISR Without ISR
(n = 46) (n = 95) p Value
Risk status at the follow-up
Total cholesterol (mg/dl) 186 + 33 183 + 32 NS
LDL cholesterol (mg/dl) 109 * 28 104 * 28 NS
HDL cholesterol (mg/dl) 54 + 13 53+ 12 NS
HbA1lc (mg/dl) 59+1.1 58+11 NS -
hsCRP (mg/dl) 0.17 £ 0.16 0.15 £ 0.17 NS
Systolic blood pressure (mm Hg) 121 £ 15 126 = 20 NS
BMI (kg/m?) 2426 24+29 NS
Change of risk status from baseline
Change of total cholesterol (%) —47x19 —6.2 + 17 NS
Change of LDL-C (%) —5.9 29 —9.7 £ 26 NS
Change of HDL-C (%) 8.7+22 73+1.8 NS
Change of HbAlc (%) -32+141 -23+12 NS
Change of hsCRP (%) —26 =32 —-32 * 60 NS
Change of SBP (%) —51+18 -51*17 NS
Change of BMI (%) —6.1x19 ~53+25 NS
Cessation of smoking (%) 61 (11/18) 66 (21/32) NS
Increase in physical activity (%) 18 20 NS
Chest pain
Asymptomatic (%) 54 87 <0.01
CCS class
I (%) 22 11 <0.01
1I (%) 7 2 <0.05
TIT (%) 4 0
1V (%) 3 0

Data are expressed as mean * SD or percentage of the patients.

BMI = body mass index; CCS = Canadian Cardiovascular Society angina classification class (10); HbAlc = glycosylated
hemoglobin; SBP = systolic blood pressure. Other abbreviations as in Tables 1 and 2.

and without ISR, and the initial FMD was lower in patients
with or without ISR than in the age- and gender-matched
control subjects (Fig. 1). In patients without ISR, the FMD
at the end of the six-month follow-up period improved to
levels comparable to the control subjects, whereas the
follow-up FMD in patients with ISR did not significantly
change compared with the initial FMD (Fig. 1). As a result,
the follow-up FMD was lower in patients with ISR than
without ISR. Dilator responses to nitroglycerin, brachial

4

O Without ISR

@ with ISR Control
6 - .
subjects
S 5
~ ¥
34 f !\i i
0 T |
Initial Follow-up

Figure 1. Comparison of flow-mediated dilation (FMD) of the brachial
artery at coronary stenting (Initial) and at the six-month follow-up
(Follow-up) between patients with (n = 46) and without (n = 95) in-stent
restenosis (ISR). The control subjects (n = 48) with normal coronary
angiograms were selected to match age and gender of the patients with
stenting and served as comparison of FMD with the patients. Data are
expressed as mean *+ SE. *p < 0.01 versus initial FMD in patients without
ISR; tp < 0.01 versus control subjects.

arterial diameter at baseline, and brachial blood flow at
bascline, and increase in the blood flow at reactive hyper-
emia were not significantly different among control subjects
and patients with or without ISR at either the initial time or
the end of the follow-up period (Table 4). The extent of the
improvement of the follow-up FMD from the initial FMD
in patients without ISR significantly correlated with the
percentage changes in levels of total cholesterol (r = —0.36,
p < 0.01), HDL-C (r = 0.34, p < 0.05), HbA1lc (r
—0.37, p < 0.05), and hsCRP (r = —0.32, p < 0.05) from
baseline to follow-up, whereas there was no significant
correlation in patients with ISR (data not shown).

Association of the angiographic findings and FMD. The
late luminal loss significantly and inversely correlated with
the follow-up FMD, whereas it did not correlate with the
initial FMD (Fig. 2). Furthermore, the late luminal loss
inversely correlated with changes in the follow-up FMD
from the initial FMD (Fig. 2). In multivariate logistic
statistical analysis, ISR at the six-month follow-up period
was most strongly associated with the impairment of the
follow-up FMD (Table 5). This association was indepen-
dent of the infarct-related artery, longer lesion length,
multiple lesions with stenting, longer stented segment
length, chest pain during the follow-up period, and a
positive exercise stress test at the end of the six-month
follow-up period (Table 5). Also, TLR was significantly
associated with the impairment of the follow-up FMD
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Table 4. Brachial Artery Diameter and Blood Flow
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With ISR Without ISR
Controls Initial Follow-Up Initial Feollow-Up
Arterial diameter at rest (mm) 39+06 3.9+ 0.6 3.9+04 3.9*05 3.9 £ 0.6
Resting arterial blood flow (ml/min) 195 * 14 187 = 20 190 * 25 190 + 23 192 + 18
Increase in arterial blood flow (%) 221 + 18 218 + 14 216 =12 217 + 18 219+ 16
Increase in diameter after NTG (%) 181+58 177 £ 54 18153 17.5*5.6 174+ 7.1

ISR = in-stent restenosis; NT'G = nitroglycerin.

independently of the same co-variables (odds ratio 4.95;
95% confidence interval 1.95 to 12.5, p = 0.005).

Sensitivity and specificity for identification of late ISR
and TLR. The sensitivity of the impairment of the
follow-up FMD (69%) for the identification of late ISR was
significantly higher than chest pain during the follow-up
period (46%), and it was also nearly higher than a positive
exercise stress test at the end of the six-month follow-up
period (54%) (Table 6). The specificity among these three
assessments was not statistically different. The assessment of
the follow-up FMD in combination with chest pain during
the follow-up period had an incremental effect on the
sensitivity for the identification of late ISR, and the im-
paired FMD at follow-up in combination with chest pain
during the follow-up increased the sensitivity to 90% (Table
6, Fig. 3). In addition, the impaired FMD in combination
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Figure 2. Correlations of late luminal loss with flow-mediated dilation
(FMD) at coronary stenting (Initial FMD, upper panel), at the six-month
follow-up (Follow-up FMD, middle panel), and with changes in FMD
from the initial FMD to the follow-up FMD (lower panel).

with the positive exercise ECG test had an incremental
effect on the sensitivity in detecting ISR (Fig. 3). The
sensitivity and specificity of the follow-up FMD for TLR
were 69% and 70%, respectively. The sensitivity for TLR of
the combined assessment of the follow-up FMD and chest
pain was 94%.

DISCUSSION

The present study showed that impairment of FMD during
the follow-up period was associated with the late diameter
loss and ISR after stenting in native coronary arteries. The
association was independent of clinical and angiographic
variables known to be related to ISR. Thus, endothelial
vasomotor function in a systemic artery might be impor-
tantly linked with the pathobiological process of ISR. It was
previously shown that endothelial-derived nitric oxide sup-
presses smooth muscle proliferation, leading to inhibition of
intimal hyperplasia after vascular injury in animal models
(4,5). Endothelial vasomotor function of the brachial artery
has been shown to reflect nitric oxide-mediated dilation of
the coronary arteries (13). These previous findings might
explain the relationship between ISR and endothelial vaso-
motor dysfunction of the brachial artery in the present
study, although the initial FMD did not predict ISR.
Endothelial vasomotor function, a sensitive indicator of
early development of atherosclerosis, is reversible and can be
modified in parallel with changes in coronary risk status
(14-16). All the study patients had well-established pro-
phylactic treatments such as lipid-lowering medication and
life style changes for cardiovascular disease after the first-
time PCL. In fact, both patients with and without ISR had
favorable changes with similar degrees in levels of lipids,
HbA1lc, and hsCRP, body mass index, smoking status, and
physical activity during the six-month follow-up period.

Table 5. Multivariate Logistic Regression Analysis; Association
of ISR With FMD, Clinical, Lesion, and Procedural Variables

OR 95% CI p Value
Follow-up FMD (=4.8%) 7.39 2.83-19.2 <0.0001
Positive exercise test 4.68 1.61-13.6 0.01
Infarct-related artery 291 1.13-7.51 0.02
Lesion length (=10 mm) 2.51 0.99-6.41 0.05
Multiple lesions with stenting 2.46 0.88-8.64 0.08
Chest pain 2.43 0.81-7.27 0.11
Stented segment length (=18 mm) 2.08 0.77-5.59 0.14

CI = confidence interval; FMD = flow-mediated dilation of brachial artery; ISR =
in-stent restenosis; OR = odds ratio.
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Table 6. Sensitivity and Specificity for Identification of ISR

Impairment of Follow-Up FMD
Patients With

Patients Without

Chest Pain Positive Exercise Test All Patients Chest Pain Chest Pain

(n = 141) (n = 116) (n = 141) (n = 33) (n = 108)
Sensitivity (%) 46 (21/46) 54 (22/41) 69* (32/46) 90™+ (19/21) 52 (13/25)
Specificity (%) 87 (83/95) 77 (58/75) 75 (71/95) 83 (10/12) 73 (61/83)
Positive predictive value (%) 63 (21/33) 56 (22/39) 57 (32/56) 90*++ (19/21) 37 (13/35)
Negative predictive value (%) 77 (83/108) 75 (58/77) 84 (71/85) 83 (10/12) 84 (61/73)
Accuracy (%) 74 (104/141) 69 (80/116) 73 (103/141) 87 (29/33) 67 (74/108)

*p < 0.05 versus chest pain; tp < 0.05 versus positive exercise test; 3p < 0.05 versus impairment of follow-up FMD in all patients.

ISR = in-stent restenosis; FMD = flow-mediated dilation.

The favorable changes in some of these risk factors, such as
total cholesterol levels, HDL-C levels, HbAlc, and hsCRP,
were significantly related to the improvement of FMD at
follow-up in patients without ISR. These treatment-related
reductions in the atherogenic burden improved endothelial
vasomotor dysfunction, leading to attenuation of the intimal
thickening of coronary arteries after stenting in patients
without ISR; the reduction in these risk factors, however,
failed to improve FMD in patients with ISR in spite of the
similar treatments and reductions in risk factors. The
reversibility of endothelial dysfunction in response to reduc-
tion in atherogenic burden might vary among individuals
(17). The mechanisms that might explain the different
responses of the follow-up FMD to the similar anti-
atherosclerotic treatments and atherosclerotic burden be-
tween patients with and without ISR remain unknown.
Unknown or other risk factors, not examined in the present
study, might importantly affect reversibility of endothelial
dysfunction in response to reduction in atherosclerotic
burden. The normalization of endothelial dysfunction could
be related to suppression of the intimal growth within stent
after PCI, leading to attenuation of ISR; however, persistent
impairment of endothelial dysfunction might fail to sup-
press it.

Although risk factor status at the end of the six-month
follow-up period in patients without ISR was similar or still
somewhat high compared with control subjects, the
follow-up FMD in patients without ISR was improved to
levels comparable to the control subjects. This might be
explained by the higher frequencies in use of statins,
angiotensin-converting enzyme inhibitors, and angiotensin
receptor blockers, which have pleiotropic endothelial pro-
tective actions, in these patients than in control subjects
(data not shown).

The present study also showed that the sensitivity of
FMD impairment at follow-up in detecting late ISR was
significantly higher or nearly higher than chest pain during
the follow-up period and the positive exercise ECG test at
the end of the follow-up period. The specificity among
these three assessments was comparable. Furthermore,
FMD impairment at follow-up in combination with chest
pain during follow-up resulted in an incremental improve-
ment in sensitivity (90% in patients with impaired FMD

and chest-pain). Although the combined assessment did not
significantly improve the specificity (83%) compared with
each individual assessment, the sensitivity and specificity of
the presence of impaired FMD at follow-up in combination
with chest pain during follow-up appeared similar to the
70% to 95% sensitivity and 70% to 95% specificity that has
been reported for detection of late ISR with stress myocar-
dial perfusion scintigraphy (1,18). Also, results that are
similar to ISR were obtained with TLR. The assessment of
FMD is easily applied in clinical practice and requires only
conventional equipment for vascular ultrasonography. Thus,
the assessment of endothelial vasomotor dysfunction of the
brachial artery during the follow-up period was useful for
the identification of late ISR and TLR after stenting,
especially when combined with the assessment of chest pain
or the stress tests.

A previous report (19) showed an association between
ISR and vasodilator dysfunction of forearm resistance ves-
sels in a smaller number of patients. Unfortunately, this
report failed to evaluate the influence of clinical, angio-

QOdds ratio

Qdds ratio

Exercise ECG test

Figure 3. Incremental effects on the relative risk for late in-stent restenosis
of the combination of impairment of follow-up flow-mediated dilation
(FMD) with chest-pain positive (upper panel) and positive exercise
electrocardiographic test (lower panel).
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graphic, and procedural factors on the association between
ISR and vasodilator function with multivariate statistical
analysis. In addition, there was no information reported
with regard to the clinical usefulness of the association
between ISR and vasodilator function. In another recent
report (20) published during preparation of our present
paper, an impairment of FMD at 30 days after PCI
predicted ISR in patients with recurrent anginal symptoms
or inducible myocardial ischemia at the six-month follow-up,
although our study showed that an impairment of FIMD before
PCI did not predict ISR. It is possible that local coronary
injury with PCI might affect their positive association of
impaired FMD at 30 days after the procedure with ISR
(21). Furthermore, this report (20) repeated the follow-up
angiography only in patients with inducible ischemia (17%
of the total patients), thereby the association between an
impaired FMD and the angiographic ISR was not precisely
determined in the study (20).

Although drug-eluting stents limit ISR, it remains to be
determined whether endothelial dysfunction in systemic
arteries might be also associated with ISR with drug-eluting
stents, especially in high-risk patients with complex lesions.

In conclusion, the impairment of FMD at the follow-up
time was independently and closely associated with late ISR
after stenting in the native coronary arteries. The assessment
of FMD at the time of follow-up might be useful for
identification of late ISR after stenting.
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Abstract

This study aimed to determine whether elevated levels of remnant lipoprotein, an atherogenic triglyceride-rich lipoprotein, might be
associated with coronary artery disease (CAD) and endothelial vasomotor dysfunction in metabolic syndrome. The fasting serum levels of
remnant lipoproteins (remnant-like lipoprotein particles cholesterol; RLP-C) were measured by an immunoseparation method in 210 patients
with metabolic syndrome meeting ATP III criteria. Flow-mediated endothelium-dependent dilatation (FMD) in the brachial artery during
reactive hyperemia was examined by high-resolution ultrasound technique. This study found that elevated RLP-C levels were a significant and
independent risk factor for impaired FMD and angiographically proven coronary artery disease (CAD). Treatment with bezafibrate (r=20)
or atorvastatin (n= 20) for 4 weeks significantly reduced RLP-C levels, with a concomitant improvement in FMD. The % reduction in RLP-C
levels from baseline after the treatment was independently correlated with the magnitude of improvement in FMD after adjustment for the %
changes in levels of triglyceride, hsCRP, and IL.-6, and HOMA index. Thus, elevated levels of RLP-C are a risk factor for CAD and endothelial
vasomotor dysfunction, a predictor of coronary events, in metabolic syndrome. Measurement of RLP-C is useful for assessment of CAD risk
and therapeutic effects in metabolic syndrome.
© 2005 Elsevier Ireland Ltd. All rights reserved.

Keywords: Remnant lipoproteins; Coronary artery discase; Endothelium-dependent vasodilation; Atherosclerosis; Metabolic syndrome

Furthermore, these metabolic disorders are intimately linked
with each other, and thus the primary pathogenesis of this
syndrome is difficult to determine in each patient. It also re-
mains to be determined which metabolic disorders should be

1. Introduction

Metabolic syndrome is a clustering of atherosclerotic
metabolic abnormalities characterized by insulin resistance,

visceral adiposity, high triglyceride, and low high-density
lipoprotein (HDL). This syndrome is highly prevalent (40%
of the population in USA >60 years of age) [1,2] and strongly
associated with cardiovascular diseases (CVD) [3,4]. There-
fore, it is important to target prevention strategies for patients
with metabolic syndrome. However, multiple metabolic dis-
orders contribute to the pathogenesis of this syndrome [1,5].

* Corresponding author. Tel.: +81 55 273 9590; fax: +81 55 273 6749.
E-mail address: kugiyama@yamanashi.ac.jp (K. Kugiyama).
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primary the therapeutic targets to prevent CVD and which
metabolic disorders should be monitored to follow therapeu-
tic effects.

Dyslipidemia, characterized by elevated triglycerides lev-
els and low HDL levels, is a hallmark of metabolic syndrome
[6,7]. We have shown that remnant lipoproteins, triglyceride-
rich lipoproteins, are a strong risk factor for CVD [8—13]. Re-
cently, a simple and reliable technique for measurement of
remnant-like lipoprotein particles cholesterol (RLP-C) using
an immunoseparation method has been developed [8,14]. We



322 T. Nakamura et al. / Atherosclerosis 181 (2005) 321-327

and others have shown that high RLP-C levels are a strong
risk factor for CVD [8-11]. We thus hypothesized that mea-
surement of RLP-C levels might be helpful in the assessment
of CVD risk in metabolic syndrome. A number of studies
have shown that endothelial vasomotor dysfunction, a pre-
dictor of future coronary events, is often present in patients
with metabolic syndrome or insulin resistance [15]. Further-
more, it is proposed that endothelial dysfunction itself may
induce insulin resistance [16]. Thus, endothelial dysfunction
is closely linked to pathogenesis of metabolic syndrome and
it reflects multiple factors that contribute to CVD events in
metabolic syndrome. In this study, we tested whether RLP-C
levels are a risk factor for coronary artery disease (CAD) and
endothelial vasomotor dysfunction in patients with metabolic
syndrome. Furthermore, we examined the therapeutic effects
of bezafibrate and atorvastatin on RLP-C levels and endothe-
lial vasomotor dysfunction in a subgroup of the study patients.

2. Methods
2.1. Study patients

This study enrolled 132 consecutive patients with the
metabolic syndrome and CAD who underwent cardiac
catheterization for chest pain or ischemic changes detected by
electrocardiogram. All patients had angiographic evidence of
organic diameter stenosis of >70% of at least one major coro-
nary artery (single-vessel disease, 48 patients; two-vessel dis-
ease, 45 patients; three-vessel disease, 29 patients; left main
coronary artery disease, 10 patients). The metabolic syn-
drome was defined as the presence of three or more of the fol-
lowing abnormalities: waist circumference >85 cm in male
and >90 cm in female (according to The Examination Com-
mittee of Criteria for Obesity Disease in Japan [17}), fasting
glucose levels >110 mg/dL, triglyceride levels >150 mg/dL,
HDL levels <40 mg/dL in male and <50 mg/dL in female,
blood pressure >130/85 mmHg,

This study also enrolled 78 consecutive patients with
metabolic syndrome but without CAD who underwent car-
diac catheterization for atypical chest pain in the hospital
during the same period as the patients with CAD. These non-
CAD patients had angiographically normal coronary arter-
ies (<10% stenosis) and normal left ventriculography and
thereby formed a case control group to evaluate whether RLP-
C levels as a risk factor differed between patients with and
without CAD.

The baseline characteristics of the study patients are
shown in Table 1. This study was conducted in agreement
with guidelines approved by the ethics committee at our in-
stitution. Written informed consent was obtained from all
patients before the study.

2.2. Lipid-lowering therapy

A subgroup of the consecutive study patients with
metabolic syndrome and CAD (n=40) were randomly as-

Table 1
Characteristics of study patients
Without CAD With CAD p-value
(n=18) (n=132)
Age (years) 64139 64438 NS
Gender male (%) 78 78 NS
waist (cm) 91+4 9244 NS
Hypertension (%) 58 61 NS
DM (%) 64 70 NS
BMI (kg/m?) 264429 26,632 NS
Triglyceride (mg/dL})" 176 (149, 202) 184 (146, 0.02
241)
HDL-C (mg/dL)* 46 (38, 57) 43 (37,51) NS
LDL-C (mg/dL) 136 £22 136 +26 NS
RLP-C (mg/dL)? 5.9 (4.0,7.4) 70(5.1, <0.0001
9.7)
HOMA-IR 23+1.1 24+1.1 NS
FFA (mg/dL) 561210 563 4287 NS
hsCRP (mg/dL)* 0.07(0.03, 0.16 (0.08, <0.0001
0.12) 0.40)
IL-6 (pg/mL) 23413 3.5+24 0.0002
TNF-a (pg/mL) 24413 28409 0.0002
Leptin (ng/mL) 11.3£5.1 13.3459 0.01
FMD (%) 5.0%+1.6 38+1.6 <0.0001

2 Expressed as the median value (ioterquartile range). Other data are
expressed as the mean value +S.D. or frequency (%) of patients. Waist,
waist circumference; DM, diabetes mellitus; BMI, Body mass index; HDL-
C, high-density lipoprotein; LDL-C, low-density lipoprotein; HOMA-IR,
homeostasis model assessment for insulin resistance; FFA, free fatty acid;
hsCRP, high sensitive C-reactive protein; IL-6, Interleukin 6, TNF-a, Tumor
necrosis factor-a; RLP-C, remnant-like lipoprotein particles-cholesterol;
FMD, flow-mediated dilatation of brachial artery.

signed to 4 weeks of oral atorvastatin (10 mg/day) or bezafi-
brate (400 mg/day). All of the patients were blinded to the
content of the tablets. They were advised to adhere to their
usual diet and lifestyle throughout the 4-week treatment pe-
riod. Measurements of vasomotor function in the brachial
artery and blood sampling were performed in the same man-
ner after an overnight fast on the same morning before and at
the end (4 weeks) of treatment. All medications were with-
drawn 12 h before the measurements.

2.3. Measurements of flow-mediated dilation (FMD) in
brachial artery

Vasodilator responses in the brachial arteries were mea-
sured by use of B-mode ultrasound images with a 7.5-MHz
linear array transducer (HP-5500, Phillips Corp., Tokyo,
Japan) as validated previously by us as well as others [18,19].
Measurements were performed by two observers who were
blinded to the study protocol and the subject grouping. The
brachial artery was scanned in the antecubital fossa in a longi-
tudinal fashion. Optimal brachial artery images were obtained
between 1 and 5 cm above the antecubital crease. This loca-
tion was marked, and all subsequent images were obtained at
the same location. The exact distance of the measured point
of the skin surface from the antecubital crease was recorded
in each study subject to ensure that the same location of the
brachial artery was measured at each time point. Gain setting
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was optimized at the beginning of the study and was kept
constant throughout the recording period. After baseline mea-
surements of the diameter and flow velocity in the brachial
artery, a blood pressure cuff was placed around the forearm
and inflated with a pressure of 250-300 mmHg for 5 min,
and then released. Diameter measurements during reactive
hyperemia were taken 45-90 s after cuff deflation. Then, sub-
lingual nitroglycerin (300 pg) was administered, and 3 min
later the measurements were repeated. Images were recorded
on a super-VHS videocassette recorder (model BR-S601M,
Victor Corp., Tokyo, Japan), and brachial arterial diameters
were measured from the tape with ultrasonic calipers, as de-
scribed previously [18,19]. The response of the vessel diame-
ter to reactive hyperemia (flow-mediated dilation; FMD) and
nitroglycerin was expressed as a percentage increase in the
diameter from the baseline value. The diameter responses
were assessed at three points along a 10-mm length of the
artery, and results were averaged. Blood flow was calculated
by multiplying the velocity-time integral of the Doppler flow
signal by heart rate and the vessel cross-sectional area. In-
crease in brachial blood flow was calculated as a maximum
flow recorded in the first 15 s after cuff deflation and was ex-
pressed as a percentage increase in the flow from the baseline
value.

2.4. Assays

At the beginning of the study, venous blood was obtained
from all patients after a 12-h overnight fast. All patients ate
standard Japanese meals (1900 kcal/d, 25% fat, 59% carbo-
hydrate, and 16% protein) the day before blood sampling
[8-11]. Serum was stored at 4 °C and was used for assays
of lipoproteins and lipids within 3 days after sampling. The
plasma and the remaining serum were stored at —80 °C until
other assays were performed. RLP was isolated by applica-
tion of the fasting serum to an immunoaffinity mixed gel that
contained anti-apoA-1 and anti-apoB-100 monoclonal anti-
bodies (Japan Immunoresearch Laboratories), according to
the method, described in previous reports [8—14]. Levels of
HDL-cholesterol, LDL-cholesterol, and triglyceride in fast-
ing serum were measured as described previously [8—11].

Tumor necrosis factor-alpha (TNFa), interleukin (IL)-6,
and leptin concentrations in fasting plasma were measured
by enzyme linked immunosorbent assay (ELISA) with com-
mercially available kits. High sensitive C-reactive protein
(hsCRP) levels in the serum were assayed by rate nephelom-
etry (Dade Behring). The insulin resistance index was as-
sessed by homocostasis model assessment for insulin resis-
tance (HOMA-IR).

2.5. Statistical analyses

The levels of RLP-C, triglyceride, HDL-C, and hsCRP
were not distributed normally, and therefore, these data were
expressed as the median and range (25 and 75th percentiles)
and were log-transformed when these data were statistically

analyzed. The mean value and frequency (Table 1) were
compared between two groups using the unpaired s-test and
Chi-square analysis, respectively. For comparison of lipids
and biochemical parameters before and afier treatment with
bezafibrate or atorbastatin (Table 4), two-way analysis of
variance for repeated measures followed by post hoc test-
ing with Sheffe’s test was used. The assessment of indepen-
dent association of risk factors (as independent variables)
with CAD was performed by multivariate logistic regression
analysis using the independent variables that had a significant
difference between patients with and without CAD using an
unpaired r-test and Chi-square analysis. The following factors
were included as categorical variables: high levels of RLP-C
(=5.0 mg/dL according to our previous reports [8—111); high
levels of triglyceride (>150mg/dL); high levels of hsCRP
(>0.3 mg/dL; arbitrarily defined as the 75th percentile of the
distribution of the levels in the study patients), and high lev-
els of IL-6, TNFo, and leptin (>2.6 pg/mL, 2.5 pg/mL, and
11 ng/mL, respectively; arbitrarily defined as the 50th per-
centile of the distribution of the respective levels in the study
patients). The assessment of independent correlation of risk
factors with FMD was performed by multivariate linear re-
gression analysis using the independent variables that had
a significant correlation with FMD in the univariate analy-
sis. Statistical significance was defined as p<0.05. Analy-
ses were assessed in part using StatView 5.0 for Windows

(Tokyo, Japan).

3. Results

3.1. Comparisons of risk factors between patients with
and without CAD

Risk factor profiles in the study patients are shown in
Table 1. The fasting levels of triglyceride, RLP-C, hsCRP,
IL-6, TNFa, and leptin were significantly higher in CAD
patients with metabolic syndrome compared with non-CAD
patients with metabolic syndrome. Comparison of risk factors
between the metabolic-syndrome patients with and without
CAD using multivariate logistic regression analysis demon-
strated that high levels of RLP-C, hsCRP, IL-6, TNFa, and
leptin remained independent risk factors for the presence
of CAD (Table 2). Moreover, high RLP-C levels had the
strongest association with CAD among these covariates. In
addition, high RLP-C levels were an independent risk fac-
tor for CAD in a subgroup of the patients with normo-
triglyceridemia (Table 2). It was clear that RLP-C levels in
combination with high hsCRP levels had an incremental ef-
fect on the risk of CAD (Fig. 1, upper panel).

3.2. Correlation of risk factors with FMD in patients
with metabolic syndrome and CAD

FMD was significantly impaired in the patients with CAD
as compared with those without CAD, as shown in Table 1.
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Table 2

Association of lipids and biochemical parameters with coronary artery disease

All patients Patients with normo-triglyceridemia

Relative risk (95% CI) p-value Relative risk (95% CI) p-value
RLP-C (>5.0mg/dL) 7.0 (2.7-17) <0.0001 6.8 2.6-17) <0.0001
Triglyceride (=150 mg/dL) 0.4 (0.2-0.9) NS - -
hsCRP (>0.3 mg/dL) 6.5 (2.6-16) <0.0001 4.2(2.0-8.7) 0.0001
1L-6 (>2.6 pg/mL) 2.5(1.3-5.2) <0.001 2.5(1.2-5.2) 0.01
TNFa (>2.5 pg/mL) 3.6 (1.7-7.7) 0.001 3.2 (1.5-6.8) <0.01
Leptin (> 11 ng/mL) 2.1(1.14.4) <0.05 1.9 (0.9-4.0) NS

Cl1, confidence interval. Other abbreviations as in Table 1.

FMD had a significant and inverse correlation with levels of
RLP-C, triglyceride, hsCRP, IL-6, TNFa, and HOMA-IR in
patients with metabolic syndrome and CAD using univariate
linear regression analysis (Table 3). Further, FMD also had
a positive correlation with HDL-C levels. FMD was com-
parable between patients with and without smoking status,
diabetes, hypertension, or male sex as categorical risk fac-
tors (data not shown). Using multivariate linear regression
analysis, FMD had an independent and inverse correlation
with levels of RLP-C, triglyceride, and hsCRP after adjust-
ment for levels of HDL-C, IL-6, and TNFa, and HOMA-IR
(Table 3). Furthermore, RLP-C levels had a stronger associ-
ation with FMD than triglyceride and hsCRP levels. It was
clear that high RLP-C levels in combination with high hsCRP
levels had an incremental effect on the risk of endothelial va-

Qdds ratio for CAD
& M N W R o 3

RLP-C250  prp.cess

Flow-mediated dilation (%)
1%

hsCRP20.3

RLP-C25.0 hsCRP<0.3

RLP-C<5.0

Fig. 1. Upper panel, incremental effect on odds ratios for CAD of the com-
bination of higher levels of RLP-C and hsCRP. Lower panel, incremental
effect on FMD of the combination of higher levels of RLP-C and hsCRP.

somotor dysfunction (Fig. 1, lower panel). Dilator response to
nitrate was not correlated with either RLP-C levels or hsCRP
levels (r=0.03, p=NS, r=0.01, and p=NS, respectively).

3.3. Effects of treatment with bezafibrate or atorvastatin
on FMD and other parameters in patients with metabolic
syndrome and CAD

Before treatment, there was not significant difference in
FMD, lipid levels, and values of other parameters tested
between patients treated with bezafibrate and atorvastatin
(Table 4). Treatment for 4 weeks with bezafibrate or atorvas-
tatin significantly decreased levels of RLP-C, triglyceride,
LDL-C, hsCRP, IL-6, TNFa, and HOMA-IR, and increased
HDL-C levels (Table 4). LDL-C levels had a greater decrease
in the atorvastatin group than the bezafibrate group, while the
other parameters had comparable changes from pretreatment
values between the two treatment groups (Table 4). Also,
bezafibrate and atorvastatin significantly improved FMD to a
comparable degree after 4 weeks of therapy (Table 4). Using
univariate linear regression analysis, the changes in FMD
from baseline (post-treatment value minus pre-treatment

Table 3

Univariate and multivariate linear regression analyses; correlation of FMD
with lipid and biochemical parameters and components of metabolic
syndrome

Univariate analysis Multivariate

analysis
r p-value Standardized p-value

regression

coefficient
RLP-C —0.64 <0.0001 —0.46 <0.0001
Triglyceride -0.51 <0.0001 -03 0.002
hsCRP -0.59  <0.0001 -0.26 0.002
HDL-C 039 0.02 0.07 NS
IL-6 -0.29  0.0002 —0.08 NS
TNFo -0.25 0.001 -0.07 NS
HOMA-IR -0.26 0.001 -0.12 NS
Leptin —0.02 NS - -
Age —0.13 NS - -
Waist —0.1 NS - -

circumference

BMI 002 NS - -
Systolic BP 0.01 NS - -

r, regression coefficient; FMD, flow-mediated dilation; BP, blood pressure.
Other abbreviations as in Table 1.
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Table 4

Changes of lipids and biochemical markers after treatment with bezafibrate or atorvastatin

Bezafibrate (n=20)

Atorvastatin (n=20)

Before After treatment Before After treatment
FMD (%) 402428 594+34" 41£29 6.0+3.4°
RLP-C (mg/dL)® 9.2 (7.0, 12) 5.2(4.6,6.5)" 9.1 (7.2, 10.6) 53(4.5 67"
Triglyceride (mg/d)* 200 (155, 253) 136 (80, 172)** 202 (171, 251) 141 (101, 163)"
HDL-C (mg/dL)* 45 (38, 53) 56 (43, 62)"" 46 (37, 55) 51(43,61)"
LDL-C (mg/dL) 133424 119 +31™ 139+£34 85+ 23%*"
hsCRP (mg/DI)y* 0.23(0.12, 0.30) 0.09 (0.05, 0.1)*" 0.3 (0.13, 0.40) 0.09 (0.03, 0.28)""
1L-6 (pg/mL) 2615 23 +1.1° 26417 22 +1.1°
TNFa(pg/mL) 231071 2.07 £0.44"" 2.3240.70 2.02 067"
HOMA-IR 22416 1.5 £0.7° 213409 1.68 £0.6"

FMD, flow mediated vasodilatation. Other abbreviations as in Table 1.

 Expressed as the median value (interquartile range). Other data are expressed as the mean value + S.D.

b p<0.01 versus after treatment with bezafibrate.
* p<0.05.
** p<0.01 versus respective values before treatment.
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Fig.2. Correlation of the change in FMD with the % change in RLP-C levels
from pre-treatment values after treatment with bezafibrate (open circles) or
atorvastatin (closed circles). The changes in FMD were calculated as the
differences between pre-treatment and post-treatment values (post-treatment
values minus pre-treatment values).

value) after the treatment with the lipid-lowering medications
had a significant association with the % changes in levels of
RLP-C, triglyceride, HOMA-IR, hsCRP, and IL-6 from their
pre-treatment values after treatment (Fig. 2 and Table 5). Us-
ing multivariate linear regression analysis, the % changes in
RLP-C levels had a significant and independent association
with the changes in FMD after adjustment for the drugs as-
signed and the % changes in levels of triglyceride, HOMA-IR,
hsCRP, and IL-6 (Table 5).

4. Discussion

This study showed that high RLP-C levels were the
strongest risk factor for CAD and the impaired FMD in
patients with metabolic syndrome independently of the co-
variates including the components of metabolic syndrome
and the proinflammatory markers levels. Furthermore, this
study showed that treatment with atorvastatin or bezafi-

brate induced rapid improvement of FMD in patients with
metabolic syndrome. Also, treatment with atorvastatin or
bezafibrate improved dyslipidemia including high RLP-C
levels and decreased proinflammatory markers levels. The
reduction of RLP-C levels after treatment with the lipid-
lowering medications had a strong association with the im-
provement of FMD independently of drugs assigned and
changes in levels of triglyceride, HOMA-IR, hsCRP, and IL-
6. On the other hand, neither RLP-C levels nor other risk
factors was correlated with dilator response to nitrates, an
endothelium-independent dilation. Therefore, measurement
of RLP-C is useful for the assessment of therapeutic ef-
fects on endothelial vasomotor dysfunction in metabolic syn-
drome.

We and others have shown that RLP-C levels are increased
and predict future coronary events in patients with CAD and
type II DM or insulin resistance [11]. Based on the mecha-
nisms as described in previous reports, [6,7,11] increased flux

Table 5

Univariate and multivariate linear regression analyses; correlation between
changes in FMD and lipids and biochemical parameters from baseline values
after treatment

Univariate analysis Multivariate analysis

r p-value Standardized p-value
regression
coefficient
RLP-C —0.71 <0.0001 —0.66 <0.0001
Triglyceride -0.46 <0.05 -0.31 NS
HOMA-IR —0.41 <0.05 -0.2 NS
hsCRP -0.55 <0.01 —0.58 <0.001
IL-6 ~0.47 <0.01 -0.3 NS
TNFa -0.3 NS - -
LDL-C ~0.13 NS - -
HDL-C 0.13 NS - -

r, regression coefficient. Other abbreviations as in Tables 1-3. Multivari-
ate regression analysis included only the covariates that related to changes
in FMD in the univariate analysis. Changes in FMD, post-treatment FMD
minus pre-treatment FMD.
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of free fatty acids from the periphery to the liver might cause
hepatic production and secretion of triglyceride-rich VLDL,
leading to increase in circulating levels of remnant lipopro-
teins in patients with metabolic syndrome. However, the
causes of remnant lipoproteinemia in the metabolic syndrome
are multifactorial and linked with each other and not simply
a function of increased free fatty acid and flux to the liver.
For example, a proinflammatory state intimately connects
with dyslipidemia in metabolic syndrome [1,5]. Elevated lev-
els of TNFa and IL-6, independent risk factor for CAD in
the present patients with metabolic syndrome are known to
increase triglyceride levels, [20,21} which could contribute
to remnant lipoproteinemia. Furthermore, the present study
demonstrated that high levels of hsCRP also were an indepen-
dent risk factor for endothelial vasomotor dysfunction and
CAD. When we categorized patients according to RLP-C
levels and hsCRP levels at baseline, higher levels of RLP-C
and hsCRP were additive in their effect on the risk of en-
dothelial vasomotor dysfunction and CAD in patients with
metabolic syndrome. Taken together, these results are com-
patible with previous data that chronic subclinical inflamma-
tion is an important factor in the pathogenesis of metabolic
syndrome [22].

The present study showed that high RLP-C levels were an
independent risk factor for CAD even in a subgroup of the pa-
tients with metabolic syndrome and normo-iriglyceridemia.
Furthermore, high RLP-C levels had a stronger association
with endothelial vasomotor dysfunction than high triglyc-
eride levels. Although RLP levels are closely and positively
correlated with triglyceride levels, [8] the present data indi-
cate that high RLP-C levels are a better marker of dyslipi-
demia than hyper-triglyceridemia in this syndrome.

As described in previous reports, [15,16] FMD is likely to
be lower in the present non-CAD patients with metabolic syn-
drome as compared with control patients without metabolic
syndrome and CAD in our database (5.0 1.6 versus
7.7+ 1.8, respectively) [18,19]. We showed recently that
RLP increased the susceptibility of the coronary endothe-
lium to oxidative stress, [8,13] leading to inhibition of ni-
tric oxide-mediated dilation of human coronary arteries [8].
Furthermore, we showed that RLP upregulated the expres-
sion of intercellular adhesion molecule-1, vascular cell ad-
hesion molecule-1, and tissue factor in cultured human en-
dothelial cells [12]. In addition, there is evidence that RLP
enhances platelets aggregation [23]. These proatherothrom-
bogenic effects of RLP may explain the association of high
RLP-C levels with the increased prevalence of CAD and en-
dothelial dysfunction in metabolic syndrome. In this regard,
high RLP-C levels could be a distinct patho-physiological
feature of metabolic syndrome, and thus measurement of
RLP-C is useful for identification of high-risk populations.
Measurement of remnant lipoproteins has been difficult be-
cause of the heterogeneous nature of these macromolecules.
Traditional methods using ultracentrifugation or agarose gel
or low-concentration polyacrylamide gel electrophoresis are
complex and time-consuming and therefore not applicable

for clinical use. The immunoseparation method used in the
present study has been shown by us and other investigators to
be both simple and reliable and therefore useful for assessing
and monitoring CAD risk.

The present study showed that bezafibrate and ator-
vastatin, different types of lipid-lowering drugs, exerted
beneficial effects on FMD, levels of RLP-C and triglyceride,
HOMA-IR, and proinflammatory markers with comparable
degree except for LDL-C levels. The beneficial effect on
vasomotor function is consistent with a previous report,
[24] but this previous study showed that the improvement of
FMD was not correlated with changes in lipids profiles after
treatment with fenofibrate or atorvastatin, though remnant
lipoproteins levels were not assessed. Several reports have
shown that both statin and fibrate are capable of improving
insulin sensitivity through a reduction of triglyceride levels
or their pleiotropic effects [25-27]. Thus, the reduction in
HOMA-IR after treatment with atorvastatin and bezafibrate
may be partly mediated through direct or indirect favorable
effects of atorvastatin and bezafibrate on insulin sensitivity. It
remains undetermined which of statins and fibrates, first-line
lipid-lowering drugs, are more useful for preventing CVD
in metabolic syndrome.

In conclusion, elevated levels of RLP-C are a risk factor
for endothelial dysfunction and CAD in metabolic syndrome.
Measurement of RLP-C is useful for assessment of CAD risk
and therapeutic effects in metabolic syndrome.
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CONCLUSIONS

This study was aimed to determine the relationship between pulse pressure (PP) and coronary
vasomotor dysfunction, a predictor of coronary events.

Pulse pressure is a strong risk factor for coronary artery disease (CAD). However, the
mechanisms by which an increase in PP affects the pathogenesis of CAD are unclear.
Ambulatory blood pressure (BP) monitoring for 24 h was performed in 103 consecutive
patients with normal coronary angiograms (51 hypertensive and 52 normotensive; age 42 to
70 years). The relationship between changes in coronary arterial diameter and blood flow
during an intracoronary infusion of acetylcholine (ACh) (5, 10, 50 pg/min), and BP
parameters, and other traditional risk factors was evaluated using univariate and multivariate
linear regression analyses.

With multivariate analyses, the 24-h PP showed an inverse correlation with the epicardial
coronary dilator response to ACh independently of other covariates including age, smoking,
and 24-h systolic BP in normotensive as well as hypertensive patients. Furthermore,
multivariate analysis showed that the 24-h PP was inversely and independently correlated
with the increase in coronary blood flow in response to ACh. The dilator response of
epicardial coronary arteries to nitrate was not significantly correlated with 24-h PP.
Increased 24-h PP is independently associated with endothelial vasomotor dysfunction in
conduit and resistance coronary arteries irrespective of the presence of hypertension. Increased
ambulatory PP may have an intimate relation to coronary endothelial vasomotor

dysfunction.
Cardiology Foundation

(J Am Coll Cardiol 2005;45:1461-6) © 2005 by the American College of

Pulse pressure (PP), calculated as the difference between
systolic blood pressure (SBP) and diastolic blood pressure
(DBP), has been previously reported to be a stronger
cardiovascular risk factor than SBP alone, especially in
elderly hypertensive patients (1). Even in normotensive
subjects, an increase in PP remains a powerful and inde-
pendent predictor of cardiovascular risk, particularly for
myocardial infarction (2). However, the underlying mech-
anisms by which an increase in PP plays a role in patho-
genesis of coronary artery disease remain unclear. A recent
report (3) showed that an increase in PP was associated with
endothelial vasomotor dysfunction, an independent predic-
tor of future coronary events, in the resistance vessels
downstream from the brachial artery in hypertensive pa-
tients. However, there is no information on the effects of PP
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on endothelial vasomotor functions in human coronary
arteries in normotensive or hypertensive patients. Further-
more, the relationship between PP and endothelial vasomo-
tor function in the coronary arteries may not be similar to
the brachial artery because of the predominant role of DBP
in the coronary circulation. Thus, the objective of this study
was to determine whether an increase in PP might be
associated with endothelial vasomotor dysfunction in the
conduit and resistance vessels in the coronary circulation in
both normotensive and hypertensive subjects.

METHODS

Study patients. Study subjects consisted of a consecutive
series of 103 patients. Characteristics of the study subjects
are shown in Table 1. They underwent diagnostic coronary
angiography for atypical chest pain (95 subjects) or ST-
segment depression at rest or during exercise without chest
pain (8 subjects) in Yamanashi University Hospital between
January 2002 and January 2004. They fulfilled all of the
following inclusion criteria: 1) angiographically normal
coronary arteries (<<5% narrowing after nitrate administra-
tion) and no coronary spasm (<50% decrease in epicardial
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Abbreviations and Acronyms
ACh = acetylcholine
BP = blood pressure
DBP = diastolic blood pressure
HR = heart rate
NO = nitric oxide
PP = pulse pressure
SBP = systolic blood pressure

coronary diameter from baseline and neither chest pain nor
ischemic electrocardiographic change) after the intracoro-
nary infusion of acetylcholine (ACh); 2) normal left ven-
triculography; 3) no left ventricular hypertrophy, verified by
both electrocardiography and echocardiography; and 4) no
history of myocardial infarction, congestive heart failure,
valvular heart discase, secondary hypertension, stroke, renal
dysfunction (serum creatinine concentration >2.0 mg/dl) or
other serious diseases. All medications that could have
affected coronary vasomotor reactivity and blood pressure
(BP) were withdrawn =3 days before the study. Hyperten-
sion was defined according to Joint National Committee on
Prevention Detection, Evaluation, and Treatment of High
Blood Pressure-VI criteria (4): the averaged values of two or
more BP measurements obtained on at least two separate
occasions were >140 mm Hg SBP or >90 mm Hg DBP,
with waking ambulatory BP measurements >135/85 mm Hg
or sleeping ambulatory BP measurements >120/75 mm Hg.
Written informed consent was obtained from all study subjects
before the study. The study was approved by the ethics
committee at our institution.

Protocol for coronary angiography. After baseline an-
giography, incremental doses of ACh (5, 10, and 50 pg/
min) were infused directly into the left coronary artery
through the Judkins catheter for 2 min with a 5-min interval
between each dose (5). Hemodynamic measurements and
coronary angiography were repeated before and during each
of the ACh infusions. After an additional 15 min, intra-
coronary injection of isosorbide dinitrate (1 mg) was per-

Table 1. Study Patients’ Characteristics
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formed; 2 min after that, coronary angiography was per-
formed in multiple projections in all study subjects.
Ambulatory BP measurements. Systolic BP, DBP, PP,
and heart rate (HR) during daily activities were measured
every 30 min for 24 h, by the oscillometric method, using a
noninvasive ambulatory BP monitoring system (TM-2425,
A&D, Tokyo, Japan) (6). The daytime and nighttime mean
values of SBP, DBP, PP, and HR during the 24-h period
were analyzed after reviewing the patients’ diaries. We
defined daytime as the period from the time they awoke to
the time they went to sleep, and nighttime as the period
during which they were sleeping (7). The daytime, night-
time, and 24-h SBP, DBP, PP, and HR were the averages
of all of the values obtained at 30-min intervals. Non-dipper
hypertension was defined by the absence of the fall (>10%)
in the nighttime mean SBP, and/or in DBP from the
respective daytime values (7).

Quantitative coronary angiography and the measurement
of coronary blood flow. A quantitative coronary angio-
graphic study was performed in all of the study subjects with
the Judkins technique in the morning when the patients
were fasting, in the same manner as described previously (5).
Measurement of luminal diameter of the left anterior
descending coronary artery at the midsegment was per-
formed quantitatively by use of a computer-assisted coro-
nary angiographic analysis system (Cardio 500, Kontron
Instruments, Munich, Germany) by two observers blinded
to the study protocol. Responses of the coronary artery
diameter to infusions of ACh and nitrates were expressed as
percent changes from baseline diameter measured on angio-
grams taken just before each infusion.

Blood flow velocity was measured in a subgroup of 56
consecutive subjects using a 0.014-inch wire equipped with
a Doppler crystal at its tip (Flow Wire, Cardiometrics,
Mountain View, California), which was advanced through
the Judkins catheter and carefully positioned in a straight
proximal segment of the left anterior descending coronary
artery to obtain a stable flow velocity signal (5). The stable
peak flow velocity signals at baseline and during a 2-min

All Patients ~ Hypertensive Patients ~ Normotensive Patients

(n = 103) (n = 51) (n = 52)
Age (yrs) 62 =11 63 = 11 61+12
Male (%) 45 45 44
Body mass index (kg/m?) 24+ 4 25+5 243
Smoking (%) 45 49 41
Total cholesterol (mg/dl) 205 + 36 206 + 39 203 + 33
Diabetes mellitus (%) 26 30 22
Hypertension (%) 50 - —
Non-dipper (%) 31 62* —
Ambulatory daytime PP (mm Hg) 50 + 11 5413 47 + 8t
Ambulatory daytime SBP (mm Hg) 127 £ 17 140 = 16 119 £ 12*
Baseline coronary diameter (mm) 33*0S8 3410 32+ 06
Baseline coronary flow {(m!/min) 83 = 39 85 + 40 80 + 39

Data are expressed as mean * SD and percentage. *p < 0.05 vs. all patients; tp < 0.05 vs. hypertensive patients.

PP = pulse pressure; SBP = systolic blood pressure.
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infusion of ACh at doses of 5 and 10 pg/min were used for
the analysis (Flow Map, Cardiometrics). Coronary blood
flow (ml/min) was estimated from coronary blood flow
velocity and arterial diameter by the following formula: 0.5
X averaged peak velocity (cm/min) X cross-sectional area
(cm?). The response of coronary blood flow to intracoronary
infusions of ACh was expressed as a percentage change from
the baseline blood flow just before ACh infusion.
Statistical analysis. Results are expressed as the mean =+
SD or percentage. The mean values of continuous variables
were compared between the two groups using an unpaired #
test and frequencies were compared by chi-square analysis.
Comparison of continuous variables among more than three
groups was performed using one-way analysis of variance.
Linear regression analysis was used to determine the rela-
tionship between the coronary responses and all continuous
variables. Multivariate linear regression analyses were also
used to determine the relationship between coronary re-
sponses and 24-h ambulatory PP; independent covariates
included any continuous variable that was significantly
correlated with the coronary responses in the univariate
analysis. In addition, the multivariate analysis also included
any categorical risk factor that led to a significant difference
in coronary responses when patients with and without the
traditional risk factors were compared using an unpaired #
test. The categorical variables were coded using the follow-
ing dummy variables: 0 for the absence of the risk factor; or
1 for the presence of the risk factor. When correlation
between coronary flow response and risk factors was ana-
lyzed in the multivariate analysis, only data from all patients
were used because there were too few patients tested for
coronary flow response in the various subgroups. A confi-
dence level of p < 0.05 was considered statistically signifi-
cant. Analyses were partially assessed using StatView 5.0
(SAS Institute, Cary, North Carolina).

RESULTS

Comparisons of clinical characteristics and parameters
among all study patients, hypertensive patients, and
normetensive patients. None of the clinical characteristics
or parameters except the BP parameters was significantly
different among the three groups, all patients, hypertensive
patients, and normotensive patients (Table 1).

Correlations of epicardial coronary diameter responses
with clinical characteristics and BP parameters. Intra-
coronary infusion of ACh constricted the coronary arteries in a
majority of patients and dilated the arteries in a small number
of patients, resulting in an overall constrictor response. Using
univariate linear regression analysis, age and 24-h ambulatory
PP and SBP had a significant and inverse correlation with the
dilator responses of epicardial coronary arteries to ACh at a
dose of 50 pg/min in all patients (Fig. 1, Table 2). Age and
ambulatory PP and SBP also showed a significant correlation
in the subgroup of normotensive patients, as shown in Table 2.
As shown in Table 3, smokers had an impaired dilation or an
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Figure 1. Correlations of 24-h ambulatory pulse pressure (PP) with
percent (%) changes of epicardial coronary dilator responses to acetylcho-
line (50 pg/min) in all the study patients, hypertensive patients, and
normotensive patients.

enhanced constriction of epicardial coronary arteries to ACh as
compared with nonsmokers in all three of the study groups
(Table 3). Using multivariate linear regression analysis after
adjustment for age, smoking status, and ambulatory SBP as
covariates, 24-h ambulatory PP remained significantly and
inversely correlated with the coronary diameter response to
ACh at a dose of 50 pg/min in all patients, the hypertensive
patients, and the normotensive patients (Table 4). Ambulatory
PP also was independently correlated with the diameter re-
sponses to ACh at 5 and 10 pg/min in all patients as well as
normotensive patients (standardized regression coefficient, 5
pg/min; ~0.47 and ~0.53, respectively; p < 0.05 in both; 10
pg/min; —0.44 and —0.47, respectively; p < 0.05 in both).
The dilator response to nitrates was not significantly cor-
related with 24-h ambulatory PP in either all patients or just
the normotensive patients (r = ~0.1, p = NS§; r = —0.12,
p = NS, respectively).

Correlation of coronary flow responses with clinical
characteristics and BP parameters. Coronary blood flow
was increased in response to ACh infusion in all patients
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Table 2. Relationships of Coronary Risk Factors (Continuous Variables) With the Percent (%) Changes in Diameter of Epicardial
Coronary Arteries and Coronary Blood Flow Response to ACh Using Univariate Linear Regression Analysis

% Change in Epicardial Diameter (ACh 50 pg/min)

% Change in Coronary Flow (ACh 5 pg/min)

Hypertensive Normotensive Hypertensive Normotensive

All Patients Patients Patients All Patients Patients Patients

(n = 103) (n = 51) (n = 52) (n = 56) (n = 29) (n=27)

Age —0.50t —0.44% —0.53% -0.31* 0.24 -0.41*
BMI -0.08 -0.01 —-0.10 0.04 —0.06 -0.13
Total cholesterol 0.06 0.09 0.04 -0.23 —0.33 -0.08
24-h PP —0.46% —0.47t —0.441 —0.40% -0.38* —0.44*
24-h SBP —-0.401 -0.35* -0.43t -0.36" -0.39* -0.25
24-h DBP -0.18 -0.03 —-0.23 —0.18 -0.20 0.02
Office PP —0.28 -0.27 -0.30 -0.29 —0.34 -0.17
Office SBP —0.26 —0.20 —0.19 —0.29 —0.36 -0.19
Office DBP 0.04 0.22 0.23 -0.07 0.22 —0.06

Data are expressed as regression coefficient. *p < 0.05; Tp < 0.01.

ACh = acetylcholine; BMI = body mass index; DBP = diastolic blood pressure; PP = pulse pressure; SBP = systolic blood pressure.

studied. Using univariate linear regression analysis, age and
ambulatory 24-h PP and SBP had a significant and inverse
correlation with percent increase of coronary flow in re-
sponse to ACh at doses of 5 pg/min in all patients (Fig. 2,
Table 2). Age and ambulatory PP also had a significant
correlation in the subgroup of the normotensive patients
(Table 2). Diabetic patients had an impaired increase of
coronary flow to ACh as compared with nondiabetic pa-
tients in all of the three study groups (Table 3). In all of the
patients, 24-h ambulatory PP remained significantly and
inversely correlated with the percent increase of flow in
response to ACh at doses of 5 pg/min using multivariate
linear regression analysis after adjustment for age, ambula-
tory SBP, and diabetes (these covariates were significantly
related to the flow response in the univariate linear regres-
sion analysis or the unpaired ¢ test) (Table 4). Also, the

independent and inverse correlation of 24-h ambulatory PP
with the percentage increase of flow in response to ACh at
doses of 10 pg/min was observed in all of the patients
(standardized regression coefficient = —0.45, p < 0.05).

DISCUSSION

The present study assessed the relation between PP and
endothelial vasomotor function in human coronary arteries.
Multivariate analyses indicated that increased ambulatory
PP had a significant and independent correlation with
abnormal vasomotor reactivity in both the conduit and
resistance vessels in the coronary circulation, as demon-
strated by impaired dilation or enhanced constriction of
epicardial coronary arteries and by the impairment of the
coronary blood flow increase in response to an intracoronary

Table 3. Comparisons of Percent (%) Changes in Diameter of Epicardial Coronary Arteries and
Coronary Blood Flow Response to ACh Using Categorical Variables to Classify Patients

% Change in Epicardial Diameter (ACh 50 pg/min)

All Patients Hypertensive Patients Normotensive Patients
(n = 103) (n = 51) (n = 52)
Presence Absence Presence Absence Presence Absence
Male -13 7 —10t6 -15*5 -12£6 -12=8 -9 +7
Smoking ~14 %6 -9 + 6* —-15*5 -11 + 6* -13 %7 -8 7
Diabetes —14 x5 -11+7 —-15*5 -12*6 -11*5 —-10x8
Hypertension -13*6 -10=*=8
Non-dipper hypertension —-12x6 -14%5

% Change in Coronary Flow (ACh 5 pg/min)

All Patients Hypertensive Patients ~ Normotensive Patients
(n = 56) (n = 29) (n=27)

Presence Absence Presence Absence Presence Absence
Male 67 = 58 59 + 47 45 * 45 58 + 47 89 * 64 59 + 49
Smoking 63 = 57 62 + 48 45 + 45 59 + 46 83 + 65 65 + 51
Diabetes 21 £35 77 + 49* 24 +39 73 + 39* 1110 80 * 56*
Hypertension 53 46 72 £ 57
Non-dipper hypertension 5150 54 £39

Data are expressed as mean *+ SD. *p < 0.05 vs. presence of respective factors.

ACh = acetylcholine.
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Table 4. Multiple Lincar Regression Analysis for the Association of Risk Factors With Relative Changes in Epicardial Coronary

Diameters and Coronary Flow Response to ACh

% Change in Epicardial Diameter (ACh 50 pg/min)

% Change in Coronary Flow (ACh 5 pg/min)

All Patients Hypertensive Patients Normotensive Patients All Patients
(n = 103) {n = 51) {n = 52) (n = 56)
Age —0.45t% —0.34* —-0.51t -0.14
24-h PP —-0.36* —0.50% -0.36* —-0.50%
Smoking —0.42+ —0.39* —0.541
Diabetes —0.45%
24-h SBP -0.19 0.09 —0.05 —-0.22

Data are expfessed as standardized regression coefficient. *p < 0.05; fp < 0.01.
ACh = acetylcholine; PP = pulse pressure; SBP = systolic blood pressure.

infusion of ACh. The epicardial coronary diameter re-
sponses to nitrates were not significantly correlated with
ambulatory PP. Thus, the present results indicate that an
increase in ambulatory PP has an independent association
with endothelium-dependent vasomotor dysfunction in
conduit and resistance coronary vessels in the coronary
circulation.

The present study further showed that increased PP also
had a significant and independent association with epicar-
dial coronary vasomotor dysfunction in a subgroup of
normotensive patients. This may be related to previous
findings (2) that an increase in PP is a strong predictor of
cardiovascular disease, especially myocardial infarction, in-
dependently of other BP parameters. However, prospective
studies are required to determine the value of ambulatory
PP for the prediction of future cardiac events in patients
with preclinical hypertension in order to confirm the results
of the present study. In contrast to the usefulness of
ambulatory PP in the present study, office PP did not have
a significant association with coronary endothelial vasomo-
tor dysfunction. This is consistent with previous reports
(1,8,9) that found 24-h ambulatory PP monitoring superior
to officc PP measurement for predicting cardiovascular
disease because ambulatory PP may more accurately reflect
the dynamic interaction between the heart and the central
stiff arteries during all of the patient’s activities.

We and others (10,11) have previously shown that
coronary vasomotor regulation largely depends on endothe-
lial nitric oxide (NO) activity. Thus, the decrease in coro-
nary endothelial NO activity may be the underlying mech-
anism for the coronary endothelial vasomotor dysfunction in
the present patients with increased ambulatory PP. The
decrease in arterial NO might cause coronary artery spasm
(12) and induction of various proatherothrombogenic mol-
ecules in the arterial walls (13), resulting in a high incidence
of myocardial infarction.

Pulse pressure is largely determined by three hemody-
namic factors: arterial stiffness, stroke volume, and wave
reflections (14). Among these factors, an increase in arterial
stiffness most importantly contributes to the effects of an
clevated PP on the risk of cardiovascular disease. An
increase in extracellular matrix formation causes arterial
stiffness, especially in central arteries, and it might largely

contribute to the increase in PP in patients with age and
hypertension (15). Angiotensin-converting enzyme inhibi-
tors and angiotensin receptor blockers attenuate extraceilu-
lar matrix formation in addition to reducing SBP (15).
Therefore, these drugs could reduce arterial stiffness,
thereby effectively reducing PP as well as SBP.

In conclusion, increased 24-h ambulatory PP has a strong
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Figure 2. Correlations of 24-h ambulatory pulse pressure (PP) with
percent (%) changes of coronary blood flow responses to acetylcholine (5

pg/min) in all the study patients, hypertensive patients, and normotensive
patients.



