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Table 5
Changes in concentrations of serum insulin, plasma glucose, serum leptin, plasma LPL protein mass, plasma PAI-1
Time after fat loading (h) p value of
0 9 4 6 ANOVA
Insulin (pmoll)  DAG 45.0£13.2 (0.0) 46.8+6.6 (1.§+9.0) 36.0£78 (~9.029.0)  252+4.8 (—198+114) p=0.936
TAG 474+9.0(0.0) 54.6+11.4 (7.2+6.0) 33.0+4.8 (—14.4+72) 312+9.6 (-16.2+17.8)
Glucose (mmioll) DAG  8.3+0.9 (0.0) 7.8+0.8 (-0.4£03)* 6.8+0.8 (—1.5+0.3)* 6.1+0.6 (—2.2+0.4) p=0.037
TAG 88+0.8 (0.0)  7.5+07 (~1.3+02) 6.240.5 (~2.6+0.3) 59404 (—2.9+0.6)
Leptin (ng/t) DAG 7.7+£2.0 (0.0) 68118 (—0.9£03) 6.4+18 (—1.4+0.3) 63+1.7(-14+0.5) p=0.741
TAG 7.3+1.8(0.0) 6.5+1.6 (—-0.8+02) 59114 (-1.4+04) 6.1+1.5 (~1.3+£04)
Preheparin LPL DAG 0.52+0.07 (0.00) 0.48+0.0 5 (—0.04+0.04) 0.45+0.05 (-0.07+0.04) 040+0.04 (—0.11+0.05) p=0.460
protein mass (g/ly TAG 0.54+0.09 (0.00) 0.51+0.07 (—0.03+0.03) 0.49+0.07 (—0.06+0.03) 0.48+0.07 (-0.06+0.02)
PALL (ug/l) DAG 173 (0) 16+3 (~1+4) 1443 (—324) 91 (—8+3) p=0.554
TAG 153 (0) 1743 (2+2) 14+2 (—1+2) 11+2 (=5+2)
T-ketone bodies DAG 153+63 (0) 145431 (—8+53) 443+74 (290+67) 506+108 (353+113) p=0.074
(nmol/l)y TAG 127+43 (0) 230453 (102+69) 4434111 (315+118) S07+118 (380+112)

Values are Mean+S.E. Mean +8.E. changes from baseline are shown in parentheses (A). P values are calculated by repeated-measures two-way
ANOVA (4). DAG: diacylglycerol, TAG: triacylglycerol; LPL: lipoprotein lipase; T-ketone bodies: total ketone bodies.
* Significantly different from TAG ingesition at the same time poinis by paired #-test: p<0.05.

in comparison with those during DAG loading
(p<0.05). The concentration of total ketone bodies
in the serum wag increased over time following either
fat loading, but no significant difference was observed
between the values for TAG and DAG loading.
Plasma LPL protein mass, serum leptin, and plasma
PATI-1 decreased over time after either fat loading, and
there were no significant differences between these
respective values in the TAG and DAG groups.

4, Discussion

The effects of DAG loading on postprandial
changes in serum lipids and lipid parameters in
diabetic patients were examined. Although the subject
number of this study was small, the findings again
showed the suppressed postprandial increases in
seruin TAG, RLP-TAG, and RLP-C i the DAG
mtake when compared with TAG infake in diabetic
subjects as previously reported in healthy volunteers
[15].

Increased fasting RLP-C concentrations have been
reported in individuals with impaired glucose toler-
ance and in subjects with type 2 diabetes [1]. Ai et al.
[28] reported that postprandial TAG and lipids in the
RLP were also significantly increased in type 2
diabetics as compared with those in healthy subjects.
In arecent report from the Framingham Study, RLP-C

.50

and RLP-TAG levels were shown to be higher in
diabetic males and females, and these increases in
RLP lipids were counted as a risk factor for CHD
[29]. In the subanalysis of the Veterans Affairs HDL
Intervention Trial (VA-HIT), a randomized controlled
trial, Elam et al. [30] also reported that the incidence
of CHD events was correlated positively to prepran-
dial RLP-TAG and RLP-C levels. Furthermore, Mero
et al. [31] suggested that postprandial changes in
small remmant number might contribute to the severity
of CAD in type 2 diabetes. These data suggest that the
suppression of the postprandial increase in RLP lipids,
achieved in our preliminary study by DAG loading,
may be helpful to construct a nutritional therapeutic
strategy, for reducing CHD risk, in diabetic patients.

The physicochemical mechanisms of the DAG oil-
induced suppression of the postprandial increase in
lipids have not yet been fully elucidated. During the
processes of digestion, dietary TAG molecules are
hydrolyzed to vield two free fatty acids and 2-
monoacylglycerol (2-MAG) by intestinal lipases and
absorbed into enterocytes. Triacylglycerol is then
reassimilated again mainly via 2-MAG pathway in
enterocytes [32]. On the other hand, 1,3-DAG, a
major constituent of DAG, is hydrolyzed to glycerol
and free fatty acids through 1-(or 3-)MAG during
digestion. A portion of the 1-(or 3-)MAG enters
enterocytes in the same manner as 2-MAG. However,
resynthesis of TAG from I-(or 3-)MAG will take
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palace via the phosphatidic acid pathway, a slow
turnover pathway, instead of the 2-MAG pathway.
Hence, the lymphatic secretion of CM-TAG after the
ingestion of DAG oil might be slower and possibly
lower than that after the ingestion of naturally
occurring TAG oil. These properties of 1,3-DAG
may be beneficial in improving postprandial hyper-
lipidemia. Other metabolic characteristics of 1,3-DAG
were discussed elsewhere recently [331.

As shown in Table 4, the increase in CM-TAG with
DAG loading was slightly lower, and the time
required for CM-TAG to reach the maximum level
following DAG loading was longer as compared with
TAG loading, although significant differences
between the two groups were not detected. Eventually,
however, these phenomena may lead to the significant
suppression of the postprandial increase in serum
TAG and RLP lipids after DAG loading.

Another aim of this experiment was to investigate
the adverse effects of DAG intake especially on the
formation of ketone bodies in diabetes. It is known
that most diabetic patients have an abnormal ketone
body metabolism. It was reported that higher
activities of enzymes involved in the beta-oxidation
pathway were detected with DAG feeding as
compared with TAG feeding in the rat liver [34].
Increased fat oxidation was also detected in an
experiment with 12 women who ingested DAG as
compared with TAG oil [35]. Retarded TAG resyn-
thesis in the enterocyte with DAG feeding, as
described above, can result in an increased fatty
acid concentration in enterocytes. Fatty acids unu-
tilized for de novo TAG resynthesis in enterocytes
may be utilized as energy. The retarded glucose
reduction observed in our study during DAG
loading as compared with TAG loading (Table 5)
is conceivably due to the utilization of fatty acids
instead of glucose as an energy source. This
retarded glucose reduction during the DAG loading
was also reported in healthy subjects by Taguchi et
al. [36]. Thus, an increase in ketone bodies in the
circulation following oral DAG loading in diabetics
was our concern. However, this study showed no
significant difference in the concentration of serum
ketone bodies between the TAG and DAG groups
for the moderately controlled diabetic patients with
HbAlc levels <8%. Although we evaluated post-
prandial responses of single loading of DAG oil by

the compatison with TAG oil using fat emulsion as
a test food, oils in a typical diet should be evaluated
as the next step with much laxger population of
diabetic subjects.

In summary, DAG ingestion in contrast to TAG
ingestion suppressed postprandial increases in serom
TAG, RLP-C, and RLP-TAG in six diabetics with
moderate glycemic control. In addition, no significant
differences were observed in postprandial changes in
seram levels of insulin, free fatty acid, and ketone
bodies between the DAG and TAG loading.

Acknowledgement

A part of this study was supported by Health and
Labotr Sciences Research Grants for Comprehensive
Research on Aging and Health (H15-Choju-012),
Japan.

References

[1] Bierman EL. Atherogenesis in diabetes. Arterioscler Thromb
1992;12:647 - 56.

[2] Haffner SM, Lehto S, Ronemaa T, Pyorala K, Laakso M.
Mortality from coronary heart disease in subjects with type 2
diabetes and in nondiabetic subjects with and without prior
myocardial infarction. N Engl J Med 1998;339:229-34.

[3] Laakso M. Hyperlipidemia and cardiovascular disease in type
2 diabetes. Diabetes 1999;48:937-42.

[4] Evans M, Khan N, Rees A. Diabetic dyslipidemia and
coronary heart disease: new perspectives. Curr Opin Lipidol
1999;10:387-91.

[51 Cottrell DA, Marshall BI, Falko JM. Therapeutic approaches
to dyslipidemia in diabetes mellitus and metabolic syndrome.
Curr Opin Cardiol 2003;18:301-8.

{6] Ginsberg HN. Treatment for patients with the metabolic
syndrome. Am J Cardiol 2003;91:29E-39E [suppl].

[7] Couillard C, Bergeron N, Prud’homme D, Bergeron I,
Tremblay A, Bouchard C, et al. Postprandial triglyceride
response in visceral cbesity in men. Diabetes 1998;47:953 -60.

[8] Zilversmit DB. Atherogenesis: a postprandial phenomenon.
Circulation 1979;60:473-835.

[9] Havel RI]. Postprandial hyperlipidemia and remnant lipopro-
teins. Curr Opin Lipidol 1994;5:102-9.

[10] Kape E Postprandial lipoprotein metabolism and atheroscle-
rosis. J Intern Med 1999;246:341-55.

[11} Kugiyama K, Doi H, Takazoe K, Kawano H, Soejima H,
Mizuno Y, et al. Remnant lipoprotein levels in fasting serum
predict coronary events in patients with coronary artery
disease. Circulation 1999;99:2858-60.

[12] Kampe F, Bogquist S, Tang R, Bond GM, de Faire U, Hamstern
A. Remnant lipoproteins are related to intima-media thickness

-60-



94

of the carotid artery independently of LDL cholesterol and

plasma triglycerides. J Lipid Res 2001;42:17-21.

Simons LA, Dwyer T, Simons J§, Bernstein L., Mock P, Poonia

NS, et al. Chylomicrons and chylomicron remnants in

coronary artery disease: a case-control study. Atherosclerosis

1987;65:181-9.

Groot PH, van Stiphout WA, Krauss XH, Jansen H, van Tol A,

Ramshorst B, et al. Postprandial lipoprotein metabolism in

normolipidemic men with and without coronary artery disease.

Arterioscler Thromb 1991;11:653 -62.

[15] Tada N, Watanahe H, Matsuo N, Tokimitsu [, Okazaki M.
Dynamics of postprandial remnant-like lipoprotein particles in
serum after loading of diacylglycerols. Clin Chim Acta
2001;311:109-17.

[16] Nakajima K, Saito T, Tamura A, Suzuki M, Nakano T, Adachi
M, et al. A new assay method for the gquantification of
cholesterol in remnant like lipoproteins in human senum using
monoclonal anti apo B100 and apo A-Iimmunoaffinity mixed
gels. Clin Chim Acta 1993;223:53-71.

[17] Yamamoto K, Asakawa H, Tokunaga K, Watanabe H, Matsuo
N, Tokimitsu [, et al. Long-term ingestion of dietary
diacylglycerol lowers serum triacylglycerol in type 1l diabetic
patients with hypertriglyceridemia. J Nutr 2001;131:3204 7.

[18] Tada N, Yoshida H. Diacylglycerol on lipid metabolism. Curr
Opin Lipidol 2003;14:20-33.

{19] Huge-Tensen B, Galluzzo DR, Jensen RG. Studies on free and
immobilized lipases from Mucor miehei. I Am Oil Chem Sci
1988;65:905-10.

[20] Taguchi H, Nagao T, Watanabe H, Onizawa K, Matsuo N,
Tokimitsu I, et al. Energy value and digestibility of distary oil
containing mainly 1,3-diacylglycerol are similar to those of
triacylglycerol. Lipids 2001;36:379-82.

211 Williamson DH, Mellanby J, Krebs HA. Enzymic determi-
nation of D(—)-beta-hydroxybutyric acid and acetoacetic acid
in blood. Biochem I 1962;82:90—6.

[22] Slein MW. Determination with hexokinase and glucose-6-
phospate dehydrogenase. In: Bergmeyer HU, editor. Methods
of enzymatic analysis. New York: Academic Press; 1963. p.
117-23.

{23] Hales CN, Randle PJ. Immunoassay of insulin with insulin
antibody precipitate. Biochem J 1963;88:137-46.

[247 Declerck PJ, Alessi MC, Verstreken M, Kruithof BK, Juhan-
Vague I, Collen ID. Measwement of plasminogen activator
inhibitor 1 in biologic fluids with a murine monoclonal
antibody-based enzyme-linked immunosorbent assay. Blood
1988,;71:220-5.

(13]

{14]

61-

N. Tuda et al. / Clinica Chimica Acta 353 (20035) 87-94

[25] Kobayashi J, Hashimoto H, Fukamachi I, Tashiro J, Shirai K,
Saito Y, et al. Lipoprotein lipase mass and activity in severe
hypertriglyceridemia. Clin Chim Acta 1993;216:113-23.

[26] Ma Z, Gingerich RL, Santiago JV, Klein 8, Smith CH, Landt
M. Radioimnmmnoassay of leptin in human plasma. Clin Chem
1996;42:942 6.

[27] Hatch FT, Lees RS. Practical methods for plasma lipoprotein
analysis. Adv Lipid Res 1968;6:1—68.

[28] AiM, Tanaka A, Ogita K, Sekinc M, Numano F, Numane F, et
al. Relationship between plasma insulin concentration and
plasma remnant lipoprotein response to an oral fat load in
patients with type 2 diabetes. J Am Coll Cardiol 2001;38:
1628-32.

[29] Schaefer EJ, McNamara JR, Shah PK, Nakajima K, Cupples
LA, Ordovas JM, et al. Framingham Offspring Study.
Elevated remmant-like particle cholesterol and triglyceride
levels in diabetic men and women in the Framingham
Offspring Study. Diabetes Care 2002;25:989-94.

[30} Blamn MB, Schaefer EJ, McNamara JR. Fasting and post-
prandial remnant-like particles (RLP) as a predictors of
cardiovascular events in the VA-HDL Intervention Trial
(VA-HIT). Circulation 1999;100:1-470 [abstract].

[31] Mero N, Malmstrom R, Steiner G, Taskinen MR, Syvanne M.
Postprandial metabolism of apolipoprotein B-48- and B-100-
containing particles in type 2 diabstes mellitus: relations to
angiographically verified severity of coronary artery disease.
Atherosclerosis 2000;150:167-77.

[32] Yang L-Y, Kuksis A. Apparent convergence (at 2-monoacyl-
glycerol level) of phosphatidic acid and 2-monoacylglycerol
pathways of synthesis of chylomicron triacylglycerols. J Lipid
Res 1991;32:1173-86.

[33] Tada N. Physiological actions of diacylglycerol outcome. Crur
Opin Clin Nuir Metab Care 2004,7:145-9.

[34] Murata M, Ide T, Hara K. Reciprocal responses to dietary
diacylglycerol of hepatic enzymes of fatty acid synthesis and
oxidation in the rat. Br J Nuir 1997;77:107-21.

[35] Kamphuis MMIW, Mela DJ, Westerterp-Plantenga MS.
Diacylglycercls affect substrate oxidation and appetite in
humans., Am J Clin Nutr 2003;77:1133 -9,

[36] Taguchi H, Watanabe H, Onizawa K, Nagao T, Gotoh N,
Yasukawa T, et al. Double-blind controlled study on the effects
of dietary diacylglycerol on posiprandial serum and chylomi-
cron triacylglycerol responses in healthy hwmans. J Am Coll
Nutr 2000;19:789-96.



3

26

27
28
29
30
3
32
33
34

35

DTD 5

ATHEROSCLEROSIS

Atherosclerosis xxx (2005) xxx—xxx

www.elsevier.com/locate/atherosclerosis

Remnant lipoproteinemia is a risk factor for endothelial vasomotor
dysfunction and coronary artery disease in metabolic syndrome

Takamitsu Nakamura, Hajime Takano, Ken Umetani, Ken-ichi Kawabata, Jyun-ei Obata,
Yoshinobu Kitta, Yasushi Kodama, Akira Mende, Yoshihide Ichigi, Daisuke Fujioka,
Yukio Saito, Kiyotaka Kugiyama*

Department of Internal Medicine II. Interdisciplinary Graduate School of Medicine and Engineering, University of Yamanashi, 1110 Shimokato,
Nakakoma-gun, Yamanashi 409-3898, Japan

Received 23 August 2004; received in revised form 23 December 2004; accepted 18 January 2005

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 syndtome 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 (n=20)
or atorvastatin (r2=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 1L-6, and HOMA index. Thus, elevated levels of RLP-C are arisk 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 Published by Elsevier Ireland Ltd.

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

Furthermore, these metabolic disorders are intimately linked
with each other, and thus the primary pathogenesis of this

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).

0021-9150/$ — see front matter © 2005 Published by Elsevier Ireland Ltd.
doi:10.1016/j.atherosclerosis.2005.01.012

syndrome is difficult to determine in each patient. It also re-
mains to be determined which metabolic disorders should be
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
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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-
Halvasomotor 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 >85cm in male
and >90 cm in female (according to The Examination Com-
mittee of Criteria for Obesity Disease in Japan [17]), fasting
glucose levels >110mg/dL, triglyceride levels >150mg/dl.,
HDL levels <40mg/dL in male and <S0mg/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-

-63-

Table 1
Characteristics of study patients
Without CAD With CAD p-value
(n=78) (n=132)
Age (years) 64+3.9 64+3.8 NS
Gender male (%) 78 78 NS
waist {cm) 914 92+4 NS
Hypertension (%) 58 61 NS
DM (%) 64 70 NS
BMI (kg/m?) 264429 266132 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) 7.0¢5.1, <0.0001
9.7
HOMA-IR 23411 24+1.1 NS
FFA (mg/dL) 561 +210 563 £ 287 NS
hsCRP (mg/dL)? 0.07(0.03, 0.16 (0.08, <0.0001
0.12) 0.40)
IL-6 (pg/mL) 23+13 35424 0.0002
TNF-a (pg/mL) 24+13 2.8+09 0.0002
Leptin (ng/mL) 113+51 133459 0.01
FMD (%6) 50+1.6 38+106 <0.0001

® Expressed as the median value (interquartile 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-o, Tumor
necrosis factor-o; 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 usas 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 250-300mmHg for 5min,
and then released. Diameter measurements during reactive
hyperemia were taken 45-90 s after cuff defiation. Then, sub-
lingual nitroglycerin (300 wg) was administered, and 3min
later the measurements were repeated. Images were recorded
on a super-VHS videocassette recorder (mode! 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 (1900kcal/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 °Cuntil
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 (TNFe), 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 homoeostasis 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 #-test and
Chi-square analysis, respectively. For comparison of lipids
and biochemical parameters before and after 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 {-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—11]); 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, TNFa, 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. Resulis

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 withmetabolic 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, TNFe, 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 (5.0 mg/dL) 7.0 (2.7-17) <0.0001 6.8 (2.6-17) <0.0001
Triglyceride (>150 mg/dL) 04 (0.2-0.9) NS - -
nsCRP (0.3 mg/dL) 6.5 (2.6-16) <0.0001 4.2(2.0-8.7) 0.0001
IL-6 (=2.6 pg/mL) 25(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(1.5-68) <0.01
Leptin (=11 ng/mL) 2.1 (1.1-4.4) <0.05 1.9(0.9-4.0) NS

Cl, 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 TNFq, 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-

0Odds ratio for CAD

T /hsCRP<0.3
RLP-C<5.0

Flow-medinted dilation (%)

] = “hsCRPz0.3
g | e g

RLP-C 25.0

e e
. hsCRP<0.3
RLP-C<5.

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.
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somotor dysfunction (Fig. 1, lower panel). Dilator response to
nitrate was not correlated with either RLP-C levels or hsCRP
levels (#=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
IFMD, 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
inthe 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; cormrelation 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 0.39  0.02 0.07 NS
IL-6 ~0.29  0.0002 —0.08 NS
TNFa —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 001 NS - -

#, regression coefficient; FMD, flow-mediated dilation; BP, blood pressure.
Other abbreviations as it 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 59+34" 41429 6.0+34"
RLP-C (mg/dL)* 92(7.0,12) 52(4.6, 6.5 9.1(7.2,10.6) 5.3 (45,67
Triglyceride (mg/d)? 200 (155, 253) 136 (80, 172)** 202 (171, 251) 141 (101, 163)™
HDL-C (mg/dL)y 45 (38, 53) 56 (43, 62)™* 46 (37, 55) 51 (43, 61)**
LDL-C (mg/dL) 133+24 119 +31* 139434 85+ 230
hsCRP (mg/DI)* 0.23(0.12, 0.30) 0.09 (0.05, 0.1y™* 0.3 (0.13, 0.40) 0.09 (0.03, 0.28)""
1L.-6 (pg/mL) 26+15 23 £1.1* 26+1.7 22 +1.17
TNFa(pg/mL) 2314071 207 +0.44™ 232+0.70 2.02 £0.677
HOMA-IR 22416 1.5 £0.7° 213£0.9 1.68 +£0.6"

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

2 Expressed as the median value (interquartile range). Other data are expressed as the mean value £ 8.D.

b p<0.01 versus after treatment with bezafibrate.
* p<0.05.
** p<0.01 versus respective values before treatment.

601 O Benafibrate (n=201 |

€@ Atorvastatin (n-20) ‘
L » A0 o e
- 0 ~J
5 5 @
=& 20 \.\ @ ®
Y o= "\{,ﬂ ) IS’
fa 6 Y . 4
= g O -
2 §° e ® o
T8, SN s
9 "’.-:’ =20 ® @ o -
g e ~@
S = .y n =40 a & ()
[ r=-0.71 o oy )]
“E T . On s
=701 p<0.00] @ e
_80 T T T T T 7 i)
-2 - 0 f 2 3 4 5 [

Change of % P'MD

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 betw een 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 I 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
cocfficient
RLP-C —0.71 <0.0001 —0.66 <0.0001
Triglyceride —0.46 <0.05 —0.31 NS
HOMA-IR —041 <0.05 —-0.2 NS
hsCRP —0.55 <0.01 —0.58 <0.001
IL-6 —0.47 <0.01 —03 NS
TNFa —0.3 NS - -
LDL-C —0.13 NS - -
HDL-C 0.13 NS - -

¥, 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 exaniple, a proinflammatory state intimately connects
with dyslipidemia in metabolic syndrome [ 1,5]. Elevated lev-
els of TNFa and TL-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 ina subgroup of the pa-
tients with metabolic syndrome and normo-triglyceridemia.
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 [3].
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
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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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STRUCTURED ABSTRACT

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

METHODS: Ambulatory blood pressure (BP) monitoring for 24 hr was performed in
103 consecutive patients with normal coronary angiograms (51 hypertensive and 52
normo-tensive; age, 42-70 years). The relationship between changes in coronary arterial
diameter and blood flow during an intracoronary infusion of acetylcholine (ACh) (5, 10,
50 ug/min), and BP parameters and other traditional risk factors was evaluated using
univariate and multivariate linear regression analyses.

RESULTS: With multivariate analyses, the 24 hr PP showed an inverse correlation
with the epicardial coronary dilator response to ACh independently of other covariates
including age, smoking, and 24 hr systolic BP in normo-tensive as well as hypertensive
patients. Furthermore, multivariate analysis showed that the 24 hr 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 hr PP.

CONCLUSIONS: Increased 24 hr 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.
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KEY WORDS

Hypertension, Endothelium-dependent dilation, Risk factors, Pulse pressure,
Ambulatory blood pressure monitoring.

CONDENSED ABSTRACT

The mechanisms by which increased pulse pressure (PP) is a risk for coronary
artery disease are unclear. This study examined the relationship between changes in
coronary arterial diameter and blood flow to acetylcholine, and blood pressure (BP)
parameters in 103 patients. This study found that an increase in 24 hr PP measured by
ambulatory BP monitoring was independently associated with endothelial vasomotor
dysfunction, a predictor of future coronary events, in conduit and resistance coronary
arteries irrespective of the presence of hypertension. Thus, increased PP may have an
intimate association with coronary endothelial vasomotor dysfunction.

A List of Abbreviations and Their Definitions

PP = pulse pressure,

BP = blood pressure,

SBP = systolic blood pressure,

DBP = diastolic blood pressure,

ABPM = ambulatory blood pressure monitoring,
CAD = coronary artery disease,

ACh = acetylcholine,

HR = heart rate,

NO = nitric oxide

Introduction

Pulse pressure (PP), calculated as the difference between systolic and diastolic
blood pressure (SBP and DBP, respectively), has been previously reported to be a
stronger cardiovascular risk factor than SBP alone, especially in elderly hypertensive
patients (1). Even in normo-tensive subjects, an increase in PP remains a powerful and
independent predictor of cardiovascular risk, particularly for myocardial infarction (2).
However, the underlying mechanisms by which an increase in PP plays a role in
pathogenesis of coronary artery disease (CAD) remain unclear. A recent report (3)
showed that an increase in PP was associated with endothelial vasomotor dysfunction,
an independent predictor of future coronary events, in the resistance vessels downstream
from the brachial artery in hypertensive patients. However, there is no information on
the effects of PP on endothelial vasomotor functions in human coronary arteries in
normo-tensive or hypertensive patients. Furthermore, the relationship between PP and
endothelial vasomotor 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 normo-tensive and hypertensive subjects.
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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 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
administration) and no coronary spasm (<50% decrease in epicardial coronary diameter
from baseline and neither chest pain nor ischemic electrocardiographic change) after the
intracoronary infusion of acetylcholine (ACh); (2) normal left ventriculography; (3) no
left ventricular hypertrophy, verified by both electrocardiography and
echocardiography; and (4) no history of myocardial infarction, congestive heart failure,
valvular heart disease, 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 BP were withdrawn > 3 days
before the study. Hypertension was defined according to JNC-VI criteria (4): the
averaged values of two or more BP measurements obtained on at least two separate
occasions were >140 mmHg SBP or >90 mmHg DBP, with waking ambulatory BP
measurements >135/85 mmHg or sleeping ambulatory BP measurements >120/75
mmHg. 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 angiography, 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, intracoronary injection of isosorbide dinitrate (1 mg) was performed.
Two minutes after that, coronary angiography was performed in multiple projections in
all study subjects.

Ambulatory BP Measurements

SBP, DBP, PP, and heart rate (HR) during daily activities were measured every
30 min for 24 hr, 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-hour 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, nighttime, and 24 hr 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 angiographic 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
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anterior descending coronary artery at the mid segment was performed quantitatively by
use of a computer-assisted coronary angiographic analysis system (Cardio 500, Kontron
Instruments) by 2 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 angiograms taken just before each infusion.

Blood flow velocity was measured in a subgroup of 56 consecutive subjects using a
0.014-in wire equipped with a Doppler crystal at its tip (Flow Wire, Cardiometrics),
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
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 2 groups using an unpaired t test and
frequencies were compared by x? analysis. Comparison of continuous variables among
more than 3 groups was performed using one-way ANOVA. Linear regression analysis
was used to determine the relationship between the coronary responses and all
continuous variables. Multivariate linear regression analyses were also used to
determine the relationship between coronary responses and 24 hr 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 that the traditional risk
factors were compared using an unpaired t test. The categorical variables were coded
using the following 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 analyzed 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 confidence level of P <0.05 was considered statistically significant.
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 and Normo-tensive Patients

None of the clinical characteristics or parameters except the BP parameters was
significantly different among the 3 groups, all patients, hypertensive patients and
normo-tensive patients (Table 1).

Correlations of Epicardial Coronary Diameter Responses With Clinical
Characteristics and BP Parameters

Intracoronary 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
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constrictor response. Using univariate linear regression analysis, age and 24 hr
ambulatory PP and SBP had a significant and inverse correlation with the dilator
responses of epicardial coronary arteries to ACh at dose of 50 pg/min in all patients (Fig
1 and Table 2). Age and ambulatory PP and SBP also showed a significant correlation in
the subgroup of normo-tensive patients, as shown in Table 2. As shown in Table 3,
smokers had an impaired dilation or an enhanced constriction of epicardial coronary
arteries to ACh as compared with nonsmokers in all 3 of the study groups (Table 3).
Using multivariate linear regression analysis after adjustment for age, smoking status,
and ambulatory SBP as covariates, 24 hr ambulatory PP remained significantly and
inversely correlated with the coronary diameter response to ACh at dose of 50 pg/min in
all patients, the hypertensive patients, and the normo-tensive patients (Table 4).
Ambulatory PP also was independently correlated with the diameter responses to ACh
at 5 and 10 pg/min in all patients as well as normo-tensive 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 correlated with 24 hr ambulatory PP in either all patients
or just the normo-tensive 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
studied. Using univariate linear regression analysis, age and ambulatory 24 hr PP and
SBP had a significant and inverse correlation with percent increase of coronary flow in
response to ACh at doses of 5 pg/min in all patients (Fig 2 and Table 2). Age and
ambulatory PP also had a significant correlation in the subgroup of the normo-tensive
patients (Table 2). Diabetic patients had an impaired increase of coronary flow to ACh
as compared with non-diabetic patients in all of the 3 study groups (Table 3). In all of
the patients, 24 hr ambulatory PP remained significantly and inversely correlated with
the % increase of flow in response to ACh at doses of 5 pug/min using multivariate linear
regression analysis after adjustment for age, ambulatory SBP, and diabetes (these
covariates were significantly related to the flow response in the univariate linear
regression analysis or the unpaired t test) (Table 4). Also, the independent and inverse
correlation of 24 hr ambulatory PP with the % 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).
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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
demonstrated 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 infusion of ACh. The epicardial coronary diameter responses 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 epicardial coronary vasomotor dysfunction in a subgroup
of normo-tensive patients. This may be related to previous findings (2) that an increase
in PP is a strong predictor of cardiovascular disease, especially myocardial infarction,
independently 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 vasomotor dysfunction. This is
consistent with previous reports (1,8,9) that found 24 hr ambulatory PP monitoring
superior to office 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 have previously shown that coronary vasomotor regulation
largely depends on endothelial nitric oxide (NO) activity (10,11). Thus, the decrease in
coronary endothelial NO activity may be the underlying mechanism 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 pro-atherothrombogenic molecules in the arterial walls (13), resulting in a high
incidence of myocardial infarction.

PP is largely determined by 3 hemodynamic 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 elevated 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
inhibitors and angiotensin receptor blockers attenuate extracellular 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 hr ambulatory PP has a strong and independent
association with endothelial vasomotor dysfunction in the conduit and resistance vessels
in the coronary circulation in normo-tensive as well as hypertensive patients. Increased
ambulatory PP may have an intimate relation to coronary endothelial vasomotor
dysfunction.

74-



10.

11.

12.

13.

14.

15.

JACC081804-2721RR

References

Franklin SS, Larson MG, Khan SA, et al. Does the relation of blood pressure to
coronary heart disease risk change with aging? The Framingham Heart Study.
Circulation 2001;103:1245-19.

Safar ME. Pulse pressure, arterial stiffness, and cardiovascular risk. Curr Opin
Cardiol 2000;15:258-63.

Ceravolo R, Maio R, Pujia A, et al. Pulse pressure and endothelial dysfunction in
never-treated hypertensive patients. J Am Coll Cardiol 2003;41:1753-8.

Joint National Committee on Prevention Detection, Evaluation, and Treatment of
High Blood Pressure. The sixth report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of High Blood Pressure. Arch
Intern Med 1997;157:2413-46.

Kugiyama K, Doi H, Motoyama T, et al. Association of remnant lipoprotein levels
with impairment of endothelium- dependent vasomotor function in human coronary
arteries. Circulation 1998;97:2519-26.

Iida T, Kohno I, Fujioka D, et al. Blunted reduction of pulse pressure during
nighttime is associated with left ventricular hypertrophy in elderly hypertensive
patients. Hypertens Res 2004, in press.

Ijiri H, Kohno I, Yin D, et al. Cardiac arrhythmias and left ventricular hypertrophy
in dipper and nondipper patients with essential hypertension. Jpn Circ J
2000;64:499-504.

Staessen JA, Thijs L, O’Brien ET, et al. Ambulatory pulse pressure as predictor of
outcome in older patients with systolic hypertension. Am J Hypertens 2002;15:835-
843.

White WB, Grin JM, McCabe EJ. Clinical usefulness of ambulatory blood pressure
monitoring. Am J Hypertens 1993;6:225S-228S.

Nakamura S, Sugiyama S, Fujioka D, Kawabata K, Ogawa H, Kugiyama K.
Polymorphism in glutamate-cysteine ligase modifier subunit gene is associated with
impairment of nitric oxide-mediated coronary vasomotor function. Circulation
2003;108:1425-7.

Kugiyama K, Yasue H, Ohgushi M, et al. Deficiency in nitric oxide bioactivity in
epicardial coronary arteries of cigarette smokers. J Am Coll Cardiol 1996;28:1161-
7.

Kugiyama K, Yasue H, Okumura K, et al. Nitric oxide activity is deficient in spasm
arteries of patients with coronary spastic angina. Circulation 1996;94:266-71.
Griendling KK, Alexander RW. Endothelial control of the cardiovascular systems:
recent advance. FASEB ] 1996;10:283-92,

Safar ME, Levy BI, Struijker-Boudier H. Current perspectives on arterial stiffhess
and pulse pressure in hypertension and cardiovascular diseases. Circulation
2003;107:2864-9.

Weir MR, Dzau VJ. The renin-angiotensin-aldosterone system: a specific target for
hypertension management. Am J Hypertens 1999;12:205S-213S.

-75-



Figure Legends
Fig 1.
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Correlations of 24 hr ambulatory PP with % changes of epicardial coronary dilator
responses to ACh (50 pg/min) in all the study patients, hypertensive patients, and

normo-tensive patients.

Fig 2.

Correlations of 24 hr ambulatory PP with % changes of coronary blood flow responses
to ACh (5 pg/min) in all the study patients, hypertensive patients, and normo-tensive

patients.

Table 1. Study Patients’ Characteristics

All Hypertensive Normotensive

patients patients 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 24+3
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 (mmHg) 50411 54£13 478 T
Ambulatory daytime SBP (mmHg) 12717 140+ 16* 119+12% f
Baseline coronary diameter (mm) 3.3+0.8 3.4+£1.0 3.2+£0.6
Baseline coronary flow (mL/min) 83+39 8540 80+39

Data are expressed as mean+SD and percentage. *p<0.05 vs. All patients, 1 p<0.05 vs.

Hypertensive patients.
PP; pulse pressure, SBP; systolic blood pressure.
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Table 2. Relationships of coronary risk factors (continuous variables) with the %
changes in diameter of epicardial coronary arteries and coronary blood flow response to
ACh using univariate linear regression analysis

% Change in Epicardial Diameter % Change in Coronary Flow
(ACh 50 pg/min) (ACh 5 pg/min)
All Hypertensive Normotensive All Hypertensive Normotensive

patients patients patients patients patients patients

(n=103) (n=51) (n=52) (n=56) (n=29) (n=27)
Age -0.50%* -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
24hr PP -0.46%* -0.47%** -0.44 %% -0.40%* -0.38* -0.44%*
24hr SBP -0.40%* -0.35%* -0.43%* -0.36* -0.39* -0.25
24hr 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
Oftice 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, **p<0.01.
BMI, body mass index; PP, pulse pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure.

Table 3. Comparisons of % 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 Hypertensive Normotensive
patients patients patients
(n=103) (n=51) (n=52)
Presence Absence Presence Absence  Presence Absence
Male -13%7 -10+6 -1545 -12+6 -1248 -0+7
Smoking -14£6 -9+6*  -15%5 -11£6* 21347 -8£7*
Diabetes -14+5 -11£7 ~1545 -12+6 -11+5 -10+8
Hypertension ~13+6 -10+8
Non-dipper Hypertension -12+6 -14+5
% Change in Coronary Flow (ACh 5 ug/min)
All Hypertensive Normotensive
patients patients patients
(n=56) (n=29) (n=27)
Presence Absence  Presence Absence  Presence Absence
Male 67+58 59447 45445 58+47 89+64 59449
Smoking 63+£57 62+48 45+45 59+46 83+65 65+51
Diabetes 21435 77+49% 24439 73+£39% 11+10 80+56*
Hypertension 53446 72£57
Non-dipper Hypertension 51+50 54+39

Data are expressed as meantSD. *p<0.05 vs. presence of respective factors.
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Table 4. Multiple linear 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 % Change in Coronary Flow
(ACh 50 pg/min) (ACh 5 pg/min)
All Hypertensive Normotensive All
patients patients patients patients
(n=103) (n=51) (n=52) (n=56)
Age -0.45%% -0.34* -0.51 % -0.14
24hr PP -0.36* -0.50%* -0.36%* -0.50**
Smoking -0.42%* -0.39* -0.54%*
Diabetes -0.45%%*
24hr SBP -0.19 0.09 -0.05 -0.22

Data are expressed as standardized regression coefficient. *p<0.05, **p<0.01.
PP, pulse pressure; SBP, systolic blood pressure.
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