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breath-hold. The volume data set was acquired in
helical mode (64 X 0.625 mm collimation; CT
pitch factor, 0.18 to 0.24:1; tube current, 600 to 750
mA with ECG-correlated tube current modulation;
tube voltage, 120 kV). The effective radiation dose
was estimated on the basis of the dose-length
product and ranged from 15 to 18 mSv (). Image
reconstruction was performed with image-analysis
software (CardIQ, GE Healthcare) on a dedicated
computer workstation (Advantage Workstation
Ver.4.2, GE Healthcare). A “standard” kernel was
used as the reconstruction filter. Depending on
heart rate, either a half-scan (temporal window =
175 ms) or multi-segment (temporal window <175
ms) reconstruction algorithm was selected, and the
optimal cardiac phase with the least motion artifacts
was chosen individually.

Evaluation of NCP characteristics. All coronary seg-
ments >2 mm in diameter were evaluated by 2
blinded and independent observers with curved
multiplanar reconstructions and cross-sectional im-
ages rendered perpendicular to the vessel center
line. The definitions of NCPs and coronary calcium
were as follows (): NCP: a low-density mass >1
mm? in size, located within the vessel wall and
clearly distinguishable from the contrast-enhanced
coronary lumen and the surrounding pericardial
tissue; coronary calcium: a structure on the vessel
wall with a CT' density above that of the contrast-
enhanced coronary lumen or with a CT density of
>120 Hounsfield units (HU) assigned to the cor-
onary artery wall in a plain image. For NCPs and
calcium analyses, the optimal image display setting
was chosen on an individual basis; in general, the
window was between 700 and 1,000 HU, and the
level between 100 and 200 HU.

As previously described ('), we determined the
minimum CT density in each NCP by placing at least
5 regions of interest (area = 1 mm?) in each lesion and
documenting the lowest average value of all regions of
interest, and on the basis of our previous results ( ),
low-density NCPs were defined as lesions with a
minimum CT' density of <40 HU. We also deter-
mined the extent of luminal enhancement of each
coronary lesion by placing a region of interest (area =
1 mm?) in the center of the coronary artery lumen at
the respective reference segment. On the basis of
measurements of the cross-sectional vessel areas
(mm?) at each NCP site of maximum vessel area and
each proximal reference site of the same coronary
artery, we calculated the “Remodeling Index” (RI).
Positive remodeling was defined as RI >1.05 (/).
Finally, we assessed calcium deposits in or adjacent to
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each NCP by determining their presence or absence
and their morphology. Spotty calcium was defined as
follows: length of calcium burden <3/2 of vessel
diameter and width <2/3 of vessel diameter (2). If the
initial classification of NCP and adjacent calcium
differed among the 2 independent observers, final
classification was achieved by consensus.

Statistical analysis. Coronary calcium score is ex-
pressed as median value and range, and other mea-
surements are expressed as mean + SD. Continuous
and categorical variables were compared with the
Mann-Whitney test and chi-square test, respectively.
Interobserver variability of measured CT densities and
cross-sectional vessel areas was determined by calcu-
lating Pearson’s correlation coefficient. In comparisons
between ACS and non-ACS lesions and culprit and
nonculprit lesions, we used only lesion specific factors,
not including patient characteristics because lesions
clustered in a single patient. Parameters of NCPs were
tested with a receiver-operator characteristic curve to
assess their reliability as prognostic variables for pre-
dicting ACS culprit lesions. Logistic regression was
used to examine the associations between NCP char-
acteristics (RI, presence of adjacent spotty calcium,
NCP CT density, and reference site CT density) and
ACS culprit lesions for multivariate analysis adjusted
for the location of NCPs. All analyses were done with
JMP 5.0.1 statistical software (SAS Institute Inc,,
Cary, North Carolina). A p value of <0.05 was
considered statistically significant.

Baseline characteristics. The mean heart rate during
scanning was 61 = 10 beats/min; mean scan time for
coronary CT angiography was 6.3 = 2.1 s. No patient
experienced any complication due to MDCT, and no
patient was excluded from analysis due to poor image
quality of the 64-slice CT.

Of the 147 patients, 46 (31%) had no NCPs as
detected by 64-slice CT angiography (31 patients
had no coronary atherosclerotic lesions, and 15
patients had only calcified coronary lesions), and all
46 had presented with stable symptoms. In the
remaining 101 patients (69%) (21 patients with
ACS [8 NSTEMI and 13 unstable anginas] and 80
of 126 patients with stable clinical presentation
[non-ACS: no symptom, atypical chest pain, or
stable exertional chest pain]), CT angiography al-
lowed detection of at least 1 coronary lesion that
contained noncalcified components. A total of 228
NCPs were visualized (on average, 2.2 * 1.2/
patient; range, 1 to 5 lesions/patient). Clinical
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i, Patlents’ Characteristics
ACS Group  NMNon-ALS Group
(n = 21) {n = 80) p Value

Age {yrs) 66 = 11 69+9 NS
Male/female 17/4 61/19 NS
Hypertension 13(62) 53 {66) NS
Hyperlipidemia 12(57) 37 (46) NS
Diabetes mellitus 8(38) 39 (49) NS
Previous or 12(57) 45 (56) NS

current smoker
Statin use 8(38) 23 (29 NS
Heart rate 59+7 59+9 NS

{beats/min)
Body mass index 25%3 244 NS

(kg/m?)
Coronary calcium 184 (0-1,550) 107 (0-4,656) NS

score
N = 101. Coronary calcium score is expressed as median value {range). Other
data are the mean value = SD or n (%) of patients.
ACS = 3cute coronary syndrome.

characteristics of the 101 patients with NCPs are
shown in 1uilc i, There were no statistically
significant differences between ACS and non-ACS
groups, | shows MDCT and invasive angio-
graphic findings in a case with ACS.

Comparisons of NCP findings between ACS and non-
ACS patients. Sixty-five and 163 NCPs were detected
in the ACS (n = 21) and non-ACS (n = 80) group,
respectively. The location of NCPs in the ACS and
non-ACS groups was similar (6% and 10% in the left
main coronary artery, 37% and 39% in the left anterior
descending artery, 20% and 15% in the left circumflex
artery, 37% and 36% in the right coronary artery,
respectively). The mean number of NCPs/patient was
significantly higher in the ACS group (3.1 * 1.2)
than in the non-ACS group (2.0 = 1.1, p < 0.01).
Comparisons of NCP characteristics between the 2
groups are shown in . Excellent inter-observer
agreement was found for minimum CT densities of
NCPs (r = 0.91), for luminal densities at the reference
site lamens (r = 0.94), and for all cross-sectional vessel
areas (r = 0.88). The minimum CT density of NCPs
was significantly lower in the ACS group (24 * 22
HU) than in the non-ACS group (42 £ 29 HU, p <
0.01). There was no difference in mean CT densities
of reference site lumens between the ACS and non-
ACS groups. The mean RI of NCPs was significantly
higher in the ACS group than in the non-ACS group
(1.14 % 0.18 vs. 1.08 + 0.19, p = 0.02). Noncalcified
coronary atherosclerotic plaques were more frequently
associated with spotty calcification in the ACS group
(60%) as compared with the non-ACS group (38%,
p < 0.01). Furthermore, the frequency of low-density
NCPs with PR and spotty calcium was substantially
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higher in the ACS group (43%) than in the non-ACS
group (22%, p < 0.01).

CT characteristics of culprit versus nonculprit lesions in
ACS patients. In the 21 ACS patients, 21 culprit and
44 nonculprit NCPs were detected. Of these lesions,
32 (21 culprit and 11 nonculprit) were assessed as
obstructive (>>50% stenosis) by invasive angiography.
Comparisons of NCP characteristics between culprit
and nonculprit lesions in the ACS group are shown in
“able 3. The frequency of adjacent spotty calcium was
similar in both types of plaques (57% vs. 61%). The
minimum CT density of the culprit lesions tended to
be lower than that of the nonculprit lesions (15 + 13
HU vs. 28 = 24 HU), but this difference did not reach
statistical significance. The mean RI of the culprit
lesions (1.26 = 0.16) was significantly higher than
that of the nonculprit lesions (1.09 * 0.17, p < 0.01),
but there was a substantial overlap of the distribution
of Rl values in these 2 groups of lesions (Fig, 2). The
optimal cutoff for RI by CT angiography to predict
culprit lesions was 1.23 and had a sensitivity of 71%
and specificity of 82% (area under the curve 0.77). The
frequency of plaques that displayed all 3 parameters of
“vulnerability” (low CT density, positive remodeling,
and spotty calcium) tended to be higher for culprit
lesions (57%) compared with nonculprit lesions
(36%). However, the difference was not significant.
Multivariate analysis, which included larger RI
(=1.23), the presence of adjacent spotty calcium, the
minimum NCP CT density, and the reference site
CT density, revealed that a larger RI was the only
significant predictor of ACS culprit lesions (odds
ratio: 12.3; 95% confidence interval: 2.9 to 68.7, p <
0.01). Furthermore, the mean RI of the 21 culprit
lesions was significantly higher than that of the 11
obstructive nonculprit lesions (1.26 = 0.16 vs. 1.08 *
0.16, p < 0.01), whereas the minimum CT densities
(15 = 13 HU vs. 15 * 18 HU), frequencies of
adjacent spotty calcium (57% vs. 64%), and frequen-
cies of low-density NCPs with PR and spotty calcium
(57% vs. 45%) were similar.

In this study, we demonstrated that 64-slice CT
coronary angiography allows visualization of more
noncalcified coronary atherosclerotic lesions with
characteristics assumed to be associated with plaque
“vulnerability” in patients with ACS as compared with
patients with stable clinical presentation. Thus, 64~
slice CT might contribute toward the differentiation
of “vulnerable patients.” Furthermore, we observed
that a high degree of positive remodeling is the most
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Invasive Angiography and Coronary CT Angiography in a 58-Year-Old Man With NSTEMI

(A and B) Invasive coronary angiographic images show an initial occlusion of the proximal portion of the right coronary artery (RCA)
(arrowhead) and a recanalization of the lesion. (C and D) Curved multiplanar reconstruction (MPR) images show the subtotal occlusion
and noncalcified coronary atherosclerotic plaque (NCP) with spotty calcium in the proximal portion of the RCA (arrowhead). The cross-
sectional vessel areas of the reference site (a) and NCP (b) are 23 and 29 mm?, respectively. Therefore, the remodeling index (RI) is 1.26.
The minimum computed tomography (CT) density of the NCP is 16 Hounsfield units (HU) (b). Spotty calcium with the NCP is observed in
the cross-sectional image (c). (E and F) Curved MPR images show multiple nonculprit NCP in left anterior descending coronary artery
(LAD) (arrows). The cross-sectional vessel areas of the reference site (d) and nonobstructive NCP (e) in the proximal portion are 28 and
28 mm?, respectively. Therefore, the Rl is 1.0. The minimum CT density of the NCP is 44 HU (e). The cross-sectional vessel areas of the
reference site (f) and obstructive NCP (g) in the middle portion are 18 and 18 mm?, respectively. Therefore, the Rl is 1.0. The minimum
CT density of the NCP is —7 HU (g). NSTEMI = non-ST-segment elevation myocardial infarction.

accurate discriminator of culprit and nonculprit lesions
in ACS patients. Thus, our results provide further
evidence for the potential of MDCT angiography to
noninvasively identify vulnerable lesions and vulnera-
ble patients.

General findings of NCPs in ACS. In a report using
16-slice CT angiography, the prevalence of noncalci-
fied plaque was 100% in ACS culprit lesions (). The
present study on 64-slice CT also confirms the pres-
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ence of NCPs in all ACS patients and in all ACS
culprit lesions, whereas no patient without any NCP
had an ACS. Although the number of ACS patients
was s$mall (n = 21), this indicates a high sensitivity of
NCP as detected by CT to identify patients with
ACS.

Furthermore, our findings are in accordance with
previous evidence that the disease process in ACS
patients is not focal but more widespread throughout
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Compatisen of NCP Characteristics Between ACS and
Non-ACS Groups

ACS Non-ACS
Group Group
{n = 65) (n = 163) p Value
CT density (HU)

NCPs (minimum 2422 42+ 29 < 0.01

density}

Reference site 351x44 357 =62 0.46
Remodeling index 114+ 018 1.08x0.19 0.02
Adjacent spotty calcium, 39(60) 62 (38) < 0.01

(n {%])

Low-density NCPs (<40 28 {43}
HU) with PR and
spotty calcium,
(n [9})

36(22) < 0.01

Data are the mean value = SD or n (%) of non-calcified coronary atheroscle-
rotic plague (NCPs).

ACS = acute coronary syndrome; CT = computed tomography; HU =
Hounsfield units; PR = positive remodeling.

the coronary circulation and might lead to instability
of multiple plaques (9). In fact, multiple plaque
ruptures in locations other than on the culprit lesion
have been detected by IVUS in patients with ACS
(). In the present study, with 64-slice CT angiog-
raphy that can evaluate the entire coronary tree, more
NCPs/patient were detected in the ACS group than
the non-ACS group, and those that were detected
more frequently displayed “vulnerable” characteristics,
such as lower CT density, extent of arterial remodel-
ing, and presence of adjacent spotty calcdum. Mo-
toyama et al. () reported that 47% of culprit lesions in
ACS had all 3 characteristics of PR (R >1.1), low
CT density (<30 HU), and spotty calcium (<3 mm
in size). We also observed that 43% of NCPs in the
ACS group had all 3 vulnerable characteristics, al-
though the criteria we used varied slightly. This
indicates that multiple vulnerable plaques with char-
acteristics similar to the culprit lesion are often present
in the entire coronary tree of ACS patients.

Predictors of ACS culprit lesions in MDCT. A previous
study with CT angiography () revealed that, among
the 3 vulnerable characteristics, positive remodeling
was the strongest discriminator between culprit and
nonculprit lesions in patients with ACS (PR: 87%;
low CT density: 79%; spotty calcium: 63%), similar to
our results, Whereas this could be explained by pre-
vious data, such as a histopathological study using
postmortem hearts that revealed that coronary plaques
with PR had a higher lipid content and a higher
macrophage count (1), or the fact that excessive
expansive remodeling promotes continued local lipid
accumulation, inflammation, oxidative stress, matrix
breakdown, and eventually further plaque progression
(1), this observation has to be interpreted with
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caution. In a retrospective analysis such as ours, the
correlation of remodeling and culprit lesions might be
a consequence of plaque rupture and not necessarily a
predictor. Also, in spite of a significant difference of
the mean RI between culprit and nonculprit lesions of
ACS patients, the overlap of RI values in these 2
groups was substantial.

Study limitations. Caution is required when interpret-
ing CT densities of NCPs. We cannot exclude the
possibility that thrombosis might be present in some
ACS culprit lesions, and low-density NCPs are indis-
tinguishable from thromboses due to their similar
densities. Thrombosis adjacent to very-low-density
NCPs might increase the CT densities that were
measured, and this might be 1 of the reasons that the
minimum CT density is not statistically different
between the culprit and nonculprit lesions in the
present study. We believe that selecting the minimum
density value as the NCP density is an appropriate
method for imiting partial volume and beam harden-
ing effects resulting from neighboring structures, es-
pecially hyperdense calcium. However, improvements
of spatial resolution will be necessary to more reliably
identify and characterize NCPs on the basis of CT
densities.

Second, at present, there is no gold standard for
determination of coronary plaque vulnerability in CT
angiography. For example, in the previous MDCT
study, spotty calcium was defined as <3 mm in size
(). However, the visual estimation of high-density
structures, such as calcium deposits, varies depending
on the window setting in the CT image. Therefore,
we believe that our method, which is based on the
comparison of calcium dimensions with vessel diam-
eters, is more appropriate for classification of calcium
deposits.

Compatisen of NCP Characteristics Between Culpyit
and Mon-Culprit Lesions in ACS Group

Culprit Non-Culprit

Lesions Lesions
(n = 21) (n = 44) p Value
CT density (HU)

NCPs {minimum 1513 28+ 24 0.07

density)

Reference site 353+ 46 350 * 43 0.95
Remodeling index 1.26 :0.16 109 %017 < 0.01
Adjacent spotty calcium, 12(57) 27 (61) 0.75

(n {%I)
Low-density NCPs (<40 12(57) 16 (36) 01

HU) with PR and
spotty calcium,
(n (%)

Data are the mean value = SD or n {%) of NCPs.
Abbreviations as
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Third, the present study is retrospectively designed,
and we assume that vulnerable NCPs have morpholog-
ical characteristics similar to those of already-disrupted
NCPs—a limitation shared with previous studies in this
field. A long-term, large prospective trial would be
necessary to determine whether CT stratification of
INCPs indeed has prognostic value for predicting future
cardiac events. Future approaches might, in fact, extend
beyond CT analysis of plaque morphology, such as
demonstrated by a recent report that described the use of
a dedicated contrast agent to visualize macrophage infil-
tration in atherosclerotic plaques (. /).

Finally, our data acquisition protocol led to a
relatively high radiation dose for coronary CT
angiography. Recently, a prospectively ECG-
triggered algorithm has been developed that allows
imaging with substantially reduced dose (14). Fur-
ther studies will be required to validate the accuracy
for identification and characterization of NCPs
with newer low-dose algorithms.

We were able to demonstrate that 64-slice coronary
CT angiography detects a higher number of athero-
sclerotic lesions with noncalcified components in pa-
tients with ACS as compared with patients with stable
symptoms. Identifying the actual culprit lesion in
ACS patients is more difficult: among the character-
istics that are assumed to be associated with plaque
“vulnerability” in CT, a large degree of positive re-
modeling was the only independent predictor of cul-
prit lesions in ACS patients, but a large variability was
observed concerning the extent of positive remodeling
in culprit and nonculprit lesions. Rather than identi-
fying a single lesion responsible for a future coronary
event, the ability to investigate plaque characteristics
throughout the entire coronary system in a noninva-
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P <0.01

1.7+
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0.7 -

Remodeling Index

Culprit Lesions
n=21 n=44

Non-Culprit Lesions

lesions. ACS = acute coronary syndrome; Rl = remodeling index.

ve 2, Comparisen of Rl Between ACS Culprit and Monculprit Lesions

The mean Rl of the culprit lesions is significantly higher than that of the
non-culprit lesions (1.26 = 0.16 vs. 1.09 = 0.17, p < 0.01), but there is a
substantial overlap of the distribution of Rl values in these 2 groups of

sive fashion might be an important property of coro~

nary CT angiography regarding its potential applica- .

tion in the context of identifying “vulnerable patients”
at risk for ACS.
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Endothelial Function and Oxidative Stress
in Cardiovascular Diseases

Yukihito Higashi, MD; Kensuke Noma, MD;
Masao Yoshizumi, MD; Yasuki Kihara, MD*

The vascular endothelium is involved in the release of various vasodilators, including nitric oxide (NO), prosta- -
cyclm and endothelium-derived hyperpolarizing factor, as well as vasoconstrictors. NO plays an important role
in the regulation of vascular tone, inhibition of platelet aggregation, and suppression of smooth muscle cell
proliferation. Erdothelial dysfunction is the initial step in the pathogenesis of atheros¢lerosis. Cardiovascular
diseases are associated with endothelial dysfuncﬂon 1t is well known that the glade of ‘endothelial function is a
pledlCtOl‘ of cardiovascular outcomes. Oxidative stress plays an 1mportant role in the pathogernesis and develop-
ment of cardiovascular diseases. Several mechanisms contribute to 1mpa1rment of endothelial function. An
imbalance of reduced production of NO or increased production of reactivé oxygen species, mainly superoxide,
may promote endothelial dysfunction. One mechanism by which endothehum—depcndent vasodilation is 1mpalred
is an increase in oxidative stress that inactivates NO. This review focuses on fecent findings and interaction
between endothelial function and oxidative stress in cardiovascular diseases.

Key Words: Cardiovascular diseases; Endothelial function; Endothelium-derived factors; Oxidative stress

% arious vasodilators, including nitric oxide (NO),
\\/ prostacyclin, dnd endothelium-derived hyperpo-
larizing facto (EDHF), as well as vasoconstric-
tors, are released fiom the endothelium!2 NO plays an
important rolé in the regulanon of vascular tone, inhibition
of platelet aggregation, and suppression of vascular smooth
muscle cell proliferation?4 Impaired endothelivm-depen-
dent vasodilation has beerr found in the foredrm, coronary,
and renal vasculature of patients with hyperterisiony-11 dys-
lipidemial213 diabetes mellitus!*-16 and coronary artery
diseases!-2! Endothelial dysfunction is an carly feature of
both: atherosclerosm and vascular diseases in humans?2
Improvement or augmentation of endothelial function will
prevent the development of atherosclerosis, resulting in a
reduction in cardiac events.

There are several possible mechanisms for impaired
endothelial Tunction in patients with cardiovascular dis-
eases. Decreased NO bicavailability (decreased NO pro-
duction and/or increased NO inactivation) induces endo-
.thelial dysfunction: A balance of endothelium-derived
vasodilators, especially NO; and reactive oxygen species
(ROS) moduylates endothelial function. Therefore, an imbal-
ance of NO and ROS, so-called oxidative stress, is involved
in endothelial dysfunction through the inaciivation of NO.
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Oxidative Stress in Cardiovascular Diseases

ROS are produced by various oxidase enzymes, includ-
ing nicotinamide-adenine dinucleotide phosphate (NADPH)
oxidase, xanthine oxidase, uncoupled endothelial NO syn-
thase (eNOS), cyclooxygenase, glucose oxidase, and lipo-

" oxygenase, and mitochondrial electron transport (Fig1).

ROS include superoxide anion (O27), hydrogen peroxide
(H202), hydroxyl radical (OH), hypochlorous acid (HOCL),
NO, and peroxynitrite (ONOQ-). Oz, OH, and NO are
classified as free radicals that have unpaired électrons and
potent oxidation ability. H202, HOCI, and ONOO- are clas-
sified as non-free radicals that also have oxidation ability.
The sources of ROS are a variety of cell types, including
vascular smooth muscle cells (VSMCs), endothelial cells
and mononuclear cells. The antioxidant enzyme superoxide
dismutase (SOD) has been identified as 3 enzymatic types:
Cu/Zn SOD, Mn SOD, and extracellular SOD, SOD tapidly
dismutates Oz~ to H20z2, then H202 is eliminated by gluta-
thione peroxidase (GPx) and catalase to water.

Several lines of evidence demonstrate that oxidative
stress plays an important role in the pathogenesis and devel-
opment of cardiovascular diseases, including hypertension,
dyslipidemia, diabetes mellitus, atherosclerosis, myocai-
dial infraction, angina pectoris, and heart failure?3-26 The
susceptibility of vascular cells to oxidative stress is a func-
tion of the overall balance between the degree of oxidative
stress and the antioxidanf defense capability. Protective
antioxidant mechanisms are complex and muliifactorial,
Antioxidant defense systems, such as SOD, GPx and cata-
lase, scavenge ROS in the vasculature resulting in inhibi-
tion of NO degradation. Although SOD rapidly converts
02~ to H203, H202 per se is involved as an intracellular
second messengér in vascular remodeling, inflammation,
apoptosis, and growth of VSMCs?7 Oxidative stress induces
cell proliferation, hypertrophy, apoptosis and inflammation
through activation of various signaling cascades and rédox-
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sensitive transcriptional facfors. Excess ROS, especially
free radicals, oxidize various molecules. Lipid peroxidation
and protein oxidation induce overexpression of redox
genes, intracellular calcium overload, and BNA fragmenta-
tion, resulting in damage to VSMCs, endothelial cells or
myocaidial cells.. A vicious cycle of oxidative stress and
okidative stress-induced atherosclerosis leads to the devel
opment of atherosclerosis.

- Endothelial Function in
Cardiovascular Disedgses

It had been thoughit until 1981 that the vascular endothe-

Antioxidation vs Pro-oxidation

Fig2. Structure and function of endothelial cells.

lium functioned 4s a wall separating the blood vessel and
the inside cavity. If the endothelium of the whole body

- could be collected, its totil weight would be equal to that of

the liver, and its total area would be equal to that of 6 tennis
courts. Endothelial cells secrete various vasoactive agents,
such as the vasodilators NO, prostacyclin and EDHF, and
the vasoconstrictors endothelin-1, angiotensin I (Angll),
and thromboxane A21~4 Thus, the vascular endothelinm
might be the biggest endoctine organ in the human body. A
healthy endothelium maintains vascular fone and structure
by regulating the balance between vasodilation and vaso-
constriction, growth inhibition and growth promotion, anti-
thrombosis and prothrombosis, anti-inflammation and pro-
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inflammation; and also antioxidation and pro-oxidation
(Fig2)!

Endothelial dysfunction is the initial step in the patho-
genesis of atherosclerosis (Fig3)?2 Several investigators
have shown that impaired endothelinm-dependent vasodila-
tion is found in the forearm, coronary, and renal vasculature
in patients with cardiovascular diseases2! Perticone ef al
evaluated cardiac outcome in patientts with untreated essen-
tial hypertension characterized by 3 tertiles of acetylcho-
line-induced vasodilation, and found that patients with the
lowest tertile of acefylcholine-induced vasodilation had a
significantly higher event ratio than did the patients with a
moderate or high tertile?® In patients with coronary artery
diseases, severe coronary endothelial dysfunction is associ-
ated with increased cardiovascular events?? Schachinger et al

demionstrated a link between coronary endothelial dysfanc-
tion and subsequent cardiovascular events in patients with
coronary artéry diseases30 Acetylcholine-induced vasodila-
tion and flow-meditated vasodilation are also useful for pre-
dicting cardiovascular events in such patients?>25 Also in
patierits with petipheral arterial disease, conduit arfery endo-
thelial dysfunction assessed by flow-meditated vasodilation
independently predicts long-term cardiac outcome26 Those
clinical studies have shown that endothelial function can be
an independent predictor of cardiovascular gvents?03!
From a clinical perspective, it is important ta select an
appropriate intervention that will be effective in improving
endethelial function in patients with cardiovascular diseases.
Indeed, several interventions, including pharmacological
therapy, administration of dntihypertensive agents such as
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Angll, angiotensin I

angiotersin-converting enzyme inhibitors and AngII type I
receptor blockers??=35 statins36 and thiazolidinedione dériva-
tives37 supplementation therapy, such as administration of a
substrate of NO L-arginine38 éstrogen replacement?® admin-
istration of a cofactor of NO tetrahydrobiopterine{0 treatment
with antioxidant vitamins such as vitamin CH and lifestyle
modifications such as aerobic exercise! 4243 body weight
reduction® and sodium restrictionts have been shown to
improve endothelial function and prevent cardiovascular
complications. These findings suggest that endothelial
dysfunction in patients with cardiovascular diseases is
reversible. ‘

Several investigators have reported possible mechanisms
of the impairmient of endothelial function in cardiovascular
diseases, including abnormalities of shear stress, increased
amounts of the endogénous eNOS inhibitor asymmetrical
dimethylarginifie, mcleased amounts of vasoconstrictors
such as Angll, endothelin:1 and norepinephrine, and inacti-
vation of NO by ROS#47 Growing evidence reveals an
interaction betweerj oxidative stress and endothelial func-
tion (Fig4). Enhanced production of ROS and an attenu-
ated antioxidant system would contribute to endothelial
dysfuniction in cardiovascular diseases.

Decrease in NO Bioavailability

Endothelial dysfunction has been shiown to be associated
with an increase in ROS in atherosclerotic animal models

and human subjects with atherosclerosis? The corcentra-
tion s of antioxidant scaverigers, such s SGD, GPx catalase,
and vitamins C and E, are decreased in patients with athero-
sclerosis?® NADH/NADPH oxidase, which is a mdjor source
of production of ROS in vessel walls, is activated in experi-
mental models of atherosclerosis?: 50.1t has also been shown
that ascorbic acid (vitamin C) restores impaired endothe~
lium-dependent vasodilation in patients with essential hyper-
tension, dyslipidemia, and coronary artery diseasesi3!7.51
Enhanced NQ inactivation cadsed by excess ROS produc-
tion, rather than decreased NO production, may play an
impoitant fole in the impairment of endothehum—dependent
vasodilation. These findings suggest that a decrease in NO
inactivation induces an improvement in the endothelial dys-
function in patients with cardiovasciilar diseases.

eNQOS
The serine/threonine kindse Akt piotooncogene is 1 of

the major regulators of various céllular processes and medi-

ates the activation of eNOS, resulting in increased NO pro-
duction from endothelial cells$2 Fulton et al’? showed that
Akt activates eNOS enzyme activity by phosphorylation of
eNOS, independently of an increase in intracellular free
calcium concentration, leading to an increase inh NO pro-
duction from endothelial cells. The phosphatidyl-inositol-
3-kinase (PI3K)/Akt pathway, which causes intracellular
calcium-independent eNOS phosphorylation aiid activation,
is involved inn eNOS activation, in addition to a calcium-
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dependent mechanism.

Under pathologic conditions, the PI3K/Akt pathway is
diminished, resulting in decreased levels of eNOS gene
expression and enzymatic activity. Andreozzi et al demon-
strated that AngII enhanced Ser312 and Ser616 phosphory-
lation of insulirt receptor substrate-1 through stimulation of
c-Jun N-termindl kinase and extracellular signal-regulated
kinase 1/2 activity in human umbilical vein endothelial
‘cells, and that it impaired insulin-mediated vasodilation
through inactivation of the insulin receptor substrate-1/
PI3K/Akt/eNOS pathway?* Indeed, chronic inhibition of
the renin-angiotenisin system (RAS), improves endothelial
function by either increasing NO produetion or by activat-
ing eNOS-related NO production? In addition, chronic
inhibition of the RAS has been shown to lead to functional
and histological alterations of the vascular endothelium,
resulting in enhanced vascular structure and function?s

eNOS per se produces ROS rather than NO upder the
condition of eNOS uncoupling through a deficiency of tet-
rahydrobiopterin (BH4), an essential cofactor for eNOS, or
oxidation of BHa. Degxadatxon of BH4 by ROS, including
ONOO-, Oz~ arld H202, is associated with downregulation
of eNOS?¢ In dddition, it has been demonstrated that sup-
plementation of BH4 improves endothelial function in vivo
and in vitro, and in smokers and patients with hypertension,
hypercholesterolemia or chronic heart failures7-60 Recently,
we also showed that the grade of oxidative stress correlates
with a deﬁmency of BHe, and that supplementation with
BH4 augmented endothelium-dependent vasodilation in the
Brachial arteries of elderly subjectss! These findings suggest
that BH4 deﬁcxency and decreased eNOS activity ‘cause
endothelial dysfunction in atherdsclerotic patients through
an increase in oxidative stress.

NADH/NADPH Oxidase

NADH/NADPH oxidase is-the most important source of
ROS in the vasculature$2 NADH/NADPH oxidase is a
multi-subuhit cornplex composed of cytosolic components,
stch as p47phox, p67phox and Rac 1, and membrane-spanning
components, such as p22vhox and gp9lph°" or another NOx
homolog. The ploductron of ROS by adtivated NADH/
NADPH oxidase is mediated by several pathwaysﬁ-’* Angll-
induced NADH/NADPH oxidase activation is 1 of the
major sour¢es of RO in atheroscleresisé?-65 The activated
NADH/NADPH oxidase-relatéd ROS genefation and ROS
- degradation pathway is shown in Fig1. In the aorta of spon-
taneously hypertensive rats; endothelial dysfunctlon is
caused by an excess of ROS rather than a decrease ih NO
production and is associated with both upregulation of
p22ehox mRNA expression and increased activity of NADH/
NADPH oxidase$3 Upregulation of p22phox mRNA expres-
sion is a kéy component of Angli-induaced NADH/NADPH
oxidase activation, and increased expr,ess‘ion levels of other
components also play an important role in this oxidase
under pathological conditionsé%65 Increased mRNA expres-
sion levels of p47phox, p67!"‘°x p22phox agnd NOx2 have been
found in the internal mammary arteries of patients with
coronary attery diseases and in those with diabetes mellitus.
RAS inhibitors prevent the increase in thé mRNA expres-
sion levels of p22phox and NOx2 in Angli-induced hyper-
tensive rats and reduce ROS gener ation, and the AT2 reeep-
tor blockade accentuated the changes in p22phox and NOx2
and increased p6791‘°x RAS inhibition improves endothelial
fungtion in various animal models through decreased
NADH/NADPH oxidase activitys3 It is thought that indcti-

vation of NADH/NADPH oxidase miay centribite to the
improvement in endothelial dysfunction in patients with
atherosclerosis. Récently, we also fourid that inactivation of
the RAS, particularly Angll, by successful renal angio-
plasty may decréase o)udatlve stress, resultmg in improved
endothelium- dspendent vasodilation in patients with reno-
yascular hypertension, who are ideal subjects for determin-
ing how endothelial function is affected by excess Angll
and Angl-related inerease in oxidative stress (Fig5)%
These findings suggest that the role of the RAS in the patho-
genesis of atherosclerosis may be reldted, at least in part; to
Angli-induced ploductlon of ROS in vascular cells,

Antioxidant System

Protective antioxidant mechanisms are complex and mul-
tifactorial. The antioxidant defense systei, siich as SCD,
GPx and catalase, scavenges ROS in the vasculature, result-
ing in inhibition of NO degradation (Fig1). The suscepti-
bility of vascular cells to oxidative stress is a fariction of the
overall balance between the degree of oxidative stress and
the antioxidant defense capability. The antioxidant enzyme
§OD rapidly dismutates Oz~ to H202. SOD has been iden-
tified as 3 enzymatic types: Cu/Zn SOD, Mn SOD, and
extracellular SOD. Destitiction of the antioxidant system,
including decreased antioxidaiit enzyme activity and ROS
scavenging ability, may contiibute to oxidative stress in
patients with atherosclerosis. Various interventions, such as
administration of antipxidant vitamitis and antihypertensive
agents and exercise training, have been shown td enhance
the protein levels and erizymauc activities of SOD, such as
Cu/Zn SOD and Mn SOD, in the vascular endathelium and
smooth muscle cells of the aorta in experimental animal
models.67:68 It has been reported that approximately 509 of
the total SOD in the human vasculature is extracellylar®®
Pukai et al demonstrated that exercise increased eNOS and
extracellular SOD protein [evels in Wlld—type mice, but had
no effect on extracellular SOD protein levels in eNOS-
knockout mice and that the effect of endothelivm-derived
NO on extracellular SOD protein level is mediated by the
cGMP/protein kinase G-dependent pathway’™ Hornig et al
have shown that extracellular SOD contributes to the
improvement in endothelial function by treatment with a
RAS inhibitor in patients with coronary artery diseases?!
Interestingly, extracellular SOD activity determined aftei
its release from the endothelium by a heparin bolus injec-
tion was increased after treatment with losartan and was
associated with an increase in flow-mediated vasodilatiofi.
These findings suggest that activation of extracellular SOD
improves endothelial function, probably by increased NO
bioavailability, in patients with coronary artery diseases.

Although SOD. rapidly converts O2- to H202, H202 per
se is involved &s an intracellular second messenger in vas-
cular remodeling, inflammation, apoptosis, and growth of
VSMCs. Hydrogen peroxide is-eliminated by GPx and cata-
lase to H20. It has been shown that a physiological level of
shear stress upregulates GPx mRNA levels and GPx enzy-
matic activity in cultured bovine aottic endothelial cells’?
The upregulation of Cu/Zn SOD, Mn SOD, GPx and cata-
lase, apart from extracellular SOD induced by appropriate
interventions, may improve endothelial function through
the mhlbmon of NO degradation with a decrease in ROS.

Rho-Associated I{(mases (ROCKs)
The family of ROCKs, which are small GTPase Rho
effectors, mediate various cellular physiologic functions
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such as cell proliferation, migration, adhesion, apoptosis
and contraction, all of which miay be involved iut the patho-
genesis of atherosclerosis?3-75 ROCKs consist of 2 iso-
forms, ROCK 1 and ROCK2, and have been found to be tlie
immediate downstream targets of RhoA7677 The RhoA/
ROCK pathway has been shown to be involved in the for-
“mation of atherosclerotic lesions, vasoconstriction and myo-
cardial h’ype‘ruophy, and to be activated in patients with
liypertension and in those with coronary artery disease?8-33
Sauzeau et al have shown that NO also inhibits RhoA trans-
location from thie cytosol to the membrane in VSMCs# In
addition, previous studies using ROCK ighibitors, such as
fasudil or Y- 27632; have suggested that ROCKs may play
an important role in the pathogenesis of cardiovascular
disease?7880 These experimental and clinical studies have
showit that ROCKSs are an important therapeutic target for
cardiovascular diseases$386 Previous sfudies have shown
that activation of tlie RhoA/ROCK pathway impairs NOC
bioavailability through inhibition of eNOS mRNA stability
and eNOS protein phosphorylation at Ser1177 via the
PI3K/Akt pathway?887 We previously reported that intra-
arterigl infusion of the ROCK inhibitor fasudil improved
endathelial function in smokers® Several investigators have
shown an interaction between the RhoA]ROCK pathway
and ROS#.%0 Indeed, ROS induced by hyperglycemia
enhance ROCK activity, leadmg to atherothrombogenesis
throuch increased expression of plasmmogen activator
mh1b1to1 1 in vascular endothelial cells?! It is well known
that cigarette smoking decreases NO bioavailability through
the production of ROS. Several investigators, including us,
have demonstrated that there is a possible association of
ROCK activity with oxidative stress and that smoking
enhances the activation of ROCKs in VSMCs ini vivo and in
vitro8%92 Taken together, the findings indicate an interaction
between ROCK activity, endogerious NO and oxidative
stress,

Conclusions

Increased production of ROS impairs endothelial func-
tiori in humans. One mechanism by which endothelial func-
tion is impaired is increased oxidative stress, which inacti-

vates NO. An imbalance of reduced ploductlon of NO and

increased production of ROS may be involved in impaired
endothielium-dependent vasodilation in patients with cardio-
vascular diseases. It is thought that a vicious cycle of endo-
thelial dysfunction and oxidative stress leads to development
of atherosclerosis. In the clinical setting, it is important to
select appropriate intetventions for both endothelial func-
tion and oxidative stress, and it is expected such interven-
tions will greatly improve clinical outcomes, Future study in
a large clinical trial or cohert study is needed to determine
the roles of éndothelial function and oxidative stress in car-
diovascular outcomes.
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Abstract

Few studies addressed the relation of visceral adiposity and high-molecular weight (HMW) adiponectin to arterial stiffness. We
investigated the impact of visceral adipose tissue (VAT) and HMW adiponectin on cardio-ankle vascular index (CAVI) in asymptomatic
Japanese subjects. We studied 487 consecutive subjects (271 men and 216 women) who underwent general health examination between
October 2005 and May 2008. The abdominal, visceral, and subcutaneous adipose tissue areas were determined by low-dose x-ray computed
tomography. Serum levels of total and HMW adiponectin were measured using the enzyme-linked immunosorbent assay system based on a
monoclonal antibody to humans. Cardio-ankle vascular index was positively correlated with VAT area and negatively correlated with HMW
adiponectin levels. We also found the positive association of the number of metabolic syndrome components with CAVI in both sexes. A
stepwise multiple regression analysis revealed that age, VAT area, serum HMW adiponectin levels, and homeostasis model assessment of
insulin resistance were independent determinants of CAVI. Receiver operating characteristic analyses demonstrated that the predictive value
of the VAT area for the extent of CAVI (mild: <25th percentile vs severe: >75th percentile) exceeded that of total or HMW adiponectin levels
in both sexes. In conclusion, increased CAVI is associated with both amounts of VAT measured by computed tomography and serum HMW
adiponectin levels in asymptomatic Japanese subjects. Receiver operating characteristic analysis indicates that the VAT area is a lot better
predictor of arterial stiffness than adiponectin levels.
© 2009 Elsevier Inc. All rights reserved.

1. Introduction

Visceral adipose tissue (VAT) is now generally considered
to play an important role in the metabolic syndrome (MetS)
and the development of atherosclerosis . The adipose
tissue is a remarkable endocrine organ that is a source of
several adipokines = . Although most adipokines appear to
promote cardiovascular disease (CVD), adiponectin is
thought to possess antiatherogenic and anti-inflammatory
effects and may be protective against CVD development
Recent studies have demounstrated that high—molecular
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weight (HMW) adiponectin is the major active form of this
protein associated with insulin sensitivity and protective
activities on the vasculature . Clinical studies have also
reported that HMW adiponectin is more associated with
MetS and coronary heart disease than total adiponectin ,
suggesting that HMW adiponectin rather than total adipo-
nectin may exert antiatherosclerotic properties that would
prevent the development of atherosclerosis.

It has been demonstrated that aortic pulse wave velocity
(PWYV), which reflects arterial stiffness, is a marker of CVD
risk . Recently, the cardio-ankle vascular index (CAVI)
has been developed for the quantitative evaluation of
vascular wall stiffness in the aorta, femoral arteries, and
tibial artery by measuring PWV and blood pressure (BP)

. Indeed, CAVT has been reported to be correlated with
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other CVD risk markers, such as intima-media thickness
(IMT) and coronary atherosclerosis, thus reflecting the
degree of atherosclerotic change in general populations and
patients with high CVD risk {11 121,

Previous studies have reported that visceral adiposity is
associated with PWV in patients with type 2 diabetes
mellitus {13} or that total adiponectin is inversely related
to PWV in patients with essential hypertension |14}
However, there are little data assessing the relationship of
visceral adiposity, total adiponectin levels, and HMW
adiponectin levels to arterial stiffness in apparently
healthy subjects without any medication. Furthermore, it
is not known which of these adiposity-related measure-
ments is more closely related to arterial stiffness. The
purpose of this study was to evaluate the impact of VAT
measured by computed tomography (CT) and total and
HMW adiponectin levels on CAVI in asymptomatic
Japanese subjects.

2. Methods
2.1. Subjects

The study population consisted of 487 Japanese
individuals (271 men, 216 women) who underwent general
health examination between October 2005 and May 2008 at
Grand Tower Medical Court Life Care Clinic. Subjects who
were diagnosed as having CVD and received any
medication were excluded. We measured abdominal VAT
areas by low-dose x-ray CT, the serum total and HMW
adiponectin levels, and the CAVI in all subjects. This study
was approved by the Medical Ethics Committee of the
Grand Tower Medical Court Life Care Clinic. All subjects
provided written informed consent before their inclusions
in the study.

2.2. Anthropometric measurement and laboratory methods

After an overnight fast, blood samples were obtained;
and BP was measured in the sitting position with the right
arm. Height (in meters) and body weight (in kilograms)
were used to calculate the body mass index (BMI). The
waist circumference (WC) was measured at a level of
umbilicus in the late exhalation phase while standing.
Measurements of the abdominal VAT and subcutaneous
adipose tissue (SAT) areas were undertaken using low-dose
x-ray CT with a Hitachi Robusto (Hitachi Medical, Tokyo,
Japan). Serum lipid profile was determined by an
enzymatic method (total cholesterol and triglycerides) or
a direct method (low-density lipoprotein [LDL] cholesterol
and high-density lipoprotein [HDL] cholesterol) with a
Hitachi 7080 analyzer. The fasting plasma glucose (FPG)
levels were measured using the hexokinase method. Serum
insulin levels were measured using a chemiluminescent
enzyme immunoassay. Insulin resistance was evaluated by
the homeostasis model assessment (HOMA-IR), calculated
as fasting insulin (in microunits per milliliter) x FPG (in

millimoles per liter)/22.5. Hemoglobin A,. (HbA;) was
determined by turbidimetric immunoassay. Serum concen-
trations of high-sensitivity C-reactive protein (hsCRP) were
determined by latex turbidimetric immunoassay. Serum
levels of total and HMW adiponectin were measured using
the enzyme-linked immunosorbent assay system (Sekisui
Medical, Tokyo, Japan) based on a monoclonal antibody to
humans {15], For total adiponectin, the intraassay coeffi-
cient of variation (CV) was 4.5% and the interassay CV
was 3.0%. For HMW adiponectin, the infraassay CV was
7.7% and the interassay CV was 9.1%. Metabolic syndrome
was defined by the Japanese criteria as a WC level of at
least 85 c¢m in men and at least 90 cm in women and 2 or
more of the following 3 risk factors: hypertension (a BP
level >130/85 mm Hg), dyslipidemia (an HDL cholesterol
level <40 mg/dL or a triglycerides level 2150 mg/dL), and
glucose intolerance (an FPG level =110 mg/dL)
Metabolic syndrome score (MS) means the number of
components of the MetS.

2.3. Measurement of CAVI

Cardio-ankle vascular index was recorded using a
VaseraVS-1000 vascular screening system (Fukuda Denshi,
Tokyo, Japan) by the methods as previously described |
Briefly, cuffs were applied to bilateral upper arms and
ankles, electrocardiogram leads were attached to both
wrists, and a phonocardiogram was placed at the right
sternum border in the second intercostal space. The subjects
were placed in the supine position for at least 10 minutes,
and then measurements were performed automatically.
Cardio-ankle vascular index was calculated by the following
formula: CAVI = a[(2p/AP) x In (Ps/PA)PWV?] + b, where
Ps is systolic BP, Pd is diastolic BP, AP is Ps — Pd, p is
blood density, and @ and b are constants to match aortic
PWV. The equation was derived from Bramwell-Hill’s
equation and the stiffness parameter . The obtained data
were analyzed using VSS-10 software (Fukuda Denshi), and
the values of right and left CAVI were calculated. Averages
of the right and left CAVI were used in the analysis. The
average CV of CAVI has been reported to be 3.8% 1111, The
ankle brachial index (ABI) was also calculated as the
highest ankle systolic pressure divided by the highest
brachial systolic pressure on both sides, and the lower ABI
from right and left measurements was used in subsequent
statistical analysis.

2.4. Statistical analysis

Categorical variables were presented as number of
patients (percentage), and continuous variables were
expressed as means + SD or medians (interquartile range).
Differences between men and women in the clinical
variables were evaluated using Student ¢ test or the Mann-
Whitney U test. The mean CAVI values were stratified by
the number of components of MetS using analysis of
variance. The corelation coefficient was estimated by
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Pearson correlation. As triglycerides, fasting insulin,
HOMA-IR, total and HMW adiponectin levels, and hsCRP
were not normally distributed, logarithmic transformation
was performed for the analysis, We performed stepwise
multiple regression analysis to evaluate the independent
determinants of CAVT in all subjects using age, sex, BMI,
WC, systolic and diastolic BP, triglycerides, HDL choles-
terol, LDL cholesterol, FPG, fasting insulin, HOMA-IR,
HbA,,, prevalence of MetS, VAT area, SAT area, total
adiponectin levels, HMW adiponectin levels, and hsCRP as
covariates. A receiver operating characteristics (ROC)
analysis was used to compare the predictive power of the
VAT area, total adiponectin levels, and HMW adiponectin
levels in the prediction of the extent of CAVL Prediction of
CAVI extent was based on discrimination between subjects
with mild (CAVI <25th percentile) and severe (CAVI >75ih
percentile) values of CAVI. Statistical comparisons of the
area under ROC curves were performed using a computer
program (ROCKIT; Charles E Metz, University of Chicago).
Statistical analyses were performed using the JMP 5.0.1
statistical software (SAS Institute, Cary, NC). A P value less
than .05 was considered statistically significant.

3. Results

3.1. Patient characteristics

The study subjects consisted of 271 men (mean age,
46 years; range, 23-73 years) and 216 women (mean age,
47 years; range, 25-70 years). The clinical and biochemical

Table 1
Clinical and biochemical characteristics of the study subjects

Men (n = 271) Women (n =216) P
Age (y) 46.3 + 10.5 46.6 + 10.8 NS
BMI (kg/m?) 24,6 £3.9 21.0+3.1 <.01
WC (cm) 87.0£ 106 76,7+ 8.9 <.01
SBP (mm Hg) 1259+ 155 116.3 £ 14.1 <01
DBP (mm Hg) 79.0 £ 10.5 72.0£9.2 <01
Total cholesterol (mg/dL) 208.4 + 34.2 207.7 £ 38.7 NS
Triglycerides (mg/dL) 120.0 (80.0-189.0) 66.0 (48.0-93.0) <01
HDL cholesterol (mg/dL) 55.6 + 13.9 70.2 £ 16.7 <.01
LDL cholesterol (mg/dL) 124.7 £ 324 118.2 +32.8 <.05
FPG (mg/dL) 109.3 £ 23.7 94.6 +17.3 <.01
Fasting insulin (#U/mL) 6.8 (4.6-10.8) 4.7 (3.5-6.8) <01
HOMA-IR 1.75 (1.11-2.90)  1.07 (0.79-1.57) <01
HbA, (%) 5.38 +0.81 5.12+0.60 <01
MetS (n, %) 81 (29.9) 15 (6.9) <01
VAT area (cm?) 99.3 + 54.0 38.7£31.2 <01
SAT area (cm?) 139.6+73.8 143.6 £ 69.6 NS
Total adiponectin (ug/mL) 4.2 (3.1-5.4) 7.6 (5.8-10.0) <.01
HMW adiponectin (ug/mL) 1.5 (0.8-2.2) 3.8 (2.4-5.3) <01

hsCRP (mg/L) 0.68 (0.37-1.36)
CAVI 749 +1.03
ABI L1501

0.33 (0.19-0.68) <.01
721 £0.95 <.01
1.10+0.1 NS

Data are expressed as number of subjects (percentage), means + SD, or
medians (interquartile range). SBP indicates systolic blood pressure; DBP,
diastolic blood pressure; NS, not significant.

Table 2
Correlation between CAVI and clinical variables in men and women

Men (n=271) Women {(n = 216)

Clinical variables

r P r P
Age (y) 0.474 <.0001 0.568  <.0001
BMI (kg/m?) 0.048 42 -0.08 23
WC (cm) 0.046 A4 0.071 29
SBP (mm Hg) 0.183 0025 0.185 .0064
DBP (mnm Hg) 0.121 .046 0.184 .0067
Total cholesterol (mg/dL) —-0.038 53 0.164 015
Triglycerides (mg/dL)" 0.0756 21 0.25 .0002
HDL cholesterol (mg/dL) -0.034 57 —0.115 091
LDL cholesterol (mg/dL) —-0.049 41 0.186 0061
FPG (mg/dL) 0.232 .0001 0.236 .000S
Fasting insulin (uU/mL)* 0.211 .0007 0.238 .0005
HOMA-IR* 0.260 <0001 0.284  <.0001
HbA,; (%) 0.232 .0001 0.282  <.0001
VAT area (cm?) 0.366 <.0001 0383  <.0001
SAT area (cm®) 0.15 013 0.154 .023
Total adiponectin (ug/mL)* —0.113 061 -0.09 A8
HMW adiponectin (pg/mLy"  ~0.254 0001 -0.214 .0021
hsCRP (mg/L)" 0.173 0041 0.112 1
ABI 0.122 .06 0.091 2
Abbreviations are the same as in fuble 1,

? Log-transformed values.

characteristics of the study subjects are shown in .
Body mass index, WC, systolic and diastolic BP, triglycer-
ides, LDL cholesterol, FPG, fasting insulin, HOMA-IR,
HbA,., prevalence of MetS, hsCRP, and CAVI were
significantly higher in men than in women. The VAT area
was also significantly larger in men than in women. High-
density lipoprotein cholesterol and the serum total and HMW
adiponectin levels were significantly lower in men than
in women.

3.2. Correlation between CAVI and clinical variables

shows the result of simple linear regression
analysis between CAVI and clinical variables. Cardio-ankle
vascular index was positively coirelated with age, systolic
and diastolic BP, FPG levels, fasting insulin, HOMA-IR,
HbA|, levels, VAT area, and SAT area and negatively
correlated with HMW adiponectin levels in both sexes.
Cardio-ankle vascular index was positively correlated with
hsCRP in men and with total cholesterol, triglycerides, and
LDL cholesterol in women. shows the comparison of
CAVI values according to the MS in men and women, In
both sexes, CAVI increased linearly as the MS increased;
average CAVI values for those with MS of 0, 1, 2, or at
least 3 were 7.13, 7.27, 7.53, and 7.92 in men (P for trend
< .0001) and 7.05, 7.32, 7.62, and 8.18 in women (P for
trend < .0001), respectively. In addition, subjects with MetS
had a significantly higher CAVI than those without in men
{(fmean £ SD] 7.91 £ 1.0 vs 7.31 £ 0.98, P < .001) and
women (8.18 £ 1.54 vs 7.15 £ 0.82, P < .001). =i
describes the result of stepwise multiple regression analysis
in all subjects. Age, VAT area, HMW adiponectin levels,
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Fig. 1. Comparison of CAVI values according to the MS in men and women. MS means the number of components of the MetS including WC, BP, triglycerides
or HDL cholesterol, and FPG. TP less than .05 vs MS = 0 group, *P less than .05 vs MS =2 group, **P less than .01 vs MS = 0 or MS = | group in men, TP less
than .05 vs MS = 0 group, **P less than .01 vs MS = 0 or MS = 1 group in women.

and HOMA-IR were found to be independent determinants
of CAVI (adjusted R* = 0.38, P <.0001).

3.3. Predictive values of the VAT area, total adiponectin
levels, and HMW adiponectin levels for the extent of CAVI

Receiver operating characteristic analyses were per-
formed to quantify the power of the VAT area, total
adiponectin levels, and HMW adiponectin levels for the
prediction of CAVI extent (Vi3 7). Analyses were
performed in subjects representing the upper (n = 66,
CAVI >8.05 in men; n = 52, CAVI >7.70 in women) and
lower quartile (n = 67, CAVI <6.80 in men; n = 50, CAVI
<6.60 in women) of CAVI, The area under the curve for the
VAT area was significantly larger than that for HMW
adiponectin levels in men (VAT area: 0.763 [95%
confidence interval {CI}, 0.676-0.836] vs HMW adipo-
nectin levels: 0.653 [95% CI, 0.556-0.741], P = .05) and
women (VAT area: 0.762 [95% CI, 0.670-0.837] vs HMW
adiponectin levels: 0.627 [95% CI, 0.524-0.720], P = .02).
The area under the curve for HMW adiponectin levels was
also significantly larger than that for total adiponectin
levels in men (HMW adiponectin levels: 0.653 [95% CI,
0.556-0.741} vs total adiponectin levels: 0.583 [95% CI,
0.435-0.677], P = .03) and women (HMW adiponectin

Table 3

Stepwise multiple regression analysis between CAVI and clinical variables
Independent variables Standardized § Standard error ¢ P

Age 1.47 0.12 124 <.0001
VAT area 0.46 0.18 2,62 .0092
HMW adiponectin® -0.54 0.26 ~-2.10  .036
HOMA-IR? 1.52 0.76 200 .046
R? 0.40

Adjusted R? 0.38

Abbreviations are the same as in
* Log-transformed values.

levels: 0.627 [95%, CI 0.524-0.720] vs total adiponectin
levels: 0.538 [95% CI, 0.436-0.638], P = .01).

4. Discussion

In the present study, we first evaluated the association of
the VAT area, total adiponectin levels, and HMW adiponectin
levels with CAVI as a marker of arterial stiffness in a group
of subjects without previous manifestation of CVD. We
found a positive association of MetS components and VAT
area with CAVI. We also found an inverse relation between
HMW adiponectin levels and CAVL. A stepwise multiple
regression analysis revealed that age, VAT area, HMW
adiponectin levels, and HOMA-IR were independent
predictors for increase of CAVI. On ROC analysis, VAT
area demonstrated superior discrimination for the extent of
CAVI compared with total and HMW adiponectin levels in
both sexes.

We showed that CAVI is higher in subjecis with MetS
than in those without and increased linearly as the
components of MetS increased, which is consistent with
prior result that MetS is independently associated with
arterial stiffness . Previous studies also reported that the
VAT area is significantly associated with arterial stiffness in
older adults | 1, middle-aged women ' |/, and patients with
type 2 diabetes mellitus . With respect to total
adiponectin and arterial stiffiiess, there is a significant
relationship in hypertensive patients and nondiabetic
subjects | . However, there has been no information
regarding the effect of VAT and HMW adiponectin levels on
arterial stiffness in asymptomatic subjects. We found that
both the VAT area and HMW adiponectin levels remained as
independent determinants of CAVI in multivariable analysis
even after adjustment for MetS or other indices of adiposity
measurement such as BMI, SAT, and WC. These results
indicate that the measurement of the VAT area and HMW
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Fig. 2. Receiver operating characteristic curves of the VAT area, total adiponectin

CAVI1 in men and women.

adiponectin levels in conjugation with CAVI may help
identify subjects needing more aggressive risk modification
in clinical practice.

The mechanisms of linking VAT and adiponectin to
arterial stiffness are not entirely understood. In the present
study, we demonstrated that HOMA-IR as a marker of
insulin resistance was an independent predictor of CAVI,
which implies one of the plausible mechanisms of
increased arterial stiffness. Arner . @ has suggested that
the flux of lipid from the visceral fat to the liver via portal
circulation might account for hepatic insulin resistance.
Adiponectin was also reported to modulate insulin
sensitivity by stimulating glucose utilization and fatty
acid oxidation via the phosphorylation and activation of
adenosine monophosphate—activated protein kinase in both
muscle and liver cells | - . Clinical study also suggests that
HMW adiponectin is a more useful marker to evaluate
insulin resistance and MetS than total adiponectin
Insulin resistance is reported to be associated with
decreased endothelium-dependent vasodilation | and
increased arterial stiffitess . These results indicated that
decreased HMW adiponectin levels concomitant with the
accumulation of visceral fat could potentially be involved
with the acceleration of the increased arterial stiffness via
insulin resistance.

From ROC analysis, we can clearly see that the VAT area
was a lot better predictor of arterial stiffness than adiponectin
levels. The accumulation of VAT is considered to be causally
linked to atherosclerosis as a result of the dysregulation of
various kinds of adipokines production and chronic
intravascular inflammation | . Our findings suggested that
other factors than adiponectin, such as inflammatory factors,
other proteins secreted by adipose tissue, or insulin or
glucose levels may also be important in the pathophysiologic
mechanisms by which abdominal adiposity leads to arterial
stiffness. In addition, HMW adiponectin was more asso-
ciated with arterial stiffness than total adiponectin. One
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levels, and HMW adiponectin levels and predictive values for the extent of

possible explanation of this result may be the higher affinity
of HMW adiponectin to collagen in the vascular wall
compared with low—molecular weight or middle-molecular
weight forms, thus possibly exerting better repair on injured
vessels |5, In addition, a recent study revealed that only
HMW adiponectin selectively suppressed endothelial cell
apoptosis, whereas neither the low—molecular weight nor the
middle—molecular weight form had this effect . Clinical
data also confirmed that HMW to total adiponectin ratio was
an independent determinant for PWV and CAVI in
hemodialysis patients |76,

In the present study that represents arterial stiffness by
CAVI, neither BP nor sex remained as independent
predictors of CAVT in stepwise multiple regression analysis.
Whereas BP is a major determinant of PWV, CAVI is
designed to be adjusted for BP based on the stiffness
parameter § and is hypothesized to measure arterial stiffness
independent of BP. It has been reported that CAVI has a
lower correlation with BP than PWV ¢ or that the
significant risk factors of high CAVI were age and HbA,,,
whereas systolic BP was not relevant , which is
consistent with our results in that BP did not contribute to
CAVL In addition, there was no significant sex interaction in
our analyses. For instance, menopause is reported to
augment the age-related increase in arterial stiffness |
However, our study subjects are relatively young and the
proportion of postmenopausal women is low, which may be
one of the reasons that CAVI was not affected by sex in a
multivariable model.

This study had some limitations. First, because this is a
cross-sectional study, causality cannot be established.
However, it bas been already reported that arterial stiffness
defined by stiffness parameter B is partly improved by
interventions to insulin resistance such as the insulin
sensitizer pioglitazone and aerobic exercise in type 2
diabetes mellitus ', Our findings in the present study
are almost in keeping with these previous observations,



