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Chapter Ⅰ
Abstract

1

Abstract
In this thesis, I investigated association between CAVI and
arteriosclerotic diseases or its risk factors and intended to clarify
the usefulness of clinical evaluation.
As indicators of arterial stiffness, stiffness parameter β and
pulse wave velocity (PWV) have been used.

However, those

methods depend on blood pressure and need complex procedures.
As a new vessel elasticity index that is independent of blood
pressure and can be measured easily, CAVI was developed.
It has been reported that CAVI is increased by artery
atherosclerosis risk factors such as diabetes and smoking.
Coronary artery disease, one of arteriosclerotic diseases, also
leads to an increase in CAVI.

However, CAVI has not been

evaluated in ischemic cerebral vascular disease, another
arteriosclerotic disease.

In Chapter Ⅲ, therefore, association

between CAVI and ischemia cerebral vascular diseases including
brain infarction and lacunar infarction, cerebral white matter
lesions and transient ischemic attack, was studied.

CAVI in

patients with cerebral infarction, lacunar infarction and cerebral
white matter lesions was significantly higher than that of control
patients.

Correlation was also observed between the plaque

scores measured by ultrasonography and CAVI in patients with
cerebral white matter lesions.

Thus this study revealed that
2

ischemic cerebral vascular diseases were associated with CAVI.
In Chapter Ⅳ , I then studied CAVI in the patients with
Parkinson's disease (PD), whose incidence of cerebral infarction
was reportedly lower than control patients.

Although previous

studies demonstrated that CAVI is increased with arteriosclerosis
risk factors, CAVI was not increased with atherosclerosis risk
factors in our patients with PD.

Although arteriosclerosis

develops gradually with age and is accelerated by its risk factors,
our study revealed that arteriosclerosis may not develop in some
patients with its risk factors.
Since arteriosclerosis develops slowly in younger patients,
progression of arteriosclerosis in many young and adolescent
patients was investigated using carotid ultrasonography and
CAVI in Chapter Ⅴ. In this study, carotid plaque develops at
late 20s in the patients with multiple risk factors for
arteriosclerosis, and CAVI was increased with multitudes of risk
factors.

Our

study

demonstrated

that

progression

of

arteriosclerosis is accelerated with multitudes of risk factors even
in the young and adolescent patients.

This study also points to

the importance of preventing progression of arteriosclerosis in
younger stage.
Together, I found that CAVI is increased with arteriosclerotic
diseases or risk factors for arteriosclerosis, and that CAVI is
3

associated

with

carotid

ultrasonographic

finding.

Since

arteriosclerosis takes a long period for development, repetitive
evaluation is very important, and CAVI should be very useful for
this purpose.
CAVI is the relatively new method, and only a few long-term
studies have been performed. Therefore I would like to follow up
the patients with high CAVI for a long period, and also to explore
the reason why arteriosclerosis does not develop in the patients
with PD by comparing with other diagnostic methods.

4

Chapter Ⅱ
Introduction

5

Introduction

Arteriosclerosis is a major contributor to stroke, accounting for a
high percentage of mortality and morbidity.

The degree of

arteriosclerosis relevant to the cerebral arteries is measured
visually

(eg,

carotid

duplex

ultrasonography

(DUS))

and

functionally (eg, arterial stiffness by pulse wave velocity and
cardio-ankle vascular index (CAVI)).
Carotid duplex ultrasonography (DUS) allows us to evaluate
intima-media thickness (IMT) and plaque score (PS). IMT was
measured as follows.

A region of approximately 1.5 cm proximal

to the flow divider in the common carotid artery was identified,
and far-wall IMT was evaluated as the distance between the
luminal-intimal interface and the medial adventitial interface.
The optimal image was frozen in the end-diastolic phase to
minimize variability during the cardiac cycle. IMT was twice
measured bilaterally from 4 contiguous sites approximately 5 mm
and 10 mm proximal to the dilatation of the common carotid
artery.

Mean IMT values were used in this study. PS, on the

other hand, was calculated as follows. Plaques (localized
increases in IMT ≧1.1 mm) were detected by cross-sectional and
longitudinal scanning of bilateral common and internal carotid
arteries. PS was computed by summing the maximum thickness
6

(in mm) of each plaque located in the bilateral carotid arteries.
Arterial stiffness has been measured with the parameters, such
as pulse wave velocity (PWV) and stiffness parameter .
However, PWV depends on blood pressure, which makes clinical
interpretation difficult. Stiffness parameter , on the other hand,
needs inner arterial diameters at both systole and diastole, which
are measured with ultrasound echography, lessening its clinical
availability. CAVI was introduced clinically by Yambe et al.1) and
Shirai et al.2) as a novel, simple and noninvasive measurement in
the assessment of atherosclerosis. CAVI is easy to perform (only
monitoring blood pressure and pulse wave at the brachial and
tibial arteries) and has adequate reproducibility for clinical use.2)
CAVI is independent of blood pressure. This is because CAVI is
integrated in Bramwell-Hill’s formula (volume elastic modulus
and PWV) and stiffness parameter β.2) In addition, CAVI does not
need an ultrasound echography, because in the CAVI formula,
arterial diameter and its difference between diastole and systole
is theoretically approximated by the PWV and its difference.2)
CAVI was calculated by the following formula: CAVI = a{(2ρ/ΔP) ×
ln(Ps/Pd)PWV2} + b, where Ps is the systolic blood pressure, Pd is
the diastolic blood pressure, PWV is the pulse wave velocity, ΔP is
the difference between Ps and Pd, ρ is the blood density and a and
b are constants. The cuffs were applied to the bilateral upper
arms and ankles with the subject lying supine and the head held
7

in the midline position. The measurements were obtained after
the subject rested in the supine position for 10 minutes. In order
to detect the brachial and ankle pulse waves with the cuffs, a low
cuff pressure ranging from 30 to 50 mmHg was used to ensure a
minimal effect of the cuff pressure on the patient’s hemodynamics.
The blood pressure was obtained using a cuff placed on the upper
arm. The PWV was obtained by dividing the vascular length by
the time required for the pulse wave to propagate from the aortic
valve to the ankle. This parameter was measured with the cuffs
on both the upper arms and ankles. In order to comply with the
aortic PWV method established by Hasegawa and coworkers2), the
scale conversion constants (a, b) were determined so as to match
the CAVI obtained using the aortic PWV method.

Using the

scale conversion constants, the data of the PWV were converted
into the CAVI. All measurements and calculations were
performed automatically by the VaSera system. CAVI increases
with age, and is higher in males than in females.2) The VaSera
system incorporates standard CAVI values for each age and
gender.

The average coefficient of variation of the CAVI has been

shown to be less than 5%, which is small enough for clinical use
and indicates that CAVI measurement has good reproducibility. 2)
Several reports have shown the usefulness of CAVI for the
detection of atherosclerosis in patients with atherosclerotic risk
factors (eg, smoking,3) diabetes,4) and coronary heart disease5)).
8

In this thesis, I therefore investigated association between CAVI
and arteriosclerotic diseases or its risk factors in more detail and
intended to clarify the usefulness of clinical evaluation.

9

Chapter Ⅲ
Stroke and Cardio-ankle Vascular Stiffness
Index
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Ⅲ-1. Introduction
Arteriosclerosis is a major contributor to stroke, accounting for a
high percentage of mortality and morbidity. Recently, a
relationship was found between coronary heart disease and
CAVI.5) However, no reports are available concerning the
relationship between stroke and CAVI.

Herein I investigated the

relationship between stroke and CAVI.

Ⅲ-2. Methods

Subjects
During a 3-year period, we enrolled 854 healthy control subjects
in this study. They visited the Clinical Physiology Unit of Sakura
Medical Center, Toho University, Sakura, Japan, and underwent
CAVI as a screening for atherosclerosis.

They included 487 men

and 367 women with a mean age (± SD) of 65.1 ± 69.4 years.

All

control subjects fulfilled the following criteria: (1) no hypertension
(systolic blood pressure <139 mmHg and diastolic blood pressure
<89 mmHg); (2) no dyslipidemia (serum total cholesterol <219
mg/dL, high-density lipoprotein cholesterol >40 and <99 mg/dL,
and triglycerides <149 mg/dL); (3) no diabetes (fasting blood
glucose <109 mg/dL and HbA1c <5.8%); (4) no kidney disease
(creatinine <1.10 mg/dL [men], <0.80 mg/dL [women], and uric
acid <7.0 mg/dL); and (5) normal white blood cells (3.2-8.5 ×
11

103/μL), to screen out subjects with factors that are risks for
atherosclerosis or that might interfere with the results of
CAVI.1),2) We did not exclude those with smoking or drinking
habits from the present study, although smoking interferes with
CAVI.3)
During the same period, we enrolled 85 subjects diagnosed with
ischemic cerebrovascular disease at the Clinical Physiology Unit,
Sakura Medical Center, Toho University, Japan. They were 63
men and 22 women with a mean age (± SD) of 70.0 ± 10.8 years.
The diagnosis of cerebrovascular disease was made by standard
neurologic examination and brain magnetic resonance imaging
(MRI) scans by neurologists (RS, MK, EO, and FT) at the
Neurology Division Internal Medicine Department of Sakura
Medical Center.

The patients included 17 with large artery

atherosclerosis (embolus/thrombosis; 13 men and 4 women with a
mean age [± SD] of 71.4 ± 9.6 years; none of the patients had
cardiogenic emboli on echocardiography), 30 with small vessel
occlusion (lacune; 25 men and 5 women with a mean age [± SD] of
66.1 ± 10.7 years), and 12 with transient ischemic attack (TIA; 8
men and 4 women with a mean age [± SD] of 63.2 ± 10.8 years;
none of the patients had abnormalities on diffusion-weighted MRI
scans).8) We added a group of 26 patients with white matter
ischemic lesions (WMLs) (grade 2 or higher on MRI scan; 17 men
and 9 women with a mean age [± SD] of 76.7 ± 7.6 years; all
12

patients had 1 of the following clinical features: cerebrovascular
parkinsonism, cerebrovascular dementia, and cerebrovascular
urinary frequency/urgency).

All subjects gave informed consent

before participating in the study.

The present study was

approved by the institutional review board.

Measurement of CAVI
CAVI was measured in the 854 healthy control subjects and the
85 subjects diagnosed with ischemic cerebrovascular disease.
CAVI was performed at least 10 days after stroke onset.

CAVI

was measured with a VaSera CAVI instrument (Fukuda Denshi
Inc, Tokyo, Japan) by previously described methods.2)

Carotid Ultrasound Sonography
Carotid ultrasound sonography was performed in 75 of the 85
patients with ischemic cerebrovascular disease. Duplex carotid
ultrasonography was performed with the linear-array 7.5-MHz
transducers (EUB-525, Hitachi, Inc, Tokyo, Japan; and SSA-260A,
Toshiba, Inc, Tokyo, Japan).

Statistical Analysis
All data were described as average ± SD. Statistical analysis
was performed with Stat View 5.0 Package for Windows (SAS
institute Inc, Cary, NCA). CAVI of control groups and each
13

cerebrovascular disease group were stratified first by 10-year
layers into 5 subgroups (40-49, 50-59, 60-69, 70-79, and 80-89
years), and secondly by gender into 2 subgroups (male and
female).

Comparisons between matching age and gender sets of

control and cerebrovascular disease groups were analyzed with
the

Fisher

protected

least

significant

difference

(PLSD),

Bonferroni-Dunn, and Scheffe tests. The relationship between
CAVI and age in each cerebrovascular disease group was also
analyzed with simple regression analysis, and the regression line
was obtained by least square approximation. In all comparisons,

P < 0.05 was considered statistically significant.

Ⅲ-3. Results
In the healthy control group, CAVI in males was 7.70 ± 0.76
(40-49 years), 8.21 ± 0.80 (50-59 years), 9.05 ± 0.82 (60-69 years),
9.67 ± 0.92 (70-79 years), and 10.02 ± 0.87 (80-89 years),
respectively. CAVI in females was 7.34 ± 0.89 (40-49 years), 8.27 ±
0.82 (50-59 years), 8.64 ± 0.87 (60-69 years), 9.41 ± 0.92 (70-79
years), and 10.00 ± 0.97 (80-89 years), respectively (Table 1).
The grand average of CAVI in ischemic cerebrovascular diseases
was as follows: TIA, 9.3 ± 1.5; WML, 10.3 ± 1.3; large artery
atherosclerosis, 10.2 ± 1.2; and small vessel occlusion, 10.0 ± 1.6,
respectively.

Therefore, the differences in CAVI between the

ischemic cerebrovascular disease and control groups were as
14

follows: TIA, 0.492 (no statistical significance); WML, 0.733 (P
<0.001 by Fisher PLSD and Bonferroni-Dunn tests, and P =0.002
by the Scheffe test); large artery atherosclerosis, 0.838 (P <0.001
by the Fisher PLSD and Bonferroni-Dunn tests, and P =0.005 by
the Scheffe test); and small vessel occlusion, 1.034 (P <0.001 by
the

Fisher

PLSD,

Bonferroni-Dunn,

and

Scheffe

tests),

respectively (Fig. 1).
Linear regression analysis of CAVI and IMT revealed no
statistical significant relationship. Linear regression analysis of
CAVI and plaque score revealed that there was a weak but
statistically significant relationship between CAVI and plaque
score in ischemic cerebrovascular disease patients (P =0.0445)
(Fig 2).

There was no statistical significant relationship between

CAVI and plaque score in each of large artery atherosclerosis,
small vessel occlusion, TIA, and WML.

Ⅲ-4. Discussion
Several reports have shown the usefulness of CAVI for the
detection of atherosclerosis in patients with atherosclerotic risk
factors.

In contrast, no reports are available concerning the

relationship between CAVI and ischemic cerebrovascular disease.
To the best of our knowledge, this is the first report to show that,
compared with healthy control subjects, CAVI is statistically
larger in patients with ischemic cerebrovascular diseases,
15

particularly in those with WMLs, large artery atherosclerosis,
and small vessel occlusion (P <0.001).

The results were obtained

after stratifying CAVI of control groups and each ischemic
cerebrovascular disease group by 10-year layers.

Therefore, it is

not contradictory to the finding that the difference in CAVI
between WMLs and controls increased with age, which is only
mild but statistically significant as described below. In contrast,
there was no difference in CAVI between patients with TIA and
control subjects. The results are in accordance with the fact that
TIA is the mildest form among the 4 subgroups of ischemic
cerebrovascular diseases.
One limitation of our study is that it includes no comparison of
CAVI

with

intracranial

vascular

resonance angiographic findings).

imaging

(e.g.,

magnetic

In patients with coronary

heart disease, the relationship between IMT by carotid
echography and CAVI has been observed.5) In our study with
ischemic cerebrovascular disease, there was no relationship
between IMT by carotid echography and CAVI.

However, our

study revealed a statistically significant relationship between
CAVI and plaque score (P =0.0445). Stroke is the most common
cause of neurologic disability and it impairs quality of life,
resulting in early institutionalization.

Atherosclerosis is a major

contributor to stroke, and atherosclerosis can be prevented by
early recognition and management.9) The present study reveals
16

that CAVI might be useful as a routine test for the early suspicion
of ischemic cerebrovascular disease, particularly in clinical
practice.

The present study results call for a large-scale

prospective study to evaluate CAVI in relation to stroke.
In conclusion, compared with healthy control subjects, CAVI is
statistically greater in patients with ischemic cerebrovascular
diseases, particularly with WMLs, large artery atherosclerosis,
and small vessel occlusion (P <0.001), but not in patients with
TIA. CAVI has a clear relationship with carotid ultrasound plaque
score (P <0.05).

It appears that CAVI is a simple and

noninvasive test for indicating atherosclerosis in patients with
stroke.

17

Ⅲ-5. Tables and Figures

Figure 1.
Difference in CAVI between cerebrovascular disease and control
groups.
＊＊P <0.001.
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Figure 2.
Linear regression analysis of CAVI and plaque score.

19

Table 1. Cardio-ankle vascular stiffness index in healthy control subjects (N = 854)

20
Data are presented as mean ± standard deviation.
CAVI: Cardio-ankle vascular stiffness index, SD: standard deviation, N.S.: not significant

Chapter Ⅳ
Parkinson’s Disease and the Cardio-ankle
Vascular Stiffness Index

21

Ⅳ-1. Introduction
Both motor and non-motor features are well recognized
characteristics of Parkinson’s disease (PD).

One consistently

reported feature is that PD patients do not smoke cigarettes as
frequently as the general population.10),11) A reduced level of
cigarette

smoking

is

believed

to

counteract

systemic

atherosclerosis10),11) and possibly neural degeneration via the
actions of central nicotinic receptors.12) In contrast, studies
evaluating the relationship between PD and stroke have produced
conflicting results; e.g., the prevalence of stroke in PD patients
has been shown to be lower than13),14), similar to15),16) and higher
than17)-19) that observed in the general population. Similarly, the
visual measurement of atherosclerosis (carotid echography) has
produced conflicting results; e.g., the common carotid artery IMT
in PD patients has been shown to be both less than20) and greater
than21) that observed in the general population. I herein
investigated the relationship between PD and the CAVI.

Ⅳ-2. Methods

Subjects
During a two-year period, we enrolled 63 consecutive, unselected
subjects diagnosed with PD at the Clinical Physiology Unit,
Sakura Medical Center, Toho University, Japan. The diagnosis
22

of PD was made based on standard neurological examinations
conducted by neurologists (R.S., M.K., Y. T., F.T.) at the Neurology
Division Internal Medicine Department of Sakura Medical Center
according to the UK Parkinson’s Disease Society Brain Bank
clinical diagnostic criteria.22) All patients underwent brain
magnetic resonance imaging (MRI) in order to augment the
diagnostic accuracy.

For the same reason, we performed

meta-iodobenzyl guanidine (MIBG) myocardial scintigraphy in
most patients. The subjects comprised 30 men and 33 women
69.1 ± 7.4 years of age (mean ± SD) (range: 46-79 years), with a
disease duration of 3.3 ± 3.7 years and a Modified Hoehn and
Yahr stage of 2.4

± 0.93. All subjects provided their informed

consent before participating in the study.
During the same period, we enrolled 63 non-PD subjects who 1)
visited the Clinical Physiology Unit and underwent CAVI
measurement to screen for atherosclerosis and 2) exhibited
almost the same age, sex and atherosclerotic risk factor
distribution as the PD patients.

The control subjects included 30

men and 33 women, with a mean age of 68.7 ± 7.6 years (range:
43-79 years).

No-risk subjects were designated as those having

none of the following risk factors, while any-risk subjects were
designated as those having at least one of the following risk
factors, in order to screen out subjects with factors that would
pose a risk for atherosclerosis or possibly interfere with the
23

results of CAVI measurement: 1) hypertension (a systolic blood
pressure of <140 mmHg, a diastolic blood pressure of <90 mmHg),
2) dyslipidemia (a serum total cholesterol level of <220 mg/dL, an
high-density lipoprotein (HDL)-cholesterol level of ≧40 mg/dL,
an low-density lipoprotein (LDL)-cholesterol level of <140 mg/dL,
a triglyceride level of <150 mg/dL) and/or 3) diabetes (a fasting
blood glucose level of <126 mg/dl, an HbA1c (NGSP) level of
<6.5%). 2)

Measurement of the CAVI
The CAVI values were measured in the 63 non-PD subjects and
63 patients diagnosed with PD.

The CAVI was measured using a

VaSera CAVI instrument (Fukuda Denshi Inc., Tokyo, Japan).

Statistical analysis
All data are presented as the mean ± SD.

The statistical

analysis was performed using the Stat View 5.0 Package for
Windows (SAS institute Inc, Cary, NC, USA).

It is known that

the CAVI values in healthy controls depend on age, with larger
values observed in elderly subjects.2) It is also known that the
CAVI values in healthy controls depend on sex, with larger values
observed in men.2) Therefore, the internal index values described
above were obtained after adjusting for age and gender (male,
female). We then determined the difference between the CAVI
24

raw value and the internal index value for the statistical analysis.
In addition, comparisons between matching age and gender sets
of the control and PD groups were made using Fisher’s protected
least significant difference (PLSD), the Bonferroni-Dunn test,
Scheffe’s test (to analyze more than three groups) and the
unpaired t-test (to analyze two groups). In all comparisons, P
values of less than 0.05 were considered to be statistically
significant.

Ⅳ-3. Results
The patient demographics are shown in Table 1.
1) The CAVI raw values and the differences between the CAVI
raw values and index values in the PD group were significantly
smaller than those observed in the control group [CAVI raw
values: control, 9.3 ± 0.9; PD, 9.0 ± 1.0 (P =0.049); differences
between the CAVI raw values and index values: control, 0.4±0.8;
PD, 0.03 ± 0.9 (P =0.011) (Fig. 1)].
2) With regard to the atherosclerotic risk factors, the CAVI raw
values and the differences between the CAVI raw values and
index values in the control subjects with atherosclerotic risk
factors (hypertension, dyslipidemia and/or diabetes) were larger
than those observed in the control subjects without risk factors.
In contrast, the CAVI raw values and the differences between the
CAVI raw values and index values in the PD patients with risk
25

factors did not differ from those observed in the PD patients
without risk factors [CAVI raw values: control with no risk factors,
8.9 ± 0.9; PD with no risk factors, 8.7 ± 1.0; control with any risk
factor, 9.6 ± 0.9; PD with any risk factor 9.2 ± 0.9 (control with no
risk factors vs. control with any risk factor, P =0.040; PD with no
risk factors vs. control with any risk factor, P <0.01); differences
between the CAVI raw values and index values: control with no
risk factors, 0.06 ± 0.6; PD with no risk factors, -0.2 ± 0.9; control
with any risk factor, 0.7 ± 0.8; PD with any risk factor 0.2 ± 0.9
(control with no risk factors vs. control with any risk factor, P
=0.022; PD with no risk factors vs. control with any risk factor, P
<0.01)] (Fig. 2).
3) With regard to the motor grade of PD, among the PD patients,
the CAVI values in the PD patients with an Hoehn Yahr (HY)
grade of more than 3 (severe motor grade) tended to be smaller
than those observed in the PD patients with an HY grade of less
than 3 (mild motor grade) (raw values, 8.9 vs. 9.1, no significance;
differences between the CAVI and index values, -0.1 vs. 0.2, no
significance) (Fig. 3).

Ⅳ-4. Discussion
Several reports have shown the usefulness of measuring the
CAVI for detecting atherosclerosis in patients with atherosclerotic
risk factors, e.g., smoking3), diabetes4), coronary heart disease5)
26

and stroke.23) However, no reports are available concerning the
relationship between PD and the CAVI.
In the present study, I observed the following findings:
1) The CAVI raw values and the differences between the CAVI
raw values and index values in the PD group were significantly
smaller than those observed in the control group.
2) Regarding atherosclerotic risk factors, the PD and control
groups

had

the

same

atherosclerotic

risk

factors,

e.g.,

hypertension, dyslipidemia and diabetes. Despite this fact, the
presence of atherosclerotic risk factors was not associated with
increased CAVI raw values or the differences between the CAVI
raw values and index values in the PD group. This finding is in
clear contrast with the fact that, in the control group, the
presence of atherosclerotic risk factors was associated with
significantly increased CAVI raw values and the differences
between the CAVI raw values and index values.
3) The CAVI values in the PD patients tended to decrease as the
motor grade progressed (but not statistically significantly).
To the best of our knowledge, this is the first report to show that
PD patients have normal CAVI values compared with controls,
even

when

the

PD

patients

have

mild

but

significant

atherosclerotic risk factors: e.g., hypertension and diabetes.

I

was unable to directly compare the frequency of cigarette smoking
between the PD patients and control subjects.
27

Previous reports

of atherosclerotic risk factors in PD patients have produced
conflicting results; the frequency of hypertension has been shown
to be lower than24), similar to14),19),25) and higher than26) that
observed in the general population.

These findings require

further clarification with larger studies.

Why did our PD

patients exhibit similar CAVI values to those of the controls, even
though they had mild but significant atherosclerotic risk factors?
One explanation is that PD patients do not smoke cigarettes as
frequently as the general population10),11), which may reduce the
CAVI values.3) Another explanation is that the CAVI is under
autonomic control, particularly by the sympathetic nervous
system.2) Sympathetic hyperactivity increases the arterial tone
and vascular resistance. 26)

In PD patients, both the sympathetic

and parasympathetic nervous functions are decreased27), which
may counteract the development of vascular stiffness due to
atherosclerosis. Another possible explanation is that most of our
PD patients were receiving levodopa.

Although not noted in our

patients, levodopa is reported to cause arterial hypotension by
centrally inhibiting the sympathetic nervous function28),29), which
may also have counteracted the development of vascular stiffness.
One limitation of our study is that it does not include a
comparison of CAVI values obtained with intracranial vascular
imaging, e.g., MR angiography, etc.
neurological disabilities.

Stroke is a common cause of

The occurrence of stroke in PD patients
28

may

impair

the

quality

of

life,

resulting

in

early

institutionalization, and atherosclerosis is a major contributor to
the development of stroke.

In contrast, the finding that PD

patients have equivalent CAVI values to those of controls is an
interesting observation for managing elderly PD patients, and
measuring the CAVI is a feasible method for assessing
atherosclerosis in this population.
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Ⅳ-5. Tables and Figures

Figure 1-1.
CAVI raw values in the control group and Parkinson’s disease
(PD) group.
Data are shown as mean ± standard deviation.
＊P <0.05.
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Figure 1-2.
Difference between CAVI raw values and index values in the
control group and Parkinson’s disease (PD) group.
Data are shown as mean ± standard deviation.
＊P <0.05.
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Figure 2-1.
CAVI raw values in the Parkinson’s disease (PD) group with
atherosclerotic risk factors.
Data are shown as mean ± standard deviation.
＊P <0.05, ＊＊P <0.001.
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Figure 2-2.
Difference between CAVI raw values and index values in the
Parkinson’s disease (PD) group with atherosclerotic risk factors.
Data are shown as mean ± standard deviation.
＊P <0.05, ＊＊P <0.001.
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Figure 3-1.
CAVI raw values in the Parkinson’s disease (PD) group according
to motor grade.
Data are shown as mean ± standard deviation.
HY: Hoehn Yahr motor grade.

34

Figure 3-2.
Difference between CAVI raw values and index values in the
Parkinson’s disease (PD) group according to motor grade.
Data are shown as mean ± standard deviation.
HY: Hoehn Yahr motor grade.
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Table 1. Demographics of the Control Subjects and Parkinson’s Disease Patients

36
Data are presented as mean ± standard deviation.
PD: Parkinson’s disease, HDL cholesterol: high-density lipoprotein cholesterol, LDL cholesterol: low-density lipoprotein
cholesterol, HbA1c: glycosylated hemoglobin, NGSP: National Glycohemoglobin Standardization Program in the USA, BMI:
body mass index, N.S.: not significant

Chapter Ⅴ
Impact of Cardiovascular Risk Factors on
Progression of Arteriosclerosis in Younger
Patients: Evaluation by Carotid Duplex
Ultrasonography and Cardio-ankle Vascular
Index (CAVI)
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Ⅴ-1. Introduction
In middle-aged and/or aged patients, carotid arteriosclerosis
evaluated by carotid duplex ultrasonography (DUS) or pulse wave
velocity (PWV) has been associated with the above disease states,
and an increase in the number of such so-called ‘risk diseases’
may result in progression of arteriosclerosis. There are many
published reports on the evaluation of arteriosclerosis using DUS
and/or PWV and on the association between risk diseases and
arteriosclerosis.30) However, the association between progression
of arteriosclerosis and risk diseases has been poorly elucidated in
young or adolescent patients.
However, PWV is unstable and appears to be influenced by blood
pressure.

Consequently cardio-ankle vascular index (CAVI) has

been developed for evaluation of arterial stiffness, and this
technique is considered to be a powerful index of arterial stiffness
and arteriosclerosis.

Although CAVI derives from PWV, this is

not influenced to the same extent by blood pressure.31)
I have evaluated progression of arteriosclerosis using CAVI and
carotid DUS in young and adolescent patients considered to be at
risk of cardiovascular disease.

Ⅴ-2. Methods

Subjects
38

This study was comprised of patients who were examined from
2007.6 to 2010.12 at Toho University Medical Center Sakura
Hospital.

Most of these patients came to this hospital for

evaluation of cardiovascular diseases and/or cardiovascular risk
factors.

Medical records and patient data were evaluated

retrospectively.

All patients underwent CAVI, carotid DUS, and

blood testing within a 3-month period during the study.

The

240-patient group comprised 161 males aged from 20 to 44 years
of age (median age 38.0 and interquartile range 35.0-41.0 years
old), and 79 females also aged from 20 to 44 years of age (median
age 38.0 and interquartile range 31.0-41.8 years old); overall
median age and interquartile range were 38.0 and 33.0-41.0 years
old respectively.
We evaluated major cardiovascular risk factors such as DL, HT,
and DM. DL was defined as low density lipoprotein-cholesterol
(LDL-C) ≧ 140 mg/dL, high-density

lipoprotein-cholesterol

(HDL-C) <40 mg/dL, triglyceride (TG) ≧150 mg/dL and/or serum
total cholesterol (TC) ≧220 mg/dL. DM was defined as fasting
blood glucose (FBS) ≧126 mg/dL and/or glycosylated hemoglobin
(HbA1c) (NGSP) ≧ 6.5%.

HT was defined as systolic blood

pressure (SBP) ≧140 mmHg, diastolic blood pressure (DBP) ≧
90 mmHg.

Patients were divided into 4 groups according to
39

number of risk factors.
This study was approved by the Ethics Committee of Toho
University Medical Center Sakura Hospital.

Measurement of CAVI
We measured CAVI with a VaSera CAVI instrument (Fukuda
Denshi Inc, Tokyo, Japan).
CAVI-D is then calculated as follows: CAVI-D = calculated CAVI standard CAVI for each age and gender.

Carotid Duplex Ultrasonography
Carotid DUS was performed with linear-array 7.5-MHz
transducers (iU22, Philips Healthcare, Netherlands; SSA-700A,
SSA-790A, Toshiba Medical Systems Corp. Toshiba, Inc, Tokyo,
Japan).

Statistical Analysis
Continuous variables are expressed as the mean ± SD or median
and interquartile range.
Correlations between CAVI-D, mean IMT and PS were assessed
by linear regression analysis.

One way ANOVA with Scheffe’s F

test or Kruskal-Wallis test was used for analysis of differences
between groups.

Independent Student t tests were used to

compare continuous quantitative parameters between 2 groups.
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Linear regression analysis was used for correlation efficiency
between risk factors and CAVI-D, mean IMT or plaque score.
Multiple stepwise regression analysis was performed to identify
any independent predictor of CAVI-D, mean IMT or PS from all
risk factors.
A P value <0.05 was considered significant. Windows (SAS
institute INC, Cary, NC, USA) Stat View 5.0 Package was used.

Ⅴ-3. Results
Patient backgrounds are summarized in Table 1.

Patients were

divided into 4 groups according to number of risk factors. There
were no significant differences between groups in age, creatinine,
uric acid, or white blood cell count.

Associations Among CAVI, Mean IMT and PS
There was significant association between CAVI-D and mean
IMT (r =0.193, P =0.0027), CAVI-D and PS (r = 0.225, P =0.0005),
and mean IMT and PS (r = 0.558, P <0.0001) (Fig. 1). When PS
or mean IMT was increased, CAVI-D was also increased.
Carotid plaque was observed from 27 years of age in males and
from 28 years of age in females.

CAVI and Risk Factors
The results of stepwise regression analysis are shown in Table
41

2.

DBP was independently associated with CAVI-D. Mean IMT

was independently associated with LDL-C or SBP, and negatively
associated with HDL-C.

Plaque score was independently

associated with LDL-C, DBP.
In terms of risk factors, CAVI and CAVI-D were elevated only
in the HT group (P =0.0290, P =0.0243 vs. no risk respectively)
(Fig. 2).
In patients with 3 risk factors, CAVI, CAVI-D and mean IMT
were significantly higher than in those without risk (P =0.0009, P
=0.0042 and P =0.0151 respectively), and CAVI and CAVI-D were
higher than in those with 1 risk (P =0.0204 and P =0.0231) (Fig. 3).
Carotid plaque developed from around 30 years of age (Fig. 4).
Despite numbers of risk factors there was no difference in
CAVI, CAVI-D, mean IMT, or plaque score between smoker and
non-smoker groups (Table 3).

Ⅴ-4. Discussion
PWV32) or stiffness parameter β33) have been long utilized to
evaluate arteriosclerosis.

However, these modalities are

dependent on blood pressure and are complex to use clinically.
Recently, CAVI has been developed and has been reported to be
independent of blood pressure.1),31)
In addition, carotid arteriosclerosis can be visualized by DUS,
and the degree of carotid arteriosclerosis can be evaluated by
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mean IMT and PS.

Carotid arteriosclerosis has been shown to

be associated with systemic arteriosclerosis and cardiovascular
events.6),34)-36)

Carotid arteriosclerosis may be associated with

high CAVI values.37)

This is consistent with previous reports38)

which revealed that high CAVI values are associated with
smoking3),39), DM40), coronary artery disease5), and stroke.23)
Although many reports on arteriosclerosis in middle-aged or
aged patients have been published, there have been few studies
on arteriosclerosis in younger patients.

This is the first study on

progression of arteriosclerosis evaluated by both carotid DUS and
CAVI.
There was significant association between CAVI-D and mean
IMT, CAVI and PS, and mean IMT and PS.
In terms of risk factors, CAVI and CAVI-D was elevated only in
the HT group. Stepwise regression analysis demonstrated that
HT is an independent predictor of CAVI-D, mean IMT and PS.
Previous studies using other diagnostic methodologies have
reported that SBP in childhood or blood pressure can influence
progression of arteriosclerosis.41) In very young patients, DBP
has been reported to be associated with progression of carotid
arteriosclerosis.

Our results are consistent with the previous

reports in terms of importance of HT in progression of
arteriosclerosis.42)
Atherosclerosis has been shown to be associated with high
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cholesterol levels.43),44) This may be the reason why the present
stepwise analysis demonstrated an association between mean
IMT or PS and HDL-C or LDL-C.
As CAVI reflects systemic arterial stiffness, the association of
CAVI with dyslipidemia may be different from that of carotid
arteriosclerosis.
In patients with 3 risk factors, CAVI, CAVI-D and mean IMT
were significantly higher than in those without risk; also, CAVI
and CAVI-D were higher than in those with 1 risk. In younger
Japanese patients, arteriosclerosis may develop gradually, and
CAVI may be more sensitive to carotid DUS for early detection of
arteriosclerosis.

In young and adolescent patients, an increase

in numbers of risks also results in progression of arteriosclerosis.
This study also demonstrated that plaque may develop at around
30 years of age in young patients with risk factors.
Smoking may accelerate progression of atherosclerosis with
age.45)

In our patients with no risk or 3 risks, there was no

difference in arteriosclerosis between smoker and non-smoker
groups.

Most of our younger smokers were light smoker and

short periods of smoking.

This may be the reason why smoking

had little influence on arteriosclerosis in the present study.
In young and adolescent patients with risk factors for
arteriosclerosis, carotid DUS and CAVI tests should be required
to detect progression of arteriosclerosis and thereby prevent
44

cardiovascular events.
Ⅴ-5. Acknowledgements
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Ⅴ-6. Tables and Figures

Figure 1-1.
Univariate regression analysis demonstrates association between
CAVI-D and mean IMT.
IMT: Intima-media thickness.
CAVI-D indicates deviation of CAVI from mean for that age.
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Figure 1-2.
Univariate regression analysis demonstrates association between
CAVI-D and plaque score.
CAVI-D indicates deviation of CAVI from mean for that age.
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Figure 1-3.
Univariate regression analysis demonstrates association between
mean IMT and plaque score.
IMT: Intima-media thickness.
CAVI-D indicates deviation of CAVI from mean for that age.
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Figure 2-1.
Comparison between risk factors by CAVI.
Date are shown as mean ± standard deviation.
＊P <0.05.
Risk 0: no risk factor, DL: dyslipidemia, DM: diabetes mellitus,
HT: hypertension.
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Figure 2-2.
Comparison between risk factors by CAVI-D.
Date are shown as mean ± standard deviation.
＊P <0.05.
Risk 0: no risk factor, DL: dyslipidemia, DM: diabetes mellitus,
HT: hypertension.
CAVI-D indicates deviation of CAVI from mean for that age.
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Figure 2-3.
Comparison between risk factors by mean IMT.
Date are shown as mean ± standard deviation.
＊P <0.05.
Risk 0: no risk factor, DL: dyslipidemia, DM: diabetes mellitus,
HT: hypertension, IMT: Intima-media thickness.
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Figure 2-4.
Comparison between risk factors by Plaque score.
Date are shown as mean ± standard deviation.
＊P <0.05.
Risk 0: no risk factor, DL: dyslipidemia, DM: diabetes mellitus,
HT: hypertension.
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Figure 3-1.
Comparison between number of risk factors by CAVI.
Data are shown as mean ± standard deviation.
＊P <0.05, ＊＊P <0.001.
Risk 0: no risk factor, Risk 1: one risk, Risk 2: 2 risks, Risk 3: 3
risks.
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Figure 3-2.
Comparison between number of risk factors by CAVI-D.
Data are shown as mean ± standard deviation.
＊P <0.05, ＊＊P <0.001.
Risk 0: no risk factor, Risk 1: one risk, Risk 2: 2 risks, Risk 3: 3
risks.
CAVI-D indicates deviation of CAVI from mean for that age.
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Figure 3-3.
Comparison between number of risk factors by mean IMT.
Data are shown as mean ± standard deviation.
＊P <0.05.
Risk 0: no risk factor, Risk 1: one risk, Risk 2: 2 risks, Risk 3: 3
risks, IMT: Intima-media thickness.
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Figure 3-4.
Comparison between number of risk factors by plaque score.
Data are shown as mean±standard deviation.
Risk 0: no risk factor, Risk 1: one risk, Risk 2: 2 risks, Risk 3: 3
risks.

56

Figure 4-1.
Association between carotid arteriosclerosis and age.
Carotid arteriosclerosis was evaluated by mean IMT. Patients
were classified by number of risk factors.
Risk 0: no risk factor, Risk 1: one risk, Risk 2: 2 risks, Risk 3: 3
risks.
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Figure 4-2.
Association between carotid arteriosclerosis and age.
Carotid arteriosclerosis was evaluated by plaque score. Patients
were classified by number of risk factors.
Risk 0: no risk factor, Risk 1: one risk, Risk 2: 2 risks, Risk 3: 3
risks.
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Figure 4-3.
Association between carotid arteriosclerosis and age.
Carotid arteriosclerosis was evaluated by mean IMT. Patients
were classified by gender.
Risk 0: no risk factor, Risk 1: one risk, Risk 2: 2 risks, Risk 3: 3
risks.
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Figure 4-4.
Association between carotid arteriosclerosis and age.
Carotid arteriosclerosis was evaluated by plaque score. Patients
were classified by gender.
Risk 0: no risk factor, Risk 1: one risk, Risk 2: 2 risks, Risk 3: 3
risks.
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Table 1. Patient Characteristics

61
Data are presented as median and interquartile range or number (%) of subjects.
Risk 0: no risk, Risk 1: one risk, Risk 2: 2 risks, Risk 3: 3 risks, BMI: body mass index, DL: dyslipidemia, DM: diabetes mellitus,
HT: hypertension, TC: serum total cholesterol, HDL-C: high-density lipoprotein-cholesterol, LDL-C: low-density
lipoprotein-cholesterol, TG: triglycerides, FBS: fasting blood glucose, HbA1c: glycosylated hemoglobin, SBP: systolic blood
pressure, DBP: diastolic blood pressure, ABI: ankle brachial index, N.S.: not significant

Table 2. Results of a Stepwise Multiple Regression Analysis for CAVI-D, the mean IMT and Plaque score

62
IMT: intima-media thickness, TC: serum total cholesterol, HDL-C: high-density lipoprotein-cholesterol, LDL-C: low-density
lipoprotein-cholesterol, TG: triglycerides, FBS: fasting blood glucose, HbA1c: glycosylated hemoglobin, SBP: systolic blood
pressure, DBP: diastolic blood pressure, N.S.: not significant
CAVI-D indicates deviation of CAVI from mean for that age.

Table 3. Comparisons between the smoking and non-smoking patients with no risk and 3 risks
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Data are presented as the median and interquartile range, the mean ± standard deviation or number (%) of subjects.
Risk 0: no risk, Risk 3: 3 risks, IMT: intima-media thickness, N.S.: not significant CAVI-D indicates deviation of CAVI from
mean for that age.
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Conclusion
In Chapter Ⅲ , association between CVD and CAVI was
demonstrated.

In Chapter Ⅳ , I found that CAVI was not

increased in our patients with PD with atherosclerosis risk
factors.

In Chapter Ⅴ , I demonstrated that progression of

arteriosclerosis is accelerated with an increase in number of risk
factors in the young and adolescent patients.

This study also

suggests that it is very important to prevent progression of
arteriosclerosis in younger stage.
Since arteriosclerotic diseases commonly develop after middle
age, risk of arteriosclerosis has been studied in the middle or
older aged patients,

and there has been no study on

arteriosclerosis which enrolled many younger patients.

To

prevent development of arteriosclerotic disease, it is very
important to control risk factors for arteriosclerosis in younger
stage.

For a long-term follow-up, repeated examinations are

very important and CAVI is very useful method for this purpose
because CAVI is independent of blood pressure and can be applied
easily. Since CAVI can evaluate arterial stiffness, this is very
useful to assess the progression of arteriosclerosis.
Since arteriosclerosis develops gradually, repetitive evaluation
is very important, and CAVI is very useful for this purpose. CAVI
is the relatively new method, and no long-term study has been
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performed. I would like to investigate a long-term follow up of
the patients with high value of CAVI, and to explore the reason
why arteriosclerosis is suppressed in the patients with PD by
comparing with other diagnostic methods.
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