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Purpose: The cardio-ankle vascular index, applying the stiffness parameter § theory, was
calculated using the pulse-wave velocity and blood pressure from the aortic orifice to the
ankle. Accordingly, the impact of the stiffness of the aorta [heart-thigh B (htBETA)] and
medium-sized muscular artery [thigh—ankle  (taBETA)] on the stiffness of the heart—ankle
(haBETA) was investigated; further, whether the htBETA (haBETA — taBETA) improved the
power of diagnosis of coronary artery disease (CAD) was examined.

Materials and Methods: Segmental s were calculated using VaSela with an additional thigh
cuff and compared using the receiver operating characteristic (ROC) curve analysis to evaluate
CAD.

Results: Overall, 90 healthy subjects and 41 patients with CAD were included. In both
groups, haBETA and htBETA, but not taBETA, correlated with age, and taBETA was three
times higher than htBETA (p < 0.01). Multiple regression analysis revealed that haBETA can
be estimated using htBETA and taBETA in healthy subjects and patients with CAD (r = 0.86,
r = 0.67, respectively, p < 0.01), and two-thirds of the haBETA components can be estimated
by htBETA using the component analysis. The area under the ROC curve (AUC) for CAD in
taBETA (0.493, p = n.s.) was smaller than that in haBETA (0.731, p < 0.01) or htBETA
(0.757, p < 0.01); no difference was observed in AUC between haBETA and htBETA.
Conclusion: The stiffness of medium-sized muscular arteries of the age-independent thigh—
ankle segment (taBETA) was constant, which was three times greater than that of the elastic
artery of the heart—thigh artery (tBETA). Two-thirds of the haBETA components could be
estimated using htBETA. The ROC curve analysis revealed that the AUC of haBETA could
be replaced by that of htBETA, prolonging the measurement segment without affecting the
diagnostic power for CAD.

Keywords: arterial stiffness, stiffness parameter, cardio-ankle vascular index, coronary
artery disease

Introduction

Carotid-femoral pulse-wave velocity (cfPWV) is typically considered the most simple,
noninvasive, and popular method to determine arterial stiffness worldwide, as evi-
denced by the epidemiological studies that have demonstrated its predictive value for
cardiovascular events.'> By contrast, PWV measured outside the aortic trunk at the
limb (from femoral to posterior tibial arteries) has no predictive value for end-stage
renal disease.” Therefore, cfPWV is considered the gold standard for arterial stiffness
measurement because most elastic arteries are located here.* However, PWV is
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intrinsically pressure dependent considering that arterial
compliance (dV/dP) decreases with increasing pressure
owing to the curvilinear relationship between arterial pres-
sure and volume and volume (V) increases with increasing
pressure, thereby directly increasing PWV, as shown in the
Bramwell-Hill derived equation.’

For incompressible blood in a compressible elastic
artery,

PWV =/ (V/p)(dp/dv)

where PWV is in cm/s, V (cm?) is the volume per unit
length, P (dyne/cm?) is the pressure, and p (g/cm?) is the
blood density.

Spronk et al® demonstrated that short-term changes in
local carotid PWV—calculated based on the relationship
between echo-acquired cross-sectional area and tonometric
blood pressure measurement—that are concurrent with
a decrease in blood pressure can be deemed blood pressure
dependent at a rate of approximately 1 m/s per 10 mmHg
diastolic blood pressure. To overcome this limitation, the
cardio-ankle vascular index (CAVI) is used considering
that it is less pressure dependent and derived from stiffness
parameter P,’ which is calculated based on the blood
pressure and PWV® as follows:

CAVI = a((In(Ps/Pd)2p/AP)PWV?) + b

where a and b are coefficients,” Ps (dyne/cm?) is the
systolic blood pressure, Pd is the diastolic blood pressure,
AP is Ps — Pd, p (g/cm’) is the density of the blood, and
PWV (cm/s) is measured by the transient time from the
aortic orifice to the ankle. However, the main issue asso-
ciated with CAVI is that it is calculated from PWYV, includ-
ing the measurement segment of the lower limb (from
femoral to posterior tibial arteries), which has no predic-
tive value.” In clinical practice, CAVI has widely been
used as a surrogate arteriosclerosis maker,'® and this equa-
tion includes the coefficients “a” and “b” to adjust it to the
value of Hasegawa’s PWYV, which is compensated for 80
mmHg of diastolic pressure.'' Recently, Takahashi et al’
demonstrated that CAVI can interpret heart—ankle
(haBETA) in epidemiological and clinical studies; it can
be considered that application of CAVI without the coeffi-
cients “a” and “b” is more reasonable in various arterial
segments.

Therefore, the segmental stiffness parameter B was
applied to compare the clinical and physiological implica-
tions in the present study using an additional thigh cuff.
Although cfPWV can be measured using a thigh cuff,'*"?

to the best of our knowledge, only one study has analyzed
the segmental B as heart-thigh B (htBETA) and thigh—
ankle B (taBETA) separately, which was mainly evaluated
as an acute effect of nitroglycerin.'*

The present study aimed to compare the clinical and
physiological implications between the stiffness of elastic
aortic arteries (htBETA) and medium-sized limb muscular
arteries (taBETA) and to investigate the effects of htBETA
and taBETA on haBETA as well as evaluate whether
diagnostic power for coronary artery disease (CAD) dif-
fered between haBETA and htBETA.

Materials and Methods

Healthy Subject and Patient Selection
Community residents and employees of companies and gov-
ernments who underwent a periodic health examination from
April 2015 to March 2016 in Sano City, Tochigi Prefecture,
Japan, were included in the study. Informed consent was
obtained from all participants. The study design was
approved by the ethics community of the Sano Medical
Association Hospital, and data were collected from the data-
base of this institution. The details of data collection and
definition have previously been reported,'” and data regard-
ing current medications, including antihypertensive, hypo-
glycemic, and hypolipidemic drugs, were collected via
a questionnaire. The study protocol was approved by the
ethics committee of Dokkyo Medical University according
to the Declaration of Helsinki.

Patients were referred to Dokkyo Medical University
Hospital from April 2015 to March 2016 to undergo their
first coronary angiography. All patients who underwent cor-
onary angiography presented with chest pain and exhibited at
least 75% stenosis of the proximal left anterior descending or
right coronary artery on coronary angiography. The thera-
peutic goals for patients with suspicious CAD for primary
prevention were as follows: systolic and diastolic blood
pressure of <130/85 mmHg, fasting blood glucose level of
<129 mg/dL, glycated hemoglobin (HbA.) level of <6.9%,
serum low-density lipoprotein (LDL) cholesterol level of
<100 mg/dL, high-density lipoprotein (HDL) cholesterol
level of >40 mg/dL, and triglyceride level of <150 mg/dL.
Written informed consent was obtained from all patients after
the study protocol approval from the Institutional Review
Board of Dokkyo Medical University. Participants with acute
coronary syndrome, distinct aortic aneurysm, arteriosclerosis
obliterans (ankle-brachial index, <0.90),'® and atrial fibrilla-
tion were excluded.
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According to our previous data,'’ the area under the
curve (AUC) of CAVI, instead of segmental 3, which has
not been reported in single coronary vessel disease, was
0.648; the type I error rate was 0.05 in the one-side test,
and the type II error rate was <0.15 (power >85% power).
The number of healthy subjects was two times as that of
patients with CAD, and with 5% attrition, it was deter-
mined that 81 healthy subjects and 41 patients with CAD
were required to detect for equivalence or difference in
diagnostic accuracy using the receiver operating charac-
teristic (ROC) curve analysis.'® For exclusion owing to
CAD complications, such as ischemic electrocardio-
graphic change in healthy subjects, a larger sample size
was used to ensure the necessary number of healthy
subjects. Ultimately, 90 healthy subjects and 41 patients
with CAD who agreed to participate were included in the
study.

BETA Measurement

To measure the volume change of the femoral artery in the
inguinal area, a prototype of the thigh cuff that can be used
for volume plethysmography was produced in collabora-
tion with Fukuda Denshi, as shown in Figure S1. The local
volume change was accurately reflected when the cuff was
wrapped around both thighs at a shorter distance of
approximately 20 mm than the thigh circumference in
the supine position.

The vascular length from the aortic valve to the thigh
was calculated as the total distance from the second inter-
costal space of the parasternal position to the femoral
artery in the inguinal area (Lpf) x 1.3, defined as AF,"
and the measured length from the femoral artery in the
inguinal area to the middle of the thigh cuff (L1), ie, AF +
L1. Moreover, the vascular length from the thigh to the
ankle was measured from the middle of the thigh cuff to
the middle of the ankle cuff (L2). Thereafter, the vascular
length from the aortic valve to the ankle was calculated as
follows: AF + L1 + L2.

Considering the difficulty in determining the transient
time from the aortic valve to the brachial from the valve
opening sound, the time is determined based on the time
between the aortic valve closing sound (II5) of the pho-
nocardiogram and notch of the brachial pulse wave (dicro-
tic notch). Therefore, the traveling time of heart-thigh
(Tht), thigh—ankle (Tta), and heart-ankle (Tha) was auto-
matically calculated using the VS-1500 vascular screening
system (Fukuda Denshi Co., Tokyo, Japan).

PWYV was calculated by dividing the vascular length by
the traveling time and was recorded in the comma-
separated value format as follows:

htPWV = (AF + L1)/Tht

taPWV = L2/Tta

haPWV = (AF + L1 + L2)/Tha

Using the original CAVI formula® and removing the
coefficient values of a and b,” segmental p was calculated
as follows:'*

Segmental B = In (Ps/Pd) x 2p/AP x PWV?

where Ps and Pd are the systolic and diastolic blood
pressures, respectively, AP = Ps — PD, p is the blood
density, and PWV is the value calculated for each segment.

Accordingly, the following were determined:

htBETA = In (Ps/Pd) x 2p/AP x htPWV?

taBETA = In (Ps/Pd) x 2p/AP x taPWV?

haBETA = In (Ps/Pd) x 2p/AP x haPWV?>

First, to clarify the characteristics of htBETA, taBETA,
and haBETA, their correlation was evaluated, and their
relationship with the clinical characteristics was examined
in healthy subjects and patients with CAD who underwent
arterial stiffness measurements using volume plethysmo-
graphy 10 mins before coronary angiography in the cathe-
ter laboratory. Thereafter, we compared htBETA, taBETA,
and haBETA between healthy subjects and patients with
CAD to determine the superior index for discerning the
presence of CAD.

Statistical Analysis

Results were presented as mean =+ standard deviation
for continuous data and as numbers and percentages for
categorical data. Data were compared using Student’s
t-test or analysis of variance for continuous variables
and using chi-square test for categorical variables.
Correlation coefficients were calculated for paired
data. Furthermore, multiple regression analysis was
performed, and principal component analysis was
conducted.

ROC curves were used to visualize the sensitivity and
specificity depending on the threshold. AUC and its stan-
dard error (SE) were obtained. The statistical comparison
of the areas under two ROC curves was derived by the
method described by Hanley and McNeil,”* who demon-
strated that the difference in AUC of two ROC curves
derived from the same set of patients can be determined
to be random or real from the critical ratio Z, which is
defined as follows:
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7 Al — A2
VSE12 + SE22 + 2rSE1 x SE2

where Al and SE1 are the observed area and estimated SE
of AUC associated with test 1, respectively; A2 and SE2
refer to the corresponding quantities for test 2. In addition,
r was derived from (Al + A2)/2 and (r, + r,)/2, wherein r,,
and r, are correlation coefficients between measurement
values of tests 1 and 2 in the control groups and those of
tests 1 and 2 in the diseased groups, respectively. Then, the
obtained Z value was above the cutoff value, it was referred
to the table of the normal distribution, which was considered
as evidence that the AUC was truly different.

A P-value of <0.05 was considered statistically signifi-
cant. All calculations were performed using JMP version
10.0 (SAS Institute, Cary, NC, USA).

Results

Baseline Characteristics and Treatments
Overall, 90 healthy subjects and 41 patients with CAD
were included in this study. The healthy subjects were 10
years younger than the patients with CAD [mean age, 54.0
(range, 23-84) and 64.1 (range 46-86) years, respec-
tively]. Table 1 shows that patients with CAD were more
frequently men and obese. Although antihypertensive and
hypoglycemic drugs were more frequently used in patients
with CAD than in healthy subjects, systolic and diastolic
blood pressures and serum glucose and HbA,. levels
remained high (Table 1). By contrast, serum total choles-
terol and LDL cholesterol levels were lower and HDL
cholesterol level was higher in patients with CAD who
were more frequently treated with the hypolipidemic drugs
compared with the healthy subjects (Table 1).

Relationship Among htBETA, taBETA, and
haBETA in Healthy Subjects and Patients

with CAD
HaBETA was correlated with htBETA (r = 0.78, p < 0.01)
and taBETA (r = 0.46, p < 0.01) in healthy subjects
(Figure 1). In patients with CAD, haBETA was correlated
only with htBETA (r = 0.56, p < 0.01, Figure 2).
Moreover, htBETA and taBETA were unrelated in healthy
subjects and patients with CAD (Figures 1 and 2).
Multiple regression analysis revealed that haBETA can be
estimated using htBETA and ta htBETA in healthy subjects
(haBETA = 0.828 htBETA + 0.094 taBETA + 1.406, r =
0.86, p < 0.01, Figure 3) and patients with CAD (haBETA =
0.546 htBETA + 0.073 taBETA + 4.259, r = 0.67, p < 0.01,

Figure 3). Moreover, principal component analysis indicated
that the plots were horizontally distributed for healthy sub-
jects, whereas the plots were equally distributed in horizontal
and vertical directions for patients with CAD (Figure 4). The
proportions of variance of htBETA and taBETA to haBETA
were 65.4% (component 1, relationship between htBETA and
haBETA) and 29.7% (component 2, relationship between
taBETA and haBETA) in healthy subjects and 52.7% (com-
ponent 1) and 37.2% (component 2) in patients with CAD
(Figure 4).

These data suggested that compared with patients with
CAD, healthy subjects had a greater effect on the variance
of htBETA to haBETA.

Relationship Between htBETA, taBETA,
haBETA, and Clinical Characteristics in
Healthy Subjects and Patients with CAD

Table 2 shows that the thigh circumference, height, and
body weight were not related to all segmental fs. In
healthy subjects and patients with CAD, age was corre-
lated with haBETA (r = 0.626 and r = 0.387, respectively)
and htBETA (r = 0.560 and r = 0.406, respectively) but not
taBETA (p < 0.01). Systolic and diastolic blood pressures
were significantly correlated with taBETA in healthy sub-
0.338, p < 0.01, and r = 0.273, p < 0.05,
respectively) and patients with CAD (r = 0.361, p <
0.05, and r = 0.395, p < 0.05, respectively). Moreover, in
healthy subjects, systolic (r=0.331, p <0.01) and diastolic
(r=0.224, p < 0.05) blood pressures were correlated with

jects (r =

haBETA and only the systolic blood pressure was corre-
lated with htBETA (r = 0.297, p < 0.01). In patients with
CAD, the body mass index was correlated with haBETA (r
= 0.372, p < 0.05) and heart rate was correlated with
htBETA (r = 0.366, p < 0.05).

In summary, haBETA and htBETA were significantly
related to age, whereas taBETA was associated with sys-
tolic and diastolic blood pressures.

Comparison of htBETA, taBETA, and
haBETA Between Healthy Subjects and

Patients with CAD

As shown in Table 3, taBETA was three times higher than
htBETA in healthy subjects and patients with CAD (p <
0.01). Moreover, haBETA and htBETA were significantly
lower in healthy subjects compared with those in patients
with CAD (p < 0.01). However, taBETA did not differ
between the two groups.

submit your manuscript

564

Dove

Vascular Health and Risk Management 2020:16


http://www.dovepress.com
http://www.dovepress.com

Dove

Watahiki et al

Table | Characteristics of the Study Population and Drug

Treatments
Healthy Patients with | P-value
Subjects CAD (n=41)
(n=90)
Age (years) 540 £ 115 64.1 £10.2 <0.01
Sex (male/female) 35/56 31/10 <0.05
Height (cm) 160.4 + 9.1 161.9 £ 9.6 n.s.
Weight (kg) 590 115 65.6 = 10.1 <0.01
BMI 228+27 25032 <0.01
SBP (mmHg) 125.0 + 142 | 1409 £ 18.0 <0.01
DBP (mmHg) 792 £ 106 84.0 = 12.0 <0.05
HR (bpm) 66.7 £ 10.4 66.1 =123 n.s.
Total cholesterol (mg/ | 213.5+31.3 | 1703 £ 31.0 <0.01
dL)
LDL cholesterol (mg/ 127.1 +28.0 | 957 +23.2 <0.01
dL)
Triglyceride (mg/dL) 1182 +946 | 1374+ 177 n.s.
HDL cholesterol (mg/ | 68.0 = 19.2 502 £ 113 <0.01
dL)
Glucose (mg/dL) 94.1 129 113.3 +285 <0.01
HbA, . (%) 543 £0.39 5.99 £ 0.76 <0.01
Creatinine (mg/dL) 0.74 £ 0.14 0.92 = 0.21 <0.01
Uric acid (mg/dL) 520 £ 1.21 490 + I.19 n.s.
Drug treatments
Antihypertensive drug | 9 (10.0%) 28 (68.3%) <0.01
(ACEI, ARB, Ca
antagonist)
Hypoglycemic drug 2 (2.2%) 12 (29.3%) <0.01
(metformin, DDP-4
inhibitor, SGL-2
inhibitor)
Lipid-lowering drug 6 (6.7%) 35 (85.4%) <0.01
(statin, fibrates)

Notes: Continuous data are shown as mean value * standard deviation (Student’s
t-test). Categorical data are shown as numbers (percentage) (Chi-square test).
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic
blood pressure; HR, heart rate; LDL, low-density lipoprotein; HDL, high-density
lipoprotein; HbA ., hemoglobin A,.; ACEI, angiotensin-converting enzyme inhibitor;
ARB, angiotensin |l blocker; Ca blocker, calcium antagonist; DDP-4 inhibitor, dipep-
tidyl peptidase-4 inhibitor; SGL-2 inhibitor, sodium-glucose transporter 2 inhibitor;
n.s., non-significant.

ROC Curve of haBETA, htBETA, and

taBETA in Diagnosis of CAD

The ROC curves of haBETA (black line), htBETA (dark grey
line), and taBETA (grey line) in the diagnosis of CAD were
computed (Figure 5), and the ROC curves of haBETA and
htBETA were more upward and shifted to the left side com-
pared with that of taBETA. The AUC + SE value of haBETA
(0.731 £ 0.046) and htBETA (0.757 £ 0.043) was signifi-
cantly higher than that of taBETA (0.493 + 0.054) (p < 0.01,

respectively), although that of haBETA did not differ with
that of htBETA (p = 0.49). Therefore, haBETA and htBETA
were superior to taBETA in discerning the presence of CAD,
because taBETA exhibited no discerning ability.

Diagnostic Power for CAD with
a Threshold of haBETA, htBETA, and
taBETA

To determine the optimal threshold for discerning the
presence of CAD, the optimal intersection point between
sensitivity and 1-specificity curves of haBETA, htBETA,
and taBETA in CAD was computed. The optimal cutoff
points were 9.20, 7.72, and 21.0 for haBETA, htBETA,
and taBETA, respectively (Figure 5). Using the threshold
0f 9.20 in haBETA, 7.72 in htBETA, and 21.0 in taBETA,
sensitivity of 80.5%, 75.6%, and 65.9% and specificity of
63.3%, 68.9%, and 45.6%, respectively, were obtained
(arrows indicate each threshold in Figure 5). Therefore,
sensitivity and specificity for discerning the presence of
CAD were higher in haBETA and htBETA than in
taBETA. However, haBETA and htBETA were not signifi-
cant (p = 0.49).

Discussion

The present study demonstrated that segmental Bs, such as
htBETA and taBETA, were different. In the healthy sub-
jects and patients with CAD, htBETA was age dependent
but taBETA was not (Table 2). Moreover, taBETA was
three times higher than htBETA in healthy subjects as
well as patients with CAD, suggesting that the stiffness
of the medium-sized extremity muscle artery from the
thigh—ankle artery was significantly higher than that of
the elastic artery in the aorta and that the muscle artery
was independent of age. Nichols et al*' suggested that
stiffness of elastic arteries increased with age, which has
primarily been attributed to the degeneration of the medial
layer of the arterial walls. By contrast, compared with the
elastic arteries, the medium-sized muscular arteries are

distensible.?>?3

barely affected by age and less
Moreover, the stiffness of medium-sized muscular arteries
is modulated by the vasomotor tone depending on either
the endothelial function, sympathetic nervous system,>*?
or renin—angiotensin system.”® Moreover, Wohlfahrt et al*’
reported that the stiffness of the lower-extremity artery,
which was determined using PWV from the femoral artery
to dorsal pedal/posterior tibial arteries, was affected to

a lesser extent by age and cardiovascular risk factors
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than aortic stiffness (cfPWYV); further, increased ankle
systolic blood pressure was associated with the stiffness
of the lower-extremity artery in a random sample from the
Czech population. Because PWYV is dependent on blood
pressure, these associations may be observed; our taBETA
was less dependent on blood pressure. However, the mea-
surement segment of taBETA is a functional medium-sized
muscular artery, which is modulated by the vasomotor
tone, particularly at young age. The association between
blood pressure and stiffness of the lower-extremity artery,
which was calculated by the stiffness parameter p theory,
was observed in the present study, suggesting that blood
pressure is one of the important factors associated with the
stiffness of medium-sized muscular arteries.

Data regarding the aging of the lower-extremity

23,28

arteries are discrepant: in some studies, no increase

in stiffness with age was observed, whereas in other

studies,>**°

stiffness was found to increase with age.
This discrepancy may be explained by the minor effect
of age on the stiffness of the lower-extremity arteries and
by the different methods of arterial stiffness measurement.

The stiffness of the muscle artery (taBETA) did not
differ between the healthy subjects and patients with CAD
in the present study. By contrast, Yamamoto et al'*
reported lower taBETA in their healthy group (14.10 +
4.14) than that in our healthy subjects (21.27 £ 6.68), and
it was higher in their patients with atherosclerosis (25.45 +

22.31) than in our patients with CAD (21.14 + 8.36).

These discrepancies may be explained by the age and
sex differences between both studies, considering that the
age of the healthy subjects and patients were 30.9 vs 54.0
and 72.0 vs 64.1 years and the proportion of men were
100% vs 39% and 84% vs 76% (Yamamoto et al’s data vs
our data), respectively. Therefore, although taBETA may
be lower in younger healthy subjects aged approximately
30 years, the changes in the stiffness of the muscular artery
(taBETA) appear to be extremely small in elderly indivi-
duals aged >50 years who are predominantly at risk of
atherosclerosis.

Furthermore, haBETA was more strongly correlated with
htBETA (r = 0.78) than with taBETA (r =0.46) in healthy
subjects (Figure 1), and the multiple regression analysis
revealed that haBETA can be almost precisely estimated
using htBETA and taBETA (Figure 3). However, these rela-
tionships were weakened in patients with CAD (Figure 3).
Furthermore, the proportion of the variance of htBETA to
haBETA was greater and that of taBETA to haBETA was
smaller in healthy subjects compared with the proportions in
patients with CAD (Figure 4). Therefore, the nonuniformity
of the arterial system between elastic and medium-sized
muscular arteries would disappear in patients with CAD,
which is typically observed in healthy young subjects.

Previously, we have demonstrated that CAVI, which
and “b” on the haBETA
formula, was significantly correlated with the regional

€9

includes the coefficients “a

stiffness parameter B of the ascending and descending
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Table 2 Correlation Coefficient (r) Among htBETA, taBETA,
haBETA, and Clinical Characteristics in Healthy Subjects and
Patients with CAD

haBETA htBETA taBETA

Thigh circumference

Healthy subjects 0.190 0.134 0.142

Patients with CAD 0.243 0.208 0.042
Age

Healthy subjects 0.626* 0.560%* 0.013

Patients with CAD 0.387* 0.406* 0.132
Height

Healthy subjects 0.102 0.165 0.055

Patients with CAD 0.054 0.094 0.009
Body weight

Healthy subjects 0.024 0.096 0.080

Patients with CAD 0.305 0.216 0.065
Body mass index

Healthy subjects 0.121 0.015 0.182

Patients with CAD 0372" 0.195 0.042
Systolic blood pressure

Healthy subjects 0.331* 0.297* 0.338*

Patients with CAD 0.166 0.234 0.361"
Diastolic blood pressure

Healthy subjects 0.224" 0.181 0.273"

Patients with CAD 0.225 0.181 0.395"
Heart rate

Healthy subjects 0.069 0.045 0.137

Patients with CAD 0.112 0.366" 0.075

Notes: Correlation coefficients (r) are shown. *p < 0.01, *p < 0.05.
Abbreviations: CAD, coronary artery disease; haBETA, heart-ankle ; htBETA,
heart-thigh B; taBETA, thigh—ankle .

aorta calculated from electrocardiogram-gated multidetec-
tor row computed tomography and that the ratio of the
thoracic aorta pulse-wave propagation time (heart—thigh)
to the entire pulse-wave propagation time from the heart to
the ankle was large, which may substantially impact the
entire PWV (heart—ankle).>! In addition, Wohlfahrt et al*
reported that cfPWV was positively correlated with caro-
tid—ankle PWV, and the addition of thigh—ankle PWV to
cfPWV decreased the association with age, which can only
be explained by the minor effect of this factor on the
arterial stiffness of medium-sized extremity muscular

artery. Accordingly, these studies suggested that CAVI

(haBETA) shows the highest dependence on the stiffness
of the central artery, such as thoracic aortas, and age is
a major confounder of this stiffness.

Recently, Fico et al*® determined cfPWV using an
automatic vascular screening device (VP-1000 Plus,
Omron Healthcare, Kyoto, Japan), and the heart—thigh
PWV (htPWV) was determined with the same device in
our study of 50 healthy subjects (1879 years old). The
mean values of cfPWV (713 + 145 cm/s) and htPWV (699
+ 150) did not differ (»p = 0.43), and these correlations
were high (r = 0.64, p < 0.001). The regression line was
derived from the line of identity in the Bland—Altman plot.
Further, these results suggested that htBETA has good
potential for assessing arterial stiffness in the clinical set-
ting in comparison to cfPWV.

The comparison of the segmental s shows that htBETA,
but not taBETA, was significantly higher in patients with
CAD than in healthy subjects (Table 3). However, the ROC
curve analysis showed that tBETA did not improve the
diagnostic power for CAD compared with haBETA, which
comprises htBETA and taBETA. These data may be extre-
mely important because the lengthening of the measurement

1.0

0.81 N

0.6

Sensitivity

0.4+

0.2

n

0.0
0.0

0.2

0.4 0.6 0.8 1.0

1 - Specificity

Figure 5 Reciever operating characteristic (ROC) curves of haBETA, htBETA, and
taBETA in coronary artery disease (CAD). haBETA: cutoff value 9.20 (black arrow),
sensitivity 80.5, specificity 63.3%. htBETA: cutoff value 7.72 (dark grey arrow), sensi-
tivity 75.6, specificity 68.9%. taBETA: cutoff value 21.0 (grey arrow), sensitivity 65.6,
specificity 45.6%. Each arrow indicates the optimal threshold (cutoff value) of haBETA,
htBETA, and taBETA for the discernment of the presence of CAD, respectively. The
area under the ROC curve (AUC * SE) of haBETA, htBETA, and taBETA were 0.731 £
0.046 (p < 0.01), 0.757 + 0.043 (p < 0.01), and 0.493 + 0.054 (p = 0.49), respectively.
Abbreviations: SE, standard error; haBETA, heart—ankle f3; htBETA, heart—thigh f3;
taBETA, thigh—ankle f.
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Table 3 htBETA, taBETA, and haBETA in the Healthy Subjects
and Patients with CAD

Healthy Subjects | Patients with CAD | P-value
(n =90) (n = 41)
haBETA | 9.22 +2.20 10.52 + 1.58 <0.01
htBETA | 7.04 £ 1.95 8.65 £ 1.76 <0.01
taBETA | 21.27 + 8.68* 21.14 + 8.36* n.s.

Notes: Data are shown as mean # standard deviation. Student’s t-test, *p < 0.0 vs
haBETA and htBETA.

Abbreviations: CAD, coronary artery disease; haBETA, heart—ankle ; htBETA,
heart—thigh B; taBETA, thigh—ankle B; n.s., non-significant.

site from the heart—thigh distance (elastic artery) to the
heart—ankle distance (elastic artery plus medium-sized mus-
cular artery) does not decrease the diagnostic power for
middle-aged patients with CAD.

Study Limitations

Several healthy subjects were using antihypertensive
(10%), hypoglycemic (2.2%), and hypolipidemic (6.7%)
drugs, and patients with CAD were using some medica-
tions, which may have influenced our results.

Moreover, although coronary arteriography or com-
puted tomography of the coronary artery was not per-
formed, the ischemic change in the electrocardiogram at
rest for all healthy subjects was not observed. For compar-
ing each B between healthy subjects and patients with
CAD, both

However, the characteristics of healthy subjects appear to

study populations were heterogeneous.
represent the status of the subjects undergoing general
medical examinations in Japan.

Conclusion

The stiffness of the medium-sized thigh—ankle artery was
three times greater than the elastic heart—thigh artery. Its
stiffness was constant and that of the elastic aorta corre-
lated with age. It was possible to estimate two-thirds of the
components of the stiffness of the heart—ankle artery using
the stiffness of the heart-thigh artery. The ROC curve
analysis revealed that the stiffness of the heart—ankle
artery could be replaced by that of the heart—thigh artery,
prolonging the measurement segment without affecting the
diagnostic power for CAD.
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