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Aim: The effect of nitroglycerin on proper arterial stiffness of the arterial tree has not been fully clarified. The cardio-ankle vascular index (CAVI), which is an application of the stiffness parameter β
theory on the arterial tree from the origin of the aorta to the ankle, was developed recently. Furthermore, the stiffness of the aorta (heart-thigh β (htBeta)) and of the femoral-tibial arteries (thigh to
ankle β (taBeta)) could be monitored by applying the same theory. The effects of nitroglycerin on
CAVI, htBeta, and taBeta were studied comparing the values of healthy people and those of arteriosclerotic patients.
Methods: The subjects were healthy people (CAVI ＜ 7.5, n = 25) and arteriosclerotic patients (CAVI
＞ 9, n = 25). Nitroglycerin (0.3 mg) was administrated sublingually, and various arterial stiffness
indices were measured at one-minute intervals for a period of 20 minutes using Vasera VS-1500
(Fukuda Denshi, Tokyo).
Results: After the administration of nitroglycerin in healthy people, CAVI decreased significantly
after 5 min. [from 6.76(6.32-7.27) to 5.50(4.70-6.21), P ＜ 0.05], and recovered after 15 min. htBeta
[from 5.10(4.76-5.76) to 3.96(3.35-4.79), P ＜ 0.05], and taBeta [from 14.41(10.80-16.33) to 10.72
(9.19-13.01), P ＜ 0.05] also decreased significantly. In arteriosclerotic patients, CAVI decreased after
5 min. [from 10.47(9.67-11.29) to 9.71(8.74-10.57), P ＜ 0.05] and recovered after 15 min. htBeta
did not significantly change [from 12.00(11.46-13.21) to 11.81(10.14-13.83), ns], but taBeta
decreased significantly [from 18.55(12.93-23.42) to 12.37(9.68-16.99), P ＜ 0.05].
Conclusion: These results indicate that a nitroglycerin-induced decrease of arterial stiffness is more
prominent in muscular arteries than in elastic arteries, and this effect was preserved much more
prominently in arteriosclerotic patients than in healthy people.
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Introduction
Nitroglycerin (NTG) is used to relieve the symptoms of angina pectoris, and this effect is thought to
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be due to a dilation of the coronary arteries leading to
increased coronary blood flow 1, 2). Furthermore, veins
are also reported to dilate with the use of NTG, and
these effects are thought to decrease preload on the
heart 3). Moreover, it has been suggested that NTG
may increase the distensibility of peripheral muscular
arteries and reduce systemic resistance; this action
would explain the manner by which NTG reduces the
myocardial oxygen need and relieves symptoms 1, 2, 4, 5).
As a method for quantitative assessment of arterial
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stiffness, pulse wave velocity (PWV) has been used for
the last several decades, and it was thought to be a
kind of surrogate marker of arteriosclerosis 3, 6-9). However, PWV depends inherently on blood pressure (BP)
changes at the time of measurement 9, 10).
Therefore, there have been difficulties in interpreting the data dealing with various therapies or conditions associated with blood pressure changes 9, 10).
Recently, the cardio-ankle vascular index (CAVI)
was developed as an arterial stiffness index, which was
derived from the stiffness parameter beta theory 11)
with the application of the Bramwell-Hill equation 12).
It is essentially independent from BP at the time of
measurement, and it reflects the stiffness of the arterial
tree from the origin of the aorta to the ankle 13). CAVI
was almost established to be a surrogate marker of
arteriosclerosis 14-16) such as coronary arterial disease 17, 18),
cerebral infarction 19), and chronic kidney disease 20).
CAVI values are also elevated in most patients exhibiting various coronary risk factors and are decreased by
treating these risk factors 14, 21-24).
The stiffness monitored with CAVI is partly
composed of functional stiffness. When the α1 adrenoceptor blocker, doxazosin, was administered to men,
blood pressure decreased and CAVI also decreased,
indicating that CAVI also reflected the condition of
arterial smooth muscle contraction 15).
Recently, we reported that CAVI was decreased
by NTG administration in healthy people and arteriosclerotic patients 25). This is the first report to demonstrate the effect of NTG on proper arterial stiffness of
the arterial tree quantitatively in vivo. However, the
arterial tree to which CAVI is applied is composed of
the aorta, as an elastic artery, and the femoral-tibial
arteries as muscular arteries. The specificity of the
effect of NTG on a decrease of arterial stiffness in the
elastic arteries and muscular arteries has not been
determined.
In this paper, we studied whether the arterial
stiffness changes caused by NTG are due to its effect
on the aorta, or on the femoral and tibial arteries.
In order to measure arterial stiffness of the aorta
as an elastic artery, and of the femoral-tibial arteries as
muscular arteries separately, we applied the stiffness
parameter β theory to those arteries by utilizing
Bramwell-Hill’s equation in the same way as it is
applied when measuring CAVI. In this way, the stiffness of the aortic artery is called heart to thigh Beta
(htBeta), and that of the femoral-tibial arteries is
called thigh to ankle Beta (taBeta). Furthermore, we
compared changes between healthy people (HP) and
arteriosclerotic patients (AP).
In addition to this parameter, we analyzed the
changes in blood pressure, stroke volume, cardiac out-

put, and systemic vascular resistance during NTG
administration in order to understand the role of arterial stiffness of the main arterial tree in systemic circulation.
Methods
Study Subjects:
This study was conducted at Sakura Hospital
Medical Center, Toho University. Subjects in the first
group were 25 healthy people (HP) aged 25–37 years
old. They had no hypertension, diabetes mellitus, or
dyslipidemia, and they had no history of arteriosclerotic disease.
The subjects of the second group were 25 people
(AP) with a history of cardiovascular disease who
undertook percutaneous coronary interventions (PCI)
or coronary bypass graft (CABG) operations.
Measuring the Cardio-Ankle Vascular Index (CAVI):
The subjects lay down on a bed in a supine position and took an oral dose of NTG 0.3 mg. From that
moment, at intervals of one minute, blood pressure,
CAVI, pulse rate, and cardiac output were measured.
CAVI was measured using the VaSera VS-1500
machine (Fukuda Denshi, Tokyo) as previously
described 14). This index was originally derived from
stiffness parameter β, proposed by Hayashi 11) and was
applied to a length of artery with the application of a
modified version of Bramwell-Hill’s equation 12).
CAVI = a{(2 ρ /ΔP)×ln(Ps/Pd)PWV 2}＋b -----CAVI formula
where Ps is systolic blood pressure, Pd is diastolic
blood pressure, PWV is pulse wave velocity from the
origin of the aorta to the tibial artery at the ankle
through the femoral artery, ΔP is Ps-Pd, ρ is blood
density, and a and b are constants in order to adjust
the values of CAVI to those of Hasegawa’s PWV 24).
Measuring Heart Thigh Beta (htBeta), and Thigh
to Ankle Beta (taBeta) (refer to Fig. 1):
htBeta, which indicates the stiffness of the aorta,
was calculated by measuring the pulse wave velocity
from the origin of the aorta to the upper portion of
the femoral artery and blood pressure at the upper
brachial artery. These values were introduced into the
equation above. taBeta, which indicates the stiffness of
the femoral-tibial arteries, was calculated by measuring the pulse wave velocity from the upper portion of
the femoral artery to the ankle and blood pressure at
the upper brachial artery. These parameter values were
introduced into the equation without “a” and “b” constants of the CAVI formula as stated above. htBeta
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Fig. 1. A diagram showing the measurement of arterial stiffness of various portions of the arterial tree with the cardio-ankle vascular index, htBeta and taBeta

and taBeta values were thus obtained.
htBETA and taBETA were measured essentially
using the same method as the CAVI method. Therefore, reproducibility of htBETA and taBETA are supposed to be about the same as CAVI’s reproducibility
of about a 3.8 percent coefficient of variation13).
In this study, we measured these parameters every
minute to clarify the precise dynamics during NTG
administration. Furthermore, blood pressure and
PWV values were measured at one-minute intervals in
each portion.
Blood pressure was measured using an oscillometric method at the right upper brachial portion.
The blood pressure value used for taBeta, should ideally be measured in the leg. However, in practice it is
difficult to measure every minute in the leg while
detecting pulse waves. To confirm the rationale for the
usage of blood pressure at the brachial artery in place
of the leg, the CAVI values were compared between
brachial blood pressure and leg blood pressure. During NTG administration, the CAVI values were not
significantly different when utilizing blood pressures
at either location (after 5 minutes ΔCAVI: −1.32±
0.68 vs. −1.39±0.71, after 10 minutes ΔCAVI:
−1.06±0.69 vs. −1.06±0.67, after 15 minutes Δ
CAVI: −0.87±0.66 vs. −0.80±0.67, after 20 minutes
ΔCAVI: −0.57±0.68 vs. −0.46±0.67, N = 31 in
healthy people; after 5 minutes ΔCAVI: −1.66±0.87
vs. −1.65±0.86, after 10 minutes ΔCAVI: −1.79±
1050

0.89 vs. −1.79±0.88, after 15 minutes ΔCAVI:
−1.59±1.12 vs. −1.60±1.09, after 20 minutes Δ
CAVI: −1.37±1.07 vs. −1.37±1.05, N = 25 in arteriosclerotic patients). This was the case among both
healthy people and arteriosclerotic patients. Therefore,
to measure taBeta, we used blood pressure at the brachial artery in place of the leg artery.
Measurement of Cardiac Stroke Volume and
Cardiac Output, and Calculation of the Systemic
Vascular Resistance:
The changes of cardiac stroke volume and cardiac output were continuously monitored using the
Aesculon mini machine (Osypka medical, California,
USA) 26). Systemic vascular resistance (SVR) was calculated by dividing the mean brachial blood pressure
minus constant central venous pressure with cardiac
output 27).
SVR = 80(mean arterial pressure-central venous
pressure)/cardiac output (dyn sec/cm5).
Central venous pressure was supposed to be 5
mmHg in this case.
Statistical Analysis:
The change of CAVI, htBeta, taBeta, blood pressure, stroke volume, heart rate, cardiac output, and
systemic vascular resistance during the administration
of nitroglycerin in healthy people and arteriosclerotic
patients were expressed as the median (interquartile
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range).
Median values of the parameter before administrated NTG and after NTG administrated were compared using a Wilcoxon signed rank test.
Median values of the change of the parameter
after NTG were administered in healthy people and
that in arteriosclerotic patients were compared using
the Mann-Whitney U-test.
Clinical backgrounds of the studied subjects were
expressed as the mean±standard deviation. The mean
values were compared using Unpaired Student t-test.
As for the analogy compared between brachial
blood pressure and ankle blood pressure for the calculation of CAVI, data were expressed as the mean±
standard deviation. The mean values were compared
using Paired t-test.
Statistically significant differences were considered at P ＜ 0.05.
All statistical analyzes were performed using the
statistical package SPSS Version 22.0 (IBM, Chicago,
IL, USA).
Ethics
All participants gave written informed consent
after a detailed description of the procedures in accordance with the Declaration of Helsinki, and the study
protocol was approved by the ethics committee of the
Faculty of Medicine, Toho University (Approved No.
26001).
Measurement of Intimal Wall Thickness of Carotid
Artery:
Cardiac echocardiography were taken by skilled
technician using Philips iE33 (Amsterdam, The Netherlands) and carotid ultrasonography were taken by
skilled technician using Toshiba AplioXG (Tokyo,
Japan).
Plaque score was calculated as reported previously 28). IMT was measured as reported previously 29).
Results
Patient characteristics are shown in Table 1.
1) Vascular parameters of healthy people during
NTG administration:
When healthy people took an oral dose of NTG
(0.3 mg), their arterial stiffness from the origin of the
aorta to the ankle was measured using CAVI at oneminute intervals for 20 minutes. Blood pressure, pulse
rate, stroke volume, and cardiac output were also measured. After administration of NTG in healthy people,
the CAVI value decreased significantly after 5 min.
[from 6.76(6.32-7.27) to 5.50(4.70-6.21), P ＜ 0.05 at

5 min.], and recovered after 15 min., as shown in
Fig. 2.
In this study, we measured htBeta and taBeta,
simultaneously. htBeta decreased a little [from 5.10
(4.76-5.76) to 3.96(3.35-4.79), P ＜ 0.05 at 5 min.
after 5 min., then returned to the previous value.
taBeta decreased [from 14.41(10.80–16.33) to 10. 72
(9.19–13.01), P ＜ 0.05 at 5 min.] after 5 min., and
returned to its previous value after 20 min.
Systolic blood pressure showed a tendency to
decrease [from 123(113-132) to 121(112-127), P ＜
0.05 at 5 min.]. Diastolic blood pressure showed a significant decrease during the 20 min. [from 73(69-82)
to 65(60-72), P ＜ 0.05 at 5 min.]. Stroke volume
decreased after 5 min. (from 77.5(72.8-89.2) to 75.6
(68.8-86.6), P ＜ 0.05 at 5 min.). Heart rate increased
significantly after 5 min. [from 59(53-61) to 65(5773), P ＜ 0.05 at 5 min.], then it decreased. Cardiac
output was not changed during the first 10 min. [from
5.30(4.39-6.15) to 5.43(4.74-5.95), ns at 5 min.], but
decreased after 12 min. Systemic vascular resistance
decreased significantly after 3 min. [from 1273(10841625) to 1169(1078-1354), P ＜ 0.05 at 5 min.].
2) Vascular parameters of arteriosclerotic patients
during NTG administration:
When arteriosclerotic patients took NTG (0.3
mg) sublingually, the CAVI value decreased after 5
min. [from 10.47(9.67-11.29) to 9.71(8.74-10.57), P
＜ 0.05 at 5 min.], and recovered after 15 min. as
shown in Fig. 3. htBeta did not change except after 7
min. [from 12.00(11.46-13.21) to 11.81(10.1413.83), ns at 5 min.]. taBeta decreased significantly
[from 18.55(12.93-23.42) to 12.37(9.68-16.99), P ＜
0.05 at 10 min.] after 5 min.
Systolic blood pressure showed a significant
decrease during the 20 minutes [from 146(140-153)
to 130(122-137), P ＜ 0.05 at 5 min.]. Diastolic blood
pressure also showed a significant decrease during the
20 minutes [from 85(79-88) to 79(74-87), P ＜ 0.05 at
5 min.], and stroke volume decreased [from 63.7
(56.13-70.23) to 58.58(54.62-66.20), P ＜ 0.05 at 5
min.]. Heart rate did not significantly increase [from
67(59-73) to 68(57-79) ns at 5 min.]. Cardiac output
also decreased significantly [from 4.28(3.89-4.57) to
4.18(3.51–4.56), P ＜ 0.05 at 5 min.]. Systemic vascular resistance decreased significantly after 7 min. [from
1842(1661-2103) to 1750(1567-2123), P ＜ 0.05 at 7
min.].
3) Comparison of Δ vascular parameter changes
between healthy people and arteriosclerotic
patients during NTG administration
We compared the changes of arterial stiffness and

24̲1048(38646) F校正 0825

1051

Yamamoto et al .

Table 1. The clinical backgrounds of the studied subjects
Variable

Healthy people

Arteriosclerotic patients

(n = 25)
30.9±3.9
25 (100%)
173.2±4.9
66.8±7.1
22.3±2.1
0 (0%)
187.1±29.7
87.0±57.2
64.7±15.3
106.6±30.6
4.9±0.2
0.77±0.14

(n = 25)
72±6.4
21 (84%)
163.8±7.7
65.6±10.6
24.3±2.5
2 (8%)
173.7±34.3
137.7±72.7
52.3±13.9
98.2±27.2
6.8±1.0
0.95±0.28
52.1±42.5
65.1±11.2
11.3±3.5
1.1±1.5
21.0±2.0
2.57±0.77
0.88±0.15
10.93±3.44
15 (60%)
10 (40%)

Prior medications
Anti-hypertension drug use, n (%)
Anti-dyslipidemia drug use, n (%)
Anti-diabetes mellitus drug use, n (%)

0 (0%)
0 (0%)
0 (0%)

24 (96%)
20 (80%)
14 (56%)

Cardio-Ankle Vascular Index (CAVI)
heart-thigh Beta (htBeta)
thigh-ankle Beta (taBeta)

6.73±0.66
5.34±1.00
14.40±4.14

Age (years)
Male
Height (cm)
Weight (kg)
BMI (kg/m2)
Current smoker
Total cholesterol (mg/dl)
Triglyceride (mg/dl)
HDL cholesterol (mg/dl)
LDL cholesterol (mg/dl)
HbA1c (%)
Serum creatinine (mg/dl)
BNP (pg/ml)
EF (%)
E/e’
E/A
LVH (mm)
Max IMT (mm)
Mean IMT (mm)
Plaque score
Coronary Artery Bypass Grafting (CABG)
Percutaneous Coronary Intervention (PCI)

＊＊＊

10.72±1.73
13.08±4.23
25.43±22.31

Significance
P ＜ 0.001
P ＜ 0.001
NS
P ＜ 0.01
NS
P ＜ 0.001
P ＜ 0.01
NS
P ＜ 0.001
P ＜ 0.001

＊

P ＜ 0.001
P ＜ 0.001
P ＜ 0.05
Data is Mean±SD
＊
: P ＜ 0.05
＊＊＊
: P ＜ 0.001

Abbreviations: BMI, Body Mass Index; HDL, high density lipoprotein; LDL, low density lipoprotein; BNP, brain natriuretic peptide; EF, Ejection Fraction; E/A, early diastolic filling wave / atrial filling wave; E/e’, early diastolic filling wave /
early diastolic wave; LVH, left ventricular hypertrophy; IMT, intima media thickness.
Notes: The numbers in parentheses represent percentages. Data are presented as mean±SD. Unpaired Student’s t-test was
used to compare the two groups.

other circulation factors between healthy people (HP)
and arteriosclerotic patients (AP) as shown in Fig. 4.
The differences between those factors are shown by Δ,
which is the difference compared to previous values.
The maximum depression of the Δ CAVI value was
similar in HP and in AP [HP - 1.10(−1.83 - −0.72) at
5 min. vs. AP - 1.08(−1.55 - −0.34) at 8 min., ns].
However, ΔCAVI of HP was significantly greater
than that of AP until 5 min. [ HP - 0.86(−1.49 1052

−0.47) vs. AP - 0.28(−0.70 - −0.03), P ＜ 0.05 at 2
min.; HP - 1.04(−2.06 - −0.71) vs. AP - 0.38(−0.74 −0.16), P ＜ 0.05 at 3 min.].
And then, ΔCAVI in HP recovered faster than
that of AP after about 17 min. [HP - 0.26(−0.50 0.03) vs. AP - 0.76(−1.62 - −0.35), P ＜ 0.05 at 19
min.; HP - 0.22(−0.53 - −0.01) vs. −0.57(−1.79 −0.20), P ＜ 0.05, at 20 min.]. As for Δ stiffness of the
aorta, a decreased Δ htBeta of HP was more promi-
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Fig. 2. The change of CAVI, htBeta, taBeta, blood pressure, Fig. 3.
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and after administration.

nent than that of AP at 3 min. [HP - 0.76(−2.22 −0.35) vs. AP - 0.41(−1.60–0.80), P ＜ 0.05, at 3
min.]. However, decreased Δ taBeta of AP was much
greater than that of HP after 10 min. [HP - 1.98
(−3.15 - −1.57) vs. AP −4.35(−11.72 - −2.17), P ＜
0.05, at 10 min.]. Decreased Δ systolic blood pressure
of AP was larger than the value in HP (HP −3(−7 - 0)
vs. AP −18(−19 - −12), P ＜ 0.05, at 5 min.]. Decreased
Δ diastolic blood pressure was more pronounced in
HP, more than that of AP (HP −9(−12 - −6) vs. AP −5
(−8 - 1), P ＜ 0.05, at 5 min.]. Decreased Δ stroke volume was not different between the two groups. [HP
−3.95(−7.49-1.56) vs. AP −3.92(−8.73 - −0.49), ns, at
5 min.], and an increased Δ heart rate was much
higher in HP than in AP [HP 7(3-14) vs. AP 2(−1-6),
P ＜ 0.05, at 5 min.]. Decreased Δ cardiac output was
much more pronounced in AP than in HP [HP
0.09(−0.41-0.59) vs. AP −0.19(−0.43-0.05), P ＜ 0.05,
at 5 min.]. Decreased Δ systemic vascular resistance

was not different between both groups. [HP
−135(−270- −14) vs. AP −28(−186- 36), ns at 5 min.].
Discussion
The median CAVI value in arteriosclerotic
patients was higher than that in healthy people. As for
the median htBeta and taBeta, taBeta was significantly
higher than htBeta in both groups, indicating that
stiffness of muscular arteries (femoral and tibial arteries) was higher than that of elastic arteries (the aortic
artery). Furthermore, both htBeta and taBeta were significantly higher in arteriosclerotic patients than in
healthy people, indicating that both muscular and
elastic arteries increased their stiffness with arteriosclerosis.
Furthermore, we evaluated the effect of NTG
administration on CAVI, and htBeta and taBeta to
clarify the specificity of the responsiveness to NTG in
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Fig. 4. The Δ changes of CAVI, htBeta, taBeta blood pressure, stroke volume,
heart rate, cardiac output, and systemic vascular resistance during the
administration of nitroglycerin in healthy people and arteriosclerotic
patients
Notes: Data were presented as median (interquartile range error bars). Mann-Whitney
U-test was used to compare the two groups.

each artery.
Administration of NTG decreased CAVI in both
healthy people (HP) and arteriosclerotic patients (AP)
(Fig. 2, 3).
The maximum depression of ΔCAVI was similar
in both HP and AP (Fig. 4). These results were consistent with those reported by Shimizu et al. 25).
It was already reported that NTG decreases the
stiffness of the peripheral arteries by monitoring the
pulse wave velocity (PWV) 4, 6). However, PWV is
essentially changed by blood pressure at the time of
measurement 9, 10), therefore, accurate arterial stiffness
changes could not been shown using PWV. Our
results shown in Fig. 2, 3 indicate that nitroglycerin1054

induced dilatation of the arteries is accompanied by
increased proper elasticity of the arteries. Furthermore,
the responsiveness to NTG of the whole arterial tree
from the origin of the aorta to the ankle was almost
the same in both HP and AP. However, the time of
maximum depression of CAVI in HP was faster than
that in AP. This indicates that the response of vascular
smooth muscle to administrated NTG was faster in
HP than in AP. Furthermore, ΔCAVI in HP was less
than that in AP after about 17 min. It may indicate
that the recovery of the smooth muscle vasodilatation
was much faster in HP than in AP.
htBeta in HP decreased, but htBeta in AP
scarcely decreased. This result might indicate that the
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elasticity of the aorta decreased with the progression
of arteriosclerosis (Fig. 2, 3).
On the other hand, taBeta decreased in both HP
and AP groups almost at the same rate in the first 5
min (Fig. 2, 3, 4).
Therefore, the significant decrease in CAVI in
HP compared with that in AP might be due to the
decreased htBeta in HP.
On the contrary, ΔtaBeta in AP was greater than
that in HP after 10 min. (Fig. 4).
ΔhtBeta in HP and, ΔhtBeta in AP were not different after 10 min. But ΔtaBeta in AP was significantly greater than that in HP. Therefore, significantly
decreased ΔCAVI in AP after 10 min. might be due to
the decreased taBeta in AP.
These results indicated that nitroglycerininduced vasodilatation was maintained in femoral and
tibial arteries, as muscular arteries, in AP. Namely, it
suggested that the responsiveness of smooth muscle
cells to NTG in the muscular arteries was maintained
even in AP.
These results are consistent with the clinical
observation that administration of nitroglycerin to
arteriosclerotic patients is effective in the treatment of
angina pectoris 30).
Systolic blood pressure decreased in both groups,
and decreased Δsystolic blood pressure was much
greater in AP than in HP. Whereas, diastolic blood
pressure decreased in both groups, and decreased Δ
diastolic blood pressure was much greater in HP than
in AP.
Considering the maintained responsiveness of
taBeta to NTG in AP and larger decreased Δsystolic
blood pressure in AP, systolic blood pressure might be
much more dependent on muscular artery elasticity.
Considering that htBeta of the aorta was scarcely
decreased by NTG and diastolic blood pressure was
less decreased in AP than in HP, it might be suggested
that diastolic blood pressure was much more affected
by the aorta as an elastic artery than by the arterioles
as muscular arteries. To confirm this hypothesis, further studies will be required.
Cardiac output in HP was maintained during the
first 10 min. and decreased after 12 min. during NTG
administration. However, in the AP group, cardiac
output decreased from the first few mins. Stroke volume decreased in both HP and AP at almost the same
rate whereas heart rate increased in HP, but not in AP.
The different heart rate changes might be due to the
different response of autonomic nerve reflection, but
this needs to be clarified. Systemic vascular resistance
decreased in both HP and AP at almost the same rate
during NTG administration, and the difference was
not significant. This effect of NTG on peripheral vas-

cular resistance has already been reported by Taira et
al. 31). Interestingly, a correlation between changes of
CAVI and systemic vascular resistance was observed.
The correlation rate was r = 0.727, P ＜ 0.001 in HP
and r = 0.636, P = 0.002 in AP (data was shown only
here). CAVI reflects stiffness or elasticity of the arterial
tree from the origin of the aorta to the ankle, including elastic arteries and muscular arteries, but not the
arterioles. It has been suggested that blood pressure
was mainly regulated with the resistance of peripheral
arteries 32). Our results show that CAVI is well correlated with systemic vascular resistance, and this might
indicate that CAVI reflects vascular resistance in the
main arterial tree. Therefore, CAVI may be a useful
index to evaluate the involvement of the main arterial
tree in the blood control system in vivo.
Study Limitation:
Blood pressure for the calculation of CAVI,
htBeta, and taBeta should ideally be measured in each
arterial segment, but this was not possible in this clinical study. We used blood pressure at the upper brachial artery. CAVI values obtained using the blood
pressures both at the ankle and upper brachial artery
were almost the same during NTG administration.
The CAD patients were examined under the
controlled state of their various coronary risk factors.
The point that we cannot remove the effects of their
medications is a limitation of our study.
Conclusion
NTG administration decreased CAVI values, the
beta theory-applied index of the aorta (htBeta), and
the femoral and tibial arteries (taBeta) with varying
rates in each index. It is noteworthy that muscular
arteries in arteriosclerotic patients maintained their
responsiveness to NTG much more than those in
healthy people.
The response of CAVI was well correlated with
systemic vascular resistance, indicating that CAVI
might reflect the vascular resistance of the arterial tree.
These results indicate that measuring arterial
stiffness with β theory-derived vascular indices might
contribute to studies on the role of segmental arterial
stiffness in systemic circulation.
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