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Abstract

Arterial anti-aging treatment is important, but there had not been a good marker of arterial aging. One candidate
of the markers was arterial stiffness. But, it has been difficult to measure proper arterial stiffness in vivo, non-
invasively. Pulse wave velocity (PWV) which was reflecting arterial stiffness, was used for last 30 years, but was
inherently changed at the blood pressure at measuring time. The cardio-ankle vascular index (CAVI) was recently
developed marker reflecting arterial stiffness of the arterial tree from the origin of the aorta to the ankle. The
conspicuous feature of CAVI is independency from the blood pressure at measuring time.

CAVI increased with aging both in males than in females. So, CAVI could be a good marker reflecting arterial
aging. Furthermore, CAVI showed high value in most of those with various risks of coronary artery disease, and
especially high in those with diabetes mellitus and even with prediabetes condition. Diabetes mellitus is kwon to be a
strong factor for arterial aging. Recently, many studies showed that CAVI was improved by some of various diabetic
treatments, indicating that CAVI might be an indicator of the treatment for diabetic angiopathy. Those also suggested
that CAVI could be an indicator of various strategies especially controlling diabetes mellitus, in preventing, delaying
vascular aging.

Keywords: Aging; Arterial stiffness; Cardiovascular risk factor;
Cardio-ankle vascular index

Abbreviations: PWV: Pulse Wave Velocity; CAVI: Cardiac-ankle
Vascular Index; ONH: Optic Nerve Head; Pd: Diastolic blood pressure;
Ps: Systolic blood pressure; PWV: Pulse Wave Velocity.

Introduction
William Osler says that a man is as old as his arteries. In order to

quantitatively measure the degree of arterial aging, arterial stiffness
was proposed as an indicator from the beginning of the 20th century.
From as early as 1920 pulse wave velocity (PWV) was considered to be
an index which reflects the stiffness of the artery. Several methods
measuring pulse wave velocity were proposed as a method for
conveniently measuring arterial stiffness. But, blood pressure
dependency was retained in those methods. To overcome the inherent
problem in PWV, cardio-ankle vascualr index (CAVI) was presented.
The cardio-ankle vascular index (CAVI), reflected the stiffness of the
arterial tree from the origin of the aorta to the ankle at tibial artery.
Conspicuous feature of CAVI is independency from the blood pressure
at measuring time, because it was derived from the stiffness parameter
β theory, which was presented by Hayashi [1]. Stiffness parameter β
was the index reflecting arterial stiffness of a portion of the artery, and
was inherently independent from blood pressure at measuirng time.
Now, CAVI is widely used in the world. More than 300 papers have
been reported for last ten years.

CAVI is depending on the age in both man and women, so CAVI
might be a good indicator of arterial aging. Another feature of CAVI is
that CAVI value is high in most of the risk factors for coronary artery
diseases such as hypertension, metabolic syndrome and diabetes
mellitus [2,3]. Especially, in diabetes mellitus, CAVI showed high value
in diabetic retinopathy, nephropathy and macroangiopathy. So, CAVI
could be an indicator of vascular aging in diabetes mellitus.
Furthermore, many studies showed that CAVI was improved by some
of various diabetic treatments including obesity treatment, insulin
therapy, pioglitazone, and glimepiride. These results indicated that
CAVI might be an possible indicator of the treatment for diabetic
antipathy.

In this review, the principle of CAVI and the clinical role of CAVI in
diabetic patients were presented, and discussed meanings of CAVI in
controlling arterial aging with diabetic control.

The Principle of CAVI and its Role in Vascular
Function
Stiffness parameter β is an index showing the pressure required to

expand the diameter of vascular wall [1]. The feature is that the
pressure was shown by logarithm. Therefore, in principle, it is not
influenced by blood pressure at the measuring time.

CAVI can be obtained by substituting the vascular caliber change of
the stiffness parameter β formula by the blood vessel diameter change
derived from the equation of Bramwell-Hill [2,4].

CAVI = a {(2ρ / ΔP) × ln (Ps / Pd) PWV 2} + b
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Ps: systolic blood pressure, Pd: diastolic blood pressure, PWV: pulse
wave velocity, ΔP: Ps - Pd, ρ: blood viscosity, constants a,b: scale
conversion to match pressure corrected heart-femoral PWV.

Arterial stiffness is mainly thought to reflect the degree of
arteriosclerosis, but also it reflected arterial compliance. Compliance of

the artery works the second pump that catches the blood flow
delivered from the heart at systolic phase, and sends it to the periphery
in the diastolic phase as a vascular function. CAVI reflecting proper
arterial stiffness might be also a good marker of this vascular function,
in addition the role as an indicator of arteriosclerosis (Figure 1).

Figure 1: The role of cardio-ankle vascular index (CAVI) in vascular function.

The stiffness shown by CAVI is thought to be composed of organic
stiffness and functional stiffness. Organic stiffness is composed of the
matrix components (elastin, collagen, hyaluronic acid) and also
smooth muscle cell of the artery. Functional stiffness is composed of
contraction of smooth muscle cells. The latter was influenced by
sympathetic and parasympathetic innervation. For example, the
sympathetic nerve is activated when stress is applied, such as when a
person is nervous or cold, the tone of the artery rises through the
contraction of smooth muscle cells of the artery. Also, when
parasympathetic nerves become dominant at relaxation, smooth
muscle cell relaxed, then CAVI decreased (Figure 2).

When a blocking agent of the sympathetic receptor in the artery is
administered, CAVI decreases [5]. In addition, with administration of
the vascular smooth muscle activating substance prostaglandin I2,
CAVI is decreased as shown in Figure 3 [6]. Then, at CAVI
measurement, stable conditions in concerning with a room
temperature of 24 to 26 degrees, resting for about 5 minutes, and also
mental relaxation were required.

CAVI Values on Various Conditions, Especially in
Aging, and Various Arteriosclerotic Diseases (Figure 4)

Clinical studies have shown that CAVI increases with aging in both
males and females (Figure 5), even in healthy people. This phenomena
indicates that the artery might grow with increasing its vascular tone in
physiological condition. But, setting the cut off value for vascular aging
is controversial. Future precise analysis including pathological studies
will be required. Anyway, CAVI could be a good marker of vascular
aging.

Many studies indicated that CAVI was high in hypertension,
metabolic syndrome, lipid abnormalities, smoking as shown in Figure
4.

Furthermore, the relationship of this vascular function with cardiac
function, and also with peripheral circulation could be evaluated using
CAVI [7,8].
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Figure 2: A case of a patient with a decrease in cardio–ankle
vascular index (CAVI) due to drowsiness. Figure 3: Decrease of cardio-ankle vascular index (CAVI) with the

administration of beraprost sodium.

Figure 4: Factors which increase and decrease cardio–ankle vascular index (CAVI). ARB, angiotensin receptor blocker; EPA, eicosapentaenoic
acid.

CAVI in Diabetic Condition and Treatments
Diabetes mellitus is the strong promotor of vascular aging [9-11].

CAVI was shown in to be high with diabetic patients in all ages (Figure
5). Furthermore, Namekata reported that CAVI was high in pre-

diabetic condition as well as diabetic condition [12]. Especially, CAVI
showed high value in diabetic retinopathy, nephropathy and
macroangiopathy. So, CAVI could be a good marker of vascular injury
as well as vascular aging in diabetes mellitus.
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Figure 5: Comparison of CAVI in diabetes mellitus by age.

Furthermore, many studies showed that CAVI was improved by
some of various diabetic treatments including obesity treatment [13],
pioglitazone [14], insulin therapy [15], glimepiride [16] shown in
figure 6 and dipeptidyl peptidase-4 inhibitor. These results indicated

that CAVI might be an possible indicator of the treatment for diabetic
angiopathy.

On the other hand, we reported that the microvascular blood flow
in optic nerve head (ONH) can detect organ damage, such as kidney
dysfunction [17], and correlates with glycosylated hemoglobin [18].
CAVI, as a macrovascular stiffness index, is related to microcirculatory
blood flow in ONH [8].

These results seem to indicate that CAVI are macrovascular injury,
and also microvascular injury that might be important for the function
of peripheral organs.

Summary
CAVI could be a good indicator of vascular aging and also micro-

and macro- vascular injury in diabetic mellitus. CAVI can be measured
noninvasively, conveniently and at low cost. In future, medical
treatment of diabetic mellitus, CAVI could be useful in evaluation of
various treatments for vascular injury (Figure 6). Thus measuring
CAVI might to contribute to arterial anti-aging.

Disclosure
All authors declare no conflict of interest related to this work.

Figure 6: Improvement of cardio-ankle vascular index by glimepiride in type 2 diabetic patients.
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