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Abstract: Background: Cardio-ankle vascular index (CAVI) and CAVI0 (a mathematical expression
derived from CAVI, supposed to be less dependent on blood pressure), can describe arterial stiffness,
considering a wide proportion of the arterial tree. The aim of this study was to examine the relation-
ship between CAVI, CAVI0 and aging, looking at the differences between the two arterial stiffness
indexes. Methods: A total of 191 patients (68 male, mean age 68.3 ± 14.4 years) referred to the
Geriatric Ward and Outpatient Clinic at Verona University Hospital were included and underwent a
comprehensive clinical evaluation. CAVI and CAVI0 were obtained for each. Results: CAVI0 steeply
rises in the elderly age strata, widening the gap between CAVI and CAVI0. An inverse relationship is
evident between CAVI0 and DBP in older patients, and CAVI0 is shown to be dependent on age, DBP
and age-DBP interaction (R2 = 0.508). Age modifies the effect of DBP on CAVI0, but not on CAVI.
Conclusions: The real new findings of our study are that the association between CAVI0 and diastolic
blood pressure (DBP) is modified by age, whereas the association between CAVI and DBP is not
modified by age. From a clinical point of view, these are very important findings, as DBP decreases
with aging, affecting in elderly populations the reliability of CAVI0, which strictly depends on DBP
in the formula to calculate it. To monitor the effect of CV therapies, progression of CV diseases and to
evaluate clinical outcomes in elderly populations, we suggest using CAVI and not CAVI0.
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1. Introduction

Arterial wall stiffness plays a key role in the pathophysiological mechanism of vascular
aging [1] and its evaluation is of paramount importance to characterize the cardiovascular
risk [2]. Several parameters have recently been described, yet less is known about which
of them are more appropriate in the geriatric settings. In addition to the well-known
tonometric pulse wave velocity (PWV), which is also considered the gold standard under
the latest European guidelines [3], the cardio-ankle vascular index (CAVI) can provide an
interesting description of arterial stiffness, aimed to include the whole arterial tree and to
reduce the dependence on blood pressure [4]. First described by Shirai and colleagues [4],
CAVI adjusts the PWV (calculated from aortic valve orifice to the ankle) considering
both arterial wall compliance and elastic properties, and blood viscosity, providing a
global evaluation of stiffness, from the aorta to the tibial arteries. Later in 2016, Spronck
and colleagues suggested a new formula [5] to define CAVI0, in order to reduce the
dependence of CAVI on arterial blood pressure (BP) at the time of measuring, introducing
a reference pressure of 100 mmHg. Consolidated knowledge demonstrated the association
between CAVI and CAVI0 [6,7]; nevertheless, the choice of CAVI instead of CAVI0 has been
widely debated [5,8,9], and the real independence of CAVI0 from BP is yet to be clearly
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demonstrated [6,7,10,11]. Thus, there is a fair uncertainty regarding CAVI0, which might
not be accurate in any subsets, and its suitability in older adults should be further examined.

What is acknowledged is that older adults display increased arterial stiffness, and
accordingly, CAVI and CAVI0 are shown to be increased [6,8]. As a matter of fact, CAVI
increases with age; the increasing trend is quite controversial: a 0.5 increase in CAVI
every 10 years has been described [12], but other studies outlined a differential increase in
different age strata, due to a nonlinear relation [13]. So far, less is known about CAVI0.

It should be noted that several cardiovascular disorders and risk factors, broadly
common in older age, are known to be associated with higher CAVI: namely arterial
hypertension [14,15], diabetes [12], dyslipidemia [16], coronary artery disease [17] and
carotid artery plaques [18].

The aim of the present study was to compare CAVI and CAVI0 in a wide population
of adults, to examine the relationship between CAVI, CAVI0 and aging, looking at the
differences between the two arterial stiffness indexes.

2. Materials and Methods

A total of 191 subjects (119 female and 64 male), mean age 67.5 ± 14.3 years, hospi-
talized at the Geriatric Clinic of Verona University Hospital or referred to the outpatient
clinic (medical nutrition or arterial hypertension) formed the study population. Exclusion
criteria were: (I) limb amputation or history of surgical treatment of the aorta or carotid
or femoral arteries; (II) severe peripheral arterial disease or proximal arterial stenosis;
(III) atrial fibrillation or other major arrhythmias. A comprehensive clinical evaluation was
performed, including clinical history collection.

The study was approved by the Ethical Committee of the University of Verona. All par-
ticipants gave informed consent to be involved in the research study.

2.1. Anthropometric Variables

Body weight (Salus scale, Milan, Italy) and height were recorded (Salus stadiometer,
Milan, Italy), with the subject barefoot and wearing light indoor clothing. Whenever
patients could not assume the erect position, the last anamnestic height was recoded. BMI
was calculated as body weight adjusted by stature (kg/m2).

2.2. Biochemical Analyses

All patients received venous blood sampling, after overnight fasting. Plasma glucose
was measured with a glucose analyzer (Roche Cobas 8000, Monza, Italy). Cholesterol and
triacylglycerol concentrations were determined with spectrophotometric method (Roche
Cobas 8000, Monza, Italy). High-density-lipoprotein (HDL) cholesterol was measured
by using the method of Warnick and Albers. LDL cholesterol was calculated using the
Friedwald formula. Creatinine was measured by a modular analyzer (Roche Cobas 8000,
Monza, Italy).

2.3. Blood Pressure and Arterial Stiffness Measurements

As we previously described [19], VaSera-1500 (Fukuda-Denshi Company, Ltd., Tokyo,
Japan) was used to obtain CAVI, blood pressure and heart rate; the same device provides
mean arterial pressure (MAP) and pulse pressure (PP). BP cuffs were placed simultaneously
on the four limbs and inflated two by two (right and left side) to increase the accuracy
of measurements. ECG was obtained by two electrodes placed on both arms; to obtain
phonocardiography, a microphone was placed on the sternum (second rib space). CAVI
derives from the Bramwell-Hill Formula [20,21], which is based on heart-ankle PWV,
obtained by the following equation:

CAVI = a ∗
(

ln
SBP
DBP

∗ PWV2 ∗ 2ρ
SBP − DBP

)
+ b (1)
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where a and b are constants, and ρ is considered the blood density. The device can directly
provide heart-ankle PWV (haPWV) as the ratio between aortic valve to ankle length and
the time T, where T stands for tb + tba, taken by pulse wave to run this distance (tb: time
from the second heart sound to the dicrotic notch at the brachial pulse wave form, tba: time
from brachial to ankle pulse waves) [22]. A brachial-ankle PWV (baPWV) can be eventually
derived [23]. CAVI0 was derived by proper electronic calculator [24] following the formula:

CAVI0 =
CAVI − b

a
∗

SBP
DBP − 1

ln
(

SBP
DBP

) − ln
(

SBP
Pref

)
(2)

and considering Pref as a standard pressure of 100 mmHg.

2.4. Statistical Analyses

The results are shown as mean value ± standard deviation (SD). Pearson correlation
coefficient was used to estimate associations between variables. Linear multiple regres-
sion analysis was employed to evaluate the effect of age and DBP on CAVI and CAVI0,
taking into account the effect of other selected variables (SBP, sex and BMI). Analysis of
variance (ANOVA) was performed to evaluate the effect of independent variables included
in regression models. Among the considered variables, CAVI0, CAVI, height and SBP
showed a normal quantile plot giving some evidence for a difference from the normal
distribution. However, the same result was found when logarithmic, square root and
reciprocal transformations were employed. Furthermore, computer simulations showed
that sample means based on samples of about 100 observations (like those presented in this
study) can be considered normally distributed. However, when comparing mean values
from two samples of subjects, in addition to the standard Student’s t test for unpaired data,
the non-parametric Mann-Whitney U test was employed.

A significance threshold level of 0.05 was used throughout the study. All statistical
analyses were performed using R (version 4.2.2, R Core Team (2022)), a language and
environment for statistical computing (R Foundation for Statistical Computing, Vienna,
Austria; https://www.R-project.org/).

Residuals of regression analyses were visually checked for normality employing a
normal quantile plot. Although the tails of the distribution points did not lie close to a
straight line, the pattern was symmetric. The significance of the results was also checked
employing a distribution free permutation test for regression models implemented in the
R package “lmPerm” (Wheeler, B.; Torchiano, M. lmPerm: Permutation Tests for Linear
Models; R package version 2.1.0, 2016; https://CRAN.R-project.org/package=lmPerm
(accessed on 18 October 2023)).

3. Results

Data were considered for a total of 191 patients (68, 35.6%, male). Their ages ranged
between 40 and 96 years (mean age 68.3 ± 14.4 years; median age 69 years). DBP ranged
between 55 and 109 mmHg (mean DBP 81.2 ± 10.7 mmHg; median DBP 81 mmHg).
The main characteristics of the population, subdivided using an age threshold of 70 years
(100 subjects < 70 years, 91 subjects ≥ 70 years), are listed in Table 1. All the mean
values (except height, SBP, glucose levels and tryglicerides) of these two samples showed
highly significant differences both when the Student’s t-test for unpaired data and the
non-parametric Mann-Whitney U test were employed.

As compared to the younger subgroup, older patients (≥70 years) had significantly
lower DBP (mean 76.51 ± 10.21 mmHg vs. 85.4 ± 9.35 mmHg p < 0.001) and MAP
(97.2 ± 13.71 mmHg vs. 105.4 ± 10.64 mmHg, p < 0.001). Higher CAVI (10.25 ± 2.15 vs.
7.78 ± 1.21, p < 0.001) and CAVI0 (18.9 ± 6.64 vs. 11.49 ± 2.64, p < 0.001) were described
in the oldest subgroup. As concerns the anthropometric variables, older subjects had
both lower BMI (25.84 ± 5.68 kg/m2 vs. 31.38 ± 4.82 kg/m2 p < 0.001) and lower waist
circumference (97.18 ± 15.19 cm vs. 103.6 ± 13.88 cm, p = 0.006) than younger patients.

https://www.R-project.org/
https://CRAN.R-project.org/package=lmPerm
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Table 1. Characteristics of the study population, divided by age strata.

<70 Years (n = 100) ≥70 Years (n = 91)

Mean SD Median 1st q.le 3rd q.le Mean SD Median 1st q.le 3rd q.le p p*

Age (years) 56.86 8.53 58.00 51.00 64.00 80.79 7.49 79.00 74.00 87.00 <0.001 <0.001
DBP (mmHg) 85.40 9.35 86.00 79.00 92.00 76.51 10.21 76.00 70.00 84.00 <0.001 <0.001
SBP (mmHg) 141.81 16.36 139.50 130.00 153.00 137.07 20.17 136.00 126.00 148.00 0.075 0.086

MAP (mmHg) 105.4 10.64 106.00 98.75 114.33 97.2 13.71 96.7 89.33 97.21 <0.001 <0.001
PP (mmHg) 54.9 13.18 53.00 46.75 60.00 60.07 14.53 59.00 50.50 67.00 0.011 0.004

CAVI0 11.49 2.64 10.91 9.58 13.44 18.90 6.64 17.00 14.09 21.83 <0.001 <0.001
CAVI 7.78 1.21 7.75 7.00 8.80 10.25 2.15 9.80 8.90 11.20 <0.001 <0.001

Weight (Kg) 83.2 15.6 81.55 73.40 93.50 68.27 15.68 65.90 57.10 80.00 <0.001 <0.001
Height (cm) 162.63 9.51 162.00 155.00 168.00 162.36 8.41 161.00 156.00 169.00 0.084 0.758

BMI (kg/m2) 31.38 4.82 31.15 28.20 34.60 25.84 5.68 25.40 21.50 30.30 <0.001 <0.001
Waist circumference (cm) 103.6 13.88 103.00 94.25 113.75 97.18 15.19 98.00 87.00 105.00 0.006 0.007

Glicemia (mg/dL) 99.5 23.34 93.00 86.00 106.00 103.6 38.68 93.00 82.75 109.50 0.396 0.980
Total cholesterol (mg/dL) 202.8 41.42 207.5 177.20 231.00 150.4 38.31 151.00 122.00 179.00 <0.001 <0.001
LDL cholesterol (mg/dL) 123.2 35.54 123.5 97.50 151.00 70.8 35.16 78.5 57.50 104.75 <0.001 <0.001
HDL cholesterol (mg/dL) 55.5 15.42 53.5 44.00 64.75 45.5 17.15 44.00 34.00 59.00 <0.001 <0.001

Triglycerides (mg/dL) 132.9 68.69 122.00 81.00 160.00 128.9 64.17 118.00 79.75 151.75 0.680 0.853
Creatinine (mg/dL) 0.86 0.19 0.84 0.72 0.98 1.05 0.58 0.92 0.73 1.14 0.005 0.078

n % n % Chi-Square p

Male sex 28 28 40 44 0.031
Smoke 24 24 32 35 0.120

Hypertension 62 62 71 78 0.024
Diabetes 21 21 27 29 0.225

Dyslipidemia 74 74 53 58 0.031

p: p-value of the Student’s t-test; p*: p-value of the Mann-Whitney U test; SD: standard deviation, DBP: diastolic
blood pressure; SBP: systolic blood pressure; CAVI: cardio-ankle vascular index; BMI: body mass index.

No significant difference was detected in glucose and triglycerides levels between groups;
on the other hand, older patients had reduced total cholesterol (150.4 ± 3831 mg/dL vs.
202.8 ± 41.42 mg/dL, p < 0.001), LDL cholesterol (70.8 ± 35.16 mg/dL vs. 123.2 ± 35.54 mg/dL,
p < 0.001) and HDL cholesterol (45.5 ± 17.15 mg/dL vs. 55.5 ± 15.42 mg/dL, p < 0.001).

Cardiovascular risk factors have also been considered: arterial hypertension was
significantly more prevalent in older subjects (p = 0.02), whereas dyslipidemia was sig-
nificantly more prevalent in younger patients (p = 0.031). Any significant difference was
detected when looking at smoking habits and diabetes prevalence.

A significant negative association was found between DBP and age (R = −0.464,
p < 0.001). CAVI and CAVI0 progressively increased through consecutive age strata
(Figure 1), with a significant trend even after adjustment for DBP. Noteworthily, CAVI0
steeply increased after the age threshold of 70 years, therefore increasing the gap between
CAVI and CAVI0.
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Figure 1. CAVI and CAVI0 increased through consecutive age strata.

CAVI0 was significantly associated both with age (R = 0.703; p < 0.001) and, negatively,
with DBP (−0.360; p < 0.001). Noteworthily, when CAVI0 was considered as the dependent
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variable in a regression model, a significant interaction between age and DBP was found
(p = 0.027), revealing that the relationship between CAVI0 and DBP was modified by age.
Figure 2 shows predicted CAVI0 values in relation to DBP for selected ages. Predicted values
were calculated employing the estimates of the regression coefficients shown in Table 2.
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Table 2. Regression model considering CAVI0 as dependent variable, and age, DBP and the interaction
between them as independent variables.

Estimate S.E. t p p*

Intercept −30.301 12.841 −2.360 0.019 0.012
Age 0.682 0.176 3.876 <0.001 <0.001
DBP 0.306 0.152 2.013 0.046 0.033

Interaction (age × DBP) −0.005 0.002 −2.233 0.027 0.010
SE: standard error, DBP: diastolic blood pressure; p*: p-value of the permutation test.

In younger ages (40 and 50 years, the first three lines from bottom in the figure),
subjects with higher DBP were expected to have higher CAVI0 values. On the other hand,
in older patients, an inverse relationship between CAVI0 and DBP was expected (see the
first two lines from the top in the figure, referring to patients aged 90 and 80). Expected
CAVI0 values for 60-year-old patients range from 11.6 to 12.8 when DBP values varied
between 50 and 110 mmHg, respectively. On the other hand, expected CAVI0 values for
70-year-old patients ranged from 16.0 to 14.4 when DBP values varied between 50 and
110 mmHg, respectively. At the age of (about) 64 years, CAVI0 was expected to be constant
(i.e., independent from DBP) at the value of 13.5.

The regression model, which included age, DBP and the interaction between age and
DBP, showed a multiple R2 of 0.508 (R = 0.713). Table 2 shows the estimated regression
coefficients for this model, together with the corresponding standard errors.

Residuals of these two regression analyses were visually checked for normality em-
ploying a normal quantile plot, which showed a symmetric pattern of the points even if
in the tails of the distribution they did not lie close to a straight line. The significance of
the results was also checked employing a distribution-free permutation test for regression
models implemented in the R package “lmPerm”.
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When SBP, sex and BMI were included as independent variables in the regression
model, the interaction between age and DBP maintained the statistical significance (p = 0.025).
In addition, when this model was considered, the effects of SBP and BMI were also sta-
tistically significant (with a negative association for BMI); the R2 of this model was 0.530
(R = 0.728). Table 3 shows the estimated regression coefficients for this model, together
with the corresponding standard errors.

Table 3. Regression model considering CAVI0 as dependent variable, and age, DBP, the interaction
between them, sex and BMI as independent variables.

Estimate S.E. t p p*

Intercept −25.947 13.041 −1.990 0.048 0.032
Age 0.631 0.176 3.579 <0.001 <0.001
DBP 0.255 0.153 1.664 0.098 0.109

Interaction (age × DBP) −0.005 0.002 −2.184 0.030 0.021
SBP 0.045 0.022 2.070 0.040 0.011

Male sex 0.712 0.685 1.039 0.300 0.473
BMI −0.133 0.064 −2.084 0.039 0.032

SE: standard error, DBP: diastolic blood pressure; SBP: systolic blood pressure; BMI: body mass index; p*: p-value
of the permutation test.

CAVI was significantly associated both with age (R = 0.683; p < 0.001) and, negatively,
with DBP (−0.266; p < 0.001). However, when CAVI was considered the dependent variable
in a multiple regression model, only age was significantly associated with the response
(p = 0.01), while DBP as well as the interaction between age and DBP were not significant
(p = 0.181 and p = 0.259, respectively). Table 4 shows the estimated regression coefficients
for this model, together with the corresponding standard errors.

Table 4. Regression model considering CAVI as dependent variable, and age, DBP and the interaction
between them as independent variables.

Estimate S.E. t p p*

Intercept −4.16 4.55 −0.914 0.362 0.253
Age 0.175 0.062 2.803 0.006 0.001
DBP 0.072 0.054 1.344 0.181 0.227

Interaction (age × DBP) −0.001 0.001 −1.132 0.259 0.289
SD: standard error, DBP: diastolic blood pressure; p*: p-value of the permutation test.

A similar result was found when the interaction term was removed from the previous
model. Therefore, when the effect of age was accounted for, the correlation between
CAVI and DBP was no longer significant and only age remained significantly associated
with CAVI.

When SBP, sex and BMI were included as independent variables in the regression
model, the interaction between age and DBP confirmed it was not a significant result
(p = 0.246). Furthermore, when this model was considered, DBP (p = 0.265) and SBP
(p = 0.633) were not significantly associated with CAVI, while a significant effect of both BMI
(p = 0.005) and sex (p = 0.019) was found. The R2 of this model was 0.511 (R = 0.715). Table 5
shows the estimated regression coefficients for this model, together with the corresponding
standard errors.

Residuals of these two regression analyses were visually checked for normality em-
ploying a normal quantile plot, which showed a symmetric pattern of the points even if
in the tails of the distribution they did not lie close to a straight line. The significance of
the results was also checked employing a distribution-free permutation test for regression
models implemented in the R package “lmPerm” (version 2.1.0, 2016).
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Table 5. Regression model considering CAVI as dependent variable, and age, DBP, the interaction
between them, SBP, sex and BMI as independent variables.

Estimate S.E. t p p*

Intercept −0.332 4.552 −0.073 0.942 0.572
Age 0.138 0.062 2.243 0.026 0.024
DBP 0.054 0.053 1.004 0.317 0.172

Interaction (age × DBP) −0.001 0.001 −0.808 0.420 0.368
SBP 0.003 0.008 0.395 0.693 0.941

Male sex 0.533 0.239 2.228 0.027 0.012
BMI −0.063 0.022 −2.828 0.005 0.018

SE: standard error, DBP: diastolic blood pressure; SBP: systolic blood pressure; BMI: body mass index; p*: p-value
of the permutation test.

Therefore, when considering CAVI0 and CAVI as dependent variables, two different
results were found. The main difference was that age modified the effect of DBP on CAVI0,
but not on CAVI. Furthermore, BMI appeared to have a significant (and negative) effect
on both CAVI0 and CAVI, while sex was significant only for CAVI (with higher values
for males).

4. Discussion

The present study, of 191 adults ranging from 40 to 96 years, shed light on the sig-
nificant association between aging and arterial stiffness, measured by CAVI and CAVI0;
however, our data suggest that age modifies the effect of DBP on CAVI0, but not on CAVI,
opening significant perspectives on the choice of CAVI rather than CAVI0 when examining
arterial stiffening in older adults.

Our study moves from the assumption that CAVI is a valid estimate of arterial stiff-
ening in older ages [25]. Although guidelines endorse the use of cfPWV as the gold
standard for arterial stiffness evaluation [3], there has been increasing interest in CAVI and
CAVI0 [26]. As compared to cfPWV, which is a particular measurement of the central aortic
segments, CAVI is known to be representative of a wider proportion of the arterial tree,
including both central and peripheral segments [13]. Owing to this intrinsic property of the
technique, in older adults, CAVI rather than cfPWV might be considered more effective in
highlighting the hallmarks of aging-related pathophysiological changings; we previously
demonstrated [19] a significant relationship between arterial stiffness indexes and age,
showing that the strength of the association is higher for CAVI and CAVI0, as compared
to cfPVW.

CAVI0 derives from CAVI with the main aim of relieving the residual pressure depen-
dency that was still found in CAVI [27]. In Shirai’s equation [4], in fact, CAVI relies on a
stiffness parameter β, which depends on the arterial pressure and on the vessel diameter,
following the equation:

β = ln
SBP
DBP

∗ D
∆D

(3)

where D stands for the vessel diameter and ∆D stands for its changing; thus, β is not a
pressure-normalized index. On the other hand, due to the introduction of a unique Pref
(proposed to be equal to 100 mmHg) [24,27], CAVI0 is based on a β0 parameter, and it is
considered to be pressure normalized:

β0 = β− ln
DBP
Pref

(4)

Several features are common to CAVI and CAVI0, namely the included arterial seg-
ments (the entire arterial tree from the origin of the aorta to the ankle), the BP measurement
site at the upper brachial artery and the baPWV, which accounts for the total measured
artery [27,28]. Nonetheless, a major difference is pinpointed when looking at the formulas:
it should be noted that CAVI depends on a mid-pressure (the arithmetic mean between
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DBP and SBP, see Equation (1)), whereas CAVI0 depends on DBP [29] following an inverse
relation [5]:

CAVI0 = 2ρ ∗ PWV2

DBP
− DBP

Pref
(5)

This consideration is a trivial point to interpret the relationship connecting age, CAVI
and CAVI0.

We observed that in younger ages, subjects with higher DBP were expected to have
higher CAVI0 values, which is in line with previous findings by Webb and colleagues [30],
who demonstrated that midlife DBP is a significant predictor of arterial stiffness and
progression of arterial stiffness. Authors provided evidence that higher DBP during midlife
is associated with an earlier transition from a rising to a falling DBP [30], reflecting a
well-known mechanism of arterial aging which results in greater arterial stiffness and
lower DBP at older ages [31]. As a matter of fact, impaired arterial compliance, due to
arterial aging, is also responsible for reduced DBP among older adults. Consolidated
knowledge describes isolated systolic hypertension as the most frequent phenotype in
subjects aged over 50 years [32], also identifying in lower DBP a relevant risk factor for
all-cause mortality [33]. Consequently, older adults are more likely to have low DBP and,
mathematically, greater CAVI0.

In line with these considerations, we outlined an inverse relationship between CAVI0
and DBP in older subjects. In particular, our data showed that CAVI0 steeply increases
after the age threshold of 70 years, while this was not true for CAVI.

We compared the predictors of CAVI and CAVI0, observing CAVI0 results to be
strongly dependent on age, DBP and on the interaction between age and DBP. In other
words, age modifies the effect of DBP on CAVI0, but not on CAVI.

Including older adults in our analyses, our results complement previous evidence,
since CAVI0 has been applied in younger age sets, such as the pediatric [34] and ado-
lescent [35] ages. So far, most of the studies led on CAVI0 compared heathy individuals
versus subjects with cardiovascular disorders [6], normal weight versus overweight pa-
tients [35] and different subsets of hypertensive patients [36,37]; however, to the best of our
knowledge, the possible changing of CAVI0 during aging has never been investigated.

There is a rather limited number of studies comparing CAVI and CAVI0, even taking
into account the quite recent introduction of CAVI0 in research practice. Previous evidence
suggested the superiority of CAVI over CAVI0 in the predictive role on atherosclerotic
plaque formation [38]. Furthermore, CAVI, but not CAVI0, has been shown to be accurate
in reflecting not only organic structural stiffness but also functional stiffness [12,38] and
hemodynamic changes [39]. CAVI0 is deemed to underestimate arterial stiffness in subjects
with high DBP [6]. In a longitudinal study of Japanese subjects, Nagayama and colleagues
recently demonstrated the superior predictability of CAVI compared to PWV and CAVI0
for renal function decline [40]. However, the comparison between CAVI and CAVI0 in
older adults has never been explored.

Thus, besides the agreement of both CAVI and CAVI0 in describing increased arte-
rial stiffness among aged subjects, the suitability of CAVI0 in older age strata might be
prevented by a lower DBP, which unavoidably leads to higher CAVI0.

In line with previous findings, our data suggest that BMI might have a significant and
negative effect on both CAVI0 and CAVI, while sex is significant only for CAVI (with higher
values for males). Previous studies demonstrated that CAVI was negatively correlated with
BMI, and also with waist circumference; the result might appear counterintuitive, since
higher arterial stiffness is expected in patients with obesity [41,42]. However, a recent study
led by Nagayama and colleagues showed that a body shape index, instead of BMI, as proxy
for visceral adiposity, was associated with CAVI increase [43].

The strengths and limitations of the present study should be recognized. This is the
first study focusing on CAVI0 measurement in older adults, and its changings across aging,
analyzing a heterogeneous range of age strata. On the other hand, our population was
not made up of healthy subjects, and the concomitant inclusion of both inpatients and
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outpatients, with different clinical conditions (although all the patients were examined after
achieving clinical stability), might have brought heterogeneity into the stiffness measure-
ments. Moreover, our study was predominantly performed on female patients, and given
the increased prevalence of cardiovascular diseases in the male population, associated
with higher CAVI values, testing our hypothesis in a more representative male population
would be beneficial.

5. Conclusions

In conclusion, our study, on a relatively wide and heterogeneous cohort of patients,
outlines a strong association between arterial stiffness indexes and age, showing that the
association between CAVI0 and diastolic blood pressure is modified by age, whereas the
association between CAVI and DBP is not modified by age.

From a clinical point of view, this is a very important finding, as DBP decreases with
aging, affecting in elderly populations the reliability of CAVI0, which strictly depends on
DBP in the formula to calculate it.

In other words, for these reasons, in clinical practice we suggest that to monitor the
effect of CV therapies, progression of CV diseases and to evaluate clinical outcomes, CAVI
and not CAVI0 should be used in elderly populations.
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