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Abstract

Background: The high prevalence of traditional cardiovascular risk
factors among the patients without cardiovascular disease (CVD)
allows us to predict an increase in cardiovascular morbidity rate in
the future. Arterial stiffness is one of the most important predictors
and pathogenetic mechanisms of CVD development. The aim of our
study was to evaluate the predictive differences of age-related and
age-independent (universal) cardio-ankle vascular index (CAVI) ref-
erence values for detecting increased arterial stiffness in individuals
without CVD.

Methods: The study included 600 patients (43% men and 57%
women, mean age 36.0 = 18.3 years). All the patients underwent
anthropometric measurements with obesity markers evaluation,
assessment of arterial stiffness by sphygmomanometry. To create
predictive models, we used universal and age-related CAVI thresh-
olds: > 9.0 (CAVIZ?) and CAVIA according to the “Consensus of
Russian experts on the evaluation of arterial stiffness in clinical
practice".

Results: In the < 50 years group, both the CAVIA¢® and CAVI=?
models were significant (CAVIAe®: b = 4.8, standard error b (st.err.b)
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=0.27, P <0.001; CAVIZ?: b = 3.2, sterr.b = 1.6, P < 0.001). The
CAVI*# model demonstrated high sensitivity and specificity (> 70%)
compared to the CAVIZ® model (sensitivity 62%, specificity 58%).
In the receiver operating characteristic (ROC) curve analysis, the
CAVI~e® model had a significantly higher area under the ROC curve
(AUC) = 0.802 than the CAVIZ® model: AUC = 0.674. In the > 50
years group, both models were significant: CAVIAg® (b = 2.6, st.err.b
=1.13, P < 0.001) and CAVIZ® (b = 5.3, sterr.b = 0.94, P < 0.001).
Both models demonstrated high sensitivity and specificity (> 70%).
When ROC curves were analyzed for the CAVIA2® model, the AUC
value of 0.675 was significantly lower when compared to the CAVI=
® model (AUC = 0.787, P=0.031).

Conclusions: In the < 50 years group, the model based on age-spe-
cific CAVI thresholds has the higher predictive value, sensitivity, and
specificity for identifying individuals with increased arterial stiffness.
In contrast, in the > 50 years group, a predictive model using a univer-
sal threshold value of CAVIZ? has advantages.

Keywords: Arterial stiffness; Cardio-ankle vascular index; Predic-
tive model; Metabolic parameters

Introduction

According to the Non-Communicable Diseases (NCD) Risk
Factor Collaboration, which included information from 104
million individuals from 200 countries, the prevalence of es-
sential hypertension (EH) has doubled over the past 20 years
among those aged 30 - 79 years [1]. According to the Russian
multicenter epidemiological study ESSE-RF2 (epidemiology
of cardiovascular diseases in the regions of the Russian Feder-
ation, the second study) (2017), the incidence of EH at the age
of 25 - 34 years is 25.5% in men and 11.3% in women, dyslipi-
demia/obesity - 32.9/14.3% and 38.8/10.7%, respectively, and
increases in the following decades of life [2-4].

The high prevalence of traditional cardiovascular risk fac-
tors among the patients without cardiovascular disease (CVD)
allows us to predict an increase in cardiovascular morbidity
rate in the future. The Global Burden of Disease, Injuries, and
Risk Factors Study (GBD) confirmed this trend through dem-
onstrating CVD prevalence in patients aged 15 - 39 years in-
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creased by 0.38% annually, 0.08% of which was due to hyper-
tension and ischemic heart disease (IHD) (data analyzed from
1990 to 2019) [5].

Therefore, CVD prediction at early preclinical stages is
essential. Risk assessment scales such as Systematic Coronary
Risk Evaluation 2 (SCORE2) and Framingham Risk Score are
widely used to predict 10-year fatal and nonfatal cardiovas-
cular risk [6, 7]. But there are some limitations: Framingham
Risk Score (2008) is validated only for the US population (Eu-
ropean Americans and African Americans aged 30 - 79 years)
[6]; SCORE2 scale enables us to assess cardiovascular risk
only for people aged 40 - 69 years [7]. Thus, younger patients
are outside the ranges of the prognostic scales.

Arterial stiffness is one of the most important predic-
tors and pathogenetic mechanisms of CVD development [8].
ENIGMA (enhancing neuroimaging genetics through meta-
analysis) study (which includes 1,028 healthy students aged
17 - 27 years) revealed that arterial stiffness is an essential
hemodynamic disturbance underlying hypertension [9].

A gradual increase in arterial stiffness is noted with in-
creasing age, which is known as healthy vascular aging (HVA)
[10]. Other patterns include supernormal vascular aging (SU-
PERNOVA), when patients have low arterial stiffness even in
old age, and early vascular aging (EVA), characterized by the
early development of increased arterial stiffness [10, 11].

Measurement of cardio-ankle vascular index (CAVI) with
sphygmomanometry is one of the basic and accurate methods
to assess arterial stiffness [8, 12, 13]. Based on the study of
Tanaka et al, the level of CAVI > 9.0 is generally accepted as
the criterion of increased arterial stiffness [12]. In 2016, the
Russian researchers also proposed age-specific CAVI thresh-
olds ranging from > 7.2 in patients aged 21 - 30 years to > 9.8
in patients over 70 years [14]. Applying the universal thresh-
old value can be associated with underestimation of arterial
stiffness level in young and middle-aged individuals. To date,
there are many approaches using different CAVI thresholds at
different age groups, but no comparison of these models has
been performed [14].

Therefore, the aim of our study was to evaluate the predic-
tive differences of age-related and age-independent (universal)
CAVl reference values for detecting increased arterial stiffness
in individuals without CVD.

Materials and Methods

This study was conducted in accordance with the principles
of the Declaration of Helsinki and was approved by Sechenov
University Local Ethic Committee (protocol No. 25-22, dated
December 8, 2022). All patients provided written informed
consent prior to enrollment.

We included 600 patients (43% men and 57% women,
mean age 36.0 + 18.3 years) who passed annual clinical exami-
nation in the University Clinical Hospital No. 4 of Sechenov
University.

The inclusion criteria were apparently healthy adults > 18
years of age, with written informed consent prior to enroll-
ment and mental and physical ability to participate in the study.
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Exclusion criteria were: stage 3 hypertension, atherosclerosis
obliterans of lower limb arteries, IHD, cerebrovascular dis-
ease, impaired liver function, glomerular filtration rate (GFR)
< 30 mL/min/1.73m?, proteinuria > 300 mg/day, type 1 and
2 diabetes mellitus, any chronic inflammatory disease, preg-
nancy and conditions limiting arterial stiffness assessment by
sphygmomanometry (atrial fibrillation, aortic valve disease,
bronchial asthma and chronic obstructive pulmonary disease
exacerbation).

All the patients underwent anthropometric measurements
with obesity markers evaluation: waist circumference (WC)
and body mass index (BMI) [15]. Lipid profile (total choles-
terol (TC), low-density lipoprotein (LDL), high-density lipo-
protein (HDL), and triglyceride (TG)), glucose and creatinine
levels were assessed by CardioChek PA (USA, 2017) express
analyzer. Then lipid accumulation product (LAP) [16], viscer-
al adiposity index (VAI) [17], body fat percentage (BFP) [18]
indices were calculated. Impaired glucose tolerance (IGT) was
determined by history taking and medical records according to
the American Association of Clinical Endocrinology Consen-
sus Statement: Comprehensive Type 2 Diabetes Management
Algorithm - 2023 Update [19].

Stage and grade of hypertension were defined in accord-
ance with the European Society of Cardiology 2023 guidelines
[20]. Presence of dyslipidemia and abdominal obesity were as-
sessed according to the Russian Society of Cardiology 2020
guidelines [15].

Arterial stiffness was obtained by sphygmomanometry on
VaSera VS-1000 Fukuda Denshi scanner (Japan, 2010). All
participants were given instructions prior to the measurements:
the procedure was conducted in a supine position, in the morn-
ing, participants should be abstained from alcohol, caffeine,
and smoking for 8 h prior to the measurement.

To create predictive models, we used universal and age-
related CAVI thresholds: > 9.0 (CAVIZ?) [12] and CAVIAge
according to the “Consensus of Russian experts on the evalu-
ation of arterial stiffness in clinical practice” (2016) [14]. The
median reference values of CAVI > 7.2 at the age of 21 to 30
years; CAVI > 7.4 at the age of 31 to 40 years; CAVI > 7.55 at
the age of 41 to 50 years and CAVI > 8.0 at the age of 51 to 60
years, and CAVI > 9.8 at the age of over 70 years were used as
CAVIAE thresholds [14].

All statistical analysis was performed with Statistica
12.0. For each pair of variables, including binomial variables
(age, weight, hypertension, etc.), the Spearman correlation
coefficient was calculated. Random Forest machine learning
method was used to identify the significance of risk factors.
Factors that demonstrated significance (variable rank > 70
and importance > 0.7) were included in further statistical
analysis. We used the patient database to develop a machine
learning algorithm that estimates the likelihood of develop-
ing arterial stiffness. We used logistic regression because it is
able to handle different types of input variables (continuous,
categorical) and can be used to obtain a clear formula to esti-
mate the probability. We calculated the specificity, sensitivity
and mixing matrix of the developed algorithm. The area un-
der the receiver operating characteristic (ROC) curve (AUC)
was also estimated. The results were considered significant
when P < 0.05.
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Table 1. Clinical and Demographic Characteristics of Participants

Parameter All (n = 600) Age <50 (n=2378) Age >50 (n=222) P value for age, < 50 vs. > 50
Age, years 39.8+18.3 28.78 +10.4 60.9+7.5 <0.001
Men, % 43.17 42.28 40.09 0.88
Weight, kg 77.09 +19.14 729+£19.2 854+164 0.02
BMI, kg/m? 29.29+7.3 28.87 8.7 29.98 £5.2 0.85
WC, cm 80.79 £ 15.51 78.55+14.01 91.9+17.2 0.022
Hypertension, % 32.67 11.94 66.67 0.001
SBP, mm Hg 128.4+15.33 125.8 £12.87 1329+17.6 <0.001
DBP, mm Hg 79.19 +£9.32 78.08 + 8.58 81.5+10.2 0.032
TC, mmol/L 4.8+1.20 4.49 +0.89 5.47+£145 <0.001
LDL, mmol/L 2.85+£1.26 2.46+1.01 3.64+1.28 <0.001
HDL, mmol/L 1.37+04 1.4+0.45 1.29+0.42 0.08
TG, mmol/L 1.82+1.18 1.8+ 1.15 1.9+1.16 0.28
Glucose, mmol/L 5.30+1.89 4.85+1.1 6.2+2.78 <0.001
Creatinine, pmol/L 84.13 + 18.06 79.86 + 14.95 92.03 +20.45 <0.001
GFR, mL/min/1.73 m? 97.5+22.87 97.6 + 18.56 68.1 £16.5 <0.001
LAP 41.28 +34.2 34.87+34.1 54.1+£31.2 <0.001
VAI 1.99+1.13 1.8+1.05 23+1.16 0.002
BFP 34.38+8.6 31.3+£104 40.3+8.3 <0.001
High CAVIAee, % 29.7 19.04 47.7 <0.001
High CAVIZ?, % 16.3 3.97 37.4 <0.001

BMI: body mass index; WC: waist circumference; HC: hip circumference; SBP: systolic blood pressure; DBP: diastolic blood pressure; TC: total cho-
lesterol; LDL: low-density lipoprotein; HDL: high-density lipoprotein; TG: triglycerides; GFR: glomerular filtration rate; LAP: lipid accumulation product;
VAL visceral adiposity index; BFP: body fat percentage; CAVIA%: patients with high arterial stiffness formed according to age-specific cardio-ankle
vascular index reference values; CAVIZ 9: patients with high arterial stiffness formed according to universal cardio-ankle vascular index reference

values.

Results

Clinical and demographic characteristics of the patients are
shown in Table 1. The incidence of hypertension, obesity and
dyslipidemia was consistent with population-based rates. All
patients (n = 600) were divided into two groups according to
the age: <50 (n=378) and > 50 years (n = 222).

In the > 50 years group there was a significantly higher in-
cidence of overweight individuals with elevated anthropometric
and metabolic parameters (WC, TC, LDL, glucose, LAP, VAI,
BFP), hypertension (and corresponding systolic blood pressure
(SBP) and diastolic blood pressure (DBP) levels), higher cre-
atinine concentrations and lower GFR. In the > 50 years group,
individuals with high arterial stiffness, defined by both the uni-
versal CAVIZ? and CAVIA#® thresholds, were significantly more
common. However, individuals with high arterial stiffness iden-
tified by CAVIA2® were significantly more common in the < 50
years group than in the CAVIZ? group (3>= 11.054, P < 0.001).
In the older group, differences in the frequencies of increased
stiffness detected according to CAVIA%® and CAVIZ? criteria
were not significant (y* = 2.476, P=0.116).

The frequency of patients with increased arterial stiffness
according to the CAVIA2 or CAVIZ? in different age groups is
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shown in Figure 1. When CAVIA£® was used, arterial stiffness
was detected significantly more often in younger age groups (P
< 0.05) compared to CAVIZ?. Conversely, CAVIZ? identified
more patients with increased arterial stiffness in > 70 years
group (P <0.05) (Fig. 1).

Single-factor correlation analysis was performed in the < 50
years (Fig. 2) and > 50 years (Fig. 3) groups to determine the
correlation between risk factors and CAVI values. The results are
presented in correlation matrices. In the < 50 years group, there
were significant positive correlations with varying strength be-
tween variables of CAVI and variables of age, DBP, LDL, LAP,
VAL and negative correlations between CAVI and GFR (Fig. 2).

In > 50 years group (Fig. 3), we revealed significant posi-
tive correlation with varying strength between variables of
CAVI and variables of age, presence of hypertension, SBP,
dyslipidemia, IGT, TC and glucose level. Factors most associ-
ated with CAVI levels in correlation analysis of the < 50 and
> 50 years groups were analyzed by Random Forest machine
learning using CAVI*¢® and CAVIZ? thresholds.

In the < 50 years group, age (variable rank = 100, impor-
tance = 1.0) and LDL level (variable rank = 79.5, importance =
0.795) played a significant role in the CAVIA¢ model (Fig. 4).

For the CAVIZ? model, age (variable rank = 100, impor-
tance = 1.0) was also the most significant factor, and LDL level
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Figure 1. Age distribution of patients with elevated CAVI. CAVI: cardio-ankle vascular index.

(variable rank = 72, importance = 0.72) was highly significant
(Fig. 5).

In the > 50 years group, SBP level (variable rank = 100,
importance = 1.0) played a fundamental role in the CAVIAg®
model, glucose level (variable rank = 99.5, importance = 0.995),
TC (variable rank = 91, importance = 0.91), age (variable rank =
79, importance = 0.79) and hypertension duration (variable rank
=72, importance = 0.72) were highly significant (Fig. 6).

Age was the most significant factor (variable rank = 100,
importance = 1.0) in the CAVIZ? model, SBP (variable rank
=92, importance = 0.92), TC (variable rank = 85, importance
= 0.85) and glucose level (variable rank = 83, importance =
0.83) were somewhat less important, hypertension duration
(variable rank = 69, importance = 0.69) and other factors were
less significant (Fig. 7).

Factors with the highest significance in the Random For-
est analysis were included in a multivariate analysis and pre-
dictive model formation to detect increased arterial stiffness
using CAVI*¢® and CAVIZ? in the < 50 and > 50 years groups.

In the <50 years group, age and LDL levels were included
in the increased arterial stiffness predictive model (CAVIAge
and CAVIZ?). Both the CAVIA¢¢ and CAVIZ? models were sig-
nificant (CAVIAge: b = 4.8, standard error b (st.err.b) = 0.27,
P <0.001; CAVIZ?: b = 3.2, sterrb = 1.6, P < 0.001). Within
these models, age had the highest independent association with
CAVI value (CAVIAee: b=2.1, sterrtb=1.04, P<0.001; CAVI
>9:b=0.9, st.err.b =0.75, P=0.008).

The CAVIA&® model demonstrated high sensitivity and
specificity (> 70%) compared to the CAVIZ® model (sensitiv-
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ity 62%, specificity 58%). In ROC curve analysis, the CAVIAge
model had a significantly higher AUC = 0.802 (Fig. 8) than the
CAVIZ? model: AUC = 0.674 (P < 0.05) (Fig. 9).

In the > 50 years group, age, SBP, TC and glucose level
were included in the prediction models for high arterial stiff-
ness (CAVIAge and CAVIZ?). Both models were significant:
CAVI~ee (b = 2.6, st.err.b =1.13, P < 0.001) and CAVIZ? (b =
5.3, st.err.b = 0.94, P < 0.001). For the CAVIA2® model, SBP
level was independently correlated with CAVI value (b = 2.1,
st.err.b = 1.53, P < 0.001). For the CAVIZ® model, age (b =
3.46, st.err.b = 2.18, P < 0.001), SBP (b = 2.07, st.err.b = 1.9,
P < 0.001) and glucose (b = 1.43, st.err.b = 0.86, P < 0.001)
levels were independently correlated with CAVI value.

Both models demonstrated high sensitivity and specificity
(> 70%). When ROC curves were analyzed for the CAVIAge
model, the AUC value of 0.675 (Fig. 10) was significantly
lower when compared to the CAVIZ® model (AUC = 0.787, P
=0.031) (Fig. 11).

Discussion

Arterial stiffness is a marker of vascular wall condition and an
integral predictor of CVD risk. In our study, it was assessed by
CAVI level, which is less dependent on blood pressure (BP)
and heart rate (HR), in contrast to other markers of arterial
stiffness [21, 22]. The study cohort (n = 600) was dominated
by young and middle-aged individuals. The prevalence of tra-
ditional CVD risk factors such as arterial hypertension [23],
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Gender, . " Grade Duration
m1 £2 Smoking ~ Obesity  HTN vl rHTN

Age - 0082 | 0239 0346 0250 0267
Gender, G089 0014 | 0208 0109 0109 0,105 -0,113 0,
1, £2 .

Age IGT  BMI  WC

0276 0331 0,369 0294 0,187 0,029 0,128 0,198 0,395 0,049 0,110 0,170 |-0,301 0,385

GFR CAVI

SBP DBP TC LDL  HDL (EP))  (mean)

TG  Glucose LAP VAl BFP

0,404 0,140 0,488

0,105 -0,113 -0,338 -0,565 -0,300 -0,272 -0,181 0,084 -0,055 0,279 -0,347 -0,028 -0,008 -0,089 -0,544 -0,437 0462

Smoking | -0,239 = 0,014 - -0,064  -0,027 -0,030
-0,064 -0‘322 0,306

HTN 0250 | -0,108 0,027 0,322

Obesity 0,346 | -0,208 0,318 0,350 0,603 0,431

0,259 0,276 0,258

Grade ol po67 | 0108 0030 0306 0270 0,286 0,267
Dualonel 0216 0105 0044 0318 0282 0,285 0,268

IGT 0331 0113 0134 0350 0259 0270 0,282
BMI 0369 | -0338  -0095 | 0603 0276 00286 0285
WC 0,294 { -0,555 ‘ 0,035 0431 0258 0267 0,268
HC 0187 | 0,300 0,036 0413 0205 0211 0210
SBP 0,029 | -0272 0,078 0,223 0296 0285 0282
DBP 0128  -0,181 0,021 0,194 0164 01172 0169 0034 0231 0,253
TC 0198 0,084 0,015 0,140 0065 0,084 0066 0118 0,129 0,045
LDL 0395 @ -0055  -0,186 0,140 0149 0144 0,158 0,139 0,013 0,097
HOL -0049 0279 0477 -0103 -0,155 -0,178 -0,160 -0,062 -0,156 -0,186
TG 0,110 | -0,347 0,099 0300 0334 0257 0277 0212 0319 0,218
Glucose 0,170 | -0,028  -0036 0228 0168 0,183 0189 0380 0,194 0,016

GFR (EPI) ' -0,301 -0,008 0,162 -0243  -0159 -0191 -0,193 -0,298 -0,271 -0,079

CAVI
(mean)

LAP 0404 | -0,544 -0,058 0461 0287 0289 029

0385  -0089 -0013 0025 008 0091 0099 0,029 -0,048 0,002

VAl 0,140 | -0437 0,073 0,142 0220 0,188 0,194

BFP 0488 0462  -0,137 0498 0250 0257 0,261

0,034 -0,134 -0,005 0,035 0,036 0,078 0,021 0015 -0,186 -0,177 0,099 -0036 0162 -0,013

0,202 0,477.0‘053 0117 0111 0232 0087 -0,124 0,101
0,074 0,011 0,053 . 0,672 -0031 0,134 0086 = -0178 0014
0,100 0,091 0,117 0,672 - 0211 0,152 0,025 & 0,180 0,251
0,119 -0127 0,111 0,031 -0,211 --0,373 0266 0074  -0,184
0,143 0322 0232 0,134 0,152
0,044 0,081 0,087 0086 0,025
-0,002 -0,122 -0,124 0,78 -0,180

-0,127 -0,062 0,101 0,014 0,251

0,278 .. 0,665 0318 0259 0106 0174
0,078 0,204 0473 0234 0,203 0,097 -0,009 0,240 .. 0,029 0,023

0,284 0,574 0,116 0,319 0,070 0,112 0254 0,080

-0,058 0,073 -0,137

0413 0223 0,194 0140 0140 -0,103 0300 0228  -0243 0025 0461 0,142 0498
0205 029 0,164 0065 0149 0,155 0334 0,168 -0,159 0089 0,287 0220 0,250
0211 0285 0,172 0,054 0,144 -0,178 0257 0183 | -0,191 0091 0,289 0,188 0,257
0210 0282 0,169 0,066 0,158 '-0,160 0,277 0,189 | -0,193 0,099 0,294 0,194 0,261

0,113 0,045 0,034 0,118 0139 -0062 0212 0380  -0,288 0029 0278 0078 0,284

0,231 0129 0,013 0,186 0319 0,194 [-0271 -0,048 -0,204 0,574
0,253 0,045 0,097 0,186 0218 0,016 = -0,079 0,002 .0,473 0,116

0,202 0,074 -0,100 -0,119 0,143 0,044 0,002  -0,127 [0,665( 0,234 0,319

0,045 0,322 0,367 0,319 .0,477 0,011 0091 -0127 0322 0081  -0122 -0,082 0,318 0203 0,070

0,259 0,097 0,112
0,106 -0,008 0,254

0,174 0,240 0,080

-0,285 . 0,063
0,691 ‘. 0,086

0,143 0,029 0,225

0,373 . 0222 -0045 0,075
0,266 0,222 - 0,193 0,069
0,074 -0,045 -0,193 - 0,152 -0,131 0,023 -0,362
0,184 0075 0,069  -0,152 - 0,103 0,150 0,009
0,285 M 0,143  -0,131 0,103 . 0,620 0,248
0,150 10,620 . 0,154
0,009 0,248 -0,154 .

0,063 0086 0225 @ -0,362

Figure 2. Correlation matrix between vascular stiffness markers, risk factors, clinical and biochemical measurements in patients
< 50 years of age. HTN: hypertension; IGT: impaired glucose tolerance; BMI: body mass index; WC: waist circumference; HC: hip
circumference; SBP: systolic blood pressure; DBP: diastolic blood pressure; TC: total cholesterol; LDL: low-density lipoprotein;
HDL: high-density lipoprotein; TG: triglycerides; GFR: glomerular filtration rate; LAP: lipid accumulation product; VAI: visceral

adiposity index; BFP: body fat percentage.

obesity [24], and dyslipidemia [25] was similar to that in the
general population [23-25]. To identify increased arterial stiff-
ness, we compared two approaches: the universal, unified for
all age categories CAVIZ? [12] and the age-specific CAVIAge
[14]. The CAVI*€ method allowed us to identify significantly
more individuals with increased arterial stiffness (1.81-fold)
at the expense of younger patients. Only at the age of over 70
years CAVIA identified significantly fewer individuals with
increased arterial stiffness than CAVIZ”.

Patients were divided into the < 50 and > 50 years of age
groups to assess the contribution of the main risk factors in the
development of increased arterial stiffness and for statistical anal-
ysis. The rationale for this division was the fact that a significant
increase in arterial stiffness [8] with a shift of CAVI [14] into the
gray zone (8 - 9) is observed in individuals over 50 years of age.
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In correlation analysis, CAVI was significantly associated with
age in both < 50 and > 50 years of age groups. The significance
of age was confirmed in Random Forest and multiple regression
analysis. Age is a major factor for increasing arterial wall stiff-
ness in general [8] and CAVI marker in particular [26-28].
Otherwise, factors associated with arterial stiffness differed
between the < 50 years and > 50 years groups. In younger indi-
viduals, CAVI correlated with DBP, metabolic markers (LDL,
LAP, VAI) and GFR. In the older group, CAVI was associated
with hypertension, its stage and grade, SBP, and other metabolic
markers (hyperlipidemia, IGT, TC and glucose level). The as-
sociation of hypertension with increased arterial stiffness was
demonstrated in the wide range of studies [8, 28-31]. High SBP
and pulse pressure commonly described in elderly patients
with isolated systolic hypertension are traditional markers of
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Figure 3. Correlation matrix between vascular stiffness markers, risk factors, clinical and biochemical measurements in patients
> 50 years. HTN: hypertension; IGT: impaired glucose tolerance; BMI: body mass index; WC: waist circumference; HC: hip
circumference; SBP: systolic blood pressure; DBP: diastolic blood pressure; TC: total cholesterol; LDL: low-density lipoprotein;
HDL: high-density lipoprotein; TG: triglycerides; GFR: glomerular filtration rate; LAP: lipid accumulation product; VAI: visceral

adiposity index; BFP: body fat percentage.

increased arterial stiffness [8]. Our data also showed the associa-
tion of CAVI with the grade of SBP and characteristics of hy-
pertension in the group > 50 years of age. In the younger group,
there was an association with DBP and no association with SBP.
The phenomenon of isolated diastolic hypertension occurs in
2.5-7.8% of cases [20]. The highest prevalence of this disease is
noted in individuals 30 - 39 years with its decrease in the fifth to
sixth decade of life and almost complete absence in individuals
older than 70 years [32].

Data on the relationship between CAVI and various meta-
bolic markers (weight, BMI, HC, TC, LDL) are controversial.
In the work of Safronova et al [28], a group of young healthy
patients without hypertension and carbohydrate metabolism
disorders (mean age 30.4 years) did not demonstrate signifi-
cant correlations between CAVI and dyslipidemia markers.
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Apparently, it may be due to the peculiarities of the free from
significant metabolic disorders sample. In our study, we found
positive correlations of CAVI with integral metabolic indices
(LAP and VAI) and LDL level in the < 50 years group, and
with the presence of dyslipidemia, TC and glucose level in the
> 50 years group. Correlations of CAVI with integral metabolic
indices (LAP and VAI) were previously described in apparently
healthy young adults [33]. These correlations of CAVI with
LAP and VAI indices reflect multifactorial relationships of ar-
terial stiffness with anthropometric and laboratory metabolic
indices [33]. Our data partially agree with the work of Kavesh-
nikov et al, which revealed direct correlations of CAVI with
such marker of dyslipidemia as TG level [27]. In the study of
Topouchian et al [34], older individuals with and without meta-
bolic syndrome demonstrated positive correlation of CAVI with
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Figure 8. ROC curves for the logistic regression model determining arterial stiffness using CAVIA% in the < 50 years group. ROC:

receiver operating characteristic.

in the < 50 years group and with universal thresholds (CAVI=
%) in the > 50 years group.

An attempt to determine alternative age-specific CAVI
references was also made in a study by Safronova et al [28].
The mean CAVI values calculated for patients < 50 years were
also lower than the universal one [28]. However, this study

did not compare sensitivity and specificity of universal and
formula-derived CAVI references.

The inclusion of apparently healthy people in the main
sample was the limitation of our study, making it difficult to
extrapolate these results to CVD patients. In addition, this
study did not divide patients into groups with and without obe-
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Figure 9. ROC curves for the logistic regression model determining arterial stiffness using CAVI*? in the < 50 years group. ROC:

receiver operating characteristic.
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Figure 10. ROC curves for the logistic regression model determining arterial stiffness using CAVIA% in the = 50 years group.
ROC: receiver operating characteristic.

sity, metabolic syndrome and other significant risk factors. It ries. The results obtained in our study require further valida-
might broaden our understanding of the efficacy of this diag- tion and can only be used on practically healthy individuals.
nostic approach in individual patient groups. In the < 50 years group, the model based on age-specific
Our study suggests the possibility of using the differenti- CAVI thresholds has the higher predictive value, sensitiv-
ated approach to screening patients of different age catego- ity, and specificity for identifying individuals with increased
1,2
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Figure 11. ROC curves for the logistic regression model determining arterial stiffness using CAVI*? in the = 50 years group. ROC:
receiver operating characteristic.
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Apparently healthy adults
> 18 years
18 - 49 years old 2 50 years old
Use the CAVIAe )7 Use the universal value
Under 30 years old  Age 31-40 years old Age 41-50 years old

CAVI>17.2 CAVI>17.4

CAVI=9.0
CAVI >7.55

Figure 12. Algorithm for choosing CAVI reference values in apparently healthy adults. CAVIA%: age-specific cardio-ankle vascu-

lar index reference values; CAVI: cardio-ankle vascular index.
arterial stiffness. In contrast, in the > 50 years group, a pre-
dictive model using a universal threshold value of CAVIZ®
has advantages. This approach (Fig. 12) can be used prospec-
tively for screening stratification of apparently healthy peo-

ple to identify groups for in-depth screening and inclusion of
preventive measures.
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