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The role of hemodynamic factors in arterial stiffness development during the early stages of peripheral
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Abstract
Objective: Peripheral vascular remodeling at early stages is associated with increased risk of cardiovascular
complications. Arterial stiffness is a key marker of vascular aging and may be determined by both chronological age
and local hemodynamic loads.
We aimed to study the structure of determinants of arterial stiffness in individuals with and without early ultrasound
signs of peripheral arterial remodeling.
Methods: A single-center cross-sectional observational study included 90 adults (27-84 years), of whom 19 were
male (21.1%) and 71 were female (78.9%), divided into a control group without signs of remodeling (n = 37, 41.1%)
and a study group with early remodeling (n = 53, 58.9%). Arterial stiffness was assessed using photoplethysmography
(adjusted stiffness index — ASI). The structure of ASI determinants was analyzed using hierarchical linear regression.
Results: Groups were comparable by age, anthropometric parameters, and blood pressure (BP) levels (systolic BP,
diastolic BP, pulse pressure, mean arterial pressure and central systolic BP (all p>0.05). Heart rate was significantly
higher in the early remodeling group (p = 0.025). In the study group, pulse pressure and augmentation index were
significantly associated with ASI (B = 0.386; p = 0.010 and B = 0.363; p = 0.014, respectively), whereas age was not a
significant predictor (B = -0.104; p = 0.497). In the control group, hemodynamic factors did not reach statistical
significance (pulse pressure: p = 0.341; augmentation index: p = 0.060), reflecting preserved vascular elasticity.
Conclusion: During early peripheral vascular remodeling, local hemodynamic loads — measured as pulse pressure
and augmentation index — play a leading role in arterial stiffness formation, whereas in the absence of structural
changes no association between ASI and hemodynamic parameters was found. Prospective studies with larger
cohorts are needed to confirm these findings and assess their prognostic significance.
Key words: Arterial stiffness, peripheral arterial remodeling, ultrasonography, photoplethysmography, pulse
pressure, augmentation index
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Highlights

» Early peripheral vascular remodeling changes the structure of arterial stiffness determinants.

e Pulse pressure and augmentation index independently determine ASI in the early remodeling group.

e Chronological age is not a significant predictor of ASI during early remodeling.

* Local hemodynamic loads — measured as pulse pressure and augmentation index — play a leading role in
arterial stiffness formation in early remodeling.

* Integration of functional and structural markers is necessary for cardiovascular risk stratification.
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The role of hemodynamic factors in arterial stiffness development during the
early stages of peripheral vascular remodeling: A single-center observational

Gulbarchyn Zh. Suranova, Uuulzhan A. Alieva, Aruuke A.Abdumanapova,
Samatbek K. Abdrahmanov, Bishkek, Kyrgyz Republic

Objective: To study the structure of determinants of arterial
stiffness in individuals with and without early ultrasound signs of
peripheral arterial remodeling.

Methods: A single-center cross-sectional observational study
included 90 adults.

Control group without signs of remodeling (n =37, 41.1%).
Study group with early remodeling (n = 53, 58.9%).
Remodeling was assessed using USG of periphreal arteries and
arterial stiffness using photoplethysmography.

Results: Groups did not differ by demographic, anthropometric,
and hemodynamic variables.
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Figure 1. Hemodynamic parameters in studied groups, p>0.05

Tablel. Hierarchical linear regression analysis of ASI determinants by group

Table 2. Standardized predictor coefficients for ASI

Model | Predictor | R* AR* R* AR? P Predictor| B(Control) | p | VIF | B (Remodeling) | p | VIF
(Control) (Control) | (Control) | (Remodeling) | (Remodeling) | (Remodeling)

Age 0.137 0.512| 1.00 | -0.104 o.497| 1.00
1 Age 0.019 I 0.019 | 0.512 0.092 0.092 | 0.042

PP 0.204 0.341| 1.03 | 0.386 o.owl 1.03
2 Age+PP | 0.032 | 0.015 | 0.341 0.157 0.064 | 0.010

APE 0.541 o.osol 1.96 | 0.363 0.0141 1.14
3 Age+PP + | 0.099 0.065 0.060 0.272 0.115 0.014

AP B - standardized regression coefficient VIF - variance inflation factor

AIP% - augmentation index atheart rate 75 bpm
increasein explained variance

, PP - pulse pressure, R*- coefficient of determination; AR® -

AIPB- augmentation index atheart rate 75 bpm, PP - pulse pressure

In the early remodeling group, pulse pressure was a significant predictor of ASI in Model 2 (B = 0.386; p = 0.010). With addition of AIPs,
model explanatory power increased to R? = 0.272, and AlPss also became an independent significant predictor (B = 0.363; p = 0.014). Age

remained statistically non-significant in all models.

Conclusion: During early peripheral vascular remodeling, local hemodynamic loads — measured as pulse pressure and augmentation
index — play a leading role in arterial stiffness formation, whereas in the absence of structural changes no association between ASI and

hemodynamic parameters was found.
http://hvt-journal.com/articles/art646

Introduction

Peripheral vascular changes are an important
component of cardiovascular pathology and are
associated with increased risk of adverse clinical

outcomes (1, 2). Increased arterial stiffness is
considered an independent predictor of
cardiovascular morbidity and mortality, reflecting

processes of vascular aging and remodeling (1, 2).

Vascular remodeling represents a continuum of
structural and functional changes in the arterial wall in
response to hemodynamic and metabolic stimuli (1, 3,

doi:10.24969/hvt.2026.646

4). Early stages are characterized by functional
alterations, including endothelial dysfunction, changes
in smooth muscle cell tone, and disturbances in
extracellular matrix composition, without significant
morphological changes (4, 5). Late stages involve
progressive intimal thickening, formation of
atherosclerotic plaques, and calcification, leading to
irreversible structural alterations (1, 3). Understanding
these distinct phases is essential for identifying
appropriate intervention targets and preventing
progression to advanced atherosclerotic disease.
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Traditionally, arterial stiffness assessment is based on
pulse wave velocity (PWV) and augmentation index
(Al), recognized as validated markers of central
hemodynamics (1, 6). In recent years, methods based
on photoplethysmographic (PPG) waveform analysis
have become widely used, allowing calculation of the
adjusted stiffness index (ASI), age index (AGI), and
heart rate-normalized augmentation index (AIPss) (5—
9). Studies have shown that PPG-derived ASI
correlates with classical stiffness measures and has
prognostic significance in population studies (2, 10).

At early stages of vascular remodeling, changes are
predominantly functional, manifesting as disturbances
in reflected wave parameters and local hemodynamics
without pronounced atherosclerotic lesions. However,
the structure of determinants of arterial stiffness in
the presence of early ultrasound signs of peripheral
remodeling remains insufficiently studied.
Intima-media thickness (IMT) of the femoral artery is
used as a research indicator of early subclinical
atherosclerosis. Although international guidelines (11)
do not include femoral artery IMT in standard clinical
markers, contemporary studies demonstrate its
significance for assessing structural vascular wall
remodeling and detecting early functional changes
before atherosclerotic plaque formation (3, 7).
Femoral artery IMT was selected for this study as it
represents peripheral vascular bed affected by early
remodeling, while carotid IMT assessment was
beyond the scope of this hemodynamic-focused study
(3). This approach is justified by the fact that
peripheral arteries, including femoral, demonstrate
earlier functional changes compared to carotid
arteries in the initial stages of atherosclerotic process
(3). Detection of early peripheral remodeling is
clinically important as it identifies patients at elevated
cardiovascular risk before the development of
hemodynamically significant stenosis or overt
atherosclerotic plaques, offering a window for
preventive intervention.

Particular interest lies in analyzing the contribution of
chronological age and current hemodynamic load to
stiffness indicator formation. In population studies,
age is considered the leading factor of vascular aging
(2, 10); however, with structural changes in the
vascular wall, the role of pulse arterial pressure may
increase.

Our objective was to study the structure of
determinants of arterial stiffness and their differences
in individuals with and without early ultrasound signs
of peripheral arterial remodeling.

Methods

Study design and population

A single-center cross-sectional observational study
was conducted with group formation based on
ultrasound assessment of peripheral arteries. Data
collection was conducted in 2025 following acquisition
of the AngioCode-322 photoplethysmography system.
The study was reported in accordance with the
STROBE statement for observational studies.

The study included 90 adult participants (27-84
years), mean age 60.9 (1.2) years. Of these, 19 were
male (21.1%) and 71 were female (78.9%).
Recruitment was conducted by consecutive sampling
among  individuals  undergoing clinical and
instrumental examination as part of planned
cardiovascular screening at a regional outpatient
facility. Distribution of patients in groups was based on
duplex ultrasound scanning data of lower limb
arteries. Two groups were formed:

Control group (n = 37, 41.1%) - individuals without
signs of peripheral arterial remodeling (IMT < 1.0 mm,
no atherosclerotic plaques, no hemodynamically
significant stenoses);

Early remodeling group (n = 53, 58.9%) - individuals
with early peripheral arterial remodeling (IMT 1.0-1.4
mm without atherosclerotic plagues or
hemodynamically significant stenoses of lower limb
arteries), corresponding to the preclinical stage of
peripheral arterial remodeling (3).

Arterial hypertension was not a criterion for group
distribution: hypertensive patients were present in
both groups.

Inclusion criteria were: age > 18 vyears; signed
informed consent; ability to undergo
photoplethysmographic examination and duplex
ultrasound scanning of lower limb arteries. Exclusion
criteria  were as following: hemodynamically
significant stenoses or occlusions; atherosclerotic
plaques (IMT = 1.5 mm); acute cardiovascular events
within 6 months; chronic heart failure IlI-IV functional
class; clinically significant arrhythmias; systemic
inflammatory diseases in exacerbation; diabetes
mellitus; medications substantially altering pulse wave
parameters; technical inability to adequately visualize
arteries.

The study was performed in accordance with the
principles of the Declaration of Helsinki and approved
by the Ethics Committee of the Scientific and
Production Association "Preventive Medicine" of the
Ministry of Health of the Kyrgyz Republic (conclusion



No. 7 dated November 16, 2017). All participants
signed informed consent.
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Anthropometric and clinical variables

We collected demographic (age and sex),
anthropometric (height and weight), hemodynamic
(blood pressure and heart rate) and history of arterial
hypertension data. Height and body weight were
measured by standard method with calculation of
body mass index (BMI, kg/m?). Blood pressure was
measured in sitting position after 5-minute rest; the
mean of two consecutive measurements was used.
Systolic blood pressure (SBP), diastolic blood pressure
(DBP), pulse pressure (PP), mean arterial pressure
(MAP), and heart rate (HR) were recorded. Data on
smoking status and family history of atherosclerotic
cardiovascular diseases (ASCVD) were incompletely
documented in medical records and therefore not
included in the analysis.

Predictor variable: Ultrasound Assessment of
Peripheral Arteries

Intima-media thickness (IMT) of the common femoral
artery was measured using the Mindray DC-60
ultrasound system (Mindray Bio-Medical Electronics
Co., Ltd., Shenzhen, China) equipped with a 7.5-12
MHz linear array transducer. Measurements were
performed in B-mode with color Doppler mapping in
standard segments, three times with result averaging.
Early peripheral arterial remodeling was defined as
increased intima-media thickness (IMT 1.0-1.4 mm)
without hemodynamically significant stenosis or
formed atherosclerotic plaques, corresponding to the
preclinical stage of structural vascular wall changes
(3). Atherosclerosis was defined as the presence of
focal lesions with IMT = 1.5 mm or plaque formation.

Group allocation was based on IMT values: control
group (IMT < 1.0 mm) and early remodeling group
(IMT 1.0-1.4 mm without plaques).

Outcome variables: Photoplethysmography
evaluation of vascular function

Vascular function assessment was performed using
the AngioCode-322 PPG system (AngioCode LLC,
Moscow, Russia; software version 3.2.1). Signal was
registered at the finger after 10-minute adaptation
rest. The following parameters were analyzed:

e Adjusted stiffness index (ASI, m/s) — main study
indicator. ASI is a validated PPG-derived indicator of
arterial stiffness, reflecting the velocity of pulse wave
propagation in the arterial tree (7, 12);

e Augmentation index normalized to heart rate 75
bpm (AIP;s, %);

¢ Resistance index (Rl);

e Age index (AGI);

e Time between systolic peak and reflected wave
(dTpp, ms);

¢ Vascular age (years) — the estimated biological age
of the arterial system based on PPG waveform
morphology and ASI values compared to normative
population age curves embedded in the device
software.

AS| was calculated automatically with correction for
height and heart rate. Before measurements, the
device was calibrated against peripheral systolic and
diastolic pressure measured at the brachial artery.
Central hemodynamics assessment

Central (aortic) SBP was estimated non-invasively
using the AngioCode-322 device via radial artery
applanation tonometry, with subsequent
mathematical derivation of aortic pressure using a
generalized transfer function, consistent with the
methodology described in reference (4).

Statistical Analysis

Data processing was conducted using SPSS Statistics
16.0 (IBM Corp., Armonk, NY, USA). Quantitative
parameters are presented as median (Me) and
interquartile range (Q:—Qs). Normality was tested by
Shapiro—Wilk test. For non-normal distribution,
Mann—Whitney U test was used for group comparison.
Categorical variables were compared using Chi-square
test.

Correlation analysis was performed using Spearman's
coefficient (p). To assess the contribution of age and
pulse pressure (PP) to ASI variability, hierarchical
linear regression was applied: Model 1 — age; Model
2 — age + PP; Model 3 — age + PP + AIlPs.
Multicollinearity was assessed using variance inflation
factor (VIF; critical value > 5). Statistical significance
was accepted at p < 0.05. Statistical reporting was
performed in accordance with SAMPL guidelines.

Results

Baseline Characteristics

Table 1 presents the baseline characteristics of the
study participants. The two groups were comparable
in age (p = 0.974), anthropometric parameters (BMI: p
= 0.912), and blood pressure levels (SBP: p = 0.864;
DBP: p = 0.140; PP: p = 0.253; MAP: p = 0.511; central
SBP: p = 0.810) (Table 1). Sex distribution showed a
numerical difference (p = 0.225). The prevalence of
arterial hypertension did not differ between groups (p
= 0.354). HR was significantly higher in the early
remodeling group (p = 0.025), which is relevant for
interpretation of AlIP;5 normalized to 75 bpm.
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Table 1. Clinical, anthropometric, and hemodynamic characteristics of examined individuals

Variables Control group (n =37, 41.1%) Early remodeling group (n = 53, 58.9%) p
Demographics
Age, years 62.0 (53.0-70.0) 63.0 (56.0-67.0) 0.974
Male sex, n (%) 5 (13.5%) 14 (26.4%) 0.225*
Female sex, n (%) 32 (86.5%) 39 (73.6%) —
Anthropometrics
Height, cm 158.0(155.0-165.0) 160.0 (153.0-166.0) 0.493
Body weight, kg 75.0 (69.0-82.0) 75.0 (69.0-84.0) 0.879
BMI, kg/m? 30.1 (26.0-32.5) 29.6 (25.4-32.5) 0.912
Hemodynamics
SBP, mmHg 121.0 (120.0-142.5) 126.0 (116.8-144.2) 0.864
DBP, mmHg 80.0 (73.0-81.0) 76.5 (68.8-81.2) 0.140
PP, mmHg 49.0 (40.0-56.5) 54.0 (42.0-66.8) 0.253
MAP, mmHg 93.3 (90.2-104.0) 93.8 (86.5-100.0) 0.511
Central SBP, mmHg 120.0 (119.0-144.0) 125.0 (114.0-146.8) 0.810
Heart rate, bpm 73.0 (69.0-81.0) 81.0(73.2-86.0) 0.025
CV Risk Factors
Arterial hypertension, n (%) 17 (45.9%) 18 (34.0%) 0.354%*

Data presented as Median (Q1-Q3)

Mann—Whitney U test and *Chi-square test
BMI - body mass index, CV-cardiovascular, DBP — diastolic blood pressure, MAP — mean arterial pressure, PP — pulse

pressure, SBP — systolic blood pressure

Photoplethysmographic parameters

Table 2 presents PPG-derived vascular parameters for
both groups. ASI was significantly higher in the early
and dTpp was

remodeling group (p =

significantly shorter (p = 0.008), indicating greater

arterial stiffness and altered reflected wave timing in
the early remodeling group. Other PPG parameters




(AIP;s, AGI, RI, vascular age) did not differ significantly
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Table 2. Photoplethysmographic parameters of vascular function in control and early remodeling groups

Variables Control group (n = 37) Early remodeling group (n = 53) p

Vascular age, years 57.0 (45.2-67.0) 61.0 (50.2-67.5) 0.336
ASI, m/s 8.4 (7.4-9.6) 9.1(7.8-11.3) 0.022
AlPss, % 17.2 (5.5-26.0) 12.4 (6.5-25.2) 0.505
AGI -0.4 (-0.7—0.1) -0.3(-0.5—0.1) 0.174
dTpp, ms 98.0 (87.2-109.8) 86.0 (69.5-100.5) 0.008
RI, % 33.9 (22.7-51.7) 36.2 (30.4-54.1) 0.282

Data presented as Median (Q1-Q3), Mann—-Whitney U test

AGI - age index, AlP;s - augmentation index normalized to heart rate 75 bpm, ASI - adjusted stiffness index, dTpp -

time between systolic peak and reflected wave, Rl - resistance index

Hemodynamic parameters

Comparison of blood pressure parameters between
groups revealed no statistically significant differences
in systolic, diastolic, pulse, mean arterial, or central
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systolic pressures (all p > 0.05), despite numerically
higher PP in the early remodeling group (54.0 vs 49.0

mmHg) (Fig. 1).
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Figure 1. Hemodynamic parameters in control and early remodeling groups
Data are presented as median and interquartile range (Me (Q1-Q3)), (p > 0.05)
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Correlation analysis

In the control group, a moderate positive correlation
was found between chronological and vascular age (p
= 0.528; p < 0.01). In the early remodeling group, this
association was statistically non-significant (p = 0.103;
p > 0.05), indicating altered age-related determination

of vascular parameters. The association between
height and ASI had opposite direction in groups:
moderate negative in the control group (p = -0.401; p
< 0.05) and moderate positive in the early remodeling
group (p = 0.420; p < 0.01) (Table 3).

Table 3. Correlation between age, anthropometric characteristics and vascular parameters

Variables

Control group (p, p)

Early remodeling group (p, p)

Age — Vascular age 0.528 (0.002)

0.103 (0.463)

Height — ASI -0.401 (0.015)

0.420 (0.002)

Vascular age — AGI 0.864 (<0.001)

0.965 (<0.001)

ASI — dTpp -0.908 (<0.001)

-0.937 (<0.001)

Peripheral SBP — Central SBP 0.892 (<0.001)

0.977 (<0.001)

p = Spearman's rank correlation coefficient

AGI - age index, ASI - adjusted stiffness index, dTpp - time between systolic peak and reflected wave, SBP

- systolic blood pressure, VA - vascular age

Regression analysis of determinants of increase
arterial stiffness

To assess the contribution of individual parameters to
AS| explanation, hierarchical linear regression was
performed. Predictors were entered sequentially: first
age (Model 1), then PP (Model 2), and finally AlP;s
(Model 3). Height was not included despite significant
correlation with ASI, as ASI is already corrected for

height by the AngioCode-322 device software (version
3.2.1), which would create statistical redundancy.

In the control group, age was not a significant
predictor of ASI (R? = 0.019; B = 0.137; p = 0.512).
Adding pulse pressure and augmentation index slightly
increased explained variance, with predictors
remaining statistically non-significant (Table 4).

Table 4. Hierarchical linear regression analysis of ASI determinants by group

Model | Predictor R? AR? p R? AR? p
(Control) (Control) (Control) | (Remodeling) (Remodeling) (Remodeling)
1 Age 0.019 0.019 0.512 0.092 0.092 0.042
2 Age + PP 0.034 0.015 0.341 0.157 0.064 0.010
3 Age + PP + 0.099 0.065 0.060 0.272 0.115 0.014
AlP5

R2- coefficient of determination; AR? - increase in explained variance




Table 4. Hierarchical linear regression analysis of ASI determinants by group

Model | Predictor R? AR? p
(Control) (Control)

(Control)

R2 AR? p
(Remodeling) (Remodeling) (Remodeling)

AlP;5 = augmentation index at heart rate 75 bpm, ASI — arterial stiffness index, PP - pulse pressure
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In the early remodeling group, pulse pressure was a
significant predictor of ASI in Model 2 (B = 0.386; p =
0.010). With addition of AIP;s, model explanatory
power increased to R? = 0.272, and AlIPs also became

an independent significant predictor (B = 0.363; p =
0.014). Age remained statistically non-significant in all
models (Table 5).

Table 5. Standardized predictor coefficients for ASI

Predictor B (Control) p VIF B (Remodeling) p VIF
Age 0.137 0.512 1.00 -0.104 0.497 1.00
PP 0.204 0.341 1.03 0.386 0.010 1.03
AlPy5 0.541 0.060 1.96 0.363 0.014 1.14

B - standardized regression coefficient, VIF - variance inflation factor
AlP;s = augmentation index at heart rate 75 bpm, ASI — arterial stiffness index, PP - pulse pressure

Discussion

The present study revealed that early peripheral
vascular remodeling is accompanied by restructuring
of arterial stiffness determinants. Although no
intergroup differences in absolute blood pressure
levels were found, significant differences were
observed in the structure of relationships: in the early
remodeling group, ASI was significantly associated
with hemodynamic parameters (pulse pressure and
AlP;s), whereas no such associations were found in the
control group.

Comparison with published studies

Szottysek-Botdys et al. (10) demonstrated that PPG-
derived stiffness parameters differ between patients
with and without arterial hypertension and
atherosclerosis, consistent with our finding that
structural changes alter the hemodynamic
determinants of stiffness. Chen et al. (2) showed that
PPG-derived ASI carries greater cardiovascular
prevention value in non-elderly populations,
suggesting that ASI is particularly informative when
used in conjunction with functional hemodynamic
assessment — as demonstrated in our study. Our

finding that ASI was significantly higher in the early
remodeling group (9.1 vs 84 m/s, p = 0.022) is
consistent with Szottysek-Botdys et al. (10), who
reported elevated PPG stiffness parameters in patients
with  subclinical atherosclerosis. The observed
dissociation between chronological age and ASI in the
remodeling group (B = —-0.104, p = 0.497) aligns with
the concept of accelerated vascular aging independent
of biological age, as described by Chen et al. (2) in
non-elderly populations with increased cardiovascular
risk.

This restructuring of indicator relationships reflects
pathophysiological mechanisms of arterial stiffness.
Normally, arterial stiffness is determined by
extracellular matrix structure, elastin-to-collagen ratio,
endothelial function, and smooth muscle cell tone.
Increased PP enhances mechanical load on the
vascular wall, stimulating extracellular matrix
remodeling, collagen deposition, and progressive loss
of arterial elasticity, which amplifies reflected wave
and augmentation index (12).

Correlation analysis showed that age-related influence
on vascular age is attenuated during early remodeling,




while ASI becomes sensitive to local hemodynamic
load. This emphasizes the need to account for the
pathophysiological role of PP and reflected wave in
assessing early vascular function changes (5, 10).
Interestingly, the association between height and ASI
had opposite directions in groups. In the control
group, greater height was associated with lower
stiffness; consistent with physiology (longer arterial
tree reduces wave reflection). In the remodeling
group, this association inverted, possibly reflecting
impaired arterial elasticity with structural changes.
Significantly shorter dTpp in the early remodeling
group (86.0 vs 98.0 ms, p = 0.008) is consistent with
earlier wave reflection, a hallmark of increased arterial
stiffness, and correlates with the higher ASI observed
in that group.
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Study limitations

This study has several limitations that should be
considered when interpreting the results: (1) relatively
homogeneous study population from a single region,
which may limit generalizability; (2) absence of a healthy
population control group without any cardiovascular risk
factors; (3) relatively small sample size (n = 90), which
reduces statistical power; (4) sex distribution differed
between groups (p = 0.225), with higher proportion of
males in the early remodeling group (26.4% vs 13.5%),
and lack of stratification by sex and other individual risk
factors; (5) data on smoking status and family history of
ASCVD were not systematically collected; (6) cross-
sectional design, which precludes causal inference and
assessment of longitudinal cardiovascular outcomes; (7)
ethical approval was obtained in 2017, but data
collection was performed in 2025 following acquisition of
specialized photoplethysmography equipment; this delay
reflects resource constraints and conduct of other
research projects during the intervening period; (8) the
study population was predominantly female (78.9%),
reflecting higher healthcare utilization among women in
this age group; this may limit generalizability of findings
to male populations.

Conclusion

Early peripheral vascular remodeling is accompanied by
restructuring of arterial stiffness determinants. In the
absence of structural changes, ASI is not associated with
hemodynamic factors; whereas with initial ultrasound
sighs of remodeling, local hemodynamic loads—
primarily pulse pressure and heart rate-normalized
augmentation index (AlP;s) — acquire key importance.
Chronological age was not a significant predictor of ASl in
either group.

This reflects not so much an increase in absolute stiffness
level as a change in its formation mechanisms at early
remodeling stages. Integration of functional (PPG) and
structural (duplex ultrasound) markers is necessary for
comprehensive vascular function assessment and
cardiovascular risk stratification. Prospective studies with
larger cohorts are needed to confirm the observed
patterns and assess their prognostic significance.
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