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Application research on the
quantitative evaluation of
carotid arterial elasticity in
overweight adolescents using
ultra-fast pulse wave technology

Qiaoer Gong, Xueli Zhu and Nianyu Xue*

Department of Ultrasound, The First Affiliated Hospital of Ningbo University, Ningbo, China
Background: Overweight and obesity in adolescents has become a new

worldwide health problem. Overweight in adolescence not only leads to

persistent overweight and even obesity in adulthood, but also leads to

decreased arterial function in adolescence and a greatly increased incidence of

chronic diseases in adulthood. However, current imaging techniques cannot

detect the early decrease of arterial elasticity. In this study, Ultrafast pulse wave

velocity (UFPWV) technology was used to quantitatively evaluate the carotid

artery elasticity in adolescents with simple overweight. In order to find the

changes of carotid artery elasticity and related influencing factors in overweight

adolescents at an early stage.

Data andmethods: A total of 56 adolescents whomet the inclusion and exclusion

criteria were enrolled in this study, including 30 adolescents with Bodymass index

(BMI) ≥24kg/m2 as overweight group and 26 adolescents with normal clinical

signs and examinations as normal group. Clinical data and biochemical

parameters were collected and analyzed for all participants, along with

measurements of carotid intima-media thickness (IMT) and carotid arterial

elasticity, including pulse wave velocity at the beginning of systole (PWVBS) and

at the end of systole (PWVES).

Results: The mean values of IMT, PWVBS and PWVES in overweight group were

higher than those in normal group. There was significant difference between

PWVBS and PWVES (P< 0.05), but not IMT (P >0.05). PWVBS and PWVES in

overweight group were positively correlated with BMI, uric acid (UA), total

cholesterol (TC) and low-density lipoprotein cholesterol (LDL-C) (all P< 0.05).

And negatively correlated with High-density lipoprotein cholesterol (HDL-C) (P<

0.05). Within the overweight group, the subgroup with elevated uric acid (UA)

levels showed significantly higher arterial elasticity parameters compared to the

subgroup with normal UA levels (P < 0.05), whereas no statistically significant

difference was observed in IMT between the two subgroups (P > 0.05). Receiver

operator characteristic curve (ROC) analysis showed that when PWVES>4.515 m/s

was used as the cut-off value of abnormal carotid elasticity in overweight

adolescents in this study, the sensitivity was 71.8%. The specificity was 73.2%.

Conclusion: UFPWV can detect early changes in carotid artery elasticity in

overweight adolescents. When hyperlipidemia and hyperuricemia coexist, they
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exert a synergistic detrimental effect on arterial elastic function. The arterial

elasticity indexes PWVBS and PWVES are significantly correlated with a variety of

traditional risk factors of atherosclerosis (AS), which can be used AS effective

indicators to predict early AS.
KEYWORDS

adolescents, carotid artery elasticity, overweight, ultrafast pulse wave velocity,
ultrasonography
1 Introduction

Since 1980, the obesity rate among children in over 70 countries

has more than doubled, particularly in some developing nations

where the increase has been even greater, with rates of childhood

obesity rising significantly faster than those of adults (1). In 2015,

107.7 million children were classified as obese globally. The World

Obesity Federation estimated in 2019 (2) that by 2020, there would

be 158 million children and adolescents aged 5 to 19 years suffering

from obesity worldwide, with projections of 206 million by 2025

and 254 million by 2030. By 2030, China is expected to be one of the

countries with the most significant obesity problems, with over one

million obese adolescents in 42 countries (3).

Obesity and being overweight can be categorized based on their

causes (4): simple (primary) and symptomatic (secondary), with

simple obesity accounting for up to 95% of cases. Despite this

prevalence, managing simple obesity poses considerable challenges,

requiring greater attention. Overweight in adolescents not only

exacerbates psychological burdens, leading to feelings of inferiority,

anxiety, and depression, but also induces pathological changes.

Dyslipidemia and hypercholesterolemia resulting from being

overweight are major risk factors for AS. Research has shown (5)

that the pathological process of AS begins not only in adulthood but

early in overweight adolescents. Evidence of AS has been found in

the coronary and abdominal aortas of infants and adolescents who

did not exhibit cardiovascular diseases (CVD) at autopsy. Follow-

up of overweight adolescents found that they also had substantially

increased odds of CVD in adulthood (6). However, another study

indicates that the functional changes caused by AS precede

morphological changes (7, 8). Currently, most imaging techniques

focus on detecting morphological changes in arteries, highlighting

the necessity of early monitoring of vascular elasticity function in

adolescents to prevent the onset of CVD in adulthood.

Currently, a well-established system exists for assessing the

carotid artery. As a superficial and readily accessible vessel, the

carotid artery is ideally suited for ultrasound examination, which

offers real-time imaging, non-invasiveness, high reproducibility,

and low cost. Consequently, carotid IMT is widely regarded as a

surrogate marker of vascular complications, capable of detecting

early atherosclerosis and serving as a predictive indicator for future

myocardial infarction and stroke (9). However, previous studies (7,

8) have indicated that functional changes in blood vessels occur

before morphological changes, rendering IMT less suitable for

monitoring early arterial changes in overweight adolescents.

Greater emphasis should be placed on assessing changes in

vascular functional elasticity. Several conventional ultrasound-
02
based techniques—including vascular echo-tracking, wave

intensity analysis, real-time shear wave elastography (SWE), and

the cardio-ankle vascular index (CAVI)—have been used to

evaluate arterial elasticity. However, each has notable limitations:

vascular echo-tracking is highly susceptible to respiratory motion,

resulting in unstable measurements. Wave intensity analysis

primarily reflects cardio-vascular interactions and requires costly

equipment and complex procedures, limiting its utility in routine

clinical practice. SWE is predominantly used for assessing elasticity

in organs like the liver, breast, and thyroid—tissues minimally

affected by cardiac or respiratory motion—and is rarely applied to

vascular tissue. Furthermore, there is no unified standard, and it

also relies on the operator’s technique. CAVI estimates overall

arterial stiffness along a long vascular path from the aortic root to

the ankle artery, this extended trajectory increases susceptibility to

measurement error, reducing accuracy.

Among various methods for functional arterial monitoring,

pulse wave velocity (PWV) is considered the non-invasive “gold

standard” for assessing arterial stiffness and has been closely linked

to risks of AS and CVD mortality (10). Its measurement has been

included in the European Guidelines on Hypertension Prevention

and Treatment since 2003. However, this technique suffers from

complexities in operation and poor distance stability, with average

measurements of the tested vascular segment failing to accurately

reflect local arterial conditions. Additionally, PWV measurements

can be affected by pressure wave reflections and overlays, leading to

inaccuracies. In response, researchers have introduced a new

vascular imaging technology known as UFPWV technology,

which achieves precise quantification of vascular elasticity

function through high-frequency imaging at up to 20,000 frames

per second. This technique has already been successfully applied to

assess arterial elasticity in multiple clinical contexts, including

diabetic vasculopathy (11), hypertensive arteriosclerosis (12),

vascular evaluation in rheumatic diseases (13), and vascular

injury associated with sleep-disordered breathing (14). Moreover,

it has been recognized as an important detection indicator for early

warning and intervention of CVD (15). Compared to traditional

methods, UFPWV offers several advantages (16): it can directly

measure PWV values at specific vascular points, enhancing

detection accuracy; the operational process is simplified, with

minimal external interference; and it requires no additional

equipment for offline calculations. A literature review reveals that

UFPWV has primarily been applied in studies of carotid artery

elasticity in adults, with no reported studies focusing on overweight

adolescents. Therefore, this research aims to apply UFPWV

technology for the quantitative analysis of carotid elasticity in
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adolescents with simple overweight and to explore the impact of

various biochemical indicators on vascular elasticity.
2 Methods

2.1 Case selection and grouping

This study selected 56 adolescents who visited Ningbo

University First Affiliated Hospital from March 2023 to

December 2024. Based on the “Classification Standards for

Obesity and Obesity Screening Weight Index Values in Chinese

School-age Adolescents” (17), subjects with a BMI ≥24 kg/m2 were

classified into the overweight group, while those with a BMI<24 kg/

m2 were classified into the normal group.

(1) Overweight Group: 89 overweight adolescents were

initially enrolled.

Inclusion criteria:

1. Age ≤ 18 years;

2. Met the diagnostic criterion for overweight: BMI ≥ 24

kg/m2.

Exclusion criteria:

1. Poor cooperation during examination or inadequate

ultrasound image quality (n = 38);

2. Incomplete clinical data (n = 29);

3. Secondary obesity due to diabetes, hypertension, or other

systemic diseases (n = 12);

4. History of smoking or alcohol use (n = 5);

5. Coefficient of variation D± > 20% between repeated

UFPWV measurements of PWVBS and PWVES (n = 16);

6. Presence of carotid plaques or increased common carotid

artery IMT on B-mode ultrasound (n = 12).

(2) Control Group: 42 healthy adolescents were randomly

selected during the same period from routine health check-ups at

the First Affiliated Hospital of Ningbo University.

Inclusion criteria:

1. Age ≤ 18 years;

2. Normal weight defined as BMI < 24 kg/m2.

Exclusion criteria:

1. Diagnosis of diabetes, hypertension, or other cardiovascular

or cerebrovascular diseases (n = 13);

2. History of smoking or alcohol use (n = 1);

3. Any abnormality in routine blood/urine tests, liver or renal

function, fasting glucose, electrocardiogram, or abdominal

ultrasound (n = 12).

Final cohort:

Overweight group: 30 adolescents (age range: 10–17 years;

mean age: 15 years);
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Control group: 26 adolescents (age range: 8–17 years; mean age:

13 years).

This retrospective study was approved by the Ethical

Committee of Ningbo University First Affiliated Hospital

(Approval No. 053RS of the 2025 Ethics Review).
2.2 Instruments and equipment

The study utilized the Supersonic Imagine Aixplorer® color

Doppler ultrasound diagnostic system, with the probe model SL10–

2 linear array probe operating at a frequency range of 2–10 MHz.

The system features an integrated UFPWV detection module, and

the preset mode was configured for carotid artery assessment.

2.3 Measurement indicators and methods

(1) Collection of General Clinical Data.

All participants’ clinical data were collected and recorded,

including age, height, and weight.

(2) Collection of Biochemical Test Results.

Participants were instructed to have a light diet the night before

blood sampling, fasting for more than 12 hours. Blood was drawn

the following morning to obtain fasting plasma glucose(FPG),UA,

TG, TC, HDL-C, and LDL-C.

(3) Measurement of IMT.

Participants were positioned supine with their necks extended

and turned toward the opposite side to adequately expose the

carotid artery. The ultrasound probe was placed 1.5 cm proximal

to the bifurcation of the common carotid artery. After obtaining a

clear longitudinal image, the image was frozen (Figure 1). The built-

in IMT measurement function of the instrument was activated, and

the system automatically calculated and recorded the average IMT

value for that vascular segment.

(4) UFPWV Measurement:

Participants were instructed to remain quiet and hold

their breath for 5 seconds. The operator clicked the “PWV”

button on the control panel and maintained the probe’s stability

for approximately 5 seconds. Once the system automatically

identified the endothelial line of the blood vessel, the operator
FIGURE 1

Long-axis image of common carotid artery under two-dimensional
gray-scale ultrasound.
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clicked the “Select” button on the control panel to obtain data for

PWV at the beginning of systole (PWVBS) and at the end of systole

(PWVES), along with their coefficients of variation (D±). Ideally, D±
should be less than 20% (Figure 2). Each participant underwent

three repeated measurements, and the final result was taken as the

average value. All procedures were independently performed and

verified by two ultrasound physicians with over five years

of experience.

In the accompanying Figure 2, the yellow box indicates the

adjustable sample frame for the region of interest, while the red

dashed line represents the endothelial line automatically delineated

by the system. The lower figure shows the marked movement

trajectories of the anterior wall of the carotid artery, with red

representing the movement towards the probe during systole and

blue representing the movement away from the probe during

diastole. On the right side, the measured values of PWVBS and

PWVES, along with their standard deviations, are displayed.

2.4 Statistical methods

This study performed a retrospective analysis of the statistical

data from the 56 participants using SPSS version 26.0 for statistical

analysis. Measurement data were expressed as mean ± standard

deviation (�x ± s). Data from both groups were verified via Q–Q

plots to follow a normal distribution; therefore, independent-samples

t-tests were used for between-group comparisons. Mann–Whitney U

tests were used to compare subgroups with different UA levels within

the overweight group. Scatterplots confirmed linear relationships

between variables; thus, Pearson correlation analysis was used to

assess the correlations of PWVBS and PWVES with IMT, BMI, FPG,

UA, TG, TC, HDL-C, and LDL-C. Bland–Altman analysis was used

to evaluate inter-operator agreement, and the intraclass correlation

coefficient (ICC) was used to assess intra-operator repeatability.

Receiver Operating Characteristic (ROC) curves were plotted to

determine the cutoff values for PWVBS and PWVES in diagnosing

impaired arterial elasticity. A significance level of P< 0.05 was

considered statistically significant for all tests.
Frontiers in Endocrinology 04
3 Results

3.1 Clinical data and biochemical data
comparison between groups

The overweight group exhibited significantly higher levels of

BMI, UA, TG, TC, HDL-C, and LDL-C compared to the normal

group (P< 0.05). However, there was no statistically significant

difference in age and FPG between the two groups (P >

0.05) (Table 1).
3.2 Comparison of IMT, PWVBS, and
PWVES between groups

The average values of IMT, PWVBS, and PWVES in the

overweight group were all higher than those in the normal group.

Among these, the differences in PWVBS and PWVES were

statistically significant (P< 0.05), while no significant difference

was observed in IMT (Table 2 and Figure 3).
3.3 Comparison of carotid parameters
among different UA levels in the
overweight group

According to the normal uric acid values of 155-357mmol/L

established by our hospital, the overweight group was divided into

two subgroups: the elevated UA group (UA > 357mmol/L) with 23

cases and the normal UA group (UA≤ 357mmol/L) with 7 cases. The

Mann–Whitney U test showed that PWVES differed significantly

between the two groups (P < 0.05, r = 0.35), with a 95% CI for the

median difference of [5.03, 5.77].PWVBS also differed significantly

(P < 0.05, r = 0.37), with a 95% CI for the median difference of [4.74,

5.58]. No significant difference was found in IMT (P > 0.05)

(Table 3).
FIGURE 2

Measurement of UFPWV in the anterior wall of the carotid artery.
TABLE 1 Comparison of clinical and biochemical data between the two

groups (�x s).

Variable
Normal

group (n=26)
Overweight
group (n=30)

t P

Age (year) 13.42 ± 2.96 15.01 ± 3.01 0.66 0.079

BMI (Kg/m2) 18.65 ± 3.69 32.00 ± 4.76 0.432 <0.01

FPG (mmol/L) 4.89 ± 0.50 5.10 ± 0.58 0.418 0.158

UA(mmol/L) 335.19 ± 86.64 470.83 ± 90.61 0.013 <0.01

TG (mmol/L) 1.00 ± 0.61 1.72 ± 0.83 2.95 <0.01

TC (mmol/L) 4.12 ± 0.64 4.78 ± 0.53 0.74 <0.01

HDL-C
(mmol/L)

1.36 ± 0.23 1.13 ± 0.14 3.06 <0.01

LDL-C(mmol/
L)

2.51 ± 0.50 2.99 ± 0.46 0.166 <0.01
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3.4 Correlation of PWVBS and PWVES with
clinical data

In the overweight group, both PWVBS and PWVES exhibited

positive correlations with BMI, UA, TC, and LDL-C, while negative

correlations were observed with HDL-C (Table 4).

3.5 Correlation of PWVBS and PWVES with
clinical data

Assessment of agreement and repeatability of PWVBS and

PWVES using UFPWV technology.

3.5.1 Agreement assessment

Two operators each performed three consecutive measurements

of carotid PWVBS and PWVES in the same participant and
Frontiers in Endocrinology 05
recorded the mean values. Bland–Altman plots were constructed

to evaluate inter-operator agreement. The 95% limits of agreement

for both PWVBS and PWVES were narrow, with only 3 out of all

data points falling outside the 95% LoA—deemed clinically

acceptable. These results indicate good agreement between the

two operators.

3.5.2 Repeatability assessment

Repeatability of PWVBS and PWVES measurements by the two

operators using UFPWV was excellent, with intraclass correlation

coefficients (ICCs) of 0.88 and 0.81, respectively.

3.6 Sensitivity and specificity analysis of
PWVBS and PWVES

Using BMI as a status variable, ROC curves were plotted based on

the carotid elasticity parameters PWVBS and PWVES. The areas

under the curve (AUC) were found to be 0.707 for PWVBS and 0.749

for PWVES, indicating that PWVES has superior diagnostic efficacy

for overweight. The optimal cutoff values were determined based on

the maximum Youden index. When PWVBS was set at 4.33 m/s, the

sensitivity and specificity were optimal, with sensitivity at 75.6% and

specificity at 65.9%. For PWVES, at 4.515 m/s, the optimal sensitivity

and specificity were found to be 71.8% and 73.2%, respectively.

Therefore, this study considers PWVBS > 4.33 m/s and PWVES >
TABLE 2 Comparison of IMT, PWVBS and PWVES between the two groups

(�x s).

Variable
Normal

group (n=26)
Overweight
group (n=30)

t P

IMT(mm) 0.44 ± 0.07 0.47 ± 0.05 0.54 0.08

PWVBS(m/s) 4.30 ± 0.48 5.16 ± 0.88 3.89 <0.01

PWVES(m/s) 4.42 ± 0.39 5.25 ± 0.84 11.67 <0.01
FIGURE 3

Comparison of IMT (A), PWVBS (B) and PWVES (C) between the two groups.
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4.515 m/s as critical values for detecting changes in carotid elasticity

among overweight adolescents (Figure 4).
4 Discussion

Overweight is a traditional risk factor for AS, which serves as

the fundamental pathological basis for CVD. As of 2023, the global

prevalence of CVD is estimated at 775 million, making it a leading

cause of health loss worldwide, responsible for approximately two-

thirds of all health losses (18). Therefore, monitoring overweight

and carotid elasticity impairment during adolescence could

effectively delay the progression of AS, thereby reducing the

prevalence of CVD in adulthood.

This study jointly analyzed the association between clinical

variables (e.g., age and sex) and arterial elasticity parameters in

adolescents. No statistically significant difference in age was

observed between the two groups, and age showed no correlation

with elasticity parameters, suggesting that age has minimal impact

on carotid arterial elasticity in overweight adolescents. Age is a well-

established factor influencing arterial elasticity, with vascular

elasticity typically declining with advancing age. This age-related

decline is primarily manifested as structural alterations in the

arterial wall—including elastin fragmentation and degeneration,

along with increased collagen deposition—leading to reduced

arterial compliance. However, since all participants in this study

were adolescents and middle-aged or older individuals were

excluded, the narrow and homogeneous age distribution of the

sample may explain the absence of a significant association between

age and arterial elasticity parameters. Furthermore, this study found

that sex did not significantly affect vascular elasticity. Although

some studies have reported that estrogen in females exerts anti-
Frontiers in Endocrinology 06
atherosclerotic effects (19), and that excess androgens can impair

vascular endothelial function (20) and promote vascular smooth

muscle cell proliferation and migration—thereby increasing arterial

stiffness—the participants in this study were adolescents, who

generally have lower levels of sex hormone secretion compared to

adults. This may partly explain the lack of significant differences in

arterial elasticity between sexes in our cohort.

The results of this study indicate that the carotid elasticity

parameters PWVBS and PWVES in the overweight group were

significantly higher than those in the normal group (P< 0.05),

suggesting that being overweight leads to vascular wall damage and

a decrease in vascular elasticity. A potential cause for this is the

excessive accumulation of oxidized low-density lipoprotein cholesterol

(ox-LDL-C) in the bodies of overweight individuals, which can

damage the endothelium (21). Endothelial dysfunction is considered

a critical early step in the pathophysiology of atherosclerosis.

Endothelial cells play a pivotal role in regulating vascular tone by

releasing various vasoactive factors, such as nitric oxide (NO), which

maintains vasodilatory function. Abnormal deposition of ox-LDL-C

in the arterial wall impairs endothelial permeability at an early stage,

primarily manifesting as reduced release of vasoactive factors and

diminished vasodilatory capacity, thereby adversely affecting vascular

elasticity (22). Furthermore, ox-LDL-C disrupts the endothelial

barrier, triggering oxidative stress and vascular inflammation.

Sustained and excessive endoplasmic reticulum stress not only

induces macrophage apoptosis but also promotes necrotic core

formation in advanced atherosclerotic plaques—processes that are

central to the initiation and progression of atherosclerosis (23). In

addition, insulin resistance commonly present in overweight

adolescents can directly induce hypertrophy and phenotypic

modulation of both endothelial and vascular smooth muscle cells,

leading to endothelial dysfunction and arterial stiffening (24). Notably,

this study found no significant difference in IMT between the two

groups, suggesting that structural changes in the carotid artery lag

behind functional alterations in overweight adolescents.

In this study, the overweight group was further subdivided

based on our hospital’s normal UA levels (155-357mmol/L),

creating a UA normal subgroup (UA≤ 357mmol/L) and a UA

elevated subgroup (UA > 357mmol/L). Comparison of carotid

IMT and elasticity parameters revealed that the PWVBS and
TABLE 4 The correlation between PWVBS, PWVES and various clinical

factors was analyzed.

Variable
PWVBS(m/s) PWVES(m/s)

r P r P

BMI(Kg/m2) 0.54 <0.05 0.54 <0.05

UA(mmol/L) 0.52 <0.05 0.44 <0.05

TC (mmol/L) 0.34 <0.05 0.32 <0.05

LDL-C (mmol/L) 0.33 <0.05 0.33 <0.05

HDL-C (mmol/L) -0.43 <0.05 -0.42 <0.05
TABLE 3 Comparison of carotid artery parameters between different UA

level subgroups in overweight group (�x s).

Variable
Normal UA
group (n=7)

Elevated UA
group (n=23)

U Z P

IMT (mm) 0.45 ± 0.04 0.47 ± 0.05 91.0 0.519 0.604

PWVBS
(m/s)

4.34 ± 0.35 5.25 ± 0.95 121.5 2.001 0.044

PWVES
(m/s)

4.48 ± 0.70 5.34 ± 0.92 119.5 1.913 0.049
FIGURE 4

ROC curves of PWVBS and PWVES.
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PWVES in the elevated UA group were significantly higher than

those in the normal UA group (P< 0.05), with no statistical

difference in IMT (P > 0.05). These findings suggest that elevated

UA levels in overweight adolescents may further impair vascular

elasticity. Furthermore, our analysis showed that UA had positive

correlations with PWVBS and PWVES, indicating that UA may

accelerate the progression of AS in overweight adolescents. Possible

mechanisms include the following: First, visceral fat in overweight

adolescents, which induces an influx of free fatty acids into the liver

and hepatic portal vein, stimulating TG synthesis and leading to

excessive production of UA via activated UA synthesis pathways

(25). Elevated UA levels can cause endothelial dysfunction

and promote the oxidation of LDL-C and lipid peroxidation

(26). Oxidative stress responses within the vast majority of cells

activate sterol regulatory element-binding proteins, resulting in the

production of various lipogenic enzymes. All these lipases promote

the production of fat (27). Second, insulin resistance may be the

underlying link connecting hyperuricemia and hyperlipidemia

(28). When both hyperlipidemia and hyperuricemia coexist,

their combined risk is not merely additive; rather, they interact

synergistically through mechanisms such as inflammation,

oxidative stress, endothelial injury, and insulin resistance. This

synergistic effect is particularly evident in arterial function

assessed by UFPWV, substantially amplifying the risk of AS

beyond that posed by either risk factor alone. Notably, no

significant difference in IMT was observed between the groups,

indicating that even in the presence of these two AS risk factors,

structural alterations in the arterial wall are not yet detectable in

adolescents. This further supports the notion that IMT is

insufficiently sensitive to reflect early atherosclerotic changes in

this population.

Additionally, this study analyzed the correlation of several

common biochemical indicators with elasticity parameters,

including UA, TC, LDL-C, and HDL-C. Elasticity parameters

were positively correlated with TC, LDL-C, and UA, while a

negative correlation was observed with HDL-C. LDL-C is well-

known as a key factor in AS, as its oxidized products (ox-LDL-C)

cannot be recognized by normal LDL receptors but are rather taken

up by scavenger receptors on macrophages, promoting foam cell

formation and eventually leading to early AS lesions known as fatty

streaks. Conversely, HDL-C is currently regarded as an important

player in counteracting AS (29). Its reverse cholesterol transport

mechanism effectively reduces the abnormal accumulation of

cholesterol in the vascular endothelium, thereby protecting

endothelial cells and maintaining vascular elasticity. Moreover,

triglyceride-rich lipoproteins (like intermediate-density

lipoproteins, very-low-density lipoproteins, and chylomicron

remnants) can directly or indirectly affect the structure of LDL-C

and HDL-C (23), contributing to the formation of AS plaques. UA,

as the final product of purine metabolism catalyzed by xanthine

oxidase, generates reactive oxygen species, such as superoxide

anions, during its synthesis. These free radicals can react with

nitric oxide, damaging endothelial function. A study has

confirmed that xanthine oxidase may serve as an important

therapeutic target for the prevention and treatment of CVD (30).

Therefore, early and effective monitoring of arterial elasticity
Frontiers in Endocrinology 07
changes and lipid and uric acid levels in overweight adolescents

can help reduce the future risk of CVD.

Through ROC curve analysis, it was found that the AUC for the

carotid elasticity parameters PWVBS and PWVES were 0.707 and

0.749, respectively. The optimal cutoff values determined using the

Youden index indicated that PWVBS > 4.33 m/s and PWVES >

4.515 m/s could serve as diagnostic thresholds for abnormal carotid

elasticity in overweight adolescents. Notably, the predictive value of

PWVES (AUC = 0.749) was higher than that of PWVBS (AUC =

0.707), suggesting that PWVES can more effectively identify early

changes in arterial elasticity among overweight adolescents, a

finding consistent with previous research (31).

However, this study also has some limitations: (1) Perhaps the issue

of adolescent overweight has not received sufficient attention, and the

exclusion criteria are rather strict, which has resulted in a relatively

small sample size for this study. In the future, it is necessary to increase

publicity or conduct free screenings in schools to expand the sample

size and scope; (2) The current study used BMI as a standard for

classifying overweight status, but it has been reported that there are

substantial individual differences in the correlation between BMI and

both subcutaneous and visceral fat (32). Therefore, subsequent analyses

should incorporate other obesity assessment parameters, such as waist

circumference, waist-to-hip ratio, body fat percentage, and visceral fat

area for a more comprehensive evaluation. (3) Due to the limited

sample size, propensity score matching(PSM) was not employed, as

matching could further reduce the effective sample size and increase

estimation variance. Future studies with larger samples should

incorporate PSM or multivariable regression models to adequately

control for confounding factors (4). Although we adjusted for known

covariates as thoroughly as possible in our analyses, residual

confounding may still exist—particularly from unmeasured or

imperfectly adjusted variables such as pubertal stage (e.g., Tanner

staging) and socioeconomic status, which could potentially influence

the primary outcomes. Future research should validate our findings in

larger, multicenter cohorts.
5 Conclusion

In summary, this study innovatively employed UFPWV

technology to assess carotid elasticity in overweight adolescents,

revealing that the decline in arterial elasticity occurs earlier than

morphological changes in the carotid artery. In the past, UFPWV

technology was often used to evaluate the arterial elasticity of metabolic

diseases in adults, but few studies were conducted in adolescents.

However, in fact, the occurrence and development of AS in adults often

originates from adolescents. Therefore, adolescents as the primary

screening object can effectively prevent the incidence of CVD and

other diseases in adults. The findings of this study indicate that

UFPWV technology can facilitate precise evaluations of carotid

vascular wall elasticity. Qualitative and quantitative analyses of

carotid elasticity using UFPWV technology can aid in the early

identification of vascular functional abnormalities in overweight

adolescents, thereby providing timely interventions to reduce the risk

of CVD in later life.
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