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Background: Carotid–femoral pulse wave velocity, carotid intima–media 

thickness (cIMT) and left ventricular hypertrophy are early measures of future 

subclinical cardiovascular disease (CVD) events. Although the associations 

between body mass index (BMI), abdominal adiposity measures, blood pressure, 

and CVD have been relatively well studied in adults, the evidence in children and 

adolescents is limited. Therefore, this study aimed to investigate the associations 

between BMI, abdominal obesity indices, blood pressure levels, and cIMT among 

obese adolescents in Jiangsu Province, China, and to identify potential 

critical thresholds.

Methods: A stratified cluster sampling method was used to select participants from 

primary, middle, and high schools in Jiangsu Province. Clinical examinations 

included anthropometric measurements, blood sampling, and ultrasound 

assessments. cIMT was measured via carotid ultrasound. Statistical analyses, 

including Spearman correlation coefficients, nonlinear fitting, piecewise 

regression and multiple linear regression, were conducted to explore the 

associations between BMI, abdominal obesity indicators, blood pressure levels, 

and cIMT in obese adolescents.

Results: Among the 245 obese adolescents, the waist‒to-hip ratio (WHR), BMI, 

systolic blood pressure (SBP), and diastolic blood pressure (DBP) were 

significantly positively correlated with cIMT (P < 0.001).Nonlinear fitting and 

piecewise regression revealed that right cIMT increased sharply with 

SBP > 115.7 mmHg, DBP > 70.9 mmHg, BMI > 26.0 kg/m2; left cIMT increased 

sharply with SBP > 131.0 mmHg, DBP > 81.8 mmHg, BMI > 33.0 kg/m2, and 

WHR > 0.84. Multivariate analysis indicated that only SBP maintained an 

independent association with left cIMT (P < 0.05).

Conclusion: Our study revealed a significant association between anthropometric 

measures and cIMT in obese adolescents, and these factors can be used as early 

markers of subclinical CVD. Early intervention for BP control may help reduce 

long-term CVD risk in this population.
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Introduction

The carotid-femoral pulse wave velocity, carotid intima-media 

thickness (cIMT), and left ventricular mass index are well- 

established surrogate markers for subclinical cardiovascular disease 

(CVD), primarily coronary heart disease and stroke (1). In adult 

populations, the associations between body mass index (BMI), 

abdominal obesity indicators, blood pressure levels, and CVD 

incidence have been extensively documented (2, 3). However, 

extrapolating these findings to younger populations is problematic 

due to distinct physiological and developmental trajectories (4).

Despite the rising global prevalence of childhood obesity, a 

critical public health concern, research examining its direct impact 

on early vascular aging in adolescents remains limited, both 

domestically and internationally (5–7). This gap is particularly 

salient in China, where rapid socioeconomic changes have 

accelerated obesogenic environments (8). While numerous studies 

have focused on adult CVD risk factors, comprehensive data on the 

precise relationships between anthropometric measures, blood 

pressure, and cIMT in obese adolescents are scarce (9, 10).

As one of China’s most economically developed and populous 

provinces, Jiangsu Province represents an ideal and strategic 

location for this investigation. This economic prosperity, however, 

is associated with lifestyle changes that may increase the risk of 

childhood obesity (11). No prior study has specifically explored the 

relationship between anthropometric indicators, blood pressure, 

and subclinical CVD in obese adolescents within this populous and 

economically significant region.

Research has revealed a significant correlation between BMI, 

abdominal obesity indicators, and blood pressure levels during 

childhood and adulthood (12–14). Therefore, elucidating the 

associations among BMI, abdominal obesity indicators, and blood 

pressure levels with cIMT in adolescents is biologically plausible 

and critical for early intervention. Furthermore, as CVD is a major 

chronic disease affecting the health of the Chinese population, 

identifying early biomarkers and risk thresholds during childhood 

has substantial practical and public health value (13, 15).Based on 

this background and rationale, this study was specifically designed 

to (1) investigate the associations between BMI, abdominal 

obesity indicators, blood pressure levels, and cIMT in obese 

adolescents; (2) identify potential critical thresholds for these 

metrics beyond which the risk of increased cIMT rises significantly; 

and (3) evaluate which risk factors maintain an independent 

association with subclinical atherosclerosis after adjusting for 

potential confounders.

Methods

Study population

Our study selected participants from primary, middle and 

high schools in Jiangsu Province (located between 116°21′E - 

121°56′E and 30°45’N - 35°08′N) via stratified cluster sampling, 

thus ensuring representation across gender and age groups. 

Weight status was assessed via age- and sex-specific BMI 

percentiles, and obese children (defined as BMI ≥ 95% for age 

and sex) were included in further analyses (16).The sample size 

was determined through a statistical power calculation using the 

formula for estimating proportions in a population, which is a 

standard method in clinical and epidemiological research. This 

formula ensures the sample is large enough to detect a 

statistically significant effect with a high degree of confidence, 

while remaining feasible to recruit. The formula used was: 

n ¼

Z2
�p(1�p)

E2 , Where: n = required sample size, Z = Z-score 

corresponding to the desired confidence level. We set this at 

95% (a standard in medical research), corresponding to a 

Z-score of 1.96. p = estimated proportion (prevalence) of the key 

characteristic in the population (17). Baseline data from the 

study population were collected through standardized clinical 

examinations, including anthropometry, blood sampling, and 

ultrasound evaluation. All anthropometric measurements and 

clinical indicators were objectively obtained during these 

physical examinations conducted in a hospital setting, using 

calibrated instruments and following strict protocols. Ethical 

approval for this study was obtained from the institutional 

review boards of Kunshan Municipal Centers for Disease 

Control and Prevention (approval number: 2024020), and 

informed consent was obtained from the participants and their 

parents or guardians.

Measurement

We measured several key indicators, including exposure factors 

such as height, body mass, waist circumference, hip circumference, 

systolic blood pressure, and diastolic blood pressure, as well as the 

following outcome factors: cIMT. Height and body mass were 

measured via a calibrated digital scale, with each child wearing 

light clothing and without shoes or hats. BMI was calculated as 

body mass (kg) divided by the square of height (m2). Waist 

circumference was measured at the midpoint between the lowest 

point of the costal arch and the upper edge of the iliac crest, using a 

Fexible tape measure horizontally around the body, ensuring that 

the tape was level and untwisted; the measurement was recorded 

where the tape intersected with the 0 mark. Hip circumference was 

measured at the most prominent point of the gluteus maximus at 

the front and back, with the tape snugly enciring the measurement 

point without compressing the skin, and the measurement was 

recorded accordingly. The waist‒to-hip ratio (WHR) was calculated 

by dividing waist circumference (cm) by hip circumference (cm).

Blood pressure measurements were conducted via an 

automatic electronic blood pressure monitor, which inFates and 

deFates automatically. Once the measurement was completed, 

the monitor displayed the systolic blood pressure (SBP), 

diastolic blood pressure (DBP), and pulse rate on the screen. To 

ensure accuracy, we took two measurements, each separated by 

an interval of 30–60 s. If the difference in SBP or DBP readings 

between these two measurements exceeded 5 mmHg, we 

performed a third measurement and recorded the average of all 

three readings.
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cIMT was assessed via carotid ultrasound. Grayscale features 

of the outer membrane region were extracted from the collected 

carotid ultrasound images, and the intima–media boundary and 

lumen–intima boundary lines were delineated to calculate the 

cIMT on the basis of these boundaries. The average cIMT was 

calculated from three measurements taken from both the left 

and right carotid arteries.

Statistical analysis

In our study, the distribution of all continuous variables was 

first assessed using the Shapiro–Wilk test. Variables that were 

normally distributed are presented as mean ± standard deviation 

(SD), while non-normally distributed variables are presented as 

median (interquartile range, IQR). This approach was applied to 

understand the baseline characteristics of the population by age 

stratification (≤12 years, prepubertal; >12 years, postpubertal). 

The distribution of cIMT across age and sex was analyzed via 

scatter plots and linear fitting. Bivariate associations between 

anthropometric parameters and cIMT were assessed via 

Spearman’s rank correlation coefficient. For comparisons of 

continuous variables that were not normally distributed across 

three or more groups, the Kruskal–Wallis test was employed. 

The locally weighted scatterplot smoothing (LOESS) method was 

used to explore the nonlinear relationships between variables 

(18), which were visualized via scatter plots and smooth curves. 

To precisely identify the turning points in the relationships 

between cardiometabolic indicators (SBP, DBP, BMI, WHR) and 

cIMT, we employed piecewise regression analysis using the 

segmented package in R (19). This method iteratively fits two 

linear regression models to the data on either side of a potential 

break point and estimates the location of the breakpoint that 

minimizes the residual sum of squares for the entire model. 

Multiple linear regression analysis was used to determine 

independent risk factors affecting cIMT: Model 1 did not adjust 

for any variables, Model 2 adjusted for core demographic 

characteristics (age, sex), and Model 3 adjusted for all covariates 

except the measure itself. To control the Type I error (false 

positive result) in multiple hypothesis testing, the significance 

level (α) was set at 0.05 and adjusted using the Bonferroni 

correction where appropriate for multiple comparisons. All 

analyses were conducted in R 4.4.1. Statistical significance was 

defined as a two-tailed P-value < 0.05.

Results

Characteristics of the study population

According to the formula for calculating the sample size, p was 

the prevalence of obesity in our study population. Based on 

national data indicating a childhood obesity prevalence of 

approximately 17%–20% (8, 20) (17.06% according to statistics 

from Kunshan, Jiangsu Province, Supplementary Material 1), we 

used p = 0.20 (20%) for a conservative estimate. E = desired margin 

of error (precision). We set this at ±5% (0.05), meaning we can be 

95% confident that the true population parameter lies within 5% of 

our sample estimate. Calculation: n ¼
1:962

�0:2(1�0:2)
0:052 ¼ 245:86. 

A total of 245 obese adolescents with a mean age of 12 years were 

included in this study. Most participants were boys (n = 172, 

70.2%), with a mean BMI of 25.5 kg/m2, a median SBP of 

118.67 mmHg, a median DBP of 68.67 mmHg, and a median 

WHR of 0.83. Table 1 details the anthropometric characteristics of 

obese adolescents by sex and age group. The results of the Kruskal‒ 

Wallis test revealed significant differences in related indicators 

between different sex and age groups.

Figure 1 shows the distribution of cIMT in obese children by age 

and sex. The mean left IMT was 0.42 mm and ranged from 0.30 to 

0.58 mm, whereas the mean right IMT was 0.41 mm and ranged 

from 0.28 to 0.60 mm. Notably, after the 10‒12 years of age, males 

presented higher cIMT values than females did, suggesting a 

possible sex difference in carotid atherosclerosis progression.

Correlation analysis

Correlation analysis revealed that the waist‒hip ratio, BMI, 

systolic blood pressure and diastolic blood pressure were 

positively correlated with cIMT (P < 0.001). The Spearman 

correlation coefficients are shown in Table 2. The results 

revealed that increased anthropometric indices were strongly 

associated with elevated cIMT, suggesting their potential role in 

the development of early vascular changes.

TABLE 1 Baseline characteristics of obese adolescents.

Type Gender Age ≤12 (years) 
(N = 131)

Age >12 (years) 
(N = 114)

Kruskal‒Wallis P

Median/mean IQR/sd Median/mean IQR/sd

Systolic blood pressure (mmHg) F 105.50 12.08 124.33 14.33 <2.2E-16

M 111.66 13.83 132.67 17.00

Diastolic blood pressure (mmHg) F 60.33 13.08 73.33 7.33 2.7E-16

M 64.00 8.00 73.67 12.33

Waist hip ratio F 0.76 0.06 0.88 0.09 <2.2E-16

M 0.79 0.07 0.89 0.08

Body mass index (kg/m2) F 21.73 3.44 28.79 4.7 <2.2E-16

M 23.31 3.78 28.70 4.51
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Nonlinear fitting and piecewise regression 
analysis

Nonlinear fitting was performed to analyze the trends between 

each indicator and cIMT. The piecewise regression analysis 

identifies exact inFection points under different trends. For SBP, 

right cIMT remained relatively stable between 95.0 and 

115.7 mmHg but showed a steep increase as SBP exceeded 

115.7 mmHg; left cIMT remained relatively stable between 93.3 

and 131.0 mmHg but showed a steep increase as SBP exceeded 

131.0 mmHg (Figure 2). With respect to DBP, a multi-phase 

association was also observed. Right cIMT decreased as DBP 

increased from 40.0 to 60.0 mmHg, and then increased markedly 

above 70.9 mmHg. Left cIMT declined with increasing DBP up to 

58.7 mmHg, and increased rapidly above 81.8 mmHg (Figure 3). In 

terms of BMI, the association with cIMT was complex and side- 

dependent. Right cIMT decreased gradually until BMI reached 

22.3 kg/m2, and then rose above 26.0 kg/m2. Left cIMT showed a 

different trajectory, with a increase until 21.0 kg/m2, remained 

relatively stable between 21.0 and 23.0 kg/m2, and a sharp rise 

above 23.0 kg/m2 (Figure 4). The relationship between WHR and 

cIMT also demonstrated lateral differences. Right cIMT remained 

steadily rising during the increase in WHR. Left cIMT showed a 

stable phase between WHR 0.78 and 0.84, and a rapid increase 

above 0.84 (Figure 5).

Multivariate analysis

To comprehensively evaluate the independent effects of each 

index on cIMT, multivariate logistic regression analysis was 

performed. The analysis revealed that, after adjusting for other 

covariates, SBP was the only anthropometric measure among those 

analyzed that maintained a statistically significant independent 

association with cIMT (P < 0.05), as presented in Tables 3, 4. This 

finding suggests that SBP may be a key target for interventions to 

reduce cardiovascular risk in this population.

Discussion

Our study revealed a significant association between 

anthropometric measurements and cIMT in obese adolescents and 

further explored the nonlinear relationships among the WHR, 

BMI, blood pressure and cIMT, as well as their independent effects 

on cIMT. Given the increasing prevalence of obesity and 

hypertension among children and adolescents globally (21, 22), 

early screening and intervention strategies are urgently needed to 

reduce cardiovascular risk in the future.

The observed ratio of approximately 70% boys to 30% girls in 

our cohort of 245 obese children is not a result of sampling bias, 

but rather an accurate reFection of the underlying epidemiological 

reality of childhood obesity in our study region. Our sample’s 

FIGURE 1 

Distribution of cIMT across age and gender.

TABLE 2 Spearman correlation coefficients between anthropometric 
indicators, blood pressure, and cIMT.

Correlation Left IMT Right IMT

Coefficients P Coefficients P

WHR 0.425 5.74E-12 0.447 2.92E-13

BMI 0.446 3.31E-13 0.455 9.72E-14

SBP 0.417 1.49E-11 0.418 1.25E-11

DBP 0.306 1.27E-06 0.286 6.65E-06
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FIGURE 2 

Dose‒response relationships between systolic blood pressure and cIMT.

FIGURE 3 

Dose‒response relationships between diastolic blood pressure and cIMT.
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FIGURE 4 

Dose‒response relationship between BMI and cIMT.

FIGURE 5 

Dose‒response relationship between the waist‒to-hip ratio and cIMT.
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gender distribution aligns almost perfectly with the obesity 

prevalence data from our region (Supplementary Material 1). The 

provided data indicates: Boys’ obesity prevalence = 21.19%, Girls’ 

obesity prevalence = 12.33%. Our observed ratio of ∼70% is slightly 

higher than this theoretical expectation but falls well within a 

reasonable range of sampling variation, especially when 

considering that childhood obesity rates are consistently reported 

to be higher in boys than girls (11, 12). This confirms that our 

sample’s composition is a representative and accurate reFection of 

the local childhood obesity landscape. Interestingly, boys entering 

the pubertal stage had higher cIMT values than girls of the same 

age did (Figure 1). These findings imply that sex and age may play 

a role in the progression of carotid atherosclerosis. This finding is 

consistent with previous studies showing that males are more 

prone to vascular changes after puberty, the reason behind this may 

be the effect of sex hormones on vascular remodeling around 

puberty, as well as differences in fat distribution patterns and 

changes in lifestyle factors (23–25).

Some studies have noted that subclinical damage in different 

parts of the arterial tree is not uniformly affected by the same 

cardiovascular risk factors (26, 27). Therefore, we measured the 

bilateral carotid arteries and evaluated the inFuence of 

anthropometric indicators. However, our study revealed that WHR, 

BMI, and blood pressure were positively correlated with bilateral 

cIMT. Similar results have been reported in studies of children and 

adults (9, 28–30). Nonlinear fitting and piecewise regression 

revealed several turning points, those were associated with elevated 

cIMT. These cutoff points are consistent with the stage II 

diagnostic criteria in the latest ACC/AHA adolescent hypertension 

guidelines and the diagnostic threshold for abdominal obesity 

recommended by the WHO (29, 31–36), However, it is noteworthy 

that our piecewise regression analysis revealed even more nuanced, 

side-specific turning points, suggesting that the relationship 

between risk factors and vascular changes may be more complex 

than a single universal threshold. Multivariate analysis further 

highlighted the critical role of SBP as an independent predictor of 

cIMT. Although other factors, such as BMI and the WHR, were 

strongly associated with cIMT, only systolic blood pressure 

maintained an independent relationship with cIMT after 

accounting for potential confounders. This finding highlights the 

critical importance of blood pressure management as a primary 

intervention strategy (37, 38).

Our study boasts several strengths that enhance the validity and 

impact of our findings. Firstly, the use of a stratified cluster 

sampling method improved the representativeness of our sample of 

obese adolescents. Secondly, all data were derived from objective 

and precise clinical measurements (e.g., calibrated scales, ultrasound 

for cIMT), eliminating the potential for recall bias inherent in self- 

reported data and ensuring high data accuracy. Thirdly, employing 

advanced statistical techniques—specifically, nonlinear fitting and 

piecewise regression analysis—allowed us to identify precise risk 

thresholds beyond which cIMT increased markedly. Lastly, by 

focusing on the critical yet understudied population of obese 

adolescents, our research provides valuable insights for crafting 

targeted early prevention strategies, addressing a significant public 

health gap. Collectively, these strengths underscore the robustness of 

our study design and the credibility of our conclusions.

However, our study has several limitations. First, this was a 

cross-sectional study, and no conclusions can be drawn about 

causality. Future studies should focus on longitudinal studies to 

track the progression of cIMT and other subclinical CVD 

markers over time. In addition, it is necessary to incorporate 

other factors in addition to traditional cardiovascular risk 

factors, such as physical exercise and genetic factors, to study 

the impact of these indicators on CVD risk.

In conclusion, our study establishes significant nonlinear 

relationships between obesity-related indicators (BMI, WHR) and 

blood pressure (SBP, DBP) with cIMT in adolescents, identifying 

critical thresholds that trigger accelerated vascular damage. Systolic 

blood pressure independently predicts cIMT progression, 

highlighting its pivotal role in early cardiovascular risk assessment. 

These findings advocate for prioritized blood pressure management 

and obesity interventions in youth, supported by public health 

strategies promoting lifestyle modifications.

TABLE 3 Multivariate analysis of anthropometric indicators and blood pressure in the Right IMT.

Right IMT Unadjusted Adjusted age and gender Adjusted other vars

Estimate SE t P Estimate SE t P Estimate SE t P

WHR 0.377 0.048 7.727 2.9E-13 0.241 0.069 3.458 6E-4 0.132 0.102 1.288 0.198

BMI 0.005 0.001 7.695 3.5E-13 0.003 0.001 3.382 8E-4 0.001 0.002 0.882 0.378

SBP 0.002 0.000 7.297 4.2E-12 0.001 0.000 2.883 0.004 0.001 0.000 1.936 0.053

DBP 0.002 0.000 4.582 7.4E-6 0.000 0.000 0.673 0.501 −0.001 0.001 −1.496 0.135

TABLE 4 Multivariate analysis of anthropometric indicators and blood pressure in the left IMT.

Left IMT Unadjusted Adjusted age and gender Adjusted other vars

Estimate SE t P Estimate SE t P Estimate SE t P

WHR 0.336 0.043 7.833 1.5E-13 0.262 0.062 4.218 3.5E-5 0.063 0.090 0.706 0.480

BMI 0.005 0.001 8.321 6.4E-15 0.004 0.001 4.777 3.1E-6 0.002 0.001 1.761 0.079

SBP 0.002 0.000 8.338 5.7E-15 0.001 0.000 4.686 4.6E-6 0.001 0.000 2.181 0.030

DBP 0.002 0.000 6.159 3.0E-9 0.001 0.000 2.901 4.1E-3 0.000 0.001 0.043 0.905

Liu et al.                                                                                                                                                                 10.3389/fcvm.2025.1625575 

Frontiers in Cardiovascular Medicine 07 frontiersin.org



Data availability statement

The raw data supporting the conclusions of this article will be 

made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Kunshan 

Municipal Centers for Disease Control and Prevention. The 

studies were conducted in accordance with the local legislation 

and institutional requirements. Written informed consent for 

participation in this study was provided by the participants’ 

legal guardians/next of kin. The article presents research on 

animals that do not require ethical approval for their study.

Author contributions

XL: Data curation, Writing – original draft, Project 

administration, Methodology, Software, Investigation, Funding 

acquisition, Writing – review & editing, Resources. SX: Software, 

Resources, Project administration, Writing – original draft, 

Validation, Writing – review & editing, Funding acquisition, 

Supervision, Investigation. JW: Writing – review & editing, 

Supervision, Funding acquisition, Resources, Validation, Project 

administration. YF: Investigation, Resources, Writing – review & 

editing, Supervision, Project administration. YX: Investigation, 

Validation, Writing – review & editing, Resources, Software. XY: 

Writing – review & editing, Data curation,  Supervision, 

Validation, Investigation, Resources. RT: Validation, Supervision, 

Formal analysis, Writing – review & editing, Investigation. KL: 

Writing – review & editing, Validation, Methodology, Formal 

analysis, Visualization. JS: Data curation, Writing – original 

draft, Resources, Project administration, Supervision, 

Conceptualization, Funding acquisition, Validation, Writing – 

review & editing, Software.

Funding

The author(s) declare that financial support was received for 

the research and/or publication of this article. This study was 

funded by the medical research project of the Kunshan 

Municipal Preventive Medicine Research Project (KSYF2024020) 

and the Social Development Science and Technology Program 

Project of Kunshan City (KSZ2243).

Acknowledgments

We would like to thank all the participants and their families 

for their cooperation and support in this study. We also appreciate 

the efforts of the staff at the participating institutions.

Conflict of interest

The authors declare that the research was conducted in the 

absence of any commercial or financial relationships that could 

be construed as a potential conFict of interest.

Generative AI statement

The author(s) declare that Generative AI was used in the 

creation of this manuscript. Generative AI was used to polish 

words and sentences.

Any alternative text (alt text) provided alongside figures in this 

article has been generated by Frontiers with the support of 

artificial intelligence and reasonable efforts have been made to 

ensure accuracy, including review by the authors wherever 

possible. If you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the 

authors and do not necessarily represent those of their affiliated 

organizations, or those of the publisher, the editors and the 

reviewers. Any product that may be evaluated in this article, or 

claim that may be made by its manufacturer, is not guaranteed 

or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found 

online at: https://www.frontiersin.org/articles/10.3389/fcvm.2025. 

1625575/full#supplementary-material

References

1. Brar PC. Can surrogate markers help define cardiovascular disease in youth? 
Curr Atheroscler Rep. (2023) 25(6):275–98. doi: 10.1007/s11883-023-01101-6

2. Yang L, Magnussen CG, Bovet P, Xi B. Elevated blood pressure in 
childhood or adolescence and cardiovascular outcomes in adulthood: a systematic 
review. Hypertension. (2020) 75:948–55. doi: 10.1161/HYPERTENSIONAHA.119. 
14168

3. Sun J, Xi B, Yang L, Zhao M, Juonala M, Magnussen CG. Weight change from 
childhood to adulthood and cardiovascular risk factors and outcomes in adulthood: a 

systematic review of the literature. Obes Rev. (2021) 22:e13138. doi: 10.1111/obr. 
13138

4. Yang L, Sun J, Zhao M, Liang Y, Bovet P, Xi B. Elevated blood pressure in 
childhood and hypertension risk in adulthood: a systematic review and meta- 
analysis. J Hypertens. (2020) 38:2346–55. doi: 10.1097/HJH.0000000000002550

5. Salama M, Balagopal B, Fennoy I, Kumar S. Childhood obesity, diabetes and 
cardiovascular disease risk. J Clin Endocrinol Metab. (2023) 108(12):3051–66. 
doi: 10.1210/clinem/dgad361

Liu et al.                                                                                                                                                                 10.3389/fcvm.2025.1625575 

Frontiers in Cardiovascular Medicine 08 frontiersin.org

https://www.frontiersin.org/articles/10.3389/fcvm.2025.1625575/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcvm.2025.1625575/full#supplementary-material
https://doi.org/10.1007/s11883-023-01101-6
https://doi.org/10.1161/HYPERTENSIONAHA.119.14168
https://doi.org/10.1161/HYPERTENSIONAHA.119.14168
https://doi.org/10.1111/obr.13138
https://doi.org/10.1111/obr.13138
https://doi.org/10.1097/HJH.0000000000002550
https://doi.org/10.1210/clinem/dgad361


6. McMullen S. Childhood obesity: the impact on long-term risk of metabolic and 
CVD is not necessarily inevitable. Proc Nutr Soc. (2014) 73(3):389–96. doi: 10.1017/ 
S0029665114000111

7. McPhee PG, Singh S, Morrison KM. Childhood obesity and cardiovascular 
disease risk: working toward solutions. Can J Cardiol. (2020) 36(9):1352–61. 
doi: 10.1016/j.cjca.2020.06.020

8. Yuan C, Dong Y, Chen H, Ma L, Jia L, Luo J, et al. Determinants of childhood 
obesity in China. Lancet Public Health. (2024) 9(12):e1105–14. doi: 10.1016/S2468- 
2667(24)00246-9

9. Ge W, Parvez F, Wu F, Islam T, Ahmed A, Shaheen I, et al. Association between 
anthropometric measures of obesity and subclinical atherosclerosis in Bangladesh. 
Atherosclerosis. (2014) 232(1):234–41. doi: 10.1016/j.atherosclerosis.2013.11.035

10. Asghari G, Nikparast A, Mahdavi M, Dehghan P, Valizadeh M, Hosseinpanah 
F, et al. Diagnostic performance of different anthropometric indices among Iranian 
adolescents for intima media thickness in early adulthood: a prospective study and 
literature review. Front Nutr. (2023) 10:1098010. doi: 10.3389/fnut.2023.1098010

11. Leung AKC, Wong AHC, Hon KL. Childhood obesity: an updated review. Curr 
Pediatr Rev. (2024) 20(1):2–26. doi: 10.2174/1573396318666220801093225

12. Kelly AS, Armstrong SC, Michalsky MP, Fox CK. Obesity in adolescents: a 
review. JAMA. (2024) 332(9):738–48. doi: 10.1001/jama.2024.11809

13. Kartiosuo N, Raitakari OT, Juonala M, Viikari JSA, Sinaiko AR, Venn AJ, et al. 
Cardiovascular risk factors in childhood and adulthood and cardiovascular disease in 
middle age. JAMA Netw Open. (2024) 7(6):e2418148. doi: 10.1001/jamanetworkopen. 
2024.18148

14. Collaborators GBDAB. Global, regional, and national prevalence of child and 
adolescent over weight and obesity, 1990–2021, with forecasts to 2050: a 
forecasting study for the global burden of disease study 2021. Lancet. (2025) 
405(10481):785–812. doi: 10.1016/S0140-6736(25)00397-6

15. Wang X, Wang Q, Li M, Zhao Y, Song Q, Fu C, et al. Life course weight 
transitions from birth to childhood to midlife and risk of cardiovascular diseases 
and its subtypes. Prev Med. (2024) 185:108060. doi: 10.1016/j.ypmed.2024.108060

16. Van den Broeck J, Willie D, Younger N. The world health organization child 
growth standards: expected implications for clinical and epidemiological research. 
Eur J Pediatr. (2009) 168(2):247–51. doi: 10.1007/s00431-008-0796-9

17. Alhalabi MM. Mortality and risk factors associated with peptic ulcer bleeding 
among adult inpatients of Damascus hospital, Syria: a cross-sectional study. 
Medicine (Baltimore). (2023) 102(17):e33699. doi: 10.1097/MD.0000000000033699

18. Nasa P, van Meenen DMP, Paulus F, de Abreu MG, Bossers SM, Schober P, 
et al. Associations of intraoperative end-tidal CO2 levels with postoperative 
outcome-secondary analysis of a worldwide observational study. J Clin Anesth. 
(2025) 101:111728. doi: 10.1016/j.jclinane.2024.111728

19. Cardoso-Silva J, Papadatos G, Papageorgiou LG, Tsoka S. Optimal piecewise 
linear regression algorithm for QSAR modelling. Mol Inform. (2019) 38(3): 
e1800028. doi: 10.1002/minf.201800028

20. Thomas-Eapen N. Childhood obesity. Prim Care. (2021) 48(3):505–15. doi: 10. 
1016/j.pop.2021.04.002

21. Lurbe E, Cifkova R, Cruickshank JK, Dillon MJ, Ferreira I, Invitti C, et al. 
Management of high blood pressure in children and adolescents: recommendations 
of the European society of hypertension. J Hypertens. (2009) 27(9):1719–42. 
doi: 10.1097/HJH.0b013e32832f4f6b

22. Jeong SI, Kim SH. Obesity and hypertension in children and adolescents. Clin 
Hypertens. (2024) 30(1):23. doi: 10.1186/s40885-024-00278-5

23. Lu Y, Pechlaner R, Cai J, Yuan H, Huang Z, Yang G, et al. Trajectories of age- 
related arterial stiffness in Chinese men and women. J Am Coll Cardiol. (2020) 
75(8):870–80. doi: 10.1016/j.jacc.2019.12.039

24. Kim HJ, Shin JH, Kim BS, Kang J, Lee H, Sung KC. Age-related annual changes 
in arterial stiffness in healthy adults: insights from a large Korean cohort study. 
Atherosclerosis. (2024) 398:118592. doi: 10.1016/j.atherosclerosis.2024.118592

25. Yerly A, van der Vorst EPC, Baumgartner I, Bernhard SM, Schindewolf M, 
Döring Y. Sex-specific and hormone-related differences in vascular remodelling in 
atherosclerosis. Eur J Clin Invest. (2023) 53(1):e13885. doi: 10.1111/eci.13885

26. Dawson JD, Sonka M, Blecha MB, Lin W, Davis PH. Risk factors associated 
with aortic and carotid intima-media thickness in adolescents and young adults: 
the muscatine offspring study. J Am Coll Cardiol. (2009) 53(24):2273–9. doi: 10. 
1016/j.jacc.2009.03.026

27. Chaubey S, Nitsch D, Altmann D, Ebrahim S. Differing effect of modifiable 
cardiovascular risk factors on intima-media thickening and plaque formation at 
different sites of the arterial vasculature. Heart. (2010) 96(19):1579–85. doi: 10. 
1136/hrt.2009.188219

28. Bekdas M, Kaya E, Dagistan E, Goksugur SB, Demircioglu F, Erkocoglu M, et al. 
The association of obesity and obesity-related conditions with carotid extra-medial 
thickness in children and adolescents. Pediatr Obes. (2016) 11(6):521–7. doi: 10. 
1111/ijpo.12096

29. Seyedhoseinpour A, Barzin M, Mahdavi M, Valizadeh M, Azizi F, 
Hosseinpanah F. Association between BMI trajectories from childhood to early 
adulthood and the carotid intima-media thickness in early adulthood: Tehran lipid 
and glucose study. BMC Public Health. (2023) 23(1):2233. doi: 10.1186/s12889-023- 
17184-4

30. Masrouri S, Afaghi S, Khalili D, Shapiro MD, Hadaegh F. Cumulative blood 
pressure in early adulthood and coronary artery calcium and carotid intima-media 
thickness in middle age among adults with maintained blood pressure of <130/ 
80 mmhg: a post hoc analysis. J Am Heart Assoc. (2023) 12(24):e032091. doi: 10. 
1161/jaha.123.032091

31. Kollias A, Psilopatis I, Karagiaouri E, Glaraki M, Grammatikos E, Grammatikos 
EE, et al. Adiposity, blood pressure, and carotid intima-media thickness in Greek 
adolescents. Obesity (Silver Spring). (2013) 21(5):1013–7. doi: 10.1002/oby.20194

32. Hisamatsu T, Miura K, Ohkubo T, Arima H, Fujiyoshi A, Satoh A, et al. Home 
blood pressure variability and subclinical atherosclerosis in multiple vascular beds: a 
population-based study. J Hypertens. (2018) 36(11):2193–203. doi: 10.1097/hjh. 
0000000000001810

33. Asghari G, Nikparast A, Mahdavi M, Dehghan P, Valizadeh M, Hosseinpanah 
F, et al. Diagnostic performance of different anthropometric indices among Iranian 
adolescents for intima media thickness in early adulthood: a prospective study and 
literature review. Front Nutr. (2023) 10:1098010. doi: 10.3389/fnut.2023.1098010

34. Anusruti A, Jansen E, Gào X, Xuan Y, Brenner H, Schöttker B. Longitudinal 
associations of body mass index, waist circumference, and waist-to-hip ratio with 
biomarkers of oxidative stress in older adults: results of a large cohort study. Obes 
Facts. (2020) 13(1):66–76. doi: 10.1159/000504711

35. Flynn JT, Kaelber DC, Baker-Smith CM, Blowey D, Carroll AE, Daniels SR, 
et al. Clinical practice guideline for screening and management of high blood 
pressure in children and adolescents. Pediatrics. (2017) 140(3):e20171904. doi: 10. 
1542/peds.2017-1904

36. Rubino F, Cummings DE, Eckel RH, Cohen RV, Wilding JPH, Brown WA, et al. 
Definition and diagnostic criteria of clinical obesity. Lancet Diabetes Endocrinol. 
(2025) 13(3):221–62. doi: 10.1016/s2213-8587(24)00316-4

37. Liu Y, Yan X, Zhou J, Chen L, Du Z, Pang J, et al. InFuence of management of 
intensive weight, blood pressure, and lipids on disease severity in patients with 
carotid atherosclerosis. Altern Ther Health Med. (2023) 29(2):174–9.

38. Meng Y, Sharman JE, Koskinen JS, Juonala M, Viikari JSA, Buscot MJ, et al. 
Blood pressure at different life stages over the early life course and intima-media 
thickness. JAMA Pediatr. (2024) 178(2):133–41. doi: 10.1001/jamapediatrics.2023. 
5351

Liu et al.                                                                                                                                                                 10.3389/fcvm.2025.1625575 

Frontiers in Cardiovascular Medicine 09 frontiersin.org

https://doi.org/10.1017/S0029665114000111
https://doi.org/10.1017/S0029665114000111
https://doi.org/10.1016/j.cjca.2020.06.020
https://doi.org/10.1016/S2468-2667(24)00246-9
https://doi.org/10.1016/S2468-2667(24)00246-9
https://doi.org/10.1016/j.atherosclerosis.2013.11.035
https://doi.org/10.3389/fnut.2023.1098010
https://doi.org/10.2174/1573396318666220801093225
https://doi.org/10.1001/jama.2024.11809
https://doi.org/10.1001/jamanetworkopen.2024.18148
https://doi.org/10.1001/jamanetworkopen.2024.18148
https://doi.org/10.1016/S0140-6736(25)00397-6
https://doi.org/10.1016/j.ypmed.2024.108060
https://doi.org/10.1007/s00431-008-0796-9
https://doi.org/10.1097/MD.0000000000033699
https://doi.org/10.1016/j.jclinane.2024.111728
https://doi.org/10.1002/minf.201800028
https://doi.org/10.1016/j.pop.2021.04.002
https://doi.org/10.1016/j.pop.2021.04.002
https://doi.org/10.1097/HJH.0b013e32832f4f6b
https://doi.org/10.1186/s40885-024-00278-5
https://doi.org/10.1016/j.jacc.2019.12.039
https://doi.org/10.1016/j.atherosclerosis.2024.118592
https://doi.org/10.1111/eci.13885
https://doi.org/10.1016/j.jacc.2009.03.026
https://doi.org/10.1016/j.jacc.2009.03.026
https://doi.org/10.1136/hrt.2009.188219
https://doi.org/10.1136/hrt.2009.188219
https://doi.org/10.1111/ijpo.12096
https://doi.org/10.1111/ijpo.12096
https://doi.org/10.1186/s12889-023-17184-4
https://doi.org/10.1186/s12889-023-17184-4
https://doi.org/10.1161/jaha.123.032091
https://doi.org/10.1161/jaha.123.032091
https://doi.org/10.1002/oby.20194
https://doi.org/10.1097/hjh.0000000000001810
https://doi.org/10.1097/hjh.0000000000001810
https://doi.org/10.3389/fnut.2023.1098010
https://doi.org/10.1159/000504711
https://doi.org/10.1542/peds.2017-1904
https://doi.org/10.1542/peds.2017-1904
https://doi.org/10.1016/s2213-8587(24)00316-4
https://doi.org/10.1001/jamapediatrics.2023.5351
https://doi.org/10.1001/jamapediatrics.2023.5351

	Association of anthropometric indicators and blood pressure with subclinical cardiovascular diseases in obese adolescents: a cross-sectional study
	Introduction
	Methods
	Study population
	Measurement
	Statistical analysis

	Results
	Characteristics of the study population
	Correlation analysis
	Nonlinear fitting and piecewise regression analysis
	Multivariate analysis

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	Supplementary material
	References


