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Abstract  

Cardiovascular disease (CVD) is the leading cause of death globally. Male medical students are 

highly susceptible to CVD risk due to high academic stress and hormonal profiles. Although body 

mass index (BMI) is commonly used to assess nutritional status, this parameter cannot detect 

body fat distribution, especially visceral fat, which is more likely to cause CVD than subcutaneous 

fat. This study aims to investigate the relationship between Waist-to-Height Ratio (WHtR) and 

vascular characteristics in male medical students with normal BMI. This study used a cross-

sectional design and a total sampling technique. Sample characteristics were collected using a 

questionnaire, while WHtR was measured using a waist circumference tape and a microtoise. 

Vascular characteristics were measured using an accelerated photoplethysmograph (APG) 

analyzer, SA-3000P. The participants were 49 male medical students aged 18-22 years, with 

normal BMI, light or moderate physical activity, and good sleep quality. The results of this study 

showed that the proportions of suboptimal aging index, arterial elasticity, peripheral elasticity, 

and wave type level 2 were higher in the high-risk WHtR group than in the normal WHtR group. 

However, statistical analysis using the Chi-square test indicated that these differences were not 

statistically significant (p = 0.291; p = 0.742; p = 0.062; p = 0.648, respectively). These findings 

emphasize the importance of individuals with high-risk WHtR adopting a healthy lifestyle, 

including regular exercise and a healthy diet, to maintain vascular health.        
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1. INTRODUCTION 

Cardiovascular disease (CVD) remains a global health problem. In 2023, CVD morbidity 

affected an estimated 626 million cases and caused 19.2 million deaths, representing an increase 

of 1.9 million deaths since 2019; more than 75% of these deaths occurred in low- and middle-

income countries. A total of 347 million (79.6%) of CVD morbidity and mortality cases in 2023 

were caused by modifiable risk factors (Estebsari et al., 2024; Global et al., 2025). 

University students, including both non-medical and medical students, constitute a 

substantial proportion of the young adult population and are increasingly recognized as a group 

vulnerable to early development of CVD (Estebsari et al., 2024). Lifestyle-related risk factors 

are common among university students from different fields of study. Recent cross-sectional 

studies show that modifiable risk factors for non-communicable diseases are highly prevalent 

in this population. Many students present multiple risk factors, including physical inactivity, 

prolonged sedentary behavior, and unhealthy dietary patterns. These findings suggest that 

lifestyle-related cardiovascular risk factors are broadly prevalent among young adults in higher 

education (Cicekli & Gokce Eskin, 2025). The transition to university life is often a critical 

period characterized by behavioral and lifestyle changes. University students generally have 

more freedom to make choices about their lives than those who are usually under parental 

supervision. It could make them more likely to engage in risky behaviors. Among medical 

students, the combination of intensive academic workloads and psychological stress may make 

them more likely to live unhealthy lifestyles, which raises their risk of CVD (Mukhopadhay et 

al., 2021). Therefore, university students, particularly medical students, represent a relevant 

population for early identification of cardiovascular risk and for developing preventive 

measures in young adults.  

Sex-related differences in body fat distribution may also contribute to variations in 

cardiovascular risk during young adulthood. A study on gender differences in visceral fat area 

showed that males had higher visceral fat than premenopausal females. This condition is caused 

by androgen hormones, such as testosterone, which are more active in males than in females, 

promoting the formation of fat cells in the abdominal area while inhibiting their formation in 

the hips and thighs (Cao et al., 2024). Consequently, young adult males may be more 

susceptible to central obesity. 

In addition, extensive societal transformations have exacerbated the increasing burden of 

cardiometabolic risk. Economic growth and industrialization have triggered changes in diet and 

lifestyle, which have led to a high prevalence of overweight and obesity (Bakhtiyari et al., 

2022). Previous studies have shown that overweight and obesity, especially central obesity, 

characterized by high visceral fat accumulation, are strong predictors of cardiometabolic risk 

(Xue, Yang, & Liu, 2024). The accumulation of visceral fat can alter vascular characteristics 

by increasing proinflammatory cytokine activity (Hennigs, Matuszcak, Trepel, & Körbelin, 

2021). Changes in vascular characteristics are also important indicators in assessing CVD risk. 

Pulse wave velocity (PWV), stiffness index, vascular resistance, and vascular aging are the 

main structural and functional biomarkers in assessing changes in vascular characteristics (Pilz 

et al., 2024). 

Although BMI is currently the most widely used parameter for determining obesity status, 

it cannot provide an overview of body fat distribution, especially visceral fat, which is more 

likely to cause CVD than subcutaneous fat (Erdoğan et al., 2025). Individuals with central 

obesity, even if they have a normal BMI, have a 27.9% higher risk of CVD compared to 

individuals who have a normal waist circumference and BMI (Xue et al., 2024).  

Therefore, other anthropometric parameters are needed that have been proven to be more 

effective and efficient in detecting the risk of central obesity. Waist-to-height ratio (WHtR) is 

the ratio of waist circumference to height and can reflect visceral fat, and is a better 

cardiometabolic predictor than other anthropometric parameters, such as waist circumference 
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(WC) and waist-to-hip ratio (WHR) (Zhang et al., 2022). Although previous studies have 

extensively discussed the relationship between WHtR and CVD risk, most of these studies were 

conducted on obese populations with high WHtR. Research on WHtR and its relationship with 

vascular characteristics, which are also indicators of CVD risk in populations with normal BMI 

and high WHtR, particularly in younger populations, is still limited.  

Investigating this relationship in young adults is important because early vascular 

changes may develop silently during this life stage, even in individuals who appear 

metabolically healthy based solely on BMI. University students, particularly male medical 

students, represent a relevant population for such investigation because academic demands and 

lifestyle patterns during university years may increase exposure to cardiovascular risk factors. 

Additionally, this study presents novelty by examining the association between WHtR and 

vascular characteristics in individuals with normal BMI using an accelerated 

photoplethysmography (APG) analyzer. By focusing on central adiposity in individuals who 

are generally considered to have normal nutritional status, this study aims to provide additional 

evidence on the potential role of WHtR in detecting early vascular changes in young adults. 

Therefore, this study aims to investigate the relationship between Waist-to-Height Ratio 

(WHtR) and vascular characteristics in male medical students with normal BMI. 

 

2. RESEARCH METHOD 

This study used a cross-sectional design with a total sampling technique. The research 

population consisted of all active students of the Faculty of Medicine, Universitas 

Pembangunan Nasional Veteran Jakarta (FM UPNVJ). The sample size was calculated using 

the formula for a hypothesis test of a proportion difference with α = 5%, β = 80%, P1 = 0.603, 

and P2 = 0.211. Based on these calculations, the required sample size was 48 male students 

from the Faculty of Medicine at UPN “Veteran” Jakarta.  

Participants were selected based on the following inclusion criteria: male medical 

students aged 18-22 years with light or moderate physical activity levels and good sleep quality. 

Participants who smoked, consumed alcohol, were taking medications that affect the 

cardiovascular system, had high blood pressure, or had a history of heart disease or metabolic 

disease were excluded.   

Participant characteristics were collected using a questionnaire that included 

demographic information, the Global Physical Activity Questionnaire (GPAQ), and the 

Pittsburgh Sleep Quality Index (PSQI). The GPAQ is an instrument developed by the World 

Health Organization to assess adults' physical activity over the past week. The GPAQ has 

moderate-to-high reliability (kappa = 0.67-0.73) and moderate validity (r = 0.48)  (Panthoja & 

Wibowo, 2022). The PSQI is an instrument designed to assess an individual's sleep quality over 

the past month. The PSQI has reliability (Cronbach's Alpha = 0.79) and validity (r = 0.89) 

(Alim, 2015). Blood pressure was measured using an Omron digital sphygmomanometer. 

WHtR was measured using a waist circumference tape (OneMed Waist Ruler OD 235) and a 

microtoise. Vascular characteristics were examined using a calibrated Accelerated 

Photoplethysmography (APG) Analyzer SA-3000P. 

Waist circumference is measured at the midpoint between the rib cage and the iliac crest 

when the participant is in an anatomical position. At the same time, height is measured with the 

participant standing upright, facing the researcher, with their back against the microtoise. Next, 

the microtoise is pulled down until it touches the participant’s head, while vascular 

characteristics are measured using an accelerated photoplethysmograph (APG) analyzer, SA-

3000P. The vascular characteristic examination procedure is performed in a well-lit, quiet 

environment at normal room temperature. Participants must not consume caffeine or drugs that 

can stimulate the nervous system at least 3 hours before the examination, must not engage in 

physical activity at least 2 hours before the examination, and must not wear accessories during 

the examination. During the procedure, the participant is seated quietly, with both legs 
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straightened, not moving or talking, ensuring that both eyes remain open and breathing remains 
regular. Then, turn on the device, enter the participant’s data, and attach the finger probe to the 

left index finger for 3 minutes. 

Data analysis was performed using SPSS software. This study used the Chi-square test to 

analyze the relationship between WHtR and vascular characteristics. If the Chi-square test is 

not applicable, Fisher's exact test or cell merging is used. A p-value  < 0.05 will be considered 

statistically significant, indicating a relationship between WHtR and vascular characteristics 

among male medical students at the Faculty of Medicine, Universitas Pembangunan Nasional 

Veteran Jakarta. 

This study was conducted at the Medical Education and Research Center (MERCE) 

UPNVJ in November-December 2025. This study obtained ethical approval from the UPNVJ 

Research Ethics Committee (Number: 321/XII/2025/KEP). 

 

3. RESULTS AND DISCUSSION 

A total of 49 medical students participated in this study, aged 18 to 22 years. The largest 

age groups were 20 and 21 years, each comprising 13 participants (26.5%). Participants aged 

19 years accounted for 10 individuals (20.4%), followed by those aged 18 years with 8 

participants (16.3%). The smallest proportion was observed among 22-year-old participants, 

with 5 individuals (10.2%). Although participants were young, physiologically aging still 

contributed to changes in vascular characteristics. Endothelin production increases, while nitric 

oxide (NO) decreases with age, making the endothelium more sensitive to vasoconstrictors but 

less responsive to vasodilators such as acetylcholine (Li et al., 2023). Vascular changes can 

occur earlier in young people with cardiometabolic risk factors. Studies involving participants 

aged 16 years and with cardiometabolic risk factors showed a thickening of the vascular tunica 

intima and media of approximately 2.78 μm per year (Staudt et al., 2020). This thickening is 

exacerbated by increased oxidative stress and the activation of inflammatory responses, which 

drive local totipotent cells to differentiate into vascular smooth muscle cells (VSMCs). VSMCs 

subsequently increase extracellular matrix (ECM) synthesis, thereby increasing arterial 

stiffness (Li et al., 2023). 

Body mass index (BMI) and WHtR are commonly used anthropometric indicators to 

assess nutritional status and central obesity risk. According to the classification of the World 

Health Organization, the normal BMI range for adults is 18.5-24.9 kg/m2. In contrast, WHtR 

values < 0.50 are considered normal, while values  ≥ 0.50 indicate an increased central obesity 

or high-risk WHtR (Ashwell & Gibson, 2016). Based on WHtR, most participants were 

categorized as having a normal WHtR, accounting for 29 students (59.2%). Meanwhile, 20 

participants (40.8%) were categorized as having high WHtR risk. In contrast, a study at FKIK 

UAJ found that nearly 60% of males had a high WHtR. This difference is thought to be due to 

differences in participants' characteristics. The participants in this study were males with 

normal BMI, whereas 40.5% of participants at FKIK UAJ had overweight or obese BMI. 

Overweight and obese individuals have higher abdominal fat than individuals with a normal 

BMI (Kie, Vetinly, Astiarani, & Santi, 2024). 

Regarding physical activity levels, the majority of participants reported engaging in 

moderate physical activity, accounting for 42 individuals (85.7%). In contrast, only 7 

participants (14.3%) were classified as having low levels of physical activity. These findings 

are consistent with research conducted at Universitas Negeri Makassar, which found that 64% 

of 200 students had low to moderate levels of physical activity (Anwar, Hasmyati, & Zulfikar, 

2024). Research results in Pakistan also show that 78.9% of medical students have low to 

moderate levels of physical activity (Khan et al., 2022). This pattern is also reflected in the 

broader adult population. A study involving adults (>18 years) from 31 provinces in China 

reported a prevalence of insufficient physical activity of 23.3%, indicating that more than one 
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in five adults had low physical activity levels. Male individuals, young adults, and highly 

educated individuals were identified as groups requiring greater attention in physical activity 

promotion (Gao et al., 2023). Therefore, strategies to promote physical activity should target 

young adult populations to improve physical activity-related health outcomes. 

The APG is a non-invasive method that uses a light source, typically a light-emitting 

diode (LED), and a photodetector to measure changes in blood volume in microvascular tissue, 

especially in the skin. When light is incident on the skin, some of it is absorbed, scattered, or 

reflected, depending on the blood volume in the tissue. These changes in blood volume are 

detected by the photodetector and converted into a waveform. Several vascular characteristics 

can be derived from the APG waveform. These include wave type, arterial elasticity, peripheral 

elasticity, and the aging index—normal vascular conditions characterized by good arterial 

elasticity and efficient peripheral circulation. In contrast, suboptimal vascular conditions 

indicate reduced arterial elasticity, impaired peripheral circulation, and increased vascular 

stiffness associated with vascular aging (Park et al., 2022). 

 

 
Figure 1 Vascular Characteristics of Participants 

Table 1 shows that there is no significant relationship between WHtR and aging index (p 

= 0.291). These findings are consistent with research in Brazil on healthy adult populations, 

which showed that the relationship between WHtR and vascular aging was inconsistent, 

depending on the vascular biomarkers used. WHtR showed a significant association with 

subclinical atherosclerosis measured by Coronary Artery Calcium (CAC), but not with Carotid 

Intima-Media Thickness (CIMT), which better reflects changes in Early Vascular Aging (EVA) 

(Raele et al., 2020). 

 

Table 1. Association between WHtR and Vascular Characteristics (n = 49) 

Vascular 

Characteristic 

WHtR 

Category 

Suboptimal 

n (%) 

Normal+Optim

al n (%) 

Total 

n (%) 

p-value 

Aging Index High Risk 3 (15.0) 17 (85.0) 20 (100) 0.291 

 Normal 1 (3.4) 28 (96.6) 29 (100)  

Arterial 

Elasticity 

High Risk 14 (70.0) 6 (30.0) 20 (100) 0.742 

 Normal 19 (65.5) 10 (34.5) 29 (100)  

Peripheral 

Elasticity 

High Risk 3 (15.0) 17 (85.0) 20 (100) 0.062 

 Normal 0 (0.0) 29 (100.0) 29 (100)  

Wave Type High Risk 6 (30.0) 14 (70.0) 20 (100) 0.648 

 Normal 7 (24.1) 22 (75.9) 29 (100)  
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Vascular aging is a multifactorial process (Vatner et al., 2021). According to EVA theory, 
vascular aging is a progressive process that requires chronic exposure to risk factors to cause 

significant structural and biomechanical changes in the arterial wall (González, Romero-

Orjuela, Rabeya, del Castillo, & Echeverri, 2023). In young healthy adults, early vascular 

changes are generally functional and reversible. The damage begins with endothelial 

dysfunction, which disrupts vasoregulation and endothelial homeostasis, leading to decreased 

vasodilation, proinflammatory conditions, and prothrombotic tendencies. However, these 

changes are not yet accompanied by permanent structural remodeling (Micieta, Cehakova, & 

Tonhajzerova, 2025).  

This study found a higher proportion of suboptimal aging index in the high-risk WHtR 

group than in the normal WHtR group, although the difference was not significant (15% vs. 

3.4%; p = 0.291). These findings indicate that high-risk WHtR can cause early vascular 

disorders, even in young participants.  

One of the most effective strategies for reducing central obesity and preventing early 

vascular disorders is lifestyle modification. Regular exercise, particularly moderate aerobic 

exercise, has been shown to improve endothelial function, reduce arterial stiffness, and 

modulate cardiometabolic risk factors associated with vascular dysfunction. In addition, 

adopting a balanced diet rich in fruits, vegetables, whole grains, and healthy fats may help 

reduce abdominal fat accumulation and improve vascular health by lowering inflammation and 

oxidative stress (Herzog et al., 2025). Early identification and management of cardiovascular 

risk factors are also essential, as exposure to these factors during young adulthood can 

accelerate the development of subclinical atherosclerosis and increase long-term cardiovascular 

risk (Devesa et al., 2023). Therefore, detecting elevated WHtR may provide an opportunity to 

implement preventive intervention early, including lifestyle modifications. 

The research shows that there is no significant relationship between WHtR and arterial 

elasticity (p = 0.742) or peripheral elasticity (p = 0.062). Physiologically, vascular elasticity is 

determined by the balance between elastin and collagen in the arterial wall. In young people, 

elastin content remains dominant, so vascular adaptation remains good (Vatner et al., 2021). A 

progressive decrease in elasticity and remodeling of the vascular wall especially occurs after 

chronic exposure to cardiovascular risk factors, such as obesity, type 2 diabetes, and chronic 

hypertension. Chronic hypertension can trigger excess collagen production, leading to stiffer 

arteries (Kim, 2023). 

Therefore, a decrease in vascular elasticity generally only becomes significant in old age 

due to an imbalance between collagen and elastin, or in young individuals with chronic 

exposure to cardiovascular risk factors (Li et al., 2023). In contrast, the participants in this study 

were young adults aged 18-22 years old and without exposure to cardiovascular risk factors. 

The high-risk WHtR, reflecting central obesity, in the participants of this study is thought not 

to have persisted long enough for visceral fat accumulation to reach the duration and degree 

necessary to trigger vascular structural changes.  

In line with the findings on the aging index, although no significant relationship was 

observed between WHtR and arterial or peripheral elasticity, there was a tendency toward a 

higher proportion of suboptimal arterial elasticity in the high-risk WHtR group compared with 

the normal WHtR group (70% vs. 65.5%). The proportion of suboptimal peripheral elasticity 

was also greater in the high-risk WHtR group compared to the normal WHtR group (15% vs. 

0%). However, these differences in proportion were not statistically significant (p = 0.742 and 

p = 0.062). 

Visceral fat is metabolically active and has a high potential to trigger inflammatory 

processes (Alser, Naja, & Elrayess, 2024). Visceral fat tissue has a richer blood supply, larger 

adipocytes, and richer immune cell infiltration than subcutaneous fat. Immune cell infiltration, 

such as interleukin-6 (IL-6), interleukin-1β, tumor necrosis factor-α (TNF-α), leptin, and 
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stimulation of monocyte chemoattractant protein-1 (MCP-1), causes a decrease in adiponectin 

production and creates a proinflammatory environment that plays a role in autocrine and 

paracrine interactions with endothelial cells, fibroblasts, and immune cells. This process can 

trigger mild inflammation and early vascular dysfunction (Hennigs et al., 2021; Stranahan, 

2022).  

The Chi-square test result shows that there is no significant relationship between WHtR 

and wave type (p=0.648). Wave type is formed from the interaction between the forward pulse 

wave generated by heart contraction and the reflected wave originating from branching and 

changes in peripheral blood vessel impedance. Thus, the wave type produced is influenced by 

the interaction among hemodynamic factors, including ventricular stroke volume, vascular 

compliance, systemic vascular resistance, and other cardiovascular system characteristics (Jin, 

Geng, Zhang, Zhang, & Ye, 2023).  

The classification of APG wave patterns reflects peripheral vascular condition and 

circulatory function. The waveforms are categorized into several levels representing different 

stages of vascular health. Wave type level 1 indicates normal vascular function with optimal 

blood circulation. Wave type level 2 is still considered good, but it indicates early vascular 

disorders that can develop into thrombosis later on. Higher wave types (level 3-7) indicate 

progressively impaired circulation, vascular aging, and possible vascular dysfunction or 

obstruction (Medicore, 2017). 

This study found a higher proportion of wave type level 2 in the high-risk WHtR group 

than in the normal WHtR group, although the difference was not statistically significant (30% 

vs. 24.1%; p=0.648). WHtR plays a role in decreasing compliance and increasing systemic 

resistance through increased proinflammatory cytokines, but does not directly affect the wave 

type produced (Hennigs et al., 2021). Most of the participants had wave type level 2, namely 

48 participants (72.73%).  

Physiologically, thrombus formation can be prevented by the antithrombotic function of 

the vascular endothelium. Normal endothelium inhibits platelet adhesion and activation of the 

coagulation cascade through the expression of anticoagulant factors such as thrombomodulin, 

tissue factor pathway inhibitor (TFPI), and heparan sulfate, as well as through the production 

of NO and prostaglandin I2 (PGI2), which act as vasodilators and anti-aggregants (Donadini et 

al., 2025).  

According to Virchow's classical triad theory, damage to the endothelium can induce the 

production of proinflammatory cytokines, causing endothelial cells to express procoagulant 

factors such as tissue factor (TF), von Willebrand factor (vWF), plasminogen activator 

inhibitor-1 (PAI-1), and adhesion molecules that can mediate interactions between the 

endothelium and platelets and immune cells (Schulman, Makatsariya, Khizroeva, Bitsadze, & 

Kapanadze, 2024). This early, subclinical endothelial dysfunction can occur even in the absence 

of permanent structural changes, leading to hemodynamic changes reflected in wave type 

(Lamprou et al., 2023). 

 

4. CONCLUSION    

This study shows that there is no significant relationship between WHtR and vascular 

characteristics. However, participants with high-risk WHtR tend to have suboptimal vascular 

characteristics (aging index, arterial elasticity, and peripheral elasticity) compared with those 

with normal WHtR. This study also found a higher proportion of participants with wave type 

level 2 in the high-risk WHtR group than in the normal WHtR group, although this difference 

was not significant. Therefore, young adults with high WHtR are advised to adopt a healthy 

lifestyle, including regular exercise and a healthy diet, to achieve a normal WHtR and maintain 

vascular health. 

 

 

https://doi.org/10.31965/infokes.Vol24.Iss2.2365


Hanifah, N., Bustamam, N., Yusmaini, H., & Hadiwiardjo, Y. H. (2026). The Association between Waist-to-Height 
Ratio and Vascular Characteristics in Normal Body Mass Index. JURNAL INFO KESEHATAN, 24(2), 275-284. 

  https://doi.org/10.31965/infokes.Vol24.Iss2.2365 

| 282 

 

REFERENCES 

Alim, I. Z. (2015). Uji validitas dan reliabilitas instrumen Pittsburgh Sleep Quality Index versi 

Bahasa Indonesia. Fakultas Kedokteran Universitas Indonesia, Jakarta. 

Alser, M., Naja, K., & Elrayess, M. A. (2024). Mechanisms of body fat distribution and gluteal-

femoral fat protection against metabolic disorders. Frontiers in nutrition, 11, 1368966. 

https://doi.org/10.3389/fnut.2024.1368966 

Anwar, N. I. A., & Zulfikar, M. (2024). Tingkat Aktivitas Fisik Mahasiswa: Studi Global 

Physical Activity Questionnaire. Indonesian Journal of Physical Activity, 4(2), 262-269. 

doi: https://doi.org/10.59734/ijpa.v4i2.102 

Ashwell, M., & Gibson, S. (2016). Waist-to-height ratio as an indicator of 'early health risk': 

simpler and more predictive than using a 'matrix' based on BMI and waist circumference. 

BMJ open, 6(3), e010159. https://doi.org/10.1136/bmjopen-2015-010159 

Bakhtiyari, M., Kazemian, E., Kabir, K., Hadaegh, F., Aghajanian, S., Mardi, P., Ghahfarokhi, 

N. T., Ghanbari, A., Mansournia, M. A., & Azizi, F. (2022). Contribution of obesity and 

cardiometabolic risk factors in developing cardiovascular disease: a population-based 

cohort study. Scientific reports, 12(1), 1544. https://doi.org/10.1038/s41598-022-05536-

w 

Cao, H., Huang, X., Luo, B., Shi, W., Li, H., & Shi, R. (2024). Gender Differences of Visceral 

Fat Area to Hip Circumference Ratio for Insulin Resistance. Diabetes, metabolic 

syndrome and obesity : targets and therapy, 17, 3935–3942. 

https://doi.org/10.2147/DMSO.S482820 

Cicekli, I., & Gokce Eskin, S. (2025). High prevalence and co-occurrence of modifiable risk 

factors for non-communicable diseases among university students: a cross-sectional 

study. Frontiers in public health, 12, 1484164. 

https://doi.org/10.3389/fpubh.2024.1484164 

Devesa, A., Ibanez, B., Malick, W. A., Tinuoye, E. O., Bustamante, J., Peyra, C., Rosenson, R. 

S., Bhatt, D. L., Stone, G. W., & Fuster, V. (2023). Primary Prevention of Subclinical 

Atherosclerosis in Young Adults: JACC Review Topic of the Week. Journal of the 

American College of Cardiology, 82(22), 2152–2162. 

https://doi.org/10.1016/j.jacc.2023.09.817 

Donadini, M. P., Calcaterra, F., Romualdi, E., Ciceri, R., Cancellara, A., Lodigiani, C., Bacci, 

M., Della Bella, S., Ageno, W., & Mavilio, D. (2025). The Link Between Venous and 

Arterial Thrombosis: Is There a Role for Endothelial Dysfunction?. Cells, 14(2), 144. 

https://doi.org/10.3390/cells14020144 

Erdoğan, O., Erdoğan, T., Önür, N. H., Özkök, S., Karan, M. A., & Bahat, G. (2025). Beyond 

BMI: central obesity measures and cardiovascular risk in late life. Aging clinical and 

experimental research, 37(1), 287. https://doi.org/10.1007/s40520-025-03197-z 

Estebsari, F., Barati, M., Stiri, S., Latifi, M., Shahsavari, A., Milani, A. S., & 

RahimiKhalifehKandi, Z. (2024). Risk factors of cardiovascular disease (CVD) in young 

adults: a community-based study of Iranian context. BMC public health, 24(1), 2543. 

https://doi.org/10.1186/s12889-024-20030-w 

Gao, X. X., Wang, L. M., Zhang, X., Zhao, Z. P., Li, C., Huang, Z. J., Liu, C. Y., Xue, T. T., 

Jiang, B., Guan, Y. Q., & Zhang, M. (2023). Zhonghua liu xing bing xue za zhi = 

Zhonghua liuxingbingxue zazhi, 44(8), 1190–1197. 

https://doi.org/10.3760/cma.j.cn112338-20221125-01000 

Global Burden of Cardiovascular Diseases and Risks 2023 Collaborators (2025). Global, 

Regional, and National Burden of Cardiovascular Diseases and Risk Factors in 204 

Countries and Territories, 1990-2023. Journal of the American College of Cardiology, 

86(22), 2167–2243. https://doi.org/10.1016/j.jacc.2025.08.015 

https://doi.org/10.31965/infokes.Vol24.Iss2.2365
https://doi.org/10.31965/infokes.Vol24.Iss2.2365
https://lib.ui.ac.id/detail?id=20404062&lokasi=lokal
https://lib.ui.ac.id/detail?id=20404062&lokasi=lokal
https://doi.org/10.3389/fnut.2024.1368966
https://doi.org/10.3389/fnut.2024.1368966
https://doi.org/10.3389/fnut.2024.1368966
https://doi.org/10.59734/ijpa.v4i2.102
https://doi.org/10.59734/ijpa.v4i2.102
https://doi.org/10.59734/ijpa.v4i2.102
https://doi.org/10.59734/ijpa.v4i2.102
https://doi.org/10.1136/bmjopen-2015-010159
https://doi.org/10.1136/bmjopen-2015-010159
https://doi.org/10.1136/bmjopen-2015-010159
https://doi.org/10.1136/bmjopen-2015-010159
https://doi.org/10.1038/s41598-022-05536-w
https://doi.org/10.1038/s41598-022-05536-w
https://doi.org/10.1038/s41598-022-05536-w
https://doi.org/10.1038/s41598-022-05536-w
https://doi.org/10.1038/s41598-022-05536-w
https://doi.org/10.1038/s41598-022-05536-w
https://doi.org/10.2147/DMSO.S482820
https://doi.org/10.2147/DMSO.S482820
https://doi.org/10.2147/DMSO.S482820
https://doi.org/10.2147/DMSO.S482820
https://doi.org/10.3389/fpubh.2024.1484164
https://doi.org/10.3389/fpubh.2024.1484164
https://doi.org/10.3389/fpubh.2024.1484164
https://doi.org/10.3389/fpubh.2024.1484164
https://doi.org/10.1016/j.jacc.2023.09.817
https://doi.org/10.1016/j.jacc.2023.09.817
https://doi.org/10.1016/j.jacc.2023.09.817
https://doi.org/10.1016/j.jacc.2023.09.817
https://doi.org/10.1016/j.jacc.2023.09.817
https://doi.org/10.3390/cells14020144
https://doi.org/10.3390/cells14020144
https://doi.org/10.3390/cells14020144
https://doi.org/10.3390/cells14020144
https://doi.org/10.1007/s40520-025-03197-z
https://doi.org/10.1007/s40520-025-03197-z
https://doi.org/10.1007/s40520-025-03197-z
https://doi.org/10.1007/s40520-025-03197-z
https://doi.org/10.1186/s12889-024-20030-w
https://doi.org/10.1186/s12889-024-20030-w
https://doi.org/10.1186/s12889-024-20030-w
https://doi.org/10.1186/s12889-024-20030-w
https://doi.org/10.3760/cma.j.cn112338-20221125-01000
https://doi.org/10.3760/cma.j.cn112338-20221125-01000
https://doi.org/10.3760/cma.j.cn112338-20221125-01000
https://doi.org/10.3760/cma.j.cn112338-20221125-01000
https://doi.org/10.1016/j.jacc.2025.08.015
https://doi.org/10.1016/j.jacc.2025.08.015
https://doi.org/10.1016/j.jacc.2025.08.015
https://doi.org/10.1016/j.jacc.2025.08.015


283 |  https://doi.org/10.31965/infokes.Vol24.Iss2.2365   

 

González, L. D. M., Romero-Orjuela, S. P., Rabeya, F. J., Del Castillo, V., & Echeverri, D. 

(2023). Age and vascular aging: an unexplored frontier. Frontiers in cardiovascular 

medicine, 10, 1278795. https://doi.org/10.3389/fcvm.2023.1278795 

Hennigs, J. K., Matuszcak, C., Trepel, M., & Körbelin, J. (2021). Vascular Endothelial Cells: 

Heterogeneity and Targeting Approaches. Cells, 10(10), 2712. 

https://doi.org/10.3390/cells10102712 

Herzog, M. J., Müller, P., Lechner, K., Stiebler, M., Arndt, P., Kunz, M., Ahrens, D., 

Schmeißer, A., Schreiber, S., & Braun-Dullaeus, R. C. (2025). Arterial stiffness and 

vascular aging: mechanisms, prevention, and therapy. Signal transduction and targeted 

therapy, 10(1), 282. https://doi.org/10.1038/s41392-025-02346-0 

Jin, J., Geng, X., Zhang, Y., Zhang, H., & Ye, T. (2023). Pulse Wave Analysis Method of 

Cardiovascular Parameters Extraction for Health Monitoring. International journal of 

environmental research and public health, 20(3), 2597. 

https://doi.org/10.3390/ijerph20032597 

Khan, D., Rizwan, K., Riaz, M. U., Shahid, M., Ain, N. U., & Ajmal, M. (2022). Role of 

Physical Activity Among Medical Students; An Observational Study: Physical Activity 

in Medical Students. The healer journal of physiotherapy and rehabilitation sciences, 

2(3), 245-251. https://doi.org/10.55735/hjprs.v2i3.64 

Kie, J., Vetinly, V., Astiarani, Y., & Santi, B. T. (2024). Indeks Massa Tubuh (IMT) dan Waist 

to Height Ratio (WHTR) Sebagai Prediktor Prehipertensi: Kajian Pada Mahasiswa 

Kedokteran Di Jakarta. Jambura Journal Of Health Sciences And Research Учредители: 

Program Studi Kesehatan Masyarakat Universitas Negeri Gorontalo, 6(4), 468-476. 
https://doi.org/10.35971/jjhsr.v6i4.20209 

Kim, H. L. (2023). Arterial stiffness and hypertension. Clinical hypertension, 29(1), 31. 

https://doi.org/10.1186/s40885-023-00258-1 

Lamprou, S., Koletsos, N., Mintziori, G., Anyfanti, P., Trakatelli, C., Kotsis, V., Gkaliagkousi, 

E., & Triantafyllou, A. (2023). Microvascular and Endothelial Dysfunction in 

Prediabetes. Life (Basel, Switzerland), 13(3), 644. https://doi.org/10.3390/life13030644 

Li, A., Yan, J., Zhao, Y., Yu, Z., Tian, S., Khan, A. H., Zhu, Y., Wu, A., Zhang, C., & Tian, X. 

L. (2023). Vascular Aging: Assessment and Intervention. Clinical interventions in aging, 

18, 1373–1395. https://doi.org/10.2147/CIA.S423373 

Medicore. (2017). ANS Function and Blood Circulation Assessment SA-3000P. Seoul. 

Retrieved from https://medi-core.com/download/SA-3000P.pdf 

Micieta, V., Cehakova, M., & Tonhajzerova, I. (2025). Endothelial Dysfunction in Adolescent 

Hypertension: Diagnostic Challenges and Early Cardiovascular Risk. Journal of 

cardiovascular development and disease, 12(9), 326. 

https://doi.org/10.3390/jcdd12090326 

Mukhopadhay, S., Mukherjee, A., Khanra, D., Samanta, B., Karak, A., & Guha, S. (2021). 

Cardiovascular disease risk factors among undergraduate medical students in a tertiary 

care centre of eastern India: a pilot study. The Egyptian heart journal : (EHJ) : official 

bulletin of the Egyptian Society of Cardiology, 73(1), 94. https://doi.org/10.1186/s43044-

021-00219-9 

Panthoja, D., & Wibowo, S. (2022). Survei Aktivitas Fisik Dan Perilaku Pasif Siswa Sma 

Setelah Pandemi Covid 19. SIBATIK JOURNAL: Jurnal Ilmiah Bidang Sosial, Ekonomi, 

Budaya, Teknologi, Dan Pendidikan, 1(8), 1463-1472. 

http://doi.org/10.54443/sibatik.v1i8.196 

Park, J., Seok, H. S., Kim, S. S., & Shin, H. (2022). Photoplethysmogram Analysis and 

Applications: An Integrative Review. Frontiers in physiology, 12, 808451. 

https://doi.org/10.3389/fphys.2021.808451 

https://doi.org/10.31965/infokes.Vol24.Iss2.2365
https://doi.org/10.3389/fcvm.2023.1278795
https://doi.org/10.3389/fcvm.2023.1278795
https://doi.org/10.3389/fcvm.2023.1278795
https://doi.org/10.3389/fcvm.2023.1278795
https://doi.org/10.3390/cells10102712
https://doi.org/10.3390/cells10102712
https://doi.org/10.3390/cells10102712
https://doi.org/10.1038/s41392-025-02346-0
https://doi.org/10.1038/s41392-025-02346-0
https://doi.org/10.1038/s41392-025-02346-0
https://doi.org/10.1038/s41392-025-02346-0
https://doi.org/10.1038/s41392-025-02346-0
https://doi.org/10.3390/ijerph20032597
https://doi.org/10.3390/ijerph20032597
https://doi.org/10.3390/ijerph20032597
https://doi.org/10.3390/ijerph20032597
https://doi.org/10.55735/hjprs.v2i3.64
https://doi.org/10.55735/hjprs.v2i3.64
https://doi.org/10.55735/hjprs.v2i3.64
https://doi.org/10.55735/hjprs.v2i3.64
https://doi.org/10.55735/hjprs.v2i3.64
https://doi.org/10.35971/jjhsr.v6i4.20209
https://doi.org/10.35971/jjhsr.v6i4.20209
https://doi.org/10.35971/jjhsr.v6i4.20209
https://doi.org/10.35971/jjhsr.v6i4.20209
https://doi.org/10.35971/jjhsr.v6i4.20209
https://doi.org/10.1186/s40885-023-00258-1
https://doi.org/10.1186/s40885-023-00258-1
https://doi.org/10.3390/life13030644
https://doi.org/10.3390/life13030644
https://doi.org/10.3390/life13030644
https://doi.org/10.3390/life13030644
https://doi.org/10.2147/CIA.S423373
https://doi.org/10.2147/CIA.S423373
https://doi.org/10.2147/CIA.S423373
https://doi.org/10.2147/CIA.S423373
https://medi-core.com/download/SA-3000P.pdf
https://medi-core.com/download/SA-3000P.pdf
https://medi-core.com/download/SA-3000P.pdf
https://doi.org/10.3390/jcdd12090326
https://doi.org/10.3390/jcdd12090326
https://doi.org/10.3390/jcdd12090326
https://doi.org/10.3390/jcdd12090326
https://doi.org/10.1186/s43044-021-00219-9
https://doi.org/10.1186/s43044-021-00219-9
https://doi.org/10.1186/s43044-021-00219-9
https://doi.org/10.1186/s43044-021-00219-9
https://doi.org/10.1186/s43044-021-00219-9
https://doi.org/10.1186/s43044-021-00219-9
http://doi.org/10.54443/sibatik.v1i8.196
http://doi.org/10.54443/sibatik.v1i8.196
http://doi.org/10.54443/sibatik.v1i8.196
http://doi.org/10.54443/sibatik.v1i8.196
https://doi.org/10.3389/fphys.2021.808451
https://doi.org/10.3389/fphys.2021.808451
https://doi.org/10.3389/fphys.2021.808451


Hanifah, N., Bustamam, N., Yusmaini, H., & Hadiwiardjo, Y. H. (2026). The Association between Waist-to-Height 
Ratio and Vascular Characteristics in Normal Body Mass Index. JURNAL INFO KESEHATAN, 24(2), 275-284. 

  https://doi.org/10.31965/infokes.Vol24.Iss2.2365 

| 284 

 

Pilz, N., Heinz, V., Ax, T., Fesseler, L., Patzak, A., & Bothe, T. L. (2024). Pulse Wave Velocity: 
Methodology, Clinical Applications, and Interplay with Heart Rate Variability. Reviews 

in cardiovascular medicine, 25(7), 266. https://doi.org/10.31083/j.rcm2507266 

Raele, R., Lotufo, P. A., Bittencourt, M. S., de Jesus M Fonseca, M., Goulart, A. C., Santos, I. 

S., & Bensenor, I. M. (2020). The association of waist-to-height ratio and other 

anthropometric measurements with subclinical atherosclerosis: Results from the 

Brazilian Longitudinal Study of Adult Health (ELSA-Brasil). Nutrition, metabolism, and 

cardiovascular diseases : NMCD, 30(11), 1989–1998. 

https://doi.org/10.1016/j.numecd.2020.05.025 

Schulman, S., Makatsariya, A., Khizroeva, J., Bitsadze, V., & Kapanadze, D. (2024). The Basic 

Principles of Pathophysiology of Venous Thrombosis. International journal of molecular 

sciences, 25(21), 11447. https://doi.org/10.3390/ijms252111447 

Staudt, A., Stock, K., Gande, N., Bernar, B., Hochmayr, C., Pechlaner, R., Kiechl, S. J., Geiger, 

R., Griesmacher, A., Anliker, M., Kiechl, S., Kiechl-Kohlendorfer, U., Knoflach, M., & 

Early Vascular Ageing (EVA) Study Group (2020). Impact of lifestyle and 

cardiovascular risk factors on early atherosclerosis in a large cohort of healthy 

adolescents: The Early Vascular Ageing (EVA)-Tyrol Study. Atherosclerosis, 305, 26–

33. https://doi.org/10.1016/j.atherosclerosis.2020.05.011 

Stranahan A. M. (2022). Visceral adiposity, inflammation, and hippocampal function in 

obesity. Neuropharmacology, 205, 108920. 

https://doi.org/10.1016/j.neuropharm.2021.108920 

Vatner, S. F., Zhang, J., Vyzas, C., Mishra, K., Graham, R. M., & Vatner, D. E. (2021). 

Vascular Stiffness in Aging and Disease. Frontiers in physiology, 12, 762437. 

https://doi.org/10.3389/fphys.2021.762437 

Xue, Y., Yang, X., & Liu, G. (2024). Association of combined body mass index and central 

obesity with cardiovascular disease in middle-aged and older adults: a population-based 

prospective cohort study. BMC cardiovascular disorders, 24(1), 443. 

https://doi.org/10.1186/s12872-024-04079-4 

Zhang, S., Fu, X., Du, Z., Guo, X., Li, Z., Sun, G., Zhou, Y., Yang, H., Yu, S., Zheng, L., Sun, 

Y., & Zhang, X. (2022). Is waist-to-height ratio the best predictive indicator of 

cardiovascular disease incidence in hypertensive adults? A cohort study. BMC 

cardiovascular disorders, 22(1), 214. https://doi.org/10.1186/s12872-022-02646-1 

 

https://doi.org/10.31965/infokes.Vol24.Iss2.2365
https://doi.org/10.31965/infokes.Vol24.Iss2.2365
https://doi.org/10.31083/j.rcm2507266
https://doi.org/10.31083/j.rcm2507266
https://doi.org/10.31083/j.rcm2507266
https://doi.org/10.31083/j.rcm2507266
https://doi.org/10.1016/j.numecd.2020.05.025
https://doi.org/10.1016/j.numecd.2020.05.025
https://doi.org/10.1016/j.numecd.2020.05.025
https://doi.org/10.1016/j.numecd.2020.05.025
https://doi.org/10.1016/j.numecd.2020.05.025
https://doi.org/10.1016/j.numecd.2020.05.025
https://doi.org/10.3390/ijms252111447
https://doi.org/10.3390/ijms252111447
https://doi.org/10.3390/ijms252111447
https://doi.org/10.3390/ijms252111447
https://doi.org/10.1016/j.atherosclerosis.2020.05.011
https://doi.org/10.1016/j.atherosclerosis.2020.05.011
https://doi.org/10.1016/j.atherosclerosis.2020.05.011
https://doi.org/10.1016/j.atherosclerosis.2020.05.011
https://doi.org/10.1016/j.atherosclerosis.2020.05.011
https://doi.org/10.1016/j.atherosclerosis.2020.05.011
https://doi.org/10.1016/j.atherosclerosis.2020.05.011
https://doi.org/10.1016/j.neuropharm.2021.108920
https://doi.org/10.1016/j.neuropharm.2021.108920
https://doi.org/10.1016/j.neuropharm.2021.108920
https://doi.org/10.3389/fphys.2021.762437
https://doi.org/10.3389/fphys.2021.762437
https://doi.org/10.3389/fphys.2021.762437
https://doi.org/10.1186/s12872-024-04079-4
https://doi.org/10.1186/s12872-024-04079-4
https://doi.org/10.1186/s12872-024-04079-4
https://doi.org/10.1186/s12872-024-04079-4
https://doi.org/10.1186/s12872-022-02646-1
https://doi.org/10.1186/s12872-022-02646-1
https://doi.org/10.1186/s12872-022-02646-1
https://doi.org/10.1186/s12872-022-02646-1
https://doi.org/10.1186/s12872-022-02646-1

