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Aim: Obesity contributes to cardiovascular (CV) events. This study aimed to identify the most effective anthropometric indicators that 
add predictive value to body mass index (BMI) for subsequent CV events in individuals without carotid plaques, improving early risk 
stratification in subclinical populations.
Methods: This longitudinal study enrolled 1043 participants from a community-based cohort in Shanghai (2013–2014) and followed 
them for CV events through 2021–2022. The CV events included ischemic heart disease (myocardial infarction, unstable angina 
pectoris, hospitalization for heart failure, and coronary revascularization), ischemic stroke, and CV death. Carotid plaque was excluded 
via ultrasound. Visceral fat area (VFA) was assessed using magnetic resonance imaging. The neck circumference (NC), neck-to-height 
ratio (NHtR), waist-to-height ratio (WHtR), waist-to-hip ratio (WHR), neck-to-limb length ratio (NLR), and waist-to-limb length 
ratios (WLR) were calculated.
Results: Multivariable linear regression analysis revealed a significant positive correlation between various obesity-related indices 
(BMI, waist circumference, NC, NHtR, WHtR, WHR, NLR, and WLR) and VFA (all P < 0.001). Over a mean follow-up period of 7.6 
years, 97 CV events (9.3%) were recorded. Cox proportional hazards regression demonstrated that elevated NLR was significantly 
associated with an increased CV risk with hazard ratios of 1.28 (95% confidence interval [CI]: 1.08–1.52). Notably, the NLR 
significantly improved the predictive capacity of CV events (C-statistic, 0.671 [95% CI: 0.616–0.726], P = 0.002; NRI, 0.090 [95% 
CI: 0.003–0.177], P < 0.001; IDI, 0.007 [95% CI: 0.000–0.019], P < 0.001).
Conclusion: NLR was correlated with visceral fat content, and significantly enhanced the predictive value of BMI for CV risk in 
individuals without baseline carotid plaque. These findings support their use in routine clinical assessment to enhance early prevention 
efforts.
Keywords: obesity, cardiovascular disorder, body mass index, visceral fat, neck-to-height ratio, neck-to-limb length ratio

Introduction
Cardiovascular diseases (CVD) are the leading causes of death among noncommunicable diseases worldwide and 
account for approximately one-third of all fatalities.1 A substantial body of clinical and epidemiological research has 
established obesity as a major contributing factor to the incidence of CVD.2 The prevalence of obesity is increasing at an 
unprecedented rate, with recent projections from the World Obesity Federation indicating that approximately 3.3 billion 
adults may be classified as overweight or obese by 2035.3 This trend poses considerable challenges to individuals, 
societies, and healthcare systems worldwide.

Obesity is characterized by excessive accumulation of adipose tissue. Visceral fat, which is located around the 
abdominal organs within the mesentery and omentum, is of particular concern. Visceral fat is metabolically active and 
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plays a critical role in endocrine regulation, metabolism, and the immune response. During the progression of obesity, 
visceral fat secretes free fatty acids (FFAs), glycerol, and a range of proinflammatory and profibrotic cytokines into the 
portal circulation.4 Dysfunctional visceral fat is recognized as a key etiological factor in the development of CVD, 
contributing to CV risk independently of total body fat.5,6 Given the strong link between visceral adiposity and CVD, the 
accurate assessment of visceral fat accumulation is crucial for effective risk stratification.

Obesity diagnosis in medicine primarily relies on body mass index (BMI), which can lead to misdiagnosis and 
negative consequences for both patients and society. Recent clinical guidelines suggest combining BMI with body fat 
measurements to improve obesity detection and reduce misclassification risk.7 Visceral fat area (VFA) is primarily 
measured using advanced imaging techniques such as magnetic resonance imaging (MRI) or computed tomography. 
Although these methods provide a precise evaluation of visceral fat, they are costly and not widely accessible in routine 
clinical and public health settings. This limitation underscores the need for practical and reliable surrogate markers of 
visceral adiposity that can be used in diverse healthcare settings.

Anthropometric indicators such as neck circumference (NC), neck-to-height ratio (NHtR), waist-to-height ratio 
(WHtR), waist-to-hip ratio (WHR), neck-to-limb length ratio (NLR), and waist-to-limb length ratio (WLR) are inexpen
sive and accessible alternatives for estimating visceral fat and assessing cardiovascular events risk.8–10 These indicators 
have been shown to correlate reasonably well with measures of adiposity and are simple to obtain in clinical practice, 
making them useful tools for large-scale population studies and routine screenings. Among them, NC primarily reflects 
upper-body subcutaneous adipose tissue (SAT), as visceral fat is absent in the neck region.11 Anatomically, neck adipose 
tissue (NAT) includes both superficial (subcutaneous and subplatysmal) and deeper ectopic fat depots (eg, perivascular, 
prevertebral), especially in obesity.12 These deeper depots are associated with adipose dysfunction, characterized by 
increased inflammation, dysregulated lipid metabolism, and elevated postprandial non-esterified fatty acids release—all 
of which contribute to insulin resistance and atherosclerosis.13 Importantly, NAT surrounding the carotid artery exhibits 
heightened inflammatory gene expression in individuals with carotid stenosis, suggesting a local pro-inflammatory 
environment.14 Given its anatomical proximity to the vasculature, NAT also influence vascular function through 
adipokine and vasoactive mediator secretion, consistent with observed associations between NC and arterial stiffness 
or carotid intima-media thickness.11 Collectively, these findings support the biological plausibility of NC-based indices as 
markers of cardiometabolic risk and underscore the need for their further investigation in longitudinal studies.

The present study aimed to evaluate the predictive value of NC-related anthropometric indicators for incident CVD in 
a Chinese cohort. Notably, we focused on a subgroup of participants without baseline carotid plaques. This subgroup 
analysis represents a novel aspect of our work and provides important insights into early CV risk stratification, which has 
been underexplored in previous studies.

Methods
Study Design and Population
In this longitudinal study, participants were enrolled from four communities in Shanghai and underwent a baseline data 
collection, including standardized questionnaires, comprehensive physical examinations, and body composition measure
ment between 2013 and 2014.15 After excluding those with malignant tumors, severe hepatic and renal dysfunction, 
receiving steroid or replacement therapy, or missing data, 1707 participants were followed up via telephone interviews 
and electronic health records between 2021 and 2022. Finally, 1043 (583 male, 43.3%) participants without baseline 
carotid plaques were included in the analysis after excluding those lost to follow-up (n=336) and those who died due to 
non-CV events (n=31).

Baseline Data Collection
Data on demographic characteristics, medical history, family history, therapeutic agent use, and lifestyle were collected 
by trained technicians using a standardized questionnaire. Current smokers were defined as those who smoked at least 
one cigarette daily for at least 6 months.16 Alcohol use was defined as alcohol consumption at least once a week in the 
past 6 months. Physical activity was classified as light, moderate, and vigorous.17 A food frequency questionnaire was 
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used to collect data on habitual dietary intake. The diet quality score was defined based on five dietary behaviors. Each 
dietary behavior was scored as 1 for healthy and 0 otherwise, and individual component scores were summed to obtain 
a dietary quality score ranging from 0 to 5, with a higher score indicating a healthier diet.18

Anthropometric and Visceral Fat Area Measurement
Anthropometric indicators including height, body weight, NC, NHtR, WHtR, WHR, NLR, and WLR were measured and 
calculated according to a standardized protocol. NC assessment occurred with participants standing and their heads in 
a horizontal plane. The tape’s upper edge was placed inferior to the thyroid cartilage protrusion, aligned perpendicularly 
to the neck’s longitudinal axis to avoid compressing the skin, and the NC measurement was documented. BMI was 
calculated as weight in kilograms divided by the squared height in meters. Blood pressure was assessed three times using 
a calibrated mercury sphygmomanometer after a 10-min rest. The average systolic and diastolic blood pressures (SBP 
and DBP, respectively) of the three readings were used for subsequent analysis.

VFA was assessed using a 3.0 T clinical MRI scanner (Archiva, Philips Medical System, Amsterdam, The 
Netherlands), equipped with the abdominal coil. Scans were acquired at the abdominal level spanning the L4-L5 
vertebrae with participants in the supine position. Two trained observers performed segmentation of the images into 
VFA using SLICE-O-MATIC image analysis software (version 4.2; Tomovision Inc., Montreal, QC, Canada). In cases 
where results differed by >10%, a third observer blinded to the initial results reanalyzed the images.19

Laboratory Measurements
Blood samples were drawn after an overnight fast of at least 10 h for laboratory tests according to a standardized 
protocol,15 including triglyceride (TG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-density 
lipoprotein cholesterol (LDL-C), fasting plasma glucose (FPG), fasting insulin (FINS), and hemoglobin A1c (HbA1c). 
Participants with no history of diabetes underwent a 75-g oral glucose tolerance test, and those with a history of diabetes 
received 100-g of steamed bread meal to measure the 2 h plasma glucose (2hPG). The homeostatic model assessment of 
insulin resistance (HOMA-IR) was calculated as [FINS (mU/L) × FPG (mmol/L)] /22.5.

Carotid Ultrasonography
All participants underwent carotid ultrasonography using a high-resolution B-mode ultrasonographic device (VOLUSON 
730, EXPERT, GE, USA). Carotid plaque was defined as a focal wall thickness of the common carotid artery ≥ 1.5 mm 
or more than 50% thicker than the adjacent wall.20

Outcomes
The primary endpoints were CV events including ischemic heart disease (myocardial infarction, unstable angina pectoris, 
hospitalization for heart failure, and coronary revascularization), ischemic stroke, or death due to CV events. Information 
on the clinical outcomes was collected via telephone interviews between 2021 and 2022. Subsequently, event information 
was confirmed using electronic health records, coded by two trained physicians, and classified using the International 
Classification of Diseases (ICD-10) codes (CV events: I00-I99). Self-reported events and electronic records showed great 
consistency, with a sensitivity of 96.7% and a specificity of 99.8%.

Definitions
Hypertension was defined according to the 2020 guidelines of the International Society of Hypertension as SBP ≥ 
140 mmHg, DBP ≥ 90 mmHg, and/or current use of antihypertensive medication.21 Diabetes was diagnosed based on the 
2023 American Diabetes Association criteria.22 Dyslipidemia was defined according to the 2024 Guidelines for the 
Management of Dyslipidemia in Adults.23

Statistical Analysis
All the variables were subjected to normality tests. Normally distributed variables are shown as mean ± standard 
deviation, and skewed variables are presented as medians with interquartile ranges (25% and 75%). The Student’s 
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t-test or Wilcoxon signed-rank test was used to compare normally distributed and non-normally distributed variables, 
respectively. The chi-squared test was used for comparison between groups of categorical variables.

Linear regression analysis was used to explore the association between the obesity indicators and VFA. The model 
was adjusted for age and sex. All baseline variables were included as candidates in the LASSO-Cox model. By applying 
the least absolute shrinkage and selection operator (LASSO) algorithm, the most important variables (lambda.min) for 
identifying cardiovascular events in individuals without carotid plagues were determined. Cox regression analysis was 
performed to analyze the association between anthropometric indicators and CV events adjusted for selected confounding 
factors. In addition, the incremental predictive values of NC, hip circumference (HC), NHtR, WHtR, WHR, NLR, and 
WLR beyond BMI for CV events were evaluated using C-statistics, integrated discrimination improvement (IDI) and net 
reclassification improvement (NRI). All analyses were conducted using R version 4.0.3 (R Foundation for Statistical 
Computing, Vienna, Austria), and a two-tailed P < 0.05 was considered statistically significant.

Results
Baseline Characteristics
In total, 1043 participants, aged 50–80 years, without baseline carotid plaques were analyzed. During a mean follow-up 
of 7.6 years, 97 CV events were identified, of which 40 were due to ischemic heart disease, 52 were due to stroke, and 5 
were due to cardiovascular death. The baseline characteristics of the study participants, including the non-CV (n=946) 
and CV (n=97) event groups, are detailed in Table 1. Compared with the non-CV event group, the CV event group 
showed a higher percentage of males and older age and had a higher incidence of diabetes and hypertension. Moreover, 
participants who developed CV events had higher baseline VFA, waist circumference (WC), NC, HC, NHtR, WHtR, 
WHR, NLR, WLR, SBP, DBP, FPG, 2hPG, HbA1c, FINS, HOMA-IR, and TG (all P < 0.05). There were no significant 
differences in the proportions of smoking, alcohol use, physical activity, diet quality score, family history of CVD, or 
dyslipidemia between the two groups (P > 0.05).

Anthropometric Indicators of Adiposity and VFA
Table 2 shows the relationships between BMI, WC, NC, NHtR, WHtR, WHR, NLR, WLR, and VFA. After adjusting for 
age and sex, linear regression analysis revealed a positive correlation between the anthropometric indicators (BMI, WC, 
NC, NHtR, WHtR, WHR, NLR, and WLR) and VFA (all P < 0.001).

Baseline Anthropometric Indicators and CV Events in Participants Without Carotid Plaque
Table 3 shows that increased WC, NC, NHtR, WHtR, WHR, NLR, and WLR were positively associated with the risk of 
CV events in participants without baseline carotid plaques (all P < 0.05). Using a Lasso-Cox regression model to account 
for potential multicollinearity and confounding factors (Figure 1), we found that the associations between NLR and 
cardiovascular events risk in participants without baseline carotid plaques remained robust and statistically significant.

NLR Enhances Predictive Accuracy for CV Events Beyond BMI
Furthermore, to evaluate the discriminatory ability of the models, we calculated the C-statistic and further assessed model 
improvement using IDI and NRI. NLR improved the discriminative performance (C-statistic 0.671, 95% CI 0.616–0.726, 
P = 0.002) and exerted excess improvement in the estimated NRI (0.090, 95% 0.003–0.177, P < 0.001) and IDI (0.007, 
95% CI 0.000–0.019, P < 0.001) as well (Table 4).

Discussion
To the best of our knowledge, this is the first study to demonstrate that, over a mean follow-up of 7.6 years, NC-adjusted 
indices, particularly the NHtR and NLR, significantly enhanced the predictive value of BMI for CV events in participants 
without carotid plaque. By demonstrating that NLR improved CVD risk prediction beyond BMI in a subclinical 
population free of overt atherosclerosis, this study addresses a critical gap in early risk stratification. Our findings 
highlight the potential of these simple and accessible indices for early detection and intervention in this overlooked 
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group. Given their practicality, these indices may serve as valuable tools for enhancing CVD risk stratification in primary 
prevention settings.

Considering the high mortality rate associated with CVD, it is essential to conduct an in-depth investigation of its risk 
factors. In this study, the CV event group had a higher percentage of older adults and male and demonstrated a higher 
prevalence of diabetes and hypertension than the non-CV event group. These findings align with the established risk 
factors for CVD, including age, sex, and metabolic disorders, all of which are well-documented contributors to CV 
morbidity and mortality.24 Since VFA has been widely recognized as an independent cardiovascular events risk factor, we 
further explored the associations between various anthropometric measures and VFA. The positive correlation observed 

Table 1 Baseline Characteristics of Study Participants According to the Incidence of Cardiovascular Events

Variables Non-Cardiovascular Events (n=946) Cardiovascular Events (n=97) P value

Men/Women 353/593 47/50 0.041
Age, year 59.5 (55.6–63.1) 60.8 (57.8–64.7) 0.004

Obesity indices
VFA, cm2 82.2 (57.3–110) 95.3 (77.4–122) 0.001
BMI, kg/m2 23.7 (21.8–25.6) 25.1 (23.3–27.6) <0.001

WC, cm 83.0 (77.5–90.0) 87.0 (82.0–93.5) <0.001

NC, cm 35.0 (33.0–37.2) 36.5 (33.9–39.0) <0.001
HC, cm 93.1 (5.82) 94.7 (6.32) 0.021

NHtR 21.5 (20.6–22.5) 22.5 (21.5–23.2) <0.001
WHtR 50.9 (47.8–54.5) 54.0 (50.6–56.7) <0.001

WHR 90.0 (85.0–94.0) 93.0 (89.0–97.0) <0.001

NLR 21.4 (20.5–22.4) 22.4 (21.4–23.2) <0.001
WLR 50.7 (47.7–54.1) 53.8 (49.9–56.9) <0.001

Metabolic profile
SBP, mmHg 130 (119–143) 141 (127–154) <0.001
DBP, mmHg 80 (73–86) 82 (75–90) 0.005

FPG, mmol/L 5.24 (4.91–5.72) 5.45 (4.88–6.31) 0.045

2hPG, mmol/L 7.22 (5.95–9.16) 8.01 (6.17–10.1) 0.017
HbA1c, % 5.70 (5.40–5.90) 5.80 (5.50–6.30) 0.008

FINS, mU/L 7.90 (5.66–11.1) 8.39 (6.51–14.0) 0.041

HOMA-IR 1.90 (1.30–2.82) 2.18 (1.52–3.39) 0.015
TC, mmol/L 5.10 (4.55–5.73) 5.24 (4.54–5.85) 0.292

TG, mmol/L 1.31 (0.93–1.87) 1.51 (1.10–2.19) 0.023

HDL-C, mmol/L 1.32 (1.12–1.60) 1.24 (1.04–1.51) 0.030
LDL-C, mmol/L 3.12 (2.63–3.61) 3.33 (2.69–3.68) 0.250

Social history
Current smoker, n (%) 174 (18.4) 21 (21.6) 0.518
Alcohol use, n (%) 87 (9.20) 14 (14.4) 0.139

Physical activity, n (%) 0.506

Light 178 (18.8) 23 (23.7)
Moderate 440 (46.5) 42 (43.3)

High 328 (34.7) 32 (33.0)

Diet quality score 3.00 (2.00–3.00) 2.00 (2.00–3.00) 0.242
Family history of CVD, n (%) 319 (33.7) 42 (43.3) 0.076

Diabetes, n (%) 166 (17.5) 30 (30.9) 0.002

Hypertension, n (%) 432 (45.7) 66 (68.0) <0.001
Dyslipidemia, n (%) 652 (68.9) 69 (71.1) 0.739

Abbreviations: BMI, body mass index; WC, waist circumference; HC, hip circumference; NHtR, neck-to-height ratio; WHtR, waist-to-height 
ratio; WHR, waist-hip ratio; NLR, neck-to-limb ratio; WLR, waist-to-limb ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, 
fasting plasma glucose; 2hPG, 2h plasma glucose; HbA1c, glycated hemoglobin A1c; FINS, fasting insulin; HOMA-IR, homeostasis model 
assessment-insulin resistance index; TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; LDL-C, low density 
lipoprotein cholesterol; CVD, cardiovascular disease.
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between VFA and several anthropometric measurements underscores the potential of these parameters as proxies for 
visceral fat accumulation. This is particularly valuable in clinical settings where imaging modalities such as MRI, which 
directly measures VFA, may not be readily available.

Our findings align with current 2019 ACC/AHA guideline25 and 2021 ESC guidelines26 that emphasize obesity 
screening for CVD prevention but extend their clinical utility by demonstrating that NLR improves risk prediction 
beyond BMI. These simple, reproducible measures better reflect visceral fat distribution and remained predictive even in 
individuals without carotid plaque. Incorporating such indices into routine assessments could enhance early risk 
stratification, supporting more refined and proactive primary prevention strategies.

Neck fat accumulation is a proxy for upper-body subcutaneous fat and is estimated by measuring the NC at the level 
of the laryngeal prominence.27 Prior studies established NC as a simple and effective tool to estimate CV events risk, 
positively correlating with VAT, insulin resistance, and metabolic syndrome, especially in women.28,29 A prospective 
cohort study demonstrated that the number of CV event risk factors in participants increased from 2.6, 3.0, and 3.4 to 3.5, 
4.1, and 4.7 in the low-, medium-, and high-NC cohorts, respectively, compared with baseline in a high-risk population.30 

Building on this, NLR integrates NC with limb length, potentially capturing central fat accumulation, stature, and muscle 

Table 2 Multivariable Linear Regression 
Analysis for the Associations Between 
Obesity Indices and Visceral Fat Area

Variables VFA, cm2

Standardized β (t) P value

BMI, kg/m2 8.37 (29.1) < 0.001

WC, cm 3.33 (36.0) < 0.001

NC, cm 11.4 (25.0) < 0.001
NHtR 14.6 (18.4) < 0.001

WHtR 5.14 (31.2) < 0.001

WHR 3.83 (24.2) < 0.001
NLR 14.1 (17.9) < 0.001

WLR 5.14 (31.1) < 0.001

Notes: Age and sex were adjusted in the model. 
Abbreviations: VFA, visceral fat area; BMI, body mass 
index; WC, waist circumference; HC, hip circumference; 
NHtR, neck-to-height ratio; WHtR, waist-to-height ratio; 
WHR, waist-hip ratio; NLR, neck-to-limb ratio; WLR, 
waist-to-limb ratio;

Table 3 The Association Between Baseline Anthropometric Indicators and Cardiovascular Events in Participants Without Baseline 
Carotid Plaque

Variables Crude Model Excluding Early Events  
During the First 2 Years

Adjusted Model* Excluding Early Events During the First 2 Years

BMI 1.14 (1.08–1.21) 1.16 (1.09–1.23)

WC 1.04 (1.02–1.07) 1.05 (1.03–1.07)

NC 1.14 (1.07–1.21) 1.13 (1.06–1.21)
HC 1.04 (1.01–1.07) 1.05 (1.01–1.09)

NHtR 1.44 (1.26–1.64) 1.45 (1.26–1.68)

WHtR 1.09 (1.05–1.12) 1.10 (1.06–1.14) 1.01 (0.95–1.07) 1.03 (0.97–1.10)
WHR 1.06 (1.03–1.10) 1.07 (1.03–1.10) 1.01 (0.97–1.06) 1.00 (1.00–1.01)

NLR 1.43 (1.26–1.63) 1.47 (1.27–1.69) 1.28 (1.08–1.52) 1.27 (1.06–1.54)

WLR 1.08 (1.05–1.12) 1.10 (1.06–1.14)

Notes: *The adjusted model included variables selected by Lasso-Cox regression model, including WHtR, WHR, NLR, age, family history of cardiovascular diseases, 
diabetes, SBP, HbA1c, and TG.
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mass. The relationship between the NHtR, NLR, and VFA was particularly strong, suggesting that this novel ratio could 
reflect central adiposity and its associated metabolic disturbances. This association may be due to the anatomical and 
physiological implications of upper limb length relative to NC, possibly capturing a distribution of body fat that is 
metabolically unfavorable.

Our previous study demonstrated that NC predicts CV risk in middle-aged and older adults, especially in men.31 In 
the present study, we further adjusted NC for height and limb length, and found that the normalized indices, remained 

Figure 1 LASSO-Cox model of all baseline variables. (A) LASSO regression coefficient plot; (B) Cross-validation error plot; (C) Variable importance.

Table 4 Comparison of the Predictive Performance for Cardiovascular Events Among Obesity Indices in 
Participants Without Carotid Plaque

Variables C-Statistic NRI IDI

Estimate P value Estimate P value Estimate P value

BMI 0.638 (0.583, 0.692) Reference Reference Reference

BMI+WC 0.642 (0.587, 0.697) 0.440 −0.012 (−0.105–0.085) 0.909 0.000 (−0.001–0.001) 0.364

BMI+HC 0.653 (0.598, 0.709) 0.031 0.105 (0.000–0.242) 0.050 0.004 (−0.001–0.018) 0.120
BMI+NC 0.645 (0.590, 0.700) 0.099 0.010 (−0.115–0.150) 0.657 0.002 (−0.001–0.017) 0.260

BMI+NHtR 0.668 (0.613, 0.723) 0.002 0.109 (−0.024–0.245) 0.114 0.012 (0.002–0.039) 0.006

BMI+WHtR 0.649 (0.596, 0.702) 0.123 0.077 (−0.052–0.187) 0.238 0.003 (−0.001–0.014) 0.218
BMI+WHR 0.651 (0.596, 0.706) 0.038 0.044 (−0.071–0.175) 0.507 0.002 (−0.001–0.014) 0.384

BMI+NLR 0.671 (0.616, 0.726) 0.002 0.090 (0.003–0.177) <0.001 0.007 (0.000–0.019) <0.001

BMI+WLR 0.651 (0.598, 0.703) 0.130 0.013 (−0.060, 0.158) 0.515 0.000 (−0.002–0.007) 0.931

Abbreviations: WC, waist circumference; HC, hip circumference; NHtR, neck-to-height ratio; WHtR, waist-to-height ratio; WHR, waist-hip 
ratio; NLR, neck-to-limb length ratio; WLR, waist-to-limb length ratio.
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significant predictors of CV events. Importantly, their predictive utility persisted in individuals without baseline carotid 
plaque, reinforcing their value in early risk detection before overt structural vascular changes occur.

The results of the multivariable analyses and predictive performance analyses underscore the inadequacy of BMI as 
a standalone measure of CV risk, as it does not account for fat distribution or differentiate between lean and fat mass.32 

Conversely, NC is closely related to central adiposity, reflecting the distribution of fat around the neck and upper 
body.33,34 By incorporating neck circumference and upper limb length, the NHtR and NLR may offer insights into central 
fat accumulation and associated metabolic disturbances.

Several studies have emphasized the association between central obesity and increased CV risk,35 highlighting the 
need for indicators that better capture visceral fat distribution. The strong correlation between NLR and VFA suggests 
that NLR could serve as a surrogate marker for visceral adiposity, a hypothesis supported by recent research that has 
validated the association between NC and insulin resistance, hypertension, and dyslipidemia, all of which are key 
components of metabolic syndrome. In terms of the mechanism, upper-body subcutaneous and visceral fat accounts for 
most of systemic FFA release under basal and insulin-suppressed conditions.20,35 They exacerbate endothelial dysfunc
tion, promote thrombosis, and impair vascular function, thereby contributing to the pathophysiology of CVD.36 This 
makes NC-related indices practical and effective tools for clinical and public health settings, where advanced imaging 
techniques are not always available.

This study involved a cohort of 1043 participants with a mean follow-up of 7.6 years, providing robust longitudinal 
data. The NHtR and NLR can be incorporated into routine clinical assessments to enhance the early detection of CV risk, 
particularly in individuals who may not exhibit traditional markers of CVD, such as carotid plaques. Comprehensive 
baseline data collection allowed the control of potential confounding factors, thereby enhancing the validity of the 
results. However, this study had several limitations. First, its single-center design raises concerns about the potential for 
selection bias. By focusing solely on a single center, the sample population may not adequately represent broader 
demographic diversity and variability in healthcare practices. Second, the absence of neck adiposity measurements 
precludes the inclusion of more nuanced indicators for the prognostication of CV events. Although we adjusted for 
multiple cardiometabolic risk factors, residual confounding cannot be fully excluded.

Further research is warranted to validate the predictive value of NC-corrected indicators in diverse populations and 
explore the underlying mechanisms. It is possible that the NLR captures elements of body fat distribution, muscle mass, 
and possibly inflammatory status that are not adequately reflected in traditional metrics. Understanding these mechanisms 
may inform targeted interventions aimed at reducing central adiposity and its associated risks.

Conclusions
In summary, this longitudinal cohort study highlights the importance of using alternative anthropometric indicators, 
particularly NLR, to predict CV risk in individuals without overt carotid atherosclerosis. These findings support the 
integration of NC-related indices into routine clinical evaluation to enhance early cardiovascular events risk stratification 
and guide preventive strategies. Moreover, further external validation is warranted before these measures can be widely 
recommended for routine clinical use.
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