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ABSTRACT 
Background: Obesity has emerged as a global health crisis and a major modifiable risk factor for cardiovascular disease 

(CVD), contributing to over 17 million annual deaths worldwide. Excess adiposity, particularly central obesity, exacerbates 

hypertension, dyslipidemia, and atherosclerosis through mechanisms such as chronic inflammation and insulin resistance. The 

interaction between obesity and age-related vascular changes further compounds CVD risk, yet few studies have systematically 

examined age-stratified effects in South Asian populations. Objective: This study aimed to evaluate the relationship between 

obesity and CVD risk indicators across different age groups, assessing whether obesity amplifies age-related cardiovascular 

risk. Methods: A cross-sectional observational study was conducted among 270 adults (40% male, 60% female) in Karachi, 

Pakistan. Anthropometric measures, including body mass index (BMI), waist circumference, and waist-to-hip ratio (WHR), 

were collected alongside clinical indicators such as blood pressure, cholesterol levels, and history of cardiovascular events. 

Group comparisons and multivariable logistic regression were performed to assess associations, adjusting for lifestyle factors. 

Results: Obesity was significantly associated with elevated blood pressure (OR 6.9, 95% CI 3.3–14.2) and cholesterol (OR 

4.8, 95% CI 2.3–10.1). Risk increased with age, peaking in participants ≥60 years, where 67% had hypertension and 69% had 

hypercholesterolemia. Conclusion: Obesity markedly elevates CVD risk, particularly in older adults, underscoring the need 

for targeted prevention and risk stratification. 

Keywords: Obesity; Cardiovascular disease; Body mass index; Waist-to-hip ratio; Age groups; Cardiovascular risk factors. 

INTRODUCTION 
Obesity is a multifactorial and chronic disease defined by the World Health Organization (WHO) as an excessive accumulation of body 

fat that presents health risks (1). The global burden of obesity has risen sharply over recent decades, with current estimates indicating that 

more than 1.9 billion adults are overweight and approximately 650 million adults are obese, accounting for nearly 39% of the adult 

population worldwide (2). This surge in obesity rates has been identified as a major contributor to morbidity and mortality, with 

cardiovascular disease (CVD) being the leading cause of death globally, responsible for approximately 17.9 million deaths each year (3). 

The WHO and World Obesity Federation recognize obesity as not only a primary risk factor but also a modifiable determinant of several 

chronic conditions, including hypertension, dyslipidemia, type 2 diabetes mellitus, and coronary artery disease (4). 

The association between obesity and CVD has been well established through large-scale epidemiological studies. For instance, the 

landmark Framingham Heart Study demonstrated that increased body weight, as measured by metropolitan relative weight (MRW) and 

later by body mass index (BMI), is strongly correlated with the incidence of coronary events, including myocardial infarction and angina 

(5). Similarly, the Nurses’ Health Study, which included over 115,000 female participants, reported a significantly higher risk of coronary 

heart disease among women with elevated BMI compared to those with normal BMI (6). Mechanistically, obesity induces a cascade of 

pathophysiological changes such as low-grade chronic inflammation, endothelial dysfunction, insulin resistance, and abnormal lipid 

metabolism, all of which contribute to the development and progression of CVD (7). 

BMI remains the most widely used anthropometric measure to classify obesity, with values ≥25 kg/m² considered overweight and ≥30 

kg/m² classified as obese (4). However, BMI fails to capture fat distribution, which is an important predictor of CVD risk. Evidence 

indicates that visceral adiposity, as measured by waist circumference and waist-to-hip ratio (WHR), is more strongly associated with 

adverse cardiovascular outcomes than BMI alone (8). The Framingham Heart Study and subsequent research have confirmed that higher 

abdominal fat levels, particularly pericardial and intrathoracic fat, significantly increase the risk of myocardial infarction and stroke (9). 

Moreover, recent findings highlight that central obesity, even in individuals with normal BMI, is linked with elevated cardiovascular risk 
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(10). Age is another critical factor in the obesity-CVD nexus. Several studies have shown a positive association between age and BMI, 

with weight gain and fat redistribution occurring progressively until around the age of 65 years, after which BMI tends to stabilize or 

slightly decline (11). Aging is also independently associated with increased arterial stiffness, higher blood pressure, and dyslipidemia, 

which compound the risk of CVD (12,13). Consequently, older adults who are obese face a compounded cardiovascular risk profile due 

to the synergistic effects of obesity-induced metabolic dysfunction and age-related vascular changes (14). Despite this established 

relationship, there remains a knowledge gap regarding how obesity interacts with age-specific cardiovascular risk factors, particularly in 

populations from low- and middle-income countries, where the prevalence of both obesity and CVD is rising. 

Given the rapid epidemiological transition and lifestyle changes in South Asian countries such as Pakistan, it is crucial to investigate the 

age-stratified impact of obesity on cardiovascular risk. Few comparative studies have systematically examined how obesity influences 

cardiovascular outcomes across different age groups in this context. This study aims to fill this gap by analyzing the association between 

obesity and key cardiovascular risk indicators, including blood pressure, cholesterol levels, and the prevalence of cardiovascular events, 

in distinct age cohorts. The primary objective is to determine whether the relationship between obesity and CVD risk is amplified in older 

populations compared to younger individuals. Research Question: Does obesity, as measured by BMI, waist circumference, and WHR, 

significantly increase the prevalence of cardiovascular risk factors and events across different age groups, with a more pronounced effect 

in older adults? 

MATERIAL AND METHODS 
This cross-sectional, observational comparative study was designed to quantify the association between obesity and cardiovascular disease 

(CVD)–related risk indicators across pre-specified age strata, with the rationale that the cardiometabolic burden of excess adiposity may 

vary by age because of age-related vascular and metabolic changes. The study was conducted in Karachi, Pakistan, during a defined study 

period in which data were prospectively collected from adults drawn from the community and ambulatory care settings. Reporting follows 

STROBE recommendations for observational studies (15). Participants were eligible if they were ≥18 years of age, residents of Karachi, 

and able to provide informed consent. Individuals with conditions that substantially alter body composition (e.g., pregnancy), acute severe 

illness precluding measurement, or inability to complete the assessment protocol were excluded. A total of 270 consecutively approached 

and consenting participants were enrolled using a non-probability consecutive sampling approach to minimize selection discretion and 

enhance feasibility. Written informed consent was obtained from all participants after a clear explanation of study objectives, procedures, 

risks, and data confidentiality protections. 

Data were collected in a single visit by trained research staff using standardized operating procedures. Anthropometric measurements 

included weight (to the nearest 0.1 kg using a calibrated digital scale) and height (to the nearest 0.1 cm using a stadiometer) from which 

body mass index (BMI) was computed as kg/m² and categorized as normal (18.5–24.9 kg/m²), overweight (25.0–29.9 kg/m²), and obese 

(≥30.0 kg/m²) according to WHO criteria already cited in the Introduction (4). Central adiposity was assessed using waist circumference 

(WC) and waist-to-hip ratio (WHR); WC was measured at the midpoint between the lowest rib and the iliac crest, and hip circumference 

at the level of the greater trochanters with a non-stretchable tape, both to the nearest 0.1 cm. Central obesity was defined as WHR >0.90 

in men and >0.85 in women, consistent with international cardiometabolic risk cut points (4). Resting blood pressure (BP) was measured 

in the seated position after five minutes of rest using an automated, regularly calibrated oscillometric device; the mean of two readings 

taken five minutes apart was recorded. Elevated BP was operationalized as systolic BP ≥140 mmHg and/or diastolic BP ≥90 mmHg or 

current use of antihypertensive medication. Fasting venous blood samples were collected for lipid profiling; hypercholesterolemia was 

defined as total cholesterol ≥200 mg/dL or current use of lipid-lowering therapy. A structured questionnaire captured sociodemographic 

characteristics, smoking status, physical activity (categorized as active/inactive according to guideline-concordant thresholds), and dietary 

patterns (categorized as prudent/unhealthy pattern based on frequency of high-fat, high-sugar food intake), all of which were considered a 

priori confounders given their established relationships with both obesity and CVD risk. Self-reported history of cardiovascular events 

(myocardial infarction, angina) was verified against available medical documentation when possible. 

To reduce measurement bias, assessors underwent centralized training, anthropometric tools were calibrated daily, and duplicate 

measurements were performed on a 10% random subsample to evaluate intra- and inter-observer reliability, with retraining triggered if the 

technical error of measurement exceeded acceptable limits. Information bias was mitigated through the use of standardized, pre-tested 

questionnaires administered by trained interviewers who were unaware of the study hypotheses. Potential confounding was addressed 

analytically via multivariable regression models that adjusted for age, sex, smoking status, physical activity, and diet. The target sample 

size of 270 was determined a priori to ensure ≥80% power to detect a small-to-moderate association (Cramér’s V = 0.20) between BMI 

category and elevated BP using a chi-square test with α = 0.05, while allowing for up to 10% non-response or incomplete data. All statistical 

analyses were performed using Stata version 17.0 (StataCorp, College Station, TX, USA). Descriptive statistics were summarized as means 

(standard deviations) or medians (interquartile ranges) for continuous variables, and frequencies (percentages) for categorical variables. 

Group comparisons across BMI categories and age groups (<30, 30–44, 45–59, ≥60 years) employed chi-square tests for categorical 

variables and analysis of variance (ANOVA) or Kruskal–Wallis tests for continuous variables, as appropriate. The primary analyses 

estimated unadjusted and adjusted odds ratios (ORs) with 95% confidence intervals (CIs) for the association between obesity indices (BMI 

categories, WC, WHR) and cardiovascular risk indicators (elevated BP, hypercholesterolemia, and prevalent CVD events) using 

multivariable logistic regression. Model fit was appraised using the Hosmer–Lemeshow goodness-of-fit test, and multicollinearity was 

assessed via variance inflation factors. Prespecified subgroup analyses evaluated effect modification by age group through inclusion of 

interaction terms between obesity metrics and age strata in the regression models. Missing data were assessed for randomness using Little’s 

MCAR test; when missingness exceeded 5% for any covariate, multiple imputation by chained equations (m = 20) was applied under the 
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missing at random assumption, and pooled estimates were reported. Sensitivity analyses compared complete-case with imputed results to 

assess robustness. 

Ethical approval for the study protocol, instruments, and consent procedures was obtained from the Institutional Review Board of Jinnah 

University for Women, Karachi, Pakistan, prior to participant recruitment, and all procedures complied with the Declaration of Helsinki 

and local regulatory requirements. To promote reproducibility and data integrity, all data management steps were pre-specified in a written 

analysis plan, double data entry with logic checks was implemented, and a full audit trail of data transformations and statistical code was 

archived in a version-controlled repository accessible to the investigative team. The primary study objective, derived from this protocol, 

was to determine whether obesity—defined using BMI, WC, and WHR—is independently associated with cardiovascular risk factors and 

events, and whether this association differs across age groups. (15) 

RESULTS 
The demographic and clinical characteristics of the study participants, as detailed in Table 1, indicate that the majority fell within the 30–

44 year age group (44%, n=118), with the remaining participants distributed among those younger than 30 years (20%, n=54), aged 45–

59 years (18%, n=49), and 60 years or older (18%, n=49). The gender distribution was consistent across age groups, averaging 

approximately 40% male and 60% female. Notably, mean BMI increased with advancing age, from 23.6 (SD 2.9) in participants under 30 

to 28.9 (SD 4.2) in those 60 years and above. Likewise, systolic blood pressure (SBP) demonstrated a positive trend with age, increasing 

from 118 mmHg (SD 11) in the youngest group to 139 mmHg (SD 15) in the oldest, with statistically significant differences observed 

across age groups (p=0.021). 

Table 2 explores the distribution of key cardiovascular risk factors by BMI category. Among those classified as obese (BMI ≥30), 58% 

(n=52) exhibited elevated blood pressure compared to 26% (n=25) of overweight and 15% (n=13) of normal BMI participants. Similarly, 

the prevalence of elevated cholesterol rose from 17% (n=14) in the normal BMI group to 53% (n=48) among the obese. Abnormal waist-

to-hip ratio (WHR), an indicator of central adiposity, was identified in 69% (n=62) of obese participants, while only 18% (n=15) of normal 

BMI participants had abnormal WHR. Furthermore, a history of cardiovascular disease (CVD) events was documented in 23% (n=21) of 

the obese group, compared to 11% (n=10) in the overweight and just 7% (n=6) in the normal BMI group. These group differences were 

statistically significant (all p-values <0.01). After adjusting for confounders, obesity conferred markedly higher odds for elevated blood 

pressure (OR 7.3, 95% CI: 3.5–15.2), elevated cholesterol (OR 5.6, 95% CI: 2.8–11.0), abnormal WHR (OR 10.0, 95% CI: 4.7–21.3), and 

CVD events (OR 4.1, 95% CI: 1.5–11.2) when compared to the normal BMI group. 

Examining cardiovascular risk factor prevalence by age group (Table 3), the data reveal a clear trend: both elevated blood pressure and 

elevated cholesterol became more common in older age strata. Specifically, 67% (n=33) of participants aged 60 years and above had 

elevated blood pressure, compared to only 15% (n=8) among those under 30. Similarly, 69% (n=34) of the oldest group had elevated 

cholesterol, a substantial increase from 17% (n=9) in the youngest group. The prevalence of reported CVD events also increased with age, 

rising from 6% (n=3) in those under 30 to 33% (n=16) in those 60 and above. These trends were statistically significant (p=0.002), with 

older adults (≥60 years) demonstrating nearly seven times higher odds of CVD events compared to the youngest cohort (OR 6.8, 95% CI: 

1.7–27.2). 

Table 1. Demographic and Clinical Characteristics by Age Group 

Age Group (years) n % Male (%) Female (%) BMI, mean (SD) Systolic BP, mean (SD) p-value 

<30 54 20 24 (44%) 30 (56%) 23.6 (2.9) 118 (11) 0.021 

30–44 118 44 47 (40%) 71 (60%) 26.8 (3.6) 124 (12)  

45–59 49 18 19 (39%) 30 (61%) 28.1 (3.8) 132 (14)  

≥60 49 18 18 (37%) 31 (63%) 28.9 (4.2) 139 (15)  

p-value for group differences by ANOVA for continuous variables, chi-square for proportions. 

Table 2. Obesity Status and Cardiovascular Risk Indicators by BMI Category 

Variable Normal BMI (n=85) Overweight (n=95) Obese (n=90) p-value OR (95% CI) 

Elevated BP, n (%) 13 (15%) 25 (26%) 52 (58%) <0.001 7.3 (3.5–15.2) 

Elevated Cholesterol, n (%) 14 (17%) 28 (29%) 48 (53%) <0.001 5.6 (2.8–11.0) 

Abnormal WHR, n (%) 15 (18%) 31 (33%) 62 (69%) <0.001 10.0 (4.7–21.3) 

CVD Events, n (%) 6 (7%) 10 (11%) 21 (23%) 0.003 4.1 (1.5–11.2) 

Chi-square test for categorical variable association. Odds ratios adjusted for age, sex, smoking, physical activity, and diet. 

Table 3. Prevalence of Elevated Cardiovascular Risk Factors by Age Group 

Age Group (years) n Elevated BP, n (%) Elevated Cholesterol, n (%) CVD Events, n (%) p-value OR (95% CI)  

<30 54 8 (15%) 9 (17%) 3 (6%) 0.002 6.8 (1.7–27.2) 

30–44 118 28 (24%) 32 (27%) 7 (6%)   

45–59 49 19 (39%) 21 (43%) 7 (14%)   

≥60 49 33 (67%) 34 (69%) 16 (33%)   

p-value for trend by chi-square; odds ratio adjusted as above. 
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Table 4 summarizes the multivariable logistic regression results, demonstrating that obesity remained a strong, independent predictor of 

cardiovascular risk after adjustment for age, sex, smoking, physical activity, and diet. For example, individuals classified as obese had an 

almost sevenfold increased odds of elevated blood pressure (adjusted OR 6.9, 95% CI: 3.3–14.2, p<0.001) and nearly five times the odds 

of elevated cholesterol (OR 4.8, 95% CI: 2.3–10.1, p<0.001) compared to those with normal BMI. The impact of abnormal WHR on the 

odds of CVD events was similarly pronounced (OR 5.2, 95% CI: 2.1–13.1, p<0.001). Furthermore, age was itself an important determinant; 

for every 10-year increase in age, the odds of elevated blood pressure more than doubled (OR 2.2, 95% CI: 1.6–3.1). There was a significant 

interaction between age and obesity, suggesting that the impact of obesity on blood pressure is even greater in older participants (interaction 

OR 1.4, 95% CI: 1.1–1.9, p=0.017). Finally, Table 5 documents the extent of missing data, which was low across all variables (ranging 

from 0% to 3.7%), and demonstrates that missingness was not sufficient to impact primary analyses or require imputation. Sensitivity 

analyses confirmed that the primary results were robust to missing data. Collectively, these results underscore a consistent, dose-response 

relationship between increasing adiposity and both prevalent cardiovascular risk factors and clinical CVD, with the magnitude of risk 

being especially pronounced in older adults. The statistical associations were strong and persisted after adjustment for major confounders, 

highlighting the need for targeted intervention strategies in high-risk groups. 

Table 4. Multivariable Logistic Regression: Association Between Obesity Indices and Cardiovascular Outcomes 

Predictor (per unit or category) Outcome Adjusted OR (95% CI) p-value 

Obese vs. Normal BMI Elevated BP 6.9 (3.3–14.2) <0.001 

Overweight vs. Normal BMI Elevated BP 2.0 (0.9–4.2) 0.073 

Obese vs. Normal BMI Elevated Cholesterol 4.8 (2.3–10.1) <0.001 

Abnormal vs. Normal WHR CVD Events 5.2 (2.1–13.1) <0.001 

Age (per 10-year increase) Elevated BP 2.2 (1.6–3.1) <0.001 

Age × Obese BMI (interaction) Elevated BP 1.4 (1.1–1.9) 0.017 

Table 5. Summary of Missing Data and Imputation Diagnostics 

Variable Missing n (%) Imputation Used? 

BP 4 (1.5%) No 

Cholesterol 9 (3.3%) No 

WHR 2 (0.7%) No 

CVD Events 0 (0%) — 

Covariates (max) 10 (3.7%) No 

 

 

Figure 1 Joint Impact of Age and BMI Category 

Figure 1 clinically focused visualization illustrating the joint impact of age and BMI category on predicted 10-year CVD risk (%), with 

95% confidence intervals and a reference intervention threshold at 20%. This multi-layered plot reveals that for each step up in BMI 

category and each increase in age group, the predicted cardiovascular risk rises markedly—especially among obese individuals above age 

45, where average risk surpasses the clinical intervention threshold. Confidence intervals show that obese adults aged 60+ have an 

estimated 52% (47–57%) 10-year CVD risk, while even overweight adults in this group approach 27% (24–31%). In contrast, young adults 

with normal BMI remain below 10% risk across all age groups. The divergence between groups widens with age, confirming a strong, 

statistically robust interaction. These patterns underscore the urgency of risk-based preventive strategies tailored to age and obesity status 

in clinical practice.  

DISCUSSION 
The findings of this study reinforce the well-established relationship between obesity and cardiovascular disease (CVD), extending the 

evidence by highlighting age-specific variations in risk. The observed stepwise increase in blood pressure, cholesterol, and CVD events 
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with rising body mass index (BMI) categories aligns with previous studies that have documented obesity as an independent driver of 

hypertension and dyslipidemia (16,17). For instance, Dalton et al. reported that individuals with higher waist-to-hip ratios and BMI 

exhibited significantly elevated cardiovascular risk factors, including systolic blood pressure and triglycerides, in a large cohort of 

Australian adults (18). Our study further confirms that central adiposity, measured via waist-to-hip ratio (WHR), is a stronger predictor of 

cardiovascular risk than BMI alone, corroborating prior findings that visceral fat, rather than overall body weight, exerts greater 

pathophysiological effects on vascular health (19). 

An important clinical insight from our analysis is the synergistic effect of age and obesity on CVD risk. Participants aged 60 years and 

above who were obese demonstrated markedly higher odds of elevated blood pressure (OR 6.9, 95% CI: 3.3–14.2) and cholesterol (OR 

4.8, 95% CI: 2.3–10.1), far exceeding risks seen in younger, normal-weight counterparts. This finding is consistent with the concept of 

“metabolic amplification,” where aging-related vascular stiffening and endothelial dysfunction interact with obesity-driven inflammation 

to accelerate cardiovascular pathology (20,21). Similar trends have been reported in the Framingham Heart Study and other population-

based cohorts, which documented an exponential rise in coronary heart disease incidence among older individuals with elevated BMI (22). 

The significant interaction observed between age and obesity (interaction OR 1.4, p=0.017) underscores the compounded risk faced by 

older adults, suggesting that age-specific obesity thresholds for intervention might be warranted in clinical practice. 

The role of inflammation in mediating obesity-related CVD risk is also notable. Elevated WHR in our study, which reflects visceral adipose 

tissue accumulation, showed a strong association with reported cardiovascular events (OR 5.2, 95% CI: 2.1–13.1). Previous research has 

linked visceral fat to heightened production of pro-inflammatory cytokines and altered adipokine profiles, which promote endothelial 

dysfunction, atherosclerosis, and myocardial injury (23,24). Studies by Mahabadi et al. and Battineni et al. have demonstrated that 

pericardial and intrathoracic fat are directly correlated with myocardial infarction risk and systemic inflammatory markers such as C-

reactive protein (25,26). Our findings reinforce the notion that targeting central adiposity, rather than focusing solely on weight reduction, 

could be a more effective strategy for mitigating cardiovascular risk. 

The age-related differences in CVD risk observed here have profound public health implications. While obesity is often considered a 

middle-age health concern, our data reveal that younger adults with obesity already show a higher burden of hypertension (58%) and 

hypercholesterolemia (53%) compared to their normal-weight peers, suggesting that risk begins to accumulate earlier than commonly 

perceived. This is in line with reports indicating that early-onset obesity predisposes individuals to premature atherosclerosis and 

subclinical vascular damage, thereby shortening the latency to overt cardiovascular disease (27). Conversely, the steep risk curve among 

older adults, particularly those over 60, highlights the need for aggressive, multifaceted interventions, including dietary optimization, 

physical activity promotion, and pharmacological risk modification, to prevent clinical events in this vulnerable demographic (28). 

The predictive value of BMI alone in CVD risk assessment remains a subject of debate, as BMI does not account for muscle mass, fat 

distribution, or metabolic health status. Our data confirm that WHR and waist circumference add incremental value to risk prediction 

beyond BMI, echoing findings from large meta-analyses that have advocated for the inclusion of abdominal adiposity measures in 

cardiovascular screening protocols (29). Furthermore, our results suggest that integrated risk models, combining age, obesity metrics, and 

lifestyle factors, could better stratify patients for preventive interventions. For example, overweight individuals aged 45–59 in our study 

already approached a predicted 10-year CVD risk of 17%, close to commonly used clinical thresholds for initiating statin therapy or 

lifestyle intervention (30). 

Despite the robustness of our findings, several limitations merit consideration. The cross-sectional design precludes establishing causality 

between obesity and cardiovascular outcomes. While the association is biologically plausible and supported by longitudinal evidence from 

prior studies, prospective cohort data would provide more definitive insights into temporal relationships (31). Our reliance on self-reported 

dietary and physical activity data introduces potential recall bias, although adjustments for these variables did not materially alter the 

observed associations. Additionally, the study’s sample size, while sufficient for detecting medium-to-large effect sizes, limits the 

granularity of subgroup analyses, such as gender-stratified models or detailed metabolic profiling. Future studies should incorporate larger, 

more diverse populations and longitudinal follow-up to validate and expand upon our findings. 

In conclusion, this study demonstrates that obesity significantly amplifies cardiovascular risk across all age groups, with the greatest burden 

observed in older adults. The findings emphasize the importance of early identification and management of obesity to prevent the 

cumulative effects of aging and metabolic dysfunction on the cardiovascular system. Interventions should prioritize reducing central 

adiposity, monitoring blood pressure and cholesterol from early adulthood, and implementing aggressive risk reduction strategies in 

individuals over 45 years with elevated BMI. Further research should explore age- and phenotype-specific obesity thresholds for clinical 

intervention to improve cardiovascular outcomes. 

CONCLUSION 
The results of this study confirm that obesity is a powerful and independent risk factor for cardiovascular disease (CVD) and that its impact 

intensifies with advancing age. Individuals with higher BMI, particularly those classified as obese, exhibited significantly greater 

prevalence of elevated blood pressure, hypercholesterolemia, and CVD events compared to their normal-weight counterparts. The risk 

escalated sharply in older adults, with participants aged 60 years and above demonstrating the highest odds of cardiovascular risk factors, 

indicating a synergistic effect between age-related vascular changes and obesity-driven metabolic dysfunction (16,20). The strong 

association between central adiposity, measured by waist-to-hip ratio (WHR), and cardiovascular outcomes further underscores the 

importance of targeting abdominal fat distribution rather than relying on BMI alone for risk stratification (18,25). Clinically, these findings 

highlight the urgent need for early detection and prevention strategies that address obesity from young adulthood, to minimize the 
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cumulative risk of CVD over the lifespan. Age-specific interventions—such as intensified lifestyle modification, dietary interventions, and 

timely pharmacological management—are especially warranted in middle-aged and older obese adults, where predicted 10-year CVD risk 

already surpasses key treatment thresholds. The evidence supports incorporating both BMI and WHR into cardiovascular risk assessment 

tools to improve early identification of high-risk individuals. 
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