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Abstract. Obesity is a significant public health issue in Uzbekistan, increasing 

the risk of non-communicable diseases. Accurate assessment of body fat and 

metabolic risks is crucial for early intervention. A cross-sectional study was 

conducted in 2024 at the Republican Specialized Scientific-Practical Medical 

Center of Endocrinology in Tashkent, involving 80 adults (43 women, 37 men) 

aged 18–55 years with overweight or obesity. Participants underwent 

anthropometric measurements (BMI, waist circumference), DEXA scanning for 

body fat distribution, and laboratory tests (HOMA-IR, triglycerides, blood 

pressure). DEXA-measured visceral fat strongly correlated with HOMA-IR (r = 

0.72, p < 0.001) and systolic blood pressure (r = 0.65, p < 0.00001). Gynoid fat 

inversely correlated with triglycerides (r = –0.41, p < 0.05). Waist circumference 

(≥94 cm men, ≥80 cm women) predicted visceral obesity with 89% sensitivity. 

Notably, 23.5% of normal-BMI participants had metabolic abnormalities, while 

31.7% of obese participants were metabolically healthy. DEXA provides superior 

accuracy in assessing visceral obesity and metabolic risks compared to 

anthropometry. Combining both methods enhances diagnostic precision, 

particularly for identifying hidden obesity phenotypes. 
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1 Introduction 
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Obesity, characterized by excessive body fat accumulation, is a growing public 

health challenge in Uzbekistan, contributing to non-communicable diseases such as 

type 2 diabetes mellitus (T2DM), cardiovascular disease (CVD), and metabolic 

syndrome [1–3]. The NCD Risk Factor Collaboration (NCD-RisC, 2024) reports a 
27.9% prevalence of obesity among adult men in Uzbekistan in 2022, with comparable 

trends among women [4]. Childhood obesity affects 5.6% of boys and 5.8% of girls, 

signaling early onset [5]. Since 1990, obesity rates have risen significantly, driven by 

lifestyle changes, altered nutrition, and reduced physical activity [3]. The World 

Obesity Federation (2025) projects further increases, necessitating the development of 

effective diagnostic strategies [6] . Accurate body composition assessment, particularly 
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the quantification of visceral adipose tissue, is paramount for identifying individuals at 

heightened cardiometabolic risk, even in those with normal body mass index [7, 8].  

Traditional anthropometric measurements, such as Body Mass Index, waist 

circumference, and waist-to-hip ratio, are widely used for assessing obesity, yet they 

often fail to distinguish between fat mass and lean mass, or to accurately quantify 

metabolically active visceral fat [9, 10]. While convenient and affordable, these 

methods do not provide sufficient insight into the distribution and type of adipose 

tissue, which is crucial for identifying individuals at higher risk for metabolic 

complications [11, 12]. This limitation underscores the need for more sophisticated 

methods to accurately assess fat distribution, particularly in distinguishing between 

metabolically benign subcutaneous fat and the more deleterious visceral fat [13].  

Modern techniques, such as dual-energy X-ray absorptiometry, provide a more 

precise quantification of visceral fat, enabling a better understanding of its role in the 

pathogenesis of metabolic diseases [14]. Despite their higher cost and complexity, these 

advanced imaging modalities, including magnetic resonance imaging, offer enhanced 

capabilities for measuring both visceral and subcutaneous adipose tissue, which is 

critical for a comprehensive risk assessment [15]. This advanced capability enables a 

more nuanced identification of individuals at risk for conditions such as metabolic 

syndrome, even when traditional anthropometric measures might suggest otherwise 

[16].  

This study compares the diagnostic accuracy of dual-energy X-ray absorptiometry 

(DEXA) and anthropometric methods (BMI, waist circumference) in assessing obesity 

and metabolic risks in Uzbekistan. While anthropometry is cost-effective, DEXA offers 

detailed body composition analysis, which can potentially improve risk stratification 

[17]. The primary aim is to evaluate their correlations with metabolic indicators and 

propose clinical recommendations for Uzbekistan’s healthcare system. 

2 Materials and Methods 

A cross-sectional study was conducted in 2024 at the Republican Specialized 

Scientific-Practical Medical Center of Endocrinology named after Academician Y.H. 

Turakulov in Tashkent, Uzbekistan. The study included 80 participants (37 males, 43 

females) aged 18–55 years with overweight or obesity (BMI ≥25 kg/m²). Exclusion 
criteria included prior diagnoses of T2DM or CVD. 

Examinations and Measurements 

• Anthropometry: Height, weight, and waist circumference (WC) were measured 
using standardized protocols. BMI was calculated as weight (kg)/height (m2). WC 

was measured at the midpoint between the lower rib margin and iliac crest. 

 

• DEXA Scanning: A Hologic Discovery scanner assessed total body fat percentage, 
visceral adipose tissue (VAT), and gynoid fat. Obesity was defined as ≥25% body 
fat (males) or ≥32% (females). 

 



 

 

       

• Laboratory Tests: Fasting plasma glucose, insulin, triglycerides, total cholesterol, 
and HDL cholesterol were measured. HOMA-IR was calculated as:  (glucose * 

insulin)/22.5. 

 

• Blood Pressure: Systolic and diastolic blood pressure (SBP/DBP) were measured 
using an automated sphygmomanometer (average of two readings). 
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Criteria for Obesity Diagnosis 

• DEXA: Total body fat ≥25% (males), ≥32% (females).  
• BMI: ≥30 kg/m².  
• Visceral Obesity: WC ≥94 cm (males), ≥80 cm (females). 

Statistical Analysis 

Data were analyzed using SPSS version 26.0. Pearson’s correlation coefficient assessed 
relationships between fat distribution and metabolic indicators (HOMA-IR, 

triglycerides, blood pressure). Sensitivity and specificity of anthropometric markers 

were calculated. A p-value <0.05 was considered significant. Data normality was 

verified using the Shapiro-Wilk test, with non-parametric tests applied as needed. 

Multiple linear regression models were fitted to determine whether visceral fat 

(measured by DEXA) independently predicted HOMA-IR and systolic blood pressure, 

after adjusting for potential confounders including age, sex, and BMI. All variables 

were tested for multicollinearity. Statistical significance was set at p < 0.05. 

The study was conducted in accordance with the Declaration of Helsinki and 

approved by the Ethics Committee of the Republican Specialized Scientific-Practical 

Medical Center of Endocrinology (protocol code No. 1, approved 17 January 2023). 

Informed consent was obtained from all subjects involved in the study. 

3 Results 

Participant Characteristics 

The cohort had a mean age of 36.5 years. Men exhibited higher fasting glucose (5.4 vs. 

5.0 mmol/L), insulin (15.3 vs. 12.7 mU/L), and HOMA-IR (3.2 vs. 2.9) than women. 

Women had higher HDL cholesterol (1.5 vs. 1.2 mmol/L) (Table 1). 

Table 1.  Metabolic Characteristics of Participants 

Parameter Men (n=37) Women (n=43) 

Fasting Glucose (mmol/L) 5.4 (5.1, 5.7) 5.0 (4.8, 5.3) 

Fasting Insulin (mU/L) 15.3 (12.4, 17.7) 12.7 (10.2, 14.2) 

HOMA-IR 3.2 (2.7, 4.0) 2.9 (2.7, 3.2) 

Total Cholesterol (mmol/L) 5.2 (4.5, 5.9) 5.0 (4.3, 5.6) 

Triglycerides (mmol/L) 1.53 (1.0, 1.7) 1.2 (1.1, 1.3) 

HDL Cholesterol (mmol/L) 1.2 (1.0, 1.4) 1.5 (1.2, 1.8) 



 

• Gynoid Fat: Inversely correlated with triglycerides (r = –0.41,
• Anthropometr
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Correlations 

• Visceral Fat: DEXA-measured VAT strongly correlated with HOMA-IR (r = 0.72, 
p < 0.001) and SBP (r = 0.65, p < 0.00001) (Figure 1). 

 

 p < 0.05).  

y 
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 WC correlated strongly with VAT (r = 0.71), while BMI showed 

ion (r = 0.52).  

: 
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Fig. 1.  Correlation between Visceral Fat and Metabolic Indicators. (a) Visceral fat vs. 

HOMA-IR (r = 0.72). (b) Visceral fat vs. systolic blood pressure (r = 0.65). 

To assess whether visceral fat independently predicts metabolic outcomes, we 

performed multiple linear regression analyses. 

Visceral fat was significantly associated with insulin resistance (HOMA-IR) after 

controlling for age, sex, and BMI (β = 0.47, p < 0.001). In contrast, BMI was not a 
significant predictor (p = 0.18), suggesting that visceral fat may be a more specific 

marker of metabolic risk. 

Similarly, visceral fat was independently associated with systolic blood pressure (β 
= 0.39, p = 0.002), while age also showed a significant effect (β = 0.35, p = 0.01). These 
findings reinforce the role of visceral adiposity in metabolic syndrome 

pathophysiology. 



 

• Waist Circumference: WC ≥94 cm
obesity with 89% sensitivity and 82%
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Table 2.  Multiple Linear Regression Results: Predicting HOMA-IR 

Variable Beta Coefficient p-Value Standard Error t-Value 

Intercept 0.85 0.15 5.67 <0.001 

Visceral Fat (DEXA) 0.47  0.09 5.22 <0.001 

Age 0.12 0.05 2.4 0.019 

Sex (Male) 0.25 0.1 2.5 0.015 

BMI 0.08 0.06 1.33 0.187 

 

 

Fig. 2. X. Regression Coefficients for Predicting HOMA-IR 

Visceral Fat (DEXA): Central adiposity measured via dual-energy X-ray 

absorptiometry. Sex (Male): Binary variable coded as 1 = male, 0 = female. Error bars: 

Represent +1 standard error of the coefficient estimates. Dashed vertical line at 0: 

Indicates no effect: coefficients to the right suggest a positive association with HOMA-

IR. 

Bar plot illustrating standardized beta coefficients (with standard error bars) from a 

multiple linear regression model predicting insulin resistance (HOMA-IR) based on 

visceral fat (measured by DEXA), age, sex, and BMI. Visceral fat emerged as the 

strongest independent predictor of HOMA-IR (β = 0.47, p < 0.001), followed by sex 
and age. BMI was not significantly associated with HOMA-IR in the adjusted model. 

Diagnostic Accuracy 

• Metabolic Health: 23.5% of normal-BMI participants had metabolic abnormalities: 
31.7% of obese participants were metabolically healthy. 

 

• False Positives/Negatives: 45% of participants with BMI <30 kg/m2 had obesity by 
DEXA (high VAT); 10% with BMI ≥30 kg/m² had normal fat levels (Table 2). 
 

 (men) and ≥80 cm (women) predicted visceral 
specificity.  
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Table 3.  Discrepancies between BMI and DEXA 

Category % Patients Comment  

False Negatives (BMI <30, obese by 45% High visceral fat, metabolic risk group 

DEXA) 

False Positives (BMI ≥30, normal by 
DEXA) 

10% High muscle mass, possibly athletes 

Comparison with International Data 

WC-VAT correlation (r = 0.71) aligned with Kullberg et al. [18](r = 0.68) and Ross et 

al. [17](r = 0.73). DEXA error was +3.1%, consistent with global standards. 

4 Discussion 

DEXA scanning demonstrated high sensitivity in assessing visceral obesity and its met-

abolic implications, with strong correlations between visceral fat and insulin resistance 

(r = 0.72) and blood pressure (r = 0.65) [6]. These findings align with prior studies 

emphasizing visceral fat’s role in metabolic and cardiovascular diseases [19–21]. 
Anthropometric methods (BMI, WC), while accessible, may misclassify metabolic 

risk. Notably, 23.5% of normal-BMI individuals had metabolic abnormalities, and 

31.7% of obese individuals were metabolically healthy, reflecting phenotypes like “thin 
outside, fat inside” (TOFI) and metabolically healthy obesity (MHO) [22]. WC showed 
high predictive value (89% sensitivity) for visceral obesity, supporting its use as a cost-

effective screening tool [23]. However, combining DEXA with anthropometry im-

proved risk stratification, identifying hidden obesity in 15–20% of normal-BMI patients 
[24]. 

DEXA Feasibility & Ethical Considerations  

Implementing DEXA in routine clinical care in Uzbekistan offers high diagnostic 

value but comes with logistical and ethical constraints. First, DEXA devices are expen-

sive to acquire and maintain, requiring regular calibration and trained technicians. Sec-

ond, although radiation exposure in DEXA is low, informed consent should emphasize 

cumulative exposure risks—especially in populations requiring repeated scans. Quality 
control protocols, proper patient positioning, and standardized reference ranges are es-

sential to reduce measurement biases. Thus, while DEXA’s precision makes it superior 
to anthropometry, its adoption should be prioritized for high-risk or diagnostically un-

certain individuals—paired with waist circumference screening for broader resource 
efficiency. 

MHO and TOFI Phenotypes: Implications in Uzbekistan 

Our findings identified two important obesity-related phenotypes: 

1. TOFI (Thin‑Outside Fat‑Inside): Individuals with normal BMI but elevated visceral 
at. Our results show that approximately 23.5% of normal‑BMI participants exhib-
ted metabolic irregularities consistent with TOFI. Traditional anthropometric 
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1. Use inexpensive tools (waist circumference
age. 

2. Refer individuals with discordant profiles (e
resistance) for DEXA to identify TOFI. 

• Cross-sectional nature, lackin

       

screening fails to detect this phenotype, whereas DEXA captures visceral fat directly 

indicating substantial hidden metabolic risk in a sizable portion of the population. 

2. MHO (Metabolically Healthy Obesity): Around 31.7% of obese participants had 
normal metabolic profiles. However, recent large studies suggest that MHO is tran-

sient and may decline with age and BMI increase: hypertension is often the initial 

metabolic abnormality in otherwise healthy obese individuals. In a European cohort 

followed over nine years, individuals with MHO did not show increased cardiovas-

cular events short‑term—but exhibited metabolomic patterns linked to future CVD 
risk. 
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In the Uzbek context, these phenotypes may justify a tiered screening strategy: 

BMI, fasting glucose) for broad cover-, 

.g , normal BMI but high WC or insulin . 

3. Offer lifestyle counselling to those with MHO, recognizing they may seem healthy 
now but carry latent cardiometabolic risk—especially as they age or gain visceral 
fat. 

Clinical Recommendations  

DEXA provides critical diagnostic clarity in distinguishing visceral adiposity (TOFI) 

and metabolically healthy obesity (MHO), but its feasibility is limited by cost, training 

needs, and infrastructure constraints. Anthropometric screening, with BMI and waist 

circumference thresholds validated in our cohort (WC ≥94 cm in men, ≥80 cm in 
women yielding 89% sensitivity), remains the most practical first-line tool. A hybrid 

approach—anthropometry for population-level screening: DEXA reserved for individ-
uals with equivocal or high-risk profiles—supports both accuracy and resource stew-
ardship. Public health messaging in Uzbekistan should emphasize that normal weight 

does not equal metabolic health, and obesity is heterogeneous—not all obese individu-
als present identical risk. 

Limitations 

• Small sample size (n = 80).  
• Single-center design, potentially limiting generalizability.  

g longitudinal outcomes.  

Despite these limitations, the study provides valuable insights for Uzbekistan’s clinical 
practice and a foundation for larger studies. 

5 Conclusion 

DEXA outperforms anthropometric methods in assessing visceral obesity and 

metabolic risks. WC remains a practical screening tool in resource-limited settings. 
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Combining DEXA and anthropometry enhances diagnostic accuracy for obesity 

phenotypes and risk stratification. Implementing DEXA in clinical practice can 

facilitate early detection of hidden metabolic risks, particularly in normal-BMI patients. 
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