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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

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/m?). Exclusion
criteria included prior diagnoses of T2DM or CVD.

Examinations and Measurements

o Anthropometry: Height, weight, and waist circumference (WC) were measured
using standardized protocols. BMI was calculated as weight (kg)/height (m?). WC
was measured at the midpoint between the lower rib margin and iliac crest.

o 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).
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e Laboratory Tests: Fasting plasma glucose, insulin, triglycerides, total cholesterol,
and HDL cholesterol were measured. HOMA-IR was calculated as: (glucose x
insulin)/22.5.

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

Criteria for Obesity Diagnosis

e DEXA: Total body fat >25% (males), >32% (females).
e BMI: >30 kg/m>.
e 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) 153 (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)
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Correlations

e 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).

¢ Gynoid Fat: Inversely correlated with triglycerides (r = —0.41, p <0.05).

e Anthropometry: WC correlated strongly with VAT (r = 0.71), while BMI showed
a weaker correlation (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 (B = 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 (8
=0.39, p=0.002), while age also showed a significant effect (p =0.35, p=0.01). These
findings reinforce the role of wvisceral adiposity in metabolic syndrome
pathophysiology.
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Table 2. Multiple Linear Regression Results: Predicting HOMA-IR

Variable Beta Coefficient Standard Error t-Value  p-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 24 0.019
Sex (Male) 0.25 0.1 2.5 0.015
BMI 0.08 0.06 1.33 0.187

Regression Coefficients for HOMA-IR Prediction

Intercept |

Visceral Fat (DEXA) |

Age | -

Sex (Male) |

BMI| |f =———

0.0 0.2 0.4 0.6 0.8 1.0
Beta Coefficient

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

Diagnostic Accuracy

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

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

e Waist Circumference: WC >94 cm (men) and >80 cm (women) predicted visceral
obesity with 89% sensitivity and 82% 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 10% High muscle mass, possibly athletes
DEXA)

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
fat. Our results show that approximately 23.5% of normal-BMI participants exhib-
ited metabolic irregularities consistent with TOFI. Traditional anthropometric
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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.

In the Uzbek context, these phenotypes may justify a tiered screening strategy:

1. Use inexpensive tools (waist circumference, BMI, fasting glucose) for broad cover-
age.

2. Refer individuals with discordant profiles (e.g., normal BMI but high WC or insulin
resistance) for DEXA to identify TOFI.

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 c¢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

e Small sample size (n = 80).
o Single-center design, potentially limiting generalizability.
o Cross-sectional nature, lacking 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.

Authors’ Contribution

Conceptualization, S.Sh.A. and G.J.N.; methodology, G.J.N.; software, S.Sh.A.; vali-
dation, S.Sh.A. and G.J.N.; formal analysis, S.Sh.A.; investigation, G.J.N.; resources,
G.J.N.; data curation, S.Sh.A.; writing—original draft preparation, S.Sh.A.; writing—
review and editing, G.J.N.; visualization, S.Sh.A.; supervision, G.J.N.; project admin-
istration, G.J.N.; funding acquisition, G.J.N. All authors have read and agreed to the
published version of the manuscript.

Funding Source
This research received no external funding.

Ethics Approval

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 protocol code No. 1, approved 17 January
2023).

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

Data Availability Statement
The data supporting the reported results are available upon request from the correspond-
ing author, subject to ethical and privacy restrictions.

Acknowledgments
We thank the staff of the Republican Specialized Scientific-Practical Medical Center
of Endocrinology for their technical support during data collection.

Conflict of Interest
The authors declare no conflicts of interest.

Abbreviations

BMI: Body Mass Index

WC: Waist Circumference

DEXA: Dual-Energy X-ray Absorptiometry

VAT: Visceral Adipose Tissue

HOMA-IR: Homeostatic Model Assessment of Insulin Resistance
T2DM: Type 2 Diabetes Mellitus

CVD: Cardiovascular Disease



Obesity Assessment in Uzbekistan: Comparing Dual Energy X-Ray ... 49

References

10.

11.

12.

13.

14.

. Alieva, A., Alimov, A., Khaidarova, F., Ismailov, S., Rakhimova, G., Nazhmutdinova, D.,

Shagazatova, B., Tsareva, V.: Assessing the Effectiveness of Type 2 Diabetes Screening in
the Republic of Uzbekistan. International Journal of Endocrinology and Metabolism. 20,
(2022). https://doi.org/10.5812/ijem-124036.

Després, J.: Body Fat Distribution and Risk of Cardiovascular Disease. Circulation. 126,
1301 (2012). https://doi.org/10.1161/circulationaha.111.067264.

. Rakhmetova, M.: Child nutrition and the prevalence of obesity among the youth in

Uzbekistan. Endocrine Abstracts. (2023). https://doi.org/10.1530/endoabs.90.ep556.
Alonge, O., Homsi, M.R., Rizvi, M.S., Malykh, R., Geffert, K., Kasymova, N., Tilenbaeva,
N., Isakova, L., Kushubakova, M., Mavlyanova, D., Mamyrbaeva, T., Duishenkulova, M.,
Pinedo, A., Andreeva, O.N., Wickramasinghe, K.: Implementation of School Nutrition
Policies to Address Noncommunicable Diseases in Uzbekistan and Kyrgyzstan. Global
Health Science and Practice. 12, (2024). https://doi.org/10.9745/ghsp-d-23-00442.

. Chung, C.-S., Chen, H.-F., Wu, J.-M.: Endoscopic sleeve gastroplasty combined with anti-

obesity medication for better control of weight and diabetes. Clinical Endoscopy. (2025).
https://doi.org/10.5946/ce.2024.274.

Murata, H., Yagi, T., Midorikawa, T., Torii, S., Takai, E., Taguchi, M.: Comparison between
DXA and MRI for the Visceral Fat Assessment in Athletes. International Journal of Sports
Medicine. 43, 625 (2022). https://doi.org/10.1055/a-1717-1619.

Chan, B., Yu, Y., Huang, F., Vardhanabhuti, V.: Towards visceral fat estimation at
population scale: correlation of visceral adipose tissue assessment using three-dimensional
cross-sectional imaging with BIA, DXA, and single-slice CT. Frontiers in Endocrinology.
14, (2023). https://doi.org/10.3389/fendo.2023.1211696.

Lu, Y.-C, Lin, Y., Yen, A.M., Chan, W.P.: Dual-energy X-ray absorptiometry-assessed
adipose tissues in metabolically unhealthy normal weight Asians. Scientific Reports. 9,
(2019). https://doi.org/10.1038/s41598-019-53557-9.

Khonsari, N.M., Khashayar, P., Kelishadi, R., Tabatabaci-Malazy, O., Qorbani, M.:
Editorial: Association of novel anthropometric indexes with metabolic syndrome and
beyond, volume II. Frontiers in Endocrinology. 14, (2023).
https://doi.org/10.3389/fendo.2023.1138022.

Talalaj, M., Bogotowska-Stieblich, A., Wasowski, M., Sawicka, A., Jankowski, P.: The
influence of body composition and fat distribution on circadian blood pressure rhythm and
nocturnal mean arterial pressure dipping in patients with obesity. PLoS ONE. 18, (2023).
https://doi.org/10.1371/journal.pone.0281151.

Torun, C., Ankaral1, H., Castur, L., Uzunlulu, M., Erbakan, A.N., Akbas, M.M., Giindiiz,
N., Dogan, M.B., Oguz, A.: Is Metabolic Score for Visceral Fat (METS-VF) a Better Index
Than Other Adiposity Indices for the Prediction of Visceral Adiposity. Diabetes Metabolic
Syndrome and Obesity. 2605 (2023). https://doi.org/10.2147/dmso.s421623.

Gazarova, M., Lenartova, P., Ondrei¢kova, M., Hackova, L.: The use of portable abdominal
bioimpedance analyzer Yscope in the assessment of abdominal obesity. Roczniki
Panstwowego Zaktadu Higieny. 75, 151 (2024). https://doi.org/10.32394/rpzh.2024.0301.
Cembrowska, P., Stefanska, A., Odrowaz-Sypniewska, G.: Obesity phenotypes: normal-
weight individuals with metabolic disorders versus metabolically healthy obese. Medical
Research Journal. 1, 95 (2017). https://doi.org/10.5603/mrj.2016.0016.

Mathew, D.E., Jayakaran, J.A.J., Hansdak, S.G., Iyadurai, R.: Cost effective and adaptable
measures of estimation of visceral adiposity. Clinical Epidemiology and Global Health. 23,
101362 (2023). https://doi.org/10.1016/j.cegh.2023.101362.


https://doi.org/10.5812/ijem-124036
https://doi.org/10.1161/circulationaha.111.067264
https://doi.org/10.1530/endoabs.90.ep556
https://doi.org/10.9745/ghsp-d-23-00442
https://doi.org/10.5946/ce.2024.274
https://doi.org/10.1055/a-1717-1619
https://doi.org/10.3389/fendo.2023.1211696
https://doi.org/10.1038/s41598-019-53557-9
https://doi.org/10.3389/fendo.2023.1138022
https://doi.org/10.1371/journal.pone.0281151
https://doi.org/10.2147/dmso.s421623
https://doi.org/10.32394/rpzh.2024.0301
https://doi.org/10.5603/mrj.2016.0016
https://doi.org/10.1016/j.cegh.2023.101362

50

15.

17.

18.
19.

20.

21.

22.

23.

24.

G. D. Narimova and S. Sh. Anvarova

Adiyeva, M., Aukenov, N., Nurzhanova, A., Slamkhanova, N., Kerimkulova, A.: The effect
of AGTR1, AGT, LPL, ADRB2 gene polymorphisms on central obesity in adolescents of
the Kazakh population. Bratislavské lekarske listy/Bratislava medical journal. 124, 53
(2022). https://doi.org/10.4149/bll 2023 008.

. Faruque, S., Tong, J., Lacmanovic, V., Agbonghae, C., Minaya, D.M., Czaja, K.: The Dose

Makes the Poison: Sugar and Obesity in the United States — a Review, (2019).
https://doi.org/10.31883/pjfns/110735.

Ross, R., Neeland, 1.J., Yamashita, S., Shai, L., Seidell, J.C., Magni, P., Santos, R.D.,
Arsenault, B.J., Cuevas, A., Hu, F.B., Griffin, B.A., Zambon, A., Barter, P.J., Fruchart, J.,
Eckel, R.H., Matsuzawa, Y., Després, J.: Waist circumference as a vital sign in clinical
practice: a Consensus Statement from the IAS and ICCR Working Group on Visceral
Obesity. Nature Reviews Endocrinology. 16, 177 (2020). https://doi.org/10.1038/541574-
019-0310-7.

Kullberg, J.: Assessment of Body Composition Using Magnetic Resonance Imaging. (2007).
Huang, H., Zheng, X., Wen, X., Zhong, J., Zhou, Y., Xu, L.: Visceral fat correlates with
insulin secretion and sensitivity independent of BMI and subcutaneous fat in Chinese with
type 2  diabetes. Frontiers in  Endocrinology. 14, 1144834  (2023).
https://doi.org/10.3389/fendo.2023.1144834.

Lopes, H.F., Corréa-Giannella, M.L., Consolim-Colombo, F.M., Egan, B.M.: Visceral
adiposity syndrome, (2016). https://doi.org/10.1186/s13098-016-0156-2.

Tchernof, A., Després, J.: Pathophysiology of Human Visceral Obesity: An Update.
Physiological Reviews. 93, 359 (2013). https://doi.org/10.1152/physrev.00033.2011.
Stefan, N., Héring, H., Hu, F.B., Schulze, M.B.: Metabolically healthy obesity:
epidemiology, mechanisms, and clinical implications. The Lancet Diabetes &
Endocrinology. 1, 152 (2013). https://doi.org/10.1016/s2213-8587(13)70062-7.

Lean, M.E.J., Han, T.S., Morrison, C.: Waist circumference as a measure for indicating need
for weight management. BMJ. 311, 158 (1995). https://doi.org/10.1136/bmj.311.6998.158.
Neeland, L.J., Poirier, P., Després, J.-P.: Cardiovascular and Metabolic Heterogeneity of
Obesity. Circulation. 137, 1391 (2018). https://doi.org/10.1161/circulationaha.117.029617.


https://doi.org/10.4149/bll_2023_008
https://doi.org/10.31883/pjfns/110735
https://doi.org/10.1038/s41574-019-0310-7
https://doi.org/10.1038/s41574-019-0310-7
https://doi.org/10.3389/fendo.2023.1144834
https://doi.org/10.1186/s13098-016-0156-2
https://doi.org/10.1152/physrev.00033.2011
https://doi.org/10.1016/s2213-8587(13)70062-7
https://doi.org/10.1136/bmj.311.6998.158
https://doi.org/10.1161/circulationaha.117.029617

Obesity Assessment in Uzbekistan: Comparing Dual Energy X-Ray ... 51

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
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