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Background: Different regional fat depots have different effects on lipid and glucose metabolism. The purpose of this study 

is to examine the relationship between body fat distribution as measured by dual-energy X-ray absorptiometry (DEXA) 

and metabolic risk factors and to disclose whether there is any difference between groups with and without metabolic 

syndrome (MS).

Methods: A total of 292 participants (98 men, 194 women) over 19 years old underwent whole-body DEXA to evaluate body 

composition with respect to the whole body, leg, arm, and android regions. Anthropometry and blood tests for metabolic 

risks were measured.

Results: One hundred and seven participants were diagnosed with MS. The MS group had significantly higher android fat 

(%) and had lower leg fat (%), arm fat (%), and appendicular (arms + legs) fat (%) than the non-MS group. Android fat (%) 

had a positive correlation with waist circumference (WC), systolic blood pressure (SBP), diastolic blood pressure (DBP), 

glucose, log insulin, hemoglobin A1c (HbA1c), triglyceride (TG), and low density lipoprotein cholesterol, and had a 

negative correlation with high density lipoprotein (HDL) cholesterol. Appendicular fat (%) had a negative correlation with 

WC, SBP, DBP, glucose, log insulin, HbA1c, and TG, and had a positive correlation with HDL cholesterol. The association 

of appendicular fat with metabolic risk was consistently observed in non-MS, but the association was not observed 

except for SBP, glucose and log insulin in MS.

Conclusion: In contrast with the adverse effects of android fat, appendicular fat distribution was associated with decreased 

risks of MS. The protective effect of appendicular fat against metabolic risk factors in non-MS was less characteristic in 

MS.
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INTRODUCTION

Obesity is increasing world-wide and the World Health 

Organization has already declared obesity a global epidemic that 

constitutes a major health problem.1) Obesity is an important 

risk factor for cardiometabolic disease including type 2 diabetes, 

dyslipidemia, hypertension, cardiovascular disease (CVD) and 

metabolic syndrome (MS). MS is the most useful and widely 

accepted description of the metabolic cluster which is related to 

cardiovascular risk factors and diabetes.2)

Total body fat (indicated by body mass index [BMI]) or 
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central obesity (indicated by waist circumference [WC]) was the 

most widespread index to diagnose obesity.3) However, different 

regional fat depots have different effects on lipid and glucose 

metabolism and many devices were invented to measure body 

fat distribution. Recent studies have focused on understanding 

the mechanisms of how specific adipose tissue depots or regional 

fat distribution patterns impact cardiometabolic risk.4,5) A small 

number of studies have also demonstrated that greater fat mass 

distributed in appendicular sites (e.g., legs), which is indicative 

more of a gynoid body shape, appears to be beneficial or 

protective against subclinical atherosclerosis or CVD as compared 

with central obesity.5)

Dual-energy X-ray absorptiometry (DEXA), computed 

tomography (CT) and magnetic resonance imaging (MRI) are 

very accurate and sensitive to measure body fat composition.6) 

DEXA can non-invasively show total, trunk, arms or legs fat mass 

excluding bone mineral content. In addition, it is more readily 

accessible, inexpensive and rapid than CT or MRI and it carries a 

low radiation exposure.7)

The primary purpose of this study is to examine the relationship 

between body fat patterns as measured by DEXA and metabolic 

risk factors. The secondary purpose is to disclose whether there is 

any difference between groups with and without MS.

METHODS

1. Study Subjects
The study participants were patients over 19 years old 

who visited a general hospital from June 2009 to January 2012. 

Participants with any malignancy, chronic liver disease or 

endocrine diseases which could influence their weight were 

excluded from the study.

2. Measurements
Body weight and height were measured to the nearest 0.1 

kg and 0.1 cm with an automated scale. BMI was calculated by 

Quetelet index (kg/m2). WC was measured with a flexible tape 

at the mid-level between the lower ribs and the iliac crest while 

participants were standing on their feet. Systolic blood pressure 

(SBP) and diastolic blood pressure (DBP) were measured by 

automatic sphygmomanometer after the participants rested for at 

least 10 minutes.

A whole body DEXA scan was performed for each participant 

in the supine position to measure total and regional body fat 

mass (g) and total body fat percentage (%) using DEXA ver. 13 

(Lunar IDXA; GE healthcare Korea, Seoul, Korea). Measurement 

of regional fat mass is seen in Figure 1. Site of android fat was 

determined by 3 borderlines: the lower border defined as the 

horizontal line connecting both iliac crests, the upper border 

defined as 20% above the lower borderline to the horizontal line of 

the chin, and the lateral border line as lateral margins of the waist.

Regional body fat percentage (%) was calculated by regional 

fat mass (g) divided by total fat mass (g). By using measured 

regional and total body fat mass (g), android fat mass/total fat 

mass (%) and appendicular fat mass/total fat mass (%) were 

calculated.

For evaluation of metabolic risks, blood samples were obtained 

after 12 hours fasting to measure serum glucose, hemoglobin 

A1c (HbA1c), total cholesterol, triglyceride (TG), low density 

lipoprotein (LDL) cholesterol, high density lipoprotein (HDL) 

cholesterol and insulin. Homeostasis model assessment of insulin 

resistance (HOMA-IR) was calculated using the following 

formula: HOMA-IR = fasting insulin (μU/mL) × fasting glucose 

(mg/dL) / 405.8)

MS was defined according to criteria established in the 

American Heart Association/National Heart, Lung, and Blood 

Figure 1. Illustration of the areas of regional fat measurement by 

dual-energy X-ray absorptiometry. Trapezoid indicated as (a) is a 

region of android fat.
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Institute.9) Participants with three or more of the following 5 

criteria were defined as having MS: central obesity, elevated TG 

(≥ 150 mg/dL or on medication for elevated TG), low serum 

HDL cholesterol (men < 40 mg/dL, women < 50 mg/dL or 

on medication for reduced HDL cholesterol), blood pressure ≥ 

130/85 mm Hg or on antihypertensive drug treatment, fasting 

glucose ≥ 100 mg/dL or on drug treatment for elevated glucose). 

Central obesity was defined according to the Korean Society for 

the Study of Obesity (≥90 cm for men, ≥85 cm for women).10)

3. Statistical Analysis
The participants were divided into two groups, with and 

without MS. Differences in variables between the two groups 

were investigated by using an independent t-test or chi-square 

test. Logarithmic transformation was used to analyze variables of 

insulin and HOMA-IR. Partial correlation analyses adjusting for 

Table 1. Baseline characteristics of study participants

Characteristic Non-MS (n = 185) MS (n = 107) P-value*

Age (y) 52.6 (12.8) 52.7 (12.9) 0.940

Sex no.

     Male 49 49 0.001

     Female 136 58

Smoker (never/former/current) 148/10/27 72/11/24 0.040

Hypertension 52 54 <0.001

Diabetes 19 30 <0.001

Body mass index (kg/m2) 25.9 (23.1) 27.1 (3.7) 0.580

Waist circumference (cm) 84.7 (9.7) 93.4 (8.0) <0.001

Systolic blood pressure (mm Hg) 120.7 (12.8) 133.5 (13.5) <0.001

Diastolic blood pressure (mm Hg) 72.0 (9.0) 77.7 (13.5) <0.001

Glucose (mg/dL) 92.7 (11.6) 108.4 (24.7) <0.001

Hemoglobin A1c (%) 5.67 (0.49) 6.08 (0.69) <0.001

Total cholesterol (mg/dL) 184.7 (35.3) 191.8 (35.5) 0.100

Triglyceride (mg/dL) 101.9 (49.8) 188.2 (107.7) <0.001

Low density lipoprotein cholesterol (mg/dL) 109.3 (29.4) 115.6 (33.3) 0.090

High density lipoprotein cholesterol (mg/dL) 55.7 (13.2) 46.2 (9.7) <0.001

Log insulin (IU/mL) 2.8 4.4 <0.001

Log homeostasis model assessment of insulin resistance 1.5 2.1 <0.001

Total fat (%)† 35.0 (7.0) 36.0 (4.4) 0.250

Android fat (%)‡ 8.6 (1.4) 9.8 (1.2) <0.001

Appendicular fat (%)§ 40 (5.4) 36.4 (4.4) <0.001

Arms fat (%)|| 11.3 (1.4) 10.8 (1.6) 0.010

Legs fat mass (%)¶ 29.7 (4.5) 25.6 (3.8) <0.001

Values are presented as mean ± SD or number.

MS: metabolic syndrome.

*P-values for between-group differences used independent t-tests for continuous variables and chi-square tests for categorical variables. 
†Total fat percentage (%) = total fat (g) / total tissue (g); total tissue (g) = total mass (g) - bone mineral content (g). ‡Android fat (%) = android 

fat mass (g) / total fat mass (g). §Appendicular fat (%) = {arms fat mass (g) + legs fat mass (g)} / total fat mass (g). ||Arms fat (%) = arms fat 

mass (g) / total fat mass (g). ¶Legs fat mass (%) = legs fat mass (g) / total fat mass (g).
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age, sex, and smoking history were performed to determine the 

relationship between metabolic parameters and total or regional 

fat percentage. In addition, we investigated whether there is any 

difference in these relationships between groups.

All analyses were two-tailed and P < 0.05 was considered 

statistically significant. The statistical analyses were performed 

using SPSS ver. 12.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

1. Baseline Characteristics
Of the total 292 participants, 107 participants (36.6%) were 

diagnosed with MS. BMI and total fat (%) did not show any 

significant difference between with and without MS. Android fat 

(%) was significantly higher in MS group. In contrast, arm fat (%), 

leg fat (%) and appendicular fat (%) were significantly lower in 

MS (Table 1).

2. The Correlation between Metabolic Risk and 

Total or Regional Fat Percentage
Total fat (%) was positively correlated with WC, SBP, 

DBP, HbA1c, LDL cholesterol, and log insulin, and negatively 

correlated with HDL cholesterol. Android fat (%) had a positive 

correlation with WC, SBP, DBP, glucose, HbA1c, TG, LDL 

cholesterol, and log insulin, and had a negative correlation with 

HDL cholesterol. Appendicular fat (%) had a negative correlation 

with WC, SBP, DBP, glucose, HbA1c, TG, and log insulin, and 

had a positive correlation with HDL cholesterol. The negative 

correlation between appendicular fat and metabolic risk was 

attributed to leg fat (%) (Tables 2, 3).

3. The Comparison of the Effect of Appendicular 

Fat on Metabolic Risk between with and 

without MS Groups
In non-MS, appendicular fat (%) was negatively correlated 

with WC, DBP, glucose, HbA1c, TG, LDL cholesterol, log 

insulin, and log HOMA-IR. However, significant association was 

not observed between appendicular fat (%) and metabolic risk 

except for SBP, glucose and log insulin in MS (Table 4).

DISCUSSION

The purpose of this study was to examine the relationship 

between body fat patterns as measured by DEXA and metabolic 

Table 2. Partial correlation analyses between fat related index and metabolic risks*

Variable
Total fat (%) Android fat (%) Appendicular fat (%)

r P-value r P-value r P-value

Body mass index 0.10 0.080 0.10 0.110 -0.12 0.040

Waist circumference 0.74 <0.001 0.62 <0.001 -0.31 <0.001

Systolic blood pressure 0.32 <0.001 0.25 <0.001 -0.16 0.006

Diastolic blood pressure 0.22 <0.001 0.24 <0.001 -0.18 0.002

Glucose 0.04 0.470 0.22 <0.001 -0.30 <0.001

Hemoglobin A1c 0.16 0.020 0.26 <0.001 -0.29 <0.001

Total cholesterol 0.08 0.190 0.14 0.010 -0.09 0.140

Triglyceride 0.07 0.260 0.22 <0.001 -0.27 <0.001

Low density lipoprotein cholesterol 0.15 0.010 0.15 0.010 -0.09 0.110

High density lipoprotein cholesterol -0.15 0.009 -0.18 0.002 0.20 0.001

Log insulin 0.28 <0.001 0.31 <0.001 -0.25 0.001

Log homeostasis model assessment of insulin resistance 0.20 0.003 0.29 <0.001 -0.26 <0.001

*Partial correlation analyses adjusting for age, sex, and smoking history.
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risk factors and whether there is any difference between groups 

with and without MS. Obesity is known to be related with type 2 

diabetes, dyslipidemia, hypertension, and cardiovascular disease. 

It has been recently established that excess accumulation of 

visceral fat is positively correlated and appendicular fat is inversely 

correlated with metabolic risk factors.4,11-16)

In this study, android fat was a highly contributable index to 

MS and had a stronger correlation than total body fat. However, 

appendicular fat decreased the risk of MS and the protective effect 

of appendicular fat was mostly attributed to leg fat. These results 

Table 4. Partial correlation analyses of appendicular fat (%) and metabolic risks between with and without metabolic syndrome*

Variable
Non-MS (n = 185) MS (n = 107)

r P-value r P-value

Body mass index -0.14 0.060 0.11 0.230

Waist circumference -0.25 0.001 0.01 0.860

Systolic blood pressure -0.13 0.080 0.20 0.040

Diastolic blood pressure -0.20 0.006 0.10 0.280

Glucose -0.19 0.010 -0.22 0.020

Hemoglobin A1c -0.22 0.003 -0.17 0.090

Total cholesterol -0.10 0.170 0.06 0.520

Triglyceride -0.17 0.020 -0.10 0.300

Low density lipoprotein cholesterol -0.14 0.050 0.09 0.370

High density lipoprotein cholesterol 0.06 0.410 0.16 0.110

Log insulin -0.18 0.020 0.042 <0.001

Log homeostasis model assessment of insulin resistance -0.17 0.040 -0.04 0.650

MS: metabolic syndrome.

*Partial correlation analyses adjusting for age, sex, and smoking history.

Table 3. Partial correlation analyses between arms fat (%) or legs fat (%) and metabolic risks*

Variable
Arms fat (%) Legs fat (%)

r P-value r P-value

Body mass index -0.01 0.860 -0.08 0.162

Waist circumference 0.18 0.002 -0.31 <0.001

Systolic blood pressure 0.02 0.722 -0.10 0.096

Diastolic blood pressure 0.07 0.215 -0.19 0.001

Glucose -0.13 0.025 -0.21 <0.001

Hemoglobin A1c 0.32 <0.001 -0.24 <0.001

Total cholesterol -0.17 0.004 -0.08 0.201

Triglyceride 0.33 <0.001 -0.24 <0.001

Low density lipoprotein cholesterol 0.01 0.850 -0.07 0.245

High density lipoprotein cholesterol -0.06 0.300 0.24 <0.001

Log insulin -0.06 0.296 -0.26 <0.001

Log homeostasis model assessment of insulin resistance -0.03 0.621 -0.25 <0.001

*Partial correlation analyses adjusting for age, sex, and smoking history.
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correspond with those of previous studies.14-16)

Another important finding in this study is that the protective 

effect of appendicular fat in the non-MS group was not 

characteristic in the MS group. In previous studies, leg fat (especially 

thigh fat) had a favorable effect on metabolic risk factors.14,15,17) But 

previous investigators did not compare the effects of appendicular 

fat on metabolic risk in those who had MS versus those who did 

not. In this study, we suppose that the protective effect of leg fat on 

metabolic disturbance may change after developing MS.

Goodpaster et al.18) partitioned the mid-thigh area measured 

by CT into 3 components: subcutaneous adipose tissue (SCAT), 

adipose tissue beneath the fascia, and adipose tissue infiltrating 

muscle groups (IMAT). IMAT was significantly related to insulin 

resistance. They assumed that adipose tissue interspersed in and 

around skeletal muscle might impair muscle blood flow, reduce 

insulin diffusion capacity, or increase local concentrations of fatty 

acids. Our results support the hypothesis that when MS occurs, 

leg fat accumulates as IMAT rather than SCAT and loses the 

favorable effect on lipid and glucose metabolism.

Another mechanism is possible. Subcutaneous adipose tissue 

under healthy conditions sequesters non-esterified fatty acids 

released from adipose tissue and dietary sources.19) However, 

under certain pathological conditions such as obesity, there is a 

down-regulation of lipid storage to subcutaneous depots resulting 

from a maladaptive response to postprandial increase in fatty 

acids.20) This may cause the development of ectopic lipid deposits 

(e.g., liver, skeletal muscles, and pancreas) known to be adversely 

associated with both hepatic and peripheral insulin sensitivity.19-21) 

Other evidences also suggest that adipose tissue infiltration in 

skeletal muscle is associated with greater circulating inflammatory 

markers and may contribute to insulin resistance and other 

cardiometabolic risk factors.22,23)

Our results also show that android fat and appendicular fat 

are significant contributors to MS, whereas BMI and total body 

fat percentage are not different whether MS is present or not. 

Although measuring WC is a very simple and good method that 

represents central obesity, it is important to measure waist-hip 

ratio (WHR) together. An increase of WHR may be due to not 

only to higher WC but also lower hip circumference. A less thigh 

fat was noted in both men and women with increased visceral 

fat.24) Larger hip circumference represents more leg fat mass and 

leg lean mass.11) A recent meta-analysis confirms that WHR is 

superior to WC to discriminate obesity-related cardiometabolic 

risk.25) Only measuring WC did not allow detection of the 

decrease of hip circumference or leg fat which might influence 

metabolic risk.

This study did not identify the protective effect of lean body 

mass against MS that was reported in previous studies.26,27)

Our study has a few limitations. First, DEXA cannot separate 

subcutaneous fat from intramuscular fat in each region of body. 

And measurements on obese participants are more prone to error 

than those on non-obese participants because of the overlapping 

site of the regional fat measurement.28) But several studies show 

that trunk fat amount measured by DEXA correlated significantly 

with visceral abdominal fat measured by CT and reflected 

most of the risks.13,29) Second, we did not adjust for exercise, 

alcohol drinking, nutrition or physical activity, which may affect 

metabolic risk factors. Further research is needed to include 

large participant groups and investigate the correlation between 

sectioned leg fat and metabolic risk factors.

In spite of limitations, our study has some strengths. There 

were few studies that tried to identify the effect of appendicular 

fat in Asians including Koreans. We analyzed the effect of 

appendicular fat on the metabolic risk factors between groups 

with MS and without MS and found that the protective effect of 

appendicular fat decreased in the group with MS.

In conclusion, android fat and appendicular fat were 

associated with MS in this study. And the protective effect of 

appendicular fat against metabolic risk factors in non-MS was not 

characteristic in MS. These results suppose that the metabolic 

influence of adipose tissue is not homogeneous across regions or 

over the course of MS.

CONFLICT OF INTEREST

No potential conflict of interest relevant to this article was 

reported.

REFERENCES

1. World Health Organization. Obesity: preventing and 

managing the global epidemic: report of a WHO consultation. 



Si Young Park, et al: Differential Effets of Appendicular Fat on Metabolic Syndrome

188  |  Vol. 35, No. 4 Jul 2014 Korean J Fam Med

Geneva: World Health Organization; 2000.

2. Alberti KG, Zimmet P, Shaw J. Metabolic syndrome: a new 

world-wide definition: a Consensus Statement from the 

International Diabetes Federation. Diabet Med 2006;23:469-

80.

3. National Institutes of Health. Clinical guidelines on the 

identification, evaluation, and treatment of overweight and 

obesity in adults: the evidence report. Obes Res 1998;6 Suppl 

2:51S-209S.

4. Hu G, Bouchard C, Bray GA, Greenway FL, Johnson WD, 

Newton RL Jr, et al. Trunk versus extremity adiposity and 

cardiometabolic risk factors in white and African American 

adults. Diabetes Care 2011;34:1415-8.

5. Snijder MB, Flyvbjerg A, Stehouwer CD, Frystyk J, Henry 

RM, Seidell JC, et al. Relationship of adiposity with arterial 

stiffness as mediated by adiponectin in older men and 

women: the Hoorn Study. Eur J Endocrinol 2009;160:387-

95.

6. Ellis KJ. Human body composition: in vivo methods. Physiol 

Rev 2000;80:649-80.

7. Jebb SA. Measurement of soft tissue composition by dual 

energy X-ray absorptiometry. Br J Nutr 1997;77:151-63.

8. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher 

DF, Turner RC. Homeostasis model assessment: insulin 

resistance and beta-cell function from fasting plasma glucose 

and insulin concentrations in man. Diabetologia 1985;28:412-

9.

9. Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel 

RH, Franklin BA, et al. Diagnosis and management of the 

metabolic syndrome: an American Heart Association/

National Heart, Lung, and Blood Institute Scientific 

Statement. Circulation 2005;112:2735-52.

10. Lee SY, Park HS, Kim DJ, Han JH, Kim SM, Cho GJ, et al. 

Appropriate waist circumference cutoff points for central 

obesity in Korean adults. Diabetes Res Clin Pract 2007;75:72-

80.

11. Snijder MB, Dekker JM, Visser M, Bouter LM, Stehouwer 

CD, Yudkin JS, et al. Trunk fat and leg fat have independent 

and opposite associations with fasting and postload glucose 

levels: the Hoorn study. Diabetes Care 2004;27:372-7.

12. Wu H, Qi Q, Yu Z, Sun Q, Wang J, Franco OH, et al. 

Independent and opposite associations of trunk and leg 

fat depots with adipokines, inflammatory markers, and 

metabolic syndrome in middle-aged and older Chinese men 

and women. J Clin Endocrinol Metab 2010;95:4389-98.

13. Paradisi G, Smith L, Burtner C, Leaming R, Garvey WT, 

Hook G, et al. Dual energy X-ray absorptiometry assessment 

of fat mass distribution and its association with the insulin 

resistance syndrome. Diabetes Care 1999;22:1310-7.

14. Snijder MB, Visser M, Dekker JM, Goodpaster BH, Harris 

TB, Kritchevsky SB, et al. Low subcutaneous thigh fat is a risk 

factor for unfavourable glucose and lipid levels, independently 

of high abdominal fat: the Health ABC Study. Diabetologia 

2005;48:301-8.

15. Kim JS, Lee K, Kim JS, Park TJ, Lee S, Kim YJ, et al. Regional 

fat measured by DEXA and metabolic risk factors among 

women with central obesity. J Korean Acad Fam Med 2008; 

29:506-12.

16. Bos G, Snijder MB, Nijpels G, Dekker JM, Stehouwer CD, 

Bouter LM, et al. Opposite contributions of trunk and leg fat 

mass with plasma lipase activities: the Hoorn study. Obes Res 

2005;13:1817-23.

17. Hunter GR, Chandler-Laney PC, Brock DW, Lara-Castro C, 

Fernandez JR, Gower BA. Fat distribution, aerobic fitness, 

blood lipids, and insulin sensitivity in African-American and 

European-American women. Obesity (Silver Spring) 2010; 

18:274-81.

18. Goodpaster BH, Thaete FL, Kelley DE. Thigh adipose tissue 

distribution is associated with insulin resistance in obesity 

and in type 2 diabetes mellitus. Am J Clin Nutr 2000;71:885-

92.

19. Despres JP, Lemieux I. Abdominal obesity and metabolic 

syndrome. Nature 2006;444:881-7.

20. McQuaid SE, Hodson L, Neville MJ, Dennis AL, Cheeseman 

J, Humphreys SM, et al. Downregulation of adipose tissue 

fatty acid trafficking in obesity: a driver for ectopic fat 

deposition? Diabetes 2011;60:47-55.

21. Unger RH, Orci L. Lipotoxic diseases of nonadipose tissues 

in obesity. Int J Obes Relat Metab Disord 2000;24 Suppl 4: 

S28-32.

22. Yim JE, Heshka S, Albu JB, Heymsfield S, Gallagher D. 

Femoral-gluteal subcutaneous and intermuscular adipose 

tissues have independent and opposing relationships with 

CVD risk. J Appl Physiol (1985) 2008;104:700-7.



 Si Young Park, et al: Differential Effets of Appendicular Fat on Metabolic Syndrome

 Vol. 35, No. 4 Jul 2014  |  189Korean J Fam Med

23. Zoico E, Rossi A, Di Francesco V, Sepe A, Olioso D, Pizzini F, 

et al. Adipose tissue infiltration in skeletal muscle of healthy 

elderly men: relationships with body composition, insulin 

resistance, and inflammation at the systemic and tissue level. J 

Gerontol A Biol Sci Med Sci 2010;65:295-9.

24. Ko JH, Park JS, Kim KJ. The relationship between abdominal 

visceral fat area and regional subcutaneous skinfold thickness 

in Korean adults. Korean J Obes 2008;17:45-52.

25. Ashwell M, Gunn P, Gibson S. Waist-to-height ratio is a better 

screening tool than waist circumference and BMI for adult 

cardiometabolic risk factors: systematic review and meta-

analysis. Obes Rev 2012;13:275-86.

26. Kim TN, Park MS, Lim KI, Yang SJ, Yoo HJ, Kang HJ, et al. 

Skeletal muscle mass to visceral fat area ratio is associated 

with metabolic syndrome and arterial stiffness: the Korean 

Sarcopenic Obesity Study (KSOS). Diabetes Res Clin Pract 

2011;93:285-91.

27. Kim TN, Park MS, Yang SJ, Yoo HJ, Kang HJ, Song W, et al. 

Prevalence and determinant factors of sarcopenia in patients 

with type 2 diabetes: the Korean Sarcopenic Obesity Study 

(KSOS). Diabetes Care 2010;33:1497-9.

28. Park YW, Heymsfield SB, Gallagher D. Are dual-energy X-ray 

absorptiometry regional estimates associated with visceral 

adipose tissue mass? Int J Obes Relat Metab Disord 2002;26: 

978-83.

29. Kim JS, Yoo SM, Kim KN, Lee SY. Comparison of DEXA and 

CT for truncal obesity in adult women related to metabolic 

complications. J Korean Acad Fam Med 2007;28:675-81.


