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Abstract
Background: Visceral adipose tissue accumulation highly correlates with metabolic abnormalities and
cardiovascular disease. Computed tomography (CT) is considered to be the standard method for visceral fat
evaluation, but it is not used as a routine procedure. Ultrasonography (US) is a safe method, fairly
inexpensive and widely available modality for measuring abdominal fat thickness. The aim of this study was
to investigate the correlation between the intra-abdominal fat distance by US measurement and the visceral
fat amount by CT and cardiovascular risk factors and to evaluate whether the intra-abdominal fat distance
is better correlate with visceral fat amount by CT than other anthropometric parameters and to assess the
cut-off value of intra-abdominal fat distance for visceral obesity in type 2 diabetic patients.

Methods: We obtained abdominal subcutaneous and intra-abdominal fat distance by using a high-resolution
US (HDI 5000, ATL, Phillps, USA) at 1 cm above umbilical level in one hundred twenty-eight type 2 diabetic
patients. CT scan (Light Speed plus, GE, USA) for the measurement of subcutaneous and intra-abdominal
visceral fat area was also performed in the supine position at the L4-5 level. Lean body mass and % body
fat were measured in a bioimpedance using DSM (Direct Segmental Measurement by 8-point electrode)
method (InBody 3.0, Biospace, Seoul, Korea). We measured patient’s height, weight, BMI (Body mass index),
waist circumference, WHR(Waist-hip ratio) and blood pressure and also measured fasting blood glucose,
HbAlc and lipid profiles.

Results: Abdominal subcutaneous and visceral fat distance measured by US is 2.05 + 0.52 cm, 4.43 + 1.54 cm,
respectively. In pearson’s correlations, visceral fat distance were correlated with BMI (r = 0.681, P < 0.001),
waist circumference (r = 0.661, P < 0.001), WHR (r = 0.571, P < 0.001), triglyceride (r = 0.316, P < 0.001),
HDL-cholesterol (r = -0.207, P < 0.004). US-determined visceral fat distance was also correlated with visceral
fat amount by CT (r = 0.674, P < 0.001) and BMI (r = 0.610, P < 0.001), waist circumference (r = 0.626, P <
0.001), WHR (r = 0.557, P < 0.001). When we used waist circumference (men: 90 cm, women: 85 c¢m) as

parameters for visceral obesity, the cutoff value of visceral fat distance, obtained by the receiver operating
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characteristic curve analysis, were 4.670 cm in men, 3.695 cm in women diabetic patients.

Conclusion: Intra-abdominal fat distance measured by US reveals strongly correlated with visceral fat area,

which is determined by CT and also well correlated with anthropometric parameters and lipid profiles. We

suggest that US provided a better index compared to anthropometry for the prediction of visceral obesity

and could be an alternative method for CT for visceral fat determination in diabetic patients. (KOREAN

DIABETES ] 32:418-427, 2008)
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Fig. 1. Abdominal subcutaneous and intra-abdominal fat
distance by using a high-resolution US (HDI 5000, ATL,
Phillps) at 1 cm above umbilical level.
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Fig. 2. CT scanning (Light Speed plus, GE) for measuring subcutaneous and intra-abdominal visceral fat area was

performed with subjects in the supine position, at the L4-5 level.
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Heb S vkl & Boirk FHEDS 112 + 34 <
mmol/L, JEEHEE 9.8 + 23%0]%om] F57] Fgk> AR SAjollA] 2oubz =43 YA Zol= HAek
122 + 19 mmHg, ©]$7] P2 76 + 10 mmHgE H1 A4 = 0.681, P < 0.001), Ead = 0661, P <
FApellA] Ko7} gidek. A F FlelE 5.04 £ 1.2 0.001) 2%2] H]&(r = 0.571, P < 0.001), ZAAr =
mmol/L, A2 1.87 + 1.0 mmol/L, AUEAgHH = 0316, P < 0.001)7} oke] AFTAS Kol walwA|chi
Al2=EllE-2 2.90 £ 0.9 mmol/LE W kel A] Xte]7} ¢l STASHE ¢ = 0207, P < 0.004)T1= 2] AukuAl
SIARE, oAk FRlAEE ok A 129 = ner) i gbge] 9ol AAAS @ = 0685, P <
03 mmol/L.% 7} £2 1.08 £ 0.3 mmol/L keh 328k 0.001), 32IEd @ = 0.655, P < 0.001) 29| Hl& (r =
2. ZSUIQ} AEE| CEFMoz ZM5H LIRX|um} 0.612, P < 0.00)F} 42| FAAE K3, 5 A
L|5FA[E| AMEHH|(Table 2) = -0.384, P < 0.010), B34 (r = -0.470, P < 0.002),

T EA R FH2EH|E (¢ = -0.437, P < 0.003)T= 29

Table 1. Anthropometric and biochemical data of the subjects

Total Men Women Total Men Women
(n = 44) (n = 84) (n = 44) (n = 84)
Age (yrs) 61 £ 10 57 £ 10 63 + 10" Duration (yrs) 114 £ 85 10.6 + 70 119 £ 9.2
BMI (kg/mZ) 248 £ 32 244 £ 27 250 + 34 WC (cm) 87 £ 9 85 £ 8 89 + 9
WHR 091 + 0.05 0.88 £ 0.05 092 + 005 % Body fat 26 + 8 21 £ 5 29+ 7
FBS (mmol/L) 112 + 34 11.7 £+ 34 11.0 + 34 HbAlc (%) 9.8 £+23 103 + 24 9.5 £ 23
S-BP (mmHg) 122 £ 19 120 + 21 123 + 19 D-BP (mmHg) 76 = 10 74 + 11 77 + 10
T-Chol (mmol/L) 5.04 £ 1.2 497 = 1.1 5.09 + 12 TG (mmol/L) 1.87 + 1.0 196 + 0.9 184 + 1.1
HDL (mmol/L) 122 £+ 03 108 £ 0.3 129 + 03" LDL (mmol/L) 290 + 09 297 £+ 1.0 2.84 + 09

* P < 0.05. BMI, body mass index; BP, blood pressure; FBS, fasting blood sugar, HDL, high density lipoprotein
cholesterol; LDL, low density lipoprotein cholesterol; T-Chol, total-cholesterol; TG, triglyceride; WC, waist circumference;
WHR, waist hip ratio.

Table 2. Body fat measurements by US and CT of the subjects

Total Men (n = 44) Women (n = 84)
Subcutaneous distance by US (cm) 2.05 + 0.52 1.97 + 045 2.09 + 0.55
Intra-abdominal distance by US (cm) 443 + 1.54 4.62 + 1.54 433 + 1.55
Subcutaneous fat amount by CT (cm’) 159 + 75 122 + 57 176 + 76"
Visceral fat amount by CT (sz) 127 + 61 106 + 42 136 £ 67

* P < 0.05.
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Table 3. Correlation between intra-abdominal fat distance by US and cardiovascular risk factors

Total Men Women
r P value r P value r P value
Age -0.111 0.210 -0.250 0.102 -0.006 0.954
SBP 0.054 0.545 -0.031 0.840 0.114 0.302
Body mass index 0.681 0.001 0.685 0.001 0.704 0.001
Waist circumference 0.661 0.001 0.655 0.001 0.714 0.001
WHR 0.571 0.001 0.612 0.001 0.657 0.001
FBS -0.110 0.216 -0.384 0.010 0.020 0.858
HbAlc -0.167 0.063 -0.470 0.002 -0.029 0.795
Total cholesterol 0.145 0.104 -0.132 0.395 0.284 0.009
Triglyceride 0.316 0.001 0.229 0.135 0.350 0.001
LDL-Cholesterol 0.081 0.373 -0.122 0.430 0.200 0.079
HDL-Cholesterol -0.207 0.004 -0.437 0.003 -0.157 0.168

FBS, fasting blood sugar; HDL, high density lipoprotein; LDL, low density lipoprotein; SBP, systolic blood pressure; TG,

triglyceride; WHR, waist hip ratio.

Table 4. Correlation between visceral fat amounts by CT and cardiovascular risk factors

Total Men Women

r P value r P value r P value
Age 0.103 0.456 0.076 0.772 0.090 0.591
SBP 0.110 0.422 0.219 0.399 0.072 0.669
Body mass index 0.610 0.001 0.523 0.031 0.631 0.001
Waist circumference 0.626 0.001 0.516 0.041 0.646 0.001
WHR 0.557 0.001 0.370 0.158 0.577 0.001
FBS 0.130 0.343 -0.057 0.827 0.188 0.258
HbAlc 0.068 0.679 -0.559 0.024 0.223 0.184
Total cholesterol 0.322 0.017 -0.210 0.419 0.474 0.003
Triglyceride 0.371 0.006 0.082 0.755 0.650 0.001
LDL-Cholesterol 0.306 0.026 -0.164 0.528 0.482 0.003
HDL-Cholesterol 0.017 0.904 -0.481 0.050 0.044 0.797

FBS, fasting blood sugar; HDL, high density lipoprotein; LDL, low density lipoprotein; SBP, systolic blood pressure; TG,

triglyceride; WHR, waist hip ratio.
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Table 5. Pearson’s correlation coefficients between visceral fat amounts by CT and intra-abdominal fat distance

by US and central obesity parameters

Visceral fat amount by CT

Intra-abdominal fat distance by US 0.674
Waist circumference 0.626
Body mass index 0.610°

0.557°

Waist hip ratio

* P < 0.05.

Table 6. Area under curve (AUC) and cut-off value and sensitivity and specificity of visceral fat distance as a

predictor of the visceral obesity

Men Women
WC Cut-off value 4.760 3.695
Area under curve 0.873 0.893
Sensitivity 0.800 0.837
Specificity 0.719 0.800
WC, Waist Circumference.
ROC Curve ROC Curve
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0.0 T T T T
il 1 | 1 | 00 02 04 06 08 10
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Fig. 3. Receiver operating characteristic (ROC) analysis of visceral fat distance as a predictor of the visceral obesity.
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