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The Effect of Body Fat Distribution on Glucose, Lipid Metabolism and
Growth Hormone Secretion in Obesity
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ABSTRACT

Background: Body fat distribution, rather than the level of obesity per se, appears to be a strong
predictor of abnormalities in metabolic complication. Visceral fat accumulation is significantly
correlated with glucose intolerance and constitutes as an independent risk factor for the diabetes
mellitus.

Methods: We investigated the impact of body fat distribution on the glucose, lipid metabolism
and growth hormone secretion in obese subjects with varying glucose tolerance and lean controls
matched with sex and age. 69 obese Koreans (34 men, 35 women; 43.8 yrs) and 21 lean Koreans
(10 men, 11 women; 40.8 yrs) were recruited. Anthropometric measurement and impedence for
measurement of total body fat, and computed tomography for visceral and subcutaneous fat area at
umbilicus level were performed. All subjects underwent a standard oral glucose tolerance test and
GH stimulation test by L-dopa.

Results: The results are summarized as follows.

1. Obese patients had greater ideal body weight (%, IBW) and lean body mass (LBM) than lean
controls. But no significant differences were found in IBW and LBM between 3 obese groups.

2. The 25 obese NIDDM had the highest FFA-AUC during OGTT and the lowest GH-AUC to
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L-Dopa stimulation test. The insulin-AUC during OGTT was the highest in 24 obese subjects with

normal glucose tolerance.

3. All male groups have VSR of more than 0.4, which has been designated visceral fat obesity.
In contrast all female groups have VSR of lesser than 0.4 but obese DM subjects have the highest
VSR. Visceral fat area per body weight ratio(VWR) showed increasing tendency in obese, IGT, and

DM group.

4. Waist circumference and VWR showed strong correlation with metabolic parameters among

anthropometric parameters. They were positively correlated
with FFA-AUC during OGTT and negatively correlated with GH-AUC to L-dopa stimulation.

Conclusion: Visceral fat accumulation are associated with insulin resistance, dyslipidemia and

impairment of growth hormone secretion via increase of free fatty acid. The simple waist

circumference may provide a more practical indicator that correlated with abdominal fat distribution
and metabolic complications associated with obesity (J Kor Soc Endocrinol 14:541-552, 1999).

Key Words: Visceral fat, Insulin resistance, Dyslipidemia, Growth hormone
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Table 1. Baseline Characteristics of Lean Controls and Obese Subjects

Lean control Obese-NGT Obese-IGT Obese-DM
Male
Number 10 12 10 12
Age (yrs) 41.3+80 41.6+53 40.6x12.5 45.0+82
PIBW (%) 94.5+14.9 1354+9.6 142.4 +25.6* 138.14-4.0%*
BMI (kg/m*) 207433 29.7+£20 31.0+5.1* 29.64£2.3%*
WHR 0.8610.07 0.95+0.03 0.98 +0.04* 0.98 £0.03**
Waist (cm) 76.418.6 96.9+5.3 98.7+5.9* 101.9+12.1%*
Female
Number 11 12 10 13
Age (yrs) 39.3+5.5 41.1+9.8 4484338 46.0+6.9
PIBW (%) 104.4£18.5 134.5+179 140.1 +18.7* 136.3£13.2*%*
BMI (kg/m®) 220439 282437 29.6+4.0* 28.7+2.8**
WHR 0.791+0.06 0.89+0.06 0.92+0.08* 0.911:0.03**
Waist (cm) 69.9+6.1 87.7+8.5 91.0+6.0* 100.0£8.9**

(*p<0.05 lean controls vs Obese-IGT, **p<0.05 Obese-NGT vs Obese-DM )

Obese-NGT: obese group with normal glucose tolerance,

Obese-IGT: obese group with impaired glucose tolerance,
Obese-DM: obese group with diabetes mellitus, PIBW: percent of ideal body weight,

BML: body mass index, WHR: weight and hip circumference ratio
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Table 2. Correlation Between Anthropometric and Metabolic Parameters in

Obese Non-Diabetics

Ins-AUC FFA-AUC LDL-Chol TG
PIBW (%) 0.456* 0.542** 0.317* 0.321*
BMI (kg/m”) 0.479* 0.521** 0.390* 0.347**
Waist (cm) 0.679** 0.633** 0.387* 0.462**
WHR 0.539%* 0.527%* 0.341* 0.320*
Visc FA (cm®) 0.558** 0.627** 0.374* 0.471%*
Subc FA (cm’) 0.322* 0.301 0.160 0.369*
VSR 0.377* 0.179 0.173 0.244
VWR 0.763** 0.690** 0.398* 0.502%*

(*p<0.05, **p<0.01)

Ins-AUC: insulin area under curve, FFA-AUC: free fatty acid area under curve,
LDL-Chol: LDL cholesterol, TG: triglyceride, PIBW: percent of ideal body weight,
BMI: body mass index, WHR: weight and hip circumference ratio,
Visc FA: visceral fat area, Subc FA: subcutaneous fat area,

VSR: visceral fat area/subcutaneous fat area ratio, VWR: visceral fat area/weight ratio
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Fig. 1. Visceral fat area(A) and visceral fat area/subcutaneous fat area ratio(B) at umbilicus level measured
by CT scan in male(0]) and female(M) subjects. Results are means+SEM. *p<0.05 significant
difference among groups in the same sex. Ob-NGT: obese group with normal glucose tolerance,
Ob-IGT: obese group with impaired glucose tolerance, Ob-DM: obese group with diabetes mellitus,
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Fig. 2. Visceral fat areafweight ratio measured by CT scan in male((1) and female( ) subjects. Results
are means+SEM. *p<0.05 significant difference among groups in the same sex. Visceral fat
areafweight ratio (VWR) showed increasing tendency in obese group with normal glucose
tolerance (Ob-NGT), obese group with impaired giucose tolerance (Ob-IGT) and obese group

with diabetes mellitus (Ob-DM).
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Fig. 3. Insulin area under the curve(A) and free fatty acid area under the curve(B) during oral glucose
tolerance test in male(0]) and female(M) subjects. Results are means+SEM.
*p<0.05 significant difference among groups in the same sex. Insulin-AUC: Insulin area under the

curve, FFA-AUC: free fatty acid area under the curve, Ob-NGT: obese group with normal glucose
tolerance, Ob-IGT: obese group with impaired glucose tolerance, Ob-DM: obese group with diabetes

mellitus.
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Fig. 4. Mean serum growth hormone levels to L-dopa stimulation test in male(A) and female(B) subjects and
obesity patients with varying glucose tolerance. Growth hormone secretion showed normal response in

lean controls(—) and decreasing tendency in obese group with normal glucose tolerance(Ob-NGT, — —),
obese group with impaired glucose tolerance (Ob-IGT,---) and obese group with diabetes

mellitus(Ob-DM,—-).

*p<0.05 significant difference among groups in the same sex.
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FeAlE, BEHToR ARt BE diR =
Ak, AlE 9 AHAAA SlelEale odudo] El
g Fsigla, dARAE o)fsle] E AR g
ARk (lean body mass)g& SAsIlom, HA4}
FEEE ] Slel ARk ARgsle
AlhrEoilA el FA ST sjspAy 9 Wi 2
£ Fuet gt APsAE Allsle] g
A9 ALE Frkign 84 AAEeE FAH)
L-Dopag Foisle] A 32¢ Buls AAE A8
sigick. olE FAX2HE] 77t Tegd-EapukSmF,
Peg-Fumbed 9 felApAEekEEE
Akt

A olollA thee] AnE odgirk

1 EFEAFHEES Addzd dxl 945+
149%, ©IA} 104.4+18.5%0|Q 3 wEHuRE JAb
135.4+9.6%, oJAF 134.5+17.9%,0|9.09 WjeksAt
o IR} 142.4+25.6%, Iz} 140.1+18.7%, H|urer
GulFolds YAl 1268+4.0%, oA} 1363+
132%130ck deielag ZA% AREke A4
ZF2 A} 20.7+3.3%, o34 22.0+3.9%, Tkt
F& A} 29.7+2.0%, o} 28.2+3.7%, Wdsabel
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AL AR ol Aol gigick
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