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Abstract

This study was conducted to examine the effects of B3—adrenergic receptor polymorphism on the blood
glucose level and obesity in 530 volunteers, who attended a weight loss program in a local obesity clinic. The
age differences in total subjects and the distribution of male and female were 26.55%0.31 yr, 9.1% (n=48), 90.9%
(n~=492). The genotype distribution of P3-AR gene polymorphism were WW type 75%, WR type 22% and RR
type 3%. Among many parameters, fasting blood glucose was significantly higher in WR+RR type (p=0.001)
compared with WW type. When the subjects were divided into two groups by 6.105 mmol/L of the fasting blood
glucose level, the frequency of hyperglycemia was 23.3% in WW type subjects, while there was a increase
to 35.6% in WR+RR type subjects (p=0.011, xz—analysis). When hyperglycemia group was compared with
normoglycemia group, obesity index (p=0.044), %body fat (p=0.046) and TG (p=0.000) were significantly higher,
and HDL (p=0.006) was significantly lower in the hyperglycemia. When all of the above factors were included
in stepwise logistic regression analysis to find risk factors of hyperglycemia, the results were that the odds
ratio for hyperglycemia were 2.015 (p=0.011) for WR+RR type of B3-AR gene, 2.165 (p=0.000) for TG and
0.419 (p=0.059) for HDL cholesterol. There was a significantly positive correlation between the blood glucose
vs BMI, WHR, body fat in the WW type (r=0.099, 0.119, 0.082). However, in the WR and RR type there were
no significance between the blood glucose vs BMI, WHR, body fat. These data suggest that the WR+RR
genotype of B3-AR has a very strong association with increased blood glucose level and might be a significant
risk factor for hyperglycemia among Korean subjects.
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Fig. 1. Polymorphism of the B3-adrenergic receptor gene.
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Table 1. Clinical characteristics of the subjects

Total subject

(n=330)
Age (vear) 26.55+031"
Sex M 48, F 492
Physical charateristics
Height (cm) 161.33+£0.42
Weight (kg) 67.92+0.65
Body mass index (BMD)  (kg/m”) 26.05%0.21
Obesity index (%) 124.38+0.94
Waist-hip ratio (WHR) 0.88+0.01
Systolic blood pressure (mmHg) 116.07£0.64
Diastolic blood pressure (mmHg) 71.70£0.51
Body composition
Water (kg) 30.19+£0.24
Fat mass (kg) 23.61*0.37
Lean body mass (kg) 44.33+70.35
Protein mass (kg) 11.34£0.25
Percent body fat (%) 34.66+0.59
Serum hiochemical parameters
Blood glucose (mmol/L) 5.64L0.05
Total cholesterol (mmol/L) 4.62*0.04
LDL cholesterol (mmol/L) 2.77£0.03
HDL cholesterol (mmol/L) 1.29+0.01
Triglyceride (mmol/L) 1.26+0.03
Total protein (g/dL) 7.741+0.03
Albumin (g/dL) 4.34%10.05
Total hilirubin (umol/L) 0.75%+0.05
GOT (TC/L) 22.7010.83
GPT (TU/L) 28.41*1.32
"Mean * SE.

(a) Total Subjects (n=529)
RR type
3%

RR type
3%

RR type
2%

(b) Normai {n=270) {c) Obesity (n=259)

Fig 2. The genotype frequency of B3-adrenergic receptor
gene in the adult Korean subjects (n=529).

Obesity was defined as a BMI more than 25.

Normal was defined as a BMI below 25.
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Table 2. The relative frequencies of the B3-adrenergic receptor genotype this study compared with those of other studies

Populations Sample (n) WW, Trpbt4 WR, Trp64Arg RR, Arg64
- Korean" 1546 0.72 0.25 0.03
1. Yoon et al” 529 0.75 0.22 0.03
2. Hong et al” 216 0.76 0.25 0.00
3. Ahn et ar" 500 0.70 0.27 0.03
4. Lee et al.” 114 0.68 0.28 0.04
5. Oh et al” 53 0.70 0.26 0.04
6. Park et al.”’ 134 0.74 0.23 0.03
Japanese™ 1033 0.66 0.30 0.04
7. Nagase et al” 186 0.61 0.36 0.03
8. Shima et al.” 261 0.67 0.29 0.04
9. Sakane et aL'’ 387 0.63 0.33 0.03
10. Yanagisawa et al.'” 199 0.72 0.23 0.05
German™ 1259 0.88 0.11 0.01
Finnish'™" 170 053 0.42 0.05
Pima Indians"” 642 0.46 0.45 0.09

Calculated by study of 1~6 as total Korean population (n=1546).
“This study.
Hong et al., Comparatwe analysis of obesity by B-II, ll adrenergic receptor gene polymorphism in Korean young females, Korean
J Nutr, 35(8), 870-879, 2002.

"Ahn et al., Significance of B3-adrenergic receptor gene polymorphism in the pathogenesis of NIDDM in Koreans, The Korean
_Association Internal Medicine, 53(6), 817-830, 1997.

"Lee et al., Associations of polymorphisma in uncoupling protein 2 and B3-adrenergic receptor with obesity in Korean adults,
The Korean Society of Endocrinology, 17(2), 236-245, 2002.

“Oh et al. , Relation of B3-adrenergic receptor gene polymorphism to the patterns of body fat distribution and insulin sensitivity
_in female nondiabetic offspring of patients with NIDDM, The Korean Society of Endocrinology, 14(4), 706- 718, 1999.
"Park et al., Effects of p3-adrenergic receptor gene mutation on the body fat distribution and weight loss in obese subjects, The
Korean Society of Endocrinology, 13(4), 590-600, 1998.

¥Calculated by study of 7~10 as total Japanese population (n= 1546).

PNagase et al., Lack of association between the Trp64 Arg mutation in the B3-adrenergic receptor gene and obesity in Japanese
men, J Clin Endocrinol and Metab, 82(4), 1284-1287, 1997.

"'Shima et al., Association of the Trp64 Arg mutation of BP3-adrenergic receptor with fatty liver and mild glucose intolerence in Japaness
subjecte, Clin Chim Acta, 274, 167-176, 1998.

'S akane, B3-adreneric- receptor polymorphism: a genetic marker for visceral fat obesity and the insulin resistance syndrome, Diabet,
40, 200-204, 1997.

13’Yanagisawa et al.,, Polymorphism of the B3-adrenergic receptor gene and weight gain in pregnant diabetic women, Diabet Res

Clin Prac, 44, 41-47, 1999.

"Buettner et al., The Trp64Arg polymorphism of the B3- adrenergic receptor gene is not associated with obesity or type 2 diabetes

mellitus in a large population-based caucasian cohort, J Clin Endocrinol and Metab, 83(8), 2892-2897, 1998.

Valve et al., Synergistic effect of polymorphism in uncoupling protein 1 and B3-adrenergic receptor genes on basal metabolic

rate in obese Finns, Diabet, 41, 357-361, 1998.

"Walston et al., Time of onset of non-insulin diabetes mellitus and genetic variation in the B3-adrenergic receptor gene, N Engl
J Med, 333, 343-347, 1995.
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Table 3. Comparison of physical charateristics, body composition, serum biochemical parameters by genotype of the B3-

adrenergic receptor in subjects

Genotype WW (n=334) WR+RR (n=109) p-value
Physical charateristics
Weight kg) 67.69+0.68" 66.41 1154 0.335
Body mass index (BMI) (kg/m?) 25.98+0.24 26.24=0.51 0.388
Obesity index (%) 12457+£1.07 126.96£2.26 0.180
Waist-hip ratio (WHR) 0.88*£0.01 0.89+0.01 0.226
Fat mass (kg) 2354+£0.42 24.33+0.89 0.222
Percent body fat (%) 24.32£0.30 34.76 £0.57 0.404
Systolic blood pressure (mmHg) 116.09£0.78 11579+ 15.55 0.790
Diastolic blood pressure (mmHg) 71.75*0.66 71.49%1.01 0.726
Serum biochemical parameters
Blood glucose (mmol/L) 5.5510.04 589x£0.12 0.001
Total cholesterol (mmol/L) 4.60£0.04 4.77%£0.08 0.080
LDL cholesterol (mmol/L) 2.74£0.04 2.90£0.07 0.061
HDL cholesterol (mmol/L) 1.30£0.02 1.27£0.03 0.226
Triglyceride (mmol/L) 1.23£0.03 1.32+0.07 0.143
Total protein (g/dL) 7.7710.03 7.7910.05 0.792
Albumin (g/dL) 442+0.13 4.25%0.05 0.204
Total bilirubin (rmol/L) 0.79%0.06 0.75%10.09 0.773
GOT (IU/L) 24.62+t1.19 21.59£0.80 0.203
GPT (IC/L) 2933+£1.65 25.8511.84 0.373
"Mean +SE.
"Values were for comparisons of two groups by GLM (covariance) analysis, adjusted for gender and age.
Egtol mZE B3-AR FXAl Chadde| wizao| 2x upe} A x| ukeke] zlo]= gl ol Al uk WAFA WS- CT(computer-
THA kg 7] E 22 6105 mmol/Le] A& n¥E ST ised tomographic) 2 2% &3k 7 3} u|gte] Aol Al A WW
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FA AN Wt 7bg @A el olfelq FZFe e Fo] Frbst R, FHA Qe A
FugA-E e g A Sl uhe} B3-AR FAA A RR¥ | A WW, WR¥ B.ot 217 46%, 41% S7F3H5d o,
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Table 4. Genotype frequency of the B3-adrenergic receptor according to blood glucose level in subjects
Hyperglycemial ! Control” Total p-value
WR 67" ( 64.4)7 297 ( 76.7) 364 ( 74.1) .
Genotype WR+RR 37 ( 356) 90 ( 23.3) 127 ( 25.9) 0.011”
Total 104 (100.0) 387 (100.0) 491 (100.0)

.“Hyperglycemia was defined as a blood glucose level of more than 6.105 mmol/L (110 mg/dL).
JControl, normoglycemia was defined as a blood glucose level of below 6.105 mmol/L (110 mg/dL).

4 \omber of subjects.
Percent (%) within genotvpe of B3-adrenergic receptor.
"Values were compared by x~ analysis.
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Table 5. Comparison of physical charateristics and serum biochemical parameters according to blood glucose level in the

subject
Hyperglycemiag) (n=91) Control” (n=337) p-value
Physical charateristics
Weight (kg) 71.25+1.82" 72.823+0.70 0.296
Body mass index (BMI) (kg/m”) 27.1410.54 25.7510.24 0.200
Obesity index (%) 131.09£2.33 123.58%+1.06 0.044
Waist-hip ratio (WHR) 0.90+0.01 0.88£0.01 0.076
Fat mass (kg) 255310.93 23.26+0.42 0.121
Percent body fat (%) 35.38£0.57 34.18%+0.30 0.046
Systolic blood pressure (mmHg) 120.07%£1.68 114.92*+0.75 0.034
Diastolic blood pressure (mmHg) 73.70+1.43 71.14*0.58 0.316
Serum biochemical parameters
Blood glucose (mmol/L) 6.7110.12 5.35%20.03 0.000
Total cholesterol (mmol/L) 4.82+0.09 4.60*0.04 0.069
LDL cholesterol (mmol/L) 2.93£0.08 2.74%0.04 0.084
HDL cholesterol (mmol/L) 1.19+0.03 1.32%0.02 0.006
Triglyvceride (mmol/L) 1.56 £0.09 1.18+0.03 0.000
Total protein (g/dL) 7.81%0.05 7.79+0.03 0.841
Albumine (g/dL) 4,29%+0.04 4.34%£0.03 0.366
Total bilirubin (umol/L) 0.7110.10 0.75+0.03 0.637
GOT ‘ (Iu/L) 24.27+1.37 22911293 0.584
GPT (IG/L) 33.93£3.28 26.89+1.43 0.591
“\lean = SE.
:“’_’\'alues were for comparisons of two groups by GLM (covariance) analysis, adjusted for gender and age.
“Hyperglvcemia was defined as a blood glucose level of more than 6.105 mmol/L (110 mg/dL).
"Control, normoglycemia, was defines as a blood glucose level of below 6.105 mmol/L (110 mg/dL).
Table 6. Final logistic regression model of hyperglycemia (n=428)
Variable g SE df p-value QOdds ratio 95% CI
Total triglyceride 0.773 0.220 1 0.000 2.165/ mmol ' 1.406 3.335
Blood albumin -0.711 0.268 1 0.008 0.491 / g/dL 0.290 0.831
WR+RR type' 0.701 0.277 1 0.011 2015 1.172 3.465
HDL cholesterol -0.870 0.461 1 0.029 0.419 / mmol ! 0.170 1.034

Hyperglvcemia defined as a blood glucose level of more 6.105 mmol/L (110 mg/dL), base on the indicator of Clinical Pathology

(8 Ver.), Seoul National University Hospital, Korea.

"\Iutation of B3-adrenergic receptor gene.
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ko] Fvtell 7pA od gkg Wl =
228 HHARAg 29 A% :
(p=0.008), B3-AR®! #3 =} 334 (p=0.011), HD

E(p=0.039) =22 YehrH(Table 6).
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Table 7. The correlation coefficient (r) between the serum
blood glucose and body mass index, waist-hip ratio, body

fat by the genotype of the B3-adrenergic receptor in subjects
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