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Polymorphism on Body Fat Distribution in Female Korean Subjects
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Objectives : The effects of peroxisome proliferator-activated receptor v2 (PPARv2) Pro12Ala (P12A) polymorphism on body
mass index (BMI) and type 2 diabetes are well documented; however, until now, only a few studies have evaluated the effects
of this polymorphism on body fat distribution. This study was conducted to elucidate the effects of this polymorphism on
computed tomography (CT)-measured body fat distribution and other obesity-related parameters in Korean female subjects.
Methods & Results : The frequencies of PPARY2 genotypes were: PP type, 93.0%; PA type, 6.8%; and AA type, 0.2%. The
frequency of the A allele was 0.035. Body weight (P .012), BMI (P .012), and waist-to-hip ratio (WHR) (P .001) were
significantly higher in subjects with PAJAA compared with subjects with PP. When body composition was analyzed by
bioimpedance analysis, lean body mass and body water content were similar between the 2 groups. However, body fat mass
(P .003) and body fat percent (P .025) were significantly higher in subjects with PA/JAA compared with subjects with PP.
Among overweight subjects with BMI of greater than 25, PAJAA was associated with significantly higher abdominal
subcutaneous fat (P .000), abdominal visceral fat (P .031), and subcutaneous upper and lower thigh adipose tissue (P .010
and .013). However, among lean subjects with BMI of less than 25, no significant differences associated with PPARY2
genotype were found, suggesting that the fat-accumulating effects of the PA/AA genotype were evident only among overweight
subjects, but not among lean subjects. When serum lipid profiles, glucose, and liver function indicators were compared among
overweight subjects, no significant difference associated with PPARY2 genotype was found. Changes in body weight, BMI,
WHR, and body fat mass were measured among overweight subjects who finished a 1-month weight lose program of a
hypocaloric diet and exercise; no significant differences associated with PPARy2 genotype were found.

Conclusions : The results of this study suggest that the PPARv2 PAJAA genotype is associated with increased subcutaneous

and visceral fat areas in overweight Korean female subjects, but does not significantly affect serum biochemical parameters
and outcomes of weight loss programs.
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Table I. General Characteristics of Study Subjects

Total subjects (n=1,051)

Agelyr) 27.06 £ 020
Weight(Kg) 6598 + 033
BMI(Kg/m2) 2559 + 012

WHR 0872 + 0.002
SBP(mmHg)" 115.72 * 0.39
DBP(mmHg)" 7165 + 032

Data are mean + SE
+ SBP : Systolic blood pressure, DBP : diastolic blood
pressure.
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Table Il. Comparisons of Physical Characteristics and Body Compositions by Genotypes of PPARv2

PP Type PA/AA Type
Genotype (n 977) n 74) P Value
Physical characteristics

Weight (kg) 65.65 + 0.35 68.92 + 1.62 0.012*

BMI (kg/m’) 2546 + 0.13 26.64 + 057 0.012

WHR 0871 + 0.002 0.893 + 0.009 0.001

SBP (mm Hg) 11551 + 042 11794 + 1.62 0.093

DBP (mm Hg) 7172 + 035 73.56 + 1.38 0.109

Body composition

Water (kg) 30.06 = 0.27 3022 + 045 0.872

Fat mass (kg) 2249 + 024 2526 + 113 0.003

Lean body mass(kg) 4328 + 016 43.88 + 0.66 0.280
Body fat (%) 3350 + 0.19 3512 + 0.88 0.025

NOTE. Data are mean SE.
* P values were obtained by general linear model (covariance) analysis adjusted for age.

Table Ill. Distribution of PPARv2 Genotypes in Subjects With Normal and Unhealthy Body Fat Levels

Normal Range Unhealthy Range

(fat < 32%) (fat > 32%) Total P value'
PP type 395 (404%) 582 (59.6%) 977 (1000%)
PA/AA type 21 (284%) 53 (71.6%) 74 (100.0%) 0048
Total 416 (396%) 565 (60.4%) 1051 (100.0%)

* P value and odd ratio were obtained by chi-square test.
+ Number of subjects (%).
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Table V. Comparison of CT-Measured Fat Areas by PPARv2 Genotype

PP type PA/AA type
Genotype (n=£) /(n= 37)typ p-value
Abdominal Subcutaneous Fat (mm’) 25478 + 490 32,641 + 2,687 0.000°
Abdominal Visceral Fat (mm’) 5574 + 135 6477 + 509 0117
Total Abdominal Fat’ (mnY) 30,510 + 555 39,118 + 3,083 0.000
V/S ratio’ (mm’) 0.234 = 0.007 0.206 + 0.011 0376
Upper Thigh Subcutaneous Fat (mmz) 14,715 + 166 16,325 + 898 0.009
Lower Thigh Subcutaneous Fat (mum’) 9,807 + 151 11,593 + 863 0.002

Data are mean SE.

* P values were obtained by general linear model (covariance) analysis adjusted for age.

+ Total abdominal fat is the sum of abdominal subcutaneous fat and abdominal visceral fat.
¥ V/S ratio is the ratio of abdominal visceral fat to abdominal subcutaneous fat.

Table V. Comparison of CT-Measured Fat Areas by PPARv2 Genotype in Lean Subjects With BMI of less than 25

Genotype PP type PA/AA type

(n=217) (n=12) p-value

Abdominal Subcutaneous Fat (mmz) 19,375 + 458 17,162 + 1,571 0.262
Abdominal Visceral Fat (mmz) 4,054 + 117 3,380 + 411 0.209
Total Abdominal Fat' (mn) 23,069 + 461 20542 + 1,876 0220
V/S ratio’ (mum) 0217 + 0.005 0199 = 0,017 0480

Upper Thigh Subcutaneous Fat (mm’) 12,879 + 147 11,672 + 846 0.054
Lower Thigh Subcutaneous Fat {mm’) 8080 + 130 7546 + 545 0314

Data are mean SE.

* P values were obtained by general linear model (covariance) analysis adjusted for age.

¥ Total abdominal fat is the sum of abdominal subcutaneous fat and abdominal visceral fat.
¥ V/S ratio is the ratio of abdominal visceral fat to abdominal subcutaneous fat.

Table VI. Comparison of CT-Measured Fat Areas by PPARv2 Genotype in Overweight Subjects With BMI of Greater

Than 25
Genotype lzp:z};g; PA/(II;\:;St)ype p-value
Abdominal Subcutaneous Fat (mm’) 31,363 + 645 40,071 + 2,898 0.000
Abdominal Visceral Fat (mm’) 7,064 + 193 7,963 + 503 0.031
Total Abdominal Fat' (mm’) 37,816 + 717 48,034 + 3179 0.000
V/S ratio’ (mm’) 0250 + 0.014 0210 + 0.014 0426
Upper Thigh Subcutaneous Fat (mm®) 16,518 + 241 18,558 + 996 0.013
Lower Thigh Subcutaneous Fat (mm’) 11,517 + 216 13,534 + 1,050 0.010

Data are mean SE.

* P values were obtained by general linear model (covariance) analysis adjusted for age.

* Total abdominal fat is the sum of abdominal subcutaneous fat and abdominal visceral fat.
% V/S ratio is the ratio of abdominal visceral fat to abdominal subcutaneous fat.
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Table VI Source of Variation in Subcutaneous and Visceral Fat Areas in Overweight Subjects With BMI of Greater Than 25

Subcutaneous Fat Area

Visceral Fat Area

% of Variance p-value % of Variance p-value
PPARY2 P12A 6.2 0.000 18 0045
Age - NS 16.7 0.000
Lean Body Mass 159 0.000 47 0.001
Serum Triglyceride NS 51 0.001

NS : not significant.
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Table VIII. Comparison of Serum Biochemical Parameters by PPARv2 Genotype in Overweight Subjects With BMI

of Greater Than 25

Genotype I(’:=Zy2}3))e PA/(:;A%;ype p-value
Lipid profiles
Total cholesterol(mg/dL) 18211 + 149 18267 + 653 904
LDL cholesterol(mg/dL) 11273 + 1.38 116.61 + 478 425
HDL cholesterol(mg/dL) 47.67 £ 058 4777 + 194 952
Triglyceride(mg/dL) 109.90 + 211 108.83 + 8.65 929
Atherogenic index* 3.05 = 0.05 310 + 0.19 750
LDL/HDL 253 + 0.05 259 + 0.16 688
Fasting blood glucose
Glucose (mg/dL) 10392 + 1.06 10538 + 3.12 678
Liver function indicators
Total bilirubin (mg/dL) 0.694 = 0.037 0572 + 0.032 333
GOT (u/L) 2206 + 0.78 1961 £ 219 371
GPT (IU/L) 2831 + 125 27.09 + 643 782
Albumin (g/dL) 436  0.02 438 + 0.04 824
Protein (g/dL) 759 + 0.02 7.66 + 0.07 435

Data are mean * SE.

* Atherogenic index (Al) = (total cholesterol - HDL cholesterol) / HDL cholesterol.

¥ LDL cholesterol to HDL cholesterol ratio.

% P values were obtained by general linear model (covariance) analysis adjusted for age.

Table IX. Changes in Physical Characteristics and Body Fat Mass During a 1-Month Weight Loss Program
among Overweight Subjects With BMI of Greater Than 25

Genotype l::=;y811))e PA/(:\X:AN)type p-value
Weight(Kg) - 7.06 £ 019 -723 £ 079 0.799*
BMI(Kg/m2) -292 £+ 012 - 281 £033 0.755

WHR - 0.085 £ 0.005 -0.054 + 0.010 0243
Fat mass(Kg) - 505 + 023 -59 + 091 0.249

Data are mean SE.
* P values were obtained by general linear model (covariance} analysis adjusted for age.
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