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A 28 B FAe A v e et AA L] Fol 7|3t uwE
AAAS B HAA ] ¥ g

A 2E dxel WV de deEd AFA B deEd EHe A
e A Stk # AdTE [laed AZES AN Adew &
A7 HolEddu e AAS FoFeetE AASE 1d o Tl
st A 28 W TS QAR g ISTEASE Fd, F
A7)z mE AAAS R A Ee] WakE wFeta v e FeE

E AA FAd =2 §3E Holy AT EAHS golH A 3
ot

2003 3YHE dAAdEn AESFAEAd WAs= 11389 A 2
d I A A geZEEE AAE FostHA WA ZFE
ATE TSI g FATES Fo A, Fo 30, 671€, 12
Mol 4 #AFste] AAASZF DL gAAZE ST

g Sxrd A e EE AA 549 37E F A 2 oA
A9 Z717F JEFS2(68.8+12.2 vs 69.8£11.9kg, p<0.01) ©]F A
Al AT L AMAFEAF FUhe HolA Eron oy AF L
AdZFA T S7h= AAelA o ZAAGCHE ASHSE, 0.6+1.7kg vs
1.6+1.7kg, p<0.0D), t] & 7]ZtENE vs 671€E) YEIST I 2=
EtE AA] 9 Fs 23 A Fo & 3L vEH(FEE
g, 14341416 vs 125.3+36.3 mg/dL, p<0.01; @M A& 7.7+15 vs
7.0£1.1%, p<0.01), FAwtt AR =2 Z3H7F o =ZA eyt
(F&854dd, -16£31.0 vs -32.4+458 mg/dL, p<0.001; 23} %,
-0.4+1.1 vs -0.9£1.3%, p<0.05). 1L E=AGW - ~HE FX7}
=g EE AlA Fo & 3L 718 (45.0£9.2 vs 50.6%10.8
mg/dL, p<0.01) A &A= FAHAL FGAES Fo 5 3714
s H o 7H(205.42166.7 vs 166.3£107.3 mg/dL, p<0.01) ©hA] S7}
stAth Y=g EE AA Fo & 3 &4 X9 AaE #EHIA
o, 53| alanine transaminase A& T $ 3L FAsHS
(30.8+23.7 vs 245185 IU/L, p<0.01) ©]F FAHUTY. 2= EE
Fo & 89 st g9+ Fo A AFEAF DL AALEC] =S5
= AA YERyTH

AEHo =z st Al 28 I Ao A F7|zF 9 2=7
AA e For A st AA dAF Ad L 3E T A
e A AHE HYa AT S A A o® Yt

o

30 10
2 i

A= 2 EotEdd e, eI gE, AAAS, AR &
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AA ol EE P Fwd B4E fgon & we A7 |
g e A4 FolAel Aed AP AumAst A AS
A g Ay FHY gwEggel nusgen o
of el N AAVAEE ARAZL BIHATE Ggo] fFAY =

ARtk AL 2FoA dojdezn Az 2 AsAW F7)
A

7h dojubal FEl AL Adsol ket 253 A e FA4A
W oAde AN QeR AL AMATE Aew Al
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)N QR A3 23 gelEyuge A4 5o mE daA
B2 #Ee drp ot A A= gAAE F e Az X
A5 Az vwgtS 3 A7) ol n

HotZ gt 2 AAl Folrd st ASHsid 93 st 29

b gIzre] FelAd Felvlzel mek @ wshE woleAd
At R A7} N9 9k =% 9y f4Tel 9 2 ¥
vl Fatslel, @ael Al 28 Y AN V)3 HepEady)
e Al Fol ¥o AYPIE BAF o= F3 =8

B At HolEdune A4 e zeE A4 1d o
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o. 44 2 34

AMsta B g agdd Yests A 29 Yoz Add $
2 S A2 ML AT glo] A &S HIEQA Ee
Hpo] fFolol EA S FoldtE #AE Uidow v eadEE AA F
¢ (15 mg/day)E& A A8 A £ Ao ZIE EFAAoH, oF
7FA 3 (F 3 aspertate transaminase / alanine transaminase <37}
Aol 2w o] x) = A A (EH creatinine X 7F 2.0 mg/dL ©]4})
7hs/del Adv fAbE A9tk 2003 3€e A WA A
Az EY ¥gEomr 20030 11€] vpx 9 2171 E8HE Qo

o

Add diY @Axs ddem veIeeE AA Fo A, Fo

7b. AAAS

) Al 7l AEes 3 AHeA e A" R2 0.1kg,
0.lcm ©9I7HA F7d skt

2) AAZFAT

3) A EdE M5 G s (ateral iliac crest)? 7ol ZH]
W Apolel FXhF AN =
trochanter)7} 7} &4 F-2oA FHsAA

4) kAl Fo Ao A A7 ASTEAH (bioelectrical impedance
analysis)® g & ©]&3 AEE E47](Inbody 2.005 ©| &3t

o A B4 APt

A3t ddolEd+= ZE7|(great



5) nafadE 2S5 3(SA9900; Medison, Seoul, Korea)E A&, $HA}
S vtz A 3 & WS lem 9IAlA 7.5MHz probez 3] 3}
AL FA (A F ARG AEA A WA ' e])E, 3.5MHz
probe® WAL FA(HEHE] AolA HEAL JAZA =
AeE g

. AR &
D 71234 g AALE s8] THIEY, AF2A7 dd, 95d
M2 (HbAle), <l<d, C-peptide, @34 24k blood urea
nitrogen(BUN), = #o}lEld, aspertate transaminase(AST),

alanine transaminase(ALT)Z %‘ A=

g

2) 84 & ZdzdHE, A, A=A -Z2HE, A
EAG - 2HE Y 525 AU

3) ded A9 AFEE homeostasis model assesment of
insulin resistance(HOMA-IR) & AF&3tFom thg9o FT4&
A& skl Tt
HOMA-IR = &5<0<d (uU/mL)x& 5 &3 (mmol/L)/22.5

o. 34 2 &4

EE AR SAAZ= MUE HAFH A
for Windows packageE ©|&3td o 7= A#HS Ao+ AR
= dAC gg MEer xdsAT. Aw7
st BAdd+= ti&EE T HAS o &t Am A # 3
FAsay BAd e dLmMAZAEA(ANOVA)S  Al&stgaor
p-value 7} 0.05 PRkl A9 AR Fo3 Aot A= A=
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A EC 23E A T g At x| Rt #A=
< 11338l e olF HA+= F 678(59%), A= & 4678 (41%)<]
2YEE AA Fo A AT HY 1H9 Aol &
FA 7 gyt AR fFog AolE
539 4 gAML E AU FAREG
=T (P<0.0D). WEALE FA= FY P AolE HolA Egony
gt FA g AR FA o WA FAe] v = o 2ol A
ARG fFo8A = A9E BIAG(p<0.01). AALFS dY 3
Aol 7F AL 5 B WA gL JAUb ARG SAH R fF9
Al =R H(p<0.01). FL=EeE AA Fo A EF AST FA4+=
g 7kl Fol7k gllem dEF ALT FA & AAtelA =A vEy:
H(p<0.05)(Table 1).
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Table 1. Baseline characteristics of Korean type 2 diabetic patients in this study

Total (N =113) Male (N = 67) Female (N = 46)
Age (year) 49,1 10,8 47,5 = 10.1 515+ 11.5
Weight (kg)+ 68.8 £ 122 733 11.7 62,2 £ 9.6
BMI (kg/m?) 256 £ 3.3 25E £33 25734
WHR 0,90 £ 0.05 0.91 = 0.05 0.890 = 0.06
HbAlc (%)+ 76515 T2x1.3 82186
FPG (mg/dL)+ 1436 £ 41.2 129.9 £ 30.3 163.5 £ 468
Total cholesterol (mg/dL) 190.4 £ 39.3 186.6 £ 34.3 1959 £ 455
HDL cholesterol {mg/dL) 451 £ 9.0 43880 468 89
LDL cholesterol (ma/dL) 102.0 = 401 1046 £ 34.0 106.2 £ 41.7
Triglyceride (mg/dL) 216.4 £ 2201 190.7 £108.9 219.4 + 2231
AST (UAD) 234120 246 £ 13.0 21.8 £10.3
ALT (U 301228 335 £ 257 250 £ 16.3
HOMA-IR 2.9x 1.7 25+ 1.3 35+19
Fat 3@ (cm)+ 24,0+ 85 209+69 28685
Visceral (cm) b0 +21.3 570+ 208 hze2+21.8
V/S ratio* 2.7+ 2.0 3.2+ 22 21+14
body composition  muscle contents (kg)+ 46.0+ 84 51.3+£58 382148
fat contents (kg) 200+ 7.2 19072 215 6.9
protein contents (kg)+ 12322 137+15 m2+1.3
oral hypoglycemics  SU use (%) 21009 T 14030
biguanide use (%) 53(47) 37(55) 16(36)
SU-+biguanide use (%) 39034) 23(34) 16(35)

Data are mean + S0.; BMI = body mass index WHR = waste hip ratin; HbAlc = glycosylated hemoglobin: FPG = fasting plasma glucose: HDL = high
density lipoprotein: LDL = low density lipoproteinAST = aspertate transaminase: ALT = alanine transaminase; HOMA-IR = homeostasis model assessment
ingulin resistanace; SQ = subcutaneous; WS = visceral/subcutaneous: SU = sulfonylurea: =p < 0,01 male versus female; tp <0.05 male versus female

2. M2 EE AA Fof 7|3 ©E AAASA ] A3

Ve EE AA Fol 73] wE AT W AdLFEAFe W=
Table 2 ¥ Figure 13 #Zt. AA Aol A5 Fo F 34€
of ZAARY SAHeR FEA ST S (68.8+12.2
69.8+11.9kg, p<0.01) o|F =+ o1 d+= AT 7= A FH2el
Ae eI eE AA 5o F e JAARYG FAHRE F
o AF S7HE R (73.3+11.7 vs 73.9+11.6kg, p<0.01) o] F =
ZNAA ek Blae] e Fold AFo] ApolE HolA fhr). o Aol A=
JeageE AA Fo F /LA sAHcE Fo% AT St
& RIom(62.249.6 vs 63.849.8 vs 64.9£10.3kg, p<0.01) o] F =+
ol A= AT S7HE KHolA Edth Je2YeE AA Fo 73
of W& AdFEAT Wt A AA g 2 OFAE, Az A A
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dAstA e Fol e AT B2 AEAZEA
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Table 2. Changes in body weight and BMI after pioglitazone treatment in Korean type 2 diabetic patients

Baseline 3 Months 6 Months 12 Months
Total (N=113)  Weight (kg) 68.8x 12.2 £9.8 % 11,9+ 70,2 £ 11.8% 70.3 £ 11.8*
BMI (kg/m?) 25.6 % 3.3 26.0 £ 3.4* 26,2 £ 3.4* 26.1 £ 3.5%
Male (N = 67) Weight (kg) 733 11.7 73.9+% 11.6+% 737+ 115 738+ 11.5
BMI (kg/m2) 25.5% 3.3 25.7 & 3.2% 25,7 £ 3.1 25,7 £ 3.1
Female (N = 46) Weight (kg) 2.2+ 96 63.8 % 9.8+ 64.9 £ 10.3+1 65.2 £ 10.6*
BMI (kg/m?2) 25,7+ 34 26.4 % 3.6+ 26.8 £ 3.8+1 27.0 £ 4.0+

Data are mean = $0.; BMI = body mass index; +p < 0.01 versus baseline; tp < 0.01 versus 3 months

b *
A
72,04 —
26,54
—, 7.0 —
) "
= 10.0- 5 26.0
= <
m n —
3 69.0 =
= o 25 5
68.0-
am:’ il
; 3 : - T = T T T T
0 3 6 9 12 3 3 2 x
Months
-
8 —5— Male 28,04
e T - Female
—
E; - NE 27.04
=< 700 * £
E * [ :
2 = 26.04|
Doigeod 1 0 akereeseesieaiE i s
2 ‘-A-"""m' b= I
e 25.0-
60.04 !
’|= ;
; ' ; : - : . ' .
0 3 6 3 12 S 3 e 2 =
Months Months

Figure 1. Change in body weight and BMI after pioglitazone treatment in Korean type 2
diabetic patients. (&) Total study patients (N = 113}, (B) Male (N = 67) and female (N = 46)
study patients. BMI = body mass index; *p < 0.01

=

JegeeE AA Fol d Fof AGEEH 2
R FA =4 A3xE Table 33 2ok e EE AA F
F el AL F d AALE BT S o (A A H 205

Z59%E ol&¥
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Table 3. Change in anthropometrics after 3-months treatment with pioglitazone in Korean type 2
diabetic patients (N = 113)

Baseline 3 Months P
Muscle contents (kg) 46,1+ 8.3 459+ 81 NS
Fat contents (kg) 20573 21,7+ 8.1 < 0.001
Fat proportion (%) 295+ 8.0 30.3+83 < 0.05
3SQ fat (cm) 24186 258+ 9.0 < 0.001
Visceral fat (cm) 5R.3+ 211 53.9+ 221 NS
V3R 2.8 2.0 2.4+ 1.6 < 0.001

Data are mean £ SD.; SQ = subcutaneous: VSR = visceral/subcutaneous ratio

+7.3 vs 21.74#8.1kg, p<0.001; AAL&, 295+8.0 vs 30.3+8.3%,
p<0.05), B3 1AL FAE Z7FstA 2 (24.1+8.6 vs 25.8+9.0cm,
p<0.00D) WEAY FA= AR FoA3 o]zt glo] WdAS
FA/A A FA ] v = ZFASH TH2.8+2.0 vs 2.4+1.6, p<0.001).

3. VI EE AAY FAr|td wE 2T 2

el

EE!

mQL

AR <

oI ERE AAY Fao Y7k mE FEIAT 2 G AL,
HOMA-IR9] W 3l+= Table 4, Figure 29 2t dAA| &xptol A
2dg 9 @I ae] Wste v A A9 Hluste] Fo § 371
EAACE FoA A L(FEHE D, 1434416 vs 125.3+36.3
mg/dL, p<0.01; @3 M4, 7.7£15 vs 7.0£1.1%, p<0.01), o] F9
o] v W= AT FAAAN THRIAIT L FJe2YEE AA F
o = 3L Fos TAE B I(1295+306 vs 121.0+28.3
mg/dL, p<0.01) °]Fol= 7[AA ¢ Hlwsf= FoF Aol= fIAT
gt a2 Fo 5 ] 7] A A9 B
vs 6.7t0.9%, p<0.01) ©o]F ZA Ao
Me sHddI It ML BT V| AXEY hdd F93 FAE

HAI(F 5T, 163.5447.3 vs 131.5+#45.1 mg/dL, p<0.01; F3-& A

ruﬂ&

ol

£
o
£
oy
B
o
43
K
3
N
+
—
L

2, 83+1.6 vs 75+1.3 %, p<0.0l) o|F 2+ F9o3t War At
v eZEetE AAY dd A 2 HY ke HolE HYon
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NeadeeE A4 Fo 1249 Fo| FERAG 9 Fsla M se} 77
o] NAAE wmauww dAuY dxdN feladd TRID
(-1.6+£31.0 vs -32.4+45.8 mg/dL, p<0.001) % 2Z3& A 57H-04£1.1

vs -0.9%1.3%, p<0.05) © AT Je e AA Fo 671€
% HOMA-IRE AA A 3 FA}, oz} oA SAHSR
ofstA FHAastA o AAl oAl A FelatA H sk TH-0.7+1.6
vs -1.4#1.3, p<0.05).

Table 4. Changes in fasting serum glucose, HbAlc level and HOMA-IR after pioglitazone treatment in
Korean type 2 diabetic patients

Baseline 3 Months 6 Months 12 Months

Total (N=113) FPG(mg/dl) 1434+ 4.6 1253 £ 36,3 129.2 £ 39.0+ 128.9 £ 41 .4~
HbAlc (%) Tt 1b T.OE 10 6.9+ 1.1* Tk 1.3
HOMA-IR 293+ 1.97 1.95 £ 1.10*

Male (N =67) FPG (mg/dL) 129.5 & 30.6 121.0+ 28.3» 1227+ 32.9 127.1 £ 357
HbAlc (%) 7.2+1.3 6.7+ 09 5.7+ 1.0 B8+ 1.1
HOMA-IR 246 1.8 1.82 £ 1.21*

Female (N = 46) FPG (mg/dL) 1635+ 47.3 1315+ 45,1 1385+ 45 2+ 131.4 £ 48,9+
HbAlc (%) 83+ 1.86 7.5+ 1.3 7.3+ 1.2% 75+ 1.4
HOMA-IR 3.49 £1.93 2.13 £ 0.89*

Data are mean £ SD.: FPG = fasting plasma glucose: HbAlc = glvcosylated hemoglobin: HOMA-IR = homeostasis model
azzessment insulin resistanace: +p < 0.01 versus baseline

4. VN ZYUEgE AA Fo 77 BE IH ZLH2EHE X9
W 5}

i

e Fo 7zte] w2 dd FYsHE X9 W
Table 5, Figure 33 #th. 83 F 2" E 529 AU =X o
U 2HE FAE dIYgE AA Fo 73t mel SAHoR
Fol3 WMalE Holx Akt DUEAGW-ZHAEHES 7] A
Hlustel de g eE AA Fo F de Felg S7HE B
(45.0£9.2 vs 50.6£10.8 mg/dL, p<0.01) o] 7|t&<F A EHHA F7}
© HolA &gkt SAAYS V1A A vluste] e FeeE AlAl

ol
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Figure 2. Hypoglycemic effect after pioglitazone treatment in Korean type 2 diabetic patients.
(A) Total study patients (N =113), (B) Male (N = 67) and female (N = 46) study patients. FPG
= fasting plasma glucose; HbhA1c = glvcosvlated hemoglabin: *p < 0.01

Faol & 375de F93 #AAE HY oM (205.4+166.7 vs 166.3£107.3
mg/dL, p<0.01) 67/ML7tA ZAi2d FXE 5438 0H205.4+166.7 vs
17441259 mg/dL, p<0.05) Fo F 127l 71 A X< v 2t

EAHOR FoI3 ol wolA sttt

Table 5. Changes in lipid profile after pioglitazone treatment in Korean type 2 diabetic patients (N = 113)

Baseline 3 Months 6 Months 12 Months
Total cholesterol (mg/dL) 191.2 £ 39.5 190.5 £ 33.7 196.4 + 60.5 196.8 £ 50.4
HDL cholesterol (mg/dL) 450+9.2 506+ 10,8 507 & 11,4 500+ 11.6%
LDL cholesterol {mg/dL) 104.2 £ 35.8 106.4 = 30.9 1104 £ 61.6 106.6 & 34.4
Triglyceride (mg/dL) 205.4 £ 166.7 166.3 £ 107.3~* 174.4 £ 1269t 198.9 = 184.0

Data are mean & SD.; HOL = high density lipoprotein: LOL = low density lipoprotein: *p < 0.01 versus baseline: tp < 0.05
versus baseline
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Figure 3. Change in lipid profile after pioglitazone freatment in Korean type 2 diabetic
patients (N = 113). HOL = high density lipaprotein: *p < 0.01 versus baseline: Tp
< 0.05 versus baseline

5. Je2HE AA Fof 7| BE FF I &4 A A

YeFEE AA Fo 7o wWE FF W 24 FH F EF
AST, ALT 4 X ¢ ®3+= Table 6, Figure 49 2t} &% AST &
A geFdeE A4 Fo 5 3Ll 71 A A vaste] A A

o7 FeF Aolm HolA Fuirt 6/ FeolF al
(23.9+12.6 vs 20.3=7.6 IU/L, p<0.01) ©]§F 1270l = thal 714 2 ¢}
LT

ol
B
il

T
2

o9 Folg mold et} SA= wezeeE A4
2o F 3709 AN vase @ #AS WIAI(308237
vs 245¢185 IU/L, p<0.01) o] % A%A 7t wolx ko),
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Table 6. Changes in liver erzyme after pioglitazone treatment in Korean type 2 diabetic patients
(N=113)

Baseline 3 Months 6 Months 12 Months
AST (U/L) 23.9+£ 126 224+ 113 203+ 7.6+ 21621241
ALT (lUA) 308+ 237 245 +18 6> 24 6+ 20.3* 23.7 £ 18.7*

Data are mean £ $D.; AST = agpertate fransaminase: ALT = alanine transaminase: +p < 0.01 versus baseline

324
247

AST (IU/L)
B
ALT (IU/L)

%)
&
Il

204

T T T T T '/' T T T T
0 3 6 9 12 ] 3 6 9 12
Morths Maorths

Figure 4. Change in liver enzyme after pioglitazone treatment in Korean type 2 diabetic
patients (N = 113). AST = asperate transaminase: ALT = alanine transaminase: *p
< 0,01

6. M= EE AAS @F Fs 2FAE dAFs= A%

deggeE AA Fao § I Fst a7 Aojrp B AFelA
A% Axe 7AAg #HHe] deEA dolry] &, ADFAF,
AAGE, AALFE 2 Y A8y HFHEE A4 Foq F 127
4o F5IIH 71AXe Holgtel #HAE XS A= Figure 6
7 2ok HeFHgEE AA o A ADFAFT 2T E oI
2= AAe a9 Ast 37 ZA YEREIL(r=0.245, p=0.01), &
o A AAGE, AAGFo| =&55s AT Zs &dvF AA e
o} (r=0.392, p<0,001; r=0.308, p=0.001). L ZFe| & AA Fo A &
4 #9E FAV 255 5o & ¥ A &9t 2A JEw
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Abstract

Long term, serial effect of pioglitazone on anthropometrics
and metabolic parameters in patients with type 2 diabetes

mellitus

Jae Hoon Moon

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Bong Soo Cha)

Type 2 diabetes is characterized by impaired insulin secretion
and/or insulin resistance. Thiazolidindiones have been shown to
ameliorate insulin resistance. The purpose of the present study was
to evaluate the long term serial effect of pioglitazone on
anthropometrics and metabolic parameters in Korean type 2
diabetes patients.

One hundred thirteen type 2 diabetes patients (male, 67; female,
46; mean age, 49.1 years) were studied before and after 3 months,
6 months and 12 months of treatment with pioglitazone.
anthropometric  parameters and metabolic parameters  were
measured.

Body weight and body mass index (BMI) were increased in 3
months after pioglitazone treatment (68.8 + 12.2 vs 69.8 + 11.9 kg,
p < 0.01) without continuouos increase. In female patients, body
weight and BMI tend to increase more (06 kg vs 16 kg, p <
0.01) and longer (3 months vs 6 months) than male patients.
Fasting plasma glucose (FPG) and glycosylated hemoglobin
(HbAlc) were decreased in 3 months after pioglitazone treatment
(FPG, 1434 + 416 vs 1253 + 36.3 mg/dL, p < 0.01; HbAlc, 7.7 +
15 vs 70 £ 1.1 %, p < 0.01). Hypoglycemic effect of pioglytazone
was prominent 1in female patients. High density lipoprotein
cholesterol was increased after pioglitazone treatment (45.0 + 9.2
vs 50.6 £ 10.8 mg/dL, p < 0.01). Triglyceride was decreased until
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6 months after pioglitazone treatment (2054 + 166.7 vs 166.3 =
107.3 mg/dL, p < 0.01), and recovered at 12 months after. Liver
enzyme, especially alanine transaminase decreased — after
pioglitazone treatments (30.8 + 23.7 vs 245 £185 IU/L, p < 0.01).
Hypoglycemic effect of pioglitazone was associated with basal
BMI, fat contents and serum leptin level.

Korean type 2 diabetic patients with pioglitazone use show good
clinical course for glycemic control, lipid metabolism and liver
function, but body weight increase by pioglitazone is limited.

Key Words : thiazolidinedione, pioglitazone, anthropometrics, metabolic

parameters.
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