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- Abstract -

Background: Type 2 diabetes is characterized by impaired insulin secrefion and/or insulin
resistance. Thiazolidinediones 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.
Methods: One hundred thirfeen type 2 diabetes patients (male, 67; female, 46; mean age,
49.1 = 10.8 years) were evaluated before and affer 3 months, 6 months and 12 months of
freatment with pioglitazone (ACTOSTM, 15 mg/day). Anthropometric parameters and
metabolic variables were measured.

Results: Body weight and body mass index (BMI) were increased in 3 months after
pioglitazone treatment (body weight, 68.8 + 12.2 vs 69.8 =+ 11.9 kg, P < 0.01) without further
increase. In women, body weight and BMI fended to increase more (body weight change
after 3 months, 0.6 £ 1.7 kg vs 1.6 = 1.7 kg, P < 0.01) and longer (3 months vs 6 months)
than in men. Fasting plasma glucose (FPG) and HbAlc were decreased in 3 months after
pioglitazone treatment (FPG, 7.97 + 2.29 vs 6.94 + 2.01 mmol/L, P < 0.01; HbAlc, 7.7 = 1.5
vs 7.0 = 1.1%, P < 0.01). Hypoglycemic effect of pioglitazone was prominent in women
than in men (FPG change after 12 months, -1.80 + 2.54 vs -0.09 + 1.72 mmol/L, P < 0.001;
HbAlc change after 12 months, -0.9 = 1.3 vs -04 + 1.1%, P < 0.05). Serum high-density
lipoprotein cholesterol was increased after 3 months of pioglitazone treatment (1.16 + 0.24
vs 1.31 £ 028 mmol/L, P < 0.01) without refurn unfil the end of this study. Serum
friglycerides level decreased at 3 months (basal vs 3 months, 2.29 + 1.86 vs 1.88 + 1.21
mmol/L, P < 0.01) and 6 months (basal vs 6 months, 2.29 + 1.86 vs 1.97 = 1.40 mmol/L, P
< 0.05) of pioglitazone treatment, but returned to basal level at 12 months. Liver enzyme,
especially serum alanine fransferase level decreased affter 3 months of pioglitazone
freatment (30.8 + 23.7 vs 24.5 + 18.5 IU/L, P < 0.01) without return until the end of this study.
Hypoglycemic effect of pioglitazone was associated with basal BMI, fat contents and
serum leptin level.

Conclusion: Korean type 2 diabetes patients with pioglitazone use showed favorable
metabolic effect for glycemic control, lipid metabolism and liverfunction, but pioglitazone
induced body weight increase may be limited. (J Kor Diabetes Assoc 30:264~276, 2006)
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Apd o] Welrd-e awl Enls A8l 2 sl
Aoz dedx] gt ElelER|dr] (thiazolidinedione)
AAlE 52 A8 2 I AgelA a7l AgAde A
A7le o] FHEIgem' ot ElolEelddr]e A
o] d= A ANl sl B A7t Zd=Ed o
QAA kRt 28712 wsAA] ok ElolEEld
o2 A= AlES]  peroxisome proliferator-activated
receptor-gamma (PPAR-y)2] agonist2A], oJe]&72] AIE
W PPAR-y9} Zgslo] chelsl fdAte] whas =4s=
tl”, 53] AMAIES] FelAAE AAS 7H4A)7)a o
Fulel Bu)Z Z71X)7|M”, adenosine monophosphate
dependent protein kinaseol|= 27 = 7P o7 ofgks
HXE Zlod dEA el wet dud Aol ofgo] &
z7|, S WA, 7 25 2 AR wiebdIE Selld A
WS wka sjsiAMbe 2 AEES fEsh Y, ol
gk =wl AgA AN &3 2ol AP wilebAEe] TS
= T AR % WelA] ARy el oY a3
ol A= FE Q). AR7kA] o] FolF FE 4l
G RS oo 3 gk odeli] ElelE=ldr] A
A Fo Alol] l&wl 2] MAaziel A Mg
8] AR ST EakE]g)go] Wars|glr) ool
g 7R, AARAES APAIER 3= 2go]
Ul 22 W) el 2ol Faks] vehgar?,
iAW Z7tel vt AlE 3 felAiaE A-so] Skt
o] 53} ZhollAle] FAAM S AAIAY Qawl A
S MAATIE Aeg AWs| s sl

GF thtrR A5 Sl EloREEdu AlA] Fodell
uh2 QATE Bardk ul glonf P Azl i
AFE F 3 Aol XFslo] WAL X5 A%e] A
HlamkE 3F A7t ol A7)zke] ElolEeldy
AA| Fod Alel| gRkE = Algstel o]k Axk AR
9 Fo3717}el] vk wiztol] A E F23t 77} = o]
UA gkt w3k i skalte] frd |l Hwlell H3kEo],
]l ARY FarskAlellA A7 ElolEe|dr] & AlA|
Fol o] IS WL ol S8 =Eh

B AT ElolEeldy 2 AAIQ] Bl eFelElE Al
AlE 19 ol Foidk 3=}l ARY Farizir-g thde
2 3 IZEQTE Bl Foi7|tel vk AAAS 2 o)
AR S| Bishs elal 2] eFElElE AlA] Folol =2
HIE Holy shahre] BAE otz sigich
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AAela AlEgkw] Big Al oA vl i et
3] 71l vt ARY G oE XgkE 32} F 2 370
D7 53} glo] QP 88k AEQ4A| e vlolH
ohto|EAlE Folsle A tider vleFelelE Al
Al Fod (Actos™, 15 mg/day)E A&reiHA] & oAl 5
3B Ao AL A7 5]t 837 (73%)
9] 2AlA] 7T EdsAe] W73 §I9l, 119 (10%)
< BT ddetAlY] ko] ZHamslglen, 199 (17%)
AT Al 7 dRe dskal R SRSt
A7t Bt FeFelElE AT 3 S5 X
o} kAl F 7PE3E (9A aspertate transaminase |
alanine transaminase <FX|7} A4+ 28] o]Xh wl A&}
(8 creatinine <7X]7} 2.0 mg/dL o) 9] 714de] A=
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Ae T oAl 2 AN AWAE sk e
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1) AAAF

Ag3 7= Ak Bl Aelelx] 7hE 2ARles
0.1 kg, 0.1 cm SH$7HA] SH3g 3 AR BAFE ARk}
At FelEdls 7Eeddw 54 (lateral iliac crest)@} 7}
Zolell Zhm Atele] FeA Ao ddolE
U= 2=7] (great trochanter)7} 7P 3% HHollA =
Atk A7 A (bioelectrical  impedance
analysis)®] 25 o]83t AKIE E47] (Inbody 2.0
Biospace Co., Ltd, Seoul, Korea)& o|-8slo] A& 24
S AI3Psldcl e 283} (SA9900; Medison, Seoul,
Korea) 5 AHgsto] SRS vk 570 3F % wligs] 1 cm
SIX|ellA] 7.5 MHz probe 2 H&PAY A (ZIH-AG7A]
HollA] WA A7k 2 ) E, 3.5 MHz probe® WA
A (Ee] AHellA B4 HAZRAE AehE S48
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tagEirte] Gl &5 Bl A% 2417 I (glucose
oxidaseH), @34 (HbAlc, high performance liquid
chromatography), (RIABEAD 1I kit, Abbott,
Japan), C-peptide, 24}, blood urea nitrogen (BUN), =
oleld, ¥ ZHlElE, SAAM, dEA a2l E,
=l 7|E,

Linco Research Inc., St. Charles, Mo., USA) 2! aspertate

Qe

A A b el %, RRECEEY
transaminase (AST), alanine transaminase (ALT) <TX|=
233199k o2l A9 AFE homeostasis model
assesment of insulin resistance (HOMA-IR)= A-&3}91 1
ches} 7he Aoz Arsigich

HOMA-IR

= [5¢Ed (WU/mL) x F5E (mmol/L) / 22.5]

3) 4 ¥ &N
BEE g sAXEe NYE Hie eAZEad
SPSS 12.0 for Windows packages °©|-83l3lom 7<%

AR T+ ETHA = Al i3 WiEEE st

Table 1. Baseline Characteristics of Subjects
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= 3= #F 1139olgle
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B Aol Pearson AHE-AS

M
4%

ANOVA &

A8l P-value 7} 0.05

SsEd] TP B F Ol AT 270l R

olF WA= F 677 (59%),

AR F 467 (41%)°1ek J|eFeEkE AlA| Fof A
AR A= @ ol SARSE 23t HjolE HolA
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(P < 0.01). WAL FAIE W 7F XolE HolA] sk
o} gslAM; FA 9l ISR T o WA S

Total (n = 113) Male (n = 67) Female (n = 46)

Age (year) 49.1 £ 10.8 475 £ 10.1 51.5 £ 11.5
Weight (kg)* 68.8 + 12.2 733 + 11.7 62.2 + 9.6
BMI (kg/mz) 25.6 £ 3.3 255 + 3.3 257 £ 34
WHR 0.90 £ 0.05 091 £ 0.05 0.89 * 0.06
HbAlc 76 £ 1.5 72 + 13 82 £ 1.6
FPG (mmol/L) 797 £ 2.29 721 £ 1.68 9.08 + 2.60
Total cholesterol (mmol/L) 492 + 1.02 4.83 £ 0.89 507 £ 1.18
HDL cholesterol (mmol/L) 1.17 + 0.23 1.13 + 0.23 121 + 0.23
LDL cholesterol (mmol/L) 2.71 £ 0.96 2.70 £ 0.88 2.72 £ 1.08
Triglyceride (mmol/L) 523 £ 4.26 493 £ 2.82 5.67 £ 5.77
AST (IU/L) 23.4 £ 12.0 24.6 £ 13.0 21.8 £+ 10.3
ALT (IU/L)" 30.1 + 22.6 33.5 + 25.7 25.0 £+ 16.3
HOMA-IR 29 £ 1.7 25 1.3 35+ 19
Fat SFT (cm)” 24.0 £ 8.5 209 + 6.9 28.6 £ 8.5
VFT (cm) 55.0 £ 21.3 57.0 £ 20.8 522 + 21.8
VSR’ 2.7 20 32 +22 2.1 + 14
Muscle contents (kg)* 46.0 = 8.4 513 £ 5.8 382 £ 48
Body composition Fat contents (kg) 200 £ 7.2 19.0 £ 7.2 215 £ 69
Fat proportion (%) 29.1 + 8.1 25.6 £ 6.9 342 + 6.8

SU use (%) 21 (19) 7 (11) 14 (30)

Oral hypoglycemics Biguanide use (%) 53 (47) 37 (55) 16 (35)

SU+Biguanide use (%) 39 (34) 23 (34) 16 (35)

Data are expressed as means +

SD.; BMI, body mass index; WHR, waist to hip circumference ratio, HbAlc,

glycosylated hemoglobin; FPg, fasting plasma glucose; HDL, high density lipoprotein; LDL, low density lipoprotein;

AST, aspartate transaminase; ALT, alanine transaminase; HOMA-IR, homeostasis model assessment insulin resistanace;
SFT, subcutaneous fat thickness; VFT, visceral fat thickness; VSR, the ratio of VFT to SFT; SU, sulfonylurea.

* P < 0.05 male versus female.
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H] = ofzlollA] FAlHe) f-olsiA] =2 ZAAE Bv) (P < 0.06), -5 3 whAzke Uy} ofzlir) =9k (P <
0.01). AL oARjollA v =& 7S HIT (P = 0.01) (Table 1).

Table 2. Changes of Body Weight and BMI after Pioglitazone Treatment

Baseline 3 Months 6 Months 12 Months
Weight (kg) 68.8 + 122 69.8 + 11.9° 702 + 11.8° 703 + 118
Total (n=113) 5 . . .
BMI (kg/m®) 25.6 + 3.3 260 + 3.4 262 + 34 26.1 + 3.5
Weight (kg) 733 + 117 739 + 11.6° 737 £ 115 738 + 11.5
Male (n = 67) 5 *
BMI (kg/m’) 255 + 3.3 257 + 32 257 + 3.1 25.7 + 3.1
Weight (kg) 622 + 9.6 638 + 9.8 649 + 103" 652 + 10.6°
Female (n = 46) > ¥ e s
BMI (kg/m’) 25.7 + 34 264 + 35 268 + 3.8 27.0 + 4.0

Data are expressed as means = SD.; BMI, body mass index.
* P < 0.01 versus baseline.
t P < 0.01 versus 3 months.

* *
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L T
q 3 6 3 12
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Fig. 1. Changes of body weight and BMI after pioglitazone treatment.

A. Total study patients (n = 113). B. Male (n = 67) and female (n = 46) study
patients. BMI, body mass index.

* P < 001

Table 3. Changes of Anthropometrics after 3 Months of Pioglitazone Treatment (n = 113)

Baseline 3 Months P
Muscle contents (kg) 46.1 + 83 459 + 8.1 NS
Fat contents (kg) 205 £ 7.3 21.7 £ 8.1 < 0.001
Fat proportion (%) 295 = 8.0 30.3 £ 8.3 < 0.05
SFT (cm) 24.1 = 8.6 25.8 £ 9.0 < 0.001
VFT (cm) 553 £ 21.1 539 £ 22.1 NS
VSR 28 £ 20 24 £ 16 < 0.001

Data are expressed as means + SD.; SFT, subcutaneous fat thickness; VFT, visceral fat thickness; VSR, the ration
of VFT to SFT.
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479] WS Table 2 9 Fig. 13} 2k AA| 2rlgollA] A
T Fol F 3/0Lell 7AXEe) Frbsolom (68.8 +
122 vs 69.8 £ 11.9 kg, P < 0.01) o]¥&&%= oJu] gl&= |
% 7k fiddeh d@AelAE Fol ¥ 37ldel] EARe
2 83t AF Z51E HY (733 + 11.7 vs 739 £ 11.6
kg, P < 0.01) o|Fell= 7IA%|2} vlasli= folgk Xol &

Holz] ¢fskrt odzllA = T egRlelE AlA] Fol 3 37Y
GRE A7 JeRr] AlEsle] 6/8E7EA] AR
om (622 + 9.6 vs 63.8 £ 9.8 vs 64.9 = 103 kg, P <
0.01) o]¥2+= ov] 9= Al SV HolA| skt ¥le
ZFEERE AlA] Fof A% AR 9 2395 o83
FXA A 274 7T Table 33 ek FegelelE
AR Fof Z 370l AA = gl A B SRl
om (A 205 + 7.3 vs 21.7 + 8.1 kg, P < 0.001;
AA g, 29.5 £ 8.0 vs 30.3 + 8.3%, P < 0.05), E3 ¥
S e ksl ot (24.1 £ 8.6 vs 25.8 £ 9.0 cm,

Table 4. Changes of FPG and Hbalc Levels, and HOMA-IR Indices after Pioglitazone Treatment

Baseline 3 Months 6 Months 12 Months

Total FPG (mmol/L) 7.97 + 2.29 694 + 201 7.19 + 2.15 7.18 + 2.28"

(n = 113) HbAlc (%) 77 + 15 70 + 1.1 69 + 1.1 71 + 13"
HOMA-IR 293 + 1.97 1.95 = 1.10°

Male FPG (mmol/L) 721 + 1.68 6.75 + 1.56° 6.87 + 1.83 712 + 1.98

(n = 67) HbAlc (%) 72 + 1.3 67 + 0.9 67 + 1.0° 68 + 1.1
HOMA-IR 246 + 1.8 1.82 + 1217

Female FPG (mmol/L) 9.08 + 2.60 7.23 + 252" 7.67 + 2.48 7.28 + 2.69°

(n = 46) HbAlc (%) 83 + 1.6 75 + 1.3 73 + 1.2 75 + 14"
HOMA-IR 3.49 + 1.93 2.13 + 0.89

Data are expressed as means + SD.; FPG, fasting plasma glucose; HbAlc, glycosylated hemoglobin; HOMA-IR,

homeostasis model assessment insulin resistanace.
* P < 0.01 versus baseline.
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Fig. 2. Hypoglycemic effects after pioglitazone treatment.
A. Total study patients (n = 113). B. Male (n = 67) and female (n = 46) study
patients. FPG, fasting plasma glucose; HbAlc, glycosylated hemoglobin.

* P < 0.0l
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P < 0.001) WA 5= frolgk Xol7} glo] WA
TSR T2 Bl 7HAsIel 2.8 + 2.0 vs 2.4 +
1.6, P < 0.001). B3k @rpE} ofzjelld] Aol o] &
7kl e Bk 09 + 2.1 vs 1.8 + 27 kg, P =
0.06).

3. L2E2|ELE MHQ| Fo471Ziof| e EE dst Zat

A FA oA FEET g J3lE Lo sk 7|A]
X9} nlasle] Fol & 3700l BARCE oA 24
QAL (B8, 7.97 + 229 vs 6.94 = 2.01 mmol/L, P
< 0.01; BIEAE 77 + 15 vs 7.0 = 1.1%, P < 0.01),
15l 9] & W3k glodrk I eFlelE AAlY &
2 7t B3t W ke Xolg Holow, 12709 Fe
TEEG 9l I3l se) Z47e] ZIAXE vl asE
ALEe} oAz A FeJElAl FEE (-0.09 + 1.72 vs -1.80
+ 254 mmol/L, P < 0.001) 3 23N %7} (04 + 1.1
vs -0.9 + 1.3%, P < 0.05) U] Z&3lgiel 2)eo2ElE A
Al 7o 6714 $ HOMA-IR2 ZA| 32k 3l @}, ozt
EollA] BAR SR folslAl Al on, ] ofAfe
2] SolelA v] 245t (0.7 £ 1.6 vs -1.4 + 13, P <
0.05) (Table 4, Fig. 2).
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4. L|2Z2|ELE MHQ| F0{7IZH0f| [WE X[ZCHAF I

g & FolsEE A0k ADEATH Fel w5

X FFeelE AA Fo 717l w2t fogt wisks
Holz] gkolct A ekl Fell~HlEL 7IAX]|9} vl
sto] 370Yel] FoJgk S7HE B (1.16 + 0.24 vs 1.31
+ 0.28 mmol/L, P < 0.01) °]% 7|7Fa}t AEA S7h=
HolA] ookl TAAYL 71AXe} v]asle] 371Lel]
o3t 7ZhAE Hgloem (229 + 186 vs 1.88 + 121
mmol/L, P < 0.01), 67Hd7kA] Zhedl 215 A8kt
(229 + 1.86 vs 1.97 + 1.40 mmol/L, P < 0.05) o &
1271l = 71AX]9} vlaslo] fol3t XlolE HolA] ¢kok
t} (Table 5, Fig. 3). o]eigh w3} ok hizke] Xjol=

Holz] ¢k} (data not shown).
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5. LR=2|ERE MMl F0 720 ME €5 2t &2

X|9f =}

a-

I FeelE AA Fo 717k wE dF 7F F& X
Z "% AST, ALT %]9] Wi3}= Table 6, Fig. 49} 2t}
IF AST TX& I F2ElE AA] Fof £ 37190l 7|14

Table 5. Changes in Lipid Profiles after Pioglitazone Treatment (n = 13)
Baseline 3 Months 6 Months 12 Months
Total cholesterol (mmol/L) 492 £ 1.02 493 = 0.87 508 = 1.55 5.09 £ 1.29
HDL cholesterol (mmol/L) 1.17 £ 023 1.31 * 0.28 131 £ 030 129 + 030"
LDL cholesterol (mmol/L) 271 £ 0.96 2.75 = 0.80 2.86 = 1.57 2.77 = 0.88
Triglycerides (mmol/L) 229 = 1.86 1.88 = 1.21° 1.97 + 1.40" 223 £ 2.05
Data are expressed as means * SD.
HDL, high density lipoprotein; LDL, low density lipoprotein.
* P < 0.01 versus baseline.
t P < 0.05 versus baseline.
% *
3 1.357 ¥ 2.6
T —
g 1.30 % 2.44
g £ !
= 1.254 E 2.2 i
=
o
% 1.20+ 2 2.09
L @
2 1.5 8 1.8
© 2
5‘ 1.104 = 1.6
T I Ik
0 3 6 3 12 0 3 6 9 12
Months Months
Fig. 3. Changes in lipid profiles after pioglitazone treatment (n = 113).

HDL, high density lipoprotein.
* P < 0.01 versus baseline.
+ P < 0.05 versus baseline.
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29} Aol HolA) ekrlrh 6Bl ol 74T WY
(23.9 + 12.6 vs 20.3 + 7.6 IU/L, P < 0.01) o] 12714
oll= thA] 7|13 X1¢k =po7} igiel. EF ALT 4+ o7
Z 370el] 714 X1¢}F vl sle] o8k HAE HolA (30.8
+ 237 vs 24.5 = 18.5 TU/L, P < 0.01) o|& 7hAaxl x|

7b frA= ek

6. mRSZ|ERE HFIQ| =L
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Table 6. Changes in Liver Enzymes after Pioglitazone Treatment (n = 113)

]

25t 2NE tiEsks X E

#le) Holr} 2
=4 ol

Baseline 3 Months 6 Months 12 Months
AST (IU/L) 239 + 12.6 224 £+ 11.3 203 + 7.6° 216 £ 12.1
ALT (IU/L) 30.8 + 23.7 245 + 18.5 246 + 203 237 + 18.7
Data are expressed as means = SD.
AST, aspertate transaminase; ALT, alanine transminase.
* P < 0.01 versus baseline.
* o
26)
324
247
I =
284
é 221 é
= ~
=
24
2 2
| 20.,
.Isél T T T T /l T T T T
0 3 6 9 12 0 3 6 9 12
Months Months

Fig. 4. Changes in liver enzymes after pioglitazone treatment (n
AST, aspertate transaminase; ALT, alanine transminase.

113).

* P < 0.0l
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: . ; . ' . , '
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8 - 8+ .
-
T4 . . 3 4 .
% . 2 .. % .« * * .
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E % o, ‘.,’ .. .: Laadit E ..::. o“' .“ ” .
%] hd &
a4 .. s * o . & _ad . :.oﬂ s
uq_ . * - uq‘ - + .
r=-0.308 r=-0.404
3 -84
(p = 0.001), (p <0.001}
10 2 30 prs 05 10 15

Basal Fat (kg)

Logarithmic Basal Leptin (ng/mL)

Fig. 5. Correaltions between AFPG and basal parameters.

AFPG, 12 months fasting plasma glucose-baseline fasting plasma glucose; BMI, body

mass index.
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A3l AR, AAEE, AR 2 G =R 2o
SEElE AA| Fof 127199 FEIGT} 71#%] €] Xo]
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o} (r = -0.404, P < 0.001).

7. 37 ELSHel SR ME MAAIS X CHALK]
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Table 7. Changes of Body Weight and BMI after Pioglitazone Treatment in Each Oral Hypoglycemic

Agent Use
Baseline 3 Months 6 Months 12 Months
SU use Weigh (kg) 584 + 103 599 + 10.0° 60.5 + 102" 61.8 + 11.3°
(m = 21) BMI (kg/m®) 23.6 + 3.0 243 + 29" 245 + 30 250 + 3.7
Biguanide use Weigh (kg) 704 + 11.4 710 + 11.4° 716 + 11.5° 717 £ 11.6°
(@ = 53) BMI (kg/m®) 25.6 + 3.4 258 + 3.4 26.0 = 3.6" 26.1 = 3.6"
SU+Biguanide use ~ Weigh (kg) 72.1 £ 11.2 734 £ 11.0° 73.4 £ 105" 73.0 + 10.3
(m = 39) BMI (kg/m®) 26.6 £ 3.0 27.1 + 3.1 27.1 + 32% 27.0 + 32
Data are expressed as means * SD.
BMI, body mass index; SU, sulfonylurea.
* P < 0.01 versus baseline.
80.0+ * -
v oy Met i 28.57
—_ 1504 T | e SleMet i L=
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Fig. 6. Changes of body weight and BMI after pioglitazone treatment in each oral hypoglycemic agent use.
SU, sulfonylurea use (n = 21); Met, metformin use (n = 53); SU+Met, sulfonylurea + metformin use (n = 39);

BMI, body mass index.
* P < 0.0l
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