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- Abstract -

Background: Type 2 diabetes is characterized by impaired insulin secretion and/or insulin
resistance. Thiozolidinediones 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 (Ac‘rosTM, 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 freatment (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
affer 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 freatment (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 pioglitfazone 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;
HbATc 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 = 0.28 mmol/L, P < 0.01) without return unfil the end of this study. Serum
friglycerides level decreased at 3 months (basal vs 3 months, 229 + 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 freatment, but returned to basal level at 12 months. Liver enzyme,
especially serum alanine fransferase level decreased affer 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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Table 1. Baseline Characteristics of Subjects

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 + 11.7 622 + 9.6
BMI (kg/mz) 25.6 + 3.3 255 + 33 257 + 34
WHR 0.90 £ 0.05 0.91 + 0.05 0.89 + 0.06
HbAlc 76 £ 1.5 72 £ 1.3 82 + 1.6
FPG (mmol/L) 7.97 £ 2.29 721 £ 1.68 9.08 £ 2.60
Total cholesterol (mmol/L) 492 + 1.02 4.83 + 0.89 5.07 + 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 + 0.88 272 + 1.08
Triglyceride (mmol/L) 523 + 4.26 493 + 2.82 5.67 £ 5.77
AST (IU/L) 234 + 12.0 24.6 £ 13.0 21.8 £ 10.3
ALT (IU/L)" 30.1 + 22.6 335 + 257 25.0 £ 16.3
HOMA-IR 29 £ 1.7 25 + 13 35+ 19
Fat SFT (cm)’ 240 *+ 85 209 *+ 6.9 28.6 = 85
VFT (cm) 55.0 £ 21.3 57.0 £ 20.8 522 £ 21.8
VSR’ 27 + 20 32 + 22 2.1 + 14
Muscle contents (kg)* 46.0 + 84 513 + 538 382 + 4.8
Body composition Fat contents (kg) 20.0 £ 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.

- 266 -



- 2M2 Q 1090 M2¥ Y=HSATOIN TN M I2IEIE £O0{0] M2 QU™ BN —
H| = ofzjollA] WalHr) f-oeiA] =2 ZIE Bl (P < 0.06), 5 = sk Uzl ofzlir} =94t} (P <
0.01). HAPEFEL oxjollA] o] =& 7S B (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 + 12.2 69.8 + 11.97 702 + 11.8° 703 + 11.8
Total (n=113) 5 « x N
BMI (kg/m®) 256 + 3.3 260 + 3.4 262 + 3.4 26.1 + 35
Weight (kg) 73.3 £ 117 739 £ 11.6° 737 £ 115 738 £ 115
Male (n = 67) 5 N
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 + 106
Female (n = 46) 5 « wt x
BMI (kg/m®) 25.7 + 3.4 26.4 + 3.5 26.8 + 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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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 + 8.3 459 + 8.1 NS
Fat contents (kg) 20.5 £+ 7.3 21.7 + 8.1 < 0.001
Fat proportion (%) 295 + 8.0 30.3 + 8.3 < 0.05
SFT (cm) 24.1 + 8.6 258 £ 9.0 < 0.001
VFT (cm) 553 £ 21.1 539 + 22.1 NS
VSR 2.8 +20 24 + 1.6 < 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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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 + 229 6.94 + 201 7.19 + 2.15 7.18 + 228"

(m = 113) HbAlc (%) 77 + 15 70 £ 1.1 69 + 1.1° 71 + 1.3
HOMA-IR 293 + 1.97 1.95 + 1.10"

Male FPG (mmol/L) 721 + 1.68 6.75 + 1.56° 6.87 + 1.83 7.12 + 1.98

(m = 67) HbAlc (%) 72 + 13 6.7 + 09 6.7 + 1.0° 68 + 1.1°
HOMA-IR 246 * 1.8 1.82 + 121

Female FPG (mmol/L) 9.08 + 2.60 723 + 252 7.67 + 2.48" 7.28 + 2.69"

(n = 46) HbAlc (%) 83 * 1.6 75 + 1.3 73 + 12" 75 + 14"
HOMA-IR 3.49 + 1.93 2.13 + 0.89

Data are expressed as means
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 < 0.01.
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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 4.93 + 0.87 5.08 + 1.55 5.09 + 1.29
HDL cholesterol (mmol/L) 1.17 £ 0.23 131 £ 0.28 131 £ 030 129 + 030
LDL cholesterol (mmol/L) 2.71 + 0.96 2.75 + 0.80 2.86 = 1.57 2.77 + 0.88
Triglycerides (mmol/L) 2.29 + 1.86 1.88 + 121 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.
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Fig. 3. Changes in lipid profiles after pioglitazone treatment (n = 113).

HDL, high density lipoprotein.
* P < 0.01 versus baseline.
t P < 0.05 versus baseline.
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Baseline 3 Months 6 Months 12 Months
AST (IU/L) 239 + 12.6 224 + 11.3 203 + 7.6 + 12.1
ALT (IU/L) 30.8 + 237 245 + 18.5 246 + 203 + 187
Data are expressed as means = SD.
AST, aspertate transaminase; ALT, alanine transminase.
* P < 0.01 versus baseline.
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Fig. 4. Changes in liver enzymes after pioglitazone treatment (n = 113).
AST, aspertate transaminase; ALT, alanine transminase.

* P < 0.01.
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AA=AIFE] S71HE Hod (P < 0.01), AA| chdskzie} 7}
TollA] B FUsE wslekE Ktk (Fig. 6). Edst
a2yt g A, 1A 5] tARIEe] wiske AT
Al Eioll ulE Xo]E Ho|A] 9k} (data not

shown).
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Ay FuaE JER]l AT et Bvls AEE
SRR eIA M ElolEelduE ARl ole3t dawl A%
e WA Aer 4HA Sk I ERgelEE
AP 2540 2] F2G vl Aol AR o] 5 Al
v eFelelEdt 2AEREEo] ElokERidy 2 Al o
FAR eHAlE 220 gl oA of2] dellA v
2lElE Fol 2 AlF 3l A=A Hal) 32 vl gl
om*9, 7} Aol B g eFelelE Fol F AF 1
AEATE] S7F WA= S7F dEe Hasildh £ ol
ToAME Fof F AT W AERAFe] TR E3rk

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 59.9 = 10.0° 60.5 = 102 618 = 11.3°
(@ = 21) BMI (kg/m®) 23.6 + 3.0 243 + 29 245 + 3.0° 250 * 3.7
Biguanide use Weigh (kg) 704 + 114 71.0 + 11.4° 71.6 + 11.5° 717 + 11.6°
(n = 53) BMI (kg/m®) 256 = 3.4 258 + 34" 260 + 3.6° 261 + 3.6
SU+Biguanide use ~ Weigh (kg) 721 £ 112 73.4 £ 11.0° 73.4 £ 105 73.0 £ 103
( = 39) BMI (kg/m®) 26.6 + 3.0 27.1 + 3.1 27.1 + 3.2% 270 * 32"

Data are expressed as means * SD.
BMI, body mass index; SU, sulfonylurea.
* P < 0.01 versus baseline.
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Fig. 6. Changes of body weight and BMI after pioglitazone treatment in each oral hypoglycemic agent use.
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SU, sulfonylurea use (n = 21); Met, metformin use (n = 53); SU+Met, sulfonylurea + metformin use (n = 39);

BM]I, body mass index.
* P < 001.
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7] 3.88 kgl A&ZQ AT 719} 3.55 kg2l AR F
7P} vehd, 2ES7e i AAe] S8 B9
v} Zl 2 FelelE (45 mg/day) Fol SRS 3wz WA
Aol A= 5 kel AT F7F E 30/ME7R9] ATSE
B}, B Aol A A 2Rl 3AL7A] B
1 kgol AIF Z71, 1209744 1.5 kg AF 271 By
3L 370 o] 3ol S} R Hlo} SA R {o
g 7 9lglek B ol v eFelelE AlAl Fof F
AR eFe] Z717t AA| ATl 3 1.2 kgo & e}
U AT SR diRE AR S90S e S
AUAet. ol AFe] Frhe FeFelelE AAle] 28]
Aoz Ame 4 v, ¥]2Z=e|El<=2 PPAR-v agonist
A AR ES AAIER 2827|272 o))t 2
H

gol P Sl T FEeld, Avdow
A A AP sl el Wk ARALS] S5

&=
S7HIA gl AFAS IAANN. 2895 ol
g ERA A FANA 55 WA ek St
Nl et A FefsiAl 2 FAPE SR A A
71E9] Aol A wlelAl ul QL' ol A g &
i AT 3l ARk F7he o3 AAEe] F
7hol] 71918l Zlo® Hlthk 2 AqollAe AlF F71el
i ZpolE Helwl, dAbEe) ofzjellA] Fof 371 &
2% Z7PF o ZA JERIAL (0.6 + 1.7 kg vs 1.6 = 1.7
kg, P < 0.01) AlFe] fFelsiAl S71eF 717 dAbe 371
4, A= 7HE R oJRlellA] T 220 7I7F ]t AT St
7h Vebdel olefgh whd 7he] Aol A Zhe- migto g A
ek = glrk B odollA] ] eFelElE AlA] Fof 9 A
Aleko| ofzlol|A] o] =& 7JekS Kol (19.0 + 7.2 vs
21.5 + 6.9 kg, P = 0.06), BAET} ozlollA] 370Y ZFeo
AR S7PF o] 24 vehbe 738 Hdvk 09 +
2.1 vs 1.8 + 2.7 kg, P = 0.06). WhA] 2F Z7}e] P
Aol v ko] AAEEe] o] wiifel] o] Fe|elEe]
A 7t Aol AAE ko] W of7lellA] ] FEHAA|
vehdt AztE 2lck

vlegelelE AAe] I Zsl b= o] ofg] A+
oA A5 v glom B oA E F]eFelelE Fof

v PG W GHRRAE B folebl dasigie

£
g B QoA @Rk ofzlolld B]egrlelEe] dgt
75t &7} 3 HOMA-IR 7+ 337} o] Fo&AA Jet
s, o] Ave ok QA Azels IXsiiel?. o
gk g ko] Aol AAnlEe] Xol2 Aislr]® s
SO el A FEio] ofgko @ Ausly]E gt
Z|29] odollA s, I FRIElE AAE Foldt ratollA A4
ol ule} 5 v)eglelE s u o IUES] T

Zpo)7F AL o= wiR|HkzzZ ol 4] €] Fixtol &yl
+S Barsle] 3] egelelEe] Bl W Zhell Xjolrt v
2L W 7+ Tl egelElEe] ket Aol uliEsle
ARSI S SIAeP). B elte] ofx} gl o]l
ul2 do) sl avte] Xjo|7) glgl. o (data not shown)
o4 A7 f-7et I sl Azt Zhell I3k AL gl
o= 7IE 7 ek wEhA] B ode] AvkE BEdiE &
ul, FeFelelEe] g et avte] vy X A TEE
9 Kb v 7] AR Kolof dRtAlo] &
Ak

ARy FiellA A- Aol o] FHkE U2
A Aot F|eFlElE AlA| Fol £ ol A
el el slidel, ARl At Zpole AL, ofe]
ATellA] sl wl gk Hanefeld 572 AEQ4A9}
Tl eFeelE AAE 583 vt AEQLAS} nlo]Ho}
o= AAE 583 75 vl AdTFolA] ofollA B
o FHRl drzAo] HglE Z|leFelElE AAE 1
WA FalElE 3 SR B F2 3 9
o< Basiedek = ohE Al eZelelE AlA|, vk
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