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- Abstract -

Background: Insulin resistance in visceral obesity constitutes a risk factor for the
development of atherosclerosis. The insulin resistfance in obese type 2 diabetic
patients can be improved by a decrease in the visceral fat and an increase in
the skeletal muscle, which may influence the insulin sensifivity. Growth hormone
(GH) accelerates lipolysis and promotes protein conservation. The effects of GH
therapy, with diet restriction, on lipolysis and protein anabolism, were evaluated,
which may change body composition, insulin resistance and atherosclerotic risk
factors in obese type 2 diabetes mellitus.

Methods: Sixteen obese type 2 diabetic patients (31~56yrs), who had high
glucose levels (glucose 12.8+1.7 mmol/L, HbAi. 10.2+2.1%), were freated with
recombinant human GH (GH; 1 unit/d, 5 fimes/week), diet restriction (25 kcal/kg
ideal body weight/day) and exercise (250 kcal/day) for 12 weeks. They under-
went anthropometric measurement, bioelectrical impedance for fotal body fat
and lean body mass, as well as computed tomography, for visceral and
subcutaneous fat, at the umbilicus and muscle area at the mid-thigh levels. All
subjects underwent the fest for GH response fto hypoglycemia. The insulin
sensitivity index (ISI) was measured using insulin folerance tests (ITT).
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Results: 1. The visceral fat area (VFA)/thigh muscle area (TMA) ratfio was more
decreased in the GH-freated group than in the conftrol group, but there was no
change of body weight. 2. The ISI was significanfly increased in only the
GH-treated group, which was negatively correlated with the VFA/TMA rafio. The
serum free fatty acid, fibrinogen and plasminogen activator inhibitor-1 were
significantly decreased after the GH freatment. The serum glucose level and
HbATc remained unchanged during the GH therapy, but were significantly
decreased affer 3 months. 3. The tofal cholesterol and ftriglyceride levels were
decreased in the GH freated group. 4. The insulin-like growth factor-l, fasfing
c-peptide and insulin level were all significantly increased after the GH freatment.
Conclusion: This study suggested that in type 2 diabetic patients, with insulin
resistance and unconfrolled blood sugar, GH treatment caused a decrease in the
visceral fat and an increase in the muscle mass, which could result in the

improvement of the ISI, atherosclerotic

Diabetes Asso 27:141~152, 2003).

risk factors and dyslipidemia (J  Kor

Key Words: Visceral obesity, Growth hormone, Insulin resistance, Atherosclerosis
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Table 1. Clinical Baseline Characteristics of Subjects

before Treatment

GH group Control group
No. 16 8
Sex (M/F) 8/8 4/4
Ages (yrs) 53.1£7.2 542471
DM duration (yrs) 114472 10.9+6.2
Systolic BP (mmHg) 135.2+21.1 138.1+18.1
Diastolic BP (mmHg) 85.8+£16.2 88.2%17.6
HbA . (%) 10.0£2.3 9.742.2
Fasting serum glucose (mmol/L) 10.847+1.271 10.508 £0.960
2 hr serum glucose (mmol/L) 15.4434+2.398 15.643£1.504
Fasting serum C-peptide (nmol/L) 0.480+0.113 0.50040.136
Fasting serum insulin (pmol/L) 58.8+15.0 58.21+16.2
24hr urine albumin (mg/d) 104.24+89.1 142.11+71.6

Values are mean+SD. GH, growth hormone; DM, diabetes mellitus.

olF 302 20w MBS kA b gl
& F4Jelo] 714 Wee v ofs} HE= 2.8 mmol/L o]
2 BASES dlo] AVFE FUL F Aele]

% T ¥ Aug

=
k2 Beckman glucose analyzer II (Beckman Ins-
truments, Fullerton, CA, USA)Z Z43|ic}

A FEUsEE, UdEARH Zd|2HlE (HDL-
cholesterol),  FAAME, 2] AHHAE (colorimetry,
Daichii, Tokyo, Japan) F55 Z4s9c}) w3l 35
Al &4 C-sle}o]= (RIA kit, Daiichi, Japan)9} Q1<
2] IRMA kit, Dainabot, Japan), Ql<&&lokAlAlelz}-1
(IGF-1, DSL, Texas, USA), PAI-1 (Biopool TintEllze
kit, Ventura, CA, USA) 4 fibrinogen (Humlersville,
North Calorina, USA)-S 2439t

4) Mitsl EEEEA oSt MY BRE &3
A3} vl222ed o CT Max I (General Electric
Co., USA)E o]&zlo] Altse] vk FLloll4

Hounsfield number7} -1500114] -50 Alo]2] =2]-S A]
Wog ste] FAsle] FHE AHA (total
abdominal fat area)& F-8}Qich EHe} njie] Bua}
<2 AAE QS WRER|HE2F] (visceral fat tissue) S
2, uPEES g3lAak=2] (subcutaneous fat tissue)
o A7) WA ool ARy Tlel A
%] H] (visceral fat area/subcutaneous fat area, VSR)
£ AT =3t tiElZ7HE (midportion of upper
border of patella to greater trochanter)ol]4] Ak} €k
=238 A3¥sle] Hounsfield number7} 499]|4]
+10040]e] 221& Thow 1Rl Uy
ElZ54 H] (visceral fat area/thigh muscle area)

= ARkslsick

5 &4 Az

safe] EA1EA-L- SPSS for Windows, version 8.0
= olg3lglon BE FEXE HP+EFARNE £
ApRllet 7 F Aole] A HAL paired % un-
paired Students t-test®} YPYEAHEA (one way
analysis of variance, ANOVA) 9l chi-square tests&
ARE3IAAL pke] 0.05 wukl wlf FAP frelAle] 9l
= 7oz Dssic
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Table 2. Changes of Clinical Characteristics Before and After Treatment

GH group Control group
Before Before After
BMI (kg/mz) 28.3+4.1 28.1+4.0 28.1£3.0 27.7+3.3
Waist (cm) 96.246.3 93.54+5.2% 959455 95.6+5.4
Fat (%) 35.4+6.6 31.4+6.3% 359475 34248.6
LBM (kg) 52.1482 553+7.4% 7 52.946.3 53.1%7.2
ISI (%/min) 1.3+14 1.94+1.0% T 1.3%1.1 1.5+09

Values are mean+SD. GH, growth hormone; LBM, lean body mass ;

TC, total cholesterol ; TG, triglyceride ; ISI, insulin sensitivity index.

*: p<0.05 before vs. after GH treatment in each group.

t: p<0.05 between groups after GH treatment
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14 # " T
12 T all
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08 O 2mo after Tx
06 [ 0O 3mo after Tx
04 T
02 1
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Fig. 1a. The visceral fat area /subcutaneous fat area ratio
(VSR) is decreased in GH treatment group (p<0.05).
*: p<0.05, compared to before treatment in
control group;
#: p<0.05 between groups after GH treatment

AT EE A ETT dizd Aelddle AW, A%
3l el 77kl fel3t Xol= figict (Table
D). sk A=A, el vl RS, AN
oflI= <F Tkl X7} {lgict (Table 2).

7] IE AR 2R X574 135.2+21.1
mmHg, thz&7oll4] 138.1+18.1 mmHgi 3L o]2r| &
o}l% 85.8+16.2 mmHg, 88.2+17.6 mmHg & Fg-7lol|

Fig. 1b. The visceral fat area / muscle area ratio (VMR) is
decreased in GH treatment group (p<0.05).
*: p<0.05, compared to before treatment in
control group;
#: p<0.05 between groups after GH treatment

Ztol7h FaAck

AL (HbA )= AT EE X574 10.0
+23%93 N2TONA 9.7+22% 2 -7l Xlo]=
R PdzAo] Bt delict 35 e A
A2 X g7ol|4] 10.8+1.3 mmol/L, thzT-olA]
.0 mmol/LE Fr7koll Xpol= glolom A5 2

o
ko

10.5+1
AR G kg7l Zpel7t §igiek desiivleE

Uehie 3% 84 Cldelt A4S ey AaT
of]A 0.48+0.11 nmmol/LY 1 thzoll4 0.50+0.13
nmol/LE igtell Xpol= glglom, S5 &4 <l
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Table 3. Changes of Biochemical Characteristics Before and After Treatment

GH group Control group
Before After Before After
TC (mmol/L) 6.217+0.688 5.984+0.680* 6.100+0.711 6.056 +0.740
TG (mmol/L) 2.240+£0.413 1.867+0.410% T 2.099+0.423 1.967+0.262
HDL-C (mmol/L) 0.915+0.197 1.019+0.163* T 0.87740.184 0.91040.209
f-FA (g/L) 6.753£2.452 6.001+2.232* 6.619+3.012 6.21142.122
Fibrinogen (g/L) 4.322+0.832 2.89240.812* 4.21240.908 3.985+0.812
PAI-I (ng/mL) 43.1+7.3 26246.1% ¥ 439+7.3 37.2+6.1
IGF-1 (g/L) 182.2483.2 389.2+71.3* 121.2493.1 132.34+80.6

Values are mean+SD. GH, growth hormone ; TC, total cholesterol ; TG, triglyceride ;

HDL-C, high density lipoprotein cholesterol ; f-FA, free fatty acid;

*: p<0.05 before vs. after GH treatment in each group. F: p<0.05 between groups after GH treatment

7 TEE AATEE X887l 58.8+150
pmol/L, thzFollA 55.2+16.2 pmmol/LE kg7l
ezt Zpol7h gigiet (Table 1). 24417 SFRINE
Fa7tell Apol7t §igiek.

AR AR 2R X g0 X5 Aol
28.3+4.1 kg/m’, X| & Zol 28.1+4.0 kg/m’E -G-2Jat
M3} glglom, Uz E X8 ol 28.1+3.0
kg/m®, X|& Fo| 27.7+3.3 kg/m’ 2 XJo]E Ho|z] ¢k
ek e 5718 A deElEdle dzTelde
X EA&o]| 95.945.5 cmo]L X|E 2 95.6+5.4 cmE &
oJgk xjo| & HolA| gigkor), AT 27 X gollA
L 284 96.2+6.3 cmP oL} X B3] 93.5+5.2 cm
2 Rl 2haslod, dizgat vlwsls of G
7re] fefgt xols BYrk ARHEE dlzToli e
Zol7} 91901} (35.947.5% vs. 34.2+8.6%), AT
2R Qg8 FAE GolulA 7hislo] (35.4+6.6% vs.
31.4+6.3%, p<0.05), =2} v|ws}-S u) FF7h
o] folgt AolE Hrk AR tizTelA=
Zol7} Q9lor} (52.946.3 kg vs. 53.1+7.2kg), AR
J2E XETdile XE ol fofsl Zolsied
(52.1+8.2 kg vs. 55.3+7.4 kg, p<0.05), T3} H|L
SIS ulf e folgt XlelE B9tk (Table 2).

L R R o e s S R A e I s s T e o Y e s

H| (VSR)& tjZrollA= folgh Mi3shs HolX| gk
©1}(0.87+0.26 vs. 0.89+0.31), AAZT 2E %] Z7ol|
A f2JelA| 7h4s}0d (0.88+0.23 vs. 0.78+0.24, p<0.05),
thzTat vlaslle ull GRrke] Rolsk xpolE Hol
o}l WA A e S H A ¥] (VMR) . izl
A Zol7) gl er) (1.31+0.37 vs. 1.29+0.40), A
AT BB R aTdis sl Zisto] (1.34+0.41
vs. 1.15+0.43, p<0.05), 27T} H)Z3}3S uf] k-
7ol BARSE {23t XolE KAk (Fig. 1).

3. X7 = YaletX|®E| Mz}

A 2| 4H|1E 5= g2 TolAE 6.10+0.71
mmol/Lel4] 6.06+0.74 mmol/LE -§2J3l uizglE W
o|A] ofgker) AT EE XaTelld X' Ao
6.22+0.69 mmol/Lol]A] 5.98+0.68 mmol/LE  2]u|3g]
A Zdlod, izt vlmsisle W FEel fola
Aol Hlel ¥ FAANE thzdolile Wbt
919l ©1}(2.10£0.42 mmol/L vs. 1.97+0.26 mmol/L), *]
EFOE Sogt 74E Ho] (2.24+0.41 mmol/L
vs. 1.87+0.41 mmol/L, p<0.05), tHZ73} v]ZslS
uff Fagre] freljh xpolE Hgick ¥ adE Agk
o] Ze I RTINS F9I8 bl glole
1}(0.88+0.18 mmol/L vs. 0.91+0.21 mmol/L), X|&
TollA= Fo3t SV 1o (0.92+0.20 mmol/L vs.
1.02+0.16 mmol/L, p<0.05), =272} v]2slS uff
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Fig. 2. The fasting serum C-peptide level is increased after GH treatment (p<0.05)
*: p<0.05, compared to before treatment in GH treatment group

#: p<0.05 between groups after GH treatment
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Fig. 3. The ISI after GH treatment is significantly increased (p<0.05)
*: p<0.05, compared to before treatment in control group

#: p<0.05, groups after treatment

FTZE] FEIF Aol Hlet

WY RPN BEh olETelde
6.61£3.01 g/LollA]  621+2.12 glLE G2J3t wigh=
galor), 4gTEE NETdE AR Ak
6.75+2.45 g[LollA] 6.01£2.23 g/LE Fol3lA] 743
of, e} HlmsgE wl BT FAG Aol S
Hge W4 fibrinogens et HETAAE FI%
H3lrl gielon} (4.212+0.908 g/ vs. 3.985+0.812
gl), ARTEE ATl felebl Fidsle]
(4.322+0.832 g/L vs. 2.892+0.812 g/L, p<0.05), th=
Toh wlelgle ) TR IR Aol Halek

W4 PALLS FEE pETeAE B A%l
(43.9+7.3 ng/mL vs. 37.2+6.1 ng/mL) -F-2Jgt WI}=
port, Agollre Feldh S Hof @31+
7.3 ng/mL vs. 26.2+6.1 ng/mL, p<0.05), thz7=} H]
aslE Wl Fgkel freldt XjolE Hrk (Table 3).

A IGF-1 T2t tzroAe Habrt glglont
(121.2493.1 ug/L vs. 132.3180.6 ug/L), Ao =X
X E7ollA] 182.2+83.2 ug/LollA] 389.2+71.3 ug/LZE
FolebAl selol, vl wlasigle ) Ll
frelgk xpolE B3k (p<0.05).
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Fig. 4. The HbAlc (%) level in GH treatment group isn’t change significantly
in 3 months but decreased 1 month after cessation of GH treatment.
Otherwise HbAlc level is decreased continuously in control group.
*: p<0.05, compared to before treatment in GH treatment group
**: p<0.05, compared to before treatment in control group.
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Fig. 5. The fasting blood glucose level in GH treatment group isn’t change
significantly in 3 months but decreased 1 month after cessation of GH
treatment. Otherwise fasting blood glucose lever is decreased continu-
ously in control group.

*: p<0.05, compared to before treatment in GH treatment group
**: p<0.05, compared to before treatment in control group.

0.56+0.10 nmol/LE -F2lslA] =7}t (Fig. 2).

4. XB % C-HEIOIS, QISEINEN U B
d meo| wal

olgdl 7R AEQ ISIE tl=FeAE ol

Zpol7t gigdent (1.3£1.1 vs. 1.5£0.9%/min), AAS

TRA WA CHEolEl dETOAE 050+ =E Xadeld] AE Aol 13:14%/minollA X8
0.14 nmol/Loll4] 0.48+0.11 nmol/LZ -§-2J3t w32 o= 1.9+ 1.0%/min & S-olabA] Z7lstod, ol&alalsh
Holz] grekor), X|ETollA 0.48+0.11 nmol/Lof|A] o] thzrdt vlaslgle w Frtke] sAF R
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28t 2Jo]E BT} (p<0.05)(Table 2, Fig. 3).

WS Gehihe Weflaes Tl
INIHAE W st gige), AR el Xa &
3 Z ] {93t ZAE HYPor (10.011.4%
vs. 8.1£1.3%, p<0.05), tZTIAE X8 7|7 A
47jQ) HbA,.) 745 Wit (Fig. 4. 2% Wohe
A eE Xagddile X8 T8 3 Uikl ¢
5t ZrAaE B9 ow (10.8£1.3 mmol/L vs. 8.2+1.2
mmol/L, p<0.05), BEFIAE A4el See] 7t
42 Kt} (Fig. 5).

[o5
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Of

il

ek

2 ShAlol|A] wuk) QleralAeialo] et
AZ 2 ks Ae oz Axjsla glovt
ol ofoll tiet QiFrt TA] gk Aol o]
= ATl g AR o Z ujukk Alzto] Faflelli
A o] WD sPsAle] Yk Z ATl nlg
71591 APAEAG 30 kg’ o) 4ke] GQlol| A ul
& ©E7] wjiol] ulgle] ghel Bl Zagt
AehS oA eherha A7 S5 girk 2 ofAlo}
A dol|A = ulke] 758 xRS 25 kg/m” o] 4+
o7 SR Fake] Y. AAnukS FEsle
AABAGE AL Weloll A Aoz FAlt
S BHaghe pre ] kel I 2,
NE HFo] Aol Wi, wsk, A%
B 247 o] AR b ARS T 2
4 9irk. Ruderman 57 Aol Byt
o7 Qlslo] QAL HA Ao] o] glow
o] 52 oA Asto] ubE 91le] 7] wiiel] o]
7355 A B]2E (metabolic obesity)o]g}al s}3c)
upeba] A 2FEole) slol = Hinlwe] 9l A9
oA Azlo] Sitleke A4 B £% eHS 2ol A
Psjo] Hpnluks od A Aasiock s
Fatoll whbAl e HRn)ale] A W $Eawnto R
A7 MR 7] wiitol] oFEe] A8-S srasiolo}
gk AT ARE ars Agsle] AT
Ho| AR A THES ZAAIE &
}E Sguiar) sidck AAE B Aol A

I 2F AgTolA VSRZ VMR FoJet 7has B
Rom, izl E ANl S5 eHs RIS A
sPsl ot ol 5o] A=A okskek tizTellA A4k
3 ool B skar w3l gl Ae AEes
AE G7stAR ALl vhirez Az &
AEe A IJEANETS Fsld 2Fe] Zot
£ 7127 wiizell uignate] 7h4=]A] ¢ko} VSR
3} VMRo] §-oJgt H3ls Holx] gk Aoz 25
I;]_so).

AR a2Es x| gAE Agsis Ao| Fvt
ofl theled 1 E3F B =gho] gk FulelME A
AS 27 X 87}t AFFEL Yok Bk 9l
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