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ABSTRACT

Background: Leptin has been reported to be correlated with the amount of adipose tissue in
humans. The plasma leptin concentrations were not different between diabetics and non-diabetics in
Mexican-Americans; however, the leptin might stimulate or diminish insulin secretion and induce
insulin resistance. Then, it can be postulated that leptin may one of the key factors in the
development of insulin resistance. Therefore we were to note any differences in FPL (fasting plasma
leptin levels) between diabetics and normal subjects, and to investigate variables such as PBF
(percentage body fat), BMI (body mass index), FPI (fasting plasma insulin) to determine their effects
on the variation of FPL. We also were to investigate whether FPL influenced the GUR (glucose
utilization rate).

Methods: The subjects were 116 type 2 diabetics and 45 normal subjects in Korean. PBF, BMI,
WHR (waist hip ratio) were measured. Fasting plasma insulin and leptin levels were measured by
radioimmunoassay. Euglycemic andfor hyperglycemic clamp tests were performed in 19 diabetics
and 16 normal subjects.

Results: 1. There was no difference in FPL between diabetics and nommal subjects.

2. A significant difference was found in FPL between female and male subjects.
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3. Gender and body composition such as PBF, BMI contributed plasma leptin levels.

4. FPL was associated with GUR (Insulin resiatance) only in male subjects,

5. During 2h clamp tests, the acute increments of insulin or glucose did not change the leptin levels.
Conclusion: These data suggested that there was no difference in FPL between diabetics and

normal subjects, whereas gender, body composition such as PBF, BMI contributed leptin levels (J

Kor Soc Endocrinol 14:122~133, 1999).
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Table 1. Demographic Details in Subjects

Diabetics Normal subjects

Female (n=43) Male (n=73) Female (n=15) Male (n=30)
Age (years) 46 + 12 47 £ 11Y 40 + 12 39 + 10
PBF (%) 270 + 567 200 + 5.3 280 + 8.8” 195 + 47
BMI (kg/m%) 240 £+ 26 240 + 23 235 + 4.4 238 + 2.8
WHR 0.88 + 0.0"? 092 + 0.06" 0.80 = 0.11¥ 0.88 + 0.05
FPI (ulU/mL) 7.13 + 4257 6.35 + 3.62 5.01 + 145 6.63 +4.78
FPL (ng/mL) 6.69 + 3.357 3.79 + 2.08 777 + 3.76" 483 + 340
FPG (mg/dL) 186 + 71" 181 + 80" 98 + 29 95+ 8

1) p<0.01 compared with normal subjects in same gender

2) significant difference (p<0.01) compared with male in diabetics

3) significant difference (p<0.01) compared with male in normal subjects

4) significant difference (p<0.05) compared with male in normal subjects

WHR: waist hip ratio, PBF: percentage body fat, BMI: body mass index, FPI: fasting plasma insulin level, FPL:
fasting plasma leptin level, FPG: fasting plasma glucose level

2. Wy

(1) SAAESE 2AE gidTEold A, AF
g9 A 7+ 2999 EEE FAEk AA S
(body circumference)x =g AHAloll4] Ex12 Al
F9] sleyddolEsilE AT FAA vl
A EZ #lel/edgolEae] v (waist hip ratio, WHR)
& Aplsigic}. MRS 7)) YelE o] 84t
BIA(bio-impedence analyzer) (RIL, USA) #J&u}3:
2718 Adsio] 7R A4, dF, A4, Al Al
7, 5 A= o8 239 FAAEERS S
1=

(2) ZA7esiAL 107 o] FA4F 24 84
ol 714 AAE A AHGF 75 g9 EEFE BT
FoiF 308, 60, 90F o 1208 2z Aqsied
gg g AdEUNE St ¥e glucose
oxidasel o2, <Ql&ele WrAHAEAY (LincoAte]
715)e2 A9k

(3) §i= HE s= /Y 54 4 SYZAAA
AT oz WAHRZGY (LincoAe] F1E)E
o)83le] ZAsIgic

(4) TS FARIGEINS FHEHAL WIES
200g o)) er3lEg S A FANAE A

A 3R] HEF Siglck AR 2 olF 12
Al ol SAESE ¥ AR 24 84
DeFronzo £{19]0] 2¢KH uho g #HAAE Asdals]
t}. 3% ZFA9 (antecubital vein)ol] HES 8l
polyethylene catheter& 237, HIhE: AFA o) £E
7 FYE AE A catheterE Y3Ick 20% =
F& 1582} priming doseE FFs}e] 714 PR
t} 125 mg/dL A "FE A5A)F) A (Table 2), o]
# 5Bl Woke 2510 negative foedback W2 7|
Aol Exvkg A SRila dd s &
ARZcE. AL 2473 0] EF 53 HE9 )

Table 2. 7] ¥52 F{E8(I¥T YPUedl¥

% SR=HA
qp EEUAIE . EEY FE
= 2 w 2
@) (mg/m” body @) (mg/m” body
- surface area) = surface area)
0~1 1768 T~ 8 442
1~2 1428 8~ 9 408
2~3 1156 9~10 374
3~4 918 10~11 340
4~5 782 11~12 306
5~6 646 12~13 272
6~7 544 13~14 238
total 9622 -
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Table 3. $£3 4% % WA AL
[SiEED 299 - SVIGAED + sMiciAD |

. —Gi)x10x X

svi=—{6d=Gi)x10x(0,19x body wt) 10X (0 19xbodv Wt) »p. .,

Gd: Y5 €3 ¥ (mg/dl)

Gi: 33 Aj7ollMe] A4 P 55 (mg/dl)

Xxd 83 L) 0.19XHF (k)

Ginf: F¢42] X573 ¥ X (mg/dL)

P.F.: infusion pump factor

SMi= SMi-2 X FMi X FMi-1; metabolic component

SMi-2: metabolic component calculated two iteration
previously

FMi: (Gd-Gb)/(Gi-Gb); dimensionless correction factor

5FMi-1: dimensionless correction factor one iteration
previously ‘

Gb: basal glucose concentration (ing/dL)

F IS OAEM -

A1 ¥xre Gnf)—dnloRs] Y EURUO—-FHEAE0
€4 84 - (G2—G1)X0.095

Gl: Mg ¥ BXE (mg/dl)

G2: viAle} ¥ FX (mg/dl)

| BEE Fsie] 2A7F0] 8% ¥ 57 TE Wit
U e Hxo] Wl vjXl= ks gol ¥3ick
(5) SARE DOIGEINE WX HAL DeFronzo
B{19]0] 2K uho g oJRolA Foidt Qgrlol
ot =7¢] ¥xq o|§-E-& FANAc F Uawl
< A 894 Aded 58 48 29 4 100
WU/mLE §-AF5k3, negative feedback Welg o83}
o] ¥3g /1A el 90 mg/dlE PAA {Al
=5 ¥xo} 3¢ 2A450c) ol o] =49 A
4 g Aeolde] ¥xg FUEFS F A4 EE =
Aozol X5 F4-839 FYA ¥ + et ek
FAAL A2 Aol SHA AT AEHE 300
mU/mL9} 52 43t FAY 50ccd 2 Y 2cc
£ HolA Eekad Il el £ Ag WA
3iglek ¥ Ikl 9 didEe Qe AR
7}z Table 33} Table 40ll AR Apbslar, S
ZZAAF uAe 2087 disEle EER %

mgkgmino 2 ARlsle} AEAAPY (X5 ol F

Table 4. 27 U4 FU& (34UT 2944
NF F9=D

aded FRIE ded FUE
A 2 (mU/m® body Az (mUm® body

®

surface area) surface area)
o~1 1276 5~6 714
1~2 1136 6~7 63.6
2~3 1012 7~8 56.8
3~4 90.2 8~9 50.4
4~5 80.2 9~10 450
10~120 400

£ GUR)Z #igich =3 SUZAA 2470500 ¥3
ARl 59 U U BEES 2480 24049
Al B Wil 9% ele] BE Wil uixi=
Jgre ol Mg}

3. BAAz A BN

RBE $AEA Hel= SPSS/PC+Window & 0|83}
.o, Student’s ttest 3 Linear regression,
ANOVA test® 3iSich BE 34 A%t HF+EE
HAZ BARSIE pake] 0.05olshd BAE feld
o gk oz Hglct

4 o
L. Ciazel &y

Judy @At AYRle] FF dFHL 47 4711
A, 39t114eiglar, AR 22.6+6.4%, 22.0+
73%, MAAGE 240+24kgm’, 237434
kg/m®, slajeido] EalulE 0.90+0.06, 0.8540.08,
FE Y EEE 183177, 96417 mg/dL, T8 €S
Q47 BEEE 6.6413.87, 6.09+4.04 ulU/mL, T
¥ el S5 4.8642.97, 5.81+3.75 ng/mLeo|g]
o} G Ajel AARIZe] 2 APHellA vl
o] ¥ (Table 1), 22 AHoliE Fu At A
AR #Halodde] Eulnlell Xol7} Sl A
uek AT, 35 9F R B Aol a9l
ok bt volol] glo] Gy $xiel A4Izol ¢A
G A7 o sk, 38 UEdl $E9 A9
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3 -5~ Normal subjects
0 r=0.451, p<0.01
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r=0.467, p<0.01
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Fig. 1. The relationship between fasting plasma leptin levels and percentage body fat.
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Fig. 2. The relationship between fasting plasma leptin levels and body mass index.

2 A} A1l o AellAet Xol7t JIgie A4 1UeUEF SH=PAe 3HF Y
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Table 5. Fasting Plasma Leptin Levels According to BMI

Diabetics Normal subjects Diabetics Normal subjects
(n=43) (n=15) (n=73) n=30)
1
BMI<22 4.404+2.33 6.95+3.42 3.00+1.31 3.01+1.96
0=9) n=17) (n=8)
6.96+2.87° 3.3240.11 3.131+1.26 4414284
22< 2
<BMI<25 @=21) (=31) @=9)
¥ 1
BMI>25 7.8614.05 10.861+-2.40 5.14+2.63 6.24+3.97
(n=13) (n=25) (n=13)
1: p<0.05, 2: p<0.01 compared with male subjects
Table 6. Fasting Plasma Leptin Levels According to PBF
Female ‘ Male
Diabetics Normal subjects Diabetics Normal subjects
(n=42) (n=13) (n=71) (n=30)
4.671+2.10 6.8114.43 3.68+1.75 46713.52
PBF<25% (@=9) @=57) (n=25)
7.23+3.49"' 8.54+3.89 4.44+3.15 5.66+2.86
>
FBF225% (n=33) (n=14) (n=5)

1: p<0.05 compared with male subjects in diabetics

o] HF AL 7t 334641, 281540 (p<0.01)0|3d
3, MAERS 23.446.1%, 20.716.7%, WALYAS
£ 24.8+1.8kg/m’, 22.543.3kg/m’ (p<0.05), s}y
tJo] Eaiu]: 0.8840.04, 0.83+0.08 (p<0.05), T&
Yot 5 125424, 921410 mg/dL (p<0.01), F&
WE 949 FEE 7971568, 8.30+5.43 ulU/mL,
BE ¥ e & 5.27+2.89, 3.99+2.43 ng/mL,
5} o]SELS 59044.27, 9.17+2.85 mg/kg/min
(p<0.05)0i3ic}. I, MR, Heldgol Eul
y), 38 dg 9 g ol8-E2 3iy Xt AY
Azl felat Aelrt Aet

2. HEEX0l ME WS HE 55

WEAEe AEFAST 2 kgmm|e, AR
22~25 kgim’, AVARAGT} 25 kgm'el 3R] A=
ERsle] 2xd @49 B39 el 83 ™ 5=

E vlzslod B (Table 5), 2 AHollAe P
et AR olle 45 UW E50 $AMeE
F4g o7} gigict. oY Ake ¥F U™ 5=
of] g&g v = e MRS A7) B 2F
A E i gAjel AR ¥F Bld wx9] &
o7} girke 2¢ vehdic). dhiioll (Table 5) 345 ¥
ZF "l 559 XolE wizsiel By, AFARAST
Vkgin’ vjgto| . i §RR] 9}, AGAG7L
2~25 kgm'o] L BRI 98 Aejslae 2 Al
AGAFFAA Fie -t AN o4e]
AR} B8 4% e 3ot ¥kt ol R dud
$59t VAol e APFAGFToIA o] B4
B €% g 520 ke Ag AAsR Qo

3. M Yo ME WS #HE 5=
oA AR 25% 0] F3) 25% 03] 2
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Table 7. Relationship between FPL (Log1oFPL) and PBF or BMI or FPI (LogioFPD) in
Diabetics and Normal Subjects Relationship

Diabetics (n=116)

Normal subjects (n=45)

LogoFPL FPL Log:oFPL FPL
PBF r=0.460, p<0.01 r=0.467, p<0.01 r=0.498, p<0.01 r=0.451, p<0.01
BMI r=0.330, p<0.01 r=0.305, p<0.01 r=0.434, p<0.01 r=0.405, p<0.01
Log1oFPI r=0.335, p<0.01 NS
FPI r=0.270, p<0.01 NS
Gender r=0.499, p<0.01 r=0.388, p<0.01 r=0.388, p<0.01 r=0.466, p<0.01

1: p<0.05 compared with male subjects in diabetics

Table 8. Relationship Between GUR and FPL or Obesity Index in 35 Diabetics and

Normal Subjects

GUR (mg/kg/min)
Total subjects Female Male
(n=35) (n=10) (n=25)
FPL r=-0.406, p<0.05 r=-0.532, NS r=-0.413, P<0.05
PBF r=-0.512, p<0.01 r=-0.496, NS 1=-0.610, P<0.01
BMI r=-0.453, p<0.01 r=-0.441, NS r=-0.583, P<0.01
WHR r=-0.276, NS r=-0.562, NS r=-0.427, P<0.05

GUR: glucose utilization rate

o Fisle dF e $=E vl B o
S5} Z¥ch(Table 6). 22 Aol AL 25%
w3t 25% 0131 ¥ BTl Bud PR}
A7l 8% Y 59 Fed Aol giglck
Gzl B35 e o] Xol= AL 25% 018
QA FollA] Bid Aol B WAk EF
® 357t Eskeh AR 25% oldela vlPn 3
Aol e ool A} BF ARle] $=0t &
skort BAM e felalAle glslel oleidt Avhks
A o] B delellAlE 22 uliiEelA oo
e 895 9" 57 ke A Uizt

4. €3 gE sz §E 2wEl 55, b
Dtzoo] A

e Aol EF - FE9 AR
r=0.467, p<0.012 o] Y7, ¥F I =9

AdgATes r=0.305, p<0.012 dfo] JYick
(Fig. 1, 2, Table 7). 22} ¥F A =9 €5
algel EE9y 1=0207, p<0.01E <Jfo] Hgid}
(Table 7). ARIolAE BF 3l =9 A
I 1=0.451, p<0.01Z Hfto] Slgion], EF el
59 AT 1=0.405, p<0.01Z o] gl
ik Fig. 1, 2, Table 7). 28} 85 ¥l 59 8
Z Jed FEE ddto] ik (Table 7). v153]
7184 dEg, ad BAlllie A4 (beta=0.450,
p<0.01), AAA4 (beta=0.256, p<0.01), & <l¢
2l % (beta=0.190, p<0.05)7}, AARIINE A
 (beta=0.464, p<0.01)0] EF | =9 dWS
Jehia gl

- 128 -



— oV 9 8¢k AR iy PAs PRI BF U T} VEAAPA o wigkEs)e) B -

5 WS HE sk oWmRNEY (X2
OISt #H

247 B9 AR AYEYd IMEEs S
Ao P 8817 mg/dLE, E¥A] 90 mg/dLE
vl g fARKIG edlle dedATY (Fx
2 o8-8 A (r=-0.610, p<0.01), HPAFAG
(r=-0.583, p<0.01), 3&lcddo}l EaM|(r=-0427,
p<0.05) Y 8 @F ¢ BE (r=-0.413, p<0.05)7}
Bo] giglond, ol2ARt BFL oj4alE vehiA
83kel (Table 8). chg3]7] £4& sEs drlolils
beta=-0.610, p<0.01, thi Ml beta=-0.575,
p<001E 272 MAPYo] AeAARY BAP)
Agiet

6. B7izie] 9 4s U QEi 480
23 gE =0 oiXe 9%

383 e FUEAAGN 247 8
Z ¥5} 25 230432 mg/dLolglw, ¥F X553
A= 119115 mg/dLolgle, EF ¢ 5x9
W3E -0.04+1.35 ng/mLE 247k 110 ¥EF =
o] W 8% Wi’ Eo wde) FAHeE &
& el gigict (r=0.040, p=0.848). =¥t B
g aeEs SFYPTHANA 247 EF £
= FE 8847 mgdLol$ia, BF UEH A
£ 1151619 ulU/mLojglen, 8% #e) sxo] W
3= 0.59+2.72 ngmL 2 2417+ Eql9) <l¢’) B%
o] Wzh: 8% #i"l w59 wie} FARoE {9
3 AaAde] gisick (r=-0.225, p=0.208). ojaidt Ax}t
= e ¥g 4 2 U9 5 el 8%
#el sol 9gg FA X s B} B
[20].

o #

Considine RV S{3]oll oslml wldi A7RloA
BF AAFAG7} 23.0kgm’e) Tl €5 A
E57E 75493 ng/mlolgln, BE  AESAST)
35.1 kg/m’Ql BIRFFAAE €% W€ 587} 313+

24.1 ng/mLo}lc}. D-Jack S E{10]9] B mojAlE ¥
di AFlolk] HFE MPAEAGT} 23.6 kg/m’Q F
e BF A9 $57} 1421422 ngmlo|T, F
T AAFAFTL 33.6 kgm™Q HTHRAE €S 9
€l E¥7l 37.243.6 ng/mLolgich Haffner SM %

1718 Baede FF ARLAGTT} 29.6 kg/m’Q

WA 1l3e vl FARlo 8% Ayl SR
20.7 ng/mLol@s, FF MALASTL 32.9 kg/m’Q
=X ZA v]Se) vkt A4Rlole 8% Wkl E57)
23.5 ng/mLo|gic}. & AFuMALE F uldk A%
ol HF MAFAGTE 237 kgm'olgiedl ¥F
#el FEE 5.8143.75 ng/mLolgir). wlaby "% =
B 55 oAF diRES] vigtey} BniabEel] we}
Aol7} gl Ao AZsn, A7 vlasle] &
ul g} U ARle] FEE R UL Aoz B
o} ulsdk AAFASTANE 8F Al FEo
Aol olF IAE e Aoz Azl dud @
gAY €% e FEE Widiaja A E{21)9) 2
ol ot A wjQ) (MRS 28.5 kg/mP)ollA]
9% WUd 550} 11.7ng/mL, @A olEZ-FlelHel
(Afro-Caribbean)(MPAFA)4  27.1 kgm))elld] €5
el 571 102 ng/ml, @A} obxje}2)(26.3 kg/m?)
X 83 el F%7} 104 ng/mLolis, iz} Wl
AEASE 313 kgm)olld 85 " 5571 200
ng/mL, oz} o} 2-7}e] B9l (ARG 29.1 kg/m’)
oA 43 el F57} 17.0ngml, oz} okjelel
(29.3 kg/mH)olA] EF el 57} 182 ngmLE ¥
AEAGE BANNE o oA} i Sl g}
Ziog 3k} 9% - 5501 o ¥3ka, A 3
Zelie 9% 31" 550 Hojr}t gigick Haffner SM
E1719) RxeldE HEF AARAST) 31.1 kg/m’Q
wX)2A| ulF) Fad Rl 83 =ikl BEE
23.1 ng/mlLo|gic}h £ AF RE & Fud $x
o= 3 ARG} 240 kgmolgiEd, BF
gl F5E 4.8642.97 ng/mLolgivk Wi Exjel
AE Aele] vls] B3l G FEE Ho|x
igiort, MG ARl sl ulsiy 3
k7] Wil ZgHel vz ok 2E Gl
3ol 8% Y 5% vk PR viviAE
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2 AARASTFO vl 479 2 3
29} =2 G #xlolA 9] Xoji= ol A= &
& Ao A=) Ju ek ARldxe g5
e FE9] HRE Zhe vlksllA ulsEsiedo} |
7t & Z1%1el, Haffner SM §{17)9] -+ thg=-E<!
W2 F A wlFRlelNE 1E, A, AARATE BA
sl wizsdg W, Fu IR EGEF AR
3Likgm)st W AP CEF AAFAE 29
kgmieldl 8% R 5 27 231429 ng/ml,
235422 ngmlZ Ajolr} gigict £ diiE 22
Adolld, Fud e} vigdn A4 85 Y=l
FEE vlasle] el AEERTE Xolr) glsia, &
% #" B55 o)z} gigich (Table 1).

wzha] Aol dRlolA vl ARl ¢
83Xkl 8% - w5 Aol gl AR
Atk R uidki AARlol} Fid $AjellA
o, A, LA T T2 ukert aEe]
A, AlBx} ghaelolx] 28 95 gl Feot
A Zole o A & AT g} ek
F50, 3L d1AEvR) 85 6 F5 Xo]
7} Sk WA o3t el soll gL vixe &
UEE FA3) Holol & Ao Azt

T e Fxel dgke niXle AES A=A
9] < 5l njmk=2 d2iA] ik Considine RV F{3]
9] @7 diAEL il viNEEE Hole Hign
A (ARG 23.042.5 kg/m™S) 3} 35.1+7.2
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