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ABSTRACT

Leptin, the product of the ob gene, may be a humoral regulator of human adiposity. The
purpose of this study is to investigate the relationship between serum leptin concentration,
adiposity in both normal weight and overweight/obese adult women who have no metabolic
disease. In addition the effect of body weight loss after weight control program(8weeks) on serum
leptin concentration was investigated.

Anthropometric parameters, serum leptin and circulating metabolic parameters, including plasma
insulin were measured. Computed tomography measurements at umbilicus and thigh midway
between patella and pubis were performed. The subjects are divided into 2 groups; normal weight
subjects (BMI<25; NWS) and overweight/obese subjects (BMI=25; OWS).

There was a significant correlation between serum -leptin concentration and total body mass
(r=0.642, p<0.001), the % body fat(r=0.572, p<0.001), and the body mass index (r=0.598,
p<0.001). Also serum leptin concentration was correlated with the abdominal subcutaneous
fat(r=0.588, p<0.001), abdominal visceral fat (r=0.281, p<0.05) and thigh fat (r=0.580, p<0.001).
But serum leptin concentration was not correlated with waist-hip ratio and visceral-subcutaneous
fat ratio. Absolute and adiposity-corrected serum leptin levels were higher in OWS than NWS.
After weight control program the women had lost an average 4.5+0.3% of body weight and
serum leptin concentration was decreased with body weight loss and the decreased amount of

leptin was greater in OWS than in NWS. In both NWS and OWS, serum leptin concentration is
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significantly decreased only when body weight loss was more than 5% of initial weight.

In conclusion, serum leptin concentration are well correlated with the total body fat mass in

adult women but not fat distribution. The elevated concentration of serum leptin in obese may be

related the increased body fat mass and increased production of leptin per unit of adiposity in

obese. Also the reduction of serum leptin concentration may require more than certain level of

body weight loss.

Key Words: Serum leptin, Body fat, Fat distribution, Weight loss, Visceral fat, Subcutaneous fat
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2. kY

1) AHAIE, % MK X JRW2E £F

WAAFoZ A AFS Fslled, AP
AFe AF (k)& A m)9] AFez v ghe A
B3lgick. it sl2lsl o] EulE FAsle] AR
o] AN X2 AZEA sleie} odddo] EuM
(waist and hip ratio; WHR)E ARgslgdch %A=
£ AN B47] (Tanita) & o]-83te] 21 2sisL
o} A2k (body fat mass, kg) AR AlF
< ol§3led AFalgiek

2) HRE CEHdYS St 8% 9 iER XY
2 &3

FAFe] =32 CT Max [ (General Electric
Co., USA)E o]-&3l3er] A< (umbilicus level)
<€ 3t} (transverse section)dF ¥ o] H.9]oll4] Houns-
field number -150~-500]] &3l Y& SAslo]
BEANAE Foiglch ok hiLe] Behg 77
2 &S AR A (visceral fat area), n}gE-g
le}Au; w4 (subcutaneous fat area) @2 o] o1
WAE A WA Sihade) wHy)
(visceral fat/subcutaneous fat)E ARelsict dig] &
Zk3-9} (mid portion of upper border of patella and
greater trochanter)E 3vksled Hounsfield number

Table 1. Anthropometry, Adiposity Index, Serum Leptin, Insulin, Fasting
Glucose and FFA Concentrations of Subjects at Baseline

Normal weight Overweight/obese All
(n=35) (n=44) (n=79)
Age 31.6+1.4 36.9+1.2% 34.5+1.2
Height (cm) 160.24+0.8 159.340.9 159.740.6
Weight (kg) 59.0+1.0 7330120+ 66.4+1.1
BMI (kg/m®) 23.040.3 28.540.4%** 26.1+0.4
%Body fat (%) 30.5+0.7 39.44£0.9%+* 35.5+0.8
Fat mass (kg) 18.140.5 28.71,0%** 24.0+0.9
Waist (cm) 80.241.1 93.4 1. 1%** 87.5+1.1
Hip (cm) 94.440.8 103.740.8%** 99.6+0.8
WHR 0.85+0.0 0.9040.0%** 0.88+0.01
AVFA (cm®) 51.143.0 93.4+6.3** 74.7+4.4
ASFA (cm’) 176.6+£7.0 259.8:+7.9%* 222.94+7.1
VSR 0.30+0.0 0.360.0* 0.33+0.0
Thigh fat (cm®) 83.1+3.3 108.8 2. 6%** 97.442.5
Insulin (UfmL) 7.940.7 12.541.0%%* 10.4+0.7
Glucose (mg/dL) 96.342.7 99.3+3.4 98.0+2.2
FFA (LEq/l) 681.9453.0 810.9455.2 753.7439.1
Leptin (ng/mL) 10.940.6 18.04£1.3%** 14.9+0.9

values are mean+SE.

* p < 005, ** p < 0.01, *** p < 0.001 compared with normal weight.

AVFA; abdominal visceral fat area
ASFA; abdominal subcutaneous fat area

VSR; visceral fat areafsubcutaneous fat area

FFA; free fatty acid
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BMI (kg/m?)
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i y = 0.2935x +21.697
10 r=0.598
P <0.00

y = 0.5305x +27.562
r=0.575

P <0001
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Fig. 1. Correlations between serum leptin concentration and (a) body mass index(BMI); (b) % body fat; (c) total

body fat mass.

-250~-5001] <8l wWHE ofE] A (thigh fat
area) 2.2 35tk

3) 35EY, §3 FaXIEL,

sk &3

AHEL A 1247083 AR 3 AEellA
A, g ¥ kAo, Ry
A} (free fatty acid; FFA)$-E+ Hitachi 7150 Autoa-
nalyzerg2, Q&8 FEE INC (Immuno Nucleo
Cooperation, Stillwater, USA)oll4 A)=%} kit o]-&
slo] WAl o 2 A4, ¥4 2% Human
leptin RIA kit (Linco Research Inc, St, Charles, MO)
£ olgsjo] Aoz SAIITh

4) A=W ==Y

AFTHEE Uoke AGIA 15 T Ae
AL o2 ARSIk 418 =AY 13X+ 178 keal
oI, $-oll EHA ke 857 AASHES 11
ok SRt Al Bz ARNY 735 A% 298 keal,
i 13.4 g, AL 6.9 gol Al Hck Pibge
2 A4 g 438 2AKeE diNg s 1Y
oF 300 keal=F oKl A AFsiA Hek

3. ZARIRS| EAINZ

£ A79] A8+ Window§- SPSS packaged ol4
Bl FANERINE, B S84 FFLIELR
2 BAElew, Ak p<0.05Y HE SAR

Clgel sk, HE

Z frefsietn Hekek B AT Aol
9] AAAISAD}, AANEE, 84 A 9 25 34
X9 HFe] Holg Fe7] $AdH independent
ttestS ARk 3 WA AREEe ofg) wig
e A dolEy] sl ol 7] R4
(Pearson correlation)?} 3RS AAslgict A=
ZaF "4 A" X 9 7 wise] Wshke paired
ttestE o|-8slo] I XjolE At

2 o

1. MAAIE, KIYSEHXIE (Adiposity
index), &% HEl QlsEl, &Y U 7
2| X[t s
AFAREe] HF ARBAGTE 261404 kg
/m’, BF BAR| S 35.540.8%0|3]ch (Table 1). %)
FITE BAAFT vls] %A, B8 Uiz
], S5 s, e Ayl f-9
Hog ggker], Fiu|ute] AFEQ #a, oJde] ¥
g9 ¥ AFHcl fHog 9kt
¥ el AZHdFol 180413 ngmLe
B AAAIFT vl folHeE #okedl ol A
AAFTE LT R digsls Folich T84
8% g3 FE A4 AFTclioel B4AFTl vl
3 fejHez ESkch
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Seum|[ leptin [(ng/mL )
(a)

AVFA(em 2) ASFA(em?) Thigh fat (em ?)
500 250 200
. y = 1.4671x + 52877
r=0588 p<0.001
400 200 7 hd i .
150
30
100 7]
200
y= 1.7209x + T1.702
1 ® o y=49519x+ 14933 50 ] %0580
100
r=0.281 . p<0.001
. p<0.05
o 0
0 10 2 E I} 50 [} 10 2 » © 50

Serum{ leptin J(ng /mt. )

Sorum | leptin }ng /mL )
C]

Fig. 2. Correlations between serum leptin concentration and (a) abdominal visceral fat area (AVFA) ; (b)
abdominal subcutaneous fat area (ASFA); (c) thigh fat.
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Fig. 3. Correlations between serum leptin concentration
and (a) waist-hip ratio (WHR); (b) visceral fat
area-subcutaneous fat area ratio (VSR).

2. €3 e JFERS, AXY, #3
Qlagl, el Mz

A AdEse AR 2AA, SRt
oA %ol FARAIE H3Ack (Fig. 1. F9H A
W] PAE B, S5 A, 55w
Ay, dElY ZEEe 25 89 [dE
FHY %9 ZRBAPY e ReE ek Al
55 B AsiAst disiAe] S5 WAl
ulal o 2% 4RBAE Hic} (Fig. 2). 4 AR
W FEAES] AEQ se), ol ] o wAA
B3 SpiAz e vie 9 AhEEs f9E)
ABAAE HolA] leh(Fig. 3). olE HF T ¥
A R 7P A ARAE B AL AR
Hoollck

TEA] AER FEE U9 SRS AR 4
BEAE Hgou, UFHARAAT AAFATE
Al % ded =0 ¥4 WikEsd dike
u]2]A] ok A0E WElel (Table 2). B3t A A
T, BAA, AR, B A, S5 Wi
AR, AR S SHPETE o U5
HEAS 3 A AR diEl 2ol ¥y
sl ¥ F 89oF g3ich (Table 2).
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Table 2. Muliple Linear Regression Analysis
with Serum Leptin as the Depen-
dent Variable

Table 3. Anthropometry, Adiposity Index,
Serum Fasting Glucose and FFA
Concentrations of Subjects Before

and After Weight Loss
before  weight

after weight loss

Independent SE(3) P value
variable

Intercept -15.766 5.06 0.003
BMI 1.130 0.21 0.000
Insulin 0.119 0.13 0.356

Model R = 0.365

Intercept 3.922 10.11 0.699
BMI 0424 0.57 0.460
% body fat -0.255 0.28 0.372
Fat mass 0.825 0.39 0.037
ASFA 0.020 0.02 0.287
AVFA -0.035 0.02 0.152
Thigh fat 0.088 0.04 0.049
Insulin 0.090 0.13 0472

Model R? = 0.504

loss
Weight (kg) 662 + 1.1 63.2 £ 1.1%**
BMI (kg/m“) 258 + 04 24.6 + 0.4%**
%Body fat 350 + 08 31.9 + 0.7%*x
Fat mass (kg) 235 + 08 204 4 0.7%%*
Waist (cm) 87.3 £ 1.1 84.9 £ 1,1%**
Hip (cm) 99.3 + 0.8 97.0 =+ 0.8***
WHR 088 + 00 087 + 00
AVFA (cm®) 71.8 + 4.4 64.3 £ 3.5%**
ASFA (cm?) 221.0 £ 7.2 206.0 £ 7.4%**
VSR 033 £00 032 +00
Thigh fat (cm®) 95.0 + 2.6 88.2 o+ 2.5%**
Glucose (mg/dL) 98.1 + 2.3 944 + 1.6
FFA (uEq/l) 7520 + 443 6672 + 39.6

AVFA: abdominal visceral fat area
ASFA: abdominal subcutaneous fat area

* p <005 ** p < 001,
*** n < 0.001 compared with before weight loss.

Serum [ leptin } (ng/mL )
50

45
40
35
0
25

20

Before After

Serum | Jeptin } (Hg/mL)
4

i

35

30

25

) I SR |

20

Fig. 4. Changes in the serum leptin concentrations
of subjects after weight loss.
((J: mean+SE, @: individual data)
*** p < 0.00] compared with weight loss.

Fig. 5. Changes in the serum fasting insulin concentrations
of subjects after weight loss,
((J: mean+SE, @: individual data)
*** p < 0.001 compared with before weight loss.

_.249_.



— tig|E)al: A8 H A4 E 1999 —

3. MSLAT} MKW, WA HE, S o
SESE0| DjXE Fst

AF74 A o] AARAF, A, 894 =, F
24949, 95 J9€3 € 895 e 558 v
28l Hokc}(Table 3, Fig. 4,5). 8579 ANE7ka%
ARt el mAu]e) sel oddeo] EeulE
Al2Jgt L& o] AlF=A™d vldl fejHez 7+
Asi3dck A 3.040.2 kg, APAFASTE 1.240.1
kg/m’o] ZHAElgon], ¥4 HdsEe AFEHA
74.1%l 3Bt FEoE FAdwigle, ¥F U

A 52 A FHoz Aok AEzAE =2
23S Bl 67F AFo] 21Hct Sk ARk
AU, HE AEAALS 4.5403% Ak
AFaFe] 94 -l AT AFact
T 2ol Zdzigloed, Alsachte] ¥4 =izt
&% ATl vlsl felH ez gdlel (Fig. 6).
e AlFts o g9 " 5L oA A%
Tkl felHeoz E3kc} (Fig. 7).
AFALA 2ol wE 2ol7} YA UokRr) 95t
o WAEE 27|AF gt AlE2hulge) Wt
5%old 7R T3 5%vlRt A o g FEs

[leptin }(ng /mL )
00 Nomal wt Overwt/ obese

1.0 A

20 1
wf

40 1

50 A

40 7

I\

10 1 49 £ 1.4

8.0

Fig. 6. ASerum [leptin] during weight loss period in
normal weight and overweight/obese subjects.
* p<0.05 compared with normal weight.

Serum[ leptin J{ng/mL)
15.0

| /

0.0

Nomal wt Over wi/Obese

Fig. 7. Serum [leptin] after weight Joss in nomal weight
) and overweight/obese subjects.
** p<0.01 compared with normal weight.

Table 4. Pearson Correlation Coefficients Between 4 Leptin Concentration, 4Body Fat
Mass, 4% Body Fat, 4BMI, 4Abdominal Subcutaneous Fat Area, 4Abdominal
Visceral Fat Area and 4Thigh Fat Area

Aleptin 2BoW A% body 4o n aasra  Aavia  ATHER
fat mass. fat fat

ALeptin 1000 0273* 0148 0.398%* _ 0002 0076  0.104
ABody fat mass 1000 0934*** 0605%** 0171 0251*  0.180
A% body fat 1000  0388*** 0175  0.151 0.149
ABMI 1.000 0289%  0267%  0.360%*
AASFA 1000 0088  0272*
AAVFA 1000  0.064
AThigh fat 1.000

*p <005 " p <001 ™ p <0001 compared with before weight loss.
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Serum{ leptin J{ng/mL)

25
20 -
45 8838 )3 443 84 + 64
104 + 07
10 4 |
5 -
0 »
<5% wtloss >5% wt loss
Serum [ leptin J{ng /mL )
® 137 +76 196 £25
20 1161 +16 11.3'1 56

<5% wt loss >5% wtloss

Fig. 8. Serum leptin concentrations in normal weight and
overweight/obese subjects before and after weight
loss. (a) normal weight subjects (b) overweight/
obese subjects (O: Before wt loss, W: After wt loss).
* p<0.05 compared with baseline.

A= A% 94 IdEES vz & 23 A
AAFTH AFHRE 2T 5% 0l 3Tl
g e Helglen, 5%old ATALTF AT
o] Z3AZTol vleh EA AdEre) A=} 2
ot (Fig. 8). BF AEWEEE 5%l AT 5%
ujgk Zhegelly) BT AlFgha Al nje] f2)Fe)
#ag Hiok

4. HF2K, AN, HA HE|, 86S
Slaglol HEZio) AR
ARG wishe AR wistaka) folH
o AAB/AE Hck AFTEFA) vepie ¥4
sjele] sk AlAulare] Wtk g AARAe]
Wilelalal Sojol ABAIE Hoic)h(Table 4,
Fig. 9).

S0 viXls g ~

4 serum {leptin}(ng/mL)

10)00
e o °® ¢
e 1500 t
<2000
R ¥=0.7003x -1.6348
r=0.273
25:00 p<0.05
< Body fat mass{kg)

Fig. 9. Correlations between change of serum leptin
concentration and hange of body fat mass.

5. X|SZot A BE/%HA[Lne] 2HA

AFzA A% FEAFTT FAFTole 9
Rl % AR ¥lE&-2 Table 59} Zich HA ==y %A
Ao w82 BAFToN vl AlFFcHlA &
Al vebtor], AZAEFAE BAAFTol vls] Al

FHckol MR EketFig 10)

AFAE A A2l AL ez
- JJrzﬂxl 17, BEANRED BAE 4
3 93 oleSue] ABWAE gelsky, B
o] AFA4T} WA Wl 4ol vlAE Gake oo}
Bkt

2 dFoliE e Ql7{17,23,2627]¢48 uhat
PR BAHER A2 4ol ulsh DalFolt Hlak
2l ool B HRSEo] St gtor
R RS FAAN, %AAN, Adeest 7
AVBAE Hde A FHHEE QRS ofy
A Wg & AAEe] b 3 ARaAE B
oh g 2 ATOlAE WA AReRe Bale) uig
A, shelAdEe ARG Bgev), Biuluks|
AFQ slel odrdo] Falulh ubgd uinte] A Ea

Ei
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Table 5. Leptin/Adiposity Relationships in Normal Weight and Overweight/Obese Women at Baseline
and After Weight Loss

Normal weight Overweight/Obese
All >5% wt loss <5% wt loss All >5% wt loss <5% wt loss

(n=30) (n=10) (n=20) m=37) (n=16) (n=21)
Leptin 11.040.7 123413 104407  17.6+14° 19.6+25° 161416
ALeptin -2.2+0.9" 33420  -1.7409 4911  -83%1.6° -24%12°
% ALeptin -15.14+79 2494177 -105482 240453 375477 -13.7+66
%Body fat 30.7+0.8 320+15" 301409  38.6+08" 39.7+12°  37.7+11°
A%Body fat -2.310.6" -40+1.6" -1.5204°  -3.8+05 -3.7406"  -3.940.7"
% A%Body fat -6.9+1.7 -11.0+4.7  -5.1+1.3 94+13  92+16 97420
(Leptin/%body fat) 0364002 0394003 0344002 045+0.03° 049006 0.43+0.04
A(Leptin/%body fat) -0.0640.03" -0.1240.07 -0.04+003 -0.09+0.03" -0.17+0.04* -0.02:+0.03
% A(Leptin/%body fat) -10.2+8.7 -23,1420.7 -47£89  -143%£59 -309488°  -1.1+6.8

(ALeptin)/(A %body fat) 0.8940.54 2.1041.11 038+0.59  1.80%0.62° 3.24%1.25% 0.5940.29
(% ALeptin)/(% A% body fat) 1.93+1.34" 437+243 6.88+1.59 3.84+1.75" 7.12+3.63 1.07+0.70

Values are mean + SE. _
a: p < 0.05 vs baseline; b: p < 0.05 vs normal weight; c: p < 0.05 compared with group with <5% weight loss.

Leptin /% body fat

06

045 + 003
05 T T 0.37 £ 003
04 |03 119.02 7/ .

0.28 + 0.02
03 | / T
02 [ / O Normal wh.
ot B Overweight/Obese
A
0
Before After

Fig. 10. Leptin/% body fat before and after weight loss in normal weight and overweight/obese subjects.
* p < 0.05 compared with normal weight.

WA Sl ulgshe ARel Gl Ze Sol 4 diE tioz @ ATl cye B$
2 vehich oleit ABE WEAEs FelAgel  9H WRFEe] el Faieh Bale] girkn B
ulgEcke WA dosl 84 ANSES  UIET 84T A9E elZde). & 4704 8
AL e AR dEl ANEst B8 A ANFEl WA Wtk Sy was
SishAple] Bt WAl vle) €X ARSE U BY ABBAS B RS WAl FAAY
S} 4Bl Fck B AT olZd HIHe Bemnett & TAESH Xop] wigex 4zad:
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Aurzz] o] F5ell wie}t YA AvlFEe)] ol & 2
2 7HsAE dedl, Mazuzaki $-2 A9 v|ekA
A} mRNAS] o] Sishzdolld 714 Etehn &
T3}5ic20). AHe] =Ze]] uhE ob mRNA L&A
59 xlo)9} AAIE AFE B, 3= vjRkl Ae]
739 tiskAlH} (omental fat)oll4] ob mRNAWMo] =
7R Barl glen, & ok e dig
ZZ), Eub¥} (retroperitonium)®} Z}F7H} (mesenteri-
um)®] A=A Hchkes HskAzZellA ob mRNA
9] Fo] Erkx Easiglch et o "l A4
3} AukzA 9] 9x] Aele] At Gl AFH
2 2k3kcl20,28].

TEY S Jed T4 "l 37 o]
SR AEd FFA] dile] s ZleE ¢
Het Ag e R 3 dvellA HAFQ dsd
7k 84 WRTES WA sleu 217k e
AFode A Yol kS vIXA] kol En
ek £ ATl 84 fRleEe 384 g% A
<323} ko] AVIAE H3ick 22 ol2dt B
7} AR el eJ3t ZAQIA, <ol sl A =l=le]
ZA8E digshe 2QUAT sk g2, o=
FEA AEHEETE AALE TAR delelie
2 U Eeet AHAAE Kol ] wigelct. o]
= ke 79 Zaeks Yx|3ei{17,19,21].

3 E d7elld 2 g9 RiarEs & ARy
el 73gE ARBAE vjiI F7HR AXe]
R4S STHIFS AR 2 f1gez vigiel
ol 24"l &34 (leptin resistance)o] L& 7HsAol
AAET gick vjkA] Agzz]e] Fylslel AUzt
W o] FeheiAl A=Y "l EAlell oig
down regulationo] Vel 5, AMgehte] 44155
(feeding center)ell42] A 2Aglel] hat qiztEs} A
sk 7lsAo] dchke Zolth = ok fsieEs
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