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ABSTRACT

Correlations of Leptin, Adiponectin and
Leptin/Adiponectin Ratio with

Metabolic Disorders in the Childhood Obesity

Jo Seong-Jong
Advisor : Prof. Moon Kyung-Rye M.D., Ph.D.
Department of Medicine

Graduate School of Chosun University

Purpose : There are some kinds of adipocytokine which has been reported to
be secreted from adipocytes : leptin, IL-6, TNF-a, PAI-1, and adiponectin.
Abnormality in the secretion of the adipocytokine is involved in the development
of metabolic disorders in the obesity. The aim of this study was to investigate
the correlation of the serum leptin, adiponectin, and leptin/adiponectin ratio with
metabolic disorders in the childhood obesity.

Methods : A total of 50 children (25 obese and 25 non-obese) were recruited
in the pediatric outclinic of Chosun University Hospital from January 1st to
June 30th 2005. Adiponectin, leptin, anthropometric parameters, fasting glucose,
LDL-cholesterol, HDL-cholesterol, total cholesterol, triglyceride, and fasting
insulin levels were measured. The correlations of leptin and adiponectin levels
with anthropometric parameters, glucose, insulin and lipids were analyzed by

Pearson’s correlation coefficients.



Results : All anthropometric data (BMI, midarm -circumference, triceps and
subscapular skinfold thickness, and percentage of body fat) of the obese group
were higher than those of the non-obese group(/Z<0.001). The insulin and
leptin levels of the obese group were significantly higher than those of the
non-obese group(2<0.05, 2<0.001 respectively). The HDL-cholesterol and adip-
onectin levels of the obese group were significantly lower than those of the
non-obese group(/2<0.005, ~<0.05 respectively). In the obese group, the leptin
level was positively correlated with BMI and the percentage of body fat, but
negatively correlated with adiponectin level. Moreover, the adiponectin level of
the obese group was negatively correlated with BMI and the percentage of
body fat, but positively correlated with leptin level. In the non-obese group,
only insulin level was positively correlated with adiponectin. In the obese group,
the leptin/adiponectin ratio was positively correlated with the percentage of
body fat and leptin level. Also, the leptin/adiponectin ratio was positively
correlated with BMI and the percentage of body fat in the non-obese group.

Conclusion : Leptin and adiponectin did not appear to have a major role
linking various metabolic disorders in the childhood obesity, even though they
were strongly associated with obesity indices. But, leptin/adiponectin ratio is
suggested to be a predictor for the development of complications of obesity

even in non-obese children.

Key Words : Adiponectin, Leptin, Leptin/adiponectin Ratio, Metabolic disorders,
Childhood obesity
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A= ) E A adipocytokine?] &1lQl leptin® adiponecting =4 3}o] o] £ o]
A AFA, JdEd, 29 AFY v 5 e FABAE £APsto] Aol ]
Tholl A leptin® adiponectin®] WAL oo} AAAS FHSEA gkl T leptin
¥} adiponectin @502 1 A@RA S Fotdt= A XRT}E leptin/adiponectin ratio”Zf
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o AAHE HAM7]< InBody 2.0 (Biospace, Seoul, Korea)E AF&3lo] A3

ot



=2y 292, FA4 A (triglyceride), A
&

Adste] &
A 2~ ®] = (high density lipoprotein cholesterol, HDL cholesterol) 2]
21 7] (Auto—-analyzer Hitachi 7150, Hitachi Ltd., Tokyo, Japan)E ©]

?l,

==
B = (low density lipoprotein cholesterol, LDL cholesterol)

A R A AL
&
ko3
FEE WA H I G A (radioimmunoassay kit) S ]

104 7+ o])\l—
=oAAG Fes
e Adow F
TR Aewd
4ot SAsA. ded
sko] =45kt
3. 84 leptin9 &%= A (Fig. 1.)
10417 o] &% - EDTA7F 38 Al @ ded ds AFHsto] dHds 29
T -70Co W% BHAsgy. A8 radioimmunoassay kit(LINCO Research Inc
Missouri, USA)E o]&3dto] ta3 22 &A= SAs A
a. Al 14
(1) &5 9(0.025M EDTA, 0.008% Sodium Azide, 1% RIA Grade BSA, g
0.05% Triton X-100S 3% 0.05M Phosphosaline, pH 7.4)S Nonspecific
binding X (#3,4)°l 300 uLE, Reference FFE.(#5,6)°] 200 uLE, FE#H7-22)¢F F
B (#23-26), ¥ B(#27 o))l 100 L& A o] &3] WAt
(2) x4 Wl 05, 1, 2, 5, 10, 20, 50, 100 ng/mL2e] s = AAH AZ3 A3t
Feo] ¥ ZF SdS FEH7-22)), 28 AAE AxF A3F fHHo] I
frE dx 9 FR#23-26)9] 100 LA 9 ATt
(3) Agad fgAEse FRWH27 o]shel 100 uL® 2 At
4) FAAZA PIE 2AF A 99 100 L5 ZE FR s dd
(5) Az #El A 100 gLE Total Count FE.(#1,2)9} Nonspecific binding +E.
#4)E Ao BE Fro H7tska
A 77 AARES 7PEA 55 AA 53 4TColA 2443
_g-

(6) covers



(1) 4C2 ®BA9 A A A (Goat anti-Rabbit IgG Serum, 3% PEG, 0.05% Triton
X-100& &3 0.06M Phosphosaline, 0.025M EDTA, 0.08% Sodium Azide) 0.1
mLE Total Count FXE (#1,2)% ALt ZE FH H7Fs

(2) covers A1 7I1E7F AAHES 7PHA 55 HA EE53 4TColA 208 &

Qb B el Tt

4. & adiponectin® ¥%= =4 (Fig. 2.)

1041 7F o] 35 $ EDTAZF &€ Agdde ddE& A S w2
T -70Co WEs H#BEgrr. A3FL radioimmunoassay kit (LINCO Research

Inc., Missouri, USA)E o] &3t t&3 e &2 5453

a. Al 14

(1) &Z9(0.008% Sodium Azide, 0.1% RIA Grade BSAE 3 10mM Phosp-
hosaline, pH 7.6) 50 mLZ &< 450 mLol 49 10W = 3]4] 3} 3t}

(2) 10v 2 3AHE S3F=992S Nonspecific binding FHB.(#3,4)e 300 7L, Reference
FHE@#,6)0 200 ul, FEHT-22)¢ FE(#23-26), i HA FERH27 o] s}l
100 ZLE ¥ 3 E& o] &5t ¥ AT

(3) 4 Axd Azt obr xH "l npoldo] 1 mLe TF5E 410l 200 ng/mL &

_‘IO_



(4) 574 Az A7 T EUQ wlo|Lo] 1 mLe FHEE Aol Pz £4L W

(5) 0.78, 156, 3.125, 6.25, 12,5, 25, 50, 100 ng/mL?] F==Z AAlE <13+ ofr] x4
Blo] dfd FE AloFS FE@E7-22)¢ 100 gL Ytk AAE Az Az of
Uzves 43 gz 9% FE#23-26)0 100 zL* 29t

(6) A7ke] g oA 2 EAFAT 2 Ag 71E9
W= 1-200 ng/mLol 22 Zhzbe] AAEL 10 gld S5 8 4990 ulol 34 A A
1:500 vl &9 A Ag whednt sl H AA 100 gL FHH27 o))l ¥ ATt

(D) FAAZA PIE PAF A obg ZYE 100 LB ZE FHe] A7bshAh

o
s
el
i)
U
Mo
=

e
B

-
-
M\
(o

(8) A7t ol x el A 100 uL= Total Count HF X (#1,2)9} Nonspecific binding
FEHHEADE AL e FHo A7

(9) coverE H3a 7|EZ7 AAYEE 7MEA BEE A ETE1 4CoA] 2447+
o Bl

b. Al 2¢

(1) 30% w%9 E7 ¥4 10 zLE Total Count FH#1,2)% A 9]stil RE FH
of #7}st it

(2) ACE RAE HHAHA(Goat anti-Rabbit IgG Serum, 3% PEG, 0.05% Triton
X-100S &3 0.0oM Phosphosaline, 0.025M EDTA, 0.08% Sodium Azide) 1.0

mLZE Total Count FH.(#1,2)% A&l RE FHo Hrtsldt).
(3) covers 51 7|E7} AAHES 7IWHA 55 AA EEI, 4TCoA 202 &

o wsgt,
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o
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=
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st 2AFstE doldy & A AH @ ol obdExd™ gs AtE. o]
HEAQ A Y olt)x bl HAx #A F 1500 H&E HAeadE AL

=

TAl BAgske] pg/mLa 9= =A%

5. AgA ] B FAEY

ﬂd
2
off
)
L)

SPSS(10.0 version) BA T2 13 S o] &3

HEs oz 7ke] A AZAe @R WsEel

[nt

Student £ testE ©]-&3te] 2gto] 0.05 m¥Hel A& SATAHORE Fojsirta
A3+l leptin, adiponectin, leptin/adiponectin ratio$} zF W<

Pearson’s correlation coefficient &AW S o] &3to] 2gte] 0.05 v A& F

AA oz foldtrtn B4 At
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A olEEse] s HwE 109 + 254, ET 107 £ 2442 9% o]
7b itk AAF A5 wukt 248 + 193 kg/m°, ET 175 + 1.32 kg/m’=
Ml kol A o BhAl = 9kTH(2<0.001). A AL ES BV 269 £ 22 %, T
145 + 1.2 %= vgkol A o ahA ¥ doh(<0.001). ZE, 45T JRFE
FA, A7zs RrFE FAY e B5F vvkrol A tixded Ble gui A =

A THP<0.001)(Table 1).

2. 89, FEU2HE, A, AR Addy ZHsdHE, 12E ALddy 2

28, 2& Y, leptin, adiponecting %

ded e HYTt 17.9£156 nU/mL, tHEw 6527 pU/mL= H|[ Rkt ol A
oot A = (P<0.05). L= AFdH FY AHELS HRbE 50.0+12.4 mg/dL,
g x=a 689%15.9 mg/dLOo = v ghTto A ol stA v kth(~<0.005). leptin &%=+
HIRFE 10.645.1 ng/mL, tEa 487422 ng/mL=E B[ROl A o)A E=okt)

(P<0.001). adiponectin & =+ W] T 2.85+0.7 pg/mlL, W ZE 3.27+0.40 pg/mL=

Hlgktoll A g ztoll Bls] foEk A SUth(P<0.05). 89, FFA2EHE, TAA

>«
o

i
i
s
o
4
=
)

ol A ozl Wl ok =%

3. Leptin®} adiponectin® oz HFE 7H9 A4
1) AA A olFol A leptine AZFHF A F(r=0.775, £<0.001), ANA=HE(r=
0.740, £<0.001), AFur IR 35 F7(1=0.609, ~<0.001), A7 ZFs JHL+5 F

7 (r=0.533, £<0.005), T4 A (r=0.379, 2<0.05)3 {ro]g Fo AFa#aAA7F AN

_13_



adiponectin(r=-0.564, 2<0.005)3 = F3 9 AFAAA7 Ao (Table 3).
adiponectin< A& X 4=(r=-0.389, £<0.05), F=d 2H & (r=-0.460, £<0.05), le-
ptin(r=-0.725, 2<0.001)3}+= 9t 2o A#AA 7 A (Table 4).

) Bl REol A leptine A A A5 (r=0.620, £<0.05), A AW E (r=0.587, £<0.05)
F FoE ko] AAAAT AL, adiponectin(r=-0.539, 2<0.05)7= F9 3 59
A AA 7 9tk (Table 3). adiponecting A& = X =(r=-0.651, £<0.05), A==
& (r=-0.665, 7<0.05), leptin(r=-0.539, 2~<0.05)%}+=
(Table 4).

o

g Fo AHBAZE AR

) HETFAA leptine Fo 3 AA DA

il

Zt= WEo] gl oY, adiponectin

< & T=(r=0485 £<0.05)% ol o FaaAACE ddv(Table 3, 4).

PR AR

4. Leptin/adiponectin ratio®} o8] WEE Alo] A A A

J

1) Leptin/adiponectin ratio:= H| W 4.03 + 2.8, hZT 153 = 0.74% B8] ko
A el shAl =3kt (2<0.01, Table 2).

2) AA o}F ol A leptin/adiponectin ratios AT A4 (r=0.653, £<0.001), A
W& (r=0.657, £<0.001), ZF7(r=0428, £<0.05), AFu IR F5F FA(r=0551,
£<0.005), AEst IAFEF5 74 @=0.458, £<0.05), leptin(r=0.955, 2~<0.001), 54
A9 (r=0.451, £<0.05)3 Feolgr o A##AAYE AU adiponectin(r=-0.725,
£<0.00D) = Folg &9 %

rH

A7F A e (Table 5).
3) v EFF o A leptin/adiponectin ratio= | A ®E (r=0.681, £~<0.05), leptin(r=0.9
46, £<0.001)7} freojek Feo] A#AAYE Ao, adiponectin(r=-0.747, £2<0.005)

= o s AdaA dgdH(Table 5).

iy

4) o) Zol A leptin/adiponectin ratios= A A #F X (r=0.673, £<0.005), A A4
E(r=0.696, £<0.005), leptin(r=0.953, ~<0.001)3} <t oko] AAAA7F ATt
(Table 5).
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Atk AAEAM G FH BHIEO ndd Adandgel doses 2dEs

)

adipocytokine©o] 2t i1 3™ leptin 2ol = tumor necrosis factor(TNF)-a, inter-

leukin(IL)-6, plasminogen activator inhibitor(PAI)-1, resistin, adiponectin 5 ©] Sl

= #A2A7l= a7 o 2y leptine]l g FAAtel EARZE A7 A

FgAd ool om A&o] Fratm HWE FRITAM leptine Baw A

dlabe] wulHEe Wk Abgrel A feldtAl Eth Lyoussi
=0o Jeptine] ¥ =7t odZA PAET o =a owubzeld A A A4
C-peptide, &EdAFAF A#gdol Aoy AH Freks dAngdol dtta
stAth v 57V FF leptin = F AW 2 WAAY, FHA FI} A€ ¥

P
=, Qs

[e]
&
dol ¥ xvhal skl

B AT E EA leptin F=7F BRI OIA A4 dxzaol vl o5t

i
X
%t
o,
%
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adiponectin® ¥ %ol AFL W= WEg Pk 2, o] 98 A&7
HAETE AFE7] A1 7] Aolol A adiponecting FX7F Fo A ki &9t
2 Ao e dH adiponectin FE = H WO A tjxzato] HEl § o s
H(AP<0.05). B9kt oll A adiponectin2 A& X4 A AW E| leptinTI = 23 &
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o] A3 FoF HBBAV A Buddh old AP iy otF e ¥
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leptin® adiponectin®] =5 A &A= Ao o
A AR Fo Auds He s gl ony dedd Ad FEo usiA =
Fog ABAAS AR EsATh. A leptin/adiponectin ratio”} leptin©] Lt
adiponectin T 02 Ao} H|Rre] tiA} Ao} AAAES LolE wHT HSE F9Y

F Adt @ ¢ 9e Aoz AAste] ao) W AL AEsdrh Frank 5

=2
1o
ol
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1°)
=
rEl

o}o]l A leptin/adiponectin ratios= A& HF A 49} HDL g 2 H = o
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ot o 593 Aol AUk B Ao A leptin/adiponectin ratiox B] ¥kt 4.03
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zFol 7} A A eH(P<0.01). B ekt A leptin/adiponectin  ratiox= A AW E, leptin
freolgt oo AdTAC Ao, adiponectinTt= Fol s o A@IAATE AN
thoskA R, QledId Ade kot Fot ddAe] AgT W dixa ol A
leptin/adiponectin ratiot= A A% A 4=, A AW E, leptind} o3k & FHAAE
BAT AHAA AF olF g Aoz 3o leptin/adiponectin ratio’} A& x4 2
AAREI T Fo] FABAIE Aol ol W] HwE oy W oofy e}
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m
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A#JAGe gt AF7E o] FoyAof sta, WAAEe F4 XIS ded AT
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2 A . A3+ adipocytokine?d] ¥ #F°l leptin, adiponectin®} leptin/adiponectin
ratios ©]§3to] H|Frolol A AlA AFA e} ded, A FEoo AHAAAE &
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VI 1 %
Fig. 1. Assay Flow Chart of Leptin
Day 1 Day 2
Stepl Step2-3 Step4 Stepb Stepb Step7 Step8 Step9
Vortex, Centrifuge
Vortex,
Cover for
Add Add Add Add Add and .
195 ) K and L 20min.,
Tube# |Assay| Standard/QC °I-Leptin| Leptin Precipitating | Incubate
) Incubate ) Decant,
Buffer Sample Tracer |Antibody Reagent 20min at
24hr at AT and Count
4°C pellets
12 | -- - 10040 -- -
3,4 | 300u -- 10040 -- 1.0mL
5,6 | 200ut - 1000 1000 1.0mL
7,8 100u0 | 1004L0f O.5ng/ml 100u0 100u0 1.0mL
9,10 1000 | 100ulof 1ng/ml 100u0 100u0 1.0mL
11,12 | 100l | 100mlof 2ng/ml 100u0 100u0 1.0mL
13,14 | 100t | 100mlof Sng/ml 100u0 100u0 1.0mL
15,16 | 100t | 100ulof 10ng/ml 100u0 100u0 1.0mL
17,18 | 100l | 100lof 20ng/ml 100u0 100u0 1.0mL
19,20 | 100l | 100lof 50ng/ml 100u0 10010 1.0mL
21,22 | 100u0 | 10000f100ng/ml 10010 100u0 1.0mL
23,24 | 100ut 100utof QC1 100u0 100u0 1.0mL
25,26 | 100ul 100utof QC2 1000 1000 1.0mL
27,28 | 100ul |100ulof unknown 100 1000 1.0mL
29-n | 100u0 [100ulof unknown 100u0 100u0 1.0mL
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Fig. 2. Assay Flow Chart of Adiponectin

Day 1 Day 2
Stepl| Step2-3 Step4 Stepb Stepb | Step7 Step8 Step9 | Stepl0
Add Add Add °I- Add Add Add
Tube|Assay| Standard/ |Adiponectin|Adiponectin Rabbit | Precipitating
Buffer| QC Sample Tracer Antibody carrier| Reagent
12 | —- — 1000 - - -
3,4 | 300l - 100u0 - 10l 1.0mL
5,6 | 2000 - 100u0 10010 10ul 1.0mL
78 | 100p | 1004 1004t 1004t 10 1.0mL
’ “ 0.78ng/ml # # # om
100ulof
9,10 | 1000 100u0 10010 10l 1.0mL
1.56ng/ml
11,12 1000 | FO0MOf 1004t 10040 104t 1.0mL :
' " 3.125ng/ml # # Vortex u“ -V Centrif-
100ulof ’ Vortex, | uge for
13,14 | 1000 10040 100t Cover, | 10ut 1.0mL )
6.25ng/ml and 20min.,
100utof and
15,16 100.u¢ 10040 1004t 100 1.0mL Incubate| Decant,
12.5ng/ml Incubate 90mi q
100xtof 24hr at - an
1718) 100ut | 1000 1000 o 100 LomL | a0 4 | Count
100ulof
19,20| 1000 o 1004t 1004t 104t 1.0mL pellets
50ng/ml
21,221 1000 100utof 10010 10010 10 1.0mL
’ " 100ng/ml “ “ “ -
23,241 1000 100utof 1000 1000 10u0 1.0mL
, ) ) .Om
200ng/ut " "
100ulof
25,26 10010 Qcl 100 1000 10u0 1.0mL
100ulof
27,281 10010 10010 10010 10 1.0mL
QC2
100ulof
29-n| 1000 100 1000 10u0 1.0mL
unknown
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Table 1. Anthropometric Data of Total Subjects.

Obese Non-obese
F-value
(n=25) (n=25)
Age (years) 10.9+25 10.7+2.4 0.956
BMI" (kg/m”) 24.8+1.93 17.5+1.32 <0.001
Percentage of body fat (%) 26.9+2.2 145+1.2 <0.001
Arm circumference (cm) 27.1£5.43 17.2+1.05 <0.001
Skin fold thickness (mm)
Triceps 41.9+6.19 11.6+1.62 <0.001
Subscapular 35.1£6.13 8.6£2.18 <0.001

*BMI : body mass index
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Table 2. Laboratory Data of Total Subjects.

Obese Non-obese

(n=25) (n=25) 7 value
Glucose (mg/dL) 89.1+21.08 86.1+11.38 0.636
Total cholesterol (mg/dL) 160.7+25.92 152.4+22.80 0.370
Triglyceride (mg/dL) 150.7+116.34 87.4+41.42 0.082
HDL" cholesterol (mg/dL) 50.0+12.37 68.9+15.9 <0.005
LDLT cholesterol (mg/dL) 80.5+24.57 66.1+22.10 0.107
Insulin (WU/dL) 17.9+15.6 6.5+2.7 <0.05
Leptin (ng/mL) 10.6+5.13 4.87+2.2 <0.001
Adiponectin (1g/mL) 2.85+0.7 3.27+0.40 <0.05
Leptin/Adiponectin ratio 4.03+2.83 1.53%0.74 <0.05

Values are expressed as mean=SD.

+*HDL : high density lipoprotein,
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Table 3. Correlation of

Serum Leptin with Anthropometric

and Clinical

Characteristics.

Total Obese Non-obese

r 7 r Vs r Vs
Age 0.033 0864 -0.033 0915 -0.344  0.117
BMI 0.775 <0.001 0.620 <0.05 -0.319 0.148
Percentage of body fat 0.740 <0.001 0.587 <0.05 -0.246  0.269
Arm circumference 0.314  0.097 -0.538 0.058 -0.035  0.876

Skin fold thickness

Triceps 0.609 <0.001 -0.063 0.838 -0.362  0.098
Subscapular 0.533 <0.005 -0.444  0.129 -0.272  0.220
Glucose 0015 0941 -0.170 0.638  0.388  0.074
Total cholesterol 0317  0.094 0432 0.141 -0.085  0.706
Triglyceride 0.379 <0.05 0.221 0467 0.017 0942
HDL cholesterol -0.290  0.126 -0.019 0952 0371  0.089
LDL cholesterol 0249 0193 0255 0400 -0.338 0.124
Insulin 0291 0150 -0.108 0.766 -0.027  0.906
Adiponectin -0.564 <0.005 -0.539 <0.05 0223 0.319

£ g

correlation coefficient
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Table 4. Correlation of Serum Adiponectin with Anthropometric and Clinical

Characteristics
Total Obese Non-obese
r Vad r Ve r Vad
Age -0.438 0.064 -0.423 0.223 -0.199 0.375
BMI -0.389 <0.05 -0.651 <0.05 -0.139 0.539

Percentage of body fat -0.321  0.109 -0.665 <0.05 -0.311 0.160

Arm circumference -0.156 0.447 0.119 0.743 -0.089 0.694

Skin fold thickness

Triceps -0.208  0.308 -0.237 0511  0.025 0913
Subscapular -0.121 0555 0441 0202 0.025  0.913
Glucose 0.029 089 0010 0979 -0.071  0.752
Total cholesterol -0.460 <0.05 -0529 0.116 -0.400  0.065
Triglyceride -0.277 0171 -0.261 0466 -0.143  0.525
HDL cholesterol -0.089 0666 -0.082 0821 -0.256  0.250
LDL cholesterol -0.215 0291 -0.38 0273 -0.150  0.506
Insulin -0.141 0510 -0.249 0552 0.485 <0.05
Leptin -0.725 <0.001 -0.539 <0.05 0223 0.319

*r . correlation coefficient
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Table 5. Correlation of Serum Leptin/Adiponectin Ratio with Anthropometric and

Clinical Characteristics

Total Obese Non-obese

r Ve r Ve r Vad
Age 0.267 0.187 0.348 0.324 0.319 0.228
BMI 0.653 <0.001 0.489 0.152 0.673 <0.005

Percentage of body fat  0.657 <0.001  0.681 <0.05 0.696 <0.005

Arm circumference 0.428 <0.05 -0.181 0.617  0.046 0.865

Skin fold thickness

Triceps 0.55] <0.005 0200 0579 -0.027 0922
Subscapular 0.458 <0.05 0459 0182 0173  0.523
Glucose 20022 0917 -0.029 0941 0061  0.822
Total cholesterol 0264 0193 0393 0262 0073  0.788
Triglyceride 0.451 <0.05 0.264 0.461 0.186 0.492
HDL cholesterol ~0.193 0344 0061 0867 0381  0.145
LDL cholesterol 0077 0708 0.187 0606 -0.269 0313
Insulin 0335 0110 0056 0896 -0.026  0.925
Leptin 0.955 <0.001 0.946 <0.001 0.953 <0.001
Adiponectin -0.725 <0.001 -0.747 <0.005 -0.443  0.085

*r . correlation coefficient
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