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Comparison of Serum Adiponectin Levels According to Body Mass Index
and Dietary Behaviors of Female University Students in Seoul
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Department of Food and Nutrition, College of Natural Sciences, Seoul Women's University, Seoul, Korea

Abstract

This study was conducted to determine whether dietary factors could be related with serum adiponectin concentrations
in 243, year-three female university students living in Seoul. The mean of body mass index (BMI) and adiponectin
levels of all subjects were 20.17 kg/m?® and 11.07 pg/ml, respectively. When the subjects were divided into 3 groups
based on BMI (underweight: < 18.5, normal: 18.5 < <23, overweight and obesity: > 23), serum adiponectin levels in
underweight group was significantly higher than that in ‘normal’ or ‘overweight and ‘obesity’ groups. Also when the
subjects were divided into two groups by mean adequacy ratio (MAR), serum adiponectin concentration of the high
MAR group (MAR>75) was slightly higher than that the low MAR group (MAR <75). Serum adiponectin levels
showed a negative correlation with body weight (p <0.01) or BMI (p <0.001) and a positive correlation with intakes
of of animal or total protein (please clarify) or vegetable protein.Among the dietary behaviors, serum adiponectin
levels of females who answered ‘yes’ to the question about ‘eating breakfast’ was significantly higher than that of
those who answered ‘sometimes’ or ‘No’ (p<0.05) and serum adiponectin levels were higher among those who
reported higher fruit intakes. Overall, our results suggested that healthy lifestyle including acceptable BMI, eating
breakfast and higher fruit consumption might play an important role in the prevention of obesity and enhancement of
blood adiponectin levels. (Korean J Community Nutr 18(4) : 354~364, 2013)
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H AT ARl vlal] BRIl ARl Al 1ESt, &
SA A EFE] 28] 20) o) A Vet e, 1
Fe s, 5714 el of, B, A
g3 A o] rhal ZAFE T (Ministry of
Health and Welfare 2010).

APGA| SR ] E = th322]Q1 ofH] 2711 T skl of
Y Ele URhin] 1x}e] ofshs sh w2 A1) ¥
Z 2 oF 3~30 pg/mloH, AxHeFo] Wit vvEs}
T5 A7 ol XYY FEUt hAshs Blo®
Qlth(Arita & 1999; Motoshima & 2002;
Corbetta & 2005). H]FFO. 2 <l&)| ZHA% HF ofr]Ed
Blo o3l Zibﬂ—/\‘] Euﬂﬁﬂ_ }\]%_37,]-74] As} =o H]—/K(H_TL].
o] glom, Yot tiisete] A2 A BE oA
A3 3tk (Matsuzawa 5 2004) . o] ZWRIS 71} 15
of| Al AAke] AbslkE Sxlstal, 2EFe o] §E5S T7HA
7 9<% #A2A719 (Yamauchi % 2001; Choi %
2004), ydeA| oM davt ﬂ% 4214} (Platelet
derived growth factor) ] 23S 7HAAAH FWA3} 9
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AT T AR DS s S Q1o F &
&3t} (Okamoto 5 2002; Ohashi % 2006). &3, d=

0}51&_‘3}‘?14 FET G S8 AT Qlo] ofr
el o] Ajstkel et whAo] o] itk A9 B
31 It} (Adamcezak 5 2003; Huang 5 2003).
e dF ol X dd 37t ] molA = 7]** of o
A= B gs] Bl A A ekskont A A H S 35%
oM 156%%= HA2AZe W EF ol 29|l 557t F7tet
Ath= A7) sl 4% oo 71”1 S A9 A Al A
& sk 4z mRke 2 A3 k= 450l vlsl % o]
el 5 57F 20% U] =30 The 9 o] BaiEal glo] d
o]_r/]_uﬂh:/] T} Ao A2 9l BEAdo] 9leo] By
1 3tk (Kasim—Karakas 5 2006; Williams 5 2008).
< E%LP A3 A7 s 7 Qe O}U]iLi‘]?l 5
L7t AGae] sidoly At o] wigte] o)al] Fksh=
AL A S ks 93 ”H'Or oJu|7} Qlet. sAIRE A5
T AR I} o] R Q‘r«] A of] gk A+
= op] =k Aot 0”?— LS ot o 2 I3 of
= AT s Bt S /‘é—% ZAFSE A7 A5l
21 AateEe] oJgk d o] U sl w25t
AIAH(Qi 5 2005; Mantzoros 5 2006) =] AJe1S
o=z & A= A9 Q= AAolt) E3], 20+ A
A7]ellA ARI7|= oldishs Ier]e FAlA, SAH R
Drso] YAk, AlAA o] dnE AFOE (Lee &
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A A% A4 (BMI:Body Mass Index): ‘BMI = A%
(kg)/ 17 (m)) 2} o] Alrkste], WHO obr|o}elsg k2
B 9715 (Korean Society for the Study of Obesity
2000) o] w2} A A% (Underweight, BMI < 18.5 kg/

m?), A4 AZ (Normal weight, 18.5 kg/m? < BMI <
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23.0 kg/m?), A= (Overweight, 23.0 kg/m? < BMI
< 25.0 kg/m?), )% (Obesity, 25.0 kg/m? < BMI) & &
sl o vl Ak #HAIE (149, 5.8%) 3 HIvE (124,
4.9%) 2] v]go] gto} BMI 23 o4l tidAls A%
HYb o 7 SRSt ok 102 o) oW AElE
AAZ1 - 2HE A (TM—2655P) & o]&3lo] 5719
¢} (SBP; Systolic Blood Pressure) ¥} 0]€718 % (DBP;
Diastolic Blood Pressure)< =73+ t}.

3. 918 YA}

ANEL 1243 &5 A] Fellg e oA ) sisl e
™, ol AeoflA oF 1AIRF A|gE 5= 4°C, 3000 rpm
A 2081 A4 FEjste] EF S Eejsilth d5 F =
AHE (Total cholesterol) Z 583 (Glucose)= A3}
&} #-2407]% (selectra E, Vital Scientific, Netherlands)
o] g3to] BABIITE A% ol XYY s 2SRl ]
oA EA%<Sl o™, Human adiponectin ELISA
(Enzyme Linked—Immuno—Sorbent Assay) kit
(BioVender, Czech Republic)S ©]&3l4
microplate reader(Versamax, Molecular Device,
USA) = S8l

Brno,

4, NN MNF TN

2R AH TS 24A131 3PP o] &8k At 715 Hlow
TN ZAF 19 A AF 3 A5 W85 28 st
AbeReltt. AR 255 AlF el whE oJoka AAE 24
5l=t ojoFsls] o] ok r} X2 73 CAN—Pro 3.0 9]
sto] Y AH s AR B8, 20109 gk
PHF7 55 o] 8ot D Tl thgh i
(%EER)& AR AL, Pl o] A4 vzl b
91 A, BIER B, HIERI B,, HIEFR By, Lpolo}al, 4L, 1
BN C, Zg, 9, HE, ol AFAAFZ dish s
(%RD-E Alkatoit.

ZAMPIRRE] A F AEHE 7] 18l G A
A A v]-& (Nutrient Adequacy Ratio: NAR)S Akt
At NARS i A3 (F=2 dFd371E,
2010 717g) ol thgh ki AHAZ vIE= 1 gtel 15 9
= A5 12 ARskiar, 7t 944 NARS] Hatatel

ok A F1]E (Mean Adequacy Ratio: MAR) 2
513.0m, MAR gto] 0.75 ©]akel w2} 231 770 =
GAAF Aol upE AAAS 2 Ays}erd Ay
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tt(Lee 5 2006).
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AN

= 2lg= SAS(Statistical Analysis System
ver 9.1)& o|-&3ato] A Aeleiitt. B Av= Hat £
BFEAE FAE 0w BMI E5ol b A4 415 2 A
slshA] 23 vl dist Ao W AFael e 5 ol
XYY % vael tfgk A= ANOVAS) Duncan's
multiple range test 24 S-S AAIEIGlaL, ki
A5 Aol mE A7l fold A5 t—testE o838
o}, B, olt] 2 dRl T} AAAS, sl A 9
Fvho] A= Pearson's correlation coefficients
2 e Ao, RE Ay BA44 fode

p < 0.05Z 71&F0 % AR}

1}
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1. 2N CHQARR] HIHT O M2 MNHZE R AotstA Hp
B AT AL dPdRE Aol AAllshs o) 38hdAy
g AFH, AAAS, 2oldF] A 253 AR §
St 24378 o= zldskelet. A tidAbEe] Bt
1722 161.96 cm, 3t AT 53.02 kgel3 2™, BMI
= 20.17 kg/m2o. 2 ZAFE e}, w3k AA)| thdRte] B
dZF T FANEE w28 8 27 182.55 mg/dl
9} 90.20 mg/dI= BF g4 9lel Fation, Hit 5
ol ¥ YEIY] F52= 11.07 + 3.57 pg/ml(8 <) 3.7~
22.1 pg/mD = HEFATH(Table 1).

BMI 25 7]zl whet A AT, AT, A
gl Hivk 5 Al T2 WRE A3, dldRt 5 dAFel Sl
FE= Ako] 1659 (67.90%) 0.7 7P Wk, AAlE
527 (21.40%), 1% 9L vIRk 267 (10.70%) o= 3=
AR QAT BIREEe] wE 2AAIS 2 Skt 2| BE A5
A}, 272 vk uhE Zo] 7} gl ot Als ) BMEI=
A 2 B[RRI AR A AASov AT Abs
of nlaf frold o & =okar, o]ekr] At oAl FAlF W v
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2l CEE T ZUaE
] %7% e 1};2]]% 1 Hylol /\].al-o] 7(‘]}\1—ﬂ]% o]{g]-
1 ARt vlal FoA 0% =4aL, T ol FYE =
AAF (12.63 pg/mD A AbgtellAA 74405 (10.79 pg/
ml) Q1 ARgrolut 3pAlE B HIFE(9.71 pg/mD QY Abgtel H]
3l fr2JsHAl =34tk (Table 1).

2. @3 OfCEHEM NAMHZE R areh AEete] AR

T ol xRl d} AAAS W Asksl x| sxefe] vkt
AE A A3, 5 ol Y w1 AT B BMISH
el 5o et ol o= Rt (@2t p < 0.01,
p <0.001). 71 gt = BMIS} A5 @5 S 2HE
(p <0.05,p<0.01), %7 (p <0.01, p <0.01) L 9]
7] "9k (p < 0.001, p < 0.001) 3} F2) 8t k2] Aedo]
AT T2 FF ot xRl HF FEYUAHE T,

THEY B vk S vehbA] o8kt (Table 2).

3. 9YLEN NE T2 NAYZ L YIS oD
2} PR MAR gk AR 5 0.75% 71207 o

o 3
G2 ARHF FE F(MAR > 0.75) 7 71814 ok

7l - Age] - 2l s - 357
T (MAR = 0.75) .= o] 2 A3}, AR T 9
% AHTL Fz e AR 35.8%, 1EA FE AR
64.2%°1910.1, AA| A A vt DI AT
1284.01 kcal® w-9- w2 =503t}

MARE o831 g2 A3 el ukz AAAS 5L A
set X325 vlaeh dut, P AFH7E Gt el L
A b2 ol Hls) BMIZF 2] s sekom, -2 401#]

AR A T ZELEHE B 2 D] Btako] of
w1, G5 oft] VR 2 OB =34t (Table 3).
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4. 9% oD EUEL FYLNNTI YHHY

Z ol xdlel F= oUXAF =, AW, vjep 9 5
714 59 ki AF T ol s S gl o, T
2 AFHFH (p < 0.05) B A1EA whaa M3 (p < 0.01)
7} 2]t oFe] Al E UERITH(Table 4)
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Table 1. Comparison of anthropometric characteristics and blood biochemical indices on BMI groups in female university students

Underweight" Normal® Overweight & Obesity” Total
(n =52 (n = 165) (n = 26) (n = 243)
Height (cm) 162,10 = 4.799% 161.81 £ 5.19 162.65 £ 5.93 161.96 £ 517
Weight (kg) 4571 = 3.05° 5318 + 4.93° 66.65 = 6.98° 5302+ 7.41
BMI® (kg/m?) 17.35 £ 0.71°¢ 2028 £ 1.17° 2514 £ 2.12° 20.17 £ 2.42
SBP® (mmHg) 105.19 £ 7.53"% 105.13 £ 11.77 109.23 £ 8.45 1056.58 £ 10.71
DBP” (mmHg) 6519 + 7.53° 65.88 £ 8.9Q° 69.62 £ 8.71° 66.13 £ 8.66
Total cholesterol (mg/dl) 173.98 + 28.42° 182.24 + 30.77° 201.65 = 35.50¢ 182.55 £ 31.58
Glucose (mg/dl) 90.69 £ 5.98° 89.44 £ 7.02° 94.04 + 10.63° 90.20 + 7.39
Adiponectin (ug/mi) 1263 =+ 3.95° 10.79 £ 3.26° 9.71 £+ 3.76° 11.07 £ 357

1) Underweight: body mass index is less than 18.5
2) Normal: 18.5 < body mass index < 23

3) Overweight & Obesity: body mass index > 23
4) Mean * SD

5) BMI: Body mass index

6) SBP: systolic blood pressure

7) DBP: diastolic blood pressure

NS: not significant

abc: Means with the different superscripts are significantly different at p < 0.05 by Duncan's multiple range fest.

Table 2. Correlation coefficient among adiponectin level, antrophometric and biochemical indices in university students

Adiponectin Height Weight BMI T-Chol Glucose SBP
Height 0.063
Weight -0.191%** 0.504#**
BMIM —0.254%%x 0.046 0.884#xx*
T-chol? -0.017 -0.019 0.161* 0.197%**
Glucose -0.120 0.103 0.121 0.080 0.045
SBPY 0.079 0.053 0.177 %% 0.174%* 0.123 0.027
DBPY 0.070 0.102 0,242 0.237 %% 0116 0.040 0.801%#*x*

1) BMI: body mass index, 2) T-chol: total cholesterol, 3) SBP: systolic blood pressure, 4) DBP; diastolic blood pressure
* p < 0.05 **: p < 0.01, *** p < 0.001 by pearson's correlation coefficient
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Table 3. Comparison of serum adiponectin level and anfrophometric and biochemical indices by low and high mean adequacy ratio
(MAR) groups in female university students

Low MAR" (n = 156) High MAR? (n = 87) Tofal (n = 243)
Height (cm) 161.60 £ 52296 16262 £ 505 16196 + 517
Weight (kg) 53.64 + 7.42 51.92 + 7.30 53.02 + 7.41
BMI (kg/m?) 2050 + 2.40%* 19.59 + 2.37 2017 £ 2.42
SBP (MmHg) 105.78 + 11.70 10523 + 8.72 105.58 + 10.71
DBPY (mmHg) 66.60 £ 8.69 65.29 + 8.60 66.13 £ 8.66
Total cholesterol (mg/d) 183.57 + 32.72 180.71 + 29.51 182,55 + 31.58
Glucose (Mg/dl) 90.69 + 7.83 89.32 + 6.50 90.20 + 7.39
Adiponectin (ug/mi) 1089 £ 3.47 11.38 £ 3.75 11.07 + 357

1) Low MAR; low mean adequacy ratio group (<0.75)
2) High MAR; high mean adequacy ratio group (> 0.75)
3) Mean = SD

4) BMI: Body mass index

5) SBP: systolic blood pressure

6) DBP: diastolic blood pressure

NS; not significant by f-test, **: p < 0.01

Table 4. Correlation coefficient among nutritional intakes and serum adiponectin levels in female university students

Intake Energy Vegs:gﬁle éggionl P:grrgiln Veg:;r?ble Ar}ig:ol T?;?' Vitamin A Retinol  B-carotene
Adiponectin  0.072 0.169** -0.015 0.137* 0.113 0.047 0.107 0.071 0.060 0.040
Intake Vitamin B, Vitamin B, VitominB,  Niacin Vitamin C Folate Ca P Fe n
Adiponectin ~ 0.007 0.014 0.081 0.059 0.003 0.006 0.033 0.027 0.042 0.101

* p < 0.05 **: p < 0.01 by pearson's correlation coefficient

Table 5. Comparison of serum adiponectin levels according o dietary behaviors in female university students

N Adiponectin (ug/ml)

Frequency of meals a day

3 times/day 95 11.24 + 3.62"

1 - 2 fimes/day 59 10.71 + 3.36

Imegular 85 1111 £ 3.73
Eating breakfast

Yes 78 12.05 + 3.87¢

sometimes 113 10.85 + 3.42°

No 47 10.03 £+ 3.18°
Regularity of meal time

Regular 27 11.22 + 4.02

sometimes Irregular 192 11.11 £ 3.48

Iregular 20 10.47 + 4.15
Speed of eafing meals

Slow 40 11.85 + 3.79

Moderate 122 10.65 £+ 3.48

Quick 77 11.33 = 3.61
Overeating

Yes 47 10.78 + 2.83

sometimes 162 10.85 = 3.71

No 29 12.08 £ 3.50




ZAuA - AR - 2hlE - 359

Table 5. Comparison of serum adiponectin levels according o dietary behaviors in women university students (continued)

N Adiponectin (ug/mi)

Frequency of eating grains

3 times/day 72 11.09 £ 3.23

2 times/day 128 11.23 £ 3.83

Less than once a day 38 10.50 + 3.48
Frequency of eating protein foods

3 times/day 22 11.60 = 3.56

2 fimes/day 103 10.90 £ 3.42

Less than once a day 113 11.18 £ 3.72
Frequency of eating vegetable & seaweed

3 fimes/day 27 11.21 £ 3.82

2 fimes/day 106 11.24 £ 3.55

Less than once a day 106 10.86 = 3.59
Frequency of eating fried food & oily sauces

More than 1 time a day 117 11.32 £ 3.76

Almost never 120 10.84 = 3.41
Frequency of eating dairy products

6 -7 times/week 65 11.37 = 3.68

3 - 5 times/week 128 11.14 £ 3.66

0 — 2 fimes/week 33 10.18 + 2.94
Frequency of eating fruits

6 -7 times/week 80 11.91 + 4.02°

3 - 5 times/week 124 10.83 £+ 3.38%

0 - 2 times/week 35 10.01 £ 2.86°
Often eat sugary foods

Yes 150 10.88 £ 3.43

No 89 11.39 + 3.84
Often eat a salty foods

Yes 121 11.04 £ 3.68

No 118 11.10 £ 3.51
Often eat fat meat, ham, or butter

Yes 114 11.02 £ 3.32

No 125 1111 + 3.83
Offen eat food containing cholesterol

Yes 97 11.46 £ 3.45

No 142 10.80 = 3.66
Drinking

More than 2 fimes a week 30 11.03 + 3.09

Less than once a week 209 11.07 £ 3.66
Exercise

More than 3 fimes a week 33 11.62 + 3.62

Less than 2 fimes a week 206 10.98 + 3.59
Smoking

None-smoking 223 1111 + 3.63

Smoking 15 10.53 + 3.14
1) Mean £ SD
ab: Means with the different superscripts are significantly different among dietary behavior groups at p < 0.05 by Duncan's multiple

range test

oFF SRl 58] ol Table 5ol AT Aol SR AlHES] W% ol mUR B2k SHE Heh &

the 28 % ol AL o] thet ARl wirheln - eux) erhela Sue Algel vlal frolahl Egke
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(Motoshima & 2002). ¥ A tPd=te] Ht 5 ofr
XUE 55 = 11.07 £ 3.57 pg/ml ©]%1° ™, Arita &
(1999)3 Ryu 5 (2005) &= vt} G} Sl 14733t o
Ao I3 ot ¥l o] w == oF 10 pug/ml(range: 1.9~
17.0 pg/mb ekl Husigith, % ofr el s WA
of| nal oA A F-2lF 07 =31 (Arita 5 1999), 1%
o] T71EGE HaH PR (Ryo 5 2004) # 5 td=}
7} 20t ZREe] 717t ot AQ)S a1el s w) fAksh Azt
ol Zlo 7 AlgH),

Motoshima 5 (2002) ] 17| 2]3)] vl Algd5
AF ol YR S] Frt FAdRlef| vlal] WS A E e
U= Zlo] HaE| 3, Arita 5 (1999) & 87 ofr]ardlgl
F5=9F BMI ghell 7t 2] d& Rarskqict, 2 A+
NAE AAFA At dF ofr] el w7t dAS
ot} HAF 9 H|HRl Algte] EF ot EvE s 1o H]E]
FrelatAl =9kar, BMISH &5 oft]3vE Alo]ef] 73t 52
883 (p <0.00D)+ Bo] €5 oft]29glz} BMIA] €]
el dist dokE SISkt

I 7 ofr]xzklo] Il AP S /Ast] X &
T ol8-ES TVHI7IAL s A A28 Y o
A&k (Yamauchi & 2001; Choi & 2004), TNF—a
(tumor necrosis factor o) 2 2 A5 A ETIRIC]
Wl S hasto] FuAs 9 y AT 2 HEd Ag
ofpde o Qlvh= A5 A3t s a1 9ok (Okamoto
2002; Ohashi 5 2006). &3, I3 ot ¥l ] H &
Ao} 2o AL Qo] ofr|adRie] Astel 1E
A Apolel] e o] itk A7F BarE an glrk
(Adamczak %5 2003; Huang 5 2003). 2843AE oY
Ao & 3 Adamczak 5 (2003) 2] A tollM e 8 gSkR;

e i o e

o] 7 ohr] el o] Frt Agadele] vjsl fo]Hg oz vt
kL, A} ofr] LYY 5

H sk whd A e tie® $F Yang 5 (2002)>
deta E3 ofxw#e] TS Bk ulx] Eaklct.
At M= I olr] e v} Itatolo] )8t At
A& QIGleH, o) A2 A A 77sE 20Th
oftadoln] et gl PF ofr]xvdl w7 B A
off A7 Wil AS R AlE ) ek A
FYREE T Y 3 g o x
o)t S HolA] ok Au} oA B
FHxEHE W g9 557
200) Z1F Aol
S-S o= ol xvlvl} i 4l FF chelesterol
ko] &9 AAAS ® 13 Yamauchi 5(2001) ¥
Kumada 5 (2003)¢] A3}e} 2jo]& Kol Z 02 Algd
th A7E AA1A, FAEQ Malr) AL kg w AV,
53] giato] AlAl|lz2] 9] 7152 20u)e) Hdj e 7]s-S %
3eb, 71 & AA3] 7150l EsHA "tk (Koo 5 2011).
o] H AT U= A7 20U 2 i, 1, A"
A 5 g Egke] wyo] wig- vtow dgwl I3
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