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Abstract

The purpose of this study was to investigate the relationships among serum adiponectin, leptin and vitamin D
concentrations and the metabolic syndrome in Korean farmers. 105 (26 males, 79 females) farmers (39~78 years,
mean age 59.4+9.6 years) in Gangwon - area were included in this study. Anthropometric measurements and
biochemical blood analysis of subjects were carried out. The prevalence of obesity, abdominal obesity,
hypertension, diabetes, hypertriglyceridemia, hypercholesterolemia and hyper LDL-cholesterolemia, metabolic
syndrome were 51.9%, 65.7%, 49.5%, 15.3%, 17.3%, 13.5%, 11.5% and 40.9%, respectively. Serum adiponectin
and leptin levels (8.90 pg/ml and 12.6 ng/ml) of females were significantly higher than those (6.49 pg/ml and 4.88
ng/ml) of males. But there was no significant difference in 25(OH)vitamin D concentration between males (15.4
ng/ml) and females (16.9 ng/ml). In the subjects with metabolic syndrome, the adiponectin levels were significantly
lower and leptin levels were significantly higher than those of the subjects without metabolic syndrome. Serum
adiponectin level had positive correlations with HDL-cholesterol level (r=0.325, p <0.001), but showed negative
correlations with triglyceride and fasting blood glucose concentrations, body weight and waist/hip circumference
ratio (r=-0.202 ~—0.317, p <0.05). Serum leptin and 25(OH)vitamin D concentrations were positively correlated
with body fat (kg, %) and BMI, waist and hip circumferences (r=0.244 ~0.682, p <0.001). The results of this
study suggested that adiponectin and leptin levels could be credible indices to predict chronic diseases in farmers.
However, further research on vitamin D should be carried out considering another factors. (Korean J Community
Nutr 19(1) : 12~26, 2014)
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weE 7S o] 851 A ¥4 (Body surface area; BSA),
A A=A 4= (Body mass index; BMI) 18] 1L A X W=
(Fat—free mass; FFM) & U3} 2o] Akt

«Body surface area(BSA) = [Weight(kg)]"*% x
[Height (cm) 1% x 0.007184 (DuBois & DuBois 1916)

« Body mass index (BMI) = Weight (kg)/Height (m)?
= Weight (kg)
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Table 1. The distribution of subjects by the gender and by the age group
Age gioup (years) Male Female Total 2~value
(n=26¢) (n=79 (n=1095)
30 - 49 8( 30.8)" 13( 16.5) 21 ( 20.0)
50 - 64 11 ( 42.3) 37 ( 46.8) 48 ( 45.7) 2.638 (0.267)
65— 7( 26.9) 29 ( 36.7) 36 ( 34.3)
Mean Age (years) 56.8 + 10.8% 60.3 £ 9.0 504 + 9.6
1) N (%)
2) Mean = SD
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1. PO ARl QA EN

B A= g 267 (24.8%) 7 934 7978 (75.2%), &
1O5uﬂ_'~l ;H/\l-gfr_ »g}oﬂ ou% oﬂ:[L pﬂ/x]—x].g] /Htﬁ UJ oiaotg
O] s Aol lSlth AP EE 50~644] 2
654 o1ke] A7} 22t 487 (45.7%) 2} 368 (34,3%)
2 A gkl 80%7F 504 ool det, B, It o
2Fe] Hat A H 217} 56.8 A9k 60.3 Alglem, A
of W& F-2l 5k xJo]E Holx] ¢ktt)(Table 1).

ATk AAAS A= Table 29 2ok i
2k A A% T3 AEaEe @A (168.0 cm, 70.9
kg9t 1.80 m?) o] ©JA) (154.4 cm, 60.5 kg2} 1.58 m?)
B} {25 52 gks eI A= (kg) 7 214
WHE (%) 9IA (22.0 kg# 36.0%)©] 'FA (18.3 kg
25.3%) BT}t 52031 ok AR ek (kg) ¥ 57 (%)
2279 (52.6 kg@} 35.8%)°] 343 (38.5 kg 26.2%) K.
o} ol ket slelEel s} s1e] - Yol Bl vlEkE
Aol ZF2F 90.0 ecm$t 0.90% 234 2] 86.0 cm} 0.87H.
o} -2 5H A YeRstth 3, 57] "9ty ol 8
2 bl frost 2folE HolA] okottt.
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Table 2. Anthropometric measurements of subjects by the gender

Male Female

(n = 26) n=79
Age (years) 568 + 108" 603 *+ 9.0
Height (cm) 1680 = 7.0 1544 =+ 57%**
Body weight (kg) 709 £ 121 605 =+ 8. ]%*x
Body Surface Area (m?) 1.80 £ 0.17 1.68 £ O.171%**
Body Mass Index (kg/m?) 250 + 3.3 254 £ 30
Obesity Index (%) 1161 £ 148 1169 = 14.1
Body fat (kg) 183 £ 65 220 + b5.4%+
Body fat (%)? 2563 + 57 360 + 5.3%*x
Fat free mass (kg) 526 = 7.7 38.5 £ 4.3%x
Waist circumference (cm) 900 = 9.2 86.0 *+ 8.4*
Hip cicumference (cm) 995 £ 6.9 98.7 + 5.9
Waist/Hip ratio 090 £ 0.05 0.87 £ 0.06**
I\/I(i()jr::;rm circumference 205 + 2.7 87 + 27
Triceps skin fold (mm) 127 £ 59 27.3 L 6.2%*x*
Muscle (kg)? 253 * 60 15,8 £ 2.Q%kx*
Muscle (%)* 358 = 65 262 £ 4.0%*x
S‘(’rs:]fi‘;g'}o"d PISSSUS 1098 + 1901 1251 =+ 162
D(igf;rg:i_lz )Blood Pressure 826 +11.1 795 + 99
1) Mean = SD

2) Body fat (%) measured by Inbody 720
3) Muscle (kg) calculated by Heymsfield's formular

4) Muscle (%) =
* p <0.05 **: p<0.0],

between male and female by f-test

Table 3. Fasting blood glucose levels and blood lipid profiles of subjects by the gender

[Muscle (kg)/Body weight (kg)] x 100
***: p < 0.001 Significantly different

Male Female Total

Fasting glucose (mg/dl) 100.4 + 27.0" 92.1 =+ 34.6 93.8 £ 33.2
Triglyceride (mg/dl) 171.6 £ 90.8 122.1 =+ 66.9* 1340 £ 759
Total cholesterol (mg/dl) 200.3 =+ 359 199.4 + 43.7 199.6 £ 41.8
HDL-cholesterol (mg/dl) 491 £ 126 532 £ 129 522 £ 129
LDL-cholesterol (mg/dl) 1169 £ 352 121.8 £ 374 1206 + 36.8
LDL-C/HDL-C ratfio 2.55 £ 1.06 237 £ 08 242 £ 0.87
Atherogenic index? 3.35 £ 1.43 2.87 + 093 299 + 1.08
1) Mean = SD

2) Atherogenic index = (Tofal cholesterol — HDL cholesterol) / HDL cholesterol
* p < 0.05 Significantly different between male and female by t-test
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SAA FE= 171.6 mg/dlE 9344 (122.1 mg/dD) | H] 199.6 mg/dlo]%t}. LDL—Zd| A HE/HDL-Zd 2 H=
3 F2JskA =3k, o] A= (Triglyceride < 150 2] Hli= 2.420]3) 01, FUASIA|FE AHE3E A3} 2.999]
mg/dD) Bt} H& FX|Qh $h, SRS ALE B ws YERSITH

TA= Y 2ol 1]k xfolE Kol ekttt AA i oAkl A3 ol dE | slel Ul 25 (OH) vitamin D2
ALe] FEHAl > 93.8 mg/dIfla, T FUAEE 5 FEE AFREW (Table 4), 949 EF ot xvd 55

Table 4. Serum adiponectin, leptin and 25(OH)vitamin D concentrations of subjects by the gender

Male Female Total
Adiponectin (ug/ml) 6.49 + 3.01" 8.90 + 3.68** 8.32 + 3.66
Leptin (ng/ml) 4,88 = 4.03 12.55 £ 8.60%** 10.65 + 8.39
Leptin/adiponectin ratio 0.92 + 0.74 1.71 £ 1.84%* 1.52 + 1.67
25(OH)vitamin D (ng/ml) 154 £ 5.3 169 £70 16.6 + 6.7

1) Mean £ SD
**: p < 0.01, #** p < 0.001 Significantly different between male and female by t-test

Table 5. Prevalence of chronic diseases in the subjects

Variables Criteria of classification Male Female Total x*value

Underweight BMI< 185 0( 00 0O( 00 O( 00

Normal weight 18.5 < BMI <23 9(34.6) 15(19.2) 24(23.1) »?=2.684
?::g/mzl Overweight 23 <BMI<25 5(19.2) 21(269) 26( 250 p=0261

Obesity 25 < BMI 12( 46.2) 42( 53.9) 54( 51.9)

Total 26(100.0) 78 (100.0) 104 (100.0)
o Normnal E’;‘fal‘g’oﬁgg 9<080 18(677) 21066 36043 ..
g%’mference Abdominal obesity E/:r"r‘fc;lvevﬂ';;izsfgso (423 580734 6957 P 000

Total 26(100.0) 79 (100.0) 105 (100.0)

Normal DBP < 80 and SBP < 120 5(19.2) 16(203) 21(200 ,
Blood pressure  Prehypertension 80<DBP <900r120<SBP < 140  9( 34.6) 23( 29.1) 32( 30.H) )é =_ gg:g
(MmmHg) Hyperfension DBP > 90 or SBP > 140 12( 46.2) 40( 50.6) 52( 49.5)

Total 26(100.0) 79 (100.0) 105 (100.0)

Normnal Fasting glucose < 100 10( 50.0) 64( 82.1) 74( 75.5) .
Fasting glucose  Impaired glucose tolerance 100 < Fasting glucose < 126 5(260 4( 51) 9( 92 )é;(;%gg
(mgyd) Diabetes mellitus 126 < Fasting glucose 5( 250 10(128) 15(15.3)

Total 20(100.0) 78(100.0) 98(100.0)

Normal Triglyceride < 150 12(48.0) 56( 70.9) 68( 654)
Triglycerides Borderline high friglycerides 150 < Triglyceride < 200 5(20.0 13( 165 18( 17.3) é:ggggl
(Mg/dl) Hypertiglyceridernia 200 < Triglyceride 8( 3200 10(127) 18( 17.3)

Total 25(100.0) 79 (100.0) 104 (100.0)

Normnall Cholesterol < 200 12( 48.0) 40( 50.6) 52( 50.0) ,
Cholesterol Borderline high cholesterol 200 < Cholesterol < 240 11(440) 27( 34.2) 38( 36.5) )é:(;52353?
(mgy/di) Hypercholesterolemia 240 < Cholesterol 2( 80) 12(152) 14( 13.5)

Total 25(100.0) 79 (100.0) 104 (100.0)

Normal LDL-Cholesterol < 130 16( 64.0) 45( 60.0) 61 ( 58.7) .
LDL-Cholesterol ~ Borderline high LDL cholesterol 130 < LDL-Cholesterol < 160 6(24.0 25( 31.7) 31( 29.8) );(3:87522
(mgyd) Hyper LDL cholesterolemia 160 < LDL-Cholesterol 3(1200 9(11.4) 11(11.5

Total 25(100.0) 79(100.0) 104 (100.0)

‘ Normal Risk factor < 3 15( 57.7) 47(59.5) 62( 59.1) 42=0026

'\ﬁgaﬂi Metabolic syndiome Risk factor > 3 11(42.3) 32(405) 43(4 0.9) P =087

Total 26 (100.0) 79(100.0) 105 (100.0)

1N (%)
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w, 8% el % 3 4.88 pg/mlZ 2349°] 12.6 ug/ml
R} foskA Wkt kA, 25 (0H) vitamin D] 5+
W 22}t 15.4 ng/mlst 16.9 ng/mlz Aol wh §-2)3k
2to]E Hol| kgt

H|9h 130, G, o XA E T, e T 2
Ak wH A8k 5852 Table 50l eIt WH
oA AT oprot—efH e x]e12] BMI 7|F % H|WE
5 A Al AAFS oy, BAls vlE2 3y 42t
19.2%2} 26.9%3.2H, BIto] 247} 46.2%2}F 53.9% %
el AA) tiidzke] 76.9%7F #A1E o) do| i), s 5
2= E ol g3sto] etk Al A A 65.7% (FAF
42.3%, 17} 73.4%) 7} JFn9ke] ajgstict. W 22t
46.2%%} 50.6 %= 1.83tel| sF=E R on, 1 et AetAl
o} IS e vl wHAdol 80.8%, ©14d0] 79.7%=
F TS Bolvk WA AldRte] 50%7F aE
295 £ 1Y AHEET AT dld S dck 3
OA 9 2k 71 5714 35 7] 37F4] o) el @]
= gPdRbe] RS AR Ay g 72 42.3% (11
) ¢} 40.5% (32%) = ZAIE O] WA Ak T 439
(40.9%)°] rEFroz Akegiet, v sk G185

o] st Ao whE Aol HRENE Y FREES V)
O 2 SIS wellvt folgt 2ol & Kt

o H

A

4 GNFEE oR0| BE BEA BY, BENY 2 N

=
B Y IR

A5t ool uhE A gkl 254 dd, 9%

Are - 2357 - HAS - 22A - 17
A 9 A $17 ARt Wist A& Table 60 e
Ak TEA] 2 H B2 ok 15 (115.9 mg/
dig} 102.2 mg/dD) o] 7 (84.8 mg/dig} 85.1 mg/dl)
B} folebA Egkom, SAAY % ek 4 (114.4
mg/di¢} 107.5 mg/dD) Bt} A3 18 (244.4 mg/
dl9} 143.6 mg/dD oA f+elskAl =9ttt v, HDL—&
AREIE T Y B 4205 (53.6 mg/dig} 57.7 mg/
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indext B4 EFolA A 115 (4.039) 3.22)9]
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A of fof] whE obr)zvdl, 19l 4l 25(0H)
vitamin D &%+ Table 72} 2t} @9 ¢, il
T 1559 o] EdEl FE (5,13 ng/mh+ G (7.56 ng/
mD) Xl e Wekon, el Fes ui St 15
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Table 6. Comparison of fasting blood glucose concentrations and lipid profiles in subjects with and without metabolic syndrome

Male Female
(n=26) n=79)
MS ()" MS (+)? MS (-) MS (+)
n=15 n=11) (n=47) (n=232
Fasting glucose (mg/dl) 848 + 1029 115.9 £ 29.9%* 85.1 =+ 29.4 102.2 £ 39.3%
Triglyceride (mg/dl) 1144 £ 41.7 244.4 £ 844+ 107.5 £ 62.2 143.6 + 68.8*'
Total cholesterol (mg/dl) 195.1 =+ 324 2068 + 405 204.3 + 351 192.3 =+ 53.7
HDL-cholesterol (mg/dl) 53.6 + 137 433 + 85* 57.7 £11.6 46.6 £ 12.0%**
LDL-cholesterol (mg/dl) 118.6 =+ 28.1 114.7 £ 440 125.1 =+ 31.8 117.0 £ 44.6
LDL-C/HDL-C ratio 235+ 0.86 282+ 127 224+ 072 257 £ 0.87
Atherogenic index 282+ 1.05 403 £ 1.61* 264 £ 083 3.22 £ 0.96**

1) MS (-): without metabolic syndrome
2) MS(+): with metabolic syndrome
3) Mean = SD

* p <0.05 *: p<0.01, *** p<0.001 Significantly different between MS (-) and MS (+) by f-test
111 p < 0.001 Significantly different between male and female by f-test
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Table 7. Comparison of serum adiponectin, leptin and 25(OH)vitamin D concentrations in subjects with and without metabolic

syndrome
Male Female
MS ()" MS (+)? MS (=) MS (+)
Adiponectin (ug/ml) 7.56 + 3.23% 513 £ 2.12% 9.64 + 3,847 7.81 £ 3.7
Leptin (ng/ml) 328 £ 1.43 7.06 £ 5.36* 10.8 £ 6.4 15.1 + 10.6*"
Leptin/adiponectin ratio 0.61 = 0.56 1.41 £ 0.73** 1.28 £ 0.87™ 234 £ 258%*
25(OH)vitamin D (ng/ml) 164 + 45 141 £ 62 158 =+ 6.8 185 = 7.1

1) MS (-): without metabolic syndrome

2) MS (+): with metabolic syndrome

3) Mean = SD

* p < 0.05 **: p<0.01 Significantly different between MS (-) and MS (+) by t-fest

T: p <0.05, tt: p <0.01, ttf: p < 0.001 Significantly different between male and female by f-test

Table 8. Pearson's correlation coefficients of serum adiponectin, leptin, leptin fo adiponectin rafio and serum 25(OH)vitomin D
concentration with study variables

Variables Adiponectin Leptin Leptin/adiponectin ratio 25(OH)vitamin D
Age 0.189" 0.042 -0.084 0.015
Height —-0.253** —(0.389xk* -0.211* 0.070
Body weight -0.247* 0.179 0.290%* 0.246*
Bodly fat (kg) -0.014 0.682%* 0.624 %% 0.363%#*
Bodly fat (%) 0.180 0.727 k% 0.55Qk* 0.269**
Body Mass Index -0.101 0.590#* 0.578%k* 0.277*%*
Waist -0.185 0.407 #* 0.370Qk* 0.244%
Hip -0.096 0.490** 0.41 8% 0.347%%%*
Waist/Hip ratio -0.202* 0.156 0.181 0.044
Systolic Blood Pressure -0.013 -0.149 -0.107 -0.076
Diastolic Blood Pressure -0.012 -0.101 -0.089 -0.031
Fasting glucose -0.254* 0.114 0.356%** 0.095
Triglyceride -0.317** 0.051 0.113 0.078
Total cholesterol 0.120 -0.022 0.090 -0.015
HDL-cholesteral 0.325%#* 0.064 —-0.046 -0.110
LDL-cholesterol 0.024 -0.028 -0.010 0.097
Atherogenic index -0.080 -0.012 0.047 0.109
Adiponectin 1.00 0.062 —0.323%** -0.78
Leptin 0.062 1.00 0.81 4%k 0.203*
Leptin/adiponectin ratio —0.323%** 0.814%x* 1.00 0.159
25-OH-Vitamin D -0.78 0.203* 0.159 1.00

1) Pearson’s correlation coefficient (r)
* p<0.05 **: p<0.01, *** p<0.001 Significantly corelated

W A E HEEHe APAIE EAEk] Table 8ol 2l AAZFAF (r = 0.590), slglEd (r = 0.401) 9 Yol
Alsteler. tidake] ot 24|l 5= HDL-ZEAEE =8 (r = 0.490) 9be 2 o AAvAE vehidit
]

FE(r = 0.325) 8} fFelst ko] A (p < 0.00D)S B (p <0.001).

A0k A% (r = —0.253), AF (= ~0.247), 3124 SAL/o}r T wl g} AN, AXRE, ALLAS
JolEdn] (r = —0.202), 35A] 84 = —0.254) 9 tr = 0.559~0.624°04, A%, s2l=d], P04 2
FHAY FE (= ~0.317)9K FO13H S0 4TS B FEA ADE 1 = 0.356~0.418014 F2I3 ko] 4
O

At (p < 0.05). 2 B (p <0.01). T3 25(0H) vitamin D 5%+ A
g2k FE o= ARGER} 7Y =2 k] A = (@ =0.246), ARNYLHFEE =0.363), AAYE( =
(r=0.727,p <0.001)& B3 o A= (r = 0.682), 0.269), AAFEAG (r = 0.277), 3= (r = 0.244) ¥



dolEd (r = 0.347) &} oI k] A E ek
AtH(p < 0.05).

/o | ¥E2 o E9E (r = —0.323) 3 =
o] 4 (p < 0.00D)& BRI R, 19 (r = 0.814) %=
& 4 d (p<0.00D)E Bdvk T=F fgdd 25
(OH)vitamin D &1 2] 8 k] A (r = 0.203,
p <0.05)F HERHSITH

=4
Alate] gk 3} =,
Ae] 9138 g ofr] v, el 2l
2re] AddE Bl eH, A o1 (MS (),
MS (=)ol W 35
£ vl Bk},

B AT R A 59.4412 504 o)/l s
Foh= vlEo] AA kel 80%E A8k Al%laL, A
AATAAL 1057 78] 75.2%7F ool Tk, & Q1

kil
(e}

N

03.’, rlr
Mo

= 5ol S ko7 A AZ Yo
Y ul

R
Q, \lA]

o H

s}
=

oFe) U], 91 W H]ER D e

7o) &% Ag-S WS Leeo] AT (2007)9] w2 3
A EEL] 654 o = ATl o] ApAsh= HlE
o] A RT} =0 oo F ¢ A& ofX] pEZo| Wolz A

Y= odshuk Qlo], B Ao dRte] AERF oA g2t
2} 5Rle] /IF-5A o] WidH A o= AztE

571e] 6541 o) QIFHIEE 20019= 24.4%R 21t
2012°l= 35.6%% A4 © S7hskar 3tk (Korean
National Statistical Office 2012a). 2% <17 H]&o] =
& EEAYL 504 ol FHIE tdo® gk A7 (Choe &
2004; Lee s 2008) Aol mp=r, A7o] F71eka= 1
e, AAE, FEUAEE, S9N B A S A
ﬂl ASA el AAskers] g7t FahA] Zgh Aldo] Wold

BHusigich o] A § e AlAlxd W AstehA A%
1o JEE o, FAY AVE SEd] alelehs
Ale] 544 wegh A v 5719 A s I+
71ofl Blell AAEE] skl =T Wb AAYES
Ol wksro] gt QIok(Lim & Yoon 1995).
AT AR AAASA W AR daE 2 AT
tdatel AR ARSe o R SEACIA AAE A
T4} (Lee & Woo 2002, B9 56.44], #9343 55.94)) <}
v wato] B, b A-REAT= W 242 25.0 kg/m?*9}
25.4 kg/m*Z, TEA 95 (G4 24.5 kg/m?, oI 24.6
kg/m?) ] MI3}o] Thas 3£& WOl o, wRlARY YAl
(Ministry of Health and Welfare 2011) %] 50~594]

o Ay off 1l nJI

M - 3E - HAs - A2A - 19
W Hitgk(24.0 kg/m?, 24.2 kg/m?) BUbE EQkt) &=
& A A F 51.9%7F A ARA7]1TF (World Health
Organization 1998) oAl AAISl= oFAlolele] st vigt
3 7]5 (BMI > 25.0 kg/m?) ol sidsi3ict. 18] - 99
olEdH] 9 H BF 5 95 T4 TS (3
0.88, 93144 0.85)°l Bl&] =& =00}, 9t ek | =
T FEAl $9F (24 121.9/81.3 mmHg, o34 121.7/
80.1 mmHg) ¥ =wlA7}d k%A Ministry of Health
and Welfare 2011)2] 50~59A4] A1 (44 124.0/82.1
mmHg, %48 119.9/77.3 mmHg) ]l H]8l & A o7 1
Efgteh. o AAME RS AR, FEA] I, SR
1 F ZHAEHE va B A TRA Td5(96.1
mg/dl, 133.7 mg/dl ¢ 199.2 mg/d) ¥} oL}, o34
S FEA T35 (94.5 mg/dl, 150.8 mg/dig} 220.8

mg/dl) el B]3l Tt

o)A g vHIF S A ] R EE I AAASH 9
RS eZof AZFal= E9]0lo] Ao AFE= &
AAFZoll vl3l =qket. EEgh 2 AT ch ARl wdel )

o AL, FRAPGe) ¥ ol ADF Bl FHES
sl A, Wete] A9 3 Akl PSR wse] 20%
2 vk gkor], Wol 9] YA, ZelelE 4 LDL-
FUEE B PPFAE R
34.6%~50.0%% o= IR1T 3E

AEFEE ARsH T 20 2A A ISR
W 919 gAR, IS T W, G, EPA

S| wpg o] wys] A WAL, ol A% e
BEg Avne 28 HUelA Y B A Wy 93t

Tste] o7k vk & = ik

AT AR FHR1e EF ol xR s e W
6.49 pg/mlig} o4 8.90 pg/ml= YR o™ wdel nls
oJdo] freJabAl =8k=d, olelgt Aol W Aol 4%
2o oJgt ko e o el Wy A+ A¥} (Arita &
1999; Zoccali 5 2002; Cnop & 2003) &} d=|3tc}, =
Nishizawa & (2002) P/dE 221 k== 7l0] O}E]4
e s =5 daAXIvka Bausiglon, HAEAHE
Sholr] VY 520 7hAe} o] l&o] Xty vl qlrk
(Tsou 5 2004).

SHE, 2 AT A C5gR1e] ofxvd F5)E 4dQ)
ooz 8k I 9 g Ad3A e} vws] 2, Yoon S
(2008)0] ARt 24~87A|2] A1 (&4 7.20 pg/mig}
/3 10.8 pg/mbell vlate] stok=t, o]i= 2 A5 tid=te]
Hd®go] 59.44Z Yoon 5 (2008) 8] tldA} (<=
45.84) Kot argdo|glom, AR, slelEe, 18l

rI mlo



20 - Qe EF o2, =l Bl wjell D

S o A Bgh 8 5498 B] wiiselet Azt
k. v, Yoo 5 (2012)0] ZAFsE 30~59A4] 431439
o}t Ul 1= (43,441, 4.40 pg/ml) el HlaiM= =%k
o343 (44.3A], 8.60 ug/ml) I+= v XS], &
T WdAR= Yoo 5 (2012) 2] tidAtel nls) Bt g2
o]-oq. ﬂ];da]:x]/\ o] gz Z/\—];(] lr_cl— kolo L—ET
$AelA o & 2folE Bl

oft] ZHel s} MAAS L Asteh4] A x el
35 ZAFE 0] 9 @?éﬂrfﬂl ofahH, oft] EHE 2 A%
AL, AAFAT, 3L, T84 2 I 5
o) 5142 A, HDL-Zelogop o) A
7Hde] Btk (Kim 5 2004; Lee 5 2007; Yoon &
2008; Yoo ‘& 2012). 55t A%} 3 AApgako] S}
37] o] o] 71845 ob] Tajel e Paiths 4
3HRyo 2004)7F AT, A 2 AALAFE B
3lo] o1& 3} o} el o] AbAd S /\l—‘qi A3} o) W=
Zhell Zde] glss st A% SIStk (Arita & 1999;
Ryan & 2003). wepr &2 A+ 1'/HMZ]'Qr o] AFEoNA
o] tdARRE o] TR O] 5 20] xfol= whes] A” 9] 2h
o] iAeh ¢ glom, ojt] xHld ‘gzl PIRS vk
de AT R, A=A, AAEE 9 dﬂa—ﬂﬂ e
AgpetA i (A FE, d5 ALFE 5) ol tisii = 1
23] Koo & Zlo]t},

OFT] FUE] 2 A Aol ] W= S 20 R HIRE A
dF o TRl T gARlel nlste] S A E Hel
t} (Motoshima % 2002; Bruun 5 2003). ©]%12] a1+
= AT % ADGH| G0} ofr] el Afo]e]] Aol 50 A

TJ

i

_EL
o

}

O>
o o

10

i=]

ﬂJO

I

_>i

e Bl ot (Kim 5 2013), B oA ofr]x
ey} Az 9 AQZER G 7ol FAIER] 2] s
A 4 glom ot So] Aol FIgNks B 4 9l
At o] & AT tldAF 771 105 o2 kA Al
& B3l =550 dldAtel vjsle] A2 42917] Wt o2 A}
A=

st ofr] RS 15 Yl ghell x| o) o] &3} A4t
A TMA TR oE el IS SRt
dH A 3o (Weyer 5 2001; Yamauchi 5 2002;
Krakoff 5 2003; Yoon & 2008), Ryu & (2005)< 91
“® A3A % E2 Homeostasis model assessment
for insulin resistance (HOMA—IR)7} &% o] L El 3}
=2 S TS BAS AR ol xRl P gle]
A HolFith AR ot 2 vE w57t 575
7 fEE0] Wolx|Y (Lindsay % 2002), @9 3k}
74 77dRle nia) of] el F=rt Wtk BaE vp

1o oft i u

St} (Choi & Chang 2010). ¥ Ao += <l #|gt
of thall ZAFeHA] oo B 2 Qladl A} ofr]ze
o] TGS AHE 4= gl oL, ot X dE F et

o 1% of 1% oo('
o M g M ooX

A FYHY] £ B L BATOEH e o) E
A 29 Facy AT U Belo] 98 4 9SS

=
hd, 2 A7 W2 ol xYld sk nEt 9 Al
I3 A o] Qlea HoFal Atk (Yamauchi &
2001; Mallamaci 5 2002; Iwashima & 2004; Ohashi
2006). 85 ol xdldl wol FF A @7 JHd s =
AsE o] 9] A5 (Kim 5 2004; Lee 5 2007)f wp=
W olrjx gl e = ZA A= 2-0) AbA] g’ HDL—-Z4)
2EEI S o S Bl 2 Aol B3k HDL -
FYAHE 7P sk ok AT (r = 0.325) & B3OS
W AR 59 A S Bof ot TR FAA)
W9l HDL -2 el &1 gl st ok A4 7t
£ seilnt. 2o ot Tve s Ik 2%t
=8 WS Zethe o] A4 #(Adamezak &
2003) 9k= 2] 2 AT Aoz o5 7he] S i
A el ol & 04? odAke] oF 28%7}F 18t

| ox mlo

A8 M B8 sk Qo o7 Q3| gt 527t =
A7) whitolet Azt o) xeAl, HlElRA, 2
A 723 A QBN HBkE A A 5o T Y oAl

Ao A 8] i 9 A wllE X, w7 28 oA, E
T R QRN T A A 9] 7o ks v
Fo A0 2 dHA 9t (Hong & Koh 1992).
oA F ol ZURl ¥} A& Kol ek, 1St ud
ol W o IHHALT T2 tAte) oz QlE| My
o]0 S o)Fo] Yehhs A4S dakeSrolt st
o= A 28 dxt, 1A EF 2 A eke] vt
o 2 dhdE 7heAde] v (MceNeill & 2005; Vanna—
methee % 2005; Hwang 5 2009). @A) ojt] 1>
AT e 8 QQ1S st T3t X 2R
H71E 31 1o (Koh 5 2010), Choi 5 (2004)2 604
ode] wols 3dzt FA A & A}, oft| e Fv)
o ol Blste] whE- oA tiaket A Q1) 2.7
v 7V S71eks Hagko w4 oft|arvldo] ikt it
ol m A= S S| SI3iTh 2 Al = At
S5 ool WE ot xYE v W Bt S
o] TREE oA FoEHAl WS E9l & 4 it
3hE, T3] dF FE s @A 4.88 ng/mlig} o
d 12.6 ng/mle.E @/l vlal] oA AKX frelebAl =%
o}, ot dlRl ) mpx7 R 2 f)1 ] A el mhE 2jo] oA

_‘

=



Az E o] ot ko & (Nagy 5 1997), S3AdellM F=2
%;(H»g]_% A sEE| oﬂ/\Eg]_qgo eﬂE]J,} okJ ArA]
S 7Ho A I EEE 7ML B vk glk
(Paolisso 5 1998).

B o5 thakake] 318l 553= Shim % (2006)°] X113
By A3 57.2419 Al 28 F 234 4.82 ng/ml

9} o343 11.9 ng/ml) 9} vl5zst FX91=], o= E5 HE
Fofl JEFs T AR Z e AEEA T T AT
tdAtel A Bl52stel7] wiizelet A3zt et

e v A skae] Ao Qlof vlgiRlelA St of

EuE v= wifo] S B2tk (Considine 5 1996).
Hlgklef A 2] 18l Z7h= AR 2] Hest F2 0% <l
o 19l Wizdo] g o wx b= AaE delA 9l
t} (Fasshauer & Paschke 2003). 53] 3l -gkof 9
= WA= AR A Ao AR 9] ofo] 7HE 2
A4 ot (Ruige 5 1999). 20~40tf AdelodAdS- thiat
©7 3 Kim 5 (2003) 2] A-olA WA w2 gl gjs)

A A BT sA VR 8RR (BMI 2 25 kg/m*)©]
Fool vl8l @5 el 27t =4 JER e, Ale
B3t LA T S7hs d5 9E 550 S0 o

]E_JE 2| A H)ek Ui] OJ
7} Ay g%
s

f E—ﬂlf/]_ L(-):
% Age = v (Oh &

Hols Q(‘dz} T %%EP olelox el T Y=,
FdolEd 9 37l - JPolEunlel H& k) dHde
HAE, ol Felo] AdFA T, sg)Ee, dPolEd Y
ER2 5o v WeEa) =2 oF] e v
U 33 Kim 5 (2002) 9] o172 ze} A8}, gk
AZGA G2 FEA T 2 ATk 2ol BMI > 25
Q) thakA(H 49 39.1 + 5.84)) 9] EF o]z Elz}

ML - €38 - FHAS - A2A - 21
el Fe= 247t 2.1 ug/ml 6.3 ng/mlz 2 A9
F 5 (B2 6.49 ug/ml, 4.88 ng/ml) Bt} ofr] el

FEE T S 99 s EE o E30H(Heo § 2009).

N

O -1

2 Aol v TS ENERE ko] Aldtel wel of
e e fefsiAl wal e 719 }74] e 2 o}
o, o5 LEe] eHd, T Bl s =
=31, HDL—ZYAH S-S whe A3} gedxjo] & ) uwg
g 57 opr | Bl lEls o] dg= v
Zoleh Ay, B3, 2 04?01]*1 *éol o}/l ulsl of

Yz 8 F2)= Weron) w2l st
off W& freJgt 2fo) 7} gll=tl, ]"C— 3o it 7t
#9)7] wjio]e} A7k},

QoA A Fol, oA tiikE: 8ol 9lo] ofra
ey} el e vkt o] #8485l Lee & Kim(2011)&
oft] x|l ¥} sleIzke] f-o8h 5-2] A& Halskglo
L, 2 AgrellA ol xRl w) 19 - 5 =270 fo) st #
A3 slolch

obr]ulEl ) AEI S Ak kO 2 AR e] A%
S0 A=) wol], H 2R A A ot 2Rl
8l Zt7he] A7 we] vlsl] el /o] 2dRl o) vl (ratio)
7FHIRE, QlEH A W trSFrE oS5ehe o 2
A EJS AQFsIth(Satoh 5 2004; Oda & 2008;
Zhuo 5 2009). ¥H, Mojiminiyi 5 (2007)-2 o}t]3 4]
g, siel 9 jel /ol 2RI &) 1] 8] A7EA] 2|3 5 oft] 3k
delo] R SHlo]iE lsl=d| 71y =& gk
gEde 7}11‘:}-1—1 Hsick & ‘?i?"ﬂ’ﬂ E“E]/O}‘:]i‘i]

Aol vl SRS b 2 2l

9.8 15T, 1o} 18/Ek TR 9} oA
T A Eohe] IS AR A ] S AT

7H Aol 71 A= gy ofr]azdel 9l 19 o] A
TR O WAL = AR S Bl mebA of
t]ardlel 9l Sielof vls) | /obr] 3 dlRl o] B]7} Ak
e oISk A EEA TS AEEA]of sl o B A
7} 9ko & o]Fo] Zo} & Zlojt},

%919l 8% 25 (0H)vitamin D 7= A Aot
16.6 ng/mi¥ 2™ B (15.4 ng/ml) 3} 234 (16.9 ng/ml)
2ol fre]gt 2foli= §iiet. BIER] Di= #F2)Al-& Rto} )34

ol A /= 7] wiell A2 3t dhdsto] Ao gk
< WA Aok AEEE F H e (BA® 68.74) <
25 (OH) vitamin D 752 823 Lee 5 (1994) 8] AT
of oJabu 3€ell AR 25 (0OH) vitamin D&% (17.3 ng/



22 - e EF o2, =l gl wjell D

mD = 992] 574k (28.5 ng/mDell val Skt o] g
A= AGoel ZARZ 7 AR 2 AT A9 (16.6 ng/
ml) &} 1|53k o))

E AT F o] H]1912] 8% 25 (0OH) vitamin D
F5(18.5 ng/mD+ A7 A A #7go34d (Lim 2005)
(31.0 ng/mD Xt} S¥ieh, e w7 A5 oAl I3
25(0H) vitamin D =5 B]13 Kim & (2012)of] w2
W #7034 (20.20 ng/ml)o] #7 A o341 (17.16 ng/
mDX 84 25(0H) vitamin D 0] F2sHA &3k2.
v HER D A (8% 25(0H)vitamin D < 12 mg/ml)
HE&-2 w7 F 949 (14.4%)°] #7 A o3/ (22.5%) Xtk
sttt wheba] 2 AFeA oA wHAL v dF
25(0OH)vitamin D %%+ EF A& ool v]sto] uj$- o]
#1219l Avtz g% o)o} By 4 1) A s,

g% 25(0H)vitamin D § 55 0]431] BIEP] D 9%
ZHIE ddshs 7] oFd F2A1AQ1 &7t o] Fo A A
Eogron, dwd o7 10 ng/ml v|vHS- A% A3, 10~
20 ng/mlE 43, 21~29 ng/mlE 4thd =5, 30 ng/ml
ole T AR st v (Kim & Kang 2012;
Park 2013). o]2]st 7]l w2 & A-uidate] 2
25 (OH)vitamin D §%3= 23 (20 ng/ml ©]&h) of| g3t
© vl&o] 79.1%= vil-¢- =94tk vlER] D A2 vhekst
T Achol| A 38 18-S Boj A7 AREAZ Sy
3 3l (Holick 2007), 53] $-2lvehi= vjell D 23
o] A3 7} F stz Bad vl vk (Lips 5 2006;
Park & Kim 2013).

Lu 5(2009)2 50~704 5= AddoA Tid 5
25 (OH)vitamin D= tAFsF B A5 919 eel
9] S7ks}h #AAEH, 53] vl 9 HAlFTo] F AlF
ol vlal] Qe A&7 "% 25 (0OH) vitamin D]
Aol =55 Rkt B3k sl 3dAdR1E U o = st
Kim 5 (2010)of] wt=w 77d=rtol] Hlste] thrlsFellx
25(0H) vitamin D $%7F S@3kom vke 25 (OH) vitamin
D s5v dpresr @ g A8 Sk vEs 3
o wx] grksgrelA ekl D w%0] A4 s
A A= A=

A 2552 Hardk A7t 184 o]
Ao 2 8 A3t (Khader 5 2011) ¢l wh

vitamin D F%E9} AT 2 OASSTE Q915 719
AFE AT = gl e, vlukst Wile) x| HlERT] De}

D
tAksSre] IS ERlekarat 319 A4S AAIe A

A2 B7] Afha AEA Ut (Hjelmesaeth 5 2009).
2 AFAAE A ERE o e wep dF
25(OH)vitamin D 59| Afo]5 g <+ glglom, o]
= ST ot el d% 25(0H) vitamin D 5% 1t
S BHSA gt o] ATE (Hjelmesaeth 5
2009; Lee % 2009; Khader 5 2011)2 A|X|sh= A3}
2} & = qloh
E Aol 25 (OH) vitamin D &&= AR
A4, sEEd 9 JPolEu e o8k oFe) IS v
oy oo A9} Aol st AvE Kl o] 1k A
W& ¥Rl A2 E% 25(0H) vitamin D 0] tix
THFrs filehe 84N 5o S TS Barst
3 Y (Ford 5 2005; Gannage—Yared & 2009;
Kim & 2010; Oosterwerff 5 2011). 0|9} 132 52 A+
WS st A2 =2l @4 25 (0H) vitamin
DO 5t 0] 25 ng/ml EE AW tdAt 7+ %
ok webA 2 At tidRbe] A, diAA e 3%
25 (0H) vitamin D 5%7} v-$- W3k7] wji-of o]2i3st Az}
7} yERd Zlolet Ajzbec), 3k el D AFHE, s
&, 4Pl =& 52 g% 25(0H) vitamin D F50] %
kS mRIcka 4R oy (McKenna 1992; Malabanan
% 1998; Hercherg 5 2004) & 7-of|x= o2l 91z}
55 v it nlel Do} iAo
oM & o] W], vle] D Ago] Ag =7 % 8t
Q1 -glufetollA ko= njell D} thaks S 7o)
dell st B2 A5 S3te] o] 59 AIE Welul= Zlo)
RZReksl =
2 ATtk AL ot A AdE dytslsl|
of ojggo] Qlom, T AFE HePE|of JApAAIE FRl
& glsol Alskdolgt & 5 ok JRlelE ek, 5
lojeh= 54 Awke] &5 ol xvld, 19l 9 vjell D
FTEE AR, o5 wEt wHIAsH Y STke] wA
Ao 2 E]RlelA] A Hjdo] w2 dAbEkS
| 18t 7124455 AleRvks delA 287t ot

ot

N

ool

[}

o
o o
2,

-

-
2=
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HHa1, Jo F2] 2|4, ofr]
SAsto] dr st o
1ol QoA vk d ghitAy
= AP flete] FaE| STt
J 7+7} 56.8 = 10.8419)
60.3 £ 9.04Z /el mE F-2o] gt xfo]& HolA] ke
], WHOeA #|At nint k7|5 (A 2245, BMD e
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