o gh2] o AL 3] o F8F3] A 17(5) @ 530~542, 2012
Korean J Community Nutr 17(5) : 530~542, 2012
http://dx.doi.org/10.5720/kjen.2012.17.5.530

A 2wkl srof Aade) <led AA, ) SA
dFa AR oA

B AT AT e AFd keIt

The Relationship among Insulin Resistance, Blood Profiles and Nutrient Intake
in Overweight or Obese Children and Adolescents

Jae-Hee Kim , Eun-Kyung Kim'

Department of Food and Nutrition, Gangneung-Wonju National University, Gangneung, Korea

Abstract

The purposes of this study were to investigate blood profiles and nutrient intakes of groups that are different in
obese levels, and to find the credible predictor of insulin resistance. The subjects were classified as normal weight
(%IBW < 110), obese without MS and obese with MS according to IDF definition of the risk group in metabolic
syndrome (MS). Subjects of this study were included 137 (59 boys, 78 girls) free living children and adolescents
(mean age 12.6 £3.4 years) in Gangneung area, South Korea. %IBW of normal weight (94.9%), obese without
MS (123.8%) and obese with MS (131.5%) were significantly different among groups. HOMA-IR had positive
correlations with TG (r =0.634), waist circumference (r = 0.553), atherogenic index (r=0.513), %IBW (r=0.453)
and ALT (r=0.360), but showed negative correlations with HDL cholesterol (r=-0.417, p<0.001). HOMA-IR
showed positive correlation with polyunsaturated fatty acid intake (p <0.05). The energy intake of obese with MS
was 1762 kcal/day which was not significantly different from those of normal weight and obese without MS.
Total fatty acid intakes of two obese groups were significantly higher than that of normal weight. The results of
this study suggest that waist circumference and ALT as well as TG, atherogenic index and weight can be credible
indices to predict the insulin resistance in children and in adolescents. In addition, nutrition education and
adequate diet should be provided to prevent MS in children and in adolescents. (Korean J Community Nutr
17(5) : 530~542, 2012)
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and Nutrition Examination Survey®l &J3bd 2007~
2008 AA 912 33.8% (FAF 32.2%, %12} 35.5%) 7}

HTHBMI > 30) 2.2 Bt (Flegal 5 2010). $-2]
el A B]gk frggo] 53] T7kske] 2010 =717
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2 A& A aot Bl Fade] vk #8ES 197990l
2002 Atolef o= 1.7%14 17.9%= 108] ©]¢, o
ok= 2.4%°14 10.9%% 4.59 o) S718tAt (Park &

2004). =3t 2010 =175 Aot wivt f8E<] 2~5
AR 6.4%, 6~1141E 7.3%, 12~1841= 11.3%% 19

o] oba5% F7ehe 210 Vekdet. ok 2 Pandel
WS e, oA E, A28 Wl W s 5

o] W Ak Agke] 1S S7HA7IH, o] A7l
thatel g ARJA7I7HA A&E= e 2ol (Webber
1996; Styne 2001).
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e Ao g Ao o]F ok = AT
(Metabolic Syndrome, MS)’ 7l'gde] th =31t (Reaven
1988). feluietel 3, obloflol) L] s
o] 7} =31 (Chung & 2010) 53] H3u|gtolu; 1154
AEZ] W=7} 320w Aile] val Blw A vk A2
Aol Btalar ]uko & 018 DNA £Ako Lk %4 7}
AT =2 (Jang 5 2003) SE3F E42 71211 9)
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A AZ el digte] AP WSS AR 9
Inbody720(Biospace Co, Korea)< o]-gsto] Ao

A, Ae 9 AR S8 BE S oAk

=0]7] 21t sYRle] &Aoo = FUS AS57] 9} W
07 F3IAT}, 3= Aok %] (Korean Pediatric
Society 2007)8] 41748 AlF W95 50%%S BT
AT o= slo] At obs e BN X|5E Akt

A o) ¥ R E=H A (Triceps skinfold thickness,
TSF)+= caliper (MD—500, Yamasa, Japan)E ©|-&3}]
23] W 57 & P ghks AkEskal o, ke 8 (Mid
Arm Circumference, MAC)+ 3¢t 537 5dl& UF %

olA] ¢kl FEHA =4 mm H9I7HA] S sl ek
9 =9 24 X9} caliperE o]gsto] =431 AREL9) ,L]o}

AHFA S 0] 83} Heymsfle de] 32! (Heymsfield
1982) & 55 AFEseltt.

5 OB ApAleflA *’é’—% A
A et AS5A7IE ol 8ato] 5718y
(Systohc Blood Pressure, SBP) ¥} o]2k71&8¢H (Diastolic
Blood Pressure, DBP)& Z7431901, 54t V= ¢
/3] Foks 23] R SAsto] Hataks ARSIt
gt AA A} AR 35 12413 $-9] s o]
£3to] ME S 93k Hemoglobin® 7t 7|5 €42 A
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Wels E4 AST 2 g3 ALTE 24810, 5 A1 8
9, 45 aedlsh, @544 3 FHAEHE = S48
ot d5A2 2] 79, LDL FAHE2 Friedewald 5
(1972) &] AXEAl el o8 AbEsigl o, FEe| A3
HDL ZdAdHE9] v&S o] &3ste] sHAsA+
(Atherogenic Index, ADE AFE3ATE ot 1&d A
] A EZ Matthews 5 (1985)0] AASE F-4)& o] &
3lo] Homeostasis model assessment for insulin
resistance (HOMA—IR) A|5= A=319]c}.

« LDL—cholesterol = Total cholesterol — [HDL—
cholesterol + (Triglyceride / 5)]

« Al = (Total cholesterol — HDL—cholesterol) /
HDL—cholesterol

s HOMA-IR = [Fasting insulin (u[U/mL) X fasting
glucose (mmol/L)] / 22.5

4. NF T TIE

20073 =AY 7] (DF, International Diabetes
Federation) oA} A|AJ3E o) @ Y Ade] tialEsT- 2
7S AEEte] 2 AT VIRE dRr S el w

g 21219 A& BN Slete] ekl MgEHP of

HISE A3E, & U4 479413818 (Nutrient Adequacy
Ratio, NAR)2 &=Ql JF17159 @84 51% (The
Korean Society of Nutrition 2010)< #aste] zk2
aFolom ojw] NARS 1.0 HiL 4|2 Kol 1.00] |
= AL 25 1007 3heke] AXtekith (Guthrie &
Scheer 1981). B3+ 7} o xpHE AAZQ1 2AL A5 2
A& S fIste] 7 JoFae] 2] gks sl H
T G A74d5 8] (Mean Adequacy Ratio, MAR) S
ArFatITt (Gibson 1990).
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EE 25+ SAS PC package (ver 9.2) & o]g3lo] &
1425 sIolar, AT aldAke] BE A Ht + 1%
FHAZ FAISISITE v 5 ) - ]3] A glo]
A T BEAF] 110%E 228t 2lZ o) del 8
e e o Bl AAATT, vivk 2
MS (thAFE3) BlRkrel] lojA] Aol wE Hd 1k
Fo3k 2P0l 5 Holx] gtom g nE g R glo]
ARt B Btgke] 943> GLM (General
Linear Model)-& ©]&3F ANOVA (Analysis of variance)
2} Aof k2 o] WS 98 ANCOVA (Analysis
of covariance)& ©]g-8to] 4133t =8 HOMA-IR
7} ofg] 7] WgE 7H] Ad2 Pearson's correlation
coefficientsE ©]g33lom BE BAA fo4ES p <

0.05% 7|52 2 319t}
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J 2l 75 B¥ = Table 13 Table
20 YERIATE. 2 A= FEA 599 (43.1%) 3 o13H4
787 (56.9%), % 1378& dPdoZ slglon, AxHE =

&

Table 1. Gender distribution of subjects by school and obese group (N = 137)

Classification Male Female Total 12
Elementary 28 ( 47.5)" 41 ( 52.6) 69 ( 50.4)

School , , NS?
Middle & High 31( 52.5) 37( 47.4) 68 ( 49.6)
Total 59 (100.0) 78 (100.0) 137 (100.0)
Normal weight (%IBW < 110) 24 ( 40.7) 49 ( 62.8) 73( 53.3)

Obese group  Obese without MS? (%IBW > 111) 20( 33.9) 26 ( 33.3) 46 ( 33.6) 14,998%**

Obese with MS (%/BW > 111) 15( 25.4) 3( 3.9 18( 13.1)
Total 59 (100.0) 78 (100.0) 137 (100.0)

1) N (%)

2) NS: No Significant

3) MS: Metabolic Syndrome

Significant difference at ***: p < 0.001



4l Fargshgo] 712t 699 (50.4%) 2 687 (49.6%)
o]lt}. Percent Ideal Body Weight (%IBW) el we} 4
AT BIRE O 2 BRI O H HIVREES tARS S
o] = ¥Ivr ¥} tiAkESrro] Sl HIRk: (MS BlRHS) 2.
2 EFsIATh 1 A3 AT, vivet W MS v
2> 747} 734 (53.3%), 461 (33.6%) %! 184 (13.1%) 2
2 VERth ek Bivkre] A 255 9 T 5o
A Z}2F 40.6%8}F 26.5%% YEFE O, MS HIR-S
o] Z¥7F 2.9%98} 23.5%%E YERA (Table 2) F3l°6 M
ol MS v]9Eo] vlgo] 214 F718-e & 5= ATk

TSk MS BlRkref| &3l o, tAsS Fet]
T 57 @ 7R 1714 ol sl Ak R
S AHE Ay} 1714 712 g gk vlgo] £
5(69%) W TS5 (68F) AAANA 22 11.6% 2
T7A%E ZAMEIR AL, 2714 k7] sldE = &S
1.5%2} 7.4%% ZAFE AT A3 Rk A AREE=
747} 9] gl ] = ol dke] FE2E AvEH (Table
3), dElEdls 25 9 Fars o] 247} 61.5%%} 38.9%
2 YEbs AL, AW 7 ol 242 7.7% 2 11.1%,
HDL Z#|AHE2 15.4% 2 18.5%, 4> 15.4% L
31.5%= ARSI B3t 3 5A] I 7] dlds]E o
A= Y = LRG| ekt
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OdRke] A 12.6/%90H, WdAlFT, vivkr 9
MS HukEe] A8 712} 12,44, 12.04 2 15.2412 MS
H|ghrellA] o]k = YRkt (p < 0.01). ©]ell 7
= BAst] AAASA Y oS A A, dEe B
At A} $ol] hatA HERte R A B 12 A
kS 2= ARSI A, vv 2 MS B]RE
9 BIBWE= 27t 94.9%, 123.8% 2 131.5%% A
7] Fo)3k Alo)= Bk (p < 0.01). T3+ A%, %IBW,
5 kg), &A=, dglEY (cm), dHEol= (cm)
1l Fg]YdgolEdn] (WHR, Waist—Hip Ratio)= MS H]
oA 7H =2 ghe Below, Al I 7kl #-2]3F o]
S YERASH(p < 0.001). A (%) dAle, vinkt
2 MS Hlerold 242t 21.7%, 33.5% 2 31.9%% 4+
Ao fFeatA A A JEF e (p < 0.001), B]WRr2t
MS |9 Tholl= 18] 8t xlo] & HolA] (gt 15k 44
A G, Bt 2 MS vk &7 (2 102.7
mmHg, 105.7 mmHg 2 130.9 mmHg) ¥} o]¢k7| &9t
(Z+7} 64.0 mmHg, 66.7 mmHg ¥ 84.1 mmHg)< MS
Hleroll A frelakA] A et (p < 0.001). ©]&¢] #
T 5 (%) AT, v 9 MS H]vkrellA] Zt
7} 25.7%, 26.3% W 26.2%= A 7 7ol 23t xfo]=
Ho|x] gkokom (%) S A3t BE AA AlSH e
A A el 2] 8 2bol & YR (p < 0.001).

Table 2. Distribution of risk factors of MS by obese group in total subjects (N = 137)

School

Obese goup Elementary Middle & High Total 1
Normal weight 39 ( 56.5)" 34 ( 50.0) 73 ( 53.3)
Without MS 28 ( 40.6) 18( 26.5) 46 ( 33.9)
2 risk factor 1( 1.5 5( 7.4) 6( 4.4 13.916%*
Obese )
1 risk factor 8( 11.4) 5( 7.4) 13( 9.5
With MS (> 3 risk factor) 2( 29 16( 23.5) 18(13.1)
Total 69 (100.0) 68 (100.0) 137 (100.0)
1) N (%)
Significant difference at **: p < 0.01
Table 3. Distribution of risk factors of MS in fotal subjects (N = 137)
The IDF definition of MS in children and adolescents Elementary Middle & High Total 1
Waist circumference (WC) > 90th percentile 8( 61.5)" 21 ( 38.9) 29 ( 43.3)
Triglycerides > 150 mg/dL 1( 7.7) 6(11.1) 7(10.5)
HDL cholesterol < 40 mg/dL 2(15.4) 10( 18.5) 12(17.9) 001,149+
Blood pressure systolic BP > 130 or diastolic BP > 85 mmHg 2( 15.4) 17( 31.5) 19 ( 28.3)
Glgcose fasting plosmo glucose > 100 mg/dL or previously 0 0 0
diagnosed type 2 diabetes
Total 13 (100.0) 54 (100.0) 67 (100.0)

1) N (%)
Significant difference at *: p < 0.05



2. 917 Ty Ae| Toy 2 Y

A g Ake] deof A A¥R= Table 59 #tt. MS H

ZAA ), FW A SRS,

RS Aol vlsie dF

p <0.001),?!

5% (@7 4.3 pwU/mL, 8.8 pU/mL %
12.2 uwU/mL, p < 0.001) 2@ &4 ALT (&2 12.3 IU/L,
23.4 TU/L 2 30.2 IU/L, p < 0.001)= MS H] 9ol A

dF dudl 5, HOMA-IR % ALT s=7F#9sHl 5 7FE =2 k= BolA Al o k9] #1298 2lol & vehdll
Srom NN E GAAITTe vl o5 s B 2 11, atherogenic index(Z+7z} 1.67, 2.45 % 2.97, p<
SHAl =9kt AP AlE, vl 9 MS BlREe] 543 0.001) ¥ HOMA-IR(ZZF 0.91, 1. 94 2.68, p<
F% (V7 50.9 mg/dL, 76.7 mg/dL % 94.9 mg/dL,  0.001) ¥A] MS |9l 7 =2 o Al
Table 4. Anthropometric measurements of subjects by obese groups (N = 137)
Normnal weight Obese without MS Obese with MS
(n=173) (n =46 (n=18) 137)
Age (yrs) 124 = 35" 120 = 3.3° 152 + 23° + 34
Height (cm) 150.1 + 15.1° 1487 + 12.4° 166.7 %+ 10.7° + 148
Weight (kg) 424 £ 127° 53.9 =+ 14.4° 77.5 £ 14.7° +17.8
%IBW? 949 £ 82° 123.8 £ 10.8° 131.5 + 15.9° + 18.8
Bodly fat (%) 21.7 + 65° 335 £ 6.0° 319 £ 6.6° + 85
Muscle (kg)¥ 1.4 £ 3.7° 144 + 40° 200 + 45° + 49
Muscle (%) 257 £ 42 263 = 34 262 + 57 + 4.2
Triceps skinfold (mm) 168 £ 6.1° 23.1 = 5.0° 253 = 5.6° t 67
Mid-arm circumference (cm) 227 £ 3.3° 27.3 = 3.0° 30.7 = 2¢6° + 43
Waist circumference (cm) 633 £ 7.2° 77.6 + 9.2° 921 £ 9.4° + 13.1
Hip circumference (cm) 825 =+ 11.7° 90.4 =+ 10.1° 103.2 + 6.4° + 126
Waist-hip ratio 0.77 £ 0.06° 0.86 =+ 0.06° 0.89 £ 0.06° + 0.08
Systolic blood pressure (MmHg) 102.7 + 14.3° 105.7 + 14.7° 1309 =+ 15.3° +17.2
Diastfolic blood pressure (MmHg) 640 + 95° 66.7 *+ 8.1° 841 £ 8.1° +11.0
1) Mean = SD
2) [Body weight (kg) / Standard weight (kg)] x 100
3) Body fat (%) measured by Inbody 720
4) Muscle mass (kQ) calculated by Heymsfield's formular
5) Body muscle (%) = [Muscle (kg) / body weight (kg)] * 100
abc means significant difference (p < 0.05) among groups by Duncan's multiple range test
All data are same after controling for age using ANCOVA among groups
Table 5. Biochemistry characteristics of subjects by obese group (N = 137)
Normal weight Obese without MS Obese with MS
(n=173) (n = 46) (n=18) (n=137)
Total cholesterol (mg/dl) 1620 + 23.7" 1734 £ 214 1628 =+ 31.4 + 24.6
Triglyceride (mg/dlL) 50.9 =+ 30.3° 76.7 + 46.2° 949 + 57.6° + 43.2
HDL-cholesterol (mg/dL) 621 + 11.4° 5156 + 9.8 43.4 £ 11.2° + 128
LDL-cholesterol (mg/dL) 89.7 £ 20.1° 1065 =+ 20.2° 97.0 =+ 259% + 222
Atherogenic index 1.67 £ 0.50° 245 + 0.62° 297 £ 1.24° + 0.84
Hemoglobin (g/dl) 139 + 1.8° 136 £ 1.0° 1562 £+ 1.3° + 1.56
Hematocrit (%) 419 + 50° 414 + 3.0° 459 £ 4.2° + 45
Insulin (uU/mL) 43 = 25° 88 L 7.4° 122 + 8.0° + 61
Fasting glucose (mg/dL) 81.0 = 56° 847 + 5.6° 852 = 6.1° + 59
HOMA-IR 091 £ 0.51° 1.94 £ 1.86° 268 + 1.81° + 1.45
AST (IU/L) 225 = 64 234 £ 79 236 £ 76 + 7.1
ALT (IUL) 123 + 3.9° 179 £ 11.6° 302 %+ 18.7° £ 115

1)Mean = SD

abc means significant difference ot p < 0.05

All data are same after contfrolling for age using ANCOVA among groups

among groups by Duncan's multiple range test
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Table 6. Pearson’s correlation coefficient of HOMA-IR with anthropometric and biochemical variables of blood in subjects

Anthropometric variables r Biochemical variables of blood r
Age (yrs) 0.223* Total cholesterol (mg/al) 0.126
Height (cm) 0.328%*%** Triglyceride (mg/dL) 0.634%***
Weight (kg) 0.498%** HDL-cholesterol (mg/al) —0.417%%*
%IBW" 0.453%#* LDL-cholesterol (mg/dL) 0.053
Body fat (%) 0.348%*** Atherogenic index 0.513%**
Muscle (kg)? 0.443%** Hemoglobin (g/dL) 0117
Triceps skinfold (mm) 0.395%#* Hematocrit (%) 0.110
Mid-arm circumference 0.507 ##* Insulin (uU/mL) 0.995%**
Waist circumference (cm) 0.553%#:* Fasting glucose (mg/dL) 0.437%%*
Hip circumference (cm) 0.467%*%* AST (U/L) -0.062
Waist-hip ratio 0.304 % ALT (IU/L) 0.360**
Systolic blood pressure (mmHg) 0.324#%*

Diastolic blood pressure (mmHg) 0.383%*%**

1) % IBW = [body weight (kg) / standard weight (cm)] x 100
2) Body fat (%) = measured by inbody 720

3) Muscle mass (kg) was calculated by Heymsfield's formular
Significant difference at ***: p < 0.001

Table 7. Comparison of daily nufrient infakes in normal weight, obese without MS and obese with MS groups

Dietary infake Normal weight Obese without MS Obese with MS Total
(n=73) (n = 46) n=18) (n=137)

Energy (kcal) 1,783.6 = 541.2" 1,7527 £ 51538 1,762.3 £ 581.2 1,7704 £ 534.4
Carbohydrates () 2538 = 73.3 2449 + 653 2562 +  88.5 2511 £ 725
Protfein (Q) 699+ 243 703 £ 247 724 £ 286 704 £ 2438
Fat (9) 550 £ 264 544 £ 324 51.3 £ 223 543 £ 279
Fiber (g) 16.0 £ 5.4 14.8 £ 45 170 £ 9.1 16,7 £ 5.7
Calcium (mg) 5728 £ 243.4 508.3 =+ 248.8 537.2 £ 236.2 5465 + 244.3
Iron (mg) 12.3 + 6.6 124 £ 8.4 1.4 £ 5.2 122 £ 7.1
Phosphorus (mg) 998.1 £ 345.9 966.0 £ 309.4 975.0 £ 366.0 984.3 £ 334.7
Sodium (MQ) 3,730.8 + 1,307.8 3,761.8 £ 1,163.3 3,962.3 £ 1,892.0 3,771.6 £ 1,344.0
Potassium (mg) 22769 + 7169 2,1689 £ 6764 2,414.2 £ 1,096.1 22586 £ 761.4
Vitamin A (ugRE) 7261 £ 357.7 597.0 £ 307.7 590.8 £ 342.4 6650 £ 3435
Vitamin B, (MQ) 1.1 £ 0.4 1.1 £ 05 1.0 £ 0.4 1.1 £ 0.4
Vitamin B, (Mg) 1.1 £ 05 1.1 £ 05 1.1 £ 0.4 1.1 £ 0.5
Vitamin B, (MQ) 1.8 £ 0.6 1.8 £ 0.5 20 =+ 0.9 1.8 £ 0.6
Niacin (mg) 15.6 £ 7.2 16.1 £ 7.2 16.1 £ 6.3 16.8 * 7.0
Vitamin C (mg) 69.1 £ 363 635t 299 695 £ 381 673 £ 344
Folate (ug) 1963 £ 813 1720 £ 68.9 198.4 = 104.7 187.9 £  81.1
Vitamin E (MQ) 14.6 £ 7.7° 166 £ 123 169 £ 8.8 16.1 £ 9.5
Cholesterol (mg) 3101 £ 203.1 2964 £ 2126 3400 £ 209.3 309.5 £ 206.0
Total FA (mgQ) 509 £ 30.3° 767 £ 4620 949 £  57.6° 65.1 £ 432
Taurine (Mg) 384+ 81.9° 25+ 109° 05+ 0.9° 214 £ 626
1) Mean = SD

abc means significant difference af p < 0.05 among groups by Duncan's multiple range test
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Table 8. Comparison of nutrient adequacy ratio(NAR) and mean adequacy ratio(MAR)

NAR Normal weight Obese without MS Obese with MS Total
n=73) (n = 46) n=18) (n=137)

Protfein (Q) 1.65 £ 0.54 1.56 £ 0.55 1.61 £ 0.64 1.56 £ 0.55
Fiber (g) 0.67 £ 0.22 0.62 £ 0.19 0.71 £ 0.38 0.66 £ 0.24
Calcium (mg) 0.64 = 0.27 0.57 + 0.28 0.60 + 0.26 0.61 = 0.27
Iron (Mg) 0.77 £ 0.41 0.78 £ 0.52 0.71 £ 0.33 0.76 £ 0.44
Phosphorus (mg) 1.25 + 0.43 1.21 £ 0.39 1.22 £ 0.46 1.23 £ 0.42
Sodium (Mg) 2.49 + 0.87 251 £ 0.78 264 + 1.26 251 £ 0.90
Potassium (mg) 0.48 £ 0.15 0.46 £ 0.14 0.51 £ 0.23 0.48 £ 0.16
Vitamin A (RE) 1.04 £ 0.51 0.85 + 0.44 0.84 £ 0.49 0.95 + 0.49
Vitamin B, (Mg) 1.11 £ 0.40 1.10 + 0.49 1.02 + 0.37 1.09 + 0.42
Vitamin B, (Mg) 0.92 + 0.38 0.92 £ 0.41 091 £ 0.33 1.09 £ 0.42
Vitamin B, (MQ) 1.25 £ 0.44 1.31 £ 0.35 1.43 £ 0.61 0.92 £ 0.38
Niacin (mg) 1.20 £ 0.55 1.24 + 0.55 1.24 + 0.48 1.29 + 0.44
Vitamin C (mg) 0.69 £ 0.36 0.64 £ 0.30 0.70 £ 0.38 0.67 £ 0.34
Folate (ug) 0.49 £ 0.20 0.43 £ 0.17 0.50 £ 0.26 0.47 £ 0.20
Vitamin E (MQ) 1.46 £ 0.77° 1.56 + 1.23° 1.59 + 0.88° 1.51 £ 0.95
MAR 1.06 £ 0.34 1.04 £ 0.30 1.08 £ 0.40 1.06 £ 0.33
1) Mean = SD

No significant difference except Vit E among obese groups by Duncan's multiple range test

) (r=0.553), A =d (r = 0.501), #AZ (¢ = 0.498)
4 %IBW (r = 0.453)9] =07 ¥ AAaAS B3t
(p < 0.001). T3 HOMA—IRZ} o AAA] 7l <l
&4 5 (r = 0.995), dF TR (r = 0.634), athe—
rogenic index(r = 0.513), 5 Al &9 (r = 0.431) ¥
I3 ALT(r = 0.360)2] =02 ko] JaAuAE 1o
™ (p < 0.001), HDL ZHAHE 5% = —0.417, p <
0.001) 2= &2 IS YER
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A2 Table 791 YERAITE
NUuA] A2 Al (1,783 keal/day),
(1,752 keal/day) 2 MS H]9H*(1,762.3 keal/
day)?loﬂ Froek Aol itk ey AT, vt
9 MS H]Rkre] FAW2HZHE 50.9 mg, 76.7 mg 2
94.9 mg, p < 0.001) AF#FHE FAAZFTAA F28H
AA AFsL Ao, oprlak *M%HA = st
BF¢9 AFH= (42 38.4mg, 25 mg 9 0.5 mg, p <
0.001)Rto] 7dAISTelA foaiA] Wol AFsh= 2o
Z LERT

ne
o2

o
O
[
2

No

S o~

—
it

rlj

T o
£
of“i
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5. A1 e] & Y
AT thAke] AAte] A4S k] SAste] ok 1
AANE (NAR) 9 3 92 HBAHIE MARE 4
E3}o] Table 80 AXISISITE. B4, <), wlekel B, vlet

Table 9. Correlation of insulin resisance HOMA-IR with nufrients

intfake
HOMA-IR
B-carotene -0.016
Vitamin C -0.035
Cholesterol 0.064
Total fatty acid (mg) 0.107
Saturated fatty acid(mg) 0.025
Monounsaturated fatty acid (mg) 0.112
Polyunsaturated fatty acid (mg) 0.180*

Significantly correlated ot *: p < 0.05

9l B, tolobil 9 HIERT ES] NARe] 2+2} 1.56, 1.23,

1.09, 1.09, 1.29 ¥ 1,512 1S5 €3, 0.7 m|vto =
2ARE YAt Ak, B, D, T, Ve C L A

© % NARe] 27} 0.66, 0.61, 0.76, 0.48, 0.67 2 0.47
2 ZALEIQIE}. Wbl AA) thdRre] WEFe] A% (2.51)
& 7P E8 ghs Bolth vl R v weiels W, BE
ol Al T 32 Frelst XM figlom, RlE] E9)
NAR: 4AE, vk 8L MS vkl 242} 1.46,
1.56 9 1.59% ZAbE]o] AlgolA frelatAl st A
3 o7 A,

NAFT QIS NPT YT
Gavel ulernle] AT 7 9 A
ko) oS $AEke] Table 99 AR



HOMA —IRE T2 spA 1k A5t o] daa
(p <0.05)F B3lom the Yo A= FAT 4
YBAE HeRHA] gkt

HATE AT Y BNl Aol A AR, &
N Bl o RS bR AL, dEd At
e EAstast sl

AT A AT l T 9 MS RO 2
%3}919_‘31, H]” % IB W %E 3t iAol =

lU% l vre IBW 110%Z
& el A3 A7)
71EX ) 3) 1HoR w5

HN FN' ofN M

57}11 G5 T 37 o]
sto vl wstict.
AT Zek Al Ad1e] ¢
X2 73 (NCEP, National Cholesterol Education
Program) 2} AAIRZ7]17 (WHO) |4 AASH 7|
AREStT) #Htelli= A @i 719+ (IDF, International
Diabetes Federation)°lx] WHO 7%= ~’Fzé 3} NCEP
71 Akl e E AAERl om 3589 100mg/dL
o]Ao 2 A3t (Pi—Sunyer 2007). 28U o] 52 A
NS P o R o A |Fe 2 Lof E HAAS gt e =z
sE A7) v)ge 279214 (Chu & Choe 2010),
71 ol A o] XJ' %O] ’\0}«] AR

nl= FeAEHE S

Hof| wpg} th2 =2 Fgky 1“ 7%}717}
gl Zof F A gAY $E S A 9
pAA o gk Od?éw} a4 7] weltk(Ford &
Li 2008). wjg}r] 2o FAad o] i r-S Ae =1
Sl tr e 2 A] RIS 7]EE Aot Fadel|
A 9 274 - 2831954, Cook 5 (2003)°] 28l NCEP
ATP Il 7|55 A2 W3t 7]50] &3] ARgshar 9l
o1 (Cook 5 2003; Ford & Giles 2003) ¥ ¢1of| 4
5 99 A7 )=E Agste] MS vIvkSS 73kt
2] Aot W HAd o grSS FHEES AR
Seong (2006) 2] 17 uf=2™ i =S+ FHE0] 1998
ol 4.7%, 2001d00= ok 7.2%2 ZAFE AL, b9k
HEo] SIS Uit A ECl v dhttal ®arsk
At vt Aot Hado] vl FAude| vlal] 2l Zo] =}

Al ‘%EU%,*JOJ

a2 H)9ke] Z*Eﬂ ASol = B8kl H|REE 2] St uE
AT FHE 7 B AN Pﬁ_i ettt o]
= HRS Agksh= 7|50] He WE, S A5, %IBW W

selEart ot obg Sl el Fe3 245

53], 2 Aol = 2eeel vs Tassde]
HRRe] HlEE: S718Igl o 53] MS RNkl Wl 1+
Al ¥ o= & 5 A3 MS Blwkel] opA)= o
W7 57 el s E = Ak
O] 3 FEE AuE A3, slElEele] s&aAA el OH K3
HIE2 25 sHdo] Tars sl visl =
o, 4% T34, HDL ZH2H1E 55

= = B3t 919 A3
ZhE Aol S7iekel met slefEelvs A Bl
Ao R QI tiat o} T Aol v FlaldE &

2 u|vk whAe) nlEste] g S7ksks diAl
5] 918 Q1A 5 shel™ (Seong 2006), + A+ 4
ol A= MS H]¥e] F]to] dAlls el vlsl f2lsH]
=2 25 & 7 A8l 2y vl E oFg] Aot
gl A o] Fetell tist ekt A5} F-Este] AR 3
TS 1 o] olrk. Ik Aol wet F gl A
A e W9 A3 7hs/do] 7] whitel FStol

okl st} (Seong 2006) . kA AT ”} 0}‘43}
/\‘10](3] 5]01 —rgﬂoi o]f;]_/ﬂgq. A% AP LES =
M= Aol HAa7|NE Y el s wdste]
SAsh= Zlo] T Qs

e Adolst 1St fg el dade] A= 5

oflf] F o] AlEE FrEs IelM Az o)t F
o, ladle] tish ¥i-go] ARt 7haE o] Sl AE
£ et 35 A da Qlede]
8= HOMA-IR QI A3 o] A eE ovlahs A5
ZA AP EoH =575 QEd b
24 s AMLS u)sith g, tiaks S dAlst
o] Sl 5 Aol st A3
sle] wet " el AEE v
Index (AD7} WA gke] WY 7S delae ABE
ge¥ 1 Ql}. FFdU2HE (TC, Total Cholesterol)©]
U LDL-Z2~HE 557F Y3l HDL-FdAHE 5%
7F F=&TE AL AGE WolA| oL w0 EEe] W 75
= 3 A7k (Berg & Hostmark 1994).

AT Aol A vrebd v} o] 53], Aot Hadel
Al tiARES$ro] obd #AlE &2 vIRE Tl A = Qe
A T s 1S (ADo] BdAEtel vlEl -2
Sl S7FeHS & = QUQlTh B3 HOMA—-IRS AT 2

it



538 + AopA A

BIBWSHE 358 ko] Al g Rolom, 53] gisS-
TS Ak QAR AR sEE g

T o3t ok AuaAE Bt o]t Ak A 9
e 2 aRkst Y 2584 80 S o= ¢ Lee &
(2006) 9] Al = YERd vl Ql=dl, A7} =
& HNkro] 7188, AN, 35 Al /I’ HOMA -
IR 9! Ada A8 9457} =4 vebdal, HDL—=2
AHE SR WA UERETE 2 AellA E s Edst
HOMA-IR 7+e] 23k ko] a3 (r = 0.553, p <
0.001)& ¥t}

53], slglEds H50NE = AW (visceral
adipose tissue)2 F48R=t] £ X327} ¥t} (Brambilla
5 2006). s EH S o= FrIEE ERuNke A1)
HIREo 2 Qlst Ny A sy} 4|28 Fieo] et oS A%
2 2gstar, 9 - (Ardern 5 2003; Zhu %5 2004)
o|X= BMIS} 3 slelEelE AR-sh= Zlo] Ak 919
= O Z 53t Rusigioh 2euh HE AqtelA =
BMI7} obd &je)Ed| 9] w5 ARgo] vvk} Al A7) 9
A& v 2 sttt siglet], 53], 2ok 9 a7y
o 3lo] BMI AR 23752 4] AsdA 5 791e] W
sle]] whehA] A|THS ZH=th(Janssen 5 2004). AA|=
o]l Al el BMI 57 k= AR th= 2552] St 9
3l O AA A7 =]7] wlitolth. Maffeis 5 (2003)- H|¥k
Sk Zof HavdelA] slEEdlvE 35 d, 9 E 9l
| A Avke o] Qlokar Biglom, 8~17412] Aol 4
s o= ¢ Lee 5 (2006) 8] AATelX % &gl
#7} BMI percentiles BT} E3u0]q 2 Q142 #|3FA] 1}
Frelsh Ado] slsol Bl st 1eiu, sle=el7t 4ot
9 Fade] e WIS} p—AEe] Vs SHA R
AT o] froll thalxl= o 7kA] 2 defA] QUA] et

At 10~20 F<F BIRES: Wdksh=t)] 9loiA] 32l E¢l
AHE-C] f-8492> BMI Xt EX o A F7kar 9loH
71 &gol w2 F4kE 31 ¢l Moreno 5 (2009)2 4
op7] thAt S92 AFEdE 918k H Ao AAAS =
2 3| dlE ARSllof gittar siqle. & Aol A = Tk
T 7)ol i shdd oAt EEE A A
25 8M9] 9ol FElEele] A7)l dldE = oy
22 v)go] 7k W2 Wk Fa15 st SAe] Aol &
A w50 S7H Y HDL Fel2HE % 1A 5 8%

Al Wk 9 Aot et B2 AskekA ZapA o W

s mhe 8o S749e BTk ek, oRge] B
e AT AT W U A8 Y AL B F
23 |5 AL 148k & Zolc).

d 3t
Y vlolel ) 1 5 WA 3 WSkl QJsliA] STt
e, olefst Agke vlw A Aoprlea= AL EEA W

Aolof QlojA EF ALT 2] 57}
= n|gZA xH 7+ A8 (NAFLD, nonalcoholic fatty

879 1193, oFRel 71918k 71 715 gel, A7k W] 119)
q

2009). ¥]5 NAFLDS] H<lo] o}2] ebA3] vhaix|«|= ¢
SEA kol A3 7} NAFLDSFS] Bl S w=2]3t A
3 A= (Angelico % 2005; Bugianesi 5 2005)of|A]
 H|WEsE Aol FAadEe] QlojA] IAEe] A 2 0%
g AF ALT 752 T7k= &d Al 7]lsto]
sk | 271 gk te] 184 St Slo] T Qs
Wola7} Ackar gglh AAR, Yuki 5 (2009) 2] ]
A ALT %= tdPreSS 7H v]ekst Aol A andelx
ol A vERL o, el #AIgle] Qe e E
HOMA—-IR¥} 9] “da7AE Bt 8, trikeso=
7121 vlRk 259 ¥ 5 7He] TG, HDL Fel&HE, 8%
ALT ¥ &3 led w50 SlojA] folst xjol& Hle
38 Al de T 2EREe] Aol vYERA] it T
2 Fad 1,446 S o= oA Ee A
St Saito 5 (2007)2 8% JEd L& A& S
ZFsHA Hhedeh= Wk, B2 ARl 3 Al A Aot A
Aol glojA] ZAeh] ofe& = Qlvkar st o] st 4
TH= 83 ALTS QlEd w57} Ao 2 FAde) dirls
TS Adshed] i Al AT 9Es YERAT 2
AT Ao M 3 ded w5 9 ALT 555 MS H]
wtol A F-2)8HA] =4, HDL U AHE 55 251
A UElsk o, xSt Xk 7] 57FA @] o
AR S-S AR A 35 A 9 72 885
e Sfdeh= td b= S AR A 98k
shA, Kadowaki 5 (2006) 8] ATollA & dAsST&
Aeksl= & 3] vEAR adiponecting A|¢FEHI =),
adiponection %= & Ao F7FET5 Thast
A €t} 28 adiponectind Bludle] ALTE &7 54
golstar, TG &35 Al Fde] Aafol] PaFs m]A]= 3
NET Akl e 3RS AA Weth webA] 84 ALT
el A s M REJst Rtk
] {835 npARA] o] & 747} Qlom R HRARE
of 9l Agade] tiabe Hgke] S Sl 5
= AEEA L] &8 7Fs7do] AEEofof & Aot

(e]

=
O]

e VN g



ol Aol 9 HAadS o= o Akt
A A7) AT o E vl E5T 7714t
2 2587 4 #23 Morrison 5 (2007) 9 2w A
o} 37 trlEE o 7 Aty el Algtol ] Ale
A%to] 19.4%=2 JeRd REA, tjrkESo] S Aol A
= 1.5%Rto] Ad v te] o] i}, whebA] Ao A4
drlel galks$e] 755 Jdsto] ol8 EulE #esh
thA AR 19] A Agks: oK Jek= vl & %ol E Zloltt.

ATt 1Y Fat oy A AFH = B 1,770
kcal/day® ©]& 8]l 253H4S O 7 3 Lee &
Kim (2010)e] Ba15k 1 olq=] 4451% (1,760 kcal/day)
I FAFEFA T 3, 2010 91475 A Ministry of
Health and Welfare 2011) A3} =2 6~114] ¥
12~18A4 Whistgel 19 oy =] A& =2 247t 1,632
kcal/day2} 1,955 kcal/day® H.a1¥ v} Qlt}.

OXRSsSr 2t kA A=) dAE AR, 2
TolM e SAAE AF Y t R s Ak AHAEH B
A28 B= oA AF A MS vy} S
o] froJgt 2fol= oA ekgrrh. A1 9 kst J iﬁr
e A/ 7o) A EA M E T F A AT
A 2lgt tiat Fda AFHZ Y HOMA-IR el -2
St AHEAIE BolA] it ey wEX A A1 E
o7 3 A7 (Chun 2006) ANA= oUAE A 2] of
8] G AdFFe] Ui relA o A UERS.
ek 7re] o]k xfol= Holx| gtriar siglom, 4
S Ao 2 & 5 (Kim 2005) o= vz A
HIER] Co] A %] vt 1883 &2 &4
AZF Aokl B asksin), 1eu E AAte A= n)ek
AT 2]l o kA AdF el oA Fregt &)
15 YRR $gk=d], vk Se8E o= Sk Jung
%( 005)2] A+ % Zof AAdo] Jki AHAZ Bt

3} Livingstone 5 (2004) 2] Aol = & A4t} A
E‘} AE AASFAA v]Rtote] -, A AFH R k4
R 3 (under—report) 3= 7 &o] a5 X453

OAfsSrel] whE Gda A A4 Br7HE SH 9
i A AFABIE (NAR) S T38IiT). oA A7 A450]
& (NAR) SIM & HlEl ES Al9)slar MS vlvkra} 4
At 1k TF-JU]' 2ol & HolA| ggtom o) tAES-
7S 7 AlE tF o E 3 Yoo & Kim (2008) 2] A+
M= T AE veERTE AA i d=ke] @7 v
75% o= 7]‘:4]?.—]‘8]-—‘ oJok s }‘Lvlﬂlﬂ_“ﬂ A OZF_ 7%‘5\# o]

HIER] C 9 ?SAPEE AL, 53] ZHE fake] A

H&-2 AT, BTt W MS ngkroll A 71 2 A A

fmo re

£ 2 filo

o =
T oo

Lol S

b
He,

o?ﬂ,

o

Fska Sl A o= velsttt.
O 2ALeR1Fte] i A=
1 3}, Devaraj 5 (2008)2 md&k, mxHke] A7} Ak
37 2EHAE FTMA RS 8RS SV
thar 31301, Chen 5 (2008) 2] oollM= daF 4 %
ol 3 A7 HIREEE SV, S AAEEE =
o kel AUEE Folet] 7|ofshr] widel A%
= 30% olskz AHE Zl& darskar Qv 55 Warendjo
5 (2006) A3 sspAe] A e ol AAE A

APE W AT FelzEHE FAVE RS A EeE
BaskaA, s rte] AHE E0lal th wESA

ko) AHEE 59 A Ak ok AW AFAES =
Afete] QlEd 2837 i ks S=re] AlE *bii Riccardi
S (2004) & ﬂé%k gl w2 AFH7F e AP o
sA|ER g UEE w5, i@rﬂ%‘% )5 5}%]
HPAL EE= 3}71»54.@}2] ko @ tiAg Zle A

Hoffmann & Cubeddu (2008)2] -ox= UrEE %]
FA7Y STV dr st i Ee] frolskA Stk
Huslgith 2 oA tolds S MS vwte) o
EF A f2st Aol 7t glol o, Al 7 B e U
EE }\443}__ _*51_0:]1;]_ -—o] z—]E/\l [e) 0:]‘:"4 J,]_ak )\4_'4
7} A9 A S 2oshs giide] A9 vy 47
67.5% % 52.5%=Z ¢ =2 FwolH, o= ATt
NS FeA71E o] Har gtk (Park 5 2008). &=
3 UHEF2 =2 437 dAI8] 324 AFHE S7HA
A 0= gt Agke] 7] HFH7F R Ag odE 4= 9l
I, HEFS A A RS

lg" lg‘z}v/] HﬁJEE l\r—

QIth= Miller 5 (2006) 2] A% ole|gh AZHd-& ===l

S 2 L s e P Rl P e B 1 A oo
of] 2JAkRlell QoA Freolgh xfol & W akA] Esl3irt.

T3 Aol M= MS H]TRrA BN 9] A7) 7
7 WA 221 E], Yang 5 (2010)2 ER-do] S5 &
I 2EE R B3 Qo A 3 uEH AHE 2
HFHo 7 o8] Ay I3 ASTe ALT 415 Yt
Hysiglorn s el A ti s he] kAol
airs 9 o B A7 K dxofof & Ao|tt,

2 A7) Ao 2= AA, tdAke] A= AaL 1F
R geFetl 795 o] Qlof i AT AikE URkslsh el
= olgol vk =4, tldAte] Ha Jda AFEE ol
Hal7|ol] 1U47ke] AAEAL A7t 538 = Qi 19
T Eehal 2 A ApEA FolQakE 711 Ao A
= oz AR} AAEARE Fole] e A
B& AFHBIE BAE AvEows Ak gke] oid-s
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9 9 S 2209 vhel] B
AZHek=d) el7k e,

opgel AN T A 2 Fel e B e
A Bk op ek ER 39 HAE DAoL 98-
Fek 03 40120 F shjolrd, o= Hele] WE
A9l 4% N 2o 7hsol e 919 aalo
Wb o} Bandr]e) RS S 4anl7)]
Sjo] A A1F W oh e} A PERY HATE Ha
A713L SRR AL A S F7MAIAk B S]
St 9 FAESAIA S
VeI okt A
sk

2~ [e]
Sk Qle sl 4

& 7EARE
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o

oy
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fu

o_ii
i)

B>

AR
_'
A

AT v whE A

o 54 3 ok AL Frkan, Q1%

oF 9 Yade] 414174, ¥
% A3 e)

< 1377

D) did=kel =3
T 2 MS )R
131.5%= Al i 1}

12 6,3]0:1 th XJ/\};Q]F:,L }j]l:r]_

«] ‘7IBWT‘E Z+2y 94.9%, 123.8% 2
FeJgh 2pol & BTk B3 AlF,
%1BW, &2l=H, oé‘:é 1=, slglddol=dnl (WHR,
Waist—Hip Ratio), A&, AZHA W 283 (kg)
MS v|¥lrellA folabA 7H =2 ghs Below, 55

]%%‘(@/‘C}Xﬂv:‘f 102.7 mmHg vs BH]¥* 105.7
mmHg vs MS 130.9 mmHg) 2} o|¢b7| &<t (215
64.0 mmHg vs ®|¥* 66.7 mmHg vs MS 84.1
mmHg) &= MS HIRREolA frolakA] 4] vhebstth,

2) Q& APA AHE HOMA-IRS BE AA A%
A7 ol st o] Al E YRSl o, 53] dEE
Al (r = 0.553), 4= (r = 0.501), A% (r = 0.498)
U %IBW (r = 0.453)9] =02 &2 oF] AaAaAE v
EFATH(p < 0.001). @ AxA] 7ol Jded %
(r=0.995), 8% S4A%( = 0.634), atherogenic
index(r = 0.513), &% Al @3 =0.491) %W ALT
(r =0.360)%] O 2 &2 AadAE Blom
(p <0.001), HDL Z&|2~HE (r = —0.417, p < 0.001)
= 59 AHAAE VR

3) 19 Bt A AHHS AT (1,783 keal/
day), H|9k#(1,752 kcal/day) % MS W] TH+(1,762
kcal/day) 7S] -2l 2fol= fIglem, F Hlvkte] F4

WAl AF S IR vlsko] el 22 W, B
o] RS ATl Blske] FolakA Wkt

4) A7~ thidAke] 2ake] As srkelr] flsh ki 27
AFRE (NAR)S st 41} 0.7 B|Rko =2 Z2ALE
A= /\4 Oi, 71—/\ é 71——\:’ ]E]"ﬂ C oﬂ)\]_(NAR _]—
0.66, 0.61, 0.76, 0.48, 0.67 2 0.47) 2% UEPF o,
AA WgARe] HEFS] AFHZE 7P 2 NAR ¢4 (2.51)
<= YERT

5) A4 9 kst vlep A= 1a A ae] A
AIAE 43 A3, HOMA—IRS ©}7Fa L 3hx| Ak
(p <0.05)¢] A=A el kel aaAE 2ok

opde] A7 AvE B, Aot 9l Fandel QlolA TG,
atherogemc index 4 A% ¥xl olug} HH¥u|HS Zck
sh= 71l sl el ¥ ALT v A 43k g
tirtold ks oalr] 918t SQ3t ASAREA &8

7Fs/do] AEE| oo} 3t Aot} KEgt, E] J:l Zof Fad
o] 73 o) u Aupe] Tk 13 8
F AR dixE ol T4 S E A alo|rt. up
ohA] 2 *‘Aljr_i ?lﬁi TS, e 9 A gk
3

1 O

2 23k Bagete] AAte] A ele BitHE Ak G
el thet AEHe whol BT Roleh,
W1 VIR RS Tl g Qe
sons g AYE el Sl v
T A9 S Tefel B Bt gk, TejmE
Foha gelsp] 1 S ZR RS vlels
ehIRish ek 7 B2 kg WA 3
o, ohAbage) o 2 RS Ad AL
Agfo] ok P19l NSFE 98 3
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