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Abstract

The purpose of this study was to evaluate pancreatic -cell function of Korean adult and to examine the associations
between B-cell function and nutrient intakes. Data were analyzed for 1,917 male and 2,885 female subjects older than
30 years using ‘The Forth Korean National Health and Nutrition Survey in 2009°. We calculated HOMA B-cell (The
homeostasis model assessment of B-cell function) using fasting glucose and fasting insulin for assessing p-cell function.
Subjects were divided into HHG (High HOMA -cell Group) or LHG (Low HOMA f-cell Group) according to median
of HOMA B-cell, and then nutrient intakes were compared between two groups. In the entire study population, HHG
showed lower percent of carbohydrate intakes (p <0.05), and higher fat (p <0.01), percent of fat (p <0.05), vitamin A
(p<0.05), carotene (p<0.05) and riboflavin (p <0.05) intakes than LHG. In addition, levels of HOMA p-cell were
negatively correlated with percent of carbohydrate (8 =-0.040, p<0.05), and positively correlated with percent of fat
(B=0.046, p<0.01). The subjects were then divided into two subgroups according to body mass index values, either
<23 kg/m? (under- and normal-weight) or >23 kg/m? (over-weight and obese). Significant differences of some nutrients
intakes and correlations with HOMA B-cell were observed only in under- and normal weight subjects, but not in over-
weight and obese subjects. In conclusion, high carbohydrate, lower fat and lower vitamin intakes may be related with
pancreatic p-cell dysfunction in under- and normal-weight Korean. (Korean J Community Nutr 17(2) : 243~257, 2012)
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Table 1. Anthropometric measurements and metabolic characteristics of subjects

Total Male Female
Tofal LHG" HHG? e Total LHG HHG e Total [HG HHG ol
N=4802 (n=2414 (=238 P N=1917)  (n=1012) n=905 P (N =285  (n=1437) n=1,448) P

Age (yean) 4827 + 034° 5028 + 041 4626 + 040 <0001 47.45 £ 040 4979 + 052 4511 £ 052 <0001 4905 + 038 5074 + 046 4737 £ 047 <0001

Weight (kg) 6328 £ 020 6191 +025 6464 +032 <0001 69.46+030 6719+ 041 7172 +043 <0001 5732+ 019 5593+ 022 5872 £ 027 <0001

BMI(kgm?® 2372+ 006 2324 £ 007 2421 £ 009 <0001 2406+ 009 2348 £012 2464+ 013 <0001 2340+ 008 2296+ 009 2383 %012 <0.00]

V‘g‘iﬁgg‘;?m) 8115+ 023 8010+ 026 8220+ 030 <0001 8418+ 027 8287 035 8548+ 038 <0001 7823+ 030 7704+ 033 7942 039 <0001

F?;";%ﬁﬂfcose 520+ 001 538 +001 502+001 <0001 528+002 546002 509+002 <0001 513+001 530+001 497+ 001 <0001
Fasting insulin

i 957+ 011 738+006 1176+018 <0001 964+017 725+009 12024029 <0001 951 £011 749 £007 1152+ 018 <000

ngggﬁ'eﬁero' 189.49 + 066 191.39 + 089 187.59 + 082 <0001 19019 + 095 19191 + 123 18847 = 1.33 0002 188,82 + 0.85 19132 + 1.22 18633 + 112 0,002

H&S/Zﬂeﬁe@' 5191 + 026 5330+ 036 5053 + 031 <0001 4903 + 034 5139 + 051 4667 £ 040 <0001 5469 + 033 5601 + 045 53.38 + 043 <0001

T'%’;Zrﬁe 136.88 £ 2.16 13499 + 286 13876 £ 291 0325 16223 + 367 157.75 £ 478 16670 + 532 0200 12245 + 1.66 10846 + 2.37 11645 £ 236 0018

HOMABcel! 11869 + 1.31 8013 £ 049 15723 + 1.71 <0001 11455+ 1.96 7558 + 066 15349 + 259 <0001 12267 + 1.47 8491 + 053 16044 + 2.36 < 0,001

HOMA-R? 205+003 1794002 270+005 <0001 230+005 1794003 281 £008 <0001 220+£003 1794002 261 005 <0001

1) LHG: Low HOMA B-cell group
2) HHG: High HOMA B-cell group. Low and high HOMA-B-cell groups were divided by median cut point (107.36 for total subjects, 102.18 for male subjects, 111.43 for female

subjects)

3) p-values: t-test between LHG and HHG

4) Data are Mean £ SD
5) BMI: Body Mass Index

6) HOMA B-cell: The homeostasis model assessment of B-cell function. The values of HOMA B-cell were analyzed after log fransformed
7) HOMA-IR: The homeostasis model assessment of insulin resistance. The values of HOMA IR were analyzed affer log fransformed
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Fig. 1. The means of HOMA B-cell level according to age and sex.
HOMA B-cell: The homeostasis model assessment of B-cell function.

p-values: t-test between male and female.

Table 2. Correlation coefficients between HOMA B-cell and anthropometric and metabolic variables in subjects

HOMA B-cell)
Total Male Female
(N=4,802) (n=1,917) (n=2,885)
Coefficients p-value Coefficients p-value Coefficients p-value
Age (year) -0.180 < 0.001 -0.236 < 0.001 -0.141 < 0.001
Weight (kg) 0.155 < 0.001 0.283 < 0.001 0.208 < 0.001
BMI (kg/m?)? 0.195 < 0.001 0.249 < 0.001 0.168 < 0.001
Waist circumference (cm) 0.139 < 0.001 0.197 < 0.001 0.169 < 0.001
Fasting glucose (mmol/L) -0.431 < 0.001 -0.415 < 0.001 -0.433 < 0.001
Fasting insulin (uU/ml) 0.639 < 0.001 0.648 < 0.001 0.639 < 0.001
Total cholesterol (mg/al) -0.060 < 0.001 -0.034 0.244 -0.084 < 0.001
HDL cholesterol (mg/dL) -0.131 < 0.001 -0.213 < 0.001 -0.105 < 0.001
Triglyceride (mg/dlL) 0.037 0.083 0.062 0.058 0.068 0.020

1) HOMA B-cell: The homeostasis model assessment of B-cell function. The values of HOMA B-cell were analyzed affer log frans-

formed
2) BMI: Body Mass Index



Table 3. Comparison of nutrient intakes between low HOMA B-cell group and high HOMA B-cell group

Total Male Female
Totdl lHG' HHG? e Totdl IHG HHG e Totdl e HHG e
(N = 4,802 h=2414) n=2388 P N=1917) (n=1012 n=9%8 P N = 2,885) (n=1437) n=140 F

Erergy(kea)  1,95512+ 1552° 195408 + 2208 195616+ 2167 0946 230550 £ 2479 228158 + 3359 232941 £ 3412 0299 161755+ 1387 158709 £ 1672 1,64800+ 2273 0035
f;rmhydme 31595+ 234 31459+ 293 31731+ 352 0545 35244+ 343 36030+ 445 35457+ 504 0518 28080+ 282 U564+ 308 28597+ 444 0048
Caroonyciate + + + + + + + + +
o 6822+ 023 6858+ 028 6787+ 029 0037 6644+ 030 6735+ 040 6552+ 040 <0001 994+ 027 7017+ 037 6972+ 034 032
Protein (g) 972+ 073 6907+ 101 7036+ 090 0298 8272+ 101 8067+ 142 8478+ 145 0024 5718+ 063 5569+ 083 5867+ 08 0010
Protein (%) 1466+ 009 1465+ 012 1466+ 012 0958 1526+ 012 1517+ 016 1534+ 016 0409 1408+ 011 1398+ 014 1417+ 014 0305
Fat(g) 3795+ 061 3650+ 072 3940+ 089 0007 4642+ 097 4301+ 104 4983+ 147 <0001 2979+ 050 2882+ 066 3075+ 073 0046
Fat (%) 1712+ 017 1677+ 021 1747+ 023 0011 1830+ 024 1748+ 031 1913+ 033 <0001 1598+ 021 1586+ 029 1610+ 026 0492
Cucefber@ 774+ 010 781+ 014 768+ 013 045 838+ 014 853+ 018 822+ 018 0168 713+ 013 708+ 017 718+ 019 0669
Ah(g) 2051+ 024 2044+ 027 2057+ 033 0747 2366+ 031 2351+ 038 2380+ 045 0603 1748+ 030 1692+ 026 1803+ 047 0021
Cdoum(mg 50169+ 567 50069+ 779 50268+ 808 0859 57351+ 933 56150+ 1218 58552+ 1352 0173 43249+ 626 42952+ 848 43B46+ 900 0628
P[;zsgp]’horous 117648+ 984 116903+ 1422 118383+ 1301 0436 1536308+ 1504 1,34070 £ 1971 138545+ 2117 0106 99670+ 970 97385+ 1227 101955+ 1458 0016
ffon (mg) 1477+ 022 1451+ 025 1502+ 032 0175 1664+ 028 1643+ 034 1686+ 043 0431 1306+ 029 1245+ 027 1346+ 046 0041
Sodum(mg) 511468+ 6217 517820+ 7647 505119+ 8425 0216 609410+ 9237 610420 + 11348 608400 £ 13372 0903 417106 £ 57.37 415997 = 7358 418215+ 7808 0824
P?:;'Um 31173+ 3214 308729+ 4318 313616+ 4474 0416 349100+ 4532 345093 + 5818 353105+ 6145 0305 274632+ 3892 267545+ 4427 281720+ 6142 005
V(”SQ”QBA 82617+ 1855 78947+ 1954 86285+ 3027 0038 90296+ 2086 88842+ 2902 91748+ 3093 0501 75219+ 3032 67597+ 2105 82841+ 5147 0003
Caolene (ug) 431580 + 10884 410940 + 9927 452214+ 18072 0036 465353 11248 453205+ 127.63 477494 + 17865 0258 3990.42  181.98 360659 + 11843 437524 + 30911 0010
Refrolug) 10082+ 545 9703+ 856 10462+ 545 0417 12194+ 938 12013+ 1590 12375+ 916 0841 8048+ 427 7224+ 617 8871+ 619 0067
Thiamin (mg) 129+ 012 128+ 002 130+ 002 0323 151+ 002 148+ 003 155+ 004 0108 107+ 001 104+ 002 110+ 002 0017
Rbofovin(mg) 119+ 001 116+ 002 122+ 019 0021 137+ 002 133+ 003 142+ 003 0013 101+ 001 097+ 002 105+ 002 0002
Niacin (mg) 1656+ 019 51643+ 025 1670+ 025 0429 1989+ 030 1934+ 038 2044+ 043 0041 1336+ 016 1308+ 020 1364+ 022 0043
ViamnC(mg) 10878+ 202 10645+ 252 11001+ 265 0151 11557+ 251 11392+ 329 11722+ 345 0462 10223+ 252 9817+ 295 10629% 330 0032

1) LHG: Low HOMA B-cell Group

2) HHG: High HOMA B-cell Group. Low and high HOMA-B-cell groups were divided by median cut point (107.36 for total subjects, 102.18 for male subjects, 111.43 for female subjects)

3) p-values: ttest between LHG and HHG
4) Data are Mean £ SD
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HZ (p <0.001), A A& (p < 0.001), R I
(p <0.05), Yookl (p < 0.05) AFAH] FojFo =
okt A, oJ=1e] 3¢ HHGE LHGe H]8) olui«] A3
ZF(p < 0.05), &F3E AAF(p < 0.05), Tz A=
(p <0.05), A% A= < 0.05), 3E(p <0.05), Q!
(p < 0.05), ¥ (p < 0.05), HIEN] A(p < 0.01), 728
(p <0.05), EloFl (p < 0.05), #lHZ2H1 (p < 0.01), Y}
oJo}xl (p < 0.05), BIERI C(p < 0.05) AFZe] 12142

2 =9} (Table 3).

4. HOMA p-cell #Z0t FF2 FY 24
HOMA B—cell 553} QoA A F o]

o
3+ Ay}= Table 49} 2o} QA thd=1o] 39, g

o2

]
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Table 4. Correlation coefficients between HOMA B-cell and nutrient intakes in subjects

HOMA B-cell”
Total (N = 4,802) Male (n = 1,917) Female (n = 2,885)
Coefficients p-value Coefficients p-value Coefficients p-value
Energy (kcal) -0.033 0.095 0.004 0.876 0.017 0.446
Carbohydrate (g) -0.022 0.273 0.004 0.875 0.013 0.589
Carbohydrate (%) -0.040 0.023 -0.084 0.003 -0.029 0.142
Protfein (g) 0.001 0.935 0.045 0.080 0.034 0.099
Protein (%) 0.008 0.648 0.021 0419 0.026 0.244
Fat (Q) 0.032 0.099 0.082 0.004 0.035 0.062
Fat (%) 0.046 0.009 0.094 0.001 0.024 0.219
Crude fiber (Q) 0.019 0.315 -0.030 0.198 0.014 0.546
Ash (Q) 0.012 0.539 0.006 0.841 0.033 0.196
Calcium (mg) -0.013 0.492 0.023 0.392 -0.007 0.744
Phosphorous (mg) -0.008 0.662 0.026 0.342 0.035 0.093
Iron (Mg) 0.007 0.717 0.012 0.697 0.041 0.092
Sodium (Mg) -0.035 0.060 0.006 0.845 -0.016 0.484
Potassium (mg) -0.001 0.978 0.008 0.776 0.043 0.060
Vitamin A (ugRE) 0.025 0.223 0.004 0.886 0.066 0.013
Carotene (ug) 0.030 0.151 0.011 0.661 0.062 0.023
Retinol (ug) 0.004 0.849 0.013 0.662 0.007 0.794
Thiamin (MQ) 0.002 0916 0.034 0.192 0.032 0.116
Ribofravin (Mg) 0.031 0.126 0.058 0.039 0.062 0.007
Niacin (mg) -0.008 0.669 0.034 0.205 0.021 0.313
Vitamin C (mQ) 0.023 0.204 0.021 0.421 0.041 0.061

1) HOMA B-cell: The homeostasis model assessment of B-cell function. The values of HOMA B-cell were analyzed affer log frans-

formed
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AFN1ER A AdF81E0] HOMA B—cell 757 7214
Q1 IS Bl om vpR] FoFal] 79 o] 41 A
do] QlGltt. &rskE AF81E (B = —0.040, p < 0.05)
< HOMA B—cell¥?} &2 addAE, A AFv&
(B = 0.046, p < 0.01)2 o] AATAE BT FA1e]
739 22 dpdAtel fARSE AuE 2o 'eskE AFNE
(B = —0.084, p <0.01)& 52| FAIAE, A HH=F
(B =0.082, p<0.01), A AFHH &P = 0.094, p <
0.01), grEZe AHHZF (B = 0.058, p < 0.05)> 42
ZFEAIE BTt of7ke] -9 3] kA AdFNES
olst At Holx| kot AW AAF (@ = 0.035,
p = 0.062)2] 7% k] A A3FE BT ©]9] H]
el A = 0.066, p <0.05), 7F2E (B = 0.062, p <
0.05), gRZZP (B = 0.062, p < 0.01) AFHFH] 79
9l oFe] S YERTH(Table 4).

5. HIBtE Subgroup® HOMA B-cell #Z° IME FFA
MAT H

A IS vl whel Al #EA S 23 kg/m® PRk

Ql AAlF - AT WdAF(n = 2,110) 9} A A FA] S
23 kg/m? o]l FAF - HvF A} (n = 2,692)F Al
3}a}al HOMA B—cell 750l w2 LHGSF HHG F &
G AdF S vl (Table 5). AAF - 47341
gzt s HHGZE LHG vl #2402 e=dla
AnE (p <0.05)°] sterem A HAHZ (p < 0.01) 7
1% 43RS (p < 0.01), BlRZEM AFZ (p < 0.05)°]
O|F 0 & okl YA ki T T 72 2Ql Ajo]
Holz okoxct. Z1evk wAlF - vIRk g Al M = T
BE Gk AdHZe] o4l Aol 7t glgltt.

ok S WA A AAS - AT dlPdAtel
AN '53tE AFHEE @ = —-0.052, p<0.05)0°]
HOMA B—cell?} +94%1 &2 AdaAE B3lar, A%
AF= B = 0.060, p < 0.05), A% AFu81E& (B = 0.071,
p < 0.01) Y= 2] AaaA1E deReh. A5 - vk o)
A M= 3T oA AF L A2 IS HolRH] o
grom o« AF= (B = —0.061, p < 0.05) 7 22 4+
HAE HolF3lth(Table 6).
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Table 5. Comparison of nutrient intakes between low HOMA B-cell group and high HOMA B-cell group according to BMI

Under- and Normal-weight BMI" < 23 (kg/m?)

Over-weight and Obesity BMI > 23 (kg/m?)

LHG? HHG® , LHG HHG

(n = 1,067) (N = 1,043) p-volue’ (n=1,337) (n = 1,3565) pvalue
Energy (keal) 1,850.40  27.909 1,875.29 + 29.89 0533 2,055.30 + 3409 1,993.25 £ 29.19  0.189
Carbohydrate (g) 30661 + 453 31010+ 490 0578 32365+ 375 31965+ 4.71 0.504
Carbohydrate (%) 69.31 £ 037 6814+ 038 0012 68.04+ 040 6765+ 035  0.445
Protein (g) 6534+ 110 6710+ 140 0289 7263+ 146 7204+ 116 0746
Profein (%) 1448 £ 014 1442+ 016 0773 1477+ 015 1484+ 014 0733
Fat (g) 3362+ 084 3767+ 102 0002 3932+ 123 4003+ 112 0674
Fat (%) 1621+ 030 1744+ 029 0001 1718+ 031 1751+ 028 0421
Calcium (mg) 480.70 + 10.82 48045 + 12.21 0987 523.50 + 11.89 51151 + 1040  0.468
Phosphorous (Mg) 111843 £ 1699 1,132.95 + 2077 0576 1,02204 + 20.39 1,207.04 + 17.14 0594
fon (Mg) 1363+ 027 1415+ 038 0252 1546 £ 034 1539+ 047 0895
Vitamin A (ugRE) 73246 + 2192 78349 + 2528  0.094 83587 + 27.38 91865 + 47.60  0.140
Thiamin (mg) 120+ 0.02 123+ 003 0320 135+ 0.03 134+ 003 0805
Ribofravin (Mg) 109 £ 0.02 117+ 003 0026 122+ 003 125+ 002 0541
Niacin (mg) 1554+ 032 1667+ 037 0774 1732+ 037 1724+ 033 0870

1) BMI: Body Mass Index
2) LHG: Low HOMA B-cell Group

3) HHG: High HOMA B-cell Group. Low and high HOMA-B-cell groups were divided by median cut point (100.46 for under-and nor-
mal-weight subjects, 112.11 for over-weight and obesity subjects)

4) p-values: t-test between LHG and HHG
5) Data are Mean = SD
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Table 6. Correlation coefficients between HOMA B-cell and nutrient intakes according to body mass index

HOMA B-cell”
Under- and Normal-weight Over-weight and Obesity
BMP < 23 (kg/m?)(n = 2,110) BMI > 23 (kg/m?) (N = 2,692)
Coefficients p-value Coefficients p-value
Energy (kcal) -0.024 0.437 -0.061 0.016
Carbohydrate (g) -0.020 0.478 -0.037 0.157
Carbohydrate (%) -0.052 0.034 -0.022 0.346
Protein (Q) -0.001 0.966 -0.016 0.496
Protfein (%) -0.014 0.604 0.013 0.593
Fat (g) 0.060 0.032 0.002 0.929
Fat (%) 0.071 0.005 0.022 0.349
Crude Fiber (Q) -0.027 0.278 -0.026 0.290
Ash () -0.025 0.348 -0.026 0.314
Calcium (mg) -0.008 0.789 -0.030 0.224
Phosphorous (mg) -0.022 0.472 -0.020 0.433
Iron (M) 0.004 0.881 -0.008 0.777
Sodium (Mg) -0.046 0.106 -0.047 0.049
Potassium (mg) -0.021 0.428 -0.006 0.816
Vitamin A (ugRE) 0.015 0517 0.017 0.556
Carotene (ug) 0.009 0.703 0.028 0.308
Retinol (ug) 0.029 0.224 -0.010 0.668
Thiamin (mg) 0.004 0.887 -0.018 0.463
Ribofravin (Mmg) 0.035 0.202 0.011 0.674
Niacin (mgQ) -0.032 0.317 -0.014 0.544
Vitamin C (mg) 0.024 0.348 0.014 0.574

1) HOMA B-cell: The homeostasis model assessment of B-cell function. The values of HOMA B-cell were analyzed affer log frans-

formed
2) BMI: Body Mass Index

13

Aol M= ek 304 o WA AdRlE tide®
HOMA B—cell& ©]-&3to] HlEMAE 75§ H7}stal,
HOMA B—cell S]] wh2 G4 A3 9] A}o]
3 HOMA B—cell?} Gda HATE] s dopulaist
SF3ATE.

B A Az, #7320 HEtE 715S Brlshe A xS
HOMA B—cell> $-2lute} 30th o1 Aq1e] 4$ H
118.69% UERGT} o] n)=29] HAF Aol it ol ol A
HOMA B—cell Hyto] 391 140, 2klA] 130, ®el 1152}

+ (Chiu & 2005) 228} Hla A] 521 9l 2}eA| v|=<l
Hrh= WERE 7]5o] YAl wiQla} fALsh ol it
HOMA B—cell o]&3te] $h= /3219] MleME 7]5-5 3
7}k =] A= HOMA B—cell BitgkS 116.602kar 3}
o] (Rhee = 2011) & A9 AR A3E HolF),
st An STl uhel ANHA o2 WERNE 75 A8t

il
S
S
ol
ol

2

AISZ 7]552] &7l 9gt
Laing 2002; Chiu 5 2005). 4= % FA7} o 2pEt
HOMA B—cello] wto} Fze] HEMAE 7]50] of2pu T} 4]
Z5h A0 vEpon 30t A 2)eh B Aol 2
& Y BT H It AT IS ER L o 7pel]
B WEMM X 7] 50] wotkal B8 0™ (Kautzky —
Willer 5 2012), 5= t’d ATelA = AHo] wiEbA|E

7150l G = 29lojgtar SRt (Bi 5 2012). o] 3
2fo] o] f1Q1E of=] A &}3] ﬁ”@ﬂ/ﬂ AgkoL} o] o4

B} &8 S I}t &5 o] Q) **L%OH o5t Ay
I AYLiu 5
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S BoIFQIT}, AA v} 4 A3k HOMA p—cello] 3%
& 73 w2 Z3g-el vlel ershE AdFvlEe] st A A
e Eokon, dxt gt E FUst Ay Ko
ek A= tlgdAke] 9= HOMA B—cello] & 7%
& 750l vlal] A AFF Y AN vlER] AF o]
o)A oz Wkt 12 oi2ke] A= HOMA B—cell©]
F 75 duA AFAFE FrolF o= Wol ouA] A=
o oJgt ke WS 7hs/do] EAgTh. mgh, A +
Aol = HOMA B—cell> €312 AF01&3h= 229 4
THAIE Bl v, A A e o) AaeAlE
ERiiet. ol2f gt Ante wo}, $-gluie} Aol grslE A
Fnlgo] Aar, A dFnEo] S5 WER| L 7]50]
Fsatr, sk vrshE A7 et V)5 Aske)l @
’do] g oulsitt. Ixl G 2301s ulFo® 3t 5
A 2] 717 HOMA B—cells A4
vk 1 1319331 (Lopez 5 2008), Ud-s7del A= o
o ® o A= WA vskE A3 S7PF HOMA -
cell A2} ATt 319 (Sartorelli 5 2009) & A+
o} AR A3ks B usinh, ik AekalE A 2o)
7} wekEakE AR Aol vlal QlEH HHlso] =9k
U T2 A AT A itk (Park 5 2001). 94
&3 A B—cell?}e] IAGE #7435 =]
F A7 A glo] A3 Al vl o HARE, A%
UEAL AR E A3 s 2 Moon & Kong (2010)
- A2delel nisl wrslE A3 ulEo)
77

1

i

o 1l

A7) A 'hepdhe AFE AT SES 1T
of frel7]ell gt Atshe &35 2efsta dab o=
HIERAI S 7] 55 Astrl7]= A o= Azt o]
< #7 wEbAI2] 7)50] AstE = 71 &

Robertson 5 1992; Robertson & 2003; Won 2004)
A& WA 27 A7 s 2] =E3EE HY
A9 fr2]7] (Free radical) 7F 57k 3L S7H8 2717}
akela ~E# A (Oxidative stress)® Fdate] 2174 wlet
AEZS H7FA R EATIE ZloR A Qo
(Robertson & 2004). & A7 tldAH=2] 3o Y4 4
A v wedkE 68.22%, AW 17.12%, ©uA
14.66%%, nigAst I 242 91l gy St A A
&= A5 el §skE 50~60%, A 20~25%, &
M4 15~20%(The Korean Dietetic Association

2008) ¢l vl3l] &slE AHAE 2oL A i A=
22 ol it whebA HetAI2e] s AskE WAlstaL Wi
o ol 2 Gty oS fleiME AAl TR e
AFHE ol AW AHE S7HIA ABTEE] wrst
I A AFH PSS fA|stolok & Zlojot, o] ItellA
Fd APAE Hol= oAl AekrslE AT ANE
sk A A 28 o] o] FhaE Tk skgle.
Mckaly 5 2005), @584 (Glycemic load) 7} %
AAZ} HERAE 75l 783t akE vRvkar Harst
= 9o (Wolever & Mehling 2002; Solomon %
2010), ©=rsla A% et 37 G-eAlF7E sk '
TF3kE AF7E A= ool 3 Flo 2 AZHEAL: ouX] el
Q1 3] 9ok o]2lo= HOMA B—cell> Q3 vlepsl 4]
Foke A¥HIS HalT) A tidAtelA]l HOMA B—cell
T 739 B Aol visl viEl A, 7R, eleEet
AF ko] wWekar Wxle 4= HOMA p—cello] & 7
T Y EEER], dolobil A Fo] wekow, ojatel| =
HOMA B—cello] 32 75 H]ElN A, 7k2 5, Elojgl, 2]

2 orlo B2 O i

[0

A
2

)
o
ol

]

o [T,
Ao
oft

(]

H
AA] B WUabe] A9 2] Zahlo], ojxe] Ao
HlE A, 7128, 2lREeh AH#o] HOMA p—cellz}
okol AWAUAS Ho] =53 njel AF 7} veAE Vs

=
AZrEch vl A, 7FEE HER C, glRZ el 52
2]7] Wk o 2K E] Ay uhs B Gskar, Ak aksh 24
sk S Alshs T AlsHA AEYAE A
7 (Mettlin 1984; Frei £ 1988; Krinsky 1993;
Bonnefont—Rousselot 2004) HEE 24 uhar 7H
Aow A /M G B ghael 7]ofg = 9l
th B 5 BES o] gst Ay ATE2 A% wER
Fof|A AAZ Aks} AE# A0 A HE0] FTIE] glow,
PalsiA| Fol7} fEE 7578l E 2 o2 WA S
Itk B3ttt (Kaneto 5 1999; Tajiri & Grill
1999). S st A o] &8 AT =2 HER A F
o] Al XA #aksbzF WA 5] 37 (Nishimura & Kuriyama
1985), AbsHA] AEg| 2o o3t A% T E a0 R
A4 om (Zobali 5 2002), Ao]E £33 H|EH] C

HIER] E 30] BAkshA| AEks F3l Absha 45 1
A ZTHL (Ozkaya 5 2011) Harse] wjeple] 483
W5 ]S5BT Tsh TR 917 Yookl Fo37} Nitric
oxide 3417} A28 (Apoptosis) S Waliate] WEHE
4 Btk Harskeltt (Alenzi 2009). 97 AtellA

o

b
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g:O



= HE1e] f-83 aakEe] BauE vk Firy Shatel )
Gaksl JokArs BE A Q1R G4 Z7te) 34 A1 3
Ak 5 2001),

2 DNA &) 745 %lom™ (Sardas &
F LHPAE dPFe® g AellA] ERs FhEE
F&o] o2k WEtEY A3 o] 35 g7
3 (Ylenen & 2003), < wef &
Al A7} %HE S 13% HAeA]
9tk (Hamer & Chida 2007) Ba3ic}, whepA
CheFet nlERI S %%’81 AF s A vl 75 Al
S She A 0® FPEERE AAF S g

S A HEr *émZM 7z ofof & Zlojt},

Tze) wheh A AR 23 kg/m*E 7]
Fo7 /‘ﬂ—r§}0}oﬂ AEAE At HOMA B—cell =]l
- P AHE AR Afel7t AT - AT o
Aol M= vrebt ot Al - HIRE iAol A= vk
2] ekoyet. AAE - AAAF dAR=, HOMA B—cello]
F& A9 sk AFANES Ao A AR A A
HAvlE, BEEEW AHFo] oA ow weron i
HA o e 'k AFNE, AP AR, AT AFRE
HOMA B—cellZ} 21491 434S Bl 18ut o}
A - vk ARl = 3t Jtek HOMA B—cell®)
7dado] TAE A Skt o) ] A Kol Pk A
9} HOMA B—cell®] *Fdo] v|wkeel whef vhs = 9l
RO 7P 2 AellA] AT, A-ZA T, slelEevt
HOMA B—cellz} o] AaaAS S-S 12t wf vk}
A&7 wEREE 7]50] AstEe] Q= A ow i)
upepa] A o2 HebAE V)5 o] st AT - Bivt
O3 Goka AF7F wlEbA e n]A]= ko] Ao
L, HERAIE 7] 50] tha Aske AAlS - BdAlT didAt
o] A ¥ ié.ﬁa%ﬂ o5t o] STt BloE 5
ek vl Al 29 @SSt o R Binked
et WERA|E 7]5-8 71t ArellA = vIREE5 et

2

A 7150l T7Fettar aFolom (Lee 5 2000) HRFE v}
B gk gacgo] WlEA o g tf2rky 8 I A
=% At (Lee 5 1985; Mohan & 1997) Lee 5

(2000)2 H]EF1LS- g HhA o] F¥ Helo] ¢l x1

/41 Wk v gkl WlERAE Aol 7} %h‘:‘% %“M T
H gloletar skGitt, Bgt A A= kot
AAT - AT RS AAT - BNt AR Lol
AA#EAG=E HOMA B—cell®] AoAS A3 A3} 9}
A - BNk oPdRbel AT 9] 2Q1 ko] dede Bl
upebs] BAF - v oAk A AAT - AT
ZgAel| vlsl i AF BRI AFol WERE 75l

o] - e - 232 - A} - 253
uR e Qo] ¥ 2 20w A7 $ Chung 5
(2010) 2 5k 1ol el A tiEzo] Sl 49
1A gk Al v S A
9 Are] AL Yo} BakE A

RS} QS oL IR e
91 217} ik sHich. o= Hlwels) ululwele] 8 v
A} o)AFe] gelo] talA o & thay] wF o 7 =) H)
RS A 2 45U AT 3 290) G

1;4]2 EE‘—— Xﬂ/\]—

[‘10 ol

S 94 —rxﬂ-‘;— AT}, 7 Ao M= ﬂ%%l Jﬂ*—‘)‘ HOMA
2RO 3}9;1Li 0_1%% %H]%Ol

B
Aﬂi 71%01 A B31eH, Chung %—(2010)4 A
A= A A A nwklo MR g AF
g} Ak Fro] frol Al AES Bl ZAow F4ent
whebA] HRkee] wiet weplE 7150 F T thEaL
&2 AF7E HERAIE] vIAE GFo] v & e 1L
ato] AlEshe et oS 915 ] Aol mAH
olof & Zlojtt.

2 A7E 2 7 AlgE AW ok HOMA B—cell
¥} oA AFAFE] AIS A4S A5l BA Yot
AT A= o] A7 Ao} AR A 0= vlaL jﬂﬂg}ﬂh
Z5FTE B3k 2 9= cross—sectional study® T
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Fagh 2 gi S Ao =2 E4do] itk A 55
#& v (Zhu = 2004; Park 5 2008), A= - A+
Q1o)X oJoka AF ko] HAe] WEE 7]l o
the 2 A7 d9e Seivet 9 2 wduiabe 23

del] Slg AAe doke A 4E D A ARE 0

[
o o 24 i

I

-

B ool M= f-2luet 304 o) A AS o
HEFE] 7158 H71sl7] $18l HOMA B—cell&
31, HOMA B—cell =57} thakst of ki 415 <))
& ot 1z} 3Tk 1 A8 A= v g

1) HOMA B—cell:& o]&-3sto] HIE2E 7]5-& H7Fst
A3} HOMA B—cell Hvt gk a0 ti’dzk= 118.690191
om A= 114.55, o2 122.67% A7} oA 15T} o
ERIE 7)50] wkth(p < 0.001). B3 dwdo] Z718te)
whg} N © 2 HOMA B—cello] #4381 HIEME 7]5
o] AstEi= AE&FS Bl

2) thAAE HOMA B—cell 43k (A4 107.36, &
102.18, ¢ 111.43)& 7|5 20.2 B—cell 7]5°] A X3
LHGS} p—cell 7]%5¢] 9¥%8t HHG F 0% o] Q1A
AlS 9 AsHA AL AaE Bl skt A ol gzl A
HHG7} LHGel w8l A5 (p <0.001), A=A
(p <0.001), 3Y=E(p<0.001), F& A&AM<
0.001), HOMA—-IR (p < 0.001)°] fojA o7 =gtomn
35 99 (p < 0.001), & ZHUAEE(p <0.001), 1EE
FY2AEE (p < 0.001)2 ]2 02 vioprt. /el mt
Tste] AT Aol M = fAeE AutE Bl

3) HOMA B—cell?} 1A A1, As}shd] HAF A}l
73 Ak A, A dbdRke] A3, 4% (B = —0.180,
p <0.001), 3% g4 (B = —0.431, p < 0.001), F =
2EZ (B = -0.060, p<0.001), UL ZFHAHZ
(B = —0.131, p <0.001)¢] HOMA B—cellz} 5] %3
WAE oM, AF (B = 0.155, p <0.001), A&AZA
4 (B =0.195, p<0.001), &= B =0.139, p<
0.001), &% 9158 (B = 0.639, p < 0.001) k<] Azt
BAE B}

4) HOMA p—cell =50l W& F 3F G4 4
v w3 A7}, HHGE= LHG] H]8l] 94 0% g3
FulE (p < 0.05)°] wokar, A AdHZ (p < 0.01), A%
AFRE (p <0.05), BB A(p <0.05), 7F2R (p <
0.05), FREZ2 (p < 0.05) AF=o] F-J4 0= =30t

s

ol
o

gy

o
o,

h 5
o

5) HOMA B—cell =72 kA AHAFHe] Aad &
AefA], At At 'rskE A0S (B = —0.040,
p < 0.05) 2 <], A A5 (B = 0.046, p < 0.01)
o] AAIAIE BT W] A wershs A0S
(B = —0.084, p < 0.01) ¥} 2] JAAAZ, A HHF
(B =0.082, p<0.01), A AHH& B = 0.094, p <
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