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Abstract

The objective of this study was to investigate the effects of dietary vitamin B intake on biomarkers related to lipid
metabolism, inflammation and blood glucose control, that are important in the development of type 2 diabetes and its
complications. Seventy-six adults (42 males, 34 females) were recruited from a group of diabetes patients who had visited
the medical center for treatment. Data on anthropometric characteristics and dietary intake of thiamine, riboflavin, niacin,
vitamin Bg and folate were collected using 24-hour diet recall and the CAN Pro 4.0 program. Also, data on clinical indices
such as serum lipids, blood pressure, high-sensitivity C-reactive protein (hs-CRP), hemoglobin Alc (HbAlc) and
homeostasis model assessment 2-insulin resistance (HOMAZ2-IR) were collected and analyzed for correlation with dietary
vitamin B intake. Results from the dietary intake survey showed that riboflavin and folate intake (in males) and folate intake
(in females) were below the Dietary Reference Intake for Koreans. Statistical analysis revealed a negative correlation
between hs-CRP and dietary intake of B vitamins. Riboflavin intake was inversely associated with systolic blood pressure
after adjustments for age, BMI, smoking, alcohol consumption, exercise, ingestion of diabetes mellitus medication and
energy intake (p<0.05). Our results suggest that dietary vitamin B may influence inflammation and consequently may help

in better management of type 2 diabetes.

Key Words : Type 2 diabetes, C-reactive protein, hemoglobin Alc, dietary vitamin B intake

LA B

T2 A MAFSE fFHEC] U8k e W3E
slo g 19959 FHES 4.0%0 B33 2025300 =
54%% S7tste] 39l 77k QI97F SR SApF E A
02 o=5 3 QItK(Cho et al. 2006). $-2UEtelA = 2001
ol 8.9%AW Ty FHER 304 o), 35dT 7]
3=, 20053 FAICITE A FEF3}] 20083 9.7%, 20183
10.4%2 Al&ste] S718kal Atk (Ministry of Health and
Welfare 2008; Ministry of Health and Welfare 2019).
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S, B, Wid oy A ouR] HlE gk
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HbAlco| o2 =9htli B 15%E S(Brando-Lima et
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ElopRls} 2B EEH], Yol4l2 thiamine pyrophosphate
(TPP), flavin adenine dinucleotide (FAD), nicotinamide
adenine dinucleotide (NAD)?] FH|Z grslE, A1 A 5 o
UA oiatel 2Eaw Agahed), FRge of tiAge)
oo Qs WAlshs Wslolnw WE BEE P
WS ol Joelet 25T 4 k. olsh e ML
AZ37] 98 ole) A7t Wizl 2719 AFEE )
Epel Boh Wl B @ Alole] Uekael AL Wrlsh
2] £t} Cumings(1947y= 2743 A3} G $hxjol
A Yol Fo7) ddsieol] 99
3L Bose(1948)= Eloty]l AHSA7F e B SAbel7]
Elopls Fofshd Wgso] et Wik vf gick. 2
Holl= Aot ddF=S o83 A7elA Hlgrl B7f <l
=8 ANFA Al AslE Ak} IgfIR, GFAES] IL-1B,
FHEstE ALl Hoddhs Gek 5= A WM =
Aole 5 Gl el o] & o] AR (Mazur-
Bialy & Pochec 2016) Aol A vleR B£e] AAHFHY
FUHA B0l Gl wXe Gl thelire B2 A+
7F o] Fo XA ettt wEbA 2 ATl e F=el T
IAE o A B viekl Bz YAS 24
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A4 (Body Mass Index, BMI)E A5 (kg)AdH(m?) o=
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3 SAH7IE olgsl I8 ol IEke SHEIH.

3) AslshA A

Z4| 28 E, LDL-Z¥|2EE, HDL-ZH2H1E, T84,
hs-CRP, 353 59 A} date AkdAate] ghatol
A AEE-417)(Fuji DRI-CHEM 3500i, Japan)S ©]&-3] ¥
A AR E AR 755 B9 53T HbAlcS} C-
peptides Zt7 A5 NA] AZvtE T3 (Variant 11, Bio-
Rad Laboratories, Hercules, CA, USA)S} 3}8hilsd WA R
2 (E170, Roche Diagnostics, Mannheim, Germany)< ©|
&3lo] #4383tk HOMA2-IRS 3583 5=} C-
peptide =55 HOMA Calculator ZZ 130l &3} A
2F5lAtHThe Oxford Centre for Diabetes, Endocrinology
& Metabolism. Diabetes Trials Unit. HOMA Calculator).

4) AoldH ZAF

2oldA ZARE Flsl 24413 S-S ARSsked Ml
w3 Rt AHR BE S4S AT 546 S
ole HEARS] TRk F& ARSI AFHAT
ATk, WFIAPE dTidtel 7 sl HoldAE
FApsllon 54 RS AAstel 4HAZE AotsiA
AL & == siirt. AolHH A AHE A= dS]
9] FFH7F Z=9] CAN-Pro 4.091 Hale] Hlepl A
FFE BAsII. GYEIA HF8olet HFH P2 AW
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A## A= Pearson's correlation
of TAISISTE HAke oAx; At Ate]
o AFAEE] FETF FolF AolE YRR 94Sk7] Wi
o] YUE FE3FA| &3 correlation coefficientS A4Fs1A
THREE WA, A B4 A 2 RE wEel 9
s Fe sloR HaE 9%, BMI §94 o7, 55 o,
& o, B oF B8 oo} oURHFHFORE BT
BE JAAFE -39 tH(Gulliford & Ukoumunne 2001;
Lee et al. 2004; Lee et al. 2008). SPSS (Statistical
Package for Social Science, v. 22.0)5 AR&-3lo] TA £4
siolom AFEEE WEA e Mee T Ao &
TSI FA AA7F p<0.052 W FAEE FolTh
Zo=Z st

BE ASe Hd+ETUAHSD)E EASHAT. BlEF A
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<Table 1> General characteristics of the subjects

Total subjects Males Females
0,
Number() (n=76) (n=42) (n=34)
Age (yrs) 55.8+12.4" 55.6£11.8 55.9+132
30-39 8(10.5)° 4(9.5) 4(11.8)
40-49 16(21.1) 9(21.4) 7(20.6)
50-59 18(23.7) 12(28.6) 6(17.6)
60-69 21(27.6) 9(21.4) 12(35.3)
>170 13(17.1) 8(19.0) 5(14.7)
Body mass index 24.843 8 24.042.7 25.8+4.6
(kg/m’)
Alcohol drinking
Current 32(42.1) 28(66.7) 4(11.8)
None 35(46.1) 9(21.4) 26(76.5)
Past 9(11.8) 5(11.9) 4(11.8)
Cigarette smoking
Current 19(25.0) 18(42.9) 12.9)
None 50(65.8) 17(40.5) 33(97.1)
Past 79.2) 7(16.7) 0(0.0)
Exercise
Yes 66(86.8) 38(90.5) 28(82.4)
No 10(13.2) 4(9.5) 6(18.2)
Medication
Diabetes mellitus
Yes 52(68.4) 29(69.0) 23(67.6)
No 24(31.6) 13(31.0) 11(324)
Hypertension
Yes 26(34.2) 10(23.8) 16(47.1)
No 50(65.8) 32(76.2) 18(52.9)
Hyperlipidemia
Yes 23(30.3) 13(31.0) 10(29.4)
No 53(69.7) 29(69.0) 24(70.6)
YMean+SD
INo (%)

Y T A 76 (FAF 429, oA} 34%) 02 HF A2
55.8+12.440]3 A% E¥ = 60th 219, 50tH 189, 40th
169, 70t o]/ 13, 30t 8ol WA tldAtre] A+t
BMIE= 24.8+3.8 kg/m™ 1t FA} thdate] 42 24.0+2.7,
oA thAdRIe] HFS 25.844.6 kg/m> O A o}A|oLE]H UA
o 7ol mEH dRbe AT, ARk v st

A LTS AF S-S 42.1%2A 2018 FNAZFEA!N Y
ERd T 194] o) 780 EAF 70.5%, AAF 51.2%
o H3)] s e Ao mEy a3yt ASEE
sl 25 AABIL e AeE F=Hr) ki A o
FAre] dA FAES 25.0%013, FAF 42.9%, A 2.9%
2 ZAREY FRAZ s A AR FAF 36.7%, A 7.5%
of wlaf gk wdtt. Wk, ook A FEFS B8

I 68.

1= T1 0
3= A= 7H7) 68.4, 34.2, 30.3%= LERITI<Table 1>.
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2. HIE2] B M5 ALEY

A Ao goprl, glEEep, ol HIER B A
Fge 7tz 13403, 1.3£0.3, 18.2+4.1, 2.5£0.6 mgo] A th.
T QAR FH TS 376.9+104.0 pgol AT

<Table 2-1>3} <Table 2-2>0l= HU <] 7+ AHhE H]e}
9 B AFH @ WA i) AFRES Aisislt A
AF oz gAe] 735 ejRIela Gato], ozte] 749 §f
ato] WA FH Foll v Th 2018 N AFFS=2AL 2
= Ay B 30-494] AR Elopdl HF S 1.740.04,
50-644 1.6+0.04, 654 ©17F 1.33+0.03 mgolA 2] Zz}
Hl A ZES ZF2) 2.140.05, 1.742£0.04, 1.37£0.04 mg, Lo}
A AF TS ZhzF 17344037, 1492403, 12.24+0.28 mg e
2 Ueigtt o] 23E £ A9 Ao} vwshd Elopwl
AHFE FUNATIGZAL Aot vszatAY o AJAL,
ZRZpe] A9 E3] 30-494], 50-644 AFZoA AA
AFBIL AT W Yolal2 . Aol AF o] BTt

T SR GRAL A ARbe] Hopdl HHHS A
HEE 1.14+0.03, 1.13+0.02, 1.01+0.02 mge| 2L | HZa}
1S 1.46+0.03, 1.42+0.03, 1+0.03mg, Yool A$-
12.23+0.24, 10.97+0.23, 8.66+0.23 mg®& =& t}. Elo}vl
< 2 AT tidAte] ARV 2= Tl AV ¥R,
HEIE A9 FAREIALE Yolile dxlel npzyix| =
B AT OdRe] AF7E 9 Bkt AEAH o E Yol 4]
Fel 25 9 B2 A Qo tE HEwl BY AF"E =
A7z At 2 2lolE HAFA] 3ttt

ShA Ity $Exfe] HlEl] B AAFE AR o A7 E
S AT EH & Ao Ael I thEA] vl Hwang &
Choi(2019)= #1737] T $xke] Elopl, 2l Zewl, Y
ol AFHHS 247t 1.15+0.66, 1.06+0.64, 14.78+8.19 mg®
2 Bste] B A} =i o v AEkS Bt
5L WaE ¥ e A 17 A4S v
W3S W fFo)A 2pol7t Yot ElHEe] HH 7 oF
7F e Z3ES HATL SISt

Park & Han(2005)> 409 J=H 3xs tiidoz
AellA] Elotl, R EERI, Yolil, By, AR A3
Z+z} 1.340.5, 12404, 15.0+4.9, 1.24£0.5mg, 219.1£112.6
pg= BIBIAL o8 e R Y7V dFdES A4
39S w A AF o] 322.6+376.9 ngE Z7ISIATHL B
JEIATE B ] ARE o]59] Aol HlaL Al Elolwl,
YRI5 FARIAO W HIER B AFAHS =4
EFStth. Park & Han(2005)2] 73-%-oll ©hld AHF o] A
AAHF Y] 86.8% EH oY B AAE 167.2+
29.3%= ZAEo] Wl HFHTFe] xjo|7t HIER] Bee] A
F@ol zto] U olf F9 s AoE AlsET(RIR
U] A A, Ahn et al 2011y F=dAte] B, AFHE 2.53+
0.81 mgl = R3] . A-re] Ayjel FARIALE o&9]

L
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<Table 2-1> Vitamin B intakes of male subjects compared to Dietary
Reference Intakes for Koreans”

<Table 2-2> Vitamin B intakes of female subjects compared to
Dietary Reference Intakes for Koreans"

Dietary

Dietary
2) 0/3) 2) 0/3)
Age (yrs) Intakes RNI % Age (yrs) Intakes RNI %
All 1.4£0.3 116.7425.0 All 1303 11824273
30-49y (n=13)  1.5+04 125.04333 30-49y (n=11) 1302 11824182
Thiamine Thiamine
50-64y (n=17)  1.4+03 12 11674249 50-64y (=12) 13403 1.1 11824273
(mg/d) y (n=17) (mg/d) y (n=12)
65-74y (n=10) 1303 108.3425.0 6574y (n=9)  1.2£02 109.1£18.3
>75y (=2) 12403 100.0+24.9 >75y (n=2)  0.8£03 7274272
All 1.4+0.4 93.3426.4 All 1.3403 108.2+25.1
30-49y (n=13)  1.5£0.5 100.1433.2 30-49y (n=11)  1.4=02 116.7£16.7
Riboflavin Riboflavin
50-64y (n=17)  1.3+02 15 867133 50-64y (n=12) 14403 12 116.6£25.0
(mg/d) y ortD (mg/d) Y1)
65-74y (n=10)  1.3+0.3 86.6+20.0 65-74y (n=9) 12402 100.0+16.7
>75y (=2)  1.5%1.1 100.0£73.3 >75y (n=2)  1.0£0.5 83.3+41.7
All 19.844.1 123.8425.6 All 162433 115.7423.6
30-49y (n=13)  19.8+4.0 123.8+25.0 30-49y (n=11) 15.8+2.0 112.8+14.3
Niacin o) 40 m=17)  200:46 16 12514288 Niacin g0 o4y n=12) 178438 14 127.1427.1
(mg NE/d) Y o LS (mg NE/d) Y O el
65-74y (=10)  19.5+3.4 12194213 6574y (= 9)  15.743.1 112.7422.1
>75y (n=2)  17.9+6.9 111.9+43.1 >75y (=2)  11.8+0.7 84.3+5.0
All 2.6£0.6 173.340.1 All 2.3+0.6 164.3+42.9
30-49y (n=13)  2.50.5 166.7433.4 Vitamin Bg 3049y (n=11)  2.2+0.4 157.1£28.6
Vitamin Bs _ (mg/d) _
(mg/d) 50-64y (n=17)  2.8+0.7 15 18674466 Vitamin B, 50-64y (=12) 24405 14 17144357
65-74y (n=10)  2.4+0.6 160.0+40.1 (mg/d) 6574y ("= 9)  24£1.0 171.5+71.4
>75y (=2)  2.8404 186.7426.6 >75y (=2) 17404 121.4+28.6
All 384.4+108.5 96.1427.1 All 367.6+99.0 91.9+24.8
30-49y (n=13) 368.9+110.1 92.2427.5 30-49y (n=11) 365.9£104.0 91.5426.0
Folate Folate
- = + - = +
( 1ig DFE) 50-64y (n=17) 384.8£104.5 400  96.2+26.1 ( 1ig DFEA) 50-64y (n=12) 361.0461.8 400 903155
65-74y (n=10) 378.9£93.9 94.7423.5 65-74y (n=9) 406.8+109.9 101.7+27.5
>75y (n=2) 508.7+2204 127.2455.1 >75y (n=2) 240.5+1722 60.143.1
YMean+SD YMean+SD

2Recommended nutrient intake
% of Recommended nutrient intake

ArollA 2A73e 44219 By 3= 2.5140.91 mgl 2 A}
o] Frg Ao} Zjol& EOW UL BT =l j
FHA7TEE A3ste AoE Ut (dFH71E iy
180.0+£57.92}F 179.0£65.4%).

ﬁiﬁ_z R )| 7%4~ *U%HDJ Hy, A= oF
7¥e] zpol= 3l
713 2 gS ILH iﬂl %‘—56}1 = W AoE By
ol & A9 AHAEHE YA g

3. H|E}2I| B MZ|2} €AKX|RIo| ALt

2 AFoA = BEEHIE ALl vel B AF ek &
=Y 3xle] ¥ FE2EHE ¥ AW v }Oloﬂ &
HAB/A7F BEEA] U TI<Table 3> 55 LDL % HDL
FYZHE s FEES YRR RUTHAE FIAA).

HER B 5wyt Badtrte] 3= d| v|x|= F3F

2Recommended nutrient intake
3% of Recommended nutrient intake

2 ek AR Vel Elo}
% 5} v, lojele] 9% e 99 T4
T Al £ BRUAV} S I
B 4319 ST B
vel] 9% SIS i) to ;1 aigﬂ}‘ﬂﬁl
AR Aol gl #EEArkHooper et al
1983). ©] AT Elokal, eluBehis] BFFwshs 2
gElBol fro4 o RIS Ve Aoz o)
uol ek BY| o) Fwsh FYAW] #ge vl
s vER B AAMH RS 3345w
Aol Tig @A Hoks Aow 2w,

o143 vlekyl Be] AAHHASH AEEsL B AS
Uehlie @4e 53] Frdield o 4 waEd. 3y



A= BIERR B AAMIF7E Bk ot Tt
AETEl 297 e ol gt Aol HER]
At ®sk7E dojut AW st vhEA] HH 2 v st
A= 7] Wit Z HeltK(Thornalley et al. 2007; Ahn et
al. 2011). A7 Aol vls] Gy 3xl= Aoz wjd
== ol glHEeRIo] o] B €F she HWre
Hiso] et BadtE o= gk Aol Hovl
o] Egujdo] Z71gto] B 1At Adaikalakoteswari et al.
2012). ol& B3R} AlgelA Elolrle] A F7) 7Haatr]
w08 =54, Larkin et al.(2012)2 ¢4 2941 =2
FHMEE Texe] X=FF A widstaS o Eolwl
SHE A Q] thiamine transporter (THTR)-13} THTR-22]
mRNA % ©hid Wo] fojF o= Fhidh= 21& A%
o2y ol9} 7he 7S JNHEI. h Badirl= 7
733 A1 HlaL Al HIER Beol I Zpol7t fIAINE
g5 PLPEEE B2 Aol ke Eie =d/(Ahn et
al. 2011), Fx=3kxe A BIERT] Beo] FHFwEa|abE<l 4-
pyridoxic acid®] FFEo} AMFET} ST e 2102 Hot
HE Bgo] £all7} S7Fsh= 2102 ¥ <lth Adaikalakoteswari
et al. 2012). T3 Fi x| 5ofo g E3] 2rol= HEXY
o] B¢t §AFe] A¥E fridste S(Gargari et al. 2011)
Frebato|l A A7kek Al v E HIER] B tiAbE dojut
B2 AT Bl AR 7He] dREAE S
A woll= Fol7t st

S Ve BE BEE FAUTE) F%E dunw
@Al 19 300mg ElobS 677 BEYL 0 FH

Zoli} hs-CRPOI| ®3}7F Yep A e¥gkthal gk Alaei-
Shahmiri et al. 2013). WFH Al-Attas et al.(2014)2 1
100 mg Elol1S 67/l 97 REPS uf 7173 Aglore
o)A Wyt veRA] ekoko A2d Er SRjelA =
g3 29| 2HE 2 LDL g 2ES0] A3t 319
3, T3 e/ E FU2HE w2t f24 dsE U
EfjA] 2t el eoll= freld o s 7ashe dEsielth
ole} 7+e A RE Hgl HE A] &3z} 77l w2t
dolgt Axprt v2ths 21S WA 5 At Yokl A

Mg =Y etxiel H|et2l B 45|

N
0o
0
Ral
H
2

0|x|l= Fak 497

%, Fol Yol 7he] #A) FaiME B A7) o) F
AR A FUA T ThFet AAAY, TEAHNA Yolil B
>0] HDL 9| 2HES Z71A)7]7 LDL 2" 23 &
AR Y @371 ksl B9 dckJulius & Fischer
2013).

E AFdMs grEFel 30k 84 FHZEHE Al
of &l AFHAATE AU (1=0.299, p<0.05) °l=
2013-2017 I ILG=AE A48 A gjEEele] A
THAFE S5k Aol 23R X3k Algo| vls) I F
Y2EHEEFS YEPE(>200 mg/dL) 2BV} EoHE A
ZAe} U FTHOR=1.212, p<0.01, Ahn et al. 2019). &
A9k Ahn et al(2019)9] AF+A3= BEZN AHFH7T
B2 79 84 FHZEHE vt oS AR, 8

o R Eetuls F2HE S5 Alolo] S0 YeE

)

ot

&35t Hooper et al.(1983)°] AA+43 58 7A<tstd
S Frrs7] SlsiMe o B2 A7 Back 2o A
ST

4. H|EDC] B MF[2t Eeto| Al

B ATe] Ax gl Ao grFepl 4FHe 757
Yot Atolell Fo] A=A E BAE ATHr=—0.253, p<0.05,
Table 3).

Fdtol| A HIER] B AF o dgfe] dAIE BT A
T T3] EEARE RIS e R 3 Aeas A
o] AAIE b ) 2015-2016 FUNAFFYZAL A2

[e]
BT AT E ofe] ASo] BEEe el Bepul A
2ok Uk, Ty, ST FHE Aol fo12 A

HHAE EAER o G Z-goll= HEAdo] WHEA|
eoIthaL 31 tH(Shin & Kim 2019). ©]=-2] National Health
and Nutrition Examination Survey A3 #4138 A-ollA
T Elopla} glEZepl, ite] FE7IEUT o] g
AE YR 2lREeIE AR ol EdHE 5o 4
HAHAE JeEPATEAL St tH(Tzoulaki et al. 2012). $HH
Liu et al.(2017) 7877321 dollA Hlgwl B, HF7F B
TE o] w2 ZS dsisloy dAllM = o] &3t

<Table 3> Correlation coefficients between clinical indices and vitamin B intakes"

Choesterol Triglyceride SBP hs-CRP Glucose HbAlc C-peptide =~ HOMA2-
(mgdl)  (mgdl) (mmHg” (mmHg)’ (mgdl)’ (mgdL) (%)) (ng/mL) IR”
Thiamin (mg) 0.208 0.211 -0.038 0.023 -0.291* 0.036 -0.002 0.120 0.091
Riboflavin (mg) 0.299* 0.153 -0.253* 0.020 -0.279* -0.183 -0.147 0.123 0.020
Vitamin Bg (mg) 0.166 0.158 0.109 0.069 -0.292* 0.042 -0.039 -0.053 -0.104
Niacin (mg) 0.173 0.103 -0.028 0.037 -0.293* -0.084 -0.157 0.122 -0.067
Folate (ng) 0.152 0.060 0.004 -0.036 -0.307* 0.054 -0.102 0.243 0.048

DAdjusted with age, BMI, smoking, alcohol consumption, exercise, medication use and energy intake
PSBP: Systolic blood pressure, ¥ DBP: Diastolic blood pressure, “hs-CRP: high-sensitivity C-reactive protein, *HbAlc: Hemoglobin Alc, “HOMA2-IR:

Homeostasis model assessment 2-insulin resistance
*Statistically significant at p<0.05 by Pearson’s correlation
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7} VERA] @otar, 34k HIE] B @ ?}?Jr F&f%l 1
T STk REA 4733 ofe)E TR g Aelr e
Qatat vEN By, 437 B 739 Hgjol X_Ur Bt &

o Alelells ol BAI7E EAYSIA dkekaL Shed(Tamai
et al. 2011) HIEFY] B AFeF dote] Aol thal ot

dob ri

A
SECHIBE R

5. H|EIZI B MF(2} hs-CRP2| ARRHEHA|
£ 99l 23 ok, el 5 x

APARL EATE & 5 sk % B A137F 95A1HL heCRP FEoh So) AAwE
FAATFANN = B A 300 mg/Yd ElolRlS 657F WFERH A tH(p<0.05, Table 3, Figure 1).
BEAS 0] ol Bete] felHoR asty #5718 AZAYH FEAYIN elnsepie it v o
% 7Aaste 7] YElSaL(Alaei-Shahmiri et al. 2013) S A% tumor necrosis factor-o. (TNFa), interleukin-1
AFHNA FRZHE BE Ao $57] dgto] 7+ (IL-1B), IL-6, MCP-1 2] mRNA ¥&o] 7Asla Wiz
23h= Zo] #2= 9 th(Frana & Vianna 2010). 495 28-S sh= adiponectint IL-109] o] F7lsl=
2 ATt b A7 d3E Sl & o 9 e Ao g nFo] Hol glEEelo] JFolM Fa3 4TS
7} %%S:fﬂ Fe] el B ,—Ol YREHNE HHek= 4 Hohs Aoz HAt(Mazur-Bialy & Pochec 2016;
5 ddet a3t e TS5 v el Plows et al. 2017). Z&iu} A4 =918 thd o2 g A7t
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<Figure 1> Correlation between hs-CRP and vitamin B intakes. Lines are linear predictions of vitamin B intakes on hs-CRP level.
hs-CRP: high-sensitivity C-reactive protein



A= Eopl, REFeI, Yok, 4k 4F 9t hs-CRP, IL-
6 5 FTAE Aol JHAAE BASA] EIUH(Cao et
al. 2017). WA HET] Bt 950 #EAdS A Friso
et al.(2001)% Framingham Heart Study cohortS th o=
gk AFollA] hs-CRP &7} 2 9] PLP $=7F Has
LA, olu] B TEAIZEHIQ] FEE BT Fo=
e AF e A0 R Hol HIEW] Byt S RAIZH|
A= ] WAUESS B3l AR FEFS It
IL FEEATE A1 o2} B AP Skl A
= 8% PLP9} hs-CRP X Atoldl] &9 AaaA7t &2
o] HIERR Bt 95 Alske 237t a8 AAsIS
T}(Friedman et al. 2004). Mahalle et al.(2014)2] <A--ollA]
T Bdirte] gopdl, grEe], Yo, By, A4 AF S
hs-CRP, IL-6, TNFa &% Atolol] fro]2] 9] A7}t
o] 2 Aol Ao} dA| s

SAATe] AHE AHEH oFES Fosle] PRE f
ek AEFNA 370D Eopdl BF & TNFagt IL-69
Tt 7ATHS @A S thMahdavifard & Nakhjavani
2020).

RBE A7 Ayt A= AN 7 AT} e A
TR AE AuE o golwl, 2lREel, Yo, Hlgt
9l Be, BAF] A9 ASAER] Alolel o] AddA 7L
A Eo] BlE] B AFH7F 954 Ba@Hs W A
o 8% IS FIFFS AALsI

i

6. H|EIZ! B MF|et &gt 2 QlERIqEM X Al

2 Ao A3 BEl B AF ¢ €9, HbAle 59 €%
A% 2 C-peptide, HOMA2-IR 5 ¢l&dA g} X7 7ol
Frol3h AAAAI 7T g TH<Table 3>, SAIH 2 F2)3 5
PR R 2221, Yokl AF et HbAle 7=
ABBA Ao AR, Elolnl, FRZT Yolal
2F HHE C-peptide®t o] Al Aol AN
. 53] G2t AF = Copeptide$t BAIX R Fofgt 7

al o

Rl

N
o
o

WE o
jinc L]

By 41719} HOMA-IR Alelel] 2] b7k =) g
sjo] MBI B A7} FREFE AedRPo] ANBE

A AFetH(Mahalle et al. 2014). 38 FEAY ] AxE A
HEH gREEe] 53 2olE A JdAF A £
T R ARl GLUT4 Wao] feojdo= 7hasitiar
SHS AL (Plows et al. 2017) HIEFR] B/t 2¥HE A5 €%
ed st A7lsol At st I 2-ol v

A= BEH B T84S & 4 UTH(Huber et al. 1964;
Makris & Gershoff 1974).

FALTE A, FEE Foldlel P FUT AP
oI PhEel ol ¥F F FRIYH AeuATel 7

Mg =Y etxiol HIEt2l B MF|7F YX|H0l| Ol HeF 49

slo] WFAE] S t(Mahdavifard & Nakhjavani 2020). 21|
TFoME FdAtolAl 300 mg/d EloblS 657 B33
of 2 ET 29 247 o] folFoR sl
25 91 tH(Alaei-Shahmiri et al. 2013). 221} 37447+
0 mg¥d ElolRl HFox B slal Fadirle] Y
o Fol7 Wsh7F Yeh A etk B lof A4
= 9##0]x] ¢irth(Rabbani et al. 2009). 3HH GAake] AS-
TRl Al S mg/d Ak HEYS ul HbAlcol 358
Fo] 24zt 8, 7.5% skl HA elEdo] 16.2%, ey
Aol 20.5% Ak & gl MdETL siet
(Gargari et al. 2011) WEREA A3} Fa3irfolA] FAkS B2
TS W SEAIZHS TE= fFoHoz 7AasAR
HbAlc F= g a3 FolZolA] Uil & A=
2ATHSudchada et al. 2012).

AEAHOR E AFoxe FHET, HbAlc, C-peptide,
HOMA2-R 5 €94 % ded ARz} vle! B 4]
F Atololl Aol MAEA] Fokoyt thE A AHE
TR BlER] B HH7} ol A Fe IS vHS A
R =

H AFoA Fr $xte] HE B AFH o ASAIEE
A &gk 71el QAR el 7914 AdaAE Jep A oF
S AL g St AollA BIER B tiAe] WS I
oyt Hle] B AFAZe] AU s=o} vlEskA] 27] wEd
TFE Utk Bl e AN F5EH] 2 1l
T 7075 Akl Hls) AW Elopwl, 2l EEE], BlER] B
9 =t WA AgFe] ¥ T8 UEhe ZeE &
HA St o] W YA BE5E T3l AHUSS dsls A¢
HAAT AR F 7 AR ST A7
A3E0o] rH(Alaei-Shahmiri et al. 2013). 221} G4
s oz 3 HEl B SAATe Ak d#F o)
] ¢kar, Elolql A9 fge] & P AL S 4 mge]
HEAE AFIL doe 4+ golml 27 Ad4E
< IEsIR oY e Bl AREAT 72 1-14mg
< AAske A5 2835l daHA Ut d+AAE
Aetstd Far A NS flel A dArTS

S oo g B
BN HI

)

o [e]

gorslr] fls) ¥ 2& A7t €23 tK(Vindedzis et al.

g Fu ¥ PRI YPAE B4, B,
A, 89 B A&AAG AL} vwgo A vehd Brh
Cas
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% Aol Aas AW EH Aol 4 glEZepld o
HIFTT ARk GAFATE B F Rl midsiaaT). 2018
%”?lzi Feg kAl Ao}l BlwEPE 30-49, 50-644] A2
WA G SRjoA 2lEEE] HH7E AU, ARk =
UJZPJOC%" AL Aot A tEA] %
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2, HbAlc, C-peptide, HOMA2-IR®] 3343

Z2 EXsRH 2E 279 BlEl] B} hs-CRP Aolo] &
o] AT VeIt Begk glREeY 5719 A
olo| %= o7 29| AAAATE vERY HIEWI B HFH7T 2
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