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Abstract

Impaired fasting glucose (IFG) is one of significant risk factors of developing diabetes. The persons with IFG are, thus,
an important target group for primary prevention of diabetes. It is well known that plasma homocysteine concentration
may be increased in poor folate nutritional status. Elevated level of plasma homocysteine is considered as a marker of
enhanced oxidative stress. In addition, the protective effect against oxidative stress may be diminished in poor anti-
oxidative nutrient status as vitamin C. It is, therefore, important to maintain adequate nutritional status of folate and
vitamin C in the patients with type 2 diabetes or IFG. This study was performed to determine the effects of
supplementation of folic acid or vitamin C on plasma concentrations of homocysteine, oxidized LDL, and lipids and on
the activity of plasma anti-oxidative enzyme in patients with IFG. A total of 97 patients with IFG were participated
voluntarily with written consents. They were divided into one of the four experimental groups; Control (C), Folate-
supplemented (F), Ascorbate-supplemented (A), and Folate plus ascorbate-supplemented (FA). The subjects in C were
taken placebo, those in F were supplemented 1 mg of folate, those in A were received 1,000 mg of vitamin C, and those
in FA were given 1 mg of folate plus 1,000 mg of vitamin C daily for 4 weeks. No change in plasma concentrations of
vitamin C, lipids, and oxidized LDL and the activity of GSH-Px were observed in vitamin C-supplemented group (A +
FA) and folate-supplemented group (F + FA) compared to the placebo group (C + A). Only the folate-supplemented group
(F +FA) had significantly increased average serum folate concentration and lowered plasma homocysteine concentration
compared to the placebo group (C+ A). Thus, it should be recommended the patients with IFG to increase folate intake
through diets and, if it is not sufficient, to take folic acid supplements to prevent the development of complications
induced by hyperhomocysteinemia as well as oxidative stress. (Korean J Community Nutrition 13(2): 263~275, 2008)
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264 - FEE ol o} JAl = of AT EHAL B
‘/H 57l (impaired glucose tolerance: IGT)E o}
o QP TS UEhiA = o " o] A
E}?ﬂﬂ‘ﬂ U= GHE e = 3 EEde] 115 mg/
dL o]’dolar 140 mg/dL m|wto]m FAlel] 75 g 5 4]
F 2A17F 3-9] gdo] 140~200 mg/dL Alold wglar
o= o] gtk (WHO 1985). vl=rd =1 83| (American
Diabetes Association: ADA)+= 1997d Xt} fA381%
ol Jdt Vs AXHAA IGTe A8k a5
ol (impaired fasting glucose: IFG) 2= A2 HE
= AIRKIATHADA 2003). = g o 2k 7o 9w
TEET 55 140 mg/dL o1& 126 mg/dL oo =
w9131, 110~125 mg/dLE IFGEk 3 2Jslitt. o) %
2003del= 48 35832 7I5= 100 mg/dL m|wke.
2, 3Edge)] 7]%E 100~125 mg/dLE t]% 94
sHA| g 2]kl

IGT =+ IFGE= Gt 0]49) 48] (prediabetic) Z &

o ti3t F 23 9% 2elo|t}(Edelstein 5 1997;
Capes 5 2001). IGTE 7H AR AR B 1Qls

dEFS He& vlgo] 2o el A dS Btk
Lu 5 1996). IGTelA dxi o= 1) & 72 4l
A=A (body mass index; BMDU 3] —do) =2
Hl&3 o] glow Aldolut Wi o] 715 v At
o] gltt(Edelstein 5 1997).

IGT?] 395, @i oM A A7) shAls AR, A
n|AE T o] gt S H|E ke ol x Rt 1
S} Ihe] Ak 1l Aehl -S| A~ H|E (high density
hpoprotem—cholesterol HDL-0O) ¢ %4, SR
(triacylglyceride; TG) 2 Z7} = (Oiao = 1998) A -8
A gk A 23)o] FrhE o Q17] wiwolth (Yudkin &
1990). whehA] IGTH IFGE 28] #Aejshs 212
g & ofjifo]] Aol esh 4] - A3 ko] QS 7
271 Wetolet szl

S EA2~HCQl (homocysteine: Hey)< E5~
%] 2 0] FZHPARFEZA] A follA] AHuE S} (remethy —
lation) &} 218} (transsulfuration) Z-&ol 2&to] thal @
t}(Ueland 5 1993). McCully 5 (1969)2 iE’J\]Z\_‘ﬂ
LT O ® APESE Skxjol A A S-S w
2EQlo] d3t A3ty A=A o] e A7 5
Heyol E#e] 594 sE sk =HAA = L a?ﬂﬁ
o} #8 ofe] AT Wit SERpoll A LS HAIAHIQL
dzol T3 dgks FIAIths A BRTH(AL-
Obaidi & 2000; McKinley 2000; Medina 5 2000).
7 Hey %0l 935 A= Az 74, ?i%‘ 44,

1m

L

o]kl

ol
38
o &
T o

ol

AF, &, A% 715 L vlerd A3 5ol
FAx A~9oR cystathionine—p—synthase 23,
methylene—tetrahydrofolate reductase (MTHFR) 9]
C677T 7312} t}&A B= methionine synthase 43 5
o] &#A Ut Hey thatel] #ofsh= vlER] B, HIER
B, 5 AR A2 IS RAIAHRIESS %‘QOFH]
o]F oA rke] gako] 7 Ak (Nygard & 1998).

5 Hey 559 S7h= S3 H9AMEe] &4, FE Al
9] S AT X (Jlow density lipoprotein; LDL)
o) Wi, Alsl AEHAS] 7t 5 ob7Is d3 g
o] Eat 75l E el sMAsleS do7= A
o7 FAEYGNygard 5 1995; Moghadasian %
1997; Van guldener 5 2000). I3 EA|AEQIES0] F
gzt AAS SHAIZITHE 7Hdo] & ATtellA A
A= ar ek, # 9] frEfebr)Z=> LDL YAk Es =
OP‘)% /37 sre] AE Fxleh= 21 0% HRItH(Witium

5 1994; Ross & 1996). o]t H2 8% Hey €5+
&g} LDL (oxidized LDL) 2] 5=} 9Fo] “J3aA1E 1ol
o (McCully 1993), 1S RAIAHQJESE 717 $kx}E50
A A IR0l Tk U (Aukrus & 1997), LDL
o] Az} 7o) ol dl=(Blom 5 1995;
Yoshida ‘s 1997) of&] A+"=0l 2lal A A},

A kst oA A = frelebe e & (H,0) 3% #tst
T4 (H,0,) & %}%’\lﬂb HL*PQ 53__:_?4]74]9} olw] A%
frejefr] el ot = kst vlep
o] Qit}. o]F vlERI Ci= WEXJO 6"‘}?41%]3 AEE2] Hell
FE A, AdlellA freletr)Zolv dFFAaE 4
HA O R A|AskAL, AlaEe A4 9] Abstdnbe-& st
W, T4 FaAkEA BlER] E9) glutathione?] A4kl ¢
oJah (Davie 5 1992; Sies % 1995), 7P WA 22
T A%E Bt D $xke] dodlof niel C s}t
FreJstAl Alske Aol ERI=WA] (Som 5 1981) Bz
of] QlojA] BIER C P2 FoAdo] Q1A= T

Art B30l A% Hey o8 Hathe A2 2 454
olth. 2 1 mg o]4k9] oka] A 4239 QA B o] F Ao
ke A43E 9137 (Brattstrom 5 1996; Chauvear 5
1997; Racek 5 2005), 1 mg »|vke] A4=F% Gops 1f
Epdith= A4 3% QT (Clarke & 1998; Jacques &
1999; Rydiewicz & 2002). 127§¢] At Z3 s
AFATE HEl A% 3F A= 0.5~5 mg?] BE B
Folld % Hey 55271 25% A= Askdtial sieivt.
o]2]o]] oAl HZo] A malondialdehyde (MDA) F5

< W31 glutathione & FASEA Y FEE oy




superoxide dismutase (SOD)4Y glutathione peroxidase
(GSH-Px) @Al 93 71XA] Sethe Baks ik
(Racek 5 2005). 3HH A3} il vleld C7) Ak
sPEle] S 71Xt ATEHE vl & Sargeant
5(2000)2 @74 HlEM] C v HbA ¢ 5=} o 23
S Holm, I ujelyl C $%7F 20 pmol/L &&7FA a1
g 23lo] 1/3 A= o el slglet. =rulellA = v]ek
9l Col HZo] T $pollA 35T HbA c 55F
oY= 27 3t (Kang 5 1999; Park 5
2003). Kang 5 (1999)2 31+ 1,000 mg®] v[el C B
%2 ¥4 thiobartbituric acid reactive suvstances
(TBARS) & #aAZiths A% 93t

IGTH IFGE 7H AFE o= Sdatelnt vigkdl C
o] BZo] &% Hey Feo|vh @AM Elol] ojd Ja-s 7]
&= Aol Tl FEAE AT Fulglell AL gl oo &
AToNAM = IFGE A AJEA At vleld CE &
5 e e HESIls W &) siakat nle C st
Al Wake =4 =3 94 Hey 9 AF} LDL 559 #]
P gl Ak §40] GAdell= ofw st IS 71R]=A
stz sieict.

001&1.

4o 2

AT 2 B

1. AR AL

AT gPdAE Ak S8l FTAle] TR
of AFARE wow & 46~794 Ao Y F P F
11719 (A} 3977, o=k 7749) 8] 3533 <=2 I
Hey %5 S7d30ltt. o5 Felli 35389 <] ADA
(2003) 2] IFG #k 7]55¢1 100~125 mg/dLe] L, &3
Hey $%7F AA A 421E] 50~95%ileel 3l d-sh=
9~15.9 umol/Ll AFES &2 A ddxtz A7kt
At 3L JURF A AFRZA S B854 o282 AL
& T AdEoe] g8l 2 Aol ApE o 2 it oIt
A= 121780)80t) o5 FolA 453 AR ER HHE
ety BE AL 53 974 (FA) 61, o2} 36%)S
A7 HF AFuUPIALR ARt 2E Aol o
% 3= 50A1F-E 754101810

2. NgMY

2 A2 o] T 92 (double—blind placebo
method) 0% A= Qr}, B Q2] A|F-S Table 13}
o), tj 2+ (Control group; C), At B&* (Folate—
supplemented group; F), BIEF C B&* (Ascorbate—

)] - AR - oA el - AA - JHS - 265

Table 1. Experimental groups

Exptl group  Control - Folic acid Ascorbic  Folic acid &
acid  ascorbic acid

Abbreviation C F A FA
Folic acid (mg) 0 1 0 1
Ascorbic acid (mg) 0 0 1000 1000

C: Control group, F: Folate-supplemented group, A: Ascorbate-
supplemented group, FA: Folate plus ascorbate-supplemented
group

supplemented group; A) ¥ Ak} vjEp C W RS-
(Folate plus ascorbate—supplemented group; FA)
o] 47 oz gl en, ARt 12198 7} el
AR = wi A ST Carell Al floks, Farell Al it
(Z374, 1,000 pg Ak, sRUelE = Aok A1)
1,000 pge, AzelZl= Blell C(3H, 1,000 mg HIER
C, 1825, A&) 1000 mgs, FAT = A5 4t
1,000 pg¥ A5 vlEll C 1,000 mge MY 45 59k 15
F AFBHEE leh AlA717E 5] AR AAkel g
T AR SISl AldE4e] B ol Ao
AL} A9 AS, Axd S, s 54 L DS AW
o AFd=4e] B Fof 3t ¥ o AFalqleh Y A5
£ o83l He] Akt niel CH A4 o+ Akst LDL
SEE S, g9 dF 3 A A (glycated
hemoglobin: HbA,c)& F&3I0H, d7gelA Hey %=
o} GSH—-Px #4& 418100t

3. NN EF

AA| R AS £ % Inbody 520 (Bio—electrical
impedance fatness analyzer, (5)8}o]| @3], 3t=)S
ol-gste] AT, A 2 AL FEE S8, ©]
& ko =NE] AW A5 (body mass index: BMID (kg/
m?) & AT ke 308 oA oMY F3IEE s
o), ~E=2 g9 (Baumanometer, WA Baum Co.
Inc, Copiague, NY, USA)E o] &35l #=7]
(systolic blood pressure: SBP)3} 237] g9
(diastolic blood pressure: DBP)S 5% 7tdog F ¥

Zg3tel B-S Askich.

4, FIMNSH TN

A= AlE 717 Sl B]1E 3Y7F M3k |
O F 2477F 3 (24 —hour dietary recall method)e]
w2} ARSI, olu] S4]9] FulFae} AERES A
XA AR =48 A st slgltt. ol A=



266 - FHAFAN 9} QA B ofr= Al

2RE #AFE T2 (CAN-Pro 3.0, The Korean
Nutrition Society 2005)& ©]-8-3]| ollu=] e} 2} YA
AF S TR ol F ZF ATk A Aol v
2} 3l J o F 7 152 vl skl

5. 9 N9 AR I B
YN 1223 o FEAFelell A “ded ol A s}
Atk ol B3 el I wel 8 s

& Fsison
4S5 A7) 9l8iME= EDTAR H2le Aldas AR89
o} A F AR Fohe ZA] ~70°Ce| %p_ﬁs a1

WA= 4°Cef|A] 3,000 rpm O 1051 d4litelste] &
7 B Beisie] B4 A oA FE B,

A 52| HbA ¢ =i J8l 24 494 kit (Variant
II HbA,c T, Bio—Red Laboratories, Munich,

Germany)E AR5t HPLC (Variant II TURBO, Bio—
Red, Germany) & S4a3ith. d2, S, @3 & &
Y2ElE (total—cholesterol; T—C)¥ HDL—C 5%+ AF
FA3}HEA 7] (7600—110  Automatic  Analyzer,
Hitachi, Tokyo, Japan)Z& ©]&3l] 7313t} LDL-C
5+ Friedwald 2] (Friedwald 5 1972)S ¢]83}o A
281301, T E 35 Lauer 52 (Lauer 5 1998)¢]
o3 k=gt

34 JAF 55 jon capture assay ICA)HS &85
automatic Abbott AxSYM system (Abbott Labora—
tories. Abbott Park, IL, USA)S o] &38}o] =431
3 vel C X% Okamura B (Okamura 1980)<
ol-gste] S5kt

g3 Hey 553 A% automatic Abbott AxSYM
systeme AHE-SFO] 574310101, E7g9] Akst LDL s+
enzyme—linked immunosorbent assay (ELISA)®¥ <
g3 4k} LDL #2498 kit Mercodia Inc., Uppsala,
A}%o}oq =2 O}.Oﬂx;]_

g2 GSH-Px 842 enzyme colorimetric assay
HS 83 GSH-Px #41€ kit(IBL, Hamhurg,
Germany) & AH&ste] S8kt

DNA&= Ao date] oA FE5 B4 245 H
QIAamp DNA blood mini kit(Qiagen, Valencia, CA,
USA)E o]&ste] Eekaitt.  5,10—methylene
tetrahydrofolate reductase MTHFR) C677T2] 4
218 #4128 locked nucleic acids (LNA)E &3}l
+ dual labelled probeE ©]-€3l real—time PCRES 4
3133t} Real—time PCRE Rotor—gene 3000 multiplex
system (Corbett Research, Sydney, Australia) & ©]

Sweden) &

23101 95°Co| A 583F predenaturation IS, 95°C
of| 4] 531t denaturation H8-&, 183l 62°CellA] 45%
¥4y annealingﬂ} hybridization #7¥-& 40%] Wk 5303}
Ak, S22w A S polymorphic site®} probe 719]
match®} mismatch®] zje]e] 2J3] == JFPELS

FUEE o2 CC, CT £ TTE 434S T2}
itk

6. SH A=

BE A BA A SPSS(Window 12.0)

package (SPSS, Chicago, IL, USA)Z o]&alo] F-4]&}
Ak 2 A7 HY tel] wkgo] feJskAl thEA] kot
Y o8& Zasiaint. Begt dakat vlekl Cof Wek B
o] Ztzte] i B vlal] ol ol A 5
e A kol 44k vlE] C Zh2he] B aavhs A
SISt o1& 913l 4719] A3 Table 29} o] Au)]
SFATH

= Ak B ane o
QA B RS (Frhs B A ¢
A BT (PAME BT B I F

Aot 7] S8l 47 AldTe
o oz D} 9
- o= s3It

5 QAko] BEHA] ok Cdt A ﬁf—% —o % 33
i, Gato]l BEY Fiy) FATS F-Io 2 788 &
AX 2 stk vlEwl Co] e E._er ololr 7] 28 A]

= 4709 AEFES e C B EZF e CE BE
2] 92 )2 C—-1D 3 vlER C B3+ (el CE
B3 Rk o A-ID SR F-Esith. < vlekl C7F 1
Z97] 9 CFY Fi-S C-II7 2= 31591, HlEl C
7} BER AT FATS A-IIF07 TRt BA1%

=59 HolH & Hatyh XF A e W
HIE] C Bl upe avke] 7

té 7} 7 BMI 2 B3 A g 24
20 FE BAS § By} it 1 Bate] Wkl

_Lu OIN n.tjo

?
ol
¥Q
il ﬂ; O_?{_',
119,
>
E
mE i

Table 2. Rearrangement of the experimental groups for statistical
analysis

For folic acid effect For ascorbic acid effect

Rearanged group  CHl F-l C-ll Al
C+A F+FA C+F A+ FA

C: Control group, F: Folate-supplemented group, A: Ascorbate-
supplemented group, FA: Folate plus ascorbate-supplemented
group

C-I: not folate-supplemented group

F-I: folate-supplemented group

C-ll: not ascorbate-supplemented group

A-ll: ascorbate-supplemented group

Original group




o] 31 HhHol LRAREAS o] L3} p <0.05 TFoll A #
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B AFHA AR FTFRES WolX) gk vlolE=

Table 3. Age, anthropometry, and blood pressure of the subjects

i
A

[o}

)
n
[

WE - ool - WA - -5 - 267

g ™
oQ
of
(154
>
o2
)

1o,
E&[‘
(A
;

A gzl AFe oluix] e} b gl wjep C
& Table 49} 23ktt. ol g ¢} whiid, njebsl Co}
A 2 C-Iet F-I hel] frelshA| ch=A) o
g C—IIEa A—TIE hollle #2014 A theA) o

r
o 1

2
X

30
Rl Sy &
F

32

470 ATgtmke ol A] AF % 1500 keal/d A5-2 o]
UAZ Q342 (EER) Q] 77~81% Aoz B39, o
Wz A 60 g/d AF2 FAZHF(EAR) 2 152~
162% 0= F8i3leh vleR! CG= Al@rvitt 100 mg/
d A5 AF P o o= EARS] 127~142%% Ad3s] o&F
&t Aol qlet. v 4k AFH = 260 pg DFE/d A%
2 EARQ] 79~84%%A ¥-=3+ Ho |tk

CH Fl cHi Al
(n = 50) (n = 47) (n = 47) (n = 50)

Male/Female (n) 32/18 29118 28/19 3317

Age (1) 675+ 09 663+ 1.1 656+ 1.1 682+ 08
Weight (kg) 625+ 12 649+ 16 620+ 13 653+ 15
Height (cm) 1604 + 1.0 1605+ 1.3 1593+ 1.2 1616+ 1.1
BMI (kg/m?) 242+ 03 250+ 0.4 243+ 03 249+ 04
Body fat (%) 302+ 09 317+ 10 312+ 10 307+ 09
SBP (mmHg) 1268 + 15.4 124.9 £ 149 125.3 + 15.1 126.4 + 153
DBP (mmHg) 794 £ 9.2 775+ 88 786+ 89 784+ 9.1

Values are mean * standard error.

There is no significant difference between C-I and F-I and between C-ll and A-ll by multiple linear regression at p < 0.05.
BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure

C-I: not folate-supplemented group

F-I: folate-supplemented group

C-IIl: not ascorbate-supplemented group
A-ll: ascorbate-supplemented group

Table 4. Daily nutrient intakes of the subjects

C Fl cH Al
(n = 50) (n = 47) (n = 47) (n = 50)
Energy (keal) 1488.0 + 31.0 1512.0 + 29.0 1469.0 + 28.0 1528.0 + 32.0
% EER 783+ 1.6 797+ 1.3 771+ 1.4 807+ 15
Profein (g) 595+ 22 604+ 19 578+ 2.1 619+ 20
% EAR 1557 + 5.4 1584 + 45 151.6 £ 49 1620 £ 4.9
Vit C (mg) 1062+ 54 970+ 56 1068 £ 55 971+ 55
% EAR 1416+ 7.1 1273+ 7.4 1407 £ 7.3 1295+ 7.3
Folate (ug DFE) 2659 £ 19.6 2535+ 17.2 268.9 + 18.2 251.7 + 18.9
% EAR 831+ 6.1 792+ 53 840+ 57 786+ 59

Values are mean * standard error.

There is no significant difference between C-I and F-I and between C-Il and A-ll

C-I: not folate-supplemented group

F-I: folate-supplemented group

C-IIl: not ascorbate-supplemented group
A-ll: ascorbate-supplemented group

by multiple linear regression ot p < 0.05.
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TR BT s vE2A] ettt 1y A-TI C-11
ol 1l8)] BlEM] C 557} S71ekHs FAIE Rt =

0.08).
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ANEE BE A9 5 2 A dEe e 5ded 7
DL 5%9} GSH-Px €&

C—Le3} F-Ie ol 88 C—IREs} A-TRE Alo]el
At B wiE C BHE Ay 5 B o nddy) Jeh d
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(p=0.07).

5. 8% Hoy s AIE ¢4

W e m ko) A1s) DL 59 GSH-Px &4 25
e th2A] gkt ik BlER C BE Sof] A-IIT
AFg} LDL 57} C—ILtR ) 7H4shks 412 Bt

Aded B A 5 2 A7odAES €4 Hey 65
o} A7 o 9 A skH] 4= Table 73}

Table 5. Serum concentrations of folate and vit C of the subjects before and after supplementation

CH F-l C-li Al
p-value p-value
(n =50 (n=47) (n=47) (n = 50)
Folate (ng/mL) before 85 * 24 9.1 £25 0.00 89 =03 87 +£03 0.36
after 83 +26 140 £1.2 ' 10.8 + 04 1.4 +£04 '
Vit C (mg/al) before 0.40 + 0.02 0.38 + 0.01 01 0.41 £ 0.17 037 £ 0.15 0.08
after 0.53 + 0.02 0.44 + 0.02 ' 0.43 £ 0.02 0.53 £ 0.02 '

Values are mean £ standard error.

p-Values are calculated by multiple linear regression for difference between control and supplementation group after adjusting sex,

age, body mass index, and baseline value.
C-I: not folate-supplemented group

F-I: folate-supplemented group

C-lI: not ascorbate-supplemented group
Al ascorbate-supplemented group

Table 6. Glucose, HbA,c and oxidized LDL concentration and glutathione peroxidase activity of the subjects before and after

supplementation
CH F-l CHl Al
p-value p-value
(n=50) (n=47) (n=47) (n = 50)

FBS (mg/dl) before 106.3 = 6.4 107.6 = 6.1 0.55 108.1 + 6.3 105.9 + 6.1 0.45
after 1071 £ 1.3 108.3 + 1.4 1069 + 1.4 108.4 + 1.3

HoA, C (%) before 53+ 0.3 53+ 0.3 0.33 54 + 0.3 53+ 04 0.78
after 51+ 00 51+ 00 5.1+ 00 51+ 00

Oxi-LDL (U/L) before 51.0+ 1.5 468 £ 1.6 0.71 503+ 15 47.7 £ 1.6 0.07
after 491 £ 1.0 482+ 1.0 508+ 1.0 46.6 £ 1.0

GSH-Px (nmol/min/mL) before 157.2 + 0.5 155.9 + 0.4 0.57 160.6 + 4.8 152.9 + 4.1 0.9]
after 157.9 £ 4.0 161.1 + 4.1 159.8 + 4.1 159.2 + 4.0

Values are mean =+ standard error.

p-Values are calculated by multiple linear regression for difference between control and supplementation group after adjusting sex,

age, body mass index, and baseline value.

FBS: fasting blood sugar, HbA,c: glycated hemoglobin, Oxi-LDL: oxidized LDL, GSH-Px: glutathione peroxidase

C-I: not folate-supplemented group

F-I: folate-supplemented group

C-Il: not ascorbate-supplemented group
A-ll: ascorbate-supplemented group
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Table 7. Plasma homocysteine concentrations, serum lipid concentrations and atherogenic index of the subjects before and after

e

CAIRLE - ol - W

CHEE -2

2okt 478 FEE CCHLS 28~45%0]3011, CTHES
42~64%019 0™, TTHL 8~14%°]UT} JA HFE F
C-I7% F-179 9% Hey %9 W3E MTHFR
C677T2 A 8ol whe} st Avli= Fig. 29} 9%
C-I+9 A% CC¥, cT¥ ¢ TTE Z+7 +0.3%$
+0.4% 2 +0.9%= d5st v, F-Tatelld= CC, CT
&9 TTE 212} —0.0%% —1.2% 2 —2.3%% 712381
th H|E F94L iglont CCH Buh CTE T TTEel
A Gl FA1E Btk (p = 0.07).

supplementation
ci F cH Al
p-value p-value
(n = 50) (n = 47) (n = 47) (n = 50)
Hey (umol/ll) before 11.1 £ 0.2 10.9 £ 0.2 10.8 £ 0.2 11.1 £ 0.3
0.00 0.56
after 1.6 + 23 9.8 + 2.1 10,6 + 2.6 10.8 + 2.2
T-C (mg/dL) before 198.5 + 5.4 207.1 + 6.8 010 204.8 + 5.4 200.6 + 5.4 078
after 188.9 + 4.3 1806 + 4.5 ' 185.6 + 4.5 183.8 + 4.3 '
LDL-C (mg/dl) before 117.8 £ 55 1235 + 5.8 o 1215 + 6.2 119.7 £ 5.1 050
after 106.0 £ 4.5 96.3 + 4.7 ' 98.9 + 4.7 103.4 + 45 '
HDL-C (mg/dL) before 498 + 1.4 513+ 1.8 035 508 + 1.5 503 + 1.7 091
after 50.3 + 1.1 48.7 £ 1.1 ' 49.4 + 1.1 49.6 £ 1.1 '
TG (mg/al) before 134.6 £ 1.7 1421 £ 1.6 050 1439 + 1.6 1330+ 1.7 -
after 1430+ 1.6 1542 + 1.6 ' 161.9 + 1.7 1366 £ 1.5 '
Atherogenic index  before 3.1 £ 0.1 32+ 01 32+ 02 3.1+ 01
0.82 0.74
after 29 + 0.1 2.8+ 0.1 29 + 0.1 2.8+ 0.1

Values are mean =+ standard error.

p-Values are calculated by multiple linear regression for difference between control and supplementation group after adjusting sex,

age, body mass index, and baseline value.

Hcy: homocysteine, T-C: total-cholesterol, LDL-C: low density lipoprotein-cholesterol, HDL-C: high density lipoprotein-cholesterol,

TG: triglyceride, Atherogenic index = (T-C — HDL-C)/HDL-C
C-I: not folate-supplemented group

F-I: folate-supplemented group

C-lI: not ascorbate-supplemented group

Al ascorbate-supplemented group

C-1 F-1I

TT
14% ) cc
cc 28%

44%
CT
64%

C-1I

K

A-T

CC
28%

CcT
60%

Fig. 1. Distriburion of MTHFR C677T genotypes of the subjects.
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Fig. 2. Interaction between folate-supplement and MTHFR C677T
genotypes on homocysteine levels.

There was no significant interaction between folate-supplement
and MTHFR C677T genotypes on homocysteine levels (o = 0.07).
C-I: not folate-supplemented group

F-I: folate-supplemented group
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1
£ OSELEH*JX]—‘%E‘J HlEPﬂ Co HH+= allg EARS 5
Sk el ld wWhdel At ﬁ%% 3 EARel w]x]A] %
O
PR

E %LZPJO J2A} @ﬂroﬂ th HlEPﬂ
CAF= 32 Hol gl Gk A= 53 Holgleh. Ui
5 d '3 (Yang & 2000) vt A2
& e 2624 (Chang 5 2000) 1A wlER] C A57H &
wSEhE A ofv] Mared vk ek 4123 Yt SRl
eIt A SRl gl o159 gt
FA7F e meh wekom Al Ao At AgE
250 pg/dell HIA1A] &3kelth(Chang & 2000).

o o

AT IPIRES] B At waE GA BE A C-1
T F-Lre] it 25 44 H9E ik 1ev o
A At E57) 3 ng/mL olsIel A5 AR EHIE 3~4.9
ng/mLE AR JE) 2 3 7FsE o] (Herbert 1987), C—1
T F—It oA ARdEE 2ol didahs sldlou
247} 8.0%%} 2.1%2] 327t stAA delol AT
A@71ZE 47 Foll C—Tke] H4F 4 At s tha
AetE] Q3 SHAIAE e ]t AT 8.0%141 14.0%%
Z7relgict. 2y kS BE AF S F-1ke) A 9%
A 57 AA TR AL tldRE o] A4 HelE B

Atk 3 At s G1RE] QAMIEAEE v ek
A %21 4 (Chanarin 1979)S A7Fe o] vild 1 mg®] &
2hs 473 B AFshe A 93 it %_‘E—I—i =ol]7]9
Fg ok 71ztol el ke T vl 1Rl QIR
40% =7t FAPA RIS HolH, =¥ Lﬂ%ﬂ%}E, 7]
of 5 A2 =9l ATHEE 5~19%0lA A4 77t ¢
A FEE YERY 13 EAAERIE S-S 221t (Selhub
5 1993). & AT EAEE] Ak El = Bl ks
SkAo)qlet. dh=re] 20~600) A1 Hidoll st U Aol
ME 13.2%7F A9 2 84 A 55 UERglaL
36.3% AARFEE vERIE Itk (Min 2001).

JEAHED (5T

1E}UJ C Y¥dd= €4 vkl C 5571 0.2 mg/dL
mlglol Ag.o2 A, 0.2~0.29 mg/dLE FE
] g ElE H71skch(Gibson 1990). o] & 7|50 % 3
7¥ebd, HIER] C BZ 2 A7z @4 njell C
s CIRE A-TIEe] 34t B 73 918 Birh
a8y C-1Iwr 3 A-TIa- 22 12.7%9 21.2% 2
10.6%9} 23.4%2] A7t AR7JEs} T 5 1T H
o)t} ek ufRkA et Ak e 18k & 0.5 ma/dL ©]
A+ (Breskins & 1985)< d-8shd, C-1I7¥ A-1I7-¢
B g vl C Sri B ksl gak S5 o]l
et suelA] dare P F njel] C ool wst
ATE B A A A1) A= 0.67 mg/dLel L
(Woo 1999), A28 D 2= 0.32 mg/dL (Park 5
| 54g A7} oA 3] nlwat

2003)°]31t}. o] =0
7] olel -k, 4123 Frod Ske] P ulek C Bt
A0 13l e-E clelr). #REYgolS

i
oldzke] F vlell C 557k, vle] C 437 EARS
ZIehe S Okol‘}i% of| = B8k, s (Woo 1999)
Xé Folo] 7 Oﬂ H]3} == A= (Breskins 5 1985) vl
& o}’fﬂi‘:} SHA) VR A2 A28 Ee g
Ch QD‘%}C’HXP+ P vlER] C F57t w2 A
ol 40] obd7t sh= A& AAFsi.
(F 45 ol C-T1re] 9 vlel C sless Wst
7} a1l et @J}AMEH‘% T % A dEl el Ast didA) vl
&2 10.6% 2 17.0%% tha st} T2y vlep
= B AR A-Ie A vjel C sk, BIS 1
o2 gl et (p = 0.08), Asshs 415 Hol A3
Elu S5 18l sk didAk vlgo] 2.1% 2 8.5%
2 AA 7HAsiglek. el Co] BZo] d7 el C &
A= Gl s thdake] 2ol whet vhax “01

N



gt A7 aee vl vk 87 oAxReRlelAl 31 1000
mg HER] C& 473 588 Aelli= 3 vjel C &
E7F el Al 7 (Lim & 2006). REde] 2123
5 SEAtell Al 4577 v 1000 mge] HlER! C& -8
AZE me oA Sl s /ISl ou 150 3k 747
£ 7F Fell 3000 mge] HIERR! C& vhA] 4771 8411
Foll= FroletAl Skt (Park -5 2003). o2 413y
ek & Ao Avs v W 4129 Pt A ¥
SEFRNAR= A/dRlel nisl wiekl C el o &
% BIER] Cs52F S7MA71= 1000 mg o1de] vlepl
C7F a7l Zlo] opd7h =54t

AT WA A=A AFH A 38dd s5e, ¥
PGS AT UVIAR AR o= 7F Al
05.9~108.1 mg/dL HY e ST}, 45 T GAk
& B AFT 2y B vE CE B3 AdFst 2
FEYY wEo)] 5 YEREA] eksirt 3 vlE] C w5
7} 20 pmol/L “d=53shd 318 9130 1/3 H & 7hasict
= A4} 9131 (Sargeant = 2000) FE3F v]ER C B

o] i SExjoll M FEHY s FrolshAl FHAAIF
= B E0] Ik (Kang 5 1999; Park 5 2003). 18
2 At = HlER Co] BF AF7F A vlE] C &
= T7PAI71A sk d et e qllch S A
<shil, 31 1,000 mge] 457 e C Ra2 3589
Zofztel| A A nlek C w22 57Fe B8 3 5dY %
5 7Fst makE R 7] of] B3 ol A ZHE 71Kte] of
YSlS7t A7t

—

;%qx|rr

¥ b

5. HbACEE

o Fofl EAGH= HbA, ci= 7131l A3 Fge] Ws}
= vehlFE AEA T Al ol Aol (Varillo &
1983). HbA 8 B4 W9z 4~6%% & A7tVdA=
°] 7 HbA ¢ 2 BE TollA 42 w9l agsisl
o} ool B A tAEe $EEE s A 2 T
o] oPSIE A o w]Fo] o} HbA ¢ 57 57181
o2 deietar s Enk. &7 vl C 559 HbA ¢ &
5 el o A7 ok Bk glal(Sargeant &
2000) =gt G5 gktellA] vlel C B350] HbA ¢ 5%
E FsHA A tHE A7 A 7Eo] Yt (Kang &
1999; Park & 2003). Z12]u} & Arellxl= 3 vlepd
C &9} HbA ¢ &%t o3k ¥ed/do] }1lar B3k v
E) Co] B3 437} HbA ¢ 55 Aarl7le 3% ¢l

e -

[

0% - ol el - WA - A% - 27

[y

i

AUt o= oA gtz & A dAEe] S8 s
S7F AA =4 9k A3 HbA ¢ w571 47 91013
G 3 g HjEll Co Bl whE E Hlel C 559 5
7F 23t sld e vlFe] olsidnt.

L TollA] o)A QA WA ekt
ok HlER] CE B3 A3 3 A-TI79] Z-$-7 Ak} LDL
FE7F tha AskE o] C—ItHeh S 43S Wtk (p =
0.07)

Go] Ak} LDLE 1S A AHQIEZE Al fa]efr]z
o] FR ¥ o] Z7heth (Fonseca 5 1999). 18|22
TFAZHRIESTL 254 02 It Ul AEe]] 5448 1]
Z kol LDL& AtstA Rl e 24 Aoz % dvt
o A|3Ee] 7153l e Zaldttiar & 4= 9ok (Nappo &
1999). BIEMI Cu} A Bt= 71} GAks) nlERl o] BEF0)
G ) XA iEE] RS WSt ofe] A dy
7} At = 8 Te FRkeHA] 92 A2 @t Stell Al
45701 431 1,000 mge] vl Ci} 400 TUS] BIER] Evt
T 5 7HA BlERe] B 832 F32] TBARS 4%
B felstAl Az on, olFelA vle] C7F 46%E
AetAA 1 a7 78 2tk (Kang & 1999). W59
Azl Al 650 pgel At} vlER] CE 23kt S8 vlEt
UAIE 159 &3 584171 A3} 4ks) LDLO| #-25HA 7+
312t} (Daniel 5 2000). T3 EAAHJA S 1148
S BRFSE AFEECAl 5 mge] At B FAtksls e
AL 29 5t HEAIZ AFelM = F 7 B 3
MDA 55 frosHl Atk (Racek & 2005). ©l&
A4 HIERI C BFo] o] Al s o
F7u AksE LDL s 528 A7) 23S HlE] Co] 2144
Q1 ghakslakg-ol o8t Ayjetar o]se ], GAate] 9= ¢
AR HF 0w A S RAIAER] S5} A8k AL, o] & <1
&l frejete]d o] A=, 1A o2 Atk
ot} Atsh LDLE| 7+ 74 ghthar s et 2eivt &
AgrolM= Ak vleR] C 2 d3 kst LDL $%E A
StAI7 1= avhe vERA] Sit. Ity gkxte] A9 1™
Fol ol&l Fatstarrt B8 Ha, o] At
(autoxidation) & Akaiefr]Z-o] &/do] Frfel s 2|4 g
ks FXE vk A ok (Asayama 5 1994). &
AT PFAELS A ATEol 9} go] mEFo 15
BAINHRIEZ ] A7 5581 edgkom, &7 1kst LDL
T A ok AElEbA At B HlER C2] BFo] 4|

¢

Nop

2 o



= SHA HolA] okors A
E}. = HlE}UL HETo|A Akl LDL &
Tt sk FA1E Bl A (p = 0.07) 2= vj§o] vle}
Tl CO| B §0] T7FEAY BF 71te] ¥ AW {124
U= BIE 7S 5 9l& Flolet Azt

7. 9% GSH-Px 24

S S izl vlsl kst Ase] g4o] A
shE o] Qths TA= o8] A8 AFtellA] Bt (Yu
S 1993; Lee & 1996; Kedziora—Kornatowska %
1998). ol&e] Fi= 3t FolM e T Rkt A
282 GSH-Pxt SODE] A =7 @ A13] vithk= x‘j
= ER1E vl Qi (Ha 5 1999). IX P53 15 HA|2H|
1850l = A=Al 5 mge] Aat o= sl
EAE 247 e e 85 st 584171 At
glutathione 52| PAte24 Fae= F7HEAIN 21879
SOD$} GSH-Px @Al Ws7t gllth(Racek &
2005). 13 Gt At A 3F 52t 60 mge] B
carotenes 3w ATolM= A8 GSH-Px &430] 5
7F} (Yishai 5 1999). & AFolXE 45702 AlgdE4
A5 F d4 GSH-Px @7do] B AlgrolA WHsh#] o
ket olef g Avh= I GSH-Px B4do] el 589
Fgoirtelld GAatolut vlel Col BF woi= I GSH-
Px @& T ol S7MAIINA] Gethe A Bolt

8. 8% Hoy 5k
AT VA A EE
15.9 pmol/LO]‘ii 0131 —E—_

g% Hey 55 Eoﬂ‘:} 01313} A=, gate]l 2%
Heys A8k Al71i= SFAIZ vlER] By BlER B R0 &
Aot A A7} v (Chauveau 5 1996) 1 mg GAF
o] BZ Fol7h S 23] Zlojetar e, fAake] B
FFoll st TA= vheketd] vid 1~10 mge] o4 &
Fo] aolgl= Ay 7| & 5Fa (Brattstrom &
1996; Chauveau 5 1996; Racek = 2005), 1 mg v]
THe] A8 gafAoleh= 4% Stk (Jacques & 1999;
Rydlevvlcz S 2002). Clarke 5 (1998)2 34k} njglal

L HIER Beg BEs 12709 Oi?éﬂrﬂ HEF -4
0]'0%, AAH- 0.5~5 mge] A8 Be BT oM EF
Hey §55 °F 25% AA1717, ‘WF 1% 42 9% Hey
To| =2 7ol Al v o Avkar A Wi

FAZ4Q1 Q10 = Hey tirlell #efsh= &40 MTHFR
o] C677T =AMololA, TF4A (TT)+= MTHFRE)
GAo] vl I Hey 57 A4 421 (CO) ol Bk
20~30% =tH(Frosset 5 1995). & Ao -= Ald &
A BE A TTE =2 84 Hey %7t CCHolv
CTHEEL} o2 gl o, =2 Ado|qlnt. 457 4
AHS BEF AFHT F F-1olA e 84 Hey 59 4
o] ¥ BAA 2232 qllont, TTY tidatellA 7t
73, o= CTEoll e, CCHelM= 7raskA] ¢
AT}, ojuf PAkS BT AFHA > C—Iatellx= CCH,
CTH W TTH BF Jsshs FA1E Bt ojzfst 2 o
THAIR= GAF BFo] 53] TTY +a438s 7 o538
PN F Hey $55 Wt =oo] ¥rhs
A& AAFsiTE,

9. 8% NE Y

AT IA=E A= &
C—L& AlLgh =] Al 2] St 55 i%ﬁﬂ/\Eﬂiﬁ
= ]%i] (= 200 mg/dL) & &3lstolth. C—19] 45
% 200 mg/dLell 43kt aZdAHEDS (= 240
mg/dL)S Bl tjiAl= AlErmit) 14.0~25.5%0134 T
8% LDL—-C k= 2 o] Bt A7 7l ojuiiglont
JLDLEF (= 160 mg/dL) < WepA thdz= Al vt
T} 14.8~18.0%°¢131t}t. 8% HDL-C $%+= 7 12 ¥
2 A Y oJuigi e AAHDLE S (< 40 mg/dL)& 1}
ERdl tid A= A8l 12.8~18.0%01%0tk. &3 TG
S 7 e et B A RS oldigl e e Ay
5 (= 200 mg/dL)& VRN VA= Al 22.0~
23.4%°130t}. & A7t dAre] oleldt DA A
Kown & (2002)°] Rt &5 33 vl -
oo} TG F tha v HolQlt} o)== 8% TG 5
T7t g3 ok AdaiAlE HO]W A (Yang 5 2000)
S AzFE o), 2 AP RS TEEY 5% (107 mg/
dL)7} %5 38 (Kown & 2002)-4 RS R ek
o= o]seT].

& Aol satelut uiER Col Bgo] o A4 &
& Wsle] "2 JFE 71A1A stk SAksmERLe] B
o] Do) A1 greof mA= Gl thalrl= dnbe 1
S7F ek = LS} el A vlERl Co Bgo] A
W& MR Th= Ba1 (Koh 1984)7F 9l ¥hdel é’g*o

oA WY vlEl ES 1,600 mg¥ 125 F BE3=1
38 ¥4 T-C9 LDL-C %57} Z7H8ith= Ry
1993) % it} 18} Akelu vlek C7F

(Reaven &



A0z ZeAHZot TG tiilel Tojgirhs ghizth
£ e B ATANE AR s,
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e el

THIPPoNE A AREA Akt ek
9 0SNG u ) st v
45 9% Hey#} 418} LDL &
Jdolut @atst mae) Bols ol e Jakg
A g staral sk o] 8l 504 o Aol @
gl 1218007 452 91 1 mge) 4]
00 mg®] WIER C W= F 71 g ug 4iHet
ol % RE 2A} @} 2ol 9789 AR
STk, olwf Akt vlER Co Wt BFol {24
folE YA kol SAIA 0= 34kt vlekl C 2t
% 52IE AT BEgh W (ol whgo] {9
Al vz ol J dHiolHE E8siiom, o4 A
F ZAR o Aol whiE XjolE- vifAsle] alsiSict.
1. @A BEET (C-D 3 GAE Ba (F-D zlell B+t
A%, Ale, 2%, BMI 9 AAE o] ]38 2ko]7} 18l
om et vleR] C B RF (C—1D ¥ vlER C B3t
(F—ID Atololl = oAl frelakA] vheA] kgt
2. olyx| g} chand nljepdl Cob At 5 o FdEE
AF HIHFT (C-D 2 GAF BT (F-D Tt B8 1)
Bl C | EE (C—ID ¥} HIER C BE1 (F-1D) Ale]el
= el ehAl vk kst BE Aldatell A ou A e} At
A7 FRSEE Holglar W nieR C Al ssisivt.
3. otﬂ]/\ %:‘E_,] g;ﬁ oﬂ/\} o= /ﬂtﬂ:ﬂr oﬂaﬂ BMI 2! ]
B A GA 55 BT 3 GAE v RSl Hsto]
oletAl S7Fedet. $hA, BlER] C B3] 95 wlehdl C
T AdEy A5, BMIE 2% d BlE C 558 HA
F - el C H|ESTol vlEl, ¥ folakA] = gk
%7%}— BEe Btk (p = 0.08).
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Frolide %‘i?i__"}(p =0.07), T A4S B3tk = ¢
AbHRET0 - CC, CT % TT F-84 ol whe} 22
+0.3%2F +0.4% 2 +0.9% ’3sh v Jak Wgre A
= 242F —0.0%9F —1.2% 2 —2.3% 72381k,

5. ¥ A= FEEGNANA Wl 1,000 pgol
Grke 457 B Fofahd 94 At st Sk, 8

Hule] - ARIE - ool - A - s - 273
& Hey &7 Soxiths A5 deF3ivk. 12 vid
1,000 mg®] HER] CE BE wofsh 242 nleml C &
7 od A S7FeA ke, @3 Hey s Ast
I e RT3 ok atet niEkd Co 1
& w7t A BE wofoll w2 adE STMITIA o
Ths A= Bolaeltt.

T EE ARl Ad e Ao orgs f1s]
A= HER C 1,000 mgRth= 4F 1 mge B3 Folst
= Zlo] gAd Aolgty FFEt), FEIG S Ho
=2 ATPAEe] AAME Bl ek Ci= 18 43
3 b QIAE AH7E RS AR Qae) BE Sol)
ﬂﬁ}ﬁl{— 483 %@u}

=

el GSH—PX %} M A45) LDL 2ol Q1AtolLt o
EPY) C B RF Folol w2 foly gl el LR
2rskey. owow HER] C wgo] o] 58 A Hshe vt
G 21914 olUlwl 2 Aol AMEE BEHO) WE7)
Zro] FHekA) QoA ARt 57t AsHslo] BAY
o] ok7] Wil Al sik. B FHAR NG
2 oo o vjifie] 471kl A3 AT B8l Qo]
U HIER C = 7)e GAAI) nFo] FREYgele)
e ALE SERA AL 4] - Pa Aate] 939
A2 AAS, G o 2o ol g 5 Gt o
& A77h AR e Aoleka AR,
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