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The Dietary Intake, Plasma Lipid Peroxidation and Vitamin C in NIDDM Patients
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ABSTRACT

The increased oxidative stress may play an important role on the pathogenesis of diabetes and diabetic complications, and the
blood level of vitamin C and lipid peroxidation in NIDDM patients may be used as an indicator for oxidative stress. However there
is only scanty evidence on the blood level of vitamin C in NIDDM patients with or without diabetic complications. The study
population consisted of 90 NIDDM patients(diabetes without complication, 48, and diabetes with complications, 42) and 41
normal subjects. The 42 diabetic complications were divided into 3 groups: 15 diabetic nephropathy, 18 diabetic neuropathy, 9
diabetic retinopathy. The anthropometric data and blood biochemical data were studied. The dietary intake was determined by 24
hour recall methods and food frequency questionnaire. The plasma concentrations of MDA and vitamin C were determined by
fluorophotometer and HPLC respectively. 1) In blood lipoprotein study, diabetes with complication had higher level of TG than
diabetes without complications, while no significant differences in total cholesterol, HDL, and LDL were shown. Diabetic
neuropathy had the highest TG level among diabetic complication groups. 2) The intakes of vitamin B complexes(vitamin B,,
vitamin B, not vitamin B,) and antioxidant vitamins(vitamin A and vitamin E, not vitamin C) and certain minerals such as iron and
calcium in diabetes were not sufficient but the intakes of energy, protein, niacin, and phosphorus in diabetes were sufficient. The
dietary intakes between diabetes with- and without complications were not significantly different. Among diabetic complications,
the diabetic retinopathy had the lowest intake of vitamin B, and B4(p < 0.05). the diabetic neuropathy or nephropathy consumed
extremely low amount of vitamin A. 3) The MDA concentrations of NIDDM was significantly higher than that in controls(p < 0.
05) while no significant difference in the MDA concentration between with and without complications was shown. Although there
were no statistical differences, the diabetic nephropathy and diabetic neuropathy showed the higher concentration of MDA than the
diabetes without complications or diabetic retinopathy. 4) The plasma concentration of vitamin C in controls was higher than that
in diabetes(p < 0.05) while the plasma vitamin C in diabetes with and without complications were similar. In diabetic complications,
no differences in plasma vitamin C concentration of three groups were shown. This study showed that the oxidative stress in
NIDDM patients was highly increased and the vitamin C reserve was significantly depleted, as compared with normals, although
their intakes of vitamin C met korean RDA, which means that diabetes need more vitamin C intake to decrease oxidative stress in
NIDDM patients. (Korean J Nutrition 34(8) : 912~919, 2001)
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Table 1. Comparison of anthropometric, metabolic and haemody-
namic variable among groups

Variables Control ’Non~Cx Cx
(n = 41) in = 48) (n = 42)

Agelyears) 453+ 65 513+108" 535+ 94°
Sex(male/ffemale) 30/11 29/19 25/17
Height(cm) 164.2 = 8.1 1593+ 7.7 1614 92
Weight(kg) 64.8 + 10.3 617+ 7.8 64.0 + 109
BMI(kg/mz) 23.8+ 3.0 243+ 22 251+ 3.6
Fs-Glu(mg/dl) 979+ 19.4* 1525+ 43.8° 1673+ 63.4°
Hb(mg/d) 141+ 14 139+ 18 138+ 1.8
HbA1c(%) - 84+ 21 90x 24
Duration(year) - 52+ 47 7.1+ 53
T-Chol(mg/dl) 2111+ 58.6 21091429 200.2 * 441
HDUL(mg/dh 50.2 £ 10.5 468+ 93 50.1 + 151
LDL(mg/dl) 132.4+520 129.2+30.6 1133+ 431
TG(mg/dl) 155.2 + 73.8° 1467 + 67.0° 1842+ 973"

Values are Means + S.D

a,b: Significantly differ among control, Cx, Non-Cx groups: p<0.001
Cx: NIDDM with complication, Non-Cx: NIDDM without com-
plication, BMI: body mass index, T-chol: total cholesterol, HDL:
high density lipoprotein cholesterol, LDL: low density lipoprotein
cholesterol, TG: Triglyceride, Fs-Glu: Fasting-Glucose

(Table 1). thgAte] HAHLS G FHT 01 53 5M1 (&
9.4), B HIFHSTLE 51.34(£10.8), dh=-2 45.34)(+
6.5, FuarE ole Atolr}t glon, EH ?ﬂ%zr“*
2TE AllolE F9320 ZolE HAtHp <0.001). AlA)
AekA4 BMI(body mass index)= 9 THFTol B
25.1(+£3.6)kg/m’|®, Fx HFHZTTFo] 24.3(+2.2kg/
m’ t)Zto] 23 8(+3.0)kg/m’E 2z} 2] 2}o]E Ho|x] g
Ak FEA HEF L TP FTol 167.3me/dl, T
v g 7o 152 5mg/dl, thETe] 97 Img/dlE BxF7t
A Aol glout, vixgtst FuTalM s 423 xjo)7t
YERGTHp <0.001). Bixe] 2 dia} ooz o)
ol A7\ Adoln® g uls) fHew w4 U
Ehhs RS 33 Ao} dRgFEe $:x)= A #3t
o] ztol7} gidon, BN (HbAl)y: BRaidsTo)
9.0%, FxrFH STl 84%°\1, FH7INE S F
o] 7.1d, FublgEdel 5.2dos F ¥ H KN
ol filth HF2HE o
200(+44. 1)mg/dl, F=r|gEETo] 210(+42. 9)mg/ o
X;Lol 211(£58.6)mg/dIZ Aoj7}t gl e, AL 77

FuiPETel 184(197.3)mg/dl. FiH|ZHEEFol
146(+67.0)mg/dl, thzo] 155(+73.8)mg/dIE -2l
Zpo]7t AATHp < 0.001). FHW Aet#aQl HDL~cho-

Table 2. Comparison of anthropometric, metabolic and haemody-
namic variable in NIDDM patients with complications

Cx(n = 42)
Variables Nephropathy  Neuropathy Retinopathy
(n=15) (n = 18) n=9

Agelyears) 518+ 104 541+ 100 546+ 112
Sex(male/female) 10/5 10/8 5/4

Height{cm) 161.1+ 93 1617+ 92 1613+ 8.8
Weight(kg) 645+ 120 654 106 621+ 116
BMI(kg/mZ) 253+ 39 254+ 37 246+ 45
Fs-Glu{mg/dl) 1554 + 57.7 1709 £ 633 1756+ 66.6
Hb(mg/d!) 13+ 19 140+ 18 136 16
HbA1c(%) 86+ 23 89+ 23 95+ 28
Duration{year} 6.1+ 5.1 73+ 55 78+ 52
T-Chol(mg/dl) 1958 £ 474 2047 £ 442 2002+ 516
HDU(mg/dl) 458+ 156 469t 164 57.7 £ 160
LDL{mg/dl) 1191 + 395 1107+ 470 110.2+ 50.8
TG(mg/dl) 180.8 + 105.8" 202.8 101.8° 169.1 + 98.8°

Values are Means + S.D

a,b: Significantly differ among neuropathy, nephropathy, retinopathy:
p<0.05

Cx: NIDDM with complication, BMI: body mass index, T-chol: to-
tal cholesterol, HDL: high density lipoprotein cholesterol, LDL:
low density lipoprotein cholesterol, TG: Triglyceride, Fs-Glu: Fas-
ting-Glucose
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Table 3. The RDA percentage of intake nutrients by 24hr-recall method in NIDDM patients
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Nutrients Non-cx Cx
Nephropathy Neuropathy Retinopathy Total Cx
Energy 105.57 + 33.85 116.02 = 25.20 119.67 + 26.52 118.63 + 25.70 116.44 + 2798
Proteins 109.33 + 36.08 112.19 + 26.29 111.08 = 2590 112.27 + 28.27 11254 £+ 27.70
Vitamin A 55.83 + 37.63 55.81 + 24.56" 52.43 + 23.59° 66.54 + 41.04° 54.34 + 32.04
Vitamin B, 112.72 + 42.37 119.21 *+ 33.88 128.40 + 43.83 115.46 + 26.85 123.02 + 47.57
Vitamin B, 72.28 + 37.75 78.39 #+ 53.99° 74.75 + 52.72° 66.94 + 30.38 75.26 = 46.48
Vitamin C 126.35 + 62.94 134.29 + 68.71° 130.66 + 56.53° 118.67 + 74.71° 128.69 + 71.18
Vitamin C* 148.80 + 52.16 150.04 + 73.96 133.69 + 57.84° 136.74 + 67.10° 138.46 + 71.18
Vitamin B, 58.82 + 19.51 68.81 + 19.73° 67.18 + 19.73° 62.20 + 18.18° 68.67 + 20.74
Vitamin E 4196 + 27.95 39.63 + 11.87 38.10 + 11.28 37.83 £ 1234 39.84 + 13.70
Niacin 101.16 £+ 34.13 105.97 + 24.18 101.43 + 21.85 97.87 + 18.08 105.85 * 26.22
Ca 65.13 £ 37.85 69.87 + 54.22 64.39 + 43.44 6393 + 46.83 67.13 + 47.92
P 148.28 + 60.41 147.52 + 49.61 163.14 + 36.61 156.14 + 35.39 155.13 + 49.66
Fe 78.69 + 35.40 87.73 = 35.36 9439 + 35.33 92.76 + 47.60 93.74 £ 40.60

Values are Means + S.0

a,b: Significantly differ among neuropathy, nephropathy, retinopathy: p<0.05
= Vitamin C intakes by food frequency questionnaire, Cx: NIDDM with complication, Non-Cx: NIDDM without complication, Total Cx:

mean values of nephropathy + neuropathy + retinopathy
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#9) MDA¥ %7} z+2} 0.53 &+ 0.35nmol/ml, 0.75 +
0.29nmol/ml, 0.81 + 0.36nmol/ml2.2 Fkw3} =
Z7 = foAel xpolE BYa(p <0.05), THEFTY
A 3 EFRG 28 AN AT EE B F]Oo
U EAA fo4e igdeh. Vitamin Co 8% F%
= gzl 0.45 + 0.31mg/dl, BB ElA
= 0.25 + 0.17Tmg/dl, BxblgHFTdAE 0.24 +0.11
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Table 4. The plasma concentration of MDA and vitamin C in sub-
jects

~ Measurements o amoliml)  Vitamin Clmg/d
Subjects
Controls 0.53 + 0.35° 0.45 + 0.31°
Non-Cx 075 + 0.29° 0.24 + 0.11°
Cx 0.81 + 0.36° 0.25 + 0.17°

Values are Means + S.D

a,b: Significantly differ among control, Cx, Non-Cx groups: p <
0.001

Cx: NIDDM with complication, Non-Cx: NIDDM without com-
plication

Table 5. The plasma concentration of MDA and vitamin C in di-
abetic complications

Measurements

Subjects MDA{nmol/ml) Vitamin C(mg/dl)
Nephropathy 0.85 + 0.39 0.27 + 0.15
Neuropathy 0.77 + 0.35 0.25 + 0.14
Retinopathy 0.83 + 0.37 0.29 + 0.21

Values are Means + S.D
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< glem (2135 0.85 + 0.39nmol/ml, A13H¥Z: 0.83
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el el o AQ) Zpolzk YA @gkth(4l%: 0.27
+ 0.15mg/dl, 2178% 3 0.25 + 0.14mg/dl, w23 0.29
+ 0.2lmg/dD). E3E EuH D 33l 2o MDA
EEE ZAH v EFoly dlxT e vad dis
‘“7‘) etk Sato $79) A7)A )R Y FuSo) Q=

It bl A F o] flE D bt Fo o
J*H}E}x] ‘£7P ovdaks E_Lo}?iq Yagoob &*0]
4079 FuY e EH"“’E A el zhe] A4 Ak}
&4 AFFA sl %% ZA @4 A “‘Jlr"}ﬂe'évl 5
7Pt B AFe) uhy FBAT) ASE B9
hg/\% A]ﬁ}_zloﬂ/q _1__7]_

€ Agetizol oa shist 144 %7 P } B
o]

T
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(0.85 + 0.39nmol/ml), ®¥%(0.83 + 0.37nmol/ml)
o} 7%, Table 4l zﬂ*l!ﬂ %hﬁli}%% (0.75 + 0.35
nmol/mD BT} & FasA A 58 Jehyou ¥
AAYD F8E BoFA] 23 RS AF At +9) A
g dEow Ateid B I Ea ks At
FAARE s 8 o B a3t ded Ao

NEELS
29 9 3=

Are A PSS Twe A (FaEET)9

Tzl Sl T EE) E Aol =

A2 oz sigln, BuadHEEe EA9

KeR
et Bots, AF AW EToR BFsie] 4siehy do
/\} = 3 MDA ¥ vitamin C9 =

= LA
) A Y—H”XH 54& dund
%‘%‘%E*’] 161mg/dl, 2

SEA PF ¥
kA =R ETo] 152me/dl,
27 0] 9Tmg/dlE G J‘ﬂ]t H ztol7k Qlont oz
T3 FrardMe F23Q ztol7t vehdtip < 0.001).
o] SR T GBS fg¥os =
UTHRZT: 155mg/dl, FxrFPE5T: 146mg/dl, B
Q‘*‘Z‘:ﬁ 184mg/dl).
BB ST Aol AT VS, FE 4 o

%7P94 wol, 7], EFAl, BMIelE #9342l o)z} ¢t
(Table 2). T5A] i G2 AF o] 152mg/dl, 417

BE o] 170mg/dl, "F9F o] 175mg/dIf T, FH# &
¥ 7)3to] AFo] 6.1, AFHFo] 7.3, WEo] 7.8d

olem, F3E A (HbAlc)E AF0) 8.6%, A AHZ0)

8.9%, HHFo] 9.5%=, FaEA B2 e 39
T BAlol via m& " K7L, DN el vEE
HERdT deluie) Al del e A3 kA

T 53] =& SR ¥ EE el

3) FuH ST FTan|PYFE0e) PF Ao) %
o= Aol7t flAo™, Y AA o ME vitamin B 23
A (vitaminBs,, vitamin Be)o} §7]22 Cad Feo] 43
7t BAFRG okt ksl wigwe) A 9o vi-
tamin Co} A#HE A vjws] & of 58 vk vi-
tamin A} vitamin E9 43 %R 223190
PSS T 2 B9 A vitamin B} Bl
Aol o2 dutA F¥F Fd Exjol vls] wgton]
(p <0.05), Fx=HA ANZF3} AAHZE #A9) vitamin
AS] Aol Funy FukF adxEc} fojxoz ugl



918/ 7} 413} AEH A9 ulenl C
Hp <0.05).

4) MDAR ST dizd, Faududs, 3xPusd
9] MDAF=7F Z+Z} 0.53nmol/ml, 0.75nrnol/m1, 0.81
nmol/mle &, D hE2F o= F2AQl 2old B
Rok(p <0.05), Gl JojAe FEFo] HP
FrET 2 AR FEEE B Fou TAHI
9492 /it

5) Vitamin Co} 8% %+, WE&FNAE 0.45mg/dl,
FudFFAAE 0.25mg/dl, FabFHITFANE
0.24mg/dle 2, Bar o] AL daxaEt fo4He
2932 335 EE JeERAtHp <0.05). 2oy G
o deiMe F§EFTH vl Ewgtel ol Al Aozt
AT}

6) B AFH AAEFEA] A S dy
ZaxET 2 35 NATE AT oy EA
FroAde gldlen, ¥ vitamin C2 FXxo] UAME A
F, A3 F, $HS A Tl foA QA Aol 7t YR
2] gt

AZH 0T Ao vg By FAEY fFofHor

< vitamin C9] ¥%9} 2 I EEE GuE §
A7} B A 2EYAE S = =
G 8zt glo] Aksl AEHAE AEIAT]7] YA
kst vigbRl o) 283 HE7 oilg Fod. B A o
4 BduH FAEE AFF o4 vitamin CE 3]s
AedlE EFdla 159 ¥% vitamin Co 5% B
Hol fle dERTRG 9302 ¥ Yehged, ole
P ate] A9 Absh 2E#H A9 FrkR QlE o B
vitamin C¢] 4#7} 22 3-& ou|grt. =& §4ks} v}
o Aogs nHE o 2 Fuy 829 vitamin E9
vitamin A9 43 &2 A 313} oy A 7k
A7 F gonz FudA FHE e Y= o E
Fgao BE E3 A3 g At At

=l
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