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Fig. 1. Homocysteine metabalism. THF: tetrehydrofolate. MTHFR: 5, 10-methylenetetrahydrofolate reductase.
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199 3 2000 2
35 2 26 16
45 65 12 .2 NDDG (Nationd digbetes
data group)™ : 49 (+£09)
1 , 15
50%
6 (5% )
2.
3 ©
: md ondiadehyde —70C
3
(waig hip ratio, WHR) (body mass index, BMI) :
(body fat andyzer, Model TBF-10, Tanita Co., Tokyo, Jgpan) (body fat
proportion) : (0lucose andyzer, Beck-
maen Co., Fullerton, CA, U.SA) : (Hitachi
736-40 automatic andyzer, Hitachi Ltd., Tokyo, Jgpan) : dextran sulfate

MgCl: : Friedewald



PAI-1 (mouse monoclond anti-human PAI-1 antibody, Biopool, Ventura, Cali-
fornia, U.SA) (enzyme-linked immunosorbent assay) , fibrinogen
(ACL-3000, Instrumentation Laboratory, Milano, Itay)

De Fronzo 0 10 40

mU/m’ 100pUdL 2
: 5
20% 90 mg/dL
20 (M: mg/kg- min)
120
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1
511(£20) , 2 486 (£ 18 ,
56.1 (1£24) (=0.036),
©=0.092). 84104 mgkg: min, 2
37104 mgkg min, 42104 mgkg: min
@ 0.00)(Table D).
) |3 - ) ) |3 - )
Table 1. Clinicd and biochemical characteristics
Normd control Type 2 DM CHD
(h=12 (n=26) (n=16)

Age (years) 511+20 486+ 18 56.1+2.4*
Body mass index (kg/m) 216+20 252404 259+06
Waigt hip raio 092+001 0.93+0.09 095+001
Smoking, n (% 9 (750) 20 (769) 14 (875)
Alcohdl, n (% 6 (50.0) 14 (53.8) 7 (43.9)
Hypertension, n (%) 2 (16.7) 2 (1.7) 9 (56.3)
Body fat proportion (%) 25+ 14 255+09 258+ 13
Total cholesterol (mg/dL) 1740+75 207.8+ 107 204.6+64
Triglyceride (mg/dL) 1512+303 1985+20.1 1990+ 34.6
LDL-cholesterdl (mg/dlL) 990+7.1 072+64 120.6+89
HDL-cholesterol (mg/dlL) 448+27 452+ 15 438+2.1
Fibrinogen (mg/dL) 3005+ 3438 310.1+ 160 4320+ 384
PAI-1 (ngmL) 225+41 27.3+30 23.8+40
Fasting blood sugar (mg/dL) 98.3+36 1416+ 627 934+42
Cregtinine (mg/dL) 10+0.1 11+0.1 11+0.1
Glucose disposa rate (mg/kg: min) 84104 37+04" 42+04"
Fadting totd homocysteine (U mal/mL) 89+07 119+ 10 115+09
Vitamin Bz (pg/mL) 5570+729 7285+58.6 55744495
Folate (ng/mL) 9.1+ 13 67+08 65+ 10
Insulin (U U/mL) 76+0.7 104+0.8 115+2.1

*p 005 ‘:p 001 ":p 0001 compaed with normal control group.
DM: digbetes mdlitus. CHD: coronary heart diseese. PAI: plasminogen ectivatar inhibitor.



@ 0001, p=0.05)(Teble 2).
MDA

2. MTHFR MS

MTHFR (CorrT) 52 (AA) 12 (355%),
(AV) 29 (46.8%), VV) 11 (217%

Table 2. The serum concentrations of retinol, carotenoids, tocopherols and malondiddehyde in normal control,
type 2 DM and CHD groups

- Norma control Type 2 DM CHD

Lipid-corrected leves (=12) yF()nzzs) (n=16)
Retinol (u g/mmol) 447 64+ 5873 247.19+27.20" 33300-+59.18
o -carotene (U4 g/mmoal) 5.76+ 126 504+ 101 543+098
[3 -carotene (U gmmal) 67.13+ 14.46 32.69+5.87 4004+ 7.42*
Cryptoxanthin (i g/mmol) 152.11+ 24.98 60.04+9927 5797+ 22.37"
Lycopene (U g/mmal) 80.91+20.79 68.12+ 16.26 76.83+20.26
o -tocopherol (U gmmol) 0.88+0.16 0.68+0.064 0.88+0.15
y -tocopherol (U g/mmal) 0.025+ 0.0065 0.017+0.0021 0.020+0.0041
Malondiddehyde (U mol/mL) 369+071 423+0.60 421+0.86

*:p 005 ‘:p 001 ":p 0001 compaed with normal control group.
DM: dicbetes mdlitus. CHD: coronary heart disease.

Table 3. Clinicd characterigtics by methylenetetrahydrofolate reductase genotypes

Genotype

AA (=12 AV (n=29) VvV (n=11)
Norma control, n (%) 1(83 8 (66.7) 3 (25.0)
Type 2 DM, n (%) 17 (654) 8 (30.8) 139
CHD, n (% 122 (75.0) 3 (183 162
Fasting tHcy (u mol/mL) 106+09 10.1+0.7 13.6+ 15*
Vitamin B2 (pg/mL) 619.3+852 695.0+517 529.6+79.8
Folate (ng/mL) 74+ 10 70+0.6 59+ 15
Creatinine (mg/dL) 11+004 11+0.03 11+0.05
Tatd glucose disposd rate (mgkg: min) 50+05 5.1+05 45+0.7

*»  0.05 MTHFR: Methylenetetrahydrofolate reductase.
DM: digbetes mdlitus. CHD: coronary heart disease.



, Cregtinine (p=0.017)(Table 3). MS

(AcrssG) (DD) 37 (69.9%), (DG) 14 (264%,

Table 4. Clinicd characterigtics by methionine synthase genotypes

Genotype

DD (n=37) DG (n=14) GG (n=2)
Normd contral, n (% 9 (75.0) 3 (25.0) 0 (0
Type 2 DM, n (% 3 (115) 16 (616) 7 (219)
CHD, n (%9 8 (572 5 (35.7) 1(7.)
Fasting tHcy (u mol/mL) 111+07 114+ 10 9.6+52
Vitamin Bz (pg/mL) 653.3+40.6 602.8+92.2 6935+ 1235
Folate (ng/mL) 7.1+06 76+14 64+24
Cregtinine (mg/dL) 11+004 10+0.05 10+0.1
Totd glucose dsposd rate (mgkg: min) 52+04 45+06 26+ 12

MS: methionine synthase. DM: digbetes mellitus. CHD: coronary heart disease.

44— 102 hp
4— 175 bp

44— 129 hp
«4— 159 hp

AR AR AG AR AR AR

Fig. 3. Restriction enzyme andysis for the subgtitution of 677 cytosine to thymine of methyl-
engtetrahydrofolate reductase gene (A) and of 2756 adenine to guanine of methionine
synthase gene (B).



(GG) 2 (37% .
(Teble 4)(Fig. 3).
3. .

 B- :

Table 5. The serum concentrations of retinol, carotenoids, tocopherals and maondiadehyde in each tertile of totd
glucose digposal rate (GDR)

GDR tetile (mg'kg: min)

Lipid-corrected levels

| (111 379 Il (387 554) Il (600 1165)
Retinol (U g'mmol) 224,11+ 26.83 32052+4304 455.30+56.11
o -caotene (U4 gmmol) 4,13+ 057 6.17+ 150 5.66+097
3 -caotene (U gmmal) 2509+ 6.04* 4446+7.18 58.00+ 10.89
Cryptoxanthin (U g/mmol) A445+303 8106+ 11.98* 124.15+ 1940
Lycopene (U g/mmal) 47.60+ 6.82 9257+ 26.67 86.46+ 1597
o -tocophera (U g/mmol) 0.69+0.10 0.74+0.12 092+0.12
y -tocopherdl (U g/mmal) 0.015+0.023" 0.020+0.039 0.024+0.044
Maondiddehyde (1 mol/mL) 484+0.84 349+0.67 4.02+0.62

*p 005 *:p 0.001 compared with levels of GDR terile IlI.

Table 6. Correlation coefficients of total glucose digposa rate with retinol, caratenoids, tocopherols and malondia-

dehyde
Modd 1 Modd 2

Lipid-corrected levels

r p-vdue r p-vdue
Retinal (U gmmol) 0513 0.001 0411 0.003
o -caotene (U g/mmoal) 0.110 0.426 0.102 0487
[ -caotene (U g/mmoal) 0.405 0.002 0.3 00r
COryptoxanthin (U g/mmol) 0589 0.001 0467 0001
Lycopene (U gmmoal) 0.188 0.174 0.173 0234
o -tocopheral (4 g/mmol) 0.295 0.030 0.4 0023
y -tocopherdl (U g'mmoal) 0.268 0.050 0.267 0064
Maondiadehyde (u mol/mL) — 0062 0.659 -0.182 0212

Mode 1 smple correlation. Modd 2: partia correlation adusted by age, BMI, fasting blood sugar, and fasting
totd homocysteine.



Table 7. Corrdation coefficients of log transformed fasting tota homocysteine with retinol, carotencids, tocopherols

and maondialdehyde

Modd 1 Modd 2 Modd 3
Lipid-corrected levels

r p-vaue r p-vaue r p-value
Retinol (U g/mmol) —-0.064 0.646 0.038 0.809 0.202 0.150
o -carotene (U4 g/mmoal) —0.056 0.689 0.182 0.908 —-0010 0941
[3 -carotene (U gmmal) -0210 0.132 — 1136 0.469 —0.042 0.769
Cryptoxanthin (u g/mmol) —0.327 0017 —-0.313 0041 —0.098 0.488
Lycopene (U g/mmal) 0.14 0418 —-0.043 0.786 —0.037 0.794
a -tocopheral (4 g'mmol) —0.060 0671 —0.101 0521 0078 0581
y -tocopherol (U g/mmal) —0.19 0.321 —0.175 0261 —0.028 0.842
Malondiadehyde (1 mol/mL) 0074 0.600 0.195 0210 —0.052 0715

Modd 1 smple corrdation. Modd 2: partia corrdaion adusted by age, body mass index, fasting blood suger,
vitamin Bz, folate, and creatinine. Modd 3: patid correlation adusted by totd glucose disposd rae.

Y- ,a- (Table
5). MDA
B- : ,a- VY-
, B- : Y-
MDA (Table 6).
MDA
(Table 7).
: : : : B,
: MTHFR
VV) (Table ),
MTHFR VV)
(Table 9).
4.
2 :



Table 8. B coeffidents of log transformed fagting tota homocystene in linear regression andysis

Modd 1 Modd 2 Modd 3
B p-veue B p-veue B p-vadue
Age (years) -0004 044 — — — —
Body mass index (kg/m’) 0022 0.343 - - - -
Smoking (yes or no) 0030 0813 0005 0.967 — —
Alcohad (yes or no) 0.12 028 0.103 0.332 — —
Vitamin B2 (10 pg/mL) —0.001 0958 —0001 098 - -
Folate (ng/mL) -0017 0181 -0013 0351 - -
Cregtinine (mg/dL) 0299 0265 0333 0226 - -
Total cholesteral (10 mg/dL) 0024 0053 0022 0091 0019 0.188
Triglyceride (10 mg/dL) 0010 0020 0009 0039 0010 0049
LDL-cholesteral (10 mg/dL) 0012 0427 0010 0831 0006 0.739
HDL-cholesteral (10 mg/dL) -0004 09+ 0014 0541 —-0.021 0789
Glucose digposd rae (mgkg: min) —-0066 0.001 —0078 0.001 —0086 0.003
MTHFR ganatype [V (vs AA o AV)] 0295 0023 0286 0029 0354 0035
MS genotype [GG or DG (vs DD)] 0011 0927 0013 0912 0052 0688

Mode 1 simple linear regresson. Modd 2: adusted by age and body mass index. Model 3: adusted by age,
body mass index, smoking, acohol, vitamin B2, folate, and creatinine.
MTHFR: methylenetetrahydrofodte reductase. MS; methionine synthase.

Table 9. Multiple linear regression analysis, entering log transformed fasting tota homocysteine as the dependent
vaiable and fasting triglyceride, glucose digposa rate and MTHFR genotype as independent varicbles

B p-vadue
Totd glucose disposd rae (mg'kg: min) —0.053 0.008
MTHFR genotype [VV (vs AA o AV)] 0.262 0.028
Triglyceride (10 mg/dL) 0.005 0212
MTHFR: methylenetetrahydrofolate reductase.
, O - , B-



Table 10. Changes of tota homocysteing, retinol, carotenoids and tocopherals after 2-hour hyperinsulinemia in
norma contral, type 2 DM and CHD groups

Change of leves dfter 2-hour Normd control Type 2 DM CHD
hypeinaulinemia (h=12) (n=26) (n=16)

Tota homocysteine (U mol/mL) —-042+0.79 0.60+ 117 —0.39+0.83
Retinol (U g/mmol) 13258+ 38.25' — 044+ 1426 80.64+ 29.75*
o -carotene (U g/mmoal) 2.17+0.84* 0.96+0.88 0.35+0.67
(3 -carotene (U g/mmoal) 2490+9.81* 054+271 6.72+4.14
Cryptoxanthin (4 g/mmol) 4026+ 1123 —405+381 1094+ 4,08*°
Lycopene (U g/mmal) 30.74+ 16.10 6.12+ 12.09 13.36+6.13*
o -tocopherol (U gmmol) 0.19+0.063* —0.13+0.18 0.074+0.087
y -tocopherol (U g/mmal) 0.007 1+ 0.0028* —0.00040+0.0033 0.0030+ 0.0025

*'p 005 ‘:p 001 compared with basdine leves, * : p 001 compared with norma contral groups.
CHD: coronary heart disease. DM: diabetes mdlitus.

Table 11. Changes of tota homocysteing, retinol, carotenoids and tocopherals after 2-hour hyperinsulinemia in
exch tetile of tota glucose disposd rate (GDR)

Change of levels after 2-hour GDR tetile (mg'kg: min)

hyperinsulinemia

I (111 379 Il (387 554) Il (600 1165)
Totd homocysteine (U mol/mL) — 053+ 167 156+2.31 —0.80+256
Retinol (U g/mmol) 14.92+ 10.89 4545+ 2805 99.07+34.20°
o -carotene (U4 g/mmoal) 0.030+0.62 175+ 121 136+ 0.63
[3 -carotene (U gmmal) 119+295 6.84+4.37 15.32+7.27*
Cryptoxanthin (u g/mmol) 147+ 194 423+ 6.06 2502+955
Lycopene (U g/mmal) 158+2.95 1955+ 4.37 2009+724
o -tocopherol (U gmmol) —024+027 0.083+0.034* 0.164-0.045'
y -tocopherol (U g/mmal) —0.0031+ 0.0046 0.0039+0.0020 0.0062--0.0020"

*:p 005 *:p 001, compared with baseline levels.

(Teble 5, 11).

(® 0001).
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Fig. 4. High resolution ultrasonography for the measurement of intima-media thickness of
caotid arteries in normd contral (A) and type 2 DM subjects (B).

Table 12. Mean and maximum intima-media thickness of carotid arteries in study groups and each tertile of totd
glucose digposd rate

Mean IMT (mm) Maxima IMT (mm)

Groups ()

Control (=12 0.58+0.033 0.66+0.027

Type 2 DM (n=26) 0.82+ 0.026* 0.96+0.047*

CHD (n=16) 0.88+0.047* 100+0.062*
GDR tetile (mg/kg: min) (n)

| (111 379 (n=17) 091+0.023 102+0.052°

Il (387 554 (n=17) 0.84+0.043 0.89+0.065°

Il (600 1165) (n=18) 0.61+0.025 0.66+0.023

*:p 0.001 compared with norma control group. ' : p  0.001 compared with GDR tertile 111.
DM: diabetes melitus. CHD: coronary heart disease. IMT: intima-media thickness. GDR: total glucose

disposal rate.

3 1
(p 0001)(Fg. 4)(Tale 12).

, MTHFR VV) MS G (DG, GO)

(0=0.001, p=0.003).
, , , B- ,



Table 13. B coefficients of intima-media thickness of carotid arteries in linear regresson andysis after ajusting
age and body mass index

Mean IMT Maximum IMT

B p-vaue B p-vaue
Body fat composition (%) —0.036 0.563 —0.024 0.778
Waig hip ratio — 1850 0.766 0979 0911
Type 2 DM (yes or no) 2.320 0.001 2951 0.001
CHD (yes or no) 2.601 0.001 2.790 0.003
Fasting glucose (10 mg/dL) 0.060 0.409 0.093 0.360
Triglyceride (10 mg/dL) 0027 0.189 0053 0071
Total cholesterol (10 mg/dL) 0.130 0.024 0201 0012
DL-cholesteral (10 mg/dL) 0.126 0.080 0.173 0.08
HDL-cholesteral (10 mg/dL) 0.136 0.655 0.166 0.6%4
Fbrinogen (10 mg/dL) 0018 0435 0.003 0417
PAI-1 (ng/mL) 0019 0418 0025 0922
Total homocysteine (U mol/mL) 0.139 0.020 0.171 0041
Vitamin B2 (10 pg/mL) 0010 0.244 0013 0.301
Folate (ng/mL) —0.058 0.361 —0.084 0.340
Cregtinine (mg/dL) 0.045 0.706 0428 0.801
Total glucose digposd rate (mglkg: min) —0.058 0.001 —0.699 0.001
MTHFR genotype [VV (vs AA or AV)] -0.151 0.803 - 0617 0479
MS genotype [GG or DG (vs DD)] 0.255 0.629 0224 0.762

B : regression coefficients par 0.1 mm change in vaiable. IMT: intima-media thickness. DM: disbetes mdlitus. CHD:
coronay heat dissase. PAI: plaaminogen activaar inhibitor. MTHFR: methylenetetrahydrofolate reductase. MS:
methionine synthase.

(Teble 14),
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Table 14. Corrdation coefficients of intima-media thickness of carotid arteries with retinol, carotenoids, tocopherols

and maondiadehyde

Mean caratid IMT Maximum carotid IMT

Lipid corrected leves Modd 1 Modd 2 Modd 1 Modd 2

r p-vaue r p-vaue r p-vaue r p-vaue
Retinol (1 g/mmol) -0379 0005 —-0273 0055 —0378 0005 —028 0044
Cryptoxanthin (4 g/mmol) —-0516 0001 -048 0001 —-0465 0001 —0433 0002
o -tocophera (U g/mmoal) -022 0107 -0210 0143 —-0242 0078 —0219 0.127
y -tocopherd (u g/mmoal) -0279 0041 -0291 0367 —0227 009 —-0230 0.108
o -caotene (U g/mmol) -0119 0393 -0125 0386 —0083 0548 —0084 0564
[ -carotene (U gmmol) -0311 002 -0318 0024 —-0266 0053 —0273 0056
Lycapene (4 g/mmol) -0.174 0208 —-0.190 0.18 —0.160 0248 —0.170 0.327
Ma ondiddehyde (U mal/mL) 0.123 0.37 0206 0.151 0.101 0470 0.175 0.306

Modd 1. smple cordation. Modd 2: patid carrdation adusted by age, body mass index, and fasting blood sugar.

IMT: intima media thickness.
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Abstract

Relationships between insulin resisgance, homocyseine, antioxidant sysem
and carotid artery intima media thickness in patients with
type 2 diabetes mellitus

Yong Seok Yun

Brain Korea 21 Prgect for Medical Science
The Graduate School, Yonsei University

(Directed by Professor Kap Bum Huh)

Insulin resistance is a main pathogenesis of type 2 disbetes and common phenomenon
of risk factors for atherosclerosis. Evidence has accumulated indicating that generation of
reactive oxygen species, namely oxidative stress, may play an important role in the process
of vascular disease. Theaefore, role of antioxidants, such as tocopherol, carotenocids and
retinol, has been caefully conddered in the primay or secondary prevention of
cardiovascular disease. Recently, independent associaion of tota homocysteine leve (tHcy)
with cardiovascular disease has been obsarved in some prospective epidemiological studies.
The process of tHcy to vascular lesion were aso suggested to be the generation of reective
oxygen pecies by oxidation of homocysteine. This study was performed to evauae the
interrdationships of inaulin resisance with tHcy and antioxidants, and to anadyze the
asociation of carotid artery intimamedia thickness measured by high resolution B-mode
ultrasonography with insulin resistance, antioxidants and tHcy in normal controls and patients
with type 2 didbetes mellitus (DM) or coronary heat dissase (CHD). The results are
summarized as follows:

1 Total glucose disposd rate (GDR), index of insulin sendtivity, and fasting levels of
retinol, B -carotene and cryptoxanthin were lower in DM and CHD groups than those in
normal controls.

2. Fasting levels of antioxidants, such as retinol, 3 -carotene, cryptoxanthin, o /y -toco-
pherol were positively corrdlated with GDR, independent of age, body mass index (BMI),
fagting glucose and homocysteine levels.

3. Fagting levels of tHcy were negatively related with GDR, when adjusting age, BMI,
smoking habit, acohal drinking, vitamin Bz, folae and credtinine levels. However, there
was no independent relaionships between tHcy and antioxidants.

4. The levels of antioxidants, retinol, o /3 -carotene, cryptoxanthin, a /y -tocopherol were



significantly decreased after 2-hour hyperinsulinemia (100y U/mL) in norma controls and
upper tetile of GDR, while the levels of tHcy were not dgnificantly changed.

5. Mean and maxima carotid artery intima-media thickness were significantly related with
the presence of type 2 DM or CHD, tota cholesterol, GDR, antioxidant vitamins, and fasting
tHcy, when ad usting age and BMI. However those relationships were not significant, when
adugting GDR.

6. Multiple regression analysis showed that methyenetetrahydrofolate reductase (MTHFR)
vaiant homozygote (VV) and GDR were independent factors associated with fasting tHey
levd. MTHFR polymorphism was not related with carotid intima-media thickness.

These data provide evidence that insulin resistance is closgly associated with homo-
cysteine and antioxidants, and has strong influence on the relation of homocysteine and
antioxidants to carotid artery intima-media thickness in patients with type 2 DM and
coronary heart disease. Therefore, proper consideration of inaulin resistance should be taken
in the evauaion of role of homocysteine and antioxidant system.

Key Words: insulin resistance, homocysteine, antioxidants, carotid artery intimarmedia
thickness
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