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Correlation of Plasma Oxidized Low-Density Lipoprotein Levels
to Vascular Complications and Human Serum Paraoxonase

in Patients With Type 2 Diabetes

Sachie Tsuzura, Yukio Ikeda, Tadashi Suehiro, Kikuko Ota, Fumiaki Osaki, Kaoru Arii,
Yoshitaka Kumon, and Kozo Hashimoto

he oxidative modification of low-density lipoprotein (LDL) plays a central role in the initiation and acceleration of athero-

clerosis. Human serum paraoxonase (PON1) is associated with high-density lipoprotein (HDL) and has been shown to reduce

he susceptibility of LDL to lipid peroxidation. We investigated whether circulating oxidized LDL (Ox-LDL) levels were

ssociated with diabetic vascular complications, and whether the enzymatic activity and gene polymorphisms of PON1

nfluenced Ox-LDL concentrations in vivo. There was no difference in the plasma Ox-LDL concentrations between diabetic

atients with and without macrovascular diseases. However, Ox-LDL concentrations corrected by LDL-cholesterol (OxLDL/

DL-C) or apolipoprotein B (apoB) concentrations (Ox-LDL/apoB), which probably reflect the proportion of oxidatively

odified LDL to total LDL particles, were significantly higher in patients with macrovascular diseases than in those without.

n addition, patients with peripheral neuropathy had a significantly higher Ox-LDL/apoB ratio than patients without this

omplication. The genotype TT of �108C/T polymorphism in the promoter region of the PON1 gene, which is associated with

ecreased PON1 expression, showed a significantly higher Ox-LDL/apoB ratio than genotypes TC or CC (TT: 0.60 � 0.15, CT �
C: 0.55 � 0.11, P � .02). Stepwise multiple regression analysis for Ox-LDL concentration revealed that the �108C/T

olymorphism, subsequently to apoB concentration, was identified as a significant contributor. In summary, the Ox-LDL/

poB ratio was associated with macrovascular disease and peripheral neuropathy in Japanese patients with type 2 diabetes.

ncreased Ox-LDL/apoB may result, at least partly, from reduced serum antioxidant capacity in the diabetic state, including

he attenuation of PON1 action. Increased Ox-LDL/apoB could be a significant marker for susceptibility to vascular compli-

ations in diabetic patients.
2004 Elsevier Inc. All rights reserved.
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HE OXIDATIVE modification of low-density lipoprotein
(LDL) plays a central role in the initiation and acceler-

tion of atherosclerosis.1,2 Oxidized LDL (Ox-LDL) exerts
everal proatherogenic effects, including the increased synthe-
is and secretion of adhesion molecules, monocyte chemotaxis
nd adhesion, cytotoxicity to endothelial cells, enhanced foam
ell formation, and increased smooth muscle cell prolifera-
ion.3,4 Oxidative modified lipoproteins have been isolated
rom atherosclerotic lesions, and the oxidation of lipoproteins is
enerally considered to occur in the vessel wall.3,4 On the other
and, oxidized lipoproteins are also identified in the circulation,
lthough it remains unclear whether the plasma oxidized li-
oproteins originate in the arterial wall (back-diffusion) or are
roduced in the circulation.
Lipid oxidation is believed to occur in response to increased

xidative stress or deficiency of endogenous antioxidants. Hu-
an serum paraoxonase (PON1), an esterase, is associated with

polipoprotein A-I (apoA-I) and apo J in high-density lipopro-
ein (HDL).5 Because both purified PON1 and HDL-associated
ON1 inhibit LDL oxidation in vitro,6,7 PON1 is believed to
lay an important role in LDL protection against oxidation in
ivo. PON1 has 2 polymorphic sites in the coding region:
eu-Met (L/M) at position 55 of the amino acid sequence and
ln-Arg (Q/R) at position 192. The 192Q/R polymorphism is

nvolved in serum paraoxonase activity and paraoxonase activ-
ty in subjects with the RR genotype is higher than in those with
he QQ genotype.8,9 The 55L/M polymorphism is associated
ith the PON1-expression level, and PON1 concentration is
igher in the LL genotype than in the MM genotype.10-13

ecently, we and other investigators14-16 identified a �108C/T
olymorphism in the promoter region of the PON1 gene and

ound that this polymorphism affects the promoter activity and

etabolism, Vol 53, No 3 (March), 2004: pp 297-302
erum concentration of PON1. The association of 55L/M poly-
orphism with PON1 expression level appears to be associated
ith linkage disequilibrium with the �108C/T polymor-
hism.15,16

Oxidative stress has been demonstrated to be increased in
ivo in the diabetic state.17,18 We and other investigators have
hown that serum paraoxonase activity is lower in diabetic
atients and is lower yet in those with diabetic complications,
ndependent of PON1 gene polymorphisms.19,20 Despite accu-
ulated data on the effect of PON1 on LDL oxidation in vitro,

here are no available data showing a direct correlation between
lasma Ox-LDL and PON1 in vivo. We therefore measured
lasma Ox-LDL concentrations in patients with type 2 diabetes
nd investigated the correlation of Ox-LDL concentration with
iabetic vascular complications and with the enzymatic activity
nd genetic polymorphisms of PON1 in these patients.

MATERIALS AND METHODS

ubjects

We recruited 155 patients with type 2 diabetes (79 men and 76
omen, mean age � SD; 64 � 13 years) from among the outpatients

nd inpatients seen at our department. The diagnosis of diabetes mel-
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298 TSUZURA ET AL
itus was made according to the criteria set out by the World Health
rganization (WHO).21 These patients had no ketoacidosis, renal fail-
re (serum creatinine � 2.5 mg/dL), liver disorder, or recent history of
ardiovascular disease. Subjects taking drugs known to affect lipopro-
ein oxidation (eg, vitamin E, vitamin C, or probucol) were excluded
rom the study.

Diabetic nephropathy was defined as a urine protein concentration
f � 0.30 g/L at 2 or more consecutive measurements separated by an
nterval of 4 weeks or more. The concentration was measured by
ipstick test (Uriflet II; Kyoto Daiichi Kagaku, Kyoto, Japan). A
onsultant ophthalmologist using direct ophthalmoscopy with dilated
upils assessed diabetic retinopathy. Patients with simple, preprolifera-
ive, or proliferative retinopathy were defined as having retinopathy.
iabetic neuropathy was defined as the presence of at least one of the

ymptoms of pain, tingling, burning, or loss of sensation, and at least
ne of the following objective signs on examination: decreased or
bsent patellar tendon reflex, decreased vibratory sensation, or im-
aired position sense. Coronary heart disease (CHD) was defined as the
resence of any one of the following: (1) acute myocardial infarction or
onfirmed nonacute myocardial infarction based on serial readings of
aseline and annual electrocardiograms; (2) coronary artery disease
equiring bypass surgery or angioplasty; or (3) angina confirmed by
ngiography and/or by ischemic changes shown by noninvasive testing.
erebral vascular disease (CVD) was defined as neurologic abnormal-

ties evidenced on computed tomography or magnetic resonance im-
ging. Arteriosclerosis obliterans (ASO) was defined as evidence of
laudication by objective findings including arteriography.

All subjects were Japanese and resided in the same area (Kochi
refecture, Japan) and gave their informed consent to participate in the
tudy.

lasma-Oxidized LDL Concentration

Ox-LDL concentrations were measured using a sandwich enzyme-
inked immunosorbent assay (ELISA) according to the manufacturer’s
nstructions (Mercodia oxidized LDL ELISA; Mercodia AB, Uppsala,
weden). In brief, diluted plasma (6,561-fold) and standards were

ncubated in the wells of a microtiter plate coated with murine mono-
lonal antioxidized LDL antibodies (mAb-4E6) for 2 hours at room
emperature. After washing 6 times to remove nonreactive plasma
omponents, a peroxidase-conjugated antiapolipoprotein B antibody
as added to the wells with the Ox-LDL bound to the solid phase. After
second incubation for 1 hour at room temperature and a washing step

o remove the unbound enzyme-labeled antibody, the bound conjugate
as detected by a reaction with 3, 3�, 5, 5�-tetramethylbenzidine

TMB). This reaction was stopped by adding 1M H2SO4, and the
ptical density (OD) was measured at OD 450 nm using a microplate
eader. The results were calculated using the computerized data reduc-
ion of absorbance for the standards versus the concentration using
ubic spline regression.

erum Paraoxonase and Arylesterase Activities

Serum was preincubated with 5 �mol/L eserine for 10 minutes at
oom temperature to inhibit serum butyrylcholinesterase activity. Para-
xonase activity was measured by adding serum to 1 mL glycine buffer
50 mmol/L, pH 10.5) containing 1 mmol/L CaCl2 and 1 mmol/L
araoxon (Sigma, St Louis, MO). The rate of generation of p-nitrophe-
ol was determined at 412 nm, 25°C, using a continuously recording
pectrophotometer. Arylesterase activity was measured by adding se-
um to 1 mL Tris-HCl buffer (10 mmol/L, pH 8.0) containing 1
mol/L CaCl2 and 1 mmol/L phenylacetate (Sigma). The rate of

ydrolysis of phenylacetate was determined spectrophotometrically at

70 nm, 25°C. w
ON1 Gene Polymorphisms

Genomic DNA was extracted from whole blood using a commercial
it (SMI test; Sumitomo, Tokyo, Japan). The PON1 coding region
olymorphisms, 55L/M and 192Q/R, were analyzed using a polymer-
se chain reaction (PCR) and digestion of the amplified fragments with
estriction enzymes as described previously.9 The PON1 promoter
olymorphism �108C/T was determined using a cycle sequencing
ethod. The DNA fragments were amplified by a PCR method using
sense primer (5�-TGGACTAGGCACCTATTCTC-3�) and an anti-

ense primer (5�-GACTGGTGGTTCCTGAAGAG-3�). A PCR frag-
ent separated by electrophoresis on agarose gel was recovered and

urified using a commercially available kit (QIAquick PCR Gel Ex-
raction Kit; QIAGEN, Hilden, Germany). The sequence of the PCR
ragment was detected using a commercial kit and analyzer (BigDye
erminator Cycle Sequencing FS Ready Reaction Kit and ABI
RISMTM310 Genetic Analyzer; PE Applied Biosystems, Foster City,
A), and the same sense or antisense primer used in the PCR was used
s the sequencing primer.

The plasma concentrations of the total cholesterol and triglycerides
ere measured enzymatically using an autoanalyzer. The plasma HDL-

holesterol (HDL-C) concentration was determined using a kit based
n the dextran sulfate, phosphotungstate, and magnesium precipitation
ethod. The LDL-cholesterol (LDL-C) concentration was calculated

sing the Friedewald equation (LDL-C � total cholesterol � HDL-
� triglyceride/5). The apoA-I, apoA-II, and apoB concentrations

ere measured by turbidometric immunoassays (ApoA-I Auto2,
poA-II Auto2, ApoB Auto2; Daiichi Pure Chemicals, Tokyo, Japan).

tatistical Analysis

All data are presented as the mean � SD. A comparison of variables
etween 2 groups or among 3 groups was performed using Student’s
npaired t test or 1-way analysis of variance (ANOVA), respectively.
ingle linear univariate correlations were evaluated by Pearson’s cor-
elation coefficient. Stepwise regression analysis was conducted using

stepwise method and a software program on a personal computer
Statview, version 4.5; Abacus Concepts, Berkeley, CA). Statistical
ignificance was defined as P �.05.

RESULTS

linical Characteristics of Study Subjects

The clinical characteristics and prevalence of vascular com-
lications of the diabetic patients in this study are shown in
able 1. Fifty-one male and 14 female patients were current
mokers. Sixty-two patients were receiving treatment with in-
ulin, 62 with sulfonylureas, 2 with thiazolidine derivates, 4
ith biguanides, and 25 with diet alone.

lasma-Oxidized LDL Concentrations

The Ox-LDL level in the diabetic patients was 51.9 � 16.0
/L (mean � SD) and was not associated with age or gender.
x-LDL concentrations positively correlated with total choles-

erol and triglyceride concentrations (Fig 1), and negatively
ith HDL-C concentration (r � �.198, P �.02). Strong cor-

elations were detected between Ox-LDL concentrations and
DL-C or apoB concentrations (Fig 2).

lasma-Oxidized LDL Concentrations and Macrovascular
iseases

As shown in Table 2, no difference in Ox-LDL concentration

as observed between diabetic patients with and without ma-



c
r
(
i
c
t
O
i
(

P
M

t
d
r
a
t
w
r
r
O
c

p
L
a
a
m
7
.
6

P

�
6
p
t
r
�
p
t
m

m

d
m
b

u

299OXIDIZED LDL AND PON1 IN DIABETIC PATIENTS
rovascular diseases. However, Ox-LDL concentrations cor-
ected by LDL-C (OxLDL/LDL-C) or apoB concentrations
Ox-LDL/apoB), which probably reflect the proportion of ox-
datively modified LDL to total LDL particles, were signifi-
antly higher in patients with macrovascular diseases than in
hose without. The Ox-LDL/apoB ratio, but not uncorrected
x-LDL or Ox-LDL/LDL-C ratio, was also significantly higher

n patients with CHD than in those without this complication
Table 2).

Table 1. Clinical Characteristics of Patients With Type 2 Diabetes

Variable Mean � SD

Gender (male/female) 79/76
Age (yr) 64 � 13
BMI (kg/m2) 24.7 � 5.3
Smoking (n; male/female) 51/14
HbA1c (%) 7.2 � 1.3
Total cholesterol (mg/dL) 186 � 39
Triglyceride (mg/dL) 129 � 73
HDL-cholesterol (mg/dL) 50 � 15
Therapy (n)

Diet alone 25
Oral hypoglycemic agent 68
Insulin 62

Statin use (n) 47
Hypertension (n) 94
Retinopathy (n) 84
Persistent proteinuria (n) 32
Peripheral neuropathy (n) 76
Coronary heart disease (n) 34
Cerebral vascular disease (n) 22
Arteriosclerosis obliterans (n) 8

NOTE. Data are presented in number or mean � SD. Hypertension:
iastolic blood pressure � 90 mm Hg, systolic blood pressure � 140
m Hg, and/or use of antihypertensive medication. Five patients had

oth coronary heart disease and cerebral vascular disease.

Fig 1. Correlations of Ox-LDL concentrations to total cholesterol
nivariate correlations were evaluated by Pearson’s correlation coefficien
lasma-Oxidized LDL Concentrations and Diabetic
icroangiopathies

Table 3 shows the relationship between Ox-LDL concentra-
ion or Ox-LDL/apoB ratio and diabetic microangiopathies. No
ifferences in the Ox-LDL concentration or Ox-LDL/apoB
atio were detected between patients with and without retinop-
thy. The Ox-LDL/apoB, but not Ox-LDL concentration,
ended to be higher in patients with nephropathy than in those
ithout. Both the Ox-LDL concentration and Ox-LDL/apoB

atio were significantly higher in patients with peripheral neu-
opathy than in those without, although the difference in the
x-LDL/apoB ratio was more evident than in the Ox-LDL

oncentration.
Because some patients had 2 or more complications, we

erformed stepwise multiple regression analysis using Ox-
DL/apoB as an independent variable and the presence or
bsence of retinopathy, nephropathy, peripheral neuropathy,
nd macrovascular disease as dependent variables. In this
odel, the existence of peripheral neuropathy (� � 0.217, F �

.673) was identified as a significant contributor (total R2 �
108, P �.001), as was macrovascular disease (� � 0.204, F �
.734).

lasma-Oxidized LDL Concentrations and PON1

Serum paraoxonase activity in patients was 251.3 � 88.9
mol � min�1 � L�1 (mean � SD), and arylesterase activity was
0.7 � 16.0 mmol � min�1 � L�1. Paraoxonase activity in
atients with macrovascular diseases tended to be lower than in
hose without such complications, but the difference did not
each statistical significance (238.1 � 80.4 v 259.5 � 93.2
mol � min�1 � L�1, respectively). Arylesterase activity in
atients with macrovascular diseases was significantly lower
han in those without (56.0 � 16.9 v 63.6 � 14.7 mmol �
in�1 � L�1, respectively, P �.005).
The frequency of the L and M alleles of the 55L/M poly-
orphism was 0.91 and 0.09, respectively, of the Q and R

riglyceride concentrations in type 2 diabetic patients. Single linear
and t
t.
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300 TSUZURA ET AL
lleles of the 192Q/R polymorphism, 0.34 and 0.66, respec-
ively, and of the C and T alleles of the �108C/T polymor-
hism, 0.56 and 0.44, respectively. Table 4 shows the associ-
tion of the PON1 polymorphisms with the Ox-LDL
oncentration and Ox-LDL/apoB ratio. No association was
bserved between the 55L/M or 192Q/R polymorphism and the
x-LDL/apoB ratio. However, the genotype TT of the
108C/T polymorphism showed a significantly higher Ox-
DL/apoB ratio compared with other genotypes with the C
llele, which are associated with increased PON1 concentra-
ions (TT: 0.60 � 0.15, CT � CC: 0.55 � 0.11, P � .02).

Table 5 shows a model of the stepwise multiple regression
nalysis for Ox-LDL. The �108C/T polymorphism of PON1
as identified as a significant contributor, subsequent to the

poB concentration.

DISCUSSION

In this study, Ox-LDL concentrations measured using sand-
ich ELISA (Mercodia oxidized-LDL ELISA) were closely

orrelated with LDL components, such as LDL-C and apoB
oncentrations. However, these correlations contradicted the
ndings of a report by Holvoet et al.22 They used the same
ntioxidized LDL antibodies (mAb-4E6), but measured Ox-
DL concentration using a competitive ELISA, therefore, a
ethodologic difference may have caused the discrepancy. The

xidization of lipoproteins is generally considered to occur in

Fig 2. Correlations of Ox-LDL concentrations to LDL-C and apoB co

ere evaluated by Pearson’s correlation coefficient.

Table 2. Comparison of Ox-LDL Concentration, Ox

With and Without Mac

Indexes

Macrovascular Diseases

Without (n � 96) With (n � 59)

Ox-LDL 51.7 � 16.4 52.2 � 15.5
Ox-LDL/LDL-C 0.47 � 0.13 0.54 � 0.21
Ox-LDL/apoB 0.54 � 0.11 0.60 � 0.12

NOTE. Macrovascular disease was defined as any one or more of th
n Materials and Methods. Of 59 patients with macrovascular disease
Abbreviations: CHD, coronary heart disease; CVD, cerebral vascular dise
he vessel wall.3,4 However, the strong association observed
etween Ox-LDL concentrations and circulating LDL mass
uggests that, in the Ox-LDL detected using this ELISA, it is
ot only back-diffusion that originates from the vessel wall; a
eflection of lipoproteins modified in the blood may be re-
ected. In this study, plasma Ox-LDL concentrations did not
iffer between diabetic patients with and without macrovascu-
ar diseases. On the other hand, the Ox-LDL/apoB ratio, which
ay reflect the proportion of oxidatively modified LDL to total
DL particles, was significantly higher in patients with mac-

ovascular diseases. Because the oxidative modification of LDL
lays a central role in the initiation and acceleration of athero-
clerosis, absolute Ox-LDL mass is considered a more impor-
ant risk factor for the development of vascular diseases than
he Ox-LDL/apoB ratio, at least, in a prospective study. How-
ver, in a cross-sectional study, a low level of Ox-LDL con-
entration does not always indicate a slight degree of athero-
clerosis, because interventions for serum LDL-C level are
sually more intensive in patients who already have macrovas-
ular diseases than in those without, and the Ox-LDL level
ecreases along with a decrease in LDL mass as shown in Fig
. In fact, the frequency of statin use was 42.4% in patients with
acrovascular diseases, significantly higher than in patients
ithout such complications (22.9%). Even in patients with

dvanced atherosclerosis, the Ox-LDL level can decrease after
DL-C lowering therapy. We therefore propose that an Ox-

rations in type 2 diabetic patients. Single linear univariate correlations

LDL-C, and Ox-LDL/apoB Ratios Between Patients

cular Diseases or CHD

CHD

P Without (n � 121) With (n � 34) P

S 52.1 � 15.9 51.3 � 16.6 NS
.01 0.49 � 0.17 0.53 � 0.18 NS
.002 0.55 � 0.11 0.60 � 0.15 �.05

owing: CHD, CVD, or ASO. Definitions of these diseases are included
had CHD, 17 had CVD, 5 had both CHD and CVD, and 8 had ASO.
ncent
-LDL/

rovas

N
�

�

e foll
s, 29
ase; ASO, arteriosclerosis obliterans; NS, not significant.
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301OXIDIZED LDL AND PON1 IN DIABETIC PATIENTS
DL level corrected by apoB (Ox-LDL/apoB, probably reflects
he proportion of oxidatively modified LDL to total LDL par-
icles) could be available to such patients. Patients with diabetic
olyneuropathy also showed a significantly higher Ox-LDL/
poB ratio compared with those without this complication,
hich may support the hypothesis that increased oxidative

tress in the diabetic state may be involved in the development
f diabetic complications.
The Ox-LDL concentration also showed a significant posi-

ive correlation with the serum triglyceride concentration.
t is known that the triglyceride concentration is inversely
orrelated with LDL size, and that small dense LDL par-
icles are more susceptible to lipid oxidation than larger parti-
les.23,24 A significant negative correlation between LDL par-
icle size and malondialdehyde-modified LDL (MDA-LDL)
as been reported.25 Therefore, the observed relationship be-
ween Ox-LDL concentrations and triglyceride concentrations
n our population may be mediated by LDL particle size.
owever, we cannot rule out the possibility of cross reactivity
f the Ox-LDL assay against other apoB-containing lipopro-
eins with oxidative modification. Further work is required to
larify this.

Both increased oxidative stress and decreased antioxidant
apacity can promote lipid peroxidation. We found a negative
orrelation between Ox-LDL concentration and serum HDL-C.
DL has an antiatherogenic effect that occurs through the

nhibition of lipid peroxidation, as well as reverse-cholesterol
ransport.26-28 PON1 is associated with HDL and is believed to
lay a central role in the inhibitory effect of HDL on lipid
eroxidation. Therefore, we next examined the gene polymor-
hisms and enzymatic activity of PON1. It has been reported
hat glycation of PON1 impairs its enzymatic activity,29 and
erum paraoxonase activity is lower in diabetic patients and is
ower yet in those with diabetic complications, independent of

Table 3. Comparison of Ox-LDL Concentration and Ox-LDL/apoB

Indexes

Retinopathy

Without (n � 71) With (n � 84) Witho

Ox-LDL 50.6 � 15.6 53.0 � 16.4 51.
Ox-LDL/apoB 0.55 � 0.13 0.57 � 0.11 0.5

NOTE. Definitions of complications are included in Materials and M
*P � .05, †P � .06, ‡P � .001.

Table 4. Association of PON1 Gene Polymorphisms With Ox-LDL

Concentration and Ox-LDL/apoB Ratio

Genotypes (n) Ox-LDL Ox-LDL/apoB

55L/M LL (129) 52.8 � 16.4 0.57 � 0.12
LM (23) 46.9 � 13.3 0.53 � 0.09
MM (3) 53.1 � 18.1 0.55 � 0.05

192Q/R QQ (18) 51.2 � 18.4 0.53 � 0.12
QR (70) 50.6 � 15.5 0.56 � 0.11
RR (67) 53.5 � 16.0 0.57 � 0.12

�108C/T TT (30) 55.5 � 18.3 0.60 � 0.15*
CT (75) 51.8 � 15.9 0.55 � 0.11
CC (50) 49.9 � 14.7 0.54 � 0.11
*P � .02 v CT � CC genotype (n � 125, 0.55 � 0.11). T
he PON1 gene polymorphisms.19,20 The attenuation of PON1
ction could result in high susceptibility to LDL oxidation,
specially in diabetic patients suffering oxidative stress.

The site at which PON1 acts against LDL oxidization has not
et been established, although the cystein in position 284 of the
mino acid sequence is highly suspected as an active site for
ntioxidization.30 The antioxidation site appears to differ from
he enzyme-active site.31 In this study, the hydrolysis rates for
araoxon (paraoxonase) and phenylacetate (arylesterase) were
ot significant contributors to Ox-LDL concentration in the
tepwise regression analysis, and the 192Q/R polymorphism
hat influences serum paraoxonase activity was not associated
ith the Ox-LDL/apoB ratio. On the other hand, patients with

he low expresser genotype TT of the �108C/T polymorphism
evealed a higher Ox-LDL/apoB ratio than patients with the CT
r CC genotype. In addition, the stepwise regression analysis
evealed that the �108C/T polymorphism was a significant
ontributor to Ox-LDL concentration. The 55L/M polymor-
hism has also been associated with the PON1-expression
evel,10-13 but its association appears to be through linkage
isequilibrium with the �108C/T polymorphism15,16 and is
eaker than that of the �108C/T. This may result in a negative

Between Patients With and Without Diabetic Microangiopathies

Nephropathy Neuropathy

123) With (n � 32) Without (n � 79) With (n � 76)

.0 54.6 � 16.1 49.3 � 15.1 54.6 � 16.6*
12 0.59 � 0.09† 0.53 � 0.10 0.59 � 0.12‡

ds.

Table 5. Stepwise Regression Analysis for Ox-LDL Concentration

Variables � F

Apolipoprotein B 0.721 164.796
PON1 �108C/T �0.116 4.299
Body mass index 0.155 3.616
Hypertension 0.129 2.494
HDL-cholesterol �0.109 1.756
Diabetes duration 0.091 1.216
PON1 55L/M �0.088 1.155
HbA1c 0.077 .874
Triglyceride 0.077 .868
Statin use 0.058 .500
Age 0.048 .341
LDL-cholesterol 0.036 .192
Gender 0.032 .149
Arylesterase activity �0.024 .086
PON1 192Q/R 0.021 .065
Paraoxonase activity �0.020 .057
Smoking 0.015 .033
Total R2 .534 P � .001

NOTE. Stepwise multiple regression analysis was performed. The F
alues for the inclusion and exclusion of variables was set at 4.0 at
ach step. Gender: male � 1, female � 2; hypertension: absent � 1,
resent � 2; statin use: no � 1, yes � 2; PON1 55L/M: MM � 1,
M � 2, LL � 3; PON1 192Q/R: QQ � 1, QR � 2, RR � 3; PON1 �108C/
Ratio

ut (n �

2 � 16
5 � 0.

etho
: TT � 1, CT � 2, CC � 3. �: Partial regression coefficient.
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302 TSUZURA ET AL
ssociation between the 55L/M polymorphism and the Ox-
DL/apoB ratio. However, a larger study population is neces-
ary to confirm such a correlation.

In summary, the Ox-LDL/apoB ratio was associated with

acrovascular diseases and diabetic neuropathy in patients v
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