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Serum High-Density Lipoprotein-Cholesterol Levels Modify the Association
Between Plasma Levels of Oxidatively Modified Low-Density Lipoprotein

and Coronary Artery Disease in Men

Bo Zhang, Huai Bai, Rui Liu, Koichiro Kumagai, Hiroyuki Itabe, Tatsuya Takano, and Keijiro Saku

e investigated the association among plasma levels of oxidatively modified low-density lipoprotein (Ox-LDL), high-density

ipoprotein-cholesterol (HDL-C), and the prevalence of coronary artery disease (CAD) in a case-control study. Cases (n � 183,

ale [M]/female [F]:138/45, age: 64.9 � 10.6 years) were defined as patients with angiographically proven coronary athero-

clerosis (>50% stenosis) and controls were subjects with normal coronary arteries (n � 74, M/F:36/38, age: 57.6 � 14.4

ears). Plasma Ox-LDL levels were measured by a sensitive detection method using the monoclonal antibody DLH3. In

omen, both Ox-LDL and lipid variables were similar between cases and controls. In men, cases had significantly lower (P <
05) levels of HDL-C (39.1 � 10.3 v 42.8 � 10.9 mg/dL) and apolipoprotein (apo) A-I than controls, while the difference in Ox-LDL

etween cases and controls was not significant (1.05 � 0.79 and 0.83 � 0.65 ng/10 �g LDL protein, respectively). However,

DL-C levels interacted with the association between Ox-LDL levels and CAD in males: increased Ox-LDL levels were

ignificantly associated with CAD after controlling for age when HDL-C levels were high, but were not associated with CAD

hen HDL-C levels were low, as assessed by a multiple logistic regression analysis. In addition, the combination of HDL-C and

x-LDL levels was a better indicator for CAD in males than HDL-C levels alone (�2 log likelihood, 24.1 v 19.4) after controlling

or age and conventional risk factors of CAD, while Ox-LDL levels were not significantly associated with CAD. HDL-C levels

nteract with the association between plasma Ox-LDL levels and CAD in men, and increased Ox-LDL levels are an indicator of

AD in male subjects with high HDL-C levels.
2004 Elsevier Inc. All rights reserved.
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OW-DENSITY LIPOPROTEIN (LDL) is oxidatively mod-
ified by endothelial cells and macrophages in the arterial

all. Oxidatively modified LDL (Ox-LDL) is known to be
nvolved in the initiation and development of atherosclerotic
esions.1 The uptake of Ox-LDL by macrophage and smooth

uscle cells leads to the formation of foam cells, which accu-
ulate lipid droplets.2 Although it is not yet clear whether or

ot oxidative modification of LDL also occurs in plasma, there
s evidence that Ox-LDL and anti-Ox-LDL antibodies exist in
lasma.3-6

Ox-LDL exhibits several cell biologic activities, ie, it en-
ances the interaction between leukocytes and endothelial cells,
nhibits endothelial cell migration, induces endothelin secretion
rom endothelial cells and macrophages, and induces apoptosis
n vascular smooth muscle cells. Thus, it would be interesting
o determine whether or not increased circulating levels of
x-LDL could be a marker for coronary artery disease (CAD).
ethods for detecting circulating Ox-LDL using monoclonal

ntibody against Ox-LDL and malondialdehyde (MDA)-mod-
fied LDL have been developed by the research groups of
olvoet et al3,7-9 and Itabe et al.2,4,10 Increased circulating

evels of Ox-LDL have been shown to be associated with
oronary heart disease,4 coronary spastic angina,11 transplant-
ssociated CAD,8,9 and acute coronary syndrome.7 The find-
ngs in these studies strongly suggest that circulating Ox-LDL
s clinically significant as a biomedical marker for CAD.

An inverse relationship has been established between plasma
evels of high-density lipoprotein-cholesterol (HDL-C) and
AD.12,13 Direct evidence for the antiatherogenic effects of
DL has recently been obtained in studies of the over- or
nderexpression of apolipoprotein (apo) A-I using genetic an-
mal models of reverse cholesterol transport.14-18 The anti-
therogenic effects of HDL are partly attributable to its protec-
ive effects against LDL oxidation. HDL subclasses have been
hown to inhibit the oxidation of LDL,19 and reconstituted

DL reduces the capacity of Ox-LDL to accumulate choles-

etabolism, Vol 53, No 4 (April), 2004: pp 423-429
erol esters in mouse peritoneal macrophages.20 However,
DL-C levels are not correlated with plasma levels of Ox-LDL

n normal healthy subjects,4 because Ox-LDL levels are also
egulated by other factors, including oxidative stress, the lipid
ontent of LDL, and LDL levels, etc.

Although LDL-C levels are known to predict the risk for
AD, data from 35 years of the Framingham Heart Study21

ave shown that the increases in the risk of CAD associated
ith higher LDL-C levels are greater when HDL-C levels are

ow than when HDL-C levels are high, indicating that HDL-C
evels modify the relationship between LDL-C levels and CAD.
herefore, it is of interest and could be clinically important to
etermine whether and how HDL-C levels may affect the
elationship between Ox-LDL and CAD, which, however, has
ot yet been examined. In this case-control study, we examined
he association among plasma levels of Ox-LDL, HDL-C, and
he prevalence of CAD.
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424 ZHANG ET AL
MATERIALS AND METHODS

ubjects

The subjects consisted of 257 consecutive patients who underwent
iagnostic coronary angiography (CAG) for suspected or known cor-
nary atherosclerosis or for other reasons (mostly atypical chest pain)
t the Fukuoka University Hospital from 1994 to 1996.22 This study
as approved by the ethics committee of Fukuoka University Hospital,

nd informed consent was obtained from each patient. Controls (CAD�

atients) were defined as those with less than 25% luminal narrowing,
nd cases (CAD� patients) were those who had 1, 2, or 3 stenosed
� 50% luminal narrowing) epicardial coronary arteries . Patients with
uminal narrowing of between 25% and 50% were excluded. Patients
ith spastic angina pectoris, ie, acetylcholine-positive, were excluded

rom the controls, and none of the controls had a history of myocardial
nfarction (MI). Patients with acute MI (within 3 weeks after onset),
eart failure (Killip class � 2 after MI), vascular disease (aortitis
reated by prednisolone), hepatic dysfunction (viral and nonviral,
ransaminases more than 3 times the normal value), or uncontrollable
iabetes mellitus (DM) were excluded from the study. Patients with
ystolic or diastolic blood pressure � 140 mm Hg or 90 mm Hg, or who
ere under antihypertensive treatment were considered to have hyper-

ension (HT). Patients under treatment for DM and/or with symptoms
f DM and a fasting glucose concentration � 126 mg/dL were con-
idered to have DM. Otherwise, the results of a 75-g glucose tolerance
est were used to give a diagnosis of DM.

AG

Coronary arteries were cannulated by the Judkins technique23 with
F catheters, as described previously.22,24,25

etermination of Serum Lipids, Lipoproteins, and
polipoproteins

Blood was drawn in the morning after an overnight fast. Serum total
holesterol (TC) and triglyceride (TG) concentrations were determined
nzymatically. HDL-C was determined by the heparin Ca2� precipita-
ion method.26 LDL-C was calculated as TC � HDL-C � TG/5, since
he highest level of TG in all of the subjects was 367 mg/dL. HDL
ubfractions [HDL2 (d 1.063 to 1.125 g/mL) and HDL3 (d 1.125 to 1.21
/mL)] were separated by standard sequential preparative ultracentrif-
gation techniques.27 Apo A-I, apo A-II, apo B, apo C-II, apo C-III, and
po E were determined by the turbidity immunoassay method.28 Serum
ipoprotein (a) [Lp(a)] levels were measured by an enzyme-linked
mmunosorbent assay (ELISA) using Tint Eliza Lp(a) (Biopool, Umea,
weden).29 For all measurements in our laboratory, the coefficients of

nterassay and intra-assay variation were less than 5.0%, and blinded
uality-control specimens were included in each assay.

easurement of Plasma Ox-LDL Levels

Blood samples were obtained intravenously from all of the subjects
sing EDTA as an anticoagulant. To measure the oxidation of human
lasma LDL, the LDL fraction (1.019 to 1.063 g/mL) was obtained by
equential centrifugation.10,30 Plasma levels of Ox-LDL were deter-
ined by a sensitive detection method established by Itabe et al.10 With

his method, it is possible to detect 0.5 ng protein of Ox-LDL by
recoating microliter wells with a murine monoclonal antibody against
x-LDL (FOH1a/DLH3)2 before sandwich ELISA using an antihuman

po B antibody. Briefly, 100 �L of the monoclonal antibody FOH1a/
LH3 (3 �g/mL in phosphate-buffered saline [PBS]) was incubated in

ach microtiter well (Flexible assay plate, Falcon 3912, Becton Dick-
nson, Winooski, CA) at room temperature for 2 hours. After the
ntibody solution was discarded, the wells were filled with Tris-buff-
red saline (TBS) containing 1% bovine serum albumin (BSA) (frac-

ion V) at room temperature for at least 2 hours. After the blocking c
olution was discarded, sample (human LDL fractions, 5 �g protein/
ell) or diluted standard Ox-LDL (0.5 to 20 ng/well) was applied to the
ell and incubated at 4°C overnight. Standard Ox-LDL was prepared
y incubating LDL with CuSO4 at 37°C for 3 hours. The wells were
hen washed 3 times with TBS containing 0.05% Tween 20. The wells
ere incubated for 2 hours at room temperature with 100 �L sheep

ntihuman apo B antibody solution (diluted 1:5,000 in PBS). After the
ells were washed 3 times with TBS-Tween, 100 �L alkaline phos-
hatase (ALP)-conjugated goat antisheep IgG antibody (diluted
:10,000 in TBS containing 2% skim milk) was added, and the samples
ere incubated for another 2 hours. The reactivity of ALP was finally
easured by incubating the samples with 100 �L p-nitrophenylphos-

hate (1 mg/mL, dissolved in 1 mol/L triethanolamine buffer, pH 9.8)
t 37°C for appropriate intervals, and the absorbance was measured on
n ELISA plate reader. Each sample was run with a control well that
as precoated with nonimmune IgM (0.3 �g/well) instead of mono-

lonal antibody. In each ELISA plate, various concentrations of stan-
ard Ox-LDL were run simultaneously to determine a standard curve.
he samples were measured in duplicate, and the coefficients of inter-
ssay and intra-assay variability were less than 10%.

tatistical Analysis

Statistical analysis was performed using the SAS Software Package
version 6.12, SAS Institute, Cary, NC). Categorical variables (such as
ender) were compared between CAD� and CAD� patients by a �2

nalysis. Distributions of continuous variables were examined by the
hapiro-Wilk test.31 Differences in continuous variables (such as age
nd lipid parameters) were examined by an analysis of variance
ANOVA)32 and the Wilcoxon rank-sum test.32 Multiple comparisons
ere performed by the Scheffe’s multiple comparison test.32 Adjust-
ent for age was performed by an analysis of covariance.32 The

ssociation between Ox-LDL (2 levels) and CAD according to HDL-C
2 levels) after controlling for age were evaluated by a multiple logistic
egression analysis.32 In the logistic regression analysis, HDL-C and
x-LDL were coded as dichotomous variables using 0 to represent the

low” group and 1 to represent “high” group. CAD� and CAD� were
oded as 0 and 1, and “descending” option was used in the procedure.
or logistic regression coefficients, we show the standard error, and for
dds ratios, we calculated 95% confidence intervals (CI). All P values
re 2-tailed. The significance level was considered to be 5% unless
ndicated otherwise.

RESULTS

Table 1 shows the characteristics of patients with (CAD�)
nd without CAD (CAD�). CAD� patients were significantly
P � .05) older than CAD� patients. There were also signifi-

Table 1. Characteristics of Patients With (CAD�) and

Without (CAD�) CAD

CAD� Patients
(n � 183)

CAD� Patients
(n � 74)

Age (yr) 57.6 � 14.4 64.9 � 10.6*
BMI (kg/m2) 22.9 � 3.2 23.4 � 3.1
Gender

Female 38 (51.4%) 45 (24.6%)*
Male 36 (48.6%) 138 (75.4%)

Smoking 24 (32.4%) 78 (42.6%)
DM 11 (14.9%)* 70 (38.2%)
Hypertension 37 (50.0%) 102 (55.7%)

Abbreviations: BMI, body mass index; DM, diabetes mellitus.
*P � .05, by �2 test.
antly (P � .05) more males and a higher prevalence of DM
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mong CAD� patients than among CAD� patients. On the
ther hand, the prevalence of smoking, hypertension, and body
ass index (BMI) were not significantly different between the
groups.
Because CAD� and CAD� patients were not matched with

egard to gender, gender was used as a stratification variable in
he data analysis. In Table 2, prevalence of smoking, DM, and
T, serum levels of lipids, lipoproteins, and apolipoproteins,

nd plasma Ox-LDL levels were compared between CAD� and
AD� patients according to gender. For both females and
ales, CAD� patients were older and had higher prevalence of
M than CAD� patients (Table 2). For females (Table 2),
AD� patients had significantly (P � .05) higher serum levels
f apo C-II, apo C-III, and apo E than CAD� patients. The
ifferences in serum apo C-II and apo C-III levels between
AD� and CAD� patients were also significant after adjusting

or age, as assessed by an analysis of covariance. For males
Table 2), CAD� patients had significantly (P � .05) lower
erum levels of HDL-C, HDL3C, and apo A-I than CAD�

atients. However, after adjusting for age, only serum HDL-C
evels significantly differed between CAD� and CAD� pa-
ients (Table 2). Plasma Ox-LDL levels in CAD� patients were
lightly, but not significantly, higher than those in CAD�

atients among both females (1.34 � 1.00 v 1.22 � 0.91 ng/10
g LDL protein, not significant [NS]) and males (1.05 � 0.79
0.83 � 0.65 ng/10 �g LDL protein, NS).
As also shown in Table 2, for both CAD� and CAD�

atients, males were younger and had lower serum levels of
DL-C, HDL2-C, and apo C-III than females, as assessed by an
NOVA and the Wilcoxon rank-sum test. For CAD� patients,
ales had significantly (P � .05) higher BMI and serum apo

Table 2. Serum Levels of Lipids, Lipoproteins, and Apolipoproteins

Fema

CAD� (n � 38)

Age (yr) 60.4 � 13.8
BMI (kg/m2) 21.7 � 3.1
Smoking 6 (15.6%)
DM 5 (13.2%)
Hypertension 18 (47.4%)
HDL-C (mg/dL) 48.8 � 11.1
HDL2-C (mg/dL) 32.9 � 10.4
HDL3-C (mg/dL) 15.9 � 2.2
Apo A-I (mg/dL) 116.7 � 22.8
Apo A-II (mg/dL) 29.2 � 4.6
Apo B 96.2 � 26.1
Apo C-II (mg/dL) 2.8 � 1.2
Apo C-III (mg/dL) 7.4 � 2.2
Apo E (mg/dL) 4.5 � 1.1
TC (mg/dL) 196 � 34
TG (mg/dL) 96 � 44
Lp(a) (mg/dL) 27.5 � 20.0
LDL-C (mg/dL) 128 � 31
Ox-LDL (ng/10 �g LDL protein) 1.22 � 0.91

Abbreviations: HDL-C, high-density lipoprotein-cholesterol; Apo, a
ipoprotein-cholesterol; Lp(a), lipoprotein (a); Ox-LDL, oxidatively mo

*P � .05, CAD� v CAD�, by an ANOVA and the Wilcoxon rank-sum
†P � .05, CAD� v CAD�, adjusted for age by an analysis of covaria
-II levels and lower plasma Ox-LDL levels (0.83 � 0.65 v m
.22 � 0.91 ng/10 �g LDL protein). For CAD� patients, males
ad significantly (P � .05) lower serum levels of HDL3-C, apo
-I, apo E, TC, and Lp(a) than females.
Because HDL-C levels have been shown to affect the risk of

AD associated with increased LDL-C levels21 and because
he HDL-associated enzyme paraoxonase (PON1) has been
hown to protect LDL from oxidation,33 we were encouraged to
xamine whether or not HDL-C levels may interact with the
elationship between Ox-LDL and CAD.

Table 3 shows the relationship among HDL-C (2 levels),

tients With (CAD�) and Without (CAD�) CAD According to Gender

Male

AD� (n � 45) CAD� (n � 36) CAD� (n � 138)

8.9 � 10.0* 54.5 � 14.8 63.6 � 10.5*
3.1 � 3.1 24.1 � 2.9 23.7 � 3.1

8 (17.8%) 18 (50.0%) 70 (50.7%)
16 (35.6%)* 6 (16.7%) 54 (39.1%)*
27 (60.0%) 19 (52.8%) 75 (54.4%)
8.2 � 10.3 42.8 � 10.9 39.1 � 10.3*†
1.4 � 9.8 26.3 � 10.6 24.8 � 9.1
6.6 � 2.6 17.2 � 3.5 15.5 � 3.3*
8.3 � 20.1 111.2 � 23.5 101.4 � 23.7*
7.6 � 5.3 29.9 � 6.3 27.4 � 7.1
8.9 � 30.4 99.3 � 22.0 102.7 � 29.3
3.7 � 1.7*† 3.5 � 1.5 3.9 � 8.6
9.8 � 3.9*† 8.8 � 2.9 8.5 � 3.9
5.2 � 1.7* 4.4 � 1.0 4.5 � 1.5
07 � 34 185 � 28 188 � 41
28 � 79 124 � 65 127 � 80

5.1 � 35.3 24.3 � 15.2 30.5 � 30.8
33 � 31 117 � 25 124 � 37
.34 � 1.00 0.83 � 0.65 1.05 � 0.79

oprotein; TC, total cholesterol; TG, triglyceride; LDL-C, low-density
LDL; DM, diabetes mellitus.

Table 3. Age and Prevalence of CAD for each Combination of

OxLDL Level and HDL-C Level (High HDL-C-Low OxLDL, High

HDL-C-High OxLDL, Low HDL-C-Low OxLDL, and Low

HDL-C-High OxLDL) in Females and Males

Gender HDL-C* Ox-LDL† Age (yr)
Prevalence of

CAD (%)

Females
High Low 65.0 � 10.9 54.3
High High 65.3 � 14.1 56.7
Low Low 69.7 � 6.5 66.7
Low High 61.8 � 15.2 41.7

Males
High Low 58.4 � 14.7 61.9
High High 65.6 � 10.4 85.7‡
Low Low 62.3 � 9.9 85.1‡
Low High 60.7 � 13.0 83.3‡

*Median value of HDL-C (39 mg/dL) was used as a cut-off point.
†Median value of Ox-LDL (0.98 ng/10 �g LDL protein) was used as
cut-off point.
‡P � .05 v high HDL-C-low OxLDL, by an ANOVA and Scheffe’s
in Pa
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426 ZHANG ET AL
x-LDL (2 levels), and the prevalence of CAD (percentage of
AD� patients) in males and females. Age is also given for
ach combination of HDL-C and Ox-LDL. As shown in Table
, for both males and females, age was not significantly differ-
nt among patients with high HDL-C–low Ox-LDL, high HDL-
–high Ox-LDL, low HDL-C–low Ox-LDL, and low HDL-
–high Ox-LDL. For females, the prevalence of CAD was not

ignificantly different among each combination of HDL-C and
x-LDL (Table 3), which agrees with the results shown in
able 2 that the differences in HDL-C and Ox-LDL between

emale CAD� and CAD� patients were not significant. For
ales, patients with high HDL-C–low Ox-LDL showed a sig-

ificantly lower prevalence than patients with high HDL-C–
igh Ox-LDL, low HDL-C–low Ox-LDL, and low HDL-C–
igh Ox-LDL, as assessed by an ANOVA and Scheffe’s
ultiple comparison test. This result suggests that high Ox-
DL was related to CAD when HDL-C was high, although
mong all of the males, the difference in Ox-LDL between
AD� and CAD� patients was not statistically significant

Table 2).
Therefore, we examined the association between Ox-LDL

nd CAD in male subjects according to HDL-C strata and

Table 4. Age-Adjusted Associations Between Ox-LDL and CAD

According to HDL-C Levels in Male Subjects as Assessed

by a Multiple Logistic Regression Analysis

Ox-LDL*

Low High

HDL-C* Low 3.59 (1.40-9.19)† 3.22 (1.00-10.4)
High 1.00 3.27 (1.02-10.4)†

NOTE. Odds ratio and 95% confidence intervals were presented.
Abbreviations: HDL-C, high-density lipoprotein cholesterol; Ox-

DL, oxidatively modified low-density lipoprotein.
*HDL-C and Ox-LDL were coded as dichotomous variables using 0

o represent the “low” group and 1 to represent “high” group. Me-
ian values of HDL-C (39 mg/dL) and Ox-LDL (0.98 ng/10 �g LDL
rotein) were used as a cut-off point, respectively.
†P � .05, by multiple logistic regression analysis.

Table 5. Multiple Logistic Function Analysis of Coron

and Additionally fo

Model Model Variable

Adjusting for age
Model 1 HDL-C*
Model 2 Ox-LDL†
Model 3 Combined HDL-C and Ox-LDL‡

Adjusting for age, DM, HT,
and smoking

Model 1 HDL-C*
Model 2 Ox-LDL†
Model 3 Combined HDL-C and Ox-LDL‡

Abbreviations: HDL-C, high-density lipoprotein cholesterol; Ox-LDL
ypertension; NS, not significant.
*In 2 levels, given a value of 1 for HDL-C � 39 mg/dL and 0 for HD
†In 2 levels, given a value of 1 for OxLDL � 0.98 ng/10 �g LDL pro
‡In 2 levels, given a value of 0 for HDL-C � 39 mg/dL and Ox-LDL � 0
r low HDL-C-Low Ox-LDL or low HDL-C-high Ox-LDL).
DL-C–by–Ox-LDL interaction after adjusting for age by a
ultiple logistic regression analysis (Table 4). As shown, the

ssociation between high plasma Ox-LDL levels and CAD in
ales varied with the HDL-C levels: it was significant in males
ith high HDL-C levels, but was not significant in males with

ow HDL-C levels. HDL-C–by–Ox-LDL interaction showed a
ignificance level of less than 0.1 (data not shown).

Therefore, we examined whether the combination of HDL-C
nd Ox-LDL may have a greater ability to predict CAD than
DL-C alone. Table 5 shows the results of a multiple logistic

unction analysis of the association of HDL-C (model 1),
x-LDL (model 2), and the combination of HDL-C and Ox-
DL (model 3) with CAD in male subjects after controlling for
ge and additionally for DM, HT, and smoking. As shown,
lthough Ox-LDL levels were not significantly associated with
AD after adjusting for age and additionally for DM, HT, and

moking, the combination of HDL-C and Ox-LDL fit the model
or predicting the risk of CAD much better than did HDL-C
lone, as judged by the criteria for assessing model fit, �2 log
ikelihood,32 supporting the result in Table 4 that HDL-C levels
nteract with the association between Ox-LDL and CAD.

Table 6 shows odds ratios for each combination of HDL-C (2
evels) and Ox-LDL (2 levels) after controlling for age and for
M, HT, and smoking. As shown, patients with high HDL-C–

ow Ox-LDL had the lowest risk of CAD among each combi-
ation of HDL-C and Ox-LDL. High Ox-LDL levels were
onsistently associated with a higher risk of CAD in male
ubjects with high HDL-C levels, and the high HDL-C–high
x-LDL group had a similar relative risk of CAD as the low
DL-C–low Ox-LDL group (Table 6). Therefore, these results

uggest that the association between plasma Ox-LDL levels
nd CAD depends on the HDL-C level, and high Ox-LDL
evels could be a useful marker for CAD in combination with
he HDL-C level.

DISCUSSION

Circulating oxidized LDL originates from mild oxidation in
he arterial wall by cell-associated lipoxygenase and/or myelo-
eroxidase and plays an important role in the initial step of

isk Factors in Male Subjects After Adjusting for Age

HT, and Smoking

ession Coefficients � SE Wald �2 (P value) �2 Log Likelihood

�0.81 � 0.39 4.26 .039 12.4
0.49 � 0.42 1.37 NS 9.4
1.23 � 0.41 8.92 .003 16.7

�0.61 � 0.40 2.26 NS 19.4
0.64 � 0.45 2.02 NS 19.2
1.15 � 0.43 7.13 .008 24.1

atively modified low-density lipoprotein; DM, diabetes mellitus; HT,

39 mg/dL.
nd 0 for Ox-LDL � 0.98 ng/10 �g LDL protein.
/10 �g LDL protein and 1 for all other cases (high HDL-C-high Ox-LDL
ary R

r DM,

Regr

, oxid

L-C �

tein a
.98 ng
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427HDL-C, Ox-LDL, AND CAD
therosclerosis, while HDL, which contains antioxidative and
nti-inflammatory enzymes on its particle surface, such as
ecithin-cholesterol acyltransferase (LCAT), PON1, and plate-
et-activating factor acetylhydrolase (PAF-AH), etc, protects
DL from oxidation and plays an important role in the reverse
holesterol transport. Therefore, HDL is an antagonist of Ox-
DL. We examined the association among plasma Ox-LDL

evels, HDL-C levels, and CAD in this case-control study to
est the hypothesis that HDL may affect the association be-
ween plasma Ox-LDL levels and CAD. To the best of our
nowledge, this is the first study to investigate the interaction of
DL-C with the association between Ox-LDL and CAD.
Several studies that used monoclonal antibodies against both

x-LDL and MDA-LDL3,7-9 or specifically against oxidized
hosphatidylcholine4,10,11 to detect circulating Ox-LDL have
hown that plasma Ox-LDL levels are an important indicator
or CAD. In these studies, Ox-LDL levels were measured
irectly in plasma. In the present study, we did not observe a
ignificant association between plasma Ox-LDL and CAD.
owever, this result does not contradict these previous results,
ecause we measured Ox-LDL levels in LDL fraction sepa-
ated by sequential ultracentrifugation and therefore expressed
x-LDL levels as the amount of Ox-LDL relative to the

mount of LDL protein. Therefore, our findings suggest that the
elative proportion of Ox-LDL and native LDL may not be
ignificantly altered in patients with CAD.

Our findings that DM and low HDL-C levels were associated
ith CAD agree with other reports.35-37 Low HDL-C levels
ave been shown to be a marker for the presence of a small,
ense LDL in the circulation, which is susceptible to oxida-
ion.38 HDL also decreases the accumulation of lipid peroxides
n LDL.39 However, we did not find a significant correlation
etween Ox-LDL levels and HDL-C levels in patients without
AD (data not shown), because the oxidation of LDL is known

o be affected by many other factors. Our result agrees with that
eported by Toshima et al4 in normal volunteers. In male
atients with CAD, Ox-LDL levels were positively, but not
egatively, related to HDL-C levels (r � .208, P � .05, Table
), suggesting that the ability of HDL to protect against LDL
xidation may be independent of HDL-C levels. The fact that
nockout of PON1 in mice does not affect HDL-C levels33

upports this notion. Therefore, although we did not measure
erum activities of HDL-associated antioxidative enzymes, in-
luding PON1, PAF-AH, and LCAT, our present finding sug-
ests that measurement of HDL-associated enzymes should
rovide valuable information on the relationship between HDL
nd Ox-LDL in vivo.

Table 6. Odds Ratios for Each Combination of Ox

and Additionally fo

High HDL-C–Low Ox-LDL High HDL-C–High Ox-LDL*

1.00 3.72 (1.09-12.6)†

Abbreviations: HDL-C, high-density lipoprotein cholesterol; Ox-LDL
ypertension.
*Odds ratio and 95% confidence interval are given, calculated by u
†P � .05 by multiple logistic regression analysis.
Our finding that high Ox-LDL levels were significantly l
ssociated with CAD in male subjects with high HDL-C levels
Tables 3 and 4) agrees with the notion that an increased
lasma Ox-LDL level is a marker for CAD. This result may be
ttributable to the higher LDL-C levels that were associated
ith high Ox-LDL levels, because patients with high Ox-LDL
ad significantly (P � .05) higher LDL-C levels than those
ith low Ox-LDL among both males (131 � 53 v 125 � 34
g/dL) and females (139 � 30 v 122 � 30 mg/dL) when
DL-C was high. When HDL-C was low, high Ox-LDL was
ot associated with CAD in male subjects with low HDL-C
Tables 3 and 4), possibly because serum LDL-C levels were
elatively low and very similar in CAD� (117 � 27 mg/dL) and
AD� patients (120 � 27 mg/dL).
Our finding that HDL-C interacts with the association be-

ween Ox-LDL and CAD in men is consistent with the finding
f Castelli,21 who reported that HDL-C affects the risk of CAD
ssociated with high LDL levels. We did not observe an inter-
ction between HDL-C and the association between Ox-LDL
nd CAD in female subjects, because in addition to a relatively
mall sample size, there was no significant difference in either
DL-C or Ox-LDL between CAD� and CAD� (Table 2). We
id not examine whether or not LDL-C levels may affect the
ssociation between Ox-LDL and CAD, because Ox-LDL lev-
ls were expressed as the amount of Ox-LDL relative to the
mount of LDL protein, ie, Ox-LDL was adjusted by LDL
rotein, which should correlate with LDL-C levels.
The results of the Framingham study21 indicated that HDL-C

nd LDL-C additively increased the risk of CAD. Our finding
lso shows that the combination of HDL-C and Ox-LDL had a
reater ability to predict CAD than HDL-C alone. However,
lthough we observed an increased risk of CAD in patients with
igh HDL-C–high Ox-LDL and in those with low HDL-C–low
x-LDL relative to patients with high HDL-C–low Ox-LDL,

he relative risk of CAD in patients with low HDL-C–high
x-LDL was, unexpectedly, not significantly higher than that

n patients with low HDL-C–low Ox-LDL. Although the reason
or this phenomenon is not clear, our finding supports the
otion that HDL-C is more important than LDL-C in patients
ith CAD, because while LDL-C levels can be controlled by

holesterol-lowering drugs, such as statin drugs, it is not easy to
ncrease HDL-C levels. Recently, HDL-raising drugs, such as
holesteryl ester transfer protein inhibitor, have attracted much
ttention.40 Because, in addition to protecting LDL from oxi-
ation, HDL also has other antiatherogenic properties, includ-
ng anti-inflammatory effects and its role in the reverse trans-
ort of cholesterol, it is possible that a high Ox-LDL level may
ave relatively minor effects on the risk of CAD when HDL-C

Levels and HDL-C Levels After Adjusting for Age

HT, and Smoking

Low HDL-C–Low Ox-LDL* Low HDL-C–High Ox-LDL*

2.98 (1.13-7.88)† 2.96 (0.86-10.2)

atively modified low-density lipoprotein, DM, diabetes mellitus; HT,

3 dummy variables in a logistic regression analysis.
-LDL

r DM,

, oxid

sing
evels are low. However, the fact that high Ox-LDL levels were
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ignificantly associated with CAD in men with high HDL-C
evels may indicate that not only low HDL-C levels, but also
educed antioxidative ability of HDL could be related to the
isk of CAD. This should be confirmed by measuring HDL-
ssociated enzymes, which, unfortunately, was not performed
n the present study.

imitations

In this case-control study, cases were not matched with
ontrols with regard to age or gender (Table 1). Therefore, we
erformed a statistical analysis using gender stratification and
y adjusting for age. Alcohol is known to affect HDL-C levels,
ut we did not obtain information on alcohol consumption in
ur study subjects. We selected angiographically defined nor-
al subjects as controls and defined CAD as patients with

ignificantly stenosed coronary arteries. Therefore, we ex-

luded patients with 25% to 50% luminal narrowing, thus l
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