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Fraure 1: Geometric mean PTX3 plasma levels in men and women [25]. (a) Mean and confidence interval of natural log transformed PTX3
in men and women. Plasma PTX3 levels in men are significant lower than those in women (men, 1.87 (1.81, 1.94) ng/mL; women, 2.12
(2.05, 2.19) ng/mL). *P < 0.0001. (b) Plasma PTX3 levels according to quartiles of age in men. Quartile 1 (Q1): 37-49 years old; 1.62 (1.50,
1.74) ng/mL. Quartile 2 (Q2): 50-57 years old; 1.82 (1.70, 1.94) ng/mL. Quartile 3 (Q3): 58-68 years old; 1.98 (1.86, 2.11) ng/mL. Quartile
4 (Q4): 69-87 years old; 2.14 (2.02, 2.27) ng/mL. *P < 0.001, Q1 versus Q3 and Q4; **P < 0.0006, Q1 and Q2 versus Q4. (c) Plasma PTX3
levels according to quartiles of age in women. Quartile 1 (Q1): 38-52 years old; 2.05 (1.92, 2.18) ng/mL. Quartile 2 (Q2): 53-61 vears old;
1.99 (1.87, 2.12) ng/mL. Quartile 3 (Q3): 62~70 years old; 2.10 (1.98, 2.23) ng/mL. Quartile 4 (Q4): 71-85 years old; 2.23 (2.02, 2.46) ng/mL.

*P < 0.05, **P < 0.01.

PTX3 has also been found to offer protection against
atherosclerosis. As a relationship between PTX3 and the
cell adhesion molecule P-selectin in atherosclerotic lesions
has recently been reported, it is possible that PTX3 may
exert some of these effects through an association with this
protein [27]. For instance, neutrophils rolling on P-selectin
in venules at the sites of infection or injury receive signals
that cause the release of PTX3 from specific granules. This
released PTX3 then selectively binds locally expressed P-
selectin, but not E- or L-selectin, in a paracrine manner,
while the dissociation of this complex is slowed by the
increased binding avidity due to the multimeric nature of
PTX3. As more neutrophils roll, they release more PTX3,
which then binds more P-selectin molecules. This constitutes
a local negative feedback system that diminishes neutrophil
tethering, accelerates rolling, and enhances detachment.
Indeed, PTX3 expression has been found to decrease the
number of neutrophils rolling on P-selectin in vitro in

a concentration-dependent manner, while the injection of
PTX3 in vivo has been shown to reduce the number of neu-
trophils rolling in thrombin-stimulated mesenteric venules
of mice because PTX3 competitively inhibited between P-
selectin and P-selectin glycoprotein 1 (PSGL-1) bonds.

The source of anti-inflammatory PTX3 has also been
examined. By transplanting wild-type or PTX3-deficient
bone marrow into irradiated wild-type or PTX3-deficient
recipient mice, Deban et al. showed that PTX3 from hema-
topoietic cells is required to suppress neutrophil recruitment
into the pleural cavity in the first 2 hours after chemokine
challenge. In this short time frame, neutrophils are the likely
source of PTX3, as they are the only hematopoietic cells that
store PTX3 [28].

Very recently, Maugeri et al. have reported data that
supports the release of PTX3 from activated neutrophils by
platelets in patients with ACS [28]. In this study, the total
amount of PTX3 in the neutrophils of patients with early
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AMI (early onset; <6 hr), late AMI (<48 hr), stable coronary
artery disease, and healthy volunteers was measured using
FACS. As found in our study, the maximum plasma level of
PTX3 was reached at 6 hours after onset. Interestingly, the
lowest PTX3 levels were found in the neutrophils of patients
with early AMI, whereby confocal microscopy detected very
low PTX3 expression in neutrophils from patients with early
AMI and much higher PTX3 expression in neutrophils from
patients with late AMI. Furthermore, released PTX3 from
patients with early AMI was found to aggregate platelets
expressing P-selectin compare with late AMI [28]. From
these findings, PTX3 works as a cardioprotective to bind to
activated circulating platelets and reduce the inflammation
status in cardiovascular bed.

It has also been shown that plasma PTX3 levels increase
significantly during widespread inflammations, such as sep-
sis [29]. In such scenarios, activated endothelial cells, den-
dritic cells, and/or macrophages may be major sources of
PTX3, and although it has recently been demonstrated that
PTX3 inhibits P-selectin-dependent adhesion [27], other,
still undefined, mechanisms may also contribute to its anti-
inflammatory properties in vivo.

3.3. Physiological PTX3 Levels. The normal physiological
concentration of plasma PTX3 expression has been deter-
mined to be approximately 2 ng/mL in a study that examined
PTX3 levels in 1749 subjects (818 men and 931 women)
[25]. Interestingly, plasma PTX3 levels were found to be
significantly lower in men than in women (1.87 (1.81,
1.94) ng/mL versus 2.12 (2.05, 2.19) ng/mL, P < 0.0001)
(Figure 1(a)). They were also found to be significantly higher
in the oldest age group in both men and women (lowest
quartile 1.62 (1.50, 1.74) ng/mL versus highest quartile 2.14
(2.02, 2.27) ng/mL in men, P < 0.001; lowest quartile
2.05 (1.92, 2.18) ng/mL versus highest quartile 2.23 (2.02,
2.46) ng/mL in women, P < 0.05; Figures 1(b) and 1(c)).
PTX3 levels were also inversely correlated with triglyceride
levels (r = —0.19 in men and ¥ = —0.18 in women, P <
0.00001), and body mass index (r = —0.16 in men and r =
—0.24 in women, P < 0.00001).

3.4. PTX3 Independence from Established Risk Factors.
Plasma PTX3 levels have also been shown to be independent
of other coronary risk factors, including total cholesterol,
high-density lipoprotein (HDL) cholesterol, hemoglobin
A1C, smoking status, gender, and obesity (Table 1) [17].
Although Yamashina et al. have reported a brachial-ankle
pulse wave velocity (ba PWV) cutoff value of 14.0m/s
for screening subjects at risk of developing cardiovascular
diseases in the general population [30], plasma PTX3 levels
are not different between patients with ba PWV values of
more or less than 14.0 m/s, or an intimal thickness of the
carotid artery of more or less than 1.0 mm, which means
within normal limits [17].

4, PTX3 in Other Diseases

The human PTX3 proximal promoters contain AP-1, NF-
kappa B, Sp-1, and NF-IL6 binding sites [5]. Consequently,
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TasLe 1: Geometric mean PTX3 plasma levels by CHD risk factors
[17].

Risk factor PTX3 (ng/mL; 95% CI) P value
> o 2 -
TCHO 2220 mg/dL 2.16 (1.85-2.46) 051
<220 mg/dL 2.30 (2.01-2.60)
> o, —
HDL =40 mg/dL 2.23(1.98-2.48) 0.42
<40 mg/dL 2.03 (1.62-2.43)
>5.99 - )
HEbALC >5.9% 2.12 (1.83-2.42) 029
<5.9% 2.36 (2.02-2.66)
> 2 -
Obesity 2242 kg/m 1.98 (1.64-2.32) 0.07
<24.2 kg/m2 2.39(2.12-2.67)
> 2.5
IMT 21.0mm 2.30 (2.02-2.58) 0.56
<1.0mm 2.24 (1.80-2.68)
Smoke Smoking 2.32 (1.96-2.68) 0.58
None 2.20(1.93-2.47)
Gender Male 2.26 (1.97-2.54) 0.84
Female 2.22(1.93-2.51)

CHD: coronary heart disease.

TCHO: total cholesterol; HDL: high-density lipoprotein; HgbA1C: hemo-
globin A1C; IMT: intimal media thickness.

CI: confidence interval.

PTX3 is expressed in response to proinflammatory signals,
including bacteria, IL-1 (but not IL-6), and TNF-alpha
produced by primarily endothelial cells, neutrophils, and
macrophages. As a result, inflammation diseases, espe-
cially disorders of the immune system such as rheumatoid
arthritis [31], progressive systemic sclerosis [32], Chug-
Straus syndrome, Wegener’s granulomatosis, and micro-
scopic polyangiitis [33], as well as systemic inflammatory
response syndrome (SIRS) [29, 34], result in increased
expression of plasma PTX3. Chronic kidney disease is also
known to increase the level of plasma PTX3 [35, 36].
Therefore, it was also of interest to determine the PTX3
expression patterns in inflammatory bowel diseases such as
Crohn’s disease and ulcerative colitis. As IL-6 was found
to have increased expression in active Crohn’s disease, but
not in ulcerative colitis, it is not surprising that plasma
PTX3 levels were increased in patients with only ulcerative
colitis (because IL-1, but not IL-6, causes induction of PTX3
expression). PTX3 may therefore also be a good diagnostic
marker for deterioration in patients with inflammatory
bowel disease [37, 38].

5. Conclusion

Advances in genomics and proteomics technologies have led
to the discovery of many novel biomarkers that provide
valuable information, which can be used in disease screening
and diagnosis, determining prognoses, and therapeutic mon-
itoring. One potentially useful biomarker for cardiovascular
disease is PTX3, and many studies have recently examined
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this protein in clinical situations. Although PTX3 is in the
same protein family as CRP, it is expressed predominantly in
atherosclerotic lesions. Interestingly, the expression of PTX3
in endothelial cells has been shown in vitro to be suppressed
to a greater extent by pitavastatin than other genes. We
have therefore recently determined the normal physiological
concentration of PTX3. As PTX3 has promise as a biomarker
for cardiovascular disease, we have recently determined
the normal physiological concentration of this protein.
In addition, kits capable of detecting PTX3 are available,
including a highly sensitive kit recently developed by our
group, facilitating the use of PTX3 as a biomarker. Additional
clinical study will be necessary to further elucidate the role of
this protein in cardiovascular disease.
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Background: The platelet activator lysophosphatidic acid (LPA) has recently been identified as an ingredient
in oxidized LDL and it has been isolated from atherosclerotic plaques. The lysophospholipase D activity of
autotaxin produces LPA extracellularly from lysophosphatidylcholine (LPC). The present study determines
whether circulating LPA is associated with acute coronary syndrome (ACS).

Methods: We enrolled 141 consecutive patients (age, 62.6 4 3.8 y; male, 69.2%) with ACS (n= 38), stable an-
gina pectoris (SAP; n=72) or angiographically normal coronary arteries (NCA; n=31). The relationships be-

5;:1‘;;(;1rgssﬁhati dic acid tween LPA and ott}er established biomarkers were examined. Concentrations of plasma LPA were determined
Acute coronary syndrome using an enzymatic assay.

Biomarkers Results: Concentrations of LPA significantly correlated with LPC (r=0.549), autotaxin (r=0.370) and LDL-C
Plaque rupture (r=0.307) (all p<0.01). Lysophosphatidic acid concentrations were significantly higher in patients with ACS
Thrombosis than with SAP and NCA (p<0.01), but did not significantly differ between patients with SAP and NCA. Mul-

tivariate logistic regression analyses revealed that the highest LPA tertile was independently associated
with ACS (odds ratio 1.99, 95% CI: 1.18-3.39, p=0.02).
Conclusions: The present study demonstrated that increased circulating plasma LPA concentrations are signifi-

cantly associated with ACS.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Lysophosphatidic acid (LPA), although originally viewed as a key
intermediate in de novo lipid synthesis, has emerged as an important
lipid mediator with various biological activities, which is especially
important in the area of vascular biology [1-3]. Atherogenic oxidized
low-density lipoprotein (LDL) contains lysophosphatidylcholine
(LPC) that serves as a substrate for the production of LPA by autotaxin
(lysophospholipase D, LysoPLD) [4]. In addition, LPA, which is a plate-
let activator and has highly thrombogenic lipid constituent of plaque,
accumulates in the lipid core of human atherosclerotic lesions [5]. The
platelet-activating effect of the lipid-rich core of atherosclerotic plaques
and LPA involvement in this effect has been characterized [6]. More-
over, individual platelet responses to LPA might be influenced by factors
that affect the degree of systemic platelet activation, such as vascular
disease and blood coagulation [7-9]. Hence, an LPA receptor blockade
should be a promising new approach to reducing the risk of thrombosis

* Corresponding author. Tel.: +81 3 5802 1056; fax: +81 3 5689 0627.
E-mail address: tdohi@juntendo.ac.jp (T. Dohi).

0009-8981/$ ~ see front matter © 2011 Elsevier B.V. All rights reserved.
doi:10.1016/j.cca.2011.09.027
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associated with plaque rupture [ 10]. We therefore considered that these
findings reflect a relationship between plasma LPA concentrations and
acute coronary syndrome (ACS) because of the pathophysiology as-
sociated with plaque instability and platelet aggregation. However,
a relationship between LPA and other established biomarkers in pa-
tients with ACS has not been examined.

2. Methods
2.1. Study design and patient population

The present study is a prospective cross-sectional study of consecu-
tive patients who underwent coronary angiography at Juntendo Uni-
versity Hospital (J-Bacchus trial) between July and December 2009.
The entry criteria were as follows: no previous examination by coronary
angiography, no history of coronary intervention or coronary artery by-
pass grafting, and having precisely evaluable coronary trees. Patients
without significant stenosis according to coronary angiography were
placed in a group with normal coronary arteries (NCA), whereas those
with significant stenosis were defined as having coronary artery disease
and placed in groups with ACS or stable angina pectoris (SAP). Patients
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with acute myocardial infarction (AMI) and unstable angina (UAP)
were included in the ACS group. The diagnostic criteria for AMI and
UAP were taken from the respective guidelines published by the Ameri-
can College of Cardiology/American Heart Association in 2007 [11,12].
These definitions of ACS depended on the specific characteristics of
each element of the clinical presentation, electrocardiographic changes
and a marker with high specificity for cardiac injury. Stable angina pec-
toris was defined as effort angina with a stable profile of symptoms for
at least 3 months before admission. Demographic characteristics, medi-
cal history and current medications were determined for all participants
at the time of enrollment.

We initially screened 158 patients for this study. The exclusion cri-
teria were as follows: 1) maintenance dialysis (n=5), 2) diabetes
treated with insulin (n=4), and 3) acute or chronic infectious
(n=5) or 4) neoplastic (n=23) diseases. The Ethics Review Commit-
tee at our institution approved the study, all participants signed in-
formed consent forms and the study was registered in the UMIN
protocol registration system (#UMIN000002103).

2.2. Evaluation of coronary artery disease and renal function

We evaluated the severity of CAD by standard coronary angiogra-
phy. All angiograms were prospectively evaluated at our angiographic
core laboratory. Two expert interventional cardiologists reviewed the
angiograms with no knowledge of the biomarker concentrations and
patient characteristics. Disagreement over lesion characteristics was
resolved by a third expert. Angiographically significant lesions were
defined as >50% stenosis in vessels with a diameter >2.0 mm. Exten-
sions of coronary artery disease were classified in the standard man-
ner as 1-, 2- or 3-vessel disease.

We evaluated renal function using the estimated glomerular filtra-
tion rate (eGFR) based on the new equation published in the Japanese
National Kidney Foundation guidelines [13]. The formula is as follows:
eGFR =194 x SCr~ 1994 x age =087 where age is in years, serum creati-
nine (SCr) is in mg/dl, and GFR is in ml/min per 1.73 m? body surface
area. The product of this equation was multiplied by a correction factor
of 0.739 in women.

2.3. Blood sampling and laboratory measurements

Arterial blood samples were obtained using a syringe and 18-
gauge needles from the arterial sheaths of all patients before they
were examined by coronary angiography in the operating room.
Blood samples were directly collected into glass vacutainer tubes
with or without EDTA to obtain plasma and serum, respectively. The
samples were immediately placed on ice. The anticoagulated samples
were centrifuged at 1000xg for 10 min and then the supernatant
comprising plasma was carefully collected to avoid contamination of
cell components. Whole blood samples collected without EDTA-2Na
were left to clot and then serum was separated by centrifugation at
1000 x g for 10 min.

Concentrations of plasma LPA and LPC were determined using an
enzymatic assay as described [14-16]. In brief, LPA was hydrolyzed
with lysophospholipase to glycerol 3-phosphate, followed by enzy-
matic cycling using glycerol 3-phosphate oxidase and glycerol 3-
phosphate dehydrogenase. The amplified concentrations of hydrogen
peroxide, a product of enzymatic cycling, were then colorimetrically
measured (JCA-BM8040, JEOL, Tokyo, Japan). Lysophosphatidylcholine
concentrations in human plasma were measured using our validated en-
zymatic assay [16] in which LPC is converted by lysophospholipase into
glycerophosphophorylcholine, from which glycerophosphorylcholine
phosphodiesterase generates choline. The hydrogen peroxide produced
from choline by choline oxidase was determined in the presence of per-
oxidase using an oxidative chromogenic reagent and 4-aminoantipyrine
by measuring changes in absorbance. Serum highly sensitive C-reactive
protein (hs-CRP) was measured using a validated, highly sensitive

immunoassay. The activity of lipoprotein associated phospholipase A2
(Lp-PLA2) in serum was spectrophotometrically assayed as described
[17]. Concentrations of serum cardiac troponin T were measured using
a chemiluminescent enzyme immunoassay kit (Determiner CL TnT,
Kyowa Medex, Tokyo, Japan). Serum autotaxin was quantified using a
2-site immunoenzymetric assay as described [18]. Other markers were
determined by routine laboratory methods.

24. Statistical analysis

All data were statistically analyzed using SPSS ver. 18.0 (Chicago,
IL) and JMP ver. 7.0 (SAS Institute Inc., Cary, NC). The distribution of
continuous variables was assessed by visual inspection of frequency
histograms and using the Shapiro-Wilk test. Results are presented
as medians and inter-quartile ranges (IQR), median + standard devia-
tion or as ratios (%) and numbers for categorical data. Values obtained
from three groups were compared by the one-way analysis of variance
(ANOVA), the Kruskal-Wallis test and the y? analysis. The post-hoc
Scheffé test compared parameters within groups. Because of the
known association between LPA and the other markers, natural log
transformation of the LPA data achieved a normal distribution, and
thus log-transformed LPA values were used in this study. Correlations
were searched using Spearman's rank correlation. The independent ef-
fect of the biomarkers on the risk of ACS adjusting for potential con-
founders was determined using multiple logistic regression analysis.
We evaluated the effect of the biomarkers Lp-PLA2, hs-CRP, and LPA
in this model according to tertile increments in the concentrations of
each. The following variables were initially incorporated into the
univariate model: age, sex, diabetes, dyslipidemia, current smoking,
angiotensin-converting enzyme inhibitors (ACE-1) or angiotensin re-
ceptor blockers (ARB), statins, HbA1c, eGFR and tertiles of Lp-PLA2,
hs-CRP, and LPA. Variables with p values of <0.20 were then entered
into the multivariable model. A p<0.05 was considered statistically
significant.

3. Results
3.1. Clinical characteristics of study participants

We enrolled 141 patients (age 65.8 + 11.5 y, male sex 78.0%), all of
whom had angiographically documented coronary trees with con-
firmed clinical features, and a diagnosis of NCA (n=32, 22.7%), SAP
(n=71, 504%) and ACS (n=38, 27.0%, UAP=17, AMI=21).
Table 1 shows the baseline characteristics of the three groups. Briefly,
the three groups were similar with respect to age and body mass
index but differed in terms of cardiovascular risk factors, which
were more frequent in patients with SAP and ACS than with NCA.
The patients with ACS tended to have lower eGFR concentrations
than the NCA and SAP groups. Moreover, patients with SAP more fre-
quently received cardiovascular therapy than those with NCA and
ACS.

3.2. Plasma LPA concentrations

Circulating plasma LPA concentrations did not significantly differ be-
tween males and females (median: 0.375 vs. 0.47 pmol/l, p=0.102), or
between those with or without conventional risk factors such as diabe-
tes (median: 0.36 vs. 0.41 pmol/l, p=0.408), current smoking (median:
0365 vs. 0.42 pmol/l, p=0.156), dyslipidemia (median: 0.37 vs.
0.435 pmol/l, p=0.125) or hypertension (median: 0.38 vs. 0.435 pmol/
1, p=0.174). The concentration of autotaxin, which produces LPA from
LPC through its lysoPLD activity, was higher in females than in males
(median: 0.90 vs. 0.65 mg/l, p<0.001) [18].
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Table 1
Baseline demographic and clinical characteristics of all patients.
NCA (n=32) SAP (n=71) ACS (n=238) p value

Age,y 64.8+11.1 674+103 63.8+136 NS
Sex, male (%) 20 (62.5) 61 (85.9) 29 (76.3) 0.032
Body mass index, kg/m? 235434 243134 242450 NS
Waist circumference, cm 87.1+74 89.0£7.96 88.0+9.7 NS
Systolic blood pressure, mm Hg 1323+17.8 13844228 13764248 NS
Diastolic blood pressure, mm Hg 73.7+144 740£133 785+176 NS
Hypertension, n (%) 22 (68.8) 55 (77.5) 24 (63.2) NS
Diabetes, n (%) 5(15.6) 26 (36.6) 8 (21.1) 0.045
Dyslipidemia, n (%) 17 (53.1) 52 (73.2) 22 (57.9) NS
Current smoking, n (%) 8 (25.0) 29 (40.9) 11 (29.0) NS
Family history, n (%) 9 (28.1) 29 (40.8) 15 (39.5) NS
eGFR, ml/min/1.73 m? 7464187 73.74+19.7 66.3+16.4 NS
ACE-1 or ARB, n (%) 11 (34.4) 37 (52.1) 11 (29.0) 0.039
Statins, n (%) 7(21.9) 30 (42.3) 9 (23.7) 0.046
Beta-blockers, n (%) 7(21.9) 33 (46.5) 6 (15.8) 0.004
Aspirin, n (%) 9(28.1) 57 (80.3) 10 (26.3) <0.001
Angiographic degree of CAD <0.001

1-vessel disease 0(0) 31 (43.6) 26 (68.4)

2-vessel disease 0(0) 26 (36.6) 9 (23.7)

3-vessel disease 0(0) 14 (19.7) 3(7.9)

ACE-1, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers; CAD, coronary artery disease; eGFR, estimated glomerular filtration rate.

3.3. Comparison of LPA, Lp-PLA2, hs-CRP concentrations and other markers

The plasma concentrations of LPA significantly increased in the
group with ACS (median 0.54 pmol/l; IQR, 0.32-0.87) compared
with the SAP (0.36 pmol/l; IQR, 0.3-0.47) and NCA (0.41 pmol/l; IQR
0.28-0.54) groups (p =0.006 and p =0.008, respectively). However,
LPA concentrations did not significantly differ between the SAP and
NCA groups (p=0.919). On the other hand, serum concentrations
of Lp-PLA2 were significantly higher in the group with documented
coronary atherosclerosis, namely the ACS (255.5 IU/l; IQR, 159.5~
317.5) and SAP (252 1U/1; IQR, 179-367) groups, than in the NCA
(151.51U/1; IQR, 108-260.5; p=10.026 and p=0.004, respectively)
group, whereas the ACS and SAP groups did not significantly differ
(p=0.944). Serum concentrations of hs-CRP were also significantly
higher in the ACS (0.08 mg/dl; IQR, 0.03-0.15) than in the SAP
(0.06 mg/dl; IQR, 0.02-0.16) and NCA (0.03 mg/dl; IQR, 0.01-0.16;
p=0.031 and p = 0.042, respectively) groups, with no difference be-
tween the SAP and NCA groups (p =0.623). Plasma concentrations of
LPC significantly increased in the group with ACS (190.5 pmol/l; IQR,
159.8-238.8) compared with the SAP (166 pmol/l; IQR, 151-190)
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and NCA (177 pmol/l; IQR, 142.5-194.8] groups (p=0.024 and
p=0.025, respectively; Fig. 1). Serum concentrations of autotaxin
did not differ among the groups with ACS (0.76 mg/l; IQR, 0.56~
0.91), SAP (0.67 mg/1 IQR, 0.56-0.81) and NCA (0.72 mg/l IQR, 0.63-
0.90; p=0.218). The lipid profile revealed significantly more LDL-C
in the ACS (120 mg/dl IQR, 105-136.5) than in the SAP (106 mg/dl
IQR, 88-118) and NCA (102 mg/d! IQR, 78.3-117.3; p=0.007 and
p=0.001, respectively) groups. Cardiac troponin T concentrations
were significantly higher in the ACS (105.3 pg/ml IQR, 14.6-373.6)
than in the SAP (4.4 pg/ml IQR, 2.9-9.7) and NCA (4.0 pg/ml IQR,
2.6-6.4; p<0.001 and p<0.001, respectively) groups, whereas those
in the SAP and NCA groups did not significantly differ (p=0.928;
Table 2).

3.4. Relationship between LPA values and other markers

We analyzed the correlation between plasma log-LPA concentra-
tions and the other important markers in all patients. The results
showed that log-LPA was positively and significantly associated

LPC

ACS

ACS

NCA SAP

Fig. 1. Levels of LPA, LPC, Lp-PLA2 and hs-CRP in patients with NCA, SAP and ACS. Data are mean = SE; **p<0.05, compared with NCA and SAP; Tp<0.05, compared with NCA.
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Table 2

Laboratory characteristics of patient population.

NCA (n=32) SAP (n=71) ACS (n=38) P value

Fasting blood glucose, mg/dl 94 (88.3-117) 94 (87-117) 102.5 (87.5-137.3) NS
HbA1C (%) 5.3 (5.2-5.6) 5.7 (5.3-6.4) 5.4 (5.2-5.9) 0.031
Total cholesterol, mg/dl 180 (161-191) 176 (163.5-198) 193 (169-214) NS
Triglyceride, mg/dl 93.5 (81.5-153.8) 118 (89-167) 112 (78-150.5) NS
LDL-C, mg/dl 102 (78.3-117.3) 106 (88-118) 120 (105-136.5) 0.001
HDL-C, mg/dl 47.5 (39-58.3) 45 (39-52) 47 (35.5-56.5) NS
hs-CRP, mg/dl 0.03 (0.01-0.16) 0.06 (0.02-0.16) 0.08 (0.03-0.15) 0.039
Lp-PLA2, 1U/I 151.5 (108-260.5) 252 (179-367) 255.5 (159.5-317.5) 0.004
Autotaxin, mg/l 0.72 (0.63-0.90) 0.67 (0.56-0.81) 0.76 (0.56-0.91) NS
LPC, uM 177 (142.5-194.8) 166 (151-190) 190.5 (159.8-238.8) 0.002
LPA, pmol/1 0.41 (0.28-0.54) 0.36 (0.3-0.47) 0.54 (0.32-0.87) <0.001
Troponin T, pg/ml 4.0 (2.6-6.4) 44(29-9.7) 105.3 (14.6-373.6) <0.001

hs-CRP, high sensitivity C-reactive protein; LPA, lysophosphatidic acid; Lp-PLA2, lipoprotein associated phospholipase A2; LPC, lysophosphatidylcholine.

with plasma concentrations of LPC (r=0.549, p<0.001). Moreover,
log-LPA significantly correlated with serum concentrations of auto-
taxin (r=0.370, p<0.001). The correlation analysis with cholesterol
showed that log-LPA significantly but weakly correlated with LDL-C
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(r=0.307, p<0.001) and total cholesterol (r=0.348, p<0.001), but
not with HDL-C (r=0.094, p=10.271). Log-LPA also did not signifi-
cantly correlate with either Lp-PLA2 (r=—0.061, p=0.473), hs-CRP
(r=—0.180, p=0.067) or troponin T (r=0.157, p=0.084) (Fig. 2).
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Fig. 2. Correlation between log-LPA and LPC, autotaxin, log-hs-CRP, Lp-PLA2, LDL-C and HDL-C in all patients.
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Table 3
Univariate and multivariate logistic regression model for prediction of acute coronary syndrome.
Univariate analysis OR (95 % CI) P Multivariate analysis OR (95 % CI) P

Age, years 0.980 (0.948-1.012) 0.159 0.959 (0.922-0.997) 0.035
Sex, male 0.767 (0.362-2.118) 0.767 Not selected
Diabetes, yes 1.615 (0.666-3.917) 0.152 1.650 (0.632-4.308) 0.307
Dyslipidemia, yes 1.476 (0.688-3.168) 0.318 Not selected
Current smoking, yes 0.727 (0.324-1.631) 0.439 Not selected
ACE-I or ARB, yes 0.467 (0.210-1.040) 0.062 0.499 (0.193-1.289) 0.409
Statin use, yes 0.554 (0.237-1.294) 0.236 Not selected
HbA1C (%), /% 0.802 (0.506-1.272) 0.240 Not selected
eGFR, 1 ml/min/1.73 m? increase 0.978 (0.958-0.999) 0.063 0.970 (0.945-0.996) 0.035
High-LPA, tertile increment 1.808 (1.111-2.940) 0.009 1.999 (1.180-3.387) 0.018
High-LP-PLA2, tertile increment 1.117 (0.704-1.772) 0.759 Not selected
High-hs-CRP, tertile increment 1.325 (0.824-2.113) 0.163 1.408 (0.865-2.292) 0.169

ACE-], angiotensin converting enzyme inhibitors; ARB, angiotensin receptor blockers; hs-CRP, high sensitivity C-reactive protein; LPA, lysophosphatidic acid; Lp-PLA2, lipoprotein

associated phospholipase A2.

3.5. Predictive value of increased LPA concentrations for ACS

We constructed a logistic regression analysis model to evaluate
predictors of ACS for the entire study population. Age, diabetes,
ACE-I or ARB use, eGFR, LPA and hs-CRP that were predictive in the
univariate analysis were introduced into the multivariate model.
After adjustment, only LPA (OR 1.999, 95%Cl 1.180-3.387,
p=0.018), age (OR 0.959, 95%Cl 0.922-0.997, p=10.035) and eGFR
(OR 0.970, 95%CI 0.945-0.996, p=0.035) emerged as being signifi-
cantly predictive for ACS and remained when LPA was entered into
the multivariate analysis as a continuous variable (log-LPA: OR
4,746, 95%CI 1.834-12.282, p=0.001; Table 3).

4. Discussion

The present study demonstrated that concentrations of circulating
plasma LPA are significantly higher in patients with ACS than with
SAP or NCA. We also showed that plasma LPA concentrations closely
correlated with LPC, autotaxin and LDL-C, findings that are consistent
with those of recent studies of LPA production mechanisms [2,3].

Accumulating evidence indicates that LPA can promote cardiovas-
cular diseases by virtue of its atherogenic as well as thrombogenic ac-
tivity [1-3,19]. Bot et al. recently found that LPA metabolism is
associated with changes in plaque formation. The increased deposi-
tion of potent platelet-activating and proinflammatory LPC species
in advanced atherosclerotic lesions indicates that thin cap fibroathero-
mas can be characterized not only by cellular and morphological features
but also by their prothrombotic lipid profiles [20]. Lysophosphatidic
acid is also abundant in the lipid-rich core of human atherosclerotic pla-
que. After plaque rupture or erosion, exposure to LPA in the lipid-rich
core might play a key role in triggering or potentiating platelet re-
sponses during acute thrombosis [21,22]. In addition, Chen et al.
found a significant increase in serum LPA concentrations in patients
with acute myocardial infarction [23]. We therefore believe that circu-
lating LPA has potential as a biomarker of atherothrombotic vascular
diseases such as ACS that is pathophysiologically related to plaque rup-
ture and platelet activation.

Although one report has indicated that the concentration of LPA is
more closely related to that of the enzyme autotoxin than to the sub-
strate LPC [24], the present study of ACS identified closer correlation
between LPA and LPC. We consider that LPA can be produced by several
intracellular as well as extracellular platelet-dependent and
-independent pathways. In the platelet-dependent pathway, activated
platelets release large amounts of phospholipids that are then con-
verted by phospholipase A1 (PLA1) and phospholipase A2 (PLA2) to
lysophospholipids (LPLs) such as LPC, lysophosphatidylethanolamine
(LPE), and lysophosphatidylserine (LPS). Subsequently, LPA is generated
from LPLs by autotaxin. About half of all circulating LPA is produced by a

platelet-independent pathway from LPC. Plasma LPC is synthesized
mainly by lecithin-cholesterol acyltransferase (LCAT), which catalyzes
the transesterification of phosphatidylcholine and free cholesterol [25].
From the viewpoint of the mechanistic pathway, we consider that LPA
production associated with autotaxin is a common pathway among
healthy individuals [15]. We also believe that the atherogenic effects of
LPC might be partly ascribed to its conversion to LPA, the verification
of which will be an important task. In fact, this question of enzyme activ-
ity will be the theme of our next population study.

The present study found that an increased LPA concentration was
a more powerful predictor of ACS than high concentrations of hs-CRP
or Lp-PLA2. Many of the factors involved in ACS can be systemically
and sensitively assayed, and increased circulating concentrations are
associated with plaque destabilization and eventual plaque rupture.
C-reactive peptide (CRP) belongs to the pentraxin family and is the
most extensively studied proinflammatory factor. C-reactive peptide
has a potential pathogenic role in atheromatous plaque vulnerability,
since higher CRP concentrations closely correlate with increased
numbers of thin cap fibroatheromas {26]. Although concentrations
of LPA and hs-CRP did not significantly correlate in the present
study, concentrations of both were significantly higher in patients
with ACS. On the other hand, Lp-PLA2 is a novel biomarker and partici-
pant in vascular inflammation that is found in human atherosclerotic
plaques; it hydrolyzes the sn-2 fatty acids of oxidized phospholipids
to yield oxidized fatty acid and LPC [27,28]. The latter plays an impor-
tant part in the effect of Lp-PLA2 on endothelial function [29]. Lysopho-
sphatidylcholine also stimulates both the proliferation and apoptosis of
endothelial and smooth muscle cells at low and high concentrations, re-
spectively [30,31]. Furthermore, high concentrations of Lp-PLA2 and
LPC are associated with coronary atherosclerosis and endothelial dys-
function in humans [32]. Therefore, we considered that higher concen-
trations of LPC as well as of LPA might reflect systemic atherosclerotic
instability through the mechanism of systemic endothelial dysfunction.
Concentrations of Lp-PLA2 were significantly higher in patients with,
than without documented coronary atherosclerosis. However, Lp-
PLA2 concentrations did not differ between patients complicated with
plaque instability and patients with stable disease. Another study
found that Lp-PLA2 concentrations are not increased in patients with
ACS compared with those without ACS, unlike acute-phase reactants
such as CRP [33]. Consequently, we considered that Lp-PLA2 might be
an important marker of, or play an active role in, the atherosclerotic pro-
cess, whereas it does not play a causative role in creating susceptibility
to plaque rupture. That is, not only higher concentrations of Lp-PLA2
but also of LPA might imply plaque instability in patients with coronary
atherosclerosis. Based on these findings, we believe that circulating con-
centrations of the lysophospholipids LPA and LPC can identify patients
who are complicated with vulnerable plaque and have unstable cardio-
vascular disease. Furthermore, a recent study found that LPA is involved
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in atherogenic monocyte recruitment mediated by hyperlipidemia and
modified LDL [34]. We consider that the present results support these
findings and further indicate the importance of LPA signaling as a target
for treating coronary artery disease.

The present study discovered an association between increased
systemic circulating LPA concentrations and ACS. Concentrations of
LPA significantly and positively correlated with autotaxin and even
more closely with those of LPC. The results of our multivariate analy-
sis indicated that higher LPA concentrations could be a powerful pre-
dictor of ACS. Given that circulating LPA concentrations are increased
during the clinical course of plaque instability, the present findings
suggest a novel biological mechanism that might contribute to the ac-
celerated development of plaque in coronary artery disease. Thus, LPA
might play an important role in patients with ACS. We also believe
that LPA could serve as a new systemic biomarker of ACS and that
various biomarkers reflect different phases of atherosclerotic plaque
progression.
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LPA lysophosphatidic acid

LPC lysophosphatidylcholine

LPS lysophosphatidylserine

Lp-PLA2 lipoprotein associated phospholipase A2

NCA normal coronary arteries
SAP stable angina pectoris
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1. Introduction

ABSTRACT

Background: Recent studies have demonstrated that non-high-density lipoprotein cholesterol (non-HDL~
C) can predict the risk of cardiovascular events among general population without coronary heart disease
(CHD). However, few studies have investigated the predictive value of non-HDL-C for long-term prognosis
in patients with CHD. The purpose of this study was to investigate whether non-HDL-C can predict
long-term cardiovascular events in patients with CHD who underwent coronary artery bypass grafting
(CABG).
Methods: We enrolled 1074 consecutive patients who underwent CABG at Juntendo University Hospital
between 1984 and 1994, and obtained mortality data through 2000. We divided the patients into 2 groups
by the median non-HDL-C level at baseline (180 mg/dL) and used Kaplan-Meier method with log-rank
test for survival analyses. Cox proportional-hazard regression model was used to calculate the relative
risk (RR) of cardiac death.
Results: The mean follow-up period was 10.6+ 3.5 years. The survival rate of cardiac death was sig-
nificantly lower in the high non-HDL-C group than that in the low non-HDL-C group (log-rank test;
p=0.006). Furthermore, in proportional regression analysis adjusted for conventional coronary risk
factors, metabolic syndrome, statin treatment, and use of artery bypass graft, the increased levels of
non-HDL-C were significant and independent predictor of cardiac death beyond other lipid parameters
(RR1.22; by 10 mg/dL non-HDL-C increasing, 95% confidence interval 1.03-1.44; p<0.05).
Conclusions: The increased levels of non-HDL-C were significantly associated with an increased risk of
cardiac death. Baseline non-HDL-C levels may be a practical predictor of long-term cardiac death in
patients with CHD after CABG.

© 2011 Elsevier Ireland Ltd. All rights reserved.

lipoprotein cholesterol (non-HDL-C) [3], calculated by subtracting
HDL-C levels from total cholesterol (TC) levels. Non-HDL-C repre-

Low-density lipoprotein cholesterol (LDL-C) has been well
established as a primary target for lipid-lowering therapy in both
primary and secondary prevention of coronary heart disease (CHD).
Regardless of LDL-C levels, atherogenic dyslipidemia characterized
by increased triglyceride (TG)-rich lipoproteins, increased small
dense LDL and/or decreased high-density lipoprotein cholesterol
(HDL-C), which are mostly caused by insulin resistance in metabolic
syndrome and type 2 diabetes mellitus (DM), has been also exten-
sively explored their attribution to the development of CHD [1,2].

A possible surrogate marker of this atherogenic dyslipidemia
in addition to LDL-C has been considered to be non-high-density

* Corresponding author. Tel.: +81 3 3813 3111x3303; fax: +81 3 5689 0627.
E-mail address: hohmura@juntendo.ac.jp (H. Ohmura).

0021-9150/% - see front matter © 2011 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.atherosclerosis.2011.12.012

sents cholesterol in all of the apolipoprotein B (apoB)-containing
lipoproteins, composed of LDL as main part, TG-rich lipoproteins,
and lipoprotein (a) [Lp (a)] [4]. Therefore, non-HDL-C levels are
strongly correlated with total apoB levels and directly reflect the
total number of circulating atherogenic lipoprotein particles [5].
Based on this correlation, several population-based studies
have demonstrated the usefulness of non-HDL-C levels to predict
the incidence of cardiovascular events such as fatal or non-fatal
myocardial infarction and cardiac death [6-10]. Consequently, the
National Cholesterol Educational Program (NCEP) Adult Treatment
Panel (ATP) IIl guidelines identify non-HDL-C as a secondary tar-
get for lipid-lowering therapy after achieving target LDL-C levels in
patients with increased TG levels (=200mg/dL) [11,12]. Recently
in Japan, some epidemiological cohort studies have demonstrated
that non-HDL-C levels can predict the risk of cardiovascular events
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among the general population without CHD [13-15]. However, few
studies have investigated the predictive value of non-HDL-C for
long-term prognosis in patients with CHD in Japan even in other
countries. The purpose of this study was to investigate whether
non-HDL-C levels can predict long-term cardiovascular progno-
sis in patients with CHD who underwent coronary artery bypass
grafting (CABG).

2. Methods
2.1. Subjects

A total of 1074 consecutive patients who underwent CABG at
Juntendo University Hospital (Tokyo, Japan) between January 1984
and December 1994 were enrolled in this retrospective cohort
study. Patients who had achieved complete revascularization, i.e.,
those who had no un-bypassed major vessels with stenosis >50%
[16,17] were included, and those who received hemo-dialysis were
excluded. This study was performed in according to the princi-
ples of the Declaration of Helsinki and the ethics policies of the
institution.

2.2. Collection of baseline data

Demographic data, including age, gender, body mass index
(BMI), coronary risk factors, medication, CABG procedure-related
factors, and comorbidities were retrospectively collected using our
institutional database. Fasting blood samples were obtained before
coronary artery angiography on admission. Plasma TC, HDL-C and
TG levels were determined using enzymatic methods. LDL-C levels
were calculated by using the Friedewald formula [18]. Non-HDL-C
levels were calculated by subtracting HDL-C levels from TC levels.
Hemoglobin Alc (HbAlc) was expressed by Japan Diabetes Society
(JDS) value.

Hypertension was defined as: systolic blood pressure
>140mmHg, or diastolic blood pressure >90mmHg, or treat-
ment with antihypertensive agents. DM was defined as: fasting
plasma glucose level >126mg/dL [19] or treatment with oral
hypoglycemic drugs or insulin injections. Metabolic syndrome
was defined using the following modified American Heart Asso-
ciation/National Heart Lung and Blood Institute (AHA/NHLBI)
statement [20]. Waist circumference substituted with BMI
>25kg/m? based on the established Japanese criteria for obesity
[21] as abdominal obesity in the AHA/NHLBI definition. BMI has
been reported to correspond well to the Asian criterion for waist
circumference (>90 cm in men, >80 cm in women) [19].

2.3. Outcomes

Mortality data were collected by serial contact with the patients
or from their families through telephone interviews or letters of
response to questionnaires sent out every 5 years. Details relating
to cause of death were further obtained from the medical records
of hospitals or by direct contact with general physicians. Mortality
data were ascertained through 2000.

Non-HDL-C levels were not skewed and had an almost normal
distribution. The median non-HDL-C level was 180 mg/dL at base-
line. To investigate the predictive value of non-HDL-C for long-term
mortality, patients were divided into 2 groups, the high and the
low non-HDL-C groups, based on the median non-HDL-C level at
baseline. To confirm the predictive value of LDL-C for long-term
mortality, we also divided the patients into 2 groups, the high
and the low LDL-C groups, based on the mean LDL-C level, which
was 146 mg/dL at baseline. The main outcome was cardiac death,

including death associated with CHD, cardiogenic shock or cardiac
sudden death. The secondary outcome was all-cause death.

2.4. Statistical analysis

In the comparison of characteristics of the patients, categorical
data were tabulated as frequencies and percentages and continuous
variables were expressed as mean + standard deviation (SD). The
former data were analyzed using the Chi-square tests and the latter
were analyzed using Student’s t-test.

Survival analyses for 2 groups were constructed using
Kaplan-Meier method and compared by the log-rank test. The
predictive values of plasma lipid parameters for long-term mor-
tality were determined using Cox proportional-hazard regression
analysis. The model was constructed by forward stepwise method
and adjusted for various confounding factors. Relative risk (RR)
and confidence intervals (Cls) were calculated and p-value <0.05
was considered significant. All statistical analyses were performed
using JMP8.0 MDSU statistical software (SAS Institute, Cary, NC).

3. Results

The comparison of baseline characteristics between the low and
the high non-HDL-C groups are shown in Table 1. In the high non-
HDL-C group, BMI and the prevalence of metabolic syndrome were
significantly higher and use of left internal thoracic artery (LITA)
and statin treatment were significantly lower than those in the low
non-HDL-C group. In contrast, the prevalence of male, smoker, and
hypertension and values of blood pressure, ejection fraction, fasting
blood glucose, and HbAlc were not different between 2 groups.
Age and the prevalence of DM were even significantly lower in the
high non-HDL-C group. In comparison of baseline lipid parameters
between 2 groups, the plasma levels of TC, LDL-C, and TG and the
LDL-C/HDL-C ratio were significantly higher and the HDL-C levels
were significantly lower in the high non-HDL-C group than those
in the low non-HDL-C group.

Cumulative survival curves for cardiac death and all-cause death
in 2 groups divided by the median non-HDL-C and the mean LDL-C
levels at baseline are shown in Figs. 1 and 2. A total of 1074 patients
who underwent CABG were followed up for a mean of 10.6 +3.5
years. During this observational period, we confirmed that cardiac
deaths were 90 (8.4%) and all-cause deaths were 297 (27.7%). The
cumulative survival rate for cardiac death in the high non-HDL-C
group was significantly lower than thatin the low non-HDL-C group
(log-rank test; p=0.006, Fig. 1A). However the cumulative survival
rate for cardiac death was not significantly different between 2
groups divided by the mean LDL-C levels (Fig. 1B). Furthermore,
the cumulative survival rate for all-cause death was not signifi-
cantly different between 2 groups divided by mean LDL-C level but
also those divided by median non-HDL-C level (Fig. 2A and B).

Fig. 3 shows the predictive value for cardiac death across quin-
tiles of non-HDL-C levels using Cox proportional-hazard regression
model. RR adjusted for conventional coronary risk factors includ-
ing sex, age, current smoker, hypertension and DM as confounders,
tended to increase with dose dependent manner across quintiles
of non HDL-C levels (p trend =0.07). In the highest quintile of non-
HDL-C levels, RR was significantly higher and almost double of that
in the lowest quintile of non-HDL-C levels (p <0.01).

Table 2 shows the predictive values of plasma lipid parameters
for cardiac death using Cox proportional-hazard regression anal-
ysis. In Model 1, RR was adjusted for conventional coronary risk
factors as confounders and calculated by increasing plasma lipid
levels by 10 mg/dL, except for LDL-C/HDL-Cratio. The increased lev-
els of non-HDL-C, TC, TG and LDL-C/HDL-C ratio were significantly
correlated with an increased risk of cardiac death [RR (95%CI);
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Table 1
Comparison of the baseline characteristics of the patients between low and high non-HDL-C groups.

Low non-HDL-C High non-HDL-C p-value
Number 534 540
Age (Years) 60+8 5949 <0.001
Male (%) 824 854 0.185
BMI (kg/m?) 233+26 23.8+25 <0.01
SBP (mmHg) 13017 129+17 0.694
DBP (mmHg) 75+13 76+12 0.081
Smoker (%) 70.2 75.0 0.079
Hypertension (%) 71.0 69.1 0.497
Diabetes (%) 395 337 <0.05
MetS (%) 393 52.4 <0.0001
FH of CHD (%) 30.2 282 0.470
EF (%) 63+13 63414 0.499
Use of LITA (%) 57.5 46.5 <0.001
Statin treatment (%) 105 7.0 <0.05
FBG (mg/dL) 107+£30 111436 0.079
HbA1c (%) 5.8+09 59108 0.058
Non-HDL-C (mg/dL) 149422 209+£20 Designated
TC (mg/dL) 193+25 250+£22 <0.0001
LDL-C (mg/dL) 120423 172422 <0.0001
HDL-C (mg/dL) 44414 42412 <0.01
TG (mg/dL) 150469 193+99 <0.0001
LDL-C/HDL-C 3.0+£1.2 44415 <0.0001

Continuous data were expressed as mean + SD. LDL-C was estimated using the Friedewald formula. BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood
pressure; MetS, metabolic syndrome; FH, family history; CHD, coronary heart disease; EF, ejection fraction; LITA, left internal thoracic artery; FBG, fasting blood glucose;
HbA1c, Hemoglobin Alc; HDL-C, high-density lipoprotein cholesterol; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglycerides.

1.09 (1.029-1.161), 1.09 (1.021-1.153), 1.02 (1.002-1.042), 1.14
(1.007-1.282), respectively]. In Model 2, in which all lipid vari-
ables were added simultaneously to confounding factors in Model
1, only increased levels of non-HDL-C significantly correlated with
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increased risks of cardiac death [RR (95%Cl); 1.31 (1.124-1.525),
p<0.001]. Furthermore in Model 3, we analyzed the predictive
values of these lipid parameters by adjusting for metabolic syn-
drome, statin treatment and use of LITA as confounders in addition
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Fig. 1. Cumulative survival curves for cardiac death in patients after CABG. (A) Cumulative survival curves for cardiac death in 2 groups divided by median non-HDL-C level
(180 mg/dL). (B) Cumulative survival curves for cardiac death in 2 groups divided by mean LDL-C level (146 mg/dL).
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Fig. 2. Cumulative survival curves for all-cause death in patients after CABG. (A) Cumulative survival curves for all-cause death in 2 groups divided by median non-HDL-C
level (180 mg/dL). (B) Cumulative survival curves for all-cause death in 2 groups divided by mean LDL-C level (146 mg/dL).
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Table 2
Predictive values of plasma lipid parameters for cardiac death in regression analysis.
Model 1 Model 2 Model 3
RR(95% C1) RR (95% CI) RR (95% CI)
Non-HDL-C 1.09 (1.029-1.161)" 1.31 (1.124-1.525)"" 1.22 (1.029-1.442)
TC 1.09 (1.021-1.153)" 1.09 (0.996-1.182) 1.05 (0.964-1.147)
LDL-C 1.06 (0.999-1.120) 1.02 (0.925-1.126) 1.02 (0.923-1.118)
HDL-C 0.93 (0.778-1.106) 0.99 (0.966-1.024) 0.99 (0.813~1.199)
TG 1.02 (1.002-1.042) 1.02 (0.995-1.049) 1.01 (0.984-1.042)
LDL-C/HDL-C 1.14 (1.007-1.282) 1.17 (0.866-1.503) 117 (0.854-1.489)

Model 1: adjusted for conventional coronary risk factors at baseline as continuous variables using cox proportional hazard models. Mode! 2: adjusted for all lipid levels in
addition to Model 1 at baseline. Model 3: adjusted for metabolic syndrome, using an artery bypass graft, and use of statin in addition to Model 2 at baseline. Conventional
coronary risk factors are composed of sex, age, current smoker, hypertension, and diabetes mellitus. RR was calculated by increasing plasma lipid levels by 10 mg/dL, except
for LDL-C/HDL-C ratio. RR; relative risk; HDL-C, high-density lipoprotein cholesterol; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglycerides.

" p<0.05.
* p<0.01.
™ p<0.001.

to Model 2. Because these three factors were demonstrated sig-
nificant difference between the low and high non-HDL-C groups
and are also considered to be associated with cardiovascular events
ordinarily. Nevertheless, increased levels of non-HDL-C remained a
significant and independent predictor of cardiac death [RR (95%CI);
1.22(1.029-1.442), p<0.05].

4. Discussion

Our study demonstrated that non-HDL-C is a practical and dis-
tinct predictor of long-term cardiac death in patients with CHD who
underwent CABG. However, LDL-C levels could not predict cardiac
death in our study population. Moreover, increased levels of non-
HDL-C were significantly associated with the risk of cardiac death
in a dose-dependent manner across quintiles of non-HDL-C levels.

Recent studies have demonstrated that the predictive value of
non-HDL-C for cardiovascular risk is similar to or better than that of
LDL-C [6,7,13-15,22]. Although, the subjects in most studies were
no history of CHD individuals as the target of primary prevention
for the incidence of CHD, few studies have investigated the pre-
dictive value of non-HDL-C for cardiovascular outcomes in CHD
patients [23]. To the best of our knowledge, this is the first study
to demonstrate an association between long-term cardiovascular
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Fig. 3. Comparison of predictive values for cardiac death across quintiles of non-
HDL-C levels. RR for cardiac death across quintiles of non-HDL-C levels using Cox
proportional-hazard model. The RR was adjusted for conventional coronary risk
factors, such as sex, age, current smoker, hypertension and diabetes mellitus.

death and non-HDL-C levels in CHD patients for secondary preven-
tion in Japan. Taken together, our results suggest that non-HDL-C
may be a practical and distinct predictor of cardiovascular out-
comes and a target for lipid-lowering therapy for both primary and
secondary prevention.

Non-HDL-C levels may increase in metabolic syndrome, which
resultin not only increased TG-rich lipoproteins but also decreased
HDL-C mostly through insulin resistance [24,25]. Insulin resistance
is a key feature of metabolic syndrome and often progresses to
DM. It becomes emerging worldwide problem that the number of
metabolic syndrome and DM are increasing rapidly even in Japan.
Therefore, compared with LDL-C, non-HDL-C expects to reflect a
broad range of dyslipidemia including LDL-C levels and is currently
considered to be the more important coronary risk factor. How-
ever, it should be noticed that the specificity of non-HDL-C can
be weakened for the diagnosis and treatment. Because non-HDL-
C incorporates TG-rich lipoproteins, LDL and Lp (a), we need to
carefully evaluate which of the atherogenic components increases
non-HDL-C levels.

As shown in Table 1, comparison of baseline characteristics
between 2 groups divided by median non-HDL-C level demon-
strated that the high non-HDL-C group had higher BMI, higher
prevalence of metabolic syndrome, higher TC, LDL-C, TG levels, and
lower HDL-C levels than the low non-HDL-C group. These results
indicated that the high non-HDL-C group had apparently higher
coronary risk, so that it seems reasonable that this group demon-
strated lower survival rate for cardiac death (Fig. 1A). However,
between 2 groups divided by mean level of LDL-C, there were no sig-
nificant differences in their conventional risk factors and metabolic
syndrome (data not shown). Moreover, there was no significant dif-
ference in the cumulative survival rate for cardiac death between
these 2 groups (Fig. 1B). These discrepant results may be caused
in part by the different implication of cholesterol in non-HDL and
LDL. This difference could be induced by the exchange of cholesterol
in LDL particles to TG in VLDL particles, which can be dynamically
transferred and enhanced with increasing a number of TG rich VLDL
particles. Thus, in patients with hypertriglyceridemia, LDL-C levels
may be decreased by this enhanced exchange and may underesti-
mate the atherogenic risk of the patients. In contrast, non-HDL-C
levels are not affected by this exchange and can consistently esti-
mate the atherogenic risk even in hypertriglyceridemia.

Besides high risk of the high non-HDL-C group, the other con-
ventional risk factors, such as age, sex, smoking, hypertension,
and DM, were not associated with the risk of the high non-HDL-
C groups, as shown in the results of comparison between 2 groups.
Focused on the situation of this study enrolling the patients from
1984 to 1994, the rate of statin treatment at baseline were relatively
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lowin 2 groups. In Japan, the reason was considered that statin was
released for treatment at clinical practice in 1989 and afterward
the prescription rate of statin for the patients with CHD was gradu-
ally increased. In the high non-HDL-C group, moreover, the rate of
statin treatment was significantly lower than that in the low non-
HDL-C group. As a possible cause, it is considered that the patients
with high LDL-C levels without statin treatment could be incorpo-
rated into the high non-HDL-C group due to the classification by
non-HDL-C levels. Finally, in considering these differences of risk
factors, we conducted Cox proportional-hazard regression analysis
by adjusting for metabolic syndrome, statin treatment, and use of
LITA in addition to the conventional risk factors as confounders in
Table 2. The results of this analysis demonstrated that increased
levels of non-HDL-C were significant and independent predictor of
cardiac death.

There has been no clinical trial to prove the beneficial effects of
non-HDL-C lowering therapy for preventing CHD. A recent meta-
analysis, including both primary and secondary prevention studies,
reported that non-HDL-C is an important target for CHD preven-
tion and most lipid-lowering drugs have an almost 1:1 relationship
between percent non-HDL-C lowering and CHD risk reduction
[26]. The structured lipid-lowering treatments with statin may
contribute to decrease not only in LDL-C but also in non-HDL-C
by reducing all atherogenic apoB containing lipoprotein particles.
Although NCEP ATP III guidelines recommend non-HDL-C levels as
a secondary target for lipid-lowering therapy after achieving tar-
get levels of LDL-C, the NCEP Evaluation Project Utilizing Novel
E-technology Il (NEPTUNE II) [27] and the Atorvastatin Cholesterol
Efficacy and Safety Study (ACCESS) [28] reported that the frequency
of achievement of non-HDL-C goals was much lower than that for
LDL-C even with statin treatment. Thus, a more aggressive lipid-
lowering therapy is needed to achieve non-HDL-C goals and clinical
trials are needed to determine whether non-HDL-C lowering ther-
apy further reduce CHD risk followed by the achievement of LDL-C
goals. Future Japan Atherosclerosis Society guidelines for preven-
tion of atherosclerotic cardiovascular diseases will set management
target levels of non-HDL-C applying NCEP Il guidelines and Euro-
pean Society of Cardiology (ESC)/European Atherosclerosis Society
(EAS) guidelines [29].

Because this was a retrospective study, it had some limitations.
First, data on the progression of each coronary risk factor including
onset of metabolic syndrome, DM, hypertension and dyslipidemia
were lacking. Second, in comparison with recent pharmacologi-
cal interventions, the infrequent use of several essential drugs for
the prevention of cardiac events, such as angiotensin-converting
enzyme inhibitors, angiotensin-receptor Il antagonists, 3-blockers,
and statins was different from the current situation because our
findings were based on subjects from 1984 to 1994. Therefore,
the incidence rate of cardiac death and all-cause death may not
be comparable with those in recent years. This should be investi-
gated further to clarify whether non-HDL-C remains a practical and
distinct predictor of CHD events conducting a recent clinical data.

In conclusion, the increased levels of non-HDL-C were signifi-
cantly associated with an increased risk for cardiac death in this
study. Baseline non-HDL-C levels are possible independent predic-
tor of long-term cardiac death in patients with CHD after CABG.
Therefore in clinical practice, non-HDL-C may be a target of lipid-
lowering therapy for both primary and secondary prevention of
CHD. It should be needed to examine whether non-HDL-C lower-
ing therapy decreases further cardiac events in patients with or
without CHD.
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1. Introduction

ABSTRACT

Objective: Probucol has anti-atherosclerotic properties and has been shown to reduce post-angioplasty
coronary restenosis. However, the effect of probucol therapy on long-term (>10 years) outcome follow-
ing coronary revascularization is less well established. Accordingly, we sought to determine if probucol
therapy at the time of complete coronary revascularization reduces mortality in patients with coronary
artery disease (CAD).
Methods: We collected data from 1694 consecutive patients who underwent complete revascularization
(PCl and/or bypass surgery). Mortality data were compared between patients administered probucol and
those not administered probucol at the time of revascularization. A propensity score (PS) was calculated
to evaluate the effects of variables related to decisions regarding probucol administration. The association
of probucol use and mortality was assessed using 3 Cox regression models, namely, conventional adjust-
ment, covariate adjustment using PS, and matching patients in the probucol and no-probucol groups
using PS.
Results: In the pre-match patients, 231 patients were administered probucol (13.6%). During follow-
up [10.2 (SD, 3.2) years], 352 patients died (including 113 patients who died of cardiac-related issues).
Probucol use was associated with significant decrease in all-cause death (hazard ratio [HR}, 0.65; P=0.036
[conventional adjustment model] and HR, 0.57; P=0.008 [PS adjusted model]). In post-match patients
(N=450, 225 matched pair), the risk of all-cause mortality was significantly lower in the probucol group
than in the no-probucol group (HR, 0.45; P=0.002).
Conclusion: In CAD patients who had undergone complete revascularization, probucol therapy was asso-
ciated with a significantly reduced risk of all-cause mortality.

© 2011 Elsevier Ireland Ltd. All rights reserved.

previous studies showed that the anti-atherosclerotic effects of
probucol are independent from the cholesterol lowering effect [1],

Probucol, a cholesterol lowering drug, has anti-oxidant [1-3]
and anti-inflammatory [4,5] properties and has been shown to have
clinical benefits such as regression of atherosclerosis in carotid
arteries [6] and reduction of post-angioplasty restenosis in coro-
nary arteries [7-11]. However, probucol use has recently declined
with the introduction of statins and due to several concerns regard-
ing its potential role in reducing serum high-density lipoprotein
(HDL) cholesterol levels as well as QT interval prolongation [12]. As
a result, probucol is now unavailable in many Western countries.

The specific mechanisms of the low-density lipoprotein (LDL)
cholesterol lowering effect of probucol are uncertain. However,

* Corresponding author. Tel.: +81 3 5802 1056; fax: +81 3 5689 0627.
E-mail addresses: ktmmy®@juntendo.ac.jp,
ktmmy®@med.juntendo.ac.jp (K. Miyauchi).

0021-9150/% ~ see front matter © 2011 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016fj.atherosclerosis.2011.09.051

suggesting that inhibition of LDL cholesterol oxidative modification
may play an important role [13]. On the other hand, recent studies
have suggested that enhanced reverse cholesterol transport (RCT)
caused by activation of cholesteryl ester transfer protein (CETP)
and scavenger reverse cholesterol class B type I (SR-BI) is the major
mechanism responsible for both the anti-atherosclerotic effect and
paradoxical lowering of HDL cholesterol levels by probucol [14-19].
The apparent HDL level lowering induced by probucol may be asso-
ciated with the remodeled function of HDL, including an increase
in pre1-HDL (i.e., lipid-poor apoA-1), which participates in the
cholesterol efflux [20]. Therefore, HDL lowering induced by probu-
col may not be an adverse effect (i.e., not harmful), but may instead
reflect its primary effect (i.e., increase in cholesterol efflux). Recent
clinical data from Japan, where probucol is available for clinical use
and currently administered to patients [12], suggest that long-term
probucol treatment may be beneficial for preventing secondary
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cardiovascular events in patients with heterozygous familial hyper-
cholesterolemia [21]. However, the effect of probucol therapy in
patients after coronary revascularization over a long-term period
is less well established. Thus, we sought to determine if probucol
therapy at the time of complete revascularization is associated with
reduced mortality.

2. Methods
2.1. Subjects

Data from consecutive patients who had undergone surgical
and/or percutaneous coronary revascularization at Juntendo Uni-
versity Hospital between February 1985 and December 1992 were
analyzed. Patients who had achieved complete revascularization,
defined as those who had no un-bypassed major vessels with >50%
stenosis [22,23] were enrolled. Patients with untreated neoplasm
at baseline and those with associated complex cardiac procedures,
such asvalve replacement or aneurysm repair at the time of surgical
revascularization, were excluded.

This study was performed according to the principles expressed
in the Declaration of Helsinki and the ethics policies of the institu-
tion and was approved by an internal review board.

2.2. Baseline data collection

Demographic data, including age, gender, and body mass index
(BMI), coronary risk factors, including blood pressure, lipid pro-
file, fasting plasma glucose, smoking status, and family history
of coronary artery disease (CAD), medication use, revasculariza-
tion procedure-related factors, and comorbidities (prior myocardial
infarction [MI] or stroke, dialysis history, and atrial fibrillation [AF]),
were collected in the database at our institution.

For all analyses, patients were divided into two groups according
to probucol use or non-use at the time of complete revasculariza-
tion. Each patient was further categorized based on the presence of
coronary risk factors using the following criteria during the study
period: hypertension was defined as systolic blood pressure of
>140 mmHg or diastolic blood pressure of =90 mmHg or treatment
with antihypertensive medications. A current smoker was defined
as a patient who smoked at the time of complete revascularization
or who had quit smoking within 1 year before complete revascu-
larization. Diabetes mellitus (DM) was defined as a fasting plasma
glucose level of =126 mg/dl or treatment with oral hypoglycemic
drugs or insulin injections. AF was defined as persistent or per-
manent AF at the time of the procedure. Patients with isolated
percutaneous coronary intervention (PCI) were those in whom
complete revascularization was achieved by PCI without bypass
grafting.

2.3. Outcomes

Survival data and date of death of subjects who died were
collected by serial contact with patients or their families until
September 30, 2000 and from medical records of patients who
had died and of those who continued to be followed up at our
hospital. Information regarding the continuation of probucol use
and the circumstances and date of death was obtained from fam-
ilies of patients who had died at home, and details of cardiac
events or cause of death were supplied by other hospitals or clinics
where patients had been admitted. Mortality data were catego-
rized according to the cause of death, such as death from all-causes
or cardiac death due to CAD, cardiogenic shock, and sudden death.

2.4. Statistical analysis

Continuous variables are expressed as mean (SD) and compared
using the Student’s t-test or Mann-Whitney U-test as appropriate.
Categorical data are displayed as frequencies and percentages and
were compared using the Chi-square test or Fisher’s exact test.

Because patients were not randomly assigned to the probucol or
no-probucol groups, there were significant differences in baseline
covariates between the two groups. A propensity score (PS) was
used to account for this selection or predisposition bias. Details
regarding estimation of propensity score are described in the online
Supplementary data.

We assessed the relationship between probucol therapy and
study outcome variables by using 3 separate analytical techniques:
(1) conventional adjustment, (2) covariate adjustment using PS,
and (3) matching patients in the probucol group and those in
the no-probucol group using PS. Kaplan-Meier survival analysis
with a log-rank test was used to compare study outcome vari-
ables between the probucol and no-probucol groups in both entire
(pre-match) and post-match datasets.

For all patients, in addition to the crude model, two multivari-
ate Cox proportional hazards models (conventional adjustment and
adjustment using PS) were used to determine the benefits of probu-
col therapy against study outcome variables. For conventional
adjustment of baseline covariates used in the logistic regression
model for the PS, variables regarded as significant (P<0.10) in uni-
variable analyses were included in multivariate analysis in addition
to the use of probucol. For the adjustment, adjustment using PS and
use of probucol were included.

Details regarding propensity score matching are described in
the online Supplementary data. To determine whether PS matching
produced balanced distributions of baseline characteristics across
the probucol and no-probucol groups, we compared the balance
of baseline covariates between the two groups before and after
matching by using absolute standardized differences that describe
the observational selection bias in the means or proportions of
covariates across two groups and expressed these values as per-
centages of the pooled SD. Absolute standardized differences of
<10% suggest substantial balance across groups. Cox proportional
hazards regression stratified on the matched pairs were used to
estimate the association of probucol therapy with study outcome
variables in matched patients, accounting for matched-pair natures
of the sample.

To assess potential heterogeneity of treatment effect on all-
cause mortality, we conducted subgroup analyses using matched
patients. We formally tested for first order interactions using mul-
tivariable Cox proportional hazards models by entering interaction
terms between probucol use and the subgroup variables. We also
showed the effect of probucol therapy on all-cause mortality in each
subgroup. Other details regarding subgroup analyses are described
in the online Supplementary data.

P-values <0.05 were considered significant. All data were ana-
lyzed using Dr. SPSSII for Windows (SPSS Inc., Chicago, IL, USA).

3. Results
3.1. Baseline characteristics in entire patients

Overall, complete revascularization was achieved in 1694
patients during the study period. Baseline characteristics and clini-
cal events during follow-up [mean, 10.2 (3.2) years] were collected
for all patients. Among these patients, 231 (13.6%) received probu-
col at the time when complete revascularization was achieved.
All patients underwent PCI with balloon angioplasty. No patients
received stent implantation, since stents were not available at
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Table 1
Baseline characteristics of the entire subjects (pre-match) and matched-pair (post-match).

Pre-match Post-match

No-probucol Probucol P No-probucol Probucol

N=1463 N=231 N=225 N=225
Age (years) 59.5(9.0) 58.1(8.5) 0.024 58.9(9.4) 58.1(8.5)
Male (n, %) 1229 (84.0%) 198 (85.7%) 0.572 197 (87.6%) 193 (85.8%)
BMI (kg/m?) 23.5(2.6) 24.1(2.7) 0.002 24.0(2.9) 24.0(2.7)
Hypertension (n, %) 981 (67.1%) 153 (66.2%) 0.864 146 (64.9%) 148 (65.8%)
Diabetes mellitus (n, %) 576 (39.4%) 88 (38.1%) 0.767 82 (36.4%) 83 (36.9%)
Total cholesterol (mg/dl) 218.9 (47.5) 221.0(59.5) 0.790 2229 (54.3) 220.6 (58.3)
HDL cholesterol (mg/dl) 432(12.2) 38.4(14.3) <0.001 38.6(11.0) 38.7 (14.3)
Triglyceride (mg/dl) 166.2 (93.1) 163.5 (144.8) 0.058 167.8 (83.3) 163.4(146.1)
Current smoker (1, %) 1087 (74.3%) 177 (76.6%) 0.501 167 (74.2%) 172 (76.4%)
Family history of CAD (n, %) 462 (31.6%) 85 (36.8%) 0.134 77 (34.2%) 80 (35.6%)
Prior MI (n, %) 732 (50.0%) 73 (31.6%) <0.001 70(31.1%) 72 (32.0%)
Prior stroke (11, %) 70 (4.8%) 6(2.6%) 0.186 9 (4.0%) 6(2.7%)
AF (n, %) 193 (13.2%) 17 (7.4%) 0.017 21 (9.3%) 17 (7.6%)
On dialysis (n, %) 21(1.4%) 5(2.2%) 0.583 7(3.1%) 5(2.2%)
LVEF (%) 64.2 (13.0) 66.0 (12.0) 0.054 65.3(12.9) 65.8(11.9)
LMT lesion (n, %) 128 (8.7%) 12 (5.2%) 0.050 13 (5.8%) 12 (5.3%)
Number of diseased vessels 2.31(0.80) 1.87(0.88) <0.001 1.84(0.95) 1.89(0.88)
Multivessel disease (n, %) 1149 (78.5%) 126 (54.5%) <0.001 124 (55.1%) 125 (55.6%)
Arterial bypass graft to LAD (n, %) 569 (38.9%) 36 (15.6%) <0.001 39(17.3%) 36 (16.0%)
Isolated PCI (n, %) 378 (25.8%) 139 (60.2%) <0.001 127 (56.4%) 134 (59.6%)
Procedure date > median (n, %) 748 (51.1%) 99 (42.9%) 0.023 94 (41.8%) 96 (42.7%)
Use of medications

Aspirin (n, %) 1068 (73.0%) 179 (77.5%) 0.174 174 (32.9%) 174 (32.9%)

Nitrates (n, %) 1310(89.5%) 209 (90.5%) 0.751 200 (88.9%) 204 (90.7%)
Nicorandil (n, %) 146 (10.0%) 44 (19.0%) <0.001 38 (16.9%) 39(17.3%)
ACE inhibitors (n, %) 60 (4.1%) 8 (3.5%) 0.780 8(3.6%) 8 (3.6%)
Calcium channel blockers (n, %) 299 (20.4%) 57 (24.7%) 0.167 62 (27.6%) 55 (24.4%)
Beta blockers (1, %) 393 (26.9%) 62(26.8%) 0.999 51(22.7%) 58 (25.8%)
Statins (1, %) 300 (20.5%) 28 (12.1%) 0.004 34(15.1%) 28 (12.4%)

BMI, body mass index; HDL, high-density lipoprotein; CAD, coronary artery disease; Ml, myocardial infarction; AF, atrial fibrillation; LVEF, left ventricular ejection fraction;
LMT, left main trunk; LAD, left anterior descending; PCI, percutaneous coronary intervention; ACE, angiotensin converting enzyme.

Values are represented as mean (SD) or number (%).

the time of complete revascularization. All coronary artery bypass
graft procedures were performed under on-pomp conventional
cardiopulmonary bypass. Probucol (500-1000 mg/day) was admin-
istered. During the total follow-up period, 139 patients (60.2%) in
the probucol group stopped probucol therapy, and 171 patients
(11.7%) in the no-probucol group started probucol therapy. Baseline
characteristics of pre-match patients with and without probucol
use are shown in Table 1. Patients using probucol were older, had
higher BMIs, and lower HDL cholesterol levels than patients not
using probucol. More cases with a history of MI, AF, multivessel
disease, and arterial bypass graft to left anterior descending artery
were included in the no-probucol group. Furthermore, more cases
in no-probucol group underwent complete revascularization by
isolated PCI, and these cases occurred more recently. More patients
were administered nicorandil in the probucol group; however,
fewer patients were administered statins. There were no significant
differences between the two groups in any other variables.

3.2. Propensity score and matching

The discriminatory power of the logistic regression model used
to derive the PS was confirmed on the basis of the area under the
receiver operating characteristics curve (0.75). The 4 thresholds
used to determine the quintiles of the PS were 0.072, 0.125, 0.182,
and 0.276. Probucol administration rates within each PS quintile
were 4.1, 7.4, 7.7, 15.0, and 34.0% from the lowest to highest quin-
tiles, respectively.

PS matching resulted in the creation of 225 matched pairs
of patients in the probucol and no-probucol groups. Thus, for 6
patients in the probucol group, no suitable control was identified.
This resulted in elimination of 6 patients in the probucol group
and 1238 patients in the no-probucol group from the matched

analysis. Other details regarding PS matching are described in the
online Supplementary data. Baseline characteristics of matched
patients are shown in Table 1. PS matching reduced the standard-
ized difference for all variables to an absolute value below 10%

(Fig. 1).
3.3. Survival analyses

Among all patients, 352 patients died during follow-up (326 in
the no-probucol group and 26 in the probucol group). Of these,
113 were cardiac deaths (105 in the no-probucol group and 8 in
the probucol group) and 239 were non-cardiac deaths (221 in the
no-probucol group and 18 in the probucol group). For non-cardiac
deaths, deaths associated with cancer were the most frequent
(70 in the no-probucol group and 11 in the probucol group). The
Kaplan-Meier curves are shown in the online Supplementary data.
In pre-match patients, in addition to the crude model, both conven-
tional adjustment and PS adjusted models showed that probucol
use at the time of complete revascularization was a significant
predictor of long-term survival with respect to all-cause death
(hazard ratio [HR], 0.65; 95% confidence interval [Cl], 0.43-0.97;
P=0.036 in the conventional adjustment model and HR, 0.57; 95%
Cl, 0.38-0.87; P=0.008 in the PS adjusted model) (Table 2). In post-
match patients, risk of all-cause mortality was also significantly
lower in the probuco! group than in the no-probucol group (HR,
0.45; 95% (I, 0.27-0.75; P=0.002) (Table 2). However, probucol
use was not an independent predictor of long-term survival with
respect to cardiac death in all models for pre-match analyses and
in post-match analysis, although the risk of cardiac death tended
to be lower in the probucol group than in the no-probucol group
(Table 2). Risk of non-cardiac death was significantly lower in the
probucol group than in the no-probucol group in PS adjusted and
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Fig. 1. Absolute standardized differences before and after propensity score matching comparing covariate values for patients receiving and not receiving probucol.

post-match analyses (Table 2). However, there were no significant
differences in the risk of cancer-related deaths between the two
groups in all analyses (Table 2).

3.4. Subgroup analyses

There were no significant interactions between probucol use
and any of subgroups, suggesting that there are no differences in
treatment effect on all-cause mortality across subgroups (Fig. 2).
However, patients using probucol did not show a lower all-cause
mortality risk than those not using probucol in women, patients
with atrial fibrillation, and patients using statins in which only a
small number of patients was included (Fig. 2).

4. Discussion
This study showed that probucol treatment at the time

of revascularization is associated with reduced long-term (>10
years) all-cause mortality risk in patients who have undergone

complete revascularization, using 3 separate analytical techniques:
conventional adjustment, covariate adjustment using PS, and
matching based on the PS. Consistent results in all 3 analyses
would support a causal effect of probucol therapy and reduce the
possibility of the observed effects of probucol resulting from con-
founding by indication (i.e., selection bias). Furthermore, results
of tests for subgroup-treatment effect interaction suggested that
the treatment effect on all-cause mortality was not different across
subgroups.

Previous clinical data have suggested that probucol is benefi-
cial in regression of atherosclerosis [6], although another study
revealed no obvious effect on femoral atherosclerotic lesions
[24]. In addition, several studies, including those by our group,
have shown reduction of post-angioplasty coronary restenosis
[7-11]. However, no large-scale randomized clinical studies assess-
ing the benefits of probucol use on morbidity and mortality
risk have been conducted. The following two clinical studies
have assessed different aspects of probucol use. The Aggressive
Reduction of Inflammation Stop Events (ARISE) trial [25] is a

Table 2
Hazard ratio of probucol use mortality.
Pre-match Post-match
Crude Conventional adjustment? Adjustment using PSP
HR P HR p HR p HR P
(95% CI) (95% C) (95% (1) (95% CI)
All-cause 0.52 0.001 0.65(0.43-0.97) 0.036 0.57 0.008 0.45 0.002
(0.35-0.77) (0.38-0.87) (0.27-0.75)
Cardiac 0.51 0.064 0.61 0.198 0.52 0.085 0.54 0.187
(0.25-1.04) (0.29-1.29) (0.25-1.10) (0.22-1.35)
Non-cardiac 0.52 0.008 0.66 0.102 0.60 0.044 0.41 0.005
(0.32-0.84) (0.41-1.08) (0.36-0.99) (0.22-0.77)
Cancer 1.00 0.999 1.22 0.551 1.10 0.776 2.00 0.206
(0.53-1.89) (0.64-2.34) (0.56-2.17) (0.68-5.85)

HR, hazard ratio; Cl, confidence interval; PS, propensity score.

2 For conventional adjustment of baseline covariates used in the logistic regression model for the PS, variables regarded as significant (P<0.10) in the univariable analyses

were included in the multivariate analysis in addition to the use of probucol.
b For the adjustment using PS, along with use of probucol, PS was included.
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