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Original Article

Aim: In a prospective randomized multinational open blinded endpoint study, the long-term effects of probucol 
or probucol and cilostazol with statin on carotid mean intima media thickness (IMT) were evaluated for the first 
time.

Methods: Hypercholesterolemic patients with coronary artery disease were randomized to three groups and 
received study drugs for 3 years: the control with statin alone; the probucol group with statin and probucol; and 
the combo group with statin, probucol, and cilostazol. Primary efficacy endpoint was changes of mean carotid 
IMT at 3 years. Biomarkers, major adverse cerebro-cardiovascular events (MACCEs) and safety were secondary 
endpoints.

Results: Two hundred eighty-one patients were randomized into three groups. All three groups showed signifi-
cant regression of carotid IMT at 3 years compared with baseline. Decrease in mean carotid IMT was signifi-
cantly greater in the combo group than in the control group at 1 year. However, there were no significant differ-
ences in changes of mean carotid IMT between groups at 3 years (control; −0.12±0.36 mm vs. probucol; −0.11 
±0.32 mm vs. combo; −0.16±0.38 mm). MACCEs were frequent in the control group, but the difference was 
not significant (control; 10.8% vs. probucol; 4.4% vs. combo; 6.9%, p=0.35). Probucol and cilostazol were well 
tolerated in long-term treatment without serious drug-related adverse reactions.

Conclusion: Probucol or probucol and cilostazol with statin did not reduce carotid IMT in comparison with 
statin alone in this study. However, the clinical outcome of probucol-based treatment with current standard 
statin treatment may need further studies.

reduce residual cardiovascular risk in addition to cur-
rent standard lipid-lowering treatment with statin. In 
the “Investigate effect on Mean intima media thick-
ness (IMT) of Probucol And/or CilosTazol in patients 
with coronary heart dIsease taking HMGCoA reduc-
tase inhibitor therapy (IMPACT on IMT)” study, we 

Introduction and Aim

β-Hydroxy β-methylglutaryl (HMG) CoA 
reductase inhibitor (statin) is a cornerstone of treat-
ment for hypercholesterolemia to prevent cardiovascu-
lar events. However, there is a need for treatment to 
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enrolled between February 2011 and January 2013, 
and 355 were randomized from five South Korean and 
10 Chinese centers. Hypercholesterolemic patients 
who met the following inclusion criteria were enrolled 
in the study: 1) age ≥ 20 years, 2) chronic stable coro-
nary disease (≥ 3 months), 3) on treatment with statin, 
4) maximal carotid IMT ≥ 1.2 mm, and 5) low-den-
sity lipoprotein (LDL) cholesterol ≤ 200 mg/dL. We 
excluded the patients with homozygous familial 
hypercholesterolemia, uncontrolled diabetes mellitus, 
symptomatic heart failure, and prolonged QTc inter-
val. Written informed consent was obtained from each 
patient, and the trial was approved by the ethics com-
mittee of individual participating hospitals.

Study Design (Fig.1)
The IMPACT on IMT study is a prospective, 

randomized, multicenter, multinational study. Patients 
were randomized to one of three groups: 1) a control 
group that received statin, 2) a probucol group that 
received probucol (lorelco TM, Otsuka Pharmaceuti-
cal Co., Ltd.) 250 mg twice daily and statin, or 3) a 
combination of probucol and cilostazol (combo) 
group that received probucol 250 mg twice daily and 
cilostazol (pletaal TM, Otsuka Pharmaceutical Co., 
Ltd.) 100 mg twice daily with statin. Statins adminis-
tered at the time of study entry were continuously 
administered during the study. Randomization was 
stratified by country and maximal carotid IMT ≥ 2.0 
mm or ＜2 mm. Planned treatment and observation 
duration of the study was 3 years.

Primary efficacy endpoint was changes of carotid 
mean IMT at the end of study (3 year follow up or 
the last test during study) from baseline. Carotid IMT 
was measured at baseline and then 1, 2, and 3 years. 
Secondary efficacy endpoints were the time to major 
adverse cerebro-cardiovascular event (MACCE; a 
composite of cardiovascular death, myocardial infarc-
tion, cerebral infarction, unstable angina or heart fail-
ure requiring hospitalization, or revascularization), 
occurrence of MACCE, changes of biomarkers, and 
safety. Biomarkers were measured at baseline, 3 
months, and 3 years. Following biomarkers were 
included: total cholesterol, LDL cholesterol, HDL 
cholesterol, triglyceride and high sensitive C-reactive 
protein (hsCRP), monocyte chemoattractant protein 
−1 (MCP-1), and oxidized LDL cholesterol. Safety 
was evaluated by reported adverse events, physical 
exam, laboratory test, and electrocardiogram.

evaluated effects of probucol and cilostazol with statin 
on atherosclerosis progression and biomarkers.

Probucol is effective in lowering cholesterol and 
has been used to treat hypercholesterolemia1, 2). Also, 
it has antioxidant property3) and potential to improve 
surrogates of atherosclerotic diseases4) and has been 
effective in preventing progression of carotid athero-
sclerosis in hypercholesterolemic patients5). Although 
probucol has attractive anti-atherosclerotic properties, 
it has not been widely used because of its modest cho-
lesterol-lowering effects, high-density lipoprotein 
(HDL) cholesterol-lowering6), QT interval prolonga-
tion7), and insufficient clinical evidence supporting its 
cardiovascular protective effects. Small studies reported 
that probucol improved long-term outcomes of 
patients with coronary artery disease8) and those with 
familial hypercholesterolemia9). 

Cilostazol is a cyclic adenosine monophosphate  
phosphodiesterase III inhibitors and used as antiplate-
let agents. Previous studies showed that cilostazol had 
anti-atherosclerotic properties10, 11), restored endothe-
lial function12), and modified lipid profiles13). Cilo-
stazol was effective to prevent increase in carotid 
IMT14, 15). Cilostazol showed potential to improve car-
diovascular outcomes, but results were inconsis-
tent16, 17). 

Several preclinical studies reported additive 
effects of cilostazol and probucol for atherosclerotic 
plaque reduction in preclinical studies18, 19). Combina-
tion of probucol and cilostazol improved endothelial 
function in patients with silent lacunar cerebral infarct 
and hypercholesterolemia20).

In the IMPACT on IMT study, we evaluated 
effects of probucol or probucol and cilostazol with 
statin on carotid IMT and biomarkers that reflecting 
lipid profile, oxidation, and inflammation in patients 
with coronary artery disease. Carotid IMT was deter-
mined as a primary endpoint because it is a well-estab-
lished surrogate of cardiovascular risk and change in 
atherosclerosis21). To our knowledge, the IMPACT on 
IMT study is the first long-term prospective study 
that evaluates effects of probucol and cilostazol with 
standard statin treatment on carotid IMT in patients 
with coronary artery disease.

Methods

Population
Five hundred and fifty-eight patients were 
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Japan).

Statistical Analysis
All data were presented as a percentage or mean 

±standard deviation. Sample size was based on the 
estimated mean IMT changes at 3 years. The trial was 
designed to test superiority of probucol alone or pro-
bucol with cilostazol to control. Expected mean addi-
tional carotid IMT decrease with probucol compared 
with control was 0.25±0.6 mm based on FAST study 
(Sawayama, Shimizu et al. 2002). We estimated that a 
sample size of 342 subjects with assumed dropout rate 
of 20% would provide approximately 80% power 
with an alpha level of 0.05. Sample size was increased 
during enrollment period because of high dropout rate 

Carotid IMT Measurements (Fig.2)
Mean carotid IMT was measured by average of 

values from 100 points within 1 cm from each side of 
the site giving maximal thickness of carotid IMT. For 
measurement of carotid IMT, linear probe with 7 
MHz or greater was used with scanner condition was 
adjusted as depth of 30 mm, dynamic range of 65 dB, 
and 40 frames per second. For the same lesion, the 
same means of measurement and conditions such as 
ultrasound equipment, patient position, and ultra-
sound probe angle were applied, and the same exam-
iner obtained the carotid ultrasound images. Using 
Intima Scope software (Softmedical, Tokyo, Japan), 
carotid IMT measurement was done by independent, 
blinded central laboratory (Matsuo Clinic, Osaka, 

Fig.1. Study design

Fig.2. Measurement of carotid intima media thickness

Mean intima media thickness will be calculated by a mean of two surrounding 100 points on both sides each 10 mm from the 
point of max intima media thickness. For the same lesion, the same means of measurement and conditions such as ultrasound 
equipment, patient position, and ultrasound probe angle were applied and the same examiner obtained the carotid ultrasound 
images during the study.
CCA; common carotid artery, Bif: common carotid artery bifurcation, ECA: external carotid artery, ICA: internal carotid artery
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Korean Centers (Fig.3, Table 1). Mean age was 64.1 
±7.3 years old, and 80% were male. Among them, 
41% had diabetes mellitus and 68% had hyperten-
sion. Prior to study enrollment, 75% underwent PCI 
and 32% had history of myocardial infarction. All 
baseline characteristics were similar between groups 
except smoking. Proportion of current smokers was 
significantly lower in the combo group than in the 
control and probucol groups.

There were no significant differences in use of 
concomitant drugs except angiotensin-converting 
enzyme inhibitor or angiotensin receptor blockers 
(Table 1). Medication compliance during study to 
probucol was 98.5±8.6% and 97.5±8.5% in the pro-
bucol and combo groups, respectively, and compliance 
to cilostazol was 95.6±8.6%.

Changes of Mean Carotid IMT (Table 2)
After 1 year follow up, mean carotid IMT 

decreased significantly in all groups, and statistical sig-

from 342 to 355 at April 2012. Modified intention to 
treat (ITT) group was planned to be used for primary 
efficacy analysis and was defined as subjects who 
received at least one dose of study drug and had base-
line and at least one follow up carotid IMT measure-
ment. Safety analysis was done in ITT group who 
received at least one dose of study drug. Continuous 
variables were compared by using t-test, Wilcoxon-
signed rank test, or Wilcoxon rank sum test. Survival 
analysis was done via Kaplan–Meier methods. Occur-
rences of MACCEs were evaluated with chi-square 
test. Pre-specified subgroup analysis by country and 
maximal IMT was performed. Independent statisti-
cians performed statistical analysis.

Results

Baseline Characteristics and Study Drug Compliance
Among modified ITT group, 146 (52%) subjects 

were enrolled from Chinese centers and 135 from 

Fig.3. CONSORT
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Table 1. Baseline characteristics

Control (n =102) Probucol (n =92) Combo (n =87) p-value 

Country
Korea
China 

Male
Age, years
Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg
Heart rate, /min
Smoking
Previous medical history

Previous CABG 
Previous PCI
Previous myocardial infarction
Diabetes Mellitus
Hypertension
Peripheral artery disease

Concomitant medication
Beta blocker
Alpha and beta blocker
ACEi/ARB
Antiplatelets except cilostazol

 
48 (47%)
54 (53%)
84 (82%)
63.5±6.8

130.9±16.2
76.7±9.8
65.8±7.3
31 (30%)

 
4 (4%)

84 (82%)
34 (33%)
42 (41%)
68 (67%)

1 (1%)
 

59 (58%)
23 (22%)
84 (82%)
92 (90%)

 
44 (48%)
48 (52%)
78(85%)
64.1±7.1

128.1±13.4
76.0±8.1
66.5±8.2
27 (29%)

 
3 (3%)

65 (71%)
27 (29%)
36 (39%)
63 (68%)

0 (0%)
 

47 (51%)
18 (20%)
70 (76%)
86 (93%)

 
43 (49%)
44 (51%)
63 (72%)
64.9±8.0

128.2±13.1
75.5±8.2
67.1±8.8
12 (14%)

 
3 (3%)

64 (74%)
28 (32%)
38 (44%)
62 (71%)

1 (1%)
 

43 (49%)
20 (23%)
55 (63%)
81 (93%)

 
0.95
 
0.09
0.49
0.49
0.75
0.70
0.01
 
1.00
0.13
0.83
0.42
0.46

＞0.05
 

0.46
0.83
0.009
0.65

CABG: coronary artery bypass graft, PCI; percutaneous coronary intervention, ACEi/ARB: angiotensin coverting enzyme inhibitor/
angiotensin receptor blocker

Table 2. Mean carotid IMT and their changes

Control 
(n=102)

Probucol 
(N=92)

Combo 
(n=87)

p-value :
control vs. probucol

p-value: 
control vs. combo

Mean carotid IMT, mm

Baseline 102
1.27±0.42

92
1.26±0.34

86
1.31±0.54

0.70 0.97

1 year 102
1.21±0.39＊

92
1.16±0.36＊

86
1.16±0.52＊

0.32 0.06

2 year 100
1.15±0.37＊

86
1.17±0.37＊

82
1.20±0.49＊

0.68 0.87

3 year 97
1.16±0.40＊

84
1.15±0.38＊

79
1.14±0.42＊

0.93 0.55

3 year (LOCF) 102
1.16±0.39＊

92
1.15±0.39＊

87
1.15±0.43＊

0.99 0.62

Changes of mean IMT, mm

Baseline to 1 year -0.06±0.25 -0.10±0.29 -0.15±0.22 0.50 0.0006

Baseline to 2 year -0.13±0.33 -0.10±0.27 -0.11±0.25 0.34 0.55

Baseline to 3 year -0.12±0.36 -0.10±0.32 -0.16±0.39 0.58 0.46

Baseline to 3 year (LOCF) -0.12±0.36 -0.11±0.32 -0.16±0.38 0.77 0.55

IMT: intima-media thickness, LOCF: Last Observation Carried Forward
＊indicated within group comparison with baseline p＜0.05
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cant (control; 10.8% vs. probucol; 4.4% vs. combo; 
6.9%, p=0.35).

In per-protocol analysis, MACCEs were not dif-
ferent among three groups (control; 8.0% vs. probu-
col; 3.7% vs. combo; 2.7%, p=0.25).

Biomarkers (Table 3)
Mean LDL cholesterol levels of whole study pop-

ulation were 76.4±27.7 mg/dL at baseline, 75.7±
32.0 mg/dL at 3 months, and 76.3 mg/dL at 3 years. 
Total cholesterol, triglyceride, and HDL cholesterol 
significantly decreased at 3 years compared with base-
line in the probucol and combo groups (all p＜0.05) 
but not in the control group. Decreases in total cho-
lesterol, LDL cholesterol, and HDL cholesterol at 3 
months from baseline were significantly greater in the 
probucol and combo groups in comparison with the 
control group respectively (all p＜0.05), but the statis-
tical significances were not maintained at 3 years 
except HDL cholesterol.

MCP-1 increased significantly only in the con-
trol group at 3 months and 3 years (p＜0.05). 
Increases of MCP-1 were greater at 3 years from base-
line in the control group than in the probucol group 
(p=0.07) and the combo group (p=0.04). Highly sen-
sitive CRP at 3 years significantly increased from base-
line in all three groups (all p＜0.05), but there were 
no significant differences in changes of hsCRP at 3 
years from baseline between groups.

Oxidized LDL cholesterol significantly increased 
only in the control group (p=0.008) and not in the 
probucol and combo groups at 3 years from baseline. 
There were no significant differences in changes of 
oxidized LDL cholesterol at 3 years from baseline 
between groups.

Safety
Adverse events were observed in 62.7%, 70.6%, 

and 72.3% in the control, probucol, and combo 
groups, respectively, and their frequencies were statis-
tically not different (p=0.25). Serious adverse reac-
tions were not significantly different between groups 
(control; 27.9% vs. probucol; 18.4% vs. combo; 
26.7%, p=0.20). There was one death in the combo 
group, but the association with the study drug was 
determined to be unlikely. Drug adverse reactions 
were more frequently reported in the probucol 
(36.7%) and combo (53.3%) groups than the control 
group (4.2%; p＜0.0001). Frequently reported drug 
adverse reactions in the probucol or the combo group 
compared with the control group are QT prolonga-
tion, diarrhea, palpitation, headache, and chest pain, 
and these were previously reported adverse reactions 
of probucol or cilostazol. The probucol group had 

nificance of decreases in mean carotid IMT was main-
tained till end of study (all p＜0.01). Decrease in 
mean carotid IMT was significantly greater in the 
combo group than in the control group at 1 year (p=  
0.0006). Decrease in mean carotid IMT at 3 years 
from baseline was biggest in combo group; however, 
the differences between groups were not statistically 
significant. (control; −0.12±0.36 mm, probucol; 
−0.11±0.32 mm, combo; −0.16±0.38 mm, control 
vs. probucol; p=0.78, control vs. combo; p=0.56).

Covariance analysis adjusted with stratification 
variables (country, maximal baseline IMT), and smok-
ing did not show statistically significant differences in 
changes of mean carotid IMT at 3 years from baseline 
between groups (all p＞0.05).

Changes of mean carotid IMT were not signifi-
cantly different among groups at 3 years (Supplement 
Table 1) in per-protocol analysis. In the comparison 
between control and pooled probucol groups (probu-
col＋combo group), mean carotid IMT decrease was 
greater in pooled probucol group −0.06±0.26 vs 
−0.12±0.26 mm, p=0.017) at 1 year. However, the 
difference was not maintained at 2, 3, and end of 
study (Supplement Table 2).

Subgroup Analysis of Mean Carotid IMT
There were differences in trends of carotid IMT 

changes by countries (Supplement Table 3). In 
Korean subgroup, decrease in mean carotid IMT at 
the end of study was greater in the combo group but 
difference between groups were statistically insignifi-
cant (control; −0.01±0.24 mm, probucol; −0.06±
0.23 mm, combo; −0.12±0.33 mm). In Chinese sub-
group, all three groups showed significant decreases in 
mean carotid IMT from baseline at 1, 2, and 3 years. 
Decreases in mean carotid IMT at the end of study 
were greater in the control group, but differences 
between groups were statistically insignificant (control; 
−0.21±0.41 mm, probucol; −0.15±0.39 mm, 
combo; −0.19±0.42 mm).

There were no differences in mean carotid IMT 
changes between groups in both subgroups with maxi-
mal carotid IMT ＜2 mm and ≥ 2.0 mm (Supplement 
Table 4).

Major Adverse Cerebro-Cardiovascular Events 
(MACCEs)

Time to MACCEs were not significantly differ-
ent between groups (control; 986.9±20.8 days, pro-
bucol; 1032.7±4.5 days, combo; 973.2±11.9 days, 
control vs. probucol; p=0.096, control vs. combo; 
p=0.36).

MACCEs occurred more frequently in the con-
trol group, but the difference was statistically insignifi-
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group than in the control group at 1 year. However, in 
comparison with statin alone at 3 years, either probu-
col or combination of probucol and cilostazol with 
statin failed to show further regression of carotid IMT. 
There was no heterogeneity in changes of carotid IMT 
in pre-specified subgroup analysis by country, maxi-
mal carotid IMT. Intensity of concomitant statin 
treatment did not influence the response of probucol 
or probucol and cilostazol to carotid IMT in this 
study. Majority of patients (93%) enrolled in this 
study received moderate- or high-intensity statin by 
classification from 2013 ACC/AHA guideline22).

Previous studies evaluated effects of probucol, 
cilostazol, or combination of probucol and cilostazol 
on regression of carotid IMT5) or coronary atheroscle-

only one serious drug adverse reaction, and it was 
transient liver injury and resolved.

Discussion

Long-term treatment of probucol or combina-
tion of probucol and cilostazol with statin was well 
tolerated in patients with coronary artery disease dur-
ing 3 years. Probucol was associated with significant 
lowering of HDL cholesterol as well as total choles-
terol, LDL cholesterol, and triglyceride.

In this study, all three groups showed regression 
of carotid IMT at 1 year, and their changes were 
maintained until end of study. Decrease in mean 
carotid IMT was significantly greater in the combo 

Table 3. Biomarkers

Control
(n=102)

Probucol
(n=92)

Combo
(n=87)

p-value: 
control vs. probucol

p-value: 
control vs. combo

Total cholesterol (mg/dL)
Baseline
3 month
3 year

 
151.3±30.7
157.2±37.1
154.5±39.3

 
151.4±34.7
127.2±39.6＊

133.8±41.2＊

 
153.1±31.1
132.2±33.2＊

134.2±40.0＊

 
0.83
＜.0001
0.0001

 
0.69
＜.0001
0.0001

LDL cholesterol (mg/dL)
Baseline
3 month
3 year

 
75.2±25.7
82.4±32.1
80.0±36.5

 
77.2±30.0
69.7±33.3＊

74.6±32.4

 
77.2±27.8
74.2±29.4
73.7±30.0

 
0.74
0.0009
0.68

 
0.78
0.03
0.87

HDL cholesterol (mg/dL)
Baseline
3 month
3 year

 
46.6±12.4
46.5±11.1
47.6±13.3

 
46.4±11.8
32.8±10.6＊

35.0±14.3＊

 
49.1±13.9
37.2±11.1＊

38.7±14.2＊

 
0.89
＜.0001
＜.0001

 
0.24
＜.0001
＜.0001

Triglyceride (mg/dL)
Baseline
3 month
3 year

 
149.7±86.7
142.1±66.8
136.1±66.7

 
138.7±79.8
126.4±79.2＊

122.7±69.7

 
135.4±62.6
104.3±48.7＊

110.7±58.9＊

 
0.18
0.01
0.052

 
0.44
＜.0001
0.004

hsCRP (mg/dL)
Baseline
3 month
3 year

 
0.18±0.45
0.15±0.37
0.28±0.67＊

 
0.16±0.22
0.17±0.24
0.18±0.21＊

 
0.13±0.31
0.15±0.20＊

0.17±0.27＊

 
0.58
0.06
0.26

 
0.23
0.16
0.42

MCP-1 (pg/mL)
Baseline
3 month
3 year

 
326.4±186.0
347.1±174.5＊

358.1±231.1＊

 
324.2±83.7
327.4±103.2
326.6±91.5

 
339.6±90.5
352.8±144.6
332.2±79.2

 
0.15
0.48
0.53

 
0.01
0.48
0.98

Oxidized LDL cholesterol (mg/dL)
Baseline
3 month
3 year

 
263.1±615.0
302.1±944.7

1142.2±6334.5＊

 
251.8±543.1
208.4±357.6
276.8±358.8

 
383.3±786.2
441.6±1029.5
404.5±755.5

 
0.78
0.83
0.78

 
0.30
0.22
0.64

＊indicated within group comparison with baseline p＜0.05
LDL; low density lipoprotein, HDL; high density lipoprotein, hsCRP; highly sensitive C reactive protein, MCP: Monocyte chemoattractant protein
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effects of the combination of cilostazol and probucol 
in comparison with cilostazol on coronary atheroscle-
rosis showed negative result23). Ongoing PICASSO–
IMT study26) will evaluate effects of combination 
therapy with probucol and cilostazol on carotid IMT.

Although statistical significance was not reached, 
patients who received probucol or probucol and cilo-
stazol showed lower incidence of MACCEs in com-
parison with statin alone during study. This study did 
not have statistical power to detect effect on clinical 
outcomes. PROSPECTIVE study to evaluate effects 
of probucol on secondary prevention in patients with 
coronary artery is ongoing, and the results will give us 
more information about role of probucol on cardio-
vascular outcomes27). This study did not support addi-
tive effects of cilostazol to probucol in terms of cere-
bro-cardiovascular events. In previous small study, car-
diovascular events were numerically lower in probucol 
and cilostazol than in cilostazol alone23). PICASSO 
study showed that probucol reduced cardiovascular 
events in patients with ischemic stroke and suggested 
potential additive effects of probucol to aspirin or cilo-
stazol28).

Probucol was associated with QT prolongation. 
There were no serious arrhythmic events related to 
probucol in this study although there were concerns 
related to QT prolongation.

Conclusion

Probucol and cilostazol are well tolerated in long-
term treatment without serious drug-related adverse 
reactions. In comparison with statin alone, probucol 
or probucol and cilostazol with statin is not effective 
in reducing carotid IMT. However, further studies 
may be needed as to the clinical outcome of probucol-
based treatment with current standard statin treat-
ment.
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rosis23). In FAST study5), probucol and pravastatin 
reduced progression of carotid IMT in comparison 
with diet only, and baseline LDL cholesterol level was 
166.1 mg/dL. Probucol and pravastatin significantly 
reduced LDL cholesterol in comparison with diet 
(−24.2%, −32.7%, −5.1% at 12 months, respectively). 
There was no previous study that evaluated additive 
effects of probucol on carotid IMT in patients treated 
with statin. Baseline mean LDL cholesterol of whole 
population was 76.4±27.7 mg/dL, which were not 
different between groups. Mean LDL cholesterol dif-
ference compared with the control was greatest at 3 
months, after then, the differences were attenuated. 
The difference was statistically significant and −12.7 
mg/dL in the probucol group and −8.2 mg/dL in the 
combo group, respectively. Statistical significance in 
difference was disappeared at 3 years. This may partly 
explain the results that the differences in carotid IMT 
change at 1 year were significantly greater in the 
combo group, but their differences decreased at end of 
study. Modest cholesterol-lowering effects of probucol 
in addition to statin may be insufficient to induce sig-
nificant further lowering of atherosclerotic burden in 
relatively short study period. Study duration or sample 
size might be insufficient to detect differences in 
carotid IMT with lower baseline cholesterol achieved 
with statin than previous studies. Also, pleiotropic 
effects of probucol may not significantly influence the 
regression of atherosclerotic burden. There were no 
differences in biomarker level reflecting oxidation and 
inflammation between groups. In this study, inflam-
matory biomarkers showed inconsistent results. 
Highly sensitive CRP was significantly increased at 3 
months in the combo group and then in all three 
groups at 3 years; however, MCP-1 increased in the 
control group. Oxidized LDL level significantly 
increased in the control group at 3 years. HDL choles-
terol level was significantly lower in both groups 
receiving probucol than in the control group. 
Although previous studies suggested that alteration of 
HDL cholesterol with probucol was not atherogenic6), 
effects of the lowering of HDL cholesterol with pro-
bucol in patients who were taking statin may need 
further study.

Additive effect of cilostazol on probucol was not 
evident in this study. Effects of cilostazol alone to 
reduce carotid IMT were evaluated in several previous 
studies with diabetes mellitus24) and acute coronary 
syndrome25), and majority of them reported that cilo-
stazol is effective to slow progression of carotid IMT. 
However, LDL cholesterol level was not strictly low-
ered in majority of studies. There are limited numbers 
of studies that evaluate additive effects of cilostazol 
with probucol. A small previous study that evaluated 
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monocytes by inhibiting CCR2 gene expression. Biochem 
Biophys Res Commun, 2011; 411: 402-408

12) Suzuki K, Uchida K, Nakanishi N and Hattori Y: Cilo-
stazol activates AMP-activated protein kinase and restores 
endothelial function in diabetes. Am J Hypertens, 2008; 
21: 451-457

13) Tani T, Uehara K, Sudo T, Marukawa K, Yasuda Y and 
Kimura Y: Cilostazol, a selective type III phosphodiester-
ase inhibitor, decreases triglyceride and increases HDL 
cholesterol levels by increasing lipoprotein lipase activity 
in rats. Atherosclerosis, 2000; 152: 299-305

14) Geng DF, Deng J, Jin DM, Wu W and Wang JF: Effect of 
cilostazol on the progression of carotid intima-media 
thickness: a meta-analysis of randomized controlled trials. 
Atherosclerosis, 2012; 220: 177-183

15) Ferns GA, Forster L, Stewart-Lee A, Konneh M, Nou-
rooz-Zadeh J and Anggard EE: Probucol inhibits neointi-
mal thickening and macrophage accumulation after bal-
loon injury in the cholesterol-fed rabbit. Proc Natl Acad 
Sci U S A, 1992; 89: 11312-11316

16) Zou Y, Hu C, Ye W, Fan L, Xu L and Zhang A: Long-
term clinical efficacy and safety of adding cilostazol to 
dual antiplatelet therapy after drug-eluting stent implan-
tation in coronary arteries: A meta-analysis of randomized 
controlled trials. Thromb Res, 2015; 136: 870-877

17) Suh JW, Lee SP, Park KW, Lee HY, Kang HJ, Koo BK, 
Cho YS, Youn TJ, Chae IH, Choi DJ, Rha SW, Bae JH, 
Kwon TG, Bae JW, Cho MC and Kim HS: Multicenter 
randomized trial evaluating the efficacy of cilostazol on 
ischemic vascular complications after drug-eluting stent 
implantation for coronary heart disease: results of the 
CILON-T (influence of CILostazol-based triple antiplate-
let therapy ON ischemic complication after drug-eluting 
stenT implantation) trial. J Am Coll Cardiol, 2011; 57: 
280-289

18) Wang Y, Bai L, Lin Y, Chen Y, Guan H, Zhu N, Li Y, 
Gao S, Sun L, Zhao S, Fan J and Liu E: Combined use of 
probucol and cilostazol with atorvastatin attenuates ath-
erosclerosis in moderately hypercholesterolemic rabbits. 
Lipids Health Dis, 2015; 14: 82

19) Chen Y, Zhao S, Huang B, Wang Y, Li Y, Waqar AB, Liu 
R, Bai L, Fan J and Liu E: Probucol and cilostazol exert a 
combinatorial anti-atherogenic effect in cholesterol-fed 
rabbits. Thromb Res, 2013; 132: 565-571

20) Takase B, Nagata M, Hattori H, Tanaka Y and Ishihara 
M: Combined therapeutic effect of probucol and cilo-
stazol on endothelial function in patients with silent cere-
bral lacunar infarcts and hypercholesterolemia: a prelimi-
nary study. Med Princ Pract, 2014; 23: 59-65

21) de Groot E, van Leuven SI, Duivenvoorden R, Meuwese 
MC, Akdim F, Bots ML and Kastelein JJ: Measurement 
of carotid intima-media thickness to assess progression 
and regression of atherosclerosis. Nat Clin Pract Cardio-
vasc Med, 2008; 5: 280-288

22) Stone NJ, Robinson JG, Lichtenstein AH, Bairey Merz 
CN, Blum CB, Eckel RH, Goldberg AC, Gordon D, 
Levy D, Lloyd-Jones DM, McBride P, Schwartz JS, Shero 
ST, Smith SC, Jr., Watson K, Wilson PW, Eddleman KM, 
Jarrett NM, LaBresh K, Nevo L, Wnek J, Anderson JL, 
Halperin JL, Albert NM, Bozkurt B, Brindis RG, Curtis 
LH, DeMets D, Hochman JS, Kovacs RJ, Ohman EM, 
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Supplement Table 2. Mean carotid IMT and their changes in control vs. pooled probucol group

Control
(n =102)

Pooled probucol
(N=179)

p-value :
control vs. pooled probucol

Mean carotid IMT, mm

Baseline 102
1.27±0.42

178
1.28±0.45

0.84

1 year 102
1.21±0.39＊

178
1.16±0.44＊

0.99

2 year 100
1.15±0.37＊

168
1.18±0.43＊

0.74

3 year 97
1.16±0.40＊

163
1.15±0.40＊

0.81

3 year (LOCF) 102
1.16±0.39＊

179
1.15±0.41＊

0.78

Changes of mean IMT, mm

Baseline to 1 year -0.06±0.25 -0.12±0.26 0.017

Baseline to 2 year -0.13±0.33 -0.11±0.26 0.36

Baseline to 3 year -0.12±0.36 -0.13±0.35 0.98

Baseline to 3 year (LOCF) -0.12±0.36 -0.13±0.35 0.86

IMT: intima-media thickness, LOCF: Last Observation Carried Forward
＊indicated within group comparison with baseline p＜0.05

Supplement Table 1. Mean carotid IMT and their changes in per-protocol analysis

Control
(n =88)

Probucol
(N=82)

Combo
(n =73)

p-value :
control vs. probucol

p-value: 
control vs. combo

Mean carotid IMT, mm

Baseline 88
1.28±0.44

82
1.26±0.32

72
1.32±0.55

0.60 0.85

1 year 88
1.22±0.40＊

82
1.15±0.34＊

72
1.17±0.53＊

0.41 0.18

2 year 88
1.14±0.38＊

81
1.15±0.33＊

73
1.21±0.48＊

0.67 0.57

3 year 87
1.16±0.41＊

80
1.13±0.32＊

72
1.16±0.43＊

0.95 0.87

3 year (LOCF) 88
1.16±0.41＊

82
1.14±0.33＊

73
1.16±0.42＊

0.97 0.92

Changes of mean IMT, mm

Baseline to 1 year -0.06±0.26 -0.10±0.30 -0.15±0.23 0.53 0.0016

Baseline to 2 year -0.14±0.35 -0.11±0.27 -0.11±0.26 0.54 0.45

Baseline to 3 year -0.12±0.38 -0.11±0.32 -0.16±0.40 0.84 0.59

Baseline to 3 year (LOCF) -0.12±0.38 -0.12±0.33 -0.16±0.40 0.94 0.58

IMT: intima-media thickness, LOCF: Last Observation Carried Forward
＊indicated within group comparison with baseline p＜0.05
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Supplement Table 3. Mean carotid IMT by country

Control Probucol Combo p-value : control vs. 
probucol

p-value: control vs. 
combo

Korea

Baseline 48
1.23±0.33

44
1.23±0.26

43
1.35±0.61

0.63 0.54

1 year 48
1.21±0.31

44
1.17±0.33

43
1.21±0.60＊

0.54 0.18

2 year 47
1.18±0.35

40
1.17±0.30＊

39
1.25±0.55＊

0.88 0.89

3 year 47
1.23±0.39

39
1.18±0.28

39
1.24±0.45

0.81 0.91

3 year (LOCF) 48
1.22±0.39

44
1.17±0.31

43
1.23±0.44

0.69 0.95

China

Baseline 54
1.31±0.49

48
1.29±0.41

43
1.26±0.47

0.91 0.61

1 year 54
1.22±0.45＊

48
1.15±0.39＊

43
1.10±0.42＊

0.48 0.19

2 year 53
1.12±0.39＊

46
1.16±0.42＊

43
1.15±0.43＊

0.50 0.72

3 year 50
1.10±0.41＊

45
1.13±0.44＊

40
1.04±0.36＊

0.71 0.48

3 year (LOCF) 54
1.10±0.39＊

48
1.14±0.45＊

44
1.07±0.42＊

0.73 0.49

IMT: intima-media thickness, LOCF: Last Observation Carried Forward
＊indicated within group comparison with baseline p＜0.05
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Supplement Table 4. Mean carotid IMT by maximal carotid IMT

Control Probucol Combo p-value: 
control vs. probucol

p-value:
control vs. combo

Max IMT ＜2.0 mm

Baseline 74
1.09±0.19

61
1.11±0.21

62
1.12±0.34

0.62 0.95

1 year 74
1.06±0.22

61
1.03±0.26＊

62
0.99±0.30＊

0.43 0.02

2 year 72
1.00±0.22＊

57
1.03±0.25＊

59
1.04±0.30＊

0.96 0.88

3 year 69
1.01±0.25＊

56
1.06±0.29

58
1.02±0.29＊

0.25 0.76

3 year (LOCF) 74
1.01±0.24＊

61
1.05±0.28

62
1.01±0.29＊

0.41 0.47

Max IMT ≥ 2.0 mm

Baseline 28
1.75±0.49

31
1.56±0.37

24
1.78±0.67

0.08 0.99

1 year 28
1.63±0.43＊

31
1.42±0.39

24
1.60±0.68＊

0.14 0.48

2 year 28
1.52±0.42＊

29
1.44±0.42

23
1.62±0.62＊

0.34 0.88

3 year 28
1.54±0.45

28
1.33±0.47＊

21
1.46±0.53＊

0.03 0.55

3 year (LOCF) 28
1.54±0.45

31
1.35±0.49＊

25
1.49±0.54＊

0.054 0.34

IMT: intima-media thickness, LOCF: Last Observation Carried Forward
＊indicated within group comparison with baseline p＜0.05
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