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Aim: Coronary plaque regression is weak in acute coronary syndrome (ACS) patients with diabetes mellitus 
(DM). We evaluated whether dual lipid-lowering therapy (DLLT) with ezetimibe and atorvastatin attenuates cor-
onary plaques in ACS patients with DM.

Methods: The prospective, randomized controlled, multicenter PRECISE-IVUS (Plaque Regression with Cho-
lesterol Absorption Inhibitor or Synthesis Inhibitor Evaluated by Intravascular Ultrasound) trial assigned 246 
patients undergoing percutaneous coronary intervention to DLLT or atorvastatin monotherapy and evaluated 
IVUS-derived changes in percent atheroma volume (ΔPAV), at baseline and 9–12-month follow-up, in 126 ACS 
cases, including 25 DM patients. The atorvastatin dose was up-titrated to achieve low-density lipoprotein cho-
lesterol (LDL-C) ＜70 mg/dL. 

Results: In DM patients, the monotherapy group (n=13) and the DLLT group (n=12) showed a similar preva-
lence of coronary risks and baseline lipid profiles. During the study, the change in LDL-C level was similar 
between DM and non-DM patients. Compared with non-DM patients, DM patients showed weaker regression 
of ΔPAV by DLLT than those who underwent monotherapy (DM: −2.77±3.47% vs. −0.77±2.51%, P=0.11; 
non-DM: −2.01±3.36% vs. −0.08±2.66%, P=0.008). The change in LDL-C level was not correlated with Δ
PAV in non-DM patients, but there was significant correlation between the change in LDL-C level and ΔPAV in 
DM patients (r=0.52, P=0.008). 

Conclusions: ACS patients with DM showed weaker coronary plaque regression than their counterparts. A sig-
nificant correlation between the change in LDL-C level and ΔPAV in DM patients suggested that more intensive 
lipid-lowering therapy is required in ACS patients with DM.
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plaque development in ACS patients with DM. In 
addition, several clinical factors, e.g., sex, hyperten-
sion, and obesity, are reportedly associated with coro-
nary plaque development17-19). However, the determi-
nant factors related to coronary plaque regression in 
ACS patients with DM are not known, a knowledge 
gap that we attempted to fill. 

Methods

Design of the PRECISE-IVUS Trial
The present study is a sub-analysis of the PRE-

CISE-IVUS trial. The detailed design of the PRE-
CISE-IVUS trial has been published16). In brief, PRE-
CISE-IVUS was a prospective, randomized, con-
trolled, assessor-blind, multicenter trial to evaluate the 
benefit of an ezetimibe-atorvastatin combination on 
coronary plaque volume, measured by IVUS, in 
patients with coronary artery disease. Eligible patients 
(30–85 years of age and LDL-C level upon study 
enrollment ＞100 mg/dL) were assigned randomly to 
receive atorvastatin alone or an ezetimibe-atorvastatin 
combination at 10 mg every day (DLLT group) after 
having undergone successful IVUS-guided PCI to 
treat ACS or stable angina pectoris. The atorvastatin 
dose was up-titrated to achieve the target level of 
LDL-C (＜70 mg/dL). Biomarkers, including lipid 
profiles, and periodic medical examination were mea-
sured 3, 6, and 9–12 months after enrollment. Serial 
volumetric IVUS was carried out at baseline and 9–12 
months to evaluate coronary plaque changes. The 
PRECISE-IVUS trial enrolled 246 patients, and 126 
patients were enrolled as the ACS cohort. This sub-
study evaluated these 126 patients with ACS. The 
sub-study flowchart is shown in Fig.1. An equal num-
ber of patients were assigned to the DLLT group and 
atorvastatin monotherapy group. Fourteen patients 
were excluded from the atorvastatin monotherapy 
group (2 patients withdrew consent, and 12 did not 
complete endpoint assessment) and 12 patients were 
excluded from the DLLT group (1 patient withdrew 
consent, and 11 did not complete endpoint assess-
ment). Finally, 49 and 51 patients had full datasets for 
atorvastatin monotherapy and DLLT, respectively. The 
monotherapy group had 13 patients with DM, and 
the DLLT group contained 12 patients with DM.

The present study complied with the Declaration 
of Helsinki with respect to clinical investigations. The 
study protocol was approved by the Human Ethics 

Introduction

Percutaneous coronary intervention (PCI) can 
improve prognoses in patients with acute coronary 
syndrome (ACS). However, despite developments in 
PCI technologies, diabetes mellitus (DM)1) remains a 
critical cause of poor outcomes after ACS treatment2). 
Therefore, lifestyle changes or medication are impor-
tant for secondary prevention in patients with ACS. 
Large studies have demonstrated that intensive, lipid-
lowering therapy using statins can reduce the preva-
lence of cardiovascular events in patients with ACS3-6). 
European and American guidelines recommend early, 
intensive lipid-lowering therapy for ACS manage-
ment1, 7). Studies using intravascular imaging modali-
ties have shown that lipid-lowering therapy can 
improve the volume and vulnerability of coronary 
plaques8-13). However, Hiro and colleagues reported 
that coronary plaque regression is weaker in ACS 
patients with DM than in those without DM14). 

The randomized Improved Reduction of Out-
comes: Vytorin Efficacy International Trial 
(IMPROVE-IT) demonstrated that dual lipid-lower-
ing therapy (DLLT) using a combination of statin and 
ezetimibe could reduce the prevalence of cardiovascu-
lar events15). IMPROVE-IT showed that intensive 
therapy with ezetimibe to reduce levels of low-density 
lipoprotein cholesterol (LDL-C) was beneficial against 
ACS. Furthermore, we reported the benefits of DLLT 
on coronary plaque regression in the Plaque REgres-
sion with Cholesterol absorption Inhibition or Syn-
thesis inhibitor Evaluated by IntraVascular Ultra-
Sound (PRECISE-IVUS) trial16). That trial evaluated 
the effects of an ezetimibe-atorvastatin combination 
on coronary plaques using intravascular ultrasound 
(IVUS) in Japanese patients with ACS and stable cor-
onary disease who underwent PCI. In the PRECISE-
IVUS trial, DLLT, using an ezetimibe-atorvastatin 
combination, significantly reduced LDL-C levels and 
coronary plaque volume. In that study, the lower level 
of LDL-C achieved also correlated with a reduction in 
the prevalence of cardiovascular events or a change in 
atheromatous plaque volume, thereby demonstrating 
“the lower, the better” concept by DLLT using a com-
bination of statins and ezetimibe. However, DLLT’s 
benefit on coronary plaques in ACS patients with DM 
has not been investigated. 

We investigated whether DLLT, using an ezeti-
mibe-atorvastatin combination, attenuated coronary 

Copyright©2021 Japan Atherosclerosis Society
This article is distributed under the terms of the latest version of CC BY-NC-SA defined by the Creative Commons Attribution License.

Address for correspondence: Koichiro Fujisue, Department of Cardiovascular Medicine, Graduate School of Medical Sciences and Center for Metabolic Regula-
tion of Healthy Aging (CMHA), Kumamoto University, 1-1-1 Honjo, Chuo-ku, Kumamoto 860-8556, Japan.      E-mail: fujisues@kumamoto-u.ac.jp 

Received: December 13, 2019      Accepted for publication: March 13, 2020



Coronary Plaque Change in ACS Patients with DM

183

plasma glucose concentration ≥ 126 mg/dL, fasting 
plasma glucose concentration ≥ 126 mg/dL, 2-h 
plasma glucose concentration ≥ 200 mg/dL during a 
75-g oral glucose tolerance test, casual plasma glucose 
concentration ≥ 200 mg/dL, or HbA1c ≥ 6.5%) was 
confirmed on two or more occasions examined on 
separate days; a single plasma glucose test meeting cri-
teria for “diabetic type,” when any of the following 
three conditions were met: (1) typical symptoms of 
diabetes (thirst, polydipsia, polyuria, and weight loss), 
(2) HbA1c ≥ 6.5%, or (3) diabetic retinopathy.

IVUS Imaging for Coronary Plaque Analyses 
Details of recording of IVUS images have been 

described16). An IVUS catheter was inserted into the 
target vessel for PCI as distal as possible to safely 
obtain the longest possible target segment for analyses. 
Then, it was pulled back at 0.5 mm/s automatically 
after intracoronary injection of nitroglycerin (0.1–0.2 
mg). The target segment to be monitored was deter-
mined at a non-PCI site (＞5 mm proximal or distal 
from the PCI site), with a reproducible fiduciary index 
(usually a side branch), as the beginning and ending 
of the segments to be analyzed. IVUS images were 
analyzed by two independent, experienced observers 
who were unaware of the treatment allocation and 
temporal sequence of paired images, as recommended 
by expert consensus21). Based on expert consensus, the 
primary endpoint was the absolute change in percent 

Review Committee of Kumamoto University. The 
study was conducted in accordance with the guide-
lines of the participating institution’s ethics commit-
tee. Written informed consent was obtained from all 
ACS patients until 24 h after PCI.

Definition of ACS
ACS was defined as ST-elevation myocardial 

infarction (STEMI), non-STEMI, or unstable angina 
pectoris. MI was diagnosed by increased levels of car-
diac biomarkers in plasma (creatine kinase-MB or car-
diac troponin) above the 99th percentile of the upper 
limit of the normal range, together with evidence of 
myocardial ischemia and at least one of the following 
symptoms: electrocardiographic changes (new ST-T 
changes, left bundle branch block, or pathologic Q 
wave) or imaging evidence of new viable myocardial 
loss or a new abnormality in regional wall motion20). 
Unstable angina pectoris was diagnosed by new or 
accelerating myocardial ischemia symptoms accompa-
nied by new ischemic ST-T-wave changes. 

Definition of DM
The diagnosis of DM was made according to the 

diagnostic criteria from the Japanese Diabetes Society. 
We defined DM when patients had a history of DM 
diagnoses or were taking any hypoglycemic medica-
tions. If this information were unavailable, the diag-
nosis of DM was made when “diabetic type” (fasting 

Fig.1. Flowchart of the sub-study of the PRECISE-IVUS trial

ACS, acute coronary syndrome; DM, diabetes mellitus
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level significantly decreased in the DLLT group com-
pared with that in the monotherapy group (DLLT 
group, −23.0±23.2% vs. monotherapy group, −23.0 
±23.2%, P＜0.001). The percent change in the 
LDL-C level in DM patients tended to be reduced by 
DLLT, but it was not significant (DLLT group, −42.9 
±13.8% vs. monotherapy group, −29.2±30.6%, P=  
0.16) (Fig.2A). The percent change in the apolipo-
protein (Apo)A1/ApoB ratio was reduced significantly 
by DLLT in the non-DM and DM group. The levels 
of campesterol and sitosterol were increased by mono-
therapy in the non-DM and DM group but were 
reduced by DLLT. The level of lathosterol (marker of 
cholesterol synthesis) was reduced in all groups (Table 
2). 

ΔPAV 
Compared with non-DM patients, DM patients 

showed weaker regression of ΔPAV in the DLLT 
group than in the monotherapy group (non-DM: 
DLLT group, −2.01±3.36% vs. monotherapy group, 
−0.08±2.66%, P=0.008; DM: DLLT group, −2.77 
±3.47% vs. monotherapy group, −0.77±2.51%, P=  
0.11) (Table 2, Fig. 2B). The total atheroma volume 
showed similar results between non-DM and DM 
patients (non-DM: DLLT group, −9.02±14.71% vs. 
monotherapy group, 0.93±8.67%, P=0.001; DM: 
DLLT group, −1.60±14.62% vs. monotherapy group, 
−7.54±7.04%, P=0.20). In patients with DM, vessel 
volume and lumen volume tended to be reduced in 
the monotherapy group; however, those were inhib-
ited in the DLLT group, although they were not sig-
nificant (Table 2).

Relationship between Coronary Plaque Regression 
and Biomarker Levels

Table 3 shows the relationship between lipid 
profiles and ΔPAV. There was no correlation between 
the percent change in the HbA1c level and ΔPAV 
(non-DM, r=0.11, P=0.42; DM, r=0.14, P=0.51, 
respectively) (Fig.3A, B). The LDL-C level at 9–12-
month follow-up was significantly correlated with Δ
PAV in DM patients (r=0.52, P=0.008), but not in 
non-DM patients (r=0.12, P=0.31) (Fig.3A). Fur-
thermore, the percent change in the LDL-C level was 
significantly correlated with PAV in DM patients (r=  
0.44, P=0.03), but not in non-DM patients (r=0.13, 
P=0.25) (Fig.3B). The percent change in the ApoB 
level and ApoB/ApoA1 ratio was significantly corre-
lated with ΔPAV in DM patients (ρ=0.41, P=0.04, 
and ρ=0.52, P=0.007, respectively) (Table 3), but 
not in non-DM patients (ρ=0.13, P=0.27, and ρ
=0.012, P=0.92, respectively) (Table 3). The percent 
change in the levels of campesterol and sitosterol was 

atheroma volume (ΔPAV)21).

Statistical Analyses
Data are the mean±standard deviation for vari-

ables with a normal distribution. Data with skewed 
distributions are expressed as the median with inter-
quartile range. Continuous variables among groups 
were compared using the unpaired Student’s t-test or 
Mann–Whitney U-test, as appropriate. Continuous 
variables between baseline and follow-up were com-
pared by one-sample Student’s t-tests or the Wilcoxon 
signed rank test according to their distributions. Cate-
gorical variables were compared using the chi-square 
test or Fisher’s exact test. The relationship between the 
absolute change in PAV and several biomarkers 
(including these for cholesterol absorption) was evalu-
ated using a simple regression analysis. Pearson’s corre-
lation coefficient (r) was used to evaluate the associa-
tion between PAV and biomarkers. Also, Spearman’s 
rank correlation coefficient (ρ) was used if the vari-
ables did not have a normal distribution. P＜0.05 was 
considered significant. Statistical analyses were carried 
out using SPSS v25 (IBM, Armonk, USA). 

Results

Baseline Characteristics of Enrolled Patients
Table 1 shows the baseline characteristics of 

enrolled patients. In DM patients, the monotherapy 
group and DLLT group showed a similar prevalence 
of coronary risks, baseline lipid profiles, and medica-
tions. Forty-eight patients with ACS have been treated 
with statins; the statins were up-titrated according to 
the study protocol in all patients. Twelve-percent of 
the patients were receiving insulin. In non-DM 
patients, the percentage of current smokers was signif-
icantly higher in the monotherapy group than in the 
DLLT group. The baseline levels of campesterol and 
sitosterol (markers of cholesterol absorption) were sig-
nificantly higher in the DLLT group than in the 
monotherapy group (non-DM: campesterol, 4.7 (3.6 
to 6.4) vs. 3.4 (2.9 to 4.5) µg/dL, P=0.04; DM: sitos-
terol, 2.7 (1.9 to 3.3) vs. 1.8 (1.5 to 2.3) µg/dL, P=  
0.01). 

Laboratory Data during the Study Period
Table 2 and Supplemental Table 1 show the 

percent change of laboratory data during the study 
period. HbA1c level did not change significantly 
between the monotherapy group and the DLLT group 
in DM and non-DM patients. The percent change in 
the LDL-C level is shown in Table 2 and Fig.2. The 
serum level of LDL-C was reduced in all groups. In 
non-DM patients, the percent change in the LDL-C 
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Table 1. Baseline characteristics of enrolled patients

non-DM DM

Monotherapy 
(n =36)

DLLT 
(n =39) P 

Monotherapy 
(n =13)

DLLT 
(n =12) P 

Age, years
Male, n (%)
Body mass index, kg/m2

Hypertension, n (%)
Dyslipidemia, n (%)
Current smoking,h n (%)
History of MI, n (%)
History of stroke, n (%)
History of PAD, n (%)

63.8±10.2
32 (89)

24.6±3.0
20 (56)
28 (78)
20 (56)
3 (8)
1 (3)
1 (3)

64.2±11.8
30 (77)

24.9±3.6
30 (77)
23 (59)
10 (26)
2 (5)
3 (8)
1 (3)

0.87
0.23
0.74
0.09
0.09
0.01
0.67
0.62
1.00

67.9±7.1
9 (69)

25.1±3.3
8 (62)
9 (69)
2 (15)
1 (8)
0 (0)
0 (0)

65.1±9.2
11 (92)
25.2±3.2

9 (75)
10 (88)
3 (25)
2 (17)
1 (8)
0 (0)

0.40
0.32
0.98
0.67
0.65
0.65
0.59
0.48

-

Medication 
Aspirin, n (%)
Thienopyridines, n (%)
Cilostazol, n (%)
Sarpogrelate, n (%)
Warfarin, n (%)
Nitrates, n (%)
Beta blockers, n (%)
Calcium-channel blockers, n (%)
ACE inhibitors or ARBs, n (%)
Hypoglycemic agents, n (%)
Statins, n (%)

 
36 (100)
34 (94)
0 (0)
1 (3)
0 (0)
2 (6)

22 (61)
7 (19)

26 (72)
0 (0)

20 (56)

 
39 (100)
39 (100)
0 (0)
0 (0)
3 (8)
5 (13)

19 (49)
15 (4)
31 (79)
0 (0)

15 (38)

 
-

1.00
0.48

-
0.24
0.43
0.36
0.08
0.59

-
0.17

 
13 (100)
11 (85)
0 (0)
0 (0)
0 (0)
1 (8)
7 (54)
4 (31)
6 (46)
9 (69)
6 (46)

 
12 (100)
11 (92)
0 (0)
1 (1)
1 (1)
0 (0)
8 (67)
5 (42)
9 (75)
7 (58)
7 (58)

 
-

0.48
-

0.48
0.24
0.43
0.36
0.08
0.23
0.61
0.70

TC, mg/dL
HDL-C, mg/dL
LDL-C, mg/dL
Triglycerides, mg/dL
Hs-CRP, mg/L
Lipoprotein (a), mg/dL
Apolipoprotein A1, mg/dL
Apolipoprotein B, mg/dL
ApoB/ApoA1
Free fatty acid, µEq/L
RLP-C, mg/dL
sdLDL-C, mg/dL
Adiponectin, µg/mL
HbA1c, %
Lathosterol, mg/dL
Campesterol, µg/dL
Sitosterol, µg/dL
Lathosterol, mg/100 mg TC
Campesterol, mg/100 mg TC
Sitosterol, mg/100 mg TC
Campesterol/lathosterol
Plaque volume, mm3

PAV, %
TAV, mm3

Vessel volume, mm3

Lumen volume, mm3

Lesion length, mm

165.7±32.5
37.5±10.5

107.1±28.4
107.0 (88.0 to 153.0)

5.6 (2.4 to 14.2)
20.0 (12.0 to 38.5)
99.0 (93.5 to 117.5)
90.0 (78.0 to 104.5)
0.86 (0.75 to 1.02)

438.0 (291.0 to 715.5)
3.6 (2.7 to 4.7)

27.9 (21.8 to 34.8)
4.1 (2.6 to 6.0)
5.4 (5.1 to 5.8)
1.1 (0.7 to 1.9)
3.4 (2.9 to 4.5)
1.8 (1.5 to 2.3)
0.6 (0.4 to 1.0)
2.1 (1.6 to 2.6)
1.0 (0.9 to 1.4)
2.9 (2.1 to 4.3)

84.5 (44.3 to 128.2)
51.5±11.1
91.9±36.4

174.6±98.5
85.0±51.4
12.3±6.4

178.6±28.5
40.9±9.5

114.9±27.6
106.0 (72.0 to 135.0)

6.1 (1.4 to 17.9)
21.0 (12.5 to 38.5)

107.0 (97.5 to 116.5)
97.0 (87.5 to 110.0)
0.88 (0.77 to 1.09)

357.0 (276.5 to 632.5)
3.3 (2.7 to 4.4)

25.4 (22.5 to 41.4)
4.9 (3.0 to 6.9)
5.2 (5.0 to 5.4)
1.0 (0.7 to 2.4)
4.7 (3.6 to 6.4)
2.7 (1.9 to 3.3)
0.6 (0.4 to 1.2)
2.8 (2.2 to 3.5)
1.5 (1.1 to 1.8)
3.6 (2.4 to 7.7)

76.2 (38.9 to 110.2)
50.3±12.5
90.2±39.0

160.9±92.3
81.1±51.3
10.6±5.3

0.07
0.15
0.24
0.90
0.67
1.00
0.64
0.24
0.35
0.16
0.83
0.83
0.15
0.53
0.75
0.04
0.01
1.00
0.02
0.02
0.56
0.73
0.66
0.84
0.54
0.74
0.20

178.9±26.8
40.4±8.3

109.7±24.3
115.0 (84.0 to 195.5)

5.2 (3.7 to 18.0)
11.0 (9.0 to 17.0)

116.0 (104.0 to 130.0)
100.0 (91.0 to 103.0)
0.82 (0.75 to 1.04)

560.0 (325.0 to 724.0)
3.3 (2.6 to 5.1)

34.2 (25.0 to 37.9)
3.3 (2.7 to 5.1)
6.4 (6.25 to 7.25)
1.6 (0.9 to 2.1)
3.9 (2.8 to 5.1)
2.1 (1.8 to 2.6)
0.9 (0.5 to 1.1)
2.0 (1.6 to 2.9)
1.1 (1.0 to 1.6)
2.6 (1.9 to 3.6)

82.0 (46.2 to 144.2)
52.1±14.4

116.9±63.7
190.6±134.7
86.1±55.6
10.3±4.6

165.0±28.2
37.9±8.4

102.9±19.9
115. 0 (81.0 to 140.3)

11.2 (3.3 to 54.1)
25.5 (15.0 to 36.5)

102.0 (87.5 to 111.5)
91.0 (80.5 to 102.0)
0.96 (0.84 to 1.03)

508.0 (380.0 to 648.0)
3.4 (2.7 to 4.2)

23.7 (21.3 to 30.0)
4.9 (4.1 to 5.7)
6.9 (6.2 to 8.2)
1.0 (0.7 to 1.5)
3.4 (2.5 to 4.1)
1.8 (1.1 to 2.3)
0.8 (0.4 to 0.9)
2.0 (1.6 to 2.8)
1.0 (0.6 to 1.4)
3.3 (1.5 to 6.1)

92.1 (65.3 to 150.2)
58.0±7.5

106.9±40.0
178.0±108.2
74.2±47.3
11.6±5.7

0.22
0.47
0.46
1.00
0.69
0.12
0.05
0.11
0.12
1.00
1.00
0.05
0.17
0.43
0.43
0.70
0.43
0.70
1.00
0.70
0.43
1.00
0.21
0.65
0.80
0.57
0.52

Data are the n (%), mean±SD, or median (IQR). DM, diabetes mellitus; DLLT, dual lipid-lowering therapy with atorvastatin and ezetimibe; MI, 
myocardial infarction; PAD, peripheral artery disease; ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; TC, total choles-
terol; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol; Hs-CRP, high sensitive C-reactive protein; RLP-
C, remnant like particle-cholesterol; sdLDL-C, small dense low-density lipoprotein-cholesterol; PAV, percent atheroma volume; TAV, total ather-
oma volume. 
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than monotherapy even in DM patients, but this 
might not be enough for LDL-C management in DM 
patients. Baseline characteristics, coronary plaque vol-
ume, vessel size, and lesion length were similar 
between the monotherapy group and DLLT group in 
ACS patients with DM. The reduction in the LDL-C 
level was similar between patients with and without 
DM. In patients with DM, DLLT reduced the LDL-C 
level ＜70 mg/dL, as recommended in guidelines. The 
HbA1c level did not increase through the follow-up 
period. Therefore, poor control of LDL-C or glucose 
levels was not related to weaker regression of coronary 
plaques in patients with DM. 

Our study revealed other important results. 
Although ΔPAV in patients with DM was not signifi-
cantly different between the monotherapy group and 
DLLT group, a significant correlation between the 
percent change in the LDL-C level and ΔPAV was 
observed in DM patients, but not in non-DM 
patients. Baseline characteristics were similar between 

significantly correlated with ΔPAV in non-DM 
patients (ρ=0.34, P=0.004, and ρ=0.31, P=0.009, 
respectively), but not in DM patients. The baseline 
levels of campesterol and sitosterol were not correlated 
with ΔPAV.

Discussion

This sub-study of the PRECISE-IVUS trial 
showed that coronary plaque tended to be reduced by 
intensive lipid-lowering therapy, but it was signifi-
cantly weak in ACS patients with DM even if they 
underwent DLLT. ΔPAV seemed to be reduced in the 
DM-DLLT group compared with non-DM mono-
therapy group. However, there was no statistical dif-
ference between non-DM monotherapy and DM-
DLLT (P=0.06) by one-way analysis of variance with 
repeated measures followed by a Bonferroni multiple 
comparison adjustment. This result suggests that 
DLLT could be more effective to attenuate ΔPAV 

Table 2. Percent change in laboratory data during the study period

Percent change (%)

non-DM DM

Monotherapy 
(n =36)

DLLT 
(n =39) P 

Monotherapy 
(n =13)

DLLT 
(n =12) P 

TC
HDL-C
LDL-C
Triglycerides
Hs-CRP
Lipoprotein (a)
Apolipoprotein A1
Apolipoprotein B
ApoB/ApoA1
Free fatty acid
RLP-C
sdLDL-C
Adiponectin
HbA1c
Lathosterol
Campesterol
Sitosterol
Lathosterol/TC
Campesterol/TC
Sitosterol/TC
Campesterol/lathosterol
Plaque volume
PAV
TAV
Vessel volume
Lumen volume

−12.7±18.6
16.0±22.4

−23.0±23.2
1.0 (-25.5 to 38.6)

−90.1 (−96.4 to −79.0)
−24.5 (−50.0 to −8.3)
16.5 (8.5 to 25.0)

−23.1 (−37.0 to −8.3)
−32.8 (−46.2 to −24.7)
21.1 (−53.8 to 65.3)
−7.6 (−36.6 to 43.2)

−25.0 (−41.7 to 13.9)
15.6 (−1.4 to 58.2)

2.6±9.1
−50.0 (−68.8 to 44.4)
41.4 (11.9 to 76.2)
51.1 (19.4 to 71.8)

−34.8 (−57.3 to 46.4)
72.1 (30.7 to 111.4)
61.2 (33.8 to 115.4)

161.1 (25.0 to 437.8)
0.98±9.5

−0.08±2.66
0.93±8.67
1.46±11.15
1.59±14.9

−26.1±16.7
11.5±29.5

−41.6±18.8
−4.2 (−21.9 to 73.5)

−90.1 (−96.9 to −68.0)
−5.3 (−53.8 to 20.0)
14.4 (3.6 to 25.2)

−33.7 (−46.2 to −24.7)
−43.6 (−52.0 to −34.1)

6.2 (−49.2 to 95.6)
−18.8 (−32.6 to 19.2)
−30.3 (−49.0 to −5.6)
21.3 (−4.6 to 59.5)

3.9±6.6
−27.3 (−48.9 to 25.0)
−44.9 (−61.7 to −29.9)
−36.4 (−52.6 to −6.3)

2.7 (−32.0 to 55.6)
−29.9 (−37.1 to −12.5)
−10.7 (−27.5 to 9.7)
−32.1 (−62.9 to 20.0)

−6.21±3.4
−2.01±3.36
−9.02±14.7
−2.82±30.7
1.28±36.9

0.002
0.47

＜0.001
0.32
0.92
0.57
0.29
0.002
0.008
0.84
0.22
0.04
0.85
0.52
0.15

＜0.001
＜0.001

0.03
＜0.001
＜0.001
＜0.001

0.18
0.008
0.001
0.43
0.96

−20.9±20.0
4.2±36.2

−29.2±30.6
−0.7 (−41.8 to 18.1)

−91.3 (−98.0 to −85.7)
−32.4 (−67.5 to 120)
11.0 (−6.0 to 30.7)

−33.8 (−47.6 to −4.7)
−36.5 (−55.7 to −8.6)
−41.3 (−66.6 to 42.3)

2.0 (−54.0 to 53.6)
−17.2 (−46.3 to 7.1)

4.7 (−0.9 to 21.2)
−4.3±9.5

−44.4 (−67.7 to 5.3)
44.0 (0.9 to 83.7)
25.4 (−21.9 to 99.5)

−24.7 (−52.6 to 9.7)
77.6 (52.2 to 102.5)
63.4 (10.1 to 125.7)

211.7 (61.1 to 285.8)
−4.54±9.54
−0.77±2.51
−7.54±7.04
−3.71±9.03
−1.48±11.1

−25.8±11.9
18.5±13.0

−42.9±13.8
−17.3 (−46.0 to 3.3)
−93.4 (−98.5 to −86.7)
−18.9 (−34.3 to 5.7)
25.2 (−17.5 to 29.2)

−40.6 (−44.9 to −33.0)
−51.5 (−58.1 to −43.0)

6.3 (−29.7 to 44.8)
−20.0 (−36.4 to −0.4)
−31.0 (−38.3 to −26.4)
31.9 (−1.6 to 57.9)

−9.0±17.3
−14.3 (−44.3 to −70.1)
−38.9 (−47.1 to −25.0)
−30.0 (−39.7 to −1.7)
49.5 (−21.4 to 102.8)

−15.2 (−29.8 to −2.3)
−5.8 (−29.9 to 41.1)

−35.7 (−64.4 to 17.2)
−3.80±12.5
−2.77±3.47
−1.60±14.6
1.09±13.5
8.41±18.1

0.46
0.20
0.16
0.35
0.89
0.94
0.04
0.44
0.02
0.47
0.93
0.69
0.33
0.41
0.06

＜0.001
0.07
0.03

＜0.001
0.05
0.001
0.87
0.11
0.20
0.30
0.11

See Table 1 for abbreviations.
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patients. It has been reported that cholesterol metabo-
lism is disturbed so that cholesterol synthesis is ele-
vated, while cholesterol absorption efficiency is 
reduced in patients with DM22). Ezetimibe’s efficacy 
might be reduced under the condition of decreased 
cholesterol absorption. Furthermore, the percent 
change of lathosterol/TC ratio, which is the choles-
terol synthesis marker, was increased in the DLLT 
group in DM patients compared with non-DM 
patients (P＜0.001). Therefore, our observation of 
cholesterol metabolism markers may suggest a differ-
ent plaque regression mechanism between DM and 

DM and non-DM patients with ACS except for the 
baseline levels of campesterol and sitosterol, which are 
cholesterol absorption markers. In non-DM patients, 
markers of cholesterol absorption were associated with 
ΔPAV. Strandberg et al. associated that higher choles-
terol absorption with a higher prevalence of cardiovas-
cular events22). Statins increase cholesterol absorp-
tion23), which could be associated with accelerated 
atherosclerosis24). Therefore, increased levels of choles-
terol absorption markers may have attenuated the 
benefit of the reduced LDL-C level on ΔPAV in our 
study, but this phenomenon was not observed in DM 

Fig.2. Percent change in levels of hemoglobin A1c, low-density lipoprotein cholesterol, and percent coro-
nary plaque volume between the monotherapy group and dual lipid-lowering group in ACS 
patients with and without diabetes mellitus

In non-DM1) patients, the percent change in the LDL-C level was reduced significantly in the dual lipid-lowering-
therapy (DLLT) group compared with the monotherapy group (A). The percent change in the LDL-C level in DM 
patients tended to be reduced by DLLT, but this reduction was not significant (A). Compared with non-DM 
patients, DM patients showed weaker regression of the change in the percent atheroma volume (ΔPAV) (B).
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Table 3. Relationship between lipid profiles and ΔPAV

Percent change during follow-up

non-DM DM

r P r P 

HbA1c, %
LDL-C, %

0.11
0.13

0.42
0.25

0.14
0.44

0.51
0.03

ρ P ρ P 

Lipoprotein (a), %
ApoA1, %
ApoB, %
ApoB/ApoA1, %
RLP-C, %
sdLDL-C, %
Lathosterol/TC, %
Campesterol/TC, %
Sitosterol/TC, %

−0.07
0.05
0.13
0.012
0.15
0.18

-0.067
0.34
0.31

0.59
0.68
0.27
0.92
0.22
0.13
0.58
0.004
0.009

0.09
−0.11

0.41
0.52
0.12
0.30

-0.18
0.23
0.29

0.71
0.62
0.04
0.007
0.57
0.15
0.38
0.27
0.15

See Table 1 for abbreviations.
Furthermore, the percent change in the LDL-C level was significantly correlated with PAV in patients with 
DM (r=0.04, P=0.03), but not in non-DM patients (r=0.13, P=0.25, Fig. 3A, B).

r r

r r

Fig.3. Relationship between the level of low-density lipoprotein cholesterol and change in percent atheroma 
volume

Relationship between change in low-density lipoprotein cholesterol (LDL-C) level at follow-up (A), percent change in 
the level of LDL-C (B), and change in percent atheroma volume (ΔPAV) in ACS patients with and without DM.
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ApoB) in DM patients, but not in non-DM patients. 
In our study, the change in the HbA1c level was 

not correlated with ΔPAV. LDL-C dependency, rather 
than glycemic control, seemed to be important. In 
addition, the percent change in the ApoB level and 
ApoB/ApoA1 ratio was significantly correlated with Δ
PAV in DM patients, but not in non-DM patients. 
ApoB is a main component of chylomicron and very-
low-density lipoprotein. Catabolism of chylomicron 
and very-low-density lipoprotein is attenuated in DM, 
so atherogenic lipoproteins tend to accumulate. This 
effect can lead to the development of more lipid-rich 
coronary plaques in patients with DM. Regression of 
the lipid-rich components in coronary plaques could 
depend on reduced LDL-C and ApoB levels in 
patients with DM. Therefore, more intensive therapy 
to reduce LDL-C and ApoB levels would be required 
in patients with DM. 

Limitations

Our study had two main limitations. First, this 
sub-study was a retrospective analysis, and the baseline 
characteristics were not matched completely, primarily 
because of the small sample size (especially for DM 
patients). Although there was no statistical difference 
in ΔPAV in DM patients, absolute regression appears 
to be similar between DM and non-DM patients in 
Fig.2B. Patients with DM might not have a signifi-
cant difference due to small sample size, so the results 
should be interpreted carefully. Second, DM was 
mainly diagnosed according to medical history or lab-
oratory data upon hospital admission. The glucose 
tolerance test was not carried out in some patients, so 
DM screening was suboptimal. Therefore, a larger 
prospective, randomized control trial would be 
required to confirm our results.

Conclusions

ACS patients with DM showed weaker regres-
sion of coronary plaques than non-DM patients. 
However, the percent change in levels of LDL-C and 
ApoB was correlated significantly to ΔPAV in DM 
patients, suggesting that more intensive lipid-lowering 
therapy with an ezetimibe-statin combination would 
be beneficial in ACS patients with DM. 
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non-DM patients. Furthermore, vessel volume and 
lumen volume tended to be reduced in the monother-
apy group in patients with DM, but these features 
tended to be increased in the DLLT group; these 
changes were not observed in non-DM patients. These 
results suggest that people with DM and individuals 
not suffering from DM may have different coronary 
plaque characteristics and pathologic mechanisms in 
coronary plaque regression. 

Scholars using IVUS have reported that ACS 
patients with DM have greater coronary plaque bur-
den and necrotic core volume than those without 
DM25, 26). Pathology studies have also shown that the 
coronary plaques of patients with DM have large 
necrotic cores and accumulate macrophages and T 
cells, which reflect increased inflammation and which 
are associated with atherosclerosis progression and 
coronary plaque vulnerability in DM27, 28). Those 
studies supported our hypothesis of different coronary 
plaque characteristics. 

A systematic review by Williams et al. postulated 
a coronary plaque regression mechanism. They stated 
that extensive lowering of the ApoB level can activate 
reverse lipid transportation from atheromatous 
plaques toward the liver29). Possible mechanisms for 
plaque regression which Williams et al. suggested are 
decreased retention of ApoB-containing lipoprotein 
within the arterial wall, efflux of cholesterol and other 
toxic lipids from plaques, emigration of foam cells out 
of the arterial wall, and migration of healthy phago-
cytes that remove necrotic debris. Reduction of the 
necrotic core and the number of inflammatory cells 
within atheromatous plaques are crucial for regression 
of coronary plaques in patients with DM. For this to 
occur, more intensive lowering of levels of ApoB and 
cholesterol would be required. Further basic and clini-
cal evaluation is required to explain these mechanisms. 

Hiro et al. reported similar results when evaluat-
ing coronary plaque changes using IVUS in 252 ACS 
patients treated with pitavastatin or atorvastatin14). In 
their study, coronary plaque regression was weaker in 
DM patients than in non-DM patients. In DM 
patients with baseline HbA1c ≥ 7.0%, there were sig-
nificant correlations between the coronary plaque vol-
ume and LDL-C level at 8–12-month follow-up and 
the percent change of this parameter during the study 
period; such effects were not observed in DM patients 
with baseline HbA1c ＜7.0%. They suggested that 
glycemic control might be essential for coronary 
plaque regression in ACS patients with DM. Further-
more, they reported significant correlations between 
ΔPAV and the percent changes of other lipid parame-
ters (e.g., total cholesterol, remnant-like particle cho-
lesterol, non-high-density lipoprotein cholesterol, 
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Supplemental Table 1. The absolute values of laboratory data at follow-up

non-DM DM

Monotherapy n =36 DLLT n =39 P value Monotherapy n =13 DLLT n =12 P value

TC, mg/dL
HDL-C, mg/dL
LDL-C, mg/dL
Triglycerides, mg/dL
Hs-CRP, mg/L
Lipoprotein (a), mg/dL
Apolipoprotein A1, mg/dL
Apolipoprotein B, mg/dL
ApoB/ApoA1
Free fatty acid, µEq/L
RLP-C, mg/dL
sdLDL-C, mg/dL
Adiponectin, µg/mL
HbA1c, %
Lathosterol, mg/dL
Campesterol, µg/dL
Sitosterol, µg/dL
Lathosterol, mg/100 mg TC
Campesterol, mg/100 mg TC
Sitosterol, mg/100 mg TC
Campesterol/Lathosterol
Plaque volume, mm3

PAV, %
TAV, mm3

Vessel volume, mm3

Lumen volume, mm3

Lesion length, mm

141.9±23.8
42.2±9.5
77.6±17.4

116.0 (87.0 to 144.5)
0.39 (0.21 to 0.66)
16.0 (7.8 to 42.3)

119.0 (106.5 to 109.0)
68.5 (58.8 to 82.3)
0.55 (0.48 to 0.77)

417.0 (282.0 to 657.0)
3.4 (2.7 to 5.2)

20.5 (15.6 to 29.0)
5.2 (3.3 to 6.9)

5.6±0.4
0.7 (0.4 to 1.2)
5.0 (3.3 to 6.6)
2.5 (1.8 to 3.2)
0.5 (0.3 to 0.8)
3.6 (2.4 to 4.3)
1.9 (1.3 to 2.7)
7.3 (3.5 to 14.1)

81.5 (40.0 to 133.6)
51.4±11.44
92.8±37.6

176.1±103.5
85.6±52.5
12.3±6.5

129.2±21.3
44.5±12.8
63.7±16.2

97.0 (78.0 to 118.0)
0.48 (0.14 to 1.63)
15.0 (7.0 to 36.0)

123.0 (109.0 to 134)
62.0 (54.0 to 70.0)
0.52 (0.41 to 0.59)

378.0 (257.5 to 551.0)
2.7 (2.1 to 3.5)

19.9 (13.7 to 25.9)
5.3 (3.7 to 8.0)

5.4±0.4
0.9 (0.7 to 1.4)
2.5 (2.2 to 3.3)
1.6 (1.2 to 2.1)
0.7 (0.5 to 1.1)
2.1 (1.7 to 2.7)
1.3 (1.0 to 1.6)
2.6 (1.9 to 4.5)

70.0 (36.4 to 92.1)
48.3±11.6
81.2±32.2

145.9±85.8
76.3±49.5
10.3±5.3

0.18
0.39
0.001
0.12
0.78
0.57
0.29
0.02
0.05
0.49
0.22
0.19
0.70
0.15
0.15

＜0.001
＜0.001

0.03
＜0.001
＜0.001
＜0.001

0.16
0.24
0.15
0.17
0.43
0.16

139.8±32.1
41.0±13.5
74.2±25.6

97.0 (84.5 to 153.0)
0.35 (0.14 to 0.52)
10.0 (4.0 to 20.0)

112.0 (102.0 to 131.0)
74.0 (56.0 to 91.0)
0.63 (0.47 to 0.77)

380.0 (182.0 to 580.5)
3.3 (2.3 to 4.5)

22.9 (14.1 to 31.5)
4.2 (3.6 to 5.9)

6.3±0.7
0.6 (0.5 to 1.0)
4.7 (3.5 to 7.2)
2.3 (1.7 to 3.4)
0.5 (0.3 to 0.7)
3.6 (2.4 to 5.6)
1.6 (1.2 to 3.0)
5.6 (4.2 to 18.4)

82.6 (44.2 to 120.9)
51.4±13.5

109.4±58.9
185.3±152.3
85.4±65.8
10.3±4.7

121.2±21.4
44.8±10.0
58.3±16.0

71.5 (66.3 to 96.3)
0.38 (0.22 to 0.65)
26.0 (8.0 to 30.8)

119.5 (108.5 to 129.5)
56.0 (49.0 to 68.3)
0.46 (0.42 to 0.53)

484.5 (338.0 to 650.5)
2.2 (1.7 to 2.9)

15.1 (11.4 to 24.7)
5.9 (3.8 to 7.2)

6.5±0.9
0.9 (0.6 to 1.5)
2.0 (1.6 to 2.4)
1.2 (0.9 to 1.8)
0.8 (0.6 to 1.1)
1.6 (1.2 to 2.1)
0.9 (0.8 to 1.6)
1.8 (1.3 to 3.7)

87.5 (63.6 to 145.2)
55.2±7.5

105.3±43.2
179.7±111.5
77.7±47.2
11.8±5.9

0.10
0.44
0.08
0.07
0.85
0.94
0.04
0.44
0.02
0.27
0.93
0.15
0.23
0.54
0.06

＜0.001
0.07
0.03

＜0.001
0.05

＜0.001
0.65
0.38
0.85
0.92
0.74
0.47

Data are the n (%), mean±SD, or median (IQR). DM, diabetes mellitus; DLLT, dual lipid-lowering therapy with atorvastatin and ezetimibe; MI, 
myocardial infarction; PAD, peripheral artery disease; ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; TC, total choles-
terol; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol; Hs-CRP, high sensitive C-reactive protein; RLP-
C, remnant like particle-cholesterol; sdLDL-C, small dense low-density lipoprotein-cholesterol; PAV, percent atheroma volume; TAV, total ather-
oma volume. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <>
    /CHT <>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /KOR <>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /JPN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


