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t is now widely accepted that the incidence of secondary 
cardiovascular events can be significantly reduced by 
therapy with statins in patients with acute coronary 

syndrome (ACS).1–3 Although the exact pathophysiological 
mechanism has not yet been clarified, several attempts have 

been made, including using intravascular imaging modalities, 
to directly or indirectly evaluate the improvement in the 
plaque vulnerability with statin therapy.4–7
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Background:  The Japan Assessment of Pitavastatin and Atorvastatin in Acute Coronary Syndrome (JAPAN-
ACS) trial has found that early aggressive statin therapy in patients with acute coronary syndrome (ACS) signifi-
cantly reduces the plaque volume (PV) of non-culprit coronary lesions. The purpose of the present study was to 
evaluate clinical factors that have an impact on plaque regression using statin therapy.

Methods and Results:  Serial intravascular ultrasound observations over 8–12 months were performed in 252 
ACS patients receiving pitavastatin or atorvastatin. Linear regression analysis identified the presence of diabetes 
mellitus (DM) and PV at baseline as inhibiting factors, and serum remnant-like particle-cholesterol level at baseline 
as a significant  factor significantly affecting  the degree of plaque  regression. Significant correlation between % 
change of PV and low-density lipoprotein cholesterol (LDL-C) level was found in patients with DM (n=73, P<0.05, 
r=0.4), whereas there was no significant correlation between the 2 parameters in patients without DM (n=178).

Conclusions:  The regression of coronary plaque induced by statin therapy after ACS was weaker in diabetic 
patients than their counterparts. Moreover, vigorous reduction of the LDL-C levels might induce a greater degree 
of plaque regression in ACS patients with DM.    (Circ J  2010; 74: 1165 – 1174)
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The Japan Assessment of Pitavastatin and Atorvastatin  
in Acute Coronary Syndrome (JAPAN-ACS) study was per-
formed as a prospective, randomized open-label parallel-
group study with a blind endpoint evaluation at 33 centers, to 
comparatively examine the effect of 8–12-months’ treatment 
with pitavastatin and atorvastatin on the degree of coronary 
plaque regression in non-culprit lesions of the culprit vessel 
treated by PCI in patients with ACS.8 The results of this 
analysis demonstrated the non-inferiority of pitavastatin 
4 mg/day to atorvastatin 20 mg/day, with an approximately 
17% regression of the plaque volume (PV), suggesting that 
the effect of inducing plaque regression can be generalized to 
other statins. The degree of this effect varied widely among 
patients, regardless of the baseline low-density lipoprotein 
cholesterol (LDL-C) level, and it would be important to  
clarify its critical determinants. Previous studies have docu-
mented several determinants of the degree of plaque progres-
sion/regression in patients with stable coronary artery disease, 
such as gender,9 blood pressure,10 obesity,11 and use/non-use 
of β-blockers.12 The major baseline determinants of the degree 
of plaque regression have not, however, yet been determined 
in patients with ACS.

The purpose of the present sub-analysis of the JAPAN-
ACS study was therefore to identify the major baseline deter-
minants of the degree of plaque regression in ACS patients 
under treatment with statins, on multivariate analysis. The 
baseline parameters examined included the clinical patient 
characteristics, serum lipid profile, concomitantly adminis-
tered drugs, intravascular ultrasound (IVUS) parameters, and 
presence/absence of underlying diseases, such as diabetes 
mellitus (DM). This study was performed in the entire patient 
population, using the full analysis set, of the JAPAN-ACS 
study, because the regressive effect of the 2 statins was shown 
to be equivalent in that study.8

Methods
Study Subjects and Ethics Considerations
The present study was a sub-analysis of the JAPAN-ACS 
study.8 Description of the present study design is published 
elsewhere.13 In brief, ACS patients selected were >20 years 

of age with hypercholesterolemia and had undergone suc-
cessful PCI under IVUS guidance. They were found to have 
coronary plaques (>500 μm in thickness, or percent plaque 
area ≥20%) in the culprit vessel at least 5 mm away from the 
PCI-treated lesions. ACS was defined as unstable angina pec-
toris, non-ST-elevation myocardial infarction (MI) or ST-
elevation MI. The diagnosis of ACS was made based on the 
fulfillment of at least 2 of the following three criteria: (1) 
evidence of coronary ischemia on ECG; (2) increase (≥2-fold) 
in the serum creatinine kinase (CK) or CK-MB levels and/or 
troponin-T positivity; and (3) presence of symptoms sugges-
tive of ACS. DM and other complications were diagnosed 
by the attending physicians.

The study was conducted in conformity with the princi-
ples of the Declaration of Helsinki, and with the approval of 
the institutional review boards of all of the 33 participating 
institutions. Written informed consent for participation was 
obtained from all of the patients enrolled.

IVUS Procedure and Examination
Details of the IVUS procedure and examination are docu-
mented elsewhere.8 In brief, following IVUS-guided PCI  
for the culprit lesion in the patients with ACS, a final IVUS 
examination for analysis was performed in the culprit ves-
sel. The IVUS catheter Atlantis SR Pro2 (Boston Scientific, 
Natick, MA, USA) was used, and a motorized pullback 
device withdrew the transducer at the speed of 0.5 mm/s. 
The consoles used were the ClearView or Galaxy 2 system 
(Boston Scientific). The same imaging system with the same 
type of IVUS catheter was used for both the baseline and the 
follow-up examinations.

Two independent experienced investigators performed the 
quantitative IVUS analysis at the central core-laboratory. The 
target segment for analysis was identified at a non-PCI site of 
the culprit vessel (>5 mm proximal or distal to the PCI site) 
based on some reproducible indices. Manual tracing was per-
formed in every 0.1-mm cross-section and the software 
(echoPlaque2, INDEC systems, Santa Clara, USA) auto-
matically interpolated the tracings of 5 cross-sections between 
2 manually traced images. Therefore, the volume was calcu-
lated from each of the 0.017-mm-apart segments.

IVUS Parameters
The primary endpoint of the JAPAN-ACS study was the per-
cent change in coronary PV, which was calculated as follows:

 PV (follow up) – PV (baseline)
————————————— × 100

 PV (baseline)

Coronary PV was calculated using the sum of the differences 
between the external elastic membrane (EEM) cross-sectional 
area (CSA) and the lumen CSA across all evaluated frames 
as: PV=∑ (EEMCSA–LUMENCSA)× (slice thickness).

The major secondary endpoints were the nominal change of 
the percent PV (%PV) and nominal change of the normalized 
PV (NPV; follow-up PV minus baseline PV, respectively). 
The %PV was calculated using the following formula:

 ∑ (EEMCSA – LUMENCSA)
%PV = ——————————— × 100

∑ (EEMCSA)

NPV was calculated as:

LMED
NPV = PV × ————

LMEASURED

where LMED=the median value of observed length in all sub-
jects and LMEAURED=observed length for each plaque.

Table 1. Factors Influencing Degree of Plaque Regression

Factors β 95%CI

Univariate analysis

    Diabetes (absent-present) 6.6　　　　 2.9–10.4

    Gender (women-men) 5.1　　　　 0.68–9.6

    Height at baseline 0.20　　 –0.01–0.41

    Plaque volume at baseline 0.053 –0.0–0.11

    Vessel volume at baseline 0.028 –0.0–0.058

    RLP-C level at baseline –0.59　　　　 –1.3–0.086

    ApoE level at baseline –1.3　　　　　　 –2.8–0.22

    HbA1c at baseline 2.4　　　　 0.94–3.8

Multivariate analysis

    Diabetes (absent-present) 7.3　　　　 3.6–10.9

    Plaque volume at baseline 0.069 0.017–0.12

    RLP-C at baseline –0.70　　　　 –1.4 to –0.048

RLP-C, remnant-like particle-cholesterol; ApoE, apolipoprotein E; 
Hb, hemoglobin.
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Statistical Analysis
We used the full analysis set (FAS) of the JAPAN-ACS study 
for this sub-analysis. Patients were included in the FAS if 
they had ACS and measurable IVUS lesions both at enroll-

ment and at follow up. To identify the factors that might 
influence the % change of the coronary PV, we first defined 
83 variables at baseline as potential factors (Appendix 2). We 
developed a univariate and multivariate general linear model 

Table 2. Baseline Patient Characteristics and Concomitantly Used Drugs

Characteristic Diabetes 
(n=74)

Non-diabetes 
(n=178)

P between 
groups

Age (years) 62.8±10.5 62.3±11.3 0.7

Male 61 (82.4) 145 (81.5) 0.9

BMI (kg/m2) 24.9±3.7 24.1±3.4 0.1

Waist circumference (cm) 88.7±8.1 86.5±9.4 0.08

Hypertension 52 (70.3) 105 (59.0) 0.09

Family history of CAD 13 (17.6)   32 (18.0) 0.9

Smoking 36 (48.7)   83 (46.6) 0.8

Alcohol drinker 40 (54.1)   81 (45.5) 0.2

Type of ACS 0.4

    STEMI 45 (60.8) 117 (65.7)

    NSTEMI 14 (18.9)   22 (12.4)

    UAP 15 (20.3)   39 (21.9)

Abnormal Q wave 25 (33.8)   61 (34.2) 0.9

Max CK median (IQR) (IU/L) 1,228 (289–2,663) 1,271 (224–2,868) 0.98

Culprit vessel 0.08

    RCA 27 (36.5)   54 (30.3)

    LAD 32 (43.2) 104 (58.4)

    LCx 15 (20.3)   19 (10.7)

    LMT 0   1 (0.6)

Analysis segment 0.01

    Proximal to the treated site 60 (81.1) 116 (65.2)

    Distal to the treated site 14 (18.9)   62 (34.8)

Type of stent 0.97

    BMS 49 (66.2) 117 (65.7)

    DES 23 (31.1)   57 (32.0)

    Other than stent (POBA) 2 (2.7)   4 (2.3)

Concomitant drugs

    Aspirin 74 (100)　 174 (97.8) 0.2

    Ticlopidine 63 (85.1) 146 (82.0) 0.5

    Clopidogrel 4 (5.4) 13 (7.3) 0.6

   β-blocker 36 (48.7)   80 (44.9) 0.6

    ACE inhibitor 21 (28.4)   53 (29.8) 0.8

    ARB 41 (55.4)   84 (47.2) 0.2

    Insulin 10 (13.5) 0 –

    PPAR-γ agonist 10 (13.5) 0 –

    Sulfonyl urea 20 (27.0) 0 –

   α-GI 21 (28.3) 0 –

    Calcium blocker 17 (23.0)   32 (18.0) 0.4

    Nitrate 13 (17.6)   25 (14.0) 0.5

    Diuretic   9 (12.2) 10 (5.6) 0.07

    Aldosterone blocker 2 (2.7)   3 (1.7) 0.6

    Digitalis 4 (5.4)   1 (0.6) 0.03

    Other anti platelet agents 4 (5.4) 13 (7.3) 0.8

    Warfarin 4 (5.4)   3 (1.7) 0.2

    Anti arrhythmic agent 0   2 (1.1) 1.0

Data are expressed as numbers (percentage) unless otherwise specified.
Continuous variables are represented by mean ± SD or median (IQR).
BMI, body mass index; CAD, coronary artery disease; ACS, acute coronary syndrome; STEMI, ST-elevation myocar-
dial infarction; NSTEMI, non-STEMI; UAP, unstable angina pectoris; CK, creatinine kinase; IQR, intra quartile range; 
RCA, right coronary artery; LAD, left anterior descending artery; LCx, left circumflex branch; LMT, left main trunk; BMS, 
bare metal stent; DES, drug-eluting stent; POBA, plain old balloon angioplasty; ACE, angiotensin-converting enzyme; 
ARB, angiotensin receptor blocker; α-GI, α-glucosidase inhibitor.
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to assess the relationship between the % change of the coro-
nary PV and each potentially significant variable. Variables 
that met the following criteria were included for the univari-
ate analysis conducted to determine the association with the 
primary endpoint: (1) measurements obtained in ≥50% of the 
total population; and (2) frequency ≥10% of the total popula-
tion for each nominal or ordinal variable. The variables show-
ing correlation with the % change in PV with P<0.1 were 
included in the multivariate analyses. We finally developed 
a multivariable model using the variables selected on uni-
variate analysis, followed by backward model selection with 
P<0.05.

Based on the results of the multivariable model, we iden-
tified DM as a strong determinant of the coronary plaque 
regression. We thus divided the total subjects into 2 groups 
according to the diabetes status. Following the descriptive sta-
tistics, comparisons of continuous variables between 2 groups 
were performed using a two-sample t-test or Wilcoxon’s 
rank–sum test, and those between the parameters at baseline 
and follow up were performed using one-sample t-tests or 
Wilcoxon’s signed rank test according to their distributions. 
Comparisons of categorical variables between 2 groups were 
performed using the chi-square and Fisher’s exact tests. We 
used general linear models to assess the relationships between 
the % change of the coronary PV and several of the variables 
examined, including the serum lipid profile at the 8–12-month 
follow up. The significance level was set at 5% for the two-
sided test (and 2.5% for one-sided test).

All the statistical analyses were performed using the SAS 
System Release 9.1 (SAS institute, Cary, NC, USA).

Results
Multivariate Analysis
According to the selection criteria, the presence of DM, gender 
and six baseline parameters, including the height, PV, vessel 
volume, remnant-like particle-cholesterol (RLP-C) level, apo-
lipoprotein (Apo) E level and hemoglobin A1c (HbA1c), were 
selected on univariate analysis as factors determining the 
degree of plaque regression (Table 1). The multivariate 
analysis identified the presence of DM, PV at baseline and 
RLP-C level at baseline as the factors that were significantly 
associated with the degree of plaque regression. In this analy-
sis, a positive estimate corresponded to a lower likelihood of 
regression. The estimate for the presence of DM was 7.3 (95% 
confidence interval (CI): 3.6–10.9), for the PV at baseline it 
was 0.069 (95%CI: 0.017–0.12), and for the RLP-C level at 
baseline it was –0.70 (95%CI: –1.4 to –0.048). Based on the 
multivariate model, we identified the presence/absence of DM 
as being strongly correlated with the primary endpoint. We 
therefore conducted further analyses after subdividing the 
participants into a diabetic and non-diabetic group.

Patient Characteristics
The 252 patients (125 from the pitavastatin group and 127 
from the atorvastatin group) were divided into those with DM 
(diabetic group; n=74) and those without DM (non-diabetic 
group; n=178). All the baseline demographic characteristics 
were similar between the 2 groups, except for the location of 
the plaque segment of interest (Table 2). Segments proximal 
to the PCI site for IVUS evaluation were included more fre-
quently in the diabetic group than in the non-diabetic group 
(81.1% vs 65.2%, P=0.012). In the diabetic group, 13.5% of 
the patients were receiving insulin, 13.5% were under treat-
ment with a PPAR-γ agonist, 27% were under treatment with 
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a sulfonyl urea, and 28.3% were under treatment with an α-
glucosidase inhibitor.

IVUS Parameters
There were no significant differences in the baseline IVUS 
parameters between the diabetic and non-diabetic patients 
(Table 3). The percent change in PV at the 8–12-month fol-
low up, however, was significantly lower in the diabetic group 
as compared with that in the non-diabetic group (–12.8± 
14.4% vs –19.4±13.4%, P<0.001) (Figure 1). The nominal 
change in the %PV or NPV were also significantly decreased 
in the diabetic group as compared with that in the non-dia-

betic group (P=0.01 and P=0.02, respectively). In contrast, 
no significant difference in the percent change of the EEM 
or lumen volume was observed between the 2 groups (P=0.08 
and P=0.5, respectively; Table 3). Although segments proxi-
mal to the PCI site were measured more frequently in the 
diabetic group than in the non-diabetic group, the percent 
change of the PV was similar between the proximal site and 
distal site. Furthermore, there was no difference in baseline 
%PV between distal and proximal segments in each group.

Laboratory Results
Significant decrease of the LDL-C level from 131.5± 

Figure 1.    Plaque volume and low-density lipoprotein cholesterol (LDL-C) change in patients with or without diabetes mellitus. 
The percent change in plaque volume at the 8–12-month follow up was significantly lower in the diabetic group as compared 
with that in the non-diabetic group, although the percent change in LDL-C level during the observation period was not signifi-
cantly different between the 2 groups. Values are mean ± SD.

Table 4. Laboratory Results

Baseline Follow up Percent change (%) 

Diabetes 
(n=74)

Non-diabetes 
(n=178)

Diabetes 
(n=74)

Non-diabetes 
(n=178)

Diabetes 
(n=74)

Non-diabetes 
(n=178)

P between 
groups

TC (mg/dl) 197.6±35.7 197.0±36.1 153.0±34.0 151.7±29.2 –21.8±16.0　 –21.7±17.2　　 0.97

LDL-C (mg/dl) 131.5±31.9 132.7±32.5   81.5±28.1   83.0±24.4 –36.7±21.8　 –35.7±21.1　　 0.7　　

TG (mg/dl) 126.1±55.8 114.6±55.3 124.1±61.6 123.6±73.8   13.5±71.6　 20.9±66.6 0.4　　

HDL-C (mg/dl)   45.0±10.8 43.9±9.4   49.0±13.4   47.4±11.7   11.6±22.9　   7.8±22.2 0.2　　

RLP-C (mg/dl)   4.4±2.4   4.3±2.6   3.9±2.5   3.9±3.3     1.6±70.9　   7.0±89.4 0.7　　

Small dense LDL (RM)   0.35±0.04   0.36±0.05   0.34±0.04   0.34±0.03   –1.8±11.9　 –3.4±11.3 0.3　　

Non-HDL-C (mg/dl) 152.1±32.4 152.4±33.8 104.0±34.0 104.2±26.7 –30.8±21.2　 –30.1±19.3　　 0.8　　

LDL-C/HDL-C   3.1±0.9   3.1±0.9   1.8±0.8   1.8±0.6 –40.4±26.5　 –39.2±18.9　　 0.7　　

hs-CRP median:IQR (mg/L) 16.9
(5.3–42.0)

20.1
(5.4–68.0)

0.54
(0.26–1.5)

0.54
(0.32–1.0)

–95.7
(–99.1 to –83.5)

–96.9
(–99.1 to –89.4) 　0.3*　　

WBC:IQR (cells/μl) 9,450
(7,675–11,250)

8,900
(7,175–11,225)

6,400
(5,050–7,600)

5,905
(5,145–7,000)

–33.3
(–48.8 to –12.0)

–32.7
(–44.0 to –19.1) 　0.8*　　

HbA1c (%)   7.3±1.4   5.4±0.4   6.8±1.4   5.6±0.4 –0.44±1.42† 　0.14±0.30† <0.001

Continuous variables are represented by mean ± SD or median (IQR).
*Wilcoxon sign rank test. †Nominal change.
HDL-C,  high  density  lipoprotein-cholesterol;  LDL-C,  low  density  lipoprotein-cholesterol;  hs-CRP,  high-sensitivity  C-reactive  protein;  WBC, 
white blood cells. Other abbreviations see in Tables 1,2.
SI conversions: to convert total cholesterol, LDL-C, HDL-C, RLP-C, non-HDL-C to mmol/L, multiply by 0.0259; PTX3 to μg/L, multiply values by 1.
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31.9 mg/dl (3.40±0.83 mmol/L) at baseline to 81.5±28.1 mg/dl 
(2.11±0.73 mmol/L) at the 8–12-month follow up (P<0.001 
vs baseline) was observed in the diabetic group, and from 
132.7±32.5 mg/dl (3.44±0.84 mmol/L) at baseline to 83.0± 
24.4 mg/dl (2.14±0.63 mmol/L; P<0.001 vs baseline) at the 
8–12-month follow up in the non-diabetic group (Table 4). 
The LDL-C levels at the baseline and at the 8–12-month  
follow up and its percent change during the observation 
period were similar between the 2 groups (Figure 1). The 
high-density lipoprotein cholesterol (HDL-C) level also had 
a comparable increase in the 2 groups. The serum levels of 
inflammatory markers, namely, hs-CRP and PTX3, and the 
white blood cell count, were elevated to equivalent degrees at 
baseline, and no significant differences in the percent changes 
of the parameters were observed between the 2 groups. The 
HbA1c level at baseline was significantly higher in the dia-
betic group as compared with that in the non-diabetic group 
(7.3±1.4% vs 5.4±0.4%, P<0.001). During the follow-up 
period, the HbA1c level decreased significantly in the diabetic 
group (from 7.3±1.4% to 6.8±1.4%, P=0.012), but increased 
significantly, although only slightly, in the non-diabetic group 
(from 5.4±0.4% to 5.6±0.4%, P<0.001).

Degree of Plaque Regression and Biomarkers
Significant correlation was observed between the LDL-C 
level at the 8–12-month follow up and the percent change of 
the PV in the diabetic group (r=0.28, P=0.017), whereas no 
such significant correlation was observed in the non-diabetic 
group (r=–0.03, P=0.7; Figure 2). In addition, the percent 
change of the LDL-C level during the study period was also 
significantly correlated with the percent change of the PV 
(r=0.37, P=0.011) in the diabetic group, but not in the non-
diabetic patients (r=0.01, P=0.9). Furthermore, significant 
and close correlations between the LDL-C level at the 8– 
12-month follow up as well as the percent change of this 
parameter during the study period with the percent change of 
the PV were observed in diabetic patients with baseline HbA1c 
levels higher than or equal to the median, that is, 7.0% (r=0.49, 
P=0.0027, and r=0.45, P=0.0056, respectively), whereas no 
significant correlation among these parameters were observed 
in the diabetic patients with baseline HbA1c levels <7.0% 
(r=0.06, P=0.7, and r=0.24, P=0.2, respectively; Figure 3).

There were also statistically significant correlations be-
tween the percent changes of other lipid parameters such as 
the total cholesterol (TC; r=0.37, P=0.0012), RLP-C (r=0.25, 
P=0.032), non-HDL-C (r=0.37, P=0.017) and ApoB (r=0.33, 

Follow up LDL-C level (mg/dL) Follow up LDL-C level (mg/dL)

Percent change in  LDL-C level (%) Percent change in  LDL-C level (%)
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Figure 2.    Relationship between the low-density lipoprotein cholesterol (LDL-C) level and percent change in plaque volume in 
patients with and without diabetes. (A,C) There were significant correlations between the follow-up LDL-C level, as well as the 
percent change of the LDL-C level, and the percent change in plaque volume during the 8–12-month follow up in patients with 
diabetes. (B,D) In contrast, no such relationships were detected in the non-diabetic patients.
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P=0.0055) and the percent change of the PV in the diabetic 
group, while no such correlations were observed in the non-
diabetic group.

Major Adverse Cardiovascular Events (MACE) and Safety 
Profile
There was a significant difference in the prevalence of MACE 
between the diabetic and non-diabetic groups (29.9% vs 
18.2%, P=0.026). Among the MACE components, target 
lesion revascularization (TLR) tended to be observed at a 
higher frequency in the diabetic group than in the non-dia-
betic group (17.2% vs 9.6%, P=0.06). In regard to the other 
components, the incidences of MI (1.2% vs 1.0%, P>0.99), 
target vessel revascularization (non-TLR; 6.9% vs 5.3%, 
P=0.6) and revascularization of the non-culprit vessels (6.9% 
vs 5.3%, P=0.6) were similar between the diabetic and non-
diabetic groups.

There were no significant differences in the prevalence  
of adverse events between the diabetic group and the non- 
diabetic group.

Discussion
This sub-analysis of the multi-center JAPAN-ACS study 
using multivariate analysis showed that the presence/absence 
of DM, the PV and the RLP-C level at baseline were inde-
pendently associated with the degree of plaque regression 
induced by statin therapy in patients with ACS. In particular, 
the percent change in PV during the 8–12-month follow-up 
period was significantly attenuated in the diabetic group as 
compared with that in the non-diabetic group. This result 
was consistent with that reported from a previous clinical 
outcome study, in which DM patients had a worse prognosis 
despite advanced treatment for ACS as compared to non-
DM patients.14 There were significant correlations, however, 
between the percent change in PV and percent change of the 
LDL-C level or follow-up LDL-C level in patients with DM, 
while no such significant correlations were observed in the 
patients without DM. These data indicated that the presence 
of DM was one of the major deterrents of plaque regression 
induced by statin therapy in patients with ACS. In addition, 
the results also suggested that more vigorous reduction of 
the LDL-C levels might induce a greater degree of regres-
sion of the PV in ACS patients with DM.
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Figure 3.    Relationships between the low-density lipoprotein cholesterol (LDL-C) levels and the percent change in plaque vol-
ume in patients with diabetes (classified into subgroups by the baseline hemoglobin (Hb)A1c level). (A,C) There were significant 
correlations between the follow-up LDL-C level, as well as the percent change of the LDL-C level, and the percent change in 
plaque volume during the 8–12-month follow up, especially in the diabetic patients with baseline HbA1c levels ≥7.0%. (B,D) No 
such significant relationships, however, were detected in the diabetic patients with baseline HbA1c levels <7.0%.
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Because the baseline patient profiles were similar between 
the diabetic and non-diabetic patients with ACS, the differ-
ences between the 2 groups in terms of the degree of plaque 
regression or the relation of this parameter with the changes 
in the LDL-C levels during statin therapy might be attribut-
able to differences in the baseline characteristics of plaque. 
This may be supported by the present results, in which a sig-
nificant difference in the prevalence of MACE was found 
between the diabetic and non-diabetic groups. Nicholls et al 
documented, based on a pooled analysis of 5 IVUS trials 
conducted on a total of 2,237 patients, that diabetic patients 
had a greater percent or total atheroma volume, with more 
rapid progression of the PV and inadequate compensatory 
remodeling.15 This suggested the existence of a unique patho-
genetic mechanism for plaque formation in diabetic patients, 
although there were no significant differences at baseline in 
these volumetric indices in the present study between the 
diabetic group and the non-diabetic group. In the present study 
the percent change in EEM volume during the follow-up 
period indicated a significant negative remodeling in each 
group. During the remodeling, EEM volume at follow up 
tended to be larger, and the change in EEM volume tended 
to be smaller in the diabetic group, although P value did not 
reach significance. As already shown in the main JAPAN-
ACS study, the change in EEM volume was significantly 
correlated with that of PV.8 Therefore, this tendency might 
be considered to be an adaptation process. Non-significant 
difference in EEM volume at follow up and its change, how-
ever, might suggest the existence of a different remodeling 
mechanism in the 2 groups, because the degree of PV regres-
sion was significantly smaller in the diabetic group.

Another important result in the present study was that sig-
nificant correlations between the percent change in PV and 
percent change of the LDL-C level or the follow-up LDL-C 
level could be seen only in the diabetic group, and were 
absent in the non-diabetic group. Although this correlation 
coefficient was significant but not so high, this difference 
between the 2 groups might suggest the existence of both 
LDL-C-dependent and LDL-C-independent mechanisms of 
plaque regression induced by statins. Therefore, it can be 
assumed that some specific or more complex tissue charac-
teristics of plaques in ACS patients with DM, as discussed 
below, might significantly inhibit the LDL-C-independent 
mechanism, while plaque regression in ACS patients without 
DM might be mediated mainly by the LDL-C-independent 
mechanism. Such switching of the regression mechanism 
might be determined by the HbA1c level, as suggested by the 
present finding. This suggests that intensive glycemic con-
trol might be essential in ACS patients with DM to achieve 
significant plaque regression. Although the details of the puta-
tive LCL-C-independent mechanism are unknown, it might 
be related to the pleiotropic effects of statin.16–19 Whatever 
the exact mechanism, these data provide the important mes-
sage that intensive reduction of the LDL-C level should  
be ensured to obtain a greater degree of regression of the PV 
in ACS patients with DM.

Williams et al carried out a systematic review of numerous 
previous in vitro studies, concluding that possible mecha-
nisms responsible for lesion shrinkage include decreased 
retention of ApoB-lipoproteins within the arterial wall, efflux 
of cholesterol and other toxic lipids from plaques, emigration 
of foam cells out of the arterial wall, and influx of healthy 
phagocytes that remove necrotic debris and other components 
of the plaque.20 It can be assumed that some of these mecha-
nisms are dependent on LDL-C level, and the other ones are 

independent, which might be attenuated by the presence of 
DM. But there have been no documented reports so far regard-
ing the relationship between activity of each mechanism and 
presence of DM, which should be clarified in further studies. 
Another possible reason for the difference in plaque regres-
sion due to statin between DM patients and non-DM patients 
might be attributed to the difference in the activity of athero-
sclerotic process to promote plaque formation.

Recently, some studies using new intravascular imaging 
modalities suggested that the plaque in diabetic patients had 
a significantly bigger lipid core,21 a lesser degree of intimal 
hyperplasia,21 and more abundant dense-calcium or fibrocal-
cific tissue.22 Kawasaki et al demonstrated that the effect of 
statins on plaque regression was mainly mediated by absorp-
tion of the lipid core.6 Although no consistent specific tissue 
characteristics of plaques in diabetic patients have been con-
firmed, such complex properties of the tissue components of 
a plaque might prevent the effect of statins of producing 
regression of the lipid core. Recently, Hirayama et al reported 
a significant change in plaque color by statin using coronary 
angioscopy.23 Furthermore, a multicenter study has been 
ongoing to clarify the change in tissue characteristics by 
statin, using VH-IVUS.24 Therefore, further studies particu-
larly focused on the tissue characteristics of plaques may pro-
vide further validation of this hypothesis in the near future.

The uniqueness of the regressive mechanism of plaques 
suggested in diabetic patients could also be observed in rela-
tion to other clinical parameters in this group, such as the TC, 
RLP-C, non-HDL-C and ApoB levels; none of these parame-
ters was correlated with the percent change in PV in the non-
diabetic patients. Therefore, concomitant intensive improve-
ment of these parameters by several interventions including 
therapeutic lifestyle changes or aggressive diet modification 
would exert favorable effects in ACS patients with DM in 
terms of the degree of plaque regression. Consequently, the 
present results have the important clinical implication that 
ACS patients with DM should be treated with an understand-
ing of the refractory characteristics of plaque regression as 
well as of the necessity of specific therapeutic interventions.

In addition to the study limitations documented in the main 
report of the JAPAN-ACS study,8 the current substudy had 
specific limitations. In the present substudy the baseline pro-
file between the 2 groups was not completely matched espe-
cially for the proximity of the observed site compared to the 
PCI site. Although the percent change of the PV was similar 
between the proximal site and distal site, original difference 
in the tissue characteristics between the proximal and the dis-
tal coronary branch should be considered in the interpretation 
of the data.25,26 The diagnosis of diabetes was made by the 
attending physician in the participants. Glucose tolerance 
was not thoroughly examined in some patients. Patients with 
only impaired glucose tolerance or borderline diabetes were 
not diagnosed as having DM. Furthermore, no specific inter-
ventions to treat DM were attempted, so that the effects of 
intensive glucose control on our data could not be elucidated. 
Therefore, a randomized controlled multicenter study with 
primary prospective intervention for DM would be needed 
to confirm our data.

Conclusions
The presence of DM was one of the major negative deter-
minants of plaque regression induced by statin therapy in 
patients with ACS. There were significant correlations, how-
ever, between the percent change in PV and percent change 
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of the LDL-C level or follow-up LDL-C level only in patients 
with DM, while no such significant correlations were found 
in the patients without DM. Therefore, these data suggest the 
importance of more intensive reduction of the LDL-C levels 
to achieve a greater degree of regression of the PV in ACS 
patients with DM.
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Steering committee: Takafumi Hiro, MD; Katsumi Miyauchi, MD; 
Yoshihisa Nakagawa, MD; Masakazu Yamagishi, MD; Yukio Ozaki, MD 
(working members, respectively); Takeshi Kimura, MD; Hiroyuki Daida, 
MD (co-principal investigators, respectively); Masunori Matsuzaki, MD 
(principal investigator). Independent event assessment committee: Kazuo 
Kimura, MD; Satoshi Saito, MD; Tetsu Yamaguchi, MD. Independent 
statistician: Takeshi Morimoto, MD.

Appendix 2
Baseline Parameters
The following 83 variables at baseline were considered as factors poten-

tially associated with the % change of the coronary PV and entered into 
the multivariate analysis model: baseline characteristics (age, gender, 
diabetes, medication for diabetes, insulin treatment for diabetes, history 
of MI, history of angina, history of PCI, history of CABG, history of 
blood vessel diseases, history of DAA, history of aortic aneurysm, history 
of ASO, history of CI, hypertension, family history of CAD, smoking, 
alcohol drinker, drug allergy, height, body weight, BMI, waist circum-
ference, SBP, DBP, heart rate, type of ACS, stent usage, type of stent, 
culprit vessel, proximal/distal to the treated site, abnormal Q wave posi-
tive, max CPK, troponin T positive, troponin I positive); concomitant 
drugs (Ca blocker, nitrate, ACE inhibitor, ARB, β-blocker, diuretic, aldo-
sterone blocker, digitalis, PPAR-γ agonist, sulfonyl urea, α-GI, ticlopidine, 
clopidogrel, aspirin, other antiplatelet agents, warfarin, anti arrhythmic 
agent); baseline blood parameters (TC, LDL-C, TG, HDL-C, HDL2-C, 
HDL3-C, RLP-C, small dense LDL, non-HDL-C, LDL-C/HDL-C ratio, 
ApoA-I, ApoB, ApoE, ApoB/ApoA-I ratio, MDA-LDL, phospholipid, 
Lp(a), hs-CRP, PTX3, HbA1c); baseline IVUS parameters (lesion length 
of evaluation site, PV, %PV, normalized PV, vessel volume, minimum 
lumen area in evaluation site, lumen volume, minimum lumen area in 
treated site, plaque area in treated site, vessel area in treated site, stent 
area in treated site).


