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mellitus (DM) and dyslipidemia,3 and complete coronary 
revascularization is also more difficult in patients with 
MVD compared with those with SVD,4 resulting in a poorer 
prognosis.

The concept of aggressive lipid-lowering therapy for 
patients with a high risk of CAD is now generally accepted: 
the lower the low-density lipoprotein cholesterol (LDL-C) 

A cute coronary syndrome (ACS) with multivessel 
coronary artery disease (MVD) is highly correlated 
with poor prognosis in terms of both worse mortality 

and major adversed cardiac events (MACE) compared 
with single-vessel coronary artery disease (SVD).1,2 More 
MVD patients have been found to have higher risk factors 
for coronary artery disease (CAD), such as diabetes 
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Background: The effects of aggressive lipid-lowering therapy according to the number of diseased coronary arteries in acute 
coronary syndrome (ACS) are still controversial. This study investigated the efficacy of this therapy in ACS patients with multivessel 
disease (MVD) and single-vessel disease (SVD).

Methods and Results: The subjects were derived from the HIJ-PROPER study, in which ACS patients with dyslipidemia were 
randomized to receive either pitavastatin+ezetimibe (targeting low-density lipoprotein cholesterol [LDL-C] <70 mg/dL) or pitavastatin 
monotherapy (targeting LDL-C <90 mg/dL). In this study, treatment efficacy was compared between patients with MVD and SVD. 
The primary endpoint was a composite of major advanced cardiovascular events (MACE; all-cause death, non-fatal myocardial 
infarction, non-fatal stroke, and ischemia-driven revascularization). We identified 1,702 eligible patients (MVD, n=869; SVD, n=833; 
mean age, 65.6 years; male, 75.6%; acute revascularization, 96.2%). MACE incidence was significantly higher in the MVD group 
than in the SVD group (43.7% vs. 25.9%, HR, 1.95; 95% CI: 1.65–2.31, P<0.001). In the SVD group, pitavastatin+ezetimibe had 
significantly fewer MACE than pitavastatin monotherapy (34.6% vs. 47.4%, HR, 0.72; 95% CI: 0.55–0.94, P=0.02).

Conclusions: The benefits of aggressive lipid-lowering therapy, with the addition of ezetimibe to statins, were enhanced in ACS 
patients with SVD, but not with MVD, in the early invasive strategy era.
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from the Heart Institute of Japan-PRoper level of lipid 
lOwering with Pitavastatin and Ezetimibe in acute 
coRonary syndrome (HIJ-PROPER) study, which investi-
gated aggressive lipid-lowering treatment with pitavastatin+ 
ezetimibe in ACS patients.10

Methods
This is a post-hoc study of the HIJ-PROPER study. The 
design, treatment, algorithms, and results of the HIJ-
PROPER study have been reported previously.10,11 In brief, 
the HIJ-PROPER study was a multicenter, prospective, 
randomized, open-labeled, blinded endpoint trial with an 
active control design comparing 2 lipid-lowering treatment 
strategies. The study involved 19 hospitals in Japan and 
was conducted in accordance with the principles of the 
Declaration of Helsinki. The institutional review board or 
relevant ethics committee of each participating medical 
center approved the protocol, and all patients provided 

level, the greater the clinical benefit.5 Recently, aggressive 
lipid-lowering therapy using non-statin agents, such as 
ezetimibe or proprotein convertase subtilisin/kexin 9 
(PCSK9) inhibitors, was shown to produce a great improve-
ment in the clinical outcome of patients at a high risk of 
CAD.6–8

According to a subanalysis of the FOURIER trial, 
aggressive lipid-lowering therapy was more effective in 
MVD patients than in SVD patients with stable atheroscle-
rotic cardiac disease,9 in whom the revascularization rate 
was uncertain. However, to date there have been no studies 
on the differences in the effect of aggressive lipid-lowering 
treatment in ACS patients in the early invasive strategy 
cohort according to the number of diseased coronary 
arteries; thus, this aspect remains to be fully elucidated. 
Accordingly, in this subanalysis, we evaluated the benefits 
of aggressive lipid-lowering treatment with pitavastatin+ 
ezetimibe in MVD and SVD patients in the modern early 
invasive strategy era using the study population derived 

Table 1. Baseline Characteristics vs. No. Diseased Vessels

Variable MVD  
(n=870)

SVD  
(n=832)

All patients 
(n=1,702) P-value

Age (years) 67.5±11.1 63.7±12.2 65.6±11.8 <0.001

Male 654 (75.2) 632 (75.9) 1,286 (75.6)　　　 0.74

BMI (kg/m2) 24.2±3.5　　 24.4±3.6　　 24.3±3.6　　 0.50

eGFR (mL/min/1.73 m2) 71.9±30.4 74.2±18.0 73.0±25.2 0.06

Hypertension 624 (71.7) 541 (65.0) 1,165 (68.4)　　　   0.004

DM 325 (37.4) 194 (23.3) 519 (30.5) <0.001

Smoking 529 (60.8) 523 (62.9) 1,052 (61.8)　　　 0.39

Previous MI   90 (10.3) 40 (4.8) 130 (7.6)　　 <0.001

Previous HF 24 (2.8) 12 (1.4) 36 (2.1) 0.06

Diagnosis on admission 0.14

  STEMI 433 (49.8) 445 (53.5) 878 (51.6)

  Non-STEMI 102 (11.7) 76 (9.1) 178 (10.5)

  UA 335 (38.5) 311 (37.4) 646 (37.9)

ACS intervention

  PCI 836 (96.1) 802 (96.4) 1,638 (96.2)　　　 0.79

LVEF

  ≥35% 834 (95.9) 813 (97.7) 1,647 (96.8)　　　   0.039

Lipid on admission

  LDL-C (mg/dL) 135.7±30.4　　 134.9±28.9　　 135.3±29.7　　 0.63

  TC (mg/dL) 209.9±36.0　　 211.1±34.5　　 210.5±35.3　　 0.51

  HDL-C (mg/dL) 47.7±11.9 49.6±12.8 48.6±12.4   0.002

  TG (mg/dL) 131.1±71.1　　 130.6±70.7　　 130.8±70.9　　 0.88

Medication at randomization

  β-blockers 621 (71.5) 516 (61.9) 1,137 (66.8)　　　 <0.001

  ACEI/ARB 685 (78.8) 631 (75.8) 1,316 (77.3)　　　 0.13

  CCB 208 (23.9) 174 (20.9) 382 (22.4) 0.13

  Nitrates 199 (22.9) 121 (14.5) 320 (18.8) <0.001

  Aspirin 852 (98.0) 820 (98.4) 1,672 (98.2)　　　 0.54

  Thienopyridines 802 (92.2) 772 (92.7) 1,574 (92.5)　　　 0.78

Statin use on admission 166 (19.1) 123 (14.8) 289 (16.9) 0.02

Ezetimibe use on admission 10 (1.2)   9 (1.1) 19 (1.1) 0.89

Data given as mean ± SD or n (%). ACEI, angiotensin-converting enzyme inhibitor; ACS, acute coronary syndrome; 
ARB, angiotensin II receptor blocker; BMI, body mass index; CCB, calcium-channel blocker; DM, diabetes mellitus; 
eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; HF, heart failure; LDL-C, 
low-density lipoprotein cholesterol; LVEF, left ventricular ejection fraction; MVD, multivessel disease; NSTEMI, 
non-ST-segment elevation myocardial infarction; PCI, percutaneous coronary intervention; Pitava+Eze, pitavastatin+ 
ezetimibe; STEMI, ST-segment elevation myocardial infarction; SVD, single-vessel disease; TC, total cholesterol; 
TG, triglyceride; UA, unstable angina.
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Meier method with the log-rank test and conventional Cox 
proportional hazards models.

P<0.05 was considered to indicate a statistically signifi-
cant difference. All statistical analysis was performed with 
JMP Pro version 12.1.0 (SAS Institute, Cary, NC, USA).

Results
MVD vs. SVD
In the present analysis, 32 patients were excluded from 
the full cohort of HIJ-PROPER due to lack of detailed 
angiography data. Therefore, 1,702 patients were finally 
evaluated. The median follow-up period was 3.86 years. 
Table 1 lists the baseline characteristics of MVD (n=870) 
and SVD patients (n=832). MVD patients were older and 
had higher rates of hypertension, DM, prior MI, and of 
low left ventricular ejection fraction (<35%) than SVD 
patients. PCI as an acute revascularization strategy was 
performed successfully in 96.2% of all patients, with no 
significant difference between the 2 groups.

The incidence of the primary endpoint was 43.7% in the 
MVD group and 25.9% in the SVD group. Kaplan-Meier 
event rate curves for the primary endpoint are shown in 
Figure 1 (hazard ratio [HR], 1.95; 95% CI: 1.65–2.30; 
P<0.001). With regards to components of the primary 
endpoint, significant differences were noted between the 
MVD group and SVD group in terms of all-cause death 
(HR, 2.08; 95% CI: 1.38–3.21, P<0.001) and ischemia-
driven coronary revascularization (HR, 2.09; 95% CI: 
1.74–2.53; P<0.001), although non-fatal MI and non-fatal 
stroke were not significantly different between the 2 groups 
(Supplementary Figure 1).

Efficacy Outcomes of Ezetimibe
In both the MVD and SVD groups, patients assigned to 
the pitavastatin+ezetimibe or pitavastatin monotherapy 
arms had similar baseline characteristics (Table 2). Figure 2 
shows the change in mean LDL-C in each treatment group. 
In the MVD group, LDL-C reduction from baseline was 
46.9% for the pitavastatin+ezetimibe group and 34.9% for 
the pitavastatin monotherapy group. In the SVD group, 
the reduction from baseline was 47.4% in the pitavastatin+ 
ezetimibe group and 34.6% in the pitavastatin monotherapy 
group.

Figure 3 shows the results of the Kaplan-Meier analysis 
for the primary endpoint in each group. In the MVD 
group, the event rate during the entire study period was 
43.5% in the pitavastatin+ezetimibe group and 43.9% in 
the pitavastatin monotherapy group. Aggressive lipid-
lowering treatment with ezetimibe did not significantly 
reduce MACE (HR, 1.0; 95% CI: 0.83–1.23; P=0.92; 
Figure 3A). In the SVD group, the event rate during the 
entire study period was significantly lower in the 
pitavastatin+ezetimibe group than in the pitavastatin 
monotherapy group (22.1% vs. 30.0%, HR, 0.72; 95% CI: 
0.55–0.94; P=0.016; Figure 3B). The 1-year landmark 
analysis also showed that the combination therapy with 
ezetimibe significantly reduced MACE (HR, 0.51; 95% CI: 
0.31–0.84; P=0.0074). In contrast, in the MVD group, 
1-year landmark analysis did not show significant reduction 
of MACE (HR, 0.94; 95% CI: 0.63–1.41; P=0.77; 
Supplementary Figure 2). According to the Kaplan-Meier 
analysis of the components of MACE between the 2 
treatment groups, a significant difference was observed 
only in ischemia-driven coronary revascularization in the 

written informed consent for trial enrolment. A steering 
committee was responsible for scientific conduct and 
publication of the results of the trial, and a working group 
was responsible for daily administration.

Patients were randomized to an aggressive lipid-lowering 
group (pitavastatin+ezetimibe group: pitavastatin+ezetimibe 
10 mg/day, with a treatment goal of LDL-C <70 mg/dL 
[1.81 mmol/L]) or a conventional lipid-lowering therapy 
group (pitavastatin monotherapy group: pitavastatin only, 
with a treatment goal of 90 mg/dL [2.33 mmol/L] <LDL-C 
≤100 mg/dL [2.59 mmol/L]). During the study period, the 
use of non-study anti-dyslipidemia agents was prohibited. 
Between January 2010 and April 2013, 1,734 patients were 
enrolled. Participants were followed by hospital doctors or 
other general practitioners. The incidence of endpoint events 
in addition to drug safety information was determined 
during scheduled follow-up visits at 3, 6, 12, 24, and 36 
months. All patients were followed for at least 36 months.

In the present study, patients were divided into 2 groups 
according to the number of diseased vessels. The number 
of diseased vessels with ≥50% stenosis was categorized at 
baseline coronary angiography (CAG) for each patient. 
Patients with 1 vessel with ≥50% stenosis were categorized 
as having SVD, and patients with >1 vessel with ≥50% 
stenosis or stenosis in the left main artery, as having MVD. 
The long-term clinical outcomes were compared between 
pitavastatin+ezetimibe therapy and pitavastatin mono-
therapy in both the MVD and SVD groups.

The primary endpoint was a composite of the first 
occurrence of MACE, that is, all-cause death, non-fatal 
myocardial infarction (MI), non-fatal stroke, or ischemia-
driven revascularization with either percutaneous coronary 
intervention (PCI) or coronary artery bypass grafting.

Statistical Analysis
Continuous variables were compared using Student’s t-test 
or Wilcoxon’s rank-sum test as appropriate. Categorical 
variables were compared using Fisher’s exact test. Time to 
first occurrence of events was analyzed using the Kaplan-

Figure 1.  Kaplan-Meier curves for the primary endpoint (a 
composite of all-cause death, non-fatal myocardial infarction, 
non-fatal stroke, and ischemia-driven revascularization) in 
patients with multivessel disease (MVD) and single-vessel 
disease (SVD).
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not, which was different from previous reports in patients 
with stable atherosclerotic CAD.9

Influence of MVD in Aggressive Lipid-Lowering Therapy
MVD is present in 40–70% of ACS patients.12–15 The 
subanalysis of Controlled Abciximab and Device Investi-
gation to Lower Later Angioplasty Complications trial 
reported that MVD patients have a greater incidence of 
comorbid high-risk baseline features that may contribute 
to less favorable prognoses, and the presence of MVD was 
a powerful independent predictor of mortality, even after 
adjustment for differences in baseline clinical and angio-
graphic variables.3 Similar to that report, the present MVD 
patients had more coronary risk factors and poorer clinical 
outcomes than SVD patients.

Patient Background and Achieved LDL-C Level
In the present study intensive LDL-C-lowering therapy 

SVD group. The incidence of ischemia-driven coronary 
revascularization in the pitavastatin+ezetimibe group 
was 16.5% compared with 23.6% in the pitavastatin 
monotherapy group (HR, 0.69; 95% CI: 0.50–0.93; P=0.017; 
Supplementary Figure 3). Kaplan-Meier analysis for the 
components of MACE in each group is summarized in 
Table 3.

Discussion
The primary findings of the present study are as follows: 
(1) ACS patients with MVD were still at significantly 
higher risk of MACE than those with SVD, even when 
undergoing contemporary aggressive lipid-lowering therapy 
and with a high rate of revascularization in the acute 
phase; and (2) ACS patients with SVD derived significantly 
greater benefits from pitavastatin+ezetimibe therapy than 
from pitavastatin monotherapy, but MVD patients did 

Table 2. Baseline Characteristics at Admission vs. No. Diseased Vessels and Treatment

Variable
MVD SVD

Pitavastatin 
(n=445)

Pitava+Eze 
(n=425) P-value Pitavastatin 

(n=402)
Pitava+Eze 

(n=430) P-value

Age (years) 67.5±11.1 67.5±11.1 0.98 63.4±12.3 64.0±12.0 0.53

Male 339 (76.2) 315 (74.1) 0.53 314 (78.1) 318 (74.0) 0.17

BMI (kg/m2) 24.2±3.6　　 24.3±3.5　　 0.74 24.3±3.6　　 24.4±3.6　　 0.86

eGFR (mL/min/1.73 m2) 72.9±38.2 70.9±19.2 0.34 74.2±17.8 74.2±18.3 0.96

Hypertension 308 (69.2) 316 (74.4) 0.10 263 (65.4) 278 (64.7) 0.83

DM 167 (37.5) 158 (37.2) 0.94   93 (23.1) 101 (23.5) 0.93

Smoking 282 (63.4) 247 (58.1) 0.13 261 (64.9) 262 (60.9) 0.25

Previous MI   48 (10.8) 42 (9.9) 0.74 20 (4.9) 20 (4.7) 0.87

Previous HF 12 (2.7) 12 (2.8) 0.91   3 (0.8)   9 (2.1) 0.15

Diagnosis on admission 0.44 0.98

  STEMI 231 (51.9) 202 (47.5) 216 (53.7) 229 (53.3)

  Non-STEMI   50 (11.2)   52 (12.2) 37 (9.2) 39 (9.1)

  UA 164 (36.9) 171 (40.2) 149 (37.1) 162 (37.7)

ACS intervention

  PCI 426 (95.7) 410 (96.5) 0.60 391 (97.3) 411 (95.6) 0.26

Lesion

  LMT 42 (9.4) 33 (7.8) 0.40 0 (0)　 0 (0)　 NA

  LAD 389 (87.4) 371 (87.3) 0.96 253 (62.9) 263 (61.2) 0.67

  RCA 330 (74.2) 306 (72.0) 0.49   90 (22.4) 108 (25.1) 0.37

  LCX 337 (75.7) 323 (76.0) 0.94   59 (14.7)   59 (13.7) 0.77

  Graft   7 (1.6)   6 (1.4) 0.84 0 (0)　 0 (0)　 NA

Lipid on admission

  LDL-C (mg/dL) 136.1±30.3　　 135.2±30.6　　 0.65 135.1±29.8　　 134.8±28.2　　 0.87

  TC (mg/dL) 210.2±36.7　　 209.8±35.4　　 0.87 211.6±35.7　　 210.7±33.3　　 0.71

  HDL-C (mg/dL) 47.4±11.7 48.0±12.0 0.40 49.3±12.8 49.9±12.9 0.44

  TG (mg/dL) 131.3±71.2　　 130.8±71.1　　 0.93 133.8±74.8　　 127.6±66.6　　 0.21

Medication at randomization

  β-blocker 436 (98.2) 416 (97.9) 0.30 256 (63.5) 260 (60.5) 0.39

  ACEI/ARB 347 (78.2) 338 (79.5) 0.68 297 (73.7) 334 (77.7) 0.19

  CCB 137 (30.9) 153 (36.0) 0.11   85 (21.1)   89 (20.7) 0.93

  Nitrates   87 (19.6)   79 (18.6) 0.73   56 (13.9)   65 (15.1) 0.62

  Aspirin 375 (93.1) 397 (92.3) 0.79 398 (98.8) 422 (98.1) 0.58

  Thienopyridines 407 (91.7) 395 (92.9) 0.53 375 (93.1) 397 (92.3) 0.79

Statin use on admission   87 (19.6)   79 (18.6) 0.73   61 (15.2)   62 (14.4) 0.76

Ezetimibe use on admission   3 (0.7)   7 (1.7) 0.21   4 (1.0)   5 (1.2) 0.82

Data given as mean ± SD or n (%). LMT, left main trunk; MI, myocardial infarction; RCA, right coronary artery. Other abbreviations as in Table 1.
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FOURIER trial found that aggressive lipid-lowering 
therapy was more effective in MVD patients than in SVD 
patients,9 in contrast to the present study. There are some 
possible explanations for the differences between these 2 
sub-analyses. The FOURIER trial included only patients 
with stable atherosclerotic cardiovascular disease, whereas 
the HIJ-PROPER study enrolled only ACS patients. One 
observational study showed that ACS patients with MVD 
presented with simultaneous rupture of multiple athero-
sclerotic plaques and were at significantly increased risk of 
late death and revascularization.1 Some studies demon-
strated that aggressive lipid-lowering therapy has important 
roles in the regression of atherosclerotic plaques and the 
reduction of plaque instability.16–18 Because the character-

consisting of ezetimibe added to pitavastatin reduced the 
incidence of MACE in patients with SVD. Of the compo-
nents of the primary endpoint, only the ischemia-driven 
revascularization rate was significantly reduced in SVD 
compared with MVD. The IMPROVE-IT trial and 
ODYSSEY OUTCOMES clearly demonstrated the useful-
ness of intensive lipid-lowering with statin+ezetimibe or 
statin+alirocumab compared with statin monotherapy for 
ACS patients.6,8 Those studies, however, did not describe 
the number of diseased vessels, and acute revascularization 
rates were lower in those studies than in HIJ-PROPER. 
The FOURIER trial reported that the PCSK9 inhibitor 
evolocumab lowered LDL-C more aggressively and signifi-
cantly reduced cardiovascular events.7 A subanalysis of the 

Figure 2.  Change in mean low-density lipoprotein cholesterol in the (A) multivessel disease and (B) single-vessel disease 
treatment groups.

Figure 3.  Kaplan-Meier curves for the efficacy of ezetimibe in preventing the primary endpoint (a composite of all-cause death, 
non-fatal myocardial infarction, non-fatal stroke, and ischemia-driven revascularization) in the (A) multivessel disease group and 
(B) single-vessel disease groups. P mono, pitavastatin monotherapy; P+E, pitavastatin+ezetimibe.
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post-hoc analysis of a prospective study, and the sample 
size may have been too small to analyze the differences in 
the usefulness of aggressive lipid-lowering therapy between 
SVD and MVD patients. Second, further treatment for the 
non-culprit lesion was performed at the discretion of 
attending physicians in the collaborating centers, but details 
of those additional treatments were not investigated. 
Third, the target LDL-C reduction level was modest when 
compared with that in recent clinical trials. Finally, the 
present results may not be generalizable to non-Japanese 
individuals because this study included only Japanese 
patients with ACS. A study that includes patients from 
several countries and evaluates the difference in the useful-
ness of aggressive lipid-lowering therapy between ACS 
patients with SVD and MVD might be necessary. Thus, 
the present results must be interpreted with caution.

Conclusions
In this sub-analysis of the HIJ-PROPER study, the benefits 
of aggressive lipid-lowering therapy, with the addition of 
ezetimibe to statins, were enhanced in ACS patients with 
SVD, but not in those with MVD, in the modern early 
invasive strategy era. Further studies are warranted to 
establish different treatment approaches, including more 
intensive lipid-lowering far below the LDL-C level of 
70 mg/dL, to improve the prognosis of ACS patients with 
MVD.
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istics of enrolled patients were completely different, the 
stability of coronary plaque might have been different 
between the 2 trials, which may have affected the results. 
Indeed, in the aggressive treatment arm of the FOURIER 
trial, the median achieved LDL-C level was 30 mg/dL, but 
in HIJ-PROPER, the median level was 71 mg/dL in the 
pitavastatin+ezetimibe group. Although the effect of 
atorvastatin therapy on fibrous cap thickness in coronary 
atherosclerotic plaque, as assessed using optical coherence 
tomography, suggested that LDL-C <70 mg/dL using high-
dose statin more reliably stabilizes coronary atherosclerotic 
plaques than standard therapy,19 the present results suggest 
that an LDL-C level of 71 mg/dL might not be enough to 
reduce MACE in ACS patients with MVD, who would have 
multiple unstable plaques. More aggressive lipid-lowering 
therapy would be necessary to stabilize atherosclerotic 
plaques in patients with MVD.

Influence of Early Invasive Strategy in ACS Patients
The revascularization rate in the HIJ-PROPER study during 
the acute phase of ACS was significantly higher than that 
in previous studies examining the effect of aggressive 
lipid-lowering therapy on ACS patients.10 In previous 
studies, early revascularization improved prognosis in ACS 
patients.12,20 The effect might be greater in SVD patients 
because it would reflect complete coronary revasculariza-
tion. Complete revascularization has been shown to improve 
the long-term outcome of CAD patients, while incomplete 
revascularization is known to have detrimental effects on 
mortality.4,21 Based on the higher baseline risk and increased 
procedural complexity of revascularization, a retrospective 
cohort study showed that complete revascularization 
success rates were lower in MVD patients than in SVD 
patients.22 According to the present study, an achieved 
LDL-C level of 71 mg/dL (absolute reduction of 47%) 
might be effective in improving clinical outcomes in ACS 
patients with a high rate of complete revascularization.

Study Limitations
The present study had several limitations. First, it was a 

Table 3. Components of the Primary Endpoint vs. No. Diseased Vessels

Pitavastatin+ 
ezetimibe  
(n=425)

Pitavastatin  
monotherapy 

(n=445)
HR 95% CI P-value

Multivessel group (n=870)

  Composite outcome 185 (43.5) 195 (43.8) 1.0　　 0.83–1.23 0.92

  All-cause death 26 (6.1) 42 (9.4) 0.65 0.39–1.05 0.08

  Non-fatal MI   6 (1.4)   4 (0.9) 0.64 0.16–2.25 0.49
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