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Aim: This study investigated whether the small dense low-density lipoprotein cholesterol (sd-LDL-c) level is 
associated with the rapid progression (RP) of non-culprit coronary artery lesions and cardiovascular events (CE) 
after acute coronary syndrome (ACS).

Methods: In 142 consecutive patients with ACS who underwent primary percutaneous coronary intervention 
for the culprit lesion, the sd-LDL-c level was measured using a direct homogeneous assay on admission for ACS 
and at the 10-month follow-up coronary angiography. RP was defined as a progression of any pre-existing 
coronary stenosis and/or stenosis development in the initially normal coronary artery. CEs were defined as 
cardiac death, myocardial infarction, stroke, or coronary revascularization.

Results: Patients were divided into two groups based on the presence (n=29) or absence (n=113) of RP after 
10 months. The LDL-c and sd-LDL-c levels at baseline were equivalent in both the groups. However, the 
sd-LDL-c, triglyceride, remnant lipoprotein cholesterol (RL-c), and apoC3 levels at follow-up were significantly 
higher in the RP group than in the non-RP group. The optimal threshold values of sd-LDL-c, triglyceride, RL-c, 
and apoC3 for predicting RP according to receiver operating characteristics analysis were 20.9, 113, 5.5, and 9.7 
mg/dL, respectively. Only the sd-LDL-c level (≥ 20.9 mg/dL) was significantly associated with incident CEs at 
31±17 months (log-rank: 4.123, p=0.043).

Conclusions: The sd-LDL-c level on treatment was significantly associated with RP of non-culprit lesions, 
resulting in CEs in ACS patients. On-treatment sd-LDL-c is a residual risk and aggressive reduction of sd-LDL-c 
might be needed to prevent CEs.

medications, are recommended for reducing the 
subsequent risk of major cardiovascular events (CEs) 
in patients with ACS1). The suggested target LDL-c 
level is less than 70 mg/dL for the secondary 
prevention in ACS2). However, some patients present 
with CEs even after achieving an LDL-c level below 

Introduction

Acute coronary syndrome (ACS) is the most 
serious manifestation of ischemic heart disease, which 
is the leading cause of death worldwide. Statins, the 
low-density lipoprotein-cholesterol (LDL-c) lowering 
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artery disease (CAD), severity of coronary 
atherosclerosis22, 23), and incident CEs in secondary 
prevention24, 25) than the level of LDL-c in Japanese 
populations21-27). However, it remains unclear whether 
the levels of sd-LDL-c and TRL before percutaneous 
coronary intervention (PCI) and during the treatment 
period can predict RP and/or CEs after ACS. 

Aim

This study aimed to investigate whether the 
levels of sd-LDL-c and various lipid biomarkers can 
predict RP and long-term prognosis in patients with 
ACS under lipid-management after PCI.

Methods

Study Subjects
This single-center observational cohort study 

enrolled 142 consecutive patients with ACS who 
underwent primary PCI between January 2014 and 
December 2017 at the Showa University Hospital. 
Serum samples were collected just before the 
emergency coronary angiography (CAG) on admission 
for ACS and before the 10-month follow-up CAG. 
ACS comprised ST-segment elevation MI (STEMI) 
and non-ST-segment elevation ACS (NSTE-ACS). 
STEMI was defined as the presence of anginal symptoms 
(＞20 min) associated with electrocardiographic 
ST-segment elevation of at least 0.1 mV in two or 
more limb leads or at least 0.2 mV in two or more 
precordial leads and a rise in cardiac-specific troponin 
I levels. NSTE-ACS included non-STEMI (NSTEMI) 
and unstable angina pectoris (UAP). NSTEMI was 
defined as the presence of ischemic symptoms in the 
absence of ST elevation on electrocardiogram with 
elevated cardiac-specific troponin I levels. UAP was 
defined as having newly developed and accelerated 
chest symptoms on exertion or rest angina without a 
significant rise in cardiac-specific troponin I levels. A 
diagnosis of hypertension (HT) was made if patients 
had a history of HT or had a systolic blood pressure of 
≥ 140 mmHg or diastolic blood pressure of ≥ 90 
mmHg21). Diabetes mellitus (DM) was diagnosed if a 
patient’s fasting blood glucose  level was ≥ 126 mg/dL, 
2-hour glucose level during an oral glucose tolerance 
test was ≥ 200 mg/dL, random serum glucose level 
was ≥ 200 mg/dL, glycated hemoglobin (HbA1c) 
value was ≥ 6.5%, and/or if a patient received treatment 
with any hypoglycemic agents21). Dyslipidemia (DL) 
was defined as the current use of lipid-lowering 
medications and/or meeting the criteria of the Japan 
Atherosclerosis Society for fasting serum lipid levels 
(i.e., LDL-c ≥ 140 mg/dL, HDL-c ＜40 mg/dl, or TG 

the guideline-directed goal. Thus, the potential target 
of residual risk management remains unresolved to 
improve the clinical outcomes following ACS events.

Several reports have indicated that in ACS 
patients, vulnerable plaque exists not only in culprit 
lesions but also in non-culprit coronary segments3, 4). 
The PROSPECT study showed that half of the CEs 
after ACS are adjudicated to be related to the 
progression of non-culprit lesions5). Regarding plaque 
changes, numerous randomized controlled trials 
(RCTs) of lipid-lowering therapy using intravascular 
ultrasound (IVUS) have revealed the efficacy of plaque 
stabilization with aggressive lipid-lowering therapy6-8). 
A recent study investigating changes in non-culprit 
lesions using IVUS in ACS patients reported that the 
incidence of CEs was higher in patients with plaque 
progression and in those with plaque regression who 
have an on-treatment LDL-c level of ≥  70 mg/dL 
than in patients with plaque regression who have an 
LDL-c level of ＜70 mg/dL9). Thus, inhibition of 
rapid progression (RP) of non-culprit coronary lesions 
is important for secondary prevention in ACS; 
however, the detailed mechanisms and predictors of 
RP are not fully understood.

A pooled study of nine clinical trials using IVUS 
demonstrated that coronary atheroma progression was 
more closely associated with the treatments of non-
high-density lipoprotein cholesterol (non-HDL-c) and 
triglyceride (TG) than with that of LDL-c10). A meta-
analysis of eight RCTs of statins reported that the 
on-treatment levels of non-HDL-c were more strongly 
associated with the risk of CEs than those of LDL-c 
and apolipoprotein (apo) B in statin-treated 
patients11). Moreover, on a background of statin 
treatment in patients with ACS and myocardial 
infarction (MI), fasting TG levels have been associated 
with the risk of CEs12, 13). Non-HDL-c comprises both 
LDL-c and TG-rich lipoprotein (TRL) cholesterols 
such as very low-density lipoprotein and remnant 
lipoprotein (RL) cholesterols. TRL accumulation has 
been suggested to pose a residual risk in patients 
receiving effective statin therapy. Numerous studies, 
including ours14), have demonstrated that TGs are 
positively associated with small dense (sd)-LDL 
particles and negatively associated with large buoyant 
(lb)-LDL particles14-16). The predominance of sd-LDL 
particles is strongly associated with an impaired 
glucose regulation17, 18), postprandial hyperlipidemia19), 
and metabolic syndrome16, 20). Several clinical studies 
have demonstrated that sd-LDL particles are more 
atherogenic than lb-LDL particles 21). Numerous 
studies, including ours22-25), have indicated that 
sd-LDL cholesterol (sd-LDL-c) levels are more 
strongly associated with the risk of incident coronary 
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was measured using a sandwich enzyme-linked 
immunosorbent assay system (SRL, Inc. Tokyo, 
Japan). 

CAG Analysis and Definition of RP of CAG
In this study, CAG was performed by 

experienced cardiologists using standard techniques 
after the direct intracoronary injection of 2.5 mg 
isosorbide dinitrate into the coronary arteries to 
exclude potential effects of coronary spasm. After all 
coronary arteries were injected, at least 2 views of the 
right coronary arteries and 6 views of the left coronary 
arteries were analyzed.

All quantitative CAGs at index PCI and follow-
ups were reviewed and analyzed using CAAS 5 
software (Pie Medical Imaging BV, Maastricht, the 
Netherlands) by at  least  two experienced 
interventional cardiologists who were blinded to the 
clinical data. If the QCA data was different between 
two operators, a subsequent re-analysis of the same 
frame was performed and the average value was 
employed. The stem size of a Judkins coronary 
catheter was used for calibration to determine absolute 
measurements in millimeters. Coronary arteries were 
divided into 15 segments according to the 
classification of the American Heart Association 
Grading Committee34). The measurements for each 
segment were performed on end-diastolic frames, in 
which the severity of stenosis appeared maximum. All 
the coronary arteries, the right coronary artery, left 
anterior descending coronary artery, and left 
circumflex artery were analyzed from the base to the 
tip, with a reference diameter of ≥ 1 mm. A lesion 
with intermediate stenosis (percent diameter stenosis 
range: 30%–70%) and without ischemia at either 
baseline or follow-up was defined as the non-culprit 
lesion. We excluded lesions located within 10 mm of 
PCI-treated lesions and those within 10 mm of non-
culprit lesions from the analysis. As in previous 
studies, the RP of non-culprit lesions was determined 
by the following criteria: 1) ≥ 10% reduction in the 
diameter of a pre-existing stenosis ≥ 50%; 2) ≥ 30% 
reduction in the diameter of a pre-existing ＜50% 
stenosis; 3) development of a new stenosis with ≥ 30% 
reduction in the diameter of a segment that was 
normal on initial CAG; or 4) progression of any lesion 
to total occlusion on follow-up CAG35, 36)

. 

Definition of Clinical Outcomes
Follow-up data were obtained by reviewing 

medical records and scripted telephone interviews. A 
CE was defined as cardiac death, non-fatal MI, 
hospitalization for ischemic or hemorrhagic stroke, or 
total coronary revascularization. Total revascularization 

≥ 150 mg/dL)21). A serum creatinine-based formula 
was used to calculate estimated glomerular filtration 
rate (eGFR): eGFR=194×creatinine－1.094×age－0.287 
(×0.739 for women) 28). Body mass index was 
calculated as weight (in kilograms) divided by height 
(in meters) squared. Patients who smoked at least one 
cigarette daily in the past or on admission were 
classified as smokers.

Patients on hemodialysis, taking drugs for 
thyroid dysfunction, or currently receiving treatment 
for malignancy or those with nephrotic syndrome, 
renal dysfunction (serum creatinine ≥ 1.5 mg/dL), 
severe hepatic disease, infectious disease, or any other 
serious condition were excluded. The Institutional 
Review Board of the Showa University approved the 
study protocol (No. 2855). The study conformed to 
the ethical principles of the Declaration of Helsinki. 
Informed consent was obtained from all participants.

Measurement of Biomarkers
The levels of total cholesterol, TG, HDL-c, 

HbA1c, immunoreactive insulin (IRI), and 
apolipoprotein were assayed by standard laboratory 
procedures. The RL-cholesterol (RL-c) level was 
measured by an immunoprecipitation method using 
an immunoaffinity mixed gel (RLP-C; Japan 
Immunoresearch Laboratories, Takasaki, Japan) 
containing anti-apo A-I (apoA) and anti-apo B-100 
(apoB) monoclonal antibodies until March 31, 2016 29). 
Thereafter, the RL-c level was measured by another 
homogenous assay (RemL-C; Kyowa Medex, Tokyo, 
Japan)30). Although the RLP-C and RemL-C assays 
are different, they have been reported to have 
significant positive correlation with each other31). 
Lipoprotein(a) levels were measured using a latex 
agglutination immunoassay. The kits used for the 
LDL-c and sd-LDL-c tests were both provided by 
Denka Seiken, Tokyo, Japan. The serum LDL-c level 
was determined by a direct homogenous assay using 
detergents (LDL-EX; Denka Seiken). The serum 
samples were frozen at －80℃ until used for the direct 
homogeneous assay to measure sd-LDL-c levels, as 
previously described 32). Non-HDL-c levels were 
estimated by subtracting the HDL-c concentration 
from the total cholesterol concentration. The 
lb-LDL-c concentration was estimated by subtracting 
the sd-LDL-c concentration from the LDL-c 
concentration. The high-sensitivity C-reactive protein 
(hs-CRP) was assayed by the Dade Behring BN 
method 33). The plasma N-terminal pro-brain 
natriuretic peptide (NTproBNP) level was measured 
using an Elecsys proBNP immunoassay (Roche 
Diagnostics, Risch, Switzerland). The serum 
malondialdehyde-modified LDL (MDA-LDL) level 
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with at least one RP lesion were classified into the RP 
group (n=29) and those without RP lesions were 
classified into the non-RP group (n=113). No 
significant differences in the variables were noted 
between the two groups (Table 1). Statins were 
administered to 98.6% of the patients.

Angiographic Characteristics
A follow-up CAG was performed at 10±3 

months. The basic angiographic parameters are listed 
in Table 2. No significant differences were noted 
between the groups. Approximately one-third of the 
patients had multivessel diseases. The majority of 
culprit lesions were treated with second-generation 
drug-eluting stent implantation. Binary restenosis 
occurred in 10 patients (7%).

Laboratory Findings
The laboratory findings at baseline and follow-up 

are compared in Table 3. There was no significant 
difference at baseline in both groups. The LDL-c, 
non-HDL-c, lb-LDL-c, sd-LDL-c, apoB, MDA-LDL, 
and plasma glucose levels were significantly decreased 
at follow-up in both the groups, whereas the RL-c, 
eGFR, NTproBNP, hs-CRP, and IRI levels were 
significantly decreased only in the non-RP group. The 
sd-LDL-c, TG, RL-c, and apoC3 levels at follow-up 
were significantly higher in the RP group than in the 
non-RP group. Both absolute and percent changes in 
sd-LDL-C and RL-c were non-significantly modestly 
greater in the non-RP group, while the changes in TG 
and apoC3 were markedly different between the 
groups (Supplementary Table1). The achievement 
rate of an LDL-c level of ＜70 mg/dL was similar in 
both the groups (41.4% vs. 43.4%, p=0.84). 

Correlation analyses between the levels of 
sd-LDL-c and other lipid markers at baseline and 
follow-up revealed that sd-LDL-c level was 
significantly related to the levels of LDL-c, non-
HDL-c, TG, RL-c, and apoC3 (Supplementary 
Table 2). According to the simple regression analysis, 
LDL-c (mg/dL)=46.17＋1.296×sd-LDL-c (mg/dL) 
and non-HDL-c (mg/dL)=58.26＋1.812×sd-LDL-c 
(mg/dL).

Prediction of RP and CEs
ROC analysis revealed the optimal cutoff values 

of lipid biomarkers that predicted RP (Fig.1). The 
levels of sd-LDL-c, TG, apoC3, and RL-c at follow-up 
that predicted RP were 20.9 mg/dL (AUC: 0.652, 
p=0.021; sensitivity: 75.9%; specificity: 51.3%), 113 
mg/dL (AUC: 0.652, p=0.06; sensitivity: 69%; 
specificity: 62.8%), 9.7 mg/dL (AUC: 0.663; 
p=0.012; sensitivity: 69%; specificity: 61%), and 5.5 

included target lesion revascularization (TLR), target 
vessel revascularization (TVR), and non-TVR. TLR 
was defined as the revascularization of the target lesion 
due to restenosis or re-occlusion within the stent or 5 
mm in and adjacent to the distal or proximal segment. 
TVR was defined as revascularization of the target 
vessel or any segment of the coronary artery 
containing the target lesion. Non-TVR was defined as 
the revascularization of any segment of the non-target 
coronary artery.

Statistical Analysis
Statistical analyses were performed using JMP 

statistical software version 14 (SAS Institute, Cary, 
NC, USA). All data are presented as mean±standard 
deviation (SD) or proportion. Normally distributed 
continuous variables were compared using unpaired 
Student’s t-test and non-normally distributed 
continuous variables were compared using the Mann–
Whitney test or Wilcoxon’s signed-rank test. 
Categorical variables were compared using the Fisher’s 
exact test or chi-square test. Correlation coefficients 
between sd-LDL-c and other lipid markers were 
determined by linear regression analyses. Variables 
(including clinical, laboratory, and angiographic 
variables) known or suspected to be associated with 
the presence of RP were assessed using univariate and 
multivariate logistic regression analyses. Thereafter, 
receiver operating characteristic (ROC) curves were 
constructed. The area under the curve (AUC), 
sensitivity, and specificity for predicting RP were 
calculated, with an AUC of 0.50 indicating no 
accuracy and an AUC of 1.00 indicating maximum 
accuracy. Multivariate logistic regression was used to 
determine the predictors of RP. Variables that had 
clinically meaningful lipid profiles for plaque 
progression based on the current guidelines (LDL-c ≥ 
70 mg/dL, non-HDL-c ≥ 100 mg/dL and TG ≥ 150 
mg/dL) were included in the multivariate regression 
analysis. All statistical analyses were two-tailed. A p 
value of ＜0.05 was considered statistically significant.

Results

Patient Characteristics
The average 10-month follow-up CAG revealed 

that 29 (20.4%) of the 142 patients had RP of non-
culprit lesions, however, no patient had lesion 
progression to total occlusion. Among 29 patients 
with RP of non-culprit lesions, 6 had ≥ 10% reduction 
in the diameter of a pre-existing stenosis of ≥ 50%, 8 
had ≥ 30% reduction in the diameter of a pre-existing 
stenosis of ＜50%, and 15 had a new lesion with ≥ 
30% stenosis in a previously normal segment. Patients 
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Table 1. Characteristics of the patients

Variable RP group n =29 Non-RP group n =113 p value

Age, yrs 64±10 66±11 0.24
Gender, female 2 (6.9%) 24 (21.2%) 0.07
BMI, kg/m² 24.7±3.3 24.4±3.6 0.63
Coronary risk factors    

Hypertension 17 (58.6%) 73 (64.6%) 0.53
Diabetes mellitus 8 (27.6%) 35 (31.0%) 0.72
Dyslipidemia 11 (37.9%) 39 (34.5%) 0.73
Smoking 25 (86.2%) 79 (69.9%) 0.08
Family history of CVD 6 (20.7%) 20 (17.7%) 0.71

Prior MI 1 (3.5%) 8 (7.1%) 0.44
Prior PCI 0 (0.0%) 8 (7.8%) 0.14
Clinical presentation   0.96

STEMI 22 (75.9%) 83 (73.5%)  
NSTEMI 6 (20.7%) 26 (23.0%)  
UAP 1 (3.5%) 4 (3.5%)  

Peak CK, U/L 2295±1937 2280±2376 0.68
Ejection fraction, % 49.0±11.0 52.3±10.8 0.09
Medications On admission At follow-up On admission At follow-up  

Statin 8 (27.6%) 29 (100%) 29 (25.7%) 111 (98.2%) 0.83
Ezetimibe 0 (0.0%) 4 (13.8%) 4 (3.6%) 9 (8.0%) 0.3
EPA 0 (0.0%) 2 (6.9%) 5 (4.4%) 7 (6.2%) 0.25
Fibrate 3 (10.4%) 2 (6.9%) 7 (6.2%) 1 (0.9%) 0.46

Data are expressed as mean±standard deviation (SD) or number (%). Abbreviations: BMI, body mass index; CVD, cardiovascular disease; CK, cre-
atine kinase; EPA, eicosapentaenoic acid; PCI, percutaneous coronary intervention; MI, myocardial infarction; NSTEMI, non-ST-segment eleva-
tion myocardial infarction; RP, rapid progression; STEMI, ST-segment elevation myocardial infarction; UAP, unstable angina pectoris.

Table 2. Angiographic characteristics

Variable RP group n =29 Non-RP group n =113 p value

Culprit vessel 0.27
LMT 1 (3.5%) 2 (1.8%)
LAD 17 (58.6%) 58 (51.3%)
LCX 0 (0.0%) 13 (11.5%)
RCA 11 (37.1%) 40 (35.4%)

No. diseased vessel 0.92
1 19 (65.5%) 72 (63.7%)
2 7 (24.1%) 31 (27.4%)
3 3 (10.3%) 10 (8.9%)

Culprit lesion PCI variables 0.59
DES 29 (100%) 109 (96.5%)
BMS 0 (0.0%) 1 (0.9%)
POBA 0 (0.0%) 3 (2.7%)

In stent restenosis in culprit lesion 1 (3.5%) 9 (8.0%) 0.36
CAG follow-up period 10±3 10±3 0.75

Data are expressed as number or mean±standard deviation (SD). Abbreviations: BMS, bare metal stent; CAG, coronary angiography; 
DES, drug-eluting stent; LAD, left anterior descending coronary artery; LCX, left circumflex artery; LMT, left main trunk; PCI, 
percutaneous coronary intervention; POBA, plain old balloon angioplasty; RCA, right coronary artery; RP, rapid progression. 
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values for predicting RP. The analysis revealed that 
patients with an sd-LDL-c level of ≥ 20.9 mg/dL at 
follow-up had a significantly increased risk of CEs 
(log-rank 4.123, p=0.043; Fig.3). Total revascularization, 
especially non-TVR, was performed more often in the 
group with high sd-LDL-c during the follow-up 
period (Supplementary Table 4).

Discussion

This study presents four novel findings. First, the 
levels of sd-LDL-c and three TRL biomarkers (TG, 
RL-c, and apoC3) at follow-up are effective predictors 
of the RP of non-culprit lesions. Second, the presence 
of RP lesions is significantly associated with a higher 
incidence of 3-year CEs. Third, among the four lipid 
biomarkers, the only predictive factor for 3-year CEs 
in ACS patients was an sd-LDL-c level above the 
cutoff value (≥ 20.9 mg/dL). Fourth, none of the lipid 
biomarkers measured at the onset of ACS in the 
present study could predict RP and CEs after ACS. 

The significant association between sd-LDL-c 

mg/dL (AUC: 0.641, p=0.007; sensitivity: 41.4%; 
specificity: 82.3%), respectively. On multivariate 
logistic regression model analysis including sd-LDL-c, 
RL-c, LDL-c, TG, and non-HDL-c showed that only 
an sd-LDL-c level of ≥ 20.9 mg/dL (odds ratio [OR], 
3.50; 95% confidence interval [CI]: 1.07–11.48; 
p=0.039) at follow-up was a powerful predictor for 
RP of the culprit lesion independent of higher RL-c 
and achievement of target levels of LDL-c, TG, and 
non-HDL-c (Table 4). However, higher sd-LDL-c 
levels failed to be an independent predictor for RP 
when apo C3 was included in the multivariate 
analysis.

Although CEs occurred in 30 (21.1%) patients 
(non-fatal MI, 2 patients; stroke, 3 patients; and 
revascularization, 25 patients [TLR: 9 patients, TVR: 
2 patients, and non-TVR: 14 patients]) during the 
31±17 months of follow-up, no cardiac death 
occurred (Supplementary Table 3). Patients with RP 
had a significantly increased risk of CEs (log-rank 
14.878, p＜0.0001; Fig.2). The Kaplan–Meier event-
free survival curves were analyzed using the cutoff 

Table 3. Laboratory characteristics

Variable RP group n =29 Non-RP group n =113

Baseline Follow-up p value 
(vs. baseline)

Baseline Follow-up p value 
(vs. baseline)

TG, mg/dL 114 (76-160.5) 138 (96-192.5)＊ 0.26 109 (55.5-162.5) 99 (71-145) 0.36
LDL-c, mg/dL 131.5±37.7 80.0±20.5 ＜0.0001 122.6±39.0 75.5±20.0 ＜0.0001 
HDL-c, mg/dL 49.6±16.1 50.1±15.2 0.91 46.9±11.4 48.8±12.3 0.23
Non-HDL-c, mg/dL 154.9±40.3 107.3±22.0 ＜0.0001 146.6±41.1 99.0±21.7 ＜0.0001 
lb-LDL-c, mg/dL 93.6±36.0 53.1±16.3 ＜0.0001 85.9±36.0 53.1±16.6 ＜0.0001 
sd-LDL-c, mg/dL 37.9±13.7 26.9±9.6＊ 0.0008 36.6±20.5 22.4±8.9 ＜0.0001 
apolipoprotein A1, mg/dL 127.7±32.0 135.7±25.3 0.3 123.2±22.5 130.4±23.2 0.018
apolipoprotein B, mg/dL 106.7±23.2 77.2±15.2 ＜0.0001 99.4±28.5 71.5±15.6 ＜0.0001 
apolipoprotein C3, mg/dL 9.9 (7.5-12.6) 10.1 (8.4-13.0)＊ 0.06 8.9 (6.6-11.1) 8.7 (7.1-11) 0.41
RL-c, mg/dL 5.8 (3.7-8.0) 4.3 (2.7-6.9)＊ 0.12 5.0 (3.4-7.5) 3.1 (2.1-4.9) ＜0.0001
MDA-LDL, U/L 127.9±43.3 90.9±30.4 0.0004 128.1±55.1 87.6±29.2 ＜0.0001 
lipoprotein(a), mg/dL 14.1 (7.6-26) 14.4 (8.7-38.4) 0.44 13 (5-23) 16 (7-31.5) 0.12
HbA1c(N), % 6.1±1.0 6.2±0.8 0.75 6.4±1.3 6.3±0.8 0.8
eGFR, mL/min/1.73 m2 76.7±20.8 66.9±19.0 0.06 75.5±23.0 67.8±15.8 0.004
NT-pro BNP, pg/mL 229 (82-816) 166 (94.5-316) 0.37 255 (64.5-839) 146 (72-345) 0.025
hs-CRP, mg/dL 0.123 (0.033-0.384) 0.064 (0.038-0.101) 0.18 0.144 (0.057-0.380) 0.055 (0.029-0.106) ＜0.0001 
Glucose, mg/dL 144±58 115±29 0.009 150±58 113±29 ＜0.0001 
IRI, µU/mL 15 (8-36) 9.85 (5.6-13.8) 0.02 12.2 (6.9-20.2) 7.1 (4.8-11.6) ＜0.0001

Data are expressed as mean±standard deviation (SD), or median (25% and 75% quartiles). ＊p＜0.05, compared with corresponding Non-RP 
group by unpaired t-test or Wilcoxon’s signed-rank test. Abbreviations: apo A1, apolipoprotein A1; apo B, apolipoprotein B; apo C3, apolipopro-
tein C3; eGFR, estimated glomerular filtration rate; HbAc1, glycated hemoglobin; HDL-c, high-density lipoprotein cholesterol; hs-CRP, high-sen-
sitivity C-reactive protein; IRI, immunoreactive insulin; LDL-c, low-density lipoprotein cholesterol; lb-LDL-c, large buoyant low-density lipopro-
tein cholesterol; MDA-LDL, malondialdehyde-modified low-density lipoprotein; non-HDL-c, non-high-density lipoprotein cholesterol; 
NTproBNP, N-terminal pro-brain natriuretic peptide; RL-c, remnant lipoprotein cholesterol; RP, rapid progression; sd-LDL-c, small dense low-
density lipoprotein cholesterol; TG, triglyceride.
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sd-LDL-c at follow-up
AUC=0.652 (P=0.021)

20.9mg/dL

TG at follow-up
AUC=0.652 (P=0.06)

113mg/dL

apoC3 at follow-up
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AUC=0.641 (P=0.07)
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(C) (D)

(B)(A)

Fig.1. Receiver operating characteristic (ROC) curves for predicting rapid progression (RP)

Based on ROC analysis, the optimal thresholds for predicting RP are as follows: follow-up small dense low-density lipoprotein cholesterol (sd-
LDL-c) level=20.9 mg/dL (A) follow-up triglyceride (TG) level=113 mg/dL (B), follow-up apolipoprotein C3 (apo C3) level=9.7 mg/dL 
(C), and remnant lipoprotein cholesterol (RL-c) level=5.5 mg/dL (D).

Table 4. Univariate and Multivariate logistic regression analyses as predictors for the RP

Univariate analysis Mutivariate analysis

Model 1 Model 2 Model 3

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Sd-LDL-c ≥ 20.9 mg/dL 2.65 1.21 - 5.81＊ 3.37 1.06 - 10.74＊ 3.50 1.07 - 11.48＊ 2.68 0.83 - 8.71
Apo C3 ≥ 9.7 mg/dL 2.71 1.32 - 5.53＊＊ - - - - 2.91 1.01 - 8.34＊

RL-c ≥ 5.5 mg/dL 2.33 1.24 - 4.37＊ - - 4.47 0.94 - 21.21 - -
LDL-c  ≥ 70 mg/dL 1.10 0.56 - 2.15 0.52 0.14 - 2.00 0.59 0.15 - 2.27 0.51 0.13 - 1.98
TG  ≥ 150 mg/dL 1.67 0.87 - 3.21 1.02 0.37 - 2.77 0.33 0.07 - 1.67 0.61 0.20 - 1.87
Non-HDL-c  ≥ 100 mg/dL 1.59 0.81 - 3.12 1.53 0.39 - 6.08 1.26 0.31 - 5.11 1.49 0.38 - 5.91

Model 1 was adjusted for sd-LDL-c, LDL-c, TG, and non-HDL-c. Model 2 was adjusted for sd-LDL-c, RL-c, LDL-c, TG, and non-HDL-c. 
Model 3 was adjusted for sd-LDL-c, apo C3, LDL-c, TG, and non-HDL-c. OR, odds ratio: CI, confidence interval. ＊p＜ 0.05. ＊＊p＜0.01.

Logrank:14.878
p< 0.0001
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Fig.2. Kaplan–Meier event-free survival curves

Patients are divided into two groups based on rapid progression 
(RP). Patients with RP have a significantly increased risk of cardio-
vascular events (CEs; log-rank 14.878, p＜0.0001). 
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(median follow-up: 2.9 years)38). On the other hand, 
the present study failed to demonstrate an association 
between MDA-LDL and RP. The discrepancies in the 
findings might be due to differences in the study 
population and clinical outcomes. 

This is the first study to show a positive 
association between the on-treatment TG, apoC3, and 
RL-c levels and RP. These three markers are strongly 
correlated with each other. ApoC3 is closely associated 
with TG metabolism and is a key regulator of fasting 
and non-fasting TG levels39). Both the CAD risk and 
TG level were up to 30%–40% lower in the carriers 
than in the non-carriers of apoC3 gene mutation40). A 
prospective study of 190 patients treated with statins 
for 3 months after ACS revealed that a high RLP-C 
level (≥ 5.4 mg/dL) was significantly associated with 
CEs during the follow-up period (mean follow-up: 30 
months)41). In addition, our previous cohort study 
demonstrated that the RLP-C level was significantly 
higher in patients with CEs than in those without 
CEs; however, the age-adjusted Cox regression analysis 
did not support the significant association between 
the RLP-C level and CE occurrence25). In the RP 
group, both TG and apoC3 marginally increased at 

level and CEs is consistent with the findings of our 
two previous cohort studies that included patients 
with stable CAD and used two different assays for 
sd-LDL-c level measurement24, 25). In the cohort of 
elderly male patients with stable CAD, a significant 
association was observed between sd-LDL-c levels and 
incident CEs in diabetic and non-diabetic patients, 
statin users and in patients with hypertriglyceridemia25). 
This study revealed a new mechanism of CEs, 
especially non-TVR, which is considered under RP 
due to the sd-LDL-c level. A previous study of 136 
patients with stable CAD who underwent CAG at 
baseline and follow-up demonstrated a positive 
association between sd-LDL levels, which was 
determined by four different laboratory methods, and 
angiographic progression of CAD, after adjusting for 
the LDL-c, HDL-c, and TG levels37). In addition, the 
study indicated that this association was significantly 
greater for the follow-up sd-LDL-c levels than the 
baseline sd-LDL-c levels37). A previous retrospective 
study of 332 patients with stable angina who 
underwent PCI reported that higher levels of MDA-
LDL, an oxidized LDL, before PCI were significantly 
associated with CEs during the follow-up period 

Logrank:4.123
p=0.043
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Fig.3. Kaplan–Meier event-free survival curves

Patients are divided into two groups based on the cutoff value of rapid progression (RP): small dense low-density lipoprotein cholesterol (sd-
LDL-c), 20.9 mg/dL; triglyceride (TG), 113 mg/dL; apolipoprotein C3 (apo C3), 9.7 mg/dL; and remnant lipoprotein cholesterol (RL-c), 5.5 
mg/dL. Patients with an sd-LDL-c level of ≥ 20.9 mg/dL at follow-up have a significantly increased risk of cardiovascular events (CEs; log-
rank 4.123, p=0.043).
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level or the TRL level and hs-CRP at both baseline 
and follow-up. Future studies are required to evaluate 
the association between glucose variability, RP, and the 
levels of sd-LDL-c, TRL, and thrombotic and 
inflammatory markers.

This study has a few limitations. First, this was a 
single-center study with relatively small sample size. 
Hence, multicenter studies with large sample sizes are 
required to investigate whether CEs can be reduced 
with interventions for sd-LDL-c reduction. Second, 
morphological assessment of non-culprit lesions using 
intravascular imaging was not performed in all 
patients. Previous studies have suggested that positive 
remodeling, vulnerable plaque, and/or micro-vessels 
might play an important role in lesion progression. 
Future studies should validate the relationship 
between the morphological changes in plaque 
progression and lipid profiles at various time points. 
Third, the relationship between lipid profiles and 
inflammation markers was not assessed50).

Conclusion

The on-treatment sd-LDL-c, TG, apoC3, and 
RL-c levels are associated with the RP of non-culprit 
lesions after ACS. A higher sd-LDL-c level may 
predict RP and CEs after ACS. Therefore, 
on-treatment sd-LDL-c is a residual risk and aggressive 
reduction of the sd-LDL-c level may be essential to 
improve the long-term clinical outcomes in ACS 
patients. A large cohort study is required to determine 
the appropriate target level of sd-LDL-c.
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the TRL level, at follow-up is associated with CEs 
after ACS. Thus, future studies with a large sample 
size are required to evaluate the association between 
the TRL levels and CEs in patients.

The lb-LDL-c levels at follow-up were similar 
between the two groups. This is in good agreement 
with the findings of our previous studies22-24) and a 
general prospective study42). Thus, intensive sd-LDL-
c-lowering may be necessary for both primary and 
secondary prevention of CAD. A simple regression 
analysis revealed that an sd-LDL-c level of 20.8 mg/
dL was equivalent to approximately 73 mg/dL of 
LDL-c and 96 mg/dL of non-HDL-c. These levels are 
consistent with the target levels of LDL-c (＜70 mg/
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the current guidelines21, 43). According to the 2019 
European Society of Cardiology (ESC) guidelines44), 
the target levels of LDL-c and non-HDL-c for very 
high-risk patients are ＜55 mg/dL and ＜85 mg/dL, 
respectively; thus, the target value of sd-LDL-c after 
the input of these values in the formulas is estimated 
to be approximately 5–15 mg/dL. A secondary 
analysis of the FOURIER trial with proprotein 
convertase subtilisin/kexin type 9 inhibitor 
evolocumab in patients with a high CAD risk 
demonstrated a monotonic relationship between the 
achieved LDL-c level and CEs, down to an LDL-c 
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the progression of coronary atherosclerosis. Future 
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sd-LDL-c and CEs in patients. 

A high prevalence of sd-LDL is a main feature of 
pre-diabetic and diabetic dyslipidemia and insulin 
resistance18, 46). These disorders exhibit postprandial 
glucose variability. Previous studies have demonstrated 
that glucose variability is associated with the RP of 
non-culprit lesions 47) and coronary plaque 
vulnerability in ACS patients48, 49). The association 
between the sd-LDL-c level and RP might be due to 
glucose variability. In addition, the sd-LDL-c level was 
reported to be associated with thrombosis and 
inflammation50). These factors also affect coronary 
atherosclerosis. However, the present study failed to 
demonstrate an association between the sd-LDL-c 
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Supplementary Table 1. Baseline and follow-up lipid markers

Variable RP group n =29 Non-RP group n =113

Baseline Follow-up p value 
(vs. baseline)

Baseline Follow-up p value 
(vs. baseline)

TG, mg/dL 114 (76 - 160.5) 138 (96 - 192.5)＊ 0.26 109 (55.5 - 162.5) 99 (71 - 145) 0.36
Change in TG , mg/dL 19 (-15 - 57)＊ -9 (-51.5 - 21.5)
Percent of change in TG, % 25.0 (-12.4 - 50.9)＊ -9.7 (-31.3 - 33.6)

LDL-c, mg/dL 131.5±37.7 80.0±20.5 ＜0.0001 122.6±39.0 75.5±20.0 ＜0.0001
Change in LDL-c, mg/dL -51.5±40.5 -47.1±41.4
Percent of change in LDL-c, % -34.8±23.7 -33.2±24.9

Non-HDL-c, mg/dL 154.9±40.3 107.3±22.0 ＜0.0001 146.6±41.1 99.0±21.7 ＜0.0001
Change in non-HDL-c, mg/dL -47.7±42.7 -47.5±43.6
Percent of change in non-HDL-c, % -26.6±22.9 -28.0±22.7

Sd-LDL-c, mg/dL 37.9±13.7 26.9±9.6＊ 0.0008 36.6±20.5 22.4±8.9 ＜0.0001
Change in sd-LDL-c, mg/dL -11.0±15.1 -14.2±19.7
Percent of change in sd-LDL-c, % -22.3±31.0 -26.5±35.0

Apo B, mg/dL 106.7±23.2 77.2±15.2 ＜0.0001 99.4±28.5 71.5±15.6 ＜0.0001
Change in Apo B, mg/dL -28.4±26.4 -28.8±28.6
Percent of change in Apo B, % -23.9±20.2 -24.6±22.5

Apo C3, mg/dL 9.9 (7.5 - 12.6) 10.1 (8.4 - 13.0)＊ 0.06 8.8 (7.1 - 11) 8.7 (7.1 - 11) 0.41
Change in Apo C3, mg/dL 1.8 (-0.2 - 3.6)＊ -0.2 (-2.4 - 1.4)
Percent of change in Apo C3, % 18.2 (-0.8 - 45.4)＊ -2.2 (-21.4 - 16.6)

RL-c, mg/dL 5.8 (3.7 - 8.0) 4.3 (2.7 - 6.9)＊ 0.12 5.0 (3.4 - 7.5) 3.1 (2.1 - 4.9) ＜0.0001
Change in RL-c, mg/dL -1.2 (-3.3 - 0.15) -1.6 (-3.9 - -0.1)
Percent of change in RL-c, % -26.7 (-49.6 - -3.9) -33.3 (-58.0 - -1.5)

Data are expressed as mean±standard deviation (SD), or median (25% and 75% quartiles). ＊p＜0.05, compared with corresponding Non-RP 
group by unpaired t-test or Wilcoxon’s signed-rank test.

Supplementary Table 2. Correlation coefficients between lipid markers at baseline and follow-up

baseline LDL-c non-HDL-c TG RL-c apoC3 hs-CRP

sd-LDL-c 0.390 0.535 0.462 0.478 0.495 -0.092
LDL-c _____ 0.949 0.040 0.228 0.150 -0.105
non-HDL-c _____ _____ 0.288 0.462 0.381 -0.081
TG _____ _____ _____ 0.867 0.738 -0.009
RL-c _____ _____ _____ _____ 0.729 -0.106
apoC3 _____ _____ _____ _____ _____ -0.027

follow-up LDL-c non-HDL-c TG RL-c apoC3 hs-CRP

sd-LDL-c 0.590 0.759 0.546 0.459 0.526 -0.102
LDL-c _____ 0.887 -0.031 -0.019 0.056 -0.140
non-HDL-c _____ _____ 0.353 0.370 0.378 -0.146
TG _____ _____ _____ 0.912 0.726 -0.042
RL-c _____ _____ _____ _____ 0.667 -0.060
apoC3 _____ _____ _____ _____ _____ -0.028

The sd-LDL-c level is significantly related to the levels of LDL-c, non-HDL-c, TG, RL-c, and apoC3. Furthermore, TG is significantly related to 
RL-c and apo C3. Abbreviations: apo C3, apolipoprotein C3; LDL-c, low-density lipoprotein cholesterol; non-HDL-c, non-high-density lipopro-
tein cholesterol;  RL-c, remnant lipoprotein cholesterol; sd-LDL-c, small dense low-density lipoprotein cholesterol; TG, triglyceride.
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Supplementary Table 4. Comparison of cardiovascular events between the high sd-LDL-c and low sd-LDL-c groups

Variable high sd-LDL-c group 
n =77

low sd-LDL-s group 
n =65

p value

cardiac death 0 (0%) 0 (0%) not detectable
non fatal MI 1 (1.3%) 1 (1.5%) 0.9
stroke 2 (2.6%) 1 (1.5%) 0.66
total revascularization 18 (23.4%) 7 (10.8%) 0.04
TLR 4 (5.2%) 5 (7.7%) 0.54
TVR 2 (2.6%) 0 (0%) 0.12
non-TVR 12 (15.6%) 2 (3.1%) 0.008

Total revascularization, especially non-TVR, was performed more often in the high sd-LDL-c group during the follow-up period. 
Abbreviations: MI, myocardial infarction; RP, rapid progression; sd-LDL-c, small dense low-density lipoprotein cholesterol; TLR, 
target lesion revascularization; TVR, target vessel revascularization

Supplementary Table 3. Comparison of cardiovascular events between the RP and non-RP groups

Variable RP group 
n =29

non-RP group 
n =113

p value

cardiac death 0 (0%) 0 (0%) not detectable
non fatal MI 1 (3.5%) 1 (0.9%) 0.35
stroke 1 (3.5%) 2 (1.8%) 0.6
total revascularization 11 (37.9%) 14 (12.4%) 0.001
TLR 0 (0%) 9 (8.0%) 0.11
TVR 0 (0%) 2 (1.8%) 0.47
non-TVR 11 (37.9%) 3 (2.7%) 0.0001

Abbreviations: MI, myocardial infarction; RP, rapid progression; TLR, target lesion
revascularization; TVR, target vessel revascularization.
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