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Introduction

Low-density lipoprotein cholesterol (LDL-C) level 
has been the cornerstone of lipid diagnosis and ther-
apy1). LDL particles are fractionated into large buoy-
ant and small dense particles2). Small dense LDL 
(sdLDL) particles have been suggested to be more ath-
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Methods

Subjects
This observational study cohort consisted of 258 

male and 70 female consecutive patients with angio-
graphically documented CAD who underwent diag-
nostic coronary arteriography and measurement of 
sdLDL-C and LDL particle diameter (LDL-PD) at 
Showa University Hospital between September 2003 
and December 2004. Data from repeated angiograms 
for the included patients, patients who underwent 
emergency coronary angiography due to acute coro-
nary syndrome (ACS), and patients who underwent 
hemodialysis therapy were not included. At the time 
the measurements were made, aggressive lipid-lower-
ing treatment was not common in patients with CAD, 
and drug-eluting stents were not routinely used. Sig-
nificant CAD was defined as a 50% or greater narrow-
ing of the diameter in one or more coronary artery 
branch on an arteriogram. The diagnoses of CAD, 
such as MI and angina pectoris, were based on clinical 
symptoms, electrocardiographic changes, myocardial 
perfusion scintigraphy, blood examinations, coronary 
arteriograms, and a prior history of percutaneous cor-
onary intervention (PCI) and/or coronary artery 
bypass surgery (CABG). In the present analysis, the 
exclusion criteria were age of 90 years or older, severe 
hepatic disease, nephrotic syndrome or renal dysfunc-
tion (serum creatinine ＞1.5 mg/dL), infectious dis-
ease, current treatment for malignancy, any other seri-
ous condition, patients who took drugs for thyroid 
dysfunction, or patients with missing blood examina-
tion data. Patients who could not be followed within 
two months after the coronary angiography were also 
excluded. After applying these criteria, data from 149 
men and 41 women were included in the present anal-
ysis. The institutional review board of Showa 
University approved this protocol. The investigation 
conformed to the principles of the Declaration of Hel-
sinki.

Baseline Examination
The fasting blood samples were obtained by 

venipuncture immediate before the cardiac catheter-
ization study was performed. The serum was stored at 
4℃ and assayed within three days after sampling. The 
CAD group consisted of patients with previous MI (87 
men and 19 women) and stable angina pectoris (92 
men and 26 women). Ninety-three men and 20 
women had previously undergone PCI. Five men and 
one woman had previously received CABG. Sixty-
eight men and 26 women were taking lipid-lowering 
drugs at baseline. Seven men and two women were 

erogenic than large buoyant LDL due to several char-
acteristics, including higher penetration into the arte-
rial wall, lower binding affinity for the LDL receptor, 
prolonged plasma half-life, and lower resistance to oxi-
dative stress2-4). Several methods have been developed 
for the measurement of serum sdLDL levels5, 6).

Cross-sectional studies, including ours, have used 
gradient gel electrophoresis to demonstrate that the pre-
dominance of sdLDL is associated with a three-fold 
increased risk for coronary artery disease (CAD)7, 8). 
The prospective Québec cardiovascular study confirmed 
that a greater proportion of sdLDL evaluated by semi-
quantitative estimation using gradient gel electropho-
resis at baseline is a strong and independent predictor 
of CAD in the first seven years of follow-up9). In con-
trast, an elevated concentration of large LDL is a poor 
predictor of CAD and seems to be associated with a 
low CAD risk9). In earlier cross-sectional studies using 
the heparin magnesium precipitation method for 
quantification of sdLDL cholesterol (sdLDL-C), we 
demonstrated that a high sdLDL-C concentration, 
but not large LDL-C level, is closely related to the 
angiographic and/or clinical severity of CAD indepen-
dent of classical coronary risk factors10, 11). Similarly, a 
case-control analysis from the Framingham Offspring 
study using the same method of sdLDL-C measure-
ment showed that the sdLDL-C/LDL-C ratio was sig-
nificantly higher in subjects with CAD than in those 
without CAD regardless of gender, whereas LDL-C 
and large LDL-C are somewhat lower in those patients 
with CAD12). The Suita study, which assessed a pro-
spective cohort study of an Japanese urban general 
population, reported that increases in sdLDL-C, as 
measured by another direct homogenous assay of 
sdLDL-C, were significantly associated with the onset 
of cardiovascular disease (CVD), especially myocardial 
infarction (MI), independently of LDL-C13). On the 
basis of these studies, sdLDL particles seem likely to 
be major atherogenic components of LDL particles.

However, no prospective study has evaluated the 
relative strengths of the associations of sdLDL-C and 
LDL-C with cardiovascular event recurrence among 
patients with CAD. In addition, no prospective study 
has compared sdLDL-C with other useful lipid bio-
markers, such as non high-density lipoprotein (HDL)-
cholesterol (non-HDL-C), apolipoprotein B, 
lipoprotein(a), remnant lipoprotein cholesterol (RLP-
C), HDL-C, and the LDL-C/HDL-C ratio14, 15). The 
aim of the present study is to determine whether 
sdLDL-C is superior to LDL-C and/or other lipid 
biomarkers for predicting future cardiovascular events 
in patients with stable CAD.
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dard laboratory procedures. Serum apolipoprotein lev-
els were determined by an immunoturbidometric assay 
(Daiichi Chemicals Co., Tokyo, Japan). RLPs were 
isolated from the serum to an immunoaffinity mixed 
gel containing anti-apolipoprotein A1 and anti-apoli-
poprotein B100 monoclonal antibodies (Japan Immu-
noresearch Laboratories, Takasaki, Japan), and the 
cholesterol concentrations of the unbound fraction 
were measured as RLP-C20). The LDL-C levels were 
measured with a direct homogenous assay of the serum 
using detergents (LDL-EX, Denka Seiken, Tokyo, 
Japan)21). sdLDL-C levels were measured with a rapid 
assay using a modified version of a previously described 
heparin-magnesium precipitation method22, 23). The 
kits used for the LDL-C and sdLDL-C tests were both 
provided by Denka Seiken. Because we found a strong 
correlation between cholesterol concentrations and 
apolipoprotein B concentrations in the sdLDL frac-
tion (r=0.944, p＜0.0001) and strong correlations of 
cholesterol and apolipoprotein B concentrations 
between the sdLDL fraction by this precipitation 
method and the dense LDL fraction (density=1.044- 
1.063) by ultracentrifugation (r=0.884, p＜0.0001 
and r=0.896, p＜0.0001, respectively), we conjec-
tured that sdLDL-C measurement would be sufficient 
to evaluate the sdLDL particle number, that is, the 
sdLDL mass23). Large LDL-C was estimated by sub-
tracting the sdLDL-C concentration from the LDL-C 
concentration, and the sdLDL-C to LDL-C ratio was 
also calculated from direct measurements. Our group 
has previously shown that the large LDL-C values esti-
mated by this method are correlated with actual values 
determined by ultracentrifugation (r =0.858, p＜
0.0001)23). Non-HDL-C was estimated by subtracting 
the HDL-C concentration from the total-cholesterol 
concentration17). The peak LDL particle diameter was 
determined by 2-16% non-denatured polyacrylamide 
gel electrophoresis according to the method of Nich-

previously treated for malignancy. Eighty men and 17 
women underwent coronary revascularization due to 
coronary angiography findings at baseline.

The diagnosis of hypertension was based on a 
history of hypertension or blood pressure above 140 
mmHg systolic or 90 mmHg diastolic. Diabetes mel-
litus was defined as a fasting serum glucose value 
greater than 126 mg/dL, glycated hemoglobin (Hb) 
A1c values estimated by (=1.019×HbA1c [Japan 
Diabetes Society, JDS]＋0.3) greater than 6.5%, and/
or the current use of medication for diabetes16). Dys-
lipidemia was defined as the current use of lipid-low-
ering medication and/or meeting the criteria of the 
Japan Atherosclerosis Society for fasting serum lipid 
levels as follows LDL-C ≥140 mg/dL, HDL-C ＜40 
mg/dL, or TG ≥150 mg/dL17). A serum creatinine-
based estimate of glomerular filtration rate (eGFR) 
was calculated18). Body mass index (BMI) was calcu-
lated as weight (kg) divided by height (m) squared. 
Patients with a reported smoking habit of at least one 
cigarette per day on admission were classified as cur-
rent smokers.

Coronary Atherosclerosis Severity and Definition 
of Major Cardiovascular Events

The severity of coronary atherosclerosis was esti-
mated by calculating the Gensini score, an established 
method for grading CAD severity19) and by quantify-
ing the number of significantly stenotic coronary ves-
sels, which were defined as more than 50% narrowing 
of the diameter in the left main coronary artery or 
more than 75% narrowing of the diameter in one or 
more branches of the other coronary arteries.

In-hospital medical records were evaluated 
between August and September 2010. The endpoints 
were: (1) the date of the first cardiovascular event 
onset, (2) the date of death, and (3) the date of the 
patient’s last visit to Showa University Hospital. Car-
diovascular events were defined as death caused by 
CVDs; onset of ACS; need for coronary or any 
peripheral arterial revascularization including resteno-
sis after PCI; heart failure hospitalization; surgical 
procedure for any CVDs; and/or requiring hospital-
ization for ischemic or hemorrhagic stroke. Coronary 
revascularization within two months was not identi-
fied as a cardiovascular event because it was indistin-
guishable from unexpected or scheduled coronary 
revascularization.

Lipoprotein Levels, Inflammatory Parameters, and 
Brain Natriuretic Peptide Measurements

Total cholesterol, triglyceride, HDL-C, HbA1c 
(JDS), and lipoprotein(a) were measured using stan-

Table 1. Cardiovascular events

Cardiovascular events
Number
(n=72)

Fatal events
acute coronary syndrome
congestive heart failure

No fatal events
acute coronary syndrome
congestive heart failure
any revascularization
Surgical repair of abdominal aortic aneurysm
Stroke

1
9

10
14
35

1
2
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variables and Wilcoxon tests for non-parametric vari-
ables. All variables except eGFR failed to demonstrate 
a Gaussian distribution. Categorical variables were 
compared with chi-square tests. Correlation coeffi-
cients between LDL-C, sdLDL-C or large LDL-C, 
and various parameters were determined by Spear-
man’s rank analyses. Among three groups based on the 
presence or absence of lipid-lowering medication at 
baseline and during follow-up, sdLDL-C, LDL-C, 
and HDL-C levels at baseline and at the last visit were 
compared using the Wilcoxon test, and changes in 
LDL-C and HDL-C were compared at four time 
points (baseline, one year, three±one year, and six 
years) using repeated-measures ANOVA among living 

ols, et al.24). The sdLDL phenotype was defined as a 
diameter equal to or less than 25.5 nm2). The high-
sensitivity C-reactive protein (hs-CRP) level was mea-
sured by the Dade Behring BN assay25). Plasma brain 
natriuretic peptide (BNP) was measured by radioim-
munoassays.

Statistics
All statistical analyses were performed using the 

SPSS 18.0 software package (SAS Institute, Cary, NC, 
USA). Baseline characteristics were compared between 
patients who developed first-time cardiovascular 
events during follow-up versus those who did not 
using analyses of variance (ANOVAs) for parametric 

Table 2. Clinical characteristics at baseline

variable
Whole

(n=190)
Event

(n=72)
Non-event
(n=118)

p

Gender, men/women 149/41 60/12 89/29 0.134
Age, years 65.5±11.5 68.7±10.9 63.5±11.4 0.003
Body mass index, kg/m2 24.2±3.3 24.6±3.4 23.4±3.3 0.222
Diagnosis

Angina pectoris 118 (62.1%) 46 (63.9%) 72 (61.0%)
0.131Previous myocardial infarction 72 (37.9%) 26 (36.1%) 46 (39.0%)

Prior history of PCI/CABG 110/6 38/3 72/3
Coronary angiography

Stenotic vessel number 0/1/2/3 25/47/53/65 2/13/19/38 23/34/34/27 ＜0.0001
Gensini Score 42.0±39.6 64.4±43.0 28.2±30.1 ＜0.0001
Need for coronary revascularization 97 (51.1%) 51 (70.1%) 46 (39.0%) ＜0.0001

Risk factors
Hypertension 152 (80%) 64 (88.9%) 88 (74.6%) 0.012
Diabetes mellitus 86 (45.3%) 44 (61.1%) 42 (35.6%) 0.001
Dyslipidemia 162 (85.3%) 62 (86.1%) 100 (84.7%) 0.486
Smoking
Current 49 (25.8%) 18 (25.0%) 31 (26.3%)

0.575
Former 66 (34.7%) 28 (38.9%) 38 (52.8%)
Family history 35 (18.4%) 16 (22.2%) 19 (16.1%) 0.136

History of Malignancy 9 (4.7%) 4 (5.6%) 5 (4.2%) 0.464
Medication

Calcium Channel Blocker 86 (45.3%) 39 (54.2%) 47 (39.8%) 0.031
Angiotensin type 1 receptor blocker 81 (42.6%) 35 (48.6%) 46 (49.0%) 0.033
Angiotensin converting enzyme inhibitors 36 (18.9%) 19 (26.4%) 17 (14.4%) 0.125
Beta-blocker 43 (22.6%) 19 (26.4%) 24 (20.3%) 0.215
Antiplatelet 147 (77.4%) 54 (25.0%) 93 (78.8%) 0.331
Oral anti-diabetic drugs 64 (33.7%) 31 (43.1%) 33 (28.0%)

0.002
Insulin therapy 13 (6.8%) 9 (12.5%) 4 (3.4%)
Lipid-lowering 94 (49.5%) 34 (47.2%) 60 (50.8%)

0.359
Statin 82 (43.2%) 27 (37.5%) 55 (46.6%)
Fibrate 6 (3.2%) 4 (5.6%) 2 (1.7%)
Others except statin and fibrate 11 (5.8%) 5 (6.9%) 6 (5.1%)

Data are expressed as the mean±SD, or number (%)
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Results

Baseline Characteristics and Cardiovascular Events
The median follow-up period was 5.8 years. The 

complete seven-year follow-up rate was 58% while 
complete one-year, three-year and five-year follow-up 
rates were 99%, 87%, and 74%, in respectively. Ten 
patients died of CVDs (one acute MI and nine heart 
failure) and 15 patients died of non-CVD. Table 1 
shows the cardiovascular events. First-time cardiovas-
cular events were observed in 72 patients. Eleven 
patients were admitted due to ACS, 23 patients were 
hospitalized due to congestive heart failure, 35 patients 
underwent revascularization, one patient received sur-
gical treatment for abdominal aortic aneurysm, and 
two patients were admitted due to ischemic stroke. 
No patients were admitted due to hemorrhagic stroke. 
Table 2 compares the general characteristics between 
the patients with and without cardiovascular events. 
The patients with cardiovascular events were older; 
had significantly higher prevalence rates of hyperten-
sion and diabetes; were more likely to be under insulin 
therapy; and had higher Gensini Scores, multi-vessel 
disease, and need for coronary revascularization at 
baseline compared with event-free patients. Table 3 
compares the laboratory findings between patients 

patients without missing data. Although this was a 
case-control study, cumulative incidence was esti-
mated by the Kaplan-Meier method in patients 
divided into two groups based on whether they were 
above or below the median levels for sdLDL-C and 
target levels of LDL-C and HDL-C according to the 
Japan Atherosclerosis Society17) and had an LDL-C/
HDL-C ratio smaller or larger than 2.0, which has 
been reported to be associated with coronary plaque 
progression according to a recent meta-analysis using 
intravascular ultrasound15); differences were assessed 
with log-rank tests. The day of the baseline measure-
ment of lipids was set as the landmark point, and car-
diovascular outcomes were evaluated from this point 
on. Clinical data on patients who moved during fol-
low-up were identified as censored cases and were used 
for the period for which they could be followed. Cox 
regression analysis was used to calculate hazard ratios 
(HRs) and corresponding 95% confidence intervals 
(CIs) for the risk of future cardiovascular events, 
adjusting for differences in factors that differed signifi-
cantly between patients with and without cardiovascu-
lar events. All the statistical analyses were two-tailed. 
P＜0.05 was considered statistically significant.

Table 3. Laboratory characteristics at baseline

variables
Whole

(n=190)
Event

(n=72)
Non-event
(n=118)

p

LDL-C, mg/dL
sdLDL-C, mg/dL
sdLDL-C/LDL-C
LDL-PD, Å
sdLDL phenotype
Large LDL-C, mg/dL
Triglycerides, mg/dL
Total cholesterol, mg/dL
HDL-C, mg/dL
Non HDL-C, mg/dL
LDL-C/HDL-C
Apolipoprotein A1, mg/dL
Apolipoprotein B, mg/dL
Lipoprotein(a), mg/dL
RLP-C, mg/dL
Glucose, mg/dL
HbA1c, %
eGFR, mL/min/1.73 m2

hs-CRP, mg/dL
BNP, pg/mL

119.7±32.5
39.1±21.8
0.32±0.14

255.5±4.8
52.1%

80.6±25.4
136.7±74.2
188.8±35.2

45.7±14.1
142.6±33.9

2.85±1.12
119.0±23.4

92.6±22.0
24.7±26.7

5.6±2.8
115.2±36.4

6.38±1.23
70.0±19.3
0.36±1.03

127.0±227.9

120.0±30.7
42.9±22.5
0.35±0.15

254.8±5.3
58.3%

77.1±25.6
137.4±66.8
185.2±32.3

42.4±14.9
142.8±31.4

3.11±1.16
111.8±22.8

95.3±60.6
30.2±31.2

5.5±2.8
118.9±37.3

6.82±1.34
65.0±20.8
0.53±1.57

204.1±321.6

119.6±33.7
36.8±21.1
0.30±0.12

255.9±4.5
48.3%

82.8±25.1
136.2±78.7
190.9±36.8

47.8±13.3
142.5±35.5

2.69±1.07
123.2±22.8

91.1±22.8
21.2±23.0

5.3±2.8
112.8±35.8

6.10±1.07
73.0±17.8
0.25±0.43
76.6±111.6

0.434
0.008
0.009
0.011
0.116
0.166
0.476
0.548
0.001
0.708
0.001
0.001
0.118
0.146
0.310
0.118

＜0.0001
0.005
0.083
0.007

Data are expressed as the mean±SD, or %
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Kaplan-Meier Event-Free Survival Analysis and Cox 
Regression Analysis

Among 15 patients who died of non-CVD, six 
patients had non-fatal cardiovascular events, and the 
others were identified as censored cases. First-time car-
diovascular events were observed in 72 patients. The 
Kaplan-Meier event-free survival curves among 
patients above or below the median levels for sdLDL-
C, target levels of LDL-C and HDL-C, and a LDL-C/
HDL-C ratio of 2.0 are illustrated in Fig.1. The sur-
vival curves began to separate in the first few years of 
follow-up in patients with higher sdLDL-C levels (log-
rank 4.605, p＜0.05). Patients with LDL-C/HDL-C 
≥2.0 and those with low HDL-C were also at increased 
risk for cardiovascular events (log-rank 3.915, p＜
0.05, and 7.307, p＜0.01, respectively). The survival 
rate was lower in patients with LDL-C ≥100 mg/dL, 
however, the difference was not statistically significant.

The Cox regression analysis results are shown in 
Table 5. Increases in sdLDL-C showed a non-signifi-
cant trend for an increased risk of cardiovascular 
events, while increases in sdLDL-C/LDL-C ratio 
showed a 5.78-fold increased risk for cardiovascular 
events. Age- and gender-matched Cox multivariate 
regression analysis including sdLDL-C/LDL-C, HDL-
C, LDL-C/HDL-C, HbA1c, eGFR, hsCRP, BNP, and 
Gensini score, showed that only Gensini score was sig-
nificantly associated with cardiovascular events (HR 
1.014, 95%CI 1.008-1.020, p＜0.0001). When the 
Gensini score was excluded from the Cox multivariate 
model, HbA1c, hsCRP, and BNP were significantly 
associated with cardiovascular events; however, 
sdLDL-C/LDL-C ratio, HDL-C, and LDL-C/HDL-C 

with and without cardiovascular events. The patients 
with cardiovascular events had significantly higher lev-
els of sdLDL-C, sdLDL-C/LDL-C, LDL-C/HDL-C, 
HbA1c, and BNP and significantly lower levels of 
LDL-PD, HDL-C and apolipoprotein A-1 compared 
with those without cardiovascular events. The preva-
lence of sdLDL phenotype was higher, and hsCRP 
levels were greater in patients with cardiovascular 
events; however, the differences were not statistically 
significant. Conversely, LDL-C, non HDL-C, apoli-
poprotein B, and RLP-C were similar between the two 
groups. In addition, total cholesterol and large LDL-C 
were somewhat lower in the patients who experienced 
cardiovascular events.

Correlation Coefficients between LDL-C, sdLDL-C, 
or Large LDL-C and Various Parameters at Baseline

Table 4 lists the correlation coefficients between 
LDL-C, sdLDL-C, or large LDL-C and various param-
eters at baseline as evaluated by Spearman’s rank analy-
ses. sdLDL-C was significantly positively correlated 
with triglyceride, non-HDL-C, LDL-C/HDL-C, apo-
lipoprotein B, RLP-C, and Gensini score and was sig-
nificantly negatively correlated with LDL-PD, HDL-
C, and apolipoprotein A1. On the other hand, large 
LDL-C had a weak and somewhat positive correlation 
with HDL-C and apolipoprotein A1 but was not cor-
related with triglyceride or RLP-C levels or Gensini 
score. These results suggest that only sdLDL was sig-
nificantly associated with atherogenic factors among 
LDL particles.

Table 4. Spearman’s correlation between LDL-C, sdLDL-C, and large LDL-C and clinical and lipid parameters

Vaiables
LDL-C sdLDL-C Large LDL-C

ρ p ρ p ρ p

age
LDL-PD
Triglyceride
Non-HDL-C
HDL-C
LDL-C/HDL-C
Apolipoprotein A-1
Apolipoprotein B
Lipoprotein(a)
RLP-C
HbA1c
Gensini score

−0.194
−0.069

0.169
0.796

−0.032
0.668

−0.031
0.819
0.218
0.355
0.020
0.131

0.007
0.342
0.020

＜0.0001
0.667

＜0.0001
0.681

＜0.0001
0.006

＜0.0001
0.791
0.072

−0.161
−0.448

0.430
0.601

−0.377
0.640

−0.254
0.621
0.018
0.410
0.059
0.182

0.027
＜0.0001
＜0.0001
＜0.0001
＜0.0001
＜0.0001

0.001
＜0.0001

0.820
＜0.0001

0.426
0.012

−0.098
0.251

−0.114
0.524
0.230
0.334
0.149
0.478
0.240
0.134

−0.041
＜0.0001

0.179
＜0.0001

0.117
＜0.0001

0.002
＜0.0001

0.050
＜0.0001

0.002
0.101
0.578
0.996

Spearman’s correlation are expressed as ρ.
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three groups based on the presence or absence of lipid-
lowering medication at baseline and during follow-up. 
Patients who started lipid-lowering drugs during the 
follow-up period had higher LDL-C and lower 
HDL-C levels at baseline compared with other groups. 
All studied patients had high-risk CAD, and they 
might have changed their lifestyles, resulting in 
changes in LDL-C and HDL-C levels in the follow-
up period. Indeed, the mean LDL-C and HDL-C lev-
els at their last visits were 101.9±30.8 mg/dL and 
46.2±13.3 mg/dL, respectively (Table 6). In addi-
tion, the incidences of cardiovascular events were simi-
lar among the three groups. Patients who took any 

ratio failed to significant associations. These results 
suggest that poorly controlled diabetes, advanced heart 
failure, and severe coronary atherosclerosis rather than 
dyslipidemia might contribute to cardiovascular events.

Sub-Analysis in Patients not Treated with Lipid-
Lowering Drugs

At baseline, 94 patients were treated with lipid-
lowering drugs, and 30 men and seven women started 
to take lipid-lowering drugs, especially statin, during 
the follow-up period. The remaining 51 men and 
eight women did not take lipid-lowering drugs during 
the study period. The patients were classified into 

Fig.1. Kaplan-Meier event-free survival curves. Patients were divided into two groups based on whether their sdLDL-C levels were 
above or below the median (35 mg/dL), and target levels of LDL-C (100 mg/dL), HDL-C (40 mg/dL), and the LDL-C/
HDL-C ratio (2.0). The numbers of patients were 134 with LDL-C ≥100 mg/dL, 56 with LDL-C ＜100 mg/dL, 92 with 
sdLDL-C ≥35 mg/dL, 98 with sdLDL-C ＜35 mg/dL, 75 with HDL-C ＜40 mg/dL, 115 with HDL-C ≥40 mg/dL, 51 
with LDL-C/HDL-C ＜2.0, and 139 with LDL-C/HDL-C ≥2.0. 
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patients with clinically severe CAD10, 11). These results 
suggest that atherogenic LDL particles can be attrib-
uted to sdLDL; there is an association between high 
levels of sdLDL-C and severe CAD. However, it is dif-
ficult to conclude that elevated sdLDL-C is associated 
with CAD progression based solely on cross-sectional 
studies. In prospective cohort studies for primary pre-
vention, elevated levels of sdLDL-C evaluated by dif-
ferent methods have been shown to be associated with 
an increased risk of CAD onset13). However, it remains 
to be determined as to whether higher sdLDL-C levels 
are associated with future cardiovascular events among 
CAD patients.

The major limitation of the present study is the 
small sample size and low follow-up rate. However, 
the follow-up rate at one and three years were 99% 
and 87%, respectively; therefore, it is conceivable that 
cardiovascular events in the short-term could be 
detected to compare sdLDL-C to LDL-C between 
cases and controls. The association of diabetes with 
more extensive and severe CAD has been reported in 
angiographic studies28-33), as well as in studies based 
on multislice coronary computed angiography34). In 
addition, the major problem with PCI in diabetic 
patients is the high rate of restenosis, and these 
patients have a greater need for additional revascular-
ization procedures because of late coronary atheroscle-

lipid-lowering drugs during follow-up and patients 
with a past history of malignancy were excluded 
because of effects in sdLDL-C. In the remaining 59 
patients, biomarkers were compared among patients 
with or without cardiovascular events (Table 7). 
Patients with cardiovascular events had slightly higher 
sdLDL-C and sdLDL-C/LDL-C levels and signifi-
cantly higher HbA1c, as well as significantly lower 
large LDL-C levels than those without cardiovascular 
events.

Discussion

To the best of our knowledge, this is the first study 
to show that elevated sdLDL-C levels compared with 
LDL-C are strongly associated with cardiovascular event 
recurrence among patients with stable CAD. Previous 
cross-sectional studies have demonstrated that patients 
with CAD showed significantly higher sdLDL-C lev-
els compared with non-CAD controls10, 11, 26, 27). In 
addition, our previous studies demonstrated that 
sdLDL-C levels were significantly higher in ACS 
patients and stable CAD patients with severe coronary 
atherosclerosis compared with stable CAD patients 
with mild coronary atherosclerosis. On the other 
hand, large LDL-C estimated by the subtraction of 
sdLDL-C from LDL-C were modestly lower in those 

Table 5. Predictors for cardiovascular events according to Cox’s proportional hazard analysis

Variable

Univariate model Multivariate model

HR 95%CI
Model 1 Model 2 Model 3

HR 95%CI HR 95%CI HR 95%CI

age
men
SdLDL-C
LDL-C
sdLDL-C/LDL-C
HDL-C
Non HDLL-C
LDL-C/HDL-C
Apolipoprotein A1
HbA1c
eGFR
hs-CRP
BNP
Gensini Score
Lipid-lowering medication

1.040 (1.016-1.065)＊＊＊

0.640 (0.344-1.191)
1.008 (0.999-1.017)
1.001 (0.994-1.008)
5.780 (1.172-28.503)＊

0.973 (0.952-0.993)＊＊

1.001 (0.994-1.008)
1.298 (1.070-1.574)＊＊

0.982 (0.971-0.994)＊＊

1.383 (1.186-1.612)＊＊＊

0.983 (0.971-0.995)＊＊

1.168 (1.025-1.332)＊

1.002 (1.001-1.002)＊＊＊

1.017 (1.012-1.022)＊＊＊

0.818 (0.497-1.345)

1.032
0.757
−

−

2.368
0.990
−

1.130
−

1.302
1.002
1.171
1.001
−
−

1.000-1.065＊

0.392-1.463
−

−

0.345-16.236
0.958-1.023

−

0.842-1.515
−

1.075-1.577＊＊

0.985-1.020
1.003-1.367＊

1.000-1.002＊＊

−
−

1.045
0.590
−

−

2.344
−

−

−

0.990
−

−

−

−

−
−

1.018-1.073＊＊＊

0.304-1.146
−

−

0.427-12.867
−

−

−

0.977-1.003
−

−

−

−

−
−

1.042
0.619
−

−

2.597
0.986
−

−

−

−

−

−

−

−
−

1.018-1.067＊＊＊

0.317-1.208
−

−

0.430-15.457
0.962-1.009

−

−

−

−

−

−

−

−
−

Model 1 was adjusted for age, gender, sdLDL-C/LDL-C, HDL-C, LDL-C/HDL-C, HbA1c, eGFR, hs-CRP, BNP. Model 2 was adjusted for age, gen-
der, sdLDL-C/LDL-C, and apolipoprotein A1. Model 3 was adjusted for age, gender, sdLDL-C/LDL-C, and HDL-C. 
＊p＜0.05, ＊＊p＜0.01, ＊＊＊p＜0.001
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the macrophage-plaque content, while it negatively 
correlated with the smooth muscle cell content. This 
suggests that increased cholesterol in sdLDL is associ-
ated with unstable plaque38). Previous studies com-
pared LDL subclasses as evaluated by semi-quantita-
tive estimation using gradient gel electrophoresis and 
angiographic changes in coronary arteries and demon-
strated that an increase in sdLDL was strongly associ-
ated with coronary sclerosis progression. The Stanford 
Coronary Risk Intervention Project, a four-year, ran-
domized, controlled clinical trial assessing the efficacy 
of multifactor risk reduction for reducing CAD pro-
gression, demonstrated that sdLDL was the single best 
lipoprotein predictor of increased stenosis39). The 
Emory Angioplasty Versus Surgery Trial, a three-year, 
randomized, controlled clinical trial of PCI or CABG 
in patients with multivessel CAD, reported that 
sdLDL and hypertension were independently corre-
lated with atherosclerosis progression in native coro-
nary arteries40). A sub-analysis of the HDL-Athero-
sclerosis Treatment study, a double-blind randomized 
controlled trial of simvastatin plus niacin and/or a 
mixture of antioxidants in patients with CAD and low 
HDL-C showed that on-study sdLDL concentrations 
were related to coronary atherosclerosis progression 
and cardiovascular events41). The results of the present 
study are in line with the above-mentioned findings.

Previous meta-analyses of prospective epidemio-

rosis progression28-31). In the present study, cardiovas-
cular events included any coronary revascularization. 
More than half of the patients required coronary 
revascularization at baseline. Therefore, it was accepted 
that patients with cardiovascular events were more 
likely to have undergone coronary revascularization 
procedure at baseline and more likely to have diabetes 
and be on insulin therapy; indeed, an increase in 
HbA1c was the leading risk factor for cardiovascular 
events in the present study. A previous study demon-
strated that intensive insulin therapy decreased 
sdLDL-C measured by the same heparin magnesium 
precipitation method due to increased lipoprotein 
lipase levels and accelerated catabolism of triglyceride-
rich lipoproteins35). Nevertheless, increases in the 
sdLDL-C/LDL-C ratio were significantly associated 
with cardiovascular events, as well as elevated HbA1c. 
To further explore this relationship, future studies 
with larger sample sizes are required to separately ana-
lyze data in diabetic and non-diabetic patients.

Numerous studies have reported that sdLDL is 
strongly associated with CVDs2-4, 13, 23, 26, 27, 36-41). A 
recent study investigating the association of cellular 
carotid plaque composition with cholesterol concen-
trations in lipoprotein sub-fractions evaluated by den-
sity gradient ultracentrifugation reported that the cho-
lesterol content in the sdLDL fraction, but not the 
plasma LDL-C or HDL-C positively correlated with 

Table 6. Serum lipid levels during the study period and the incidence of cardiovascular events among the 3 groups based on the 
presence or absence of lipid-lowering medication

variables Whole
Patients continued

medication
Patients started

medication
Non-medicated

Patients
p

sdLDL-C at baseline, mg/dL 39.1±21.8 (190) 38.3±19.1 (94) 54.0±26.9 (37) 31.2±17.3 (59) ＜0.0001＊

LDL-C at baseline, mg/dL 119.7±32.5 (190) 114.2±28.4 (94) 147.2±34.8 (37) 111.3±28.2 (59) ＜0.0001＊

LDL-C at the last visit, mg/dL 101.9±30.8 (177) 105.7±33.5 (88) 101.4±24.6 (36) 96.0±29.7 (53) 0.190＊

LDL-C, mg/dL
baseline 124.0±32.9 (110) 119.5±27.2 (54) 154.1±36.3 (21) 113.0±28.7 (35)

＜0.0001
for time†

＜0.0001
for time & group†

1-year 109.8±29.7 (110) 113.2±31.8 (54) 112.1±31.3 (21) 103.3±24.8 (35)
2 to 4-year 112.3±32.3 (110) 114.4±36.4 (54) 106.6±27.5 (21) 112.5±31.3 (35)
6-year 103.0±31.4 (110) 106.2±35.2 (54) 102.5±24.1 (21) 98.5±29.2 (35)

HDL-C at baseline, mg/dL 45.7±14.1 (190) 46.9±14.3 (94) 41.2±12.3 (37) 46.7±14.5 (59) 0.045＊

HDL-C at the last visit, mg/dL 50.3±16.2 (184) 50.3±13.6 (91) 49.8±14.7 (36) 50.6±20.6 (57) 0.816＊

HDL-C, mg/dL
baseline 46.2±13.3 (121) 47.3±11.5 (61) 39.6±10.2 (24) 48.8±16.6 (36)

＜0.0001
for time†

0.099
For time & group†

1-year 49.6±16.4 (121) 49.1±13.1 (61) 46.0±11.4 (24) 52.9±22.8 (36)
2 to 4-year 52.2±23.6 (121) 54.0±23.7 (61) 43.6±12.0 (24) 55.0±28.2 (36)
6-year 50.2±16.1 (121) 49.6±11.3 (61) 48.0±12.5 (24) 52.6±23.6 (36)

Cardiovascular events 72 (37.9%) 34 (36.2%) 15 (40.5%) 23 (39.0%) 0.879�

Data are expressed as the mean±SD (actual number of measured cases) or number (%).
＊the Wilcoxon test, †repeated-measures ANOVA, �the chi-square test
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present study compared sdLDL-C to LDL-C, non-
HDL-C, triglyceride, apolipoprotein B, lipoprotein(a), 
RLP-C, HDL-C, LDL-C/HDL-C ratio, and apolipo-
protein A1 in the fasting state. Although sdLDL-C 
was positively associated with non-HDL-C, triglycer-
ide, apolipoprotein B, RLP-C, and LDL-C/HDL-C 
and was negatively associated with HDL-C and apoli-
poprotein A1, only increased sdLDL-C and increased 
sdLDL-C/LDL-C ratios among apolipoprotein B-con-
taining lipoproteins were significantly associated with 
cardiovascular events. In addition, among the patients 
who did not take any lipid-lowering agents during the 
study period and had relatively well-controlled dyslip-
idemia as determined by the LDL-C at their last visit 
(mean value of 96.0 mg/dL), imbalance of cholesterol-
poor sdLDL and cholesterol-rich large LDL might 
contribute to cardiovascular event occurrence. It is 
well known that sdLDL formation is closely associated 
with postprandial hyperglycemia and hyperlipidemia, 
both of which are also important risk factors for 
CVDs51, 52). Therefore, an increased sdLDL-C/LDL-C 
ratio in the fasting state might imply residual risk for 
cardiovascular events in CAD patients.

The present study compared various lipid and 
non-lipid biomarkers to predict future cardiovascular 
events. Coronary atherosclerosis severity as evaluated 

logical and/or case-control studies and randomized 
controlled statin trials that compared LDL-C, non-
HDL-C, and apolipoprotein B for the risk of cardio-
vascular events demonstrated that non-HDL-C and 
apolipoprotein B were somewhat superior to LDL-
C42-44). Large prospective cohort studies using nuclear 
magnetic resonance spectroscopy to compare LDL 
particle number to LDL-C reported that LDL particle 
number was more strongly associated with the risk of 
cardiovascular events than LDL-C45-47). These results 
support the hypothesis that the total number of ath-
erogenic lipoproteins is more important than LDL-C 
for CVD risk. More atherogenic lipoproteins include 
RLPs, sdLDL, and lipoprotein(a)48). A recent large 
Danish cohort study investigating genotypes and non-
fasting lipid levels for CAD risk demonstrated that a 1 
mmol/L (39 mg/dL) increase in non-fasting RLP-C 
calculated as non-fasting total-cholesterol minus 
HDL-C minus LDL-C, was associated with a 2.8-fold 
increased causal risk for CAD, independent of reduced 
HDL-C level, whereas as 1 mmol/L increase in LDL-C 
was only associated with a 1.5-fold causal risk49). In 
addition, recent studies have shown that the LDL-C/
HDL-C ratio might be a positive predictor of progres-
sion and lipid-rich coronary plaque, which results in 
unstable coronary atherosclerotic lesion15, 50). The 

Table 7. Laboratory characteristics among the patients who did not take any lipid-lowering medication during follow-up and did 
not have a prior history of malignancy

variables
Whole
(n=59)

Event
(n=23)

Non-event
(n=36)

p

LDL-C, mg/dL
sdLDL-C, mg/dL
sdLDL-C/LDL-C
LDL-PD, Å
sdLDL phenotype
Large LDL-C, mg/dL
Triglycerides, mg/dL
HDL-C, mg/dL
Non HDL-C, mg/dL
LDL-C/HDL-C
Apolipoprotein A1, mg/dL
Apolipoprotein B, mg/dL
Lipoprotein(a), mg/dL
RLP-C, mg/dL
Glucose, mg/dL
HbA1c, %
eGFR, mL/min/1.73 m2

hs-CRP, mg/dL
BNP, pg/mL

111.3±28.2
31.2±17.3
0.28±0.14

257.3±4.3
42.4%

80.2±25.0
107.1±41.1

46.7±14.5
134.9±29.8

2.62±1.02
119.6±23.7

85.8±17.7
18.4±18.8

4.5±2.0
119.2±48.3

6.15±1.03
69.3±20.8
0.53±1.67

151.5±263.3

107.3±27.1
36.0±22.9
0.33±0.18

257.1±4.9
47.8%

71.3±22.8
107.0±36.9

45.0±19.6
134.1±26.7

2.75±1.08
113.9±24.8

86.4±16.6
20.4±24.2

4.7±2.3
125.7±43.5

6.64±1.10
61.1±21.3
0.84±2.59

261.9±377.0

113.9±29.0
28.1±11.9
0.25±0.10

257.4±3.9
38.9%

85.8±25.0
107.2±44.2

47.8±9.9
135.5±32.2

2.53±0.98
123.3±22.6

85.4±18.7
17.1±14.6

4.4±1.8
114.7±51.5

5.84±0.86
74.6±18.9
0.32±0.55
76.7±90.8

0.794
0.082
0.055
0.441
0.548
0.043
0.859
0.072
0.921
0.123
0.183
0.784
0.529
0.689
0.074
0.004
0.121
0.291
0.082

Data are expressed as the mean±SD, or %.
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by Gensini score, elevated levels of BNP indicating 
advanced heart failure, the presence of diabetes and/or 
elevated HbA1c, decreases in eGFR, inflammation 
reflected by CRP levels, and advanced age were stron-
ger predictors for cardiovascular events than lipid 
markers. In addition, unlike BNP and eGFR, sdLDL-
C did not change with advanced age. Therefore, the 
significance of sdLDL-C level might be more pro-
nounced in younger population, and future studies are 
needed to investigate these issues.

This study is associated with several other limita-
tions. First, this was a very small cohort study, and we 
could not analyze the data separately by gender and/or 
by the presence or absence of diabetes. Second, cardio-
vascular events included coronary events related to 
unstable plaque, as well as revascularization for reste-
nosis after PCI, any atherogenic cardiovascular dis-
eases, and ischemic heart failure requiring hospitaliza-
tion. Third, the effects of lipid-lowering therapy and 
target levels of sdLDL-C could not be investigated. 
Fourth, patients with cardiovascular events had more 
hypertension and diabetes; however, the magnitudes 
of blood pressure and glycemic controls were not eval-
uated. It is well known that atherosclerotic cardiovas-
cular disease should be comprehensively managed. 
Future prospective studies should thus be conducted 
to evaluate these issues in larger sample sizes.

Conclusion

The present study of CAD patients demon-
strated three findings. First, among LDL particles, 
sdLDL plays an important role in cardiovascular dis-
ease progression. Second, sdLDL-C is a very promis-
ing biomarker to predict future cardiovascular events. 
Third, the sdLDL-C/LDL-C ratio is an important 
residual risk in secondary prevention. A large cohort 
study is required to determine the appropriate target 
level of sdLDL-C.
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