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CVD increased above a cut-off value of 150 mg/dL12, 13). 
Serum TG levels are increased in most patients with 
type 2 DM and are predictors of cardiovascular disease14).

Several studies have shown that a high level of 
small dense low-density lipoprotein cholesterol 
(sdLDL-C) is also a residual risk for cardiovascular 
disease in patients being treated with statins15). sdLDL 
particles are defined as particles with a diameter of ≤ 
25.5 nm and with a density from 1.044 to 1.063 g/
mL16). In patients with type 2 DM, serum LDL-C 
levels are usually not increased, but serum sdLDL-C 
levels are increased as well as serum TG levels17). In 
addition, a previous study showed that LDL particle 
size has a significant correlation with serum TG 
levels18). sdLDL-C levels are collerated with blood 
pressure, blood glucose levels, and TG levels19). 

However, there has been no study on the 
relationships of serum sdLDL-C levels and TG levels 
with cardiovascular events in patients with CAD and 
type 2 DM who are receiving statins. 

Aim

Therefore, we evaluated the relationships of 

Introduction

Diabetes mellitus (DM) is an established risk 
factor for atherosclerotic cardiovascular disease 
(ASCVD)1). Cardiovascular events caused by ASCVD 
are the major cause of morbidity and mortality in 
patients with type 2 DM2). It has been shown that 
patients with a combination of type 2 DM and a 
history of cardiovascular disease have a very high risk 
for cardiovascular events1). Therefore, the American 
Diabetes Association (ADA) recommended treatment 
with high-intensity statins in patients with ASCVD 
and type 2 DM2). 

It has been shown that statin treatment reduces 
the risk of cardiovascular events in patients with 
coronary artery disease (CAD) by about 20%3, 4). 
However, residual risks for cardiovascular events 
remain in patients who were receiving statins. It is well 
known that high serum triglyceride (TG) levels are 
res idual  r i sks  for  cardiovascular  events 5). 
Hypertriglyceridemia is an established cardiovascular 
residual risk worldwide6-8). The cut-off value of serum 
TG for hypertriglyceridemia in guidelines is 150 mg/
dL9-11) since previous studies showed that the risk for 
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Aim: There is little information on the relationships of serum small dense low-density lipoprotein cholesterol 
(sdLDL-C) levels and serum triglyceride (TG) levels with cardiovascular events in patients with coronary artery 
disease (CAD) and type 2 diabetes mellitus (DM) who are receiving statins. The aim of this study was to evaluate 
the relationships of serum TG levels and sdLDL-C levels as residual risks for cardiovascular events in patients 
with CAD and type 2 DM who were being treated with statins.

Methods: The subjects were divided into four groups based on TG levels and sdLDL-C levels: sdLDL-C of ＜40.0 
mg/dL and TG of ＜150 mg/dL, sdLDL-C of ≥ 40.0 mg/dL and TG of ＜150 mg/dL, sdLDL-C of ＜40.0 mg/
dL and TG of ≥ 150 mg/dL, and sdLDL-C of ≥ 40.0 mg/dL and TG of ≥ 150 mg/dL. During a median follow-up 
period of 1419 days, cardiovascular events occurred in 34 patients. 

Results: The incidences of cardiovascular events were significantly higher in patients with sdLDL-C of ≥ 40.0 
mg/dL and TG of ＜150 mg/dL and in patients with sdLDL-C of ≥ 40.0 mg/dL and TG of ≥ 150 mg/dL, but 
not in patients with sdLDL-C of ＜40.0 mg/dL and TG of ≥ 150 mg/dL, than in patients with sdLDL-C of ＜40.0 
mg/dL and TG of ＜150 mg/dL.

Conclusions: Under the condition of treatment with statins, patients with CAD and type 2 DM who had 
sdLDL-C levels of ≥ 40.0 mg/dL had a high risk for cardiovascular events even though serum TG levels were 
controlled at ＜150 mg/dL. 

Key words:  Small dense low-density lipoprotein cholesterol, Triglycerides, Type 2 diabetes mellitus, Statin, 
Cardiovascular events
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Study Procedures 
Blood examinations and medical examinations 

were conducted at the start of this study. 
Cardiovascular events were monitored annually during 
the 3-year follow-up period. The participants were 
managed by their attending physicians who were 
encouraged to treat cardiovascular risk factors 
including hypertension, dyslipidemia and DM.

Measurements of Blood Samples and Assessment of 
Cardiovascular Risk Factors

The subjects fasted the previous night and 
abstained from drinking alcohol, smoking and 
consuming caffeine and vitamins for at least 12 hours 
prior to the study. Each subject was kept in a supine 
position in a quiet, dark, airconditioned room (23℃ 
to 26℃) throughout the study. A 23-gauge 
polyethylene catheter was inserted into the left 
antecubital vein. Levels of serum total cholesterol, TG, 
high-density lipoprotein cholesterol (HDL-C), and 
LDL-C were enzymatically measured (JCA-BM6010, 
JEOL,Tokyo, Japan). Although the accuracy of the 
calculation was reduced in patients with diabetes22), 
sdLDL-C was measured by the direct homogenous 
assay that was previously described23). Glucose level 
was measured by the glucose oxidase immobilized 
oxygen electrode method (GA09II; A&T, Yokohama, 
Japan). DM was identified using the ADA criteria24). 
Hypertension was defined as systolic blood pressure of 
≥ 140 mm Hg or diastolic blood pressure of ≥ 90 mm 
Hg, on at least three different occasions in a sitting 
position, or currently taking antihypertensive 
medication25). Dyslipidemia was identified using the 
Third Report of the National Cholesterol Education 
Program26). We defined smokers as those who were 
current smokers. The Framingham risk score was 
calculated by points of risk factors: age, total 
cholesterol level, HDL-C level, systolic blood pressure, 
and smoking status27).

Cardiovascular Outcomes
All cardiovascular events were reported to the 

Efficacy Endpoint Review Committee annually from 
each institution. The committee adjudicated the end 
points of death from cardiovascular causes, non-fatal 
acute coronary syndrome (ACS), non-fatal stroke, 
angina pectoris, and death from any cause20, 28). 
Primary cardiovascular events were defined as  death 
from cardiovascular disease, non-fatal ACS, angina 
pectoris, and non-fatal stroke. Angina pectoris was 
defined as coronary artery restenosis or de novo 
coronary artery stenosis, confirmed by diagnostic 
imaging (coronary angiography, cardiac nuclear 
scintigraphy, or coronary computed tomography). The 

serum sdLDL-C levels and TG levels with 
cardiovascular events in those patients in a multicenter 
clinical trial.

Methods

Study Patients
Between May 1, 2010 and August 31, 2012, a 

total of 679 subjects who had been diagnosed with 
CAD and who had been under regular follow-up at 
any of the participating institutions for at least 6 
months were eligible for enrollment in Flow-mediated 
Dilation-Japan (FMD-J) Study A. CAD was defined 
as myocardial infarction, angina pectoris with organic 
stenosis of at least one coronary artery confirmed by 
diagnostic imaging (coronary angiography, cardiac 
nuclear scintigraphy, or coronary computed 
tomography), or previous percutaneous coronary 
intervention. The exclusion criteria were as follows: a 
history of coronary bypass surgery; severe valvular 
heart disease; arrhythmia that requires treatment (i.e., 
atrial fibrillation, atrial flutter, permanent pacemaker 
implantation or frequent ventricular premature beats); 
severe chronic heart failure (New York Heart 
Association level of ＞III); malignancy; undergoing 
treatment with steroids, nonsteroidal anti-
inflammatory drugs, or immunosuppressive drugs; 
serum creatinine level of ＞2.5 mg/dL; history of 
stroke, aortic disease (except peripheral artery disease), 
or serious liver disease; and judgment of an attending 
physician that an individual is ineligible for inclusion 
in the study. 

Study Design
This study was a prospective multicenter 

observational cohort study conducted at 22 university 
hospitals and affiliated clinics in Japan to examine the 
usefulness of FMD assessment for management of 
patients with CAD with a 3-year follow-up period20, 21). 
In a total number of 679 patients, outcome data were 
available for 662 patients. Of those patients, 198 
patients were included in this study after excluding 
patients without organic coronary artery stenosis 
(n=32), without diabetes mellitus (n=388), without 
statin treatment (n=33) and without sdLDL-C 
information (n=11) (Supplementary Fig. 1). This 
study was executed in accordance with the Good 
Clinical Practice guidelines. All subjects gave written 
informed consent for participation in the study. The 
protocol was registered in the University Hospital 
Medical Information Network Clinical Trials Registry 
(UMIN000012950).
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levels of glucose and hemoglobin A1c (HbA1c) in the 
patients were 141±45 mg/dL and 7.2±1.0%, 
respectively. Mean levels of total cholesterol, TG, 
HDL-C, LDL-C and sdLDL-C were 166±30 mg/dL, 
147±111 mg/dL, 50±14 mg/dL, 88±25 mg/dL and 
32.4±14.8 mg/dL, respectively. Of the 198 patients, 
187 (94.4%) had hypertension, 26 (13.4%) were 
current smokers, 165 (83.3%) were being treated with 
anti-diabetic drugs, 149 (75.3%) were being treated 
with oral anti-diabetic drugs, and 33 (16.7%) were 
receiving insulin therapy. All of the patients were on 
statins, 1 (0.5%) was on fibrates, 14 (7.1%) were on 
eicosapentaenoic acids, and 18 (9.1%) were on 
ezetimibe.

Rela t ionships  o f  sdLDL-C Leve l s  wi th 
Cardiovascular Events

The cut-off value of sdLDL-C levels derived 
from ROC curve for predicting primary cardiovascular 
events was 40.0 mg/dL (Supplementary Fig. 2). 
Therefore, we divided the subjects into two groups 
according to the cut-off sdLDL-C level of 40.0 mg/
dL. Clinical characteristics of the subjects in the two 
groups according to serum sdLDL-C levels are 
summarized in Table 1. Age, diastolic blood pressure, 
total cholesterol, TG, HDL-C, LDL-C, glucose, 
HbA1c, creatine, estimated glomerular filtration rate 
(eGFR) and Framingham risk score were significantly 
different in the two groups. There were no significant 
differences in other parameters between the two 
groups.

Univariate analysis revealed that serum 
sd-LDL-C levels were positively correlated with 
diastolic blood pressure, heart rate, total cholesterol, 
TG, LDL-C, glucose, HbA1c, eGFR, and 
Framingham risk score and were negatively correlated 
with age and HDL-C (Supplementary Table 1).

During the follow-up of period, 34 patients had 
primary cardiovascular events, 3 died from 
cardiovascular disease, 3 had non-fatal stroke, 22 had 
angina pectoris and 6 had non-fatal ACS 
(Supplementary Table 2). The incidences of primary 
cardiovascular events, non-fatal stroke, angina 
pectoris, and non-fatal ACS were significantly higher 
in the high sdLDL-C group than in the low sdLDL-C 
group.

Kaplan-Meier analysis showed that patients with 
sdLDL-C above the cut-off value of 40.0 mg/dL had 
significantly higher incidences of primary 
cardiovascular events (log-rank p＜0.001; Fig. 1A), 
non-fatal ACS (log-rank p=0.03; Fig. 1B), non-fatal 
stroke (log-rank p=0.005; Fig. 1D), and angina 
pectoris (log-rank p=0.048; Fig. 1E) than those for 
patients with sdLDL-C below the cut-off value. 

committee, consisting of members blinded to any 
information with regard to vascular function, assessed 
the appropriateness of clinical judgement of 
cardiovascular events according to prespecified criteria. 
The committee could request physicians to provide 
additional clinical information on cardiovascular 
events if needed. Any differences in opinion under 
assessment were resolved by discussion, and the 
committee finally determined whether the 
cardiovascular events would be included as outcome 
events in the analysis. We first assessed the associations 
of serum sdLDL-C levels and serum TG levels with 
primary cardiovascular events and then we assessed the 
associations with first cardiovascular events in four 
groups according to serum sdLDL-C levels and TG levels. 

Statistical Analysis
Results are presented as mean±SD for 

continuous variables and as percentages for categorical 
variables. All reported p values were two-sided, and a p 
value of ＜0.05 was considered statistically significant. 
Continuous variables were compared by using 
Student’s t-test. Univariate linear regression analyses 
were performed to assess the relationships among the 
variables. Categorical variables were compared by 
means of the χ2 test. Receiver-operator characteristic 
(ROC) curve analysis was performed to assess the 
sensitivity and specificity of measurements of 
sdLDL-C and LDL-C for predicting cardiovascular 
events. Time-to-event end point analysis was 
performed by using the Kaplan-Meier method. We 
categorized subjects into two groups according to the 
cut-off values of serum sdLDL-C levels and TG levels. 
Cut-off values for serum sdLDL-C were determined 
according to the highest Youden index from the ROC 
curves for predicting cardiovascular events. Cut-off 
values for serum TG were determined according to 
cut-off values in guidelines: normal (＜150 mg/dL) 
and hypertriglyceridemia (≥ 150 mg/dL)9-11). The log-
rank test was used to compare survival in the groups. 
We evaluated the associations between serum 
sdLDL-C level and TG level and primary major 
cardiovascular events after adjustment for age, sex, and 
cardiovascular risk factors by using Cox’s proportional 
hazard regression analysis. The data were processed 
using JMP pro version 16 (SAS Institute, Cary, NC).

Results

Baseline Clinical Characteristics
The baseline clinical characteristics of the 198 

patients are summarized in Table 1. The mean age of 
the patients was 64±8 years. Of the 198 patients, 161 
patients were men and 37 were women. The mean 
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Relationships of TG Levels with Cardiovascular 
Events

We divided the subjects into two groups 
according to the cut-off value of serum TG levels of 
150 mg/dL. Clinical characteristics of the subjects in 
the two groups according to serum TG levels are 
summarized in Supplementary Table 4. Age, total 
cholesterol, TG, HDL-C, LDL-C, glucose, HbA1c, 
use of insulin, and Framingham risk score were 

Multivariate Cox proportional hazard analysis revealed 
that sdLDL-C above the cut-off value of 40.0 mg/dL 
was a significant predictor of higher risk of primary 
cardiovascular events after adjustment for 
cardiovascular risk factors including serum TG levels  
(hazard ratio, 2.89: 95% confidence interval, 1.11-
7.48; p=0.03) (Supplementary Table 3).

Table 1. Clinical Characteristics of Subjects in Groups According to sdLDL-C Levels 

Variables Total 
(n =198)

sdLDL-C ＜40.0 mg/dL 
(n =144)

sdLDL-C ≥ 40.0 mg/dL 
(n =54)

P value

Age, yr 64±8 65±8 61±8 0.01
Gender, men/women 161/37 116/28 45/9 0.66
Body mass index, kg/m2 25.9±4.2 25.9±4.3 26.0±3.7 0.95
Systolic blood pressure, mmHg 133±18 132±18 135±15 0.28
Diastolic blood pressure, mmHg 74±10 73±10 78±10 0.01
Heart rate, bpm 66±12 65±11 69±12 0.053
Total cholesterol, mg/dL 166±30 158±25 187±30 ＜0.001
TG, mg/dL 147±111 113±55 236±163 ＜0.001
HDL-C, mg/dL 50±14 51±15 46±11 0.02
LDL-C, mg/dL 88±25 84±21 99±30 ＜0.001
sdLDL-C, mg/dL 32.4±14.8 24.9±7.1 52.4±10.7 N/A
Glucose, mg/dL 141±45 136±38 155±58 0.01
Hemoglobin A1c, % 7.2±1.0 7.0±0.9 7.5±1.3 0.003
Creatinine, mg/dL 0.86±0.24 0.88±0.26 0.80±0.15 0.03
eGFR, mL/min per 1.73 m2 71±18 69±18 76±17 0.02
Current Smoking, n (%) 26 (13.4) 21 (14.8) 5 (9.6) 0.35
Exercise habit, n (%) 116 (60.4) 86 (60.6) 30 (60.0) 0.94
Alcohol drink, n (%) 66 (34.2) 46 (32.2) 20 (40.0) 0.31
Medical history, n (%) 

Hypertension 187 (94.4) 137 (95.1) 50 (92.6) 0.49
Dyslipidemia 198 (100) 144 (100) 54 (100)
Previous myocardial infarction 92 (46.5) 63 (43.8) 29 (53.7) 0.21
Previous angina pectoris 111 (56.1) 83 (57.6) 28 (51.9) 0.47

Medications, n (%)
Antiplatelet drugs 193 (97.5) 140 (97.2) 53 (98.2) 0.71
Statins 198 (100) 144 (100) 54 (100)
Fibrates 1 (0.5) 1 (0.69) 0 (0) 0.54
Eicosapentaenoic acids 14 (7.1) 11 (7.6) 3 (5.6) 0.61
Ezetimibe 18 (9.1) 12 (8.3) 6 (11.1) 0.54
ACEIs/ARBs 144 (72.7) 105 (72.9) 39 (72.2) 0.92
β-blockers 89 (44.9) 63 (44.8) 26 (48.2) 0.58
Calcium-channel blockers 100 (50.5) 75 (52.1) 25 (46.3) 0.47
Diuretics 31 (15.7) 25 (17.4) 6 (11.1) 0.28
Any-antidiabetic drugs 165 (83.3) 124 (86.1) 41 (75.9) 0.09

Oral antidiabetic drugs 149 (75.3) 111 (77.1) 38 (70.4) 0.33
Insulin 33 (16.7) 27 (18.8) 6 (11.1) 0.20

Framingham risk score, % 16±8 15±8 20±9 ＜0.001

sdLDL-C indicates small dense low-density lipoprotein cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-
density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin 
receptor blockers
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serum TG above the cut-off value of 150 mg/dL had 
significantly higher incidences of primary cardiovascular 
events (log-rank p=0.01; Supplementary Fig.3A) and 
non-fatal ACS (log-rank p=0.001; Supplementary 
Fig.3B) than those for patients with serum TG below the 
cut-off value. Multivariate Cox proportional hazard 
analysis revealed that hypertriglyceridemia was a significant 
predictor of a higher risk of primary cardiovascular events 
after adjustment of cardiovascular risk factors (hazard ratio, 
2.56: 95% confidence interval, 1.29-5.13; p=0.008), but 
after adjustment of sdLDL-C, hypertriglyceridemia 
was not a significant predictor of primary cardiovascular 
events (hazard ratio, 1.64: 95% confidence interval, 

significantly different in the two groups. There were 
no significant differences in other parameters between 
the two groups. 

Univariate analysis revealed that serum TG levels 
were positively correlated with body mass index, total 
cholesterol, sdLDL-C, glucose, HbA1c, and 
Framingham risk score and were negatively correlated 
with age and HDL-C (Supplementary Table 5). 

During the follow-up of period, the incidences of 
primary cardiovascular events and non-fatal ACS were 
significantly higher in the high TG group than in the 
low TG group (Supplementary Table 6).

Kaplan-Meier analysis showed that patient s with 

Fig. 1.
Kaplan-Meier curves of cumulative event-free survival of first major cardiovascular events (A), non-fatal acute coronary syndrome (B), death 
from cardiovascular disease (C), non-fatal stroke (D), and angina pectoris (E) according to serum small dense low-density lipoprotein 
cholesterol (sdLDL-C) levels.
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of ＜150 mg/dL and sdLDL of ＜40.0 mg/dL; group 
2, TG of ＜150 mg/dL and sdLDL of ≥ 40.0 mg/dL; 
group 3, TG of ≥ 150 mg/dL and sdLDL-C of ＜40.0 
mg/dL; group 4, TG of ≥ 150 mg/dL and sdLDL-C 
of ≥ 40.0 mg/dL. Clinical characteristics of the 
subjects and clinical events are summarized in Table 2. 
Age, diastolic blood pressure, total cholesterol, TG, 

0.73-3.68; p=0.23) (Supplementary Table 7).

Relationships of the Combination of Serum sdLDL-C 
Level and TG Level with Cardiovascular Events

Next, we divided the subjects into four groups 
according to the sdLDL-C cut-off value of 40.0 mg/
dL and TG cut-off value of 150 mg/dL: group 1, TG 

Table 2. Clinical Characteristics of Subjects in Groups According to Cut-off Values of sdLDL-C and TG Levels 

Variables Total 
(n =198)

Group 1 
(n =112)

Group 2 
(n =15)

Group 3
 (n =32)

Group 4 
(n =39)

P value

Age, yr 64±8 65±8 61±8 62±9 61±8 0.02
Gender, men/women 161/37 89/23 10/5 27/5 35/4 0.22
Body mass index, kg/m2 25.9±4.2 25.7±4.2 24.7±3.0 26.7±4.7 26.5±3.9 0.31
Systolic blood pressure, mmHg 133±18 133±19 137±13 128±16 134±16 0.32
Diastolic blood pressure, mmHg 74±10 73±11 77±8 71±7 78±10 0.03
Heart rate, bpm 66±12 66±11 71±11 65±11 68±12 0.19
Total cholesterol, mg/dL 166±30 158±26 186±28 160±23 188±32 ＜0.001
TG, mg/dL 147±111 90±27 119±22 197±44 281±172 N/A
HDL-C, mg/dL 50±14 53±14 54±8 45±14 43±11 ＜0.001
LDL-C, mg/dL 88±25 86±21 109±23 75±21 95±32 ＜0.001
sdLDL-C, mg/dL 32.4±14.8 23.0±6.3 50.1±9.4 31.4±5.9 53.2±11.1 N/A
Glucose, mg/dL 141±45 132±35 154±36 149±44 155±65 0.01
Hemoglobin A1c, % 7.2±1.0 7.0±0.8 7.6±1.3 7.3±0.9 7.5±1.3 0.007
Creatinine, mg/dL 0.86±0.24 0.87±0.24 0.77±0.20 0.92±0.33 0.81±0.13 0.11
eGFR, mL/min per 1.73 m2 71±18 69±18 78±22 69±19 75±15 0.11
Current Smoking, n (%) 26 (13.4) 13 (11.7) 0 (0) 8 (25.8) 5 (13.5) 0.08
Exercise habit, n (%) 116 (60.4) 68 (61.3) 9 (64.3) 18 (58.1) 21 (58.3) 0.97
Alcohol drink, n (%) 66 (34.2) 36 (32.1) 8 (57.1) 10 (32.2) 12 (33.3) 0.31
Medical history, n (%) 

Hypertension 187 (94.4) 108 (96.4) 14 (93.3) 29 (90.6) 36 (92.3) 0.55
Dyslipidemia 198 (100) 112 (100) 15 (100) 32 (100) 39 (100)
Previous myocardial infarction 92 (46.5) 49 (43.8) 7 (46.7) 14 (43.8) 22 (56.4) 0.58
Previous angina pectoris 111 (56.1) 65 (58.0) 9 (60.0) 18 (56.3) 19 (48.7) 0.77

Medications, n (%)
Antiplatelet drugs 193 (97.5) 110 (98.2) 14 (93.3) 30 (93.8) 39 (100) 0.25
Statins 198 (100) 112 (100) 15 (100) 32 (100) 39 (100)
Fibrates 1 (0.5) 1 (0.89) 0 (0) 0 (0) 0 (0) 0.86
Eicosapentaenoic acids 14 (7.1) 9 (8.0) 1 (6.7) 2 (6.3) 2 (5.1) 0.94
Ezetimibe 18 (9.1) 10 (8.9) 0 (0) 2 (6.3) 6 (15.4) 0.30
ACEIs/ARBs 144 (72.7) 80 (71.4) 10 (66.7) 25 (78.1) 29 (74.4) 0.83
β-blockers 89 (44.9) 53 (47.3) 8 (53.3) 10 (31.3) 18 (46.2) 0.37
Calcium-channel blockers 100 (50.5) 60 (53.6) 8 (53.3) 15 (46.9) 17 (43.6) 0.71
Diuretics 31 (15.7) 20 (17.9) 2 (13.3) 5 (15.6) 4 (10.3) 0.72
Any-antidiabetic drugs 165 (83.3) 97 (86.6) 12 (80.0) 27 (84.4) 29 (74.4) 0.35

Oral antidiabetic drugs 149 (75.3) 86 (76.8) 10 (66.7) 25 (78.1) 28 (71.8) 0.77
Insulin 33 (16.7) 25 (22.3) 2 (13.3) 2 (6.3) 4 (10.3) 0.10

Framingham risk score, % 16±8 14±8 16±6 16±8 21±9 ＜0.001

sdLDL-C indicates small dense low-density lipoprotein cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-
density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin 
receptor blockers; FMD, flow-mediated vasodilation.
Group 1 indicates TG of ＜150 mg/dL and sdLDL-C of ＜40.0 mg/dL; group 2, TG of ＜150 mg/dL and sdLDL-C of ≥ 40.0 mg/dL; group 3, 
TG of ≥ 150 mg/dL and sdLDL-C of ＜40.0 mg/dL; group 4, TG of ≥ 150 mg/dL and sdLDL-C of ≥ 40.0 mg/dL.
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Kaplan-Meier curves for the four groups 
according to the cut-off values of sdLDL-C and TG 
showed that primary cardiovascular events (log-rank 
p=0.003; Fig. 2A), non-fatal ACS (log-rank p=0.01; 
Fig. 2B) and non-fatal stroke (log-rank p=0.04; 
Fig. 2D) were significantly different. Multivariate Cox 
proportional hazard analysis revealed that patients 
with a combination of sdLDL-C of ≥ 40.0 mg/dL and 
TG of ≥ 150 mg/dL (hazard ratio, 4.38; 95% CI, 
1.78-10.8; p=0.001) and patients with a combination 

HDL-C, LDL-C, sdLDL-C, glucose, HbA1c, and 
Framingham risk score were significantly different 
among the four groups. There were no significant 
differences in other parameters among the four 
groups.

During the follow-up period, the incidences of 
primary cardiovascular events, non-fatal stroke, and 
non-fatal ACS were significantly higher in the high 
sdLDL group than in the low sdLDL group 
(Supplementary Table 8).

Fig. 2.
Kaplan-Meier curves of cumulative event-free survival of first major cardiovascular events (A), non-fatal acute coronary syndrome (B), death 
from cardiovascular disease (C), non-fatal stroke (D), and angina pectoris (E) among the four groups according to serum small dense low-
density lipoprotein cholesterol (sdLDL-C) levels and triglycerides (TG) levels.
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the low LDL-C group and the high LDL-C group. 
Kaplan-Meier analysis showed that incidences of 
primary cardiovascular events (log-rank p=0.57; 
Supplementary Fig. 4A), non-fatal ACS (log-rank 
p=0.80; Supplementary Fig. 4B), death from 
cardiovascular disease (log-rank p=0.75; Supplementary 
Fig. 4C), non-fatal stroke (log-rank p=0.33; 
Supplementary Fig. 4D), and angina pectoris (log-
rank p=0.99; Supplementary Fig. 4E) were similar in 
the two groups. 

We assessed the ROC curves of serum sdLDL-C 
and LDL-C levels  for predicting primary 
cardiovascular events. The area under the ROC curve 
value for sdLDL-C to predict primary cardiovascular 
events was significantly higher than that for LDL-C 
(0.67 vs. 0.54, p=0.03) (Supplementary Fig. 5).

Discussion

In the present study, we demonstrated that high 
serum sdLDL-C levels were significant predictors of 
cardiovascular events in patients with established CAD 
and type 2 DM who were receiving statins. However, 
serum TG levels were not significant predictors of 
cardiovascular events in those subjects after adjustment 
for cardiovascular risk factors including serum 
sdLDL-C. In addition, the incidence of cardiovascular 
events was significantly higher in patients with CAD 
and type 2 DM who had serum sdLDL-C of ≥ 40.0 
mg/dL and TG of ＜150 mg/dL, but not patients 
with sdLDL-C of ＜40.0 mg/dL and TG of ≥ 150 
mg/dL, than in patients with serum sdLDL-C of ＜
40.0 mg/dL and TG of ＜150 mg/dL. To our 
knowledge, this study is the first prospective 
multicenter study that was carried out to evaluate the 

of sdLDL-C of ≥ 40.0 mg/dL and TG of ＜150 mg/
dL (hazard ratio, 5.32; 95% CI, 1.62-17.4; p=0.006) 
had significantly higher incidences of primary 
cardiovascular events than did patients with a 
combination of sdLDL-C of ＜40.0 mg/dL and TG 
of ＜150 mg/dL. There was no significant difference 
in the incidence of primary cardiovascular events 
between patients with a combination of sdLDL-C of 
＜40.0 mg/dL and TG of ≥ 150 mg/dL and patients 
with a combination of sdLDL-C of ＜40.0 mg/dL 
and TG of ＜150 mg/dL (hazard ratio, 2.36; 95% CI, 
0.83-6.72; p=0.11) (Table 3).

Relationship of Serum LDL-C Levels with 
Cardiovascular Events

Finally, we assessed the relationship between 
LDL-C levels and cardiovascular events. We divided 
the subjects into two groups according to the cut-off 
value of serum LDL-C levels of 70 mg/dL. Clinical 
characteristics of the subjects in the two groups 
according to LDL-C levels are summarized in 
Supplementary Table 9. Total cholesterol, HDL-C, 
sdLDL-C, use of insulin, and Framingham risk score 
were significantly different in the two groups. There 
were no significant differences in other parameters 
between the two groups. 

Univariate analysis revealed that LDL-C levels 
were positively correlated with total cholesterol, 
sdLDL-C and Framingham risk score, and LDL-C 
levels was negatively correlated with glucose 
(Supplementary Table 10). Clinical events on the 
basis of serum LDL-C levels are summarized in 
Supplementary Table 11. During the follow-up 
period, there were no significant differences in the 
incidences of primary cardiovascular events between 

Table 3. Assoc iations of sdLDL-C Levels and TG Levels with Primary Cardiovascular Events During Follow-up

Variable 

sdLDL-C mg/dL

Unadjusted
HR (95% CI)

P value

Adjusted＊
HR (95% CI)

P value

Adjusted†
HR (95% CI)

P value

Adjusted‡
HR (95% CI)

P value

Group 1 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Group 2 4.06 (1.38-11.9) 4.22 (1.42-12.6) 4.72 (1.55-14.4) 5.32 (1.62-17.4)

0.01 0.01 0.006 0.006
Group 3 2.21 (0.80-6.09) 2.30 (0.83-6.40) 2.36 (0.84-6.58) 2.36 (0.83-6.72)

0.12 0.11 0.10 0.11
Group 4 3.97 (1.74-9.06) 4.17 (1.79-9.70) 4.47 (1.92-10.4) 4.38 (1.78-10.8)

0.001 ＜0.001 ＜0.001 0.001

 sdLDL-C indicates small dense low-density lipoprotein cholesterol; TG, triglycerides; CI, confidence interval; HR, hazard ratio.
＊adjusted for age, gender.
†adjusted for age, gender, body mass index, hypertension and current smoking.
‡adjusted for age, gender, body mass index, systolic blood pressure, LDL-C, glucose and current smoking.
Group 1 indicates TG of ＜150 mg/dL and sdLDL-C of ＜40.0 mg/dL; group 2, TG of ＜150 mg/dL and sdLDL-C of ≥ 40.0 mg/dL; group 3, 
TG of ≥ 150 mg/dL and sdLDL-C of ＜40.0 mg/dL; group 4, TG of ≥ 150 mg/dL and sdLDL-C of ≥ 40.0 mg/dL.
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higher incidence of cardiovascular events than that in 
subjects with LDL-C ＞100 mg/dL35). This results of 
this study are consistent with the results of that study. 
Previous interventional studie s showed that dietary 
interventions36), physical exercise37), and pharmacological 
therapy38) reduced sdLDL-C levels. Ishi et al. showed 
that high-dose statin therapy (4 mg pitavastatin) 
resulted in a 20% reduction in sdLDL-C levels 
compared to low-dose statin therapy (1 mg pitavastatin). 
Furthermore, in patients with sdLDL-C ＞34.3 mg/
dL with established stable CAD, high-dose statin 
therapy (4 mg pitavastatin) significantly reduced the 
risk of major cardiovascular events (cardiovascular 
death, nonfatal ischemic stroke, nonfatal myocardial 
infarction, and unstable angina) compared to low-
dose statin therapy (1 mg pitavastatin)38).

Finally, we divided the subjects into four groups 
according to the serum sdLDL-C cut-off value of  40.0 
mg/dL and TG cut-off value of  150 mg/dL and 
assessed cardiovascular events. Interestingly, patients 
with serum sdLDL-C of ≥ 40.0 mg/dL and TG of 
＜150 mg/dL had a higher incidence of cardiovascular 
events than did patients with serum sdLDL-C of ＜40.0 
mg/dL and TG of ＜150 mg/dL. However, patients 
with serum sdLDL-C of ＜40.0 mg/dL and TG of 
≥ 150 mg/dL did not have a higher incidence of 
cardiovascular events than that in patients with serum 
sdLDL-C of ＜40.0 mg/dL and TG of ＜150 mg/dL. 
These findings suggest that even though serum TG 
levels were controlled at ＜150 mg/dL, some subjects 
had serum sdLDL-C of ≥ 40.0 mg/dL and had a high 
risk for cardiovascular events. 

This study has some limitations. First, we 
measured serum sdLDL-C levels only once when the 
subjects were enrolled. Repeated measurements of 
serum sdLDL-C levels and assessment of the change 
in serum sdLDL-C levels would enable more specific 
conclusions concerning the role of sdLDL-C levels in 
cardiovascular events to be drawn. In addition, the 
cut-off value of serum sdLDL-C for cardiovascular 
events in patients with CAD and type 2 DM has not 
been established. The results of the present study may 
be useful for determining the cut-off of value serum 
sdLDL-C for cardiovascular events in patients with 
CAD and type 2 DM. Second, it has been shown that 
statins decrease serum sdLDL-C levels38, 39). In the 
present study, we included patients with statin 
treatment and excluded patients without statin 
treatment to assess the residual risk for cardiovascular 
events under the condition of treatment with statins. 
Future studies are needed to evaluate the association 
of sdLDL-C levels with cardiovascular evets in a 
general population. Third, we cannot completely 
exclude subjects with familial hypercholesterolemia 

roles of sdLDL-C levels and TG levels in the 
prediction of cardiovascular events in patients with 
CAD and type 2 DM who were receiving statins. 

First, to evaluate the association of serum 
sdLDL-C levels with cardiovascular events in patients 
with CAD and type 2 DM who were receiving statins, 
we divided the subjects into two groups of serum 
sdLDL-C levels. Sekimoto et al. showed that subjects 
after ACS with serum sdLDL-C of ≥ 20.9 mg/dL had 
significantly higher incidences of cardiovascular events 
than those for patients with sdLDL-C of ＜20.9 mg/
dL29). Higashioka et al. showed that subjects without 
CAD with serum sdLDL-C of ≥ 35.0 mg/dL had 
significantly higher incidences of cardiovascular events 
than those for patients with sdLDL-C of ＜35.0 mg/
dL30). However, the cut-off value of sdLDL-C levels 
has not yet been established in patients with CAD and 
type 2 DM. Therefore, we determined the cut off 
value of sdLDL-C levels by ROC curves for predicting 
cardiovascular events. Patients with serum sdLDL-C 
levels above the cut-off value of 40.0 mg/dL had a 
s ignif icant ly  higher  incidence of  pr imary 
cardiovascular events than that for patients with 
sdLDL-C levels below the cut-off value after 
adjustment for cardiovascular risk factors including 
serum TG. A previous study showed that serum 
sdLDL-C levels were correlated with mean intima-
media thickness of the carotid artery in patients with 
type 2 DM31). Some studies have shown that increased 
serum sdLDL-C was significantly associated with a 
higher incidence of cardiovascular events. The 
adjusted hazard ratio (95% CI) for cardiovascular 
events per every 10 mg/dL increase in sdLDL-C was 
1.210 (1.003-1.459) in patients with CAD32). Jin et 
al. reported that subjects with elevated serum 
sdLDL-C and DM had a higher incidence of 
cardiovascular events than that in subjects without 
elevated serum sdLDL-C and DM33). Interestingly, in 
the present study, serum LDL-C of ≥ 70 mg/dL was 
not a significantly higher risk for cardiovascular 
events. A high LDL-C level is an established 
cardiovascular risk factor and the benefit of statin 
treatment is also well established34). In the present 
study, all of the patients were treated with statins, and 
their mean serum LDL-C levels were controlled under 
100 mg/dL and under 70 mg/dL in 44 patients. 
Serum LDL-C of ≥ 70 mg/dL might not be a 
significantly higher risk for cardiovascular events in 
patients with CAD and type 2 DM who are receiving 
statins. In addition, the area under the ROC curve 
value for sdLDL-C to predict primary cardiovascular 
events was significantly higher than that for LDL-C in 
these patients. A previous study showed that subjects 
after CAD with serum sdLDL ＞35 mg/dL had a 
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Supplementary Fig. 1. Flow chart of the study design

Supplementary Fig. 2.  Receiver-operator characteristic (ROC) curve of serum small dense low-density lipoprotein cholesterol 
levels for predicting primary cardiovascular events
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Supplementary Table 1. Univariate Analysis of Relationships of sdLDL-C with Variables

Variables sdLDL-C 

r P value

Age, yr -0.20 0.005
Body mass index, kg/m2 0.06 0.42
Systolic blood pressure, mmHg 0.11 0.11
Diastolic blood pressure, mmHg 0.21 0.003
Heart rate, bpm 0.20 0.005
Total cholesterol, mg/dL 0.56 ＜0.001
TG, mg/dL 0.61 ＜0.001
HDL-C, mg/dL -0.19 0.01
LDL-C, mg/dL 0.36 ＜0.001
Glucose, mg/dL 0.24 ＜0.001
Hemoglobin A1c, % 0.32 ＜0.001
Creatinine, mg/dL -0.11 0.13
eGFR, mL/min per 1.73 m2 0.16 0.02
Framingham risk score, % 0.34 ＜0.001

sdLDL-C indicates small dense low-density lipoprotein cholesterol; TG, triglycerides; HDL-C, high-density 
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; 
Univariate analysis of the relations between sdLDL-C, TG levels and variables (Pearson’s correlation analysis).

Supplementary Table 2. Clinical Outcomes of Subjects in Groups According to sdLDL-C Levels

Variables, n (%) Total
(n=198)

sdLDL-C ＜40.0 mg/dL
(n=136)

sdLDL-C ≥ 40.0 mg/dL
(n=62)

P value

Primary cardiovascular events 34 (17.2) 16 (11.1) 18 (33.3) ＜0.001
Death from cardiovascular disease 3 (1.5) 2 (1.4) 1 (1.9) 0.81
Non-fatal stroke 3 (1.5) 0 (0) 3 (5.6) 0.004
Angina pectoris 22 (11.1) 12 (8.3) 10 (18.5) 0.04
Non-fatal acute coronary syndrome 6 (3.0) 2 (1.4) 4 (7.4) 0.03

sdLDL-C indicates small dense low-density lipoprotein cholesterol
Primary cardiovascular events include death from cardiovascular disease, non-fatal acute coronary syndrome, non-fatal stroke, and angina pectoris.

Supplementary Table 3. Association of sdLDL-C Levels with Primary Cardiovascular Events During Follow-up

Variable 
sdLDL-C, 
mg/dL

Unadjusted
HR (95% CI)

P value

Adjusted＊
HR (95% CI)

P value

Adjusted†
HR (95% CI)

P value

Adjusted‡
HR (95% CI)

P value

Adjusted§
HR (95% CI)

P value

＜40.0 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
≥ 40.0 3.18 (1.62-6.23) 3.25 (1.63-6.47) 3.54 (1.77-7.09) 3.16 (1.48-6.79) 2.89 (1.11-7.48)

＜0.001 ＜0.001 ＜0.001 0.003 0.03

sdLDL-C indicates small dense low-density lipoprotein cholesterol; CI, confidence interval; HR, hazard ratio.
＊adjusted for age, gender.
†adjusted for age, gender, body mass index, hypertension and current smoking.
‡adjusted for age, gender, body mass index, triglyceride.
§adjusted for age, gender, body mass index, systolic blood pressure, triglyceride, low dense lipoprotein cholesterol, glucose and current smoking.
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Supplementary Table 4. Clinical Characteristics of Subjects in Groups According to TG Levels 

Variables Total
(n=198)

TG ＜150 mg/dL
(n=127)

TG ≥ 150 mg/dL
(n=71)

P value

Age, yr 64±8 65±8 62±9 0.01
Gender, men/women 161/37 99/28 62/9 0.10
Body mass index, kg/m2 25.9±4.2 25.6±4.1 26.6±4.2 0.10
Systolic blood pressure, mmHg 133±18 134±18 131±16 0.43
Diastolic blood pressure, mmHg 74±10 74±11 75±10 0.75
Heart rate, bpm 66±12 66±11 67±11 0.88
Total cholesterol, mg/dL 166±30 161±28 175±31 0.002
TG, mg/dL 147±111 93±28 243±137 N/A
HDL-C, mg/dL 50±14 53±14 44±12 ＜0.001
LDL-C, mg/dL 88±25 89±22 85±29 0.30
sdLDL-C, mg/dL 32.4±14.8 26.2±11.0 43.4±14.2 ＜0.001
Glucose, mg/dL 141±45 134±36 152±56 0.01
Hemoglobin A1c, % 7.2±1.0 7.0±0.9 7.4±1.1 0.01
Creatinine, mg/dL 0.86±0.24 0.86±0.24 0.86±0.25 0.92
eGFR, mL/min per 1.73 m2 71±18 70±19 72±17 0.41
Current Smoking, n (%) 26 (13.4) 13 (10.3) 13 (19.1) 0.09
Exercise habit, n (%) 116 (60.4) 77 (61.6) 39 (58.2) 0.65
Alcohol drink, n (%) 66 (34.2) 44 (34.9) 22 (32.8) 0.77
Medical history, n (%)

Hypertension 187 (94.4) 122 (96.1) 65 (91.6) 0.18
Previous myocardial infarction 92 (46.5) 56 (44.1) 36 (50.7) 0.37
Previous angina pectoris 111 (56.1) 74 (58.3) 37 (52.1) 0.40

Medications, n (%)
Antiplatelet drugs 193 (97.5) 124 (97.6) 69 (97.2) 0.84

Statins 198 (100) 127 (100) 71 (100)
Fibrates 1 (0.5) 1 (0.79) 0 (0) 0.45
Eicosapentaenoic acids 14 (7.1) 10 (7.9) 4 (5.6) 0.56
Ezetimibe 18 (9.1) 10 (7.9) 8 (11.3) 0.43
ACEIs/ARBs 144 (72.7) 90 (70.9) 54 (76.1) 0.43
β-blockers 89 (44.9) 61 (48.0) 28 (39.4) 0.24
Calcium-channel blockers 100 (50.5) 68 (53.5) 32 (45.1) 0.25
Diuretics 31 (15.7) 22 (17.3) 9 (12.7) 0.39
Any-antidiabetic drugs 165 (83.3) 109 (85.8) 56 (78.9) 0.21

Oral antidiabetic drugs 149 (75.3) 96 (75.6) 53 (74.7) 0.88
Insulin 33 (16.7) 27 (21.3) 6 (8.5) 0.02

Framingham risk score, % 16±8 15±7 19±9 ＜0.001

TG indicates triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; sdLDL-C, small dense low-
density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin 
receptor blockers.
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Supplementary Table 5. Univariate Analysis of Relationships of TG Levels with Variables

Variables TG

r P value

Age, yr -0.25 ＜0.001
Body mass index, kg/m2 0.15 0.04
Systolic blood pressure, mmHg -0.01 0.85
Diastolic blood pressure, mmHg 0.11 0.14
Heart rate, bpm 0.06 0.43
Total cholesterol, mg/dL 0.30 ＜0.001
HDL-C, mg/dL -0.37 ＜0.001
LDL-C, mg/dL -0.11 0.15
sdLDL-C, mg/dL 0.61 ＜0.001
Glucose, mg/dL 0.26 ＜0.001
Hemoglobin A1c, % 0.22 0.003
Creatinine, mg/dL 0.007 0.92
eGFR, mL/min per 1.73 m2 0.07 0.31
Framingham risk score, % 0.21 0.004

TG indicates triglycerides; sdLDL-C, small dense low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; 
LDL-C, low-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; Univariate analysis of the relations between 
sdLDL-C, TG levels and variables (Pearson’s correlation analysis).

Supplementary Table 6. Clinical Outcomes of Subjects in Groups According to TG Levels

Variables, n (%) Total
(n=198)

TG ＜150 mg/dL
(n=127)

TG ≥150 mg/dL
(n=71)

P value

Primary cardiovascular events 34 (17.2) 15 (11.8) 19 (26.8) 0.008
Death from cardiovascular disease 3 (1.5) 3 (2.4) 0 (0) 0.19
Non-fatal stroke 3 (1.5) 1 (0.8) 2 (2.8) 0.26
Angina pectoris 22 (11.11) 11 (8.7) 11 (15.5) 0.14
Non-fatal acute coronary syndrome 6 (3.0) 0 (0) 6 (8.5) ＜0.001

TG indicates triglycerides.
Primary cardiovascular events include death from cardiovascular disease, non-fatal acute coronary syndrome, non-fatal stroke, and angina pectoris.
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Supplementary Fig. 3.  Kaplan-Meier curves of cumulative event-free survival of first major cardiovascular events (A), non-fatal 
acute coronary artery syndrome (B), death from cardiovascular disease (C), non-fatal stroke (D), and angina 
pectoris (E) according to serum triglycerides (TG) levels
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Supplementary Table 7. Association of TG Levels with Primary Cardiovascular Events During Follow-up 

Variable 
TG, mg/dL

Unadjusted
HR (95% CI)

P value

Adjusted＊
HR (95% CI)

P value

Adjusted†
HR (95% CI)

P value

Adjusted‡
HR (95% CI)

P value

Adjusted§
HR (95% CI)

P value

＜150 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
≥ 150 2.38 (1.21-4.68) 2.42 (1.21-4.84) 2.56 (1.29-5.13) 1.64 (0.73-3.68) 1.62 (0.68-3.87)

0.01 0.01 0.008 0.23 0.28

TG indicates triglycerides; CI, confidence interval; HR, hazard ratio.
＊adjusted for age, gender.
†adjusted for age, gender, body mass index, hypertension and current smoking.
‡adjusted for age, gender, body mass index, small dense low lipoprotein cholesterol.
§adjusted for age, gender, body mass index, systolic blood pressure, small dense low lipoprotein cholesterol, low dense lipoprotein cholesterol, 
glucose and current smoking.

Supplementary Table 8. Associations of sdLDL-C Levels and TG Levels with Primary Cardiovascular Events During Follow-up 

Variables, n (%) Group 1 Group 2 Group 3 Group 4 P value

TG ＜150 mg/dL TG ≥ 150 mg/dL

sdLDL-C
＜40.0 mg/dL

(n=112)

sdLDL-C
≥ 40.0 mg/dL

(n=15)

sdLDL-C
＜40.0 mg/dL

(n=32)

sdLDL-C
≥ 40.0 mg/dL

(n=39)

Primary cardiovascular events 10 (8.9) 5 (33.3) 6 (18.8) 13 (33.3) 0.002
Death from cardiovascular disease 2 (1.8) 1 (6.7) 0 (0) 0 (0) 0.28
Non-fatal stroke 0 (0) 1 (6.7) 0 (0) 2 (5.1) 0.04
Angina pectoris 8 (7.1) 3 (20.0) 4 (12.5) 7 (18.0) 0.18
Non-fatal acute coronary syndrome 0 (0) 0 (0) 2 (6.3) 4 (10.3) 0.01

TG indicates triglycerides; sdLDL-C, small dense low-density lipoprotein cholesterol.
Primary cardiovascular events include death from cardiovascular disease, non-fatal acute coronary syndrome, non-fatal stroke, and angina pectoris.
Group 1 indicates TG of ＜150 mg/dL and sdLDL-C of ＜40.0 mg/dL; group 2, TG of ＜150 mg/dL and sdLDL-C of ≥ 40.0 mg/dL; group 3, 
TG of ≥ 150 mg/dL and sdLDL-C of ＜40.0 mg/dL; group 4, TG of ≥ 150 mg/dL and sdLDL-C of ≥ 40.0 mg/dL.

Advance Publication Journal of Atherosclerosis and Thrombosis 
Accepted for publication: September 26, 2023    Published online: November 3, 2023



20

Yamaji et al.

Supplementary Table 9. Clinical Characteristics of Subjects in Groups According to LDL-C

Variables Total
(n=191)

LDL-C ＜70 mg/dL
(n=44)

LDL-C ≥ 70 mg/dL
(n=147)

P value

Age, yr 64±8 64±8 64±9 0.92
Gender, men/women 161/37 38/6 116/31 0.27
Body mass index, kg/m2 25.9±4.2 25.8±4.2 26.0±4.1 0.85
Systolic blood pressure, mmHg 133±18 128±18 134±17 0.06
Diastolic blood pressure, mmHg 74±10 73±9 75±10 0.25
Heart rate, bpm 66±12 68±12 66±11 0.27
Total cholesterol, mg/dL 166±30 139±20 173±27 ＜0.001
TG, mg/dL 147±111 150±90 131±63 0.12
HDL-C, mg/dL 50±14 50±18 50±13 0.99
LDL-C, mg/dL 88±25 58±13 97±20 N/A
sdLDL-C, mg/dL 32.4±14.8 25.9±12.0 33.3±13.6 0.002
Glucose, mg/dL 141±45 144±61 137±38 0.38
Hemoglobin A1c, % 7.2±1.0 7.0±1.0 7.2±1.0 0.30
Creatinine, mg/dL 0.86±0.24 0.88±0.28 0.85±0.23 0.44
eGFR, mL/min per 1.73 m2 71±18 70±17 71±18 0.79
Current Smoking, n (%) 26 (13.4) 9 (20.5) 17 (11.8) 0.15
Exercise habit, n (%) 111 (59.7) 29 (65.9) 82 (57.8) 0.33
Alcohol drink, n (%) 63 (33.7) 14 (31.8) 49 (34.3) 0.76
Medical history, n (%)        

Hypertension 181 (94.8) 40 (90.9) 141 (95.9) 0.19
Dyslipidemia 191 (100) 44 (100) 147 (100)  
Previous myocardial infarction 87 (45.6) 21 (47.7) 66 (44.9) 0.74
Previous angina pectoris 109 (57.1) 23 (52.3) 86 (58.5) 0.46

Medications, n (%)        
Antiplatelet drugs 186 (97.4) 43 (97.7) 143 (97.4) 0.87
Statin 191 (100) 44 (100) 147 (100)  
Fibrates 1 (0.5) 0 (0) 1 (0.7) 0.58
Eicosapentaenoic acids 14 (7.3) 3 (6.8) 11 (7.5) 0.88
Ezetimibe 18 (9.4) 4 (9.1) 14 (9.5) 0.93
ACEIs/ARBs 140 (73.3) 32 (72.7) 108 (73.5) 0.92
β-blockers 84 (44.0) 18 (40.9) 66 (44.9) 0.64
Calcium-channel blockers 99 (51.8) 22 (50.0) 77 (52.4) 0.78
Diuretics 30 (15.7) 6(13.6) 24 (16.3) 0.67
Any-antidiabetic drugs 159 (83.3) 39 (88.7) 120 (81.6) 0.28

Oral antidiabetic drugs 143 (74.9) 33 (75.0) 110 (74.8) 0.98
Insulin 32 (16.8) 10 (22.7) 22 (15.0) 0.23

Framingham risk score, % 16±8 13±7 17±8 0.01

LDL-C indicates low density lipoprotein cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; sdLDL-C, small dense low-
density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin 
receptor blockers.
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Supplementary Table 11. Clinical Outcomes of Subjects in Groups According to LDL-C Levels

Variables, n (%) Total
(n=191)

LDL-C ＜70 mg/dL
(n=44)

LDL-C ≥70 mg/dL
(n=147)

P value

Primary cardiovascular events 32 (16.8) 8 (18.2) 24 (16.3) 0.77
Death from cardiovascular disease 4 (2.1) 1 (2.3) 3 (2.0) 0.92
Non-fatal stroke 3 (1.6) 0 (1.5) 3 (2.0) 0.34
Angina pectoris 18 (9.4) 4 (9.1) 14 (9.5) 0.93
Non-fatal acute coronary syndrome 6 (3.1) 1 (2.2) 5 (3.4) 0.71

LDL-C indicates low-density lipoprotein cholesterol.
Primary cardiovascular events include death from cardiovascular disease, non-fatal acute coronary syndrome, non-fatal stroke, and angina pectoris.

Supplementary Table 10. Univariate Analysis of Relationships of LDL-C Levels with Variables 

Variables LDL-C 

r P value

Age, yr -0.07 0.35
Body mass index, kg/m2 0.06 0.44
Systolic blood pressure, mmHg 0.15 0.04
Diastolic blood pressure, mmHg 0.11 0.14
Heart rate, bpm 0.06 0.39
Total cholesterol, mg/dL 0.86 ＜0.001
TG, mg/dL -0.11 0.15
HDL-C, mg/dL 0.13 0.08
sdLDL-C, mg/dL 0.36 ＜0.001
Glucose, mg/dL -0.19 0.01
Hemoglobin A1c, % 0.07 0.32
Creatinine, mg/dL -0.07 0.36
eGFR, mL/min per 1.73 m2 -0.01 0.89
Framingham risk score, % 0.27 ＜0.001

LDL-C indicate low-density lipoprotein cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; sdLDL-C, 
small dense low-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; Univariate analysis of the relations 
between LDL-C, levels and variables (Pearson’s correlation analysis).
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Supplementary Fig. 4.  Kaplan-Meier curves of cumulative event-free survival of first major cardiovascular events (A), non-fatal 
acute coronary syndrome (B), death from cardiovascular disease (C), non-fatal stroke (D), and angina 
pectoris (E) according to serum lipoprotein cholesterol (LDL-C) levels
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Supplementary Fig. 5.  Receiver operating characteristic (ROC) curves of serum small dense low-density lipoprotein cholesterol 
(sdLDL-C) levels and serum lipoprotein cholesterol (LDL-C) levels for predicting primary cardiovascular 
event
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