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Abstract 

Background:  Elevation in small dense low-density lipoprotein (sdLDL) is common in patients with diabetes mellitus 
(DM), which has already been reported to be associated with incidence of coronary artery disease (CAD). The aim of 
the present study was to investigate the prognostic value of plasma sdLDL level in patients with stable CAD and DM.

Methods:  A total of 4148 consecutive patients with stable CAD were prospectively enrolled into the study and fol‑
lowed up for major cardiovascular events (MACEs) up to 8.5 years. Plasma sdLDL level was measured in each patient 
by a direct method using automated chemistry analyzer. The patients were subsequently divided into four groups by 
the quartiles of sdLDL and the association of sdLDL level with MACEs in different status of glucose metabolism [DM, 
Pre-DM, normal glycaemia regulation (NGR)] was evaluated.

Results:  A total of 464 MACEs were documented. Both Kaplan–Meier analysis and Cox regression analysis indicated 
that the patients in quartile 4 but not quartile 2 or 3 of sdLDL level had significantly higher rate of MACEs than that 
in lowest quartile. When the prognostic value of high sdLDL was assessed in different glucose metabolism status, the 
results showed that the high sdLDL plus DM was associated with worse outcome after adjustment of confounding 
risk factors (hazard ratio: 1.83, 95% confident interval: 1.24–2.70, p < 0.05). However, no significant association was 
observed for high sdLDL plus Pre-DM or NGR.

Conclusions:  The present study firstly indicated that elevated levels of plasma sdLDL were associated with increased 
risk of MACEs among DM patients with proven CAD, suggesting that sdLDL may be useful for CAD risk stratification in 
DM.
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Background
It has been well recognized that the low-density lipo-
protein (LDL)-cholesterol (LDL-C) is one of the major 
risk factors of coronary artery disease (CAD). Accord-
ing to recent guidelines, achieving lower levels of LDL-C 
for patients with very high risk has been highly recom-
mended [1, 2]. However, among patients who reached the 
appropriate LDL-C targets, the risk of incident cardio-
vascular events remains high [3]. In fact, LDL particles 
are heterogeneous in size and density and can be catego-
rized into large, buoyant LDL (lbLDL) and small, dense 
LDL (sdLDL) [4]. A study performed by Hoogeveen et al. 
in 2014 indicated that the sdLDL but not lbLDL was pos-
itively associated with the presence of CAD in Athero-
sclerosis Risk in Communities (ARIC) study [5].

In hypertriglyceridemic states, excess triglyceride (TG) 
in LDL is hydrolysised by hepatic lipase (HL) and con-
verts to sdLDL [6]. Compared with lbLDL, the particles 
of sdLDL are more atherogenic. The particles of sdLDL 
have smaller size, higher penetration into the arterial 
wall, lower binding affinity for the LDL receptor, longer 
plasma residence time, and increased susceptibility to 
oxidation [7–10]. In some studies on the relationship 
between lipid and other CAD risk markers, data sug-
gested that sdLDL was more significantly associated with 
inflammatory markers than LDL-C [11]. In the cross-sec-
tional study by Koba and his colleague, sdLDL levels were 
more powerful than LDL-C levels for the determination 
of CAD severity [12]. In two large observational cohort 
studies, sdLDL could predict the incident CAD among 
individuals with low cardiovascular risk according to 
their LDL-C levels [5, 13]. Unfortunately, among second-
ary prevention patients, the role of sdLDL in the progres-
sion of atherosclerotic cardiovascular disease (ASCVD) 
was less determined.

Diabetes mellitus (DM) is also one of the most impor-
tant risk factors of ASCVD and can cause bad prognosis 
in patients with established CAD [14, 15]. In hyperglyce-
mic status, the HL-mediated pathway is more active [6]. 
Thus, the plasma level of sdLDL is significantly elevated 
in pre-diabetes (Pre-DM) and DM individuals [13, 16]. 
Furthermore, sdLDL is more susceptible to glycation 
than lbLDL, which may increase its atherogenicity [17]. 
However, the impact of high sdLDL on cardiovascular 
outcome in DM patients was not yet clarified. Hence, the 
aim of the present study was to investigate the prognostic 
value sdLDL on major cardiovascular events (MACEs) in 
patients with stable CAD under different glucose metab-
olism status.

Materials and methods
Study population
Our study complied with the Declaration of Helsinki and 
was approved by the local ethical review board. Informed 
written consents were obtained from all patients enrolled 
in this study.

The details were described in the flowchart (Addi-
tional file 1: Figure S1). From March 2011 to December 
2016, 5132 patients who were admitted to three medi-
cal centers and diagnosed as angiography-proven CAD 
(coronary stenosis ≥ 50% in at least one of main coronary 
arteries). 984 patients did not enter the final analysis. 233 
did not agree to enter the program and others were for 
excluded for following criteria: with missing data, acute 
coronary syndrome (ACS), decompensated heart failure, 
severe liver and/or renal insufficiency, thyroid dysfunc-
tion, systematic inflammatory disease, and malignant 
disease. Patients in the analyses were diagnosed as stable 
CAD because of typical symptoms of transient angina. 
Patients were followed-up by telephone or face to face 
interviewing at 6 months’ intervals by experienced nurses 
or physicians. The MACEs were defined as cardiovas-
cular mortality, non-fatal myocardial infarction (MI), 
stroke, unplanned percutaneous coronary interven-
tion (PCI) or coronary artery bypass grafting (CABG), 
and hospitalized unstable angina. Non-fatal myocardial 
infarction was diagnosed as positive cardiac enzymes 
along with typical chest pain or electrocardiogram serial 
changes. Stroke was diagnosed by medical history, typical 
symptoms, and characterized imaging.

DM was diagnosed by fasting plasma glucose 
(FPG) ≥ 7.0  mmol/L or the 2-h plasma glucose of the 
oral glucose tolerance test ≥ 11.1  mmol/L, haemoglobin 
A1c (HbA1c) level ≥ 6.5% or currently using anti-diabetic 
drugs or insulin. Pre-DM was diagnosed in participants 
who did not have diagnosed DM but met the Ameri-
can Diabetes Association (ADA) criteria of Pre-DM 
[fasting plasma glucose 5.6 to 6.9  mmol/L, 2-h glucose 
ranging from 7.8 to 11.0  mmol/L, or hemoglobin A1c 
(HbA1c) level from 5.7 to 6.4% [18]. Patients who were 
with neither DM nor pre-DM were defined as normal 
glucose regulation (NGR). Hypertension was diagnosed 
as medical history of hypertension, currently receiv-
ing antihypertensive drugs or hospital recorded systolic 
blood pressure (SBP) ≥ 140 mmHg and/or diastolic blood 
pressure (DBP) ≥ 90  mmHg for three or more consecu-
tive times. The body mass index (BMI) was calculated 
as weight (kg) divided by height (m) squared. Patients 
who had smoking habit of at least 1 cigarette per day 
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on admission were classified as current smokers. Those 
who reported alcohol intake at least once a week were 
sorted as drinking. Family history of CAD was defined 
when myocardial ischemia or infarction was documented 
in at least one first-degree relative. Baseline medica-
tions (medications before admission) were collected by 
interviewing or from hospital-recorded medical history. 
Patients who received statin therapy at the time of dis-
charging from hospital were also recorded.

Laboratory analysis
Fasting blood samples were obtained from each patient 
after 12-h fasting once upon admission. Blood samples 
were collected into EDTA-containing tube. After cen-
trifugation at 3000  rpm for 10  min at 4  °C, plasma was 
collected and stored at − 80  °C. Plasma concentrations 
of total cholesterol (TC), TG, LDL-C and HDL-C were 
measured by automatic biochemistry analyzer (Hitachi 
7150, Tokyo, Japan) in an enzymatic assay. Non-high 
density lipoprotein cholesterol (Non-HDL-C) was calcu-
lated as TC minus HDL-C. Plasma levels of sdLDL were 
measured by an automated homogeneous assay (DENKA 
SEIKEN CO., LTD, Tokyo, Japan) [19]. The measured 
sdLDL was with calibration range of 0.0–100 mg/dL. The 
concentrations of glucose were measured by enzymatic 
hexokinase method. HbA1c was measured using Tosoh 
Automated Glycohemoglobin Analyser (HLC-723G8, 
Tokyo, Japan).

Evaluation of CAD severity
Angiographic data were collected from catheter labora-
tory records. The procedure was performed by three 
experienced interventional physicians. The angiographic 
results were evaluated by same physicians and the 
Gensini score (GS) which was calculated by assigning a 
severity score to each coronary lesion according to the 
degree of stenosis and the significance of location, was 
used to present the extent of coronary severity according 
our previous study. The precise method of calculating GS 
was introduced by Gensini GG in 1983 [20].

Statistical analysis
The values for the continuous variables and the categori-
cal variables were presented as the mean ± SD, median 
(Q1–Q3 quartiles) or number (percentage). The Kol-
mogorov–Smirnov test was used to test the distribu-
tion pattern. The differences of variables among groups 
were analyzed using Student t-test, analysis of variance, 
or nonparametric test where appropriate. The Kaplan–
Meier method was used to estimate the event-free sur-
vival rates among groups. The log-rank test was used to 
test the statistical significance. The hazard ratios (HRs) 
and 95% confidence intervals (CI) were calculated by 

univariate and multivariate Cox regression analyses. A 
p-value < 0.05 was considered statistically significant. The 
statistical analyses were performed with SPSS version 
21.0 software (SPSS Inc., Chicago, IL, USA).

Results
Baseline characteristics
As shown in Table  1, patients were divided into 
four groups by the quartile value of sdLDL (Q1: 
sdLDL < 18.30  mg/dL, Q2: 18.30 ≤ sdLDL < 26.70  mg/
dL, Q3: 26.70 ≤ sdLDL < 38.58  mg/dL, Q4: 
sdLDL ≥ 38.58 mg/dL). Patients with higher sdLDL were 
with younger age and more likely to be female (p < 0.001). 
The body mass index (BMI), glucose, HbA1c, TC, LDL-
C, TG increased while the proportions of family history 
of CAD, and statin use decreased according to levels of 
sdLDL (p < 0.001). Patients with sdLDL Q4 had the high-
est proportion of hypertension, highest GS and the low-
est proportion of NGR while those with sdLDL Q3 had 
the highest proportion of Pre-DM and lowest level of 
HDL-C. No significant difference was found regarding, 
drinking, smoking, creatinine and other medications 
among the four groups of patients.

sdLDL levels and cardiovascular outcomes
During a median follow-up time of 5.1 years (interquar-
tile range: 3.9 to 5.9 years), 464 (11.2%) of 4148 patients 
had MACEs (70 cardiovascular deaths, 49 suffered non-
fatal MI, 108 had non-fatal strokes and 158 received 
unplanned revascularization and 79 suffered hospitalized 
unstable angina). The unadjusted cumulative incidence 
curves for MACEs by sdLDL quartiles are shown in Addi-
tional file  1: Figure S2. Setting sdLDL Q1 as reference, 
patients with sdLDL in the highest quartile (Q4) showed 
significantly higher rate of events while no difference was 
observed for those with sdLDL Q2 and Q3. In Cox pro-
portional hazard regression analyses, according to uni-
variate and multivariate models, patients with sdLDL Q4 
presented 1.32-fold and 1.38-fold higher risk of MACEs 
than those with sdLDL Q1, respectively (Table 2). In the 
meanwhile, quartiles of LDL-C and non-HDL-C were not 
associated with MACEs (Additional file 1: Table S1).

We further investigated the association of sdLDL-C 
with the risk of MACEs when patients were stratified by 
high and low LDL-C. In total population, both sdLDLQ4 
plus low LDL-C and sdLDLQ4 plus high LDL-C were 
predictive of MACEs (Fig.  1a). Similar results were 
observed in DM patients (Fig.  1b). In separate low and 
high LDL-C groups, sdLDLQ4 was associated with 
2.14-fold and 2.11-fold higher risk of cardiovascular risk 
respectively (p < 0.05, Additional file  1: Table  S2). There 
appeared significant interaction between sdLDL and 
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LDL-C in predicting MACEs (Additional file 1: Table S2, 
p for interaction = 0.018).

sdLDL levels, different glucose metabolism status 
and cardiovascular outcomes
As presented in Additional file  1: Figure S3a, both DM 
and Pre-DM groups had higher levels of plasma sdLDL 
than NGR group, but no significant difference existed 
between DM and Pre-DM. Furthermore, higher propor-
tion of patients were with high sdLDL in DM and Pre-
DM than that in NGR (Additional file  1: Figure S3b). 

When NGR, Pre-DM and DM groups were each fur-
ther divided into four subgroups by the quartile value of 
sdLDL, similar patterns of sdLDL distribution were also 
observed in Pre-DM and DM while higher percentage of 
patients were with sdLDL Q1 and Q2 in NGR (Additional 
file 1: Figure S3c).

In Kaplan–Meier analysis, high sdLDL did not present 
higher events rate than low sdLDL (log rank p > 0.05, 
Fig.  2a). According to different glucose metabolism sta-
tus, DM but not Pre-DM showed higher risk of worse 
prognosis than NGR (log rank p < 0.001, Fig.  2b). In 

Table 1  Baseline characteristics

Data were expressed as mean ± SD, median with 25th and 75th percentile or n (%)

BMI body mass index, NGR normal glucose regulation, Pre-DM pre-diabetes mellitus, DM diabetes mellitus, HbA1c haemoglobin A1c, TC total cholesterol, TG 
triglyceride, LDL-C low density lipoprotein cholesterol, HDL-C high density lipoprotein cholesterol, GS Gensini score, ACEIs ACE inhibitors, ARBs angiotensin receptor 
blockers, OADs oral antidiabetes drugs

Variables Total sdLDL Q1 sdLDL Q2 sdLDL Q3 sdLDL Q4 p
n = 4148 n = 1036 n = 1028 n = 1035 n = 1049

Clinical characteristics

 Age, years 59.7 ± 9.8 58.4 ± 9.0 57.5 ± 8.8 56.5 ± 8.8 56.0 ± 8.9 < 0.001

 Male, n (%) 2967 (71.5) 748 (72.2) 747 (72.7) 760 (73.4) 712 (67.9) 0.022

 BMI (kg/m2) 26.0 ± 3.1 25.5 ± 3.1 25.8 ± 3.2 26.1 ± 2.9 26.5 ± 3.0 < 0.001

 Hypertension, n (%) 2686 (64.8) 649 (62.6) 672 (65.4) 661 (63.9) 704 (67.1) 0.164

 Glucose metabolism status, n (%) 0.001

  NGR 892 (21.5) 272 (26.3) 211 (20.5) 211 (20.4) 198 (18.9)

  Pre-DM 1702 (41.0) 407 (39.3) 413 (40.2) 447 (43.2) 435 (41.5)

  DM 1554 (37.5) 357 (34.5) 404 (39.3) 377 (36.4) 416 (39.7)

 Family history of CAD, n (%) 594 (14.3) 129 (12.5) 141 (13.7) 149 (14.4) 175 (16.7) 0.045

 Current smoker, n (%) 2284 (55.1) 578 (55.8) 563 (54.8) 565 (54.6) 578 (55.1) 0.95

 Drinking, n (%) 1376 (33.2) 352 (34.1) 330 (32.1) 352 (34.0) 341 (32.5) 0.694

Laboratory findings

 Glucose (mmol/L) 6.2 ± 2.0 5.8 ± 1.7 6.2 ± 2.1 6.2 ± 2.0 6.5 ± 2.2 < 0.001

 HbA1c (%) 6.5 ± 1.2 6.4 ± 1.1 6.6 ± 1.3 6.5 ± 1.2 6.6 ± 1.3 < 0.001

 Creatinine (μmol) 77.3 ± 15.2 77.6 ± 15.9 78.2 ± 15.6 77.4 ± 15.3 76.8 ± 15.6 0.544

 TC (mmol/L) 4.12 ± 1.08 3.24 ± 0.74 3.80 ± 0.69 4.22 ± 0.74 5.19 ± 1.02 < 0.001

 HDL-C (mmol/L) 1.05 ± 0.29 1.08 ± 0.30 1.06 ± 0.30 1.02 ± 0.28 1.04 ± 0.27 < 0.001

 LDL-C (mmol/L) 2.50 ± 0.94 1.79 ± 0.64 2.26 ± 0.59 2.62 ± 0.69 3.34 ± 1.00 < 0.001

 Non-HDL-C (mmol/L) 3.07 ± 1.04 2.15 ± 0.67 2.74 ± 0.59 3.20 ± 0.64 4.15 ± 0.97 < 0.001

 sdLDL (mg/dL) 30.18 ± 16.14 13.42 ± 3.25 22.39 ± 2.36 32.20 ± 3.47 52.37 ± 13.02 < 0.001

 TG (mmol/L) 1.50 (1.10–2.12) 1.07 (0.87–1.33) 1.37 (1.09–1.74) 1.67 (1.32–2.19) 2.24 (1.74–2.98) < 0.001

 Gensini score 22 (10–38) 22 (10–37) 22 (11–36) 24 (13–38) 24 (13–41) 0.047

Medications

 Statins at baseline, n (%) 2645 (63.8) 732 (70.7) 690 (67.1) 370 (64.3) 491 (53.2) < 0.001

 Statins at discharge, n (%) 3989 (96.2) 1020 (98.5) 991 (96.4) 986 (95.3) 992 (94.6) < 0.001

 Aspirin at baseline, n (%) 2505 (60.4) 617 (59.6) 601 (58.5) 633 (61.2) 654 (62.3) 0.280

 ACEIs/ARBs at baseline, n (%) 1143 (27.6) 271 (26.2) 297 (28.9) 293 (28.3) 282 (26.9) 0.482

 β-blockers at baseline, n (%) 2202 (53.1) 551 (53.2) 542 (52.7) 562 (54.3) 547 (52.1) 0.333

 Antidiabetic drugs at baseline

  OADs, n (%) 815 (19.6) 217 (20.9) 192 (18.7) 185 (17.9) 223 (21.1) 0.163

  Insulin, n (%) 462 (11.1) 122 (11.8) 100 (9.7) 126 (12.2) 114 (10.9) 0.297
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subgroups by both status, individuals with DM plus high 
sdLDL had the highest rate of MACEs (log rank p = 0.004, 
Fig. 2c). When the prognostic value of high sdLDL in dif-
ferent glucose metabolism status was evaluated by Cox 
models, both low and high sdLDL plus DM had higher 
risk of MACEs but high sdLDL plus DM was associated 
with the worst outcome (HR: 1.83, 95% CI 1.24–2.70, 
p < 0.05, Table 3). No significant association was observed 
for high sdLDL in Pre-DM and NGR (p > 0.05). This asso-
ciation was further evaluated in 12 groups by the quartile 
value of sdLDL and glucose metabolism status (Fig.  3a, 
b). After adjustment by traditional risk factors, patients 
in DM plus sdLDL Q3 and DM plus sdLDL Q4 but not 
those in DM plus Q1 and DM plus Q2 subgroups pre-
sented higher risk of cardiovascular events. Significant 
interaction between the quartiles sdLDL and diabetic sta-
tus was observed in predicting MACEs (Additional file 1: 
Table S2, p for interaction < 0.001).

Discussion
Increased plasma levels of sdLDL was one of the key 
features of diabetic dyslipidemia [21]. Although the link 
of sdLDL and presence of ASCVD has been well estab-
lished in previous community-based studies, the exact 
relationship between sdLDL and cardiovascular outcome 
in ASCVD patients with NGR, Pre-DM and DM was not 
yet examined [5, 13]. In this prospective study of sta-
ble CAD patients, we tried to investigate the prognostic 
value of sdLDL in patients with different metabolism sta-
tus. The main findings of our study were as follows: (1) 
In overall population, the highest quartile of sdLDL con-
veyed 1.38-fold higher risk of MACEs. Similar associa-
tions between sdLDL and prognosis were also observed 
among individuals with high and low LDL-C levels. (2) In 
patients with different glucose metabolism status, more 
significant risk of MACEs was identified in those with 
combined status of high sdLDL plus DM. To the best of 
our knowledge, this is the first study which addressed the 

increased atherogenicity of sdLDL in DM by a large pop-
ulational-based observational cohort.

Currently, according to existing guidelines, routine 
measurement of plasma LDL-C level was crucial in the 
prevention of ASCVD [1, 2]. Previous study reported that 
there was 21% proportional reduction in the incidence 
of MACEs per mmol/L LDL-C reduction [22]. In fact, 
LDL particles were a collection of heterogeneous parti-
cles which had different features in size, density, and lipid 
composition [4]. With the same plasma LDL-C concen-
tration, individuals who were with more sdLDL particles 
might have higher numbers of LDL particles. In the study 
by Otvos et al. in 2011, they found that in the individu-
als with low LDL-C but high LDL particle number (LDL-
P), which reflected higher levels of sdLDL, the event free 
survival rate was significantly lower than those with low 
LDL-P but high LDL-C [23]. Furthermore, previous study 
suggested that sdLDL had a higher propensity to bind to 
receptors on endothelium [10]. Hence, the inter-individ-
ual variation in sdLDL levels may partly explain the high 
event rate among individuals who received optimal lipid-
lowering therapy and reached LDL-C target. Therefore, 
identifying whether high sdLDL is a potential impedi-
mental factor for risk reduction was crucial, especially in 
patients with CAD and DM [2].

A great deal of evidence indicated that the sdLDL was 
related to the incidence of atherosclerotic disease [5, 13, 
24]. Several studies in different populations using vari-
ous sdLDL measurements suggested that the sdLDL was 
related to the carotid intima thickness and in association 
with progression of carotid artery plaque [25–27]. Wu 
et al. reported in 2019 that elevated sdLDL concentration 
was observed in ACS patients (n = 121) but not in healthy 
controls (n = 172) [28]. In ARIC study (11419 commu-
nity-based participants and followed-up for 11  years), 
the plasma sdLDL was measured by an automated homo-
geneous assay. They found that the individuals with 
sdLDL ≥ 75th percentile presented 1.51-fold higher risk 
of CAD than those in the lowest quartile [5]. And also, 
sdLDL-C coud predict the risk for the incidence of CAD 
among those who were classified as low cardiovascular 
risk by their LDL-C levels. Similar result was reported for 
normoglycemic individuals in the Multi-Ethnic Study of 
Atherosclerosis (MESA) [13].

Besides, several studies reported the association of 
sdLDL and the degree of coronary stenosis in patients 
with established CAD. In a study by Koba et al. in 2006, 
results showed that plasma sdLDL levels, which deter-
mined by heparin–magnesium precipitation, increased 
with the increment of diseased coronary vessels or GS 
[12]. They also reported that sdLDL levels were supe-
rior to LDL-C levels in predicting coronary severity 
[29]. In the Atherothrombosis Intervention in Metabolic 

Table 2  Cox regression analysis according to  quartiles 
of sdLDL

Model was adjusted for age, sex, body mass index, smoking, hypertension, 
diabetic status, family history of coronary artery disease, Gensini score, high 
density lipoprotein cholesterol, triglyceride and baseline statins

*p < 0.05

sdLDL quartile (n, events/
subjects)

HR (95% CI)

Unadjusted Full adjusted

Q1 (106/1036) Ref. Ref.

Q2 (109/1028) 1.04 (0.79–1.35) 1.04 (0.80–1.37)

Q3 (108/1035) 1.01 (0.77–1.32) 1.05 (0.80–1.38)

Q4 (141/1049) *1.32 (1.02–1.69) *1.38 (1.03–1.84)
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Fig. 1  Adjusted hazard ratios for incident MACEs by sdLDL-C quartiles stratified by LDL-C risk categories in a total population and b DM group. 
Model adjusted for age, sex, body mass index, smoking, hypertension, diabetic status, family history of coronary artery disease, Gensini score, high 
density lipoprotein cholesterol, triglyceride and baseline statins * for p < 0.05



Page 7 of 10Jin et al. Cardiovasc Diabetol           (2020) 19:45 	

Syndrome with Low HDL/High Triglycerides and Impact 
on Global Health Outcomes (AIM-HIGH) trial, which 
enrolled 3094 CAD patients, data indicated that sdLDL 
was not predictive of cardiovascular outcome [30]. The 
result of the present study, which was conducted in a 
large Chinese cohort of stable CAD patients, indicated 
that participants with sdLDL Q4 had the higher risk of 
MACEs despite their LDL-C levels. The predictive value 
of sdLDL was even stronger than LDL-C and non-HDL-
C in our study population. This finding, therefore, may 
provide novel evidence for the risk reduction in ASCVD 
patients who had achieved their LDL-C target.

The number of patients with DM in China contin-
ued to increase in the past few years. Recently, the 

morbidity rate was reported to be more than 10% in 
Chinese populations [31]. In both European Society 
of Cardiology/European Atherosclerosis Society (ESC/
EAS) and American College of Cardiology/American 
Heart Association (ACC/AHA) guidelines, patients 
with DM and ASCVD were defined as very high risk 
individuals and intensive LDL-C lowering treatment 
was highly recommended [1, 2]. Proprotein convertase 
subtilisin/kexin type 9 (PCSK9) inhibitor consider-
ably decreased LDL-C and could be useful in reduc-
ing the risk of events in patients with DM and ASCVD 
receiving maximally tolerated statin [32, 33]. However, 
routine lipid measures may not well reflect the compo-
sitional changes of lipid parameters in DM and Pre-DM 
patients. For example, no significant increase in LDL-C 
levels was found in some DM and Pre-DM patients 
[16]. In patients with metabolic disorder, the increase 
in very low-density lipoprotein (VLDL) particles could 
initiate a sequence of hydrolysis process and result in 
higher plasma sdLDL levels [6]. According to the study 
by Peradze et  al. in 2019, treatment of obese patients 
with liraglutide could induce reductions in number of 
sdLDL [34]. Data from MESA study showed that the 
plasma levels of sdLDL were largely elevated in patients 
with impaired glucose metabolism when they were with 
similar LDL-C as NGR [13]. In agreement with these 
previous findings, our study also showed that there 
were higher sdLDL levels in individuals with Pre-DM 
and DM. However, in the MESA study, for participants 
with impaired fasting glucose or type 2 DM (T2DM), 
sdLDL did not convey a significant risk. Interestingly, 
in our study, high plasma sdLDL brought 1.83-fold 

Fig. 2  Kaplan–Meier curves according to a median value of sdLDL b 
different glucose metabolism status c both status

Table 3  sdLDL levels in  relation to  cardiovascular events 
in patients with different glucose metabolism status

Model was adjusted for age, sex, body mass index, smoking, hypertension, 
family history of coronary artery disease, Gensini score, high density lipoprotein 
cholesterol, triglyceride and baseline statins

* p < 0.05

** p < 0.01

sdLDL HR (95% CI)

Events/subjects
464/4148

Crude model Adjusted model

NGR

 Low sdLDL 37/483 Ref. Ref.

 High sdLDL 41/409 1.33 (0.85–2.08) 1.36 (0.87–2.15)

Pre-DM

 Low sdLDL 86/820 1.36 (0.93–2.01) 1.30 (0.88–1.91)

 High sdLDL 92/882 1.34 (0.91–1.96) 1.29 (0.87–1.91)

DM

 Low sdLDL 92/761 *1.63 (1.11–2.38) *1.49 (1.01–2.19)

 High sdLDL 116/793 **1.95 (1.35–2.83) **1.83 (1.24–2.70)
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higher risk of MACEs when patients were combined 
with DM, but no such association was observed in ones 
with Pre-DM and NGR. Notably, it is worth mentioning 
that this is the first study to report the positive progno-
sis of sdLDL in DM. Compared with MESA study, our 
study had several strengths. Firstly, we selected patients 
with angiography-proven CAD as the study popula-
tion. Secondly, the MESA study included only 1048 
patients with impaired fasting glucose (IFG) or DM 
and compared them with NGR population. Moreover, 
IFG is an intermediate state between NGR and DM. In 
our present study, high sdLDL presented higher risk of 

MACEs in DM but not in those with mild impaired glu-
cose metabolism (Pre-DM). Hence, classifying patients 
with DM and IFG into the same group might contrib-
ute to the null finding. Thirdly, in our study, the num-
bers of patients and events with DM (208 events of 
1554 patients) or Pre-DM (178 events of 1702 patients) 
exceeded those in MESA (84 events of 1048 patients). 
Last but not least, this was a prospective, real-world 
study. Therefore, the current study might provide novel 
information about the relationship of sdLDL and car-
diovascular outcomes in DM patients.

One of the limitations of this study was that the level of 
sdLDL was measured only once at baseline. Furthermore, 
although the Cox models were adjusted by multiple tradi-
tional risk factors, the possible effect of other confound-
ers could not be fully eliminated. Patterns of follow-up 
statin use were not provided due to unavailable data. 
Finally, we did not assess all the metabolic factors for 
those with DM or Pre-DM due to the features of patients 
in the present study.

Conclusions
In conclusion, this large sample size and long-term fol-
low-up study, for the first time, indicated that elevated 
plasma sdLDL could predict worse outcomes in patients 
with CAD and DM but not in those with NGR or Pre-
DM. These novel findings may extend the knowledge 
about the prognostic value of sdLDL particle in DM 
patients.

Supplementary information
Supplementary information accompanies this paper at https​://doi.
org/10.1186/s1293​3-020-01015​-6.

Additional file 1: Table S1. Cox regression analysis according to quartiles 
of LDL-C and non-HDL-C. Table S2. Predictive value of sdLDL in different 
LDL-C levels and glucose metabolism status. Figure S1. Flowchart of the 
study. Figure S2. Cumulative incidence of MACEs according to different 
sdLDL levels. Figure S3. Continuous (a) and category (b to c) sdLDL levels 
according to different glucose metabolism status.

Abbreviations
NGR: Normal glucose regulation; Pre-DM: Pre-diabetes; DM: Diabetes mellitus; 
CAD: Coronary artery disease; ASCVD: Atherosclerotic cardiovascular disease; 
MACEs: Major adverse cardiovascular events; PCI: Percutaneous coronary 
artery intervention; CABG: Coronary artery bypass grafting; ACS: Acute 
coronary syndrome; BMI: Body mass index; HbA1c: Haemoglobin A1c; TC: Total 
cholesterol; TG: Triglyceride; LDL-C: Low density lipoprotein cholesterol; HDL-C: 
High density lipoprotein cholesterol; non-HDL-C: Non-high density lipoprotein 
cholesterol; sdLDL: Small dense low density lipoprotein; GS: Gensini score.

Acknowledgements
The authors thank all the staff and participants of this study for their important 
contributions.

Authors’ contributions
J-LJ and H-WZ completed the project, analyzed the data, and drafted the 
manuscript. J-JL designed the study, interpreted the data and contributed to 

Fig. 3  Unadjusted (a) and adjusted (b) Cox Model according to 
quartile value of sdLDL and glucose metabolism status. Model 
adjusted for age, sex, body mass index, smoking, hypertension, 
diabetic status, family history of coronary artery disease, Gensini 
score, high density lipoprotein cholesterol, triglyceride and baseline 
statins. *p < 0.05

https://doi.org/10.1186/s12933-020-01015-6
https://doi.org/10.1186/s12933-020-01015-6


Page 9 of 10Jin et al. Cardiovasc Diabetol           (2020) 19:45 	

critically revising the manuscript. Y-LG interpreted the data and contributed to 
revising the manuscript. Y-XC, H-HL, QH, Y-FL, N-QW, C-GZ and contributed to 
recruitment of patients and clinical diagnosis of disease. YG, R-XX, X-LL, C-JC, 
GL, JS, and QD contributed to the procedure of laboratory examination. J-JL 
is the guarantor of this work and, as such, had full access to all the data in the 
study and takes responsibility for the integrity of the data and the accuracy of 
the data analysis. All authors read and approved the final manuscript.

Funding
This work was partially supported by the Capital Health Development Fund 
(201614035) and CAMS Major Collaborative Innovation Project (2016-I2M-1-
011) awarded to Dr. Jian-Jun Li, MD, PhD. The study sponsors did not partici‑
pate in the study design; the collection, analysis, or interpretation of data; the 
writing of the report; or the decision to submit the paper for publication.

Availability of data and materials
The datasets used and/or analyzed during the current study are not publicly 
available but are available from the corresponding author on reasonable 
request.

Ethics approval and consent to participate
Our study complied with the Declaration of Helsinki and was approved by the 
hospital’s ethical review board (Fu Wai Hospital & National Center for Cardio‑
vascular Diseases, Beijing, China). Informed written consents were obtained 
from all patients enrolled in this study.

Consent for publication
Not applicable.

Competing interests
We declare that we have no conflict of interest.

Author details
1 State Key Laboratory of Cardiovascular Disease, Fu Wai Hospital, National 
Center for Cardiovascular Diseases, Chinese Academy of Medical Sciences, 
Peking Union Medical College, BeiLiShi Road 167, Beijing 100037, China. 
2 Department of Cardiology, Xuanwu Hospital, Capital Medical University, 
Beijing 100053, China. 3 Department of Cardiology, Beijing Anzhen Hospital, 
Capital Medical University, Beijing 100029, China. 

Received: 8 February 2020   Accepted: 16 March 2020

References
	1.	 Grundy SM, Stone NJ, Bailey AL, Beam C, Birtcher KK, Blumenthal RS, 

Braun LT, de Ferranti S, Faiella-Tommasino J, Forman DE, et al. 2018 AHA/
ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA 
guideline on the management of blood cholesterol: a report of the 
American College of Cardiology/American Heart Association Task Force 
on Clinical Practice Guidelines. Circulation. 2019;139(25):e1082–143.

	2.	 Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, Badimon L, 
Chapman MJ, De Backer GG, Delgado V, Ference BA, et al. 2019 ESC/EAS 
Guidelines for the management of dyslipidaemias: lipid modification to 
reduce cardiovascular risk. Eur Heart J. 2020;41(1):111–88.

	3.	 Mora S, Wenger NK, Demicco DA, Breazna A, Boekholdt SM, Arsenault 
BJ, Deedwania P, Kastelein JJ, Waters DD. Determinants of residual risk 
in secondary prevention patients treated with high-versus low-dose 
statin therapy: the treating to new targets (TNT) study. Circulation. 
2012;125(16):1979–87.

	4.	 Berneis KK, Krauss RM. Metabolic origins and clinical significance of LDL 
heterogeneity. J Lipid Res. 2002;43(9):1363–79.

	5.	 Hoogeveen RC, Gaubatz JW, Sun W, Dodge RC, Crosby JR, Jiang J, Couper 
D, Virani SS, Kathiresan S, Boerwinkle E, et al. Small dense low-density 
lipoprotein-cholesterol concentrations predict risk for coronary heart 
disease: the atherosclerosis risk in communities (ARIC) study. Arterioscler 
Thromb Vasc Biol. 2014;34(5):1069–77.

	6.	 Miller M. Low-density lipoprotein triglycerides: widening the atherogenic 
landscape in CVD risk assessment. J Am Coll Cardiol. 2018;72(2):170–2.

	7.	 Hurt-Camejo E, Camejo G, Rosengren B, Lopez F, Wiklund O, Bondjers G. 
Differential uptake of proteoglycan-selected subfractions of low density 
lipoprotein by human macrophages. J Lipid Res. 1990;31(8):1387–98.

	8.	 Dejager S, Bruckert E, Chapman MJ. Dense low density lipoprotein sub‑
species with diminished oxidative resistance predominate in combined 
hyperlipidemia. J Lipid Res. 1993;34(2):295–308.

	9.	 Anber V, Griffin BA, McConnell M, Packard CJ, Shepherd J. Influence of 
plasma lipid and LDL-subfraction profile on the interaction between low 
density lipoprotein with human arterial wall proteoglycans. Atherosclero‑
sis. 1996;124(2):261–71.

	10.	 Sattar N, Petrie JR, Jaap AJ. The atherogenic lipoprotein phenotype and 
vascular endothelial dysfunction. Atherosclerosis. 1998;138(2):229–35.

	11.	 Hsu SH, Jang MH, Torng PL, Su TC. Positive association between small 
dense low-density lipoprotein cholesterol concentration and biomarkers 
of inflammation, thrombosis, and prediabetes in non-diabetic adults. J 
Atheroscler Thromb. 2019;26(7):624–35.

	12.	 Koba S, Hirano T, Ito Y, Tsunoda F, Yokota Y, Ban Y, Iso Y, Suzuki H, Katagiri T. 
Significance of small dense low-density lipoprotein-cholesterol concen‑
trations in relation to the severity of coronary heart diseases. Atheroscle‑
rosis. 2006;189(1):206–14.

	13.	 Tsai MY, Steffen BT, Guan W, McClelland RL, Warnick R, McConnell J, 
Hoefner DM, Remaley AT. New automated assay of small dense low-
density lipoprotein cholesterol identifies risk of coronary heart disease: 
the multi-ethnic study of atherosclerosis. Arterioscler Thromb Vasc Biol. 
2014;34(1):196–201.

	14.	 Jin JL, Cao YX, Zhang HW, Sun D, Hua Q, Li YF, Guo YL, Wu NQ, Zhu CG, 
Gao Y, et al. Lipoprotein(a) and cardiovascular outcomes in patients with 
coronary artery disease and prediabetes or diabetes. Diabetes Care. 
2019;42(7):1312–8.

	15.	 Jin JL, Cao YX, Liu HH, Zhang HW, Guo YL, Wu NQ, Zhu CG, Xu RX, Gao 
Y, Sun J, et al. Impact of free fatty acids on prognosis in coronary artery 
disease patients under different glucose metabolism status. Cardiovasc 
Diabetol. 2019;18(1):134.

	16.	 Hsu H, Hsu P, Cheng MH, Ito Y, Kanda E, Schaefer EJ, Ai M. Lipoprotein 
subfractions and glucose homeostasis in prediabetes and diabetes in 
Taiwan. J Atheroscler Thromb. 2019;26(10):890–914.

	17.	 Younis NN, Soran H, Pemberton P, Charlton-Menys V, Elseweidy MM, Dur‑
rington PN. Small dense LDL is more susceptible to glycation than more 
buoyant LDL in type 2 diabetes. Clin Sci. 2013;124(5):343–9.

	18.	 American Diabetes Association. Classification and diagnosis of dia‑
betes: standards of medical care in diabetes—2019. Diabetes Care. 
2019;42(Suppl 1):S13–28.

	19.	 Ito Y, Fujimura M, Ohta M, Hirano T. Development of a homogeneous 
assay for measurement of small dense LDL cholesterol. Clin Chem. 
2011;57(1):57–65.

	20.	 Gensini GG. A more meaningful scoring system for determining the 
severity of coronary heart disease. Am J Cardiol. 1983;51(3):606.

	21.	 Taskinen MR, Boren J. New insights into the pathophysiology of dyslipi‑
demia in type 2 diabetes. Atherosclerosis. 2015;239(2):483–95.

	22.	 Baigent C, Blackwell L, Emberson J, Holland LE, Reith C, Bhala N, Peto R, 
Barnes EH, Keech A, Simes J, et al. Efficacy and safety of more intensive 
lowering of LDL cholesterol: a meta-analysis of data from 170,000 partici‑
pants in 26 randomised trials. Lancet. 2010;376(9753):1670–81.

	23.	 Otvos JD, Mora S, Shalaurova I, Greenland P, Mackey RH, Goff DC Jr. 
Clinical implications of discordance between low-density lipoprotein 
cholesterol and particle number. J Clin Lipidol. 2011;5(2):105–13.

	24.	 Ai M, Otokozawa S, Asztalos BF, Ito Y, Nakajima K, White CC, Cupples 
LA, Wilson PW, Schaefer EJ. Small dense LDL cholesterol and coronary 
heart disease: results from the Framingham Offspring Study. Clin Chem. 
2010;56(6):967–76.

	25.	 Qi Y, Liu J, Wang W, Wang M, Zhao F, Sun J, Liu J, Deng Q, Zhao D. High 
sdLDL cholesterol can be used to reclassify individuals with low cardio‑
vascular risk for early intervention: findings from the chinese multi-pro‑
vincial cohort study. J Atheroscler Thromb. 2019. https​://doi.org/10.5551/
jat.49841​.

	26.	 Maeda S, Nakanishi S, Yoneda M, Awaya T, Yamane K, Hirano T, Kohno N. 
Associations between small dense LDL, HDL subfractions (HDL2, HDL3) 
and risk of atherosclerosis in Japanese-Americans. J Atheroscler Thromb. 
2012;19(5):444–52.

	27.	 Norata GD, Raselli S, Grigore L, Garlaschelli K, Vianello D, Bertocco S, Zam‑
bon A, Catapano AL. Small dense LDL and VLDL predict common carotid 

https://doi.org/10.5551/jat.49841
https://doi.org/10.5551/jat.49841


Page 10 of 10Jin et al. Cardiovasc Diabetol           (2020) 19:45 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

artery IMT and elicit an inflammatory response in peripheral blood 
mononuclear and endothelial cells. Atherosclerosis. 2009;206(2):556–62.

	28.	 Wu B, Yu Z, Tong T, Tong X, Yang Y, Tang Y, Ren H, Liao Y, Liao J. Evaluation 
of small dense low-density lipoprotein concentration for predicting the 
risk of acute coronary syndrome in Chinese population. J Clin Lab Anal. 
2019. https​://doi.org/10.1002/jcla.23085​.

	29.	 Koba S, Yokota Y, Hirano T, Ito Y, Ban Y, Tsunoda F, Sato T, Shoji M, Suzuki 
H, Geshi E, et al. Small LDL-cholesterol is superior to LDL-cholesterol 
for determining severe coronary atherosclerosis. J Atheroscler Thromb. 
2008;15(5):250–60.

	30.	 Albers JJ, Slee A, Fleg JL, O’Brien KD, Marcovina SM. Relationship of base‑
line HDL subclasses, small dense LDL and LDL triglyceride to cardiovascu‑
lar events in the AIM-HIGH clinical trial. Atherosclerosis. 2016;251:454–9.

	31.	 Cosentino F, Grant PJ, Aboyans V, Bailey CJ, Ceriello A, Delgado V, Federici 
M, Filippatos G, Grobbee DE, Hansen TB, et al. 2019 ESC guidelines on 
diabetes, pre-diabetes, and cardiovascular diseases developed in collabo‑
ration with the EASD. Eur Heart J. 2020;41(2):255–323.

	32.	 Ray KK, Del Prato S, Muller-Wieland D, Cariou B, Colhoun HM, Tinahones 
FJ, Domenger C, Letierce A, Mandel J, Samuel R, et al. Alirocumab 

therapy in individuals with type 2 diabetes mellitus and atherosclerotic 
cardiovascular disease: analysis of the ODYSSEY DM-DYSLIPIDEMIA and 
DM-INSULIN studies. Cardiovasc Diabetol. 2019;18(1):149.

	33.	 Scicali R, Di Pino A, Ferrara V, Urbano F, Piro S, Rabuazzo AM, Purrello F. 
New treatment options for lipid-lowering therapy in subjects with type 2 
diabetes. Acta Diabetol. 2018;55(3):209–18.

	34.	 Peradze N, Farr OM, Perakakis N, Lazaro I, Sala-Vila A, Mantzoros CS. Short-
term treatment with high dose liraglutide improves lipid and lipoprotein 
profile and changes hormonal mediators of lipid metabolism in obese 
patients with no overt type 2 diabetes mellitus: a randomized, placebo-
controlled, cross-over, double-blind clinical trial. Cardiovasc Diabetol. 
2019;18(1):141.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1002/jcla.23085

	Association of small dense low-density lipoprotein with cardiovascular outcome in patients with coronary artery disease and diabetes: a prospective, observational cohort study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Materials and methods
	Study population
	Laboratory analysis
	Evaluation of CAD severity
	Statistical analysis

	Results
	Baseline characteristics
	sdLDL levels and cardiovascular outcomes
	sdLDL levels, different glucose metabolism status and cardiovascular outcomes

	Discussion
	Conclusions
	Acknowledgements
	References




