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Association of Small Dense Low‑density Lipoprotein Cholesterol in
Type 2 Diabetics with Coronary Artery Disease
Ya‑Ching Huang1,2, Pi‑Yueh Chang1,2, Jawl‑Shan Hwang3, Hsiao‑Chen Ning1,2,4
Background: The risk of coronary artery disease (CAD) increases two‑ to At a Glance Commentary
fourfold in diabetes. Small dense low‑density lipopro‑
tein (sdLDL) particles have been linked to an increased Scientific background of the subject
risk for CAD. In this study, we sought to compare the
Small dense low-density lipoprotein
sdLDL cholesterol (sdLDL‑C) level between the healthy (sdLDL) particles are associated with
control group and diabetics with CAD in the Taiwanese increased risk for coronary artery disease
(CAD) and diabetes mellitus. We sought to
population.
Methods:
Serum specimens were collected from healthy females compare the sdLDL cholesterol (sdLDL-C)
and males of various age groups (n = 294), type 2 level between the healthy control group
diabetics (DM) without complications (n = 113), and and diabetics with CAD in the Taiwanese
patients having DM with CAD (DM‑CAD) (n = 46). population.
The commercial kit was used for the measurement of What this study adds to the field
sdLDL‑C level, which employs a simpler method. After
The DM-CAD group had significantly
heparin–magnesium precipitation of lipoproteins with higher sdLDL-C levels than the healthy
density <1.044 g/ml, sdLDL (density = 1.044-1.063 g/ml) control group. There was an age effect on
remained in the supernatant and this sdLDL‑C was mea‑ sdLDL-C in both males and females. The
sured using an automated chemistry analyzer.
sdLDL-C level together with the LDL-C
Results:
The sdLDL‑C level was significantly higher in males level are better risk assessment markers for
than in females (p < 0.001) and there was an age effect type 2 diabetics with CAD than the LDL-C
on sdLDL‑C (p < 0.001). The DM‑CAD group had sig‑ level alone.
nificantly higher sdLDL‑C levels than the healthy control
group (p < 0.001), but there was no statistical difference
in the LDL‑C level between DM‑CAD group and the healthy control group. In addition, only in‑
dividuals having both high LDL‑C and sdLDL‑C levels had a higher risk for DM‑CAD, compared
to those with low LDL‑C levels and low sdLDL‑C levels [Odds Ratio (OR) 4.97; 95% Confidence
Interval (CI) 1.96-12.57; p = 0.001].
Conclusions: Our data suggest that the sdLDL‑C level together with the LDL‑C level are better risk assessment
markers for type 2 diabetics with CAD than the LDL‑C level alone.
(Biomed J 2014;37:375-379)
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L

ow‑density lipoprotein cholesterol (LDL‑C) has been
considered as a critical risk factor in the development
of coronary artery disease (CAD). The decision to treat

CAD is based on LDL‑C levels.[1] However, large CAD
prevention trials have demonstrated that the reduction of
LDL‑C levels with lipid‑lowering therapy dose not entirely
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eliminate coronary disease events.[2‑6] It has been suggested
that small dense LDL (sdLDL) particles are highly athero‑
genic because they have a greater ability to penetrate the
subendothelial layer, have longer residence times, and are
oxidized more, compared to large, buoyant LDL.[7] In several
studies, sdLDL particles have been linked to an increased
risk for CAD.[8‑11]
Type 2 diabetes mellitus (DM), as a heterogeneous
disease, along with hyperglycemia causes many acute and
chronic complications including microvascular compli‑
cations (nephropathy, neuropathy, and retinopathy) and
macrovascular complications (CAD, stroke, and peripheral
vascular disease).[12] Type 2 diabetic patients have a two‑ to
fourfold increased risk of CAD, compared to non‑diabetic
individuals. DM is associated with a cluster of interrelated
plasma lipid and lipoprotein abnormalities, including re‑
duced high‑density lipoprotein (HDL) cholesterol, elevated
triglycerides, and a predominance of sdLDL particles.[13]
However, these abnormalities occur in many patients despite
them having a normal LDL‑C level.[13] There is evidence
that each of these dyslipidemic features is associated with
increased risk of cardiovascular disease, the leading cause
of death in patients with DM.[14] Taken together with the
information described in the first paragraph, these findings
suggest that sdLDL may have a predictive value for DM
patients with CAD.
The sdLDL is traditionally measured by ultracentrifu‑
gation or gradient gel electrophoresis to measure the density
or LDL particle size, respectively.[15,16] Both methods are
laborious and require special equipment and a long running
time. Nuclear magnetic resonance (NMR) imaging is ca‑
pable of simultaneously determining the size and number of
LDL particles.[17] However, the instrumentation and devices
required for NMR are too costly for general clinical laborato‑
ries to acquire them. Hirano et al. have developed a method
that uses heparin sodium salt precipitation followed by cen‑
trifugation for measuring sdLDL cholesterol (sdLDL‑C).[18]
Although sdLDL‑C has been evaluated in the Japanese and
US populations, it has not been studied in the Taiwanese
population. In the current study, we report the measurement
of sdLDL‑C according to the method of Hirano et al. in
the Taiwanese population, and the association of sdLDL‑C
levels in DM with CAD.[19,20]

METHODS
Subjects
Serum specimens, collected from healthy female and
male individuals of various age groups (20-29, 30-39, 40-49,
50-59, and ≥60 years old) visiting Chang Gung Memorial
Hospital for an annual health checkup, were chosen as the first
control group for the current study. All individuals selected for
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this study had a normal chemistry profile, including a normal
lipid profile [triglycerides (TG) <150 mg/dl, total cholesterol
(T‑CHO) <200 mg/dl, HDL‑C in male ≥40 mg/dl, HDL‑C
in female ≥50 mg/dl, LDL‑C < 130 mg/dl], normal fasting
serum glucose levels (≤105 mg/dl), and normal liver and kid‑
ney function tests. The numbers of female and male patients
individuals were 149 and 145, respectively. In addition, 46
serum specimens of type 2 diabetic patients with coronary
artery disease (DM‑CAD group) (26 males and 20 females,
mean age 65.5 ± 8.7 years, ranging from 50 to 82 years)
were collected. DM‑CAD group consisted of patients with
acute myocardial infarction who were in the hospital during
this study (n = 13), patients with previous myocardial infarc‑
tion (n = 16), and patients with angina pectoris (n = 17). The
diagnoses of myocardial infarction and angina pectoris were
based on clinical symptoms, electrocardiography (ECG)
changes, blood examinations, and coronary arteriograms.
Besides, 113 serum specimens of type 2 diabetic patients
without complications (64 males and 49 females, mean age
63.3 ± 7.3 years, ranging from 51 to 81 years) were collected.
This group was gender‑ and age‑matched with the DM‑CAD
group. These patients had no heart disease, blood vessel dis‑
ease, neuropathy, nephropathy, or retinopathy. Moreover, 92
healthy individuals from the first control group, with similar
gender and age characteristics as the disease groups, were
chosen as the second control group (52 males and 40 females,
mean age 62.7 ± 9.1 years, ranging from 50 to 86 years).

Laboratory measurements
Levels of glycosylated hemoglobin (HbA1c), TG,
T‑CHO, HDL‑C, and LDL‑C were measured by standard
laboratory procedures. The sdLDL‑C was measured using
the commercial kit (sdLDL‑C “SEIKEN”; Denka Seiken,
Tokyo, Japan). The pretreatment solution (200 µl) containing
heparin sodium salt and MgCl2 was added to the sample cup
of the centrifugation tube for filtration. The serum sample
(200 µl) was then added to the same cup. The mixture was
incubated for 10 min at 37˚C. After precipitation of lipopro‑
teins with density < 1.044 g/ml using heparin–magnesium,
sdLDL (density = 1.044-1.063 g/ml) remained in the superna‑
tant. The supernatant was passed through the filter after cen‑
trifuging at 5000 ×g for 1 min. The sdLDL‑C of the collected
supernatant was measured using an automated chemistry ana‑
lyzer (type 7600‑210; Hitachi Ltd, Tokyo, Japan) based on the
principle of colorimetry. Between‑run precision was deter‑
mined to be 6.1% and 5.4% at low control (28.7 ± 1.7 mg/dl,
n = 10) and at high control (61.7 ± 3.3 mg/dl, n = 10), respec‑
tively. Within‑run precision was determined to be 3.2% and
1.6% at low control (27.2 ± 0.9 mg/dl, n = 10) and at high
control (58.3 ± 0.9 mg/dl, n = 10), respectively. Since the
influence of drugs on the variables of interest is minimum
during the stable drug treatment period (every 3 months) in
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DM or DM‑CAD group, all measurements were performed
during the stable drug treatment period.

Table 1: sdLDL‑C and various parameters in the study population
Variable

Statistical analysis

Control
(n=92)

DM
(n=113)

DM‑CAD
(n=46)

Male/female
Age, years
Triglyceride,
mg/dl
Total cholesterol,
mg/dl
HDL‑C, mg/dl
LDL‑C, mg/dl
sdLDL‑C, mg/dl
% sdLDL‑C, %

52/40
62.7±9.1
89±27

64/49
63.3±7.3
143±62*

26/20
65.5±8.7
169±89*

177±15

193±33*

179±42†

58±12
102±14
39±14
38±11

50±13*
116±30*
57±21*
49±15*

40±11*‡
107±34
54±27*
50±20*

sdLDL‑C in the healthy control group
We first compared the distribution of sdLDL‑C among
females and males [Figure 1A] and then separated the healthy
female and male population into five age groups [Figure 1B]
in order to determine whether there was an age or a gender
difference. We found that sdLDL‑C level was significantly
higher in males than in females (males: 38 ± 14 mg/dl,
n = 145; females: 27 ± 11 mg/dl, n = 149; p < 0.001). We
also found that there was an age effect on sdLDL‑C in both
males and females. The sdLDL‑C level was significantly
higher in males above 50 years old than those below 50 years
old (42 ± 16 vs. 35 ± 13 mg/dl; p < 0.01). Females above
40 years old had a higher sdLDL‑C level than those below
40 years old (31 ± 10 vs. 22 ± 9 mg/dl; p < 0.001).

sdLDL‑C and various parameters in the study
population
Table 1 shows the levels of sdLDL‑C and other CAD
risk factors in the three groups – the second control group,
the group with type 2 diabetes without complications (DM),
and the group with type 2 diabetes with CAD (DM‑CAD).
This control group was gender‑ and age‑matched with the
disease groups. The DM group had significantly higher
TG, T‑CHO, LDL‑C, and sdLDL‑C levels than the healthy
control group (p < 0.001) and had significantly lower
HDL‑C level than the healthy control group (p < 0.001).
The DM‑CAD group also had significantly higher TG and
sdLDL‑C levels than the healthy control group (p < 0.001)
and had significantly lower HDL‑C level than the healthy
control group (p < 0.001). However, the DM‑CAD group
did not have significantly higher T‑CHO and LDL‑C levels
than the healthy control group.

The contribution of sdLDL‑C as a risk factor
for DM‑CAD
To further evaluate the contribution of LDL‑C and
sdLDL‑C as a risk factor for DM‑CAD, multivariate lo‑

*p < 0.001 vs. control; †p < 0.05 vs. DM; ‡p < 0.001 vs. DM.
Abbreviations: HDL‑C: High-density lipoprotein cholesterol; LDL‑C:
Low-density lipoprotein cholesterol; CAD: Coronary artery disease;
DM: Diabetes mellitus; sdLDL: Small dense low-density lipoprotein





)HPDOH

0DOH





VG/'/& PJGO

RESULTS

)UHTXHQF\ 

Comparisons of mean values between the groups were
made with Student’s t test. The difference in frequency
data was determined by Chi‑squared test. Multiple logistic
regression analysis was used to assess the independent
association between the risk factors and the incidence of
DM‑CAD. Differences with p < 0.05 were considered to
be statistically significant.












A

0DOH









)HPDOH

     
VG/'/& PJGO



B

\R \R \R \R \R
$JHGLVWULEXWLRQ

Figure 1: Normal values of sdLDL-C of both males and females and
in various age groups: (A) The frequency distribution of sdLDL-C of
healthy males (n = 145) and females (n = 149) with normolipidemia;
(B) Normal sdLDL-C concentrations in various age groups and in
males and females.

gistic regression analyses were performed. sdLDL‑C level
was significantly associated with DM‑CAD after the ad‑
justment for age and gender [Odds Ratio (OR) 1.05, 95%
Confidence Interval (CI) 1.02-1.07; p < 0.001]. On the other
hand, LDL‑C alone was not a powerful marker associated
with DM‑CAD because no significant association between
LDL‑C and the risk for DM‑CAD was found (OR 1.01, 95%
CI 0.99-1.03, p = 0.12).
Figure 2 presents the synergy between LDL‑C and
sdLDL‑C in the risk for DM‑CAD after the adjustment
for age and gender. Only individuals having both high
LDL‑C > 111 mg/dl (75% percentile value of the second
control group) and sdLDL‑C 48 mg/dl (75% percentile val‑
ue of the second control group) were at an increased risk
for DM‑CAD (OR 4.97, 95% CI 1.96-12.57; p = 0.001).
Interestingly, in individuals with high LDL‑C levels in
the absence of elevated sdLDL‑C levels, the ORs were
not calculated for DM‑CAD because individuals with
high LDL‑C levels also had high sdLDL‑C levels in the
DM‑CAD group.
Biomed J Vol. 37 No. 6
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Figure 2: ORs for DM-CAD according to the LDL and sdLDL-C
levels. The group with low LDL and sdLDL-C levels was used as a
reference (OR = 1.0). ORs were obtained by using logistic regression
and were adjusted for age and gender.

DISCUSSION
In this study, the sdLDL‑C level together with the
LDL‑C level, as a risk factor for DM patients with CAD, has
been evaluated for the first time in the Taiwanese population
by using a relatively simple method developed by Hirano
et al.[18] Our data suggest that sdLDL‑C together with LDL‑C
shows a stronger association with CAD in patients with
type 2 diabetes than LDL‑C alone.
We observed that there are gender and age differences
in sdLDL‑C levels among our tested population, consistent
with the data obtained in the Western populations.[19,20]
Although we have not separated menopausal and premeno‑
pausal women, women above 40 years old had a higher
sdLDL‑C concentration than those below 40 years old.
Several studies have consistently shown more favorable lipo‑
protein profiles among premenopausal women than among
men due to estrogen‑related protective mechanisms.[21,22] It
is well known that CAD risk markedly increases with ag‑
ing in men and menopausal women, and alterations in LDL
clearly contribute to this increased risk.[23]
In the present study, we also observed that patients with
DM are associated with a cluster of interrelated plasma lipid
and lipoprotein abnormalities. Such abnormalities include
elevated TG, T‑CHO, LDL‑C, and sdLDL‑C, as well as
reduced HDL‑C. Moreover, we observed that DM patients
with CAD had no LDL‑C elevation, but they had higher
sdLDL‑C levels than normolipidemic individuals, despite
the use of cholesterol‑lowering medication. Such findings
may in part explain why statin treatment is of great benefit
in CAD risk reduction associated with a reduction in LDL‑C
concentration, but very substantial residual CAD risk still
remains.[24] Rosuvastatin, the latest statin to be introduced in
Biomed J Vol. 37 No. 6
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the market, seems to be more efficient in modulating plasma
lipids and LDL subfractions.[25]
Although the level of LDL‑C in our DM patients with
CAD was not higher than that in our healthy controls,
sdLDL‑C and TG were substantially increased in DM
patients with CAD. Since the sdLDL‑C level is strongly
associated with the serum TG level, an increase of sdLDL
particles in CAD may be caused by an increase of serum TG.
In summary, our findings support the notion that the
measurement of sdLDL‑C concentration together with
LDL‑C concentration provides a more accurate assessment
of the risk for DM with CAD than measuring LDL‑C alone.
However, more prospective studies are needed to determine
whether sdLDL‑C is an independent biomarker of DM with
CAD. In addition, since the improved method using heparin
sodium salt precipitation followed by centrifugation for
measuring sdLDL‑C is relatively simple and easier than
other methods such as density gradient ultracentrifugation,
gradient gel electrophoresis, or NMR, it is feasible to adopt
such a method to measure sdLDL‑C in general clinical
laboratories.
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