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ABSTRACT
Aims/Introduction: Small dense low-density lipoprotein (sdLDL) has been suggested to be a potential risk factor for cardiovas-
cular diseases (CVD).
Materials and Methods: We carried out a prospective nested case–control study in the Korean Health and Genome Study. Par-
ticipants were men and women aged 40–69 years who developed CVD (n = 313), and were matched by age and sex to controls
who remained free of CVD (n = 313) during the 8-years follow-up period (from 2001 to 2009). LDL subfractions were analyzed in
frozen samples collected from the 626 participants using polyacrylamide tube gel electrophoresis.
Results: Patients with CVD had a significantly higher glycated hemoglobin level compared with the controls (5.72 vs 5.56). The
proportion of patients with diabetes mellitus (DM) was higher in those who developed CVD during follow up (8.0% vs 1.9%). The
frequency of CVD according to each tertile of LDL particle size and the number of metabolic syndrome components did not differ
significantly. In the multivariate analysis, DM (odds ratio 4.244, 95% confidence interval 1.693–10.640, P = 0.002) was the only inde-
pendent predictive factor of CVD. LDL particle size was not associated with the risk for future CVD.
Conclusions: Small dense LDL might not be a significant predictor of CVD in this Korean community-based prospective cohort
study. (J Diabetes Invest, doi: 10.1111/jdi.12091, 2013)
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INTRODUCTION
Cardiovascular disease (CVD) is a leading cause of death and
affects the majority of adults over the age of 60 years in many
countries. A critical component of lowering the burden of
CVD is the identification and aggressive treatment of high-risk
individuals. The Adult Treatment Panel III of the Expert Panel
of the National Cholesterol Education Program1 has identified
a group of risk factors associated with cardiovascular disease,
including elevated low-density lipoprotein (LDL) cholesterol
concentrations, cigarette smoking, hypertension, reduced
high-density lipoprotein (HDL) cholesterol concentrations,
family history of premature coronary heart disease and older

age. Current efforts have focused on determining whether addi-
tional diagnostic criteria could improve the accuracy of CVD
estimation2–5. Several studies have suggested that small dense
LDL (sdLDL) is associated with an increased risk of CVD6–8.
However, the use of sdLDL as a potential risk factor has been
refuted by other studies reporting opposing findings9,10. To the
best of our knowledge, there has been no study analyzing the
effects of LDL particle size on CVD in a Korean cohort study.
The aim of the present study was to investigate whether LDL
particle size is associated with CVD using data from a Korean
community-based prospective cohort study.

MATERIALS AND METHODS
Participants
We carried out a nested case–control analysis of participants of
the Korean Health and Genome Study (KHGS). A detailed
description of the KHGS is reported elsewhere11. In brief, the
Korean government funded a large community-based epidemi-
ological study to investigate the trends in diabetes and the asso-
ciated risk factors in 2001. Participants included residents of a
rural community (Ansung), 70 km south of Seoul. The baseline
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examination was carried out in 2001–2002, and biennial fol-
low-up examinations were continued through 2010. The KHGS
is still ongoing. The age range for eligibility was 40–69 years.
Of the 7,192 eligible individuals in Ansung, 5,018 were sur-
veyed (70% response rate) using a cluster sampling method.
Anthropometric parameters and blood pressure were measured
by standard methods. Fasting plasma glucose, lipid profiles,
insulin and proteinuria were measured in a central laboratory.
Social factors (smoking, exercise, number of pregnancies and
history of parents with validated premature coronary heart dis-
ease) were also assessed. Current smokers were defined as those
having smoked at least one cigarette per day for at least 1 year.
Metabolic Syndrome (MetS) was defined based on the National
Cholesterol Education Program Adult Treatment Panel III cri-
teria for Asian-Americans1 recommended by the Korean Diabe-
tes Association in patients presenting with at least three of the
following components: (i) waist circumferences 90 cm or
greater in men or 80 cm or greater in women; (ii) triglycerides
150 mg/dL or greater; (iii) HDL cholesterol less than 40 mg/dL
in men or less than 50 mg/dL in women; (iv) blood pressure
130/85 mmHg or greater, or current use of antihypertensive
medications; or (v) fasting plasma glucose 100 mg/dL or
greater, or previously diagnosed type 2 diabetes or on oral
antidiabetic agents or insulin. Coronary heart disease (CHD)
was defined as definite myocardial infarction confirmed by elec-
trocardiogram and/or enzyme changes or any angina diagnosis
that went on to intervention after confirmation of coronary
artery stenosis by coronary angiography. CVD included both
CHD and stroke events. Complete data from the baseline inves-
tigation and frozen samples for further analysis were available
for 1,371 participants who registered for the cohort study in
the first year (2001). In order to select participants free from
CVD at baseline, 366 men and women were excluded as a
result of the presence of: (i) previous CHD or stroke; or (ii) Q
or QS complexes, or left bundle branch block (Minnesota codes
1.1–1.3 or 7.1, respectively) in the baseline electrocardiogram.
Among 1005 participants without a previous history of CVD
at baseline, 313 developed CVD events during the 8-years
follow-up period (from 2001 to 2009). The CVD group com-
prised all those who developed CVD during the follow-up per-
iod. A single control was matched to each case by the same sex
and age using a statistical matching tool. Informed written con-
sent from participants was obtained. The institutional review
board at Samsung Medical Center approved the present study
protocol.

Laboratory Measurements
Samples were frozen at -70°C and never thawed until they
were moved to the Department of Laboratory Medicine and
Genetics, Samsung Medical Center for analysis. The LDL sub-
fraction was analyzed using polyacrylamide tube gel electropho-
resis (LipoprintTM LDL System; Quantimetrix, Redondo Beach,
CA, USA)7 of the sample. The samples were then categorized
as either phenotype A or B based on the mean LDL particle

size. LDL subtypes 1–2 were predominantly large, buoyant
LDLs; subtypes 3–7 were predominantly small dense LDLs.
The mean LDL particle size for “phenotype A” was greater
than 26.5 nm (265 �A), hence it was considered “large, buoyant
LDL dominant”, whereas the mean particle size for “pheno-
type B” was less than 26.5 nm, and was therefore considered,
“small, dense LDL dominant”. The proportion of total LDL
comprised by sdLDL (subtypes 3–7) percentage was computed
as follows:

sdLDL (%)

¼ (LDL3 + LDL4 + LDL5 + LDL6 + LDL7)
(LDL1 + LDL2 + LDL3 + LDL4 + LDL5 + LDL6 + LDL7)

� 100:

Statistical Analysis
Statistical analyses were carried out using PASW Statistics 18.0
for Windows (SPSS Inc., Chicago, IL, USA). Descriptive statis-
tics for continuous data are expressed as the mean – standard
deviation if normally distributed, and the median (interquartile
range [IQR]) if not. Discrete data was summarized as numbers
with percentages. A paired t-test or the Wilcoxon signed-rank
test was used to compare differences in continuous variables
between the two groups. Differences in discrete variables
between the two groups were analyzed using the Bhapkar test12.
The asymptomatic marginal-homogeneity test was used to
assess the distribution of CVD events in relation to each tertile
of LDL particle size, and the number of MetS components.
Conditional logistic regression analysis was undertaken to
derive a model of factors associated with CVD. For all statistical
analyses, a two-sided P-value <0.05 was considered statistically
significant.

RESULTS
The clinical and metabolic characteristics of CVD cases and
controls are summarized in Table 1. Because of the sex- and
age-matched study design, the male/female ratio and mean age
were identical. Patients with CVD had a significantly higher
glycated hemoglobin (HbA1c) level compared with the controls
(5.72 vs 5.56). The proportion of patients with diabetes mellitus
(DM) was higher in those who developed CVD during follow
up (8.0% vs 1.9%). Body mass index (BMI), waist circumfer-
ence, blood pressure (systolic and diastolic), lipid profiles, LDL/
HDL ratio, fasting plasma glucose, serum insulin, CRP and
number of pregnancies did not differ significantly between the
two groups. Differences in mean-LDL particle size, percent
sdLDL of total LDL and the proportion of patients with sdLDL
(phenotype B) or very sdLDL (LDL particle size <25.5 nm)
between the two groups did not reach the statistical signifi-
cance. The prevalence of metabolic syndrome, being a current
smoker, proteinuria, having a parent with validated premature
CHD and persons engaging in at least 2–3 days/week of mod-
erate to vigorous exercise did not differ significantly between
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the groups. LDL particle size parameters (i.e., LDL size, sdLDL
percentage and proportion of phenotype B) showed a signifi-
cant correlation with an increasing number of MetS compo-
nents (Table 2). However, the frequency of CVD according to

each tertile of the number of MetS components did not differ
significantly (Table 3b). The risk of CVD was not inversely cor-
related with LDL particle size (Table 3). In addition, the rate of
CVD events in participants with both MetS and sdLDL (phe-
notype B) was not significantly different from those of the oth-
ers (with either MetS or sdLDL or without both, P = 0.828;
data not shown). Multiple stepwise regression analyses of CVD
and other risk factors were carried out as described in Table 4.
DM (odds ratio [OR] 4.244, 95% confidence interval [CI]

Table 1 | Baseline characteristics of participants with or without
cardiovascular disease

n = 626 Control group
(n = 313)

CVD group
(n = 313)

P-value

Age 56.64 – 8.42 56.65 – 8.55 NS
Sex (male/female) 136/177 136/177 NS
BMI (kg/m2) 23.83 – 3.23 24.05 – 3.35 NS
Waist circumference (cm) 84.66 – 9.18 84.96 – 8.62 NS
SBP (mmHg) 121.99 – 15.94 124.42 – 16.20 NS
DBP (mmHg) 75.00 – 10.39 75.76 – 10.05 NS
Total cholesterol (mg/dL) 179.85 – 33.72 179.79 – 31.54 NS
HDL (mg/dL) 45.45 – 10.39 44.47 – 10.03 NS
Triglyceride (mg/dL) 154.53 – 81.32 160.83 – 86.52 NS
LDL (mg/dL) 105.40 – 31.31 105.56 – 30.63 NS
LDL/HDL ratio 2.43 – 0.86 2.49 – 0.90 NS
LDL size (nm) 26.63 – 0.59 26.61 – 0.58 NS
sdLDL % 13.44 – 14.13 13.72 – 13.80 NS
Fasting glucose (mg/dL) 82.48 – 12.87 84.80 – 19.93 NS
HbA1c (%) 5.56 – 0.75 5.72 – 1.04 NS
Insulin (lIU/mL) 7.76 – 8.53 8.23 – 9.60 0.034
CRP (mg/dL) 0.18 – 0.31 0.19 – 0.26 NS
Pregnancy (n) 2.89 – 3.16 3.01 – 3.19 NS
Diabetic patient 6 (1.9%) 25 (8.0%) NS
MetS patient 94 (30.3%) 105 (33.5%) 0.002
Current smoker 82 (26.2%) 90 (28.7%) NS
Proteinuria 5 (1.6%) 5 (1.6%) NS
Exercise (‡2–3 days/week) 41 (13.1%) 39 (12.5%) NS
Family history of
premature CHD

36 (11.5%) 50 (16.0%) NS

Phenotype B (sdLDL) 93 (29.7%) 91 (29.4%) NS
Very sdLDL 13 (4.2%) 18 (5.8%) NS

Data are means – standard deviation except for the frequency data.
BMI, body mass index; CHD, coronary heart disease; CRP, C-reactive
protein; CVD, cardiovascular disease; DBP, diastolic blood pressure;
HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; LDL,
low-density lipoprotein; MetS, metabolic syndrome; NS, not significant;
SBP, systolic blood pressure; sdLDL, small dense low-density lipoprotein;
very sdLDL, low-density lipoprotein particle size <25.5 nm.

Table 2 | Small dense low-density lipoprotein parameters with
increasing number of metabolic syndrome components

n = 626 Metabolic syndrome components P-value

0 (n = 104) 1–2 (n = 323) ‡3 (n = 199)

LDL size 26.92 – 0.36 26.72 – 0.52 26.30 – 0.63 <0.001
sdLDL % 6.81 – 6.98 11.10 – 12.09 21.14 – 16.12 <0.001
Phenotype B 8 (7.7%) 70 (21.7%) 46 (50.3%) <0.001

Data are summarized as numbers with percentages. LDL, low-density
lipoprotein; sdLDL, small dense low-density lipoprotein.

Table 3 | Frequency of cardiovascular disease according to the
components of metabolic syndrome, and each tertile of low-density
lipoprotein size

MetS
components

Metabolic syndrome components P-value

0 1–2 ‡3

(a)
Control group
(n = 313)

59 (56.7%) 160 (49.5%) 94 (47.2%) NS

CVD group
(n = 313)

45 (43.3%) 163 (50.5%) 105 (52.8%)

Total 104 323 199

LDL size LDL size (nm) P-value

<25.5 25.5–26.4 26.5–26.9 ‡27.0

(b)
Control group
(n = 313)

13
(41.9%)

80
(50.5%)

127
(48.8%)

93
(51.1%)

NS

CVD group
(n = 313)

18
(58.1%)

73
(49.5%)

133
(51.2%)

89
(48.9%)

Total 31 153 260 182

Data are summarized as numbers with percentages. CVD, cardiovascular
disease; LDL, low-density lipoprotein; MetS, metabolic syndrome; NS,
not significant.

Table 4 | Logistic regression analysis of baseline clinical and laboratory
characteristics with cardiovascular disease events

n = 626 OR 95% CI P-value

BMI 1.015 0.964–1.068 NS
SBP 1.014 0.998–1.030 NS
DBP 0.987 0.963–1.012 NS
LDL 1.000 0.994–1.005 NS
Diabetes mellitus 4.244 1.693–10.640 0.002
Current smoker 1.237 0.857–1.786 NS
Family history of premature CHD 1.525 0.956–2.433 NS
LDL size
‡ 27.0 nm 1
26.5–26.9 nm 1.083 0.734–1.599 NS
<26.5 nm 1.070 0.698–1.642 NS

BMI, body mass index; CHD, coronary heart disease; CI, confidence
interval; DBP, diastolic blood pressure; LDL, low-density lipoprotein; NS,
not significant; SBP, systolic blood pressure.
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1.693–10.640, P = 0.002) was the only independent predictive
factor of CVD in the present case–control study. Subgroup
analysis for patients without diabetes (n = 595) or with CHD
(n = 594) are also shown in Tables S1 and S2, respectively.
LDL size was not associated with the risk for future CVD in
any of the analysis.

DISCUSSION
The results suggest individuals with DM were at greater risk of
CVD than those without. In the multivariate analysis, DM was
the independent predictive factor of CVD. However, we could
not verify an association between LDL particle size and CVD.
We found a prevalence of sdLDL of 29.4%, which is similar to
previously reported values13,14. The overall prevalence rate of
CVD in KHGS during the 8-years follow-up period was 18.7%.
This number is higher than the rate in the previous Korean stud-
ies15,16. This discrepancy might be as a result of older age, longer
follow-up duration and the rural community of the present study.
It is well-known that individuals with diabetes have a two- to
fourfold increased risk of CHD compared with non-diabetic indi-
viduals17,18. Fasting plasma glucose and HbA1c were higher in the
CVD group, and the differences in HbA1c were statistically signif-
icant. Furthermore, diabetes was the only independent predictive
factor of CVD in the present study. There is evidence that
patients with diabetes with no history of CHD had the same risk
of myocardial infarction (MI) as that observed in non-diabetic
subjects with a history of MI19. This similar level of risk of diabe-
tes and previous CHD has led to the suggestion that individuals
with diabetes should be treated as CHD-risk equivalents20. The
present results fit well with these previous results.
Low-density lipoprotein size did not differ between the two

groups. Our attempt to divide the participants into four
groups according to mean LDL particle size levels in order to
analyze the correlations with CVD did not yield any signifi-
cant results (Table 3b). Contrary to previous studies6–8, LDL
particle size was not an independent risk factor for CVD in
the present study. Our attempt to analyze the correlations of
CVD with mean LDL particle size, sdLDL (phenotype B) and
percentage of sdLDL to total LDL did not show any signifi-
cant risk factor (data not shown). Furthermore, multivariate
analysis with very sdLDL also failed to show any significance
(OR 1.285, 95% CI 0.604–2.734, P = 0.515; data not shown).
Subgroup analysis for patients without diabetes or with CHD
also failed to show a significant correlation with sdLDL or
LDL size (Tables S1 and S2, respectively). A recent review by
Ip et al.10 found that LDL particle size and small LDL particle
fraction were not consistently associated with CVD incidence.
Furthermore, none of the studies reported adequate analyses
to determine the relative or incremental value of LDL subfrac-
tion measurement as a predictor of CVD compared with tra-
ditional risk factors. Ip et al.10 also noted that the clinical
value of treatment based on the results of LDL subfraction
testing is lacking. Another review by Gazi et al.9 also found
no definite causal relationship between sdLDL and CVD,

probably because of the close association between sdLDL and
triglyceride (TG) levels, and other risk factors. These disagree-
ments could also be attributed to differences in age, ethnicity,
sex and geographical distribution among the study popula-
tions. In addition, the method of measuring sdLDL was differ-
ent in the previous studies6,8.
MetS is known to increase the risk of CVD21. The percentage

of participants with MetS was not higher in the CVD group. In
addition, tertile division of participants according to the number
of components of MetS did not show a significant association
with CVD (Table 3a). However, in the multivariate analysis, the
number of MetS components was associated with the risk for
CVD (OR 1.240, 95% CI 1.056–1.457, P = 0.009; data now
shown). Compared with those without MetS, participants with
MetS had a significantly smaller mean LDL particle size
(26.30 nm vs 26.77 nm), higher percentage of sdLDL to total
LDL (21.14% vs 10.06%) and more phenotype B (50.3% vs
18.3%; data not shown). In the present study, LDL particle size
was significantly correlated with each component of MetS, as
shown by others22 (data not shown). LDL particle size decreased,
whereas the percentage of sdLDL to total LDL and proportion of
phenotype B increased as the number of MetS components esca-
lated (Table 2). This might offer proof for validity of our sdLDL
assay, even if MetS failed as an independent risk factor for CVD.
Yet, DM is one of the components, and its predictive power was
more significant than MetS. The influence of other components
of MetS (such as waist circumference, TG, HDL and blood
pressure) might have been obscured by the significantly larger
(4.24-fold) impact of DM on CVD in the multivariable analysis.
Furthermore, DM itself is a complex metabolic disorder with a
preponderance of sdLDL particles23.
Other known risk factors of CVD, such as smoking24,25 and

family history of premature CHD26–28, were not significant
enough to predict CVD in the present study. However, we
should not ignore the benefits of smoking cessation29 and
incorporating family history of premature CHD into the risk
estimation process that guides treatment decisions1. A larger
prospective study focusing on these associations is required.
The limitations of the present study should be considered

when interpreting the results. First, analyses were carried out
using samples that had been kept at -70°C for several years;
therefore, we cannot exclude some degree of protein and/or
membrane degradation. However, we evaluated the LDL sub-
fraction in all of the patients who developed CVD during fol-
low up. Second, data on the use of lipid-lowering agents
(statins, fibrate, nicotinic acid or ezetimibe) are lacking.
We conclude that sdLDLs are not significant predictors of

CVD in the present Korean community-based prospective
study. In this case–control study, DM was the only independent
predictor of CVD.

ACKNOWLEDGEMENTS
We are grateful to Bong Deok Kim and Hyun Kyu Kim, staff
of the Center for Clinical Epidemiology, Ajou University School

ª 2013 Asian Association for the Study of Diabetes and Wiley Publishing Asia Pty Ltd Journal of Diabetes Investigation Volume 4 Issue 6 November 2013 549

Small dense LDL and CVD



of Medicine, for their effort in the management of the Korean
Health and Genome Study. The present study was supported
in part by a Clinical Research Development Project grant
(CRS110-22-1, IRB number 2009-10-035) from Samsung Medi-
cal Center. The epidemiological study was supported by the
National Genome Research Institute, the Korean Center for
Disease Control and Prevention (contract #2001~2003-348-
6111-221, 2004-347-6111-213 and 2005-347-2400-2440-215).
The funders had no role in study design, data collection and
analysis, decision to publish, or preparation of the manuscript.
The authors declare no conflict of interest.

REFERENCES
1. National Cholesterol Education Program (NCEP) Expert Panel

on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults (Adult Treatment Panel III). Third report
of the National Cholesterol Education Program (NCEP)
Expert Panel on Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults (Adult Treatment Panel III)
final report. Circulation 2002; 106:
3143–3421.

2. Blumenthal RS, Michos ED, Nasir K. Further improvements in
CHD risk prediction for women. JAMA 2007; 297: 641–643.

3. Ridker PM, Buring JE, Rifai N, et al. Development and
validation of improved algorithms for the assessment of
global cardiovascular risk in women: the Reynolds Risk
Score. JAMA 2007; 297: 611–619.

4. Wang TJ, Gona P, Larson MG, et al. Multiple biomarkers for
the prediction of first major cardiovascular events and
death. N Engl J Med 2006; 355: 2631–2639.

5. Ware JH. The limitations of risk factors as prognostic tools.
N Engl J Med 2006; 355: 2615–2617.

6. Austin MA, Rodriguez BL, McKnight B, et al. Low-density
lipoprotein particle size, triglycerides, and high-density
lipoprotein cholesterol as risk factors for coronary heart
disease in older Japanese-American men. Am J Cardiol 2000;
86: 412–416.

7. Lamarche B, Tchernof A, Moorjani S, et al. Small, dense
low-density lipoprotein particles as a predictor of the risk
of ischemic heart disease in men. Prospective results from
the Quebec Cardiovascular Study. Circulation 1997; 95:
69–75.

8. Arai H, Kokubo Y, Watanabe M, et al. Small dense
low-density lipoproteins cholesterol can predict incident
cardiovascular disease in an urban Japanese cohort:
the Suita study. J Atheroscler Thromb 2013; 20: 195–203.

9. Gazi IF, Tsimihodimos V, Tselepis AD, et al. Clinical
importance and therapeutic modulation of small dense
low-density lipoprotein particles. Expert Opin Biol Ther 2007;
7: 53–72.

10. Ip S, Lichtenstein AH, Chung M, et al. Systematic review:
association of low-density lipoprotein subfractions with
cardiovascular outcomes. Ann Intern Med 2009; 150:
474–484.

11. Kim BG, Park JT, Ahn Y, et al. Geographical difference in the
prevalence of isolated systolic hypertension in middle-aged
men and women in Korea: the Korean Health and Genome
Study. J Hum Hypertens 2005; 19: 877–883.

12. Agresti A. Categorical Data Analysis. John Wiley & Sons,
Hoboken, NJ, 2002.

13. Austin MA, King MC, Vranizan KM, et al. Atherogenic
lipoprotein phenotype. A proposed genetic marker
for coronary heart disease risk. Circulation 1990; 82:
495–506.

14. Campos H, Blijlevens E, McNamara JR, et al. LDL particle
size distribution. Results from the Framingham Offspring
Study. Arterioscler Thromb 1992; 12: 1410–1419.

15. Khang YH, Cho SI, Kim HR. Risks for cardiovascular disease,
stroke, ischaemic heart disease, and diabetes mellitus
associated with the metabolic syndrome using the new
harmonized definition: findings from nationally
representative longitudinal data from an Asian population.
Atherosclerosis 2010; 213: 579–585.

16. Jee SH, Suh I, Kim IS, et al. Smoking and atherosclerotic
cardiovascular disease in men with low levels of serum
cholesterol: the Korea Medical Insurance Corporation Study.
JAMA 1999; 282: 2149–2155.

17. Stamler J, Vaccaro O, Neaton JD, et al. Diabetes, other risk
factors, and 12-yr cardiovascular mortality for men screened
in the Multiple Risk Factor Intervention Trial. Diabetes Care
1993; 16: 434–444.

18. Consensus development conference on the diagnosis of
coronary heart disease in people with diabetes: 10–11
February 1998, Miami, Florida. American Diabetes
Association. Diabetes Care 1998; 21(9): 1551–1559.

19. Haffner SM, D’Agostino R Jr, Goff D, et al. LDL size in
African Americans, Hispanics, and non-Hispanic whites: the
insulin resistance atherosclerosis study. Arterioscler Thromb
Vasc Biol 1999; 19: 2234–2240.

20. Expert Panel on Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults. Executive Summary of
the Third Report of The National Cholesterol Education
Program (NCEP) Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults (Adult
Treatment Panel III). JAMA 2001; 285: 2486–97.

21. Isomaa B, Almgren P, Tuomi T, et al. Cardiovascular
morbidity and mortality associated with the metabolic
syndrome. Diabetes Care 2001; 24: 683–689.

22. Kathiresan S, Otvos JD, Sullivan LM, et al. Increased small
low-density lipoprotein particle number: a prominent
feature of the metabolic syndrome in the Framingham
Heart Study. Circulation 2006; 113: 20–29.

23. Tan KC, Cooper MB, Ling KL, et al. Fasting and postprandial
determinants for the occurrence of small dense LDL
species in non-insulin-dependent diabetic patients with and
without hypertriglyceridaemia: the involvement of insulin,
insulin precursor species and insulin resistance.
Atherosclerosis 1995; 113: 273–287.

550 Journal of Diabetes Investigation Volume 4 Issue 6 November 2013 ª 2013 Asian Association for the Study of Diabetes and Wiley Publishing Asia Pty Ltd

Suh et al.



24. US Department of Health and Human Services. The
Health Consequences of Smoking: A Report of the
Surgeon General. US Department of Health and Human
Services, Centers for Disease Control and Prevention,
National Center for Chronic Disease Prevention and
Health Promotion, Office on Smoking and Health, Atlanta,
GA, 2004.

25. Czerwinski SA, Mahaney MC, Rainwater DL, et al. Gene by
smoking interaction: evidence for effects on low-density
lipoprotein size and plasma levels of triglyceride and
high-density lipoprotein cholesterol. Hum Biol 2004; 76(6):
863–876.

26. Lloyd-Jones DM, Nam BH, D’Agostino RB Sr, et al.
Parental cardiovascular disease asa risk factor for

cardiovascular disease in middle-aged adults: a
prospective study of parents and offspring. JAMA 2004;
291: 2204–2211.

27. Marenberg ME, Risch N, Berkman LF, et al. Genetic
susceptibility to death from coronary heart disease in a
study of twins. N Engl J Med 1994; 330: 1041–1046.

28. Andresdottir MB, Sigurdsson G, Sigvaldason H, et al. Fifteen
percent of myocardial infarctions and coronary
revascularizations explained by family history unrelated to
conventional risk factors: the Reykjavik Cohort Study. Eur
Heart J 2002; 23: 1655–1663.

29. Tonstad S, Andrew Johnston J. Cardiovascular risks
associated with smoking: a review for clinicians. Eur J
Cardiovasc Prev Rehabil 2006; 13: 507–514.

SUPPORTING INFORMATION
Additional Supporting Information may be found in the online version of this article:

Table S1 | Logistic regression analysis of patients without diabetes with cardiovascular disease events.
Table S2 | Logistic regression analysis of baseline clinical and laboratory characteristics with coronary heart disease events.
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