
444 Journal of Atherosclerosis and Thrombosis　Vol.19, No.5

Original Article

Associations between Small Dense LDL, HDL Subfractions (HDL2, 
HDL3) and Risk of Atherosclerosis in Japanese-Americans

Shusaku Maeda1, Shuhei Nakanishi1, Masayasu Yoneda1, Tomokazu Awaya1, Kiminori Yamane1, 
Tsutomu Hirano2 and Nobuoki Kohno1

1Department of Molecular and Internal Medicine, Graduate School of Biomedical Sciences, Hiroshima University, Hiroshima, 
Japan

2Department of Diabetes, Metabolism and Endocrinology, Showa University School of Medicine, Tokyo, Japan

Aim: Small dense low-density lipoprotein (sdLDL) has been suggested to be more atherogenic than 
large buoyant LDL. High-density lipoprotein (HDL) consists of two major subfractions (HDL2, 
HDL3), and just as controversy remains regarding which of the two is the more powerful negative 
risk factor for atherosclerosis, associations between sdLDL and these HDL subfractions are unclear.
Methods: We measured sdLDL cholesterol (sdLDL-C), HDL2 cholesterol (HDL2-C) and HDL3 
cholesterol (HDL3-C) by a newly developed method in 481 Japanese-Americans who were not using 
lipid-lowering medication, and examined the associations of these cholesterol concentrations with 
variables related to atherosclerosis.
Results: In multivariate analysis, sdLDL-C was positively correlated with the body mass index (BMI), 
fasting glucose and insulin, 2-h glucose, HOMA-IR, high sensitivity C-reactive protein (hsCRP), and 
carotid artery intima-media thickness (IMT) after adjustment for age and sex. In particular, sdLDL-
C was positively correlated with IMT, even after adjustment for sex, age, smoking status, hyperten-
sion, diabetes mellitus and hsCRP. HDL2-C was more closely inversely correlated than total HDL-C 
with BMI, fasting glucose and insulin, 2-h glucose, HOMA-IR, and hsCRP, whereas HDL3-C was 
not correlated with these factors. Additionally, HDL2-C was more closely correlated than total 
HDL-C or HDL3-C with sdLDL-C, LDL-C, triglycerides (TG), and apolipoprotein B (apoB).
Conclusions: SdLDL-C was closely associated with insulin resistance and glucose tolerance, lending 
credence to its potential as a useful risk marker in assessing carotid artery IMT and the present 
degree of atherosclerosis in Japanese-Americans. The findings also suggest that subjects with higher 
HDL2-C levels were better protected from atherosclerosis.
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Introduction

Elevated serum levels of low-density lipoprotein-
cholesterol (LDL-C) and low serum levels of high-
density lipoprotein-cholesterol (HDL-C) have been 

established as important risk factors for atherosclerosis 
and coronary heart disease (CHD). Compared with 
large buoyant LDL, sdLDL has been suggested to be 
more atherogenic as a result of its higher degree of 
penetration of the arterial wall, lower binding affinity 
for LDL receptors, prolonged plasma half-life, and 
lower resistance to oxidative stress1, 2). Indeed, an 
increased risk of CHD in subjects with higher levels of 
sdLDL was previously documented3). Furthermore, 
measurement of sdLDL-C concentration is useful for 
assessment of not only the presence of CHD4, 5) but 
also its severity6) as well as carotid artery IMT7).

Address for correspondence: Shuhei Nakanishi, Department 
of Molecular and Internal Medicine, Graduate School of 
Biomedical Sciences, Hiroshima University, 1-2-3 Kasumi, 
Minami-ku, Hiroshima, 734-8551, Japan
E-mail: nshuhei@hiroshima-u.ac.jp
Received: August 17, 2011
Accepted for publication: November 2, 2011



445SdLDL, HDL2, HDL3 and Atherosclerosis

the 75g oral glucose tolerance test (GTT). Diabetes 
was diagnosed in accordance with 1998 WHO criteria 
(fasting plasma glucose ≥126 mg/dL or 2-h glucose 
≥200 mg/dL after 75gGTT)16). Hypertension was 
diagnosed if the subject used anti-hypertensive medi-
cation or had a blood pressure of 140/90 mmHg or 
higher17). Dyslipidemia was diagnosed in accordance 
with criteria developed by the Japan Atherosclerosis 
Society18), if the subject had one or more of the fol-
lowing: LDL-C ≥140 mg/dL, TG ≥150 mg/dL or 
HDL-C ＜40 mg/dL. Smoking status (current or past, 
none) was also assessed using standard interview pro-
cedures. This study was approved by the ethics com-
mittee of Hiroshima University and by the Council of 
the Hiroshima Kenjin-Kai Association in Hawaii and 
Los Angeles.

Measurements
All subjects underwent physical measurements 

and provided blood and urine samples after an over-
night fast. The collected blood was centrifuged, and 
the obtained serum, whole blood and urine samples 
were immediately frozen and subsequently brought 
back to Japan.

SdLDL-C was measured using a commercially 
available assay kit (sdLDL-EX; Denka Seiken Co., 
Tokyo, Japan) based on a homogenous method 
detailed elsewhere19). In short, surfactant A reacts with 
TG-rich lipoproteins and HDL, and the cholesterol in 
these lipoproteins is dissociated by the actions of cho-
lesterol-oxidase/esterase and catalase. Sphingomyelin-
ase mainly reacts with large buoyant-LDL, while sur-
factant B protects sdLDL from the actions of sphingo-
myelinase and the cholesterol-oxidase/esterase reac-
tion. Thus, the sdLDL-C that escapes from the actions 
of these enzymes can be measured by a standard total-
cholesterol assay. Measurement using this method was 
highly correlated (y=0.99x-0.09, R2=0.91 Pearson 
correlation) with cholesterol concentration in the 
dense-LDL fraction (1.044-1.063 g/mL) isolated by 
ultracentrifugation19). The coefficients of variation 
(CV) for within-run precision were less than 1.1%. 
Plasma TG concentrations ＜11 mmol/L (＜1,000mg/
dL) did not affect sdLDL-C measurement.

HDL2-C and HDL3-C values were determined 
by a newly developed method for assaying HDL sub-
species that combines single precipitation with a direct 
HDL-C assay20). In brief, a precipitation reagent (0.06 
mL) containing 1,071 U/mL heparin, 500 mmol/L 
MnCl2, and 12 mg/mL dextran sulfate was added to 
serum (0.3 mL). The sample was incubated and cen-
trifuged at 10,000 rpm for 10 min. HDL3-C was 
measured by a homogenous HDL-C assay (HDL-EX; 

HDL consists of two major subfractions: large 
buoyant HDL2 and small dense HDL3. Controversy 
remains regarding which of the two is the more pow-
erful negative risk factor in atherosclerosis. Several 
studies suggest that the level of the protective effects 
of HDL may be better represented by the concentra-
tion of HDL2 than that of HDL38, 9), whereas other 
studies offer no support for this10, 11). Additionally, the 
associations between sdLDL-C and these HDL sub-
fractions are unclear.

Japanese-Americans, who are genetically identical 
to their Japanese progenitors, have typically lived a 
Westernized lifestyle for decades, consuming high-fat 
and high simple-carbohydrate diets12, 13). We reported 
that such Japanese-Americans are more hyperinsulin-
emic and insulin resistant than native Japanese, with a 
prevalence of diabetes two to three times higher than 
that of their Japanese counterparts12). We also reported 
that the mortality rate from CHD was higher among 
Japanese-Americans with diabetes than among native 
Japanese with diabetes13). In Japanese-Americans with 
such Westernized lifestyles, the effects of sdLDL and 
HDL subfractions on the development of atheroscle-
rosis are expected to be more apparent than such 
effects in native Japanese.

In the present cross-sectional study, we investi-
gated the associations between sdLDL-C, HDL2-C, 
HDL3-C and the risk of atherosclerosis, assessing 
which of the major HDL subfractions more accurately 
represents the protective effects of HDL among Japa-
nese-Americans living in Los Angeles.

Methods

Study Subjects
This study is part of a long-term epidemiological 

survey (Hawaii-Los Angeles-Hiroshima study) initi-
ated in 1970 that investigates risk factors for diabetes 
and cardiovascular disease among subjects limited to a 
population genetically identical to the native Japanese 
population. The epidemiological survey was previ-
ously described in detail elsewhere13-15).

The subjects of our study were Japanese-Ameri-
cans enrolled in medical examinations of the afore-
mentioned epidemiological survey conducted in Los 
Angeles in 2004. The study population consisted of 
183 men and 298 women who were not using medi-
cation for the treatment of diabetes mellitus and/or 
dyslipidemia, but included subjects diagnosed with 
diabetes mellitus, hypertension, and dyslipidemia. 
Glucose tolerance status was ascertained in individual 
subjects (NGT: normal glucose tolerance, IGT: 
impaired glucose tolerance, DM: diabetes mellitus) by 
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IMT at any location in the far walls of the carotid 
arteries, including atheromatous plaques on both 
sides. The greatest unilateral IMT value, representing 
a higher value when compared with that of the other 
side, was defined as max IMT. Images were analyzed 
off-line by specifically designed software (Intima-
Scope; MEDIA CROSS Co., Ltd., Tokyo, Japan). All 
measurements (scans and image analyses) were per-
formed by one physician with the same equipment.

Statistical Analyses
Data are expressed as the mean±S.D. or median 

(25th-75th percentile levels), depending on data dis-
tribution. Continuous variables were compared by 
analysis of covariance (ANCOVA), and if they were 
found to be significant, the Tukey-Kramer method 
was used to assess association between categories. Uni-
variate correlation was evaluated by Spearman’s rank 
correlation analysis. Multivariate correlation was tested 
by multiple regression analysis. For variables with 
skewed distribution, log-transformation was per-
formed before multiple regression analysis. Such trans-

Denka Seiken Co., Tokyo, Japan) in the supernatant, 
and HDL2-C was estimated by subtracting HDL3-C 
from the direct HDL-C. The HDL3-C and HDL2-C 
values determined by this method were identical to 
those determined by ultracentrifugation, with excel-
lent correlation between the methods in terms of 
HDL3-C and HDL2-C measurements (r =0.933 and 
0.978).

LDL-C and HDL-C were directly measured by 
homogenous assays. Insulin was measured by a dou-
ble-antibody radioimmunoassay. Insulin resistance was 
evaluated by HOMA-IR21). CRP levels were measured 
using a highly sensitive, latex-enhanced immunoneph-
elometric assay22).

Carotid artery IMT was measured by B-mode 
ultrasonography (EUB-405X; Hitachi Ltd., Tokyo, 
Japan) with the 10-MHz probe using a technique 
developed by Pignoli et al.23). We examined the far 
walls of the left and right common carotid arteries. 
Examinations were made from three different longitu-
dinal projections (i.e. anterior-oblique, lateral, and 
posterior-oblique). IMT was assessed as the greatest 

Table 1. Clinical characteristics of study subjects

Total NGT IGT DM

N (men/women)
Age (y)
BMI (kg/m2)
SBP (mmHg)
DBP (mmHg)
Fasting glucose (mg/dL)
2-h glucose (mg/dL)
Fasting insulin (μU/mL)
HOMA-IR
LDL-C (mg/dL)
sdLDL-C (mg/dL)
TG (mg/dL)
HDL-C (mg/dL)
HDL2-C (mg/dL)
HDL3-C (mg/dL)
apoB (mg/dL)
hsCRP (mg/L)
IMT (mm)
Hypertension, n (%)
Dyslipidemia, n (%)
Smokers, n (%)

481 (183/298)
61.7±13.7
23.7±3.6

134.0±17.9
77.3±10.7
92.0±20.1

119.6±56.5
6.9±5.3
1.7±1.7

140.6±36.8
35.7 (25.3-49.3)
117 (82-177)

50.7±13.8
29.7±12.0
21.0±4.8

116.3±28.7
0.79 (0.39-1.71)
0.81 (0.71-0.92)

232 (48)
305 (63)
158 (33)

371 (133/238)
60.4±14.0
23.4±3.4

132.4±17.4
76.9±10.0
87.6±9.6
97.1±20.3

6.2±4.3
1.3±1.0

138.9±36.7
33.7 (24.4-46.2)
109 (77-169)

51.3±13.8
30.4±12.1
20.9±4.8

114.2±27.5
0.71 (0.36-1.55)
0.80 (0.71-0.92)

160 (43)
224 (60)
118 (32)

79 (37/42)
65.0±10.8＊

24.8±3.5＊

136.7±18.6
77.7±11.6
93.4±9.6＊

160.6±17.6＊

7.8±4.5＊

1.8±1.0
147.3±35.9

43.7 (28.5-58.2)＊

147 (93-206)
49.0±15.0
27.7±12.7
21.3±4.8

124.7±28.5＊

1.16 (0.55-2.57)
0.83 (0.73-0.94)

49 (62)
60 (76)
32 (40)

31 (13/18)
68.3±13.6＊

25.5±5.6＊

145.4±16.7＊

80.9±13.9
142.0±47.7＊†

284.6±80.2＊†

11.9±11.2＊†

4.4±4.6＊†

143.5±39.9
47.5 (29.4-61.7)＊

141 (106-198)＊

47.7±10.0
26.2±8.7
21.4±4.4

120.0±37.9
1.33 (0.61-1.83)
0.92 (0.81-1.09)＊

23 (74)
21 (67)

8 (26)

Data are expressed as the number, percentage, mean±S.D. or median (25th-75th percentile). NGT, normal glucose tolerance; IGT, impaired glu-
cose tolerance; DM, diabetes mellitus; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HOMA-IR, homeostasis 
model assessment for insulin resistance; LDL-C, low density lipoprotein cholesterol; sd, small dense; TG, triglycerides; HDL-C, high density lipo-
protein cholesterol; hsCRP, high sensitivity C-reactive protein; IMT, intima media thickness. ＊p＜0.05 compared to NGT, †p＜0.05 compared to 
IGT by Tukey-Kramer method.
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of sdLDL-C levels with non-lipid parameters, which 
are risk factors for atherosclerosis, by Spearman’s rank 
correlation analysis. SdLDL-C levels showed a signifi-
cant positive correlation with BMI (ρ=0.237, p＜
0.001), fasting glucose (ρ=0.258, p＜0.001) and 
insulin (ρ=0.270, p＜0.001, data not shown), 2-h 
glucose (ρ=0.201, p＜0.001), HOMA-IR (ρ=0.298, 
p＜0.001), hsCRP levels (ρ=0.170, p＜0.001), and 
IMT (ρ=0.099, p =0.029).

Next, we investigated associations between 
sdLDL-C, LDL-C, HDL-C, HDL2-C, HDL3-C 
concentrations and non-lipid parameters by multiple 
regression analysis (Table 2). After adjustment for age 
and sex, the sdLDL-C level was positively associated 
with BMI (β= 0.178, p＜0.001), fasting glucose 
(β=0.143, p =0.002) and insulin (β=0.150, p =  
0.001), 2-h glucose (β=0.136, p =0.002), HOMA-IR 
(β=0.111, p =0.016), hsCRP levels (β=0.137, p =  
0.003), and IMT (β=0.085, p =0.034); however, 
LDL-C level was positively associated with only BMI 
(β=0.094, p =0.034) and fasting glucose levels (β=  
0.090, p =0.046). Thus, the sdLDL-C level was more 
closely associated than the LDL-C level with meta-
bolic parameters. HDL-C and HDL2-C levels were 

formation was applied to sdLDL-C, hsCRP and IMT. 
For all analyses, SPSS for Windows (version 12·0; 
SPSS Inc., Chicago, IL) was used. P＜0.05 was con-
sidered significant.

Results

Table 1 shows the general and metabolic charac-
teristics of all subjects studied. Among the DM sub-
jects, age, BMI, systolic blood pressure, fasting glucose 
and insulin levels, 2-h glucose levels, HOMA-IR, 
sdLDL-C levels, TG levels, and IMT were all signifi-
cantly higher than these variables among NGT sub-
jects. Additionally, among the IGT subjects, age, 
BMI, fasting glucose and insulin levels, 2-h glucose 
levels, and sdLDL-C levels were significantly higher 
than the variables among NGT subjects. No signifi-
cant differences were observed in diastolic blood pres-
sure, LDL-C, HDL-C, HDL2-C, HDL3-C, or 
hsCRP levels. We showed that the sdLDL-C level was 
significantly higher in DM subjects and IGT subjects 
than in NGT subjects, although no significant differ-
ence was observed from the LDL-C level in Table 1.

Fig.1 indicates univariate correlation coefficients 
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Fig.1. Univariate correlation of sdLDL-C with variables in all subjects. Spearman’s correlation coefficients (ρ) and 

p-values are given. SdLDL-C, small dense low-density lipoprotein cholesterol; BMI, body mass index; hsCRP, 
high sensitivity C-reactive protein; IMT, intima-media thickness.
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(ρ=−0.466, −0.483). The HDL2-C level, however, 
was more closely correlated than the HDL-C level 
with these factors. The HDL3-C level was inversely 
correlated with TG levels (ρ=−0.103), whereas the 
HDL3-C level was positively correlated with LDL-C 
and apoB levels (ρ=0.210, 0.109).

As shown in Table 2, after adjustment for age 
and sex, IMT was significantly associated with 
sdLDL-C levels, but not LDL-C, HDL-C, HDL2-C 
and HDL3-C levels. To clarify the association between 
IMT and sdLDL-C levels, we investigated using mul-
tiple regression models after adjustment for age, sex, 
smoking status, hypertension, diabetes mellitus, and 
hsCRP levels (Table 4). To fit the linear models, 
sdLDL-C and IMT were log-transformed. The 
sdLDL-C level was significantly positively associated 
with IMT even after multivariate adjustment (β=  
0.090, p =0.029).

Discussion

In the present study, we measured sdLDL-C, 
HDL2-C and HDL3-C levels, and examined the asso-
ciations between these parameters and BMI, fasting 
glucose, 2-h glucose, fasting insulin, HOMA-IR, 
hsCRP, and IMT. Additionally, we investigated the 

inversely associated with BMI (β=−0.267, −0.282), 
fasting glucose (β=−0.148, −0.169) and insulin (β=
−0.281, −0.284), 2-h glucose (β=−0.099, −0.137), 
HOMA-IR (β=−0.209, −0.217), and hsCRP levels 
(β=−0.208, −0.240). The HDL2-C level, however, 
was more strongly associated than the HDL-C level 
with these parameters. On the other hand, the HDL3-
C level was not associated with any of these metabolic 
parameters. Although HOMA-IR does not always 
reflect insulin resistance in diabetic subjects, we 
included DM subjects in the analysis of Table 2; 
therefore, we also investigated associations between 
lipid parameters and HOMA-IR among the subjects, 
excluding DM subjects. HOMA-IR was positively 
associated with the sdLDL-C level (β=0.190, p＜
0.001) and inversely associated with HDL-C (β=
−0.311, p＜0.001) and HDL2-C levels (β=−0.308, 
p＜0.001). LDL-C and HDL3-C levels were not asso-
ciated with HOMA-IR. Accordingly, the result that 
sdLDL-C, HDL-C and HDL2-C levels were signifi-
cantly associated with HOMA-IR did not change.

Further analyses were performed to investigate 
correlations among lipid variables (Table 3). HDL-C 
and HDL2-C levels were inversely correlated with 
sdLDL-C (ρ=−0.355, −0.431), LDL-C (ρ=−0.119, 
−0.208), apoB (ρ=−0.282, −0.356), and TG levels 

Table 2. Multivariate correlation of variables with LDL-C, SdLDL-C, HDL-C, HDL2-C and HDL3-C in all subjects

LDL-C SdLDL-C HDL-C HDL2-C HDL3-C

β p β p β p β p β p

BMI
Fasting glucose
2-h glucose
Fasting insulin
HOMA-IR
hsCRP†

IMT†

0.094
0.090
0.053
0.017
0.005
0.033
0.058

0.034
0.046
0.239
0.706
0.921
0.463
0.149

0.178
0.143
0.136
0.150
0.111
0.137
0.085

＜0.001
0.002
0.002
0.001
0.016
0.003
0.034

−0.267
−0.148
−0.099
−0.281
−0.209
−0.208
−0.078

＜0.001
0.002
0.034

＜0.001
＜0.001
＜0.001

0.061

−0.282
−0.169
−0.137
−0.284
−0.217
−0.240
−0.077

＜0.001
＜0.001

0.003
＜0.001
＜0.001
＜0.001

0.064

−0.055
−0.002

0.056
−0.088
−0.052

0.004
−0.029

0.218
0.973
0.215
0.057
0.260
0.928
0.468

Data are expressed after adjustment for age and sex.
†Parameters are transformed logarithmically before analysis.

Table 3. Univariate correlation between lipid variables in all subjects

SdLDL-C LDL-C apoB TG

ρ p ρ p ρ p ρ p

HDL-C
HDL2-C
HDL3-C

−0.355
−0.431

0.076

＜0.001
＜0.001

0.098

−0.119
−0.208

0.210

＜0.001
＜0.001
＜0.001

−0.282
−0.356

0.109

＜0.001
＜0.001

0.017

−0.466
−0.483
−0.103

＜0.001
＜0.001

0.023

Spearman’s correlation coefficients (ρ) and p-values.
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a 1-h glucose level (data not shown). It was shown 
that 1-h and 2-h post-load glucose levels during 75g 
GTT were correlated with IMT, and represented inde-
pendent predictors of atherosclerosis26). After adjust-
ment for age and sex, the correlations between sdLDL-
C levels and these variables remained and were closer 
than those of LDL-C (Table 2). These results revealed 
that sdLDL-C was more closely associated with insu-
lin resistance and glucose intolerance than LDL-C. 
Although it is controversial how the presence of insu-
lin resistance or impaired glucose tolerance increases 
the amount of small dense LDL, metabolism of 
VLDL1 is thought to be an important mechanism. 
Suppression of VLDL1 production by insulin was 
impaired in subjects with high liver fat, resulting in 
overproduction of VLDL127). In addition, the pres-
ence of insulin resistance prolonged VLDL1 residence 
time for LDL. This condition permitted sufficient 
time for the processes of lipid exchange and lipolysis 
to generate small dense LDL particles28).

Carotid artery IMT has long been utilized as one 
of the surrogate markers for atherosclerosis. In a 1998 
study, we reported that no significant difference was 
observed in serum LDL-C concentrations between 
Japanese-Americans and native Japanese. In the same 
study, however, IMT in Japanese-Americans was 
reported to be greater than in native Japanese15). We 
suggested that the difference in IMT values between 
the two groups was due to exposure to coronary risk 
factors such as hypercholesterolemia for a longer dura-
tion and to a higher degree. We concluded that the 
LDL-C level was not correlated with IMT in Japa-
nese-Americans in a cross-sectional study. Similarly, in 
this study, the LDL-C level was not correlated with 
IMT; however, the sdLDL-C level was positively cor-
related with IMT, even after adjustment for age, sex, 
smoking status, hypertension, diabetes mellitus and 
hsCRP levels. These results suggest that sdLDL-C 
indicates the present degree of atherosclerosis. Shoji et 
al. demonstrated that the sdLDL-C level was more 
closely associated with IMT than other lipid parame-

associations between sdLDL-C and HDL subfrac-
tions. As a result, sdLDL-C was closely associated with 
insulin resistance and glucose intolerance, and is there-
fore thought to be more important than LDL-C in 
atherogenesis. In terms of HDL-C, subjects with 
higher HDL2-C seem to be better protected from ath-
erosclerosis.

In another study, Austin et al. measured the size 
of LDL particles and demonstrated an increased risk 
for myocardial infarction in subjects with LDL pat-
tern B showing sdLDL, compared with LDL pattern 
A marked by large buoyant LDL3). Moreover, it was 
reported that not only the prevalence of sdLDL but 
also its concentration were increased in subjects with 
CHD or diabetes mellitus4). Our study showed that 
the sdLDL-C level was significantly higher in DM 
subjects and IGT subjects than in NGT subjects, 
although no significant difference was observed for the 
LDL-C level.

In univariate analysis, the sdLDL-C level was 
positively correlated with a higher risk of atherosclero-
sis, including higher levels of BMI, fasting and 2-h 
glucose, HOMA-IR, and hsCRP. HsCRP is the most 
reliable and accessible clinical measure among plasma 
markers of inflammation. Elevated hsCRP may be an 
indicator of systemic inflammation but also may be 
directly involved in atherosclerosis pathogenesis24). 
Many studies have described the epidemiologic rela-
tions between obesity and CRP. It is reported that ele-
vated CRP levels are more likely to be found in obese 
and overweight subjects and measurements of abdom-
inal obesity are associated with systemic inflammation 
as measured by hsCRP25). Therefore, we performed 
multivariate analyses after adjustment for age, sex and 
BMI to assess the association between sdLDL-C levels 
and hsCRP levels. As a result, the significance of the 
association was attenuated and disappeared after fur-
ther adjustment was made for BMI (β=0.086, 
p =0.054). Accordingly, sdLDL-C may be positively 
associated with hsCRP through obesity.

The sdLDL-C level was positively correlated with 

Table 4. Relationship of SdLDL-C by regression analysis with IMT as the dependent variable

Adjustment β p

SdLDL-C only
Adjusted for age and sex
Adjusted for age, sex, and smoking status
Adjusted for age, sex, smoking status and hypertension
Adjusted for age, sex, smoking status and diabetes mellitus
Adjusted for age, sex, smoking status and hsCRP
Adjusted for age, sex, smoking status, hypertension, diabetes mellitus and hsCRP

0.121
0.085
0.102
0.093
0.097
0.102
0.090

0.008
0.034
0.013
0.023
0.019
0.013
0.029
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anese-Americans, as shown in Table 1, the HDL2-C 
level was higher than the HDL3-C level. Although the 
reason for this is unclear from our study, which of the 
two subfractions predominates appears to be affected 
more by genetic factors than a Westernized lifestyle. 
For example, HL activity and HL gene promoter poly-
morphism are important determinants of HDL2-C. 
One allelic variation in the HL gene associated with 
higher HDL2-C was more frequent in Japanese-Amer-
icans than in Caucasians33). In addition, CETP activ-
ity and CETP gene polymorphism were associated 
with the variance in HDL3-C34). Such factors may 
result in the observed predominance of HDL2-C in 
Japanese-Americans. Secondly, although sdLDL-C is 
thought to potentially be a useful risk marker in 
assessing carotid artery IMT, we did not examine the 
size of LDL; therefore, it is unknown which is more 
important, sdLDL-C concentration or LDL size for 
carotid artery IMT. Finally, because of the cross-sec-
tional nature of this study, the associations do not nec-
essarily indicate causality.

Conclusion

SdLDL-C was closely associated with insulin 
resistance and glucose intolerance, and is thus thought 
to potentially be a useful risk marker in assessing 
carotid artery IMT and the present degree of athero-
sclerosis in Japanese-Americans. Moreover, we hypoth-
esized that subjects with higher HDL2-C levels were 
less prone to the development of atherosclerosis.
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