
1 

 

Small Dense LDL Cholesterol Measured by Homogeneous Assay in Japanese Healthy Controls, 

Metabolic Syndrome and Diabetes Patients with or without a Fatty Liver. 

 

 

Koji Kikkawa 1) 3), Katsuyuki Nakajima 1) 2), Younosuke Shimomura 1), Yoshiharu Tokita 2), 

Tetsuo Machida 3), Hiroyuki Sumino 3), Masami Murakami ) 

 

1. Diabetes and Metabolic Disease Research Center, Hidaka Hospital, Takasaki, Gunma, Japan 

2. Department of Laboratory Sciences, Gunma University Graduate School of Health Sciences, 

Maebashi, Gunma, Japan 
 

3. Department of Clinical Laboratory Medicine, Gunma University Graduate School of Medicine, 

Maebashi, Gunma, Japan 
 

 

Correspondence to; Koji Kikkawa, MD 

Diabetes and Metabolic Disease Research Center, 

Hidaka Hospital. 

886 Nakao-machi Takasaki, Gunma, Japan 3701-0001 

 

 

 

Key words: Homogeneous sdLDL-C Assay, Preliminary-Metabolic Syndrome (pre-MetS), MetS, 

Preliminary-Type 2 Diabetes Mellitus (pre-T2DM), T2DM, Fatty liver, Coronary Heart Disease 

(CHD) 

 

 

 

 

 

 

 



2 

 

 

Abstract 

 

BACKGROUND: Serum small dense LDL-cholesterol (sdLDL-C) levels in healthy controls and the 

cases with diabetes (T2DM) and metabolic syndrome (MetS) with or without a fatty liver in a large, 

typical Japanese population was determined. 

 

METHODS: The plasma lipids and lipoproteins, including sdLDL-C by homogeneous assay, were 

determined in controls, MetS and T2DM patients (n=5255). The cases with MetS and preliminary 

MetS (pre-MetS) as well as T2DM and preliminary T2DM (pre-DM) were selected based on the 

Japanese criteria for MetS and T2DM. Fatty liver was diagnosed using the ultrasonography. 

 

RESULTS: The 75th percentile values for sdLDL-C were 27.5mg/dL for men and 23.3mg/dL for 

women and increased with age. The concentrations of sdLDL-C and sdLDL-C/LDL-C were 

significantly higher in pre-MetS and pre-T2DM patients than healthy controls as well as in MetS and 

T2DM patients. Significantly higher sdLDL-C was found in cases with a fatty liver than without a 

fatty liver in all five groups.  

 

CONCLUSIONS: Significantly elevated sdLDL-C levels were found in pre-MetS, MetS and 

pre-T2DM, T2DM patients compared to the healthy controls. Fatty liver significantly enhanced 

serum sdLDL-C levels and the multiple regression analyses ascertained that fatty liver was an 

independent determinant for sdLDL-C. 

 

 

 

 

 

Highlight 

1. The normal range of sdLDL-C in Japanese population was determined. 

2. sdLDL-C was significantly higher in pre-MetS and pre-T2DM than in controls 

3. sdLDL-C was highest in MetS and T2DM when associated with a fatty liver  
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Introduction 

The atherogenic lipid profile in patients with metabolic syndrome or glucose intolerance is 

characterized by hypertriglyceridemia, elevated apolipoprotein B levels, reduced high-density 

lipoprotein cholesterol (HDL-C) concentrations and an increased proportion of small, dense 

low-density lipoprotein (sdLDL) particles [1, 2]. The sdLDL particles exhibit increased penetration 

of the arterial wall, lower affinity for the LDL receptor, longer half-life in plasma, greater 

susceptibility to glycation and lower resistance to oxidative stress, suggesting that sdLDL is highly 

atherogenic [3]. Indeed, patients with high levels of sdLDL particles were shown to have an 

approximately 3-fold increase in the risk of developing coronary heart disease compared with 

individuals with primarily large, buoyant LDL particles [4, 5]. In addition, the sdLDL-cholesterol 

(sdLDL-C) concentration has been suggested to be a better surrogate marker than the LDL-C 

concentration for the severity of coronary heart disease [6-8]. 

 

LDL particles are heterogeneous with respect to size and density. Compared to large, buoyant 

LDL, sdLDL particles are known to exhibit atherogenic properties [9, 10]. Therefore, sdLDL 

particles possess an elevated atherogenic potential and are linked to premature cardiovascular 

disease (CVD), and a growing body of evidence supports their role as a CVD biomarker [11-14] 

determined by gradient gel electrophoresis (GGE) method (15, 16) and Nuclear Magnetic Resonance 

(NMR) spectroscopy (17). Recently, a simpler method for the determination of cholesterol in sdLDL 

was developed by Hirano et al. [18]. In it, the lipoproteins at a density <1.044 g/ml are precipitated 

using heparin and MgCl2, and cholesterol is measured by a homogeneous method in the supernatant 

fluid on a routine chemical analyzer, or ApoB is measured by immunotubidometry. More recently, a 

fully automated homogeneous assay for sdLDL cholesterol (sdLDL-C) has been developed by Ito et 

al. [19]. Using this method, the sdLDL-C values obtained by this new assay are compared with those 

obtained by isolation of the d =1.044–1.063 g/ml plasma fraction by sequential ultracentrifugation 

showed excellent agreement [20] and predicted incident cardiovascular disease (21). Therefore, we 

used this homogeneous sdLDL-C assay to establish a normal range of for sdLDL-C levels in a 

healthy Japanese population in order to compare with metabolic syndrome (MetS) and type 2 

diabetes (T2DM). 

 

 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3457851/?report=reader#B1
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      As a means to finding an early diagnosis of cardiovascular disease, we investigated the cases 

with preliminary MetS (pre-MetS) and preliminary T2DM (pre-T2DM) patients, the presence of a 

fatty liver and associated lipid disorders. Pre-MetS and pre-T2DM are known to be associated with 

the impaired glucose tolerance (IGT) and high risk group of CVD (1). Also, a fatty liver has been 

proposed to be an independent predictor of coronary heart disease (CHD) [22-25]. A fatty liver is 

also a manifestation of metabolic syndrome, and is associated with obesity, T2DM and 

hypertriglyceridemia [25, 26]. In patients with T2DM or MetS, the prevalence of a fatty liver is 

significantly high and may enhance atherogenesis by increasing the level of sdLDL particles [27]. It 

has been reported that there is an overproduction and secretion of VLDL in the insulin resistance 

with a fatty liver, independent of liver fat deposits [28, 29]. De Vries et al reported that both 

lipoprotein lipase activity and adiponectin are inversely correlated with sdLD-C [30]. The precise 

role of a fatty liver in the pathogenesis of sdLDL, however, is still unclear. In the present study, we 

performed a cross-sectional analysis of a cohort of more than 5000 men and women to examine the 

potential associations between a fatty liver and the serum sdLDL levels, in particular in pre-MetS 

and pre-T2DM patients as an early detection of cardiovascular risk assessment by sdLDL-C. 

The aims of this study were to determine the normal range of the plasma sdLDL-C concentration in 

a strictly selected healthy Japanese population and compared with the sdLDL-C level in patients 

with T2DM and MetS, in particular an early stage of these diseases. Furthermore, the metabolic 

pathway of formation of sdLDL-C and the driving mechanism of the interaction (i.e. which is the 

causative or primary factor) between the presence of a fatty liver and an elevated sdLDL-C were 

discussed. Which factor comes first, fatty liver or elevated sdLDL-C, and how influenced to the 

other and deteriorate the cardiovascular diseases was also discussed in this large population study. 

 

Materials and Methods 

 

Study subjects 

 The study subjects included 5,255 participants (3,199men and 2,056women) who underwent 

medical examination at Hidaka Hospital in Takasaki, Gunma prefecture, Japan. The subjects ranged 

in age from 28 to 83 in the men and from 27 to 75 in the women. The demographic data on age, 

height, weight, waist circumference, medications, systolic blood pressure, diastolic blood pressure, 

lipids and lipoproteins, including sdLDL-C, and other blood tests were collected at the time of the 
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examination after an overnight fast. Abdominal ultrasonography was performed at the same time. 

The body mass index [BMI] was calculated as the weight in kilograms divided by the square of the 

height in meters.  However, no information available with regard to menstruation. From whole 

5,255 participants, we excluded cases with a lipid-lowering agent because of the possible 

influence on the sdLDL-C levels. Total of 4,388 subjects (2,665 men and 1,723 women) were 

selected for this study. 

Written informed consent was obtained from all subjects and study was approved by the ethics 

committee of Hidaka Hospital. 

. 

 

Healthy control subjects  

 The healthy control subjects (712 men, 915 women) were selected strictly on the basis of medical 

records from among the total subjects. Healthy subjects were defined as having normal blood 

pressure (systolic blood pressure < 130 mmHg and diastolic blood pressure < 85 mmHg), without 

impaired glucose tolerance (fasting plasma glucose < 110 mg/dL and HbA1c(NGSP) < 6.0 %), 

without any lipid metabolism disorder (LDL-C < 140 mg/dL and triglycerides(TG) < 150 mg/dL and 

HDL-C ≧ 40 mg/dL), without any thyroid disorder(TSH ≧ 0.4μIU/mL and < 4.0μIU/mL, 

FreeT4 ≧ 0.8ng/dL and < 1.9ng/dL) and not taking any medication. 

For the establishment of the reference range interval, the cases with fatty liver detected by 

ultrasonography were excluded from this healthy control group (604 men, 864 women). 

 

Metabolic syndrome (MetS) 

MetS subjects were diagnosed according to the Japanese criteria [31], that is, visceral obesity (waist 

circumference ≧ 85 cm in men, 90 cm in women) plus two or more of the following components : 

(a)TG ≧ 150 mg/dL and/or HDL-C < 40 mg/dL,  (b) systolic blood pressure ≧ 130 mmHg 

and/or diastolic blood pressure ≧ 85 mmHg, or the prescribed use of an antihypertensive agent and 

(c) a fasting plasma glucose ≧ 110mg/dL or the prescribed use of an anti-diabetic agent. 

In addition, we defined pre-MetS subjects as those with visceral obesity and one of the components 

(hypertension, lipid metabolism disorder, or impaired glucose tolerance) used to define MetS 

mentioned above. The number of pre-MetS and MetS cases were 544 and 414 in men and 47 and 28 

in women, respectively. Significantly larger number of pre-MetS and MetS cases were found in this 
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study population followed by the definition of Japanese criteria.  

 

 Diabetes Mellitus (DM) 

DM subjects were defined according to the Japan Diabetes Society (JDS) criteria: HbA1c(NGSP) 

≧ 6.5% and fasting plasma glucose ≧ 126mg/dL or the use of a prescribed anti-diabetic agent. In 

addition, pre-DM subjects (mainly consisting of impaired fasting glucose (IFG) ) were also defined 

according to the JDS criteria: HbA1c(NGSP) < 6.5% , fasting plasma glucose ≧ 110mg/dL and < 

126mg/dL, and without the use of any prescribed anti-diabetic agent. “Suspected DM”, as defined by 

JDS criteria, was not included, since this cannot be determined in a single examination. 

 

Fatty liver 

A fatty liver was diagnosed based on ultrasonographic findings (Japanese Society of Sonographers), 

as follows: (a) Bright liver (increased echo level); (b) Liver-kidney contrast (an increased liver echo 

level compared to the kidney); (c) Deep attenuation (attenuation of the echo level in deep regions) ; 

(d) Vascular blurring (blurring of the hepatic vein). 

 

Laboratory measurements 

Total cholesterol (TC) and TG were measured with an enzymatic assay (Denka Seiken, Tokyo). 

HDL-C and LDL-C were measured by means of a direct assay (Denka seiken, Tokyo). SdLDL-C 

was measured with a newly developed homogeneous assay [19]. Glucose was measured with a 

hexokinase assay (Sekisui Medical, Tokyo). TSH and FT4 were measured by the CLEIA method 

(ADVIA Centaur XP, Siemens Healthcare Diagnostics). AST was measured by malate 

dehydrogenase assay (Sekisui Medical, Tokyo). ALT was measured with a lactate dehydrogenase 

assay (Sekisui Medical, Tokyo). γGT was measured by L-γ-glutamyl-3-carboxy-4-nitroanilide 

substrate(Sekisui Medical,Tokyo). ALP was measured by p-nitrophenylphosphate substrate (Wako 

Pure Chemical,Osaka). ChE was measured with a p-hydroxybenzoylcholine substrate assay (Serotec, 

Sapporo, Japan). All of the items except TSH and freeT4 were determined using a TBA-c8000 

(Toshiba, Tokyo). Ultrasonography was performed with a TUS-A300 (Toshiba, Tokyo)  
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Statistical analysis 

Statistical analyses were conducted with the Microsoft Office Excel 2007, Dr. SPSSⅡfor Windows 

(11.0.1 J standard version) and StatFlex ver. 6 (Artech, Osaka, Japan). All values are expressed as the 

median. Linear relations between TG, LDL-C, HDL-C, sdLDL-C and large LDL-C were evaluated 

by linear regression models and Spearman’s correlation coefficients in all of the subjects 

participating in this study. All the data were classified and the groups established, and then tested for 

significant differences between groups of 2 with Mann-Whitney’s U test, and groups of 3 with the 

Kruskal-Wallis method (the P-value was calculated with Bonferoni’s correction). Multiple logistic 

regression analysis and multiple regression analysis were conducted by normalization with power 

transformation (StatFlex). A significant difference was defined as P< 0.05. 

 

 

 

Results 

1. Diagnostic parameters among the control, pre-MetS and MetS cases and pre-T2DM and 

T2DM.  

Relevant biochemical and anthropomorphic characteristics for the healthy subjects are presented in 

Table 1. The parameters that differed between men and women were BMI, blood pressure, serum 

glucose, triglycerides (TG), HDL-C, LDL-C, liver enzymes and thyroid hormones. 

The data are presented as the median with 75
th

 percentile values, rather than as mean values with 

standard deviations, because almost none of the variables were normally distributed. The parameters 

in men and women with MetS and T2DM were divided into two groups, i.e. pre-MetS and MetS, as 

well as pre-T2DM and T2DM.  The results show the stronger associations with BMI, blood 

pressure, lipoproteins (elevated TC, TG, LDL-C, sdLDL-C, low HDL-C), markers of glucose 

homeostasis (fasting glucose, HbA1c) significantly dependent on the waist circumference in MetS 

and pre-MetS, but not T2DM and pre-T2DM. A significantly increased sdLDL-C, sdLDL-C/LDL-C 

(%) level (P<0.001) was found in the pre-MetS, MetS and pre-DM, DM (both men and women) as 

compared to the control group. Significant differences in sdLDL-C, sdLDL-C/LDL (%) (P<0.001) 

were found between pre-MetS and MetS in men (P<0.001), but no significant differences were 

found between pre-DM and DM. Interestingly, no significant difference was found in LDL-C 

between pre-MetS and MetS and between pre-DM and DM in both men and women, although the 
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number of MetS and pre-MetS patients was too small in women for the performance of an adequate 

statistical analysis. These results indicated that sdLD-C and sdLDL-C/LDL (%) increased 

significantly in the early stage of diseases such as pre-MetS and pre-T2DM and can distinguish 

between the early stage and late stage. However, LDL-C can not distinguish between pre-MetS and 

Mets and between pre-T2DM and T2DM. Also, the greater waist circumference significantly 

impacted the increase in sdLDL-C and sdLDL-C/LDL (%).  

 

2. A comparison of sdLDL-C and other diagnostic parameters in patients with or without a 

fatty liver in the control, MetS and T2DM cases. 

 All of the parameters in the five groups were further divided into those with or without a fatty liver 

(Table 2). The prevalence of fatty liver was in normal controls (15.2%), pre-MetS (59.4%), MetS 

(71.0%), pre-T2DM ( 52.0%) and T2DM (60.9 %). Significantly higher prevalence of fatty liver was 

found in pre-MetS and pre-T2DM as well as in MetS and T2DM compared to the controls. The 

presence of fatty liver shows significantly stronger associations with lipoproteins in all five groups. 

A larger waist circumference was also significantly associated with a fatty liver than those without 

fatty liver. Significantly increased TG, LDL-C and sdlDL-C levels were found in all of the control, 

pre-MetS, MetS and pre-T2DM, T2DM cases with a fatty liver as compared to the groups without a 

fatty liver. Significantly decreased HDL-C was found in men in all five groups with a fatty liver 

(P<0.001). However, sdLDL-C/LDL-C (%) was not significantly increased in the control and MetS 

cases in men or women, but it was significantly increased in T2DM in men. The cases with a fatty 

liver mostly exhibited a trend towards higher levels of liver injury markers (ChE, ALT, AST, γGT, 

ALP) , although most of these levels were within the high normal range. 

These results indicate that the presence of fatty liver significantly affected the increase of sdLDL-C 

in the controls, pre-MetS, MetS and pre-T2DM, T2DM cases, but the sdLDL-C/LDL-C (%) was 

only affected in T2DM in men. 

  

3. Reference range analysis for sdLDL-C 

The sdLDL-C concentrations increased with age and the gender difference was evident throughout 

all age categories. The concentrations of sdLDL-C were considered to trend upward with age in both 

men and women based on 10-year intervals. (Table 3). In 604 healthy men and 864 healthy women 

without fatty liver as described previously, the mean and standard deviation of the sdLDL-C 
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concentration were 23.5 ± 7.8mg/dL (men), 20.3± 5.7mg/dL (women), respectively. The median was 

22.6mg/dL in men and 19.6mg/dL in women. The 75
th
 percentile values for sdLDL-C were 

27.5mg/dL for men and 23.3mg/dL for women. From these distribution ranges, cutoff points were 

also calculated for low, normal and increased concentrations. The ranges determined for sdLDL-C in 

Japanese men and women were: low, (<18.3; <16.3 mg/dL), normal, (18.4-27.4; 16.4- 23.3 mg/dL) 

and increased, (>27.5; > 23.3 mg/dL). 

 

4. Univariate correlations among the lipid parameters.  

Figure 1 shows the difference in the correlation with LDL-C between small and large buoyant 

LDL-C. The regression coefficient was determined for LDL-C vs sdLDL-C (0.314) and large 

LDL-C (0.686), and the correlation coefficient was 0.632 with sdLDL-C and 0.872 with large 

LDL-C, respectively. 

Figure 2 shows the correlation with TG between small and large buoyant LDL-C. The regression 

coefficient was determined for TG vs sdLDL-C (0.142) and large LDL-C (-0.056), and the 

correlation coefficient was 0.703 with sdLDL-C and -0.176 with large LDL-C. 

 Figure 3 shows the correlation with HDL-C between small and large buoyant LDL-C. The 

regression coefficient was determined for HDL-C vs sdLDL-C (-0.285) and large LDL-C (-0.142) 

and the correlation coefficient was -0.303 with sdLDL-C and -0.095with large LDL-C, respectively. 

Those univariate correlation coefficient analysis among the parameters showed that sdLDL-C is 

significantly and positively correlated with total cholesterol, triglyceride, LDL-C and inversely 

correlated with HDL-C. Large LDL was inversely correlated with TG and weakly correlated with 

HDL-C. These data indicate there is a clear difference between large LDL-C and sdLDL-C within 

the LDL fraction. 

 

4. Multiple logistic regression analysis to identify the variables in diagnosing fatty liver and 

waist circumference. 

To identify variables which are effective in diagnosing fatty liver from among the cardiovascular 

markers in Table 1 (age, HDL-C, LDL-C, sdLDL-C, ALT, ChE, HbA1c, etc.), multiple logistic 

regression analysis was performed using a backward elimination procedure. sdLDL-C was not an 

independent determinant for fatty liver. However, the standard partial regression coefficient with 

three explanatory variables (age, fatty liver and waist circumference) exhibited a significant 
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correlation with sdLDL-C by multiple regression analysis; (age =0.048 (P<0.01) and the presence of 

a fatty liver =0.206 (P<0.001, waist circumference =0.225 (P<0.001).  

Therefore, fatty liver was ascertained to be an independent determinant for sdLDL-C by multiple 

regression analyses.  

 

 

 

 

 

 

Discussion 

The normal range of serum sdLDL-C levels in the Japanese population using strict criteria has been 

determined using a novel homogeneous assay recently developed by Ito et al. [19] and the results 

compared with the serum sdLDL-C levels in patients with pre-MetS, MetS and/or pre-T2DM, 

T2DM. Significantly elevated sdLDL-C and sdLDL-C/LDL-C (%) levels were found in pre-MetS 

and pre-T2DM as well as in MetS and T2DM compared to normal controls. These results indicated 

that sdLD-C and sdLDL-C/LDL (%) increased significantly in the early stage of diseases such as 

pre-MetS and pre-T2DM and could distinguish the disease stage between preliminary and 

established phase. However, LDL-C could not distinguish the disease stage between pre-MetS and 

Mets and between pre-T2DM and T2DM. Further, the presence of fatty liver in the control, pre-Mets 

and pre-T2DM as well as MetS and T2DM cases was significantly associated with increased 

sdLDL-C and sdLDL-C/LDL-C (%) compared to the cases without a fatty liver. The different 

characteristics of small and large LDL-C was clearly evident, as sdLDL-C was positively correlated 

with TG, while large LDL-C was negatively correlated with TG.  

The serum concentrations of sdLDL-C and total LDL-C were positively correlated and 

approximately 30% of LDL-C was comprised of sdLDL-C, as shown in Figure1. The major portion 

of LDL-C in normal controls was comprised of large LDL-C. However, the correlation between 

sdLDL-C and TG (r=0.703) shown to be significantly higher than that of large LDL-C and TG 

(r=-0,176). This means that sdLDL-C is derived from TG-rich lipoproteins, but large LDL-C may 

not be directly derived from TG-rich lipoproteins. This metabolic pathway for the formation of 

sdLDL is still controversial, but lipoprotein lipase (LPL), hepatic triglyceride lipase (HTGL) and 
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cholesteryl ester transfer protein (CETP) activities are known to play roles in the formation of 

sdLDL-C [32]. Nakajima et al. reportedly demonstrated a significant inverse correlation between 

sdLDL-C and LPL activity, but no correlation was found between sdLDL-C and HTGL (33). 

Although the metabolic pathway to form sdLDL has been reported to be related to HTGL activity 

[34, 35], the mechanism has not been reportedly elucidated. One of the purposes of this study was to 

determine the mechanism of sdLDL-C formation under certain special circumstances, such as a fatty 

liver and/or a large waist circumference.  

     The analysis of sdLDL-C and fatty liver was conducted in a comparatively large Japanese 

population at Hidaka Hospital, which is located outside Tokyo, an urban area where the healthy 

control subjects comprise a typical Japanese population. Subjects who possessed a healthy medical 

profile without the ingestion of any medications or abnormal physiological markers were selected on 

the basis of strict criteria for the determination of 75
th
 percentile normal range of sdLDL-C. These 

group excluded fatty liver and hyperlipidemia. The upper cut off value was 27.5mg/dL in men and 

23.3mg/dL in women based on the 75
th
 percentile method. The sdLDL-C/ LDL-C ratio was 

approximately 20 % in both men and women. Because sdLDL-C was correlated with both TG and 

LDL-C, it was increased in hypertriglyceridemia and hypercholesterolemia. As expected, sdLDL-C 

was markedly increased in combined hyperlipidemia, and the majority of LDL-C was recovered in 

the sdLDL-C fraction. Familial combined hyperlipidemia is characterized by high levels of LDL 

particles (hyper apoB) and a preponderance of small dense LDL, and it is a representative disease 

associated with a high incidence of CHD [36] Therefore, measurement of sdLDL-C may be useful 

when screening for familial combined hyperlipidemia [37]. However, the subjects with severe 

hypertriglyceridemia including chylomicronemic subjects, were found to have only slightly elevated 

sdLDL-C levels. It is likely that the subjects with a TG level >400 mg/dL had a low level of LPL 

activity, which impaired the conversion of TG-rich lipoproteins to LDL and thus also resulted in a 

disproportionately low sdLDL-C concentration relative to the TG level. Such a modest elevation of 

sdLDL-C in subjects with severe hypertriglyceridemia might explain why the incidence of CHD is 

reportedly not increased further by a massive increase in the TG level. 

In this study, we found that the serum sdLDL-C and sdLD-C/LDL-C (%) were significantly 

increased in the early stage of both Mets and T2DM with impaired glucose tolerance. Both of the 

preliminary disease conditions were significantly associated with an increase in waist circumference 

and the prevalence of a fatty liver compared with normal controls. As waist circumference reflect the 
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amount of visceral fat, we compared the role of a fatty liver and visceral fat in the increase of 

sdLDL-C. Although a fatty liver and visceral fat often co-exist, the fatty liver is known to be more 

strongly associated with dyslipidemia and dysglycemia and to be independent of visceral fat [38]. 

sdLDL-C was additively increased in cases with a fatty liver in all five groups compared to the 

non-fatty liver cases (Table 2). This may mean that the presence of a fatty liver enhances the 

formation of serum sdLDL-C in controls cases as well as in the MetS and T2DM cases. We speculate 

that the development of a fatty liver comes first and this enhances the formation of sdLDL-C. 

Hosoyamada et al. [39] reported a relationship between a fatty liver and LDL particle size. They 

demonstrated an independent association between the presence of a fatty liver and the serum 

sdLDL-C levels by logistic regression analysis, after adjustment for such potential confounders as 

BMI and impaired fasting glucose levels. Toledo et al. [26] showed a positive relationship between a 

fatty liver and sdLDL particle size in patients with T2DM. Sugino et al. [27] suggested that a fatty 

liver synergistically interacts with metabolic syndrome so as to affect sdLDL-C levels. Based on 

these studies, a fatty liver appears to affect LDL particle size, an effect that may be independent of 

visceral obesity and/or systemic insulin resistance. However, Yatsuzuka et al [40] reported that 

sdLDL-C is not significantly associated with a fatty liver by multiple regression analysis in MetS. In 

our current study, multiple regression analyses ascertained that fatty liver is an independent 

determinant for sdLDL-C, but sdLDL-C was not an independent determinant of the presence of a 

fatty liver. Fatty liver may have more strongly associated variables than sdLDL-C. Therefore we 

have concluded from this large population study that fatty liver and sdLDL-C are independent of 

each other as Hosoyamada et al. reported [39]. 

Visceral obesity (in MetS) and insulin resistance (in T2DM) have been recognized as major 

causes of increased levels of sdLDL particles, because these factors are major contributors to 

postprandial hypertriglyceridemia, in which one of the underlying mechanisms is an increased free 

fatty acid release from adipocytes that stimulates hepatic TG output in the form of VLDL. 

Additionally, if a fatty liver is present, upregulated de novo synthesis of fatty acids may increase 

hepatic TG production. Donnely et al. [41] reported that approximately 60% of the fat that 

accumulates in the liver and is incorporated into lipoprotein is derived from circulating free fatty 

acids, while approximately 25% results from de novo lipid synthesis in patients with nonalcoholic 

fatty liver disease. In addition to altered TG output, a fatty liver has been shown to be associated 

with an increased TG content in large VLDL [28, 29]. Large VLDL efficiently promotes the 
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modification of LDL particles via CETP. Recent studies showed that the liver X receptor 

(LXR)-sterol regulatory element-binding protein (SREBP)-1c pathway governs the size of the VLDL 

particles secreted by the liver [42, 43]. It is noteworthy that the LXR-SREBP-1c pathway is a major 

causative factor in the development of a fatty liver, because several genes involved in de novo fatty 

acid synthesis are expressed in response to up-regulated LXR-SREBP-1c signaling [44]. Thus, a 

fatty liver affects VLDL particles both quantitatively and qualitatively, resulting in both an increased 

amount of VLDL remnants and sdLDL formation. 

The activities of CETP, LPL and HTGL are known to correlate with the serum LDL particle 

size [35, 45]. Lipoprotein lipase is responsible for a major step in TG clearance. Interestingly, Li et 

al. [46] reported that hepatic macrophage content is increased in a fatty liver and the plasma CETP 

levels significantly increased in correlation with the increase in hepatic macrophage content, not 

adipose tissue. This indicates that a fatty liver accumulates macrophages, which in turn enhances the 

expression of hepatic CETP levels. Lucero et al. [47] reported that plasma CETP levels are 

significantly increased in cases of a fatty liver. The major pathway in the formation of sdLDL-C is 

reported to be the combination of CETP and HTGL activity [34, 35]. The overproduction of VLDL, 

delayed clearance of VLDL remnants, a decrease in LPL and increased CETP as well as HTGL may 

individually or jointly increase the formation of sdLDL-C associated with a fatty liver. These results 

suggest that a fatty liver enhances the formation of sdLDL-C along with increased CETP. Therefore, 

treating a fatty liver may be of primary importance in order to decrease the risk of atherogenesis, 

associated with a reduction in the sdLDL-C levels by statins or other drugs in patients with pe-MetS 

or pre-T2DM in order to prevent cardiovascular disease.   

It should be noted that this study has certain limitations. First, the association between a fatty liver 

and sdLDL-C was examined with multivariate analysis using age, BMI, hypertension, 

hyperlipidemia, hyperglycemia and sdLDL-C levels as co-variables. It is possible that additional 

factors that were not analyzed may have affected the results. Second, the fatty liver diagnosis was 

made using abdominal ultrasonography to identify fatty steatosis. Ultrasonography may not detect a 

subset of advanced alcohol or nonalcoholic fatty liver diseases—referred to as “burnt-out 

steatohepatitis:—which are characterized by a less pronounced fatty steatosis. Furthermore, 

ultrasonography does not always detect a fatty liver parallel with computed tomography 
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measurements, detecting a comparatively high rate of false positives from our preliminary 

observation (unpublished data). 

In conclusion, this homogeneous sdLDL-C assay technology constitutes an important technological 

advance in determining a large number of clinical samples in the course of routine clinical practice. 

The measurement of sdLDL-C in conjunction with a routine lipid profile should prove useful for 

cardiovascular risk stratification and global risk assessment in select populations. The availability of 

a rapid and precise method also allows the determination of sdLDL-C in pre-MetS and pre-DM 

patient serum as a routine laboratory assay to prevent the CHD. The presence of a fatty liver 

associated with T2DM and/or MetS may enhance the formation of sdLDL-C through the 

up-regulation of CETP and HTGL activity and thus increase the risk of cardiovascular disease. 

Therefore, the treatment of a fatty liver should be the primary therapeutic target, followed by an 

inhibition of CETP, activation of LPL or statins to reduce the sdLDL-C levels in the patients with 

MetS or T2DM. 
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Figure legends  

Figure 1.Correlations with LDL-C between large LDL-C and sdLDL-C. The 4388 plots with an open 

circle (sdLDL-C) and X (large LDL-C) reflects the total number of normal controls, MetS and 
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T2DM. The concentration of large LDL-C is more than 2 fold that of sdLD-C. 

 

Figure 2. Correlations with TG between large LDL-C and sdLDL-C. The 4388 plots with open circle 

(sdLDL-C) and X (large LDL-C) reflects the total number of normal controls, MetS and T2DM.  

sdLDL-C is positively correlated with TG, but inversely correlated with large LDL-C. 

 

Figure 3. Correlations with HDL between large LDL-C and sdLDL-C. The 4388 plots with open 

circle (sdLDL-C) and X (large LDL-C) reflects the total number of normal controls, MetS and 

T2DM. sdLDL-C, but not large LDL-C, is more potently and inversely correlated with HDL-C.  
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