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ABSTRACT 

Aims: Small dense LDL (sdLDL) cholesterol is considered a cardiovascular risk. Our purpose in this study was to 
evaluate the efficacy of rosuvastatin in reducing sdLDL and large buoyant LDL (lbLDL-C) in hypercholesterolemia. 
Methods: Fifty-six patients with a mean baseline LDL-cholesterol (LDL-C) concentration of 173.9 ± 40.5 mg/dL were 
treated with rosuvastatin 2.5 mg/day for 12 weeks. LDL-C, sdLDL-C, and apolipoprotein (apo) B were assessed and l 
lbLDL-C was calculated (LDL-C minus sdLDL-C). Results: After 12-week treatment with rosuvastatin 2.5 mg, 
sdLDL-C and lbLDL-C were significantly reduced from 62.1 ± 23.8 mg/dL to 34.0 ± 13.4 mg/dL, p < 0.001 and 112.7 
± 34.9 mg/dL to 77.2 ± 29.2 mg/dL, p < 0.001 respectively, and sdLDL-C/lbLDL-C ratio and apo B also decreased sig-
nificantly, from 0.36 ± 0.02 to 0.32 ± 0.02, p < 0.005 and 134.2 ± 4.3 to 93.6 ± 3.5 mg/dl, p < 0.001, respectively. In 
diabetic subjects there was significant correlation between percent reductions in the plasma triglyceride and sdLDL-C/ 
lbLDL-C ratio (r = 0.58, p < 0.005), but not between the percentage decrease in plasma triglyceride and sdLDL-C. 
Conclusions: Treatment with rosuvastatin is associated with significant reduction in sdLDL, lbLDL and sdLDL/lbLDL 
ratio. 
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1. Introduction 

Increased plasma LDL-cholesterol (LDL-C) level is one 
of the most important risk factors for coronary artery 
disease (CAD) [1,2]. Plasma LDL comprises multiple 
discrete subclasses, differing in size and density. In par-
ticular, small dense LDL (sdLDL) has been demonstrated 
to be a new risk factor for the development of CAD [3-5]. 
Some studies have demonstrated that several HMG-CoA 
reductase inhibitors (statins) reduce not only LDL-C but 
also sdLDL [6-8]. However, it is a matter of debate 
whether statins reduce sdLDL or lbLDL predominantly. 
Diabetes mellitus is an independent risk factor for CAD 
[9]. It is known that sdLDL is dominant in type 2 dia-
betic patients [10,11]. Therefore, it is possible that the 
effect of statins on LDL size is modified by the presence 
of type 2 diabetes. Thus, the present study was conducted 
in order to examine whether rosuvastatin reduces sdLDL 
or lbLDL predominantly using a new sdLDL-C assay 

system [12]. 

2. Patients and Methods 

Fifty-six patients with hypercholesterolemia (19 males 
and 37 females, including 24 type 2 diabetics) at the Di-
vision of Diabetes, Metabolism and Endocrinology, 
Omori Hospital Medical Center who had been receiving 
dietary treatment for dyslipidemia and/or type 2 diabetes 
mellitus were randomly enrolled in this study. All study 
protocols and procedures were approved by the Ethics 
Committee of Toho University Medical Center Omori 
Hospital. The study objectives and intended treatment 
were explained to 57 prospective study patients individu-
ally; 56 patients completed the study and 1 patient dis-
continued the treatment. Written informed consent was 
obtained from all 57 participants. Patients were excluded 
if they had any of the following conditions: 1) decreased 
renal function as defined by serum creatinine levels above  
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1.2 mg/dl; 2) liver disease (serum aminotransferase 
above 3 times the upper limit of normal range (10 - 35 
IU/l); 3) hyperthyroidism with free T4 above 1.0 mg/dl; 
4) pregnancy; 5) lipid-lowering therapy with fibrates, 
nicotinic acid, cholestimide, ezetimibe, or omega-3 fatty 
acids within at least 8 weeks before rosuvastatin admini-
stration. Also, diabetic patients under pioglitazone treat-
ment were excluded. After a six-week dietary leading 
period with the NCEP-step-1 diet, eligible patients were 
prescribed rosuvastatin 2.5 mg/day. Patients were ad-
vised not to change their instructed dietary habit during 
the study period. Before and 12 weeks after treatment 
with 2.5 mg of rosuvastatin, plasma lipids, including 
LDL-C, sdLDL-C, and apolipoprotein (apo) B, were 
measured. LbLDL-C was calculated by subtracting 
sdLDL-C from LDL-C. LbLDL-C values estimated by 
this method were reported to be well correlated with the 
values determined by ultracentrifugation (r = 0.858, p < 
0.0001) [12]. LDL- C and sdLDL-C was measured by 
Okada et al. [13] and by Hirano et al. [12], respectively. 
Apo B was measured by immunoturbidometry (Daiichi 
Chemicals Co., Tokyo, Japan). 

All values were expressed as mean ± SD, but mean ± 
SE was also employed for the comparison data before 
and after rosuvastatin treatment. Paired t test was em-
ployed for comparison of the data before and after rosu-
vastatin treatment. The comparison of changes in plasma 
lipids after rosuvastatin treatment between diabetic and 
non-diabetic patients was performed by analysis of co-
variance (ANCOVA) taking the baseline values of these 
parameters as a covariate. Simple regression analysis was 
performed to examine the association between percent 
reductions in plasma triglyceride and sdLDL-C or 
sdLDL-C/lbLDL-C ratio in both diabetic and non-dia- 
betic subjects. A significant difference was defined as p 
< 0.05. 

3. Results 

The clinical characteristics of the 56 patients who com-
pleted this study are shown in Tables 1 and 2. The study 
subjects consisted of 19 males and 37 females, with a 
mean age of 57.6 years (36 - 78 years). The mean BMI 
was 26.1 ± 6.8. Twenty-three diabetic patients and 13 
hypertensive patients were included. Plasma TC and 
LDL-C levels in all patients significantly decreased from 
260.3 ± 42.5 and 173.9 ± 40.5 mg/dL, to 192.1 ± 30.1 
mg/dL and 109.6 ± 28.4 mg/dL, respectively, after the 
12-week rosuvastatin treatment (p < 0.001) (Figure 1). 
Plasma TG levels also decreased, from 155.5 ± 88.4 
mg/dL to 136.6 ± 42.5 mg/dL (p < 0.05) (Figure 2). Both 
sdLDL-C and lbLDL-C decreased significantly from 
62.1 ± 23.8 mg and 112.7 ± 34.9 mg/dL to 34.0 ± 13.4  

Table 1. Characteristics of all study subjects. 

 Number of patients  

Sex (male: female)  19:37 

Age (years) 56 58.6 ± 14.0 

TC (mg/dL) 56 260.3 ± 42.5 

TG (mg/dL) 56 156.5 ± 88.4 

LDL-C (mg/dL) 56 173.9 ± 40.5 

HDL-C (mg/dL) 56 59.5 ± 16.3 

HbA1c (%)* 23 
7.2 ± 1.5  

(normal range: 4.3 - 5.8)

BMI 56 24.8 ± 6.0 

SBP (mmHg) 56 127.4 ± 12.6 

DBP (mmHg) 56 73.5 ± 11.5 

FBS (mg/dL) 56 
123.1 ± 36.8  

(normal range: 75 - 110)

TC: total cholesterol, TG: triglyceride, LDL-C: low density lipoprotein 
cholesterol, HDL-C: high density lipoprotein cholesterol, HbA1c: hemoglo-
bin A1c, BMI: body mass index, SBP: systolic blood pressure, DBP: dia-
stolic blood pressure; Data was expressed as mean ± SD and the data in the 
parenthesis indicate the normal range; *HbA1c value was indicated as Japan 
Diabetes Society (JDS) scale. 

 
Table 2. Characteristics of non-diabetic and diabetic sub-
jects. 

 Diabetic patients Non-diabetic patients

Sex (male/female) 11/12 8/25 

Age (years) 57.8 ± 18.8 59.6 ± 19.5 

HbA1c (%) 7.22 ± 1.5 24.0 ± 9.0 

BMI 26.1 ± 6.8 24.0 ± 9.0 

SBP (mmHg) 127.8 ± 18.0 126.8 ± 17.3 

DBP (mmHg) 74.9 ± 16.5 73.6 ± 12.8 

FBS (mg/dL) 150.1 ± 52.5 99.8 ± 20.3 

Concomitant medications (n)   

Rosuvastatin alone 9 29 

ARB 10 1 

CCB 5 2 

ACE-I 0 1 

SU 10 0 

BG 9 0 

α-GI 2 0 

Data was expressed as mean ± SD; HbA1c: hemoglobin A1c, BMI: body 
mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure, 
FBS: Fasting blood glucose, ARB: angiotensin II receptor blockers, CCB: 
calcium channel blockers, ACR-I: angiotensin converting enzyme-inhibitors, 
SU: sulphonylureas, BG: biguanides, α-GI: α-glucosidase inhibitors.  

Copyright © 2012 SciRes.                                                                                   PP 



Rosuvastatin Reduces Plasma Small Dense LDL-Cholesterol Predominantly in  
Non-Diabetic Hypercholesterolemic Patients 

74 

 

Figure 1. Effect of 2.5 mg daily of rosuvastatin on plasma 
total-cholesterol and LDL-cholesterol in all 56 hypercholes-
terolemic subjects. Open and closed circles represent the 
data of total-cholesterol (TC) and LDL-cholesterol (LDL-C), 
respectively. Vertical bars represent mean ± SE. *: signifi-
cantly different from 0 week value (p < 0.001, by paired-t 
test). 
 

 

Figure 2. Effect of 2.5mg daily of rosuvastatin on plasma 
triglyceride (TG) in 56 hypercholesterolemic subjects. Open 
circles, closed circles and triangles represent the data of 
non-diabetic (n = 33), diabetic (n = 23) and all subjects, re-
spectively. Vertical bars represent mean ± SE. *: signifi-
cantly different from 0 week value (p < 0.001, by paired-t 
test). 

mg/dL and 77.2 ± 29.2 mg/dL respectively after the 12- 
week rosuvastatin treatment (p < 0.001 and < 0.001, re-
spectively) (Figure 3) and sdLDL-C/lbLDL-C ratio also 
decreased significantly from 0.36 ± 0.02 to 0.32 ± 0.02  
(p < 0.005) (Figure 4). 

Plasma apo B also decreased, from 134.2 ± 4.3 to 93.6 
± 3.5 mg/dl (p < 0.001). Although HDL-C level did not 
show significant change, the LDL-C/HDL-C ratio sig-
nificantly decreased from 3.10 ± 0.14 to 1.89 ± 0.09 (p < 
0.001) after rosuvastatin treatment. When the patients 
were divided into two groups according to presence or 
absence of type 2 diabetes, both sdLDL-C and lbLDL-C 
decreased significantly after treatment in both groups. 
However, a significant decrease in plasma TG and 
sdLDL-C/lbLDL-C ratio was found only in non-diabetic 
patients (Figures 2, 4 and Table 3). 

Thereafter ANCOVA was conducted. The independent 
variable was presence or absence of type 2 diabetes. The 
dependent variable were the plasma lipid levels including 
TC, TG LDL-C, sdLDL-C, lbLDL-C, sdLDL-C/lbLDL- 
C ratio and HDL-C, after rosuvastatin treatment and the 
covariate was the same plasma lipid levels before treat-
ment. The ANCOVA was significant only when the 
plasma TC and lbLDL-C were applied as dependent 
variable and covariate (p < 005). The association be-
tween percent reductions in the plasma triglyceride and 
sdLDL-C or sdLDL-C/lbLDL-C ratio was examined in 
diabetic and non-diabetic subjects. In diabetic subjects 
there was significant correlation between percent reduc-
tions in plasma triglyceride and sdLDL-C/lbLDL-C ratio 
(r = 0.58, p < 0.005) but not between percent reductions 
of plasma triglyceride and sdLDL-C. In addition, there 
was no significant correlation between percent reduction 
of plasma triglyceride and sdLDL-C/lbLDL-C ratio, or 
plasma triglyceride and sdLDL-C in non-diabetic sub-
jects. 

4. Discussion 

It is well known that there are multiple density and size 
subclasses in plasma LDL fraction; Krauss and Burke 
[14] have demonstrated that two distinct LDL subclass 
phenotypes can be distinguished on the basis of the LDL 
particle distribution separated by gradient gel electro-
phoresis (GEG). Pattern A consists of a major peak 
greater than 25.5 nm, whereas in pattern B this is less 
than 25.5 nm. An investigation of LDL subfractions in 
normotriglyceridemic men revealed that sd LDL can be a 
cardiovascular risk factor in subjects without apparent 
hyperlipidemia [15]. LDL composition was examined in 
type 2 diabetic patients. The decrease in cholesterol- 
loading in LDL and increase in the number of LDL par-
ticles was marked in normolipidemic diabetic patients,  
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Figure 3. Effect of 2.5 mg daily of rosuvastatin on plasma 
large LDL-cholesterol and sdLDL-cholesterol in all 48 hy-
percholesterolemic subjects. Closed and open circles repre-
sent the data of large buoyant LDL-cholesterol (lbLDL-C) 
and small dense LDL-cholesterol (sdLDL-C), respectively. 
Vertical bars represent mean ± SE. *: significantly different 
from 0 week value (p < 0.001, by paired-t test). 
 

 

Figure 4. Effect of 2.5 mg daily of rosuvastatin on plasma 
small dense LDL-cholesterol/large LDL-cholesterol (sdLDL- 
C/lbLDL-C) ratio in 56 hypercholesterolemic subjects. 
Open circles, closed circles and triangles represent the data 
of non-diabetic (n = 33), diabetic (n = 23) and all subjects, 
respectively. Vertical bars represent mean ± SE. *: signifi-
cantly different from 0 week value (p < 0.001, by paired-t 
test). 

Table 3. Changes in plasma lipid levels of diabetic and non- 
diabetic patients before and after rosuvastatin treatment. 

Diabetic patients Non-diabetic patientsNumber of  
patients 23 33 

rosuvastatin 
treatment before after before after 

TC 251 ± 9** 179 ± 6 268 ± 8** 202 ± 6 

TG 178 ± 22 139 ± 11 145 ± 15* 114 ± 11

LDL-C 173 ± 21** 102 ± 6 176 ± 9** 115 ± 6 

HDL-C 50 ± 2 54 ± 3 64 ± 3 66 ± 3 

LDL-C/HDL-C 3.5 ± 0.2** 2.1 ± 0.2 2.9 ± 0.2** 1.8 ± 0.1

sdLDL-C 70 ± 5** 38 ± 3 57 ± 4** 31 ± 2 

DM: type 2 diabetics mellitus, n:number of subjects, TC: total-cholesterol; 
TG: triglyceride, LDL-C: low-density lipoprotein cholesterol; HDL-C: 
high-density lipoprotein cholesterol, sdLDL-C: small dense LDL-cholesterol 
Date was expressed as mean ± SE; There are significant differences between 
the data before and after rosuvastatin treatment by paired t-test (*: p < 0.05, 
**: p < 0.001). 

 
indicating the predominance of sdLDL in subjects with 
type 2 diabetes [16]. Furthermore, acute myocardial in-
farction survivors with type 2 diabetes demonstrated 
“pattern B” [17,18]. 

LDL size is usually measured by gradient gel electro-
phoresis using polyacrylamide gel [14]. This standard 
assay procedure takes a long time and is costly. However, 
Hirano et al. have developed a simple and rapid assay 
system for the measurement of sdLDL-cholesterol con-
centration using heparin-magnesium precipitation and 
direct LDL assay [12]. This assay system enabled us to 
measure absolute value of sdLDL-C and large LDL-C 
separately. In addition, there was very good correlation 
between lbLDL-C value calculated by this system and 
that measured after ultracentrifugation [12]. 

In particular, sdLDL has been demonstrated to be a 
new risk factor for the development of CAD in Western 
countries as well as in Japan [3-5,17]. Some studies have 
demonstrated that several HMG-CoA reductase inhibi-
tors (statins) reduce not only LDL-C, but also sdLDL 
[6-8,19-22]. However, it is a matter of debate whether 
statins reduce sd LDL or lbLDL predominantly. More-
over, diabetes mellitus is an independent risk factor for 
CAD [9]. It is known that sdLDL is dominant in type 2 
diabetic patients [10,11]. Therefore, it is possible that the 
effect of statins on LDL size is modified by the presence 
of type 2 diabetes. 

Rosuvastatin has come into widespread clinical use 
because it has been reported to exhibit a stronger LDL-C 
lowering effect and a higher rate of achieving therapeutic 
goals than atorvastatin [23]. Thus, the present study was 
conducted in order to examine whether rosuvastatin re-
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duces sb LDL or lbLDL predominantly using a newly 
developed sdLDL-C assay system [12]. 

In this study, administration of rosuvastatin resulted in 
a decrease in sdLDL-C as well as apo B and lbLDL-C. 
As plasma apo B indicates the LDL particle number in 
plasma [24], it is plausible that rosuvastatin not only re-
duced LDL particle number but also suppressed popula-
tion of sdLDL and lbLDL fraction. Furthermore, rosu-
vastatin reduced the sdLDL-C per lbLDL-C ratio. How-
ever, when the subjects were divided into two groups 
according to presence or absence of type 2 diabetes, sig-
nificant reduction of sdLDL-C/lbLDL-C ratio was found 
only in the non-diabetic subjects. This suggests that ro-
suvastatin suppressed smaller-sized LDL production 
predominantly in subjects without type 2 diabetes. 

The proposed mechanisms for generation of small-
er-sized LDL in diabetic subjects are as follows [25,26]. 
There is substantial evidence that type 2 diabetes and/or 
insulin resistance may increase free fatty acid release into 
the circulation from adipocytes and elevated plasma glu-
cose. The liver may increase triglyceride production util-
izing these increased free fatty acids and glucose from 
the plasma as substrates. As a consequence of increased 
hepatic triglyceride synthesis, there may be increased 
production of triglyceride-rich (large-sized) very low- 
density lipoprotein (VLDL) in the liver. This triglyc-
eride-rich VLDL can be a precursor of sdLDL. Triglyc-
eride-rich VLDLs are converted to triglyceride-enriched 
LDLs, which are favored substrates for hepatic lipase, 
and transformed into smaller-sized LDL by lipase-medi- 
ated triglyceride hydrolysis. 

It is a matter of debate how rosuvastatin reduced the 
population of sd LDL predominantly in non-diabetic 
subjects. Plasma triglyceride was suppressed signifi-
cantly in non-diabetic subjects in this study, and it is 
possible that reduction of plasma sdLDL-C after rosu-
vastatin treatment may have been caused by suppression 
of hepatic triglyceride production by rosuvastatin in this 
patient group. 

It is of interest to know that when the patients were di-
vided into two groups according to presence or absence 
of type 2 diabetes; the significant decrease in the sdLDL- 
C/lbLDL-C ratio was found only in non-diabetic patients. 
It is well-known that the baseline triglyceride level is the 
most important independent variable associated with the 
triglyceride-lowering effect of rosuvastatin [20-22]. Yet, 
in this study rosuvastatin was not able to decrease plasma 
triglyceride levels in diabetic patients who exhibit rela-
tively higher baseline triglyceride levels. One of the rea-
sons for this discrepancy may be due to the much low 
dose of rosuvastatin in our study. Hypertriglyceridemia 
in diabetic subjects may be due to increased production 
of hepatic triglyceride and to impaired lipoprotein lipase 

activity [10]. It is possible that low doses of rosuvastatin 
can decrease production of hepatic triglyceride, but can-
not increase lipoprotein lipase activity in diabetic sub-
jects, i.e., the low dose of rosuvastatin treatment cannot 
fully normalize impaired triglyceride metabolism and 
therefore is not able to suppress smaller-sized LDL pro-
duction predominantly in these patients. 

 We compared the changes in lipid parameters after 
rosuvastatin administration between diabetic and 
non-diabetic patients employing ANCOVA and taking 
the baseline values of the same plasma lipid levels as a 
covariate. However, a significant difference was found in 
the effect of rosuvastatin only on plasma TC and lbLDL- 
C between the diabetic and non-diabetic group using 
ANCOVA. This indicates that the differences in the 
baseline values of plasma triglyceride were not able to 
influence the results analyzed by the paired-t test. 

In diabetic subjects there was significant correlation 
between percent reduction in plasma triglyceride and the 
sdLDL-C/lbLDL-C ratio, but not between plasma trig-
lyceride and sdLDL-C. On the other hand, there was no 
significant correlation between plasma triglyceride and 
the sdLDL-C/lbLDL-C ratio or between plasma triglyc-
eride and sdLDL-C in non-diabetic subjects. These re-
sults suggest that the LDL peak size was influenced by 
the plasma triglyceride metabolism in diabetic subjects, 
but this influence was weak in non-diabetic subjects be-
cause their base line plasma triglyceride was much lower 
than that of the diabetic subjects. Thus, though it is pos-
sible that rosuvastatin reduces plasma sdLDL mainly 
through improving triglyceride metabolism there may be 
other mechanisms for plasma sdLDL reduction. 

This was a small, open-label, prospective study, and 
the observation period was only 3 months. Thus, the long- 
term prognosis is not known. Therefore, further study is 
necessary to confirm the effect of rosuvastatin on LDL 
size distribution in diabetic and non-diabetic hypercho-
lesterolemic patients. 

In conclusion, rosuvastatin reduced plasma smaller- 
sized LDL and larger LDL, though the effect was mark-
edly greater with the former. However, this effect was sig- 
nificant only in non-diabetic hypercholesterolemic pa-
tients.  
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