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Statins Do Not  
Decrease Small, Dense 
Low-Density Lipoprotein
In an observational study, we examined the effect of statins on low-density-lipoprotein 
(LDL) subfractions.

Using density-gradient ultracentrifugation, we measured small, dense LDL density in 
612 patients (mean age, 61.7 ± 12.6 yr), some with and some without coronary artery 
disease, who were placed in a statin-treated group (n=172) or a control group (n=440) and 
subdivided on the basis of coronary artery disease status.

Total cholesterol, LDL cholesterol, apolipoprotein B, and the LDL cholesterol/apolipopro-
tein B ratio were significantly lower in the statin group. However, the proportion of small, 
dense LDL was higher in the statin group (42.9% ± 9.5% vs 41.3% ± 8.5%; P=0.046) 
and the proportion of large, buoyant LDL was lower (23.6% ± 7.5% vs 25.4% ± 7.9%; 
P=0.011). In the statin group, persons without coronary artery disease had higher propor-
tions of small, dense LDL, and persons with coronary artery disease tended to have higher 
proportions of small, dense LDL.

Our study suggests that statin therapy—whether or not recipients have coronary ar-
tery disease—does not decrease the proportion of small, dense LDL among total LDL 
particles, but in fact increases it, while predictably reducing total LDL cholesterol, absolute 
amounts of small, dense LDL, and absolute amounts of large, buoyant LDL. If and when 
our observation proves to be reproducible in subsequent large-scale studies, it should pro-
vide new insights into small, dense LDL and its actual role in atherogenesis or the progres-
sion of atherosclerosis. (Tex Heart Inst J 2010;37(4):421-8)

T he predominance of small, dense low-density lipoprotein (LDL) has been desig-
nated as an emerging cardiovascular risk factor by the National Cholesterol Ed-
ucation Program Adult Treatment Panel III.1 Griffin and colleagues2 showed 

that the predominance of small, dense LDL is associated with an increased risk of cor-
onary artery disease (CAD). However, another study showed that LDL particle size is 
rarely a significant and independent predictor of CAD risk.3 Therefore, it is a matter 
of debate whether the apparent increase in atherogenic potential of small, dense LDL 
is a consequence of the broader pathophysiology of which these particles are a part—
for example, higher triglyceride (TG) levels, lower high-density-lipoprotein cholester-
ol levels, increased LDL particle number, obesity, insulin resistance, diabetes mellitus, 
and metabolic syndrome.4 Statins are potent inhibitors of hydroxy-methyl-glutaryl-co-
enzyme A reductase (the rate-limiting enzyme in hepatic cholesterol synthesis) and are 
the main drugs of choice in the treatment of elevated plasma LDL-cholesterol (LDL-C)  
concentrations. Several large clinical studies have shown that lipid-lowering therapy 
is effective in the primary and secondary prevention of cardiovascular disease.5,6 One 
mechanism that prevents cardiovascular disease when statins are used is the reduction 
of total LDL particle concentration, including small, dense LDL and large, buoyant 
LDL.7 Statins potentially lower all LDL subclasses (large, medium, and small parti-
cles); therefore, the net effect of statins on LDL particle size is often null or, at most, 
only moderate.8 Although statins clearly decrease total LDL particle concentration, it 
is unclear whether statins can affect the proportion of small, dense LDL.
	 In addition, there is still controversy regarding whether statins decrease the small, 
dense LDL subfraction and increase the LDL peak particle size.9-11 High-carbohydrate 
diets in Korea possibly contribute to higher TG levels and to the formation of small 
LDL particles.12 However, there have been no reports regarding the effect of statins on 
the proportion of small, dense LDL in the Korean population. Therefore, we exam-
ined the effect of statins on LDL subfractions and on the proportion of small, dense 
LDL in this population.
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Study Population and Methods

The study was conducted at the Cardiovascular Center 
of Korea University’s Guro Hospital in Seoul, Korea. 
We selected the study population from patients who vis-
ited the Cardiovascular Center because of chest symp-
toms or for preoperative evaluation. Exclusion criteria 
were as follows: acute coronary syndrome or prior myo-
cardial infarction, cardiomyopathy, more than mild 
valvular disease, atrial fibrillation, congestive heart fail-
ure (left ventricular ejection fraction, <0.40), previous 
history of stent implantation or coronary artery bypass 
grafting, cerebrovascular disease, or renal insufficiency 
(creatinine level, >2 mg/dL).
	 The study population comprised 612 patients who 
did and did not have CAD. The mean age of the 279 
men and 333 women was 60.3 ± 12.7 yr. Seventy-seven 
persons had diabetes mellitus (12.6%), 273 had hy-
pertension (44.6%), and 125 were current smokers 
(20.4%). We performed coronary angiography in 321 
patients whose chest symptoms suggested angina pecto-
ris and in patients whose preoperative evaluations sug-
gested CAD consequent to demonstrable ischemia on 
noninvasive testing. All patients who underwent coro-
nary angiography gave written informed consent. Our 
study was approved by the local ethics committee.
	 We divided the study participants into 2 groups on 
the basis of statin therapy. The statin-treated group in-
cluded 172 individuals who had been prescribed statins 
for at least 6 weeks before we sampled their blood for 
lipid prof iling and the measurement of small, dense 
LDL density. These patients had taken atorvastatin, 
simvastatin, lovastatin, pravastatin, fluvastatin, pitava
statin, or rosuvastatin. The mean duration of statin ther-
apy was 11.03 ± 5.32 wk. The control group (n=440) 
had no history of statin use or the use of other medi-
cations that affect lipoprotein size and density (such as 
fibrates or niacin). No one in either group had a total 
cholesterol (TC) level more than 350 mg/dL or less than 
100 mg/dL, or a TG level more than 400 mg/dL or less 
than 30 mg/dL.
	 We then subdivided each group on the basis of CAD 
status, determined the proportions of small, dense LDL, 
and examined other lipid profiles. Coronary artery dis-
ease was defined as significant coronary stenosis (>50% 
by quantitative coronary angiography) on a coronary 
angiogram. In the statin-treated group, 119 persons 
had CAD and 53 did not; in the control group, 130 
had CAD and 310 did not. We compared the change 
in LDL subfraction in the statin-treated group to that 
of the control group. We also compared the CAD risk 
of each group in accordance with average score on the 
Framingham risk assessment13 and the prevalence of 
metabolic syndrome. Metabolic syndrome was defined 
in accordance with the National Cholesterol Education 
Program Adult Treatment Panel III.1

Biochemical Measurements of  
Lipid Profiles, Insulin, and Glucose
Commercially available assay kits were used for bio-
chemical measurements. Concentrations of TC, high-
density-lipoprotein cholesterol, TG, and LDL-C were 
measured with use of an enzymatic assay (Roche Diag-
nostics GmbH; Mannheim, Germany). Serum apolipo-
protein (apo) B and apo A-1 levels were determined by 
use of an immunoturbidometric assay (Roche Diag-
nostics). Fasting plasma insulin levels were measured 
by use of a double-antibody radioimmunoassay (Beck-
man Coulter, Inc; Brea, Calif ). Glucose concentrations 
were measured with use of an enzymatic assay kit. 
The homeostasis model assessment–insulin resistance 
(HOMA–IR) value was calculated by the following for-
mula: (fasting plasma insulin [µIU/mL] × fasting plas-
ma glucose [mmol/L])/22.5.14

Low-Density-Lipoprotein  
Subfractions and Particle Sizes
We measured LDL peak particle diameter by means of 
gradient gel electrophoresis, and small, dense LDL den-
sity by means of density-gradient ultracentrifugation. 
To evaluate LDL particle size and the relative propor-
tions of LDL I, LDL II, and LDL III, we used the meth-
od described by Griff in and colleagues15 and isolated 
LDL from serum by ultracentrifugation, at a density 
of 1.019 to 1.063 g/mL. Electrophoresis was performed 
using an LPE-4003 Pore Gradient Lipoprotein Elec-
trophoresis System (C.B.S. Scientif ic Company, Inc.; 
Del Mar, Calif ) with commercially available, non-de-
natured 2%–16% polyacrylamide gels.16 The buffer sys-
tem within the gel apparatus was tris(hydroxymethyl)
aminomethane base (90 mM), boric acid (80 mM), and 
EDTA (2.5 mM; pH, 8.3). Before electrophoresis, the 
gels were pre-equilibrated at 70 V for 20 min. Electro-
phoresis was conducted at 20 V for 20 min, at 70 V 
for 30 min, and at 120 V for 24 hr. The gels were then 
fixed for 30 min in sulfosalicylic acid (10% w/v) and 
stained with Coomassie Blue R-250 (0.1% w/v) for 1 hr. 
The gels were de-stained in 7.5% acetic acid for 24 hr 
and then were standardized against the following mark-
ers: polystyrene latex beads (36 nm), thyroglobulin (17 
nm), apoferritin (12.2 nm), and catalase (10.4 nm). The 
gels were scanned with use of a Molecular Imager GS-
800 Calibrated Densitometer (Bio-Rad Laboratories, 
Inc.; Hercules, Calif ).
	 The LDL particle size was reported as LDL peak par-
ticle diameter and LDL mean particle diameter. The 
LDL peak particle diameter was reported as the size of 
the major LDL fraction. The LDL mean particle diam-
eter was calculated to yield the mean diameter across 
the entire LDL profile. To achieve this, the peak area 
under the curve (volume) was calculated. For each por-
tion, the particle size was calculated using the known 
reference sizes of LDL I, LDL II, and LDL III. Then, 
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the frequency for each particle was calculated (size × 
volume). Finally, the sum of the frequencies divided 
by the sum of the volumes yielded the mean particle 
diameter. Subjects were classified into 2 groups on the 
basis of distinct LDL subclass patterns. Pattern A was 
defined as an LDL subclass pattern with the major gra-
dient gel peak at a particle diameter of >25.5 nm and 
the presence of a minor peak of smaller LDL particles. 
Pattern B had the major peak at a particle diameter of 
≤25.5 nm, with skewing of the curve toward larger par-
ticle diameters.15

	 Because a single molecule of apo B is found in every 
LDL particle, serum apo B concentrations equate to the 
LDL particle concentration.17 Therefore, we regarded 
the product of the serum apo B multiplied by the per-
centage of small, dense LDL as the absolute amount of 
small, dense LDL; and we regarded the product of the 
serum apo B multiplied by the percentage of large, buoy-
ant LDL as the absolute amount of large, buoyant LDL.

Statistical Analysis
Statistical analysis was performed with use of SPSS soft-
ware version 10.0 (SPSS Inc.; Chicago, Ill). Continuous 
variables were expressed as mean ± SD, and categorical 
variables were reported as number and percentage. Be-
cause all of the LDL variables were normally distribut-
ed, the 2-tailed Student t test was used to analyze the 
LDL data. The Mann-Whitney U test was used to an-
alyze the TG variables, which were not normally dis-
tributed. The c2 test was used to analyze categorical 
variables. The Pearson correlation was used to analyze 
the association between the proportion of small, dense 
LDL and LDL-C. A P value less than 0.05 was con-
sidered statistically significant. The data conformed to 
each test by which they were analyzed.

Results

Table I shows the differences between the groups in the 
proportion of small, dense LDL and other lipid pro-
files between the statin-treated and control groups. Cor-
onary artery disease was more common in the statin 
group than in the control group. The TC, LDL-C, and 
apo B levels, and the LDL-C/apo B ratio and apo B/
apo A ratio, were lower in the statin group. No signifi-
cant differences in TG, HOMA–IR, LDL peak particle 
size, or C-reactive protein (CRP) were found between 
the groups. The absolute amounts of small, dense LDL 
and large, buoyant LDL were significantly lower in the 
statin group. However, in comparison with the control 
group, the proportion of small, dense LDL was signifi-
cantly higher in the statin group and the proportion of 
large, buoyant LDL was lower. Neither the number of 
study participants with metabolic syndrome nor the av-
erage score on the Framingham risk assessment was sig-
nificantly different between the 2 groups.

Study Participants without  
Coronary Artery Disease
In participants who did not have CAD, the TC, LDL-
C, and apo B levels and the LDL-C/apo B and apo B/
apo A ratios were significantly lower in the statin-treated 
group than in the control group (Table II). No signifi-
cant differences in TG, HOMA–IR, LDL peak particle 
size, or CRP were found between the groups. The ab-
solute amounts of small, dense LDL and of large, buoy-
ant LDL were signif icantly lower in the statin group 
than in the control group. However, the proportion of 
small, dense LDL was significantly higher in the statin 
group, and the proportion of large, buoyant LDL was 
lower. Neither the number of study participants with 
metabolic syndrome nor the average score on the Fram-
ingham risk assessment was significantly different be-
tween the 2 groups.

Study Participants with  
Coronary Artery Disease
In participants who had CAD, the TC, LDL-C, and 
apo B levels and the LDL-C/apo B ratio were signif-
icantly lower in the statin-treated group than in the 
control group (Table II). There were no significant dif-
ferences in TG, HOMA–IR, LDL peak particle size, 
or CRP between the 2 groups. The absolute amount 
of small, dense LDL had a tendency to be lower in the 
statin group (although not to the level of statistical sig-
nif icance), and the absolute amount of large, buoy-
ant LDL was signif icantly lower in the statin group. 
However, in comparison with the control group, the 
proportion of small, dense LDL had a tendency to be 
higher in the statin group and the proportion of large, 
buoyant LDL had a tendency to be lower. In contrast 
with participants in the statin group who did not have 
CAD, there was no statistically signif icant difference 
(NS); however, in comparison with the control group, 
the proportion of small, dense LDL had a tendency to 
be higher in the statin group (NS), and the proportion 
of large, buoyant LDL showed a tendency to be lower 
(NS). The average score on the Framingham risk assess-
ment was significantly lower in the statin group than in 
the control group. The number of patients with meta-
bolic syndrome was not significantly different between 
the 2 groups.
	 Figures 1 and 2 show that the LDL-C concentration 
did not correlate with the proportion of small, dense 
LDL, regardless of statin treatment.

Discussion

In this study, we found that statin therapy might be 
associated with a higher proportion of small, dense 
LDL and a lower proportion of large, buoyant LDL, 
although statin therapy was clearly associated with a 
decrease in the concentrations of TC, LDL-C, and 
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apo B; in the apo B/apo A ratio; and in the absolute 
amounts of small, dense LDL and large, buoyant 
LDL.
	 Many factors influence the LDL subfractions. Previ-
ous studies have shown that CRP, plasma fibrinogen, 
HOMA–IR, body mass index, and metabolic syndrome 
can affect the proportion of small, dense LDL.18-22 In our 
study, the proportion of small, dense LDL was higher 
and there were more patients with CAD in our statin 
group than in our control group (Table II). Because 

the presence of CAD can be associated with the pro-
portion of small, dense LDL, we analyzed the effect 
of statins on small, dense LDL subfractions in persons 
without CAD. Unexpectedly, in that analysis, the pro-
portion of small, dense LDL was also significantly high-
er in patients who were treated with statins (Table II). 
Moreover, there were no differences in CRP, plasma fi-
brinogen, HOMA–IR, body mass index, or metabolic 
syndrome between the statin and control groups (Tables 
I and II). Therefore, we concluded that the increase of 

TABLE I. Differences in the Proportion of Small, Dense LDL and Other Lipid Profiles between the Control and 
Statin-Treated Groups

          Variable	 Control Group (n=440)	 Statin-Treated Group (n=172)	 P Value

Age, yr	 61.2 ± 13.2	 63.1 ± 11	 0.078

Body mass index 	 24.5 ± 3.5	 24.8 ± 2.9	 0.327

Male sex	 194 (44.1)	 85 (46.7)	 0.551

Hypertension	 205 (46.6)	 68 (39.5)	 0.114

Diabetes mellitus	 54 (12.3)	 23 (13.4)	 0.712

Smoking	 88 (20)	 37 (21.5)	 0.677

Total cholesterol, mg/dL	 177.9 ± 36.7	 157.5 ± 34.1	 <0.001

Triglycerides, mg/dL*	 135.5 ± 76.3	 135.7 ± 73.1	 0.664

HDL cholesterol, mg/dL	 52.8 ± 13.8	 51.9 ± 13.2	 0.484

LDL cholesterol, mg/dL	 114.3 ± 32	 94.5 ± 30.1	 <0.001

LDL cholesterol/apo B ratio	 1.49 ± 0.22	 1.39 ± 0.18	 <0.001

Apo B, mg/dL	 77.6 ± 19.7	 67.8 ± 18	 <0.001

Apo A, mg/dL	 137.3 ± 25.5	 136.5 ± 25.9	 0.711

Apo B/apo A ratio	 0.58 ± 0.18	 0.52 ± 0.17	 <0.001

C-reactive protein, mg/dL	 2.75 ± 6.69	 2.32 ± 5.72	 0.465

Plasma fibrinogen, mg/dL	 327.1 ± 139.4	 325.7 ± 135.7	 0.914

Free fatty acid, µEq/L	 870.8 ± 729.7	 947.5 ± 820.2	 0.317

HOMA–IR	 1.69 ± 1.52	 2.52 ± 5.78	 0.069

Metabolic syndrome	 117 (26.9)	 42 (24.9)	 0.609

Framingham risk score	 5.97 ± 4.6	 5.60 ± 3.24	 0.269

LDL peak particle size	 26.8 ± 1.2	 26.6 ± 1	 0.064

Coronary artery disease	 130 (29.5)	 119 (69.2)	 <0.001

Proportion of small, dense LDL, %	 41.3 ± 8.5	 42.9 ± 9.5	 0.046

Proportion of large, buoyant LDL, %	 25.4 ± 7.9	 23.6 ± 7.5	 0.011

Absolute amount of small, dense LDL,	 32.1 ± 11.8	 29.2 ± 10.7	 0.005
   mg/dL (Apo B × small, dense LDL%)

Absolute amount of large, buoyant LDL, 	 19.2 ± 6.7	 15.8 ± 6	 <0.001
   mg/dL (Apo B × large, buoyant LDL%)
 
Apo = apolipoprotein; HDL = high-density lipoprotein; HOMA–IR = homeostasis model assessment–insulin resistance value; 
LDL = low-density lipoprotein 
 

Continuous variables are expressed as mean ± SD and categorical variables are expressed as number and percentage. All continu-
ous variables except those for triglycerides were analyzed using the Student t test. A P value <0.05 was considered statistically 
significant. 
 

*Triglyceride continuous variables were analyzed using the Mann-Whitney U test.
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small, dense LDL proportion was influenced by statins 
but not by the other variables.
	 The exact mechanism by which statin therapy is asso-
ciated with an increase in the proportion of small, dense 
LDL is unclear. One possible mechanism is that up-
regulation of LDL receptor activity by statins decreases 
large, buoyant LDL more than small, dense LDL, be-

cause statins increase LDL receptor activity and because 
large, buoyant LDL is a better ligand for the LDL re-
ceptor than is small, dense LDL.23 More than 90% of 
apo B is found on LDL particles, and therefore patients 
with small, dense LDL (which is relatively low in cho-
lesterol) would be expected to have a low LDL-C/apo 
B ratio, as has been described previously.17,24 The present 

TABLE II. Differences in the Proportion of Small, Dense LDL and in Other Lipid Profiles between the Control and 
Statin-Treated Groups, in the Presence and Absence of CAD

	 Participants without CAD (n=363)	 Participants with CAD (n=249)

	 Control	 Statin-Treated		  Control	 Statin-Treated
      Variable	 n=310	 n=53	 P Value	 n=130	 n=119	 P Value

Age, yr	 58.9 ± 13.3	 61.1 ± 11.4	 0.263	 66.6 ± 11.1	 63.9 ± 10.8	 0.055

Body mass index	 24.7 ± 3.7	 25.7 ± 3.1	 0.078	 23.8 ± 2.8	 24.8 ± 2.7	 0.147

Male sex	 129 (41.9)	 22 (41.5)	 0.989	 67 (51.5)	 71 (59.7)	 0.136

Hypertension	 155 (50)	 28 (52.8)	 0.703	 50 (38.5)	 40 (33.6)	 0.426

Diabetes mellitus	 38 (12.3)	 7 (13.2)	 0.846	 16 (12.3)	 16 (13.4)	 0.789

Smoking	 63 (20.3)	 5 (9.4)	 0.084	 25 (19.2)	 32 (26.9)	 0.151

Total cholesterol, mg/dL	 182.3 ± 36.1	 170.8 ± 33.4	 0.032	 167.6 ± 36.1	 151.6 ± 32.9	 <0.001

Triglycerides, mg/dL*	 138.9 ± 78	 149.2 ± 76.5	 0.204	 127.5 ± 71.8	 129.7 ± 71.1	 0.665

HDL cholesterol, mg/dL	 53.3 ± 14.3	 56 ± 15.1	 0.197	 51.7 ± 12.4	 50.1 ± 11.9	 0.302

LDL cholesterol, mg/dL	 117.9 ± 31.5	 102.4 ± 31.2	 0.001	 105.8 ± 31.8	 91 ± 29.1	 <0.001

LDL cholesterol/apo B ratio	 1.51 ± 0.22	 1.41 ± 0.18	 0.03	 1.45 ± 0.22	 1.38 ± 0.18	 0.006

Apo B, mg/dL	 78.8 ± 20	 72.4 ± 18.9	 0.032	 72.9 ± 18.6	 65.8 ± 17.2	 0.002

Apo A, mg/dL	 138.3 ± 25.7	 146.9 ± 27	 0.027	 134.9 ± 24.9	 131.8 ± 24.2	 0.315

Apo B/apo A ratio	 0.59 ± 0.18	 0.52 ± 0.18	 0.007	 0.56 ± 0.18	 0.52 ± 0.17	 0.051

C-Reactive protein, mg/dL	 2.30 ± 4.39	 1.87 ± 2.96	 0.5	 3.85 ± 10.24	 2.53 ± 6.59	 0.227

Plasma fibrinogen, mg/dL	 317.2 ± 131	 328.2 ± 120.5	 0.568	 350.8 ± 155.8	 324.6 ± 142.5	 0.171

Free fatty acid, µEq/L	 840.4 ± 656.3	 826.1 ± 582.1	 0.891	 945.3 ± 883.1	 1,006.9 ± 911.4	 0.637

HOMA–IR	 1.74 ± 1.59	 2.55 ± 4.31	 0.193	 1.59 ± 1.34	 2.51 ± 6.33	 0.107

Metabolic syndrome	 89 (29)	 15 (30)	 0.884	 28 (21.6)	 27 (22.7)	 0.878

Framingham risk score	 5.68 ± 4.98	 5.47 ± 3.01	 0.682	 6.67 ± 3.44	 5.66 ± 3.35	 0.02

LDL peak particle size	 26.8 ± 1.1	 26.6 ± 1.1	 0.231	 26.9 ± 1.4	 26.6 ± 1	 0.07

Proportion of small,	 41 ± 8.9	 44.2 ± 9.5	 0.017	 42 ± 7.7	 42.3 ± 9.4	 0.766
    dense LDL, %

Proportion of large, 	 25.5 ± 8.1	 22.1 ± 7.3	 0.005	 25.4 ± 7.5	 24.3 ± 7.6	 0.255
   buoyant LDL, %

Absolute amount of small,  	 30.7 ± 10	 28 ± 10.6	 0.047	 32.7 ± 12.4	 31.9 ± 10.5	 0.657
   dense LDL,mg/dL (Apo B × 
   small, dense LDL%)

Absolute amount of large, 	 19.5 ± 6.6	 15.9 ± 6.5	 <0.001	 18.4 ± 6.9	 15.7 ± 5.8	 0.001
   buoyant LDL, mg/dL (Apo B ×
   large, buoyant LDL%) 
 
Apo = apolipoprotein; HDL = high-density lipoprotein; HOMA–IR = homeostasis model assessment–insulin resistance value; 
LDL = low-density lipoprotein 
 

Continuous variables are expressed as mean ± SD and categorical variables are expressed as number and percentage. All continuous 
variables except those for triglycerides were analyzed using the Student t test. A P value <0.05 was considered statistically significant.
 

*Triglyceride continuous variables were analyzed using the Mann-Whitney U test.
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Fig. 2  Correlation between the proportion of small, dense low-density-lipoprotein (LDL) and LDL cholesterol in participants without 
coronary artery disease (CAD) in A) the control group and B) the statin-treated group; and correlation between the proportion of small, 
dense LDL and LDL cholesterol in persons with coronary artery disease in C) the control group and D) the statin-treated group. The 
LDL-cholesterol concentration did not correlate with the proportion of small, dense LDL, regardless of statin treatment. P <0.05 was 
considered statistically significant.

A B

Fig. 1  Correlation between the proportion of small, dense low-density-lipoprotein (LDL) and LDL cholesterol in all study participants in 
A) the control group and B) the statin-treated group. The LDL-cholesterol concentration did not correlate with the proportion of small, 
dense LDL, regardless of statin treatment. P <0.05 was considered statistically significant.
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study showed that statin therapy was associated with 
a greater decrease in apo B than in LDL-C, although 
in the group treated with statins, the levels of LDL-C 
and apo B were signif icantly lower than those in the 
control group. This result suggests that statin therapy 
is associated with a decrease in total LDL-particle con-
centration but with a higher proportion of small, dense 
LDL. In addition, these results support a possibility that 
statin therapy increases the proportion of small, dense 
LDL, although controversy still exists as to whether or 
not statins decrease the small, dense LDL subfraction 
and increase the LDL peak particle size.9-11 The present 
study brings up a fundamental question regarding the 
actual role of small, dense LDL in atherosclerosis.
	 In the present study, the effect of statins on the LDL 
subfraction was weaker in patients with CAD than in 
those without CAD, which might be related to the fol-
lowing: f irst, as shown in Table I, the Framingham 
risk score and LDL peak particle size were higher in the 
control group than in the statin group. These 2 vari-
ables can influence the LDL subfraction,8,22 and, there-
fore, the effect of statins on the LDL subfraction could 
be changed by these variables. Second, because patients 
with CAD were fewer in number than were persons 
without CAD, there were no statistically signif icant 
differences in the effect of statins on the LDL subfrac-
tion in patients who had CAD. Had more participants 
been enrolled, we would have expected to obtain simi-
lar results.
	 The present study showed that LDL-C was not cor-
related with the proportion of small, dense LDL (Figs. 
1 and 2). These results are consistent with those of a 
previous study.25 Because the predominance of small, 
dense LDL has been accepted as a bona fide cardiovas-
cular risk factor,1 this result suggests that we should not 
estimate the risk of CAD from the LDL-C level alone.
	 As mentioned in the exclusion criteria, all persons 
with known CAD were excluded before the study 
began. However, in our study, the statin-treated group 
included more CAD patients than did the untreated 
group. A misleading inference would be that persons 
who are treated with statins develop more CAD. In 
our opinion, because the mean duration of the therapy 
in the statin-treated group was relatively short (11.03 ± 
5.32 wk), statin therapy would not have affected the se-
verity of CAD.

Limitations of the Study
Our study had some limitations. First, we did not in-
vestigate other factors that are known to influence the 
generation of small, dense LDL, such as hepatic lipase 
activity and cholesterol ester transfer protein (CETP) 
activity. The generation of small, dense LDL is asso-
ciated with elevations in plasma TG levels, in hepatic 
lipase activity, and in CETP activity.26 Triglyceride-
enriched LDL is a good substrate for hepatic lipase. This 

LDL particle, through the action of hepatic lipase, loses 
the core TG and surface phospholipids and, in the pro-
cess, is converted to a small, dense LDL.27 Since LDL, 
including rich TG, cannot be absorbed well by the LDL 
receptor, this LDL is converted to small, dense LDL. 
Because we did not check the CETP activity in our 
study, we could not evaluate the relationship between 
the proportion of small, dense LDL and CETP activi-
ty affected by statins. Second, we did not directly check 
the concentrations of absolute LDL particles, of small, 
dense LDL, or of large, buoyant LDL. Had the abso-
lute amounts of small, dense LDL and large, buoyant 
LDL concentrations been measured directly, more pre-
cise results could have been obtained. Third, since CAD 
status was def ined in accordance with angiographic 
f indings alone, it is possible that we overlooked pa-
tients with CAD who did not undergo catheterization. 
Fourth, we did not compare the effect of each statin on 
the small, dense LDL subfraction. Previous studies have 
shown that the effects of statins on small, dense LDL 
and LDL peak particle size vary according to the type 
of statin.9-11 However, when we divided subjects in ac-
cordance with the types of statins, each group was too 
small to analyze. Fifth, fewer patients were in our statin 
group than in our control group. This study was obser-
vational, and we could not divide the population into 
equal numbers. However, we expect that a randomized, 
well-controlled study would produce more exact results 
concerning the effect of statins on small, dense LDL.

Conclusion
Whether or not individuals have been diagnosed with 
existing CAD, our study suggests that statin therapy 
does not decrease the proportion of small, dense LDL 
among total LDL particles, but in fact increases it, while 
expectedly reducing total LDL-C, absolute amounts of 
small, dense LDL, and absolute amounts of large, buoy-
ant LDL. If and when our observation proves to be re-
producible in large-scale studies, such studies should 
provide new insights into small, dense LDL and its ac-
tual role in atherogenesis or the progression of athero-
sclerosis.
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