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Aim: We established a method to evaluate the lipid concentrations, size and particle numbers (PNs) of 
lipoprotein subclasses by gel permeation chromatography (GP-HPLC). Nuclear magnetic resonance (NMR) is 
widely used to analyze these parameters of lipoprotein subclasses, but differences of the two methods are 
unknown. Current study compared the PNs of each lipoprotein subclass measured by GP-HPLC and NMR, and 
assessed the effect of a selective PPARα modulator, pemafibrate. 

Methods: Lipoprotein profiles of 212 patients with dyslipidemia who participated in the phase 2 clinical trial 
of a selective PPARα modulator, pemafibrate, were analyzed by two methods, GP-HPLC and NMR, which were 
performed with LipoSEARCH (Skylight Biotech) and LipoProfile 3 (LabCorp), respectively. GP-HPLC evaluated 
the PNs of 18 subclasses, consisting of CM, VLDL1-5, LDL1-6, and HDL1-6. NMR evaluated the PNs of 9 
subclasses, consisting of large VLDL & CM, medium VLDL, small VLDL, IDL, large LDL, small LDL, large 
HDL, medium HDL and small HDL. 

Results: Three major classes, total CM&VLDL, total LDL and total HDL were obtained by grouping of 
corresponding subclasses in both methods and PNs of these classes analyzed by GP-HPLC were correlated 
positively with those by NMR. The correlation coefficients in total CM&VLDL, total LDL and total HDL 
between GP-HPLC and NMR was 0.658, 0.863 and 0.798 (all p＜0.0001), respectively. The PNs of total 
CM&VLDL, total LDL and total HDL analyzed by GP-HPLC was 249.5±51.7nM, 1,679±359 nM and 
13,273±1,564 nM, respectively, while those by NMR was 124.6±41.8 nM, 1,514±386 nM and 31,161±4,839 
nM, respectively. A marked difference in the PNs between the two methods was demonstrated especially in total 
HDL.

The number of apolipoprotein (Apo) B molecule per one ApoB-containing lipoprotein particle, total 
CM&VLDL plus total LDL, was 1.10±0.05 by GP-HPLC, while 1.32±0.18 by NMR. The number of ApoA-I 
per one HDL particle was 3.40±0.17 by GP-HPLC, but only 1.46±0.15 by NMR, much less than reported 
previously.

From the phase 2 clinical trial, randomizing 212 patients to pemafibrate 0.025-0.2 mg BID, fenofibrate 
100 mg QD, or placebo groups, pemafibrate reduced the PNs of CM, large VLDL1-VLDL3 and medium 
VLDL4, but not small VLDL5 by GP-HPLC. It significantly decreased the PNs of smaller LDL and larger HDL 
particles, but increased those of larger LDL and smaller HDL particles. In contrast, NMR showed marked 
variations in the effect of pemafibrate on lipoprotein PNs, and no significant size-dependent changes. 

Conclusions: GP-HPLC evaluates the lipoprotein PNs more accurately than NMR and can be used for 
assessing the effects of lipid-lowering drugs on lipoprotein subclasses.
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widely to comprehensively analyze the lipoprotein 
abnormalities in patients with a variety of genetic 
disorders32-35) as well as those in animals36-39). This 
system can directly determine total cholesterol (Cho), 
free cholesterol (FC), triglycerides (TG), and 
phospholipids (PL) concentrations in each lipoprotein 
subclass, respectively, according to lipoprotein particle 
size. Thus, the lipid compositions and size of 
lipoprotein subclasses can be evaluated. Furthermore, 
we have recently developed an analytical method to 
evaluate the PNs of lipoprotein subclasses by 
GP-HPLC, using a mathematical simulation model 
called as “spherical particle model”40). Thus far, 13 
studies using this new method have been 
published41-53). However, only two of them directly 
compared the results of GP-HPLC with those of 
NMR method42-43). In particular, it remains unknown 
how different the lipid concentrations, size and PNs 
of each lipoprotein calculated by this GP-HPLC 
system are from those by NMR method.

Furthermore, this GP-HPLC analysis was 
applied to elucidate the changes of size, lipid 
composition and PNs of lipoproteins after the 
administration of pemafibrate (K-877), a selective 
PPARα modulator (SPPARMα) with extremely high 
PPARα agonist activity as well as selectivity. We 
already reported the efficacy and safety of pemafibrate 
compared with placebo and fenofibrate in 
dyslipidemic patients with high TG and low HDL-C 
levels. Pemafibrate markedly improved TG and 
HDL-C levels54-65). In the first phase 2 clinical trial54), 
we further assessed the efficacy of pemafibrate on the 
PNs of lipoprotein subclasses by GP-HPLC in 
comparison with NMR LipoProfile3 (LP3) (LabCorp, 
USA). NMR-LP3 was the system of NMR of 
LabCorp, which modified the previous analysis system 
of LipoProfile 2 by LipoScience (USA). The NMR 
sample data were originally provided by LP2 and were 
subsequently recalculated by LP3 algorithm, which is 
the major system of NMR lipoprotein analysis 
worldwide. From the methodological principles, 
NMR and GP-HPLC were previously considered 
preferable for the determination of PNs/size and lipid 
levels, respectively. In the current study, we aimed to 
compare the lipid concentrations, size and PNs of 
each lipoprotein subclass calculated by GP-HPLC and 
NMR to assess their validity.

Introduction

Epidemiological studies have demonstrated that 
serum low-density lipoprotein (LDL)-cholesterol 
(LDL-C) levels are positively, while high-density 
lipoprotein (HDL)-cholesterol (HDL-C) levels are 
negatively correlated with atherosclerotic cardiovascular 
disease (ASCVD)1). LDL-C lowering drugs, such as 
statins, were shown to be effective for primary and 
secondary prevention of ASCVD2-3). By contrast, 
HDL-targeted drugs such as niacin4) and cholesteryl 
ester transfer protein (CETP) inhibitors5-8) have failed 
to reduce cardiovascular (CV) events, although they 
increased HDL-C. Developments of certain HDL-
targed drugs were terminated because of drug 
accumulation in adipose tissues9-10). Furthermore, 
mendelian randomization analyses showed that 
genetic mechanisms that raise HDL-C levels do not 
lower risk of myocardial infarction11), suggesting that 
serum HDL-C levels are not causally associated with 
ASCVD. The use of HDL-C levels might be limited 
to assessing the CV risks and responses to therapies. 
The LDL-C or HDL-C represents only total 
cholesterol contents in LDL or HDL, respectively. 
Although they are largely proportional to the actual 
particle numbers (PNs) of LDL or HDL, more 
accurate methods to measure PNs are warranted.

There are several methods to assess lipoproteins. 
The sequential or density gradient ultracentrifugation 
of lipoproteins has been a standard for quantitative 
analysis of lipoproteins for many years12-14). Agarose or 
polyacrylamide gel (PAG) disc electrophoresis has also 
been used to qualitatively analyze the abnormalities of 
lipoproteins in dyslipidemic patients. Most widely 
used method in recent years is nuclear magnetic 
resonance spectroscopy (NMR)15-24). In NMR method 
for lipoproteins, lipid methyl groups emit resonances 
that are unique to the chemical environments of 
lipoprotein particles, and NMR makes it possible not 
only to analyze the lipid concentrations and size of 
lipoprotein subclasses, but also to quantify the PNs of 
lipoprotein subclasses with different size25).

Similar information of the characteristics of 
lipoproteins can be obtained by gel permeation-high 
performance liquid chromatography (GP-HPLC), 
which was developed by Okazaki and Hara26-27). 
Another HPLC method using anion-exchange column 
(AEX-HPLC) is currently available for clinical use in 
Japan28-31). The GP-HPLC method has been used 
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measured by homogeneous assays, using Determiner L 
HDL-C and LDL-C kits from Kyowa Medex Co., 
Ltd. (currently Hitachi Chemical Diagnostics Systems 
Co.,Ltd.), Japan.

Analysis of Plasma Lipoproteins by GP-HPLC
The assessment for the size and lipid 

concentrations of serum lipoproteins by GP-HPLC 
was performed at Skylight Biotech Inc. (Akita, Japan) 
as described previously66-67). Furthermore, the PNs of 
each lipoprotein subclass were evaluated by GP-HPLC 
as described previously40-41, 68). Serum samples were 
obtained and aliquots were frozen at －80℃ for both 
GP-HPLC and NMR analysis. For GP-HPLC 
analysis, the fresh-frozen serum samples were sent to 
Akita, Japan, for analysis. In brief, lipoproteins in 
serum aliquots (4 µl) after thawing were separated 
with tandemly connected Skylight PakLP1-AA gel 
permeation columns (Skylight Biotech Inc., Akita, 
Japan, 300 mm×4.6 mm I.D.). The lipoproteins were 
separated into 20 subclasses based upon Gaussian 
approximation, as shown in Step 2 of Supplementary 
Fig.1, and the lipid concentration, size and PNs of 
lipoproteins were analyzed. The particle size of each 
lipoprotein was determined by the retention time of 
each peak observed on a chromatogram using a linear 
calibration curve69). The cholesterol and TG levels of 
20 subclasses were defined by component peak 
analyses on the basis of lipoprotein particle size with 
the Gaussian curve fitting technique. The following 
definitions of lipoprotein particle sizes are shown in 
Table 1.

Chylomicrons (CM) subclasses: CM1 and CM2, 
＞90 nm and 75 nm in diameter, respectively.

VLDL subclasses: large VLDL (VLDL1, VLDL2 
and VLDL3, 64.0, 53.6 and 44.5 nm in diameter, 
respectively), medium VLDL (VLDL4, 36.8 nm in 
diameter), and small VLDL (VLDL5, 31.3 nm in 
diameter), respectively.

LDL subclasses: large LDL (LDL1, 28.6 nm in 
diameter), medium LDL (LDL2, 25.5 nm in 
diameter), small LDL (LDL3, 23.0 nm in diameter) 
and very small LDL (LDL4, LDL5 and LDL6, 20.7, 
18.6 and 16.7 nm in diameter), respectively.

HDL subclasses: very large HDL (HDL1 and 
HDL2, 15.0 and 13.5 nm in diameter, respectively), 
large HDL (HDL3, 12.1 nm in diameter), medium 
HDL (HDL4, 10.9 nm in diameter), small HDL 
(HDL5, 9.8 nm in diameter) and very small HDL 
(HDL6 and HDL7, 8.8 and 7.6 nm in diameter), 
respectively.

The PNs of the lipoprotein subclasses were 
calculated using a “spherical particle model”40). We 
focused on the sum volume of cholesteryl ester (CE) 

Materials and Methods

Study Participants
We enrolled 212 dyslipidemic patients with high 

TG and low HDL-C levels, who were undertaken the 
randomized, double blind, active- and placebo-
controlled phase 2 trial of pemafibrate, where the 
study protocol and patient data are summarized in the 
previous report54). In brief, these patients included 
men and postmenopausal women aged 20 to 74 years 
who had a history of documented dyslipidemia and 
plasma TG of 200 mg/dL or higher as well as HDL-C 
less than 50 mg/dL in men or 55 mg/dL in women. 
In this double blind, placebo-controlled, parallel-
group 12-week phase 2 clinical trial, which 
randomized 224 patients to pemafibrate 0.025, 0.05, 
0.1, 0.2 mg BID, fenofibrate 100 mg QD, or placebo 
(1:1:1:1:1:1) groups, 212 dyslipidemic patients with 
data of GP-HPLC and NMR were selected. LP3 was 
selected, because that LP3 has been widely used as a 
second-generation NMR analysis process.

The study protocol and amendment were 
approved by the independent ethic committee or 
institutional review board before the commencement 
of study. The study was conducted in accordance with 
the principle of the Declaration of Helsinki, and 
under the guidelines of Good Clinical Practice and the 
International Conference on Harmonization. All 
study participants provided written informed consent 
prior to involvement. This trial was registered with 
JAPIC Clinical Trials Information, number Japic CTI-
101331 54). Venous blood was drawn after overnight 
fasting for 10 h at the baseline of this trial. Serum was 
separated by a low-speed centrifugation (3,000 rpm, 
15 min) and aliquots were frozen at －80℃ until use. 
The study took place between November 22, 2010 
and July 7, 2011 as described54) and sample storage 
time at －80℃ was less than 7 months untill split 
samples were measured by GP-HPLC and NMR-LP2. 
Furthermore, the study protocol of comparison of 
GP-HPLC and NMR methods in the Japic CTI-
101331 Study was approved by the Ethical 
Committee of Osaka University Hospital.

Evaluation of Plasma Lipids, Lipoproteins and 
Apolipoproteins

Lipoprotein levels were measured by direct 
enzymatic methods. Apolipoprotein levels were 
measured by immunoturbidity methods. Other 
laboratory parameters were analyzed by standardized 
laboratory methods. All measurements were 
performed by LSI Medience Corporation (Tokyo, 
Japan) or its affiliates as described previously41, 54). 
Serum concentrations of LDL-C and HDL-C were 
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following subclass categories were investigated: large 
VLDL and CM (＞60 nm), medium VLDL (42–60 
nm), small VLDL (29–42 nm), IDL (23–29 nm), 
large LDL (20.5–23 nm), small LDL (18–20.5 nm), 
large HDL (9.4–14 nm), medium HDL (8.2–9.4 
nm), and small HDL (7.3–8.2 nm), respectively as 
shown in Table 1. 

Comparison of the Effects of a Selective PPARα 
modulator (SPPARMα) on Plasma Lipoproteins 
between GP-HPLC and NMR

To further investigate the differences between 
GP-HPLC and NMR, we utilized these methods for 
detailed analysis of the effect of lipid-lowering drugs 
on the lipoprotein subclasses. We compared the effect 
of a SPPARMα, pemafibrate (K-877), developed by 
Kowa Company, Ltd. (Tokyo, Japan), on the PNs of 
lipoproteins between GP-HPLC and NMR analysis. 
For comparison of GP-HPLC and NMR analyses of 
lipoproteins in dyslipidemic patients, the data of 212 
dyslipidemic patients before the administration of 
pemafibrate, who were assigned to pemafibrate 0.025, 
0.05, 0.1, 0.2 mg BID, fenofibrate 100 mg QD, or 
placebo (1:1:1:1:1:1) groups, were combined and 
analyzed (Supplementary Fig.2).

and TG within the core of lipoprotein. We 
demonstrated the ratio of FC to (CE＋TG) in a 
certain subclass is almost constant, except HDL7 
fraction, which includes discoidal pre-beta 1 HDL. 
The PNs of lipoproteins were calculated, using the 
formula as described previously40). Two subclasses of 
CMs were mixed into one, so the PNs of 19 subclasses 
were calculated. There is a possibility that the HDL7 
subclass is the smallest discoidal HDL and it may not 
fit the spherical core model. So, HDL7 was excluded 
from this analysis. Supplementary Fig.1 shows the 
schematic principle of GP-HPLC method from two 
chromatograms directly detecting cholesterol and TG 
concentrations as well as the PNs calculation of 
lipoprotein subclasses for representative individual 
sample.

Analysis of Plasma Lipoproteins by NMR
The fresh-frozen samples on dry ice were sent to 

the United States for NMR analysis. NMR spectra of 
thawed serum were originally obtained at the LabCorp 
(LP2) and the digitized data were subsequently 
analyzed for lipoprotein particle concentration and 
size reanalyzed by LP3 system of LipoScience using 
LP-3 spectral deconvolution algorithm70-71). The 

Table 1.

GP-HPLC NMR LipoProfile 3 (LP3)

Major class Particle 
number 
(nM)

Major subclass Subclass Particle 
diameter 

(nm)

Particle number 
(nM)

Major class Particle 
number 
(nM)

Subclass Particle 
diameter 

(nm)

Particle number 
(nM)

Total 
CM & VLDL

249.5
±

51.7

Chylomicron CM 82.4 4.2±3.3 Total 
CM & VLDL

124.6
±

41.8

Large VLDL & 
Chylomicron

＞60.0 14.8±11.9
Large VLDL VLDL1 64.0 9.8±4.4

VLDL2 53.6 29.4±10.1
VLDL3 44.5 66.9±15.4

Medium VLDL VLDL4 36.8 82.2±17.7 Medium VLDL 42.0-60.0 68.1±32.8
Small VLDL VLDL5 31.3 57.0±14.1 Small VLDL 29.0-42.0 41.6±32.0

Total LDL 1,679
±

359

Large LDL LDL1 28.6 201.0±51.0 Total LDL 1,514
±

386

IDL 23.0-29.0 235.0±150.0
Medium LDL LDL2 25.5 631.0±154.0 Large LDL 20.5-23.0 215.0±211.0

Small LDL LDL3 23.0 516.4±124.0 Small LDL 18.0-20.5 1,064±297
Very Small LDL LDL4 20.7 200.3±52.4

LDL5 18.6 60.1±20.6
LDL6 16.7 70.2±15.8

Total HDL 13,273
±

1,564

Very Large HDL HDL1 15.0 59.7±16.4 Total HDL 31,161
±

4,839

Large HDL 9.4-14.0 2,963±1,483

HDL2 13.5 135.8±28.2
Large HDL HDL3 12.1 706.0±286.5

Medium HDL HDL4 10.9 3,190±594 Medium HDL 8.2-9.4 7,796±3,550
Small HDL HDL5 9.8 5,584±844 Small HDL 7.3-8.2 20,405±4,067

Very Small HDL HDL6 8.8 3,597±586

Particle numbers (nM) are shown as mean±SD.
HDL7 was excluded from the analysis because of inaccuracy due to its discoidal shape.



Yamashita et al.

978

& VLDL subclasses. In GP-HPLC analysis, CM and 
VLDL1–VLDL3 subclasses were grouped as CM & 
large VLDL and compared with NMR. The 
correlation coefficients of CM & Large VLDL, 
medium VLDL and small VLDL at the baseline 
(n=212) between GP-HPLC and NMR were 0.568, 
0.341 and 0.467 (all P＜0.0001), respectively. The 
correlation coefficients of CM & Large VLDL, 
medium VLDL and small VLDL at the endpoint 
(n=212) between GP-HPLC and NMR were 0.723 (P
＜0.0001), 0.671 (P＜0.0001) and 0.142 (P＜0.05), 
respectively. These correlations between GP-HPLC 
and NMR were not so good, and marked variations 
especially small VLDL were demonstrated. The PNs 
of CM & large VLDL were calculated much lower in 
NMR compared with GP-HPLC. 

Fig.1-C compares the PNs of each LDL subclass 
between GP-HPLC and NMR. In GP-HPLC analysis, 
LDL1 was described as large LDL, LDL2 as medium 
LDL, and LDL3 as small LDL, while LDL4–LDL6 
were grouped and described as very small LDL. In 
NMR analysis, IDL and large LDL were described as 
large LDL and medium LDL, respectively. In order to 
compare three LDL subclasses of NMR with 
GP-HPLC, small LDL and very small LDL in 
GP-HPLC were combined and compared with small 
LDL in NMR. The correlation coefficients in large 
LDL, medium LDL and small LDL at the baseline 
between GP-HPLC and NMR were 0.347, 0.578 and 
0.620 (all P＜0.0001), respectively. The correlation 
coefficients in large LDL, medium LDL and small 
LDL at the endpoint between GP-HPLC and NMR 
were 0.191 (P＜0.01), 0.601 (P＜0.0001) and 0.630 
(P＜0.0001), respectively. The absolute PNs of 
medium LDL by GP-HPLC analysis showed markedly 
higher value compared to those by NMR. The 
absolute PNs of large LDL were much less than those 
of medium LDL and small LDL in both GP-HPLC 
and NMR analysis.

Fig.1-D compares the PNs of each HDL 
subclass (large HDL, medium HDL and small HDL) 
between GP-HPLC and NMR. In subclasses of 
GP-HPLC analysis, HDL1–HDL3 and HDL5–
HDL6 were grouped and described as large HDL and 
small HDL, respectively. HDL4 was named medium 
HDL in GP-HPLC analysis. The correlation 
coefficients in large HDL, medium HDL and small 
HDL at the baseline between GP-HPLC and NMR 
were 0.551, 0.407 and 0.588 (all P＜0.0001), 
respectively. The correlations were generally good for 
large HDL and small HDL, but not so good for 
medium HDL. The correlation coefficients in large 
HDL, medium HDL and small HDL at the endpoint 
between GP-HPLC and NMR were 0.617, 0.644 and 

Statistical Analysis
Data were expressed as the mean±SD. The 

differences of the mean values were analyzed by 
Student t-test. Correlations between various variables 
were presented as the Spearman correlation coefficient 
(r-value) with a P-value ＜0.05 considered to be 
statistically different. One sample t-test was used to 
assess the difference from the baseline to the endpoint 
(week 12).

Results

1. Comparison between GP-HPLC and NMR in 
Particle Number and Size of Lipoproteins and 
Their Subclasses

The PNs of lipoproteins of 212 samples were 
evaluated by GP-HPLC and NMR analysis, both of 
which separated lipoproteins according to their 
particle size. Correlations between GP-HPLC and 
NMR analysis of PNs of major classes and subclasses 
of lipoproteins are shown in Fig.1. Fig.1-A compares 
the PNs of major lipoprotein classes. In GP-HPLC 
analysis, CM and subclasses of VLDL1-5, LDL1-6 
and HDL1-6 were grouped and compared as total 
CM & VLDL, total LDL and total HDL, respectively. 
In NMR analysis, 1) total CM & VLDL (CMs and 
large VLDL, medium VLDL and small VLDL), 2) 
total LDL (IDL, large LDL and small LDL), and 3) 
total HDL (large HDL, medium HDL and small 
HDL) were grouped and compared as total CM & 
VLDL, total LDL and total HDL, respectively (Table 
1). The correlation coefficients in total CM&VLDL, 
total LDL and total HDL at the baseline (n=212) 
between GP-HPLC and NMR were 0.658, 0.863 and 
0.798 (all P＜0.0001), respectively. The correlation 
coefficients in total CM&VLDL, total LDL and total 
HDL at the endpoint (n=212) between GP-HPLC 
and NMR were 0.748, 0.832 and 0.852 (all P＜
0.0001), respectively. These three major lipoprotein 
classes in dyslipidemic patients analyzed by GP-HPLC 
correlated positively with those by NMR in both 
baseline and endpoint data.

As shown in Table 1, the PNs of these major 
classes, total CM&VLDL, total LDL and total HDL 
analyzed by GP-HPLC were 249.5±51.7 nM, 
1,679±359 nM and 13,273±1,564 nM, respectively, 
while those by NMR were 124.6±41.8 nM, 1,514±
386 nM and 31,161±4,839 nM, respectively. The 
PNs of total HDL measured by NMR were 2-fold 
higher than those by GP-HPLC. In contrast, the PNs 
of CM&VLDL measured by GP-HPLC were 2-fold 
higher than those by NMR.

The PNs of each lipoprotein subclass were 
further analyzed. Fig.1-B compares the PNs of CM 
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Fig.1. Comparison of PNs in major lipoprotein classes and their subclasses between GP-HPLC and NMR (closed circle: baseline 
data n=212, open circle: endpoint data n=212)

The horizontal axis is the data by GP-HPLC and vertical axis shows those by NMR, respectively. The r values were calculated by Spearman 
correlation. All p values are p＜0.0001 except for small VLDL and large LDL at the endpoint.
1-A: Correlation of PNs in major lipoprotein classes between GP-HPLC and NMR.
1-B: Correlation of PNs in total CM & VLDL subclasses between GP-HPLC and NMR. In GP-HPLC analysis, CM and VLDL1-VLDL3 
subclasses were grouped and compared as CM & large VLDL. 
1-C: Correlation of PNs in LDL subclasses between GP-HPLC and NMR. In GP-HPLC analysis, LDL1 was described as large LDL, LDL2 
was described as medium LDL and LDL3–LDL6 were grouped and described as small LDL. IDL and large LDL by NMR were described as 
large LDL and medium LDL, respectively, in order to compare three LDL subclasses by NMR.
1-D: Correlation of PNs in HDL subclasses between GP-HPLC and NMR. In subclasses of GP-HPLC analysis, HDL1–HDL3 and HDL5–
HDL6 were grouped, described and compared as large HDL and small HDL, respectively.
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VLDL, while a moderate correlations were observed 
in total LDL and total HDL.  The average particle size 
of total CM & VLDL, total LDL and total HDL 
analyzed by GP-HPLC was 41.37±1.55 nm, 23.91±
6.27 nm and 9.97±0.09 nm, respectively, while that 
by NMR was 54.60±8.84 nm, 19.97±0.39 nm and 
8.83±0.34 nm, respectively.

2. Comparison of the Distribution of Lipoprotein 
Subclasses between GP-HPLC and NMR

The distribution of each lipoprotein subclass was 
compared between GP-HPLC and NMR. As shown 
in Fig.3, the distribution of total CM & VLDL 
subclasses was markedly different between GP-HPLC 
and NMR. CM & large VLDL were dominant in 
GP-HPLC analysis (44%), while medium VLDL was 
the major subclass of lipoproteins in NMR analysis 
(55%). Furthermore, the PNs of small LDL were 
markedly dominant (71%) within total LDL by NMR 
analysis, whereas it was 50% by GP-HPLC analysis. 
The PNs of medium LDL was 38% by GP-HPLC 
analysis, whereas it was very low (14%) by NMR 
analysis. The distribution of HDL subclasses was 
comparable between GP-HPLC and NMR analysis.

3. Comparison of Lipid Concentrations in 
Lipoproteins between GP-HPLC and NMR

GP-HPLC can measure the cholesterol and TG 
concentrations in total serum, major classes of 
lipoproteins and their subclasses. In contrast, NMR 
can evaluate the concentrations of only total TG, 
CM&VLDL-TG and HDL-C. Therefore, we could 
only focus on the difference between GP-HPLC and 
NMR in the concentrations of only total TG, 
CM&VLDL-TG and HDL-C. As shown in Fig.4, 
the correlation coefficients between GP-HPLC and 
NMR in total TG (Fig.4-A), CM&VLDL-TG 
(Fig.4-B) and HDL-C (Fig.4-C) were 0.937, 0.954 

0.472 (all P＜0.0001), respectively. The correlations 
were generally good for large HDL and medium 
HDL, but not so good for small HDL. The absolute 
PNs of each HDL subclass, large, medium and small 
HDL, by NMR was about 2~3-fold of that by 
GP-HPLC, respectively.

Correlations among major classes and subclasses 
by GP-HPLC and NMR analysis are shown in 
Supplementary Table 1. The average PNs of 18 
subclasses consisting of CM, VLDL1–VLDL5, 
LDL1–LDL6, and HDL1–HDL6 by GP-HPLC and 
9 subclasses consisting of large VLDL & CM, 
medium VLDL, small VLDL, IDL, large LDL, small 
LDL, large HDL, medium HDL and small HDL by 
NMR are shown in Table 1.

The NMR algorithm LP3 was used in the 
current study to compare the PNs with GP-HPLC, 
but we also compared the PNs in each subclass 
between NMR algorithm LP2 and LP3. As shown in 
Supplementary Fig.3, the PNs of large VLDL & 
CM, medium VLDL, small VLDL, small LDL and 
small HDL by NMR algorithm LP2 were well 
correlated with those by NMR algorithm LP3. 
However, these correlations were not so good in IDL, 
large LDL, large HDL and medium HDL. Especially 
in IDL and medium HDL subclass, NMR algorithm 
LP2 showed many zero values. However, the number 
of these zero values was decreased in NMR algorithm 
LP3.

The correlations of average particle sizes of total 
CM & VLDL, total LDL and total HDL between 
GP-HPLC and NMR are shown in Fig.2, where the 
horizontal axis exhibits the data by GP-HPLC and the 
vertical axis shows those by NMR, respectively. The 
correlation coefficients between GP-HPLC and NMR 
in each major class were 0.777, 0.436 and 0.531 (all P
＜0.0001), respectively. A good correlation between 
GP-HPLC and NMR was observed in total CM & 

Fig.2. Correlations of average particle sizes of total CM＆ VLDL, total LDL and total 
HDL between GP-HPLC and NMR (baseline data n=212)
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4. Correlations of Serum Apolipoprotein (Apo)B 
and ApoA-1 Levels to the Particle Numbers of 
ApoB-containing Lipoproteins and HDL

We next evaluated the correlations of serum 
ApoB and ApoA-1 levels to the PNs of ApoB-
containing lipoproteins and HDL and compared these 
correlations between GP-HPLC and NMR. The 
horizontal axis in Fig.5-A depicts the PNs of ApoB-
containing lipoproteins, while the vertical axis shows 
serum ApoB concentration in nM, where we used the 

and 0.488 (all P＜0.0001), respectively. Very good 
correlations between GP-HPLC and NMR were 
observed in total TG and CM&VLDL-TG, whereas a 
less good correlation between GP-HPLC and NMR 
was demonstrated in HDL-C. The HDL-C 
concentration by GP-HPLC was highly correlated 
with that by homogeneous HDL-C assay (r=0.968, P
＜0.0001), however the HDL-C concentration 
determined by NMR was not so well correlated with 
that assay (r=0.437, P＜0.0001) (Fig.4-D).

Fig.4. Correlations of lipid concentrations in lipoproteins between GP-HPLC and NMR (A: TG, B: CM&VLDL-
TG, C: HDL-C) and correlations of HDL-C (D) measured by homogeneous method and HDL-C measured 
by GP-HPLC (closed circle) and calculated by NMR(open circle), respectively(baseline data n=212)

Fig.3. Comparison of lipoprotein particle distribution by size between GP-HPLC and 
NMR (baseline data n=212)
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containing lipoproteins, respectively. The number of 
ApoB in one ApoB-containing lipoprotein was 1.10±
0.05 (95% CI: 1.09~1.11) in GP-HPLC, whereas it 
was 1.32±0.18 (95% CI: 1.29~1.34) in NMR 
analysis. The number of ApoB in one ApoB-
containing lipoprotein in NMR analysis was much 
higher than expected. The number of ApoA-1 
molecule in one particle of ApoA-1-containing HDL 
was 3.40±0.17 in GP-HPLC analysis, but it was 
calculated to be 1.46±0.15 in NMR analysis.

5. Effects  of  Pemafibrate on PNs of  Each 
Lipoprotein Subclass Determined by GP-HPLC 
and NMR

We compared the effect of a SPPARMα, 
pemafibrate (K-877) on the PNs of lipoproteins 
between GP-HPLC and NMR analysis (Fig.6). The 
details of the percent changes from baseline of other 
parameters are summarized in Supplementary Table 
2-1 (3 major lipoprotein classes), Supplementary 
Table 2-2 (lipoprotein subclasses) and Supplementary 
Table 2-3 (average size of major lipoprotein classes, 
total TG, CM&VLDL-TG and HDL-C). Consistent 
and dose-dependent reductions in the PNs of CM, 
large VLDL and medium VLDL, but not small VLDL 
were observed after pemafibrate treatment in 
GP-HPLC analysis. 

Regarding LDL, GP-HPLC showed consistent 
and dose-dependent reductions in the PNs of small 
LDL and very small LDL after pemafibrate treatment. 

value of 550,000 as a molecular weight of ApoB. The 
correlations of serum ApoB molecules and the PNs of 
ApoB-containing lipoproteins were evaluated. The 
correlation coefficient was very good in GP-HPLC 
analysis (r=0.966, P＜0.0001), however it was slightly 
reduced in NMR analysis (r=0.855, P＜0.0001). The 
slope of the regression line indicates the number of 
ApoB molecule per one particle of ApoB-containing 
lipoprotein. The slope was approximately 1.0 in 
GP-HPLC analysis, however it was definitely larger 
than 1.0 in NMR analysis. The slope data by 
GP-HPLC analysis but not NMR confirmed the 
previous finding that one ApoB-containing 
lipoprotein contains one ApoB molecule.

In contrast, a marked difference in the PNs of 
ApoA-1-containing HDL was observed between 
GP-HPLC and NMR. Fig.5-B demonstrates the 
correlations of serum ApoA-1 molecules and the PNs 
of ApoA-1-containing HDL, where we used the value 
of 23,800 as a molecular weight of ApoA-I. The 
correlation coefficient between serum ApoA-I 
molecules and the PNs of HDL was very good in 
GP-HPLC analysis (r=0.907, P＜0.0001), however it 
was reduced in NMR analysis (r=0.772, P＜0.0001). 
Furthermore, the slope of the regression line indicates 
the number of ApoA-I molecule per one particle of 
HDL, which appeared much higher in GP-HPLC 
analysis than in NMR analysis. 

Table 2 compares the estimated PNs of ApoB 
and ApoA-1 molecules in ApoB- and ApoA-1-

Fig.5. Correlations of serum ApoB (A) and ApoA-1 (B) levels in nM to the PNs of ApoB-containing lipo-
proteins and HDL(baseline data n=212) for GP-HPLC (closed circle) and NMR-LP3 (open circle)

Table 2. Comparison of the Calculated Numbers of ApoB and ApoA-1 Molecule in One Lipoprotein Particle

GP-HPLC NMR (LP3)

Mean (SD) [95% CI] Mean (SD) [95% CI]

Number of ApoB Molecule in One ApoB-containing Lipoprotein Particle 1.10 (0.05) 1.09 – 1.11 1.32 (0.18) 1.29 – 1.34

Number of ApoA-1 Molecule in One HDL Particle 3.40 (0.17) 3.38 – 3.42 1.46 (0.15) 1.44 – 1.48
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lipoprotein PNs from cholesterol and TG 
concentration of 20 subclasses by GP-HPLC can be 
referred to the reference 40) and 68). The algorithm 
of Gaussian fitting technique for GP-HPLC and the 
detailed data of “spherical particle model” can be 
referred to the patent68). The distribution and changes 
of PNs in 18 lipoprotein subclasses and 3 major 
classes before and after administration are shown in 
column graphs. These GP-HPLC chromatograms 
obtained by simultaneous detection of cholesterol and 
TG may provide much more qualitative and 
quantitative information on the whole lipoprotein 
profiles for each patient. 

Discussion

The current study has, for the first time, 
compared the PNs of each lipoprotein subclass 
measured by GP-HPLC and NMR, and also assessed 
the effect of a selective PPARα modulator, pemafibrate 
in dyslipidemic patients. The PNs of three major 

Furthermore, GP-HPLC showed consistent and dose-
dependent increases in the PNs of large LDL and 
medium LDL after pemafibrate treatment. Regarding 
HDL, pemafibrate showed consistent and dose-
dependent changes in reductions of very large HDL 
and large HDL and increases in medium, small and 
very small HDL in GP-HPLC analysis. 

Supplementary Fig.4 shows the representative 
GP-HPLC chromatograms directly monitoring 
cholesterol and TG as well as the PNs of each subclass 
and 3 major classes before and after pemafibrate 
administration, which are the data of 3 types of 
subjects, namely, (A) a high TG, (B) a high TG with 
low HDL-C and (C) a high TG with high LDL-C. 
The quantification of cholesterol and TG 
concentration detected by online enzymatic reactions 
are presented as chromatograms, separating 20 
subclasses by Gaussian fitting technique as shown in 
Supplementary Fig.1. The PNs of each lipoprotein 
subclass was directly calculated with cholesterol and 
TG concentration, and the details of calculation of 

Fig.6. Comparison of percent changes of PNs by GP-HPLC and NMR (LP3) for lipoprotein subclasses after treatment with 
pemafibrate and fenofibrate

The vertical axis compares the percent changes from the baseline of PNs of lipoprotein subclasses by GP-HPLC (upper panel) and NMR 
(lower panel) in each treatment group; 1: placebo, 2: Pemafibrate 0.025 mg BID, 3: Pemafibrate 0.05 mg BID, 4: Pemafibrate 0.1 mg BID, 5: 
Pemafibrate 0.2 mg BID, 6: Fenofibrate 100 mg QD, respectively. Each lipoprotein subclass is shown in color, and the data represents the 
mean±SE.
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signals corresponding to CMs are increased after a 
meal compared to fasting state in the same 
individual15). In GP-HPLC, CMs can be detected at 
void volume of gel-permeation columns in 
hypertriglyceridemic subjects  as  shown in 
Supplementary Fig.4, subject B. Therefore, the very 
good correlation for CM & Large VLDL-TG values 
between the GP-HPLC and NMR as shown in Fig.4 
can be clearly explained. In contrast, methyl signals of 
NMR corresponding to HDL are buried in the right 
end region of observed peak although signals 
corrsponding to CM are clearly shown in the Figure 6 
of Reference15). These data suggest one of the possible 
reasons for a big difference in the PNs of total HDL 
between GP-HPLC and NMR. The relation between 
measurement temperature and methyl signal strength 
from 15 to 45°C15) also shows a marked dependence 
of methyl signal strength on temperature, implying 
the low reproducibility of NMR method.

In the current study, the NMR algorithm LP3 
was used to compare with GP-HPLC. However, we 
have compared the PNs in each subclass between 
NMR algorithm LP2 and LP3 as demonstrated in 
Supplementary Fig.3. In IDL and medium HDL 
subclass, NMR algorithm LP2 showed many zero 
values, which are frequently reported, for example, by 
Soedamah-Muthu et al. 18), however it has been 
improved in NMR algorithm LP3. We also evaluated 
the correlations between HDL-C level with 
homogeneous HDL-C assay and HDL-C level 
determined by NMR in subjects (n=212) at the 
baseline. The mean±SD of serum HDL-C 
determined by homogeneous HDL-C assay was 
40.8±6.9 mg/dL, while those of HDL-C by 
GP-HPLC was 39.0±6.9 mg/dL. The correlation of 
HDL-C leves determined by homogeneous HDL-C 
assay and GP-HPLC was very good (r=0.968, p＜
0.0001). In contrast, the mean±SD of serum HDL-C 
level by NMR-LP3 was 42.9±7.4 mg/dL and the 
correlation of serum HDL-C level between 
homogeneous HDL-C assay and by NMR-LP3 was 
not so good (r=0.437, p＜0.0001), as shown in 
Fig.4-D. 

Furthermore, the number of ApoB molecule in 
one particle of ApoB-containing lipoprotein  was 1.10 
and 1.32 in GP-HPLC and NMR, respectively. 
However, the number of ApoA-1 molecule in one 
particle of ApoA-1-containing HDL was 1.46 by 
NMR-LP3 and 1.56 by NMR-LP2, respectively (data 
not shown), while it was 3.40 in GP-HPLC analysis. 
In the large-scale study by NMR21-22), the number of 
ApoB molecule and ApoA-I moleclues in one 
lipoproetein particle are reported to be 1.35-1.34 and 
1.50-1.51, respectively. The current literature shows 

lipoprotein classes, total CM&VLDL, total LDL and 
total HDL analyzed by GP-HPLC correlated 
positively with those by NMR. However, there were 
marked variations in the PNs of lipoprotein subclasses 
between the two methods. Although there have been 
several methods to measure lipoproteins in serum or 
plasma28, 40-41), only GP-HPLC and NMR method can 
evaluate whole lipoprotein subclasses from CM to 
HDL according to their particle size and also 
determine the PNs of major lipoprotein classes as the 
assembly of subclasses in serum or plasma without any 
pretreatment. Both methods are considered to be 
appropriate to quantitatively and qualitatively evaluate 
many samples quickly, and therefore they have 
especially been applied to clinical studies. 

First ly,  GP-HPLC can separate serum 
lipoproteins in gel permeation columns according to 
the difference in particle size and has continuously 
been applied to detect and measure cholesterol and 
TG directly by an enzymatic reaction as presented in 
Supplementary Fig.1. Accordingly, the data with 
GP-HPLC method, TC, LDL-C and HDL-C showed 
a good correlation and correspondence with CDC 
(Center for Disease Control and Prevention) reference 
methods34, 69). In the current study, the correlations of 
serum ApoB molecules, ApoA-1 molecules and 
HDL-C with the PNs of ApoB-containing 
lipoproteins, ApoA-1-containing lipoproteins and 
HDL-C concentration by GP-HPLC showed a good 
correlation. In contrast to GP-HPLC, NMR signals in 
NMR method basically depend on particle diffusion 
rates according to lipoprotein size25). The NMR 
analysis of each lipoprotein subclass is performed 
using a whole 1H-NMR signal intensity from methyl 
groups contained in the hydrocarbon chains; 2 methyl 
groups in free cholesterol (FC), 3 in TG, 3 in CE, and 
2 in phospholipids, respectively25, 40). Therefore, the 
direct measurements for each lipid component can 
not be done from 1H-NMR signal information. 
Therefore, the NMR method may be suitable for the 
determination of lipoprotein PNs and the evaluation 
of lipoprotein particle size. In contrast, the GP-HPLC 
method is more suited for the evaluation of 
lipoprotein lipid concentrations than the NMR 
method.

Secondly, NMR method requires a certain 
volume (up to 200 µL) of serum samples because of 
low sensitivity25), while GP-HPLC method requires 
only few microliter of serum due to it’s high sensitivity. 
Furthermore, the high reproducibility of GP-HPLC 
method may not require to measure the samples in 
duplicate, while the low reproducibility of NMR 
method might require duplicate or triplicate 
measurements18, 19). Otvos et al. reported that methyl 
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2: Data analysis of Supplementary Fig.1. All of 20 
lipoprotein subclasses can not be confirmed as physical 
and real peaks. HDL subclasses of HDL3−HDL7 
have been confirmed as physical and real peaks by 
rechromatography technique77). VLDL4, LDL2 and 
HDL4 are the major component peaks of VLDL, 
LDL and HDL in healthy men, respectively, while 
VLDL3, LDL3, and HDL5 are those of VLDL, LDL 
and HDL in patients with familial lipoprotein lipase 
(LPL) deficiency. VLDL5 and HDL2 are those of 
patients with familial type III hyperlipidemia 
associated with apoE2/2 and CETP deficiency40, 67-68, 78). 
Since LDL4−LDL6 and HDL1, minor components 
between LDL and HDL, are virtual and unreal peaks, 
they are frequently analyzed by grouping as major 
subclasses, very small LDL and very large HDL, as 
presented in Table 1.

In conclusion, we have compared the 
lipoproteins and their subclasses analyzed by 
GP-HPLC and NMR. The PNs of major lipoprotein 
classes of total CM&VLDL, total LDL and total 
HDL in dyslipidemic patients analyzed by GP-HPLC 
correlated positively with those by NMR. However, 
the PNs of lipoprotein subclasses differed between two 
methods. The PNs of HDL by NMR were about 
2-fold higher than that by GP-HPLC. The number of 
ApoA-I in one HDL particle was calculated to be 3.40 
by GP-HPLC, while it was 1.46 by NMR, much less 
than that reported in the literature. We have shown a 
clear evidence that GP-HPLC can evaluate the PNs, 
size and lipid concentrations of major lipoproteins 
and their subclasses more accurately than NMR. 
GP-HPLC might be used especially when assessing 
the detailed effects of lipid-lowering drugs on 
lipoprotein subclasses.

Limitations of the Study
The current study has several limitations. Firstly, 

we used the study samples of a phase 2 clinical trial of 
pemafibrate and the subjects were limited to those 
with dyslipidemia. Secondly, we have not performed 
similar analyses for comparison between GP-HPLC 
and NMR in different clinical studies using other 
drugs for dyslipidemia, although we have already 
shown a consistent and detailed changes of lipoprotein 
subclasses in studies administering PCSK9 inhibitor 
evolocumab44) and omega-3 polyunsaturated fatty 
acids48).

Funding

The original phase 2 study of pemafibrate was 
funded by Kowa Company, Ltd. The study sponsor 
had a role in its study design, data collection, analysis, 

that the number of ApoA-1 molecules in one HDL 
particle was estimated to be approximately 2~5 72-74). 
In our current GP-HPLC analysis, the number of 
apoA molecules per one HDL particle and that of 
apoB molecules per one apoB-containing lipoprotein 
particle was 1.10 and 3.40, respectivey, (Fig.5 and 
Table 2), indicating the validity of GP-HPLC method 
for evaluation of the PNs using a mathematical 
simulation model called as “spherical particle 
model”40, 68).

In NMR analysis, the PNs of small LDL % in 
total LDL were markedly dominant (~71%), whereas 
it was ~50% in GP-HPLC analysis. GP-HPLC 
analysis showed that the PNs of small LDL was 
calculated to be 41% of total LDL for control 
subjects41) and 40.2% of total LDL for YUKAWA 
study subjects 44). These values were in a good 
accordance with the results of the current study, 
suggesting the reliability of GP-HPLC method. On 
the other hand, the PNs of small LDL % in total LDL 
were reported to be from 42.9% to 68.8% by NMR 
(LP2 and LP3)21-24). 

We have shown the benefits of GP-HPLC 
method in comparison with NMR especially in 
assessing the efficacy of antilipidemic drugs on the 
PNs, sizes and concentrations of lipoproteins before 
and after therapy. In the current study, we analyzed 
the serum samples of dyslipidemic subjects treated 
with a SPPARMα, pemafibrate, and compared the 
data between GP-HPLC and NMR. GP-HPLC 
showed a dose-dependent and consistent change in 
the PNs, sizes and concentrations of lipoproteins after 
drug administration. GP-HPLC could demonstrate 
more detailed changes than NMR in the size, 
concentration, composition and PNs of major 
lipoproteins as well as their subclasses after 
administration of pemafibrate. GP-HPLC may be 
useful for analysis of lipoprotein profiles as well as a 
quantitative and qualitative evaluation of atherogenic 
lipoproteins such as small dense LDL and VLDL 
remnants, leading to comprehensive assessment of 
dyslipidemia risk. As we have reported recently44, 48), 
GP-HPLC may be applicable and suitable for the 
analysis of subtle changes in lipoprotein subclasses 
after treatment with lipid-modifying drugs. It also 
seems valuable for its application to mega studies 
involving multiple laboratories if a certain calibrator is 
used for GP-HPLC41, 75).

The GP-HPLC using gel permeation column 
inherently has an insufficient capacity of lipoprotein 
separation. In ultracentrifugation analysis, major 
lipoproteins are separated using Gaussian curve fitting 
method76). In order to resolve this problem, we used 
the Gaussian curve fitting method as presented in Step 
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Supplementary Fig.1. Methods of GP-HPLC (LipoSEARCH)

Individual curves of 20 subclasses by Gaussian curve fitting method40, 67-68) are shown in color as follows : CM1 and 
CM2 (peak number 1 and 2), brown; VLDL1−VLDL5 (peak number 3-7) , blue; LDL1−LDL6 (peak number 8-13), 
red; HDL1−HDL7 (peak number 14-20), green.

Supplementary Fig.2. Study protocol of pemafibrate (K-877)
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Supplementary Table 1.  Correlations of PNs among total CM & VLDL and their subclasses measured by GP-HPLC and NMR 
(LP-3)

GP-HPLC NMR LipoProfile 3 (LP-3)

Total CM & VLDL CM & Large VLDL Medium VLDL Small VLDL

r P r P r P r P

Total CM & VLDL
CM & Large VLDL
Medium VLDL
Small VLDL

0.658
0.560
0.617
0.430

＜0.0001
＜0.0001
＜0.0001
＜0.0001

0.313
0.568

-0.046
-0.163

＜0.0001
＜0.0001

0.5041
0.0177

0.502
0.576
0.341
0.170

＜0.0001
＜0.0001
＜0.0001

0.0130

0.226
-0.096
0.468
0.467

0.0009
0.1623

＜0.0001
＜0.0001

GP-HPLC NMR LipoProfile 3 (LP-3)

Total LDL IDL Medium LDL Small LDL

r P r P r P r P

Total LDL
Large LDL
Medium LDL
Small LDL

0.863
0.687
0.868
0.750

＜0.0001
＜0.0001
＜0.0001
＜0.0001

0.329
0.347
0.314
0.257

＜0.0001
＜0.0001
＜0.0001

0.0002

0.516
0.593
0.578
0.291

＜0.0001
＜0.0001
＜0.0001
＜0.0001

0.615
0.284
0.520
0.620

＜0.0001
＜0.0001
＜0.0001
＜0.0001

GP-HPLC NMR LipoProfile 3 (LP-3)

Total HDL Large HDL Medium HDL Small HDL

r P r P r P r P

Total HDL
Large HDL
Medium HDL
Small HDL

0.798
0.312
0.747
0.657

＜0.0001
＜0.0001
＜0.0001
＜0.0001

0.390
0.551
0.477
0.110

＜0.0001
＜0.0001
＜0.0001

0.1091

0.324
0.202
0.407
0.166

＜0.0001
0.0032

＜0.0001
0.0157

0.532
-0.044
0.329
0.588

＜0.0001
0.5194

＜0.0001
＜0.0001

Baseline data (n=212)

Supplementary Fig.3. Comparison of the PNs in each subclass between NMR-LP2 and LP3 (baseline data n=212)

The horizontal axis is the data by NMR-LP2 and vertical axis shows those by NMR-LP3, respectively. The r values were calcu-
lated by Spearman correlation and those in the parenthesis by Spearman correlation. All p values were p＜0.0001. 
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Supplementary Table 2-1.  Percent change from baseline of PNs in 3 major classes of lipoproteins evaluated by GP-HPLC and 
NMR

Placebo Pemafibrate Fenofibrate

0.025 mg BID 0.05 mg BID 0.1 mg BID 0.2 mg BID 100 mg QD

Mean (SD) P value Mean (SD) P value Mean (SD) P value Mean (SD) P value Mean (SD) P value Mean (SD) P value

GP-HPLC

CM & VLDL Week 0 248.4 (49) 240.5 (46) 248.4 (55) 241.0 (57) 261.3 (57) 256.8 (47)
nM Week 12 256.7 (70) 202.0 (40) 182.5 (48) 175.7 (45) 181.2 (48) 202.1 (46)

% Change 3.7 (22) 0.3116 -14.9 (15) 0.0000 -25.6 (16) 0.0000 -25.8 (17) 0.0000 -29.2 (19) 0.0000 -20.6 (15) 0.0000

total LDL Week 0 1657 (322) 1654 (315) 1589 (346) 1678 (415) 1817 (330) 1704 (390)
nM Week 12 1604 (329) 1646 (259) 1511 (330) 1580 (360) 1730 (292) 1658 (339)

% Change -2.9 (11) 0.1145 0.9 (13) 0.6952 -2.3 (17) 0.4039 -3.5 (19) 0.2722 -3.7 (15) 0.1456 -1.0 (16) 0.7095

total HDL Week 0 13288 (1580) 13343 (1705) 13339 (1385) 13474 (1766) 13229 (1441) 12967 (1554)
nM Week 12 13417 (1557) 14070 (2109) 14294 (1937) 14779 (2317) 15176 (2152) 14294 (2127)

% Change 1.4 (9) 0.3637 5.7 (12) 0.0092 7.4 (12) 0.0006 9.8 (11) 0.0000 15.3 (16) 0.0000 10.4 (11) 0.0000

NMR

CM & VLDL Week 0 119.8 (41) 122.2 (45) 122.7 (38) 116.9 (37) 130.4 (51) 135.5 (38)
nM Week 12 123.9 (56) 94.5 (38) 71.8 (29) 64.7 (27) 57.7 (30) 93.2 (39)

% Change 5.9 (38) 0.3659 -10.8 (26) 0.0001 -39.7 (22) 0.0000 -40.8 (28) 0.0000 -44.2 (46) 0.0000 -30.1 (27) 0.0000

total LDL Week 0 1494 (376) 1497 (431) 1428 (411) 1520 (377) 1650 (337) 1498 (373)
nM Week 12 1431 (354) 1522 (347) 1388 (372) 1481 (347) 1646 (380) 1534 (296)

% Change -2.7 (18) 0.3800 6.5 (28) 0.1946 0.6 (25) 0.8907 0.7 (26) 0.8816 3.7 (33) 0.5123 6.5 (26) 0.1387

total HDL Week 0 31103 (5270) 31264 (4932) 31354 (5005) 31722 (5181) 31074 (4235) 30447 (4585)
nM Week 12 32291 (5592) 33727 (5838) 34405 (6180) 35694 (6450) 37317 (6023) 33847 (5807)

% Change 4.7 (13) 0.0425 8.4 (14) 0.0018 10.1 (14) 0.0001 12.9 (13) 0.0000 18.7 (20) 0.0000 11.7 (15) 0.0000
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Supplementary Table 2-2.  Percent change from baseline of PNs in subclasses of lipoproteins evaluated by GP-HPLC and NMR
 Placebo Pemafibrate Fenofibrate

0.025 mg BID 0.05 mg BID 0.1 mg BID 0.2 mg BID 100 mg QD
Mean (SD) P value Mean (SD) P value Mean (SD) P value Mean (SD) P value Mean (SD) P value Mean (SD) P value

GP-HPLC
CM Week 0 4.9 (4.2) 4.5 (3.5) 4.1 (3.3) 4.2 (3.1) 3.3 (3.3) 3.9 (2.4)
nM Week 12 5.2 (3.6) 1.6 (1.4) 1.7 (2.0) 1.3 (1.6) 0.8 (1.1) 1.6 (1.2)

% Change 43.2 (99.7) 0.0150 -41.6 (83.7) 0.0075 -47.8 (49.5) 0.0000 -66.2 (31.4) 0.0000 -61.3 (52.2) 0.0000 -44.5 (46.9) 0.0000
Large VLDL Week 0 109.8 (29.3) 101.3 (25.6) 105.9 (27.4) 104.2 (30.6) 106.0 (28.2) 109.2 (29.1)
nM Week 12 113.5 (41.5) 77.4 (24.9) 68.0 (28.0) 60.8 (25.5) 56.3 (21.3) 77.4 (26.6)

% Change 5.1 (31.6) 0.3426 -22.6 (20.5) 0.0000 -35.2 (21.9) 0.0000 -39.8 (25.7) 0.0000 -43.5 (27.1) 0.0000 -27.5 (22.9) 0.0000
Medium Week 0 79.6 (16.1) 79.0 (16.4) 81.2 (19.1) 79.6 (19.1) 88.4 (19.9) 85.3 (13.8)
VLDL Week 12 81.8 (21.9) 69.3 (13.1) 59.7 (14.8) 59.5 (16.4) 60.7 (16.8) 68.1 (14.7)
nM % Change 3.0 (21.2) 0.4126 -9.6 (22.5) 0.0196 -24.8 (18.0) 0.0000 -24.2 (18.0) 0.0000 -29.4 (21.7) 0.0000 -19.5 (15.9) 0.0000
Small VLDL Week 0 54.1 (11.9) 55.8 (13.8) 57.1 (17.3) 53.0 (13.3) 63.6 (15.1) 58.4 (10.6)
nM Week 12 56.3 (12.1) 53.7 (12.9) 53.1 (16.4) 54.1 (15.2) 63.4 (18.6) 55.0 (11.7)

% Change 5.6 (18.6) 0.0827 -1.7 (20.4) 0.6261 -5.8 (16.8) 0.0444 2.5 (16.6) 0.3710 1.9 (27.7) 0.6941 -4.9 (17.9) 0.1077
Large LDL Week 0 192.8 (43.7) 196.0 (54.4) 195.5 (58.8) 192.7 (45.1) 227.4 (55.4) 204.2 (41.0)
nM Week 12 188.4 (43.6) 222.3 (52.9) 219.9 (62.1) 238.3 (54.1) 288.9 (65.2) 231.7 (47.0)

% Change -1.3 (15.2) 0.6041 16.3 (24.0) 0.0004 14.4 (19.5) 0.0001 25.5 (20.4) 0.0000 31.5 (32.5) 0.0000 15.2 (21.0) 0.0001
Medium LDL Week 0 619.0 (144.1) 612.9 (148.7) 592.8 (156.4) 628.4 (169.8) 688.7 (133.5) 642.7 (163.2)
nM Week 12 588.3 (145.7) 654.2 (128.7) 618.9 (138.9) 654.8 (146.3) 735.2 (128.3) 672.7 (159.6)

% Change -4.6 (11.0) 0.0195 9.0 (16.8) 0.0042 7.4 (22.9) 0.0557 7.5 (21.4) 0.0435 8.6 (19.2) 0.0125 6.3 (15.7) 0.0209
Small LDL Week 0 514.1 (113.7) 510.5 (97.7) 476.0 (107.7) 523.7 (155.0) 552.5 (113.8) 523.3 (140.1)
nM Week 12 499.5 (116.8) 478.1 (90.3) 422.8 (113.6) 430.8 (132.3) 445.0 (97.1) 469.3 (116.8)

% Change -2.2 (13.2) 0.3210 -5.2 (14.2) 0.0416 -9.8 (20.7) 0.0066 -14.7 (23.7) 0.0007 -18.2 (16.3) 0.0000 -7.8 (20.0) 0.0243
Very Small Week 0 331.4 (75.1) 334.1 (66.9) 304.2 (68.7) 333.4 (94.8) 348.4 (79.8) 334.0 (91.1)
LDL Week 12 327.5 (77.2) 291.3 (61.6) 249.0 (68.6) 255.9 (84.6) 260.8 (58.6) 284.3 (76.5)
nM % Change 0.2 (16.7) 0.9440 -12.0 (13.2) 0.0000 -17.3 (17.5) 0.0000 -21.2 (20.9) 0.0000 -23.3 (17.3) 0.0000 -12.7 (20.5) 0.0007
Very Large Week 0 189.5 (33.3) 204.5 (45.0) 194.7 (41.6) 193.9 (40.0) 195.0 (35.4) 196.1 (35.0)
HDL Week 12 191.9 (41.9) 173.6 (31.8) 170.2 (43.1) 159.3 (30.0) 160.9 (26.0) 168.4 (28.1)
nM % Change 2.6 (21.1) 0.4707 -13.5 (14.0) 0.0000 -11.9 (13.7) 0.0000 -16.3 (14.4) 0.0000 -16.1 (15.0) 0.0000 -12.8 (14.1) 0.0000
Large HDL Week 0 615.7 (208.7) 791.5 (378.5) 741.1 (295.8) 684.6 (328.3) 705.7 (238.4) 701.0 (227.7)
nM Week 12 623.5 (257.7) 711.4 (362.0) 703.8 (346.1) 562.5 (293.2) 581.2 (215.5) 598.4 (231.3)

% Change 2.4 (29.6) 0.6416 -9.8 (21.9) 0.0152 -5.7 (21.1) 0.1099 -16.1 (22.9) 0.0002 -15.6 (22.5) 0.0003 -11.2 (25.0) 0.0108
Medium HDL Week 0 3031 (571.3) 3224 (606.8) 3282 (597.7) 3251 (682.4) 3170 (561.5) 3175 (545.6)
nM Week 12 3137 (558.1) 3474 (833.0) 3574 (766.0) 3529 (812.4) 3691 (842.9) 3390 (771.2)

% Change 5.0 (15.4) 0.0650 7.5 (14.6) 0.0060 9.5 (16.2) 0.0011 9.5 (17.5) 0.0026 17.3 (21.5) 0.0000 6.6 (14.3) 0.0087
Small HDL Week 0 5720 (903.2) 5492 (770.8) 5597 (763.4) 5726 (1027) 5552 (700.3) 5414 (866.0)
nM Week 12 5775 (910.0) 5933 (930.5) 6116 (896.8) 6545 (1319) 6632 (1109) 6214 (1201)

% Change 1.5 (10.1) 0.4008 8.3 (11.9) 0.0003 9.7 (11.3) 0.0000 14.4 (12.1) 0.0000 19.9 (16.8) 0.0000 14.9 (13.7) 0.0000
Very Small Week 0 3732 (595.5) 3631 (586.5) 3524 (573.1) 3617 (572.2) 3607 (520.3) 3481 (663.5)
HDL Week 12 3690 (596.4) 3779 (698.3) 3730 (702.0) 3984 (620.6) 4111 (642.0) 3923 (621.1)
nM % Change -0.3 (13.9) 0.9135 4.7 (16.5) 0.1084 6.4 (14.4) 0.0104 11.2 (14.3) 0.0000 15.5 (20.7) 0.0001 14.5 (17.6) 0.0000
NMR
CM & Large Week 0 18.0 (13.8) 14.2 (9.9) 14.6 (12.3) 15.6 (12.5) 11.8 (9.7) 14.5 (12.5)
VLDL Week 12 18.2 (13.8) 7.1 (6.3) 8.5 (8.6) 6.8 (6.4) 5.2 (4.8) 7.6 (6.0)
nM % Change 59.3 (204.7) 0.0957 -0.7 (152.1) 0.9806 23.5 (181.7) 0.4425 13.7 (294.2) 0.7851 -14.3 (115.8) 0.4709 105.1 (768.2) 0.4238
Medium Week 0 67.8 (29.8) 70.0 (37.7) 65.5 (26.7) 64.6 (26.8) 69.4 (38.8) 71.9 (36.9)
VLDL Week 12 68.8 (41.8) 47.7 (22.9) 36.0 (21.5) 28.8 (15.4) 23.1 (14.1) 46.4 (26.0)
nM % Change 10.4 (64.7) 0.3473 -24.6 (42.1) 0.0021 -41.7 (31.8) 0.0000 -51.6 (27.1) 0.0000 -47.3 (82.5) 0.0021 -14.9 (106.5) 0.4053
Small VLDL Week 0 34.0 (25.8) 38.0 (30.1) 42.6 (32.6) 36.7 (26.7) 49.2 (44.1) 49.0 (28.3)
nM Week 12 37.0 (27.2) 39.7 (25.9) 27.3 (18.8) 29.1 (18.7) 29.3 (22.1) 39.2 (23.9)

% Change 81.0 (197.9) 0.0230 138.4 (392.4) 0.0512 -2.5 (125.9) 0.9044 131.6 (624.7) 0.2146 32.0 (250.5) 0.4554 82.8 (379.5) 0.2053
IDL Week 0 236.0 (158.0) 245.2 (141.4) 217.4 (122.5) 204.1 (154.8) 263.5 (173.4) 244.3 (151.5)
nM Week 12 196.5 (141.9) 172.5 (106.4) 166.8 (99.6) 131.4 (96.8) 158.9 (88.0) 192.4 (153.6)

% Change 76.4 (349.6) 0.2049 15.2 (203.6) 0.6700 2.5 (102.5) 0.8812 26.1 (264.1) 0.5569 62.5 (420.4) 0.3849 53.3 (340.9) 0.3613
Large LDL Week 0 179.6 (185.7) 208.4 (210.9) 218.7 (201.7) 229.1 (226.9) 274.2 (241.5) 182.3 (196.5)
nM Week 12 162.1 (178.5) 398.9 (248.0) 414.7 (253.9) 492.9 (251.7) 653.9 (257.9) 469.0 (222.9)

% Change 39.1 (194.5) 0.2882 522.2 (1535.3) 0.0636 404.2 (1096.2) 0.0489 324.5 (450.1) 0.0003 444.4 (847.2) 0.0066 659.5 (1353.0) 0.0097
Small LDL Week 0 1078 (274.9) 1043 (354.0) 992.1 (268.5) 1087 (298.0) 1112 (293.2) 1071 (298.6)
nM Week 12 1072 (277.6) 950.9 (309.4) 806.1 (325.6) 856.6 (282.3) 833.1 (295.3) 872.8 (216.5)

% Change 2.6 (26.1) 0.5549 7.3 (79.0) 0.6005 -15.2 (35.6) 0.0134 -16.9 (30.9) 0.0024 -15.2 (50.7) 0.0851 -13.3 (30.2) 0.0124
Large HDL Week 0 2546 (1193) 3558 (2065) 3051 (1495) 2917 (1473) 2791 (1380) 2944 (1053)
nM Week 12 2743 (1301) 3276 (1682) 2922 (1466) 2281 (971.0) 2409 (1141) 2397 (1100)

% Change 24.9 (84.6) 0.0904 0.3 (40.9) 0.9626 3.7 (45.3) 0.6202 -13.1 (36.6) 0.0386 -2.5 (49.2) 0.7678 -9.8 (52.2) 0.2654
Medium Week 0 6954 (2549) 7273 (3251) 8427 (4578) 7333 (4020) 8511 (2904) 8214 (3435)
HDL Week 12 7717 (3510) 7964 (4657) 9768 (5556) 10142 (5855) 10706 (5105) 9011 (5104)
nM % Change 19.2 (59.6) 0.0644 41.1 (142.7) 0.1079 26.3 (62.9) 0.0155 60.4 (105.6) 0.0015 33.5 (83.2) 0.0231 12.8 (48.1) 0.1193
Small HDL Week 0 21606 (4293) 20439 (4013) 19873 (3422) 21464 (4543) 19789 (3729) 19292 (4043)
nM Week 12 21840 (4020) 22482 (5688) 21730 (4653) 23275 (5079) 24203 (4852) 22439 (4477)

% Change 2.9 (17.5) 0.3414 10.3 (18.5) 0.0030 10.3 (20.1) 0.0037 10.6 (21.5) 0.0057 23.2 (30.2) 0.0001 18.9 (24.3) 0.0000
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Supplementary Table 2-3.  Percent change from baseline of particle size, total TG, CM&VLDL-TG and HDL-C in major classes 
of lipoproteins evaluated by GP-HPLC and NMR

 Placebo Pemafibrate Fenofibrate

0.025 mg BID 0.05 mg BID 0.1 mg BID 0.2 mg BID 100 mg QD

Mean (SD) P value Mean (SD) P value Mean (SD) P value Mean (SD) P value Mean (SD) P value Mean (SD) P value

GP-HPLC
CM & VLDL Week 0 41.8 (1.6) 41.5 (1.8) 41.4 (1.6) 41.5 (1.5) 40.7 (1.5) 41.3 (1.3)
Average  Size Week 12 41.7 (1.7) 40.0 (1.6) 39.7 (2.0) 39.1 (1.9) 38.4 (1.3) 39.9 (1.4)
nm % Change -0.1 (4.1) 0.8856 -3.5 (3.6) 0.0000 -4.0 (3.7) 0.0000 -5.7 (3.7) 0.0000 -5.7 (4.0) 0.0000 -3.3 (4.0) 0.0000

total LDL Week 0 23.9 (0.3) 23.9 (0.3) 23.9 (0.3) 23.9 (0.3) 24.0 (0.3) 23.9 (0.2)
Average  Size Week 12 23.8 (0.3) 24.1 (0.3) 24.3 (0.3) 24.3 (0.3) 24.5 (0.3) 24.2 (0.3)
nm % Change -0.1 (1.0) 0.4872 1.1 (0.8) 0.0000 1.4 (1.0) 0.0000 1.9 (1.1) 0.0000 2.1 (1.4) 0.0000 1.2 (1.2) 0.0000

total HDL Week 0 9.7 (0.1) 9.8 (0.1) 9.8 (0.1) 9.7 (0.1) 9.7 (0.1) 9.8 (0.1)
Average  Size Week 12 9.7 (0.1) 9.7 (0.1) 9.7 (0.1) 9.7 (0.1) 9.7 (0.1) 9.7 (0.1)
nm % Change 0.3 (1.1) 0.1781 -0.5 (0.8) 0.0018 -0.4 (0.9) 0.0059 -0.8 (0.9) 0.0000 -0.6 (0.8) 0.0000 -0.8 (1.1) 0.0000

total TG Week 0 302.6 (104.6) 287.8 (86.8) 287.8 (95.1) 285.8 (105.9) 270.4 (83.3) 291.6 (83.8)
mg/dL Week 12 322.3 (126.3) 201.1 (64.1) 184.6 (81.6) 166.6 (71.5) 151.9 (56.3) 199.9 (67.3)

% Change 10.8 (38.2) 0.1038 -27.8 (22.4) 0.0000 -34.3 (22.2) 0.0000 -39.0 (24.0) 0.0000 -40.4 (23.9) 0.0000 -28.2 (24.8) 0.0000

CM & VLDL- Week 0 244.1 (96.4) 224.5 (78.3) 226.6 (82.5) 225.6 (93.2) 211.4 (72.8) 230.4 (75.9)
TG Week 12 259.6 (112.7) 149.2 (58.3) 136.8 (74.2) 118.3 (62.1) 101.7 (49.9) 149.1 (59.8)
mg/dL % Change 12.3 (42.8) 0.0972 -30.9 (26.1) 0.0000 -38.5 (24.9) 0.0000 -44.9 (26.3) 0.0000 -47.8 (28.8) 0.0000 -31.6 (27.3) 0.0000

HDL-C Week 0 38.5 (5.9) 39.0 (6.2) 39.0 (5.7) 39.3 (6.4) 40.0 (5.9) 38.2 (6.3)
mg/dL Week 12 38.0 (6.2) 43.3 (8.4) 45.0 (8.7) 45.4 (8.0) 47.7 (8.8) 43.6 (8.0)

% Change -0.9 (11.2) 0.6497 11.1 (12.6) 0.0000 15.2 (13.9) 0.0000 16.2 (14.2) 0.0000 20.3 (21.5) 0.0000 14.3 (13.0) 0.0000

NMR
CM & VLDL Week 0 56.9 (9.1) 55.0 (8.8) 54.6 (9.8) 55.8 (8.2) 52.2 (8.4) 53.2 (8.5)
Average  Size Week 12 57.5 (9.9) 50.4 (7.1) 53.3 (9.6) 51.4 (7.7) 51.3 (7.7) 51.1 (6.5)
nm % Change 2.0 (16.1) 0.4673 -6.8 (16.7) 0.0263 -0.9 (16.4) 0.7383 -6.5 (15.6) 0.0165 -1.1 (18.3) 0.7298 -1.9 (14.8) 0.4536

total LDL Week 0 19.9 (0.3) 20.0 (0.4) 20.0 (0.3) 20.0 (0.4) 20.1 (0.4) 19.9 (0.4)
Average  Size Week 12 19.8 (0.3) 20.4 (0.6) 20.6 (0.6) 20.7 (0.6) 21.1 (0.5) 20.6 (0.5)
nm % Change -0.2 (1.8) 0.5353 2.1 (2.4) 0.0000 3.1 (2.5) 0.0000 3.7 (2.4) 0.0000 4.7 (4.0) 0.0000 3.6 (3.0) 0.0000

total HDL Week 0 8.7 (0.3) 8.9 (0.4) 8.8 (0.4) 8.8 (0.4) 8.8 (0.3) 8.9 (0.3)
Average  Size Week 12 8.8 (0.3) 8.7 (0.4) 8.6 (0.3) 8.5 (0.3) 8.5 (0.3) 8.5 (0.2)
nm % Change 1.1 (4.2) 0.1465 -2.2 (3.4) 0.0010 -2.0 (3.9) 0.0027 -2.9 (4.1) 0.0001 -3.2 (4.4) 0.0001 -4.4 (3.3) 0.0000

total TG Week 0 302.6 (104.6) 287.8 (86.8) 287.8 (95.1) 285.8 (105.9) 270.4 (83.3) 291.6 (83.8)
mg/dL Week 12 322.3 (126.3) 201.1 (64.1) 184.6 (81.6) 166.6 (71.5) 151.9 (56.3) 199.9 (67.3)

% Change 9.4 (41.9) 0.1951 -28.7 (24.9) 0.0000 -34.0 (23.3) 0.0000 -42.1 (22.1) 0.0000 -38.8 (32.4) 0.0000 -27.1 (29.4) 0.0000

CM & VLDL- Week 0 244.1 (96.4) 224.5 (78.3) 226.6 (82.5) 225.6 (93.2) 211.4 (72.8) 230.4 (75.9)
TG Week 12 259.6 (112.7) 149.2 (58.3) 136.8 (74.2) 118.3 (62.1) 101.7 (49.9) 149.1 (59.8)
mg/dL % Change 13.2 (49.3) 0.1232 -33.8 (29.6) 0.0000 -40.7 (27.0) 0.0000 -50.0 (25.7) 0.0000 -47.2 (42.2) 0.0000 -32.5 (32.7) 0.0000

HDL-C Week 0 38.5 (5.9) 39.0 (6.2) 39.0 (5.7) 39.3 (6.4) 40.0 (5.9) 38.2 (6.3)
mg/dL Week 12 38.0 (6.2) 43.3 (8.4) 45.0 (8.7) 45.4 (8.0) 47.7 (8.8) 43.6 (8.0)

% Change 3.1 (14.3) 0.2096 -0.2 (15.0) 0.9489 4.8 (15.4) 0.0682 3.1 (14.3) 0.2065 3.6 (18.5) 0.2559 2.2 (15.2) 0.3926
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Supplementary Fig.4.  Representative GP-HPLC chromato-
grams directly monitoring cholesterol 
(pink line) and TG (blue line) as well 
as the PNs of each subclass and 3 
major classes by GP-HPLC and 
NMR-LP3 before (open column) and 
after (closed column) pemafibrate 
administration

4-A: A 44-year-old male subject with high TG (415 mg/dL). 
Pemafibrate 0.1mg BID was administered. 
4-B: A 36-year-old male subject with high TG (650 mg/dL) and 
low HDL-C (30 mg/dL). Pemafibrate 0.1 mg BID was adminis-
tered. 
4-C: A 49-year-old male subject with high TG (345 mg/dL) and 
high LDL-C (210 mg/dL). Pemafibrate 0.2 mg BID was adminis-
tered.
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