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Pemafibrate decreases triglycerides and
small, dense LDL, but increases LDL-C
depending on baseline triglycerides and
LDL-C in type 2 diabetes patients with
hypertriglyceridemia: an observational
study
Ichiro Komiya1,2* , Akira Yamamoto3, Suguru Sunakawa2 and Tamio Wakugami1

Abstract

Background: Pemafibrate, a selective PPARα modulator, has the beneficial effects on serum triglycerides (TGs) and
very low density lipoprotein (VLDL), especially in patients with diabetes mellitus or metabolic syndrome. However,
its effect on the low density lipoprotein cholesterol (LDL-C) levels is still undefined. LDL-C increased in some cases
together with a decrease in TGs, and the profile of lipids, especially LDL-C, during pemafibrate administration was
evaluated.

Methods: Pemafibrate was administered to type 2 diabetes patients with hypertriglyceridemia. Fifty-one type 2
diabetes patients (mean age 62 ± 13 years) with a high rate of hypertension and no renal insufficiency were
analyzed. Pemafibrate 0.2 mg (0.1 mg twice daily) was administered, and serum lipids were monitored every 4–8
weeks from 8 weeks before administration to 24 weeks after administration. LDL-C was measured by the direct
method. Lipoprotein fractions were measured by electrophoresis (polyacrylamide gel, PAG), and LDL-migration
index (LDL-MI) was calculated to estimate small, dense LDL.

(Continued on next page)

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: i.kom.iya@nifty.com
1Department of Internal Medicine, Okinawa Medical Hospital, 2310
Tsuhako-Nishihara, Sashiki, Nanjo, Okinawa 9011414, Japan
2Department of Diabetes and Endocrinology, Medical Plaza Daido Central,
123 Daido, Naha, Okinawa 9020066, Japan
Full list of author information is available at the end of the article

Komiya et al. Lipids in Health and Disease           (2021) 20:17 
https://doi.org/10.1186/s12944-021-01434-8

http://crossmark.crossref.org/dialog/?doi=10.1186/s12944-021-01434-8&domain=pdf
http://orcid.org/0000-0002-4965-4561
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:i.kom.iya@nifty.com


(Continued from previous page)

Results: Pemafibrate reduced serum TGs, midband and VLDL fractions by PAG. Pemafibrate increased LDL-C levels
from baseline by 5.3% (− 3.8–19.1, IQR). Patients were divided into 2 groups: LDL-C increase of > 5.3% (group I, n =
25) and < 5.3% (group NI, n = 26) after pemafibrate. Compared to group NI, group I had lower LDL-C (2.53 [1.96–
3.26] vs. 3.36 [3.05–3.72] mmol/L, P = 0.0009), higher TGs (3.71 [2.62–6.69] vs. 3.25 [2.64–3.80] mmol/L), lower LDL by
PAG (34.2 [14.5, SD] vs. 46.4% [6.5], P = 0.0011), higher VLDL by PAG (28.2 [10.8] vs. 22.0% [5.2], P = 0.0234), and
higher LDL-MI (0.421 [0.391–0.450] vs. 0.354 [0.341–0.396], P < 0.0001) at baseline. Pemafibrate decreased LDL-MI in
group I, and the differences between the groups disappeared. These results showed contradictory effects of
pemafibrate on LDL-C levels, and these effects were dependent on the baseline levels of LDL-C and TGs.

Conclusions: Pemafibrate significantly reduced TGs, VLDL, midband, and small, dense LDL, but increased LDL-C in
diabetes patients with higher baseline TGs and lower baseline LDL-C. Even if pre-dose LDL-C remains in the normal
range, pemafibrate improves LDL composition and may reduce cardiovascular disease risk.
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Background
Major efforts have been made to lower cholesterol (par-
ticularly LDL-C) in daily clinical practice [1]. In the case
of increased triglycerides (TGs), however, there are in-
sufficient active interventions for reducing TGs, as the
TG-lowering effect of existing fibrates is insufficient [2]
and the risk of adverse effects of drug combination is in-
creased. In addition, consistent evidence that lowering
TG levels reduces the risk of cardiovascular events is not
currently available in randomized trials [2].
It has been reported that serum LDL-C levels and ar-

teriosclerosis risk are generally positively correlated and
that the decrease in risk due to LDL-C-lowering therapy
is proportional to LDL-C reduction rate [1]. So-called
statins (HMG-CoA reductase inhibitors) and proprotein
convertase subtilisin/kexin type 9 (PCSK-9) inhibitors to
reduce LDL-C by approximately half at maximum are
used for the purpose of preventing arteriosclerotic dis-
eases including cardiovascular disease (CVD) [3, 4]. At
present, however, the residual risk of 50% or more has
not been resolved, and indicators other than LDL-C level
such as lower HDL-C and TG-rich lipoprotein (chylo-
micron remnants, VLDL remnants, or large VLDL etc.)
have been regarded as therapeutic targets [5, 6]. A large-
scale cohort study showed that the reduction of LDL-C
was not so important for secondary prevention of CVD
[7, 8]. Results from large-scale clinical trials have shown
that hypertriglyceridemia carries a residual risk of car-
diovascular events even with statin use [9, 10].
Pemafibrate (Palmodia®, a selective PPARα modulator),

which was newly released in 2018, has a stronger TG-
lowering effect than existing fibrate preparations and
can be used in combination with statins [11–13].
PPARα, a nuclear receptor expressed mainly in the liver,
is involved in regulating genes associated with lipid me-
tabolism. Pemafibrate selectively regulates target genes
involved in lipid metabolism among these PPARα-
regulated genes [14]. The characteristic structure of

pemafibrate enables alterations in gene transcription fol-
lowing recruitment of different cofactors [15].
There are many research reports that existing fibrates

reduce LDL-C by about 10% [16, 17]. The present study
clarified the relationship between lipoprotein fractions,
LDL-C, and TGs before and after pemafibrate adminis-
tration to Japanese type 2 diabetes patients with
hypertriglyceridemia.

Methods
Patients and study procedures
The target subjects were outpatients with type 2 diabetes
and lifestyle-related diseases visiting Medical Plaza
Daido Central. Patients who were heavy drinkers were
excluded from this retrospective study. Patients with
eGFR less than 45 ml/min were also excluded because
TG-rich lipoprotein and LDL-C accumulate in CKD, es-
pecially early stage CKD [18]. Seventy-two patients with
type 2 diabetes were enrolled in this study, and 21 pa-
tients receiving statins, ezetimibe, or conventional
fibrates were excluded, so 51 type 2 diabetes patients
were recruited. All patients received pemafibrate 0.2 mg
(0.1 mg twice daily) [11]. All patients did not change
their exercise or dietary regimens including alcohol
consumption, during the entire study period. Sodium-
glucose cotransporter 2 inhibitors having lipid-
improving activity were not administered during the
study period.
Lipoprotein electrophoresis (polyacrylamide gel, PAG)

was examined in 42 patients from − 8 weeks before ad-
ministration to just before pemafibrate administration,
and in 40 patients between 4 and 12 weeks after admin-
istration. PAG electrophoresis is covered by public
health insurance and is often used as a routine diagnos-
tic procedure for dyslipidemia in Japan. PAG electro-
phoresis revealed 4 lipoprotein fractions (HDL, VLDL,
midband and VLDL). The LDL-migration index (LDL-
MI) was calculated from the pattern of PAG
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electrophoresis according to a previous report [19]; that
is, the PAG electrophoretic distance between the LDL
and VLDL fractions was divided by that between the
HDL and VLDL fractions. When this value was > 0.400,
it was determined to be an increase in small, dense LDL
(sd-LDL) [19, 20]. LDL-C was measured by the direct
method using Metabolead® LDL-C (Hitachi Kasei Diag-
nostic Systems, Tokyo, Japan) [21].
Since TG levels are apt to fluctuate under the influ-

ence of diet [10], it was confirmed that fasting TG was
> 1.69 mmol/L (150 mg/dL) by repeated measurements.
Blood samples were collected after 9–12 h fasting. Serum
lipids were monitored 4–8 weeks before administration.
The average of the results at 8 weeks before (week − 8),
at 4 weeks before (week − 4), and at start of pemafibrate
(week 0) was used as the baseline value. Blood samples
were analyzed every 4–8 weeks after pemafibrate, up to
24 weeks, and the average of the values was taken as the
mean post-dose value, and the LDL-C increase rate was
calculated using baseline and post-dose values. Assum-
ing that the LDL-C increase rate varied among individ-
ual patients, 51 patients were divided into 2 groups, the
increased LDL-C group (group I) and the no LDL-C in-
crease group (NI group), with the median LDL-C in-
crease rate as the boundary. Results of basal clinical
parameters were shown as the mean (SD). Results of
lipid and liver function tests were shown as the median
(25–75% quartile, IQR) due to non-parametric
distribution.

Statistical analysis
Statistical analysis was performed by t-test, paired t-test,
Wilcoxon signed-rank test, Mann-Whitney U test,
Kruskal-Wallis test, χ2 test. Linear regression analysis
was applied using least-square method. Multivariate re-
gression analysis was performed using 9 baseline vari-
ables (LDL-C, TGs, HDL-C, Non −HDL-C, HDL, LDL,
midband, VLDL and LDL-MI) to examine determinants
for the LDL-C increase rate. JMP for Windows version
12 software (SAS Institute Japan; Tokyo, Japan) was used
for statistical analyses. P values of < 0.05 were considered
statistically significant.

Results
Changes in lipid profile after pemafibrate administration
The clinical background of 51 target patients was shown
in Table 1. The mean age was 62.2 (SD 12.9) years, the
BMI was 26.6 (3.7) kg/m2, and the proportion of males
was 55%. The average HbA1c was 7.4% (1.4), and the
average eGFR was 71.9 (22.3) ml/min/1.73 m2. Hyper-
tension and CVD/stroke complications were 59 and
18%, respectively.
The LDL-C increase rate after pemafibrate administra-

tion varied from patient to patient. The LDL-C increase

rate fluctuated significantly from − 27.8 to 125.6% de-
pending on the case before and after administration with
pemafibrate. Thirty-five of 51 patients (69%) showed
LDL-C increase. Since the median of LDL-C increase
rate in 51 target patients was 5.3% (IQR − 3.8-19.1), pa-
tients with an LDL-C increase rate of > 5.3% were de-
fined as the increased LDL-C group (group I; 25 cases)
and the median LDL-C increase rate in group I after ad-
ministration was 19.1% (IQR 13.3–56.3). Those with an
LDL-C increase rate < 5.3% were defined as the no LDL-
C increase group (NI group; 26 cases) and the median
LDL-C increase rate in group NI after administration
was − 3.7% (− 13.0–1.2) (Table 1). As shown in Table 1,
there were no significant difference in basal clinical
background between the 2 groups.

Comparison of lipid profiles between 2 groups after
pemafibrate administration
Table 2 showed the changes in TG levels before and
after administration (week − 8 to week 24). Pemafibrate
significantly reduced TGs during the administration
period of 24 weeks (P < 0.0001, Kruskal-Wallis test).
Comparing TG between baseline and post-dose, the me-
dian TG decreased from 3.30 (IQR 2.63–4.76) to 2.15
(1.72–2.44) mmol/L after administration (P < 0.0001,
Wilcoxon signed-rank test). The median LDL-C in-
creased slightly from 3.10 (IQR 2.40–3.59) to 3.19 (2.74–
3.70) mmol/L after administration (P = 0.0170). HDL-C
increased by approximately 0.10 mmol/L during 24-week
administration, and the difference was significant (P <
0.0001). Moreover, non −HDL-C was reduced after
pemafibrate administration (4.84 [4.32–5.28] vs. 4.14
[3.52–4.58]) mmol/L, P < 0.0001).
As mentioned above, LDL-C increased notably after

administration in group I; therefore, lipid profiles were
compared between groups I and NI in next step. As
shown in Table 2 and Fig. 1, the increasing tendency in
LDL-C continued throughout the administration period
(P = 0.0483, Kruskal-Wallis test). Comparing LDL-C
levels in group I between baseline and post-dose, the
median LDL-C increased from 2.53 (IQR 1.96–3.26) to
3.31 (2.77–4.11) mmol/L after administration (P <
0.0001, Wilcoxon signed-rank test). Group I was also
characterized by high TGs before administration com-
pared with group NI (3.71 [2.62–6.69] vs. 3.25 [2.64–
3.80] mmol/L), but the difference in TG levels between
the 2 groups disappeared after pemafibrate. Non −HDL-
C was slightly higher in group I than in group NI (4.86
[4.03–5.35] vs. 4.76 [4.45–5.20] mmol/L) and decreased
in both groups after pemafibrate administration.
Table 3 showed the results of lipoprotein fraction

analyses and LDL-MI in PAG electrophoresis. PAG
electrophoresis revealed 4 lipoprotein fractions (HDL,
VLDL, midband and VLDL) but there were cases where
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the midband fraction does not exist. Before pemafibrate
administration, the midband fraction was high in both
groups. The increase of midband suggests the increases
of intermediate-density lipoprotein, VLDL remnant or
remnant-like particle cholesterol, and relates with CVD
[22]. The VLDL fraction was higher in group I than in
group NI (28.2 [SD 10.8] vs. 22.0 [5.2], P = 0.0234, t-
test). Furthermore, the LDL fraction was lower in group
I than group NI (34.2 [14.5] vs. 46.4% [6.5], P = 0.0011).
Lipoprotein PAG electrophoresis revealed a decrease in
the VLDL fraction after pemafibrate administration but
did not indicate the complete disappearance of the mid-
band fraction in either group. The LDL fraction in group
I increased from 34.2 [14.5] to 47.8% [10.9] after pemafi-
brate (P < 0.002). However, there was no difference in
lipoprotein fractions between the groups after pemafi-
brate administration (Table 3).
The LDL-MI before pemafibrate in group I was

0.421 (0.391–0.450), exceeding 0.400, which was sig-
nificantly different from the NI group (0.354 [0.341–
0.396], P < 0.0001, Mann-Whitney U test). These re-
sults suggest that sd-LDL increased in group I. The
LDL-MI in group I dropped to 0.367 (0.344–0.389)
after pemafibrate (P = 0.0002), but it was > 0.400 in
some cases. However, the LDL-MI was almost the
same in both groups after pemafibrate. Figure 2a
showed the correlation between LDL-MI and LDL
fraction before pemafibrate in all measured cases. A
significant inverse correlation was observed (R2 =
0.4283, P < 0.0001, least squares). Figure 2b showed

the correlation between LDL-MI before pemafibrate
and LDL-C increase rate before and after pemafibrate.
A significant positive correlation was observed (R2 =
0.6017, P < 0.0001).
As shown in Table 4, a stepwise multivariate regres-

sion analysis was performed using 9 baseline variables,
and 5 baseline variables (LDL-MI, TGs, LDL-C, HDL-C
and Non −HDL-C) were finally included in the multi-
variate regression model as independent variables that
interacted with LDL-C increase rate. Baseline LDL-C
levels significantly correlated with LDL-C increase rate
(β = − 0.8911, P < 0.0001). Baseline LDL-MI (β = 0.5176,
P < 0.0001), Non −HDL-C (β = 0.7649, P = 0.0001) and
TGs (β = 0.5002, P = 0.0057) positively correlated with
LDL-C increase rate.

Changes in liver function tests
No patients exhibited worsened liver function tests dur-
ing pemafibrate administration. Liver function tests
showed 21% decrease in ALT (24 [17–37] vs. 19 [16–30]
IU/L, P = 0.0010, Wilcoxon signed-rank test). and 16%
decrease in γGTP (37 [26–86] vs. 31 [19–54] IU/L, P <
0.0001). Baseline levels of ALT and γGTP were slightly
higher in group I than in group NI. The improvement
rates of ALT and γGTP in group I were higher than
those in group NI, but no statistical difference between
2 groups was shown. HbA1c did not change at all
throughout the 24 weeks of pemafibrate administration
(Table 5).

Table 1 Baseline characteristics of all patients and patients with/ without an increase in LDL-C after pemafibrate

Characteristic Total Increased LDL-C group
(group I)a

No LDL-C increase group
(group NI)b

P*

Cases no. (%) 51(100) 25 (49) 26 (51)

Cases of LDL-C increase, no. (%) 35 (69) 25 (100) 10 (38)

% increase in LDL-C, median (IQR) 5.3 (−3.8–19.1) 19.1 (13.3–56.3) − 3.7 (−13.0–1.2)

Males, no. (%) 28 (55) 17 (68) 11 (42) 0.0653

Age, mean (SD), years 62.2 (12.9) 60.7 (13.2) 63.7 (12.7) 0.4168

BMI, mean (SD), kg/m2 26.6 (3.7) 27.1 (4.0) 26.1 (3.4) 0.3496

HbA1c, mean (SD), % 7.4 (1.4) 7.2 (1.3) 7.5 (1.5) 0.5568

eGFR, mean (SD), mL /min/1.73 m2 71.9 (22.3) 74.8 (23.4) 69.2 (21.3) 0.3732

Complications

Hypertension, no. (%) 30 (59) 14 (56) 16 (62) 0.6879

CVD/stroke, no. (%) 9 (18) 6 (24) 3 (12) 0.2432

Treatment for diabetes

OHA, no. (%) 36 (71) 16 (64) 20 (77) 0.4685

Insulin + OHA, no. (%) 4 (8) 3 (12) 1 (4)
a% increase in LDL-C > 5.3%; b% increase in LDL-C < 5.3%. P < 0.05 was considered statistically significant (χ2 test or t-test). *Statistical analysis between increased
LDL-C and no LDL-C increase groups using the χ2 test or the t-test. BMI Body mass index, HbA1c Glycated hemoglobin, eGFR Estimated glomerular filtration rate,
LDL-C Low density lipoprotein cholesterol, IQR Inter-quartile range, OHA ORAL hypoglycemic agents.
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Table 2 Changes in lipid profile after pemafibrate treatment

Characteristic Weeks after pemafibrate treatment Pemafibrate treatment

Week
− 8

Week
− 4

Week 0 Week 4 Week 8 Week
12

Week
16

Week
20

Week
24

P* Baselinea Post-
doseb

P**

TG, median (IQR), mmol/L

Total 3.01
(2.50–
4.08)

3.49
(2.60–
5.43)

3.60
(2.69–
5.44)

2.19
(1.55–
2.47)

2.11
(1.47–
2.42)

1.99
(1.42–
2.87)

2.27
(1.72–
2.81)

2.70
(2.01–
3.59)

2.08
(1.75–
2.69)

<
0.0001

3.30
(2.63–
4.76)

2.15
(1.72–
2.44)

<
0.0001

Increased LDL-C
group (group I)

3.25
(2.47–
6.27)

4.52
(2.63–
6.11)

4.03
(2.60–
7.24)

2.22
(1.56–
2.47)

2.07
(1.40–
2.45)

2.00
(1.85–
3.07)

2.27
(1.73–
3.10)

2.74
(2.04–
4.21)

1.90
(1.59–
2.83)

<
0.0001

3.71
(2.62–
6.69)

2.11
(1.61–
2.57)

<
0.0001

No LDL-C in-
crease group
(group NI)

2.90
(2.51–
3.77)

3.01
(2.31–
4.03)

3.26
(2.77–
4.08)

2.10
(1.50–
2.54)

2.17
(1.68–
2.42)

1.70
(1.26–
2.50)

2.22
(1.64–
2.69)

2.57
(1.82–
3.10)

2.24
(1.82–
2.69)

<
0.0001

3.25
(2.64–
3.80)

2.20
(1.92–
2.42)

<
0.0001

P*** 0.3946 0.0683 0.1178 0.5890 0.6870 0.3952 0.7561 0.5934 0.7648 0.1495 0.6241

LDL-C, median
(IQR),

mmol/L

Total 3.10
(2.61–
3.59)

3.00
(2.23–
3.47)

3.08
(2.30–
3.59)

2.84
(2.33–
3.41)

3.15
(2.64–
3.72)

2.72
(2.15–
3.36)

3.13
(2.59–
3.52)

2.72
(1.97–
3.65)

2.92
(2.59–
3.57)

0.8679 3.10
(2.40–
3.59)

3.19
(2.74–
3.70)

0.0170

Increased LDL-C
group (group I)

2.66
(2.02–
3.21)

2.66
(1.91–
3.52)

2.51
(1.71–
3.13)

3.21
(2.25–
3.49)

3.28
(2.72–
4.19)

3.10
(1.91–
3.67)

3.00
(2.46–
3.75)

3.31
(1.86–
3.96)

3.39
(2.87–
4.09)

0.0483 2.53
(1.96–
3.26)

3.31
(2.77–
4.11)

<
0.0001

No LDL-C in-
crease group
(group NI)

3.26
(2.92–
3.78)

3.26
(2.82–
3.47)

3.52
(2.87–
3.75)

2.69
(2.33–
2.84)

2.92
(2.64–
3.41)

2.59
(2.22–
3.05)

3.15
(2.72–
3.44)

2.64
(2.28–
3.21)

2.74
(2.56–
3.10)

0.0157 3.36
(3.05–
3.72)

3.03
(2.66–
3.44)

0.0022

P*** 0.0024 0.0759 0.0008 0.4414 0.1583 0.4616 0.7042 0.8415 0.0603 0.0009 0.2418

HDL-C, median
(IQR),

mmol/L

Total 1.27
(1.01–
1.45)

1.22
(0.98–
1.42)

1.22
(1.01–
1.42)

1.22
(1.09–
1.45)

1.37
(1.16–
1.53)

1.42
(1.14–
1.55)

1.29
(1.06–
1.47)

1.22
(0.98–
1.55)

1.27
(1.01–
1.55)

0.5147 1.22
(1.03–
1.40)

1.32
(1.14–
1.53)

<
0.0001

Increased LDL-C
group (group I)

1.16
(0.93–
1.37)

1.22
(0.96–
1.32)

1.14
(0.85–
1.32)

1.14
(1.06–
1.27)

1.37
(1.06–
1.50)

1.37
(1.22–
1.45)

1.22
(0.91–
1.50)

1.19
(0.96–
1.55)

1.27
(1.03–
1.66)

0.2396 1.16
(0.93–
1.29)

1.29
(1.09–
1.53)

<
0.0001

No LDL-C in-
crease group
(group NI)

1.29
(1.14–
1.55)

1.29
(1.03–
1.58)

1.32
(1.06–
1.50)

1.42
(1.11–
1.47)

1.37
(1.16–
1.60)

1.45
(0.98–
1.71)

1.34
(1.11–
1.47)

1.24
(1.09–
1.55)

1.29
(1.09–
1.53)

0.9936 1.32
(1.06–
1.50)

1.34
(1.14–
1.55)

0.0258

P*** 0.0465 0.1829 0.0194 0.1589 0.5368 0.9096 0.6165 0.8413 1.0000 0.0267 0.5090

Non −HDL-C,
median

(IQR), mmol/L

Total 4.71
(4.37–
5.15)

4.55
(4.34–
5.72)

4.71
(4.27–
5.43)

3.52
(3.10–
4.37)

4.27
(3.52–
4.78)

3.80
(3.10–
4.34)

4.14
(3.72–
4.45)

4.03
(3.59–
4.47)

3.96
(3.62–
4.31)

<
0.0001

4.84
(4.32–
5.28)

4.14
(3.52–
4.58)

<
0.0001

Increased LDL-C
group (group I)

4.73
(4.09–
5.46)

4.65
(3.98–
6.52)

4.55
(4.01–
5.33)

3.85
(3.26–
4.76)

4.45
(3.52–
4.99)

4.16
(3.28–
4.53)

3.98
(3.67–
4.55)

3.98
(3.57–
4.78)

4.06
(3.72–
4.99)

0.1581 4.86
(4.03–
5.35)

4.24
(3.41–
4.84)

0.0063

No LDL-C in-
crease group
(group NI)

4.71
(4.40–
5.04)

4.55
(4.34–
5.59)

4.84
(4.40–
5.66)

3.34
(2.82–
3.70)

4.19
(3.39–
4.63)

3.62
(2.84–
3.98)

4.22
(3.75–
4.42)

4.09
(3.08–
4.34)

3.75
(3.52–
4.11)

<
0.0001

4.76
(4.45–
5.20)

4.06
(3.57–
4.50)

<
0.0001

P*** 0.7853 0.9613 0.2362 0.2466 0.2472 0.3356 0.6662 0.8415 0.1653 0.6834 0.5220

P < 0.05 was considered statistically significant. aMean value of 3 measurements before pemafibrate; bMean value of 6 measurements after pemafibrate. *,
Statistical analysis was done using the Kruskal-Wallis test. **, Statistical analysis was done using Wilcoxon signed-rank test. ***, Statistical analysis between groups
I and NI was done using the Mann-Whitney U test. IQR Inter-quartile range, TG Triglycerides, LDL-C Low density lipoprotein cholesterol, HDL-C High density
lipoprotein cholesterol
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Adverse effects
Of the 51 cases, one patient exhibited muscle pain
symptoms, but no significant increase in CPK was
observed.

Discussion
This study demonstrated the long-term effect of pemafi-
brate on LDL-C levels for 24 weeks in patients with type
2 diabetes with hypertriglyceridemia. Pemafibrate 0.2 mg
(0.1 mg twice daily) significantly reduced serum TGs and
VLDL by PAG electrophoresis and slightly increased
HDL-C following administration to type 2 diabetes pa-
tients with hypertriglyceridemia. Although LDL-C levels

were not considerably altered, pemafibrate for 24 weeks
increased LDL-C levels by 5.9% as median. The increase
in LDL-C was stably maintained over 24 weeks. LDL-C
levels decreased in only 31% (16 of 51) patients after
pemafibrate. Furthermore, It was demonstrated for the
first time that the increase in LDL-C after pemafibrate
had lower LDL-C, higher TGs, higher Non −HDL-C,
higher sd-LDL and higher midband at baseline.
It should be noted that there was a considerable num-

ber of cases of increased LDL-C in this study during
treatment with pemafibrate. Previous study showed that
the baseline TGs and LDL-C were key determinants of
the changes in LDL-C [12]. However, the existence of an

Fig. 1 Profile of LDL-C between groups before and after pemafibrate administration. Median and IQR of LDL-C in group I are shown in red
boxplots and those in group NI are shown in black boxplots

Table 3 Results of analyses of lipoprotein fraction and LDL-MI after pemafibrate treatment

Characteristic Baseline Post-dose

Increased LDL-C group
(group I)
(n = 21)

No LDL-C increase group
(group NI)
(n = 21)

P* Increased LDL-C group
(group I)
(n = 20)

No LDL-C increase group
(group NI)
(n = 20)

P*

Lipoprotein fraction (PAG electrophoresis)

HDL, mean (SD),
%

21.0 (7.8) 19.0 (5.2) ** 0.3358 20.7 (5.6) 23.6 (5.2) 0.0907

LDL, mean (SD),
%

34.2 (14.5)*** 46.4 (6.5) 0.0011 47.8 (10.9) 44.9 (5.5) 0.2867

Midband, mean
(SD), %

18.5 (8.5) 12.5 (6.4) 0.0141 14.7 (6.6) 14.4 (8.8) 0.9034

VLDL, mean
(SD), %

28.2 (10.8) *** 22.0 (5.2) ** 0.0234 17.1 (6.3) 17.3 (6.2) 0.9399

LDL-MI, median
(IQR)

0.421 (0.391–0.450) **** 0.354 (0.341–0.396) <
0.0001

0.367 (0.344–0.389) 0.348 (0.331–0.380) 0.2339

P<0.05 was considered statistically significant. *, Statistical analysis between 2 groups was done using the t-test or Mann-Whitney U test. **, P<0.02 vs. group NI at
post-dose (t-test). ***, P<0.002 vs. group I at post-dose (t-test). ****, P=0.0002 vs. group I at post-dose (Mann-Whitney U test). PAG Polyacrylamide gel, LDL-MI LDL
migration index, LDL-C Low density lipoprotein cholesterol, IQR Inter-quartile range, HDL High density lipoprotein, LDL Low density lipoprotein, VLDL Very-low
density lipoprotein
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increased LDL-C was briefly mentioned but not dis-
cussed as the main issue in previous studies, includ-
ing patients with dyslipidemia other than diabetes
[11–13, 23–25]. Since present study only targets dia-
betes patients with hypertriglyceridemia, it is conceiv-
able that the rate of increase in LDL-C was higher
than in previous reports. Compared to group NI,
group I had lower LDL-C (2.53 vs. 3.36 mmol/L),
higher TGs (3.71 vs. 3.25 mmol/L), lower LDL frac-
tion by PAG electrophoresis (34.2 vs. 46.4%), higher
midband fraction (18.5 vs. 12.5%), and higher LDL-MI
(0.421 vs. 0.354) at baseline. It was reported previ-
ously that bezafibrate slightly increased the LDL-C
levels from 124 ± 37 mg/dL (3.21 ± 0.96 mmol/L) to
126 ± 31 mg/dl (3.26 ± 0.80 mmol/L) in diabetes pa-
tients, and LDL-C increase rate varied according to

the baseline LDL-C level, with a significant increase
in < 120 mg/dL (3.10 mmol/L) of LDL-C [26]. It was
reported that a similar increase effect of LDL-C was
brought by weight loss in hypertriglyceridemic pa-
tients [27].
This relationship between baseline TGs and LDL-C

can be explained by the precursor-product relationship
between VLDL and LDL, LDL is produced as an ultim-
ate product of the lipolytic conversion of VLDL [28].
Fibrates, including pemafibrate, activate lipoprotein lip-
ase (LPL) and hepatic triglyceride lipase to promote the
catabolism TG-rich lipoprotein and also attenuate VLDL
synthesis to reduce serum TGs [29]. It is assumed that
LDL and HDL are produced during the catabolism of
the TG-rich lipoprotein [27, 28]. Since pemafibrate has a
stronger TG-rich lipoprotein catabolism than existing
fibrates, it is presumed that pemafibrate increases LDL-
C and changes LDL-C composition [11–13, 30]. Pemafi-
brate has been reported to increase the size and decrease
the number of LDL particles [24]. The increase in LDL-
C after pemafibrate treatment suggests the actual im-
provement in lipoprotein metabolism. On the other
hand, the increase in LDL-C levels with TG reduction
by pemafibrate might lead clinicians to question the clin-
ical efficacy of the treatment. Further studies are needed
to define the mechanisms underlying the variability of
the effects of pemafibrate on LDL-C.
The baseline LDL-MI in group I exceeded 0.400, sug-

gesting that sd-LDL increased [30]. This study thus re-
vealed that baseline sd-LDL increases and significantly
improves after pemafibrate administration. Higher base-
line TGs and lower baseline LDL-C appear to be in-
volved in the baseline sd-LDL increase and post-dose

Fig. 2 A Relationship between LDL-C and LDL-MI before pemafibrate. The regression line and its 95% confidence interval are shown (R2 = 0.4283,
P < 0.0001, least squares method). B Relationship between percent increase in LDL-C and LDL-MI before pemafibrate. The regression line and its
95% confidence interval are shown (R2 = 0.6017, P < 0.0001)

Table 4 Multivariate regression analysis between LDL-C increase
rate and baseline lipid parameters

Variables β (standardized coefficient) P

Baseline LDL-C −0.8911 <0.0001

Baseline TGs 0.5002 0.0057

Baseline Non −HDL-C 0.7649 0.0001

Baseline LDL-MI (PAG) 0.5176 <0.0001

Baseline HDL-C 0.1413 0.1341

Baseline HDL (PAG) NI –

Baseline LDL (PAG) NI –

Baseline Midband (PAG) NI –

Baseline VLDL (PAG) NI –

Statistical analysis by stepwise multiple regression was performed to examine
determinant factors for LDL-C increase rate. P < 0.05 was considered
statistically significant. NI Not included in the model, PAG Polyacrylamide gel
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LDL-C increase. The ARIC study reported that the risk
of CVD was associated with an increase in sd-LDL-C ra-
ther than large buoyant LDL-C [31]. In a study of ische-
mic heart disease in elderly Japanese men, patients with
high levels of sd-LDL had increased risk of CVD events
over the next 5 years [32]. In the present study, CVD/
stroke complications were not higher in group I, but the
number of cases was too small to draw conclusions.
Higher values of sd-LDL occur when both non −

HDL-C and TGs are high [33]. As the present study
showed an inverse correlation between baseline LDL-
MI and baseline LDL fraction by PAG electrophoresis,
it was suggested that an increase in sd-LDL and a de-
crease in the LDL fraction are synchronized

phenomenon associated with lipid metabolism in pa-
tients with type 2 diabetes. There was a positive cor-
relation between baseline LDL-MI and the LDL-C
increase rate. This strongly suggests that pemafibrate
decreases sd-LDL and increases large buoyant LDL in
type 2 diabetes patients.
PCSK9 inhibitors, monoclonal antibodies that bind to

free PCSK9, have potent effect on LDL-C reduction, and
are recommended to use in patients with high CVD risk
or familial hypercholesterolemia [34]. Whether or not
PCSK9 inhibitors reduce CVD events is not yet to be
clarified [35]. Moreover, PCSK9 inhibitors seem to be
less efficient lowering sd-LDL [36], different from the
pemafibrate effect.

Table 5 Changes in liver function and HbA1c after pemafibrate treatment

Characteristic Weeks after pemafibrate treatment Pemafibrate treatment

Week
−8

Week
−4

Week 0 Week
4

Week
8

Week
12

Week
16

Week
20

Week
24

P* Baselinea Post-
doseb

P**

AST, median (IQR), IU/L

Total 21
(18–29)

22 (18–
30)

23 (19–
33)

21
(18–34)

23
(18–31)

24
(21–44)

23
(19–29)

22
(19–33)

21
(19–29)

0.9212 23 (18–
31)

23 (19–
31)

0.9139

Increased LDL-C group
(group I)

23
(19–34)

26 (21–
33)

23 (20–
36)

19
(18–32)

20
(17–33)

26
(21–48)

23
(18–40)

23
(20–43)

20
(19–22)

0.6619 23 (19–
34)

21 (18–
34)

0.3833

No LDL-C increase
group (group NI)

20
(17–27)

20 (17–
29)

20 (18–
29)

21
(19–35)

24
(19–28)

23
(21–40)

24
(20–28)

21
(17–49)

23
(16–34)

0.9440 20 (18–
28)

25 (20–
29)

0.6184

P*** 0.2611 0.1970 0.1894 0.4655 0.3690 0.6480 0.9545 0.5388 0.8421 0.2273 0.4646

ALT, median (IQR), IU/L

Total 22
(18–36)

26 (18–
37)

23 (18–
40)

19
(16–29)

20
(17–27)

19
(17–58)

21
(16–31)

18
(15–23)

17
(15–24)

0.1297 24 (17–
37)

19 (16–
30)

0.0010

Increased LDL-C group
(group I)

28
(19–40)

30 (19–
39)

31 (19–
41)

19
(17–28)

20
(15–38)

19
(16–62)

23
(17–38)

19
(15–33)

18
(14–25)

0.1802 31 (21–
40)

19 (16–
34)

0.0040

No LDL-C increase
group (group NI)

22
(17–29)

23 (16–
36)

20 (17–
29)

19
(15–38)

20
(17–25)

17
(17–53)

21
(16–30)

18
(14–53)

17
(15–24)

0.9352 22 (17–
29)

21 (17–
26)

0.0909

P*** 0.1606 0.1605 0.0582 1.0000 0.9269 0.9091 0.5141 1.0000 0.8427 0.0520 0.9918

γGTP, median (IQR), IU/L

Total 34
(26–94)

46 (28–
83)

39 (24–
92)

34
(21–48)

30
(18–47)

43
(31–74)

28
(15–57)

34
(20–57)

33
(20–65)

0.0656 37 (26–
86)

31 (19–
54)

<
0.0001

Increased LDL-C group
(group I)

43
(31–98)

67 (31–
110)

53 (28–
102)

39
(29–60)

32
(22–53)

53
(32–80)

37
(14–71)

40
(29–67)

38
(25–71)

0.2944 48 (28–
101)

34 (26–
75)

<
0.0001

No LDL-C increase
group (group NI)

31
(20–77)

36 (24–
63)

32 (18–
54)

20
(12–49)

23
(17–34)

31
(14–44)

25
(16–47)

18
(13–46)

31
(15–49)

0.4730 30 (19–
62)

26 (17–
43)

<
0.0001

P*** 0.0975 0.0643 0.0382 0.1118 0.1074 0.0471 0.2486 0.0570 0.1392 0.0600 0.0992

HbA1c, mean (SD), %

Total 7.5
(1.5)

7.7 (1.5) 7.4 (1.6) 7.6
(1.2)

7.4
(1.6)

7.2
(1.4)

7.2
(1.3)

7.9
(1.4)

7.1
(1.9)

0.7897 7.4 (1.4) 7.3 (1.5) 0.0502

Increased LDL-C group
(group I)

7.6
(1.7)

7.5 (1.3) 7.2 (1.1) 7.4
(1.3)

7.3
(1.3)

7.0
(1.6)

7.3
(1.4)

7.7
(1.8)

6.7
(1.4)

0.8251 7.2 (1.3) 7.1 (1.3) 0.1510

No LDL-C increase
group (group NI)

7.5
(2.0)

8.0 (1.6) 7.5 (2.0) 7.8
(1.1)

7.5
(1.9)

7.4
(1.1)

7.2
(1.3)

8.1
(0.8)

7.4
(2.3)

0.9534 7.5 (1.5) 7.4 (1.6) 0.1561

P*** 0.7866 0.3344 0.5476 0.5551 0.6126 0.6060 0.7508 0.6851 0.3621 0.5568 0.4819

P<0.05 was considered statistically significant. *, Statistical analysis was done using the Kruskal-Wallis test or ANOVA. aMean value of 3 measurements before
pemafibrate; bMean value of 6 measurements after pemafibrate. **, Statistical analysis was done using Wilcoxon signed-rank test or paired t-test. ***, Statistical
analysis between 2 groups I and NI was done using the Mann-Whitney U test or t-test. LDL-C Low density lipoprotein cholesterol, HbA1c Glycated hemoglobin
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Hypertriglyceridemia is defined as a fasting TG value
of ≥1.69 mmol/L (150 mg/dL). As in hypercholesterol-
emia (mainly increased LDL-C), hypertriglyceridemia
has been epidemiologically associated with many athero-
sclerotic diseases including CVD [37]. However, unlike
cholesterol, TGs do not accumulate in atherosclerotic
plaques on the walls of blood vessels, and TGs per se do
not promote atherosclerosis [38]. In general, when
serum TG concentrations rise, the cholesterol contained
in TG-rich lipoprotein increases and total cholesterol
concentrations also rise [39]. In patients with hyperten-
sion and/or insulin resistance, the metabolism of lipo-
proteins is delayed and they remain in the blood
circulation for a variety of reasons [40]. The retained
remnants are taken up by macrophages, and cholesterol
accumulates in atherosclerotic lesions [41].
It is well known that VLDL and LDL are apo B-

containing lipoproteins associated with arteriosclerosis.
Lowering LDL-C by 40 mg/dL (1.03 mmol/L) has been
reported to reduce the risk of cardiovascular events by
20% [6]. Assuming that all apo B-containing particles
have almost the same atherogenic effect [6], the TG
value needs to be reduced by 5 times that of LDL-C, ap-
proximately 200 mg/dL (2.26 mmol/L), from a simple in-
terpretation of Friedewald’s formula. However, the TG-
lowering effect of existing fibrates is not significant,
making it impossible to significantly reduce the risk of
major cardiovascular events [23]. On the other hand, in
present study, pemafibrate significantly decreased TGs
from 3.30 to 2.15 mmol/L in all cases and from 3.71 to
2.11 mmol/L in patients with higher LDL-C increase
rate. It was concluded that this significant reduction in
TGs caused a decrease in large VLDL and a change in
LDL composition [42]. This study suggested that pemafi-
brate increased LDL-C not by increasing the particle
number of LDL, but rather by increasing the cholesterol
content of LDL.
In hypertriglyceridemia, VLDL cholesterol and/or non

−HDL-C are increased, which has atherosclerosis-
inducing properties similar to or higher than LDL cho-
lesterolemia [43]. According to current guidelines for ar-
teriosclerosis, non −HDL-C should be evaluated instead
of LDL-C in cases such as severe hypertriglyceridemia
[5]. The LDL-C value is said to underestimate the car-
diovascular risk. When the non −HDL-C level is high,
cholesterol lowering therapy is prioritized, as in LDL
cholestrolemia [5, 44]. Non −HDL-C was certainly high
before pemafibrate and decreased after administration in
this study.

Study strength and limitations
There are several study strengths in this study. First, the
reliable LDL-C direct assay, a Metabolead LDL-C® (Hita-
chi Kasei Diagnostic Systems), could be used for LDL-C

estimation, and the results were consistent with the lipo-
protein PAG electrophoresis results. Moreover, this dir-
ect method has already been shown to be consistent
with ultracentrifugation, unless the TGs exceed 11.29
mmol/L (1,000 mg/dL) [21]. There were no patients with
a fasting TG level of 11.29 mmol/L or higher in this
study, therefore, any effect of hypertriglyceridemia on
the LDL-C assay (false low value) could be ruled out.
Second, serum lipids were followed every 4–8 weeks for
24 weeks to evaluate lipids with variable values. Measur-
ing the lipid profile several times is more accurate than
simply assessing it before and after pemafibrate adminis-
tration. Finally, PAG electrophoresis, which is a simple
and inexpensive method, was used for the estimation of
sd-LDL and lipoprotein fractions. Thus, in some diabetes
cases, LDL-C was relatively low before pemafibrate and
LDL-C increased after pemafibrate, demonstrating that
the composition of LDL was significantly changed due
to the TG-rich lipoprotein lowering effect of
pemafibrate.
This study has several limitations. First, instead of dir-

ectly measuring sd-LDL, determination of LDL-MI by
PAG electrophoresis was used as a substitute. However,
many reports indicated that the results of both are
strongly correlated [19, 20]. Second, there were not
many target patients in this study, and because of the
retrospective nature, results of lipoprotein PAG electro-
phoresis were not obtained in several patients. However,
statistically significant results were obtained despite the
small number of patients. It would be needed to increase
the number of target patients in the future. Finally, this
study did not show results for serum apolipoproteins
such as apo B and apo E. It cannot be ruled out that
present study may include patients with type III hyper-
lipidemia [45]. As the patients had a high proportion of
combined hyperlipidemia, it might be close to the “lipo-
protein abnormality similar to type III hyperlipidemia”
reported by Matsuzawa et al. [46]. Cardiovascular events
are frequently observed in “lipoprotein abnormalities
similar to type III hyperlipidemia”, so the future risk of
CVD/stroke complications in the examined cases should
be followed closely [13].

Conclusion
The superiority of pemafibrate allows control of serum
TG levels and sd-LDL, which were previously inadequate
with conventional treatment [2, 11, 22]. At the same
time, there were cases in which LDL-C levels fluctuate
markedly before and after pemafibrate administration. It
was also shown that measurement of LDL-C by the dir-
ect assay instead of the recommended measurement of
non −HDL-C is useful in the pathologic evaluation of
type 2 diabetes patients with high TGs. It is necessary to
review recommendations in the arteriosclerosis guideline
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[5]. Moreover, the direct LDL-C assay combined with
lipoprotein PAG electrophoresis enables easy evaluation
of TG-rich lipoprotein. Even in statin-treated type 2
diabetes patients whose LDL-C remains within the
therapeutic range, clear increases in sd-LDL with
hypertriglyceridemia are inherent [31], pemafibrate or
ezetimibe, which have a TG-rich lipoprotein-lowering
effect, might be considered as drugs for add-on therapy
[47]. The above data suggest a need to review the diag-
nostic indices and control standards for lipids in patients
with type 2 diabetes.
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