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Introduction

Dyslipidemia is a major risk factor for 
atherosclerotic cardiovascular disease (ASCVD), and 
low-density lipoprotein cholesterol (LDL-C) is the 
primary target for preventing the development of 
atherosclerotic lesions1). Although the benefit of 
decreasing LDL-C levels for reducing ASCVD events 
is well known, important residual risks remain to be 
elucidated in patients with ASCVD, particularly in 
those with statin-treated coronary artery disease 
(CAD) with dyslipidemia2). A few clinical studies have 

shown that an increase in serum triglyceride (TG) 
levels is not only a biomarker of residual risk but also 
an independent risk factor for patients with ASCVD 
on LDL-C lowering therapy2, 3). The serum level of 
TG is closely associated with those of other 
atherosclerogenic lipids, such as TG-rich lipoproteins 
and their remnants and small dense LDL-C2, 4, 5). 
Patients with increased TG levels often present with 
insulin resistance and metabolic disturbance, which 
are linked to visceral obesity and ectopic fat 
deposition6). In addition to reducing LDL-C levels, 
controlling and reducing serum TG levels are 
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1.5 mg/dL; (6) history or complication of gallbladder 
disease, cholelithiasis, pancreatitis, and malignant 
tumor; (7) aspartate aminotransferase (AST) or 
alanine aminotransferase (ALT) elevation to a level 
more than two times the upper limit of normal (ULN) 
range; (8) uncontrolled hypertension (systolic blood 
pressure [BP] of ≥ 160 mmHg or diastolic BP of ≥ 100 
mmHg); (9) hemoglobin level of ＜12 g/dL in men or 
＜11 g/dL in women; (10) recent myocardial 
infarction or cerebrovascular disorder within 3 months 
before the study; (11) hospitalization for worsening 
heart failure within 3 months before the study; and 
(12) use of ezetimibe and supplements containing 
eicosapentaenoic acid, and/or docosahexaenoic acid 
within 3 months before the study. Patients were also 
prohibited from using agents that affect lipid 
metabolism, such as thiazolidinedione, insulin, oral 
corticosteroid, or protease inhibitor.

Patients with stable CAD were defined as cardiac 
ischemic patients who had a history of myocardial 
infarction, coronary artery bypass, percutaneous 
coronary intervention with or without stenting, or 
previous angiographically proved stenotic lesion ≥ 
75% in a major epicardial coronary artery. They were 
also confirmed to be in a stable condition when chest 
pain was induced by exertion, resolved under nitrate 
therapy, and when its characteristics (frequency, 
severity, duration, time of onset, and precipitating 
factors) did not change over a period of 12 weeks 
before the study. Patients with metabolic syndrome 
(MetS) were defined according to the criteria in Japan: 
waist circumferences of ≥ 85 cm in men and ≥ 90 cm 
in women as an essential component and the presence 
of two or more metabolic abnormalities of three 
components, namely, (1) TG level of ≥ 150 mg/dL, 
HDL-C level of ＜40 mg/dL, and/or the use of 
medication for dyslipidemia; (2) BP of ≥ 130/85 
mmHg and/or the use of antihypertensive 
medications; and (3) fasting plasma glucose (FPG) 
level of ≥ 110 mg/dL and/or the use of medication for 
DM14).

Study Design
This was a s ingle-center,  prospective, 

randomized, open-label, crossover study of patients 
with stable CAD and hypertriglyceridemia and was 
conducted from October 2019 to July 2021 at Iwate 
Prefectural Central Hospital, Iwate, Japan. The study 
protocol was approved by the local Ethics Committee 
(approval no. 1606) and conducted according to the 
principles of the Declaration of Helsinki. All patients 
provided written informed consent. This study was 
registered at the University Hospital Medical 
Information Network Clinical Trials Registry 

important measures to reduce the residual risk of 
ASCVD event occurrences.

Fibrates exhibit potent TG-lowering effects via 
the activation of peroxisome proliferator-activated 
receptor (PPAR)-α and have been recommended as 
TG-lowering drugs by both Japanese and foreign 
guidelines7-9). PPAR-α, a nuclear hormone receptor, is 
involved in lipid metabolism and is associated with 
the transcription of genes responsible for decreasing 
TG levels and increasing high-density lipoprotein 
cholesterol (HDL-C) levels in the serum 10). 
Pemafibrate, the newly developed PPAR-α modulator, 
is a potent TG decreasing and HDL-C increasing drug 
with highly selective PPAR-α agonist activity10). 
Although a phase III clinical trial of pemafibrate 
demonstrated its efficacy and safety in patients with 
high TG and low HDL-C levels compared with those 
who were administered fenofibrate11), the usefulness 
of pemafibrate and other existing fibrates has not been 
compared well.

Bezafibrate was developed as an agonist for all 
three isoforms of human PPAR (PPAR-α, PPAR-γ, 
and PPAR-δ) and has been widely used in and outside 
Japan12, 13). In this prospective crossover study, we 
enrolled patients with CAD receiving statin treatment 
and examined the efficacy and safety of pemafibrate 
(0.2 mg/day), a selective PPAR-α agonist, in 
comparison with bezafibrate (400 mg/day), a pan-
PPAR agonist.

Aim

This study aimed to determine and compare the 
efficacy and safety of pemafibrate treatment with those 
of bezafibrate treatment in patients with statin-treated 
CAD with dyslipidemia.

Methods

Study Patients 
Eligible patients were men and postmenopausal 

women aged 20–75 years with CAD and dyslipidemia 
treated with statin. The inclusion criteria were (1) a 
fasting serum TG level of ≥ 150 mg/dL and (2) an 
HDL-C level of ＜50 mg/dL in men or ＜55 mg/dL 
in women at entry.

The major exclusion criteria were as follows: (1) 
patients who required additional medication for 
dyslipidemia during the study period; (2) fasting 
serum TG level of ＞1,000 mg/dL; (3) type 1 diabetes 
mellitus (DM) or uncontrolled type 2 DM 
(hemoglobin A1c [HbA1c] level of ≥ 8.5%); (4) 
familiar hypercholesterolemia; (5) chronic kidney 
disease (CKD) showing a serum creatinine level of ≥ 
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apolipoprotein A-I (Apo A-I) and apolipoprotein B 
(Apo B) levels by an immunoturbidimetric method 
(Sekisui Medical); apolipoprotein B-48 (Apo B-48) by 
a chemiluminescence enzyme immunoassay (CLEIA, 
Fujirebio Inc., Tokyo, Japan); creatinine levels by an 
enzymatic method (Minaris Medical); AST, ALT, 
gamma-glutamyl transferase (γ-GT), and creatine 
kinase (CK) levels by the Japan Society of Clinical 
Chemistry transferable method (Kanto Chemical); 
and HbA1c levels by an enzymatic method (Minaris 
Medical). The estimated glomerular filtration rate 
(eGFR) was calculated based on the serum creatinine 
value: eGFRmale=194×creatinine−1.094×age−0.287; 
eGFRfemale=194×creatinine−1.094×age−0.287×0.739 17). 
Patients with CKD were defined as those with baseline 
eGFR of ＜60 mL/min/1.73 m2.

In this study, the following markers were 
evaluated to assess insulin resistance or sensitivity: (1) 
serum insulin levels; (2) homeostasis model assessment 
of insulin resistance (HOMA-IR), which was 
calculated as FPG (mg/dL)×fasting plasma insulin 
(μIU/mL)/405]18); and (3) serum adiponectin and 
leptin levels. At the SRL laboratory, the plasma 
glucose and insulin levels were determined by a 
hexokinase UV method (Kanto Chemical) and a 
CLEIA (Fujirebio), respectively; adiponectin levels by 
a latex immunoturbidimetric method (LSI Medience 
Co, Tokyo, Japan); and leptin levels by a double-
antibody radioimmunoassay (Merck Millipore Co, 
MO, USA)

Efficacy Endpoints
The primary efficacy endpoint was a percent 

change (%Change) in the fasting serum TG levels 
from baseline to the study endpoint after the 24-week 
treatment with bezafibrate or pemafibrate. The 

(UMIN000047737).
This crossover study consisted of two 24-week 

crossover treatment periods and a 4-week washout 
period. Patients were randomly assigned in a 1:1 ratio 
to two treatment groups: bezafibrate at a dose of 400 
mg/day or pemafibrate at a dose of 0.2 mg/day for the 
first 24-week treatment period. If patients were under 
fibrate treatment for dyslipidemia, the study started 
after a 4-week washout period, which was followed by 
a 4-week observation period and a 24-week treatment 
period. Patients without fibrate treatment did not go 
through the washout period. In the second 24-week 
treatment period, the groups were reversed. There was 
a 4-week washout period between the two treatment 
phases in which neither group received bezafibrate or 
permafibrate. Laboratory tests were conducted before 
and after each 24-week treatment period (Fig. 1).

Measurement of Biochemical Markers
Patients were instructed to avoid exercising or 

consuming food, caffeine, vitamins, or alcohol 12 
hours before blood sampling. Blood samples were 
collected in the fasting state. Sera were separated 
immediately after blood collection by low-speed 
centrifugation at 3,000 rpm for 15 min at 4℃ and 
stored at －80℃ until processed. In this study, 
measurements of all biochemical markers were 
outsourced to a commercial laboratory (SRL Co., 
Tokyo, Japan). TG levels were measured by an 
enzymatic method (Kanto Chemical Co., Toyo, 
Japan); LDL-C and HDL-C levels by a direct method 
(Sekisui Medical Co.,  Tokyo, Japan) 15, 16); 
lipoprotein(a) [Lp(a)] levels by a latex flocculation 
turbidimetric method (Sekisui Medical); remnant 
lipoprotein cholesterol (RemL-C) levels by an 
enzymatic method (Minaris Medical Co, Tokyo, Japan); 

Fig. 1. Flow diagram of patients through each stage of the study
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0.05 was considered statistically significant. All 
statistical analyses were conducted using Excel 
(Microsoft, Redmond, WA, USA) with the add-in 
software Statcel4.

Results

Patient Characteristics
Of 78 patients initially screened, 60 were 

enrolled and randomized with 30 patients per 
treatment (Fig. 1). All 60 patients completed the 
study and were included in both analysis sets. Table 1 
summarizes the clinical characteristics of the enrolled 
patients. The mean age was 63 years, and 92% (n=55) 
of the patients were men. The mean body mass index 
was 27 kg/m2, and 77% (n=46) of the patients met 
the Japanese criteria for MetS14). Approximately 40% 
(n=24) of the patients had type 2 DM and 80% 
(n=48) had hypertension. Nearly half of the patients 
(n=31, 52%) received rosuvastatin as statin therapy.

Effects on Lipid Metabolism
Table 2 shows the change or %Change in lipid 

markers during the 24-week treatment with 
bezafibrate or pemafibrate. The results of the primary 
efficacy endpoint demonstrated significant decreases 
in fasting serum TG levels from baseline in both 
treatments. The %Change in serum TG levels was 
significantly greater with pemafibrate treatment than 
with the bezafibrate treatment (p＜0.001). The results 
of the secondary efficacy endpoints demonstrated 
significant increases in serum HDL-C and Apo A-I 
levels in both treatments. The %Change in serum 
HDL-C levels was greater with pemafibrate treatment 
than with bezafibrate treatment, although this 
difference was not statistically significant (p=0.067). 
The %Change in serum Apo A-I levels was 
significantly greater with pemafibrate treatment than 
with bezafibrate treatment (p=0.018).

The effects on other lipid parameters were as 
follows: serum LDL-C levels significantly increased in 
both treatments (p＜0.001 in both), while the serum 
Apo B levels significantly decreased in both treatments 
(p=0.037 in the bezafibrate treatment and p＜0.001 
in the pemafibrate treatment). Although the %Change 
in serum LDL-C levels was not significantly different 
between the two treatments (p=0.289), that in the 
serum Apo B levels was significantly greater with 
pemafibrate treatment than with bezafibrate treatment 
(p=0.028). The LDL-C/Apo B ratio, which serves as a 
surrogate marker of a smaller LDL-particle size, 
significantly increased in both treatments (from 
1.03±0.20 to 1.23±0.16 with bezafibrate treatment 
[p＜0.001] and from 1.03±0.16 to 1.24±0.15 with 

baseline and study endpoint were defined as 
measurements before and after the 24-week treatment, 
respectively (Fig. 1). %Change was calculated as 
follows: ([value after the 24-week treatment − value at 
baseline]/value at baseline)×100.

The secondary efficacy endpoints were %Change 
in the fasting serum HDL-C and Apo A-I levels from 
baseline to the study endpoint.

Other exploratory endpoints were also assessed, 
wherein the %Change from baseline to the study 
endpoint was evaluated for the following: (1) lipid 
markers, such as LDL-C, Apo B, RemL-C, Apo B-48, 
and Lp(a); (2) lipid and apolipoprotein ratios, such as 
LDL-C/Apo B and Apo B/Apo A-I; (3) glucose and 
insulin resistance-related markers, such as FPG, fasting 
serum insulin, HOMA-IR, adiponectin, and leptin; 
and (4) liver and kidney function parameters, such as 
AST, ALT, γ-GT, creatinine, and eGFR.

Safety Endpoints
The safety endpoints included adverse events 

(AEs)/serious AEs (SAEs), vital signs, and symptoms 
at each visit. The AEs of clinical interest were as 
follows: (1) consecutive elevations in the CK levels (＞
5×ULN); (2) consecutive elevations in the AST and/
or ALT levels (＞3×ULN); (3) elevations in the serum 
creatinine levels (≥ 0.5 mg/dL and/or 25% from 
ba s e l ine ) ;  and  (4 )  s ymptoms  re l a t ed  to 
rhabdomyolysis/myopathy and gallbladder, hepatic, 
pancreatic, and gastrointestinal diseases. In this study, 
the primary safety endpoint was the proportion of 
patients with AEs.

Statistical Analysis
We assumed a %Change in fasting serum TG 

levels of 46% and 21% with pemafibrate and 
bezafibrate treatment, respectively, based on the results 
of previous studies11, 13). To use a two-sided test for 
differences between the two treatments, a minimal 
sample size of 57 patients was required to detect 
statistical differences in the %Change in fasting serum 
TG levels with a power of 80% and an α-type error of 
5%. Allowing for a 5% dropout rate, the sample size 
was; thus, set at 60 patients in this study. All values are 
expressed as mean±standard deviation for continuous 
variables and as number and percentage for categorical 
variables. The within-group changes in the parameters 
or the between-treatment differences for continuous 
variables were assessed using the paired t-test or 
Wilcoxon signed-rank test, as appropriate, regardless 
of whether the variables were normally distributed. 
The chi-square test or Fisher’s exact test was used to 
examine categorical variables for between-treatment 
differences as appropriate. A two-sided p value of ＜
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Table 1. Clinical characteristics of enrolled patients (n=60)

Clinical variables

Age, years 62.7±9.2
Men sex, n (%) 55 (92)
Height, cm 167.7±7.6
Weight, kg 75.4±13.7
BMI, kg/m2 26.6±3.4
Waist circumference, cm

Men 95.5±8.1 
Women 82.8±7.0

Current smoker or ex-smoker, n (%) 40 (67)
Drinking habit, n (%) 27 (45)
Systolic blood pressure, mmHg 129.5±13.4
Diastolic blood pressure, mmHg 79.7±9.1
Fasting plasma glucose, mg/dL 118.4±34.6
HbA1c, % 6.2±0.8
TG, mg/dL 248.5±145.3
Type of statins used

Pitavastatin/Atorvastatin/Rosuvastatin 18 (30)/11 (18)/31 (52)
Type 2 diabetes mellitus, n (%) 24 (40)
Hypertension, n (%) 48 (80)
Metabolic syndrome, n (%) 46 (77)

Data are presented as mean±standard deviation or n (%). BMI, body mass index; HbA1c, 
hemoglobin A1c; TG, triglycerides.

Table 2. Percent change in lipid markers from baseline to the study endpoint after the 24-week treatment with bezafibrate or pemafibrate

Bezafibrate treatment (n=60) Pemafibrate treatment (n=60) p value 
(%Change)%Change %Change

TG (mg/dL)
Baseline 248.5±144.1 252.5±106.1
24 weeks 154.5±83.9§ −34.7±21.5 136.3±71.6§ −46.1±14.4 ＜0.001

HDL-C (mg/dL)
Baseline 43.3±5.9 43.4±5.6
24 weeks 49.5±11.6§ 14.0±19.3 51.5±11.6§ 18.4±19.6 0.067

Apo A-I (mg/dL)
Baseline 134.2±14.9 132.3±15.1
24 weeks 141.6±16.9§ 5.7±8.3 143.6±12.3§ 9.2±9.4 0.018

LDL-C (mg/dL)
Baseline 91.5±25.7 92.1±20.7
24 weeks 103.7±21.8§ 18.7±31.8 102.4±24.0§ 13.5±23.5 0.289

Apo B (mg/dL)
Baseline 89.2±19.0 90.3±19.1
24 weeks 85.3±17.3＊ −3.1±15.9 82.1±14.7§ −8.0±10.4 0.028

RemL-C (mg/dL)
Baseline 11.0±10.8 11.4±9.6
24 weeks 5.6±3.8§ −36.8±27.8 4.9±3.3§ −48.9±21.1 ＜0.001

Apo B-48 (μg/mL)
Baseline 9.1±7.7 10.7±9.7
24 weeks 4.8±3.5§ −31.8±48.1 5.5±5.4§ −38.8±35.0 0.620

Lp(a) (mg/dL)
Baseline 19.9±30.2 20.4±30.3
24 weeks 21.0±26.2 33.3±74.2 19.1±23.9 −17.8±59.5 0.125

Data are presented as mean±standard deviation. ＊p＜0.05; §p＜0.001 vs. baseline value. TG, triglycerides; HDL-C, high-density lipoprotein 
cholesterol; Apo A-I, apolipoprotein A-I; LDL-C, low-density lipoprotein cholesterol; Apo B, apolipoprotein B; RemL-C, remnant-like particle 
cholesterol; Apo B-48, apolipoprotein B-48; Lp(a), lipoprotein(a).
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levels and HOMA-IR significantly decreased in both 
treatments (glucose, p=0.003 and 0.010 in the 
bezafibrate and pemafibrate treatment, respectively; 
insulin, p=0.003 and 0.008 in the bezafibrate and 
pemafibrate treatment, respectively; HOMA-IR, p＜
0.001 and p=0.010 in the bezafibrate and pemafibrate 
treatment, respectively). These decreases were greater 
with bezafibrate treatment than with pemafibrate 
treatment, although none of these were statistically 
significant (glucose, p=0.470; insulin, p=0.860; 
HOMA-IR, p=0.877). 

To examine the effect of bezafibrate or 
pemafibrate on adipose tissue metabolism, serum 
adiponectin and leptin levels were determined before 
and after treatment. Serum adiponectin levels 
significantly increased with bezafibrate treatment (p＜
0.001) but not with pemafibrate treatment (p=0.496). 
The %Change in serum adiponectin levels was 
significantly greater with bezafibrate treatment than 
with the pemafibrate treatment (p=0.042). Serum 
leptin levels significantly decreased with pemafibrate 
treatment (p＜0.01) but not with bezafibrate 
treatment (p=0.263). No significant difference in the 
%Change in serum leptin levels was found between 
the two treatments (p=0.215).

pemafibrate treatment [p＜0.001]), although this 
difference was not statistically significant (24.8%±
40.0 % vs. 24.5%±30.1 %, p=0.930). The Apo B/
Apo A-I ratio as an atherogenic index significantly 
decreased in both treatments (from 0.67±0.16 to 
0.61±0.14 with bezafibrate treatment [p＜0.001] and 
from 0.68±0.18 to 0.58±0.11 with pemafibrate 
treatment [p＜0.001]), and the %Change was 
significantly greater with pemafibrate treatment than 
with bezafibrate treatment (−8.0%±15.6% vs. 
−14.9%±14.1%, p=0.002). Serum RemL-C levels 
significantly decreased in both treatments (p＜0.001 
in both), and the %Change was significantly greater 
with pemafibrate treatment than in the bezafibrate 
treatment (p＜0.001). Serum Apo B-48 levels 
significantly decreased in both treatments (p＜0.001 
in both), but the %Change was not significantly 
different between the two treatments (p=0.620). No 
significant change in the serum Lp(a) levels was found 
between baseline and the study endpoint with 
bezafibrate and pemafibrate treatments.

Effects on Glucose–Insulin Metabolism
Table 3 shows the change or %Change in 

glucose and insulin resistance-related markers during 
the 24-week treatment with bezafibrate or 
pemafibrate. The plasma glucose and serum insulin 

Table 3.  Percent change in glucose- and insulin resistance-related markers from baseline to the study endpoint after the 24-week
treatment with bezafibrate or pemafibrate

Bezafibrate treatment (n=60) Pemafibrate treatment (n=60) p value 
(%Change)%Change %Change

Glucose (mg/dL)
Baseline  118.4±34.6  113.1±23.5
24 weeks  111.1±31.0‡ −4.7±14.6  108.6±20.8＊ −3.1±11.2 0.470

HbA1c (%)
Baseline 6.2±0.7 6.1±0.7
24 weeks 6.2±0.8 −0.3±5.0 6.2±0.8 1.3±6.0 0.101

Insulin (μIU/mL)
Baseline 14.3±14.9 12.4±9.9
24 weeks 9.8±8.1‡ −10.1±55.3 9.9±6.9† −6.5±49.3 0.860

HOMA-IR
Baseline 4.4±4.7 3.7±3.8
24 weeks 3.0±3.6§ −12.0±59.8 2.7±2.1＊ −7.8±53.3 0.877

Adiponectin (μg/mL)
Baseline 6.4±2.7 6.4±2.8
24 weeks 7.2±3.7§ 12.3±18.1 6.3±2.6 3.2±35.2 0.042

Leptin (ng/mL)
Baseline 16.1±10.9 16.3±11.7
24 weeks 15.7±11.7 2.3±34.0 14.9±14.3† −3.3±37.7 0.215

Data are presented as mean±standard deviation.  ＊p＜0.05; †p＜0.01; ‡p＜0.005; §p＜0.001 vs. baseline value. HbA1c, hemoglobin A1c; 
HOMA-IR, homeostasis model assessment of insulin resistance.
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decreased in both treatments (p＜0.001), but the 
%Change was significantly lower with pemafibrate 
treatment than with bezafibrate treatment (p＜0.001).

When the patients were divided into two groups 
according to the baseline eGFR (non-CKD group, ≥ 
60 mL/min/1.73 m2, n=43; CKD group, ＜60 mL/
min/1.73 m2, n=17), the %Change in eGFR was 
greater in the CKD group than in the non-CKD group 
(p＜0.001) with bezafibrate treatment. Conversely, no 
significant difference in the %Change in eGFR was 
found between the non-CKD and CKD groups with 
pemafibrate treatment (p=0.775) (Table 5).

Effects on Liver and Kidney Function
As shown in Table 4, serum ALT and γ-GT levels 

significantly decreased in both treatments (ALT, p=0.003 
and p＜0.001 in the bezafibrate and pemafibrate 
treatment, respectively; γ-GT, p＜0.001 in both), and 
the %Change was significantly greater with pemafibrate 
treatment than with bezafibrate treatment (ALT, 
p=0.048; γ-GT, p=0.025). Although the serum 
creatinine levels significantly increased in both treatments 
(p＜0.001 in both), the %Change was significantly lower 
with pemafibrate treatment than with bezafibrate 
treatment (p＜0.001). The eGFR significantly 

Table 4.  Percent change in CK, liver enzymes, and parameters of kidney function from baseline to the study endpoint after the
24-week treatment with bezafibrate or pemafibrate

Bezafibrate treatment (n=60) Pemafibrate treatment (n=60) p value
(%Change)%Change %Change

CK (U/L)
Baseline 118.5±60.9 117.2±70.4
24 weeks 128.2±95.0 13.7±72.2 114.2±69.7 8.6±59.2 0.672

AST (U/L)
Baseline 25.7±8.7 27.1±10.2
24 weeks 27.3±11.4 8.4±33.8 25.8±10.7 −0.5±30.6 0.051

ALT (U/L)
Baseline 29.7±15.0 32.0±15.2
24 weeks 26.7±20.3‡ −10.6±41.3 23.2±13.3§ −21.9±36.5 0.048

γ-GT (U/L)
Baseline 60.7±56.0 66.2±72.3
24 weeks 39.7±45.7§ −33.1±30.3 31.4±26.2§ −43.5±17.2 0.025

Creatinine (mg/dL)
Baseline 0.88±0.19 0.89±0.20
24 weeks 1.02±0.27§ 15.5±13.8 0.94±0.22§ 5.72±11.3 ＜0.001

eGFR (mL/min/1.73 m2)
Baseline 70.1±15.1 69.5±16.6
24 weeks 61.0±16.0§ −13.3±11.5 65.6±15.6§ −5.1±10.3 ＜0.001

Data are presented as mean±standard deviation. ‡p＜0.005; §p＜0.001 vs. baseline value. CK, creatine kinase; AST, aspartate aminotransferase; 
ALT, alanine aminotransferase; γ-GT, gamma-glutamyl transferase; eGFR, estimated glomerular filtration rate.

Table 5.  Comparison of the non-CKD and CKD groups in eGFR reduction from baseline to the study endpoint after the 24-week 
treatment with bezafibrate or pemafibrate

Non-CKD group (n=43) CKD group (n=17) p value
(%Change)%Change %Change

Bezafibrate treatment
Baseline 76.3±12.4 54.3±7.9
24 weeks 67.6±13.4§ −11.3±11.5 44.2±7.9§ −18.4±9.7 0.010

Pemafibrate treatment
Baseline 76.4±14.1 59.0±6.6
24 weeks 72.1±13.1‡ −4.9±10.5 53.5±6.3＊ −9.3±9.7 0.775

Data are presented as mean±standard deviation. ＊p＜0.05; ‡p＜0.005; §p＜0.001 vs. baseline value. eGFR, estimated glomerular filtration rate; 
CKD, chronic kidney disease.
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and low HDL-C levels. Compared with bezafibrate, 
pemafibrate significantly increased serum Apo A-I 
levels and significantly decreased serum Apo B levels. 
Pemafibrate also improved glucose metabolism. These 
effects of pemafibrate on the lipid and glucose profiles 
suggest that it is more antiatherosclerotic than 
bezafibrate. Pemafibrate also significantly decreased 
serum ALT and γ-GT levels compared with 
bezafibrate. The increase in creatinine levels was 
significantly smaller in the pemafibrate treatment 
group than in the bezafibrate treatment group. 
Regarding safety, the use of pemafibrate was safer than 
that of bezafibrate in terms of liver and renal function.

In this study, the impact of pemafibrate and 
bezafibrate treatment on lipid and glucose metabolism 
was compared in patients with statin-treated CAD 
with dyslipidemia. To our knowledge, this is the first 
study to compare pemafibrate and bezafibrate. The 
TG-lowering effect of pemafibrate in this study 
(%Change from baseline, −46.1%) is consistent with 
that reported in the previous phase III clinical trial of 
pemafibrate (−46.2%)11). Likewise, pemafibrate was 
significantly more effective than bezafibrate in 
increasing Apo A-I levels and reducing Apo B levels. 
Because the Apo B/Apo A-I ratio is an atherogenic 
lipoprotein marker for ASCVD risk19), pemafibrate 
might be superior to bezafibrate in terms of reducing 
ASCVD events. Although the large-scale clinical trial 
PROMINENT study (NCT03071692)20) has been 
stopped prematurely, further examination and 
discussion are required to evaluate the effect of 
pemafibrate on the prevention of ASCVD.

Safety
As shown in Table 6, the incidence rates of AEs 

were 37% (n=22) and 43% (n=26) with bezafibrate 
and pemafibrate treatments, respectively. Treatment-
related AEs occurred in one patient in each treatment 
group: thickening of the gallbladder with bezafibrate 
treatment and hot flash with pemafibrate treatment. 
In the bezafibrate treatment group, SAEs occurred in 
five patients, of which two were related to the 
treatment: worsening renal function and acute 
cholecystitis. Conversely, in the pemafibrate treatment 
group, SAEs occurred in six patients, but none were 
related to the treatment. There were no treatment 
discontinuations because of AEs or SAEs.

One patient (2%) showed a ＞5-fold increase 
(from 103 U/L to 615 U/L) in serum CK level (ULN: 
287 U/L) when treated with bezafibrate. No patients 
showed a ＞3-fold increase in serum AST and/or ALT 
levels in both treatments. The incidence of increased 
creatinine levels was significantly higher with 
bezafibrate treatment than with pemafibrate treatment 
(14 vs. 3 of 60 patients, p=0.004). Rhabdomyolysis/
myopathy and hepatic, pancreatic, and gastrointestinal 
diseases were not observed in this 24-week study.

Discussion

This crossover study demonstrated that 
pemafibrate dose of 0.2 mg/day significantly reduced 
fasting serum TG levels compared with bezafibrate 
dose of 400 mg/day for 24 weeks in patients with 
statin-treated CAD with dyslipidemia and high TG 

Table 6.  Safety assessment because of adverse events and abnormal laboratory values during the study

Bezafibrate treatment (n=60) Pemafibrate treatment (n=60)

Total AEs 22 (37) 26 (43)
Treatment-related AEs 1 (2) 1 (2)
Discontinuation due to AEs 0 (0) 0 (0)
SAEs 5 (8) 6 (10)
Treatment-related SAEs 0 (0) 0 (0)
Discontinuation due to SAEs 0 (0) 0 (0)
AEs of clinical interest

CK levels of ＞5×ULN 1 (2) 0 (0)
AST and/or ALT levels of ＞3×ULN 0 (0) 0 (0)
Increase in the creatinine levels of ≥ 0.5 mg/day and/or 25% 14 (23) ‡ 3 (5)

Symptoms related to rhabdomyolysis/myopathy 0 (0) 0 (0)
Symptoms related to gallbladder disease 1 (2) 0 (0)
Symptoms related to hepatic disease 0 (0) 0 (0)
Symptoms related to pancreatic disease 0 (0) 0 (0)
Symptoms related to gastrointestinal disease 0 (0) 0 (0)

Data are presented as n (%). ‡p＜0.005 vs. pemafibrate treatment. AEs, adverse events; SAEs, serious adverse events; CK, creatine kinase; ULN, 
upper limit of normal; AST, aspartate aminotransferase; ALT, alanine aminotransferase.
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sensitivity21, 30, 31), which is consistent with this study 
results showing that pemafibrate produced favorable 
effects on glucose markers, such as plasma glucose and 
serum insulin levels and HOMA-IR. In this study, 
compared with bezafibrate, the stronger PPAR-α 
agonist pemafibrate was noninferior in improving 
glucose metabolism. In addition to the amelioration 
of insulin sensitivity, pemafibrate has been reported to 
have the potential to increase the capacity of insulin 
secretion in the pancreas and glucose uptake in the 
liver32-34).

Regarding the effect of pemafibrate treatment on 
liver function, there are several reports linking 
pemafibrate to an improvement in the levels of hepatic 
enzymes, such as ALT and γ-GT in patients with 
dyslipidemia11, 15, 21, 25), which is consistent with this 
study results. The mechanism of fibrate-induced 
improvement in liver dysfunction is attributed to the 
modulation of lipid turnover and energy metabolism 
in the liver35, 36). A previous study demonstrated that 
pemafibrate decreased liver fat and suppressed hepatic 
fibrogenesis in mouse models of nonalcoholic 
steatohepatitis (NASH)35). Particularly, diseases with 
abnormal hepatic lipid metabolism, such as 
nonalcoholic fatty liver disease (NAFLD) and NASH, 
are closely associated with PPAR-α activation36, 37). 
Our results showing the superiority of pemafibrate to 
bezafibrate in improving liver function suggest that 
the use of a more selective PPAR-α stimulant could be 
an effective treatment strategy for patients with 
NAFLD or NASH38). Although the patients in this 
study had no liver dysfunction, greater reductions in 
hepatic enzyme levels were observed in patients with 
higher baseline reference values in the clinical trial of 
pemafibrate31).

We also verified the safety aspect of pemafibrate 
associated with renal function over bezafibrate. As 
fibrates are known to aggravate its test values, such as 
serum creatinine levels and eGFR39), both bezafibrate 
and pemafibrate increased serum creatinine and 
decreased the eGFR. However, these changes were 
much smaller with pemafibrate treatment than with 
bezafibrate treatment. Bezafibrate is excreted from the 
kidney, whereas pemafibrate is primarily metabolized 
in the liver and then excreted into the bile11, 16). The 
precise mechanism for the deterioration of renal 
function remains unknown; however, the metabolic 
processes of fibrates may be relevant to the etiology of 
the condition. Interestingly, the effects of bezafibrate 
treatment appear to differ from those of pemafibrate 
treatment in patients with renal impairment. In the 
comparison of patients with and without CKD, there 
were no significant differences in the %Change of the 
eGFR during the pemafibrate treatment, which was 

In this study, the increase in serum LDL-C levels 
by both fibrate treatments was consistent with the 
results of previous studies15, 21, 22), and this increase 
may be attributable to the conversion of very-low-
density lipoprotein particles to LDL particles23). A 
previous study analyzed the cholesterol content of the 
subclasses of LDL particles and found that the LDL 
particle size was significantly increased in patients 
treated with fibrates22). Because the LDL-C/Apo B 
ratio represents the LDL-particle size, an increase in 
this marker in this study suggests that the fibrate 
treatment resulted in a shift in the LDL particle size 
from smaller, dense pattern to a larger, more buoyant 
pattern.

Postprandial hyperlipidemia, which plays a role 
in the progression or vulnerability of atheromatous 
plaques24), is characterized by an excess of Apo B-48–
containing TG-rich lipoprotein. Our results are 
consistent with those of previous studies showing a 
reduction in serum Apo B-48 levels in response to 
fibrate treatment15, 21, 22, 25). A previous clinical trial 
showed that pemafibrate was superior to fenofibrate in 
the improvement of postprandial lipid profile15, 22). In 
this study, serum Apo B-48 levels markedly decreased 
after both pemafibrate and bezafibrate treatments, 
although the difference was not statistically significant. 
In addition, treatment with pioglitazone, a PPAR-γ 
agonist, has been shown to suppress postprandial 
changes in serum TG levels in overweight patients 
with CAD26). Because bezafibrate is a stronger 
PPAR-γ agonist than permafibrate27), the improvement 
of postprandial lipid profile by bezafibrate may be 
partly due to the stimulation of PPAR-γ in addition 
to that of PPAR-α.

Little is known about the effects of pemafibrate 
on serum adipocytokine levels in patients with 
dyslipidemia. To our knowledge, this is the first study 
to demonstrate the differences between pemafibrate 
and bezafibrate in their effects on circulating 
metabolic parameters related to insulin resistance in 
patients with dyslipidemia. In this study, an increase 
in serum adiponectin levels was observed with 
bezafibrate treatment, whereas no significant change 
was observed with pemafibrate treatment. These 
findings are consistent with those of previous studies 
linking bezafibrate treatment to an increase in serum 
adiponectin levels28). This increase by bezafibrate may 
be due to the activation of PPAR-γ rather than that of 
PPAR-α because PPAR-γ activation is strongly 
associated with control of various genes involved in 
adipose tissue metabolism29). 

As for the effect of pemafibrate treatment on 
glucose metabolism, previous studies reported that 
pemafibrate improved both FPG and insulin 
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