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Abstract

Aim of the study: Owing to the association between non-alcoholic fatty liver disease (NAFLD) and dyslipidemia,
there is a need for new treatment strategies to manage both conditions concomitantly. Our aim in this study was
to evaluate the effectiveness of pemafibrate in alleviating dyslipidemia-associated NAFLD, including the evalua-
tion of its effects on liver function and body composition.

Material and methods: The study sample included 67 patients with dyslipidemia-associated NAFLD (29 males,
mean age 65.7 years [range, 58.4-73.7]) who were administered pemafibrate continuously for a period of at
least 12 months, between June 2019 and January 2022. Outcomes were the change in body composition indices
(visceral adipose tissue index — VATI, subcutaneous adipose tissue index — SATI, and skeletal muscle index - SMI),
lipid biochemistry, and liver function, reserve, and fibrosis score, from baseline to the 12-month time point of
pemafibrate treatment.

Results: Pemafibrate treatment improved liver function (alanine aminotransferase, aspartate aminotransferase,
y-glutamyl transpeptidase, and alkaline phosphatase), and lipid biochemistry (triglycerides and total cholesterol).
Improvements in ferritin and hepatic reserve (Mac-2 binding protein, albumin-to-bilirubin score, and NAFLD
fibrosis score) were also observed, as well as a decrease in SATI.

Conclusions: Pemafibrate improved dyslipidemia, liver function, and hepatic reserve. The positive effects of
pemafibrate on body composition likely contributed to the improvements in liver function. Longer-term treat-
ment may be necessary to influence VATI and thus to further evaluate the relationship between improved body
composition and NAFLD with pemafibrate treatment.
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Introduction

There is an urgent need to establish a new treatment
modality for non-alcoholic fatty liver disease (NAFLD),
ahepatic phenotype of metabolic syndrome with a high
incidence among patients with underlying dyslipid-
emia. Accordingly, the revised 2020 guidelines for the

treatment of NAFLD recommend the use of statins for
dyslipidemia-associated NAFLD [1]. Recently, pema-
fibrate (K-877, Parmodia tablet, Kowa Company, Ltd.,
Nagoya, Japan), a selective peroxisome proliferator-
activated receptor a modulator (SPPARMa), was appro-
ved in July 2017 and released in June 2018 in Japan for
the treatment of dyslipidemia [2, 3]. Pemafibrate ame-
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liorates lipid abnormalities in patients with dyslipid-
emia by lowering serum triglycerides (TG) and raising
high-density lipoprotein (HDL) cholesterol. Of clini-
cal importance, pemafibrate was developed to reduce
the adverse effects associated with fenofibrate, another
PPARa agonist, and to reduce restrictions on the use
of PPARa agonists in patients with renal disease or in
combination with statins. Our aim in this study was
to evaluate the effectiveness of pemafibrate in improv-
ing dyslipidemia among patients with NAFLD and to
evaluate the effects on liver function and body com-
position.

Material and methods

Study population

Patients with a diagnosis of dyslipidemia-asso-
ciated NAFLD, confirmed by histological findings,
and treated for hypertriglyceridemia with pemafi-
brate continuously for a period > 12 months at our
hospital, between June 2019 and January 2022, were
eligible for inclusion in the study. Pemafibrate was
administered to all patients at 0.1 mg twice per day.
The inclusion criteria were as follows: negative hepati-
tis B surface antigen and hepatitis C virus antibody
tests, normal serum immunoglobulin G level, and alco-
hol consumption < 30 g/day in males and < 20 g/day in
females. The exclusion criteria were as follows: severe
chronic kidney disease, defined by serum creatinine
> 2.5 mg/dl, prior history of pemafibrate treatment,
cessation of pemafibrate treatment within the first
3 months, past cardiovascular events, and treatment
for diabetes mellitus and other carbohydrate disorders
- prediabetes, insulin resistance. Furthermore, pa-
tients with chronic hepatitis due to other causes such
as autoimmune hepatitis and primary sclerosing chol-
angitis were excluded. None of the patients changed
their exercise or dietary regimens during the entire
study period. After selection, 67 patients were includ-
ed in the study sample.

Measured outcomes

The following indices of body composition and
lipid biochemistry were evaluated before and after
12 months of the first administration of pemafibrate
treatment [4-6]: visceral adipose tissue index (VATI),
subcutaneous adipose tissue index (SATT), and skele-
tal muscle index (SMI). These indices were quantified
from cross-sectional unenhanced computed tomogra-
phy (CT) images obtained, using an Aquilion 4/16/64,
ONE system (Toshiba, Tokyo, Japan), solely for the

purpose of diagnosing and staging of hepatocellular
carcinoma. The skeletal muscle and abdominal adipose
tissue area was quantified on cross-sectional CT imag-
es at the level of the third lumbar vertebra (L3), using
the Slice-O-Matic software (version 5.0; Tomovision,
Montreal, Canada). The muscle area included the pso-
as, erector spinae, quadratus lumborum, transversus
abdominis, external and internal obliques, and rectus
abdominis muscles. Skeletal muscle and adipose tissue
were differentiated by the following tissue Hounsfield
unit (HU) thresholds: -29 to 150 HU for skeletal mus-
cle; -190 to -30 for subcutaneous adipose tissue; and
-150 to -50 for visceral adipose tissue. Body composi-
tion indices were normalized to height (m?) and thus
expressed as cm*/m* With regard to lipid biochem-
istry, the following outcomes were calculated: FIB-4
(age (years) x AST (U/1)/platelet count (x10°/1) x [ALT
(U/M)] 1/2) [7]; NAFLD fibrosis score (-1.675 + 0.037
x age (years) + 0.094 x BMI (kg/m?) + 1.13 x IFG/di-
abetes (yes = 1, no = 0) + 0.99 x AST (U/1)/ALT (U/])
ratio — 0.013 x platelets (10°/1) - 0.66 x albumin (g/dl))
[8]; and the albumin-bilirubin (ALBI) score (log10 bil-
irubin [pmol/l] x 0.66) + (albumin [g/1] x -0.085) [9].

Statement of ethics

The methods for our retrospective study were ap-
proved by the Institutional Review Board of Saiseikai
Niigata Hospital (No. E18-18). The study was conduct-
ed in accordance with the principles of the Declaration
of Helsinki (as revised in 2013). Before participating in
this study, written informed consent was provided by
all patients.

Statistical analysis

Normally distributed continuous variables were
reported as the mean and standard deviation, with
non-normally distributed continuous variables report-
ed as the median and range. Categorical variables were
expressed as whole numbers. The change from base-
line to 12 months was evaluated using the two-tailed
unpaired t-test for normally distributed continuous
variables and the Mann-Whitney U-test for non-nor-
mally distributed variables. The change in categorical
variables was evaluated using Pearson’s x* test or Fish-
er’s exact test, as appropriate. Statistical significance
was defined by a p-value < 0.05 for all tests. All sta-
tistical analyses were performed using EZR (Saitama
Medical Centre, Jichi Medical University, Shimotsuke,
Japan), a graphical user interface for R version 3.2.2
(The R Foundation for Statistical Computing, Vienna,
Austria) [10].
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Results

Description of study sample

The study sample of 67 patients included 29 males
and 38 females, with a mean age of 65.7 years (range,
58.4-73.7). Demographics and lipid biochemistry and
body compositions indices at baseline are reported
in Tables 1 and 2. Body weight and body mass index
(BMI) were not significantly altered by pemafibrate
treatment during the followup period. No significant
differences in creatine kinase or creatinine values be-
fore and after treatment were noted.

Effects on liver function and reserve capacity

Changes in liver function and reserve capacity,
from baseline to 12 months of pemafibrate treatment,

Table 1. Demographic and clinical characteristics at baseline

Characteristics Mean (IQR)

Sex (male/female) 29/38

Age (years) 05.7 (58.4-73.7)
BMI (kg/m?) 24.2 (22.5-26.9)
AST (1U/) 29.5 (23.0-36.8)
ALT (1U/1) 42.0 (34.5-55.0)
ALP (1U/1) 251.5(194.3-339.8)
GGTP (IU/1) 31.0(17.0-49.5)
Platelets (10%/ul) 21.5(17.2-25.9)
TG (mg/dl) 168.5 (127.5-213.0)
Total cholesterol (mg/dl) 207.5 (166.3-216.5)
LDL cholesterol (mg/dl) 128.0 (94.0-140.8)
HDL cholesterol (mg/dl) 50.5 (39.5-56.8)
eGFR (ml/min/1.73 m?) 76.4 (62.9-90.5)
Total bilirubin (mg/dl) 0.60 (0.46-0.76)
Albumin (mg/dI) 4.35 (4.23-4.40)
UA (mg/dl) 5.90 (4.50-6.58)
Ferritin (ng/ml) 124.6 (61.6-153.1)
HbA, (%) 5.90 (5.80-6.28)
BS (mg/dl) 101.5 (94.3-130.5)
M2BPGi 0.73 (0.46-1.02)
Fib-4 index 142 (1.14-2.33)
NAFLD fibrosis score 1.33(0.60-2.18)
ALBI score -3.02 (-3.13--2.88)

BMI - body mass index, AST - aspartate aminotransferase, ALT - alanine aminotrans-
ferase, ALP - alkaline phosphatase, GGTP ~y-glutamy! transpeptidase, TG - triglyceride,
LDL - low-density lipoprotein, HDL - high-density lipoprotein, eGRF - estimated
glomerular filtration rate, UA - uric acid, HbA, - hemoglobin A, , BS - blood sugar,
M2BPGi - Mac-2 binding protein, Fib-4 index - fibrosis-4 index, ALBI - albumin-bilirubin

are reported in Table 3. The following lipid bioche-
mistry levels were significantly improved: alanine
aminotransferase (ALT) 42.0 to 18.0 IU/l; alkaline phos-
phatase (ALP) 251.5 to 159.4 IU/l; y-glutamyl trans-
peptidase (GGTP) 31.0 to 18.0 IU/]; platelets 21.5 to
24.40; TG 168.5 to 130.8 mg/dl; total cholesterol 207.5
to 185.5 mg/dl; total bilirubin 0.60 to 0.53 mg/dl; and
albumin 4.35 to 4.41 mg/dl. With regard to hepatic
reserve capacity, improvements were observed in the
M2BPGi (0.73 to 0.61), ALBI score (-3.02 to -3.20),
and NAFLD fibrosis score (1.33 to 1.45).

Effects on body composition

The changes in body composition indices are re-
ported in Table 4. From baseline to 12 months of pe-
mafibrate treatment, there was a significant decrease
in SATT (62.20 to 60.96) and a slight decrease in SMI
(16.38 to 15.94), with no change in VATI (52.16 to
53.49).

Adverse effects

No serious adverse effects were noted. There were
no cases of impairment in hepatic and renal function.
Mild itching was reported in 3/67 patients and consti-
pationin 1.

Discussion

In this study, we found that a 12-month course of
pemafibrate significantly ameliorated ALT, ALP, plate-
let count, GGTP, serum albumin, and NAFLD score
among patients with a diagnosis of dyslipidemia-
associated NAFLD. Pemafibrate also improved hepatic
function, indexed by M2BPGi and the ALBI score, as
well as having positive effects on body composition,
with an improvement in SATI and maintenance of
SMI. To our knowledge, this is the first report regard-
ing the biological effects of pemafibrate.

The prevalence of metabolic syndrome, caused
by visceral fat accumulation, has been increasing in
recent years due to a general population trend of ex-

Table 2. Body composition indices at baseline

Index Mean (IQR)

VATI 52.16 (40.17-61.72)
SATI 62.20 (46.75-90.24)
SMI 16.38 (14.50-18.10)

VATI - visceral adipose tissue index, SATI - subcutaneous adipose tissue index,
SMI - skeletal muscle index
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Table 3. Changes in lipid biochemistry and liver function scores from baseline to 12 months of pemafibrate treatment

Markers Baseline 12 months P-value
AST (1U/1) 295 (23.036.8) 255 (21.7-32.3) 0.235
ALT (IU1) 42.0 (34.5-55.0) 18.0 (14.5-24.0) < 0.001
ALP (1U/1) 251.5(194.3-339.8) 159.4 (123.6-218.1) < 0.001
GGTP (1U/1) 31.0(17.0-49.5) 18.0 (12.5-29.0) < 0.001
Platelets (10%/ul) 21.5(17.05-25.90) 24.4(20.35-28.50) < 0.001
TG (mg/dl) 168.5 (127.5-213.0) 130.8 (94.3-170.2) 0.007
Total cholesterol (mg/dl) 207.5 (166.3-216.5) 185.5 (154.6-199.1) 0.017
LDL cholesterol (mg/dl) 128.0 (94.0-140.8) 112.1(83.2-129.7) 0.007
HDL cholesterol (mg/dl) 50.5 (39.5-56.8) 53.5(38.9-62.9) 0.791
eGFR (ml/min/1.73 m?) 76.4 (62.9-90.5) 73.7 (64.0-87.3) 0.463
Total bilirubin (mg/dl) 0.60 (0.46-0.76) 0.53 (0.44-0.69) 0.035
Albumin (mg/dI) 4.35 (4.23-4.40) 4.41 (4.28-4.64) 0.029
UA (mg/dl) 5.90 (4.50-6.58) 5.72 (4.93-6.64) 0313
Ferritin (ng/ml) 124.6 (61.6-153.1) 108.2 (89.9-173.5) 0.176
HbA,_ (%) 5.90 (5.80-6.28) 5.97 (5.72-6.19) 0.862
BS (mgy/dl) 101.5 (94.3-130.5) 97.6 (92.5-107.9) 0.824
M2BPGi 0.73 (0.46-1.02) 0.61 (0.44-0.86) 0.010
Fib-4 index 142 (1.14-2.33) 134 (0.90-2.28) 0.222
ALBI score -3.02 (-3.13--2.88) -3.20 (-3.34--3.02) < 0.001
NAFLD fibrosis score 1.33 (0.60-2.05) 1.45 (0.78-2.26) 0.049

Data are presented as the mean (IQR), P-values indicated in bold are significant; AST - aspartate aminotransferase, ALT - alanine aminotransferase, ALP - alkaline phosphatase,
GGTP -y-glutamyl transpeptidase, TG - triglyceride, LDL ~ low-density lipoprotein, HDL - high-density lipoprotein, eGFR - estimated glomerular filtration rate, UA - uric acid,
HbA, - hemoglobin A, , BS - blood sugar, M2BPGi - Mac-2 binding protein, Fib-4 index - fibrosis-4 index, ALBI - albumin-bilirubin

Table 4. Change in body composition indices from baseline to 12 months of pemafibrate treatment

Index Baseline 12-months P-value
VAT 52.16 (40.17-61.72) 53.39 (40.45-70.21) 0.295
SATI 62.20 (46.75-90.24) 60.96 (41.13-89.14) < 0.001
SMI 16.38 (14.50-18.10) 15.94 (14.47-18.42) 0.561

Data are presented as the mean (IQR), P-values in bold are significant; VATI - visceral adlipose tissue index, SATI - subcutaneous adipose tissue index, SMI - skeletal muscle index

cessive caloric intake and decreased physical activity.
Visceral fat accumulation increases insulin resistance,
resulting in diabetes mellitus and glucose intolerance,
as well as in hypertension and lipid metabolic disor-
ders [11]. Of the effects of increased insulin resistance,
hypertriglyceridemia and hypo-high-density lipopro-
teinemia are thought to be involved in the development
of NAFLD [12]. Specifically, the two main mechanisms
of NAFLD development consist of increased fatty acid
influx and increased synthesis of new fatty acid. In-
creased fatty acid influx results from increased lipolysis
and an excessive intake of lipids, while continued ex-
cessive intake of carbohydrates and fructose, especially
in a state of hyperinsulinemia, leads to increased new
fatty acid synthesis. Therefore, NAFLD treatment in-

cludes both diet modification and exercise to achieve
weight loss in patients with obesity, with drug thera-
py indicated for underlying health conditions, such as
high TG and low-density lipoprotein (LDL) cholester-
ol levels, as well as dyslipidemia-related cardiovascu-
lar disease. This is important as among patients with
NAFLD, cardiovascular events are the most common
cause of death [13]. In Japan, 65.7% of patients with
NAFLD have dyslipidemia, with a particularly high rate
of hypertriglyceridemia (45.3%) [14]. Hence, conco-
mitant treatment of both dyslipidemia and NAFLD
would be beneficial.

PPARa is a nuclear receptor that forms heterodi-
mers with retinoid X receptors (RXR) and binds to
genes with PPAR response elements (PPREs) in their
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promoter regions to regulate their transcriptional ac-
tivities [15]. Pemafibrate binds to the nuclear recep-
tor PPARa, inducing a ligand-specific conformational
change in PPARGa, resulting in selective regulation of the
expression of genes involved in lipid metabolism, main-
ly in the liver, thereby improving lipid metabolism [16].

Pemafibrate was developed as a selective PPARa
modulator, with higher selectivity, a stronger TG-low-
ering effect, and a higher safety profile, including fewer
adverse effects such as hepatic dysfunction and eleva-
tion of creatine kinase, than conventional fibrate for-
mulations [15-18]. In addition to being highly effective
in improving hypertriglyceridemia, a sub-analysis of
clinical trials revealed that pemafibrate improves liver
function. Moreover, pemafibrate treatment has been
associated with improvement in liver stiffness, mea-
sured by magnetic resonance elastography, although
a domestic phase II trial for NAFLD did not show
a significant decrease in liver steatosis with pemafibrate
treatment [19]. Hence, pemafibrate can improve the
pathogenesis of NASH by modulation of lipid turnover
and energy metabolism in the liver in a diet-induced
rodent model of NASH compared with fenofibrate [20].

A postulated mechanism for the decrease in liver
stiffness is that pemafibrate decreases the production
of very low-density lipoproteins in the liver, thus re-
ducing fat deposition in the liver due to its TG-degrad-
ing effect associated with the promotion of lipoprotein
lipase activity [21].

In addition to suppressing fat deposition with pe-
mafibrate, suppression of inflammation is also consid-
ered with respect to suppression of fibrosis. The effect
on NASH by suppressing inflammation with fibrates is
considered [22-25].

Recently, fibroblast growth factor 21 (FGF-21) has
been attracting attention as a regulator of glucose and
lipid metabolism [26]. FGF-21 is a multifunctional in-
tercellular signaling factor that exerts a variety of ef-
fects, such as proliferative activity and differentiation
induction, on various cells, including fibroblasts. There
are 23 types of FGFs, with FGF-21 considered to be an
endocrine FGF that can act as an endocrine factor and
is expressed mainly in the liver, with blood levels of
FGF-21 being derived from the liver [27]. Physiologi-
cally, FGF-21 is involved in metabolic homeostasis and
thus is expected to be developed as a therapeutic agent
for the treatment of obesity and obesity-related com-
plications [28]. Studies have shown that the nuclear re-
ceptor PPARa is involved in the regulation of FGF-21
expression [29, 30]. With regards to pemafibrate,
which exerts a specific effect on PPARa receptors, it
has been shown to increase FGF-21 expression in he-
patocytes in high-fat-diet loaded mice; accordingly,

there is growing clinical interest in the use of pemafi-
brate in improving lipids, as well as in its physiological
effects in lowering blood glucose, maintaining pancre-
atic beta cell function, and improving obesity and fatty
liver [31, 32].

Moreover, the potent PPARa activating effect of
pemafibrate enhances catabolism in the liver and in
brown adipose tissue and muscle, suggesting that it
may be a useful drug for patients with NAFLD and
metabolic syndrome. Our study findings suggest that
the lipid-lowering effect of pemafibrate not only im-
proves liver function and dyslipidemia, but also exerts
a positive effect on hepatic reserve and body compo-
sition. Pemafibrate improved serum ALT, ALP, GGTP,
TG, and Alb levels, as well as improving liver fibro-
sis-related factors, such as M2BPGi, while decreasing
subcutaneous fat (SATI) and maintaining the SMI. As
women are more likely to accumulate subcutaneous
fat then men [33], a previous study identified female
sex as a mediating factor for improvements in ALT
with pemafibrate treatment [34]. In a rodent model, it
was found that pemafibrate activates a wider range of
genes in females than males [35]. The positive effect
of pemafibrate that we report in our study might re-
flect the higher prevalence of women than men (38 of
the 67 patients included) in our study sample. Studies
are warranted to comprehensively evaluate the effects
of pemafibrate on subcutaneous fat. Moreover, lon-
ger-term studies are needed to evaluate the effects of
pemafibrate, including CT body composition, with
treatment of > 12-month duration.

The limitations of our study need to be acknowl-
edged. First, this was a small observational study, with
a sample size of only 67 patients and a period of obser-
vation of 12 months. Selection bias could not be avoid-
ed as patients were enrolled retrospectively, with only
those with clinically confirmed NAFLD being consid-
ered. Moreover, there were missing data that needed to
be compensated by using median values. Accordingly,
a causative effect between pemafibrate treatment and
measured improvement cannot be established.

We do note, however, that our data are consistent
with prior experimental and trial data [2, 20]. There-
fore, our data do provide support for the use of pe-
mafibrate in the treatment of dyslipidemia-associated
NAFLD, with the positive effects of pemafibrate on
body composition likely to contribute to the noted im-
provements in NAFLD pathophysiology.

Conclusions

Pemafibrate, a new selective PPARa modulator,
improved dyslipidemia, liver function, and hepatic
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reserve in patients with dyslipidemia-associated NA-
FLD. Pemafibrate has the potential to be the first stan-
dard medication of dyslipidemia-associated NAFLD.
The positive effects of pemafibrate on body compo-
sition likely contributed to the improvements in liver
function. Longer-term treatment may be necessary to
fully evaluate the effects of pemafibrate on body com-
position, including visceral adipose tissue (VATI), and
thus to further evaluate the relationship between im-
proved body composition and NAFLD with pemafi-
brate treatment.
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