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Abstract: The modulation of peroxisome proliferator-activated receptors (PPARs), the superfamily
of steroid-thyroid-retinoid nuclear receptors, is expected to induce an amazing crosstalk between
energy-demanding organs. Here, we aimed to study the effects of the novel selective PPARx
modulator, pemafibrate, on metabolic parameters in patients with dyslipidemia. We retrospectively
studied patients who had taken pemafibrate and compared metabolic parameters at baseline with the
data at 3, 6 and 12 months after the start of pemafibrate. Serum triglyceride significantly decreased
and high-density lipoprotein-cholesterol significantly increased at 3, 6 and 12 months after the start of
pemafibrate. Serum aspartate aminotransferase levels significantly decreased at 3 and 6 after the start
of pemafibrate as compared with baseline. Serum alanine aminotransferase and gamma-glutamyl
transferase significantly decreased and albumin significantly increased after 3, 6 and 12 months.
HbAlc levels significantly decreased after 3 months. Further, serum uric acid significantly decreased
after 12 months. Such metabolic favorable changes due to pemafibrate were significantly correlated
with changes in serum lipids. In conclusion, we observed a significant improvement of liver function,
HbAlc and serum uric acid along with an amelioration of dyslipidemia after the start of pemafibrate.

Keywords: liver function; non-alcoholic fatty liver disease; neurological diseases; pemafibrate;
peroxisome proliferator-activated receptor-alpha

1. Introduction

The metabolic syndrome due to insulin resistance poses a global challenge as soci-
eties become increasingly urbanized, sedentary and obese. A cluster of risk factors for
cardiovascular disease (CVD) have become known as the metabolic syndrome. The risk
factors include raised blood pressure, atherogenic dyslipidemia such as raised triglyceride
(TG) and lowered high-density lipoprotein cholesterol (HDL-C), raised fasting glucose,
and central obesity [1]. Beyond lifestyle intervention, the modulation of the nuclear recep-
tor peroxisome proliferator-activated receptor (PPAR) is a therapeutic option to improve
atherogenic dyslipidemia and prevent CVD.

The modulation of peroxisome proliferator-activated receptors (PPARs) which belong
to the superfamily of steroid-thyroid-retinoid nuclear receptors [2] may induce an amazing
crosstalk between organs, because PPARs are transcription factors activated by specific
ligands and play an important role during cell signaling. PPARs participate in the regulation
of lipid metabolism, inflammation and the development of atherosclerosis or diabetes.
Furthermore, therapeutic potential of PPARs agonists for neurological disease has been also
suggested [3]. PPARs have three isoforms; PPAR«, PPARy and PPARB /6 [4]. PPARw is
abundant in energy-demanding tissues, such as liver, kidney, cardiac and skeletal muscles;
PPARYy is predominantly found in adipose tissue, macrophages and large intestine, whereas
PPARf /6 is more ubiquitous in distribution [5,6].
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Fibrates reduce serum TG by lowering hepatic apo CIII production and by increasing
lipoprotein lipase (LPL)-mediated lipolysis and fatty acid (FA) oxidation, by mediating
PPAR«, and also elevate HDL-C levels via transcriptional induction of synthesis of HDL
apolipoprotein Al and AII [7]. Clinical trials of fibrates have shown that serum TG de-
creased by about 25 to 50% and that serum HDL-C levels increased by 5 to 20% [8-10]. In
addition, fibrates were reported to reduce the risk of CVD [10,11].

However, fibrates have been associated with increased risk of liver damage and
increased levels of serum creatinine, the marker for renal dysfunction [12,13]. Because
most fibrates are excreted through the kidney, excretion of fibrates is diminished in patients
with renal dysfunction [10,13]. Therefore, fibrates are contraindicated in patients with
renal dysfunction.

Pemafibrate is a novel member of the selective PPARx modulator family that was
designed to have a higher PPAR« agonistic activity and selectivity than existing PPARo
agonists (such as fibrates) [5,14]. In the previous study, pemafibrate was administered for
52 weeks to 189 patients with hypertriglyceridemia and an estimated glomerular filtration
rate (eGFR) > 45 mL/min/1.73 m? on statin, or regardless of eGFR when statin was not
administered [15]. There were no significant changes in eGFR over time in any stages of
chronic kidney disease (CKD) [15]. Further, pemafibrate showed a good safety profile
and efficacy in correcting lipid abnormalities in a broad range of patients, including those
with CKD. Most fibrates are metabolized mainly by the kidneys, whereas pemafibrate is
metabolized mainly by the liver [16].

Here, we aimed to study the influences of pemafibrate on metabolic parameters
including the markers for liver dysfunction and eGFR in patients with dyslipidemia.

2. Materials and Methods
2.1. Study Population

The study protocol was approved by the Ethics Committee of the National Center
for Global Health and Medicine (NCGM-5-004344-00), and the study was performed in
accordance with the Declaration of Helsinki.

We retrospectively picked up patients who had taken pemafibrate from June 2018
to August 2021 and compared metabolic parameters at baseline with the data at 3, 6 and
12 months after the start of pemafibrate. Information about medical history and medication
were obtained via an electronic medical record. Such information included age, gender,
body weight, body mass index (BMI), systolic and diastolic blood pressures, comorbidities,
and treatments for type 2 diabetes, hypertension, dyslipidemia and hyperuricemia. In-
formed consent was obtained by the opt-out approach. According to the diagnostic criteria
of the Japan Diabetes Society, the Japanese Society of Hypertension and Japanese Society of
Gout and Uric & Nucleic Acids, we defined type 2 diabetes as taking anti-diabetic drugs
and/or HbAlc > 6.5%; hypertension as taking anti-hypertensive drugs and/or systolic blood
pressure > 140 mmHg and/or diastolic blood pressure > 90 mmHg; and hyperuricemia as
taking uric acid (UA) lowering drugs and/or serum UA > 7.0 mg/dL, respectively.

2.2. Laboratory Measurements

Serum alanine aminotransferase (ALT), aspartate aminotransferase (AST), and gamma-
glutamyl transferase (GGT) were measured by a modified Japan Society of Clinical Chem-
istry (JSCC) reference method. Serum albumin was measured by the modified bromocresol
purple (BCP) method. Serum uric acid (UA) was measured by the uricase peroxidase
method. Plasma glucose was measured by the hexokinase UV method. Hemoglobin Alc
(HbA1c) was measured by automated enzyme-linked immunosorbent assays (TOSOH,
Tokyo, Japan). Serum creatinine, TG, HDL-C and low-density lipoprotein-cholesterol
(LDL-C) were determined enzymatically. Estimated glomerular filtration rate (eGFR)
was calculated by using the Chronic Kidney Disease Epidemiology Collaboration (CKD-
EPI) formula.
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2.3. Statistical Analysis

Statistical analyses were performed by using SPSS version 23 (IBM Co., Ltd., Chicago,
IL, USA). All values are expressed as the mean = standard deviation except for sex. The
Wilcoxon signed-rank test was used to statistically analyze comparison in metabolic pa-
rameters between before and after the start of pemafibrate. Correlations between changes
in two parameters were statistically analyzed by the Pearson’s correlation. p value of <0.05
was considered statistically significant.

3. Results
3.1. Baseline Characteristics of Patients Studied

We found 246 patients, and baseline characteristics for patients who had taken pe-
mafibrate are shown in Table 1. Pemafibrate was prescribed to patients with hypertriglyc-
eridemia (TG > 150 mg/dL). The mean BMI was over 25 kg/ m?, indicating that our study
included a relatively large number of overweight patients. Almost half of our patients had
type 2 diabetes and hypertension, and one-third of patients were complicated with hyper-
uricemia. One-third to one-fourth of patients had taken dipeptidyl peptidase-4 inhibitors,
and/or metformin and/or sodium-glucose co-transporter 2 inhibitors as the treatment
for type 2 diabetes. One-third of patients had taken angiotensin receptor blockers and/or
calcium antagonists as the treatments for hypertension. One-third of patients had taken
stain in addition to pemafibrate as the treatments for dyslipidemia. Twenty patients had
undergone the switching from fenofibrate to pemafibrate. One-fifth of patients were treated
by UA lowering drugs.

Table 1. Baseline characteristics for patients who had taken pemafibrate (n = 246).

Clinical Characteristics

Age (years old) 60.0 £15.9
Gender (male/female) 140/106
Body weight (mean + SD, kg) 73.7 £ 16.6
Body mass index (mean + SD, kg/ mz) 27.0+ 5.5
Systolic blood pressure (mean + SD, mmHg) 1341 +17.3
Diastolic blood pressure (mean + SD, mmHg) 78.4 +13.9
Comorbidities
Type 2 diabetes (n, %) 121, 49.2%
Hypertension (n, %) 113, 46.0%
Hyperuricemia (n, %) 73,29.7%
Treatments for type 2 diabetes
Dipeptidyl peptidase-4 inhibitors (n, %) 67,27.2%
Metformin (n, %) 76, 30.9%
Sodium-glucose co-transporter 2 inhibitors (n, %) 63,25.6%
Pioglitazone (n, %) 18, 7.3%
Insulin (n, %) 23,9.3%
Glucagon-like peptide 1 receptor-agonists (n, %) 17, 6.9%
Treatments for hypertension
Angiotensin receptor blockers (n, %) 88, 35.8%
Calcium antagonists (n, %) 95, 38.6%
Diuretics (n, %) 14,5.7%
«, B-blockers (n, %) 31,12.6%
Treatments for dyslipidemia
Statins (n, %) 85, 34.6%
Ezetimibe (n) 43,17.5%
Eicosapentaenoic acid (n, %) 30,12.2%
Fenofibrate (n, %) 20, 8.1%
Treatments for hyperuricemia
Febuxostat (n, %) 22,8.9%
Topiroxostat (n, %) 8,3.3%

Allopurinol (n, %) 12,4.9%
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3.2. Correlations between Metabolic Parameters at Baseline

Body weight values are significantly and positively correlated with diastolic blood
pressure (r = 0.182, p = 0.012), serum ALT (r = 0.274, p < 0.0001), UA (r = 0.372, p < 0.0001),
HbAlc (r =0.189, p = 0.009) and TG (r = 0.141, p = 0.046) levels. Body weight values are
also significantly and negatively correlated with serum HDL-C levels (r = —0.15, p = 0.038).
Serum TG levels are significantly and positively correlated with diastolic blood pressure
(r=0.2, p = 0.004), serum GGT (r = 0.148, p = 0.03), UA (r = 0.3, p < 0.001), HbAlc
(r =0.227, p = 0.001), and are significantly and negatively correlated with serum HDL-
Clevels (r = —0.32, p < 0.001). Serum non-HDL-C levels are significantly and positively
correlated with diastolic blood pressure (r = 0.279, p <0.001), serum ALT (r = 0.169, p = 0.022),
UA (r=0.277,p < 0.001), plasma glucose (r = 0.235, p = 0.001) and HbAlc (r = 0.312, p <0.001)
levels, and are significantly and negatively correlated with serum HDL-C levels (r = —0.285,
p <0.001).

3.3. Changes in Metabolic Parameters after the Start of Pemafibrate
3.3.1. Changes in Metabolic Parameters after the Start of Pemafibrate in All Patients

These are shown in Table 2.

Table 2. Changes in metabolic parameters after the strart of pemafibrate in all patients (n = 246).

Baseline After 3 Months After 6 Months After 12 Months
Body weight (kg) 73.7 £16.7 729 £15.2 73.1+£14.0 733+ 144
Systolic blood pressure (mmHg) 1341 +£17.3 133.0 £ 14.5 133.9 £ 14.2 132.0 £ 14.2
Diastolic blood pressure (mmHg) 784 £13.9 78.6 £12.0 78.7 £12.0 77.6 £12.0
TG (mg/dL) 411.0 + 349.5 231.1 £2219* 2142 £ 1716 % 206.1 + 147.8 %
HDL-C (mg/dL) 46.0 £ 13.7 51.0 +£13.3* 50.5 +12.7* 51.4+13.2*
LDL-C (mg/dL) 105.6 & 35.3 110.7 +33.1 107.0 + 31.6 109.1 &+ 32.6
Non-HDL-C (mg/dL) 170.6 £ 56.3 147.3 £39.5*% 141.2 £36.8 % 138.6 £35.5*%
AST (IU/L) 36.5 +58.1 339 +484* 29.7 £20.2* 289 £21.2
ALT (IU/L) 40.6 £42.3 33.5+324* 30.0 £24.5* 30.5+31.3*
GGT (IU/L) 80.4 +129.3 50.5+70.7 * 57.8 £87.7* 53.0 +74.6*
Albumin (g/dL) 425+ 0.44 443 +£036* 442 +037* 442 +0.38*
UA (mg/dL) 6.0+ 1.6 6.0+ 15 58+ 15 57+12*
eGFR (mL/min/1.73m?) 72.6 £27.7 72.1 £28.6 71.5+23.7 68.1 +21.9
Plasma glucose (mg/dL) 142.4 +49.5 137.6 +43.8 138.3 +48.4 135.0 +38.2
HbA1lc (%) 68+13 6.6+1.0* 6.6 £0.9 6.6 0.9

Values show mean =+ SD. * p < 0.05 vs. baseline. ALT, alanine aminotransferase; AST, aspartate aminotransferase;
eGFR, estimated glomerular filtration rate; GGT, gamma-glutamyl transferase; HDL-C, high-density lipoprotein-
cholesterol; LDL-C, low-density lipoprotein-cholesterol; Non-HDL-C, non-high-density lipoprotein-cholesterol;
TG, triglyceride, UA, uric acid.

Body weight and systolic and diastolic blood pressures did not show any changes.
Serum TG and non-HDL-C levels significantly decreased and HDL-C level significantly
increased at 3, 6 and 12 months after the start of pemafibrate as compared with baseline.
Serum AST levels significantly decreased at 3 and 6 after the start of pemafibrate as com-
pared with baseline. Serum ALT and GGT levels significantly decreased and albumin level
significantly increased after 3, 6 and 12 months. Serum UA levels significantly decreased at
12 months after the start of pemafibrate as compared with baseline. Furthermore, HbAlc
levels significantly decreased after 3 months. Plasma glucose and eGFR did not show
any changes.

3.3.2. Changes in Metabolic Parameters after the Start of Pemafibrate in Patients with and
without the Treatment Using Sodium-Glucose Co-Transporter 2 Inhibitors (SGLT2i)

Because we previously reported that SGLT2i improves atherogenic dyslipidemia, liver
function and serum UA in addition to glucose-lowering [17-20], we analyzed changes in
metabolic parameters after the start of pemafibrate by dividing patients into patients who
received SGLT2i and patients who did not receive SGLT2i (Table 3).
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Table 3. Changes in metabolic parameters after the strart of pemafibrate in patients with and without
the treatment using SGLT2i.

Patients without the Treatment Using SGLT2i (n = 183) Patients with the Treatment Using SGLT2i (n = 63)

Baselin After 3 After 6 After 12 Baselin After 3 After 6 After 12
aseline Months Months Months aseline Months Months Months
Body weight (kg) 694 +17.6 716 + 158 723+ 149 732+ 154 773+ 142 762 +133 75.0 + 12.1 731+ 11.6
Systolic blood 133.4 + 183 132.2 + 14.0 1335 + 14.2 132.7 £ 14.9 133.1 + 179 1335 + 15.8 133.8 + 14.2 130.7 £ 11.5
pressure (mmHg)
Diastolic blood 774 £ 129 774+ 124 774 +118 772+ 12.7 81.2 + 14.4 81.0 & 10.9 80.9 +12.1 79.4 +105
pressure (mmHg)

TG (mg/dL) 376.6+3423  2080+167.1* 2023+139.6* 1963 +143.1*  4225+3274  298.0+3237* 2597 +2482* 2354 +158.8*
HDL-C (mg/dL) 470 +15.1 51.9 +135* 511 +135* 51.8 +132* 46.7 £12.2 493 +13.0* 494 +113* 51.7 £ 11.3*
LDL-C (mg/dL) 107.1 + 33.5 114.0 4 34.8 * 1114 4 34.8 109.3 & 34.2 % 105.7 & 35.3 1043 +29.3 99.0 +28.9 104.4 4+ 29.5

Nz’;g;gb' C 166.5 + 50.5 148.14+39.6*  1434+379* 1381 +38.1* 1674 + 60.6 143.04+39.1*  1305+31.0*  1332430.1*

AST (IU/L) 35.9 + 60.9 35.9 + 539 313 4+23.0 313+2938 35.0 + 26.6 28.8 +252* 269 + 134 278 +153%

ALT (IU/L) 38.1 +41.5 334 +283*% 307 £25.8* 303 +£32.1* 414 +345 342+ 419*% 29.1+19.8* 324 +301*

GGT (IU/L) 80.3 + 143.6 528 +783*  614+£1063% 557 4+1352* 88.3 + 118.8 436 £389*% 559 £ 669*  78.4+1109*
Albumin (g/dL) 422 +£0.42 443 +£0.36% 441+£037% 444 +£033* 433 +£045 443 +£0.36% 447 £037 4.40 £ 047

UA (mg/dL) 6.0+17 61+15 59416 58+13* 58415 59+16 55+12 55+1.0

eGFR 69.8 +£24.7 69.5 + 18.6 70.1 +19.3 66.2 + 18.6 78.5 +34.3 81.9 +44.1 79.2 4+ 33.7 75.7 £29.5
(mL/min/1.73m?)
Pla?;‘g ;“vcll‘ic)"se 1347 +51.3 130.1 + 42.3 1324 +47.9 1304 + 38.7 1633 +49.7 153.2 +42.9 * 151.7 & 46.1 1462 + 34.2
HbAlc (%) 63+1.1 63+08 63+08 63408 76+13 724+1.0% 72409 72409

Values show mean =+ SD. * p < 0.05 vs. baseline. ALT, alanine aminotransferase; AST, aspartate aminotransferase;
eGFR, estimated glomerular filtration rate; GGT, gamma-glutamyl transferase; HDL-C, high-density lipoprotein-
cholesterol; LDL-C, low-density lipoprotein-cholesterol; Non-HDL-C, non-high-density lipoprotein-cholesterol;
SGLT2i, sodium-glucose co-transporter 2 inhibitors; TG, triglyceride, UA, uric acid.

We found no differences in changes in TG, HDL-C, non-HDL-C, ALT and GGT between
the two groups. A significant increase in LDL-C after 3 and 12 months and a significant
decrease in serum UA were observed in patients who did not receive SGLT2i. A significant
decrease in AST after 3 and 12 months and a significant decrease in plasma glucose and
HbAlc were observed in patients who received SGLT2i. Serum albumin significantly
increased in patients who did not receive SGLT2i after 3, 6 and 12 months, but a significant
increase in albumin was observed in patients who received SGLT2i only after 3 months.

3.4. Correlations between Changes in Metabolic Parameters after the Start of Pemafibrate
3.4.1. Correlations between Changes in Serum Lipids

The changes in serum TG were negatively correlated with changes in HDL-C (r = —0.311,
p <0.001; r=—0.311, p < 0.001; r = —0.315, p = 0.001 at 3, 6 and 12 months, respectively) and
positively correlated with changes in non-HDL-C (r = 0.324, p < 0.001; r = 0.343, p < 0.001;
r=0.286, p = 0.005 at 3, 6 and 12 months, respectively) at 3, 6 and 12 months after the start
of pemafibrate.

3.4.2. Correlations among Changes in the Markers for Liver Function

The changes in serum AST were positively correlated with changes in serum ALT
(r=0.718,p <0.001;r=0.753, p < 0.001; r = 0.752, p = 0.001 at 3, 6 and 12 months, respectively)
and GGT (r =0.471, p < 0.001; r = 0.339, p < 0.001; r = 0.433, p < 0.001 at 3, 6 and 12 months,
respectively) at 3, 6 and 12 months after the start of pemafibrate. The changes in serum
albumin were not correlated with other markers for liver dysfunction (AST, ALT and GGT)
at 3 and 6 months after the start of pemafibrate. However, the changes in serum albumin
were negatively correlated with changes in serum GGT (r = —0.239, p = 0.017) at 12 months
after the start of pemafibrate.

3.4.3. Correlations between Changes in Serum Lipids and Changes in the Markers for
Liver Function

The changes in serum albumin were negatively correlated with changes in serum TG
and non-HDL-C, and were positively correlated with changes in HDL-C at 3 months after
the start of pemafibrate (Figure 1). Further, the changes in serum AST were positively
correlated with changes in non-HDL-C after 3 months.
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Figure 1. (A-D) Correlations between changes in serum lipids and changes in markers for liver func-
tion at 3 months after the start of pemafibrate. AST, aspartate aminotransferase; HDL-C, high-density
lipoprotein-cholesterol; non-HDL-C, non-high-density lipoprotein-cholesterol; TG, triglyceride.

The changes in serum albumin were negatively correlated with changes in serum
TG, and were positively correlated with changes in HDL-C at 6 months after the start of
pemafibrate (Figure 2). The changes in serum GGT were positively correlated with changes
in serum TG after 6 months.
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Figure 2. (A-C) Correlations between changes in serum lipids and changes in markers for liver
function at 6 months after the start of pemafibrate. GGT, gamma-glutamyl transferase; HDL-C, high-
density lipoprotein-cholesterol; non-HDL-C, non-high-density lipoprotein-cholesterol; TG, triglyceride.
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The changes in serum albumin were positively correlated with changes in HDL-C
at 12 months after the start of pemafibrate (Figure 3). The changes in serum GGT were
positively correlated with changes in serum TG, and were negatively correlated with
changes in HDL-C after 12 months.
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Figure 3. (A-C) Correlations between changes in serum lipids and changes in markers for liver
function at 12 months after the start of pemafibrate. GGT, gamma-glutamyl transferase; HDL-C,
high-density lipoprotein-cholesterol; TG, triglyceride.
3.4.4. Correlations between Changes in Serum Lipids and Changes in HbAlc after the Start
of Pemafibrate
Changes in HbAlc were negatively correlated with changes in HDL-C, and were
positively correlated with changes in non-HDL-C at 3 months after the start of pemafibrate
(Figure 4).
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Figure 4. (A,B) Correlations between changes in serum lipids and changes in HbA1lc at 3 months after
the start of pemafibrate. HDL-C, high-density lipoprotein-cholesterol; non-HDL-C, non-high-density
lipoprotein-cholesterol.
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3.4.5. Correlations between Changes in Serum Lipids and Changes in Serum UA after the
Start of Pemafibrate
Changes in serum UA were positively correlated with change in TG at 12 months after

the start of pemafibrate (Figure 5).

r=0.206, P=0.034

-
T
®
8
<
-
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6
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8
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Figure 5. Correlations between changes in serum lipids and changes in UA at 12 months after the
start of pemafibrate. TG, triglyceride; UA, uric acid.

4. Discussion
The increasing prevalence of the metabolic syndrome/insulin resistance puts a very
large population at risk of developing non-alcoholic fatty liver disease (NAFLD) [21]. Our
study included a relatively large number of patients with overweight and such patients
showed atherogenic dyslipidemia which was commonly observed in insulin resistance.
Possible molecular mechanisms for development of atherogenic dyslipidemia, liver
dysfunction and hyperuricemia in insulin resistance are shown in Figure 6 [22,23].

Kidney

glycerol

; ] v
Adipose tissue Urine  Proxymal tubule Blood

Figure 6. Possible molecular mechanisms for development of Atherogenic Dyslipidemia, liver
dysfunction and hyperuricemia in insulin resistance. FFA, free fatty acid; GLUT9, glucose trans-
porter 9; HDL, high-density lipoprotein; HSL, hormone sensitive lipase; LPL, lipoprotein lipase; TG,
triglyceride; UA, uric acid; URATI, urate transporter 1; VLDL, very-low density-lipoprotein.
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Insulin resistance increases activity and expression of hormone sensitive lipase (HSL)
in adipose tissue, which catalyzes the breakdown of TG, releasing free fatty acid (FFA) [24].
Insulin promotes apo B100 degradation, and hepatic insulin resistance reduces apo B100
degradation [25]. Furthermore, insulin resistance is associated with elevated hepatic apo
CIHI production [26]. In the insulin resistant-state, increased FFA entry to liver and reduced
degradation of apoB100, and elevated apo CIII levels may elevate hepatic production of
TG-rich lipoprotein, very-low density-lipoprotein (VLDL). Insulin resistance also decreases
the activity of LPL, the rate-limiting enzyme of the catabolism of TG-rich lipoproteins such
as VLDL [27]. The formation of HDL is related to the catabolism of TG-rich lipoproteins
by LPL [28]. Therefore, reduced LPL activity increases VLDL, and reduces HDL. Apo CIII
inhibits LPL activity [29], which leads to further increase of VLDL and decrease of HDL.

NAFLD is characterized by excess accumulation of TG in the hepatocyte due to both
increased inflow of FFA and de novo hepatic lipogenesis [30]. Insulin resistance is the
major mechanism in the development and progression of NAFLD. Overexpression of apo
CIII produced NAFLD-like features, including increased liver lipid content, decreased
antioxidant power, increased expression of inflammatory cytokines and increased cell
death [31]. A high-fat diet further induced glucose intolerance, marked increases in inflam-
matory cytokines, cell death and apoptosis in apo CIII overexpressed mice. Fenofibrate
treatment reversed several of the effects associated with diet and apo CIII expression but
did not normalize inflammatory traits even when liver lipid content was fully corrected,
suggesting that apo CIII and/or hypertriglyceridemia plays a major role in liver inflamma-
tion and cell death. Therefore, atherogenic dyslipidemia induced by insulin resistant may
contribute to the development of NAFLD. Cytokines secreted by adipocytes, such as tumor
necrosis factor-«, transforming growth factor-3, and interleukin-6, are implicated in the
development of NAFLD [32].

Hyperuricemia is significantly associated with the development and severity of
metabolic syndrome and insulin resistance [33]. The meta-analysis showed that higher
serum UA levels led to an increased risk of metabolic syndrome regardless of the study
characteristics, and were consistent with a linear dose-response relationship [34]. Mag-
nitude of insulin resistance and serum UA concentration were significantly related, and
insulin resistance was also inversely related to urinary UA clearance [35]. The influ-
ences of insulin resistance on UA metabolism are shown in Figure 6. Renal UA reab-
sorption is mainly mediated by urate transporter 1 (URAT1) and glucose transporter 9
(GLUTY) [33,36-38]. An increased protein level of URAT1 was observed in obesity /metabolic
syndrome model mice [39]. Upon high-purine load, insulin resistance enhances UA reab-
sorption as manifested by up-regulated URAT1 expression and reduces UA excretion in
the Otsuka-Long-Evans-Tokushima fatty rats [40].

In kidney tissue of Sprague-Dawley rats induced with metabolic syndrome, gene
expression of GLUT9 was significantly upregulated [41]. Immunohistochemical study
showed a significant increase of GLUT9 by more than three-fold. GLUT9 is a high-capacity
urate transporter expressed in the proximal renal tubular cell, which reportedly also trans-
ports glucose and fructose [42]. Glycolytic disturbances were observed in insulin-resistant
and hyper-uricemic states [43]. Diversion of glycolytic intermediates toward ribose-5-
phosphate, phosphor-ribosyl-pyrophosphate, and UA will follow if there is diminished
activity of glyceraldehyde-3-phosphate dehydrogenase (GA3PDH), which is regulated by
insulin. Intrinsic defects in GA3PDH and a loss of its responsiveness to insulin can explain
the association between insulin resistance and hyperuricemia by elevation of de novo
purine synthesis [33]. Increased UA reabsorption by increased expression of URAT1 and
GLUT9 and glycolytic disturbance may contribute to the development of hyperuricemia in
insulin resistance.

An appropriate treatment of the components of metabolic syndrome is crucial to
reduce hepatic morbidity and mortality. The most important class of medications to
manage atherogenic dyslipidemia due to the metabolic syndrome can be fibrates because
fibrates were associated with a greater reduction in TG, and a greater increase in HDL-C [7].
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Pemafibrate is a novel member of the selective PPARo modulator family that was designed
to have a higher PPAR« agonistic activity and selectivity than existing agonists (such as
fibrates) [5,14]. Our study demonstrated that pemafibrate significantly reduced serum TG
and non-HDL-C and raised HDL-C. The activation of PPAR« increases the catabolism of
FA. In the liver, it activates their beta-oxidation [44]. The effects that PPARx exerts on
TG-rich lipoproteins is due to their stimulation of LPL and repression of apolipoprotein
CIII expression, while the effects on HDL depend upon the regulation of apolipoproteins
Al 'and AIL In present study, a significant increase in LDL-C was observed in patients who
did not receive SGLT2i; however, this was not observed in patients who received SGLT?2i.
Our previous study showed that SGLT2i decreased LDL-C [18], therefore the presence or
absence of the combination with SGLT2i may be associated with this difference, which
should be studied in the future.

Serum ALT and GGT are indicators of liver damage [45]. Serum concentration of
albumin reflects liver synthetic function [45]. Our study showed that pemafibrate improved
ALT, GGT and albumin along with serum lipids, suggesting a significant beneficial effect of
pemafibrate on liver damage and hepatic synthetic function. These improvements were
observed in patients who did not receive SGLT2i, therefore these improvements may be
due to pemafibrate. Interestingly, a significant decrease in AST was observed only in
patients who received SGLT2i. Since SGLT2i improve liver function [17-20], synergism
and/or the possible interaction between pemafibrate and SGLT2i may be associated with
a decrease in AST, which still needs further studies. Accumulated data suggest that
NAFLD is induced by abnormal hepatic lipid metabolism such as an increase of intra-
hepatic fat content [46]. Fibrates reduce hepatic TG synthesis by decreasing apo C-III
production, via PPAR« [7]. Further, the treatment with PPAR«x agonist simulated the
expression of enzymes involved in FA oxidation leading to a concomitant decrease of
hepatic TG levels [47]. PPAR«x agonistic activity reduces serum TG by lowering hepatic
TG production and by elevated FA oxidation [5-7,47], which may reduce intra-hepatic
fat content and result in an improvement of liver function. A potent inducer of PPARx
stimulated beta-oxidation in a model of steatohepatitis, and induced a complete clearance of
steatosis together with a significant reduction of oxidative stress and oxidative injuries and
prevention of inflammation and fibrosis [48]. Pemafibrate can be the promising therapeutic
option for NAFLD.

In addition to such direct effects of pemafibrate on liver, a possible improved crosstalk
between energy-demanding tissues induced by pemafibarate may be also associated with
an amelioration of liver function (Figure 7).

Although PPARY is a predominant PPAR in adipose tissue, the activation of PPAR« is
associated with a beneficial change in the quality of adipocytes. White adipose tissue (WAT)
remodeling in obesity results in inflammation, insulin resistance, enhanced lipolysis, ectopic
lipid accumulation and reduced energy expenditure [49]. WAT is currently considered as a
metabolically active organ of an endocrine nature [50]. The secretion of adipokines and their
roles in the regulation of energy homeostasis, inflammatory response, and glucose tolerance
are altered in obese individuals [51]. Brown fat expansion and/or activation results in
increased energy expenditure and a negative energy balance in mice and limits weight
gain [52]. Brown fat is also able to utilize blood glucose and lipid and results in improved
glucose metabolism and serum lipids independent of weight loss [52]. PPAR« agonists
can induce browning of white adipose tissue. Browning, verified by uncoupling protein 1
(UCP1) positive beige cells and enhanced body temperature, was only observed in PPARo
treated obese mice [53]. Cytokines secreted by adipocytes, such as tumor necrosis factor-c,
transforming growth factor-f3, and interleukin-6, are implicated in the development of
NAFLD [32]. The WAT after browning produces fewer cytokines, which may improve liver
function. Further, PPARx agonist enhances adiponectin production [54], which may be
also beneficially associated with liver function [55].
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Figure 7. A possible improvement of the crosstalk between energy-demanding tissues induced by
pemafibrate. FA, fatty acid; GLUT9, glucose transporter 9; HDL, high-density lipoprotein; LPL,
lipoprotein lipase; PPAR, peroxisome proliferator-activated receptor alpha; TG, triglyceride; URAT1,

urate transporter 1.

The activation of PPAR-o markedly stimulated the muscle expression of two key
enzymes involved in lipid oxidation, namely carnitine-palmitoyl transferase and acyl-CoA
oxidase [56]. Moreover, the liver and muscle tissue TG content were significantly reduced
after the PPAR-« treatment [56]. The euglycemic-hyper-insulinemic clamp demonstrated a
marked improvement in the hepatic insulin sensitivity and an increase in the whole body
insulin sensitivity [56]. Therefore, elevated FA oxidation by pemafibrate and resulting
reduced serum FA and FA entry to liver may be associated with an improvement of liver
function. An increased systemic insulin sensitivity may be also beneficially associated
with liver function. A reduction of HbAlc after the start of pemafibrate in the analysis
of all patients in our study may reflect an improvement of systemic insulin sensitivity by
pemafibrate. Especially, significant decreases in plasma glucose and HbAlc were observed
in patients who received SGLT2i. The synergism and/or the possible interaction between
pemafibrate and SGLT2i may be associated with an improvement of glucose metabolism,
which still warrant further studies.

Increased UA reabsorption by increased expression of URAT1 and GLUT9 and gly-
colytic disturbance may contribute to the development of hyperuricemia in insulin re-
sistance. Our study showed that serum UA significantly decreased at 12 months after
the start of pemafibrate as compared with baseline. A significant decrease in serum UA
was observed in patients who did not receive SGLT2i, support that pemafibrate. One
of fibrates, fenofibrate, decreased serum UA levels by increasing its urinary excretion,
most likely through the inhibition of URAT1 by fenofibric acid, its major metabolite [57].
The meta-analyses showed a significant reduction in plasma UA concentrations following
fenofibrate therapy [58,59]. However, reduction of serum UA by pemafibrate was not
reported. Fenofibrate has URAT1 inhibitory effect, but pemafibrate may not have such
effect, which was supported by our recent study that showed a significant increase of serum
UA after the switching from fenofibrate to pemafibrate [60]. In this study, pemafibrate
may decrease serum UA by reducing over-expressed URAT1 and GLUT9 due to insulin
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resistance, and by improving systemic insulin resistance, which may be supported by a
significant and positive correlation between changes in serum UA and changes in TG at
12 months after the start of pemafibrate.

Limitations of the study need to be addressed. This is a cross-sectional study, limit-
ing inferences of causality and its direction. Although we did not intentionally change
treatments for diabetes and hypertension, hyperuricemia and other lipid-lowering drugs
during the study period, we cannot deny the beneficial role of the concomitant assumption
of other drugs including aspects of synergism and/or the possible interaction between
pemafibrate and other treatments against the different components of metabolic syndrome
such as SGLT2i in the present data. To elucidate this, further studies, preferentially a
prospective randomized placebo control study including a large number of patients, should
be performed in the future.

5. Conclusions

We observed a significant improvement in liver function, HbAlc and serum UA along
with an amelioration of dyslipidemia after the start of pemafibrate.
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