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Abstract: Background/Objectives: The global burden of metabolic dysfunction-associated steatotic
liver disease (MASLD) is increasing at an alarming rate. Cardiovascular disease (CVD) is the leading
cause of mortality in MASLD patients, therefore, the therapeutic interventions for MASLD should
improve coronary risk factors such as obesity, diabetes and dyslipidemia, in addition to improving
liver function. The evidence on effect of sodium-glucose cotransporter 2 inhibitors (SGLT2is) which
have beneficial pharmacological properties for MASLD, especially the long-term effects, on the
progression of MASLD in Asian population is very limited. Methods: The retrospective
longitudinal study was performed by using the medical records at the National Center for Global
Health and Medicine, Kohnodai Hospital, Japan. We picked up patients with type 2 diabetes who
had taken SGLT2is for at least 3 years or longer between April 1, 2014 and March 31, 2018. We
collected the data on metabolic parameters, including blood tests and anthropometric parameters,
and compared the data before and after the initiation of SGLT2is treatment. Results: During the
observation period, 324 patients had taken SGLT2is for 3 years. The 3-year-SGLT2is treatment
significantly reduced body weight, hemoglobin Alc, low-density lipoprotein-cholesterol,
triglyceride and non-high-density lipoprotein-cholesterol (HDL-C) and significantly increased
HDL-C. Furthermore, this treatment significantly improved liver function and the markers for
hepatic steatosis and hepatic fibrosis. Conclusions: Considering that the development of CVD
determines the prognosis of MASLD patients, the long-term SGLT2is treatment may be an ideal
therapy for MASLD patients.

Keywords: cardiovascular disease; hepatic fibrosis; metabolic dysfunction-associated steatotic liver
disease; sodium-glucose cotransporter 2 inhibitors; serum lipids

1. Introduction

Metabolic dysfunction-associated steatotic liver disease (MASLD), previously termed
nonalcoholic fatty liver disease (NAFLD), is defined as the presence of hepatic steatosis in conjunction
with at least one cardiometabolic risk factor (obesity, hypertension, type 2 diabetes, dyslipidemia)
[1]. Approximately 1/4 of people with hepatic steatosis progress to metabolic dysfunction-associated
steatohepatitis (MASH), which is characterized by hepatocellular ballooning and lobular
necroinflammation, and an increased risk of fibrosis, cirrhosis, hepatic decompensation,
hepatocellular carcinoma, and all-cause mortality [2]. The global burden of MASLD is increasing at
an alarming rate, with global prevalence reaching up to 32.4% [3,4].

A retrospective analysis of patients with MASLD showed that cardiovascular disease (CVD)
(38.3%), followed by non-liver malignancy (18.7%) and complications of liver cirrhosis (7.8%), were
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the three most common causes of death in MASLD patients [5], suggesting that CVD was the most
crucial determinant of mortality in MASLD patients. Considering that the development of CVD
determines the prognosis of MASLD patients, the therapeutic interventions for MASLD should
improve coronary risk factors such as obesity, diabetes and dyslipidemia, in addition to an improving
in liver function [6]. The features of metabolic syndrome are not only highly prevalent in patients
with MASLD but also components of metabolic syndrome also increase the risk of developing
MASLD [7]. The established conditions for developing MASLD include obesity, type 2 diabetes,
hypertension and dyslipidemia such as high TG and low HDL-C levels [7]. Obesity, especially,
visceral obesity is the most common and well-documented risk factor for MASLD. In the meta-
analysis, the pooled odds ratio (OR) for the formation of MASLD in waist circumference and body
mass index (BMI) were 2.34 (95%CI, 1.83 to 3.00) and 2.85 (95%ClI, 1.60 to 5.08), respectively [8].

Sodium-glucose cotransporter 2 inhibitors (SGLT2is), are reversible inhibitor of SGLT2, leading
to reduction of renal glucose reabsorption and decrease of plasma glucose, in an insulin-independent
manner [9-11]. Such property of SGLT2is is beneficial to reduce visceral fat as well as body weight
[11]. Recent meta-analysis provided evidence that SGLT2is significantly reduced visceral adipose
tissue, subcutaneous adipose tissue, and ectopic liver fat, in addition to body weight, especially in
young type 2 diabetic patients with MASLD and high BMI [12]. However, the evidence on effect of
SGLT2is, especially the long-term effects, on the progression of MASLD in Asian population is very
limited.

Here, we investigated the long-term (> 3 years) effect of SGLT2is on glucose/lipid metabolism
and the markers for hepatic steatosis and hepatic fibrosis in Japanese patients with type 2 diabetes.

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-5-004397), and the study was performed in accordance with the
Declaration of Helsinki.

The retrospective longitudinal study was performed by using the medical records at the
National Center for Global Health and Medicine, Kohnodai Hospital, Japan. We picked up patients
with type 2 diabetes who had taken SGLT2is for at least 3 years or longer between April 1, 2014 and
March 31, 2018. We excluded the patients who did not visit our hospital regularly.

2.2. Data Collection

We collected the data on metabolic parameters, including blood tests and anthropometric
parameters, and compared the data before and after the initiation of SGLT2is treatment. Body weight,
height, and blood pressure were measured according to the clinical standards. BMI was calculated
by dividing body weight in kilograms by body height squared in meters. The measurements of serum
hemoglobin Alc (HbAlc), total cholesterol (TC), triglyceride (TG), blood urea nitrogen (BUN),
creatinine, and uric acid (UA) were performed using enzymatic assays. The hexokinase method was
used for the evaluation of plasma glucose. Total protein (TP) and serum albumin were measured by
the modified bromocresol green method. Total bilirubin (T-Bil) was measured by the vanadate
oxidase method. A direct method was used for the measurements of serum low-density lipoprotein
cholesterol (LDL-C) and high-density lipoprotein-cholesterol (HDL-C). Serum aspartate
aminotransferase (AST), alanine aminotransferase (ALT) and vy-glutamyl transferase (GGT) were
measured by using the Japan Society of Clinical Chemistry transferable method. The estimated
glomerular filtration rate (eGFR) was calculated by age and serum creatinine based on the estimation
equation for Japanese patients [13]. Non-HDL-C was calculated by subtracting HDL-C from TC. We
used the hepatic steatosis index (HSI) as the marker for hepatic steatosis, and this index was
calculated by using the following formula: 8 x (ALT/AST) + BMI + (2, if diabetes mellitus) + (2, if
female) [14]. We used the AST-to-platelet ratio index (APRI) and fibrosis-4 (FIB-4) index as the
markers for hepatic fibrosis. The APRI was calculated as follows: AST (IU/L)/Upper limit of the
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normal range of AST: 40 (IU/L)/Platelet count (109/L) x 100 [15]. FIB-4 index was calculated as follows:
(age x AST)/(platelet counts (x109/L) x (ALT)1/2 [16,17].

2.3. Statistical Analysis

Comparisons between baseline data and the data after start of SGLT2is were analyzed by the
paired t-tests. Spearman’s rank correlation coefficient was used to determine the correlations between
the parameters. Missing data were excluded from analyses. All data are expressed as mean * SD, and
p < 0.05 was considered to be statistically significant. We used SPSS version 29 (IBM Corp, Armonk,
NY, USA) for statistical analysis.

3. Results

3.1. Characteristics of Patients

During the observation period, 324 patients had taken SGLT2is for 3 years. Clinical and
laboratory characteristics of patients studied were shown in Table 1. The mean age of the patients
was 58.9+14.2 years, and the mean BMI was 28.1+5.9 kg/m?, suggesting that a relatively large number
of obese patients were included in this study. The mean value of HbAlc was 8.3+1.7 %, indicating
that a relatively large number of patients with poor glucose control were included. Hematological
data such as hemoglobin, hematocrit and the count of platelets and the markers for renal function
such as BUN, creatinine and eGFR were within normal range in most patients. UA, TP, T-Bil and
albumin levels were also within normal range. The mean value of AST was the upper limit of normal
range. The mean values of ALT and GGT were close to the upper limit of normal range in males and
were above the normal range in females. The mean value of TG was above the upper limit of normal
range.

Used SGLT2is were shown in Table 2. Six kinds of SGLT2is were used. Dapagliflozin and
luseogliflozin were frequently used.

Table 1. Clinical and laboratory characteristics of patients studied at baseline (n = 324).

Clinical characteristics

Gender (male/female) 188/136
Age (years) 58.9+14.2
Body height (cm) 163.0+10.0
Body weight (kg) 74.3+18.2
Body mass index (kg/m?) 28.1+5.9
Systolic blood pressure (mmHg) 133.3£17.9
Diastolic blood pressure 76.8+12.1
Laborarory characteristics
Data at baseline Normal range
Plasma glucose (mg/dl) 192+83 <110
HbAlc (%) 8.31.7 49~6.0
. Male 13.7~16.8
Hemoglobin (g/dl) 13.9+1.8 Female 11.6-14.8
. o Male 40.7~50.1
Hematocrit (%) 41.9+5.0 Female 35.1~44.4
Platelets (x 10%/ml) 24.0+7.5 158~348
Blood urea nitrogen (mg/dl) 16.5+6.2 8~20
Male 0.65~1.07
Creatinine (mg/dl) 0.8+0.3 ale 0.65-1.0

Female 0.46~0.79
eGFR (ml/min/1.73m?2) 78+28 60 <
UA (mg/dl) 5.5+1.4 <7
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TP (g/dl) 7.2+0.5 6.6~8.1
Albumin (g/dl) 4.2+0.5 4.1~5.1
T-Bil 0.7+0.3 04~1.5
AST (IU/1) 30+20 13~30
Male 10~42
ALT (IU/1) 38+32 Female 7-23
Male 13~64
GGT (I1U/1) 58+69 Female 9~32
TC (mg/dl) 187+40 <220
HDL-C (mg/dl) 50+13 <40
LDL-C (mg/dl) 105+32 <140
TG (mg/dl) 185+126 Non-fasting value < 175
Non-HDL-C (mg/dl) 138+39 <170

Presented values indicate mean+SD. ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT,
gamma-glutamyl transferase; eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein-
cholesterol; LDL-C, low-density lipoprotein-cholesterol; Non-HDL-C, non-high-density lipoprotein-cholesterol;
T-Bil, total bilirubin; TC, total cholesterol; TG, triglyceride; TP, total protein; UA, uric acid.

Table 2. Used sodium-glucose cotransporter 2 inhibitors (SGLT2is).

Kind of SGLT2is n (%)
Dapagliflozin 98 (30%)
Luseogliflozin 96 (30%)
Tofogliflozin 36 (11%)

Ipragliflozin 34 (10%)
Canagliflozin 34 (10%)
Empagliflozin 30 (9%)

3.2. Changes in Metabolic Parameters by the 3-Year-SGLT2is Treatment

Changes in metabolic parameters by the 3-year-SGLT2is treatment were shown in Table 3. The
3-year-SGLT2is treatment significantly reduced body weight by 3.4kg. HbAlc was significantly
reduced by 0.9%. TC, LDL-C, TG and non-HDL-C significantly decreased and HDL-C significantly
increased. Furthermore, the 3-year-SGLT2is treatment significantly reduced AST, ALT and GGT.

Table 3. Changes in metabolic parameters by the 3-year-SGLT2is treatment.

Baseline After 3 years p values
Body weight (kg) 74.3£18.2 70.9£17.6 <0.001
Body mass index (kg/m?) 28.1+5.9 26.8+5.5 <0.001
Plasma glucose (mg/dl) 192483 162+69 <0.001
HbAlc (%) 8.3+1.7 7.4+1.2 <0.001
TC (mg/dl) 187+40 177+33 <0.001
HDL-C (mg/dl) 50£13 53+14 <0.001
LDL-C (mg/dl) 105+32 98+27 0.023
TG (mg/dl) 185+126 161+103 0.001
Non-HDL-C (mg/dl) 138+39 124432 <0.001
AST (IU/1) 30£20 2617 0.004
ALT (IU/1) 38+32 31+32 0.009
GGT (IU/1) 58+69 53+101 0.014

Presented values indicate mean+SD. ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT,
gamma-glutamyl transferase; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-
cholesterol; Non-HDL-C, non-high-density lipoprotein-cholesterol; TC, total cholesterol; TG, triglyceride.
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3.3. Changes in the Markers for Hepatic Steatosis and Hepatic Fibrosis after the Start of SGLT2is

Changes in HSI which is the marker for hepatic steatosis, and APRI which is the maker for
hepatic fibrosis after the start of SGLT2is were shown in Figure 1. The 3-year-SGLT2is treatment
significantly reduced HSI, and HSI significantly decreased at one and two years after the start of
SGLT2is. The 3-year-SGLT2is treatment also significantly reduced APRI, and APRI significantly
decreased at one year after the start of SGLT2is.

A HsI B APRI

ok * . ’
0.6
40 * *

Baseline 1year 2 year 3 year Baseline 1 year 2 year 3 year

Figure 1. Changes in the markers for hepatic steatosis (Hepatic steatosis index, HIS) and hepatic
fibrosis (AST to platelet ratio index, APRI) after the start of SGLT2is. *p < 0.01 and **p < 0.001 vs.
baseline data.

Changes in FIB-4 index, another maker for hepatic fibrosis, after the start of SGLT2is were shown
in Figure 2. The analysis using all patients showed a significant increase in FIB-4 index at 2 and 3
years after SGLT2is administration. According to FIB-4 values, patients were classified as (1) low risk
for advanced hepatic fibrosis, FIB-4 < 1.3; (2) intermediate risk, FIB-4 1.3-2.66; and (3) high risk, FIB-
4 >2.67 [6]. The 3-year-SGLT2is treatment significantly reduced FIB-4 index in high risk patients. In
such patients, FIB-4 index significantly decreased at one year after SGLT2is administration.

A FIB-4 index (all patients) B FIB-4 index (each risk group)
i 6
5
3 * *
N 4
*
2 3
*
2 T I | 1
1
1 T I | |
0 0
Baseline 1 year 2 year 3 year Baseline 1 year 2 year 3 year

Figure 2. Change in FIB-4 index after the start of SGLT2is in all patients (A) and in each risk group
(B). Red, blue and yellow lines and circles indicate high, intermediate and low risk for advanced
hepatic fibrosis, respectively. *p < 0.05 vs. baseline data.

3.4. Correlations between Changes in Metabolic Parameters by the 3-Year-SGLT2is Treatment

3.4.1. Correlation of Changes in Serum Lipids with Changes in Metabolic Parameters at 3 Years
after the Start of SGLT2is

Correlation of changes in serum lipids with changes in metabolic parameters at 3 years after the
start of SGLT2is were shown in Table 4. Change in serum TG was significantly and positively
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correlated with changes in HbAlc, ALT and GGT. Change in serum non-HDL-C was significantly
and positively correlated with changes in HbAlc and GGT.

Table 4. Correlation of changes in serum lipids with changes in metabolic parameters at 3 years after

the start of SGLT2is.
A HDL-C A LDL-C ATG A Non-HDL-C

A Body weight -0.073 -0.099 -0.032 -0.029
A BMI -0.098 -0.152 -0.022 -0.013

A HbAlc 0.033 0.033 0.165** 0.151*

A AST 0.079 0.079 0.093 0.025
AALT -0.044 0.037 0.119* -0.011
A GGT -0.021 0.119 0.285** 0.217**

Presented values indicate correlation coefficients. *p < 0.05, **p < 0.01. BMI, body mass index; GGT, gamma-
glutamy] transferase; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol;
Non-HDL-C, non-high-density lipoprotein-cholesterol; TG, triglyceride.

3.4.2. Correlation of Changes in the Markers for Hepatic Steatosis And Hepatic Fibrosis with
Changes in Metabolic Parameters by the 3-Year-SGLT2is Treatment

Correlation of changes in the markers for hepatic steatosis and hepatic fibrosis with changes in
metabolic parameters by the 3-year-SGLT2is treatment were shown in Table 5. The change in HSI
was siginificantly and positively correlated with changes in body weight, BMI and HbAlc, and also
significantly and negatively correlated with HDL-C. The change in APRI was siginificantly and
positively correlated with changes in body weight, BMI and HbAlc. The change in APRI was not
correlated with changes in any serum lipids.

Table 5. Correlation of changes in the markers for hepatic steatosis (HIS) and hepatic fibrosis (APRI)
with changes in metabolic parameters at 3 years after the start of SGLT2is.

A HSI A APRI
A Body weight 0.583** 0.273**
A BMI 0.593** 0.258**
A HbAlc 0.291** 0.143*
A TG 0.007 0.054
A HDL-C -0.228** 0.063
ALDL-C -0.121 0.063
A Non-HDL-C -0.086 -0.049

Presented values indicate correlation coefficients. *p <0.05, **p < 0.01. APRI, AST to platelet relation index; BMI,
body mass index; HDL-C, high-density lipoprotein-cholesterol; HIS, hepatic steatosis index; LDL-C, low-density
lipoprotein-cholesterol; Non-HDL-C, non-high-density lipoprotein-cholesterol; TG, triglyceride.

4. Discussion

Insulin resistance observed in patients with type 2 diabetes and/or obesity enhances the
expression and activity of hormone sensitive lipase (HSL) which catalyzes the hydrolysis of TG into
free fatty acids (FFA) in adipose tissue [18]. Insulin resistance induces an excess TG storage within
the skeletal muscle by reducing FA oxidation [19]. Serum FFA increase due to increased release from
the adipose tissue and decreased FA oxidation in the skeletal muscle. An increased amount of FFA
enters the liver, leading to overproduction of TG-rich lipoproteins such as very-low-density
lipoprotein (VLDL). In insulin resistance, an increased FFA entry to liver, increases in components of
VLDL such as apo B100 and apo CIII, and an increase in microsomal TG transfer protein (MTP) which
is involved in VLDL assembly may elevate hepatic production of VLDL [20-22]. Insulin resistance
increases expression of sterol regulatory element binding protein 1c (SREBP-1c), which induces FA
synthesis [23]. FA accumulation and resulting over-production of VLDL which are induced by insulin


https://doi.org/10.20944/preprints202407.1916.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 July 2024 d0i:10.20944/preprints202407.1916.v1

7

resistance may be the features of MASLD. In short, FA accumulation and over-production of VLDL
may induce inflammation and oxidative stress which develop MASLD [6].

In intravascular space, insulin resistance reduces the activity of lipoprotein lipase (LPL) which
is the rate-limiting enzyme for the catabolism of TG-rich lipoproteins such as VLDL [24,25]. The
formation of HDL is related to the catabolism of TG-rich lipoproteins by LPL [26]. Therefore, reduced
LPL activity increases VLDL and reduces HDL. Therefore, serum high TG and low HDL-C are
commonly observed in patients with type 2 diabetes, obesity and metabolic syndrome. Insulin
resistance reduces LDL receptor expression [27], which can explain the increase in LDL-C in patients
with type 2 diabetes and/or obesity. Niemann-Pick Cl-like 1 (NPCIL1) plays a pivotal role in
intestinal cholesterol absorption. Diabetes increases the expression of NPC1L1 [28], which may also
contribute to an increase in TG-rich lipoproteins and LDL-C in type 2 diabetic patients.

The evidence on effects of SGLT2is on serum lipids is very limited, and we found four meta-
analyses. The meta-analysis including a total of 28 randomized controlled trials (RCTs) showed that
SGLT2is significantly increased serum LDL-C levels (mean difference [MD], 0.09 mmol/L; 95%
confidence interval (CI), 0.03 to 0.16), p = 0.0046] and HDL-C levels (MD, 0.08 mmol/L; 95% CI, 0.06
to 0.11; p < 0.0001). Neutral effect of SGLT2is on TC (MD, 0.08 mmol/L; 95% CI, -0.08 to 0.24; p =
0.3150) and TG (MD, -0.03 mmol/L; 95% CI, -0.23, 0.16; p = 0.7382) [29]. The meta-analysis including
60 RCTs showed that SGLT2is treatment increased TC by 0.09 mmol/L (95% CI, 0.06 to 0.13), LDL-C
by 0.08 mmol/L (95% CI, 0.05 to 0.10), and HDL-C by 0.06 mmol/L (95% CI, 0.05 to 0.07), while it
reduced TG by 0.10 mmol/L (95% CI, 0.06 to 0.14) [30]. In Asian compared to non-Asian populations,
a slightly larger increase in HDL-C and a decrease in TG were observed, but with similar results for
TC and LDL-C. The meta-analysis including a total of 57 RCTs demonstrated that SGLT2is
significantly increased HDL-C by 0.07 mg/dL (95% CI, 0.06 to 0.08, P <0.00001), LDL-C by 0.11 mg/dL,
(95% CI, 0.09 to 0.13 mg/dL, p <0.00001) and TC by 0.10 mg/dL (95% CI, 0.06 to 0.15, p <0.0001) [31].
SGLT2is significantly reduced TG by -0.10 mg/dL (95% CI, -0.13 to -0.06, p < 0.00001). The meta-
analysis of 48 RCTs revealed that SGLT2is had a significant increase on TC by 0.09 mmol/L (95 % CI,
0.05 to 0.13; p < 0.0001), LDL-C by 0.10 mmol/L (95 % CI, 0.07 to 0.12; p < 0.00001), HDL-C by 0.06
mmol/L (95 % CI, 0.05 to 0.08; p <0.00001). Additionally, SGLT2is administration showed a significant
decrease in TG by -0.10 mmol/L (95 % CI, -0.13 to -0.07; p < 0.00001) [32].

Present study demonstrated that the 3-year-SGLT2is treatment significantly reduced TC and
LDL-C, which completely disagreed with the results of meta-analyses. The inclusion of a relatively
large number of short-term RCTs and patients of different races in such meta-analyses can explain a
different result between ours and meta-analyses. Our previous study showed that SGLT2is did not
show a significant effect on LDL-C and TG at 1, 2, 3, and 6 months after the start of SGLT2is [33,34],
suggesting that a long-term treatment is required to evaluate the effects of SGLT2is on serum lipids.
Our study showed that SGLT2is significantly increased HDL-C, which was observed in all four meta-
analyses. We also showed that SGLT2is significantly reduced TG, which was observed in three of
four meta-analyses.

Epidemiologic and clinical trials have shown that elevated TG and low levels of HDL-C are
independent risk factors for coronary heart disease Therefore, the 2001 National Cholesterol
Education Program Adult Treatment Panel III (ATP III) guidelines placed more emphasis on the
importance of managing high TG and low HDL-C by identifying non-HDL-C (LDL-C + VLDL-C) [35].
An effect of SGLT2is on non-HDL-C has not been sufficiently studied, and only present study and
one meta-analysis reported an effect of SGLT2is on non-HDL-C. The meta-analysis showed that
SGLT2is had a significant increase in non-HDL-C by 0.09 mmol/L (95 % CI, 0.06 to 0.12; p < 0.00001)
[32], which disagreed with our result that SGLT2is significantly reduced non-HDL-C. This difference
may be due to the inclusion of a relatively large number of short-term RCTs and patients of different
races in the meta-analysis. Most studies had shown that SGLT2is reduced TG [30-32], which is
included in non-HDL-C. SGLT2is may reduce TG, by reducing TG-rich lipoprotein-cholesterol which
is included non-HDL-C. Therefore, our result may be considered more scientifically valid.

Present study showed that SGLT2is significantly reduced LDL-C, TG and non-HDL-C, and
significantly increased HDL-C. The 3-year-SGLT2is treatment significantly reduced body weight and
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HbAlc, suggesting that the long-term SGLT2is treatment improved insulin resistance. Such beneficial
changes in serum lipids may be induced by an improvement in insulin resistance by the 3-year-
SGLT2is treatment. Changes in TG and non-HDL-C were significantly and positively correlated with
changes in HbAlc, supporting our hypothesis.

The evidence on effects of SGLT2is on MASLD is very limited. We previously reported that
SGLT2is significantly reduced the serum levels of AST and ALT at 3 and 6 months after the start of
the SGLT2is in patients with type 2 diabetes [33,34]. We found that the FIB-4 index was significantly
decreased at 12 months after the start of SGLT2i treatment in a high-risk (FIB-4 > 2.67) group for
advanced hepatic fibrosis [36]. We also retrospectively studied 568 patients with MASLD and type 2
diabetes. At 96 weeks, the mean FIB-4 index had significantly decreased (from 1.79+1.10 to 1.56+0.75)
in the SGLT2i group but not in the pioglitazone group [37]. APRI significantly decreased in both
groups. The body weight of the SGLT2i-treated group decreased by 3.2 kg; however, that of the
pioglitazone group increased by 1.7 kg.

Present study is the first to report the long-term effects of SGLT2is on the markers for hepatic
steatosis and hepatic fibrosis. Our study showed that the 3-year-SGLT2is treatment significantly
reduced HSI as the marker for hepatic steatosis and APRI as the marker for hepatic fibrosis, and a
significant reduction in FIB-4 index in high-risk group was also observed. Changes in both HSI and
APRI were significantly and positively correlated with changes in body weight, BMI and HbAlc,
suggesting that weight loss and an improvement of insulin resistance by the 3-year-SGLT2is
treatment may improve hepatic steatosis and fibrosis. Change in HSI was significantly and negatively
correlated with change in HDL-C and change in GGT was significantly and positively correlated with
changes in TG and non-HDL-C, suggesting that an improvement in serum lipids by SGLT2is may
also favorably influence on the progression of MASLD.

SGLT2is decrease plasma glucose without an increase in insulin secretion by reducing renal
glucose reabsorption, resulting in an increase in the ratio of glucagon to insulin, which activates HSL
in adipose tissue [127]. FFA release from adipose tissue increases due to an increase in the hydrolysis
of TG, which reduces adipose tissue size, resulting in an improvement in insulin resistance due to
reduced inflammatory cytokines and increased adiponectin [128]. FFA released from adipose tissue
may be promptly used by skeletal muscles and liver because SGLT2is shift the energy metabolism
towards FA utilization by the alteration of the glucose-FA cycle [130]. An increase in adiponectin
levels has beneficial effects on glucose and lipid metabolism by activation of adenosine
monophosphate-activated protein kinase (AMPK) [94]. SGLT2is has been reported to activate AMPK
and inactivate acetyl-CoA carboxylase (ACC) which regulates FA synthesis in obese mice [129]. The
activation of AMPK and resulting inactivation of ACC is also associated with the improvement of
MASLD. The long-term SGLT2is treatment may reduce FA accumulation in liver, which reduces
inflammation and oxidative stress and results in an improvement of MASLD.

5. Conclusions

The long-term SGLT2is treatment significantly reduced atherogenic lipids such as LDL-C, TG
and non-HDL-C, and increased anti-atherogenic lipoprotein, HDL. Furthermore, this treatment
improved hepatic steatosis and hepatic fibrosis. Considering that the development of CVD
determines the prognosis of MASLD patients, the long-term SGLT2is treatment may be an ideal
therapy for MASLD patients.
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