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Abstract: The increasing number of patients with fatty liver disease is a major health problem. Fatty
liver disease with metabolic dysfunction has been recognized as nonalcoholic fatty liver disease
(NAFLD). Although there is no standard therapy for NAFLD, previous reports support the effect
of sodium-glucose cotransporter 2 (SGLT2) inhibitors on NAFLD. Recently, fatty liver disease with
metabolic dysfunction was proposed to be defined as a novel concept, “metabolic associated fatty
liver disease (MAFLD)”, and it was proposed that new criteria for MAFLD diagnosis be established.
To clarify the effect of SGLT2 inhibitors on MAFLD, we analyzed the efficacy of tofogliflozin in
patients with MAFLD. We conducted a single-center, retrospective study to evaluate the efficacy of
tofogliflozin in patients with MAFLD treated at Kyushu University Hospital between 2017 and 2019.
Tofogliflozin was used to treat 18 patients with MAFLD. To determine the efficacy of tofogliflozin, we
evaluated glucose metabolism, insulin resistance, liver injury, hepatic steatosis, and body composition
three and six months after drug initiation. Although our study was a preliminary study because of
some limitations (e.g., retrospective, observational, single-arm study, small sample size), we show that
tofogliflozin could improve liver injury in patients with MAFLD by improving glucose metabolism
and insulin resistance without causing muscle loss.
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1. Introduction

Recently, the prevalence of obesity has increased worldwide, and the augmentation of
patients with fatty liver disease is a major health problem. Previously, fatty liver disease
with metabolic dysfunction was recognized as nonalcoholic fatty liver disease (NAFLD).
NAFLD was diagnosed based on the presence of steatosis in more than 5% of hepatocytes
in the absence of significant ongoing or recent alcohol consumption and other known
causes of liver disease. Recently, fatty liver disease was proposed to be defined as a novel
concept, “metabolic associated fatty liver disease (MAFLD)”, due to better knowledge of
the relevance of metabolic dysfunction in the condition [1]. Furthermore, to accurately
depict the pathogenesis of fatty liver diseases, new criteria for MAFLD diagnosis were pro-
posed [2]. Contrary to NAFLD diagnosis based on exclusion criteria, MAFLD is diagnosed
as the presence of both hepatic steatosis and metabolic dysregulation, including type 2
diabetes mellitus (T2DM). An appropriate pharmacological approach is required because
no effective MAFLD therapy has been established. Novel medications for T2DM include
sodium-glucose cotransporter 2 (SGLT2) inhibitors which inhibit the renal reuptake of
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glucose, consequently lowering blood glucose levels. Moreover, these drugs were recently
reported to reduce body weight and improve hepatic steatosis in NAFLD patients. Because
MAFLD is a novel concept and the criteria were recently proposed, the clinical research
data regarding patients with MAFLD are insufficient. In this study, we evaluated the effect
of SGLT2 inhibitors on patients with MAFLD diagnosed with the new criteria.

2. Methods
2.1. Patients

We conducted a single-center, retrospective study to evaluate the efficacy of to-
fogliflozin in patients with MAFLD treated at Kyushu University Hospital between 2017
and 2019. MAFLD was diagnosed using the criteria proposed as an international expert
consensus statement [2]. Tofogliflozin 20 mg/day was adapted for patients with MAFLD
with T2DM according to the therapeutic dose for T2DM approved in Japan. This study
enrolled and retrospectively analyzed 18 patients with MAFLD treated with tofogliflozin.
To determine the efficacy of tofogliflozin, we evaluated glucose metabolism, insulin resis-
tance, liver injury, hepatic steatosis, and body composition three and six months after drug
initiation. We employed ultrasonography using ARIETTA S70 (HITACHI, Tokyo, Japan)
to assess the severity of hepatic steatosis and graded it as described previously [3]. Then,
we measured the body fat mass, the proportion of body fat, and lean body mass using
Inbody770 (Imbody Japan, Tokyo, Japan). We calculated the skeletal muscle index as the
ratio of the appendicular skeletal muscle mass and the height squared (kg/m2).

2.2. Statistical Analysis

We analyzed the data using the JMP software package (v.15.1.0; SAS Institute, Inc.,
Cary, NC, USA). Continuous variables are expressed as median and interquartile range,
or mean values and standard deviations. Significant differences were assessed using
the paired-samples t-test or Mann–Whitney U test. A p-value of <0.05 was considered
statistically significant.

3. Result
3.1. The Effect of Tofogliflozin on Glucose Metabolism and Hepatic Steatosis

Of the 18 patients with MAFLD, 3 patients were infected with HBV, 1 patient was
infected with HCV, and 1 patient was complicated with primary biliary cholangitis (PBC).
One patient was treated with sulfonylurea, one patient was treated with biguanide, and
one patient was treated with a DPP4 inhibitor before initiation of tofogliflozin. Other
patients had been treated with only lifestyle modifications before initiation of tofogliflozin
because their severities of T2DM were mild. These therapies were continued after initiation
of tofogliflozin. At baseline, the patients with MAFLD had elevated aspartate amino-
transferase (AST) (median 45 IU/L), alanine aminotransferase (ALT) (median 53 IU/L),
and gamma-glutamyl transpeptidase (γ-GTP) (median 37 IU/L) levels, abnormal glucose
metabolism (FBS: median 120 mg/dL, HbA1c: median 6.4%), a high body weight (BW)
(median 68.0 kg), and a high body mass index (BMI) (median 26.8). To evaluate insulin
resistance, we measured immunoreactive insulin (IRI) (median 19.6 IU/L) levels and calcu-
lated HOMA-IR (median 6.0) (Table 1). Three and six months after tofogliflozin initiation,
there was a significant decrease in FBS (3M: 134.1 ± 78.7 mg/dL, p = 0.0118 vs. baseline,
6M: 128.7 ± 39.4 mg/dL, p = 0.027 vs. baseline, Figure 1A) and HbA1c (3M: 6.3 ± 1.3%,
p = 0.0002 vs. baseline, 6M: 6.2 ± 1.1%, p = 0.0008 vs. baseline, Figure 1B). Both IRI (3M:
14.9 ± 8.0 IU/L, p = 0.0016 vs. baseline, 6M: 12.9 ± 9.4 IU/L, p = 0.0127 vs. baseline,
Figure 1C) and HOMA-IR (3M: 5.3 ± 5.7, p = 0.0057 vs. baseline, 6M: 4.0 ± 2.9, p = 0.03
vs. baseline, Figure 1D) decreased significantly. Similarly, AST (3M: 34.1 ± 17.8 IU/L,
p = 0.0007 vs. baseline, 6M: 31.4 ± 18.9 IU/L, p = 0.0004 vs. baseline, Figure 1E), ALT (3M:
40.9 ± 30.1 IU/L, p = 0.0004 vs. baseline, 6M: 36.7 ± 28.5 IU/L, p = 0.0005 vs. baseline,
Figure 1F), and γ-GTP (3M: 39.1 ± 32.4 IU/L, p = 0.0037 vs. baseline, 6M: 36.8 ± 29.0 IU/L,
p = 0.0043 vs. baseline, Figure 1G) levels decreased significantly. Ultrasonography showed
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significant improvement in hepatic steatosis (p = 0.0016, Figure 1H). Regarding renal func-
tion, no significant differences in creatinine (Cre) (baseline, 3M, 6M: 0.64 ± 0.17, 0.69 ± 0.17,
0.66 ± 0.16, respectively, baseline vs. 3M, 6M: p = 0.0155, 0.2879, respectively, Figure 1I) or
the estimated glomerular filtration rate (eGFR) (baseline, 3M, 6M: 86.4 ± 20.1, 81.5 ± 31.6,
88.4 ± 31.6, respectively, baseline vs. 3M, 6M: p = 0.0282, 0.5847, respectively, Figure 1J)
were observed after drug initiation.

Table 1. Profile and baseline characteristics of patients with MAFLD.

Factor n = 18

Age (y.o.) 61.5 (48–71)
Gender (M/F) 8/10

BH (cm) 160 (153–166)
BW (kg) 68.0 (60.7–76.0)

BMI 26.8 (23.7–29.9)
Disease duration of T2DM (year) 1 (1–1.25)

Plt (/mL) 21.1 (16.8–29.1)
Alb (g/dL) 4.3 (4.1–4.5)

T-Bil (mg/dL) 0.9 (0.6–1.1)
AST (IU/L) 45 (34–93)
ALT (IU/L) 53 (30–121)

g-GTP (IU/L) 37 (24–113)
ALP (IU/L) 222 (191–306)
CHE (IU/L) 364 (334–460)

T-Chol (mg/dL) 204 (157–225)
TG (mg/dL) 115 (90–156)

HDL-C (mg/dL) 50.5 (43.3–55.8)
LDL-C (mg/dL) 124 (90–142)

FBS (mg/dL) 120 (116–163)
HbA1c (%) 6.4 (5.9–7.4)
IRI (IU/L) 19.6 (12.1–31.8)
HOMA-IR 6.0 (3.7–11.3)

Cre (mg/dL) 0.66 (0.49–0.77)
eGFR (mL/min/m2) 81.5 (71.8–100.3)

Comorbidity
HBV 3
HCV 1
AIH 0
PBC 1

Treatment
Sulfonylurea 1

Biguanide 1
DPP4 inhibitor 1

Data were expressed as median and interquartile range. BH: body height, BW: body weight, BMI: body mass
index, T2DM: type 2 diabetes mellitus, Plt: platelet, Alb: albumin, T-Bil: total bilirubin, AST: aspartate aminotrans-
ferase, ALT: alanine aminotransferase, γ-GTP: gamma-glutamyl transpeptidase, ALP: alkaline phosphatase, CHE:
cholinesterase, T-Chol: total cholesterol, TG: triglyceride, HDL-C: high-density lipoprotein cholesterol, LDL-C:
low-density lipoprotein cholesterol, FBS: fasting blood sugar, HbA1c: hemoglobin A1c, IRI: immunoreactive
insulin, HOMA-IR: homeostasis model assessment-insulin resistance, Cre: creatinine, eGFR: estimated glomerular
filtration rate, AIH: autoimmune hepatitis, PBC: primary biliary cholangitis.
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the skeletal muscle index (baseline, 6M: 7 ± 1.1, 7 ± 1.0, respectively, p = 0.8977, Figure 2F) 
did not change six months after drug initiation. 

Figure 1. The effect of tofogliflozin. (A) FBS changes in patients with MAFLD. (B) HbA1c changes in
patients with MAFLD. (C) IRI changes in patients with MAFLD. (D) HOMA-IR changes in patients
with MAFLD. (E) AST changes in patients with MAFLD. (F) ALT changes in patients with MAFLD.
(G) Changes in γ-GTP in patients with MAFLD. (H) Changes in US grades in patients with MAFLD.
(I) Cre changes in patients with MAFLD. (J) eGFR changes in patients with MAFLD. Data represent
means ± SD. * p < 0.05 vs. 0 M.

3.2. The Effect of Tofogliflozin on Body Composition

Six months after initiation of tofogliflozin, BW (3M: 65.8 ± 10.2 kg, p = 0.0013 vs.
baseline, 6M: 62.6 ± 9.7 kg, p = 0.0002 vs. baseline, Figure 2A) and BMI (3M: 26.0 ± 3.7,
p = 0.0016 vs. baseline, 6M: 24.7 ± 3.7, p = 0.0002 vs. baseline, Figure 2B) decreased.
To evaluate the effect of tofogliflozin on body fat and muscle mass, we measured body
composition using Inbody770 six months after drug initiation. Body fat mass (baseline,
6M: 23 ± 6.1 kg, 21 ± 5.5 kg, respectively, p = 0.0004, Figure 2C) and proportion of body
fat (baseline, 6M: 34 ± 7.3%, 32 ± 7.8%, respectively, p = 0.0005, Figure 2D) decreased
significantly. However, lean body mass (baseline, 6M: 42 ± 8.6 kg, 41 ± 8.4 kg, respec-
tively, p = 0.7718, Figure 2E) and the skeletal muscle index (baseline, 6M: 7 ± 1.1, 7 ± 1.0,
respectively, p = 0.8977, Figure 2F) did not change six months after drug initiation.
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Figure 2. The effect of tofogliflozin on body composition. (A) Changes in body weight in patients
with MAFLD. (B) BMI changes in patients with MAFLD. (C) Changes in body fat mass in patients
with MAFLD. (D) Changes in the proportion of body fat in patients with MAFLD. (E) Changes in lean
body mass in patients with MAFLD. (F) Changes in skeletal muscle index in patients with MAFLD.
Data represent means ± SD. * p < 0.05 vs. 0 M.

4. Discussion

In this study, we investigated the efficacy of tofogliflozin in patients with MAFLD.
We demonstrated that tofogliflozin improved glucose metabolism, insulin resistance, liver
enzyme elevation, and hepatic steatosis. The decrease in AST and ALT indicates the im-
provement in liver injury. We considered that improving glucose metabolism and insulin
resistance would alleviate hepatic steatosis and consequently reduce liver injury. SGLT2
inhibitors have previously been reported to improve liver function tests and hepatic steato-
sis in NAFLD patients [4–8]. The proposed criteria for MAFLD are based on histological,
imaging, or blood biomarker evidence of fat accumulation in the liver (hepatic steatosis)
in addition to one of the following three criteria: overweight/obesity, presence of type
2 diabetes mellitus (T2DM), or evidence of metabolic dysregulation. The last criterion
is defined by the presence of at least two metabolic risk abnormalities, such as a high
waist circumference, hypertension, a high level of plasma triglycerides, a low level of
plasma HDL cholesterol, prediabetes, elevated HOMA-IR, and a high level of plasma high-
sensitivity C-reactive protein [2]. Because NAFLD is diagnosed based on exclusion criteria
and MAFLD is diagnosed regardless of the presence of other liver diseases, patients with
MAFLD include patients with other liver diseases. In this study, although some patients
were complicated with other liver diseases such as HBV, HCV, and PBC, we discovered a
similar effect on MAFLD diagnosed by the new criteria. In this study, the enrolled patients
were diagnosed with MAFLD based on the presence of both liver steatosis and T2DM.
Because SGLT2 inhibitors were reported to act on NAFLD via several mechanisms [9], it is
possible that SGLT2 inhibitors are effective against MAFLD without T2DM. In future study,
the availability of SGLT2 in patients with MAFLD without T2DM should be investigated.

Furthermore, tofogliflozin reduced fat mass without causing muscle loss. Loss of
skeletal muscle mass and strength is known as sarcopenia. Sarcopenia has frequently been
associated with chronic liver disease, including NAFLD, and related to liver fibrosis [10].
Although the pathogenesis of sarcopenia is not fully understood, insulin resistance and
chronic inflammation have been linked to sarcopenia [11]. Conversely, sarcopenia has been
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identified as an independent risk factor for NAFLD-related liver fibrosis [12]. Therefore,
muscle loss may be unfavorable for T2DM and MAFLD. The renal excretion of glucose
caused by the SGLT2 inhibitors could enhance the catabolic process and induce protein
degradation in skeletal muscles; however, we discovered that tofogliflozin did not affect
muscle mass. Komiya et al. reported that ipragliflozin, one of the SGLT2 inhibitors,
increased insulin-induced Akt phosphorylation in skeletal muscle [13]. The Akt/mTORC1
pathways have been identified as crucial regulators of skeletal muscle mass [14], whereas
Akt can suppress FOXO, which promotes protein degradation [15]. Moreover, it has been
discovered that Akt regulates muscle mass by coordinating both the mTORC1 and FOXO1
pathways [16], and insulin was recognized as a potent anabolic signal in proteins [17]. The
anabolic effect of improving insulin resistance may predominate the catabolic effect of
SGLT2 inhibitors by enhancing Akt/mTORC1 and suppressing FOXO1.

The limitations of this study are the small sample size, the heterogeneity of the pa-
tients, the fact it was a retrospective, single-arm study, and the lack of analysis for other
medications. Because the diagnosis of MAFLD is based on novel inclusion criteria, patients
with MAFLD are more heterogenous than those with NAFLD. Consistently, the baseline
characteristics showed the heterogeneity of the patients in this study. Because it was a
single-arm study, the improvement in MAFLD may be due to the lifestyle modifications
and placebo effect. However, most patients were resistant to lifestyle intervention before
initiation of tofogliflozin; we considered that the improvement was mainly due to the effect
of tofogliflozin. Moreover, we could not evaluate the potential effects of other antidiabetics
because only a few patients were administered other antidiabetic drugs. Although this
study was a preliminary study because of these limitations, the effects of tofogliflozin were
statistically significant despite the small sample size and heterogeneity of the patients. We
consider these findings to provide important insights into research on MAFLD. Random-
ized, controlled trials with a larger sample size are required to establish SGLT2 inhibitors
as a standard therapy for MAFLD.

Conclusively, tofogliflozin could improve liver injury in patients with MAFLD by
improving glucose metabolism and insulin resistance without causing muscle loss. These
findings support the use of SGLT2 inhibitors for MAFLD therapy. However, we need
further confirmation and investigation, including randomized, controlled trials with larger
samples, in order to demonstrate the effect of tofogliflozin on MAFLD.
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