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Abstract

Aim of the study: To evaluate the efficacy of sodium/glucose cotransporter-2 inhibitors (SGLT2i) in improving
hepatic fibrosis and steatosis of non-alcoholic fatty liver disease (NAFLD) patients with type 2 diabetes mellitus
(T2DM).

Material and methods: We searched CENTRAL, MEDLINE, and EMBASE and included any clinical trials involving
patients with NAFLD and T2DM aged > 18 years comparing efficacy of SGLT2i and other antidiabetic drugs in
improving fibrosis and steatosis, irrespective of publication status, year of publication, and language.

Results: Five clinical trials were included. One study reported significant improvements in the controlled atten-
uation parameter 314.6 +61.0 dB/m to 290.3 +72.7 dB/m (p = 0.04) in the SGLT2i group measured by tran-
sient elastography. In patients with significant fibrosis, dapagliflozin treatment significantly decreased the liver
stiffness measurement from 14.7 +5.7 kPa at baseline to 11.0 +7.3 kPa after 24 weeks (p = 0.02). One study
reported a significant decrease in liver fat content 16.2% to 11.3% (p < 0.001) in the SGLT2i group compared to
the control (p < 0.001). Three studies reported significant improvement in the liver-to-spleen ratio in the SGLT2i
group after treatment 0.96 (0.86-1.07) to 1.07 (0.98-1.14), p < 0.01, 0.80 +0.24 to 1.00 +0.18, p < 0.001,
and 0.91 (0.64-1.04) to 1.03 (0.80-1.20), p < 0.001 respectively. All studies reported a significant decrease in
alanine aminotransferase with SGLT2i.

Conclusions: SGLT2i is associated with positive effects on hepatic steatosis measured by non-invasive modalities.
Further studies are needed to confirm the impact of SGLT2i on hepatic fibrosis and steatosis.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) can be de-
fined as the presence of hepatic steatosis in the absence
of other secondary causes of hepatic fat accumulation
(such as heavy alcohol consumption, hypothyroidism,
and drugs). It is subdivided into non-alcoholic fatty

liver (NAFL) and non-alcoholic steatohepatitis (NASH).
In NAFL, there is no evidence of hepatic inflammation,
whereas in NASH, both hepatic steatosis and hepatic
inflammation are present. NASH is histologically undis-
tinguishable from alcoholic steatohepatitis. NAFLD is an
important cause of cryptogenic cirrhosis, an important
risk factor for development of hepatocellular carcinoma
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(HCC). NAFLD may also progress directly to HCC [1-3].
The worldwide prevalence of NAFLD is 6-35% (median
20%). It is the most common liver disorder in Western
industrialized countries and may soon become the most
common indication for liver transplantation [4, 5].

Diagnosis of NAFLD is made based on a patient’s
clinical history, laboratory study, imaging, and his-
tology. Hepatic steatosis on abdominal imaging may
be sufficient for diagnosis of NAFLD. However, liver
biopsy is important to differentiate NASH and NAFL.
NASH is confirmed when steatosis, inflammation, cel-
lular ballooning, and fibrosis are present on liver bi-
opsy. NASH is associated with a higher risk of disease
progression compared to NAFL [6, 7]. Non-invasive
tests are also helpful to identify the presence of ad-
vanced fibrosis in NAFLD patients.

Transient elastography (TE) is an ultrasound-based
method of elastography which can evaluate hepatic
steatosis and liver fibrosis simultaneously by measur-
ing the controlled attenuation parameter (CAP) and
liver stiffness (LS). LS is strongly correlated with the
stage of liver fibrosis assessed by liver biopsy [8, 9].
TE is also more accurate than biomarkers or a scoring
system in detecting significant fibrosis and cirrhosis of
the liver [10]. Computed tomography (CT) is another
non-invasive tool for diagnosis of NAFLD and NAFLD
severity. Park et al. found that cut-off values of 0.9 and
58 Hounsfield units (HU) for liver-to-spleen attenua-
tion ratio (L/S ratio) and liver attenuation respectively
provide good sensitivity and specificity for determin-
ing the presence of > 30% steatosis with CT [11].

The NAFLD fibrosis score (NFS) is a validated
non-invasive tool commonly employed to identify
NAFLD patients with advanced liver fibrosis. This tool
utilizes six variables: age, body mass index (BMI), hy-
perglycemia, platelet count, and aspartate and alanine
aminotransferase (AST/ALT) ratio. NFS has an area un-
der the receiver operating curve (AUROC) of 0.85 for
predicting bridging fibrosis with nodularity or cirrhosis.
NES less than —1.45 had a 90% sensitivity to exclude ad-
vanced fibrosis, while NFS more than 0.67 had a 97%
specificity to identify presence of advanced fibrosis [12].
The Fibrosis-4 (FIB-4) index is another non-invasive
scoring system that is used to predict advanced liver fi-
brosis based on age, platelet count, AST, and ALT. Imajo
et al. reported that the NFS and FIB-4 index were bet-
ter than other non-invasive scoring indices such as the
AST to platelet ratio and AST/ALT ratio in predicting
advanced fibrosis. They were as good as magnetic reso-
nance elastography (MRE) in identifying biopsy-proven
NAFLD patients with advanced fibrosis [13].

Although numerous pharmacological strategies have
been evaluated or are currently in development, no phar-

macotherapy has been approved for patients with NAFL
and NASH [14, 15]. Evidence for efficacy of antidiabetic
medications for NAFLD is limited and conflicting. In-
sulin, metformin, sulphonylureas, and dipeptidyl pep-
tidase (DPP)-4 inhibitors showed no significant effect;
meanwhile, thiazolidinediones and glucagon-like peptide
(GLP)-1 receptor agonists showed positive effects [16, 17].

Sodium-glucose co-transporter-2 inhibitors (SGLT2i)
are a new class of oral antidiabetic drugs that promote uri-
nary excretion of glucose, thereby reducing hyperglycemia
independent of insulin secretion [18]. Diabetic patients re-
ceiving dapagliflozin, an SGLT2i, were reported to experi-
ence weight loss mainly due to fat loss with a significant re-
duction in the volume of abdominal visceral adipose tissue
(VAT) and subcutaneous adipose tissue (SAT) [19]. Fur-
thermore, studies in rodent models reported that SGLT2i
improve histological hepatic steatosis or steatohepatitis in
obese mice or rats with T2DM, suppressing development
of NAFL and/or NASH [20-22].

We hypothesized that SGLT2i may cause more sig-
nificant improvement of hepatic fibrosis and steatosis
in NAFLD patients with T2DM compared to other an-
tidiabetic drugs. This systematic review was performed
to summarize current evidence.

Material and methods

Study sample, design, and setting

Patients with NAFLD and T2DM > 18 years old
were included in this systematic review. We included
any clinical trials comparing the efficacy of SGLT2i
and other antidiabetic drugs for improving liver fibro-
sis and steatosis, irrespective of publication status, year
of publication, and language.

Treatment outcomes

The primary outcome was improvement of fibrosis
and/or steatosis assessed histologically or by non-inva-
sive modalities (TE, MR spectroscopy or proton den-
sity fat fraction [PDFF], CT scan). The secondary out-
comes were changes in hemoglobin A, (HbA ), VAT,
liver enzymes (AST, ALT, and y-glutamyl transferase
[GGT]), or various markers/scores for hepatic fibrosis.

Search strategy and literature review

Two independent reviewers (MD and DDP)
searched the MEDLINE, Cochrane Central Register of
Controlled Trials (CENTRAL), and EMBASE journal
databases from November 2019 to May 2020 (Table 1).
References of the retrieved articles were perused for po-
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Table 1. Keywords for literature searching

Journal database Search terms Articles
MEDLINE (“Non-alcoholic fatty liver disease” or NAFLD or fatty liver) AND (SGLT2 OR “SGLT-2 121
inhibitor" OR Dapagliflozin OR Canagliflozin OR Empagliflozin) AND (Fibrosis or
steatosis or histology)
CENTRAL (“Non-alcoholic fatty liver disease” or NAFLD or fatty liver) AND (SGLT2 OR “SGLT-2 30
inhibitor" OR Dapagliflozin OR Canagliflozin OR Empagliflozin) AND (Fibrosis or
steatosis or histology)
EMBASE (“Non-alcoholic fatty liver disease” or NAFLD or fatty liver) AND (SGLT2 OR “SGLT-2 2541
inhibitor" OR Dapagliflozin OR Canagliflozin OR Empagliflozin) AND (Fibrosis or
steatosis or histology)
- 26

A manual search of abstracts and citation index
from identified paper's reference list, WHOICTRP,
and via https://library.sydney.edu.au/

tentially relevant studies. Abstracts and other gray litera-
ture were also included through a manual and electronic
search of the clinical trial registries (e.g. WHOICTRP or
World Health Organization International Clinical Trial
Registry Platform) and other electronic databases.

Selection of study

Relevant studies, screened based on the title and
abstract, were selected after conducting an electronic
search. Studies on animals and review articles were ex-
cluded. Disagreement was resolved through discussion,
failing which a third reviewer was consulted. The study
selection process was plotted using a Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) flow diagram. The relevant studies were in-
dependently appraised using an Oxford Centre for Evi-
dence-Based Medicine critical appraisal tool.

Assessment of bias

Risk of bias was independently determined using the
Cochrane risk-of-bias tool. The data were then includ-
ed in a table. Risk of bias was classified as low, high, or
unclear. Disagreement was resolved through discussion,
failing which a third reviewer was consulted.

Data synthesis and analysis

We gathered the available data from every included
study in tabular fashion and we described the results
narratively.

Results

One hundred twenty-one, 30, and 2541 relevant ref-
erences were identified in the MEDLINE, CENTRAL,

and EMBASE via Ovid databases, respectively. Twenty-
six of them were selected through a manual search of
the references in the identified papers and other clinical
trial databases. Forty-nine studies were duplicates and
removed. The abstracts were also filtered, leading to the
removal of 2628 studies that met the exclusion criteria
for various reasons; i.e., the study did not use SGLT?2i,
the patients were not NAFLD patients with T2DM, the
study was not a clinical trial or the study was conduct-
ed on animals. Forty-one full-text studies were assessed,
and 36 studies were excluded. Five full-text studies were
included in the qualitative synthesis (Fig. 1).

Four randomized controlled trials (RCT) and 1 quasi-
experiment were included in the current study. Two
studies added dapagliflozin 5 mg/day to the treatment

? Records identified through Additional records identified

= database searching through other sources
£ (n=2692) (n = 26)

— Records after duplicates removed

- (n=2669)
£ \

g Record screened Record excluded
A (n=2669) (n=2628)

— v Full-text articles excluded,
- Full-text articles assessed with reasons (1 = 36)
= for eligibility (n = 41) - did not measure the
= fibrosis or steatosis
o v improvement (24)

L] - did not use SGLT2

Studies included in inhibitor (1)

] qualitative synthesis - not a comparative

= (n=5) study (4)

s - did not include
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with DM type II (2)
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Fig. 1. PRISMA flowchart
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Fig. 2. Risk of bias graph of included studies

of the control group, one study added empagliflozin
10 mg/day, one study added ipragliflozin 50 mg/day,
and one study used luseogliflozin 2.5 mg/day [23-27].
The risk of bias is depicted in Figures 2 and 3. Over-
all the included studies have moderate to high risk of
bias, especially in terms of allocation concealment and
blinding methods. Most of the studies did not clearly
mention these processes. Therefore, the quality of in-
cluded studies was deemed low to moderate.

Table 2 shows the characteristics of included stud-
ies, including author, year of publication, study design,
and studied population. For outcome measurement,
one study used TE to measure CAP for steatosis and LS
for fibrosis, one used magnetic resonance imaging de-
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Fig. 3. Risk of bias summary of included studies
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rived proton density fat fraction (MRI-PDFF) to mea-
sure liver fat content, and three studies used CT scan
to measure L/S ratio to quantify liver fat content. Un-
fortunately, no relevant comparative study performed
with biopsy to assess histological improvement of
NAFLD patients with T2DM after SGLT2i treatment.
Table 3 is a summary table of the included studies.

All included studies showed improvement of ste-
atosis, measured by different modalities, in NAFLD
patient with T2DM after SGLT2i treatment. Only one
study assessed changes in liver fibrosis after SGLT2i
treatment using TE. This study showed that after ad-
ditional treatment of dapagliflozin 5 mg/day, there
was a decrease in liver stiffness measurement (LSM)
(kPa) from 9.49 +6.05 to 8.01 +5.78 though not sta-
tistically significant (p = 0.05). In contrast, LSM in the
control group increased from 7.40 +£3.76 to 7.85 +4.18
(p=0.87). Additionally, they divided the 33 patients who
completed dapagliflozin treatment into subgroups with
or without significant liver fibrosis, which were strati-
fied according to a baseline LSM > 8.0 or < 8.0 kPa. In
the 14 patients with significant fibrosis, the LSM was de-
creased from 14.7 £5.7 kPa at baseline to 11.0 £7.3 kPa
after 24 weeks (p = 0.02) [23].

Only one study assessed changes in the FIB-4 in-
dex and NFS after SGLT2i treatment. Patients in the
SGLT?2i group showed a decrease of the FIB-4 index
from 1.32 (0.74-2.10) to 1.27 (0.77-1.91), p = 0.72;
meanwhile, patients in the control group experienced
an increase of the FIB-4 index from 1.11 +0.64 to 1.17
+0.70, p = 0.93. NFS decreased in patients of both
treatment groups though not statistically significantly
(p = 0.30 and p = 0.52 respectively) [23].

For other clinical parameters, we found that in most
studies, treatment with SGLT2i was followed by a statis-
tically significant decrease in ALT and AST compared
to a statistically non-significant decrease in the control
group. In most studies, GGT and HbA _also decreased
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Table 2. Characteristics of included studies

No.  Author Location Design Publication year Study characteristics
1 Shimizu etal.  Japan RCT 2018 Sample size: 57 NAFLD patients complicated with T2DM
[23] Mean age: intervention group 56.2 +11.5, control group 57.1 £13.8
Duration: 24 weeks
2 Kuchay etal India RCT 2018 Sample size: 42 NAFLD patients complicated with T2DM
[24] Mean age: not mentioned
Duration: 20 weeks
3 Kurinami Japan Quasi- 2018 Sample size: 55 NAFLD patients complicated with T2DM
etal [25] experiment Mean age: 56.0 +8.4
Duration: 24 weeks
4 ltoetal[26]  Japan RCT 2017 Sample size: 66 NAFLD patients complicated with T2DM
Mean age: intetvention group 57.3 +12.1, control group 59.1 £9.8
Duration: 24 weeks
5 Shibuyaetal  Japan RCT 2018 Sample size: 32 NAFLD patients complicated with T2DM
[27] Mean age: intervention group 51 (47-62), control group 60 (53-66)
Duration: 24 weeks
Table 3. Summary table of included studies
No.  Author Intervention Comparator Primary outcome Secondary outcomes
SGLT2i group Control SGLT2i group Control
1 Shimizuetal  n=33 n=24 1.Changein 1. Changein CAP 1. AST (U/l): 28.0(20.5-49.8) 1. AST (U/1): 29.8 +12.8
(23] Added Standard  CAP (dB/m) (dB/m) —5275(173318), —27.4496,p=0.34
dapagliflozin  treatment ~ 314.6 £61.0 306.0 +34.3 p<0.01 2. ALT (U/1): 33.0 (24.5-46.5)
5 mg/day without —290.3 — 31134373, 2. AT(U/):380(215,61.0) — 32.0(25.049.3), p=0.45
SGLT2i 17217, p=0.63 —26.5(16.3,42.5), 3. GGT (U/1): 37.5 (20.0-62.3)
p=0.04 2. Change in LSM p < 0.001 — 32.0(22.3-50.0),
2. Change in (kPa): 3. GGT (U/1): 47.0(28.0, 88.3) p = 0.465
LSM (kPa): 7.40 £3.76 — — 27.0(20.5, 61.5), 4. HbA, :7.70 £1.24
9.49 £6.05 7.85 £4.18, p=0.001 —722+1.11,p=0.14
— 801 p=087 4.HbA :837 £1.48 5.FIB-4: 1.11 £0.64
15.78, —7.36 £1.22, p < 0.001 — 1.17 £0.70, p = 0.93
p=0.05 5.FIB-4:1.32(0.74-2.10) 6. NFS: -1.41 (-2.50 to -0.46)
— 1.27(0.77-1.97), — =112 (-2.24 t0 -0.40),
p=0.72 p=052
6. NFS: -0.66 (-1.91 to -0.05)
— -0.78 (-1.66 t0 -0.22),
p=030
2 Kuchay etdl n=22 n=20 Changein  Changeinliverfat 1. AST (U/I): 44.6 (23.5) 1. AST (U/1): 45.3 (24.3)
[24] Added Control liver fat content quantified —36.2(9.0), p=0.04 —44.6(23.8), p=0.93
empagliglozin group content by MRI-PDFF, 2. ALT (U/1): 64.3 (20.2) 2. ALT (U/1): 65.3 (40.3)
10 mg/day quantified average (%) — 49.7 (25.8), p < 0.01 —61.6(38.4), p=042
by MRI-PDFF, 16.4 (7.3) 3. GGT (U/1): 65.8 (36.1) 3. GGT (U/1): 63.9 (45.3)
average (%) — 15.5(6.7), — 50.9 (24.6), p < 0.01 — 60.0(39.0), p=0.42
16.2 (7.0) p=0.05 4.HbA, 9.0 (1.0) 4. HbA ;9.1 (1.4) - 7.1(0.9),
— 11.3(5.3), — 7.2(0.6), p < 0.001 p < 0.001
p < 0.001
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3 Kurinami n=28 n=27  Changeinl/S  Changein L/S 1. AST (U/1): 25.0 1. AST (U/1): 22.0 (19.5-25.0)
etal [25] Added Control ratio ratio (19.0-21.8) > 20.5 — 23(20.0-25.5), p=0.19
dapagliflozin group 0.96 1.08 (19.0-26.0), p= 0.01 2. ALT (U/1): 21.0 (16.5-28.0)
5 mg/day (0.86-1.07) (0.90-1.10) 2.ALT(U/1): 265(19.0-43.8)  — 20.0(15.0-26.5), p = 0.85
— 1.07 —1.10 — 19.0(16.0-24.3), 3. GGT (U/1): 36.0 (23.0-67.5)
(0.98-1.14) (0.94-1.17), p<0.01 —31.0(21.0-59.5), p= 0.27
p<0.01 p=0.02 3. GGT (U/1): 34.0 (20.5-50.3) 4.HbA, ;7.7 (7.3-8.2)
— 23.0(16.0-36.3), — 6.9 (6.6-7.9), p < 0.01
p<0.01
4.HbA, ;7.6 (7.3-8.2)
—6.7(6.3-7.2), p < 0.01
4 Ito et al. n=32 n=34 Change in Change in L/S 1. AST (U/1): 39.7 £16.7 1. AST (U/1): 43.3 £20.5
[26] Added Pioglitazone  L/Sratio 0.80  ratio 0.78 +0.26 — 273489 —324+154
ipraglifiozin ~ 15-30 mg +0.24 — 0.98 £0.16, 2. ALT (U/1): 57.4 £27.3 2. ALT (U/1): 53.1 £26.6
50 mg daily daily —1.00 p < 0.001 — 382 £205 —36.8 £15.1
10.18, 3. GGT (U/1): 62.8 +58.3 3. GGT (U/1): 71.6 £54.1
p<0.001 — 440 +383 — 488 £61.2
4.HbA ; 8.52 +1.46 4.HbA, : 8.28 +1.38
— 7.57 £1.02 — 7.07 +0.89
5 Shibuya n=16 n=16  Changeinl/S  Changein L/S 1. ALT (U/1): 49.5 (31-70) 1. ALT (U/1): 39 (23-56)
etal. [27]  Luseogliflozin  Metformin ratio ratio — 31(26-55), p=0.06 — 39(27-51), p=10.52
2.5mgdaily 1500 mg 091064,  0.99(0.81,1.12) 2.HbA,:7.8(7.2-7.9) 2.HbA:7.4(6.9-7.7)
daily 1.04) — 1.03 —0.85 — 6.5 (6.4-7.0), p < 0.01 —7.3(6.7-7.6), p=036
(0.80, 1.20), (0.68, 1.00),
p<0.001 p=0.02

significantly after SGLT2i treatment compared to a non-
significant decrease in the control group.

Unfortunately, most of the studies only performed
statistical analysis comparingbaseline values and values
after a follow-up period of 20 or 24 weeks and did
not perform statistical analysis to measure the sta-
tistical difference between the SGLT2i group and the
control group. Only one study, by Ito et al., compared
the difference of outcomes between ipragliflozin and
control. The difference however was not statistically
significant [26].

Discussion

Regardless of the different SGLT2i and control
group, all five studies showed that SGLT2i treatment
was associated with improvements in hepatic steato-
sis of NAFLD patients complicated with T2DM. The
mechanisms involved in SGLT2i associated improve-
ment of hepatic fibrosis and steatosis remain unclear.
An animal study showed that empagliflozin treatment
improved hepatic steatosis, inflammation, and fibrosis
assessed histologically in a mouse model with NASH
and diabetes, thereby preventing progression of liver
disease [20]. Human studies produced similar results.
In a prospective, preliminary study by Akuta et al., after
24 weeks of treatment with SGLT24i, all 5 NAFLD pa-
tients with T2DM showed improvement of histopatho-

logical features in serial liver biopsy [28]. More recently,
Akuta et al. also reported improvement of histopatho-
logical features in all 9 NAFLD patients with T2DM
after SGLT2i treatment. Furthermore, improved BMI,
waist circumference, glucose metabolism, liver sero-
logical markers, and TE findings were also observed
in these patients [29]. It is not yet known whether the
beneficial effects of SGLT2i in NAFLD are mediated
through improvements of associated metabolic abnor-
malities or a direct effect of SGLT2i.

Pioglitazone, an oral antidiabetic drug belonging to
the thiazolidinedione class, also demonstrated benefi-
cial effects in NAFLD patients. Ito et al. found that ip-
ragliflozin and pioglitazone exerted beneficial effects on
NAFLD that were identical in the 24-week trial period.
Amelioration of hepatic steatosis evaluated using L/S
ratio, reduced ALT and AST, lowering of other NAFLD
parameters, and improved glycemic parameters were
observed. However, compared with pioglitazone alone,
patients receiving ipragliflozin experienced significant
reduction in body weight and abdominal fat [26].

To the best of our knowledge, this is the first system-
atic review which assesses the efficacy of SGLT2i for im-
proving hepatic fibrosis and steatosis in NAFLD patients
complicated with T2DM. A previous review by Scheen
also included studies comparing SGLT2i with placebo
or other antidiabetic drugs but did not aim to study the
improvement of hepatic fibrosis and steatosis in study
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outcomes [30]. The review also did not include 2 recent
studies by Kurinami et al. and Shimizu et al. [23, 25].

One of the limitations of this study is that we did
not include studies which use placebo as a compari-
son. Thus, the control group encompasses multiple
variations of treatment and dose intensification. We
performed a preliminary literature search but only
found one RCT comparing SGLT2i and placebo with
a relatively short duration of follow-up [31]. Secondly,
we found no comparative study which performed liv-
er biopsy to assess changes in hepatic fibrosis and ste-
atosis. Thirdly, due to differences in the type and dose
of SGLT2i, we did not perform quantitative analysis.
Lastly, all the included clinical trials of this study have
a relatively small sample size.

Conclusions

We found that SGLT2i treatment is associated
with positive effects on hepatic steatosis measured by
non-invasive modalities. Histological assessment by
performing biopsy would be the best method to con-
firm this result. SGLT21i also significantly improves ala-
nine aminotransferase in NAFLD patients with T2DM.
With this result, we recommend that basic and clinical
research be carried out to reveal the mechanisms of ac-
tion underlying this positive effects. We also strongly
endorse more RCTs comparing SGLT2i treatment and
placebo in NAFLD patients with T2DM.
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