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Abstract: Recent randomized controlled trials (RCTs) tested the efficacy of sodium-glucose cotransporter-2
(SGLT-2) inhibitors to specifically treat nonalcoholic fatty liver disease (NAFLD). We systematically
searched three electronic databases (up to 31 October 2020) for identifying placebo-controlled or head-
to-head RCTs that used SGLT-2 inhibitors for treatment of NAFLD. No published RCTs with paired
liver biopsy data were available for the meta-analysis. Primary outcome measures were changes in
serum liver enzyme levels and liver fat content on imaging techniques. Overall, we included a total
of twelve RCTs testing the efficacy of dapagliflozin (n = six RCTs), empagliflozin (n = three RCTs),
ipragliflozin (n = two RCTs) or canagliflozin (n = one RCT) to specifically treat NAFLD for a median
period of 24 weeks with aggregate data on 850 middle-aged overweight or obese individuals with
NAFLD (90% with type 2 diabetes). Compared to placebo/reference therapy, treatment with SGLT-
2 inhibitors significantly decreased serum alanine aminotransferase (weighted mean differences
(WMD): −10.0 IU/L, 95%CI −12.2 to −7.79 IU/L; I2 = 10.5%) and gamma-glutamyltransferase levels
(WMD: −14.49 IU/L, 95%CI −19.35 to −9.63 IU/L, I2 = 38.7%), as well as the absolute percentage of
liver fat content on magnetic resonance-based techniques (WMD: −2.05%, 95%CI −2.61 to −1.48%;
I2 = 0%). In conclusion, SGLT-2 inhibitors seem to be a promising treatment option for NAFLD.

Keywords: SGLT-2 inhibitors; type 2 diabetes mellitus; nonalcoholic fatty liver disease; NAFLD;
nonalcoholic steatohepatitis; nonalcoholic steatohepatitis (NASH)

1. Introduction

Nonalcoholic fatty liver disease (NAFLD) has reached epidemic proportions in many
parts of the world, and is estimated to affect up to ~70–80% of people with type 2 dia-
betes mellitus (T2DM) [1,2]. Substantial evidence shows that the coexistence of T2DM
and NAFLD synergistically increases the risk of developing not only the more severe
histologic forms of NAFLD (nonalcoholic steatohepatitis [NASH], cirrhosis and hepatocel-
lular carcinoma), but also the risk of developing cardiovascular disease and other chronic
complications of diabetes [3–5]. Therefore, early recognition of NAFLD and monitoring for
NASH with advanced fibrosis in people with T2DM are crucial. The coexistence of NASH
in a subject with T2DM should call for taking advantage of glucose-lowering agents with
proven efficacy to improve cardiometabolic health and prevent liver disease progression [6].

To date, there are no approved drugs to specifically treat NAFLD or NASH. Of all
glucose-lowering drugs, pioglitazone is the best-studied pharmacological drug in NASH.
Although there is evidence that long-term use of pioglitazone in individuals with biopsy-
proven NASH has beneficial effects on serum liver enzyme levels, liver fat content and
histological resolution of NASH amongst individuals with and without T2DM, this drug
may have some side-effects, such as moderate weight gain, fluid retention and risk of distal
bone fractures (mostly in post-menopausal women) [7,8]. Promising results on liver fat and
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histological resolution of NASH have recently been reported also in some phase-2 RCTs
using glucagon-like peptide-1 receptor agonists, such as liraglutide and semaglutide [9,10].

Sodium-glucose cotransporter-2 (SGLT-2) inhibitors are a novel class of oral glucose-
lowering drugs approved for treatment of T2DM. By reducing the renal capacity to reabsorb
filtered glucose, SGLT-2 inhibitors increase renal glycosuria and osmotic diuresis, thereby
improving glucose control and exerting additional beneficial effects, such as weight loss
and the lowering of blood pressure [11]. Recent large randomized controlled trials (RCTs)
on SGLT-2 inhibitors have consistently shown that these glucose-lowering drugs also exert
favorable long-term effects on risk of major cardiovascular events, including worsening of
heart failure and deterioration of nephropathy, in people with T2DM [12–16].

As SGLT-2 inhibitors improve not only glycemic control, but also body weight and
blood pressure, a number of observational cohort studies and RCTs have recently exam-
ined the possible beneficial effects of this novel class of glucose-lowering medications in
individuals with T2DM and NAFLD [7,17,18].

The purpose of our meta-analysis was to examine the published data of placebo-
controlled or head-to-head RCTs, which tested the efficacy and safety of various SGLT-
2 inhibitors to specifically treat NAFLD in individuals with or without established T2DM.

2. Results

Supplementary Figure S1 summarizes the results of the literature research and study
selection. We initially found 14 potentially eligible RCTs from three large electronic
databases prior to 31 October 2020 [19–32]. After examining the full text of these publica-
tions, we excluded two studies [31,32] for reasons mainly due to unsatisfactory study design
(as specified in Supplementary Table S1). Therefore, a total of twelve RCTs (seven placebo-
controlled studies [19,21,23–26,28] and five active-controlled studies [20,22,27,29,30]) were
considered eligible for inclusion in the meta-analysis and were assessed for quality.

The main characteristics of the included RCTs are summarized in Supplementary
Table S2. In total, there were 850 middle-aged overweight or obese individuals with
NAFLD (59% men; mean (±SD) age 57 ± 6 years; mean body mass index 31 ± 2 kg/m2;
mean alanine aminotransferase (ALT) 41 ± 11 IU/L; mean aspartate aminotransferase (AST)
31 ± 7 IU/L; mean gamma-glutamyltransferase (GGT) 59 ± 17 IU/L), who were followed-
up for a median period of 24 weeks (interquartile range: 21–25 weeks). Among these indi-
viduals, 414 were randomly assigned to either placebo or reference therapy, whereas 436 were
randomly assigned to active treatment with dapagliflozin (n = 6 RCTs [19,22,24,25,27,30]),
empagliflozin (n = 3 RCTs [21,26,28]), ipragliflozin (n = 2 RCTs [20,29]) or canagliflozin
(n = 1 RCT [23]) in order to specifically treat NAFLD. As shown in Supplementary Table S2,
the vast majority of the eligible RCTs (n = 11 studies [19–27,29,30]) included patients with
NAFLD and T2DM (n = 760, 90% of total participants), whereas only one RCT [28], involv-
ing 90 individuals, was conducted in patients without T2DM. Two RCTs [19,27] included
international cohorts of individuals with NAFLD, six RCTs [20,21,25,28–30] were carried
out in Asia (Japan, South Korea, India and Iran), three RCTs [22,24,26] were carried out
in Europe (Germany and Sweden) and one RCT was carried out in the United States [23].
In all eligible RCTs, the diagnosis of NAFLD was based on imaging techniques, such
as Fibroscan® with associated with controlled attenuation parameter (CAP) [25,28,29],
computed tomography [20,30], magnetic resonance imaging-proton density fat fraction
(MRI-PDFF) or magnetic resonance spectroscopy (MRS) [19,21–24,26,27]. No published
RCTs with paired liver biopsy data were currently available for the meta-analysis. In all
eligible RCTs, SGLT-2 inhibitors were usually well tolerated and had a comparable adverse
event profile to placebo or reference therapy, except for a higher frequency of genitourinary
infections. In Supplementary Table S3, the risk of bias for each eligible RCT assessed by the
Cochrane Collaboration’s tool is summarized, which includes seven potential sources of
bias. For each domain, we categorized each RCT into three categories: low, unclear, or high
risk of bias.
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As shown in Figure 1, when compared to placebo/reference therapy, treatment with
SGLT-2 inhibitors significantly decreased the levels of serum ALT (panel A: n = 9 RCTs;
pooled weighted mean differences (WMD): −10.0 IU/L, 95%CI −12.2 to −7.79 IU/L;
I2 = 10.5%) and serum GGT (panel C: n = 6 RCTs; pooled WMD: −14.49 IU/L, 95%CI
−19.35 to −9.63 IU/L; I2 = 38.7%). Serum AST levels did not differ significantly between
the two arms of treatment (panel B: n = 9 RCTs; pooled WMD: −1.87 IU/L, 95%CI −5.88 to
2.14 IU/L; I2 = 78.9%).
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Figure 1. Forest plot of the effect of SGLT-2 inhibitors on serum liver enzyme levels (i.e., serum alanine aminotransferase
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confidence intervals (CI). Note: If not available, the SDs of the weighted mean difference were estimated using a specific
formula (as reported in the Methods section).
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Figure 2 shows the forest plots and pooled estimates of the effect of different SGLT-
2 inhibitors on liver fat content assessed by magnetic resonance-based techniques. Overall,
in the seven RCTs included in this analysis, the pooled mean relative percent changes of
liver fat content in those treated with SGLT-2 inhibitors and those treated with placebo/
reference therapy at the end of the trials were −29% vs. −5.8%, respectively. As shown
in the figure, when compared to placebo or reference therapy, treatment with SGLT-2 in-
hibitors was associated with a significant improvement in the absolute percentage of liver
fat content assessed by MRI-PDFF or MRS (n = 7 RCTs; pooled WMD: −2.05%, 95%CI
−2.61 to −1.48%; I2 = 0%; Z-test for overall effect = −7.07, p < 0.0001).
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Figure 2. Forest plot of the effect of SGLT-2 inhibitors on the absolute percentage of liver fat content assessed by magnetic
resonance-based techniques (n = 7 RCTs using either magnetic resonance imaging-proton density fat fraction (MRI-PDFF)
or magnetic resonance spectroscopy (MRS)). The effect size was expressed as weighted mean difference (WMD) and 95%
confidence intervals for all RCTs included. Note: If not available, the SDs of the weighted mean difference were estimated
using a specific formula (as reported in the Methods section). In the study of Bolinder et al. [19], the investigators reported
only the placebo-corrected difference in mean percent MRI-PDFF with dapagliflozin.

Table 1 summarizes the pooled estimates of the effect of SGLT-2 inhibitors on liver fat
content (not only detected by magnetic resonance imaging—as also previously reported
in Figure 2—but also by either CAP on Fibroscan® or computed tomography), as well as
on liver stiffness measurement (LSM) assessed with vibration-controlled transient elas-
tography (Fibroscan®). In line with the results already reported in Figure 2 where seven
RCTs were available for the pooled primary analysis, treatment with SGLT-2 inhibitors
also showed a small improvement in liver fat content when assessed either by CAP on
Fibroscan® (n = 3 RCTs; WMD: −13.9 dB/m, 95%CI −30.1 to +2.20 dB/m; I2 = 43.7%; Z-test
for overall effect = 1.69, p = 0.089) or by the liver-to-spleen attenuation ratio on computed
tomography (n = 2 RCTs). It is known that the Hounsfield Unit attenuation of liver on
computed tomography scans is usually higher than the spleen; when this ratio is reversed,
this can be used to diagnose the presence of hepatic steatosis. Liver-to-spleen attenuation
ratio <1.0 can be used effectively to diagnose the presence of hepatic steatosis. Finally,
as also shown in Table 1, when compared to placebo/reference therapy, treatment with
SGLT-2 inhibitors tended to improve LSMs assessed by Fibroscan® (n = 2 RCTs; WMD:
−0.65 kPa, 95%CI −1.48 to +0.20 kPa; I2 = 14.0%; Z-test for overall effect = 1.48, p = 0.097).
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Table 1. Effects of SGLT-2 inhibitors on liver fat content (assessed by magnetic resonance-based techniques (MRI-PDFF or MRS),
controlled attenuation parameter (CAP) on Fibroscan® and computed tomography (CT)), as well as on liver stiffness measurement
assessed by vibration-controlled transient elastography (Fibroscan®).

WMD (95%CI)
Test Z for
Overall
Effect

Number of
RCTs

Included

Number of Subjects
Assigned to Placebo

or Reference
Therapy

Number of
Subjects Assigned

to SGLT-2
Inhibitors

Heterogeneity I2

Liver fat content

MRI-PDFF or MRS (%) −2.05
(−2.61–−1.48)

Z = 7.07,
p < 0.0001 7 212 212 0.0%

Controlled attenuation
parameter (dB/m)

−13.9
(−30.1–+2.20)

Z = 1.69,
p = 0.089 3 86 106 43.7%

CT-Liver-to-spleen
attenuation ratio

+0.10
(−0.06–+0.23)

Z = 1.14,
p = 0.256 2 67 64 86.2%

Liver stiffness on
Fibroscan®

Liver stiffness
measurement (kPa)

− 0.65
(−1.48–+0.20)

Z = 1.48,
p = 0.097 2 71 76 14.0%

We tested for the possibility of excessive influence of individual RCTs using an influ-
ence test that eliminated each of the included RCTs one at a time. Notably, eliminating
each of the eligible RCTs from the analysis did not have any significant effects on changes
both in serum liver enzymes and in the absolute percentage of liver fat content, assessed
by MRI-PDFF or MRS (data not shown).

As summarized in Supplementary Figure S2, when compared to placebo or reference
therapy, treatment with SGLT-2 inhibitors was associated with a significant reduction in
body weight (panel A: n = 9 RCTs; pooled WMD: −3.74 kg, 95% CI −2.56 to −4.91 kg;
I2 = 0%), along with a small improvement in hemoglobin A1c levels (panel B: n = 7 RCTs;
pooled WMD: −0.19%, 95% CI −0.08 to −0.30; I2 = 11.9%).

As reported in Supplementary Figure S3, the rank correlation Begg’s test did not
show any statistically significant asymmetry of the funnel plots of the RCTs examining
the effect of SGLT-2 inhibitors on changes in serum ALT levels and MRI-assessed liver fat
content (p-values = 0.677 and 0.881, respectively), thereby suggesting that publication bias
was unlikely.

3. Discussion

Compared with the narrative or systematic review articles that have been recently
published on this topic [6,7,17,18,33,34], to the best of our knowledge, this is the first
comprehensive and updated meta-analysis of placebo-controlled or active-controlled RCTs
that used various SGLT-2 inhibitors for treatment of NAFLD.

Our meta-analysis includes a total of twelve RCTs (seven placebo-controlled and five
active-controlled RCTs) testing the efficacy of dapagliflozin (n = six RCTs), empagliflozin
(n = three RCTs), ipragliflozin (n = two RCTs) or canagliflozin (n = one RCT) to specifically
treat NAFLD for a median of 24 weeks with aggregate data on 850 middle-aged overweight
or obese individuals with NAFLD (the vast majority of whom had coexistent T2DM,
i.e., 90% of total). In all eligible RCTs, the diagnosis of NAFLD was based on different
imaging techniques (mostly magnetic resonance-based techniques). Currently, no RCTs
with paired liver biopsy data for the diagnosis of NAFLD were available in the literature
for the meta-analysis.

When compared to placebo/reference therapy, treatment with SGLT-2 inhibitors for a
median of 24 weeks was associated with significant improvements in serum ALT and GGT
levels and, most importantly, in the absolute percentage of liver fat content as assessed
by different imaging techniques (n = 7 RCTs; pooled WMD: −2.05%, 95%CI −2.61 to
−1.48%; I2 = 0%, when assessed by magnetic resonance-based techniques). Treatment with
SGLT-2 inhibitors also tended to improve liver stiffness assessed by Fibroscan® (but only
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two small RCTs were available for this analysis). When compared to placebo/reference
therapy, treatment with SGLT-2 inhibitors was also associated with a significant reduction
in body weight (~3.5 kg) and also a small improvement in hemoglobin A1c levels (~0.2%).
In all included RCTs, SGLT-2 inhibitors were well tolerated with a similar adverse event
profile to either placebo or reference therapy, except for greater genito-urinary infections
(especially genital mycotic infections).

From our meta-analysis, it clearly emerges that the major issue in this field of re-
search is the scarcity of high-quality RCTs of sufficient duration with paired liver biopsy
data, which is the “reference” method for assessing drug-induced resolution of NASH or
changes in individual histological scores of NAFLD. In fact, most of the included RCTs
(published until 31 October 2020) are small with a short period of treatment and, most
importantly, to date, there are no head-to-head or placebo-controlled RCTs testing the effect
of SGLT-2 inhibitors on the histological features of NAFLD. Conversely, strong evidence
indicates that SGLT-2 inhibitors have beneficial effects on major adverse cardiovascular
and renal outcomes in large RCTs of people with T2DM [12–16]. Recent results from the
Dapagliflozin and Prevention of Adverse-Outcomes (DAPA)-heart failure trial also showed
a significant risk reduction in worsening heart failure or death from cardiovascular causes
with dapagliflozin (at a dose of 10 mg once daily), compared to placebo, among patients
with heart failure and a reduced left ventricular ejection fraction, regardless of the presence
or absence of T2DM [35]. All these findings may represent an attractive bonus for the
long-term use of SGLT-2 inhibitors in individuals with T2DM and NAFLD [36]. That said,
animal studies in obese mice have suggested a beneficial effect of SGLT-2 inhibitors on
hepatic injury (steatosis, hepatocyte ballooning and, in some cases, also fibrosis), possibly
due to a combination of negative energy balance by increased glycosuria and substrate
switching towards lipids as a source of energy expenditure [37,38]. Experimentally, there
are also emerging data to suggest mechanisms beyond the reduction in body weight and
hyperglycemia, and a potential role for the decrease in chronic inflammation and oxidative
stress associated with SGLT-2 inhibitor treatment [36]. In addition, in a single-arm, open-
label, pilot trial, involving nine Malaysian individuals with biopsy-confirmed NASH and
T2DM, Lai et al. reported that a 24-week treatment with empagliflozin (25 mg daily) was
associated with some improvements in histologic scores of NASH [31]. However, although
this pilot study provides preliminary evidence supporting that empagliflozin might be
useful for treatment of NASH, larger placebo-controlled RCTs are needed to assess the
efficacy of SGLT-2 inhibitors for treatment of NASH in patients with or without T2DM.
With regards to this, a multicenter phase-3 RCT with dapagliflozin (i.e., the Dapagliflozin
Efficacy and Action in NASH (DEAN) trial) for treatment of NASH is currently ongoing.

The major strength of our study is the use of a systematic review methodology to
identify all relevant RCTs (published up to 31 October 2020) that meet predefined inclusion
criteria. In addition, the pooled primary results of our meta-analysis show a low hetero-
geneity (e.g., I2 = 0% for the effect of SGLT-2 inhibitors on changes in MRI-assessed liver
fat content). Our meta-analysis also suggests the possibility of a beneficial class effect of
SGLT-2 inhibitors on serum liver enzyme levels and liver fat content in people with NAFLD.
However, the current lack of head-to-head RCTs does not allow us to definitely ascertain
which of the four SGLT-2 inhibitors tested is the most effective on liver fat content (although
looking at Figure 2 the beneficial effect of dapagliflozin, empagliflozin or canagliflozin
on the absolute percentage of liver fat content assessed by magnetic resonance-based
techniques appears to be essentially comparable). That said, this meta-analysis has some
important limitations that merit being mentioned. Firstly, our meta-analysis includes a
relatively low number of placebo-controlled and head-to-head RCTs with a small sam-
ple size and a short duration of treatment (i.e., a median period of 24 weeks). Secondly,
restriction to RCTs might have limited generalizability to “real-world” populations of
patients with NAFLD and T2DM. Thirdly, most of the eligible RCTs (n = 11 studies) in-
cluded patients with NAFLD and T2DM (90% of total participants), whereas only one
small phase-2 RCT [28] was conducted in Iranian patients without T2DM. Although in
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this latter RCT treatment with empagliflozin for 24 weeks was associated with significant
improvements in serum liver enzyme levels and liver fat content, future large RCTs in
non-diabetic individuals with NAFLD are urgently awaited. Fourthly, RCTs with liver
histological endpoints as a primary outcome were not available in the literature. Although
MRI-PDFF or MRS can provide non-invasive, accurate measures of liver fat content, their
efficacy for detecting relevant histological features of NAFLD (i.e., NASH and fibrosis)
is somewhat limited [39,40]. In addition, magnetic resonance-based techniques may not
be as useful to assess treatment response in patients with NAFLD as previously believed,
given that some evidence suggests that improvements in liver fat content measured by
MRI do not necessarily translate in improvements in liver histology features (lobular in-
flammation, hepatocyte ballooning, or fibrosis) in patients with NASH [41]. Thus, RCTs
of pharmacologic treatments aimed at improving liver disease severity in NAFLD should
always include patients with biopsy-confirmed NASH and fibrosis, which are the two of the
strongest histological features of NAFLD associated with an increased risk of developing
adverse liver-related and extra-hepatic outcomes [5,42–45]. For these reasons, the RCTs
included in this meta-analysis obtained a fair quality according to the Cochrane Collabora-
tion’s tool for assessing risk of bias. Finally, since there are sex differences in the prevalence,
risk factors and clinical outcomes of NAFLD [46], future larger RCTs should be specifically
designed to explore sex differences in the response to treatment for NAFLD/NASH with
this novel class of glucose-lowering agents.

In conclusion, our meta-analysis is the most comprehensive and updated assessment
of placebo-controlled or head-to-head RCTs of adult individuals with NAFLD using various
SGLT-2 inhibitors to specifically treat NAFLD. Although it has been shown that SGLT-
2 inhibitors significantly improve serum liver enzyme levels and liver fat content assessed
by imaging techniques (mostly MRI-PDFF or MRS), no robust data are currently available
in the literature with liver histological endpoints as a primary outcome to comment on
the efficacy of SGLT-2 inhibitors as a specific treatment for NAFLD or NASH. If these
promising results will be confirmed in larger phase-3 RCTs with liver histological endpoints,
it is reasonable that SGLT-2 inhibitors will become a suitable treatment option in adult
individuals with NAFLD or NASH, especially in those who are obese or have T2DM.

4. Materials and Methods
4.1. Registration of Review Protocol

The protocol for this systematic review and meta-analysis was registered in advance
on Open Science Framework registries (no: osf.io/axd3b).

4.2. Search Strategy and Study Selection

We performed a systematic review and meta-analysis in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses (http://www.prisma-
statement.org). Eligible studies were identified by systematically searching PubMed, Sco-
pus and ClinicalTrials.Gov databases from the inception date to 31 October 2020 (date of
the last research), using the following free text terms: “nonalcoholic fatty liver disease”
(OR “NAFLD” OR “nonalcoholic steatohepatitis” OR “NASH”) AND “sodium-glucose
cotransporter-2 inhibitors” OR “SGLT-2 inhibitors” OR “SGLT2” OR “dapagliflozin” OR
“empagliflozin” OR “canagliflozin” OR “ipragliflozin” OR “ertugliflozin”. Luseogliflozin
was not included in the meta-analysis, as the use of this drug is currently approved only
in Japan [47]. Eligible searches were limited to placebo-controlled or head-to-head RCTs,
in which the diagnosis of NAFLD was based on liver biopsy or imaging techniques, such
as ultrasonography, vibration-controlled elastography (Fibroscan®) associated with con-
trolled attenuation parameter (CAP), computed tomography, or magnetic resonance-based
methods (MRI-PDFF and MRS). Reference lists of relevant papers and previous review
articles were hand searched for other relevant studies. Studies enrolling patients with
significant alcohol consumption (usually defined as alcohol consumption >20 g/day for
women and >30 g/day for men, respectively) or secondary causes of chronic liver dis-
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ease were excluded. Moreover, non-English-language articles and studies reported only
in conference abstracts, unpublished studies, retrospective observational studies or non-
randomized interventional studies were excluded. Three investigators (G.B., A.C., and G.P.)
independently screened citations and assessed the excluded citations. Two investigators
(A.M. and G.T.) independently evaluated full-text articles by applying the inclusion criteria
and resolved disagreements by consensus.

4.3. Data Extraction and Quality Assessment

We extracted the following information from the eligible RCTs: study characteris-
tics (first author, year of publication, sample size), intervention (type and daily dosages
of SGLT-2 inhibitors or active drug comparators), length of the trial, methods used for
the diagnosis NAFLD, as well as results for effectiveness and harms outcomes. Specif-
ically, the primary outcome measures of interest were changes in serum liver enzyme
levels (alanine aminotransferase (ALT), aspartate aminotransferase (AST) and gamma-
glutamyltransferase (GGT)) and in the absolute percentage of liver fat content on imaging
techniques (mostly assessed by magnetic resonance-based techniques, i.e., MRI-PDFF or
MRS). As secondary outcome measures, we also extracted from the eligible RCTs data on
changes in liver stiffness measurement assessed by vibration-controlled liver elastography
(Fibroscan®), weight loss and changes in hemoglobin A1c levels and, whenever available,
information on percentage of withdrawals due to adverse events. We also contacted some
corresponding authors of the eligible RCTs in order to obtain additional information for
the meta-analysis (as reported in the Acknowledgements section).

Two investigators (A.M. and G.T.) independently evaluated the risk of bias for each
RCT. For this purpose, the Cochrane Collaboration’s tool was used [48]. Briefly, this tool
evaluates seven potential sources of bias: random sequence generation (selection bias),
allocation concealment (selection bias), blinding of participants and personnel (perfor-
mance bias), blinding of outcome assessment (detection bias), incomplete outcome data
(attrition bias), selective reporting (reporting bias), and other bias [48]. For each domain,
we categorized each RCT into three categories: low, unclear, or high risk of bias [48].

4.4. Data Synthesis and Analysis

The effect sizes were displayed as weighted mean difference (WMD) and 95% confi-
dence intervals (CIs) for the included RCTs reporting the primary outcome measures of
interest between patients randomly assigned to the placebo/reference therapy or those
randomly assigned to treatment with SGLT-2 inhibitors. The overall estimate of the effect
size was computed using a random-effects model [48]. If the outcome measures were
reported in median, range, or 25th–75th percentiles, the mean and SD values were esti-
mated using validated formulas [49]. If not available, SDs of the mean differences were
estimated using the following formula: SD= [(SD pre-treatment)2 + (SD post-treatment)2

− (2R × SD pre-treatment × SD post-treatment)]
1
2 [50]. Given that the pretest–posttest

correlation coefficients (R) were not reported in the eligible RCTs, an R value of 0.5 was
assumed in this meta-analysis [48,50].

Visual inspection of the forest plots was used to estimate the heterogeneity. The het-
erogeneity among the included RCTs was also tested by the I2-statistics. Specifically,
the interpretation of the I2-statistics is as follows: I2-values of roughly 25% show low
heterogeneity, I2-values of roughly 50% show medium heterogeneity, whereas I2-values of
roughly 75% show high heterogeneity [51]. Publication bias was assessed both by visual
inspection of the funnel plots and by the Begg’s rank test [52].

All statistical tests were two sided and used a significance level of p-value < 0.05.
All statistical analyses were performed using the software STATA® 16.1 with the meta-
analysis package (STATA, College Station, TX, USA).
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