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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 large electronic databases

(up to 31 October 2020) for identifying placebo-controlled or active-controlled RCTs that used different SGLT-2 inhibitors

(dapagliflozin, empagliflozin, ipragliflozin or canagliflozin) for treatment of NAFLD.
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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 diabetes mellitus (T2DM) . 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 hepatocellular carcinoma), but also the risk of

developing cardiovascular disease and other chronic complications of diabetes . 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 .

To date, there are currently no approved drugs to 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 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) . Promising results on liver fat and

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 .

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 positive effects, such as weight

loss and the lowering of blood pressure . 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 

.

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 examined the possible beneficial effects of this novel class of

glucose-lowering medications in individuals with T2DM and NAFLD .

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 

. After examining the full text of these publications, we excluded two studies  for reasons mainly due to

unsatisfactory study design (as specified in Supplementary Table S1). Therefore, a total of twelve RCTs (seven placebo-

controlled studies  and five head-to-head studies ) were considered eligible for inclusion

in the meta-analysis and were assessed for quality.
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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/m ; 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 individuals, 414 were randomly assigned to either placebo or reference

therapy, whereas 436 were randomly assigned to active treatment with dapagliflozin (n = 6 RCTs ),

empagliflozin (n = 3 RCTs ), ipragliflozin (n = 2 RCTs ) 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 

) included patients with NAFLD and T2DM (n = 760, 90% of total participants), whereas only

one RCT , involving 90 individuals, was conducted in patients without T2DM. Two RCTs  included international

cohorts of patients with NAFLD, six RCTs  were carried out in Asia (Japan, South Korea, India and Iran),

three RCTs  were carried out in Europe (Germany and Sweden) and one RCT was carried out in the United

States . In all eligible RCTs, the diagnosis of NAFLD was based on imaging techniques, such as Fibroscan  with

associated with controlled attenuation parameter (CAP) , computed tomography , magnetic resonance

imaging-proton density fat fraction (MRI-PDFF) or magnetic resonance spectroscopy (MRS) . 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.

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; I  = 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; I  = 38.7%). Serum AST levels did not differ 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; I  = 78.9%).

Figure 1. Forest plot of the effect of SGLT-2 inhibitors on serum liver enzyme levels (i.e., serum alanine aminotransferase

(ALT) (n = 9 randomized controlled trials (RCTs), panel A), aspartate aminotransferase (AST) (n = 9 RCTs, panel B), and

gamma-glutamyltransferase (GGT) (n = 6 RCTs, panel C)) as compared with placebo or reference therapy. The effect size
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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).

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 inhibitors 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%; I  = 0%; Z-test for overall effect = −7.07, p < 0.0001).

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. ,

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

elastography (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; I  = 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; I  = 14.0%; Z-test for overall effect = 1.48, p =
0.097).

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 ).
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MRI-PDFF or

MRS (%)

−2.05(−2.61

to −1.48)

Z = 7.07, p <

0.0001
7 212 212 0.0%

Controlled

attenuation

parameter

(dB/m)

−13.9(−30.1

to +2.20)

Z=1.69, p =
0.089

3 86 106 43.7%

CT-Liver-to-

spleen

attenuation ratio

+0.10(−0.06

to +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

to +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 influence 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 enzyme levels 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; I  = 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; I  = 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 eligible 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.
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