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Abstract

Many reports are indicating the blood sugar-lowering potential of empagliflozin in type 2 diabetes mellitus and its
anti-lipogenesis effects in the liver, as studied in mice models; while few clinical trials have evaluated its effect on
liver fat content and liver function. This study aimed to evaluate the effect of empagliflozin on the treatment of
non-alcoholic fatty liver disease in type 2 diabetes mellitus patients. Scopus, Cochran Library, PubMed, and Web
of Science databases were searched from 1990 to 2022 with reference checking and citation searching to identify
additional studies. The inclusion criteria for studies included were the evaluation of patients with non-alcoholic
fatty liver disease and type 2 diabetes being treated with empagliflozin for 24 weeks. Our interest outcomes were
Liver fat, Alanine transaminase (ALT), and Aspartate transaminase (AST). Data analysis random effect size model
was used for pooling data to calculate mean differences in RevMan Version 5.3. I2 was used to evaluate
heterogeneity. Three clinical trial studies were included with 2344 patients. In pooled ALT mean difference
evaluation within 24 weeks of studies, there was a significant difference between subjects receiving empagliflozin
versus controls (MD = -6.6 CI95% (-10.27to -3.73; P = 0.06; 12 = 99%). In the case of AST (MD = -9.06 CI95% (-
20.45t02.34; P = 0.12; I2 = 98%) and Liver fat (MD = -4.46 CI95% (-10.06 to 0.77; P = 0.09; I2 = 98%), there was
not any significant difference between subjects receiving empagliflozin versus controls. While empagliflozin seems
to be effective in lowering ALT levels; further studies are needed to confirm its efficacy in lowering liver fat.
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1. Introduction

Non-alcoholic fatty liver disease (NAFLD) and
type 2 diabetes mellitus (T2DM) have many
semblances in underlying risk factors, pathogenicity,
and epidemiology [1]. NAFLD includes a histological
range from simple steatosis (SS) to steatosis with
necrotic empagliflozin (nonalcoholic steatohepatitis,
NASH) with or without fibrosis that can only be
detected by liver biopsy [2]. Today, NAFLD is known
to be highly associated with liver transplantation in the
United States and is reported annually as the leading
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cause of a significant percentage of hepatocellular
carcinoma (HCC) [3]. NAFLD affects 30% of the adult
population and 60-80% of diabetic and obese patients
[4]. NAFLD directly increases the risk of
cardiovascular disease (CVD) and diabetes through its
association with other cardiovascular disorders,
including obesity and metabolic syndrome [5].
Sodium-glucose-2 (SGLT2) inhibitors increase renal
glucose excretion and decrease HbA1c by reducing
renal glucose reabsorption, which in turn lowers blood
sugar in people with type 2 diabetes [6]. Empagliflozin,
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a highly selective SGLT2 inhibitor, was the first
glucose-lowering agent to reduce cardiovascular
outcomes in people with type 2 diabetes and
cardiovascular disease [7]. Empagliflozin is probably
associated with weight loss due to reducing caloric
intake [8]. Approximately 90% of weight loss with
empagliflozin is due to the reduction of adipose mass
in the visceral adipose tissue of the abdomen and
subcutaneous tissue, which results in a very high
probability of recovery of liver fat with empagliflozin
[9]. Empagliflozin inhibits the progression of NAFLD
by reducing the expression of genes involved in hepatic
lipogenesis [10]. While many reports are suggesting
the beneficial effects of empagliflozin in non-alcoholic
fatty liver disease and type 2 diabetes in mice models
[10, 11]; only a few research studies are conducted as
clinical trials to investigate its effect on NAFLD. So, we
aimed to provide a meta-analysis to combine these
studies’ results. Also, the present study aims to answer
the following questions: Is there a significant
difference between subjects receiving empagliflozin
versus controls in pooled Alanine transaminase (ALT)
mean difference evaluation within 24 weeks of
studies? Is there any significant difference between
subjects receiving empagliflozin versus controls in the
case of Aspartate transaminase (AST) and liver fat?

2. Materials and Methods

2.1 Research strategy

This is a systematic review and meta-analysis
study based on the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses)
guidelines. This study was performed based on
Helsinki’s research ethics. To identify studies related to
the topic, Scopus, Cochran Library, PubMed, and Web
of Science were investigated from 1990 to 2020. There
was also a manual search of randomized clinical trial
studies registration sites such as the Trial Register,
Clinical Trial, International Diabetes Congresses, and
the Food and Drug Administration US (FDA).
Conferences related to diabetes and the list of sources
of identified articles were also reviewed for further
study.

Articles written in English were searched. To
choose proper keywords, Structured Question
Components or PICO methodology was considered:
Population (P): patients with type 2 diabetes and
NAFLD, Intervention (I): Empagliflozin, Comparison
(C): with control or placebo; Outcome (O): Decreased

liver fat, Design (D): clinical trials. Then, keywords
were selected based on the Mesh dataset for the
search. The search strategy was as follows:
“(Empaglifiozin OR SGLT-2 OR Sitagliptin
Phosphate) AND (type 2 diabetes OR TDM2 OR
diabetes) AND (non-alcoholic fatty liver disease OR
fatty liver)”.

2.2 Inclusion and exclusion criteria

Also, inclusion and exclusion criteria of the study
were determined based on the PICO: Population: The
inclusion criteria for the study population was the non-
alcoholic fatty liver disease in type 2 diabetes patients.
Studies examining other unrelated disorders were
excluded. Intervention: Studies that do not have the
intended intervention of Empagliflozin treatment
were excluded. Comparison: Studies that did not
examine our comparison groups, which were mainly
retrospective studies, were excluded. Outcome:
Studies that have examined outcomes unrelated to our
study were excluded from the study. Our interest
outcomes were Liver fat, ALT, and AST. Design:
Studies that have inappropriate validity or have used
inappropriate methods to design the study and have
obvious biases are excluded from the study. Finally,
studies using empagliflozin as one of the arms of the
clinical trial were included in the meta-analysis.

Based on the inclusion and exclusion criteria of the
study, two researchers independently reviewed the
title and abstracts. After removing duplicated cases
and irrelevant articles, the full text of selected studies
was evaluated for inclusion and exclusion criteria.
Final articles were selected and the list of references of
the main articles that were finally included in the study
was also reviewed. Wherever there was a dispute
between the two investigators, the third person
judged. Variables including first author name, year of
study publication, age of individuals, sample size, ALT
levels, AST levels, and liver fat percentage were
extracted from the studies.

2.3 Data extraction and quality assessment

All search results were managed with EndNote
X7.1 (Clarivate Analytics, Philadelphia, PA, USA).
Duplicates were deleted and the title and abstract of
remaining citations were reviewed to exclude
irrelevant articles. For the remaining citations, full
texts were downloaded and evaluated. To evaluate the
Risk of bias, RoB 2 Cochrane risk-of-bias tool was
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Figure 1. PRISMA flowchart showing the search and study selection strategy

used. Considering that to evaluate the bias in the
publication of studies should not be less than ten
studies, we were not able to evaluate the publication
bias [12]. To calculate the effectiveness, the
standardized effect difference index of the means
(MD) was used. Results were based on a random
model effect size with a 95% confidence interval. A
value of p less than 0.05 was considered a statistically
significant value. 12 was used to evaluate the
heterogeneity between the studies. Study data was
entered in RevMan Version 5.3 software and analyzed.

3. Results

In the current meta-analysis study, three clinical
trial studies were included [13-15]. A PRISMA
flowchart showing the search and study selection
strategy is presented in Figure 1. Also, the detailed
information presented in the three included studies
are summarized in Table 1.

A total number of 2344 patients were evaluated in
this meta-analysis study. In pooled ALT mean
difference evaluation within 24 weeks of studies, there

was a significant difference between subjects receiving
empagliflozin versus controls (MD =-6.6 CI95% (-
10.27t0-3.73; P = 0.06; 12 = 99%) (Figure 2).

In pooled AST mean difference evaluation in 24
weeks empagliflozin treatment, there was not any
significant difference between subjects receiving
empagliflozin versus controls (MD =-9.06 CI95% (-
20.45 t0 2.34; P = 0.12; 12 = 98%) (Figure 3).

In the pooled Liver fat percentage mean difference
following the 24 weeks of treatment with
empagliflozin, there was not any significant difference
between subjects receiving empagliflozin versus
controls (MD =-4.46 CI95% (-10.06 to 0.77; P = 0.09;
12 = 98%) (Figure 4).

4. Discussion

Empagliflozin is a new drug that has been
introduced for the treatment of type 2 diabetes.
Despite its importance, until now there is no
comprehensive study regarding the effect of this drug
in the treatment of patients with non-alcoholic fatty
liver disease and type 2 diabetes.



Rafat et al.

Table 1. The detailed information presented in the three included studies
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Figure 2. The pooled ALT mean difference evaluation within 24 weeks of studies
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Figure 3. The pooled AST mean difference evaluation in 24 weeks Empagliflozin treatment
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Figure 4. The pooled Liver fat percentage mean difference following the 24 weeks of treatment with Empagliflozin

In the present study we reviewed all documents
published in English language on the topic across the
world. The results of the present study demonstrated
while empagliflozin seems to be effective in lowering
ALT levels; in the case of AST and Liver there was not
any significant difference between subjects receiving
empagliflozin versus controls. Cherney et al. in a
review of the empagliflozin efficiency in blood sugar
control and tolerability in patients with type 2 diabetes
have shown a moderate decrease in HbA1c [16]. As
stated in Goldman’s review [17], the combination
therapy (metformin and empagliflozin was well
tolerated in patients with type 2 diabetes, and blood
glucose control improved significantly compared to
monotherapy, but they stated that this combination
was not suitable for every patient. Our results
indicated a significant difference between subjects
receiving empagliflozin versus controls in ALT levels;
while no significant difference in the case of liver fat
and AST. According to a study by Kahl et al,
empagliflozin effectively reduces liver fat in patients
with T2D with excellent glycemic control [13].
Interestingly, empagliflozin also reduces circulating
uric acid and increases adiponectin levels despite not
changing insulin sensitivity. Thus, empagliflozin can
help in the early treatment of non-alcoholic fatty liver
disease in T2D [14]. A study by Sattar et al. showed that
empagliflozin reduces aminotransferases in people
with type 2 diabetes, which is potentially compatible
with reduced liver fat, especially when ALT
aminotransferase levels are high [10]. According to a
study by Bodis et al., empagliflozin effectively controls
HCLin T2D patients and increases serum adiponectin
with beneficial effects on hepatocyte integrity [18]. As
a result, empagliflozin may improve NAFLD through
various mechanisms [13]. According to a study by
Kuchay et al. [15], Empagliflozin in the standard
treatment of type 2 diabetes significantly reduces liver

fat and improves serum ALT levels, and also shows
that SGLT-2 inhibitors are beneficial agents for
improving NAFLD, which is often present with type 2
diabetes [19]. According to a study by Lee et al., the use
of empagliflozin is a new approach to glycemic control
and is associated with several proven cardio-metabolic
and renal benefits beyond the glucose-lowering effect
[19]. Evidence from that study shows that among
Chinese people with T2DM, with or without
background insulin therapy, empagliflozin not only
improves metabolic parameters but also improves
liver function as a class [19].

Totally, empagliflozin can improve body
composition, insulin resistance, liver fibrosis, and
decrease the hepatic enzyme (ALT) in patients with
T2DM. However, the beneficial effects of
empagliflozin did not achieve statistical significance in
terms of AST and liver fat in the present study. Thus,
more RCTs with longer duration and larger sample
sizes are required to decide the roles of empagliflozin
in patients with NAFLD and T2DM to establish
adequate guidelines for clinical practice.

The first limitation of this review is the very low
number of studies in this field. One other limitation of
this study that could be a huge trigger of high
heterogenicity was the issue of other prescribed
medications, as not all participants of the studies were
receiving monotherapy of empagliflozin Also, one
study used a control group; while the other 2 studies
were using a placebo to make a comparison.

In summary, empagliflozin seems to be effective in
lowering ALT levels; while further studies are needed
to confirm its efficacy in lowering liver fat.

Authors' contributions

ZR, DR: Investigation, Data curation. DR:
Conceptualization, Methodology, Project
administration. ZR, DR: Methodology, Project



Rafat et al.

administration, Writing - original draft, Resources,
Visualization. ZR, KD, DR: Writing - review & editing.
All authors contributed to the article and approved the
final version.

Conflict of interests
The authors have no conflict of interest to declare.

Ethical declarations
Not applicable.

Financial support
Self-funded.

References
1. Alkhouri N, Poordad F, Lawitz E. Management of nonalcoholic
fatty liver disease: Lessons learned from type 2 diabetes. Hepatol
Commun. 2018; 2(7):778-85.
2, Singh S, Allen AM, Wang Z, Prokop LJ, Murad MH, Loomba R.
Fibrosis progression in nonalcoholic fatty liver vs nonalcoholic
steatohepatitis: a systematic review and meta-analysis of paired-
biopsy studies. Clin Gastroenterol Hepatol. 2015; 13(4):643-54.€1-
9; quiz €39-40.
3. Charlton MR, Burns JM, Pedersen RA, Watt KD, Heimbach JK,
Dierkhising RA. Frequency and outcomes of liver transplantation
for nonalcoholic steatohepatitis in the United States.
Gastroenterology. 2011; 141(4):1249-53.
4. Musso G, Cassader M, Rosina F, Gambino R. Impact of current
treatments on liver disease, glucose metabolism and
cardiovascular risk in non-alcoholic fatty liver disease (NAFLD): a
systematic review and meta-analysis of randomised trials.
Diabetologia. 2012; 55(4):885-904.
5. Targher G, Bertolini L, Poli F, Rodella S, Scala L, Tessari R, et al.
Nonalcoholic fatty liver disease and risk of future cardiovascular
events among type 2 diabetic patients. Diabetes. 2005;
54(12):3541-6.
6. Bertoccini L, Baroni MG. GLP-1 Receptor Agonists and SGLT2
Inhibitors for the Treatment of Type 2 Diabetes: New Insights and
Opportunities for Cardiovascular Protection. Adv Exp Med Biol.
2021; 1307:193-212.
7. Cherney DZI, Zinman B, Inzucchi SE, Koitka-Weber A,
Mattheus M, von Eynatten M, Wanner C. Effects of empagliflozin
on the urinary albumin-to-creatinine ratio in patients with type 2
diabetes and established cardiovascular disease: an exploratory
analysis from the EMPA-REG OUTCOME randomised, placebo-
controlled trial. Lancet Diabetes Endocrinol. 2017; 5(8):610-21.
8. Kaku K, Lee J, Mattheus M, Kaspers S, George J, Woerle HJ.
Empagliflozin and Cardiovascular Outcomes in Asian Patients
With Type 2 Diabetes and Established Cardiovascular Disease -

Results From EMPA-REG OUTCOME(®). Circ J. 2017;
81(2):227-34.

9. Trujillo JM, Nuffer WA. Impact of Sodium-Glucose
Cotransporter 2 Inhibitors on Nonglycemic Outcomes in Patients
with Type 2 Diabetes. Pharmacotherapy. 2017; 37(4):481-01.

10. Petito-da-Silva TI, Souza-Mello V, Barbosa-da-Silva S.
Empaglifozin mitigates NAFLD in high-fat-fed mice by alleviating
insulin resistance, lipogenesis and ER stress. Mol Cell Endocrinol.
2019; 498:110539.

11. Jojima T, Tomotsune T, Iijima T, Akimoto K, Suzuki K, Aso Y.
Empagliflozin (an SGLT2 inhibitor), alone or in combination with
linagliptin (a DPP-4 inhibitor), prevents steatohepatitis in a novel
mouse model of non-alcoholic steatohepatitis and diabetes.
Diabetol Metab Syndr. 2016; 8:45.

12. Sterne JAC, Savovi¢ J, Page MJ, Elbers RG, Blencowe NS,
Boutron I, et al. RoB 2: a revised tool for assessing risk of bias in
randomised trials. Bmj. 2019; 366:14898.

13. Kahl S, Gancheva S, StraBburger K, Herder C, Machann J,
Katsuyama H, et al. Empagliflozin Effectively Lowers Liver Fat
Content in Well-Controlled Type 2 Diabetes: A Randomized,
Double-Blind, Phase 4, Placebo-Controlled Trial. Diabetes Care.
2020; 43(2):298-305.

14. Sattar N, Fitchett D, Hantel S, George JT, Zinman B.
Empagliflozin is associated with improvements in liver enzymes
potentially consistent with reductions in liver fat: results from
randomised trials including the EMPA-REG OUTCOME® trial.
Diabetologia. 2018; 61(10):2155-63.

15. Kuchay MS, Krishan S, Mishra SK, Farooqui KJ, Singh MK,
Wasir JS, et al. Effect of Empagliflozin on Liver Fat in Patients With
Type 2 Diabetes and Nonalcoholic Fatty Liver Disease: A
Randomized Controlled Trial) E-LIFT Trial). Diabetes Care. 2018;
41(8):1801-8.

16. Cherney DZI, Cooper ME, Tikkanen I, Pfarr E, Johansen OE,
Woerle HJ, et al. Pooled analysis of Phase III trials indicate
contrasting influences of renal function on blood pressure, body
weight, and HbAlc reductions with empagliflozin. Kidney Int.
2018; 93(1):231-44.

17. Goldman JD. Combination of Empagliflozin and Metformin
Therapy: A Consideration of its Place in Type 2 Diabetes Therapy.
Clin Med Insights Endocrinol  Diabetes. 2018;
11:1179551418786258.

18. Bodis K, Jelenik T, Lundbom J, Markgraf DF, Strom A, Zaharia
OP, et al. Expansion and Impaired Mitochondrial Efficiency of
Deep Subcutaneous Adipose Tissue in Recent-Onset Type 2
Diabetes. J Clin Endocrinol Metab. 2020; 105(4):€1331-43.

19. Lee PCH ,Gu Y, Yeung MY, Fong CHY, Woo YC, Chow WS, et
al. Dapagliflozin and Empagliflozin Ameliorate Hepatic
Dysfunction Among Chinese Subjects with Diabetes in Part
Through Glycemic Improvement: A Single-Center, Retrospective,
Observational Study. Diabetes Ther. 2018; 9(1):285-295.


https://pubmed.ncbi.nlm.nih.gov/30027137/
https://pubmed.ncbi.nlm.nih.gov/30027137/
https://pubmed.ncbi.nlm.nih.gov/30027137/
https://pubmed.ncbi.nlm.nih.gov/24768810/
https://pubmed.ncbi.nlm.nih.gov/24768810/
https://pubmed.ncbi.nlm.nih.gov/24768810/
https://pubmed.ncbi.nlm.nih.gov/24768810/
https://pubmed.ncbi.nlm.nih.gov/24768810/
https://pubmed.ncbi.nlm.nih.gov/21726509/
https://pubmed.ncbi.nlm.nih.gov/21726509/
https://pubmed.ncbi.nlm.nih.gov/21726509/
https://pubmed.ncbi.nlm.nih.gov/21726509/
https://pubmed.ncbi.nlm.nih.gov/22278337/
https://pubmed.ncbi.nlm.nih.gov/22278337/
https://pubmed.ncbi.nlm.nih.gov/22278337/
https://pubmed.ncbi.nlm.nih.gov/22278337/
https://pubmed.ncbi.nlm.nih.gov/22278337/
https://pubmed.ncbi.nlm.nih.gov/16306373/
https://pubmed.ncbi.nlm.nih.gov/16306373/
https://pubmed.ncbi.nlm.nih.gov/16306373/
https://pubmed.ncbi.nlm.nih.gov/16306373/
https://pubmed.ncbi.nlm.nih.gov/32034729/
https://pubmed.ncbi.nlm.nih.gov/32034729/
https://pubmed.ncbi.nlm.nih.gov/32034729/
https://pubmed.ncbi.nlm.nih.gov/32034729/
https://pubmed.ncbi.nlm.nih.gov/28666775/
https://pubmed.ncbi.nlm.nih.gov/28666775/
https://pubmed.ncbi.nlm.nih.gov/28666775/
https://pubmed.ncbi.nlm.nih.gov/28666775/
https://pubmed.ncbi.nlm.nih.gov/28666775/
https://pubmed.ncbi.nlm.nih.gov/28666775/
https://pubmed.ncbi.nlm.nih.gov/28025462/
https://pubmed.ncbi.nlm.nih.gov/28025462/
https://pubmed.ncbi.nlm.nih.gov/28025462/
https://pubmed.ncbi.nlm.nih.gov/28025462/
https://pubmed.ncbi.nlm.nih.gov/28025462/
https://pubmed.ncbi.nlm.nih.gov/28102030/
https://pubmed.ncbi.nlm.nih.gov/28102030/
https://pubmed.ncbi.nlm.nih.gov/28102030/
https://pubmed.ncbi.nlm.nih.gov/31419466/
https://pubmed.ncbi.nlm.nih.gov/31419466/
https://pubmed.ncbi.nlm.nih.gov/31419466/
https://pubmed.ncbi.nlm.nih.gov/31419466/
https://pubmed.ncbi.nlm.nih.gov/27462372/
https://pubmed.ncbi.nlm.nih.gov/27462372/
https://pubmed.ncbi.nlm.nih.gov/27462372/
https://pubmed.ncbi.nlm.nih.gov/27462372/
https://pubmed.ncbi.nlm.nih.gov/27462372/
https://pubmed.ncbi.nlm.nih.gov/31462531/
https://pubmed.ncbi.nlm.nih.gov/31462531/
https://pubmed.ncbi.nlm.nih.gov/31462531/
https://pubmed.ncbi.nlm.nih.gov/31540903/
https://pubmed.ncbi.nlm.nih.gov/31540903/
https://pubmed.ncbi.nlm.nih.gov/31540903/
https://pubmed.ncbi.nlm.nih.gov/31540903/
https://pubmed.ncbi.nlm.nih.gov/31540903/
https://pubmed.ncbi.nlm.nih.gov/30066148/
https://pubmed.ncbi.nlm.nih.gov/30066148/
https://pubmed.ncbi.nlm.nih.gov/30066148/
https://pubmed.ncbi.nlm.nih.gov/30066148/
https://pubmed.ncbi.nlm.nih.gov/30066148/
https://pubmed.ncbi.nlm.nih.gov/29895557/
https://pubmed.ncbi.nlm.nih.gov/29895557/
https://pubmed.ncbi.nlm.nih.gov/29895557/
https://pubmed.ncbi.nlm.nih.gov/29895557/
https://pubmed.ncbi.nlm.nih.gov/29895557/
https://pubmed.ncbi.nlm.nih.gov/28860019/
https://pubmed.ncbi.nlm.nih.gov/28860019/
https://pubmed.ncbi.nlm.nih.gov/28860019/
https://pubmed.ncbi.nlm.nih.gov/28860019/
https://pubmed.ncbi.nlm.nih.gov/28860019/
https://pubmed.ncbi.nlm.nih.gov/30013414/
https://pubmed.ncbi.nlm.nih.gov/30013414/
https://pubmed.ncbi.nlm.nih.gov/30013414/
https://pubmed.ncbi.nlm.nih.gov/30013414/
https://pubmed.ncbi.nlm.nih.gov/31838512/
https://pubmed.ncbi.nlm.nih.gov/31838512/
https://pubmed.ncbi.nlm.nih.gov/31838512/
https://pubmed.ncbi.nlm.nih.gov/31838512/
https://pubmed.ncbi.nlm.nih.gov/29322486/
https://pubmed.ncbi.nlm.nih.gov/29322486/
https://pubmed.ncbi.nlm.nih.gov/29322486/
https://pubmed.ncbi.nlm.nih.gov/29322486/
https://pubmed.ncbi.nlm.nih.gov/29322486/

