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Abstract

Background: Non-alcoholic steatohepatitis (NASH) is a growing health concern closely linked to insulin resistance, a key

factor in the development of type 2 diabetes mellitus (T2DM). Empagliflozin, a sodium-glucose cotransporter 2 (SGLT2) inhibitor,

has been shown to reduce fat mass, improve cardiovascular outcomes, and lower mortality rates.

Objectives: This study aimed to evaluate the potential of empagliflozin in reducing liver enzyme levels in patients with T2DM,

providing insight into its role in mitigating liver damage associated with NASH.

Methods: This was a 24-week, prospective, randomized, placebo-controlled clinical trial conducted at Ayatollah Rouhani

Hospital, Babol. A total of 140 eligible patients were randomly assigned to either the placebo or treatment group. The placebo

group received standard antidiabetic therapy, while the treatment group received 10 mg of empagliflozin daily in addition to

their standard treatment. Data were collected at baseline, and after 12 and 24 weeks.

Results: Data from 110 patients were analyzed, with 55 participants in each group. The treatment group showed a significant

reduction in aspartate aminotransferase (AST) (P < 0.001), alanine aminotransferase (ALT) (P < 0.001), direct bilirubin (P = 0.001),

HDL (P < 0.001), and LDL (P = 0.02) levels. The average fatty liver grade in the treatment group also decreased significantly

throughout the trial period (P < 0.001). Changes in AST, ALT, and HDL levels within the treatment group were not affected by age

(P < 0.05 in all cases). Aspartate aminotransferase and ALT reductions were significant among females (P < 0.001), as well as in

patients with normal or overweight body mass index (BMI): AST (P = 0.002 and P = 0.014, respectively) and ALT (P = 0.001 and P =

0.014, respectively).

Conclusions: According to our findings, empagliflozin significantly reduces AST and ALT levels, lowers LDL, increases HDL, and

improves fatty liver grading. It may be considered a viable therapeutic option for T2DM patients diagnosed with NASH.
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1. Background

Non-alcoholic fatty liver disease (NAFLD) affects over

50% of patients with type 2 diabetes mellitus (T2DM)

worldwide (1-3). Non-alcoholic fatty liver disease shares

insulin resistance as a key pathogenic mechanism with

T2DM and increases the risk of developing T2DM (4, 5).

Non-alcoholic steatohepatitis (NASH), a progressive

form of NAFLD, is diagnosed when liver fat exceeds 5% of

liver volume and is associated with elevated levels of

alanine aminotransferase (ALT) and aspartate

aminotransferase (AST) (6). In T2DM patients, ALT levels

may underestimate the severity of fatty liver disease (7).

The NASH can progress to fibrosis, cirrhosis, and

hepatocellular carcinoma (HCC), leading to increased
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mortality risk (8, 9) and a higher risk of cardiovascular

disease (10).

Several glucose-lowering agents, including

liraglutide and pioglitazone, have demonstrated

metabolic and histological improvements in patients

with NASH (11, 12). Sodium-glucose cotransporter 2

(SGLT2) inhibitors promote urinary glucose excretion by

acting on the proximal renal tubules and are also

beneficial to kidney function (13). Clinical trials and

animal studies have shown positive effects of SGLT2

inhibitors on liver function (14-16). Empagliflozin, a

selective SGLT2 inhibitor, facilitates weight loss by

reducing fat mass (17-22). Furthermore, this drug is

effective in reducing cardiovascular events and

mortality (23, 24). A 2021 study demonstrated that 24

weeks of treatment with 25 mg/day of empagliflozin

improved histological markers of inflammation in

T2DM patients with NASH (25).

2. Objectives

This interventional study aims to investigate the

impact of empagliflozin on hepatic enzymes and liver

function tests, lipid profile, anthropometric indices, and

liver ultrasound findings in T2DM patients with NASH.

3. Methods

3.1. Study Design

This study was a 24-week, prospective, randomized,

placebo-controlled clinical trial conducted at Ayatollah
Rouhani Hospital in Babol. It adhered to the principles

of the Declaration of Helsinki and was approved by the

Ethics Committee of Babol University of Medical

Sciences (IR.MUBABOL.REC.1400.186). The study was

registered with the Iranian Registry of Clinical Trials
(IRCT) under the code IRCT20210609051526N2. All

participants provided written informed consent at the

time of enrollment.

3.2. Study Participants

Patients aged 18 - 85 years with a confirmed diagnosis

of T2DM and NASH, hemoglobin A1C (HbA1c) levels
between 7% and 10%, and a body mass index (BMI) ≤ 35

kg/m2 were included. The exclusion criteria were: A

history of hepatitis, alcohol or drug abuse, use of

hepatic steatosis-inducing drugs (amiodarone,

tamoxifen, methotrexate, glucocorticoids, and

valproate), thiazolidinedione (TZD) or glucagon-like

peptide-1 (GLP-1) receptor agonists, pregnancy or HELLP

syndrome in previous pregnancies, hepatocellular

carcinoma or cirrhosis, and contraindications to

empagliflozin (including recurrent urogenital

infections or allergic reactions to the drug). Participants

were randomized using the block randomization
method and assigned to two groups in a 1:1 ratio.

3.3. Procedures

The placebo group received a standard T2DM

regimen (sulfonylureas, DPP-4 inhibitors ± alpha-
glucosidase inhibitors, biguanides, insulin, liraglutide,

and sitagliptin/gliclazide) along with a placebo, while
the treatment group received the same regimen plus 10

mg of empagliflozin daily. Baseline data—including age,

gender, weight, height, waist circumference, BMI,

duration of diabetes, history of cardiovascular disease,

hypertension (HTN), chronic kidney disease, liver

enzymes, lipid profile, GGT, bilirubin, and liver

ultrasound—were collected from medical records, with

additional tests performed as needed. Patients were

evaluated at 12 and 24 weeks through clinical

examinations, laboratory tests, and imaging studies.

3.4. Statistical Analysis

Data were analyzed using SPSS version 22. Descriptive

statistics were reported as mean, standard deviation,

frequency, and percentage. The effect of empagliflozin

was assessed using repeated measures ANOVA and

Friedman’s test for multiple analyses, based on both

quantitative and qualitative variables. Additionally,

univariate analyses were conducted according to

qualitative variables such as age, gender, BMI, and

duration of diabetes. A P-value of less than 0.05 was

considered statistically significant.

4. Results

4.1. Patient Characteristics

A total of 210 individuals were assessed, of whom 140

met the inclusion criteria and were enrolled in the

study, with equal allocation to the treatment (n = 70)

and placebo (n = 70) groups. Ultimately, 110 participants

successfully completed the trial (Figure 1). The average

age of participants was approximately 50 years (ranging

from 22 to 78 years), with an equal male-to-female ratio

and a mean BMI in the overweight range. More than half

had a history of diabetes exceeding three years, and one-

third were diagnosed with grade 2 fatty liver based on

ultrasound findings. Additional details are provided in

Tables 1 and 2.

In the treatment group, levels of AST, ALT, ALP, and

direct bilirubin decreased significantly. HDL increased,
while LDL decreased; however, changes in triglyceride
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Figure 1. The CONSORT flowchart

and total cholesterol levels were not statistically

significant. In the placebo group, fatty liver grades at

baseline, 12 weeks, and 24 weeks were 2.02, 2.07, and 1.91,

respectively (P = 0.459). In contrast, the treatment group

showed a decline in fatty liver grades from 2.50 to 2.05

and 1.45 over the same period—a 42% reduction (P <

0.001). Detailed data are provided in Table 3, and liver

enzyme trends are illustrated in Figures 2 - 4.

Significant correlations were observed in AST and ALT

reductions across both age groups (< 50 and ≥ 50 years),

with the most notable reductions of 23.4% and 28.7% in

AST and ALT, respectively, among patients aged 50 or

older (P-values: 0.014, 0.001, 0.017, and < 0.001,

respectively). A 22% significant reduction in ALP was also

observed in participants aged 50 or older (P = 0.005).

Cholesterol and triglyceride levels followed a similar

trend to ALP, with P-values of 0.049 and 0.032,

respectively.

Based on diabetes mellitus duration, participants

were classified into two groups: “< 3 years” and “≥ 3

years.” Significant decreases in AST, ALT, and ALP were

observed in the treatment groups of both

classifications, with the most prominent change in ALT

levels, showing a 35% reduction (P < 0.001 for all). GGT

changes were only significant in the “< 3 years” group (P

= 0.002 vs. 0.085), while changes in total and direct

bilirubin were significant in the “< 3 years” (P = 0.045)

and “≥ 3 years” (P < 0.001) groups, respectively. In the

lipid profile, significant changes were found only in

triglyceride (P = 0.037) and LDL (P = 0.018) levels in

patients with a diabetes duration of 3 years or more.

In the female group, AST, ALT, and ALP levels

decreased significantly in the treatment group (P <

0.001 for all), with the greatest reduction observed in

ALT at 37%. Total and direct bilirubin levels changed

significantly in the female treatment group (P < 0.05 for

both), while in males, only direct bilirubin showed a

significant decrease (P = 0.009). Lipid profile analysis in

females showed a significant increase in HDL and a

decrease in LDL, whereas in males, only HDL levels

increased significantly (P = 0.005).

Data were also analyzed based on BMI: Normal,

overweight, and obese. Aspartate aminotransferase (P =

0.002, P = 0.014) and ALT (P = 0.001, P = 0.014) reductions
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Table 1. Frequency of the Variables in the Participants

Variables No. (%)

Gender

Female 54(50.9)

Male 56 (49.1)

Age

< 50 62 (56.4)

≥ 50 48 (43.6)

Hypertension

Yes 38 (34.5)

No 72 (65.5)

Cardiovascular disease

Yes 35 (34.5)

No 75 (65.5)

Chronic kidney disease

Yes 31 (28.2)

No 79 (71.8)

BMI

Normal 36 (32.7)

Overweight 60 (54.5)

Obese 14 (12.7)

Diabetes mellitus duration (y)

< 3 51 (46.4)

≥ 3 59 (53.6)

Liver ultrasound

Normal 24 (21.8)

Grade 1 20 (18.2)

Grade 2 48 (43.6)

Grade 3 18 (16.4)

were significant in the normal and overweight groups,

while ALP reduction (P < 0.001) was significant only in

the normal BMI group. GGT was measured only in the

overweight group. Direct bilirubin declined in all BMI

categories, but total bilirubin showed a significant

change only in the normal BMI group (P = 0.042).

Cholesterol, triglyceride, LDL, and HDL levels improved

in both the normal and overweight groups (P < 0.05),

but no significant changes were observed in obese
patients. Waist circumference decreased significantly

across all groups (P < 0.05).

5. Discussion

In the present study, empagliflozin significantly

decreased AST, ALT, ALP, and direct bilirubin levels. In the

lipid profile, this drug significantly decreased LDL and

increased HDL levels. Additionally, the grades of fatty

liver based on ultrasound findings improved. Several

similar studies have been conducted in recent years.

Pokharel et al. (26) carried out a study using the same

empagliflozin dose and trial duration as ours, enrolling

84 participants, while Taheri et al. (27) applied an

identical protocol to 90 non‑T2DM patients. In terms of

study design, one study used a higher daily dose (25 mg)

of empagliflozin (25), and another employed a shorter

20‑week trial period with the same treatment dose as

ours (28). Notably, none of these studies altered the

existing T2DM drug regimen.

Our study aligns with a 2018 study using MRI-PDFF,

which found that empagliflozin significantly reduced

liver fat and ALT but not AST or GGT (28). The lack of

significant AST changes in that study, unlike ours, could

be attributed to smaller sample sizes or differences in

patient selection. In 2021, Pokharel et al. found that six

months of 10 mg empagliflozin significantly reduced

ALT, AST, and GGT levels, accompanied by weight loss

and no major side effects (26).

A 2021 review concluded that SGLT2 inhibitors

significantly reduce liver enzymes and fat, while

improving body composition, including fat mass

distribution (29). In a 2018 study, researchers reported

https://brieflands.com/articles/hepatmon-150453
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Table 2. Mean and Standard Deviation of the Variables in the Participants

Variables Mean ± SD

Diabetes duration (y) 3.32 ± 1.74

Weight (kg) 86.91 ± 11.39

Height (cm) 180.94 ±7.03

Waist circumference (cm) 93.89 ± 13.78

BMI (kg/m 2) 26.53 ± 3.03

AST (IU/L) 40.63 ± 18.96

ALT (IU/L) 36.30 ± 16.35

ALP (IU/L) 348.48 ± 86.77

GGT (IU/L)  a 49.56 ± 14.20

Total bilirubin (mg/dL) 0.79 ± 0.49

Direct bilirubin (mg/dL) 0.51 ± 0.31

Cholesterol (mg/dL) 230.91 ± 78.10

Triglyceride (mg/dL) 238.72 ± 80.90

HDL (mg/dL) 30.98 ± 7.30

LDL (mg/dL) 221.77 ± 68.00

Abbreviations: BMI, body mass index; ALT, alanine aminotransferase; AST, aspartate aminotransferase.

a This test was performed only for 16 patients due to the costs and lack of laboratory kits, of which six patients were of the treatment group with empagliflozin.

Table 3. Characteristics and P-Values of the Study Participants at Baseline, 12 Weeks, and 24 Weeks a

Variables
Treatment Group Placebo Group

P-Value
Baseline 12 Weeks 24 Weeks Baseline 12 Weeks 24 Weeks

AST 41.07 ± 20.33 30.74 ± 11.89 27.10 ± 13.15 40.20 ± 17.66 41.32 ± 15.60 51.10 ± 20.19 < 0.001 b

ALT 37.63 ± 17.08 27.00 ± 10.15 24.12 ± 12.66 34.98 ± 15.62 37.80 ± 12.45 44.05 ± 17.10 < 0.001 b

ALP 347.92 ± 83.21 298.80 ± 60.73 266.49 ± 64.49 349.03 ± 90.95 342.58 ± 70.77 344.83 ± 67.02 0.001 b

GGT 52.83 ± 15.63 43.33 ± 12.50 40.50 ± 8.40 47.60 ± 13.74 49.70 ± 11.59 52.70 ± 13.25 0.412

Total bilirubin 0.89 ± 0.44 0.66 ± 0.27 0.41 ± 0.24 0.69 ± 0.53 0.65 ± 0.35 0.75 ± 0.33 0.478

Direct bilirubin 0.42 ± 0.20 0.35 ± 0.21 0.26 ± 0.26 0.60 ± 0.36 0.68 ± 0.44 0.99 ± 0.67 0.001 b

Cholesterol 228.61 ± 81.67 191.70 ± 65.27 159.10 ± 51.92 233.21 ± 75.04 213.56 ± 67.11 200.14 ± 61.69 0.051

Triglyceride 241.47 ± 82.71 197.63 ± 61.85 163.63 ± 53.44 235.98 ± 79.72 223.56 ± 70.86 210.10 ± 61.75 0.064

HDL 31.49 ± 6.47 34.81 ± 5.36 38.76 ± 6.56 30.47 ± 8.06 29.89 ± 5.32 30.58 ± 6.46 < 0.001 b

LDL 221.81 ± 68.75 183.05 ± 52.93 152.72 ± 45.60 221.72 ± 67.88 208.30 ± 58.64 198.61 ± 56.18 0.020 b

Waist circumference 93.69 ± 14.20 91.11 ± 12.70 88.42 ± 10.33 94.09 ± 13.48 93.29 ± 14.04 93.42 ± 14.90 0.300

Abbreviations: AST, aspartate aminotransferase; ALT, alanine aminotransferase.

a Values are expressed as mean ± SD.

b The P-values less than 0.05 were deemed statistically significant.

significant reductions in both ALT and AST after

empagliflozin administration, with greater changes

observed in ALT (30).

We also analyzed empagliflozin’s effects based on

age, sex, BMI, and diabetes duration. The drug

significantly improved ALT and AST levels across all age

groups, in females, regardless of diabetes duration, and

in patients with normal or overweight BMI. Lipid

profiles improved in older patients, females, those with

long-term T2DM, and non-obese individuals. A 2021

review found that SGLT2 inhibitors may slow the

progression of NAFLD/NASH (31). A 2018 interventional

study concluded that empagliflozin significantly

lowered AST and ALT levels compared to a control group

at 28 weeks, with more noticeable changes in ALT. Their

findings consistently support the potential of

empagliflozin to reduce liver fat, consistent with our

results (30).

https://brieflands.com/articles/hepatmon-150453
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Figure 2. The aspartate aminotransferase (AST) levels of treatment and placebo group at baseline, 12 weeks, and 24 weeks. The red line in the graph represents the treatment
group and the blue line shows the placebo group.

Figure 3. The alanine aminotransferase (ALT) levels of treatment and placebo group at baseline, 12 weeks, and 24 weeks. The red line in the graph represents the treatment group
and the blue line shows the placebo group.

We demonstrated that the reduction in LDL and

elevation in HDL levels among participants in the

treatment group were statistically significant (P < 0.001

and P = 0.020, respectively); however, the endpoint

https://brieflands.com/articles/hepatmon-150453
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Figure 4. The ALP levels of treatment and placebo group at baseline, 12 weeks, and 24 weeks. The red line in the graph represents the treatment group and the blue line shows
the placebo group.

values did not meet the thresholds recommended by

current clinical guidelines. Although significant

reductions in total cholesterol and triglyceride levels

were also observed, these changes likewise did not reach

the recommended criteria for cardiovascular protection

(32). It is possible that a longer duration of

empagliflozin therapy is needed to further improve

lipid profiles and fully realize its cardioprotective

benefits.

While empagliflozin reduced waist circumference

across all BMI groups, these changes were not

statistically significant. The treatment group showed

gradual reductions over the three follow-up visits, but
without reaching significance. A 2020 study reported a

significant reduction in both waist circumference and

BMI with 25 mg of empagliflozin over 24 weeks, which

differs from our findings. However, its reported

improvements in steatosis and liver fat align with our
results, suggesting a need for further validation (25).

This study has several limitations. Of the initial 210

patients assessed, only 110 completed the trial. A total of

47 patients did not meet the inclusion criteria, 18

declined consent, and 5 withdrew during the study.

These factors may introduce selection bias and limit the

generalizability of the findings. Liver fat content was

evaluated using ultrasound rather than more precise

modalities such as MRI-PDFF or liver biopsy.

Additionally, markers of insulin resistance were not

assessed, and the six-month follow-up period limits the

ability to draw conclusions regarding long-term

outcomes. Concomitant medication use was not fully

controlled, and adverse effects—such as urinary tract

infections or changes in blood pressure—were not

systematically recorded. Furthermore, subgroup

analysis for comorbidities was incomplete,

underscoring the need for more comprehensive future

research.

5.1. Conclusions

According to our study, empagliflozin effectively

lowers AST and ALT levels, decreases LDL, and increases

HDL levels. It also improves fatty liver grading, making it

a promising therapeutic option for patients with T2DM

diagnosed with NASH.

Footnotes

Authors' Contribution: Study concept and design: K.

N., N. M., J. S-S., and S. F. S.; Acquisition of data: K. N., and

A. E.; Analysis and interpretation of data: K. N., A. E., M. E.

P., and H. G. A.; Drafting of the manuscript: M. E. P.;

Critical revision of the manuscript for important

intellectual content: S. F. S., N. M., and J. S-S.; Statistical

analysis: H. G. A.; Study supervision: N. M.

https://brieflands.com/articles/hepatmon-150453


Nasiri Mehr K et al. Brieflands

8 Hepat Mon. 2025; 25(1): e150453

Clinical Trial Registration Code: This study was

registered in the Iranian Registry of Clinical Trials (IRCT)

(IRCT20210609051526N2 ).

Conflict of Interests Statement: The authors

declared no conflict of interests.

Data Availability: The dataset presented in the study

is available on request from the corresponding author
during submission or after publication.

Ethical Approval: This study was approved by the

Ethics Committee of Babol University of Medical

Sciences (IR.MUBABOL.REC.1400.186 ).

Funding/Support: The Health Research Institute of

Babol University of Medical Sciences financially

supported this research.

Informed Consent: All participants provided written

informed consent at the time of enrollment.

References

1. Dai W, Ye L, Liu A, Wen SW, Deng J, Wu X, et al. Prevalence of

nonalcoholic fatty liver disease in patients with type 2 diabetes

mellitus: A meta-analysis. Medicine (Baltimore). 2017;96(39). e8179.

[PubMed ID: 28953675]. [PubMed Central ID: PMC5626318].

https://doi.org/10.1097/MD.0000000000008179.

2. Leite NC, Salles GF, Araujo AL, Villela-Nogueira CA, Cardoso CR.

Prevalence and associated factors of non-alcoholic fatty liver disease

in patients with type-2 diabetes mellitus. Liver Int. 2009;29(1):113-9.

[PubMed ID: 18384521]. https://doi.org/10.1111/j.1478-3231.2008.01718.x.

3. Williamson RM, Price JF, Glancy S, Perry E, Nee LD, Hayes PC, et al.

Prevalence of and risk factors for hepatic steatosis and nonalcoholic

Fatty liver disease in people with type 2 diabetes: the Edinburgh Type

2 Diabetes Study. Diabetes Care. 2011;34(5):1139-44. [PubMed ID:

21478462]. [PubMed Central ID: PMC3114489].

https://doi.org/10.2337/dc10-2229.

4. Chehrehgosha H, Sohrabi MR, Ismail-Beigi F, Malek M, Reza Babaei M,

Zamani F, et al. Empagliflozin Improves Liver Steatosis and Fibrosis

in Patients with Non-Alcoholic Fatty Liver Disease and Type 2

Diabetes: A Randomized, Double-Blind, Placebo-Controlled Clinical

Trial. Diabetes Ther. 2021;12(3):843-61. [PubMed ID: 33586120]. [PubMed

Central ID: PMC7882235]. https://doi.org/10.1007/s13300-021-01011-3.

5. Mantovani A, Petracca G, Beatrice G, Tilg H, Byrne CD, Targher G. Non-

alcoholic fatty liver disease and risk of incident diabetes mellitus: an

updated meta-analysis of 501 022 adult individuals. Gut.

2021;70(5):962-9. [PubMed ID: 32938692].

https://doi.org/10.1136/gutjnl-2020-322572.

6. Sattar N, Forrest E, Preiss D. Non-alcoholic fatty liver disease. BMJ.

2014;349:g4596. [PubMed ID: 25239614]. [PubMed Central ID:

PMC4168663]. https://doi.org/10.1136/bmj.g4596.

7. Kotronen A, Juurinen L, Hakkarainen A, Westerbacka J, Corner A,

Bergholm R, et al. Liver fat is increased in type 2 diabetic patients and

underestimated by serum alanine aminotransferase compared with

equally obese nondiabetic subjects. Diabetes Care. 2008;31(1):165-9.

[PubMed ID: 17934148]. https://doi.org/10.2337/dc07-1463.

8. N C D Risk Factor Collaboration. Trends in adult body-mass index in

200 countries from 1975 to 2014: a pooled analysis of 1698

population-based measurement studies with 19.2 million

participants. Lancet. 2016;387(10026):1377-96. [PubMed ID: 27115820].

[PubMed Central ID: PMC7615134]. https://doi.org/10.1016/S0140-

6736(16)30054-X.

9. Ray K. NAFLD-the next global epidemic. Nat Rev Gastroenterol Hepatol.

2013;10(11):621. [PubMed ID: 24185985].

https://doi.org/10.1038/nrgastro.2013.197.

10. Kanwal F, Shubrook JH, Younossi Z, Natarajan Y, Bugianesi E, Rinella

ME, et al. Preparing for the NASH Epidemic: A Call to Action.

Gastroenterology. 2021;161(3):1030-1042 e8. [PubMed ID: 34416976].

https://doi.org/10.1053/j.gastro.2021.04.074.

11. Armstrong MJ, Gaunt P, Aithal GP, Barton D, Hull D, Parker R, et al.

Liraglutide safety and efficacy in patients with non-alcoholic

steatohepatitis (LEAN): a multicentre, double-blind, randomised,

placebo-controlled phase 2 study. Lancet. 2016;387(10019):679-90.

[PubMed ID: 26608256]. https://doi.org/10.1016/S0140-6736(15)00803-

X.

12. Belfort R, Harrison SA, Brown K, Darland C, Finch J, Hardies J, et al. A

placebo-controlled trial of pioglitazone in subjects with

nonalcoholic steatohepatitis. N Engl J Med. 2006;355(22):2297-307.

[PubMed ID: 17135584]. https://doi.org/10.1056/NEJMoa060326.

13. Vallon V, Verma S. Effects of SGLT2 Inhibitors on Kidney and

Cardiovascular Function. Annu Rev Physiol. 2021;83:503-28. [PubMed

ID: 33197224]. [PubMed Central ID: PMC8017904].

https://doi.org/10.1146/annurev-physiol-031620-095920.

14. Bailey CJ, Gross JL, Pieters A, Bastien A, List JF. Effect of dapagliflozin

in patients with type 2 diabetes who have inadequate glycaemic

control with metformin: a randomised, double-blind, placebo-

controlled trial. Lancet. 2010;375(9733):2223-33. [PubMed ID:

20609968]. https://doi.org/10.1016/S0140-6736(10)60407-2.

15. Ohki T, Isogawa A, Toda N, Tagawa K. Effectiveness of Ipragliflozin, a

Sodium-Glucose Co-transporter 2 Inhibitor, as a Second-line

Treatment for Non-Alcoholic Fatty Liver Disease Patients with Type 2

Diabetes Mellitus Who Do Not Respond to Incretin-Based Therapies

Including Glucagon-like Peptide-1 Analogs and Dipeptidyl Peptidase-

4 Inhibitors. Clin Drug Investig. 2016;36(4):313-9. [PubMed ID:

26914659]. https://doi.org/10.1007/s40261-016-0383-1.

16. Tahara A, Kurosaki E, Yokono M, Yamajuku D, Kihara R, Hayashizaki Y,

et al. Effects of SGLT2 selective inhibitor ipragliflozin on

hyperglycemia, hyperlipidemia, hepatic steatosis, oxidative stress,

inflammation, and obesity in type 2 diabetic mice. Eur J Pharmacol.

2013;715(1-3):246-55. [PubMed ID: 23707905].

https://doi.org/10.1016/j.ejphar.2013.05.014.

17. Haring HU, Merker L, Seewaldt-Becker E, Weimer M, Meinicke T,

Broedl UC, et al. Empagliflozin as add-on to metformin in patients

with type 2 diabetes: a 24-week, randomized, double-blind, placebo-

controlled trial. Diabetes Care. 2014;37(6):1650-9. [PubMed ID:

24722494]. https://doi.org/10.2337/dc13-2105.

18. Kovacs CS, Seshiah V, Swallow R, Jones R, Rattunde H, Woerle HJ, et al.

Empagliflozin improves glycaemic and weight control as add-on

therapy to pioglitazone or pioglitazone plus metformin in patients

with type 2 diabetes: a 24-week, randomized, placebo-controlled

trial. Diabetes Obes Metab. 2014;16(2):147-58. [PubMed ID: 23906415].

https://doi.org/10.1111/dom.12188.

19. Ridderstrale M, Andersen KR, Zeller C, Kim G, Woerle HJ, Broedl UC, et

al. Comparison of empagliflozin and glimepiride as add-on to

metformin in patients with type 2 diabetes: a 104-week randomised,

active-controlled, double-blind, phase 3 trial. Lancet Diabetes

Endocrinol. 2014;2(9):691-700. [PubMed ID: 24948511].

https://doi.org/10.1016/S2213-8587(14)70120-2.

20. Roden M, Weng J, Eilbracht J, Delafont B, Kim G, Woerle HJ, et al.

Empagliflozin monotherapy with sitagliptin as an active comparator

in patients with type 2 diabetes: a randomised, double-blind,

placebo-controlled, phase 3 trial. Lancet Diabetes Endocrinol.

https://brieflands.com/articles/hepatmon-150453
https://irct.behdasht.gov.ir/trial/58623
https://ethics.research.ac.ir/EthicsProposalViewEn.php?id=218908
http://www.ncbi.nlm.nih.gov/pubmed/28953675
https://www.ncbi.nlm.nih.gov/pmc/PMC5626318
https://doi.org/10.1097/MD.0000000000008179
http://www.ncbi.nlm.nih.gov/pubmed/18384521
https://doi.org/10.1111/j.1478-3231.2008.01718.x
http://www.ncbi.nlm.nih.gov/pubmed/21478462
https://www.ncbi.nlm.nih.gov/pmc/PMC3114489
https://doi.org/10.2337/dc10-2229
http://www.ncbi.nlm.nih.gov/pubmed/33586120
https://www.ncbi.nlm.nih.gov/pmc/PMC7882235
https://doi.org/10.1007/s13300-021-01011-3
http://www.ncbi.nlm.nih.gov/pubmed/32938692
https://doi.org/10.1136/gutjnl-2020-322572
http://www.ncbi.nlm.nih.gov/pubmed/25239614
https://www.ncbi.nlm.nih.gov/pmc/PMC4168663
https://doi.org/10.1136/bmj.g4596
http://www.ncbi.nlm.nih.gov/pubmed/17934148
https://doi.org/10.2337/dc07-1463
http://www.ncbi.nlm.nih.gov/pubmed/27115820
https://www.ncbi.nlm.nih.gov/pmc/PMC7615134
https://doi.org/10.1016/S0140-6736(16)30054-X
https://doi.org/10.1016/S0140-6736(16)30054-X
http://www.ncbi.nlm.nih.gov/pubmed/27115820
https://www.ncbi.nlm.nih.gov/pmc/PMC7615134
https://doi.org/10.1016/S0140-6736(16)30054-X
https://doi.org/10.1016/S0140-6736(16)30054-X
http://www.ncbi.nlm.nih.gov/pubmed/24185985
https://doi.org/10.1038/nrgastro.2013.197
http://www.ncbi.nlm.nih.gov/pubmed/34416976
https://doi.org/10.1053/j.gastro.2021.04.074
http://www.ncbi.nlm.nih.gov/pubmed/26608256
https://doi.org/10.1016/S0140-6736(15)00803-X
https://doi.org/10.1016/S0140-6736(15)00803-X
http://www.ncbi.nlm.nih.gov/pubmed/17135584
https://doi.org/10.1056/NEJMoa060326
http://www.ncbi.nlm.nih.gov/pubmed/33197224
https://www.ncbi.nlm.nih.gov/pmc/PMC8017904
https://doi.org/10.1146/annurev-physiol-031620-095920
http://www.ncbi.nlm.nih.gov/pubmed/20609968
https://doi.org/10.1016/S0140-6736(10)60407-2
http://www.ncbi.nlm.nih.gov/pubmed/26914659
https://doi.org/10.1007/s40261-016-0383-1
http://www.ncbi.nlm.nih.gov/pubmed/23707905
https://doi.org/10.1016/j.ejphar.2013.05.014
http://www.ncbi.nlm.nih.gov/pubmed/24722494
https://doi.org/10.2337/dc13-2105
http://www.ncbi.nlm.nih.gov/pubmed/23906415
https://doi.org/10.1111/dom.12188
http://www.ncbi.nlm.nih.gov/pubmed/24948511
https://doi.org/10.1016/S2213-8587(14)70120-2


Nasiri Mehr K et al. Brieflands

Hepat Mon. 2025; 25(1): e150453 9

2013;1(3):208-19. [PubMed ID: 24622369]. https://doi.org/10.1016/S2213-

8587(13)70084-6.

21. Rosenstock J, Jelaska A, Frappin G, Salsali A, Kim G, Woerle HJ, et al.

Improved glucose control with weight loss, lower insulin doses, and

no increased hypoglycemia with empagliflozin added to titrated

multiple daily injections of insulin in obese inadequately controlled

type 2 diabetes. Diabetes Care. 2014;37(7):1815-23. [PubMed ID:

24929430]. https://doi.org/10.2337/dc13-3055.

22. Zinman B, Lachin JM, Inzucchi SE. Empagliflozin, Cardiovascular

Outcomes, and Mortality in Type 2 Diabetes. N Engl J Med.

2016;374(11):1094. [PubMed ID: 26981940].

https://doi.org/10.1056/NEJMc1600827.

23. Wu JH, Foote C, Blomster J, Toyama T, Perkovic V, Sundstrom J, et al.

Effects of sodium-glucose cotransporter-2 inhibitors on

cardiovascular events, death, and major safety outcomes in adults

with type 2 diabetes: a systematic review and meta-analysis. Lancet

Diabetes Endocrinol. 2016;4(5):411-9. [PubMed ID: 27009625].

https://doi.org/10.1016/S2213-8587(16)00052-8.

24. Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, Hantel S, et al.

Empagliflozin, Cardiovascular Outcomes, and Mortality in Type 2

Diabetes. N Engl J Med. 2015;373(22):2117-28. [PubMed ID: 26378978].

https://doi.org/10.1056/NEJMoa1504720.

25. Lai LL, Vethakkan SR, Nik Mustapha NR, Mahadeva S, Chan WK.

Empagliflozin for the Treatment of Nonalcoholic Steatohepatitis in

Patients with Type 2 Diabetes Mellitus. Dig Dis Sci. 2020;65(2):623-31.

[PubMed ID: 30684076]. https://doi.org/10.1007/s10620-019-5477-1.

26. Pokharel A, Kc S, Thapa P, Karki N, Shrestha R, Jaishi B, et al. The Effect

of Empagliflozin on Liver Fat in Type 2 Diabetes Mellitus Patients

With Non-Alcoholic Fatty Liver Disease. Cureus. 2021;13(7). e16687.

[PubMed ID: 34466320]. [PubMed Central ID: PMC8394637].

https://doi.org/10.7759/cureus.16687.

27. Taheri H, Malek M, Ismail-Beigi F, Zamani F, Sohrabi M, Reza Babaei

M, et al. Effect of Empagliflozin on Liver Steatosis and Fibrosis in

Patients With Non-Alcoholic Fatty Liver Disease Without Diabetes: A

Randomized, Double-Blind, Placebo-Controlled Trial. Adv Ther.

2020;37(11):4697-708. [PubMed ID: 32975679]. [PubMed Central ID:

PMC7547956]. https://doi.org/10.1007/s12325-020-01498-5.

28. 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.

[PubMed ID: 29895557]. https://doi.org/10.2337/dc18-0165.

29. Wei Q, Xu X, Guo L, Li J, Li L. Effect of SGLT2 Inhibitors on Type 2

Diabetes Mellitus With Non-Alcoholic Fatty Liver Disease: A Meta-

Analysis of Randomized Controlled Trials. Front Endocrinol

(Lausanne). 2021;12:635556. [PubMed ID: 34220701]. [PubMed Central

ID: PMC8247927]. https://doi.org/10.3389/fendo.2021.635556.

30. 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(R) trial. Diabetologia.

2018;61(10):2155-63. [PubMed ID: 30066148]. [PubMed Central ID:

PMC6133166]. https://doi.org/10.1007/s00125-018-4702-3.

31. Wong C, Yaow CYL, Ng CH, Chin YH, Low YF, Lim AYL, et al. Sodium-

Glucose Co-Transporter 2 Inhibitors for Non-Alcoholic Fatty Liver

Disease in Asian Patients With Type 2 Diabetes: A Meta-Analysis. Front

Endocrinol (Lausanne). 2020;11:609135. [PubMed ID: 33643221].

[PubMed Central ID: PMC7905212].

https://doi.org/10.3389/fendo.2020.609135.

32. Arnett DK, Blumenthal RS, Albert MA, Buroker AB, Goldberger ZD,

Hahn EJ, et al. 2019 ACC/AHA Guideline on the Primary Prevention of

Cardiovascular Disease: A Report of the American College of

Cardiology/American Heart Association Task Force on Clinical

Practice Guidelines. J Am Coll Cardiol. 2019;74(10):e177-232. [PubMed

ID: 30894318]. [PubMed Central ID: PMC7685565].

https://doi.org/10.1016/j.jacc.2019.03.010.

https://brieflands.com/articles/hepatmon-150453
http://www.ncbi.nlm.nih.gov/pubmed/24622369
https://doi.org/10.1016/S2213-8587(13)70084-6
https://doi.org/10.1016/S2213-8587(13)70084-6
http://www.ncbi.nlm.nih.gov/pubmed/24929430
https://doi.org/10.2337/dc13-3055
http://www.ncbi.nlm.nih.gov/pubmed/26981940
https://doi.org/10.1056/NEJMc1600827
http://www.ncbi.nlm.nih.gov/pubmed/27009625
https://doi.org/10.1016/S2213-8587(16)00052-8
http://www.ncbi.nlm.nih.gov/pubmed/26378978
https://doi.org/10.1056/NEJMoa1504720
http://www.ncbi.nlm.nih.gov/pubmed/30684076
https://doi.org/10.1007/s10620-019-5477-1
http://www.ncbi.nlm.nih.gov/pubmed/34466320
https://www.ncbi.nlm.nih.gov/pmc/PMC8394637
https://doi.org/10.7759/cureus.16687
http://www.ncbi.nlm.nih.gov/pubmed/32975679
https://www.ncbi.nlm.nih.gov/pmc/PMC7547956
https://doi.org/10.1007/s12325-020-01498-5
http://www.ncbi.nlm.nih.gov/pubmed/32975679
https://www.ncbi.nlm.nih.gov/pmc/PMC7547956
https://doi.org/10.1007/s12325-020-01498-5
http://www.ncbi.nlm.nih.gov/pubmed/29895557
https://doi.org/10.2337/dc18-0165
http://www.ncbi.nlm.nih.gov/pubmed/34220701
https://www.ncbi.nlm.nih.gov/pmc/PMC8247927
https://doi.org/10.3389/fendo.2021.635556
http://www.ncbi.nlm.nih.gov/pubmed/30066148
https://www.ncbi.nlm.nih.gov/pmc/PMC6133166
https://doi.org/10.1007/s00125-018-4702-3
http://www.ncbi.nlm.nih.gov/pubmed/33643221
https://www.ncbi.nlm.nih.gov/pmc/PMC7905212
https://doi.org/10.3389/fendo.2020.609135
http://www.ncbi.nlm.nih.gov/pubmed/30894318
https://www.ncbi.nlm.nih.gov/pmc/PMC7685565
https://doi.org/10.1016/j.jacc.2019.03.010

