
295 

 Research Article / Araştırma Makalesi 
 
 

 Ege Journal of Medicine / Ege Tıp Dergisi 2026; 65 (2): 295-304 

Effects of SGLT2 inhibitors on liver stiffness in type 2 diabetes patients with 
MASLD and moderate-to-advanced fibrosis risk 

SGLT2 inhibitörlerinin MASLD ve orta-ileri düzeyde fibrozis riski olan tip 2 diyabetli 
hastalarda karaciğer sertliği üzerindeki etkileri 

Utku Soyaltın1      Nurana Aliyeva2    Cem Balta2     Tuğba Çelebi2         Ilgın Yıldırım Şimşir1  

1Department of Internal Medicine, Division of Endocrinology and Metabolism Disorders, Faculty of 

Medicine, Ege University, Izmir-Türkiye 
2Department of Internal Medicine Faculty of Medicine, Ege University, Izmir-Türkiye  

ABSTRACT 

Aim: Patients with type 2 diabetes mellitus (T2DM) and metabolic dysfunction–associated steatotic liver 

disease (MASLD) with moderate-to-advanced fibrosis risk have limited therapeutic options. We 

evaluated the effects of sodium–glucose cotransporter 2 inhibitors (SGLT2i) compared with other 

antidiabetic agents on liver stiffness in this high-risk population. 

Material and Methods: This retrospective study included 37 patients with T2DM and MASLD with 

baseline liver stiffness ≥8 kPa assessed by vibration-controlled transient elastography. Twenty-one 

patients received empagliflozin and 16 received other antidiabetic agents (DPP-4 inhibitors, 

sulfonylureas, or insulin). Liver stiffness (primary endpoint), HbA1c, body mass index (BMI), and FIB-4 

were evaluated at baseline and after 24 weeks. 

Results: Liver stiffness decreased significantly in both groups (SGLT2i: 11.16→7.47 kPa, p<0.001; 

control: 11.05→8.56 kPa, p=0.004), with no significant between-group difference. FIB-4 declined in both 

groups, with a greater reduction observed in the SGLT2i group (p=0.005). Liver stiffness improvement 

correlated with HbA1c reduction in controls (r=0.341, p=0.039) but occurred independently of glycemic 

and weight changes in the SGLT2i group. 

Conclusions: In this retrospective cohort with baseline LS ≥8 kPa, LS improved over 24 weeks in both 

treatment groups without a significant between-group difference. The association between LS change 

and glycemic improvement was observed in controls but not in empagliflozin-treated patients, supporting 

a hypothesis-generating difference in correlates of LS change between treatment strategies. 

Keywords: Metabolic dysfunction–associated steatotic liver disease, Type 2 diabetes mellitus, sodium–

glucose cotransporter-2 inhibitors, liver stiffness, advanced fibrosis. 

ÖZ 

Amaç: Tip 2 diyabetes mellitus (T2DM) ve metabolik disfonksiyonla ilişkili steatotik karaciğer hastalığı 

(MASLD) bulunan, orta-ileri fibrozis riski taşıyan hastalarda tedavi seçenekleri sınırlıdır. Bu çalışmada, 

orta-ileri fibrozis riski taşıyan yüksek riskli T2DM ve MASLD popülasyonunda SGLT2 inhibitörlerinin 

(SGLT2i) karaciğer sertliği üzerindeki etkileri diğer antidiyabetik ajanlarla karşılaştırıldı. 

Gereç ve Yöntem: Bu retrospektif çalışmaya, titreşim kontrollü geçici elastografi (VCTE) ile ölçülen 

başlangıç karaciğer sertliği ≥8 kPa olan T2DM ve MASLD tanılı 37 hasta dâhil edildi. Yirmi bir hasta 

empagliflozin, 16 hasta ise diğer antidiyabetik ajanları (DPP-4 inhibitörleri, sülfonilüre veya insülin) 

kullandı. Birincil sonlanım noktası karaciğer sertliği olup vücut kitle indeksi (VKİ), HbA1c ve FIB-4 

değerleri başlangıçta ve 24. haftada değerlendirildi.  

Bulgular: Karaciğer sertliği her iki grupta anlamlı olarak azaldı (SGLT2i: 11.16→7.47 kPa, p<0.001; 

kontrol: 11.05→8.56 kPa, p=0.004) ve gruplar arasında azalma miktarı açısından anlamlı fark saptan- 
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madı. FIB-4 her iki grupta azaldı; azalma SGLT2i grubunda daha belirgindi (p=0.005). Kontrol grubunda 

karaciğer sertliği değişimi HbA1c değişimi ile ilişkiliydi (r=0.341, p=0.039), SGLT2i grubunda ise bu ilişki 

gözlenmedi. 

Sonuç: Başlangıç karaciğer sertliği ≥8 kPa olan bu retrospektif kohortta, 24 haftada her iki tedavi 

stratejisiyle karaciğer sertliğinde anlamlı azalma izlendi ve gruplar arasında anlamlı fark saptanmadı. 

Glisemik iyileşme ile karaciğer sertliği değişimi arasındaki ilişkinin yalnızca kontrol grubunda görülmesi, 

tedavi grupları arasında karaciğer sertliği değişiminin klinik belirleyicilerinin farklı olabileceğine işaret 

eden hipotez oluşturucu bir bulgudur. 

Anahtar Sözcükler: Metabolik disfonksiyonla ilişkili steatotik karaciğer hastalığı, Tip 2 diyabetes 

mellitus, sodyum–glukoz kotransporter-2 inhibitörleri, karaciğer sertliği, ileri fibrozis 

INTRODUCTION 

The global prevalence of metabolic dysfunction–

associated steatotic liver disease (MASLD) is 

estimated to be approximately 30%, and 20–30% 

of affected individuals develop metabolic 

dysfunction–associated steatohepatitis (MASH), 

which is histologically characterized by steatosis, 

lobular inflammation, hepatocellular ballooning, 

and fibrosis (1–4). MASH represents a major 

cause of progressive liver fibrosis and is 

associated with an increased risk of liver-related 

complications, liver-related mortality, and overall 

mortality (4). Importantly, the risk of these adverse 

outcomes rises in parallel with advancing fibrosis 

stage, such that patients with MASH experience 

substantially higher liver-specific and all-cause 

mortality than those with MASLD without 

steatohepatitis (4). MASLD is particularly 

prevalent among individuals with type 2 diabetes 

mellitus (T2DM), affecting nearly 50% of this 

population, while the prevalence of MASH has 

been reported to be as high as 37% (5,6). T2DM 

is the strongest metabolic risk factor for fibrosis 

progression in MASH; additional contributors 

include hypertension, increased body mass index 

(BMI), advanced age, low high-density lipoprotein 

(HDL) cholesterol, hypertriglyceridemia, and 

increased waist circumference (7,8). Accordingly, 

early identification of patients with significant 

steatosis and fibrosis is critical in high-risk 

populations, and current guidelines recommend 

systematic assessment for MASLD/MASH in all 

patients with T2DM (9,10). 

The fibrosis-4 (FIB-4) score is a validated, 

noninvasive tool widely used to exclude advanced 

fibrosis in patients with suspected MASLD/MASH 

(10). Based on FIB-4 values, patients are stratified 

into low-risk (<1.3), intermediate-risk (1.3–2.67), 

or high-risk (>2.67) categories for advanced 

fibrosis (10). Patients at high risk should be 

referred to a gastroenterologist or hepatologist,  

 

while those at intermediate risk may benefit from 

secondary risk assessment to further evaluate 

fibrosis severity. Vibration-controlled transient 

elastography (VCTE) is the preferred second-line 

modality and provides a point-of-care assessment 

of liver stiffness (LS), expressed in kilopascals 

(kPa), as a surrogate marker of hepatic fibrosis 

(9,10). Liver stiffness values ≥12 kPa are generally 

considered indicative of a high risk for advanced 

fibrosis (F3–F4), whereas values ≤8 kPa suggest 

a low probability of significant fibrosis; 

intermediate values (8–12 kPa) represent an 

indeterminate risk zone (11,12). Very high 

stiffness values (≥20–24 kPa) are associated with 

clinically significant portal hypertension (11,12). 

Patients with liver stiffness measurements in the 

intermediate range often require further 

evaluation, and liver biopsy may be considered in 

selected cases to confirm fibrosis stage (10). 

Pioglitazone therapy and sustained weight loss 

exceeding 10% of baseline body weight have 

been shown to improve fibrosis scores in patients 

with MASH, and accumulating evidence also 

supports beneficial hepatic effects of glucagon-

like peptide-1 receptor agonists (3,13–15). Weight 

loss of at least 5% has been associated with 

improvements in hepatic steatosis, while 

reductions of 7% or more may lead to histologic 

improvement in MASH (3). Moreover, improved 

glycemic control has been linked to favorable 

hepatic outcomes in MASLD, independent of the 

specific antidiabetic agent used, whereas poor 

glycemic control is associated with more 

advanced fibrosis (16,17). 

Sodium–glucose cotransporter 2 (SGLT2) 

inhibitors have emerged as a potential therapeutic 

option for MASH; however, data regarding their 

effects in patients with advanced fibrosis remain 

limited (18–20). Beyond glycemic control, SGLT2 

inhibitors exert pleiotropic cardiometabolic effects, 

including weight loss and blood pressure 
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reduction, which are known contributors to MASH 

pathogenesis and may partly explain their 

favorable hepatic effects (21). 

In this study, we aimed to evaluate the effects of 

antidiabetic medications on liver stiffness, as 

assessed by transient elastography, in patients 

with T2DM and MASLD who exhibited moderate 

to advanced fibrosis risk. 

MATERIALS and METHODS 

The study was designed retrospectively and 

patients older than 18 years of age were included. 

The study group consisted of patients with T2DM 

who had been on stable antidiabetic and 

antihyperlipidemic therapy for at least three 

months and who initiated a new antidiabetic agent 

before being referred to the hepatology clinic for 

evaluation with VCTE due to ultrasonography-

detected hepatosteatosis between 2018 and 

2020. The 2018–2020 window was selected to 

minimize heterogeneity because widespread 

MASLD/MASH screening with FIB‑4 (with VCTE 

in intermediate‑risk patients) and standardized 

treatment pathways were not yet established prior 

to 2021. The study protocol was approved by the 

local ethics committee (20-7.1T/7; 22.07.2020) 

and was conducted in accordance with the 

Declaration of Helsinki. The ethics committee 

formally approved the waiver of informed consent 

because of the retrospective design and 

anonymized data collection. 

MASLD was diagnosed in patients with 

ultrasonography ‑detected steatosis in the 

absence of alternative liver diseases (e.g., viral 

hepatitis, Wilson disease) or significant alcohol 

intake. We did not include patients using 

pioglitazone and GLP-1 receptor agonists in our 

study to avoid bias because their efficacy in 

MASLD/MASH has been demonstrated in prior 

studies. Clinical and imaging data were collected 

at baseline (before initiation of treatment) and after 

six months of therapy. Data were obtained through 

a retrospective review of medical charts and 

registry records. The primary endpoint was 

change in liver stiffness (kPa) from baseline to 24 

weeks. Secondary endpoints included changes in 

weight, HbA1c, liver enzymes (AST, ALT, GGT), 

and FIB‑4. 

Patients were excluded if they started an 

additional antihyperglycemic or antihyperlipidemic 

agent during the treatment period, if any of their 

existing therapies were discontinued, or if the 

dose of oral antidiabetic or lipid-lowering 

medications was changed. However, if insulin was 

part of the standard treatment regimen or it was 

added before study entry, dose titration for 

glycemic control was permitted when clinically 

necessary, consistent with routine clinical 

practice. Patients with additional conditions that 

could affect metabolic parameters (e.g., 

exogenous corticosteroid use, infections, 

endocrine abnormalities, pregnancy) were also 

excluded. 

Transient elastography was performed by a single 

experienced operator who was blinded to the 

study and performs an average of 2,600 

FibroScan examinations annually. A 3.5 MHz 

standard M probe was utilized for the 

measurements. If the device indicated the need 

for a 2.5 MHz XL probe, the measurements were 

carried out using the XL probe. Obese patients 

predominantly necessitated the use of XL probes. 

A minimum of 3 hours of fasting was required 

before measurement. The median of ≥10 valid 

measurements was recorded; examinations 

required a success rate ≥60% and an IQR/median 

≤0.30 (11,12). 

FIB-4 scores were calculated using universally 

accepted formulas (10). 

Statistical analysis 

All eligible patients with complete baseline and 6-

month follow-up data were included in the 

analysis. Continuous variables are expressed as 

mean ± standard deviation or median (interquartile 

range), as appropriate. Within-group changes 

from baseline to 6 months were assessed using 

paired t tests or Wilcoxon signed-rank tests. 

Between-group comparisons of change (Δ values) 

were evaluated using independent t tests or 

Mann–Whitney U tests, as appropriate. In 

addition, repeated-measures general linear 

models (GLM) were applied to assess time effects 

(baseline vs 6 months) and time × group 

interactions for key outcomes, including liver 

stiffness and HbA1c. Correlation analyses 

(Pearson or Spearman, as appropriate) were 

performed to examine associations between 

changes in clinical and biochemical parameters 

and Δ liver stiffness. To address potential 

confounding related to inflammation and baseline 

imbalances, multiple linear regression analyses 

were performed with 6-month liver stiffness as the 

dependent variable. Covariates included baseline 

liver stiffness (LS), baseline HbA1c, baseline AST, 
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and changes in AST and ALT (ΔAST, ΔALT). In 

sensitivity analyses, ΔHbA1c was added to this 

model. In a separate sensitivity model, Δbody 

weight was added to assess potential confounding 

by weight change. Model fit was assessed using 

adjusted R² values. All statistical tests were two-

tailed, and a p value <0.05 was considered 

statistically significant. Analyses were conducted 

using IBM SPSS Statistics® version 19.0 (SPSS 

Inc., Chicago, IL, USA). 

RESULTS 

Between 2018 and 2020, a total of 223 patients 

with type 2 diabetes and inadequate glycemic 

control were evaluated using transient 

elastography (FibroScan) following the detection 

of hepatic steatosis on ultrasonography, and 

antidiabetic therapy was initiated as part of routine 

clinical care. Among these patients, 45 exhibited a 

liver stiffness measurement (LS) of ≥8 kPa. Five 

patients were excluded due to the addition of GLP-

1 receptor agonists and/or pioglitazone to their 

treatment regimen, and three were excluded 

because they met predefined exclusion criteria. 

The remaining 37 patients were included in the 

analysis: 21 received empagliflozin 10 mg/day, six 

were treated with a DPP-4 inhibitor, five with a 

sulfonylurea, and five with basal or bolus insulin 

therapy. No patient discontinued the index 

antidiabetic during follow-up. From these 37 

patients, two groups were established: the SGLT2 

inhibitor group (patients treated with 

empagliflozin) and the control group (patients 

treated with DPP-4 inhibitors, sulfonylureas, or 

insulin). Comparative analyses were subsequently 

performed between the two groups to evaluate 

changes in clinical and biochemical parameters, 

as well as intra-individual changes in liver stiffness 

measured by transient elastography (kPa) over a 

six-month follow-up period. 

Groups were comparable in age and BMI; controls 

had higher baseline HbA1c, whereas AST was 

higher in the SGLT2i group. Other laboratory 

parameters, including baseline kPa, did not differ 

significantly. Baseline characteristics of patients 

are summarized in Table-1. 

. 

Tablo-1. Baseline characteristics of patients 

Variable SGLT2i (n=21) Control (n=16) p-value 

Age (years) 55.76 ± 10.77 51.81 ± 13.42 0.343 

Body weight (kg) 82.62 ± 13.26 84.20 ± 11.17 0.697 

BMI (kg/m2) 30.88 ± 3.56 32.88 ± 4.30 0.142 

HbA1c (%) 7.62 ± 0.74 9.14 ± 2.28 0.020 

AST (U/L) 40.38 ± 23.40 26.31 ± 13.83 0.029 

ALT (U/L) 57.38 ± 49.19 37.62 ± 30.92 0.145 

GGT (U/L) 50.43 ± 32.47 49.56 ± 40.90 0.945 

Albumin (g/L) 45.64 ± 4.15 46.06 ± 3.38 0.737 

Platelets (x103/µL) 254±60.4 284 ± 89.9 0.265 

TG (mg/dL) 177.86 ± 76.35 193.75 ± 84.32 0.559 

HDL cholesterol (mg/dL) 43.00 ± 8.93 39.31 ± 8.11 0.199 

LDL cholesterol (mg/dL) 102.43 ± 42.96 124.38 ± 38.32 0.111 

FIB-4 score  1.62 ± 0.26 1.49 ± 0.24 0.114 

LS (kPa) 11.16 ± 3.13 11.05 ± 3.62 0.925 

*Metformin/SU/DPP-4i/Ins use (n) 21/2/12/3 16/0/4/3  

Statin use (n) 5 7  

Data are the mean ±SD or the median and inter-quartile ranges. 
BMI, body mass index; LDL, low-density lipoprotein; HDL, high-density lipoprotein; TG, Triglyceride; AST, aspartate 
aminotransferase; ALT, alanine transaminase; GGT, γ-Gamma-glutamyl transferase; LS, liver stiffness 
measurement; DPP-4i , dipeptidyl peptidase-4 inhibitors; SU, sulfonylurea; Ins, insulin. 
* Background antidiabetic therapy 
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Liver stiffness (primary endpoint) decreased 

significantly over time in both groups (time effect, 

p<0.001). However, the time × group interaction 

was not significant (p=0.208), indicating that the 

degree of improvement was comparable between 

groups. FIB-4 also declined in both groups 

(SGLT2i: 1.62→1.14, p<0.001; control: 

1.49→1.33, p=0.023), and the reduction was 

greater with SGLT2i (p=0.005). 

BMI and weight decreased significantly in the 

SGLT2i group (BMI: 30.88→29.43, p<0.001; 

weight p<0.001) but not in controls (BMI: 

32.88→32.45, p=0.291; weight p=0.203). 

Between-group change in BMI was significant 

(p=0.028), while weight reduction did not differ 

significantly (p=0.101). No patient in either group 

achieved >5% weight loss. 

HbA1c improved significantly over time in both 

groups (time effect, p<0.001), with no significant 

time × group interaction (p=0.118), indicating that 

the magnitude of improvement did not differ 

between SGLT2i and controls. 

AST and ALT declined significantly within both 

groups (AST: SGLT2i p=0.007, control p<0.001; 

ALT: SGLT2i p=0.008, control p=0.001), but 

between-group changes were not different (AST 

p=0.119, ALT p=0.296). GGT decreased in 

controls (p=0.027) but not with SGLT2i (p=0.252), 

with no significant between-group difference 

(p=0.297). 

Among other laboratory parameters, LDL 

(p=0.022) and platelets (p=0.023) showed 

significant between-group differences, LDL 

decreased in the control group but showed a non-

significant increase in the SGLT2i group. Platelet 

counts increased in controls and decreased in the 

SGLT2i group, while albumin, HDL, and 

triglycerides did not differ significantly. Baseline 

and 6-month changes are summarized in Table-2. 

Table-2. Changes in clinical and biochemical parameters at baseline and 6 months in SGLT2i and control groups. 

Data are the mean ±SD or the median and inter-quartile ranges. For parameters with a normal distribution, 
comparisons were made using the paired t-test, while for those without a normal distribution, the Wilcoxon test was 
applied. 

Variable 
Control 

Baseline 

Control 

6 

months 

Δ(Control, 

Mean ± 

SD) 

Within p 

(Control) 

SGLT2i 

Baseline 

SGLT2i 

6 

months 

Δ(SGLT2i, 

mean ± 

SD) 

Within p 

(SGLT2i) 

Between-

group Δ 

p 

Body 

weight (kg) 

84.20 ± 

11.17 

82.88 ± 

12.37 

–1.33 ± 

3.98 
0.203 

82.62 ± 

13.26 

79.48 ± 

13.31 

–3.14 ± 

1.59 
p 0.001< 0.101 

BMI 

(kg/m2) 

32.88 ± 

4.30 

32.45 ± 

5.03 

–0.43 ± 

1.57 
0.291 

30.88 ± 

3.56 

29.43 ± 

3.66 

–1.45 ± 

0.79 
p 0.001< 0.028 

HbA1c (%) 
9.14 ± 

2.28 

7.33 ± 

1.42 

–1.81 ± 

1.96 
0.002 

7.62 ± 

0.74 

6.65 ± 

0.81 

–0.97 ± 

0.60 
p 0.001< 0.118 

AST (U/L) 
26.31 ± 

13.83 

20.38 ± 

11.14 

–5.94 ± 

4.86 
0.001< 

40.38 ± 

23.40 

26.76 ± 

10.21 

–13.62 ± 

20.98 
0.007 0.119 

ALT (U/L) 
37.62 ± 

30.92 

25.50 ± 

19.98 

–12.12 ± 

12.19 

0.001 

 

57.38 ± 

49.19 

37.38 ± 

29.89 

-20.00 ± 

30.90 
0.008 0.296 

GGT (U/L) 
49.56 ± 

40.90 

34.19 ± 

27.92 

–15.38 ± 

25.05 
0.027 

50.43 ± 

32.47 

43.90 ± 

38.84 

–6.52 ± 

25.35 
0.252 0.297 

Albumin 

(g/L) 

46.06 ± 

3.38 

45.81 ± 

2.48 

–0.25 ± 

2.29 
0.669 

45.64 ± 

4.15 

45.90 ± 

2.02 

+0.25 ± 

5.22 
0.827 0.696 

Platelets 

(x103/µL) 

284 ± 

89.9 

307 ± 

111.9 

+23.00 ± 

43.09 
0.050 

254 ± 

60.4 

243 ± 

52.1 

–11.05 ± 

42.51 
0.248 0.023 

TG (mg/dL) 
193.8 ± 

84.3 

182.3 ± 

85.1 

–11.44 ± 

110.72 
0.685 

177.9 ± 

76.4 

176.8 ± 

68.8 

–1.05 ± 

51.19 
0.926 0.731 

LDL 

cholesterol 

(mg/dL) 

124.4 ± 

38.3 

102.2 ± 

23.8 

–22.19 ± 

40.75 
0.046 

102.4 ± 

43.0 

107.3 ± 

43.9 

+4.86 ± 

16.54 
0.193 0.022 

HDL 

cholesterol  

(mg/dL) 

39.3 ± 

8.1 

41.3 ± 

13.4 

+1.94 ± 

8.07 
0.352 

43.0 ± 

8.9 

43.1 ± 

7.8 

+0.1 ± 

5.23 
0.967 0.423 

FIB-4 

score 

1.49 ± 

0.24 

1.33 ± 

0.30 

–0.16 ± 

0.25 
0.023 

1.62 ± 

0.26 

1.14 ± 

0.46 

–0.49 ± 

0.42 
p 0.001< 0.005 

LS (kPa) 
11.05 ± 

3.62 

8.56 ± 

3.03 

–2.49 ± 

2.88 
0.004 

11.16 ± 

3.13 

7.47 ± 

2.91 

–3.69 ± 

2.71 
p 0.001< 0.208 
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BMI, body mass index; LDL, low-density lipoprotein; HDL, high-density lipoprotein; TG, Triglyceride; AST, aspartate 
aminotransferase; ALT, alanine transaminase; GGT, γ-Gamma-glutamyl transferase; LS, liver stiffness 
measurement. 
Δ = change from baseline to 6 months 

Correlation analyses were exploratory. In the 

control group, liver stiffness change was modestly 

correlated with HbA1c change (r=0.324, p=0.048), 

whereas no association was observed in the 

SGLT2i group (r=0.119, p=0.502). No significant 

correlations were identified between liver stiffness 

change and changes in weight, BMI, 

transaminases, lipids, platelets, albumin, or FIB-4 

in either group (all other p>0.05; Table-3). 

Because baseline HbA1c differed between 

groups, we repeated the analysis using percent 

(fold) HbA1c change; results were consistent 

(control r=0.341, p=0.039; SGLT2i r=0.124, 

p=0.482) 

Because AST and ALT levels, as well as baseline 

HbA1c, differed slightly between groups, we 

performed a sensitivity regression to evaluate 

whether these parameters influenced LS 

outcomes. In a model including baseline kPa, 

baseline HbA1c, baseline AST, and ΔAST and 

ΔALT, baseline kPa was the only significant 

predictor of 6-month kPa (β = 0.74, p < 0.001). 

Baseline HbA1c (p = 0.42), baseline AST (p = 

0.28), ΔAST (p = 0.16), and ΔALT (p = 0.12) were 

not significant, and the between-group effect 

remained non-significant. When ΔHbA1c was 

added to the model, it was not an independent 

predictor (p = 0.48), and all estimates were 

unchanged. In a separate sensitivity model 

including Δweight, Δweight was not an 

independent predictor of 6-month LS (p=0.917), 

and the between-group effect remained non-

significant (p=0.072). These findings indicate that 

LS improvements were not explained by baseline 

differences or by on-treatment changes in 

transaminases, weight or glycemia. 

The regression model accounted for 

approximately 56% of the variance in 6-month liver 

stiffness (adjusted R² = 0.56), indicating 

moderate-to-acceptable model fit. 

Table-3. Correlation between changes in clinical/biochemical parameters and change in liver stiffness (ΔLS) 

Variable Δ (0–6 mo) r (Control) p (Control) r (SGLT2i) p (SGLT2i) 

ΔWeight 0.132 0.471 0.241 0.127 

ΔBMI 0.141 0.442 0.268 0.089 

ΔHbA1c 0.324 0.048 0.119 0.502 

ΔAST 0.227 0.201 0.173 0.298 

ΔALT 0.145 0.429 0.192 0.245 

ΔGGT 0.178 0.335 0.162 0.327 

ΔAlbumin –0.102 0.558 –0.086 0.620 

ΔPlatelets –0.087 0.616 –0.134 0.442 

ΔTG 0.198 0.279 0.107 0.550 

ΔHDL –0.055 0.757 –0.062 0.725 

ΔLDL 0.071 0.683 0.096 0.581 

ΔFIB-4 0.183 0.322 0.165 0.317 

BMI, body mass index; LDL, low-density lipoprotein; HDL, high-density lipoprotein; TG, Triglyceride; AST, aspartate 
aminotransferase; ALT, alanine transaminase; GGT, γ-glutamyltranspeptidase. 
Δ indicates 6-month value minus baseline value; ΔLS <0 indicates reduced liver stiffness. 

DISCUSSION 

This study evaluated short-term changes in liver 

stiffness after initiation of empagliflozin compared 

with other antidiabetic agents in patients with 

T2DM and MASLD with moderate-to-advanced 

fibrosis risk (baseline LS ≥8 kPa). Liver stiffness 

decreased significantly over 24 weeks in both 

groups, and the time × group interaction was not 

significant, indicating no detectable between- 

 

group difference in the magnitude of LS 

improvement. Transaminase changes were 

modest overall, and ΔLS was not significantly 

associated with ΔAST or ΔALT in either group, 

suggesting that the observed LS reductions were 

not simply tracking short-term aminotransferase 

change (acknowledging that transaminases are 

imperfect surrogates of hepatic inflammation). 

Exploratory analyses suggested different 

correlates of LS change between groups: in 
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controls, ΔLS showed a modest correlation with 

ΔHbA1c, whereas no such association was 

observed in the empagliflozin group. In sensitivity 

models, neither ΔHbA1c nor Δweight materially 

explained follow-up LS, and baseline LS remained 

the dominant predictor. Collectively, these findings 

are consistent with the possibility that LS 

improvement under empagliflozin may not be 

tightly coupled to short-term glycemic or weight 

changes in this cohort; however, given the small 

sample size and retrospective design, these 

results should be considered hypothesis-

generating rather than evidence of mechanism. 

In addition to their glucose-lowering effects, 

SGLT2 inhibitors exert pleiotropic metabolic 

actions that may influence liver disease 

progression. Preclinical studies have 

demonstrated that SGLT2 inhibition attenuates 

hepatocarcinogenesis in murine models of MASH 

and delays fibrosis progression in medaka 

models, supporting a potential role in modulating 

hepatic injury pathways beyond glycemic control 

(22,23). These effects are thought to be mediated 

through improvements in hepatic steatosis, 

systemic metabolism, and inflammatory signaling. 

Collectively, such findings provide a biological 

rationale for the observed improvements in liver 

stiffness associated with SGLT2 inhibitor therapy. 

Several clinical studies have examined the effects 

of SGLT2 inhibitors on hepatic fibrosis, but most 

have included patients with relatively mild disease 

and have consistently demonstrated 

improvements in hepatic steatosis and liver 

stiffness (18-20, 24). In two placebo-controlled 

randomized trials of empagliflozin, baseline LS 

values were 7.49 and 6.03 kPa, respectively, and 

both demonstrated significant improvements after 

24 weeks of treatment (18,24). Notably, 

Chehrehgosha et al. reported a greater reduction 

in LS with empagliflozin than with the active 

comparator pioglitazone, highlighting a potential 

benefit on liver stiffness beyond that of established 

agents (18). 

Evidence from smaller biopsy-based studies has 

also been encouraging. In a single-arm, open-

label trial of nine patients with biopsy-proven 

MASH and T2DM, empagliflozin therapy for 24 

weeks resulted in histologic improvement in 44% 

of cases; however, patients with advanced fibrosis 

(F3–F4) showed no regression (20). This 

suggests that disease stage may critically 

influence therapeutic responsiveness and may 

limit histologic reversibility over short follow-up 

periods. 

Other SGLT2 inhibitors have yielded similar 

results. Shimizu et al. investigated dapagliflozin in 

57 MASLD patients, of whom 14 had LS ≥8 kPa. 

Significant LS reduction was observed after 24 

weeks, although the authors attributed these 

changes primarily to weight loss and reduced 

visceral adiposity (19). In contrast, we found no 

association between weight change and liver 

stiffness improvement, supporting the hypothesis 

that SGLT2 inhibitors may exert liver stiffness–

lowering effects independent of weight reduction. 

While several studies have investigated SGLT2 

inhibitors in MASLD, our study is distinct in that it 

included only patients with moderate to advanced 

fibrosis (≥8 kPa). Taken together, the available 

literature indicates that SGLT2 inhibitors 

consistently improve liver stiffness, even when 

baseline fibrosis severity and study design differ. 

By focusing exclusively on patients with moderate 

to advanced fibrosis, our study extends these 

findings to a higher-risk subgroup and suggests 

that short-term improvement in liver stiffness may 

occur even when correlations with glycemic or 

weight change are not evident. Inhibition of de 

novo lipogenesis in the liver by lowered 

expression of fatty acid synthase and acetyl-CoA 

carboxylase 1, a shift in fuel energetics from 

glucose/fat oxidation toward ketone oxidation, 

increased glucagon secretion resulting in a 

reduced intra-portal insulin-to-glucagon ratio, and 

improvement in glycemic control are the proposed 

mechanisms for the improvement of hepatic 

steatosis by gliflozins (25-28). On the other hand, 

reducing the hepatic expression of pro-

inflammatory cytokines, such as interleukin-6 (IL-

6), tumor necrosis factor alpha (TNFα), and 

monocyte chemoattractant protein 1 (MCP-1), is a 

plausible explanation for the observed 

improvement in liver stiffness (25-28). 

Changes in liver stiffness measured by VCTE can 

occur over short periods, as results may be 

influenced not only by fibrosis but also by hepatic 

inflammation, steatosis, and hemodynamic factors 

(11,12). This variability is particularly relevant in 

patients with baseline values ≥12 kPa, where 

advanced fibrosis or cirrhosis is suspected. While 

true histologic regression of cirrhosis is generally 

a long-term process, the decline observed in the 

control group was closely associated with HbA1c 

reduction, consistent with the contribution of 

glycemic control to short-term changes in liver 
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stiffness. In contrast, the improvement seen in the 

SGLT2 group was independent of HbA1c or 

weight changes, supporting a potential 

pharmacologic mechanism beyond glucose 

lowering. Importantly, even after adjusting for 

changes in AST and ALT, liver stiffness 

improvement was not explained by transaminase 

variability. Because transaminases are imperfect 

surrogates of hepatic inflammation and VCTE is 

influenced by non-fibrotic factors, whether the 

observed reductions reflect true fibrosis 

regression versus short-term changes in 

inflammation/steatosis or hemodynamics cannot 

be determined without histology and longer follow-

up. 

Beyond liver stiffness and FIB-4, we also observed 

modest improvements in transaminases in both 

groups, although these changes did not correlate 

with liver stiffness improvement. Interestingly, LDL 

levels decreased more in the control group, which 

may be partly explained by the greater reduction 

in HbA1c and overall metabolic improvement in 

this arm. Platelet counts showed a significant 

reduction in the SGLT2 group; however, this 

finding is difficult to interpret and may reflect 

biological variability or the limited sample size 

rather than a true pharmacologic effect. 

Several limitations should be acknowledged. First, 

the sample size was relatively small (n = 37), and 

no formal power calculation was performed due to 

the retrospective nature of the study. 

Consequently, the statistical power was limited, 

particularly for between-group comparisons and 

multivariable analyses. The study may therefore 

have been underpowered to detect modest but 

clinically relevant differences between treatment 

arms, and the results should be interpreted as 

exploratory. Second, the control group was 

heterogeneous, consisting of patients treated with 

different classes of antidiabetic agents (DPP-4 

inhibitors, sulfonylureas, or insulin). This diversity 

precludes drug-specific conclusions and may 

have introduced residual confounding. Third, the 

retrospective, non-randomized design inherently 

carries the risk of selection bias despite the 

application of standardized inclusion and 

exclusion criteria. Although baseline 

characteristics were largely comparable, some 

imbalances particularly in baseline HbA1c and 

AST levels could have influenced outcomes. 

Fourth, while transient elastography is a validated 

and widely used tool for assessing liver stiffness, 

biopsy confirmation was unavailable, and 

measurement variability could not be entirely 

excluded. Finally, the limited study duration (24 

weeks) may not capture longer-term hepatic 

outcomes. Accordingly, the present findings 

should be regarded as exploratory and 

hypothesis-generating, warranting confirmation in 

larger, prospective, randomized studies with 

histologic correlation and longer follow-up. 

CONCLUSION 

In this retrospective cohort of patients with T2DM 

and MASLD with moderate-to-advanced fibrosis 

risk (baseline LS ≥8 kPa), liver stiffness decreased 

significantly over 24 weeks in both the 

empagliflozin and comparator groups, with no 

significant between-group difference in the 

magnitude of LS improvement. FIB-4 also 

declined in both groups, with a greater reduction 

observed in the empagliflozin group. In 

exploratory analyses, LS improvement correlated 

with HbA1c reduction in the control group, 

whereas this association was not observed in the 

empagliflozin group; additionally, LS change was 

not significantly correlated with weight or BMI 

change in either group. Taken together, these 

findings suggest that short-term improvements in 

LS can occur in this high-risk population under 

different antidiabetic strategies, while the clinical 

correlates of LS change may differ by treatment 

group; these observations should be considered 

hypothesis-generating. Because VCTE-derived 

liver stiffness can be influenced by non-fibrotic 

factors (including inflammation/steatosis) and 

transaminases are imperfect surrogates of hepatic 

inflammation, histologic confirmation and longer 

follow-up are needed to determine whether the 

observed LS reductions reflect true fibrosis 

regression.  
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