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Abstract

Background and Objectives: Metabolic dysfunction-associated steatotic liver disease (MASLD)
is closely linked with type 2 diabetes mellitus (T2D) and obesity. Despite its growing preva-
lence, effective pharmacological interventions remain limited, with antidiabetic agents such
as glucagon-like peptide-1 receptor agonists (GLP-1 RA) and sodium-glucose cotransporter-
2 inhibitors (SGLT2i) showing emerging promise. This study aimed to evaluate the impact
of different antidiabetic therapies on hepatic steatosis, fibrosis, and cardiometabolic risk
factors in patients with T2D and MASLD from Romania. Materials and Methods: We con-
ducted a prospective observational study involving 256 patients with T2D and MASLD
followed up for 6 months. Assessed parameters included anthropometry, glycemic in-
dices, lipid profile, renal function, liver enzymes, and non-invasive evaluation of hepatic
steatosis and fibrosis. Patients were 53% women, had a median age of 63 years, a median
BMI of 32.2 kg/m2, a median baseline CAP of 281 dB/m, a FibroScan of 8.9 kPa, and an
HbA1c of 8.0%. Results: CAP decreased significantly from 281 to 245 dB/m, p < 0.0001;
FibroScan from 8.9 to 8.0 kPa, p < 0.0001. The largest changes were observed in the GLP-1
RA subgroup (CAP −50 dB/m, FibroScan −1.0 kPa, weight −8.0 kg, HbA1c −0.7%), and
in the SGLT2i subgroup (CAP −30.5 dB/m, FibroScan −0.7 kPa, weight −4.0 kg, HbA1c
−0.5%). In regression analysis, independent factors associated with CAP improvement
included GLP-1 RA therapy (β = 44.5, 95% CI 38.3–50.6, p < 0.0001), SGLT2i therapy
(β = 23.4, 95% CI 15.7–31.1, p < 0.0001), and ≥10% weight loss (β = 23.2, 95% CI 12–34.4,
p < 0.0001). For FibroScan improvement, GLP-1 RA (β = 1.0, 95% CI 0.8–1.2, p < 0.0001) and
SGLT2i (β = 0.5, 95% CI 0.3–0.7, p < 0.0001) therapies were both significant. Conclusions:
Antidiabetic therapy, particularly GLP-1 RA, was significantly associated with improve-
ment in hepatic steatosis, fibrosis, and cardiometabolic risk in T2D patients with MASLD
beyond the weight reduction effect. However, weight loss and lipid modulation enhance
these benefits, supporting the development of integrated therapeutic strategies for this
high-risk population.
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1. Introduction
Metabolic Dysfunction-Associated Steatotic Liver Disease (MASLD), formerly termed

nonalcoholic fatty liver disease (NAFLD), is an increasingly prevalent condition worldwide,
associated with significant morbidity and mortality from metabolic, cardiovascular, and
neoplastic diseases. MASLD remains often underdiagnosed, and its etiopathogenesis,
although extensively studied, is still not fully elucidated. Because the disease can progress
to end-stage liver disease and is frequently associated with extrahepatic manifestations,
it is now recognized as a multisystem disorder that requires a multidisciplinary and
multifactorial approach [1].

Epidemiological data suggest that MASLD affects nearly one-third of the global
population, with prevalence rates of 25–35% in the general population and 50–60% among
high-risk groups such as patients with diabetes, obesity, or dyslipidemia. The global
prevalence of metabolic dysfunction–associated steatohepatitis (MASH), its more severe
inflammatory form, is estimated at approximately 5% [2–4].

The burden of MASLD extends beyond liver-related morbidity. Pathophysiologically,
MASLD is characterized by hepatic steatosis, confirmed either by imaging or histology, in
the presence of metabolic risk factors. Among these, type 2 diabetes mellitus (T2D) and
obesity are the most prominent [5]. MASLD is considered the hepatic manifestation of
metabolic syndrome.

The relationship between MASLD and T2D is complex and bidirectional. Both con-
ditions share overlapping molecular pathways and genetic predispositions. Crosstalk
between hepatocytes, adipocytes, and inflammatory cells further explains how insulin
resistance contributes to systemic inflammation, dysregulated lipid/glucose metabolism,
and cell injury [6,7]. Elevated expression of growth differentiation factor-15 in adipose
tissue and hepatocytes is particularly pronounced in T2D and obesity [7]. Moreover, extra-
cellular vesicles derived from steatotic hepatocytes can influence pancreatic β-cell mass via
insulin-mediated pathways, highlighting a novel mechanism of organ crosstalk [8].

Clinically, MASLD progresses from simple steatosis to steatohepatitis, hepatocellular
ballooning, fibrosis, and ultimately cirrhosis, liver failure, or hepatocellular carcinoma.
Fibrosis, characterized by collagen-rich scar tissue replacing normal parenchyma, is the
main predictor of adverse outcomes [9–11]. Even though MASLD pathophysiology has
been extensively studied, difficulties persist in terms of early diagnosis and optimal man-
agement, due to the lack of validated pharmacological therapies and the underdiagnosis of
the disease.

In the literature, studies have highlighted the distinct benefits of glucagon-like
peptide-1 receptor agonists (GLP-1 RAs) and sodium-glucose cotransporter-2 inhibitors
(SGLT2is) on hepatic and cardiometabolic markers. Although both GLP-1 RAs and SGLT2i
induce weight loss, these classes exert distinct effects on the liver: GLP-1 RAs exhibit direct
anti-inflammatory and antifibrotic actions, while SGLT2i influence hepatic homeostasis and
metabolites through renal and hemodynamic mechanisms. However, direct, long-term com-
parative analyses in real cohorts of patients with MASLD and T2D are lacking. Moreover,
most data come from randomized trials with strict selection criteria, with few observational
studies validating these effects in real-life settings, such as hospitalized patients with subop-
timal glycemic control [12,13]. However, there are no prospective, long-term comparative
analyses that highlight the real differences in efficacy in preventing liver steatosis and
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fibrosis complications between these pharmacological classes. Monotherapy is often insuf-
ficient, and combination regimens targeting multiple pathogenic pathways—antioxidant,
anti-inflammatory, antifibrotic, and hypolipidemic agents—are under investigation [14–17].
In advanced cases, bariatric surgery or liver transplantation may be necessary [18,19].

Our study addresses this gap by providing a comparative analysis in a head-to-head, real-
world, prospective observational cohort study, evaluating independent associations of various
antidiabetic therapies with the dynamic changes in liver steatosis and fibrosis in Romanian
patients with T2D and MASLD, with a focus on the individual cardiometabolic profile.

2. Materials and Methods
2.1. Patients

We conducted a prospective, observational study that included 256 patients with
T2D, hospitalized in the Diabetes, Nutrition and Metabolic Diseases Clinic of the County
Emergency Hospital “Pius Brînzeu” from Timisoara (Romania) between December 2024
and April 2025. Patients were admitted to the hospital with poor glycemic control for
treatment reevaluation according to the local standard of care guidelines by their physician.
All patients were taking metformin, a statin, and antihypertensive medications at baseline
in stable doses. The patients were then evaluated after 6 months to compare changes in the
studied outcomes (liver steatosis and fibrosis, cardiometabolic risk factors). The research
was conducted in accordance with the Declaration of Helsinki (2013 version). All patients
signed the informed consent. The Ethics Committee of Timis, oara County Emergency
Hospital approved the study protocol (512) on 26 November 2024.

Inclusion criteria were: age > 18 years, body mass index (BMI) > 18.4 kg/m2, previous di-
agnosis of T2D, with at least 1 year of diabetes duration, blood pressure (BP) ≥ 130/85 mmHg
or specific drug treatment, triglycerides ≥ 150 mg/dL, HDL cholesterol (HDLc) < 40 mg/dL,
for men and <50 mg/dL, for women or specific drug treatment for dyslipidemia, and signed
informed consent. The rationale for cohorting based on admission with suboptimal glycemic
control was to create a homogeneous population with active MASLD in which therapeutic
intervention could have maximum short-term, monitorable impact.

Exclusion criteria were: significant alcohol consumption, viral hepatitis, autoimmune
hepatitis, hepatic cancer, drug-induced liver disease, or neurological or psychiatric condi-
tions, lost to follow-up, or incomplete study data.

The final cohort consisted of 136 women (53.12%) and 120 men (46.88%), with a median
age of 63 years and a median duration of diabetes of 11 years.

2.2. Clinical Parameters, Biomarkers, and Non-Invasive Imaging Tests

Patients were questioned, and data were collected regarding the antidiabetic medica-
tion, consumption of alcohol or other illegal substances, and smoking.

Beyond lifestyle optimization measures, the therapeutic regimen for the study co-
hort included oral antidiabetic drugs (Metformin, Sulfonylureas), insulin, GLP-1 RA,
and SGLT2i.

Regarding weight status, we collected data on body weight, BMI, and abdominal
circumference (waist circumference, expressed in cm) at initial admission and at the
6-month follow-up.

Glycemic control was assessed based on glycemic values (fasting (FG) and 2 h postpran-
dial (PPG)) and glycated hemoglobin A1c (HbA1c). Screening for chronic complications of
diabetes was performed routinely: microangiopathy (fundoscopy for the diagnosis and
staging of diabetic retinopathy (DR), urinary albumin/creatinine ratio (UACr), estimated
glomerular filtration rate (eGFR) for classifying patients into stages of diabetic kidney dis-
ease according to the Kidney Disease: Improving Global Outcomes—KDIGO classification);
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macroangiopathy (electrocardiogram, cardiac ultrasound, cerebral computed tomography,
Doppler ultrasound of carotid and peripheral arteries), neuropathies (sensitivity tests,
nerve conduction velocity).

Cardiometabolic risk factors were also evaluated, including lipid profile (total choles-
terol (TC), serum triglycerides (TG), low-density lipoprotein cholesterol (LDLc), high-
density lipoprotein cholesterol (HDLc), presence of hypertension (we analyzed only the
systolic blood pressure (SBP)), and other inflammatory markers (C-reactive protein (CRP),
fibrinogen, erythrocyte sedimentation rate (ESR)).

Liver function was assessed according to the four syndromes: hepatocytolytic, hepato-
priv, inflammatory, and bilioexcretory.

Hepatic steatosis was evaluated using the Fibroscan Echosens (France) device, which
employs transient elastography and controlled attenuation parameter (CAP), a non-invasive
method expressed in decibels per meter (dB/m). A CAP score < 238 dB/m indicates
normal fat content (<5%). Steatosis is graded as follows: S1 (mild): 238–260 dB/m, in-
volving 11–33% of hepatocytes; S2 (moderate): 260–290 dB/m, involving 34–66% of hep-
atocytes; S3 (severe): 290–400 dB/m, involving >67% of hepatocytes [20]. Liver stiffness
measurement was expressed in kilopascals (kPa). Normal values range from 2 to 7 kPa.
Values ≥ 12.5 kPa are consistent with cirrhosis, characterized by hepatocellular necrosis,
connective tissue proliferation, architectural distortion, loss of lobular structure, and the
development of regenerative nodules [21,22]. The liver assessments were performed by
two independent operators with certified experience, using standard measurement quality
criteria (minimum 10 validations, IQR/mean ratio < 30%, exclusion of invalid readings,
and no significant variability between the results of the two operators). In cases where
values were considered unreliable, measurements were repeated or excluded to ensure the
accuracy of liver outcome data.

2.3. Statistical Analysis

We conducted a comprehensive statistical analysis using MedCalc® Statistical Software
version 23.3.7 (MedCalc Software Ltd., Ostend, Belgium; https://www.medcalc.org; 2025).
We summarized the baseline characteristics of the cohort and compared them by gender,
using means, medians, standard deviations, 25–75 percentiles according to the variables’
Gaussian distribution, and 95% confidence intervals to provide a detailed view of the
cohort’s demographics, anthropometrics, metabolic, hepatic, and cardiovascular status.
The distribution of the variables was tested for normality with the Shapiro–Wilk test.
To evaluate within-patient longitudinal changes in quantitative outcomes such as liver
enzymes (aspartate transaminase (ASAT), alanine transaminase (ALAT)), steatosis (CAP),
fibrosis (Fibroscan), glycemic control (HbA1c, FG, PPG), and cardiometabolic risk factors
(lipid profile, anthropometry, blood pressure).

In order to evaluate the strength and direction of monotonic relationships between
possible associated factors (change in continuous variables from baseline to follow-up
at 6 months for each studied parameter) with liver outcomes ∆CAP and ∆Fibroscan we
performed a Spearman correlation analysis. Data is presented as a correlogram where the
warm colors indicate a positive association (rho (ρ) coefficient closer to +1), while the cold
colors indicate a negative association (ρ coefficient closer to −1).

Kruskal–Wallis test (nonparametric ANOVA) with post hoc Conover analysis was
employed to compare the degree of change in outcome parameters.

First, we constructed a general multiple linear regression analysis to identify indepen-
dent predictors of ∆CAP and ∆Fibroscan. Then we constructed multiple linear regression
models with the dependent variables ∆CAP and ∆Fibroscan, and independent variables
including drug class, weight change (a binary value of ≥10% reduction from baseline),

https://www.medcalc.org
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and baseline values of CAP and Fibroscan, to test the strength of association and separate
weight-driven effects from direct drug effects. To assess if the effect of the drug differs
according to weight loss, we introduced a binary interaction term (drug × 10% weight
reduction). The interaction term’s coefficient in regression analysis tests whether the drug
effect is modified by weight loss status. If the interaction is statistically significant, then the
effect of the drug depends on the weight reduction.

We considered a p-value of less than 0.05 to be statistically significant.

3. Results
3.1. Descriptive Analysis of the Studied Cohort

The present research included 256 patients with T2D and MASLD, with a median age
slightly higher in women (65.0 years) compared to men (61.0), a similar median diabetes
duration of 11 years, and overweight or obesity, having a median BMI of 32.2 kg/m2, with
men having a higher mean weight of 95.1 kg compared to women 88.0 kg. The abdominal
waist was above the standard threshold according to gender in both men and women, with
an overall median of 96 cm. The median baseline HbA1c was 8.0%, with no differences
observed by gender. The baseline general characteristics of the studied patients, compared
by gender, are presented in Table S1 from the Supplementary Materials.

There was no significant difference in CAP or FibroScan results by gender. Median
values of CAP place the cohort firmly in the S2 to S3 categories (median 281 dB/m). Most
patients had mild to moderate fibrosis, with a median liver stiffness measurement of 8.9 kPa
(25–75 percentiles: 7.4–10.4 kPa).

3.2. Analysis of the Dynamics of the Studied Factors

To compare the dynamics of key metabolic, hepatic, and anthropometric parameters
in our cohort, we applied the Wilcoxon test (paired samples). The results are presented
in Table S2 from the Supplementary Materials. After 6 months of standard of care ther-
apy, patients presented a significant reduction in liver transaminases (∆ALAT = −11.0;
∆ASAT = −9.0, p < 0.0001), liver steatosis (∆CAP = −36.0; p < 0.0001), liver fibrosis
(∆Fibroscan = −0.8; p < 0.0001), a significant improvement of lipid profile (∆TC = −34.5,
∆HDLc = +3.0, ∆LDLc = −21.0, ∆TG = −35.0, p < 0.0001 for all), better glycemic control
(∆FG = −20.0, ∆PPG = −19.0, ∆HbA1c = −0.5; p < 0.0001), body composition improve-
ment (∆Weight = −5.0, ∆waist = −4.0, ∆BMI = −1.8; p < 0.0001), improved renal function
(∆eGFR = +7.0, ∆UACr = −4.0; p < 0.0001) and improved blood pressure (∆SBP = −5.0;
p < 0.0001).

3.3. Correlation Analysis Between Changes in the Studied Factors in the Cohort

Figure 1 presents the associations between changes in the studied factors from baseline
to follow-up at 6 months in the whole cohort. ∆CAP reduction was highly correlated
with: ∆BMI (ρ = 0.6, p < 0.0001), ∆Waist circumference (ρ = 0.6, p < 0.0001), ∆Weight
(ρ = 0.6, p < 0.0001), ∆TC (ρ = 0.6, p < 0.0001), ∆LDLc (ρ = 0.6, p < 0.0001), ∆HbA1c (ρ = 0.5,
p < 0.0001), and ∆Fibroscan (ρ = 0.6, p < 0.0001). As CAP decreases, HDLc increases,
meaning better cardiometabolic status (∆HDLc (ρ = −0.3, p < 0.0001)). ∆Fibroscan reduction
is significantly correlated with: ∆BMI (ρ = 0.5, p < 0.0001), ∆Waist (ρ = 0.5, p < 0.0001),
∆Weight (ρ = 0.5, p < 0.0001), ∆TC (ρ = 0.5, p < 0.0001), ∆LDLc (ρ = 0.5, p < 0.0001), ∆HbA1c
(ρ = 0.5, p < 0.0001), and ∆CAP (ρ = 0.6, p < 0.0001). As liver stiffness improves, HDLc
increases (ρ = −0.4, p < 0.0001).
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Figure 1. Correlation analysis between the changes in the studied parameters over time.

3.4. Comparison of the Dynamics of the Studied Parameters According to the
Antidiabetic Medication

Table 1 presents a comparative analysis of changes in metabolic, hepatic, and anthro-
pometric parameters over six months, stratified by antidiabetic medication class (GLP-1 RA,
SGLT2i, insulin, Other Therapies). The results showed that patients in GLP-1 RA subgroup
presented the largest absolute reductions across most parameters, including transaminases
(ALAT, ASAT), CAP (−50 dB/m), Fibroscan (−1.0 kPa), lipids, weight (−8 kg), waist
(−6 cm), BMI (−2.8 kg/m2), and glycemic control (HbA1c −0.7%), compared to the other
subgroups treated with SGLT2i, insulin or other therapies. In the SGLT2i subgroup, we also
observed significant but generally smaller improvements (CAP −30.5 dB/m; Fibroscan
−0.7 kPa; weight −4 kg) than in the GLP-1 RA subgroup. The smallest changes in hepatic
and metabolic parameters were observed in the insulin subgroup. In the subgroup treated
with other therapies, the improvements in liver and metabolic markers were modest or
minimal, and in some cases, even worsened.

Table 1. Comparison of the dynamics of the studied parameters according to the antidiabetic medication.

Variables
Changes in Values from Baseline to Follow-Up p Values

GLP-1 RA SGLT2i Insulin Other Therapies

ALAT (u/L) 15.0 (163.0) 9.0 (102.6) 5.0 (93.3) 13.0 (103.8) <0.0001
ASAT (u/L) 12.0 (170.6) 7.5 (118.8) 6.0 (98.8) 3.5 (65.6) <0.0001
CAP (dB/m) 50.0 (184.0) 30.5 (122.0) 4.0 (48.4) 16.5 (72.7) <0.0001

FIBROSCAN (kPa) 1.0 (174.8) 0.7 (128.2) 0.3 (62.2) 0.7 (76.6) <0.0001
TC (mg/dL) 56.0 (184.5) 30.5 (120.9) 7.0 (62.1) 6.0 (61.6) <0.0001

HDLc (mg/dL) −4.0 (98.7) −3 (132.6) −1 (173.2) 2 (156.0) <0.0001
LDLc (mg/dL) 45.0 (180.2) 22.0 (124.8) 6.0 (72.8) −10.5 (58.7) <0.0001
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Table 1. Cont.

Variables
Changes in Values from Baseline to Follow-Up p Values

GLP-1 RA SGLT2i Insulin Other Therapies

TG (mg/dL) 37.0 (161.6) 28.0 (120.2) 7.0 (62.8) 6.0 (114.3) <0.0001
PPG (mg/dL) 25.0 (145.1) 31.5 (191.1) 6.0 (78.3) −18.5 (68.7) <0.0001
FG (mg/dL) 22.0 (141.1) 36.5 (192.1) 6.0 (69.1) −23 (84.3) <0.0001
HbA1c (%) 0.7 (179.1) 0.5 (122.4) 0.2 (64.9) 0.1 (70.1) <0.0001
Weight (kg) 8.0 (184.7) 4.0 (106.2) 2.0 (68.0) 2.0 (71.1) <0.0001
Waist (cm) 6.0 (195.8) 3.0 (104.6) 2.0 (67.3) 2.0 (47.6) <0.0001

BMI (kg/m2) 2.8 (186.2) 1.4 (112.1) 0.7 (72.2) 0.4 (58.1) <0.0001
eGFR (ml/min) −7.0 (123.1) −13.5 (95.5) −6.0 (139.6) −5.0 (164.7) <0.0001
UACr (mg/g) 3.0 (121.7) 16.0 (178.6) 3.0 (117.7) −0.5 (102.8) <0.0001
SBP (mmHg) 10.0 (173.7) 3.0 (93.0) 3.0 (89.4) 0.0 (91.9) <0.0001

Kruskal–Wallis test, post hoc analysis (Conover); p < 0.05, statistically significant. Abbreviations: BMI, body
mass index; HbA1c, glycated hemoglobin; FG, fasting glycemia; PPG, postprandial glycemia; ASAT, Aspartate
transaminase; ALAT, Alanine transaminase; LDLc, low-density lipoprotein cholesterol; TC, total cholesterol;
TG, triglycerides; HDLc, high-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; UACr,
urinary albumin/creatinine ratio; SBP, systolic blood pressure; CAP, controlled attenuation parameter.

Figure 2 suggests that GLP-1 RA therapy yields the most pronounced improvements
in hepatic steatosis (Figure 2a) and fibrosis (Figure 2b), statistically significant compared to
other drug classes.

Figure 2. Multiple comparison graph with differences between therapy subgroups of ∆CAP (a) and
∆Fibroscan (b).

3.5. Regression Analysis for Evaluating Potential Associated Factors with the Change in Liver
Steatosis (CAP) and Liver Fibrosis (FibroScan)

To assess how various clinical and biochemical changes from baseline values pre-
dict the change in CAP in MASLD patients, a stepwise multiple regression analysis was
performed. The modeling approach retained only variables that remained statistically
significant (p < 0.05): diabetes duration, ∆HDLc, and baseline weight (negative associa-
tion), ∆waist, ∆CRP, ∆LDLc, ∆SBP, baseline CAP, and baseline waist (positive association).
Table 2 presents the coefficients and the effect size of each potential predictive factor. The
regression model identified factors significantly associated with the variation in the ∆CAP
score, explaining 58.6% of this variation in the analyzed cohort, with a multiple correlation
coefficient of 0.7 (F-ratio = 38.7, p < 0.0001).
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Table 2. Multiple linear regression analysis of changes in CAP and potential predictive factors.

Independent Variables Coefficient Std. Error 95% CI t p rpartial rsemipartial

(Constant) −72.1 14.5 −100.7–−43.6 −4.9 <0.0001

Diabetes duration (years) −0.7 0.1 −1.0–−0.3 −3.7 0.0002 −0.2 0.1

∆waist (cm) 2.2 0.5 1.2–3.2 4.3 <0.0001 0.2 0.1

∆CRP (mg/L) 0.4 0.1 0.1–0.82 2.8 0.005 0.1 0.1

∆HDLc (mg/dL) −0.3 0.1 −0.6–0.0 −2.0 0.03 −0.1 0.0

∆LDLc (mg/dL) 0.1 0.0 0.0–0.2 3.2 0.001 0.2 0.1

∆SBP (mmHg) 0.2 0.1 0.0–0.4 2.1 0.03 0.1 0.0

Baseline CAP (dB/m) 0.2 0.0 0.1–0.2 7.3 <0.0001 0.4 0.3

Baseline weight (kg) −0.3 0.1 −0.6–0.0 −2.3 0.01 −0.1 0.0

Baseline waist (cm) 0.7 0.1 0.3–1.0 3.9 0.0001 0.2 0.1

Stepwise multiple linear regression model, coefficient of determination R2 = 0.58, residual standard deviation
19.4, F-ratio 38.6, p < 0.0001. The following variables were not included in the model: age, 10% weight loss,
∆Weight, ∆BMI, ∆HbA1c, ∆PPG, ∆FG, ∆TC, ∆TG, ∆ASAT, ∆ALAT, ∆eGFR, ∆UACr, and baseline HbA1c.
Abbreviations: CRP, C-reactive protein; BMI, body mass index; HbA1c, glycated hemoglobin; FG, fasting glycemia;
PPG, postprandial glycemia; ASAT, Aspartate transaminase; ALAT, Alanine transaminase; LDLc, low-density
lipoprotein cholesterol; TG, triglycerides; HDLc, high-density lipoprotein cholesterol; eGFR, estimated glomerular
filtration rate; UACr, urinary albumin/creatinine ratio; SBP, systolic blood pressure; CAP, controlled attenuation
parameter; p < 0.05, statistically significant.

The clinical significance of the results presented in Table 2 is that a longer diabetes
duration reduces ∆CAP improvement, leads to a greater decrease in waist circumference,
and is associated with a reduction in CRP (indicating systemic inflammation), as well as a
decrease in SBP, which predicts more CAP improvement. An increase in HDL is weakly
associated with less improvement in CAP (t = −2.0, p = 0.03). A decrease in LDLc from
baseline is positively associated with greater ∆CAP. A higher baseline CAP and a higher
baseline waist circumference predict a greater improvement in CAP. However, the higher
the baseline waist, the lower the improvement in CAP.

To assess how various clinical and biochemical changes from baseline values predict
changes in Fibroscan in MASLD patients, we performed a stepwise multiple regression
analysis. The modeling approach retained only variables that remained statistically signifi-
cant (p < 0.05): ∆Weight, ∆BMI, ∆HDLc, and ∆LDLc. Table 3 presents the coefficients and
the effect size of each potential predictive factor. The model explains 33% of the variance in
∆Fibroscan—a strong explanatory value for clinical research, with a multiple correlation
coefficient of 0.5 (F-ratio = 32.3, p < 0.0001).

The clinical significance of the results presented in Table 3 is that each kilogram
lost predicts a 0.087 kPa improvement in Fibroscan, indicating that greater weight loss is
associated with more significant fibrosis regression. The association with ∆BMI also reflects
an impact on body composition. An increase in HDL is associated with greater regression
of fibrosis. A greater reduction in LDLc may also predict a more favorable change in
liver fibrosis, although the effect is small. The 10% weight loss factor was not included
in the analysis, likely because continuous changes in weight appear more sensitive than
categorical thresholds in this population.

Table 4 presents the results of a multiple regression analysis examining changes in
CAP and Fibroscan, as well as significant weight loss (≥10%), in response to different
antidiabetic medications.
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Table 3. Multiple linear regression analysis of changes in Fibroscan and potential predictive factors.

Independent Variables Coefficient Std. Error 95% CI t p rpartial rsemipartial

(Constant) 0.2 0.0 0.1–0.3 3.9 0.0001

∆Weight 0.0 0.0 −0.1–0.0 −2.4 0.01 −0.1 0.1

∆BMI 0.4 0.1 0.2–0.6 4.0 0.0001 0.2 0.2

∆HDLc 0.0 0.0 0.0–0.0 −3.1 0.0020 −0.1 0.1

∆LDLc 0.0 0.0 0.0–0.0 3.7 0.0002 0.2 0.1

Stepwise multiple regression model, coefficient of determination R2 = 0.33, residual standard deviation 0.7,
F-ratio = 32.3, p < 0.0001. The following variables were not included in the model: age, diabetes duration,
10% weight loss, ∆HbA1c, ∆PPG, ∆FG, ∆waist (cm), ∆SBP, ∆CRP, ∆TC, ∆TG, ∆ASAT, ∆ALAT, ∆eGFR, ∆UACr,
baseline HbA1c, baseline CAP, baseline weight, and baseline waist. Abbreviations: BMI, body mass index;
HbA1c, glycated hemoglobin; FG, fasting glycemia; PPG, postprandial glycemia; ASAT, Aspartate transaminase;
ALAT, Alanine transaminase; LDLc, low-density lipoprotein cholesterol; TG, triglycerides; HDLc, high-density
lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; UACr, urinary albumin/creatinine ratio; SBP,
systolic blood pressure; CAP, controlled attenuation parameter; p < 0.05, statistically significant.

Table 4. Multiple linear regression analysis of changes in CAP and Fibroscan and significant weight
loss with different antidiabetic medications.

Models Independent
Variables Coefficient Std. Error 95% CI t p rpartial rsemipartial

∆CAP Model 1

10% weight loss or GLP-1 RA interaction with weight loss were not retained in the model; coefficient of
determination R2 = 0.36, F-ratio = 147.9, p < 0.0001; residual standard deviation = 23.69.

(Constant) 17.7 1.9 13.8–21.6 8.9 <0.0001

GLP-1 RA 36.2 2.9 30.3–42.0 12.1 <0.0001 0.6 0.6

∆CAP
Model 2

10% weight loss or GLP-1 RA interaction with weight loss, or SGL2i interaction with weight loss were not
retained in the model; coefficient of determination R2 = 0.44, F-ratio = 102.0, p < 0.0001, residual standard
deviation = 22.2.

(Constant) 9.4 2.3 4.8–14.0 4.0 0.0001

GLP-1 RA 44.5 3.1 38.3–50.6 14.2 <0.0001 0.6 0.6

SGLT2i 23.4 3.9 15.7–31.1 5.9 <0.0001 0.3 0.2

∆CAP
Model 3

SGLT2i therapy alone or SGLT2i interaction with weight loss were not retained in the model; coefficient of
determination R2 = 0.06, F-ratio = 16.6, p = 0.0001, residual standard deviation = 28.8.

(Constant) 31.3 1.9 27.6–35.1 16.3 <0.0001

10% weight loss 23.2 5.6 12.0–34.4 4.0 0.0001 0.2 0.2

∆CAP Model 4

other therapies factor interaction with weight loss was not retained in the model; coefficient of determination
R2 = 0.18, F-ratio = 28.5, p < 0.0001, residual standard deviation = 26.9.

(Constant) 36.9 2.0 33.0–40.9 18.4 <0.0001

10% weight loss 19.5 5.3 8.9–30.0 3.6 0.0003 0.2 0.2

Other therapies −26.3 4.2 −34.7–−17.9 −6.1 <0.0001 −0.3 0.3

∆CAP
Model 5

other therapies interaction with weight loss or GLP-1 RA interaction with weight loss were not retained in the
model; coefficient of determination R2 = 0.38, F-ratio = 78.1, p < 0.0001, residual standard deviation = 23.4.

(Constant) 21.2 2.4 16.4–26.1 8.6 <0.0001

Other_therapies −9.8 4.1 −18.0–−1.7 −2.3 0.01 −0.1 0.1

GLP-1 RA 32.7 3.2 26.2–39.1 9.9 <0.0001 0.5 0.4

∆Fibroscan—
Model 6

10% weight loss or GLP-1 RA interaction with weight loss were not retained in the model; coefficient of
determination R2 = 0.27, F-ratio = 94.8, p < 0.0001, residual standard deviation = 0.7.

(Constant) 0.3 0.0 0.2–0.5 6.3 <0.0001

GLP-1 RA 0.8 0.0 0.7–1.0 9.7 <0.0001 0.5 0.5
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Table 4. Cont.

Models Independent
Variables Coefficient Std. Error 95% CI t p rpartial rsemipartial

∆Fibroscan—
Model 7

SGLT2i or SGLT2i interaction with weight loss were not retained in the model; coefficient of determination
R2 = 0.05, F-ratio = 14.2, p = 0.0002, residual standard deviation = 0.8.

(Constant) 0.7 0.0 0.6–0.8 13.0 <0.0001

10% weight loss 0.6 0.1 0.2–0.9 3.7 0.0002 0.2 0.2

∆Fibroscan—
Model 8

10% weight loss or GLP-1 RA interaction with weight loss, or SGL2i interaction with weight loss were not
retained in the model; coefficient of determination R2 = 0.32, F-ratio = 60.7, p < 0.0001, residual standard
deviation = 0.7.

(Constant) 0.1 0.0 0.0–0.3 2.6 0.009

GLP-1 RA 1.0 0.0 0.8–1.2 11.0 <0.0001 0.5 0.5

SGLT2i 0.5 0.1 0.3–0.7 4.4 <0.0001 0.2 0.2

∆Fibroscan—
Model 9

other therapies interaction with weight loss was not retained in the model; coefficient of determination R2 = 0.17,
F-ratio = 26.4, p < 0.0001, residual standard deviation = 0.7.

(Constant) 0.8 0.0 0.7–0.9 15.1 <0.0001

10% weight loss 0.5 0.1 0.2–0.8 3.3 0.001 0.2 0.1

Other therapies −0.7 0.1 −0.9–−0.5 −6.0 <0.0001 −0.3 0.3

∆Fibroscan—
Model 10

other therapies interaction with weight loss, GLP-1 interaction with weight loss, or 10% weight loss were not
retained in the model; coefficient of determination R2 = 0.29, F-ratio = 27.5, p < 0.0001, residual standard
deviation = 0.7.

(Constant) 0.5 0.0 0.3–0.6 6.8 <0.0001

Other therapies −0.3 0.1 −0.6–−0.1 −2.9 0.003 −0.1 0.1

GLP-1 RA 0.7 0.1 0.5–0.9 7.5 <0.0001 0.4 0.3

In model 1 of multiple regression analysis, the coefficient for the therapy with GLP-
1 RA is 36.2 (95% CI: 30.3–42.0, p < 0.0001), meaning patients treated with GLP-1 RA
had an average improvement in CAP of 36.2 dB/ms higher than those not in this group
(or compared to the reference), controlling for other factors. This effect is statistically
robust (t = 12.1). The R2 value is 0.36 (adjusted R2 = 0.36), indicating that only about
36% of the variance in CAP improvement is explained by this predictor. The residual
standard deviation (23.69) reflects unexplained variability. The overall regression model
is statistically significant (F = 147.9, p < 0.0001), supporting that the GLP-1 RA effect is a
meaningful contributor to CAP change, with a high predictive power. The independent
factors, such as 10% weight loss or GLP-1 RA interaction with weight loss, were not retained
in the model. From a clinical perspective, these results suggest that GLP-1 RA therapy has a
beneficial effect on liver steatosis, extending beyond the weight reduction effect. However,
64% of the changes in CAP are influenced by other factors, not included in this model.

When analyzed with both GLP-1 RA and SGLT2i, in regression model 2, the changes
in CAP were improved in 44% of the cases, with 44.5 dB/m higher in the GLP-1 RA group
and with 23.4 dB/m higher in the SGLT2i group, beyond the impact of 10% weight loss
or drug-weight interaction. When analyzed with SGLT2i alone (model 3), the effect of
10% weight loss, SGLT2i therapy alone, or SGLT2i interaction with weight loss, were not
retained in the regression analysis; the improvement in CAP was generally associated
with 10% weight loss, through other mechanisms than the ones related to the drug class
SGLT2i. However, only 6% of the variance in CAP improvement is explained by 10% weight
reduction alone, with a residual standard deviation of 28.8 (p = 0.0001).

When analyzed with other therapies than GLP-1 RA or SGLT2i, in regression model
4, the changes in CAP were explained in 18% of the cases by the positive impact of
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10% weight loss (coefficient = 19.5, t = 3.6), but more negatively impacted by other therapies
(coefficient = −26.3, t = −6.1), with a residual standard deviation of 26.9 (p < 0.0001).
This means that patients experience less positive change in CAP than patients who lost
≥10% weight in other therapy groups. When other therapies were analyzed together with
GLP-1 RA (model 5), patients treated with GLP-1 RA had a 32.7 unit greater reduction in
CAP compared to those not on these agents, a highly significant (t = 9.9, p < 0.0001), with a
positive and robust effect size (partial correlation 0.5).

Regarding the changes in Fibroscan, the results indicated a statistically significant pre-
dictive effect of GLP-1 RA, in a model explaining a proportion of 27% of Fibroscan variance
in the cohort, with 10% weight loss or GLP-1 RA interaction with weight loss excluded
from the model (model 6, F-ratio = 94.8, p < 0.0001, residual standard deviation = 0.7).

Model 7 in regression analysis included SGLT2i therapy, 10% weight loss, and the
interaction between SGLT2i therapy and 10% weight loss for prediction testing. The
analysis ruled out SGLT2i or SGLT2i interaction with weight loss and attributed only the
10% weight loss to 6% of the variance in Fibroscan. Patients who lost 10% of their weight,
independent of the effect of SGLT2i, showed an improvement in Fibroscan with 0.6 kPa
(F-ratio = 14.2; p = 0.0002; residual standard deviation = 0.8).

When analyzed with GLP-1 RA or SGLT2i, in regression model 8, the changes
in Fibroscan were explained in 32% of the cases by the positive impact of GLP-1 RA
(coefficient 1, t = 11) and SGLT2i (coefficient 0.5, t = 4.4), with a residual standard deviation
of 0.7 (p < 0.0001). This means that patients treated with GLP-1 RA experience a more
positive change in Fibroscan than patients treated with SGLT2i, regardless of the interaction
between drug and weight loss.

When other therapies were analyzed together, patients who lost 10% of their weight
showed a mean 0.5 kPa improvement in Fibroscan (t = 3.3, p = 0.001, model 9). However, the
effect was antagonized by the impact of other therapies, which showed an alteration with a
mean of 0.7 kPa in Fibroscan (t = −6.0, p < 0.0001), with no influence from the drug-weight
effect. This model 10 explains 29% of the cases, with a small residual standard deviation.

Our regression analyses showed that both clinical and pharmacological factors were
significantly associated with changes in hepatic stiffness and steatosis in patients with
MASLD. In the primary model, ∆Weight, ∆BMI, ∆HDLc, and ∆LDLc explained 33% of
the variability in Fibroscan measurements (R2 = 0.33, F = 32.3, p < 0.0001), with a multiple
correlation coefficient of 0.5. Each kilogram lost was predicted to result in a 0.087 kPa
improvement, underscoring the critical role of continuous weight reduction over categorical
thresholds, such as a 10% loss. Improvements in HDLc and reductions in LDLc were
independently associated with fibrosis regression.

When other therapies were analyzed together with GLP-1 RA (model 10), patients
treated with GLP-1 RA had a 0.7 unit greater reduction in Fibroscan compared to those not
on these agents, a highly significant (t = 7.5, p < 0.0001) result, with a positive and robust
effect size (partial correlation 0.4). In this model, the interaction between other therapies
and weight loss, as well as the interaction between GLP-1 and weight loss or 10% weight
loss, was not retained in the model (coefficient of determination R2 = 0.29, F-ratio = 27.5,
p < 0.0001, residual standard deviation = 0.7). This suggests that, in the context of the model
and the data, weight loss alone did not have an independent effect, but the combination
with GLP-1RA did.

4. Discussion
At the baseline of the present study, patients had advanced steatosis (median CAP

281 dB/m, S2–S3) and mild to moderate fibrosis (median FibroScan 8.9 kPa), with poor
glycemic control (HbA1c 8.0%) and obesity (median BMI 32.2 kg/m2). Follow-up analysis
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showed a marked improvement in liver injury markers: ALAT decreased from 54.5 to
40.0 U/L and ASAT from 52.0 to 38.5 U/L (both p < 0.0001). CAP reduced by −36 dB/m
(281 → 245 dB/m, p < 0.0001) and FibroScan by −0.8 kPa (8.9 → 8.0, p < 0.0001), indicating
improved steatosis and fibrosis. Metabolic outcomes were equally significant: HbA1c
declined from 8.0% to 7.4% (∆ −0.5, p < 0.0001), fasting glucose from 162.0 to 148.5 mg/dL,
and BMI from 32.2 to 30.1 kg/m2 (∆ −1.8, p < 0.0001). Lipid profile improved with LDLc
reduction from 133.5 to 100.0 mg/dL and triglycerides from 197.5 to 168.5 mg/dL, while
HDLc increased from 39.0 to 43.0 mg/dL (all p < 0.0001). Correlation analysis showed that
reductions in CAP and FibroScan were strongly associated with weight loss, improved
HbA1c, and lipid lowering (ρ = 0.5–0.6, p < 0.0001), highlighting the interaction between
metabolism and the liver in the progression of MASLD.

This observational study revealed significant associations between the use of modern
antidiabetic therapies and changes in non-invasive liver markers (CAP, FibroScan) in
patients with T2D and MASLD from a Romanian center, who were followed for a short
period of 6 months. Our results showed that, within the analyzed cohorts, only certain
classes of medication (GLP-1 RA and SGLT2i) were associated with statistically significant
improvements in steatosis and cardiometabolic parameters.

Over the 6-month follow-up, patients treated with GLP-1 RA showed the greatest
mean improvements in steatosis (CAP −50 dBm) and fibrosis (FibroScan −1.0 kPa), a
finding also noted for the SGLT2i subgroup, but with smaller magnitudes. Clinically rel-
evant weight loss (−8.0 kg), waist reduction (−6 cm), and BMI reduction (−2.8 kg/m2)
were also observed. Glycemic control improved with a mean HbA1c of −0.7%, which
was greater than in all other therapy groups. The SGLT2i subgroup also showed signif-
icant improvements in CAP (−30.5 dB/m), Fibroscan (−0.7 kPa), LDLc (−22 mg/dL),
TG (−28 mg/dL), and body weight (−4.0 kg). These findings are consistent with the
recognized metabolic and cardiometabolic benefits of SGLT2i. However, their effect on
hepatic markers was less pronounced than that of GLP-1 RA. Additionally, the data pre-
sented reflect statistical correlations within the analyzed cohorts, and any ‘effect’ relation-
ship should not be interpreted as evidence of causality in the absence of a randomized
experimental design.

Incretin mimetics, beyond their beneficial effect on glycemic control, also demonstrate
other metabolic benefits, with increasingly clear results on liver damage, through the
remission of steatohepatitis and liver fibrosis. Real-life controlled trials (RCTs) have shown
that GLP-1 ARs such as semaglutide, liraglutide, and exenatide used in patients with
T2D reduce steatosis measured by magnetic resonance imaging, slow the progression
to cirrhosis, and decrease mortality [13,23,24]. The beneficial effects of incretin agonists
on hepatic steatosis and metabolic parameters have been demonstrated, with a higher
level of evidence, in randomized clinical trials such as LEAN [12] and ESSENCE [25],
where liraglutide or semaglutide caused MASH remission and, partially, fibrosis regression,
although with more modest histological results for fibrosis compared to steatohepatitis
remission. A recent meta-analysis shows that, compared to a placebo, GLP-1 RAs increase
the chance of MASH remission by more than four times. However, the absolute reduction
in steatosis and improvement in fibrosis on non-invasive imaging are modest, and the
long-term clinical significance remains to be proven.

Tirzepatide, a dual agonist (GLP-1/GIP), reduced hepatic steatosis in patients with
T2D, demonstrating beneficial effects in the treatment of MASLD. A recent study evaluated
the results of Tirzepatide on MASH resolution over 52 weeks of treatment. MASH resolution
was achieved in 73.9% of patients receiving the highest dose [26].

Insulin therapy has a positive impact by reducing hepatic steatosis and liver enzyme
levels in patients with MASLD [27–30]. A randomized clinical trial compared insulin
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glargine with liraglutide and found that both reduced the percentage of hepatocyte fat
loading [30].

At the same time, treatment with SGLT2i has led to significant reductions in elastog-
raphy steatosis in 24-week RCTs; however, the impact on fibrosis and liver complications
remains uncertain [27,28]. Glucose uptake by the liver stimulates de novo lipogenesis, so
inhibiting glucose reabsorption and increasing its elimination could be extremely beneficial
in MASLD. Beyond their effects on glycemic control, SGLT2i reduces hepatic steatosis, IR,
liver enzymes, and inflammatory syndrome [31–34].

Metformin remains a cornerstone therapy for diabetes, but it provides only mod-
est, inconsistent direct benefits on histologic MASH endpoints. However, it is weight-
neutral/weight-lowering in some cohorts, inexpensive, safe, and recommended for
glycaemic control; its liver-specific utility is limited compared with GLP-1 RA or
SGLT2i [29,30,35,36].

The magnitude of the improvements in liver function observed in our study falls
within the ranges reported by clinical trials with non-histological follow-up; however, a
true regression of fibrosis cannot be concluded, only a short-term association. The clinical
experience revealed in this cohort supports the idea that antidiabetic agents that also have a
beneficial action on weight (GLP-1 RA, SGLT2i) are associated with a rapid improvement in
liver markers, at least in the short term, but randomized trials and long-term comparisons
remain essential to demonstrate the real benefit on MASLD progression and liver survival.
Current international guidance emphasizes lifestyle as the first-line therapy and suggests
the preferential use of weight-lowering (GLP-1 RA, SGLT2i) or weight-neutral (metformin)
antihyperglycemics in MASLD, while noting that evidence continues to evolve and that
individualized risk–benefit assessment is essential. Ongoing large trials and post-marketing
surveillance will determine whether the histologic and clinical liver benefits are associated
with deterioration of hepatic function and mortality.

Study Limitations and Strengths

One of the main strengths of this study is its prospective design, which allows the
assessment of the dynamics of hepatic and metabolic parameters after the initiation or
modification of antidiabetic treatment. The use of validated methods such as transient
elastography (FibroScan) and CAP ensures a rigorous and objective measurement of hepatic
steatosis and fibrosis. In addition, the selection of a clinically relevant sample of patients
with T2D and MASLD, often with multiple comorbidities and increased cardiovascular
risk, increases the applicability of the results to current medical practice.

However, we acknowledge a limitation in the selection of hospitalized patients with
uncontrolled diabetes, which reduces the representativeness of the cohorts for the entire
MASLD population. This subgroup is clearly distinct in terms of risk and characteristics,
limiting the extrapolation of the data. However, we considered that this selection would
rather target a subgroup with high cardiovascular/metabolic risk and in need of intensified
intervention, where results could have been observed even after a short follow-up period.
The 6-month follow-up period may be insufficient to capture the long-term effects of
antidiabetic therapies and weight loss on the progression of hepatic fibrosis and steatosis.
Longer-term studies are needed to determine whether the observed benefits are sustained
over time. The study design was observational and unicentric, which does not allow the
establishment of causal relationships, but only the observation of significant associations.
However, the purpose of observational cohorts remains to generate robust hypotheses and
describe associations relevant to practice, not to demonstrate causality. Lifestyle changes
(diet, physical activity) applied by patients during the study follow-up period were not
controlled or quantified, so their influence on the observed hepatic and metabolic outcomes
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cannot be excluded. The absence of a randomized control group limits the ability to attribute
the effects of the treatment under study exclusively. The effects may be influenced by
concomitant treatments, which are uncontrolled within the observational design. Subgroup
analysis, while providing useful insights, is susceptible to selection and prescribing bias due
to the uneven distribution of patients and potential differences in baseline profiles between
treatment groups. Therefore, we cannot support a causal superiority relationship between
therapeutic classes, as the observational design and lack of propensity-score matching
imply a risk of residual confounding. The reduction in liver fibrosis by an average of
0.8 kPa, although statistically significant, should be interpreted with caution and cannot be
considered to have certified clinical relevance without histological validation.

5. Conclusions
This study identified significant associations between the use of certain classes of

antidiabetic drugs and improvements in liver parameters and metabolic control in patients
with T2D and MASLD. The analysis suggests that the use of GLP-1 RAs and SGLT2i
was associated with the most consistent benefits on these parameters; however, these
results should be interpreted with caution, given the observational design and potential
uncontrolled confounders. The observed effects cannot be considered as evidence of a
causal relationship. Further, randomized trials are needed to confirm the central role
of these therapies in the management of MASLD in diabetic patients. Several factors,
including baseline liver function, glycemic control, body weight, and adherence to therapy,
influence the effectiveness of these drugs. Although lifestyle measures play an important
role, carefully selected pharmacological therapy, individualized for each patient, is essential
for slowing disease progression and improving quality of life. The results of this study
support the idea that prioritizing GLP-1RA therapy could be beneficial in T2DM patients
with MASLD.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/medicina61101850/s1, Table S1: Baseline general characteristics
of studied patients, compared by gender; Table S2: Dynamics of studied parameters.

Author Contributions: Conceptualization O.A. and R.T.; Methodology A.B.; Validation B.T.; Formal
Analysis O.A. and R.T.; Investigation, O.A., B.T. and S.P.; Resources A.B. and S.L.; Data Curation
A.B. and S.L.; Writing—Original Draft Preparation O.A., S.P. and R.T.; Writing—Review and Editing
O.A., B.T. and A.B.; Visualization A.B. and B.T.; Supervision O.A. and R.T.; Project Administration
O.A.; Funding Acquisition O.A. All authors have read and agreed to the published version of
the manuscript.

Funding: We would like to acknowledge Victor Babes University of Medicine and Pharmacy of
Timisoara for their support in covering the publication costs for this research paper.

Institutional Review Board Statement: The investigation was conducted in accordance with the
Declaration of Helsinki and with the approval of the Emergency County Hospital Timisoara’s Ethical
Committee (No. 512/26 November 2024).

Informed Consent Statement: Informed consent was obtained from each patient by having them
sign the informed consent form.

Data Availability Statement: Patients who participated in this study did not provide written consent
for the public dissemination of their data; therefore, supporting data are unavailable due to the
sensitive nature of the research.

https://www.mdpi.com/article/10.3390/medicina61101850/s1
https://www.mdpi.com/article/10.3390/medicina61101850/s1


Medicina 2025, 61, 1850 15 of 17

Acknowledgments: The researchers from the Diabetes, Nutrition, Metabolic Diseases, and Systemic
Rheumatology University Clinic at the “Pius Brînzeu” Emergency Clinical County University Hos-
pital, Timisoara, Romania, are acknowledged with gratitude by the authors for their assistance in
acquiring the data. Recognizing the contributions of all colleagues is essential.

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the design
of the study, in the collection, analysis, or interpretation of data, in the writing of the manuscript, or
in the decision to publish the results.

References
1. Ruissen, M.M.; Mak, A.L.; Beuers, U.; Tushuizen, M.E.; Holleboom, A.G. Non-alcoholic fatty liver disease: A multidisciplinary

approach towards a cardiometabolic liver disease. Eur. J. Endocrinol. 2020, 183, R57–R73. [CrossRef]
2. Perumpail, B.J.; Khan, M.A.; Yoo, E.R.; Cholankeril, G.; Kim, D.; Ahmed, A. Clinical epidemiology and disease burden of

nonalcoholic fatty liver disease. World J. Gastroenterol. 2017, 23, 8263–8276. [CrossRef]
3. Koehler, E.M.; Schouten, J.N.L.; Hansen, B.E.; Van Rooij, F.J.A.; Hofman, A.; Stricker, B.H.; Janssen, H.L. Prevalence and risk

factors of non-alcoholic fatty liver disease in the elderly: Results from the Rotterdam study. J. Hepatol. 2012, 57, 1305–1311.
[CrossRef]

4. Van Son, K.C.; Te Nijenhuis-Noort, L.C.; Boone, S.C.; Mook-Kanamori, D.O.; Holleboom, A.G.; Roos, P.R.; Lamb, H.J.; Alblas,
G.; Coenraad, M.J.; Rosendaal, F.R.; et al. Prevalence of metabolic dysfunction-associated steatotic liver disease (MASLD) in a
middle-aged population with overweight and normal liver enzymes, and diagnostic accuracy of noninvasive proxies. Medicine
2024, 103, E34934. [CrossRef]

5. Rinella, M.E.; Lazarus, J.V.; Ratziu, V.; Francque, S.M.; Sanyal, A.J.; Kanwal, F.; Romero, D.; Abdelmalek, M.F.; Anstee, Q.M.;
Arab, J.P.; et al. A multisociety Delphi consensus statement on new fatty liver disease nomenclature. J. Hepatol. 2023, 79, 1542–1556.
[CrossRef] [PubMed]

6. Qi, L.; Groeger, M.; Sharma, A.; Goswami, I.; Chen, E.; Zhong, F.; Ram, A.; Healy, K.; Hsiao, E.C.; Willenbring, H.; et al. Adipocyte
inflammation is the primary driver of hepatic insulin resistance in a human iPSC-based microphysiological system. Nat. Commun.
2024, 15, 7991. [CrossRef]

7. L’homme, L.; Sermikli, B.P.; Haas, J.T.; Fleury, S.; Quemener, S.; Guinot, V.; Barreby, E.; Esser, N.; Caiazzo, R.; Verkindt, H.; et al.
Adipose tissue macrophage infiltration and hepatocyte stress increase GDF-15 throughout development of obesity to MASH. Nat.
Commun. 2024, 15, 7173. [CrossRef]

8. Chen, Q.; Jiang Fjie Gao, X.; Li, X.Y.; Xia, P. Steatotic hepatocyte-derived extracellular vesicles promote β-cell apoptosis and
diabetes via microRNA-126a-3p. Liver Int. 2023, 43, 2560–2570. [CrossRef]

9. Vernon, G.; Baranova, A.; Younossi, Z.M. Systematic review: The epidemiology and natural history of non-alcoholic fatty liver
disease and non-alcoholic steatohepatitis in adults. Aliment. Pharmacol. Ther. 2011, 34, 274–285. [CrossRef]

10. Huang, D.Q.; Wilson, L.A.; Behling, C.; Kleiner, D.E.; Kowdley, K.V.; Dasarathy, S.; Amangurbanova, M.; Terrault, N.A.; Diehl,
A.M.; Chalasani, N.; et al. Fibrosis Progression Rate in Biopsy-Proven Nonalcoholic Fatty Liver Disease Among People with
Diabetes Versus People Without Diabetes: A Multicenter Study. Gastroenterology 2023, 165, 463–472.e5. [CrossRef] [PubMed]

11. Tacke, F.; Horn, P.; Wai-Sun Wong, V.; Ratziu, V.; Bugianesi, E.; Francque, S.; Zelber-Sagi, S.; Valenti, L.; Roden, M.; Schick, F.; et al.
EASL–EASD–EASO Clinical Practice Guidelines on the management of metabolic dysfunction-associated steatotic liver disease
(MASLD). J. Hepatol. 2024, 81, 492–542. [CrossRef]

12. Armstrong, M.J.; Gaunt, P.; Aithal, G.P.; Barton, D.; Hull, D.; Parker, R.; Hazlehurst, J.M.; Guo, K.; Abouda, G.;
Aldersley, M.A.; 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, 679–690. [CrossRef] [PubMed]

13. Newsome, P.N.; Buchholtz, K.; Cusi, K.; Linder, M.; Okanoue, T.; Ratziu, V.; Sanyal, A.J.; Sejling, A.S.; Harrison, S.A. A Placebo-
Controlled Trial of Subcutaneous Semaglutide in Nonalcoholic Steatohepatitis. N. Engl. J. Med. 2021, 384, 1113–1124. [CrossRef]
[PubMed]

14. Ng, C.H.; Teng, M.L.P.; Chew, N.W.S.; Chan, K.E.; Yong, J.N.; Quek, J.; Tan, D.J.; Lim, W.H.; Lee, G.S.; Wong, J.; et al. Statins
decrease overall mortality and cancer related mortality but are underutilized in NAFLD: A longitudinal analysis of 12,538
individuals. Expert. Rev. Gastroenterol. Hepatol. 2022, 16, 895–901. [CrossRef]

15. Francque, S.; Ratziu, V. Future Treatment Options and Regimens for Nonalcoholic Fatty Liver Disease. Clin. Liver Dis. 2023, 27,
429–449. [CrossRef]

https://doi.org/10.1530/EJE-20-0065
https://doi.org/10.3748/wjg.v23.i47.8263
https://doi.org/10.1016/j.jhep.2012.07.028
https://doi.org/10.1097/MD.0000000000034934
https://doi.org/10.1016/j.jhep.2023.06.003
https://www.ncbi.nlm.nih.gov/pubmed/37364790
https://doi.org/10.1038/s41467-024-52258-w
https://doi.org/10.1038/s41467-024-51078-2
https://doi.org/10.1111/liv.15654
https://doi.org/10.1111/j.1365-2036.2011.04724.x
https://doi.org/10.1053/j.gastro.2023.04.025
https://www.ncbi.nlm.nih.gov/pubmed/37127100
https://doi.org/10.1016/j.jhep.2024.04.031
https://doi.org/10.1016/S0140-6736(15)00803-X
https://www.ncbi.nlm.nih.gov/pubmed/26608256
https://doi.org/10.1056/NEJMoa2028395
https://www.ncbi.nlm.nih.gov/pubmed/33185364
https://doi.org/10.1080/17474124.2022.2119128
https://doi.org/10.1016/j.cld.2023.01.010


Medicina 2025, 61, 1850 16 of 17

16. Lindén, D.; Romeo, S. Therapeutic opportunities for the treatment of NASH with genetically validated targets. J. Hepatol. 2023, 79,
1056–1064. [CrossRef]

17. Pacana, T.; Sanyal, A.J. Vitamin E and nonalcoholic fatty liver disease. Curr. Opin. Clin. Nutr. Metab. Care 2012, 15, 641–648.
[CrossRef]

18. Manzano-Nunez, R.; Rivera-Esteban, J.; Comas, M.; Angel, M.; Flores, V.; Bañares, J.; Ciudin, A.; Vilallonga, R.; Pericas, J.M.
Outcomes of Patients with Severe Obesity and Cirrhosis with Portal Hypertension Undergoing Bariatric Surgery: A Systematic
Review. Obes. Surg. 2023, 33, 224–233. [CrossRef] [PubMed]

19. Wang, G.; Huang, Y.; Yang, H.; Lin, H.; Zhou, S.; Qian, J. Impacts of bariatric surgery on adverse liver outcomes: A systematic
review and meta-analysis. Surg. Obes. Relat. Dis. 2023, 19, 717–726. [CrossRef]

20. Pinzani, M.; Vizzutti, F.; Arena, U.; Marra, F. Technology Insight: Noninvasive assessment of liver fibrosis by biochemical scores
and elastography. Nat. Clin. Pract. Gastroenterol. Hepatol. 2008, 5, 95–106. [CrossRef]

21. Rinella, M.E.; Neuschwander-Tetri, B.A.; Siddiqui, M.S.; Abdelmalek, M.F.; Caldwell, S.; Barb, D.; Kleiner, D.E.; Loomba, R.
AASLD Practice Guidance on the clinical assessment and management of nonalcoholic fatty liver disease. Hepatology 2023, 77,
1797–1835. [CrossRef]

22. Vanderheiden, A.; Harrison, L.B.; Warshauer, J.T.; Adams-Huet, B.; Li, X.; Yuan, Q.; Hulsey, K.; Dimitrov, I.; Yokoo, T.;
Jaster, A.W.; et al. Mechanisms of Action of Liraglutide in Patients with Type 2 Diabetes Treated with High-Dose Insulin. J. Clin.
Endocrinol. Metab. 2016, 101, 1798–1806. [CrossRef]

23. Kanwal, F.; Kramer, J.R.; Li, L.; Yang, Y.X.; Cao, Y.; Yu, X.; Samuel, R.; Ali, B.; Desiderio, R.; Cholankeril, G.; et al. GLP-1 Receptor
Agonists and Risk for Cirrhosis and Related Complications in Patients with Metabolic Dysfunction-Associated Steatotic Liver
Disease. JAMA Intern. Med. 2024, 184, 1314–1323. [CrossRef] [PubMed]

24. Newsome, P.N.; Sanyal, A.J.; Engebretsen, K.A.; Kliers, I.; Østergaard, L.; Vanni, D.; Bugianesi, E.; Rinella, M.E.; Roden, M.;
Ratziu, V. Semaglutide 2.4 mg in Participants with Metabolic Dysfunction-Associated Steatohepatitis: Baseline Characteristics
and Design of the Phase 3 ESSENCE Trial. Aliment. Pharmacol. Ther. 2024, 60, 1525–1533. [CrossRef]

25. Zhu, Y.; Xu, J.; Zhang, D.; Mu, X.; Shi, Y.; Chen, S.; Wu, Z.; Li, S. Efficacy and Safety of GLP-1 Receptor Agonists in Patients with
Type 2 Diabetes Mellitus and Non-Alcoholic Fatty Liver Disease: A Systematic Review and Meta-Analysis. Front. Endocrinol.
2021, 12, 769069. [CrossRef]

26. Zhou, R.; Lin, C.; Cheng, Y.; Zhuo, X.; Li, Q.; Xu, W.; Zhao, L.; Yang, L. Liraglutide Alleviates Hepatic Steatosis and Liver Injury in
T2MD Rats via a GLP-1R Dependent AMPK Pathway. Front. Pharmacol. 2021, 11, 600175. [CrossRef]

27. Cusi, K.; Sanyal, A.J.; Zhang, S.; Hoogwerf, B.J.; Chang, A.M.; Jacober, S.J.; Bue-Valleskey, J.M.; Higdon, A.N.; Bastyr, E.J.; Haupt,
A.; et al. Different effects of basal insulin peglispro and insulin glargine on liver enzymes and liver fat content in patients with
type 1 and type 2 diabetes. Diabetes Obes. Metab. 2016, 18 (Suppl. S2), 50–58. [CrossRef] [PubMed]

28. Juurinen, L.; Tiikkainen, M.; Häkkinen, A.M.; Hakkarainen, A.; Yki-Järvinen, H. Effects of insulin therapy on liver fat content and
hepatic insulin sensitivity in patients with type 2 diabetes. Am. J. Physiol. Endocrinol. Metab. 2007, 292, E829–E835. [CrossRef]
[PubMed]

29. Lingvay, I.; Raskin, P.; Szczepaniak, L.S. Effect of insulin-metformin combination on hepatic steatosis in patients with type 2
diabetes. J. Diabetes Complicat. 2007, 21, 137–142. [CrossRef]

30. Tang, A.; Rabasa-Lhoret, R.; Castel, H.; Wartelle-Bladou, C.; Gilbert, G.; Massicotte-Tisluck, K.; Chartrand, G.; Olivié, D.; Julien,
A.-S.; de Guise, J.; et al. Effects of Insulin Glargine and Liraglutide Therapy on Liver Fat as Measured by Magnetic Resonance in
Patients with Type 2 Diabetes: A Randomized Trial. Diabetes Care 2015, 38, 1339–1346. [CrossRef]

31. Latva-Rasku, A.; Honka, M.J.; Kullberg, J.; Mononen, N.; Lehtimäki, T.; Saltevo, J.; Kirjavainen, A.K.; Saunavaara, V.; Iozzo,
P.; Johansson, L.; et al. The SGLT2 Inhibitor Dapagliflozin Reduces Liver Fat but Does Not Affect Tissue Insulin Sensitivity:
A Randomized, Double-Blind, Placebo-Controlled Study With 8-Week Treatment in Type 2 Diabetes Patients. Diabetes Care 2019,
42, 931–937. [CrossRef] [PubMed]

32. Kahl, S.; Gancheva, S.; Straßburger, K.; Herder, C.; Machann, J.; Katsuyama, H.; Kabisch, S.; Henkel, E.; Kopf, S.;
Lagerpusch, M.; et al. Empagliflozin Effectively Lowers Liver Fat Content in Well-Controlled Type 2 Diabetes: A Random-
ized, Double-Blind, Phase 4, Placebo-Controlled Trial. Diabetes Care 2020, 43, 298–305. [CrossRef] [PubMed]

33. Taheri, H.; Malek, M.; Ismail-Beigi, F.; Zamani, F.; Sohrabi, M.; Reza Babaei, M.; Khamseh, M.E. 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, 4697–4708. [CrossRef]

34. Chehrehgosha, H.; Sohrabi, M.R.; Ismail-Beigi, F.; Malek, M.; Reza Babaei, M.; Zamani, F.; Ajdarkosh, H.; Khoonsari, M.; Fallah,
A.E.; Khamseh, M.E. 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, 843–861. [CrossRef]

https://doi.org/10.1016/j.jhep.2023.05.007
https://doi.org/10.1097/MCO.0b013e328357f747
https://doi.org/10.1007/s11695-022-06362-9
https://www.ncbi.nlm.nih.gov/pubmed/36422758
https://doi.org/10.1016/j.soard.2022.12.025
https://doi.org/10.1038/ncpgasthep1025
https://doi.org/10.1097/HEP.0000000000000323
https://doi.org/10.1210/jc.2015-3906
https://doi.org/10.1001/jamainternmed.2024.4661
https://www.ncbi.nlm.nih.gov/pubmed/39283612
https://doi.org/10.1111/apt.18331
https://doi.org/10.3389/fendo.2021.769069
https://doi.org/10.3389/fphar.2020.600175
https://doi.org/10.1111/dom.12751
https://www.ncbi.nlm.nih.gov/pubmed/27723227
https://doi.org/10.1152/ajpendo.00133.2006
https://www.ncbi.nlm.nih.gov/pubmed/17090752
https://doi.org/10.1016/j.jdiacomp.2007.02.005
https://doi.org/10.2337/dc14-2548
https://doi.org/10.2337/dc18-1569
https://www.ncbi.nlm.nih.gov/pubmed/30885955
https://doi.org/10.2337/dc19-0641
https://www.ncbi.nlm.nih.gov/pubmed/31540903
https://doi.org/10.1007/s12325-020-01498-5
https://doi.org/10.1007/s13300-021-01011-3


Medicina 2025, 61, 1850 17 of 17

35. Perazza, F.; Leoni, L.; Colosimo, S.; Musio, A.; Bocedi, G.; D’Avino, M.; Agnelli, G.; Nicastri, A.; Rossetti, C.; Sacilotto, F.; et al.
Metformin and the Liver: Unlocking the Full Therapeutic Potential. Metabolites 2024, 14, 186. [CrossRef]

36. Albai, O.; Timar, B.; Paun, D.L.; Sima, A.; Roman, D.; Timar, R. Metformin Treatment: A Potential Cause of Megaloblastic Anemia
in Patients with Type 2 Diabetes Mellitus. Diabetes Metab. Syndr. Obes. 2020, 13, 3873–3878. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/metabo14040186
https://doi.org/10.2147/DMSO.S270393
https://www.ncbi.nlm.nih.gov/pubmed/33116733

	Introduction 
	Materials and Methods 
	Patients 
	Clinical Parameters, Biomarkers, and Non-Invasive Imaging Tests 
	Statistical Analysis 

	Results 
	Descriptive Analysis of the Studied Cohort 
	Analysis of the Dynamics of the Studied Factors 
	Correlation Analysis Between Changes in the Studied Factors in the Cohort 
	Comparison of the Dynamics of the Studied Parameters According to theAntidiabetic Medication 
	Regression Analysis for Evaluating Potential Associated Factors with the Change in Liver Steatosis (CAP) and Liver Fibrosis (FibroScan) 

	Discussion 
	Conclusions 
	References

