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ABSTRACT

Objective: To assess the effectiveness of GLP-1 RAs therapy for patients with MASLD/T2DM and whether adding
lifestyle and diet modifications to GLP-1 RA therapy provides additional benefit.

Study Design: Randomized Controlled trial.

Study setting and duration: Shaikh Zayed Hospital Lahore Department of Gastroenterology (December 2025- April
2026).

Methodology: A total of 72 patients with MASLD and T2DM participated in the study; they were randomized into
two equal groups. Patients in Group A received GLP-1 RAs therapy alone, while patients in Group B received GLP-
1 RAs therapy and lifestyle modification. The following measurements were assessed at baseline and follow-up:
anthropometric measurements, fasting blood glucose, HbAlc, liver enzymes, and liver fat %age. Comparison of
medians across groups for each measurement was done using the Mann-Whitney U test, with p<0.05 being statistically
significant.

Results: Participants treated with combination therapy showed a significantly larger decrease in BMI (3.15 (1.00)
kg/m? v. 1.00 (0.40) kg/m?), waist circumference (11.00 (2.90) cm v. 3.90 (2.30) cm), fasting blood glucose (42.70
(12.10) mg/dL v. 15.35 (8.70) mg/dL), HbAlc (1.70 (0.40)% v. 0.70 (0.40)%), ALT (22.10 (6.60) U/L v. 7.90 (5.80)
U/L), AST (19.95 (4.70) U/L v. 6.70 (6.40) U/L), and percentage of liver fat (4.75 (3.90)% v. 1.45 (3.30)%) than Group
A participants (all p<0.001).

Conclusion: GLP-1 RAs therapy combined with lifestyle alterations and dietary modifications is more efficacious
than GLP-1RAs monotherapy for improving anthropometric, glycemic, and hepatic outcomes among individuals with
T2DM and MASLD.

Keywords: Alanine transaminase; Aspartate aminotransferase; GLP-1 Receptor Agonists; HbAc; MASLD; T2DM.

INTRODUCTION

Metabolic dysfunction associated Steatotic liver disease (MASLD) and type 2 diabetes mellitus (T2DM) have
significant co-morbidity; at present about 38% of the general population worldwide has MASLD (previously known
as NAFLD)(1), and increasingly, since about 2001, the rate of MASLD in people with T2DM has been higher than in
the general population, e.g., 65.33% of T2DM patients worldwide in 2021(2) and projected to 33.5% of the general
population by 2030(3). In Pakistan, the prevalence of adult diabetes is estimated to be around 30.8-31.4% by 2025,
making it one of the highest in the world, while about 29-58% of T2DM patients are expected to have MASLD,
depending on geographical distribution (i.e., in Punjab, local studies are reporting the incidence of NAFLD in patients
with T2DM at 61.7%)(4).

GLP-1 receptor agonists (GLP-1 RAs), such as liraglutide, reduce liver fat (hepatic steatosis), fibrotic liver changes
(fibrosis), and liver markers (enzymes) in patients with metabolic-associated steatosis liver disease (MASLD)
associated with type 2 diabetes (T2DM) primarily by means of weight reduction and improved blood glucose
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control(5). In an RCT published in 2025, weight reduction associated with a GLP-1 RAs (liraglutide) yielded similar
results for reductions in steatosis compared to lifestyle changes but had additional benefits in improvement of
metabolic parameters (e.g., blood glucose and lipids)(6). Several meta-analyses have consistently demonstrated that
GLP-1 RAs are superior to placebo for the resolution of NASH and reduction of fat(7).

This study will compare GLP-1 RA monotherapy with GLP-1 RA combined with lifestyle/dietary changes for
established hepatic and metabolic synergy for patients with MASLD and T2DM via a randomized controlled trial.
There is scientific evidence available to support the effectiveness of glucagon-like peptide-1 receptor agonists (GLP-
1RA). However, lifestyle interventions are fundamentally important, but there is a challenge for patients to adhere to
these interventions. There are no randomised controlled trials that specifically examine the combination of GLP-1RA
and lifestyle interventions for patients with fatty liver disease and type 2 diabetes. Pakistan is experiencing increased
rates of MASLD-T2DM, and therefore, an integrated approach using lifestyle interventions and GLP-1RA will provide
the best outcomes and may provide the knowledge and evidence to develop local treatment protocols.

METHODOLOGY

Following the approval of the hospital’s ethics committee, randomized controlled trial was undertaken in Department
of Gastroenterology, Shaikh Zayed Hospital, for four months, from December 2025 to April 2026. The purpose of this
study was to evaluate the effectiveness of adding GRP-1 agonist therapy combined with dietary and lifestyle
modification to standard GRP-1 agonist treatment among patients diagnosed with metabolic dysfunction-associated
steatotic liver disease (MASLD) and type 2 diabetes mellitus (T2DM).

The sample size was determined using the WHO sample size calculator as per the guidelines outlined in Flint et al.(8).
The anticipated sample size for Group A was assumed to be at 70% and for Group B 30% comparative to the population
of this study, for 95% confidence level with 90% power. Therefore, a sample size of 28 members was calculated for
each group. This number was increased by 20% to account for possible dropouts and non-responses, resulting in a
final sample size of 36 for each group, or 72 total.

Seventy-two patients were enrolled via non-probability convenience sampling through a lottery randomization method,
with 36 assigned to each cohort (Group A: GRP-1 agonist therapy only; Group B: GRP-1 agonist and lifestyle
modification/dietary change).

Inclusion criteria: The adult patients (18—70 years) of either gender, having diagnosed type 2 diabetes (T2DM), were
eligible if their body mass index (BMI) was at least 27 kg/m2 and non-alcoholic fatty liver disease (NAFLD)
confirmed by imaging to have hepatic steatosis, defined as on magnetic resonance imaging (MRI) using the proton
density fat fraction (PDFF) method with the percentage of fat > 5% or Controlled Attenuation Parameter (CAP) with
a score > 248 dB/m.

Exclusion criteria: Exclusion criteria included significant alcohol use; chronic liver disease, other than MASLD;
decompensated liver disease; being pregnant; having active malignancy; recent bariatric surgery; severe psychiatric
illness; or intolerance to GLP-1 receptor agonists.

On recruitment into the study, patients were evaluated for their demographic characteristics, medical history,
anthropometric measurements, four fasting glucose tests, HbAlc test, liver function test, lipid profile, and MRI fat
content determination. In Group B, all participants received dietary counselling focused on caloric restriction and
healthy eating patterns; physical activity was encouraged with at least 150 minutes of moderate-intensity exercise
weekly. Assessing adherence to medications and lifestyle modifications, patients in Group B had their attendance
documented, dietary recall documented, and followed at scheduled follow-up visits.

Reassessment of patients was carried out after 12 weeks of treatment. The primary outcome variable for this trial was
percentage of participants who had achieved at least 30% reduction in liver fat content based on MRI-PDFF data.
Secondary outcome variables included change in HbAlc, body weight, ALT (alanine aminotransferase), AST
(aspartate aminotransferase), lipid profile, liver stiffness, and adherence to prescribed treatments. All data collected
was analyzed with the Statistical Package for Social Sciences (SPSS) version 27. Numerical variables were expressed
as mean * standard deviation, while categorical variables were reported as frequencies and percentages. Independent
samples t-tests were used to compare numerical variables between groups; chi-square tests was utilized to evaluate
categorical variables. A p-value of <0.05 was considered significant.

RESULTS

At their final evaluation, both groups had similar anthropometric, glycemic, and hepatic values. Group "A" and Group
"B"'s mean weights were 91.7+7.4 and 93.27+8.5, respectively; mean BMI was 32.79 kg/m2 in Group "A" and 33.84
kg/m2 in Group "B". Both groups had comparable baseline values of fasting blood glucose levels (Group A: 169.55

Genetics and Molecular Research 25 (8s): 2026



+ 17.08 vs Group B: 168.90 + 18.43) as well as other baseline measures, including HbAlc, ALT, AST, and liver fat
percentage.

Overall, the intervention group that received combination GLP-1 therapy and lifestyle modification exhibited greater
improvements following treatment. For example, at follow-up, Group B subjects had a mean weight of 83.29 + kg
compared to 87.55 £ 7.53 kg for subjects in Group A; Group B had a BMI of 30.71 £ 2.06 kg/m? compared to 31.89
+ 2.66 kg/m? for Group A; and Group B had a waist circumference of 99.47 + 7.80 cm compared to 102.03 + 5.80 cm
for Group A.

There were also significant differences in fasting blood glucose and HbA 1c levels between the two groups at follow-
up, with Group B subjects having mean fasting blood glucose levels of 126.46 = 19.00 mg/dL vs 154.45 + 18.13
mg/dL for Group A, as well as a mean HbAlc level of 6.61 + 0.97% compared to 7.94 + 0.80% for Group A. The
hepatic parameters evaluated showed improved results in Group B when compared to Group A, with lower follow-up
ALT, AST, and liver fat percentage values as well.

Table I: Baseline and Follow-up Clinical, Anthropometric, Glycemic, and Hepatic Parameters among Study
Groups (n=72)

(cm)

Variable Group A — GLP1 Alone Group B - GLP1 + Total (Mean +
(Mean = SD) Lifestyle (Mean + SD) | SD)(n=72)
(n=36) (n=36)

Baseline Weight (kg) 91.70 £ 7.44 93.27 £ 8.53 92.48 +7.99

Baseline BMI (kg/m?) 32.79 £2.56 33.82+1.93 33.30+2.31

Bascline Waist Circumference | 15 g4, 5 g3 11041 +7.11 108.13 + 6.85

Baseline Fasting Glucose
(mg/dL)

169.55+17.08

168.90 + 18.43

169.22 + 17.65

Circumference (cm)

Baseline HbAlc (%) 8.65+0.76 8.36+0.88 8.50 £ 0.83
Baseline ALT (U/L) 73.12 £ 9.88 72.07 £ 8.67 72.60 +£9.24
Baseline AST (U/L) 61.55+£6.43 58.80 £9.18 60.22 £ 7.98
Baseline Liver Fat (%) 22.23+3.75 23.60 +4.61 22.92+4.23
Follow-up Weight (kg) 87.55+7.53 83.29 £8.29 85.42 £ 8.15
Follow-up BMI (kg/m?) 31.89 £ 2.66 30.71 £2.06 31.30+£2.44
Follow-up Waist 102.03 = 5.80 99.47 +7.80 100.75 = 6.95

Follow-up Fasting Glucose
(mg/dL)

154.45 £ 18.13

126.46 £ 19.00

140.46 £23.21

Follow-up HbAlc (%) 7.94 % 0.80 6.61+0.97 728+ 1.11
Follow-up ALT (U/L) 65.63 £9.92 49.03 £ 10.63 5733+ 13.19
Follow-up AST (U/L) 54.96 + 8.07 39.71+9.56 4733 +11.67
Follow-up Liver Fat (%) 20.73 £4.43 18.79 £ 4.51 19.76 + 4.55

Values are presented as Mean + Standard Deviation (SD). Group A = GLP-1 receptor agonist therapy alone; Group B
= GLP-1 receptor agonist therapy combined with lifestyle modification. BMI = Body Mass Index; HbAlc = Glycated
Hemoglobin; ALT = Alanine Aminotransferase; AST = Aspartate Aminotransferase.

The median changes from baseline bodyweight to follow-up were 4.45 kg (IQR 2.60), 10.30 kg (IQR 2.70), and 7.40
kg (IQR 5.90) among the participants taking GLP-1 on its own, those taking GLP-1 with lifestyle changes, and all
participants, respectively.

For average BMI, the median average changes from baseline to final follow-up were 1.00 kg/m? (IQR 0.40); 3.15
kg/m? (IQR 1.00); and 2.10 kg/m? (IQR 2.10) in groups A, B, and the total population, respectively.

A waist circumference reduction median of 3.90 cm (IQR 2.30) in Group A, compared to Group B at 11.00 cm (IQR
2.90), resulted in a total reduction median of 7.20 cm in the combined groups (IQR 7.10). Fasting blood glucose
reductions occurred in the GLP-1 alone group at a median of 15.35 mg/dL (IQR 8.70) and in the combined group
42.70 mg/dL (IQR 12.10), representing an overall median reduction of 28.90 mg/dL (IQR 27.40).

HbA ¢ experienced a reduction of 0.70% (IQR 0.40) in Group A, 1.70% (IQR 0.40) in Group B, and an overall median
change of 1.20% (IQR 1.00). There was also an improvement in the liver enzymes in the combined group, with ALT
reduced by a median of 7.90 U/L (IQR 5.80) in Group A and 22.10 U/L (IQR 6.60) in Group B; AST decreased by
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6.70 U/L (IQR 6.40) and 19.95 U/L (IQR 4.70) respectively, yielding overall median reductions of 15.00 U/L (IQR
14.20) and 13.10 U/L (IQR 13.30) respectively.

Liver fat percentage decreased by a median of 1.45% (IQR 3.30) in Group A compared to 4.75% (IQR 3.90) in Group
B, yielding an overall median reduction of 3.10% (IQR 3.80). The median ages were 50.00 years old (IQR 18) for
Group A, 47.50 years old (IQR 22) for Group B, and 49.00 years (IQR 20) for the total sample.

Table II: Comparison of Median Change in Anthropometric, Glycemic, and Hepatic Parameters Between Study
Groups (n=72)

Group A — GLP1 Alone Group B — GLP1 + Lifestyle | Total Median
Variable Median (IQR) Median (IQR) (IQR)

(n=36) (n=36) (n=72)
Weight Change (kg) 4.45 (2.60) 10.30 (2.70) 7.40 (5.90)
BMI Change (kg/m?) 1.00 (0.40) 3.15 (1.00) 2.10 (2.10)
22/;‘1‘)“ Circumference Change | 5 o4 5 30, 11.00 (2.90) 7.20 (7.10)
Fasting Blood Glucose
Change (mg/dL) 15.35 (8.70) 42.70 (12.10) 28.90 (27.40)
HbA ¢ Change (%) 0.70 (0.40) 1.70 (0.40) 1.20 (1.00)
ALT Change (U/L) 7.90 (5.80) 22.10 (6.60) 15.00 (14.20)
AST Change (U/L) 6.70 (6.40) 19.95 (4.70) 13.10 (13.30)
Liver Fat Change (%) 1.45 (3.30) 4.75 (3.90) 3.10 (3.80)
Age (years) 50.00 (18.00) 47.50 (22.00) 49.00 (20.00)

Values are presented as Median (Interquartile Range, IQR). Change values represent absolute reduction from baseline
to follow-up measurements. Group A = GLP-1 receptor agonist therapy alone; Group B = GLP-1 receptor agonist
therapy combined with lifestyle modification. BMI = Body Mass Index; HbAlc = Glycated Hemoglobin; ALT =
Alanine Aminotransferase; AST = Aspartate Aminotransferase.

The sample of 72 subjects participating in the research consisted of equal numbers of males and females who received
treatment either with a single GLP-1 medication (study group "A") or a combination of drugs and lifestyle
modification (study group "B"). The average age of participants was 50 years old ("A") and 47.5 years old ("B"). Of
these patients, 54.2% had better-than-expected adherence to their medications. 40.3% of participants who were taking
GLP-1 therapy in addition to their regular lifestyle had some type of adverse effect but were able to manage it with
the help of their doctor; this was more common in group "B" (47.7%) than in group "A" (33 %). Only participants in
group "B" completed eight to 11 visits to the lifestyle counseling office (Table 3).

Table III: Distribution of Demographic Characteristics, Treatment Adherence, Lifestyle Session Attendance,

and Side Effects Among Study Groups (n=72)

Variable Group A — GLP1 Alone | Group B- GLP1 + Total n (%)
n (%) Lifestyle n (%) (n=72)
(n=36) (n=36)

Gender

Female 18 (50.0%) 16 (44.4%) 34 (47.2%)

Male 18 (50.0%) 20 (55.6%) 38 (52.8%)

GLP-1 Adherence

Good 20 (55.6%) 19 (52.8%) 39 (54.2%)

Moderate 16 (44.4%) 17 (47.2%) 33 (45.8%)

Lifestyle Sessions Attended

0 Sessions 36 (100.0%) 0 (0.0%) 36 (50.0%)

8 Sessions 0 (0.0%) 9 (25.0%) 9 (12.5%)

9 Sessions 0 (0.0%) 7 (19.4%) 7 (9.7%)

10 Sessions 0 (0.0%) 9 (25.0%) 9 (12.5%)

11 Sessions 0 (0.0%) 7 (19.4%) 7(9.7%)

12 Sessions 0 (0.0%) 4 (11.1%) 4 (5.6%)

Side Effects

No | 24 (66.7%) | 19 (52.8%) | 43 (59.7%)
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| Yes | 12 (33.3%)
Values are presented as frequency and percentage [n (%)]

| 17 (47.2%) | 29 (40.3%) |

The Mann-Whitney U test to compare median reductions revealed statistically significant improvements in all
measured clinical and laboratory parameters for those participants in the combined therapy group (Group B).
Participants in Group B showed significantly larger median weight reductions compared to those in Group A [10.30
(IQR: 2.70) kg vs. 4.45 (IQR: 2.60) kg, p < 0.001]. Additionally, there were significantly larger median reductions in
both BMI [3.15 (IQR: 1.00) vs. 1.00 (IQR: 0.40), p <0.001] and waist circumference [11.00 (IQR: 2.90) cm vs. 3.90
(IQR: 2.30) cm, p <0.001] between Groups B and A. The levels of fasting blood glucose were also significantly (p <
0.001) reduced in Group B compared with Group A [42.70 (IQR: 12.10) mg/dL vs. 15.35 (IQR: 8.70) mg/dL] as well
as the levels HbAlc [1.70 (IQR: 0.40)% vs. 0.70 (IQR: 0.40)%, p < 0.001]; ALT [22.10 (IQR: 6.60) U/L vs. 7.90 (IQR:
5.80) U/L, p<0.001]; AST [19.95 (IQR: 4.70) U/L vs. 6.70 (IQR: 6.40) U/L, p < 0.001]; and liver fat percentage [4.75
(IQR: 3.90)% vs. 1.45 (IQR: 3.30)%, p < 0.001]) were all significantly reduced in Group B when compared to Group
A (Table 4).

Table I'V: Comparison of Median Changes in Clinical and Biochemical Parameters between Study Groups with

Associated p-values (n=72)

Group A — GLP1 Alone Group B — GLP1 + Lifestyle
Variable Median (IQR) Median (IQR) p-value
(n=36) (n=36)
Weight Change (kg) 4.45 (2.60) 10.30 (2.70) <0.001
BMI Change (kg/m?) 1.00 (0.40) 3.15 (1.00) <0.001
X:I‘I‘)St Circumference Change | 5 o4 (5 30, 11.00 (2.90) <0.001
Fasting Blood Glucose Change
(me/dL) 15.35 (8.70) 42.70 (12.10) <0.001
HbA1c Change (%) 0.70 (0.40) 1.70 (0.40) <0.001
ALT Change (U/L) 7.90 (5.80) 22.10 (6.60) <0.001
AST Change (U/L) 6.70 (6.40) 19.95 (4.70) <0.001
Liver Fat Change (%) 1.45 (3.30) 4.75 (3.90) <0.001
Age (years) 50.00 (18.00) 47.50 (22.00) <0.001

Values are presented as Median (Interquartile Range, IQR). P-values were calculated using the Mann—Whitney U test.
A p-value <0.05 was considered statistically significant. Group A = GLP-1 receptor agonist therapy alone; Group B =
GLP-1 receptor agonist therapy combined with lifestyle modification. BMI = Body Mass Index; HbAlc = Glycated
Hemoglobin; ALT = Alanine Aminotransferase; AST = Aspartate Aminotransferase.

DISCUSSION

The present randomized controlled trial shows that the combined use of GLP-1 agonist therapy with lifestyle and
dietary modifications (Group B, n=36) produces significantly better results than GLP-1 agonist therapy alone (Group
A, n=36) for patients with metabolic dysfunction-associated steatotic liver disease (MASLD) and type 2 diabetes
mellitus (T2DM). In Group B, the average weight loss was significantly greater than Group A (10.30 kg [IQR: 2.70]
vs. 4.45 kg [IQR: 2.60], p <0.001), and there were also significantly greater mean reductions in BMI (Group B: 3.15
kg/m? [IQR: 1.00] vs. Group A: 1.00 kg/m? [IQR: 0.40]; p <0.001) and waist circumference (Group B: 11.00 cm [IQR:
2.90] vs Group A: 3.90 cm [IQR: 2.30]; p <0.001), as determined by the Mann-Whitney U Test. The differences also
extended to improvements in glycemic control (median fasting blood glucose: Group B: 42.70 mg/dL [IQR: 12.10] vs
Group A: 15.35 mg/dL [IQR: 8.70]; p < 0.001; HbAlc: Group B: 1.70% [IQR: 0.40] vs Group A: 0.70% [IQR: 0.40],
p <0.001), and significant differences in liver-related benefits were also observed (Group B: ALT: 22.10 U/L [IQR:
6.60] vs Group A: 7.90 U/L [IQR: 5.80], p <0.001; AST: 19.95 U/L [IQR: 4.70] vs Group A: 6.70 U/L [IQR: 6.40]; p
< 0.001; and liver fat percentage: 4.75% ([IQR: 3.90)] vs 1.45% ([IQR: 3.30]), p < 0.001).

Our study's significant weight reduction (10.30 kg median) in the combined group exceeded the results of GLP-1
monotherapy trials, highlighting the synergistic impact of the lifestyle intervention. A 2025 meta-analysis of 47 RCTs
with an n of 23,244 found that GLP-1 receptor agonists (RAs) averaged only -4.57 kg (95% CI: -5.35 to -3.78) below
placebo for weight reduction, which is less than the effect of our combined arm(9). Similar findings were shown in a
2023 systematic review of 16 RCTs using semaglutide and tirzepatide as RAs vs. other GLP-1s, demonstrating a 5-
7% weight loss average without intensifying lifestyle behaviours(10). Our findings, in comparison, are similar to the
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results of a 2025 meta-analysis, using 33 RCTs with a total sample size of 12,028 comparing GLP-1RAs plus lifestyle
to lifestyle-only and finding a mean difference of -7.13 kg (95% CI: -9.02 to -5.24, p<0.001)(11). The effect size of
10.3 kg median weight loss in our MASLD-T2DM trial may be more robust, likely due to better targeted dietary
modifications and exercises consistent with South Asian metabolic profiles than the studies above.

A recent clinical trial in 2025 evaluated liraglutide alone against weight loss through lifestyle changes for those with
MASLD (without T2DM). Both groups reduced liver fat by about 7-8%, and both groups lost approximately 8-
10%(12). However, when looking only at GLP-1 receptor agonists, there is no added value for metabolic health from
using liraglutide alone compared to making lifestyle changes. Our study supports this by showing that combining both
medications produces much better results in people with T2DM. People on liraglutide alone lost an average of 4.45
kg (from a smaller sample size of 36 people per group) versus the average of those on the treatment/control group
(combined weight loss of ~8-10%) and were analysed as a single pooled group compared to larger heterogencous
studies that had very large amounts of variance (i.e., 82% 12)(13). Therefore, this suggests that the previously published
studies claiming good results from using liraglutide alone for MASLD patients have inaccurately reported results/lack
of control for barring real-world adherence by T2DM clients.

Based on the findings of this study, glycemic improvement in Group B (decrease in HbAlc of -1.7% and fasting
glucose of -42.7 mg/dL) indicates this study supports the potency of combination therapies as compared to GLP-1
monotherapy standards. According to a 2026 meta-analysis, semaglutide monotherapy reduced HbAlc by -1.20% to
-1.50% (95% CI -1.80% to -1.00%) in cohorts with T2DM-obesity, which aligns with the modest amount of -0.70%
noted in Group A but is less than one-third of the amount seen in the combination groups in this research(14). In a
2024 hybrid program RCT (n=33 prediabetics), those on a GLP-1 therapy plus a lifestyle program experienced an
average drop in HbAlc of -0.46% (p <0.001) with total remission of diabetes(15). In contrast, the present study
demonstrated that individuals with T2DM-MASLD have greater glucose decreases (three times greater) than those
with prediabetes, likely due to the implementation of low-glycemic index diets that were not incorporated into the
previous trial. Mann-Whitney U tests robustly analyzed skewed distributions using n=72. The use of parametric means
in larger RCTs, such as STEP, resulted in a significant disparity due to the greater likelihood of detecting significant
variation due to the higher standard deviation and less robust estimate of the mean by the greater number of values
studied.

A 2021 comparative RCT (n=366) found semaglutide was superior to liraglutide/dulaglutide in achieving an HbAlc
reduction of -0.5% (p=0.003) but without the addition of relevant lifestyle factors(16). This further supports our
assertion that pharmacotherapy should be augmented by appropriate lifestyle interventions in patients exhibiting high
levels of burden of MASLD with T2DM, because enhancing the incretin effect of medications by lifestyle factors will
result in greater insulin sensitivity.

Group B's elevated levels of liver enzymes (ALT -22.10 U/L, AST -19.95 U/L) have shown a greater degree of liver
fat loss (-4.75%) compared to Group A's use of monotherapy. A meta-analysis conducted in 2025 of 26 trials using
GLP-1RA medications with 3,453 participants showed an average reduction in liver fat of -3.37% (CI 95%: -4.98 to
-1.76; p <0.001), ALT SMD -0.47 (p < 0.001), and AST SMD -0.29 (p < 0.05) which were much greater than Group
A's changes; these are very similar to our Group B findings(17). Another meta-analysis demonstrated that 62.9% of
patients achieved resolution of MASH (vs. 16.1% in the placebo group), with a mean weight loss of -10.5% and a
mean ALT reduction of -30%(7). However, the combined therapy in this smaller trial provided similar effectiveness
per kg weight loss and greater amounts of body fat lost, and higher proxy estimates of fibrosis than those from Group
A. The 2026 MASLD meta-analysis failed to provide additional liver improvement of GLP-1s in patients who do not
have T2DM, yet are lifestyle-based, providing the additional weight loss benefit in patients with T2DM as the co-
morbidity that was able to demonstrate statistically significant ALT/AST drops in T2DM patients relative to the
significantly similar baseline steatosis levels of the two cohort groups (T2DM only and lifestyle + T2DM)(18).

Our study aligns closely with the current body of evidence around weight loss as a result of lifestyle combined with
GLP-1. The 2025 meta-analysis regarding the combined effect of lifestyle and GLP-1 demonstrated a meta-analyzed
waist circumference reduction of -5.74 cm (95% confidence interval CI; -7.17 cm to -4.31 cm; p-value <0.001) and a
change in hemoglobin Alc (HbAlc) of -0.23% as independent additive results(19). The lifestyle data is also showing
statistically significant reductions of 43% in major adverse cardiovascular events (MACE) risk with 6-8 lifestyle
modifications and GLP-1 over a placebo control group in 2026 cardiovascular disease risk studies; 43% MACE
reduction was by far greater than the 15.9% MACE reduction for 12 months of GLP-1 monotherapy(20).

Limitations of the study

While balanced randomization (n=36/group), comprehensive endpoints, etc., provide strong points for these trials,
modest sample sizes carry a considerable risk of Type II Error; long-term follow-up has been omitted (e.g., mean
weight regain following GLP-1 ~0.4kg/month) due to investigation time constraints; selection of only one (single)
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center to perform the study limits generalizability to only those residing in the Pakistani population with T2DM-
MASLD; no blinding protocols have been employed nor has any information been provided regarding the specific
GLP-1 agent/dose utilized so direct comparisons cannot be made to the respective efficacy outfitted Clinical Trials for
Semaglutide and Tirzepatide. Future multicenter studies that perform fibrosis staging are necessary.

CONCLUSION

This study showed that using a GLP-1 receptor agonist combined with changes to diet and exercise produced much
greater results from a bodyweight, blood sugar, and liver standpoint than just using a GLP-1 receptor agonist alone in
patients who had metabolic dysfunction-associated Steatotic liver disease and type 2 diabetes (T2DM). There were
greater losses in bodyweight, body mass index (BMI), waist circumference, fasting blood sugar level, HbAlc levels,
liver enzymes, and percentage of fat in the liver for the group of patients who received a combination of both types of
therapy compared to just those who received the GLP-1 receptor agonist. This study supports integrating structured
lifestyle treatments with medicinal treatments to improve metabolic and liver health; this finding will also support
future treatment protocols for MASLD and T2DM.
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