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ABSTRACT

Background: Antidiabetic drugs differ in their effects on body composition, which may influence metabolic and functional
outcomes. This systematic review and network meta-analysis aimed to quantify and compare effects of major antidiabetic drugs
on key body composition parameters.

Methods: PubMed, Web of Science and Scopus were searched from inception to March 2025 for randomized controlled trials.
Network meta-analyses used a frequentist random-effects framework to estimate mean differences (MDs) and 95% confidence
intervals (CIs) for changes in fat mass (FM) and lean body mass (LBM).

Results: Forty-one trials involving 2906 participants were included. For FM among Glucagon-like peptide-1 (GLP-1) and dual
GLP-1 and glucose-dependent insulinotropic polypeptide (GIP) receptor agonists, tirzepatide showed the greatest reduction com-
pared with placebo (MD —10.70kg; 95% CI: —13.42 to —7.99), followed by liraglutide plus exercise. Semaglutide and liraglutide
produced moderate reductions. In contrast, insulin glargine and alogliptin were associated with FM gain relative to metformin
and exenatide. For LBM, tirzepatide (MD —4.40kg; 95% CI: —7.58 to —1.22) and liraglutide (MD —1.54kg; 95% CI: —2.55 to —0.52)

Abbreviations: CDRC, Chronic Diseases Research Center; CIs, confidence intervals; DM, diabetes mellitus25; DPP-4 inhibitors, dipeptidyl peptidase-4 inhibitors;
EMRI, Endocrinology and Metabolism Research Institute; FFM, fat-free mass; FM, fat mass; GLP-1, glucagon-like peptide; GLP-1RAs, GLP-1 receptor agonists;
GRADE, grading of recommendations assessment, development and evaluation; IR, insulin resistance; LBM, lean body mass; MCID, minimal clinically important
difference; MDs, mean differences; MeSH, medical subject headings; NMA, network meta-analysis; RCTs, randomized controlled trials; RoB 1.0, Cochrane risk of bias
tool; SDs, standard deviations; SE, standard errors; SFA, subcutaneous fat area; SGLT2 inhibitors, sodium-glucose cotransporter 2 inhibitors; SMM, skeletal muscle
mass; T2DM, type 2 diabetes mellitus; TUMS, Tehran University of Medical Sciences; VFA, visceral fat area.
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were associated with significant reductions. Sodium-glucose cotransporter-2 (SGL2) inhibitors caused minor losses, whereas

metformin, insulin regimens and dipeptidyl peptidase-4 (DPP4) inhibitors showed neutral effects.

Conclusion: GLP-1 and dual GIP/GLP-1 receptor agonists produced the greatest FM reduction but also decreased lean mass.
Exercise mitigated liraglutide-related LBM loss. SGLT2 inhibitors showed modest effects, while metformin, insulin, DPP4 inhib-
itors and sulfonylureas had minimal impact. Further research on dose, duration and lifestyle influences is warranted.

1 | Introduction

A considerable number of individuals are affected by diabe-
tes mellitus (DM) in both developing and developed coun-
tries [1, 2]. DM is a complex metabolic disorder marked by
progressive dysfunction of pancreatic -cell function and in-
sulin secretion, which typically develops following the onset
of insulin resistance (IR) [3]. IR is strongly associated with
obesity and fat mass (FM) excess, a crucial pathophysiologi-
cal agent in Type 2 diabetes mellitus (T2DM) [4-6]. Moreover,
impaired insulin function in skeletal muscle interferes with
various metabolic pathways, resulting in heightened pro-
tein breakdown and muscle catabolism [7]. Individuals with
T2DM exhibit a greater reduction in lean body mass (LBM),
particularly skeletal muscle mass (SMM), compared with non-
diabetic individuals [8]. This loss of LBM increases the risk of
sarcopenia approximately 1.5-2 times higher in people with
diabetes [9]. Sarcopenia is generally defined as the age-related
loss of SMM and is commonly linked to a decline in strength
and/or overall function [10]. Furthermore, it is indicated that
antidiabetic drugs, by modulating these metabolic disorders,
might impact changes in body composition, particularly FM
and LBM [11].

The choice of antidiabetic pharmacotherapy is critical, not only
for glycemic control but also for its profound impact on body
composition, especially in the vulnerable population of DM
patients [11]. The impact of antihyperglycemic medications
on body weight varies considerably; while some agents pro-
mote weight loss in T2DM patients, others are weight-neutral
[12]. This variation underscores the importance of selecting
antidiabetic drugs based on their distinct effects on body
composition. For instance, Sodium-glucose cotransporter 2
inhibitors (SGLT2 inhibitors) decrease glucose by facilitating
renal glucose excretion with a low risk of hypoglycemia [13].
A meta-analysis of randomized controlled trials (RCTs) in-
dicated that SGLT2 inhibitors lead to improvements in body
composition parameters, including body weight, body mass
index (BMI), waist circumference, visceral and subcutaneous
fat area and total fat mass; nevertheless, a concerning decline
in muscle mass has also been documented [14]. Glucagon-like
peptide-1 (GLP-1) receptor agonists, including liraglutide,
offer glycemic regulation while also facilitating substantial
weight reduction and lowering cardiovascular risk [15]. A sys-
tematic review and network meta-analysis showed that GLP-1
receptor agonists such as semaglutide and dual GLP-1 and
glucose-dependent insulinotropic polypeptide (GIP) receptor
agonist such as tirzepatide, despite achieving greater weight
loss, are also associated with a notable reduction in LBM [16].
Another class, the Dipeptidyl peptidase-4 (DPP-4) inhibitors,
has demonstrated a favourable effect on body composition by
significantly decreasing intrahepatic and total fat mass [17].

Although the metabolic effects of antidiabetic drugs are well
established, comprehensive and comparative evidence regard-
ing their specific impacts on body composition is limited. This
knowledge gap is critical because a precise understanding of
how each drug class distinctly modifies these components is
indispensable for personalizing treatment and mitigating body
composition-related complications in T2DM patients. Therefore,
to address this requirement, we conducted a systematic review
and network meta-analysis, which directly compared the effects
of major classes of antidiabetic drugs, including GLP-1 receptor
agonists and dual GIP/GLP-1 receptor agonists, SGLT2 inhibi-
tors, DPP-4 inhibitors, metformin, sulfonylureas and insulin, on
key parameters of body composition.

1.1 | Methods

This systematic review and network meta-analysis is registered
in PROSPERO under the registration number CRD420251118474
and adheres to the guidelines specified in the Cochrane
Handbook for Systematic Reviews of Interventions [18] and the
reporting followed the PRISMA 2020 criteria for systematic re-
views and meta-analyses [19], including the corresponding ex-
tension for network meta-analyses [20]. As well as the GRADE
manual for evaluating recommendations [21].

1.2 | Search Strategy

A comprehensive search was conducted in PubMed, Web of
Science and Scopus to locate eligible studies from inception
through March 15, 2025. The search included terms related to
major antidiabetic medication classes (SGLT-2 inhibitors, GLP-1
and dual GIP/GLP-1 receptor agonists, DPP-4 inhibitors, met-
formin, sulfonylureas and insulin) combined with major body
composition parameters of interest, including weight, BMI,
LBM, fat-free mass (FFM), FM, body fat percentage, visceral fat
area (VFA) and subcutaneous fat area (SFA), as MeSH and non-
MeSH terms using our search strategy. The search was adapted
for each database in order to optimize results and we did not
include animal studies or non-English human studies. We also
manually checked the reference lists of included studies and rel-
evant reviews to find any additional publications. Unpublished
data and grey literature, including congress abstracts, theses,
dissertations and patents, were excluded from the search. Full
search details for each database can be found in Table S1.

1.3 | Eligibility Criteria

RCTs were included if they: (1) had a parallel or crossover
design, (2) were conducted in adults (>18years of age), (3)
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compared an antidiabetic medication (e.g., SGLT-2 inhibitors,
GLP-1 receptor agonists, DPP-4 inhibitors, metformin, sul-
fonylureas, insulin) against another antidiabetic medication,
a placebo, or life style change and (4) reported changes in
at least one body composition parameter (including FM and
LBM) measured by validated methods (e.g., DXA, BIA, CT,
MRI). Studies were eligible if they provided mean changes and
corresponding standard deviations (SDs) for these parameters.
If these values were not directly reported, they were calcu-
lated from baseline and follow-up data whenever possible, fol-
lowing established guidelines [22].

1.4 | Exclusion Criteria

We excluded non-human studies, observational studies,
single-arm trials, case reports, cross-sectional or case-control
studies, narrative reviews, protocols, editorials, books, letters
and conference abstracts. Furthermore, we eliminated stud-
ies that were limited to juvenile populations, only reported
body weight without body composition data, did not include
pre- and post-intervention measurements required to assess
changes in FM or LBM, or lacked extractable body composi-
tion data.

1.5 | Study Selection

Initially, all identified records from database searches were
imported into the Rayyan reference management software for
systematic review management. To minimize bias and ensure
accuracy, the screening process was conducted independently
by two reviewers. Three steps were engaged in the selection pro-
cess: (1) titles and abstracts were screened to eliminate studies
that were obviously irrelevant; (2) full-text articles were retrieved
and evaluated for eligibility using predetermined criteria; and
(3) final inclusion of studies meeting all eligibility requirements.
During the screening process, any disagreements between the
two reviewers (S. R. and Y. A.) were settled by conversation or,
if required, by seeking advice from a third impartial reviewer
(R. H.).

1.6 | Data Extraction

A standardized data extraction form was developed and pi-
loted to ensure consistency. Three independent reviewers (S.
R, S. E. and A. K.) extracted data from each included study,
and any disagreements were resolved either by consultation
with a principal investigator (R. H.). The extracted data in-
cluded: study characteristics (author, year, country, design,
duration, sample size), participant demographics (age, sex),
intervention details (drug, dose, administration), comparator
information and outcome data for body composition param-
eters (weight, BMI, FM, LBM). Corresponding authors were
contacted to gather essential information regarding stud-
ies with incomplete or missing data. Moreover, we used Get
Data Graph Digitizer version 2.24 to extract numerical esti-
mates from graphs. For studies that did not report standard
deviations (SDs) for mean changes, missing values were im-
puted using established methods (e.g., calculating SDs from

confidence intervals, standard errors (SE), or p-values) in ac-
cordance with recommended guidelines [20, 23].

1.7 | Grading of the Evidence

We assessed the reliability of the evidence for outcomes from the
network meta-analysis by applying the GRADE method for net-
work meta-analyses [24]. This evaluation was performed sepa-
rately for each pairwise comparison derived from the network.
The certainty of evidence for each network estimate was deter-
mined based on an assessment of the contributing direct and
indirect evidence. We used the GRADEPRO website for assess-
ing the certainty of evidence in direct comparisons included for
crucial sections, including randomized trials, risk of bias, incon-
sistency and indirectness. For indirect certainty of evidence as-
sessed intransitivity and certainty of evidence in a network, the
following factors, such as incoherence (disagreement between
direct and indirect comparisons) and imprecision. To evaluate
imprecision, we examined whether the 95% confidence intervals
of the effect estimates crossed a pre-specified minimal clinically
important difference (MCID) threshold. For key body composi-
tion outcomes, such as changes in FM and LBM, a threshold of
2kg change from baseline was considered clinically important
for FM, but MCID for LBM has not been formally established;
however, based on previous studies, we considered 1.5kg as a
reference value in this analysis [25-27].

1.8 | Risk of Bias Assessment

Bias was assessed using the revised Cochrane risk-of-bias tool
(ROB 2) [28]. Two reviewers (S.R. and S.E.) independently eval-
uated the risk of bias across the five domains: bias arising from
the randomization process, bias due to deviations from intended
interventions, bias due to missing outcome data, bias in mea-
surement of the outcome and bias in selection of the reported re-
sult. For crossover trials, the ROB 2 variant specifically designed
for this design was utilized, with additional attention paid to the
risk of bias due to carry-over effects and period effects [29]. The
overall risk of bias judgement for each study was summarized as
‘low risk’, ‘some concerns’ or ‘high risk’ based on Cochrane cri-
teria [28]. Any disagreements between the two reviewers were
resolved through discussion or by consulting a principal investi-
gator (R.H.) to reach a consensus.

1.9 | Statistical Analysis

Data synthesis was performed using R software (version 4.3.0)
with the ‘netmeta’ package for network meta-analysis (NMA)
[30]. All analyses were performed within a frequency model
using a random-effects model to account for between-study
heterogeneity [31]. Treatment effects were expressed as mean
differences (MD) with 95% confidence intervals (CIs) for con-
tinuous outcomes. Transitivity assumption was evaluated by
comparing the distribution of potential effect modifiers includ-
ing baseline BMI, age, sex proportion and study duration [32].
The global heterogeneity variance (7?) was estimated to quan-
tify between-study variability, and the I? statistic was used to
assess the proportion of total variation due to heterogeneity
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[33, 34]. Inconsistency between direct and indirect evidence was
assessed using local node-splitting models [35] and the global
design-by-treatment interaction model [36]. If significant incon-
sistency was detected (p<0.05), its sources were investigated
through sensitivity analyses [37]. Pre-specified sensitivity anal-
yses were performed based on study duration, baseline BMI,
method of body composition assessment, baseline haemoglobin
Alc (HbAlc), background therapy (add-on vs. monotherapy)
and lifestyle co-interventions. The relative ranking of treat-
ments was assessed by means of the P score, defined by Riicker
and Schwarzer as a frequentist equivalent of the Surface Under
the Cumulative Ranking (SUCRA) curve [31]. The P score pro-
duces a value confined to the [0-1] interval, which represents
the mean probability that a specific intervention is superior to
all other competing treatments, while properly incorporating
the precision of the effect estimates [31]. Higher P score denotes
a more beneficial effect on FM reduction and LBM preservation
[38, 39]. All statistical tests were two-sided, and p-values <0.05
were considered statistically significant.

1.10 | Publication Bias

The potential for publication bias was assessed by evaluating
the magnitude of asymmetry in the funnel plot by creating
comparison-adjusted funnel plots [40].

2 | Result
2.1 | Literature Search and Study Selection Process

Figure 1 illustrates the process of systematic literature search
and study selection. Following the removal of 1334 duplicate
records and 2823 studies that did not meet the inclusion crite-
ria, 82 full-text articles were assessed; of those, 41 trials were
considered eligible for inclusion. Table S2 presents the list of ex-
cluded studies based on reviewing the full texts with reasons for
exclusions.

2.2 | General Characteristics

Forty-one randomized trials with 2906 patients with T2DM,
Type 1 Diabetes, Non-Alcoholic Fatty Liver Disease, Polycystic
Ovary Syndrome, obesity and overweight or a combination of
them found to meet the criteria for inclusion in the current net-
work meta-analysis (Table S3) [41-81]. Methods of assessing
body composition in included studies included: Dual-energy x-
ray absorptiometry (DEXA), Bioelectrical impedance analysis
(BIA), computed tomography scan (CT scan), Magnetic reso-
nance imaging (MRI) and Air displacement plethysmography
(ADP). Interventions included medications from six antidia-
betic drug classes, calorie restriction (CR) diets and exercise as
a separate intervention or in combination with some of the drug
interventions; Network geometries of treatment comparisons
for FM and LBM outcomes are presented in Figures 2 and 3.
We included some trials in two analyses because they had re-
ported different antidiabetic interventions from different classes
[45, 48, 50, 52]. Three trials had a cross-over design [47, 54, 65]
while the remaining studies utilized a parallel design. Two trials

were conducted in female participants [44, 58], one in males [79]
and the others in either sex, where in the proportion of female
participants was between 26% and 92% (median: 48%). Twenty-
two studies were carried out among individuals with overweight
or obesity, with three trials specifically including participants
with Type 1 Diabetes [46, 47, 53].

The intervention periods differed considerably, extending from
8 to 72weeks (median duration: 24 weeks). Specifically, one trial
lasted 8 weeks, 15 were between 12 and <20weeks, 15 ranged
from 24 to <40weeks and 6 exceeded 40weeks. Of the trials,
25 trials implemented GLP-1 receptor agonists and dual GIP/
GLP-1 receptor agonists [41-61, 69-72], 7 trials implementd met-
formin [45, 48, 62-66], 6 trials implemented an insulin regimen
[67-72]. Nine trials implemented SGLT2 inhibitors [50, 73-79,
81], 5 implemented DPP4 inhibitors [52, 65, 76, 80, 81] and 4 im-
plemented sulfonylureas [48, 73, 79, 80] 58% of included studies
had low and some concern risk of bias, and 42% had a high risk
of bias (Table S4).

2.3 | Network Meta-Analysis

2.3.1 | Comparative Effects of Antidiabetic Drugs
on FM

Tirzepatide produced a substantial reduction in FM
(MD =-10.70kg; 95% CI: —13.42 to —7.99; p<0.0001, I>=0.0%;
moderate certainty of evidence), while liraglutide combined
with exercise (MD =—6.67kg; 95% CI: —9.10 to —4.23; p < 0.0001,
moderate certainty of evidence). Semaglutide (MD =-3.40kg;
95% CI: —5.10 to —1.70; p<0.0001, I>=59.3%; low certainty of
evidence) and liraglutide (MD = —3.39kg; 95% CI: -3.96 to —2.83;
p<0.0001, I>=39.4%; moderate certainty of evidence) demon-
strated the same moderate and significant reductions in FM. In
comparison with beinaglutide, metformin was associated with
a significant increase in FM (MD=2.8kg; 95% CI: 2.46-3.14;
p<0.001, very low certainty of evidence). Alogliptin demon-
strated a small and significant increase in FM in comparison to
metformin (MD =1.89kg; 95% CI: 0.26-3.52; p<0.05, very low
certainty of evidence), while no statistically significant differ-
ences were observed between metformin and other agents.

Among insulin regimens, glargine caused a significant increase
in FM compared with exenatide (MD =2.6kg; 95% CI:1.24-3.97;
p<0.001, I’=0.0%, low certainty of evidence), whereas NPH
and detemir had no significant effects on FM when compared
with either glargine or exenatide.

None of the SGLT2 inhibitor agents produced statistically sig-
nificant changes in FM compared with placebo, among DPP-4
inhibitors, sitagliptin was the only agent evaluated in the
random-effects model, showing no statistically significant effect
on FM compared with any of the other treatments. A random-
effects network meta-analysis (NMA) was performed, assum-
ing a consistent heterogeneity variance across all comparisons.
GLP-1 receptor agonists showed low to moderate heterogeneity
with 72=0.286 and I?=43.2% and no significant global incon-
sistency (p=0.631), except for a within design inconsistency in
the placebo-semaglutide comparison (p =0.029). Metformin and
insulin had negligible heterogeneity with 72=0 and I =0% with

4
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Identification of studies via databases and hand search

Records removed before screening:
= o Duplicate records removed
S Records identified from: (n=1334)
=
= Database:4166 —>| Records marked as ineligible by
g reference search: 81 automation tools (n=0)
= Records removed for other reasons
(n=0)
Records screened (n=2832) — > Records excluded (n=2742)
Records sought for retrieval (n=90) | — » Records not retrieved (n=8)
%D Records assessed for eligibility
§ (n=82) e Records excluded:
t =
@ Not relevant intervention (n=6)
Not relevant outcome (n=26)
Not relevant population (n=1)
Not match comparison in analysis
(n=5)
Not sufficient data (n=3)
g
= Studies included in review (n=41)
<
=
[S=i

FIGURE1 | Literature search and study selection process. PRISMA flow diagram summarizing the identification, screening, eligibility assess-

ment and inclusion of studies in the network meta-analysis.

no inconsistency in the network and within designs. SGLT2 in-
hibitors exhibited moderate to high heterogeneity with 72=1.295
and I?=65.6% and no significant global inconsistency was de-
tected (p=0.631), except for a within-design heterogeneity trend
in the placebo-empagliflozin comparison (p =0.055). DPP-4 in-
hibitors and sulfonylureas showed no measurable heterogeneity
with not applicable 72 and I? and no inconsistency. Forrest plots
are represented in Figure 4, league tables summarizing pairwise
comparisons are provided in Tables S5-S10, Additionally results
of net-split analyses for inconsistency are provided in Table S30.

2.4 | Comparative Effects of Antidiabetic Drugs
on LBM

Tirzepatide showed a significant decrease in LBM when com-
pared to placebo (MD=-4.40kg; 95% CI: —7.58 to —1.22;
p=0.0066, low certainty of evidence). Liraglutide also pro-
duced a significant decrease versus placebo (MD = —1.54; 95%
CI: —2.55 to —0.52; p=0.0031, I?=96%; moderate certainty
of evidence). Other GLP-1 receptor agonists, including sema-
glutide, dulaglutide, beinaglutide and liraglutide combined
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Dulaglutide

Empaglifiozi Beinaglutide

Gliclazide
Canaglifiozin Canaglifiozin

Beinaglutide Glimepiride Dapaglifiozin

Trelegliptin Tofoglifiozin

Metformin

Tirzepatide Linagliptin
glipt Exercise
Orlistat

Semaglutide
Liraglutide

Placebo

(A) (B) ©)

Gliclazide

Detemir

Gliclazide

Glimepiride
Exenetide,
NPH Metformin
Sitagliptin

Ipragiifiozin

Liraglutide

(D) Giargind (E) Lragiutide )

FIGURE 2 | Network geometry of direct and indirect comparisons among antidiabetic agents for FM outcome. Each panel presents the network
structure for a specific drug class. Nodes represent interventions, with node size proportional to the number of participants. Line thickness represents
the number of head-to-head trials. Panels are organized as follows: (A) GLP 1 receptor agonists and dual GIP/GLP 1 receptor agonists, (B) SGLT2
inhibitors, (C) metformin, (D) insulin, (E) DPP4 inhibitors, (F) sulfonylureas.

Dulaglutide CR

Canaglifiozin § .
Exercise+Liraglutide Canaglifiozin .Eelnag\uhde
Gliclazide Beinaglutide
Tirzepatide Empagiifioz Gliclazid
Semaglutide
Liraglutide+exercise Sitagliptin
Metformin PN Semaglutide
A Placebo+exercise Placebo
CR Gliclazide
Detemir, Glimepiride
Sitagliptin Metformin
largine
Ipraglifiozin
Liraglutide
xeneti
(D) Erenetd (E) Lragutce (F)

FIGURE3 | Network geometry of direct and indirect comparisons among antidiabetic agents for LBM outcome. Each panel presents the network
structure for a specific drug class. Nodes represent interventions, with node size proportional to the number of participants. Line thickness represents
the number of head-to-head trials. Panels are organized as follows: (A) GLP 1 receptor agonists and dual GIP/GLP 1 receptor agonists, (B) SGLT2
inhibitors, (C) metformin, (D) insulin, (E) DPP4 inhibitors, (F) sulfonylureas.

with exercise, did not demonstrate statistically significant of evidence) and empagliflozin (MD=-0.58; 95% CI: —1.12
differences in LBM relative to placebo. Both canagliflozin to —0.04; p=0.036, I>=0.0%, low certainty of evidence) were
(MD=-0.90; 95% CI: —1.73 to —0.07; p=0.034, low certainty associated with trivial but statistically significant reductions
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Comparison: other vs 'Placebo’

Treatment (Random Effects Model) MD 95%-CI
Beinaglutide - 529 [-16.32; 5.73]
Canagliflozin — -2.59 [-4.99;-0.19]
CR — -3.39 [-8.11; 1.32]
Dulaglutide — T -3.55 [-8.56; 1.45]
Cliclazide —_— -0.39 [-10.92; 10.14]
Liraglutide -3.39 [-3.96;-2.83]
Liraglutide+exercise - -6.67 [-9.10;-4.23]
Metformin . -2.49 [-13.47; 8.48]
Orlistat — -1.48 [-8.22; 5.25]
Placebo 0.00
Placebo+exercise — -3.40 [-5.98;-0.81]
Semaglutide - -3.40 [-5.10;-1.70]
Sitagliptin —— 061 [-3.95; 5.17)
Tirzepatide - -10.70 [-13.42;-7.99]
Trelegliptin | . —]—'——— | . | -265 [-7.81; 2.51]
( A) %5 -10 5 0 5 10 15
Comparison: other vs 'Metformin'
Treatment (Random Effects Model) MD 95%-ClI
Alogliptin L 153 [-0.10; 3.16]
Beinaglutide -2.80 [-3.14;-2.46]
Dapagliflozin d 0.30 [-0.11; 0.72]
Exercise - -0.11 [-1.41; 1.20]
Liraglutide -0.90 [-11.81; 10.01]
Metformin | : : | 0.00
(C) -10 -5 0 5 10
Comparison: other vs 'Sitagliptin’
Treatment (Random Effects Model) MD 95%-ClI
CR — 1 -4.00 [-9.29; 1.29]
Glimepiride 1.80 [-5.05; 8.65]
Ipragliflozin —a -1.20 [-2.62;0.22]
Liragutide @———7 -4.00 [-8.40; 0.40]
Sitagliptin 0.00
T 1
(E) 5 0 5

Comparison: other vs 'Placebo’

Treatment (Random Effects Model) MD 95%-Cl
Canagliflozin —= -2.10 [-4.48;0.28]
Empagliflozin —a -1.39 [-2.99; 0.21]
Glimepiride 0.37 [-3.73;4.47]
Linagliptin — & -0.73 [-3.71; 2.26]
Placebo 0.00
Semaglutide ——+—— -291 [-6.43;0.61]
Tofogliflozin : : | -1.03 [-[5.77;3.71]
6 4 2 0 2 4 6
(B)

Comparison: other vs 'Glargine’

Treatment  (Random Effects Model) MD 95%-ClI

Detemir -0.50 [-4.61; 3.61]

Exenetide —a— -2.61 [-3.97;-1.24]

Glargine 0.00

NPH : 1.71 [-4.48; 7.90]
-5 0 5

(D)

Comparison: other vs ‘Metformin'

Treatment  (Random Effects Model) MD 95%-ClI
Gliclazide 210 [-8.97;13.17]
Liraglutide -0.90 [-11.81;10.01]
Metformin ' | | I 0.00
10 -5 0 5 10
(F)

FIGURE4 | Forest plots for FM outcome comparing each antidiabetic agent against a common comparator. Each panel represents a specific drug
class. Squares indicate point estimates, and horizontal lines represent 95% confidence intervals. The common comparator is indicated above each
panel. Panels: (A) GLP-1 receptor agonists and dual GIP/GLP-1 receptor agonists, (B) SGLT2 inhibitors, (C) metformin, (D) insulin, (E) DPP4 inhib-

itors, (F) sulfonylureas.

in LBM. Compared with other agents, metformin, as well as
insulin regimens (glargine, detemir and NPH), sitagliptin and
gliclazide showed no significant changes in LBM. A random-
effects NMA assuming a common heterogeneity variance
across all comparisons was performed. GLP-1 receptor agonists
showed very high heterogeneity with 72=1.880 and I>=95.2%
and showed no significant global inconsistency (p=0.555),
except for a within-design inconsistency in the placebo-
liraglutide comparison (p < 0.001) and the placebo-semaglutide
comparison (p =0.0115). This heterogeneity was driven largely
by within-design variability, especially due to the variability
in the magnitude of changes observed in the comparisons of
liraglutide with placebo. Despite this, all confidence intervals
in these comparisons overlapped, suggesting consistency in the
overall effect. Metformin, insulin and SGLT?2 inhibitors exhib-
ited no heterogeneity and no global or within-design inconsis-
tency with 72=0-NA and I?=0%, indicating consistent effects
across studies. DPP-4 inhibitors and sulfonylureas showed
no measurable heterogeneity and inconsistency (7> and I? not
applicable). Overall, heterogeneity was pronounced only for
GLP-1 receptor agonists, while all other drug classes showed

low or no variability in LBM outcomes. Forrest plots are rep-
resented in Figure 5, the league tables summarizing pairwise
comparisons are provided in Tables S11-S16, and results of net-
split analyses for inconsistency are provided in Table S31.

2.5 | Treatment Ranking

Based on P-scores, tirzepatide (0.98) and liraglutide combined
with exercise (0.84) ranked highest for FM reduction, with met-
formin showing medium efficacy (0.51). Detemir (0.53) ranked
highest among insulins, and canagliflozin (0.70) among SGLT2
inhibitors. Sitagliptin (0.21) and gliclazide (0.47) showed low ef-
ficacy (Tables S50-S55).

For LBM preservation, dulaglutide (0.58) and beinaglu-
tide (0.43) ranked highest among GLP-1 receptor agonists,
whereas tirzepatide ranked very low (0.03). Glargine (0.83)
ranked highest among insulins, while empagliflozin (0.57),
metformin (0.54) and sitagliptin (0.53) showed moderate ben-
efits (Tables S56-S61).
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FIGURE 5 | Forest plots for LBM outcome comparing each antidiabetic agent against a common comparator. Each panel represents a specific

drug class. Squares indicate point estimates, and horizontal lines represent 95% confidence intervals. The common comparator is indicated above
each panel. Panels: (A) GLP-1 receptor agonists and dual GIP/GLP-1 receptor agonists, (B) SGLT2 inhibitors, (C) metformin, (D) insulin, (E) DPP4

inhibitors, (F) sulfonylureas.

2.6 | Sensitivity Analysis

To assess the robustness of our findings, we performed several
pre-specified sensitivity analyses. Among GLP-1 and dual GIP/
GLP-1 receptor agonists, all sensitivity analyses including du-
ration, background therapy, lifestyle intervention and baseline
HbAlc (<7% vs. >7%) for FM were consistent with the primary
analysis. For SGLT2 inhibitors, restricting to trials >24weeks
made empagliflozin and canagliflozin statistically significant
for FM reduction with effects exceeding the MCID (MD: —3.24,
95% CI: —5.19 to —1.29; MD: -2.10, 95% CI: —2.93 to —1.27), while
in trials <24 weeks the reduction was significant but below the
MCID (MD: —0.78, 95% CI: —1.35 to —0.22). For LBM, stratifica-
tion by study duration (<24 vs. >24weeks) revealed that lira-
glutide lost statistical significance and fell below the MCID in
trials <24weeks (MD: —1.41, 95% CI. —2.87 to 0.04), whereas
trials > 24 weeks yielded results identical to the primary analy-
sis. LBM reduction remained consistent with the primary anal-
ysis and statistically significant across stratifications by baseline
BMI (>30 vs. <30 kg/m?), measurement method (DEXA vs.
other methods), and baseline HbAlc. In the co-interventional
lifestyle analysis, liraglutide remained statistically significant
but fell below the MCID for LBM (MD: —0.41, 95% CI: —0.69 to

—0.13), while semaglutide became statistically significant (MD:
—3.38,95% CI: —5.22 to —1.54).

2.7 | Grading the Evidence

Certainty of evidences in direct comparisons for both FM and
LBM is indicated (Tables S17-S28), and GRADE evidence rat-
ing for direct, indirect and network estimates is presented
(Tables S29 and S30), respectively. In general, the certainty of
the evidence was rated very low to moderate due to downgrades
for serious risk of bias and serious indirectness in direct esti-
mates, and for imprecision in network estimates. There was no
incoherence between direct and indirect comparisons.

2.8 | Publication Bias

No evidence of publication bias was detected in comparisons in-
volving GLP-1 receptor agonists and dual GIP/GLP-1 receptor
agonists for either outcome. Egger's regression test yielded non-
significant results for both FM (p=0.19) and LBM (p =0.29), in-
dicating the absence of small-study effects (Figure 6). For other
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agonists and dual GIP/GLP-1 receptor agonists across two outcomes: (A) FM and (B) LBM. Symmetry was visually inspected, and Egger's regression

test was used to formally evaluate the presence of small-study effects.

antidiabetic drug classes, all funnel plots visually demonstrate
symmetric distributions. Assessment of publication bias using
Egger's test was not feasible, as none of the respective network
comparisons included more than 10 supplementary figures
(Figures S1-S10) present the comparison-adjusted funnel plots
for antidiabetic drug classes related to FM and LBM outcomes,
respectively.

3 | Discussion

This network meta-analysis confirms that the different antidia-
betic drugs have different effects on FM and LBM, which directly
affect metabolic health. Improving body composition is not only
a treatment goal, but also means improving quality of life and re-
ducing diabetes complications [82, 83]. The main concern is that
some medications may cause an undesirable decrease in LBM,
which increases the risk of sarcopenia and disability [84, 85].
Our findings provide a comprehensive comparison that clarifies
the distinct impacts of different classes of antidiabetic drugs on
FM and LBM.

Our network meta-analysis demonstrates the superior efficacy
of both GLP-1 and dual GIP/GLP-1 receptor agonists in achiev-
ing FM reduction. In this class, tirzepatide was the most potent
drug, with a reduction of 10.7kg of FM compared to placebo.
Other drugs of this class, such as liraglutide (especially in combi-
nation with exercise) and semaglutide, also showed moderate to
significant effects on reducing FM, respectively. Furthermore,
in rank and league table analysis, tirazeptide demonstrated the
most reduction in FM compared to placebo, while liraglutide
also had a significant reduction, and the other drugs received
lower rankings and were not significant, which is related to
the smaller number of comparisons. Furthermore, liraglutide
is more effective when combined with exercise than liraglutide
alone. Our findings also showed that tirzepatide had the greatest
reduction in LBM, which was 4.4 kg compared to placebo. Based
on the league table and ranking analysis, tirzepatide, liraglutide
and semaglutide showed the lowest protective effects on LBM,
respectively. Our findings are consistent with recent compre-
hensive studies on GLP-1 and dual GIP/GLP-1 receptor agonists,
confirming the superior efficacy of tirzepatide in FM and LBM
[16]. However, the most effective drugs for reducing FM (tirze-
patide and liraglutide) also resulted in the greatest reduction in
LBM. In our overview, the percentage of LBM loss relative to

baseline ranged widely from 4% to 34%. A network meta-analysis
study by Karakasis et al. showed that approximately 25% of total
weight lost belonged to LBM, additionally significant reduction
in LBM is also supported by previous meta-analyses [86, 87]. In
a RCT by Michelle Look et al. specifically designed to evaluate
the effect of tirzepatide on body composition, approximately 26%
of the total weight loss was due to a decrease in LBM [42]. A
recent meta-analysis reported that treatment with GLP-1 recep-
tor agonists was associated with an approximate 4% reduction
in both LBM and FM [88], these studies have emphasized that
despite the significant reduction in FM by GLP-1 and dual GIP/
GLP-1 receptor agonists, the concomitant reduction in LBM is a
relevant clinical challenge. However, these wide ranges demon-
strate the need for more accurate estimation of LBM loss and
consideration of background factors, especially treatment dura-
tion, drug dosages and different patient populations. Which are
important determinants of LBM reduction.

A key result of our analysis demonstrated that co-administering
liraglutide with exercise led to better preservation of LBM com-
pared to monotherapy with liraglutide or other GLP-1 receptor
agonists.

Also, our findings can be explained by multiple mechanisms.
These drugs, by activating GLP-1 receptor in the hypothala-
mus, increase satiety signals such as proopiomelanocortin
(POMC) and inhibit hunger-stimulating neurons such as NPY
and AgRP, leading to attenuated appetite and prolonged gas-
tric transit time, which collectively result in a reduction in
calorie intake and significant weight loss [16, 89-91]. In this
state of significant weight loss, the body utilizes its energy re-
serves; while FM is the main target, the systemic physiological
response to rapid weight loss necessitates the catabolism of
LBM, including muscle protein, to support essential metabolic
functions such as gluconeogenesis for brain fuel [92, 93]. This
finding should be considered in the management of diabetic
patients. Overall, our findings in other categories of antidia-
betic drugs demonstrated that GLP-1 receptor agonists have
greater effects on body composition compared to other drugs,
which we discuss below.

In our network meta-analysis relative to metformin, only be-
inaglutide showed a significant reduction of 2.8kg in FM, while
dapagliflozin, gliclazide and liraglutide did not demonstrate
significant differences. Furthermore, in rank and league table
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analysis, beinaglutide achieved the highest rank, with met-
formin occupying a mid rank, while alogliptin was the lowest-
ranked intervention. Our analysis revealed that beinaglutide
resulted in a significant reduction in LBM of 1.10kg compared
to metformin. Based on the rank and league table analysis,
beinaglutide showed the lowest protective effect on LBM com-
pared with metformin, followed by liraglutide. No significant
difference was found in the league table due to limited compari-
sons. However, our findings of a moderate ranking of metformin
in reducing FM and LBM are consistent with recent meta-
analyses, as both studies separately emphasized that metformin
had no significant effect on FM and LBM change and mainly
acted as a neutral comparator [94], which provided the basis for
the significant superiority of beinaglutide in our analysis.

Also, in our meta-analysis network, we evaluated insulin-based
treatments and compared their effects with other antidiabetic
drugs. Our findings suggest that the significant superiority of
insulin glargine compared to exenatide is associated with an in-
crease of 2.61kg in FM. In contrast, detemir, nph and glargine
did not differ significantly from one another, and this absence of
statistical significance extended to all other pairwise contrasts.
In the rank analysis, exenatide ranked highest as the most ef-
fective agent in reducing FM, showing a significant reduction
only compared to glargine. However, none of the interventions,
including exenatide and detemir, demonstrated a significant
reduction in LBM compared to glargine, and the difference be-
tween insulin regimens was negligible. In the ranking analysis
for LBM preservation, glargine ranked highest, followed by ex-
enatide and detemir ranked the lowest. The findings are consis-
tent with the mechanisms of action of the drugs. The superiority
of exenatide in reducing fat mass over insulins is due to a strong
central appetite suppressant, which leads to a negative energy
balance, and in contrast, exogenous insulins such as glargine,
detemir and nph tend to increase or maintain fat due to their
anabolic properties. The observed non-significance in LBM
outcomes across treatments, even with detemir and exenatide
ranking higher, may be attributed to limited statistical power
imposed by the restricted number of included studies.

Our network meta-analysis found that sitagliptin, the most
commonly studied DPP-4 inhibitor, did not significantly
change FM compared with the other interventions examined,
including ipragliflozin, liraglutide, glimepiride and caloric re-
striction. However, sitagliptin showed a non-significant trend
toward greater FM than ipragliflozin. In a separate compari-
son, alogliptin increased FM by 1.9kg relative to metformin.
Sitagliptin also did not show a significant effect on LBM. This
overall pattern is consistent with the known neutral weight
pattern of DPP-4 inhibitors [52] To date, no meta-analysis has
comprehensively compared DPP4i drugs with other antidiabetic
drugs on body composition. In rank analysis in FM and LBM
identified liraglutide, Caloric Restriction and Ipragliflozin were
identified as the highest-ranked interventions, while sitagliptin
and glimepiride occupied the lowest ranks. Although the num-
ber of included studies for DPP-4 inhibitors and insulin was
limited and the resulting wide confidence intervals may have
reduced the ability to detect small between-group differences.
These findings are consistent with the known weight-neutral
properties of DPP-4 and insulin inhibitors. The exact mech-
anism of sitagliptin's effect on body composition is unclear,

although animal studies have shown that it may increase the
expression of the glucose transporter GLUT4 in skeletal muscle
or even improve mitochondrial biogenesis [95, 96].

The findings from our network meta-analysis suggest that
SGLT-2 inhibitors failed to demonstrate a statistically signifi-
cant decrease in FM relative to the placebo group; treatments
included semaglutide, canagliflozin, empagliflozin, linagliptin,
tofogliflozin and glimepiride. Based on ranking analysis for
FM reduction, semaglutide was identified as the most effec-
tive treatment, followed by the SGLT2 inhibitors canagliflozin,
empagliflozin and tofogliflozin, while linagliptin, placebo and
glimepiride occupied the lowest ranks. Also, based on the league
table, none of the treatments achieved significant reductions in
FM compared with placebo. However, semaglutide showed the
most significant reduction of 1.66 kg in LBM compared with pla-
cebo, but other drugs showed no significant difference and this
effect was also statistically significant for the SGLT2 inhibitors
canagliflozin and empagliflozin. In the ranking analysis, sema-
glutide demonstrated the lowest preservation effect on LBM,
followed by canagliflozin and empagliflozin. Our findings re-
garding LBM, that semaglutide showed the greatest reduction
and SGLT2 inhibitors such as canagliflozin and empagliflozin
showed trivial but important reductions compared to placebo,
are consistent with other meta-analyses [14, 16]; Additionally,
the pronounced weight loss associated with GLP-1 receptor ago-
nists, for instance, semaglutide is also associated with LBM loss
[86]. However, our findings regarding FM are in contradiction
with the findings of a previous study that confirmed a signifi-
cant reduction in FM by SGLT2 inhibitors [14]. A possible expla-
nation for this discrepancy relates to methodological differences
between our evidence base and previous meta-analysis [14].
First, several trials included in our network meta-analysis had
significantly shorter intervention durations compared with pre-
vious reviews, which may have limited the ability to detect true
changes in FM, as SGLT2-related fat loss typically appears after
longer treatment periods. Second, body composition assess-
ment in many of the studies we reviewed relied on Bioelectrical
Impedance Analysis (BIA) rather than Dual-Energy x-ray
Absorptiometry (DXA). Because BIA is highly sensitive to fluid
changes [97], the initial natriuresis and osmotic diuresis induced
by SGLT2 inhibition could artificially underestimate FM loss
and overestimate LBM loss, resulting in null findings in FM.
These differences in duration and assessment methods provide
a coherent explanation for why our results differ from a previous
study [14]. However, for SGLT2 inhibitors, the transition from
statistically nonsignificant to clinically significant FM reduc-
tion (beyond MCID) only in trials lasting longer than 24 weeks
highlights a time-dependent physiological change in our sensi-
tivity analysis; while initial weight loss with SGLT2 inhibitors
is partly attributed to osmotic diuresis, continued treatment
induces a metabolic shift toward lipid oxidation and ketogene-
sis, leading to significant loss of adipose tissue over time [98].
Inhibition of SGLT2 in the kidneys leads to enhanced urinary
excretion of both glucose (glycosuria) and sodium (natriuretic)
[99]. This process creates an osmotic effect and increases free
water excretion (diuresis). This loss of water, particularly from
extracellular fluid and plasma volume, occurs rapidly in the first
few weeks of treatment and accounts for a significant portion of
the observed reduction in LBM [14, 100]. The use of SGLT-2 in-
hibitors results in lower circulating insulin and higher glucagon
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levels. This imbalance consequently impedes the assimilation
of glucose and amino acids in the liver and muscle, thereby up-
regulating gluconeogenesis and the breakdown of liver glycogen
(hepatic glycogenolysis) [101]. In these conditions, when access
to energy sources (glucose) is limited, the body is directed to-
ward protein breakdown in the muscles (muscle catabolism) to
produce precursors for gluconeogenesis, ultimately leading to
a decrease in LBM [14]. Since there have been case reports of
sarcopenia induced by SGLT2 inhibitors in elderly patients with
T2DM [102], a thorough evaluation of these drugs' influence on
body composition, paying particular attention to fat patterning
and skeletal muscle integrity, is essential.

A finding from our network meta-analysis of sulfonylurea drugs
was the absence of a significant decrease in both FM and LBM
across all interventions when compared to metformin therapy,
and direct pairwise comparisons were also not significant.
Based on the ranking for FM reduction, Liraglutide was iden-
tified as the highest-ranking agent, followed by Metformin and
Gliclazide in the lowest rank. Based on the ranking for LBM,
gliclazide demonstrated a low preservation effect. In the anal-
ysis of the league table FM and LBM, no significant difference
was found between the drugs. This outcome may be attributable
to the low count of included studies [14].

Our sensitivity analyses further reinforce the robustness of the
primary findings, particularly concerning the FM reduction
observed with GLP-1 and dual GIP/GLP-1 receptor agonists
regardless of baseline HbAlc, therapy background, or lifestyle
interventions. This consistency suggests that the FM reduc-
tion effects of incretin-based therapies are primarily driven by
systemic mechanisms, such as increased satiety and improved
insulin sensitivity, that remain robust across diverse clinical
profiles [103]. Regarding LBM reduction, the loss of significance
of liraglutide in shorter trials (<24 weeks) versus its persistence
in longer studies emphasizes the role of treatment duration in
LBM loss. Furthermore, the sensitivity analysis revealed that
when liraglutide was combined with lifestyle interventions (ex-
ercise and caloric restriction), its effect on LBM remained modu-
lated, with reductions consistently below the MCID. In contrast,
while semaglutide did not show a significant reduction in LBM
in the primary overall analysis, a significant reduction became
apparent in the sensitivity analysis. These divergent findings
suggest that the interaction between GLP-1 receptor agonists
and lifestyle modifications on body composition—particularly
LBM—requires further investigation [49].

Our findings have important clinical implications, particularly
regarding the need to balance glycemic efficacy and cardiomet-
abolic benefits with preservation of muscle mass and functional
capacity. While drugs such as tirzepatide and liraglutide may
significantly reduce FM and improve metabolic risk profiles,
their concomitant reduction in LBM has potential vulnerabil-
ity, particularly in older adults or those already at risk for sar-
copenia [104]. However, reductions in LBM are not necessarily
harmful in all contexts, particularly when they occur propor-
tionally alongside substantial FM loss and without deterioration
in physical function. Therefore, interpretation of body compo-
sition changes should consider functional outcomes in addition
to absolute changes in LBM. Treatment selection should con-
sider not only the glucose-lowering potency but also the effect

of each drug on muscle integrity. In clinical practice, combining
intensive weight loss pharmacotherapy with resistance train-
ing and adequate protein intake can help reduce loss of LBM
[105, 106]. There is evidence to support this approach for liraglu-
tide combined with exercise [51], but whether similar strategies
can optimize muscle preservation in other drug classes includ-
ing dual GIP/GLP-1 agonists and SGLT2 inhibitors is yet to be
determined.

3.1 | Strengths

Our review has several notable strengths. First, it is the network
meta-analysis to directly contrast the effects of major antidia-
betic drug classes on FM and LBM, thereby offering the most
extensive synthesis of existing data to date. Second, by grouping
interventions according to pharmacological class, we were able
to evaluate drug-specific effects within each therapeutic cate-
gory. Third, we applied advanced methodological approaches,
including ranking analysis and the use of the Minimal Clinically
Important Difference (MCID), to enhance clinical interpretabil-
ity. Additionally, we assessed the certainty of evidence using the
GRADE framework. Finally, by including only studies reporting
absolute values (kg) of FM and LBM, we ensured a high level of
precision and comparability across studies.

4 | Limitations

Despite these strengths, our review has some limitations. First,
we restricted inclusion to studies reporting FM and LBM in kilo-
grams, thereby excluding studies that reported alternative mea-
sures such as fat-free mass or skeletal muscle mass. Although this
approach increased data accuracy, it reduced the number of eli-
gible studies and limited our ability to assess publication bias in
some analyses. Second limitation is that the predominantly short
treatment duration across the incorporated interventions pre-
vents us from drawing definitive conclusions regarding the sus-
tained, long-term impact of these antidiabetic agents on FM and
LBM. Third, most of the included trials did not report the propor-
tion of total weight loss attributable to FM or LBM, which limited
our ability to comprehensively interpret the relative contribution
of these components to overall weight reduction. Fourth, sample
sizes were also generally small, leading to imprecision in some
estimates. Finally, for several classes of antidiabetic drugs, the
number of trials available was insufficient to allow for within-
group comparisons across all drugs. Future studies should also
consider functional outcomes, such as handgrip strength or the
Short Physical Performance Battery (SPPB), to better determine
theclinical significance of changesin LBM and FM. Furthermore,
trials with larger sample sizes, more diverse populations and lon-
ger follow-up periods are needed to more accurately characterize
body composition changes and their functional consequences
across different classes of antidiabetic drugs.

5 | Conclusion
This network meta-analysis of 41 randomized controlled trials

examines the effects of major antidiabetic drugs on body com-
position. GLP-1 receptor agonists and dual GIP/GLP-1 receptor
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agonists, particularly tirzepatide, liraglutide, semaglutide and
beinaglutide, significantly reduce both FM and LBM. The im-
portance of exercise in combination with drug therapy on body
mass composition has also been noteworthy, combining lira-
glutide with exercise reduced the negative effect of this drug
on reducing LBM and made it more effective in reducing FM,
but it still had a lower effect on fat reduction than tirzepatide,
which had the greatest overall reduction in FM but also caused
a significant decrease in LBM. Among SGLT?2 inhibitors, cana-
gliflozin and empagliflozin led to modest reductions in LBM,
while alogliptin had no effect on LBM but slightly increased FM.
In contrast, metformin, insulin and sulfonylureas had no mean-
ingful impact on either FM or LBM. These findings underscore
the varied effects of antidiabetic drugs on body composition and
highlight the need for further research into the role of dosage
and treatment duration and lifestyle factors that influence body
composition outcomes.
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