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ABSTRACT

Background: Oral GLP-1 receptor agonists (GLP-1 RAs) offer a non-injectable option for weight management in adults with
overweight/obesity without diabetes. This network meta-analysis (NMA) evaluated their effects on body weight.

Methods: A frequentist random-effects NMA of RCTs comparing oral GLP-1 RAs with placebo in adults without diabetes was
conducted by searching databases through 30 April 2026. The primary outcome was percent change in body weight, with
secondary outcomes including other weight measures and weight thresholds. Analyses used R (netmeta), and certainty was
assessed with CINeMA.

Results: Nine RCTs (N = 5766; 20-72 weeks) evaluating oral semaglutide, orforglipron, danuglipron, and lotiglipron were
included. All agents except low-dose (LoD) lotiglipron outperformed placebo in percent body weight reduction; high-dose (HiD)
semaglutide (MD —11.6%) and orforglipron (MD —11.8%) showed the greatest effects. Orforglipron HiD produced the greatest
absolute weight loss (MD —12.2 kg), whereas semaglutide HiD reduced BMI (MD —4.7 kg/m?) and waist circumference (MD
—10.0 cm) the most. Danuglipron HiD, semaglutide HiD, and semaglutide LoD ranked highest for > 5%, > 10%, and > 15%
weight loss, respectively. Evidence certainty was low to moderate.

Conclusion: HiD oral semaglutide and orforglipron demonstrated the most consistent and substantial weight reductions
though low-to-moderate certainty and lack of head-to-head comparisons constrain comparative inference.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used for commercial purposes.
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1 | Introduction

Contemporary clinical practice guidelines recommend obesity
management medications (OMMs) for adults with obesity and for
those with overweight and weight-related comorbidities, espe-
cially when structured lifestyle interventions alone fail to achieve
or sustain clinically meaningful weight loss [1-4]. Achieving and
maintaining 5%-10% weight loss improves glycemia, blood pres-
sure, dyslipidemia, sleep apnea, osteoarthritis, and health-related
quality of life, with larger losses (> 10-15%) offering greater
cardiometabolic benefits. However, durable weight loss with
lifestyle modification alone is challenging in routine practice, and
most patients require ongoing pharmacologic support to sustain
clinically meaningful weight reductions [1-4].

Glucagon-like peptide-1 (GLP-1) receptor agonists (GLP-1 RAs),
originally developed for the treatment of type 2 diabetes (T2D),
have emerged as a cornerstone pharmacologic option for obesity
management. These agents promote weight loss primarily by
reducing appetite and energy intake and by slowing gastric
emptying, thereby restoring energy balance in an obesogenic
environment [5]. Large randomized controlled trials (RCTs) of
injectable GLP-1 RAs and dual incretin agonists have demon-
strated robust, sustained weight loss of approximately 10%-20%
among people with obesity without diabetes, along with im-
provements in multiple cardiometabolic risk factors [6, 7]. On
this basis, regulatory authorities have approved agents such as
liraglutide 3.0 mg, semaglutide 2.4 mg, and the dual GLP-1/
glucose-dependent insulinotropic polypeptide agonist tirzepa-
tide for chronic weight management as adjuncts to lifestyle in-
terventions in individuals without T2D [1-4].

Despite their efficacy, injectable OMMs are constrained by
several practical and psychological barriers that limit their long-
term use [8, 9]. Subcutaneous administration requires patients
to learn injection techniques, manage injection devices, and
dispose of needles, which many perceive as intrusive and
incompatible with daily routines [10]. Common adverse effects,
such as injection-site pain, bruising, nodules, and dose-
dependent gastrointestinal symptoms, can reduce tolerability
and make long-term therapy less feasible in routine care [8, 9].
Fear or discomfort with needles is relatively common among
individuals receiving preventive care or chronic injection-based
treatments, and may, together with other factors, contribute to
treatment burden and reluctance to initiate or continue inject-
able therapies. [11] These may cause patients to skip doses
without supervision, extend dosing intervals, or stop treatment
suddenly. Real-world data indicate that persistence and adher-
ence to injectable GLP-1-based OMMs are considerably lower
than in clinical trials, with a large proportion of individuals
discontinuing treatment within the first year, underscoring that
these tolerability and convenience issues translate into early
drop-off in everyday practice [12-15]. These patterns of non-
persistence diminish the cardiometabolic benefits observed in
RCTs and underscore the need for equally effective yet less
intrusive oral GLP-1 RAs that may better support long-term
adherence among people with obesity.

Recently, orally effective peptide and non-peptide GLP-1 RAs
have been developed, offering benefits such as easier adminis-
tration, improved patient adherence, and greater acceptance

compared with injectable treatments [16]. Oral semaglutide, a
peptide co-formulated with an absorption enhancer to facilitate
gastric uptake, is approved for glycemic control in T2D and, more
recently, for chronic weight management in adults with obesity
[17]. In Phase 2 and 3 obesity trials, higher oral doses (25-50 mg)
have produced double-digit percentage weight loss, with a safety
profile dominated by transient gastrointestinal events similar to
those observed with injectable semaglutide [18-20]. In parallel,
several nonpeptide, small-molecule oral GLP-1 RAs—such as
orforglipron, danuglipron, and lotiglipron—have been designed
to bind the GLP-1 receptor with high potency, enabling once- or
twice-daily oral dosing without the need for coformulated ab-
sorption enhancers or stringent fasting requirements [16]. These
molecules differ from injectable peptides in their pharmacoki-
netic properties, including oral bioavailability and half-life, but
early-phase and phase 2-3 trials have shown clinically mean-
ingful weight loss across a range of doses in adults with over-
weight or obesity [21-25]. Since long-term safety and efficacy
have been established, small-molecule oral GLP-1 RAs could offer
practical benefits. These include easier administration, no need
for cold-chain storage, and potentially reduced manufacturing
costs, which might help expand access, especially in resource-
limited settings [16]. Orally administered GLP-1 RAs could
collectively allow many patients with obesity, especially those in
primary care, to switch from injections, while still achieving
guideline-based weight-loss goals when combined with lifestyle
interventions [26].

Several prior systematic reviews and meta-analyses have eval-
uated oral GLP-1 RAs, but they have important limitations for
informing treatment decisions in adults with overweight or
obesity without diabetes [27-29]. Many have focused solely on
oral semaglutide, pooled data from populations with and
without T2D, or evaluated small-molecule oral GLP-1 RAs at
the class level without distinguishing dose tiers. Most earlier
analyses also relied on pairwise comparisons and did not pro-
vide a unified comparative ranking across all available oral
agents and doses anchored to a common comparator [27-29].
Furthermore, formal assessment of the certainty of evidence
using a framework tailored to network meta-analysis, such as
Confidence in Network Meta-Analysis (CINeMA), has not been
conducted [30]. As a result, clinicians currently lack a
comprehensive, comparative synthesis of oral GLP-1 RAs and
dose tiers for adults with overweight or obesity without T2D,
and the strength of evidence for cross-agent comparisons re-
mains uncertain.

Network meta-analysis (NMA) offers a methodologically
rigorous approach to addressing this gap by synthesizing direct
and indirect evidence from placebo-controlled RCTs to estimate
relative treatment effects across multiple interventions that have
not been compared head-to-head. A frequentist random-effects
NMA can provide comparative estimates and treatment rank-
ings while formally evaluating heterogeneity, inconsistency, and
confidence in the network [31]. In this context, an NMA
restricted to adults with overweight or obesity without diabetes,
incorporating CINeMA to quantify the certainty of the evidence,
can inform treatment selection and future trial design for oral
GLP-1 RAs used as adjuncts to lifestyle interventions. This
NMA's objective was to compare oral GLP-1 RAs and dose tiers
for body-weight outcomes in adults with overweight or obesity
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without T2D to inform treatment selection and future trial
design.

2 | Methods

2.1 | Search Strategy

Several databases and registries, including PubMed, Scopus,
Web of Science, and ClinicalTrials.gov, were systematically
searched. The search spanned these sources from their incep-
tion to 30 April 2026. Using the Boolean operators “AND” and
“OR,” the following terms were searched: “obesity,” “over-
weight,” “oral glucagon-like peptide-1 receptor agonist,” “oral
GLP-1 receptor agonist,” “oral GLP-1 agonist,” “oral semaglu-
tide,” “orforglipron,” “LY-3502970,” “danuglipron,” “PF-
06882961,  “lotiglipron,”  “PF-07081532,”  “aleniglipron,”
“GSBR-1290,” “TERN-601,”.” The search terms targeted the ti-
tles, abstracts, and keywords of the documents, with no lan-
guage restriction, to find published studies. The full search
strategies are provided in a Supporting Information S1: Ap-
pendix 1. Additionally, the process included reviewing the ref-
erences cited in the articles gathered for this research and in
relevant journals.

o«

2.2 | Study Selection

The PICOS (Population, Intervention, Comparison, Outcomes,
and Study) framework guided the development of eligibility
criteria for the clinical trials included in this NMA. The patient
population (P) consisted of individuals with obesity or over-
weight. The intervention (I) included any oral GLP-1 RA, while
the control (C) group received a placebo; both groups also
received lifestyle recommendations. The outcomes (O) included
body weight changes from baseline (percentage and absolute) at
the end of the study. Only RCTs with a minimum duration of
12 weeks and participants aged 18 years or older were consid-
ered the study type (S) for inclusion. The trials had at least two
treatment groups: one receiving any oral GLP-1 RA with life-
style interventions, and the other a placebo comparator with
lifestyle interventions. Excluded from the analysis were non-
randomized trials, retrospective studies, pooled clinical trial
analyses, conference proceedings, letters to editors, case reports,
and articles lacking outcome data of interest. Additionally,
studies involving animals or normal-weight humans as well as
RCTs shorter than 12 weeks were excluded.

2.3 | Outcomes Analyzed

The primary outcome of interest was the percent change in body
weight from baseline at the end of the study. The secondary
outcomes included the absolute change in body weight, changes
in body mass index (BMI) and waist circumference, and the
proportions of study subjects who lost > 5%, > 10%, or > 15% of
body weight from baseline.

2.4 | Data Extraction

Three authors independently extracted data using standard
forms. When multiple publications originated from the same
study group, their results were combined, and relevant data
from each report were included in the analysis. Patient char-
acteristics, including demographic details and comorbidities,

from both included and excluded studies were recorded. For the
review, the data were extracted from all eligible studies on
several key factors: first author, publication year, clinical trial
unique identifier, study design and settings, major inclusion
criteria, study arms, sample size, percentage of female partici-
pants, mean age, baseline body weight, BMI, waist circumfer-
ence, and study duration. Data on both primary and secondary
outcomes were also collected, as previously mentioned. For
continuous outcomes, mean differences (MDs) and standard
deviations (SDs) between baseline and end-of-study values were
extracted. The data were converted to MD (& SD) when re-
ported in other formats (e.g., median, confidence intervals [CIs])
using the web-based Meta-Analysis Accelerator [32]. For cate-
gorical variables, the number of participants who achieved the
specific outcome and the total number of participants were
recorded. The supplementary materials of the relevant studies
were carefully reviewed. All pertinent information was obtained
through written email communication with the corresponding
author of the relevant article and was thoughtfully incorporated
into the meta-analysis.

2.5 | Risk of Bias Assessment

Three authors independently assessed risk of bias (RoB) using
version 2 of the Cochrane risk-of-bias tool for randomized trials
(RoB 2) [33]. The domains covered by RoB 2 encompass all
types of bias currently recognized as affecting RCT results,
including bias arising from randomization, deviations from
intended interventions, missing outcome data, outcome mea-
surement, and the selection of reported results. The RoB judg-
ment categorized each domain into one of three levels: low RoB,
some concerns, or high RoB. The least favorable assessment
across the bias domains was used to determine the overall RoB
for the result [33]. Disagreements were settled through
consensus. Publication bias was assessed visually using funnel
plots, followed by Egger's test for a quantitative assessment [34].

2.6 | Statistical Analysis

Transitivity assumptions were assessed by comparing the dis-
tributions of key effect modifiers—such as age, sex, baseline
BMLI, baseline weight, trial duration, geography, and trial phase
or design—across different trials and treatment comparisons.
These variables were compiled into a table (Table 1) to evaluate
the clinical validity of indirect comparisons. A frequentist
random-effects NMA was performed in R Statistical Software
(RStudio, Version 2025.09.2 + 418), primarily using the netmeta
package, which estimates treatment effects and their uncer-
tainty based on long-run frequency properties without speci-
fying prior distributions, in contrast to Bayesian approaches [31,
35]. Effect estimates for both primary and secondary outcomes
were presented as MDs for continuous outcomes and odds ratios
[ORs] for binary outcomes, along with 95% ClIs, for each com-
parison against the reference treatment, i.e., placebo.

To explore dose-response relationships and clinical dosing
variation, oral GLP-1 RAs were grouped by dose. Network plots
were produced to visualize the structure and connectivity of the
treatment comparisons, illustrating direct and indirect evidence
pathways. Pairwise comparisons for all treatment pairs were
generated to provide comprehensive effect estimates from the
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NMA. Inconsistency analyses were conducted to evaluate the
agreement between direct and indirect evidence across the
network, utilizing the “netsplit” function with the back-
calculation method. Treatment effects were ranked from best
to worst along the leading diagonal, and the results were pre-
sented as league tables. P-scores were calculated to rank treat-
ments by relative effectiveness on a 0-1 scale, representing the
mean extent of certainty that a given treatment is better than
competing treatments, based on point estimates and standard
errors from the NMA. Higher P-scores indicate greater relative
effectiveness, but they are not p values and do not quantify
statistical significance. Statistical significance was set at the 0.05
level. Statistical heterogeneity was evaluated using Cochrane's Q
test and the I? statistic [36]. The restricted maximum-likelihood
estimator was applied to estimate tau®, and I* was calculated
based on Q.

2.7 | Assessment of the Certainty of Evidence

The certainty of evidence was systematically assessed using the
Confidence In Network Meta-Analysis (CINeMA) framework
[30]. This framework evaluates six domains: within-study bias
(risk of bias), across-study bias (publication bias), indirectness,
imprecision, heterogeneity, and incoherence. Judgments for each
CINeMA domain were used to provide an overall certainty rating
for the comparison (high, moderate, low, or very low) [30].

2.8 | Ethical Statement

This NMA was registered prospectively with PROSPERO
(CRD420251157753), and the protocol summary is available on-
line. It was carried out in accordance with the Cochrane Hand-
book for Systematic Reviews of Interventions [37], and the
reporting conformed to the PRISMA-NMA guidelines [38]. No
separate ethical approval was required for this NMA, as approval
had already been obtained for the individual RCTs included.

3 | Results

3.1 | Search Results

The study selection process is shown in Figure 1. An initial
search yielded 689 articles; after screening titles, abstracts, and
full texts, this was reduced to 11. Ultimately, nine RCTs with
nine published reports involving 5766 participants, with follow-
up durations ranging from 20 to 72 weeks, that met all pre-
defined criteria were included in this NMA [18-24, 39, 40]. Two
short-duration Phase 1 trials were excluded (Supporting
Information S1: Table S1) [25, 41].

3.2 | Characteristics of Included Studies

The summaries of the included and excluded studies are shown
in Table 1 and Supporting Information S1: Table S1, respec-
tively. Of the nine included RCTs, Gabe 2024 was a Phase 1 trial
[39]; Amin 2025, Buckeridge 2025, and Wharton 2023 were
Phase 2 trials [21-23]; Kadowaki 2025, Knop 2023, Wharton
2025 (0), and Wharton 2025 (S) were Phase 3 trials [18-20, 24];
and Katrevula 2025 was a Phase 4 trial [40]. Amin et al. (2025)
studied two cohorts: the T2D cohort and the obesity cohorts; we
included only the obesity cohorts [21]. Kadowaki 2025 included
adults with obesity (N = 201) with or without diabetes; we

analyzed the subset without diabetes (n = 147) in this NMA
[18]. Adults with obesity comprised the study subjects in the
other studies. In the intervention group, one study included
lotiglipron [21], another included danuglipron [22], five used
oral semaglutide [18-20, 39, 40], and two used orforglipron [23,
24]; all used placebo controls. To explore dose-response re-
lationships, doses were categorized into low-dose (LoD),
medium-dose (MeD), and high-dose (HiD) tiers, informed by
dose-finding data and trial protocols. For danuglipron, doses of
40-80 mg were labeled LoD, 120-140 mg as MeD, and
160-200 mg as HiD, reflecting lower versus near-maximal ex-
posures used in the phase 2b obesity study [22]. For orforgli-
pron, 6-12 mg was treated as LoD, 24-36 mg as MeD, and 45 mg
as HiD, aligning with the stepped escalation used in ATTAIN-1
and earlier studies [23, 24]. For lotiglipron, 80 mg, 140 mg, and
200-260 mg were designated LoD, MeD, and HiD, respectively,
based on dose-ranging data [21]. For oral semaglutide, doses
were categorized as 14 mg (LoD), 25 mg (MeD) and 50 mg
(HiD), consistent with phase 2-3 dose-finding programs [18-20,
39, 40]. Neighboring doses within the same tier and across
titration schedules (e.g., 200 mg lotiglipron with 4-step vs. 5-step
titration) were combined because the magnitude of weight loss
appeared more closely related to the target maintenance dose
than to titration details [21, 22]. Nevertheless, this grouping may
introduce residual heterogeneity and reduce the granularity of
dose-response inferences. The separate results provided in
Buckeridge 2025 for cohorts 1 and 2 and for cohort 3 were
analyzed separately. Placebo groups were distinct within each
cohort with no participant overlap, allowing these cohorts to be
treated as independent nodes in the network [22].

The follow-up periods of the RCTs ranged from 20 to 72 weeks.
Across trials, mean age, baseline body weight, and BMI were
broadly similar, but there were important differences in geog-
raphy, phase, sex distribution, study duration, and primary
endpoints. Gabe 2024 was a Phase 1 study primarily designed to
evaluate appetite, gastric emptying, and energy intake; however,
it included 20 weeks of follow-up and systematically reported
body-weight change, meeting the > 12-week duration criterion
[39]. Kadowaki 2025 enrolled an East Asian population with a
lower baseline BMI than Western cohorts; only the non-diabetic
subset was included in the present NMA [18]. Katrevula 2025
was an open-label Phase 4 trial with liver fibrosis as the primary
endpoint and weight loss as a prespecified secondary outcome
[40]. Amin 2025, the sole lotiglipron trial, was terminated early
due to elevations in liver enzymes [21]. Similarly, danuglipron
development, reported in only one study (Buckeridge 2025), was
later discontinued despite robust weight-loss efficacy [22]. These
design differences likely contributed to heterogeneity and were
accounted for in our qualitative assessment of transitivity
(Table 1). The baseline characteristics of the included RCTs
were consistent across all trial arms. Supporting Information S1:
Table S2 provides the results of individual studies, including
summary data for each intervention group.

3.3 | Risk of Bias in the Included Studies

Supporting Information S1: Figure S1 illustrates the specific and
overall RoB in the nine included RCTs. The overall RoB was low
in four (44.4%) trials. Three (33.3%) studies raised “some con-
cerns” about bias, either from deviations from the intended
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Identification of studies via databases and registers
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FIGURE 1 | Flowchart of study retrieval and inclusion in the meta-analysis.

intervention (Katrevula 2025) or from issues in the randomi-
zation process [Wharton 2023 and Wharton 2025 (O)] [23, 24,
40]. The remaining two (22.3%) had a high risk of bias due to
missing outcome data [21, 22]. The comparison-adjusted funnel
plot for the percent changes in body weight (Supporting
Information S1: Figure S2) appears largely symmetrical with an
Egger's test p-value of 0.0572, suggesting only borderline evi-
dence of small-study effects or publication bias. However,
publication bias was strongly suspected given the small number
of early-phase, sponsor-funded RCTs [34].

3.4 | Percent Change in Body Weight

Nine studies, involving 13 treatments and 5657 observations,
were included in the NMA evaluating the impact of oral GLP-1
RAs on the percent change in body weight compared with
placebo. Figure 2A presents the network diagram, and
Figure 2B presents the NMA forest plot comparing oral GLP-1
RAs with placebo; all active treatments, except lotiglipron LoD
(MD = —2.44%, p = 0.2151), significantly outperformed placebo.
High heterogeneity was evident (2 = 3.35, I = 73%; total
Q = 2593, p = 0.0005), driven by within-design variation
(Q =24.39, p = 0.0002), while between-design inconsistency was
non-significant (Q = 1.54, p = 0.4624). Semaglutide HiD (MD
—11.6%, P-score = 0.878) and orforglipron HiD (MD —11.8%,
P-score = 0.878) were the most effective, followed by semaglu-
tide MeD (MD —11.4%, P-score = 0.845) (Figure 2B,C). Sup-
porting Information S1: Table S3 provides the league table
[direct estimates (upper-right triangle) and network estimates

(lower-left triangle)]. The netsplit estimates showed no incon-
sistency between the indirect and direct effects (Supporting
Information S1: Figure S3).

3.5 | Absolute Change in Body Weight

Six studies, involving 7 treatments and 4495 observations, were
included in the NMA evaluating the impact of oral GLP-1 RAs
on the absolute change in body weight compared with placebo.
Supporting Information S1: Figures S4A,B present the network
diagram and the NMA forest plot comparing oral GLP-1 RAs
with placebo, respectively; all active treatments significantly
outperformed placebo. High heterogeneity was evident
(7 = 3.80, I* = 81.4%; total Q = 16.16, p = 0.0011) driven by
within-design variation (Q = 13.05, p = 0.0003), while between-
design inconsistency was non-significant (Q = 3.11, p = 0.2115).
Orforglipron HiD (MD —12.2 kg, P-score = 0.834) was most
effective, followed by semaglutide MeD (MD -12.0 kg,
P-score = 0.772) and semaglutide HiD (MD -10.9 kg,
P-score = 0.708) (Supporting Information S1: Figures S4B,C).
Supporting Information S1: Table S4 provides the league table
[direct estimates (upper-right triangle) and network estimates
(lower-left triangle)]. The netsplit estimates showed no incon-
sistency between the indirect and direct effects (Supporting
Information S1: Figure S4D).

3.6 | Change in Body Mass Index

Five studies, involving 7 treatments and 4434 observations, were
included in the NMA evaluating the impact of oral GLP-1 RAs
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Orforglipron MeD —— -9.8 [-12.6;-7.0] <0.0001
Danuglipron HiD —E— -9.7 [-13.2;-6.3] <0.0001

— = -8.1 [-12.1;-4.0] <0.0001
Danuglipron MeD —— -7.6 [-11.1;-4.2] <0.0001
Orforglipron LoD —a— -6.4 [-9.2;-3.5] <0.0001
Danuglipron LoD —— -5.8 [-9.3;-2.4] 0.0009
Lotiglipron HiD —— -54 [-9.1;-16] 0.0053
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(A) Network diagram of treatment comparisons for percent change in body weight. This network meta-analysis (NMA) graph

illustrates comparisons among oral GLP-1 RAs and placebo for the percent change in body weight from baseline. Each node represents a

treatment. Lines between nodes indicate direct comparisons, with line thickness reflecting the number of supporting studies. Treatments without
direct connections are compared through indirect evidence within the NMA framework. (B) Forest plot for the percent change in body weight.
This figure presents the relative effects of treatments on the percent change in body weight from baseline. The forest plot displays mean
differences (MDs) with 95% confidence intervals (CIs) for each treatment relative to the reference treatment (placebo). A negative MD indicates a
greater percent reduction in body weight. (C) P-score rankings for the percent change in body weight. The P-score ranks treatments by their
likelihood of being the most effective at reducing percent body weight, with higher P-scores indicating greater effectiveness.

on the absolute change in BMI compared with placebo. Sup-
porting Information S1: Figures 5A,B present the network dia-
gram and the NMA forest plot comparing oral GLP-1 RAs with
placebo, respectively; all active treatments significantly out-
performed placebo. Heterogeneity and inconsistency were low
(tau® = 0.0424, I* = 23.9%) and non-significant by Q tests,
supporting a coherent random-effect network. Semaglutide HiD
(MD —4.7 kg/m?, P-score = 0.911) was most effective, followed
by semaglutide MeD (MD —4.3 kg/m? P-score = 0.776) and
orforglipron HiD (MD —4.2 kg/m?, P-score = 0.775) (Supporting
Information S1: Figures S5B,C). Supporting Information S1:
Table S5 provides the league table [direct estimates (upper-right
triangle) and network estimates (lower-left triangle)]. The
netsplit estimates showed no inconsistency between the indirect
and direct effects (Supporting Information S1: Figure S5D).

3.7 | Change in Waist Circumference

Seven studies, involving 10 treatments and 5060 observations,
were included in the NMA evaluating the impact of oral GLP-1
RAs on the absolute change in waist circumference compared
with placebo. Supporting Information S1: Figures S6A,SB pre-
sent the network diagram and the NMA forest plot comparing

oral GLP-1 RAs with placebo, respectively. All active treatments
significantly outperformed the placebo in decreasing waist
circumference. No heterogeneity and inconsistency were found
(tau® < 0.0001, I*> = 0%) and were non-significant by Q tests
(Total 4.42, p = 0.4904), supporting a coherent random-effects
network. Semaglutide HiD (MD —10.0 cm, P-score = 0.924)
was most effective, followed by orforglipron HiD (MD -9.4 cm,
P-score = 0.858) and semaglutide MeD (MD —9.4 cm, P-
score = 0.856) (Supporting Information S1: Figure S6B,C).
Supporting Information S1: Table S6 provides the league table
[direct estimates (upper-right triangle) and network estimates
(lower-left triangle)]. The netsplit estimates showed no incon-
sistency between the indirect and direct effects (Supporting
Information S1: Figure S6D).

3.8 | Weight Loss Thresholds (= 5%, > 10%, > 15%)

Seven studies (10 treatments, 4735 observations) evaluated > 5%
weight loss. All active treatments significantly outperformed the
placebo (Supporting Information S1: Figure S7A,B). Moderate
heterogeneity was evident (> = 0.4097, I* = 69.4%) driven by
between-design inconsistency (Q = 11.48, p = 0.0032), likely
reflecting differences in inclusion criteria, duration, or dose
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categorization. Danuglipron HiD (OR 32.6, P-score 0.843),
semaglutide LoD (OR 27.9, P-score 0.766), and orforglipron HiD
(OR 183, P-score 0.646) ranked highest (Supporting
Information S1: Figure S7B,C and Table S7). Netsplit analysis
showed no inconsistency between direct and indirect estimates
(Supporting Information S1: Figure S7D).

Five studies (7 treatments, 4409 observations) evaluated > 10%
weight loss. All active treatments significantly outperformed the
placebo (Supporting Information S1: Figure S8A,B). Low het-
erogeneity (2 = 0.0272, I* = 34.9%) and no significant inconsis-
tency (Q = 3.05, P-score = 0.2175) supported network coherence.
Semaglutide HiD (OR 16.8, P-score 0.927), orforglipron HiD (OR
10.6, P-score 0.666), and semaglutide MeD (OR 10.1, P-score
0.634) were most effective (Supporting Information S1: Figure
S8C,D and Table S8). Direct and indirect estimates were consis-
tent (Supporting Information S1: Figure S8D).

For > 15% weight loss, the same five studies showed that all
active treatments significantly outperformed the placebo (Sup-
porting Information S1: Figure S9A,B). No heterogeneity or
inconsistency was detected (> < 0.0001, I* = 0%; Q = 1.69,
p = 0.4290). Semaglutide LoD ranked highest (OR 38.1, P-score
0.840), followed by semaglutide HiD (OR 18.9, P-score 0.812)
and semaglutide MeD (OR 17.0, P-score 0.758) (Supporting
Information S1: Figure S9C,D and Table S9). However, the
extremely wide confidence interval for semaglutide LoD (95% CI
2.2-656.5) indicates sparse-data instability; this ranking should
not be interpreted as evidence of superior efficacy over higher
doses. Netsplit analysis confirmed consistency (Supporting
Information S1: Figure S9D).

3.9 | Safety and Tolerability

Across trials, treatment-emergent adverse events were common
but generally mild to moderate and consistent with the known
GLP-1 RA class profile. Gastrointestinal symptoms (nausea,
vomiting, diarrhea, constipation, dyspepsia, and gastroesopha-
geal reflux) were the most frequently reported events and the
main reason for treatment discontinuation in active arms. In
obesity cohorts receiving danuglipron and lotiglipron, gastro-
intestinal events occurred in roughly half to three-quarters of
participants and drove most treatment-related discontinuations,
particularly at higher target doses and with faster titration
schedules [21, 22]. In contrast, oral semaglutide (25-50 mg)
showed a safety profile characterized by transient, mainly mild-
to-moderate gastrointestinal events that peaked during dose
escalation, with infrequent serious adverse events occurring at
rates similar to placebo [18-20, 39, 40]. Lotiglipron was also
associated with dose-related elevations in liver transaminases,
with a small proportion of participants having ALT or AST > 3x
the upper limit of normal [21].

Together with data from Phase 1 studies, this led to early
termination of the Phase 2 program and discontinuation of its
clinical development. Danuglipron's development was subse-
quently halted after a drug-induced liver injury signal in later
studies, despite no clear dose-related liver enzyme signal in the
Phase 2b obesity trial included in this NMA [22]. No consistent
hepatotoxicity signal was reported for oral semaglutide or
orforglipron in the included trials, and serious treatment-related

adverse events were uncommon overall [18-20, 23, 24, 39, 40].
However, heterogeneous safety reporting and the small number
of studies per agent precluded a formal comparative NMA of
safety endpoints.

3.10 | Certainty of Evidence: Confidence in
Network Meta-Analysis (CINeMA) Assessment

The CINeMA assessment results for the primary outcome are
summarized in Figure S10. Overall, confidence in most estimated
relative effects was rated as low or moderate. Direct comparisons
involving active doses (e.g., danuglipron HiD vs. placebo, orfor-
glipron HiD vs. placebo, and several semaglutide-related com-
parisons) generally received moderate confidence, mainly
downgraded due to some concerns or major concerns about
within-study bias and/or reporting bias, but with fewer issues in
other domains such as indirectness, imprecision, heterogeneity,
or incoherence. In contrast, most comparisons, especially indirect
ones between different agents (e.g., danuglipron HiD vs. lotigli-
pron HiD, orforglipron LoD vs. semaglutide MeD) or dose-level
comparisons within agents, were rated with low confidence.
These downgrades often resulted from a combination of major
concerns about within-study bias, some concerns about reporting
bias, and additional issues such as imprecision and heterogeneity.
These findings reflect the limited number of studies per com-
parison, often 1 to 3, as well as common concerns about bias and
selective reporting in the underlying trials. Additionally, variable
contributions of imprecision or heterogeneity affect several
network estimates. The CINeMA evaluations caution against
interpreting relative efficacy results too literally, especially for
indirect comparisons across agents.

4 | Discussion

This NMA of 5766 participants from 9 RCTs (20-72 weeks)
evaluated four oral GLP-1 RAs for weight management in
obesity without diabetes. All oral GLP-1 RAs (except lotiglipron
LoD) significantly reduced body weight compared with placebo,
with mean reductions of 5%-12%. HiD semaglutide and orfor-
glipron demonstrated the most substantial and consistent
weight reductions (11%-12%), along with meaningful improve-
ments in BMI and waist circumference. CINeMA assessments
rated the evidence as low to moderate confidence, primarily due
to bias and imprecision in indirect comparisons. Given the
predominantly low-confidence ratings for cross-agent compari-
sons, treatment rankings should be interpreted as hypothesis-
generating rather than definitive evidence of comparative
effectiveness.

While semaglutide HiD and orforglipron HiD showed identical P-
scores (0.878) for percent weight change, such near-ties indicate
statistical indistinguishability within the current evidence base
and not true clinical superiority. Discordance between absolute
and relative weight-loss metrics likely reflects baseline weight
differences across trials rather than pharmacological differences.
Some binary outcomes exhibited biologically implausible dose-
response reversals (e.g., semaglutide LoD outranking HiD for
> 15% weight loss, OR 38.1, 95% CI 2.2-656.5), reflecting sparse-
data artifacts rather than true efficacy patterns. Similarly, dan-
uglipron HiD ranked highest for > 5% weight loss, despite sem-
aglutide HiD and orforglipron HiD showing greater effects on
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continuous outcomes. These apparent reversals should not be
interpreted literally but rather as artifacts of limited events and
small sample sizes in certain comparisons.

These results position oral GLP-1 RAs as promising adjuncts to
lifestyle interventions for obesity management, addressing
injection-related adherence barriers associated with approved
injectable GLP-1 RAs [14, 15]. In a recent article, Kushner et al.
emphasize that incretin-based obesity pharmacotherapies should
be integrated into structured lifestyle interventions rather than
used in isolation. The authors highlight practical strategies to
align dietary patterns, physical activity, and behavioral coun-
seling with GLP-1-based treatment to enhance weight loss,
mitigate gastrointestinal adverse effects, and support long-term
adherence. The trial evidence synthesized in this NMA, in
which all participants received at least lifestyle advice alongside
pharmacotherapy, is consistent with this integrated care model
[42]. Achieving 10%-12% weight loss aligns with guideline
thresholds for cardiometabolic risk reduction and is associated
with substantial improvements in blood pressure, lipids, sleep
apnea, metabolic dysfunction-associated steatohepatitis, osteo-
arthritis symptoms, and health-related quality of life [1-4]. Waist
circumference reductions of 9-10 cm suggest decreased visceral
adiposity, which has previously been linked to lower cardiovas-
cular risk [43]. However, the cardiovascular benefits of oral GLP-1
RAs for obesity without diabetes remain speculative, based on
extrapolations from data on injectable semaglutide in high-risk
populations (e.g., the SELECT trial) [44].

Oral semaglutide—already FDA-approved for diabetes and, very
recently, for obesity—could pave the way for transitioning from
injectable to oral GLP-1 RAs in obesity treatment [17], increasing
accessibility in primary care. With the recent FDA approval of
orforglipron, newer non-peptide small-molecule GLP-1 RAs may
also be suitable options for patients with absorption challenges or
needle phobia, pending broader regulatory approval and real-
world experience [45]. However, real-world effectiveness, long-
term adherence, and cost-effectiveness require further study. In
diverse settings such as South Asia, these agents may help address
rising obesity rates, though broader regional trials are needed,
given that only one included study (Katrevula 2025) enrolled
participants from South Asia [40]. Policymakers may consider
integrating higher-dose regimens into obesity pharmacotherapy
algorithms for individuals who have not achieved adequate
weight loss with lifestyle interventions alone, while emphasizing
shared decision-making and realistic weight-loss expectations.

Notably, lotiglipron and danuglipron are no longer in clinical
development due to hepatotoxicity signals identified during
clinical trials. Although these agents showed favorable weight
loss in the included studies, elevations in hepatic enzymes led to
early program termination [21, 22]. Rankings involving these
discontinued molecules have limited clinical relevance and are
presented for completeness of evidence rather than to inform
practice. Oral semaglutide and orforglipron showed no consis-
tent signals of hepatotoxicity in the included trials, though
comprehensive safety surveillance remains essential.

This NMA provides the first comparative synthesis of multiple
oral GLP-1 RAs across different dose tiers in obesity without

diabetes, demonstrating statistical significance across nearly all
anthropometric outcomes. However, several limitations warrant
acknowledgment. The transitivity assumption may have been
challenged by heterogeneity across trial phases (1-4), pop-
ulations (East Asian vs. Western cohorts), trial designs
(including one open-label study), sample sizes, sex distributions
(40%-85% female), study durations (20-72 weeks), and primary
endpoints. Meta-regression or subgroup analyses were not per-
formed because there are only nine trials, each with limited data
per treatment, which would lead to unstable statistical esti-
mates. Therefore, residual confounding by baseline BMI, geog-
raphy, or trial duration cannot be ruled out, and comparative
rankings should be interpreted with caution. Duration hetero-
geneity may partly explain the absolute weight-loss differences
between short-term (Gabe 2024, 20 weeks) [39] and long-term
trials (ATTAIN-1, 72 weeks) [24]. Dose-tier pooling, while
clinically pragmatic, may introduce heterogeneity and reduce
the granularity of dose-response inferences.

Sparse data led to improbable ranking patterns for certain bi-
nary outcomes, suggesting statistical instability instead of
genuine relationships. Rankings for lotiglipron and danuglipron
are particularly uncertain given the high RoB from missing
outcome data, and sensitivity analyses excluding these trials
were not conducted. Moderate-to-high heterogeneity across
several outcomes is concerning, whereas the apparent absence
of heterogeneity in others may reflect limited statistical power
due to the small number of studies and events. The absence of
head-to-head trials necessitated reliance on placebo-anchored
indirect comparisons, introducing indirectness. Borderline
publication bias reflects sponsor influence in a small, early-
phase RCT pool. Limited subgroup data restrict generaliz-
ability primarily to Caucasian adults with moderate-to-severe
obesity. Finally, safety outcomes were not pooled quantita-
tively due to heterogeneous reporting across trials; the findings
of this NMA focus on efficacy and do not capture emerging liver
safety signals for small-molecule agents. These safety consider-
ations should inform clinical decision-making alongside efficacy
data.

Future research should prioritize long-term studies (> 72 weeks)
to assess durability after discontinuation, cardiovascular out-
comes, real-world effectiveness, comparative safety profiles, cost-
effectiveness, and generalizability across diverse populations.
Head-to-head trials comparing oral GLP-1 RAs would strengthen
the evidence for comparative effectiveness. Until such data
emerge, treatment selection should be guided by individual pa-
tient factors, safety profiles, accessibility, and shared decision-
making, recognizing that current comparative rankings remain
exploratory given low-to-moderate-certainty evidence.

5 | Conclusions

This NMA indicates that high-dose oral GLP-1 RAs, notably
semaglutide and orforglipron, are associated with greater weight
loss than placebo in adults with obesity but not diabetes.
Nonetheless, many comparisons rely on limited early-phase
trials, and CINeMA ratings were mostly low to moderate;
therefore, rankings among agents should be viewed with
caution. These drugs appear promising for obesity management,
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but their future use will depend on long-term safety data, direct-
comparison trials, and real-world evidence.
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among oral GLP-1 receptor agonists and placebo. The figure displays, for
each direct and indirect comparison, the number of contributing
studies, domain-level judgments for within-study bias, reporting bias,
indirectness, imprecision, heterogeneity, and incoherence (green = no
concerns, yellow = some concerns, red = major concerns), and the
resulting overall confidence rating (high, moderate, low, or very low)
with reasons for downgrading (e.g., within-study bias, reporting bias,
imprecision, heterogeneity).
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