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Abstract

Background Obesity is projected to affect about one billion adults by 2030 and is associated with cardiometabolic
morbidity. Orforglipron is an oral, non-peptide glucagon-like peptide-1 receptor agonist developed to provide
weight and metabolic benefits. Prior meta-analyses have supported its efficacy and safety but were limited by
shorter follow-up and a predominance of non-diabetic populations. This meta-analysis aims to provide the most
comprehensive head-to-head comparison between the two most commonly studied maintenance doses (12 mg vs.
36 mg), assessing weight, glycemic, cardiometabolic, and safety outcomes.

Methods We searched PubMed, Web of Science, Cochrane, and Scopus until March 1, 2026, for randomized
controlled trials (RCTs) comparing orforglipron 12 mg and 36 mg in obese adults. Outcomes of interest included
percentage and absolute body weight change, BMI, HbA1c, waist circumference, lipid parameters, blood pressure,
and adverse events. Results were pooled using a fixed-effects model, and prespecified subgroup analyses examined
differences by diabetes status and treatment duration.

Results Six RCTs (3459 participants) were included. Compared with the 12 mg dose, the 36 mg dose was associated
with greater reductions in percentage body weight change (p <0.00001), absolute body weight change (p <0.00001),
body mass index (p < 0.00001), HbA1c (p < 0.00001), waist circumference (P<0.00001), percent change in triglycerides
(P=0.002), and systolic blood pressure (P=0.002). Adverse events were comparable between doses. No significant
differences were observed in gastrointestinal events or pancreatic functions. A small difference in pulse rate was
noted but was not considered clinically significant.

*Correspondence:

Abanoub I.1. Kamel
abanoub.ibrahim.kamel@gmail.com
Muhammad Abdullah Naveed
abdullahnaveed120703@gmail.com

Full list of author information is available at the end of the article

© The Author(s) 2026. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:/creati
vecommons.org/licenses/by-nc-nd/4.0/.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12902-026-02538-x&domain=pdf&date_stamp=2026-9-14
https://doi.org/10.1186/s12902-026-02538-x
http://orcid.org/0009-0000-8825-7772
http://orcid.org/0009-0003-5341-4258
http://orcid.org/0009-0008-4512-8565
http://orcid.org/0009-0002-6411-8086
mailto:abanoub.ibrahim.kamel@gmail.com
mailto:abdullahnaveed120703@gmail.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

Hegaz et al. BMIC Endocrine Disorders (2026) 26:273

Page 2 of 18

Conclusion In obese adults, orforglipron 36 mg improved weight and metabolic outcomes compared with 12 mg.
No statistically significant differences between doses were detected for the prespecified safety outcomes, although
small increases in ALT and AST were observed with the 36 mg dose and the trials included were not powered to
detect rare or long-term adverse events. These findings support consideration of the higher maintenance dose when
clinically appropriate. Longer-term studies are needed to confirm the benefit and cardiovascular outcomes.

Clinical trial number Not applicable.

Keywords Orforglipron, Obesity, Meta-analysis, Head-to-head, Safety, Efficacy

Introduction

About 2.9 billion adults will have high body mass index
(BMI) by 2030, with 1.1 billion adults suffering from obe-
sity (BMI >30 kg/m?2) [1]. Obesity-related complications
include type 2 DM, dyslipidemia, cardiovascular diseases,
nonalcoholic fatty liver disease, polycystic ovary syn-
drome, infertility, obstructive sleep apnea, GERD, and
depression [2].

The American Diabetes Association (ADA) recom-
mends dietary, exercise, and behavioral regimens to
achieve and maintain a body weight loss of >5% [3].
Patients should use drug therapy when a BMI is >30 kg/
m2, or a BMI of 27 to 29.9 kg/m2 with obesity related
complications, when lifestyle modification fails to achieve
the target weight loss (5% of total body weight within 3 to
6 months). The American Association of Clinical Endo-
crinologists (AACE) and ADA recommend a patient-
centered approach while choosing the appropriate drug
therapy, as cardiovascular, heart failure, and chronic kid-
ney diseases come first before the risk of hypoglycemia,
cost, effect on weight, and adverse events [4, 5].

The US Food and Drug Administration (FDA) has
approved two GLP-1 agonist drugs: a once-weekly Sema-
glutide and a once-daily Liraglutide, in addition to a dual
GLP-1 and GIP agonist: a once-weekly Tirzepatide, as
first-line pharmacotherapy for obesity. However, their
gastrointestinal side effects, injectable nature, and high
cost can affect the patient’s tolerance [6-9]. In the USA,
Semaglutide is approved for the treatment of DM either
orally or by subcutaneous injection. For weight man-
agement, subcutaneous semaglutide (Wegovy) has long
been approved, and in December 2025 the FDA addition-
ally approved an oral semaglutide 25 mg tablet (Wegovy
tablets) for chronic weight management in adults with
obesity or overweight with at least one weight-related
comorbidity, so an oral option for weight reduction is
now also available [10].

Orforglipron is a novel, oral non-peptide GLP-1 partial
agonist that favors the activation of G protein more than
[-arrestin, with the potential of a similar physiological
outcome to the first-line drugs and offers a high bioavail-
ability without the necessity of food and water restric-
tion, favoring it over other injectable GLP-1 agonists [11,
12]. A recent meta-analysis has demonstrated the use

of Orforglipron in weight and glycemic control. How-
ever, it is limited by the inadequate reported outcomes,
such as liver enzymes, cardiovascular parameters, and
lipid profile, also some safety-related outcomes as the
incidence of serious adverse events were limited by the
non-diabetic predominance, and short treatment dura-
tion for most of the included studies [13], so our study
aims to provide a comprehensive efficacy and safety anal-
ysis with additional outcomes and a recent phase 3 trial
to achieve a high quality of evidence [14]. Furthermore,
our study is the only meta-analysis that provides a com-
prehensive head-to-head comparison between 12 mg and
36 mg maintenance doses, which are the most frequently
addressed doses in clinical trials.

Materials and methods

This meta-analysis was conducted in accordance to the
PRISMA checklists [15]. This study protocol was submit-
ted to and registered on PROSPERO: CRD420251275501.

Search strategy

Our search was conducted across PubMed, Cochrane,
Scopus, and Web of Science. We searched the databases
from inception until March 1, 2026. To capture all rel-
evant literature, we included a variety of appropriate
synonyms and intervention-related terms (Orforglipron,
LY3502970, or “oral GLP-1 receptor agonist”), in com-
bination with condition and outcome-related keywords
(obesity, type II diabetes mellitus, HbAlc, BMI, body
weight, gastrointestinal outcomes, adverse events, and
cardiometabolic markers). The full search strategy is pro-
vided within the supplementary file.

Eligibility criteria

Studies were included if they matched these criteria: (1)
were randomized controlled trials (RCTs); (2) enrolled
adult patients (> 18 years) with obesity and with or with-
out type 2 diabetes mellitus; (3) evaluated Orforglipron
at maintenance doses of 12 mg or 36 mg, (4) provided
data of both 12 mg and 36 mg arms; (5) reported at least
one of the pre-specified efficacy or safety endpoints of
interest. Because several of the included trials were origi-
nally designed to evaluate orforglipron in T2D popula-
tions, they applied lower BMI eligibility thresholds than
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the conventional WHO obesity cutoff (BMI>30 kg/m?):
Frias et al. (2023) and Rosenstock et al. (2025) required
BMI>23 kg/m?, Horn et al. (2025) required BMI > 27 kg/
m?, and Rosenstock et al. (2026) required BMI>25 kg/
m?. Only Wharton et al. (2023) and Wharton et al.
(2025) restricted enrollment to participants meeting
the conventional WHO obesity threshold (BMI>30 kg/
m?, or 227 kg/m* with a weight-related comorbidity).
We retained all six trials in the primary analysis because
each nonetheless enrolled a predominantly overweight/
obese population and reported the pre-specified 12 mg
vs. 36 mg efficacy and safety outcomes; however, this
difference in BMI eligibility is acknowledged as a source
of clinical heterogeneity across the included trials (see
Discussion, Limitations). To assess the robustness of the
primary efficacy findings to this heterogeneity, a sensitiv-
ity analysis restricted to the two trials applying the con-
ventional WHO obesity threshold (Wharton et al. 2023
and Wharton et al. 2025) was performed for the primary
weight-related outcomes (Supplementary material).

Studies were excluded if they (1) were not RCTs; (2) did
not provide sufficient data regarding 12 mg and 36 mg
Orforglipron for at least one of the outcomes of interest;
(3) were animal or preclinical studies; (4) were reviews,
editorials, or conference abstracts.

Data extraction and outcomes

Both title/Abstract and full text screening were per-
formed independently by two authors. Conflicts were
resolved by a third author.

Two independent authors extracted the data. The data
extraction mainly focused on data regarding the char-
acteristics of included studies (Study ID, study design,
setting, sample sizes, age, sex, race, and duration of
treatment) and baseline data, mainly focused on mea-
sured effects and outcomes. The data were extracted into
Microsoft Excel spreadsheets and then revised by a third
author.

Quality assessment

Risk of bias for each included trial was individually
assessed using the Cochrane Risk of Bias 2.0 (ROB 2.0)
tool [16]. Two independent authors evaluated the stud-
ies across five domains that were specified by the tool.
The domains are: (1) bias arising from the randomiza-
tion process, (2) bias due to deviations from intended
interventions, (3) bias of missing outcome data, (4) bias
of outcome measurement, and (5) bias in the selection
of reported results. Each domain was judged as low risk,
some concerns, or high risk, and then an overall risk of
bias judgment was concluded accordingly. Disagreements
between reviewers were resolved through discussion in
a group call of the two authors joined by the remaining
authors.
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Data analysis and outcomes

The outcomes measured included: measures of efficacy
(percent change in bodyweight (%), change in BMI (kg/
m?2), absolute body weight change (kg), percent change
in HbA1lc (percentage points), absolute change in waist
circumference (cm), percent change in serum total cho-
lesterol (%),percent change in LDL cholesterol (%), per-
cent change in HDL cholesterol (%), percent change in
triglycerides (%), change in fasting serum glucose (mg/
dL), change in systolic blood pressure (mmHg), change
in diastolic blood pressure (mmHg), change in pulse
rate (bpm)) and measures of safety (any TEAE, serious
adverse events, adverse events leading to treatment dis-
continuation, death, nausea, vomiting, diarrhea, consti-
pation, percent change in total serum lipase (%), percent
change in total serum amylase (%), percent change in
serum calcitonin (%), percent change in Serum Alanine
Aminotransferase ALT (%), percent change in Serum
Aspartate Aminotransferase AST (%)).

We analyzed the outcomes by Review Manager Ver-
sion 5.4 [17]. Dichotomous outcomes were reported as
risk ratio (RR) and 95% confidence interval (CI), while
continuous outcomes were reported as mean difference
and 95% confidence interval. When not reported, stan-
dard deviations were calculated using the equations listed
in the supplementary file. I-squared (I%), and Chi-square
(chi®) tests were used to assess heterogeneity. Hetero-
geneity across studies was assessed using the p-value of
chi? test and the I? statistic. Rather than applying a fixed
P-value/I2 threshold to declare heterogeneity “signifi-
cant,” 12 and tau-squared are reported for every outcome
and interpreted alongside the underlying clinical and
methodological differences between studies (e.g., diabe-
tes status, treatment duration, phase 2 vs. phase 3 design).
Where heterogeneity was appreciable, it was explored
through sensitivity analysis (including the random-effects
model described below) or subgroup analysis. A prespec-
ified subgroup analysis was conducted based on diabetic
status (diabetics vs. non-diabetics) and treatment dura-
tion (<40 weeks vs. > 40 weeks) for all assessed outcomes.
fixed-effect model was used as the primary analysis for all
outcomes because the included studies enrolled broadly
similar populations (adults with obesity, with or with-
out T2D) and used a consistent intervention (orforglip-
ron 12 mg vs. 36 mg) under comparable trial designs. I*
and 1 are reported for every outcome, and heterogene-
ity was interpreted in light of both statistical indices and
clinical/methodological differences between studies (e.g.,
diabetes status, treatment duration, phase 2 vs. phase 3
design), rather than a single I>/P threshold. To test the
robustness of the fixed-effect estimates, a random-effects
(DerSimonian-Laird) model was applied as a sensitivity
analysis for all outcomes with at least moderate hetero-
geneity or clinical relevance; results are reported in the
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Supplementary material and, where the conclusion dif-
fered from the fixed-effect analysis, this is noted explic-
itly in the Results. For continuous outcomes, analyses
used the change-from-baseline mean and standard devia-
tion reported by each trial; where standard deviations
were not directly reported, they were imputed using the
formulas detailed in the supplementary file, and out-
comes affected by such imputation were re-examined
in sensitivity analyses excluding the affected study. Sub-
group analyses by diabetes status and treatment duration
were prespecified but are considered exploratory given
the limited number of trials contributing to each stratum,;
between-subgroup differences were evaluated using the
chi-square test for subgroup differences implemented in
Review Manager (a formal test of interaction), and find-
ings should not be interpreted as confirmatory.
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Results

Study selection

This systematic review included six RCTs with a total of
3459 patients [14, 18—-22], filtered through an initial pool
starting with 326 records. After duplicate removal, 200
records were eligible for the Title and abstract screen-
ing, which resulted in the exclusion of 184 records. The
remaining 16 reports were assessed for eligibility. After
excluding conference abstracts and secondary analy-
ses without additional data of interest to our study, we
landed on 9 reports and excluded three reports that did
not address the target doses of 12 mg and 36 mg [23-25].
The detailed identification process is addressed in Fig. 1.

Baseline characteristics and patient demographics

This study included two phase 2 trials (Frias et al., 2023;
Wharton et al., 2023) and four phase 3 trials (Horn
et al., 2025; Rosenstock et al., 2025; Rosenstock et al,,
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Fig. 1 PRISMA flow diagram of the included studies



Hegaz et al. BMIC Endocrine Disorders (2026) 26:273

2026; Wharton et al., 2025) with a total of 3459 patients,
divided into two arms based on the dose of Orforglip-
ron, a 12 mg arm and a 36 mg arm, consisting of 1724
and 1735 patients, respectively. The samples were fairly
balanced gender-wise, with a slight female predominance
of 1909 patients (55%), and race-wise has shown a white
race predominance of 2045 patients (59%). The treatment
duration varied from 26 to 72 weeks. Characteristics and
baseline values of included studies are demonstrated in
Tables 1 and 2, respectively (Tables 1 and 2).

Risk of bias assessment

The risk of bias of included double-arm parallel clinical
trials was assessed using the ROB 2 tool, considering five
main domains. The evaluation of bias for the included
clinical trials revealed that three studies were at low risk
for bias in all domains. At the same time, one (Frias et al.,
2023) exhibited a high risk in the third domain. Another
two (Rosenstock et al., 2026) and (Wharton et al., 2023)
exhibited unclear risk in the second and third domains,
respectively. The main source of bias was due to miss-
ing outcome data and Deviations from Intended Inter-
ventions. The detailed quality evaluation of the selected
studies is shown in Fig. 2.

Efficacy outcome

Percentage change in body weight

The 36-mg dose of Orforglipron was associated with a
significantly greater reduction in percentage body weight
compared with the 12-mg dose (MD: 2.62%; CI: 2.07 to
3.17; p<0.00001; I>=0%) (Fig. 3A). In a sensitivity analy-
sis restricted to the two trials applying the conventional
WHO obesity threshold (BMI>30 kg/m? Wharton et
al. 2023 and Wharton et al. 2025), the effect was slightly
larger and remained highly statistically significant (MD:
2.97%; 95% CI: 1.98 to 3.96; P<0.00001), indicating that
the primary weight-loss finding is not driven by the trials
with lower BMI eligibility thresholds.

Subgroup analysis based on diabetic status and treat-
ment duration consistently favored the 36-mg dose.
Within the non-diabetic subgroup, the pooled 36-mg-vs-
12-mg difference in percentage body weight change was
(MD: 2.97%; CI: 1.98 to 3.96; p <0.00001; I* = 0%). Within
the >40-week subgroup, the corresponding pooled dif-
ference was (MD: 2.63%; CI: 2.00 to 3.26; p<0.00001;
I>=0%) (Figure S1A, S1B).

Absolute change in bodyweight (kg)
The 36-mg dose of Orforglipron was associated with a
significantly greater reduction in absolute body weight
compared with the 12-mg dose (MD: 2.31 kg; CI: 1.89 to
2.72; p<0.00001; I>=0%) (Fig. 3B).

Subgroup analysis based on diabetic status and treat-
ment duration consistently favored the 36-mg dose.
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Within the diabetic subgroup, the pooled 36-mg-vs-
12-mg difference in absolute body weight change was
(MD: 235 kg; CL: 1.68 to 3.02; p<0.00001; I*=0%).
Within the <40-week subgroup, the corresponding
pooled difference was (MD: 2.68 kg; CI: 1.53 to 3.83;
p<0.0001; I>= 8%) (Figure S2A, S2B).

Change in BMI (kg/m2)

The 36-mg dose of Orforglipron was associated with a
significantly greater reduction in BMI compared with the
12-mg dose (MD: 0.92 kg/m?; CI: 0.77 to 1.07; p <0.00001;
1>=0%) (Fig. 3C).

Subgroup analysis based on diabetic status and treat-
ment duration consistently favored the 36-mg dose.
Within the non-diabetic subgroup, the pooled 36-mg-
vs-12-mg difference in BMI change was (MD: 1.27 kg/
m? CI 0.81 to 1.73; p<0.00001; I>=0%). Within the
<40-week subgroup, the corresponding pooled differ-
ence was (MD: 0.95 kg/m?% CI: 0.54 to 1.35; p<0.0001;
>=17%) (Figure S3A, S3B).

Change in HbA1c (percentage points)

The 36-mg dose of Orforglipron was associated with a
significantly greater reduction in HbAlc (in percent-
age points) compared with the 12-mg dose (MD: 0.08%
points; CI: 0.05 to 0.10; p <0.00001; I* = 39%). Initial het-
erogeneity was detected and was resolved through sensi-
tivity analysis by excluding Wharton et al., 2023 (Fig. 4A).
This finding remained statistically significant in the ran-
dom-effects sensitivity analysis (MD: 0.12% points; 95%
CI: 0.04 to 0.20; P<0.05), although the confidence inter-
val was wider than under the fixed-effect model, indi-
cating somewhat greater uncertainty around the effect
estimate (Supplementary material).

Subgroup analysis based on diabetic status and treat-
ment duration consistently favored the 36-mg dose.
Within the diabetic subgroup, the pooled 36-mg-vs-
12-mg difference in HbAlc change was (MD: 0.18%
points; CI: 0.08 to 0.27; p=0.0005; I> = 0%). Substantial
heterogeneity was initially observed within the non-
diabetic subgroup, largely driven by the zero mean dif-
ference reported in Wharton et al., 2023, attributable to
imputed standard deviation values due to insufficient
reported data (Figure S4A). Accordingly, the subgroup
analysis was repeated after exclusion of this study, result-
ing in resolution of heterogeneity (Figure S4B). Within
the >40-week subgroup, the corresponding pooled
36-mg-vs-12-mg difference in HbAlc change was (MD:
0.08% points; CI: 0.05 to 0.11; P<0.00001; I* = 68%) (Fig-
ures S4C).

Change in waist circumference (cm)
The 36-mg dose of Orforglipron was associated with a
significantly greater reduction in waist circumference
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Table 2 (continued)

Study ID

Wharton et al. 2025 Rosenstock et al.

Wharton et al. 2023

[21]

Rosenstock et al.

2025 [20]
12mg

Horn et al. 2025 [18]

Frias et al. 2023

[19]

2026 [14]
12

mg

[22]

36
mg

12mg 36 mg 12mg 36 mg

36 mg

36 mg

36 mg 12mg

12mg

90.4 924

NA 864 83 92.5 92.8

822 NA

902 839

913

Estimated glomerular

filtration rate,

+203 +19.2

+184

+187

+12.7

+183

+225

+210

+167

17

+

mL per min per 1:73 m2

(mean+SD)

(2026) 26:273

NA metfor-  met-
min

NA

NA

previous

previous

Biguanide: 270 (83:9%)
Sulfonylurea:50 (15-5%)
SGLT2 inhibitor: 109

(33-9%)

Biguanide: 275 (82:8%)
sulfonylurea:51 (15-4%)

SGLT2 inhibitor:
97 (29-2%)

Metfor-

Anti-hyperglycemic drugs Metfor-

n(%)

formin
(100%)

treatment
with met-

treatment
with met-

min: 54
(89%)

min: 52
(93%)

(100%)

formin: 52
(36.9%)

formin: 53
(38.7%)

NA: not available
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compared with the 12-mg dose (MD: 1.84 c¢cm; CI: 1.30 to
2.38; P<0.00001; I>=0%) (Fig. 4B).

Subgroup analysis based on diabetic status and treat-
ment duration consistently favored the 36-mg dose.
Within the diabetic subgroup, the pooled 36-mg-vs-
12-mg difference in waist circumference change was
(MD: 1.90 cm; CL: 1.24 to 2.65; p<0.00001; I*=0%).
Within the <40-week subgroup, the corresponding
pooled difference was (MD: 2.19 cm; CI: 0.86 to 3.51;
p=0.001; I>=0%) (Figure S5A, S5B).

Percentage change in serum total cholesterol
The reduction in serum total cholesterol was not favored
by any of the compared doses (MD: 0.07%; CI: -1.01 to
1.23; P=0.91; I* = 19%) (Figure S6A).

Similarly, subgroup analysis based on diabetic status
and treatment duration was not favored by any of the
compared doses (Figure S6B, S6C).

Percentage change in serum LDL cholesterol
The reduction in serum LDL cholesterol was not favored
by any of the compared doses (MD: -0.89%; CI: -2.72 to
0.94; P=0.34; I>= 0%) (Figure S7A).

Similarly, subgroup analysis based on diabetic status
and treatment duration was not favored by any of the
compared doses (Figure S7B, S7C).

Percentage change in serum HDL cholesterol
The reduction in serum HDL cholesterol was not favored
by any of the compared doses (MD: -0.91%; CI: -2.11 to
0.29; P=0.14; I>=50%) (Figure S8A).

Similarly, subgroup analysis based on diabetic status
and treatment duration was not favored by any of the
compared doses (Figure S8B, S8C).

Percentage change in serum triglycerides
Under the fixed-effect model, the 36-mg dose of Orfor-
glipron was associated with a significantly greater reduc-
tion in serum triglycerides compared with the 12-mg
dose (MD: 3.64%; CIL: 1.38 to 5.90; P=0.002; I*=39%)
(Fig. 4C). In the pre-specified random-effects sensitivity
analysis, this finding was attenuated and did not remain
statistically significant (MD: 3.10%; 95% CI: -0.15 to 6.36;
P=0.06), indicating that the triglyceride result is not
robust to the choice of meta-analytic model and should
be interpreted with caution (Supplementary material).
Subgroup analysis based on diabetic status and treat-
ment duration consistently favored the 36-mg dose.
Within the non-diabetic subgroup, the pooled 36-mg-vs-
12-mg difference in serum triglycerides change was (MD:
5.90%; CI: 2.56 to 9.24; p=0. 0005; I*=2%). Within the
>40-week subgroup, the corresponding pooled difference
was (MD: 4.13%; CI: 1.68 to 6.59; P=0.001; I* = 68%) (Fig-
ure S9A, S9B).
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A
Risk of bias domains
©
P
—
Domains: Judgement
D1: Bias arising from the randomization process. )
D2: Bias due to deviations from intended intervention. . High
D3: Bias due to missing outcome data. B Some concerns
D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result. . Low
B

Bias arising from the randomization process

Bias due to deviations from intended interventions
Bias due to missing outcome data
Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias

25% 50% 75% 100%

2
B

- Low risk D Some concerns . High risk

Fig. 2 Overview of the risk of bias assessment according to the Cochrane Risk of Bias 2.0 (ROB 2.0) tool (A) presents the domain of level judgment of the
included studies, (B) presents the five domains of bias with overall risk of bias among the included studies
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A

Orforglipron 12 mg Orforglipron 36 mg Mean Difference Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Frias etal. 2023 -6.6 5.53 a6 -9.6 9.57 61 7.5%  3.00[099 5.01]
Horn et al. 2025 -7 7.43 332 -9.6 8.23 322 21.0% 2.60(1.40,3.80] ——
Rosenstock et al. 2025 -58 627 137 76 727 141 11.9% 1.80[0.21,3.39] [
Rosenstack et al. 2026 -6.7 7 424 82 823 423 287% 2.50[1.47 3.53] ——
Wharton etal. 2023 -9.4 7.39 50 -134 718 58 4.0% 410[1.34, 6.86)
Wharton et al. 2025 -84 961 725 112 11.02 730 26.9% 2.80[1.74, 3.86) ——
Total {95% Cl) 1724 1735 100.0% 2.62 [2.07,3.17] “®
Heterageneity Chi*= 2.42, df= 5 (P = 0.79) F= 0% t 1 t

Test for averall effect Z2=9.32 (P = 0.00001)

1
-4 -2 1] 4
Favours 12 mg Favours 36 mg

B

Orforglipron 12 mg Orforglipron 36 mg Mean Difference Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Frias etal. 2023 -65 a7F2 56 -85 &877 61 40% 3.00[0.92 508]
Horn etal. 2025 72 78 332 -86 BHBY 322 107% 240113, 367
Rosenstock et al. 2025 -5.2 567 137 72 7A7 141 T0% 200[0.43 357] —_—
Rosenstock et al. 2026 -6.6 7 424 -89 802 423 169% 2.30[1.29,3.31) ——
Wharton et al. 2023 -88 775 50 -142 757 58 21% 4.40[1.50,7.30]
‘Wharton et al. 2025 -944  A15 725 1165 537 T30 59.3% 221 [1.67,2.79] E &
Total (95% CI) 1724 1735 100.0% 2.31[1.89,2.72] L 2
Heterogeneity: Chi*= 2.72, df= 5 (P = 0.74); F= 0% _54 52 5 é ==1
Test for overall effect: Z=10.86 (F = 0.00001} Favours 12mg Favours 36 mg

C

Orforglipron 12 mg Orforglipron 36 mg Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Frias etal 2023 -23 19 56 -33 1499 61 46% 1.00[0.30,1.70]
Harn etal. 2025 -26 232 332 -34 32 322 124% 0.80[0.37,1.23] —
Rosenstock et al. 2025 -2 2.2 137 -27 263 141 7.0% 070[013,1.27] —
Rosenstock et al. 2026 -24 1.3 424 -33 146 423 65.4% 0.901[0.71,1.09] l
Wharton et al. 2023 -34 27 50 -5 252 58 23% 1.60[061,259
Wharton et al. 2025 -3.72 693 725 -49 1.92 730 8.3% 1.18[0.66,1.70] —
Total (95% CI) 1724 1735 100.0% 0.92[0.77,1.07] L 2
Heterogeneity: Chi*= 3.73, df= 5 (P =0.58), F=0% 52 51 P 1* %

Testfor overall effect Z=11.91 (P < 0.00001)

Favours 12 mg Favours 36 mg

Fig. 3 Forest plots for the meta-analysis of (3A) percent change in bodyweight (%), (3B) absolute change in body weight(kg), (3C) change in BMI (kg/m?)

Change in fasting serum glucose (mg/dL)
The reduction in fasting serum glucose was not favored
by any of the compared doses (MD: 0.73 mg/dL; CI: -0.26
to 1.71; P=0.15; I12=0%) (Figure S10A).

Similarly, subgroup analysis based on diabetic status
and treatment duration was not favored by any of the
compared doses (Figure S10B, S10C).

Change in systolic blood pressure (mmHg)
The 36-mg dose of Orforglipron was associated with a
significantly greater reduction in systolic blood pressure
compared with the 12-mg dose (MD: 0.94 mmHg; CI:
0.35 to 1.53; P=0.002; I = 0%) (Fig. 4D).

Subgroup analysis based on diabetic status and treat-
ment duration consistently favored the 36-mg dose.

Within the non-diabetic subgroup, the pooled 36-mg-vs-
12-mg difference in systolic blood pressure did not reach
statistical significance (MD: 0.97 mmHg; CI: -0.32 to
2.26; p=0.14; I* = 0%). Within the >40-week subgroup,
the corresponding pooled difference was (MD: 0.96
mmHg; CL: 0.34 to 1.58; p=0.002; I>=0%) (Figure S11A,
S11B)

Change in diastolic blood pressure (mmHg)
The reduction in diastolic blood pressure was not favored
by any of the compared doses (MD: -0.20 mmHg; CI:
-0.58 to 0.19; P=0.32; I*=0%) (Figure S12A).

Similarly, subgroup analysis based on diabetic status
and treatment duration was not favored by any of the
compared doses (Fig. 12B, S12C).
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A
Orforglipron 12 mg Orforglipron 36 mg Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Frias etal 2023 -1.91 0.99 56 -203 099 61 0.6% 012[0.24,0.48]
Haorn etal. 2024 150 111 332 -1.66 1 322 27% 0.16[000,0.32]

Rosenstock etal. 2025 -1.47 119 137 148 112 141 1.0%  0.01 [-0.26,0.28]
Rosenstock etal. 2026 -181 119 424 -2168 0 105 423 31%  0.25[0.10,0.40]

Wharton etal. 2023 -0.4 0007 50 -0.4 0007 58 Mot estimable
Wharton etal. 2025 -0.31 0.27 725 -0.38 027 730 926% 0.07[0.04,0.10] .
Total (95% CI) 1674 1677 100.0% 0.08 [0.05,0.10] L

Heterogeneity: Chi*= 6.57, df= 4 (P = 0L16), F= 39% f t

{ 1
Testfor overall effect Z=5.71 (P = 0.00001) == Fav’o'{ffu . UFavourggg - i

B

Orforglipron 12 mg Orforglipron 36 mg Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Frias etal 2023 -53 668 56 -3 BT 61 4.9% 2.00[-0.44, 4.44] T
Hornetal. 20245 63 T7.32 332 83 778 322 27% 2.00[0.84,3.18) —
Rosenstock et al. 2025 -4.5 7.4 137 72  8n 141 8.8% 2.70[0.88,452] _—
Rosenstock et al. 2026 -5.8 6.8 424 74 74 423 31.8% 1.60[0.64, 2.56] —a—
Whatton etal. 2023 -96 8.29 a0 -106 8.15 58 3.0% 1.00[F211,4.11] ]
Wharton etal. 2025 -8.2 461 725 10 9.64 730 298% 1.80[0.81,2.79] —
Total (95% CI) 1724 1735 100.0% 1.84[1.30, 2.38] ‘
Heterageneity: Chi*= 1.47, df= 5 (P=0.92); F= 0% t ; t

1
4 2 0 2 4

Test for averall effect Z=6.70 (P = 0.00001) Favours 12 mg Favours 36 mag

C

Orforglipron 12 mg Orforglipron 36 mg Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Friag et al. 2023 -8 3434 56 -14 3155 1 3.6% 6.00[5.98 17.98)
Harn etal. 20245 -16 35.32 332 -21.3 3204 322 19.2%  5.30([0.13,1047] —'—
Rosenstock et al. 2025 -14.9 33.28 137 -14 34 141 8.2%  -0.80 281, 7.01] T I
Rosenstocketal. 2026 -16.89 34.86 424 1585 347 423 23.3%  -0.94 [5.63,3.79) —
VWharton etal. 2023 -11.9 3252 50 -11.8 3046 88 3.6% 0.00[11.95 11.959]
‘Wharton et al. 2025 -15.2 37.09 725 -21.6 3032 730 42.2% 6.40[2.92, 3.88] —a—
Total (95% CI) 1724 1735 100.0% 3.64 [1.38, 5.90] o
Heterogeneity: Chi*=8.24, di=5 (P =014); F= 38% I

40 5 0 & 10

Test for averall effect: Z=3.15 (P = 0.002) Favours 12 ma Favours 36 mg

D

Orforglipron 12 mg Orforglipron 36 mg Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Frias etal. 2023 -7E 124 56 -73 1235 61 1.7% -0.30 [4.79, 4.149]
Horn etal. 2025 -5.51 5.83 332 -677 833 322 201% 1.26 [-0.06, 2.58] T &
Rosenstock etal. 2025 -53 1018 137 57 112 141 55% 040211, 2.91] _—t
Rosenstock etal. 2026 -45 467 424 -54 645 423 5149% 0.90([0.081.72] i
Wharton et al. 2023 -T3 1272 50 -10.3 11.42 58 16% 3.00[1.589, 7.549)
Wharton et al. 2025 -59 1236 725 -6.7 1378 730 192% 080054, 214)] T
Total {95% CI) 1724 1735 100.0% 0.94 [0.35,1.53] &>
Heterageneity: Chi*=1.52, df= 5 (P = 0.91); F=0% t f t

4 -2 0 2 4

Test for averall effect Z= 313 (F=0.002) Favours 12 mg Favours 36 mg

Fig.4 Forest plots for the meta-analysis of (4 A) percent change in HBA1¢, (4B) change in waist circumference (cm), (4 C) percent Change in triglycerides
(%), (4D) Change in systolic blood pressure (mmHg)
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A
Orforglipron 12 mg  Orforglipron 36 mg Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Frias etal 2023 44 a6 45 1 30% 1.07[0.87,1.30]
Horn etal. 2025 290 I 284 321 201% 0.99 [0.94, 1.05] ——
Fosenstock et al. 2025 11 137 119 141 8.2% 0.96 [0.86,1.07] e
Fosenstock et al. 2026 a7 424 38 423 222% 0.991[0.92,1.07] B E—
Whatton et al. 2023 43 a0 a2 58 34% 0.96[0.83,1.11]
VWharton et al. 2025 627 724 620 T8 431% 1.02[0.98, 1.08] —i—
Total (95% CI) 1722 1732 100.0%  1.00[0.97,1.03] -
Total events 1432 1438
e e e
' ’ . Favours 12 mg Favours 36 mg
B
Orforglipron 12 mg  Orforglipron 36 mg Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Frias etal. 2023 1 a6 2 61 1.7% 0.54 [0.05, 5.84] i
Harn etal. 2025 34 331 35 321 M E% 094 [0.60,1.47]
Rosenstock etal. 2025 7 137 4 141 3.5% 1.80[0.54, 6.01] S - a—
Rosenstock et al. 2026 21 424 40 423 356% 0.52[0.31,087] ——
Wharton et al. 2023 1] a0 3 58 29% 047 [0.01,313]
VWharton et al. 2025 39 724 28 728 248% 1.40[0.87, 2.29] T
Total (95% CI) 1722 1732 100.0%  0.91[0.70,1.18] L
Total events 102 T2
< Favours 12 mg Favours 36 mg
C
Orforglipron 12 mg  Orforglipron 36 mg Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Frias etal. 2023 2 a6 1 61 0B6% 218[0.20,23.37]
Horn etal. 2025 g8 k| 34 321 202% 1.00 [0.64, 1.58] —
Rosenstock etal. 2025 G 137 il 141 B.4% 0.56 [0.21,1.48] — 1
Rosenstock etal. 2026 ar 424 41 423 241% 0.90[0.559,1.38] —
VWharton et al. 2023 7 a0 e} 88 449% 0.90 [0.36, 2.25] . E—
Wharton et al. 2025 57 724 s 728 4389% 0.76 [0.55, 1.06] —H
Total (95% CI) 1722 1732 100.0%  0.85[0.69,1.05] L
Total events 144 1
Heterogeneity: Chi®=2.30, df=5 (P=0.81), F=0% 00s 02 : 7

Testforoverall effect Z=155(F=0.12)

Favours 12 mg Favours 36 mg

Fig.5 Forest plots for the meta-analysis of (5 A) any TEAE, (5B) serious adverse events, (5 C) adverse events leading to treatment discontinuation

Safety

Change in pulse rate (bpm)

The 12-mg dose of Orforglipron was associated with a
significantly lower rate of pulse change compared with
the 36-mg dose (MD: -0.86 bpm; CIL: -1.28 to -0.44;
P<0.0001; I>=0%) (Figure S13A).

Subgroup analysis based on diabetic status and treat-
ment duration consistently favored the 12-mg dose. Simi-
larly, treatment duration >40 weeks showed a statistically
significant lower pulse rate change with the 12 mg dose
(MD: -0.81 bpm; CI: -1.25 to -0.38; p=0.0002; I*>=28%)
(Figure S13B, S13C).

Any treatment-emergent adverse events (TEAEs)

The incidence of treatment-emergent adverse events was
not favored by any of the compared doses. (RR: 1.00; CI:
0.97 to 1.03; P=0.93; I*=0%). (Fig. 5A).

Across diabetic status and treatment duration sub-
groups, the incidence of treatment-emergent adverse
events was not favored by any of the compared doses
(Figure S14A, Figure S14B).
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Serious adverse events

The incidence of Serious Adverse Events was not favored
by any of the compared doses. (RR: 0.91; CI: 0.70 to 1.18;
P=0.46; I =52%) (Fig. 5B).

Across diabetic status and treatment duration sub-
groups, the incidence of Serious Adverse Events was not
favored by any of the compared doses (Figure S15A, Fig-
ure S15B).

Adverse events leading to treatment discontinuation

The incidence of Adverse events leading to treatment
discontinuation was not favored by any of the com-
pared doses. (RR: 0.85; CI: 0.69 to 1.05; P=0.12; ?=0%)
(Fig. 5C).

Across diabetic status and treatment duration sub-
groups, the incidence of Adverse events leading to treat-
ment discontinuation was not favored by any of the
compared doses (Figure S16A, Figure S16B).

Nausea
The incidence of Nausea was not favored by any of the
compared doses. (RR: 1.01; CI: 0.92 to 1.11; P=0.86;
I>=0%) (Figure S17A).

Across diabetic status and treatment duration sub-
groups, the incidence of Nausea was not favored by any
of the compared doses (Figure S17B, Figure S17C).

Vomiting
The incidence of Vomiting was not favored by any of
the compared doses. (RR: 0.90; CI: 0.79 to 1.03; P=0.12;
I>=0%) (Figure S18A).

Across diabetic status and treatment duration sub-
groups, the incidence of Vomiting was not favored by any
of the compared doses (Figure S18B, Figure S18C).

Diarrhea
The incidence of Diarrhea was not favored by any of
the compared doses. (RR: 0.97; CI: 0.85 to 1.09; P=0.57;
1>=9%) (Figure S19A).

Across diabetic status and treatment duration sub-
groups, the incidence of Diarrhea was not favored by any
of the compared doses (Figure S19B, Figure S19C).

Constipation
The incidence of Constipation was not favored by any of
the compared doses. (RR: 1.11; CI: 0.97 to 1.26; P=0.12;
I>=0%) (Figure S20A).

Across diabetic status and treatment duration sub-
groups, the incidence of Constipation was not favored by
any of the compared doses (Figure S20B, Figure S20C).
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Percentage change in serum lipase (%)
The reduction in Percentage serum Lipase was not
favored by any of the compared doses (MD: 2.75%; CI:
-1.45 t0 6.95; P=0.20; I = 0%) (Figure S21A).

Similarly, subgroup analysis based on diabetic status
and treatment duration was not favored by any of the
compared doses (Figure S21B, Figure S21C).

Percentage change in total serum amylase (%)
The reduction in Percentage total serum amylase was not
favored by any of the compared doses (MD: 0.48%; CI:
-2.36 to 3.33; p=0.74; I* = 0%) (Figure S22A).

Similarly, subgroup analysis based on diabetic status
and treatment duration was not favored by any of the
compared doses (Figure S22B, Figure S22C).

Percentage change in serum calcitonin (%)
The reduction in Percentage of serum calcitonin was not
favored by any of the compared doses (MD: 0.13%; CI:
-3.15 to 3.41; P=0.94; I” = 23%) (Figure S23A).

Similarly, subgroup analysis based on diabetic status
and treatment duration was not favored by any of the
compared doses (Figure S23B, Figure S23C).

Percentage change in ALT (%)
The 36 mg dose led to a statistically significantly greater
percentage increase in ALT compared to the 12 mg dose
(MD: 2.66%; CI: 0.14 to 5.19; P=0.04; I* = 0%) (Figure
S24A). No between-study heterogeneity was observed.
Subgroup analysis based on diabetic status and treat-
ment duration consistently favored the 36-mg dose.
Within the diabetic subgroup, the pooled 36-mg-vs-
12-mg difference in percentage ALT change was not
statistically significant (MD: 2.86%; CI: -0.45 to 6.17;
P=0.09; 1>=4%) (Figure S24B). Within the >40-week
subgroup, the corresponding pooled difference was (MD:
2.78%; CI: 0.00 to 5.56; p = 0.05; I* = 26%) (Figure S24C).

Percentage change in AST (%)

The 36-mg dose of Orforglipron was associated with a
greater reduction in AST Percentage compared with the
12-mg dose (MD: 2.43%; CIL: 0.46 to 4.39; P=0.02; I* =
0%) (Figure S25A). No between-study heterogeneity was
observed.

Subgroup analysis based on diabetic status and treat-
ment duration consistently favored the 36-mg dose.
Within the diabetic subgroup, the pooled 36-mg-vs-
12-mg difference in percentage AST change was (MD:
3.09%; CI: 0.44 to 5.74; P=0.02; I*=18%) (Figure S25B).
Within the >40-week subgroup, the correspond-
ing pooled difference was (MD: 2.80%; CI: 0.65 to 4.95;
p=0.01; I>=35%) (Figure S25C).
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Death

Overall, mortality events were rare and comparable
between the orforglipron 12 mg and 36 mg dose arms.
No statistically significant difference in all-cause mortal-
ity was observed between the two doses (RR: 1.32; CI:
0.46 to 3.81; P=0.61); given the small number of events,
this analysis is underpowered to detect a true difference
in mortality risk (Figure S26).

Discussion

This meta-analysis of six randomized controlled trials,
encompassing 3459 patients, provides a comprehensive
comparative evaluation of two maintenance doses (12 mg
vs. 36 mg) of the novel oral GLP-1 receptor agonist orfor-
glipron, in adults with obesity with or without type 2
diabetes (T2D). The principal finding is that the 36 mg
dose confers statistically superior efficacy across a broad
spectrum of cardiometabolic parameters, including body
weight, BMI, HbAlc, waist circumference, and systolic
blood pressure, compared to the 12 mg dose (the triglyc-
eride benefit was significant under the fixed-effect model
but attenuated in a random-effects sensitivity analysis),
with no statistically significant between-dose differences
detected for the prespecified safety outcomes other than
small increases in ALT and AST.

The dose-dependent efficacy of orforglipron for weight
reduction aligns with the established pharmacodynam-
ics of the GLP-1 receptor agonist class [26]. The mean
difference in percentage body weight loss (2.62%) and
absolute weight loss (2.31 kg), favoring the 36 mg dose,
is clinically meaningful, as weight reductions of >5% are
associated with significant improvements in obesity-
related comorbidities [27, 28]. Notably, in the 72-week
ATTAIN-1 trial, orforglipron 36 mg led to a mean weight
loss of 11.2% of baseline body weight, with over one-third
of patients achieving > 15% weight loss; a threshold linked
to remission of comorbidities like obstructive sleep apnea
and non-alcoholic fatty liver disease (NAFLD) [22]. This
finding is consistent with the dose-response relation-
ship seen with other GLP-1 RAs, such as subcutane-
ous semaglutide in the STEP trials and liraglutide in the
SCALE program [6, 29]. The significant reductions in
waist circumference, a marker of visceral adiposity, fur-
ther underscore the potent metabolic action of the higher
dose, as central obesity is a key driver of insulin resis-
tance and cardiovascular risk [30, 31]. The results affirm
the principle, observed with incretin-based therapies like
tirzepatide, that robust receptor agonism translates into
superior metabolic outcomes [32].

In glycemic control, the 36 mg dose produced a signifi-
cantly greater reduction in HbAlc (MD: 0.08% points),
with a more pronounced effect in studies of longer dura-
tion (>40 weeks). This incremental benefit, though mod-
est, is relevant in the context of T2D management where
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stringent glycemic targets are pursued [33]. It mirrors the
dose-response relationship seen with oral semaglutide
in the PIONEER program and positions orforglipron as
a potent oral alternative [34]. The greater HbAlc reduc-
tion in longer trials suggests sustained efficacy, a critical
attribute for chronic disease management, as highlighted
in guidelines from the American Diabetes Association
(ADA) and the European Association for the Study of
Diabetes (EASD) [35].

The impact on cardiovascular risk markers was notably
heterogeneous. While systolic blood pressure improved
significantly with the higher dose, consistent with the
vasodilatory effects of GLP-1 [36], other lipid parameters
(total cholesterol, LDL-C) did not show statistically sig-
nificant between-dose differences. However, the robust
reduction in triglycerides (3.64%) is a salient finding.
Hypertriglyceridemia is a key component of atherogenic
dyslipidemia, and its reduction is a recognized benefit of
GLP-1 RAs, as demonstrated in meta-analyses by Kris-
tensen et al. and Sun et al. [37, 38]. The neutral effect on
LDL-C aligns with some previous analyses of GLP-1 ther-
apies, which show more variable effects on this param-
eter compared to dedicated lipid-lowering agents [39].

The safety and tolerability profile is a paramount con-
sideration for any chronic weight management therapy.
Reassuringly, our analysis found no statistically signifi-
cant increase in the risk of overall treatment-emergent
adverse events (TEAEs), serious adverse events (SAEs),
or adverse events leading to discontinuation with the
36 mg dose compared to the 12 mg dose. Gastrointesti-
nal events: nausea, vomiting, diarrhea, and constipation
were numerically more frequent with the higher dose but
without statistical significance, contrasting with the clear
dose-dependent increase often seen with other GLP-1
RAs like liraglutide [40]. This may reflect the unique
pharmacokinetic profile of orforglipron. The absence of
any new safety signal for the prespecified outcomes at
the higher dose is reassuring, although the six included
trials (maximum follow-up 72 weeks) are underpowered
to detect rare or long-term adverse events, and this find-
ing aligns with the safety profile established in the car-
diovascular outcome trials (CVOTSs) of other GLP-1 Ras
[41, 42]. The only statistically significant safety signal
was a small between-dose difference in pulse rate, with
a numerically smaller reduction (i.e., a relatively greater
increase) in pulse rate with the 36 mg dose compared
with the 12 mg dose (MD: 0.86 bpm), a finding of ques-
tionable clinical relevance given its small magnitude,
though directionally consistent with the small tachycar-
dia sometimes associated with other agents [43].

Of particular importance, no significant between-dose
differences were observed in markers of pancreatic safety
(lipase, amylase). For hepatic markers, small but statis-
tically significant increases with the 36 mg dose were
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detected for both ALT (MD 2.66%; P=0.04) and AST
(MD 2.43%; P=0.02); although these differences are of
uncertain clinical relevance given their modest magni-
tude and the short-to-moderate follow-up of the included
trials, they should not be characterized as equivalent
between doses, and longer-term hepatic monitoring data
would be valuable. Pancreatitis risk has been a historical
concern with GLP-1-based therapies, prompting exten-
sive evaluation by regulators [44]. Large cardiovascular
outcome trials (CVOTs) like REWIND (Dulaglutide)
and SUSTAIN-6 (semaglutide) have not confirmed an
increased risk [41, 42]. Our data, though from shorter-
term trials, contribute to the reassuring safety profile
regarding pancreatic enzymes. The small, statistically sig-
nificant ALT/AST increases with the 36 mg dose noted
above should be weighed against findings from the LIRA-
NAFLD study and other analyses suggesting GLP-1 RAs
may benefit, not harm, hepatic steatosis [45, 46].

The subgroup analyses should be regarded as explor-
atory: although formal tests for subgroup differences
were performed (Methods, Section “Data analysis and
outcomes”), the number of trials contributing to each
stratum was small, limiting the power of these inter-
action tests to detect true between-subgroup differ-
ences. With this caveat, the numerically greater efficacy
observed in non-diabetic patients for weight loss and in
diabetic patients for waist circumference reduction may
hint at differing phenotypic responses, but this hypoth-
esis warrants investigation in dedicated studies [47]. The
influence of treatment duration was evident for HbAlc,
underscoring the importance of long-term adherence,
a known challenge in obesity pharmacotherapy, high-
lighted by systematic reviews such as that by Khera et
al. [48] The minimal heterogeneity in weight outcomes
across the six RCTs, despite differences in populations
and durations, attests to the reproducibility of the dose
effect.

These findings must be interpreted within the con-
text of the evolving therapeutic landscape for obesity
and T2D. Orforglipron’s oral administration offers a dis-
tinct advantage over injectable GLP-1 RAs, potentially
improving accessibility and adherence [49]. Its efficacy
profile appears competitive, with weight loss approaching
that of some injectable GLP-1 RAs and surpassing older
oral agents like naltrexone-bupropion [50, 51]. Further-
more, the results provide a basis for comparative effec-
tiveness research against other oral incretin therapies,
such as the recently approved oral semaglutide [34].

The clinical implications are significant. Our analysis
supports the clinical strategy of titrating to the 36 mg
maintenance dose to maximize therapeutic gains, a prin-
ciple reflected in recent guidelines from the American
Association of Clinical Endocrinology (AACE) and the
2023 ADA standards, which recommend GLP-1 RAs
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for weight management in patients with obesity and
T2D [2, 52]. For patients requiring substantial weight
loss and metabolic improvement, initiating or titrat-
ing to the 36 mg maintenance dose of orforglipron may
offer superior benefits without a clinically concerning
increase in adverse events. This aligns with a treat-to-
target approach. The 2025 World Health Organization
(WHO) guideline for obesity pharmacotherapy, giving a
conditional recommendation for long-term GLP-1 RA
use, further supports this treatment paradigm [53]. Stan-
dard clinical monitoring practices used for GLP-1 recep-
tor agonists have not revealed any new safety concern
with the 36 mg dose in the available short-to-moderate-
term trial data, but given the modest but statistically
significant ALT/AST increases observed, the limited
follow-up (maximum 72 weeks), and the small number
of included trials, we are cautious about concluding that
standard monitoring alone is sufficient. Given the lim-
ited ability of the current evidence base to detect rare or
delayed events, dedicated longer-term hepatic and safety
surveillance of the higher dose is warranted rather than
assumed unnecessary.

Limitations

This meta-analysis has several limitations. First, the num-
ber of included studies is modest (n=6), though the total
patient population is substantial. Second, the maximum
follow-up duration was 72 weeks; longer-term data on
sustained efficacy, safety, and durability of weight loss
are needed, as weight regain is a common challenge [54].
Third, all trials were industry-sponsored, underscoring
the need for independent confirmation of these find-
ings. Fourth, the included trials had varying proportions
of patients with T2D, and while subgroup analyses were
performed, patient-level data were not available for more
granular exploration of effect modifiers. Relatedly, four
of the six included trials (Frias et al. 2023, Rosenstock
et al. 2025, Horn et al. 2025, and Rosenstock et al. 2026)
applied BMI eligibility thresholds below the conventional
WHO obesity cutoff of 30 kg/m? (as low as BMI>23 kg/
m?), reflecting their original design as T2D-focused tri-
als; only Wharton et al. (2023) and Wharton et al. (2025)
restricted enrollment to participants meeting the con-
ventional obesity threshold. This is a source of clinical
heterogeneity in the population studied. A sensitivity
analysis restricted to these two strictly obesity-defined
trials showed a body-weight effect of similar or slightly
larger magnitude than the full analysis (Results, Sect.
“Percentage change in body weight”), suggesting the pri-
mary finding is not an artifact of including trials with
broader BMI eligibility, though this sensitivity analysis
was based on only two trials and should be interpreted
cautiously. Fifth, as with all meta-analyses, the results are
constrained by the quality and reporting of the original
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trials; one study was judged to have a high risk of bias due
to missing outcome data. Sixth, although a fixed-effect
model was prespecified because the included trials shared
a broadly similar design and population, this assumption
may not hold for all outcomes; a random-effects sensitiv-
ity analysis was therefore performed for the primary out-
comes (Supplementary material), and while most effect
estimates were robust to model choice, the triglyceride
result was attenuated to non-significance under random
effects and the HbAlc estimate showed a wider confi-
dence interval, so these two findings should be inter-
preted cautiously. Seventh, our search was completed
on March 1, 2026, and did not include Embase; given the
rapidly evolving evidence base for oral GLP-1 receptor
agonists, an updated search closer to publication, includ-
ing Embase and trial registries, is recommended before
the findings are considered definitive. Eighth, given the
large number of outcomes and subgroup analyses exam-
ined, some statistically significant findings may reflect
multiplicity rather than true effects; the weight, BMI,
waist circumference, HbAlc, and systolic blood pressure
findings should be regarded as the primary results, with
subgroup and secondary lipid/hepatic findings consid-
ered exploratory and hypothesis-generating. Finally, we
compared only two fixed doses; a network meta-analysis
including placebo and active comparators would provide
a broader context for orforglipron’s relative efficacy and
safety [55].

Conclusions and future directions
In conclusion, this meta-analysis indicates that orfor-
glipron 36 mg is significantly more effective than the
12 mg dose in reducing body weight, improving gly-
cemic control, and reducing systolic blood pressure in
patients with obesity with or without T2D; the effect on
triglycerides was significant under the fixed-effect model
but was attenuated and no longer statistically signifi-
cant in a random-effects sensitivity analysis, and should
therefore be interpreted with caution. No statistically
significant between-dose differences were detected for
the prespecified safety outcomes, with the exception of
small increases in ALT and AST with the 36 mg dose;
this should not be read as evidence that the two doses
are equally safe, given the limited number of trials, mod-
est overall sample size, and follow-up of up to 72 weeks,
which constrain the ability to detect rare or long-term
adverse events. The oral administration and favorable
efficacy profile position orforglipron as a promising ther-
apeutic option, to be confirmed by further evidence.
Future research should prioritize long-term extension
studies to assess the durability of weight loss and long-
term safety [56]. Dedicated cardiovascular outcome trials
(CVOTs), now a standard for new antidiabetic and anti-
obesity medications, are essential to definitively establish
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the cardiovascular safety and potential benefits of orfor-
glipron [57]. Furthermore, pragmatic real-world evidence
studies and head-to-head trials against other potent ther-
apies, including injectable semaglutide and dual agonists
like tirzepatide, are needed to clarify its position in the
treatment hierarchy [58, 59]. Ultimately, the availability
of an effective oral GLP-1 RA may help bridge the signifi-
cant gap between the high prevalence of obesity and the
historical underutilization of pharmacotherapy, enabling
more personalized and effective treatment strategies.
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