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Background: Glucagon-like peptide-1 receptor ago
nists (GLP-1 RAs) are increasingly used for weight 
management.

Purpose: To update our prior systematic review evalu
ating the efficacy and safety of GLP-1 RAs and co- 
agonists among adults with overweight or obesity 
without diabetes.

Data Sources: MEDLINE, Embase, and Cochrane 
Central Register of Controlled Trials from 5 October 
2024 through 25 March 2026.

Study Selection: Randomized controlled trials ([RCTs] 
treatment duration �16 weeks).

Data Extraction: Two reviewers independently extracted 
data.

Data Synthesis: Thirty-eight RCTs (n = 25 816) were 
included, adding 14 new trials (n = 11 000) to the 
prior review. Among commercially available thera
pies, placebo-subtracted weight loss reached up to 
−5.8% (95% CI, −8.0% to −3.6%) for liraglutide, 
−14.8% (CI, −16.2% to −13.4%) for subcutaneous 
semaglutide, −14.3% (CI, −17.2% to −11.4%) for 
oral semaglutide, −12.4% (CI, −15.1% to −9.7%) for 
orforglipron, and −19.0% (CI, −21.6% to −16.4%) 
for tirzepatide. Numerically greater placebo-subtracted 

reductions were seen with emerging multiagonists, 
including −23.9% (CI, −29.3% to −18.5%) with 
amycretin and −22.1% (CI, −24.9% to −19.3%) with 
retatrutide. Gastrointestinal adverse events (AEs) 
remained common (GLP-1 RA vs. placebo: 76.0% vs. 
40.1%). Discontinuation due to AEs was generally low 
(10.7% vs. 3.4%) but numerically higher with some 
oral agents. Serious AEs (6.5% vs. 5.2%) and deaths 
(0.1% vs. 0.0%) were rare, with no new safety signals 
identified. Head-to-head data showed greater weight 
loss with semaglutide and JNJ-64565111 than liraglu
tide and greater weight loss with tirzepatide and 
cagrilintide–semaglutide (CagriSema; Novo Nordisk) 
than semaglutide.

Limitations: Heterogeneity precluded quantitative syn
thesis. Safety outcomes were inconsistently reported.

Conclusion: Glucagon-like peptide-1 receptor agonists 
demonstrate substantial weight loss in adults without 
diabetes, with an expanding range of therapeutic 
options, including oral and multiagonist therapies.
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Pharmacologic therapies targeting the glucagon- 
like peptide-1 (GLP-1) pathway have become a 

central component of obesity management. In a 
prior systematic review of randomized controlled 
trials (RCTs), we found that GLP-1 receptor agonists 
(RAs) and related co-agonists were associated with 
substantial weight loss compared with placebo among 
adults with overweight or obesity without diabetes, 
although heterogeneity in study designs, popula
tions, and interventions precluded quantitative syn
thesis (1). Since the publication of this previous 
systematic review, several new large phase 3 RCTs and 
RCTs of novel agents, including oral formulations and 
multiagonist therapies, have been published, expand
ing the evidence base. Therefore, we conducted an 
updated systematic review of RCTs to evaluate the 
efficacy and safety of GLP-1 RAs and co-agonists for 
weight loss among adults without diabetes and to 
reassess the consistency and generalizability of our 
prior findings.

METHODS

The methods for this updated systematic review 
were consistent with those of our prior review (1) and 
prespecified protocol (PROSPERO: CRD42024505558). 
We followed the PRISMA (Preferred Reporting Items for 
Systematic reviews and Meta-Analyses) 2020 guidelines 
in the reporting of this study (2), with synthesis methods 
informed by the SWiM (Synthesis Without Meta-analysis) 
guidelines (3).
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Data Sources and Searches
We searched MEDLINE, Embase, and the Cochrane 

Central Register of Controlled Trials databases to identify 
new studies published between 5 October 2024, the 
date of the last search, to 25 March 2026. The full 
search strategy is provided in Supplement Table 1 
(available at Annals.org).

Study Selection
Titles, abstracts, and full-text articles were screened 

independently by 2 reviewers (A.M. and A.E.S.), with 
disagreements resolved by consensus. We included 
RCTs evaluating GLP-1 RAs or co-agonists for weight 
loss among adults with overweight or obesity without 
diabetes. Randomized controlled trials were required 
to have a minimum treatment duration of 16 weeks. 
Randomized controlled trials conducted in specific 
clinical populations (for example, polycystic ovary syn
drome) were excluded to maintain a focus on generally 
healthy adults with overweight or obesity. Overweight 
and obesity were defined according to prespecified 
criteria (body mass index [BMI] �27 kg/m2 with �1 
weight-related comorbidity and BMI �30 kg/m2, 
respectively). Randomized controlled trials that enrolled 
participants both with and without diabetes were 
included only if outcomes were reported separately 
for participants without diabetes. The primary review 
focused on placebo-controlled comparisons. Direct 
head-to-head RCTs comparing active GLP-1–based 
therapies were also identified and summarized sepa
rately. Randomized controlled trials evaluating the 
coadministration of GLP-1–based therapies with sepa
rate pharmacologic agents were excluded (for example, 
a GLP-1 RA coadministered with a sodium–glucose 
cotransporter-2 inhibitor); however, fixed-dose or 
unimolecular combination therapies (for example, 
GLP-1–based dual or triple agonists) were eligible.

Outcomes
The primary outcome was relative change in total 

body weight from baseline to maximum on-treatment 
follow-up. Secondary outcomes included changes in 
absolute total body weight, BMI, waist circumference, 
and blood pressure (BP). Safety outcomes included 
total adverse events (AEs), gastrointestinal AEs, dis
continuations due to AEs, serious AEs ([SAEs] overall 
and events of interest [severe gastrointestinal events, 
biliary disorders, pancreatitis, and psychiatric disor
ders]), and death.

Data Extraction and Quality Assessment
Data were extracted independently and in dupli

cate (A.M. and A.E.S.) using a standardized form. For 
each study, we extracted trial characteristics, partici
pant demographic characteristics, intervention details, 
and outcome data. Outcomes were extracted on the 
basis of intention-to-treat analyses, when feasible. 
When RCTs included several intervention groups, 
data were extracted for each eligible treatment 

group. When available, we extracted reported placebo- 
subtracted estimated treatment differences (ETDs) and 
corresponding 95% CIs. When not explicitly reported, 
ETDs and 95% CIs were calculated using available sum
mary data (for example, point estimates with measures 
of variance, including SEs, SDs, or reported CIs). Risk 
of bias for each included trial was assessed independ
ently and in duplicate (A.M. and A.E.S.) using the 
Cochrane Risk of Bias 2 (RoB 2) Tool (4), with discrep
ancies resolved by consensus.

Role of the Funding Source
This study did not receive funding.

RESULTS

Search Results
Our prior systematic review included 26 RCTs com

prising 15 491 participants (1). The updated search 
identified 3718 new reports, of which 2521 were 
screened after removal of duplicates (Supplement 
Figure 1, available at Annals.org). Twelve additional 
placebo-controlled RCTs (5–16) met our primary 
inclusion criteria. We also identified 2 recently pub
lished direct head-to-head RCTs without placebo 
groups (17, 18). These 14 newly identified studies 
are summarized in Table 1. In addition, 2 previously 
included RCTs (19, 20) were excluded after reassess
ment because they were conducted in East Asian 
populations and used definitions of overweight and 
obesity that were not consistent with our prespeci
fied BMI criteria. The final analysis therefore included 
38 RCTs comprising 25 816 participants (Appendix 
Table 1, available at Annals.org) (5–18, 21–44).

Trial and Agent Characteristics
The 38 RCTs included in this updated systematic 

review evaluated a broad range of GLP-1 RAs and co- 
agonists for weight loss among adults without diabe
tes. Compared with our prior review, which included 
13 agents (3 commercially available [liraglutide, subcu
taneous semaglutide, and tirzepatide] and 10 premar
ket), this update expands the range of evaluated agents 
to 17 (5 commercially available) across included RCTs, 
including both subcutaneous and oral formulations of 
semaglutide (Supplement Table 2, available at Annals. 
org). Of note, since the prior review, oral semaglutide 
and orforglipron have received U.S. Food and Drug 
Administration approval for weight management, 
increasing the number of available treatment options.

Newly included RCTs evaluated higher-dose sub
cutaneous semaglutide (7.2 mg) (5); oral semaglutide 
formulations (6, 7); and oral nonpeptide GLP-1 RAs, 
such as orforglipron, danuglipron, and lotiglipron (8, 
11, 13). Maridebart cafraglutide (MariTide; Amgen), a 
dual GLP-1 and glucose-dependent insulinotropic 
polypeptide (GIP) RA, was evaluated using extended 
dosing intervals, including monthly and bimonthly 
administration (12). In addition, emerging therapies 
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Table 1. Study Characteristics of Newly Identified Randomized Controlled Trials of GLP-1 RAs and Co-agonists in Adults 
Without Diabetes

Study, Year (Reference) 
and Trial Phase

Location Population* Sample 
Size, n

Active Groups Additional 
GLP-1 
Group

Lifestyle 
Interventions

Treatment 
Period, wk

Semaglutide (GLP-1 RA)
Subcutaneous 

semaglutide
Wharton et al, 2025 

(5) (STEP UP) 
Phase 3

11 countries Aged �18 y with BMI 
�30 kg/m2 and �1 prior 
unsuccessful dietary 
weight loss attempt

1407 Once-weekly 
subcutane
ous 2.4 mg 
or 7.2 mg

– Prescribed 500 kcal 
deficit and exercise 
�150 minutes per 
week

72

Oral semaglutide
Wharton et al, 2025 

(6) (OASIS-4) 
Phase 3

Canada, Germany, 
Poland, and 
United States

Aged �18 y with overweight 
or obesity and �1 prior 
unsuccessful dietary 
weight loss attempt

307 Once-daily oral 
25 mg

– Prescribed 500 kcal 
deficit and exercise 
�150 minutes per 
week

64

Kadowaki et al, 2025 
(7)† (OASIS-2) 

Phase 3

Japan and South 
Korea

Aged �18 y (aged �20 y in 
Japan) with BMI �27 kg/ 
m2 plus �2 weight-related 
complications or BMI 
�35 kg/m2 plus �1 com
plication and �1 prior 
unsuccessful dietary 
weight loss attempt

150 Once-daily oral 
50 mg

– Prescribed 500 kcal 
deficit and exercise 
�150 minutes per 
week

68

Orforglipron (GLP-1 RA)
Wharton et al, 2025 (8) 

(ATTAIN-1) 
Phase 3

9 countries Aged �18 y with overweight 
or obesity and �1 prior 
unsuccessful dietary 
weight loss attempt

3127 Once-daily oral 
6 mg, 12 mg, 
or 36 mg

– Behavioral counseling 
without prescription

72

Tirzepatide (dual GLP-1 
and GIP RA)
Ravussin et al, 2025 (9) 
Phase 1

United States Aged 18–60 y with BMI 30– 
45 kg/m2 plus �1 meta
bolic impairment and no 
dietary weight loss or gain 
>33 kg within past month

55 Once-weekly 
subcutane
ous 15 mg

– Dietary intervention 
designed to pro
duce 10% weight 
loss over 14 wk fol
lowed by 4 wk of 
weight maintenance

18

Kadowaki et al, 2025 
(10) (SURMOUNT-J) 

Phase 3

Japan Aged �20 y with BMI 27– 
35 kg/m2 plus �2 weight- 
related conditions or BMI 
>35 kg/m2 plus �1 
weight-related condition

225 Once-weekly 
subcutane
ous 10 mg or 
15 mg

– Prescribed calorie def
icit and exercise 
�150 minutes per 
week

72

Aronne et al, 2025 (18) 
(SURMOUNT-5) 

Phase 3

United States and 
Puerto Rico

Aged �18 y with overweight 
or obesity and �1 prior 
unsuccessful dietary 
weight loss attempt

750 Once-weekly 
subcutane
ous 10 mg or 
15 mg

Once-weekly 
subcuta
neous 
semaglu
tide  
2.4 mg

Behavioral counseling 
without prescription

72

Danuglipron (GLP-1 
RA)‡
Buckeridge et al,  

2025 (11) 
Phase 2

Canada, Japan, 
Taiwan, and 
United States

Aged 18–75 y with obesity 
and stable weight (�5 kg 
change within 90 d of 
screening)

626 Twice-daily oral  
40 mg, 80 mg, 
120 mg,  
140 mg,  
160 mg, or  
200 mg

– Prescribed 500 kcal 
deficit and exercise 
�150 minutes per 
week

26–32

Lotiglipron (GLP-1 RA)‡
Amin et al, 2025 (13)† 
Phase 2

Canada, Japan, 
and United 
States

Aged 18–75 y with BMI 
�30.0 kg/m2, hemoglobin 
A1c �6.4%, and fasting 
plasma glucose 
�6.99 mmol/L  
(�126 mg/dL)

389 Once-daily oral 
80 mg,  
140 mg,  
200 mg, or 
260 mg

– Details of intervention 
not provided (back
ground diet and 
exercise 
mentioned)

20

Continued on following page  
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targeting both the GLP-1 and amylin pathways, 
including amycretin and cagrilintide–semaglutide 
(fixed dose of 2.4 mg of cagrilintide and 2.4 mg of 
semaglutide; CagriSema; Novo Nordisk), were also 
evaluated (15–17).

Treatment durations ranged from 20 to 72 weeks. 
As in the prior review, most newly included RCTs 
incorporated background lifestyle interventions 
(Supplement Table 3, available at Annals.org), 
although the type and intensity of these interventions 
varied across studies. Four newly included RCTs en
rolled participants both with and without type 2 diabe
tes. In 2 RCTs, participants were enrolled into separate 
cohorts by diabetes status (12, 13), whereas 2 other 

RCTs included mixed populations with subgroup analy
ses by diabetes status (7, 17).

Baseline Clinical and Demographic 
Characteristics

The addition of 11 000 participants from newly 
included RCTs did not meaningfully change the base
line characteristics of the study population compared 
with the prior review (Supplement Table 4, available 
at Annals.org). Participants were predominantly middle- 
aged adults, with mean ages generally ranging from 
the late 40s to early 50s. Most participants across 
RCTs were female (66.1%), particularly in larger phase 
3 studies, although the proportion varied among 

Table 1–Continued 

Study, Year (Reference) 
and Trial Phase

Location Population* Sample 
Size, n

Active Groups Additional 
GLP-1 
Group

Lifestyle 
Interventions

Treatment 
Period, wk

Maridebart cafraglutide 
(dual GLP-1 and  
GIP RA)
Jastreboff et al, 2025 

(12)† 
Phase 2

12 countries Aged �18 y with overweight 
or obesity

465 Once-monthly 
subcutane
ous 140 mg, 
280 mg, or 
420 mg, or 
bimonthly 
420 mg

– Prescribed 500 kcal 
deficit and exercise 
�150 minutes per 
week

52

Mazdutide (dual GLP-1 
and glucagon RA)
Bhattachar et al,  

2025 (14) 
Phase 1

United States Aged 18–75 y with BMI of 
27–50 kg/m2 and <5% 
weight change in 3 mo 
before screening

32 Once-weekly 
subcutane
ous 16 mg

– Maintenance of usual 
diet and physical 
activity

20

Amycretin (dual GLP-1 
and amylin RA)
Dahl et al, 2025 (15) 
Phase 2

United States Aged 18–55 y with BMI of 
27.0–39.9 kg/m2

101 Once-weekly 
subcutane
ous 1.25 mg, 
5 mg, 20 mg, 
or 60 mg

– Maintenance of usual 
diet and physical 
activity

20–36

Cagrilintide–semaglutide 
(dual GLP-1 and  
amylin RA)
Yamauchi et al, 2026 

(17)† (REDEFINE-5) 
Phase 3

Japan and Taiwan Aged �18 y with BMI 
�27 kg/m2 plus �2  
obesity-related complica
tions or BMI >35 kg/m2 

plus �1 obesity-related 
complication

251 Once-weekly 
subcutane
ous cagrilin
tide, 2.4 mg, 
plus sema
glutide, 
2.4 mg (fixed 
dose)

Once-weekly 
subcuta
neous 
semaglu
tide  
2.4 mg

Prescribed 500 kcal 
deficit and exercise 
�150 minutes per 
week

68

Garvey et al, 2025 (16) 
(REDEFINE-1) 

Phase 3

22 countries Aged �18 y with overweight 
or obesity and �1 prior 
unsuccessful dietary 
weight loss attempt

3115 Once-weekly 
subcutane
ous cagrilin
tide, 2.4 mg, 
plus sema
glutide, 
2.4 mg (fixed 
dose)

Once-weekly 
subcuta
neous 
semaglu
tide  
2.4 mg

Prescribed 500 kcal 
deficit and exercise 
�150 minutes per 
week

68

BMI = body mass index; GIP = glucose-dependent insulinotropic polypeptide; GLP-1 RA = glucagon-like peptide-1 receptor agonist; OASIS = Oral 
Semaglutide Treatment Effect in People with Obesity; STEP UP = Semaglutide Treatment Effect in People with Obesity UP.
* Obesity defined as BMI �30 kg/m2 and overweight defined as BMI 27–30 kg/m2 with �1 obesity-related complication.
† Study included participants with or without type 2 diabetes. Only data from the nondiabetes subgroup were extracted.
‡ Clinical development discontinued due to safety-related concerns.
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smaller early-phase and region-specific RCTs. The 
ranges of mean body weight (87.2 to 119.2 kg), BMI 
(30.0 to 40.9 kg/m2), waist circumference (102.0 to 
130.0 cm), systolic BP ([SBP] 123.5 to 131.3 mm Hg), 
and diastolic BP ([DBP] 78.0 to 83.2 mm Hg) were 
also broadly similar to those previously reported, with 
no notable shifts in the overall clinical profile of en
rolled participants.

Quality Assessment
Weight Loss Outcomes

Of the 14 new RCTs included in this update, 8 had 
low overall risk of bias for weight loss outcomes per the 
RoB 2 tool, 4 (n = 535) had some concerns, and 2 (n = 
1015) had high risk of bias. The RCTs by Kadowaki and 
colleagues (7) (OASIS-2 [Oral Semaglutide Treatment 
Effect in People with Obesity-2]; oral semaglutide) 
and Yamauchi and colleagues (17) (REDEFINE-5; 
CagriSema) had some concerns about bias in the selec
tion of the reported results, as the reported estimate 
was derived from a post hoc exploratory subgroup of 
participants without type 2 diabetes, introducing the 
potential for selective reporting. The RCT by Bhattachar 
and colleagues (14) (mazdutide) had some concerns 
due to baseline imbalances between treatment groups, 
including differences in body weight across groups, 
which may have influenced the estimated treatment 
effect. The RCT by Dahl and colleagues (15) (amycretin) 
had some concerns due to deviations from the 
intended intervention and missing outcome data, as the 
analysis assumed no treatment discontinuations while 
there was a high dropout rate (40 of 101 [39.6%]), which 
could bias the estimated treatment effect.

Two RCTs were judged to have a high risk of bias 
due to substantial missing outcome data. The trial by 
Buckeridge and colleagues (11) (danuglipron) had 
missing outcome data for 379 of 626 (60.5%) random
ized participants at the primary analysis time point. 
The trial by Amin and colleagues (13) (lotiglipron) was 
terminated 12 weeks early due to concerning pharma
cokinetic findings (elevations in liver enzymes) that 
were published during the conduct of this trial. This pre
mature termination resulted in considerable missing out
come data (166 of 389 [42.7%]) and limited follow-up, 
which may have biased the estimated treatment effect 
(13). An updated summary of the RoB 2 results stratified 
by risk domain for the outcome of weight loss is pro
vided in Supplement Figure 2 (available at Annals.org).

Safety Outcomes
Risk of bias for safety outcomes, assessed for the 

overall occurrence of AEs, was similar to that seen in 
the prior review. This risk of bias was not assessed for 
the RCTs by Kadowaki and colleagues (7) (OASIS-2; 
oral semaglutide) or Yamauchi and colleagues (17) 
(REDEFINE-5; CagriSema), as safety outcomes were 
not reported separately for participants without type 2 
diabetes. The rest of the 12 newly included RCTs had 
some concerns related to measurement of the outcome, 

largely due to reliance on self-reported AEs or limited 
reporting on how AEs were ascertained. This is particu
larly relevant for gastrointestinal AEs, which are the most 
commonly reported events with GLP-1–based therapies 
and are typically captured through participant self-report, 
potentially introducing reporting bias. An updated sum
mary of the RoB 2 results stratified by risk domain for 
the outcome of AEs is provided in Supplement Figure 3 
(available at Annals.org).

Weight Loss
The ETDs between active and placebo groups are 

presented in Figures 1 and 2 for relative weight loss 
and in Supplement Figures 4 and 5 (available at Annals. 
org) for absolute weight loss. Point estimates and meas
ures of variability are presented in Tables 2 and 3.

Commercially Available Agents
Among commercially available agents, newly 

included RCTs expanded the evidence for subcutane
ous semaglutide, oral semaglutide, orforglipron, and 
tirzepatide (Figure 1 and Table 2). Subcutaneous sem
aglutide demonstrated a dose–response relationship, 
with the newly evaluated 7.2-mg dose achieving greater 
placebo-subtracted weight loss than the 2.4-mg dose 
(−14.8% [95% CI, −16.2% to −13.4%] vs. −11.7% [CI, 
−13.5% to −9.9%] at 72 weeks). Two new oral semaglu
tide RCTs extended the evidence base to include both 
25-mg and 50-mg regimens, with ETDs ranging from 
−11.4% (CI, −13.9% to −9.0%) with 25 mg at 64 weeks 
to −14.3% (CI, −17.2% to −11.4%) with 50 mg at 
68 weeks. For orforglipron, the current update adds a 
large phase 3 trial (n = 3127) to the prior phase 2 evi
dence base (n = 272), with ETDs ranging from −5.5% 
(CI, −6.5% to −4.5%) to −9.1% (CI, −10.1% to −8.1%) 
across doses at 72 weeks. Tirzepatide treatment effects 
remained consistent with prior evidence, demonstrat
ing substantial placebo-subtracted weight loss across 
RCTs (up to −19.0% [CI, −21.6% to −16.4%]). In con
trast, liraglutide was associated with more numerically 
modest placebo-subtracted reductions (up to −5.8% 
[CI, −8.0% to −3.6%]). Overall, commercially available 
agents showed consistent and clinically meaningful 
placebo-subtracted weight loss, with numerically greater 
efficacy seen at higher doses and with the dual agonist 
tirzepatide.

Premarket Agents
Among premarket agents, our prior review identi

fied retatrutide—a triple GLP-1, GIP, and glucagon RA— 
as having the numerically largest placebo-subtracted 
weight loss (−22.1% [CI, −24.9% to −19.3%] at 
48 weeks). In the updated review, similarly large effects 
were seen with emerging agents targeting both the 
GLP-1 and amylin pathways (Figure 2 and Table 3). 
Amycretin and CagriSema demonstrated substantial 
weight loss of up to −23.9% (CI, −29.3% to −18.5%) at 
36 weeks and −17.3% (CI, −18.1% to −16.6%) at 
68 weeks, respectively. Mazdutide, a dual GLP-1 
and glucagon RA, also showed large reductions of 
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up to −20.9% (CI, −24.7% to −17.1%) at a shorter treat
ment duration of 20 weeks. MariTide, a dual GLP-1 and 
GIP RA, demonstrated reductions ranging from −9.9% 
(CI, −12.8% to −6.9%) with bimonthly dosing to 
−13.8% (CI, −16.8% to −10.7%) with monthly dosing
at 52 weeks. Among oral nonpeptide GLP-1 RAs, dan
uglipron and lotiglipron showed more numerically
modest and dose-dependent effects of up to −12.9%
(CI, −16.8% to −9.0%) at 32 weeks and −5.6% (CI,
−7.3% to −3.9%) at 20 weeks, respectively. Overall,
emerging multiagonists and combination therapies
seemed to achieve placebo-subtracted weight loss at
the upper end of the range seen across currently

available therapies, with numerically greater reductions 
seen in some cases, although estimates were derived 
from shorter-duration and earlier-phase RCTs.

Effects on BMI, Waist Circumference, and BP
In the prior review, all GLP-1 RAs and co-agonists 

were associated with reductions in BMI, waist circumfer
ence, and BP compared with placebo. Newly included 
RCTs were consistent with these findings and extend 
the evidence to higher-dose, oral, and novel multiagon
ist formulations. Reductions in BMI and waist circumfer
ence generally paralleled the magnitude of weight loss 
across agents, whereas BP effects were more variable

Figure 1. Forest plot of mean differences in relative total body weight change with the use of U.S. Food and Drug Administration– 
approved GLP-1 RAs and co-agonists versus placebo among patients with overweight or obesity without diabetes.

Note: Baseline body weight was not reported separately for participants without type 2 diabetes in the trial by Kadowaki and colleagues (7). FE = fast 
escalation; GLP-1 RA = glucagon-like peptide-1 receptor agonist; NR = not reported; po = oral; qd = daily; qw = weekly; sq = subcutaneous.
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Mean Difference
(95% CI), %

Study, Year
(Reference)

Dose, mg Treatment
Duration,

wk

Baseline
Body

Weight,
kg

Liraglutide
   Alba et al, 2021 (41)
   Neeland et al, 2021 (22)
   O’Neil et al, 2018 (28)
   Wadden et al, 2020 (24)
   Pi-Sunyer et al, 2015 (25)
   Rubino et al, 2022 (29)

Semaglutide (subcutaneous)
   McGowan et al, 2024 (27)
   O’Neil et al, 2018 (28)
   O’Neil et al, 2018 (28)
   O’Neil et al, 2018 (28)
   O’Neil et al, 2018 (28)
   O’Neil et al, 2018 (28)
   O’Neil et al, 2018 (28)
   O’Neil et al, 2018 (28)
   Rubino et al, 2022 (29)
   Wadden et al, 2021 (30)
   Wilding et al, 2021 (31)
   Wharton et al, 2025 (5)
   Wharton et al, 2025 (5)
   Garvey et al, 2022 (32)

Semaglutide (oral)
   Gabe et al, 2024 (33)
   Wharton et al, 2025 (6)
   Kadowaki et al, 2025 (7)
   Knop et al, 2023 (34)

Orforglipron
   Wharton et al, 2023 (35)
   Wharton et al, 2023 (35)
   Wharton et al, 2023 (35)
   Wharton et al, 2023 (35)
   Wharton et al, 2025 (8)
   Wharton et al, 2025 (8)
   Wharton et al, 2025 (8)

Tirzepatide
   Kadowaki et al, 2025 (10)
   Kadowaki et al, 2025 (10)
   Jastreboff et al, 2022 (36)
   Jastreboff et al, 2022 (36)
   Jastreboff et al, 2022 (36)

3 (sq qd)
3 (sq qd)
3 (sq qd)
3 (sq qd)
3 (sq qd)
3 (sq qd)

2.4 (sq qw)
0.05 (sq qd)
0.1 (sq qd)
0.2 (sq qd)
0.3 (sq qd)

0.3 (sq qd FE)
0.4 (sq qd)

0.4 (sq qd FE)
2.4 (sq qw)
2.4 (sq qw)
2.4 (sq qw)
2.4 (sq qw)
7.2 (sq qw)
2.4 (sq qw)

50 (po qd)
25 (po qd)
50 (po qd)
50 (po qd)

12 (po qd)
24 (po qd)
36 (po qd)
45 (po qd)
6 (po qd)

12 (po qd)
36 (po qd)

10 (sq qw)
15 (sq qw)
5 (sq qw)
10 (sq qw)
15 (sq qw)

26
40
52
56
56
68

52
52
52
52
52
52
52
52
68
68
68
72
72
104

20
64
68
68

36
36
36
36
72
72
72

72
72
72
72
72

113.3
101.6
111.5
107.6
106.2
104.5

111.6
111.5
111.5
111.5
111.5
111.5
111.5
111.5
104.5
105.8
105.3
113.0
113.0
106.1

106.1
105.9

NR
105.4

108.7
108.7
108.7
108.7
103.2
103.2
103.2

92.0
92.0
104.8
104.8
104.8

−5.8 (−8.0 to −3.6)
−5.4 (−7.0 to −3.7)
−5.5 (−7.7 to −3.3)
−3.4 (−5.3 to −1.6)
−5.4 (−5.8 to −5.0)
−4.5 (−7.3 to −1.7)

−11.2 (−13.0 to −9.4)
−3.7 (−5.9 to −1.5)
−6.3 (−8.5 to −4.1)

−9.3 (−11.5 to −7.1)
−8.9 (−11.1 to −6.7)
−9.1 (−11.3 to −6.9)

−11.6 (−13.7 to −9.5)
−14.0 (−16.2 to −11.8)
−13.9 (−16.7 to −11.0)
−10.3 (−12.0 to −8.6)

−12.4 (−13.3 to −11.5)
−11.7 (−13.5 to −9.9)

−14.8 (−16.2 to −13.4)
−12.6 (−15.3 to −9.8)

−8.3 (−10.2 to −6.4)
−11.4 (−13.9 to −9.0)

−14.3 (−17.2 to −11.4)
−12.7 (−14.2 to −11.3)

−7.1 (−9.9 to −4.3)
−10.2 (−13.0 to −7.4)
−11.2 (−13.9 to −8.5)
−12.4 (−15.1 to −9.7)
−5.5 (−6.5 to −4.5)
−6.3 (−7.3 to −5.4)

−9.1 (−10.1 to −8.1)

−14.0 (−16.6 to −11.3)
−19.0 (−21.6 to −16.4)
−11.9 (−13.4 to −10.4)
−16.4 (−17.9 to −14.8)
−17.8 (−19.3 to −16.3)
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Table 2. Change in Efficacy Outcomes in Placebo-Controlled Trials of U.S. Food and Drug Administration–Approved GLP-1 RAs 
and Co-agonists for Weight Loss*

Study, Year (Reference) Treatment  
Duration, wk

Weight, % Weight, kg BMI, kg/m2 Waist 
Circumference, 
cm

SBP, mm Hg DBP, mm Hg

Liraglutide
Maselli et al, 2022 (21)†

Liraglutide, 3 mg sq qd 16 NR −5.8 (−8.3 to  
−3.9)

NR NR NR NR

Placebo 16 NR 0.0 (−3.1 to  
2.1)

NR NR NR NR

Alba et al, 2021 (41)
Liraglutide, 3 mg sq qd 26 −7.5 (0.5) NR NR NR −0.8 (NR) −0.4 (NR)
Placebo 26 −1.8 (0.7) NR NR NR 0.0 (NR) −0.1 (NR)

Neeland et al, 2021 (22)‡§
Liraglutide, 3 mg sq qd 40 −6.6 (4.8) −6.8 (5.4) −2.5 (2.0) −7.4 (6.8) NR NR
Placebo 40 −1.2 (4.7) −1.3 (4.8) −0.4 (1.9) −4.6 (6.7) NR NR

Astrup et al, 2012 (23)
Liraglutide, 1.2 mg sq qd 52 NR −3.8 (NR) NR −4.5 (NR) −4.2 (NR) −1.7 (NR)
Liraglutide, 1.8 mg sq qd 52 NR −5.4 (NR) NR −5.2 (NR) −4.0 (NR) −1.2 (NR)
Liraglutide, 2.4 mg sq qd 52 NR −6.1 (NR) NR −6.5 (NR) −7.0 (NR) −1.5 (NR)
Liraglutide, 3 mg sq qd 52 NR −7.8 (NR) NR −7.8 (NR) −4.9 (NR) −2.8 (NR)
Placebo 52 NR −2.0 (NR) NR −3.0 (NR) −1.6 (NR) −0.2 (NR)

O’Neil et al, 2018 (28)||
Liraglutide, 3 mg sq qd 52 −7.8 (0.9) −8.5 (0.9) −3.0 (0.3) −8.4 (0.9) −5.5 (1.2) −2.7 (0.8)
Placebo 52 −2.3 (0.7) −2.5 (0.8) −0.9 (0.3) −3.5 (0.8) −1.6 (1.0) −1.5 (0.7)

Wadden et al, 2020 (24)
Liraglutide, 3 mg sq qd 56 −7.5 (NR) NR NR −9.4 (NR) −2.8 (NR) −1.0 (NR)
Placebo 56 −4.0 (NR) NR NR −6.7 (NR) −0.6 (NR) −0.8 (NR)

Pi-Sunyer et al, 2015 (25)§
Liraglutide, 3 mg sq qd 56 −8.0 (6.7) −8.4 (7.3) −3.0 (2.6) −8.2 (7.3) −4.2 (12.2) −2.6 (8.7)
Placebo 56 −2.6 (5.7) −2.8 (6.5) −1.0 (2.3) −3.9 (6.6) −1.5 (12.4) −1.9 (8.7)

Rubino et al, 2022 (29)‡||
Liraglutide, 3 mg sq qd 68 −6.4 (−8.2 to  

−4.6)
−6.8 (−8.8 to 

−4.9)
NR −6.6 (−8.3 to  

−4.9)
−2.9 (−5.3 to 

−0.5)
−0.5 (−2.3 to 

1.3)
Placebo 68 −1.9 (−4.0 to  

0.2)
−1.6 (−3.9 to 

0.8)
NR −2.0 (−4.0 to  

0.1)
3.2 (0.3 to 6.1) 0.7 (−1.5 to 

2.9)

Semaglutide
Subcutaneous semaglutide

Friedrichsen et al, 2021 (26)§
Semaglutide, 2.4 mg sq qw 20 −9.9 (NR) −10.4 (6.3) NR NR NR NR
Placebo 20 −0.4 (NR) −0.4 (2.6) NR NR NR NR

McGowan et al, 2024 (27)
Semaglutide, 2.4 mg sq qw 52 −13.9 (0.7) −15.2 (0.8) NR −11.1 (0.8) −8.8 (1.1) NR
Placebo 52 −2.7 (0.6) −2.8 (0.6) NR −2.8 (0.7) −1.0 (1.4) NR

O’Neil et al, 2018 (28)||
Semaglutide, 0.05 mg sq qd 52 −6.0 (0.9) −6.7 (0.9) −2.4 (0.3) −6.1 (0.9) −4.5 (1.2) −2.6 (0.8)
Semaglutide, 0.1 mg sq qd 52 −8.6 (NR) −9.3 (0.9) −3.4 (0.3) −8.8 (0.9) −5.8 (1.2) −2.7 (0.8)
Semaglutide, 0.2 mg sq qd 52 −11.6 (NR) −12.3 (0.9) −4.4 (0.3) −11.0 (0.9) −6.3 (1.2) −4.1 (0.8)
Semaglutide, 0.3 mg sq qd 52 −11.2 (NR) −12.5 (0.9) −4.4 (0.3) −10.9 (0.9) −6.4 (1.2) −3.0 (0.8)
Semaglutide, 0.3 mg sq qd 

FE¶
52 −11.4 (0.9) −12.5 (0.9) −4.5 (0.3) −11.1 (1.0) −6.1 (1.2) −2.2 (0.8)

Semaglutide, 0.4 mg sq qd 52 −13.8 (0.8) −15.2 (0.9) −5.4 (0.3) −12.3 (0.9) −5.8 (1.2) −3.6 (0.8)
Semaglutide, 0.4 mg sq qd 

FE¶
52 −16.3 (0.8) −17.4 (0.9) −6.2 (0.3) −14.9 (0.9) −10.3 (1.2) −5.5 (0.8)

Placebo 52 −2.3 (0.7) −2.5 (0.8) −0.9 (0.3) −3.5 (0.8) −1.6 (1.0) −1.5 (0.7)
Rubino et al, 2022 (29)‡||

Semaglutide, 2.4 mg sq qw 68 −15.8 (−17.6 to 
−13.9)

−15.3 (−17.3 to 
−13.4)

NR −13.2 (−15.0 to 
−11.5)

−5.7 (−8.1 to 
−3.3)

−5.0 (−7.0 to 
−3.1)

Placebo 68 −1.9 (−4.0 to 
0.2)

−1.6 (−3.9 to 
0.8)

NR −2.0 (−4.0 to 0.1) 3.2 (0.3 to 6.1) 0.7 (−1.5 to 
2.9)

Wadden et al, 2021 (30)
Semaglutide, 2.4 mg sq qw 68 −16.0 (NR) −16.8 (NR) −6.0 (NR) −14.6 (NR) −5.6 (NR) −3.0 (NR)
Placebo 68 −5.7 (NR) −6.2 (NR) −2.2 (NR) −6.3 (NR) −1.6 (NR) −0.8 (NR)
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Table 2–Continued 

Study, Year (Reference) Treatment  
Duration, wk

Weight, % Weight, kg BMI, kg/m2 Waist 
Circumference, 
cm

SBP, mm Hg DBP, mm Hg

Wilding et al, 2021 (31)
Semaglutide, 2.4 mg sq qw 68 −14.9 (NR) −15.3 (NR) −5.5 (NR) −13.5 (NR) −6.2 (NR) −2.8 (NR)
Placebo 68 −2.4 (NR) −2.6 (NR) −0.9 (NR) −4.1 (NR) −1.1 (NR) −0.4 (NR)

Garvey et al, 2025 (16)**
Semaglutide, 2.4 mg sq qw 68 −14.9 (NR) −15.6 (NR) −5.6 (NR) −13.4 (NR) −7.5 (NR) −4.5 (NR)
Placebo 68 −3.0 (NR) −3.3 (NR) −1.2 (NR) −4.0 (NR) −3.2 (NR) −1.9 (NR)

Wharton et al, 2025 (5)**
Semaglutide, 2.4 mg sq qw 72 −15.6 (0.7) −17.3 (0.8) −6.1 (0.3) −14.6 (0.8) −8.7 (1.0) −3.0 (0.6)
Semaglutide, 7.2 mg sq qw 72 −18.7 (0.4) −20.9 (0.4) −7.5 (0.1) −17.5 (0.3) −9.9 (0.4) −4.5 (0.3)
Placebo 72 −3.9 (0.6) −4.6 (0.7) −1.6 (0.2) −5.9 (0.6) −4.4 (0.8) −2.1 (0.7)

Garvey et al, 2022 (32)
Semaglutide, 2.4 mg sq qw 104 −15.2 (0.9) −16.1 (1.0) −5.9 (0.4) −14.4 (0.9) −5.7 (1.1) −4.4 (0.9)
Placebo 104 −2.6 (1.1) −3.2 (1.2) −1.6 (0.6) −5.2 (1.2) −1.6 (1.2) −0.8 (0.9)

Oral semaglutide
Gabe at al, 2024 (33)§

Semaglutide, 50 mg po qd 20 −9.8 (3.8) −10.1 (4.1) NR NR NR NR
Placebo 20 −1.5 (3.8) −1.6 (3.9) NR NR NR NR

Wharton et al, 2025 (6)**
Semaglutide, 25 mg po qd 64 −13.6 (NR) −14.2 (NR) −5.1 (NR) −12.2 (NR) −6.8 (NR) −2.7 (NR)
Placebo 64 −2.2 (NR) −2.2 (NR) −0.8 (NR) −2.8 (NR) −5.4 (NR) −2.1 (NR)

Kadowaki et al, 2025 (7)‡**
Semaglutide, 50 mg po qd 68 −15.5 (0.8) NR NR NR NR NR
Placebo 68 −1.2 (1.2) NR NR NR NR NR

Knop et al, 2023 (34)
Semaglutide, 50 mg po qd 68 −15.1 (0.5) −15.5 (0.5) −5.6 (0.2) −13.0 (0.5) −6.6 (0.7) −2.4 (0.5)
Placebo 68 −2.4 (0.5) −2.5 (0.5) −0.9 (0.2) −3.0 (0.5) −0.3 (0.5) −0.6 (0.5)

Orforglipron
Wharton et al, 2023 (35)

Orforglipron, 12 mg po qd 36 −9.4 (−11.5 to 
−7.4)

−9.8 (−11.9 to 
−7.6)

−3.4 (−4.2 to 
−2.7)

−9.6 (−11.9 to 
−7.3)

−6.9 (1.62) −2.5 (0.98)

Orforglipron, 24 mg po qd 36 −12.5 (−14.5 to 
−10.5)

−13.6 (−15.7 to 
−11.6)

−4.7 (−5.4 to 
−4.0)

−11.2 (−13.4 to 
−8.9)

−6.7 (1.57) −1.7 (0.95)

Orforglipron, 36 mg po qd 36 −13.5 (−15.3 to 
−11.6)

−14.2 (−16.2 to 
−12.3)

−5.0 (−5.7 to 
−4.4)

−10.6 (−12.7 to 
−8.5)

−8.8 (1.51) −4.0 (0.91)

Orforglipron, 45 mg po qd 36 −14.7 (−16.5 to 
−12.8)

−15.4 (−17.4 to 
−13.5)

−5.5 (−6.1 to 
−4.8)

−13.6 (−15.7 to 
−11.5)

−10.1 (1.49) −2.9 (0.90)

Placebo 36 −2.3 (−4.3 to 
−0.4)

−2.4 (−4.5 to 
−0.4)

−0.9 (−1.6 to 
−0.2)

−4.0 (−6.2 to 
−1.8)

−1.8 (1.62) −2.8 (0.98)

Wharton et al, 2025 (8)**
Orforglipron, 6 mg po qd 72 −7.5 (−8.2 to 

−6.8)
−7.8 (NR) −2.8 (NR) −7.1 (−7.7 to 

−6.5)
−5.7 (−6.8 to 

−4.6)
−2.4 (−3.1 to 

−1.7)
Orforglipron, 12 mg po qd 72 −8.4 (−9.1 to 

−7.7)
−8.6 (NR) −3.1 (NR) −8.2 (−8.9 to 

−7.5)
−5.1 (−6.1 to 

−4.0)
−2.2 (−2.9 to 

−1.5)
Orforglipron, 36 mg po qd 72 −11.2 (−12.0 to 

−10.4)
−11.3 (NR) −4.1 (NR) −10.0 (−10.7 to 

−9.3)
−6.3 (−7.3 to 

−5.3)
−2.7 (−3.4 to 

−2.1)
Placebo 72 −2.1 (−2.8 to 

−1.4)
−2.4 (NR) −0.9 (NR) −3.1 (−3.7 to 

−2.4)
−1.4 (−2.4 to 

−0.5)
−1.4 (−2.1 to 

−0.7)

Tirzepatide
Ravussin et al, 2025 (9)**

Tirzepatide, 15 mg sq qw 18 NR −16.7 (0.9) NR NR NR NR
Placebo 18 NR −8.3 (0.9) NR NR NR NR

Kadowaki et al, 2025 (10)**
Tirzepatide, 10 mg sq qw 72 −15.8 (1.0) −16.0 (0.9) −5.8 (0.3) −12.7 (0.9) −11.2 (1.4) −5.9 (1.1)
Tirzepatide, 15 mg sq qw 72 −20.8 (0.9) −20.8 (0.8) −7.7 (0.3) −16.6 (0.8) −12.0 (1.4) −6.3 (1.0)
Placebo 72 −1.8 (1.0) −1.5 (0.8) −0.6 (0.3) −1.3 (0.8) 1.9 (1.4) 0.5 (1.0)

Jastreboff et al, 2022 (36)
Tirzepatide, 5 mg sq qw 72 −15.0 (−15.9 to 

−14.2)
−16.1 (NR) NR −14.0 (−14.9 to 

−13.1)
−7.0 (−7.9 to 

−6.1)
−5.2 (−5.8 to 

−4.6)
Tirzepatide, 10 mg sq qw 72 −19.5 (−20.4 to 

−18.5)
−22.2 (NR) NR −17.7 (−18.7 to 

−16.8)
−8.2 (−9.1 to 

−7.3)
−5.5 (−6.1 to 

−4.9)
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across RCTs (Tables 2 and ; Supplement Figures 6 to 
13

3
, available at Annals.org).

In STEP UP (Semaglutide Treatment Effect in 
People with Obesity UP) (5), subcutaneous semaglu
tide demonstrated a dose-dependent reduction in 
SBP, with placebo-subtracted decreases of −5.4 mm 
Hg (CI, −7.3 to −3.6 mm Hg) at 7.2 mg compared with 
−4.3 mm Hg (CI, −6.8 to −1.8 mm Hg) at 2.4 mg. 
Across oral semaglutide RCTs, placebo-subtracted 
SBP reductions were more variable despite numeri
cally similar magnitudes of weight loss. In OASIS-1 
(34), 50 mg of oral semaglutide was associated with a 
reduction of −6.3 mm Hg (CI, −8.3 to −4.3 mm Hg), 
whereas in OASIS-4 (6), 25 mg of oral semaglutide 
was associated with a more numerically modest 
reduction of −1.4 mm Hg (CI, −4.6 to 1.8 mm Hg). Of 
note, numerically larger placebo-subtracted reduc
tions in SBP were seen in some newer RCTs. In 
SURMOUNT-J (10), tirzepatide was associated with 
reductions of −13.2 mm Hg (CI, −17.0 to −9.3 mm 
Hg) and −13.9 mm Hg (CI, −17.0 to −10.1 mm Hg) at 
10 mg and 15 mg, respectively. Similarly, MariTide 
demonstrated a reduction of −9.4 mm Hg (CI, −13.4 
to −5.4 mm Hg) at 280 mg. Reductions in DBP were 
generally smaller in magnitude and followed similar 
patterns across RCTs.

Safety
As in the prior review, total AEs were commonly 

reported in both the active treatment and placebo 
groups across the newly included RCTs (Appendix 
Tables 2 and 3, available at Annals.org) (7256 of 8274 
[87.7%] vs. 1842 of 2315 [79.6%]), with higher rates of 
gastrointestinal AEs among participants receiving 
GLP-1 RAs and co-agonists (3372 of 4436 [76.0%] vs. 
447 of 1116 [40.1%]). These gastrointestinal AEs (pri
marily nausea, diarrhea, constipation, and vomiting) 
were generally described as mild to moderate in se
verity, transient, and related to dose escalation. 
However, although some RCTs evaluated varying 
dose-escalation strategies (11–14), no consistent pat
tern was seen to suggest that more gradual dose 

escalation reduced rates of gastrointestinal AEs or 
treatment discontinuation across agents (Supplement 
Table 5, available at Annals.org). In general, rates of 
treatment discontinuation due to AEs were mostly low 
across RCTs (861 of 8274 [10.4%] vs. 78 of 2315 
[3.4%]), but newer oral nonpeptide agents seemed to 
have numerically higher rates. In particular, danugli
pron was associated with numerically high discontinu
ation rates across dose groups, ranging from 24.3% 
(80 mg) to 66.7% (200 mg) compared with 4.4% in the 
pooled placebo group. Lotiglipron also demon
strated relatively high discontinuation rates, ranging 
from 18.2% (80 mg) to 36.4% (200 mg) compared 
with 7.8% with placebo. Trial-specific safety outcomes 
stratified by dose are presented in Supplement 
Table 5.

Select SAEs of interest, including severe gastroin
testinal events, biliary disorders, pancreatitis, and psy
chiatric disorders, remained inconsistently reported 
across newly included RCTs but were rare in those 
that did report them (Supplement Table 6, available 
at Annals.org). Deaths remained uncommon (6 of 
10 749 [0.06%], including 1 case of suicide in a partici
pant treated with CagriSema) (Supplement Table 7, 
available at Annals.org). No clear, new serious safety 
signal emerged in the updated evidence base.

Head-to-Head Comparisons
Our prior systematic review included 3 multigroup 

RCTs that directly compared active GLP-1–based 
therapies while also incorporating placebo groups 
(Supplement Table 8, available at Annals.org) (28, 29, 
41). In a phase 2 dose-ranging trial by O’Neil and col
leagues (28), daily subcutaneous semaglutide gener
ally showed greater weight loss than 3 mg of 
liraglutide at 52 weeks, with ETDs ranging from 1.8% 
(CI, −0.6% to 4.1%) to −6.1% (CI, −8.4% to −3.8%) 
across doses, although only the highest semaglutide 
dose (0.4 mg) showed superior reductions in SBP 
(ETD, −4.8 mm Hg [CI, −8.1 to −1.5 mm Hg]) and DBP 
(ETD, −2.8 mm Hg [CI, −5.0 to −0.6 mm Hg]). 
Similarly, in STEP-8 (Semaglutide Treatment Effect in 

Table 2–Continued 

Study, Year (Reference) Treatment  
Duration, wk

Weight, % Weight, kg BMI, kg/m2 Waist 
Circumference, 
cm

SBP, mm Hg DBP, mm Hg

Tirzepatide, 15 mg sq qw 72 −20.9 (−21.8 to 
−19.9)

−23.6 (NR) NR −18.5 (−19.3 to 
−17.6)

−7.6 (−8.5 to 
−6.7)

−4.6 (−5.2 to 
−4.0)

Placebo 72 −3.1 (−4.3 to 
−1.9)

−2.4 (NR) NR −4.0 (−5.1 to 
−2.8)

−1.2 (−2.1 to 
−0.3)

−1.0 (−1.7 to 
−0.3)

BMI = body mass index; DBP = diastolic blood pressure; FE = fast escalation; GLP-1 RA = glucagon-like peptide-1 receptor agonist; NR = not 
reported; po = oral; qd = daily; qw = weekly; SBP = systolic blood pressure; sq = subcutaneous.
* Data are reported as mean (SE) or mean (95% CI) unless otherwise indicated.
† Data reported as median (IQR).
‡ Study with some concerns or high risk of bias for the outcome of weight loss.
§ Data reported as mean (SD).
|| Study reported twice because it included 2 active GLP-1 groups.
¶ Study included 2 groups of the same dose with varying uptitration schedules.
** Newly identified since our previous systematic review.
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Figure 2. Forest plot of mean differences in relative total body weight change with the use of premarket GLP-1 RAs and co-agonists 
versus placebo among patients with overweight or obesity without diabetes.
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Mean Difference
(95% CI), %

Study, Year
(Reference)

Dose, mg Treatment
Duration,

wk

Baseline
Body

Weight,
kg

Danuglipron
   Buckeridge et al, 2025 (11)
   Buckeridge et al, 2025 (11)
   Buckeridge et al, 2025 (11)
   Buckeridge et al, 2025 (11)
   Buckeridge et al, 2025 (11)
   Buckeridge et al, 2025 (11)
   Buckeridge et al, 2025 (11)
   Buckeridge et al, 2025 (11)
   Buckeridge et al, 2025 (11)
   Buckeridge et al, 2025 (11)
   Buckeridge et al, 2025 (11)

Efpeglenatide
   Pratley et al, 2019 (37)
   Pratley et al, 2019 (37)
   Pratley et al, 2019 (37)
   Pratley et al, 2019 (37)

Lotiglipron
   Amin et al, 2025 (13)
   Amin et al, 2025 (13)
   Amin et al, 2025 (13)
   Amin et al, 2025 (13)
   Amin et al, 2025 (13)

Noiiglutide
   Li et al, 2024 (40)
   Li et al, 2024 (40)
   Li et al, 2024 (40)

Maridebart cafraglutide
   Jastreboff et al, 2025 (12)
   Jastreboff et al, 2025 (12)
   Jastreboff et al, 2025 (12)
   Jastreboff et al, 2025 (12)
   Jastreboff et al, 2025 (12)
   Jastreboff et al, 2025 (12)

JNJ-6456511
   Alba et al, 2021 (41)
   Alba et al, 2021 (41)
   Alba et al, 2021 (41)

Mazdutide
   Bhattachar et al, 2025 (14)
   Bhattachar et al, 2025 (14)

Survodutide
   Jungnik et al, 2023 (42)
   Jungnik et al, 2023 (42)
   Jungnik et al, 2023 (42)
   le Roux et al, 2024 (43)
   le Roux et al, 2024 (43)
   le Roux et al, 2024 (43)
   le Roux et al, 2024 (43)

40 (po bid, 1-wk DE)
80 (po bid, 1-wk DE)
120 (po bid, 1-wk DE)
120 (po bid, 2-wk DE)
160 (po bid, 1-wk DE)
160 (po bid, 2-wk DE)
200 (po bid, 1-wk DE)
200 (po bid, 2-wk DE)
80 (po bid, 4-wk DE)
140 (po bid, 4-wk DE)
200 (po bid, 4-wk DE)

4 (sq qw)
6 (sq qw)
6 (sq q2w)
8 (sq q2w)

80 (po qd)
140 (po qd)

200 (po qd, 5-step DE)
200 (po qd, 4-step DE)

260 (po qd)

0.12 (sq qd)
0.24 (sq qd)
0.36 (sq qd)

140 (sq q4w, no DE)
280 (sq q4w, no DE)
420 (sq q4w, no DE)
420 (sq q8w, no DE)

420 (sq q4w, 4-wk DE)
420 (sq q4w, 12-wk DE)

5.0 (sq qw)
7.4 (sq qw)
10 (sq qw)

16 (sq qw, 6-step DE)
16 (sq qw, 7-step DE)

2.4 (sq qw)
4.8 (sq qw)
2.4 (sq biw)
0.6 (sq qw)
2.4 (sq qw)
3.6 (sq qw)
4.8 (sq qw)

26
26
26
26
26
26
26
26
32
32
32

20
20
20
20

20
20
20
20
20

24
24
24

52
52
52
52
52
52

26
26
26

20
20

16
16
16
46
46
46
46

110.1
110.1
110.1
110.1
110.1
110.1
110.1
110.1
110.1
110.1
110.1

99.0
99.0
99.0
99.0

107.3
107.3
107.3
107.3
107.3

89.2
89.2
89.2

107.4
107.4
107.4
107.4
107.4
107.4

113.3
113.3
113.3

94.7
94.7

94.1
94.1
94.1

105.7
105.7
105.7
105.7

−5.6 (−7.7 to −3.5)
−5.0 (−7.1 to −2.9)

−9.1 (−11.2 to −7.0)
−6.6 (−9.2 to −4.0)

−9.5 (−11.8 to −7.2)
−7.1 (−9.8 to −4.4)

−9.1 (−11.5 to −6.7)
−7.2 (−9.7 to −4.7)

−8.2 (−12.5 to −3.9)
−8.4 (−12.6 to −4.2)

−12.9 (−16.8 to −9.0)

−6.8 (−8.4 to −5.1)
−7.4 (−9.1 to −5.7)
−6.7 (−8.4 to −5.1)
−7.5 (−9.2 to −5.8)

−2.4 (−4.2 to −0.7)
−4.4 (−6.1 to −2.7)
−5.6 (−7.3 to −3.9)
−5.0 (−6.7 to −3.3)
−5.4 (−7.1 to −3.6)

−5.8 (−7.7 to −3.9)
−5.0 (−6.9 to −3.1)
−5.4 (−7.4 to −3.4)

−11.1 (−13.6 to −8.7)
−13.1 (−15.6 to −10.6)
−12.2 (−14.8 to −9.5)
−9.9 (−12.8 to −6.9)

−11.7 (−14.3 to −9.1)
−13.8 (−16.8 to −10.7)

−6.7 (−9.3 to −4.2)
−8.1 (−10.3 to −5.8)

−10.0 (−12.3 to −7.8)

−19.9 (−23.7 to −16.1)
−20.9 (−24.7 to −17.1)

−9.0 (−11.7 to −6.3)
−11.2 (−13.9 to −8.5)

−13.8 (−16.5 to −11.1)
−3.4 (−6.3 to −0.4)

−9.7 (−12.6 to −6.8)
−10.4 (−13.3 to −7.5)
−12.1 (−15.0 to −9.2)
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People with Obesity-8) (29), weekly 2.4 mg of subcuta
neous semaglutide achieved greater weight loss than 
3 mg of liraglutide at 68 weeks (ETD, −9.4% [CI, 
−12.0% to −6.8%]) and modest additional reduction in
SBP (ETD, −2.8% [CI, −6.1% to 0.6%]). JNJ-64565111
also demonstrated greater weight loss than liraglutide
3 mg, with ETDs ranging from −1.0% (CI, −2.8% to
0.8%) to −4.3% (CI, −5.8% to −2.8%) across doses.

Since our prior review, 3 additional head-to-head 
RCTs that directly compared GLP-1–based therapies 
have become available, including 1 that also included 
a placebo group (16) and 2 (17, 18) that did not. In 
SURMOUNT-5 (18), 15 mg of tirzepatide achieved 
greater weight loss than 2.4 mg of semaglutide at 
72 weeks (ETD, −6.5% [CI, −8.1% to −4.9%]) 
(Supplement Table 8). In REDEFINE-1 (16) and 
REDEFINE-5 (17), 2.4 mg of CagriSema achieved 
greater weight loss than 2.4 mg of semaglutide at 
68 weeks (ETD, −5.5% [CI, −6.7% to −4.3%] and 
−7.0% [CI, −9.3% to −4.8%], respectively), although
the former only showed modest reduction in SBP (ETD,
−2.4 mm Hg, [CI, −3.7 to −1.1 mm Hg]) and no mean
ingful difference in DBP. Additional efficacy and safety
outcomes from head-to-head RCTs are presented in
Supplement Tables 8 to 10 (available at Annals.org).

DISCUSSION

This updated systematic review of 38 RCTs and 
25 816 participants with overweight or obesity without 
diabetes included 14 new RCTs and 11 000 additional 
participants since our prior review. Consistent with our 
earlier review, GLP-1 RAs and co-agonists remained 

effective in producing substantial weight loss com
pared with placebo. Newer agents evaluated in this 
update include oral nonpeptide GLP-1 RAs (danugli
pron and lotiglipron), extended interval injectable 
therapies (monthly or bimonthly MariTide), and com
bination therapies targeting GLP-1 and amylin path
ways (amycretin and CagriSema). Compared with the 
largest placebo-subtracted weight loss of approxi
mately −22% noted in our prior review with retatrutide, 
numerically similar or greater net weight loss was seen 
with amycretin and other emerging agents. In addition, 
3 new head-to-head RCTs evaluating semaglutide, tir
zepatide, and CagriSema suggest that tirzepatide and 
CagriSema were superior to semaglutide in producing 
weight loss, although their advantage in reducing BP 
seems modest at best.

Since our prior review, there has been continued 
expansion of the therapeutic landscape with oral sema
glutide and orforglipron receiving regulatory approval 
for weight management, representing an important 
shift toward noninjectable treatment options. Moreover, 
newer agents targeting multiple pathways seem to pro
duce increasing weight losses that approach the weight 
loss achieved with the most effective bariatric proce
dures (45). Nonetheless, variability in efficacy across 
agents, doses, and formulations underscore that treat
ment effects are not uniform within or across drug 
classes.

Although reductions in BMI and waist circumfer
ence generally paralleled weight loss across agents, 
reductions in BP varied considerably. This pattern was 
also evident in our prior review and was further re- 
inforced by the newly identified RCTs. These findings 

Figure 2– Continued
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(95% CI), %

Study, Year
(Reference)

Dose, mg Treatment
Duration,

wk

Baseline
Body

Weight,
kg

Amycretin
   Dahl et al, 2025 (15)
   Dahl et al, 2025 (15)
   Dahl et al, 2025 (15)
   Dahl et al, 2025 (15)

Cagrilintide–semaglutide
   Garvey et al, 2025 (16)

Retatrutide
   Jastreboff et al, 2023 (44)
   Jastreboff et al, 2023 (44)
   Jastreboff et al, 2023 (44)
   Jastreboff et al, 2023 (44)
   Jastreboff et al, 2023 (44)
   Jastreboff et al, 2023 (44)

1.25 (sq qw)
5 (sq qw)
20 (sq qw)
60 (sq qw)

2.4 cagrilintide +
2.4 semaglutide (sq qw)

1 (sq qw)
4 (sq qw)

4 (sq qw FE)
8 (sq qw)

8 (sq qw FE)
12 (sq qw)

20
28
36
36

68

48
48
48
48
48
48

91.7
91.7
91.7
91.7

106.9

104.8
104.8
104.8
104.8
104.8
104.8

−11.7 (−17.3 to −6.1)
−18.6 (−22.9 to −14.3)
−23.9 (−29.3 to −18.5)
−23.2 (−30.8 to −15.6)

−17.3 (−18.1 to −16.6)

−6.6 (−8.9 to −4.2)
−14.2 (−17.6 to −10.8)
−15.7 (−19.1 to −12.4)
−19.6 (−22.7 to −16.5)
−21.8 (−25.1 to −18.5)
−22.1 (−24.9 to −19.3)

Note: Danuglipron and lotiglipron have been discontinued from clinical development due to safety-related concerns. bid = twice-daily; biw = twice- 
weekly; DE = dose escalation; FE = fast escalation; GLP-1 RA = glucagon-like peptide-1 receptor agonist; po = oral; qd = daily; qw = weekly; q2w = 
biweekly; q4w = monthly; q8w = bimonthly; sq = subcutaneous.
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Table 3. Change in Efficacy Outcomes in Placebo-Controlled Trials of Premarket GLP-1 RAs and Co-agonists for Weight Loss*

Study, Year (Reference) Treatment 
Duration, wk

Weight, % Weight, kg BMI, kg/m2 Waist 
Circumference, 
cm

SBP,  
mm Hg

DBP,  
mm Hg

Danuglipron
Buckeridge et al, 2025 (11)†‡§

Danuglipron, 40 mg po bid (1-wk DE) 26 −5.4 (−6.8 to 
−4.0)

NR NR NR NR NR

Danuglipron, 80 mg po bid (1-wk DE) 26 −4.8 (−6.2 to 
−3.5)

NR NR NR NR NR

Danuglipron, 120 mg po bid (1-wk DE) 26 −8.9 (−10.3 to 
−7.6)

NR NR NR NR NR

Danuglipron, 120 mg po bid (2-wk DE)|| 26 −6.4 (−8.3 to 
−4.6)

NR NR NR NR NR

Danuglipron, 160 mg po bid (1-wk DE) 26 −9.4 (−10.9 to 
−7.8)

NR NR NR NR NR

Danuglipron, 160 mg po bid (2-wk DE)|| 26 −7.0 (−8.9 to 
−4.9)

NR NR NR NR NR

Danuglipron, 200 mg po bid (1-wk DE) 26 −9.0 (−10.6 to 
−7.3)

NR NR NR NR NR

Danuglipron, 200 mg po bid (2-wk DE)|| 26 −7.0 (−8.8 to 
−5.2)

NR NR NR NR NR

Placebo (cohort 1 and 2) 26 0.2 (−1.1 to 1.5) NR NR −1.3 (−2.6 to 
0.1)

NR NR

Danuglipron, 80 mg po bid (4-wk DE)|| 32 −6.9 (−9.1 to 
−4.7)

NR NR NR NR NR

Danuglipron, 140 mg po bid (4-wk DE) 32 −7.2 (−9.2 to 
−5.0)

NR NR NR NR NR

Danuglipron, 200 mg po bid (4-wk DE)|| 32 −11.7 (−13.7 to 
−9.6)

NR NR NR NR NR

Placebo (cohort 3) 32 1.4 (−1.6 to 4.5) NR NR 0.2 (−3.1 to 3.5) NR NR

Efpeglenatide
Pratley et al, 2019 (37)

Efpeglenatide, 4 mg sq qw 20 −6.7 (0.6) −6.6 (0.6) −2.4 (0.2) −5.2 (1.0) −3.5 (1.4) −0.1 (0.9)
Efpeglenatide, 6 mg sq qw 20 −7.3 (0.6) −7.3 (0.6) −2.6 (0.2) −6.7 (1.0) −6.1 (1.4) −1.3 (0.9)
Efpeglenatide, 6 mg sq q2w 20 −6.7 (0.6) −6.4 (0.6) −2.3 (0.2) −6.2 (1.0) −0.3 (1.4) 1.8 (0.9)
Efpeglenatide, 8 mg sq q2w 20 −7.4 (0.6) −7.1 (0.6) −2.6 (0.2) −8.3 (1.0) −3.0 (1.4) −0.3 (0.9)
Placebo 20 0.1 (0.6) −0.1 (0.6) 0.0 (0.2) −0.9 (1.0) −0.1 (1.3) 0.1 (0.9)

Exenatide
Basolo et al, 2018 (38)†

Exenatide, 10 μg sq bid 24 NR NR NR NR NR NR
Placebo 24 NR NR NR NR NR NR
Treatment difference 24 NR −1.7 (−5.8 to 2.3) NR NR NR NR

Rosenstock et al, 2010 (39)†
Exenatide, 10 μg sq bid 24 NR −5.1 (0.5) NR NR NR NR
Placebo 24 NR −1.6 (0.5) NR NR NR NR

Lotiglipron
Amin et al, 2025 (13)†‡§

Lotiglipron, 80 mg po qd 20 −4.3 (−5.3 to 
−3.3)

NR NR NR NR NR

Lotiglipron, 140 mg po qd 20 −6.2 (−7.3 to 
−5.1)

NR NR NR NR NR

Lotiglipron, 200 mg po qd (5-step DE) 20 −7.5 (−8.5 to 
−6.4)

NR NR NR NR NR

Lotiglipron, 200 mg po qd (4-step DE)|| 20 −6.9 (−7.9 to 
−5.8)

NR NR NR NR NR

Lotiglipron, 260 mg po qd 20 −7.3 (−8.4 to 
−6.2)

NR NR NR NR NR

Placebo 20 −1.8 (−2.9 to 
−0.8)

NR NR NR NR NR

Noiiglutide
Li et al, 2024 (40)

Noiiglutide, 0.12 mg sq qd 24 −9.8 (−11.2 to 
−8.4)

−8.5 (−9.7 to 
−7.3)

−3.1 (−3.6 to 
−2.7)

−8.6 (−10.0 to 
−7.1)

−6.7 (−8.9 
to −4.5)

−5.1 (−6.6 
to −3.5)

Noiiglutide, 0.24 mg sq qd 24 −9.0 (−10.4 to 
−7.6)

−8.0 (−9.3 to 
−6.8)

−2.9 (−3.4 to 
−2.5)

−6.9 (−8.3 to 
−5.4)

−4.4 (−6.7 
to −2.2)

−2.8 (−4.4 
to −1.2)

Continued on following page  

REVIEW                                                                       GLP-1–Based Therapies for Weight Loss

12   Annals of Internal Medicine                                                                                                                                                                                                                           Annals.org

Downloaded from https://annals.org by 70.31.243.100 on 08/31/2026.



Table 3–Continued 

Study, Year (Reference) Treatment 
Duration, wk

Weight, % Weight, kg BMI, kg/m2 Waist 
Circumference, 
cm

SBP,  
mm Hg

DBP,  
mm Hg

Noiiglutide, 0.36 mg sq qd 24 −9.4 (−10.8 to 
−8.0)

−8.3 (−9.5 to 
−7.0)

−3.0 (−3.5 to 
−2.6)

−6.7 (−8.3 to 
−5.2)

−5.3 (−7.6 
to −3.0)

−3.2 (−4.8 
to −1.6)

Placebo 24 −4.0 (−5.4 to 
−2.6)

−3.7 (−4.9 to 
−2.4)

−1.3 (−1.7 to 
−0.8)

−3.5 (−5.1 to 
−2.0)

−1.2 (−3.5 
to 1.1)

−2.7 (−4.4 
to −1.1)

Maridebart cafraglutide
Jastreboff et al, 2025 (12)§

Maridebart cafraglutide, 140 mg sq q4w 
(no DE)

52 −13.6 (−15.5 to 
−11.7)

NR NR −15.4 (−17.3 to 
−13.6)

−8.8 
(−11.5 
to −6.1)

−3.7 (−5.8 
to −1.6)

Maridebart cafraglutide, 280 mg sq q4w 
(no DE)

52 −15.5 (−17.7 to 
−13.4)

NR NR −15.6 (−17.5 to 
−13.7)

−12.5 
(−15.2 
to −9.9)

−5.2 (−7.4 
to −3.0)

Maridebart cafraglutide, 420 mg sq q4w 
(no DE)

52 −14.6 (−16.8 to 
−12.4)

NR NR −16.5 (−18.6 to 
−14.4)

−11.1 
(−13.9 
to −8.2)

−4.2 (−6.3 
to −2.1)

Maridebart cafraglutide, 420 mg sq q8w 
(no DE)

52 −12.3 (−15.0 to 
−9.7)

NR NR −15.5 (−17.9 to 
−13.1)

−10.4 
(−13.8 
to −7.0)

−2.3 (−5.0 
to 0.3)

Maridebart cafraglutide, 420 mg sq q4w 
(4-week DE)||

52 −14.1 (−16.2 to 
−12.1)

NR NR −14.6 (−17.1 to 
−12.1)

−9.9 
(−13.2 
to −6.6)

−3.1 (−5.6 
to −0.6)

Maridebart cafraglutide, 420 mg sq q4w 
(12-wk DE)||

52 −16.2 (−18.9 to 
−13.5)

NR NR −16.8 (−19.0 to 
−14.7)

−10.4 
(−13.8 
to −6.9)

−5.7 (−8.0 
to −3.4)

Placebo 52 −2.5 (−4.2 to 
−0.7)

NR NR −3.6 (−5.4 to 
−1.8)

−3.1 (−6.1 
to 0.0)

−1.1 (−3.2 
to 1.0)

JNJ-64565111
Alba et al, 2021 (41)†

JNJ-64565111, 5 mg sq qw 26 −8.5 (0.8) NR NR NR −6.4 (NR) −2.7 (NR)
JNJ-64565111, 7.4 mg sq qw 26 −9.8 (0.6) NR NR NR −9.5 (NR) −4.0 (NR)
JNJ-64565111, 10 mg sq qw 26 −11.8 (0.6) NR NR NR −7.6 (NR) −4.1 (NR)
Placebo 26 −1.8 (0.7) NR NR NR 0.0 (NR) −0.1 (NR)

Mazdutide
Bhattachar et al, 2025 (14)†§

Mazdutide, 16 mg sq qw (6-step DE) 20 −20.0 (1.2) −19.4 (3.5) NR NR NR NR
Mazdutide, 16 mg sq qw (7-step DE)|| 20 −21.0 (1.2) −18.1 (3.5) NR NR NR NR
Placebo 20 −0.1 (1.5) 0.08 (4.4) NR NR NR NR

Survodutide
Jungnik et al, 2023 (42)

Survodutide, 2.4 mg sq qw 16 −9.31 (1.03) NR NR NR NR NR
Survodutide, 4.8 mg sq qw 16 −11.50 (1.10) NR NR NR NR NR
Survodutide, 2.4 mg sq biw 16 −14.10 (1.05) NR NR NR NR NR
Placebo 16 −0.27 (1.22) NR NR NR NR NR

le Roux et al, 2024 (43)
Survodutide, 0.6 mg sq qw 46 −6.2 (−8.3 to 

−4.1)
−7.2 (−9.3 to 

−5.1)
−2.8 (2.2)¶ −8.3 (−10.7 to 

−5.9)
−6.2 (−9.1 

to −3.3)
−3.3 (−5.1 

to −1.5)
Survodutide, 2.4 mg sq qw 46 −12.5 (−14.5 to 

−10.5)
−14.8 (−16.8 to 

−12.7)
−6.0 (2.8)¶ −15.0 (−17.4 to 

−12.6)
−8.1 

(−11.0 
to −5.2)

−4.4 (−6.1 
to −2.6)

Survodutide, 3.6 sq qw 46 −13.2 (−15.3 to 
−11.2)

−15.6 (−17.7 to 
−13.6)

−6.1 (3.1)¶ −15.0 (−17.3 to 
−12.6)

−8.7 
(−11.5 
to −5.8)

−4.3 (−6.0 
to −2.6)

Survodutide, 4.8 sq qw 46 −14.9 (−16.9 to 
−13.0)

−18.5 (−20.5 to 
−16.4)

−7.0 (3.2)¶ −16.0 (−18.4 to 
−13.7)

−8.6 
(−11.5 
to −5.7)

−4.8 (−6.6 
to −3.1)

Placebo 46 −2.8 (−4.9 to 
−0.7)

−2.7 (−4.7 to 
−0.6)

−1.1 (2.0)¶ −4.0 (−6.3 to 
−1.6)

−2.5 (−5.3 
to −0.4)

−1.9 (−3.6 
to −0.1)

Amycretin
Dahl et al, 2025 (15)†§

Amycretin, 1.25 mg sq qw (Part E) 20 −9.7 (1.3) NR NR NR NR NR
Placebo (Part E) 20 2.0 (2.4) NR NR NR NR NR
Amycretin, 5 mg sq qw (Part D) 28 −16.2 (1.1) NR NR NR NR NR
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suggest that improvements in BP and potentially other 
metabolic effects may not scale proportionally with 
weight loss. Although this may reflect differences in 
population characteristics, background therapies, or 
baseline risk profiles, prior evidence has shown both 
weight-dependent and weight-independent mecha
nisms of BP reduction with GLP-1 RAs (46). Further 
investigation is needed to clarify the mechanisms 
underlying these differences.

The safety profile seen in this updated review was 
generally consistent with prior findings. Gastrointestinal 
AEs remained the most common across all agents and 
were typically transient and associated with dose escala
tion. Newer oral nonpeptide agents, particularly danugli
pron and lotiglipron, were associated with numerically 
higher rates of treatment discontinuation due to AEs, 
suggesting potential tradeoffs between convenience 
and tolerability. Of note, development of both agents 
was subsequently discontinued due to safety-related 
concerns, including elevations in liver enzymes for loti
glipron and a potential case of drug-induced liver injury 
for danuglipron (47, 48).

No new serious safety signals were identified in 
our review. However, the reporting of specific SAEs 

varied across studies, limiting more granular assess
ment of safety profiles. In addition, the duration of 
follow-up in most RCTs was limited, with a maximum 
of 2 years, which may be insufficient to detect rare or 
delayed SAEs. Longer-term safety data for GLP-1 RAs 
are primarily derived from cardiovascular outcome tri
als conducted in patients with type 2 diabetes (49), as 
well as real-world observational studies in populations 
without diabetes (50), which have shown an overall 
favorable safety profile over several years of follow- 
up. Continued surveillance and longer-duration 
studies will be important to fully characterize the long- 
term safety of newer agents, particularly oral therapies 
and multiagonists.

Head-to-head RCTs generally supported the qual
itative patterns seen across placebo-controlled stud
ies. Semaglutide and JNJ-64565111 achieved greater 
weight loss than liraglutide, whereas more recent 
RCTs found greater weight loss with tirzepatide and 
CagriSema compared with semaglutide. These findings 
provide complementary evidence regarding the relative 
efficacy of GLP-1–based therapies and further support 
the hypothesis that therapies that target several path
ways (for example, GLP-1 and glucagon, GLP-1 and GIP, 

Table 3–Continued 

Study, Year (Reference) Treatment 
Duration, wk

Weight, % Weight, kg BMI, kg/m2 Waist 
Circumference, 
cm

SBP,  
mm Hg

DBP,  
mm Hg

Placebo (Part D) 28 2.3 (1.8) NR NR NR NR NR
Amycretin, 20 mg sq qw (Part C) 36 −22.0 (1.0) NR NR NR NR NR
Placebo (Part C) 36 1.9 (2.5) NR NR NR NR NR
Amycretin, 60 mg sq qw (Part B) 36 −24.3 (1.9) NR NR NR NR NR
Placebo (Part B) 36 −1.1 (3.0) NR NR NR NR NR

Cagrilintide–semaglutide
Garvey et al, 2025 (16)§

Cagrilintide–semaglutide, 2.4 mg sq qw 68 −20.4 (NR) −21.6 (NR) −7.7 (NR) −17.5 (NR) −9.9 (NR) −5.0 (NR)
Placebo 68 −3.0 (NR) −3.3 (NR) −1.2 (NR) −4.0 (NR) −3.2 (NR) −1.9 (NR)

Retatrutide
Jastreboff et al, 2023 (44)

Retatrutide, 1 mg sq qw 48 −8.7 (−10.5 to 
−6.8)

−9.4 (−11.4 to 
−7.3)

−3.2 (−3.9 to 
−2.5)

−6.5 (−8.7 to 
−4.3)

−3.0 (NR) −1.3 (NR)

Retatrutide, 4 mg sq qw 48 −16.3 (−19.4 to 
−13.2)

−17.3 (−20.8 to 
−13.8)

−6.1 (−7.4 to 
−4.9)

−14.6 (−17.6 to 
−11.5)

−8.3 (NR) −4.6 (NR)

Retatrutide, 4 mg sq qw FE|| 48 −17.8 (−20.8 to 
−14.8)

−19.1 (−22.7 to 
−15.6)

−6.7 (−7.8 to 
−5.5)

−14.9 (−18.2 to 
−11.5)

−10.1 (NR) −4.7 (NR)

Retatrutide, 8 mg sq qw 48 −21.7 (−24.5 to 
−19.0)

−23.5 (−26.7 to 
−20.4)

−8.1 (−9.2 to 
−7.0)

−18.5 (−21.4 to 
−15.7)

−10.8 (NR) −8.1 (NR)

Retatrutide, 8 mg sq qw FE|| 48 −23.9 (−26.8 to 
−20.9)

−25.9 (−29.2 to 
−22.6)

−9.0 (−10.1 
to −7.9)

−18.5 (−21.5 to 
−15.5)

−12.1 (NR) −6.7 (NR)

Retatrutide, 12 mg sq qw 48 −24.2 (−26.6 to 
−21.8)

−26.2 (−28.8 to 
−23.6)

−9.1 (−10.0 
to −8.2)

−19.6 (−22.1 to 
−17.1)

−11 (NR) −5.1 (NR)

Placebo 48 −2.1 (−3.5 to 
−0.7)

−1.8 (−3.5 to 
−0.2)

−0.7 (−1.3 to 
−0.2)

−2.6 (−4.6 to 
−0.7)

−2.3 (NR) −0.7 (NR)

BMI = body mass index; bid = twice daily; biw = twice weekly; DE = dose escalation; DBP = diastolic blood pressure; FE = fast escalation; 
GLP-1 RA = glucagon-like peptide-1 receptor agonist; NR = not reported; po = oral; qd = daily; qw = weekly; q2w = biweekly; q4w = 
monthly; q8w = bimonthly; SBP = systolic blood pressure; sq = subcutaneous.
* Data reported as mean (SE) or mean (95% CI) unless otherwise indicated.
† Study with some concerns or high risk of bias for the outcome of weight loss.
‡ Data reported as mean (90% CI).
§ Newly identified since our previous systematic review.
|| Study included 2 groups of the same dose with varying uptitration schedules.
¶ Data reported as mean (SD).
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or GLP-1 and amylin) may achieve greater weight loss 
than GLP-1 RA monotherapy, although differences in ef
ficacy exist across agents. Additional emerging evidence 
from the REDEFINE-4 trial suggests that greater 
weight loss is achieved with tirzepatide than CagriSema 
(−25.5% vs. −23.0% at 84 weeks) (51). Ongoing head- 
to-head RCTs, including TRIUMPH-5 (NCT06662383) 
comparing retatrutide with tirzepatide, are expected to 
further clarify the relative efficacy of triple agonists.

Several RCTs conducted in East Asian populations 
were excluded from our study due to differences in 
BMI thresholds used to define overweight and obesity 
(19, 20, 52–58). However, these RCTs provide important 
contextual evidence. Agents evaluated in these popula
tions include semaglutide, mazdutide, survodutide, bei
naglutide, ecnoglutide, bofanglutide, and efsubaglutide 
alfa, of which the latter 4 were not included in our analy
sis because they were not evaluated in RCTs meeting 
our inclusion criteria. Across these studies, placebo- 
subtracted weight loss ranged from −3.6% with beina
glutide at 16 weeks to −15.5% with bofanglutide at 
30 weeks (19, 53), with intermediate estimates seen 
for mazdutide (−5.7% to −13.0%) (20, 55, 56), efsubaglu
tide alfa (−6.3%) (52), ecnoglutide (−9.2% to −13.3%) 
(54), and semaglutide (−13.0%) (57). Although these 
RCTs used lower BMI eligibility thresholds (for example, 
�24 or �25 kg/m2), reflecting the earlier onset of cardio
metabolic risk at lower BMI and waist circumference in 
Asian populations (59), their mean baseline BMI values 
were generally similar to those seen in our review. Across 
most RCTs, baseline BMI ranged from approximately 
30 to 34 kg/m2, with the exception of 1 early-phase 
study of survodutide with a lower mean BMI of 24.9 kg/m2 

(58). Accordingly, the magnitude of treatment effects 
seems broadly consistent with those seen in our study, 
supporting the generalizability of GLP-1–based thera
pies across diverse populations.

An important consideration with increasing mag
nitudes of pharmacologic weight loss is the accom
panying reduction in lean muscle mass. Several RCTs 
included in our review assessed body composition 
using dual-energy x-ray absorptiometry, magnetic res
onance imaging, computed tomography, or related 
imaging techniques and reported changes in fat mass 
and lean or fat-free mass (5, 8–10, 12, 16, 21–23, 31, 
36, 38). Dedicated systematic reviews evaluating body 
composition changes with GLP-1 RAs and co-agonists 
have estimated that a substantial proportion of total 
weight loss, often 25% to 40%, is attributable to reduc
tions in lean mass (60–62). However, these reductions 
in lean mass seem to be largely proportional to total 
weight loss, consistent with observations from lifestyle 
and surgical weight loss interventions (61, 63). 
Importantly, none of the included RCTs in our review 
specifically evaluated sarcopenia as a prespecified out
come, and objective measures of muscle strength or 
physical function (for example, grip strength, gait speed, 
or chair-rise testing) were generally not reported (64). 

As such, the extent to which reductions in lean mass 
with GLP-1–based therapies translate into clinically 
meaningful changes in physical function remains uncer
tain, although some trials have reported improvements 
in patient-reported physical functioning and quality of 
life (65).

Strategies aimed at mitigating the loss of lean mass 
are also being actively investigated. Emerging data 
evaluating a combination approach of bimagrumab, 
an investigational antibody targeting type II activin 
receptors, with semaglutide suggest that body compo
sition may be modifiable within this context (66). In a 
phase 2 trial, semaglutide alone was associated with 
−15.7% weight loss, of which roughly 74% was attribut
able to fat mass reduction, whereas the combination of 
bimagrumab and semaglutide resulted in −22.1% 
weight loss, with roughly 93% attributable to fat mass. 
These findings suggest that targeting complementary 
pathways involved in energy balance and muscle me
tabolism may help mitigate lean mass loss associated 
with GLP-1–based therapies. As pharmacologic weight 
loss approaches magnitudes previously seen with bari
atric procedures, future therapeutic strategies may 
need to prioritize improvements in body composition 
over total weight reduction.

This study has some limitations. First, heterogeneity 
in trial design, populations, and dosing regimens pre
cluded quantitative synthesis and limits direct compari
son across agents. Second, some RCTs included mixed 
populations with and without type 2 diabetes, requir
ing reliance on subgroup data. Third, safety outcomes, 
particularly SAEs, were inconsistently reported across 
RCTs. Finally, although direct comparative RCTs were 
summarized, head-to-head evidence remains unavail
able for many emerging therapies, limiting conclusions 
about the relative efficacy of the full range of GLP-1– 
based agents.

This updated systematic review continues to show 
that GLP-1 RAs and co-agonists provide substantial 
weight loss in adults without diabetes, with an expand
ing range of therapeutic options, including higher- 
dose regimens, oral agents, extended dosing intervals, 
and multiagonist therapies. However, there are few 
head-to-head RCTs of different agents. Although effi
cacy seems to be increasing among premarket agents, 
variability in cardiometabolic effects and tolerability 
across agents highlights the need for individualized 
treatment selection. Longer-term safety data and addi
tional direct comparative RCTs will be important to bet
ter inform these decisions.
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Appendix Table 1. Study Characteristics of Randomized Controlled Trials of GLP-1 RAs and Co-agonists in Adults Without 
Diabetes

Study, Year 
(Reference) and Trial 
Phase

Location Population* Sample 
Size, n

Active Groups Additional  
GLP-1 Group

Lifestyle 
Interventions

Treatment 
Period, wk

Liraglutide (GLP-1 RA)
Maselli et al, 2022 

(21) 
Phase 2

United States Aged 18−65 y with 
obesity residing 
within 125 miles of 
center

136 Once-daily subcu
taneous 3 mg

− Behavioral counsel
ing without 
prescription

16

Neeland et al, 2021 
(22) 

Phase 4

United States Aged �35 y with 
obesity or 
overweight

185 Once-daily subcu
taneous 3 mg

− Prescribed 500 kcal 
deficit and exer
cise �150 minutes 
per week

40

Astrup et al, 2012 
(23) 

Phase 3

8 countries Aged 18−65 y with 
stable weight, BMI 
30−40 kg/m2, and 
fasting plasma 
glucose 
<7 mmol/L 
(126 mg/dL)

564 Once-daily subcu
taneous 1.2 mg, 
1.8 mg, 2.4 mg, 
or 3 mg

− Prescribed 500 kcal 
deficit

52

Wadden et al, 2020 
(24) (SCALE-IBT) 

Phase 3

United States Aged �18 y with 
obesity and stable 
weight (max 5 kg 
change within  
90 d of screening)

282 Once-daily subcu
taneous 3 mg

− Prescribed diet and 
exercise individ
ualized to 
patient

56

Pi-Sunyer et al, 2015 
(25) (SCALE) 

Phase 3

27 countries Aged �18 y with 
overweight or 
obesity and stable 
weight

3731 Once-daily subcu
taneous 3 mg

− Prescribed 500 kcal 
deficit and exer
cise �150 minutes 
per week

56

Semaglutide (GLP-1 RA)
Subcutaneous semaglutide

Friedrichsen et al, 
2021 (26) 

Phase 1

Germany Aged 18−65 y with a 
BMI of 30−45 kg/m2

72 Once-weekly sub
cutaneous  
2.4 mg

− Maintenance of 
usual diet and 
physical activity

20

McGowan et al, 
2024 (27) 
(STEP-10) 

Phase 3

Canada, 
Denmark, 
Finland, 
Spain, and 
United 
Kingdom

Aged �18 y with a 
BMI of 30 kg/m2 

and prediabetes 
(hemoglobin A1c 

of 6%−6.4% or 
fasting plasma 
glucose level of 
5.5−6.9 mmol/L 
[99.10−124.32 mg/ 
dL] at screening)

207 Once-weekly sub
cutaneous  
2.4 mg

− Behavioral counsel
ing without 
prescription

52

O’Neil et al, 2018 
(28) 

Phase 2

8 countries Aged �18 y with 
obesity not of en
docrine etiology 
and �1 prior 
unsuccessful die
tary weight loss 
attempt

957 Once-daily subcu
taneous 

0.05 mg, 0.1 mg, 
0.2 mg, 0.3 mg, 
or 0.4 mg

Once-daily 
subcutane
ous liraglu
tide 3 mg

Prescribed 500 kcal 
deficit and exer
cise �150 minutes 
per week

52

Rubino et al, 2022 
(29) (STEP-8) 

Phase 3

United States Aged �18 y with 
overweight or 
obesity and �1 
prior unsuccessful 
dietary weight loss 
attempt

338 Once-weekly sub
cutaneous  
2.4 mg

Once-daily 
subcutane
ous liraglu
tide 3 mg

Prescribed 500 kcal 
deficit and exer
cise �150 minutes 
per week

68

Wadden et al, 
2021 (30) 
(STEP-3) 

Phase 3

United States Aged �18 y with 
overweight or 
obesity and �1 
prior unsuccessful 
dietary weight loss 
attempt

611 Once-weekly sub
cutaneous  
2.4 mg

− Prescribed diet and 
exercise individ
ualized to 
patient

68

Wilding et al, 
2021 (31) 
(STEP-1) 

Phase 3

17 countries Aged �18 y with 
overweight or 
obesity and �1 
prior unsuccessful 
dietary weight loss 
attempt

1961 Once-weekly sub
cutaneous  
2.4 mg

− Prescribed 500 kcal 
deficit and exer
cise �150 minutes 
per week

68

Continued on following page  
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Appendix Table 1–Continued 

Study, Year 
(Reference) and Trial 
Phase

Location Population* Sample 
Size, n

Active Groups Additional  
GLP-1 Group

Lifestyle 
Interventions

Treatment 
Period, wk

Wharton et al, 
2025 (5) (STEP 
UP)† 

Phase 3

11 countries Aged �18 y with BMI 
�30 kg/m2 and 
�1 prior unsuc
cessful dietary 
weight loss 
attempt

1407 Once-weekly sub
cutaneous 
2.4 mg or  
7.2 mg

− Prescribed 500 kcal 
deficit and exer
cise �150 minutes 
per week

72

Garvey et al, 2022 
(32) (STEP-5) 

Phase 3

Canada, 
Hungary, 
Italy, Spain, 
and United 
States

Aged �18 y with 
overweight or 
obesity and �1 
prior unsuccessful 
dietary weight loss 
attempt

304 Once-weekly sub
cutaneous  
2.4 mg

− Prescribed 500 kcal 
deficit and exer
cise �150 minutes 
per week

104

Oral semaglutide
Gabe et al, 2024 

(33) 
Phase 1

Germany Aged 18−65 y with  
a BMI of 
30−45 kg/m2

61 Once-daily oral  
50 mg

− Maintenance of 
usual diet and 
physical activity

20

Wharton et al, 
2025 (6) 
(OASIS-4)† 

Phase 3

Canada, 
Germany, 
Poland, and 
United 
States

Aged �18 y with 
overweight or 
obesity and �1 
prior unsuccessful 
dietary weight loss 
attempt

307 Once-daily oral  
25 mg

− Prescribed 500 kcal 
deficit and exer
cise �150 minutes 
per week

64

Kadowaki et al, 
2025 (7) 
(OASIS-2)†‡ 

Phase 3

Japan and 
South Korea

Aged �18 y (�20 y 
in Japan) with BMI 
�27 kg/m2 plus 
�2 weight-related 
complications or 
BMI �35 kg/m2 

plus �1 complica
tion and �1 prior 
unsuccessful die
tary weight loss 
attempt

150 Once-daily oral  
50 mg

− Prescribed 500 kcal 
deficit and exer
cise �150 minutes 
per week

68

Knop et al, 2023 
(34) (OASIS-1) 

Phase 3

9 countries Aged �18 y (�20 y 
in Japan) with 
overweight or 
obesity and �1 
prior unsuccessful 
dietary weight loss 
attempt

667 Once-daily oral  
50 mg

− Prescribed 500 kcal 
deficit and exer
cise �150 minutes 
per week

68

Orforglipron (GLP-1 RA)
Wharton et al, 2023 

(35) (GZGI) 
Phase 2

Hungary, 
Canada, and 
United 
States

Aged 18−75 y with 
overweight or 
obesity and stable 
weight (�5% gain 
or loss) for the 3 
mo before 
randomization

272 Once-daily oral  
12 mg, 24 mg, 
36 mg, or 45 mg

− Behavioral counsel
ing without 
prescription

36

Wharton et al, 2025 
(8) (ATTAIN-1)† 

Phase 3

9 countries Aged �18 y with over
weight or obesity 
and �1 prior 
unsuccessful dietary 
weight loss attempt

3127 Once-daily oral  
6 mg, 12 mg, or 
36 mg

− Behavioral counsel
ing without 
prescription

72

Tirzepatide (dual GLP-1 and GIP RA)
Ravussin et al, 2025 

(9)† 
Phase 1

United States Aged 18−60 y with 
BMI 30−45 kg/m2 

plus �1 metabolic 
impairment and no 
dietary weight loss 
or gain >33 kg 
within past month

55 Once-weekly sub
cutaneous  
15 mg

− Dietary intervention 
designed to pro
duce 10% weight 
loss over 14 wk 
followed by 4 wk 
of weight 
maintenance

18

Continued on following page  
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Appendix Table 1–Continued 

Study, Year 
(Reference) and Trial 
Phase

Location Population* Sample 
Size, n

Active Groups Additional  
GLP-1 Group

Lifestyle 
Interventions

Treatment 
Period, wk

Kadowaki et al, 2025  
(10) (SURMOUNT-J)† 

Phase 3

Japan Aged �20 y with BMI 
27−35 kg/m2 plus 
�2 weight-related 
conditions or BMI 
>35 kg/m2 plus 
�1 weight-related 
condition

225 Once-weekly sub
cutaneous 
10 mg or 15 mg

− Prescribed calorie 
deficit and exer
cise �150 minutes 
per week

72

Aronne et al, 2025  
(18) (SURMOUNT-5)† 

Phase 3

United States 
and Puerto 
Rico

Aged �18 y with 
overweight or 
obesity and �1 
prior unsuccessful 
dietary weight loss 
attempt

751 Once-weekly sub
cutaneous 
10 mg or 15 mg

Once-weekly 
subcutane
ous sema
glutide  
2.4 mg

Behavioral counsel
ing without 
prescription

72

Jastreboff et al, 
2022 (36) 
(SURMOUNT-1) 

Phase 3

9 countries Aged �18 y with 
overweight or 
obesity and �1 
prior unsuccessful 
dietary weight loss 
attempt

2539 Once-weekly sub
cutaneous 5 mg, 
10 mg, or 15 mg

− Prescribed 500 kcal 
deficit and exer
cise �150 minutes 
per week

72

Danuglipron (GLP-1 RA)§
Buckeridge et al, 

2025 (11)† 
Phase 2

Canada, Japan, 
Taiwan, and 
United 
States

Aged 18−75 y with 
obesity and stable 
weight (�5 kg 
change within  
90 d of screening)

626 Twice-daily oral  
40 mg, 80 mg, 
120 mg, 140 mg, 
160 mg, or  
200 mg

− Prescribed 500 kcal 
deficit and exer
cise �150 minutes 
per week

26–32

Efpeglenatide (GLP-1 RA)
Pratley et al, 2019 

(37) 
Phase 2

Germany, 
Hungary, 
Netherlands, 
South Korea, 
and United 
States

Aged 18−65 y with 
overweight or 
obesity, in stable 
health with a fast
ing plasma glu
cose level of 
<7 mmol/L 
(<126 mg/dL)

295 Once-weekly sub
cutaneous 4 mg 
or 6 mg, or  
bi-weekly 6 mg 
or 8 mg

− Behavioral counsel
ing without 
prescription

20

Exenatide (GLP-1 RA)
Basolo et al, 2018 

(38) 
Phase 3

United States Aged <55 y with 
obesity interested 
in weight loss but 
weight stable (var
iation <2.3 kg 
within past 6 mo)

80 Twice-daily subcu
taneous 10 μg

− Behavioral counsel
ing without 
prescription

24

Rosenstock et al, 
2010 (39) 

Phase 2

United States Aged �18 y with 
obesity and stable 
weight

152 Twice-daily subcu
taneous 10 μg

− Details of intervention 
not provided

24

Lotiglipron (GLP-1 RA)§
Amin et al, 2025 

(13)†‡ 
Phase 2

Canada, Japan, 
and United 
States

Aged 18−75 y with 
BMI �30.0 kg/m2, 
hemoglobin A1c 

�6.4%, and fasting 
plasma glucose 
level of 
�7 mmol/L 
(�126 mg/dL)

389 Once-daily oral  
80 mg, 140 mg, 
200 mg, or  
260 mg

− Details of interven
tion not pro
vided (back
ground diet and 
exercise 
mentioned)

20

Noiiglutide (GLP-1 RA)
Li et al, 2024 (40) 
Phase 2

China Aged 18−65 y with 
BMI 28−40 kg/m2 

who engaged in 
diet and exercise 
for �3 mo before 
screening and 
experienced <5% 
weight change

254 Once-daily subcu
taneous 

0.12 mg, 0.24 mg, 
or 0.36 mg

− Prescribed 500 kcal 
deficit and exer
cise �150 minutes 
per week

24

Continued on following page  
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Appendix Table 1–Continued 

Study, Year 
(Reference) and Trial 
Phase

Location Population* Sample 
Size, n

Active Groups Additional  
GLP-1 Group

Lifestyle 
Interventions

Treatment 
Period, wk

Maridebart cafraglutide (dual GLP-1 and GIP RA)
Jastreboff et al, 

2025 (12)†‡ 
Phase 2

12 countries Aged �18 y with 
overweight or 
obesity

465 Once-monthly sub
cutaneous  
140 mg, 280 mg, 
or 420 mg, or  
bi-monthly  
420 mg

− Prescribed 500 kcal 
deficit and exer
cise �150 minutes 
per week

52

JNJ-64565111 (dual GLP-1 and glucagon RA)
Alba et al, 2021 (41) 
Phase 2

United States Aged 18−70 y with a 
BMI of 35−50 kg/m2 

and stable weight 
(�5% change within 
12 wk before 
screening)

474 Once-weekly sub
cutaneous  
5.0 mg, 7.4 mg, 
or 10 mg

Once-daily 
subcutane
ous liraglu
tide 3 mg

Prescribed 600 kcal 
deficit

26

Mazdutide (dual GLP-1 and glucagon RA)
Bhattachar et al, 

2025 (14)† 
Phase 1

United States Aged 18−75 y with 
BMI of 27−50 kg/ 
m2 and <5% weight 
change in 3 mo 
before screening

32 Once-weekly sub
cutaneous  
16 mg

− Maintenance of 
usual diet and 
physical activity

20

Survodutide (dual GLP-1 and glucagon RA)
Jungnik et al, 2023 

(42) 
Phase 1

Germany Aged 18−70 y with 
BMI of 27−40 kg/ 
m2 and stable 
weight (�5% 
change within 3 
mo before screen
ing) of �70 kg 
(females) or 
�80 kg (males)

45 Once-weekly sub
cutaneous 
2.4 mg or  
4.8 mg, or twice- 
weekly 2.4 mg

− Details of interven
tion not 
provided

16

le Roux et al, 2024 
(43) 

Phase 2

12 countries Aged 18−75 y with 
BMI of >27 kg/m2 

and stable weight 
of �70 kg 
(females) or 
�80 kg (males)

386 Once-weekly sub
cutaneous  
0.6 mg, 2.4 mg, 
3.6 mg, or  
4.8 mg

− Prescribed 500 kcal 
deficit and exer
cise 
�150 minutes 
per week

46

Amycretin (dual GLP-1 and amylin RA)
Dahl et al, 2025 

(15)† 
Phase 2

United States Aged 18−55 y with 
BMI of 
27.0−39.9 kg/m2

101 Once-weekly sub
cutaneous  
1.25 mg, 5 mg, 
20 mg, or 60 mg

− Maintenance of 
usual diet and 
physical activity

20–36

Cagrilintide–semaglutide (dual GLP-1 and amylin RA)
Yamauchi et al, 2026 

(17) (REDEFINE-5)†‡ 
Phase 3

Japan and 
Taiwan

Aged �18 y with BMI 
�27 kg/m2 plus 
�2 obesity-related 
complications or 
BMI >35 kg/m2 

plus �1 obesity- 
related 
complication

251 Once-weekly sub
cutaneous cagri
lintide 2.4 mg 
plus semaglutide 
2.4 mg (fixed 
dose)

Once-weekly 
subcutane
ous sema
glutide  
2.4 mg

Prescribed 500 kcal 
deficit and exer
cise �150 minutes 
per week

68

Garvey et al, 2025 
(16) (REDEFINE-1)† 

Phase 3

22 countries Aged �18 y with 
overweight or 
obesity and �1 
prior unsuccessful 
dietary weight loss 
attempt

3115 Once-weekly sub
cutaneous cagri
lintide 2.4 mg 
plus semaglutide 
2.4 mg (fixed 
dose)

Once-weekly 
subcutane
ous sema
glutide  
2.4 mg

Prescribed 500 kcal 
deficit and exer
cise �150 minutes 
per week

68

Continued on following page  
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Appendix Table 1–Continued 

Study, Year 
(Reference) and Trial 
Phase

Location Population* Sample 
Size, n

Active Groups Additional  
GLP-1 Group

Lifestyle 
Interventions

Treatment 
Period, wk

Retatrutide (triple GLP-1, GIP, and glucagon RA)
Jastreboff et al, 

2023 (44) 
Phase 2

United States Aged 18−75 y with 
overweight or 
obesity

338 Once-weekly sub
cutaneous 1 mg, 
4 mg, 8 mg, or 
12 mg

− Behavioral counsel
ing without 
prescription

48

BMI = body mass index; GIP = glucose-dependent insulinotropic polypeptide; GLP-1 RA = glucagon-like peptide-1 receptor agonist; OASIS = Oral 
Semaglutide Treatment Effect in People with Obesity; SCALE = Satiety and Clinical Adiposity–Liraglutide Evidence; SCALE-IBT = Satiety and Clinical 
Adiposity–Liraglutide Evidence-Intensive Behavioral Therapy; STEP = Semaglutide Treatment Effect in People with Obesity.
* Obesity defined as BMI �30 kg/m2 and overweight defined as BMI 27–30 kg/m2 with �1 obesity-related complication.
† Newly identified since our previous systematic review.
‡ Study included participants with or without type 2 diabetes. Only data from the non-diabetes subgroup were extracted.
§ Clinical development discontinued due to safety-related concerns.
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Appendix Table 2. Pooled Safety Outcomes in Newly Identified Trials of GLP-1 RAs and Co-agonists for Weight Loss*

Study, Year (Reference) Treatment  
Duration, wk

Any AEs, n/N (%) Gastrointestinal  
AEs, n/N (%)

AEs Leading to 
Treatment 
Discontinuation, 
n/N (%)

Serious AEs,  
n/N (%)

Death,  
n/N (%)

Semaglutide
Subcutaneous semaglutide

Wharton et al, 2025 (5)
Semaglutide, 2.4–7.2 mg 72 1047/1205 (86.9) 834/1205 (69.2) 62/1205 (5.1) 90/1205 (7.5) 0/1205 (0.0)
Placebo 72 156/201 (77.6) 86/201 (42.8) 2/201 (1.0) 11/201 (5.5) 0/201 (0.0)

Oral semaglutide
Wharton et al, 2025 (6)

Semaglutide, 25 mg 64 190/204 (93.1) 151/204 (74.0) 14/204 (6.9) 8/204 (3.9) 0/204 (0.0)
Placebo 64 87/102 (85.3) 43/102 (42.2) 6/102 (5.9) 9/102 (8.8) 0/102 (0.0)

Orforglipron
Wharton et al, 2025 (8)

Orforglipron, 6–36 mg 72 1850/2175 (85.1) NR 170/2175 (7.8) 107/2175 (4.9) 2/2175 (0.1)
Placebo 72 763/948 (80.5) NR 26/948 (2.7) 46/948 (4.9) 1/948 (0.1)

Tirzepatide
Ravussin et al, 2025 (9)

Tirzepatide, 15 mg 18 24/27 (88.9) NR 0/27 (0.0) 1/27 (3.7) 0/27 (0.0)
Placebo 18 22/28 (78.6) NR 0/28 (0.0) 0/28 (0.0) 0/28 (0.0)

Kadowaki et al, 2025 (10)
Tirzepatide, 10–15 mg 72 127/150 (84.7) NR 15/150 (10.0) 13/150 (8.7) 0/150 (0.0)
Placebo 72 52/75 (69.3) NR 5/75 (6.7) 5/75 (5.7) 0/75 (0.0)

Aronne et al, 2025 (18)
Tirzepatide, 15 mg 72 287/374 (76.7) NR 23/374 (6.1) 18/374 (4.8) 0/374 (0.0)
Semaglutide, 2.4 mg 72 297/376 (79.0) NR 30/376 (8.0) 13/376 (3.5) 0/376 (0.0)

Danuglipron
Buckeridge et al, 2025 (11)

Danuglipron, 40–200 mg 26–32 473/536 (88.2) 415/536 (77.4) 237/536 (44.2) 17/536 (3.2) 0/536 (0.0)
Placebo 26–32 63/90 (70.0) 27/90 (30.0) 4/90 (4.4) 1/90 (1.1) 0/90 (0.0)

Lotiglipron
Amin et al, 2025 (13)

Lotiglipron, 80–260 mg 20 273/325 (84.0) NR 92/325 (28.3) 9/325 (2.8) 0/325 (0.0)
Placebo 20 44/64 (68.8) NR 5/64 (7.8) 1/64 (1.6) 0/64 (0.0)

Maridebart cafraglutide
Jastreboff et al, 2025 (12)

Maridebart cafraglutide, 
140–420 mg

52 370/387 (95.6) NR 65/387 (16.8) 23/387 (5.9) 1/387 (0.3)

Placebo 52 52/76 (68.4) NR 1/76 (1.3) 5/76 (6.6) 0/76 (0.0)

Mazdutide
Bhattachar et al, 2025 (14)

Mazdutide, 16 mg 20 24/24 (100) NR 3/24 (12.5) 0/24 (0.0) 0/24 (0.0)
Placebo 20 5/8 (62.5) NR 2/8 (25.0) 0/8 (0.0) 0/8 (0.0)

Amycretin
Dahl et al, 2025 (15)

Amycretin, 1.25–60 mg 20–36 80/83 (96.4) 73/83 (88.0) 14/83 (16.9) 1/83 (1.2) 0/83 (0.0)
Placebo 20–36 18/18 (100.0) 10/18 (55.6) 2/18 (11.1) 0/18 (0.0) 0/18 (0.0)

Cagrilintide–semaglutide
Garvey et al, 2025 (16)

Cagrilintide–semaglutide, 
2.4 mg

68 1943/2106 (92.3) 1676/2106 (79.6) 125/2106 (5.9) 206/2106 (9.8) 2/2106 (0.1)

Semaglutide, 2.4 mg 68 271/302 (89.7) 223/302 (73.8) 11/302 (3.6) 15/302 (5.0) 0/302 (0.0)
Placebo 68 580/705 (82.3) 281/705 (39.9) 25/705 (3.5) 43/705 (6.1) 0/705 (0.0)

AE = adverse event; GLP-1 RA = glucagon-like peptide-1 receptor agonist; NR = not reported; OASIS = Oral Semaglutide Treatment Effect in 
People with Obesity.
* Events are pooled across all active doses (if applicable) and reported as number of participants (%). Note: The trials by Kadowaki and colleagues (7) 
(OASIS-2; oral semaglutide) and Yamauchi and colleagues (17) (REDEFINE-5; cagrilintide–semaglutide) were not included because safety outcomes were 
not reported separately for participants without type 2 diabetes.

Annals.org Annals of Internal Medicine                                                               

Downloaded from https://annals.org by 70.31.243.100 on 08/31/2026.



Appendix Table 3. Pooled Safety Outcomes in Trials of GLP-1 RAs and Co-agonists for Weight Loss*

Study, Year (Reference) Treatment  
Duration, wk

Any AEs, n/N (%) Gastrointestinal 
AEs, n/N (%)

AEs Leading to 
Treatment 
Discontinuation, 
n/N (%)

Serious AEs,  
n/N (%)

Death,  
n/N (%)

Liraglutide
Maselli et al, 2022 (21)

Liraglutide, 3 mg 16 NR NR 8/67 (11.9) NR NR
Placebo 16 NR NR 1/69 (2.4) NR NR

Neeland et al, 2021 (22)
Liraglutide, 3 mg 40 NR 43/92 (46.7) 0/92 (0.0) 0/92 (0.0) 0/92 (0.0)
Placebo 40 NR 12/93 (12.9) 8/93 (8.6) 0/93 (0.0) 0/93 (0.0)

Astrup et al, 2012 (23)
Liraglutide, 1.2–3 mg 52 349/371 (94.1) 251/371 (67.7) 30/371 (8.1) 20/371 (5.4) 0/371 (0.0)
Placebo 52 87/98 (88.8) 37/98 (37.8) 3/98 (3.1) 3/98 (3.1) 0/98 (0.0)

Wadden et al, 2020 (24)
Liraglutide, 3 mg 56 136/142 (95.8) 101/142 (71.1) 12/142 (8.5) 6/142 (4.2) 0/142 (0.0)
Placebo 56 124/140 (88.6) 68/140 (48.6) 6/140 (4.3) 2/140 (1.4) 0/140 (0.0)

Pi-Sunyer et al, 2015 (25)
Liraglutide, 3 mg 56 1992/2481 (80.3) NR 238/2481 (9.6) 154/2481 (6.2) 1/2481 (0.04)
Placebo 56 786/1242 (63.3) NR 45/1242 (3.6) 62/1242 (5.0) 2/1242 (0.2)

Semaglutide
Subcutaneous semaglutide

Friedrichsen et al, 2021 (26)
Semaglutide, 2.4 mg 20 29/36 (80.6) NR 0/36 (0.0) 1/36 (2.8) 0/36 (0.0)
Placebo 20 33/36 (91.7) NR 1/36 (2.8) 1/36 (2.8) 0.36 (0.0)

McGowan et al, 2024 (27)
Semaglutide, 2.4 mg 52 NR NR NR 12/138 (8.7) 2/138 (1.5)
Placebo 52 NR NR NR 6/69 (8.7) 0/69 (0.0)

O’Neil et al, 2018 (28)
Semaglutide, 0.05–0.4 mg 52 668/718 (93.0) 526/718 (73.2) 64/718 (8.9) 58/718 (8.1) 1/718 (0.1)
Liraglutide, 3 mg 52 88/103 (85.4) 77/103 (74.8) 9/103 (8.7) 4/103 (3.9) 0/103 (0.0)
Placebo 52 107/136 (78.7) 52/136 (38.2) 4/136 (2.9) 11/136 (8.1) 0/136 (0.0)

Rubino et al, 2022 (29)
Semaglutide, 2.4 mg 68 120/126 (95.2) 106/126 (84.1) 4/126 (3.2) 10/126 (7.9) 0/126 (0.0)
Liraglutide, 3 mg 68 122/127 (96.1) 105/127 (82.7) 16/85 (12.6) 13/127 (10.2) 0/127 (0.0)
Placebo 68 81/85 (95.3) 47/85 (55.3) 3/85 (3.5) 6/85 (7.1) 0/85 (0.0)

Wadden et al, 2021 (30)
Semaglutide, 2.4 mg 68 390/407 (95.8) 337/407 (82.8) 24/407 (5.9) 37/407 (9.1) 0/407 (0.0)
Placebo 68 196/204 (96.1) 129/204 (63.2) 6/204 (2.9) 6/204 (2.9) 0/204 (0.0)

Wilding et al, 2021 (31)
Semaglutide, 2.4 mg 68 1171/1306 (89.7) 969/1306 (74.2) 92/1306 (7.0) 128/1306 (9.8) 1/1306 (0.1)
Placebo 68 566/655 (86.4) 314/655 (47.9) 20/655 (3.1) 42/655 (6.4) 1/655 (0.2)

Wharton et al, 2025 (5)†
Semaglutide, 2.4–7.2 mg 72 1047/1205 (86.9) 834/1205 (69.2) 62/1205 (5.1) 90/1205 (7.5) 0/1205 (0.0)
Placebo 72 156/201 (77.6) 86/201 (42.8) 2/201 (1.0) 11/201 (5.5) 0/201 (0.0)

Garvey et al, 2022 (32)
Semaglutide, 2.4 mg 104 146/152 (96.1) 125/152 (82.2) 9/152 (5.9) 12/152 (7.9) 1/152 (0.7)
Placebo 104 136/152 (89.5) 82/152 (53.9) 7/152 (4.6) 18/152 (11.8) 0/152 (0.0)

Oral semaglutide
Gabe et al, 2024 (33)

Semaglutide, 50 mg 20 25/30 (83.3) 17/30 (56.7) 2/30 (6.7) 0/30 (0.0) 0/30 (0.0)
Placebo 20 20/31 (64.5) 10/31 (32.3) 0/31 (0.0) 0/31 (0.0) 0/31 (0.0)

Wharton et al, 2025 (6)†
Semaglutide, 25 mg 64 190/204 (93.1) 151/204 (74.0) 14/204 (6.9) 8/204 (3.9) 0/204 (0.0)
Placebo 64 87/102 (85.3) 43/102 (42.2) 6/102 (5.9) 9/102 (8.8) 0/102 (0.0)

Knop et al, 2023 (34)
Semaglutide, 50 mg 68 307/334 (91.9) 268/334 (80.2) 19/334 (5.7) 32/334 (9.6) 0/334 (0.0)
Placebo 68 285/333 (85.6) 154/333 (46.2) 12/333 (3.6) 29/333 (8.7) 0/333 (0.0)

Orforglipron
Wharton et al, 2023 (35)

Orforglipron, 12–45 mg 36 196/222 (88.3) NR 35/222 (15.8) 7/222 (3.2) 0/222 (0.0)
Placebo 36 38/50 (76.0) NR 1/50 (2.0) 0/50 (0.0) 0/50 (0.0)

Wharton et al, 2025 (8)†
Orforglipron, 6–36 mg 72 1850/2175 (85.1) NR 170/2175 (7.8) 107/2175 (4.9) 2/2175 (0.1)
Placebo 72 763/948 (80.5) NR 26/948 (2.7) 46/948 (4.9) 1/948 (0.1)
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Appendix Table 3–Continued 

Study, Year (Reference) Treatment  
Duration, wk

Any AEs, n/N (%) Gastrointestinal 
AEs, n/N (%)

AEs Leading to 
Treatment 
Discontinuation, 
n/N (%)

Serious AEs,  
n/N (%)

Death,  
n/N (%)

Tirzepatide
Ravussin et al, 2025 (9)†

Tirzepatide, 15 mg 18 24/27 (88.9) NR 0/27 (0.0) 1/27 (3.7) 0/27 (0.0)
Placebo 18 22/28 (78.6) NR 0/28 (0.0) 0/28 (0.0) 0/28 (0.0)

Kadowaki et al, 2025 (10)†
Tirzepatide, 10–15 mg 72 127/150 (84.7) NR 15/150 (10.0) 13/150 (8.7) 0/150 (0.0)
Placebo 72 52/75 (69.3) NR 5/75 (6.7) 5/75 (5.7) 0/75 (0.0)

Aronne et al, 2025 (18)†
Tirzepatide, 15 mg 72 287/374 (76.7) NR 23/374 (6.1) 18/374 (4.8) 0/374 (0.0)
Semaglutide, 2.4 mg 72 297/376 (79.0) NR 30/376 (8.0) 13/376 (3.5) 0/376 (0.0)

Jastreboff et al, 2022 (36)
Tirzepatide, 5–15 mg 72 1527/1896 (80.5) NR 111/1896 (5.9) 116/1896 (6.2) 7/1896 (0.4)
Placebo 72 463/643 (72.0) NR 17/643 (2.6) 44/643 (6.8) 4/643 (0.6)

Danuglipron
Buckeridge et al, 2025 (11)†

Danuglipron, 40–200 mg 26–32 473/536 (88.2) 415/536 (77.4) 237/536 (44.2) 17/536 (3.2) 0/536 (0.0)
Placebo 26–32 63/90 (70.0) 27/90 (30.0) 4/90 (4.4) 1/90 (1.1) 0/90 (0.0)

Efpeglenatide
Pratley et al, 2019 (37)

Efpeglenatide, 4–8 mg 20 207/235 (88.1) 174/235 (74.0) 31/235 (13.2) 6/235 (2.6) 0/235 (0.0)
Placebo 20 48/60 (80.0) 28/60 (46.7) 4/60 (6.7) 0/60 (0.0) 0/60 (0.0)

Exenatide
Basolo et al, 2018 (38)

Exenatide, 10 μg 24 NR NR NR 0/41 (0.0) NR
Placebo 24 NR NR NR 0/39 (0.0) NR

Rosenstock et al, 2010 (39)
Exenatide, 10 μg 24 NR NR 9/73 (12.3) 0/73 (0.0) 0/73 (0.0)
Placebo 24 NR NR 3/79 (3.8) 0/79 (0.0) 0/79 (0.0)

Lotiglipron
Amin et al, 2025 (13)†

Lotiglipron, 80–260 mg 20 273/325 (84.0) NR 92/325 (28.3) 9/325 (2.8) 0/325 (0.0)
Placebo 20 44/64 (68.8) NR 5/64 (7.8) 1/64 (1.6) 0/64 (0.0)

Noiiglutide
Li et al, 2024 (40)

Noiiglutide, 0.12–0.36 mg 24 161/192 (83.9) NR 6/192 (3.1) 6/192 (3.1) 0/192 (0.0)
Placebo 24 52/62 (83.9) NR 0/62 (0.0) 3/62 (4.8) 0/62 (0.0)

Maridebart cafraglutide
Jastreboff et al, 2025 (12)†

Maridebart cafraglutide, 140– 
420 mg

52 370/387 (95.6) NR 65/387 (16.8) 23/387 (5.9) 1/387 (0.3)

Placebo 52 52/76 (68.4) NR 1/76 (1.3) 5/76 (6.6) 0/76 (0.0)

JNJ-64565111
Alba et al, 2021 (41)

JNJ-64565111, 5.0–10 mg 26 273/295 (92.5) 246/295 (83.4) 77/295 (26.1) 9/295 (3.1) 0/295 (0.0)
Liraglutide, 3 mg 26 96/119 (80.7) 71/119 (59.7) 20/119 (16.8) 4/119 (3.4) 1/119 (0.8)
Placebo 26 43/60 (71.7) 17/60 (28.3) 0/60 (0.0) 4/60 (6.7) 0/60 (0.0)

Mazdutide
Bhattachar et al, 2025 (14)†

Mazdutide, 16 mg 20 24/24 (100) NR 3/24 (12.5) 0/24 (0.0) 0/24 (0.0)
Placebo 20 5/8 (62.5) NR 2/8 (25.0) 0/8 (0.0) 0/8 (0.0)

Survodutide
Jungnik et al, 2023 (42)

Survodutide, 2.4–4.8 mg 16 35/36 (97.2) NR 6/36 (16.7) 0/36 (0.0) 0/36 (0.0)
Placebo 16 9/9 (100.0) NR 0/9 (0.0) 0/9 (0.0) 0/9 (0.0)

le Roux et al, 2024 (43)
Survodutide, 0.6–4.8 mg 46 281/309 (90.9) 232/309 (75.1) 76/309 (24.6) 13/309 (4.2) 0/309 (0.0)
Placebo 46 58/77 (75.3) 32/77 (41.6) 3/77 (3.9) 5/77 (6.5) 0/77 (0.0)
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Study, Year (Reference) Treatment  
Duration, wk

Any AEs, n/N (%) Gastrointestinal 
AEs, n/N (%)

AEs Leading to 
Treatment 
Discontinuation, 
n/N (%)

Serious AEs,  
n/N (%)

Death,  
n/N (%)

Amycretin
Dahl et al, 2025 (15)†

Amycretin, 1.25–60 mg 20–36 80/83 (96.4) 73/83 (88.0) 14/83 (16.9) 1/83 (1.2) 0/83 (0.0)
Placebo 20–36 18/18 (100.0) 10/18 (55.6) 2/18 (11.1) 0/18 (0.0) 0/18 (0.0)

Cagrilintide–semaglutide
Garvey et al, 2025 (16)†

Cagrilintide–semaglutide,  
2.4 mg

68 1943/2106 (92.3) 1676/2106 (79.6) 125/2106 (5.9) 206/2106 (9.8) 2/2106 (0.1)

Semaglutide, 2.4 mg 68 271/302 (89.7) 223/302 (73.8) 11/302 (3.6) 15/302 (5.0) 0/302 (0.0)
Placebo 68 580/705 (82.3) 281/705 (39.9) 25/705 (3.5) 43/705 (6.1) 0/705 (0.0)

Retatrutide
Jastreboff et al, 2023 (44)

Retatrutide, 1–12 mg 48 228/267 (85.4) NR 27/267 (10.1) 10/267 (3.7) 1/267 (0.4)
Placebo 48 49/70 (70.0) NR 0/70 (0.0) 3/70 (4.3) 0/70 (0.0)

AE = adverse events; GLP-1 RA = glucagon-like peptide-1 receptor agonist; NR = not reported; OASIS = Oral Semaglutide Treatment Effect in 
People with Obesity.
* Events are pooled across all active doses (if applicable) and reported as number of participants (%). Note: The trials by Kadowaki and colleagues (7) 
(OASIS-2; oral semaglutide) and Yamauchi and colleagues (17) (REDEFINE-5; cagrilintide–semaglutide) were not included as safety outcomes were 
not reported separately for participants without type 2 diabetes.
† Newly identified since our previous systematic review.
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