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ARTICLE HIGHLIGHTS

� Why did we undertake this study?
Given rapid advancement of GLP-1 RA development, an updated synthesis incorporating randomized controlled trials describing impacts of novel
GLP-1 RAs on weight, BMI, and waist circumference is timely.

� What question did we want to answer?
We examined the weight loss efficacy of GLP-1 RAs in populations with diabetes and overweight or obesity versus populations without diabetes
but with overweight or obesity and whether there are differences in weight loss efficacy of oral versus injected GLP-1 RAs.

� What did we find?
Oral GLP-1 RAs may be as effective as injected GLP-1 RAs; GLP-1 RAs could be more effective in younger female patients without diabetes but
with higher baseline weight/BMI but lower baseline HbA1c.

� What are the implications?
Our findings lend support to usage of GLP-1 RAs in patients with overweight or obesity but without diabetes. This study may provide greater
evidence for the use of oral GLP-1 RAs over injected GLP-1 RAs where available.



Efficacy of GLP-1 Receptor
Agonists on Weight Loss, BMI,
and Waist Circumference for
Patients With Obesity or Overweight:
A Systematic Review, Meta-analysis,
and Meta-regression of
47 Randomized Controlled Trials
Diabetes Care 2025;48:292–300 | https://doi.org/10.2337/dc24-1678

Hon Jen Wong,1 Bryan Sim,1

Yao Hao Teo,2 Yao Neng Teo,2

Mark Y. Chan,1,2 Leonard L.L. Yeo,1,3

Pei Chia Eng,4 Benjamin Y.Q. Tan,1,3

Naveed Sattar,5 Mayank Dalakoti,1,2 and

Ching-Hui Sia1,2

OBJECTIVE

To provide an updated synthesis on effects of glucagon-like peptide 1 receptor
agonists (GLP-1 RAs) on weight, BMI, and waist circumference incorporating
newer randomized controlled trials (RCTs), particularly in individuals with over-
weight or obesity.

RESEARCH DESIGN AND METHODS

We systematically searched PubMed, Embase, and Cochrane Central Register of
Controlled Trials (CENTRAL) for RCTs published from inception to 4 October 2024.
The search was limited to RCTs evaluating the use of GLP-1 RAs for mean differ-
ences from baseline in weight, BMI, and waist circumference in adults with obesity
or overweight with or without diabetes. Two independent reviewers performed
the literature search and data extraction, resolving disagreements via consensus or
third-reviewer consultation.

RESULTS

Forty-seven RCTs were included, with a combined cohort of 23,244 patients.
GLP-1 RAs demonstrated a mean weight reduction of 24.57 kg (95% CI 25.35 to
23.78), mean BMI reduction of 22.07 kg/m2 (95% CI 22.53 to 21.62), and mean
waist circumference reduction of24.55 cm (95% CI25.72 to23.38) compared with
placebo. This effect was consistent across diabetes status, GLP-1 RA used, and route
of administration. The greatest treatment benefit appeared to favor patients who
were younger, female, without diabetes, with higher baseline weight and BMI but
lower baseline HbA1c, and treated over a longer duration. Limitations include substan-
tial statistical heterogeneity, in part due to broad inclusion criteria. However, this het-
erogeneity may improve generalizability by reflecting a wide range of study designs
and patient populations.

CONCLUSIONS

GLP-1 RAs demonstrated significant weight, BMI, and waist circumference reduc-
tion benefits in this meta-analysis.
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The rising prevalence of overweight and
obesity elicits a significant strain on
global public health systems, contributing
toward 5 million deaths and 160 million
disability-adjusted life years in 2019 (1).
Glucagon-like peptide 1 receptor ago-
nists (GLP-1 RAs), initially developed for
the management of type 2 diabetes,
are increasingly being used as weight
loss medications (2). GLP-1 RAs aug-
ment glucose-stimulated insulin secre-
tion during states of hyperglycemia (3),
and attenuate postprandial glucose ex-
cursions (4). Additionally, GLP-1 RAs act
on the hypothalamus to increase sati-
ety (5) and reduce appetite drive (6).
Weight, or its surrogate measure—BMI,
serves as a risk stratification tool and
prognostic indicator that guides treat-
ment strategies (7–9). Waist circumfer-
ence, a measure of visceral adipose
tissue (10) and component of metabolic
syndrome (11), is associated with obe-
sity-related risks (12). This includes the
development of type 2 diabetes and
cardiovascular disease (8,9,13). Hence,
the impact of GLP-1 RAs on these com-
monly used parameters is of key clinical
significance.
GLP-1 RA development has advanced

rapidly. The once subcutaneous injection–
only GLP-1 RAs are now available for
oral administration. Novel oral GLP-1
RAs include semaglutide (14) and orfor-
glipron (15). An updated evidence syn-
thesis incorporating newer large-scale
randomized controlled trials (RCTs) eval-
uating not only pooled and individual
efficacies of old and new GLP-1 RAs but
also relative effectiveness of subcutane-
ous injection versus oral GLP-1 RAs in
the population of individuals with over-
weight or obesity is hence timely. Fur-
thermore, most existing reviews evaluate
the weight loss efficacy of GLP-1 RAs in
patients with diabetes. However, GLP-1
RAs are also of relevance in the popula-
tion without diabetes but with over-
weight or obesity (16). The comparative
effect of GLP-1 RAs in individuals with di-
abetes versus patients without diabetes
but with overweight or obesity is also
not known (17).
Hence, we performed this systematic

review and meta-analysis to address the
aforementioned queries. We included
all available GLP-1 RAs regardless of
Food and Drug Administration approval
status. The varying efficacies with GLP-1
RA dose and baseline characteristics were

also explored via meta-regression. We
sought to summarize current insights into
the utilization of GLP-1 RAs for weight
management in patients with or without
diabetes, which can aid drug selection,
administration protocols, target popula-
tions, and guideline development.

RESEARCH DESIGN AND METHODS

Search Strategy and Selection
Criteria
This meta-analysis was done in accordance
with Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA)
guidelines (18). The protocol was regis-
tered in International Prospective Regis-
ter of Systematic Reviews (PROSPERO)
(CRD42023448443).We searched PubMed,
Embase, and Cochrane Central Register of
Controlled Trials (CENTRAL) without lan-
guage restrictions for RCTs published from
inception to 4 October 2024. The search
terms are available in Supplementary
Material. Hand search was conducted by
reviewing the bibliographies of included
studies. We restricted the search to RCTs
evaluating the use of GLP-1 RAs currently
available in the market, regardless of
Food and Drug Administration approval,
in adult patients with overweight or obe-
sity ($18 years old) with or without
diabetes, for the outcomes of mean dif-
ferences in weight, BMI, and waist cir-
cumference. We included studies that
made use of the standard criteria for
overweight (25.0 kg/m2 # BMI < 30
kg/m2, Asians 23.0 kg/m2 # BMI) and
obesity (BMI $ 30 kg/m2, Asians BMI $
25 kg/m2) (19,20). Studies that did not
specify whether patients had obesity or
overweight were included if the mean
BMI, minus 1 SD, still fell within the
standard criteria for overweight. Ex-
cluded from the meta-analysis were
studies that included patients with sepa-
rate conditions that interfere with the
assessment of the primary outcome
such as pregnancy, or patients undergo-
ing or with a history of weight reduction
procedures such as metabolic/bariatric
surgery. The Patient, Intervention, Com-
parison, Outcome, Study Design (PICOS)
(20) inclusion and exclusion criteria are
summarized in Supplementary Table 1.
With regard to publications that comprise
reanalyses of similar or overlapping par-
ticipant populations, we selected the pub-
lication that we assessed to provide the
most recent and detailed information.

The Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA)
2020 checklist can be found in Supple-
mentary Table 5.

Risk of Bias Assessment
Two reviewers independently assessed
the quality of included studies using the
Cochrane Risk of Bias Tool for RCTs (21).
It assesses bias arising from the ran-
domization process, deviations from in-
tended interventions, missing outcome
data, outcome measurement, and selec-
tive outcome reporting. Studies judged to
have a severe risk of bias were excluded
to ascertain the reliability of our findings.

Data Extraction
Two reviewers independently performed
the literature search and data extraction,
with all disagreements resolved via mutual
consensus; if unsuccessful, a third reviewer
was consulted. Baseline information for
age, sex, race, body weight, BMI, waist cir-
cumference, and type of diabetes was col-
lected. The drug name, dosage, frequency
of administration, and route of administra-
tion were also collected.

Grading of the Evidence
The quality of pooled evidence was eval-
uated using the Grading of Recommen-
dations Assessment, Development and
Evaluation (GRADE) system (22). Included
RCTs were considered high-quality evi-
dence by default and were downgraded
based on preset criteria (statistical het-
erogeneity). I2 > 60% indicated substantial
statistical heterogeneity, 30–60% indicated
moderate heterogeneity, and <30% indi-
cated low heterogeneity.

Statistical Analysis
R (v4.3.1; R Core Team 2023) was used
to pool and analyze the results, using
general approaches laid out by the
Cochrane Handbook (23). In studies that
did not report SDs, CIs were converted
to SEs. A simple unit conversion was
performed if study-reported outcomes
were in a different unit. The inverse vari-
ance method and random-effects model
were used to derive the pooled outcomes.
I2 and t2 statistics were used to present in-
terstudy heterogeneity. In studies that re-
ported mean differences for multiple
dosages, a mini fixed-effect meta-analysis
was performed to calculate a pooled mean
difference, and the average dose was
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taken. Statistical significance was indi-
cated by nominal P values of <0.05.
We performed subgroup analysis for

diabetes status, GLP-1 RA drug, duration
of follow-up, and route of administration
(subcutaneous injection versus oral). Fur-
ther analysis was conducted via subgroup
comparisons based on diabetes status
with individual GLP-1 RAs, and comparing
peptide and nonpeptide GLP-1 RAs, given
their differing pharmacology and mecha-
nisms of action (24). Sensitivity analyses
were also conducted. Meta-regression was
performed to identify any dose-dependent,
age-dependent, sex-dependent, baseline
weight-dependent, baseline BMI-dependent,
baseline HbA1c-dependent, and follow-up
or treatment duration–dependent effects
on study outcomes. Meta-regression was
performed using STATA v16.0 (StataCorp
LLC, College Station, TX).

RESULTS

A literature search of the three data-
bases—PubMed, Embase, and CENTRAL—
yielded 8,342 results, of which 2,720 dupli-
cates were removed. Title and abstract
screening excluded another 5,400 articles.
Full-text review excluded 175 articles. A to-
tal of 47 articles were included in the final
analysis. The PRISMA flowchart is illustrated
in Fig. 1. The majority of included RCTs
were judged to be of overall low risk of
bias, with the exception of 11 studies
that were judged to be of moderate risk
(Supplementary Table 4).
The 47 studies comprised a combined

cohort of 23,244 patients. The partici-
pant baseline data as well as the char-
acteristics of the included studies are
summarized in Supplementary Table 2.
The intervention characteristics of in-

cluded studies, including location, main
trial name, overall sample size, GLP-1
RA drug name, dosage, frequency of
dosing, route of administration, con-
comitant drug use, and mean follow-up
duration are described in Supplementary
Table 3. Forty-seven studies reported
mean differences in weight, 23 studies
reported mean differences in BMI, and
24 studies reported mean differences
in waist circumference. Liraglutide was
reported in 15 studies, exenatide in 4 stud-
ies, semaglutide in 18 studies, dulaglutide
in 4 studies, danuglipron in 3 studies, or-
forglipron in 1 study, and efpeglenatide
in 2 studies. Twenty-one regimens were
given once daily, 5 regimens twice daily,

20 regimens once weekly, and 1 regimen
once monthly. The duration of follow-up
ranged from 4 weeks to 104 weeks. The
route of administration was subcutane-
ous injection in 41 studies and oral ad-
ministration in 6 studies. The results of
the GRADE assessment per outcome are
presented in Tables 1, 2, and 3.

Overall
The random-effects meta-analysis dem-
onstrated that patients receiving GLP-1
RAs had a mean weight change of
�4.57 kg (95% CI �5.35 to �3.78), a
mean BMI change of �2.07 kg/m2

(95% CI �2.53 to �1.62), and a mean
waist circumference change of �4.55 cm
(95% CI �5.72 to �3.38). These results
are summarized in Tables 1, 2, and 3,
respectively, with forest plots presented
in Supplementary Fig. 1. These estimates
were downgraded by two levels based
on the GRADE system, because of severe
statistical heterogeneity.

Subgroup Analysis

Diabetes Status

Patients without diabetes experienced
greater weight, BMI, and waist circum-
ference reduction with GLP-1 RAs than
patients with diabetes. GLP-1 RAs were

significantly associated with a greater
decrease in weight in patients without
diabetes compared with patients with di-
abetes (Table 1). The subgroup of pa-
tients without diabetes had a greater
mean reduction in BMI than patients with
diabetes (�2.96 kg/m2 vs. �1.22 kg/m2)
(Table 2). Patients without diabetes also
had a larger waist circumference change
compared with patients with diabetes
(�6.23 cm vs. �2.45 cm) (Table 3). The
test for subgroup differences was signifi-
cant (P < 0.01) for all three outcomes
(Supplementary Fig. 2).

GLP-1 RA Administered

Weight and BMI reduction was signifi-
cant for all GLP-1 RAs (Supplementary
Fig. 2), and the results are summarized
in Tables 1 and 2, respectively. Semaglu-
tide was associated with the greatest
mean reduction in weight (�7.18 kg),
while dulaglutide was associated with
the smallest degree of weight reduction
(�1.23 kg). Semaglutide similarly offered
the greatest reduction in BMI from baseline
(�2.86 kg/m2). Exenatide (�1.45 kg/m2)
and liraglutide (�1.45 kg/m2) were both
associated with the lowest mean difference
in BMI. Waist circumference reduction was
significant for all included GLP-1 RAs with

Figure 1—PRISMA flowchart.

294 Weight Loss Efficacy of GLP-1 Receptor Agonists Diabetes Care Volume 48, February 2025

https://doi.org/10.2337/figshare.27890331
https://doi.org/10.2337/figshare.27890331
https://doi.org/10.2337/figshare.27890331
https://doi.org/10.2337/figshare.27890331
https://doi.org/10.2337/figshare.27890331
https://doi.org/10.2337/figshare.27890331
https://doi.org/10.2337/figshare.27890331
https://doi.org/10.2337/figshare.27890331


the exception of exenatide (Table 3 and
Supplementary Fig. 2). Semaglutide offered
the greatest reduction in waist circumfer-
ence from baseline (�6.39 cm). Liraglutide
was associated with the smallest decrease
in waist circumference of (�3.13 cm).
Sufficient studies were present to en-

able subgroup analysis via diabetes status
for liraglutide and semaglutide individu-
ally (Supplementary Fig. 2). Liraglutide
demonstrated significantly greater re-
duction (P < 0.01) in weight (�5.58 kg
vs. �2.69 kg) (Table 1) and BMI (�2.07
kg/m2 vs. �0.71 kg/m2) (Table 2) for
patients without diabetes as compared
with patients with diabetes. However,
there was no evidence of subgroup differ-
ence for waist circumference reduction
(P = 0.08). Semaglutide was associated
with a significantly greater decrease
(P < 0.01) in weight (�12.51 kg vs.
�3.50 kg) (Table 1), BMI (�4.35 kg/m2

vs. �1.41 kg/m2) (Table 2), and waist
circumference (�9.29 cm vs. �2.98 cm)
(Table 3) reduction in patients without
diabetes compared with patients with
diabetes.

Duration of Follow-up

Studies with a mean follow-up period of
>1 year were associated with a greater
mean weight (�8.00 kg vs. �3.20 kg) (Ta-
ble 1), BMI (�3.10 kg/m2 vs. �1.41 kg/m2)
(Table 2), and waist circumference (�6.50
cm vs. �3.24 cm) (Table 3) reduction com-
pared with studies with a mean follow-up
period of #1 year. The difference between
subgroups (Supplementary Fig. 2) was sta-
tistically significant for all three outcomes
(P< 0.01).

Subcutaneous Injection Versus Oral

Studies evaluating the efficacy of paren-
tally administered GLP-1 RAs did not
demonstrate significant differences (P >
0.05) when compared with oral GLP-1
RAs in terms of weight (�4.67 kg vs.
�4.04 kg) (Table 1), BMI (�2.03 kg/m2

vs. �2.39 kg/m2) (Table 2), or waist cir-
cumference reduction (�4.45 cm vs.
�5.18 cm) (Table 3).

Type of GLP-1 RA

There was no significant difference (P >
0.05) in mean differences for weight

(�4.72 kg vs. �3.08 kg) (Table 1), BMI
(�2.08 kg/m2 vs. �1.93 kg/m2) (Table 2),
and waist circumference (�4.60 cm vs.
�3.40 cm) (Table 3) between peptide and
nonpeptide GLP-1 RAs.

Sensitivity Analyses

As part of our sensitivity analysis, in-
cluded studies were categorized ac-
cording to their assessed risk of bias
(Supplementary Table 3): low versus
moderate to severe risk of bias. The di-
rection of effect remained consistent in
the subgroup of studies with moderate
to severe risk of bias. There was also no
evidence of subgroup differences (P >
0.05) for all three outcomes (Supple-
mentary Fig. 2), suggesting that our
findings are robust to varying levels of
bias.
We also divided the included studies

into two groups: 1) those that explicitly
included only overweight or obese pa-
tients and 2) those that did not specify
this criterion but were included if the
mean BMI, minus 1 SD, fell within the
standard criteria for overweight. The

Table 1—Summary results for weight: kilogram outcome and GRADE assessment

Subgroup
Mean difference,

kg (95% CI)
No. of patients (no. of

included studies) Statistical heterogeneity
Quality of

evidence (GRADE)

Overall cohort �4.57 (�5.35 to �3.78) 23,244 (47 studies) I2 = 97% (P < 0.01) 11��a

Diabetes status

Diabetes �2.69 (�3.21 to �2.17) 13,438 (31 studies) I2 = 92% (P < 0.01) 11��a

No diabetes �9.19 (�11.52 to �6.85) 8,603 (11 studies) I2 = 97% (P < 0.01) 11��a

Drug administered

Exenatide �2.13 (�3.05 to �1.20) 1,213 (4 studies) I2 = 69% (P = 0.02) 11��a

Liraglutide �3.80 (�4.95 to �2.65) 6,645 (15 studies) I2 = 94% (P < 0.01) 11��a

Dulaglutide �1.23 (�2.08 to �0.38) 1,340 (4 studies) I2 = 77% (P < 0.01) 11��a

Semaglutide �7.18 (�8.85 to �5.51) 12,504 (18 studies) I2 = 98% (P < 0.01) 11��a

Orforglipron �5.80 (�6.73 to �4.87) 383 (1 study) NA NA
Efpeglenatide �2.09 (�2.70 to �1.49) 613 (2 studies) I2 = 0% (P = 0.72) 1111
Danuglipron �2.12 (�3.55 to �0.70) 546 (3 studies) I2 = 89% (P < 0.01) 11��a

Route of administration

Subcutaneous injection �4.67 (�5.54 to �3.80) 20,621 (40 studies) I2 = 97% (P < 0.01) 11��a

Oral �4.04 (�5.94 to �2.14) 2,623 (7 studies) I2 = 98% (P < 0.01) 11��a

Duration

#1 year �3.20 (�3.81 to �2.59) 9,480 (34 studies) I2 = 93% (P < 0.01) 11��a

>1 year �8.00 (�9.89 to �6.12) 13,764 (13 studies) I2 = 98% (P < 0.01) 11��a

Type of GLP-1 RA

Peptide �4.72 (�5.57 to �3.87) 22,315 (43 studies) I2 = 97% (P < 0.01) 11��a

Nonpeptide �3.08 (�5.30 to �0.86) 929 (4 studies) I2 = 97% (P < 0.001) 11��a

Liraglutide: diabetes status

Diabetes �2.69 (�3.73 to �1.65) 2,004 (8 studies) I2 = 87% (P < 0.01) 11��a

Nondiabetes �5.58 (�5.94 to �5.21) 4,534 (5 studies) I2 = 0% (P = 0.82) 1111

Semaglutide: diabetes status

Diabetes �3.50 (�4.57 to �2.43) 7,339 (9 studies) I2 = 95% (P < 0.01) 11��a

Nondiabetes �12.51 (�13.21 to �11.80) 4,069 (6 studies) I2 = 3% (P = 0.40) 1111

NA, not available. aDowngraded by two levels for severe statistical heterogeneity.
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latter subgroup (Supplementary Fig. 2) was
significantly associated (P < 0.01) with
lower weight (�2.26 kg vs. �7.17 kg), BMI
(�1.01 kg/m2 vs. �2.59 kg/m2), and
waist circumference (�1.98 cm vs.
�5.83 cm) reduction efficacy compared
with the subgroup of studies that explic-
itly included only overweight or obese
patients.

Meta-Regression

GLP-1 RA Administered

Random-effects meta-regression was
performed to ascertain the effect of
changes in drug dosages, stratified by
GLP-1 RA drug type, on mean reduc-
tions in weight, BMI, and waist circum-
ference. The criteria for inclusion was a
similar route and frequency of adminis-
tration. A minimum number of six stud-
ies is recommended for random-effects
meta-regression (25). Hence, the drugs
eligible for meta-regression were sema-
glutide (subcutaneous injection, once
weekly) and liraglutide (subcutaneous
injection, once daily), which both showed
a dose-dependent treatment effect in
terms of weight and BMI. Every 1-mg

increase in dose of semaglutide led to a
mean weight change of �4.33 kg (P <
0.01); for liraglutide, every 1-mg increase
in dose led to a mean weight change of
�1.99 kg (P = 0.02). Every 1-mg increase
in dose of semaglutide led to a greater
mean BMI change of �1.51 kg/m2 (P =
0.01); for liraglutide, every 1-mg increase
in dose led to a greater mean BMI
change of �0.87 kg/m2 (P = 0.01). For
the outcome of change in waist circum-
ference, semaglutide showed a dose-
dependent treatment effect, but liraglutide
did not. Every 1-mg increase in dose of
semaglutide led to a greater mean waist
circumference change of �3.46 cm (P <
0.01); for liraglutide, every 1-mg increase in
dose led to a greater mean waist circum-
ference change of �0.83 cm (P = 0.35).

Baseline Characteristics

In addition, random-effects meta-regression
was used to evaluate whether the effects
of GLP-1 RAs on decreasing weight,
BMI, and waist circumference were in-
fluenced by baseline parameters. The
meta-regression bubble plots are pre-
sented in Supplementary Fig. 4.

Age. A more advanced age at baseline
is significantly associated (P < 0.02)
with reduced weight, BMI, and waist cir-
cumference loss from GLP-1 RAs. For ev-
ery increase in age by 1 year at baseline,
degree of weight loss decreases by 0.25 kg,
BMI reduction decreases by 0.09 kg/m2,
and waist circumference reduction de-
creases by 0.22 cm.

Sex Assigned at Birth. Males may expe-
rience reduced weight and BMI loss
from GLP-1 RAs when compared with
females. For every increase in the per-
centage of males by 1%, extent of
weight loss decreases by 0.09 kg (P <
0.01), and BMI reduction decreases by
0.03 kg/m2 (P = 0.04). However, corre-
sponding decreases in waist circumference
reduction efficacy were not significant
(P = 0.25).

Baseline Weight. A higher weight at
baseline is significantly associated (P <
0.01) with greater weight loss, and larger
decreases in waist circumference from
GLP-1 RAs. For each increase in baseline
weight by 1 kg, the degree of weight loss
increases by �0.28 kg, and waist circum-
ference reduction increases by �0.20 cm.

Table 2—Summary results for BMI: kg/m2 outcome and GRADE assessment

Subgroup
Mean difference, kg/m2

(95% CI)
No. of patients (no. of

included studies) Statistical heterogeneity
Quality of

evidence (GRADE)

Overall cohort �2.07 (�2.53 to �1.62) 12,310 (23 studies) I2 = 97% (P < 0.01) 11��a

Diabetes status

Diabetes �1.22 (�1.65 to �0.79) 3,350 (10 studies) I2 = 93% (P < 0.01) 11��a

Nondiabetes �2.96 (�3.70 to �2.23) 8,077 (9 studies) I2 = 96% (P < 0.01) 11��a

Drug administered

Exenatide �1.45 (�2.22 to �0.68) 46 (1 study) NA NA
Liraglutide �1.45 (�1.98 to �0.91) 5,339 (11 studies) I2 = 94% (P < 0.01) 11��a

Semaglutide �2.86 (�3.75 to �1.97) 6,542 (10 studies) I2 = 98% (P < 0.01) 11��a

Orforglipron �1.93 (�2.25 to �1.61) 383 (1 study) NA NA

Route of administration

Subcutaneous injection �2.03 (�2.53 to �1.53) 10,936 (20 studies) I2 = 97% (P < 0.01) 11��a

Oral �2.39 (�3.74 to �1.05) 1,374 (3 studies) I2 = 97% (P < 0.001) 11��a

Duration

#1 year �1.41 (�1.84 to �0.98) 2,957 (14 studies) I2 = 93% (P < 0.01) 11��a

>1 year �3.10 (�3.85 to �2.35) 9,353 (9 studies) I2 = 96% (P < 0.01) 11��a

Type of GLP-1 RA

Peptide �2.08 (�2.57 to �1.60) 11,927 (22 studies) I2 = 97% (P < 0.01) 11��a

Nonpeptide �1.93 (�2.25 to �1.61) 383 (1 study) NA NA

Liraglutide: diabetes status

Diabetes �0.71 (�1.13 to �0.30) 698 (4 studies) I2 = 71% (P = 0.01) 11��a

No diabetes �2.07 (�2.37 to �1.78) 4,534 (5 studies) I2 = 68% (P = 0.01) 11��a

Semaglutide: diabetes status

Diabetes �1.41 (�2.02 to �0.80) 2,223 (4 studies) I2 = 94% (P < 0.01) 11��a

No diabetes �4.35 (�4.83 to �3.87) 3,543 (4 studies) I2 = 46% (P = 0.13) 111�b

NA, not available. aDowngraded by two levels for severe statistical heterogeneity. bDowngraded by one level for moderate statistical
heterogeneity.
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However, an increase in the extent of BMI
reduction was not conclusively shown
(P = 0.12).

Baseline BMI. A higher baseline BMI is
significantly associated (P < 0.01) with
greater weight and waist circumference
reduction from GLP-1 RAs. For every in-
crease in baseline BMI by 1 kg/m2, ex-
tent of weight loss increases by �0.78
kg, and waist circumference reduction
increases by �0.58 cm; however, there
was no significant increase in the de-
gree of BMI reduction (P = 0.06).

Baseline HbA1c. A higher baseline HbA1c
level is significantly associated (P <
0.01) with reduced weight loss, BMI re-
duction, and waist circumference reduc-
tion. For each 1% increase in baseline
HbA1c, extent of weight loss decreases
by 2.40 kg, BMI reduction decreases by
0.62 kg/m2, and waist circumference re-
duction decreases by 1.72 cm.

Duration of Follow-up. A longer duration
of treatment is significantly associated
(P < 0.01) with larger decreases in
weight, BMI, and waist circumference.
For every increase in duration of follow-up
by 1 week, degree of weight loss increases
by �0.10 kg, BMI reduction increases by

�0.04 kg/m2, and waist circumference re-
duction increases by�0.09 cm.

Discussion
In this meta-analysis of 47 RCTs of
23,244 patients, GLP-1 RAs were associ-
ated with a significant reduction in weight
(�4.57 kg, 95% CI �5.35 to �3.78) com-
pared with placebo, regardless of diabetes
status. Treatment effects were consistent
regardless of the GLP-1 RA used and route
of administration. From the subgroup
analysis and meta-regression, the greatest
treatment benefit appeared to favor pa-
tients who were younger, female, did
not have diabetes, and had higher
baseline weight and BMI but lower
HbA1c at baseline over a longer duration
of treatment. The effect is likely greatest
with semaglutide. These findings were
largely consistent over the other out-
comes of change in BMI and waist cir-
cumference from baseline.
The results demonstrated a sustained

improvement in the degree of weight,
BMI, and waist circumference reduction
by GLP-1 RAs. Firstly, greater efficacy
was observed in studies with >1 year
of follow-up as compared with #1 year
in the subgroup analysis. Secondly, the

meta-regression demonstrated increas-
ing weight, BMI, and waist circumference
loss the longer the follow-up duration,
even beyond 1 year. These findings indi-
cate that GLP-1 RAs may facilitate contin-
ued weight loss beyond the commonly
observed plateau at approximately 1 year,
as previously reported in literature (26).
However, these results should be inter-
preted cautiously, as they were obtained
within controlled settings such as RCTs
and may not reflect real-world usage. Pa-
tient compliance and concurrent exercise
are possible factors influencing outcomes.
A study has shown that combining GLP-1
RA treatment with exercise supports
weight loss maintenance post-treatment,
whereas using GLP-1 RAs alone without
exercise leads to weight regain after dis-
continuation (27). Given that overweight/
obesity occurs in association with chronic
comorbidities such as type 2 diabetes,
chronic kidney disease (28), cardiovascular
disease (29), osteoarthritis, and asthma
(30), GLP-1 RAs may indirectly contribute
toward the management of such chronic
diseases, given their sustained antiobesity ef-
fect. Of note, GLP-1 RAs are associated with
a reduction in the risk for cardiovascular

Table 3—Summary results for waist circumference: centimeter outcome and GRADE assessment

Subgroup
Mean difference,

cm (95% CI)
No. of patients (no. of

included studies) Statistical heterogeneity
Quality of

evidence (GRADE)

Overall cohort �4.55 (�5.72 to �3.38) 13,137 (24 studies) I2 = 94% (P < 0.01) 11��a

Diabetes status

Diabetes �2.45 (�3.43 to �1.47) 4,039 (10 studies) I2 = 79% (P < 0.01) 11��a

Nondiabetes �6.23 (�8.16 to �4.30) 8,215 (10 studies) I2 = 95% (P < 0.01) 11��a

Drug administered

Exenatide �0.27 (�3.42 to 2.87) 507 (2 studies) I2 = 59% (P = 0.12) 111�b

Liraglutide �3.13 (�4.32 to �1.94) 5,567 (9 studies) I2 = 80% (P < 0.01) 11��a

Semaglutide �6.39 (�8.31 to �4.48) 6,680 (10 studies) I2 = 96% (P < 0.01) 11��a

Orforglipron �3.40 (�4.52 to �2.28) 383 (1 study) NA NA

Route of administration

Subcutaneous injection �4.45 (�5.69 to �3.21) 11,673 (19 studies) I2 = 94% (P < 0.01) 11��a

Oral �5.18 (�9.49 to �0.86) 1,374 (3 studies) I2 = 98% (P < 0.01) 11��a

Duration

#1 year �3.24 (�4.34 to �2.13) 3,784 (13 studies) I2 = 84% (P < 0.01) 11��a

>1 year �6.50 (�8.32 to �4.68) 9,353 (9 studies) I2 = 96% (P < 0.01) 11��a

Type of GLP-1 RA

Peptide �4.60 (�5.83 to �3.37) 12,754 (21 studies) I2 = 94% (P < 0.01) 11��a

Nonpeptide �3.40 (�4.52 to �2.28) 383 (1 study) NA NA

Liraglutide: diabetes status

Diabetes �2.19 (�4.17 to �0.20) 926 (3 studies) I2 = 72% (P = 0.03) 11��a

No diabetes �4.01 (�4.45 to �3.57) 4,534 (5 studies) I2 = 0% (P = 0.43) 1111

Semaglutide: diabetes status

Diabetes �2.98 (�4.30 to �1.66) 2,223 (4 studies) I2 = 82% (P < 0.01) 11��a

No diabetes �9.29 (�9.93 to �8.65) 3,681 (5 studies) I2 = 0% (P = 0.54) 1111

NA, not available. aDowngraded by two levels for severe statistical heterogeneity. bDowngraded by one level for moderate statistical heterogeneity.
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and all-cause mortality (31). In addition,
given their aforementioned effects,
GLP-1 RAs may help delay progression
to diabetes and its associated complica-
tions. Further research is needed to as-
certain GLP-1 RAs as an agent against
the development of type 2 diabetes in
obese patients.
Of note, the results of the subgroup

analysis demonstrate a significantly greater
extent of weight, BMI, and waist circumfer-
ence reduction in patients without diabetes
as compared with patients with diabetes
(P < 0.001). Similar efficacy profiles were
noted in sensitivity analyses conducted via
subgroup analysis stratified by diabetes
status for liraglutide and semaglutide indi-
vidually. In addition, the meta-regression
demonstrated that individuals with higher
HbA1c are less likely to experience benefit,
as the magnitude of reduction in weight,
BMI, and waist circumference is reduced.
These findings enhance the robustness of
the observed association, and GLP-1 RAs
may be more effective in patients without
diabetes. This may stem from disrupted
gastric and small-intestinal motility ob-
served in some patients with diabetes
(32), which could attenuate the ability of
GLP-1 RA to modulate gastrointestinal mo-
tility (33) and thus impair its weight loss
effect. Our findings are, at this juncture,
entirely exploratory, and further studies to
ascertain the superiority of GLP-1 RA in
patients without diabetes and elucidate
its underlying physiological mechanisms
are clearly indicated.
Recent developments present new

GLP-1 RAs that are administered orally as
compared with traditional subcutaneous
injections. Considering the novelty of these
GLP-1 RAs, analyses comparing their ef-
fects to traditional GLP-1 RAs is timely. In
our meta-analysis, we showed that oral
administration exerted comparable effects
on weight control, BMI, and waist circum-
ference as compared with subcutaneous
injection. Oral GLP-1 RAs may improve pa-
tient compliance by being more conve-
nient, less painful, and less stressful to
take. Hence, oral GLP-1 RAs should be con-
sidered where possible, if overall safety is
at least comparable to the conventional in-
jected GLP-1 RAs (34). This is further sup-
ported by comparative cost effectiveness
between oral GLP-1 RAs such as semaglutide
and subcutaneous injection-basedGLP-1 RAs
demonstratedby Fenget al. (35).
The meta-regression results on GLP-1

RA suggested a dose-dependent weight

reduction in patients taking either daily
liraglutide (subcutaneous injection) or
once-weekly semaglutide (subcutaneous
injection). The remaining individual GLP-1
RAs were not eligible for meta-regression,
because of differing administration fre-
quencies, route of administration, and/or
insufficient studies. This could indicate
greater weight/BMI lowering through in-
creasing GLP-1 RA dose, in particular for
patients for whom extensive weight/BMI
loss is indicated, although dose-dependent
adverse effects must be considered.
The meta-regression results also suggest

that the lower the baseline weight, BMI, or
waist circumference, the lower the extent
of weight/BMI/waist circumference reduc-
tion. These findings support existing guide-
lines on obesity management that only
recommend pharmacological management
for adults with a BMI >30 kg/m2. Hence,
this serves as a caution against the use of
GLP-1 RAs in non-overweight/nonobese or
normal BMI individuals who seek an
“easy” method to lose weight. The risks
of GLP-1 RAs relating to adverse effects
may outweigh the benefits in this re-
gard (36). Further research is required
to evaluate the use of GLP-1 RAs in
non-obese/overweight or normal BMI
patients.
Our meta-regression also suggests that

an advanced age might correlate to re-
duced efficacy of GLP-1 RAs to reduce
weight, BMI, and waist circumference.
There is a need to balance the possible di-
minished effect of GLP-1 RAs in lowering
these parameters alongside other poten-
tial benefits against increased susceptibil-
ity to adverse drug reactions in the elderly
(37). Notable benefits include significant
reductions in all-cause mortality, major ad-
verse cardiovascular outcomes, and major
adverse kidney outcomes (38), although
these benefits have not been specifically
explored in an elderly-only population.
Further studies are ultimately required to
better elucidate the benefits and risks of
GLP-1 RAs in the very elderly.
In our sensitivity analysis, we evalu-

ated subgroup differences between stud-
ies that exclusively included overweight/
obese patients and those that did not
explicitly define overweight/obese status
but were included if their mean BMI was
within 1 SD of the standard criteria for
overweight. We observed that reductions
in weight, BMI, and waist circumference
were significantly greater in the subgroup
of studies focusing on overweight/obese

individuals, which helps underscore the
excellent efficacy of GLP-1 RAs in this
particular patient population. However, it
suggests that the effect of GLP-1 RAs on
these outcomes may be greater than indi-
cated in the primary analysis. Nonethe-
less, the primary results remain valuable,
representing conservative estimates that
might enhance generalizability of our find-
ings to a broader population, perhaps
even beyond those with high BMI.
The weight-reducing effects of GLP-1

RAs, as highlighted in this study and ex-
isting literature (39), emphasize GLP-1
RAs as important pharmacological ther-
apies in the management of overweight
and obesity. Nevertheless, it is impor-
tant to emphasize that proper diet and
regular physical exercise remain key com-
ponents of any weight loss regimen (40),
and should not be overlooked.
Our study should be interpreted in

due consideration of its limitations. First,
there was substantial statistical hetero-
geneity across the overall and subgroup
mean differences in weight, BMI, and
waist circumference, as shown by the
GRADE assessment, where the majority
of estimates were downgraded by two
levels. This heterogeneity likely, in part,
because of the inclusion of patients from
different countries and populations. How-
ever, it serves to enhance the general-
izability of our findings. Nonetheless,
potential differences in trial design, pre-
scription practices, patient response and
tolerance, and more nuanced factors like
lifestyle habits should be taken into ac-
count when interpreting the results in
one’s own context. We attempted to ac-
count for these factors through various
subgroup analyses and meta-regression.
Furthermore, sensitivity analysis by risk of
bias showed no change in the direction of
results. Second, GLP-1 RAs such as exena-
tide and efpleglenatide had very few
studies, which may reduce reliability on
pooled effect estimates. It also limited
our ability to perform subgroup com-
parisons within each GLP-1 RA with re-
gards to diabetes status. Third, a small
number of studies per subgroup dimin-
ishes statistical power, increases the
risk of type II errors, and amplifies sus-
ceptibility to biases inherent in individual
studies. Fourth, the disproportionately
small number of studies on oral GLP-1
RAs may bias the assessment of compar-
ative efficacy against subcutaneously in-
jected GLP-1 RAs. Fifth, the follow-up
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durations of included studies ranged
widely, from 4 to 104 weeks. Our pre-
sent analysis indicated enhanced effica-
cies with longer follow-up. Therefore, the
potential skewing of treatment benefit
toward studies/GLP-1 RAs with longer
follow-up should be acknowledged when
interpreting the pooled results. Sixth,
danuglipron and orforglipron are non-
peptide GLP-1 RAs, whereas the others
are peptide-based. Their differences in
mechanism of action (24) should be con-
sidered when interpreting pooled results.
To address this concern, we performed
sensitivity analysis via subgroup compari-
sons of peptide and nonpeptide GLP-1
RAs, and found no significant difference
in efficacy (P > 0.05). However, this find-
ing is exploratory, particularly considering
the limited number of studies on non-
peptide GLP-1 RAs, and further studies
are warranted to establish their relative
efficacies.

CONCLUSIONS

We performed a meta-analysis and meta-
regression on the older and latest GLP-1
RAs. GLP-1 RAs showed significant de-
creases in weight, BMI, and waist circum-
ference, and the magnitude of effect may
be greater in individuals without diabetes
compared with individuals with diabetes.
Furthermore, oral GLP-1 RAs have compa-
rable efficacies and could offer better pa-
tient compliance.
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