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ABSTRACT

Obesity is a chronic, multifactorial disease associated with the development of type
2 diabetes mellitus, cardiovascular diseases, heart failure, chronic kidney disease, and a
reduced quality of life. Glucagon-like peptide-l receptor agonists have shown relevant
results in weight and metabolic control. This study aimed to evaluate the efficacy and
safety of selective GLP-l receptor agonists for the treatment of overweight and obesity,
considering their effects on weight loss, glycemic control, and cardiometabolic
outcomes. A systematic review with meta-analysis of randomized clinical trials was
conducted in accordance with the PRISMA 2020 recommendations. Forty publications
were included, corresponding to 39 independent clinical cohorts, involving semaglutide,
liraglutide, dulaglutide, exenatide, lixisenatide, albiglutide, and efpeglenatide. Risk of
bias was assessed using the Cochrane RoB 2 tool, and the quantitative syntheses used
random-effects models.Analysis of studies of subcutaneous semaglutide 2.4 mg in adults
with obesity and no diabetes showed a pooled mean difference of _ ll.75 percentage
points in the change in body weight compared with placebo, with a 95% confidence
interval of _l4.83 to _8.67. The magnitude of weight loss was smaller among
participants with type 2 diabetes, although relevant reductions in glycated hemoglobin
were observed. In the cardiovascular trials conducted in people with type 2 diabetes,
GLP-l receptor agonists reduced the risk of major adverse cardiovascular events by
approximately l4%, with a pooled hazard ratio of 0.86 and a 95% confidence interval of
0.79 to 0.94. Gastrointestinal adverse events were the most frequent and contributed to
treatment discontinuation. It is concluded that selective GLP-l receptor agonists are
effective in reducing weight and improving glycemic control, and may also reduce
cardiovascular events in high-risk populations. However, effects vary among molecules,
doses, and populations, requiring individualized selection and prolonged clinical follow-
up.
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INTRODUCTION

Obesity is a chronic, progressive,

and multifactorial disease resulting from

the interaction between genetic, neuroe-

ndocrine, metabolic,

behavioral, environmental, and social

mechanisms. Its prevalence has increased

significantly over the past decades, be-

coming one of the main global public

health challenges. In 2022, more than one

clinical obesity, defined by the presence

of functional alterations, symptoms, or

limitations directly related to excess ad-

ipose tissue (3) . This perspective reinfo-

rces that obesity should not be understood

only as an anthropometric change, but as

a systemic, heterogeneous, and potentia-

lly disabling condition.

billion people worldwide lived with obe-

sity, including adults, children, and ado-

lescents, while approximately 2.5 billion

adults had overweight (1,2). In addition

to its high frequency, obesity is associa-

ted with a reduced life expectancy and

quality of life, increased functional disa-

bility, and the expansion of costs related

to the treatment of chronic diseases.

Excess adipose tissue, especially

when located in visceral and ectopic

compartments, exerts metabolic and inf-

lammatory effects that contribute to insu-

lin resistance, dysfunction of pancreatic

beta cells, arterial hypertension, dyslipi-

demia, atherosclerosis, heart failure, and

chronic kidney disease. Obesity is also

Although the body mass index is

widely used to classify populations with

excess weight, this measure does not

fully represent the distribution of body

fat, visceral adiposity, functional impai-

rment, or the presence of associated

organic lesions. In this context, contem-

porary diagnostic proposals have begun

to distinguish pre-clinical obesity, chara-

cterized by excess adiposity associated

with an elevated risk in the future, from

associated with the development of pre-

diabetes, type 2 diabetes mellitus, obstr-

uctive sleep apnea, fatty liver disease

associated with metabolic dysfunction,

osteoarthritis, and certain types of cancer.

Among the mechanisms involved are

low-grade chronic inflammation, alterat-

ions in adipokine secretion, lipotoxicity,

oxidative stress, endothelial dysfunction,

and neuro-hormonal activation.
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Sustained weight loss can reduce a

substantial portion of this risk. Moderate

reductions in body weight are associated

with improved blood glucose, blood pre-

ssure, lipid profile, and functional capac-

ity, while more substantial losses may

favor remission of type 2 diabetes, redu-

ced severity of sleep apnea, and impro-

vement of other complications related to

excess body fat. However, isolated beh-

avioral interventions often show limited

long-term effectiveness, mainly due to

physiological adaptations that promote

increased hunger, reduced satiety, decre-

ased energy expenditure, and weight

regain. For this reason, pharmacotherapy

has come to play an increasingly impor-

tant role in the longitudinal treatment of

obesity and should be integrated with

nutritional guidance, physical activity,

behavioral interventions, and clinical

follow-up clinical of the

comorbidities (4) .

Among the available pharmacolog-

ical strategies, GLP-l receptor agonists

stand out for the combination of effects

on body weight, glycemic control, and

cardiometabolic risk. GLP-l is an incretin

hormone produced mainly by the

cells

enteroendocrine hormones L after the

ingestion of nutrients. Their physiological

actions include stimulating the secretion

of insulin in a glucose-dependent manner,

inadequate inhibition of glucagon secret-

ion during hyperglycemia, modulation of

gastric emptying, and participation in

central mechanisms of satiety and control

of food intake. Since endogenous GLP-l

undergoes rapid degradation by the en-

zyme dipeptidyl peptidase-4, were

developed agonists resistant to degradat-

ion with a prolonged duration of action

(5) .

GLP-l receptor agonists exert peri-

pheral and central effects. In the central

nervous system, they act on hypothalamic

circuits and regions related to food rew-

ard, reducing hunger, energy intake, and

preference for foods with high energy

density. In glucose metabolism, they

promote glucose-dependent insulin secr-

etion and reduce glucagon secretion, with

a relatively low risk of hypoglycemia

when used without insulin or secretago-

gues. Additionally, their effects on blood

pressure, inflammation, endothelial func-

tion, albuminuria, and lipid metabolism

suggest benefits that go beyond the isol-
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ated reduction in body weight and glyc-

osylated hemoglobin (5) .

The first robust evidence of efficacy

in the treatment of obesity was obtained

with liraglutide. Clinical trials demonstr-

ated that daily administration of 3.0 mg

resulted in greater weight loss than that

observed with placebo in individuals with

obesity, prediabetes, or type 2 diabetes

mellitus, and also reduced the progression

of prediabetes to diabetes during prolo-

nged follow-up (6–8). Despite these res-

ults, the need for daily administration and

the moderate magnitude of weight loss

prompted

the development of longer-acting molec-

ules.

Weekly subcutaneous semaglutide

represented a relevant expansion of ph-

armacologic efficacy. STEP program tri-

als showed substantial reductions in body

weight in adults with overweight or

obesity, both in the absence and presence

of type 2 diabetes (9–l3). Benefits were

also observed when pharmacologic tre-

atment was combined with intensive

behavioral intervention and when maint-

ained for periods longer than one year. In

direct comparison, weekly semaglutide

produced greater weight loss than daily

liraglutide, indicating differences in effi-

cacy within the same pharmacologic class

(l4).

The development of oral semaglut-

ide and research into higher subcutaneous

doses expanded therapeutic possibilities.

Trials from the OASIS program showed

that the oral formulation can promote a

clinically relevant reduction in body we-

ight, while more recent studies evaluated

weekly doses higher than those initially

used in the treatment of obesity (l5–l9).

However, the expansion of formulations

and therapeutic regimens also increased

the heterogeneity of the literature, parti-

cularly regarding dose, route of adminis-

tration, the population included, the co-

mparator used, the duration of follow-up,

and the statistical method adopted to

estimate efficacy.

In addition to weight loss, GLP-l

receptor agonists demonstrated relevant

effects on glycemic control. In individu-

als with type 2 diabetes, different molec-

ules and doses reduced glycated hemog-

lobin and fasting glucose, often accom-

panied by weight reduction and a lower

need for treatment intensification. How-

ever, the magnitude of weight loss tends

http://www.revistacientificaipedss.com


5

ISSN: 2764-4006 | www.revistacientificaipedss.com

to be smaller among participants with

diabetes when compared with that obse-

rved in people without the disease, poss-

ibly due to metabolic differences, conc-

omitant therapies, and baseline clinical

characteristics. This variation justifies a

separate analysis of populations with and

without diabetes.

The cardiovascular effects are also

not uniform among different agonists.

Large-scale clinical trials have shown a

reduction in major adverse cardiovascular

events with liraglutide, semaglutide, du-

laglutide, albiglutide, and efpeglenatide

in populations with type 2 diabetes and

high cardiovascular risk (20–25). In con-

trast, lixisenatide and exenatide mainly

demonstrated cardiovascular safety, with

no unequivocal superiority over placebo

in reducing the composite cardiovascular

outcome (26,27). These differences sug-

gest that cardiovascular benefits should

not automatically be assigned homogen-

eously to all representatives of the class.

The SELECT study expanded on
this discussion by demonstrating a reduc-
tion in major cardiovascular events with
semaglutide 2.4 mg in individuals with

overweight or obesity, established card-

iovascular disease, and no diabetes (28).

This finding indicated that cardiovascular

benefit may occur independently of dia-

betes treatment and reinforced the relev-

ance of obesity as a cardiovascular ther-

apeutic target. Studies conducted in pat-

ients with heart failure with preserved

ejection fraction and obesity also showed

improvements in symptoms, functional

capacity, and body weight, suggesting

additional applications in specific

cardiometabolic

phenotypes.

Despite the overall consistency of

the evidence, questions remain regarding

the magnitude and sustainability of the

benefits, weight recovery after disconti-

nuation, and tolerability

gastrointestinal, discontinuation of thera-

py, and less frequent adverse events. There

are also important differences between

adults, children, and adolescents; between

participants with or without diabetes; be-

tween oral and subcutaneous formulations;

and between trials of initial treatment,

maintenance, or withdrawal of the medic-

ation. The combined interpretation of

these studies therefore requires methods

that can control for clinical heterogeneity

and avoid the inappropriate combination
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of different populations and study designs.

Previous reviews have often focused

on a specific molecule, on exclusively

weight-based outcomes, or on populati-

ons with type 2 diabetes. The rapid

incorporation of new trials involving oral

formulations, higher doses, obesity wit-

hout diabetes, heart failure, and kidney

disease makes it necessary to produce an

updated and comprehensive synthesis. In

addition, an integrated analysis of weight

loss, glycemic control, cardiovascular

events, and safety can clarify whether the

observed benefits represent effects pre-

dominantly related to weight reduction or

broader cardiometabolic actions.

Against this backdrop, the aim of

this systematic review with meta-analysis

was to assess the efficacy and safety of

selective GLP-l receptor agonists for the

treatment of overweight and obesity,

considering their effects on weight loss,

glycemic control, and outcomes car-

diometabolic.

Secondarily, we sought to analyze the

occurrence of adverse events and treat-

ment discontinuations, as well as to

investigate potential sources of heterog-

eneity related to the molecule, the dose,

the formulation, the presence of diabetes,

the age range, the duration of follow-up,

and the type of comparator.

METHODOLOGY

A systematic review with meta-

analysis of randomized clinical trials was

conducted, structured according to the

recommendations of the Preferred Repor-

ting Items for Systematic Reviews and

Meta-Analyses- PRISMA 2020 and the

methodological guidance of the Cochrane

Handbook for Systematic Reviews of

Interventions(29,30). The protocol was

defined before the quantitative synthesis,

including formulation of the research

question, eligibility criteria, information

sources, search strategy, study selection

process, data extraction, risk-of-bias ass-

essment, and the statistical analysis plan.

The review investigated the effects of

selective glucagon-like peptide-l (GLP-l)

receptor agonists in the treatment of

overweight and obesity, considering we-

ight loss, glycemic control, and outcomes

http://www.revistacientificaipedss.com
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cardiovascular, parameters

cardiometabolic and safety.

The research question was structured

according to the PICOS strategy. The

population consisted of children, adoles-

cents, or adults with overweight or obes-

ity, with or without prediabetes, type 2

diabetes mellitus, cardiovascular disease,

heart failure, chronic kidney disease, or

other related cardiometabolic conditions.

The intervention included selective

GLP-1 receptor agonists, including se-

maglutide, liraglutide, dulaglutide, exen-

atide, lixisenatide, albiglutide, and efpe-

glenatide, regardless of formulation, do-

se, or frequency of administration. The

comparators considered were placebo,

usual clinical treatment usual,

intervention

behavioral, structured diet, different dose

of the same agonist or another selective

GLP- 1 receptor agonist. The outcomes of

interest included change in body weight,

body mass index, waist circumference,

glycated hemoglobin, fasting blood glu-

cose, incidence of type 2 diabetes melli-

tus, blood pressure, lipid profile, major

adverse cardiovascular events, mortality,

heart failure, renal outcomes, adverse

events, and treatment discontinuation.

Were

considered trials clinical

randomized and controlled, with parallel

groups, active comparisons, or a randomi-

zed withdrawal design.

The initial identification of the stu-

dies was based on a comprehensive

matrix search developed for systematic

reviews on GLP-1 receptor agonists in

the treatment of obesity. This strategy

included the MEDLINE, Embase, Coch-

rane Central Register of Controlled Trials

CENTRAL, and LILACS databases, as

well as international clinical trial registr-

ies. The search was complemented by

targeted reference tracking from the main

clinical programs, including STEP, OA-

SIS, SCALE, SUSTAIN, PIONEER,

AWARD, and the large cardiovascular

outcomes trials, as well as by checking

the reference lists of eligible studies,

secondary publications, supplementary

materials, and clinical trial registries. The

targeted update included studies publis-

hed up to June 2026, with no initial

language restriction.

The search terms combined control-

led vocabulary and free-text words rela-

ted to GLP- 1 receptor agonists, obesity,

overweight, weight reduction, glycemic

http://www.revistacientificaipedss.com
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control, cardiovascular outcomes, and

randomized clinical trials. The conceptual

strategy combined the terms 盯glucagon-

like peptide-l receptor agonistŊ, 盯GLP-l

receptor agonistŊ, semaglutide, liraglut-

ide, dulaglutide, exenatide, lixisenatide,

albiglutide, and efpeglenatide with the

terms obesity, overweight, adiposity,

body weight, weight loss, and body mass

index, in addition to descriptors related to

randomization, placebo, and clinical trial.

A complementary strategy associated the

intervention terms with expressions rela-

ted to type 2 diabetes mellitus, glycated

hemoglobin, blood glucose, cardiovascu-

lar events, mortality,

heart failure and renal outcomes. The

strategies were adapted to the syntax and

controlled vocabulary of each source

consulted.

Randomized clinical trials were in-

cluded that assessed selective GLP-l

receptor agonists in participants with

overweight or obesity and that reported at

least one outcome related to weight loss,

control glycemic, risk

cardiometabolic outcomes or safety. For
the weight-loss and glycemic-control an-
alyses, studies with a minimum duration
of 20 weeks were prioritized. This restri-
ction was not applied to mechanistic

studies or to specific clinical populations

when they presented relevant metabolic

outcomes and randomized design. The

studies needed to provide a comparator

group and sufficient quantitative data to

calculate an effect measure or obtain the

published estimate with its corresponding

confidence interval.

Large cardiovascular trials were

considered even when obesity did not

constitute a mandatory inclusion criteri-

on, provided that they evaluated GLP-l

receptor agonists and presented relevant

data on weight, glycemic control, or

cardiovascular outcomes in populations

metabolically related to the scope of the

review. These studies were analyzed

separately from trials specifically inten-

ded for obesity treatment. Observational

studies, case reports and case series,

reviews, editorials, letters, protocols wi-

thout results, preclinical research, exclu-

sively animal studies, trials without a

randomized group, isolated surgical int-

erventions, and studies without recover-

able quantitative data were excluded.

Trials that evaluated exclusively dual or

triple agonists, such as tirzepatide and

retatrutide, were also excluded when

there was no independent arm with a

http://www.revistacientificaipedss.com
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selective GLP- 1 receptor agonist. Dupli-

cate publications or secondary analyses

without additional relevant information

were not treated as independent studies.

The identified records were gathered

into a single database and subjected to

duplicate removal. The selection took

place in two stages. Initially, titles and

abstracts were assessed for possible elig-

ibility, and subsequently, the full texts of

potentially relevant records were exami-

ned according to the preestablished crite-

ria. The reasons for exclusion after full-

text review were recorded and grouped

into categories, including incompatible

population, non-eligible intervention,

non-randomized design, absence of an

appropriate comparator, insufficient dur-

ation, unavailable quantitative data, dup-

licated publication, secondary analysis

without additional data, or another met-

hodologically justified reason. The proc-

ess of identification, screening, eligibility,

and inclusion was represented in a PR-

ISMA 2020 flow diagram (29).

The clinical trial was considered the
primary unit of analysis. When different
publications reported results from the
same population, the articles were linked

to a common study identifier. The main

publication was used for methodological

characteristics and for the primary out-

come, while extensions, secondary anal-

yses, and follow-up studies provided

additional information only when they

did not produce double counting of

participants. In trials with multiple eligi-

ble arms, the groups were analyzed

according to the clinical comparison of

interest. When necessary, the shared

control group was divided proportionally

among the comparisons, or the interven-

tion arms were combined, avoiding dou-

ble weighting of the same sample. Ran-

domized withdrawal trials were analyzed

separately from studies that performed

randomization before treatment began.

Data extraction was performed using

a standardized form. Information was

collected on authorship, year of publica-

tion, country, essay acronym, clinical

phase, number of centers, sample size,

population characteristics, age, sex, base-

line weight, body mass index, presence

of diabetes, cardiovascular disease, inte-

rvention, dose, route of administration,

frequency, comparator, duration, loss to

http://www.revistacientificaipedss.com
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and conflicts of interest. For efficacy

outcomes, we extracted the absolute ch-

ange in body weight, the percentage

change in weight, the change in body

mass index, the change in waist circumf-

erence, the proportion of participants with

loss of at least 5%, l0%, l5%, and 20%

of body weight, the change in glycated

hemoglobin, the change in fasting gluc-

ose, the incidence of type 2 diabetes

mellitus, return to normoglycemia, the

change in blood pressure, and the change

in the lipid profile.

For cardiovascular and renal outc-

omes, major adverse cardiovascular eve-

nts, cardiovascular death, non-fatal my-

ocardial infarction, non-fatal stroke, all-

cause mortality, hospitalization or wors-

ening of heart failure, albuminuria, and

composite renal outcomes were extracted.

For safety, data on gastrointestinal adve-

rse events, nausea, vomiting, diarrhea,

constipation, pancreatitis, gallbladder di-

sease, severe hypoglycemia, diabetic ret-

inopathy, serious adverse events, and

treatment discontinuation due to adverse

events were collected. When a trial pre-

sented more than one estimand, the

treatment policy estimand was prioritized

gnment to intervention

regardless of discontinuation or the use

of additional therapies. Efficacy estima-

nds were used in supplementary or sensi-

tivity analyses.

The primary outcomes were the

percent change in body weight, the pro-

portion of participants with a reduction of

at least l0% of their baseline weight, the

change in glycated hemoglobin, and the

occurrence of major adverse cardiovasc-

ular events across three components,

defined as cardiovascular death, nonfatal

myocardial infarction, or nonfatal stroke.

The secondary outcomes included absol-

ute weight change, weight response of at

least 5%, l5%, and 20%, body mass

index, waist circumference, fasting blood

glucose, progression to diabetes, return to

normoglycemia, blood pressure, lipid

profile, cardiovascular mortality, all-

cause mortality, myocardial infarction,

stroke, heart failure, renal outcomes,

serious adverse events, gastrointestinal

events, and discontinuation of treatment.

The risk of bias was assessed by the
Cochrane Risk of Bias 2 tool, RoB 2,
considering the primary outcome of each

http://www.revistacientificaipedss.com
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trial (31). The domains related to the

randomization process, deviations from

the intended interventions, missing data,

outcome measurement, and selection of

the reported outcome were examined.

Each domain was classified as low risk,

some concerns, or high risk, and the

overall judgment followed the tool’s

algorithm, without the use of a numerical

score. In obesity studies, special attention

was given to missing data, interruptions

of the medication, the use of additional

anti-obesity therapies, and imputation

methods. In cardiovascular trials, event

adjudication, maintenance of follow-up

after discontinuation, and intention-to-

treat analysis were examined.

For the continuous outcomes repor-

ted in the same unit, mean differences

were used with 95% confidence intervals.

The percentage change in weight was

expressed in percentage points, while

absolute weight, glycated hemoglobin,

blood glucose, blood pressure, and lipid

parameters were kept in their original

units. When the studies used incompati-

ble metrics, the use of the standardized

mean difference, corrected by Hedges,

was planned. For dichotomous outcomes,

such as weighted response and adverse

events, relative risks were calculated with

95% confidence intervals. For time-to-

event outcomes, including major adverse

cardiovascular events, mortality, and he-

art failure, hazard ratios were combined,

transformed to the logarithmic scale, and

weighted by the inverse of the variance.

The meta-analyses were conducted

when at least two studies showed suffic-

ient clinical compatibility regarding the

population, intervention, comparator, and

the definition of the outcome. Was used

primarily a random-effects model,

considering the

expected heterogeneity between molecu-

les, doses, populations, and follow-up

durations. The variance between studies

was estimated using the restricted max-

imum likelihood method, with the

Hartung-Knapp adjustment applied when

appropriate. Combined estimates were

presented, including the 95% confidence

interval, p value, heterogeneity I 2, vari-

ance between studies τ 2, Cochran’s Q

test, and a 95% prediction interval.

The analyses were stratified in adu-
lts with overweight or obesity without

http://www.revistacientificaipedss.com
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diabetes, adults with type 2 diabetes

mellitus, children and adolescents, prev-

ention or reversal of prediabetes, large

cardiovascular trials, obesity-associated

heart failure, renal outcomes, and safety.

Pediatric studies were analyzed separat-

ely, using percent change in body mass

index, body mass index z-score, or an

equivalent measure. Withdrawal trials

were kept separate from studies with

randomization from baseline.

Subgroup analyses were planned

according to the molecule used, dose, oral

or subcutaneous formulation, presence or

absence of diabetes, age range, placebo or

active comparator, duration less than or

greater than 52 weeks, standard or inten-

sive behavioral intervention, presence of

established cardiovascular disease, and

risk of bias. When the number of studies

allowed, exploratory meta-regressions

were planned to investigate the influence

of dose, treatment duration, initial body

mass index, mean age, prevalence of

diabetes, initial glycated hemoglobin,

proportion of women, and baseline card-

iovascular risk.

When standard deviations were not
available, they were calculated from

standard errors, confidence intervals, p

values, or other statistical measures.

When necessary, formulas were used to

convert median and interquartile range to

mean and standard deviation, along with

sensitivity analyses. Change-from-

baseline values were prioritized. In the

absence of these data, final values could

be combined provided they were expres-

sed in the same unit and came from

comparable groups after randomization.

Sensitivity analyses were performed

by excluding studies with high risk of

bias, experimental doses, withdrawal tri-

als, special clinical populations, studies

with high treatment discontinuation, and

analyses based exclusively on efficacy

estimands. An influence analysis with

individual study withdrawal was also

planned. When a meta-analysis included

at least ten studies, publication bias was

investigated by visual inspection of the

funnel plot and Egger’s test, acknowled-

ging that asymmetry could also result

from clinical heterogeneity or from the

effects of small studies.

The certainty of the body of evide-
nce was assessed using the GRADE

http://www.revistacientificaipedss.com
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stency, indirectness of evidence, imprec-

ision, and publication bias (32). The

evidence was rated as high, moderate,

low, or very low for each critical outc-

ome. The statistical analyses were plan-

ned in R software, using specific packa-

ges for meta-analysis and generation of

graphs. A two-sided significance level of

5% was adopted, although the interpreta-

tion considered the effect magnitude,

confidence intervals, prediction intervals,

heterogeneity, and clinical relevance to-

gether.

Because it used exclusively aggreg-

ated data from previously published stu-

dies, the review did not involve recruiting

participants or accessing personally iden-

tifiable information, and therefore did not

require submission to a research ethics

committee.

RESULTS

The Final Selection Resulted in the

Inclusion of 40 Publications Related to

Randomized Clinical Trials on Selective

Publications Corresponded to The

Prolonged follow-up of participants pre-

viously enrolled in the SCALE Obesity

and Prediabetes program, so that the base

represented 39 independent clinical coh-

orts. The studies encompassed pharmac-

ological treatment of obesity, obesity

associated with type 2 diabetes mellitus,

pediatric populations, prediabetes, heart

failure, chronic kidney disease, and large

cardiovascular outcome trials.

Sample sizes ranged from

82 participants in the pediatric study with

liraglutide, compared to l7,604 partici-

pants in SELECT. The duration of

Follow-up ranged from l4 weeks in

mechanistic metabolic trials to approxi-

mately 5.4 years in REWIND. Semaglu-

tide was the most frequently evaluated

intervention, followed by liraglutide.

Dulaglutide, exenatide, lixisenatide, alb-

iglutide, and efpelenatide were investig-

ated primarily in populations with type 2

diabetes mellitus and high cardiovascular

risk.

Table 1 - Distribution of included publications according to the main clinical axis.

http://www.revistacientificaipedss.com
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Clinical axis Publications, n Predominant characteristics

Semaglutide and weight co-
ntrol

14 Adults or adolescents with obes-
ity, with or without diabetes

Liraglutide and weight control 10 Obesity, prediabetes, diabetes,
and associated conditions

Major cardiovascular outc-
omes

9 Type 2 diabetes or obesity with
cardiovascular disease

Heart failure and kidney di-
sease

3 Obesity associated with HFpEF
or chronic kidney disease

Dose-response and metabolic
mechanisms 4

HbA1c, insulin sensitivity, and
dose response

The risk of bias assessment, condu-

cted with the RoB 2 tool, classified nine

publications as having overall low risk

and 31 as presenting some concerns. No

study was classified as having overall

high risk. The main limitations were

related to missing data and treatment

discontinuation in obesity trials. The risk

of bias in measurement was predominan-

tly low, since body weight, body mass

index, glycated hemoglobin, and labora-

tory parameters served as objective out-

comes. In major cardiovascular trials,

blinded event adjudication, longitudinal

follow-up, and intention-to-treat analysis

supported more favorable methodological

judgments.

Subcutaneous semaglutide promoted

consistent weight loss in adults with

overweight or obesity without diabetes.

In STEP 1, the mean change in weight at

68 weeks was _14.9% with semaglutide

2.4 mg and _2.4% with placebo, corres-

ponding to an estimated difference of _

12.4 percentage points (9). In STEP 3, in

which both groups received intensive

behavioral therapy, the reductions were _

16.0% and _5.7%, respectively, with a

difference of _10.3 percentage points

(11). In STEP 5, the effect persisted for

104 weeks, with a reduction of _15.2% in

the semaglutide group and _2.6% in the
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placebo group, a difference of _12.6 formulations were maintained in an ind-

15

percentage points (12).

The quantitative synthesis of studies

STEP 1, STEP 3, and STEP 5, restricted

to adults without diabetes treated with

subcutaneous semaglutide 2.4 mg or pla-

cebo, showed a pooled mean difference of

_11.75 percentage points in the change

in body weight, favoring semaglutide

(95% CI:_14.83 to _8.67; p=0.004). Het-

erogeneity was moderate (I²=57.4%), po-

ssibly due to differences in the intensity

of the behavioral

intervention and the duration of follow-

up.

The magnitude of weight loss was

smaller among participants with type 2

diabetes mellitus. In STEP 2, the mean

reduction was _9.6% with semaglutide

2.4 mg and _3.4% with placebo, a

difference of approximately _6.2 perce-

ntage points (10). This result supported

maintaining separate analyses for partic-

ipants with and without diabetes.

Oral semaglutide also demonstrated

efficacy. In OASIS 1, the estimated mean

weight reduction at 68 weeks was _
15. 1% with oral semaglutide 50 mg and _
2.4% with placebo, resulting in a _12.7
percentage-point difference (15). The oral

ependent stratum due to differences in

pharmacokinetics, dosing, and adherence

compared with subcutaneous administra-

tion.

Liraglutide showed a lower weight-

loss effect than that observed with sema-

glutide, but consistently higher than pla-

cebo. In the SCALE Obesity and Predi-

abetes, the average reductions were app-

roximately _8.0% with liraglutide 3.0 mg

and _2.6% with placebo (6). In the direct

comparison of STEP 8, semaglutide 2.4

mg produced an average loss of _15.8%,

whereas liraglutide 3.0 mg resulted in _

6.4%, a difference of _9.4 percentage

points in favor of semaglutide (14).

The categorical results followed the

continuous findings. In STEP 1, 69.1%

of participants treated with semaglutide

achieved at least 10% weight loss, com-

pared with 12.0% in the placebo group.

At least 15% loss was observed in 50.5%

and 4.9%, respectively (9). In STEP 8,

70.9% of participants treated with sema-

glutide lost at least 10% of their weight,

compared with 25.6% among those trea-

ted with liraglutide; for the 20% thresho-

ld, the proportions were 38.5% and 6.0%,

respectively (14).
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Table 2 - Synthesis of the main efficacy results

Study or analy-
sis

Population Primary outcome Estimate

STEP 1 Obesity without diabetes Weight change _14.9% vs _2.4%

STEP 2 Obesity and type 2 di-
abetes

Weight change _9.6% vs _3.4%

STEP 5 Obesity without diabetes
Weight change over

104 weeks _15.2% vs _2.6%

OASIS 1 Obesity without diabetes Weight change _15.1% vs _2.4%

SCALE Obesity Obesity with or without
prediabetes

Weight change _8.0% vs _2.6%

STEPs 1, 3 and
5 grouped

Obesity without diabetes Average difference
in weight

_11.75 percentage points;
95% CI _14.83 to _8.67

SELECT Obesity, CVD, and abse-
nce of diabetes MACE HR 0.80; 95% CI

0.72–0.90

CVOTs in type
2 diabetes

Diabetes and cardiov-
ascular risk

Grouped MACE HR 0.86; 95% CI
0.79–0.94

Legend:CVOTs: cardiovascular outcomes trials; CVD: cardiovascular disease;
HR: hazard ratio; 95% CI: 95% confidence interval; MACE: major
adverse cardiovascular events; percentage points.

In glycemic control studies, GLP-1

receptor agonists reduced glycosylated

hemoglobin and body weight. In SUST-

AIN FORTE, semaglutide 2.0 mg prod-

uced an approximately 2.2 percentage-

point reduction in HbA1c, compared with

1.9 percentage point with semaglutide 1.0

mg, an estimated difference of _0.23

percentage point (19). In AWARD-11,

the reductions in HbA1c were progress-

ively greater with dulaglutide 1.5 mg, 3.0

mg, and 4.5 mg, accompanied by a dose-

dependent response on body weight.

Because both studies used active compa-

rators and different doses of the same

molecule, their results were not combined
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with placebo-controlled trials.

The nine major cardiovascular trials

included showed differences regarding

the presence of diabetes, baseline risk,

the molecule used, and the duration of

follow-up. In the SELECT trial, conduc-

ted in participants with overweight or

obesity, established cardiovascular dise-

ase, and no diabetes, semaglutide 2.4 mg

reduced the relative risk of MACE by

20% compared with placebo (HR 0.80;

95% CI 0.72–0.90) (28) .

Among the eight trials conducted in

people with type 2 diabetes mellitus, the

random-effects model meta-analysis sh-

owed a pooled 14% reduction in the risk

of MACE, with an HR of 0.86(95% CI:

0.79–0.94; p=0.006) . Heterogeneity was

moderate (I²=44.5%) . LEADER, SUST-

AIN 6, REWIND, Harmony Outcomes

and AMPLITUDE-O

showed favorable results regarding card-

iovascular superiority, whereas ELIXA

and EXSCEL primarily demonstrated

cardiovascular non-inferiority and safety

(20–27) .

The exploratory combination of the
nine cardiovascular trials, including
SELECT, resulted in a pooled HR of
0.85(95% CI: 0.79–0.92; p=0.002), with

45.5% heterogeneity. Despite the overall

favorable direction, the presence or abs-

ence of diabetes was considered a clinic-

ally relevant effect modifier; therefore,

SELECT was interpreted separately from

the main synthesis of studies in type 2

diabetes.

In participants with heart failure with

preserved ejection fraction associated with

obesity, the STEPHFpEF and STEP-

HFpEF DM studies demonstrated impro-

vement in heart-failure-related health sta-

tus, greater weight reduction, and increa-

sed functional capacity with semaglutide

compared with placebo. These trials were

not combined with the CVOTs because

their primary outcomes evaluated symp-

toms, physical limitations, and functional

capacity, rather than major adverse card-

iovascular events.

The events adverse

gastrointestinal were the most frequent

adverse effects. Nausea, vomiting, diarr-

hea, and constipation occurred mainly

during dose escalation. Discontinuations

due to adverse events were generally

more frequent in the groups treated with

GLP-1 receptor agonists, although most

events were classified as mild or moder-

ate. Serious adverse events occurred in a
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smaller proportion and showed no unif-

orm pattern of increase across all trials.

Safety data were interpreted separately by

molecule and population due to heterog-

eneity in definitions and exposure perio-

ds.

Taken together, the results demons-

trated that selective GLP-1 receptor ago-

nists produced clinically relevant weight

loss, with a greater magnitude in semag-

lutide studies and among participants

without diabetes. The class also improved

glycemic control and reduced major car-

diovascular events, although the magni-

tude of these effects varied across mole-

cules, populations, and experimental de-

signs. The observed heterogeneity supp-

orted the use of stratified analyses and

prevented the interpretation of

different

class members as therapeutically equiva-

lent.

DISCUSSION

This systematic review with meta-
analysis demonstrated that selective
GLP-1 receptor agonists produce a clin-
ically relevant reduction in body weight,
improved glycemic control, and a decre-

ased risk of major cardiovascular events

in selected populations. The magnitude

of the effects, however, was not uniform

across studies, varying according to the

molecule, dose, formulation, presence of

type 2 diabetes mellitus, baseline cardi-

ovascular profile, treatment duration, and

experimental design. The synthesis of

trials of subcutaneous semaglutide 2.4 mg

in adults with obesity and without diabe-

tes showed an additional mean weight

reduction of 11.75 percentage points

versus placebo, while the large cardiov-

ascular trials conducted in people with

type 2 diabetes indicated a pooled reduc-

tion of approximately 14% in the risk of

major adverse cardiovascular events.

The most pronounced weight-loss

efficacy was observed with semaglutide,

especially at the subcutaneous dose of 2.4

mg and in oral formulations or experim-

ental doses developed

specifically for the treatment of obesity.

In the STEP studies, mean reductions

close to or greater than 15% of baseline

weight were achieved in participants

without diabetes, a substantially greater

magnitude than that traditionally obser-

ved with previous pharmacological ther-

apies (9,11–14) .
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Results similar were

found with oral formulation in the OASIS

program, indicating that adequate phar-

macological exposure to the agonist can

generate an anti-obesity response re-

levant

regardless of route of administration (l5–

l7). The STEP UP studies suggest that

higher subcutaneous doses may further

increase weight loss, although the incr-

emental benefit should be interpreted

together with tolerability, therapy disco-

ntinuation, and the clinical cost of dose

intensification (l8, l9).

Liraglutide also demonstrated cons-

istent efficacy, but with a smaller magn-

itude compared with semaglutide. In the

SCALE studies, daily administration of

liraglutide 3.0 mg was associated with

weight reduction and a higher frequency

of clinically relevant responses compared

with placebo, both in participants without

diabetes and in those with type 2 diabetes

(6–8,39–42). The superiority of semaglu-

tide was confirmed directly in STEP 8,

reducing the likelihood that differences

between the two molecules arise ex-

clusively from

indirect comparisons between different
trials (l4). The greater efficacy of sema-
glutide may be related to its prolonged

pharmacokinetics, continuous receptor

exposure, and differences in appetite

modulation and energy intake, although

the present review was not designed to

establish mechanistic superiority.

The difference in response between

participants with and without diabetes

was one of the most consistent findings.

The weight loss observed in STEP 2 was

less than that reported in trials with

individuals without diabetes, a pattern

also identified in liraglutide studies (7,

l0). This attenuation may be related to

greater insulin resistance, the duration of

diabetes, the use of insulin or other

medications associated with weight gain,

the metabolic limitations imposed by

dysfunction of pancreatic beta cells, and

differences in baseline characteristics.

Consequently, the presence of diabetes

should be considered an important modi-

fier of the effect, and estimates from

populations without diabetes should not

be automatically applied to people with

type 2 diabetes.

Despite the smaller weighted reduc-

tion in this group, GLP-l receptor agoni-

sts showed robust glycemic benefits. The

SUSTAIN FORTE and AWARD-ll st-

udies demonstrated dose-response relat-
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ionships for reducing glycated hemoglo-

bin and body weight, although the incr-

emental benefits of higher doses were

relatively smaller than the differences

observed between active treatment and

placebo (46,47). These findings suggest

that dose intensification may be useful in

patients with insufficient glycemic cont-

rol, but its adoption should consider

individual response, tolerability, and the

predominant therapeutic objectives. In

people whose clinical priority is weight

loss, specific doses and formulations for

obesity tend to produce better results than

regimens initially developed for glycemic

treatment.

The benefits on glycemia do not

seem to result exclusively from weight

loss. Mechanistic studies indicated imp-

roved insulin sensitivity and components

of glycemic physiology during treatment

with liraglutide, although the small sam-

ple size and short duration limit the

generalizability of these observations

(49) . GLP-1 receptor agonists stimulate

glucose-dependent insulin secretion, re-

duce inappropriate glucagon secretion,

and modulate food intake, establishing

complementary

mechanisms for metabolic improvement

(5) . However, the proportion of glycemic

and cardiovascular benefits directly med-

iated by weight loss remains uncertain and

likely varies among outcomes and popul-

ations.

The grouped reduction of major

cardiovascular events reinforces that the

clinical relevance of the class goes bey-

ond control of intermediate risk factors.

In trials conducted in people with type 2

diabetes, the combined effect favored

GLP-1 receptor agonists, but the hetero-

geneity among molecules was clinically

important. Liraglutide, semaglutide, du-

laglutide, albiglutide, and efpeglenatide

showed favorable results for reducing

cardiovascular events, while lixisenatide

and exenatide mainly demonstrated non-

inferiority and cardiovascular safety (20–

27). Therefore, the results do not support

the interpretation of complete equivale-

nce among all class representatives.

Cardiovascular differences may

stem from pharmacological characterist-

ics, duration of exposure, adherence,

recruited population, definition of the

outcome, baseline risk, and follow-up

time. Trials such as ELIXA included

participants after acute coronary syndr-
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ome, whereas REWIND evaluated a po- and should not be directly extrapolated to

21

pulation with a lower proportion of

established cardiovascular disease and

longer follow-up (23,25). Thus, an unad-

justed comparison of hazard ratio magn-

itudes can lead to inadequate conclusions.

Even in the presence of a favorable

pooled effect, the therapeutic decision

should prioritize molecules that have

demonstrated direct cardiovascular bene-

fit in the population corresponding to the

patient.

THE SELECT trial represented a

particularly relevant advance by demons-

trating a reduction in major cardiovascu-

lar events in individuals who were ove-

rweight or obese, had established cardi-

ovascular disease, and had no diabetes

(28). This outcome weakens the hypoth-

esis that cardiovascular protection depe-

nds exclusively on reducing hyperglyc-

emia. Weight loss, lower blood pressure,

improved inflammatory markers, effects

on endothelial function, and systemic

metabolic modifications may jointly con-

tribute to the benefit. However, the study

does not allow establishing the isolated

causal contribution of each mechanism,

and its results apply mainly to people

with preexisting cardiovascular disease

primary prevention in low-risk individu-

als.

The STEP-HFpEF and STEPHFpEF

DM studies also expanded the scope of

semaglutide by demonstrating improv-

ements in symptoms, physical limitations,

functional capacity, and weight in patie-

nts with heart failure with preserved

ejection fraction associated with obesity

(36,37). These findings are consistent

with the recognition that adiposity may

directly contribute to the pathophysiology

of this heart failure phenotype. However,

the primary outcomes of these trials were

related to health status and physical

function, not mortality or hospitalization

as isolated events. Thus, the findings

should not be interpreted as definitive

evidence of reduced mortality in heart

failure.

The study conducted in people with

obesity and chronic kidney disease wit-

hout diabetes also suggested favorable

effects on albuminuria, weight, and renal

parameters (38). Although these results

support a possible renal benefit, the

sample size and duration were smaller

than those of the large outcomes trials,
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and changes in albuminuria do not nece-

ssarily equate to the prevention of end-

stage renal failure. Confirmation of renal

protection in populations without diabetes

requires larger trials, with prolonged

follow-up and definitive clinical renal

outcomes.

The effectiveness of GLP-l agonists

should be interpreted as part of a chronic

treatment. STEP 4 showed that continu-

ing semaglutide was associated with

additional weight loss, while switching to

placebo resulted in progressive weight

regain (34). This pattern is consistent

with the chronic, relapsing nature of

obesity and suggests that stopping the

medication removes some of the pharm-

acological mechanisms that controlled

hunger and energy intake. Weight recov-

ery after interruption does not necessarily

represent treatment failure, but it shows

that its effects do not fully persist after

discontinuation.

This dependence on continued the-

rapy has clinical and economic implicat-

ions. The indication for a GLP-l agonist

should consider not only the initial resp-

onse, but also the feasibility of mainten-

ance, adherence, access, patient expecta-

tions, and strategies to preserve benefits

when interruption is necessary. The inc-

luded trials provided robust evidence

over one to two years for weight loss, but

information on safety, adherence, and

maintenance for much longer periods is

still comparatively limited.

In pediatric populations, semaglutide

and liraglutide reduced body mass index

in adolescents and children with obesity

(35,43,44). However, these findings sho-

uld be interpreted with caution, taking

into account growth, pubertal develop-

ment, bone health, body composition,

eating behavior, and the need for family

and multiprofessional follow-up. The

duration of pediatric trials is still insuffi-

cient to determine the effects of prolon-

ged treatment on development and weight

maintenance during the transition to adult

life.

The safety profile was characterized
predominantly by gastrointestinal events,
including nausea, vomiting, diarrhea, and
constipation. These events occurred ma-
inly during dose escalation and were
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generally mild to moderate, but they

contributed to discontinuations in some

participants. The frequency and intensity

of symptoms varied across molecules,

doses, and populations, making it diffic-

ult to produce a single representative

estimate for the class. Gradual dose

escalation and dose individualization may

improve tolerability, but they do not

eliminate the possibility of discontinuat-

ion.

Less frequent events, such as panc-

reatitis, gallbladder disease, severe hyp-

oglycemia, and related complications

involving retinopathy, showed less statis-

tical power for assessment. The absence

of a significant increase in an isolated

trial does not rule out rare risks. In people

with diabetes, interpretation of retinopa-

thy should also consider that rapid and

marked reductions in glycated hemoglo-

bin may cause transient worsening in

susceptible individuals. Safety should be

evaluated on an individualized basis,

especially in patients with a history of

pancreatic, biliary, gastrointestinal, or

retinal disease.

Another relevant aspect is that we-
ight loss does not correspond exclusively
to a reduction in adipose tissue. Although

the largest portion of weight loss associ-

ated with GLP-l receptor agonists is

attributed to fat reduction, a decrease in

lean mass can also occur. The included

studies did not evaluate body composit-

ion uniformly, preventing a robust quant-

itative synthesis of this outcome. Associ-

ating treatment with adequate protein

intake, resistance exercise, and functional

monitoring may be particularly important

in older adults, people with sarcopenia, or

patients experiencing substantial weight

loss.

This review presents, as strengths,

the inclusion of 40 randomized trial

publications, the combined analysis of

body weight, glycemic control, cardiov-

ascular events, and safety, the separation

between populations with and without

diabetes, and the assessment of risk of

bias using RoB 2. Stratification by design

and population reduced the risk of com-

bining studies clinically

incompatible ones. The use of random-

effects models was also appropriate given

the expected heterogeneity across mole-

cules, doses, and treatment durations.

Some limitations should be recogn-

ized. The first was the

clinical and methodological heterogenei-

http://www.revistacientificaipedss.com


24

ISSN: 2764-4006 | www.revistacientificaipedss.com

ty, including differences in obesity crite-

ria, behavioral interventions, doses, co-

mparators, duration, imputation methods,

and statistical estimands. The second was

the dependence on published aggregated

data, which prevented individualized an-

alyses by sex, age, ethnicity, visceral

adiposity, diabetes duration, and cardio-

vascular risk. The third was the small

number of direct comparisons between

molecules, which limits definitive

conclusions

relative superiority.

Most of the major clinical programs

received industrial funding, a condition

that does not invalidate their results, but

requires attention to the selection of

endpoints, the reporting of estimands, and

the interpretation of secondary analyses.

In addition, the predominance of partici-

pants from specialized centers and the

rigorous eligibility criteria may limit ge-

neralizability to populations with complex

multimorbidity, low adherence, reduced

access to multiprofessional follow-up, or

difficulties maintaining treatment. The

assessment of rare events and long-term

safety also remained limited.

Taken together, the results support
the selective agonists ofthe
GLP-l receptor as one of the most effect-

ive pharmacological strategies for the

treatment of obesity, particularly when

molecules and doses developed for weight

management are used. The benefits incl-

ude weight loss, glycemic improvement,

and, for certain medications and populat-

ions, reduction of cardiovascular events.

However, the heterogeneity of the class,

the need for prolonged treatment, the

occurrence of gastrointestinal events, and

uncertainties regarding maintenance, body

composition, and long-term safety reinf-

orce the need for individualized selection

and ongoing monitoring. The therapeutic

decision should integrate the severity of

obesity, the presence of diabetes, cardio-

vascular risk, comorbidities, tolerability,

clinical goals, and the feasibility of main-

taining treatment.

CONCLUSION

Selective GLP-l receptor agonists

demonstrated clinically relevant effic-
acy

in the treatment of overweight and obesity,

with consistent benefits regarding weight

loss, glycemic control, and certain outco-

mes cardiometabolic. A

The magnitude of the weighted response
was greater with semaglutide, especially
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in the doses and formulations developed

specifically for the treatment of obesity,

while liraglutide showed a more moder-

ate effect, although higher than placebo.

Participants with type 2 diabetes mellitus

had a smaller reduction in body weight

compared with those without diabetes,

although they achieved a significant im-

provement in glycated hemoglobin and

other metabolic parameters.

The synthesis of the major cardiov-

ascular trials indicated a reduction in the

risk of major adverse cardiovascular

events with certain GLP-l receptor ago-

nists, especially liraglutide, semaglutide,

dulaglutide, albiglutide, and efpeglenati-

de. However, the results were not unif-

orm across all molecules, reinforcing that

cardiovascular benefits should not be

automatically considered as a homogen-

eous class effect. Evidence from the

SELECT study also showed that semag-

lutide can reduce cardiovascular events in

individuals with obesity and established

cardiovascular disease, even in the abse-

nce of diabetes.

The events adverse

gastrointestinal were the most frequent
reactions and constituted a relevant cause

for treatment discontinuation, especially

during dose escalation. In addition, dis-

continuation studies showed a progress-

ive recovery of weight after stopping the

medication, indicating that obesity should

be treated as a chronic condition and that

maintaining the benefits depends, in part,

on ongoing therapy.

The heterogeneity observed across

populations, molecules, doses, formulat-

ions, comparators, and follow-up durati-

ons prevents interpreting GLP-l agonists

as therapeutically equivalent interventi-

ons. Treatment choice should be indivi-

dualized, considering the severity of

obesity, the presence of diabetes, cardi-

ovascular risk, comorbidities, tolerability,

clinical goals, and the possibility of

maintaining the treatment long term.

Taken together, the evidence suppo-

rts selective GLP-l receptor agonists as

one of the main strategies pharmaco-
logical

for the management of obesity and its

metabolic complications. However, inv-

estigations of longer duration are still

needed on maintaining weight loss, long-

term safety, body composition, effects in
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