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ABSTRACT

Introduction: Although GLP-1-based pharmacotherapies achieve clinically significant weight loss, their influence on eating
behavior is unknown.

Methods: This systematic review examined the effects of GLP-1-based pharmacotherapies on eating behavior, appetite, and
energy intake in adults (>18years) with overweight or obesity (BMI>25kg/m?) without major comorbidities. MEDLINE,
PsycINFO, EMBASE and Web of Science were searched on 4™ November 2025. Risk of bias was assessed, and meta-analyses
were conducted for energy intake and overall appetite suppression, with other outcomes synthesized qualitatively.

Results: Twenty-five articlesinvolving 4060 participants were included (64% female, mean age = 44 years, mean BMI = 36.7 kg/m?).
Four studies were deemed low risk of bias. A reduction in energy intake was observed (SMD =—0.775, 95% CI=—1.21 to —0.34,
p=0.002), although heterogeneity was high (I?=82.7%) and the prediction interval included no effect. A small increase in appe-
tite suppression was also observed (MD =7.800, 95% CI=3.74 to 11.86, p=0.001). Qualitative findings suggested reductions in
food craving and some measures of food reward. Nausea was more frequent with active treatment and may have influenced the
observed effects or increased awareness of treatment allocation.

Conclusion: GLP-1-based pharmacotherapies may reduce short-term energy intake and appetite. However, the magnitude
and consistency of these effects remain uncertain because of substantial heterogeneity, imputation of variance data, and vari-
ability in outcome assessment. Evidence relating to food craving, food preferences and other eating behaviors requires further
investigation.

Abbreviations: AUC, area under the curve; BES, Binge Eating Scale; BMI, body mass index; CoEQ, Control of Eating Questionnaire; DEBQ, Dutch Eating Behavior
Questionnaire; EI, energy intake; ETD, estimated treatment difference; FCI, food craving inventory; FCQ-S, Food Craving Questionnaire State; FPQ, Food Preference
Questionnaire; GLP-1, glucagon-like peptide-1; HEI, Healthy Eating Index; LFPQ, Leeds Food Preference Questionnaire; MD, mean difference; PFC, prospective food
consumption; PFS, Power of Food Scale; RCT, randomized controlled trial; RoB, Cochrane risk of bias; ROBINS-I, Risk Of Bias In Non-randomized Studies—of
Interventions; SE, standard error; SEM, standard error of the mean; SMD, standardized mean difference; TFEQ, Three Factor Eating Questionnaire; VAS, visual
analogue scale; YFAS, Yale Food Addiction Scale.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.
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1 | Introduction

Glucagon-like peptide-1 (GLP-1)-based pharmacotherapies, in-
cluding semaglutide and tirzepatide, represent a new generation
of medications that achieve clinically significant weight loss,
often exceeding 15%-20% of body weight [1]. GLP-1-based phar-
macotherapies primarily act through gastrointestinal pathways
to increase satiety and reduce appetite, leading to decreased
energy intake and weight loss [2]. A recent systematic review
and meta-analysis of 47 randomized controlled trials (RCTs) ex-
amined the effect of GLP-1-based pharmacotherapies on weight
loss in adults with overweight/obesity or diabetes and found a
mean reduction in weight of 4.57kg compared with a placebo
[3]. Confirming the efficacy of GLP-1-based pharmacotherapies
for weight management, a systematic review of semaglutide
used for weight loss in participants with obesity and without di-
abetes found a mean reduction in weight of 11.85% [4].

Although the effects on weight loss are established, less is
known about the influence of GLP-1-based pharmacotherapies
on eating behavior (e.g., motivation to eat, food preferences,
and reward), appetite sensations, and objective measures of en-
ergy intake. These are all key factors that influence long-term
weight management and may explain individual differences
in responses to interventions [5-8]. The effect of GLP-1-based
pharmacotherapies on eating behavior, appetite, and energy in-
take using different doses, duration, and assessment methods
has been investigated in several studies [2, 9-11]. In a recent re-
view of 12 studies examining the effects of GLP-1 infusion, lira-
glutide, or semaglutide, Aldawsari, Almadani, Almuhammadi,
et al. [12] reported improvements in appetite sensations (mea-
sured using visual analogue scales [VAS]) and some changes in
food preferences (measured using the Leeds Food Preference
Questionnaire [LFPQ] and the Control of Eating Questionnaire
[CoEQ]). However, only three of the studies in this review as-
sessed food preferences, and broader aspects of eating behav-
ior were not examined. Since this review, numerous new trials
have been published, including studies investigating tirzepatide,
which provides an opportunity for comprehensive synthesis.

Energy intake, appetite, eating behavior, food reward, food crav-
ing, and food preferences are related but distinct constructs. In this
review, appetite refers to subjective motivation to eat and includes
sensations such as hunger, satiation, satiety, fullness, desire to eat,
and prospective food consumption, whereas energy intake reflects
the amount of energy consumed [13, 14]. Food reward refers to the
momentary value of a food to the individual at the time of inges-
tion [5]. In the literature, food reward includes separable hedonic
and motivational components, commonly described as “liking”
and “wanting,” which usually cohere but can also disassociate
[15]. Food craving refers to a strong desire to eat a particular food
and is related to but distinct from liking because many commonly
craved foods are highly liked, but craving does not always result in
eating [16-18]. The term “preference” refers to the selection of one
item over others [19]. Food preferences are learned via experiences
with food and eating and can refer to preferences for certain foods
or predispositions for basic tastes (sweet, bitter, sour, and salty)
[19, 20]. Eating behavior is used as a broader term encompassing
food craving, food reward, food preferences, and other patterns of
eating, all of which are influenced by psychological, environmen-
tal, and cultural factors [21].

Beyond weight management, there is emerging evidence that
GLP-1-based pharmacotherapies may influence central reward
pathways implicated in food motivation and addictive behav-
iors [22]. There is some evidence that GLP-1-based pharma-
cotherapy use alters food cravings, reduces “food noise,” and
impacts the rewarding properties of food and substance use
[22, 23]. Understanding these effects could provide insight into
the broader behavioral influence of GLP-1-based pharmacother-
apies and inform personalized approaches for weight manage-
ment. Examining these behavioral mechanisms is essential,
especially as 10%-30% of users may be nonresponsive to treat-
ment (< 5% weight loss) [24-26], and the factors that predict re-
sponse versus nonresponse have not been identified.

The overall aim of this review is to synthesize evidence on how
GLP-1-based pharmacotherapies used for weight loss or weight
maintenance impact eating behavior, appetite, and energy
intake in adults with overweight or obesity without major co-
morbidities. To our knowledge, no such systematic review and
meta-analysis has been conducted. This review addresses that
gap and looks to inform multilevel obesity treatment strategies
that combine pharmacotherapy with evidence-based behavior
change interventions through better identification of patients
who may require additional support.

2 | Methods
2.1 | Information Sources and Search Strategy

Four electronic databases were searched on November 4, 2025:
MEDLINE (Ovid), PsycINFO (Ovid), EMBASE (Ovid), and
Web of Science (Core Collection). The MEDLINE, Embase, and
PsycINFO strategies were run simultaneously as a multifile search
in Ovid. Searches for all databases are included in Tables S1 and
S2. Limits were set to include articles recruiting human popula-
tions and published in English, as translating studies into English
could lead to relevant information being mistranslated. There
were no search date restrictions. The search strategies were peer-
reviewed by two authors (B.O. and J.B.) prior to execution using
the PRESS checklist [27]. Additionally, reference lists, conference
proceedings, and thesis databases were checked to identify other
relevant articles. Duplicates were identified using Rayyan's “dedu-
plication” tool, manually checked by the team, and removed from
the sample. This systematic review followed PRISMA guidelines
[28] and was preregistered with PROSPERO (registration number:
CRD420251182640).

2.2 | Study Selection, Inclusion, and Exclusion

Articles were included if they recruited adults (>18years) with a
body mass index (BMI) of >25kg/m? and without major comor-
bidities. Studies were excluded if participants were pregnant or
presented with diabetes or major cardiovascular, hepatic, renal,
gastrointestinal, endocrine, hematological, or neurological dis-
orders that could affect drug metabolism or interpretation of
outcomes. This included Parkinson's disease, anorexia nervosa,
bulimia nervosa, binge eating disorder, all cancers, inflammatory
bowel diseases, intellectual deficiency, psychiatric conditions,
sleep disorders, and weight loss surgery (e.g., gastric bypass or
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bariatric surgery). Where trials included data for participants with
and without diabetes, the authors were contacted to obtain data
from the nondiabetes subgroup. Where these data were not avail-
able, the study was excluded. Studies recruiting participants with
prediabetes or mild metabolic impairments (e.g., elevated waist cir-
cumference, low high-density lipoprotein cholesterol, triglycerides
>150mg/dL, or impaired glucose tolerance) were included.

Trials were required to evaluate the effect of any GLP-1-based
pharmacotherapy (e.g., exenatide, liraglutide, semaglutide, and
tirzepatide) on weight loss or weight maintenance for a mini-
mum of 1week. Studies were excluded where interventions
lasted less than 1week. Interventions including standard wrap-
around care, such as general lifestyle advice, nutritional guid-
ance, and exercise recommendations, were permitted because
these are typically mandated with GLP-1-based pharmacother-
apy use. However, studies were excluded if they incorporated
intensive lifestyle interventions likely to confound drug effects,
including very-low-calorie diets (<500kcal/day), structured
exercise programs exceeding standard recommendations (e.g.,
>150min/week supervised), or comprehensive behavioral pro-
grams (> 10 individualized sessions). Authors were contacted
for further details about the intervention design if the methods
section did not provide sufficient information to inform a deci-
sion about inclusion. Studies were eligible regardless of whether
they included a comparator group.

Articles were included if they reported any eating behavior, ap-
petite, or energy intake outcome, measured using any instru-
ment, as change from baseline or change versus control/placebo.
RCTs, nonrandomized trials, single-arm intervention studies,
and observational studies (prospective or retrospective cohorts
and case series) were included. Observational cross-sectional
studies that do not assess changes in eating behavior, appetite,
or energy intake and qualitative studies without quantitative
outcomes were excluded. Alcohol intake was included as an out-
come in the original protocol. However, only one eligible study
reporting this outcome was identified. As this was insufficient
to support a meaningful synthesis, alcohol intake was removed
as an outcome from the revised review.

All titles and abstracts were assessed for eligibility by the main
author (C.D.) and independently screened by two researchers
(B.O. and J.B.), with uncertainty regarding eligibility discussed
among the researchers. Full texts were retrieved and assessed
for eligibility by C.D. and independently screened by B.O. and
J.B., with uncertainty regarding eligibility discussed among the
researchers. Eight authors were contacted to request additional
data for the meta-analyses [29-36]. Six authors responded; how-
ever, data were only available for one study [31].

2.3 | Data Extraction

Data were extracted using the Cochrane group data collection
form for intervention reviews of randomized and nonrandom-
ized control trials [37] by one author (C.D.), and were cross-
checked for errors by B.O. and J.B. The extracted characteristics
of each included article consisted of the following: title, study
ID, publication type, study design, study aim, ethical informa-
tion, number of participants, population characteristics (age,

BMI, gender/sex, ethnicity, population description, method of
recruitment, and inclusion/exclusion criteria), description of
the intervention (number of participants randomized, type of
GLP-1-based pharmacotherapy and dose used, and intervention
length), description of outcomes (including measurement tool
and unit of measurement), conflicts of interests, data and analy-
sis (number of participants in analysis, means and standard de-
viations or equivalent, unit of analysis, statistical methods used,
and appropriateness of these), key conclusions of study authors,
and references to other available studies.

Where means and standard deviations were not reported, other
relevant data were extracted (e.g., median and interquartile
range [IQR], 95% confidence intervals [CI], and correlations). For
the appetite outcome, only the overall appetite score (composite/
aggregate score) was extracted, in line with recent recommen-
dations [38]. If only separate appetite subscales were reported,
these were extracted. If multiple energy intake outcomes were
reported, only the ad libitum data were extracted.

2.4 | Data Synthesis

Meta-analyses were performed where >10 effect sizes were
available. To avoid double counting participants and including
statistically dependent effect estimates from the same study,
only one effect estimate per study was included in each meta-
analysis. Where outcomes were assessed at multiple time points,
the latest available time point was included in the analyses.
Where multiple doses were reported, the highest dose was in-
cluded. This approach enabled a consistent study-level analy-
sis but did not allow changes in behavioral effects over time or
dose-response relationships to be examined. Effects on appe-
tite and energy intake were examined using a random-effects
meta-analysis as considerable between-study heterogeneity was
expected. All analyses were carried out in the R environment,
version 4.5.1 [39], using the following packages: dmetar [40], esc
[41], tidyverse [42], meta [43], metafor [44], and estmeansd [45].

Overall postprandial appetite suppression was used as the pri-
mary outcome of appetite, assessed using a 100-mm VAS and
calculated as the mean of satiety, fullness, inverted hunger
(100 — hunger score), and inverted prospective food consump-
tion (100 — prospective food consumption score). Higher scores
indicate greater appetite suppression. This composite measure
was selected because it was the most frequently reported ap-
petite outcome across included studies. Effect estimates were
pooled as between-group mean differences (MDs) in VAS units
(mm). The use of MD was considered appropriate as all stud-
ies measured appetite using a standard 100-mm VAS scale.
Standard errors (SEs) were extracted directly or derived from
reported standard deviations or confidence intervals, accord-
ing to Cochrane Handbook guidance [46]. In studies report-
ing appetite outcomes as area under the curve (AUC) over the
postprandial period (mm-min), AUC values were converted to
time-weighted mean VAS scores (mm) by dividing by the dura-
tion of the measurement period (e.g., 180 min), enabling pooling
with studies reporting discrete VAS outcomes. Where necessary,
between-group MDs and corresponding variances were derived
from reported summary statistics. Of the 10 studies included,
nine required imputations of missing SDs.
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Only overall postprandial appetite suppression scores were in-
cluded in the meta-analysis. Fasting appetite ratings, retrospective
ratings covering the previous week, and individual appetite sub-
scales were not pooled. The overall appetite suppression score was
selected because it was the most consistently reported appetite out-
come across studies and was measured using a standard 100-mm
VAS. Where studies reported postprandial appetite as AUC, values
were divided by the duration of the assessment period to derive a
time-weighted mean VAS score. This conversion assumes that the
reported AUC adequately represents the appetite response across
the assessment period and may be influenced by differences in
sampling frequency, the method used to calculate AUC, and as-
sumptions regarding the response between measurement time
points. This allowed outcomes to be expressed in a common unit
but did not remove differences in meal conditions, assessment tim-
ings, or the duration over which appetite was measured.

A separate meta-analysis was conducted for energy intake.
Studies were included if they reported between-group com-
parisons of energy intake for an intervention relative to a pla-
cebo or control condition. Energy intake data were extracted as
sample size, means, and standard deviations for intervention
and control groups. Given the heterogeneity in energy intake
assessment methods across studies (e.g., single ad libitum test
meals, total daily energy intake, and dietary recall), effect esti-
mates were pooled using the standardized MD (SMD). Where
studies reported energy intake as medians with interquartile
ranges, these were converted to means and standard deviations
using the “estmeansd” R package. Where 95% confidence inter-
vals were reported in place of SDs, these were derived using the
formula: SD =sqrt(n)*(Upper — Lower)/3.92. Of the 13 studies
included, eight required imputations of SDs: four from 95% CIs,
two from SEs, and two from medians and IQRs.

The restricted maximum likelihood estimator was used to cal-
culate heterogeneity variance, and heterogeneity was also evalu-
ated using the I-squared statistic (I?), with values inferred as low
(<25%), moderate (25% to 75%), and high (> 75%). Knapp-Hartung
adjustments [47] were used to calculate the confidence interval
around the pooled effect, as this can reduce the chance of false
positives, especially when the number of studies is small [48].
Prediction intervals were calculated to reflect the expected range
of effects in future studies. The results of the meta-analyses are
presented as forest plots. Sensitivity analyses were conducted ex-
cluding studies for which SDs were not reported directly, using
the same random-effects models, restricted maximum likelihood
estimators, and Knapp-Hartung adjustments as the primary anal-
yses. For the appetite analysis, a sensitivity analysis was planned
excluding studies for which the SE had to be derived or imputed
from other reported summary statistics. However, this analysis
could not be conducted because only one study reported the SE
directly.

Leave-one-out analyses and influence diagnostics were used to
identify potential outliers and influential studies, and analyses
were repeated with these studies removed where appropriate.
Sensitivity analyses excluding studies judged to be at high risk of
bias were conducted to assess the robustness of the pooled esti-
mates. For meta-analyses including at least 10 studies, small-study
effects were assessed using funnel plots and Egger's regression
test for funnel plot asymmetry. Trim-and-fill analyses were also

conducted to explore the potential influence of missing studies on
the pooled estimates. These findings were interpreted cautiously
because funnel plot asymmetry may reflect publication bias, het-
erogeneity, or other methodological differences.

For both appetite and energy intake, subgroup analyses were
conducted according to the type of GLP-1-based pharmaco-
therapy. Random-effects meta-regression analyses were also
performed to examine the association between intervention
duration and effect size. For energy intake, an additional sub-
group analysis was conducted according to assessment method
(ad libitum or dietary recall). Other potentially relevant moder-
ators considered included baseline BMI, percentage of women,
achieved weight loss, comparator type, and treatment dose.
However, further subgroup or meta-regression analyses were
not conducted because of the small number of studies.

2.5 | Study Quality Assessment

Risk of bias was assessed using the revised Cochrane risk of bias
(RoB) tool (version 2) for parallel and crossover studies [49], and
the Risk Of Bias In Non-randomized Studies—of Interventions
(ROBINS-I) tool (version 2) [50]. Only full-text papers were
assessed for risk of bias; due to lack of available information,
conference abstracts were excluded [30, 33, 51, 52]. Judgments
were made by two authors independently (JB and BO), with
any discrepancies resolved through discussion between au-
thors. The certainty of the evidence was assessed using the
Grading of Recommendations Assessment, Development and
Evaluation (GRADE) approach [53]. GRADE assessments were
conducted for energy intake and appetite because these were the
only outcomes with sufficient studies to permit meta-analysis.
Only studies contributing to the respective meta-analyses were
included in the GRADE assessments. Assessments were con-
ducted independently by the review authors and subsequently
discussed among all authors to reach consensus.

3 | Results

A total of 3620 articles were retrieved from the four data-
bases. After removing duplicates, 3074 articles were screened
(Figure 1); 25 articles were included in this review. There were
very few studies that measured eating behavior; therefore, these
outcomes are qualitatively summarized.

3.1 | Study Characteristics

Study characteristics are summarized in Table S3. A total of 4060
participants (64% female) were included in the reviewed stud-
ies, ranging from 14 to 1965 participants per study, with a mean
age of 44years (34.0-50.3years) and a BMI of 36.7kg/m? (33.8 to
43.7kg/m?). Studies were published between 2010 and 2025 and
were largely conducted in the USA (n=12), with a small number
of studies conducted in Germany (n=2), the Netherlands (n=2),
the United Kingdom (n=1), Denmark (n =1), Russia (n=1), Spain
(n=1), Switzerland (n=1), Malaysia (n=1), and Greece (n=1).
These studies used the following GLP-1-based pharmacothera-
pies: liraglutide (n=15), semaglutide (n=7), tirzepatide (n=4),
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[ Identification of studies via databases and registers ] Identification of studies via other methods
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c
3 Web of Science (n = 638) Records marked as ineligible Citation searching (n = 0)
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etc.
—
_ .
Records screened Records excluded
———>
(n=3074) (n =2982)
Reports sought for retrieval Reports not retrieved Reports sought for retrieval Reports not
> retrieved
2 (n=92) (n = 29) (n=0)
3
: ! !
O
(7]
Reports assessed for eligibility Reports excluded: Reports assessed for eligibility
(n=92) i Abstract only, no data (n = 26) (n=0)
Duplicate (n = 7)
Participants with Diabetes (n = 7)
— No outcome changes measured (n = 6)
\
Major co-morbidities (n = 6)
E Studies included in review
° Wrong outcome (n = 7)
3 (n=25)
=
—J

FIGURE1 | Flow diagram of study selection. Note: Alcohol intake was specified as an outcome in the original protocol, but this outcome was

excluded as only one eligible study reported it.

exenatide (n=3), and survodutide (n=1). The average duration
of treatment length was 18.73weeks, ranging from 4 to 52 weeks.
Study comparators included placebo (n=14), none/observational
(n=6), control (n=13), lifestyle (n=2), and exercise (n=1).

Outcomes measured included energy intake (n=15), appetite
(n=14), and eating behavior (n=13). Energy intake was as-
sessed using a range of objective and self-reported methods.
Most commonly, studies measured energy intake during con-
trolled ad libitum test meals, including buffet meals, vending
machine paradigms, or standardized laboratory-based lunch or
dinner meals. Several studies assessed total daily energy intake,
estimated using 24-h dietary recalls, food diaries, or image-
based food logging applications. Appetite-related outcomes
were assessed using VAS presented on 100-mm lines. Studies
typically measured individual subscales of appetite (hunger,
fullness, satiety, desire to eat, and prospective food consump-
tion) under fasting and/or postprandial conditions following
standardized meals, with several studies calculating an overall
appetite suppression score. One study also measured appetite
retrospectively, using appetite ratings over the previous week
to calculate an average retrospective overall appetite score [54].

Eating behavior and food reward were examined using multi-
ple validated questionnaires, including the CoEQ, LFPQ, Food
Craving Inventory (FCI), Food Craving Questionnaire State
(FCQ-S), Three Factor Eating Questionnaire (TFEQ), Power
of Food Scale (PFS), Dutch Eating Behavior Questionnaire
(DEBQ), Binge Eating Scale (BES), Yale Food Addiction Scale
(YFAS), and the Healthy Eating Index (HEI).

3.2 | Study Quality
3.2.1 | RiskofBias

Only four studies were deemed low risk of bias. Most studies
were rated ‘some concern’ (n=10). Two studies were rated as
having serious risk of bias and six studies were rated as hav-
ing a high/critical risk of bias (Figures S1, S2, and S3). There
were no concerns regarding randomization for the RCTs. Lack
of blinding may be a concern across all trials, as participants
could potentially discern their treatment allocation through
the presence (or absence) of characteristic side effects of GLP-1-
based pharmacotherapies. Only one study informed all partic-
ipants that they would experience nausea to maintain blinding
[31]. Therefore, there was some concern that detection bias
could be present in self-reported measurement of outcomes.
One nonrandomized study reported departure from the proto-
col, where participants were able to switch between treatment
options [55]. Across all studies, the most serious sources of
bias were judged to be incomplete reporting of outcome data
and lack of adjustment for confounders, for example, physical
activity [56].

Excluding scheduling issues as a reason for withdrawal, me-
dian attrition rates for the parallel trials were 9% for active
treatment versus 4% for placebo (data available for n=10)
(Table S5). Inadequate reporting of reasons for withdrawal
may mean the assumption of “missing at random” was vio-
lated in some studies (Tables S6 and S7). Most studies did not
analyze data according to a predefined data analysis plan;
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TABLE1 | Quality of evidence included in the systematic review and meta-analysis based on GRADE approach.

Outcome Risk of bias Inconsistency Indirectness Imprecision Publication bias Decision

Energy Intake  Some concerns®  Considerable® No serious No serious Undetected® Moderate @ & @O
indirectness® imprecision?

Appetite Some concernsf Substantial 8 No serious Moderate Possiblel Low @@ OO
indirectness” imprecision!

Note: Only studies included in the corresponding meta-analysis were considered. Study-level concerns were considered collectively when judging each outcome-level

GRADE domain.

2Energy intake risk of bias: Four studies were at low risk of bias, eight had some concerns, and one was at high risk. The outcome was downgraded for concerns

relating to selection of the reported result.

YEnergy intake inconsistency: Considerable heterogeneity was present across study estimates (I =82.7%).

“Energy intake indirectness: No overall downgrade was applied. One study recruited a selected sample of adults with accelerated gastric emptying, which may not be
generalizable to the broader population, but all other studies had no serious indirectness concerns.

dEnergy intake imprecision: No overall downgrade was applied. Four studies had study-level imprecision concerns: Acosta, Camilleri, Burton, et al. [29] included
asmall sample and a very wide confidence interval; Basolo, Burkholder, Osgood, et al. [31] showed a clear reduction at 2weeks, but the 24-week result was
nonsignificant with wide confidence intervals; Richardson, Schembre, Jospe, Widmer, and Silver [57] underpowered to detect small-to-moderate effects and did not
report confidence intervals; and Silver, Olson, Mayfield, et al. [58] had limited power and large standard deviations relative to the effect sizes.

°Energy intake publication bias: Publication bias was considered undetected based on the funnel plot and Egger's test.

fAppetite risk of bias: One study was at low risk of bias, eight had some concerns and one was at high risk. The outcome was downgraded for concerns relating to

selection of the reported result.

8Appetite inconsistency: Substantial heterogeneity was present across study estimates (I = 67.5%).

h Appetite indirectness: No overall downgrade was applied. In Jensen, Janus, Lundgren, et al. [56], participants underwent an 8-week low-calorie diet prior to
randomization, which may have influenced any observed effects of liraglutide on appetite. All other studies had no serious indirectness concerns.

i Appetite imprecision: Four studies were downgraded at study level. The confidence intervals crossed zero in two studies [9, 32], one study had wide confidence
intervals [59], and one study was not powered for appetite outcomes and reported limited quantitative information [34].

IAppetite publication bias: Publication bias was considered possible based on the funnel plot and Egger's test.

however, it was judged that there was low risk of selective re-
porting overall. Four out of 13 studies (30.7%) that reported
effects on energy intake were judged to be at low risk of bias,
compared with two out of 10 (20%) for studies that reported
effects on appetite. Conversely, two out of 13 (15.4%) and one
out of 10 (10%) papers were judged to be at high risk of bias for
energy intake and appetite, respectively. The nonrandomized
studies were judged to be at risk of significant bias due to poor
control of confounding variables, incomplete outcome data,
and issues with measurement of the outcome variables (e.g.,
nonvalidated tools and subjective measures). Ten out of the
17 randomized studies included in the review were funded by
pharmaceutical companies.

3.2.2 | Grade

The certainty of evidence assessed using GRADE is summa-
rized in Table 1. Overall, the certainty of evidence was rated as
moderate for energy intake and low for appetite. For energy in-
take, certainty was limited by concerns regarding risk of bias,
particularly the selection of reported results, and considerable
between-study heterogeneity (I>=82.7%). However, no serious
overall concerns were identified for indirectness or imprecision,
and publication bias was not detected. For appetite, certainty
was limited by concerns regarding risk of bias, substantial het-
erogeneity (I>=67.5%), imprecision in several study estimates,
and possible publication bias.

3.3 | Study Findings

Table S4 summarizes the direction and statistical significance
of reported effect, split by outcome (energy intake, appetite, and
eating behavior).

3.3.1 | Energy Intake

Meta-analysis of 13 studies (#=809, GLP-1-based pharmaco-
therapy, n=420, control/placebo group n=389) showed a neg-
ative effect of GLP-1-based pharmacotherapies on energy intake
(SMD=-0.775, 95% CI=-1.21 to —0.34, p=0.002; Figure 2), in-
dicating that GLP-1-based pharmacotherapies decrease energy
intake versus control. The between-study heterogeneity variance
was estimated at*t?>=0.42 (95% CI=0.17-1.33), with an I? value of
82.70% (95% CI="71.70%-89.40%). The prediction interval ranged
from SMD -2.25 to 0.70, indicating that although most future
studies are expected to show reductions, effects compatible with
little to no reduction are also plausible in some contexts. Leave-
one-out and influence diagnostics identified two studies as influ-
ential contributors to between-study heterogeneity and possible
outliers [34, 59]. With these studies removed, the effect size slightly
decreased (SMD=-0.767, 95% CI=-1.17 to —0.36, p=0.001).
Heterogeneity also decreased (I>=76.00%, 95% CI=56.90-86.70).

In a sensitivity analysis restricted to the five studies that re-
ported SDs directly (n=258), the pooled estimate remained in
the direction of reduced energy intake but was smaller and no
longer statistically significant (SMD =—-0.478, 95% CI=-1.53 to
0.57, p=0.276). Heterogeneity remained substantial (I>=87.2%,
95% CI1=72.3% to 94.0%), and the prediction interval was wide
(SMD —2.91 to 1.95).

Visual inspection of the funnel plot did not suggest evidence of
publication bias (Figure S4), and Egger's test did not indicate
the presence of funnel plot asymmetry (p =0.705). Trim-and-fill
analysis did not identify any missing studies, and the pooled ef-
fect estimate was unchanged.

There was evidence of subgroup differences by drug (p <0.001,
Table 2). An additional subgroup analysis found significant
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Experimental Control Standardised Mean

Study Total Mean SD Total Mean sD Difference SMD 95%-Cl Weight
Saxena et al. (2021) - Liraglutide 28 65500 1250400 26 911.00 127.8500 —+— -2.00 [-266;-1.33] 7.3%
Ravussin et al. (2025) - Tirzepatide 27 87630 3623000 28 1791.70 6176000 ——— 77 [240;-1.14]  74%
Martin et al. (2025) - Tirzepatide 37 26860 3712000 39 92140 3842000 ——— | 171 [2.24;,-118] 79%
Friedrichsen et al. (2021) - Semaglutide 35 41500 211.3000 35 640.00 212.8000 — -1.05 [-1.55;-0.55] 8.0%
Gabe et al. (2024) - Semaglutide 28 1895.00 1277.0000 26 3379.00 1925.0000 —Ea -0.90 [-1.46;-0.34] 78%
Blundell et al. (2017) - Semaglutide 30 2378.00 1404.2400 28 3634.00 1355.2700 —a -090 [-1.44;-036] 78%
Van can et al. (2014) - Liraglutide 30 3024.00 729.1500 30 3592.00 729.1500 — -0.77 [-1.29;-024] 79%
Maselli et al. (2022) - Liraglutide 67 65646 2585100 69 83821 304.0700 . -0.64 [-0.98;-029] 86%
Martin et al. (2025) - Liraglutide 38 73030 5623000 39 92140 384.2000 | -0.39 [-0.85; 0.06] 82%
Acosta et al. (2015) - Exanatide 10 1110.01 613.5100 10 123865 858.4900 -0.17 [-1.04; 0.71] 6.3%
Basolo et al. (2018) - Exanatide 12 2961.80 11247000 18 3094.10 1340.2000 . -0.10 [-0.83; 063] 7.0%
Richardson et al. (2025) - Liraglutide 34 1960.00 630.0000 19 1860.00 881.0000 — 0.14 [-0.43; 0.70] 7.8%
Silver et al. (2023) - Liraglutide 44 201510 783.8000 22 1828.70 859.3000 —|— 023 [-0.29;, 0.74] 8.0%
Random effects model 420 389 > -0.77 [-1.21; -0.34] 100.0%
Prediction interval ' | | | [-2.25; 0.70]

Heterogeneity: /> = 82.7%, p < 0.0001

FIGURE2 | Forest plot of the effect of GLP-1-based pharmacotherapies on energy intake.

differences by method of energy intake (p <0.001). When mea-
suring energy intake using diet recall, there was a small posi-
tive effect of GLP-1-based pharmacotherapies on intake (k=2,
SMD =0.18, 95% CI=-0.40 to 0.77, I>=0.00). In comparison,
when measuring energy intake using an ad libitum study de-
sign, there was a negative effect of GLP-1-based pharmacother-
apies (k=11, SMD =-0.95, 95% CI=-1.37 to —0.54, I>*=76.10).
Lastly, there was no significant influence of intervention length
(weeks) on energy intake (p =0.609).

Five studies reported changes in macronutrient intake along-
side energy intake. Basolo, Burkholder, Osgood, et al. [31]
found that treatment with exenatide was associated with
larger decreases in energy intake from all three macronutri-
ents compared with placebo, indicating consistent reductions
across macronutrients. Similarly, Ravussin, Sanchez-Delgado,
Martin, et al. [54] reported that, after 18 weeks, tirzepatide pro-
duced large reductions in energy intake from all macronutri-
ents during ad libitum test meals (lunch and dinner). Orban,
Kanehl, Stoll, et al. [33] reported small but consistent reduc-
tions in refined carbohydrate consumption in both the liraglu-
tide and control groups. Consumption of dairy products was
reported more frequently among the GLP-1-based pharmaco-
therapy group. However, energy intake from dairy was lower,
suggesting that participants were choosing lower-calorie dairy
products or smaller portions.

Based on a 24-h recall, Richardson, Schembre, Jospe, Widmer,
and Silver [60] reported very small effects of GLP-1-based phar-
macotherapies on carbohydrate intake (0.4% vs. 2.9% of kcals,
adjusted p=0.019) and protein intake (1.4% vs. —0.3% of kcals,
adjusted p=0.037). Based on an average of three 24-h recalls,
Silver, Olson, Mayfield, et al. [59] reported that liraglutide pro-
duced no differences in macronutrient intakes compared with
the control group (fat —1.2% vs. —1.4%, p=0.57; carbohydrate
—0.2% vs. 2.4%, p=0.18).

3.3.2 | Appetite

Meta-analysis of 10 studies (n=321) showed a signifi-
cant positive effect of GLP-1-based pharmacotherapies and

TABLE 2 | Subgroup analysis on the effect of drug type on energy
intake.

Drug type k SMD 95% CI ?

Exenatide 2 -0.13 —0.53t00.27 0.00
Liraglutide 6 —0.55 —1.36 t0 0.26 85.30
Semaglutide 3 —-0.95 —1.17 to —0.73 0.00
Tirzepatide 2 -1.74 —2.15t0 —1.33 0.00

overall appetite suppression score (MD =7.800, 95% CI=3.74
to 11.86, p=0.001; Figure 3), indicating that GLP-1-based
pharmacotherapies suppress appetite compared with control/
placebo. The between-study heterogeneity variance was esti-
mated at ~r2=21.52 (95% CI=4.51-96.30), with an I* value
of 67.50% (95% CI=36.90%-83.30%). The prediction inter-
val ranged from MD -3.47 to 19.07, indicating that although
the average effect favors GLP-1-based pharmacotherapies,
future studies may observe little or no appetite suppression
in some contexts. Leave-one-out analysis and influence di-
agnostics indicated that no single study had a dispropor-
tionate impact on the pooled effect size or between-study
heterogeneity. Formal outlier detection did not identify any
outliers. The funnel plot did suggest evidence of publication
bias (Figure S5), and Egger's test indicated evidence of small
study effects (p=0.027). Trim-and-fill analysis imputed four
missing studies to the left, resulting in an attenuated and
no longer statistically significant pooled estimate (adjusted
MD =4.30, 95% CI=-0.33 to 8.93, p=0.066). Excluding the
study at high risk of bias did not materially change the pooled
effect estimate for GLP-1-based pharmacotherapies on overall
appetite suppression score (MD =7.901, 95% CI=3.27-12.53,
p=0.004), and heterogeneity remained similar (I>=71.00%,
95% C1=42.70%-85.40%).

A subgroup analysis found that the type of drug did not signifi-
cantly influence the effect of GLP-1-based pharmacotherapies
on appetite (p=0.064). Additionally, a random effects meta-
regression found that intervention length had no significant ef-
fect on the studies' effect size (p =0.403).
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Author MD SE

-0.0400 2.6100
0.4300 2.7000
4.8000 2.9600
5.3500 2.0600
7.6000 3.3500

Martin et al. (2025) - Liraglutide
Martin et al. (2025) - Tirzepatide
Blundell et al. (2017) - Semaglutide
Saxena et al. (2021) - Liraglutide
Jensen et al. (2022) - Liraglutide
Kadouh et al. (2020) - Liraglutide 11.6000 4.7100
Van can et al. (2014) - Liraglutide 12.0000 3.0600
Friedrichsen et al. (2021) - Semaglutide 13.0000 4.0800
Ravussin et al. (2025) - Tirzepatide 14.0000 3.5700
Gabe et al. (2024) - Semaglutide 16.0000 4.5900

Random effects model (HK)
Prediction interval
Heterogeneity: /* = 67.5%, p = 0.0011

FIGURE3 |

Mean Difference MD 95%-Cl Weight
— -0.04 [5.16; 5.08] 11.5%
— 043 [486; 572] 11.3%
480 [-1.00;10.60] 10.8%
—. 535 [1.31;939] 127%
—a— 760 [1.03;14.17] 10.0%
———— 1160 [237,2083] 75%
i 12.00 [6.00;18.00] 10.6%
——=+—— 1300 [5.00;21.00] 85%
+—=+—— 1400 [7.00;21.00] 95%
+—=—— 16.00 [7.00,25.00] 7.7%
<= 7.80 [3.74; 11.86] 100.0%

| : __|| [-3.47; 19.07]

-20

10 0 10 20

Forest plot of the effect of GLP-1-based pharmacotherapies on appetite suppression. Note: A positive mean difference (MD) indicates

greater appetite suppression or less appetite; a negative MD indicates lower appetite suppression or more appetite.

3.3.3 | Eating Behavior

Martin, Carmichael, Carnell, et al. [32] found a decrease in TFEQ
susceptibility to hunger at week six in the liraglutide (—1.8 AU,
95% CI=-3.2 to —0.3AU, p=0.016) and tirzepatide (-3.7AU,
95% CI=-5.2 to —2.3 AU, p<0.001) groups versus placebo. When
compared with the CoEQ, three studies found lower hunger and
higher craving control in those treated with semaglutide [9, 11, 61].
Although Gabe, Breitschaft, Knop, et al. [61] found lower craving
for sweet and savory foods, Blundell, Finlayson, Axelsen, et al. [9]
found only lower craving for sweet foods. Conversely, Friedrichsen,
Breitschaft, Tadayon, Wizert, and Skovgaard [11] found lower crav-
ing for savory foods. Only two studies specifically measured the
effects of GLP-1-based pharmacotherapies on food craving, with
both using the FCI [32, 62], and one of these studies also using the
FCI-State [32]. Those receiving tirzepatide reported lower overall
food craving after 18 weeks of treatment (—0.35AU, 95% CI=—0.61
to —0.09 AU, p=0.010) [62], with reductions specifically for sweet
foods, carbohydrates, and fast food fats. Martin, Carmichael,
Carnell, et al. [32] similarly found that overall FCI scores de-
creased at 6weeks in both the liraglutide (0.3 AU, 95% CI=-0.6 to
—0.1AU, p=0.008) and tirzepatide groups (—0.6 AU, 95% CI=-0.9
to —0.4AU, p<0.001) compared with placebo. Specifically, those
receiving GLP-1-based pharmacotherapies showed lower craving
for sweet foods, high-fat foods, fast food fats, and carbohydrates.
Furthermore, there was a reduction in FCI-State scores for both li-
raglutide (—0.6 AU, 95% CI=-0.9 to —0.3 AU, p=0.001) and tirze-
patide (-1.1 AU, 95% CI=-1.4 to —0.8 AU, p <0.001) groups versus
placebo. Both groups showed reductions in hunger, lack of control,
anticipation of negative reinforcement, anticipation of positive re-
inforcement, and desire.

Three studies explored food preferences; two using the LFPQ
[9, 57], and one used the Food Preference Questionnaire
(FPQ) [62]. One study measured desire to consume only [59].
Blundell, Finlayson, Axelsen, et al. [9] reported reductions in
explicit liking and implicit wanting for high-fat savory foods
and an increase in implicit wanting for low-fat and sweet
foods after 12 weeks of treatment with semaglutide compared
with placebo. Jensen, Janus, Lundgren, et al. [57] also found
reductions in explicit liking and implicit wanting for high-
fat savory foods and reductions in explicit liking and implicit
wanting for high-fat sweet foods with liraglutide compared
with placebo. In contrast, Silver, Olson, Mayfield, et al. [59]

found no significant differences in desire to consume sweet
or savory foods between the liraglutide and control groups.
Findings from Kennedy, Knights, Ravussin, et al. [62] showed
decreases in food preferences across multiple food categories,
including high fat foods, low fat foods, high sugar foods, low
carbohydrate/high protein foods, and low fat/low carbohy-
drate foods.

Two studies reported changes in metrics of disordered eating,
using the BES [63] and YFAS [64]. Participants treated with li-
raglutide showed reductions in binge eating score, from 20 AU
(IQR 18 to 27AU) to 11AU (IQR 7 to 16 AU) (p<0.001) [63],
and scores for food addiction were reduced in those receiv-
ing semaglutide (57.5%—4.2% after 4months, p<0.001) [64].
However, most studies detected no differences across measures
of restraint/restrictive eating [32, 57|, uncontrolled eating [57],
emotional eating [57, 58], or external eating [58] when mea-
sured through either the TFEQ or DEBQ. Only two reductions
in scores were observed; Mosikian, Golikova, Martjanova, and
Babenko [58] found lower DEBQ restrictive eating scores fol-
lowing 6months of treatment with liraglutide (78.6-50.0AU,
p=0.010), and Martin, Carmichael, Carnell, et al. [32] found
a decrease in TFEQ disinhibition at Week 6 in those receiving
tirzepatide (—3.8 AU, 95% CI=-5.2 to —2.4AU, p<0.001) but
not liraglutide (p=0.071). Martin, Carmichael, Carnell, et al.
[32] additionally found that treatment with liraglutide (—0.5AU,
95% CI=-0.8 to —0.2, p=0.004) and tirzepatide (—1.0 AU, 95%
CI=-1.3 to —0.7 AU, p<0.001) increased overall power of food
scores compared with placebo. Finally, two studies used the
HEI [51, 60]. Cardel, Foster, Heinberg, Richardson, and Lee [51]
found that participants treated with semaglutide or tirzepatide
improved their HEI scores from 55.0 to 65.1AU at 6 months
(p<0.001). However, Richardson, Schembre, Jospe, Widmer,
and Silver [60] found no difference in total HEI score between
the liraglutide and control groups.

3.3.4 | Adverse Events and Potential Influence
of Nausea

The most commonly reported side effect of treatment with
GLP-1-based pharmacotherapies was nausea. Only 10 out of
23 studies reported detailed information about the prevalence
of nausea as a side effect. Across these 10 studies, nausea was
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reported in 51% of participants receiving a GLP-1-based phar-
macotherapy, versus 16% of participants receiving placebo
(Table S4). Only one study reported the results of a sensitivity
analysis of nausea on study outcomes. The authors reported
that overall study conclusions were similar when participants
who experienced nausea or vomiting were excluded; however,
some measurements of nausea were measured using retro-
spective VAS [32]. One study tested for an association between
presence of nausea and reduction in food intake and reported
no association [31].

4 | Discussion

The long-term use, tolerability, and safety of pharmacotherapy
for weight loss remain a significant challenge [65]. Although re-
cent clinical trials using GLP-1-based pharmacotherapies show
promise for weight management [66], the effect of these med-
ications on eating behavior is not well understood. The aim of
this systematic review and meta-analysis was to evaluate the
effects of GLP-1-based pharmacotherapies used for weight loss
on eating behavior, appetite, and energy intake in adults with
overweight/obesity and without major comorbidities. Twenty-
six studies were identified, assessing the impact of five different
GLP-1-based pharmacotherapies for weight loss. The meta-
analyses suggest that GLP-1-based pharmacotherapies have a
negative effect on energy intake and are associated with a reduc-
tion in some measures of motivation to eat and food reward. The
effects on appetite suppression are uncertain. These findings
should be interpreted cautiously due to some use of nonstandard
methodologies and the presence of bias in the majority of the
included studies.

Most studies used an appropriate methodology (i.e., test meals)
to determine energy intake. Two studies used 24-h recalls; these
studies both reported lower energy intake compared with base-
line, but higher energy intake at postintervention compared
with control [59, 60]. A variety of measures used to assess eat-
ing behavior were identified. However, there were not enough
studies using comparable tools or outcomes to enable a quantita-
tive synthesis, meaning that a meta-analysis of eating behavior
was not conducted. Overall, the available evidence remains too
limited and heterogeneous to draw conclusions about how GLP-
1-based pharmacotherapies influence eating behavior, particu-
larly in populations without diabetes.

4.1 | Energy Intake

Several GLP-1-based pharmacotherapies are now approved for
weight management, all of which increase the effects of GLP-1,
a hormone secreted by the gut that stimulates the secretion of
insulin [67]. These agents may promote weight loss through
multiple mechanisms, including increased satiety, reduced
appetite, and reduced food intake, and emerging evidence sug-
gests that they may also alter food reward pathways [68]. The
pooled analysis suggested that GLP-1-based pharmacothera-
pies reduce energy intake on average. However, the substan-
tial heterogeneity and prediction interval crossing the null
indicate that the magnitude and presence of this effect may
vary across populations and treatment settings. Interestingly,

a subgroup analysis suggested a progressive increase in the
effect size of energy intake reduction across the GLP-1-based
pharmacotherapies, with small effects observed for exenatide
and increasingly larger effects for liraglutide, semaglutide,
and tirzepatide. Both semaglutide and tirzepatide were asso-
ciated with larger reductions in energy intake, whereas ear-
lier agents showed smaller and more heterogeneous effects.
These findings support current evidence that next-generation
GLP-1-based pharmacotherapies are more effective for weight
loss than older molecules [69]. These findings should be in-
terpreted cautiously given the limited number of studies with
varying doses, populations, and protocols within the sub-
group analyses. However, it appears that higher-potency and
multi-receptor agonists are associated with stronger effects on
energy intake.

An additional subgroup analysis identified differences in the ef-
fect on energy intake depending on the method used to measure
energy intake. When energy intake was assessed via dietary
recall, GLP-1-based pharmacotherapies had no meaningful ef-
fect. Studies that used an ad libitum design (e.g., test meal or
vending machine paradigm) demonstrated a large reduction in
energy intake. This discrepancy could be due to the methodolog-
ical limitations of measuring energy intake. Although research
has not directly compared ad libitum test meals with dietary
recall methods, dietary assessment methods that rely on self-
report and recall have many limitations [70]. Notably, self-report
methods of dietary intake are known to under-report energy in-
take by up to 47% [71-74]. Ad libitum test meals enable more
controlled measurements of energy intake. However, studies re-
viewed in the present work captured only acute effects on eating
at a single meal or within 24 h rather than habitual intake across
weeks or months. Although ad libitum test meals are reproduc-
ible, they also have challenges such as the importance of prior
diet standardisation [75]. The subgroup results may reflect acute
reductions in energy intake in controlled conditions and failure
to detect real changes in everyday energy intake. It remains un-
clear whether these reductions are sustained over the extended
periods required to achieve negative energy balance and, ulti-
mately, weight loss. Furthermore, although the use of the SMD
allowed energy intake outcomes reported using different scales
to be pooled, it does not make laboratory-based and self-reported
assessments clinically equivalent. The overall pooled estimate
should therefore be interpreted as an average across different as-
pects of energy intake rather than as a single estimate of habit-
ual energy intake reduction. The subgroup findings suggest that
reductions may be more apparent under controlled laboratory
conditions than in free-living settings. However, this compar-
ison is uncertain because only two studies used dietary recall.

Only five studies reported changes in macronutrient intake
with GLP-1-based pharmacotherapy use, which provides a lim-
ited understanding of how GLP-1-based pharmacotherapies
influence the composition of participants’ diets. This finding is
consistent with a recent narrative review which found that dif-
ferences in methodology and reliance on standardized test meals
mean that changes in macronutrient or micronutrient intake re-
main to be identified [76]. Two ad libitum studies [31, 54] found
that exenatide and tirzepatide produced reductions in energy
intake across all macronutrients, which suggests that GLP-1-
based pharmacotherapies reduce total energy intake and do not
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alter macronutrient preference. Studies using dietary recall also
found no meaningful differences in macronutrient composition
between GLP-1-based pharmacotherapy and control groups
[59, 60]. Orban, Kanehl, Stoll, et al. [33] reported increased
dairy consumption among GLP-1-based pharmacotherapy
users. However, participants appeared to select lower calorie
dairy products or consume smaller portions. Taken together,
these findings suggest that GLP-1-based pharmacotherapies
may reduce energy intake under controlled, acute conditions. It
remains unclear whether these effects lead to long-term reduc-
tions in free-living energy intake and their effects on habitual
macronutrient intake. Further research is needed to examine
how free-living dietary patterns change over time with GLP-1-
based pharmacotherapy use.

4.2 | Appetite

The pooled analysis suggested a small increase in appetite sup-
pression with GLP-1-based pharmacotherapies. However, the
prediction interval crossed the null, and the adjusted estimate
following trim-and-fill was no longer statistically significant, in-
dicating that little or no effect may be observed in some settings.
Confidence in the appetite estimate was further limited by the
extensive imputation of variance data. Nine of the 10 included
studies did not report the SE directly, meaning that a sensitivity
meta-analysis restricted to directly reported variance data was
not possible. Consequently, although there is evidence to sug-
gest that increases in satiety and decreases in hunger are a main
mechanism through which GLP-1-based pharmacotherapy
impacts weight loss [68], the current data are not sufficient to
support this premise. It is possible that current methods to mea-
sure appetite are not sufficiently sensitive to detect real changes;
laboratory approaches to measuring appetite have known lim-
itations in their ability to capture environmental or temporal
influences [77].

This meta-analysis assessed overall postprandial appetite sup-
pression. Fasting appetite, 24-h appetite, and studies reporting
a retrospective appetite suppression score were not included.
Consequently, the pooled appetite estimate should be inter-
preted cautiously because the included studies differed in their
postprandial assessment conditions. Although outcomes were
expressed using the same 100-mm VAS scale, studies used dif-
ferent standardized meals, assessment time points, and post-
prandial measurement periods. Converting AUC values into
time-weighted mean VAS scores provided a common unit for
analysis but did not make the underlying measurements clin-
ically equivalent. The pooled estimate therefore represents an
average across heterogeneous postprandial conditions rather
than a single standardized appetite construct. This clinical and
methodological heterogeneity limits the interpretability and
generalisability of the pooled effect.

It is possible that the observed effect is only representative of
acute and context-specific changes in appetite which may not
reflect changes in appetite over many days and weeks. Appetite
sensations are dynamic and, as such, measuring appetite over
a single test meal may not fully capture how GLP-1-based
pharmacotherapies influence appetite during everyday behav-
ior. Ravussin, Sanchez-Delgado, Martin, et al. [54] assessed

retrospective appetite over the previous week and found that ap-
petite suppression scores significantly increased from baseline
to day 123 in the tirzepatide group, indicating that appetite sup-
pression attenuates over the long term. It should be noted how-
ever that use of retrospective VAS scores has not been validated
in appetite research, and their reliability is unknown. A paucity
of studies exists that validate self-reported appetite measure-
ments in nonmonitored free-living settings relative to clinical
environments [78]. Ecological momentary assessment (EMA)
is one approach that aims to address the limitations of labora-
tory methods by focusing on an individual's current feelings,
behavior, and their surrounding environment. Measurements
are taken repeatedly in the individual's natural environment
and may better capture how appetite sensations fluctuate across
time and context [79]. Further research that tracks appetite
scores over time is needed to better understand the effect of
GLP-1-based pharmacotherapies.

Importantly, there were no subgroup differences in appetite by
drug type or any evidence that the intervention duration mod-
erated the effect of GLP-1-based pharmacotherapies on appetite.
However, the small number of studies limited the power of these
analyses to detect moderator effects. Overall, these findings sug-
gest a possible small reduction in appetite, although the magni-
tude and consistency of this effect remain uncertain and do not
adequately explain the large reduction in energy intake found in
the ad libitum studies.

GLP-1-based pharmacotherapies may influence weight loss
partly through changes in eating behavior that are not captured
by VAS measures of appetite or that the current findings are rel-
evant only to acute and postprandial measures of appetite under
controlled conditions. In the current study, appetite ratings were
predominantly exploratory outcomes; however, understanding
how changes in appetite interact with energy intake to drive
weight loss in GLP-1-based pharmacotherapy treatment is im-
portant. Future studies should use standardized meals, assess-
ment periods and time points, report both individual appetite
sensations and a validated overall appetite suppression score
to improve comparability across trials, and utilize more eco-
logically valid methods, such as EMA, to assess longitudinal
changes in appetite.

4.3 | Eating Behavior

A main aim of this review was to examine how GLP-1-based
pharmacotherapies used for weight loss affect eating behav-
ior. Unfortunately, a meta-analysis could not be conducted
due to heterogeneity of the studies, using different measure-
ments of eating behavior that are not comparable. However,
the limited available evidence suggests that GLP-1-based
pharmacotherapies may influence some aspects of eating
behavior, which merits further investigation. Across the in-
cluded studies, treatment with GLP-1-based pharmacothera-
pies was associated with reductions in food craving, especially
craving for sweet foods, with no changes observed for crav-
ing for fruits and vegetables [9, 11, 32, 61, 62]. Additionally,
studies found changes in food preferences and reward, with
reductions in explicit liking and implicit wanting for high-fat
savory foods [9, 57, 62].
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Appetite suppression, food craving, and food reward are related
but distinct constructs and should not necessarily be interpreted
as manifestations of a common pharmacological effect. GLP-1
receptor activation engages distinct and overlapping neural cir-
cuits involved in eating behavior [80]. The anorectic effects of
GLP-1 receptor activation involve homeostatic pathways in the
hypothalamus and brainstem, including the nucleus tractus sol-
itarius and arcuate nucleus [80, 81]. However, GLP-1 signaling
may also influence limbic and mesolimbic pathways involved
in food motivation and reward. Preclinical evidence suggests
that amylin receptor signaling can modulate mesolimbic cir-
cuitry, including pathways involving the ventral tegmental area
and nucleus accumbens, which influence hedonic eating, food
motivation, and reward [82, 83]. Although the amylin analogue
cagrilintide was outside the scope of this review, these findings
illustrate how next-generation obesity pharmacotherapies may
engage partly distinct pathways involved in eating behavior.
Reductions in appetite should therefore not be considered physi-
ologically equivalent to changes in food craving, liking or want-
ing. This distinction may provide context for the findings of the
current review, in which effects on appetite suppression were
small and uncertain, whereas some studies reported reductions
in food craving, explicit liking and implicit wanting.

Modulation of both homeostatic and reward-related pathways
may provide some biological context for reported reductions
in “food noise,” although this is an inconsistently defined con-
struct. GLP-1-based pharmacotherapies may influence reward-
related behavior, including neural responses to food cues and
highly rewarding foods [84]. In a qualitative analysis of patient
experiences using semaglutide for weight loss, users have re-
ported significant reductions in “food noise,” which is char-
acterized by reductions in food-related intrusive thoughts and
maladaptive eating behaviors [85]. The analysis found that users
believed they were able to regain control over their eating habits,
which in some circumstances led to reductions in binge eating
and emotional eating. In the current review, Robert, Rohana,
Shah, et al. [63] found that treatment with liraglutide reduced
binge eating disorder symptoms, and Nicolau, Pujol, Tamayo,
et al. [64] found that treatment with semaglutide reduced food
addiction scores, aligning with previous evidence that GLP-1-
based pharmacotherapies affect “food noise” [85]. However,
findings relating to other maladaptive eating behaviors such as
emotional eating, external eating, and disinhibition are less con-
clusive. Based on the limited data available, studies using highly
cited and validated questionnaires of eating behavior found no
significant differences in cognitive restraint [32, 57], uncon-
trolled eating [57], emotional eating [57, 58], or external eating
[58] between GLP-1-based pharmacotherapy groups and placebo
after treatment.

Understanding how GLP-1-based pharmacotherapies change
food preferences remains challenging, and the existing evidence
cannot establish whether GLP-1-based pharmacotherapies selec-
tively alter food preferences. Although some studies reported re-
ductions in explicit liking and implicit wanting for specific food
categories including high-fat savory foods [9, 57], another study
found broader reductions in food preferences across multiple food
categories [62]. This also included reductions in preferences for
nutritionally opposing foods (e.g., high-fat and low-fat foods), and
categories that comprise a healthy diet (e.g., low carbohydrate/

high protein and low fat-low carbohydrate/high protein). These
findings suggest that GLP-1-based pharmacotherapies are asso-
ciated with reductions in overall motivation to eat rather than
selectively altering food preferences, which is in contrast to the
current view that GLP-1-based pharmacotherapies decrease pref-
erence for energy-dense foods specifically [9, 86].

In the current review, reductions in food preference scores may
reflect reductions in reward responsiveness in general rather
than changes in preferences for specific foods. Therefore, it can-
not be assumed that pharmacological treatment alone will result
in improvements in diet quality, which has important implica-
tions for clinical practice and intervention design. Reductions
in food preferences in general and reductions in nutritionally
beneficial categories (e.g., protein) may result in macronutrient
or micronutrient deficiencies if individuals are not offered ap-
propriate nutritional support during treatment. This highlights
the importance of providing wrap-around care alongside GLP-1-
based pharmacotherapy [87]. Nutritional guidance and behavior
change strategies are needed to ensure individuals maintain ad-
equate diet quality and consume sufficient protein intake while
in an energy deficit.

The differences in findings relating to food preferences and food
craving could also be due to the different methods used to mea-
sure these outcomes. Food preference tasks like the LFPQ and
FPQ assess a wider range of food categories, for example, “low-
carbohydrate/high protein.” In contrast, food craving measures
(e.g., FCI) focus on a different set of food groups (e.g., sweets
and fast-food fats) and do not include a protein-specific category.
Potentially, the specific reduction in food craving for sweets and
fast-food fats, alongside no change in craving for fruits and veg-
etables, could reflect differences in the scope of measurements
to assess craving versus preferences. It also could reflect a re-
duction in overall interest in eating rather than changes to the
reward of specific foods. This distinction is important because
changes in overall food motivation are conceptually different
from changes in food preferences, but in the existing literature
on food preferences, reward and craving are often viewed as
similar constructs.

These findings suggest that GLP-1-based pharmacotherapies
are associated with changes in some aspects of eating behav-
ior, such as reductions in food craving, particularly for highly
palatable, energy-dense foods. Although evidence for selective
changes in food preferences is mixed, it appears that GLP-1-
based pharmacotherapies may reduce preference for high-fat,
energy-dense foods. Differences in outcome measures and nu-
tritional equivalence of food category characteristics limit the
extent to which current findings can be interpreted as true
preference shifts as a result of GLP-1-based pharmacotherapy
treatment.

4.4 | Methodological Comments

Several methodological limitations exist across the included
studies that warrant cautious interpretation of findings.
Clinical and methodological heterogeneity was substan-
tial, with studies differing in pharmacotherapy, dose, route
of administration, treatment duration, comparator, and the
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behavioral or nutritional support provided alongside treat-
ment. Heterogeneity was explored according to pharmaco-
therapy type, intervention duration, and, for energy intake,
assessment method. However, other potential moderators such
as baseline BMI, percentage of women, and achieved weight
loss were not examined. The subgroup and meta-regression
findings should therefore be considered exploratory and inter-
preted cautiously.

Outcome assessment methods also varied considerably. Energy
intake was assessed using controlled ad libitum meals, buf-
fet or vending-machine paradigms, dietary recalls and food-
logging methods. These approaches measure different aspects
of energy intake, ranging from acute consumption under con-
trolled laboratory conditions to habitual intake in free-living
environments. Although the appetite meta-analysis was re-
stricted to overall postprandial appetite suppression measured
using a 100-mm VAS, studies differed in their standardized
meals, assessment timings, and postprandial measurement
periods. These differences mean that the pooled estimates
represent average effects across heterogeneous interventions
and assessment conditions rather than the effect of a single
pharmacotherapy or standardized protocol. The pooled esti-
mates, particularly for energy intake, should therefore not be
assumed to apply consistently across drugs, doses, treatment
settings, or assessment methods.

Intervention duration varied substantially, ranging from very
short-term studies of 4-6weeks [29, 32, 34, 36] to longer tri-
als lasting up to lyear [57]. This meta-analysis showed no
moderating effect of intervention length. However, the wide
variation limits direct comparison across studies; observed
changes in behavior may be due to acute versus sustained ef-
fects of GLP-1-based pharmacotherapy treatment, meaning
behavioral responses may change over time. The decision to
include only the latest time point and highest dose from each
study was also a limitation. This approach was used to avoid
double-counting participants and including nonindependent
estimates. However, it assumes that a single assessment rep-
resents the treatment effect. It is possible that responses may
have changed during treatment, particularly as doses are in-
creased, because participants adapt to the treatment or any
adverse effects such as nausea. Additionally, effects that were
observed at the highest dose may not represent experiences at
a lower dose or participants who were unable to tolerate the
maximum dose.

The included studies were not designed to distinguish direct
pharmacological effects on appetite and eating behavior from
changes occurring secondary to weight loss, improvements
in metabolic health, or changes in dietary habits over time.
The observed reductions in appetite, energy intake, and food
craving should not necessarily be interpreted as independent
direct effects on appetite and reward pathways. Behavioral
changes may have resulted partly from weight loss itself or
changes in metabolic health and dietary habits. Few studies
assessed weight loss as a mediator; therefore, this could not
be examined.

Nausea is a widely reported side effect of GLP-1-based pharma-
cotherapies [88], but most studies included in this review did

not present detailed information on prevalence or investigate
its effect on outcomes. Nausea was more frequently reported in
participants receiving GLP-1-based pharmacotherapies than in
those receiving placebo. For the 10 studies that reported preva-
lence of nausea, median rates were 51% in active treatment arms
versus 16% in placebo arms. In some cases, participants with
nausea experienced greater weight loss [35]. Rather than acting
solely as a confounder, nausea may lie on the causal pathway be-
tween treatment and reduced appetite or energy intake. Nausea
and other gastrointestinal symptoms may reduce motivation to
eat and could therefore mediate part of the observed treatment
effect [89, 90]. However, GLP-1-based pharmacotherapies may
also influence appetite through homeostatic and reward-related
pathways independently of nausea, although the included stud-
ies did not allow these mechanisms to be distinguished [80, 81].
The greater prevalence of nausea in active-treatment groups
may also have increased participants’ awareness of treatment
allocation. Therefore, participants who experienced nausea
could reasonably be assumed to be, consciously or subcon-
sciously, aware of allocation. This functional unblinding could
influence subjective ratings of appetite and eating behavior
through expectancy or demand effects. Subconscious demand
characteristics may play a role in biasing the results away from
the null to an unknown degree. Study duration may be relevant,
as it is reported that nausea and gastrointestinal symptoms di-
minish over time [91, 92].

Interpretation was limited by incomplete and inconsistent
adverse-event reporting, including differences in definitions, as-
sessment methods, severity thresholds, and reporting time points.
Self-report tools for monitoring the frequency and severity of nau-
sea have poor validity and reliability, meaning that it is difficult to
evaluate the effects of the most common side effects of treatment
with GLP-1-based pharmacotherapies [93]. Few studies assessed
whether nausea was associated with appetite or energy intake out-
comes. Attrition may have introduced further bias, as nausea and
other gastrointestinal adverse events contributed to withdrawal in
some studies, although the magnitude and direction of this effect
remain uncertain. Consequently, it was not possible to determine
the extent to which the observed effects reflected direct pharma-
cological effects on appetite regulation, indirect effects mediated
through nausea, or bias arising from awareness of treatment al-
location and treatment-related withdrawal. Future trials should
assess adverse events prospectively using standardized measures
and conduct mediation or sensitivity analyses to distinguish ef-
fects associated with nausea from appetite-related effects occur-
ring independently of gastrointestinal symptoms.

There is also limited evidence on the effect of GLP-1-based
pharmacotherapies following discontinuation or during weight
maintenance. None of the included studies reported outcomes
postintervention, which leaves a gap in our understanding of
whether changes in energy intake, appetite, and eating behav-
ior persist after treatment and for how long. A posttreatment
analysis of the trial by Jensen, Janus, Lundgren, et al. [57] found
that during the year after termination of treatment (Weeks
51-104), weight re-gain was 6.0kg greater after discontinuing
liraglutide compared with termination of supervised exercise
[94]. Although the analyses reported posttreatment changes in
body composition, physical activity, and sedentary time, there
were no analyses of changes in eating behavior, energy intake,
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or appetite. Given the growing evidence that weight regain is
common after discontinuation with GLP-1-based pharmaco-
therapies, there is a critical need to examine eating behavior
after termination of treatment to inform longer term obesity
management. One recent meta-analysis found that patients
gained 0.4kg per month after discontinuation of GLP-1-based
pharmacotherapies, resulting in a return to baseline weight in
under 2years [95]. Future research should examine the degree to
which changes in eating behaviors, appetite, and energy intake
are associated with any weight re-gain.

4.5 | Strengths and Limitations

To our knowledge, no systematic review and meta-analysis has
been conducted to examine the influence of GLP-1-based phar-
macotherapies used for weight loss on eating behavior, appetite,
and energy intake in adults with overweight or obesity without
major comorbidities. This review was able to quantitatively syn-
thesize the effect of GLP-1-based pharmacotherapies on energy
intake and overall appetite suppression using a random-effect
meta-analysis. Subgroup analyses were also conducted, which
enabled a more in-depth examination of drug type and method
used to assess energy intake.

A key value of this review lies in its identification of the need
for enhanced quality in primary evidence. Perceptions of appe-
tite, hunger, and fullness are subjective sensations. Investigators
should, where possible, standardize conditions (e.g., time since
last meal and time of day), use standardized instruments (e.g.,
100-mm VAS with appropriate anchors [13]) and combine these
with objective measures (e.g., subsequent energy intake in a test
meal) to triangulate findings. Validation of methodologies to
assess the most common side effects of GLP-1-based pharma-
cotherapy treatment, in particular nausea, is also required to
increase methodological rigor in GLP-1-based pharmacotherapy
trials.

Risk of bias was rigorously assessed across studies, with empha-
sis placed on relevant sources of material bias, specifically the
potential effects of nausea and other gastrointestinal adverse
effects. Many systematic reviews exaggerate estimates of effects
due to inclusion of small, poor-quality or single-center trials
[96]. The incorporation of risk of bias assessments into synthe-
sis is therefore crucial to ensure that conclusions drawn from
systematic reviews are based on the strongest evidence, yet this
requirement is often disregarded [97, 98]. To our knowledge, this
is the first systematic review and meta-analysis of the effects
of GLP-1-based pharmacotherapy treatment on energy intake,
appetite and eating behavior to produce a comprehensive and
credible synthesis, which takes into account the strength of the
available evidence.

The aim of this review was to isolate the effect of GLP-1-based
pharmacotherapies in the context of weight management for
adults without major comorbidities, which limited the number
of eligible studies that could be synthesized. Due to small num-
bers and incomplete reporting, it was not possible to explore side
effects or attrition rates by drug. Other limitations of the work
are that only English-language papers were retrieved and that
the process of assessing bias is inherently subjective.

4.6 | Conclusions

In adults with overweight or obesity, and without diabetes, psy-
chiatric conditions, eating disorders, or other major comorbid-
ities, GLP-1-based pharmacotherapies may reduce short-term
energy intake and appetite. However, confidence in the magni-
tude and consistency of these effects is limited by substantial
clinical and methodological heterogeneity, wide prediction in-
tervals, imputation of variance data, variability in outcome as-
sessment, and the small number of studies judged to be at low
risk of bias. Evidence relating to food preferences and other eat-
ing behaviors remains limited and heterogeneous. Nausea may
contribute to reductions in appetite and energy intake and may
increase participants’ awareness of treatment allocation, par-
ticularly where outcomes are self-reported. As adverse events
were incompletely and inconsistently reported, the extent to
which the observed effects occurred independently of nausea
remains uncertain. Larger, well-controlled trials are needed to
elucidate effects of GLP-1-based pharmacotherapies on appetite
and eating behavior, with more transparent and clear reporting
of analyses and participant flow. Extensive efforts should be
made to improve retention; in the case of withdrawal, detailed
reporting of side effects and adverse events is required to allow
readers to form judgments on whether the assumption “missing
at random” is satisfied. Such rigor is essential to advance un-
derstanding of the effects of GLP-1-based pharmacotherapies on
eating behavior, thereby enabling the development of appropri-
ate evidence-based weight management support for individuals
who discontinue treatment.
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attrition for parallel trials. Table S6: Reported side effects, adverse ef-
fects and attrition for energy intake studies. Table S7: Reported side ef-
fects, adverse effects and attrition for appetite studies. Figure S1: Risk
of bias assessment for randomized crossover trials. Figure S2: Risk of
bias assessment for randomized parallel trials. Figure S3: Risk of bias
assessment for nonrandomized trials. Figure S4: Funnel plot for stud-
ies measuring energy intake. Figure S5: Funnel plot for studies mea-
suring appetite.
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