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Abstract

Glucagon-like peptide-1 receptor agonists (GLP-1RAs) are promising candidates for Alzheimer’s disease (AD) and Parkin-
son’s disease (PD). However, their effects in non-diabetic populations, independent of metabolic confounding, remain unclear.
We evaluated the effects of GLP-1RAs on cognition, clinical outcomes, biomarkers, and safety in non-diabetic individuals
with PD, AD, and mild cognitive impairment. We assessed the clinical meaningfulness of these effects using minimal clini-
cally important difference thresholds. Relevant studies were retrieved from PubMed, Embase, and Web of Science from
inception to November 2025. A random-effects meta-analysis was applied to calculate standardized mean differences (SMDs),
mean differences (MDs), and risk ratios with 95% confidence intervals (CIs). The protocol was registered in PROSPERO
(CRD420261277032). Fourteen randomized controlled trials enrolling 1260 participants were included. GLP-1RAs showed a
small statistically significant improvement in global cognition (SMD 0.14, 95% CI 0.01 to 0.27; I>="7%), supported by high-
certainty evidence. Despite statistical significance, findings suggest only a trivial probability (1%) of a clinically important
benefit. Conversely, GLP-1RAs were associated with poorer verbal fluency (SMD —0.43, 95% CI—0.79 to—0.08; = 0%),
supported by high-certainty evidence. For clinical severity, function, depression, and PD-related outcomes, pooled estimates
generally favored GLP-1RAs, but none reached statistical significance. A significant between-disease subgroup difference
was observed for function. In the PD subgroup, GLP-1RAs significantly improved depression symptoms relative to control
(MD —2.09, 95% CI—3.99 to—0.20; I>=0%). Nevertheless, this magnitude of improvement remained below the threshold
for clinically important benefit. Biomarker findings were inconsistent across trials. GLP-1RAs significantly reduced weight
and were associated with poorer tolerability and increased gastrointestinal adverse events. Current evidence provides no
convincing support for a clinically meaningful or disease-modifying effect of GLP-1RAs, and adverse effects may limit their
clinical utility. Large-scale trials are needed to definitively weigh potential benefits against associated risks.
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Introduction

Alzheimer’s disease (AD) and Parkinson’s disease (PD)
are progressive neurodegenerative disorders driven by
complex, interconnected cellular and molecular processes
(Elghanam et al. 2024; Ibrahim et al. 2025). Recently,
glucagon-like peptide-1 receptor agonists (GLP-1RAs)
have attracted increasing interest as potential therapeu-
tic agents for neurodegenerative diseases. GLP-1RAs are
incretin-based therapies that activate the GLP-1 receptor
to enhance glucose-dependent insulin secretion, suppress
inappropriately elevated glucagon secretion, slow gastric
emptying, and reduce appetite (Zheng et al. 2024). GLP-
1RAs are approved by the US Food and Drug Adminis-
tration for glycemic control in type 2 diabetes mellitus
(T2DM) and for chronic weight management (Nauck
et al. 2021; Zheng et al. 2024). Although developed for
metabolic indications, GLP-1RAs have been evaluated
for potential associations with neurocognitive outcomes.
A recent study reported a significantly lower risk of all-
cause dementia or cognitive impairment with GLP-1RA
exposure (Seminer et al. 2025).

This emerging clinical signal is biologically plausible,
as GLP-1 receptors are expressed in the central nervous
system (CNS) and GLP-1RA signaling may exert direct
neuroprotective effects (Zheng et al. 2024). In preclini-
cal AD models, GLP-1 (7-36) amide has been associated
with reduced neuroinflammatory signaling, including
interleukin-1p, alongside attenuated microglial activation
and reduced amyloid-related pathology. It has also been
linked to improved synaptic plasticity and cognition, as
well as enhanced mitochondrial function. Moreover, it
may support learning and memory by facilitating long-
term potentiation (Holscher 2010; Egecioglu et al. 2013).
Other studies have proposed a neuroprotective role for
GLP-1 analogs as they reduce oxidative stress and apop-
tosis (Garcia-Casares et al. 2023). In PD, GLP-1RAs have
been proposed to help preserve dopaminergic neuronal
function through neuroprotective GLP-1 signaling (Zheng
et al. 2024).

Prior research on GLP-1RAs has largely focused
on the diabetic population, where cognitive impairment
is closely intertwined with hypoglycemia, insulin resist-
ance, and diabetes-related complications (Luan et al.
2022; Tang et al. 2023; Garcia-Casares et al. 2023; Kuate
Defo et al. 2024). One systematic review (SR) reported
that exenatide, dulaglutide, and liraglutide improved gen-
eral cognition in the T2DM population (Garcia-Casares
et al. 2023). However, it remains unclear whether these
observed effects primarily reflect indirect benefits through
improved glycemic control and cardiovascular risk pro-
files, or disease-specific neuroprotective effects. Recent
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research has evaluated the effects of GLP-1RAs on cogni-
tion in AD; however, conclusions remain constrained by a
narrow outcome scope, limited randomized evidence, and
the pooling of cognitively distinct measures under broad
constructs, which may complicate construct validity and
clinical interpretability (O’Mara et al. 2026). These limi-
tations underscore the need for methodologically robust
analyses in non-diabetic cohorts to determine whether
GLP-1RAs exert clinically relevant neuroprotective effects
independent of diabetes-related confounding.

Although AD, PD, and mild cognitive impairment (MCI)
are clinically distinct, they share downstream pathways of
neuronal injury linked to metabolic dysfunction. GLP-1RAs
may offer benefits across these heterogeneous conditions
by modulating shared mechanisms (Athauda et al. 2026).
Consistent with a prior meta-analysis (MA) that pooled AD,
PD, and dementia with Lewy bodies cohorts to examine
the effects of cholinesterase inhibitors (D’Angremont et al.
2023), our study synthesized evidence from randomized
controlled trials (RCTs) of GLP-1RAs in non-diabetic adults
with AD, PD, or MCI. The primary outcome was global
cognitive performance. Secondary outcomes included cog-
nitive subdomains, function, clinical severity, PD-related
outcomes, depression, and available biomarker measure-
ments. The safety and tolerability of GLP-1RAs were also
characterized. In addition, potential differences in treatment
effects according to disease population, GLP-1RA agent,
geographic region, and trial duration were assessed. A mini-
mal clinically important difference (MCID) framework was
applied to determine whether observed changes were clini-
cally meaningful, thereby extending the interpretation of
findings beyond statistical significance alone.

Materials and methods

The protocol for this SR and MA was preregistered in the
International Prospective Register of Systematic Reviews
(PROSPERO; CRD420261277032) and followed the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses 2020 (PRISMA) guidelines (Table S1; Page et al.
2021).

Search method and study selection

A comprehensive electronic search was conducted across
three databases, PubMed, Embase, and Web of Science,
from inception to November 2025. The search terms
included: “glucagon-like peptide-1 receptor agonist™”,
“semaglutide”, “liraglutide”, “exenatide”, “dulaglutide”,
“albiglutide”, “lixisenatide”, “Dementia”, “Alzheimer dis-

ease” [MeSH Terms], “vascular dementia”, “mild cognitive
impairment”, and “Parkinson disease” [MeSH Terms]. The
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detailed search strategies are provided in Table S2. In addi-
tion, we searched ClinicalTrials.gov to identify ongoing
or unpublished studies, screened conference abstracts and
proceedings for potentially relevant reports, and performed
backward and forward citation searching.

Eligibility criteria

The eligibility criteria were set according to the PICOS
(Population, Intervention, Comparison, Outcome, and Study
Design) framework.

Population

Adults with cognitive impairment within the dementia spec-
trum, including AD, vascular dementia, PD dementia, and
Lewy body-related dementias, as well as adults with MCI or
cognitive decline, were eligible for inclusion. Disorders in
which cognition was a core outcome were prioritized, and
MCI was considered a pre-dementia stage. Eligible trials
were required to enroll non-diabetic participants, defined
as those with no diagnosis of type 1 diabetes mellitus
(T1DM) or T2DM at baseline. No restrictions were applied
regarding language, publication date, setting, or follow-up
duration.

Intervention and comparator

Treatment with a GLP-1RA at any dose, route, or regimen
was considered eligible. Placebo, standard care, or usual care
was accepted as the comparator, and background therapies
were permitted provided that co-interventions were balanced
between groups.

Outcomes

The primary outcome was global cognition assessed using
validated global cognitive measures. The secondary out-
comes included domain-specific cognitive performance,
functional outcomes, global clinical severity, PD-specific
motor and non-motor symptom severity, neuropsychiatric
outcomes (including depression and mood), quality of life
(QoL), safety, and tolerability. Relevant biomarkers and neu-
roimaging endpoints were also identified.

Study design

RCTs were eligible for inclusion. Post hoc analyses of eligi-
ble RCTs were included in the qualitative synthesis to cap-
ture additional outcomes (e.g., subgroup effects, biomarker
endpoints, or longer-term follow-up). To avoid duplicating
participants, data from post hoc reports were not pooled
separately in the quantitative MA when overlapping with

the parent trial dataset, and the primary trial report was pri-
oritized for effect estimation.

Exclusion criteria

The exclusion criteria included non-randomized study
designs, animal or in vitro studies, reviews, editorials, let-
ters, protocols, and conference abstracts. Trials enrolling
participants with T1DM, T2DM, or mixed diabetic and non-
diabetic samples for which non-diabetic results could not be
extracted separately, were excluded.

Data screening and extraction

Two authors independently screened titles and abstracts for
eligibility, followed by a full-text assessment of potentially
relevant records. Data were extracted independently by two
authors. Information on study identifiers, design characteris-
tics (trial registration number, country, trial phase, and fund-
ing), population characteristics (disease, diagnostic criteria,
non-diabetic status, sample size, and analyzed population),
and intervention details (route, dose, frequency, and treat-
ment duration) was extracted. Baseline characteristics were
extracted for each arm. For quantitative synthesis, outcome
data were extracted for each treatment arm, including the
time point, outcome scale, mean change from baseline with
standard deviations (SDs), and corresponding sample sizes.
Disagreements at any stage were resolved by consensus.

Outcome definitions
Primary outcome

For each trial, a single primary global cognitive outcome
was selected as the main prespecified endpoint for the pri-
mary MA. For the AD and MCI populations, the following
hierarchy was applied. Alzheimer’s Disease Assessment
Scale-Cognitive Subscale (ADAS-Cog) was prioritized as
it is one of the most established and widely used cognitive
outcome measures in AD trials and has long been a main-
stay for tracking cognitive change over time (Levine et al.
2020). Alzheimer’s Disease Assessment Scale-Executive
composite was ranked next as it was specifically developed
for MCI populations to improve sensitivity to longitudinal
change by supplementing the ADAS-Cog framework with
executive function measures (Jacobs et al. 2020). Mini-
Mental State Examination (MMSE) was ranked lower as it
is widely used for cognitive screening but may be less suit-
able as the preferred primary endpoint when more detailed
AD-focused measures are available (Levine et al. 2020).
Wechsler Memory Scale total score was placed last as it was
reported less consistently across the included trials, appear-
ing only in one trial (Gejl et al. 2016; Dzikon 2020). For PD
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populations, Mattis Dementia Rating Scale-Second Edition
(MDRS-2) total score was prioritized as it is a broader and
more comprehensive measure of global cognition (Matteau
et al. 2012). Montreal Cognitive Assessment (MoCA) was
placed second as it remains fundamentally a brief screening
instrument rather than a detailed global cognitive measure
(Skorvanek et al. 2018). Scales for Outcomes in Parkinson’s
Disease-Cognition was placed third because, compared with
MDRS-2 and MoCA, it has been less extensively adopted
and has been classified as recommended with caveats, partly
because of limited data on sensitivity to change, suggest-
ing it may not be a suitable instrument for treatment trials
(Skorvanek et al. 2018). When multiple eligible global cog-
nitive measures were reported within a trial, the highest-
ranked measure was selected as the primary outcome, and
the remaining global cognitive measures were examined in
sensitivity analyses.

Secondary outcomes

Secondary cognitive outcomes were grouped a priori into
the memory, executive/language, and attention/processing
speed domains. Verbal fluency tests (semantic/category or
phonemic/letter fluency) were classified within the execu-
tive/language domain (Shao et al 2014). When more than
one fluency test was reported, a single prespecified measure
was selected to ensure that each study contributed only one
effect size per domain (semantic/category fluency preferred,
followed by total fluency, and then phonemic/letter fluency).
Semantic fluency was prioritized because it is often more
strongly affected than phonemic/letter fluency in disorders
such as AD (Kwak et al. 2022). Moreover, PD patients with
semantic fluency deficits are more susceptible to dementia
(Yang et al. 2022).

Functional outcomes were defined as measurements of
everyday functioning, including activities of daily living,
instrumental activities of daily living, functional inde-
pendence, and global functional status. Eligible functional
measures included the Alzheimer’s Disease Cooperative
Study-Activities of Daily Living (ADCS-ADL; Chandler
et al. 2025), Instrumental Activities of Daily Living Scale
(Guo and Sapra 2022), and Schwab and England Activi-
ties of Daily Living Scale (Choi et al. 2017). In PD trials,
the Movement Disorder Society-Sponsored Revision of
the Unified Parkinson’s Disease Rating Scale Part I (MDS-
UPDRS Part II), which measures motor experiences of daily
living, was treated as a functional outcome (Goetz et al.
2008).

Global clinical severity and progression outcomes were
defined as clinician- or patient-rated measures intended to
capture the overall disease severity or change over time.
These included the Clinical Dementia Rating-Sum of
Boxes (CDR-SoB; Tzeng et al. 2022) and global impression
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measures, such as the Clinical Global Impression of Severity
(Forkmann et al. 2011) and the Patient Global Impression
of Severity (Martinez-Martin et al. 2016), when reported.
In PD trials, composite MDS-UPDRS global scores (Parts
[-IIT) were also treated as a global measure of the overall
motor and non-motor disease burden.

For PD-specific clinical outcomes, motor severity was
defined using clinician-rated motor examination measures,
primarily the MDS-UPDRS Part I1I, and non-motor symp-
tom severity was defined using validated non-motor symp-
tom instruments, including the MDS-UPDRS Part I and the
Non-Motor Symptoms Scale (NMSS; Goetz et al. 2008; van
Wamelen et al. 2021). In addition, motor complications were
captured using the MDS-UPDRS Part IV (Goetz et al. 2008).
When motor severity was reported in both on-medication
and off-medication states, data were extracted and analyzed
separately by state. On-medication assessments were defined
as evaluations of motor impairment assessed under optimal
dopaminergic treatment. Off-medication assessments were
defined as those performed after withholding dopaminer-
gic therapy for a prespecified washout period, commonly
overnight. Assessments performed after additional investi-
gational drug washout were recorded explicitly as distinct
endpoints.

Mood and depression outcomes were assessed using vali-
dated scales, including the Montgomery—;\sberg Depression
Rating Scale (MADRS), Geriatric Depression Scale, and
Patient Health Questionnaire-9 (PHQ-9; Williams et al.
2012). QoL outcomes were assessed using the Parkinson’s
Disease Questionnaire-39 Summary Index (PDQ-39 SI;
Morley et al. 2015).

Neurodegeneration-related biomarkers and neuroim-
aging outcomes were extracted when reported, including
amyloid-p (AB) measures in plasma and cerebrospinal fluid
(CSF), and metabolic/neuroimaging indices such as fluoro-
deoxyglucose positron emission tomography (FDG-PET)
measures of cerebral glucose metabolism. In PD trials,
dopaminergic imaging biomarkers were extracted, includ-
ing dopamine transporter single-photon emission computed
tomography (DaT-SPECT). It quantifies striatal dopamine
transporter binding as a marker of presynaptic nigrostri-
atal terminal integrity. Anthropometric outcomes relevant
to GLP-1RAs, including body weight (kg) and body mass
index (BMI, kg/mz), were also extracted.

To ensure consistent interpretation across scales, the
directionality of each instrument was prespecified based on
its original scoring. For measures in which higher scores
indicate better performance or greater independence (e.g.,
MoCA, MMSE, MDRS-2, and ADCS-ADL), higher values
represent better outcomes. For measures in which higher
scores indicate worse impairment or symptom burden (e.g.,
CDR-SoB, MDS-UPDRS Parts I-IV, NMSS, MADRS,
PHQ-9, and PDQ-39 SI), higher values represent worse
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outcomes. Since higher ADAS-Cog scores indicate worse
cognition, its direction was inverted (multiplied by — 1)
before pooling with other global cognition measures so
that higher values consistently reflected better cognitive
performance.

Safety outcomes included adverse events (AEs) of any
type, such as gastrointestinal and neuropsychiatric AEs,
injury-related events, and hypoglycemia. Tolerability was
assessed primarily based on discontinuation due to AEs.

Risk of bias and certainty of the evidence

The risk of bias (RoB) was independently evaluated by two
authors using the Cochrane RoB 2 tool (Sterne et al. 2019).
The certainty of evidence for each outcome was appraised
using the Grading of Recommendations, Assessment, Devel-
opment, and Evaluation (GRADE) framework across five
domains, RoB, inconsistency, indirectness, imprecision,
and other considerations, and rated as high, moderate, low,
or very low (Balshem et al. 2011). Disagreements were
resolved through consensus among the authors.

Data analysis

MAs were conducted using Review Manager (RevMan) ver-
sion 5.4.1. When at least 10 studies were available, publica-
tion bias was assessed using Egger’s regression test imple-
mented in R software (version 4.5.1; R Core Team, Vienna,
Austria; https://www.r-project.org). For continuous out-
comes, treatment effects were summarized as standardized
mean differences (SMDs; Hedges’ g) with 95% confidence
intervals (ClIs) when conceptually similar constructs were
assessed using different instruments or scales (Deeks et al.
2024). When outcomes were measured using the same scale
across studies, treatment effects were pooled using the mean
difference (MD) with 95% CIs. For dichotomous outcomes,
effects were summarized as risk ratios (RRs) and absolute
effects with 95% Cls. Studies reporting multiple eligible
intervention arms were combined using RevMan software
for analysis as a single pairwise comparison.

When outcomes were reported as standard errors (SEs),
SDs were obtained from the SE of the mean by multiplying
by the square root of the sample size: SD=SE X \/ n. When
SDs for changes from baseline were not reported, they were
derived from baseline and endpoint SDs using the standard
formula recommended in the Cochrane Handbook, which
requires an assumed or externally estimated baseline—end-
point correlation (r) (Higgins et al. 2024). When the correla-
tion was not available from trial reports, a baseline—endpoint
correlation of r=0.7 was assumed as a conservative esti-
mate (Higgins et al. 2024). This approach has been used in
a previously published MA when correlations between time
points were unavailable (Kawaguchi et al. 2021).

Pooled estimates were calculated using a random-effects
model to account for variation across studies. Statistical
heterogeneity was assessed using the X2 test (p <0.10 indi-
cating statistically significant heterogeneity) and quanti-
fied using 2 Percentages of 12 that were around 25%, 50%,
and 75% indicated low, moderate, and high heterogeneity,
respectively. A two-sided p <0.05 was considered statisti-
cally significant for overall pooled effects.

Meta-regression was conducted using a random-effects
framework to examine whether the treatment effect varied
as a function of treatment duration or disease group. This
analysis was performed only when a sufficient number of
studies contributed data to the outcome to support a single-
moderator model and reduce the risk of overfitting (Rao
et al. 2017).

Sensitivity analyses were conducted to assess the robust-
ness of the primary findings by (i) excluding studies judged
to be at a high RoB; (ii) excluding trials that enrolled predia-
betic patients; (iii) repeating the primary cognitive analysis
using alternative global cognitive scale selection when mul-
tiple measures were reported within a trial, with the same
procedure applied to functional outcomes; and (iv) per-
forming a leave-one-out analysis for the primary outcome,
whereby the MA was iteratively repeated after omitting one
study at a time to evaluate the influence of individual trials
on the pooled effect estimate.

Minimal clinically important difference

As an exploratory analysis for outcomes pooled using dif-
ferent measurement scales, we prespecified a standardized
minimal important difference (MID) of 0.30 SD units (and
the corresponding direction for improvement for each out-
come) as a clinically meaningful threshold. This distribu-
tion-based threshold was selected based on methodological
reviews on health-related QoL and patient-reported outcome
instruments. These reviews identified the 0.30 and 0.50 SD
thresholds as the most frequently reported and accepted
MIDs when anchor-based values are unavailable or hetero-
geneous across instruments (Ousmen et al. 2018; Mouelhi
et al. 2020). As a sensitivity analysis, we also evaluated
a more conservative MID of 0.50 SD units to assess the
robustness of our clinical inferences.

MCID-based analyses for ADAS-Cog, MMSE, and
CDR-SoB were also considered exploratory. Thresholds
were selected based on previously reported anchor-based
MCID estimates for clinically meaningful decline in early-
stage AD. MCID thresholds in the direction of improvement
have not been established in the published literature (Ham-
ilton et al. 2025). The corresponding opposite-direction
thresholds were applied pragmatically to interpret treatment
benefit, consistent with a previous study (Hsu et al. 2025).
Thresholds for clinically meaningful improvement and
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decline were set at — 2 and 2 points for ADAS-Cog, respec-
tively; 1 and — 1 points for MMSE; and — 1 and 1 points for
CDR-SoB (Hamilton et al. 2025; Hsu et al. 2025).

For the PD-related outcomes, published MCID thresholds
were applied to the original scales. For MDS-UPDRS Part
I, the thresholds for improvement and decline were —2.64
and 2.45 points, respectively, and for MDS-UPDRS Part
II they were —3.05 and 2.51 points (Horvéath et al. 2017a).
For MDS-UPDRS Part III, the corresponding thresholds
were —3.25 and 4.63 points (Horvéth et al. 2015). For MDS-
UPDRS Part IV, the corresponding thresholds were —0.9
and 0.8 points (Makkos et al. 2019). For the PDQ-39 SI, the
thresholds for improvement and decline were —4.72 and 4.22
points, respectively (Horvéth et al. 2017b). For MADRS,
an MCID threshold for improvement of —4.94 points was
identified, whereas a corresponding threshold for decline

was not identified (Hori et al. 2025). The selected thresholds
were derived using anchor-based methods supplemented by
distribution-based approaches. A clearly established, dis-
ease-specific MCID for improvement or decline for MoCA,
MDRS-2, and NMSS in PD could not be identified.

Results
Search results and study characteristics

A total of 4414 records were identified through a database
search. After removing duplicates and screening titles and
abstracts, 50 full-text articles were assessed for eligibility.
Fourteen studies met the inclusion criteria (Fig. 1). Of these,
11 primary articles were included in the quantitative MA

Fig. 1 PRISMA flowchart of . . . .
the study selection process Identification of studies via databases
—
g Records identified from
"3 databases (n = 4414) Records removed before screening:
2 * PubMed (n = 1868) " . Duplicate records removed (n = 668)
= e Web of Science (n = 1464) P
5 * Embase (n =1082)
3
—
—
Records excluded (n = 3696):
Records screened by title, abstract frrelevant study design, population,
and keywords (n = 374 6)’ ’ > intervention, outcomes, or topic
y (n=3130)
* Animal or in vitro studies (n = 566)
(=)}
i=
c
(/]
()
S
(%]
(7]
Records excluded (n = 36):
1! * Irrelevant/mixed population (n = 9)
* Irrelevant intervention (n = 3)
Full-text articles assessed for .| * Irrelevant outcomes (n = 5)
eligibility (n = 50) "+ Ineligible study design (n = 4)
* Non-human (animal/in vitro/in silico)
n=13)
* Protocols (n =2)
—
—
he} v
() .. .
'g Eligible studies (n = 14):
S * Primary articles (n=11)
£ * Post hoc analyses (n = 3)
—
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(Aviles-Olmos et al. 2013; Gejl et al. 2016; Athauda et al.
2017; Watson et al. 2019; Mullins et al. 2019; Hogg et al.
2022; McGarry et al. 2024; Meissner et al. 2024; Dei Cas
et al. 2024; Vijiaratnam et al. 2025; Edison et al. 2025).
Three post hoc analyses were considered qualitatively
(Aviles-Olmos et al. 2014; Gejl et al. 2017; Athauda et al.
2018).

All of the included trials were RCTs. Most trials were
double-blind, except for an open-label MCI trial (Dei Cas
et al. 2024) and a single-rater blinded PD proof-of-concept
trial (Aviles-Olmos et al. 2013). Detailed study character-
istics are summarized in Table 1. Participants’ mean ages
ranged from 59.5 to 74.0 years. The percentage of female
participants ranged from 16.7% to 69.0%. Where reported,
baseline BMI was generally between 25.1 and 30.2 kg/m?.
The detailed baseline characteristics are summarized in
Table S3.

Quality assessment and level of evidence

Of the 11 RCTs, 2 (18.18%) trials (McGarry et al. 2024;
Vijiaratnam et al. 2025) were rated as having a low RoB
and 8 (72.73%) trials as having some concerns, mainly due
to missing outcome data (Gejl et al. 2016; Mullins et al.
2019; Hogg et al. 2022; Edison et al. 2025), deviations from
intended interventions (Aviles-Olmos et al. 2013; Meissner
et al. 2024; Dei Cas et al. 2024), and baseline imbalances
between groups (Aviles-Olmos et al. 2013; Athauda et al.
2017). One trial (9.09%) was rated as having a high RoB, as
attrition was substantial and incompletely balanced between
groups, with withdrawals frequently related to treatment-
associated AEs or tolerability (Figs. S1, S2) (Watson et al.
2019). The certainty of evidence is summarized in Table S4.
The GRADE ratings indicated high-certainty evidence for
global cognition and verbal fluency. Nine outcomes were
graded as having moderate certainty, mainly due to impre-
cision, and eight outcomes were graded as having low cer-
tainty, mainly due to inconsistency and imprecision.

Primary outcome
Global cognition

In the primary MA (10 studies; 1033 participants), GLP-
1RAs demonstrated a small but statistically significant ben-
efit in global cognition (SMD 0.14, 95% CI 0.01 to 0.27;
p=0.04; I>=7%, Fig. 2a). MID-based interpretation sug-
gested a low likelihood of clinically important difference
(Pr[SMD >0.30]=1% and Pr[SMD > 0.50] =0%, Fig. 3a).
Both funnel plot inspection and Egger’s regression test
(z=0.08, p=0.94) revealed no evidence of small-study
effects (Fig. S3).

Substituting alternative global cognitive measures for tri-
als reporting multiple scales attenuated the pooled effect
to non-significance (SMD 0.14, 95% CI—-0.03 to 0.31;
1>°=38%, Fig. S4a). However, excluding the MCI trial
restored statistical significance (SMD 0.17, 95% CI 0.03 to
0.31; p=0.02; 2=12%, Fig. S4b). Leave-one-out analyses
demonstrated a generally stable point estimate (SMD range
0.10-0.19, 12 range 0-17%, Table S5). The pooled effect
remained statistically significant only when omitting 5 tri-
als (Gejl et al. 2016; Hogg et al. 2022; McGarry et al. 2024;
Dei Cas et al. 2024; Vijiaratnam et al. 2025). Omitting the
remaining studies resulted in the loss of statistical signifi-
cance (Table S5). Incorporating post-washout cognitive val-
ues from the 2 PD trials that reported them (Aviles-Olmos
et al. 2013; Athauda et al. 2017) did not alter the statistically
significant benefit favoring GLP-1RAs (Fig. S5).

Analysis by disease population

Analysis by disease population showed similar effect esti-
mates in PD (6 studies; 743 participants) and AD (3 stud-
ies; 259 participants). There was moderate heterogeneity
between PD studies (IZ=47%). In contrast, the MCI sub-
group (1 study; 31 participants) was highly imprecise. The
test for subgroup differences was not significant (p=0.93,
Fig. 2a).

Analysis by GLP-1RA agent

Analysis by GLP-1RA agent showed modest numerical
variation, with the largest point estimate for lixisenatide (1
study; 152 participants; SMD 0.24, 95% CI—0.08 to 0.55),
followed by exenatide (6 studies; 588 participants) and
liraglutide (3 studies; 293 participants). However, all CIs
crossed the null, and the test for subgroup differences was
not significant (p=0.89, Fig. 2b).

Analysis by geographic region

In the analysis by geographic region, the largest point esti-
mate was in the United Kingdom (4 studies; 486 partici-
pants; SMD 0.25, 95% CI—0.08 to 0.58), followed by Con-
tinental Europe (3 studies; 217 participants). The United
States (3 studies; 330 participants) had the smallest effect
size, and the CI was highly imprecise. Heterogeneity was
substantial in the United Kingdom subgroup (I*=65%) and
absent in the other regional subgroups. The test for subgroup
differences was not significant (p=0.62, Fig. 2c).

Analysis by trial duration

Analysis by trial duration showed the largest point esti-
mate in trials with > 12 months’ follow-up (7 studies; 714
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a. Analysis by disease population

GLP-1RA Control Std. Mean Difference Std. Mean Difference

1.1.1 Parkinson’s disease

Aviles-Olmos et al., 2013 22 64 20 28 53 24 44% 0.84(0.22, 1.46)

Athauda et al,, 2017 17 355 31 04 288 29 64% 0.40[-0.12, 0.91) B
Hogg et al,, 2022 03 25 37 03 33 18 53% 0.00(-0.56, 0.56) —_—t
McGarry etal, 2024 085 235 170 -1 275 84 217% 006 [-0.20, 0.32) i
Meissner et al., 2024 02202 77 07 221 75 153% 024(-0.08, 0.55) =
Vijiaratnam et al., 2025 01 2 8 01 19 93 177%  -0.10[-040,0.19) —=
Subtotal (95% Cl) 420 323 707%  0.47[-0.05,0.38] -
Heterogeneity: Tau? = 0.03; Chi* = 9.38, df = 5 (P = 0.09); I = 47%

Test for overall effect: Z = 1.51 (P = 0.13)

1.1.2 Alzheimer's disease

Gejl etal., 2016 05 999 14 -7 1347 20 36% 0.10(-0.59, 0.78) —
Mulins etal., 2019 22 668 11 38 623 10 23% 024062, 1.10) —

Edison etal., 2025 028 059 102 -039 066 102 19.9% 0.18-0.10, 0.45) . S
Subtotal (95% Cl) 2 132 259%  0.47[-0.07,0.41] -
Heterogeneity: Tau? = 0.00; Chi* = 0.07, df = 2 (P = 0.97); I = 0%

Test for overall effect: Z = 1.36 (P = 0.17)

1.1.3 Mild Cognitive Impairment

Dei Cas etal,, 2024 0149 499 17 029 48 14 34% 0.03[-0.68, 0.74) ——
Subtotal (95% Cl) 17 14 34%  0.03[-0.68,0.74] e
Heterogeneity: Not applicable

Test for overall effect: Z = 0.08 (P = 0.94)

Total (95% C) 564 469 100.0% 0.14[0.01,0.27) >

b. Analysis by GLP-1RA agent

Heterogeneity: Tau? = 0.00; Chi = 9.63, df = 9 (P = 0.38); ' = 7%
Test for overall effect: Z = 2.05 (P = 0.04)
Test for subgroup differences: Chi* = 0.14, df = 2 (P = 0.93), ' = 0%

4 05 0 05 1
Favors control Favors GLP-1RA

c. Analysis by geographic region

GLP-1RA Control Std. Mean Difference Std. Mean Difference

2.3.1 United Kingdom

Aviles-Olmos et al., 2013 22 64 20 -28 53 24 44% 0.84 [0.22, 1.46)
Athauda et al., 2017 17 355 31 04 28 29 64% 0.40(-0.12,0.91)
Edison et al., 2025 -028 059 102 -0.39 066 102 19.9% 0.18 [-0.10, 0.45]
Vijiaratnam et al., 2025 -0.1 2 8 01 19 93 17.7% -0.10 [-0.40, 0.19]
Subtotal (95% CI) 238 248 48.3% 0.25 [-0.08, 0.58]

Heterogeneity: Tau® = 0.07; Chi* = 8.51, df = 3 (P = 0.04); I = 65%
Test for overall effect: Z = 1.46 (P = 0.14)

2.3.2 United States

Muliins et al., 2019 22 668 11 38 623 10 23% 0.24[-0.62, 1.10)

Hogg et al., 2022 03 25 37 03 33 18 53% 0.00 0.6, 0.56] —

McGarry etal., 2024 085 235 170 -1 275 84 21.7% 006 [-0.20, 0.32) s -

Subtotal (95% CI) 218 112 293%  0.06(-0.17,0.29] -

Heterogeneity: Tau® = 0.00; Chi* = 021, df = 2 (P = 0.90); I = 0%

Test for overall effect: Z = 0.54 (P = 0.59)

2.3.3 Continental Europe

Gejletal., 2016 05 999 14 -17 1347 20 36% 0.10 059, 0.78] — [y—

Dei Cas etal.,, 2024 0149 499 17 020 48 14  34% 0.03(-0.68, 0.74 —_—t

Meissner et al., 2024 02 202 77 07 221 75 153% 0.24 (008, 0.55] =

Subtotal (95% CI) 108 109 223%  0.18(-0.08,0.45] -

Heterogeneity: Tau? = 0.00; Chi? = 0.35, df = 2 (P = 0.84); = 0%

Test for overall effect: Z = 1.35 (P = 0.18)

Total (95% CI) 564 469 100.0% 0.14(0.01,0.27) >
+——

Heterogeneity: Tau? = 0.00; Chi* = 9.63, df = 9 (P = 0.38); I = 7%
Test for overall effect: Z = 2.05 (P = 0.04)
Test for subgroup differences: Chi* = 0.94, df = 2 (P = 0.62), I = 0%

4 05 0 05 1
Favors control  Favors GLP-1RA

Fig.2 Forest plots of global cognitive outcomes comparing GLP-
1RAs versus placebo or standard care. Subgroup analyses are shown
by a disease population, b GLP-1RA agent, ¢ geographic region, and
d trial duration. Effect estimates are presented as SMDs with 95%
CIs. Positive SMD values indicate better global cognitive perfor-

participants; SMD 0.19, 95% CI—0.01 to 0.39), compared
with> 6 to < 12 months (2 studies; 285 participants) and <6
months (1 study; 34 participants). The test for subgroup dif-
ferences was not significant (p=0.70, Fig. 2d).

Instrument-specific analysis

Within the PD population, the pooled estimate for the
MDRS-2 (3 studies; 159 participants) non-significantly
favored GLP-1RA (MD 1.61, 95% CI—-0.57 to 3.79;
I’=68%). The effect on the MoCA (3 studies; 584 partici-
pants) was also imprecise (MD 0.12, 95% CI—-0.29 to 0.52;
1*=17%, Fig. S6).

Within the MCI and mild AD populations, the pooled
estimate for MMSE (2 studies; 52 participants) non-signifi-
cantly favored the control group (MD —1.19, 95% CI—4.08
to 1.69; 1> =54%). An MCID-based interpretation sug-
gested a 7% probability of clinically important improvement
and a 55% probability of clinically important decline. For

@ Springer

GLP-1RA Control Std. Mean Difference Std. Mean Difference
1.2.1 Exenatide
Avies-Olmos etal, 2013 22 64 20 -28 53 24 44% 084(0.22, 1.46]
Athauda etal., 2017 17 355 31 04 288 29 64%  040[-0.12,091] 1
Mullins et al,, 2019 22 668 11 38 623 10 23%  024[0621.10] —
Dei Cas etal, 2024 0149 499 17 029 48 14 34%  0.03(-068074) S E—
McGanry etal., 2024 085 235 170 -1 275 84 21.7%  0.06(-020,0.32 ——
Vijaratnam et al., 2025 01 2 8 01 19 93 177%  -0.10(-0.40,0.19] —
Subtotal (95% CI) 334 254 558%  0.17[-0.08,042] -
Heterogeneity: Tau? = 0.04; Chi* = 8.81, df = 5 (P = 0.12); I = 43%
Test for overall effect: Z = 1.3 (P = 0.18)
1.2 Liraglutide
Gejletal., 2016 05999 14 17 1347 20 36%  010(-0.59,0.78] —gr
Hogg et al., 2022 03 25 37 03 33 18 53% 0.00 [-0.56, 0.56] N
Edison et al,, 2025 028 059 102 -0.39 066 102 199%  0.18(-0.10,0.45] T
Subtotal (95% CI) 153 140 288%  0.14[-0.10,037] -
Heterogeneity: Tau? = 0.00; Chi* = 0.31, df = 2 (P = 0.85); I = 0%
Test for overall effect: Z = 1.15 (P = 0.25)
1.23 Lixisenatide
Meissner et al., 2024 -02 202 7 07 221 75 15.3% 0.24 [-0.08, 0.55] T
Subtotal (95% CI) 7 75 153%  024[-0.08,0.55] E
Heterogeneity: Not applicable
Test for overalleffect: Z = 1.44 (P = 0.15)
Total (95% CI) 564 469 100.0% 0.14[0.01, 0.27] >

Tau® =0.00; Chi* = 9.63, df =9 (P = 0.38); ' = 7% — —

Tast for.overal effect: 2 =2.05 (P = 0.04) Favors control Favors GLP-1RA
Test for subgroup differences: Chi* = 0.24, df = 2 (P = 0.89), I = 0%

d. Analysis by trial duration

GLP-1RA Control Std. Mean Difference Std. Mean Difference

2.4.1 < 6 months
Gejl etal., 2016 05 999 14 17 1317 20 36%
Subtotal (95% Cl) 14 20 3.6%

0.10(-0.59, 0.78]
0.10[-0.59, 0.78]

Heterogeneity: Not applicable

Test for overall effect: Z = 0.28 (P = 0.78)

242> 60 < 12 months

McGarry etal, 2024 085 235 170 -1 275 B84 217% 0.06-0.20, 0.32) i

Dei Cas etal., 2024 0149 499 17 020 48 14 34% 0.03-0.68, 0.74] S —
Subtotal (95% CI) 187 98 251%  0.06(0.19,0.30] -
Heterogeneity: Tau? = 0.00; Chi’ = 0.01, df = 1 (P = 0.93); I = 0%

Test for overall effect: Z = 0.45 (P = 0.65)

243> 12 months

Aviles-Olmos et al., 2013 22 64 20 28 53 24 44% 0.84(0.22, 1.46)

Athauda et al., 2017 17 355 31 04 288 20 64% 040(-0.12,091] |

Muliins etal., 2019 22 668 11 -38 623 10 23% 0.24(-062,1.10] —

Hogg etal., 2022 03 25 37 03 33 18 53% 0.00 [-0.56, 0.56] —
Meissner et al., 2024 02 202 77 07 221 75 153% 0.24-0.08, 0.55] T
Edison et al., 2025 028 059 102 -039 066 102 199% 0.18-0.10, 0.45] i
Vijiaratnam et al., 2025 01 2 8 01 19 93 177%  -0.10(-0.40,0.19) e
Subtotal (95% CI) 363 351 712%  0.19(0.01,0.39] -
Heterogeneity: Tau? = 0.02; Chi? = 9.07, df = 6 (P = 0.17); I = 34%

Test for overall effect: Z = 1.91 (P = 0.06)

Total (95% CI) 564 469 100.0% 0.14[0.01,0.27) >
Heterogeneity: Tau? = 0.00; Chi* = 9.63, df =9 (P = 0.38); I = 7% e "

Test for overall effect: Z = 2.05 (P = 0.04)

Favors control  Favors GLP-1RA
Test for subgroup differences: Chi? = 0.72, df = 2 (P = 0.70), I = 0%

mance with GLP-1RAs than with control. The vertical line at O indi-
cates no difference between groups. CI confidence interval, GLP-1RA
glucagon-like peptide-1 receptor agonist, SMD standardized mean
difference

ADAS-Cog (2 studies; 52 participants), results non-signifi-
cantly favored GLP-1RA (MD —0.55, 95% CI—3.48 to 2.38;
I>=0%). There was a 17% chance of a clinically important
improvement, alongside a 4% risk of a clinically important
decline (Fig. S6).

Secondary outcomes
Cognitive subdomains

For verbal fluency, across 4 studies (133 participants),
GLP-1RAs significantly worsened verbal fluency
(SMD —0.43, 95% CI—0.79 to —0.08; 1>=0%, Fig. S7a).
This finding was robust to exclusion of the high-RoB trial
(Table S6). In contrast, excluding the trial enrolling pre-
diabetic MCI participants attenuated the effect to non-
significance (SMD —0.37, 95% CI—0.80 to 0.06; I* = 8%,
Table S7). For executive function, verbal learning, and
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SMD-basdd MID thresholds
3 | ] SMD 95% CI Pr(Benefit) Pr>MID
a. Global COTIUOn . N [ 0.14 [0.01, 0.27] 98% (1):;,, §>= 8383
| o (>= 05
b. Function ! I | -0.13 [-0.40, 0.14] 83% 11% (<= =0.30)
0% (<= -0.50)
- ) |
¢. Clinical Selemy I—o— — I -0.12 [-0.28, 0.05] 92% 2% (<= -0.30)
0% (<= -0.50)
d. Depressw'l —e— | -0.15 [-0.35, 0.06] 92% 8% (<= -0.30)
| \ 0% (<= -0.50)
T T T T T T
-06 -04 -02 0.0 02 04 06
Standardized mean difference
Any decline Any benefit Clinically important benefit

- e o +MID 0.30 (Cogniton) e = o @= o —~MID 0.30 (Function, Clinical severity, Depression)
+MID 0.50 (Cognition) o= emm= = -MID 0.50 (Function, Clinical severity, Depression)
OLhcome—specific MEID threbholds '
. LI . . MD 95% CI Pr(Benefit) Pr>MCID
e. Ql‘ality of life L3 1 1
-1.17 [-3.43,1.10] 84% 0% (<= -4.72)
f. No'—motor experiences c[ d'ily Iivillg |
——— -0.29 [-1.08, 0.51] 76% 0% (<= -2.64)
g. Métor experiences of daify lifing | |
. — - -1.22 [-2.73,0.29] 94% 1% (<= -3.05)
h. MJtor symptoms (oﬁ—me':l) l ' |
. -1.41 [-3.45, 0.64] 91% 4% (<= -3.25)
i. Mo!or symptoms (on—mez!) ! ! !
. * ol - -1.39 [-3.14, 0.35] 94% 2% (<= -3.25)
e |
j. Motor complications . . .
— -0.11 [-0.46, 0.23] 73% 0% (<= -0.90)
| e |
T T 1
-4 -2 0 2
Mean difference
Any decline Any benefit Clinically important benefit

Quality of life: -4.72
Motor symptoms: -3.25

¢ wm o =

== Non-motor experiences of daily living: -2.64
Motor complications: -0.90

Motor experiences of daily living: =3.05

Fig. 3 Distribution-based MID and outcome-specific MCID inter-
pretation of pooled efficacy estimates across clinical outcomes. The
upper panel shows pooled effects expressed as SMDs for (a) global
cognition, (b) function, (c) clinical severity, and (d) depression. These
were interpreted against prespecified standardized MID thresholds
of 0.30 and 0.50 SD units, applied as+0.30 and+0.50 for global
cognition and as—0.30 and—0.50 for function, clinical severity,
and depression according to the direction of improvement. Accord-
ingly, for global cognition, values above O favor GLP-1RA treatment,
whereas for function, clinical severity, and depression, values below
0 favor GLP-1RA treatment. The lower panel shows pooled effects
expressed as MDs for outcome-specific analyses of (e) quality of life,
(f) non-motor experiences of daily living, (g) motor experiences of
daily living, (h) motor symptoms (off-medication), (i) motor symp-
toms (on-medication), and (j) motor complications. These were inter-

attention, there were no significant differences between
treatment groups (Fig. S7b—d). Upon excluding the high-
RoB study from these outcomes, the estimate remained
imprecise (Table S6). Evidence for visual memory was
limited to a single study (26 participants) with an impre-
cise effect estimate (Fig. S7e).

preted against published anchor-based MCID thresholds on the origi-
nal measurement scales. In each row, the density curve represents the
distribution of the pooled effect estimate. Shaded regions indicate any
decline, any benefit, and clinically important benefit relative to con-
trol. Vertical dashed lines indicate the corresponding MID or MCID
thresholds. The point estimate and horizontal line represent the
pooled effect and 95% CI. The probability columns [Pr(Benefit) and
Pr>MID/MCID] represent the likelihood that the true effect is ben-
eficial or exceeds the clinically meaningful threshold, respectively,
based on the proportion of the distribution falling beyond those spe-
cific lines. CI confidence interval, GLP-1RA glucagon-like peptide-1
receptor agonist, MCID minimal clinically important difference, MD
mean difference, MID minimal important difference, SMD standard-
ized mean difference

Function

Across 9 studies (999 participants), GLP-1RAs showed
no statistically significant difference in function com-
pared with control (SMD —0.13, 95% CI—0.40 to 0.14;
1>=73%, Fig. S8a). Estimates differed by disease subgroup;
in PD, the pooled estimate favored GLP-1RAs but was

@ Springer
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heterogeneous and imprecise (SMD —0.27, 95% CI—0.62
t0 0.08; = 79%). In AD, the pooled estimate was centered
near the null (SMD —0.03, 95% CI—0.29 to 0.23; I>=0%).
In contrast, the single MCI trial showed a large effect in the
opposite direction, with a positive SMD indicating signifi-
cantly better function in the control group (SMD 0.87, 95%
CI0.13 to 1.62). There was evidence of subgroup difference
(p=0.02, Fig. S8a). The probability of achieving a clini-
cally meaningful benefit was low (MID < —0.30 SD: 11%;
MID < —0.50 SD: 0%, Fig. 3b).

Sensitivity analyses supported the impact of removing the
MCT and prediabetic-enrolling trial, yielding a pooled esti-
mate that favored GLP-1RAs; however, it did not reach sta-
tistical significance (8 studies; SMD —0.20, 95% CI—0.46
to 0.06; 1*=70%, Table S7). Using alternative functional
measures when multiple scales were available within a
trial produced a similar, non-significant overall estimate
(SMD —0.14, 95% CI—0.41 to 0.13; >*=72%, Fig. S9).

Clinical severity

Across 6 trials (717 participants), GLP-1RAs were associ-
ated with a small non-statistically significant reduction in
clinical severity compared with control (SMD —0.12, 95%
CI—-0.28 to 0.05; I’=10%, Fig. S8b). Subgroup analyses by
disease population showed a larger but imprecise effect in
PD (SMD —0.20, 95% CI—0.44 to 0.04; ?=31%). In AD,
the effect was close to null (SMD —0.08, 95% CI—0.34 to
0.18; >= 0%). The single MCI trial favored control and was
imprecise (SMD 0.41, 95% CI—0.30 to 1.13). There was no
evidence of subgroup differences. In the sensitivity analy-
sis that excluded the prediabetic-enrolling trial, the pooled
estimate strengthened slightly but remained not statistically
significant (SMD —0.14, 95% CI—0.30 to 0.01), with het-
erogeneity reduced to zero (I>=0%, Table S7). The probabil-
ity of achieving a clinically meaningful improvement was
low (Pr[SMD < —0.30]=2% and Pr[SMD < - 0.50] =0%,
Fig. 3c). In the subgroup analysis of outcomes assessed on
CDR-SoB in the AD population only, the pooled estimate
numerically favored GLP-1RA, but the effect was small and
imprecise (MD —0.18, 95% CI—0.71 to 0.36; ’=0%, Fig.
S10). The probability of clinically important improvement
or decline was 0% (Fig. S10).

Depression

Across 5 trials (n=368), the pooled effect non-signifi-
cantly favored GLP-1RAs (SMD —0.15, 95% CI—0.35
to 0.06; I>=0%). When stratified by population, the esti-
mate was almost similar in PD trials (SMD —0.18, 95%
CI-0.42 to 0.07; I?=15%), while the single MCI trial
was highly imprecise (SMD —0.10, 95% CI—-0.81 to
0.60, Fig. S8c). The probability of achieving a clinically
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meaningful improvement was low (Pr[SMD < —0.30]=8%;
Pr[SMD < —0.50]=0%, Fig. 3d). In subgroup analysis of
outcomes assessed on MADRS in the PD population, the
pooled estimate significantly favored GLP-1RA (MD —2.09,
95% CI—-3.99 to—0.20; 12:0%). However, it did not
achieve any clinically important improvement (Fig. S10).

PD-related outcomes

Across 6 PD trials, the pooled effect demonstrated a non-
significant trend favoring GLP-1RAs across all clinical
domains. Substantial between-study heterogeneity was
observed for QoL (I*=63%), motor experiences of daily
living (I>=82%), and both off-medication (I =63%) and
on-medication (I =58%) motor examinations. Heterogene-
ity was low for non-motor experiences of daily living and
absent for motor complications outcome (Fig. 4). MCID-
based interpretations revealed that the probability of achiev-
ing a clinically important improvement was minimal across
all domains (ranging from 0% to 4%, Fig. 3e—j), and no
outcomes reached the threshold for a clinically important
decline (Fig. S11). Across 4 PD trials (547 participants),
GLP-1RAs did not significantly improve non-motor symp-
toms measured using NMSS (MD —0.54, 95% CI—4.24 to
3.16; 1>=24%, Fig. S12).

Metabolic outcome

Changes in BMI were reported in 3 trials (107 partici-
pants). Overall, GLP-1RAs were associated with a signifi-
cant reduction in BMI (MD —1.70, 95% CI —2.44 to — 0.95;
=0%, Fig. S13). When the high-RoB trial was excluded,
the effect was robust, with only a minimal change in mag-
nitude (Table S6).

Levodopa equivalent daily dose

For the levodopa equivalent daily dose (LEDD), the pooled
effect of 4 trials (434 participants) showed a small non-sig-
nificant reduction in LEDD (Fig. S14).

Safety and tolerability

Among the safety outcomes, GLP-1RAs were significantly
associated with more gastrointestinal AEs, including
constipation, diarrhea, dyspepsia, nausea, and vomiting,
decreased appetite and weight loss. In contrast, no sta-
tistically significant differences were observed for anxi-
ety, dizziness, fatigue, headache, falls, or hypoglycemia.
Overall drug tolerability was lower with GLP-1RAs, with
a higher risk of treatment discontinuation due to AEs com-
pared with control (Fig. 5; Figs. S15-S17). As shown in
Table 2, these relative effects corresponded to clinically
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a. Quality of life (PDQ-39 SI)

GLP-1RA Control Mean Difference Mean Difference
Aviles-Olmos et al., 2013 04 114 20 -06 11.2 24 84% 1.00(-6.71.7.71) e 2
Athauda et al., 2017 -1.2 994 31 -1.1 865 29 13.3% <0.10 [-4.81,4.61] s
Hogg et al., 2022 -25 99 37 12 14 18 75% -13.70(-20.91, -6.49]
McGarry etal., 2024 18 643 170 25 642 84 26.6% -0.70 [-2.38, 0.98] *
Meissner et al., 2024 1.3 894 77 16 7.51 75 220% -0.30[-2.92,2.32) B
Vijiaratnam et al., 2025 15 85 85 13 89 93 223% 0.20 [-2.36, 2.76] i
Total (95% CI) 420 323 100.0%

117 [-3.43,1.10] %
Heterogeneity: Tau® = 4.30; Chi* = 13.36, df = 5 (P = 0.02); I* = 63% "

e
Test for overall effect: Z = 1.01 (P = 0.31) 20 10 0 o 20

1
Favors GLP-1RA Favors control

¢. Motor experiences of daily living (MDS-UPDRS Part II)

GLP-1RA Control Mean Difference Mean Difference
Aviles-Olmos etal. 2013 06 39 20 41 44 24 138% -4.70[7.15,-2.25)
Athauda et al,, 2017 07 4 31 01 48 29 146%  -0.80(-3.04,144] —
Hogg et al., 2022 -24 41 37 19 39 18 147% -4.30 [-6.53, -2.07]
McGarry et al., 2024 145 392 77 14 332 75 191%  0.05[-1.10,120] i
Meissner et al., 2024 19 369 170 17 367 84 198%  020[-0.76, 1.16] R
Vijiaratnam et al., 2025 27 51 8 2 47 93 180%  0.70[0.74,2.14) b
Total (95% CI) 420 323 100.0% -1.22 [-2.73,0.29]) -
2= 2= = 2 = 829 —_-—
Heterogeneity: Tau? = 2.77; Chi = 27.93, df = 5 (P < 0.0001); I = 82% " o

Test for overall effect: Z = 1.58 (P = 0.11) pavms-(s;uxwm Favors cir\uo\

e. Motor ex: on-| ion (MDS-UPDRS Part III)
GLP-1RA Control Mean Difference Mean Difference
Aviles-Olmos etal, 2013 -27 7.7 20 36 67 24 106% -6.30(-10.61,-1.99)
Athauda etal., 2017 14 518 31 13 447 29 189%  -0.20(-2.64,2.24) . [
Hogg et al., 2022 A7 67 37 02 67 18 125%  -150[-5.27,227) — T
McGarry etal., 2024 365 737 170 39 733 84 220%  -0.25[-2.17,167] o
Meissner et al., 2024 2004 707 77 304 698 75 201%  -3.08[-5.31,-0.85] T
Vijiaratnam et al., 2025 57 113 85 46 89 93 15.9% 1.10[-1.91,4.11) .
Total (95% Cl) 420 323 100.0%  -1.39[-3.14,0.35] -
Heterogeneity: Tau? = 2.63; Chi* = 11.96, df = 5 (P = 0.04); I = 58% S ) s 5 |

Test for overall effect: Z = 1.57 (P = 0.12) Favors GLP-1RA Favors control

Fig.4 Effects of GLP-1RAs on Parkinson’s disease-related outcomes.
Forest plots show the pooled effects with 95% Cls, expressed as mean
differences. Outcomes include a quality of life (PDQ-39 SI), b non-
motor experiences of daily living (MDS-UPDRS Part I), ¢ motor
experiences of daily living (MDS-UPDRS Part II), d motor examina-
tions off-medication (MDS-UPDRS Part III), e motor examinations
on-medication (MDS-UPDRS Part III), and f motor complications

relevant absolute increases in several gastrointestinal and
tolerability outcomes, with mostly moderate- to high-cer-
tainty evidence.

Risk-benefit profile of GLP-1RAs across efficacy
and safety outcomes

In terms of absolute effects per 1000 patients, GLP-1RA
therapy was associated with pronounced increases in gas-
trointestinal and tolerability outcomes, most notably nausea
(+253), weight loss (+210), and decreased appetite (+199).
Drug tolerability corresponded to an absolute increase of 59
discontinuations per 1000 patients. Fewer patients treated
with GLP-1RAs experienced dizziness (—26) and falls (—9).
For efficacy outcomes, absolute effects were estimated using
prespecified MCID thresholds, representing the number
of patients per 1000 who achieved a clinically important
improvement. The absolute efficacy gains corresponded to
116 more patients per 1000 for depression, 70 more for PD
motor experiences of daily living, and 54 more for PD motor
examination on-medication with GLP-1RA treatment com-
pared with control. Conversely, for cognition measured by
the MMSE, 124 fewer patients reached the clinically impor-
tant difference compared with control (Fig. S18).

d. Motor examinati

b. Non-motor experiences of daily living (MDS-UPDRS Part I)

GLP-1RA Control Mean Difference Mean Difference
Aviles-Olmos et al., 2013 02 44 20 28 47 24 74% -2.60 [-5.29, 0.09]
Athauda et al., 2017 -1 3.98 31 05 467 29 10.3% -1.50 [-3.70, 0.70)
Hogg et al., 2022 1147 37 05 44 18 8.2% -1.60 [-4.13, 0.93]

THT

Meissner et al., 2024 125 43 77 061 318 75 230%  0.64[0.56,1.84] T
McGarry etal, 2024 05 369 170 05 367 84 282%  0.00(0.96,0.96] -3
Vijiaratnam et al., 2025 11 38 8 09 44 93 229%  0.20[-1.01,1.41) -
Total (95% CI) 420 323 100.0%  -0.29 [-1.08, 0.51] *
[ S

Heterogeneity: Tau® = 0.35; Chi* = 7.94, df = 5 (P = 0.16); I’ = 37%

Test for overall effect: Z = 0.70 (P = 0.48) Favors GLP-1RA Favors control

off-medication (MDS-UPDRS Part I1I)

GLP-1RA Control Mean Difference Mean Difference
Aviles-Olmos etal, 2013 27 7.6 20 22 73 24 121% -4.90[-033,-047)
Athauda etal., 2017 23 568 31 17 646 29 174%  -4.00[-7.09,-0.91]
Hogg et al., 2022 23 94 3 5 71 18 120%  270[-1.76,7.16) —
Meissner et al., 2024 17.7 7.05 70 206 7.24 74 204% -2.90 [-5.23, -0.57) .
McGarry etal., 2024 365 7.37 170 39 7.33 84 224%  -0.25[2.17,167) e
Vijiaratnam et al, 2025 57 112 85 45 114 93 161% 120212452 B [ —
Total (95% Cl) 413 322 1000%  -1.41(-3.45,0.64] -
Heterogeneity: Tau? = 3.92; Chit = 13.68, df = 5 (P = 0.02); I* = 63% % L

Test for overall effect: Z = 1.35 (P = 0.18) Favors GLP-1RA Favors control

f. Motor complications (MDS-UPDRS Part IV)

GLP-1RA Control Mean Difference Mean Difference
o

Aviles-Olmos etal, 2013 05 25 20 11 26 24 51% -1.60(-3.11,-0.09)
Athauda et al.. 2017 03 33 31 03 33 29 42%  000[-167.167) ——
Hogg et al., 2022 02 32 37 01 42 18 24%  010[-210,230) —
Meissner et al., 2024 02 157 77 02 088 75 719%  000[-040,040] -
McGarry etal, 2024 365 7.37 170 39 7.33 84 32%  -025[-2.17,167) T
Vijiaratnam et al., 2025 01 31 8 03 33 93 132%  -0.20(-1.14,0.74] I
Total (95% CI) 420 323 100.0%  -0.11[-0.46,0.23] <

—_ 1

Heterogeneity: Tau? = 0.00; Chi* = 4.13, df = 5 (P = 0.53); I = 0%

o
Test for overall effect: Z = 0.65 (P = 0.51) 2 10 1 2

Favors GLP-1RA  Favors control

(MDS-UPDRS Part IV). For all outcomes, effect estimates below 0
indicate improvement with GLP-1RA treatment. The vertical line at 0
indicates no difference between groups. CI confidence interval, GLP-
IRA glucagon-like peptide-1 receptor agonist, MDS-UPDRS Move-
ment Disorder Society-sponsored Revision of the Unified Parkinson’s
Disease Rating Scale, PDQ-39 SI Parkinson’s Disease Question-
naire-39 Summary Index

Meta-regression analysis

Meta-regression using a random-effects model (REML
with Knapp—Hartung adjustment) showed no evidence
that treatment duration influenced the global cognition
effect size, with an estimated slope of f=0.00 SMD per
week (SE=0.00; p=0.64), corresponding to an approxi-
mate change of —0.02 SMD per 10 weeks. After account-
ing for duration, residual heterogeneity was low (t>=0.01;
I=18.9%). Similarly, disease group did not significantly
moderate the effect, with PD studies showing a non-sig-
nificant difference compared with AD-spectrum studies
(B=0.16; SE=0.22; p=0.49) and residual heterogeneity
remained moderate (t>=0.03; ?’=41.5%). CIs for hetero-
geneity parameters were wide (duration model > 95% CI
0.00 to 0.51; I 95% CI 0.0% to 91.4%; disease model t*
95% CI 0.00 to 0.42; 1> 95% CI1 0.0% to 89.9%, Fig. S19).

Narrative synthesis of study findings
Parkinson’s disease
For PD, the findings were inconsistent across trials. Early

proof-of-concept studies on exenatide suggested modest
improvements in off-medication motor severity, with
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1

1

1

1
Discontinuation due to AEs : _—— 2.52[1.53, 4.13]
Anxiety - ® 1.61[0.57, 4.55]
Dizziness o—1 0.7 [0.13, 4.65]
Fatigue : P 1.580.81, 3.10]
Headache :g 1.06 [0.43, 2.58]
Fall oL 0.890.27, 3.00]
Abdominal pain : O 1.75[0.91, 3.35]
Constipation 1 p—— el 1.85[1.11, 3.08]
Diarrhea | ——— 150 [1.11,2.28]
Dyspepsia i ® 2.19[1.06, 4.53]
Nausea : —_——— 2.59[1.90, 3.54]
Vomiting i ° 2.07 [1.11, 3.86]
Decreased appetite : -+ 5.76(3.31,10.02]
Weight loss ! ® 2.46[1.38, 4.38]
Hypoglycemia ! O 1.35[0.37, 4.98]

1

1

0.10 0.25 0.50

@ Tolerability

@ Neurological / Neuropsychiatric events -@- Gastrointestinal events

Fig.5 Adverse events associated with GLP-1RAs versus control.
Forest plot of pooled RRs with 95% Cls for discontinuation due to
adverse events and selected adverse events. The vertical dashed
line at RR=1 indicates no difference between groups. Estimates to

signals persisting through extended follow-ups, alongside
improvements in cognition, while dopaminergic imaging
changes were minimal (Aviles-Olmos et al. 2013, 2014).
Subsequent double-blind evidence again favored exena-
tide for motor outcomes off-medication and reported a
signal consistent with a slower decline in striatal DAT
binding (Athauda et al. 2017). Post hoc analyses of non-
motor outcomes were exploratory and many signals were
not sustained after withdrawals (Athauda et al. 2018). In
contrast, the large phase 3 trial found no meaningful ben-
efits across motor, cognitive, functional, QoL, or dopa-
minergic imaging outcomes (Vijiaratnam et al. 2025).
Other agents showed domain-specific patterns; liraglutide
improved function and patient-reported QoL without clear
effects on global cognition or motor severity (Hogg et al.
2022). Lixisenatide improved the motor endpoint, with
benefits persisting after washout; however, non-motor
and cognitive outcomes were similar between the groups
(Meissner et al. 2024). NLYO01 did not improve any pri-
mary or secondary outcomes, with tolerability concerns
at higher doses (McGarry et al. 2024). Further details are
listed in Table S8.
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Favors GLP-1RA (RR<1) |

i , Favors Control (RR> 1)

1.00 2.00 5.00
Risk Ratio (log scale)

10.0012.00

@ Falls / Injury-related events “® Metabolic / appetite-related effects

@ Glycemic events

the left of this line favor GLP-1RA treatment (lower risk), whereas
estimates to the right favor control (higher risk with GLP-1RA treat-
ment). CI confidence interval, GLP-IRA glucagon-like peptide-1
receptor agonist, RR risk ratio

Alzheimer’s disease and mild cognitive impairment

In AD and MCI, evidence for GLP-1RAs remains mixed,
with signals of biological activity but limited translation
into clinical efficacy. In the non-diabetic MCI population,
weekly exenatide did not improve cognition, function, or
behavioral measures compared with the control group, and
exploratory analyses suggested possible sex-related hetero-
geneity, including potential worsening among female par-
ticipants (Dei Cas et al. 2024). In the trial enrolling MCI
and mild AD, exenatide was terminated early and under-
powered, with no discernible benefits on cognition, daily
functioning, magnetic resonance spectroscopy metabolites,
structural magnetic resonance imaging (MRI) measures,
or CSF biomarkers; a minor biochemical signal in plasma
extracellular vesicle-derived Ap,, was not accompanied by
clinical improvement (Mullins et al. 2019). Liraglutide tri-
als have demonstrated target engagement or neurobiological
signals more consistently than clinical benefits. A 26-week
liraglutide trial in mild-to-moderate AD did not reduce AP
deposition or improve cognition relative to placebo, but
FDG-PET suggested preserved cerebral glucose metabolism
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in AD-vulnerable regions (Gejl et al. 2016). Over a 52-week
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outcome in most included studies, except one trial (Dei
Cas et al. 2024), individual RCTs were often not designed
or powered to detect modest cognitive effects. Therefore,
statistical significance may only emerge after pooling,
particularly in the presence of small sample sizes (Button
et al. 2013).

In the domain-specific analyses, we observed no clear
benefits for executive function, verbal learning and mem-
ory, visual memory, attention, or working memory, whereas
verbal fluency favored the control group. These findings,
however, should be interpreted cautiously given the lim-
ited evidence base for each domain and the heterogeneity
in cognitive tests and populations. In addition, short-term
treatment tolerability may influence performance on some
cognitive tests, complicating interpretation of isolated
domain-level signals.

In AD models, GLP-1RAs have been associated with
reduced AP pathology and tau phosphorylation (Katsenos
et al. 2022). However, biomarker effects in the included
trials were inconsistent. One trial found no reduction in
amyloid burden on amyloid PET (Gejl et al. 2016). In con-
trast, two trials suggested positive metabolic and mecha-
nistic signals, including the attenuation of cerebral glucose
hypometabolism (measured via FDG-PET) and increased
blood-brain barrier glucose transport capacity (Gejl et al.
2016, 2017). Another trial reported a significant group-
by-visit effect for extracellular vesicle Af,,, although this
occurred without corresponding improvements in core CSF
biomarkers (Mullins et al. 2019). Taken together, these find-
ings suggest possible CNS target engagement, but they do
not provide consistent evidence that GLP-1RAs modify core
AD pathological processes in a way that clearly translates
into clinical benefit.

In a 12-week placebo-controlled trial, liraglutide
increased resting-state functional connectivity between the
hippocampus and several cortical clusters overlapping with
the default mode network. This pattern is consistent with
the hypothesis that liraglutide may mitigate adverse effects
of glucose dysregulation on brain network function. Since
these networks are crucial for memory and cognition, such
changes may reflect a biologically plausible neural response
to treatment. This potential makes liraglutide particularly
relevant for individuals at elevated AD risk due to modi-
fiable factors such as insulin resistance or non-modifiable
factors such as family history. However, no parallel improve-
ments were detected in objective cognitive performance or
subjective complaints over the same period. Therefore, these
fMRI findings are best interpreted as target engagement sig-
nals rather than evidence of clinical efficacy (Watson et al.
2019). Studies with larger samples and longer follow-up
periods are required to determine whether such network-
level modulations translate into detectable cognitive benefits
in a relatively cognitively unimpaired population.

In rodent models, central GLP-1 receptor activation has
been associated with reduced anxiety- and depression-like
behaviors. In humans, a previous MA of 5 RCTs reported
that GLP-1RAs significantly improved depressive symp-
toms in a mixed diabetic and non-diabetic population (Chen
et al. 2024). In our analysis, the pooled estimate favored
GLP-1RAs but did not reach statistical significance. Sub-
group analysis, however, showed significant improvement
in depressive symptoms in PD. Nevertheless, MCID-based
analysis indicates that the observed improvement still falls
below the threshold for clinically important benefit. This
suggests that although a treatment signal may be present, its
magnitude is likely modest and may not be large enough to
produce a noticeable or decision-relevant benefit for most
individual patients. Therefore, current evidence points to a
modest exploratory antidepressant effect rather than a robust
clinical benefit. The mechanisms underlying this potential
effect also remain uncertain (Chen et al. 2024).

In our analysis, GLP-1RAs did not significantly improve
functional abilities or global clinical outcomes. Evidence
from individual trials remains inconsistent. For example,
in AD, the ELAD trial reported no significant benefit on
functional status or global severity. Similarly, a recent SR
concluded that the available clinical evidence for GLP-1RAs
in AD is still limited and does not demonstrate a consist-
ent efficacy signal on clinical endpoints (Liang et al. 2024).
According to 2018 FDA draft guidance, treatment efficacy in
mild-to-moderate dementia is typically expected to include
concurrent improvement in cognition, function, and clini-
cian-based global impression (Hamilton et al. 2025). Within
that framework, the current evidence does not indicate that
GLP-1RAs meet a multi-domain threshold suggestive of
clinically established benefit. For PD, some trials have
reported improvements in daily activities, suggesting possi-
ble symptomatic benefits in selected domains (Aviles-Olmos
et al. 2013; Hogg et al. 2022). This mixed pattern may reflect
limited statistical power, short follow-up periods, or true
heterogeneity in treatment responsiveness across populations
and outcome domains.

Across PD outcomes, pooled effects generally favored
GLP-1RAs but did not reach statistical significance. Early
exenatide trials reported clinically meaningful improve-
ments in motor severity off-medication that persisted after
washout (Aviles-Olmos et al. 2013; Athauda et al. 2017).
However, these findings were not replicated by the large
96-week phase 3 trial (Vijiaratnam et al. 2025). Findings
for non-motor symptoms and QoL outcomes were similarly
inconsistent. While a few trials reported domain-specific
improvements, most trials—particularly the more recent
ones—found no significant advantages. Even where pooled
estimates trended positively, the probability of an individual
patient achieving an MCID across these domains remained
very low. Overall, current evidence does not demonstrate
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a convincing disease-modifying signal in PD. GLP-1RAs
may exert metabolic, neuroinflammatory, or neuroprotec-
tive effects within the CNS, but these remain speculative
and insufficient to yield consistent or clinically meaningful
benefit against established neurodegeneration (Athauda et al.
2026).

Dopaminergic imaging has provided exploratory yet
inconclusive evidence of disease modification. One study
reported a DaT-SPECT signal suggestive of a slower decline
in the striatal dopamine transporter binding (Athauda et al.
2017). However, these observations should be interpreted
with caution as apparent persistence may reflect symp-
tomatic effects or bias. Moreover, DaT imaging has lim-
ited sensitivity and specificity as a progression biomarker
(Zarkali et al. 2024). Importantly, larger, more recent trials
have not confirmed the benefits of dopaminergic imaging
(McGarry et al. 2024; Vijiaratnam et al. 2025).

In pooled analyses of LEDD, GLP-1RAs did not sig-
nificantly reduce dopaminergic medication requirements
compared with control. Meaningful disease modification
would ideally slow escalation of dopaminergic medication
over time. Therefore, the lack of a consistent LEDD-sparing
effect provides limited support for a robust symptomatic
dopaminergic benefit or a clear disease-modifying signal
within the study period. However, LEDD is an indirect out-
come influenced by prescribing practices, symptom targets,
and tolerability. Therefore, small effects, if present, may
require larger samples and longer follow-up periods to be
detected (Julien et al. 2021).

Safety findings suggest that GLP-1RA use is often lim-
ited by gastrointestinal intolerance and catabolic effects,
such as reduced appetite and weight loss. Pooled evidence
showed a higher risk of discontinuation due to AEs. Weight
loss induced by GLP-1RAs should be interpreted in a
patient-specific context. In insulin-resistant cohorts, BMI
reduction may reflect beneficial metabolic effects, consist-
ent with improved insulin sensitivity (Watson et al. 2019).
Conversely, in AD and PD cohorts, additional weight loss
was not necessarily advantageous (Mullins et al. 2019; Hogg
et al. 2022). Although frailty and sarcopenia were not ana-
lyzed, weight loss in these populations may overlap with
these vulnerability states or disease-related decline, reflect-
ing prognosis rather than therapeutic benefit (Ibrahim et al.
2025). A recent commentary highlighted the potential of
GLP-1RAs in worsening nutritional deficits in vulnerable
populations. Evidence also links disrupted energy homeo-
stasis to accelerated neurodegeneration, suggesting that
even modest weight loss can have unfavorable cognitive
consequences (Ibrahim et al. 2025). The associated AEs
may have important clinical consequences by reducing oral
intake and worsening hydration, thereby limiting the fea-
sibility of sustained use in routine practice (Ismaiel et al.
2025). Overall, the current evidence suggests that treatment
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burden may outweigh the magnitude of demonstrated
clinical benefit. Accordingly, the broader clinical utility of
GLP-1RAs remains uncertain, and use is better regarded as
investigational.

This study has several strengths. We focused specifi-
cally on non-diabetic populations, reducing confounding
from glycemic control and allowing a clearer interpretation
of the potential neuroprotective effects. Our methods were
transparent and protocolized, and we evaluated a broad set of
clinically relevant endpoints. The inclusion of both efficacy
and safety endpoints enabled a comprehensive assessment of
the overall benefit-risk profile of GLP-1RAs. Importantly,
we complemented conventional MA estimates using the
MID/MCID framework to facilitate clinical interpretation.
This allows us to shift the focus from purely statistical sig-
nificance to clinical relevance, ensuring that pooled results
reflect changes that are actually meaningful to patients rather
than just mathematically detectable. In addition, we con-
ducted extensive sensitivity analyses to confirm the robust-
ness of our results and subgroup analyses to explore efficacy
differences across key study and participant characteristics.

Nevertheless, our study has several limitations. Owing
to strict eligibility criteria, only 14 trials were included.
Follow-up durations varied across trials. However, meta-
regression found no duration—effect relationship, suggesting
that differences in follow-up alone are unlikely to explain the
inconsistent results. Pooling AD, PD, and MCI in a single
primary analysis may have oversimplified important differ-
ences in pathophysiology, cognitive trajectories, and the
validity and sensitivity of the instruments used across these
conditions. Accordingly, the pooled estimate should be inter-
preted as an overall cross-condition summary rather than as
evidence of a uniform treatment effect across populations.
Disease-specific MID evidence for AD and PD was lim-
ited; therefore, we prespecified distribution-based thresholds
informed by broader MID literature from other populations.
Another limitation of this approach is that distribution-based
methods are purely statistical. While they effectively cap-
ture mathematical variability within a sample, they do not
inherently confirm whether a calculated change is clinically
meaningful to the patient (Ousmen et al. 2018). Therefore,
the distribution-based interpretations were regarded as
exploratory rather than definitive. Finally, the included tri-
als were conducted in Western populations, which may limit
generalizability to other ethnic groups and regions.

Future trials should prioritize earlier-stage or preven-
tion settings and enroll larger cohorts with longer follow-
up. Incorporating biologically enriched populations, such
as insulin-resistant or inflammatory phenotypes, and
selecting endpoints aligned to the proposed mechanism
with clinically meaningful anchors will be essential. A
greater emphasis on safety and tolerability should be con-
sidered. Structured support strategies, including gradual
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dose titration, preemptive management of AEs, nutritional
oversight, and caregiver engagement, may be essential to
optimize retention and reduce attenuation of potential
treatment effects. Collectively, these design features will
be important for determining whether any observed benefit
is symptomatic or disease-modifying.

In parallel, several key areas require further investiga-
tion to strengthen the application of MCID in neurode-
generative trials. First, there remains a notable lack of
anchor-based validation for several cognitive measures,
such as the MDRS-2 and MoCA. Furthermore, even
among well-established clinical measures, such as CDR-
SoB and ADAS-Cog, existing anchor-based literature pre-
dominantly focuses on thresholds for disease deteriora-
tion rather than improvement. A critical future direction
is to establish MCID thresholds for clinical improvement
(Hamilton et al. 2025). Regulatory agencies increasingly
support the use of anchor-based methods to determine the
clinical meaningfulness of individual-level change. Robust
and disease-specific MCID estimates should be leveraged
within regulatory submission packages to better contextu-
alize treatment effects.

In conclusion, this study suggests that GLP-1RAs may
confer a modest cognitive benefit; however, the effect
appears to have limited clinical relevance. Evidence across
other clinical outcomes and biomarkers was inconsistent and
did not support any clear symptomatic or disease-modifying
effect. Any potential benefit must also be weighed against
weight loss and frequent AEs. Definitive large-scale trials
are needed to clarify the benefit-risk profile and identify
subgroups most likely to benefit.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s12272-026-01615-y.

Acknowledgements This work was supported by grants from the Min-
istry of Science and ICT, South Korea (RS-2026-25495988), and the
Basic Science Research Program through the National Research Foun-
dation of Korea funded by the Ministry of Education, South Korea (No.
NRF-2021R1A6A1A03044296). The funding sources had no role in
the study design, data collection, analysis, and interpretation, manu-
script preparation, or decision to submit the article for publication.

Funding Open Access funding enabled and organized by Chung-Ang
University. Open Access funding enabled and organized by Chung-
Ang University.

Data availability All data generated or analyzed during this study are
included in this published article and its supplementary information
files.

Declarations

Conflict of interest Kim EY is an Editor of this journal, Archives of
Pharmacal Research. However, her position did not influence the edi-
torial handling or peer review process of this manuscript. The other
author declares no conflict of interest.

Ethical approval Not applicable.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Athauda D, Maclagan K, Skene SS, Bajwa-Joseph M, Letchford D,
Chowdhury K, Hibbert S, Budnik N, Zampedri L, Dickson J,
Li Y, Aviles-Olmos I, Warner TT, Limousin P, Lees AJ, Greig
NH, Tebbs S, Foltynie T (2017) Exenatide once weekly versus
placebo in Parkinson’s disease: a randomised, double-blind,
placebo-controlled trial. Lancet 390:1664—1675. https://doi.
org/10.1016/S0140-6736(17)31585-4

Athauda D, Maclagan K, Budnik N, Zampedri L, Hibbert S, Skene
SS, Chowdhury K, Aviles-Olmos I, Limousin P, Foltynie T
(2018) What effects might exenatide have on non-motor symp-
toms in Parkinson’s disease: a post hoc analysis. J Parkinsons
Dis 8:247-258. https://doi.org/10.3233/jpd-181329

Athauda D, Greig NH, Meissner WG, Foltynie T, Gandhi S (2026)
The promise of GLP-1 receptor agonists for neurodegenerative
diseases. J Clin Investig 136:€194745. https://doi.org/10.1172/
jcil94745

Aviles-Olmos I, Dickson J, Kefalopoulou Z, Djamshidian A, EIl P,
Soderlund T, Whitton P, Wyse R, Isaacs T, Lees A, Limousin P,
Foltynie T (2013) Exenatide and the treatment of patients with
Parkinson’s disease. J Clin Investig 123:2730-2736. https://doi.
org/10.1172/jci68295

Aviles-Olmos I, Dickson J, Kefalopoulou Z, Djamshidian A, Kahan
J, Ell P, Whitton P, Wyse R, Isaacs T, Lees A, Limousin P,
Foltynie T (2014) Motor and cognitive advantages persist 12
months after exenatide exposure in Parkinson’s disease. J Par-
kinsons Dis 4:337-344. https://doi.org/10.3233/jpd-140364

Balshem H, Helfand M, Schiinemann HJ, Oxman AD, Kunz R,
Brozek J, Vist GE, Falck-Ytter Y, Meerpohl J, Norris S, Guyatt
GH (2011) GRADE guidelines: 3. rating the quality of evi-
dence. J Clin Epidemiol 64:401-406. https://doi.org/10.1016/j.
jclinepi.2010.07.015

Button KS, Ioannidis JPA, Mokrysz C, Nosek BA, Flint J, Robinson
ESJ, Munafo MR (2013) Power failure: why small sample size
undermines the reliability of neuroscience. Nat Rev Neurosci
14:365-376. https://doi.org/10.1038/nrn3475

Chandler JM, Lansdall CJ, Ye W, McDougall F, Belger M, Toth B,
Mi X, Sink KM, Atkins AS (2025) The Alzheimer’s Disease
Cooperative Study-Activities of Daily Living dependence score:
revision and validation of an algorithm evaluating patient depend-
ence across the spectrum of AD severity. J Prev Alzheimers Dis
12:100261. https://doi.org/10.1016/j.tjpad.2025.100261

Chen X, Zhao P, Wang W, Guo L, Pan Q (2024) The antidepres-
sant effects of GLP-1 receptor agonists: a systematic review and
meta-analysis. Am J Geriatr Psychiatry 32:117-127. https://doi.
org/10.1016/j.jagp.2023.08.010

@ Springer


https://doi.org/10.1007/s12272-026-01615-y
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S0140-6736(17)31585-4
https://doi.org/10.1016/S0140-6736(17)31585-4
https://doi.org/10.3233/jpd-181329
https://doi.org/10.1172/jci194745
https://doi.org/10.1172/jci194745
https://doi.org/10.1172/jci68295
https://doi.org/10.1172/jci68295
https://doi.org/10.3233/jpd-140364
https://doi.org/10.1016/j.jclinepi.2010.07.015
https://doi.org/10.1016/j.jclinepi.2010.07.015
https://doi.org/10.1038/nrn3475
https://doi.org/10.1016/j.tjpad.2025.100261
https://doi.org/10.1016/j.jagp.2023.08.010
https://doi.org/10.1016/j.jagp.2023.08.010

710

Y. Elghanam, E. Kim

Choi YL, Song CS, Chun BY (2017) Activities of daily living and man-
ual hand dexterity in persons with idiopathic Parkinson disease.
J Phys Ther Sci 29:457-460. https://doi.org/10.1589/jpts.29.457

D’Angremont E, Begemann MJH, Van Laar T, Sommer IEC (2023)
Cholinesterase inhibitors for treatment of psychotic symptoms
in Alzheimer disease and Parkinson disease: a meta-analysis.
JAMA Neurol 80:813-823. https://doi.org/10.1001/jamaneurol.
2023.1835

de Albuquerque MB, Nunes LEDB, de Oliveira Maldonado JV, Melo
Ferreira DG, Margato MM, Rabelo LV, Valenca MM, Oliveira
Cordeiro LH (2025) GLP-1 receptor agonists for Parkinson’s
disease: an updated meta-analysis. Parkinsonism Relat Disord
130:107220. https://doi.org/10.1016/j.parkreldis.2024.107220

Deeks 1], Higgins JP, Altman DG, McKenzie JE, Veroniki AA (2024)
Chapter 10: analysing data and undertaking meta-analyses. In:
Higgins JP, Thomas J, Chandler J, Cumpston M, Li T, Page MJ
(eds) Cochrane handbook for systematic reviews of interven-
tions, 6.5. Cochrane, London

Dei Cas A, Micheli MM, Aldigeri R, Gardini S, Ferrari-Pellegrini F,
Perini M, Messa G, Antonini M, Spigoni V, Cinquegrani G, Vaz-
zana A, Moretti V, Caffarra P, Bonadonna RC (2024) Long-acting
exenatide does not prevent cognitive decline in mild cognitive
impairment: a proof-of-concept clinical trial. J Endocrinol Inves-
tig 47:2339-2349. https://doi.org/10.1007/s40618-024-02320-7

Dzikon C (2020) The Wechsler memory scale (WMS-IV). In: Car-
ducci BJ, Nave CS, Di Fabio A (eds) The Wiley encyclopedia of
personality and individual differences, measurement and assess-
ment. Wiley, Hoboken, pp 529-532. https://doi.org/10.1002/
9781118970843.ch159

Edison P, Femminella GD, Ritchie C, Nowell J, Holmes C, Walker Z,
Ridha B, Raza S, Livingston NR, Frangou E, Love S, Williams
G, Lawrence R, Mcfarlane B, Archer H, Coulthard E, Underwood
BR, Koranteng P, Karim S, Bannister C, Perneczky R, Prasanna
A, Junaid K, McGuinness B, Nilforooshan R, Macharouthu A,
Donaldson A, Thacker S, Russell G, Malik N, Mate V, Knight L,
Kshemendran S, Holscher C, Mansouri A, Chester-Jones M, Hol-
mes J, Tan T, Williams S, Ashraf A, Brooks DJ, Harrison J, Hinz
R, Tadros G, Passmore AP, Ballard C (2025) Liraglutide in mild
to moderate Alzheimer’s disease: a phase 2b clinical trial. Nat
Med 32:353-361. https://doi.org/10.1038/s41591-025-04106-7

Egecioglu E, Engel JA, Jerlhag E (2013) The glucagon-like peptide
1 analogue Exendin-4 attenuates the nicotine-induced locomo-
tor stimulation, accumbal dopamine release, conditioned place
preference as well as the expression of locomotor sensitization
in mice. PLoS ONE 8:e77284. https://doi.org/10.1371/journal.
pone.0077284

Elghanam Y, Purja S, Kim EY (2024) Biomarkers as endpoints in clini-
cal trials for Alzheimer’s disease. J Alzheimers Dis 99:693-703.
https://doi.org/10.3233/jad-240008

Forkmann T, Scherer A, Boecker M, Pawelzik M, Jostes R, Gauggel S
(2011) The clinical global impression scale and the influence of
patient or staff perspective on outcome. BMC Psychiatry 11:83.
https://doi.org/10.1186/1471-244x-11-83

Garcia-Casares N, Gonzalez-Gonzalez G, de la Cruz-Cosme C,
Garz6n-Maldonado FJ, de Rojas-Leal C, Ariza MJ, Narvaez M,
Barbancho MA, Garcia-Arnés JA, Tinahones FJ (2023) Effects
of GLP-1 receptor agonists on neurological complications of dia-
betes. Rev Endocr Metab Disord 24:655-672. https://doi.org/10.
1007/S11154-023-09807-3

Gejl M, Gjedde A, Egefjord L, Mgller A, Hansen SB, Vang K, Rodell
A, Brendgaard H, Gottrup H, Schacht A, Mgller N, Brock B,
Rungby J (2016) In Alzheimer’s disease, 6-month treatment with
GLP-1 analog prevents decline of brain glucose metabolism: ran-
domized, placebo-controlled, double-blind clinical trial. Front
Aging Neurosci 8:108. https://doi.org/10.3389/fnagi.2016.00108

@ Springer

Gejl M, Brock B, Egefjord L, Vang K, Rungby J, Gjedde A (2017)
Blood-brain glucose transfer in Alzheimer’s disease: effect of
GLP-1 analog treatment. Sci Rep 7:17490. https://doi.org/10.
1038/s41598-017-17718-Y

Goetz CG, Tilley BC, Shaftman SR, Stebbins GT, Fahn S, Martinez-
Martin P, Poewe W, Sampaio C, Stern MB, Dodel R, Dubois B,
Holloway R, Jankovic J, Kulisevsky J, Lang AE, Lees A, Leurgans
S, LeWitt PA, Nyenhuis D, Olanow CW, Rascol O, Schrag A,
Teresi JA, van Hilten JJ, LaPelle N (2008) Movement Disorder
Society-sponsored revision of the Unified Parkinson’s Disease
Rating Scale (MDS-UPDRS): scale presentation and clinimet-
ric testing results. Mov Disord 23:2129-2170. https://doi.org/10.
1002/mds.22340

Guo HJ, Sapra A (2022) Instrumental activity of daily living. In: Stat-
Pearls (Internet). StatPearls Publishing, Treasure Island

Hamilton JL, Fuller RLM, Modi N, Sampaio C (2025) Utilizing MCID
for evaluating clinical relevance of AD therapeutic interventions.
Alzheimers Dement Amst 11:¢70138. https://doi.org/10.1002/
trc2.70138

Higgins JP, Li T, Deeks JJ (2024) Chapter 6: choosing effect meas-
ures and computing estimates of effect | Cochrane. In: Higgins
JP, Thomas J, Chandler J, Cumpston M, Li T, Page MJ (eds)
Cochrane handbook for systematic reviews of interventions.
Cochrane, London

Hogg E, Wu T, Bresee C, Wertheimer J, Malatt C, Tan E, Pomeroy H,
Nuno M, Wyse R, Tagliati M (2022) A phase II, randomized, dou-
ble-blinded, placebo-controlled trial of liraglutide in Parkinson’s
disease. SSRN Electron J. https://doi.org/10.2139/ssrn.4212371

Holscher C (2010) The role of GLP-1 in neuronal activity and neuro-
degeneration. Vitam Horm 84:331-354. https://doi.org/10.1016/
b978-0-12-381517-0.00013-8

Hori H, Shiosakai M, Shibasaki Y, Yamato K, Zhang Y (2025) Assess-
ment of minimum clinically important difference in symptoms and
functionality of Japanese patients with major depressive disorder
following inadequate response to antidepressants: a post hoc anal-
ysis of the long-term study of brexpiprazole augmentation therapy
in Japanese patients with major depressive disorder. Front Psy-
chiatry 16:1556470. https://doi.org/10.3389/fpsyt.2025.1556470

Horvath K, Aschermann Z, Acs P, Deli G, Janszky J, Komoly S,
Balazs E, Takacs K, Karadi K, Kovacs N (2015) Minimal clini-
cally important difference on the motor examination part of MDS-
UPDRS. Parkinsonism Relat Disord 21:1421-1426. https://doi.
org/10.1016/].parkreldis.2015.10.006

Horvath K, Aschermann Z, Kovacs M, Makkos A, Harmat M, Janszky
J, Komoly S, Karadi K, Kovacs N (2017a) Minimal clinically
important differences for the experiences of daily living parts of
Movement Disorder Society-sponsored Unified Parkinson’s Dis-
ease Rating Scale. Mov Disord 32:789-793. https://doi.org/10.
1002/mds.26960

Horvath K, Aschermann Z, Kovacs M, Makkos A, Harmat M, Janszky
J, Komoly S, Karadi K, Kovacs N (2017b) Changes in quality of
life in Parkinson’s disease: how large must they be to be relevant?
Neuroepidemiology 48:1-8. https://doi.org/10.1159/000455863

Hsu CW, Hsu TW, Kao YC, Lin YH, Thompson T, Carvalho AF,
Stubbs B, Tseng PT, Yang FC, Tsai CK, Yu CL, Tu YK, Liang
CS (2025) The efficacy and safety of anti-amyloid monoclonal
antibody versus acetylcholinesterase inhibitor with an in-depth
analysis across genotypes and disease stages: a systematic review
and meta-analysis. J Prev Alzheimers Dis 12:100195. https://doi.
org/10.1016/j.tjpad.2025.100195

Ibrahim R, Kambal A, Abdelmajeed MA (2025) Glucagon-like pep-
tide-1 receptor agonists in neurodegenerative diseases: a com-
prehensive review. Cureus 17:€92441. https://doi.org/10.7759/
cureus.92441

Ismaiel A, Scarlata GGM, Boitos I, Leucuta DC, Popa SL, Al Srouji
N, Abenavoli L, Dumitrascu DL (2025) Gastrointestinal adverse


https://doi.org/10.1589/jpts.29.457
https://doi.org/10.1001/jamaneurol.2023.1835
https://doi.org/10.1001/jamaneurol.2023.1835
https://doi.org/10.1016/j.parkreldis.2024.107220
https://doi.org/10.1007/s40618-024-02320-7
https://doi.org/10.1002/9781118970843.ch159
https://doi.org/10.1002/9781118970843.ch159
https://doi.org/10.1038/s41591-025-04106-7
https://doi.org/10.1371/journal.pone.0077284
https://doi.org/10.1371/journal.pone.0077284
https://doi.org/10.3233/jad-240008
https://doi.org/10.1186/1471-244x-11-83
https://doi.org/10.1007/S11154-023-09807-3
https://doi.org/10.1007/S11154-023-09807-3
https://doi.org/10.3389/fnagi.2016.00108
https://doi.org/10.1038/s41598-017-17718-Y
https://doi.org/10.1038/s41598-017-17718-Y
https://doi.org/10.1002/mds.22340
https://doi.org/10.1002/mds.22340
https://doi.org/10.1002/trc2.70138
https://doi.org/10.1002/trc2.70138
https://doi.org/10.2139/ssrn.4212371
https://doi.org/10.1016/b978-0-12-381517-0.00013-8
https://doi.org/10.1016/b978-0-12-381517-0.00013-8
https://doi.org/10.3389/fpsyt.2025.1556470
https://doi.org/10.1016/J.parkreldis.2015.10.006
https://doi.org/10.1016/J.parkreldis.2015.10.006
https://doi.org/10.1002/mds.26960
https://doi.org/10.1002/mds.26960
https://doi.org/10.1159/000455863
https://doi.org/10.1016/j.tjpad.2025.100195
https://doi.org/10.1016/j.tjpad.2025.100195
https://doi.org/10.7759/cureus.92441
https://doi.org/10.7759/cureus.92441

Evaluating the clinical effects of GLP-1 receptor agonists for Alzheimer's and Parkinson's. .. 711

events associated with GLP-1 RA in non-diabetic patients with
overweight or obesity: a systematic review and network meta-
analysis. Int J Obes 49:1946-1957. https://doi.org/10.1038/
541366-025-01859-6

Jacobs DM, Thomas RG, Salmon DP, Jin S, Feldman HH, Cotman CW,
Baker LD (2020) Development of a novel cognitive composite
outcome to assess therapeutic effects of exercise in the EXERT
trial for adults with MCI: the ADAS-Cog-Exec. Alzheimers
Dement (n y) 6:¢12059. https://doi.org/10.1002/trc2.12059

Julien C, Hache G, Dulac M, Dubrou C, Castelnovo G, Giordana C,
Azulay JP, Fluchere F (2021) The clinical meaning of levodopa
equivalent daily dose in Parkinson’s disease. Fundam Clin Phar-
macol 35:620-630. https://doi.org/10.1111/fcp.12646

Katsenos AP, Davri AS, Simos YannisV, Nikas IP, Bekiari C, Paschou
SA, Peschos D, Konitsiotis S, Vezyraki P, Tsamis KI (2022) New
treatment approaches for Alzheimer’s disease: preclinical studies
and clinical trials centered on antidiabetic drugs. Expert Opin
Investig Drugs 31:105-123. https://doi.org/10.1080/13543784.
2022.2022122

Kawaguchi T, Charlton M, Kawaguchi A, Yamamura S, Nakano D,
Tsutsumi T, Zafer M, Torimura T (2021) Effects of Mediterranean
diet in patients with nonalcoholic fatty liver disease: a system-
atic review, meta-analysis, and meta-regression analysis of ran-
domized controlled trials. Semin Liver Dis 41:225-234. https://
doi.org/10.1055/5-0041-1723751

Kuate Defo A, Bakula V, Pisaturo A, Labos C, Wing SS, Daskalo-
poulou SS (2024) Diabetes, antidiabetic medications and risk of
dementia: a systematic umbrella review and meta-analysis. Diabe-
tes Obes Metab 26:441-462. https://doi.org/10.1111/dom.15331

Kwak S, Shin SA, Ko H, Kim H, Oh DJ, Youn JH, Lee J-Y, Kim YK
(2022) A comparison between the performances of verbal and
nonverbal fluency tests in discriminating between mild cognitive
impairments and Alzheimer’s disease patients and their brain
morphological correlates. Dement Neurocogn Disord 21:17-29.
https://doi.org/10.12779/dnd.2022.21.1.17

Levine SZ, Yoshida K, Goldberg Y, Samara M, Cipriani A, Efthimiou
O, Iwatsubo T, Leucht S, Furukawa TA (2020) Linking the Mini-
Mental State Examination, the Alzheimer’s Disease Assessment
Scale-Cognitive Subscale and the Severe Impairment Battery:
evidence from individual participant data from five randomised
clinical trials of donepezil. Evid Based Ment Health 24:56. https://
doi.org/10.1136/ebmental-2020-300184

Liang Y, Doré V, Rowe CC, Krishnadas N (2024) Clinical evidence
for GLP-1 receptor agonists in Alzheimer’s disease: a system-
atic review. J Alzheimers Dis Rep 8:777. https://doi.org/10.3233/
adr-230181

Luan S, Cheng W, Wang C, Gong J, Zhou J (2022) Impact of glucagon-
like peptide 1 analogs on cognitive function among patients with
type 2 diabetes mellitus: a systematic review and meta-analysis.
Front Endocrinol (Lausanne) 13:1047883. https://doi.org/10.3389/
fendo.2022.1047883

Makkos A, Kovacs M, Pintér D, Janszky J, Kovacs N (2019) Minimal
clinically important difference for the historic parts of the Unified
Dyskinesia Rating Scale. Parkinsonism Relat Disord 58:79-82.
https://doi.org/10.1016/j.parkeldis.2018.08.018

Martinez-Martin P, Rojo-Abuin JM, Rodriguez-Violante M, Serrano-
Dueifias M, Garretto N, Martinez-Castrillo JC, Arillo VC, Fernan-
dez W, Chana-Cuevas P, Arakaki T, Alvarez M, Ibaiez IP, Rod-
riguez-Blazquez C, Chaudhuri KR, Merello M (2016) Analysis of
four scales for global severity evaluation in Parkinson’s disease.
NPJ Parkinsons Dis 2:16007. https://doi.org/10.1038/npjparkd.
2016.7

Matthew J, Page Joanne E, McKenzie Patrick M, Isabelle B, Boutron
Tammy C, Hoffmann Cynthia D, et al (2021) The PRISMA 2020
statement: an updated guideline for reporting systematic reviews.
BMJ 372:n71. https://doi.org/10.1136/bmj.n71

Matteau E, Dupré N, Langlois M, Provencher P, Simard M (2012)
Clinical validity of the Mattis Dementia Rating Scale-2 in Parkin-
son disease with MCI and dementia. J Geriatr Psychiatry Neurol
25:100-106. https://doi.org/10.1177/0891988712445086

McGarry A, Rosanbalm S, Leinonen M, Olanow CW, To D, Bell
A, Lee D, Chang J, Dubow J, Dhall R, Burdick D, Parashos S,
Feuerstein J, Quinn J, Pahwa R, Afshari M, Ramirez-Zamora A,
Chou K, Tarakad A, Luca C, Klos K, Bordelon Y, St Hilaire MH,
Shprecher D, Lee S, Dawson TM, Roschke V, Kieburtz K (2024)
Safety, tolerability, and efficacy of NLYO1 in early untreated Par-
kinson’s disease: a randomised, double-blind, placebo-controlled
trial. Lancet Neurol 23:37-45. https://doi.org/10.1016/s1474-
4422(23)00378-2

Meissner WG, Remy P, Giordana C, Maltéte D, Derkinderen P, Houéto
JL, Anheim M, Benatru I, Boraud T, Brefel-Courbon C, Carri¢re
N, Catala H, Colin O, Corvol JC, Damier P, Dellapina E, Devos
D, Drapier S, Fabbri M, Ferrier V, Foubert-Samier A, Frismand-
Kryloff S, Georget A, Germain C, Grimaldi S, Hardy C, Hopes L,
Krystkowiak P, Laurens B, Lefaucheur R, Mariani LL, Marques
A, Marse C, Ory-Magne F, Rigalleau V, Salhi H, Saubion A, Stott
SRW, Thalamas C, Thiriez C, Tir M, Wyse RK, Benard A, Rascol
O (2024) Trial of lixisenatide in early Parkinson’s disease. N Engl
J Med 390:1176-1185. https://doi.org/10.1056/nejmoa2312323

Morley D, Dummett S, Kelly L, Dawson J, Jenkinson C (2015) Evalu-
ating the psychometric properties of an e-based version of the
39-item Parkinson’s Disease Questionnaire. Health Qual Life Out-
comes 13:5. https://doi.org/10.1186/s12955-014-0193-1

Mouelhi Y, Jouve E, Castelli C, Gentile S (2020) How is the mini-
mal clinically important difference established in health-related
quality of life instruments? Review of anchors and methods.
Health Qual Life Outcomes 18:136. https://doi.org/10.1186/
$12955-020-01344-w

Mullins RJ, Mustapic M, Chia CW, Carlson O, Gulyani S, Tran J, Li
Y, Mattson MP, Resnick S, Egan JM, Greig NH, Kapogiannis D
(2019) A pilot study of exenatide actions in Alzheimer’s disease.
Curr Alzheimer Res 16:741-752. https://doi.org/10.2174/15672
05016666190913155950

Nauck MA, Quast DR, Wefers J, Meier JJ (2021) GLP-1 receptor
agonists in the treatment of type 2 diabetes: state-of-the-art. Mol
Metab 46:101102. https://doi.org/10.1016/j.molmet.2020.101102

O’Mara A, Mody BP, Mammi M, Simjian T, Ghattas K, Kaliki S, Le
NPM, Liew A, Migliore M, Mekary RA (2026) The effect of
GLP-1 receptor agonists on cognition in nondiabetic patients with
mild cognitive impairment or Alzheimer’s disease: a meta-anal-
ysis of randomized controlled trials. Neurol Sci 47:149. https://
doi.org/10.1007/s10072-025-08602-z

Ousmen A, Touraine C, Deliu N, Cottone F, Bonnetain F, Efficace F,
Brédart A, Mollevi C, Anota A (2018) Distribution- and anchor-
based methods to determine the minimally important difference
on patient-reported outcome questionnaires in oncology: a struc-
tured review. Health Qual Life Outcomes 16:228. https://doi.org/
10.1186/s12955-018-1055-z

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mul-
row CD, Shamseer L, Tetzlaff JM, Akl EA, Brennan SE, Chou R,
Glanville J, Grimshaw JM, Hrébjartsson A, Lalu MM, Li T, Loder
EW, Mayo-Wilson E, McDonald S, McGuinness LA, Stewart LA,
Thomas J, Tricco AC, Welch VA, Whiting P, Moher D (2021) The
PRISMA 2020 statement: an updated guideline for reporting sys-
tematic reviews. BMJ 372:n71. https://doi.org/10.1136/bmj.n71

Rao G, Lopez-Jimenez F, Boyd J, D’Amico F, Durant NH, Hlatky MA,
Howard G, Kirley K, Masi C, Powell-Wiley TM, Solomonides
AE, West CP, Wessel J (2017) Methodological standards for meta-
analyses and qualitative systematic reviews of cardiac prevention
and treatment studies: a scientific statement from the American
Heart Association. Circulation 136:e172—e194. https://doi.org/10.
1161/CIR.0000000000000523

@ Springer


https://doi.org/10.1038/s41366-025-01859-6
https://doi.org/10.1038/s41366-025-01859-6
https://doi.org/10.1002/trc2.12059
https://doi.org/10.1111/fcp.12646
https://doi.org/10.1080/13543784.2022.2022122
https://doi.org/10.1080/13543784.2022.2022122
https://doi.org/10.1055/s-0041-1723751
https://doi.org/10.1055/s-0041-1723751
https://doi.org/10.1111/dom.15331
https://doi.org/10.12779/dnd.2022.21.1.17
https://doi.org/10.1136/ebmental-2020-300184
https://doi.org/10.1136/ebmental-2020-300184
https://doi.org/10.3233/adr-230181
https://doi.org/10.3233/adr-230181
https://doi.org/10.3389/fendo.2022.1047883
https://doi.org/10.3389/fendo.2022.1047883
https://doi.org/10.1016/j.parkeldis.2018.08.018
https://doi.org/10.1038/npjparkd.2016.7
https://doi.org/10.1038/npjparkd.2016.7
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1177/0891988712445086
https://doi.org/10.1016/s1474-4422(23)00378-2
https://doi.org/10.1016/s1474-4422(23)00378-2
https://doi.org/10.1056/nejmoa2312323
https://doi.org/10.1186/s12955-014-0193-1
https://doi.org/10.1186/s12955-020-01344-w
https://doi.org/10.1186/s12955-020-01344-w
https://doi.org/10.2174/1567205016666190913155950
https://doi.org/10.2174/1567205016666190913155950
https://doi.org/10.1016/j.molmet.2020.101102
https://doi.org/10.1007/s10072-025-08602-z
https://doi.org/10.1007/s10072-025-08602-z
https://doi.org/10.1186/s12955-018-1055-z
https://doi.org/10.1186/s12955-018-1055-z
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1161/CIR.0000000000000523
https://doi.org/10.1161/CIR.0000000000000523

712

Y. Elghanam, E. Kim

Seminer A, Mulihano A, O’Brien C, Krewer F, Costello M, Judge C,
O’Donnell M, Reddin C (2025) Cardioprotective glucose-low-
ering agents and dementia risk: a systematic review and meta-
analysis. JAMA Neurol 82:450-460. https://doi.org/10.1001/
jamaneurol.2025.0360

Shao Z, Janse E, Visser K, Meyer AS (2014) What do verbal fluency
tasks measure? Predictors of verbal fluency performance in older
adults. Front Psychol 5:772. https://doi.org/10.3389/fpsyg.2014.
00772

Skorvanek M, Goldman JG, Jahanshahi M, Marras C, Rektorova I,
Schmand B, van Duijn E, Goetz CG, Weintraub D, Stebbins GT,
Martinez-Martin P (2018) Global scales for cognitive screening in
Parkinson’s disease: critique and recommendations. Mov Disord
33:208-218. https://doi.org/10.1002/mds.27233

Sterne JAC, Savovié J, Page MJ, Elbers RG, Blencowe NS, Boutron I,
Cates CJ, Cheng HY, Corbett MS, Eldridge SM, Emberson JR,
Herndn MA, Hopewell S, Hrébjartsson A, Junqueira DR, Jiini
P, Kirkham JJ, Lasserson T, Li T, McAleenan A, Reeves BC,
Shepperd S, Shrier I, Stewart LA, Tilling K, White IR, Whiting
PF, Higgins JPT (2019) RoB 2: a revised tool for assessing risk
of bias in randomised trials. BMJ 366:14898. https://doi.org/10.
1136/bm;j.14898

Tang H, Shao H, Shaaban CE, Yang K, Brown J, Anton S, Wu Y,
Bress A, Donahoo WT, DeKosky ST, Bian J, Guo J (2023) Newer
glucose-lowering drugs and risk of dementia: a systematic review
and meta-analysis of observational studies. ] Am Geriatr Soc
71:2096-2106. https://doi.org/10.1111/jgs.18306

Tzeng RC, Yang YW, Hsu KC, Chang HT, Chiu PY (2022) Sum of
boxes of the clinical dementia rating scale highly predicts conver-
sion or reversion in predementia stages. Front Aging Neurosci
14:1021792. https://doi.org/10.3389/fnagi.2022.1021792

van Wamelen DJ, Martinez-Martin P, Weintraub D, Schrag A, Antonini
A, Falup-Pecurariu C, Odin P, Ray Chaudhuri K (2021) The non-
motor symptoms scale in Parkinson’s disease: validation and use.
Acta Neurol Scand 143:3—12. https://doi.org/10.1111/ane.13336

Vijiaratnam N, Girges C, Auld G, McComish R, King A, Skene SS,
Hibbert S, Wong A, Melander S, Gibson R, Matthews H, Dickson
J, Carroll C, Patrick A, Inches J, Silverdale M, Blackledge B,
Whiston J, Hu M, Welch J, Duncan G, Power K, Gallen S, Kerr J,
Chaudhuri KR, Batzu L, Rota S, Jabbari E, Morris H, Limousin

@ Springer

P, Greig N, Li Y, Libri V, Gandhi S, Athauda D, Chowdhury K,
Foltynie T (2025) Exenatide once a week versus placebo as a
potential disease-modifying treatment for people with Parkinson’s
disease in the UK: a phase 3, multicentre, double-blind, parallel-
group, randomised, placebo-controlled trial. Lancet 405:627-636.
https://doi.org/10.1016/s0140-6736(24)02808-3

Wah Lam Y, Fajki A, Belanci A, Almir Fajki C (2026) GLP-1 receptor
agonists and reduced dementia risk: real-world evidence stacks
up. BrJ Clin Pharmacol. https://doi.org/10.1002/bcp.70451

Watson KT, Wroolie TE, Tong G, Foland-Ross LC, Frangou S, Singh
M, Mclntyre RS, Roat-Shumway S, Myoraku A, Reiss AL, Ras-
gon NL (2019) Neural correlates of liraglutide effects in persons
at risk for Alzheimer’s disease. Behav Brain Res 356:271-278.
https://doi.org/10.1016/j.bbr.2018.08.006

Williams JR, Hirsch ES, Anderson K, Bush AL, Goldstein SR, Grill S,
Lehmann S, Little JT, Margolis RL, Palanci J, Pontone G, Weiss
H, Rabins P, Marsh L (2012) A comparison of nine scales to
detect depression in Parkinson disease: which scale to use? Neu-
rology 78:998-1006. https://doi.org/10.1212/wnl.0b013e3182
4d587f

Yang J, McMahon KL, Copland DA, Pourzinal D, Byrne GJ, Angwin
AlJ, O’Sullivan JD, Dissanayaka NN (2022) Semantic fluency
deficits and associated brain activity in Parkinson’s disease with
mild cognitive impairment. Brain Imaging Behav 16:2445-2456.
https://doi.org/10.1007/s11682-022-00698-7

Zarkali A, Thomas GEC, Zetterberg H, Weil RS (2024) Neuroimaging
and fluid biomarkers in Parkinson’s disease in an era of targeted
interventions. Nat Commun 15:5661. https://doi.org/10.1038/
$41467-024-49949-9

Zheng Z, Zong Y, Ma Y, Tian Y, Pang Y, Zhang C, Gao J (2024)
Glucagon-like peptide-1 receptor: mechanisms and advances in
therapy. Signal Transduct Target Ther 9:234. https://doi.org/10.
1038/s41392-024-01931-z

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1001/jamaneurol.2025.0360
https://doi.org/10.1001/jamaneurol.2025.0360
https://doi.org/10.3389/fpsyg.2014.00772
https://doi.org/10.3389/fpsyg.2014.00772
https://doi.org/10.1002/mds.27233
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1111/jgs.18306
https://doi.org/10.3389/fnagi.2022.1021792
https://doi.org/10.1111/ane.13336
https://doi.org/10.1016/s0140-6736(24)02808-3
https://doi.org/10.1002/bcp.70451
https://doi.org/10.1016/j.bbr.2018.08.006
https://doi.org/10.1212/wnl.0b013e31824d587f
https://doi.org/10.1212/wnl.0b013e31824d587f
https://doi.org/10.1007/s11682-022-00698-7
https://doi.org/10.1038/s41467-024-49949-9
https://doi.org/10.1038/s41467-024-49949-9
https://doi.org/10.1038/s41392-024-01931-z
https://doi.org/10.1038/s41392-024-01931-z

	Evaluating the clinical effects of GLP-1 receptor agonists for Alzheimer's and Parkinson's diseases using minimal clinically important difference: systematic review and meta-analysis
	Abstract
	Introduction
	Materials and methods
	Search method and study selection
	Eligibility criteria
	Population
	Intervention and comparator
	Outcomes
	Study design

	Exclusion criteria
	Data screening and extraction
	Outcome definitions
	Primary outcome
	Secondary outcomes

	Risk of bias and certainty of the evidence
	Data analysis
	Minimal clinically important difference

	Results
	Search results and study characteristics
	Quality assessment and level of evidence
	Primary outcome
	Global cognition
	Analysis by disease population
	Analysis by GLP-1RA agent
	Analysis by geographic region
	Analysis by trial duration
	Instrument-specific analysis

	Secondary outcomes
	Cognitive subdomains
	Function
	Clinical severity
	Depression
	PD-related outcomes
	Metabolic outcome
	Levodopa equivalent daily dose
	Safety and tolerability

	Risk–benefit profile of GLP-1RAs across efficacy and safety outcomes
	Meta-regression analysis
	Narrative synthesis of study findings
	Parkinson’s disease
	Alzheimer’s disease and mild cognitive impairment


	Discussion
	Acknowledgements 
	References




