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IMPORTANCE Although diabetes is a risk factor for dementia, the effect of glucose-lowering
therapy for prevention of incident dementia is uncertain.

OBJECTIVE To determine whether cardioprotective glucose-lowering therapy
(sodium-glucose cotransporter-2 inhibitors [SGLT2is], glucagon-like peptide-1 receptor
agonists [GLP-1RAs], metformin, and pioglitazone), compared with controls, was associated
with a reduction in risk of dementia or cognitive impairment, and among primary dementia
subtypes.

DATA SOURCES The PubMed and Embase databases were searched for studies published from
inception of the database to July 11, 2024.

STUDY SELECTION Randomized clinical trials comparing cardioprotective glucose-lowering
therapy with controls that reported dementia or change in cognitive scores. Cardioprotective
glucose-lowering therapies were defined as drug classes recommended by guidelines for
reduction of cardiovascular events, based on evidence from phase III randomized clinical
trials. Inclusion criteria were assessed independently and inconsistencies were resolved by
consensus.

DATA EXTRACTION AND SYNTHESIS Data were screened and extracted independently by 2
authors adhering to the PRISMA guidelines in August 2024. Random-effects meta-analysis
models were used to estimate a pooled treatment effect.

MAIN OUTCOMES AND MEASURES The primary outcome measure was dementia or cognitive
impairment. The secondary outcomes were primary dementia subtypes, including vascular
and Alzheimer dementia, and change in cognitive scores.

RESULTS Twenty-six randomized clinical trials were eligible for inclusion (N = 164 531
participants), of which 23 trials (n = 160 191 participants) reported the incidence of dementia
or cognitive impairment, including 12 trials evaluating SGLT2is, 10 trials evaluating GLP-1RAs,
and 1 trial evaluating pioglitazone (no trials of metformin were identified). The mean (SD) age
of trial participants was 64.4 (3.5) years and 57 470 (34.9%) were women. Overall,
cardioprotective glucose-lowering therapy was not significantly associated with a reduction
in cognitive impairment or dementia (odds ratio [OR], 0.83 [95% CI, 0.60-1.14]). Among drug
classes, GLP-1RAs were associated with a statistically significant reduction in dementia (OR,
0.55 [95% CI, 0.35-0.86]), but not SGLT2is (OR, 1.20 [95% CI, 0.67-2.17]; P value for
heterogeneity = .04).

CONCLUSIONS AND RELEVANCE While cardioprotective glucose-lowering therapies were not
associated with an overall reduction in all-cause dementia, this meta-analysis of randomized
clinical trials found that glucose lowering with GLP-1RAs was associated with a statistically
significant reduction in all-cause dementia.
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D ementia is a leading cause of disability globally, and
is projected to affect approximately 75 million people
by 2030.1,2 Diabetes is a risk factor for dementia, es-

timated to account for approximately 5% of the population-
attributable fraction of all dementia.3,4 Diabetes is also a risk
factor for ischemic stroke,5 which may mediate an associa-
tion with vascular dementia. Identification of population-
level interventions, such as tailored management of common
risk factors (eg, diabetes), may reduce the global burden of
dementia. However, there is a lack of robust evidence to sup-
port the efficacy of glucose-lowering therapies in reducing the
risk of dementia, which may relate to variations in cardiopro-
tective efficacy among glucose-lowering therapies.

In patients with type 2 diabetes and cardiovascular dis-
ease or risk factors, guidelines recommend use of sodium-
glucose cotransporter-2 inhibitor (SGLT2i) and glucagon-like
peptide-1 receptor agonist (GLP-1RA) drug classes as first-line
treatments, based on findings from phase III randomized clini-
cal trials reporting a significant reduction in cardiovascular
events, and metformin and pioglitazone are recommended as
second-line treatments.6,7 Observational evidence suggests
that certain glucose-lowering drug classes, such as SGLT2is and
GLP-1RAs, may have a neuroprotective effect.8,9 However, to
date, the association of cardioprotective classes of glucose-
lowering therapies with risk of dementia has been inconsis-
tent, prompting the need for an updated meta-analysis of ran-
domized clinical trials.10,11

The aim of this meta-analysis was to determine whether
cardioprotective glucose-lowering therapy, compared with con-
trols, was associated with a reduction in risk of dementia
or cognitive impairment, and among primary dementia
subtypes.

Methods
We performed a systematic review and meta-analysis, adher-
ing to the Cochrane Collaboration guidelines, and reported our
findings according to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines.12,13

The meta-analysis was registered with the International
Prospective Register of Systematic Reviews (PROSPERO;
CRD42024557562). The data that support the findings of this
study are available from the corresponding author upon
reasonable request.

Data Sources and Search Strategy
We systematically searched the PubMed and Embase data-
bases for articles published from inception of the database to
June 11, 2024. The included search terms are detailed in the
eMethods in Supplement 1. The reference list of studies se-
lected for inclusion and published systematic reviews of glu-
cose-lowering therapy were also screened for studies that met
our inclusion criteria. Two reviewers (A.S. and A.M.) indepen-
dently screened titles and abstracts. Full texts were sourced
for relevant articles. To ascertain if cognitive outcomes were
reported, the full text, supplementary appendix, and Clinical-
Trials.gov record were reviewed for each study that met in-

clusion criteria related to the population, intervention, and
comparator. Inclusion criteria were assessed independently and
inconsistencies were resolved by consensus.

Eligibility Criteria
Studies were considered eligible if they (1) were randomized
clinical trials; (2) included adults older than 18 years; (3)
evaluated cardioprotective glucose-lowering therapy based
on guideline recommendations and findings from phase III
randomized clinical trials compared with controls; (4)
reported dementia, cognitive impairment, and/or change in
cognitive score; and (5) had a 6-month minimum follow-up
duration. Eligible glucose-lowering interventions included
the following drug classes and agents: SGLT2is, GLP-1RAs,
metformin, and pioglitazone. These drug classes are recom-
mended as glucose-lowering therapy for individuals with
cardiovascular disease or risk factors6,7 on the basis of ran-
domized clinical trial evidence demonstrating a reduction
in cardiovascular events (SGLT2is and GLP-1RAs)14-16

or suggesting cardiovascular benefit (metformin and
pioglitazone).17,18 The following drug classes were excluded
due to lack of current evidence of efficacy in cardiovascular
outcome trials: dipeptidyl peptidase-4 inhibitors,19

sulfonylureas,20 and insulin.21,22 Controls were defined as
placebo, usual care, or no glucose-lowering therapy. Trials
evaluating the effect of glucose-lowering therapy in a popu-
lation with a prior diagnosis of cognitive impairment or
dementia were excluded.

Data Extraction
Data were abstracted independently by 2 authors (A.S. and
A.M.) using a standardized data collection form. For each study,
we abstracted the title, year of publication, glucose-lowering
drug (class, drug name, and dose), control, design (open label
or placebo controlled), intervention and control numbers, defi-
nition of dementia used, all-cause dementia, dementia sub-
types, and change in cognitive score. We reported outcomes
from the point of longest available follow-up. Data were com-
pared for inconsistencies and merged into a prefinal dataset,
which was checked independently by a third reviewer (C.R.).

Key Points
Question Are cardioprotective glucose-lowering agents
associated with reduced risk of dementia or cognitive impairment?

Findings This systematic review and meta-analysis of 26
randomized clinical trials (N = 164 531) found no significant
association between cardioprotective glucose-lowering therapy
and reductions in cognitive impairment or dementia. Among drug
classes, glucagon-like peptide-1 receptor agonists (GLP-1RAs) were
associated with a statistically significant reduction in dementia,
but not sodium-glucose cotransporter-2 inhibitors (SGLT2is).

Meaning In this meta-analysis of randomized clinical trials,
glucose-lowering therapy with GLP1-RAs, but not SGLT2is, was
associated with a statistically significant reduction in dementia or
cognitive impairment.
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Outcomes
The primary outcome of this meta-analysis was dementia or
cognitive impairment on follow-up. We used a hierarchical ap-
proach in which we included trials that reported incident de-
mentia, or a composite of dementia or cognitive impairment (if
dementia alone was not reported), on follow-up.23 Secondary
outcomes included dementia subtypes, including vascular de-
mentia and Alzheimer dementia, and change in cognitive score.

Risk-of-Bias Assessment
The methodological quality of eligible trials was assessed using
the Cochrane Risk of Bias 2 tool.24 Two independent review-
ers (A.M. and C.O.) performed risk-of-bias assessments, and
disagreements were resolved by a third reviewer (C.R.). If 1 of
the domains was rated as high risk, the study was considered
at a high risk of bias.

Data Synthesis and Analysis
A descriptive analysis of included trials and definitions of pri-
mary outcomes are reported in the Table. We calculated the
odds ratio (OR) and 95% CIs for each outcome of interest from
individual studies. Weighted pooled treatment effects were cal-
culated overall and individually for individual drug classes,
using restricted maximum likelihood (REML) estimation to fit
a random-effects meta-analysis model. REML estimation was
chosen because it has been shown to be less biased than the
DerSimonian-Laird estimator.50,51 Absolute risk reductions
(ARRs) and 95% CIs were calculated for each study; the Mantel-
Haenszel method was used to obtain a pooled estimate of the
risk difference. The variability across studies due to hetero-
geneity was investigated using forest plots and I2 statistics. Dif-
ferences in cognitive scores were not meta-analyzed due to lack
of data and heterogeneity of score used. Publication bias was
assessed using a funnel plot.

We tested for heterogeneity between drug classes (GLP-
1RAs vs SGLT2is) by dividing the difference in log relative risk
by its standard error.52 A priori subgroup sensitivity analyses that
assessedpooledestimatesfortrialsthatreportedfollow-upabove
and below the median number of months of follow-up, and
including only trials with low risk of bias, was performed. P
values were 2-sided with a significance threshold of <.05.

Results
The systematic search of articles published before June 11,
2024, identified 3831 articles. After title and abstract screen-
ing, 505 articles were considered potentially relevant. Follow-
ing full-text and ClinicalTrials.gov review, 26 trials were in-
cluded (eFigure 1 in Supplement 1). Twenty-three studies
reported the incidence of a composite of dementia or cogni-
tive impairment on follow-up and were included in the pri-
mary meta-analysis. Three studies were included for the
secondary outcome of change in cognitive score only.

Study Characteristics
Overall, 164 531 participants were included from 26 trials, with
a mean (SD) age of 64.4 (3.5) years and 34.9% were women.

The mean duration of follow-up was 31.4 (range, 10.1-73.2)
months (Table). The publication years ranged from 2015 to
2024; 24 trials were conducted in international sites25-36,38-45,48

and 2 were conducted in North America.46,47 All included trials
were placebo controlled (Table).

Risk of Bias
Risk of bias was assessed for all included trials (eFigure 2 in
Supplement 1). The overall risk of bias was categorized as low
for all trials. The measurement of the outcome domain was
deemed to be low risk for all studies. While there was limited in-
formation regarding method of outcome ascertainment, partici-
pants and investigators of all included trials were blinded to the
intervention allocated. There was no evidence of publication bias
for the primary outcome (eFigure 3 in Supplement 1).

Association of Cardioprotective Glucose-Lowering
Therapy With Cognitive Impairment or Dementia
Twenty-three trials reported dementia or cognitive impair-
ment on follow-up (160 191 participants), 12 trials evaluated
SGLT2is, 10 trials evaluated GLP-1RAs, and 1 trial evaluated
pioglitazone (no trials of metformin were identified).25-39,41-45

Dementia or cognitive impairment was diagnosed in 93 par-
ticipants in the intervention group and 119 participants in the
control group on follow-up. Glucose-lowering therapy was not
significantly associated with a reduction in cognitive impair-
ment or dementia (0.12% vs 0.14% over a mean follow-up of
31.8 months; OR, 0.83 [95% CI, 0.60-1.14]; ARR, 0.02% [95%
CI, −1.00% to 0.09%]; I2 = 6.6%). Glucose-lowering therapy
with GLP-1RAs (OR, 0.55 [95% CI, 0.35-0.86]), but not SGLT2is
(OR, 1.20 [95% CI, 0.67-2.17]), was statistically significantly
associated with a reduction in cognitive impairment or de-
mentia (P value for heterogeneity = .04; Figure 1). Meta-
regression analysis showed no significant association of the
proportion of women enrolled with all-cause dementia
(P = .08) (eFigure 4 in Supplement 1).

Association of Glucose-Lowering Therapy
With Dementia Subtypes
Dementia subtypes included vascular dementia, Alzheimer
dementia, Lewy body dementia, and frontotemporal
dementia. Ten trials reported rates of vascular dementia on
follow-up (94 648 participants).28,29,31-33,38,39,41,42,45 Vascu-
lar dementia was diagnosed in 6 participants in the inter-
vention group and 16 participants in the control group on
follow-up. Glucose-lowering therapy was not significantly
associated with a reduction in vascular dementia (0.01% vs
0.03% over a mean follow-up of 35.7 months; OR, 0.45 [95%
CI, 0.19-1.07]; I2 = 0.0%). This was consistent across drug
classes (SGLT2i OR, 0.35 [95% CI, 0.09-1.36]; GLP-1RA OR,
0.38 [95% CI, 0.18-1.61]; P value for heterogeneity = .93;
Figure 2). Twelve trials reported rates of Alzheimer demen-
tia (115 840 participants).25,29,32-35,38-41,45,49 Alzheimer
dementia was diagnosed in 56 participants in the interven-
tion group and 51 participants in the control group on
follow-up. Glucose-lowering therapy was not associated
with a significant reduction in Alzheimer dementia (0.09%
vs 0.09% over a mean follow-up of 37.1 months; OR, 1.20

Research Original Investigation Cardioprotective Glucose-Lowering Agents and Dementia Risk

452 JAMA Neurology May 2025 Volume 82, Number 5 (Reprinted) jamaneurology.com

Downloaded from jamanetwork.com by Rennes I University user on 02/25/2026

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2025.0360?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2025.0360
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2025.0360?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2025.0360
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2025.0360?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2025.0360
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2025.0360?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2025.0360
http://www.jamaneurology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2025.0360


Table. Characteristics of Included Trials

Source
No. of
participants Trial design Study population

Mean
age, y

No. of female
participants
(%)

Group Follow-up,
mo

Primary
outcome
definitionIntervention Control

SGLT2is

EMPA-REG
OUTCOME,25

2015

7020 Double-
blind,
placebo-
controlled
RCT

Aged ≥18 y with
T2D, BMI ≤45, eGFR
≥30 mL/min/1.73
m2 of body surface
area, and
established CVD

63.2 2004 (28.5) Empagliflozin Placebo 37.3 Reported as
adverse event
(Alzheimer
dementia)

CANVAS-R,26

2017
5812 Quadruple-

blind,
placebo-
controlled
RCT

Aged ≥30 y with
T2D, HbA1c ≥7% to
≤10.5%, eGFR ≥30
mL/min/1.73 m2,
and CV risk factors
or previous CV
event, or ≥50 y with
risk of CV event

64.0 2164 (37.2) Canagliflozin Placebo 24.8 Reported as
adverse event
(cognitive
disorder)

CANVAS,26 2017 4330 Quadruple-
blind,
placebo-
controlled
RCT

Aged ≥30 y with
T2D, HbA1c ≥7%,
CV risk factors or
previous CV event,
and eGFR ≥30
mL/min/1.73 m2

62.4 1469 (33.9) Canagliflozin Placebo 73.2 Reported as
adverse event
(vascular
cognitive
impairment)

CREDENCE,27

2019
4401 Double-

blind,
placebo-
controlled
RCT

Aged ≥30 y with
T2D, HbA1c
6.5%-12%, eGFR 30
to <90
mL/min/1.73 m2,
and albuminuria

63.1 1494 (33.9) Canagliflozin Placebo 31.44 Reported as
adverse event
(dementia)

DAPA-HF,28 2019 4744 Quadruple-
blind,
placebo-
controlled
RCT

Aged ≥18 y with a
diagnosis of
symptomatic HFrEF
for at least 2 mo,
LVEF ≤40%, and
elevated
NT-proBNP levels

66.4 1109 (23.3) Dapagliflozin Placebo 18.2 Reported as
adverse event
(vascular
dementia)

DECLARE-TIMI
58,29 2019

17 160 Quadruple-
blind,
placebo-
controlled
RCT

Aged ≥40 y with
T2D, HBA1c ≥6.5%
to <12.0%,
creatinine clearance
of ≥60 mL/min, and
high risk for CV
events

64.0 6422 (37.4) Dapagliflozin Placebo 50.4 Reported as
adverse event
(dementia or
Alzheimer, Lewy
body, or vascular
dementia)

DAPA-CKD,30

2020
4304 Quadruple-

blind,
placebo-
controlled
RCT

Aged ≥18 y with
eGFR ≥25 to ≤75
mL/min/1.73 m2 at
visit 1, evidence of
increased
albuminuria ≥3 mo
before visit 1, and
uACR ≥200 to
≤5000 mg/g at visit
1

61.9 1425 (33.1) Dapagliflozin Placebo 28.8 Reported as
adverse event
(dementia)

EMPEROR-
Reduced,31 2020

3730 Double-
blind,
placebo-
controlled
RCT

Aged ≥18 y with
chronic HF (NYHA
class II-IV) and
reduced ejection
fraction, LVEF
≤40%, and elevated
NT-proBNP levels

66.9 893 (23.9) Empagliflozin Placebo 16 Reported as
adverse event
(dementia,
vascular
dementia)

VERTIS CV,32

2020
8246 Double-

blind,
placebo-
controlled
RCT

Aged ≥40 y with
T2D, HbA1c at start
of study between
7.0%-10.5%, BMI
≥18.0, with
evidence or a
history of
atherosclerosis

64.4 2477 (30.0) Ertugliflozin Placebo 42 Reported as
adverse event
(vascular, mixed,
or Alzheimer
dementia)

EMPEROR-
Preserved,33 2021

5988 Double-
blind,
placebo-
controlled
RCT

Aged ≥18 y with
chronic HF (NYHA
class II-IV) and
preserved ejection
fraction, LVEF
>40%, elevated
NT-proBNP levels,
and structural heart
disease within 6 mo
prior to visit 1

71.9 2676 (44.7) Empagliflozin Placebo 26.2 Reported as
adverse event
(dementia or
Alzheimer, senile,
or vascular
dementia)

(continued)
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[95% CI, 0.82-1.77]; I2 = 0.0%). This was consistent across
drug classes (SGLT2i OR, 1.99 [95% CI, 0.59-6.71]; GLP-1RA
OR, 1.85 [95% CI, 0.52-6.57]; pioglitazone OR, 1.07 [95% CI,
0.70-1.65]; Figure 3). Four trials reported rates of Lewy body
dementia (47 287 participants).29,38,42,45 Lewy body demen-

tia was diagnosed in 1 participant in the intervention group
and 3 participants in the control group on follow-up.
Glucose-lowering therapy was not associated with a signifi-
cant reduction in Lewy body dementia (0.004% vs 0.01%
over a mean follow-up of 37.9 months; OR, 0.58 [95% CI,

Table. Characteristics of Included Trials (continued)

Source
No. of
participants Trial design Study population

Mean
age, y

No. of female
participants
(%)

Group Follow-up,
mo

Primary
outcome
definitionIntervention Control

DELIVER,34 2022 6263 Quadruple-
blind,
placebo-
controlled
RCT

Aged ≥40 y with a
diagnosis of
symptomatic HF
(NYHA class II-IV),
LVEF >40%, and
elevated
NT-proBNP levels

71.7 2747 (43.9) Dapagliflozin Placebo 27.6 Reported as
adverse event
(Alzheimer
dementia)

EMPA-KIDNEY,35

2023
6609 Double-

blind,
placebo-
controlled
RCT

Aged ≥18 y,
evidence of chronic
kidney disease, with
an eGFR ≥45 to <90
mL/min/1.73 m2,
with uACR ≥200

63.9 2192 (33.2) Empagliflozin Placebo 24 Reported as
adverse event
(dementia,
Alzheimer
dementia)

GLP-1RAs

ELIXA,36 2015 6068 Triple-blind,
placebo-
controlled
RCT

Aged ≥30 y with
T2D and acute
coronary event
within 180 d before
screening

60.3 1861 (30.6) Lixisenatide Placebo 25 Reported as
adverse event
(cognitive
disorder)

SUSTAIN-6,37

2016
3297 Double-

blind,
placebo-
controlled
RCT

Aged ≥50 y with
T2D and glycated
hemoglobin level
≥7%; eligible if they
had not been
treated with an
antihyperglycemic
drug or had been
treated with no
more than 2 oral
antihyperglycemic
agents

64.6 1295 (39.3) Semaglutide Placebo 25.2 Dementia
diagnosis
(ICD-10 codes
from routine
clinical practice)
and use of
relevant
medication10

LEADER,38 2016 9340 Double-
blind,
placebo-
controlled
RCT

Aged ≥50 y with
T2D and CVD or
other risk factors or
aged ≥60 y with
other risk factors of
CVD with HbA1c
≥7.0%

64.3 3337 (35.7) Liraglutide Placebo 45.6 Dementia
diagnosis
(ICD-10 codes
from routine
clinical practice)
and use of
relevant
medication10;
dementia
subtype reported
as adverse event

EXSCEL,39 2017 14 752 Triple-blind,
placebo-
controlled
RCT

T2D with HbA1c
≥6.5% to ≤10.0%;
female patients
could not be
breastfeeding

62.0 5603 (38.0) Exenatide Placebo 38.4 Reported as
adverse event
(dementia or
Alzheimer, senile,
mixed, vascular,
or frontotemporal
dementia)

Harmony,40 2018 9463 Quadruple-
blind,
placebo-
controlled
RCT

Aged ≥40 y with
T2D and established
disease of the
coronary,
cerebrovascular, or
peripheral arterial
circulation, with
HbA1c >7.0%

64.2 2894 (30.6) Albiglutide Placebo 19.2 Reported as
adverse event
(dementia or
Alzheimer or
mixed dementia)

REWIND,41 2019 9901 Double-
blind,
placebo-
controlled
RCT

Aged ≥50 y with
T2D and CV risk
factors or previous
CV event

66.2 4589 (46.3) Dulaglutide Placebo 64.8 Reported as
adverse event
(dementia or
Alzheimer,
vascular, or
mixed dementia)

PIONEER 6,42

2021
3183 Double-

blind,
placebo-
controlled
RCT

Aged ≥50 y with
T2D and established
CVD or chronic
kidney disease or
aged ≥60 y with CV
risk factors only

66.0 1007 (31.6) Semaglutide Placebo 15.9 Reported as
adverse event
(vascular or Lewy
body dementia)

(continued)
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0.12-2.86]; I2 = 0.0%) (eFigure 5 in Supplement 1). There
were insufficient data to report a meta-analytic estimate for
the frontotemporal dementia subtype (1 trial).39

Association of Glucose-Lowering Therapy
With Change in Cognitive Score
Three trials reported on change in cognitive score.46-48 McGarry
et al reported no significant difference in cognition, mea-
sured by Scales for Outcomes in Parkinson’s Disease Cogni-
tion, between exenatide and placebo over a mean follow-up
of 36 months.46 The Pioglitazone in Early Parkinson’s Dis-

ease trial reported no difference in cognition, measured by Mat-
tis Dementia Rating Scale scores, between the pioglitazone and
placebo groups over a mean follow-up of 10.1 months.47 The
Insulin Resistance Intervention After Stroke trial reported no
significant difference in cognition, measured by Modified Mini-
Mental State Examination, associated with pioglitazone com-
pared with placebo over a mean follow-up of 57.6 months.48

A priori subgroup sensitivity analyses for the primary out-
come assessing pooled estimates for trials that reported years
of follow-up above and below the median follow-up duration
did not materially alter findings (eFigure 6 in Supplement 1).

Table. Characteristics of Included Trials (continued)

Source
No. of
participants Trial design Study population

Mean
age, y

No. of female
participants
(%)

Group Follow-up,
mo

Primary
outcome
definitionIntervention Control

AMPLITUDE-O,43

2021
4076 Quadruple-

blind,
placebo-
controlled
RCT

Aged ≥18 y with
T2D and HbA1c >7%
with CV risk factors
or previous CV
event, or male,
aged ≥50 y or
female aged ≥55 y
with eGFR ≥25 and
<60 mL/min and CV
risk factors

64.5 1344 (33.0) Efpeglenatide Placebo 21.72 Reported as
adverse event
(senile
dementia)

AMPLITUDE-M,44

2022
406 Quadruple-

blind,
placebo-
controlled
RCT

Aged ≥18 y with
T2D treated with
diet and exercise
with HBA1c
7.0%-10.0%

58.9 187 (46.1) Efpeglenatide Placebo 14 Reported as
adverse event
(memory
impairment)

SELECT,45 2023 17 604 Quadruple-
blind,
placebo-
controlled
RCT

Aged ≥45 y with
BMI ≥27 and
established CVD

61.6 4872 (27.7) Semaglutide Placebo 39.8 Reported as
adverse event
(dementia or
Alzheimer, Lewy
body,
frontotemporal,
or vascular
dementia)

Exenatide-PD3,46

2024
254 Quadruple-

blind,
placebo-
controlled
RCT

Aged 30-80 y,
diagnosed with
Parkinson disease,
with a Hoehn and
Yahr scale score
≤2.5 at screening
and a Montreal
Cognitive
Assessment score of
≥24

61.6 88 (34.6) Exenatide Placebo 9 Primary
outcome not
reported

Pioglitazone

NET-PD,47 2015 210 Quadruple-
blind,
placebo-
controlled
RCT

Aged ≥30 y with
idiopathic
Parkinson disease
diagnosed within 5
y of enrollment
with a Hoehn and
Yahr scale score of
≤2

59.5 62 (29.5) Pioglitazone Placebo 10.13 Primary
outcome not
reported

IRIS,48 2016 3876 Triple-blind,
placebo-
controlled
RCT

Aged ≥40 y and had
a qualifying
ischemic stroke or
transient ischemic
attack during the 6
mo before
randomization

63.5 1338 (34.5) Pioglitazone Placebo 57.6 Primary
outcome not
reported

TOMORROW,49

2021
3494 Quadruple-

blind,
placebo-
controlled
RCT

Aged 65-83 y,
cognitively normal
at baseline, score of
≥25 on the
Mini-Mental State
Examination

74.0 1921 (55.0) Pioglitazone Placebo 30 Reported as mild
cognitive
impairment due
to Alzheimer
disease

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); CV, cardiovascular; CVD, cardiovascular disease;
eGFR, estimated glomerular filtration rate; GLP-1RA, glucagon-like peptide-1
receptor agonist; HbA1c, hemoglobin A1c; HF, heart failure; HFrEF, heart failure
with reduced ejection fraction; ICD-10, International Statistical Classification of

Diseases and Related Health Problems 10th Revision; LVEF, left ventricular
ejection fraction; NT-proBNP, N-terminal pro-B-type natriuretic peptide;
NYHA, New York Heart Association; RCT, randomized clinical trial;
SGLT2i, sodium-glucose cotransporter-2 inhibitor; T2D, type 2 diabetes;
uACR, urine albumin-creatinine ratio.

Cardioprotective Glucose-Lowering Agents and Dementia Risk Original Investigation Research

jamaneurology.com (Reprinted) JAMA Neurology May 2025 Volume 82, Number 5 455

Downloaded from jamanetwork.com by Rennes I University user on 02/25/2026

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2025.0360?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2025.0360
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2025.0360?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2025.0360
http://www.jamaneurology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2025.0360


Discussion

This meta-analysis, which included 23 trials with 160 191 par-
ticipants for the primary outcome analysis, did not report a
significant reduction in dementia or cognitive impairment
when all drug classes were considered. However, glucose-
lowering therapy with GLP-1RAs, but not SGLT2is or piogli-
tazone, was associated with a significantly lower risk of
dementia or cognitive impairment, compared with controls.

Glucose-lowering therapy was not associated with a signifi-
cant reduction in vascular or Alzheimer dementia. Vascular
dementia event rates were numerically lower (not statistically
significant) in the glucose-lowering group compared with
controls. In contrast, Alzheimer dementia event rates were
numerically higher (not statistically significant) in the
glucose-lowering group compared with controls.

These findings add new information to existing litera-
ture. A 2023 meta-analysis of randomized clinical trials did
not report a significant reduction in dementia, and included

Figure 1. Association of Glucose-Lowering Therapy With All-Cause Dementia
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(Table). ARR indicates absolute risk reduction; RE, random effects.
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21 randomized clinical trials, including DPP-4 inhibitors, GLP1-
RAs, and SGLT2is.8 This meta-analysis differed in that the
analysis was confined to glucose-lowering therapy with proven
effectiveness in reducing the risk of cardiovascular disease, and
included additional trials for GLP1-RA and SGLT2i classes. A
selected pooled analysis of 3 randomized clinical trials and a
nationwide Danish registry-based cohort reported that GLP-
1RA exposure was associated with reduced risk of dementia.10

These findings extend the findings of this study by including
additional trials evaluating GLP-1RAs identified through a sys-
tematic search, and also including other drug classes that have
demonstrated cardiovascular benefit, which allowed treat-
ment effects to be determined among drug classes.

Diabetes is associated with an increased risk of dementia, ex-
pected to be primarily mediated through vascular injury, but may
also increase brain atrophy through other mechanisms.53 The
study hypothesis was that glucose-lowering medications asso-
ciated with significant reductions in cardiovascular events would
also reduce the risk of dementia, acknowledging that, in general,
themagnitudeofassociationofcommonvascularriskfactorswith
dementia is lower than risk reported for cardiovascular events.
For example, antihypertensive therapy is associated with a 27%
relative risk reduction in stroke,54 but a 7% relative risk reduction
in dementia.23 As a result, large sample sizes with extended pe-
riods of follow-up are required to detect a significant reduction
in dementia risk. Animal studies suggest that GLP-1RAs may re-
duce dementia risk through a number of potential mechanisms,
inadditiontoneuroprotectionmediatedthroughreducedcardio-
vascular risk (eg, through anti-inflammatory effects on neuronal

structures, antioxidative effects, and reduction in neuronal
apoptosis).55 Similarly,SGLT2ishavedemonstratedneuroinflam-
matory and antioxidative effects in addition to cardiovascular
prevention.56

In this meta-analysis, a larger risk reduction in dementia
was associated with randomization to receive GLP-1RAs than
SGLT2i classes. This may be partly explained by differences in
populations enrolled, with a higher all-cause dementia event
rate noted among the control group of GLP-1RA trials com-
pared with SGLT2i trials (0.14% vs 0.05%), with a resultant
increase in statistical power to detect associations. Indirect
comparison also suggests that GLP-1RAs may have a larger mag-
nitude of effect on cardiovascular risk than SGLT2is.16,57 While
none of the eligible clinical trials included a specific popula-
tion with cognitive impairment, findings may have implica-
tions for choice of glucose-lowering therapy in patients with
diabetes and higher risk of dementia. However, large random-
ized clinical trials should be conducted that are dedicated to
addressing optimal glucose-lowering therapy in patients with
cognitive impairment. It is plausible that the efficacy of glucose-
lowering therapies for dementia outcomes may differ by sex and
APOE4 status due to differences in glucose metabolism.58,59 Fu-
ture studies reporting dementia outcomes by APOE4 status and
sex are required to evaluate this.

A limitation of this meta-analysis is that the majority of
clinical trials did not systematically evaluate participants for
dementia, resulting in a low event rate. Other possible rea-
sons for the low event rate include mean age of trial partici-
pants and relatively short duration of follow-up. However, as

Figure 2. Association of Glucose-Lowering Therapy With Vascular Dementia
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all clinical trials were placebo controlled, the relative risk es-
timates are expected to be unbiased. The incidence of all-
cause dementia and vascular dementia among adults with dia-
betes in prospective cohort studies was estimated to be 14.2
to 16.8 per 1000 patient-years and 1.8 to 3.2 per 1000 patient-
years, respectively, more than double the rate reported in this
study.60,61 Therefore, the absolute risk reduction reported is
most likely an underestimate, and the real-world absolute risk
reduction of cardioprotective glucose-lowering therapy is likely
to be greater by approximately 0.5% to 0.6%.

A number of randomized clinical trials evaluating the neu-
roprotectiveeffectsofGLP1-RAsandSGLT2isareinprogress.Stud-
ies are ongoing among populations with early Alzheimer disease
or mild cognitive impairment, such as EVOKE (NCT04777396)62

and LIGHT-MCI (NCT05313529), and healthy volunteers with
vascular risk factors, such as OxSENSE (NCT06363487).

Limitations
This study has limitations. First, there are inherent challenges
in performing and interpreting a meta-analysis with heterog-

enous interventions, and definitions of the outcomes of de-
mentia. The study reported meta-analytic estimates by drug
classes. There were no randomized clinical trials identified
evaluating metformin compared with controls that reported
dementia outcomes. Second, dementia outcomes were not as-
certained as an outcome of interest; rather, they were re-
ported as adverse events. Bias due to outcome misclassifica-
tion may have arisen due to incomplete ascertainment of
dementia diagnoses. However, as investigators and partici-
pants were blinded to treatment allocation, this should not
affect the validity of relative comparisons, as both groups of
the included randomized clinical trials were likely to have been
equally affected by outcome misclassification and underre-
porting. Third, the low event rates, which are likely related to
the average age of the study population, limited duration of fol-
low-up and method of ascertainment (as adverse events rather
than systematically sought), reducing power to detect differ-
ences in treatment effect. This is a substantial limitation of this
study, and further research evaluating the efficacy of glucose-
lowering therapies to reduce risk of dementia outcomes in suit-

Figure 3. Association of Glucose-Lowering Therapy With Alzheimer Dementia
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ably designed trials (ie, with long duration of follow-up and
population, including adults in middle-late life) is required. It
is important to note that event rates for less common demen-
tia subtypes, such as Lewy body dementia, were very low and
therefore should be considered exploratory. Fourth, the dura-
tion of follow-up of included studies was relatively short (mean
follow-up, 31.4 months). Fifth, the study did not report esti-
mates within subgroups of trial populations (eg, by sex), as only
summary-level data were available. Sixth, further research, in-
cluding randomized clinical trials specifically evaluating the ef-
fect of glucose-lowering therapy on incident dementia and cog-
nitive outcomes, is needed. While this study reported on the

relative association of glucose-lowering therapy, due to under-
reporting, the absolute effect is likely larger. It is imperative that
these trials are of sufficient follow-up duration to ascertain cog-
nitive outcomes.

Conclusions
In this meta-analysis of randomized clinical trials, glucose-
lowering therapy with GLP1-RAs, but not SGLT2is or piogli-
tazone, was associated with a statistically significant reduc-
tion in dementia or cognitive impairment.

ARTICLE INFORMATION

Accepted for Publication: January 3, 2025.

Published Online: April 7, 2025.
doi:10.1001/jamaneurol.2025.0360

Open Access: This is an open access article
distributed under the terms of the CC-BY License.
© 2025 Seminer A et al. JAMA Neurology.

Author Contributions: Ms Seminer and Mr
Mulihano had full access to all of the data in the
study and take responsibility for the integrity of the
data and the accuracy of the data analysis. Ms
Seminer and Mr Mulihano contributed equally.
Concept and design: Seminer, Mulihano, Costello,
O'Donnell, Reddin.
Acquisition, analysis, or interpretation of data:
Seminer, Mulihano, O'Brien, Krewer, Judge,
O'Donnell, Reddin.
Drafting of the manuscript: Seminer, Mulihano,
O'Donnell, Reddin.
Critical review of the manuscript for important
intellectual content: Mulihano, O'Brien, Krewer,
Costello, Judge, O'Donnell, Reddin.
Statistical analysis: Mulihano, O'Brien, Judge,
Reddin.
Obtained funding: Mulihano.
Administrative, technical, or material support:
Krewer.
Supervision: Costello, O'Donnell, Reddin.

Conflict of Interest Disclosures: Dr Krewer
reported receiving grants from the Health Research
Board (HRB; SDAP2023.036) outside the
submitted work. Dr Reddin reported receiving
grants from the Irish Clinical Academic Training
Programme, Wellcome Trust, HRB (203930/B/16/
Z), Health Service Executive, National Doctors
Training and Planning, and Health and Social Care,
Research and Development Division, Northern
Ireland outside the submitted work. No other
disclosures were reported.

Data Sharing Statement: See Supplement 2.

REFERENCES
1. GBD 2019 Ageing Collaborators. Global, regional,
and national burden of diseases and injuries for
adults 70 years and older: systematic analysis for
the Global Burden of Disease 2019 study. BMJ.
2022;376:e068208. doi:10.1136/bmj-2021-068208
2. Nichols E, Steinmetz JD, Vollset SE, et al; GBD
2019 Dementia Forecasting Collaborators.
Estimation of the global prevalence of dementia in
2019 and forecasted prevalence in 2050: an
analysis for the Global Burden of Disease Study
2019. Lancet Public Health. 2022;7(2):e105-e125.
doi:10.1016/S2468-2667(21)00249-8

3. Livingston G, Huntley J, Sommerlad A, et al.
Dementia prevention, intervention, and care: 2020
report of the Lancet Commission. Lancet. 2020;
396(10248):413-446. doi:10.1016/S0140-6736(20)
30367-6
4. Livingston G, Sommerlad A, Orgeta V, et al.
Dementia prevention, intervention, and care. Lancet.
2017;390(10113):2673-2734. doi:10.1016/S0140-
6736(17)31363-6
5. O’Donnell MJ, Chin SL, Rangarajan S, et al;
INTERSTROKE investigators. Global and regional
effects of potentially modifiable risk factors
associated with acute stroke in 32 countries
(INTERSTROKE): a case-control study. Lancet.
2016;388(10046):761-775. doi:10.1016/S0140-6736
(16)30506-2
6. Marx N, Federici M, Schütt K, et al; ESC Scientific
Document Group. 2023 ESC guidelines for the
management of cardiovascular disease in patients
with diabetes. Eur Heart J. 2023;44(39):4043-4140.
doi:10.1093/eurheartj/ehad192
7. Arnett DK, Blumenthal RS, Albert MA, et al. 2019
ACC/AHA guideline on the primary prevention of
cardiovascular disease: a report of the American
College of Cardiology/American Heart Association
Task Force on Clinical Practice Guidelines. Circulation.
2019;140(11):e596-e646. doi:10.1161/CIR.
0000000000000678
8. Tang H, Shao H, Shaaban CE, et al. Newer
glucose-lowering drugs and risk of dementia:
a systematic review and meta-analysis of
observational studies. J Am Geriatr Soc. 2023;71(7):
2096-2106. doi:10.1111/jgs.18306
9. Wu CY, Iskander C, Wang C, et al. Association of
sodium-glucose cotransporter 2 inhibitors with
time to dementia: a population-based cohort study.
Diabetes Care. 2023;46(2):297-304. doi:10.2337/
dc22-1705
10. Nørgaard CH, Friedrich S, Hansen CT, et al.
Treatment with glucagon-like peptide-1 receptor
agonists and incidence of dementia: data from
pooled double-blind randomized controlled trials
and nationwide disease and prescription registers.
Alzheimers Dement (N Y). 2022;8(1):e12268. doi:10.
1002/trc2.12268
11. Luan S, Cheng W, Wang C, Gong J, Zhou J.
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). 2022;
13:1047883. doi:10.3389/fendo.2022.1047883
12. Higgins JPT, Thomas J, Chandler J, et al, eds.
Cochrane Handbook for Systematic Reviews of
Interventions Version 6.0. Updated July 2019.

Accessed February 19, 2025. http://www.training.
cochrane.org/handbook
13. Moher D, Liberati A, Tetzlaff J, Altman DG;
PRISMA Group. Preferred Reporting Items for
Systematic Reviews and Meta-Analyses: the
PRISMA statement. Ann Intern Med.
2009;151(4):264-269, W64. doi:10.7326/0003-4819-
151-4-200908180-00135
14. McGuire DK, Shih WJ, Cosentino F, et al.
Association of SGLT2 inhibitors with cardiovascular
and kidney outcomes in patients with type 2
diabetes: a meta-analysis. JAMA Cardiol. 2021;6(2):
148-158. doi:10.1001/jamacardio.2020.4511
15. Vaduganathan M, Docherty KF, Claggett BL,
et al. SGLT-2 inhibitors in patients with heart failure:
a comprehensive meta-analysis of five randomised
controlled trials. Lancet. 2022;400(10354):757-767.
doi:10.1016/S0140-6736(22)01429-5
16. Sattar N, Lee MMY, Kristensen SL, et al.
Cardiovascular, mortality, and kidney outcomes
with GLP-1 receptor agonists in patients with type 2
diabetes: a systematic review and meta-analysis of
randomised trials. Lancet Diabetes Endocrinol.
2021;9(10):653-662. doi:10.1016/S2213-8587(21)
00203-5
17. Dormandy JA, Charbonnel B, Eckland DJ, et al;
PROactive Investigators. Secondary prevention of
macrovascular events in patients with type 2
diabetes in the PROactive Study (PROspective
pioglitAzone Clinical Trial In macroVascular Events):
a randomised controlled trial. Lancet. 2005;366
(9493):1279-1289. doi:10.1016/S0140-6736(05)
67528-9
18. Holman RR, Paul SK, Bethel MA, Matthews DR,
Neil HAW. 10-Year follow-up of intensive glucose
control in type 2 diabetes. N Engl J Med. 2008;359
(15):1577-1589. doi:10.1056/NEJMoa0806470
19. Patoulias DI, Boulmpou A, Teperikidis E, et al.
Cardiovascular efficacy and safety of dipeptidyl
peptidase-4 inhibitors: a meta-analysis of
cardiovascular outcome trials. World J Cardiol. 2021;
13(10):585-592. doi:10.4330/wjc.v13.i10.585
20. Rados DV, Pinto LC, Remonti LR, Leitão CB,
Gross JL. The association between sulfonylurea use
and all-cause and cardiovascular mortality:
a meta-analysis with trial sequential analysis of
randomized controlled trials. PLoS Med. 2016;13(4):
e1001992. doi:10.1371/journal.pmed.1001992
21. Gerstein HC, Bosch J, Dagenais GR, et al;
ORIGIN Trial Investigators. Basal insulin and
cardiovascular and other outcomes in dysglycemia.
N Engl J Med. 2012;367(4):319-328. doi:10.1056/
NEJMoa1203858
22. Marso SP, McGuire DK, Zinman B, et al;
DEVOTE Study Group. Efficacy and safety of

Cardioprotective Glucose-Lowering Agents and Dementia Risk Original Investigation Research

jamaneurology.com (Reprinted) JAMA Neurology May 2025 Volume 82, Number 5 459

Downloaded from jamanetwork.com by Rennes I University user on 02/25/2026

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2025.0360?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2025.0360
https://jamanetwork.com/pages/cc-by-license-permissions?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2025.0360
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2025.0360?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2025.0360
https://dx.doi.org/10.1136/bmj-2021-068208
https://dx.doi.org/10.1016/S2468-2667(21)00249-8
https://dx.doi.org/10.1016/S0140-6736(20)30367-6
https://dx.doi.org/10.1016/S0140-6736(20)30367-6
https://dx.doi.org/10.1016/S0140-6736(17)31363-6
https://dx.doi.org/10.1016/S0140-6736(17)31363-6
https://dx.doi.org/10.1016/S0140-6736(16)30506-2
https://dx.doi.org/10.1016/S0140-6736(16)30506-2
https://dx.doi.org/10.1093/eurheartj/ehad192
https://dx.doi.org/10.1161/CIR.0000000000000678
https://dx.doi.org/10.1161/CIR.0000000000000678
https://dx.doi.org/10.1111/jgs.18306
https://dx.doi.org/10.2337/dc22-1705
https://dx.doi.org/10.2337/dc22-1705
https://dx.doi.org/10.1002/trc2.12268
https://dx.doi.org/10.1002/trc2.12268
https://dx.doi.org/10.3389/fendo.2022.1047883
http://www.training.cochrane.org/handbook
http://www.training.cochrane.org/handbook
https://dx.doi.org/10.7326/0003-4819-151-4-200908180-00135
https://dx.doi.org/10.7326/0003-4819-151-4-200908180-00135
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2020.4511?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2025.0360
https://dx.doi.org/10.1016/S0140-6736(22)01429-5
https://dx.doi.org/10.1016/S2213-8587(21)00203-5
https://dx.doi.org/10.1016/S2213-8587(21)00203-5
https://dx.doi.org/10.1016/S0140-6736(05)67528-9
https://dx.doi.org/10.1016/S0140-6736(05)67528-9
https://dx.doi.org/10.1056/NEJMoa0806470
https://dx.doi.org/10.4330/wjc.v13.i10.585
https://dx.doi.org/10.1371/journal.pmed.1001992
https://dx.doi.org/10.1056/NEJMoa1203858
https://dx.doi.org/10.1056/NEJMoa1203858
http://www.jamaneurology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2025.0360


degludec versus glargine in type 2 diabetes. N Engl J
Med. 2017;377(8):723-732. doi:10.1056/
NEJMoa1615692
23. Hughes D, Judge C, Murphy R, et al. Association
of blood pressure lowering with incident dementia
or cognitive impairment: a systematic review and
meta-analysis. JAMA. 2020;323(19):1934-1944.
doi:10.1001/jama.2020.4249
24. Higgins JPT, Thomas J, Chandler J, et al, eds.
Cochrane Handbook for Systematic Reviews of
Interventions Version 6.3. John Wiley & Sons, 2022.
25. Zinman B, Wanner C, Lachin JM, et al;
EMPA-REG OUTCOME Investigators. Empagliflozin,
cardiovascular outcomes, and mortality in type 2
diabetes. N Engl J Med. 2015;373(22):2117-2128.
doi:10.1056/NEJMoa1504720
26. Neal B, Perkovic V, Mahaffey KW, et al; CANVAS
Program Collaborative Group. Canagliflozin and
cardiovascular and renal events in type 2 diabetes.
N Engl J Med. 2017;377(7):644-657. doi:10.1056/
NEJMoa1611925
27. Perkovic V, Jardine MJ, Neal B, et al; CREDENCE
Trial Investigators. Canagliflozin and renal
outcomes in type 2 diabetes and nephropathy.
N Engl J Med. 2019;380(24):2295-2306. doi:10.
1056/NEJMoa1811744
28. McMurray JJV, Solomon SD, Inzucchi SE, et al;
DAPA-HF Trial Committees and Investigators.
Dapagliflozin in patients with heart failure and
reduced ejection fraction. N Engl J Med. 2019;381
(21):1995-2008. doi:10.1056/NEJMoa1911303
29. Wiviott SD, Raz I, Bonaca MP, et al;
DECLARE–TIMI 58 Investigators. Dapagliflozin and
cardiovascular outcomes in type 2 diabetes. N Engl
J Med. 2019;380(4):347-357. doi:10.1056/
NEJMoa1812389
30. Heerspink HJL, Stefánsson BV, Correa-Rotter
R, et al; DAPA-CKD Trial Committees and
Investigators. Dapagliflozin in patients with chronic
kidney disease. N Engl J Med. 2020;383(15):
1436-1446. doi:10.1056/NEJMoa2024816
31. Packer M, Anker SD, Butler J, et al;
EMPEROR-Reduced Trial Investigators.
Cardiovascular and renal outcomes with
empagliflozin in heart failure. N Engl J Med. 2020;
383(15):1413-1424. doi:10.1056/NEJMoa2022190
32. Cannon CP, Pratley R, Dagogo-Jack S, et al;
VERTIS CV Investigators. Cardiovascular outcomes
with ertugliflozin in type 2 diabetes. N Engl J Med.
2020;383(15):1425-1435. doi:10.1056/
NEJMoa2004967
33. Anker SD, Butler J, Filippatos G, et al;
EMPEROR-Preserved Trial Investigators.
Empagliflozin in heart failure with a preserved
ejection fraction. N Engl J Med. 2021;385(16):
1451-1461. doi:10.1056/NEJMoa2107038
34. Peikert A, Martinez FA, Vaduganathan M, et al.
Efficacy and safety of dapagliflozin in heart failure
with mildly reduced or preserved ejection fraction
according to age: the DELIVER trial. Circ Heart Fail.
2022;15(10):e010080. doi:10.1161/
CIRCHEARTFAILURE.122.010080
35. Herrington WG, Staplin N, Wanner C, et al; The
EMPA-KIDNEY Collaborative Group. Empagliflozin
in patients with chronic kidney disease. N Engl J Med.
2023;388(2):117-127. doi:10.1056/NEJMoa2204233
36. Pfeffer MA, Claggett B, Diaz R, et al; ELIXA
Investigators. Lixisenatide in patients with type 2
diabetes and acute coronary syndrome. N Engl J Med.

2015;373(23):2247-2257. doi:10.1056/
NEJMoa1509225
37. Marso SP, Bain SC, Consoli A, et al; SUSTAIN-6
Investigators. Semaglutide and cardiovascular
outcomes in patients with type 2 diabetes. N Engl J
Med. 2016;375(19):1834-1844. doi:10.1056/
NEJMoa1607141
38. Marso SP, Daniels GH, Brown-Frandsen K, et al;
LEADER Steering Committee; LEADER Trial
Investigators. Liraglutide and cardiovascular
outcomes in type 2 diabetes. N Engl J Med. 2016;
375(4):311-322. doi:10.1056/NEJMoa1603827
39. Holman RR, Bethel MA, Mentz RJ, et al;
EXSCEL Study Group. Effects of once-weekly
exenatide on cardiovascular outcomes in type 2
diabetes. N Engl J Med. 2017;377(13):1228-1239.
doi:10.1056/NEJMoa1612917
40. Hernandez AF, Green JB, Janmohamed S, et al;
Harmony Outcomes committees and investigators.
Albiglutide and cardiovascular outcomes in patients
with type 2 diabetes and cardiovascular disease
(Harmony Outcomes): a double-blind, randomised
placebo-controlled trial. Lancet. 2018;392(10157):
1519-1529. doi:10.1016/S0140-6736(18)32261-X
41. Gerstein HC, Colhoun HM, Dagenais GR, et al;
REWIND Investigators. Dulaglutide and
cardiovascular outcomes in type 2 diabetes
(REWIND): a double-blind, randomised
placebo-controlled trial. Lancet. 2019;394(10193):
121-130. doi:10.1016/S0140-6736(19)31149-3
42. Husain M, Birkenfeld AL, Donsmark M, et al;
PIONEER 6 Investigators. Oral semaglutide and
cardiovascular outcomes in patients with type 2
diabetes. N Engl J Med. 2019;381(9):841-851.
doi:10.1056/NEJMoa1901118
43. Gerstein HC, Sattar N, Rosenstock J, et al;
AMPLITUDE-O Trial Investigators. Cardiovascular
and renal outcomes with efpeglenatide in type 2
diabetes. N Engl J Med. 2021;385(10):896-907.
doi:10.1056/NEJMoa2108269
44. Frias JP, Choi J, Rosenstock J, et al. Efficacy and
safety of once-weekly efpeglenatide monotherapy
versus placebo in type 2 diabetes: the
AMPLITUDE-M randomized controlled trial.
Diabetes Care. 2022;45(7):1592-1600. doi:10.2337/
dc21-2656
45. Lincoff AM, Brown-Frandsen K, Colhoun HM,
et al; SELECT Trial Investigators. Semaglutide and
cardiovascular outcomes in obesity without
diabetes. N Engl J Med. 2023;389(24):2221-2232.
doi:10.1056/NEJMoa2307563
46. McGarry A, Rosanbalm S, Leinonen M, et al.
Safety, tolerability, and efficacy of NLY01 in early
untreated Parkinson’s disease: a randomised,
double-blind, placebo-controlled trial. Lancet Neurol.
2024;23(1):37-45. doi:10.1016/S1474-4422(23)
00378-2
47. Simuni T, Kieburtz K, Tilley B, et al; NINDS
Exploratory Trials in Parkinson Disease (NET-PD)
FS-ZONE Investigators. Pioglitazone in early
Parkinson’s disease: a phase 2, multicentre,
double-blind, randomised trial. Lancet Neurol. 2015;
14(8):795-803. doi:10.1016/S1474-4422(15)00144-1
48. Kernan WN, Viscoli CM, Furie KL, et al; IRIS Trial
Investigators. Pioglitazone after ischemic stroke or
transient ischemic attack. N Engl J Med. 2016;374
(14):1321-1331. doi:10.1056/NEJMoa1506930
49. Burns DK, Alexander RC, Welsh-Bohmer KA,
et al; TOMMORROW study investigators. Safety and

efficacy of pioglitazone for the delay of cognitive
impairment in people at risk of Alzheimer’s disease
(TOMMORROW): a prognostic biomarker study and
a phase 3, randomised, double-blind,
placebo-controlled trial. Lancet Neurol. 2021;20(7):
537-547. doi:10.1016/S1474-4422(21)00043-0
50. Veroniki AA, Jackson D, Viechtbauer W, et al.
Methods to estimate the between-study variance
and its uncertainty in meta-analysis. Res Synth
Methods. 2016;7(1):55-79. doi:10.1002/jrsm.1164
51. Viechtbauer W. Conducting meta-analyses in R
with the metafor package. J Stat Softw. 2010;36(3).
doi:10.18637/jss.v036.i03
52. Altman DG, Bland JM. Interaction revisited: the
difference between two estimates. BMJ. 2003;326
(7382):219-219. doi:10.1136/bmj.326.7382.219
53. Exalto LG, Whitmer RA, Kappele LJ, Biessels GJ.
An update on type 2 diabetes, vascular dementia
and Alzheimer’s disease. Exp Gerontol. 2012;47(11):
858-864. doi:10.1016/j.exger.2012.07.014
54. Ettehad D, Emdin CA, Kiran A, et al. Blood
pressure lowering for prevention of cardiovascular
disease and death: a systematic review and
meta-analysis. Lancet. 2016;387(10022):957-967.
doi:10.1016/S0140-6736(15)01225-8
55. Yaribeygi H, Rashidy-Pour A, Atkin SL,
Jamialahmadi T, Sahebkar A. GLP-1 mimetics and
cognition. Life Sci. 2021;264:118645. doi:10.1016/
j.lfs.2020.118645
56. Pawlos A, Broncel M, Woźniak E,
Gorzelak-Pabiś P. Neuroprotective effect of SGLT2
inhibitors. Molecules. 2021;26(23):7213. doi:10.
3390/molecules26237213
57. Tsai WH, Chuang SM, Liu SC, et al. Effects of
SGLT2 inhibitors on stroke and its subtypes in
patients with type 2 diabetes: a systematic review
and meta-analysis. Sci Rep. 2021;11(1):15364. doi:10.
1038/s41598-021-94945-4
58. Jiang L, Lin H, Chen Y; Alzheimer’s Disease
Neuroimaging Initiative. Sex difference in the
association of APOE4 with cerebral glucose
metabolism in older adults reporting significant
memory concern. Neurosci Lett. 2020;722:134824.
doi:10.1016/j.neulet.2020.134824
59. Riedel BC, Thompson PM, Brinton RD. Age,
APOE and sex: triad of risk of Alzheimer’s disease.
J Steroid Biochem Mol Biol. 2016;160:134-147. doi:
10.1016/j.jsbmb.2016.03.012
60. Kim WJ, Lee SJ, Lee E, Lee EY, Han K. Risk of
incident dementia according to glycemic status and
comorbidities of hyperglycemia: a nationwide
population-based cohort study. Diabetes Care.
2022;45(1):134-141. doi:10.2337/dc21-0957
61. MacKnight C, Rockwood K, Awalt E, McDowell I.
Diabetes mellitus and the risk of dementia,
Alzheimer’s disease and vascular cognitive
impairment in the Canadian Study of Health and
Aging. Dement Geriatr Cogn Disord. 2002;14(2):
77-83. doi:10.1159/000064928
62. Atri A, Feldman HH, Hansen CT, et al. Evoke
and evoke+: design of two large-scale,
double-blind, placebo-controlled, phase 3 studies
evaluating the neuroprotective effects of
semaglutide in early Alzheimer’s disease.
Alzheimers Dement. 2022;18(S10):e062415. doi:10.
1002/alz.062415

Research Original Investigation Cardioprotective Glucose-Lowering Agents and Dementia Risk

460 JAMA Neurology May 2025 Volume 82, Number 5 (Reprinted) jamaneurology.com

Downloaded from jamanetwork.com by Rennes I University user on 02/25/2026

https://dx.doi.org/10.1056/NEJMoa1615692
https://dx.doi.org/10.1056/NEJMoa1615692
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2020.4249?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2025.0360
https://dx.doi.org/10.1056/NEJMoa1504720
https://dx.doi.org/10.1056/NEJMoa1611925
https://dx.doi.org/10.1056/NEJMoa1611925
https://dx.doi.org/10.1056/NEJMoa1811744
https://dx.doi.org/10.1056/NEJMoa1811744
https://dx.doi.org/10.1056/NEJMoa1911303
https://dx.doi.org/10.1056/NEJMoa1812389
https://dx.doi.org/10.1056/NEJMoa1812389
https://dx.doi.org/10.1056/NEJMoa2024816
https://dx.doi.org/10.1056/NEJMoa2022190
https://dx.doi.org/10.1056/NEJMoa2004967
https://dx.doi.org/10.1056/NEJMoa2004967
https://dx.doi.org/10.1056/NEJMoa2107038
https://dx.doi.org/10.1161/CIRCHEARTFAILURE.122.010080
https://dx.doi.org/10.1161/CIRCHEARTFAILURE.122.010080
https://dx.doi.org/10.1056/NEJMoa2204233
https://dx.doi.org/10.1056/NEJMoa1509225
https://dx.doi.org/10.1056/NEJMoa1509225
https://dx.doi.org/10.1056/NEJMoa1607141
https://dx.doi.org/10.1056/NEJMoa1607141
https://dx.doi.org/10.1056/NEJMoa1603827
https://dx.doi.org/10.1056/NEJMoa1612917
https://dx.doi.org/10.1016/S0140-6736(18)32261-X
https://dx.doi.org/10.1016/S0140-6736(19)31149-3
https://dx.doi.org/10.1056/NEJMoa1901118
https://dx.doi.org/10.1056/NEJMoa2108269
https://dx.doi.org/10.2337/dc21-2656
https://dx.doi.org/10.2337/dc21-2656
https://dx.doi.org/10.1056/NEJMoa2307563
https://dx.doi.org/10.1016/S1474-4422(23)00378-2
https://dx.doi.org/10.1016/S1474-4422(23)00378-2
https://dx.doi.org/10.1016/S1474-4422(15)00144-1
https://dx.doi.org/10.1056/NEJMoa1506930
https://dx.doi.org/10.1016/S1474-4422(21)00043-0
https://dx.doi.org/10.1002/jrsm.1164
https://dx.doi.org/10.18637/jss.v036.i03
https://dx.doi.org/10.1136/bmj.326.7382.219
https://dx.doi.org/10.1016/j.exger.2012.07.014
https://dx.doi.org/10.1016/S0140-6736(15)01225-8
https://dx.doi.org/10.1016/j.lfs.2020.118645
https://dx.doi.org/10.1016/j.lfs.2020.118645
https://dx.doi.org/10.3390/molecules26237213
https://dx.doi.org/10.3390/molecules26237213
https://dx.doi.org/10.1038/s41598-021-94945-4
https://dx.doi.org/10.1038/s41598-021-94945-4
https://dx.doi.org/10.1016/j.neulet.2020.134824
https://dx.doi.org/10.1016/j.jsbmb.2016.03.012
https://dx.doi.org/10.2337/dc21-0957
https://dx.doi.org/10.1159/000064928
https://dx.doi.org/10.1002/alz.062415
https://dx.doi.org/10.1002/alz.062415
http://www.jamaneurology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2025.0360

