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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, estimated 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 association with vascular dementia. Identification of
population-level interventions, such as tailored manage-
ment of common risk factors (eg, diabetes), may reduce the
global burden of dementia. However, there is a lack of robust
evidence to support the efficacy of glucose-lowering thera-
pies in reducing the risk of dementia, which may relate to
variations in cardioprotective 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
clinical trials reporting a significant reduction in cardiovascu-
lar events, and metformin and pioglitazone are recom-
mended as second-line treatments.6,7 Observational evi-
dence 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
inconsistent, prompting the need for an updated meta-
analysis of randomized clinical trials.10,11

The aim of this meta-analysis was to determine whether
cardioprotective glucose-lowering therapy, compared with
controls, 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
glucose-lowering therapy were also screened for studies that
met our inclusion criteria. Two reviewers (A.S. and A.M.) in-
dependently screened titles and abstracts. Full texts were
sourced for relevant articles. To ascertain if cognitive out-
comes were reported, the full text, supplementary appendix,

and ClinicalTrials.gov record were reviewed for each study that
met inclusion criteria related to the population, intervention,
and comparator. Inclusion criteria were assessed indepen-
dently 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
randomized clinical trial evidence demonstrating a reduc-
tion in cardiovascular events (SGLT2is and GLP-1RAs)14-16 or
suggesting c ardiovascular 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
dementia, or a composite of dementia or cognitive impair-
ment (if dementia alone was not reported), on follow-up.23

Secondary outcomes included dementia subtypes, including
vascular dementia 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
primary 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 calculated overall and individually for individual drug
classes, using restricted maximum likelihood (REML) esti-
mation 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 heterogeneity was investigated using forest
plots and I2 statistics. Differences 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 analy-
ses that assessed pooled estimates for trials that reported
follow-up above 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.
Following full-text and ClinicalTrials.gov review, 26 trials
were included (eFigure 1 in Supplement 1). Twenty-three
studies reported the incidence of a composite of dementia
or cognitive impairment on follow-up and were included
in the primary meta-analysis. Three studies were in-
cluded 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
information regarding method of outcome ascertainment, par-
ticipants and investigators of all included trials were blinded to
the intervention allocated. There was no evidence of publica-
tion 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 pio-
glitazone (no trials of metformin were identified).25-39,41-45 De-
mentia or cognitive impairment was diagnosed in 93 partici-
pants 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 sig-
nificantly associated with a reduction in cognitive impair-
ment or dementia (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 de-
mentia, 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 Vascular dementia was
diagnosed in 6 participants in the intervention group and 16 par-
ticipants in the control group on follow-up. Glucose-lowering
therapy was not significantly associated with a reduction in vas-
cular 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 con-
sistent 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 hetero-
geneity = .93; Figure 2). Twelve trials reported rates of Alzheimer
dementia (115 840 participants).25,29,32-35,38-41,45,49 Alzheimer
dementia was diagnosed in 56 participants in the intervention
group and 51 participants in the control group on follow-up.
Glucose-lowering therapy was not associated with a significant
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reduction in Alzheimer dementia (0.09% vs 0.09% over a mean
follow-up of 37.1 months; OR, 1.20 [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 dementia 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 significant reduction in Lewy body demen-
tia (0.004% vs 0.01% over a mean follow-up of 37.9 months; OR,
0.58 [95% CI, 0.12-2.86]; I2 = 0.0%) (eFigure 5 in Supple-
ment 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).

Discussion
This meta-analysis, which included 23 trials with 160 191 par-
ticipants for the primary outcome analysis, did not report a sig-
nificant reduction in dementia or cognitive impairment when
all drug classes were considered. However, glucose-lowering
therapy with GLP-1RAs, but not SGLT2is or pioglitazone, was
associated with a significantly lower risk of dementia or cog-
nitive impairment, compared with controls. Glucose-
lowering therapy was not associated with a significant reduc-
tion in vascular or Alzheimer dementia. Vascular dementia
event rates were numerically lower (not statistically signifi-
cant) in the glucose-lowering group compared with controls.
In contrast, Alzheimer dementia event rates were numeri-
cally 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 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, andTa
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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,
expected 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
associated with significant reductions in cardiovascular events
would also reduce the risk of dementia, acknowledging that, in
general, the magnitude of association of common vascular risk
factors with dementia is lower than risk reported for cardiovas-
cular events. For example, antihypertensive therapy is associ-
ated with a 27% relative risk reduction in stroke,54 but a 7% rela-
tive risk reduction in dementia.23 As a result, large sample sizes
with extended periods of follow-up are required to detect a sig-
nificant reduction in dementia risk. Animal studies suggest that

Figure 1. Association of Glucose-Lowering Therapy With All-Cause Dementia
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GLP-1RAs may reduce dementia risk through a number of po-
tential mechanisms, in addition to neuroprotection mediated
through reduced cardiovascular risk (eg, through anti-
inflammatory effects on neuronal structures, antioxidative
effects, and reduction in neuronal apoptosis).55 Similarly,
SGLT2is have demonstrated neuroinflammatory and antioxi-
dative 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 Future studies reporting dementia out-
comes 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
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
diabetes 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-
roprotective effects of GLP1-RAs and SGLT2is are in progress.
Studies 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 chal-
lenges in performing and interpreting a meta-analysis with het-
erogenous interventions, and definitions of the outcomes of
dementia. 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-

Figure 2. Association of Glucose-Lowering Therapy With Vascular Dementia
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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
follow-up and method of ascertainment (as adverse events
rather than systematically sought), reducing power to detect
differences in treatment effect. This is a substantial limita-
tion of this study, and further research evaluating the effi-
cacy of glucose-lowering therapies to reduce risk of dementia
outcomes in suitably 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 dementia subtypes, such as Lewy body dementia,
were very low and therefore should be considered explor-

atory. Fourth, the duration of follow-up of included studies
was relatively short (mean follow-up, 31.4 months). Fifth,
the study did not report estimates within subgroups of trial
populations (eg, by sex), as only summary-level data were avail-
able. Sixth, further research, including randomized clinical
trials specifically evaluating the effect of glucose-lowering
therapy on incident dementia and cognitive outcomes, is
needed. While this study reported on the relative association
of glucose-lowering therapy, due to underreporting, the
absolute effect is likely larger. It is imperative that these
trials are of sufficient follow-up duration to ascertain cogni-
tive 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.

Figure 3. Association of Glucose-Lowering Therapy With Alzheimer Dementia
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