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ABSTRACT

Introduction: Dementia is quite prevalent and
among the leading causes of death worldwide.
According to earlier research, diabetes may
increase the possibility of developing dementia.
However, the association between antidiabetic
agents and dementia is not yet clear. This
investigation examines the association between
the use of sodium-glucose transporter 2 inhibi-
tors (SGLT2i) and the risk of dementia in
patients with diabetes.
Methods: Up to April 18, 2023, four data-
bases—Europe PMC, Medline, Scopus, and
Cochrane Library—were searched for relevant
literature. We included all studies that examine

dementia risk in adults with diabetes who use
SGLT2i. Random-effect models were used to
compute the outcomes in this investigation,
producing pooled odds ratios (OR) with 95%
confidence intervals (CI).
Results: Pooled data from seven observational
studies revealed that SGLT2i use was linked to a
lower risk of dementia in people with diabetes
(OR 0.45, 95% CI 0.34–0.61; p\0.00001,
I2 = 97%). The reduction in the risk of dementia
due to SGLT2i’s neuroprotective effect was only
significantly affected by dyslipidemia (p =
0.0004), but not by sample size (p = 0.2954),
study duration (p = 0.0908), age (p = 0.0805),
sex (p = 0.5058), hypertension (p = 0.0609),
cardiovascular disease (p = 0.1619), or stroke
(p = 0.2734).
Conclusions: According to this research, taking
SGLT2i reduces the incidence of dementia in
people with diabetes by having a beneficial
neuroprotective impact. Randomized con-
trolled trials (RCTs) are still required in order to
verify the findings of our research.
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Key Summary Points

Why carry out this study?

Currently the association between
antidiabetic agents, especially sodium
glucose transporter 2 inhibitors (SGLT2i),
and dementia is still unclear.

This study aims to analyze the association
between SGLT2i use and the incidence of
dementia in patients with diabetes.

What was learned from the study?

Our pooled analysis from seven
observational studies showed that the
incidence of dementia was significantly
lower in patients with diabetes who used
SGLT2i as their glucose-lowering
medications.

Further regression analysis showed that
the association between SGLT2i and the
risk of dementia was significantly
influenced by dyslipidemia.

Our study suggests that SGLT2i may offer
beneficial effects in reducing dementia
incidence in patients with diabetes.

INTRODUCTION

The syndrome known as dementia is charac-
terized by disorientation of memory, thought
processes, behavior, and decreased ability to
carry out daily activities [1, 2]. This syndrome is
chronic and progressive with the majority of
dementia cases caused by Alzheimer’s disease
[1, 2]. Apart from Alzheimer’s disease, other
common etiologies of dementia are vascular
causes, Lewy body disease, and frontotemporal
lobe atrophy [2]. More than 55 million indi-
viduals worldwide suffer from dementia at the
time of right writing, with more than 60% of
them residing in low- to middle-income nations
[3]. It is anticipated that this number will stea-
dily rise to 152 million cases in 2050 [3]. Apart

from having a fairly high prevalence, dementia
is one of the main causes of disability in older
individuals as well as the seventh largest cause
of mortality, causing this syndrome to pose a
high disease burden and affect the quality of life
[4].

Numerous factors, including advanced age,
high blood pressure, diabetes, obesity, smoking,
and alcohol use, increase the likelihood of
developing dementia [5]. Besides those factors,
recent meta-analyses have also discovered that
diabetes mellitus (DM) may be linked to a
higher risk of dementia [6, 7]. It has been
hypothesized that there are overlapping risk
factors between DM and dementia, such as age,
obesity, hyperlipidemia, and hypertension
which are the main risk factors for both DM and
dementia [7, 8]. Diabetes also increases the risk
of developing cerebrovascular disease which is
closely related to the occurrence of dementia,
especially vascular dementia [7, 8]. In addition,
the hyperglycemia that occurs in diabetes is
often associated with the accelerated formation
of advanced glycated end products (AGE) [7, 8].
Cross-linking of extracellular protein mediated
by AGE will accelerate the aggregation of b-
amyloid, the main protein in the pathogenesis
of Alzheimer’s dementia [7, 8]. Finally, insulin
receptors in the cerebral cortex and hippocam-
pus play an important role in memory function
[7, 8]. Insulin will cause the release of the b-
amyloid peptide to the outer layer of the cell
and encourage the development of the enzyme
that breaks down the peptide, known as the
insulin-degrading enzyme (IDE) [7, 8]. Insulin
resistance will thereby encourage the buildup of
b-amyloid, increasing the risk of Alzheimer’s
disease [7, 8]. The next question that arises is
whether antidiabetic drugs can also affect the
prevalence of dementia in people with diabetes.
Since the US Food and Drug Administration
(FDA) initially authorized sodium-glucose
transporter 2 inhibitors (SGLT2i) in 2013 as
antidiabetic drugs, they have been extensively
researched and are able to provide benefits in
various conditions, such as lowering the likeli-
hood of cardiovascular hospitalization and
death among patients with heart failure [9],
along with lowering the death rates in people
with chronic kidney disease (CKD) and delaying
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renal disease progression [10]. Unfortunately,
the existing literature regarding the effect of
SGLT2i on the risk of dementia is still scarce and
unclear. In this research, we sought to examine
the relationship between SGLT2i usage and
dementia incidence in populations with
diabetes.

METHODS

Eligibility Criteria

The present study was conducted following the
Meta-analysis of Observational Studies in Epi-
demiology (MOOSE) [11] and Preferred Report-
ing Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [12]. This article
is based on previously conducted studies and
does not contain any new studies with human
participants or animals performed by any of the
authors. The Faculty of Medicine, Pelita Hara-
pan University Research Ethics Committee
confirmed that no ethical approval was
required. The protocol of this review has been
registered in PROSPERO (CRD42023420793).
The inclusion criteria for this review were set
using the PECOS formulation, and studies were
considered if they met these criteria: (1) Popu-
lation type: patients with DM who had no his-
tory of dementia at the start of the study; (2)
Exposure type: utilizing SGLT2i as a treatment
for lowering their blood sugar; (3) Control type:
has no history of SGLT2i use but used other
antidiabetic agents besides SGLT2i; (4) Outcome
type: incidence of dementia. Dementia in this
study is defined as a general term for loss of
memory, language, problem-solving, and other
thinking abilities that are severe enough to
interfere with daily life. Dementia analyzed can
be in the form of Alzheimer’s dementia, vascu-
lar dementia, Lewy body dementia, or fron-
totemporal dementia; (5) Study design type:
clinical trials and observational research. Stud-
ies were excluded from this review if one or
more of the following exclusion criteria were
present: (1) studies in a population of patients
who already had dementia without diabetes; (2)
studies assessing the effect of antidiabetic
agents on the disease course and outcome of

dementia; (3) scholarly works that are not
available as full text; (4) case-series and case-
reports; (5) non-primary research.

Search Strategy and Study Selection

A query with the search term consisting of
words related to ‘‘diabetes’’, ‘‘sodium glucose
transporter 2 inhibitors’’, and ‘‘dementia’’ was
searched through four databases—Europe PMC,
Scopus, Medline, and Cochrane Library—for
papers published in English up to April 18,
2023. The search strategy employed in each
database was described in detail in Supplemen-
tary Table 1. Initially, two reviewers conducted
a selection of articles based on titles and
abstracts. All duplicates were eliminated. The
full text articles after abstract screening were
downloaded and verified for inclusion in the
study and any disagreement was resolved by
asking for opinions from a third, independent
reviewer.

Data Extraction

Data extraction was performed by two separate
authors to collect important information from
included studies as follows: name of the
authors, country of origin, year of publication,
design of the research, sample size, timeframe of
the study, and characteristics of study partici-
pants (mean age, sex, hypertension, dyslipi-
demia, cardiovascular disease, and stroke), the
numbers of subjects in the experimental group
and comparison group, and the outcome of
interest in each group. Any discrepancy
between authors at this stage was resolved
through discussion.

Risk of Bias Assessment

Using a suitable and verified tool, two inde-
pendent reviewers evaluated the included
studies’ risk of bias. The included observational
studies’ quality was evaluated using the New-
castle–Ottawa scale (NOS), which has three rat-
ing criteria: the process of choosing study
participants; similarity between each group’s
participants; and the findings in each study
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[13]. Each study might receive a total score
ranging from 0 to 9, with a score of 7 indicating
good quality research [13].

Statistical Analysis

The Mantel–Haenszel calculation was employed
to determine the incidence of dementia, which
served as the primary outcome in this investi-
gation. The results were presented in the form
of an odds ratio (OR) accompanied by a 95%
confidence interval (95% CI). Dementia in this
study was defined according to the Interna-
tional Classification of Diseases 10th Revision
(ICD-10) with following codes: F00, F01, F02,
F03, G30, and G31. Because of the various par-
ticipant characteristics, different design of the
study, and variable length of the investigation,
heterogeneity was anticipated and the random-
effect model was adopted in this study. The I-
squared (I2) statistics were employed to assess
the heterogeneity among studies, where values
exceeding 50% indicated a substantial or note-
worthy level of heterogeneity [14]. In order to
assess the potential interaction effect between
the use of SGLT2 inhibitors and pre-defined
variables including sample size, study duration,
age, gender, hypertension, dyslipidemia, car-
diovascular disease, and stroke, a meta-regres-
sion analysis was conducted. This analysis
employed a random-effects model and utilized a
restricted-maximum likelihood approach. In
instances where the number of papers included
in a meta-analysis exceeds 10, a funnel plot was
employed as a means to evaluate the presence of
publication bias. The software tools employed
for conducting meta-analyses in this study
include the Cochrane Collaboration’s Review
Manager 5.4 and Comprehensive Meta-
Analysis.

RESULTS

Study Selection and Characteristics

The process of conducting literature searches
across four databases yielded a cumulative total
of 451 studies. A total of 429 studies were

excluded on the basis screening the titles/ab-
stracts and removing duplicates, leaving 22
studies for full-text assessment. Fifteen of these
studies were further excluded for the following
reasons: seven studies were review articles, five
studies were not done in human subjects, and
three studies lacked data on the pre-specified
outcomes. Ultimately, seven studies [15–21]
were included in the review which encom-
passed a total of 627,275 patients with DM
(Fig. 1). Three of these studies were case–control
studies, two were prospective cohort studies,
and two were retrospective cohort studies. All of
the included studies came from different coun-
tries, namely Japan, China, Taiwan, Germany,
Sweden, Denmark, and Canada. The duration of
the studies ranged from 4 to 17 years. All of the
included studies assessed the incidence of
dementia as their primary outcome. Dementia
type evaluated by the included studies encom-
passed a wide variety, starting from dementia in
Alzheimer’s disease, vascular dementia,
dementia with Lewy body, frontotemporal
dementia, and dementia in Parkinson’s disease.
Table 1 provides further information pertaining
to the fundamental characteristics of the studies
that were incorporated.

Quality of Study Assessment

According to the risk of bias evaluation utilizing
the NOS tool, all included studies were of good
quality, so they were considered worthy of
being included in the pooled analysis (Table 2).

Incidence of Dementia (Crude Analysis)

Our pooled analysis of seven observational
studies revealed that, in comparison to other
antidiabetic drugs, the use of SGLT2i in indi-
viduals with DM reduced their chance of
acquiring dementia (OR 0.45, 95% CI
0.34–0.61; p\0.00001, I2 = 97%, random-ef-
fect model) (Fig. 2).

Meta-Regression

Through the use of meta-regression, risk factors
that can affect the association between SGLT2i
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use and the incidence of dementia were identi-
fied (Supplementary Table 2). Our regression
analysis showed that the sole factor specifically
influencing the risk of dementia in patients
with DM who used SGLT2i was dyslipidemia
(beta coefficient 0.0211; 95% CI 0.0095–0.0327;
p = 0.0004) (Supplementary Fig. 1A) where
higher dyslipidemia prevalence will increase the
incidence of dementia. Meanwhile other factors
such as sample size (p = 0.2954) (Supplementary
Fig. 1B), study duration (p = 0.0908) (Supple-
mentary Fig. 1C), age (p = 0.0805) (Supplemen-
tary Fig. 1D), sex (p = 0.5058) (Supplementary
Fig. 1E), hypertension (p = 0.0609) (Supple-
mentary Fig. 1F), cardiovascular disease
(p = 0.1619) (Supplementary Fig. 1G), and
stroke (p = 0.2734) (Supplementary Fig. 1H) did
not significantly influenced the relationship
between SGLT2i usage and dementia risk.

Publication Bias

As a result of the limited number of publications
(fewer than 10) available for each outcome in
this review, the reliability of funnel plots and
statistical tests for detecting publication bias is
diminished [22, 23]. Consequently, the present
study did not undertake an examination of
publication bias.

DISCUSSION

On the basis of our comprehensive meta-anal-
ysis of seven observational studies, it has been
determined that the utilization of SGLT2i as
therapeutic agents for DM can effectively
reduce the occurrence of dementia. Additional
regression analysis also revealed that the sole

Fig. 1 PRISMA diagram of the detailed process of selection of studies for inclusion in the systematic review and meta-
analysis
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factor significantly influencing this relationship
was dyslipidemia. However, other factors such
as sample size, duration of the study, age, sex,
hypertension, cardiovascular disease, or stroke
did not significantly influence this relationship.

Several hypotheses might explain why the
use of SGLT2i may lower the risk of dementia.
First, previous studies have indicated that cog-
nitive impairment, including dementia, is
strongly associated with the presence of
atherosclerotic lesions in the intracranial and
extracranial arteries [24–26]. For example, the
study by Dearborn et al. [24] demonstrated that
the prevalence of dementia in older adults was
shown to be higher when atherosclerotic pla-
ques were found in the anterior cerebral artery
(RPR 3.81 95% CI [1.57–9.23] p = 0.003).

Another study by Wingo et al. [26] demon-
strated that independent of ischemia, cerebral
atherosclerosis was linked to impaired synapse
function, increased myelination, and axonal
damage. Therefore, preventing the occurrence
of cerebral atherosclerosis will help improve
cognitive function in older adults [24–26].
SGLT2i has pleiotropic properties through its
effects on reducing blood vessel inflammation,
and oxidative stress, and repairing endothelial
dysfunction so that it can prevent atheroscle-
rosis [27]. This argument is further supported by
research by Irace et al. [28] which showed that
therapy with empagliflozin for 3 months was
able to reduce a marker of early atherosclerosis,
namely complex intima-media thickness (cMIT)
by 7.9% (p\ 0.0001) in patients with diabetes.

Table 2 Newcastle–Ottawa quality assessment of observational studies

First author, year Study design Selectiona Comparabilityb Outcomec Total score Result

Akimoto et al. [15] 2020 Case–control *** ** *** 8 Good

Bohlken et al. [16] 2018 Case–control *** ** *** 8 Good

Mui et al. [17] 2020 Cohort *** ** *** 8 Good

Secnik et al. [18] 2020 Cohort **** ** *** 9 Good

Siao et al. [19] 2022 Cohort *** ** *** 8 Good

Wium-Andersen et al. [20] 2019 Case–control *** ** *** 8 Good

Wu et al. [21] 2023 Cohort *** ** *** 8 Good

a(1) Representativeness of the exposed cohort; (2) selection of the non-exposed cohort; (3) ascertainment of exposure; (4)
demonstration that outcome of interest was not present at start of study
b(1) Comparability of cohorts on the basis of design or analysis, (maximum two stars)
c(1) Assessment of outcome; (2) was follow-up long enough for outcomes to occur?; (3) adequacy of follow-up of cohorts

Fig. 2 Forest plot that demonstrates the association between sodium-glucose transporter 2 inhibitor (SGLT2i) and with the
risk of dementia in patients with diabetes mellitus
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Additionally, people with type 2 diabetes mel-
litus who have cMIT have diminished cognitive
performance, so the reduction of cMIT through
SGLT2i therapy will have an impact on pre-
venting the deterioration of cognitive function,
including dementia [29]. Since one of the major
risk factors for developing atherosclerosis is
dyslipidemia, the above statements may also
explain the results from our meta-regression
analysis which indicate that the risk of devel-
oping dementia in patients with DM who used
SGLT2i was significantly influenced by
dyslipidemia.

Second, available evidence also suggests that
dementia and cognitive impairment may both
be influenced by systemic inflammation outside
the central nervous system (CNS) [30]. Walker
et al. [31] found that after 20 years, there is a
significant deterioration in cognitive function
due to higher inflammatory markers during
middle adulthood. The neurovascular unit
(NVU), which is made up of neurons, microglia,
astrocytes, and pericytes as well as endothelial
cells lining the brain microvessels, regulates
homeostasis by controlling blood flow to the
neuronal environment [32]. Circulation of
proinflammatory cytokines, which have been
associated with systemic inflammation, has
been found to impair the permeability of the
blood–brain barrier, induce a proinflammatory
phenotype in astrocytes and microglia, and
cause damage to the endothelium of brain
microvessels [32]. M1-activated microglia will
interfere with the NVU by producing proin-
flammatory cytokines such as tumor necrosis
factor alpha (TNFa), interleukin (IL)-1b, IL-6,
and IL-18 which will stimulate tau hyperphos-
phorylation, oligomerization of b-amyloid,
complement activation, and break down neu-
rotransmitters into bioactive metabolites caus-
ing neurodegeneration [33, 34]. In addition, the
development of atherosclerotic plaques is aided
by this proinflammatory cytokine [34, 35]. The
administration of SGLT2 inhibitors impedes the
remodeling of several components of the neu-
rovascular unit, including the blood–brain bar-
rier, pericytes, astrocytes, microglia, and
oligodendrocytes [34, 36]. Consequently, this
inhibitory effect serves to limit the progression
of neurodegenerative processes [34, 36]. SGLT2i

is also able to reduce the expression of proin-
flammatory cytokines thereby inhibiting the
progression of atherosclerosis [27, 34].

Third, the activation of NLRP3 (NOD-, LRR-,
and pyrin domain-containing protein 3)
inflammasome is an important factor in the
pathogenesis of atherosclerosis and Alzheimer’s
disease, two things that are closely related to
dementia [37]. Activation of the NLRP3 path-
way in the arterial wall by lipoproteins will
trigger an inflammatory process that encourages
the formation of atherosclerotic plaques [38].
The NLRP3 inflammasome can also trigger
neuroinflammation and interfere with the
removal of amyloid-b by microglia, thereby
increasing the risk of Alzheimer’s disease [39].
SGLT2i is able to inhibit the NLRP3 inflamma-
some thereby improving atherosclerosis and
preventing cognitive dysfunction [34, 40].

Fourth, the occurrence of dementia, specifi-
cally Alzheimer’s dementia and vascular
dementia, is additionally linked to the existence
of oxidative damage resulting from the genera-
tion of reactive oxygen species (ROS) during the
chronic inflammatory process [41]. This oxida-
tive stress will stimulate the aggregation, phos-
phorylation, and polymerization of amyloid-b
(Ab) and tau peptides in the CNS thereby caus-
ing a process of neurodegeneration in which
there are a loss of neurons and synapses, dis-
turbances in synaptic plasticity, disturbances in
neurotransmitter balance, and neuroinflamma-
tion that subsequently result in cognitive
decline, including dementia [42]. SGLT2i have
been observed to mitigate oxidative stress in
individuals diagnosed with DM. This is
achieved by the suppression of free radical
generation and the promotion of antioxidative
enzyme activity, including glutathione S-re-
ductase and catalase [43].

Finally, what is no less important in the
pathogenesis of dementia, especially Alzhei-
mer’s dementia, is mTOR (mechanistic/mam-
malian target of rapamycin) signaling which
links metabolic disease with cognitive disorders
[44]. In patients with DM, there is a dysregula-
tion of mTOR signaling in which not only
atherosclerosis happens as a result of endothe-
lial cell dysfunction but also hyperphosphory-
lation and aggregation of Ab and tau peptides
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which play a role in the pathogenesis of Alz-
heimer’s disease [45]. SGLT2i is able to suppress
mTOR signaling by shifting metabolism from
an anabolic to a catabolic state through the
activation of glycogenolysis and gluconeogen-
esis which occurs particularly at night [46, 47].
The transition from an anabolic to a catabolic
state is not contingent upon glucose and insu-
lin, but rather relies on the process of fatty acid
oxidation, which subsequently decreases the
availability of mTOR fuel, specifically blood
insulin and amino acids [46, 47]. With this
suppression of mTOR signaling, the process of
dementia, especially Alzheimer’s dementia, can
also be inhibited [46, 47].

Previous studies have also explored the rela-
tionship between other antidiabetic agents,
such as metformin and glucagon-like peptide 1
(GLP-1) receptor agonists, and the dementia risk
[48–50]. A meta-analysis published in 2018 that
pooled data from 14 studies showed that the use
of metformin was associated with less cognitive
impairment in patients with diabetes [48]. This
meta-analysis also showed that the incidence of
dementia was significantly reduced among
patients with diabetes who used metformin
when compared to control group [48]. Mean-
while, regarding GLP-1 receptor agonist, a pre-
vious meta-analysis revealed that the use of
GLP-1 receptor agonist can significantly
improve cognitive function in patients with
Alzheimer’s disease [49]. This beneficial effect
from GLP-1 receptor agonist on cognitive
function was further confirmed by another
recent meta-analysis study that showed a lower
risk of all-cause dementia with the use of GLP-1
receptor agonist [50]. All of this information has
provided us with evidence that antidiabetic
agents may have a role in altering the develop-
ment of dementia in patients with diabetes.

Our research has some limitations. First, the
evidence generated from our research only
comes from observational studies with different
study design (prospective cohort, retrospective
cohort, and case–control) which are very likely
to be influenced by confounding factors as well
as some biases, such as recall bias and infor-
mation bias, and therefore must be interpreted
with caution. However, we have tried our best
to minimize the presence of confounding

factors by conducting a meta-regression analy-
sis. Second, there is significant heterogeneity in
the outcome of interest in this study, which is
very likely due to differences in the study
duration and differences in the baseline char-
acteristics of the studies’ participants, such as
differences in the duration of SGLT2i. The
information regarding the duration of diabetes,
type, dose, and duration of SGLT2i use in the
included studies is lacking and therefore cannot
be analyzed further. Moreover, all of the inclu-
ded studies only provided the information
regarding the effect of SGLT2i use on the overall
dementia incidence without providing separate
information regarding the effect of SGLT2i use
on each type of dementia. The absence of this
information hinders our ability to synthesize
evidence for the specific type of dementia that
would derive the greatest advantage from the
utilization of SGLT2i. Finally, most of the
studies included in the analysis had a relatively
small follow-up period (less than 10 years),
which posed a challenge in thoroughly evalu-
ating cognitive impairment (dementia) that
necessitates long-term observation. However,
we believe that the results of our research can
still have implications for clinical practice.
Future research should be in the form of ran-
domized controlled trials (RCTs) with long
duration of follow-up and include complete
data on the type, dose, and duration of SGLT2i
usage to analyze the influence of these variables
on the incidence of dementia among patients
with DM.

CONCLUSION

Our study, a systematic review and meta-anal-
ysis, has shown that the utilization of SGLT2i in
individuals diagnosed with DM exhibits a
promising beneficial effect in mitigating the
likelihood of developing dementia. The
observed positive impact of SGLT2i is found to
be significantly influenced by dyslipidemia,
while other parameters such as age, sex, and
comorbid conditions do not exhibit a signifi-
cant influence on this effect. Nonetheless, it is
still imperative to conduct suitable and
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meticulously planned RCTs in order to validate
the findings of our study.
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