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ABSTRACT

| Background

Type 2 diabetes mellitus (T2DM) is associated with cognitive impairment and demen-
tia. The underlying mechanisms and the effectiveness of preventive interventions re-

main incompletely understood.

Aim

To review the association between T2DM and dementia risk, with particular emphasis

on Alzheimer’s disease.
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Materials and Methods

This narrative review included 53 publications identified through PubMed and Google
Scholar searches conducted in May and June 2026, covering publications from
January 2015 to June 2026. Reference lists were screened for additional sources.
Eligible publications were written in English, with an exception for Polish national clini-
cal guidelines. Publications without accessible full texts were excluded. Evidence was

synthesized narratively.

Results

T2DM was associated with increased dementia risk, with a generally stronger associa-
tion for vascular dementia than for Alzheimer’s disease. Proposed mechanisms includ-
ed cerebral insulin resistance, oxidative stress, inflammation, and vascular injury.
However, the evidence did not establish that T2DM directly causes Alzheimer’s dis-
ease. Longer diabetes duration, hypoglycaemia, and greater HbAlc variability were as-
sociated with higher dementia risk, while findings concerning mean HbAlc required
cautious interpretation. Cognitive impairment may compromise diabetes self-man-
agement. Evidence concerning antidiabetic medications differed across drug classes
and study designs. A meta-analysis of randomized trials reported a lower risk of de-
mentia or cognitive impairment with GLP-1 receptor agonists, but limitations in out-

come ascertainment and follow-up restrict its implications for prevention.

Conclusions

T2DM is associated with increased dementia risk. Cognitive difficulties should be con-
sidered within comprehensive diabetes care, but the reviewed evidence does not es-
tablish a specific glycaemic target or pharmacological intervention for dementia pre-
vention. Further trials with adequate follow-up and systematic assessment of cogni-

tive outcomes are needed.

Keywords: Type 2 Diabetes Mellitus; Dementia; Alzheimer Disease; Risk Factors;

Cognitive Dysfunction.



INTRODUCTION

Type 2 diabetes mellitus (T2DM) is one of the most common chronic metabolic dis-
eases and represents a major public health challenge of the 21st century. According to
the 11th edition of the International Diabetes Federation (IDF) Diabetes Atlas, in 2024
approximately 589 million adults worldwide were living with diabetes, and this number
is projected to increase to approximately 853 million by 2050 [1]. T2DM is a multifactor-
ial disorder that develops on the basis of insulin resistance, progressive pancreatic [3-
cell dysfunction, and coexisting metabolic abnormalities [2]. The pathophysiology of
T2DM involves impaired insulin secretion and action, chronic hyperglycemia, dyslipi-
demia, low-grade chronic inflammation, and endothelial dysfunction. The most impor-
tant risk factors for the development of the disease include older age, overweight and
obesity, physical inactivity, unhealthy diet, positive family history, hypertension, and
other components of the metabolic syndrome [2]. Preservation of normal cognitive
functions, such as memory, attention, learning, and executive functions, is one of the

fundamental prerequisites for independent functioning in older adults.

Dementia is a clinical syndrome resulting from diseases or injuries of the brain that
lead to impairment of memory, executive functions, orientation, language, and activi-
ties of daily living. In ICD-11, dementia is classified within neurocognitive disorders, and
its diagnostic requirements include marked impairment in at least two cognitive do-
mains [8,15]. Alzheimer’s disease is the most common cause of dementia, accounting
for approximately 60-70% of cases. The World Health Organization (WHO) reports that
in 2021 approximately 57 million people worldwide were living with dementia, with near-
ly 10 million new cases occurring annually [3]. Alzheimer Europe estimated that ap-
proximately 9.1 million people were living with dementia in the EU27 in 2025, with this
number projected to rise to approximately 14.3 million by 2050 [11]. Dementia therefore
represents not only a major health problem but also a significant social, economic, and
caregiving burden [3,10]. The association between T2DM and dementia is also influ-
enced by shared risk factors such as advanced age, obesity, hypertension, dyslipi-
demia, and physical inactivity [4].

In recent years, there has been growing interest in the potential association between
type 2 diabetes mellitus and the development of dementia, including Alzheimer’s dis-
ease. This hypothesis is supported by shared pathophysiological mechanisms, primar-
ily insulin resistance, oxidative stress, chronic low-grade inflammation, and vascular
dysfunction [4,5]. Impaired insulin signaling within the central nervous system may

lead to disrupted neuronal energy metabolism, impaired neuroplasticity, and accelera-



tion of neurodegenerative processes [5]. At the same time, chronic hyperglycemia and
the associated overproduction of reactive oxygen species contribute to neuronal
damage, while vascular alterations may result in reduced cerebral perfusion and fur-
ther aggravation of neural tissue injury [5]. Some authors have referred to Alzheimer’s
disease as “type 3 diabetes,” emphasizing the role of impaired insulin signaling in neu-
rodegeneration; however, this term remains hypothetical and is not formally recog-
nized [5,6].

AIM

To review the association between type 2 diabetes mellitus and dementia risk, with

particular emphasis on Alzheimer’s disease.

Objectives

1. To summarize epidemiological evidence and proposed pathophysiological
mechanisms.

2. To assess diabetes-related factors associated with cognitive impairment.

3. To discuss clinical implications and evidence concerning preventive strategies.

METHODS

A narrative literature review was conducted to examine the association between type
2 diabetes mellitus (T2DM) and the risk of dementia, with particular emphasis on
Alzheimer’s disease. PubMed and Google Scholar were searched in May and June 2026
for publications published between 1 January 2015 and 30 June 2026. Additional rele-
vant publications were identified by screening the reference lists of selected articles.
The PubMed search strategy combined Medical Subject Headings (MeSH) terms with
title/abstract keywords. The following search query was used: Diabetes Mellitus, Type
2; type 2 diabetes; type 2 diabetes mellitus and Dementia; Alzheimer Disease; demen-

tia; Alzheimer; cognitive decline; cognitive impairment.

Google Scholar was searched using combinations of terms related to type 2 diabetes
mellitus, dementia, Alzheimer’s disease, cognitive decline, insulin resistance, and neu-
rodegeneration. Additional publications were identified by screening the reference

lists of selected articles.



Eligible publications included original observational studies, randomized controlled tri-
als, systematic reviews, meta-analyses, narrative reviews, and clinical guidelines ad-
dressing epidemiological associations, potential mechanisms, or clinical implications
of T2DM and cognitive disorders in adults. Publications written in English were eligible.

Polish national clinical guidelines were included as a prespecified language exception.

Case reports and studies involving children were excluded. Publications without an ac-
cessible full text were also excluded. This access-based exclusion criterion may have
introduced selection bias. A total of 53 publications were included, and the evidence

was synthesized narratively.

RESULTS

| Type 2 Diabetes Mellitus and Its Impact on the Central Nervous System

Type 2 diabetes mellitus (T2DM) is a chronic metabolic disease characterized by the
coexistence of insulin resistance and progressive pancreatic 3-cell dysfunction, lead-
ing to persistent hyperglycemia [1,3]. From an epidemiological perspective, it repre-
sents the predominant form of diabetes, accounting for more than 90% of all cases [1].
Its clinical significance results not only from its high prevalence but also from long-
term organ complications affecting the cardiovascular system, kidneys, visual system,

and the central nervous system [1,3].

In the pathogenesis of T2DM, a key role is played by peripheral tissue insulin resis-
tance, particularly in skeletal muscle, adipose tissue, and the liver, as well as the grad-
ual decline in insulin secretory capacity of pancreatic B-cells [3]. The consequence of
these disturbances is chronic hyperglycemia, which promotes oxidative stress, inflam-
matory responses, and vascular injury [2,4]. Insulin also plays important roles within
the central nervous system. Its receptors are widely expressed in multiple brain re-
gions, including the hippocampus and cerebral cortex, which are involved in learning,

memory, and executive functions [4,5].

Insulin signaling contributes to neuronal survival, synaptic plasticity, and neuronal en-
ergy metabolism [4,5]. Impairment of insulin action in the brain may therefore lead to
reduced synaptic transmission efficiency, impaired long-term potentiation, and distur-

bances in memory processes [5]. In this context, insulin should be regarded not only



as a metabolic hormone but also as a neuromodulatory factor essential for normal cen-

tral nervous system function [2,5].

The association between T2DM and cognitive decline is well documented. The World
Health Organization (WHO) identifies diabetes as an important, modifiable risk factor
for dementia [6]. Individuals with T2DM exhibit an increased risk of memory impair-
ment, slowed information processing, attentional deficits, and reduced executive
functioning [2,6]. From a mechanistic perspective, cerebral insulin resistance may lead
to reduced neuronal glucose uptake, impaired intracellular signaling, and disrupted
synaptic processes [4,5]. The literature emphasizes that the impact of T2DM on cog-
nitive function is multifactorial, involving metabolic, vascular, and neurodegenerative

components [2,4].

An important element of the pathogenesis is also the accumulation of advanced gly-
cation end-products (AGEs), which are formed under conditions of chronically elevat-
ed glucose levels and exert their effects via RAGE receptors, thereby enhancing in-
flammatory responses and endothelial dysfunction [2,4]. As a consequence, neuro-
plasticity is impaired, cerebral perfusion is reduced, and the brain becomes more sus-

ceptible to neurodegenerative processes [4,6].

Complications of Type 2 Diabetes Mellitus Relevant to the Development
of Cognitive Impairment

Complications of T2DM that are particularly relevant in the context of cognitive impair-
ment include microvascular, macrovascular, and neuropathic complications [2,3].
Damage to cerebral small vessels, chronic cerebral hypoperfusion, white matter le-
sions, and cerebrovascular events may contribute to the development of vascular or
mixed dementia [2,7]. Population-based studies have demonstrated that T2DM is as-
sociated with an increased risk of dementia, particularly vascular dementia, and that
the magnitude of this risk is influenced, among other factors, by the quality of
glycemic control [7]. Vascular alterations, dyslipidemia, and hypertension, which fre-
quently coexist with T2DM, further impair brain function by disrupting cerebral blood

flow autoregulation and damaging the blood-brain barrier [5,6].
Association Between Type 2 Diabetes Mellitus and the Risk of
Developing Dementia and Alzheimer’s Disease

Observational studies and meta-analyses associate diabetes mellitus, including type 2

diabetes mellitus (T2DM), with an increased risk of cognitive impairment and dementia



[12,1317,24]. Xue and colleagues reviewed 144 prospective studies and reported in-
creased risks across several cognitive outcomes [12]. A 2024 meta-analysis reported a
pooled relative risk of 1.59 (95% CI 1.40-1.80) for dementia in individuals with diabetes
compared with those without diabetes, although heterogeneity was substantial (12 =
96.4%) [13]. In the Danish registry study, adjusted hazard ratios were 1.98 for vascular
dementia and 113 for Alzheimer’s disease, indicating a stronger association with vas-
cular dementia in that population [24]. These findings support an epidemiological as-

sociation but do not, by themselves, establish causality.

Among individuals with T2DM, diabetes duration, glycaemic measures, and hypogly-
caemic episodes have been investigated as factors associated with dementia risk
[913,21]. Higher HbATc levels and greater HbAlc variability were associated with in-
creased dementia risk in the UK cohort study [21]. The systematic review by Tabesh
and colleagues also found associations of hypoglycaemia, greater HbATc variability,
and longer diabetes duration with higher dementia risk, although the pooled estimate
for HbA1c did not reach statistical significance [9]. Findings concerning diabetes dura-
tion should be interpreted according to the duration categories and reference groups
used. The increased risk reported for diabetes duration below five years compared
with no diabetes does not establish that recently diagnosed diabetes carries a greater
risk than longstanding diabetes [13].

The RAMP-DM cohort study reported that participation in a structured diabetes-care
programme was associated with a lower risk of dementia, whereas a higher mean
HbA1c level was associated with a higher incidence of dementia [14]. These findings
support a relationship between diabetes management and cognitive outcomes.
However, because the study was observational, they do not establish that participa-
tion in the programme itself prevented dementia. The observed association may also
have been influenced by differences in healthcare engagement, comorbidity manage-

ment, socioeconomic factors, or other characteristics of the participants.

The association between T2DM and AD is generally weaker and less consistent than
the association between T2DM and VaD [12,13,23]. Observational studies have pro-
posed several biological pathways that could contribute to this relationship, including
impaired cerebral insulin signalling, oxidative stress, chronic inflammation, mitochon-
drial dysfunction, and alterations in amyloid-B and tau metabolism [16,22,27]. These
mechanisms provide biological plausibility but do not establish that T2DM directly
causes AD. Moreover, Mendelian randomization studies have not consistently demon-
strated a direct causal relationship between genetic liability to T2DM and AD

[24,25,34,35]. Accordingly, the term “type 3 diabetes” should be regarded as an infor-



mal hypothesis describing a possible role of impaired cerebral insulin signalling rather

than as a formally recognized disease entity [16,22].

The strongest and most consistent epidemiological association has been observed
between T2DM and VaD [1213]. Diabetes-related endothelial dysfunction, ath-
erosclerosis, cerebral small-vessel disease, and impaired cerebral perfusion may con-
tribute to white-matter lesions, microinfarcts, and disturbances in cerebrovascular
regulation [71416,22,27]. These vascular abnormalities may be associated with
deficits in attention, information-processing speed, and executive functions. In addi-
tion, hypertension, cardiovascular disease, and other diabetes-related vascular com-

plications may further increase the risk of cognitive impairment and dementia [32,33].

Nevertheless, vascular and neurodegenerative pathologies frequently coexist, and
mixed dementia is common in clinical practice [3,16]. Consequently, the association
between T2DM and dementia may reflect the combined effects of vascular injury, neu-
rodegenerative processes, and shared risk factors rather than a single pathological
pathway. This overlap also limits the ability of observational studies to distinguish the

independent contribution of diabetes to specific dementia subtypes.

Overall, the available evidence supports an association between T2DM and an in-
creased risk of dementia. The association appears to be strongest for VaD and weaker,
although still clinically relevant, for AD. The interpretation of these findings requires a
clear distinction between epidemiological associations, proposed biological mecha-

nisms, and the effects of preventive or therapeutic interventions.

Pathogenetic Mechanisms Linking Type 2 Diabetes Mellitus to the
Development of Dementia

Insulin signalling in the central nervous system contributes to synaptic plasticity, neu-
ronal survival, neurotransmitter regulation, and processes involved in learning and
memory [22]. Cerebral insulin resistance may disrupt intracellular pathways that sup-
port these functions. However, impaired insulin signalling should not be equated with a
general reduction in insulin-dependent neuronal glucose uptake, nor should peripheral
insulin resistance be assumed to imply cerebral insulin resistance in every patient with
T2DM.

The term “type 3 diabetes” has been proposed to describe the potential contribution
of impaired cerebral insulin signalling to Alzheimer’s disease. It is not a recognised di-

agnosis and should not imply that Alzheimer's disease is a form of T2DM [22].



Mendelian randomization studies have investigated whether genetic liability to T2DM
contributes causally to Alzheimer’s disease [25,26]. Their findings should be distin-
guished from evidence concerning the consequences of prolonged hyperglycaemia,
hypoglycaemia, or vascular complications. They do not establish that the association
between T2DM and Alzheimer’s disease is predominantly mediated through a single

metabolic or vascular pathway.

Chronic hyperglycaemia may promote oxidative stress, mitochondrial dysfunction, and
inflammatory responses [22]. These processes may damage neuronal lipids, proteins,
and DNA and impair synaptic function. Hyperglycaemia may also increase the forma-
tion of advanced glycation end-products, which can promote endothelial dysfunction
and inflammatory responses [30]. Microglial activation and increased production of
pro-inflammatory cytokines may further contribute to neuroinflammation and neu-
ronal injury [27,28,30]. Nevertheless, observational associations between glycaemic
disturbances and cognitive outcomes do not, by themselves, demonstrate the molec-

ular mechanisms responsible for neuronal damage [19,20].

Vascular injury represents another important pathway linking T2DM with cognitive im-
pairment. Endothelial dysfunction, diabetic microangiopathy, macroangiopathy, and
chronic cerebral hypoperfusion may contribute to white-matter damage, microin-
farcts, and impaired perfusion of neural tissue [22,24,30,32]. These abnormalities may
affect executive functions, attention, and information-processing speed. Coexisting
hypertension and cerebrovascular disease may further increase the vascular burden.
Vascular and neurodegenerative pathologies may also coexist, contributing to cogni-
tive impairment through multiple interacting mechanisms rather than through a single

disease pathway.

Experimental studies suggest that impaired insulin signalling may influence amyloid-3
metabolism and tau phosphorylation [22]. Competition between insulin and amyloid-
for insulin-degrading enzyme has been proposed as a possible mechanism affecting
amyloid-f3 clearance. In addition, impaired insulin signalling may activate pathways in-
volving glycogen synthase kinase-3, thereby promoting tau hyperphosphorylation
[30,31]. However, the contribution of these mechanisms to Alzheimer’s pathology in in-
dividuals with T2DM remains uncertain. They provide biological plausibility but should
not be presented as inevitable consequences of T2DM or as evidence that diabetes di-

rectly causes Alzheimer’s disease.



Risk Factors for Dementia in Patients with T2DM

The risk of dementia among individuals with T2DM is influenced by the duration of dia-
betes, the quality and stability of glycaemic control, hypoglycaemic episodes, obesity,
metabolic syndrome, and coexisting cardiovascular or cerebrovascular disease
[20,21,31-33,36-38].

Longer diabetes duration has been associated with a higher risk of cognitive decline
and dementia, potentially reflecting prolonged exposure to hyperglycaemia and the
cumulative effects of diabetes-related complications [31]. Higher HbAlc levels and
greater glycaemic variability have also been associated with an increased risk of de-
mentia [21,31]. Conversely, more stable glycaemic control has been associated with
more favourable cognitive outcomes in cohort studies [21]. These findings should be
interpreted cautiously, as observational associations may be influenced by age, co-
morbidity, treatment intensity, and overall disease severity.

Hypoglycaemia represents an additional risk factor, particularly among older adults
and individuals with longstanding diabetes [20,22,31]. Previous hypoglycaemic
episodes have been associated with an increased risk of cognitive impairment, demen-
tia, and Alzheimer’s disease [20]. The directionality of this association may be com-
plex, because cognitive impairment can itself increase the risk of medication errors, in-

adequate nutrition, and subsequent hypoglycaemia.

Obesity and metabolic syndrome have also been associated with dementia risk, al-
though their effects may depend on the overall metabolic and vascular profile of the
individual [36-38]. Current evidence suggests that an adverse metabolic profile,
rather than excess body weight alone, may be more relevant to cognitive risk [37].
Metabolic syndrome has been associated with an increased risk of both all-cause de-

mentia and vascular dementia [38].

Cardiovascular and cerebrovascular comorbidities are important determinants of de-
mentia risk in patients with T2DM. The coexistence of stroke, coronary artery disease,
atrial fibrillation, or heart failure is associated with a further increase in dementia risk
[32,33]. These findings indicate that the cognitive risk profile of individuals with T2DM
is substantially influenced by their overall vascular burden. Table 1 summarizes key
clinical evidence linking T2DM to increased dementia risk, highlighting associations
with glycaemic control, hypoglycaemia, diabetes management, and antidiabetic treat-
ments alongside major study limitations.



Table 1. Key clinical evidence linking T2DM with dementia risk

STUDY DESIGN AND

POPULATION

Xue etal., 2019 [12] Systematic
review/meta-analy-
sis; 144 prospective
studies

Caoetal.,, 2024 [13] Meta-analysis; 15
studies, 10,103,868
participants

Caoetal, 2024 [13] Meta-analysis of
observational
studies

Zhengetal., 2021
[21]

UK cohort; 457,902
people with
diabetes

Songetal.,, 2022
[19]

Meta-analysis; 5
studies, 577,592
participants

Huang et al., 2022
53]

Meta-analysis; 10
cohorts, 1,407,643
participants

Wang et al., 2024
RAMP-DM [14] tive cohort; 55,618

people with T2DM

Umbrella review;
100 reviews and 27
cohort/case-con-
trol studies

Kuate Defo et al.,
2024 [23]

Matched retrospec-

FACTOR/COMPARISO MAIN COGNITIVE

N

Diabetes versus no
diabetes

Diabetes versus no
diabetes

Diabetes duration
<5 years versus no
diabetes

HbAlc, HbAlc vari-
ability and
complications

Higher versus lower
HbAT1c variability

Hypoglycaemia ver-
sus no
hypoglycaemia

RAMP-DM versus
usual care

Antidiabetic med-
ications versus non-
use or alternative
treatment

OUTCOME

Cognitive impair-
ment and dementia

All-cause dementia

All-cause dementia

Incident dementia

Incident dementia

Incident dementia

All-cause dementia,

AD and vascular
dementia

Incident dementia

MAIN RESULT,
RR/HR/OR (95% Cl)

Diabetes associat-
ed with approxi-
mately 1.25-1.91-
fold higher risk; AD:
RR 1.43 (1.25-1.62)

RR 1.59 (1.40-1.80)

RR 1.29 (1.20-1.39)

Per 1% increase in
HbAlc: HR1.08
(1.07-1.09); hypo-
glycaemia: HR 1.30
(1.22-1.39)

HbATc SD: HR 119
(1.06-1.32); high
versus low CV: HR
118 (1.08-1.28)

HR 1.44 (1.26-1.65)

All-cause dementia:
aHR 0.72 (0.68-
0.77); AD: 0.85
(0.76-0.96); vascu-
lar dementia: 0.61
(0.51-0.73)

Lower risk reported
with metformin,
TZDs, GLP-1RAs and
SGLT2 inhibitors;
estimates varied by
drug and
comparator

MAIN LIMITATIONS

Observational stud-
ies; substantial het-
erogeneity and
residual
confounding

Very high hetero-
geneity; variable ad-
justment and out-
come definitions

Duration categories
inconsistently de-
fined; possible re-
verse causality

Residual confound-
ing; observational
design; incomplete
HbAlc data

Retrospective stud-
ies; different vari-
ability measures

Mainly severe hypo-
glycaemia; possible
bidirectional associ-
ation and
confounding

Non-randomised
design; healthy-
user and health-
care-engagement
bias

Confounding by in-
dication, treatment-
selection bias and
heterogeneity

Note: The evidence base is dominated by prospective and retrospective observational

studies; therefore, the reported associations should not be interpreted as proof of

causality. Effect estimates are presented as reported in the original studies and may

not be directly comparable because of differences in outcome definitions, comparator

groups, adjustment sets, and follow-up duration.

The Importance of Type 2 Diabetes Mellitus Control in the Prevention of

Cognitive Impairment and Dementia

In patients with type 2 diabetes mellitus, appropriate metabolic control is important

not only for the prevention of classical vascular complications but also for reducing the



risk of cognitive impairment and dementia. Observational data indicate that higher
HbA1c levels, greater glycaemic variability, and more frequent hypoglycaemic episodes
are associated with an increased risk of dementia [14,20,29,40].In a large cohort study
from Hong Kong, a multidisciplinary diabetes care programme was associated with a
reduced risk of all-cause dementia, Alzheimer’s disease, and vascular dementia, while
mean HbATc levels in the range of 6.5-7.5% were associated with a more favourable
cognitive risk profile [14]. Similarly, in the Kaiser Permanente study, the highest de-
mentia risk was observed in individuals with HbATc values =29% in most measurements,

whereas more stable and lower HbA1c levels were associated with reduced risk [39].

In addition, HbAlc variability itself has been shown to increase dementia risk even
when mean glycaemic values appear acceptable [40]. A large meta-analysis including
over 7 million individuals with diabetes demonstrated a consistent relationship be-
tween hypoglycaemia, HbAlc levels, HbAlc variability, and diabetes duration with de-
mentia risk: longer disease duration, higher HbAlc, and greater glycaemic variability
were all associated with increased cognitive risk [9]. These findings indicate that de-
mentia prevention in T2DM relies not only on achieving lower glucose levels, but pri-
marily on maintaining stable, individualized metabolic control while avoiding both

chronic hyperglycaemia and hypoglycaemia [14,40].

Modification of Cardiovascular Risk Factors

Control of type 2 diabetes mellitus should be implemented as part of a broader strate-
gy for cardiovascular risk reduction. This is particularly important because vascular
and cerebrovascular diseases significantly mediate the development of dementia in
patients with T2DM [32,33]. In a large study based on the UK Clinical Practice Research
Datalink (CPRD), the presence of cardiovascular comorbidities in patients with T2DM—
especially stroke, heart failure, atrial fibrillation, and hypertension—was associated
with a further increase in dementia risk [32]. Similarly, a Danish analysis showed that
the coexistence of diabetes and coronary artery disease was associated with a higher
risk of dementia, particularly vascular dementia, than either condition alone [33].
These findings indicate that the prevention of stroke, atherosclerosis, and other vas-
cular complications has a direct impact on the preservation of cognitive function. In
clinical practice, this requires a comprehensive approach including antinypertensive
therapy, lipid control, weight reduction, promotion of physical activity, and optimal
management of coexisting cardiovascular diseases [32,33].



Lifestyle in the Prevention of Cognitive Impairment

Lifestyle modification is one of the most important components of prevention for both
diabetes mellitus and its neurological complications. In the context of cognitive func-
tion, diet, physical activity, and broadly defined “neurocognitive hygiene” have the
strongest evidence base [41-43]. The Mediterranean diet is one of the most extensive-
ly studied dietary patterns with potential neuroprotective effects. A 2025 meta-analy-
sis demonstrated that high adherence to this diet is associated with a reduced risk of
cognitive impairment, dementia, and Alzheimer’s disease [42]. Cohort studies and sys-
tematic reviews suggest that its beneficial effects may be mediated through reduc-
tions in oxidative stress, improvement of endothelial function, attenuation of inflam-

matory processes, and favourable effects on insulin sensitivity [44,45].

Regular physical activity is also associated with favourable effects on cognitive func-
tion. In studies of individuals with newly diagnosed type 2 diabetes mellitus, physical
activity has been linked to a lower risk of all-cause dementia, Alzheimer’s disease, and
vascular dementia [43]. Meta-analyses in older adults with T2DM suggest that exer-
cise may improve overall cognitive performance [46]. In addition, systematic reviews
indicate that physical activity may modestly delay cognitive decline in the general pop-
ulation, with particularly pronounced effects on executive functions and memory. In
clinical practice, this implies that dementia prevention in patients with T2DM should in-
clude not only glycaemic control but also lifestyle interventions that support both car-

diovascular and neurocognitive health [41,45].

Potential Neuroprotective Effects of Antidiabetic Medications

In recent years, interest has increased in the potential neuroprotective effects of cer-
tain antidiabetic medications. However, it should be emphasized that most available
evidence is observational in nature, and findings are not always fully consistent. For
this reason, these agents should not currently be considered pharmacological preven-
tion of dementia, although they may represent a beneficial component of a broader
therapeutic strategy [23]. Metformin is the most extensively studied drug in this re-
gard. Some cohort studies and meta-analyses suggest that its use is associated with
a lower risk of dementia, particularly with longer duration of therapy [47-50]. Proposed
mechanisms include improved insulin sensitivity, activation of AMP-activated protein
kinase (AMPK), reduction of oxidative stress, and attenuation of inflammatory pro-
cesses [49,50]. Nevertheless, the results are not entirely consistent, and further well-

designed prospective studies are required. Glucagon-like peptide-1 receptor agonists



(GLP-1RAs) have also attracted considerable interest. A meta-analysis of randomized
clinical trials showed that GLP-1 RAs were associated with a reduced risk of dementia,
whereas the overall effect across all antidiabetic medications was not significant [47].
More recent observational studies also suggest a potential protective effect of this
drug class, although results vary depending on the population and methodology
[51,52]. Potential mechanisms include anti-inflammatory effects, improvement of en-
dothelial function, weight reduction, and favourable metabolic effects. For sodium-
glucose cotransporter-2 (SGLT2) inhibitors, the data are promising but still insufficient
for definitive conclusions. Some analyses suggest a possible reduction in dementia
risk; however, meta-analyses of randomized trials have not confirmed a significant
class-wide effect [23,47]. Their potential cognitive benefit is most likely indirect, medi-
ated through improvements in cardiovascular and metabolic profiles. Overall, research
on antidiabetic drugs as potential dementia-preventive agents is encouraging but re-
quires confirmation in large prospective and randomized trials. At present, the most
important principle remains that antidiabetic therapy should be regarded as part of
comprehensive metabolic and cardiovascular risk management, rather than as a

standalone neuroprotective strategy [23,47].

DISCUSSION

The evidence reviewed supports an association between T2DM and dementia, but the
strength of this association differs by dementia subtype. In the Danish registry study,
adjusted hazard ratios were 1.98 for vascular dementia and 113 for Alzheimer’s disease
in individuals with T2DM compared with those without diabetes [24]. This difference is
consistent with an important vascular contribution, although it does not establish that
vascular injury explains the entire association. In the same study, Mendelian random-
ization did not identify a significant association between genetic liability to T2DM and
Alzheimer’s disease [24]. Thus, observational associations and biologically plausible
mechanisms should not be interpreted as proof that T2DM directly causes Alzheimer’s
disease. Genetic analyses also address a different exposure from the accumulated

consequences of hyperglycaemia and vascular complications.

Findings concerning diabetes duration require careful interpretation. The 2024 meta-
analysis reported increased dementia risk in the category with diabetes duration be-
low five years, but substantial heterogeneity limits a simple interpretation of this result

[13]. The 2025 review of glycaemia-related factors associated longer diabetes duration



with higher dementia risk [9]. These findings should not be reduced to opposing
claims that either short or long duration is uniformly more harmful. Interpretation de-
pends on the reference groups, duration categories, and populations studied. An ele-
vated risk early after diagnosis does not establish that this risk exceeds that associat-

ed with longer disease duration.

The evidence also requires distinctions between individual glycaemic measures. The
2025 review associated hypoglycaemia and HbAlc variability with increased dementia
risk. Although individual studies reported higher risk at higher HbAlc levels, the pooled
HbA1c estimate from three studies was not statistically significant, with an HR of 118
and a 95% Cl of 0.97 to 1.45 [9]. These results do not establish a specific HbAlc target
for dementia prevention or demonstrate that progressively lowering HbAlc improves
cognitive outcomes. They support attention to both hyperglycaemia and hypogly-

caemia rather than treating mean HbAlc as the sole indicator of cognitive risk.

Comprehensive diabetes care may be relevant to cognitive outcomes. In the RAMP-DM
study, participation in a multidisciplinary programme was associated with lower all-
cause dementia incidence, with an adjusted HR of 0.72 compared with usual care [14].
However, this was an observational comparison. Propensity score matching and statis-
tical adjustment cannot exclude residual confounding or determine which programme
components contributed to the association. The finding therefore supports further
evaluation of integrated care, rather than establishing the programme as a proven de-

mentia prevention intervention.

Evidence concerning antidiabetic medications is not uniform. Hui and colleagues
found no statistically significant overall association between metformin use and de-
mentia or Alzheimer’s disease in their pooled analysis, with substantial heterogeneity
[18]. This limits a general claim that metformin provides established neuroprotection.
Observational medication comparisons also require attention to treatment selection

and differences between comparator groups.

The randomized evidence provides a more specific, but still qualified, finding. Seminer
and colleagues found no significant overall reduction in dementia or cognitive impair-
ment across the evaluated therapies. GLP-1receptor agonists showed a significant as-
sociation with a lower risk, whereas SGLT2 inhibitors did not [47]. However, dementia
diagnoses were generally reported as adverse events rather than systematically as-
sessed outcomes, event rates were low, and follow-up was relatively short. No signifi-

cant reduction in Alzheimer dementia was demonstrated. These limitations prevent in-



terpreting the GLP-1 findings as established prevention of Alzheimer’s disease and

support the need for trials designed specifically to assess cognitive outcomes [47].

The clinical relevance of this review lies in recognizing cognitive risk within compre-
hensive diabetes care. Cognitive difficulties may compromise self-management and
should be considered when assessing treatment complexity and the support a patient
requires. Nevertheless, the reviewed evidence does not establish a particular glucose-
lowering regimen for dementia prevention. Future studies should distinguish incident
dementia from changes in cognitive test performance and evaluate whether metabolic

or cardiovascular interventions produce sustained cognitive benefits.

Limitations

This narrative review used PubMed and Google Scholar and excluded publications
without accessible full texts. These choices may have influenced the evidence select-
ed. The reported search and selection procedures do not establish comprehensive
coverage of the literature, and no formal assessment of study quality or risk of bias is

described.

The review combines original studies, systematic reviews, meta-analyses, and guide-
lines. Differences in populations, comparison groups, dementia definitions, glycaemic
measures, and adjustment for confounders limit direct comparison. Overlap of primary
studies between the included reviews was not assessed, so repeated findings should
not be treated as independent confirmation. These limitations restrict the review to a

descriptive and critical synthesis rather than definitive causal conclusions.

CONCLUSIONS

Type 2 diabetes mellitus is associated with an increased risk of cognitive impairment
and dementia, with a generally stronger association for vascular dementia than for
Alzheimer’s disease. Metabolic and vascular disturbances may contribute to this rela-
tionship, but the available evidence does not establish that T2DM directly causes
Alzheimer’s disease. Longer diabetes duration, hypoglycaemia, and greater HbAlc vari-
ability are associated with higher dementia risk, while findings concerning mean HbAlc

require cautious interpretation.

Cognitive impairment may complicate diabetes self-management and recognition of

hypoglycaemia. Comprehensive care should therefore consider cognitive difficulties



alongside individualized glycaemic management, cardiovascular risk factors, and life-
style. However, this review does not establish a specific glycaemic target or interven-

tion for preventing dementia.

Evidence concerning the cognitive effects of antidiabetic medications differs across
drug classes and study designs. Current findings do not establish metformin, GLP-1re-
ceptor agonists, or SGLT2 inhibitors as treatments for dementia prevention. Further tri-
als with adequate follow-up and systematic assessment of cognitive outcomes are

needed.

DISCLOSURE

| Author Contributions

Conceptualization: Agnieszka Sawina, Anna Pacian, Elzbieta Stec-Sawina, Maria
Sawina, Anna Sawina

Methodology: Elzbieta Stec-Sawina, Agnieszka Sawina, Maria Sawina

Formal analysis: Anna Sawina, Anna Pacian, Agnieszka Sawina

Investigation: Elzbieta Stec-Sawina, Anna Sawina

Writing - rough preparation: Agnieszka Sawina, Elzbieta Stec-Sawina, Anna Sawina
Writing - review and editing: Anna Pacian, Maria Sawina

Supervision: Elzbieta Stec-Sawina

Funding acquisition: Not applicable.

All authors have read and approved the final version of the manuscript.

| Funding

The article received no external funding.

| Institutional Review Board Statement

Not applicable.

| Informed Consent Statement

Not applicable.



| Data Availability Statement

Not applicable.

| Conflict of Interest Statement

The authors declare no conflicts of interest.

| Use of Al

The authors used ChatGPT (OpenAl) solely for language editing, grammar correction,
and refinement of scientific terminology. Artificial intelligence tools were not used for
data collection, data analysis, interpretation of the results, or preparation of the scien-
tific content of the manuscript. All Al-assisted content was critically reviewed, edited,
and verified by the authors, who take full responsibility for the final version of the

manuscript.

REFERENCES

1. International Diabetes Federation. IDF Diabetes Atlas [Internet]. 11th ed. Brussels:
International Diabetes Federation; 2025 [cited 2026 Jun 5]. Available from:
https://diabetesatlas.org/

2. Polskie Towarzystwo Diabetologiczne. Zalecenia kliniczne dotyczgce postepowania u
0s0b z cukrzycg 2024. Stanowisko Polskiego Towarzystwa Diabetologicznego
[Internet]. 2024 [cited 2026 Jun 5]. Available from:
https://ptdiab.pl/images/docs/zalecenia/2024/zalecenia_PTD_2024_22_01_2024.pdf

3. World Health Organization. Dementia [Internet]. Geneva: World Health Organization
[cited 2026 Jun 5]. Available from: https://www.who.int/news-room/fact-

sheets/detail/dementia

4. World Health Organization. Risk reduction of cognitive decline and dementia: WHO
guidelines [Internet]. Geneva: World Health Organization; 2019 [cited 2026 Jun 5].
Available from: https://www.who.int/publications/i/item/9789241550543

5. Bello-Chavolla OY, Antonio-Villa NE, Vargas-Vazquez A, Avila-Funes JA, Aguilar-Salinas
CA. Pathophysiological mechanisms linking type 2 diabetes and dementia: review of
evidence from clinical, translational and epidemiological research. Curr Diabetes Rev.
2019;15(6):456-470. https://doi.org/10.2174/1573399815666190129155654.


https://diabetesatlas.org/
https://ptdiab.pl/images/docs/zalecenia/2024/zalecenia_PTD_2024_22_01_2024.pdf
https://www.who.int/news-room/fact-sheets/detail/dementia
https://www.who.int/news-room/fact-sheets/detail/dementia
https://www.who.int/publications/i/item/9789241550543
https://doi.org/10.2174/1573399815666190129155654

10.

11.

12.

13.

14.

15.

Livingston G, Huntley J, Sommerlad A, Ames D, Ballard C, Banerjee S, et al. Dementia
prevention, intervention, and care: 2020 report of the Lancet Commission. Lancet.
2020;396(10248):413-446. https://doi.org/101016/S0140-6736(20) 30367-6.

Celis-Morales CA, Franzen S, Eeg-Olofsson K, Naucler E, Svensson AM, Gudbjornsdottir
S, et al. Type 2 diabetes, glycemic control, and their association with dementia and its
major subtypes: findings from the Swedish National Diabetes Register. Diabetes Care.
2022:45(3):634-641. https://doi.org/10.2337/dc21-0601.

World Health Organization. Clinical descriptions and diagnostic requirements for ICD-
11 mental, behavioural and neurodevelopmental disorders [Internet]. Geneva: World
Health Organization; 2024. Available from:
https://www.who.int/publications/i/item/9789240077263

Tabesh M, Sacre JW, Mehta K, Chen L, Sajjadi SF, Magliano DJ, et al. Associations of
glycaemia-related risk factors with dementia and cognitive decline in individuals with
type 2 diabetes: a systematic review and meta-analysis. Diabet Med.
2025;42(10):e70123. https://doi.org/10.1111/dme.70123.

Kane RL, Butler M, Fink HA, et al. Interventions to prevent age-related cognitive decline,
mild cognitive impairment, and clinical Alzheimer’s-type dementia [Internet]. Rockville
(MD): Agency for Healthcare Research and Quality (US); 2017 Mar. Chapter 1,
Introduction [cited 2026 Jun 5]. Available from:
https://www.ncbi.nim.nih.gov/books/NBK442452/

Alzheimer Europe. The prevalence of dementia in Europe 2025 [Internet]. Luxembourg:
Alzheimer Europe; 2026 [cited 2026 Jun 5]. https://doi.org/10.5281/zenodo.18339752.

Xue M, XuW, Ou YN, Cao XP, Tan MS, Tan L, et al. Diabetes mellitus and risks of
cognitive impairment and dementia: a systematic review and meta-analysis of 144
prospective studies. Ageing Res Rev. 2019;55:100944.
https://doi.org/10.1016/j.arr.2019.100944.

CaoF YangF, LiJ, Guo W, Zhang C, GaoF, et al. The relationship between diabetes and
the dementia risk: a meta-analysis. Diabetol Metab Syndr. 2024;16(1):101.
https://doi.org/10.1186/s13098-024-01346-4.

WangK, Zhao S, Lee EKP, Yau SZM, Wu Y, Hung CT, et al. Risk of dementia among
patients with diabetes in a multidisciplinary, primary care management program. JAMA
Netw Open. 2024;7(2):e2355733.
https://doi.org/10.1001/jamanetworkopen.2023.55733.

Heinik J. [Dementia in the mental disorders chapter of the World Health Organization
International Classification of Diseases: what has been changed from ICD-10 to ICD-
11?]. Harefuah. 2023;162(9):605-609. Hebrew. Available from:
https://pubmed.ncbi.nlm.nih.gov/37965858/


https://doi.org/10.1016/S0140-6736(20)30367-6
https://doi.org/10.2337/dc21-0601
https://www.who.int/publications/i/item/9789240077263
https://doi.org/10.1111/dme.70123
https://www.ncbi.nlm.nih.gov/books/NBK442452/
https://doi.org/10.5281/zenodo.18339752
https://doi.org/10.1016/j.arr.2019.100944
https://doi.org/10.1186/s13098-024-01346-4
https://doi.org/10.1001/jamanetworkopen.2023.55733
https://pubmed.ncbi.nlm.nih.gov/37965858/

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Lemche E, Killick R, Mitchell J, Caton PW, Choudhary P, Howard JK. Molecular
mechanisms linking type 2 diabetes mellitus and late-onset Alzheimer’s disease: a
systematic review and qualitative meta-analysis. Neurobiol Dis. 2024;196:106485.
https://doi.org/10.1016/j.nbd.2024106485.

Khalig AS, Kumar A, Khan M, Rodoshi ZN. Diabetes mellitus and cognitive decline: a
systematic review exploring the link to dementia and neurodegenerative diseases.
Cureus. 2025;17(3):e80415. https://doi.org/10.7759/cureus.80415.

Hui EK, Mukadam N, Kohl G, Livingston G. Effect of diabetes medications on the risk of
developing dementia, mild cognitive impairment, or cognitive decline: a systematic
review and meta-analysis. J Alzheimers Dis. 2025;104(3) :627-648.
https://doi.org/10.1177/13872877251319054.

Song J, BaiH, Xu H, Xing Y, Chen S. HbAlc variability and the risk of dementia in patients
with diabetes: a meta-analysis. Int J Clin Pract. 2022;2022:7706330.
https://doi.org/10.1155/2022/7706330.

Mao S, Wang Y. Risk factors for cognitive decline in type 2 diabetes mellitus adults: a
systematic review and meta-analysis. Mol Cell Biochem. 2025;480(9):4961-4972.
https://doi.org/10.1007/s11010-025-05306-y.

Zheng B, Su B, Price G, Tzoulaki |, Anmadi-Abhari S, Middleton L. Glycemic control,
diabetic complications, and risk of dementia in patients with diabetes: results from a
large U.K. cohort study. Diabetes Care. 2021;44(7):1556-1563.
https://doi.org/10.2337/dc20-2850.

Rodriguez-Casado A, Alvarez MI, Merino JJ, Toledano-Diaz A, Toledano A. Relationship
between Alzheimer’s disease and type 2 diabetes: critical review on cellular and
molecular common pathogenic mechanisms. Curr Alzheimer Res. 2025;22(2):92-122.
https://doi.org/10.2174/0115672050375461250325074826.

Kuate Defo A, Bakula V, Pisaturo A, Labos C, Wing SS, Daskalopoulou SS. Diabetes,
antidiabetic medications and risk of dementia: a systematic umbrella review and meta-
analysis. Diabetes Obes Metab. 2024;26(2) :441-462. https://doi.org/101111/dom15331.

Thomassen JQ, Tolstrup JS, Benn M, Frikke-Schmidt R. Type-2 diabetes and risk of
dementia: observational and Mendelian randomisation studies in 1 million individuals.
Epidemiol Psychiatr Sci. 2020;29:e118. https://doi.org/10.1017/S2045796020000347.

Litkowski EM, Logue MW, Zhang R, Charest BR, Lange EM, Hokanson JE, et al.
Mendelian randomization study of diabetes and dementia in the Million Veteran
Program. Alzheimers Dement. 2023;19(10):4367-4376. https://doi.org/10.1002/alz13373.

Han S, Lelieveldt T, Sturkenboom M, Biessels GJ, Anmadizar F. Evaluating the causal

association between type 2 diabetes and Alzheimer’s disease: a two-sample


https://doi.org/10.1016/j.nbd.2024.106485
https://doi.org/10.7759/cureus.80415
https://doi.org/10.1177/13872877251319054
https://doi.org/10.1155/2022/7706330
https://doi.org/10.1007/s11010-025-05306-y
https://doi.org/10.2337/dc20-2850
https://doi.org/10.2174/0115672050375461250325074826
https://doi.org/10.1111/dom.15331
https://doi.org/10.1017/S2045796020000347
https://doi.org/10.1002/alz.13373

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Mendelian randomization study. Biomedicines. 2025;13(5):1095.
https://doi.org/10.3390/biomedicines13051095.

Arnold SE, Arvanitakis Z, Macauley-Rambach SL, Koenig AM, Wang HY, Ahima RS, et al.
Brain insulin resistance in type 2 diabetes and Alzheimer disease: concepts and
conundrums. Nat Rev Neurol. 2018;14(3):168-181.
https://doi.org/10.1038/nrneurol.2017.185.

Rhea EM, Leclerc M, Yassine HN, Capuano AW, Tong H, Petyuk VA, et al. State of the
science on brain insulin resistance and cognitive decline due to Alzheimer’s disease.
Aging Dis. 2024;15(4):1688-1725. https://doi.org/10.14336/AD.2023.0814.

Affuso F, Micillo F, Fazio S. Insulin resistance, a risk factor for Alzheimer’s disease:
pathological mechanisms and a new proposal for a preventive therapeutic approach.
Biomedicines. 2024;12(8):1888. https://doi.org/10.3390/biomedicines12081888.

Matioli MNPS, Nitrini R. Mechanisms linking brain insulin resistance to Alzheimer’s
disease. Dement Neuropsychol. 2015;9(2):96-102. https://doi.org/101590/1980-
57642015dn92000003.

ZhengM, Wang C, HuM, LiQ, LiJ, Quan S, et al. Research progress on the association
of insulin resistance with type 2 diabetes mellitus and Alzheimer’s disease. Metab
Brain Dis. 2025;40(1):35. https://doi.org/101007/s11011-024-01472-y.

Zheng B, Su B, Udeh-Momoh C, Price G, Tzoulaki l, Vamos EP, et al. Associations of
cardiovascular and non-cardiovascular comorbidities with dementia risk in patients
with diabetes: results from a large UK cohort study. J Prev Alzheimers Dis.
2022;9(1):86-91. https://doi.org/10.14283/jpad.2022.8.

Kostev K, Tanislav C. Diabetes and co-existing coronary artery disease are associated
with an increased risk of dementia. Eur J Prev Cardiol. 2025;32(6):502-503.
https://doi.org/10.1093/eurjpc/zwael96.

Li C, Qian H, Feng L, Li M. Causal association between type 2 diabetes mellitus and
Alzheimer’s disease: a two-sample Mendelian randomization study. J Alzheimers Dis
Rep. 2024;8(1):945-957. https://doi.org/10.3233/ADR-240053.

Liu D, Baranova A, Zhang F. Evaluating the causal effect of type 2 diabetes on
Alzheimer’s disease using large-scale genetic data. J Prev Alzheimers Dis.
2024;11(5):1280-1282. https://doi.org/10.14283/jpad.2024.148.

Athanasaki A, Melanis K, Tsantzali |, Stefanou MI, Ntymenou S, Paraskevas SG, et al.
Type 2 diabetes mellitus as a risk factor for Alzheimer’s disease: review and meta-
analysis. Biomedicines. 2022;10(4):778.
https://doi.org/10.3390/biomedicines10040778.


https://doi.org/10.3390/biomedicines13051095
https://doi.org/10.1038/nrneurol.2017.185
https://doi.org/10.14336/AD.2023.0814
https://doi.org/10.3390/biomedicines12081888
https://doi.org/10.1590/1980-57642015dn92000003
https://doi.org/10.1590/1980-57642015dn92000003
https://doi.org/10.1007/s11011-024-01472-y
https://doi.org/10.14283/jpad.2022.8
https://doi.org/10.1093/eurjpc/zwae196
https://doi.org/10.3233/ADR-240053
https://doi.org/10.14283/jpad.2024.148
https://doi.org/10.3390/biomedicines10040778

37.

38.

39.

40.

41.

42.

43.

44,

45.

406.

47.

DingY, Ge T, Shen J, Duan M, Yuan C, Zhu Y, et al. Associations of metabolic
heterogeneity of obesity with the risk of dementia in middle-aged adults: three
prospective studies. Alzheimers Res Ther. 2024;16(1):220.
https://doi.org/10.1186/s13195-024-01581-x.

Qiu SD, Zhang DD, Ma LY, Li QY, Wang LY, Wang YD, et al. Associations of metabolic
syndrome with risks of dementia and cognitive impairment: a systematic review and
meta-analysis. J Alzheimers Dis. 2025;105(1):15-27.
https://doi.org/10.1177/13872877251326553.

Moran C, Lacy ME, Whitmer RA, Tsai AL, Quesenberry CP, Karter AJ, et al. Glycemic
control over multiple decades and dementia risk in people with type 2 diabetes. JAMA
Neurol. 2023;80(6):597-604. https://doi.org/10.1001/jamaneurol.2023.0697.

Underwood PC, Zhang L, Mohr DC, Prentice JC, Nelson RE, Budson AE, et al. Glycated
hemoglobin Alc time in range and dementia in older adults with diabetes. JAMA Netw
Open. 2024;7(8):e2425354. https://doi.org/10.1001/jamanetworkopen.2024.25354.

Mamalaki E, Charisis S, Anastasiou CA, Ntanasi E, Georgiadi K, Balomenos V, et al. The
longitudinal association of lifestyle with cognitive health and dementia risk: findings
from the HELIAD study. Nutrients. 2022;14(14):2818.
https://doi.org/10.3390/nu14142818.

Fekete M, Varga P, Ungvari Z, Fekete JT, Buda A, Szappanos A, et al. The role of the
Mediterranean diet in reducing the risk of cognitive impairement, dementia, and
Alzheimer’s disease: a meta-analysis. Geroscience. 2025;47(3):3111-3130.
https://doi.org/10.1007/s11357-024-01488-3.

Yoo JE, Han K, Kim B, Park SH, Kim SM, Park HS, et al. Changes in physical activity and
the risk of dementia in patients with new-onset type 2 diabetes: a nationwide cohort
study. Diabetes Care. 2022;45(5):1091-1098. https://doi.org/10.2337/dc21-1597.

Charbit J, Vidal JS, Hanon O. The role of nutrition in the prevention of cognitive decline.
Curr Opin Clin Nutr Metab Care. 2024;27(1):9-16.
https://doi.org/10.1097/MC0O.0000000000001002.

Arora S, Santiago JA, Bernstein M, Potashkin JA. Diet and lifestyle impact the
development and progression of Alzheimer’s dementia. Front Nutr. 2023;10:1213223.
https://doi.org/10.3389/fnut.2023.1213223.

LuHH, Zhou Y, Chen C, Gu ZJ. Meta-analysis of the effect of exercise intervention on
cognitive function in elderly patients with type 2 diabetes mellitus. BMC Geriatr.
2024;24(1):770. https://doi.org/10.1186/s12877-024-05352-Z.

Seminer A, Mulihano A, O'Brien C, Krewer F, Costello M, Judge C, et al. Cardioprotective
glucose-lowering agents and dementia risk: a systematic review and meta-analysis.
JAMA Neurol. 2025;82(5):450-460. https://doi.org/10.1001/jamaneurol.2025.0360.


https://doi.org/10.1186/s13195-024-01581-x
https://doi.org/10.1177/13872877251326553
https://doi.org/10.1001/jamaneurol.2023.0697
https://doi.org/10.1001/jamanetworkopen.2024.25354
https://doi.org/10.3390/nu14142818
https://doi.org/10.1007/s11357-024-01488-3
https://doi.org/10.2337/dc21-1597
https://doi.org/10.1097/MCO.0000000000001002
https://doi.org/10.3389/fnut.2023.1213223
https://doi.org/10.1186/s12877-024-05352-z
https://doi.org/10.1001/jamaneurol.2025.0360

48.

49.

50.

51.

52.

53.

Tang C, Hao J, Tao F, Feng Q, Song Y, Zeng B. Association of metformin use with risk of
dementia in patients with type 2 diabetes: a systematic review and meta-analysis.
Diabetes Obes Metab. 2025;27(4):1992-2001. https://doi.org/10.1111/dom.16192.

Zheng B, Su B, Anmadi-Abhari S, Kapogiannis D, Tzoulaki |, Riboli E, et al. Dementia risk
in patients with type 2 diabetes: comparing metformin with no pharmacological
treatment. Alzheimers Dement. 2023;19(12):5681-5689.
https://doi.org/10.1002/alz.13349.

Sun M, Chen WM, Wu SY, Zhang J. Metformin in elderly type 2 diabetes mellitus: dose-
dependent dementia risk reduction. Brain. 2024;147(4):1474-1482.
https://doi.org/10.1093/brain/awad366.

Cheng HW, Yang SF, Liao PL, Lee CH, Jong GP. Impact of glucagon-like peptide-1
receptor agonists on the dementia incidence in patients with type 2 diabetes mellitus:
a population-based longitudinal cohort study. Diabetes Metab Res Rev.
2025;41(5):e70058. https://doi.org/10.1002/dmrr.70058.

Inoue K, Saliba D, Gotanda H, Moin T, Mangione CM, Klomhaus AM, et al. Glucagon-like
peptide-1receptor agonists and incidence of dementia among older adults with type 2
diabetes: a target trial emulation. Ann Intern Med. 2025;178(9):1258-1267.
https://doi.org/10.7326/ANNALS-24-02648.

Huang L, Zhu M, Ji J. Association between hypoglycemia and dementia in patients with
diabetes: a systematic review and meta-analysis of 1.4 million patients. Diabetol Metab
Syndr. 2022;14(1):31. https://doi.org/10.1186/s13098-022-00799-9.


https://doi.org/10.1111/dom.16192
https://doi.org/10.1002/alz.13349
https://doi.org/10.1093/brain/awad366
https://doi.org/10.1002/dmrr.70058
https://doi.org/10.7326/ANNALS-24-02648
https://doi.org/10.1186/s13098-022-00799-9
http://localhost:8055/archiv/issue-5-2026.html

