


Global distribution of DIABETES MELLITUS TYPE 2 prevalence
Note: Colors indicate prevalence rates per 100,000 population in 2017

Ci sono circa 463 milioni di 

persone affette da diabete 

nel mondo (9,3%), e si stima 

che saranno circa 578 

milioni (10,2%) entro il 2030 

e 700 milioni entro il 2045 

(10,9%)



The majority of dementia 

cases are sporadic 

with unknown etiology, 

although several risk 

factors contribute to its 

development







DIABETES  AND RISK OF DEMENTIA: 
A META-ANALYSIS OF PROSPECTIVE OBSERVATIONAL STUDIES

Diabetes and risk of all type dementia
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How diabetes can lead to dementia

VASCULAR 
DEMENTIA

?



Signal Transduction and Targeted Therapy (2023)8:152 



Diabetes mellitus affects the nervous

system Type 2 diabetes, 
due to the 

hyperglycemia, 
promote endothelial 

dysfunction and 
microvascular 

insufficiency, which 
can lead to vascular 

dementia even in the 
absence of 

macrovascular 
insults, through 

mechanisms involving 
ischemia, blood–

brain barrier leakage,  
disruptions in white 

matter integrity,  
uncontrolled ROS, 
oxidative stress. 

RAGE and 
inflammation

Mei et al – Translation neurodegeneration- 2024 

The perpetual systemic and cerebral 

inflammation potentially precedes 

cognitive decline and eventually dementia



How diabetes can lead to dementia

VASCULAR 
DEMENTIA

DEGENERTIVE DEMENTIA

?



Garcia-Serrano AM, Duarte JMN. Brain Metabolism Alterations in Type 2 Diabetes: What Did We Learn

From Diet-Induced Diabetes Models? Front Neurosci 14: 229, 2020. doi: 10.3389/fnins.2020.00229.



Bulbo olfattorio

Insulin receptors are widely distributed across the brain, 
with high concentrations in areas such as the cerebral

cortex, hippocampus, amygdala, and cerebellum

Localization of insulin (A–B), IGF-I (C–D), insulin receptor
(E–F), and IGF-I receptor (G–H) immunoreactivity in AD and 

aged control hippocampus using immunohistochemical staining. 

INSULIN AND 
INSULIN RECEPTORS IN NCS

JAD 2005 Feb;7(1):63-80Steen E, Terry BM, Rivera EJ, Cannon JL, Neely TR, Tavares R, Xu XJ, Wands JR, de la Monte SM.
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IDE 

«Insulin Degrading Enzyme»

A) Hyperinsulineamia increases the levels of Abeta because elevated insulin
competes with Abeta for IDE. This results in a relative deficiency of IDE

B) IDE gene variations cause altered IDE proteins such as in GK rat or decreased
expression levels

Both conditions (A) and (B) can cause the deficiency of IDE and 
lead to type 2 diabete and Alzheimer’s disease



Rate of progression of mild cognitive impairment to dementia –

meta‐analysis of 41 robust inception cohort studies

Axis indicates the relative risk of conversion to dementia in those with MCI vs. those without.

The size of the boxes represent the size of the sample in the study.

Relative risk of Alzheimer’s disease

Relative risk of dementia





The Finnish Diabetes Risk Score includes age, family history of diabetes, personal 
history of elevated blood glucose, fruit and vegetable consumption, blood
pressure medication, physical activity, body mass index, and measured waist
circumference

Association of Finnish Diabetes Risk Score at Ages 

55, 60, 65, and 70 Years With Incidence of Dementia

In this longitudinal cohort

study with a median

follow-up of 31.7 years, 

younger age at onset of 

diabetes was significantly

associated with higher

risk of subsequent

dementia.



ACCELERATE  PROGRESSION FROM  MILD COGNITIVE 

IMPAIRENT (MCI)  TO DEMENTIA IN PEOPLE WITH DIABETES

+ 35% DIABETIC EFFECT

Adjusted for age, sex, and education
Weili Xu, et al. Diabetes, 2010

• n=1.435 pz;

•age ≥75 years;

•followed for 9 years 

(1997–1998) ;



Mechanisms of action of antidiabetic drugs

Overall, 
the 

antidiabetic
drugs

showed to 
have

beneficial
actions in the 
brain either
directly or 
indirectly

Anit Tyagi, Subbiah Pugazhenthi-



“It’s important to emphasise that 
the benefit of a drug reducing the 

risk of developing a disease is 
quite separate from any 

suggestion that the drug might be 
useful in treating that disease”. 

“The best way to reduce your risk 
of lung cancer, for example, is to 

stop smoking. Once you have lung 
cancer, however, stopping smoking 

is insufficient to treat it!!!!”



Italian guidelines for the treatment of T2DM

Drug therapy

Mannucci E et al. for SID and AMD. Acta Diabetol, 2023

No cardiovascular

event, no heart

failure, and eGFR<60 

ml/min





INCRETIN



GLP1-RADPP4-I



*  P<0.05 Baseline vs 2 years of therapy

§ P<0.05 DPP4-I  vs SU group after 2 yrs of

therapy

Baseline

After 2 yrs of therapy

After 2 years of therapy, all baseline variables

related to cognition were significantly improved

after DPP-4I therapy but not after SU therapy







Alzheimer’s Dement. 2020;16(Suppl. 9):e042909. 

https://doi.org/10.1002/alz.042909



In this study, the authors elucidated

the molecular processes underlying

the protective effect of Tirzepatide

(TIR), a dual glucose-dependent

insulinotropic polypeptide receptor 

agonist (GIP-RA)/ GLP-1RA, against

learning and memory disorders. 

The results firstly demonstrate the potential role

of TIR in ameliorating high glucose-induced

neurodegeneration and overcoming neuronal

insulin resistance by targeting molecular and 

epigenetic modulators of neuronal growth, 

apoptosis, differentiation, and survival. 



New class of anti-diabetic drugs called sodium

glucose co-transporter 2 (SGLT2) inhibitors has

a unique mechanism of action focusing on 

inhibition of glucose reabsorption that

separates it from other classes.



The principal SGLTs expressed in the brain.

Sodium glucose cotransporters (SGLTs) are 

fundamental in the mechanism of glucose entry 

into the brain cell.

SGLTs transport glucose into the cell along a 

sodium gradient. 

SGLT1, SGLT2, SGLT3, SGLT4, SGLT6 have

been identified in the brain.

The distribution of the brain-expressed SGLTs

differs strongly and, unfortunately, not all brain 

SGLTs have been studied extensively.

RIZZO MR et al.



SGLT2 is mainly expressed in 

pericytes and brain parenchyma. 

SGLT2 expressed in pericytes

facilitates glucose transport to 

support their nourishment and 

metabolic functions, with the 

additional role of distributing glucose

to adjacent astrocytes. 

SGLT2 inhibitors enhance insulin

sensitivity in the brains of obese rats

by mitigating inflammation, 

apoptosis, and oxidative stress, 

markedly improving hippocampal

synaptic plasticity

Physiological roles of SGLT2 in the 

brain. 



RIZZO MR et al.



Mascolo et al - Pharmacological Research 172 (2021)

Risk of stroke with SGLT2 inhibitors compared to 

DPP-4 inhibitors (A) and non-SGLT2 inhibitors (B)..

ITT: Intention to treat; OT : On treatment analyses

A total of 20 registry-based cohort studies were identified, of
which 13 considered the comparison with DPP-4 inhibitors, 
and 7 the comparison with non-SGLT2 inhibitors.

Evaluated the stroke with a total of 4633 retrievable outcome
events, of which 1978 occurred in the SGLT2 inhibitor group 
and 2655 occurred in the DPP-4inhibitor group. 

SGLT2 inhibitors were associated with a significant
reduction in the hazard for stroke 
(HR, 0.89; 95%CI, 0.82–0.96; Fig. 2A)



the bmj | BMJ 2024;386:e079475 | doi: 10.1136/bmj-2024-

OBJECTIVE 

To compare the risk of dementia associated with 

sodium-glucose cotransporter-2 (SGLT-2) 

inhibitors versus dipeptidyl peptidase-4 (DPP-4) 

inhibitors in adults aged 40-69 years with type 2 

diabetes. 

MAIN OUTCOME MEASURES 

The primary outcome was new onset dementia. 

Secondary outcomes were dementia requiring

drug treatment and individual types of dementia, 

including Alzheimer’s disease and vascular

dementia. 

CONCLUSION 

SGLT-2 inhibitors might prevent dementia, 

providing greater benefits with longer treatment. 

As this study was observational and therefore

prone to residual confounding and informative 

censoring, the effect size could have been

overestimated. Randomised controlled trials are 

needed to confirm these findings. 



Is it time to 

purpose 

protective 

diabetes 

medications 

for prevention 

of dementia?

J American Geriatrics Society, Volume: 71, Issue: 7, Pages: 2041-2045, First published: 25 May 2023, DOI: (10.1111/jgs.18405) 


