
Convegno SID-AMD Toscana
Pisa, 10 Giugno 2023

Diabete e funzione cognitiva: la salvaguardia 
della salute complessiva della persona con 

diabete

Giuseppe Daniele
Dipartimento di Medicina Clinica e Sperimentale

Università di Pisa 



Conflitti di interesse

Nessun conflitto di interessi da dichiarare



Diabetes and Cognitive Decline Spectrum

Major neurocognitive disorder
Dementia

Mild cognitive impairment
Mild neurocognitive disorder 

Cognitive decrements 

Performance of at least 2 SD lower 
than normal in multiple cognitive 
domains:

 Memory
 Executive function
 Language
 Spatial ability
 Severely Impaired daily function

Performance of at least 1-2 SD lower 
than normal in multiple cognitive 
domains:

 Memory
 Executive function
 Language
 Spatial ability
 Moderate Impaired daily function

Performance of at least 0.3-0.5 SD 
lower than normal in multiple 
cognitive domains:

 Memory
 Executive function
 Language
 Spatial ability
 Mild Impaired daily function

6% 5%

Srikanth V. et al. Lancet Diabetes Endocrinol. 2020;8(6):535-545



Magnitude of Cognitive Dysfunction in Type 2 Diabetes
Attention/Concentration Tests Effect Size (95% CI) Effect Size (95% CI)Verbal Memory Tests

Palta P. et al. J Int Neuropsychol Soc. 2014; 20(3):278-291



Palta P. et al. J Int Neuropsychol Soc. 2014; 20(3):278-291

Magnitude of Cognitive Dysfunction in Type 2 Diabetes

Motor Function Tests Effect Size (95% CI) Executive Function Tests Effect Size (95% CI)



WJ Kim et al. Diabetes Care 2022;45(1):134–141

Model: adjusted for age, sex, smoking, drinking, exercise, BMI, hypertension 
and dyslipidemia

Incidence rates of dementia according to glycemic status and 
duration of diabetes
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Janson J et al. Diabetes 2004; 53(2):474-481

Metabolic and Neurodegenerative Diseases: a two-way connection

Rhee S.Y. et al Diabetes Care 2020;43(9):2169-2175



Munshi M. Diabetes Care 2017; 40:461-467
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McMillan JM et al. BMJ Open Diab Res Care 2018;6:e000563

Cognitive Dysfunction, Dementia and Hypoglycemia
Hypoglycemia Exposure RR (95% CI) Weight

Lacy ME et al. Diabetes Care 2020; 43:541-548



Affected Behavior Impact on Diabetes Self Care

Memory Loss

Forget to:

 Monitor Glucose
 Take medications
 Take insulin injections
 Eat on time
 Eat before exercise
 Attend clinic visits

Problem solving difficulty

Unable to integrate into practice new 
instructions

Unable to recognize or treat 
hypoglycemia

Difficulty stopping old behavior and 
starting new behavior

Refuse any new therapy
Errors when old routines are 

changed

Difficulty with mental flexibility

Feel anxious regarding “failing” the 
treatment plans

Too much focus on diabetes 
management

Munshi M. Diabetes Care 2017; 40:461-467McMillan JM et al. BMJ Open Diab Res Care 2018;6:e000563

The Effect of Cognitive Dysfunction on Diabetes Self-Care

Management of diabetes, n (%)

MMSE 0-23

113

MMSE 24-30 Adjusted odds
Ratio (95% CI) 

P

283n

Patient solely responsible for self-medication 49 (44) 242 (86) 7.14 (4.35,12.5) <0.001

Patient solely responsible for self-monitoring of 
blood and/or urine glucose 67 (60) 247 (87) 3.70 (2.22,6.25) <0.001

47 (42) 71 (25) 0.45 (0.28, 0.72) 0.001

Use of Health/Social Service, n (%)

Hospitalized in the past years

Help received with personal care 49 (43) 57 (20) 0.43 (0.26, 0.70) 0.001

Living in residential/nursing home 20 (18) 6 (2) 0.16 (0.06, 0.42) <0.001

Functional status (mean, SD)

Barthel ADL score

Extended ADL score

15.6 (5.6) 18.9 (2.3) 1.22 (1.12, 1.32) <0.001

9.6 (5.6) 15.4 (5.1) 1.16 (1.11, 1.20) <0.001

5.6 (5.6) 8.7 (3.5) 1.25 (1.15, 1.35) <0.001Diabetes Knowledge Questionnaire (mean)

Odds ratios are adjusted for age and sex

Sinclair AJ. et al. Diabetes Research and Clinical Practice 50 (2000) 203–212 



Normal Cognitive 
Function

Jong Oh D. et al. Front Neurol. 2021;28;12:766216

NW
T2DM

Obese
T2DM

Controls Obesity/Prediabetes MCI/Diabetes Alzheimer’s Disease

Iozzo P. et al. Endocr Connect 2019 Nov;8(11):R169-R183 Vergoossen LW. ET AL. Diabetes Care 2020;43(1):201-208

Brain effects of obesity and Type 2 Diabetes

Obesity

Diabetes

Cognitive 
Decrements

Mild cognitive 
impairment

Major 
neurocognitive 

disorder

NGT PreDiab T2DM



Habes M et al. JAMA Network Open. 2023;6(6):e2316182 

Brain effects of Type 1 Diabetes

DCCT - EDIC MRI study – Mean follow-up 36 years 



Saturable, receptor-mediated process

 Chronic peripheral 
hyperinsulinemia 
downregulates BBB 
transporters

Brain insulin action and brain insulin resistance

Neuronal Metabolism
Neuronal Development
Synaptic Efficacy
Neuronal Firing
Neuronal Survival

Local Insulin Sources 

• Local Energy on demand
• Local Suppression of 

Excitation

Pancreatic Insulin
BBB

Kullmann S. et al. Physiol Rev 96: 1169-1209; 2016          Batista AF et al. CNS Drugs 2018

CSF

Brain Interstitial 
Fluid

Blood

BBB

Ependyma

Kyrtata N et al. Front Neurosci. 2021;15:626636



Lunghi C, Daniele G et al. iScience 2019 Dec 20;22:206-213

Insulin Sensitivity and Neuroplasticity
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Daniele G et al. Manuscript in preparation

BMI (Kg/m2)

BMI (Kg/m2)BMI (Kg/m2)



Daniele G. et al. Int J Obes (Lond) 2021 Aug;45(8):1821-1829 Dardano A et al. Int J Obes (Lond) 2022;46(9):1671-1677

Baseline

RYGB

Baseline

RYGB

Insulin Sensitivity and Brain Metabolism



Particulate matters
- PM2.5  (Elemental 

carbon)
- Nox/NO2
- Si
- SO4

-2

Nose-to-Brain Route

Circulation & BBB

Circulation

Oxidative Stress
Neurotoxicity

Neuroinflammation
BBB & NVU Damage

Wu Y et al. BMC Med 2022;20(1):375 Solini A et al. J Clin Endocrinol Metab 2019;104(5):1491-1499You R et al. J Biomed Sci 2022;29(1):15 Younan D et al. PLoS Med 2022;19(2):e1003893

Exposure to Pollution and Cognitive Function



Ajčević M et al. Sci Rep 2023;13(1):5808

Healthy Post-COVID19

Exposure to COVID-19 and Cognitive Function

Martínez-Mármol R et al. Sci Adv 2023;9(23):eadg2248 Fernández-de-Las-Peñas C et al. Diabetes 2021;70(12):2917-2921



Can Pharmacological treatments Prevent or Delay the Brain Impact 
of Diabetes?

Type 2 Diabetes Study Patients Characteristics Treatment Follow-up Outcome

ACCORD-MIND 2977 patients aged >55 
years

Intensive treatment (HbA1c 
≤42 mmol/mol) 2.8 years

No difference in cognitive 
performance and decline

Reduced rate of brain 
atrophy

ADDITION-Cognition 183 patients aged 50-70
years

Intensive multifactorial 
treatment 3.2 years No difference in cognitive 

performance and decline

ADVANCE

11.140 patients ≥55 years
with a history of major 

macrovascular or 
microvascular disease or one 

other cardiovascular risk 
factor

HbA1c < 48 mmol/mol with 
gliclazide and Perindopril-

indapamide
5 years

No difference in risk of 
cognitive decline or 

dementia

CARMELINA-COG 1545 patients with Type 2 
Diabetes Linagliptin 5 mg 2.5 years

No effect on cognitive 
decline 

REWIND 8828 patients with Type 2 
Diabetes

Dulaglutide 1.5 mg once a 
week vs placebo 5.4 years 14% reduction in substantive 

cognitive impariment

Cukierman-Yaffe T. et al. Lancet Neurol. 2020;19(7):582-590Biessels GJ. et al. Diabetes Care 2019; 42: 1930–38; Koekkoek PS et al. Lancet Neurol 2015; 14: 329–40 
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Athauda D et al. Lancet. 2017 Oct 7;390(10103):1664-1675 Athauda D et al. JAMA Neurol. 2019 Apr 1;76(4):420-429

GLP-1Ras treatment and Parkinson Disease



Gejl M et al. Front Aging Neurosci. 2016 May 24;8:108
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Liraglutide* *

GLP-1Ras treatment and Alzheimer Disease
Connectivity with Hippocampus

Connectivity and plasma glucose

Watson, K. T et al.  Behavioural Brain Research, 2019; 356, 271–278 

ELAD Study

Liraglutide
1. cognitive impairment 
2. temporal lobe 

atrophy
3. cortical grey matter 

atrophy



Yuan Z et al. Eur J Pharmacol. 2017 Oct 5;812:82-90Rosenstock J et al. Lancet 2021;398(10295):143-155
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Dual agonists and Neurodegenerative Diseases



Relative risk for dementia (95% CI) Risk factor prevalence
Reduction in 

dementia 
prevalence

Early Life (<45 years)

Less education 1.6 (1.3-2.0) 40.0% 7%

Midlife (age 45-65 years)

Hearing loss 1.9 (1.4-2.7) 31.7% 8%

Traumatic Brain Injury 1.8 (1.5-2.2) 12.1% 3%

Hypertension 1.6 (1.2-2.2) 8.9% 2%

Alcohol (>21 units/week) 1.2 (1.1-1.3) 11.8% 1%

Obesity 1.6 (1.3-1.9) 3.4% 1%

Later Life (age>65 years)

Smoking 1.6 (1.2-2.2) 27.4% 5%

Depression 1.9 (1.6-2.3) 13.2% 4%

Social isolation 1.6 (1.3-1.9) 11.0% 4%

Physical Inactivity 1.4 (1.2-1.7) 17.7% 2%

Diabetes 1.5 (1.3-1.8) 6.4% 1%

Air pollution 1.1 (1.1-1.1) 75% 2%

Potentially 
modifiable 

40%

Risk unknown 
60%

Dementia prevention and intervention

Livingston G. et al. Lancet 2020;396(10248):413-446



Adapted from Sinclair AJ et al. Diabetes in old age. Chichester, UK: Wiley Blackwell, 2017: 426–36. 

Risk Evaluation and Diagnosis of Cognitive Dysfunction in Type 
2 Diabetes
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