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The interplay between metabolic diseases, nutrition and dementia

Nutrition Dementia



How Does Low-Quality Diet Contribute to Neurodegeneration and
Dementia?
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Biological pathways mediating the relationship of the diet with cognition
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Why a high-fat diet can harm your memory?
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Hippocampal dysfunction in high-fat-diet mice
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Memory impairment induced by HFHSD( high-fat and high-sucrose
diet ) exposure
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Neuroinflammation and neurodegeneration analysis in the hippocampus
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Short-term high-fat diet disrupts memory and brain integrity
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Diet quality modulates adiposity, systemic metabolism, and brain

aging
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Associations of glycaemia-related risk factors with dementia and
cognitive decline in individuals with type 2 diabetes
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Insulin Resistance in the Brain

 Brain insulin resistance impairs synaptic function and learning.

 Linked to cognitive decline, Alzheimer’s disease, and neuroinflammation.

Affects hippocampus, cortex, and cerebrovascular function.
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Mechanisms of action and pharmacological effects of anti-diabetic drugs

exhibiting neuroprotection in preclinical studies

Classification

Drugs

Mechanisms of Action

Pharmacological Effects

References

Insulin

Intranasal insulin

Decrease amyloidogenesis
Decrease neurofibrillary tangles
formation

Decrease microglial overactivation

Reduced cognitive impairment

[86,87,88,89,90,91,92]

Insulin Sensitizer

Metformin

Decrease amyloidogenesis
(confradictive)

Increase AR clearance

Decrease neurofibrillary tangles
formation

Decrease microglial overactivation
Increase neuronal survival
Reduce mitochondria dysfunctions

Reduced cognitive impairment
Reduced AR plagues
Reduced neurcinflammation

[94,95,96,97 98]

Thiazolidinediones

- Rosiglitazone
- Pioglitazone

Decrease amyloidogenesis
Increase AR clearance
Decrease neurofibrillary tangles
formation

Preserve endothelial functions

Reduced cognitive impairment
Improved endothelial function

[103,104,105,106,107]

Insulin
secretagogues

Glucagon-like peptide-1

- Exendin-4
- Liraglutide

Decrease amyloidogenesis
Increase AR clearance
Decrease neurofibrillary tangles
formation

Preserve endothelial functions

Reduced cognitive impairment
Reduced neuronal loss
Reduced vascular damage

[110,111,112,113,114]

Sulfonylurea

Reduced memory impairment
Reduced neuroinflammation

- Decrease microglial overactivation 116,117 112
- Glibenclamide g - Reduced depression and anxiety-related [ A8l
symptoms
Sodium-glucose cotransporter-
2
- Increase neuronal survival
- Dapagliflozin - Reduced cognitive impairment [120 122]
. - Increase autophagy
- Empagliflozin
Other anti-diabetics ~ ~ C2nadimozin
Amylin analogs - Reduced cognitive impairment
- Increase AR clearance - Reduced AR plaques [125,126]

- Pramilintide

Reduced neurcinflammation

Keren Esther Kristina Mantik Int. J. Mol. Sci. 2023



Neuronal insulin signaling in normal brain vs diabetic brain
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What is the link between metabolic syndrome and dementia?
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Cytokines released by adipose tissue in obese patients induce neuronal
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https://www.sciencedirect.com/journal/ageing-research-reviews
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Metabolic syndrome

Insulin Resistance

Medical conditions

 Vo®
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obesity pressure sugar triglycerides
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@
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Low HDL Cholesterol
Disrupting the hormonal Central Coronary
balance (HPA-axis) obesity heart disease

Metabolic syndrome is a combination of risk factor
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D
@

sugar, high triglycerides, and low HDL that

Physical inactivity Type 2 diabetes Aging

together increase the risk of diabetes, heart disease,
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Meta-analysis of associations between MetS and cognitive impairment in
longitudinal studies and cross-sectional studies.

Study auther Year OR (95% Cl) Weight (%) F(%) P value

Cross=-sectional studies

Liu et al. 2009 — 2.55(2.07,3.13) 9.91
Vieira et al. 2011 _— 1.66 (1.19,2.32) 8.73
Luo et al. 2013 - 0.44 (0.26,0.77) 6.62
Chen et al. 2016 . 0.96 (0.50, 1.84) 5.66
Lietal. 2016 : 2.71(1.76,4.16) 7.74
Bae et al. 2017 . 2.10(1.34,3.29) 755
Feinkohl et al. 2019 & 1.38(0.74, 2.60) 5.85
Wang et al. 2021 —_— 2.39(2.00,2.86) 10.12
Subtotal e 1.65(1.19,2.28) 6218 853 <0.01

Longitudinal studies

Yaffe et al. 2004 — — 1.25(1.02,1.53) 9.94
Ho et al. 2008 _ 1.42(1.10,1.98) 9.12
Yaffe et al. 2009 = 1.82(1.26,264) 836
Viscogliosi et al. 2017 —_ — 1.38(1.20, 1.58) 10.39
Subtotal ’, 1.38(1.24,1.53) 37.82 33 0.376
NOTE: Weights are from random effects analysis

ﬂl_24 1 4.I1E

OR

Shu-Dong Qiui, Journal of Alzheimer’s Disease 2025



Associations between five components of MetS and the risk of dementia

Relative risk
0.‘5 1.0 1._5 2;0 2._5 RR(95%Cl)  P(%)
e —— 1.29(1.17,143) 276
Diabetes — 1.32(1.21,145) 0
— -2 1.29(0.91,1.84) 288
= N — 1.15(1.03,1.28) 582
Hypertension —— 1.15(1.04,1.26) 0
— 1.68 (1.08,2.64) 30.0
— —— 1.16 (1.06, 1.28) 58.3
Low HDL Cholesterol f—e— 1.16(1.00,1.35) 15.0
" @ 1.31(1.03,167) 1.2
— — e 1.03(0.87,1.22) 88.1
High Triglycerides —i— 1.14(1.04,125) O
2= O ® Dementia 1.18 (0.78,1.78) 48.7
— —— ® AD 0.98 (0.86,1.12) 75.0
Central Obesity ® vaD 0.67 (0.43,1.04) 85.0
— & Number of studies 1.07 (0.76,1.49) 244
0 2 ' 4 6 8 10

Number of studies

Shu-Dong Qiui, Journal of Alzheimer’s Disease 2025



Meta-analysis of associations of MetS with dementia.

Study auther Year RR (95% CI) Weight (%) 12(%) P value
Dementia
Muller et al. 2007 0.90 (0.60, 1.10) 7.15
Raffaitin et al. 2009 1.28 (0.92, 1.80) 6.90
Forti et al. 2010 0.74 (0.44, 1.24) 5.48
Solfrizzi et al. 2010 1.00 (0.61, 1.65) 5.63
Creavin et al. 2012 —— 0.79 (0.50, 1.28) 5.84
Fanetal. 2017 —i— 3.04 (2.08, 4.44) 6.56
Cho etal. 2021 —i— 3.15(2.11, 4.70) 6.39
Machado-Fragua et al. 2022 — - 1.45 (1.17, 1.80) 7.76
Qureshi et al. 2023 ] 1.22 (1.12, 1.32) 8.38
Subtotal <= 1.33 (1.03, 1.71) 60.08 858%  <0.01
AD
Muller et al. 2007 —— 0.90 (0.60, 1.30) 6.50
Raffaitin et al. 2009 —l—— 0.81(0.50, 1.31) 5.75
Forti et al, 2010 L 0.82 (0.31, 1.28) 4.18
Solfrizzi et al. 2010 L 0.83 (0.42, 1.63) 437
Cho et al. 2021 —a— 3.05(1.91, 4.88) 5.85
Subtotal R 1.10 (0.64, 1.91) 26.65 81.8%  <0.01
vaD
Raffaitin et al. 2009 - 242 (1.24,4.73) 4.42
Forti et al. 2010 = 1.23 (0.56, 2.74) 3.70
Solfrizzi et al. 2010 - 3.71 (1.40, 9.83) 2.88
Choetal. 2021 = 1.72 (0.54, 5.45) 2.27
Subtotal = 2.07 (1.32, 3.24) 13.27 101%  0.343
NOTE: Weights are from random effects analysis
T T
0.102 1 9.83
RR

Shu-Dong Qiui, Journal of Alzheimer’s Disease 2025



Metabolic syndrome increases the risk of developing Alzheimer’s and
Parkinson’s diseases

Metabolic dysfunction
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How dietary interventions improve cognitive health in Metabolic

Syndrome?

Exercise and dietary influences on brain

Healthy Brain

health and Alzheimer’s disease risk.

Alzheimer’s Disease

I
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increased BDNF, reduced inflammation,

and increased insulin sensitivity.
Conversely, a sedentary lifestyle and
components of the Western diet

increase the risk of Alzheimer’s disease

* Polyphenols
¢ Antioxidants
_* MIND/DASH diet
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¢ Western Die}
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inflammation, and reduced insulin
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Baranowski BJ et al., Appl Physiol Nutr Metab. 2020



Nutrient classification, recommendtions, and effect on cognition and
Alzheimer’s disease (AD) pathology

Table 1. Nutrient classification, recommendations, and effect on cognition and Alzheimer’s disease (AD) pathology.

Nutrient
(subclassification)

Food type

Recommendation

Effect on cognition and AD pathology

Fats
) sia

PUFA
Omega-3

Omega-6

‘ Carbohydrates
Simple

Complex

Polyphenols
NA

Anti-oxidants
NA

Fatty meat (e.g., beef, lamb, dark chicken, pork),
full-fat dairy products (e.g., butter, cheese,
and ice cream), and oils (e.g., coconut and
palm oil)

Fish (e.g., salmon, tuna, trout, mackerel, and
herring), oils (e.g., flaxseed, and canola oil),
and nuts/seeds (e.g., flaxseeds, chia seeds, and
walnuts)

Red meats, corn, safflower

Soft drinks, candy, table sugar, brown sugar,
and fructose, glucose and sucrose additives

Brown and wild rice, whole wheat breads,
quinoa, potatoes, corn, and legumes

Fruits (e.g., dark and citrus berries), vegetables
(e.g., leafy greens, beans), tea/coffee, red wine,
olive oil, and dark chocolate

Olive oil, fruits, vegetables, nuts, coffee/tea, red
wine, and dark chocolate

1 Consumption

T Consumption

| Consumption; aim for
2:1 omega-3:6 ratio

| Consumption

T Consumption

T Consumption

T Consumption

| Cognition
T Brain BACEI activity (Kalmijn et al. 2004;
MacPherson et al. 2015)

T Cognition, | AD progression (Avallone
et al. 2019)

L Ap production/aggregation (Avallone
et al. 2019; Hossain et al. 2009)

T Cognition if the ratio is 2:1

Simple carbohydrates impair cognition and
increase risk of AD (Cao et al. 2007,
Chong et al. 2019)

T Cognition
| Neuroinflammation
L Ap and tau (Hagan et al. 2016)

| Neuronal damage

l AD progression

1 Oxidative stress

L Ap production/aggregation (Devore et al.
2012)

Note: T, increase; |, decrease; Ap, amyloid-beta; BACE1, B-secretase 1; NA, not applicable (no subclassification); PUFA, polyunsaturated fatty acids; SFA, saturated

fatty acids.

Baranowski BJ et al., Appl Physiol Nutr Metab. 2020



Neuroprotective effects of antidiabetic drugs: evidence from clinical trials
and observational studies
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Latency(s)

Tirzepatide ameliorated DM-induced Spatial learning memory
impairment
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Tirzepatide affected synaptophysin proteins and dendritic spines in
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Conclusioni

* La dieta ad alti contenuti di Grassi Saturi
provoca delle alterazioni molecolari che
facilitano il declino cognitivo

* La Sindrome Metabolica come tale e i suoi
componenti sono fattori associati

* Laterapia antidiabetica ( GLP1 RA) sembnra
avere una qualche utilita nel controllo del
deficit cognitivo

Universita
@ dcgli Studi
@ dellaCampania

Luigr Vanvitelli
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