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Risk factors and brain vulnerability

Modifiable risk factors

• Unhealthy diet

• Physical inactivity

• Tobacco/alcohol/drugs

• Stress

Intermediate risk 
factors

• Cardiovascular 
disease

• Obesity

• Diabetes

• Pulmonary disease

• Mental Illness

Non modifiable risk 
factors

• Age

• Family history

• Genetics

Vauzour D et al. Ageing Research Reviews. 2017, 35:222-240



A wide array 

of Fruits and 

vegetables

Red wine:

(Flavanol, Flavonols)

Cocoa:

(Flavanols 

and procyanidins)

Green & Black Tea:

(Flavanols)

Berries:

(Anthocyanins)

Citrus:

(Flavanone)

Dietary Polyphenols/Flavonoids

http://images.google.co.uk/imgres?imgurl=http://www.shizuokatea.com/assets/images/tea-leaves-1-shizuoka-japanese-green-tea.jpg&imgrefurl=http://www.shizuokatea.com/japanese-green-tea/health-benefits-green-tea.html&h=194&w=142&sz=12&tbnid=YQc0ng4pdqgJ:&tbnh=98&tbnw=71&hl=en&start=5&prev=/images?q=green+tea&svnum=10&hl=en&lr=&sa=N


Reduction in global cognitive decline with increasing 
daily flavonoid intake

Letenneur L et al. American Journal of 

Epidemiology. (2007);165(12):1364–1371

Shishtar E et al. Public Health 

Nutrition. (2020); 23(9), 1576-

1588.

PAQUID Study

Framingham 

Offspring Cohort



Decrease risk of incident all-cause dementia by quintiles 
of the polyphenol pattern

Sophie Lefèvre-Arbogast S et al. Neurology. (2018); 90 (22) e1979-e1988

Compared with participants in the lower quintile of pattern score, those in the 

higher quintile had a 50% lower risk of dementia

Q1 < 26 mg/d

Q5 > 195 mg/d



How do polyphenols exert their beneficial effects?



New nerve cell growth 
(neurogenesis)

Increased neuronal communication
(synaptic plasticity)

Polyphenols

Cell Signalling and Gene Expression

Vascular EffectsNeuronal Morphology

Interactions with the architecture of memory and cognition

http://upload.wikimedia.org/wikipedia/commons/b/b1/Dendritic_spines.jpg
http://www.neuro.mpg.de/bildobjekte/cellular_and_systems_neurobiology/csn_pyramidal_neurons_zoom.jpg
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Williams CM, El Mohsen MA, Vauzour D et al. Free Radic Biol Med. 2008 Aug 1;45(3):295-305.

Impact of berry polyphenols on cognitive performances
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Cerebrovascular blood flow and cognition

ASL: arterial spin labelling
- measuring cerebral blood flow (CBF) in vivo

fMRI: functional MRI
- haemodynamic response (change in blood flow) 

related to neural activity in the brain



Time-series analysis on resting state ASL data
- high-flavanone drink intervention: baseline to 2h 

Medial

frontal gyrus

Inferior 

frontal gyrus

Lamport et al. British Journal of Nutrition (2017)



A more complex picture: The exposome, a lifelong 
process



Our microbiome is changing as we age

O’Toole P and Jeffery I.B. Science  (2015); 

350(6265):p214-1215Ottman N et al. Front. Cell. Infect. Microbiol. 2012 



The brain and our body closely interact through the 
gut-brain axis

Gut microbes can produce neurotransmitters:

?

DA

Tryptophan

5-HT

GABA

Ach

Gut microbes can stimulate immune cells

to produce cytokines:

These 

neurotransmitters 

might signal the 

brain via the 

vagus nerve

These cytokines 

might travel to the 

brain via blood 

vessels of the 

circulatory system

These metabolites 

might travel to the 

brain via blood 

vessels or 

stimulate gut 

epithelial cells to 

produce 

neurotransmitters 

that activate the 

vagus nerve

Gut microbes can produce metabolites:

Microbial 

fermentation end-

products (SCFA, 

butyrate regulate 

epigenetic

synthesis of BDNF

?

?

+

?Microbiota

maintains 

microglia 

functionality



Polyphenol metabolism: example for 
procyanidins



Xenofon Tzounis et al. Am J Clin Nutr 2010;93:62-72

Cocoa flavanols affect gut microbiota diversity



Cranberry flavonoids affect gut microbiota structure

Weighted Unifrac distance

Subjects tend to cluster with themselves

Cranberries increase Akkermansia levels

Bekiares N et al. Journal of Integrative Biology, 2017



Role of bile acids for the gut/microbiota-liver axis



Impact of flavonoids on bile acid metabolism



Dr. Lesley Hoyles

Experimental and Clinical Medicine

Pr Claudio Nicoletti

Pr. Massimo Gulisano

Dr. Jacopo Branca

Neuroscience

Pr. Carla Gherardini

Dr. Lorenzo Mannelli

Dr. Elena Lucarini

Pr. Michael Müller

Dr. Ildefonso Rodriguez-Ramiro

Dr. Britt Blokker

Ms Aleena Mushtaaq

and all the students

Nutrition and Preventive Medicine

Pr. Anne Marie Minihane

Dr. Anneloes Martinsen 

Dr. Kenna Slim

Acknowledgements

Nutrigenomics and Systems Nutrition 

Pr. Paul O’Toole

Dr. Tam Tran

Nutritional Sciences

Pr. Jeremy Spencer

Dr. Catarina Rendeiro

Psychology

Dr. Laurie Butler

Dr. Claire Williams

Pr. Arjan Narbad

Dr. Lee Kellingray

Dr. John Walshaw

Dr. Gwenaelle Le Gall

Dr. Alfonsina D’Amato

Funding


