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Precision Medicine seeks to customize health care by understanding 

the biological context of an individual’s health – examining 

genetics, the environment, & lifestyle choices



A key element of our individual health is diet & nutrition, inspiring new 

research to understand how nutrition shapes individual differences 

in the structure & function of the human brain



Nutritional Cognitive Neuroscience is an 

emerging interdisciplinary field of research 

that seeks to understand nutrition’s impact 

on human cognition & brain health 

across the lifespan 

Zamroziewicz & Barbey (2016) 



We encourage studies that (i) apply advanced neuroimaging methods to 

investigate the respects in which diet & nutrition may influence the network 

organization & dynamics of the brain, (ii) employ state-of-the-art computational 

modeling methods that integrate neuroimaging with measures of nutritional status 

to derive novel brain health phenotypes, & (iii) apply nutrient biomarker pattern 

analysis & other modern omics techniques to uncover possible mechanisms of 

action with respect to the genome, transcriptome, proteome & metabolome. 



Firth et al., (2019)

Mental Illness is Associated with Poor Diet & Nutrition



Firth et al., (2019)



Firth et al., (2019)



UK Biobank Study: Firth et al., (2019)



UK Biobank Study: Firth et al., (2019)



Our recent work investigates how diet & nutrition 

may promote resilience in the aging brain













Poll Question 1



Nutrient Biomarkers Shape Individual Differences 

in Brain Network Organization
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ω-3 PUFAS

• Evidence suggests that ω-3’s may have beneficial effects on cognitive aging

• ω-3’s PUFAs are known to contribute to: 

• Structural integrity of neuronal membranes

• Control inflammation & oxidation

• Promote energy metabolism

• PUFAs enable the myelination of white matter (Fields, 2005), which is critical for information transmission & synaptic 

response across long fiber tracks underlying brain networks

• Long chain fatty acids may be critical for healthy lipid composition in myelin & therefore may support information 

transfer in brain networks



Omega-3 Sensitive Regions (n = 96)

Medial Prefrontal Cortex

Precuneus

(p < 0.05; corrected for multiple comparisons)



Age-Related Cortical Atrophy

Fjell et al., (2013)



The role of diet & nutrition in shaping individual differences in 

brain connectivity suggests that the effects of nutrition on brain 

health are personalized



Antman & Loscalzo, 2016

One Phenotype Multiple Phenotypes
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One Phenotype Multiple Phenotypes



Individual Difference Phenotypes

      Environments

    Behavioral

    Economic

    Physical 

    Social

Raiten et al., 2021
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Poll Question 2



We need to build a sound foundation for 

personalized solutions to healthy brain aging



Personalized Nutrition

• Step 1: Moderating Factors

• Approach: Building a Knowledge Base

• Deliverable: Map of Nutrients & Ecological Factors that Moderate Brain Health



Personalized Nutrition

• Step 1: Moderating Factors

• Approach: Building a Knowledge Base

• Deliverable: Map of Nutrients & Ecological Factors that Moderate Brain Health

• Step 2: Personalization

• Approach: Apply Moderating Factors for Personalized Nutrition

• Deliverable: Customization Trees for Selected Benefits

• Approach: Data Science Methods (Machine Learning & AI)

• Deliverable: Predictive Algorithm with Deeper Personalization Capacity



Building a Knowledge Base for Personalized Nutrition



• A longitudinal cohort study in healthy older adults (n ~ 120; age 65-75)

Nutrition & Healthy Brain Aging Project



• A longitudinal cohort study in healthy older adults (n ~ 120; age 65-75)

1. Nutritional Status: ~ 70 Blood-based biomarkers of nutrition & dietary history questionnaire

2. Health Status: Physical fitness, daily exercise, social function, & mental health

3. Cognitive Function: Executive function, learning, & memory 

4. Functional Brain Connectivity: Resting-state functional connectivity

5. Structural Brain Connectivity: Diffusion tensor imaging of white matter fiber tracts

6. Cortical Thickness & Brain Volume: Voxel-based morphometry

7. Cerebral Biochemistry & Metabolism: MR Spectroscopy

8. Cytoarchitecture Integrity: MR Elastography

9. Molecular Genetics: Genetic risk factors for cognitive impairment (ApoE4)

10. Inflammatory Markers: ~ 74 Blood-based biomarkers of inflammation

Nutrition & Healthy Brain Aging Project



Building a Knowledge Base for Personalized Nutrition



Building a Knowledge Base for Personalized Nutrition
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Nutrient Biomarkers



Nutrient Biomarker Patterns



Functional Brain Networks



Lycopene Moderates the Association between Dorsal 

Attentional Network Efficiency & Executive Functions



Nutrient Biomarker Patterns

Lycopene-9-cis
trans-Lycopene
Lycopene-13-cis



ω-6 PUFAs Moderate the Association between Dorsal 

Attentional Network Efficiency & Executive Functions



Nutrient Biomarker Patterns

Docosapentanoic (22.5n.6)
Adrenic Acid (C22.4n.6)

Arachidonic Acid (C20.4n.6)
Dihomo-γ-Linolenic (C20.3n.6)



ω-3 PUFAs Moderate the Association between Frontoparietal 

Network Efficiency & General Intelligence



Nutrient Biomarker Patterns

Eicosapentaenoic Acid (EPA)
Docosahexaenoic Acid (DHA)
Docosapentaenoic Acid (DPA)



Nutrition & Brain Network Efficiency

• Findings motivate a multidisciplinary approach that applies methods in nutritional cognitive neuroscience to 

characterize the impact of nutrition on brain network efficiency in health, aging, & disease

      



Nutrition & Brain Network Efficiency

• Findings motivate a multidisciplinary approach that applies methods in nutritional cognitive neuroscience to 

characterize the impact of nutrition on brain network efficiency in health, aging, & disease

      Provides a map of nutrient biomarkers that moderate the relationship between brain health & cognition



Poll Question 3



Personalized Nutrition

• Step 1: Moderating Factors

• Approach: Building a Knowledge Base

• Deliverable: Map of Nutrients & Ecological Factors that Moderate Brain Health

• Step 2: Personalization

• Approach: Apply Moderating Factors for Personalized Nutrition

• Deliverable: Customization Trees for Selected Benefits

• Approach: Data Science Methods (Machine Learning & AI)

• Deliverable: Predictive Algorithm with Deeper Personalization Capacity



DARPA’s AI Next Campaign



A key challenge for optimizing human performance is the “tyranny of averages:” a 

common experimental approach that uses between-subject outcomes and group 

averages (means) to make conclusions about the efficacy of a given intervention. This 

approach frequently (mis)characterizes individual variance as statistical “noise,” 

“residuals,” or “error.” The resulting interventions (e.g., diet, physical training regimen, 

brain stimulation) are, at best, suboptimal and, at worst, deleterious for each person. 



To establish & validate a novel modeling framework for the selection & design 

of personalized training, readiness, & recovery programs that are optimized

for an individual’s cognitive, nutritional, & neurobiological phenotype

Personalized Interventions





Multi-modal data

fMRI, cognitive 

training, fitness, 

nutrition, etc.

Identify 

relationships 

among factors

Examine 

relationships 

between cognition 

and underlying 

biology

Neural network 

models

Train to predict 

individual outcomes

Dimensionality 

reduction

Model common 

variance across

modalities

Model effect of 

interventions 

Simulate impact of 

each intervention 

on each participant

Modeling Approach



By integrating Nutritional Cognitive Neuroscience into clinical & public 

health initiatives, we can better understand the biological context 

of an individual’s health & advance Precision Medicine



MoCA Cognition

Session Organizers, Steven Ricciardi & Eduard Coman

      

Thank You



https://www.DecisionNeuroscienceLab.org
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