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Background
• An estimated 45% of dementia cases may be attributed to 

modifiable risk factors, presenting an avenue for prevention or 

delay of the onset of dementia.1 

• The mechanisms underlying the effects of healthy lifestyle on 

cognition remain inadequately explored.2 

• Physical, social, and cognitive activities have the potential to 

modulate circulating proteins.

• Lifestyle-protein associations may reveal biological outcomes 

in future non-pharmacological clinical trials and hold promise 

as future therapeutic targets.

• Identifying lifestyle-associated proteins could inform the 

selection of biological outcomes in non-pharmacological 

clinical trials and highlight potential therapeutic targets. 

Objectives/Aims

•This study aims to systematically identify cerebrospinal fluid 

(CSF) and plasma proteins that mediate and moderate the 

relationship between preventative lifestyle factors and cognition.

Methods
•  173 cognitively unimpaired older adults (69.0 ± 6.4 years) 

completed a CHAMPS questionnaire regarding frequency and 

hours per week of 29 physical, 7 social, and 5 cognitively 

engaging activities. 

•Plasma and CSF samples were quantified for >7000 plasma 

proteins and >5000 CSF proteins using the SomaScan assay

•After harmonization, 158 individuals had complete data across 

plasma proteomics, lifestyle measures, and covariates and were 

included in the analysis. (See Table 1). 

•Linear regression models adjusted for age, sex, education, and 

APOE genotype were used to assess associations. 

•To identify protein moderators of the activity-cognition 

association, interaction models incorporating a protein × activity 

term were used. Mediation of the activity-cognition association 

by individual plasma proteins was evaluated using the Sobel test, 

with the indirect effect (a×b) representing the protein-mediated 

pathway.

•Pathway enrichment analyses were conducted using the Gene 

Ontology (GO) database.

Conclusions
• We identified 34 proteomic markers as significant 

mediators and 1,041 as significant moderators of the 

relationship between lifestyle activities and cognition (p < 

0.05)

• Seven proteins—VAMP2, UST, NCR3, FAM210A, 

COPS2, SEMA6A, and PDHB—served as both mediators 

and moderators. 

• VAMP2 enhances vesicle fusion within neuronal 

synapses.3

• UST facilitates sulfation of glycoproteins.4

• NCR3 both activates and suppresses lymphocytes.5

• FAM210A enhances muscle and bone strength.6

• COPS2 suppresses cell cycle systemically including 

in the central nervous system.6

• SEMA6A facilitates axon guidance.7

• PDHB facilitates pyruvate to acetyl-CoA conversion.8

• FMOD, PDHB, and VAV3 showed the strongest 

suppressive indirect effects (β = −0.053 to −0.048). 

NCAM2 was the strongest facilitating mediator (β = 

0.048, p = 0.012), which has a suggested role in neuronal 

adhesion and synaptic plasticity.9 

• Mediation pathway enrichment analyses highlighted 

regulation of glial cell migration, protein stabilization, 

and tyrosine phosphatase signaling.10,11 

• DYRK1A, CRYAA, and STC2 exhibited the strongest 

positive moderation effects (β = 0.259–0.289). Notably, 

DYRK1A has been implicated in cognitive function and 

amyloid-related pathology.12 HRAS, BIRC5, and TSTA3 

weakened the lifestyle-cognition association. CREM 

emerged as both a large-effect and significant moderator.

• Moderation pathway analyses were enriched for negative 

regulation of TORC1 signaling (linked to autophagy 

suppression), regulation of viral life cycle, and the 

tetrapyrrole metabolic process, which supports oxygen 

transport, detoxification, and vitamin B₁₂ biosynthesis.13,14

• These findings provide molecular insight into lifestyle-

related cognitive reserve and suggest candidate 

biomarkers for non-pharmacological intervention trials as 

well as potential targets for future therapeutic 

development.
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Proteins mediate and moderate the relationship between preventative lifestyle factors and cognition. A) A schematic 

of mediation and moderation relationships is shown in the upper left panel. B) A Venn diagram in the upper right 

panel summarizes the significant mediating proteins (red), the significant interaction (moderating) proteins (blue), and 

overlapping proteins (purple, p<0.05). C) Volcano plots display mediation and interaction (moderation) effects with 

the top 10 proteins. D&E) Top 10 protein directions are ranked by significance and effect size.

N 158

Age (years) 68.9 ± 6.3

Education (years) 16.8 ± 2.0

Female (%) 61.2

APOE ε4 carriers (%) 23.5

Table 1. Demographics

Results
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