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RESULTS
By extracting data from the 5 eligible human intervention studies with flavonoids, we obtained 5807 differentially expressed genes (DEGs). The number of 
identified upstream regulators (URs) varied across the studies, from 227 to 1407. The search of the GWAS Catalog revealed 493 genes associated with vascular 
dysfunction.  An integrative analysis of the  transcriptomic data with GWAS genes identified 106 candidate DEGs and 42 candidate URs, while subsequent 
functional analyses and a search of the literature identified 20 top priority candidate genes:

ALDH2, APOE, CAPZA1, CYP11B2, GNA13, IL6, IRF5, LDLR, LPL, LSP1, MKNK1, MMP3, MTHFR, MYO6, NCR3, PPARG, SARM1, TCF20, TCF7L2, and TNF. 
Through the Variation Viewer database we identified their variant types, molecular consequences, most severe clinical significances, and top 10 genetic 
variants with highest frequencies, while PharmGKB revealed multiple variants that have already been shown to have specific pharmacologic relevance.

CONCLUSION
In conclusion, we performed an integrated bioinformatic analysis 

with large-scale GWAS and transcriptomic data to generate a refined 
list of candidate causal genes for interindividual variability in response to flavonoid intake.  

These results should serve as an important resource,
facilitating the focusing of nutrigenetic research in the field of plant food bioactives to 

identify gene variants associated with a better health response to these bioactives, 
and therefore, build a foundation for precision nutrition research in the field of (poly)phenols. 
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METHODS
1. Systematic literature search was conducted to 

identify human intervention studies with 
flavonoids that analysed global gene expression 
in peripheral blood cells via microarray analysis 
and demonstrated at least one positive effect 
on vascular function. Differentially expressed 
genes (DEGs) were extracted  from these 
studies. Upstream Regulators (URs) for each set 
of DEGs were obtained through Qiagen-IPA 
tool.

2. Genes associated with vascular dysfunction 
were independently identified from genome-
wide association studies (GWAS), focusing on 
traits such as hypertension, atherosclerosis, 
and arterial stiffness.

3. Integrative Analysis using InteractiVenn was 
then performed by comparing DEGs from 
intervention studies with GWAS-derived genes 
to identify overlapping candidate genes 
relevant to flavonoid-mediated vascular 
effects. 

4. Pathway Enrichment Analysis (Gene Trail 3.2.) 
and Functional Analysis we aimed to select top 
priority candidate genes. For these, we used 
the National Center for Biotechnology 
Information (NCBI) Variation Viewer to identify 
high-frequency variants and queried PharmGKB
for pharmacogenomic relevance.

PURPOSE
Flavonoids exert vasculoprotective effects in 
humans, but interindividual variability in 
their action has also been reported. 
This study aims to identify genes that are 
associated with vascular health effects of 
flavonoids and whose polymorphisms could 
explain interindividual variability in response 
to their intake. 

Abbreviations: DEGs = differentially expressed genes; URs = upstream regulators; GWAS = genome-wide association studies. DOI:10.3390/nu16091362
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