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17 Leading Modifiable Risk Factors…Diet is #1

JAMA. 310(6):591-608, 2013



Certain Populations Are Much More Negatively Impacted Than Others



"Nothing in Biology Makes Sense Except in the Light of Evolution" 
Theodosius Dobzhansky- First Principle

For Polyunsaturated Fatty Acids

Modern humans have undergone intense selective 
pressure over the past 300,000 years to optimize their 
capacity to obtain and use polyunsaturated fatty acids 
(PUFA) or PUFA metabolites for: 1) innate immunity 
(oxilipins); 2) energy, appetite & mood homeostasis 
(endocannabinoids) and 3) brain development/functions 
(HUFAs; ARA, EPA and DHA).
 
Nutritional transitions in PUFA ingestion (dramatic 
increase in omega-6 PUFA-based cooking oils and 
processed foods) emerging over the past 75 years make 
evolutionary discordance and mal-adaptations a likely 
outcome of our current nutritional and genetic 
environment. 



Fatty Acid Classification and PUFA to HUFA Metabolic  Pathways

SFA: No double bonds → structure and 
energy

MUFA: One double bond → metabolic 
stability and cardioprotection

PUFA: Multiple double bonds → essential 
nutrients and HUFA precursors

HUFA: Long-chain PUFAs → master 
regulators of inflammation and signaling



The Anatomy of a Potentially Harmful Gene-PUFA Interaction (Step 1, Exposure)



A Dramatic Increase in the Consumption of Vegetable Oils containing the 
Omega-6 PUFA, Linoleic Acid over the Past 60 Years

Blasbalg T L et al. Am J Clin Nutr 2011;93:950-962



The Potential Impact of an Increase in Dietary PUFA Exposure to Omega-6 Fatty Acids

Chilton et al., Nutrients. 2017;9(11):1165.

1: 15 Proinflammatory + Prothrombotic

Antiinflammatory
 + Antithrombotic



The Anatomy of a Potentially Harmful Gene-PUFA Interaction (Step 2, Ancestry-Driven Genetic Variation)



Genetic Variation in the FADS Cluster Impacting Omega-6 
and Omega-3 HUFA Biosynthesis

Nutrients2017 Oct 25;9(11):1165. doi: 10.3390/nu9111165.
PLoS One. 2012;7(9):e44926. doi: 10.1371.



Why the Dramatic Ancestry Differences?
Evolution of the FADS Cluster Impacting Omega-6 and Omega-3 HUFA Biosynthesis



The Anatomy of a Potentially Harmful Gene-PUFA Interaction (Step 3, Impact Molecular Phenotype)



Impact of FADS Variation on n-6 PUFAs Levels and FADS1 
Enzymatic Efficiency between the AfAm and EuAm Populations



The Anatomy of a Potentially Harmful Gene-PUFA Interaction (Step 4, Impact Clinical Phenotypes )



How Important is this Portion of the Genome?  Chromatin Interactions & Related EQTLs 
Revealed the FADS Cluster to be the Major Morbidity Region of the Entire Genome

Genetic Variation Associated with 100s 
Distinct Phenotypes

Nature Communications 9:5198, 2018



African-Ancestry Populations Make Much Higher Levels of Omega-6 Signaling Molecules (HUFAs) Whose Products 
Enhance Inflammation & Thrombosis

Key Tested Hypothesis:  Omega-3 Supplementation Can Offset This and Show Clinical Efficacy particularly in AfAm

Chilton et al., Nutrients. 2017;9(11):1165.



Our Reanalysis of the VITAL Clinical Trial



Our Reanalysis of the VITAL Clinical Trial (Nutrients 6(17):2933, 2024)

Utilization of Optimal Pair Matching Balanced the Potential 
Confounding Variables



Kaplan-Meier Survival Curves for Myocardial Infarction in n-3 HUFA Treatment and 
Placebo Groups after Optimal Pair Matching



Machine Learning Weighted Decision Tree and Lasso Regression Analysis of 
Myocardial Infarction in Matched AfAm and EuAm Participants

Weighted Decision Tree

Logistic regression analysis with 
interaction terms between n-3 HUFA 
supplementation and other variables 
(including race), identified n-3 HUFA 
supplementation as the most significant 
predictor of MI incidence among AfAm 
participants with an OR of 0.17 and a CI 
of [0.048-0.59]



Our NIH-Funded Multicenter Clinical Trial (UA & Georgetown), Based on the Previous Analysis, “A Genotype-Stratified 
Mechanistic Trial of Omega-3 Fatty Acids and FADS Variants in Diet-Induced Inflammation”; R01 AT008621-08



How about Indigenous American Ancestry (Ancestral Haplotype) 
Populations (>50% of Mexican Americans)? 

Make Much 
Lower Levels of 
Omega-3 HUFAs

Hypothesis: 
Individuals with the 
Ancestral Haplotype 
will be EPA 
deficient, and this 
will exacerbate 
cardiometabolic 
disease 



The Conceptual Framework for a Gene-PUFA Interaction for Indigenous Ancestry Populations 



Omega-3 Deficiency and Cardiometabolic Traits in Hispanic Populations



Effect of Amerind Ancestry and FADS Genotype on Fasting Lipid and Anthropomorphic 
and Inflammatory Endpoints



FADS Variation, Omega-3 Deficiency, and CMD Risk in the MxAm (AIR) Population



Impact of FADS and ELOVL alleles on Omega-6 and Omega-3 HUFA Plasma Levels



Comparison of Homozygous Genotypes at rs174455 for CMD Phenotypes



The clinical relevance of omega-3 
fatty acids in the management of 
hypertriglyceridemia

Impact of FADS Genetic Variation on EPA and Triglyceride Levels

The clinical relevance of omega-
3 fatty acids in the management 
of hypertriglyceridemia



The Strong Heart Study

In the early 1980s, a government task force identified a lack of data on cardiovascular disease (CVD)in 
American Indians, prompting the creation of the Strong Heart Study (SHS). The SHS began with three main 
components: tracking CVD mortality rates, conducting clinical exams of 4,500 tribal members, and ongoing 
surveillance of morbidity and mortality. Over time, the study expanded to include genetic research, launching 
the Strong Heart Family Study (SHFS) to explore hereditary risk factors, eventually including nearly 3,800 
individuals from 94 families.



Impact of FADS Variation on Type 2 Diabetes Status in American Indians

Factor model (GG / GT / TT)

T2D status rs174537GT rs174537TT

-- OR P-val OR P-val

Pre-T2D 1.98 0.03 2.33 0.007

T2D 2.01 0.01 3.25 0.00001

2hr Glucose Fasting Insulin

Waste/Hip 
Ratio

Fasting Glucose



Our Deep Concerns for the AHA’s PUFA Recommendations Continue to Grow

Hallmark and Chilton 
Nutrients (submitted)

Zhang et al., eLife.
 2024;12:RP90132.

Ramsden et al. BMJ 2013;346:bmj.e8707



Our Deep Concerns for the AHA’s PUFA Recommendations Continue to Grow

Hallmark and Chilton 
JAMA Network

Zhang et al., eLife.
 2024;12:RP90132.

Ramsden et al. BMJ 2013;346:bmj.e8707
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