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17 Leading Modifiable Risk Factors...Diet is #1

A | Risk factors and related deaths
Risk Factors

Dietary risks

Tobacco smoking

High blood pressure

High body mass index

Physical inactivity and low physical activity
High fasting plasma glucose

High total cholesterol

Ambient particulate matter pollution
Alcohol use

Drug use

Lead exposure

Occupational risks

Low bone mineral density
Residential radon

Ambient ozone pollution

Intimate partner violence

Childhood sexual abuse
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B | Risk factors as a percentage of disability-adjusted life-years

Dietary risks

Tobacco smoking

High body mass index

High blood pressure

High fasting plasma glucose

Physical inactivity and low physical activity
Alcohol use

High total cholesterol

Drug use

Ambient particulate matter pollution
Occupational risks

Childhood sexual abuse

Intimate partner violence

Lead exposure

Low bone mineral density
Residential radon

Ambient ozone pollution
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Diseases and injuries
Intentional injuries
Unintentional injuries
Transport injuries

Other noncommunicable
Musculoskeletal disorders

‘_ Diabetes/urogenital/blood/
endocrine

Mental and behavioral disorders
Neurological disorders
Digestive diseases

Cirrhosis

Chronic respiratory diseases

Cardiovascular and circulatory
diseases

H EEEEEN

Cancer

Other communicable
Nutritional deficiencies
Neonatal disorders
Maternal disorders

Neglected tropical diseases

and malaria

Diarrhea/lower respiratory tract
infections/other infections
HIV/AIDS and tuberculosis
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JAMA. 310(6):591-608, 2013



Certain Populations Are Much More Negatively Impacted Than Others
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"Nothing in Biology Makes Sense Except in the Light of Evolution”
Theodosius Dobzhansky- First Principle

Humans went global by adapting local and this For Polyu nsaturated Fatty Acids
is the basis for Precision Nutrition and Wellness

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).

GLOBAL
JOURNEY
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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.
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Fatty Acid Classification and PUFA to HUFA Metabolic Pathways

Plant-Sourced, Essential 18C-PUFAs

0.5-2% of energy

ALA LA
18:3n-3 18:2 n-6

E resolvins l
3-series PGs, TXs, LTs

5-series HEPES, LTs GLA

6-8% of energy

LNANF SN S

A saturated fatty acid (palmitic acid, C16)

NINA NN N N —

A monounsaturated fatty acid (oleic acid, C18:1)

A T Ve WL WL WL W )

A polyunsaturated fatty acid (linoleic acid, C18:2)

SFA: No double bonds = structure and
energy

EPA, DPA, DHA-

MUFA: One double bond > metabolic containing
stability and cardioprotection Phoscinkds

PUFA: Multiple double bonds > essential
nutrients and HUFA precursors

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

D resolvins
Protectins
Maresins
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DGLA :
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PGs, TXs

A

ARA-containing
phospholipids

Endocannabinoids
2AG, AEA

>

ELOVL2S |
Elongase 245 l

4-series LTs,
HETES, Lipoxins

2-series PGs, TXs,
Prostacyclins

o EETs, DIHETEs,
v ) HETEs

FADS2
A4 Desaturase

|

B-oxgation

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



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

The Problem: FADS Gene*Dieta ry PUFA Strength of the association

. .. ) ] with FADS Variation
Interactions are Driving Racial/Ethnic Health m
FADS1 (A5 Desaturase) Levels and Activity

Disparities

Variation Impacts the
transcription and thus the

Ancestry l efficiency of FADS1
Ancestral & Derived activity

Genotypes Ratios of HUFAs in Complex Lipids

(e.g. ARA to DGLA or EPA containing PLs)
Biosynthetic
Exposure

Dietary n-6 & n-3 PUFA FADS1 Concentrations of HUFAs in Complex Lipids Pathway

(e.g. ARA, DGLA, and EPA containing PL) . =
Concentrations and Ratios Variation Efficien Cy

PUFA concentrations
gOing frﬂ'm 1 '5% to 9”_}& Ratios and concentrations of HUFA-derived
ener and alterin Environment bioactive lipid mediators
gy 6 gs Historical Diet, (e.g. ARA-, DGLA-, and EPA-derived oxylipins) Other factors
om.ega- to omega- Sex & Age
ratio from 2:1 to 15:1

Abbreviations

CMD: Cardiometabolic Diseases

CVD: Cardiovascular Disease

IMP: Intermediate Molecular Phenotypes
PL: Phospholipids

PUFA: Polyunsaturated fatty acids m:&g:”?ghgm
HUFA: Highly unsaturated fatty acids

Clinical
Endpoints
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World

1917 — US enters WWI

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

1980 USDA/HHS initiate
Dietary Guidelines
& ¢

Warl World War 11

Dietary Guidelines

Public Law 101-445
1995-

Dietary Guidelines

1941- US enters WWII
1985-

1968- Reduced cotton

1949 - Public Law 480
production

Section 416
(Food for Peace)
1961- AHA advisory
Nutrition and Human Needs

1977 US Senate Committee on

Soybean

Cottonseed
— Corn
= Coconut

Olive

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

Comparison of Dietary Fats

DIETARY FAT

Canola oil
Safflower oil

 Sunflower oil |
Diveoild |

Peanut o
Cottonseed oil
Lord

Palm oil

Butter

Coconut oil
SATURATED FAT
[

POLYUNSATURATED FAT
B linoleic ocd

(an omega-6 fatty ocid)

19
47
39
28
7

MONOUNSATURATED FAT

alpha-linolenic acid oleic acid
(on omego-3 fotty ocd) (on omega-? fotty oad)

*Troce Fotty ocid content normalized to 100%
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The Potential Impact of an Increase in Dietary PUFA Exposure to Omega-6 Fatty Acids

Plant-Sourced, Essential 18C-PUFAs
Antiinflammatory
+ Antithrombotic 0.5-2% of energy 6-8% of energy

Proinflammatory + Prothrombotic

FADS2
E resolvins A6 Desaturase
3-series PGs, TXs, LTs
5-series HEPES, LTs

ARA-containing Endocannabinoids
phospholipids

>

2AG, AEA

ELOVL2S
Elongase 2& 5

4-series LTs
EPA, DPA, DHA- '
containing = s HETES, Lipoxins

phospholipids
2-series PGs, TXs,
Prostacyclins

EETs, DIHETES,
HETEs

FADS2
46 Desaturase

B-oxigation

Nutrients. 2017;9(11):1165.
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The Anatomy of a Potentially Harmful Gene-PUFA Interaction (Step 2, Ancestry-Driven Genetic Variation)

The Problem: FADS Gene*Dieta ry PUFA Strength of the association

. .. ) ] with FADS Variation
Interactions are Driving Racial/Ethnic Health m
FADS1 (A5 Desaturase) Levels and Activity

Disparities

Variation Impacts the
transcription and thus the

Ancestry l efficiency of FADS1
Ancestral & Derived activity

Genotypes Ratios of HUFAs in Complex Lipids

(e.g. ARA to DGLA or EPA containing PLs)
Biosynthetic
Exposure

Dietary n-6 & n-3 PUFA - FADS1 Concentrations of HUFAs in Complex Lipids Pathway

(e.g. ARA, DGLA, and EPA containing PL) . =
Concentrations and Ratios Variation Efficien Cy

PUFA concentrations
gOing frﬂ'm 1 '5% to 9”_}& Ratios and concentrations of HUFA-derived
ener and alterin Environment bioactive lipid mediators
gy 6 gs Historical Diet, (e.g. ARA-, DGLA-, and EPA-derived oxylipins) Other factors
om.ega- to omega- Sex & Age
ratio from 2:1 to 15:1

Abbreviations

CMD: Cardiometabolic Diseases

CVD: Cardiovascular Disease

IMP: Intermediate Molecular Phenotypes
PL: Phospholipids

PUFA: Polyunsaturated fatty acids m:&g:”?ghgm
HUFA: Highly unsaturated fatty acids

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

Ancestral Allele: T

chrit (q12.2) [ RGK B WMo SERkd | [ T B CAER) | k] Wosol

chr1161,550,000| 61,560,000] 61,570,000| 61,580,000] 61,590,000| 61,600,000] 61,610,000| 61,620,000]
RefSeq Genes

MYRF transcript 2
MYRF transcript 1
TMEM258
MIR611
FEN1
FADS1
MIR1908
FADS?2 transcript 2
FADS2 transcript 3
FADSZ2 transcnpt 1

ADS cluster haplotype SNPs

F
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Top SNPs associated with LC-PUF A biosynthesis, from GWAS

rs174537 | ataer
rs174

| rs174548

0 25 50 75 100
Haplotype (%)

Proportion of genotype
distribution atrs174537

Nutrients2017 Oct 25;9(11):1165. doi: 10.3390/nu9111165. ,
PLoS One. 2012;7(9):e44926. doi: 10.1371.
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Why the Dramatic Ancestry Differences?
Evolution of the FADS Cluster Impacting Omega-6 and Omega-3 HUFA Biosynthesis

ARTICLE

Genetic Adaptation of Fatty-Acid Metabolism: A
Human-Specific Haplotype Increasing the Biosynthesis
of Long-Chain Omega-3 and Omega-6 Fatty Acids

Adam Ameur,! Stefan Enroth,! Asa Johansson,! Ghazal Zaboli,! Wilmar Igl,! Anna C.V. Johansson,!
Manuel A. Rivas,2 Mark J. Daly,2 Gerd Schmitz,* Andrew A. Hicks,® Thomas Meitinger,” Lars Feuk,!

cornelia van Duijn,* Ber ostra,® Peter P. Pramstaller,®7# Igor Rudan,'!! Alan F. Wright, 2
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Adaptive Evolution of the FADS Gene Cluster within
Africa

Rasika A. Mathias'?*, Wenqing Fu?, Joshua M. Akey?, Hannah C. Ainsworth®®, Dara G. Torgerson®,
Ingo Ruczinski’, Susan Sergeant®®, Kathleen C. Barnes?, Floyd H. Chilton®*®

1 Division of General Internal Medicine, Department of Medicine, The Johns Hopkins University, Baltimore, Maryland, United States of America, 2 Division of Allergy and
Clinical Immunology, Deparntment of Medicine, The Johns Hopkins University, Baltimore, Maryland, United States of America, 3 Department of Genome Sciences, School of
Medicine, University of Washington, Seattle, Washington, United States of America, 4 Department of Biochemistry, Wake Forest University Health Sciences, Winston-Salem,
North Carolina, United States of America, SWake Forest Center for Botanical Lipids and Inflammatory Disease Prevention, Wake Forest University Health Sciences,
Winston-Salem, North Carolina, United States of America, 6 Department of Medicine, University of California San Francisco, San Francisco, California, United States of
America, 7 Department of Biostatistics, Bloomberg School of Public Health, Johns Hopkins University, Baltimore, Maryland, United States of America, 8 Department of
Physiology/Pharmacology, Wake Forest University Health Sciences, Winston-Salem, North Carolina, United States of America

Abstract

Long chain polyunsaturated fatty acids (LC-PUFAs) are essential for brain structure, development, and function, and
adequate dietary quantities of LC-PUFAs are thought to have been necessary for both brain expansion and the increase in
brain complexity observed during modern human evolution. Previous studies conducted in largely European populations
suggest that humans have limited capacity to synthesize brain LC-PUFAs such as docosahexaenoic acid (DHA) from plant-
based medium chain (MC) PUFAs due to limited desaturase activity. Population-based differences in LC-PUFA levels and
their product-to-substrate ratios can, in part, be explained by polymorphisms in the fatty acid desaturase (FADS) gene

cluster, which have been associated with increased conversion o - s to LC- s. Here, we show evidence tha
these high efficiency converter alleles in the FADS gene cluster were likely driven to near fixation in African populations by
positive selection —85 kya. We hypothesize that selection at FADS variants, which increase LC-PUFA synthesis from plant-
based MC-PUFAs, played an important role in allowing African populations obligatorily tethered to marine sources for LC-
PUFAs in isolated geographic regions, to rapidly expand throughout the African continent 60-80 kya.

Evolution of Hominin Polyunsaturated Fatty Acid
Metabolism: From Africa to the New World

Daniel N. Harris'#**, Ingo Ruczinski’, Lisa R. Yanek®, Lewis C. Becker”, Diane M. Becker”, Heinner Guio
Tao Cui’, Floyd H. Chilton®, Rasika A. Mathias®, and Timothy D. O'Connor' 4~ *

Abstract

The metabolic conversion of dietary omega-3 and omega-6 18 carbon (18C) to long chain (>>20 carbon) polyunsaturated fatty acids
(LC-PUFAs) s vital for human life. The rate-limiting steps of this process are catalyzed by fatty acid desaturase (FADS) 1 and 2
Therefore, understanding the evolutionary history of the FADS genes is essential to our understanding of hominin evolution. The
FADS genes have two haplogroups, ancestral and derived, with the derived haplogroup being associated with more efficient LC-
PUFA biosynthesis than the ancestral haplogroup. In addition, there is a complex global distribution of these haplogroups that is
suggestive of Neanderthal introgression. We confirm that Native American ancestry is nearly fixed for the ancestral haplogroup, and
replicate a positive selection signal in Native Americans. This positive selection potentially continued after the founding of the
Americas, although simulations suggest that the timing is dependent on the allele frequency of the ancestral Beringian population
Wegko find that the Neanderthal FADS haplotvpe ic more clocely related to the derived haplogroup and the Denicovan clucters clocer

to the ancestral haplogroup. Furthermore, the derived haplogroup has a time to the most recent common ancestor of 688,474 years
before present. These results support an ancient polymorphism, as opposed to Neanderthal introgression, forming in the FADS
region during the Pleistocene with possibly differential selection pressures on both haplogroups. The near fixation of the ancestral
haplogroup in Native American ancestry calls for future studies to explore the potential health risk of associated low LC-PUFA levelsin
these populations
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Greenlandic Inuit show genetic
signatures of diet and
climate adaptation
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The Anatomy of a Potentially Harmful Gene-PUFA Interaction (Step 3, Impact Molecular Phenotype)

The Problem: FADS Gene*Dietary PUFA Streng’:‘h g;gevassociation
wit ariation
Interactions are Driving Racial/Ethnic Health -
g FADS1 (A5 Desaturase) Levels and Activity ariation ImpHCts the

Disparities ranscription and thus the

Ancestry afficiency of FADS1
Ancestral & Derived : ctivity

Genotypes Ratios of HUFAs in Complex Lipids

(e.g. ARA to DGLA or EPA containing PLs)
Biosynthetic
Exposure

Dietary n-6 & n-3 PUFA FADS1 Concentrations of HUFAs in Complex Lipids Pathway

.2. ARA, DGLA, and EPA ining PL . =

Concentrations and Ratios Variation ©8 ' 2 containing 1) Efficien Cy
PUFA concentrations
gOing frﬂ'm 1.5% to 9% Ratios and concentrations of HUFA-derived
ener and alterin Environment bioactive lipid mediators

gy 6 g3 Historical Diet, (e.g. ARA-, DGLA-, and EPA-derived oxylipins) Other factors

om.ega- to omega- Sex & Age
ratio from 2:1 to 15:1

Abbreviations

CMD: Cardiometabolic Diseases

CVD: Cardiovascular Disease

IMP: Intermediate Molecular Phenotypes
PL: Phospholipids

PUFA: Polyunsaturated fatty acids

HUFA: Highly unsaturated fatty acids

Clinical
Endpoints

(e.g.CMD
including CVD)
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Impact of FADS Variation on n-6 PUFAs Levels and FADS1
Enzymatic Efficiency between the AfAm and EuAm Populations

Mathias et al. BMC Genetics 2011, 1250
http//www biomedcentral com/1471-2156/12/50 BMC

Genetics

RESEARCH ARTICLE Open Access

The impact of FADS genetic variants on ®6
polyunsaturated fatty acid metabolism in African
Americans

Rasika A Mathias'*", Susan Sergeant™, Ingo Ruczinski®, Dara G Torgerson®, Christina E Hugenschmidt’,
Meghan Kubala', Dhananjay Vaidya', Bhoom Suktitipat', Julie T Ziegler®, Priscilla vester™”, Douglas Case®,

Lisa R Yanek', Barry | Freedman'®, Megan E Rudock'’, Kathleen C Barnes®, Carl D Langefeld®, Lewis C Becker',
Donald W Bowden®”"", Diane M Becker' and Floyd H Chilton*®
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British Journal of Nutrition (2012), 107, 547=555 doi:10.1017/50007 114511003230
© The Authors 2011

DGLA B AAIDGLA

Differences in arachidonic acid levels and fatty acid desaturase (FADS) gene
variants in African Americans and European Americans with diabetes or the Four Ma jor Points:

metabolic syndrome :

1) Genotypic Effects the Same between Races
i C. Ao . Dby Vs 1. Dol v’ . et by L. 2) Dramatic Frequency Differences
Donald W. Bowden™", Rasika A. Mathias™” and Floyd H. Chilton 3 ) Sti I I U n reso I Ved G e n eti C Diffe re n Ces

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

The Problem: FADS Gene*Dieta ry PUFA Strength of the association

. .. ) ] with FADS Variation
Interactions are Driving Racial/Ethnic Health m
FADS1 (A5 Desaturase) Levels and Activity

Variation Impacts the
Disparities

transcription and thus the

Ancestry l efficiency of FADS1
Ancestral & Derived activity

Genotypes Ratios of HUFAs in Complex Lipids

(e.g. ARA to DGLA or EPA containing PLs)
Biosynthetic
Exposure

. Concentrations of HUFAs in Complex Lipids Pathway
Dietary n-6 & n-3 PUFA FADS1 (e.g. ARA, DGLA, and EPA containing PL)

Concentrations and Ratios Variation Efficien Cy
PUFA concentrations
going from 1.5% to 9%

Ratios and concentrations of HUFA-derived

ener and alterin Environment bioactive lipid mediators
gy g Historical Diet, (e.g. ARA-, DGLA-, and EPA-derived oxylipins) Other factors

omega-6 to omega-3

Sex & Age
ratio from 2:1 to 15:1

Abbreviations

CMD: Cardiometabolic Diseases

CVD: Cardiovascular Disease

IMP: Intermediate Molecular Phenotypes
PL: Phospholipids

PUFA: Polyunsaturated fatty acids m:&g:l:ghgm
HUFA: Highly unsaturated fatty acids

Clinical
Endpoints
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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

RP11-467120

Crohn's
disease

FADS1  DAGLA

Chaolesterod BEST1

 FADS2 .
LSC
Carcinoma Colarectal
cancer

B 853 -2 . .
o = @I Nature Communications 9:5198, 2018
1
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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

Plant-Sourced, Essential 18C-PUFAs

Dietary n-6/n-3 PUFAs entering the HUFA biosynthetic pathway — P

ALA LA

Ancestral FADS A j Derived FADS 18:3 n-3 18:2n-6

S L)
Haplotype gg;‘;imes@ o Haplotype - € rosotvins l‘* —
/ . Hypothesis: Omega-3 3-seris PGs. T, LTs _
, HUFAs and T n
| utindeicacd : particularly EPA balances
' ARA and Oxylipins reducing
inflammation and heart

attacks J_

ARA-containing 4 | Endocannabinoids
phospholipids 2AG, AEA

measurable n-3 HUFAs | % F afn‘gi’;‘ﬁ 5 —’l ;
k. \ 4-series LTs,

y %\ £ R and HUFA signaling ; A EPA. DPA. DHA- PLA2
Qefiehof 14 el \ molecules (oxylipins, ' containing  <+— T HETEsS, Lipoxins

HUFAs and HUFA . § endocannabinoids, etc.) & phospholipids v
signaling molecules (oxylipins, J Fh‘ .“&adequate n-6 HUFAs /N o) ccss n-6 HUFAS L
endocannabinoids, etc.) - and HUFA signalin - ignali

. : g g 2 and HUFA signaling

H™ g— o e \
molecules (oxylipins, molecules (oxylipins, \ EETe. DIHETES

- endocannabinoids, etc.) —f— endocannabinoids, etc.) = HETEs
.
24:6n-3 /

2-series PGs, TXs,
Prostacyclins

n-3 HUFA Deficiency n-6 HUFA Excess | /

n-6/n-3 imbalance n-6/n-3 imbalance oA

D resolvins 22:6 n-3
Protectins
Maresins

@I Chilton et al., Nutrients. 2017;9(11):1165.
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ORIGINAIL ARTICLE

Marine n—3 Fatty Acids and Prevention
of Cardiovascular Disease and Cancer

JoArnn E. Manson, M.D., Dr.P.H., Nancy R. Cook, Sc.D., I-Min Lee, M.B., B.S., Sc.D.,
Williarm Christen, Sc.D., Shari S. Bassuk, Sc.D., Samia Mora, M.D., M. H.S._,
Heike Gibson, Ph.D., Christine M. Albert, M.D., M_.P.H., David Gordon, NM_A.T.,
Trisha Copeland, M.S., R.D., Denise D'Agostino, B.S., Georgina Friedenberg, M.P.H_,
Claire Ridge, M.P.H., Vadim Bubes, Ph.D., Edward L. Giovannucci, M.D., Sc.D.,
Walter C. Willett, M.D., Dr.P.H., and Julie E. Buring, Sc.D.,
for the VITAL Research Group®

RESULTS
A total of 25,871 participants, including 5106 black participants, underwent random-

1ZzAation.

COMNMNCLUSIONMNS
Supplementation with n—3 fatty acids did not result in a lower incidence of major

cardiovascular events or cancer than placebo. (Funded by the National Institutes
of Health and others; VITAL ClinicalTrials.gov number, NCT01169259.)
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Our Reanalysis of the VITAL Clinical Trial (Nutrients 6(17):2933, 2024)

2018 VITAL Clinical Trial

Control/Placebo

n-3 HUFA supplement

Findings:
% No reduction in major CVD
‘ events in the combined sample

hite African American
553 n=3766

Present Study
Matched CVD Phenotypes

Survival Analysis LASSO + Logistic Regression Decision Trees

!

n-3 HUFA effect on Ml risk

VAV Significant reduction in AfAm
with Odds Ratio = 0.17

Utilization of Optimal Pair Matching Balanced the Potential

Confounding Variables

Characteristic

Total
(N=7532)

Af Am
(N=3766)

Eu Am
(N=3766)

Age

62.8+6.3

62.4+6.6

63.1+5.9

Female

4587 (60.9)

2347 (62.3)

2240 (59.5)

BMI

30.3+£6.6

30.6+6.5

29.9+6.1

Current smoking

979 (13.0)

528 (14.0)

451 (12.0)

Hypertension medication

4754 (63.1)

2446 (64.9)

2308 (61.3)

Cholesterol medication

2451 (32.5)

1200 (31.9)

1251 (33.2)

Diabetes

1617 (21.5)

871 (23.1)

746 (19.8)

Diabetes medication

1267 (16.8)

675 (17.9)

592 (15.7)

Parental history of Ml

1161 (15.4)

591 (15.7)

570 (15.1)

Fish consumption (=1.5/wk)

3750 (49.8)

1890 (50.2)

1860 (49.4)

Aspirin use

2885 (38.3)

1431 (38.0)

1454 (38.8)

Statin use

2279 (30.3)

1114 (29.6)

1165 (30.9)

Vitamin D supplements

2271 (30.2)

1096 (29.1)

1175 (31.2)

1661 (22.1)

778 (20.7)

883 (23.4)

CVD risk factors

2634 (35.0)

1315 (34.9)

1319 (35.0)

3237 (43.0)

1673 (44.4)

1564 (41.5)

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

- w

0 05 1 15 2 25 3 35 4 4 5 € ) 05 1 15 2 25 3 35 4 45 5 55 6
Time (years) Time (years)

Number at nsk Number at nsk
187318691866 1861 1854 1847 183918321803 1677 1483 595 52 18711867 1861 18551846 18391833 18241780 15651190 659 54

1893 18891884 1876 1868 18651859 18481824 17011512 598 64 ' 18951894 1888 1887 1883 18721864 18581825 16061219 674 56
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Machine Learning Weighted Decision Tree and Lasso Regression Analysis of
Myocardial Infarction in Matched AfAm and EuAm Participants

MI: 26 (0.69%) MI: 46 (1.22%)
no-Mi: 3740 no-Mi: 3720

<42 242
n-3 HUFA No @s75) BMI

(1895) pperisiz (1871)

S Weighted Decision Tree

MI: 22 (1.39%)
no-Mi: 1564
<60 260

(599) -

MI: 3 (0. sox) Mi: 14 (0.67%) MI: 22 (1.49%) MI: 10 (5.24%)
no-Mi: 596 no-Mi: 2081 no-Mi: 1458 no-MI: 181

diabetes
No | (505)

MI: 4 (0.21%) MI: 0 (0%) Mi: 1 (o 20%) MI: 19 (1.93%)
no-Mi: 1897 no-Ml: 285 no- Ml 504 no-MI: 968

<25

Variables
mm
Tmae=ll Logistic regression analysis with

interaction terms between n-3 HUFA
B S AT A RT MR N NREREENREMEN S /cientotion and other variabies

(including race), identified n-3 HUFA
supplementation as the most significant
m predictor of MI incidence among AfAm
[Em— participants with an OR of 0.17 and a CI
of [0.048-0.50]

@
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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™; RO1 AT008621-08

Omega-6 / Omega-3 HUFA Synthetic Pathway

Linoleic acid (LA) a-linolenic acid (ALA) FA-derived oxylipins:

Pro-inflammatory and/or

3 FADS2 (16) J pro-thrombotic

Anti-inflammatory and/or Enrollment Run-in Phase 1 Washout Phase 2
y-linolenic acid (GLA) Stearidonic acid (SA) anti-thrombotic and/or

@ pro-resolving
ELOVLS
e 8o sy '..
D

Eicosatetraenoic acid (ETA) EPA Competitively afln
inhibits ARA Afnican GG 80%
FADS1 (A5) <& formation American  GT 20% Omega-3

EPA
A‘*% Trial n-3 o
ELOVLZ2 / @ supplements (]

Adrenic acid (ADA) Docosapentaenoic acid (DPA) - L
2 - European ) §
FADS2 (Ad) or @ American ) "..

FADS2 (A6) +
" -oxidation DHA
’ "
Primary Outcomes:
DGLA, ARA, ARA/DGLA

Randomized

]
]
1

p<0.001

M
'

— —

=]
1

Secondary Outcomes:
Oxylipins and their ratios

ARA /DGLA
ARA | EPA

=] [ ]
1 1

A8
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How about Indigenous American Ancestry (Ancestral Haplotype)
Populations (>50% of Mexican Americans)?

Dietary n-6/n-3 PUFAs entering the HUFA biosynthetic pathway

P Ancestral FADS 0 e Derived FADS
Make Much ypothesis: Haplotype @ s < %y Haplotype
ake viuc Individuals with the PP y | Si) pIotyP
Lower Levels of Ancestral Haplotype |

Omega-3 HUFAs will be EPA AL LI Acd
deficient, and this
will exacerbate
cardiometabolic

disease

measurable n-3 HUFAs |

deficit of n-3 %‘ ’ | and HUFA signaling ==

— | molecules (oxylipins,
HUFAs and HUFA ' endocannabinoids, etc.)

signaling molecules (oxylipins, ,,f -_&adequate n-6 HUFAs e , excess n-6 HUFAs
endocannabinoids, etc.) a. and HUFA siagnalin Ll ; : :
2 g g > and HUFA signaling

r

molecules (oxylipins, molecules (oxylipins,

ﬁ . endocannabinoids, etc.) ~ endocannabinoids, etc.)

n-3 HUFA Deficiency n-6 HUFA Excess

n-6/n-3 imbalance n-6/n-3 imbalance
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The Conceptual Framework for a Gene-PUFA Interaction for Indigenous Ancestry Populations

n-3
0.5-2% of Energy

ALA 18:3 n-3

FADS2

A6 Desaturase

GLA 18:3 n-6 SDA 18:4 n-3

EtSA 20:4 n-3

D Intermediate  Ancestral
Haplotype Haplotype Haplotype

ELOVL2/5

ADA 22:4 n-6 DPA 22:5 n-3
ELOVL2

24:5n-3

FADS2

44 Desaturase
24:6 n-3
; Oxidation
DHA 22:6n-3
Acyl Synthetases and Transferases

Phospholipases

COX/LOX/P450
ARAJSEPA by rs174557 genotype
o 6" ﬂ
pog | -
Prostaglandins, | Protectins,

0 i
Leukotrienes, Resolvins,
Thromboxanes, HETEs y Maresins

Pro-Inflammatory, Anti-inflammator
; Y Cellular Phospholipids : v
Pro-Coagulation Pro-resolving
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Omega-3 Deficiency and Cardiometabolic Traits in Hispanic Populations

communications

biology

ARTICLE

https://doi.org/10.1038/

Impact of Amerind ancestry and FADS genetic
variation on omega-3 deficiency and
cardiometabolic traits in Hispanic populations

Chaojie Yang® "2, Brian Hallmark® 3, Jin Choul Chai%, Timothy D. O'Connor® >, Lindsay M. Reynolds

Alexis C. Wood’, Michael Seeds®, Yii-Der Ida Chen?, Lyn M. Steffen'®, Michael Y. Tsai'!, Robert C. Kaplan®2,
14 16

6

Martha L Daviglus”, Lawrence J. Mandarino'®, Amanda M. Fretts', Rozenn N. Lemaitre
Dawn K. Coletta® %17, Sarah A. Blomquist'8, Laurel M. Johnstone!®?, Chandra Tontsch'®, Qibin Qi%,
Ingo Ruczinski?®, Stephen S. Rich® ', Rasika A. Mathias® 27, Floyd H. Chilton'®22 & Ani Manichaikul

| L0 MEME | httpss Adoiorg 101038/ 42 003-021-024 34 | wowre nabure oarm, carmmabio

Table 1 Participant characteristics for individuals of self-identified Hispanic origin from the MESA cohort.

€ har acte ristics

Self-reported Hispanic country/region of origin

Cuba Dromiinican
(N — 45} N — 145}

Pusrta Rico
iN-—167T

Sowth Amer.
(N =93}

Central Amer.
N — 800

Mexico
(N — 572}

Tatal
(N = 102D

Sex {(Femnale)
Age {years)

Sludy Sk Calurmib s Unieersly
Study Sie University af Minnesata

Study Sie UCLA
Heghl (ol
Wesght {kg)

W s 4o -rwp raded
aedl ;c_,;,"'l"':l
HIDL-C (e dl)
DL-C { g

Trighycaricl e, { g o)

o~} Ak {mg Al

E-Selectin {ng/mi)

Fish intales {semings./day)

EPA {3 al 1ol Ity scsdsd

DPA (% af total ity aads)

DHA (4% of total Bty ackds)

ARA (% al 1olsl Ixlly socl)

Glohal Proparion ol Amesind ancestry
al Adrican ancestry Q.15

Global Proparton

? b oyl e e b sk

far kcal ancest ry onal i (e

42 2% 53.1%

538 {(3.1) 588 {1012
Fi33% A3

15 56% 069%
M.11% L]

1631 {972 1633 {3.42
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1542 (004 1329 (689
.7 {7182 2624 (8.0

527%
L9394
85 24%
N.37%
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0.5 {005

54.8% 58.8%
L4 F {10 58,7 {812
60 .22% 20%
15.05% 1375%
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4 {123% 4.9 {153}
LR R (] LG {006
299 {50 2707 (4.0 2334{5.2)
43.7 {142} 508 (139 480 {1213
N80 {3332 5.8 {29.6) 1209 {3830
134.4 {7212 151.5 {168.8) T4l 1 §75.5)
07 &0 .6) 2764 (723) 286 6 (82,4
G405 (328 5415 {17.9) G365 (7.4 5796 (298) G274 (2610
LTS 2 H) Ll L) Gl 25 0.0 {028

090 {0.55) 087 {D.648) 0.2 {0.55) Q.72 {0.43)
Q.98 {0.24) 095 {D2&) 0.90 {0200 083 {020
471 {151 A15 {1313 358 {1240 3.0 {125 124 {1152 255 {0900
1218 {2.58) 1284 {252 1200 {2.65) 1053 {228) 1.0u {24000 100G {2360
CLOE QLD Q12 033 033 Q.

L3 | 023 005 Qs Lk

48.3%

&1.8 (0.0
0.54%

38 98%
&0.48%
161.7 {3.5)
7.7 {158
QAT 00N
226 (523
459 {12.5)
9.4 {328)
173.6 {N34)
298.7 {B0E)
&7.07 (23.3)
Q15 {0
052 {029
Q84§03

LA 2 A
058 {D38)
083 {018

rarkerd desd abiond o oon e e vl bl

et ol et e s | )
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12 {10010
3593
24.95%
1912%
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QUG (0000
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&3106 (27.4)
Q18 023
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DHA (% of Total)

p =057
P=164x10%

0 : 5
Global Proportion of Amerindian Ancestry

B=-2.16
P=1,86x100

0.25 0.50

Global Proportion of Amerindian Ahcestry

1 Total)

% 0

adjust_EPA (

o
<

Q.

adust_DHA (% of Total)

rs174537 genotype-adjusted

f=.0.30
P=905x10°2

0.25 050 0.75

Global Proportion of Amerindian Ancestry
f=-142
P=676x10%

025 050 075 1.0

Global Proportion of Amerindian Ancestry




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

Table 2 Genotypic effects of rs174537 on fasting lipids,

rs174537 genotype-adjusted anthropometrics and inflammatory traits.

B = 65.40 B=3947
P=358x10" - : : P=8.16x10™

Fasting lipad= Trighycerides (mgdL)
HOL-C (mg/dL)}
Anthropomebrics waist-hip ratio

Height (omid

&
<
<
-
o -
o
2
>
-
-

Weight (kgl

&
adjusted triglycerides

Er (=}
niammak oy s-1CAM (e mil)

E-Seb=ctan {ng. mil)
0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00
Global Proportion of Amerindian Ancestry Global Proportion of Amerindian Ancestry
Cia *  Domingan . PoanoRico

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

The influence of FADS genetic

variation and omega-3 fatty acid
deficiency on cardiometabolic
disease risk in a Mexican

American population

H

Sarah A. Blomauist®, Jil H. Albrecht!, Brian Hallmark=-

Yann C. Klimentidis**, Luis A. Garcia>"®, AfAM EuAm INT: SHS
Lawrence J. Mandarino=®, Dawn K. Coletta=*" and GGEGT TT
Floyd H. Chilton'=#3*

Derived Ancestral

*"f t- Frontiers in . 5 . e
& frontiers | Frontie (efficient) (inefficient)

A8

THE UNIVERSITY
OF ARIZONA



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

p=1.45x10" p=6.86x10°

Omega-6 HUFAs

rs174537- rs174537-
rs174538- rs174538-
rs174546- rs174546-
rs174547- rs174547 -
rs174548- rs174548-
rs174554- rs174554-
rs1535- rs1535-
rs174576- rs174576-
rs174594- rs174594-
rs174602- rs174602-
rs174455- rs174455-
-20 -10 ' '
Linear Model Estimate ( % )

p=242x10°

S

rs174537 genotype

rs174537- rs174537-
rs174538- rs174538-
rs174546- rs174546-
rs174547- rs174547-
rs174548- rs174548-
rs174554- rs174554-

rs1535- rs1535-
rs174576- rs174576-
rs174594- rs174594-
rs174602- rs174602-
rs174455- rs174455-

-20 0 20 E| -10 -5 0 5
Linear Model Estimate ( % ) Linear Model Estimate ( % )

ELovLe2 I ELoves M FADS

Omega-3 HUFAs
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Comparison of Homozygous Genotypes at rs174455 for CMD Phenotypes

Phenotype Homozygous major ‘ Homozygous minor Estimate 95% ClI p-value
' allele (GG) allele (AA)

2 Hr Glucose (mg/dL) 130.64 -0.59% (=7.66, 7.00)
Fasting Glucose (mg/dL) ~0.72% (=3.37, 2.00)

Fasting Insulin (pIU/mL/ : (10.97, 84.96)
mL)

HDL (mg/dL) " . —6.06% (=12.51, 0.85)

Triglycerides (mg/dL) 144.18 108.74 33.03% (15.76, 52.86)

LDL (mg/dL) 107.49 100.53 3.64% (—4.48, 12.46)

Male fat mass (%) -0.44% (—=13.34, 14.36)
Female fat mass (%) o 25.35 —-2.46% (=7.22,2.54)
Male hip circumference 106.66 0.62% (—1.79, 3.09)
(cm)

Female hip circumference 110.36 109.71 -0.61% (=2.18, 1.00)
(cm)

Male height (cm) 164.82 165.56 0.26% (2.59, 3.20)
Female height (¢cm) 161.85 163.13 -0.31% (=2.38, 1.79)
Male weight (kg) 81.68 80.9 7.05% (-4.01, 19.38)

Female weight (kg) 77.29 83.82 -9.56% (—17.38, —~1.00)

®
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Impact of FADS Genetic Variation on EPA and Triglyceride Levels

[y
L)
o

Effect size of SNP associations with EPA

=
~J
o

*Per ancestral allele, there is ~20%
decrease in EPA
- * .
S rrasn! With two ancestral alleles, there

rs174538 is “40% decrease in EPA levels.
rs174546

:::‘;jﬁ; (Omega-3 Deficiency Syndrome) Genotype

174554
151535 GG GT TT
rs174576
rs174594 .
rs174602 *Per ancestral allele, there is a 20mg/dL

rs174455- increase in triglycerides

=
LN
o

o
S~
o74)]
&
v
Q
e
-
Q
(@]
=
(o74]
-
—

=20 0 20
Linear Model Estimate ( % )
Inhibition of
TG-synthesizing Decreased VLDL
enzymes TG synthesis and
secretion

(L e The clinical relevance of omega-
i i 3 fatty acids in the management

e | .
Decreased- B\ \ ' Increased plasma

Neal ey A Ll  Of hypertriglyceridemia
i TS ApoClll and

Rt Less atherogenic
High TG & Faster clearance
ApoClll content,
Atherogenic
Slow clearance
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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.
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Impact of FADS Variation on Type 2 Diabetes Status in American Indians

rs174576-
rs174570-
rs174556-

rs174548

rs174547-
rs174546-
rs174455-
rs1570069-

rs1535-
rs174537 -

rs174576

rs174570-

rs174556

rs174548-
rs174547 -
rs174546-
rs174455-
rs1570069-

rs1535-
rs174537-

2hr Glucose

4 0
Linear Model Estimate ( % )

Fasting Glucose

-2.5 0.0 2.5
Linear Model Estimate ( % )

rs174576-
rs174570-
rs174556-
rs174548

rs174547-
rs174546-
rs174455-

rs1570069-

rs1535-
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rs174576-
rs174570-
rs174556-
rs174548-
rs174547-
rs174546-
rs174455-
rs1570069-
rs1535-
rs174537-

Fasting Insulin

10 0 10
Linear Model Estimate ( % )

——

Waste/Hip
Ratio

7] 0
Linear Model Estimate ( % )
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Factor model (GG / GT/TT)

T2D status

Pre-T2D

rs174537GT

OR

1.98

P-val

0.03

rs1745371T

OR

0.00001




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

0.25 Z
- |ntervention

=== Control

All-cause Mortality Cancer Mortality CVD Mortality
0.20

Estimation Estimation Estimation
-=- 95%ClI -=- 95% Cl - 95%Cl

0.12
Cumulative death rate

-

4

=

Hazard ratio 1,62 (95% Cl 1.00 to 2.64), P=0.05

= 4)
= 4)
= 4)
0.08 0.10

Fraction of population (Density)

237 (10) 214 (5) 185 (4) 150 (6) 94

Zhang et al., eLife. i s o
2024;1 2: RP901 32. : Cardiovascular disease

Hazard Ratio (ref

Hazard Ratio (ref

Hazard Ratio (ref
0.06

0.04

=
=
12}
c
@
(@]
=
c
o
S
)
=]
a
o
a
-
<)
c
2
3
(&)
©
o
w

Fraction of population (Density)

0.02

0.00

20 30 40 20 30 40

Ratio of omega-6/omega-3 PUFAs Ratio of omega-6/omega-3 PUFAs Ratio of omega-6/omega-3 PUFAs

PRI, |

Hazard ratio 1.70 (95% Cl 1.03 to 2,80), P=0.04

2500 5000 7500 (99 214 (5) 185 (4) 150 (6) 94 (1) 4

221 (16) 191 (6) 157 (7) 119 (8 70 (0) 3

; Coronary heart disease
5

2500 5000 7500

Cumulative d

Hallmark and Chilton
Nutrients (submitted) I

Follow-
o at risk (deaths) ow-up (years)

ontrol

237 (9) 214 (4) 185 (4) 150 (5) 94 (1) 42
Intervention

221 (16) 191 (5) 157 (D) 7) 70 (0} 3

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

5000 7500 2 ‘ 2500 5000 7500

20 30 40 2500 5000 7500 20 30 40 2500 5000 7500
LA (% of total) LA (conc) LA (% of total) LA (conc)

®

THE UNIVERSITY
OF ARIZONA



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