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Coronary Artery Disease / Myocardial Infarction Heritability

® CAD/MI heritability, or the proportion of phenotype explained by the additive
sum of genetic factors, is estimated to be 50% to 60%
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Combined genetic & lifestyle risks increase the risk of CAD

Low Genetic Risk of CAD High Genetic Risk of CAD
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The risk of CAD in individuals with low or high genetic risk is higher amongst individuals with poor lifestyle compared
to a healthy lifestyle. Compared with individuals with low genetic risk, individuals with high genetic risk start off at
higher risks of CAD, with the highest risks of CAD amongst individuals with poor lifestyle and high genetic risk

Said et al. Current Cardiology Reports (2019) 21: 89



Genetic variation: Single nucleotide polymorphisms (SNPs)

Variants occurring in at least 1% of any distinct population are called polymorphisms.

A Gene

(coding region)

DNA molecule

l Common genotype

Alleles
o @(@@Mﬂ A o
K gnn:a@x )
Chromosome Gen Otypes
B AlA
AIG

‘ Variant genotype

%SJ | m G/G
=

SNP Site




Single Nucleotide Polymorphisms (SNPs)

-514 C>T +847 A>G

| 'Illl |

y7i
77

-

T «—

+1366 C>G
L162V

® SNPs occur almost once in every 1,000 nucleotides on average, which means there are
roughly 4 to 5 million SNPs in a person's genome. These variations may be unique or
occur in many individuals.

Most commonly, SNPs are found in the DNA between genes. They can act as biological
markers, helping scientists locate genes that are associated with disease. When SNPs
occur within a gene or in a regulatory region near a gene, they may play a more direct
role in disease by affecting the gene’s function.



The genetic blueprints, or genomes, of any two
humans are >99% the same.

Still, the small fraction of genetic material that varies
among people holds valuable clues to individual
differences in susceptibility to disease, response to
drugs & sensitivity to environmental factors.




Single Nucleotide Polymorphisms (SNPs)

Data Flow in dbSNP

a) Submission b) Database Build c) Retrieval d) Applications
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a) Various sources submit data, and each variation is assigned a unigue submitted SNP number ID (ss#).
b) dbSNP compiles identical ss# records into one reference SNP cluster (rs#) containing data from each
ss#. ¢) Users can retrieve data for specific rs# records and analyze these variations. d) Data from dbSNP
aids clinical and applied research. The ss# and rs# IDs in this figure are examples only. NCBI, National

Center for Biotechnology Information; OMIM, Online Mendelian Inheritance in Man; GWAS, genome wide
association study.



Single Nucleotide Polymorphisms (SNPs) / Single Nucleotide Variations (SNVs)
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Human Genome Project: 20.000 - 22.000 genes in human DNA

International Haplotype (HapMap) Project: >100million SNPs have
been detected to date in populations around the world

dbSNP is a SNP database from the National Center for Biotechnology Information (NCBI).
As of June 2015, dbSNP listed ~150,000,000 SNPs in humans.

As of build 153 (released in August 2019), dbSNP had amassed nearly 2 billion submissions
representing >675,000,000 distinct variants for Homo sapiens.



MeveTIKEG peEAETEG (Genetic association studies)

® MeAéTeg UTTOPRPIWY YOVISiWV
(Candidate gene studies)

® MeAéTEC EUPU-YOVIBWHATIKAG |
OUOXETIONG e e
(Genome-wide association studies,  fu.l . . . e
GWAS)
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GWAS: MeAETEC EUPU-YOVIOIWMNATIKAG CUCXETIONG
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Genomewide Association Analysis of Coronary Artery Disease

Nilesh J. Samani, F.Med.Sci., Jeanette Erdmann, Ph.D., Alistair S. Hall, F.R.C.P, Christian Hengstenberg, M.D.,
Massimo Mangino, Ph.D., Bjoern Mayer, M.D., Richard J. Dixon, Ph.D., Thomas Meitinger, M.D., Peter Braund, M.Sc.,
H.-Erich Wichmann, M.D,, Jennifer H. Barrett, Ph.0., Inke R. Kénig, Ph.D., Suzanne E. Stevens, M.Sc,, Silke Szymczak, M.Sc.,
David-Alexandre Tregouet, Ph.D., Mark M. lles, Ph.D,, Friedrich Pahlke, M.Sc., Helen Pollard, M.Sc., Wolfgang Lieb, M.D.,
Francois Carnbien, M.D., Marcus Fischer, M.D., Willem Quwehand, F.R.C.Path,, Stefan Blankenberg, M.D.,
Anthony ). Balmforth, Ph.D., Andrea Baessier, M.D,, Stephen G. Ball, F.R.C.P,, Tim M. Strom, M.D.,

Ingrid Braznne, M.Sc., Christian Gieger, Ph.D,, Panos Deloukas, Ph.D., Martin D. Tobin, M.F.P.H.M, Andreas Ziegler, Ph.D,,
John R. Thompsen, Ph.D., and Heribert Schunkert, M.D., for the WTCCC and the Cardiogenics Consortium*

Variant
homozygote
' ,
Cases Controls
\l/ A WTCCC Study
14q
[ [ iaere )
(‘;cnéCth. 104
i
E [-%
¥ 6
i S 4

8§ 9 lo 11 12 13 141516171819202122 X

Chromosome




GWAS & Coronary Artery Disease (CAD)

A WTCCC Study
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® Since the 9p21 discovery in 2007, large meta-analyses of additional GWAS have identified
additional loci of smaller effect size but with genome-wide significance (P<5x1078).

® This success has been built on large collaborative efforts, including:
v’ the Myocardial Infarction Genomics Consortium,
v’ the CARDIOGRAM consortium,
v’ the Coronary Artery Disease (C4D) Genetics Consortium,
v' CARDIoOGRAMplusC4D, and others



Genetics of Coronary Artery Disease

® ~60 common SNPs (minor allele frequency >0.05) with a robust association with
CAD risk and reaching genomewide significance (P <5x1078) have been identified
to date, the majority of which are of modest effect size and in non-coding regions.

Furthermore, a total of 202 independent signals in 109 loci achieving a false
discovery rate (g<0.05) together explain 28% of the estimated heritability of CAD.

Manhattan plot of CAD additive meta-analysis results
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Chromosome map of genes reported to be causal for, susceptible to and

associated with CAD and Ml in the literature.
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Milestones in CVD genome research

® 163 separate genomic loci have been identified to be significantly associated with
CAD and MI since 2018 (explaining ~28% of the estimated heritability)

1st haplotype analysis 1st systematic evaluation 1st release of
1st Ml consortium of low-frequency UKBB data
Tregouet et al. Nat Genet exome variants Verweij et al. Sci Reports
MIGEN Nat Genet Stitziel et al. NEJM Nelson et al. Nat Genet
Klarin et al. Nat Genet
1st GWAS in
. . full release of
South-AsTm population 1000G imputation UKBB data
9p2-| Luetal. Nat Genet CARD|OGRAMP|USC4D 1000G van der Harst &
Samani et al. NEJM GWAS meta-analyses Nat Genet Verweij Circ Res
McPherson et al. Science i i
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Million Veteran Project

1 Million Heart Project

Cardiovasc Res, Volume 114, Issue 9, 15 July 2018, Pages 1241-1257, (L OXFORD
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Genes mapped to 163 CAD risk loci

and pathophysiological pathways in atherosclerosis
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Genetics of CAD

® Inthe last 4 years alone, the number of susceptibility loci for CVD >250
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Manhattan plot of results from GWAS meta-analysis for Ml

Large scale GWA for MI comprising 831,000 subjects (UKBB: n~472,000, meta-analysis with summary
statistics from the CARDIOGRAMplusC4D Consortium: n~167,000), identified 8 novel loci on chromosomes
1p36.11, 1p21.3, 2913, 2932.1, 4922.3, 60g16.1, 9934.3, and 15g24.2 (orange dots) for Ml, of which effect
sizes at six loci were more robust for MI than for CAD without the presence of Ml

Hartiala et al., Eur. Heart J. 2021; 42:919-933



Genetics of CAD - Dec 2022 update

® Discovery analysis involving >200,000 CAD cases and >1 million controls:
identifies 279 GWAS risk loci (82 new)
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Genetics of Type-2 Diabetes (T2D)

® >60 genetic variants have been identified to date being associated with T2D

0| 1 Locus estabished previousy JTORTL2 e s
I Locus Identiied by current study
I Locus not confimed by curent study '
0- ;
¢
e ¥ HHEXIIDE -
2 COCI2ICAMKID, ‘,"ﬁ'c‘:}’(f signal:+¢)
g COKALt CHCHDS\ | o/ i,
T % 0 CORNALB A
- SLC30A N WP
ADAMT IGF28P2 TPS3INP1 HMGA2 ZFANDG
BOLIfA, PPARY (WFSf . TSPANGILGRS |, PRC!
10+ THADA RSt ] (" o e 0 rHNHA i HNF19 o
NOTCH2 . ‘ : P :
L 8 (; l‘ ' . '
i |l “ﬁ by mill il mimmn 1

DIAGRAM+ meta-analysis
Voigt et al. Nature Genet. 2010



Genetics of Type-2 Diabetes (T2D)
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Genetics of Obesity: FTO gene
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Genetics of Obesity
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Polygenic Obesity

Genes / SNPs associated with BMI & Obesity
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Genetics of Obesity

Obesity GWAS

® Large scale GWAS: -
> 870 SNPs pe ioxopny  ° :
OLOXETION PE TOV AMYT  wsfiit
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W= Chr22 === ChrX === ChrY

Rohde et al, Metabol Clin Exp, 2018;pii: S0026-0495(18)30225-7
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ADAM23 ADCY3 AGBL4 AKAP6 ALDH2/MYL2 ASB4 ATP2B1
) BRE C90rf93 CADM1 CBLN1 CBLN4 CDKAL1 CLIP1 COBLL1
\ CREB1/KLF7 DDC EHBP1 ELAVL4 ELP3 EPB41L4B/CSorf4 ERBB4
. ETS2 FAM120AOS FHIT FIGN FOXO3/HSS00296402 GALNT10
\ GBE1 GDF15/PGPEP1 GIPR GP2 GRID1 GRP HHIP HIF1AN
| HIP1/PMS2L3/PMS2PS/WBSCR16 HSD17812 IFNGR1/OLIG3
ITIH4 KAT8/ZNF646/VKORC1/ZNF668 STX1B/FBXL19 KCNK3 KCNK9
KCNQ1 KCTD15 KLF9 LMX1B LOC100287559/BBS4 LOC284260/RIT2
LOC285762 LRP1B MAP2K3 MAPK3/KCTD13/INOSOE/TAOK2/YPEL3/
DOC2A/FAMS578 MIR148A/NFE2L3 MIRS48A2 MIRS548X2/PCOHS
MTIF3 NAV1 NLRC3 NTSC2/CYP17A1/SFXN2 NUPS54/SCARB2
PARK2 PLCD4/CYP27A1/USP37/TTLL4/STK36/ZNF14 PMS2L11
PRKD1 PTBP2 RAB27B RABEP1 RALYL RARB
RASA2 RQCD1 SBK1/APOBR SCG3/DMXL2

ABCA1 ADAMTS9 ARL1S BCL2
BMP2 BTNL2 CS5 CALCRL CCDC92 CCNIL

CCDH10 EBPA CECR2 CMIP CNTNS CPEB4 CTSS
DCST2 DNM3/PIGC EYA2 FAM13A FGFR4 GANAB

GDFS GMDS GNPNAT1 GORAB GPC6 GRB14

HECTD4 HMGXB4 HOXA11l HOXC13 HSD1784
IQGAP2 IRS1ISPD ITGB6 ITPR2/SSPN JUND KCNJ2

KIAA1731 KLF13 KLF14 KLHL31 LEKR1 LEMD3
LHX2 LY86 LYPLALL LYPLALL MACRODI1-VEGFB

MAP3K1 MAP3K1 MEIS1 MSC MSRA MYEOV

NCAM2 NFE2L3 NISCH/STAB1 NKX2-6 NMU

CADM2
S ehm b e i sl Eve ey, SLC2AI0 SLC22A3 SLC39A8 SMGS/N29617
PPARG PTPDC1 PTPRD RFX7 RPS6KAS RREB1 FANCL SUCIRTALL TR NGRS
RSPO3 RXRA SFXN2 SGCZ FU35779 ““J,,;g“;;?ﬁ'ﬁ?"sf,’; ;
SLC2A3 SMAD6 SNX10 SOX11 GNPDA2 GPRCSB
SPATAS-FGF2 SPRY2 SRPK2 LRRN6C MAP2KS
TBX15/WARS2 THNSL2 | MTCH2 NEGR1
TMCC1 TTN VEGFA NRXN3 OLMF4
VPS53 ZNF423 SEC16B TFAP28
ZNRF3/KREMEN1 TMEM160 TMEM18
TNNIZK

ADCYS GNAT2 GPR120 HNF4G HOXBS HS6ST3 KCNMA1L
LPIN2 MAF MRPS33P4 NPC1 PACS1 PRKCH QPCTL RMST
RPL27A RPTOR SDCCAG8 TNKS ZZZ3

Venn diagram of genes involved in monogenic, oligogenic and polygenic obesity
Monogenic, oligogenic obesity genes are depicted in blue, polygenic BMI-related genes in yellow,
overweight or obesity-related genes in purple and fat distribution-related genes in green.

Pigeyre et al, Clin Sci, 2016;130:943-986



NHGRI celebrates
10th anniversary of
the Human Genome
Project

Ly W 5 )
AL SR AR AL TEANY

yicigw

ptecgeppegaccacccacagateagn

T R AR
‘glgattancccat igcantitg Lalgiegia\a

facgacaacttanagegecaagitt
Jcgigcaggcgaccatigg

cglacacageggelectecgac
'gaglggctcacclaccaaatey
rcgtettageactctttagacts

caaagegtagategecctgtt

(cacacacaagagaatiaggactatargracgeety

Quantitative Advances Since
the Human Genome Project (HGP)

HGP Begins HGP Ends 10 Years after HGP
1990 2003 2013
Genome Sequencing
Cost to Generate a Human i
Genome Sequence ~%$1 billion | ~$10-50 million ~%$3-5 thousand
Time to Generate a Human '
Genome Sequence ~6-8 years | ~3-4 months ~1-2 days
Human Genome Sequences 0 E_ a 1 Thousands
Genome Sequence Data :
Total DNA Bases in GenBank =49 million é ~31 terabases ~150 terabases
WFIGI.'G'nom‘ Shotgun Bases 0 ! ~9.6terabases ~391 terabases
in GenBank H
Vertebrate Genome Sequences 0 i 3 112
MNen-Vertebrate, Eukaryotic
Genome Sequence 0 ' 14 =
Prokaryotic Genome Sequences 0 E 167 8760
Human Single-Nucleotide ~44thousand :  ~3.4 million ~53.6 million
Polymorphisms i
Human Genetics :
No. Genes with Known Phenotypel E
Disease-Causing Mutation 53 1474 2972
MNo. Phenotypes/Disorders E
with Known Molecular Basis 61 2264 4847
Mo. Published Genome-Wide E
Association Studies (GWAS) o ! ] 1542
Replicated Disease-Asscciated
Genetic Variants o : 6 ~2900
Genomic Medicine ;
Drugs with Pharmacogenomics H
Information on Label 4 E 46 106

Since the beginning of the Human Genome Project 23 years ago, genomic data have steadily accumulated,
laying the foundation for advances in human health.
Data compiled from varnous sources by Mational Human Genome Research Institule.




Next generation sequencing (NGS)

® NGS (massively parallel or deep
sequencing are related terms) describe a
DNA sequencing technology which has
revolutionised genomic research.

® Using NGS an entire human genome can
be sequenced within a single day.

“ c__c‘\
AAGCCCT‘GT‘% ?‘TCTCTTACC COANGTTCAe” ACCAALAGCT
CACTTGTCTCG—=dTCGCTACTGC CGTG. AmgA

® Each of the 3-billion bases in the human
genome is sequenced multiple times,
providing high depth to deliver accurate
data and an insight into unexpected DNA
variation.

ATI%TACTANL[AH CTACACAATA CATApITC,
=N H | H

® NGS can be used to sequence entire
genomes or constrained to specific areas
of interest, including all 22,000 coding
genes (a whole exome) or small numbers
of individual genes.

Behjati S & Tarpey PS, Arch Dis Child Educ Pract Ed. 2013; 98:236-238



Third-generation seguencing

First Generation Second Generation Third Generation

Shotgun Sequencing Massively Parallel Sequencing Single-molecule Sequencing
Primer

5 PP

3 ALLALIR ey, 5

Template
P ® daare P ddce
ddGTe P ddre

110441
/\E == ¢ 7

R & —— Mask hairpin
S rrmmrr PP 3 sequences
e Generate consensus
S'W 3' sequence
R o o d £ TAG T
- Sequencing by synthesis « Sequencing by synthesis +Single-molecule templates
- High accuracy - Amplified templates are generated «Low accuracy
« Long read lengths during sequencing, reducing the «Long read lengths
« Relatively small amount of requirements for starting material
data generated « High accuracy e.g., Single-Molecule Real-Time (SMRT) —
« Short read lengths Sequencing (Pacific Biosciences),
eg. ABI capi”ary sequencer (ABI) MinION (Oxford Nanopore TeChnOIOQiES)
e.g., MiSeq (lllumina), lon Torrent
(Thermo Fisher Scientific)

® Third-generation sequencing (also known as long-read sequencing)

Is a class of DNA sequencing methods which produce longer sequence
reads, under active development since 2008.



Third-generation seguencing

nature methods

Explore content v About the journal v  Publish with us v

nature » nature methods » news feature > article

News Feature | Published: 12 January 2023
Method of the year: long-read sequencing

Vivien Marx &3

® It is expected that these longer read lengths will alleviate numerous
computational challenges surrounding genome assembly, transcript
reconstruction, and metagenomics among other important areas of
modern biology and medicine



Whole Genome Sequencing cost 2023

Cost per Human Genome
$100,000,000
$10,000,000

Moore’s Law
$1,000,000

$100,000 S8

$10,000

National Human Genome
Research Institute

genome.gov/sequencingcosts
$100 = | 1 1 1 1 1 1 1 1 1 1 1 1 1] ! 1] | 1 1 1
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

® Sequencing now is much cheaper. And the NGS market is characterized by extreme competition among the
key market players. The major market leader lllumina, which controls about 80% of the global DNA
sequencing market, unveiled the NovaSeq X series, which will reduce the cost to $200 per human genome
while providing results at twice the speed. lllumina CEO says that a more powerful model could sequence
20,000 genomes a year. (The current machine can sequence about 7,500 genomes.)

® New companies are also trying to develop tests that cost less. Earlier this year, a startup company, Ultima
Genomics, stated that its machine could sequence the genome for as little as $100, thereby applying
pressure on lllumina.

lnyn: https://www.genome.gov/about-genomics/fact-sheets/DNA-Sequencing-Costs-Data



Theeraof.............. ‘omics’

The suffix ‘omics’ means ‘global’ and is used as a modifier for a wide range of
endeavors such as:

® Genomics (the comprehensive analysis of genes),
® Epigenomics (DNA modifications),

® Transcriptomics (MRNA or transcripts), /
® Proteomics (proteins), A Bioactivity U Safety

Genomics & Epigenomics

® Metabolomics (metabolites), M_Jﬁwm‘. 5 : ,
® Lipidomics (lipids), = Traoeabil 'Quality p
Transcriptomics
* Foodomics (food) %
® Microbiomics/Metagenomics (microbiota) P'°*°°'"'°*

All these techniques can be applied separately or in an integrated manner
for a better understanding of health metabolism and disease progression.



Nutritional genomics

® Nutritional genomics is an emerging

field that may improve dietary guidelines
for chronic disease prevention. It covers

both nutrigenomics and nutrigenetics.

® Nutrigenomics explores the effects of nutrients or other dietary factors

on the gene expression, DNA methylation, proteome & metabolome,

® Nutrigenetics is aimed to elucidate whether genetic variations modify

the relationships between dietary factors & risk of diseases.
(Nutrigenetics has the potential to provide scientific evidence for personalized

dietary recommendations based on the individual’s genetic makeup).



Personalized Cardiology

Sequencin Cardiogenomics Cardioprctecm
q g g s T
I, ! 1
Molecular Molecular .
diagnosis ™ pathology Biomarkers
# oh : Synthetic
: armacogenomics biolo
GEI’IE‘IEIC drug discovery and 9y > Gene therapy
=EEEnng development
Cell therapy
Nanobio-
technology
\ Systems
Environmental and Yyvy biology
epigenetic factors :
> Personalized -«
I cardiology -«

Integration of technologies for personalized cardiology. Several technologies are integrated for the development
of personalized cardiology. These include “omics” such as genomics and proteomics, molecular diagnostics,
and biological therapies such as cell and gene therapies. Both genetics and epigenetic factors contribute. Some

of the concepts of personalized medicine are like those of systems biology.
Kewal K. J. Med Princ Pract. 2017



Gene — Environment interactions
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Gene—diet interactions, Obesity & weight loss

oversize

overwmght
Oiereating ® Several data have emerged to lend
e (0105, support to gene—diet interaction in
a8 QX%YSL%.%!!!?SW',gge determining weight loss & maintenance
o= 00 i
Zcoitrol m.gSIt dsﬁ“&” o _
-gverwe | diﬁtlﬁ ® Studies in the area hold great promise to
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Gene - Environment interactions (GEl)

¢ In epidemiology, interaction is defined by estimating whether the degree of risk
attributable to the joint effects of a genotype and an environmental factor on an
outcome is greater or less than would be expected if these joint effects were additive.

¢ Alternatively, GEI exists where the risk conveyed by specific genotype depends on
one or more environmental exposure levels. This definition is quite helpful in the
context of intervention studies where the environmental exposures can be intervened
upon, such as diet and physical activity, to offset genetic risk.

_POPULATION,
FAMILIAL " PREVALENCE ™, SPORADIC

MONOGENIC
ONDIOWS
‘SNOILI34NI

OLIGOGENIC POLYGENIC

LINKAGE GWAS

Huang & Hu, BMC Medical Genomics 2015



Study designs for testing Gene-Environment interactions

Over the past decades, various study designs have been used to test GEI. Each design has its own
advantages and disadvantages, and may be suitable for different situations:

¢ Case-control studies: In population-based case-control studies, incident or prevalent cases in the
studied population are ascertained over a certain time period, while the controls are randomly
selected from the same source population.

® Case-only studies: These studies can be used if the interest is limited to GEI, because the case-
only design has the practical advantage that there is no need to collect control samples. This
design is based on the assumption that genotypes and environmental exposures are independent
of each other, so that the exposures should not differ among different genotypes. The case-only
design is more efficient than case-control design, but the independence assumption may not hold.

® Cohort studies: The classic prospective cohort study follows subjects over time, comparing the
outcome of interest in individuals who are exposed or not exposed at baseline. Because exposure
is assessed before the outcome, the cohort design is less susceptible to selection bias and
differential recall bias between cases and noncases when compared to a case-control design.
However, cohort studies of chronic conditions with low incidence are expensive, and require large
sample size and long follow-up.

® Clinical trials: Randomized controlled trial (RCT) is widely considered to be the most reliable
design because of the randomized allocation of the exposures. However, RCT is often infeasible to
test the long-term effects of dietary exposures on e.g. obesity or obesity-related chronic diseases
due to cost and logistic considerations.

Huang & Hu, BMC Medical Genomics 2015



Gene — Diet Interactions
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APOA1 -75G>A * PUFASs: gmidpaon ornv HDL-C

Ordovas JM et al. Am J Clin Nutr 2002
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PPARA L162V * PUFAs: emidpaon ora TGL

Tai SE et al. J Nutr 2005
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Gene - Diet interactions & Obesity

case control case control e o
OCHO intake
60 -

® Case-control study to assess a __ s5- mdi s
possible effect modification on obesity “E 504 ' -
risk of the GIn27GIu polymorphism for :3 ]
the B,-adrenoceptor gene depending on 36 1
dietary intake. pl

20 -

® 159 cases (BMI>30 kg/m?) & 154 e

controls (BMI<25 kg/m?) 5

° GIn27GIn genotype GIn27Glu polymorphism

No differences between cases & controls within

® ADRB2 genotype modified the effect genotype for CHO, fat or protein intakes.
of CHO consumption on obesity risk.
Females with the polymorphism and a 200 1 [ 4o% E Carbonydrate
higher CHO intake (>49% energy) had 180 1 |5 >4% E Carbonycrate ’
a higher obesity risk (OR: 2.56, DI a
P=0.051; P, oaciion=0.058). 3 0.
& 100 |

® Furthermore, a high intake of CHO was il
associated with higher insulin levels N
among women carrying the GIn27Glu 20
SNP (P<0.01). 0 . ‘

GIn27Gin genotype GIn27Glu polymorphism

Mean insulin levels according to CHO intake
Martinez et al. J Nutr 2003 among women categorized by GIn27Glu.



Gene - Diet interactions & Obesity

® Case-only study among 549 adult obese women recruited from eight European centres
® Atotal of 42 SNPs in 26 candidate genes for obesity were genotyped

® Nutritional variables assessed: dietary fiber intake (gr/day), the ratio of dietary PUFAs/SFAs &
% of energy derived from fat in the diet (3-day food records)

® Observed an interaction between fiber intake and the LIPC =514 C>T SNP (Psor interaction =0-01).

® Similarly, the ADIPOQ —-11377G>C SNP & the PPARG3 -681 C>G SNP were found to modify
the association of dietary fat intake and obesity (all p;; interaction <0-05)-

Santos et al. Eur J Nutr 2006



AlatpogoyeveTikn TnG Naxvoapkiag

Perilipin Gene (PLIN)
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PLIN5 / P371P A SNP

V373V A SNP, genotyped
1 kbp SNP, novel and genotype: 4




AlatpogoyeveTikn NG Naxvoapkiag

PLIN gene - 11482G>A (PLINT)

...... effect on weight loss after a hypocaloric diet

Baseline 3 Months 6 Months 12 Months

0
& -1
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3
< -3 mGG
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g -5
2
o -6
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-8

Time on Diet
Corella et al, J Clin Endocrinol Metab. 2005




AlatpogoyeveTikn NG Naxvoapkiag

PLIN gene - 11482G>A (PLINT)

® E€ecTdoTNKE AV TA PAKPOBPETTTIKA CLOTATIKA TOOTTOTTOIOVLY TN CLOXETION TOL
TTOALDHUOPPICUOL PE TNV TTAXLOAEKIA

B 108; P for interaction
Complex CHO*PLIN genotype = 0.002

= 106 .
& " »” A allele:
- 1041
2 ' ® | complex CHO:
3 #PLIN 11482G>A GG .

102 1 P=0.446 increased
® PLIN 11482G>A GA+AA obesity risk
o 1001 P=0.002
° o ® 1 complex CHO:
o ¢ :
a B1 o protective

% ' ' i ‘ against obesity

0 50 100 150 200 250 300
Complex carbohydrate (g/d)

Smith et al, J Nutr 2008:138:1852-8




AlatpogoyeveTikn Tne Naxvoapkiag

e KNOW YOUR GENES
® WEIGHT GAIN o8
GENE |

APOA2

® ECetdioTnKE O POAOC TOL AEITOLEYIKOL TTOALHOPPICHOL OTNV TTEOCANYN
TPOPNC & TO CWHATIKO PAPOC

® Tpeic ave€dpTtnTol TANBLCUOI
— Framingham Offspring Study (n=1454 whites)
— GOLDN Study (n=1078 whites)

— Boston Puerto Rican Study (n=930 Hispanics of Carribean Origin)

Corella et al, Arch Infern Med. 2009;169:1897-906




AlatpogoyeveTikn NG Naxvoapkiag

33
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Corella et al, Int J Obes (Lond), 2011;35: 666-675
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AlatpogoyeveTikn NG Naxvoapkiag

FTO gene - rs9939609

MeAETN TTapaTRENONG (N=4839) > onpavTikég aAAnAemSpacelg HETAgL rs9939609
& SiaitnTikng mpooAnywng Airouvg/vLdaravepakwy oToV Kivbuvo maxvoapkiag

DIETARY FACTORS, FTO GENOTYPE, AND OBESITY

A5- BS-
4 4 4
g ;. B i
323 o\.3
3'2 8;2
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11 11
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Low Medium
Fat intake (E%)

Low Medium High

Carbohydrate intake (E%)

Sonestedt et al, Am J Clin Nutr. 2009;90:1418-1425




Gene - Diet interactions & Obesity

(a) 457

40l P=0-001
® Spanish case-control study among 25l +
children & adolescents evaluated 2 30!
whether dietary fatty acid intake modified £ 25
the effect of the FTO rs9939609 (T>A) 8 20t i P for interaction FTOx SFA = 0-080
on risk of obesity. 5 12 T
® Atotal of 354 Spanish children and 02 *
adolescents aged 6-18 ys (49% males) AllsiBlocts  SPR1Z8%  SPA<I2S%
® The risk allele carriers consuming
>12.6% SFA (of total energy) had an b) 301 o098
increased obesity risk compared with TT
carriers, but the increased risk was not 2 +
observed among those with lower § 20 * -
saturated fat intake. _g e P for interaction FTO x PUFA:SFA = 0-034
Similarly, A allele carriers with an
PUFA:SFA intake ratio <0.43 presented a 05
higher obesity risk than TT subjects.

ol
All subjects PUFA:SFA<0-43 PUFA:SFA>0-43
n 288 n 146 n 142

Moleres et al. Br J Nutr 2012



Alarpogoyeverikn TnS Naxvoapkiacg

FTO gene - rs9939609

Case control study (n=354) = 10 KOPETHEVO AiITTOG SiagopoToinoe TnV emidpaon
TOL 159939609 oTov BMI & TOV Kivéuvo TTaxvoapkiag o€ maidia & epnpouvg

33r
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. A carriers
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l P for interaction FTO x SFA = 0-035
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n39 n106 nd47 n96

Moleres et al, Br J Nutr 2012;107:533-8




Genetic Risk Scores

® Although individual common polymorphisms have modest predictive
capacity, their cumulative impact can be aggregated into a polygenic
risk score (Genetic Risk Score, GRS)

® A GRS serves as the best prediction for a trait that can be made when
taking into account variation in multiple genetic variants.

Genetic Risk Score



Genetic Risk Scores

® Individuals are scored based on how many risk alleles they have for each
variant (for example, 0, 1 or 2 copies) included in the GRS

26 - —-— f
® Weights are O  CONTROLS
generally assigned B CASES

to each genetic
variant according to
the strength of their
association with
disease risk (effect
estimate)

Individuals,%

T2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18

Number of risk alleles in the 9 variants (18 alleles)



Polygenic Risk Scores: Utility for risk assessment & Treatment decisions

® Prediction of disease risk is an essential part of preventative medicine, often
guiding clinical management. Risk prediction typically includes risk factors such
as age, sex, family history of disease and lifestyle (e.g. smoking status)

® Systematic cataloging for e.g. CVD risk alleles enabled the development of
Polygenic risk scores (PRS) that provide a quantitative metric of an individual’s
inherited risk based on the cumulative impact of many common SNVs

Human Molecular Genetics, 2019, Vol. 28, No. R2 | R137
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Figure 1. PRS define lifetime risk trajectories. (a) Example density plot of a population according to polygenic risk. The distribution is filled and labeled according to the
lowest (0-20%; blue), population average (40-60%; grey) and highest (80-100%; red) quintiles of genetic risk. (b). Example of a risk trajectory (Kaplan-Meier cumulative
risk curve) for the population average (grey) and the highest and lowest quintiles of genetic risk (colored as in a). Representative risk threshold is shown for example.



AlatpogoyeveTikn TnG Naxvoapkiag
AAANAEMSPATEIC SIATPOPNS — YEVETIKQDV TTOALHOPPICTHDV

16 TTOALUOPPICUOI TTOL £XOLV CLOXETIOTEI UE TTAXLOAPKIA &

Slatapaxec AITTISIOV (FTO, MC4R, PPARG, MTHFR, PLIN1, GCKR, APOAS, LIPG,
LIPC, LPL, CELSR2, APOE, NOS3, CETP, PPARA)

Red Meat Fish Shrimp
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Goni et al, Genes Nutr 2015;10:1-10




AlatpogoyeveTikn TnG Naxvoapkiag
AAANAEMSPATEIC SIATPOPNS — YEVETIKQDV TTOALHOPPICTHDV

16 TTOALUOPPICUOI TTOL £XOLV CLOXETIOTEI UE TTAXLOAPKIA &

Slatapaxec AITTISIOV (FTO, MC4R, PPARG, MTHFR, PLIN1, GCKR, APOAS, LIPG,
LIPC, LPL, CELSR2, APOE, NOS3, CETP, PPARA)
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YEVETIKOUL KIVSLVOUL
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Alatrpogoyevenikn Tne Naxvoapkiag
ANANAETISPACEIC SIATPOPNG — YEVETIKDV TTOALHOPPICHDV

Genetic Risk Score - GRS
GRS amo 32 mOALHOPPICHOVLGS TTOL EXOLV CLOXETIOTE UE TOV BMI

® MeAétn o¢ Seiypa aTmod TPEIG HeyYAAeS peAeTeS follow up

— Nurses’ Health Study (NHS): 18 xp., 7000 aroua
— Health Professionals Follow-up Study (HPFS): 12 xp., 4500 aroua

— Women’s Genome Health Study (WGHS) : 6 xp., 22000 aropa

m\"*?\—’*« ——

Outcome measure:
Repeated measurement
of BMI over follow-up (

MpooAnywn
OAKXOPOLXWV
POPNUATWV & KivOLVOC
TTAXLOAPEKIAG AVAAOYC

ue To GRS
| 4

Qi et al, N Engl J Med 2012;367:1387-96




Gene - Diet interactions & Obesity

Genetic-Predisposition Score Quartile

® Prospective study
HQl WQ WQ MWMQ4

(>32,000 men & women 1.2-
from 3 cohort studies in
USA) 1.0- P<0.001

® Genetic risk score: based 0.8-
on 32-BMI associated
variants

® Assessment of sugar-
sweetened beverage
intake (FFQSs)

Difference in BMI

® Qutcome measure:
Repeated measurement of
BMI over follow-up

NHS HPFS WGHS Pooled

'‘O00 PEYAADTEPOG O YEVETIKOG KivOLVOG, TOCO TTIO £VTOVN ETMISOACN OTOV KivoLVO
TTAXLOAPKIAG £XEI N ALENHIEVN KATAVAOAWON CAKX. POPNUATRV

Qi et al, N Engl J Med 2012;367:1387-96



Gene - Diet interactions & Obesity

® Genetic association with
adiposity was stronger
among participants with
higher intake of sugar-
sweetened beverages
than among those with
lower intake

2uurrépaoua. Atoua ue
VEVETIKY TTP0OIGBEON Via
ITaxUoapKia TTOETTEl va
aropevyouv TNV
KaravaAwaon avawuKTIKWV
TUTTou cola

Qi et al. NEJM 2012

Cohort

NHS and HPFS
<1 serving/mo
1-4 servings/mo
2-6 servings/wk
>1 servings/day
WGHS
<1 serving/mo
1-4 servings/mo
2-6 servings /wk
>1 servings/day
Pooled
<1 serving/mo
1-4 servings/mo
2-6 servings/wk
>1 servings/day

0.1

P Value for
Relative Risk Interaction
0.02
s
e
0
o
0.007
-
—.—
T
——
<0.001
-
[
=
s
1.0 16.0 106.0

RR of the development of obesity per
increment of 10 risk-alleles, according to
intake of sugar-sweetened beverages



Frequency of fried food consumption
B <1 /week [@O1-3/week [O=z24/week

P<0.001 P=0.01 P«0.001 P«0.001
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/ \ s l
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KaravaAwon 5
TNYAvVNT@YV TPOPIUwWV & s 0
KIVOLVOG TTAXLOAPKIAG i M2 002 P=0.03 P(O.DOII P0.001
avaloya pe 1o GRS 2 10
0 ks ] 1 I
3 o0 l T I
E 0.4 J.
]
€ 0.2 i—1~
a
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‘O00 pPeYaALTEPN N KATAVAAWON TNYAVNTWV TROPIUWY, TOOO EVTOVOTEPN
N oxeon WETAEL YEVETIKOL TTAPAYOVTA KAl TTAXLOAPKIAC.

Qi et al, BMJ, 2014;348:g1610




Gene - Diet interactions & Obesity

® Assessment of fried foods & other
dietary factors (FFQSs)

In the combined analysis, the
differences in BMI per 10 risk
alleles were 1.1+0.2, 1.6£0.3 &
2.2+0.6 for fried food consumption
<1, 1-3/w & 24/W (Pinteraction<0-001)

These findings suggested that the
genetic association with adiposity
was strengthened with higher
consumption of fried foods.

2uurrépaoua: Atoud Ue YEVETIKN
TP00IABECN yIa TTAXUOAPKIA TTOETTEI
Va arro@eUyouV Thv KaravaAwaon
THyavnTwyv eayntwyv

Qi et al. BMJ 2014

Difference in BMI per 10 risk alleles

Difference in BMI per risk allele

Frequency of fried food consumption
M <1/week [O1-3/week [24/week

P<0.001 P=0.01 P<0.001 P<0.001

> I

2 1 1
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| i+ |
0
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P=0.02 P=0.03 P<0.001 [ P<0.001
1.0
s ] J
0.6 J '|'
0.4 l
0.2 ﬁ
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Alarpooyevetikn TnS Naxvoapkiag
AAANAEMSPATEIC SIATPOPNS — YEVETIKQDV TTOALHOPPICTHDV

Genetic Risk Score - GRS

® Genetics of Lipid Lowering Drugs and Diet Network (GOLDN)
® Multi-Ethnic Study of Atherosclerosis (MESA) population

YynAoTepn Katavaiwon
KOPEOTHEVOUL AITTOLG

YOOXETION ME
UEYAALTEQO AMI OTA
ATOMA PE aLENUEVN
YEVETIKN TTOO8I00E0N
YIQ TTAXLOAEKIA (1 GRS)

Casas-Agustench et al, J Acad Nutr Diet, 2014;114:1954-1966




Alarpogoyeverikn TnS Naxvoapkiag
AAANAEMSPATEIC SIATPOPNS — YEVETIKQDV TTOALHOPPICTHDV

Imdvia aAAnAduopa: ‘ﬁIEES_I._rAEI:?YN Al?§nw':V°9
® MC4R, rs12970134 KIVSD;\IOQ .

ETAPOAIKOL
® APOC3, rs5128 iuvgpbuou
® APOAT, rs670, rs5069 (OR=1.71)

Hosseini-Efsahani et al, Br J Nutr, 2014;113:644-653
Ortega-Azorin et al, Cardiovasc Diabetol, 2012;11:137
Hosseini-Efsahani et al, J Nutrigenet Nutrigenomics, 2014;7:105-117




Alatpogoyevetikn TnS Naxvoapkiag
AAANAEMSPATEIC SIATPOPNS — YEVETIKQDV TTOALHOPPICTHDV

TOUVOAIKA, ALTA TA ATTOTEAECHATA LITOSNAGVOLYV OTI
N CLOCWPELON KOIVAV TTOALHOPPICH®DV TE
YEVETIKOULG TOTTOLG TTOL £iVAl YVWOTO OTI
emnpealovy To CWHATIKO BApog UTTOPEl va
ETNEeace TNV MPodiadson KATOoIoL va TTapéEl Bapog
OTaV EKTIOETAI 0& CLYKEKPIYEVOLG TOTTOLG SiaITag
N S1IaTPOPIKO TTPOTLITO

Toro-Martin et al, Nutrients, 2017:;9:913




AlatpogoyeveTikn NG Naxvoapkiag
EmiSpaon yeveTikng moikiAogopgpiag otn pLOUIoON ToL BApoLS

Food Intake
@I and Nuclear Regulation i LEPR ﬁtermediate Metabolism
FTO MC3R and Adipogenesis
PPARG MC4R PLIN1
PPARGC1A POMC FABP2
TCF7L2 HTR2C PPARG
TFAP2B CNR1 APOAS
ACE FAAH APOE
GNAS DRD2 ﬁigﬁi
ACSLS CB1
CLOCK \ ) APOA4
SIRT1 GIPR
SH2B1 IGF1R
SCAP INSIG2
SDCCAG8 IRS1
\ TMEM18 / \ IRS2 j
Weight loss in
obese/overweight subjects
by dietary approaches
Cytokines / Adipokines Thermogenic Processes
IL6 ADRB2
LEP ADRB3
ADIPOQ UCP1
RETN UCpP2
UCP3

Fig. 2. Genes regulating metabolic functions in which there are polymorphisms that have been related to genetically mediated differences to dietary
treatments seeking weight loss.

Martinez et al, Trends Food Sci Tech, 2015;42:97-115




Gene — Diet interactions & Obesity: Clinical Trials

ORIGINAL ARTICLE

FTO Genotype and 2-Year Change in Body Composition
and Fat Distribution in Response to Weight-Loss Diets

The POUNDS LOST Trial

Xiaomin Zhang,'” Qibin Qi," Cuilin Zhang,” Steven R. Smith," Frank B. Hu,"” Frank M. Sacks,"”
George A. Bray,” and Lu Qi'”

® FTO rs1558902°(T>A) was genotyped in 742 obese adults who were randomly
assigned to one of 4 diets differing in the proportions of fat, protein & CHO.

® Body composition and fat distribution were measured by DXA & computed
tomography.

® Found significant modification effects for intervention varying in dietary protein
on 2-year changes in FFM, %FM, total adipose tissue mass, visceral adipose
tissue mass & superficial adipose tissue mass (all Pi,eraciions<0-05).

Zhang et al. Diabetes 2012



Fovidia mov pvBuiIovy TNV TPOCANYN EVEPYEIAG/TPOPNS

FTO gene -rs1558902

POUNDS LOST trial:

® 2 xpovia RCT yia 1n cbykpion
TV EMSPATEWY OTO CWHATIKO
BAp0oG LTTOOEPUISIKWY SIAITWV
UE SIAPOPETIKEC CLOTATEIC
UAOKOOOPETTTIKWYV CLOTATIKWY

® 811 vrépPapol/TTaxLOAEKOI
EVNAIKEG TOTTOBETNONKAY TLXAIA
OTIC 4 OpAdEC SlAITY UE
SIAPOPETIKN OLOTACN

20% | 40%

¥ 65% |55% | 45%

15% |25% | 15%

Zhang et al, Diabetes, 2012;61:3005-11




Gene — Diet interactions & Obesity: Clinical Trials

® Carriers of the A-risk allele of the FTO variant rs1558902 had a greater reduction in weight,
body composition & fat distribution in response to a high-protein diet, whereas an opposite
genetic effect was observed on changes in fat distribution in response to a low-protein diet.

® Low protein © High protein

A 6 months 2 years B & thonths 2 years
1T AT AA T AT AA T AT AA T AT AA
00 T gu : 0.0 0.0 - 0.0
-1.0 1.0 '
= . ; N
< 90 20 - 05 0.5
£ 30 30 z -1.0 -1.0
D .40 40 5 154 15
S o 50 P=0.043 £ 20 20
5 0 p=0.004 ' z2 L
6.0 6.0 p<0.0001 S .25 25
70 1.0 P=0.011 P 20
Pinteraction=0.026 Pinteraction=0.001 Pinteraction=0.012

® Conclusion: A high-protein diet may be beneficial for weight loss and improvement of body

composition and fat distribution in individuals with the risk allele A of the FTO rs1558902
SNP.

Zhang et al. Diabetes 2012



FoviSia mov pvOuiIovy TNV MPOCANYN EVEPYEIAG/TPOPNG

FTO gene —rs1558902

Dopeic ToL A AAANAOUOPPOL
KivéLuvou TTapovcialav
UEYAALTEON HEICON TOL
OWHATIKOL BAPOLE & AITTOLG
OTavV akoAovBovoav diaita
LWNAN O€ TTOPWTEIVN.

Mia SiaITa bWNAN o€ TTPWTEIVN
UTTOPEI VA BonBa oTnv
ATTWAEIA PAPOLE O€ ATOUA
TTOL PEOOLY ALTO TO
AANAOUOPPO KIVELVOU YIC
TTAXLOAPKIA.

TABLE 2

The effects of the FTO rs1558902 genotype on weight, body
composition, and fat distribution response to dietary protein
intervention

At 6 months At 24 months
B* SE P B* SE P
Low protein¥
Weight, kg -0.11 046 0.807 0.07 0.65 0.914
WC, em 0.02 048 0971 -0.31 0.69 0.654
Body composition
Total fat, kg 0.29 047 0.544 0.73 0.84 0.381
FFM, kg 054 025 0.029 064 045 0.150
FM% -=0.01 0.32 0.983 0.36 0.48 0.455
Trunk fat % 0.09 043 0.840 041 0.61 0.495
Fat distribution
TAT 0.53 0.47 0.260 2.11 0.65 0.001
VAT -=0.01 0.22 0.949 0.35 0.29 0.223
DSAT 0.27 0.20 0.164 031 024 0.211
SAT 0.61 0.29 0.040 146 042 0.0004
High proteini
Weight, kg -0.33 043 0434 -1.51 0.58 0.010
WC, em 0.04 046 0933 -0.68 0.62 0.270
Body composition
Total fat, kg -0.80 043 0.061 -1.60 0.63 0.011
FFM, kg -0.49 0.23 0.031 -0.63 0.30 0.035
FM% -046 029 0.112 -1.13 041 0.006
Trunk fat % -0.54 039 0.162 -142 054 0.009
Fat distribution
TAT -0.72 032 0.024 -131 055 0.017
VAT =043 0.13 0.001 -0.64 0.24 0.007
DSAT =0.09 U.12 042> —0.10 0.20 0.626
SAT -0.24 0.19 0215 -0.58 031 0.059

Boldface P values indicate statistical significance. *§8 represents change
in each trait for each A allele of the FTO genotype. Values calculated

Zhang et al, Diabetes, 2012;61:3005-11




FoviSia mov pvOuiIovy TNV MPOCANYN EVEPYEIAG/TPOPNG
FTO gene —rs1558902

® E€etaoTNKE €AV N SIAITNTIKN TTOWTEIVN TOOTTOTTOIEI TN OXECN WETAEL TOL
FTO rs1558902 e Tov AMI & TNV TEQIPEPEIA HEONG O€ VEAPOLC

EVNAIKEC ACIATEG.
> AMX
| mpooAnyn , .
MPWTEIVNG + AA' ) > Mepipepeia peong
(= 18%) OHogLYeTES vs. OpPEig ToL T

“These findings suggest that high dietary protein infake may
protect against the effects of risk variants in the FTO gene on
BMI and waist circumference”.

Merrittet al, Genes & Nutr, 2018;13:4




Fovidia mov pvBuiIovy TNV TPOCANYN EVEPYEIAG/TPOPNS
FTO gene —rs9939609

® Weight loss trial
(SiciTa LYPNANRG TPWTEIVNG/XAUNANG O& LOATAVOPAKES CLYKPITIKA UE
uia covnen vmoBepuIdikn diaira 1,000 kcal/day)

o )

> amAsia

Bapoug

9 ® > BeATticoon
HETAPBOAIK®DV
TTAPAMETP WV

\§ 4

+

de Luis al, J Nutrigenet Nutrigenomics, 2015;8:128-36




FoviSia mov pvOuiIovy TNV MPOCANYN EVEPYEIAG/TPOPNG

FTO gene

AiqITEG JE LYNAN TTEPIEKTIKOTNTA OE
MPWTEIVN UTTOPEl va epIopilovy onUAvTIKa
TN YEVETIKN TPo8iadson yia maxvoapkia
ToL oeileTal oTo Yovidio FTO,
BeATIOVOVTAG €101 TNV KAPSIAyy&lakn vyeEia




FoviSia mou pLOUIoLY TNV TPOCANYN EVEPYEIAGS/TPOPNG

FTO genotype and weight loss in diet and lifestyle interventions:
a systematic review and meta-analysis'?

Lingwei Xiang.j Hongyu Wu,” An Pan,” Bhakti Patel,” Guangda Xiung.h Lu Qi,’” Robert C Kuplun." Frank Hu,*’”

Judith Wylie-Rosett,” and Qibin Qi'*

Sludy TAvsTT WMD (95% CI) Weight % AAVSTT WAID (35% C1) Waight %
. :
Gray 2009 (18) -0:- -021(081,039) 197 —:P— D40-123.043) 17.86
Lappalainen 2004 (28) —-;— 001(:1.14,1.12) 558 —:~— 031 (183, 1.21) .28
Milchell 2010 20 0.10 (-1.41,161) 315 . 110 £3.17.097) 290
Razquin 2010 {19 — 1062 (-1.24,-000) 1888 — 1,00 (1,74, 0.26) 2208
.
Mt 2012 {31) e 0,20 (4060, 100) 1124 —— 030 (184, 244) 27
burq 2012 (21) _O'J;l— 078 (2064, 1.08) 208 _‘—';L—— AW 2.0 2400
Woahning 2013 (16) — 120(611,371) 030 100(307,627) 087
Rauhio 2013 (24) —E_ 0.00(-3.20,320) 070 ' 2200170,610) o0
McCallery 2013 (14 + 004 (:051,0.43) 2% < 0.08 (0,65, 0.4%) 38.08
Verhoef 2014 (17) —‘:— 020(-1.21,091) LY - ) —0—%—— «1.00 -2.41,04Y) 620
Overal v -0.18 (-0.45.0.09) 100,00 0 .44 (0.79,0.08) 100.00
E {Fsquared » 0.0%, p = 0.913) (Lequared = 00%, p= 0517}
: 1 1

| 1 1 1
50 25 oo 25 50
More Weghi Loss  Less Wiaghl Loss

* | )
5D 25 4b 25 50
Mora Weight Loss  Leas Vieight Leas

O1 opolLYWTEC YIA TO ETTIKIVOLVO YIa TTaxLOAEKIA FTO rs9939609
AANAOUOPPO eVEEXETAI VA XAOOLV TTEQICCOTEPO PAPOC HECW
TapeuPacewy dlatpoPpns/TooTToL (NS AtTo O,TI Ol PN POPEIC

Xiang et al, Am J ClinNutr, 2016;103:1162-70




FoviSia mou pLOUIoLY TNV TPOCANYN EVEPYEIAGS/TPOPNG

FTO genotype and weight loss: systematic review and Treatment Control
. O (W (I Stu Mean SD Total Mean SD Total Mean difference Weight  Mean difference
meta-analysis of 9563 individual participant data from “:m — IV, random (95% 1) ) IV, random (95% CI)
eight randomised controlled trials PP 0.03 283 1970 010 253 865 = 26.70 -0.13(:0.34 10 0.08)
DREW™ 0.12 1.85 218 006 261 60 et 2.40 -0.18 (-0.88100.52)
Katherine M Livingstone,'2 Carlos Celis-Morales,':> George D Papandonatos,* Bahar Erar,* Finnish DPS?®  .0.09 2.89 134 -0.14 3.44 130 - | - 2.00  0.05(-0.72100.82)
Jose C Florez,>6 Kathleen A Jablonski,” Cristina Razquin,®? Amelia Marti,*'° Yoriko Heianza," FoodaMe 016 214 399 001 1.67 272 At 1410 -0.15 (-0.44 10 0.14)
Tao Huang,'"'2 Frank M Sacks,'* Mathilde Svendstrup,'“'> Xuemei Sui,'® Timothy S Church,” Look AHEAD'  0.04 3.64 1831 -0.11 259 1806 Y 28.00  0.15 (-0.06 0 0.36)
Tiina Jaaskelainen,'8'? Jaana Lindstrom,?° Jaakko Tuomilehto,?'*? Matti Uusitupa,'® Tuomo Rankinen,” =y ccnnotr 001 17 278 001 177 265 4L 13.80  0.00 (0.29100.29)
Wim H M Saris,?* Torben Hansen,' Oluf Pedersen,'* Ame Astrup,?> Thorkild | A Sgrensen,'426 Lu Qi,'"'3 POUNDSLOST'® .0.17 3.67 303 -0.03 3.59 297 A b 3.50  -0.14 (0.7210 0.44)
George A Bray,”” Miguel A Martinez-Gonzalez,>'° | Alfredo Martinez,?'%%” Paul W Franks,'*2# PREDIMED"? 016 216 SS2  -0.16 207 183 du 9.60  0.00(-0.35100.35)

Jeanne M McCaffery,? Jose Lara,*° John C Mathers' Total (95% CI) 5685 3878 100.00 -0.02 (-0.13 10 0.09)

Test for heterogeneity: v'=0.00, 3°=4.90, df=7, P=0.67, 1'=0%
Test for overall effect: 2=0.40, P=0.69

Body weight
pPP® 0.09 7.93 1970 023 688 865 —= 2710 -0.32(:0.90100.26)
\ DREW'™ 0.42 482 218 003 674 60 —_—t 270 0.39(-2.21101.43)
Ol (popalg TOL FTO FinnishDPS™  -0.10 7.90 134 -0.41 935 130 —_—t 210 0.31(-1.7810 2.40)
Food4Me™ 029 601 399 003 449 272 —ai 1430 -0.32(-1.12100.48)
' Look AHEAD'  0.14 10.36 1831 -0.27 7.31 1806 ig— 26.60 0.41(-0.17100.99)
r5993 9609 O)\)\n)\ouopq)oo NUGENOBY/ 0.06 489 278 002 505 265 —— 12.90 -0.08 (-0.92 10 0.76)
POUNDSLOST'® .0.46 10.83 303 .0.10 10.36 297 SR — 310 -0.36 (-2.06t01.34)
PREDIMED"’ 0.41 5.63 552 .0.46 526 183 —_—— 11.30  0.05 (-:0.85 0 0.95)

KIV6L.)VOU, 68\/ EiXGV Total (95% C1) 5685 3878 < 100.00 -0.04 (:0.34 t0 0.26)

Test for heterogeneity: v'=0.00, x’=4.11, df=7, P=0.77, 1’=0%

U EY G )\ OTS p Eg ﬁ EATI d) O'el g O'a Test for overall effect: 2=0.280, P=0.78

Waist circumference

; 0 DPP? 0.01 9.62 1970 029 7.88 865 —8— 29.60 .0.30 (-0.98 10 0.38)

AMZ, C)'CQIJOT”(O Bapog, OREW' 016 972 218 071 118 60 130 0.87(2.38104.12)
Finnish DPS™ 0,20 871 134 -0.01 998 130 2,60 0.21(-2.05102.47)

! ! ! ! food4Me™ 0.25 719 399 031 581 272 13.90 0.06 (-0.93 10 1.05)
TprI(DEpEICI HEOT]Q UgTO C”TO Look AHEAD'™  0.08 11.51 1831 0.26 9.56 1806 r 28.60 -0.18 (:0.87100.51)
NUGENOB'’ 0.23 675 278 -0.53 672 265 ——— 10.50 0.30 (-0.83101.43)

-I—l-O peu 5do—€lg “Eicoo-r]g POUNDS LOST'* .0.58 11.11 285 0.40 1102 273 — 4.00 -0.98(-2.82100.86)
PREDIMED*’ 0.01 737 552 -0.67 7.09 183 ——— 9.40  0.68 (-0.52101.88)

Total (95% C1) 5667 3854 < 100.00 -0.06 (-0.43 10 0.31)

1
ity: )- ]- - - ’-
ﬁopoug Test for heterogeneity: t'=0.00, '=3.85, df=7,P=0.80,’=0% .~ = o o o,

Test for overall effect: 2=0.31, P=0.75
Favours treatment Favours control

Livingston et al, BMJ 2016;354:i4707




Fovidia mov puvBuiIovy TNV TPOCANYN EVEPYEIAG/TPOPNS

LEPR gene A y p=0014  p=0316 C p=00% p=0.036
° L6 0.8 1
3'UTR pentanucleotide 1/D d iy
polymorphism o] g 04
7 § 02-
% X e ODD
= -0.2 B 0.2 4
%‘0_4_ E 0.4 - Dl
O1 popEiC TOL 2 06 Ll
AAMNAOUOEPOU | o Z L
EIXO'V U€YO)\UTEQ€Q B p=0015 p=0177 D p=0003 p=0297
UEIWOEIGC O AMY, 02 1 0.15 1
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] ] HE E
TTEQIPEPEIT PECNC, 2 42 1 £ 009 —_
OLYKPITIKO Je Toug DD 3 04 ﬁm =D
' ' ' = E
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yla TN hEiwon BApoug MEN  WOMEN MEN WOMEN

Zacharova et al, Obes Res, 2005;13:501-6



Gene - Diet interactions & Obesity

Summary of selected intervention & cohort studies on gene-diet interactions during the past 5-years.

Author Study design Genetic Main findings

markers
Qi et al 2011 Twao years, RS IRE1 genetic variants modified effects of dietary carbohydrate on weight loss
[42] intervention, n=738 rs2943641
Mattei et al. Two years, TCEALZ Dietary fat intake modified effect of TCFALZ genctype on changes in BMI, total fat mass, and
2012 [43] intervention, n=591 rs7903146  trunk fat mass
Qi et al 20012 Two years, GIPR Dietary carbohydrate modified GIPR genotype effects on changes in body weight
[44] intervention, n=737 rs2287019
Xu, et al. 2013 Two years, PRMIK Dietary fat modified genetic effects on changes in weight
[23] intervention, nN=734 rs1440581
Alsaleh et al,  One year, ADPOQ A diet high in n-3 polyunsaturated fatty acids modified the effects of rs2241786 on risk of
2013 [29] intervention, N=3&67 rs2241766  obesity
knoll et al One year, FAAH The FAAH rs324420 AAAC is not associated with weight loss in 2 1-year lifestyle intervention
2012 [27] intervention, n=453 rs324420 for obese children and adolescents
de Luis et al,  Three months o Metabolic improvemnent secondary to weight loss was better in A carriers with 2 low fat
2013 [26] intervention, n=305 rs893%6e0%  hypocaloric diet
Lai et al 2013 Four weeks Vistatin Visfatin rs4730153 homozygous GG Genotype may affect glucose and lipid metabolism in
[45] intervention, n=88 rs4730153  obese children and adolescents by reducing total triglyceride level and increasing insulin

sensitivity to exercise

Qi etal 2012 Cohorts (NH5, HPFS,  BMI-GRS The genetic association with adiposity was stronger among participants with higher intake of
[8] WGHS) sugar-sweetened beverages than among those with lower intake.
Qietal 2012 Cohorts (NHS, HPFS)  BMI-GRS Sedentary lifestyle may accentuate the predisposition to elevated adiposity, whereas greater
[21] leisure time physical activity may attenuate the genetic association.
Qi etal 2014 Cohorts (NHS, HPFS,  BMI-GRS Participants in the highest risk groups for both fried food and GRS had the highest BM overall
6] WGHS) Eating fried food more than four times a week had twice the effect on BMI for those in the

highest third of GRS than those in the lowest third.

GRS: genetic risk score, NHS: the Murses' Health Study, HPFS: the Health Professionals Follow-up Study, WGHS, the Women's Genome Health Study.
The GRS was calculated on the basis of 32 established BMI-associated variants.

Huang & Hu, BMC Medical Genomics 2015



Gene - Diet interactions & T2DM

® PREDIMED study: Case-control study in

7,052 high CVD subjects (3,430 T2DM
cases & 3,622 non-diabetics) with no
differences in BMI.

AIM: To investigate whether MC4R
rs17782313 & FTO rs9939609
associations with T2DM & BMI are
modulated by MedDiet.

Neither of the SNPs was associated with
T2DM. However, there were consistent
gene-diet interactions with adherence to
the MedDiet both for FTO-rs9939609,
MC4R-rs17782313 & their aggregate
score (P.iteraction<0-05). These gene-diet
interactions remained significant even
after adj. for BMI.

Conclusion: When adherence to the
MedDiet was low, the obesity risk alleles

were associated with T2DM regardless of

BMI.

Adherence to the Mediterranean diet

Low (<9 points)  High [>=9 points) P? interaction
OR 95%Cl OR 95%Cl  Genex AMD
FTO 159939600 (n=7/52) 003
T 100 (reference) 100 (reference)
TA + AA 121 (103140 |097 (085113
P'=0019 P'=0673
MC4R rs17782313 (n=7019) 0004
T 100 (reference) 100 (reference)
TC +CC 117 (101-138) |08 (078100)
P'=0035 P'=0097
Aggregate score (FTO/MC4R) 0,006
T and TT{0) 100 (reference) 100 (reference)
TAorTC (1) 126 (105156 |08 (075107
TAand TCorAhorCC(2) 129 (105159 |08  (07%-118)
Otherwise (3 ord wariants) 145 (110:193) |08 (066-112)
P'=0024 P'=0532
Variant allele effects™ 0012
(Pervariant allele: 1230r4) 112 (103121) 097 (091-105)
P'=0005 P'=0475

Ortega-Azorin et al. Cardiovascular Diabetology 2012



Gene - Diet interactions & CVD risk factors & Stroke

® PREDIMED study: Investigated whether the 10
TCF7L2-rs7903146 (C>T) SNP associations with
T2DM, glucose, lipids, & CVD incidence were
modulated by MedDiet.

TCF7LE, P=0.025

- CC

P ivs (0] 0,063

CT
® TCF7L2 was associated with T2DM
(TT vs. CC: OR=1.87; 95%CI=1.62-2.17).

® Adherence to MedDiet was found to interact with
the TCF7L2 in relation to fasting glucose, TC, LDL .| Control group
& TGL (P, eracion<0-05). When adherence to I T T '
MedDiet was low, TT participants had higher fasting Follow-p (years)
glucose & lipids than C allele carriers, but when

100 P [va CC 0306
adherence was high these differences were not \% &

apparent. ™

® TT subjects had a higher stroke incidence in the
control group compared with CC, whereas the
dietary intervention with MedDiet was associated
with reduced stroke incidence in TT but not CC
homozygotes.

Cumulative Survival (Stroke)
o o =

Pijws CC): 0UO06

=]

el

-]
I

TCF7LZ, P=0,538

Curnulative Survival (Stroke)
&

=}
)

MedDiet intervention

® Conclusion: MedDiet may not only reduce ™
increased fasting glucose & lipids in TT individuals, 0 2 H 6
but also stroke incidence. Foliovrup lyears)

Corella et al. Diabetes Care 2013
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EMIK-EAAAZ: ZuoXETION YEVETIKOU OKOpP & KapdlayyelakoU KivoUuvou

Yiannakouris et al. Atherosclerosis 2012

Genetic risk Score quintile p-value
15t (ref) ond 3rd 4th 5th for trend

GeneficriskScore 1057 10571179 11801293 12041413  >14.13

values
Coronary Heart Disease

Cases/Controls, (n) 77/273 88 /280 98 / 258 108 / 281 123 1253
OR (95%Cl) 1.00 1.10 1.36 1.37 1.74 0.0004

(0.78-1.57) (0.96-1.92) (0.98-1.92) 1.25-2.43)

Stroke

Cases/Controls, (n) 51/273 711280 63 /258 73 1281 62 /253
OR (95%Cl) 1.00 1.37 1.28 1.39 1.36 0.188

(0.91-2.05)  (0.85-1.93)  (0.93-2.08)  (0.90-2.06)




EMIK-EAAAZ: ZuoxéTion MNeveTikou & MeooyelakoU OKoOp

ME TOV KOPOIaYYEIAKO KivOuvo

Yiannakouris et al. BMJ Open 2014

0O GeneScore: lower B GeneScore: lower + RF

B GeneScore: higher @ GeneScore: higher + RF

Odds ratio

Smoking Physical activity = MedDiet score



Gene - Diet interaction & CVD

Genetic susceptibility to dyslipidemia and incidence of cardiovascular
disease depending on a diet quality index in the Malmo Diet and Cancer
cohort.

® 24,799 participants (62 % women, age 44-74 years) from the
Malmo Diet and Cancer cohort. During a mean follow-up time of 15 years,
3068 incident CVD cases (1814 coronary and 1254 ischemic stroke) were
identified.

® Genetic risk scores (GRSs) were constructed by combining 80 validated
genetic variants associated with higher TG and LDL-C or lower HDL-C.

® The participants' dietary intake, assessed by a modified diet history method,
was ranked according to a diet quality index that included six dietary
components: saturated fat, polyunsaturated fat, fish, fiber, fruit and
vegetables, and sucrose.

Hellstrand et al. Genes Nutr. 2016



Gene - Diet interaction & CVD

® The GRSLDL-C (P =5 x10(-6)) and GRSHDL-C (P =0.02) but not GRSTG (P =0.08)
were significantly associated with CVD risk. No significant interaction between the
GRSs and diet quality was observed on CVD risk (P > 0.39).

® Ahigh compared to a low diet quality attenuated the association between GRSLDL-C
and the risk of incident ischemic stroke (P interaction =0.01).

Table 2 HR in strata of diet quality index on incident CVD, coronary event, and ischemic stroke

Diet quality index P interaction®
Low Medium High
n=3360 n=15538 n=2833
HR (95 % ) HR (95 % Cl) HR (95 % Cl)
Total VD 530 cases 2186 cases 352 cases
GRS\ o1 1.11 (1.02-1.21) 1.09 (1.04-1.14) 1.07 (096-1.19) 0.39 (0.86)°
GRSupLc 1.08 (0.99-1.18) 1.03 (0.99-1.07) 1.10 (0.99-1.22) 085 (0.58)
GRS1g 1.02 (0.93-1.11) 1.03 (0.99-1.08) 1.05 (0.95-1.17) 0.86 (0.20)
Coronary event Cases n=313 Cases n=1285 Cases n=216
GRS o1 1.13 (1.01-1.26) 1.08 (1.02-1.14) 1.15 (1.01-1.32) 0.33 (0.08)
GRSupLc 1.02 (0.91-1.14) 1.03 (0.97-1.08) 1.11 (097-1.27) 0.35 (0.78)
GRSrg 1.06 (0.95-1.19) 1.06 (1.01-1.12) 1.09 (0.85-1.25) 0.78 (0.23)
Ischemic stroke Cases n=217 Cases n= 901 Cases n=136
GRS, oL 1.08 (095-124) 110 (1.03-1.17) 001 (007)
GRSupLc 1.16 (1.02-1.33) 1.04 (0.97-1.11) 1.07 (091-1.26) 0.18 (0.21)
GRSte 036 (0.84-1.10) 099 (0.93-1.06) 0.99 (0.83-1.17) 0.98 (059)

Cox proportional hazard regression was used to calculate HRs (95 % Cl) per 1 SD increase of the GRSs, P < 0.05, adjusted for age and sex among 24,799

participants in the Malm& Diet and Cancer cohort

2P interactions (GRSs x diet quality index as continuous variables) adjusted for age, sex, BM|, diet assessment method version, season, total energy intake, alcohol
habits, leisure time physical activity, educational level, and smoking habits

BP values in parentheses are sensitivity analyses excluding those reporting dietary changes in the past and potential energy misreporters, n = 16,030

Hellstrand et al. Genes Nutr. 2016



Gene-diet interactions and CVD: a systematic review of

observational and clinical trials

Tolstrup J et al 2010 ADHA1C rs1693482
Miao L et al 2017 MVK-MMAB rs877710
Hellstrand S et al 2016 GRS-LDLe W
Helistrand S et al 2016 GRS-HDLc W
Hellstrand S et al 2016 GRS—'%g w
Hellstrand S et al 2016 GRS-Tg M
Helistrand S et al 2016 GRS-Tg B
Tolstrup J et al 2010 ADH1B rs1229984
Chi Y et al 2018 PLA2GT rs1051931 =
Bergholdt H et al 2015 LCT13910 rs4988235 |
Virtanen J et al 2016 APOE rs7412 =
Chen H et al 2018 IL-6 rs1800797
Mizo L et al 2017 MVK-MMAB rs7134594
Hellstrand S et al 2014 FADS1 rs174546 B —3
Miao L et al 2017 MVK-MMAB rs3759387
Jensen M et al 2008 CETP rs708272 M
Chi Y et al 2018 PLA2GT rs1805017
Chi ¥ et al 2018 PLAZGT rs16874954
Gustavsson J et al 2016 FTO rs9939609 T .
Yiannakours et al 2014 CHD-GRS =3 value
Hellstrand S et al 2016 GRS-HDLc B
Hellstrand S et al 2016 GRS-LDLc B
Hellstrand S et al 2016 GRS-HDLc M
Ebrahim S et al 2008 ADH1C rs16934382 M
Jensen M et al 2008 CETP rs708272 W
Hellstrand S et al 2016 GRS DLc M
Chi Y et al 2018 PLA2GT rs1805018
Ebrahim S et al 2008 ADH1C rs1693432 W
Bos M M et al 2021 APOE
Hellstrand S et al 2014 FADS1 rs174546 W
Heidrich J et al 2008 ADH1C rs698 B
Younis J et al 2005 ADH1C rs6538
Liu C X et al 2022 EHBP1 rs2710642
Liu C X et al 2022 EHBP1 rs10496099
Heidrich J et al 2008 ADH1C rs638 W
Chen H et al 2018 IL-6 rs1800796
Huang L et al 2018 ALDH2 rs671
Liu F et al 2015 FADS1 rs174547
Liu ¥ et al 2020 TRIB1 rs17321515
Corella D et al 2010 CETP rs708272
Mehlig K et al 2014 CETP rs708272 W
Jensen M et al 2008 CETP rs708272 B
Heidrich J et al 2008 ADH1C rs698 M
Zheng P F et al 2021 SLC22A3 rs539298
Mehlig K et al 2014 CETP rs708272 M
Mehlig K et al 2014 CETP rs708272 B
Miao L et al 2017 MVK-MMAE rs9593
Chen H et al 2018 IL-6 rs1800795
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Fig. 3 Findings for interaction between genetic variants and diet in relation to coronary heart diseases. W =women, M=men, B=Both (Men and

waomen)
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Roa-Diaz et al. BMC Cardiovascular Disorders (2022) 22:377




Gene - Alcohol interactions
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Gene (APOE) — Alcohol interactions & Lipid levels

LDL cholesterol (mmol/L)
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Alcohol intake in women
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Corella D et al. Am J Clin Nutr 2001
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P for interaction = 0.001
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Alcohol intake in men



KatavadAwon aAKOOA:

Mérpia YwnAn
Avdpeg: <26.4 grinuépa > 26.4 grinuépa
Nuvaikeg: < 13.2 gr/npépa > 13.2 gr/inuépa

Plasma LDL-cholesterol concentrations by APOE allele type, stratified by alcohol intake

Men
APOE All men No intake | Moderate intake |[High intake
alleletype n (n=1014) (n=197) (n=602) (n=215)
mmol/L
E2 125 292+086 | 328+1.06 2.88%0.82~* | 2.68%0.67*
E3 691 337+077 _330+0.79 340+0.78 3.35%0.71
E4 198 343+083* 3.09+0.80 3.56%0.77*| 3.49+0.92~*

Allallele 1014 333+£080 321083 335081 3331078
types




Gene (APOE) — Alcohol interactions & Lipid levels

Corella D et al. J Nutr Biochem 2010

180
A B for interaction APOE (E2,E3, E4) X alcohol: 0.090

~ 160 - P for interaction APOE (E2, E4) X alcohol: 0.020 P** APOE: 0.001
“:” P* APOE: 0.531
E 140 -
-
a
- i i -

100

Non-drinker Drinker
70
B P for interaction APOE (E2,E3, E4) X alcohal: 0.197

- P for interaction APOE (E2, E4) X alcohol: 0.184
3 607 P** APOE: 0.013;
E P* APOE: 0.236
Q
- i . i .
=

40

Ez‘EafE:a‘H E2|E3-I'E3|E4
Non-drinker Drinker




Gene - Alcohol interactions & risk of Ml

Hines et al. NEJM 2001
® SNP (y,/y,) in the gene for alcohol dehydrogenase type

. M
3 (ADH3) alters the rate of alcohol metabolism. N o
® Nested case-control study from the prospective = =504
. . , . . 52 12 _
Physicians’ Health Study: Investigated the relation E L REE P=003
among the ADH3 polymorphism, the level of alcohol £ 501 P=0.004
consumption & the risk of Ml. S 48
o
Q
. ) = 46
® Conclusion: Moderate drinkers who are homozygous £
T . c -
for the slow-oxidizing ADH3 allele (y,/y,) have higher 3 .
HDL levels & a substantially decreased risk of MI. § 42-
40
<1 Drink/day =1 Drinks/day
N O 747 B Women
c O ¥i¥e — _
- = 1.0 B ¥:: 3 75 0 Yo P<0.001
= 0.8 o g o o 7
= o 0.8+ o ~= 704 H 7.
2 E & =
o5 0.6 S 65- P=0.007
S g a
ﬁ E =
o5 0.4 > 60-
« o z
= 0.2 - $ 55
ey h
0.0 T 50

=1 Drink/day =1 Drinks/day <Half a drink/day =Half a drink/day



Gene - Alcohol interactions & risk of Ml

® This relationship of SNP (y,/y,) in ADH3 (or ADH1C) was examined in a sample of middle-aged
(50-61 years) men (total of 2773 with 220 CHD events) participating in the prospective Second
Northwick Park Heart Study (NPHS II).

® Significant alcohol-genotype interaction on CHD risk was observed (p=0.02), with y,/y,
homozygotes, who were modest drinkers, displaying 78% CHD risk reduction compared to y,/y;
homozygotes (HR=0.22, 95%CI=0.05-0.94).

® Conclusion: ADH1C genotype modifies the relationship between alcohol consumption and
CHD risk but at lower levels than previously reported.

ADH1C :alcohol interaction p=0.02
Events/total

25/282 242 r ik
68/885 9142 b »
35580 191 : L

<3 units par week 277 y2y2 @
15223 312 : ,

21180 11 ! L

=3 units per week

0 units per week s/e8  y242 | "
EE.‘I??‘ ’:"1 ?2 I »
23207 1 T

-1 ] 1 2 3
Hazard Ratio

Younis et al. Atherosclerosis 2005



Gene - Alcohol interactions & risk of CHD

INTERGENE case-control study: Examined the
potential modification of the association between
alcohol consumption and CHD by the CETP TaqIB
(rs708272) SNP in a sample including both men &
women (618 CHD patients & 2921 controls, 19%
homozygous for the CETP TaqIB B2 allele).

The strongest protective association was seen in the
CETP TaqIB B2/B2 for intermediate vs. low ethanol
intake (OR:0.21; 95%CI: 0.10-0.44) (P teraction=0-008)

Similar effect size in men & women though
significant only in men (p=0.01).

Conclusion: The common attitude today is that
moderate alcohol intake will decrease everyone’s
risk of CHD. The present study suggests that this
message may be too general and should be
assessed in light of the weak overall effect of alcohol
on CHD in the general population and the emerging
knowledge about genetic susceptibility.

Mehlig et al. Alcohol 2014
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low (ref) intermediate
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high

|

B1B1 + B1B2 (n = 2880)

.

%

Ethanol intake

[ 67 /298  175/910 128/823 152/849 1
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Ethanol intake
B2B2 (n = 659)
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[ 17/78 39/177 13/197 271207 1
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Gene — Coffee interactions




Gene — Coffee interactions & risk of Ml

® The association between coffee intake & risk of myocardial infarction (MI) remains
controversial.

Coffee is a major source of caffeine, which is metabolized by the polymorphic cytochrome
P450 1A2 (CYP1A2) enzyme. Individuals who are homozygous for the CYP1A2*1A allele
are “rapid” caffeine metabolizers, whereas carriers of the variant CYP1A2*1F are “slow”
caffeine metabolizers.

® AIM: To determine whether CYP1A2 genotype modifies the association between coffee
consumption & risk of acute nonfatal MI.

® Cases (n=2014) with a first acute nonfatal Ml & population-based controls (n=2014) living
in Costa Rica. Caffeinated coffee intake was assessed via FFQ.

Cornelis et al. JAMA 2006



Gene — Coffee interactions & risk of Ml

El-Sohemy et al. Genes Nutr 2007

5 -
1 <1 cupd
4 - 1 1 cup/d
B 2-3 cups/d
B 4+ cups/d Coffee intake & risk of MI by
2 3 CYP1A2 genotype among
6:“ subjects less than 50 years of age.
0 Adjusted for age, sex, area of
E o residence, smoking (never, past,
o 1-19 cigarettes/day, 220
cigarettes/day), WHR, income,
1. physical activity, history of
diabetes, history of hypertension &
TEI, SFA intake, PYFAS, trans fat,
0 sucrose & alcohol.

“1A/*1A TAIF + *1F/1F
CYP1A2 Genotype

® CONCLUSION: Intake of coffee was associated with an increased risk of nonfatal Ml
only among individuals with slow caffeine metabolism, suggesting that caffeine plays
a role in this association.



Gene — Coffee interactions & risk of Ml

Table 3. Coffee Intake and Relative Risk of Myocardial Infarction by CYP1A2 Genotype,
smoking Status, and Age Category

Mo. (%) OR (95% CI)
Coffee Intake, Cups/d I(‘.:ases ﬂuntrulsl I Model 1 Model 2
Smoking Status®
MNomsmokers
1A% 1.4 n =532 n= 745
< Toi4) 101 (14] 1.00 1.00
B4 (16) 135 (18] 084 (0.56-1.258) 073 (047-1.14)
2-3 312 (59) 436 (B8] 0.95 (0.68-1.33) 0.75 (0.52-1.07)
=4 &1 (11) T30 113 (071177} 1.02 (0.62-1.67T)
*IAFTE + #]E*IF n==677 n = 844
=1 B5(13) 136 (16) 1.00 1.00
1 a7 (14) 158 (18] 096 (0.66-1.40) 1.01 (0.67-1.51)
2-3 3949 (=9) 46T (Bh) 1.32 (0.97-1.79) 1.27 (0.91-1.76)
=4 98 (14) B3 (10 1.72 (1.1 1-2.67)
Smokers
1A% 1.4 n = 368 n =187
=1 19 (&) 12 (6) 1.00 1.00
33 (9] 2313 090 (0.36-2.23) 0.87 (0.30-2.51)
2-3 198 (54) 102 (B5) 1.23 (0.57-2.64) 1.11 [0.45-2.TE)
=4 118 (32) B0 (27) 159 (0.71-3.54) 1.22(047-3.18)
*TA*TF + *1FE*1F n =437 n =238
=1 25 (B) 20 (8) 1.00 1.00
1 20 (5) 22 (9) 0.65 (0.27-1.54) 0,90 (0.33-2.50)
2-3 23T (54) 128 (b4) 1.42 (0.75-2.T0) 1.77 (0.83-3.76
=4 155 (35) 68 (29) 183 (0.94-3 56) 1.79 (0.80-3.98)

Cornelis et al. JAMA 2006

(P=0.04 for geneXcoffee interaction in all subjects)



GWAs of coffee consumption

Published in final edited form as:
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Coffee consumption & risk of OSA

Lowe et al. Journal of Trans!ational Medicine (2024) 22:951 Journal of
https://doi.org/10.1186/s1 2967-024-05737 -2 . y
Translational Medicine

REVIEW

Genetic susceptibility to caffeine intake 2
and metabolism: a systematic review

Jazreel Ju-Li Low'*®, Brendan Jen-Wei Tan', Ling-Xiao Yi%, Zhi-Dong Zhou'~ and Eng-King Tan'-**

Abstract

Background Coffee and tea consumption account for most caffeine intake and 2-3 billion cups are taken daily
around the waorld. Caffeine dependence is a widespread but under recognized problem.

Objectives To conduct a systematic reviewwy on the genetic susceptibility factors affecting caffeine metabolism
and caffeine reward and their association with caffeine intake.

Methodology We conducted PubMed and Embase searches using the terms “caffeine’, “reward’, "gene’ "poly-
morphism’ “‘addiction”, "dependence” and "habit” from inception till 2024, The demographics, genetic and clinical
data from included studies were extracted and analyzed. Only case-control studies on habitual caffeine drinkers
with at least 100 in each arm were included.

Results A total of 2552 studies were screened and 26 studies involving 1,851,428 individuals were included. Several
genes that were involved with caffeine metabolism such as CYP1A2, ADORAZA, AHR, POR, ABCG2, CYP246, PDS52
and HECTD4 rs2074356 (A allele specific to East Asians and monomaorphic in Europeans, Africans and Americans) were
associated with habitual caffeine consumption with effect size difference of 3% to 32% in number of cups of caf-
feinated drink per day per effect allele. In addition, ALDH2 was linked to the Japanese population. Genes associated
with caffeine reward included BDMF, SLC&A4, GCKR, MLXIPL and dopaminergic genes such as DRD2 and DAT1 which
had around 2-5% effect size difference in number of cups of caffeinated drink for each allele per day.

Conclusion Several genes that were involved in caffeine metabolism and reward were associated with up to 30%
effect size difference in number of cups of caffeinated drink per day, and some associations were specific to certain
ethnicities. Identification of at-risk caffeine dependence individuals can lead to early diagnosis and stratification of at-
risk vulnerable individuals such as pregnant women and children, and can potentially lead to development of drug
targets for dependence to caffeine.




Gene — Coffee interactions & risk of Ml

= International Journal of Epidemiolagy, 2015, 1-15
- Original article

Original article

Coffee intake, cardiovascular disease and all-
cause mortality: observational and Mendelian
randomization analyses in 95 000-223 000
individuals

Ask Tybjeerg Nordestgaard'? and Boerge Gronne Nordestgaard'?3*

® CONCLUSIONS: Observationally, coffee intake was associated with U-shaped lower
risk of CVD and all-cause mortality. However, genetic coffee intake was NOT
associated with risk of CVD or all-cause mortality and does therefore NOT support the
hypothesis that coffee intake influences risk of CVD and all-cause mortality.



Mendellan Randomazation

® Methodology is based on the tenet that if a biomarker has a causal association with
disease, the genetic determinants of the biomarker will also associate with disease risk.
A Causal risk marker B Non-causal risk marker
Observational
CAD biomarker - CAD biomarker -
Inurmodlltc # Intermediate
> phenotype
\ /ﬂn of causal risk \ Examples of non-causal
rilkmarkou.
I.DI. cholntuol + C-reactive protein
. Tolm'nnam + Lp-PLA2
cholesterol + HDL cholesterol
+ Lipoprotein(a) + Fibrinogen
* Body mass index * Homocysteine

A, If evidence #1 to #3 are all documented robustly, the interpretation is that the data are compatible with a causal
relationship. B, If evidence #1 and #2 are documented robustly, but the genetic determinants of the biomarker do not
associate with disease risk, the interpretation is that the association is noncausal. Using MR, major advances have been
made in determining the causal associations between plasma levels of Lpa, LDL-C, TG (as a marker of remnant cholesterol),
and body mass index (as a surrogate for obesity) with risk of CAD. In contrast, CRP, Lp-PLA2, HDL-C, fibrinogen, and
homocysteine, despite being robust risk markers, have not been shown to be causal.

McPherson & Tybjaerg-Hansen, Circulation Res 2016



Coffee consumption & risk of CVD

NG 1 utrients MbPy

Article
Coffee Consumption and Cardiovascular Diseases: A
Mendelian Randomization Study

Shuai Yuan 10, Paul Carter 2, Amy M. Mason ¥*, Stephen Burgess % and Susanna C. Larsson 1.5:*

Nutrients 2021, 13, 2218.

Cardiovascular disease Cases OR (95% CI) P
https://doi.org/10.3390/nu13072218
Abdominal aortic aneurysm 1660 —l—l— 1.26 (0.78, 2.03) 0.348
Thoracic aortic aneurysm 601 & Y 1.04 (0.53, 2.06) 0.909
Aortic valve stenosis 3528 e 1.26 (0.85, 1.85) 0.247
Atrial fibrillation 23 882 - 1.09 (0.94, 1.26) 0.257
Coronary artery disease 35979 e 1.01 (0.85, 1.20) 0.904
Heart failure 10 560 —— 1.06 (0.89, 1.27) 0.508 [ ] CONCLUSION ThIS Mendellan
- = 1= bt randomization study showed limited
Intracerebral hemorrhage 1504 _lf— 0.97 (0.63, 1.50) 0.899 . .
Subarachnoid hemorrhage 1292 —&F—— 1.24(0.78, 1.98) 0.357 eVIdence that COﬁee Consumptlon
Ischemic stroke 6566 —— 0.97 (0.79, 1.19) 0.760 affects the risk of develo P [ ng
Transient ischemic attack 4813 —_— 1.03(0.77,1.38) 0.822 cardiovascular disease, Suggesti ng
Venous thromboembolism 16 412 —— 1.17 (1.00, 1.36) 0.047 that preV|OUS Observatlonal StUd|eS
Deep vein thrombosis 10 386 —l: 1.26 (1.00, 1.58) 0.048 may have been Confounded.
Pulmonary embolism 7733 —— 1.08 (0.88, 1.32) 0.463
Peripheral arterial disease 4593 —_— 1.15(0.83, 1.58) 0.395
T T
0.5 1 20

OR in UK Biobank



Coffee consumption & risk of OSA

European Joumnal of Nutrition (2023) 62:3423-3431
https://doi.org/10.1007/500394-023-03239-0

ORIGINAL CONTRIBUTION .']

Check for
updates

Genetic association between coffee/caffeine consumption and the risk
of obstructive sleep apnea in the European population: a two-sample
Mendelian randomization study

Ming-Gang Deng'?[ - Fang Liu? - Kai Wang® - Yuehui Liang?® - Jia-Qi Nie® - Chen Chai®

Received: 17 Novernber 2022 / Accepted: 16 August 2023 / Published online: 5 September 2023
& The Author(s), under exclusive licence to Springer-Verlag GmbH Germany 2023

® CONCLUSION: ....found NO association between coffee/caffeine consumption and
the risk of OSA.
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Gene — Smoking interactions & CVD risk

® Framingham Offspring study:

Data from 1668 men (316 CVD
events) was reanalysed,
examining APOE-smoking
interactions.

® Overall HR for smoking: 1.95
(1.52, 2.50) compared to non-
smokers.

® CVD risk-raising effect of ¢4+
allele was confined to smokers,
with a significant interaction
between daily cigarette
consumption and APOE
genotype on risk (p=0.03).

Talmud et al. Ann Hum Genet 2005

Smokers

Non-smokers

40 Cigsiday

20 Cigsiday

10 Cigsiday

< Cig/day

Non-smokers

CVD-ICVD+
e4+ 5189 & 1381
€2+ 28/59 I ] i 3.46
€3/3 96380
—8— 1%
Genotype:smoking interaction
1.04 ed+vsed3 p=0.01
ed+ 35/180 €2+ vs €373 p=0.09
€2+ 20/108 1.04
€3/3 86535
NI I N T T T O O B
I T T T T T i
Hazard Ratio
E4+ R
E2+ ', Z .
E3E3 ——
Ed+
E2+ e
E3E3 ——
E4+
E2+ —— APOE smoking interaction p=0.08
E3E3 -
Ed+ T
E2+ —1—
E3E3 |
Ed+ 1k
g2 ———
E3E3 "
05 15 25 35 45 55 65 75

Hazard Ratio



Gene — Smoking interactions & CVD risk

W2+ Eews  [ete | [AroSmmsi imeonin o

® The potential mechanism for this APOE £0.00 ]- 4010 4361 4223 5090 3TE5 4174 TAOS valuss
€4-smoking interaction was examined in
a second study of 728 Caucasian
patients with diabetes, where markers of
reactive oxygen species were available.

NDIJI_

-

Adjusted Plasma TACS (%)

APOE genotype was not associated
with plasma OX-LDL or total antioxidant 1000 1
status (TAOS) in non-smokers.

However, in smokers €4+ had 26.7%

127 22 | Mumber

oo

N smokers
higher plasma OX-LDL than other g W Hean e | e
genotypes (pinteraction:0'04)l Whlle €2+ roop - 5136 AT.TE 43595 4633 A7 5T 55951 —
had 28.4% higher plasma TAOS than e l

£3€3 & €4+ combined (Pjeraction=0-026).

Bo00 =

4000 —

Therefore, a feasible mechanism for the
APOE-smoking interaction is the
reduced antioxidant capacity/increased
OX-LDL of apoE4.

Jn0n =

Z0on —

Adjusted Plasma OX-LDL {U/L)

1000 =

7 12 Humbsr

MNnn smnkrrs Emnkers

Talmud et al. Ann Hum Genet 2005



Gene — Smoking interactions, CAD risk & mortality

® LuUdwigshafen RiIsk & Cardiovascular Health study: Analyzed the association
between APOE-genotype, smoking, angiographic CAD & mortality (n=3263)

® In persons undergoing coronary angiography, there is a significant interaction
between APOE-genotype & smoking. The presence of the €4 allele in current
smokers increases cardiovascular & all-cause mortality.

Table 5 Hazard ratios for death from cardiovascular causes according to smoking and APOE-genotype in 3250 persons
undergoing coronary angiography

Smoking status Model 1 [HR (95% CI)] P-value Model 2 [HR (95% CI)] P-value
Model A
Never-smokers 1 Qreierence 1.0 enee
Ex-smokers 1.32 (1.05-1.66) 0.017 1.26 (1.00-159) 0.047
Current smokers® 194 (1.48-2.55) <0.001 1.92 (145-254) <0.001
Current smokers without &4 1.74 (129-2.35) <0.001 1.72 (127-233) 0.001
Current smokers with £4 2.79 (1.82-4.29) <0.001 2.81 (1.82-435) <0.001
Model B
Never-smokers q Oierece .o
Ex-smokers 1.30 (1.01-1.68) 0.046 1.23 (095-159) 0.112
Current smokers® 221 (1.64-298) <0.001 2.18 (1.61-295) <0.001
&4 allele present 1.24 (1.00-1.54) 0.049 1.28 (1.03-159) 0.026
Ex-smokers x £4 095 (059-1.52) 0.817 0.93 (0.58-149) 0.752
Current smokers x £4 1.74 (098-3.09) 0.060 1.69 (095-3.01) 0.074

Model 1: adjusted for sex

Model 2: multifactorially adjusted for sex, use of lipidlowering drugs (> 97%), ardiovascular risk factors [body mass index, diabetes mellitus, hypertension, LDL-C, HDL-C,
triglycerides (log transformed), e GRF), and clinical presentation (no CAD, stable CAD, UAP, NSTEML or STEMI).

Model A: no interaction terms.

Model B: including smoking (never, previous, or current) and absence or presence of at least one £4 allele as main effects and in addition an interaction term smoking x e4.
* Includes both current smokers with and without e4.

Grammer et al. Eur Heart J 2013



Gene — Smoking interactions & CHD risk

Athemscleross 237 (2004) 5-12

Contents lists available at ScienceDirect

Atherosclerosis

journal homepage: www.elsevier.com/locate/atherosclerosis

A systematic review and meta-analysis of 130,000 individuals shows
smoking does not modity the association of APOE genotype on risk of
coronary heart disease

@ CrossMark

Michael V. Holmes * ™ "', Ruth Frikke-Schmidt “*" ", Daniela Melis &', Robert Luben ",
Folkert W. Asselbergs - ¥, Jolanda M.A. Boer ', Jackie Cooper %, Jutta Palmen &,

Pia Horvat °, Jorgen Engmann b Ka-Wah Li 2, N. Charlotte Onland-Moret ™,

Marten H. Hofker ", Meena Kumari ”, Brendan J. Keating “, Jaroslav A. Hubacek “,

Vera Adamkova °, Ruzena Kubinova °, Martin Bobak °, Kay-Tee Khaw h

Barge . Nordestgaard d.efq Nick Wareham 9, Steve E. Humphries =,

Claudia Langenberg ™, Anne Tybjaerg-Hansen “% "1 Philippa ]. Talmud '

Grammer et al. Eur Heart J 2013



Gene — Smoking interactions & CHD risk

Genome-wide association study of gene by smoking
Interactions in coronary artery calcification

Panel A Panel B
ADAMTSS TBC1D4
8.00 8.0
4.00 4.04:—:
2 2.00 2 2.00
o 1.00 & 1.00
3 :
- Q.20 = 0.50-
g 025 E oa2s
= =
d 013 d 013
0.06 0.06-
0.03 0.03
— A — —Cg — = GA
Genotype Genotype

Figure 1. GxS interaction effects stratified by smoking status for ADAMST9 (rs4410439) (Panel A) and TBC1D4
(rs1560540) (Panel B) genotypes. The Figure shows the additive genotype effects (odds ratios) for each smoking strata
used to calculate interaction tests (blue bars for nonsmokers and red bars for smokers). The odds ratios on the y-axis are
plotted on the log scale with error bars for 95% confidence intervals, and the genotypes are shown on the x-axis.

Polfus et al. PLoS One 2013



Gene — Smoking interactions & serum lipids

The concentrations of HDL, LDL and TGL are influenced by smoking, but it is unknown whether genetic

associations with lipids may be modified by smoking.

follow-up in an additional 253,467 individuals.

Conducted a multi-ancestry genome-wide gene-smoking interaction study in 133,805 individuals with

Combined meta-analyses identified 13 new loci associated with lipids, some of which were detected

only because association differed by smoking status.

Demonstrate the importance of including diverse populations, particularly in studies of interactions with

lifestyle factors, where genomic and lifestyle differences by ancestry may contribute to novel findings.

rs73453125 and LDL

Meta—Analysis N MAF P-value

Non-Smokers 17,799 0095 0.01 S 3
Smokers 4,855 0.083 22e-7 ——

All 22645 0,095 Q.75 .
Al (Smk-Adj) 22,645 0.095 0.75 !

LI B e e e |
-10-8-6-4-2 0 2 4
LDL, mg/dl

rs10101067 (EYA1) and TGL

Meta—Analysis N MAF P-value W i SHP [l i Interaction
-
AFRSt1&2 24,901 0.05 014
- -
ASN S11 &2 112,768 0.12 0.06 -
—-
EURSt1&2 161,262 0.07 4 9E=0T -
—
HISPSt1 &2 18,878 0.05 026
S —
TRANSSt1&2 317,808 008 4.1E-08 ’ .

-0.1 -0.05 0 005
InTriglycandas

Bentley et al. Nat Genet. 2019 Apr;51(4):636-648



Gene — Smoking interactions & Obesity traits

Smoking-Interaction Loci Affect Obesity Traits: A Gene-Smoking
Stratified Meta-Analysis of 545,131 Europeans

® UK Biobank (UKB) data (N=334,808) and the Genetic Investigation of ANthropometric Traits (GIANT)
data (N=210,323)

® Identified four GWAs loci in interactions with the smoking status (Pyyatiied <59*1078): rs336396 (INPP4B)
and rs12899135 (near CHRNB4) for BMI, and rs998584 (near VEGFA) and rs6916318 (near RSPO3)

for WHRad|BMI.
® Findings suggest that obesity traits can be modified by the smoking status via interactions with genetic
variants through various biological pathways.

a [J nonsmoker M smoker b [ nonsmoker Ml smoker
INPP4B 9 = VEGFA — ()
(rs336395) ‘ (rs998584)
CHRNB4 i . RSPO3 . =
(rs128399135) (rs6916318)
-02“‘5 -Ol¢6 L) '025 ; 0 '05 [} C:M —O'N -0'03 -OICQ ~0IG1 :) 0 :)1 0 :)2 0 lOJ 0 ::4
Bola (9% Cl) Beta (55% C1)

Forest plots for gene-smoking interaction loci. Forest plots present the estimated effects (beta and 95% CI) for
gene-smoking interaction loci of stratified by smoking status on (a) BMI and (b) WHRadjBMI.

Lee W.-J.et al. Lifestyle Genomics 2022;15:87-97



Review of Polygenic Gene-Environment Interaction in

Tobacco, Alcohol, and Cannabis Use

® Studies testing the effect of single genetic variants on substance use have had modest
success. This paper reviewed 39 studies using polygenic measures to test interaction
with any type of environmental exposure (GxE) in alcohol, tobacco, and cannabis use.
Studies using haplotype combinations, sum scores of candidate-gene risk alleles, and
polygenic scores (PS) were included.

Overall study quality was moderate, with lower ratings for the polygenic methods in the
haplotype and candidate-gene score studies. Heterogeneity in investigated
environmental exposures, genetic factors, and outcomes was substantial.

Most studies (N = 30) reported at least one significant GXE interaction, but overall
evidence was weak. The majority (N = 26) found results in line with differential
susceptibility and diathesis-stress frameworks.

Future studies should pay more attention to methodological and statistical rigor, and
focus on replication efforts. Additional work is needed before firm conclusions can
be drawn about the importance of GXE in the etiology of substance use.

Pasman et al. Behav Genet. 2019 Jul;49(4):349-365.
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Gene — Physical Activity & Obesity

® The angiotensin-converting enzyme 50+
(ACE) insertion/deletion (1/D)
polymorphism was the first specific gene
variant to be associated with human
physical performance.

.Climbers
i Control

Per cent with
genotype
- N
(_D =

® The ‘insertion’ allele was associated with
elite endurance performance among /I ID DD

o

high-altitude mountaineers. b
110
® Also, after physical training, repetitive c5 90t T
weight-lifting is improved 11-fold in 3: 70 1 J.
individuals homozygous for the ‘insertion’ 8'2 50 +
allele compared with those homozygous 5 g 304 T
for the ‘deletion’ allele. = 10l I
l | [ 1 |
S0 D DD
ACE genotype

Montgomery et al. Human gene for
physical performance. Nature 1998



Gene — Physical Activity & Obesity

EPIC study & Norfolk Study: The FTO
variant rs1121980 (C>T) was genotyped
in 20,374 participants (39-79y) & its
effect was examined in relation to PA.

In active individuals the risk T-allele
increased BMI by 0.25 per allele, BUT
the increase in BMI was significantly
more pronounced (76%) in inactive
individuals (0.44 per risk allele).
(Pinteraction:O-OO4)-

Similar effects were observed for WC
(Pinteraction:O . 02) .

Conclusion: PA attenuates the effect of
the FTO rs1121980 genotype on BMI and
WC. Public health implications: Genetic
susceptibility to obesity induced by FTO
variation can be overcome, at least in
part, by adopting a physically active
lifestyle.

Vimaleswaran et al. AJCN 2009

>

Body mass index (kg/m2)

Waist circumference (cm)

p=0.004*
[)
4 A\
Active group
w84
p=0.062 P<0.001 P<0. OOI P<0.001
27 - cc
26 Bcr
25
OorTr
24 —
Active Moderately  Moderately Inactive 0.055%*
(n=3,709) Active Inactive (n=6,252) Pinteraction™
(n=4,610) (n=5,803)
Levels of physical activity
p=0.02*
4
. A
Active group
%57~ ~
P<0.001 p=0.001 P<0.001 P<0.001
90 - Occ
CT
85 =
arr
80 - -
Active Moderately  Moderately Inactive _ -
(n=3,709) Active Inactive  (n=6,252) Pinteraction™ 0.33
(n=4,610) (n=5,803)

Levels of physical activity



Gene — Physical Activity & BMI

® Meta-analysis of 111,421 samples from 11 cohorts of European ancestry with high levels of PA.
® Genetic risk score from 12 obesity-susceptibility loci.

® The meta-analysis yielded a statistically significant GRS — PA interaction effect estimate
(Pinteraction:O-015)-

= Low genetic risk score (GRS <11)
® High genetic risk score (GRS 211)

26.4 -
~ 260
E | L B
(=]
=
Z 256

25.2

24.8

Inactive Combined Active

Ahmand et al. PLOS Genet 2013



Gene — Physical Activity & BMI

EPIC study: Population-based sample of 20,430
individuals (aged 39-79 y) with an average follow-
up period of 3.6 y.

Genetic risk score from 12 obesity-susceptibility
loci.

Each additional BMI-increasing allele was
associated with 0.154 (x0.012) kg/m?increase in
BMI (p=6.73x10-%). This association was
significantly more pronounced in inactive than in
active people (pinteraction:0-004)-

Similarly, each additional BMI increasing allele
increased the risk of obesity 1.12-fold (95%CI:
1.09-1.14) in the whole population, but significantly
more in inactive than in active individuals

(pinteraction:0-015) .

PA modified the association between the genetic
predisposition score & change in BMI during
fO”OW-Up (pinteractionzo-028)-

Conclusions: Living a physically active lifestyle is
associated with a 40% reduction in the genetic
predisposition to common obesity, as estimated by
the number of risk alleles carried for any of the 12
recently GWAS identified loci.

BMI (kg/m?2)

28.5

27.5

26.5

25.5

24.5

O Low genetic susceptibility (score < 11)
[ High genetic susceptibility (score > 11)

P for interaction = 0.004

0
I
27.2
.
L
I
26.5
.
+ 26.2
25.8
Inactive Active

Shengxu et al. PLOS Med 2010



Gene — Physical Activity interactions & Obesity

A

31 -

® PREDIMED study: 7,052 high CVD risk e 026
subjects (3,008 men & 4,044 women)

== OW
=8=HIGH

® AIM: To investigate whether MC4R rs17782313
& FTO rs9939609 associations with body-weight

are modulated by diet & physical activity (PA) W

® FTO rs9939609 was associated with higher BMI, 29
WC & obesity (P<0.05). A similar, but not
significant trend was found for MC4R.

Their additive effects (aggregate score) were
significant (OR:1.07; 95%CI 1.01-1.13)

30 A

BMI(kg/m2)

0 1 2 3or4
Aggregate score FTO/ MC4R

B

104 4
P-interaction
Score x PA: 0.014 —§=LOW
—e—HIGH

103 -

Statistical interactions with PA were observed. 102 -

In active individuals, the associations with higher
BMI, WC or obesity were not detected.

101 A

100 4

Waist circumference (cm)

® Conclusion: PA modulate the effects of FTO & 99 -
MCA4R polymorphisms on obesity.

98

0 1 2 3or4
Aggregate score FTO [ MC4R

Corella et al. PLOS one 2012



Gene — Physical Activity interactions & Obesity

® Prospective cohort study:
analyzed interactions between Women
TV watching, leisure time Physical activity (4 METs/d) B Men
physical activity, & genetic ke
predisposition in relation to BMI
in 7740 women & 4564 men
from NHS & HPFS

Vigorous activity (0.5 h/d)

® Genetic risk score: based on 32-
BMI associated SNPs.
Outcome measure: Repeated
measurement of BMI over Walking (1 h/d)
follow-up

® The genetic association with
BMI was strengthened with
increased hours of TV watching
(Pinteraction<0-001). In contrast, ' ‘ ‘ | ' | | |
the genetic association with BMI 1540 85 0 0 10 150
was weakened with increased Differences in the effect of the weighted GRS on BMI {kg/m?)
levels of physical activity.

TV watching (4 h/d)

Qi et al. Circulation 2012



Gene — Physical Activity interactions & Obesity

® The modifying effects of TV

association.

5
g
watching & PA on genetic £ 2
associations with BMI were 2 |
independent of each other. 5 e
o
‘Eﬁs‘ 15 1 55
® Conclusion: A sedentary 53 | §
lifestyle may enhance the 'é" 10 1 ]
predisposition to elevated = ] - £
adiposity, whereas greater 2 %2 221§
leisure time physical activity : L #e ;
may mitigate the genetic i a4 %
& 5
2

T i
T3
Tertile of physical activity

Difference in BMI per 10 points of the weighted genetic risk score (GRS)
according to joint classification of physical activity and TV watching.

Qi et al. Circulation 2012



Gene — Physical Activity & Obesity

® Multi-ethnic prospective cohort EpiDREAM: Reddon et al. Scientific Reports 2016
Analyzed the impact of PA on the association between
14 obesity predisposing variants (analyzed
independently and as a GRS) & baseline/follow-up

obesity measures (n=17423 from 6 ethnic groups).
32

® Increased PA was associated with decreased BMI/BAI 31 1
at baseline/follow-up.
® FTO rs1421085, CDKALL rs2206734, TNNI3K 1
rs1514176, GIPR rs11671664 and the GRS were E 2
associated with obesity measures at baseline and/or
follow-up. 28
® Both basic and quantitative PA measures attenuated 27
the association between FTO rs1421085 risk allele
and BMI/BAI at baseline and follow-up. 2 -
. . High py
® Conclusion: PA can blunt the genetic effect of FTO Moderatg p,
rs1421085 on adiposity by 36-75% in a longitudinal Low py

multi-ethnic cohort. Findings suggest that obesity
prevention programs emphasizing vigorous PA for
genetically at risk subgroups may be a valuable
contribution to the global fight against obesity.

Mean baseline BMI values stratified by physical
activity level (PA) & FTO rs1421085 genotype



Gene — Lifestyle interactions




Gene — Lifestyle interactions & CVD risk

The NEW ENGLAND JOURNAL of MEDICINE

Genetic Risk, Adherence to a Healthy
Lifestyle, and Coronary Disease

AmitV. Khera, M.D., Connor A. Emdin, D.Phil., Isabel Drake, Ph.D.,
Pradeep Natarajan, M.D., Alexander G. Bick, M.D., Ph.D., Nancy R. Cock, Ph.D.,
Daniel I. Chasman, Ph.D., Usman Baber, M.D., Roxana Mehran, M.D.,
Daniel ). Rader, M.D., Valentin Fuster, M.D., Ph.D., Eric Boerwinkle, Ph.D.,
Clle Melander, M.D., Ph.D., Marju Orho-Melander, Ph.D., Paul M Ridker, M.D.,
and Sekar Kathiresan, M.D.

Analyzed data for participants in 3 prospective cohorts (n=51,425) & 1 cross-sectional
study (n=4,260) to test the hypothesis that both genetic factors & baseline adherence to
a healthy lifestyle contribute independently to the risk of incident coronary events & the
prevalent subclinical burden of atherosclerosis.

Determined the extent to which a healthy lifestyle is associated with a reduced risk of
CAD among participants with a high genetic risk.

® Polygenic risk score: up to 50 GWAs SNPs associated with CAD

Healthy lifestyle: each individual was also scored for adherence to 4 healthy lifestyle
behaviors described by the AHA: no smoking, no obesity, weekly physical activity, and a
healthy diet. A favorable lifestyle was defined as at least 3 of the 4 healthy lifestyle

factors.
Khera et al. NEJM 2016



Genetic Risk, Adherence to a Healthy Lifestyle & CAD

A lerasis Risk in C ities
‘Genetic Risk Lifestyle Risk
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Khera et al. NEJM 2016

® Across 3 studies involving
>50,000 participants, genetic &
lifestyle factors were
independently associated with
susceptibility to CAD.

Standardized Coronary Events Rates, according to
Genetic & Lifestyle Risk in the Prospective Cohorts.



Genetic Risk, Adherence to a Healthy Lifestyle & CAD

A Atherosclerosis Risk in Communities

Genetic Risk Lifestyle Risk
0.25- . ‘ 0.25- _ .
— High; hazard ratio, 1.75 (1.46-2.10) — Unfavorable; hazard ratio, 1.71 (1.47-1.98)
Intermediate; hazard ratio, 1.27 (1.09-1.49) Intermediate; hazard ratio, 1.18 (1.02-1.36)
0.20- — Low (reference) 0.20- — Favorable (reference)

0.15+ 0.15+

0.104 0.104

0.05+4 0.05+

Standardized Coronary Event Rate

Years of Follow-up Years of Follow-up

® The RR of incident CAD was 91% higher among participants at high genetic risk
(Q4) than among those at low genetic risk (Q1) (HR:1.91; 95%CI: 1.75-2.09).

Khera et al. NEJM 2016



Genetic Risk, Adherence to a Healthy Lifestyle & CAD

® Among participants at high genetic risk, a favorable lifestyle was associated with a
46% lower relative risk of coronary events than an unfavorable lifestyle (HR: 0.54;

95%ClI: 0.47-0.63).

A Atherosclerosis Risk in Communities

Standardized 10-Yr Coronary Event Rate

Low Intermediate High

Genetic Risk

B Women's Genome Health Study

Standardized 10-Yr Coronary Event Rate

Low Intermediate High

Genetic Risk

C Malmé Diet and Cancer Study

Standardized 10-Yr Coronary Event Rate

124

26 2.7 47 34 38 6.1
Low Intermediate High

Genetic Risk

10-Year Coronary Event Rates, According to Lifestyle and Genetic Risk in the Prospective Cohorts.

Khera et al. NEJM 2016
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O Eavorable O l.ntermediate O L_Jnfavorable ® In the Biolmage Study, a favorable
lifestyle lifestyle lifestyle : ) )
lifestyle was associated with
100+ significantly less coronary-artery
calcification within each genetic risk

category.

® CONCLUSION: Across 4 studies
involving 55,685 participants, genetic
& lifestyle factors were independently
associated with susceptibility to
coronary artery disease.
Among participants at high genetic
risk, a favorable lifestyle was
associated with a nearly 50% lower
15 22 31 32 29 47 g 32 52 64 relative risk of coronary artery
Low Intermediate High disease than was an unfavorable
lifestyle.

Standardized Coronary-Artery
Calcification Score

1

Genetic Risk
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OBJECTIVE: To investigate the association of combined health behaviors and factors
within genetic risk groups with CAD, atrial fibrillation (AF), stroke, hypertension, and
T2D as well as to investigate the interactions between genetic risk and lifestyle.

® Analyzed data for 339.003 unrelated individuals of white British descent (UK Biobank).

® Polygenic risk scores: CAD: 169 SNPs; AF:25 SNPs; Stroke: 11 SNPs;
Hypertension:107 SNPs; T2D: 38 SNPs

Lifestyle: individuals were also scored for adherence to 4 lifestyle behaviors (AHA
guidelines): smoking, obesity, physical activity, and diet. Overall lifestyle was
categorized into ideal (having at least 3 ideal lifestyle factors), poor (having at least 3
poor lifestyle factors), or intermediate (all other combinations).

Said et al. JAMA Cardiol 2018
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II‘ Coronary artery disease

Group HR {95% Cl) AR, %
Low genetic risk
Ideal lifestyle 1 [Reference] 1.28 L
Intermediate lifestyle 1.48(1.26-1.74) 2.38 B
Poor lifestyle 2.85(2.29-3.53) 4.81 : -~
Intermediate genetic risk ]
Ideal lifestyle 1.28(1.09-1.51) 162 -
Intermediate lifestyle 1.95(1.68-2.27) 3.09 -u-
Poor lifestyle 3.65(3.08-4.33) 591 — .
High genetic risk
Ideal lifestyle 1.79(1.48-2.16) 2.22 B B
Intermediate lifestyle 2.82(2.41-3.29) 4.29 —8—
Poor lifestyle 4.54(3.72-5.54) 6.99 —
o 1 2 3 4 5 &
HR {95% CI)
E] Stroke
Group HR {95% C1} AR, %
Low genetic risk H
Ideal lifestyle 1 [Reference] 0.62 | ]
Intermediate lifestyle 1.20(0.96-1.49) 088 .
Poor lifestyle 1.87(1.34-2.61) 1.46 L —m
Intermediate genetic risk
Ideal lifestyle 1.11(0.88-1.41) 0.68 ~m—
Intermediate lifestyle 1.31(1.06-1.61) 0.96 =
Poor lifestyle 2.23(1.73-2.88) 172 —
High genetic risk H
Ideal lifestyle 1.22(0.93-1.62) 0.75 ——
Intermediate lifestyle  1.50(1.20-1.86) 1.09 L —m—
Poor lifestyle 2.26(1.63-3.14) 173 i —n
0 1 2 3 2
HR{95%C1)
|I| Type 2 diabetes
Group HR (95% C1) AR%
Low genetic risk
Ideal lifestyle 1 [Reference] 027 m
Intermediate lifestyle  3.09(2.22-4.30) 1.00 --
Poor lifestyle 10.82(7.54-15.54) 3.87 —
Intermediate genetic risk
Ideal lifestyle 1.33(0.93-190) 035 m
Intermediate lifestyle  4.40(3.19-6.07) 141 -m—
Poor lifestyle 12.33(8.84-17.22) 4.50 ——
High genetic risk
Ideal lifestyle 1.94(1.30-290) 052 =
Intermediate lifestyle  6.27 (4.53-8.68) 1.99 -—
Poor lifestyle 15.46(10.82-22.08) 5.54 —n
0 s 10 15 20 2%

HR (95% CI)

Atrial fibrillation
HR (95% C1) AR, %

1 [Reference] 0.90
1.40(1.16-1.70) 1.53
2.24(1.69-2.97) 2.31

1.51(1.24-1.84) 1.32
1.94(1.62-2.33) 2.09
3.15(2.56-3.88) 3.26

2.58(2.09-3.19) 2.26
3.20(2.66-3.85) 3.37
5.41(4.29-6.81) 5.46

E] Hypertension
HR (95% CI) AR, %

1 [Reference] 2.15
1.86(1.62-2.13) 4.43
3.50(2.87-4.27) 8.16

1.37(1.19-1.58) 2.88
2.28(2.01-2.60) 5.32
4.26(3.66-4.96) 9.84

1.52(1.29-1.79) 3.10
2.67(2.34-3.05) 6.02
4.68(3.85-5.69) 10.71

S
-
-
m—
.
——
—_—
2 4 &
HR (95% CI}
-
—.—
=
‘=
— .
-
-.—
N

HR (95% CI)

Said et al. JAMA Cardiol 2018

® Genetic risk and lifestyle were

independent predictors of incident
events.

Compared with ideal lifestyle in
the low genetic risk group, poor
lifestyle in the high genetic risk
group was associated with a HR
(95%CI):

v CAD: 4.54 (3.72-5.54)

v AF: 5.41 (4.29-6.81)

v Hypertension: 4.68 (3.85-5.69)
v Stroke: 2.26 (1.63-3.14)

v T2D: 5.46 (10.82-22.08)

No significant interactions were
found between behavioral lifestyle
and GR of any outcome
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eFigure 2. Risk of incident coronary artery disease associated with genetic risk and lifestyle stratified by sex eFigure 4. Risk of incident stroke associated with genetic risk and lifestyle stratified by sex
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eFigure 5. Risk of incident hypertension associated with genetic risk and lifestyle stratified by sex eFigure 6. Risk of incident diabetes associated with genetic risk and lifestyle stratified by sex

Hypertension Men Women Diabetes Mellitus Men Women
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® The study was the first to report associations of combined health behaviors and factors
in different GR groups for AF, stroke, hypertension, and T2D.

® The effects of combined health behaviors and factors across GR groups are in line with
a previous report for CAD (Khera et al. NEJM 2016) which studied a smaller population of
55.685 participants with 5103 (9.2%) new-onset events. The general risk patterns
associated with lifestyle and GR were similar in both studies.

® However, the present study suggests the HR associated with poor lifestyle and high GR
may be 1.3-fold (95% CI, 1.25-1.34) higher compared with the previous report.
Compared with the previous report, the present study included more SNPs associated
with CAD (169 vs 50) to increase power for estimating the GR. Furthermore, information
on lifestyle behaviors and factors were collected uniformly for all participants in the UK
Biobank study, whereas each of the 4 cohorts included in the previous report used
different methods to collect this data.

® CONCLUSION: poor behavioral lifestyle was a strong incremental risk factor of new-
onset CVD and diabetes in this large cohort. This study showed that GR and combined
health behaviors and factors have a log-additive effect on the risk of new-onset diseases
but that there were no interactions between these risk factors. Behavioral lifestyle
changes should be encouraged for all through comprehensive multifactorial
approaches, although high-risk individuals may be selected based on their GR.



First study to provide evidence for a
gene-diet & gene-physical activity
interaction on obesity and T2DM in an
Asian Indian population.

Interaction of the FTO gene SNP
(rs11076023) with dietary fibre intake on
WC & BMI. Individuals with AA genotype
who are in the 3rd tertile of dietary fibre
intake had 1.62 cm decrease in WC &
0.50 kg/m? decrease in BMI compared
to those with ‘T’ allele carriers.

Furthermore, among those who were
physically inactive, the ‘A’ allele carriers
had 1.89 times increased risk of obesity
than those with ‘CC’ genotype
(P=4.0%107%).

Conclusion: The association between
FTO SNPs & obesity might be
influenced by CHO & dietary fibre intake
and physical inactivity.

Vimaleswaran et al. Nutrition & Metabolism 2016

Gene — Lifestyle factors & Obesity
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