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Outline

* What are the different dietary patterns and what is a food
pyramid

*  Which are the nutritional factors related to common diseases
 What is the planetary diet

* Which are the nutraceuticals and functional foods
* What is nutrigenetics and why investigate it

* How might gene-by-environment interactions modulate
disease risk
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Food groups

Vegetable

Protein (meat,
eggs, fish,

legumes)
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Nutrients - Macronutrients

CARBS PROTE[N FAT

Broad Chicken )
Cereal Egg whites y Eggs Avocado
Fruit Lentils Lean beef Fatty/ Canola oil
& pork oily fish
t P i
Oats gas Soy Nuts & seeds Cosanstol
sta (@]1]] i
Pa uinoa Turkey Full-fat Flaxseed
Potatoes Yogurt ! o t Olives
= Low-fat milk e
Rice . Whole Olive oil
. : Low-fat milk
Veggies Greek yogurt
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Nutrients - Micronutrients
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Dietary patterns

e The quantity, variety and combination of different foods and beverages in a diet and
the frequency with which they are consumed:

- Cooking and preparation methods
- Cultural and regional influences

* Well-known dietary patterns:
- Mediterranean diet
- DASH diet
- Plant-based/vegan/vegetarian diets
- Western diet
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Food pyramids

USA Food Guide Campansmn Through the Years

Eats. Olls & Swasls
USE SPARINGLY

KEY = Adulty should be
0 Fa (mnmaly oexuriog and asdes) Mmhn
B Suzars (addod; et 30 minuties.

[ e T — most days of the . . / New FOOd
e G/ Pyramid

Magi, u.-m Figh, Dry Baans, activity may be
Eggs & Huts Groug needed to prevent

2-1 SERVINGS

H'Ull Group

2-4 SERVINOS -

= Most ot should be = Kisep commumption
from fish, ruts and of waturated fats,
egetable ol rans s and

o Limt i tatn. R
such as butter, = Choose foods low
margere of el in acded sugac

Biwand, Carwal

Rice & Fas1s CATTGOR “
Growp Halfof all graien consumed  Vary the bypes of m.mmunu; £t low-tat o Lat-bow Ea:lunwh. oo Rt s
- per irvein cam be foure om
DRARY AMOLNT 6o 250 2ogs Joms 55

B 000 caor et

*Exercise Added to Food Guide
*Fats, Qils, & Sweets have a *Qils became smaller visual representation

surprisingly large visual portion — :
compared to later food guides *Simplified Graphic Approach

=Specific food categories, highly *No Exercise in graphic
descriptive
*Meat & Beans change to a more

generic “protein” category

*Milk became “dairy”

+Elimination of serving size in

\8;_ Queen Mary . exchange for proportion
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Food pyramids DASH

White rice,

\\ White bread, Fats, Oils and Sweets
white pasta; .

\ potatoes, use Sparingly

\ soda, and

“W\ sweets

4 Use sparingly 4

+ Calcium, Yitamin D,
Yitamin B-12

Supplements

Mediterranean Biittor

. Dairy or calcium \\
e, supplement, N\

Milk, Yogurt and
Cheese Group

u& Meat, Poultry, Fish
,;g Dry Beans and

5]

Multifple vitamins 3 Servings - ’ h Nut Group
ormost ' \ 2 Servings
R RS Vegetable i

.9@ @  Nuts, legumes, Ggroup Fruit Group

il 1-3 times/day | .
Alcohol in ' 3 Servings 2 Servings

moderation
(if appropriate)

Fgr‘tifield- W Yo% o Rice and
ereal, r e : -, Pasta
Bread = #@ 6 Servings
/ \

Water 8 Servings

i, Fruits, 2-3 times/day

Plant oils (olive, canola, soy, ’ N
s, ®= corn, sunflower, peanut, \§§
“Whole grain foods (at most meals)“:' M/ and other vegetable oils) \

’ % Daily exercise and weight control é{ﬁw

RS )
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Food pyramids

Vegetarian

vegetable D
@s‘% ol !

Sweets, sugary drinks, red
nd processed meats:

a
ia% sometimes per month

Fish: 1-3 servings Dairy products: 2-4
a week % ﬂ servings a week

‘White meat and eggs: 4-
servings a week ™)

Legumes: 2-3 servings
a week

Nuts: 1 serving 2
@G0g aday,/ Jp P> o

Fresh fruits: 2-3 £ 1
serving a day 'g:;‘ -

Whole grains: 2-3 = (
portions a day w

Extra virgin
olive oil:
30-40 ml / day

Mediterranean food pyramid

Legumes and herbs:
sometimes
per month

Fish fingers:
Nuts and peanuts:

1-3 servings
a week m

Fruits: 4-

m 1-2 servings a week

Vegetables:
2-3 servings

Eggs: 1 serving

aday /oome T

White and red meat: .
2-3 serving - ES <
a day ~ 4

5
servings ax v
a week ré% {ti‘ a week

Seeds oil:
30-50 ml/day

Dairy products:
3-5 servings

e per day

legumes and soy

whole grains

Refined wheat and Soda and sugar

* A reliable source of vitamin B12 should be included if no dairy or eggs are consumed. potatoes: 3-4 ‘ 5 - beverages:
portions a day; a p " “m 0,5-2 1/ day

- 2\ ==
Other Lifestyle > ) Daily Exercise e Water—eight, 8 oz. Sunlight—10 minutes
J| glasses per day

Recommendations aday to activate vitamin D

Western-style food pyramid
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Mediterranean Diet and the risk for chronic disease

« Recent umbrella review meta-analysis: m

- P adherence to the MedDiet -> {, incidence of
T2D, { incidence/mortality of CVD and cancer

- Aninverse dose—response association of whole
grains with cancer mortality

- A non-linear dose—-response model that {,
intake of total dairy products could be
protective against cancer-related deaths

$59.35 0}
aouelsisay)

- Processed meat has been particularly associated
with an 1 risk of colorectal and stomach non-
cardia cancers

- Fruits, nuts, whole grains are associated with |,
risk of colorectal cancer

h Galbete C et al. Eur J Epidemiol, 2018
WO A
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Vegetarian Diet and the risk for chronic disease

e Large-scale studies comparing
vegan/vegetarian people vs
meat-eaters

Mibre,

saturated fat

* Similar nutrient intakes;
nutritionally adequate

* Vegan/vegetarians vs meat-

eaters:
- ¢ BMI :
- serum LDL cholesterol v IB'12, Vi g’
- & blood pressure szg;g]c’idn;
- & bone mineral density iodine

. . - .
\i’;_'l Queen |\/| ary Key T‘et al._ Proceedings of the Nutrition Society, 2022
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Vegetarian Diet and the risk for chronic disease

Disease subgroup Hazard ratio (95% Cl)

e Large-scale studies comparing

Cardiometabolic diseases

Ischaemic heart disease ) - 0.7 (0.69, 0.86) vega n/Vegeta rian people VS meat-eaters
Total stroke 2% Hl- 1.17 (1.00, 1.38)
Haemorrhagic stroke 2% —.— 1.48 (1.11,1.97) H .
Diabetes @ - 0.65 (0.55, 0.76) * Vegeta rlans:
Diabetes (adjusted for BMI)@*) —m| 0.89 (0.75, 1.05) _ \l/ ri S k Of I H D
s - risk diabetes
All cancerst = 0.90 (0.84, 0.97)
—— T 0% (020,070 - risk diverticular disease
Cervixtt — 1.90 (1.00, 3.60)
Haematologicaltt —— 0.64 (0.48, 0.84) -

J risk kidney stones

Fractures @

All fractures [: 1.11(1.02, 1.21)
—-
-

J risk cataracts

All fractures (adjusted for BMI) 1.09 (1.00, 1.19)
1.34 (1.12, 1.61)
1.25 (1.04, 1.50)

J risk cancers

Hip fracture

Hip fracture (adjusted for BMI)

™ risk of stroke (principally haemorrhagic

Other diseases and conditions St ro ke )
Diverticular diseaset ¢ —-— 0.73 (0.58, 0.92) .
Gallstonest 4 - 1.08 (0.94, 1.24) - /I\ r I S k b O n e fra Ct u re S

Gallstonest (adjusted for BMI)®* - 1.22 (1.06, 1.41)
Kidney stonestt % —a— 0.69 (0.48, 0.98)

Cataracts %6 - 0.70 (0.58, 0.84)

Key T et al. Proceedings of the Nutrition Society, 2022
5 10.1017/50029665121003748

025 0.5 1 2 4

Hazard ratio (95% Cl)
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Vegetarian Diet — Environmental Sustainability

e Climate and environment benefits
* Assumption: the diet does not comprise large quantities of processed foods

* Current trend towards eating more highly processed plant-based convenience foods:
- Public health concerns
- Missing the targets of reducing GHG emissions

* Availability of plant-based convenience foods:
- Shift towards eating a more plant-based diet
- Willingness to eat less meat if it is attractive, convenient and accessible

* Ensure that dietary changes to reduce meat consumption will improve health and it does not
become the vehicle for high fat, sugar and salt foods, which could also create more environmental
damage

. . . . . .
WO Queen Mary Macdiarmid J, Proceedings of the Nutrition Society, 2022

(O
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The planetary diet - Overview

-
- -~
- -
= -~
~
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7/ siebns peppy
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EAT-Lancet Commission -> planetary health diet:
restricted intake of highly processed foods and
animal source foods globally

The planetary diet is designed to address the
challenges of providing a nutritious and sustainable
diet for the world's growing population while
mitigating the environmental impacts of food
production

Recommended intake for adults: 2500 kcal per day

While this amount will vary based on age, gender,
activity levels and health profiles, overconsumption is
a waste of food with both health and environmental
costs

https://eatforum.org/eat-lancet-commission/the-
planetary-health-diet-and-you/



The planetary diet — Greenhouse gas emissions

* Plant-based diets could reduce expected
emissions by up to 80%

* The effect on country-specific GHG
emissions low-income regions not well
characterized

*  Modelling study:

- In 14 countries (0.3 billion) -> small
change in GHG emissions

- Reduce per capita GHG emissions for
~60% of the world’s population

- Increase per capita GHG emissions for
the remaining ~40%

Percentage change in GHG emissions A
(kgCO,e per capita per year):
[l >50% increase

[l 10-50% increase

[:| +/~10% change

D 10-50% decrease

. >50% decrease

No GHG data

Replacement of an unhealthy diet with a high GHG footprint in high-income countries
Replacement of an insufficient diet limited in diversity and nutrients with a low GHG footprint in LMICs

\eQ_e’ Queen Mary
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The planetary diet — Nutritional content

* A planetary health diet consisting mostly of
minimally processed, healthy plant source foods
that is low in animal source foods 51 Adults (25 years and older) I Women (aged 15-49 years)

Joo 100%100% 99% 100%

* Nutritionally adequate? -> insufficient intake of 5 T g, (O —
minerals such as iron (especially for women of i 78%)
reproductive age), calcium and zinc

60 %
* Adequate dietary nutrient intake: =

- Increased quantities of nutrient-dense foods 40-
such as fish, shellfish, seeds, eggs, and beef
and reduced quantities of foods high in
phytate such as whole grains, pulses and

nuts -> # planetary d|et Folate I Vitamin A I Vitamin B12 l Calcium ' Iron Zinc

Micronutrients

204

Percentage of recommended nutrient intakes (%)

- Need for fortified foods or use of
supplements -> environmentally
sustainable?

N
YW Queen Mary Beal T et al. The LANCET Planetary Health, 2023
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https://doi.org/10.1016/S2542-5196(23)00006-2

Functional foods

* A common definition is that they contain substances “beyond basic nutrition” ->
confusing as many foods could fall under this definition

* “Functional foods are novel foods that have been formulated so that they contain
substances or live microorganisms that have a possible health-enhancing or disease-
preventing value, and at a concentration that is both safe and sufficiently high to
achieve the intended benefit. The added ingredients may include nutrients, dietary
fiber, phytochemicals, other substances, or probiotics”

* Functional foods:

- Conventionally used food
- Fortified foods (i.e. orange juice with vit C, margarine with n-3 fatty acids)

- Foods with added probiotics and/or prebiotics
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Functional foods

Essa MM et al. J Food Sci

Technol 2023
https://doi.org/10.1007/s13197-021-
05193-3
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FUNCTIONAL FOOD

- PLANT BASED

- ANIMALBASED -

PROBIOTICS

NUTS FRUITS

»d

>

VEGETABLES

OMEGA 3
FATTYACIDS

Docosahexaenoic
acd(DHA)

ASCORBIC
ACID

LYCOPENE XANTHOPHYLLS ANTHOCYNINS

VITAMINS PUFA o~ on 2\
“'— 4‘%!)

PARKINSON'S
CARDIO gnings

VASCULAR
DISEASES

MULTIPLE
SCLEROSIS
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Nutraceuticals

e “A product isolated or purified from foods that is generally sold in medicinal forms not
usually associated with food and is demonstrated to have a physiological benefit or

provide protection against chronic disease”
q«
v

//  Dietary Polyphenols‘-‘..‘v‘*-_ oY e
/ Supplements //" Anthocyanins, &Y 4 -
m Q, stilbenes, \r ) -
Micro- N\ ATEEnes Gl inol
nutrients , " Nutraceuticals ucosinolates
Vitamins, J Garlic, onion
minerals :
Functional Terpenoids
Foods / Carotenoids,
Probiotics, prebiotics m::;m;’-
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Functional food vs Nutraceuticals

Functional foods

Whole foods or food products that naturally .
contain bioactive compounds or have been
fortified with specific nutrients or ingredients to
provide additional health benefits .

* Regulated as food products and may have
specific labelling and marketing requirements

Whole foods or food products that are
consumed as part of the regular diet

e Less processed or minimally processed and
retain their natural composition along with the
added nutrients or bioactive compounds

* Marketed as food products that can be easily
incorporated into the regular diet o

 Regulated as food products and are subject to
food safety regulations and guidelines
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Nutraceuticals

Isolated compounds or extracts, such as vitamins,
minerals, or herbal extracts, that are used as dietary
supplements or formulated into specific products
Regulated and marketed as dietary supplements or
medicinal products in many countries

Capsules, tablets, powders, or liquids and are
typically consumed as supplements alongside the
regular diet

Highly processed to isolate or extract specific
compounds or ingredients

Marketed and sold as standalone products, usually in
the form of dietary supplements

Subject to specific regulatory requirements and
guidelines for safety, quality control, labelling, and
marketing claims




Conclusions [1]

* Nutrition is an important factor of health and disease

e Dietary patterns low in saturated fat and processed
food and high in fruits and vegetables, fibre and PUFA
is protective against many disease

* Functional foods and nutraceuticals are special
categories of food with enhanced health properties

* Vegan/vegetarian diets have health benefits, but
caution must be paid over potential nutrient
deficiencies

e The planetary diet is proposed as the ideal diet for
both human health and environmental sustainability
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Disease heritability

— — e Disease heritability is the proportion of the disease
variability that is due to genetic differences

* A phenotype can be modelled as the sum of genetic and
environmental effects

Phenotype (P) = Genotype (G) + Environment (E)

"It's a genetic thing. My parents are too
short for their weight, too."

e All phenotypic traits (including diseases) are a
product of gene-by-environment interactions to
varying degrees

P=G+E+GXxE

Tenesa et al. Nat Rev Genet, 2013

\\ 7]
== Queen Mary https://doi.org/10.1038/nrg3377
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GWAS Catalog associations

~72K published genetic variant-trait
associations with p-value < 5.0 x 10

http://www.ebi.ac.uk/gwas/

@ Digestive system disease

@ cardiovascular disease

() Metabolic disease

(O Immune system disease

() Nervous system disease

. Liver enzyme measurement

O Lipid or lipoprotein measurement
O Inflammatory marker measurement
O Hematological measurement

() Body measurement

. Cardiovascular measurement

@ other measurement

(O Response to drug

() Biological process

@ cancer

@ other disease

(@ Other trait


http://www.ebi.ac.uk/gwas/

Complex traits and the missing heritability

NEWS FEATURE PERSONAL GENOMES

e Large GWAS studies have identified
numerous variants/loci associated with
complex traits

* Yet explaining only a fraction of the traits’
heritability:
- BMI ~5% out of the 80% of heritability

- Blood lipids ~¥15% out of the 50% of
heritability

- Coronary Artery Disease ~30% out of
the 40-50% of heritability

L

The case of the missing heritability |

When scientists opened up the human genome, they expected to find the genetic components of
common traits and diseases. But they were nowhere to be seen. Brendan Maher shines a light on
six places where the missing loot could be stashed away.
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Missing heritability: Lost and Found or Forever Lost?

* Gene-by-environment interactions:
- Might explain a portion of the missing heritability
- Studies would need very large sample sizes

- Reliability issues (what is a representative set of
environmental factors and how to assess this?)

e Microbiota interactions:

- The microbiome is associated with many diseases and
encodes a high number of genes

- Human genotypes interact with the microbiome
- Microbial genetic composition is heritable

%Qf Queen Mary

University of London
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How do we define gene-by-environment interactions?

* Interplay between genes and environmental factors

e Gene-by-nutrient interactions

* |Interaction effects # Joint effects

A different effect of an environmental exposure on disease risk in people with
different genotypes

A different effect of a genotype on disease risk in people with different environmental
exposures

%Qf Queen Mary
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Why investigate gene-by-environment interactions?

Disease risk Environmental impact Dissect disease Novel preventive and

prediction « Determine mechanisms therapeutic strategies

e Obtain a better environmental risk * |dentify the biological * Tailored preventive
estimate of the factors for disease pathways most advice &
genetic and Examine relevant to disease pharmaceutical
environmental environmental risk « Identify the treatment based on

risk by - factors in genetically environmental factors genomic stratification
accounting for susceptible most relevant to the of patients and

their joint individuals pathways disease phenotype
interactions

L
% Queen Mary
University of London
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Nutrigenetics/Nutrigenomics

* The science that explores the specific interactions between genes and nutrients and
relating this variation to human health and to variable disease states

Nutrigenetics vs. Nutrigenomics

Nutrlgenetlcs
‘Influence

Nutrigenetics [ Nu"igenom'cs ]
Influence
O MOOIDDDDDDODPODD VIO DAV Genetic variability MPOLD | Epigenetics
influsnce how your DNA Gene
body reacts to metabolism expression ' ' I M

e BB B

CQIIuIar | Blologlcal
Disease
e Condition
A AL w0 . 0
Pathophysiological
——

processes

What you eat
influences how

Synthesis

8

Micronutrients
as
cofactors

your genes behave

Nutrigenomics

DNA
Homeostasis

\i‘;__ Queen Mary DaIIict et al: Nutrients, 2021
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Analytical approaches
WW\ Single Genetic
HRPY Variant

Genetic Risk
Score

4‘& Single nutrients

w3 of food items
"1\ Food groups or
food patterns
a Lifestyle

» Health lifestyle
o8

f» &' score

%Qf Queen Mary
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Genetic risk score:

EP0 =P =5 =D 30 =P 20 2P

an estimate of an individual’s genetic
risk for some trait

the weighted sum of the risk
increasing alleles (0, 1, or 2) per SNP
for each individual
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Polygenic Risk Scores

f

WO QU :
University of London

Medicine and Dentistry

30



Gene-by-Environment Association Studies

NPPA 'V FAM150B MIR4790 TMEM175 CDH12 ¥ HCPs PLEKHAS AGPATS LOC100420~ SVILP1 MIR4686 CLEC2D
/ = SGK223 [ are <> Blood Pressure
FLI33534 I
FOXD2 ‘=< /o osspLn _/.PPPEF“C RANBPIL HOTTIP ‘Mfﬁ:szf:' MIR3THG ! PTPRO /A Cholesterol
LOC105373~ A1CF KCNQ1
LOG105378~ | IGFBP7-AS1 - ARL15 B KLHL31 e PPPIR3B SLco1ct [ Glucose
NBAS | ntergenic LOC157273 ELAVL2 PDE3A s
‘ Ard SMC6 . y o FAMTE | SeRtL Loc1s7273 ~ [|# sLcieas  —f W'V BONF SOS T o
ADGRL2 = FGFS IRAK1BP1 BAziB 2;?;35 Loctorsza]. | DNAJG22 O Triglycerides
! W DNAJC27 FHIT TNKS | BCDIN3D
PRMTE ABCG2 | [IpA MLIPL i
YPELS ‘ MSRA fl 1 Loctoteze JMIDIC METTL1S LOC728503 B Adherence to MedDiet ° 42 St u d i es
| /4 sto0ms Asa Boc SPRY1 swascRz [l vagie MSRA LR I Alcohol consumption
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— FNBP1 i
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TRAPPCY .
i ‘ J [ n-3 PUFA supplementation
2 »
GJB6 NEDD8 TPM1 GRIN2A ! RPH3AL Intergenic MYO9B OPRL1 MICALS () [ n-6 PUFA intake
osK 6 SNX29 RPHIAL [ Physical activity
- csk ACSM28 | )
PIBF1 ; j CYP1AT2 YfP SALLI - SLC2A4 ) B Plant based diet
| CHRNB4 FT0 _Z METRNL | L[ ENFT2e C TMX4 DecRe - B Polyunsaturated Fat intake
ADAMTS7 FTO | plee) {
A LHX1 - Potassium intake
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ADAMTS7TR-V FTO | CEP112 W Saturated Fat intake
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Open for
2012 research

Death and
cancer
registrydata

Dataon
physical
2014 activity for
30,000
Cognitive

function data 2015

Genotype
2017 data for
500,000

12-lead
ECG metrics <o
Biochemistry

2019 datareleased

Primary
caredatafor 2020
400,000

Imaging data

<029 for 50,000

Exome
sequencing 2020
datafor

200.000 Pain

2021 gquestionnaire
datarelease
Telomere
datafor 2021
500.000
Dataon
2021 metabolomics
for127.000

b
%Qf Queen Mary

University of London
Medicine and Dentistry

biobank’

Improving the health of future generations Soclo=demographics
and lifestyle factors

Brain imaging (MRI)
Cognitive tests

Recruitment of 500,000 people aged  tewnoand eyesign
40-69 from 2006-2010 from UK

Linked to:
Electronic health records
Death register

The participants consented to: Cancer register

P -

)

- Participate in the
measurements

- Supply a sample of saliva, blood
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Extended Data Table 1 | Types and dates of data collection in UK Biobank

biobank™

Type of data Date of data Number of
collectlon pa I'“ CIpa“ts Improving the health of future generations
Anticipated
Questionnaire Sociodemographic data Recruitment: 500,000
and interview Family history and early life 2006-2010° 500,000
Psychosocial factors 500,000
Lifestyle 500,000
Medical history 500,000
Cognitive function 500,000
Physical Blood pressure Recruitment: 500,000
measures Hand grip strength 2006-2010 500,000
Anthropometry 500,000
Spirometry 500,000
Heel bone density 500,000
Arterial stiffness 200,000
Hearing test 200,000
Cardiorespiratory fitness plus ECG 100,000
Eye measures 100,000
Web-based Diet 2011-2012 210,000°
questionnaires Cognitive function 2014 120,000
Occupational history 2015 120,000
Mental health 2016 150,000
Irritable bowel syndrome 2017 150,000
Enhancements Physical activity monitor 2013-2014° 100,000
Biochemistry markers® 2006-2010 500,000
Genotyping 2006-2010 500,000
Multi-modal imaging® 2014-2022 100,000'
Electronic Death registry 2006-current 14,000
medical records  Cancer registry 1971-current 79,000
Hospital inpatient data 1996-current 400,000

iy Primary care data Birth-current pending Bycroft et al. Nature. 2018
%O Quee i.org/10.1038/541586-018-0579-2
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Nutrigenetics in Obesity dothee |

e ~941 genetic loci associated with BMI:
- genes expressed in the hypothalamus (CNS)
- genes involved in feeding and fasting pathways

* Obesogenic genes found to
be associated with dietary RARB locus
intake: T/A

- RARB -> P CHO intake —— 57619139,

. r57ds19139 R Obesity-related
- DRAM1 -> /]\ prOtEIn I[:Rx:ﬂgzr:; Highly constrained variant
inta ke Predicted to be functional
DRAM1 locus Subcutaneous AT :
- FGF21-> 1 CHO & - > [ —
fat & protein intake | Super-enhancer_32502 P | : Type 2 diabetes
: — 3 T == =
- FTO-> " protein 773450 _E¥s_ E 4
. Lead Variant S
Inta ke Non-Coding 2
A/A G/A G/G

s . .
\a’ o Queen Mary Locke et al. Nature, 2015 https://doi.org/10.1038/nature14177 Merino et

T University of London al. Mol Psychiatry, 2019 https://doi.org/10.1038/s41380-018-0079-4
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Improving the health of future

Nutrigenetics in Obesity — GRS x Macronutrients bl()baﬂk

Macronutrient
intake (kcal, 93 genetic
CHO, protein, variants (GRS-
fat, fibre) obesity)

VIR
WETN
Circumfer
ence

Interactions in ~50K adults

‘e;__ Queen Mary

University of London

People with the highest GRS score (high
genetic risk for obesity) and high
consumption of SFA had 1.8kg/m? higher
BMI and 3.7cm higher WC compared to
those with low SFA consumption but
same GRS

Similar results for total fat and total
energy intake

Identifying people susceptible to obesity
-> offering customised dietary advice ->
reduce the risk for obesity

Celis-Morales et al. Int J Obes, 2017
https://doi.org/10.1093/ije/dyw186 35
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Nutrigenetics in Obesity — Gene-by-lifestyle interactions bl()baﬂk

Improving the health of future gens

How do we interpret

362K Europeans from UK Biobank
such findings??? —_ 21

* Genetic risk score for obesity -> 94 genetic markers
associated with BMI

e 131 lifestyle factors-> diet, smoking, alcohol, physical

activity, socioeconomic status, mental health, 8 B
sleeping patterns, menopause, childbirth 2 £
m
e 15 lifestyle factors had significant interaction with
the genetic risk score -> alcohol intake frequency,
walking pace, Townsend deprivation index Aleone, g ’
ke

\P;__ Queen |\/|ary Rask-Andersen et al. PLoS Genet, 2017
https://doi.org/10.1371/journal.pgen.1006977 54
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Nutrigenetics in Obesity — FTO biobanhk

Improving the health of future gens

Number of days a week

Vigorous activity moderate activity 10+ min Activity score
* First identified obesity " Y —— ol —
gene 0.8 - —h— Tmoimoteda:'"ss 0.8 4 —a— 4—7dayY:Meek 0.8 4 ~&~ Upper
0.6 A 0.6 4 0.6 A
0.4 0.4 - 0.4
e 200K UK Biobank %@ 02 92
1C1 0.0 - 0.0 - 0.0 -
participants : : x - : . : : =
BMI
(kgm™) Alcohol intake frequency Diet score Frequency of adding salt to food
1.0 1 1.0 1
M Wice & week oc less 4 ~8— Never or rarel;
* FTOvariant rs1421085  os{[i wermmersmen - 0.8 { [ Somaoas ity orawys
0.6 1 08+ 0.6
0.4 0% 0.4
* 1.17% BMI increase 02 02 02
per risk allele 0.0 - 0.0 1 0.0 1
0 1 2 0 1 2 0 1 2

Copies of FTO risk allele

‘c‘;__ Queen I\/Iary Young Al et al. Nat Commun, 2016
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Nutrigenetics in T2D

Changes in lifestyle and
environmental factors

Sleep
Foea 0] [eemmy
Body Exercise
weight %

Smoking Mind  Social

Genetic adaptation to
environmental factors
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Individual genomic
risk profile
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T2D relative risk

® Unhealthy lifestyle factor
m Healthy lifestyle factor

Genetic predisposition score
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T2D
locus

PPARG

HNF1B

GIPR

TCF7L2

GCKR

SLC30A8
FBN1
C2orf63

Lifestyle

Dietary fat

Physical activity

Dietary fat
Dietary CHO

Dietary fibre
Dietary whole
grains
Dietary zinc
Smoking

Smoking

Interaction
effect

Insulin levels

T2D incidence

T2D incidence

T2D incidence

Insulin levels

T2D incidence

T2D incidence

Study

Isle of Ely Study; Nurses’
Health Study

16K Swedish individuals
during 25y

Malmo Diet and Cancer
Cohort

Malmo Diet and Cancer
Cohort

CHARGE

Meta-analysis (Africans)

Meta-analysis (Europeans)




Nutrigenetics in T2D — HbA1lc

Gene x Diet Interaction in 340K UK
Biobank participants without T2D

HbA1lc prognostic & diagnostic marker

for T2D

-logso(p)

biobank"

Improving the health of future generations
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Nutrigenetics in T2D — HbA1lc

350K UK Biobank participants, incl. 5,633 with T2D
T2D GRS (424 genetic variants)
Healthy diet score

The GRS was associated with a 54% higher risk of
T2D

The diet quality score was associated with a 9%
lower risk of T2D

A 1-SD increment in the diet quality score in the
high GRS group (GRS >95%) was associated with a {,
23% in T2D risk

A strong negative interaction between the GRS and
the diet quality score on the blood HbA1c level

‘e;__ Queen Mary
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Zhuang P et al. Diabetes Care, 2021
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Nutrigenetics in T2D — Fatty acids biobank"

Improving the health of future gens

2006 2010 2020

' L Qe

i i y - )
Follow-up by linkage to electronic health records, death register and cancer register T o« NMR metabolites ->

b s0ci0-demographics fatty acids
== Lifestyle factors X
== Physical examinations ’ oo : m . RlSk Of T2D |nC|denCe
424 SNPs g fronslonme ~ .
G | m()m — e Plasma fatty acid
UK biobank cohort of - MM — U 'I. ﬁ “Imm = M. levels (95'854
~500,000 individuals el el e m artici t )
genotyping arrays) Genetic risk score | Pathway-specific clusters FA-assoeuated alleles p pan S
7 : N
I - * Risk of T2D incidence
= [l e Q|- © | ot ~ Genetic risk score x
N ——— , Plasma fatty acid
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ot Ty = “j —| o 4 | S8 | A i’“‘j = participants)
F;'ﬁmbfgmpd;&ﬂf Q Q “ = Identify susceptible populauonso 3’052 incident T2D

cases in 11.6 years

\?;__ Queen Mary Zhuang P et al. Diabetes Care, 2022
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Nutrigenetics in T2D — Fatty acids

A

HRs for 1 SD increment in plasma MUFAs
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Nutrigenetics in CVD

 [INTERHEART study in 52 countries

Unknown mechanism
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Nutrigenetics in CVD — GRS & Lifestyle

Low Genetic Risk of CAD High Genetlc Risk of CAD

[ | [ |

Healthy lifestyle Poor lifestyle Healthy lifestyle  Poor lifestyle

XXX 11 iiiM'l

‘e;__ Queen Mary

University of London
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4 studies ~55K participants
CAD GRS (50 genetic variants)

Healthy lifestyle: smoking, obesity, physical
activity, healthy diet patterns

Healthy lifestyle was associated with reduced
CAD risk across all levels of genetic risk

Among participants at high genetic risk, a
healthy lifestyle was associated with a 46%
lower relative risk of coronary events than an
unhealthy lifestyle

Similar results in another study in UK Biobank

Khera AV et al. New Engl J Med, 2016

https://doi.org/10.1056/NEJMo0al605086
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Nutrigenetics in CVD — MTHFR x Folate

* Homocysteine levels (tHcy) are a CVD risk factor
-> inflammation pathways

m@. Folate cycle
* tHcy is modulated by folate intake and alcohol f°‘°tei°‘i°a°id
consumption

dihydrofolate (DHFR)
tetrahydofolate Methionine \
e C677T polymorphism in MTHFR is associated 5,10- / .. S
. methylene
with P tHcy & { folate levels o /<Methy17a _—
MTHF& 5-methyl Homocysteine(
tetrahydrofolate
* TT genotype is also associated with { folate e

supplementation response

b
%Qf Queen Mary Colson NJ et al. Eur J Nutr, 2017
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Nutrigenetics in CVD — Genetic risk score-by-Lifestyle risk score

biobank”

Improving the health of future generations
A Coronary artery disease

e 276,096 European participants from UK Biobank

* Compared with the group of individuals with
mid-range genetic risk (40%-60% PRS) and
intermediate combined lifestyle:

- The group of individuals having the top 1%

LN % % % % % PRS while leading poor lifestyles increased
f Parcatl catsgaries or e PR to 5.23 for CAD and 6.67 (95%, 4.55-10.1)
Czo.oo- Type 2 diabetes v for T2D
, O S * - For individuals with similarly high genetic
| B . 7 risk (top 1% PRS) but healthy lifestyle, the
——* W corresponding risk decreased to 3.19 for
f/ﬁ\%/ CAD and 0.98 for T2D
— s - : —— 3 * Benefit of leading a healthy lifestyle even for

N R
Z 2, 2,

2 % + + + % % this extremely high genetic risk group

Percentile categories for the PRS

\P;__ Queen |\/|ary Ye Y et al., Circ Genom Precis Med, 2021

University of London https://doi.org/10.1161/CIRCGEN.120.003128 46
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Nutrigenetics in CVD - Fish oil supplements

73,962 participants from UK Biobank and validation in 7.284 participants
from the ARIC study

Blood lipid levels ~ Genetic variants + Fish oil supplements + Genetic
variants x Fish oil supplement

Significant interaction for rs112803755 and triglyceride levels -> gene
complex GJB6-GJB2-GJA3 fblobamk LARIC

Improving the health of future generations.

* The genetic region is associated with T~ expression

rs112803755 of GJB2 (connexin 26) in adipose tissue
genotype

AA (n=74504) °

The gene’s connexin function is modulated after
exposure to n-3 fatty acids

AG (n=6250)

GG (n=107)

No Yes Francis M et al., PLoS Genet 2021

Fish oil supplementation


https://doi.org/10.1371/journal.pgen.1010735

Nutrigenetics in CVD — ApoE biobank

Improving the health of future generations

e 345,659 participants from

. . . Na. of Na. of Incidence P far Hazard ratio
U K B I O ba n k Wlt h n O h |St0 ry controls  cases rates interaction [95% CI]
of coronary artery disease Nofish intake w2 18 4 o Reference
Fishintake 39562 1382 4.25 ° 0.76 0.73 [0.67, 0.92]
APOE €2 Nophysical activity 16319 654 4,86 w Reference
H H Physical activity 27705 892 391 . 0.24 0.81 [0.72, 0.90]
° I nte ra Ct I o n W It h t h e A p O E Low PUFA intake 3179 EE 4.25 . Referance
. High PUFA intake 3243 93 395 . — ; 0.98 0.91 [0.69, 1.21]
haplotypes with:
H A Nofishintake 20378 B44 5.00 . Reference
- PhyS|Ca| activity Fishintake 179962 6725 454 o 0.76 (0.7, 0.82]
AFOE €3 Nophysical activity 73613 3288 541 L Reference
H H H Physical activity 126727 4281 4.11 —® 0.77 [0.74, 0.81]
= Olly fISh Consumptlon Low PUFA intake 14321 452 443 L Referance
High FUFA intake 15025 452 413 - 0.50 [0.79, 1.02]
Mo fish intake 9117 380 5.02 ° Reference
Fishintake 79372 3311 5.05 & 0.15 0.83 [0.75, 0.93]
APOE &4 Nophysical activity 31680 1534 6.06 o Reference
. Physical activity 56809 2097 4.43 P 0.62 0.76 [0.71, 0.81]
Risk for corona rya rte ry LowPUFAintake 6290 250 5.46 . Reference
High PUFA intake 6296 200 4.37 . 0.14 0.76 [0.63, 0.92]

disease (12,806 incident

Hazard ratio

cases in 8.11 years) . B
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Human Microbiota

* The gut microbiota is highly variable from person to person
e Twin studies have revealed that human microbiota is heritable

 The microbes in our bodies collectively make up to 100 trillion
cells (10x the number of human cells)

* Genetic potential of gut microbes:

- Characterization of 3.3 million non-redundant microbial
genes from faecal samples of 124 Europeans

- The gene set ~150-fold larger than the human gene
complement

b
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Human Microbiota

Dietary compounds Gut microbiota Metabolites Gut barrier Host effects
b= I Pharmaceuticals Complex Roseburia o, SEEETEEpoa Improve energy metabolism 4
| 5 carbohydrates Lachnospira -— H, . Y- - % - - = » Ameliorate inflammatory bowel disease
MAC Prevotella SCFAs —— Y Prevent/ameliorate asthma
Grrlohicle) Bl 4 - o -
o - B ) ,%d’; +° Aid dlgestlon. ]
Prebiotics Bifidobacterium L EEEEEEDs. Reduce constipation
GOS/FOS Faecalibacterium == & eemmmmm——a - Resistinfections
- S‘fessw_ arabinogalactan | Lactobacillus T Prevent diarrhea/constipation
xercise, metabolic, et N . .
psychological | ey ; -,éé Y Ameliorate inflammatory bowel disease
Proteins tgg:zzzzzsgeae Tryptophan - - - - — - — - == __, AhReffects: o .
Plant ce - metabolites _,s'- *; Enhance barrier integrity
Milk Bifidobacteria 4 0° ° Improve insulin sensitivity
; Seafood Bacteroidales BCAAs .
2 3 y 7 Animal Clostridiales TMAG o5 Enhance insulin resistapce
5 Promote atherosclerosis
é
o e P T P EFERD)
Infant feeding s 2 &5 fecycle stages - Different fatty %
method Lipids ) acids; SRR Changes in body weight
Lard Various — saturationof - - 42 #- %=« -#--+  |mpactsor notin Adipose tissue
| Birthing n-6/n-3 unsaturated NLL g inflammation
Q| process fatty acids =
! £ _d Bifidobacteria ',;w 28333am1
Polyphenols Lactobacillus. = o P Anti-oxidants
7 : Green tee Enterococcus Modified - Anti-inflammatory
=2 Resveratrol Faecalibacterium polyphenols Cardloprotectlv.e
CCF Roseburia Cancer preventive
c218 Akkermansia Neuroprotective properties
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Dysbiosis of the microbiome — Why is it important?

Dysbiosis:
- Loss of beneficial organisms
- Excessive growth of potentially harmful bacteria
- Loss of overall microbial diversity

Changes in microbiota in chronic diseases

Is dysbiosis the cause or the consequence of disease?

%Qf Queen Mary

University of London
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Metagenome-wide association in T2D

a Healthy gut microbiome b Type 2 diabetes microbiome

‘ Food ini‘ : :
| Blood glucose d ' Metformin @ l

?
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* F. prausnitzii = Metabolism of “IPeptide YY T = Biosynthesis of hydrogen
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Nature Reviews | Microbiology
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Nutrigenetics in CVD — Dysbiosis of the gut microbiota

Consumption of foods containing
L-carnitine, choline & lecithin

Promotion of atherosclerosis
& other inflammatory diseases

TMA

Metabolism by
gut microbiota l

TMAO

@

Conversion by enzymes
in human liver

~Pr

Trimethylamine N-oxide

‘e;__ Queen Mary

University of London

Gut microbial metabolism of choline promotes
atherosclerosis
TMAO can lead to atherogenesis:

J reverse cholesterol transport

J' cholesterol removal from peripheral
macrophages

- Affecting atheroprotective effects of HDL-C

In a follow-up study of over 4,000 individuals:
MTMAO associated with 1 risk of major
adverse cardiovascular events (death, Ml and
stroke)

Li XS et al. Eur Heat J, 2017
https://doi.org/10.1093/eurheartj/ehw582
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Nutrigenetics — Vegetarianism biobank"

Improving the health of future generati

* Increase in adherence to plant-based diets (health benefits, ethical/environmental
concerns)

* |s avegan diet appropriate for everyone?

* Gene-vegetarianism interaction analyses for 30 biomarker traits
(N=147,253)

* 1572952628 (MMAA locus)-> the heterozygous genotype was
associated with higher calcium in vegetarians

e Part of the B12 metabolism pathway; B12 has a high deficiency
potential in vegetarian

* Gene-based analysis: RNF168 with testosterone and DOCK4
with eGFR

» Differences in genotype may moderate the vegetarian diet
benefits

FranciM et al. medRxiv 2022.10.21.22281358, 2021
‘c;_ Queen Mary

University of London
Medicine and Dentistry



https://doi.org/10.1101/2022.10.21.22281358

What is precision nutrition?

* Precision nutrition at three levels:

- Conventional nutrition based on general guidelines
for population groups by age, gender and social
FOOD BEHAVIOR d ete rm i n a nts

NUTRIGENOMICS

DIETARY HABITS

- Individualized nutrition that adds phenotypic
information about nutritional status,
anthropometry, biochemical and metabolic
analysis, physical activity

PRECISION
RIS - Genotype-directed nutrition based on rare or
common gene variation e,

‘e;__ Queen Mary

University of London
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Limitation in Nutrigenetics

e Accurate measurement of dietary intake

- * Large sample sizes for robust results (expensive,
’ less replication rates)

)\ e Confounders and lack of causality evidence

Fy  Commercial use of nutrigenetic test (ethics

o . 'LM concerns, interpretability)

e Properly trained health professionals to assess such
data and advice accordingly

b
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Implications of nutrigenetics

* Potential implications of nutrigenetics on public health:
- Definition of personalized dietary requirement identification

- ldentification of nutrient intake combinations ideal for the homeostasis of specific
genomic profiles

- Better understanding of epidemiological data, clarifying the origin of the
heterogeneous responses measured in populations after specific dietary intervention

- Optimized intervention and prevention strategies

GENETIC RISK 3,4 L ' ****

a 2
LIFESTYLE RISK ® = ® =

EARLY INTERVENTION

\(.;* J Queen Mary STANDARD INTERVENTION AGGRESSIVE INTERVENTION

University of London
Medicine and Dentistry



Conclusions [2]

* Complex human conditions could be modulated by the diet
and lifestyle

* There is a strong genetic background

* Gene-by-environment interactions and the microbiome
emerge as significant health factors

* Integrated omics approaches help identify relationships
between diet and health

* New therapeutic approaches, targeted modification of
dietary intake, pharmacotherapies, microbiome modulation

b
%O Queen Mary
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Further reading

 Ramos-Lopez O, et al: Guide for Current Nutrigenetic, Nutrigenomic, and
Nutriepigenetic Approaches for Precision Nutrition Involving the Prevention and
Management of Chronic Diseases Associated with Obesity. J Nutrigenet Nutrigenomics
2017;10:43-62. doi: 10.1159/000477729

* Marcum, J.A. Nutrigenetics/Nutrigenomics, Personalized Nutrition, and Precision
Healthcare. Curr Nutr Rep 9, 338—345 (2020). doi: 10.1007/s13668-020-00327-z

* Gul K, Singh AK, Jabeen R. Nutraceuticals and Functional Foods: The Foods for the
Future World. Crit Rev Food Sci Nutr. 2016 Dec 9;56(16):2617-27. doi:
10.1080/10408398.2014.903384. PMID: 25629711

* 0jo 0O, lJiang Y, Ojo OO0, Wang X. The Association of Planetary Health Diet with the Risk
of Type 2 Diabetes and Related Complications: A Systematic Review. Healthcare
(Basel). 2023 Apr 13;11(8):1120. doi: 10.3390/healthcare11081120. PMID: 37107955;
PMCID: PMC10138355
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Thank you

@StavroulaKanoni
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