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Genomics and proteomics tell you what might happen, but metabolomics tells you
what actually did happen! Bill Lasley, University of California, Davis




Paradigm Shift: From Black Box Epi to Systems Epi
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llluminate biological mechanisms

Identify novel exposure and disease

biomarkers

Improve disease predictions

Identify high-risk individuals and

populations

Identify intervention targets
Figure 1—The future of research on stratified diabetes medicine: a systems epidemiology ap-
proach to the discovery of interactions between the exposome (all nongenetic elements to which we
are exposed) and the quantifiable elements of the human physiome.

Franks et al. Diabetes Care 2013
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Diet Is Central to -Omics

Genomics

-

Metabolomics iet Proteomics

Microbiome Epigenomics

Courtesy of Walter Willett



Integration of Population, Laboratory, Analytical and
Translational Approaches to Study Complex Diseases

Translations

Clinical Predictions

Dietary
Dietary Guidelines Birth Observational intervention
cohorts studies
Nutrition Policies cohorts

Populations

Multi-omics

Network Analysis '\ Functional Studies

High-dimensional

. Biomarkers
data-analysis

Risk Factor Epidemiology

Data analysis Laboratory
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Biorepository

Blood
150,000
samples

Tissue Urine Buccal

samples samples samples samples

Toenails Stool

29,000 63,000 74,000 84,000 being
collected

Mammo
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Repeated measures
Long-term follow-up
90% follow-up rate
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data



Types of Fat and Incidence of CHD
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Recent Debate

Che New Nork Times

The Opinion Pages | CONTRIBUTING OP-ED WRITER

Eat Butter.

Scientists labeled fat the enemy. Why they were wrong B utter IS B ack

BY BRYAN WALSH

MARCH 25, 2014

Julia Child, goddess of fat, is beaming somewhere. Butter is back, and
when you're looking for a few chunks of pork for a stew, you can resume
searching for the best pieces — the ones with the most fat. Eventually, your

N, friends will stop glaring at you as if you're trying to kill them.
Mark Bittman .
That the worm is turi
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Isocaloric substitution of SFA by equivalent energy from

Trans fat (2%)

MUFA (5%)

PUFA (5%)

Carbohydrates from refined starches/sugars (5%)

Carbohydrates from whole grains (5%)
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

24-Hour Urinary Sodium and Potassium
Excretion and Cardiovascular Risk

Yuan Ma, Ph.D., FengJ. He, Ph.D., Qi Sun, M.D., Sc.D., Changzheng Yuan, Sc.D.,
Lyanne M. Kieneker, Ph.D., Gary C. Curhan, M.D., Sc.D.,
Graham A. MacGregor, M.D., Stephan J.L. Bakker, M.D., Ph.D.,
Norm R.C. Campbell, M.D., Molin Wang, Ph.D., Eric B. Rimm, Sc.D.,
JoAnn E. Manson, M.D., Dr.P.H., Walter C. Willett, M.D., Dr.P.H.,
Albert Hofman, M.D., Ph.D., Ron T. Gansevoort, M.D., Ph.D.,
Nancy R. Cook, Sc.D., and Frank B. Hu, M.D., Ph.D.
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A 24-Hr Urinary Sodium Excretion
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Yuan et al. NEJM 2022
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Not all plant-based diets are healthy

PDI ® hPDI @ uPDI

D1

D2 D3 D4 D5 D6 D7 D8
Deciles of the plant-based diet indices

Satija et al, J Am Coll Cardiol 2017
Satija et al. PLoS Medicine 2016

D9

D10

Healthy plant-based diets rich in whole grains,
fruits/vegetables, nuts/legumes, oils, coffee/tea
are associated with lower T2D, CVD, and
mortality risk

Unhealthy plant-based diets high in sweetened
beverages, refined grains, potatoes/fries, sweets
are associated with increased risk of chronic
diseases and mortality — worse than animal food-
based diets

These findings underscore the quality of plant
foods in our diet
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e “Precision Nutrition is a framework canvassing a wide

e array of features including genetics, dietary habits and
‘ _ eating patterns, circadian rhythms, health status,
— Ny cnny ey | o socioeconomic and psychosocial characteristics, food

environments, physical activity, and the microbiome."

2020-2030 Strategic Plan for

NIH Nutrition Research * Personalized nutrition or nutrigenomics: Tailor
A Report of the NIH Nutrition Research Task Force nutritional strategies to individual characteristics such
as genetic variants and gut microbiome.

* Precision Nutrition recognizes that humans are
inherently different from one another, so when, why,
and how we eat is likely as important as what we
eat.
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Healthy food & Nutrients

General healthy diet guidelines for
everyone

Specific diet recommendations based on
individuals’ health conditions and food
preferences

Molecular nutrition advice based on
omics data and our understanding of
biological mechanisms

MedComm (2Q@20). 2023
4(1): e212.




LC-MS-based approach (Clary Clish, Broad)
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The role of precision nutrition in research and practice

Improve dietary Better understand More effective
assessment and biological personalized nutrition
compliance mechanisms strategies to improve

health outcomes




The food metabolome: a window over dietary exposure'™

Augustin Scalbert, Lorraine Brennan, Claudine Manach, Cristina Andres-Lacueva, Lars O Dragsted, John Draper,
Stephen M Rappaport, Justin JJ van der Hooft, and David S Wishart

DIETARY PATTERNS:
OMNIVOUROUS DIET
VEGETARIAN DIET
MEAT and PROT DIET
LACTOVEGETARIAN DIET
PHYTOCHEMICAL RICH DIET
NORDIC DIET
WESTERN DIETARY PATTERN

Scalbert et al. Am ] Clin Nutr. 2014 Jun;99(6):1286-308



Plasma metabolite profiles related to plant-based

diets and the risk of type 2 diabetes ¢ Unique multi-metabolite profiles
differed significantly between the

healthy and unhealthy plant-based
diets.

e hPDI is characterized by higher
\ plasma trigonelline and hippurate,

-

i e low levels of isoleucine and some
| isoleucine lipid metabolites.
. ’I ! 'I| v Y "‘
1 Ml O~ ( 4 - m . .
% T hippurate  __o l ® Metabolite profile scores for hPDI
t trigonelline 'M| < "4 . . .
- were inversely associated with

! triacyclglyce“rols (TAG), such as g incident T2D independent of BMI,
C48:0 TAG, C49:1 TAG, C49:2 TAG, & . .
C51:0 TAG, C51:1 TAG, C52:0 TAG, etc and other diabetes risk factors.
Healthy plant-based diet Plasma metabolomics Type 2 diabetes ® Support the beneficial role of
\ G B i i J healthy plant-based diets in

diabetes prevention and provide
new insights into mechanisms

Diabetologia (2022)



https://link.springer.com/journal/125

@ ESC European Heart Journal (2020) 0, 1-14 CLINICAL RESEARCH

European Society doi10.1093/eurheartj/ehaa209 Prevention and epidemiology
of Cardiology

The Mediterranean diet, plasma metabolome,
and cardiovascular disease risk
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* The relationship between diet and disease risk at
molecular levels

Elucidating Biological Mechanisms
* Multi-omics analysis can help understand

* Individuals’ variability in response to dietary

interventions
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INTERPLAY between host and gut microbial metabolism

Tryptophan and risk of type 2 diabetes

¢°

®@\

Genetics

~J

@] —
Diet
a9, 7.
cEE. —
@@b
Microbiota

T e

Qi etal., Gut, 2021

Essential Amino Acid: Tryptophan
* Immune function * Brain functions * Obesity & metabolism
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Primary study (Discovery) cohort

Hispanic Community
. Health Study/Study
AN of Latinos (SOL)

Hispanic Commanity Health Study

U Prospective, 16,415 US Hispanic/Latinos

[ Baseline Metabolomics
* Metabolon
* 367 incident T2D in 2,821 healthy

participants

L GWAS: 3,933 overlapping with
metabolomics

U Gut microbiome: shotgun sequencing

U Diet: 1* FFQ + 2* 24h DDR

Qi Q, et al, Gut, 2021

Replication study cohorts

J Baseline Metabolomics (Metabolon)
= Total n=2712 healthy participant
= 1036 incident T2D

LAARIC

0 GWAS: 3281 overlapping with metabolomics

U Baseline Metabolomics (Broad institute)
= Total n=1424 healthy participant

Framingham = 218 incident T2D
Heart Study O GWAS: 1509 also with metabolomics
Prediined O Baseline Metabolomics (Broad institute)

Prevencion con Dieta Mediterrdnea

= 694 sub-cohort participants
PREDIMED Study = 251 incident T2D

U Baseline Metabolomics (Broad institute)

ﬁ%XE%II—SI = Total n=1392 healthy participant
INITIATIVE, = 163 incident T2D




Host and gut microbial tryptophan metabolism and T2D

Higher intake
protein and
lower intakes
fiber enriched
foods

ASMT

AANAT

SEROTONIN

Ao
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| ‘\KAT / JKYNU I s
I 3H-KYN : 1AM X
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: vaul KMO I INDOLE
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| NI v IAA <— IAAIG"
INDOLE SULFONIC ACID
4gener4 13 genera
QUINOLlNIC al IAld* TRYPTOPHOL g
NAD
INDOLE/AHR

KYNURENINE/IDO

Higher intake of fiber
enriched foods

22 genera:

esp. Firmicutes
mediated some
association of fiber
with IPA

@ Host tryptophan and its kynurenine-related pathway metabolites showed positive associations with T2D,
while microbial pathway metabolite IPA (Indole-3-propionic acid) showed inverse association.

@ Plant-based fiber-rich diets were associated increased IPA and a diet in high in animal protein was
associated with increased kynurenine metabolites

@ The effects of fiber-rich diets on beneficial metabolites are partly mediated through gut microbiome
composition (shift from host metabolic pathways to microbial pathways)

Qi et al. Gut 2021
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Fecal
Microbial Transplant

Probiotics

=
"&

Prebiotics

i‘t‘#@ gevcs, |

Synbiotics /
Postbiotic.s
9

Microbiota-targeted interventions

Curr Opin

Psychiatry. 2022
Jan; 35(1): 3-9.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8654258/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8654258/

naturemedicine
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nature > nature medicine > articles > article

Article | Published: 11 February 2021

The gut microbiome modulates the protective
association between a Mediterranean diet and
cardiometabolic disease risk

Fig. 5: Prevotella copri carriage modulates the protective association between
the Mediterranean dietary pattern and cardiometabolic disease risk.

P posaction = 0.001
Dong D. Wang, Long H. Nguyen, Yanping Li, Yan Yan, Wenjie Ma, Ehud Rinott, Kerry L. lvey, Iris 8 o
Shai, Walter C. Willett, Frank B. Hu, Eric B. Rimm, Meir J. Stampfer, Andrew T. Chan & Curtis
Huttenhower e
- o ® e
Nature Medicine 27, 333-343 (2021) | Cite this article 6 Cardiometabolic
disease risk score
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Fig. 4: The Mediterranean dietary pattern is associated with microbial ® .
2 .
processes involved in plant polysaccharide degradation and short-chain fatty ®
acid production. &
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Diet and gut microbiome interaction and TMAO

SD-difference in TMAO concentrations
that are associated with 1-unit
increase in dietary precursors
o
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Li J, Sun Q et al. Gut, 2021



Lignans, Microbiome, and Enterolactone

60

A 51.8 P for interaction < 0.001 B
50 Ptrend < 0.0001 Low species score: Beta: 3.95; SE: 1.7 nM per SD lignans; P trend < 0.0001

High species score: Beta: 20.7; SE: 2.3 nM per SD lignans; P trend < 0.0001
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Personalized Nutrition based on Computer

Algorithms

Cell

Personalized Nutrition by Prediction of Glycemic Meal composition
Responses Genetics
Meal context
Graphical Abstract Authors Serum glycemic markers
David Zeevi, Tal Korem, Niv Zmora, ..., Microbiome
Measure personal Predict personal Zamir Halpern, Eran Elinav, Eran Segal Ago
features for 800 le lycemic responses -

Lo o pe Correspondence Serum lipid markers
] eran.elinav@weizmann.ac.il (E.E.), Blood pressure
T ' eran.segal@weizmann.ac.il (E.S.) Anthro try
Microlomo 4 ' 4 ' i Other serum markers

L1 11 In Brief
People eating identical meals present FFQ
Blood tests ’\ high variability in post-meal blood Sex

.

Anthropometrics Pmon;lr.lz:d'c‘::ﬂrm =
- @_/- | IR IR
Vit
Design personalized diet

to lower glycemic responses

Zeevi et al. Cell. Nov 2015

T VYLV —

glucose response. Personalized diets
created with the help of an accurate
predictor of blood glucose response that
integrates parameters such as dietary
habits, physical activity, and
microbiota may successfully

meal blood glucose and its | medicine

metabolic consequences.
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he role of precision nutrition in research and practice

: Personalized nutrition
Dietary assessment

advice

e Holds promises for novel e Most fruitful areas of e Al-based tools are at early
biomarker discovery for food research stage; not ready for prime time
intakes and dietary patterns

e Black-box epi to Systems epi e Commercial products outpace

e Complementary to rather the evidence
than a replacement for e Although new mechanisms _
traditional nutrition may be discovered, clinical e More useful for disease
biomarkers and self-reported translations are challenging management than for
dietary assessment tools and take time prevention

e May widen health disparities

34



HEALTHY EATING PLATE

Use healthy oils (like

olive and canola oil)
for cooking, on salad,
and at the table. Limit
butter. Avoid trans fat.

Drink water, tea, or coffee
(with little or no sugar).
Limit milk/dairy

(1-2 servings/day) and
juice (1 small glass/day).
Avoid sugary drinks.

The more veggies —
and the greater the
variety - the better.
Potatoes and French fries

Eat a variety of whole grains
(like whole-wheat bread,
whole-grain pasta, and

don’t count. brown rice). Limit refined
HEALTHY grains (like white rice
Eat plenty of fruits of all PROTEIN and white bread).
et Choose fish, poultry, beans, and
nuts; limit red meat and cheese;
C) avoid bacon, cold cuts, and
& STAY ACTIVE! other processed meats.
©Harvard University
Harvard T.H. Chan School of Public Health Harvard Medical School Eeiedd
The Nutrition Source Harvard Health Publications >:‘S
www.hsph.harvard.edu/nutritionsource www.health.harvard.edu
\ J

NUTRIGENOMICS

DIETARY HABITS

MICROBIOTA
FOOD BEHAVIOR

METABOLOMICS

PHYSICALACTIVITY

PRECISION
NUTRITION
PLATE

DEEP PHENOTYPING

The balance between public health nutrition
and precision nutrition



Put more emphasis on types of fat and remove the
30% upper limit on total fat

Recommend replacing unhealthy fats with healthy
fats rather than carbohydrates

Trans fat labeling and ban by the FDA and global
trans fat reduction efforts

Nutrition facts labeling on added sugar, soda tax

Focus on healthy eating patterns
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Health and environmental impacts
of plant-rich dietary patterns: A
U.S. prospective cohort study

/0 Higher score, Higher intake: © Higher score, Lower intakh
ﬁ" @ Vegetables (excl. potatoes & juices) iéé © SSBs and juices
g. @ Fruits (excl. juices) § © Red/processed meat
¢ % © Whole grains . © trans fat
@, © Nutsand legumes °  © Sodium
© w-3 fats (EPA + DHA)

Polyunsaturated fat (PUFA)

1
d © Alcohol: J-shape scoring, moderate drinkers have the highest score J

Musicus et al. Lancet Public

Health 2022
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An Integrated Approach to Improve Personal,
Population, and Planetary Health
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