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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

Phenotypes
Functions

Bio-nomics Family

ü Sugars/Carbohydrates
ü Fats/lipids
ü Nucleotides
ü Amino Acids



Franks PW et al. Diabetes Care 2013;36:1413-1421Franks et al. Diabetes Care 2013

Paradigm Shift: From Black Box Epi to Systems Epi

� Illuminate biological mechanisms
� Identify novel exposure and disease 

biomarkers
� Improve disease predictions
� Identify high-risk individuals and 

populations
� Identify intervention targets



Diet Is Central to -Omics
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Integration of Population, Laboratory, Analytical and 
Translational Approaches to Study Complex Diseases 

Laboratory

Populations

Data analysis

Translations

Dietary 
intervention 
studies

Functional Studies

Clinical Predictions

Biomarkers

Multi-omics

Risk Factor Epidemiology

High-dimensional 
data-analysis

Network Analysis

Observational 
cohorts

Birth 
cohorts

Dietary Guidelines

Nutrition Policies
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� Repeated measures
� Long-term follow-up
� 90% follow-up rate
� Multi-generational
� High-dimensional 

data



Hu FB, et al. New Engl J Med 1997

Types of Fat and Incidence of CHD
(Nurses’ Health Study)
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Recent Debate



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%)

Li et al. JACC 2015
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Malik VS et al. Circulation 2019; Ding M et al. Circulation 2015

coffee No-coffee           =<1 cup/d         1.1-3 cups/d    3.1-5 cups/d         >5 cups/d               



Ma Y, He FJ, Sun Q, Yuan C, Kieneker LM, Curhan GC, et al. NEJM. 2021 Nov 13. doi: 10.1056/NEJMoa2109794.



Higher 24h urinary sodium and potassium 

excretion and CVD risk

Yuan et al. NEJM 2022
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• 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 dietSatija et al, J Am Coll Cardiol 2017

Satija et al. PLoS Medicine 2016

Not all plant-based diets are healthy





One size 
doesn’t fit 
all 
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• “Precision Nutrition is a framework canvassing a wide 
array of features including genetics, dietary habits and 
eating patterns, circadian rhythms, health status, 
socioeconomic and psychosocial characteristics, food 
environments, physical activity, and the microbiome."

• Personalized nutrition or nutrigenomics: Tailor 
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. 



19MedComm (2020). 2023  
4(1): e212.

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



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

Improve dietary 
assessment and 
compliance

1
Better understand 
biological 
mechanisms

2
More effective 
personalized nutrition 
strategies to improve 
health outcomes
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Pro, bet, naringenin-7-
O-glucuronide, caffeic

ac sulfate, 
3-hydroxyhippuric ac,.. 
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The	food	metabolome

Food
metabolome

FRUITS 
& VEG

MEAT 
AND 
FISH

WHOLE 
GRAIN 

RYE 
BREAD

COFFEE 
AND 
TEANUTSCOCOA

DIETARY PATTERNS:
OMNIVOUROUS DIET

VEGETARIAN DIET
MEAT and PROT DIET

LACTOVEGETARIAN DIET
PHYTOCHEMICAL RICH DIET

NORDIC DIET
WESTERN DIETARY PATTERN

WINE

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



Plasma metabolite profiles related to plant-based 
diets and the risk of type 2 diabetes

Diabetologia (2022)

● Unique multi-metabolite profiles 
differed significantly between the 
healthy and unhealthy plant-based 
diets.

●  hPDI is characterized by higher 
plasma trigonelline and hippurate, 
low levels of isoleucine and some 
lipid metabolites. 

● Metabolite profile scores for hPDI 
were inversely associated with 
incident T2D independent of BMI, 
and other diabetes risk factors.

● Support the beneficial role of 
healthy plant-based diets in 
diabetes prevention and provide 
new insights into mechanisms

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




Elucidating Biological Mechanisms

• Multi-omics analysis can help understand:

• The relationship between diet and disease risk at 
molecular levels

• Individuals’ variability in response to dietary 
interventions 



Essential Amino Acid: Tryptophan
* Immune function  * Brain functions * Obesity & metabolism

Gut metabolism
Host metabolism

Host metabolism

Diet

?

Genetics

?

Microbiota

?

INTERPLAY between host and gut microbial metabolism
Tryptophan and risk of type 2 diabetes 

Incident 
T2D risk

??

Qi et al., Gut, 2021

IPA (Indole-3-
Propionic Acid)



Primary study (Discovery) cohort 

qProspective, 16,415 US Hispanic/Latinos

qGWAS: 3,933 overlapping with 
metabolomics

qGut microbiome: shotgun sequencing

qDiet: 1* FFQ + 2* 24h DDR

Hispanic Community 
Health Study/Study 

of Latinos (SOL) 

qBaseline Metabolomics 
• Metabolon
• 367 incident T2D in 2,821 healthy 

participants

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

q GWAS: 3281 overlapping with metabolomics

q Baseline Metabolomics (Broad institute)
§ Total n=1424 healthy participant
§ 218 incident T2D 

q GWAS: 1509 also with metabolomics

q Baseline Metabolomics (Broad institute)
§ 694 sub-cohort participants
§ 251 incident T2D 

q Baseline Metabolomics (Broad institute)
§ Total n=1392 healthy participant
§ 163 incident T2D

Framingham 
Heart Study

Replication study cohorts 

PREDIMED Study

Qi Q, et al, Gut, 2021



Higher intake of fiber 
enriched foods

Higher intake 
protein and 

lower intakes 
fiber enriched 

foods 22 genera: 
esp. Firmicutes 
mediated some 
association of fiber 
with IPA

×

13 genera4 genera

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

Qi et al. Gut 2021

Host and gut microbial tryptophan metabolism and T2D

● 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. 

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



Curr Opin 
Psychiatry. 2022 
Jan; 35(1): 3–9.

Microbiota-targeted	interventions

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8654258/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8654258/
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Diet and gut microbiome interaction and TMAO

Li J, Sun Q et al. Gut, 2021



Lignans, Microbiome, and Enterolactone

Li Y, Sun Q. et al. BMC Microbiology. 2022



Personalized Nutrition based on Computer 
Algorithms

Zeevi et al. Cell. Nov 2015



The role of precision nutrition in research and practice
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Dietary assessment

• Holds promises for novel 
biomarker discovery for food 
intakes and dietary patterns

• Complementary to rather 
than a replacement for  
traditional nutrition 
biomarkers and self-reported 
dietary assessment tools

Biological mechanisms

• Most fruitful areas of 
research

• Black-box epi to Systems epi

• Although new mechanisms 
may be discovered, clinical 
translations are challenging 
and take time

Personalized nutrition 
advice

• AI-based tools are at early 
stage; not ready for prime time

• Commercial products outpace 
the evidence

• More useful for disease 
management than for 
prevention

• May widen health disparities



The balance between public health nutrition 
and precision nutrition



Impact of Nutrition Epidemiology on Dietary 
Guidelines and Nutrition Policies

• 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



Is a healthy diet 
for humans also 
beneficial for 
the health of 
the planet?
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Higher score, Higher intake: 

Vegetables (excl. potatoes & juices)

Fruits (excl. juices)

Whole grains 

Nuts and legumes

ϖ-3 fats (EPA + DHA)

Polyunsaturated fat (PUFA)

Higher score, Lower intake:

SSBs and juices

Red/processed meat

trans fat

Sodium

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

Musicus et al. Lancet Public 
Health 2022



Precision 

Nutrition

Public Health

Nutrition

Planetary

Nutrition

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