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The Giessen Declaration

‘Nutrition science is defined as 
the study of food systems, foods and drinks, 
and their nutrients and other constituents; 

and of their interactions within and between 
all relevant biological, 

social and environmental systems’

The Giessen Declaration (2005) Public Health Nutr 8(6A):783–786



Nutrition science: historical perspective
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Mozaffarian, BMJ 2018; history of modern nutrition science



Key dates in nutrition science

1910-1920

Discovery of 
vitamins

5Mozaffarian, BMJ 2018; history of modern nutrition science
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Permanent lifelong massive exposure to food

60’000-90’000 Kg 20 Kg



Sigriest & Hartmann, Nature Food 2020; 1; 343-350

History of food transforming technologies



Health determinants

Dahlgren, G. and Whitehead, M. (1993) Tackling inequalities 
in health: what can we learn from what has been tried? 9



Commercial determinants of health (CDOH)
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Commercial 
determinants

Food industry

Fossil fuel 
industry

Alcohol 
industry

Tobacco 
industry

Gilmore et al, Defining and conceptualising the commercial determinants of health, Lancet 2023.
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The political and commercial determinants of nutritional health.

Wells et al. Globalization and Health (2021) 17:119



Complexity of food choices

PMID: 11358343, Appetite 2001
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Impact of psychosocial stress on appetite, metabolism and the food system.

Wells et al. Globalization and Health (2021) 17:119
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Individual-centric vs system-centric models of nutrition and agency

Wells et al. Globalization and Health (2021) 17:119



Risk factors and burden of disease in men
(Global burden of disease study 2015)

Lancet 2016;388(10053):1659-1724 

DALY = 
disability-adjusted life years
(années de vie ajustée sur 
l'incapacité)



Risk factors and burden of disease in women
(Global burden of disease study 2015)

Lancet 2016;388(10053):1659-1724 

DALY = 
disability-adjusted life years
(années de vie ajustée sur 
l'incapacité)
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The food is medicine pyramide

Mozaffarian, Nature Medicine, Volume 28 | November 2022 | 2238–2240 | 2238
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HLPE. 2020. Food security and nutrition: building a global narrative towards 2030. A report by the High
Level Panel of Experts on Food Security and Nutrition of the Committee on World Food Security,
Rome.



20HLPE. 2020. Food security and nutrition: building a global narrative towards 2030. A report by the High
Level Panel of Experts on Food Security and Nutrition of the Committee on World Food Security,
Rome.



Food security and nutrition: building a global narrative towards 2030. 

A report by the High Level Panel of Experts on Food Security and Nutrition of the Committee on World Food Security, Rome. HLPE. 2020. 

Food systems

All the elements (environment, people, 
inputs, processes, infrastructures, 
institutions, etc.) and activities that 
relate to the production, processing, 
distribution, preparation and 
consumption of food, and the output of 
these activities, including socio-
economic and environmental 
outcomes” (HLPE 8, 2014). 

The three constituent elements of food 
systems are: 

- food supply chains, 

- food environments and 

- consumer behaviour. (HLPE 12, 2017).
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www.blv.admin.ch

The Federal Food Chain Unit (FFCU) 
supports the Federal Office of 
Agriculture (FOAG) and the FSVO in 
supervising the implementation within 
Switzerland of legislation in the areas of 
plant health, food and feed, animal 
diseases and animal welfare.

Federal Food Chain Unit in Switzerland
(FOAB+FSVO)
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Strategic objectives along the food chain in Switzerland

https://www.blv.admin.ch/blv/fr/home/das-blv/organisation/blk/nationaler-kontrollplan.html



From populations to individuals and vice versa

Population-based 
approaches

Individual-based 
approaches

Personalized 
approaches

Prevention
Treatments
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Merra et al, Nutrients 2021, 13, 7.
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Dinu, M.; Pagliai, G.; Casini, A.; Sofi, F. Mediterranean diet and multiple health outcomes: An umbrella review of 
meta-analyses of observational studies and randomised trials. Eur. J. Clin. Nutr. 2018, 72, 30–43.
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Ultra-processed foods and health

Paglia et al. Br J Nutr 2021; 125, 308-318

Ultra-processed foods (UPF) are, according to the NOVA classification, ‘formulations of ingredients, mostly for 
industrial use only, derived from a series of industrial processes’.

Ultra-processed foods usually contain ingredients that you wouldn’t add when cooking homemade food. You 
may not recognise the names of these ingredients as many will be chemicals, colourings, sweeteners and 
preservatives.
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Ultra-processed foods

breakfast cereals, savoury snacks, reconstituted meat products, 
frankfurters, pre-packaged frozen dishes, soft and/or sweetened 
drinks, distilled alcoholic beverages and supplements.
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NOVA classification

Group 1. Unprocessed or minimally processed foods: fresh, squeezed, chilled, frozen or dried 
fruits and leafy and root vegetables; grains such as brown, parboiled or white rice, corn cob or 
kernel, wheat berry or grain; legumes such as beans of all types, lentils, chickpeas, potatoes, 
meat, poultry, fish and seafood, eggs, milk, pasta, couscous and polenta made with flours, etc
Group 2. Processed culinary ingredients: vegetable oils; butter and lard obtained from milk and 
pork; starches extracted from corn and other plants; sugar and molasses obtained from cane or 
beet; honey extracted from combs and syrup from maple trees; and salt mined or from 
seawater.
Group 3. Processed foods: canned or bottled vegetables, fruits and legumes; salted or sugared 
nuts and seeds; salted, pickled, cured or smoked meats and other animal foods; canned fish; 
fruits in syrup; cheeses; and unpackaged freshly made bread)
Group 4. Ultra-processed foods: carbonated drinks; sweet or savoury packaged snacks; ice 
cream, chocolate, candies (confectionery); mass-produced packaged breads, buns, cookies 
(biscuits), pastries, cakes; breakfast ‘cereals’, ‘cereal’ and ‘energy’ bars; margarines and spreads; 
processed cheese; pre-prepared pies and pasta and pizza dishes; poultry and fish ‘nuggets’ and 
‘sticks’; sausages, burgers, hot dogs and other reconstituted meat products; etc

https://fr.openfoodfacts.org/nova
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Healthy and sustainable diets 
(FAO and WHO, 2019)

Healthy and sustainable diets refer to dietary patterns that fulfil the aims of the 
guiding principles of sustainable healthy diets, namely: 
• promote all dimensions of individuals’ health and wellbeing, 
• have low environmental pressure and impact, 
• are accessible, affordable, safe and equitable, and 
• are culturally acceptable.

http://www.fao.org/3/ca6640en/ca6640en.pdf
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The Planetary Health Diet

A healthy global diet should include around 
half a plate of fruit and vegetables by 
volume; the other half, expressed in 
calories, consists mainly of whole grains, 
vegetable proteins, unsaturated vegetable 
oils and (possibly) animal proteins in 
moderate quantities. 

EAT Lancet Commission 2019

EAT is the science-based global platform for food system transformation.



Methods to assess dietary exposure (self-report)

Method Advantages Disadvantages

Food record Precise information on food 
consumption
Not based on memory
Precise estimation of quantities

Selection bias
Burdensome for participants
May modify dietary patterns
Exposure misclassification

24h recall High participation rate
Does not interfere with usual diet
Direct coding of food during the recall

Not representative of usual diet
Incomplete recall
Need for trained investigators
Expensive

Food frequency 
questionnaire 
(FFQ)

Low cost
Easy to use and complete
Individuals classified according to food 
intakes
Usual consumption

Questionnaire needs to be validated
Data quality check and entry burdensome
Lack of precision
Important random errors.

Diet history Study of nutritional profile
Usual repartition of consumptions
Characterizes ways to prepare foods and 
circumstances of food intake
Usual consumption

Long duration
Omission of selected food intakes.
Need for trained investigators



Serum biomarkers of nutrition status

• Fatty acids: butyric acid, myristic acid , linoleic acid C18:2, etc

• Amino acids and derived molecules: alanine, arginine, etc

• Minerals / Elements: Na, Mg, Cl, K, Ca, Fe, Zn, Cu, etc

• Hydrosoluble vitamins: vitamin B1, vitamin B2, vitamin B6, vitamin B12 etc.

• Liposoluble vitamins: ADEK

• Iron status: iron, ferritin, transferrin, Unsaturated Iron Binding Capacity

• Thyroid function: TSH, T3/T4

• Lipids: total cholesterol, triglycerides, etc

• Others: albumin, pre-albumin, total protein, glucose, insulin, urea, liver 
enzymes, creatinine, bilirubin, etc



Urine biomarkers of nutrition status

• Minerals: urinary Na, K, I, PO4, Mg excretions in 24h urine or 
concentration and ratio with creatinine in spot urine (etc)

• Other: urinay urea, urate and creatinine excretions (24h urine).



WHO indicators of nutritional status

http://www.who.int/vmnis/indicators/en/

Biomarker Role

C-reactive protein marker of inflammation or infection for interpreting 
biomarkers of micronutrient status 

Goitre determinant of the prevalence and severity of iodine 
deficiency disorders in populations 

Haemoglobin diagnosis of anaemia and assessment of severity 

Serum ferritin iron status and iron deficiency in populations. 

Serum transferrin receptor 
levels 

iron status and iron deficiency in populations 

Serum retinol prevalence of vitamin A deficiency in populations. 

Serum and red blood cell 
folate

folate status in populations 

Urinary iodine concentrations determining iodine status in populations 

Xerophthalmia and night 
blindness

clinical vitamin A deficiency in individuals and populations 



Swiss Food Pyramide (2024) 

http://www.sge-ssn.ch/fr/

The Swiss Food 
Pyramide presents 
an image of a 
balanced diet



https://www.blv.admin.ch/blv/fr/home/lebensmittel-und-
ernaehrung/ernaehrung/menuch/menu-ch-ergebnisse-ernaehrung.html
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Nutrition

Health

Genetic 
factors

Environmental  
factors
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Khoury et al, PLoS Med (2020) 17(10): e1003373. 



Genomic Medicine throughout the Human Life Cycle

Shendure et al, Cell 177, March 21, 2019



41Haendel et al, N Engl J Med 2018;379:1452-62.
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All of Us Meets FDA Standards to Deliver DNA Research Results to Participants
September 6, 2022

https://allofus.nih.gov/news-events/research-highlights/allofus-meets-fda-standards-dna-results-delivery
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Barrea et al, Int J Obes Suppl. 2020 Jul; 10(1): 1–13

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7371677/
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Mullins et al, Nutrients. 2020 Oct; 12(10): 3118.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7599709/


45Mullins et al, Nutrients. 2020 Oct; 12(10): 3118.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7599709/


www.personalnutrition.org



Personalized nutrition: novel perspectives

• High interpersonal 
variability in post-meal 
glucose.

• Accurate prediction of 
glucose response using 
personal and microbiome 
features.

• Added value compared to 
current practice.

• Successful short-term 
personalized interventions.

Zeevi et al, Cell 2015; 163: 1079
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Muthukumar et al; Food Res Int 2020; 138: 109780; PMID: 33288166

https://pubmed.ncbi.nlm.nih.gov/?sort=date&size=50&term=Muthukumar+J&cauthor_id=33288166


Prevalence of lactose intolerance

http://goo.gl/RvorJ
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Genome-wide polygenic risk score (GPS): principles

Liu & Kiryluk, Nat Rev Nephrol 2018

Présentateur
Commentaires de présentation
Construction of a GPS. A genome-wide polygenic risk score (GPS) is based on genome-wide association study (GWAS) summary statistics.
The optimization step enables selection of the best method according to the genetic architecture of a disease under study. The validation step requires
an external cohort and is critical to obtaining reliable metrics of performance. Clinical predictors of absolute risk will require incorporation of additional
demographic, clinical or lifestyle factors into composite risk models. AUROC, area under receiver operating characteristic. SNP, single-nucleotide
polymorphism.
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Use of polygenic risk scores for risk prediction

Lambert, Hum Mol Genet 2019. Towards clinical utility of polygenic risk scores

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.
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Clinical utility of polygenic risk scores

Torkamani et al, Nat Rev Genet 2018



Risk prediction: comparison between genetic risk and lifestyle 
(tobacco, physical activity, nutrition)

Khera et al, NEJM  2016

USA. Age group: 45 to 64 years, starting in 1987. Genetic risk score based on 50 SNPs (variants).
Favorable lifestyle (≥ 3 out of 4 healthy lifestyle factors): no current smoking, no obesity, regular 
physical activity, and a healthy diet.
Intermediate lifestyle (2 healthy lifestyles).
Unfavorable lifestyle (≤ 1 healthy lifestyles).



10-year risk of myocardial infarction using 
a genetic risk score

Khera et al, NEJM  2016
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Obesity risk prediction at birth

Khera et al, Cell 2019 Apr 18;177(3):587-596.e9. 

• A genome-wide polygenic score (GPS) 
can quantify inherited susceptibility 
to obesity.

• Polygenic score effect on weight 
emerges early in life and increases 
into adulthood.

• Effect of polygenic score can be 
similar to a rare, monogenic obesity 
mutation.

• High polygenic score is a strong risk 
factor for severe obesity and 
associated diseases.

• The GPS is associated with only 
minimal differences in birthweight, 
but it predicts clear differences in 
weight during early childhood and 
profound differences in weight 
trajectory and risk of developing 
severe obesity in subsequent years.
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Polygenic scores, diet quality, and type 2 diabetes risk

• Both genetic and lifestyle factors contribute to individual-level risk of 
type 2 diabetes.

• Understanding how genetic risk and diet quality contribute to the 
development of type 2 diabetes is important to support evidence-based 
preventive interventions.

• In 3 cohort studies involving 35’759 men and women in the US, use of 
novel polygenic scores for type 2 diabetes. 

 a healthier diet associated with lower risk of type 2 diabetes regardless 
of genetic risk.

 value of genetic risk for risk stratification and surveillance.

Merino Jordi et al. PLoS medicine 2022 19(4) e1003972
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Relative risk of type 2 diabetes by genetic risk and diet quality

Merino Jordi et al. PLoS medicine 2022 19(4) e1003972

Shown are adjusted HRs and 95% CI of the estimate for type 2 diabetes in a pooled analysis of the 3 prospective cohorts according to categories of genetic risk and 
diet quality score. In these comparisons, participants with low genetic risk and high diet quality served as the reference group. Cox proportional hazards models 
were stratified by age and adjusted for ancestry-derived principal components, family history of diabetes, history of hypertension, history of hypercholesterolemia, 
menopausal status (women only), BMI, smoking status, physical activity, and total energy intake. Fixed-effects inverse variance weighted meta-analysis was used 
to combine cohort-specific results. 



LCT;  SLC2A9, ,VDR, CUB; CYPs, CASR

CYP1A2, CYP2E1, CYP2D6; CYP3A2 ALDH2 

CYP1A2,  CYP2C9, 
ADORA2A, AHR

TAS2R38; GSTM1/GSTT1 

PPARγ;  APOE; 5-LO 

β3AR

Personalized approach
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Epigenetics

https://en.wikipedia.org/wiki/Epigenetics



Conclusions

• Diet is a major determinant of health and diseases (in particular cardiovascular 
disease, cancer and metabolic diseases).

• The production of foods for human diets has a substantial enviromental impact.

• Food choices are complex and influenced by a large number of individual-level, 
community-level and global level factors, including commercial ones.

• We are not all equal with respect to nutrition (dietary choices and their 
consequences on health). 

• Part of these inter-individual differences are attributable to epi/genetic factors. 

• This does not remove the importance of environmental factors and lifestyle!

• Current dietary/nutrition recommendations do not take genetic/epigenetic 
variants into account.



Perspectives

• Precision/personalized nutrition needs big data on a large number of people.

• The genome influences the way diet impacts on health and our diet influences 
the function of our genome mainly by epigenetic modifications. 

• New technologies (« omics fields ») will allow improving our understanding of 
how genomic information influences human health. 

• Novel analytic methods need to be developped to better take complex 
physiological mechanisms into account. 

• Large scale population-based cohorts with long-term follow-up will play a key role 
in knowledge generation in nutrigenomics and will provide tools for monitoring 
and interventions.
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