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Dynamic biomarkers to capture the 
complexity of health 



Healthy nutrition .....

Maintains or improves normal physiological functioning

Reduces or modifies risks* for the development of a 
disease…

* EFSA: risk factor in the development of a disease



• To measure (improvement of -) normal physiological functioning 
(‘health’)....
• Biomarkers for disease have very limited use
• So do RCTs
• Individual homeostasis and phenotypic flexibility are key 

• Food is NOT ‘thy medicine’ 

• Taking single nutrients usually don’t make us more healthy

• Experimental and nutritional physiology will rapidly (have to) 
move out of the lab  

Main points 



Food is not pharma ....

Let“let food be 
thy medicine 
and medicine 

be thy
food”

Did I ever say 
that? Sorry, but I 

really can’t recall*  
Actually I don’t 

even agree ! 

* Cardenas, E-SPEN Journal 8 (2013) e260ee262



Dose 

Dose-effect relationship – Drug 

Effect(s) 
‘therapeutic range’ 

‘ceiling effect’ & increasing 
side-effects



homeostasis

Dose-effect relationship – Nutrient 

Dose 

Effect 

Restoring 
deficiencies

Pharmacological 
use



Is this the 
right switch 
to press ?

Or should I 
have this one?



• Multi-dimensional
• Not strictly defined or limited
• Individually determined; perceived personally
• Dynamic and time-dependent

Health – what is it ?



Are we getting closer to 
measuring health?







Data collection: a lot is possible 
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Measuring effects in muscle 

after one-leg excercise; 

Sander Kersten et al., 2013 



But interpretation hasn’t become easier



“healthy” 

“chronic 
disease” 

Biomarkers of 
homeostatic adaptability

Late biomarkers of
disease   

Time

Early biomarkers of
chronic disease   

Episode of 
acute/resolved 

disease 

Processes and biomarkers from 
health to disease



Losing flexibility  disease

Van Ommen et al.Genes Nutr (2014) 9:423



Health is a state of complete physical, mental 
and social well-being and not merely the 
absence of disease or infirmity (WHO 1948)

The ability to adapt

The ability to adapt and self-manage in the face of social, physical and emotional
challenges’ (Lancet 2009; Huber et al. 2011).



“healthy” 

Time

Challenge test to analyze 
phenotypic flexibility 



How to measure Phenotypic flexibility?  

Endpoints

Metabolic effects

GI effects

Immune effects

Cardiovascular

Microbiological

Stress

Cognition
...

Etc.

Etc.

Tests 



Stroeve et al., genes and Nutrition, 2015

Metabolic stress test 
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Mixed meal challenge
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Amount kcal

Protein 
Protifar®

17.6g 72

Carbohydrates
Dextrose

76.3g 310

Fat
Palm olein

60g 531

Water
Vanilla flavour 

-

Total 912
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time (hours)

baseline T0 T60 T120 T180 T240

Challenge test study day example



Physical challenge test 



Janssen Duijghuijsen et. al. submitted 2016

GI permeability: effect of physical stress on 
absorption of the peanut allergen Ara h 6 in healthy 

individuals



Important scientific and economic 
challenges remaining 

• Not (yet?) possible to grasp ‘full picture’

• Interindividual differences are large

• Tests are very standardised and, therefore within-subject 

variation is smaller than in reality

• Between labs, standardisation and data exchange is limited 

• Studies become complex and expensive 



Cell 2015 163, 1079-1094DOI: (10.1016/j.cell.2015.11.001) 

Personalized Nutrition by Prediction
of Glycemic Responses



Large inter- and intra-individual 
responses to foods & nutrients found 

• High interpersonal variability in post-meal 
glucose observed in an 800-person cohort

• •Using personal and microbiome features 
enables accurate glucose response 
prediction

• •Prediction is accurate and superior to 
common practice in an independent cohort

• •Short-term personalized dietary 
interventions successfully lower post-meal 
glucose



My own n=1 experiment 
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Study the dynamics and differences 
under real life conditions



And BIG data management.... 

https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiv0Ouw99nPAhXKmBoKHeiQBzYQjRwIBw&url=https://challenges.openideo.com/challenge/healthy-lives/ideas/eat-this-instead-healthy-eating-app&bvm=bv.135974163,d.d2s&psig=AFQjCNF9hIaLeGSWshWz3P0b0a8THa_hnw&ust=1476521990600143
https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiv0Ouw99nPAhXKmBoKHeiQBzYQjRwIBw&url=https://challenges.openideo.com/challenge/healthy-lives/ideas/eat-this-instead-healthy-eating-app&bvm=bv.135974163,d.d2s&psig=AFQjCNF9hIaLeGSWshWz3P0b0a8THa_hnw&ust=1476521990600143


Some take home messages 

• The dynamics of physiology is crucial to understand 
how nutrition works 

• Supplements: correct the deficiencies while 
maintaining homeostasis

• Food is no pharma; RCTs have not much future in 
nutrition research  

I was 
right 

after all



Some take home messages (2)  

• The future of nutrition studies lies largely outside our 
labs

• More integration between physiology, epidemiology, 
geo-informatics, microbiology, consumer science lies 
ahead

• For this we need more knowledge on BIG data 
management
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