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{Biomarkers definition working group, 2001 }

Biomarker Definition: 
‘a characteristic that is objectively measured and evaluated as an indicator of 
normal biological processes, pathogenic processes, or responses to an 
intervention’

My personal objective:
identification of biomarkers of (optimal) health



What is the definition of healthy nutrition?
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Why is it so difficult to quantify health effects from food/nutrition?

Free living subjects, compliance

Target population is healthy Interaction between nutrients

Multiple mechanisms

Choice of reference

Inter individual variation

Subtle and long term effects

Multiple target tissues
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….ability to adapt and self-manage
in the face of social, physical and 
emotional challenges



The challenge concept:
Study and quantification of the stress response curve
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Blood sampling at multiple time 
points after challenge, 
up to 10 hours
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Time course studies to monitor PhenFlex challenge test response

Measuring a total of ~150 different markers representing 
~25 health related processes 





Phenflex challenge test with response markers as toolbox to test 
and evaluate the capacity of the shock absorber
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Resulting in the ‘next generation biomarkers’ 

“healthy”
homeostasis 

Time 

Onset of 
disease/effect?

Early biomarkers 
of disease/effect

Late biomarkers 
of disease/effect

Van der Greef (2005)

Pharma

Nutrition Challenge tests



The challenge concept:
Study and quantification of the stress response curve



36 overweight male elevated CRP
5 weeks supplement mix
cross-over design

10 healthy male
before and after 4 weeks overfeeding 
(1300 kcal/day extra)

Bakker et al. Am J Clin Nutr. 2010; 91:1044-59.
Pellis et al. Metabolomics. 2012; 8(2):347-359.
Bouwman et al. BMC Med Gen. 2012; 6;5:1.

Kardinaal et al. FASEB J. 2015;29(11):4600-13.

First publications that showed health effect of nutritional 
intervention by using a challenge test 

18 MetS (male & female)
12 weeks HMUFA diet before and after

29 healthy overweight middle-aged men
double-blind crossover study
effects of 4 wk high flavonol chocolate (HFC) 
vs normal dark chocolate (NFC)

Esser et al. FASEB J. 
2014;28(3):1464-73

Cruz-Teno et al. Mol. Nutr. Food Res. 2012;56:854–865



A “biomarker of robustness” is defined as a marker for which an integrated analysis of its 
gene/protein and/or metabolite levels as well as available biological knowledge has 
provided sufficient evidence to reflect the health status of a physiologically relevant 
process

Objective: identification of resilience markers of robustness



Application of new technologies and methods in nutrition research 
– the example of phenotypic flexibility

1 core human intervention trial, executed at Imperial College London
Analysis of multitude of parameters by the partners 
(new and existing technologies and methods)

Goal of the study:
Define set of practical biomarkers for health (maintenance, improvement)
Evaluate mechanisms of ‘phenotypic flexibility’ as read-out for health status

Nutritech FP7 EU project (2012 – 2016)
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12 weeks caloric restriction

12 weeks control diet

n=40

n=32
X

X X

X = 4-day assessment period: 
OGTT, PhenFlex challenge, exercise challenge

X

Proof of Concept: Nutritech human intervention study

72 male and female volunteers, 
age 50-65 years, 
BMI 25-35 kg/m2
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The intervention was successful in terms of weight loss



Blood/plasma

Clinical chemistry, Metabolic profiling, Inflammatory proteins 

Cellular/tissue transcriptome
PBMC, WAT and muscle biopsy 

Faeces
Microbiome analysis

Genetics
whole exome sequencing, Analysis of genomic integrity 

Body composition
Weight, BMI, waist circumference, MRI data – fat content in different organs

Billions of data points were collected: 
>14000 plasma tubes and > 70000 Eppendorf/cryovials
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Varna as data integration centre!



Varna as data integration centre!



Nutritech marker

Creation of Health Reference Networks for ‘Resilience’



Input for our health reference networks of ‘Resilience’ (1)

Prior knowledge from review paper on ‘nutrigenomics’ biomarker response to challenge tests



Prior knowledge from The Ingenuity Knowledge Base

Input for our health reference networks of ‘Resilience’ (2)



Input for our health reference networks of ‘Resilience’ (3)

Prior knowledge from metabolomics based biomarkers focusing on type 2 diabetes



Input for our health reference networks of ‘Resilience’ (4)

Prior knowledge on scoring criteria to evaluate biomarkers



Creating the Metabolic Syndrome reference network of resilience

1) Select studies & data-sets in which ‘similar’ challenge test was performed and different ‘markers’ were 
measured in response to challenge test
2) Diagnose subjects on basis of medical criteria whether they have metabolic syndrome according to WHO 
criteria
3) Look for ‘response’ biomarkers that are identified in multiple studies or across studies

Goal: identification of resilience markers of robustness based 
on existing data by multi study analysis



Multiple level visualization

The view exists on multiple levels
Uses ontological information
Levels can be independently 
visualised

First and most basic: molecular

Higher level views aggregate
nodes according to function or 
health domain



NutriTech

• Multi study analysis
• Network analysis with prior 

knowledge

MetS
Signature

Visualisation
Health resilience

networks

1 2 3

• 4 studies having a total of 195 subjects
• 117 healthy vs 78 MetS
• All studies used a PhenFlex like challenge test
• A total of n=400 markers were evaluated

Workflow



• Nodes represent molecules with a 
differential resilience in healthy vs
MetS

• Node size indicates significance in 
multi-study analysis

• Layout is meaningful: nodes are 
arranged by similarity

• Orange nodes represent molecules
that also showed a differential
resilience by NutriTech caloric
restriction intervention

Result at molecular level

LEGEND • Only part of the MetS
resilience reference
network was modulated
by Nutritech caloric
restriction intervention

luc

INS



• Size shows amount of molecules in 
biological process

• Edge thickness shows similarity between
biological processes

• Orange coloring = significantly altered
molecules related to biological process
by Nutritech caloric restriction
intervention

• The higher the intensity of color the
higher percentage of molecules from
biological process are significantly
altered by Nutritech caloric restriction

Result at biological process level

• Caloric restriction
modulates several
biological processes
involved in metabolic
syndrome

• ‘Hepatic injury’ and
‘lipokine production’ 
are modulated strongly
by caloric restriction

• ‘protein metabolism’ and
‘systemic insulin
sensitivity’ are 
modulated moderately
by caloric restriction

LEGEND



• Size shows amount of biological
processes in tissue or health domain

• Edge thickness shows similarity
between molecules in tissue or health 
domain

• Orange coloring = biological processes
related to tissue or health domain are 
significantly modulated by Nutritech
caloric restriction intervention

• The higher the intensity of color the
higher percentage of biological
processes related to tissue or health 
domain are altered by Nutritech caloric
restriction

Result at tissue or health domain level

• Biological processes
related to adipose
tissue and muscle are 
modulated most by
Nutritech caloric
restriction

LEGEND



We were able to create the Metabolic Syndrome reference network of ‘Resilience’ by doing a multiple 
study analysis and combining this with prior knowledge, thereby allowing the identification of resilience 
markers of robustness. The multiple layer visualisation helps to simplify the ‘hairball’ at the molecular 
level into the involvement of biological processes and tissues/health allowing the comprehensively
characterization of metabolic syndrome as well as a systems view on this pre-stage of disease.

This Metabolic Syndrome reference network of Resilience was helpful in the biological interpretation of 
the results from the Nutritech intervention study. It provided clinical relevant context to relatively
unknown nutrigenomics based markers and to the relatively new PhenFlex challenge test responses. It 
enabled to summarize relatively scattered results into biological meaningful results

Phenotypic flexibility signature related to metabolic syndrome is partly modulated
by Nutritech caloric restriction intervention. Caloric restriction affected multiple 
biological processes especially related to lipid and protein metabolism as well 
as liver health.

Conclusions



Take home message

For diagnosis of health effects of nutrition we need resilience markers of health rather than biomarkers 
of disease

These are “multi-biomarker” panels representing defined and accepted health-related processes, that 
can be modulated with the new PhenFlex challenge test that can lead to next generation of biomarkers

The PhenFlex challenge discriminates between different states of health and allowed the substantiation 
of nutritional intervention effects, which could not be found in the traditional way.  

Coming to evidence based substantiation of health 
effects from food and nutrition structured knowledge 
& data capture is crucial!

In this way we can quantify and interpret scattered 
and subtle health effects of nutrition!



A movie to explain the concept

phenotypic flexibility movie

https://www.youtube.com/watch?v=8yTAPCGCKN8&feature=youtu.be
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THANK YOU FOR YOUR 
ATTENTION
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