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Technology: high throughput, 

multi organ, multi level

High-end data mining and 

warehousing

Extensive phenotyping by ‘omics’ analysis



Piskijker, Joos van Craesbeek, ca 1600

My expertise: Systems Health



So what`s

the right diet

for me?



Biological elements for systems health…



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

New definition of health



The challenge concept:

Study and quantification of the stress response curve

Fat

Sugar
Protein
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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 challenge test response

Measuring a total of ~150 different markers representing 

~25 health related processes 



Genes Nutr. 2017;12:21

Genes Nutr. 2017;12:32



Age 20-29, L-N

Age 60-69, N-H

Age 30-59

LOW FAT%

NORMAL FAT%

HIGH FAT%
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Based on ~160 markers

Variation in phenotypic flexibility in healthy subjects



Challenge test as sensitive toolbox for personal health diagnosis
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What nutrition best 

optimize the systems 

flexibility of this lady?



Personalising helps for health improvement!

Adapted from: Zeevi et al., 2015, Cell.    

Celis-Morales C et al., Int J Epidemiol. 2016 

Zeevi et al. approach Food4Me approach

genetics
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Personalised advice for healthy muscles

SenTo
N=800

N=59 (63% female)

Age 60 – 79y

Sedentary behaviour ≥ 10h/day

BMI 20-30 

Good general health

Personalised advice:

7 x nutrition, 2 x exercise

Personalisation based on:

• Content: Muscle health, wellbeing, 

lifestyle

• Form: freedom of choice

Generic advice:

Leaflet Dutch food based 

dietary guidelines 

(Voedingscentrum)

http://www.wur.nl/en.htm


Monitoring:

Weekly: physical activity

Every 3 weeks: Food intake

Every 3 weeks: Compliance & self-efficacy

Feedback & Advice

Baseline & end: Feedback on health 

Every 3 weeks: Feedback & advice on lifestyle 

behaviour

End

assessment

@location

9 week intervention period DiY@home

Baseline 

assessment

@location

Study design: 
measurements, feedback & advice

Measurements:

Muscle health

Wellbeing

Socio-psychology

Measurements:

Muscle health

Wellbeing

Socio-psychology

Generic advices

Personalised advices

http://www.wur.nl/en.htm
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Individual feedback on health
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Arm & thigh 

circumference

InstrumentsWeight & 

fat percentage

Total cholesterol

HDL & LDL

Ratio tot Chol/HDL

Triglycerides

Glucose

Handgrip 

strength 

Short Physical Performance Battery

Chair stand

Balance

Speed

Lean mass

Measures included in muscle score:

Questionnaires

Motivation

Energy

Resilience

Weight & 

fat percentage

BMI, Body Fat

Waist, length

Measures included in wellbeing score:

SBP

DBP

Do it yourself (DIY) tools: muscle health & wellbeing

http://www.wur.nl/en.htm


Personalized advices based on health status,
intake & knowledge on mechanisms

Food diary

ACE, TCF7L2, FTO, FADS1, 

GDF5, VDR

Genetic variation

http://www.wur.nl/en.htm


Prognostic Models

Multi-Layer
KnowledgeBase

Personalized Advice

Literature Mining & 
Knowledge Capture

Data Analysis & 
Visualization

All these elements together make
up TNO’s Nutritional Systems
Toolbox (NuSyBox). NuSyBox is the
core design engine that allows to
efficiently capture nutritional
knowledge substantiated by
literature, as well as to develop
science-based intelligent
algorithms that can be used to
provide personalized advice and
predictions







Both groups showed an improved muscle health and wellbeing 

after 9 weeks of being provided with lifestyle advice

Personalisation is beneficial especial for subjects 

with a low self-efficacy

Only the personalised advice group showed 

reduced weight, fat % and waist circumference and improved vitamin 

D & n-3 levels

The personalised advice group showed more improved resilience!

Summary of health results  
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This laid the foundation for three new initiatives…

1 2

3



Personalised nutrition in healthy range of population1



Nutrition reviews

2017;75(8):579-599.

1



Current partners

Wageningen U&R

TNO

Philips

Menzis

Marks & Spencer

Jumbo

FrieslandCampina

PS in foodservice

Noldus IT

SmartWithFood

Sense Health

Vital 10

BASF

Albron

MLDS

vitality DNA

Habit

A consortium to research
the technology and 
knowledge to make 
personalised food & 
health advice possible on 
a large scale

2



People with Low Socio Economic Status

Wellbeing @ Work

Highly Motivated People: 
Prevention of Metabolic Syndrome

Personalised Nutrition & Health: Living Lab Research2
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Key take aways

Personalized advice and feedback

empowers motivated and low SES consumers to eat more healthy and 

therefore they feel more healthy

has beneficial health effects on the short-term for highly motivated consumers

Personal attention is preferred

Self-measurements @work need to be 

adapted to employee context and have clear 

benefits

For men: cognition after lunch is lower as 

compared to before lunch, whereas in 

women this is equal

2
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To demonstrate that a healthy or optimal diet in an intervention study can 

improve “metabolic age” and “metabolic stress”, which are composite 

biomarkers by quantifying phenotypic flexibility, within a healthy population. 

These composite markers validate previous findings from other intervention 

studies using phenotypic flexibility and could be the next generation 

biomarkers. 

3

http://www.ilsi.org/


Study design phenflex-2 study

To show additional advantages of personalization / tailoring of dietary 

recommendations over general dietary recommendations. PhenFlex-2 delivers 

the scientific evidence that a healthy diet is beneficial for your health specially 

when this is tailored to the (nutritional) needs of a person. 

3



N=1

1. It is personal

diagnosis intervention

biology behavior biology behavior

2. The intervention or advice is based on a 

diagnosis, i.e. my personal health data.

model

model

model

3. A (science based) model is used to 

translate diagnosis into advice

4. The model is tailored to specific conditions 

and goals from a large toolbox   

toolbox

Knowledge base

5. The toolbox is continuously and 

systematically updated with all relevant 

scientific knowledge

6. Exploit/use information from large numbers of 

personal health data

So how will nutrition look like in 10 years?  



Food and nutrition are hot!

There is a booming business of new technology 

and apps allowing a consumer to quantify aspects 

of health

Phenotypic flexibility is a sensitive way to 

quantify health and effects of lifestyle on health

Personalised dietary advices may empower 

individuals to make a sustainable healthy lifestyle 

choice

Personalized nutrition from the perspective of 

phenotypic flexibility will bring the water from the 

fountain of youth on the shelves!

Summary & take home message



THANK YOU FOR YOUR 

ATTENTION
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