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Health as a system



Raiten, J Nutr 2015 (INSPIRE)



Multiple micronutrients are involved in 
maintaining optimal inflammatory stress 
response 

relationships between 
micronutrients and 

inflammation have been 
entered into a basic 
mathematical model 

Each arrow represents 
at least one reliable 
published human 
intervention study
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The concept of flexibility



time

inflammation

Oxidative
stress

metabolic
stress

Inflammatory
stress

Too high: damage.

Too low: inadequate 
protection.

Too long: disease

Health is not static but “the ability to adapt”
(example: inflammation)

homeostasis
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Do we 
understand the  
challenge?

Do we 
understand the
response?
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Nakatsuji, Metabolism 2009
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But health is not static!  Systems flexibility is the key
All components of metabolic-inflammatory physiology are 
shock-absorbers



How to quantify health



a biomarker panel that reports on multiple aspects of 
phenotypic flexibility

Brain
• Secondary messengers
• Trp, Tyr, Phe, Met

Gut / microbiome
• Fructose, ribulose / xylulose
• GIP, GLP-1
• Indole-3-proprionic acid

Adipose tissue
• Glycerol, NEFA & specific FFA
• MG, DG
• Leptin, adiponectin
• Estimated SCD activity
• C16:1 FFA
• Adipose IR index

Kidney
• Creatinin
• Asp, Glu, Orn, 
Urea 

• Albumin

Vasculature
• Cholesterol, HDL, LDL
• SAA, sICAM, sVCAMMuscle

• Lactate, beta-alanine
• Muscle IR index
• Branched chain amino acids & derivatives
• 1-methylhistidine, 3-methylhistidine
• 4-hydroxyproline, 4-oxoproline

Liver
• Ketone bodies
• Central metabolism
• ALAT, ASAT, ALP, GGT
• CRP
• TG
• Liver IR index
• Liver IS index

Pancreas
• Disposition index
• C-peptide
• Insulin
• Glucagon
• HOMA-B

metabolic challenge
• Matsuda index, HbA1C, HOMA-IR
• glucose, 1,5-anhydroglucitol
• Glutathione ratio, uric acid, vit E
• mannose, ribose, glycine, pseudo 
uridine

• RQ measures

Blue = responding
Green =  not responding
Back = could not be determined

challenge:
- 75 g glucose
- 60 g palm oil
- 20 g protein

Stroeve, Genes & Nutr 2015



How to
optimize
health?



We can now characterize the individual processes
and optimize these with personalized diets

procyanidins

Carnitine,  Choline, … Low  glycemic index 

Stannols,fibre

Omega 3/6 FA 

Quercetin,   
Se, Zn, …

epicathechins

carotenoids

Antho cyanins
polyphenols

Pre-probiotics



How universal is the concept 
of systems flexibility?



Serious (Early) Life Events and Type 1 Diabetes

… we found that a Serious Life 
Event experienced by the child at 
any time during the first 14 years of 
life increased the risk of diagnosis 
of type 1 diabetes …

Serious Life Events

Nygren, Diabetologia 2015
Li, Pediatric Diabetes 2015

Kelly, Frontiers Cellular Neuroscience 2015



Mayer et al, Gastroenterology 2014;146:1500–1512





Ege et al, NEJM 364 (2011) 701-9



Rook et al, Brain Res 2014, in press



The Multiple-Hit Hypothesis for how the Microbiota of Industrialized Societies Has 
Lost Diversity over Time 

Can we provide personalized (food) solutions 
that restore the diversity to prevent metabolic-

immune related disorders?

personalized 
food

personalized 
health

exposome



Are flexibility, resilience and
optimal immune system related?





What does this mean in practice?

How to shape a health system and economy?





“my food intake 

Medisana

my metabolome (345 plasma metabolites
measured from dried blood spots)

Vitas
TNO

SwissAnalysis

“my “genome”

23andMe

Voedingcentrum, VitalinQ



my specialized clinical chemistry

SwissAnalysis



Akkermansia and Bifidobacterium

Me (need Danone Activia???)

Is this good? 
Is this good for ME?

my MICROBIOME

TNO



Stress, cold/flu, probiotics

--x-- Placebo
--●-- Lactobacillus helveticus R0052
--■-- Bifidobacterium bifidum R0071
--▲-- Bifidobacterium longum ssp. 
infantis R0033

Langkamp-Henken, Br J Nutr 2015



Where is our health data and 
how is it really useful to us?







The “Health Data Cooperative” as legal entity that 
valorizes my health data.

Doctors

Hospitals

Research Health Service
Providers

Retail 

Telecom

Insurance

Banks GovernmentDevelopers

Fitness Education

COOPERATIVE
Citizen‐owned

Citizen‐controlled

Ernst Hafen
ETH Zurich



Predictor of head circumference

Growth diagram 0-15 months – girls NL

Nice – but what can a parent do with this information?



What data do we 
really have / need 
and what should we 
do with it?

Personal 
ownership of all 
health data

BIOPASPOORT

diperomics

cognitive tests

genetics and more

Growth curves
Parent observations

Child 
medication









Can we provide optimal nutrition for our kids based on 
their individual health status?

- What data?
- Who provides the interpretation and the advice?
- Who provides the food products?
- Who pays?
- How can we start?


