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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
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Main points

To measure (improvement of -) normal physiological functioning
(‘health’)....

* Biomarkers for disease have very limited use
e SodoRCTs
* 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
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Food Is not pharma ....

Did I ever say
that? Sorry, but |
really can’t recall*

“let food be

thy med:qne Actually I don’t
and medicine even agree !
be thy

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



Dose-effect relationship — Drug

N

Effect(s)

‘ceiling effect’ & increasing
side-effects

\

‘therapeutic range’
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Dose-effect relationship — Nutrient

,‘h\
A /7 AN P AN A
Y4 \ Y3 \
Vi \ Yi \
/i \ Vi Y
1 \ Vi \
/) A /) \
/ Restori / )
',' estoring j \
N I deficiencies I !
I I ]
| | !
: : Pharmacological
1 1
i I use
1 1
1 1 ]
] 1 1
] ] ]
\ \ H
Effect \ \ I
\ \ 1
\ \ 1
\ [
\ /
\ /4
\ /4
\ V4
\ U4
. -—,/
homeostasis

Dose ——>

WAGENINGEN

UNIVERSITY & RESEARCH
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Health — what i1s 1t ?

 Multi-dimensional
e Not strictly defined or limited
e Individually determined; perceived personally

 Dynamic and time-dependent
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Are we getting closer to
measuring health?
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THEHUMAN & 17 MICROBIOME
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IntelliCap Systeem

..

IntelliCap® Capsule

sensor

medication
container

actuator

electronics
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Data collection: a lot Is possible

Measuring effects in muscle
after one-leg excercise;

Sander Kersten et al., 2013

WAGENINGEN

UNIVERSITY & RESEARCH

Figure 1

19.732 genes

Filtering and T-tests comparing TO and T1

209 genes
significantly
changed

938 genes
significantly
changed

| 1
Secretome analysis

v 4

52 possibly secreted proteins 32 possibly secreted proteins
increased expression increased expression
1 1
28 possibly secreted proteins 7 possibly secreted proteins
decreased expression decreased expression
Upregulated Downregulated

(D Cp

Exercising Non-exercising
Exercising Non-exercising
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But interpretation hasn’t become easier
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Processes and biomarkers from
health to disease

Late biomarkers o
ssssss

Biomarkers of \

homeostatic adaptab ility

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



Challenge test to analyze
phenotypic flexibility




How to measure Phenotypic flexibility?

Tests

Endpoints

Metabolic effects
Gl effects
Immune effects
Cardiovascular
Microbiological
Stress

Cognition




Metabolic stress test

Kidney
(Re)absorption
Urea cycle

Adipose tissue

Lipolysis & lipotoxicity

Adipose insulin sensitivity
Expandability

Lipokine & adipokine production
Macrophage infiltration

Vasculature

Blood pressure regulation

Gut

Host-micrabe interaction
Absorption ¥
Intestinal integrity, barrier function
Gut hormone production
Gut-mediated inflammation control
Chylomicron production

Brain
Endocrine responses '
Secondary messengers

HPA axis

Meurotransmitiers & precursors

Metabolic challenge

Endaothelial integrity & flexibility

-
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Systemic stress response
Systemic insulin sensitivity

Oxidative stress

Chronic low-grade inflammation
Adaptation carblipid switch

ER slress

Stroeve et al., genes and Nutrition, 2015

Pancreas
fcell function
(frn function

Liver

Core metabolism
Lipaprotein meatabolism
Bile production

Hepalic tissue injury control
Fibrosis & inflammation
Hepatic insulin sensitivity

Muscle

Protein metabolism

Muscle tissue injury control
Muscle insulin sensitivity

s
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Mixed meal challenge

Protein 17.6g 72
Protifar®

Carbohydrates 76.3g 310
Dextrose

Fat 60g 531
Palm olein

Water
Vanilla flavour

Total 912

S ——
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Challenge test study day example

Vv

baseline TO T60 T120 T180 T240

time (hours) —
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Physical challenge test

Arah6
Araho6 Lactulose
Lactulose L-Rhamnose
L-Rhamnose Ara h 6 FABP2
FABP2 FABP2 Arah6 Arahé6

Arah6

1 week

Arah6

100gr Dual
peanuts sugar
solution
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Gl permeability: effect of physical stress on

absorption of the peanut allergen Ara h 6 in healthy

iIndividuals

Resting condition

+ D01
6 1 - D02
—— |03
-= |04
i 4 o D05
—— |D0&
—— |DO7
2 —— |08
-0 D09
o D10
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Exercise condition

Ara h6 (ng/mL)

= - L] “d =1 %] (=7 =]
1 I 1 1 1 1 1

0 60 120 180 240
Time (min)

Janssen Duijghuijsen et. al. submitted 2016



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
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Personalized Nutrition by Prediction
of Glycemic Responses

Measure personal Predict personal
features for 800 people glycemic responses

Microbiome # ' 4 ’

Blood tests

Personalized Nutrition
Anthropometrics

Food diary

i

Design personalized diet
to lower glycemic responses

Oy Ben-Yacow,'* Dar Lador,'* Tall Avnit-Sagi, '~
Wl Elad Matot,’ Gal Malka, -~ Noa Kosower,'
‘ f t ‘ Meirav Pevsner-Fischer,” Rony Bikovsky,'-* Zamir Halpern, -

@ Personalized Nutrition by Prediction
of Glycemic Responses

Bredictor David Zeev, 2 Tal Korem,'22 Niv Zmora, 459 David Israel,®® Daphna Rothschild, 2 Adina Weinberger,'-2
Maya Lotan-Pompan, - Jotham Suez,? Jemal Ali Mahdi,?
Michal Rein,'~ Gili Zilberman-Schapira,® Lenka Dohnalova,?

7 Eran Elinav,*®" and Eran Sagal’-=%."

Per person profiling

Gut microbiome /.-—
165 rRNA | @
Malaganomics
Elood tests O

Questionnaires
Foo d fireg uency
Lifestyle

Medical

Anthropometrics @-ﬂ\]

Diary (food, sleep, physical activity)

Computational analysis

U=l g smariphone-adjusted website - Main PPGR
5435 days, 46,858 meals, 9.8M Calories, 2,532 sxercises N cohort prediction
Continuous glucose monitoring E—p:} @ - D
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]
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100 Participants 26 Participants
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Cell
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Cell 2015 163, 1079-1094DO!I: (10.1016/j.cell.2015.11.001)




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

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

eUsing personal and microbiome features
enables accurate glucose response
prediction

ePrediction is accurate and superior to
common practice in an independent cohort

eShort-term personalized dietary

160

. . E
interventions successfully lower post-meal .|

dl)

glucose

-t
Fat
(=]

100

e
=
=]

Blood ghucose (Mg

100

WAGENINGEN

UNIVERSITY & RESEARCH

140 |

240

200

160

Blood glucoss (mgidl)

120

i 1
Individual PPGRs to broad
Mean LALIC {mmg'cl-h|

Pt D

e T
ok

BT

BO
0 20 40 60 B0 100 120
Turms (an)
' G
Participant 468 115 Participant 445 -
= 100 - L
B . — ]
=
1 = Glucose a g LE Barana
T = Broag ‘,; — Cookas
g 115} g
2
3
@ 100
" Participant 583 85 |- Participant 644 i
| 1 !
o 30 60 90 120 0 30 60 90 120
Time (minj Tima (min)



My own n=1 experiment

_nd N\
: N

-100 -50 0 50 100 150

Minutes

,5.&,/“\‘\ o

WAGENINGEN 100 50 "o 50 100 150

UNIVERSITY & RESEARCH T 27




Study the dynamics and differences
under real life conditions
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§ And BIG data management....
@ vitalconnect ..

As broad
as your
Imaginati

Build wireless health innovatio

wearable biosensor. We're reve
the way healthcare is delivered

__ 5.: - network models

curated and adjusted
! )

data repository  /

:& : DlYgenomics

DlYgenomics
... crowd-sourced clinical trials
and personal genome apps

citizen sciences
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Some take home messages

 The dynamics of physiology is crucial to understand
how nutrition works

 Supplements: correct the deficiencies while
maintaining homeostasis

| was
right
after all
 Food is no pharma; RCTs have not much future in O

nutrition research
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Some take home messages (2)

e 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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