FULLKOR
- VAD VET

Matlust
Stockholm 2019-09-19

Rikard Landberg, professor @

Avdelningen fér //vsmed@své@énskaﬁ . )
Institutionen for B/o/oﬁgiroqbfﬁfc"ﬁ_%knlk

Chalmers Tekn/% Hogév\(?}/i? {}._.

a*f




CHALMERS

Head of division:

Prof Rikard Landberg

Employees: 45,5 (37,5)

Researchers: 9 + 3

Post docs: 12

PhD students: 14 (of which 4 are guests)
Technicians: 2.5

Temporary staff: 5

Courses:
6 in MP BIO (MSc level)

Papers in 2018: 50
Turnover: ~50 MSEK
Main funding:

Formas,VR, Vinnova, EU, SSF,
SIDA/SAREC, VGR, Nordic Innovation




Halsa- en global samhallsutmaning
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HALSA OCH
VALBEFINNANDE

Till 2030:

- Minska antalet manniskor som dor i
fortid av icke smittsamma sjukdomar
med 33%

-~ Framja psykisk halsa och Kosten har stor betydelse!

valbefinnande.




Icke-smittsamma sjukdomar (NCDs)

70% av dodsfallen globalt

Hjart-karlsjukdom
Fysisk inaktivitet, tobak, ohalsosam kost férklarar
stor del av dédsfallen

Cancer
Nast vanligaste dédsorsaken

Kroniska respiratoriska sjukdomar

Diabetes
Type 2 diabetes star fér 90-95%av alla diabetesfall

WHO (2017) Noncommunicable diseases progress Mental ohéalsa
monitor. World Health Organization

Bloom, D.E(2011). The Global Economic
Burden of Noncommunicable Diseases.
Geneva: World Economic Forum




Fetma — en global halsoutmaning

Prevalence of obesity (%)
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Mer &n 600 miljoner vuxna ar feta (BMI 42 miljoner barn < 5 ar ar déverviktiga eller feta (2014).
30 eller hogre). (WHO 2016) Estimerat:70 miljoner ar 2025. (WHO 2016).
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Global Burden of Disease

Institute for Health Metrics and Evaluation (IHME)
Seattle/Melinda & Bill Gates Foundation

» 14 kostfaktorer tillsammans (=maten) utgor det allvarligaste hotet mot Sveriges (och hela

varldens) folkhalsa

Sverige

Dietary rizks

High sy=tolic blood pressure

Tobacco amoks

High body-mass index

High fazting plazma glucozs

High total chalasterol

Alcohol and drug uze

Low physical activity

Low glomerular filtration rate

Occupationzl rizks

Cancer

1

0%

Hjartkarlsjukdom

1

S——

3%
Percent of total DALY=

Diabetes
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F

10%

DALY = sjukdomsbérda



( Low whole grains

Low nuts and seeds -
High sodium -

Low fruit

Low vegetables o

High processed meat
Low fiber+

Low omega-3 -

Low legumes

Low PUFA

High sweetened beverages -
Low calcium

High red meat -

Low milk o

High trans fat -

Sweden, Both sexes, All ages, 2017

Riskfaktorer for valfardssjukdomar
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800 Institute of Health Metrics and Evaluation
https://vizhub.healthdata.org/gbd-compare/




Nastan alla ater for lite fullkorn!
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e 88% vuxna - f UNGDOMAR
| ' | SVERIGE

* 94% ungdomar

Riksmaten, Livsmedelsverket
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A Planetary Health Plate

The EAT-Lancet Commission on Food,
Planet, Health (https://eatforum.org/)
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Vad ar fullkorn?

9/22/2019
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Kolhydratkvalitet

KOSTFIBRER

Glykemiskt index
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Articles

Carbohydrate quality and human health: a series of @ @
systematic reviews and meta-analyses

A rlrew H:::,,u:u:ddh Jirm .'-‘.ullrl__‘ll:lfh':- Cummpbr :'-5[5_ Micola Winter Et'n,"l_l.lrl Mete LisaTe |'I.-1-e‘:ln'r'|£,||:|

Lancet. 2019 Jan 10.
doi: 10.1016/S0140-6736(18)31809-9.
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13-33% lagre risk for insjuknande i NCDs eller déd vid hogt fullkronsintag
Total dodlighet =, GHD

Typ 2 daibetes Tjock- och andtarmscancer



Biomarkorer for fullkornsintag
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UNIVERSITY OF TECHNOLOGY

Data fran HELGA kohorten
(n 120 000):

The Norwegian Women and Cancer Study (n 37 000)
The Northern Sweden Health and Disease Study (n 26 000)
The Danish Diet, Cancer and Health Cohort Study (n 57 000)

Data och biologiska prover
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Alkylresorcinoler i plasma och utveckla
tjocktarmscancer
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Kyrg et al (2013) JNCI



Fullkornsintag och typ 2 diabetes T2D

Fall-kontrollstudie inom den Skandinaviska Helga-kohorten.
n=931 fall och 931 kontroller

Hogt intag av fullkornsrag méatt med biomarkéren associerat
med minskad risk for T2D

1,4 -

1,2 - P<0.001

t

—h

Odds ratio
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Plasma AR C17:/C21:0 quartile

Modell justerat fér kdnda foérvaxlingsfaktorer
Bizkup et al. (2016) AJCN
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Positiva effekter pa en rad riskfaktorer

Whole grains Pooled effect

Number Numberof Number estimates

of intervention of control mean difference

studies participants participants (95% Cl)
Bodyweight 11 498 421 & -0-62 (-1-19 to -0-05)
Total cholesterol 17 772 701 - -0-09 (-0-23to 0:04)
LDL cholesterol 16 894 743 * -0-09 (-0-19 to 0-02)
Triglycerides 17 915 764 & -0-01 (-0-05 to 0-03)
Systolic blood pressure 8 493 432 % ~101 (-2-46 to 0-44)
Glycated haemoglobin A, 3 141 141 & -0-54 (-1-28 to 0-20)
Fasting glucose 18 837 687 * -0-05 (-0-12 to 0-02)
Insulin resistance 7 284 283 — > -0-20 (-0-49 to 0-08)

| | | | | 1 |
2.4 20 16 -1.2 08 04 0 04
—p
Higher whole Lower whole

grain intake grain intake
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The wheat grain kernel and its components:

I.- ;] -.: -

Vad &r det i fullkorn som bidrar till hilsoeffek

-1 The kernel has 3 major

parts:
“ Bran /+ Solsbled ™
* Germ 2 J LT R 1T S i
* Starchy Endosperm £ | ey

# Ambicariddanli
o ijphesslic @l

Alcurong Y- Frimsmin |

1 Whole grain flour contains  swrchy endosperm |

100% of the original germ BO-85%) pger. | #w—

and bran protuies & -sorch @59 | « stmerats \
[ = P acid .} E
| Tests (1%} W nsymes /
1 w ke pesrravanls

-1 Bran and germ have a \ il | Inner-

high content of fibre, 2 e R A — ﬁ%‘m

micronutrients (vitamins, i E | Germ | Sk Womaerinan

minerals, trace-elements) "8 wiwm—nr ey TN } ; (4-5%) | Bownd o cell walls

and bioactive plant Pt aroh k -

compounds (antioxidants, « Enecymar

sterols, etc).

Source: Surget A, Barron C. Histologie du grain blé. Industies des
Céaraales, 2005, 145.3-T,
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Kostfibrer

Kostfibrer

Losliga Olosliga
fibrer fibrer

Kostfibrer
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Kostfibrernas roll?

Ett hogt kostfiberintag ar forenat
med en 15-30% minskad risk for
”sjukdomsutfall” och dod

Storst riskminskning vid 25-29
g/d

"L M e
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Glykemiskt index (Gl)

FIGURE 2

Blood glucose response curves for high and low Gl foods

—e— High Gl (Glucose reference, Gl = 100)
Low Gl (Veg soup, Gl = 20)

—&— Low Gl (Meal replacer shake, Gl = 33)

—&— | ow Gl (Muesli bar, Gl = 49)

Change in plasma glucose concentration (mimo)

30 45
Time [min)

Gl= (blood glucose response during 120 min after 50¢g digestible CHO
from a food/ (50g glukose or white bread) x 100
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Gl:s roll for sjukdomsrisk?

T e 1] O i or ey e v s e 1

Hogt intag av mat med lagt Gl
=>11% lagre risk for
typ 2 diabetes

| Gvrigt sma risk minskningar ., . >
observerade - pakmatans
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Liten sammanfattning

« Epidemiologiska observationsstudier visar konsekvent
skyddseffekter av hogt fullkornsintag

« F4& studier har undersdkt olika spannmal separat

« Randomiserade kontrollerade interventionsstudier visar
blandade resultat
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RSITY OF TECHNOLOGY

Varfor ar det svart att fa "sakra” svar fran koststudier?

« Olika populationer har undersokts

« QOlikheter i halsostatus

« Qlika fullkorn har anvants

« Individer svarar olika pa samma fullkornsdiet
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Generell vs individanpassad kost

Generell nutrition Group-anpassad nutrition Individualiserad nutrition

i .‘ .

Generella rad 'H‘ ’H'mn‘ Méijligt i stor
skala?
Fdljs daligt Forebygger sjukdom i Rad till grupper av Anpassning till individens
befolkning och framjar individer med nagot halsosatus, livsstil etc.
Vad ar exakt nytta halsa gemensamt
fér individen? ‘

Prevention av livsstilssjukdomar ) _
Palmnas et al. (2018) Submitted
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Strategier vid premsmn nutrltlon

Vilka data behovs?
Lakemedel

L|vsst|hl ~ Mikrobiota
m e I = TR !

Respons i
» halsoutfall

o *

Halsostatus Fysisk aktivitet

ZE It




CHALMERS

UNIVERSITY OF TECHNOLOGY

Nutrigenetik som utgangspunkt for mdmdanpassnlng’?

Hazard ratios (HR) of T2D for WG (50g/d portion)
according to TCFL2 rs7903146 genotype

16
1.4
1-2
1.0

| — e— |

Det finns manga likande exempel dar generna paverkar effektern avkosten
Ramos-Lopez (2017) J Nutrigenet Nutrigenomics
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Fisher et al. (2009) BJN
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Personalized Nutrition by Prediction of Glycemic
Responses Authors

David Zeevi, Tal Korem, Niv Zmora, ...,

oo Zamir Halpemn, Eran Elinav, Eran Segal
Twalures prpe L PR
1, Highlights
el --_".F.'x\ o + Ji"' - !'llgﬂ interpersonal varnabdlity in post-meal glucose obsensod
g gl ey in an 800-person cohort
i) Smmis |_|§'|-___ =
__:x""ﬁ— # Using jpersonal land microbiome features enables accurate
(=) glucose response prediction
o (i _.’_,.F-F’_ [y -
Ry T E“-//— Frrm—— # Prediction is accurate and superior to common practice in an
Reaec{ ] BRI independent cohort
= ‘it
.9:-"—-""" & Shor-term personalized digtary interventions successiully
lower post-meal glucosa
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TVA CENTRALA FRAGOR RELATERADE TILL DETTA OMRADE:

1) Kan fullkorn eller annan kostfiberrik foda forandra
mikrobiotan i en halsosam riktning?
=> Livsmedelsbaserade strategier for férbattrad prevention

2) Kan mikrobiotan paverka effekten specifik kost har pa hélsa?
=> Implikationer for individanpassad kost



: " ORIGINAL ARTICLE
-

Whole grain-rich diet reduces body weight and
systemic low-grade inflammation without inducing
major changes of the gut microbiome: a randomised

» Compared with the refined grain diet, the whole grain-
rich diet did not significantly modify faecal microbiome
composition and metabolic potential as assessed by shotgun
sequencing-based metagenomics and 16S rRNA amplicon
profiling, fasting plasma concentrations of short-chain fatty
acids, urine metabolomics or measures of intestinal integrity.

Silas Villas-Boas, ' Karsten Knistiansen, " Henrik Vestergaard,” " lorben Hansen,"
Claus T Ekstrem, " Christian Ritz,” Henrik Bjern Nielsen,”*° Oluf Borbye Pedersen,®
Ramneek Gupta,” Lotte Lauritzen,’ Tine Rask Licht'

OPEN ACCESS
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UNIVERSITY OF TECHNOLOGY

FIGURE 2 Variation in nutrient and food group intakes assocated
with the relative abundance of the Bactersedes duster in bootstrap
aggregated PLS analysis. Only nutnents and food groups with =10%
of sssociated wvanation are shown. E%, percentage of 1otal energy
intake; PLS, partial least square; WG, whole grain.
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g. specifika férandringar i mikrobiotan (jf mot baslinje) “_h_l
n.: G — et o T e o o
= g - 5350l 5388
ﬁ 5 - Typ och mangd av kostfiber bor studeras! EEE‘EEEEE
S g agagn -1;-:§
C&rwas-w B¢@ g¥=s € © & 8§
z 2 g s e
L - g, 2
X E i 5 B
§ i = 2 C =
[+ =2 g =] £
ﬁ o P
38 FAGURE 3 ‘Vanaton m nutnent and food group intakes assocated overy
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=10% of associated varation aré shown. E%, percentage of total

anargy intake; PLS, partsal least souane; WG, whole gran
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Mikrobiota som utgangspunkt
for individualisering av kost?

Cell Metabolism

Dietary Fiber-Induced Improvem
Metabolism Is Associated with In

of Prevotella

Graphical Absiroct

Glucose and insulin responses

"! vy T

@b‘- L i_;.lh«
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Responders Non-responders

Baseline
WwB
BKB
Baseline
WWB
BKB

%

V\ANAID ALl 4 VALl + D al -~ DI/ZD D ILey Kernel Bread

T * © 9 9

Ratio Prevotella/Bacteroides
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T (rmiini)



Mikrobiota P/B kvot predikterar viktminskning
under 6 manader Kroppsvikt och fettmassa

OPEN

A high P/B ratio may be biomarker of suceptibility to body fat loss on ad
lib high fibre diets

SHORT COMMUMNICATION

Pre-treatment microbial Prevorella-to-Bacteroides ratio,

determines body fat loss success during a 6-month randomized

controlled diet intervention

MF Hjorth', HM Roager”, TM Larsen”, 5K Poulien'®, TR Licht”, M1 Bshl?, ¥ Zohar* and A Astrup

Tabde 1. Changes in bBody Tal Body weight Snd wiist droumleserse Slier 25 weslii on NND snd ADD smang Righ P8 and low PR ghocipt
Highe F/E group Loww /B group - P o F AINKND-ADDY i high BB = MNND-ADD) in low PR P
AN gabiects HND v 15 ADD (= 13 MHND (A=) ADD (e VI
By far g A 87 {=6.06& = 188) TAZ (=300 =043 =341 (=43% =7 40) 253 {=348: =137 <000 035 D04 Q41 = 31 IT (=445 = D09 (u0eE1
Lieg g (kg 458 {=58 = 134) 109 (=243 035 = 337 (=433 = 2 73} 291 (=343 =079 <00 078 13 0X =233 (=450 0,15 0L0E5
AWE [omi) S1% =659k =138) =044 (=241 155 = 3108 (=4 54 = 155} 230 |=4 3} =0.3N <000 05F 009 QN9 365 (=755 =034 0033
ST MM i 15 AL (m=11] MHND (n= 16 AL v B
Bty Tt Ty a8 =595 = 197 179 (=287 =0T 548 (=395 =194 27N =39 =150 «<O0DF OT8 001 QF7 1 54 [«505; = 0&5) 0006
AiWeigha (kg 457 |=5.7% = 145) 10T [=2.3% 015 752 (=364 =1 41 F56{=393 =118 <O Q87 001 Q032 353 (=55 =115 0.004
AWC (om 514 (=691 =135) =054 (=747 138 239 (=407 =052 160 |=5T6 =143] <D0 036 003 004 = 550 (=955 =2 14] 0,003

Hjorth et al. (2017) Obesity
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UNIVERSITY OF TECHNOLOGY

Prevotella bakterier paverkar effekten av fullkorn pa viktminskning

b paarniad ol |

Nutritioen snd

Prevotella Abundance Predicts Weight Loss
Success in Healthy, Overweight Adults
Consuming a Whole-Grain Diet Ad Libitum:
A Post Hoc Analysis of a 6-Wk Randomized
Controlled Trial

Lais £ hirisdensen,! Slow Vilholm,' Henall 50 Rodger,! Devanis & MNelsn,! Likass Krah s Mefte Eridtensen,'
Nrver Adtrup,! and Sads F Hzodk!

Prevotella predikterar
viktminisknign efter kost med rag

4- . ;
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2- -

%‘l.; |

E E u- @
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8% |
5

RN

Low-P High-P 0-P

FIGURE 3 Body weight changes from Weeks 0 to & for healthy,
ovarwaght adults (n = 70), stratified by the basaeling Frevorella strata
groups: low-F high-P and 0-F when consurming WG and RW diets.
*Sigmficant differance betwean dists within group, and betwaean
lowe-P and high-P groups (P < 0.05), in a inear mixed modal adjusted
for age, gender, and baseline BMI. P Prevotella; AW, refined wheat;
WG, whole grain; 0-P no Prevotella -

Christensen et al (2019) J Nutr
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Fecal metabolomics

Q Fecal samples
= “Easily” and “non-invasively” obtained

= Rich in endogenous host metabolites, metabolites derived from
gut microbiota and diet residues

Fecai metabaiite

e Prof. Fredrik Backhed (Microbiome)
Dr Kati -'.:'.MUHE-.. Y Prof. Jens Nielsen (Systems biology)
Hanhineva,
University of

Eastern Finland

Chen et al. (2019) Manuscript
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Metabolomik

|
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metabotypes
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O

Metabolite profiles contain ot of information
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Adapted from Savolainen et al J Proteome Res 2016
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The fecal metabolome as a functional readout of
the gut microbiome

Jonas Zierer 05, Matthew A, Jackson D, Gabi Kastenmiiller?, Massime Mangino 7, Tao Long 479,
Amalio Telenti®, Robert P. Mohney © %, Kerrin 5. Small®, Jordana T. Bell', Claire 1. Steves’,
Ana M. Valdes"*? Tim D. Spector"™* and Cristina Menni& "o

Matabolibes

* The fecal metabolome reflects gut microbiota
composition (68% of its variance)

» Fecal metabolomics provides a complementary
functional readout of microbial metabolism as
well as its interaction with host and
environmental factors.
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The MAX-study and DCH-NG - 5 @

n=500

f Blood presure
1119111111 u; _* Sm—
’ 'i ' i * * ' * i | ' ' ‘ ' ' Gender (250:250 women/men)
!;'i”!*fi l = i"ii Age (18-34, 35-50, >50 y)
i ' ' i " ' ' i' 'T | Fasting status (0-4, 4-8, >8 h)

DCH-NG cohort
n=50.0(.)0 .. .. i S}gbstugy
rerereeee
&

[

F fr n nnair . . .

ood frequency questionnalre Discover and validate biomarkers of
Study finalized in 2018: ~50 000, ~25 000 fecal samples food intake and food x microbiota
Expected number of cases by 2021: interactions
T2D (n=1,087), CVD (n=1,626), colorectal cancer

(n=109), and breast cancer (n=225) 40
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e Fullkorn ar ett bra val for hallbarhet och halsa

 Storre fokus pa kolydratkvalitet istallet for pa "kolhydrater” (som inte
sager sa mycket)!

* Fullkorn, kostfibrer och glykemiskt index ger tillsammans en god
beskrivning av kolhydratkvalitet

« Ett hogt fullkornsintag ar entydigt kopplat till Iagre risk for "sjukdom”

 Tarmfloran ar viktig for halsa och paverkas av kostfibrer som finns
rikligt i fullkorn
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Vad behover vi veta mer om?
» Hur processning paverkar halsoeffekter av fullkornsrika livsmedel
« Hur tarmfloran paverkar halsoeffekterna av fiberrika livsmedel

« Hur och varfdr olika individer svarar olika pa intag av olika livsmedel
och detta kan anvandas for att individanpassa kost
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Offentligt




Vision och ambition

Okat fullkornsintag for battre folkhélsa i Sverige
« Jamlikare folkhalsa

« Hallbarare livsmedelskonsumtion och produktion

- Okad tillvaxt och konkurrenskraft



Hur?

Etablera ett offentligt-privat partnerskap for 6kad konsumtion av
fullkorn

 Kommunikation kring fullkorn och fullkornsprodukter
* Innovation och aktivitet kring produkter och tjanster

* Genom Vinnovas forskningsprogram Utmaningsdriven innovation



Intresserade av att delta

FORADLINGSINDUSTRI

Barilla/Wasa

Edgy Foods

Fazer

Hidden in Grains
Lantmannen
Leksands knackebrod
Nestlé

Oatly

Orkla Foods

Pagen

RESTAURANG/STORHUSHALL

* Martin & Servera
*  Menigo

INGREDIENSFORETAG

» Bakels Aromatics

» Credin Sverige (f.d. Zeelandia)
* Kobia

KVARNAR

« Lilla Harrie Valskvarn
«  Warbro kvarn

BRANSCHORGANISATIONER

Livsmedelsféretagen

Brodinstitutet

Sveriges bagare & konditorer

Kvarnféreningen

Svensk Dagligvaruhandel
+  Axfood

Bergendahls

Coop

ICA

IKEA

Lidl

e o o o o

NGOs/INTRESSE-
ORGANISATIONER

« Cancerfonden
» Hijart-lungfonden

OVRIGA

+ Hushéallningssaéllskapet
+ Adapted Hospital Foods
» Livsmedelsacceleratorn

AKADEMI/INSTITUT

» Chalmers (Livsmedelsvetenskap)

» Goteborgs universitet (Centrum for
Halsoekonomi)

» Hoégskolan Kristianstad (Mat och
maltidsvetenskap)

» Uppsala universitet (Kostvetenskap;
Klinisk nutrition & metabolism)

» RISE (Biovetenskap och material)

MYNDIGHET/
OFFENTLIG SEKTOR

Livsmedelsverket

Véstra gétalandsregionen

Goteborgs Stad

Sddertélje/Gnesta kommun
*  MatLust

» Skbévde kommun

« Maltid Sverige

» Skolmatsakademin

REFERENSGRUP/
INFORMATIONSMOTTAGARE

Konsumentverket

Sveriges konsumenter
Konsumentféreningen Stockholm
Linas matkasse

Kost & Naring



Arbetspaket

Kommunikation

Planering och genomférande av
aktiviteter som hos konsument

hojer kunskapsnivan kring fullkorn

Okar status och efterfragan pa
fullkornsprodukter

Produkter

Planering och genomférande av
aktiviteter som

e underlattar och stimulerar
innovation av attraktiva produkter
med 6kat innehall av fullkorn

e underlattar kommunikation kring
fullkorn pa produkt

Tjanster

Fran produkt till handling

Planering och utformning av
material, verktyg och aktiviteter
for att

* hoja kunskapsnivan

¢ stimulera anvandandet av fullkorn

inom offentlig sektor, restaurang/
cafébranschen och producentledet

Stimulering av konsument och
restauranggast att valja fullkorn



~ Tack for uppmarksamheten!




