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Sundhedseffekter af fuldkorn

- mulige mekanismer

“Mekaniske” effekter:
* Hurtigere transittid

* Indpakning af carcinogener
e Langsommere mavetgming

e @@get meethed

Indirekte effekter:

Produktion af SCFA - butyrat
Glucose/insulin balance
Lavere kolesterol (B-glucan)
Lavere blodtryk?

Nedsat inflammation?

Mikrobiomet??




Forskning i fuldkorn



Kost, kraeft og helbred
— en befolkningsundersggelse

Hovedundersggelse 1993-1997

57.054 RASKE personer i alderen 50-64 ar Rowt. krab
o 27.179 ma.end og helbred
e 29.875 kvinder

Fulgt over tid for opstaet sygdom — ca. 18 ar

- 10.000 dgde AN Q!

» 1.200 diagnosticeret med tarmkraeft %H e ﬁﬁﬁa{ﬂ,ﬁﬁi
e 1.700 diagnosticeret med prostatakreeft :ﬁ'_?:;:??!f&h.iﬂk{h-? | 'LL-“’J'r";&’“'ji::l;ﬁ-*':gf_’
» 1.800 diagnosticeret med brystkraeft b ”E"‘”mm"‘”\k}-};.-:f%ff
» 2.300 diagnosticeret med hjertesygdom
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Kost, kraeft og helbred
— en befolkningsundersggelse

Kogy , A Kog; ,
Kostspgrgeskema %8 heljn o f;ﬁzﬁﬁféfi

Livsstilssp@grgeskema
Biologiske malinger

* Blodprgve

* Urinprgve

* Fedtbiopsi

* Tanegleklip

Desuden
* Veegt, hgjde, BMI, stahgjde, siddehgjde
* Blodtryk, taljemal, hoftemal
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Fuldkornsproduktsindtag (g produkt/dag) og
tarmkraeftincidens
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Whole-grain product intake quartiles

Kyrg et al., Cancer Causes & Control, 2013
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Forebyggelse af tarmkraeft

* Tredje hyppigste kraeftform FOOD, NUTRITION, PHYSICAL ACTIVITY AND
CANCERS OF THE COLON AND THE RECTUM 2011

¢ >400/0 tllf&lde _ DECREASES RISK INCREASES RISK
- kan tilskrives overvaegt/fedme,

usund kost/ernaering samt fysisk
inaktivitet

Convincing gleal o Red meat*®
oods contalning Processed meat*® .
dletary flbre? Alcohollc drinks (men)

Body fatness
Abhdominal fatness
Adult attalned helght®

i 111
o Kostfibre-> beskytter!!! b st Aeonoll dHnks (women
» Klassificeret som “convincing” i 2011 gllllk‘:'
alciumi@

o Maske iszer kostfibre fra cerealier
samt fuldkorn

World Cancer Research Fund / American Institute for Cancer (WCRF/AICR) Research, @
Continuous Update Project, 2011 & WCRF/AICR Policy and Action for Cancer Prevention, 2009



Metaanalyse
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Dietary fibre, whole grains,

cancer: systemalic review

RESEARCH

and risk of colorectal
and dose-response

meta-analysis of prospec\ive studies
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Absiract
Objective To investigate 1% associaion betwesn intake of ety Tre
and whoa grains and fsk ol colorectal cance

Design Systemaiic review 310 meta-anslysis ol prospective

090 (083 10/0.97. F=0%)- e summary rolative fisk 100 an increment
au-nm«wmd-wmwm-xsm-a-usomuommn.u;
P=18%)

Conclusion A high intake of dietary fitwe, in pariculs’ cereal fixe and
M,’H‘ﬂwﬂ'\llmmd-ﬂﬂmmw.
T osther shudies should repon mor getalod results, induding %S fot
smﬁdm-wmsnwwu—mls‘mmummm
contounding. Furthe! ‘assessment of the impact of measurement STOrS
mL’uvd-usn—;sﬂwllsu-Hl:m

Comespongence to:0 Aune a aune@imparal ac ik

Introduction

Colorectal cancer is the (hird most common TP of cancer, with
1.2 million new cases diagnosed in 2008 worldwide, sccounting
fou sbout 9.79% of all cases of cancer.' Evidence from ecological
tudies, migrant studies. 32 secular trend studies SUEBES: that
cnviroamental risk factons 3% of major importance in the cause
of colorectal cancer.”™ Dietary factors have beent suspected 38
important but only intakes of red and pnwnch meat and
alcohol are considered 1© be convincing dictary risk factors for
colorectal cancer r

I the 1970, Burkitt propased the By pothesis that dietary fibre
reduces the sk of colorectal cancer, based 08 the observation
O low raies of such cancer smong rural Africans who ate & diet
with a high fibre coatent. Seversl plausible mechanism have
Ieen proposed 10 explain the hypothesis. mcluding increased

chain faity acids ? However, although many cphknn.-l.mul
studies have jnvestigated the assc {ation between fibre intake
and risk of colosectal cascet. the results have not beed consistent
and the p-xzhﬂu‘\ of residual confounding bY folate intake
remains a controversial ssue * Case-control studies have
genenlly shown a protective association +10 whereas the results
from cohort studies have been mixed* " In addition, it is not
cleas whether oaly specific 1ypes Of soarces of fibre are
‘associated with the risk Although initial cobort studies generally
reported no significant 1ss0< ‘ation betwoen fibre intake and risk
of colorectal cancer the hypathesis regained interest when the

Exira material suppied BY e auihor (see RPN pmj camicontent3430m a6617uppiDC1)
comgrectal cancer

nmmmnﬁ-orumnminﬂ whole grains and fsk of

0, legume. mw-smmamaww

eron. e

Study

Kahat 20082%
Momura 200728

Crhatalinm 2AN72I7

Study

Fung 2010%? (HPFS)
Fung 20103 (NHS)
Egeberg 2010°%
Schatzkin 200777
McCarl 2006%°
Larsson 2005%°
Overall

_ 0.3
Pietinen 1999'%

Heilbrun 19892
Overall

0.3

Wiedbagfiias
Reosan

Relative risk
(95%CI)

e 075 1.0

0.5

Aune et al., BMJ, 2011

1.5

- baggrund for
WCRF/AICR klassificering som “convinci
incing”

Relative risk
95% Cl)

1.03 (0.85t0 1.25)
0.87 (0.81 10 0.94)

Ao N a7 a1 1M

Relative risk
(95% CI)

0.83 (0.70t0 0.99)
0.86 (0.70t0 1.05)
0.87 (0.78't0 0.96)
0.73 (0.63 t0 0.84)
0.79 (0.66 to 0.94)

0.93 (0.80to 1.08)
0.83 (0.78 t0 0.89)
2.0

1.00 (0.79t0 1.27)
0.94 (0.64 to 1.40)
0.90 (0.86 to 0.94)

2.0

C )



Opsummering - evidens

» Pa nuvaerende tidspunkt
ikke tilstraekkelig evidens til

Food] Nutrition,
at klassificere fuldkorn som sl
"convincing” - evidens kun R

4 Global Perspective

for kostfibre overordnet

QLZOATI1AD  Cwersd -

0,50 {0,863 10 0,97)

World Cancer Research Fund / American Institute for Cancer @
Research (WCRF/AICR)
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Hjertesygdom
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Fuldkorn og hjertesygdom

Study Relative risk Relative risk
(95% CI) (95% CI)
Wang 2016 = 0.82 (0.63 to 1.05)
Huang 2015 £ 0.74 (0.68 to 0.80)
Johnsen 2015 - 0.85 (0.78 t0 0.92)
Sonestedt, 2015 +l- 0.86 (0.76 t0 0.98)
Wu 2015 (HPFS) — 0.72 (0.58 to 0.90)
Wu 2015 (NHS) —_— 0.56 (0.40 t0 0.79)
Buil-Cosiales 2014 i 0.83 (0.40t0 1.71)
Fitzgerald, 2012 0.89 (0.71 to 1.11)
Jacobs 2007 —li— 0.75(0.63 t0 0.89)
Sahyoun 2006 __ 0.45 (0.21 to 0.95)
Overall & 0.78 (0.73 t0 0.85)

0.25

e
i
=

1.5 2
1.0

0.8

Relative risk

0.6
- Best fitting cubic spline
----- 95% confidence interval
0.4
0 50 100 150 200 250

Whole grains (g/day)

Fig 4 | Forest plot for consumption of whole grains
(per 90 g/day) and risk of cardiovascular disease,
with graph illustrating non-linear response



Fuldkorn og hjertesygdom

Total fuldkornsprodukt

] X Mand
# Kvinder p for trend=<0,001
1.0 e T
Re) T
© —— —
I\
e . 23 % 29 9
—~ 3 2
N = X
:'r:'g 0.8 | |
N - - L ]
\ | L
0.6 [
+1 skive
1 T T r
K1 (ref.) K2 K3 K4
m:66 g/d m: 116 g/d Kvartiler . 163 g/d m: 224 g/d
k: 63 g/d k: 103 g/d k: 135 g/d k: 201 g/d

*Justeret for: alder, tid under studiet, ars uddannelse, rygning (status, pakke-ar), alkohol fra ol/spiritus (afholdende,
g/d), alkohol fra vin (afholdende, g/d), fysisk aktivitet, menopausal status (kvinder), hormonterapi (kvinder), frugt,
gront, fisk, redt ked, forarbejdet ked.

C)

Helnaes et al. Am J Clin Nutr 2016



Fuldkorn og hjertesygdom

25 grams stigning i indtaget af fuldkornsprodukter

Fuldkornsprodukter HR (95% Cl)

Rugbrad I
Maznd
Kvinder <—-§:>
Groft brod

Maend '+
Kvinder —a—

Havregryn

Maend @

Kvinder =

Knakbrad
Mand =
Kvinder

I | I I I | I I I I
05 06 07 08 09 10 11 12 13 14 15

*Gensidigt justeret for fuldkornsprodukter samt alder, tid under studiet, ars uddannelse, rygning (status, pakke-ar),
alkohol fra el/spiritus (aftholdende, g/d), alkohol fra vin (afholdende, g/d), fysisk aktivitet, menopausal status
(kvinder), hormonterapi (kvinder), frugt, grent, fisk, redt ked, forarbejdet ked. @

Helnaes et al. Am J Clin Nutr 2016



Opsummering - evidens

e Stigende evidens for en
sammenhaang

» Er havren seerlig vigtig?




Diabetes




Fuldkorn — type 2 diabetes

A | Whole grains and type 2 diabetes, dose=response, per 3 servings'd

Fielative Fisk

Sy [95% C1)
Ericaan, 2013 - 0.77 [ 063, 0.94)
Parker, 2013 I—-— 0,83 [ 0162, 0.98)
Wirstram, 2013 0,83 [0.41,1.12)
Su, 2010, HPFS 066 [ 0,65, 0.78)
Sun, 2010, NHS1 —— 0.48 0.39, 0.56)
Sun, 3010, NHS2 —*— 0.68 [ 0.54, 0.88)
Fisher, 2008 S 0.95(0.81,1.15)
van Dam, 2006 | 041 [ 0.30, 0.6E)
Manioren, 2003 : 7 075 [ 048, 1.17)
Mzyer, 2000 -l 077 [ 0.63, 0.93)

Overall —t— 0L [ 0,68, 0.81)

25 5 75 E
Relative Risk

1 serving WG= 16 gram/dag

Eur ] Epidemiol (2013) 28:845-858

A | Refined grains and bpe 2 diabeles, dose = responss, per 3 servingsd

Relative Rk
Study (853 CI)
Erlgson, 2013 0.88 | 0.88,1.13)
Pamer, 2012 0.83 | 082, 0.56)
|
Montonen, 2003 L | (.66 { 0.43, 1.00)
Furyg, 2002 1.08 | 0,86, 1.22)
L, 20040 1.07 | 096, 1.20)
Meyer, 2000 0.83 { 0.78, 1.08)
Cwvergll (.85 { 0,88, 1.04)
1 1 | 1
26 76 1 1.6
Relafive Hisk



Opsummering - evidens

e Fuldkorn ser ud til at veere klart relateret til
nedsat forekomst af diabetes!



Fuldkorn og dgdelighed
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Fuldkorn og dadelighed

Study Relative risk Relative risk
(95% Cl) (95% CI)
Wang 2016 0.94 (0.80t0 1.16)

Huang 2015 L 0.76 (0.73t0 0.79)
Johnsen 2015 L 0.82 (0.79 to 0.85)
Wu 2015 (HPFS) - 0.91 (0.81 t0 1.02)
Wu 2015 (NHS) —- 0.67 (0.57 to 0.77)

Boggs 2014 m—
Buil-Cosiales 2014
van den Brandt 2011

0.30 (0.15 to 0.60)
0.98 (0.67 to 1.44)
- 1.05 (0.95t0 1.17)
Jacobs 2007 0.82 (0.76 t0 0.89)
Sahyoun 2006 0.80 (0.49t0 1.31)
Steffen 2003 —— 0.77 (0.61t0 0.96)
0.83 (0.77 t~ " om

U, SR R T S ——

Overall

0.25 0.5 1 15 2 = 1.0
= 08
@
-4
0.6
Best fitting cubic spline
----- 95% confidence interval
0.4

0 50 100 150 200 250
Whole grains (g/day)
Fig 6 | Forest plot for consumption of whole grains

(per 90 g/day) and risk of all cause mortality, with graph
illustrating non-linear response



Fuldkornsindtag hos folk diagnosticeret med

o Kreeft
* Hjertesygdom
* Diabetes



Plantegstrogener




Plantegstrogener

» Stoffer der ligner det kvindelige kenshormon
gstrogen

» Soja: Isoflavoner
» Fiberrige fogdevarer: Lignaner/enterolacton




Enterolakton

e Ligner det kvindelige kgnshormon gstrogen og kaldes derfor
et plantegstrogen

e Virker antioxidativt og er vist at haamme vaeksten af
cancerceller

Enterolacton har derfor en potentiel cancerforebyggende rolle!

Ho©/ 9

OH



Enterolakton

All

ER+

ER-

Quartiles of serum enterolactone concentration

0.1-14.4 14.5-28.1 28.2-47.9 48.0-454.6

nmol/I nmol/I nmol/I nmol/I
IRR (95% CI) IRR (95% CI) IRR (95% CI) IRR (95% CI)
0.77 (0.51-1.15) 1 0.80 (0.53-1.21) 0.55 (0.36-0.85)
0.77 (0.48-1.24) 1 0.95 (0.59-1.53) 0.67 (0.41-1.08)
0.61 (0.25-1.53) 1 0.43 (0.16-1.15) 0.26 (0.09-0.77)

Olsen et al., Journal of Nutrition, 2004



Meta-analyses of lignans and enterolignans in relation to breast
cancer risk'™

LIGNANS AND ENTEROLIGNANS AND BREAST CANCER RISK

Publication, population

Ingram 1997 (47), all

den Tonkelaar, 2001 (48), post
Pietinen 2001 (49), all

Dai 2002 (30), all

Hultén 2002 (51), all

Kilkkinen 2004 (52), all

Olzen 2004 (54), post
Zaleniuch-Jacquotte 2004 (27, all
Piller 2008 (58), pre

Verheus 2007 (56), all
Sonestedt 2008 (57), post
Ward 2008 (18), all

Pooled estimate, overall

Pietinen 2001 (49)

Dai 2002 (50)

Kilkkinen 2004 (52)
Zeleniuch=Jacquotte 2004 (27)
Piller 2006 (55)

Pooled estimate, premenopausal

den Tonkelaar 2001 (48)
Pietinen 2001 (49)

Dai 2002 (50)

Kilkkinen 2004 (52)

Olzen 2004 (54)
Zeleniuch-Jacquotte 2004 (27)
Sonestedt 2008 (57)

RE (35% CI)

0.36 {0.15, 0.66)
1.43 (0,79, 2.59)
0.38(0.18, 0.77)
0.42 {0.25, 0.59)
1.10 {0.70, 1.70)
1.30 (0.73, 2.31)
(.55 (0.36, 0.85)
1.16 (0.79, 1.53)
0,38 (0,17, 0.86)
1.10 (0.76, 1.57)
0.73(0.55, 0.97)
1.12 {0.70, 1.79)

0.90 (0.69, 1.10)

0.42 (0.10, 1.77)
0.24 (0.12, 0.50)
0.73(0.34, 1.59)
1.60 {0.70, 3.40)
0.38 (0.17, 0.86)

0.70 (0.32, 1.07)

1.43 (0.79, 2.59)
0.50 {0.19, 1.28)
0.62 (0.31, 1.26)
1.22 (0.69, 2.16)
0.55 (0.36, 0.85)
1.00 (0,50, 2.10)
0.73 {0.55, 0.97)

Pooled estimate, postmenopausal 0.85 (0.63, 1.07)

e
L
L
e
- ” Conclusions: High hignan exposure may be associated with a re-
- duced breast cancer nsk m postmenopausal women. Addibonal
T

. wark 15 warranted to clanfy the association between hgnan expo-
sure and breast cancer nsk. Am J Clin Nutr 2010:92:141-534.

Buck, 2010
Am J Clin Nutr

C )

T T T T 1
05 1 15 2 25 3

RE of high vs. low
enterolactone levels

Buck et al., American Journal of Clinical Nutrition, 2010



Lignaner — prognose efter brystkraeft

Published 1 inal edited 1070 as:
Breast Cancer Res Traaf. 2010 July ; 122(1): 220235 doi:10.1007/510549-009-0681-x.

Dietary lignan intakes in relation to survival among women with
breast cancer: the Western New York Exposures and Breast
Cancer (WEB) Study

Susan E. McCann', Lilian U. ThompsonZ2, Jing Nie2, Joan Dorn, Maurizio Trevisan?, Peter
G. Shields?, Christine B. Ambrosone !, Stephen B. Edge®, Hsin-Fang Li!, Christina
Kasprzak!, and Jo L. Freudenheim>

Susan E. McCann: susan.mccanni@roswellpark.org

Postmenopausal (n = 807)

All cause mortality

<155 33 1.00
155-227 33 0.91 (0.55-1.52)
227-318 29 0.78 (0.46-1.33)
=318 21 0.49 (0.26-0.91)
P for trend 0.02
Breast cancer mortality
<155 18 1.00
155-227 20 0.94 (0.48-1.87)
227-318 11 0.51 (0.23-1.15)
=318 7 0.29 (0.11-0.76)
P for trend 0.01

Cox proportional hazards adjusting for age, race, total energy, stage at
diagnosis, body mass index, and education



Enterolakton — prognose efter brystkraeft

Breast Cancer Res Treat (X001) 128:883-889
o0 100 10T 549001 1-1397-2

EPIDEMIOLOGY

Prediagnostic plasma enterolactone levels and mortality
among women with breast cancer

Anja (Msen + Jane Christensen * Knud Erik Bach Knudsen -
Nina Fens Johnsen - Kim Overvad -
Anne Tjennelamnd



Dadelighed

0.54

sDF

0.7

*1 " HR: 0.47 (0.33-0.68), P<0.001 ™~

b I I I I I I I I I I I I I
0 1 2 3 1 5 f i 8 9 10 il 12 13

Enteroloctone ——— Below median Above median

Olsen et al., Breast Cancer Research & Treatment, 2011



Enterolacton og brystkraeft - metaanalyse

a8 All-cause mortality

Study Source Category Hazand Ratke MR 5% 01
Guglielmini 2012 Blood  »=wvs. <iinmoil —— 0.%8 [0.19;0.78)
gen 2092 Blood =ws ==305 nmoll E 3 047 [0.32:0.65]
This shedy Blood =45 1ve <zESnmeil .58 [0.40:0.27]
Fink 2007 Dietary *=9vs. <=2 2 mgid - 0.5 [0.6:3;1.54]
McCann 2010 Digtary =318 ws, <155 pgid + 0439 [26;0.91]
Popesd et prmale "F 0.57 [4X0.TH]
Malwmgensity: Feguarsd=51 24, fac-aguered=0. 061 €, =0 0044

02051 2 5

D Breast cancer-specific mortality

Study Source Category Haznrd Rokie R 95%0)
Gughelmini 2012  Bleod  >=vs. <10nmoil  —- 032 1015088
Digen 2012 Bload =g <=305 nmaiil | ] 055 J0.380.87]
This shudy Biood =45.1vs ==8.5 nmolil i 055 |0.37.0.04]
Fink 2007 Cielary »=0vs. <=2.2 mgd - 087 J0.451.55]
McCann 2010 Doafary =318 v <155pg  —m-= 0.29 [0.490.76]
Pooled eslimate 1- 0.54 [0.39,0.75)
3 i BN, LBA0S, peil 1803
02051 2 5

Figure 1. Meta-analysis: Association between lignan exposure and
breast cancer prognosis in postmenopausal women. Results for all-

cause mortality (a) and breast cancer-specific mortality (b) are pre-

Int. J. Cancer: 135, 923-933 (2014)
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Lignan-indtag, brystkraeft dodelighed

2.0
1.8+
1.6
1.4

1.2+

1o . |

Hazard ratio

; S

0.4
0.2
0.0
\ \ \ \
Q1 (Ref)) Q2 Q3 Q4
< 1.1 mg/day 1.1 to < 1.4 mg/day 1.4 to < 2.0 mg/day >2.0 mg/day
Quartiles

Kyro et al., Breast Cancer Research & Treatment, 2015



Polyphenol classes and breast-cancer
mortality — postmenopausal women

Polyphenol classes HR (95% CI)
Total polyphenols | o |

Flavonoids —@® |

Phenolic acids | ® |
Stilbenes @

Lignans | o |

Other polyphenols | ® |

| | | | | | | | | |

05 06 07 08 09 10 11 12 13 14 15

Kyro et al., Breast Cancer Research & Treatment, 2015 @



Sygdomskontrol blandt diabetikere

NuTRITION
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Special Article

Fiber intake and glycemic control in patients with type 2
diabetes mellitus: a systematic review with meta-analysis of
randomized controlled trials

Flavia M Silva, Caroline K Kramer, Jussara C de Almeida, Thais Steemburgo, Jorge Luiz Gross, and
Mirela J Azevedo
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—1.78). In conclusion, increased fiber intake improved glycemic control, indicating it

should be considered as an adjunctive tool in the treatment of patients with type 2
diabetes.
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Opsummering - evidens

o Alt tyder pa, at kostfibre og fuldkorn er gavnlige i forhold til
prognose blandt patienter med kronisk sygdom

» Endnu mangler meget forskning!



Fuldkorn og sundhed

» Det mest lovende indenfor ernaeringsomradet!

* God evidens for: tarmkreaeft, hjertesygdom og type 2
diabetes

* Lovende perspektiver i forhold til "generel sundhed” -
ogsa for patienter med kronisk sygdom

» Mange uudforskede mekanismer

» Andre fiberrige fgdevarer er ogsa relevante, men
maske er fuldkorn bedst!
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Fig 1 Whole grain intake in Denmark in people aged 4-75
in 2000-04 and 2011-13,° in UK in people aged >1.5 in
2008-11%, and in US in children/adolescents and adults in
2009-10." Graph shows recommended intake by
Scandinavian food and health authorities (75 g/day), and
intake representing three servings (about 48 g/day or 90
g product/day). Intakes are measured as mean intake in
g/day in Denmark, as median g/day/10 MJ in UK, and mean
intakes calculated from ounce equivalents (about one

serving)/day to g/day in US. One ounce equivalent/serving
is equal to 16 g/day*™

Kyrg & Tjonneland, BMJ, 2016



Perspektiver

e Mikrobiomet
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e Tidlig diagnostik — anbefalinger rettet mod “patienter’
eller og andre saerlige grupper ac.
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