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MNeptAnyin

T elval EVTEPLKO ULKPOPBLwMA-KATTIOLOL OPLOLLOL. ..
ATO TL KaBopileTal;

(AAANAO-)emibpa (otoVv) LLE TOV OOTLKO UETABOALOUO;
Av vol, TTwC;

ANOleL pla TuXov «OLopBwon» TOU TOV OOCTLKO
netoBoAlopo; Yriapyouv BepamevuTIKEC ETILAOVEC;
Emdpa T0 LUIKpoBlwpa otlc mapouoec Bepareiec TNC
00TEOTOPWONC;

Yriapxouv KAWLIKEC edappoyeg; Oa  aAlafsl TO

UKpoBilwpa TO TOTMO OTIC VOOOUC TOU OOTLKOU
uetofoAlopou;



EVTeEpLKO HIKpOBLwuOL
[gut microbiota (GM)]

» To oUVOAO TWV KUTTAPWV TOU €VTEPOU (TeAKn Moipa
TOLXE0G)

» 90% Twv KUTTAPWV TOU opyavicpol Pploketal oto €viepo
(10*)

» TPLOEKATOUMUPLO LLKPOOPYOAVIOUWVY

» GM Bewpeitat mAEov w¢ opyavo 1tou puBULleL TNV Ekppaon
yovidiwv mou eumAEKovTal otn Asltoupyia tou dpaypou
(mucosal barrier function) tou BAevvoyovou Tou €VtEpPOU,
TOU QVOOOTIOLNTLKOU cUOoTAMATOC, TNS IMEYNC TwV Tpodipwyv
KOlL TOU evepyeLlakoU petaBoAlopou.



The microbiome

....... avadpEPETAL OTN OCUOCCWPEUMEVN oUAAoyn
yovidiwuatwyv Kot yovidiwv mou UTApYouv oTn
XAwpida Tou Evtepou

YUMovka Teplexouv 150 d¢opec meploocotepa
yovidlo armo to avBpwrivo yovidiwpa Ho.

Mpoiov e€eAénc ta teAevtaia... 500 ekatoppupla
Xpovia

“Second gene poo
JUMPBLWTIKN OXEON ME TOV avOpWTILVO OPYOVLOUO

|II



Mua totopia toAto aAAo
KoL TTOAU Koivoupyla...

19°¢ awwvag: Louis Pasteur “life without bacteria would be
impossible.”

ApxEc 20°0 awwva: llya Metchnikoff “...lactic acid bacteria
have health benefits capable of promoting longevity.”

2000: The editors of Science sinav mpodpntika “human
microbe research will become the new hot topic
worldwide.”

2007: The US National Institute of Health (NIH) launched
the Human Microbiome Project.

2008: The EU funded a project devoted to the
metagenomics of the human intestinal tract.

2009: The International Human Microbiome Consortium
began to explore the relationship between microbiota and
human health and disease




Mot ovt N oY LN EpeuvNTKN
«EKPNEN»;

e 3TN CUVTPUTTIKA TouC Ao ndia avaepofLa
* JUVETIWC «KVEKPOA» KOTA TNV OITOOVWON Kol
aVAAUGH TOUG

e BeAtlwon texvikwv DNA kat rRNA : avaAvon
VEKPWV ULKPOOPYOAVIOLLWYV OTTO TA KOTIPOVAL...
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articles
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Zuvdeon pikpobBiwuatoc

Host factors

Genetic
background

Gender

Gut

, microbiota
Environmental

| factors
Det /
Lifestyle

Hygiene
Antibiotics
Probiotics

*** MNapayovtec Tov £eVioTn
* [eveTikd utoPfabpo
* OUAO

* Toketoc (LEB0SOC, eBdopdada kunong)

** Moapayovteg neppailovtikol

* Alatpodn

* Tpomog {wn¢ + MpoBlotikd
* Noonpotnta

* Avtilotika




Epwtnua 1

* (AANAO-)emIdpa TO EVTEPLKO ULIKpOBLlwpa
(0TOV) YE TOV 0OTIKO METABOALOUO;

* Avval, wc;



Evidence (1)

*  Emubnuoloyika dedopgva

* M avicopporia otn HKpoxAwpida Tou eviépou, yvwotn wes duaBiwon, €xel
napatnpnonke oe aoBeveiC Le OOTEOTEVIA KOl OOTEOTIOPWON.
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Li, C. et al. Gut microbiota composition and bone mineral loss-epidemiologic evidence from individuals in Wuhan, China.
Osteoporos. Int. 30, 1003—1013 (2019).

Wang, J. et al. Diversity analysis of gut microbiota in osteoporosis and osteopenia patients. Peer) 5, e3450 (2017).

Wen, K. et al. Fecal and serum metabolomic signatures and microbial community profiling of postmenopausal osteoporosis mice
model. Front. Cell. Infect. Microbiol. 10, 535310 (2020).



Joaraal of e und Mool Rrseareh

Original Article (3 Free Access

Involvement of the Gut Mic_robiota and Barrier Function
In Glucocorticoid-Induced Osteoporosis

Jonathan D Schepper, Fraser Collins, Naiomy Deliz Rios-Arce, Ho Jun Kang, Laura Schaefer,
Joseph D Gardinier, Ruma Raghuvanshi, Robert A Quinn, Robert Britton ... See all authors v

First published: 30 December 2019 | https://doi.org/10.1002/jbmr.3947 | Citations: 33



Glucocorticoid treatment causes dysbiosis
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Glucocorticoid
treatment causes
dysbiosis



BMRPLUS -

JBMR Plus. 2021 Mar; 5(3): 10452. PMCID: PMC7990138
Published online 2021 Jan 19. doi: 10.1002/jbm4.10452 PMID: 33778322

The Gut Microbiome Is Altered in Postmenopausal WWomen
With Osteoporosis and Osteopenia

Elizabeth A Rettedal,m 1 Bolaji L llesanmi-Oyelere, 1,23 Nicole C Roy, 2,496 jane Coad, J
238

and Marlena C Kruger
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R4 OSTEOPOROSIS INTERNATIONAL

» springer.com

Osteoporos Int. 2021; 32(1): 145-156. PMCID: PMC7755620
Published online 2020 Nov 25. doi: 10.1007/s00198-020-05728-y PMID: 33241467

Association between gut microbiota, bone metabolism, and
fracture risk in postmenopausal Japanese women

D, Ozaki ™" R.Kubota,' T. Maeno,2 M. Abdehhakim,® and N. Hitosug”




Juurepaouato

The genus Bacteroides was predominant in the high vitamin K2
group (29.73% vs 21.58%, P =0.022). Fracture incidence was
significantly higher in the low Bacteroides group, with a 5.6-times

higher risk ratio of fracture history.

The family Rikenellaceae was more abundant in the low BMD
group and more abundant in the high TRACP-5b group (2.15% vs
0.82%, P=0.004; 2.38% vs 1.12%, P =0.013, respectively).



Evidence (2)

« Kupla tnyn: Animal models
=—ekaBapa amoteAéopata 0tL To GM emdpd 0TOV OOTLIKO PETAPOALOUO

* [AsoPndia Twv HEAETWV KEVEPYETLKN EMIOPAON» TOU ULKPOBLWUATOC:
1. Schwarzer M et al, Science. 2016 | KpImipia:

2.  Fransen F et al,Immunity. 2015 Sep 1. BMD

3. JY, JClin Invest. 2016 _ 2. Osteoblasts vs
4. Uchida, Y. et al. Molecules 2018 osteoclasts

5. Yan, J. etal. Proc. Natl. Acad. Sci. USA, 2016 3. Bone fragility

—

*  Ayotepeg £6eLEav OTL EVOL €« AONTITO» EVTEPLKO TEPLBAAAOV EUVOEL TNV
OOTLKI TTUKVOTNTA

1. Sjogren et al. J Bone Miner Res. 2012;

Etepoyeveila ueAetwy ... (oxebiaouo, pulo, dtapkela...)



ErudnuioAoyika 6edopeva
Kot {WKA LLOVTEAQL

Aglxvouv emnidpaon Tou eVIEPLKOU UIKPOPBLWUOATOC OTOV OOTIKO UETOBOALOUO aAAQ
LE LLOL KATIWG CUYKEXUMEVN ELKOVAL...

Aladdopol mapayovieg, cupnepllapBavopévou tou PUAoOU TOou EgvioTh KoL
VEVETIKN Tpodldbeon, Xpovog amolkliopol Kot avtiplotik) Bepameia pmopel va
ETINPEACEL TN CUVOEGCN TOU EVIEPLKOU ULIKPOPLWHATOC KAl TEAKA TNV emidpaor Tou
OTOV OOTLKO UETABOALOUO.

MapaAlayEC OTLC TTOPATIAVW TIAPAETPOUC Ba umopovoav eV LEPEL va €ENyHOOUV
TS SltadopEc ou apatnpnOnkov akopa Kol peco oto Lo {wikd POVTEAD. AKOUN
Kol To (6lo0 OTEAEXOG TOVTIIKWY Ao OLAPOPETLKA EPYOOTPLO UTTOPEL va EXOUV
OLaPOPETLKO EVTEPLKO ULKPORLWHLAL.

Q¢ amotéleopa, €ival KPLOWO va €0TIACOUPE OTn Asltoupyia HEUOVWUEVWV
Baktnpiakwv oteAeywv oOtav afloAoyoupe TN duvatotnta xpriong Twv
TPOoPLOTIKWY wW¢ Beparela yla TNV ooTEOTTOPWON.



Mwc to pkpoBlwpa puBuLleL TNV
OOTIKN opolooTaola;
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Calcified
;';llstggaﬁonal REVIEW Osteomicrobiology: A New Cross-Disciplinary Research Field
oty Yol Claes Ohlsson, Klara Sjogren .Calcif Tissue Int DOI 10.1007/s00223-017-

Abstract

In rodents, studies demonstrate that the GM is a crucial regulator of bone
metabolism and that modulation of the GM composition by probiotic
interventions can prevent castration-induced bone loss. Short-term
colonization of germ-free mice with GM results in an activation of CD4 T
cells, resulting in increased levels of pro-inflammatory cytokines in bone and

thereby activation of osteoclastic bone resorption.
Besides these immune-mediated effects on bone mass, the GM is involved in

nutritional uptake and may, thereby, regulate overall body growth and bone

sizes possibly mediated via altered IGF-I levels.



1. Evtepikoc BAevvoyovoc

LP Path
i g ol hosgs
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Chem?)klnes TNF-o @ &@ IL-1
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Ta T Asuwokutrapa ;

v PuBuilouv tv 00TIKA QVAKATOOKEUN KAL TNV QVTATTOKPLON TWV OOTIKWY KUTTAPWV
otnv napadopuovn (PTH).

v Sta  dAeypovwdn VOOAHATO 1 Of KATAOTAOELC TOU Yapoktnpilovtal omo
ocuvotnuatiky ¢Asypovn xapunAou Babuoul, OMwe N ELUNVOTIALGCH KAl N ynpavon, N
0O0TIKN amoppodnon eAEyXeTAL a0 QAEYUOVWOELS KUTOKIVEG TIOU TtapAyovTal

arno evepyorolnuéeva T AepdokuTtTopa.
v' Ta T kOTTapa Tou HUEAOU TWV OOTWV CUHUETEXOUV 0T PUBULON TNE OULOLOOTAOLOC
TWV 00TWV TIPOAYOVTAC TNV ITapaywyr 00ToU UEOW AUECWV aAAnAsmibpaocewy Le

OOTIKO KUTTOPO!.



Ta T Bondntika Ta puBuiotika kotrtoapa T
kuttapa (Th1l7) (Treg)

» Ta kuttapa Th1l7 emayouv

0OTEOKAQOTOYEVEDN LIE

, , Ta Treg aokoUV OVTL-00TEO-KAOOTOYOVO
EKKplon wtepAeukivng (IL) -17,

RANKL, TNP-a, |

dpaon MoPAYyoVTaC KATAOTOATLKEG KUTOKIVEG,

M®OOKYTTAPQN 2TA OZTA --10 kat

padl pe xapnAa
» EmumAéoyv, n IL-1
arneAevBepwon
OB kot OCy kat puBuileL mpog
Ta Mavw tnVv ékdppacn RANK

oto OO0.



Gut microbiota and bone remodeling

ez 2. T AepdokutTapa
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3. PUBuLoN peow peTaBoAlkwy
TIOPOLLETP WV

AcBgoTtio

Bone mineral density in patients with small intestinal bacterial overgrowth. Stotzer PO et al,
Hepatogastroenterology. 2003

Oral supplementation with probiotic L. reuteri NCIMB 30242 increases mean circulating 25-hydroxyvitamin
D: a post hoc analysis of a randomized controlled trial.Jones ML, J Clin Endocrinol Metab. 2013 July

Short-Chain Fatty Acid
XoAko oéca

AutorntoAvoakyapitec



Enidpaon oto petafoALkO cuoTnua
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4. PUBuLON LEOW TOU EVOOKPLVLKOU
OUOTAHLOTOC

Adipose tissue Muscle Bone matrix

@ PI3K-Akt | (@




Adipose tissue Brainstem

IHRARSUAW UL A LR ER LI
5 <
e 1 Q@ l Q
@ @ )
@ /
Intestinal-derived 5-HT (ﬁ B S-HTQ
o ©

Leptin in circulation o

® Hypothala

Marrow adipocyte \/
Vs =)

-— ;
0 Sympathetic nervous

. o. @ system
Leptin in bone

/ Pitliitary

surjoko/ gy V/VId/q19H

|

| Estrogen

< Cortisol
PTH

Bone formation IGF-1



osteoimmunology
the crosstalk between the immune

and bone systems

!
@steomicrobiology

...for the rapidly emerging research field of the role of the microbiota in
bone health and disease. This research field is aimed to bridge the

gaps between bone physiology, gastroenterology, immunology, and
microbiology.”

o

neOav ywa va peivouv



Me ta ewc Twpa SedouEvAL...

Immune
system

e Intestinal mucosal
barrier

@ Thl17 Treg

e IL-17 IL-1 IL-6
TNF-a

@ RANKL Wnt

Intestinal flora

Opolootaoia Vs dysbiosis

' Metabolic
system

e Absorption of
calcium and VitD

e SCFA
e Bile acids

. LPS

Endocrine
system

Bone homeostasis

e Sex hormones
e [GF-1

e 5-HT

e [ eptin

e PTH



Zuvdeon kot dpaon utkpoBiLwuatoc

Host factors

Genetic
background

Gender

Gut

. microbiota
Environmental

factors
Diet /
Lifestyle

Hygiene
Antibiotics
Probiotics

V... emnpeAlouV Ta EVEOKPLVIKA KUTTAPO OTO EVIEPO, TO EVIEPLKO VEUPLKO
ouOoTNUA, TN SLOMEPATOTNTA TOU EVIEPOU KAL TO OVOOOTIOLNTIKO CUGTNUAL.
v'3Tnv opotootacia, 1o GM apEXEL AVTIOTAON OTOV EMOLKIOWO.

v H Satapaypévn pikpoBlakr ouvBeon éxel BewpnBel OTL EpMAEKETAL OE
gL oelpd GAEYUOVWOWYV KATAOTACEWY EVTOC KoL EKTOG TOU EVTEPOU,
neptAauBavouévnc tne¢ pevuatoeldouc apdpitidac, tn¢ okAnpuvong kata
Adkag, Twv PAeyuovwdwv nadnoewyv Twv eviepwy, Tou StaBntn, Twv
TPOPIKWV AAAEPYLWYV, TOU EKIEUATOC Kol TOU doduato¢ kadwce kat tne
nayvoopkioc kot tou uetaBoAikou ouvdpopou .

v'Dysbiosis: AuoBiwon

Elval plo kataotaon pikpoBLakng avicoppomniac oto £VIEPO.
Avadépetat o pLa petafoln otn Soun kat / r tn Asttoupyia

ULKPOBLOTOTIWV.




AAAQL... elval SuvoTov va apEUPOUUE;

* Yrtapxouv KAWVLKEG EQAPLOYEG;

THE LANCET
Diabetes  Endocrinology

REVIEW | VOLUME 9, ISSUE 9, P606-621, SEPTEMBER O1, 2021

Nutritional Nntake and bomne health

Prof René Rizzoli, M D = Emmanuel Biver, M D Tara C Brennan-Speranza

Published: July 06, 2021 DOI: https://doi.org/10_.1016/S2213-8587(21)00119-4

Review | Published: 01 February 2019

Nutritional influence on bone: role of gut
microbiota

René Rizzoli

Aging Clinical and Experimental Research 31, 743—751 (2019) | Cite this article

1988 Accesses | 22 Citations | 2 Altmetric Metrics



Prebiotics

Food for bacteria! Synbiotics Probiotics
Prebiotics are Synbiotics are Live bacterial!
substances that a combination

can only be of both pro Probiotics are
metabolized by and prebiotics. active bacterial
the gut bacteria, cultures.

and not the
human host.

Codex
alimentarius

Probiotic: Llive Prebiotic: Anything wirki
melcroor ganisems which sangeor i it carn bee o
wihern admindsthoered i prebiotic. Prebiotics

odegreorte aomeouants confor promote the growith omnd

a hvzolth benaefit on the proliferotion of bemneficial
haost bactaria

Svynibiotic has been
defined as “a mixturse

of prebiotics and
probiotics



Prebiotics

 OMwyooakyapitec: GOS, FOS, XOS, inulin, lactulose

* [oAaKTokouLka, ¢ppouta, AoXOVIKA
(Locantore P et al, Mediators Inflamm. 2020)

e BeAtiwon mapaUETPWY TOU 00TIKOU UetaBoAlouou
(Diet, gut microbiome, and bone health. Weaver CM et al, Curr Osteoporos Rep. 2015 )

* (01000, UYNAEC CUYKEVTPWOELC: ONUOVTIKEC TIOPEVEPYELEC OTTO TO
[E>

(Nutritional influence on bone: role of gut microbiota.Rizzoli R, Aging Clin Exp Res. 2019 Jun)

 Me ta twpva deboueva: AyvwoTtec ol BEATIOTEC CUYKEVTPWOELCG
QUTWYV O€ O,TL OPOPC TOV 00TIKO UETABOALOUO. ZUVETTWCE adUvVATO VA
nipotafouV w¢ cuunAnpwuatikn JEPATEIn OTNV OOTEOTTOPWON.

* AlMa...



Gut. 2020 Jul; 69(7): 1218-1228. PMCID: PMC7306987

Published online 2020 Feb 17. doi: 10.1136/gutjnl-2019-319654 PMID: 32066625
Original research

Mediterranean diet intervention alters the gut microbiome
in older people reducing frailty and improving health
status: the NU-AGE 1-year dietary intervention across
five European countries

* MMoAukevtplkn HeAeTn (5 xwpec)

* Meooyelakn dtatpodn. Edpappoyn TnC yLa eva £TOC:
LElwOoN KUTOKWVWV, «BeATiwon» pKpoBLwpatoc Kot
OOTIKWV TTOPAMUETPWV

e MBavotepn awtia: Ta prebiotics (ppouta, Aaxovika,
lveg)



Probiotics

* Neploootepa dedopeva
* Kupiwg peAeteg oe (wa, aAAQ Kot KAWVIKEG SOKLUEC:

vNarva et al, Finland (2004). Postmenopausal women, lactobacillus helveticus
vJones et al, Canada (2013). Avbpec kot yuvaikec ue unepAutidauic, 1. reuteri

vJafarnejad et al, Iran (2017). METEUUNVOTIOUOLOKEC YUVAIKEC UE OOTEOTEVIQ, 7
lactiobacilli

vlambert et al, Denmark (2017). METEUUNVOTIOUOLOKEC YUVAIKEC UE OOTEOTEVIQ,
isoflavones and acid lactic probiotics.

vTamikoto et al, Japan (2018). Yyisic ustepuunvonauotakec yuvaikeg, I. subtilis, soybean
vNilsson et al, Sweden (2018). luvaiksc 75-80 stwv, I. reuteri

vSergeev et al, USA (2020). Mayvoopkot kot urtépBoapot avepec Kat yuvaikeg, 31-62 etwyv,
ouunAeyuo AaktoBakiAAwv



Author (year)

SMD (95% CI)

Weight (%)

I
I
Narva (2004) - 2.53 (1.69, 3.37) 26.51
[ I
AoBEotio |
Narva (2004) - 1.90 (1.14, 2.65) 26.64
I
I
Jones (2013) l -0.72 (-1.08, -0.36)  27.05
I
Jalarnejad (2017) | 14.35 (11.10, 17.59) 19.80
Overall (I-squared = 98.0%, p = 0.000) <> 3.82 (1.05, 6.59) 100.00
l
I
|
Note: weights are from random effects analysis :
[ T
-17.6 17.6
(a)
Author (year) SMD (95% CI)  Weight (%)
I
I
Narva (2004) | 0.00 (-0.62, 0.62) 25.90
I
’ I
Narva (2004) dwodopog | — 6.20 (4.67, 7.72) 21.56
I
Jones (2013) : -0.72 (-1.08, -0.36)  26.61
I
Jafarnejad (2017) F— i 0.00 (-0.61,0.61)  25.93
I
<> 1.14 (-0.44, 2.73) 100.00

Overall (I-squared = 96.1%, p = 0.000)

Note: weights are from random effects analysis

-7.72

7.72



Author (year) SMD (95% CI) Weight (%)

Narva (2004) -0.92 (-1.57, -0.27) 37.31

NapaBopuovn

I
Narva (2004) : - 2.01(1.24, 2.77) 37.20
|
|
|
|
|

Jatarnejad (2017) -22.55(-27.59, -17.51) 25.49

Overall (I-squared = 98.2%, p = 0.000) <> ~5.35 (—9.83, —0.86) 100.00

Note: weights are from random effects analysis

-27.6 0 276
(a)
Author (year) SMD (95% CI) Weight (%)
Narva (2004) T | 0.04 (-0.58, 0.66) 39.97
AcoBEotio oupwv |
Narva (2004) * | -1.05 (-1.72, -0.39) 39.91
Jafarnejad (2017) i 26.10 (20.27, 31.92) 20.12
Overall (I-squared = 97.6%, p = 0.000) <> 4.85 (1.16, 8.53) 100.00
I
l
I
MNote: weights are from random effects analysis |
T ! T

-31.9 0 319

Hindawi et al, Evidence-Based Complementary and Alternative Medicine Volume 2021
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KUpla epguva: AoktoakiAAoL
260 €i6n Gram (+) aocmopwv BoaktnpLtdbilwv

Karmolotl AaktoBakiAAoL Elvoll EPITOPLKAL
StaBeopol (LGG, VSL#3)

Aev elval EekaBapo mola eival Ta KaAvTepa
KoL O€ TtoLeC OOOELC

ATtalLTELTOL TIEPALTEPW EPELVA



[epvwvTtoc amo tTnv EPBpulkn otnv
rioltdknN NALKLAL...

The Lancet Rheumatology

Volume 1, Issue 3, November 2019, Pages el54-el62
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Articles
Probiotic treattment using a mix of three
Lactobacillus strains for lumbar spine bone
loss in postmenopausal women: a
randomised, double-blind, placebo-
controlled, multicentre trial

Per-Anders Jansson MD 2, Dan Curiac MD b Irini Lazou Ahrén PhD €, Fredrik Hansson PhD 9, Titti
Martinsson Niskanen PhD €, Klara Sjégren PhD ¢, Claes Ohlsson MD ¢ & &



2 KOTTOG

To determine if treatment with a combination of three bacterial
strains protects against the rapid spine bone loss occurring in
healthy early postmenopausal women.

MEBodOG

*+ Randomised, double-blind, placebo-controlled, multicentre
trial was done at four study centres in Sweden.

% 232 JUETEPUUNVOTTAUCIAKEC YUVAIKEC

% L. reuteri ATCC PTA 6475 x 1010 colony-forming units
(CFU) per day vs placebo

s 1 €10¢
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 Lactobacillus treatment
reduced the LS-BMD loss
compared with placebo
(mean difference 0:71%, 95%
Cl 0-06 to 1-35).

* The LS-BMD loss was
significant in the placebo
group (-0-72%, —-1-22 to
—-0-22), whereas no bone loss
was observed in

the Lactobacillus-treated
group (—0-01%, —0-50 to
0-48).

* The adverse events were
similar between the two
groups.
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CALCIFIED TISSUE INTERNATIONAL

» springer.com

Calcif Tissue Int. 2022; 110(3): 273-2384. PMCID: PMC8860778
Published online 2021 Dec 6. doi: 10.1007/s00223-021-00924-2 PMID: 34870723

Role of the Microbiome in Regulating Bone Metabolism and
Susceptibility to Osteoporosis

Owen (_“.rc:ﬁnir1,1'2 Susan A. Lanham-New,3 Bernard M. Ct:rrfe,4 Celia L. GFEQSDH,5‘6

Andrea L. Darling,® Kourosh R. Ahmadi,® Philippa S. Gibson,” Jon H. Tobias,?®
Kate A. V‘ufan:i,&g Maria H. Traka,m Megan Rossi,T Claire ‘u"u’illiams,'I1 Nicholas C. Harvey,8=9

Cyrus C-::\Dpﬁr,8'9“12 Kevin Whelan,? Andre G. Ui‘[terliru:!er"n,’13 Paul W. 'C}’T-::n-::mle,1‘=1
1,2

Claes Ohlsson,15 Juliet E. (?.f:Jmpstr:m,16 and Stuart H. Ralston
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... Towgn evtepixn ev-Piwon (? evlwia) [eubiosis] va eival To
«KAerdi» TG drapopeTikng amokpiong otyv id1a Oeparneia...
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%  antibodies
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® immune cells
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b= Changes in microbiota composition +— A
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Probiotics
Dysbiosis Eubiosis
Intestine Intestine
Intestinal Pathology: O ..‘ Probiotic Benefits:
029¢ o

microbiota . ‘ “
Dysbiosis ‘. Beneficial Microbiota
Barrier Leaks permeability h Strengthen Barrier
Inflammation Decreased Inflammation

TNF, IL-6, IL-1 Inflammation

Bone Bone Bone
. Loss Response Health



Jupmepaopata (2)

e Emitou napovroc aduvato va tpotabetl
OUYKEKPLUEVO prebiotic/probiotic og oplopévn
docoloyla

* OQa anoteAeoel medilo mepALTEPW MEAETNC...
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Nutrition, Exercise and Lifestyle in Osteoporosis (S Shapses and R Daly, Section
Editors)
Published: 13 April 2020

Are Probiotics the New Calcium and
Vitamin D for Bone Health?

Rene Rizzoli & & Emmanuel Biver

Current Osteoporosis Reports 18, 273-284 (2020) ‘ Cite this article
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microstructure are positively associated with total protein intake. Several studies indicate that fracture

isk might be lower with alhigher dietary protein intake)provided that the calcium supply is sufficient,

Dairy products are a valuable source of these two nutrients. Hip fracture risk appears to be lower in

consumers of dairy products, particularl{fermented dairy products. Gonsuming less than five senvings

per day of fruit and vegetables is associated with a higher hip fracture risk. Adherence to a

Mediterranean diet r to a prudent diet is associated with a lower fracture risk. These various nutrients

and dietary patterns influence qut microbiota composition or function, or hoth. The conclusions of
this Review emphasise the importance of a balanced diet including minerals, protein, and fruit and

vegetables for bone health and in the prevention of fragility fractures,
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