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A global epidemic

An estimated 246 million people

worldwide are affected by diabetes.

wWith a further 7 million people
developing diabetes each year,
that number is expected to hit
380 million by 2025.
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Annual incidence x 1000

Osteoporotic Fractures in Women:
Comparison with Other Diseases
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Projected Burden of Osteoporotic
Hip Fractures Worldwide

_ 1990
3250/ %
500 | | 2050
-
.
O3S
Q= _
§ X 600 Total no. hip
3 o fractures
,.% -g 400 1990 = 1.66 million
EL 2050 = 6.26 million
R
w = 200
North Europe Latin Asia
America America

Cooper C., Melton LJ, Osteoporos Int 1992, 2:285



Robey PG and Bianco P.

Cellular mechanisms of age-related bone loss.
The aging skeleton 1999

....... o1ToIadNTTOTE UEIWON THS OOTIKNG MalacC OE
01aBnNTIKoUC , TTOU ATTOKAAUTITETAI JUE OUYXPOVEC
TEXVIKEC OEV EXEI oONUACIA OIKOVOUIKN N IATPIKI).....
Agv EXEI TTIPAKTIKO EVOIAPEPOV TTEPAITEPW EKTETAMEVN
MEAETN TOU OOTIKOU pueTaBoAiouou og o1aBnTiIKkoug
aocbeveic ..........




BOne| piabetes and fragility fractures — A
burgeoning epidemic?

Sol Epstein and Derek LeRoith. Bone, 2008

Despite the accumulating body of literature on
diabetes and bone fragility more questions than
answers still remain. Perhaps the most vexing
question continues to be: why do patients with
diabetes have a predilection for fractures in the
peripheral bones at uncommon sites?

..... these two disorders , diabetes and bone
fragility , seem to be on a collision course ..



2AKXAPQAHZ AIABHTHZ KAI
2KEAETIKEZ AIATAPAXE2

»O0oTEOTTEVIA N OOTEOTTOPWON

»ApOBpotradeia Charcot

»2UvOpouo O1aBNTIKOU TTOOI0U




Fakxapwdnc d1apATNS Kal
%

YITAPXOUV ICXUPEG ATTOOEICEIG OTI
ol aoc0eveig pe 2A1 Kal ouveywc
auéavouEeVveS atrooeiéeic OTI Ol
aocBeveic pe 2A2

gM@avifouv aucnUEVO Kivouvo yia
OCTEOTTOPWTIKO KATAYMO



* H0&on n otmroia epgavifel adiap@iofATnTA
QUENMEVO KivOUVO YIa KATAYHO AOYW
TOTTIKI|G OOTEOTTEVIAG Eival TO AKPO TTOOI
Kal N TTOOOKVNMIKN .

NMayxvoapkia NeupoTtrafsia



METABOAIKEZ AIATAPAXEZ ZA
EMHPEAZOYN

v OOTIKO METURBOAIOHNO
v OOoTIKA pala
v AOMR TOU 00TOU

-
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AY=HMENOZ KINAYNOX KATAI'MATO2




..TTANV TWV HETABOAWYV OTOV OOTIKO
METOARBOAIOHO... AAAOI TTAPAYOVTEG TTOU

OUMMETEXOUV OTNV EKONAWON KATAYMOTOG

Ala@opd ot1o BaBud ooTIKAG ATTWAEING METAU
TwWV acOevwyv pe A1 kol ZA2

» O1 emITTAOKEG TOU S1aBNTN TT.X VEPPIKN
AVETTAPKEIO NTTOPEI VA ETTNPEALOUV TOV OCTIKO
METABOAICUO.

» O1 TITTWOEIC AOYW OTTTIKWYV dI1aTapaX WV, ayyEio-
EYKEQPOAAIKWYV £TTEICOOIWYV, KOl VEUPOTTAOEING.

» EVTOTTIOMEVN OOTIKEN ATTWAEIA, Adyw
VEUPOTTAOEIOG, OTOV AKPO TTOOO KOl OTA OPUPA.

» EI0IKEG BepaTreieg MTTOPEI VO ETTNPEACOUV TOV
KivOUVO KATAYMOTOG .



Discrepancies in bone mineral density and
fracture risk in patients with type 1 and type 2
diabetes—a meta-analysis

P. Vestergaard, Ost Int 2007 Apr;18(4):427-44
We addressed the following research questions in

this meta-analysis:

1) MeraBoAéc tne BMD o€ aoOeveic 2A1 kai 2A2
2) MstaoAég Tou kKivdouvou karayuarog os aocBeveic us 2ZA1 kai 2A2

3) O1 usraBoAéc tnc BMD spunveuouv 1i¢ O1aPOPETIKEC METABOAEC TOU
KIivOUvOoU Karayuarog oroug aoBeveic 2A1 kair 2A27?

4) lMoie¢ nTav oI EMITTTWOEISC TOU YAUKAIUIKOU EAEYXOU KAl TWV
emimAokwyv ornv BMD orou¢ aocOceveic us 2A1 kar 2A2 ?




BMD was decreased in both the spine and hip in T1D. In contrast an
increase was seen in T2D. The hip Z-scores were lower than the spine

Z-scores in both T1D and T2D, and the difference was statistically
significant in T2D.

TuTtrou 1 d1aBATNG: MéTpia peiwon TN OM.
MeyaAn augnon Tou KivOUVOU KOTAYHATOG OTO
I0¥iO

HAIKIO-ecapTwpevn 010p6waon Tou RR= 6,9(3.2-

14.8)
Tutrou 2 dI1aBATNG: Duacioloyikh i} augnuévn
OM. Aucnuévocg Kivduvog KOTayuaToG OTo I0Xi0 ‘

HAIKIO-eCapTwuevn d10pBwaon Tou RR=1,4(1.2-
1.5)

P. Vestergaard, Ost Int 2007 Apr;18(4):427-44



2UUTTEPACHATA

#* O 2A1 peiwvel Tnv BMD evw o0 ZA2 tnv augavel.

% AAAa, Tooo 0 2A1 600 KAI O ZA2 oxeTiCovTal HE
au§n|.|£vo KivOUVO KATAYHMOTOG OTO ICYIO.

% H augnon Tou KIvOUVOU KATAYHOTOG MTTOPEI VO
OXETI(ETAI ME TIC ETTITTAOKEG TOU OI1ABRTN OTTWG
au@IBAnoTpocEIdOTTAOEIO, VEUPOTTABEIQ,
VEQPOTTAOEIO KAl ETTITTAOKEG ATTO TO
KapOIayYEIOKO.

%* Me Baon Ta 6edopéva atro Tnv mapouoca meta-
avaAuon @aiverai, 0TI, ] OOTEOTTOPWO UTTOPEI VO
OTTOTEAEI MIO AKOMN £1T|)\0Kn TOoU OI10B3ATN.

Vestergaard P. Ost Int 2007 Apr;18(4):427-44




OZTEOMOPQSH XTON A1




OoTikn pada kar 2A1

» 2& TooooTO 50% dIATTIOTWONKE OCTEOTTEVIX
o€ epnfoug pe d1afNTn KAl aPopoUCcE TO0O
TO PAOIWOEC 600 KAl TO OOKIOWOEC HEPOC TOU
OKEAETOU

» H OM oTn kepkida, o€ TTaidia nAikiag poAig
4—6 eTwv pe ZA1, ATav XaunAoTepn Kata 20—
50% o€ oxéon pa TOUG (PUOIOAOYIKOUG

MAPTUPEG .



Osteoporos Int
{JEIEEF‘]HH 5 | 5 DOI 10.1007/s00198-008-0810-0

INTERMATIONAL

ORIGINAL ARTICLE

. .,E Bone mass and structure in adolescents with type 1
diabetes compared to healthy peers

M. T. Saha « H. Sievanen « M. K. Salo « S. Tulokas -
H. H. Saha

2KOTTOC: Merpribnke n oorikr) uala kai n doun pue pQCT (oTn KepKida
kai arnv kvnun) kai DXA ( otn omovduAikn oTnAn Kai aro igxio) o
gpnpoug pe rurrou 1 diafnNTn Kai ra amoreEAgéouara TWv UETPIOEWV
OUYKpiOnkav ue dsdouEva Tou apopoucav QUOIOAOYIKOUS

OUVOUNAIKOUS TOUG.

Mé£OBodoI : 48 épnpol, 26 kopitoia kair 22 aydpia, us £A1, Kai vyigic
ydpkugag avrioroixng nAikiag , uAou, Bapouc Kai UWPougs, Kal oTadio
gpnPceiac .



: ZYMIEPAZMATIKA

| v O d1afntng oxeri{eral pye peiwpEvn ootikn pala Kai
MIKPOTEPA OZTA.

| v @aiveral 0TI n vooo¢ emnpedlel Tov OKEAETO, TOOO OTO
HEYEBOC 000 KaI OTNV aKAuWId TOU PAOIWOOUC OOTOU .

L v O1 OKeAETIKEC SlarapayxEC apopouoav Kard KUpio Aoyo
“ TouC avopec ue oi1apnrn (10%), os oxéon MUE TIC
yuvaikeg( $%).

v Tlapauével va emiBePaiwbsi To Qv o1 OKEAETIKES AUTES
dlarapaxég 1mou aparnpouvrai arov diafnTn
gubuvovrai yia Tnv auénon Tou KivOUvVoU Karayuarog
orn perémreira {wi.



KuUplog utreubuvocg Tou
TTPORBANMATOC?

<< ‘EAAgipn vooulivig >>



[MBavoi pNXaviouoi OCTEOTTEVIAG
otov 2A1

»|lVoOUAIvOoTTEVIO —>  UTTEPYAUKOAIMIA

» Eival milavov va eTifpaduveTal N OCTIKA
TTapaywyn Aoyw << ducAsiToupyiag >> Twv
OO0 TEORBAACTWYV

YrrepyAukaipio === | oopwTIKOTNTO
| ooTeoBAaoTIKA AgiTOUpYiIQ.

» EmITrA€ov, ol aoBeveic pe ZA1 £xouv PEIWHEVA
emireda Tou IGF-1 , 0 oTTOIOG ATrOTEAEI
OO0 TEOOVURBOAIK OPHOVN



[MBavoi pNXaviouoi OCTEOTTEVIAG
otov 2A1

»|lVoOUAIvOoTTEVIO —> UTTEPYAUKOAIMIA

» H APUAIVN TTOU 0OKEI OOTEOTPOTTO OpACH
OtV TTaPAYETAI O aoBeveic e ZA1

» NMAaYKPEATIKEG KOl EVTEPIKEC OPMOVEG

@ GLP-2 ~1 ooTeoTpOTTO

@ GIP _r opaon

» Autodavoon N PAsypovwong oladikaoia



=]
ARKEC TTIOOVEC OITIEC OCTEOTTEVIOC
;al&l

Alatapayxeg Tou agova GH-IGF

MeiwpEVn Kopu@aia ooTIKA Hada

AVETTAPKNG ETTINETAAAWON TOU OKEAETOU KATA TN
OIAPKEIA TNG OKEAETIKNG avATITUENG / augnong

AcBeocTIOUpPIO OE CUVOUOONO ME MEIWHEVN
ATTOPPOPNON AORECTIOU UE ATTOTEAECHA XPOVIO
EAAEIYN aoBeoTiOU

» Auopevng emidpaon, OTNV OCTIKI TTapaAywyn,
TWV TTPoIovTwWYV TeAIKNG YAUKoQUAiwong (AGES),
X TTEVTOOIOIiVN TPOTTOTTOIEI TIG IBIOTNTEG TOU
KOAAOYyOVOU AOYyWw HEIiWOoNS udpoguAuaivng

YV VYV VYV



OZTEOMOPQEH XTON A2




O2TIKH MAZA KAI 2A2

» 01 yuvaikeg pe 2A2 gpavi¢ouv OM
TTOPOMOIN I KAl MEYOAUTEPN OE
OXE0N ME TOUG (PUCIOAOYIKOUG
MAPTUPEG .



YWYnAOTEPN OOCTIKN Al OTOV
2A2 ....

¥

|{} oY

nAikia
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Ta KaTayuaTa Tou I0Xiou gival
OQUENMEVO OTOUG aoBeveic ue ZA.

Hip Socket
(Acetabulum)

Case-control peAE
ME KATOYMO OTO
ol acOeveig U
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(Thigh Bone)
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Neck Fracture
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Type 2 diabetic mice demonstrate slender long bones with
increased fragility secondary to increased osteoclastogenesis

Bone 44 (2009) 648—655
Yuki Kawashima a,1, J. Christopher Fritton b,1, Shoshana Yakar a,
Sol Epstein a, Mitchell B. Schaffler b, Karl J. Jepsen b, Derek
LeRoith

Type 2 diabetics often demonstrate normal or increased bone mineral density, yet
are at increased risk for bone fracture. Furthermore, the anti-diabetic oral
thiazolidinediones (PPARYy agonists) have recently been shown to increase
bone fractures. Bonemechanical properties were determined by 4-point
bending to test susceptibility to investigate the etiology of possible structural
and/or material quality defects.We have utilized a well-described mouse model
of Type 2 diabetes (MKR

.............................. Taken together, the MKR mouse model suggests that
skeletal fragility in Type 2 diabetes may arise from reduced transverse
bone accrual and increased osteoclastogenesis during growth that is
accelerated by the diabetic/hyperinsulinemic milieu. Further, these
results emphasize the importance of evaluating diabetic bone based on
morphology in addition to bone mass.



Systematic Review of Type 1 and Type 2

Diabetes Mellitus and Risk of Fracture

Janghorbani et al, Am J.Epidemiol. 2007;166(5):495-505

» AvaAuOnkav dnpooieupEveg oto medline PHeEAETEG
MEXP! TOV louvio Tou 2006 ( o€ avBpwTTOUG)

»>16 MEAETEG TTOU TNPOUOCAV TIG TTPOUTTO0EOEIC (2
case-control peAéreg kKai 14 cohort studies)

> 836,941 aoBeveig kal 139,531 TEPITTTWOEIG
KOTOYMATWYV



2UOXETION METOCU 2A1 Kal KIVOUVOU KOTAYUOTOC TOU

loxiou o€ case-control and cohort peAETEC
Study RR (95% CT)
Forsen et al., 19991 14) 6922, 21.6)

Micodemus and Folsom, 2000 (9 123051, 20,7}
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Janghorbani et al. Am. J. Epidemiol. 2007, 166:495-505



2UOXETION METACU 2A2 Kal KIVOUVOU KATAYUATOC TOU

lIo¥iou o€ case-control and cohort peAETEC

Study KRR (95% CI)
Heath et al., 198015} 080G 1.0 _ g I
Meyeret al., 1093 (25) 92034, 249 i
Forsenetal., 1990 (14) |&(1.1, 2.9) —;-l—
Ivers et al., 2001 (8) 06002, 2.2) i
Micodemus and Folsam, 2001 (9) |.7(1.2, 24} —*—
Schwartz et al., 2000 (12) | &(1.2, 2.7} —gl—
Ottenbacher et al., 2002 (23) |51, 23) . i
de Liefde et al., 2003 (20) |3 008, 2.3) -l
Vestergaard et al., 2005 (207 |.4¢]1.2, 1.6) -I—i
Holmberng et al., 2006 (300 40017, 940 E
Ahmed et al.. 2006 (28) | 90102, 3.5) E .
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Test for heterogeneity: 0.1 1 b 5 10 15 20
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Janghorbani, M. et al. Am. J. Epidemiol. 2007 166:495-505



20KYapwonc o1alnTng Kai
KATAYMOTO — CUMTTEPAT AT

» O oakxapwdng diaBnTng TUTTOU 2 OXETICETAI ME AUENHEVO Kivduvo
KOATAYMOTOG OTO I0Xi0O TOOO OTOUG AVOPEG, 600 KAl OTIS YUVAIKEG.

> Ta amroTeAéoUATA ATAV TTEPITTOU TA idIA AVANESO OTA SUO PUAA KOBWG

KOl HETASU TWV MEAETWYV TTOU TTPAYMATOTTOINONKOV 0TV EupwTrn Kai
oTig HIA .

» H ouoyxétion HeTadu TUTTOU ZA KOl CUXVOTNTOG KATAYMOTOS OTO I0XiO0

ATAV IOXUPOTEPN YIa TOUG d1aBnTikoug pe di1aBATN TUTTOU 1 O0E OoX€Oon ME
Toug d1aBNTIKOUG pE d1aBATn TUTTOU 2

OMENA AYTA ENIZXYETAI H AITOWH OTI YT APXEI
2Y2XETIZH METAZY zA ( TYNOY 1 KAI 2 ) KAl AY=HMENOY
KINAYNOY KATAITMATOZ TOY IZXIOY 2E N'YNAIKEZ KAl ANAPEZ .




Diabetic Patients Have an Increased Risk of

Vertebral Fractures Independent of BMD or

Yamamoto et al , Journal of Bone and Mineral
Research April 2009:24:702-709

Although patients with type T2DM have an increased risk of
hip fracture, risk of vertebral fracture (VF) and its association
with BMD are still unclear. We examined Japanese T2DM
patients (161 men >50 yr and 137 postmenopausal women)
and non-DM controls (76 and 622,
respectively)........coueeeveeeeceinininianann. T2DM patients may
have an increased risk of VFs independent of BMD or diabetic

complication status, suggesting that bone quality may define
bone fragility in T2DM.



Discrepancies in bone mineral density and

fracture risk in patients with type 1 and type 2
diabetes—a meta-analysis

P. Vestergaard, Ost Int 2007 Apr;18(4):427-44
We addressed the following research questions in

this meta-analysis:

v 1)MeraBoAéc Tnc BMD o¢ aocBeveic 2A1 kai 2A2

v 2)MeraBoAéc Tou KivOUvOU KATAYHATOC OE A0Osveic ue
2A1 ka1 2A2

v' 3)O1 ueraBoAéc tne BMD spunveuouyv 1i¢ O1APOPETIKES
METABOAEC TOU KIVOUVOU KATAyuarog orou¢ aocBeveic 2A1
Kal 2A27?

v'4)[Moi1ec NTav oI EMITTTWOEIC TOU YAUKQIUIKOU EAEyXOU
Kal Twyv emimAokwy ornv BMD orou¢ acfOeveic 2A1 kai
2A2




BMD was decreased in both the spine and hip in T1D. In contrast an
increase was seen in T2D. The hip Z-scores were lower than the spine
Z-scores in both T1D and T2D, and the difference was statistically
significant in T2D.

Tutrou 1 d1aBATNG:
MeTpia peiwon tng OM.

MeydaAn ad¢non Tou KIvOUVOU KATAYMOTOG
OTO ICYiO

HAIKI0-eSapTwHEVN 016pOwon Tou RR= 6,9
TuTtTOoU 2 d13NTNG:

Quoioloyiki R augnuévn OM

AUZNMEVOG KIVOUVOG KATAYHUATOG OTO ICXIO
HAIkI0-e€apTwHEVN 016pOBwoNn Tou RR=1,4

P. Vestergaard, Ost Int 2007 Apr;18(4):427-44



|

» 0 ZA1 peiwvel Tnv BMD evw 0 2A2 TnVv augavel.

» AAAG, Too0 0 2A1 600 KAI O ZA2 oxeTiCovTal HE
au§r||.|£vo KivOUVO KATAYHMOTOG OTO I0XiO.

» H au¢non Tou KivOUVOU KATAYMOTOG MTTOPEI VO
OXETICETAI ME TIC ETTITTAOKEG TOU O10BNATN OTTWG
au@IBAnoTpOEIdOTTAOEIO, VEUPOTTABEIQ,
VEQPOTTADBEIO KAl ETTITTAOKEG ATTO TO
KapOIaYYEIOKO.

» Me Baon Ta dedopéva atro Tnv mapouoa meta-
avaAuon @aiveral, OTI, | OOTEOTTOPWON PTTOPEI VO
OTTOTEAEI MIO AKOMN £1T|A0Kr| TOU d1afNTN.

Vestergaard P. Ost Int 2007 Apr;18(4):427-44



AlaTAPAXES TOU OOTIKOU HETARBOAIOUOU

o€ aofeveic Ha ocakXapwodn d1aNTn
TUTTOU 2 JTTOPEI VO TTPOKANOOUV aT1To :

Apeon emidpaon Tng EAAEIYPNG TNG
IVOOUAIVNG N TNG AVTIOTAONG TNV IVOOUAIVN
KOl UTTEPYAUKOIMIO OTO OOTA KAl OTO
MIKPOTTEPIBAAAOV TOU MUEAOU TWV OCTWV ,

ETidpaon Twv TpoiovTwyV TEAIKAG
YAuKoCQuAiwong (AGEs) oTig TTpWTEIVEG TNG
BepéAlag ouoiag,

AlaTapayn oTn ToapaAywyn Twv
AITTOKUTTAPOKIVWYV Kal KUTTOPOKIVWYV Kal TNG
OpAONG TOUG OTA OCTIKA KUTTOPO

AlatTapayn oTn VEUPOMUIKK /| OKEAETIKI)
OUVEPYOOIA.



KuUplog utreubuvocg Tou
mpoBARuaTOC ?

<< YmepivoouAivaiyia
Avrioraon arnv IVOoUAiviS



YINEPINZOYAINAIMIA-
ANTIZTAZH 2THN INZOYAINH

lnyn evépyeiagc twv
\ 89 _» ooreoBAaoTiv

Auénon Twyv mPoIoVTWV

un evluuarikng
YAukoluAiwong (AGES)

AoBeorioupia AOyw uttepyAukaiuiag

Tporrormroinon rou aéova PTH/Vitamin D






A pictorial representation to identify secondary osteons and interstitial bone
regions in human cortical bone: The secondary osteons (hollow arrows) are
newly formed bone tissues through bone remodeling process, whereas the

interstitial bone regions (solid arrows) are the older tissues formed
previously




Sections of in vitro glycated bone tissue showing a progressive increase in tissue
fluorescence micrographs a—d, taken at auto-exposure, show that the increased incubation
period leads to a more homogeneous glycation of cortical bone microstructure. For noting
the increase in the level of fluorescence, indicative of AGE accumulation, compare to
micrograph b and the insets in micrographs ¢ and d. For the insets, the exposure was set
at a fixed value, and micrographs of the sections incubated for 11 and 38 days were taken
at that fixed exposure.

250 pam

°“'"Q Q_

Vashlshth D, et al .Bone. 2001 Feb; 28(2) 195-201.



OMOIOTHTEZ METAZ=Y lNAXYZAPKIAZ KAl O2TEOIOPQzHZ

Fractures in Type 2 Diabetic Men

Kanazawa et al , Calcif Tissue Int (2008) 83:324-331

Combination of
obesity with hyperglycemia was a
risk factor for VF despite
sufficient BMD in diabetic men.




Mesosyxuuariko
apxEyovo KUTTAapo

lMoAuduvapuo
v’ Xovdpokurrapo
v'Neupik6 kUTTapo
v Tenocytes
IMp O‘/- myotubes
AItrokurrapo

lpo-
oagreofAaorn

WNT

|~ —oio1poyéva —

PAsyuovwoElc
KUTTAPOKIVES

AegrrTivn
Oiorpoyova
| AVTITTOVEKTIVN

oaraoﬁ)\darng@ AIrrokurrapo
Peliorivn




[MTwoeic Kal Zakxapwong
o1a3NTNG

O 2A2 cuoxeTIiCeETAl NE AUENMEVO KiVOUVO TTITWOEWV

»Rotterdam Study - de Liefde et al 2005

KivOouvog¢ HN-C1TovVOUAIKOU KOTAYMOTOG O€ a00evEig
ME 2A2 TTOU Aapufavouyv avTidiaBnTikn aywyn : HR=
1,7(1,2-2,5)
»Women s Health Initiative-Bonds et al 2006
»Health Aging and Body Composition Study-
Strotmeyer et al 2005
»Study of Osteoporotic Fractures- Schwartz et al
2001



NAXY2APKE2 T'YNAIKEZ

AOIM'MA

AEN EM®PANIZOYN OZTEOIIOPQZH



AlaTAPAXES TOU OOTIKOU HETARBOAIOUOU

o€ aofeveic Ha ocakXapwodn d1aNTn
TUTTOU 2 JTTOPEI VO TTPOKANOOUV aT1To :

Apeon emidpaon Tng EAAEIYPNG TNG
IVOOUAIVNG N TNG AVTIOTAONG TNV IVOOUAIVN
KOl UTTEPYAUKOIMIO OTO OOTA KAl OTO
MIKPOTTEPIBAAAOV TOU MUEAOU TWV OCTWV ,

ETidpaon Twv TpoiovTwyV TEAIKAG
YAuKoCQuAiwong (AGEs) oTig TTpWTEIVEG TNG
BepéAlag ouoiag,

AlaTapayn oTn ToapaAywyn Twv
AITTOKUTTAPOKIVWYV Kal KUTTOPOKIVWYV Kal TNG
OpAONG TOUG OTA OCTIKA KUTTOPO

AlatTapayn oTn VEUPOMUIKK /| OKEAETIKI)
OUVEPYOOIA.



Correlation analyses between HbA, . concentrations and the bone turnover markers

osteocalcin and C-terminal teIogeﬁtide of txﬁe | collaﬂen for the entire studx cohort.
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The effects of HbA,_ levels on calcaneal stiffness (fop) and osteocalcin
measurements (bottom) split by the median for PTH (65 pg/ml).
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H ooteokaAcivn Si1a@opoTrolei Tn AsiToupyia Twv B-KUTTAPWYV ThV
EKPPOOT TOU YOVIOIOU TWV AITTOKUTTAPWY KOl ETTNPEALEI TRV
EMPAVIOT HETABOAIKWY VOO WYV OTOUG ETTIHUEG

Pancreas (-cell
Osteoblast

o ol

Improve glucose handling
Lower fat mass

‘I Adiponectin

Adipocyte

1. Lee NK et al. Cell. 2007;130:456-469.

H oorsokaAcoivn cuutrepipéperal ocav
<opuovn> mrou pubuifel To ueTtafoAIiouo Tng
YAukO{n¢< kai rou AIrrwdouc¢ IOToU O€
EMIMUECS.

2uykevrpwoei§ Tng OC og Picomol
EAEyXOUV ThV EKPPACT) TWV yoVvIOiwV TNG
IvoouAivng mou puBuifouv tnv ivoouAlivn
Kail Tov moA/ouo Twv B-KUTTApWY ,

Evw, ouykevTpwoeI¢ TNS idlag opuovng mou
@Oavouyv 1a smireda rwv nanomols
EAEyxOUV ThV EKKPION TNG AVTITTOVEKTIVNG
armro Ta AITTOKKUTTApPA.

Makpoxpovia xoprniynon OC o€ emipueg
MEIWVEI oNUAvTIKA Tnv SUuouEV emidpaon
TNG Uumrepayiag Kai rng rrAouoiag o Aitrn
diaitagc orov AMZ kai oro uerafoAiouo tng
YAukolng.

Therefore, osteocalcin may be of value in
the treatment of metabolic diseases

2. Ferron M et al. Proc Natl Acad Sci USA. 105: 5266-70, 2008.



The Increase of ROS with Age Antagonizes the Skeletal and Metabolic Effects of
Wnt/B-Catenin by Diverting B-Catenin from TCF- to FOXO-Mediated Transcription

Aging

 LRP5/6

Catalase
Gadd4s

ﬂ Ob-genesis ﬂ B-cell mass/insulin ﬂ Ob-genesis %;-i—cell mass/insulin

ﬂ Oc-genesis ﬂ Glucose handling ,ll Oc-genesis Glucose handling
ﬂ Ob-apoptosis ‘D' Gluconeogenesis Jl Ob-apoptosis ﬂ Gluconeogenesis
ﬂ Bone Mass ﬂ LDL Cholesterol ﬁ Bone Mass U, LDL Cholesterol
ﬂ Atherosclerosis ﬂ Atherosclerosis
ﬂ' Blood Pressure ﬂ Blood Pressure
Osteoporosis Metabolic Syndrome

Manolagas and Almeida , Mol Endocrinol, November 2007, 21(11):2605-2614 ,



D auv/snal

...OTI NE TNV NAIKia TO 0EIOWTIKO stress
avraywvilerar to Wnt signaling, trou
MITOPEI OE HOPIAKO ETTITTEOO, VA EPUNVEUEI
KOIVO IOPIaKO UNxaviouo vid tnv
ELUPAVION OXI MOVO OOTEOTTOPWONC AAAQ
Emioncg yia tnv abnpwudarwon, tnv
IVOOUAIvoavTioTaon, Kai trnv
UTTEPAITTIOAIUIA KOI UTTOPEI VA ATTOTEAEI
KOIVO OUVOETIKO KPIiKO UE TNV
Taxuoapkia.



2A1 2A2

: Anrrokurrapa
Evepyomoinuéva T (IVOOUAIvn /
e auuAlg AITTOKUTOKIVES
@ y
l 4 IGF-I l\' O

OZTEOBAAZTEZ

@T IMOIOTHTA ®
YAukodln o ® "~ AugiBAnoTpogiSomdOsia
@ YwnAdéc¢ kivduvocs Kapdiayysiakij véoog
VIia TTTWOEIC
NeupomrabBsia

2A1 KAl 2A2 | TYNOY 1 KOAAATONO

IMéavoi unxaviouoi TToU CUNNETEXOUV OTNV EUPAVION NEIWNEVNGS OOTIKNGS Madag Kai
auénuévou KivOUVoU Karayuaro§ o€ aolsveic ue oakxapwdn diafnrn



PapuOKEUTIKOI TTAPAYOVTEC

AVTIUTTEQPTACIKA :

#* Ta diloupNnTIKA TNG AYKUANG auéavouv TnV atmrofBoAr Tou
oo RBECTIOU ATTO TO VEQPPO EVW

#* 1a 0€10{101IKA S10UPNTIKA TNV HEIWVOUV

YTTOAITTIOAIMIKA :

A@opouv Kal Toug dUOo TUTTOUG TOU d1afnTn, KAl UTTOPEi va
EMIOPOUV OTN OOTIKN HAla .

2 & case-control peAéTeg dlaTTIOTWONKE OTI N XOoPNYNoN
avaoTOAEwV TNG avaywyaong Tou HMG CoA ptropei va
auUiAOOUV TNV OOCTIKI Mala




Eniopoon TS avTiowopPntikng

ayOYNS GTNV 0GTIKI] RO



Diabeles!

= ,___1: Bone Fractures and Hypoglycemic

;gﬂ: Treatment in Type 2 Diabetic Patients

Monami et al, Diabetes Care,2008,volume 31, No 2, 199-203

2ko1mo¢c— MNpoodiopICHOC TOU KIVOUVOU
KOTAYMOTOG TTOU OXETICETAI ME TN

xopnynon ivooulAivng n didopa
UTTOYAUKOIUIKA (PAPMOKAO.



Adjusted ORs,with 95% CI.for bone fractures of exposure to

different hypoglycemic drugs in a logistic regression model.

e o ower  Higher  OR Lower Higher OR
for at least 1.0 10.0 0.1 1.0 10.0

»H Osparrsia pue uerpoppivn 0 CUCXETICETAI UE UEYAAUTEPO
KivOUvOo Karayuarog, e0pnpa TTou otnpidel Tnv amown o011 N
apvnTikn O0paon Twv TZDs ogeileTal o€ €10IKN) OpAOoT TTOU
OOKOUV Ol TEAEUTAIEC OTOV OCTIKO METABOAIOUO.

»H Bsparrsia us TZDs oxeriCsral pue peiwpévn BMD kai
auénuévo Kivouvo Karayuarog orouc aoBeveic us 2A2

»H TTapouoca xoprnnynon ivoouAivng auavel Tov Kivouvo
KATAYMOTOG , EVW N HOKPOXPOVIa BepaTtreia PE IVOOUAIvN O€
PAiveTal va ETTNPEACEI TNV OOCTIKI AVTOXA.

Monami et al, Diabetes Care 31:199-203, 2008



O PPAR-y avaoTéAAEl TNV 0OTEORBAAOTOYEVEDT KOOI TTPOAYEI
TNV ooTeoKAaoToyEveon. Kutapokiveg otTwg IL-1, TNF- kai
Wnt pnvopata KOTOOTEAAOUV T ETTAVEPYOTTOINON TOU

PPAR-y
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Glycemic Durability of Rosiglitazone, Metformin, or Glyburide
Monotherapy

Kahn et al for the ADOPT Study Group 2006 ,Vol 355 ,No 23:2427-
2443
Rate of Fractures
Fractures Rosiglitazone Metformin  Glyburide
were an number of patients (percent)
unexpecte
¥'58verse 32 (3.95) 29 (3.36) 23 (3.35)
gventen 60 (9.30) 30 (5.08) 21 (3.47)*
Lower limb 36 (5.58) [13 (3.05)7 g (1 32}*’-‘]
Upperlimb 22 (3.41) 10 (1.69) 9 (1.49)7
Spinal 1 (0.16) 1(0.17) 1{0.17)

* P=0.01 for the comparison with rosiglitazone (unadjust-
ed, contingency chi-square test).

T P<0.05 for the comparison with rosiglitazone (unadjust-
ed, contingency chi-square test). fef) ™ NEW ENGLAND

%29 JOURNALyMEDICINE


http://content.nejm.org/content/vol355/issue23/index.shtml

Meta-analysis of fractures in randomized controlled trials of
thiazolidinedione versus control

A. Fractures overall
Mo. of fractures

Study Thiazolidinedione Contro I Odds ratio (95% ClI) <—— treatment | control —>

Kahn et al.’ 92/1456 108/2895 1.74 (1.31-2.32) ;
Dormandy et al.* 74/2605 60/2633 1.25 (0.89—-1.77) ——

CIm:c:ans should reconsider the use of
thiazolidinediones in women with type 2 diabetes.
This is in accordance with the updated guidelines of
the United Kingdom National Institute of Clinical
Excellence.The guidelines state: "Do not commence
or continue a thiazolidinedione in people who have
evidence of heart failure, or who are at higher risk of
fracture.” Regulatory agencies should restrict the
use of thiazolidinediones in women with diabetes
who are at risk for fractures.

Overall 64/3064 95/3937 1.00 (0.73—1.39) S =

T T T T
0.05 0.2 1 5 2
Odds ratio (95% CI) 0

Loke, Y. K. et al. CMAJ 2009;180:32-39

CMAJ- JAMC

Copyright ©2009 Canadian Medical Association or its licensors



KAIVIKESC TTPOOTITIKES. ...

» OI UETEPPNVOTTAUCIAKES YUVAiKEG TTOU Adpavouv aywyn
HE TZDs @aiveTal OTI EUPavifouv ToV HEYOAUTEPO KivOUVOo
KATAYMOTOG KUPIWG OTA AKPO.

» O1 AvOpEG KAl O1 TTPOEPMNVOTTOUCINKES YUVAIKES ME ZA2 |
og aywyn pe TZDs , 6€ @aiveTal va eu@avifouv auénuEVo
KIVOUVO YIO KATAYHO OTTOIOONTTOTE TUTTOU ,0AAQ QaiveTaI
OTI Ol AVOPEG £XOUV ATTWAEIN OCTIKAG MALaG.

> Agv UTTAPXOUV aKOUN KAIVIKEG HEAETEG PE TIG OTTOIEG
ATTOOEIKVUETAI HEIWON TWV KATAYUATWY 1 TNG OOTIKNG
ATTWAEIAG JETA TN XOPNYNON TWV KAACCIKWYV OVTi-
OCTEOTTOPWTIKWYV QPAPHAKWV

» H KAIVIK) onpacia Tou au¢nUEvou KivOUVOU KATAYHUATOG
TWV ATTW AKPWYV OTIC METEMMNVOTTAOUCIKEG YUVAIKEG KAl TNG
OO TIKNG ATTWAEIOG OTOUG AvOpeg TTou AapfBavouv TZDs dev
EXEl aKOuN O1euKpIvIOoBEi

» Me 0edopévo, TNV EAAEIYPN KAIVIKWY OEOONEVWY,
OUOCTRAVETOI TTPOCOXN OTN XOPNYNOoN TWV QOAPHAKWY AUTWV
o€ aoBeveig pe A2

From The Endocrine Society's Research Affairs Core Committee , Ed Ehrmann D and

Turgeon J , September 2008



[MapayovTeG KIvOUVOU YIO OCTEOTTOPWON

o€ aoBeveic ye cakyapwodn d1alNTn
o AUEOCEC - OQEIAOuEvES OTO 2ZA
Tutrou 1 ZA
AppuBuicTog ZA
Neppotrabeia

* O@seIAoueveg o€ emITTAOKEC TOU 2ZA
NeupotrdOsia
AlaBnTIKA diGppoia

 Noonuara oxeri{ousva ue rov 2A
Nooos Graves

KolAloKAKnN

Aunvoppoia

KaBuoTtépnon epnpeiag

Alatapayég eating

* Kivduvo¢ mmrTwoswyv

YTToyAUKaIpIKG eTTEICOOI1O

NukToupia

Kok é6paon ASyw ap@IBAncTposIdoTTadeIng
AoTdfgia AOyw VEUPOTTABEING, ,EAKWV KATW AKPWYV
OpOooTatiki uTTéTOON
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Screening Recommendations

e
AEN YIMAPXOYN EIAIKEZ 2Y2TAZEIZ
I'A TOYZ AIABHTIKOYZ AZOENEIZ

The U.S. Preventative Task Force cuaTtnvel 011 0 EAeyxog
Tr)(>£1;r£| vad YIVETOI O€ YUVAIKEG > TWV 65 eTWV Kal O€ YUVAIKEG
nAikiag 60—64 eTwv TTOU EUPAVICOUV TTOPAYOVTES KIVOUVOU

Eival dUokoAo va kaBopiogBouv 101aiTEPOI TTOPAYOVTEG
KIVOUVOU, 0AAQ TO HEIWHNEVO CWHATIKO BApOg BewpeiTal
KOAOG TTPOYVWOTIKOG TTAPAYWYV XAMNANG OOTIKAG MAlag
The National Osteoporosis Foundation eriong ocuoTtnvei
ENEYXO OE YETEUUNVOTIOUOIOKEG YUVAIKEG (< TWV 65 ETWV)
TTOU £XOUV UTTOOTEI KATAYHO ) EXOUV EVAV | TTEPICTOTEPOUG
TTAPAYOVTEG KIVOUVOU YIO OCTEOTTOPWOT

2Toug d1aBNTIKOU aoBeveig TTOU dEV TTANPOUV QUTA T
KpITNPIA , OEV UTTAPXOUV dKOuN << evidence-based
ouoTaoeig >>, dAAdA N Koiv AOYIKN OIaTTICTWVEI OTI I
£TPNON TNG BMD €ival OWOTO Vd YIVETOI OE OCOEVEIG UE
1I0BNTN TUTTOU 1, YUVOIKEG KOl AVOPEG JUE OTTOIAONTTOTE
ETTITTAOKI), KOl OTIG AETTTEG YUVAIKES ME N XWPIG ETTITTAOKEG



2UMNTTEQPOOMATIKA ....

Eival cagég 0TI o1 aoBeveig pe ZA1 €xouv xapnAdTepn ooTiKN pada (BMD) kai au§nuévo Kivduvo yia
OCTEOTTOPWTIKA KATAYHATA .

Augdvouv ouveXwg Ta OeOOUEVA AVAPOPIKA ME TOUG aoBevEig pe ZA2 TTOU A@POPOUV TOV AUENHUEVO
KivOUVO YIO OOTEOTTOPWTIKO KATAYHMO TTAPA TO YEYOVOS OTI epavi{ouv augnuévn ooTIKA HAla o€
oxéon ME Toug aoOeveig pe ZA1 .

H oOTIK ] avaOKATOOKEUN UTTOPEI VA ETTNPEAZETAI ATTO TIG ETTITTAOKEG TOU S1aBRTN.

O Kivduvog KAaTadyuaTog oToug diafnTiIKkoUug aocBevei¢ audveTal atrd TIG TITWOEIG TTOU o@EiAovTal o€
OTITIKEG SIATAPAXEG, VEUPOTTABEIO N AYYEIOKA EYKEPAAIKA ETTEICODIA.

EvTotmriopévn OOTIKN ATTWAEIO CUOXETI(ETAI ME TN 1ABNTIKI) VEUPOTTABEIO KOl JTTOPEI VO AUEAVEI TOV
KivOuvo KATAYMATOG OTO AKPO TTOdI 1) 0TV TTOSOKVNUIKA apBpwon.

2TOUG a00eveig pe ocakxapwdn S1aBATN TTPETTEI VA EKTIMATAI | OCTIKA pala.

OepatreuTiK TrTapéuPBacn atroTeAEI TO KAEISi TNV TTPOANYN TWV KATAYHATWY , BEATIWVOVTAG TV
OOCTIKA HAda, OOTIKA AVTOXH KOl HEIWVOVTOG TOV KivVOUVO TWV TITWOEWYV .
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