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Yakyxapwodnc dtaBntng kot Ooteomopwaon

AUO peyalec emdnuieg
Mepirnov 20% tou MANBUGoOL £xeL StaBRtn A MPodLaBNTIKEC KATAOTAOELG

50% TWV NALKLWHEVWVY EXEL OOTEOTIOPWON

Centers for Disease Control and Prevention; http://www.cdc.gov).

Molpalovtal TToOAAQ KOLVA XOLPOLKTNPLOTLKA OTTWG TL.X.
-yeveTKkn podlabeon
-LOPLAKOUC UNXOVLOMOUC


http://www.cdc.gov/

Yakyxapwodnc dtaBntng kot Ooteomopwaon
* Ao npoodatec PeAETEC PaiveTal OTL O OOTIKOC UETBOALOUOC:

-oXeTLlETOL LE TN PUOULON TNG TAPAYWYNC EVEPYELAC KOL TNV QVTILOTAON OTNV
LVOOUALVN

-elvalt He v n TIOPOYWYI EVEPYELOC UTIO TOV EAEYXO TWV OLWV pUBULOTIKWV
TIAPOAYOVTIWV:
-lLVOOUALvN
-PPAR-y
-GLP1, GIP
-00TEOKAAG(VN
 OLmepayovteg avtol:

-ouvewcbepouv otnv moLotnTa Tou ootou ennpealovtag tn dtadopomnoinon
TWV OOTIKWV KUTTAPWV Kot To bone remodeling

-amoteAolV GOPUAKEUTIKO OTOXO OTO 2A

Lecka-Czernik;Clin Rev Bone Miner Metab. 2013 March 1; 11(1): 49-58.



20KYOPOONC O TNG KUl 0GTEOTOPMGC

“. .. Any reduction of bone mass in diabetics
that is revealed by sophisticated analysis is of
no medical or economic importance. . .
Further extensive studies of bone metabolism
In diabetics are unlikely to yield results of
practical importance. . . ”

Heath HH 111 et al, N Engl J Med 1980;303:567-570



20KYOPOONC O TNG KUl 0GTEOTOPMGC

* O caxyapmonc owPrnc etnpedlel TOV 0GTIKO
uetaPoilopo

* AAMAQ PE OLPOPETIKO TPOTO KL AAAOVC
unyoviopovg o XA tomov 1 kot 0 XA tomov 2



Relative risk for fracture

2A Ko KOTOYLLOTOL

' DIO=diabetes
induced
~ osteoporosis

Fracture
burden from
diabetes

Fracture

burden from == T ss, =00

osteoporosis
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-3

BMD T-score

Calcif Tissue Int 2016




>A\2 KoL OOTEOTIOPWON:

ErdnuioAoyika otolxeio



AcBeveic pe XA2 €yovv awENUEVT] OGTIKN
TLUKVOTNTO

Study of Osteoporotic Fractures

E

Insulin Tx
Non-insulin Tx
Calcanea Non-diabetic

Femoral Neck

All p <0.01 for non-ins tx vs. not DM I Distal Radius
All NS for insulin ¢ vs. non-insulin-tx

Schwartz AV et al, J Clin Endocrinol Metab 2001;86:32-38
Study of Osteoporotic Fractures



DXA is one of the most
powerful predictors of
fracture risk
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Me dedopéEvn TNV vWyAN 06TIKY TVKVOTHTO GTO XA2
Oa mepipeve kaveic o1 aobeveic avtol va Eyovv younio
KIVODVO KOTOAYUATOS GE CYECH UE ATOUO 1010.G WAIKIOG



O KivouvocC KOTAYHOTOC EVOIL VENUEVOC OE
acOeveic ue XA2
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Giangregorio LM et al, J Bone Miner Res 2012;27:301-308



Kivouvog katayuotog ioyiov o XA2

1 4
MetaavaAivon
Study 1D ES (95% CI) % weight
Haothersall et al*= (2014) I-; 1.01 (0.97-1.10) 18.54
Chen et al*® (2008) r 1.50 (1.40-1.60) 7.83
Oel et al* (2013) + 116 (0.63-2.13) 014
de Liefde et al= (2005) 4:._ 1.30 (0.80-2.30) 014
Heath et aF* (1980) -i 0.80 (0.60—1.20) 0ar
Meyer et al= (1593) i * 930 (3.20-27.50) 0.00
Vestergaard et al*' (2005) * 1.38 (1.20-1.60) 1.96
Ahmed et al* (2006) *:-— 1.80 (0.82-4.50) 0.0z
Forsen et al= (15949) +— 1.50 (0.80-3.10) 0.06
Ofttenbacher et al* (2002) 1|-— 157 (1.03-2.40) 07
Ivers et al™ (2001) e 0.60 (0.20-2.20) 0.08
Lipscombe et al¥ (2007) - 120(1.16-1.23) 65393
Melton et al= (2008) -Ir 1.10 (0.90-1.40) 1.25
Leslie et al* (2007) -I- 1.40(1.28-1.53) 501
Holmberg et al*= (2006) | —— 520(3.00-11.00y 000
Owverall (2=85.5%, P=0.000) l 120(1.17-1.23) 100
| I |
—2T 5 0 25

Moayeri et al’ Therapeutics and Clinical Risk Management 2017:13 455-468



2 A2 Kol Kivouvog KOTAYUOTOg

MetaavaAvon

Table 2 Summary relative risk estimates from case—control and cohort studies of the association between type 2 diabetes mellitus and

fractures incidence using meta-analysis methods

Type of Mumber Summary #5% confldence Between studies
fractures of studies relative risk interval P (%) Pfor
heterogeneity

Hip fractures 15 | 20 [ 17-123 B5 5 0000

WWrist fractures [i] 098 088107 a6l 3 0,006

Yertebral fractures I_1& | 05128 959 0000

Proximal humerus .09 0B8&e-1.31 84.0 0000

Ankle fractures 113 095132 0.0 0762

Foot fractures | 37 | 21— 54 0.0 090

All fractures, total 7 117 [ 15120 855 0,000

Moayeri et al’ Therapeutics and Clinical Risk Management 2017:13 455-468



OOTEOMOPWTLKA KATAYHOTOA O aoBeveig pe 2A

a | the distal radius, b | subcapital humerus, ¢ | proximal femur and d |
vertebrae



Ootikn ooun o€ acBeveic e XA

TABLE 1. Bone density, structure, and strength at the femaoral neck, comparing Rochester, MN residents with type 2 diabetes
mellitus (cases) to age- and sex-matched community controk {40 matched pairs)
Women Men Both sexes combined
Cases Controls Cases Controls Cases Controls
Variables (mean + sn) (mean + so) A (%) (mean + sp) (Mean + so) A (%) (mean + sn) (mean + sn) A (%)
Bone densiy
SBMD (gfom®) 068 =015 0.5F +0.112 23 069 =015 0BG +0714 10 060G +015 061 0132 )
Total vBMD (mgfcm?} 33T = 81 279 + 538 25 276 = 67 257 £ 53 11 311 £ B0 2059 £ 567 9
Trabecular vEsID 116 = /Y9 173 + 49 A0 183 - 56 1IR3 + 3R 16 07 + /L 169 + 447 4
\migfom)
i - 76 522 a1 12 L1269 526 =72 2z 551 £ 77 523 68 &
Bone structure
[otal area lom®) (.7 + 1.5 g3 =14
Endocortical area (o) 0.3 +1.5 60+ 15 -3
Cartical thickness (mmb 0.& 0.5 2B+0d )
Bone strength relative
to load
Fall lnad M) i 957 6316 © 63T 8 8031 =740 B30 « 383 -7 306 = 1070 170+ 1243 3
Flexura rigiarty | 75 60 + TS 15 r39 + 195 Fu93 + 18R 1 SET + 203 GAR + ¥5L7 14
{El, kM = o)
Ratio (fall load = El = ] 0.3 1803 —B 1.1 0.2 1.1 =04 9 14204 15204 0
F values were adjusied for differances in BMIL
3P 005,
P00,

Melton LJ 111 et al, J Clin Endocrinol Metab 2008:93:4804-4809
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O1 TOPO1 GTN PAOIMON LOIPO TOV 0GTOD Elval
avEnuéEvol oe acBeveic e XA kol Kdroyuo
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Control DELEES Diabetes + fracture

HIGH
RESOLUTION

pQCT

J Clin Endocrinol Metab 2010;95:5045-5055
Patsch JM et al, J Bone Miner Res 2013;28:313-324s



>A\2 KoL OOTEOTIOPWON:

Moapayovtec Klvduvou



Artiec avEnueEVoL Kvovvou Katdyuotog 6to 2A2

Type 2 diabetes

General population risk factors
Older age

¢ Lower bone mineral density

Lower body mass index

o FRAX score and risk factors

Lower trabecular bone score

Longer duration of diabetes
Presence of complications (specifically retinopathy and nephropathy)

¢ Increased fall risk

Hypoglycemia
Visual defects

¢ Peripheral neuropathy
o Disability

Moayeri et al” Therapeutics and Clinical Risk Management 2017:13 455-468




Kivovvog ntwvcewv: HOALC kot tvoovrivn

— I 1IN e (e n e e | |
— Insulin users

0.8

0.6

Frobability of at least one fall per year
0.2 0.4
|

insulin users
BRI e merororr |

0.0

A 5 & 7 & 8 10 41 42 i3 4 18 16 17
Hemoglobin A1C (%)




3 Risk factors for the association between type 2 diabetes and fracture risk

_up Studies Summary 95% confldence Between studies Between subgroups
(n) relative risk interval Iz (%) P for I (%) P for
heterogeneity heterogeneity
Age (years)
5059 3 I7 15121 947 0.000 85.5 <0.001
6059 Ll [.20 L0130 812 0.000
=70 12 [.30 LZ1-1.40 45.7 0.005
Sex
Female T |44 L 18-1.70 213 0.000 213 0.043
Male 3 190 |.3-258 0.00 0.000
BMI (kg/m?)
=30 I |44 |.24-1.65 295 0193 L6 <0001
=30 I .30 22137 T15 0.000
Geographic area
Europe I 10 [03-1.13 698 0.000 2.6 0.29
Morth America 17 .18 L5120 855 0.000
Asia 3 .24 14140 206 0.000
Australia 2 .18 1.0-1.36 217 0.000
Follow-up period, years
=10 21 1% l.16—122 832 0.000 G99 0.004
=10 a .13 l.08-1.18 899 0.000
Dwration of diabetes, years
=10 & .00 0.93-1.06 782 0.003 232 <0001
=10 ] ) 13135 932 0.000
Phiysical activity 3 075 0.65-0.85 924 0.000 MR MR
Smoking status 3 .29 0.92-1.68 920 0.000 MR MR
Users of systemic corticosteroids 3 1.51 [.29-1.72 386 0. 196 MR MR
Insulin therapy I 1.52 |.42-1.61 48 0.393 MR MR
Treated with thiazolidinediones 3 075 0.60-0.21 00 0513 MR MR

Abbreviations: BML body mass indecc; MR, not reportad.

Moayeri et al’ Therapeutics and Clinical Risk Management 2017:13 455-468



ENintwon otnv 00TLKN TTUKVOTNTO KOl TOV KivOUVOo KOoToypHaTwyV
bappAKWY IOV XpnoLpornolovvtol o€ aacOeveic pe ZA

Medications Bone mineral density Fractures
Metformin 2 In rodent and in vitro More data needed
Sulfonylurea & J

TZDs J T

Insulin 2 In rodent and in vitro 1

GLP-1 agonist 1t More data needed
DDP-4 inhibitors P J

SGLT2 inhibitors J ™

Thiazide ™ NV

Loop diuretics J T



Metdoppivn Kol 00TIKOC LETABOALOUOC

* Adopt kapia emintwon kat otn Rochester pkpr eAdttwon tou kKivéuvou
KOTALY LLOLTOG

Kahn et al, Diab. Care 2008: 31 845-51
Melton LJ, ] Bone Miner Res ,2008 1334-42

*  Mnyoviouot:
-EVEPYOTIOLNON TWV 00TEOBAACTWY
-EAatTwon twv AGEs
- Avénon tng OPG
-EAatTwon tng SpAong Twv 00TEOKAQOTWY



2oUuAdovulouplec Kot KivOuvog KATAYUOTOC

« Sulfonylureas

« In ADOPT ' and Rochester ? studies
- No effects on fracture risk

« In ADOPT
- No effects on BMD
- Decreased P1NP

1. Kahn SE et al, Diabetes Cavre. 2008:31:845-51,
2. MeltonLJet al. J Bone Miner Res, 2008:23:1334 42,




ZXETLKOC KivOuVOoC Kataypotoc o€ aoBeveic pe ZA-2 o
AappBavav avaotoAeic DPP-4 (Case-control peA€tec)

Study name

NCT00698932 (9A)
NCT00316082 (9A)
Hollander 2010 (11A)
Chacra 2009 (12A)
DeFronzo 2009 (13A)
Jadzinsky 2009 (14A)
Raz 2008 (16A)
Barzilai 2011 (17A)
NCT01028391 (9A)
Rosenstock 2006 (18A)
Yoon 2011 (20A)
Vilsboll 2010 (21A)
Charbonnel 2006 (22A)
Aschner 2006 (23A)
Reasner 2011 (24A)
NCTO00350779 (9A)
Williams-Herman 2010 (27A)
Garber 2008 (36A)
NCT00396357 (9A)
Scherbaum 2008 (41A)

ratio

0,199
1,287
0,160
1,545
0,956
1,682
0,323
0,200
0,309
0,337
0,992
2,981
0,170
0,172
0,436
0,179
0,326
0,172
0,200
0,318
0,415

Statistics for each study
MH odds Lower

limit

0,009
0,061
0,006
0,063
0,039
0,081
0,013
0,009
0,012
0,014
0,062
0,121
0,007
0,007
0,045
0,007
0,034
0,007
0,010
0,013
0,212

Upper
limit

4,155
27,088
3,956
38,049
23,562
35,126
8,029
4,218
7,643
8,332
15,950
73,459
4,182
4,245
5,484
4,436
3,139
4,243
4,177
7,878
0,815

Z-Value p-Value

-1,042
0,162
-1,119
0,266
-0,028
0,335
-0,689
-1,035
0,717
-0,664
-0,005
0,668
-1,085
-1,076
0,572
-1,051
0,971
-1,077
-1,038
-0,699
-2,556

0,297
0,871
0,263
0,790
0,978
0,737
0,491
0,301
0,473
0,506
0,996
0,504
0,278
0,282
0,567
0,293
0,332
0,282
0,299
0,485
0,011

Monami M et al. Diab Care 2011;34:2474-2476

MH odds ratio and 95% Cl

fipatients
(DPP-4i/C)

280/280
291/74
381/184
520/267
564/179
978/328
96/94
102/104
164/153
175/178
261/259
322/319
464/237
488/253
625/621
170/92
551/540
305/158
456/458
156/150

5,877/4,928

001 01 1 10 100

Favors DPP-4i Favors Placebo

Bone fractures
(DPP-4i/C)

0/2
2/0
0/1
1/0
1/0
3/0
0/1
0/2
0/1
0/1
11
1/0
0/1
0/1
1/2
0/1
1/3
0/1
0/2
0/1
11/21



IVKPETIVEC KOl 0OTLKOC METOBOALOMOC

ATtO HeAETEC o€ Telpapatolwa paiveTtol OTL OL LVKPETIVEC LUEAVOUV TNV OCTLK)
TIUKVOTNTA Kol BEATIWVOUV TNV TTOLOTNTA TOU 00TOU

Mnxowviopodt:

- GLP-1 receptor signaling €ppeoa SLAECOU TOU CUCTAMATOC
KaAoLTovivng EAEYXEL TOV OOTLKO HETABOALOUO
- GLP-2 6pa cav avtikataBoAlk oppovn oto 00To

- GIP 6pa cav avtikatafoAikr Kot cav ava oAk oppovn oto 0oTto

Ermtapkn KAWIKA dedopéva yLol TouC aywvLoTEC Tou GLP-1 Sgv umtdpyouv € TiL
TOU TIALPOVTOC

—  Mia peAétn 44 efdopadwv pe e€evatidn dev £6¢elée petaBolr otoug SelKTEC 0OTIKOU
HeTaBoAlopoU, mapd tnv Katd 6% peiwaon Tou Bapoug

Bunck MC, Diabetes Obes Metab. 2011; 13:374-377



[AltallOVEC Kal KivOuvocg KATAYLOTOC

10 randomized controlled trials involving 13,715
participants. Rosiglitazone and pioglitazone were
associated with a significantly increased risk of
fractures overall in the 10 randomized controlled trials
(OR 1.45, 95% confidence interval [Cl] 1.18-1.79; p <
0.001).

Five of the randomized controlled trials showed a
significantly increased risk of fractures among women
(OR 2.23, 95% CI 1.65-3.01; p < 0.001) but not among
men (OR 1.00, 95% CI 0.73-1.39; p = 0.98).

Look YK etal. CMAJ2009;180:32-9



[AltallOVEC Kal KivOuvocg KATAYLOTOC

Strong evidence of modest increase in risk of
extremity fractures, especially among women.

Less dramatic if any effects on typical osteoporotic
fractures

Plausible mechanism:
+ decreased osteoblastogenesis

Slight and inconsistent effects on BMD and bone
architecture

decreased biochemical indices of bone formation;
? effects on bone resorption




[ALTAl{OVEC KOl OOTLKOC LETABOALOUOC

* Clinical effects:

» Variable effects on measures of bone structure
and strength by pQCT

Schwanz AVetal CalciHTissueint 2013:92:477-86,

» Decreased markers of bone formation within
weeks of starting therapy

* increase in serumsclerostin (11%at 2 weeks)
VanLierop AH et al, Europ J Endocrinol 2012;166:711-5,

» Variable increases in bone resorption markers

* Increased urinary calcium excretion
ZanchiAet al. J Clin Endocrinol/Metab. 2011, 96 E1482-5.




lVoOUALVN Kol 0OTIKOC METABOALOMOC

« |nvitro and animal studies

« decreased differentiation and proliferation of
osteoblasts

« minimal effect on mature osteoblasts
induced osteocyte apoptosis
modestly increased in osteoclast activity
« observed mostly in old rats

decreased bone mass, bone volume and
impaired architecture in mice and rats

Ecka-Czemik B. Clinic Rev Bone Miaer Metab, 2013:11:48-58,




lVoOUALVN Kol 0OTIKOC METABOALOMOC

« |Insulin
* Increases osteoblast number and function
 May increase osteoclastogenesis

* In older women with type 2 DM, foot fracture
incidence (but not other fractures) as higher
among those taking insulin vs non-insulin
therapy or non-diabetic women
Schwartz AV etal. J Chn EndocrinolMetab. 2001:86:132.8.

In older women with type 2 DM, fall frequency
was increased x2 in women taking insulin vs

non-insulin therapy
Schwartz AV et al. Diabetes Care. 2002;25:1749-54.




lVoOUALVN Kol 0OTIKOC METABOALOMOC

* |nsulin

« Hip fracture risk was enhanced among patients
who required insulin therapy to manage their
diabetes (HR, 1.3, 95% CI, 1.1-1.5)

MeltonLJ et al J Bone MinerRes. 2008;23:133442,

* But no prospective studies




SGLT2 avaoctoAeic

* AU&NON TWV KATOYUATWY TOU avTiBpaxiov o€ NALKIWHEVOUC aloBeVEiC Ue
Bepareia pe kamoloug SGLT2 avaoTtoAelg

* H KavayAipolivn daivetal va oxetiletal pe EAATTWON TNG OOTLKNAC
TIUKVOTNTAC, AUENON TWV OELKTWV OCTLKNG amoppodpnonc Kol auEnUEVO
KLvOUVO 00TEOTIOPWTIKWY Kataypatwy otn peAetn CANVAS

e Xpelalovtal IEPLOCOTEPED PEAETEC

Hasan MF, Diab. Res and Clin Pract, 2014
Blevins TC Postgrad Med. 2017 Jan;129(1):159-168



2 A2 Kol 0GTEOTOPMON:

ITaBopuvcioloyia



Normal Bone Remodeling:
A Coupled Homeostatic Process

Osteoclast
Lining cells precursors Osteoclasts Osteoblasts Lining cells

(=2l ¢. oo
| | - ¢ 3
QQ

Resting

Stage Activation Resorption reversal  pooation Remodeling

Phase Completed

”D 2-4 weeks D D _ 3—4 months

1. Marcus R. In: Hardman JG et al. Goodman & Gillman’s The Pharmacologic Basis of Therapeutics.
10" ed. McGraw-Hill; 2001:1715-1743.

2. Tanaka Y et al. Curr Drug Targets Inflamm Allergy. 2005;4:325-328.

3. Rosen CJ. - March , 2006.




Osteoporosis

Octeondpmon:

-ATOAELD, TNC OCTIKNG LALOC

-K0L OO TOP oYY TNG

, Periosteum
HleO (IleTSKT OVlKT]g TOL Strong, dense compact bone
OKEAETOV BN Spongy bone
Thin, weak \
HE OMOTEAECUO OVENUEVO Pempecttonst |
Kivovvo kotaypdtmv Thin, broken
spongy bone

Am J Med 1991;90:107-110.
Normal bone Osteoperotic bone



[TaBopvG1oAoYIKOl UNYOVIGHOL CVENUEVOL
KIVOUVOU KOTAYUATOG GTO XA2

* [ToAvmapoayovtikoi Tafo@uGIoA0YIKOL UnyaviGLOol
-EAATTWON THS IVOOVAIVHS
-a0ENoN TOL 0CELOWTIKOD POPTIO

-pAEypOVY
-avcnon twv AGE's

* Oonyovv ce

-eC000EVNON TOV 0GTIKMOV OOUMV

- 6€ UELMOMN TNC OGTIKNG TUKVOTNTO



2XE0N 0CTLKOU METABOALOMOU KL B-kuTTAPOU

l Osteccalcin | Dsteocalcin

\Teitis
% -

P

ancreas $Insulin Mature osteoblast %

\A. } Proliferation

JAPP  ———= RUNX2 | [+ Differentiation

//,v + Apoptosis resistance

lucose control

} Testicular
testosterone
secretion

| Preptin

Damaged
pancreatic p cslls

MSC

Pancreatic B-cell destruction in patients with TIDM prevents secretion of insulin, IAPP and
preptin, thereby reducing their effects on the RUNX2 gene. This reduction decreases
proliferation and differentiation of MSCs into osteoblasts and their resistance to apoptosis—
preventing osteogenesis and bone mass accrual. Moreover, reduced insulin secretion in
patients with DM prevents stimulation of osteoblasts to produce osteocalcin, which stimulates
B-cell proliferation and acts on the testes to produce testosterone, a hormone that increases

osteogenesis.



Skeletal effects of pharmacological treatments for T2DM

Increased Elrtﬂmnes Increased
osteogenesis adipogenesis
% t RUNX2 e t PPARY @

MatLre .
osteoblasts Adipocytes

-Ehtamnes

AN

Metformin increases the differentiation of MSCs into osteoblasts through its
actions on RUNX2. Glitazones simultaneously suppress RUNX2 and activate
PPARy, which drives differentiation of MSCs into adipocytes, thereby reducing

osteogenesis.



MeEpocg Tou pikpomeptBailoviog tov ootou
elval Kot Ammwdng LoTtog

~

From Flemming Melsen, DK




O untodoxeac PPAR-y eAeyxel tn Sladopormoinon Twv
AUTOKUTTAPWV Kol 0oTeOBAAOTWY

Increased Elrtﬂmnes Increased
osteogenesis adipogenesis
% t RUNX2 e t PPARY @

MatLre .
osteoblasts Adipocytes
-Ehtamnes

AN

Glitazones simultaneously suppress RUNX2 and activate PPARy, which
drives differentiation of MSCs into adipocytes, thereby reducing
osteogenesis.



H poliyArtailovn aad€énoe TNV GUYKEVTPWON AUTOKUTTAPWV

OTO MUEAO TWV 00TWV O€ dtafntikouc Kot pn dtaBnTtikoU g EMIMVEC
Control Rosi

NoppoyAukatpio

YnepyAukatpio

Liu L, et al., Bone 52:247-258, 2013


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3513662/figure/F5/

Advanced Glycation End products umopei va
EAOTTMOGOVV TNV OGTIKI AVTOYN

*  Mmnopel va ehattcovV

e ‘?ﬁ ‘E? pyridinium crosslinks1
> A

CYTOSOL

*  Melwvouy TIg UNYaVIKESG

Pm{llageno’* : - KAVOTNTEG TOV 0OGTOV
OH o N B
SPACE i
T -
g (OH oOH O O
o O+ OH O

<—

Cdiiage n

Dominguez et al. Biochem Biophys Res Commun 2005;330:1-4
2. Saito et al. Osteoporos Int 2006;17:1514-1523
3. Viguet-Carrin et al. Bone 2006;39:1073-1079



>A\2 KoL 0OOTEOTIOPWON

BeAtlwon tou YAUKOLLLLKOU EAEYYOUL —
ETILITTWON OTOV OOTLKO UETOBOALOUO



e H umepyAukatpio oxetiletol pe EAATTWUEVN AELTOUPYILO TWV
ooteofAaotwv

* H ootk mukvotnTa £ivol avtlotpodwc avaioyn tng HbA1C

* 0O ZA 2 oxetiletol pe AUENUEVO KIVOUVO KATAYUOTOC

Apa BeAtiwon tou YAUKaLULKOU eAEyxou da MEPIUEVE KAVEIC va EXEL
EUVOIKO armoteAéouata ota 0oTA



AN\oyn tpomou (WNE KAl 00TLKOC LETAPOALOUOC oTo 2A 2

Y& aoBeveic pe IA2:

Metd amo 1 £T0C LE EVTATLKOTIOLNLEVO TIPOYP A ACKNONG Kall
Statpodnic mapatnpnOnkav:

-anwAela Bapouc 8.6% (vs 07% control group)
-BeAtiwon Tou YAUKOLULKOU EAEYXOU

-utkpn aAAa onuavtikn avénon tng anwAestac ootou (-1.4 vs
0,4, p<0.001)

-Kauia onuavtikn aAAayn otnv ooTLKH TTUKVOTNTA TNC
OMZZ KoL TG OUVOALKNG

- N anwA&Llo 00TOU 0TO LoYilo NTaV avaAoyn TG OWAELOG
Bapoug

Schwartz AV et al., ) Bone Miner Res 2012;27 619-27



BeAtlwon tnN¢ uTtepYAUKALULOG KoL KivOUVOC KATAYLOTOC
EAMTA oToKElOL

 In ACCORD, intensive glycemic control

* did not reduce fracture risk or effect rate of

bone loss ,
Schwartz AV et al. Diabetes Care. 2012;35:1525-31.

» did not change measures of bone architecture
or strength by pQCT

Schwartz AVetal CalkciH Tissueint 2013:92:477-86.

* In older diabetic adults, achieving lower A1C levels
with oral hypoglycemic medications was not
associated with more frequent falls, but, among
those using insulin, A1C 6% increased fall risk.

Schwartz AV etal. Diabetes Care. 2008; 31:391-96.




2A2 Kol 06TEOTOPMON

Extiunon Kivovvou Koty lotog



Epyoieio eKTiUNGONC KIVOOVOU OGTEOTOPMTIKOV
KOTOYLOTOC

e QOotikn ukvotnta (BMD):

-0 kivéuvoc kataypatog avéavel 1.4- 2.6-popec yla kabe pia SD
e\attwon BMD

e AM\ol beikteg
--FRAX score (fracture prediction tools)
- AeikteC 00TIKOU peTafoAlopou

-00TLKN YEWMETPLA
- trabecular bone score (TBS),

-eKTlNON OKEAETIKWV Kataypatwyv (vertebral fracture assessment
(VFA)),

- body composition.



XaUNAT 0GTIKT TUKVOTNTO €IvO EVOEIKTIKT) OLENUEVOD KIVOVUVOU
KOTAYUATOGC 6TO XA 2
Y ynAn 06Tk TUKVOTNTA 0EV ATOKAELEL TOV KIVOLVO KOTAYUOTOG

Health, Aging and Body Composition Study

Baseline BMD
among
participants
with diabetes

Total hip BMD
(g/cm?)

In the Health
ABC Study

*P<0.0001 [Incident No fracture
fracture

Strotmeyer ES et al. Arch Intern Med 2005;165:1612-1617



Métpnon ootikne mukvotntg pe DEXA

Aev voloyilel To u€yedoc Tov 06TOV Kol TN YemUeTpia

AcBeveic ue XA2 Eyovv avEnuévo aplfud Katayudtoy mtopd o,
QLOOAOYIKA N avEnuéva T-score

Ta anoteAécuata HETPMNONG TN OCTIKNG TUKVOTNTOG TPEMEL VO
uetaepdlovtal ue Tpocsoyn o€ acheveic e A

Koawvovpyleg teyvikég 0mme 1o PQCT umopet va Eemepdcovy Kdmola amd
aVTd T TPOPANLOTOL



FRAX tool criteria

Age

Sex

Height and weight
Previous fracture

Parent hip fracture
Current smoking
Glucocorticoid therapy
Rheumatoid arthritis
Secondary osteoporosis*
Excessive alcohol consumption (23 units per day)
DXA-based femoral BMD

*Secondary osteoporosis should be indicated if a patient has one
of the following diagnoses that are strongly associated with
osteoporosis: type 1 diabetes mellitus, osteogenesis imperfecta,
chronic liver disease, chronic malnutrition or malabsorption,
hypogonadism or premature menopause (<45 years) or untreated
chronic hyperthyroidism. Pemmission obtained from Springer ©
Kanis, J. A. et al. Osteoporos. Int. 24 (Suppl. 2), S407-S413 (2010).



ExTiunon tov Kivovvou KOTAYROTOS GUUTEPLAGUPavOREVNS
TNGS 0GTIKNG TUKVOTNTOS

| pra EAMGSa 0VO}JO/K0)5!KOC
Epo)Tr] |JClT0)\OYIO 10. AeUTEPONABAG OOTECNOPWON @on ONa
. HAIkia (UETAEU 40 ka1 90 £TGV) N\ TNV NEEPOUNVia 11. 3 fj NnEPICOOTEPEG PQVADE @ 0w < Na
Yévvnong QGAKOOA nuspnciwt;i ’
HAikia: H ia vé :
'K '9 papoun wa stncnc . 12. BMD auxéva unpiaiou (g/cm”2)
152 ;, £ | M: 11 1R T ——

- 2. ®UAo

3. Bapog (kiAa)

4. "Yyoc (ekaTooTa)

5. MNponyoupevo karaypa

| 6. 1oTOpIKO KATAYHATOG 10XIoU OF : i :
| yovea Msx(ov OOTEOI'IOp(DTlKO KGTGY;JCI

- 7. Kanvioua

Kamypc IO')(IOU

8 MAUKOKOPTIKOEIDN

9, Peuparosidrig apbpiTida




IIpEner o FRAX score va tpomomolEital 6€
acOeveic pe XA

Association of BMD and FRAX Score
With Risk of Fracture in Older Adults
With Type 2 Diabetes

St

Conta® "l Aden

JBMR

FRAX Underestimates Fracture Risk in Patients
With Diabetes

Loey M Gargregono,” Wil D Lesbe,” Laa M L' Melern Johamson * Andeny Oden *
fugere MeCloshey ' aned oty A Karn'*




* To FRAX vmogktiud tov kivouvo yio Leilovo 0GTEOTOPMTIKA,
Katdypoto o€ aceveic pe XA 2

* O xivovvog Yo Kotdypota tov 1oyiov e€artioc tov XA gival
LEYOADTEPOG GE Atopa < 65 eTMV

* O XA mpénerl va Dewpeitor Tapayovtog KivoOVOL GTO LLOVTEAQ
TPOPAEYNC KATAYUATOC



A€EIKTEC 0GTIKOV UETOPOAGLOD

*  Mnopoiv va ypnoiorotnovv yio tnv mopakorovOnomn owpntikov cBevov e
0GTEOTOPMGN

e IdwutepotNTEC:
-younAotepn ooteokoroivn kot TRAPS6D og acBeveic ue A2

-O1 @AAo1 06TIKOL OElKTEC PaiveTal Vo un pLetaPdiovtal 6To P
-TTOAAOL TOPAYOVTEC UTOPEL Vo TOVG ennpedcovy, Ty XNA

-I'evikd Aelmovv o1 1I6TOUETPIKEC LEAETES TTOV VAL ATTOOEIKVVOLYV OTL
aAAOYEC GTOVC 00TIKOVG dgikTeg oyetiovtan e to bone turnover

Bilezikian JP et al, JCEM 2013
Starup-Linde J Fron Endocrin 2013



>A\2 KoL OOTEOTIOPWON:

OEPATEVUTLKI TIPOOEYYLON



OEPATEVTIKN TPOCEYYION

Avoid glitazones

Agoressive prevention of diabetic complications,
especially kidney disease

Assess and prevent falls

Replete calcium and vitamin D levels

selection of specific osteoporosis drugs is frequently
based on comorbidities



AVTIOGTEOTOPMTIKT] Y®YN o€ acOeveic pue XA

Table 1 | Established osteoporosis drugs

Drug Dose Route of administration Fracture efficacy Evaluated in diabetes
Alendronate TOmg weekly Oral Hip and spine Yes
Rizedronate 35 mg weekly Oral Hip and spins Mo
Ibandronate * 150 mg monthly Oral Spine Mo
Raloxifene* 20 mg daily Oral Spine Mo
Strontium ranelate* 2¢ daily Oral Hip and spine Mo
Ibandronate * 3mg every 3 months Intravenous Spine Mo
Zoledronic acid Smg yearly Intravenous Hip and spine Mo
Denosumab * S0 mg every & months Subcutansous Hip and spine Mo
PTH, .. 20pg daily Subcutaneous Spine Mo
PTH, .. 100pg daily Subcutaneous Spine Mo

Hinly in postmenapausal wormen. Abbrevdation: PTH, pamsthyroid homons, Permission obtained from Elsevier Ltd © Rachner, T. D. &t al. Lancet 377,

12761287 (2011).



2 VUTEPUG LOTIKO

O Kivouvoc 0GTEOTOPMOTIKOV KATAYUATOS ival avénuévog 6e aceveic pe
>A2

[Teprpepikd KaTdyuata Kol katdypoto woyiov eival avénuéva oe acBeveic
ue XA2

And ta vtdpyovTa GToLEl EAIVETAL OTL 1] VITOYAVKALUIKT) ay®yN 610 2A2
umTopel va, :
-vo vEAVEL Tov Kivouvo katdypotoc (TZDsS kot tveovAivn,
KovayAleAolivn)

To FRAX score vroektind tov Kivouvo Katdyuatog o€ acleveic pe A2

Kdamoieg peléteg deiyvouv 0t 1] 0100EG1UN OVTIOGTEOTOPMTIKO ay®YN €ivat
anotelecuatiky o€ acBeveic pe XA alld yperalovton TEPIOGOTEPA GTOLXEIN



2VUTEPOUG LOTIKO

H enidopaomn g vmoyALKoUIKNC Ay®YNG GTOV OGTIKO UETAPOAMOUO
TPETEL VA, GLVLTOAOYILETO GTOVG OEPATEVTIKOVS LOC YEIPIGLLOVE

KoAog yAukaipikog EAeyyoc Yo amo@uyr) TV XPOVIOV ETITAOKOV Kol
ATTOPLYT TOV VITOYALKALUAOV Elvon Emiong OepeAl®on otnv TpdAnyn tov
0GTEOTOPOTIKOV KATAYUATOV o€ acOeveilc pe XA2



| KEEP FINDING THESE MY DOCTOR SAYS

BONE LOSS IS
ALL OVER THE HOUSE! NORMAL AT MY AGE.

\ |

BERS
© 2000 Randy Glasbergen. www.glasbergen.com




Kivouvog katayuotog ioyiov o XA2

Studw
Heath et al.. 1980 (15)
Meyer et al, 1993 (257
Forsen et al, 199% (14)
Ivers etal., 2001 (8)
Micodemus and Folsom, 2001 (4)
Schevariz etal., 2001 (12)
Outenbacher et al., 2002 (23}
de Liefde el al., 2005 (29)
Westergaard et al., 2005 (20}
Holmberg e al., 2006 (10)
Ahmed et al., 2006 [28)
Janzhorbani et 21, 2006 (21)

All 12 studies

70% increased risk for hip fracture

MetaavaAvon

RR (95% CI)
08 (06, 1.0

9.2 (3.4, 24.9}

LE{L.1,29)
0.6 (0.2, 2.2)
1.741.2, 2.4)
1.8(1.2,2.7)
L5 (1.0, 23)
1.3 (0.8, 2.3)
14 (L2, 1.6)
4017, 9.4)
Lo {[.0OL 3.5)
120(L8.2.T)

L7i{l.3 2.2}

Relaftive risk

Janghorbani M et al, Am J Epidemiol 2007;166:495-505



MovAadec pETpnoNG
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MetaoAEC TWV SEKTWV 0OTIKOU METOBOALGHOU OE
METEUUNVOTIOLUOLOKEC YUVOLKEC e ZA-2

B Ootkn aAkaAkn pwodatdaon

P <0,01

B OoteokaAoivn m Awdpolunupldvolivn ovpwv

P <0,01

MNpw tnv aywyn 12 eféopnddeg peta MNpw tnv aywyn 12 efSopadeg peta

Aiatta + PoQiyAwtaovn

Alata

Berberoglou Z et al., JCEM 92:3523-30, 2007



RANKL-RANK-OPG Signaling Pathway
for Regulation of Bone Resorption

if,i» RANKL RANKL stimulates osteoclast o CFU-M
J RANK formation, function, and survival.
= OPG OPG is a naturally occurring decoy
receptor that inhibits RANKL.

Prefusion
osteoclast

Hormgnes osteoclast
Cytokines

Py
\ 4
Growth factors } Multinucleated

g @7) & Inactive %

osteoclast

= \«\\ =~ @‘

\}v I
-. ﬂ:&‘

Osteoblast
~lin eage

CFU-M = colony-forming unit macrophage
Adapted from Boyle WJ, et al. Nature. 2003;423:337-342.1I"]



