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Agenda

« Parte 1: La osteoporosis como complicacion de la
diabetes.

« Parte 2: El hueso como otro érgano endocrino
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;Es la osteoporosis una complicacion de la
diabetes?
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;/Que impacto tienen los Ttos de la DM en su
riesgo?
;Como prevenirla y/o tratarla?
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Lifetime Risk of Diabetes is Increasing

Lifetime nsk of diagnosed diabetes

Geegg EW of & The Lancet Duadefes 4 endocrinoiogy Aug 12 2014
hepUid a0 org/ 10 101652213 8587(14)70161.5
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La mortalidad de la DMt2 esta reduciéndoce

Life years lost to diabetes

Years spent with diabetes increased by

150% in men and 70% in women

1 YO ) f .4
s34 1 | ] 1
.

GngWuc e Lancet Dadetes & endocrmoiogy Aug 12 2014
pep/ 10 101858221 3-8587(14)70161-5
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Diabetes Mellitus:
Health Impact of the Disease
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S skeletal health a concern in diabetes?

It IS well-established tNhat

fracture risk iIs increased Iin
diabetes
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DMt2: masa 6sea aumentada (DMO/BMD)

Patents with 12D tend to have hagher BMIs

Average or higher BMD
« Spine Z-score = +0.41
« Hip Z-score = +(0.27

Thus, fracture nsk in these patients would be expected 1o be
ower

Vestergaard Ostecporns Inf 18 42744 2007
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DMt2 y Rde Frx incrementado en ambos sexos
(Rochester)

wWomen
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Meton ¢ al J Bone Miner Res 23 133442 2008
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DMt2 y RdeFrx incrementado en mujeres (WHI)
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DMt2 y RdeFrx incrementado
(Efecto de tt° con insulina)
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DMt2 y RdeFrx incrementado
(Meta-analisis)

. \/estergaard et al. 2007 (8 Studies)
J8-80 e
Hlp fr’tc'urﬂ RR= 1.38 (1.25-1.53)

anghorbam et al. 2007 (8 Studies)

Nustes 1or mulivanabie

Hup fracture RR=1.7 (1. 3 2.2)

"Vesergane  Oxtecporos it Agr 2007 1841427 444
Janghorbani of of Am J Epideruol Sep 1 2007 168¢5) 485.505

Q’quironsalud

&



DMt2 y RdeFrx incrementado:
Multiples localizaciones (WHI)

WHI (n=93,676; 7 years follow-up)
RR for fracture in T2D

» .
' -—

Fforearm 0.98

RISK persisted after adjusting for falls

Bongs. The Journal of cincal endocrinoiogy and metadoliam Sep 2008 51(5) 340434 %
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riesgo?
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DMt2 y Frx: Fisiopatologia

Increased fragility

Different from osteoporotic
fractures

Fracture types typically at the

lower extremity, ankle, metatarsals
but also hip and spine

Schwartz AV et al. J Clin Engocrinol Metab. 2001.86(1).32-8
Strotmeyer ES et al. Arch Intern Med. 2005, 165(14):1612-7
Yamamoto M et al. J Bone Miner Res. 2009:24:702.5.
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Diabetic Bone Disease -
Pathophysiology

Changes in mechano-sensing at the /»wer
extremity due to neurogenic compromise

Changes in bone metabolism
Sclerostin? AGEs?

How can we predict
fracture risk?



Bone Density - Bone Mass

Standard technique @

WHO-Definition of Osteoporosis (1994)

I-score < -2.5 = Osteoporosis
I-score-1.0--2.5 = 0Osteopenia

But in diabetes BMD is increased
and fracture risk can not be well
evaluated with DXA
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Bone Quality versus Bone Density

« Architecture /./‘ -
Microstructure {
Bone macroarchitecture / '
geomeltrical properties | :
' MRS

Cross sectional area
» Turnover u‘
 Damage accumulation
« Mineralization

NIH Consensus Development Panel, 2000, JAMA 2001, 285 785-795
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So which non-invasive imaging
techniques could we use?
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High resolution techniques
such as HR-pQCT

Magnetic Resonance
Imaging and spectroscopy R ——_—

Quantitative CT and finite unable to

element modeling ‘;’;5:?:;;:,,

with prevalent
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So which non-invasive imaging
techniques could we use?

* High resolution techniques guuaans

such as HR-pQCT sufficient evidence

: thata TBS
- Magnetic Resonance measurement

Imaaging and spectrosco provides reliable
ging P 24 information on the

« Quantitative CT and finite statusof the bone

» : h '
element modeling ;";:j";a ggf"‘um or

rrabaciilar Bona Score Groupe de Recherche
- X e A el d’'Information sur
les Osteoporoses
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S0 which techniques could we use?

Burghardt et al., J Clin Endocrinol Metab. 2010;95(11):5045-55"
Patsch et al, J Bone Miner Res. 2013 Aug;28(8):1721-8*
Baum T et al. J Magn Reson Imaging. 2012 January ; 35(1): 117-124™
Patsch et al, J Bone Miner Res. 2013 Aug.28(8):1721-8*
Hedimeyer et al Osteoporos Int 2014 accepted pending revisions*™*
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Diabetics with and without fractures
HR-pQCT of the distal radius

¢ C ™
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DMt2 y porosidad cortical (TCpAR)

s

-

N

)

| | e
\\ > Cortical porosity

Disproportionally high in diabetic women with fractures

In particular when compared
with diabetic women without fractures

ff"quirOn:ez‘ T
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m Conclusion
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Pathogenesis of cortical porosity in
type 2 diabetics 7

.

2D develop increased Ct. Por.
or different phenotype

More insight needed for prevention and
treatment of diabetic fragility fractures
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DMt2: Estructura trabecular por RNM

29 women with and 25 without T2D
MR/I at the distal radius

'@ and number of holes in he

igruficantly graater than in «
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DMt2 y contenido graso en medula 60sea

Total marrow fat content was similar in

« Diabetics with or without fracture
 Non-diabetic fractures and
Controls

Unsaturated bone marrow lipids

¥  in patients with fragility fractures
¥¥ in diabetics with fragility fractures
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DMt2 y osteoporosis:
Multiples alteraciones cualitativas

Bone quality parameters help to understand diabetic
bone disease and fragility fractures

Cortical Porosity is increased in patients with
diabetic fragility fractures

Unsaturated fat is decreased in fragility fractures and
tends to be lowest in diabetics with fractures

kl »
-

Proximal femur QCT BMD differentiates T20D patients with

and without fractures

&
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BMD is Increased in 12D

|-scores are 0.3-0.8 higherthanir

Schwarts of of JAMA Jun 1 2011208521 12184.2152

Mantey of ol J Bone Miner Rea Apr 2003.15(4) T84.790

Bonds. The Journad of conical endocrinoiogy and metsdolsm Sep 2008 9191 04-3410
‘Meton The Jowurnal of cirncal endocnnciogy and metabolam Dec 2008 9N 1277 48044809
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DMO infra-estima el riesgo de Frx en DMt2

'SCheartz et ol JAMA Jun 1 2011308212810

Hantey of &8l J Bone Miner Res Apr 2003 158(4) 784.790

Bonds The Journg/ of cincld endocrinoiogy and metabotam Sep 2008 91(9) 34043410
‘Medon The Journad of chrvcal endocrnology and metabotam Dec 2008 9N 12) 4504 4500
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Biochemical Markers in 12D

« Remodeling

» Osteocytes

» Collagen

*quiron




Marcadores de remodelado y metab.
P-Ca en DMt2

| PTH
| Bone formation: P1NP, OC 4° and BAP *#

| Bone resorption: s-CTX 234
Combination of | PTH and | OC predicted

vertebral fracture nsk (OR =4.73) independent
of lumbar spine BMD

"Dobng of & JCEM Sep 2006919 3355280

Ardast of 8 Sone Oct 2010.5602)355-362

Yomarmoto ot 8 JCEM Age 20129745 1277-1284
‘Gaudo et o JCEM Ot 2012870101 37440750
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Remodeling Markers:
Histomorphometry

Ve /A

Control

Mangvaian ot of JCEM Sep 20129709) 2403250




DMt2 y remodelado: Histomorfometria

k | .

Manavalon of 8 JCEM Sep 201297(9) 3280.22%0
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Newer Remodeling Markers

IGF-1 1s associated with vertebral fractures in
diabetes independent of BMD '~

* Sphingosine 1-phosphate (S1F), a lipid
mediator which increases RANKL. 1s associated
with vertebral fractures in diabetes

Kanalaen # & Ostecporos ing Apr 2011 2214) 11911788
‘Ndawm Sone Oct 2013 56021365362
JArdaw of g ASEBMR 2074 SUND0
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Osteocyte Marker: Sclerostin

*quiron




Osteocyte Marker: Sclerostin

Heeerw v ougi m
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Esclerostina aumentada en DMt2

Associated with increased age, male gender and
higher BMD'

« 2-fold higher in 12D, in association with |PTH

p—

' ~‘.' ™t ala
147 ALV

‘Garcia-Martm of 2l JCEM Jan 2012.97(1)234.241
" Gennani of ol. JCEM May 2012.97(5)1737-1744
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’ . ™ -~ ~ ,
| 1Sclerostin May Suggest Skeletal Abnormality

n 12D

. B-catenin in T2D is associated with |BAP’

* sclerostin associated with T vertebral fractures

> Women OR 3.23/J1.42-7 .34)

R
. - »

Odds Ratio
Viight reflect accumulation of older bone

‘Gaudo et al A, JCEM Oct 2012 97(10):3744-3750
“Yamamoto et al JCEM Oct 2013.98(10).4030-4037
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Link with Marrow Fat?

r sclerostin associated with Tvertebral bone
marrow fat in elderlty men

Vivian Ma JCEM. Aug 21 2014 1c20134493
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Biochemical Markers in 12D

* Remodeling

« Osteocytes

» Collagen
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Collagen Cross-Links
Contribute to Bone Strength

fype 1 collagen
*Mechanical strength fror

rob;s re e o —— > ol o
“.\..' r H'“. - .’,r (: -t 3 3 |:
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AGEs y RdeFrx incrementado en DMt2

Accumuiate with age
and hypergiycemia

increase bnttleness

Slow bone turnover

Decrease bone strength independent of BMD
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AGEs y RdeFrx incrementado en DMt2

Pentosidine
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AGEs Associated with Worse
Biomechanics
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Pentosidina y RdeFrx incrementado en DMt2

Circulating AGESs correlate with bone levels

FPentosidine is not different between diabetics and
non-giabetics

In T2D, serum and unnary pentosidine predict
cident fractures'

Findings were independ

Yamamoto et ol XEM. Mar 2008,93(3):1013-1019.
‘Schwartz et ol JCEM Jul 2009,94(7):2380-2386.
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CML May Also Indicate Fracture Risk

- ..-l
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Non-Biochemical
Skeletal Assessment in 12D

» HR-pQCT: T cortical porosity
* MR spectroscopy:"T saturated bone

marrow fat
* Microindentation: | bone material
strength

*quiron




Conclusions

*quiron

Biochemical markers are useful
for fracture prediction in T2D

independently of BMD

More data are needed to determine
whether these markers should be
part of routine diabetes care.
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Micro-indentacion
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Resistencia 6sea por micro-indentacion en DMt2
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DIABETES AND BONE QUALITY
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DMt2 y RdeFrx incrementado: Hipotesis
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Y
New Diabetes Treatment and Bone

Dmvision of Endocrinology, Diabetes and Metaboksm

2 17 ML L
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I Current Treatment Options for Type 2 Diabetes

| O ot aoe
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TZDs y RdeFrx incrementado en DM{2
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Increase in Bone Tumover and Reduction in BMD
is Attenuated after Cessation of Rosiglitazone
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TZDs y RdeFrx incrementado en DMt2
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Molecular Effects of Metformin in Ob Cells

Metiorman reduces the level of
hepatic glucose production and
improves penpheral nsuln
sensithvity via the activation of AMP-
activated protein kinase (AMPK) in
the Iiver and penpheral tissue.

Metiormen stmutates Ob
differentiabon through actvilpn of
AMPK, inducing SHP and Runx2
expression. thereby enhancing the
transcnptional activity of Ob genes.
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MTF aumenta OPG y reduce RANKL en DMt2
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MTF y RdeFrx en DMt2

Vorrgear? of o Dabedciogs 2008 4 129
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N 120005 casen. a0 0002 conos (ape £ yry)

104 (092 1.18)

Insulin 1000-1999 085(0.73. 1.00)

>2000 088(0.76, 1.02)

<150 087 (0.76. 1.01)

Metformin 150-499 0.81 (0.71, 0.94)

>500 0.81 (0.70, 0.93)

<400 0.88 (0.80. 0.96)

Sulphomylureas 400-1299 0.82 (0.75. 0.90)
>1300 085(0.76.095)
A 3

Case coMat Maly Durewet)

AR Nw Sl (drela (overeiiiey
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Incretin Actions in Peripheral Tissue
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iIDPPivy RdeFrx en DMt2
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SGLT2 Inhibition —
A Novel Strategy for Diabetes Treatment

» Sodwum-glucose co-transporters (SGLT) are responsibie for renal
ghucose reabsorption, with SGLT2 accounting for app. 90% of re-
absorbed glucose

» SGLTZ expresson is hmited to the dney

» SGLTZ-inhebitors increase unnary glucose excrebon and improve
giycaemic control in type 2 diabetics

L NS gone
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DPGFZ y RdeFrx en DMt2

» JHbA1C (4-0.4%).
weight (A-2.4 kg)

» No sign. changes in
bone tumover markers
(PINP, CTX)

» No sign. changes in
8MD

» No changes in serum
calcium, 250HVD, PTH
or eGFR

Lamggren O of & D OBy Bty 2012 4 0
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Take Home Message

» Clinical data on skeletal effects of newer antidiabetic drugs
(GLP-1 analogs, DPP4-inhibitors, SGLT2-inhibitors) are

» Metformin and incretin-based reatments seem to
protective, while sulfonylureas and SGTLZ-nhibut
affect bone metabolism.

do not

» Care should be taken not to prescnbe 7.0s to patients at
high risk of fractures. The potential benefit of TZDs in terms of

improved diabetes control should be carefully weighted
against the risk of fractures.

—2; o335 e
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Agenda:

;Es la osteoporosis una complicacion de la
diabetes?

;Porqué y como aparece?

;Como podemos valorar su presencia y el riesgo de
Frx?

;/Que impacto tienen los Ttos de la DM en su
riesgo?
;Como prevenirla y/o tratarla?
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Currently Available 1'herapies for

Patients with Osteoporosis and

[ PN

Diabetes Mellitus

Chittord | Rosen MD
Maine Medical Center Research |
rough, Maine U

ASTININC.OTE
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Pentosidina y RdeFrx incrementado en DMt2
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Tratamiento de la EOM en la DMt2

Rosen ASBMR 2014

Risk of fractures with Typel or Type Il
diabetes supports use of therapy to treat
OSICOPOrosis

Most diabetics are not treated for OP
Anti-diabetic drugs may have a mixed
picture in respect to effects on bone; more
studies are needed

Bisphosphonates, P1TH and Sclerostin have
positive effects on BMD n patients with

diabetes, but longer studies are needed

particularly in respect to fracture efficacy

&



Recomendacion

Tratamiento

- Sugerimos que en los pacientes con DM2 la osteoporosis y
la prevencion de fracturas debe seguir las mismas reco-
mendaciones que en poblacion no diabética (286800).

- El déficit de funcion osteoblastica en esta enferme-
dad hace atractivo el empleo de farmacos anabolicos
en pacientes de alto riesgo o en prevencion secundaria

(20OCQ).

@quirensalud

Engocrinol Nutr, 2012;59(3): 174-196

o, g ENDOCRINOLOGIA Y NUTRICION
FHOYMA | L

DOCUMENTO DE CONSENSO

Guias de practica clinica para la evaluacién y tratamiento de la
osteoporosis asociada a enfermedades endocrinas y nutricionales

Rebeca Reyes Garcia™*, Esteban Jodar Gimeno®, Antonia Garcia Martin©,

Manuel Romero Mufioz®, José Manuel Gomez Siez?, Inés Luque Fernandez®,
Mariela Varsavsky', Sonsoles Guadalix Iglesias®, Isidoro Cano Rodriguez",

Maria Dolores Ballesteros Pomar”, Alfonso Vidal Casariego”, Pedro Rozas Moreno',
Maria Cortés Berdonces’, Diego Fernandez Garcia*, Amparo Calleja Canelas',
Mercedes Palma Moya’, Guillermo Martinez Diaz-Guerra®,

José J. Jimenez Moleén™ y Manuel Mufioz Torres®
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Agenda

« Parte 1: La osteoporosis como complicacion de la
diabetes.

« Parte 2: El hueso como otro organo endocrino
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Funciones del tejido 6seo

e Funciones estructurales clasicas
e Receptor de senales endocrinas

e Emisor de senales endocrinas

&



El hueso como emisor de senales endocrinas:

éosteoquinas?

FGF-23

Osteocalcina

~

~

~

~ .
A Esclerostina

¥’quirons:



Coordinacion fisiolégica integrada

Metabolismo 6seo

—
Metabc:lll§mo Metabolismo de la
energetico D reproduccion

o

('Y . |
¥quironsalud



El hueso como receptor. Control coordinado del
metabolismo 6seo y energético: El punto de vista
del adipocito

* Leptina: regula apetito (-), DMO (-),
metabolismo (n) y reproduccién (n).
* SNSimp: Adrp2 en OB recluta cMyc,
CREB q lo inhiben.

— * CART: (-) RANKL en OB
o ¢ Ambos inhiben remodelado éseo sin regular
apetito, gasto energético o reproduccion en
animales con dieta normal
Bone |j}——
formation

quironsalud



El hueso como receptor. Control coordinado del
metabolismo 6seo y energético: El punto de vista

del cerebro
Raphe nuclel

SNC: Ncl VM (HVN) y Arquato (Arc)
v (Homeostasis): lesion =» hiperfagia;
- A [Lepg]

Ot

Serctonin  Tryptophen e SRTN: NT [BHE] Horm Gl

* SRTN: OHlacién de TRIP x Tph2 en Ncl
dorsal (DR) y medial (MR) de

Raphe del bulbo. Axones a:
« HVM: en receptor Htr2b =<
tono simpatico = > DMO
« CREB (-): Th, Bche
« Arc: en recep Htrla and
Htr2b = > apetito
« CREB (-): Mc4r, Pomc-1,
Npvf, Acy3




El hueso como receptor. Control coordinado del
metabolismo 6seo y energético: El punto de vista
del adipocito y del cerebro

@’quironsalud
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El hueso como receptor. Control coordinado
del metabolismo 6seo y energético:

e Leptina co-evoluciona con el hueso en millones de afnos tras
fertilidad y apetito cuando los fuentes de comida empiezan a ser
limitantes.

* Leptina surge para coordinar la regulacion del apetito y la
adquisicion de DMO para evitar ésta en casos de ausencia de
alimento o de baja ingestion de alimento.

* Leptina es la primera de un pequeino grupo de hormonas que unen
estrechamente la fisiologia 6sea y el metabolismo energético.
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El hueso cambia de identidad. De receptor a emisor.
Regulacion del remodelado 0seo y el metabolismo
energético: El punto de vista del osteoblasto

* OB: (y no FB) > Secrecién de
insulina mediante BGP/OC:

* Pd carboxilarse en 3 GLA
postTranscripcion (> afinidad
por iones) o no hacerlo
(efecto en cs B: > secrecidony
proliferacion).

Q’quironsalud
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§ Insuln secretion
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El hueso cambia de identidad. De receptor a emisor.
Regulacion del remodelado 6seo y el metabolismo
energético: El punto de vista del pancreas

* Insulina: {Afecta a OC?
* Hay receptores en OB:
* Ins: (+) OCy < su carboxilaciéon
* Ins: (-) OPGy + resorcidon que
acidifica el medio y decarboxila
e oC

§ [-coll proidesstion
§ Insdn seceson




El hueso como receptor. Control coordinado del
metabolismo 6seo y energético: El punto de vista
del adipocito Vol Il

* SiOC + Ins = alguna hormona deberia (-)
OC para mantener glucemia
* Leptina (-) Ins x mecanismo neuronal:
* En SNC a través del SNSimpatico actua
en OBs y reduce OCy insulina

* Insulina (directamente) y leptina
(indirectamente) actian en OBs regulando

§ P-cell proifecation
§ Insulin secretion

quironsalud




El hueso cambia de identidad. De receptor a emisor.
Regulaciéon del remodelado 6seo y el metabolismo
energético: El punto de vista del osteoblasto, del
pancreas v del adipocito
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El hueso como emisor de senales endocrinas:
;osteoquinas?

FGF-23

Osteocalcina

~ .
A Esclerostina
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Endocrine Regulation of Energy

Metabolism by the Skeleton

Q’quironsalud

Lee & Karsenty
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Endocrine Regulation of Energy
Metabolism by the Skeleton
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"~ Los ratones deficientes en OC desarrollan
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| conocemos como sindrome metabdlico
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El receptor de insulina en osteoblastos regula la
produccion de osteocalcina decarboxilada
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La sefalizacion del receptor de insulina en osteoblastos aumenta la secrecidn de
OC infracarboxilada estableciendo un sistema de retroalimentacion positivo

Ducy P, Diabetologia 2011, Confraveus CB, Kidney International 2011
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Integracion del hueso en metabolismo energético

Leptin
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Vquiridey P, Diabetologia 2011
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Nuevo sistema de regulacion del metabolismo
del fosfato

Farrow, E. G. & White, K. E. Nat. Rev. Nephrol. 6, 207-217 (2010)
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Niveles de esclerostina en pacientes con DM2 con y sin enfermedad

aterosclerdtica

1504

1259 > Table 3. Multiple backward model of inear regression analysis showing
= = factors independently associated with sclerostin.
= .
g 1004 ® & °
= Sclerostin B 95%Cl P value
Z 754
-
3
4 Gender 0.280 297523625 0.012
= Homocysteine 0319  0561-2586  0.003
3 Intima-mediathickness 0.330 14.237-67.693 0.003

25

L] -
r=0522,p<0001  \ariables included in the original model are gender, age, HbAIc,
0 creatinin, homocysteine and inima-meda thickness.

B, standardized coefficient; Cl, confidence interval

040 0,60 0.80 1,00 120 140

ABNORMAL INTIMA-MEDIA THICKNESS (mm)

Morales Santana S, Munoz-Torres M,ASBMR 2012
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El hueso como 6rgano endocrino
Conclusiones

eLas funciones del esqueleto no se conocen totalmente, pero lo
gue ahora conocemos indica que la fisiologia 6sea afecta a
muchos organos y sistemas mas alla del propio esqueleto.

eEstas nuevas funciones sugieren que el tejido 6seo es un
importante componente de una red endocrina que afecta a
multiples funciones en el organismo.
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Endocrinologia sin fronteras: Un todo
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