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Tuyvwpiloupe ndN
TLtepLoooTEPO YVWPLIOUUE PETOC

TLBa Belape va paboupe tou xpovou




“Osteoporosis is defined as a systemic skeletal disease
characterised by low bone mass and microarchitectural
deterioration of bone tissue, with a consequent increase
in bone fragility and susceptibility to fracture”

Diabetic Bone Disease

Am J Med 1994,94:646—650
Kanis JA, Osteoporos Int (2019) 30:3-44
Ferrari SL, Osteoporosis International (2018) 29:2585—-2596
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DM 530 million 2021

Increased risk of fracture

O

O
O
O
O

RR: all 1.9-3.2, hip 3.8, VF 2.9 (type 1)

RR: hip 2.3M, 1.8W (type 2)

3x hip # DM1 vs DM?2

5x hip# DM1 vs normal-10 xpovia vwpitepa
4% osteoporotic fracture burden

BMD is normal/increased in DM?2

>

“diabetes paradox”

BMD underestimates fracture risk in DM1/DM?2

Trabecular bone score (TBS) and HR-pQCT *



[ 1 WAGES Microvascular disease
e Pancreatic B-cell * Microvascular itran.SCULZ”OGOUSHOXYQG”
dysfunction disease Obesity and ension <40 mmHg)

* Insulin resistance * Impaired hyperinsulinaemia
o Hyperg[ycaemia vascular-bone v

cell crosstalk
Normal or TBMD on DXA
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Expansion of bone-marrow adipose tissue
Limitation of osteogenic differentiation

Pro-inflammatory adipocytes in bone
* Senescence

Panel 2: Diabetes-related risk factors for fractures

« Type 1diabetes’
« Type 2 diabetes for more than 5 years'*
« Poor glycaemic control based on HbA, >7-9%
(63 mmol/mol) in type 1 diabetes™ and >9%
(75 mmol/mol) in type 2 diabetes™®
« Diabetic microvascular complications—eg, neuropathy,
retinopathy, and nephropathy**
« Diabetes treatment with thiazolidinediones,”
sulfonylureas,” and insulin®**

Hofbauer LC, Lancet Diabetes Endocrinol 2022; 10: 207-20
Biotechnic and Histochemistry 1994 v69 2 p81



[MOIOI MAPATONTE2 EMMIAPOYN APNHTIKA 2THN O2TIKH NMYKNOTHTA
2E AZOENEIZ ME 2A1?

Risk factors for lower bone mineral density in older adults

with type 1 diabetes: a cross-sectional study

AnnV Schwartz, Jye-Yu C Backlund, lan H de Boer, Mishaela R Rubin, Annette Barnie, Kaleigh Farrell, Victoria R Trapani, Naina Sinha Gregory,
Amisha Wallia, lonut Bebu, John M Lachin, Barbara H Braffett, Rose Gubitosi-Klug, and the DCCT/EDIC Research Group




2XEAIA2MO2 kat 2KOTMO2

 DCCT (1983-1989) ended 1993 * Moot mapayovtec tou 2A1 oxetiCovtal
LLE TNV OOTLKNA TMUKVOTNTO OTO LOYLO O€
e EDIC-mtpoomTIKn MEAETN acBeveic peonc nAwkiac 59 stwv Kat
nopatnpnonc 1428 evnALKEC UE SdlapkeLa vooou 38 €tn
>A1 kat mapakoAovBOnon 30 £tn » [AUKOLULKOC EAEYXOC
» EDIC Skeletal Survey Study » MIKPOQYYELAKEC ETILITAOKEC
2017-2019: » Nedponabela, k.o
» 1058 aoBeveic peonc nAtkiac 59
> 27 KEvTpol » 2uoowppevon AGEs

» AvtodBoplopoc SEppAToC



* Primary study outcome:
total hip BMD

e Secondary outcomes:
»BMD in the femoral
neck, lumbar spine,
distal and ultra-distal
radius
»>TBS

* Exploratory outcome:
Prevalence of vertebral
fracture

ANOTEAE2ZMATA

Estimate (95% Cl)

p value

BMD (mg/cm?)

Total hip (n=1049)
Time-weighted mean Hba, /1%
SIF/S units

Kidney disease

Femoral neck (n=1049)
Time-weighted mean Hba, /1%
SIF/S units

I Kidney disease

Lumbar spine (n=1045)
Time-weighted mean Hba, /1%
SIF/5 units

Kidney disease

1/3 radius (n=1048)
Time-weighted mean Hba, /1%
SIF/5 units

Kidney disease

Radius ultra-distal (n=1048)
Time-weighted mean Hba, /1%
SIF/S units

| Kidney disease

TBS (x1000 standard unit) (n=1041)

Time-weighted mean Hba, /1%
SIF/S units

Kidney disease

-107 (-19-6 to-17)
-20.5(-29-9 to-11-0)
-51.7 (-80-6 to-227)

-7:6 (-162t011)
-172 (-26-4t0-8-1)
-48.7 (-76-8 t0-207)

47 (-6:7t0161)
3.6 (-1571t0 8.6)
-10-4 (-47-4t026.7)

-7-8 (-14-0t0-16)
-1-4 (-8:0t05-2)
-3-8(-239t016-3)

26(741023)
-5.5(-10-6 to -0-3)
227 (-38-4t0-70)

-07(-82106-8)
3.9 (-11:9 t0 4-0)
-6.9 (-31:3t0 17-5)

0-019
<0-0001
0-0005

0-085
0-0002
0-0007

0-42
0-56
058

0-013
0-68
071

0-30
0-037
0-0047

0-85
0-33
058




2YMIEPA2ZMA

ANE-APTHTOI NMAPATONTE2
KINAYNOY A XAMHAHR O2TIKH
[TYKNOTHTA
2T0 I2XIO 2E A2OENEI2 ME 2A1.:

* O YAUKOLULKOC EAEYXOC
» EktOC amo ooduikn poipa kat meptod.
KEPKLOQ

* AGEs

* Hvedpikn voooc (GFR<60 ml/min/1.73m?
N VEPPLKN vOoOoC TEALKOU otadlou) 0



[TOIA EINAI'H
EMAPA2H TH2

[TAXY2APKIA2

2THN O2TIKH
[TYKNOTHTA?

2C

ng/mL

El

kN

15.0 -

14.5

14.0 A

13.5 4

13.0 4

12.5 A

12.0 -

Osteocalcin

p=0.003

Obese noT2D Obese +T2D

Failure Load

p=0.04

Obese no T2D Obese+T2D

)

275 -
270
265 A
260 A
255 A
250 A

245

240 -

Obese no T2D

Obese no T2D

CTx

p=0.005

Stiffness

p=0.04

Obese+T2D

The Journal of Clinical Endocrinology & Metabolism 2021 106(5):1362 11



[MOIA EINAI H EMIAPA2ZH TH2 NMAXY2APKIA2
2THN OZTIKH MYKNOTHTA?

N

The Journal of Clinical Endocrinology & Metabolism, 2022, 107, e2545—e2552
https://doi.org/10.1210/clinem/dgac040 -‘
Advance access publication 10 February 2022 ]

Clinical Research Article ENDOCRINE
SOCIETY

OXFORD

Fat Mass Has Negative Effects on Bone, Especially in Men:
A Cross-sectional Analysis of NHANES 2011-2018

Rajesh K. Jain'®’ and Tamara Vokes'
'Department of Endocrinology, Diabetes, and Metabolism, University of Chicago Medicine, Chicago, IL 60637, USA
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Fat Mass Has Negative Effects on Bone, Especially in Men:

FHE UNIVERSITY OF Presenting Author: Rajesh Jain

CHICAGQ | pepartment A Cross-Sectional Analysis of NHANES 2011-2018 Co-Authors: Tamara Vokes

of Medicine

L . Resus |
IntrOdUCtlon Table 1: Demographics .
When holding lean mass constant, tbBMD T-score

. " . Bold italics indicate significant differences as compared to other groups
There is a strong positive corelation generally decreased with increasing fat mass index

between BMD and body weight [1], but it is S e S
not clear whether this is true at high levels Total Body BMD vs. Fat Mass Index vs. Lean Mass Index
of obesity or which components of body Age FLT 0 RHERIE ST =R
composition are most responsible for this el ek e Bt
correlation. NHANES recently released Race 5309 Wit SE3%, Wit 5% Wi g
body composition data from years 2011- T e ok Tk o
2018, comprising over 10,000 subjects 7.2% HIS 8.49 HIS 6.2% HIS - 2
representative of the U.S. population. We o oan o poan e o S s
have shown that total body BMD (tbBMD) E
is strongly correlated with total hip BMD Total Body EMD 1105 £0.003 | 1126 0004 | 1130 0.005 = ! - a3 "
and is an appropriate surrogate for overall Lt @ 05 — prs «°
bone mass. Thus, the NHANES data may Lean Mass (i) 81 0.2 587 £03 601206 8 -— .- o Q1 o
) - Y h Lean Mass Index 166 £ 0.04 20.4 £0.06 242 014 o 0 g
help clarify the association of BMD (using (range) (8.6-24.0) (14.2-28.7) (18.6-35.1) : e°°
tbBMD) and body composition across the . g 05 o o o o
wide range of body We|ght’ which has not Fat Mass (kg) 214401 352 402 54.9 £04 =
- . . Fat Mass Index 7.6 £ 0.05 12.5 +0.07 19.8 £0.20
been accomplished in studies performed (range) [lsg/m?] (2114.3) (5.5-20.1) (10.1-35.4) Fat Mass Index
to date.
Mean = SE
In multivariable modeling, lean mass index (LMI) had a positive . L. . .
m association with tbBMD even at high levels of lean mass, while fat mass The negative association of FMI and EMD was more prominent in
index (FMI) had a negative association with tbBMD. men than women and was particularly notable at high levels of fat.
We analyzed 10,814 subjects (5,373 men) - Predictive Margins of FMI Quartile with 95% Cls

15

at least 20 years old from NHANES 2011- ™
2018. Lean mass and fat mass were
normalized for body size by dividing by
height squared to create lean mass index
(LMI) and fat mass index (FMI). Linear
regression models were created with total
body BMD T-score (tbBMD T-score) as
the outcome, while examining LMI and

)

P

.

a

Predicted Total Body EMD T-score

5

—e—
-
X

Predicted Total Body BMD T-score

5

—e—

—a—

FMI and controlling for age, race/ethnicity, ] o
height, and smoking status. Weight was i 5 o v e ! ) © P Quertie !
not included due to strong collinearities [—o— Loan Wass index_ = —— Fat vlasa Incx e Men  + Wemen

with LMI/FMI. Stata 16 was used for

analysis and for the generation of figure. B
Microsoft Excel was also used for the Conclusion
generation of figures.

Obesity may exert negative effects on bone density, which may explain -
the increased fracture risk associated with obesity in at least some studies.

1 Felson et al. Effects of weight and body mass index on bone mineral



[MOIA EINAI H EMIAPA2ZH ANQAEIA2Z BAPOY2
2TON KINAYNO KATATMATOZ [2XIOY 2TON 2A2?

Osteoporosis International (2022) 33:1755-1767
https://doi.org/10.1007/s00198-022-06398-8

ORIGINAL ARTICLE

Weight change and the risk of hip fractures in patients with type 2
diabetes: a nationwide cohort study

S.-W. Lee'2. K. Han? - H.-S. Kwon*”




Weight change and hip fracture in the five BMI groups

1.7
155
13
1.1
0.9

0.7

Weight Change (WC)
WC <-10% -10%< WC <-5% -5%< WC <5% 5%<WC <10% 10%< WC
e=@=BMI<18.5 1.294 1.043 1.168 2217
== ]8.5<BMI<23 1.365 1.09 1.325 1615
=@ 23<BMI<25 1.345 1.214 1.266 1.683
25<BMI<30 13 1.167 1235 1357
e=@==30<BMI 1.201 1311 1.148 1255

0.5

=@=BMI<I8.5 =@=]8.5<BMI<23 =@=23<BMI<25 25<BMI<30 =@=30<BMI




[1Q2 BOHOAEI TO HR-pQCT
2THN KATANOHZH THZ MIKPOAPXITEKTONIKHZ 2TON 2A?

Current Osteoporosis Reports (2022) 20:398-409
https://doi.org/10.1007/511914-022-00755-6

IMAGING (H ISAKSSON AND S BOYD, SECTION EDITORS)

Meta-analysis of Diabetes Mellitus-Associated Differences in Bone
Structure Assessed by High-Resolution Peripheral Quantitative
Computed Tomography

Matthias Walle ' @ - Danielle E. Whittier' ¢ - Morten Frost*( - Ralph Miiller' @ - Caitlyn J. Collins '~




Resolution 82um

Image processing
Computational analysis
Trabecular architecture
Trabecular heterogeneity
Cortical architecture
Calculate load failure
Bending strength
Cortical porosity-

“trabecularization”

B Cortical Bone I Trabecular Bone




Table 1 Primary HR-pQCT parameters included in the meta-analysis

Parameter (abbreviation)

ﬁescription

Areal (Ar) bone measures
Total (Tt.Ar)
Volumetric bone mineral density (BMD) measures
Total (Tt.BMD)
Cortical (Ct.BMD)
Trabecular (Tb.BMD)
Cortical (Ct.) measures
Cortical thickness (Ct.Th)
Cortical porosity (Ct.Po)
Trabecular (Tb.) measures
Trabecular number (Tb.N)
Inhomogeneity of trabecular network (Tb.1/N.SD)
Finite element analysis (FEA) measures
Failure Load (FL)

(

Total bone area

Total volumetric density
Cortical volumetric density
Trabecular volumetric density

Mean cojrtical thickness, calculated directly
Cortical porosity, calculated using a density-based method [33]

Mean number of trabeculae per unit length
Deviation of the distance between trabeculae

Estimated maximum load using the Pistoia criterion [34]




T1DM vs controls

lT.bBM DlTbNIheterogeneity

T2DM vs controls
bBMD bN B Ct.th

Ct.Po

e T1DM adverse trabecular
characteristics

e T2DM adverse cortical
characteristics

 Radius worse than tibia

e Site-specific loading
conditions

Distal Radius

Type 1
Diabetes

Healthy

Type 2
Diabetes

Distal Tibia

Type 1
Diabetes

Type 2
Diabetes

9
[e)
o)
©
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©
@)
Q
e}
o)
@©
C
<

O
2
©
O
54
O

Impaired trabecular homogeneity
Impaired trabecular bone structure
Impaired cortical porosity

Enhanced cortical thickness
Enhanced trabecular bone structure
Loading may reduce negative ef'fectls9



[MOIA EINAI H ENIAPAZH THZ METOOPMINH2
2E MONTEAO AIABHTIKHZ O2TEOMNOPQ2H2?

Huang et al. BMC Endocrine Disorders ~ (2022) 22:189 BMC End Ucrine DiSDrd ers
https://doi.org/10.1186/512902-022-01103-6

Metformin activates Wnt/pB-catenin
for the treatment of diabetic osteoporosis

Xiaopeng Huang, Siyun Li, Wenjie Lu and Longjiang Xiong"
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EINAI AMTOTEAEZMATIKA TA AIOQ2DONIKA
2THN NMPOAHWH KATATMATQN 2TON AIABHTH?

RESEARCHARTICLE JBMR

Diabetes Mellitus and the Benefit of Antiresorptive

Therapy on Fracture Risk

Richard Eastell,' © Eric Vittinghoff,” © Li-Yung Lui,” Susan K. Ewing,” © Ann V. Schwartz,”
Douglas C. Bauer,”* Dennis M. Black,” ©> and Mary L. Bouxsein®

22



Table 1. DM Status by Trial in SABRE Study

Trial

Drug class

Study drug

N in non-DM

Nin T2D

FIT | Black 1996
FIT 1119

BONE'!

IBAN V1?2

HIpU3
VERT-MN"#
VERT-NA'"
HORIZON PFT!®
HORIZON RFT Lyles 2007'”
LOFT®
WHI-E?
WHI-Ep2?
FREEDOM®?"
PEARL??
MORE'??

Bisphosphonate
Bisphosphonate
Bisphosphonate
Bisphosphonate
Bisphosphonate
Bisphosphonate
Bisphosphonate
Bisphosphonate
Bisphosphonate
Odanacatib
Hormone therapy
Hormone therapy
Denosumab
SERMs

SERMs

Alendronate

Alendronate

Ibandronate

Ibandronate (intravenous)
Risedronate

Risedronate

Risedronate

Zoledronic acid (intravenous)
Zoledronic acid (intravenous)
Odanacatib

Hormone therapy

Hormone therapy
Denosumab (subcutaneous)
Lasofoxifene

Raloxifene

1955
4286
2831
2835
8816
791
1568
7234
2092
14,302
9682
15,626
7192
8051
2585

72
146
98
25

23
60

35
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Table 3. Pooled Analyses of Anti-Fracture Treatment Efficacy in Non-DM and T2D in 15 Trials of Anti-Resorptive Medications
Non-DM 12D

% with
fracture (n/N)

5.7 (215/3787)
10.2
(666/6539)
13.5
(880/6539)
1.9 (125/6539)

Treatment effect
HR or OR (95% Cl)

0.48 (0.36-0.63)
0.86 (0.74-1.00)

% with fracture
(n/N)

7.3 (3947/54,193)
9.6 (8647/89,846)

Treatment effect
HR or OR (95% Cl)

0.52 (0.49-0.56)
0.82 (0.78-0.85)

Interaction HR or | Interaction
OR (95% Cl) p’

0.91 (0.68-1.22) 0.53
1.05 (0.89-1.22) 0.58

Fracture type

Vertebral
Nonvertebral

All 0.72 (0.69-0.74) 13.9 (12,478/89,846) 0.74 (0.64-0.84) 1.02 (0.89-1.17) 0.80

Hip 0.68 (0.61-0.77) 1.3 (1202/89,846) 0.82(0.57-1.16) 1.20 (0.83-1.74) 0.33

All results are adjusted for trial.
*Two-way interaction: Treatment * Diabetes status.

Table 4. Pooled Analyses of Anti-Fracture Treatment Efficacy in non-DM and T2D in Nine Bisphosphonate Trials

Non-DM T2D

Interaction HR or ' Interaction
OR (95% Cl) p°

0.73 (0.44-1.20)
0.90 (0.65-1.24)
0.87 (0.67-1.15)

)

Treatment effect % with fracture
HR or OR (95% Cl) (n/N)

0.38 (0.23-0.64 7.0 (74/1060)
0.77 (0.56-1.06 10.3 (152/1476)
0.64 (0.49-0.83 14.7 (217/1476)
1.13 (0.58-2.20 2.5 (37/1476)

% with fracture
(n/N)

8.4 (2089/24,910)
9.6 (3094/32,408)

15.4 (4982/32,408)
1.6 (517/32,408)

Treatment effect
HR or OR (95% Cl)

Vertebral 0.56 (0.51-0.61
Nonvertebral 0.88 (0.82-0.94
All 0.74 (0.70-0.79
Hip 0.69 (0.58-0.83

Fracture type

0.21
0.51
0.32

1.69 (0.85-3.35 0.14

All results are adjusted for trial.
2-way interaction: Treatment * Diabetes status.

AIDQ>DONIKA

AMNOTEAE2ZMATA

* H amoteAEOUATLKOTNTO TWV
QVTL-00TEOATIOPPODNTIKWV
bopUAKWY
dev emnpeadletal amno tov 2A

 Ta ¢pappaka autd
LLELWVOUV TA KOTAYHOTA,

auéAavouv TNV 0OOTLKNA TTUKVOTNTA

KOlL LEWVOUV TOUC OELKTEC
OOTLKNC OLVOKOTOLOKEUNC
otou¢ aoBeveic pe XA 600
oTouC pn StafnTikouc




[TOIA ANTIAIABHTIKH
OEPATIEIA TIPQTH2 TPAMMH2

EINAI TIPOTIMOTEPH

2E 2XE2H ME THN O2TIKH
YITEIAZTON 2A2 ?

SGLTZ2 inhibitor treatment is not
associated with an increased
risk of osteoporotic fractures
when compared to GLP-1
receptor agonists: A nationwide
cohort study

Zheer Kejlberg Al-Mashhadi““*', Rikke Viggers>*',
Jakob Starup-Linde'*>, Peter Vestergaard*>*
and Seren Gregersen**
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Ti Ba Belape
vo paBoupe

TOU XpOVOU

Motwog eivat o poAoc twv AGEs otnv maboyEveon tng
SLaBNTIKAC 0OTIKAC VOoOU?

> Mwc¢ ta LETPOUME

NMwc Oa aftoAoyoU e tTn pEtpnon DXA otn duayvwon
Kot TapakoAoUOnon tn¢ dtafnTikAg 00TIKAC vOoou?
Nwc ekdnAwvetat n dtafnNTiK 0CTIKA VOOOC GTOUC
OLVTPEC KOl OTLC YUVOLLKEG KOt yLoTi?

Nwc emnpeAleL N MOXVOCOPKLA TOV KOTAYHOTIKO
Kivduvo?

Mw¢ LIMOPOUVE VAL EKTLLOOUME KAAUTEPO TOV
KOTAYHOTIKO Kivouvo otov diafntiko aaicOsvn otnv
KALVIKN tpA€n? Z€ TMOLEC OLVOLTOMLKEG OECELC?

Mowa Bspaneia eivat KATtAANAOTEPN? AVTL-
00TEOKAQOTIKN N ooteoavoBoAikn?

Moleg paPUAKEUTIKEC EMLAOYEC YAUKOALULKOU EAEYXOU
npoAappavouv tn dtafntikn 0oTKA vOoo? -



THE NEW FRAX

REVIEW
Update of the fracture risk prediction tool FRAX:

a systematic review of potential cohorts and analysis plan
Osteoporosis International https://doi.org/10.1007/s00198-022-06435-6

* 53 TPOOTTIKEG LEAETEC E KALVIKOUC TtapAyovTeg Kivouvou Kot incident fractures

* 4 véec KOOPTEC Kol 60 NON UTIAPYXOVOEC

* 2.138.428 atopa pe napakoAovOnon 20 k. person-years

¢ 116.117 peilova 0OTEOTIOPWTLKA KOTAYLOTOL

* Oa urtoAoylotouV povteAa 10etouc mBavotntoc Hel{ovoC KOTAYHOTOC Kol LoXlou
»Me n xwpic tnv BMD
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- MiRNAs
P e programme will
ERASMUS @ address different genetics microbiome
—" e —: -l aspects of
diabetic bone _— —
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It will utilise advanced imaging and

computational approachg;. diabetes mouse clinical research. microstructure
models and access to clinical cohorts and

registry data to obtain a comprehensive

overview how diabetes increases fracture risk.
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