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OPIZMOZ AIATAPAXHZ METAAAQN KAI OZTQN (CKD-Mineral Bone Disorder)
o€ aoBeveic pe xpovia vedpLkr vooo

Definition, evaluation, and classification of renal
OPMONEZ/ METAANA 4

osteodystrophy: A position statement from Kidney
Disease: Improving Global Outcomes (KDIGO)

Table 3 | Definition of CKD-MBD

A systemic disorder of mineral and bone metabolism due to CKD
manifested by either one or a combination of the following:
Abnormalities of calcium, phosphorus, PTH, or vitamin D metabolism
Abnormalities in bone turnover, mineralization, volume, linear growth,

or strength
Vascular or other soft tissue calcification

ROD -
Renal OsteoDystrophy

Kidney International (2006) 69, 1945-1953



OPIZMOZ AIATAPAXHZ METAAAQN KAI OZTQN (CKD-Mineral Bone Disorder)
o€ aoBeveic pe xpovia vedpLkr vooo

Definition, evaluation, and classification of renal
osteodystrophy: A position statement from Kidney
Disease: Improving Global Outcomes (KDIGO)

OPMONEZ/BITAMINEZ/ METAANAA
AZBEZTIO/ ®QIDOPOZ/ PTH/
FGF23

ROD - Renal OsteoDystrophy

Kidney International (2006) 69, 1945-1953



Dwowopoc, FGF23, 1,25-D, kat PTH oe acbeveig pe XNN otadiou 1-5
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J Am Soc Nephrol 21:1427, 2010 .



NED®PIKH O2TEOAYZTPOODIA KAI MAPAOGOPMONH

~50 % o€ GFR 30-40 mi/min
>80 % o€ GFR <20 ml/min
ExeL avénuevee tiuec PTH !!

| Hyperphosphatemia, serum phosphate =4.6 mg/dl
[ secondary hyperparathyroidism, PTH =65 pg/ml
Bl FGF23 excess, FGF23 >100 RU/ml
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NEDPIKH OZTEOAYZTPO®IA 2TH XNN
AEN EINAI ENA EIAOZ O2TIKHZ NOzOY !!

(OM, osteomalacia) AAYNAMIKH ?!
(AD, adynamic bone disease) Ooctikn Noocog

(MUO, mixed uremic osteodystrophy)

Bone
volume

Aluminum ?? PTH MMM 1l
‘EAAewpn Vit D «KAaooIKAG» 2madn¢
YnepnopaBupeoelSLOUOC
Ivwéng kuotikr) OoTeiTLg

Kidney International (2006) 69, 1945-1953



NEDPIKH OZTEOAYZTPODIA
AEN EINAI ENA EIAOZ OZTIKHZ NOzOY !!

AAYNAMIKH ?!

(OM, osteomalacia)
(AD, adynamic bone disease)

(MUO, mixed uremic osteodystrophy)

Low

Turno\,er

Kidney International (2006) 69, 1945-1953
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Zuxvotnta Aduvapikne Ootikne vooou o€ acBeveic uTto atpokaBapaon

Renal Osteodystrophy in_the First Decade of the New
Millennium: Analysis of|630 Bone Biopsieslin Black
and White Patients

Hartmut H Malluche, Hanna W Mawad, and Marie-Claude Monier-Faugere
Division of Nephrology, Bone and Mineral Metabolism, University of Kentucky, Lexington, KY, USA
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J Bone Miner Res. 2011 Jun; 26(6): 1368—-1376



Ootwkn Bloyia /Octeoduotpodia oe aoBeveic umo nepltovaikni kabapaon

A
Osteoporosis Osteomalacia
4% r 2%

Abduvauikn
43 %

Pereira L et al J Bone Miner Res. 2022 Sep;37(9):1689-1699



Evidence of low-turnover bone disease in early, as compared to late, chronic kidney disease

Drieke TB, Massy ZA
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Kidney Int. 2016 Feb;89(2):289-302



Evidence of low-turnover bone disease in early, as compared to late, chronic kidney disease

Drieke TB, Massy ZA

METABOAIKOZ PYOMOZ ZE BIOWIA OZTOY

Bone formation rate /bone surface (um3/um2/d)
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Kidney Int. 2016 Feb;89(2):289-302



H i-PTH d&v givait svaioOntoc kot eldLkO¢ S€IKTNE TOU TUTTOU TNE OCTLKNC VOOOU

Patients included in analysis
Diagnostic Accuracy of Bone Turnover Markers and Bone n =492
Histology in Patients With CKD Treated by Dialysis i

Stuart M. Sprague, DO," Ezequiel Bellorin-Font, MD,? Vanda Jorgetti, MD, PhD,?
Aluizio B. Carvalho, MD, PhD,” Hartmut H. Malluche, MD,” Anibal Ferreira, MD, PhD,°
Patrick C. D’Haese, PhD,” Tilman B. Drtieke, MD,® Hongyan Du, MB, MS,’
Thomas Manley, RN, CRNA,? Eudocia Rojas, MD,” and Sharon M. Moe, MD'°

Bone Turnover as Classified
by Histomorphometry

Low Normal High
n=289 n=120 n =83

Table 2. Discrimination of Bone Turnover by Serum Biochemistry

Normal High
(n = 289} (n = 120) (n = 83) Reference Range
iPTH, pg/mL 68.2 1@ 180.7 @ 382.6(139.5-865.

15.0-65.0

Sprague et al Am J Kidney Dis. 2016;67(4):559-566



Ou T tnG i-PTH 8¢ev eival evaioOntog kat e61kO¢ deikTNG TOUL TUMOUL
NG 00TIKNG vOoou o€ aoBeveic pe XNN teAikou otadiou...
oute yia ) depancia tng us Baon ta npotswvousva opta !

Differentiating high from non-high
turnover bone disease, or “When do |

START therapy?”
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OL avénpueveg Tipeg napabopuovng cvoxetilovtal PE KiVOUVO KATAYUATWV ...

... TO (610 OuwWC Kot oL xaunAec

Diagnostic usefulness of bone mineral density and biochemical markers
of bone turnover in predicting fracture in CKD stage SD patients—a

single-center cohort study

limori S et al..
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OL xapnAeg TIHEC mapabopuovng KoL o xaunAoc ootikoc uetaboAiouoc
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Ayyelakec enaoBeotwoelc !!

Aortic calcification sc

Bone turnover disorders t e ooro—m—Baoar s
are associated with
vascular calcification in =\

hemodialysis patients
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London M et al. | Am Soc Nephrol. 2008 Sep;19(9):1827-1835.
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AIATAPAXH METAAAQN KAI OZTQN ZE XNN (CKD-Mineral Bone Disorder)
AlO TA OZTA ZTA AITEIA ...

Bepamnevtikeg anodaoelg ywa tnv oateoduatpodia ...

agxetilovtatl ue ayyelakrn voao kat kapdiayyeiakn dvnrotnta !!

OPMONEZ/BITAMINEZ/ METAANA
AIBEITIO/ ®QIDOPOZ/ PTH/ FGF23

—
ROD - Renal OsteoDystrophy

Kidney International (2006) 69, 1945-1953



AIATAPAXEZ TOY METABOAIZMOY TQN METAAAQN 2TH XNN
KAl KAPAIATTEIAKEZ EMAZBEZTQ2EI2

TTpodyouv Tnv emaoPpéoTwon:

Pwowdpoc, AaPéaTio, PpiT-D, YmepmapaBupeoeidiopog,
oupaipia, pAeypovh , Vit K avraywvioTég,

Angiotensin Il Thrombosis

Inflammation Fetuin-A

Endothelium

AVAOTOAEIC TWYV
eTaoPHEOTWOEWYV:

Hyﬂmxyapatite{:} PO, tcaxp Fetuin-A

| {:} o BMP-274  OPG o
| {:? Calcification Leptin MGP rIZ:EIIt:.lﬁcr_-:tu:in

®eToOUIVN-A, BMP—7, \ promoters | ViamnD OPN | inhibitors
OPG, Mayvnhoio, mGP, \H & i @
Vit K, PPi T

BMP-7
PPi

Circulation 2007;116:85-97



Kapdlayyelakec enaocPeotwoelc oe XNN




AOHPOZKAHPQTIKEZ KAl APTHPIOZKAHPYNTIKEZ
AITEIAKEZ ENAZBEZTQ2EI2
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Fig. 2. All-cause (A) and CV mortality (B) of ESRD patients as a
function of their arterial calcification status.

London G Nephrol Dial Transplant (2003) 18: 1731-1740



FGF23 kat veosudavilopevn LVH og voppotaoikoUc acBeveic pe XNN

Left ventricular mass index (g¢/m*7) €

60 -

55 -

45-

cFGF23 n=3.070 Median eGFR 42 ml/min

P for linear trend < 0.001

Quartile 1 Quartile 2 Quartile 3 Quartile 4
FGF23 quartiles

Faul C et al.

Elevated FGF23 is associated with increased
risk of new-onset LVH

411 pts normal LV geometry at baseline,
84 (20%) new onset LVH (2.9%0.5 years later)

Elevated FGF23 levels at baseline were
associated with increased future risk of new
onset LVH both in normotensive subjects

J Clin Invest 121: 4393, 2011



Uremic toxins
(indoxyl sulfate,

Hypoparathyroidism others)
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Drieke TB, Massy ZA Kidney Int. 2016 Feb;89(2):289-302



Aduvapuikn ootk Noooc otn XNN kot avtl-ooteonopwtikn Beparneia ?

Haarhaus et al

| Disease-related |

Malnutrition Diabetes CKD

Oxidative stress—

Hyperphosphatemia
Inflammation  Calcitriol deficiency _I
A

AGEs Mg deficiency
Uremic toxins —l

/
PTH hyporesponsiveness

IPTH signaiing

Negative bone Y
mineral balance Low bone turnover

Kidney Int. 2021 Sep;100(3):546-558



H DXA-BMD AEN MMNOPEI NA AIAKPINEI TO EIAO2 TH2 O2TIKHZ NO2QY

Diagnostic Accuracy of Biomarkers and Imaging for

69 patients with CKD stages 4-5

Bone Turnover in Renal Osteodystrophy BONE BIOPSY
Low, n=11 Normal, n=15 High, n=17 P Value
DXA BMD Z score
Forearm —0.24 (0.88) —0.31 (0.99) —0.94 (1.33) 0.18
Total hip ~0.07 (0.76) ~0.35 (0.96) ~0.38 (1.05) 0.68 x

Lumbar spine  —0.10(—0.5 to 0.6) 0.2(-0.8t0 1.0)

Salam S

0(-0.8t01.3) 0.86

J Am Soc Nephrol. 2018 May;29(5):1557-1565



BIOAEIKTE2 O2TIKOY METABOAIZMQOY 2TH XNN

Bone formation markers

PINP (recommended as the reference bone formation
marker by IOF and IFCC)

Osteocalcin

Bone alkaline phosphatase

C-terminal propeptide of type | procollagen

Bone resorption markers

CTX-I (recommended as the reference bone resorption
marker by IOF and IFCC)

NTX-I

CTX-I generated by MMPs (CTX-MMP)

Helical peptide 620-633 of the ol chain of type | collagen
Deoxypyridinoline

TRAP5h (also known as ACP5)

Eastell R, Szulc P

Aev artekkpivovtal n arodououvtal aro TouC
VEQPOUC Kal artoteAouv aélomiatouc SEIKTEC

Tov oatikou uetabBoAiouov atn XNN:

bone Alkaline Phosphatase (b-ALP)

intact PINP
(Procollagen type | N-terminal propeptide)

TRAP5b

(Tartrate-resistant acid phosphatase 5b)

The Lancet Diabetes & Endocrinology, 2017; 5, 908-923



BIOAEIKTEZ 2TH AIADOPIKH AIATNQZH NO2OY XAMHAQY OZTIKOY METABOAIZMOY

Diagnostic Accuracy of Biomarkers and Imaging for
Bone Turnover in Renal Osteodystrophy

69 patients with CKD stages 4-5
BONE BIOPSY

Table 3. Diagnostic accuracy of biomarkers and radius high-resolution peripheral quantitative computed tomography for
identifying patients with low bone turnover

r—
Variables AUC (95% ClI) Criterion Sensitivity, % Specificity, % PPV, % NPV, %
Biomarkers

iPTH 0.563 (0.40t0 0.72) =183 pg/ml 70 53 32 85
Intact PINP 0.794 (0.64 to 0.90) =57 ng/ml 80 75 50 92
bALP 0.824 (0.67 t0 0.93) =21 ug/L 89 77 53 96
tALP 0.753 (0.60 to 0.87) =88 IU/L 91 63 46 95
TRAPSb 0.799 (0.64 to 0.91) 4.6 U/L 89 71 47 96

e/
Salam S J Am Soc Nephrol. 2018 May;29(5):1557-1565



BIOAEIKTEZ 2THN MNMPOBAEWH TOY O2TIKOY METABOAIZMOY 2E XNN G4-5D

Table 4. Diagnostic Performance of Biochemical Markers for a Diagnosis of High or Low Bone Turnover

Exploration Cohort (n = 100) Validation Cohort (n = 99)
% AUC Cutoff Sensitivity Specificity PPV NPV Accuracy

High Turnover

Biointact PTH, pg/mL 0.78 (0.67, 0.86) >143.5 70% 74% 57% 84% 73%
Total AP, U/L 0.77 (0.65, 0.86) >97 76% 77% 61% 87% 77%
BsAP, ug/L 0.83 (0.73, 0.91) >33.7 73% 86% 71% 88% 82%
Intact PINP, ng/mL 0.85 (0.74, 0.93) >120.7 73% 94% 85% 89% 88%
TRAPSb, U/L 0.78 (0.686, 0.86) >5.05 77% 76% 59% 88% 76%
BsAP + intact PINP 0.84 (0.74. 0.94) As above 63% 97% 90% 85%

BsAP + TRAPS5b 0.79 (0.70, 0.88) As above 63% 91% 765 85%

PINP + TRAPS5b 0.84 (0.74. 0.94) As above 82% ~ 94% 88% 91%

==

Jprgensen HS Am J Kidney Dis. 2022 May;79(5):667-676.e1



Bone turnover markers in the management of

CKD-associated osteoporosis — a European consensus

1
NEPHROLOGY DIALYSIS TRANSPLANTATION

Focus of study was to improve Results
management of patients with chronic
kidney disease (CKD)-associated

osteoporosis by addressing Recommended BTM in CKD Utility in CKD
methodological aspects and clinical
usefulness of bone turnover markers BALP . .
(BTM) in adults and children TRACP5b Diagnosis

with CKD T Osteoblast

Risk assessment

Methods Treatment decisions

* ‘ ‘/ Osteoclast Intact PINP CHEREIE T ey
Literature review by expert panel;

consensus conference Ke recommendations
y

N - ludi e BALP and TRACP5D are reference BTM in CKD, intact PINP is also useful

© Z;@}‘:{‘a’f’gx‘g‘;ﬁs = e Current skeletal remodeling rate can be assessed using BTM

eég e High and increasing levels of BTM indicate risk of bone loss and fractures
o9 e BTM may guide treatment decisions in CKD-associated osteoporosis

Final consensus based
on survey replies

Haarhaus, M. et al. This consensus provides key evidence and clinical practice points on the utility of
NDT (2026) bone turnover markers in diagnosis, risk prediction, therapeutic decisions, and
@NDTSoca treatment evaluation in adults and children with CKD-associated osteoporosis.




BIOAEIKTEZ 2THN NMPOBAEWH TOY O2TIKOY METABOAIZMOY 2E XNN

. TRACPSb BALP Clinical practice points

q% T I e A low bone turnover state may be suspected if BALP <20 ug/L (IDS i1SYS) or 30
% i U/L (Quidel) or iPINP <50 pg/L (IDS iSYS) or TRACP5b <4.0 U/L..

§ oS o A high bone turnover state may be suspected if BALP =35 pg/L (IDS iSYS) or 40
é l U/L (Quidel), iPINP >120 pg/L (IDS iSYS) or TRACPSb >5.0 U/L (IDS iSYS).
é Igltflg{ e Consider the possibility of a mineralization defect if BALP levels are very high,

* jntact PINP (Procollagen type | N-terminal
propeptide)
» bone Alkaline Phosphatase (b-ALP)

e TRAP5b (Tartrate-resistant acid phosphatase 5b)

Haarhaus M Nephrol Dial Transplant. 2026 Feb 17:gfag033



H «ooteonopwon» o€ tpoxwpnuevn XNN urmtodlaylyVwoKeTal Katl UmoUEpamEVETAL

géattiac...

TNC TTOAUTTAOKOTNTOC TNC UTTOKELLEVNC OOTLKNC VOOOU

* TNC EANEWPNC OoTOLXELWV ATIO HEYAAEC KAWLIKEC SOKLUEC

e Ttou doBou apvntikic aAAnAenidpaonc pe tnv vntokeipevn CKD-MBD (ewdika evdexouevn

aduvauLKn 00TLKH VOCO)

* mBavnc apvnTKAC eMidpacnc otnv UTTOAELTOUEVN VEPPLKA AElToupyia



Kivéuvol maparAndot aAda ue avtidetn katevduvaon;

KAPAIATTEIAKOZ KINAYNO2 - KINAYNOZ KATATMATQN

Yuvvoonpotnta/Bvntotnta

Yuvvoonpotnta/évntotnta

Oepamneiag tng CKD-MBD Oepareio TNG 00TEOTIOPWONC

''''''''
"y

Mota CKD-MBD? 4% [Mowa ooteomopwaon?

Mowa Gepaneia ? Mot Oeparneia ?



OYTE H O2TEONOPQ2H EXEI MANTA TOYZ I1AIOYZ MHXANIZMOQOY2

e [ ]
—
l BONE FORMATION -—— .’0 BONE RESORPTION T
T A
Postmenopausal estrogen deficiency predominance of bone resorption
Aging bone formation decreases
Glucocorticoids reduce function of osteoblasts
AND increase bone resorption
Osteomalacia /rickets defect in the mineralization

Pazianas M, Miller PD Am J Kidney Dis. 2021 Oct;78(4):582-589



NEDPIKH OZTEOAYZTPO®IA KAI OZTEONOPQZH:
AYO ZEXQPIZTEZ ONTOTHTEZ ME KOINO TOIMO TON KINAYNO KATATMATQN

a

Osteoporosis [

» Osteoporosis and ROD are separate entities and mutually exclusive diagnoses
 Diagnostic tools an rapeutic interventions are not interchangeable

Ketteler M, Evenepoel P et al Kidney Int. 2025 Mar;107(3):405-423



Awadoplkn dLayvwaon: 0oTEOTIOPWAN EvavtL VEPPLKNC ooteoduotpodlag

O > | ‘) :
e Xtn vedplkn ooteoduotpodia, e'wﬁeoub&eq 0O0TO TIOU EMNPEALETAL KUPLWG /N./

Y5

e JTnvV ooteoTnAa g"‘u n, avtiBeta, To omoyywdeC 00TO eMNPEAlETAL TIEPLOCOTEPO

 CKD MBD prmopet va u-@ XOel og €6adoc¢ CI)UGLO}\OVLKOL')_O%OL'J N OCTEOTIOPWTLKOU

chEtaL ad AAAEC KATOLOTAOELC (UT[OVO/VM Kol ynpavon)

@
2

* n XNN cuxvd 60Vos:

Pazianas M, Miller PD Am J Kidney Dis. 2021 Oct;78(4):582-589



Entimtwon kataypatwv o acBeveic pe XNN, avaioya pe to GFR
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Clin J Am Soc Nephrol 11: 1929-1931, 2016



Naylor KL et al

Evtomnion twv kataypatwv oe acBeveic pe XNN, avaloya pe to GFR

Table 3 | Location of the first fracture in follow-up according

to kidney function

eGFR (ml/min per 1.73 m?)

<15 or chronic

Fracture location >60 4559 3044 1529 dialysis
Hip (%) 27.2 46.3 47.9 543 54.2
Forearm (%) 47.6 28.4 22.7 20.6 190.2
Proximal humerus (%) 15.0 13.5 13.8 114 8.4
Pelvis (%) 10.2 11.8 15.6 13.7 18.2

Abbreviation: eGFR, estimated glomerular filtration rate.

Kidney Int. 2014 Oct;86(4):810-8



KATATMATA KAl NOZHPOTHTA / ©NHTOTHTA ZE AZOQENEIZ ME XPONIA NEDOPIKH NOzZO

High rates of death and hospitalization follow bone
fracture among hemodialysis patients
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Kidney Int (2013) 85, 166—173



Moleg e€etaoelc mpoPAEmouv tov kivouvo kataypatwyv otn XNN ?

* H ootikn nukvotnta ue DXA ?
* FRAX score?

e TBS (Trabecular bone score) ?



H ootk mukvotnta nmpoPAEnel tov kivduvo katayuatwv o acBeveic pe XNN 3-5

Bone Mineral Density and Fracture Risk in Older

Individuals with CKD

Yenchek R et al.
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L 1
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Osteoporosis 58

T
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477 395 319 229 0
o4 43 28 21 0
No Osteoporosis ———-—- Osteoporosis

Health, Aging, and Body
Composition Study

2754 CUMETEXOVTEG
(n€on nAwia ~73,6 €1n)

Euppavion katayuatog
otou¢ aoFeveic pue XNN,
avaAoya UE tnv napoucia
ooteonopwon¢ o DEXA

Clin J Am Soc Nephrol. 2012;7:1130-1136




O2TIKH NMYKNOTHTA ME DXA kat QCT otnv XNN 5D

Diagnosis of low bone mass in CKD-5D patients , , , , , ,
~20-22 % QOoteornopwrtikn tiun o€ XNN teAikou otadiov umo awuokadapan

Gustav A. Blomquist', Daniel L. Davenport?, Hanna W. Mawad?,
Marie-Claude Monier-Faugere?, and Hartmut H. Malluche?®

"Department of Radiology, 2Department of Surgery, and °Division of Nephrology,
Bone and Mineral Metabolism, University of Kentucky, Lexington, KY, USA

BMD t score 29 38
group 49 47
54 59
[1-0.99+
Non-low 33
@-2.49to-1 40
Osteopenic 33 24
38 24
m<-2.50
Osteoporotic
QcT DXA QCT DXA QCT DXA
Fem Neck Fem Neck TotalHip Total Hip Spine Spine

Figure 3. Percent of CKD-5D patients with osteo-
penia or osteoporosis by DXA or QCT at different
sites.

Clinical Nephrology, Vol. 85 — No. 2/2016 (77-83)



H ootk mukvotnta nmpoPAEmneL Tov Kivéuvo kataypatwyv o€ aocBeveic pe XNN 5-5D

Bone turnover markers are associated with
bone density, but not with fracture in end
stage kidney disease: a cross-sectional
study

Jprgensen et al.

Table 4 Bone density measurements in adult kidney transplantation candidates

No fracture Any fracture
(n=129) (n =28
Volumetric BMD, mg/cm?
Lumbar spine 126 + 38 b 103 + 37 t
Total hip 237+ 43 b 196 + 35 ¥
Femoral neck 242 + 50 195 + 37 +
Areal BMD, mg/cm’ »
Total hip 071 £ 012 061 +0.10 ¥
Femoral neck 060 + 0.10 b 051+ 009 =
Z-score
Lumbar spine 030+ 137 P —1.11+121 t
Total hip —1.08 £ 1.05 094 + 104 ¥
Femoral neck —091 £ 094 b —-177 + 086 -
T-score
Lumbar spine —177 £+ 143 b —260+ 144 t
Total hip —-1.79 £ 1.05 —273+ 089 ¥
Femoral neck -1.74 £ 093 -260 + 079 -

BMC Nephrology (2017) 18:284



H BMD oto loxio mpoBAEmeL ToV KivOUVO KATAYUATOC OE PLETAUOOXEVUEVOUC AOBEVELC

Evenepoel P

-t

o

o
L

e

Fracture-free survival (%)

50+ — normal T-score Femoral Neck
—— Osteopenia Femoral Neck
—— Osteoporosis Femoral Neck
log rank 0.0002
0 L] L) L] L)
0 3 6 9 12
Time (yr)
—~ 100+
©
-
=
»n 50
3 - normal T-score Lumbar Spine
-.? - Osteopenia Lumbar Spine
o - Osteoporosis Lumbar Spine
=
s log rank 0.02
m 0 L} T L] L)
L 0 3 6 9 12

Hip

B SEGMENTATION MODEL 1

Kidney Int. 2019 Jun;95(6):1461-1470



H EAATTQ2H BMD TA NMPQTA 2 XPONIA 2E AIMOKA©APZH

ADQOPA KYPIQZ TO QAOIQAEZ O3TO! - 12XI0 !!

Table 2  Changes in BMD (£SD) after | and 2 years

At 1 year At 2 years
No. of paired measurements 137 89
BMD method and location Mean absolute change = SD  Percent change = SD  Mean absolute change = SD  Percent change = SD
QCT total hip BMD (mg/cm’) — 11.5 £ 23.6%** —4.0% + 7.8%%* = 17.3 £ 22 ] #%* — 5.9% + 8.5%%* 7
Total hip cortex <’ w
Total hip cortical mass (g) — (.8 £ 2 2%%% —4.0% £+ 15.0%* — 1.5 £ 2.9%%% = 73% £ 17.1%*%* ||
Total hip cortical volume (cm3) — 1.1 £ 2 R¥** — 6.4% + 18.8%%* — 2.2 4 3 5%k — 10.0% £ 20.0%%* ‘

Total hip trabeculum

DXA total hip BMD (g/cm?) —0.011 £ 0.047%* - 1.2% = 5.2%* = 0.031 £0.057%** 3.1% = 5.9%%%*

h
3*/17n’?‘<

%{)\ &\.\{ o) \‘. A,
ﬂﬁ?ﬁ( HEEE

Malluche HH Osteoporos Int. 2018 Jan;29(1):125-134



Chronic kidney disease-mineral and bone disorder:

¢ 4 4 conclusions from a Kidney Disease: Improving
I-IOIG OoTIKn nUKVOTnTG ? Global Outcomes (KDIGO) Controversies 2025

Conference

2e XNN kat urtepniapadupeoetdLopo, to @Aolwdec 00To sival to o mpooBeBAnuEvo

H DEX thc OM2ZZ €xeL SUo mpoBAnpata:

1. HOM2Z amnotelettal >90% arno dokdbwdec ooto

B SEGMENTATION MODEL

=y

2. n npooBionticOia DXA teptAapuBavet Kot

TNV SUVNTIKA 0LoBECTOMOLNUEVN OLOPTA

The total hip is the preferred site to measure BMD !

(mixture of cortical and trabecular bone)

Ketteler M, Evenepoel P et al Kidney Int. 2025 Mar;107(3):405-423
43



H EAATTQ2H BMD EINAI METAAYTEPH TA NMPQTA 2 XPONIA 2E AIMOKAGAPZH

Malluche HH

Change in Total Hip BMD by QCT, mgicm3

-207

-257

-307

-35

n=43 n=54 n=40 n=32 n=31 n=26

|
AtYear1
Error Bars: 95% ClI

|
AtYear2

Baseline
Dialysis
Vintage
B <= 24 mos.
25 - 60 mos.
[J61+ mos.

Osteoporos Int. 2018 Jan;29(1):125-134



H EAATTQ2H BMD EINAI METAAYTEPH TA NMPQTA 2 XPONIA 2E AIMOKAGAPZH

-207

o

Change in Total Hip BMD by QCT, mgicm3
o
|

-30

n=17 n=60 fn=60

-35

Malluche HH

T
At Year 1

T
AtYear 2

D)%Esteline
of Total Hip KAI METAAYTEPH TIA
280 AYTOYZ 110Y EIXAN APXIKA
s KAAYTEPH BMD !

Osteoporos Int. 2018 Jan;29(1):125-134



H BMD ZXETIZETAI ME METAAYTEPO KINAYNO KATAITMATOZ 2E A2OENEIZ ME XNN
KAl AEIKTEZ XAMHAQY OZTIKOY METABOAIZMOQY

Incidem@es per SD lower hip BMD

Low turnover
Non-low turnover

Na tnv idta eAattwon tnc ooatiknc rukvotnrac (T-score)

oL aodeveic Ue yaunAo oatiko ustaboAiauo eyouv ayedov 4dnAaato kivbéuvo

KO TOYUATOC OE OUYKPLON UE QUTOUC UE auénUEVo 00TIKO UeTaBoAlouo

Hughes-Austin JM J Clin Endocrinol Metab. 2020 Aug 1;105(8):e2903-11



Lloret MJ et al

NMAEONEKTHMATA KAl MEIONEKTHMATA THZ DEXA BMD

No distinction
between cortical and
trabecular bone

DXA

ADVANTAGES & DISADVANTAGES

Predictsfracturerisk

Measures bone quantity Does not inform on bone quality

J Clin Med 2024;13:1010



NEDPIKH OZTEOAYZTPO®IA kot OZTEOMOPQ2ZH ZTH XNN

AEN EINAI ENA EIAOZ OZTIKH2 NOZOY ...

B  Normal bone mineralisation

Demineralised bone

1.250 g/cm 0.750 g/cm
Normal

AANA H DEXA MIIOPEI NA EINAI H I1AIA !!!

e

0.750 g/cm
Osteomalacia

l

0.750 g/cm
Adynamic

0.750 g/cm
Secondary
hyperparathyrmdlsm

Bover J

Nefrologia (Engl Ed). 2018 Sep-Oct;38(5):476-490



Whitlock R et al

FRAX ko mpoyvwon kataypatwv o€ XNN og 0Ao 1o eupoc GFR

Patients included in the cohort for
analysis
(n=10,099)
y
eGFR 2 60 ml/min per 1.73 m’ eGFR 3060 ml/min per 1.73 m? eGFR < 30 ml/min per 1.73 m?
(n=17,355) (n=2,154) (n=590)

Fracture percentage

15.0%

12.0%

9.0%

6.0%

3.0%

0.0%

eGFR 260 eGFR 30-60 eGFR <30

M Observed 5-year MOF M Predicted 5-year hip fracture MOF (with BMD)
I Predicted 5-year hip fracture MOF (without BMD)

Kidney Int. 2019 Feb;95(2):447-454



FRAX ko mpoyvwon kataypatwv o€ XNN og umto AlpokaBapon

The utility of FRAX® in predicting bone fractures in patients with chronic
kidney disease on hemodialysis: a two-year prospective multicenter
cohort study

Risk factors Major fracture
No. of analysis AUC 95% C1

FRAX® (%) 718 0.76 0.69-0.84
Age (years) 718 0.66 0.55-0.76
Sex (women/men) 718 0.54 0.47-0.64
BMI (kg/m%) 718 0.56 0.47-0.64
Previous fracture 718 0.59 0.50-0.67
Parent fractured hip 718 0.55 0.49-0.62
Current smoking 718 0.47 0.41-0.54
Glucocorticoids current/past 718 0.61 0.52-0.70
Rheumatoid arthritis 718 0.50 0.47-0.54
Alcohol 718 0.51 0.47-0.56
Diabetes (all types) 718 0.47 0.39-0.55
Diabetes type 1 718 0.49 0.49-0.50

Przedlacki J et al Osteoporos Int. 2018 May;29(5):1105-1115



Trabecular Bone Score / ektipnon tn¢ dokidwaonc tov omoyywdouc ootou

BMD images TBS images

BMD L1-L4 =0.987 lllustration of TBS L1-L4: 1.401
Well-structured T

trabecular bone

Same Density Modified Experimental variogramm Different Structure
BMD l?-Ld =0.991 llustration of TBSL1-L4:1.150
Altered

trabecular bone




Rampersad C.

Mpoyvwotikn aéia Trabecular Bone Score og aoBeveic pe XNN

Table 2  Hazard ratios for lumbar spine trabecular bone score to predict MOF stratified by kidney function

HR per SD decrease (95% CI)

eGFR = 60
(n =6224)

eGFR < 60
(n =2065)

eGFR 30-60
(n=1624)

eGFR <30

Interaction
(TBS*CKD)

TBS adjusted for FRAX
MOF with BMD
Total MOF

1.12 (1.04-1.20) 1.10 (0.98-1.23) 1.10 (0.97-1.25) 1.07 (0.85-1.35)

=

&
&

o7 ¥ % T

Table 3  Hazard ratios for lumbar spine trabecular bone score to predict hip fractures stratified by kidney function

TBS adjusted for FRAX hip
with BMD
Total hip fractures

1.08 (0.93-1.26) 1.11 (0.93-1.32) 1.11 (0.91-1.36) 1.08 (0.72-1.61)

0.91 x

Osteoporos Int.

2020 Oct;31(10):1905-1912



NMAATIEZ aktwoypadiec OMIZ kat OM22

Figure 1|Example of assessment of vertebral fractures with the aid of quantitative
vertebral morphometry (QVM). Turquoise dots allow the delimitation of vertebral heights



OEPAIEIA
Ooteomnopwaonc(xCKD-MBD)

o€ aoBeveic pe Xpovia Nedppiknn Nooo



AvtiooteomopwTlka dappaka kot XNN

e ———————— A A A e v ————————— e bR A e ————
Calcium Can reduce risk of sHPT and skeletal mineralization defects Excessive use may increase cardiovascular risk and %
Lowers phosphorus load risk for kidney stones |

May improve BMD in combination with vitamin D :

Vitamin D Can reduce risk of sHPT and skeletal mineralization defects Stimulates FGF23 1

May improve BMD in combination with calcium Excessive use may increase cardiovascular risk :

Active vitamin D preferrable in CKD 5D Active vitamin D should be restricted to patients |

Nutritional vitamin D preferable in CKD 4-5 with SHPT and can in that case also be used as 1

< adjuvant therapy with bone-specific agents ,’

A N BN SN BN EEN BN B EEN BN BN B BN SN BN B SN BN B B B BN B B B BN B B B BN B B B BN B B S BN B B B BN B B B BN B B B BN B B B B B B B B B B e .

Bisphosphonates Can improve BMD in all stages of CKD [Increased systemic retentio:




JupunmAnpwpata acBeotiov kot Brtapivneg D

otn depaneia tn¢ ooteonopwonc kat otn XNN



AoBeoTtio Kat Kivéuvocg Kataypatog ...

Vertebral fracture
Hansson and Roos, 4! 1987 1 25 1 25 1.00(0.07-15.12)
Reid et al,42 1993 0 68 1 67 0.33(0.01-7.92)
Recker et al,%4 1996 27 95 34 102 0.85 (0.56-1.30) —l—
Riggs et al,#0 1998 8 119 9 117 0.87(0.35-2.19) —-—
Peacock et al,%° 2000 7 126 13 135 0.58(0.24-1.40) —'—'—
Avenell et al,>1 2004 0 29 1 35 0.40(0.02-9.46) :
RECORD,>4 2005 3 1311 1 1332 3.05(0.32-29.26)
Prince et al,56 2006 38 730 39 730 0.97(0.63-1.51) —a-
Reid et al,>” 2006 27 732 38 739 0.72(0.44-1.16) +
Total 111 3235 137 3282 0.83 (0.66-1.05) <>

Heterogeneity: 12=0.00; x4 =3.37 (P=.91); 2=0%
Test for overall effect: z=1.52 (P=.13)
Total fracture

Inkovaara et al,*Y 1983 1 42 3 42 0.33(0.04-3.08)
Reid et al,42 1993 2 68 7 67 0.28 (0.06-1.31)
Baron et al,*7 1999 4 464 14 466 0.29 (0.10-0.87)
Avenell et al,>1 2004 4 29 4 35 1.21(0.33-4.41)
RECORD,>4 2005 166 1311 179 1332 0.94(0.77-1.15) -
Prince et al,>6 2006 110 730 126 730 0.87(0.69-1.10) -
Reid et al,>7 2006 134 732 147 739 0.92(0.75-1.14) =
Total 421 3376 480 3411 0.88(0.75-1.03) O
Heterogeneity: 12=0.01; x3=7.63 (P=.27); 12=21%
Test for overall effect: z=1.56 (P=.12) LA AL B ALLL SR
0.01 0.1 1.0 10 100
Risk Ratio (95% ClI)

Zhao JG JAMA. 2017 Dec 26;318(24):2466-2482



Brtapivn D kat kivbuvoc kataypatog ...

JAMA | Original Investigation

Association Between Calcium or Vitamin D Supplementation
and Fracture Incidence in Community-Dwelling Older Adults
A Systematic Review and Meta-analysis

Total fracture
Inkovaara et al,#0 1983 1 45 3 42  0.31(0.03-2.88) 0.4

Lips et al,*3 1996 135 1291 122 1287 1.10(0.87-1.39) I 21.3
Trivedi et al,>0 2003 119 1345 149 1341 0.80 (0.63-1.00) I— 21.7
NoNOF,>2 2004 0 38 5 37 0.09 (0.01-1.55) 0.3
Avenell et al,>! 2004 3 35 o 35 0.75(0.18-3.11) 4-7 1.0
RECORD,>4 2005 188 1343 179 1332 1.04 (0.86-1.26) l 25.9
Vital D,61 2010 155 1131 125 1127 1.24 (0.99-1.54) I 22.5
Mitri et al,%2 2001 1 23 0 24 3.13(0.13-73.01) 0.2
Glendenning et al,53 2012 10 353 10 333 0.94 (0.40-2.24) —‘— 2.7
TIDE,32 2012 3 607 3 614 1.01(0.20-4.99) 0.8
VitDISH,%4 2013 2 80 3 79  0.66(0.11-3.83) 0.7
VitaDial,34 2014 0 26 5 29  0.10(0.01-1.74) 0.3
DEX,36 2015 6 102 6 102 1.00 (0.33-3.00) —*7 1.7
BEST-D,37 2017 6 204 1 101 2.97 (0.36-24.34) 0.5
Total 629 6623 615 6483 1.01(0.87-1.17) <> 100.0

Heterogeneity: 12=0.01; x,3=16.27 (P=.23); I>=20%

Test for overall effect: 2=0.17 (P=.87) Qb 10 ANl

Risk Ratio (95% Cl)

Zhao JG JAMA. 2017 Dec 26;318(24):2466-2482



Cumulative Hazard

AcoBeotio kat Brtapivn D kat kapdlayyelakog kivbuvocg ?...

0.06

HR = 1.04
95%Cl (0.92,1.18)

0.05 1

0.04 A

§

0.02 1

0.01

ggdd o o

4
66
7

1751

T

2
17408

Years Since Randomization
Number of Events
Numbers At Risk

Ejie o -

TuXOLOTIOLNLEVN, TIOAUKEVTPLKI LEAETN

36.282 LETEUMNVOTIAUCLAKEG Yuvaikee 50-79 etwyv, 7
£Tn mopakoAovBnong

AP n avBpakikou aofeotiov 500 mg e vitamin
D 200 IU duo dopec/nuepa vs placebo

$

Ta cupmAnpwpota acfeotiov/Brrapivne D dev
avénoav, aAAd oUTE pelwoayv Ta KapSLoyyELOKA
oupPapata (OEM/AEE)

Circulation. 2007;115:846-854



XNN kal cuunAnpwpota acfectiov

Ma acBevelg pe eGFR<30 npoteilvetal CUVOALKN NUEPNOLA TTPOGANYN

aoBeotiov 800-1000 mg kat Brranivne D 800 IV

H nuepnota npocAnyn acBeatiov va unv untepBaivel ta 1500mq, Aoyw

TOU KWWvOUVOoU ayyelaknc acBeatomoinonc

ZuurAnpwuata acBeatiov ugxpt 500 mg nUEPNOCiWS KAt T UtOAoua

ano dtatpopn

European Consensus Statement on the diagnosis and management of osteoporosis in chronic kidney disease stages G4-G5D.

Nephrol Dial Transplant. 2021,36(1):42-59



Recommended calcium intake in adults and children

with chronic kidney disease - a European consensus
statement

Focus of study was to establish Results
optimal calcium intake in chronic

kidney disease (in adults and
children) which is not addressed 7. ‘
in current clinical practice Too little -
guidelines ?

Calcium

}) Too much

Key recommendations:

by expert panel Adults Children
= it b
Delphi survey
Total calcium intake Total calcium intake:
S 2 (diet and medications): age-appropriate

800-1000 mg/day normal range

Revision based on
survey response

This consensus statement provides key evidence and clinical practice points

Evenepoel, P. et al. > i - = o . .
NDT (2023) on calcium management that may assist in clinical decision-making in

@NDTSocial children and adults with CKD.




Asdopéva kat mpotewvopevn Anpn Vit D otn XNN yia mpoAnyn katayudtwy

The role of nutritional vitamin D in chronic kidney
disease-mineral and bone disorder in children and
adults with chronic kidney disease, on dialysis, and after
kidney transplantation—a European consensus
statement

3.2 Vitamin D supplementation and bone
outcomes in CKD

Key evidence points

e There is no evidence for a benefit of vitamin D supplemen-
tation alone on the risk of bone loss and fractures in adults
or children with CKD, or for improved growth in children with
CKD.

e Vitamin D supplementation improves the control of hyper-
parathyroidism after kidney transplantation.

e Vitamin D supplementation may reduce the risk of bone loss
and fractures after kidney transplantation. /

Jprgensen HS et al Nephrol Dial Transplant. 2025 Apr 1;40(4):797-822



O®EAOZ (KATATMATA) ANO TH XOPHIHZH Vit D META TH METAMOZXEYZH

Original Article

Nonskeletal and skeletal effects of high doses versus low doses of vitamin Dg
in renal transplant recipients: Results of the VITALE (VITamin D
supplementation in renAL transplant recipients) study, a randomized
clinical trial

o0

80

o

60

+ L

!y

o4

250HD (ng/ml)

Visit

[ treatment group

Ll High dose group i Low dose group |

High dose group 258 232 214 182
Low dose group 258 223 205 185
L T T T
Do M3 M12 M24

Variable Treatment HR (95% P
group CD value
Composite endpoint” Low-dose 1.0 78
group: 42 (16)
High-dose 0.94
group: 40 (15) (0.60-1.48)
Major cardiovascular events Low-dose 1.0 47
group: 14 (5)
High-dose 0.75
group: 11 (4) (0.34-1.65)
De novo diabetes mellitus Low-dose 1.0 .66
group: 11 (4)
High-dose 0.82
group: 9 (3) (0.34-1.98)
De novo cancer Low-dose 1.0 31
group: 16 (6)
High-dose 1.34
Symptomatic fracture” Low-dose 1.0
group: 12 (4)
High-dose 0.24
group: 3 (1) (0.07-0.86)
e e IO C LTOTY LAl TITCCCIONS) TOw-aose 0 Y
group: 126 (47)
High-dose 1.13
group: 135 (51) (0.80-1.58)
Infection (CMV) Low-dose 1.0 47
group: 7 (3)
High-dose 1.43
group: 10 (4) (0.54-3.83)
Infection (other than CMV) Low-dose 1.0 .60
group: 126 (47)
High-dose 1.09
group: 133 (49) (0.78-1.54)
Acute rejection Low-dose 1.0 .60
group: 6 (2)
High-dose 1.33
group: 8 (3) (0.46-3.90)
Dialysis or loss of transplant Low-dose NA NA
group: 1 (0.3)
High-dose
gronn. 1 (0 2)
Symptomatic fracture” Low-dose 1.0 .03
group: 12 (4)
High-dose 0.24
group: 3 (1) (0.07-0.86)




Nephrol Dial Transplant, 2025, 40, 797-822

https://doi.org/10.1093/ndt/gfae293
OXFORD Advance access publication date: 28 January 2025

NEPHROLOGY DIALYSIS TRANSPLANTATION

The role of nutritional vitamin D in chronic kidney
disease-mineral and bone disorder in children and
adults with chronic kidney disease, on dialysis, and after
kidney transplantation—a European consensus
statement
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Agbopéva kat potewvopevn Anwn Vit D otn XNN pia €Aeyyo tou AYT@

3.1 Vitamin D supplementation and PTH control
in CKD

Clinical practice points

e We recommend supplementing vitamin D to >75 nmol/l
(>30 ng/ml) in adults and children with CKD G2-5D to de-
lay the onset, or improve the control, of secondary hyper-
parathyroidism, recognizing that the effect in CKD G5-5D is
uncertain.

Jorgensen HS et al

Key recommendations

@ X

Target 25(0OH)D Avoid Vitamin D
>75 nmol/L (>30 ng/mL) mega-doses (>100,000 IU)
in CKD, dialysis and and 25(0H)D >150-200 nmol/L
post-transplant (60-80 ng/mL)

Nephrol Dial Transplant. 2025 Apr 1;40(4):797-822



Amtoduyn cuoTNUATIKAC xopnynaong evepyou Brtauivng D yia €éAeyxo AYNGO
npLv TNV €vtaén oe e€wvedplkn kabapon

Chapter 4.2: Treatment of abnormal PTH levels in CKD-MBD

4.2.1: In patients with CKD G3a-G5 not on dialysis, the optimal PTH level is not known. However, we suggest that
patients with levels of intact PTH progressively rising or persistently above the upper normal limit for the assay
be evaluated for modifiable factors, including hyperphosphatemia, hypocalcemia, high phosphate intake, and
vitamin D deficiency (2C).

4.2.2% In adult patients with CKD G3a—Gb5 not on dialysis, we suggest that calcitriol and vitamin D analogs not be

routinely used (2C). It is reasonable to reserve the use of calcitriol and vitamin D analogs for patients with CKD
G4-G5 with severe and progressive hyperparathyroidism (Not Graded).

In children, calcitriol and vitamin D analogs may be considered to maintain serum calcium levels in the
age-appropriate normal range (Not Graded).

KDIGO 2017 Clinical Practice Guideline Update for the Diagnosis, Evaluation, Prevention,
and Treatment of Chronic Kidney Disease—Mineral and Bone Disorder (CKD-MBD) Kidney Int Suppl. 2017;7:1-59



Amtoduyn cuoTNUATIKAC xopnynaong evepyou Brtauivng D yia €éAeyxo AYNGO
npLv TNV €vtaén oe e€wvedplkn kabapon

Left Ventricular Mass Index Change From Baseline to End of Study

PRIMO study? OPERA study?
P =NS P =NS
17 0,34
0 4 I
= -0,07
w1
S = . .
03 -2 - M Paricalcitol
= =
IERTE M Placebo
O ©
€ 4 -
>
-5 S
-4,85
-6 -
ThadhaniR, et al. JAMA. 2012;307:674-684.

Wang AY-M, et al. J Am Soc Nephrol. 25:175-186



H aAAnAertidbpaon twv FGF23, pwopopou, PTH kat Bitauivnc
D (1,25-D) otnv XNN

Phosphorus

FGF23 pewwveLtnv
gnavappodnon tou
dwodbdpou oto gyyUg
owAnvaplo Kot avéavel
TV dwodatoupia

| ) FGF23 |
1,250 4 |§ 4

e e—

1l-a- - .
hydroxylase FGF23 6pa cav PTH
7 pubuLoTIKA FGF23 unopei va 4m Stimulation
- : I opHOVN, KOTAOTEIAEL TNV
ydroxylase psw,'ovogtaq T0 €kkplon tng PTH 4= Suppression
enineda tng
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FGF23 kat veoepudavilopevn LVH oe voppotaotkouc aoBeveic pue XNN

Left ventricular mass index (g¢/m*7) €

60 -

55 -

45-

cFGF23 n=3.070 Median eGFR 42 ml/min

P for linear trend < 0.001

Quartile 1 Quartile 2 Quartile 3 Quartile 4
FGF23 quartiles

Faul C et al.

Elevated FGF23 is associated with increased
risk of new-onset LVH

411 pts normal LV geometry at baseline,
84 (20%) new onset LVH (2.9%0.5 years later)

Elevated FGF23 levels at baseline were
associated with increased future risk of new
onset LVH both in normotensive subjects

J Clin Invest 121: 4393, 2011



AvTtLooTEOMOPWTLKA Bepamneia otnv ooteonopwon the XNN:

Zekwvnote amno tic dtatapayec tnc CKD-MBD

A consensus statement on the management of vertebral
fractures in CKD stages G4-G5D

mmmm) Before initiating antiresorptive or anabolic therapy for CKD-
associated osteoporosis, it 1s good clinical practice to first
mmmmm) correct CKD-assoclated uraemic and mineral metabolism

Consensus statement on the management of vertebral fractures in CKD stages G4-G5D
Nephrol Dial Transplant. 2026 Feb 27;41(3):584-598



AvTtLooTEOMOPWTLKA Bepamneia otnv ooteonopwon the XNN:

Zekwvnote amno tic dtatapayec tnc CKD-MBD

Serum phosphate is associated with increased risk of
bone fragility fractures in haemodialysis patients

Cox regression

_
ke o
. S, <4.3 a
Cox regression Cox regression = —0

L

- —e——i o9

T <86 — *— < <300 ©

=) T E

£ S a 4.3-6.1

S 2 g

5 8695 i £ 300-800 =

g 2 -

5 Pa— > = h — e :

S — 5 : . >6.1 ' .

o — @ L O —_ - '

g 95 T »  >800 — o) b O 1 >
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I 1 1 1 I 1 I T T T T T T T
050 075 1.00 1.25 150 1.75 2.00 2.25 05 10 15 20 25 30 35 40 1 T T T T T T
Hazard ratio [95% CI] Hazard ratio [95% Cl] 050 0.75 1.00 125 150 175 2.00 2.25

Hazard ratio [95% CI]

Multivariate adjustments;, Model 1: age, sex, body mass index, aetiology of CKD, time on haemodialysis, smoking habit, diabetes, cardiovascular disease history, bone fracture history in the previous 12 months,
vascular or valvular calcification, and parathyroidectomy. Model 2: Model 1 plus dialysis type, calcium concentration in the dialysate, hours of haemodialysis per week, treatment with erythropoietin-stimulating
agents (ESAs), prescription of vitamin D metabolites/analogues, native vitamin D or calcidiol, phosphate-binding agents. Model 3: Model 2 plus haemoglobin, albumin, PTH and calcium

Barrera-Baena P et al Nephrol Dial Transplant. 2024 Mar 27;39(4):618-626



AvtiooteomopwTlkn Bepamneia otnv ooteonopwon tne XNN:

Calcimimetics kat BeAtiwaon ¢ ootikn¢ mukvotntac o€ AYlNO

Changes in Bone Quality after Treatment with

Etelcalcetide
Biochemicals Baseline Visit 36-wk Visit Change (%) P Value
Whole PTH 1-84, pg/ml,* 692 (561-732) 156 (82-239) —67+9 <0.001
Calcium, mg/dl 9.3 (9.0-9.6) 9.3 (8.4-10.1) —2+3 0.5
Phosphate, mg/dl 6.2 (5.2-6.8) 5.9 (4.8-6.8) —1£71 0.7
Bone-specific alkaline 59.9 (40.0-71.3) 26.0 (20.5-36.7) —45+4 <0.001
phosphatase, U/L,"
C-telopeptide, ng/ml,” 6.7 (3.8-10.6) 2.2 (0.8-5.4) —63*6 <0.001
FGF23 C-terminal, RU/mL,* 9148 (6678-13,176) 8856 (1694-19,465) -15+13 0.2
FGF23 intact, pg/ml,* 10,868 (5544-13,834) 8569 (1755-22,530) —18+13 0.2
Sclerostin, ng/ ml,” 1.98 (1.11-2.46) 2.18 (1.38-3.30) 34+11 0.01
Areal bone mineral density (mg HA/cm?) mean*SEM
Lumbar spine 0.99+0.17 1.01x0.17 3+1 0.04
Femoral neck 0.72+0.13 0.77x£0.15 72 0.002
Total hip 0.83+0.14 0.85+0.15 3+1 0.04
Khairallah P Clin J Am Soc Nephrol. 2023 Nov 1;18(11):1456-1465
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AvtiooteomopwTlka dappaka kot XNN

Advantages

Disadvantages

alcium

/ Bisphosphonates
1
i
: Denosumab
i
i
|
i
: PTH analogues
i
i
|
| Romosozumab
|
|
\

\\ HRT

~

T

ombination with calciun
tive vitamin D preferrable in CKD 5D

Nutritional vitamin D preferable in CKI

Can improve BMD in all stages of CKD
Persistent effect after cessation
No evidence for increased cardiovascular risk

Can improve BMD in all stages of CKD

No evidence of increased cardiovascular or renal risk

No dose adaptation needed in any stages of CKD, including
CKD 5D

Can improve BMD in all stages of CKD
May improve suppressed BFR

May improve BMD in all stages of CKD
Anabolic and antiresorptive effect

Can improve BMD in all stages of CKD

idjuvant therapy with bone-specific agents

Increased systemic retention S
May be associated with CKD progression in CKD 4-5
and reduced residual renal function in CKD 5D
Occasional reports of AKI with intravenous use

Risk for hypocalcemia (especially in severe HPT)
Rapid BMD deterioration and increased fracture risk
after cessation

Safety uncertain
Optimal dosing uncertain
May aggravate existing hyperparathyroidism

May induce hypocalcaemia
Cardiovascular safety uncertain
Optimal dosing uncertain

Safety uncertain
Limited to early menopause

\

\
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N



DOAPMAKA KAI NTAOOQYZIOAOTIA THZ OZTEOMNOPQZHZ

Bisphosphonate |

_____
-
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}o Denosumab
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Henry N, Hildebrand S, Cunningham J. Clin Kidney J. 2025 Jul 16;18(10):sfaf228



Avtiooteomopwtika dapuaka kat XNN otadiwv 1-3

A consensus statement on the management of vertebral
fractures in CKD stages G4-G5D

Antiresorptive (bisphosphonates and denosumab), anabolic
(teriparatide and abaloparatide) and mixed agents (ro-
mosozumab) can be utilized for osteoporosis therapy in
CKD G1-3, as in the general population.

2TAAIO 1-3 : OlMQ2Z 2TO N'ENIKO NAHOY2MO !

Consensus statement on the management of vertebral fractures in CKD stages G4-G5D
Nephrol Dial Transplant. 2026 Feb 27;41(3):584-598



Avtiooteomopwtika dapuaka kot XNN otadiwv 4-5D

A consensus statement on the management of vertebral
fractures in CKD stages G4-G5D

There 1s currently no available data on the effects of stan-
dard osteoporosis therapies on VFs in advanced CKD G4-5D.

Consensus statement on the management of vertebral fractures in CKD stages G4-G5D
Nephrol Dial Transplant. 2026 Feb 27;41(3):584-598



OAPMAKA MNMQOY ANAZTEAAQYN THN OzTIKH ANOPPO®HZH
(KYPIQZ TOYZ OZTEOKAAZTEZ )

Bisphosphonate |

......

Osteoclast

% precursor

Henry N, Hildebrand S, Cunningham J. Clin Kidney J. 2025 Jul 16;18(10):sfaf228



AvaoTtoAeic TnC ooTikNC amoppodnonc otn XNN

Table 2. Osteoporosis Drugs in Advanced CKD

Trials in eGFR Trials in Dialysis
< 45 (No. of Patients (No. of Suggested Dosing

Drug Patients) Patients) Options Side Effects Efficacy
Antiresorptive
Bisphosphonates Yes (59-581) Yes (ongoing) (1) Oral alendronate Hypocalcemia, AKI, Benefits seen in

35 mq, weekly eGFR decline, CKD3; data lacking in

(2) IV pamidronate 60 osteonecrosis
mg, every other month
RANK ligand Yes (55) Yes (8-12) SC denosumab, 60 Hypocalcemia

inhibitor mg, %1 (severe), rebound
osteoclast activity

CKD4 and dialysis

Efficacy seen in
dialysis in
observational studies

Ginsberg C, Ix JH Am J Kidney Dis. 2022 Mar;79(3):427-43



Agdopeva yla tn xopnynon Atpwodovikwv og atpokadapon

Nephrol Dial Transplant (2002) 17: 12811285
n o Nephrology

Dialysis
Original Article Transplantation

Elimination of intravenously administered ibandronate in
patients on haemodialysis: a monocentre open study

Raoul Bergner!, Katja Dill', Dietmar Boerner? and Michael Uppenkamp’

100

ibandron-
ate application every 1-3 months 1s sufficient for
therapy 1n osteoporosis and metastatic bone |disease.
Normal doses of ibandronate administered every 1-3
months will be removed effectively by haemodialysis,
therefore no accumulation will occur in patients who
undergo haemodialysis three times weekly. Further
studies are needed to demonstrate the effects on renal
bone disease.

[u—y
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—

Ibandronate-level [ng/ml]
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AvaoTtoAeic TnC ooTikNC armoppodnaonc otn XNN

Table 2| Bisphosphonates vs. denosumab in advanced CKD (pros and cons)

Bisphosphonates Denosumab

Pros Improves BMD in all CKD stages Improves BMD in all CKD stages

Oral or i.v. dose (can be administered during dialysis) Subcutaneous dosing every 6 mo

Low risk of severe hypocalcemia Continued effectiveness for at least 10 yr (in patients without CKD)

Can be stopped after limited treatment time
Cons Risk of kidney damage in CKD 4-5 h Risk of severe hypocalcemia

Wear out after several years Risk of fractures if stopped

Osteonecrosis of the jaw Osteonecrosis of the jaw

Atypical femoral fractures Atypical femoral fractures

Acute phase reaction (i.v. bisphosphonates only) Risk of infections

Esophagitis

Uveitis

Atrial fibrillation

Haarhaus et al Kidney Int. 2021 Sep;100(3):546-558



AZOAAEIA AIOQZDOONIKQN ZE XNN 3-4/5

Safety of Oral Bisphosphonates in Moderate-to-Severe
Chronic Kidney Disease: A Binational Cohort Analysis

I L= E GFR <45 ml/min rou éAaBav dtpwagovika VS Propensity Score matched OX|

2| | NG

Table 2. Numbers of Events, Incidence Rates, and Hazard Ratios per 1000 person-years for All Analyses

CPRD SIDIAP
=
BP === Non-BP BP P=— NonBP Combined
Chronic kidney disease progression Unmatched no. events 614 15,411 471 13,462
Unmatched incidence rates 90.8 (83.9, 98.3) 733 (72.1,744) 119.0(108.5,130.2) 104.7 (102.9,106.5)
Unadjusted HR 1.25 (1.15, 1.36) 1.13 (1.03, 1.23) 1.19 (1.12, 1.27)
Fully adjusted HR 1.18 (1.08, 1.29) 1.19 (1.08, 1.31) 1.18 (1.11, 1.26)
PS-matched no. events 576 1996 467 2015
PS-matched incidence rates 89.1 (82.1, 96.7) 85.6 (82.0,89.5) 1184 (107.9,129.6) 100.0 (95.7,104.5)
PS-matched sub-HR 1.14 (1.04, 1.26) 1.15(1.04, 1.27) 1.14 (1.07, 1.23)

~15 % kivéuvo yia emideivwon XNN/évtaén os kaBoapon

Robinson DE et al J Bone Miner Res. 2021 May;36(5):820-832



YrniaoBeotiatpio kot Aopaiero DENOSUMAB og XNN 5D/HD

Hypocalcemia and bone mineral changes in hemodialysis
patients with low bone mass treated with denosumab: a 2-year

observational study

Broadwell A
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J Clin Endocrinol Metab. 2021 Jan 23;106(2):397-409



Denosumab vs ditpwodovikd: vutacfeoTiatpio o€ NALKLWUEVEC YUVALKES LUTTO alpokadapaon

Figure 3. Lowest Total Albumin-Corrected Serum Calcium Level

0 1o <11 4 [HI | Medicare >3000 patients

0.5 to<0.7 [EE | aged 65 years or older
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g /o Primary: severe hypocalcemia
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3 75t B | Denosumab 1523 607 41.1 (38.5-43.6)
£ 730075 g | Oral bisphosphonates 1501 29 2.0(1.0-3.0)
S |
g i3y Secondary: very severe hypocalcemia
; 6.9to <7.1 T
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S ./ 10 <b. 0
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Bird ST et al JAMA. 2024 Feb 13;331(6):491-499



Denosumab vs dipwodovika: RCT og agBeveic umo apokabapon

Effects of Denosumab and Alendronate on Bone Health
and Vascular Function in Hemodialysis Patients:
A Randomized, Controlled Trial

Iseri K

* prior fracture
* BMD 70% or T score < -2.5

* HD > 6 months
< * 60pg/mL<i-PTH < 240 pg/mL_—>

Total Denosumab Alendronate
(n =46) (n=22) (n=24) p Value
Age (years) 7144938 7134105 71.5+93 0.9505
Body mass index (kg/m?) 20.5 (18.8-23.4) 19.9 (19.1-22.5) 20.7 (17.9-24.6) 0.7498
Female/male 18/28 9/13 9/15 1.000
Duration of hemodialysis (years) 7.1 (29-11.7) 9.0 (2.4-13.2) 6.1 (3.7-11.2) 0.9474
Previous fracture, n (%) 17 (37.0%) 10 (45.5%) 7 (29.2%) 0.3608
History of diabetes, n (%) 20 (43.5%) 9 (40.9%) 11 (45.8%) 0.7666
Drug therapy, n (%)
Active vitamin D preparations use 39 (84.7%) 20 (90.9%) 19 (79.2%) 0.4177
Alfacalcidol (po) 28 (60.9%) 13 (59.1%) 15 (62.5%)
Calcitriol (iv) 6 (13.0%) 5 (22.7%) 1 (4.2%)
Maxacalcitriol (iv) 5 (10.9%) 2 (9.1%) 3 (12.5%)
Cinacalcet 23 (50.0%) 9 (40.9%) 14 (58.3%) 0.3762

J Bone Miner Res. 2019 Jun;34(6):1014-1024



Denosumab vs dipwodovika RCT og aoBeveic umo alpokadoapon

BeAtiwon BMD uovo otnv OMZZ

(a) Lumbar spine (b) Femoral neck
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Iseri K

Denosumab vs dipwodovika RCT og aoBeveic umo alpokadoapon

Acpaln kat xywpic Stawopd aTIC AYVELAKEC EMAOBECTWOELC
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Denosumab kat Katayuata og aocBeveic umo alpokabapon LE 00TEOTIOPWAN

Table 2. Risk of fracture with competing risk in denosumab users versus non-users.

512 patients / 52 denosumab
retrospective cohort study

Events [n (%)]

Non-denosumab

60 (37.0)

Hazard Ratio (95%CI) P Value x
reference

Denosumab

21 (40.4)

Unadjusted

0.53 (0.24-1.14) 0.104

Adjusted

0.64 (0.27-1.51) 0.310

adjusted: Age, sex, history of bone fractures, bone mineral density, intact parathyroid hormone added to the unadjusted model

Kobayashi A et al

PLoS One. 2024 Aug 29;19(8):e0309657
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@epareia pe avaloya tnc PTH og aocBeveic pe XNN G4-G5D

Table 2. Osteoporosis Drugs in Advanced CKD

Trials in eGFR Trials in Dialysis
< 45 (No. of Patients (No. of Suggested Dosing

Drug Patients) Patients) Options Side Effects Efficacy

Anabolic

PTH analogues  Yes (168-736)  Yes (7) (1) SC teriparatide, Hypercalcemia, Efficacy in CKD,
20 pg, daily(2) nausea, URI unclear in dialysis
SC abaloparatide, 80
Mg, daily

PTH analogues are generally not recommended in
* patients with open epiphyses (i.e. children)
* cancer patients at risk of bone metastases

e < 2Yxpovia aywyng ?!

Ginsberg C, Ix JH Am J Kidney Dis. 2022 Mar;79(3):427-43



PTH Analog Therapy in CKD G4-G5D

Author, Year Drug {T:y;{pg N;::]_t::lrt:f %ﬂrzt;zl PT[:-Iu:l:l;:]g E_::T::I;; Lumbar BMD Femur BMD I:::;z:‘r; Safety
Netkawaetal, [ CKD4 30 - 20pgiday  24months | 1 BMD overall 1 BMD (trend) ;EE";M”E :;:IE”E AEs (4 mildin 33
2016 [69]

CKD S5 3 - 20 pgfday 24 months t BMD ({trend) - - —
E‘:{a}j}ka etal., 2010 Teriparatide CKD & 7 - 20 pgfday 6 months gsli?;l:lli?;:nn:jbar ;igr:?ﬂ[::;::;t Mot reported Mo severs AEs reported
T;;f;gilﬁt Teriparatide ~ CKD5 O Yes 20pgiday  13-16 months gﬂ:?ﬁ;“mbar Lﬂ‘ ?E::r}a' Mot reported | No significant AEs
?:ET? ;t al. Teriparatide ~ CKD5 22 ;;35 (n= zijk”m 48 weeks Eﬁ? umbar No change Not reported :t?;i;::;“::s:t'ﬂiﬂ':; to AEs
;:;Ua[r;g;" 2. terparatice  CkD5 10 :]EE (= ::k”g! 12 months Eg;':ﬂ?;ﬂ} No change Not reported :ﬁ:;r:s'}_::; due fo AEs (mainly
Gifre L et al J Clin Med. 2025 Dec 24;15(1)



PTH Analog Therapy in CKD G4-G5D:
Trabecular (LS), but not Cortical (Femoral Neck) bone benefit
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Cejka et al Osteoporos Int (2016) 27:1441-1450
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Romosozumab: pmAokapovtacg tn okAnpootivn

ORIGINAL ARTICLE

Romosozumab in Postmenopausal Women
with Low Bone Mineral Density

ue onuavtikn eavénon tnc BMD

=o= Placebo =#= Alendronate

~=— Teriparatide =#= 210 mg of Romosozumab monthly
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N Engl J Med 2014;370:412-20



ROMOSOZUMAB vs PLACEBO vs ALENDRONATE / CKD G3

Percentage Change in BMD From Baseline at Month 12

FRAME
A. Lumbar Spine (LS) Total Hip (TH) Femoral Neck (FN)
16 7" . 71 . I Romosozumab
§§ 14: « 6 - 6 " Placebo
': o 1(2) i 57 57 Treatment-by-subgroup
= - 4 4- interaction
2 & 3 a4 LS: p < 0.001
OE 67 i TH: p =0.003
=@ 47 3 -5 FN: p = 0.067
= | 2 1 = 1 -l
0 - = 0 - _ﬁ_ 0_
-2 624 555 —1-— 631 556 —1- 631 556
eGFR 30-59 30-59 30-59



ROMOSOZUMAB vs PLACEBO vs ALENDRONATE / CKD G3

Incidence of New Vertebral Fractures at Month 12

FRAME ARCH
B Romosozumab | Placebo B Romosozumab Alendronate
RR reduction?
4% - RR reduction? 51% (5%—75%)
< 72% (14%-91%) 3 OR®=0.50 (0.25-0.98)
3~ OR®=(0 27 (0.09-0.85) 2 = 8% - p=0.04
2P p=0017 zZs
Z 5 3% 1 - 6.2%
- (o] 2 *
9 QO = 6% 1
o S 2.1% © B 25
g% 2% - o S
() SE 4% - 3.4%
£ 1% o
g ot 2% -
s3
0% -
0 o8 664 oo n 401 407
eGFR 30-59 eGFR 1.2



Saag K et al

ROMOSOZUMAB vs ALENDRONATE

Table 2. Adverse Events.

Event

Adverse event during treatment
Back painT
Nasopharyngitis

Serious adverse event

Adjudicated serious cardiovascular event:

Cardiac ischemic event

Cerebrovascular event

Heart failure

Death

Month 12:
Double-Blind Period

Alendronate Romosozumab
(N=2014) (N =2040)
number of pat
1584 (78.6) 1544 (75.7)
228 (11.3) 186 (9.1)
218 (10.8) 213 (10.4)
278 (13.8) 262 (12.8)
38 (1.9) 50 (2.5)
6 (0.3) 16 (0.8)
7 (0.3) 16 (0.8)
8 (0.4) 4(0.2)
12 (0.6) 17 (0.8)

N EnglJ Med 2017;377:1417-27



@eparneia pe Romosozumab oe aoBeveic pe XNN G4-G5D

Table 2. Osteoporosis Drugs in Advanced CKD

Trials in eGFR Trials in Dialysis
< 45 (No. of Patients (No. of Suggested Dosing

Drug Patients) Patients) Options Side Effects Efficacy

Mixed

Antisclerostin Yes (430) Yes (12) Romosozumab, 210 CVD, hypocalcemia, Efficacy in CKD,
antibody mg, monthly arthralgias unclear in dialysis

Ginsberg C, Ix JH Am J Kidney Dis. 2022 Mar;79(3):427-43



ROMOSOZUMAB: ®APMAKOKINHTIKH ZE XNN G4-5D

Influence of Renal Function on
Pharmacokinetics, Pharmacodynamics, and
100 Safety of a Single Dose of Romosozumab

:'E —&— Stage 4 RI (N = 8)
= —— ESRD requiring hemodialysis (N = 8)
=2 —l— Healthy participants (N = 8)
=
S
% Patients With Patients With Healthy
S Stage 4 Rl ESRD-RH Participants
rg (N=8) (N=8) (N=9)
jE-; All treatment-emergent adverse events 7 (87.5) 6 (75.0) 0 (0.0)
E Serious adverse events I (12.5) 1 (12.5) 0 (0.0)
5 Leading to discontinuation of romosozumab 0(0.0) 0(0.0) 0(0.0)
E Fatal adverse events 0 (0.0) 0 (0.0) 0 (0.0)
g Most common treatment-emergent adverse
E events (>5%)
2 Hypocalcemia I (12.5) 4 (50.0) 0 (0.0)
0.01 : 0 r | . I r T r ] Hyperparathyroidism secondary 4 (50.0) 0 (0.0) 0 (0.0)
0 18 36 54 72 90 Arthralgia I (12.5) I (12.5) 0(0.0)
Study Day Constipation 0 (0.0) 2 (25.0) 0 (0.0)
Vomiting I (12.5) I (12.5) 0(0.0)

Hsu CP J Clin Pharmacol. 2022 Sep;62(9):1132-1141



ROMOSOZUMAB + DENOSUMAB / DIALYSIS
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Sclerostin: XapnAa enineda kat yewotepn entBiwan !! otnv alpokadapon

High levels of circulating sclerostin are associated
with better cardiovascular survival in incident dialysis patients:
results from the NECOSAD study

All-cause mortality CV mortality
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FIGURE 1: Kaplan—-Meier analyses showing all-cause mortality FIGURE 2: Kaplan-Meier analyses showing cardiovascular mortal-
according to baseline tertiles of sclerostin concentration. ity according to baseline tertiles of sclerostin concentration.

Drechsler C et al Nephrol Dial Transplant. 2015 Feb;30(2):288-93



Sclerostin: a vascular defensive feedback loop against calcification ?

Vascular smooth muscle cells

—_— =" ——

Osteo/chondrogenic l

transdifferentiation

-”‘

block Wnt
a pathway Sclelfstin Sclerostin

‘Osteoblast-like’ cell

Bone health :
collateral damage ?
in a defensive
mechanism ?

Alkaline
Phosphatase

Pyrophosphate e 2xPi

‘Osteocyte-like’ cells

Collagen |
Hydroxyapatite

Vascular Calcification Bone disease

FIGURE 2: Vascular smooth muscles cells undergo osteo/chondrogenic transdifferentiation in a pro-calcifying environment. The resulting
osteoblast-like cells induce alkaline phosphatases. These alkaline phosphatases catalyze the hydrolysis of PPi. In the late phase of VC, sclerostin
is expressed. This can be interpreted as a defensive response that aims to block the Wnt pathway in order to reduce the mineralization in the vas-
cular tissue. Sclerostin may spill over to the circulation and may reciprocally inhibit bone metabolism.
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Differences between CKD-MBD and

postmenopausal osteoporosis

o Postmenopausal
Clinical factor CKD-MBD .
osteoporosis
PTH levels Increased Usually normal™®
Alkaline Increased Usually normal™
phosphatase

‘ Bone mineral density

Weakly related to
fracture nsk

|

Predicts nisk of
fracture

ﬁ!

—

Nat Rev Nephrol 2013; 9:681
2022 UpToDate, Inc.



Clinical risk factors

* Age

» Sex

* Low BMI

» Prior fragility fracture

» Parental hip fracture history
* Height loss (> 4 cm)

» Secondary osteoporosis

* Glucocorticoid therapy

» Excessive alcohol and/or smoking
* (Long dialysis vintage)

Osteoporosis diagnosis and management in patients with CKD G4-G5D

* Postmenopausal
» > 50 years

A 4

fracture possibility

at spine or hip

Additional information
* (Residual) Renal function
« Biochemistry

- Phos

-Ca

- 25(0OH)VitD

-PTH

-HCO,

- Bone turnover markers
» Bone histomorphometry
* Ca intake

-

Intervention threshold

v Lateral imaging
Country-specific FRAX ][ DXA-based BMD

of spine

v

Fragility fractures
(spine, hip, proximal humerus,
pelvis or multiple)

A 4

CKD-MBD and
metabolic control

Lifestyle modification
* Nutrition

» Vitamin D
» Weight-bearing
physical activity
« Fall prevention
+» Cessation of smoking

w

Pharmacological treatment
« Anti-resorptives
» Other

Balancing risks and benefits
at individual level

h 4

Follow-up

= Assess for compliance and side effects

* BTMs to verify compliance
 Beware of discontinuing denosumab




H Aduvauikn Octikn vooocg Kat 0 pwo@opo¢ ocuoXetilovtal pe dvnrotnta

tPTH + Phos

Detecting high-risk chronic kidney disease-mineral bone

disorder phenotypes among patients on dialysis: a historical

HR (95% Cl) cohort study
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Neri et al Nephrol Dial Transplant (2019) 34: 682691




Clinical risk factors

* Age

» Sex

* Low BMI

» Prior fragility fracture

» Parental hip fracture history
* Height loss (> 4 cm)

» Secondary osteoporosis

* Glucocorticoid therapy

» Excessive alcohol and/or smoking
* (Long dialysis vintage)

Osteoporosis diagnosis and management in patients with CKD G4-G5D

* Postmenopausal
» > 50 years

A 4

fracture possibility

at spine or hip

Additional information
* (Residual) Renal function
« Biochemistry

- Phos

-Ca

- 25(0OH)VitD

-PTH

-HCO,

- Bone turnover markers
» Bone histomorphometry
* Ca intake

-

Intervention threshold

v Lateral imaging

Country-specific FRAX ][ DXA-based BMD of spine

v

Fragility fractures
(spine, hip, proximal humerus,
pelvis or multiple)

A4

A4

» Weight-bearing
physical activity
« Fall prevention

+» Cessation of smoking

w

CKD-MBD and Lifestyle modification Pharmacological treatment
metabolic control « Nutrition « Anti-resorptives
« Vitamin D » Other

Balancing risks and benefits
at individual level

h 4

Follow-up
= Assess for compliance and side effects
* BTMs to verify compliance
 Beware of discontinuing denosumab




Emtitdoyn Beparmeiac pe yvwpova tTnv UTTOKELHEVN dLatapaxr Tou 0oTkoU petaBoAlopou

CKD-associated osteoporosis

POSITION PAPER d 0
Fracture risk assessmement
Update on the role of bone turnover markers in the diagnosis C!lnlcal r'Sk factgrs
and management of osteoporosis: a consensus paper from The Mineral metabolism

European Society for Clinical and Economic Aspects of Osteoporosis,
Osteoarthritis and Musculoskeletal Diseases (ESCEQ), International
Osteoporosis Foundation (IOF), and International Federation

of Clinical Chemistry and Laboratory Medicine (IFCC)

Bone turnover markers
Bone imaging

-
PTH targeted W Anabolic
therapy I therapy
Optimal nutrition 3 Anti-resorptive
Increased physical activity
Sufficient minerals and vitamin D L therapy J
Acidosis control
Inflammation control
Glycemic control

Uremia control

Bone turnover

Bone turnover markers
to guide therapy and evaluate response

Bhattoa HP Osteoporos Int. 2025 Apr;36(4):579-608



Emtitdoyn Beparmeiac pe yvwpova tTnv UTTOKELHEVN dLatapaxr Tou 0oTkoU petaBoAlopou

[ [Assess bone turnover) ]
Y y {

Bone-specific alkaline Bone-specific alkaline Bone-specific alkaline
phosphatase > median phosphatase between the lower phosphatase < lower limit
of the reference range limit of normal and the median of the reference range

of the reference range

L Bone biopsy J

17
[ [Anabolic agent”'j ]

Y
[ [Anti-resorptive agent"j]

[

Normal to high bone Pw bone turnover

Khairallah P, Nickolas TL
Clin J Am Soc Nephrol. 2018;13(6):962-969



Treatment of adynamic bone disease in a haemodialysis
patient with teriparatide

Panagiotis Giamalis, Dominiki Economidou, Chrysostomos Dimitriadis, Dimitrios Memmos,
Aikaterini Papagianni and Georgios Efstratiadis

Etreidn , 6tav n 1atpIKr yiveTal TTPOCWTTIKNA
utTéBeon Kai TTGBo¢, dev 1I0XUEl TO «OUdEIC
AVAVTIKATAOTOGY ...

Clin Kidney J (2015) 8: 188-190
108



H ooteonopwon/CKD-MBD eival pia cuvOetn voooc eldika otnv XNN otadiwv 4-5D

Npénel va avtpetwriiletal yiati ouvdeetal pe vPnAo Kivuvo KaTayuaTwy Kot

voonpotntac / Bvntotntog

QoTt000, TO GACUA TNC UTTOKELMEVNC OOTLIKAC VOOOU ELvalL LEYAAO KOL N OOTLKN

riukvotnta Sev anewkovilel To eld0oc TnC UoKelnevnc datapaxnc

O cuvduaouoc Twv Selktwyv ooTkov petafoAcpol  PINP, bALP kot TRAP5B23, mou
dev e€aptwvtal amno tn veppkn Asttovpyia, mapexet kplouee mAnpodopleg mpv tnv

eTilloyr) Osparneiog



 AEN EINAI QZTOZ0 ANOKAEIZTIKA OZTIKH NOZOzZ: oL ayyelakec BAaBec kaBopilouv

Vv erBiwon twv aocBevwv !

* H aduvapikr 00TIKR VOOOC £lvall CUXVI KoL CUVOEETAL TOOO ME AUENUEVN

kapdiayyelakn Bvnrotnta oco kat pe MEFAAYTEPO kivéuvo kataypatwv !

e Avrtlpetwrniote mpwta Ti¢ dtatapaxeg mou oxetiovran pue tTn XNN (AYNO,

Yrnepdwodartoaruia)

* Em\&tte mepatépw Oepameia adou mMpoomadrioeTe va avayvwpLoETE TO puBUO ToU

00TWKOU petafoAlopov !

Hansen D Nephrol Dial Transplant. 2024 Dec 20;40(1):48-59



EYXAPIZTQ MOAY A

THN MPOZOXH ZAZ !!!




