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Kidney International (2016) 89, 289–302

Associations of bone-related, CKD-modified blood parameters 
with bone formation, mineralization, and resorption



Osteoporosis International ·33;  2259–2274, (2022)

The pathogenesis of osteoporosis in patients with CKD



Treatment of BMD in CKD based on DEXA and BSAP
GFR<60 ml/min/1.73m2CKD MBD + risk factor for fracture +

Life style 
intervention

CKD MBD 
management

DXA scan every 
1-2 years

T- Score< or >-2.5

Asses bone turnover

BSAP>NL BSAP=NL BSAP<NL

Anti-resorptive agent Anabolic agent

Normal to high bone turnover Low bone turnover

Bone Bx

Clin J Am Soc Nephrol 13: 962–969, 2018

++



Osteoporosis management pyramid in patients with CKD
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Osteoporosis management pyramid in patients with CKD

Osteoporosis International ·33;  2259–2274, (2022)



Anti-resorptive
drugs

Anabolic agents
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Mechanism of Bisphosphonates

❑Bisphosphonates inhibit hydroxyapatite 
breakdown➔ effectively suppressing 
bone resorption.

❑Bisphosphonates limit both osteoblast 
and osteocyte apoptosis.



Mechanism of Action of Bisphosphonates

Bisphosphonates deposited in 
hydroxyapatite crystals of bone

Ingestion of Bps by 
activated osteoclasts

Impaired lipid 
synthesis leading to 
osteoclast apoptosis



Action of bisphosphonates

N Engl J Med. 2002; 346:642.



Mayo Clin Proc. 2008 September ; 83(9): 1032–1045

Bisphosphonate structures and approximate relative 
potencies for osteoclast inhibition
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Relative Risk Reduction of Fractures after 3 Years of 
Oral Bisphosphonate Treatment

Maximum suppression of bone resorption: within 3 months

Risedronate Alendronate Ibandronate

Bisphosphonate

41 47 62

5140

39 20 NS

NS

Type of fracture



ROBINSON ET AL.,Journal of Bone and Mineral Research, 2021



ROBINSON ET AL.,Journal of Bone and Mineral Research, 2021

Bisphosphonate use was associated with greater risk of CKD progression

HR=1.25-1.5



Osteoporosis Drugs in Advanced CKD



RANKL inhibitors to suppress 
osteoclastogenesis

1-

2-

3-



CURRENT THERAPEUTIC STRATEGIES TARGETING 
RANKL

❑Recombinant human osteoprotegerin. 
❑Strontium compounds.
❑human RANKL monoclonal antibodies.



THE POTENTIAL PROBLEMS RELATED TO THE ANTI-RANKL 
MONOCLONAL ANTIBODY, DENOSUMAB

❖Infection: Since RANKL is also abundantly expressed by 
dendritic cells and activated T lymphocytes, the 
antagonistic effect caused by denosumab could affect the 
immune system and result in individual risk of adverse 
events.
❖skin eczema (3%), 
❖flatulence (2.2%), 
❖cellulitis (0.3%)
❖osteonecrosis of the jaw 1.7%
❖Hypocalcemia up to 14% especially in CKD (specially in the 

Older GFR, Lowe basal serum ca level)



mechanism of action of Osteoprotegrin



OPG/RANKL OPG/RANKL

OPG/RANKL ratio is closely related to osteoclast formation



Conclusion: The significant elevation of the 
OPG level in RA patients



The mechanism of action of denosumab in 
the treatment of osteoporosis.



human RANKL monoclonal antibodies characteristics 
(Denosumab)

❖It is a human monoclonal IgG2 antibody
❖Binds with RANKL selectively and displays high 

affinity➔ neutralizes the activity of human RANKL 
to inhibit bone resorption
❖Decreases Bone resorption markers 
❖It is recommended that secondary 

hyperparathyroidism be corrected before 
administrating of anti-resorptive medication



Archives of Osteoporosis 2021 16:116 

Check Ca and Po4 
at each HD session 
for 2 weeks. 

Followed by weekly
monitoring for 
2 weeks thereafter



APTAMER: A PROMISING THERAPEUTIC 
STRATEGY FOR OSTEOPOROSIS (Artificial Ab.)

❑ Aptamers are small single-stranded oligonucleotides➔
Specifically bind with target molecules.

❑ Aptamers are screened from oligonucleotide libraries, 
which generally consists of a fixed sequence at both 
ends of the oligonucleotide chain and a random 
sequence with a length of 20–60 bp in the middle, using 
a gold-standard methodology named SELEX (Systematic 
Evolution of Ligands by Exponential Enrichment)



Systematic Evolution of Ligands by Exponential Enrichment



Therapy. Front. Cell Dev. Biol. 8:325, May; 2020

For RANKL



Aptamer

RANKL



❑Greater stability : Aptamers are more resistant to temperature and 
pH variations.

❑Cost-effective synthesis : Aptamers are less expensive to produce.
❑Reproducibility : Aptamers abolish batch-to-batch variations, 

ensuring consistent quality.
❑Flexibility of modification : Aptamers can be easily modified to 

improve binding or stability.
❑Non-immunogenicity : They are less likely to trigger undesirable 

immune responses.
❑Miniature characteristic: they are smaller than antibodies and can 

be used for intracellular diagnosis and treatment 

Advantages of Aptamers over antibodies



nefrologia. 2024;44(2):241–250



nefrologia. 2024;44(2):241–250

Treatment for osteoporosis and prescribing physician according to specialty



nefrologia. 2024;44(2):241–250

CKD-3 Stage: 4-5 Stage: 5DStage: 3Stages of CKD

First antiosteoporotic treatment according to stage of CKD



n e f r o l o g i a. 2025;4 5(4):344–350



n e f r o l o g i a. 2 0 2 5;4 5(4):344–350

Stage of 
GFR

Denosumab treatment 
(Duration of 6months to 4 

years)

Bisphosphonate 
(Duration of treatment 
for 6 months to 2 years)

GFR<60 Increased Lumbar BMD 
(upto12%), and increased 

Hip BMD (upto 6%) 

Increased Spinal and Hip 
BMD upto 5 %

GFR<30 Increased Lumbar BMD 
(upto9%), and increased Hip 

BMD (upto 3.8%) over 4 
years

Increased Spinal and Hip 
BMD upto 5 %

GFR<15 Increased Lumbar BMD 
(upto6%), and no increase in 

Hip BMD

Contraindicated (at least 
in high doses)

Comparison of Anti-resorptive agents in different stages CKD



Bisphosphonate Denosumab

Secondary
mineralization

+ ++

Increased BMD + ++

Bone structure Preserved with
Bisphosphonate

Increased more 
cortical bone

Anti resorptive drugs



Scientific Reports (2020) 10:2496



Annual change in bone mineral density in HD and non-HD patients after Denosumab.

Scientific Reports (2020) 10:2496



❖Denosumab is effective for the treatment of 
osteoporosis in HD patients.
❖Increasing BMD to a degree similar to that seen in 

patients not on dialysis. 
❖Careful monitoring of serum calcium is necessary in 

HD patients due to the high risk of hypocalcemia.
❖Baseline serum TRACP5b could be a potential 

predictor of hypocalcemia in these patients after 
denosumab injection. 
❖Denosumab may be the first- or second-line of 

choice for management of osteoporosis in the HD 
patients. 

Scientific Reports (2020) 10:2496

Conclusion



International Journal of Nanomedicine 2020:15 7967–7977



Ale-Evs is safe
International Journal of Nanomedicine

2020:15 7967–7977

Anti-osteoporosis efficacy of Ale-EVs in vivo.
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Cytokine production under the control of estrogen in bone and 
bone remodeling



SERMS: Chemical groups

Triphenylethylenes

Benzotiophenes

Tetrahydronafthylenes

Benzopyrans
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Agent Type Efficacy Indications Price Range Side Effects

Denosumab
Anti-

Resorptive

Increases 
BMD, reduces 
fracture risk

CKD patients 
with high 

fracture risk

$1,500 -
$2,000/year

Hypocalcemia, 
osteonecrosis 

of jaw

Zoledronic
Acid

Anti-
Resorptive

Increases 
BMD, reduces 
fracture risk

CKD patients, 
especially 

with 
osteoporosis

$800 -
$1,200/year

Renal 
impairment, 

gastrointestinal 
issues

Teriparatide Anabolic

Increases 
BMD 

significantly, 
reduces 
fractures

Osteoporosis 
in CKD 

patients

$4,000 -
$6,000/year

Hypercalcemia, 
injection site 

reactions

Abaloparatide Anabolic

Increases 
BMD, 

favorable 
safety profile

Osteoporosis 
in CKD 

patients

$4,000 -
$6,000/year

Hypercalcemia, 
injection site 

reactions

Comparison of Anti-Resorptive and Anabolic Agents for Renal Osteodystrophy Treatment



Teriparatide mechanism of action



❖ Indications: 1- Osteoprotic CKD patients with iPTH
concentrations < 2 times + Low BSAP.

2-Patient with worsening osteoporosis after PTX.
❖ Contraindications: 1-Patients with hypercalcemia,
2-patients with previous skeletal radiotherapy, 
3-patients with Bone malignancies, or metastases

Concerns to Teriparatide injection



❖ Indications: 1- Osteoprotic CKD patients with iPTH
concentrations < 2 times + Low BSAP.

2-Patient with worsening osteoporosis after PTX.
❖ Contraindications: 1-Patients with hypercalcemia,
2-patients with previous skeletal radiotherapy, 
3-patients with Bone malignancies, or metastases
❖Administration should not exceed 24 months due 

to theoretical osteosarcoma risk➔BMD thereafter
❖ After discontinuation of teriparatide, denosumab

or bisphosphonate is necessary.
❖ Transient hypotension has been reported in 36%
of hemodialysis patients.

Concerns to Teriparatide injection



Property Teriparatide Abaloparatide Romosozumab

Regulatory approval 2002 2017 2019

Molecule PTH(1-34) PTHrP(1-34) Humanized Monoc. Ab

Mechanism PTH relat.
Agonist

PTH rec. agonist Anti-sclerostin

Bone formation Increases increases Increases

Bone resorption Increases increases Decreases

Dose 20 mcg SC /day 80 mcg SC daily 210 mg SC monthly

Administration Self-injection Self-injection By professionals

Duration limit 24 months 24 months 
lifetime

12 months (may 
repeat)

Rat osteosarcoma Yes Yes No

Avoid in patients at high 
risk for osteosarcoma

Yes Yes No

Avoid in patients with 
MI/stroke in the past year

No No Yes

Anabolic compounds approved for treatment of osteoporosis in CKD



❑Inconvenience of dosing (daily self-injections with 
teriparatide and abaloparatide; monthly injections 
by a healthcare professional with romosozumab)
❑Lack of availability in some regions.
❑High cost.

Limitations of anabolic therapy 



Differences between Abaloparatide and 
Teriparatide

Abaloparatide Teriparatide

Anabolic 
efficacy

+++ +

Risk of 
hypercalcemia

+ +++





Percent BMD changes from baseline before and after once weekly 
teriparatide treatment

Osteoporos Int (2016) 27:1441–1450



Osteoporos Int (2016) 27:1441–1450



CURRENT MEDICAL RESEARCH AND OPINION 2019, 12, 2097–2102



BMD changes in patients treated with Teriparatide based on renal function

CURRENT MEDICAL RESEARCH AND OPINION 2019, 12, 2097–2102



BMD changes in patients treated with abaloparatide based on renal function

CURRENT MEDICAL RESEARCH AND OPINION 2019, 12, 2097–2102



CURRENT MEDICAL RESEARCH AND OPINION 2019, 12, 2097–2102

❖ No differences in efficacy or safety of abaloparatide among 
patients with different degrees of baseline renal function.
❖ The findings support the use of abaloparatide in patients 

with mild or moderate renal impairment without dose 
adjustments.
❖Abaloparatide is particularly suitable as an osteoanabolic

agent to treat patients at high risk for fracture with 
impaired renal function.

Conclusions
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Adv Chronic Kidney Dis. 2019;26(6):472-483



Sclerostin deficiency➔Van Buchem disease



Kidney International (2016) 89, 289–302

Increase in osteocyte sclerostin expression in early 
CKD (stages 2–4).



Clinica Chimica Acta 502 (2020) 84–90

Determinants of Sclerostin expression
Determinant Impact Mechanism

Age + ❖Reduction of daily activity.
❖Decreased osteocyte number

PTH - Direct action of PTH promoting Wnt-B catenin 
pathway
Direct impact on osteoblast differentiation

Phosphorus + Through increased FGF 23
Changes on the sclerostin expression gen

Calcitriol - Decreased activation of 1-alpha Hydroxylase

Estrogens - Increased TNF-a ➔ increased sclerostin

Diabetes + Wnt–β-catenin pathway implicated in 
pancreatic islet development and the 
production of incretin hormone
• Role in Wnt signaling in hepatic glucose 
metabolism



Sclerostin: regulation, bone effect, and link 
with vascular calcifications

Clinica Chimica Acta 502 (2020) 84–90PTH

Mechanical 
stimulation

Age
CKD





Osteocytes producing sclerostin inhibits bone 
formation.



Concerns about Romosozumab
❖It is a fully human monoclonal anti sclerostin antibody with concurrent 

anabolic and antiresorptive action, activates bone formation.
❖Anti-sclerostin antibodies may be a beneficial therapeutic option in 

patients with G4–G5D CKD and low bone turn over
❖this therapy can have synergistic action with PTH analogs
❖ the BMD increase was higher with romosozumab compared with 

alendronate or teriparatide.
❖ switching from a  bisphosphonate to romosozumab led to a higher 

increase  of cortical rather than trabecular BMD in patients with  CKD. 
Whereas patients switched from a bisphosphonate to  teriparatide, the 
cortical BMD decreased.

❖ The bone turnover rebound phenomenon and bone loss have been 
observed after romosozumab cessation necessitating the rapid 
transition to an  antiresorptive treatment.

❖ Romosozumab is associated with cardiovascular adverse events 



JBMR Plus, 2024, Volume 8 Issue 4



JBMR Plus, 2024, Volume 8 Issue 4



Discontinuation of osteoporosis therapy is followed by a decline of BMD

Discontinuation of long-term treatment with denosumab

rapid decreased in BMD

Discontinuation of long-term treatment with Biphosphonate

BMD declines slowly 

Discontinuation of long-term treatment with Teriparatide

BMD rapidly decreases

large decrease of BMD

Discontinuation of long-term treatment with Romosozumab



What about of Combo treatment 
of Calcimimetics+ Teriparatide?



Action of calcimimetics on the main target organs of the body

nefrologia 2025;45(2):116–134



Combination therapy provides a beneficial effect in 
improving bone deterioration in CKD that cannot be 
achieved with monotherapy



Kidney International (2025) 107, 405–423

The use of artificial intelligence systems could aid in 
predicting risks and informing management strategies 
in CKD-MBD.

Conclusion
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Endocrinol Metab 2024;39:267-282



Pathophysiology of transplantation-induced osteoporosis

Endocrinol Metab 2024;39:267-282



Effects of Immunosuppressive Drug on 
Bone in Transplant Patients



EMBO Reports (2018) 19: 156–171



Teriparatide treatment in humans increases the absolute and relative number 
of Tregs in peripheral blood



Solid Organ Transplant Recipient

❖ Adequate daily Ca: 800-1000mg
❖Maintain serum vit D3>20-30 ng/ml by calcitriol
❖ Encourage in physical activity

❖ Bone evaluation pre-transplantation
❖Measure BMD 6 mo. after transplantation
❖Monitoring biochemical tests frequently:Ca,P, ALP, VitD3, PTH

Initiate drugs in the case of osteoporosis with:
❖ Oral bisphosphonate or IV bisphosphonate (Especially Zolendronic

acid)
❖ Denozumab
❖ Calcitriol

Management of bone health in post-transplant patient

Endocrinol Metab 2024;39:267-282



Conclusion
❑Teriparatide is safe and effective in increasing BMD and 

bone formation in patients with severe CKD, with no new 
safety concerns observed.
❑ The use of antiresorptive medications should be carefully 

evaluated, with close monitoring for potential  
nephrotoxicity and hypocalcemia.
❑Emerging therapies such as romosozumab show promise 

but come with cardiovascular risks, necessitating careful 
consideration.
❑Anabolic agents must be followed with anti-resorptive

agents
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