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Aim

End-stage chronic kidney disease (CKD) has been one of the most pressing
medical problems of the last decade. The relevance of the topic reflects the high
cost of socio-medical problems, the fact that not all patients participate in
program hemodialysis, as well as the fact that the number of patients requiring
hemodialysis is increasing four times a year. In developed countries, end-stage
CKD is steadily increasing, and elderly patients over 55 years of age have a share
of the risk of death.
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Abstract

End-stage chronic kidney disease (CKD) has been one of the most pressing
medical problems of the last decade. The relevance of this issue is determined by
the high socio-economic burden, limited access of patients to maintenance
hemodialysis, and the steadily increasing number of individuals requiring renal
replacement therapy, which is reported to grow up to fourfold annually. In
developed countries, the prevalence of end-stage CKD continues to rise, while
patients over 55 years of age represent a group with particularly high mortality
risk.
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Disorders of mineral and bone metabolism in CKD are closely associated with
vascular and soft tissue calcification, which significantly contributes to
cardiovascular morbidity and mortality in patients undergoing maintenance
hemodialysis. Hyperphosphatemia plays a key pathogenetic role in the
development of extraosseous calcification and is an independent predictor of
adverse cardiovascular outcomes and all-cause mortality.

Phosphate binders constitute the cornerstone of hyperphosphatemia management
in dialysis patients. However, different classes of phosphate binders have distinct
effects on calcium—phosphorus balance, vascular calcification, and clinical
outcomes. Calcium-containing binders may aggravate extraosseous calcification,
whereas non-calcium-based binders demonstrate potential benefits in reducing
vascular calcification and systemic inflammation.

This review analyzes current evidence regarding the role of phosphate binders in
the formation and progression of extraosseous calcification in patients on
maintenance hemodialysis, focusing on their mechanisms of action, efficacy,
safety profile, and impact on cardiovascular risk.

Keywords: chronic kidney disease, vascular calcification, mineral and bone
disorder, phosphate binders, hemodialysis.

Introduction

Maintenance hemodialysis profoundly disrupts all regulatory mechanisms of
calcium—phosphorus metabolism. Clinical manifestations of mineral imbalance
in dialysis patients are comparable in severity to anemia, arterial hypertension,
and lipid metabolism disorders. Hypocalcemia is frequently accompanied by
hyperphosphatemia, which in turn represents a strong predictor of mortality in
patients receiving chronic hemodialysis. Elevated serum phosphate levels
independently worsen prognosis, accelerate the progression of ischemic heart
disease, exacerbate systolic hypertension and left ventricular hypertrophy,
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increase the risk of arrhythmias, and promote the development of acute and
chronic heart failure.

Even adequate maintenance hemodialysis, despite correcting many metabolic
abnormalities, generally fails to normalize phosphorus—calcium metabolism.
Therefore, pharmacological correction remains essential.

Renal Osteodystrophy and Mineral Bone Disorders in CKD

Treatment of renal osteodystrophy begins with correction of mineral and
hormonal disturbances, including the use of vitamin D analogues, reduction of
serum phosphate levels, administration of calcimimetics, and, when indicated,
surgical correction of hyperparathyroidism. Pharmacological management of
uremic osteodystrophy includes antiresorptive agents such as bisphosphonates
and denosumab, widely used in senile osteoporosis. However, these drugs are
contraindicated in adynamic bone disease, and there is insufficient evidence that
high-dose bisphosphonates improve outcomes or reduce CKD-associated mineral
and bone disorders. According to KDIGO recommendations, their use may be
acceptable in selected patients whose characteristics correspond to those included
in clinical trials, despite the limited evidence base.

Bisphosphonates selectively accumulate in osteoclasts, where they inhibit
phosphatase activity and isoprenoid synthesis, suppressing osteoclast function
and bone resorption. Oral bisphosphonates exhibit very low bioavailability
(<1%), and approximately 50% of the absorbed drug is not taken up by bone and
is excreted by the kidneys. Consequently, their efficacy depends on renal function
and bone metabolic activity. These agents are contraindicated in patients with a
glomerular filtration rate below 30 ml/min and low bone turnover markers
indicative of adynamic osteodystrophy.

Several clinical trials and meta-analyses have evaluated bisphosphonates
(risedronate and alendronate) in CKD patients, primarily with GFR >30 ml/min.
These studies demonstrated increased bone mineral density of the lumbar spine
but not the femoral neck, with only modest reductions in fracture risk. Data on
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their use in advanced CKD and long-term therapy beyond five years remain
lacking.

Denosumab and Osteoanabolic Therapy. Denosumab is a monoclonal antibody
against RANKL that inhibits osteoclast differentiation and activity, reducing bone
resorption. Unlike bisphosphonates, denosumab is not renally excreted but
metabolized by the reticuloendothelial system, allowing its use in severe renal
impairment. The FREEDOM trial demonstrated its efficacy in reducing vertebral
and hip fracture risk, including in patients with CKD. However, denosumab may
induce hypocalcemia, secondary hyperparathyroidism, and vitamin D deficiency,
which require appropriate supplementation. Evidence regarding its long-term
safety and efficacy in CKD stages III-V remains limited.

Another therapeutic approach involves osteoanabolic agents such as recombinant
parathyroid hormone (teriparatide, abaloparatide), indicated in patients with low
or normal parathyroid hormone levels and confirmed adynamic bone disease.
These agents increase bone turnover and mineral density without exacerbating
extraosseous calcification, although hypercalcemia remains a potential adverse
effect.

Phosphate  Binders and Extraosseous Calcification. Correction of
hyperphosphatemia is primarily achieved through phosphate binders, which
reduce intestinal phosphate absorption by forming insoluble complexes excreted
via the gastrointestinal tract. A major limitation of phosphate binder therapy is
poor patient adherence due to high pill burden, large tablet size, and
gastrointestinal adverse effects. Phosphate binders are classified as: Aluminum-
based binders, associated with aluminum toxicity, anemia, and encephalopathy;
Calcium-based binders (calcium carbonate and acetate), which may aggravate
vascular and soft tissue calcification,;

Magnesium-containing binders, which may reduce vascular calcification but
increase serum magnesium levels;

Non-calcium, non-magnesium binders, including:
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Sevelamer hydrochloride, the first non-metal, non-absorbed anion-exchange
binder;

Bixalomer, another non-absorbed polymer binder;

Lanthanum carbonate, a chewable binder requiring fewer tablets but associated
with gastrointestinal adverse effects;

Iron-based binders (ferric citrate, sucroferric oxyhydroxide), which form
insoluble complexes in the intestine with minimal gastrointestinal toxicity and
mild increases in serum iron levels.

Sevelamer hydrochloride effectively corrects hyperphosphatemia and
demonstrates additional benefits, including improved endothelial function,
reduced systemic inflammation (lower C-reactive protein and interleukin-6
levels), hypolipidemic and hypoglycemic effects through bile acid binding. Its
efficacy has been confirmed in multiple clinical trials.

Cardiovascular Implications of Mineral Disorders in CKD Cardiovascular
disease accounts for 30—-50% of mortality in hemodialysis patients. Vascular and
valvular calcification, arterial stiffness, left ventricular hypertrophy, and
myocardial dysfunction are highly prevalent in CKD and are closely linked to
disturbances in calcium—phosphorus metabolism. Emerging biomarkers such as
fibroblast growth factor-23 (FGF-23) and Klotho have been implicated in the
pathogenesis of vascular calcification, endothelial dysfunction, and cardiac
hypertrophy.

Conclusion

Disturbances of calcium—phosphorus metabolism in patients on maintenance
hemodialysis play a central role in the development of extraosseous calcification
and cardiovascular complications. Phosphate binders remain a key component of
CKD-MBD management. Non-calcium-based phosphate binders appear to offer
advantages in reducing vascular calcification and improving cardiovascular risk
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profiles. Further large-scale, long-term studies are required to establish optimal
therapeutic strategies and improve outcomes in this high-risk population.

References

1

. Kidney Disease: Improving Global Outcomes (KDIGO) CKD-MBD Work
Group. KDIGO clinical practice guideline for the diagnosis, evalution,
prevention, and treatment of chronic kidney disease-mineral and bone disorder
(CKD-MBD). Kidney Int. 2019;76(Suppl 113):1-150.

2. Milovanova L, Milovanov Y, Plotnikova A. Phosphorus and -calcium

metabolism disorders assosiated with chronic kidney disease stage II-IV
(systematic review and meta-analysis). Chronic kidney disease and renal
transplantation. Ed. by Manisha Sahay. INTECH; 2018. p. 118-132.

3. Yu. S. Milovanov, L.Yu. Milovanova, M. M. Sablina, M. M. Markina, D. V.

Kryukova «Circulating form of Klotho protein a novel inhibitor of vascular
calcification in chronic kidney disease» 20.06.2019 ctp 530-570

4. Hu MC, Shi M, Zhang J et al. Klotho deficiency causes vascular calcification

in chronic kidney disease. Am J Soc Nephrol. 2017; 22(1):124-36.

5. Chung-Yi C, Makoto K, Razzaque MS. Molecular regulation of phosphate

etabolism by fibroblast growth factor-23-Klotho system. Adv Chronic Kidney
Dis. 2016;18 (2):91-7.

6. Maltese G, Karalliedde J. The putative role of the Phosphorus and calcium in

cardiovascular and renal disease. Int J Hypertens. 2012;2012:757-69.

7. IwanagaY. Miyazaki S. Heart failure, chronic kidney disease, and biomarkers.

Circ J 2016 6: 52-58

8.Goh C.Y., Ronco C. Cardio-Renal syndromes. Journal of Renal Care 2016, 36,

9-17.

9.Mann D. Heart failure. Saunders 2014. 25:36-47

1

0.Myxun H.A., Moucees B.C. KapanopeHanbHble COOTHOIIEHHS U PUCK
CepACUHO-COCYIUCThIX 3a0oneBanuii. Bectnuk PAMH. 2013;11:50-55.

827




&P

OPEN ACCESS JOURNALS

WREA
g:é Eureka Open Access Journals

Open Access | Peer Reviewed | International Journals | Multidisciplinary Areas

Eureka Journal of Health Sciences & Medical
Innovation (EJHSMI)

ISSN 2760-4942 (Online) Volume 2, Issue 1, January 2026

|@ O) This article/work is licensed under CC by 4.0 Attribution

https://eurekaoa.com/index.php/5

11.110ytoB A.M., CepoB B.A. KapanopeHanabHbIil KOHTUHYYM WU
KapAUOpEHATbHBIA CHHAPOM // KTUHUYECKast Hepponorus xkypH. — 2017.
Nel.- C. 44-48.

12. Mitani H, Ishizaka N, Aizawa T et al. In vivo Klotho gene transfer ameliorates
angiotensin II-induced renal damage. Hypertension. 2012;39(4):838-43.

13. Wang Y, Sun Z. Klotho gene delivery prevents the progression of spontaneous
hypertension and renal damage. Hypertension. 2019;54(4):810-17.

14. Donate-Correa J, Mora-Fernandez C, Martinez-Sanz R et al. Expression of
FGF23/KLOTHO system in human vascular tissue. Int J Cardiol.
013;165(1):179-83.

15. Milovanova LYu, Milovanov YuS, Kozlovskaya LV. The place of paricalcitol
in nephroprotrctive strategy of predialysis chronic kidney disease due to
systemic diseases. Arh Evromed. 2014;3:69-78.

16. JToopoupasoB B. A. CoBpeMeHHBIH B3I Ha MATO(PU3HOIOTHIO BTOPUIHOTO
rumnepraparupeosa: poib (aktopa pocra ¢udbpodmactoB 23 u  Klotho.
Hedpomorus. 2011;15(4);11-20.

17. Gosse P, Roudaut R, Dallocchio M. Is echocardiography an adequate method
to evaluate left ventricular hypertrophy regression? Eur Heart J. 2011;11 Suppl
G:107-12.

18. Devereux RB. The value of noninvasive measurements in hypertension. J Am
Med Assoc. 2012;264(21):2798-9.

19. Borst MH, Vervloet MG. Cross talk between the reninangiotensinaldosterone
system and vitamin D-FGF-23 klotho inAdragdo T. A plain x-ray vascular
calcification score is associated with arterial stiffness and mortality in dialysis
patients / T. Adragdo, A. Pires, R. Birne et al. // Nephrol Dial Transplant. -2009.
- Ne 24. - P. 997-1002.

20. Bellasi A. How long is the warranty period for nil or low coronary artery
calcium in patients new to hemodialysis? / A. Bellasi, L. Kooienga, G.A. Block
et al. // J. Nephrol. — 2019. - Ne 22, — P.255-262.

828




SR

OPEN ACCESS JOURNALS

WRE4
gg Eureka Open Access Journals

Open Access | Peer Reviewed | International Journals | Multidisciplinary Areas

Eureka Journal of Health Sciences & Medical
Innovation (EJHSMI)

ISSN 2760-4942 (Online) Volume 2, Issue 1, January 2026
This article/work is licensed under CC by 4.0 Attribution

https://eurekaoa.com/index.php/5

21. Collins A.J. United States Renal Data System 2011 annual data report: atlas
of chronic kidney disease and end-stage renal disease in the United States / A.J.
Collins, R.N. Foley, B. Chavers // Am J Kidney Dis. — 2017. - Ne 59. — P. 1-
420.

22. London G.M. Left ventricular alterations and end-stage renal disease /
Nephrol Dial Transplant — 2020. - Ne 17. - P. 29-36.

23. Okumura K. Predictive factors associated with changes rates of LV
hypertrophy and renal dysfunction in CKD / K. Okumura, H. Io, M. Matsumoto
// Clin Nephrol. — 2018. - Ne 79. — P. 7-14.

24. Reslerova M. Vascular calcification in dialysis patients: Pathogenesis and
consequences / M.Reslerova, S.M. Moe // Am J Kidney Dis. —2003. - No 41. -
P. 96-S99.

829




