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INTRODUCTION

Chronic kidney diseases (CKD) are commonly 
associated with calcium and phosphorus 
metabolism disorders. These disorders are 

present at an early stage in the course of CKD as 
they occur quietly and asymptomatically [1, 2]. The 
general term of “renal osteodystrophy” (ROD) en-
compasses a complex spectrum of abnormalities in 
bone and mineral metabolism in CKD [1]. This is one 
of the most serious and debilitating complications of 
CKD. It is related to disproportionately high direct 
and indirect costs of healthcare, thus posing a major 
burden on society [3,7]. Practically, ROD affects all 

CKD patients and should be diagnosed and treated 
to improve the prognosis of these patients [3]. Chil-
dren and women are particularly susceptible to ROD 
development. Patients with fast-progressing kidney 
diseases and those with autosomal dominant tubu-
lointerstitial disease are also at increased risk [3].

ROD is a complex of pathogenetically diverse dis-
eases and conditions. These include secondary and 
tertiary hyperparathyroidism, impaired vitamin D me-
tabolism, bone resistance to parathormone (PTH), 
patients’ immobilization, amyloidosis, hypogonad-
ism, toxic osteodystrophy from aluminum or poor di-
alysis, iatrogenic osteodystrophy from treatment with 
high doses of calcium and vitamin D and others [3].
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PATHOGENETIC FACTORS FOR ROD DEVELOPMENT

The development of ROD begins too early in the 
course of CKD. The major pathogenetic mechanism 
– reduced calciferol production, readily occurs 
when the GFR drops below 90 ml/min/1.73 m2 [7]. It 
is well known that calcitiriol (1,25(OH)2D) decreas-
es as a result of reduced tubular transformation of 
25(OH)D into 1,25(OH)2D due to intracellular acc-
cumulation of phosphate, resulting in a decrease in 
alpha hydroxylase activity [1, 9]. Progressive loss of 
nephrons and the presence of concomitant acidosis 
also play a role in this process. When GFR declines 
to 65-70 ml/min/1.73 m2, the fall in calcitriol values   
is already highly signi  cant, and approximately at 
the same time PTH begins to increase, thus leading 
to the development of secondary hyperparathyroid-
ism. At GFR of about 35 ml/min/1.73 m2, or earlier if 
the progression of chronic renal insuf  ciency occurs 
slowly, there is already clinically proven secondary 
hyperparathyroidism [3].

The second pathogenetic factor for the development 
and progression of ROD, which occurs relatively ear-
ly in the course of CKD, is calcium defi ciency. Sev-
eral factors contribute to the development of calcium 
de  ciency in patients with CKD: 1. decreased oral 
intake and/or impaired intestinal resorption; 2. skele-
ton resistance to PTH effect; 3. direct result from low 
levels of 1,25(OH)2D; 4. decreased calcium receptor 
expression in parathyroid glands (PTG). 

Calcium de  ciency is an incentive both for over-se-
cretion of PTH and for PTG hyperplasia [1]. In recent 
years, due to the massive use of calcium-containing 
agents, the pathogenetic role of hypocalcemia in 
the development of ROD has remained in the back-
ground [3]. Moreover, according to some authors, a 
more frequent phenomenon in patients with CKD is 
iatrogenic hypercalcemia and its consequences – 
vascular calci  cation affecting the brain, carotid and 
coronary vessels. The vascular walls have reduced 
compliance, making them rigid, increasing the risk of 
thrombus formation and development of atheroscle-
rotic plaques. All of this leads to fatal accidents and 
determines the prognosis of the patients [2, 10].

The third important pathogenetic factor for ROD, 
which is later involved in the course of CKD, is hy-
perphosphatemia. It occurs at GFR values   of about 
35-30 ml/min/1.73 m2. However, according to more 
recent studies, this refers to extracellular phosphorus 
levels. Intracellular phosphates increase at GFR 70-
60 ml min/1.73 m2 [9]. This leads to reduced activ-
ity of 1-alpha hydroxylase and, as a consequence, 
decreased calciferol levels. In advanced CKD, high 
extracellular phosphorus is a major cause of ROD 

progression and the greatest obstacle to its complete 
treatment. By direct and indirect actions, hyperphos-
phatemia leads to secondary hyperparathyroidism 
[11]. Direct actions are as follows: 1. increased syn-
thesis and secretion of PTH; 2. PTG hyperplasia. The 
indirect effects of hyperphosphatemia are as follows: 
1. reduced levels of calcitriol; 2. Reduced ionized cal-
cium; 3. Skeletal resistance to calcitriol and PTH [1].

More recently, a factor that contributes to the main-
tenance of serum phosphorus and that is synthe-
sized from osteoblasts –  broblast growth factor – 23 
(FGF23), was identi  ed. It functions in conjunction 
with its co-factor Klotho-protein. Its basic role is to re-
duce plasma phosphorus by reducing tubular phos-
phate reabsorption, a mechanism similar to that of 
PTH. However, in contrast to PTH effect, FGF23 re-
duces the renal synthesis of calcitriol. On the contrary, 
calcitriol and PTH increase the serum level of FGF23. 
The level of FGF23 – Klotho protein complex progres-
sively increases with progression of CKD, accentuat-
ing the de  ciency of calcitriol, and this contributes to 
the development of secondary hyperparathyroidism. 
Therefore, FGF23 reduces calcitriol, increases PTH, 
which in turn induces even higher levels of FGF23. 
This vicious circle is a result of hyperphosphatemia 
and is characteristic of the later stages of CKD [1]. 
Other factors increasing the risk of bone disease and 
its severity in CKD include hypogonadism, malnutri-
tion, older age and low physical activity. All of these 
factors are more common with CKD, moreover they 
are part of the clinical picture [3]. 

CLINICAL FORMS OF ROD

Two main forms of ROD are clinically recognized: 1) 
high turnover bone disease in secondary hyperpara-
thyroidism (SHPT) and 2) low turnover bone disease 
also referred to as adynamic bone disease [11]. 

Most often the two forms transfuse into one another, 
especially with advancing of CKD, so some authors 
also review a third form of ROD – a mixed bone dis-
ease that may be dominated by high or low turnover 
bone sections [3]. In ROD with increased bone turn-
over there are high levels of intact PTH (iPTH) – 25-30 
pmol/l, while in the second form – PTH levels are < 
15 pmol/l [4]. Compared with PTH 150-300 pg/ml, all-
cause mortality was higher for PTH 301-450 pg/ml and 
greater than 600 pg/ml, with PTH greater than 600 pg/
ml also associated with an increased risk of cardio-
vascular mortality and cardiovascular hospitalizations. 
PTH less than 50 pg/ml was associated with adverse 
outcomes and a high proportion of these patients were 
continued on therapy for SHPT, increasing their risk 
of adynamic bone disease. With a suggestion that a 
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PTH more than 300 ng/ml is associated with increased 
risk of death and hospitalization, the trend towards in-
creased PTH in dialysis patients worldwide may have 
clinical consequences [30].

The histological picture of the bone is quite varied 
– from transitions of salient adynamic bone with 
complete lack of osteoblast and osteoclast activity 
through osteomalacia to all degrees of marked in-
crease in osteoclasts and osteoblasts function – in 
severe secondary hyperparathyroidism [13]. The risk 
of high turnover bone disease correlates with the se-
verity of hypocalcaemia, hyperphosphatemia, and 
de  ciency of calcitriol that lead to high PTH /second-
ary hyperparathyroidism/ and prevailing of bone re-
sorption over bone formation as a consequence [3]. 
The factors leading to relativistic hypoparathyroidism 
and the development of low turnover bone disease 
are – hypodynamics, older age, concomitant diseas-
es such as diabetes mellitus, aggressive treatment 
with calcium-containing phosphorus-binding drugs, 
peritoneal dialysis, overdose with active vitamin E 
metabolites [14, 15]. In all these cases bone forma-
tion is reduced. In the past, aluminium intoxication 
was a common cause of adynamic bone disease. 
Nowadays, the most common causes are uremia, 
malnutrition, chronic in  ammation related to the CKD 
and dialysis treatment.

CLINICAL PICTURE

Clinically, ROD occurs with spontaneous fractures 
and deformities leading to severe disability, resulting 
in reduced quality of life but also reduced survival. 
Renal osteodystrophy also may present with nonspe-
ci  c signs and symptoms, including weakness, bone 
pain, and skeletal deformity. Presentation varies 
markedly with age. Adults may present with  ndings 
of osteomalacia, while children typically show growth 
retardation. As a result, complications differ depend-
ing on the patient’s age. The most common com-
plication of renal osteodystrophy is fracture, which 
may be insuf  ciency fracture through osteomalacic 
bone or pathologic fracture through brown tumors or 
amyloid deposits. Dialysis patients may experience 
carpal tunnel syndrome, osteomyelitis, septic arthri-
tis, and osteonecrosis. Renal transplant patients may 
experience osteonecrosis, tendinitis, tendon rupture, 
and fracture [25]. In dialysis patients, the average 
age for fracture of the femoral neck was 10-15 years 
lower compared to the general population, with the 
mortality rate for these patients being 2-2.5 times 
higher than in the general case [3].  ROD also has 
out-of-skeleton manifestations. Both secondary hy-
perparathyroidism and hyperphosphatemia itself are 

independent risk factors for increased cardiovascu-
lar morbidity and mortality in dialysis patients [16]. 
The cause is the development of vascular and soft 
tissue calci  cations that are a direct consequence 
of hyperphosphatemia. Two-thirds of dialysis (HDD) 
patients after 5-10 years have radiograph-visible 
calci  cations [6]. Secondary hyperparathyroidism is 
associated with resistance to treatment with human 
recombinant erythropoietin. That is to say, secondary 
hyperparathyroidism leads to worsening of anemia in 
CKD patients [17]. ROD is the only complication of 
CKD, where no signi  cant improvement occurs after 
a successful kidney transplantation. On the contrary, 
the loss of bone mass continues after the transplan-
tation. Characteristically, markers of increased bone 
resorption remain high even 10 years after transplan-
tation [18].

DIAGNOSIS AND TREATMENT

The  ndings of renal osteodystrophy diagnosed with 
conventional radiography include osseous resorp-
tion, soft tissue calci  cation, osteopenia, amyloid de-
position, and fracture [27]. Essential for the optimal 
treatment of ROD is the correct diagnosis, in particu-
lar the differentiation of high turnover bone disease 
characteristic of secondary hyperparathyroidism and 
adynamic bone disease. Contemporary treatment of 
ROD is directed to high turnover bone disease. Car-
rying out similar treatment in adynamic bone disease 
would lead to negative results. The accurate diagno-
sis is possible only with the help of the morphological 
picture. Bone biopsy is considered the gold standard 
for diagnosis and classi  cation of renal osteodystro-
phy [28]. Clinical indications for bone biopsy in pa-
tients with CKD stages 3-5, based on Kidney Disease 
Improving Global Outcomes (KDIGO) and Kidney 
Disease Outcomes Quality Initiative (KDOQI), are as 
follows: 1. unexplained fractures; 2. unexplained hy-
percalcemia; 3. unexplained hypophosphatemia; 4. 
persistent bone pain; 5. suspected aluminum toxicity 
based upon clinical symptoms or history of aluminum 
exposure; 6. previous therapy with bisphosphonates; 
7. inconsistency among biochemical parameters, 
thereby preventing de  nitive interpretation; 8. severe 
progressive vascular calci  cation; 9. prior to parathy-
roidectomy, if a history of aluminum exposure exists 
or if the biochemical determination is inconsistent 
with advanced secondary or tertiary hyperparathy-
reoidism; 10. intact plasma parathyroid hormone 
(iPTH) levels between 100 and 500 pg/mL (in CKD 
stage 5) in association with unexplained hypercalce-
mia, severe bone pain, or unexplained increase in 
bone alkaline phosphatase activity [21, 22, 23].
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CT is useful in the evaluation of pathologic fractures. 
Amyloidosis may cause erosion in and around a joint, 
resulting in subtle radiographic signs that are more 
clearly delineated with cross-sectional imaging tech-
niques such as CT [26].

MRI helps evaluate the soft tissues for ligament rup-
ture, and CT can help evaluate pathologic fractures. 
Amyloidosis may cause erosion in and around a joint, 
resulting in subtle radiographic signs, while amyloid 
deposits can be visualized directly on MRI [26].

In day-to-day clinical practice, differential diagnosis 
is very dif  cult. It is assumed that at PTH values   be-
low 65 pg/ml, it can certainly be considerered that it 
is an adynamic bone disease, and at PTH over 450 
pg/ml – a high turnover bone disease. However, more 
than two-thirds of the patients are in the 65-450 pg/ml 
range [3]. Some indicators that, in combination, can 
help to make the right diagnosis are shown in Table 1.

Table 1. Bone markers in low and high turnover 
bone disease in CKD

Low turnover 
bone disease

High turnover 
bone disease

PTH low, normal, high very high

ALP Normal High
Calcitonin High High
Serum calcium high, normal low, normal
Serum phosphorus normal, high high, very high
Z-score femur Low very low
Z-score spine Low very low
T-score Low very low

TREATMENT

There are  ve basic options for conservative treat-
ment that can be combined: 1. Limiting the intake of 
phosphorus. 2. Supplementation with calcium. 3. Ap-
plication of phosphate binders. 4. Application of vita-
min D derivatives. 5. Treatment with calcimimetics.

The  rst treatment goal is to correct hyperphospha-
temia and hypocalcaemia. In patients with high and 
very high levels of PTH and normal or low level of 
serum calcium, if calcium phosphorus does not ex-
ceed 1.8 mmol/l, calcitriol (Rocaltrol) or its synthetic 
analogue (Zemplar, Rayaldee), alpha-calcidol with 
or without calcium supplementation depending on 
the serum levels of calcium, are used. An undesir-
able effect of this treatment is hypercalcemia and 
hyperphosphatemia. The application of vitamin D an-
alogues in early-stage CKD patients may delay the 
progression of bone disease, improve bone histology, 

and lead to a reduction in the incidence of secondary 
hyperparathyroidism. When used in stage 3 and 4 of 
CKD, they are effective in lowering PTH levels and 
improving bone mineralization [1].

Vitamin D analogues are recommended in patients 
with CKD stages 3-5 who are not on dialysis and in 
whom the serum parathyroid hormone (PTH) level is 
elevated or has been persistently rising. Vitamin D 
increases the absorption of calcium in the intestines 
and helps to prevent secretion of calcium in the kid-
neys. By increasing calcium levels in serum, it helps 
to decrease phosphate and PTH levels, as well as 
bone resorption [24].

Vitamin D analogues:
1. Calcitriol (Rocaltrol)  Calcitriol (1,25-dihydroxy-

cholecalciferol or 1,25-dihydroxyvitamin D3), the 
potent active metabolite of vitamin D, can be used 
to suppress PTH production and secretion in sec-
ondary hyperparathyroidism. In addition, calcitriol 
can alleviate hypocalcemia in CKD by increasing 
intestinal calcium absorption and helping to pre-
vent secretion of calcium in the kidneys. 

 Chronic renal dialysis associated hypocalcemia: 
initial: 0.25 mcg p.o. q.d. to every other day; titrate 
by 0.5-1 mcg/day q.d. 4-8 weeks;

 Secondary hyperparathyroidism in moderate to 
severe kidney disease: 0.25 mcg/day p.o.; may in-
crease to 0.5 mcg/day;

2. Paricalcitol (Zemplar) is a synthetic vitamin D 
analogue that binds and activates vitamin D re-
ceptors in the kidneys, parathyroid glands, intes-
tines, and bones. It is used for the prevention 
and treatment of secondary hyperparathyroid-
ism associated with CKD stages 3-4 and stage 
5 patients on hemodialysis or peritoneal dialy-
sis. It reduces PTH levels, improves calcium and 
phosphorus homeostasis, and stimulates bone 
mineralization.

In CKD stage 5:

 Paricalcitol is indicated for prevention and treat-
ment of secondary hyperparathyroidism associ-
ated with chronic kidney disease (CKD) stage 5 
in patients on hemodialysis or peritoneal dialysis;

 Initial 0.04-0.1 mcg/kg i.v. 3 x/week, no more fre-
quently than every other day; 

 Titrate up or down by 2-4 mcg q2-4 weeks;

 Up to 0.24 mcg/kg p.o. have been administered.

In CKD stage 3 and 4:

 Paricalcitol is indicated for prevention and treat-
ment of secondary hyperparathyroidism associ-
ated CKD;
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 PTH  500 pg/mL: 1 mcg p.o. q.d. or 2 mcg p.o. 3 
times/week;

 PTH > 500 pg/mL: 2 mcg p.o. q.d. or 4 mcg p.o. 3 
times/week;

 Administer 3 times/week, no more frequently than 
every other day;

 Titrate dose based on response.

3. Calcifediol (Rayaldee) Extended-release for-
mulation of calcifediol (25-hydroxyvitamin 
D3), a prohormone of the active form of vita-
min D3. Calcifediol is converted to calcitriol by 
CYP27B1, also called 1-alpha hydroxylase, pri-
marily in the kidney. Calcitriol binds to the vita-
min D receptor in target tissues and activates 
vitamin D responsive pathways that result in 
increased intestinal absorption of calcium and 
phosphorus and reduced parathyroid hormone 
synthesis. It is indicated for secondary hyper-
parathyroidism associated with vitamin D in-
suf  ciency in patients with stage 3 or 4 chronic 
kidney disease (CKD) and serum total 25-hy-
droxyvitamin D levels.

Calcium mimetics (like Cinacalcet, Mimpara) resem-
ble the action of calcium and bind to calcium-sensitive 
receptors (Ca-SR) in the parathyroid glands, result-
ing in decreased PTH secretion and lowering serum 
calcium levels. The calcimimetic agent Cinacalcet is 
approved for the treatment of secondary hyperpara-
thyroidism in patients with terminal CRF who require 
hemodialysis [4]. 

Etelcalcetide is a new long-acting (intravenous) 
calcimimetic drug that binds and activates calcium-
sensitive receptor (CaSR) in the cells of the para-
thyroid glands and thus reduces PTH secretion. It 
is used as a bolus injection in the venous dialysis 
system at the end of the hemodialysis treatment 
during the return of the blood or intravenously after 
the return of the blood. Initial dose of 5 mg. Possible 
dose range from 2.5 mg to 15 mg. Three times a 
week. Etelcalcetide is a calci-mimetic intravenous 
drug that shows better control of biochemical indi-
cations compared to placebo and cinacalcet-based 
regimens for the treatment of SHPT in CRF patients 
with hemodialysis. Overall, it has a good tolerability, 
pro  le of adverse events that is consistent with the 
pre-existing concomitant diseases typically associ-
ated with SHPT and the calcimimetes action mecha-
nism. This auspicious bene  t/risk pro  le combined 
with the easy way of intravenous application at the 
end of dialysis (which gives  exibility and applica-
tion control to practitioners) means that ethcalcetide 
represents signi  cant progress compared to exist-
ing therapies. 

Serum phosphate levels can be controlled with 
phosphate binders such as sevelamer (Renagel) or 
calcium salts (calcium-based phosphate binders). 
Sevelamer binds to food phosphates entering the 
gastrointestinal tract and lowers serum phosphate 
levels in patients with chronic renal failure (CRF) on 
hemodialysis. It is a non-adsorbent polymer that does 
not contain calcium. It also acts as a sequestrant of 
bile acids (lowers LDL-cholesterol levels). The drug 
is indicated for control of hyperphosphatemia in adult 
patients on hemodialysis or peritoneal dialysis. Study 
data show that calcium salts (calcium carbonate, cal-
cium acetate) and sevelamer achieve similar control 
of serum phosphate level in hemodialysis patients. 
Sevelamer leads, however, to a greater decrease in 
serum calcium (reduces the incidence of hypercal-
caemia manifestations, probably because it does not 
contain calcium) and PTH as compared to calcium-
based phosphate-binding agents [4]. As a result, 
sevelamer stops the progression of calci  cation of 
the coronary arteries and the aorta, whereas the cal-
cium salts do not have a similar effect (the difference 
between the two types of phosphate binders is visible 
as early as the sixth month of treatment and remains 
signi  cant until the end of the follow-up of patients for 
a period of one year). 

Calcium salt additives were considered to be par-
ticularly effective in patients with terminal CRF not 
only because of their phosphate-binding properties 
but also due to their direct effects of normalizing or 
raising the level of serum calcium in secondary hy-
perparathyroidism and associated metabolic bone 
disease (as a result of increased bone remodeling 
and loss of bone mineral density). However, new 
data have shown that high doses of calcium salts 
may not be as useful in patients with end-stage re-
nal failure as it was previously thought. The results 
of a study show that sevelamer, administered alone, 
resulted in a gradual decrease in intact PTH levels. 
This substance, used in combination with metabolites 
(analogues) of vitamin D, can improve the control of 
hyperparathyroidism. Serum phosphate, calcium and 
intact PTH levels are related to coronary artery and 
aortic calci  cation. Sevelamer treatment reduces the 
hypercalcemia manifestations, improves PTH level 
control, and slows the progression of coronary artery 
and aortic calci  cation compared to calcium salts [4].

Patients with chronic kidney disease are advised to 
avoid foods that are especially high in phosphate; 
high-phosphate foods include dairy products; meats, 
nuts, and other high-protein foods; processed foods; 
and dark colas [29].

In case of dual-energy X-ray absorptiometry (DEXA)-
proven osteoporosis in patients with mild to moderate 
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CRF (stage 2-3), treatment is not different from that 
in menopausal women with normal renal function and 
drugs of choice are bisphosphonates (mainly alen-
dronate and risedronate) as well as raloxifene, teripa-
ratide and denosumab [5].

In a study involving patients with CRF and osteopo-
rosis, treatment with risedronate signi  cantly reduced 
the incidence of vertebral fractures and effectively 
maintained bone mineral density. Similar results were 
also seen with alendronate therapy. In addition, rise-
dronate demonstrated a good safety pro  le – 5 mg of 
the drug per day over a period of more than two years 
was not associated with a signi  cant change in serum 
creatinine [5]. No signi  cant difference was observed 
between controls and participants in the therapeutic 
group in terms of renal function indicators (change in 
serum creatinine levels for two years of follow-up), re-
gardless of base value of GFR (respectively the CRF 
stage). Similar data were also reported in the safety 
assessment of alendronate – the drug did not result 
in worsening of renal function in patients with GFR 15 
ml/min/1.73 m2 [5]. The ef  cacy and safety pro  le of 
bisphosphonates for intravenous administration (iban-
dronate and zoledronic acid) was monitored with  rst 
- third stage CRF patients. Temporary increase in se-
rum creatinine levels as well as the development of 
acute renal failure (ARF) were reported after the in-
troduction of zoledronic acid. To prevent such compli-
cations, zoledronic acid should be applied in a slow 
intravenous infusion (not shorter than 15 minutes), 
patients should be well hydrated and, if possible, co-
administration of medications that reduce glomerular 
 ltration (e.g. NSAIDs) should be avoided [5].

Raloxifene can be applied at all stages of CRF. PTH 
teriparatide derivative does not result in worsening of 
renal function in patients with mild to moderate CRF, 
but there are no data about the safety of the drug at 
GFR less than 30 ml/min. Since PTH is a vasodila-
tor, administration of teriparatide may result in GFR 
increase. It is contraindicated in patients with CRF 
with hypercalcemia and increased base PTH levels. 
Denosumab was approved in 2010 for treatment of 
osteoporosis in postmenopausal women as  rst-
choice therapy. It is a biological agent – a monoclonal 
antibody directed against RANKL (receptor activator 
of the nuclear factor kappa-B ligand, a key media-
tor in bone metabolism). The drug is not excreted via 
the kidneys, is metabolised in the reticuloendothelial 
system and is safe for CRF patients with glomerular 
 ltration to 15 ml/min after three years of application. 
All patients with CRF and osteoporosis are advised 
to take additives of 1200-1500 mg calcium daily and 
adequate vitamin D intake to maintain a serum con-
centration of 25(OH) – Vitamin E above 30 ng/ml [5].

In severe forms of secondary hyperparathyroidism, 
surgical treatment is used. This is recommended for 
PTH serum levels above 600-800 pg./ml. In case 
the parathyroid gland is 5-10 mm and more, it is 
believed that there is autonomous growth, i. e. ter-
tiary hyperparathyroidism has been developed. Then 
conservative treatment can not help, either. Subtotal 
parathyreoidectomy or total parathyreoidectomy with 
immediate autotransplantation is performed in order 
to avoid sustained hypoparathyroidism and adynam-
ic bone disease [1].

An alternative to surgical treatment is local injection 
of alcohol or vitamin D derivatives. Intervention is 
performed under ultrasonographic control by manip-
ulating the largest PTG [1].

In conclusion, ROD is leading cause of increased 
mortality and poor quality of life in patients with CKD. 
It is related to disproportionately high direct and indi-
rect costs of healthcare, respectively of society. 
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