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Metabolism of the phosphate and calcium balance in chronic kidney disease:
 Focus in peritoneal dialysis

(Métabolisme du bilan phosphocalcique dans la maladie rénale chronique : Focus en dialyse péritonéale)

Summary

Patients with chronic kidney disease (CKD) have abnormal 
phosphocalcic metabolism. Biologically, this translates 
into hypocalcemia, hyperphosphatemia, secondary or even 
tertiary hyperparathyroidism, and increased total and bone 
alkaline phosphatases. The clinical consequences are an 
increase in morbidity and mortality, with cardiovascular 
disease in particular, and bone complications secondary 
to abnormalities in bone remodeling, with a consequent 
risk of fracture. Only 25% to 50% of peritoneal dialysis 
(PD) patients have a phosphocalcium balance within 
the recommended targets. It is essential to correct this. 
Particular attention must be paid to the choice of calcium 
concentration in glucose solutions, taking into account 
the clinical context and favoring low-calcium solutions 
(concentration at 1.25 mmol/L). Diet and dietary monitoring 
are recommended as first-line treatment, with calcium-
free phosphate binders if necessary. The aim is to avoid 
hypercalcemia and hyperphosphatemia. Finally, phosphate 
extraction is more important in continuous ambulatory PD 
(CAPD) than in automated PD (APD).
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Résumé

Les patients atteints de MRC ont une anomalie du métabolisme 
phosphocalcique. Elle se traduit biologiquement par 
l’apparition d’une hypocalcémie, d’une hyperphosphatémie, 
d’une hyperparathyroïdie secondaire voire tertiaire et d’une 
augmentation des phosphatases alcalines totales et osseuses. 
Les conséquences cliniques sont une augmentation de la 
morbi mortalité en favorisant notamment les maladies 
cardiovasculaires et les complications osseuses secondaires 
aux anomalies du remodelage osseux favorisant le 
risque fracturaire. Seulement 25 à 50% des patients en 
dialyse péritonéale ont un bilan phosphocalcique dans 
les cibles recommandées. Il est essentiel de le corriger. 
Une attention particulière doit être portée sur le choix de 
la concentration en calcium des solutions glucosées en 
tenant compte du contexte clinique et en favorisant les 
solutions de faible teneur en calcium (concentration à 1,25 
mmol/L). Un régime alimentaire et un suivi diététique sont 
recommandés en première intention avec au besoin des 
chélateurs de phosphate sans calcium. Le but étant d’éviter 
l’hypercalcémie et l’hyperphosphatémie. Enfin l’extraction 
du phosphate est plus importante en DPCA qu’en DPA.
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Introduction

Biological abnormalities of the phosphorus–calcium balance are a constant feature of chronic 
kidney disease (CKD), appearing as early as stage 2 and leading to parathyroid gland hyperplasia, 
bone complications (specific and aspecific), and cardiovascular complications. Together, these 
are known as the mineral and bone disorders of CKD. The aim of this article is to describe 
these abnormalities in patients with stage 5 CKD (CKD5) treated with peritoneal dialysis (PD). 
We begin with a brief review of phosphocalcic metabolism in CKD, its clinical and biological 
consequences, and a brief reminder of a few recommendations. We will then discuss the clinical 
consequences of these abnormalities in PD patients and the impact of dialysate bag calcium 
concentration on these abnormalities.

1) Phosphocalcium metabolism in chronic kidney disease

1-a) Pathophysiology: A reminder

	 • Hyperphosphatemia

At the steady state, inorganic phosphate is filtered by the glomeruli. Around 70% to 80% is 
reabsorbed by the cotransporter (Npt2a) in the proximal tubules and 20% to 30% in the distal 
tubules. This reabsorption depends not only on phosphatemia but also on the serum levels of the 
parathyroid hormone (PTH), FGF23 (fibroblast growth factor 23), and vitamin D. In CKD, from 
stage 2 onward, phosphate homeostasis is impaired. When the glomerular filtration rate (GFR) 
falls below 30 ml/min, compensatory phenomena are overwhelmed, and hyperphosphatemia 
develops. Hyperphosphatemia, secondary to the drop in the GFR, leads to hyperplasia of 
the parathyroid glands (i.e., secondary hyperparathyroidism, either through direct action on 
parathyroid cells or indirectly via hypocalcemia induced by the formation of a phospho-calcium 
complex and the drop in calcitriol). The stimulation of PTH via its action on increased bone 
turnover aggravates hyperphosphatemia.

	 • 25 OH vitamin D

Native vitamin D (25 OH vitamin D) comes from plants, vitamin D2 and the UV-induced 
transformation of 7-dehydrocholesterol (a cholesterol derivative) into vitamin D3 (cholecalciferol) 
in the skin. It is hydroxylated in the liver to 25 OH D2 and D3. Under the regulation of PTH and 
FGF23, it is hydroxylated to 1 α in the kidney. Native vitamin D deficiency is common, affecting 
80% of CKD patients. It alone is associated with the progression of CKD, the occurrence of 
cardiovascular events, and increased arterial stiffness [1] [2]. It is therefore essential to correct it, 
all the more so as it is necessary for the formation of 1,25 0H2 vitamin D, which is consistently 
deficient in CKD patients. Circulating native vitamin D is largely bound to a carrier protein 
(vitamin D binding protein). Only the free 1% and albumin-bound 10% are bioavailable. The 
usual dosage includes all 25 OH vitamin D. Classically, deficiency is defined as a concentration 
below 10 ng/ml, and insufficiency as a concentration between 10 and 30 ng/ml. 

	 • 1,25-OH2 vitamin D deficiency

Deficiency of an alfa hydroxylase, secondary to CKD, enabling the hydroxylation of 25 OH 
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vitamin D (calcidiol), leads to the reduced production of 1,25-OH2 vitamin D (calcitriol). This 
hydroxylation is promoted by PTH and inhibited by FGF23. The result is the reduced absorption 
of calcium and phosphate from the digestive tract as well as hyperplasia of the parathyroid glands. 

	 • Secondary hyperparathyroidism

Stimulation of the parathyroid glands by hypocalcemia, hyperphosphatemia, and calcitriol 
deficiency leads to parathyroid hyperplasia, increasing the blood secretion of PTH. Initially, this 
is secondary hyperparathyroidism. It is then partly controlled by correction of the factors that 
promote it (i.e., hypocalcemia, hyperphosphatemia, and/or calcitriol deficiency). At an advanced 
stage, correction of these factors no longer enables it to be controlled, and it becomes tertiary 
hyperparathyroidism, associated with at least the appearance of a parathyroid adenoma. In this 
case, it is associated with hypercalcemia and is no longer medically controlled. PTH influences 
bone remodeling, with the increased release of calcium from bone into the blood and the increased 
production of FGF23 by fibroblasts.

	 • FGF23 and klotho

FGF23 is a hormone secreted by osteoblasts and osteocytes, inhibiting phosphate reabsorption in 
the proximal tubule and suppressing calcitriol synthesis. FGF23 is linked to a co-receptor called 
klotho, which is deficient in CKD. In stage 5 CKD, this deficiency leads to an increase in serum 
phosphate despite elevated FGF23. 

These mechanisms are summarized in figure 1.

1-b) Clinical and biological consequences

The impact of disturbances in phosphocalcium balance during CKD on morbidity and mortality is 
severe. It is associated with increased mortality, cardiovascular events, and bone complications.
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 Figure 1. Phospho-calcium balance abnormalities in CKD
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In fact, this metabolic disorder favors the appearance of calcifications, particularly within the 
vascular wall, affecting either the intima, favoring vessel obstruction, or the media, resulting in 
increased pulse wave velocity, increased arterial stiffness, and left ventricular hypertrophy. The 
intensity of calcification and its impact on morbidity and mortality can be assessed using calcium 
scores, such as the Framingham or Kauppila scores. Calcifications can also reach the vessels of 
the hypodermis and induce a severe pathology known as calciphylaxis, which is also favored 
by the use of antivitamin K. In this case, painful, deep, digging ulcerations, usually proximal, 
appear. They are usually complicated by superinfections and malnutrition. The mortality rate is 
over 50%, depending on the series.

Bone complications are also frequent and severe. They include lesions associated with secondary 
hyperparathyroidism, adynamic osteopathy, and/or osteomalacia. Lesions associated with 
osteoporosis or aluminic osteopathy have also been described. Together, these lesions quadruple 
the risk of fracture in MRC5D patients. Trabecular bone biopsy of the iliac crest, which was 
used to describe and classify bone lesions in renal disease, is no longer routinely recommended 
because it is invasive. However, it is still recommended in cases of pathological fractures, 
hypophosphatemia, unexplained hypercalcemia, and suspected aluminic intoxication. Similarly, 
standard bone X-rays are no longer routinely performed in follow-up [3].

Biological manifestations of abnormal phosphocalcic balance include hypocalcemia, 
hyperphosphatemia, elevated PTH, and a 1,25-OH2 vitamin D deficiency. 

It is recommended to measure total calcium and phosphorus simultaneously at least once a month. 
PTH levels should be checked with the same kit every three months, more frequently in the 
case of active treatment of secondary hyperparathyroidism. Serum 25 OH vitamin D should be 
measured before the start of dialysis and then once a year with an interval of more than two weeks 
after a dose of native vitamin D. The assay may be repeated every three to six months in the event 
of elevated PTH or when monitoring native vitamin D therapy. Total alkaline phosphatase should 
also be measured every three to six months. It should be noted that total alkaline phosphatases 
are elevated in bone diseases (hyperparathyroidism, liver metastases, osteomalacia) and liver 
diseases. Serum bone alkaline phosphatase levels depend in part on osteoblast activity and hepatic 
degradation. BAP levels above 20 g/l are associated with hyperparathyroidism and below 9 g/l 
with adynamic osteopathy. Other bone markers are bone collagen fragments. The most common 
are the carboxy-terminal cross-link telopeptide fragments of bone collagen (cross-laps or CTX), 
released in osteoclastosis. P1NP, osteocalcin, and TRAP5b are also markers of bone remodeling 
but are not routinely used.

The recommendations were updated in 2017 to correct these anomalies [3]. The biological targets 
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Biological parameters Dialysis targets

Total calcium Laboratory standards (2.1-2.55 mmol/L)

Phosphatemia "Towards" the standard

Serum PTH concentration Two to nine times upper laboratory limit

Serum total alkaline phosphatase concentration Laboratory standards

Serum bone alkaline phosphatase concentration 9-20 µg/L

25 hydroxy vitamin D2 or D3 30-50 µg/L

 Table I. Biological values of the Phospho-calcium balance recommended by the KDIGO 2017 [1] in MRC5D 
patients
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to be achieved are in table 1. Among others, it can be noted that for patients at the MRC3A to 5D 
stage, it is recommended to avoid hypercalcemia (2C), to favor calcium-free phosphate binders 
(2B), and for patients at the MRC5 D stage to choose a calcium-poor dialysate with a calcium 
concentration of 1.25 mmol/L to 1.5 mmol/Lin hemodialysis (HD) [1]. 

2) Phosphocalcium balance abnormalities in peritoneal dialysis

2-a) Are the recommended biological targets achieved in peritoneal dialysis?

The impact of dialysis mode on phosphocalcium balance is controversial and poorly described. 
A recent study carried out in the United States from 2007 to 2011 on 132,523 incident MRC5-D 
patients compared phosphocalcium balance according to dialysis mode (in-center HD three times 
a week, PD, long nocturnal HD, and home HD). Patients on long nocturnal HD had significantly 
lower PTH levels than patients on chronic thrice-weekly in-center HD, while patients on PD and 
daily home HD had significantly higher levels [4]. 

The percentage of dialysis patients whose phosphocalcium status is within recommended targets 
is poorly studied in HD and PD. Two studies have attempted to answer this question based on 
the 2009 KDIGOs. The first is a prospective multicenter study based on the NECOSAD cohort 
(1997–2004). Its main objective was to assess the adequacy of phosphocalcic status at three 
months in incident PD and HD patients. A total of 586 PD patients and 1,043 HD patients were 
included. The percentage of patients within the PD targets was low: 29% for calcemia, 50% for 
phosphate, 58% for phosphocalcium product, and around 25% for PTH levels. The same applies 
to HD [5]. 

Another study confirms this result. This time, it comes from the BRAZPD II cohort of PD 
patients, which includes 65%–70% of prevalent patients in Brazil. The aim of this prospective 
observational study, which ran from 2004 to 2011, was to assess phosphocalcium levels one year 
after the start of PD treatment . At one year, 50.4% of the patients were within calcium targets, 
54.7% within phosphatemia targets, and 28.5% within PTH targets [6].

Finally, recently, the prospective multicenter observational pDOPPS study, including adult PD 
patients from 2014 to 2022, reported that only 25% to 33% of patients had PTH levels within 
recommended targets, 38% to 62% for serum calcium [7], and 37% of patients had phosphatemia 
above 5.5 mg/dl [8] with significant international variability.

We can conclude that the recommended targets are achieved in only 25% to 50% of cases. 
Correcting this disorder is difficult. This can be partly explained by the heterogeneity of clinical 
practices. This was highlighted in an Italian multicenter survey of 107 nephrologists in 2022 [9]. 
On the other hand, non-compliance can also be attributed to frequently reported drug intolerance. 

2-b) What is the impact of phosphocalcium metabolism on morbidity and mortality in PD?

	 • Impact on mortality

The impact of abnormal calcium–phosphate balance on mortality has been demonstrated mainly 
in four studies. 
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The leading study is by Rhee et al. [10], from the American registry of 9,244 incident patients. 
Patients were included from 2001 to 2006 and followed up until 2019. There is a linearly 
increased risk of all-cause mortality with alkaline phosphatase levels above 150 U/L. The odds 
ratios and confidence intervals are 1.18 [1.03–1.36], 1.27 [1.08–1.50], 1.49 [1.23–1.79], and 1.35 
[1.19–1.53] for alkaline phosphatase concentrations of 150–170 U/L, 170–190 U/L, 190–210 
U/L, and over 210 U/L, respectively [10]. The risk of mortality according to PTH level describes 
a U-shaped curve, with an excess risk when PTH levels are below 200 pg/ml and above 700 
pg/ml. The odds ratios and confidence intervals are 1.25 [1.12–1.41], 1.12 [1.02–1.23], 1.06 
[0.96–1.18], 1.09 [0.97–1.24], 1.12 [0.97–1.29], 1.18 [0.99–1.40], and 1.23 [1.09–1.3] for PTH 
concentration levels of less than 100 pg/mL, 100–200 pg/mL, 300–400 pg/mL, 400–500 pg/mL, 
500–600 pg/mL, 600–700 pg/mL, and more than 700 pg/mL, respectively [10].

These results were confirmed in the following three studies. 

The first is a Chinese retrospective single-center study including 1,662 incident continuous 
ambulatory PD (CAPD) patients from 2006 to 2013. The results show an increased risk of all-
cause and cardiovascular mortality when patients have phosphatemia below 1.13 mmol/L or 
well above 1.78 mmol/L (OR: 1.818, 95% CI [1.379–2.396] and 2.069, 95% CI [1.428–2.998]), 
a phosphocalcic product greater than 55 mg /dl22 (OR 1.735, 95% CI = [1.261–2.386] and 
2.175, 95% CI [1.450–3.262]), and a calcemia lower than 2.1 mmol/L. Each mmol/L of albumin-
corrected serum calcium reduced the risk of all-cause mortality by 14.3% [0.749–0.981] [11].

In the second study, the aim was not only to assess the impact of phosphocalcic status on 
cardiovascular and all-cause mortality but also on diuresis and transfer to HD. The results 
show that hypercalcemia, hyperphosphatemia, and hyperparathyroidism are associated with an 
increased risk of mortality. Hypocalcemia is associated with a more rapid decline in residual renal 
function. Transfer to HD is less frequent when phosphatemia is normal or low and serum PTH 
levels are low (<200 pg/ml) [12]. 

Finally, the strength of the third study (pDOPPS) is that it is international. The increased risk of 
cardiovascular and all-cause mortality in cases of hyperphosphatemia, PTH levels below 300 
pg/ml and above 599 pg/ml, and hypercalcemia was also found [8] [7]. The extent of vascular 
calcifications impacts mortality not only in the general population but also in PD patients. A 
European prospective observational multicenter study from 2009 to 2013 including 269 PD 
patients showed increased mortality risk in patients with a severe Kauppila score [13].

FGF23 levels are increased in CKD and are associated with excess mortality [14]. FGF23 levels 
are lower in PD than in chronic in-center HD [15]. A retrospective single-center study of patients 
treated with CAPD from 2005 to 2011 assessed the impact of FGF23 levels on mortality. Two 
hundred and five patients were included. The risk of mortality was higher in patients with high 
levels (FGF23 > 119 RU/ml), with an OR 2.87 95% CI [1.06–7.76] [16]. In a more recent study, 
FGF23 was an independent risk factor for cardiovascular events in 270 CAPD patients [17].

	 • Impact on bone complications

Abnormalities in the phosphocalcium balance have an impact on bone remodeling, fracture risk, 
and mortality. The risk of fracture is lower in PD than in HD [18]. Few studies have described 

jo
ur

na
l o

ffi
ci

el
 d

u 
Re

gi
st

re
 d

e 
D

ia
ly

se
 P

ér
ito

né
al

e 
de

 L
an

gu
e 

Fr
an

ça
is

e 
  R

D
PL

F 
  w

w
w.

rd
pl

f.o
rg

www.bdd.rdplf.org   Volume 7, n° 3, Sept 2024
https://doi.org/10.25796/bdd.v7i3.83573

                                        	   ISSN 2607-9917

Calcium-phosphate metabolism



115

bone damage in PD patients. However, the first showed that in 57 patients treated with PD, most 
had adynamic osteopathy (63.2%) and that plasma PTH levels had a good positive predictive 
value for adynamic osteopathy at less than 150 pg/ml and for bone hyper-remodeling at more 
than 450 pg/ml. In the same article, PTH stimulation by hypocalcemia was greater in adynamic 
bone than in hyper-remodeling bone (166.4% ± 134% vs. 83.5% ± 73.6%) [19].

Furthermore, after one year of dialysis, bone demineralization was greater in incidental HD 
patients (n = 104) than in PD patients (n = 138). This bone demineralization is associated 
with an increased risk of mortality [20]. It is now recommended to perform biphoton X-ray 
absorptiometry in patients with suspected bone demineralization and fracture risk so as to initiate 
preventive treatment. A bone biopsy may be necessary to assess bone turnover and determine the 
appropriate treatment. Such management requires close collaboration with rheumatologists [3]. 

	 • Impact on peritoneal infections

Abnormalities in phosphocalcic balance have an impact on the occurrence of infections. 
In general, age, level of inflammation, and nutritional status influence PTH levels in patients with 
CKD. PTH levels are implicated in the dysregulation of the immune response to infection. Thus, 
a PTH level below 150 pg/ml is associated with an independent risk of mortality from infectious 
causes in HD and PD patients [21].

In this Chinese single-center retrospective study with a seven-year follow-up, 270 incident PD 
patients were included from 2012 to 2018 and grouped according to their PTH level (below 
150 pg/ml, between 150 and 300 pg/ml, and above 300 pg/ml). The aim was to investigate the 
association between risk of peritoneal infection occurrence and PTH level. A PTH level below 
150 pg/ml is an independent risk for peritoneal infection (1.643 [1.01–2.6]). Gram-negative 
infections are significantly more frequent in patients with a PTH level below 150 pg/ml, while 
gram-positive and germ-free cocci infections are significantly more frequent in patients with a 
PTH level above 300 pg/ml [22].

Taken together, these studies demonstrate the impact on morbidity and mortality of abnormal 
calcium-phosphate balance in PD, along with the difficulty of achieving the recommended targets. 
As this data mainly comes from the American and Asian continents, it would be interesting to 
conduct European or French studies to confirm these results in our population. 

2-c) What is the impact of calcium concentration in dialysate solutions on phosphocalcic 
metabolism?

The impact of the choice of dialysate calcium concentration on phosphocalcic balance has been 
well demonstrated in HD [23].

In PD, two calcium concentrations are available for glucose solutions, irrespective of the glucose 
concentration (i.e., 1.25 mmol/L or 1.75 mmol/L). For solutions containing icodextrin or amino 
acids as osmotic agents, the calcium concentration is fixed at 1.75 mmol/L and 1.25 mmol/L, 
respectively. The impact of the choice of calcium concentration on phosphocalcic balance in PD 
therefore concerns glucose solutions only. 
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Glucose solutions with a calcium concentration of 1.75 mmol/L are most frequently used. 
However, the choice of glucose solutions with a calcium concentration of 1.25 mmol/L is 
recommended to avoid a positive calcium balance or hypercalcemia (2C) [24].

A recent meta-analysis of four randomized studies and three observational studies (439 patients) 
shows, despite the heterogeneity of the data, that the use of dialysate solutions with a calcium 
concentration of 1.25 mmol/L results in a greater reduction in blood calcium levels than solutions 
with a calcium concentration of 1.75 mmol/L and a greater increase in PTH, with no impact 
on blood phosphorus levels or on the occurrence of peritoneal infection. Conversely, glucose 
solutions with a calcium concentration of 1.75 mmol/L induce a greater decrease in PTH levels 
[25].

However, these changes, linked to variations in the calcium concentration of glucose solutions, 
were not found in this recent prospective single-center study, in which 20 prevalent PD patients 
usually treated with solutions containing a calcium concentration of 1.75 mmol/L received 
treatment with 1.25 mmol/L solutions. On the other hand, there was an increase in the prescription 
and consumption of calcitriol, which promotes calcium absorption and thus limits hypocalcemia 
[26]. Finally, the calcium concentration of glucose solutions has no impact on the calcium score 
at two years [27].

In light of these studies and recommendations, various authors suggest choosing the calcium 
concentration of the dialysate according to the clinical context. A low-calcium solution (1.25 
mmol/L) should be considered in cases of hypercalcemia and/or low PTH and a high-calcium 
solution (1.75 mmol/L) in cases of hyperparathyroidism. The calcium concentration of the 
solution should first be chosen according to the biological parameters; then a second step is to 
prescribe an oral treatment aimed at correcting abnormalities in the phosphocalcic balance, which 
will limit digestive intolerance and non-compliance.

2-d) What is the impact of peritoneal properties and dialysis mode in PD (CAPD versus APD) on 
phosphocalcium balance?

Few studies on this subject are available. A single-center observational study to investigate 
phosphate clearance according to peritoneal properties and dialysis mode shows that phosphate 
and creatinine have different peritoneal clearances and diffusion. Moreover, phosphate elimination 
is better in CAPD than in automated PD (APD), whatever the type of peritoneum (fast, slow, 
medium-slow, or medium-fast transporter), even though hyperphosphatemia is more frequent in 
the case of slow peritoneum and peritoneal phosphate clearance is poorer. CAPD would therefore 
be the most suitable dialysis modality in PD in cases of hyperphosphatemia [28]. 

In conclusion, phosphocalcium balance abnormalities in PD are frequent and associated with 
significant morbidity and mortality. Unfortunately, few patients achieve the recommended 
targets. To achieve this, patients need to have an appropriate calcium, phosphate, and protein diet 
as well as regular dietary monitoring. It is vital to preserve residual renal function. The choice 
of glucose dialysate solutions according to calcium concentration is essential, as is the type of 
PD modality (CAPD versus APD) depending on the patient’s profile. Finally, this is difficult 
to do without drug treatments, but their prescription must be preceded or at least accompanied 
by the preceding measures. Hyperphosphatemia must be corrected, avoiding calcium phosphate 
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binders, hypocalcemia must be corrected (without inducing hypercalcemia), and vitamin D intake 
and PTH levels must be controlled via calcimimetics.
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