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treatments and biochemical parameters were collected from each patient. Serum calcium,
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phosphorus and PTH levels were categorized according to the recommended ranges in the
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KDOQI and KDIGO guidelines.
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Results: The mean age of the patients was 59.5 ± 15.6 years, with a mean time on hemodial-
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ysis of 58.0 ± 54.2 months. All patients were dialyzed with a calcium concentration in the
dialysis fluid of 3.5 mEq/l and 68.9% of patients were prescribed phosphate-binding agents
(98.4% of them calcium carbonate). A high percentage of patients showed serum calcium
above, and serum phosphorus below, the recommended ranges in the KDOQI guidelines
(32.8% and 37.3%, respectively). More than half of the patients had serum PTH values below
the recommended ranges of both the KDOQI and KDIGO guidelines (56.4% and 51.6%, respectively).

DOI of original article:
https://doi.org/10.1016/j.nefro.2017.09.011.
夽
Please cite this article as: Méndez-Chacón P, Riccobelli N, Dionisi MP, Sánchez-Álvarez E, Bardales-Viguria F, Méndez-Chacón Rodríguez
C, et al. Influencia de la sobrecarga de calcio sobre el metabolismo óseo y mineral en 55 centros de hemodiálisis de Lima. Nefrologia.
2018;38:279–285.
∗
Corresponding author.
E-mail address: cannata@hca.es (J.B. Cannata-Andía).
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Conclusions: Patients included in this study were younger than those from other studies and
showed both hypophosphataemia and suppressed PTH, probably due to an excessive calcium overload through dialysis fluid and the use of calcium-containing phosphate binding
agents.
© 2017 Sociedad Española de Nefrologı́a. Published by Elsevier España, S.L.U. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).

Influencia de la sobrecarga de calcio sobre el metabolismo óseo y mineral
en 55 centros de hemodiálisis de Lima
r e s u m e n
Palabras clave:

Antecedentes: Las alteraciones del metabolismo óseo y mineral son complicaciones fre-

Enfermedad renal crónica

cuentes de los pacientes de hemodiálisis que presentan una gran variabilidad geográfica.

Hemodiálisis

Objetivos: El objetivo del presente estudio fue evaluar por primera vez dichas alteraciones

Calcio

en pacientes de hemodiálisis de Perú.

Fósforo

Métodos: El estudio incluyó 1.551 pacientes de hemodiálisis de 55 centros concertados con

Hormona paratiroidea

el seguro social de salud de Perú, pertenecientes a la ciudad de Lima. De cada paciente
se recogieron datos demográficos, comorbilidades, tratamientos y parámetros bioquímicos.
Los valores de calcio, fósforo y PTH fueron categorizados según los rangos recomendados
en las guías KDOQI y KDIGO.
Resultados: La edad media de los pacientes fue de 59,5 ± 15,6, con tiempo medio en hemodiálisis de 58,0 ± 54,2 meses. Todos los pacientes se dializaban con una concentración de
calcio en el líquido de diálisis de 3,5 mEq/l y el 68,9% recibían captores de fósforo (98,4% carbonato de calcio). Se observó un alto porcentaje de pacientes con calcio sérico por encima
y fósforo sérico por debajo de los rangos recomendados en las guías KDOQI (32,8% y 37,3%
respectivamente). Más de la mitad de los pacientes tenían valores de PTH por debajo de los
rangos recomendados, tanto en KDOQI como en KDIGO (56,4% y 51,6% respectivamente).
Conclusiones: Los pacientes incluidos en el presente estudio se caracterizaron por ser más
jóvenes que los de otros estudios y por tener hipofosforemia y PTH suprimida, probablemente debido a una excesiva sobrecarga de calcio a través del líquido de diálisis y el empleo
de captores de fósforo con calcio.
© 2017 Sociedad Española de Nefrologı́a. Publicado por Elsevier España, S.L.U. Este es un
artı́culo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/licenses/
by-nc-nd/4.0/).

Introduction
Chronic Kidney Disease-Mineral and Bone Disorder refers to a
disorder that is expressed by of biochemical, skeletal and/or
extraskeletal calcifications.1 A number of studies have shown
an association between this disorder and an increased risk of
mortality.2–12 In order to normalize and improve the management of these disorders, different clinical practice guidelines
have been developed such as KDOQI13 from the National Kidney Foundation, KDIGO14 from the International Society of
Nephrology and guides from Spanish15 and Argentinean16
nephrology societies, among others.
Since the venue of these guidelines, studies have been
sought to know the situation of these alterations in different countries and regions; however, in Latin America there
are only few studies. An exception is the CORES study, published in 2008,17 which included data from 6 Latin American
countries but not from Peru.
The objective of this cross-sectional study was to evaluate
the demographic characteristics, comorbidities, treatments

and different biochemical parameters of patients in CKD5D
treated in 55 private hemodialysis centers in the city of Lima
that had a contract with the country’s social health insurance
(EsSalud). This study is a first step to better understand the
reality of these dialysis centers in Lima in order to implement
strategies aimed at improving the treatment of these patients.

Patients and methods
This is an observational cross-sectional study that includes
1551 patients on hemodialysis from 55 private centers in the
city of Lima, Peru. The data were collected between November and December 2014. The hemodialysis centers included
in this analysis were those centers that obtained in 2014
a contract with EsSalud for conventional hemodialysis care
of patients insured by EsSalud who could not be treated in
the hemodialysis units of the national health system. This
contract established quality standards in terms of personnel,
facilities and service conditions (see document in supplementary material).
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Data collected included: demographic data (age, gender
and time on dialysis), comorbidities (diabetes, parathyroidectomy and previous transplant), treatments (calcium
concentration in the dialysate, dialysis hours per week, type of
phosphate binders) type of vitamin D, treatment with erythropoietin stimulating agents) and biochemical parameters
(calcium, phosphorus, PTH, alkaline phosphatase, albumin,
hemoglobin). All biochemical parameters were measured
in the same central laboratory. Calcium was measured by
a colorimetric method (NM-BAPTA) and phosphate by the
ammonium molybdate method using a P 800 Roche equipment. The kit used for the determination of PTH was Elecsys
2010 from Roche (PTH Biointact 1–84) in a Cobas 601 device
from Roche.
The calcium, phosphorus and PTH values were categorized according to the ranges recommended in the KDOQI
guidelines (calcium corrected for albumin: 8.4–9.5 mg/dl,
phosphate: 3.5–5.5 mg/dl and PTH: 150–300 pg/ml)13 and
KDIGO (calcium: normal values of 8.5–10.2 mg/dl, phosphate:
normal values of 3.0–4.5 mg/dl and PTH: 2–9 times the maximum value of normality 130–585 pg/ml).14 In addition, specific
analyzes were made in which the population was categorized
by quartiles of PTH and phosphate and according to the diagnosis of diabetes, tertiles of time in dialysis, prescription of
phosphate binders and use of active vitamin D.
Population of patients was described as percentage. Mean
and standard deviation or median and interquartile range
were used according to the characteristics of each variable.
The comparison between different groups was performed
using Chi square, Student’s t test, one-way analysis of variance
and/or Wilcoxon test. All statistical analyzes were performed
with software R version 3.0.1 (R Foundation for Statistical
Computing, Vienna, Austria).

Results
The mean age of the patients was 59.5 ± 15.6, with a mean
time in hemodialysis of 58.09 ± 54.2 months; the percentage
of diabetic patients was 30.4%. The demographic characteristics and comorbidities of the population are shown in Table 1.
It is important to note that all patients were dialyzed with a
calcium concentration in the dialysis fluid of 3.5 mEq/l. Phosphate binders was prescribed in 68.9% of patients, mostly
calcium based phosphate binders (98.4% calcium carbonate
and 1.6% sevelamer).
The percentage of patients who had serum calcium and
phosphorus within the ranges recommended in the KDOQI
clinical practice guidelines was 60.5% and 42.7% respectively
(Fig. 1A) and 82.1% and 39.7% according to the KDIGO guidelines (Fig. 1B), while those with higher serum calcium and
serum phosphorus lower than the recommended range by
KDOQI were 32.8% and 37.3% respectively (Fig. 1A). With
respect to PTH, more than half of the patients had values
below the recommended ranges, both in KDOQI and in KDIGO
(56.4% and 51.6% respectively [Fig. 1A and B]). The patients
who had the 3 biochemical parameters (calcium, phosphorus
and PTH) within the ranges recommended by the KDOQI and
KDIGO guidelines represented 4.5% and 12.1% respectively.

Table 1 – Description of patients according to their
demographic characteristics, comorbidities, treatments
and biochemical parameters.
1,551

59.5 ± 15.6

1,549
1,481

53.9
58.0 ± 54.2

1,545
1,551
1,551
1,551

30.4
0.1
1.4
10.5 ± 0.2

1,551

100

0
0
1,551

0
0
100

572

36.9

552
0
20

35.6
0
1.3

Prescription of phosphate
binders
Calcium (n, %)
Sevelamer (n, %)
Lanthanum (n, %)

1,069

68.9

1,051
17
1

67.8
1.1
0.1

Calcium (n, mean ± SD)
(mg/dl)
Calcium corrected by
albumin (n, mean ± SD)
(mg/dl)
Phosphate (mg/dl) (n,
mean ± SD)
PTH (pg/ml) (n, median
[IQR])
PTH (pg/ml) (n,
mean ± SD)
Alkaline phosphatase
(IU/l) (n, median [IQR])
Alkaline phosphatase
(UI/l) (n, mean ± SD)
Albumin (g/dl) (n,
mean ± SD)
Hemoglobin (g/dl) (n,
mean ± SD)

1,551

9.4 ± 0.7

1,551

9.3 ± 0.7

1,551

4.2 ± 1.7

1,547

124.4 [240.3]

1,547

262.9 ± 411.0

1,551

114.0 [73.0]

1,551

153.6 ± 128.4

1,551

4.0 ± 0.4

1,551

10.9 ± 1.9

Age (years) (n,
media ± SD)
Sex (N, % men)
Time on dialysis (months)
(n, media ± SD)
Diabetes (n, %)
Parathyroidectomy (n, %)
Previous transplant (n, %)
Dialysis hours per week
(hours) (n, media ± SD)
Calcium concentration in
the dailysis fluid
2.5 mEq/l (n, %)
3.0 mEq/l (n, %)
3.5 mEq/l (n, %)
Prescription of active
vitamin D (n, %)
Calcitriol (n, %)
Alfacalcidol (n, %)
Paricalcitol (n, %)

Tables 1 and 2 of the supplementary material describe the
patients according to the quartiles of PTH and phosphorus.
The age, percentage of men and diabetics decreased as PTH
increased, while the time on dialysis increased (Table 1 of
the supplementary material). No relevant differences were
observed in the different quartiles of serum phosphate, except
for the increase in the levels of serum albumin with the phosphate (Table 2 of the supplementary material).
The diabetic patients were older (Table 3 of the supplementary material) with a shorter dialysis time and lower PTH
values as compared with non-diabetics. The values of calcium,
phosphate and albumin did not show differences between
both groups (Table 3 of the supplementary material).
The results related to time on dialysis are shown in Table
4 of the supplementary material in which it is observed that
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A

KDOQI

100

< range
in range
> range

% of patients

80
60

60.5

40

32.8

56.4

42.7
37.3
20.1

20

24.8
18.9

6.8

0
Calcium

B

PTH

KDIGO

100
82.1

80

% of patients

Phospahte

60

< range
in range
> range
51.6
39.7
36.0

40

37.5

24.4

20
7.8

10.9

10.1

0
Calcium

Phospahte

PTH

Fig. 1 – Percentage of patients in the ranges recommended
by the KDOQI (A) and KDIGO (B) guidelines.
The ranges recommended by the KDOQI guidelines are
calcium corrected for albumin: 8.4–9.5 mg/dl, serum
phosphate: 3.5–5.5 mg/dl and PTH: 150–300 pg/ml13 and by
the KDIGO guidelines, normal values of serum calcium:
8.5–10.2 mg/dl, serum phosphate: normal values
3.0–4.5 mg/dl and PTH: 2–9 times the maximum value of
normality 130–585 pg/ml.14

the patients with the longest time on dialysis were younger,
with less proportion of men and diabetics and they had higher
serum PTH levels.
The patients on active vitamin D prescription were younger
and had higher values of PTH compared to those who were not
prescribed vitamin D. The values of calcium, phosphorus and
albumin were not different between both groups (Table 2).
Table 3 shows the characteristics of the patients according to the prescription of phosphate binders. The patients
who were prescribed phosphate binders were younger, had
a higher percentage of diabetics and had been on dialysis for
less period of time. There were no differences in serum phosphate between the two groups, nor in the values of calcium,
PTH, alkaline phosphatase and albumin.

Discussion
The present study is the first large-scale study (55 centers,
1551 patients) that describes part of the dialysis population
of Lima, Peru. According to data from the Ministry of Health of
Peru in June 2015,18 there were 12,773 patients on hemodialysis, of which 5400 (42%) were in the capital, Lima. Therefore,
the patients included in the present study (1551) represent
approximately 29% of the dialysis population of Lima and 12%
of the total of the country. As relevant general common features, it should be noted that in this group of patients a high

percentage of patients with suppressed PTH and hypophosphatemia were observed.
Abnormalities in bone and mineral metabolism of chronic
kidney disease are present to a variable degree in all hemodialysis patients with a large geographical variability, due in part
to the different possibilities of access to dialysis treatment
due to socio-economic factors and the differences of health
coverage systems. All these factors are able to influence the
demographic, etiopathogenic factors and evolution of abnormalities of bone and mineral metabolism. The patients of
the present study were younger than those of the COSMOS
studies (64.8 ± 14.2)19 and DOOPS11 (61.7 ± 14.5), but similar to those of CORES,8 the latter performed with patients
from 6 countries in Latin America in which patients from
Peru were not included. Other aspects such as the percentage of diabetics (30.4%) was similar to COSMOS19 (29.5%),
DOOPS11 (35.1%) and the French Phosphate and Calcium
Observatory (FPCO)20 (27.3%). The time on dialysis was also
similar (58.0 ± 54.2 months), COSMOS19 (50.4 ± 52.8 months)
and DOOPS11 (56.4 ± 67.2 months).
A very distinct characteristic of these patients that probably had a great influence on the observed results is that they
were dialyzed in their totality with a calcium concentration in
the dialysis fluid of 3.5 mEq/l, much higher than that reported
in other cohorts.17,19,21 Such high concentrations of calcium in
the dialysis fluid produces a positive net calcium balance,22,23
which causes a transient elevations (not always detectable)
of calcium and suppression of PTH, which are 2 of the most
striking findings of the present study. In addition, the use of
3.5 mEq/l of calcium in the dailysate is far from the recommendations of all clinical practice guidelines, ranging between 2.5
and 3.0 mEq/l.13–16 Another important difference to interpret
the results lies in the weekly dialysis hours of the patients in
this study (10.5 ± 0.2 h), below than the usual standards and
not reaching on average the 4 hours per session.17,24
The use of phosphate binders and active vitamin D (68.9%
and 36.9% respectively) was also reduced as compared with
other studies in Europe, the United States, Australia, Canada
and Japan (COSMOS24 – 85.1% and 48%, DOOPS11 – 90.2% and
52%, FPCO20 – 80% and 48.2%). The results obtained in the
55 centers of Lima are also different from the CORES study
in Latin America, however this comparison is not adequate
because there is only data from patients treated with active
vitamin D (45.5%).8
Although in all the aforementioned international studies
the main phosphate binder was calcium based phosphate binder, the percentage of prescription was lower,
since other types of binders were also used in addition to the calcium based phosphate binders. By contrast,
in this Lima study basically all patients (98.4%) received
calcium-containing phosphate binders. The high calcium
concentration in the dialysis fluid and the almost exclusive use of calcium phosphate binders explains that the
mean value of serum calcium observed in the present study
(9.4 mg/dl) was greater than that observed in the other studies as FPCO (8.9 mg/dl),20 COSMOS (9.1 ± 0.7)5 and DOOPS
(9.3 ± 0.9 mg/dl)11 and therefore the percentage of patients
with serum calcium higher than the ranges recommended in
KDOQI13 and KDIGO14 and also greater than that observed in
COSMOS.19
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Table 2 – Characteristics of patients according to the prescription of active vitamin D.

Age (years) (mean ± SD)
Gender (% men)
Diabetes (%)
Time on dialysis (months) (mean ± SD)
PTH (pg/ml) (mean [IQR])
PTH (pg/ml) (median ± SD)
Calcium (mg/dl) (mean± SD)
Corrected calcium (mg/dl) (mean ± SD)
Phosphate (mg/dl) (mean ± SD)
Alkaline phosphatase (IU/l) (median [IQR])
Alkaline phosphatase (UI/l) (mean ± SD)
Albumin (g/dl) (mean ± SD)
Hemoglobin (g/dl) (mean ± SD)

All (n = 1551)

No (n = 979)

Yes (n = 572)

P value

59.5 ± 15.6
53.9
30.4
58.0 ± 54.2
124.4 [240.2]
262.9 ± 411.0
9.4 ± 0.7
9.3 ± 0.7
4.2 ± 1.7
114.0 [73.0]
153.6 ± 128.4
4.0 ± 0.4
10.9 ± 1.9

60.2 ± 15.6
55.5
30.0
59.6 ± 53.5
113.7 [194.8]
237.8 ± 367.4
9.3 ± 0.7
9.3± 0.7
4.2 ± 1.7
115.0 [72.3]
155.8 ± 134.6
4.0 ± 0.4
10.9 ± 1.9

58.3 ± 15.6
51.2
31.2
55.3 ± 55.1
157.0 [278.8]
306.0 ± 473.7
9.4 ± 0.7
9.3 ± 0.7
4.2 ± 1.7
114.0 [76.8]
149.8 ± 116.9
4.0 ± 0.4
10.9 ± 1.9

0.018
0.1
0.7
0.1
<0.001
0.003
0.6
0.8
0.8
0.4
0.4
0.6
0.8

Table 3 – Characteristics of patients according to the prescription of phosphate binders.

Age (years) (mean ± SD)
Sex (% men)
Diabetes (%)
Time on dialysis (months) (Average ± DS)
PTH (pg/ml) (median [IQR])
PTH (pg/ml) (mean ± SD)
Calcium (mg/dl) (mean ± SD)
Corrected calcium (mg/dl) (mean ± SD)
Phosphorus (mg/dl) (mean ± SD)
Alkaline phosphatase (IU/l) (median [IQR])
Alkaline phosphatase (IU/l) (mean ± SD)
Albumin (g/dl) (mean ± SD)
Hemoglobin (g/dl) (mean ± SD)

All (n = 1,551)

No (n = 482)

Yes (n = 1,069)

P value

59.5 ± 15.6
53.9
30.4
58.0 ± 54.2
124.4 [240.2]
262.9 ± 411.0
9.4 ± 0.7
9.3 ± 0.7
4.2 ± 1.7
114.0 [73.0]
153.6 ± 128.4
4.0 ± 0.4
10.9 ± 1.9

60.9 ± 15.7
57.8
26.6
63.5 ± 51.5
125.9 [260.3]
262.9 ± 55.9
9.4 ± 0.7
9.3 ± 0.7
4.2 ± 1.7
116.0 [70.8]
158,6136.0
4.0 ± 0.4
10.9 ± 2.0

58.9 ± 15.6
52.2
32.2
55.7 ± 55.1
123.8 [223.5]
262.9 ± 433.7
9.3 ± 0.7
9.3 ± 0.7
4.2 ± 1.7
114.0 [77.0]
151.3 ± 24.7
4.0 ± 0.4
10.9 ± 1.8

0.021
0.046
0.030
0.01
0.6
1.0
0.4
0.4
0.5
0.5
0.3
0.9
0.6

As already mentioned, in this study there was a high
percentage of patients with very low PTH (Fig. 1A and B),
with mean values much lower than those observed in other
studies,11,17,19 probably due to the marked suppression of PTH
secondary to the large load of oral calcium and through dialysis fluids. Although PTH levels were associated with factors
such as age, sex, time on dialysis and diabetes (Table 1 of the
supplementary material), these variables can not explain the
low levels observed in the present study. A relevant difference
of the present study with respect to others was a younger age,
which could justify higher PTH but not lower. The association
of low bone activity coinciding with a permanent overload of
calcium are 2 factors that favor calcifications in soft tissues,
especially arteries and heart valves.25
Another noticeable finding in this study was the high percentage of patients with low serum phosphorus, more than
the percentages observed in other studies.8,11,19 Hyperphosphataemia is common in hemodialysis because dialysis is not
usually sufficiently effective to eliminate the phosphate incorporated through the diet and the phosphate mobilized from
bone, mainly if the PTH is elevated.26 In the present study,
we do not observe a high percentage of patients with high
serum phosphate, and although we do not have data on protein intake, the observed phosphate levels could suggest a
low protein intake and a higher degree of malnutrition in
these patients; in fact, low phosphorus levels were associated
with lower levels of albumin, the only nutritional indicator
in the study (Table 2 of the supplementary material). Against
this possibility, the average albumin levels observed were

even higher than those observed in other studies. This would
allow us to speculate that while hypophosphatemia is usually responsible for low levels of PTH, the opposite can also
occur when there are important sustained causes of PTH suppression, such as those observed in this study. The sustained
suppression of PTH, resulting in low bone turnover, decreases
the phosphate efflux from bone, and this reduction of phosphorus contribution to the bloodstream may be as important
as a low phosphorus diet in the genesis of hypophosphatemia
in this type of patients.
As it is already known, diabetes, like advanced age, is associated with low remodeling and with decreased PTH. In this
study the presence of diabetes was also associated with lower
PTH values. These results coincide with other studies such as
CORES (patients from Latin America)8 and others5,6 in which
a high percentage of diabetics show low PTH.
In this cohort of patients from Lima, the percentage of
patients receiving VDRA (active vitamin D) was lower than
that observed in other cohorts,17 therefore it is not possible
to explain the high percentage of patients with very low PTH
by an excess of VDRA use. By contrast, patients receiving VDRA
had higher PTH values and were younger, as was observed in
other studies.17,27
Finally, and in relation to the control of hyperphosphatemia, the guidelines recommend the use of phosphate
binders to maintain serum phosphate levels within the recommended ranges,13,14 but guidelines do not specify the type
of binder to be used. In general, it is advisable to avoid the
use of calcium-containing binders in the presence of vascular
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calcifications, hypercalcemia, adynamic bone disease or persistently low PTH levels. In the present study, as expected, due
to the high prevalence of normal and low phosphatemia, phosphate binders were prescribed to less than 70% of patients,
in contrast to 80–95% in other studies.21,24 Contrary to what
was expected in this study, serum phosphorus levels were
not higher in the group of patients with prescription of phosphate binders, a fact that differs from that observed in other
studies21,24,28 and allows us to suspect that the prescription
criteria of phosphorus binders were possibly not homogeneous.
The patients included belong to 55 private centers that
were dialyzed with the common quality standards required by
the National Health System of Peru, but account for only about
1/3 of the patients who are dialyzed in Lima, and therefore do
not represent the total hemodialysis population of Lima or
Peru as a whole, this is a limitation of the study. However, an
important strength of the study is that the biochemical parameters of the 1551 patients were analyzed in a centralized lab
and with the same methodology. Another important positive
aspect is that this analysis represents the first medium-largescale study aiming to know and evaluate the parameters of
bone and mineral metabolism in a dialysis population in Peru.
In summary, patients from this cohort of patients from
Lima are characterized by being younger than other populations of hemodialysis patients studied,11,19,20 with elevated
calcium concentrations in the dialysis fluid, which the exclusive use of calcium phosphate binders thus receiving a large
load of calcium that justify high prevalence of patients with
suppressed PTH. The later justifies a low bone remodeling
that could, together with a possible low intake of phosphorus
(unproven in this study), be responsible for the high prevalence of hypophosphatemia observed in this cohort. The work
provides information that corresponds to approximately 1/3 of
the patients in Lima and a little more than 10% of patients from
Peru, but it does not allow us to generalize the results to the
whole country. However, we consider that it represents a significant contribution to the knowledge of the current scenario
of hemodialysis, at least of an important part of the patients of
Lima. This allows to have enough data to review management
strategies of patients on hemodialysis in order to reduce the
alterations of bone and mineral metabolism in hemodialysis.
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Pronefros SAC, Renal Care, Renexa, Riobranco Inversiones
Medicas SAC, San Fernando, San Juan Masias, San Miguel,
Santa Ana, Santa Ena, Santa Patricia, Santa Rosa, St. Thomas
Aquinas, Serv. of Support Diag. and Terapéutico San Miguel
SA, Servibendesa SA, Servicios Espec. San Camilo S.A.C., Ventanilla, Villa María.Supplementary data
Supplementary data associated with this article can
be found, in the online version, at doi:10.1016/j.nefroe.
2018.03.008.

references

1. Moe S, Drueke T, Cunningham J, Goodman W, Martin K,
Olgaard K, et al. Definition, evaluation, and classification of
renal osteodystrophy: a position statement from Kidney
Disease: Improving Global Outcomes (KDIGO). Kidney Int.
2006;69:1945–53.
2. Block GA, Hulbert-Shearon TE, Levin NW, Port FK. Association
of serum phosphorus and calcium × phosphate product with
mortality risk in chronic hemodialysis patients: a national
study. Am J Kidney Dis. 1998;31:607–17.
3. Block GA, Klassen PS, Lazarus JM, Ofsthun N, Lowrie EG,
Chertow GM. Mineral metabolism, mortality, and morbidity in
maintenance hemodialysis. J Am Soc Nephrol.
2004;15:2208–18.
4. Covic A, Kothawala P, Bernal M, Robbins S, Chalian A,
Goldsmith D. Systematic review of the evidence underlying
the association between mineral metabolism disturbances
and risk of all-cause mortality, cardiovascular mortality and
cardiovascular events in chronic kidney disease. Nephrol Dial
Transplant. 2009;24:1506–23.
5. Fernandez-Martin JL, Martinez-Camblor P, Dionisi MP, Floege
J, Ketteler M, London G, et al. Improvement of mineral and
bone metabolism markers is associated with better survival
in haemodialysis patients: the COSMOS study. Nephrol Dial
Transplant. 2015;30:1542–51.
6. Floege J, Kim J, Ireland E, Chazot C, Drueke T, de Francisco A,
et al. Serum iPTH, calcium and phosphate, and the risk of
mortality in a European haemodialysis population. Nephrol
Dial Transplant. 2011;26:1948–55.
7. Larsson TE, Olauson H, Hagstrom E, Ingelsson E, Arnlov J,
Lind L, et al. Conjoint effects of serum calcium and

n e f r o l o g i a. 2 0 1 8;3 8(3):279–285

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

phosphate on risk of total, cardiovascular, and
noncardiovascular mortality in the community. Arterioscler
Thromb Vasc Biol. 2010;30:333–9.
Naves-Diaz M, Passlick-Deetjen J, Guinsburg A, Marelli C,
Fernandez-Martin JL, Rodriguez-Puyol D, et al. Calcium,
phosphorus, PTH and death rates in a large sample of dialysis
patients from Latin America. The CORES study. Nephrol Dial
Transplant. 2011;26:1938–47.
Noordzij M, Korevaar JC, Dekker FW, Boeschoten EW, Bos WJ,
Krediet RT, et al. Mineral metabolism and mortality in dialysis
patients: a reassessment of the K/DOQI guideline. Blood Purif.
2008;26:231–7.
Palmer SC, Hayen A, Macaskill P, Pellegrini F, Craig JC, Elder GJ,
et al. Serum levels of phosphorus, parathyroid hormone, and
calcium and risks of death and cardiovascular disease in
individuals with chronic kidney disease: a systematic review
and meta-analysis. JAMA. 2011;305:1119–27.
Tentori F, Blayney MJ, Albert JM, Gillespie BW, Kerr PG,
Bommer J, et al. Mortality risk for dialysis patients with
different levels of serum calcium, phosphorus, and PTH: the
dialysis outcomes and practice patterns study (DOPPS). Am J
Kidney Dis. 2008;52:519–30.
Wald R, Sarnak MJ, Tighiouart H, Cheung AK, Levey AS,
Eknoyan G, et al. Disordered mineral metabolism in
hemodialysis patients: an analysis of cumulative effects in
the Hemodialysis (HEMO) Study. Am J Kidney Dis.
2008;52:531–40.
K/DOQI clinical practice guidelines for bone metabolism and
disease in chronic kidney disease. Am J Kidney Dis. 2003;42
Suppl. 3. S1-201.
KDIGO clinical practice guideline for the diagnosis.
Evaluation, prevention, and treatment of Chronic Kidney
Disease-Mineral and Bone Disorder (CKD-MBD). Kidney Int
Suppl. 2009;113:S1–130.
Torregrosa JV, Bover J, Cannata Andia J, Lorenzo V, de
Francisco AL, Martinez I, et al. Spanish Society of Nephrology
recommendations for controlling mineral and bone disorder
in chronic kidney disease patients (S.E.N.-M.B.D.). Nefrologia.
2011;31 Suppl. 1:3–32.
Sociedad Argentina de Nefrología. Consenso de metabolismo
óseo-mineral; 2011. Available from: http://san.org.ar/2015/
docs/consensos/metabolismooseo mineral.pdf [accessed
01.01.16].
Naves-Diaz M, Alvarez-Hernandez D, Passlick-Deetjen J,
Guinsburg A, Marelli C, Rodriguez-Puyol D, et al. Oral active

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

285

vitamin D is associated with improved survival in
hemodialysis patients. Kidney Int. 2008;74:1070–8.
Análisis de la situación
de la enfermedad renal crónica en el Perú; 2015. Available from:
http://www.dge.gob.pe/portal/index.php?option=com content
&view=article&id=598&Itemid=353 [accessed 28.02.16].
Fernandez-Martin JL, Carrero JJ, Benedik M, Bos WJ, Covic A,
Ferreira A, et al. COSMOS: the dialysis scenario of CKD-MBD
in Europe. Nephrol Dial Transplant. 2013;28:1922–35.
Fouque D, Roth H, Pelletier S, London GM, Hannedouche T,
Jean G, et al. Control of mineral metabolism and bone disease
in haemodialysis patients: which optimal targets? Nephrol
Dial Transplant. 2013;28:360–7.
Lopes AA, Tong L, Thumma J, Li Y, Fuller DS, Morgenstern H,
et al. Phosphate binder use and mortality among
hemodialysis patients in the Dialysis Outcomes and Practice
Patterns Study (DOPPS): evaluation of possible confounding
by nutritional status. Am J Kidney Dis. 2012;60:90–101.
Fabrizi F, Bacchini G, di Filippo S, Pontoriero G, Locatelli F.
Intradialytic calcium balances with different calcium
dialysate levels. Effects on cardiovascular stability and
parathyroid function. Nephron. 1996;72:530–5.
Messa P, Cerutti R, Brezzi B, Alfieri C, Cozzolino M. Calcium
and phosphate control by dialysis treatments. Blood Purif.
2009;27:360–8.
Cannata-Andia JB, Fernandez-Martin JL, Locatelli F, London G,
Gorriz JL, Floege J, et al. Use of phosphate-binding agents is
associated with a lower risk of mortality. Kidney Int.
2013;84:998–1008.
London GM, Marty C, Marchais SJ, Guerin AP, Metivier F, de
Vernejoul MC. Arterial calcifications and bone
histomorphometry in end-stage renal disease. J Am Soc
Nephrol. 2004;15:1943–51.
Streja E, Lau WL, Goldstein L, Sim JJ, Molnar MZ, Nissenson
AR, et al. Hyperphosphatemia is a combined function of high
serum PTH and high dietary protein intake in dialysis
patients. Kidney Int Suppl. 2013;3:462–8.
Tentori F, Albert JM, Young EW, Blayney MJ, Robinson BM,
Pisoni RL, et al. The survival advantage for haemodialysis
patients taking vitamin D is questioned: findings from the
dialysis outcomes and practice patterns study. Nephrol Dial
Transplant. 2009;24:963–72.
Isakova T, Gutierrez OM, Chang Y, Shah A, Tamez H, Smith K,
et al. Phosphorus binders and survival on hemodialysis. J Am
Soc Nephrol. 2009;20:388–96.

