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Abstract
Background. Chronic kidney disease–mineral and bone
disorders (CKD–MBD) are important complications of
CKD5D patients that are associated with mortality.
Methods. COSMOS is a multicentre, open cohort, pro-
spective, observational 3-year study carried out in haemo-
dialysis patients from 20 European countries during
2005–07. The present article describes the main character-
istics of the European dialysis population, the current
practice for the prevention, diagnosis and treatment of
secondary hyperparathyroidism and the differences across
different European regions.
Results. The haemodialysis population in Europe is an
aged population (mean age 64.8 ± 14.2 years) with a high
prevalence of diabetes (29.5%) and cardiovascular disease
(76.0%), and 28.7% of patients have been on haemodialy-
sis more than 5 years. Patients from the former Eastern
countries are younger (59.3 ± 14.3 versus 66.0 ± 13.9),
having a lower proportion of diabetics (24.1 versus
30.7%). There were relevant differences in the frequency

of measurement of the main CKD–MBD biochemical par-
ameters [Ca, P and parathyroid hormone (PTH)] and the
Eastern countries showed a poorer control of these bio-
chemical parameters (K/DOQI and K/DIGO targets).
Overall, 48.0% of the haemodialysis patients received
active vitamin D treatment. Calcitriol use doubled that of
alfacalcidiol in the Mediterranean countries, whereas the
opposite was found in the non-Mediterranean countries.
The criteria followed to perform parathyroidectomy were
different across Europe. In the Mediterranean countries,
the level of serum PTH considered to perform parathyroi-
dectomy was higher than in non-Mediterranean countries;
as a result, in the latter, more parathyroidectomies were
performed in the year previous to inclusion to COSMOS.
Conclusions. The COSMOS baseline results show
important differences across Europe in the management
of CKD–MBD.
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Introduction

Chronic kidney disease–mineral and bone disorders
(CKD-MBD) are current complications of CKD patients
with end-stage renal disease (CKD5D). Despite the great
advances in the knowledge of the pathogenesis of these
disorders and the availability of new drugs, the control of
CKD–MBD is still inadequate and it has been associated
with increased morbidity and mortality [1–5].

In order to improve CKD–MBD outcomes, in 2003,
the National Kidney Foundation launched the Kidney
Dialysis Outcome Initiative (K/DOQI) [6], some years
later, in 2009, the Kidney Disease: Improving Global Out-
comes (K/DIGO) initiative launched new CKD–MBD
guidelines [7].

Since the publication of the K/DOQI guidelines, several
retrospective and prospective epidemiological studies have
been carried out in order to better identify the main factors
implicated in CKD–MBD outcomes [8–14]. COSMOS
(Current Management of Secondary hyperparathyroidism
—a Multicenter Observational Study) is a Pan-European
prospective study which aims to survey MBD and clinical
practice patterns in CKD5D patients [15, 16]. The main
objective of COSMOS is to survey bone mineral disturb-
ances in the haemodialysis population in Europe and
current practice for the prevention, diagnosis and treatment
of secondary hyperparathyroidism. In the present report,
the most relevant baseline clinical, biochemical and prac-
tice patterns in Europe are presented.

Materials and methods

COSMOS is a 3-year, multicentre, open-cohort, prospective observa-
tional study surveying bone and mineral disturbances in 20 European
countries including 4500 prevalent CKD5 patients older than 18 years
from 227 dialysis centres. Facilities were identified using a stratified,
random selection methodology and 20 patients from each haemodialysis
facility were randomly recruited. The number of patients per country was
proportional to the haemodialysis population of each country. The larger
countries were divided into three to five geographic areas, and haemodia-
lysis sites were randomly selected within those predefined areas.
Germany was divided into four regions (north, south, west and east),
Italy and France into three regions (north, centre and south), Spain into
three regions (north, south and east) and Poland into five regions (north,
south, east, west and centre). The detailed study protocol design has
been published elsewhere [15]. Only haemodialysis centres with more
than 40 patients were included.

Centre and patient data were entered by site investigators into a web-
based data entry system. Recruitment of sites and patients began in
February 2005 and finished in July 2007. Data were collected in two
web-based-specific forms (Table 1). Each centre completed a centre-
specific form with 15 questions and 119 items including site character-
istics and practice patterns and a patient form with 27 questions and 185
items [15] (Supplementary material, Table S1A and B). The patient data
included laboratory parameters from the previous 6 months before
inclusion. The mean values for these 6 months were calculated for each
patient. The serum parathyroid hormone (PTH) assay used was recorded
in the majority of centres (79.3%). In the corrections of PTH values, the
Elecsys PTH (Roche Diagnostics) was used as a comparator due to its
better performance [17] and also because it was the assay more often
used in COSMOS (42% of the reported assays). PTH levels from sites
measuring bio-intact assay (3.5%, 8 centres) were corrected multiplying
by 1.95, as it has been previously described [18, 19]. Each investigator
received a username and password and data could only be introduced or
modified by the investigator. In order to prevent typographical mistakes,
the values introduced in quantitative variables were contrasted with

predetermined ranges; otherwise, the investigator was required to correct
the introduced value.

The analysis of data (centre and patient forms) was done for the whole
COSMOS population. In addition, a further analysis was performed group-
ing European regions according to economic, historical and sociocultural
similarities. The countries were divided into Eastern (Croatia, Czech Re-
public, Hungary, Poland, Romania and Slovenia) and Western European
countries (Austria, Belgium, Denmark, Finland, France, Germany, Greece,
Italy, the Netherlands, Portugal, Spain, Sweden, Switzerland and UK).
Additionally, a second geographical analysis divided Europe into Mediter-
ranean (Croatia, France, Greece, Italy, Portugal, Slovenia and Spain) and
non-Mediterranean countries (Austria, Belgium, Czech Republic,
Denmark, Finland, Germany, Hungary, the Netherlands, Poland, Romania,
Sweden, Switzerland and UK).

Categorical variables were described as the percentage of patients and
quantitative variables as the mean and standard deviation. One-way
analysis of variance (ANOVA) test for continuous variables and the χ2

test for categorical variables were used to analyse differences between
European regions using the Statistical Analysis Software SAS® (version
9.2). The Cochran–Mantel–Haenszel test was also used for categorical
variables to adjust by age and gender when comparing the different
European regions.

Results

Seventeen out of the 20 included countries recruited more
than 80% of the targeted population—14 of them reached
93.9% or higher, two others more than 50% (Germany
and Italy) and one country recruited 24% (UK). Overall,
76.8% of the targeted population was recruited (Table 2).
Most of the dialysis centres participating in COSMOS

were hospital-based (67.8%), non-academic (73.3%) and
publicly funded (64.6%). (For a full list of centres partici-
pating in the COSMOS study, please see the supplementary
material online). In Eastern Europe and Mediterranean
countries, the percentage of hospital-based dialysis centres
was significantly higher than in Western Europe and non-
Mediterranean countries, respectively. No statistically
significant differences between public or private funding
were observed across regions (Table 3).
Almost 60% of the dialysis patients included were men

and were older than 65 years (overall mean age
64.8 ± 14.2 years) (Table 3). In Western countries, the per-
centage of patients older than 65 years was higher (mean
age 66.0 ± 13.9 years), almost 7 years older on average
than in the Eastern countries. The Mediterranean patients
were also older (3 years) than the non-Mediterranean
patients. Small, but significant, differences in body mass
index and smoking habits were observed between non-
Mediterranean and Mediterranean countries (Table 3).
Slightly less than 20% and 30% of the whole COSMOS
population has been on haemodialysis for <1 and more
than 5 years, respectively (Table 3). The Mediterranean
countries had significantly more long-term (>5 years) and
fewer short-term (<1 year) patients on dialysis (Table 3).
The primary aetiology of CKD showed significant vari-

ations among the different European regions. This was
particularly evident in Western Europe. Diabetic nephro-
pathy, hypertension and glomerulonephritis accounted for
almost 60% of the causes of CKD (Table 3). Diabetic ne-
phropathy as aetiology of CKD, and diabetes as a diagno-
sis in the haemodialysis population were significantly
more frequent in the Western and non-Mediterranean
countries (P < 0.02). In the whole COSMOS population,
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the percentage of CKD diabetic patients on dialysis at the
time of recruitment was close to 30% (Table 3). The
lowest percentage of diabetics (24.1%) was observed in
the Eastern countries.

Conventional low- and high-flux dialysis were the most
frequently used dialysis techniques (90.4% of patients).
Haemodiafiltration and other techniques were used in

9.6% of patients; this figure was slightly higher (11.3%)
in the Mediterranean countries (Table 3). The calcium
concentration in the dialysate used in the different facili-
ties ranged from 2.5 to 3.5 mEq/L; the most frequently
used concentration was 3.0 mEq/L (49.5%, Table 3). This
figure was mainly driven by the Western countries. In the
Eastern countries, the percentage of facilities using 3.5

Table 1. Variables collected from each site (centre-specific form) and from each patient (patient form)

Centre-specific form Patient form

1. Site characteristics (type and funding) 1. Year of birth
2. Centre size (number of patients) 2. Gender
3. Frequency of bone x-ray profile 3. Prescribed dry weight
4. Type of x-ray 4. Height
5. Timing of laboratory data collection 5. Aetiology of CKD
6. Frequency of PTH measurement 6. Year of initiation dialysis
7. Frequency of Ca and P measurement 7. Type of haemodialysis treatment
8. Use of a standard dialysate calcium 8. Haemodialysis hours per week
9. Type of PTH assay used 9. Comorbidity of diabetes
10. Level of PTH considered to initiate treatment 10. Bone biopsy (diagnosis)
11. Route and frequency of vitamin D analogues/metabolites administration 11. Presence of symptomatic bone fractures in previous 1 year
12. Level of PTH considered for parathyroidectomy 12. Presence and year of parathyroidectomy
13. Type of parathyroidectomy 13. Cardiovascular disease events
14. Number of parathyroidectomies performed in the last year 14. Cigarette smoking
15. Clinical guidelines followed 15. Presence of calcifications, technique used for detection and location

16. Calcium concentration in dialysate
17. Phosphate binder usage
18. Nutritional vitamin D usage
19. Vitamin D metabolites/analogues usage
20. Calcimimetics usage
21. Erythropoietic-stimulating agents usage
22. Serum parathyroid hormone (previous 6 months)
23. Serum phosphate (previous 6 months)
24. Serum calcium (previous 6 months)
25. Serum albumin (previous 6 months)
26. Haemoglobin level (previous 6 months)
27. Serum aluminium (previous 6 months)

Ca, calcium; P, phosphorous; PTH, parathyroid hormone; CKD, chronic kidney disease.

Table 2. Facilities and patients targeted and achieved for recruitment in number (n) and percentages (%)

Country Targeted Achieved Achieved/targeted

Facilities (n) Patients (n) Facilities (n) Patients (n) Facilities (%) Patients (%)

Austria 5 100 5 98 100.0 98.0
Belgium 7 140 6 120 85.7 85.7
Croatia 3 60 3 62 100.0 103.3
Czech Republic 7 140 7 140 100.0 100.0
Denmark 3 60 3 58 100.0 96.7
Finland 2 40 2 39 100.0 97.5
France 38 760 32 633 84.2 83.3
Germany 73 1460 51 1018 69.9 69.7
Greece 10 200 10 199 100.0 99.5
Hungary 6 120 6 120 100.0 100.0
Italy 50 1000 28 554 56.0 55.4
The Netherlands 6 120 6 119 100.0 99.2
Poland 15 300 15 302 100.0 100.7
Portugal 10 200 11 203 110.0 101.5
Romania 7 140 7 140 100.0 100.0
Slovenia 2 40 2 46 100.0 115.0
Spain 22 440 21 413 95.5 93.9
Sweden 4 80 4 80 100.0 100.0
Switzerland 3 60 3 60 100.0 100.0
UK 20 400 5 96 25.0 24.0
Total 293 5860 227 4500 77.5 76.8

COSMOS: CKD–MBD in Europe 3
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mEq/L was ∼9% higher than in the Western countries
(Table 3).

The percentage of patients with any kind of cardiovas-
cular event was uniformly high (76.0%) and the percen-
tage of patients in whom calcification was reported was
41.8% (Table 3). Vascular and valvular calcifications were
the most frequent (34.1 and 14.9%, respectively). Re-
ported calcifications were higher in Western, and Mediter-
ranean countries.

In 57.7% of the centres, PTH was frequently
measured (every 3 months or more frequently); this was
particularly evident in the Western countries. In the
remaining centres, PTH was investigated either less fre-
quently or not routinely (Table 4). Serum calcium and
phosphorous were measured monthly or even more
frequently in more than 90% of the centres. This strat-
egy was quite homogeneous across the four European
regions analysed.

Figure 1 shows overall the percentage of patients
achieving the K/DIGO and the K/DOQI targets. Western
and Mediterranean countries showed a better control of
biochemical parameters (Table 4). Most patients (70.5%)
showed serum phosphorous levels above the normal range
(K/DIGO recommendation).
In those centres reporting the PTH assay used (79.3%),

Elecsys PTH (Roche Diagnostics), Immulite 2000-intact
PTH (DPC) and ELISA-PTH (Schering-Cis Bio) were the
most used (33.3, 18.9 and 13.9%, of the reported assays,
respectively) representing 66.1% of the reported assays.
The remaining 33.9% correspond to other 11 assays used
scattered in 61 centres that they were not included in the
corrections or comparisons. Serum PTH was higher
in patients from centres using Immulite 2000-intact PTH
than in patients from centres using Elecsys PTH
(329.1 ± 358.2 versus 284.0 ± 324.5, P = 0.006), but no
significant differences were found between the ELISA-

Table 3. Characteristics of sites and patients

Facilities All
(n = 227)

East
(n = 40)

West
(n = 187)

P-value Medit.
(n = 107)

Non-Medit.
(n = 120)

P-value

Type of centre
Hospital-based (%) 67.8 92.5 62.6 <0.001 74.8 61.7 0.035
Non-academic (%) 73.3 79.5 72.0 0.3 71.7 74.8 0.6
Public (%) 64.6 75.0 62.4 0.1 64.2 65.0 0.9

Patients n = 4500 n = 810 n = 3690 n = 2110 n = 2390
Age (years) (Mean ± SD) 64.8 ± 14.2 59.3 ± 14.3 66.0 ± 13.9 <0.001 66.4 ± 13.8 63.4 ± 14.4 <0.001
≥65 (%) 58.1 40.0 62.1 <0.001 63.5 53.4 <0.001

Gender (males) (%) 59.7 55.7 60.5 0.011 60.2 59.2 0.3
Body mass index (kg/m²)
(mean ± SD)

25.5 ± 10.3 25.2 ± 5.2 25.3 ± 5.0 0.6 24.9 ± 4.8 25.6 ± 5.2 <0.001

<20.0 (%) 11.2 12.7 10.8 0.2 12.5 10.0 <0.001
20.0–<25.0 (%) 43.0 41.5 43.4 44.6 41.6
25.0–<30 (%) 30.4 31.7 30.2 29.5 31.3
≥30.0 (%) 15.4 14.1 15.7 13.4 17.1

Smokers (%) 14.2 14.8 14.0 0.1 12.7 15.4 0.5
Years on haemodialysis 4.2 ± 4.4 3.8 ± 4.0 4.2 ± 4.5 0.014 4.7 ± 5.0 3.7 ± 3.8 <0.001
<1 (%) 18.7 19.6 18.5 0.1 17.1 20.1 <0.001
1–5 (%) 52.7 54.6 52.2 50.4 54.7
>5 (%) 28.7 25.8 29.3 32.6 25.2

Primary aetiology of CKD
Diabetic nephropathy (%) 20.4 16.5 21.3 <0.001 17.7 22.8 <0.001
Hypertensiona (%) 19.3 14.8 20.3 20.8 18.0
Glomerulonephritis (%) 17.8 21.5 17.0 17.3 18.3
Inters/obs nephropathyb (%) 12.8 20.9 11.1 12.7 12.9
Unknown (%) 11.3 7.7 12.1 15.0 8.0
PKD (%) 8.7 10.0 8.5 8.7 8.7
Tumours (%) 1.6 1.1 1.7 1.7 1.5
Others (%) 8.0 7.5 8.1 6.1 9.6

Diabetes (%) 29.5 24.1 30.7 0.016 26.2 32.5 <0.001
Registered CVevents (%) 76.0 76.4 75.9 0.6 76.2 75.8 0.8
Calcification (%) 41.8 26.7 45.1 <0.001 48.2 36.2 <0.001
Type of haemodialysis technique
Conventional low flux (%) 52.8 66.5 49.7 <0.001 51.1 54.2 0.001
Conventional high flux (%) 37.6 26.0 40.2 37.5 37.7
Haemodiafiltration and
other (%)

9.6 7.4 10.1 11.3 8.1

Ca conc. in the dialysate (mEq/L)
2.5 (%) 29.8 42.7 26.8 <0.001 19.9 37.2 <0.001
3.0 (%) 49.5 30.1 54.0 57.3 43.6
3.5 (%) 20.7 27.2 19.3 22.8 19.2

Statistical differences between patients from the European regions were adjusted by age and gender. CKD, chronic kidney disease;
CV, cardiovascular; Ca conc., calcium concentration.
aIncludes nephroangiosclerosis.
bInterstitial and obstructive nephropathy.
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PTH and Elecsys PTH (316.5 ± 342.2 versus
284.0 ± 324.5, P = 0.08).
In COSMOS, the majority of centres (94.5%) initiated

active vitamin D treatment (calcitriol, alfacalcidol and
paricalcitol) with PTH levels between 150 and 499 pg/
mL, half of them between 155 and 299 pg/mL and the
other half between 300 and 499 pg/mL (Table 4). There
were differences in the levels of PTH required to initiate
treatment across the different European regions (Table 4).
The higher the level of PTH considered by each centre to
initiate active treatment, the higher the measured levels of
serum PTH found in patients (Figure 2).
Active vitamin D was used in 48% of patients

(Table 5), calcitriol and alfacalcidol, in similar percen-
tages, accounted for 93.3% of the active vitamin D use
and paricalcitol for 6.7%. The most frequent route of
administration was oral (daily + intermittent). These two
combinations represented 77.9% of the active vitamin D
use, but the oral daily (46.7%) was the most common form.
The intravenous route was much more commonly used in

Table 4. Facilities: frequency of measurement of biochemical parameters

Facilities All
(n = 227)

East
(n = 40)

West
(n = 187)

P-value Medit.
(n = 107)

Non-Medit.
(n = 120)

P-value

Frequency of PTH measurement
Every 3 months or less (%) 57.7 40.0 61.5 <0.001 63.6 52.5 0.1
More than every 3 months (%) 39.2 47.5 37.4 35.5 42.5
Non-routinely (%) 3.1 12.5 1.1 0.9 5.0

Frequency of Ca and P measurement
Every 1 month or less (%) 92.1 97.5 90.9 0.2 90.7 93.3 0.5
More than every 1 month (%) 7.9 2.5 9.1 9.3 6.7

Patients n = 4500 n = 810 n = 3690 n = 2110 n = 2390
K/DOQI initiative
Ca (mg/dL)
<8.4 (%) 12.7 15.4 12.1 <0.001 12.9 12.5 0.011
8.4–9.5 (%) 57.8 49.5 59.7 59.7 56.0
>9.5 (%) 29.5 35.0 28.3 27.3 31.5
P (mg/dL)
<3.5 (%) 7.2 6.7 7.2 <0.001 9.7 4.9 <0.001
3.5–5.5 (%) 51.5 40.8 53.8 58.3 45.4
>5.5 (%) 41.4 52.5 39.0 32.0 49.7
PTH (pg/mL)
<150 (%) 36.5 42.1 35.4 <0.001 31.6 41.1 <0.001
150–≤300 (%) 29.1 24.9 29.9 30.8 27.5
>300–≤800 (%) 27.0 23.4 27.7 29.4 24.8
>800 (%) 7.4 9.6 7.0 8.2 6.7

K/DIGO initiative
Ca (mg/dL)
Below normal range (%) 16.5 18.5 16.1 0.001 16.9 16.1 0.8
Within normal rangea (%) 77.0 72.3 78.0 76.6 77.3
Above normal range (%) 6.5 9.1 5.9 6.5 6.6
P (mg/dL)
Below normal range (%) 2.8 2.4 2.9 0.001 4.2 1.5 <0.001
Within normal rangea (%) 26.7 21.7 27.8 32.5 21.5
Above normal range (%) 70.5 75.9 69.4 63.3 77.0
PTH (pg/mL)
<2 times the upper limita (%) 31.2 37.0 30.1 <0.001 26.2 35.9 <0.001
2–9 times the upper limita (%) 56.1 47.8 57.7 60.8 51.7
>9 times the upper limita (%) 12.7 15.2 12.2 13.0 12.3

Patients: percentage of patients distributed according to different ranges of calcium (Ca), phosphorous (P) and PTH. Statistical differences in patients
were adjusted by age and gender.
aNormal range for serum P 3.0–4.5 mg/dL, serum Ca 8.5–10.2 mg/dL and serum PTH 10–65 pg/mL.

Fig. 1. Percentage of patients within K/DOQI and K/DIGO targets for
serum calcium, phosphorous and PTH.
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the Western and Mediterranean countries. There were
differences in the use of calcitriol or alfacalcidol in the
Mediterranean and non-Mediterranean countries. Calcitriol
use was double that of alfacalcidol in Mediterranean
countries and the opposite was seen in non-Mediterranean
countries. Vitamin D as nutritional replacement was used
in 30.6% of patients. A total of 6.3% of patients were re-
ceiving calcimimetics.

The majority of COSMOS patients (86.4%) were re-
ceiving phosphate binders, 63.4% received calcium-

containing phosphate binders, the latter increasing to
83.1% in the Eastern countries. Despite the high percen-
tage of phosphate binder prescription, 70.5% of patients
showed serum phosphorous levels above the K/DIGO rec-
ommended target (Table 4).
Most dialysis facilities considered parathyroidectomy

when PTH was above 750 pg/mL (87.2%). There were
differences between Mediterranean and non-Mediterra-
nean countries, the latter indicating earlier the surgical
procedure (Figure 3A). The proportion of Mediterranean
facilities not performing parathyroidectomies in the pre-
vious year was higher than in the non-Mediterranean
countries (Figure 3B); however, overall, the percentage of
parathyroidectomised patients was 6.6% with no differ-
ences across all European regions. Subtotal and total para-
thyroidectomy with implants was the preferred surgical
approach (88.5%). Only 17.2% of facilities preferred the
total parathyroidectomy.

Discussion

COSMOS is a prospective study in which haemodialysis
centres and patients were randomly selected from 20
European countries. The only study with comparable
characteristics is the Dialysis Outcomes and Practice
Patterns Study (DOPPS). However, there are relevant dif-
ferences between both study designs; for instance, a
sampling proportional to the haemodialysis population of
each country was performed in COSMOS, meanwhile in
DOPPS, each European country aimed to recruit the same

Fig. 2. Measured serum PTH in patients (patient form) and serum PTH
levels a patient is considered to require active treatment to lower PTH
(centre-specific form) (mean ± standard error of the mean). ANOVA test
was used to analyse statistical differences.

Table 5. Facilities: serum PTH levels required to initiate treatment of secondary hyperparathyroidism and preferred route and frequency of vitamin D
(vit. D) administration

Facilities All
(n = 227)

East
(n = 40)

West
(n = 187)

P-value Medit.
(n = 107)

Non-Medit.
(n = 120)

P-value

Level of PTH to initiate treatment
<150 pg/mL (%) 2.3 5.1 1.7 0.1 2.9 1.7 0.3
150–299 pg/mL (%) 47.5 51.3 46.7 40.8 53.4
300–499 pg/mL (%) 47.0 35.9 49.4 53.4 41.4
>500 pg/mL (%) 3.2 7.7 2.2 2.9 3.4

Frequency/route of active vit. D administration
Intravenous and intermittent (%) 16.7 5.0 19.3 29.9 5.0 <0.001
Oral and intermittent (%) 43.6 52.5 41.7 41.1 45.8
Oral and daily (%) 39.6 42.5 39.0 0.1 29.0 49.2

Patients n = 4500 n = 810 n = 3690 n = 2110 n = 2390
Active vit. D 48.0 48.7 47.8 0.7 45.3 50.4 <0.001
Calcitriol (%) 21.2 22.6 20.9 0.4 25.7 17.2 <0.001
Alfacalcidol (%) 23.6 25.6 23.2 0.2 13.9 32.2 <0.001
Paricalcitol 3.2 0.5 3.8 <0.001 5.8 1.0 <0.001

Active vit. D route
Intravenous (%) 22.1 5.8 25.8 <0.001 39.4 8.5 <0.001
Oral intermitent (%) 31.2 23.1 33.0 30.9 31.4
Oral daily (%) 46.7 71.1 41.2 29.7 60.1

Vit. D nutritional replacement (native vitamin D and/or calcidiol)
25 (OH) D (%) 14.2 22.0 12.5 <0.001 13.7 14.7 <0.001
Vit D (%) 14.6 1.2 17.5 13.0 16.0
Both (%) 1.8 2.1 1.8 0.5 3.1
None (%) 69.4 74.7 68.2 72.8 66.3
Phosphate binders (%) 86.4 91.5 85.3 <0.001 86.4 86.4 1.0

Patients: types of vit. D derivatives, route of administration and phosphate binders. Data from the centre-specific form (facilities) and patient-specific
form (patients). Statistical differences were adjusted by age and gender.
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sample size with similar number of centres and patients
[20]. Thus, while DOPPS design facilitates making country
comparisons, the COSMOS design has a proportional rep-
resentation of Europe as a whole. Initially, in order to obtain
a representative sample of the European haemodialysis
population, COSMOS aimed to recruit 5860 patients from
293 dialysis centres. Upon study completion, 77.5 and
76.8% of targeted centres and patients, respectively, were
recruited. Only the UK was underrepresented with regard to
the initial targets; therefore, COSMOS baseline data can be
considered representative of the European haemodialysis
population during 2005–07.

Some results observed in COSMOS are consistent with
previous reports. Despite the NECOSAD, from the Neth-
erlands, a cohort of incident patients (not prevalent as
COSMOS), they reported a similar mean age of the hae-
modialysis patients to COSMOS (63 ± 14). The mean age
of haemodialysis patients from non-Mediterranean
countries and Western countries (the groups of countries

including the Netherlands) were also similar in COSMOS
(63.4 ± 14.4 and 66.0 ± 13.9, respectively) (Table 3). The
percentages of men were 58.0 and 59.7% in NECOSAD
and COSMOS, respectively [21]. The results from
COSMOS are also comparable with those obtained in the
European countries participating in DOPPS [22];
however, the COSMOS patients were slightly older
(60.4 ± 15.2 versus 64.8 ± 14.2). This small difference
might be due to the different period of data collection;
data from Euro-DOPPS dialysis units were collected from
May 1998 through November 2000, whereas in
COSMOS, the data were collected from February 2005
through July 2007, indicating that the European haemo-
dialysis population is getting older. The mean age found
in COSMOS is also consistent with another recent epide-
miological study (ARO) carried out in Europe between
January 2005 and December 2006, almost the same
period in which a great part of the baseline COSMOS
data were collected (63.4 years in COSMOS and 63.1
years in ARO) [12]. The demographic characteristics of
the COSMOS population are also consistent with the
recent Italian studies FARO and RISCAVID [13–14, 23]
and the French Phosphorus and Calcium Observatory
(FPCO) [24, 25] study.
Diabetes is becoming highly prevalent in Europe and

elsewhere. From 1995 to 1999, the prevalence of type 2
diabetes increased considerably, particularly in the UK,
Germany and France [26]. The COSMOS data revealed
that the most important primary cause of CKD in Europe
is diabetic nephropathy (20.4%), higher than that ob-
served in the NECOSAD study [8] and Euro-DOPPS
[22], supporting the remarkable increase in the prevalence
of this disease. The percentage of diabetes as a diagnosis
in the haemodialysis population was also very high
(29.5%) (almost one-third suffering from this disease)
being similar to that found in the FPCO [24] but higher
than the figures reported in NECOSAD (incident patients
older than 50 years) [27] and Euro-DOPPS [28]. The per-
centage of diabetics is slightly different in COSMOS and
ARO (29.5% in COSMOS and 25.9 in ARO) studies
[12]. However, the countries included in ARO are mainly
from Eastern Europe and from the Mediterranean area.
The percentage of diabetics in these European regions in
COSMOS was more similar to the ARO (24.1 and 26.2 in
Eastern and Mediterranean countries, respectively). The
differences in the percentage of diabetics among the
different European regions might reflect a widespread
group of factors such as genetic, cultural and economic
resources.
The proportion of patients with history of cardiovascu-

lar disease was very high in COSMOS (76.0%) and
similar to that found in ARO [12], FARO [23] and other
studies [29], but much higher than that found in
NECOSAD [30], in the FPCO [24] and in a recently pub-
lished Spanish report [31]. In contrast, the reported preva-
lence of calcifications found in COSMOS was lower than
previous non-observational studies designed to detect vas-
cular calcifications [32, 33]. As COSMOS was not
specifically designed to detect or follow vascular calcifi-
cations, it is likely that the latter has been underestimated
in COSMOS.

Fig. 3. Serum PTH levels considered to perform parathyroidectomy
(PTX) (A) and number of PTX performed during the previous 12
months (B) (centre-specific form). Statistical differences were assessed
by the χ2 test.
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DOPPS reported in the late 1990s that European hae-
modialysis patients were treated mainly by low-flux
(63.1%) and high-flux haemodialysis (25.2%) [34].
COSMOS baseline data, which represent a wide European
dialysis scenario, reveal, almost 6–7 years later, a trend
towards an increased use of high-flux techniques,
especially in Western Europe (40.2% of patients). KDIGO
clinical practice guidelines recommend the use of a dialy-
sate calcium concentration between 2.5 and 3.0 mEq/L
[7]; other authors even recommend lower values [35]. In
COSMOS, it was found that a high percentage of patients
(20.7%) was dialysed with a high calcium dialysate con-
centration (3.5 mEq/L), mainly driven by the Eastern
countries (27.2% of patients).

A great variability among the PTH available assays has
already been described [17, 36]. In some cases, the
differences are so important that a correction is needed; in
our study that was the case of the bio-intact PTH in which
the measured serum values were multiplied by a correct-
ing factor of 1.95 [18, 19]. There were no significant
differences between the Elecsys PTH (Roche Diagnostic)
and the ELISA-PTH (Schering-Cis Bio), but significant
differences were observed between Elecsys PTH and Im-
mulite 2000-intact PTH (DPC), suggesting the conven-
ience to correct the latter. Unfortunately, the correction
was not possible due to the fact that COSMOS did not
collect information regarding whether the PTH analysis
was measured in serum or plasma, data needed to make
the PTH correction [36].

K/DOQI targets achievement was assessed for com-
parative purposes. A slightly better control of all bone
laboratory parameters was found in COSMOS compared
with the NECOSAD [37], but the results were similar to
most of other contemporary studies such as RISCAVID
[14], FARO [13], FPCO [25] and ARO [12]. The results
were not the same across the different European regions
considered in the analysis. Eastern countries showed a
poorer control of the main laboratory parameters, particu-
larly serum phosphorous levels, compared with Western
countries. In addition, patients from Eastern and non-
Mediterranean countries showed a higher percentage of
patients with low serum PTH levels (<150 pg/mL)
(Table 4), despite the fact that there were no important
differences in the percentage of patients treated with
active vitamin D metabolites (Table 5). This result is par-
ticularly striking in the Eastern countries, because these
patients tended to be younger and with a lower proportion
of diabetics. Differences in the modality of treatment,
such as a higher percentage of patients treated with phos-
phate binders (particularly calcium containing phosphate
binders) in the Eastern countries, may account for some
of these differences.

The distribution of patients within K/DIGO targets was
also investigated. The K/DIGO initiative recommend to
maintain the CKD5 patients within the normal range for
serum calcium and phosphorous and within two to nine
times the upper limit of the normal range for serum PTH
[7]. As the K/DIGO guidelines referred only to ‘normal
ranges or times fold from normal ranges’, but no specific
serum values are mentioned, we decided to use cut-off
values for comparison (Table 4) based on the data of

several publications and documents [17, 38–43] and also
based on the more current decision-making values used in
clinical practice. The cut-off values selected as normal
ranges were 3.0–4.5 mg/dL for serum phosphorous, 8.5–
10.2 mg/dL for serum Ca and 10–65 pg/mL for serum
PTH.
Using the K/DIGO criteria, we found results that merit

some comments. One striking observation was the high
percentage of patients that we found above the rec-
ommended serum phosphorous targets (70.5%). The
Eastern and non-Mediterranean countries showed the
highest percentages (75.9 and 77%, respectively), but also
a poorer control of serum PTH.
These high figures stress the difficulties in achieving

some guidelines targets, which in some cases, like in
serum phosphorus, despite the fact that 86.4% of patients
were receiving phosphate binders, only 26.7% achieved
the recommended K/DIGO serum phosphorus values.
The knowledge of these results involve some potential
benefits and risks. On the one hand, they can stimulate a
more careful and systematic control of the phosphate in-
cluding a more tailored use of phosphate binders [44, 45],
but on the other hand, there is a potential risk to think
that these kind of ‘normal targets’ will never be achieved,
becoming more an ‘academic and ideal but not a practical,
feasible and achievable goal’, a fact which may relax the
willingness and effort to achieve them.
Another interesting finding is the results observed in

serum PTH. Despite the wider range of ‘normality’ in
PTH of the K/DIGO compared with the K/DOQI targets,
only 56.1% of patients showed PTH levels within the rec-
ommended two to nine times the upper limit of the
normal range, despite 48% of them receiving calcitriol,
alfacalcidol or paricalcitol, 30.6% native vitamin D or cal-
cidiol, 6.3% calcimimetics and 86.4% phosphate binders.
The analysis of the PTH levels out of target (43.9%) re-
vealed that 71.1% of them showed serum PTH levels in
the ‘low-bone turnover’ range.
The different availability and the cost of the drugs used

to treat secondary hyperparathyroidism and other abnorm-
alities of the CKD–MBD constellation may have contrib-
uted to the different control in some of the biochemical
parameters observed in COSMOS. However, the different
strategies and policies followed by each centre or country
may have also played a role. For example, the centres
which planned to initiate treatment with active vitamin D
at lower serum PTH levels achieved in their patients
lower serum PTH levels (Figure 2).
In COSMOS, the minority of haemodialysis patients

(30.6%) were receiving some form of native vitamin D,
similar to the FPCO (32.3%) [24]. In contrast, 48% of the
patients received active vitamin D metabolites, a figure
higher than that observed in the FPCO [24], but lower
than that found in the FARO [13] and RISCAVID [14]. In
agreement with data from the FPCO [24] and FARO [13],
oral administration of active vitamin D was the predomi-
nant route of administration in COSMOS. The oral use of
active vitamin D metabolites was more frequent in
Eastern and non-Mediterranean countries.
A larger proportion of COSMOS patients received

phosphate binders (86.4%) as it has been described in
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previous studies [13, 21, 46]. Given the fact that the use
of high doses of calcium-containing phosphate binders
has been associated with increased coronary artery and
aortic calcification [47–50], it is important to note that
calcium-containing phosphate binders were the most
common phosphate binders prescribed (63.4%) in the
COSMOS population, higher than that found in the FPCO
(57.0%) [25] and in FARO (47%) [13], reaching the
highest proportions in Eastern and non-Mediterranean
countries (Table 5).

Despite the existing effective therapies for the treatment
of secondary hyperparathyroidism, the proportion of hae-
modialysis patients parathyroidectomized was still high
(6.6%), similar to the FPCO (7.1%) [24]. However, it is
important to stress that COSMOS and FPCO baseline
data reflect just the beginning of the use of new drugs,
like calcimimetics and new vitamin D receptor activators
such as paricalcitol, so that the possible benefits of these
new compounds in the management of secondary hyper-
parathyroidism cannot be evaluated in this baseline
COSMOS analysis.

There were important differences within the European
regions in the serum cut-off PTH levels used for deciding
when to perform a parathyroidectomy. In the Mediterranean
countries, 63.1% of dialysis centres considered performing a
parathyroidectomy when PTH was higher than 1000 pg/mL,
in contrast to lower cut-off levels found in the non-Mediter-
ranean countries (Figure 3A). As a consequence, the percen-
tage of dialysis centres performing parathyroidectomies in
the previous 12 months of the inclusion in COSMOS was
lower in the Mediterranean countries (63.6 versus 75.0%,
Figure 3B). Despite the differences observed in the general
criteria in deciding when to perform a parathyroidectomy,
the percentage of parathyroidectomized patients was homo-
geneous across all regions compared (6.6%).

One important limitation of COSMOS and other obser-
vational studies in which the prescription of drugs is re-
corded is that the real intake of them is unknown as it is a
matter of adherence and compliance. In CKD 5D, almost
all patients are receiving multiple treatments. Some of the
drugs can be perceived to be more important for the
patient than others due to multiple reasons such as better
knowledge of the complications of this specific problem,
mobility advantages, pain relief, positive effect on well-
known heart risk factors, and several others. All these cir-
cumstances may impact the adherence and compliance of
drugs used in the control of the CKD–MBD, which are
not prescribed to solve either acute symptoms or obvious
problems for the patient, thus they can be easily con-
sidered less important, reducing or discontinuing their
intake and consequently impacting negatively on the
achievement of CKD–MBD targets. The implementation
of educational programmes designed to explain and
clarify the importance and advantages of keeping the
serum biochemical markers of CKD–MBD under control
may help to improve results in this area [51].

In summary, the COSMOS baseline results show a real
scenario of the European haemodialysis population
characterized by an elevated age and a high prevalence of
diabetes and cardiovascular disease. The management of
secondary hyperparathyroidism shows differences across

Europe. Patient demographics, medical history, comorbid-
ities, treatment options and laboratory parameters are still
heterogeneous in the different European regions analysed.
Some of the observed differences can be attributed to
differences in financial resources and health-care models,
but others cannot be related to them.
Using the K/DIGO targets for CKD–MBD serum par-

ameters, a great percentage of CKD 5 patients are quite
outside the recommended ranges in the three main serum
biochemical parameters analysed, mainly in serum phos-
phorus. Recent advances in the pathogenesis of CKD–
MBD together with the progressive use of new safe and
active drugs may contribute to a better control of these
disorders in renal patients.

Supplementary data

Supplementary data are available online at http://ndt.
oxfordjournals.org.

Acknowledgements. COSMOS is sponsored by the Bone and Mineral
Research Unit (Hospital Universitario Central de Asturias), SAFIM (So-
ciedad Asturiana Fomento Investigaciones Óseas), the European Renal
Association-European Dialysis and Transplant Association, the ISCIII-
Retic-RD06, REDinREN (16/06), Rio Hortega Grant, ISCIII and Funda-
ción Renal Íñigo Álvarez de Toledo (FRIAT). Logistics (meetings, sec-
retarial help, printing of materials, development of Web site for data
entry, etc.) have been financially supported by AMGEN Europe and Fun-
dación Renal Íñigo Álvarez de Toledo (FRIAT). We would like to ac-
knowledge a group of persons who have collaborated at any stage in
COSMOS: José Luis Motellón, Matthew Turner, Julien Chaussy, Bart
Molemans, Wal Zani, Dylan Rosser, Bastian Dehmel, Bruno Fouqueray,
Brian Bradbury, John Acquavella, Jennifer Hollowell, Dave Carter, Phil
Holland, Ana Baños, Caroline Mattin, Cathy Critchlow, Joseph Kim,
Charlotte Lewis, Antonia Panayi, Margit Hemetsberger, Stephen Croft,
Philippe Jaeger, Prisca Muehlebach, Jane Blackburn, Esther Zumsteg,
Silvia Rodríguez, Angel Pérez, Pau Faner, Irantzu Izco, Susana Traseira,
Carmen Castro, Javier Moreno, David Calle and Francesca Pieraccini.
We also acknowledge the COSMOS participating centres (see sup-
plementary material online).

Funding. COSMOS is sponsored by the Bone and Mineral Research
Unit (Hospital Universitario Central de Asturias), SAFIM (Sociedad
Asturiana Fomento Investigaciones Óseas), the European Renal
Association-European Dialysis and Transplant Association, the ISCIII-
Retic-RD06, REDinREN (16/06) and Fundación Renal Íñigo Álvarez de
Toledo (FRIAT). Logistics (meetings, secretarial help, printing of
materials, development of Web site for data entry, etc.) have been
financially supported by AMGEN Europe and Fundación Renal Íñigo
Álvarez de Toledo (FRIAT). The results presented in this paper have not
been published previously in whole or part, except in abstract format.

References

1. Young EW, Albert JM, Satayathum S et al. Predictors and conse-
quences of altered mineral metabolism: the Dialysis Outcomes and
Practice Patterns Study. Kidney Int 2005; 67: 1179–1187

2. Block GA, Hulbert-Shearon TE, Levin NW et al. Association of
serum phosphorus and calcium × phosphate product with mortality
risk in chronic hemodialysis patients: a national study. Am J Kidney
Dis 1998; 31: 607–617

3. Block GA, Port FK. Re-evaluation of risks associated with hyper-
phosphatemia and hyperparathyroidism in dialysis patients: rec-
ommendations for a change in management. Am J Kidney Dis 2000;
35: 1226–1237

COSMOS: CKD–MBD in Europe 9

 by Jorge C
annata-A

ndia on N
ovem

ber 20, 2012
http://ndt.oxfordjournals.org/

D
ow

nloaded from
 

http://ndt.oxfordjournals.org/lookup/suppl/doi:10.1093/ndt/gfs418/-/DC1
http://ndt.oxfordjournals.org
http://ndt.oxfordjournals.org
http://ndt.oxfordjournals.org
http://ndt.oxfordjournals.org
http://ndt.oxfordjournals.org
http://ndt.oxfordjournals.org
http://ndt.oxfordjournals.org/


4. Kimata N, Albert JM, Akiba T et al. Association of mineral metab-
olism factors with all-cause and cardiovascular mortality in hemo-
dialysis patients: the Japan dialysis outcomes and practice patterns
study. Hemodial Int 2007; 11: 340–348

5. Palmer SC, Hayen A, Macaskill P et al. Serum levels of phosphorus,
parathyroid hormone, and calcium and risks of death and cardiovas-
cular disease in individuals with chronic kidney disease: a systema-
tic review and meta-analysis. JAMA 2011; 305: 1119–1127

6. K/DOQI clinical practice guidelines for bone metabolism and
disease in chronic kidney disease. Am J Kidney Dis 2003; 42(Suppl 3):
S1–S201

7. KDIGO clinical practice guideline for the diagnosis, evaluation, pre-
vention, and treatment of Chronic Kidney Disease-Mineral and
Bone Disorder (CKD-MBD). Kidney Int Suppl 2009: S1–S130

8. Noordzij M, Korevaar JC, Dekker FW et al. Mineral metabolism
and mortality in dialysis patients: a reassessment of the K/DOQI
guideline. Blood Purif 2008; 26: 231–237

9. Pisoni RL, Gillespie BW, Dickinson DM et al. The Dialysis Out-
comes and Practice Patterns Study (DOPPS): design, data elements,
and methodology. Am J Kidney Dis 2004; 44(Suppl 2): 7–15

10. Block GA, Klassen PS, Lazarus JM et al. Mineral metabolism, mor-
tality, and morbidity in maintenance hemodialysis. J Am Soc
Nephrol 2004; 15: 2208–2218

11. Naves-Diaz M, Passlick-Deetjen J, Guinsburg A 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: 1938–1947

12. Floege J, Kim J, Ireland E et al. Serum iPTH, calcium and phos-
phate, and the risk of mortality in a European haemodialysis popu-
lation. Nephrol Dial Transplant 2011; 26: 1948–1955

13. Mazzaferro S, Brancaccio D, Messa P et al. Management of second-
ary hyperparathyroidism in Italy: results of the Italian FARO survey.
J Nephrol 2011; 24: 225–235

14. Panichi V, Bigazzi R, Paoletti S et al. Impact of calcium, phosphate,
PTH abnormalities and management on mortality in hemodialysis:
results from the RISCAVID study. J Nephrol 2010; 23: 556–562

15. Cannata-Andia JB, Fernandez-Martin JL, Zoccali C et al. Current
management of secondary hyperparathyroidism: a multicenter obser-
vational study (COSMOS). J Nephrol 2008; 21: 290–298

16. Cannata-Andía JB, Carrera F. The pathophysiology of secondary hy-
perparathyroidism and the consequences of uncontrolled mineral
metabolism in chronic kidney disease: the role of COSMOS. NDT
Plus 2008;1(Suppl 1): i2–i6

17. Souberbielle JC, Boutten A, Carlier MC et al. Inter-method variabil-
ity in PTH measurement: implication for the care of CKD patients.
Kidney Int 2006; 70: 345–350

18. Messa P, Macario F, Yaqoob M et al. The OPTIMA study: assessing
a new cinacalcet (Sensipar/Mimpara) treatment algorithm for sec-
ondary hyperparathyroidism. Clin J Am Soc Nephrol 2008; 3: 36–45

19. Martin KJ, Juppner H, Sherrard DJ et al. First- and second-gener-
ation immunometric PTH assays during treatment of hyperparathyr-
oidism with cinacalcet HCl. Kidney Int 2005; 68: 1236–1243

20. Port FK, Wolfe RA, Held PJ et al. Random sample (DOPPS) versus
census-based (registry) approaches to kidney disease research. Blood
Purif 2003; 21: 85–88

21. Noordzij M, Korevaar JC, Boeschoten EW et al. The Kidney
Disease Outcomes Quality Initiative (K/DOQI) Guideline for Bone
Metabolism and Disease in CKD: association with mortality in
dialysis patients. Am J Kidney Dis 2005; 46: 925–932

22. Rayner HC, Pisoni RL, Bommer J et al. Mortality and hospitaliz-
ation in haemodialysis patients in five European countries: results
from the Dialysis Outcomes and Practice Patterns Study (DOPPS).
Nephrol Dial Transplant 2004; 19: 108–120

23. Brancaccio D, Cozzolino M, Cannella G et al. Secondary hyperpar-
athyroidism in chronic dialysis patients: results of the Italian FARO
survey on treatment and mortality. Blood Purif 2011; 32: 124–132

24. Pelletier S, Roth H, Bouchet JL et al. Mineral and bone disease
pattern in elderly haemodialysis patients. Nephrol Dial Transplant
2010; 25: 3062–3070

25. Pelletier S, Roth H, Bouchet JL et al. Évolution de la prise en
charge de la maladie osseuse et minérale des patients hémodialysés
en France entre juin 2005 et juin 2008. Nephrol Ther 2010; 6:
11–20

26. Passa P. Diabetes trends in Europe. Diabetes Metab Res Rev
2002;18 (Suppl 3): S3–S8

27. de Mutsert R, Snijder MB, van der Sman-de Beer F et al.
Association between body mass index and mortality is similar in the
hemodialysis population and the general population at high age
and equal duration of follow-up. J Am Soc Nephrol 2007; 18:
967–974

28. Locatelli F, Pisoni RL, Combe C et al. Anaemia in haemodialysis
patients of five European countries: association with morbidity and
mortality in the Dialysis Outcomes and Practice Patterns Study
(DOPPS). Nephrol Dial Transplant 2004; 19: 121–132

29. Cheung AK, Sarnak MJ, Yan G et al. Cardiac diseases in mainten-
ance hemodialysis patients: results of the HEMO Study. Kidney Int
2004; 65: 2380–2389

30. Drechsler C, Verduijn M, Pilz S et al. Bone alkaline phosphatase
and mortality in dialysis patients. Clin J Am Soc Nephrol 2011; 6:
1752–1759

31. Collado S, Coll E, Deulofeu R et al. Prevalence of cardiovascular
disease in uraemia and relevance of cardiovascular risk factors.
Nefrologia 2010; 30: 342–348

32. Okuda K, Kobayashi S, Hayashi H et al. Case–control study of cal-
cification of the hepatic artery in chronic hemodialysis patients:
comparison with the abdominal aorta and splenic artery. J Gastroen-
terol Hepatol 2002; 17: 91–95

33. Rodriguez-Garcia M, Gomez-Alonso C, Naves-Diaz M et al. Vascu-
lar calcifications, vertebral fractures and mortality in haemodialysis
patients. Nephrol Dial Transplant 2009; 24: 239–246

34. Canaud B, Bragg-Gresham JL, Marshall MR et al. Mortality risk for
patients receiving hemodiafiltration versus hemodialysis: European
results from the DOPPS. Kidney Int 2006; 69: 2087–2093

35. Gotch F, Levin NW, Kotanko P. Calcium balance in dialysis is best
managed by adjusting dialysate calcium guided by kinetic modeling
of the interrelationship between calcium intake, dose of vitamin D
analogues and the dialysate calcium concentration. Blood Purif
2010; 29: 163–176

36. Souberbielle JC, Roth H, Fouque DP. Parathyroid hormone measure-
ment in CKD. Kidney Int 2010; 77: 93–100

37. Noordzij M, Korevaar JC, Bos WJ et al. Mineral metabolism and
cardiovascular morbidity and mortality risk: peritoneal dialysis
patients compared with haemodialysis patients. Nephrol Dial Trans-
plant 2006; 21: 2513–2520

38. Nussbaum SR, Zahradnik RJ, Lavigne JR et al. Highly sensitive
two-site immunoradiometric assay of parathyrin, and its clinical
utility in evaluating patients with hypercalcemia. Clin Chem 1987;
33: 1364–1367

39. Lederer E, Batuman V. Medscape reference. Hyperphosphatemia.
http://emedicine.medscape.com/article/241185-overview (8 February
2012, date last accessed)

40. NIH-Medline Plus. Calcium—blood test. http://www.nlm.nih.gov/
medlineplus/ency/article/003477.htm (8 February 2012, date last
accessed)

41. NIH-Medline Plus. Phosphorus—blood. http://www.nlm.nih.gov/
medlineplus/ency/article/003478.htm (8 February 2012; date last
accessed)

42. Le T, Bhushan V, Hofmann J. First Aid for the USMLE Step 1 2012.
New York: McGraw-Hill; 2012

43. Levi M, Popovtzer MM. Disorders of phosphate balance. In: Schrier
RW, Berl T, Bonventre JV (eds). Atlas of Diseases of the Kidney,
Current Medicine. Philadelphia; 2001, 7.1–7.14

44. Cannata JB, Suarez Suarez C, Rodriguez Suarez C et al. Assessing
the benefit of changing aluminium hydroxide schedule on anaemia
and serum phosphorus control. Proc Eur Dial Transplant Assoc Eur
Ren Assoc 1985; 21: 410–414

45. Ahlenstiel T, Pape L, Ehrich JH et al. Self-adjustment of phosphate
binder dose to meal phosphorus content improves management of

10 J.L. Fernández-Martín et al.

 by Jorge C
annata-A

ndia on N
ovem

ber 20, 2012
http://ndt.oxfordjournals.org/

D
ow

nloaded from
 

http://emedicine.medscape.com/article/241185-overview
http://emedicine.medscape.com/article/241185-overview
http://emedicine.medscape.com/article/241185-overview
http://emedicine.medscape.com/article/241185-overview
http://emedicine.medscape.com/article/241185-overview
http://www.nlm.nih.gov/medlineplus/ency/article/003477.htm
http://www.nlm.nih.gov/medlineplus/ency/article/003477.htm
http://www.nlm.nih.gov/medlineplus/ency/article/003477.htm
http://www.nlm.nih.gov/medlineplus/ency/article/003477.htm
http://www.nlm.nih.gov/medlineplus/ency/article/003477.htm
http://www.nlm.nih.gov/medlineplus/ency/article/003477.htm
http://www.nlm.nih.gov/medlineplus/ency/article/003477.htm
http://www.nlm.nih.gov/medlineplus/ency/article/003477.htm
http://www.nlm.nih.gov/medlineplus/ency/article/003478.htm
http://www.nlm.nih.gov/medlineplus/ency/article/003478.htm
http://www.nlm.nih.gov/medlineplus/ency/article/003478.htm
http://www.nlm.nih.gov/medlineplus/ency/article/003478.htm
http://www.nlm.nih.gov/medlineplus/ency/article/003478.htm
http://www.nlm.nih.gov/medlineplus/ency/article/003478.htm
http://www.nlm.nih.gov/medlineplus/ency/article/003478.htm
http://www.nlm.nih.gov/medlineplus/ency/article/003478.htm
http://ndt.oxfordjournals.org/


hyperphosphataemia in children with chronic kidney disease.
Nephrol Dial Transplant 2010; 25: 3241–3249

46. Tentori F, Blayney MJ, Albert JM 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

47. Goodman WG, Goldin J, Kuizon BD et al. Coronary-artery calcifi-
cation in young adults with end-stage renal disease who are under-
going dialysis. N Engl J Med 2000; 342: 1478–1483

48. Chertow GM, Burke SK, Raggi P. Sevelamer attenuates the pro-
gression of coronary and aortic calcification in hemodialysis
patients. Kidney Int 2002; 62: 245–252

49. London GM, Guerin AP, Marchais SJ et al. Arterial media calcifica-
tion in end-stage renal disease: impact on all-cause and cardiovascu-
lar mortality. Nephrol Dial Transplant 2003; 18: 1731–1740

50. Braun J, Asmus HG, Holzer H et al. Long-term comparison of a
calcium-free phosphate binder and calcium carbonate—phosphorus
metabolism and cardiovascular calcification. Clin Nephrol 2004; 62:
104–115

51. Toussaint ND, Pedagogos E, Beavis J et al. Improving CKD-MBD
management in haemodialysis patients: barrier analysis for implement-
ing better practice. Nephrol Dial Transplant 2011; 26: 1319–1326

Received for publication: 10.7.12; Accepted in revised form: 11.8.12

COSMOS: CKD–MBD in Europe 11

 by Jorge C
annata-A

ndia on N
ovem

ber 20, 2012
http://ndt.oxfordjournals.org/

D
ow

nloaded from
 

http://ndt.oxfordjournals.org/

