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� INTRODUCTION

The Position Statement of the Work Group of the 
Portuguese Society of Nephrology on the treatment 
of chronic kidney disease -related mineral and bone 
disorders (CKD -MBD) published in this issue of the 
Portuguese Journal of Nephrology and Hypertension 
was the result of a thorough literature review accord-
ing to explicit a priori criteria.

Much to our chagrin, the absence of solid evi-
dence in this area has made the Statement quite 
meagre and, if anything, unable to provide clear 
guidance on most topics.

The Expert Panel felt that while waiting for further 
scientific evidence it might be useful to provide 
opinion -based guidance for clinical care, explaining 
how the Expert Panel approaches these questions and 
formulates treatment decisions in their daily practice.

It was felt that in the face of the extremely high 
cardiovascular risk of the CKD population it is not 
wise to wait for the best evidence from clinical tri-
als to treat our patients. Our treatment decisions 
must be based on the best available evidence and 
this includes clinical trials, experimental studies, 
epidemiological data, expert opinion and our own 
experience.

� BIOCHEMICAL TREATMENT TARGETS

�  Risks associated with abnormal serum phospho-
rus: target values for treatment

In dialysis patients, observational studies show 
an independent and consistent association between 
increasing serum phosphorus levels and adverse 
clinical outcomes. However, the range at which 
phosphorus is associated with adverse clinical out-
comes varies from study to study, ranging from 
5.0 -5.5 mg/dl to >7.0 mg/dl1 -5.

However, the Expert Panel acknowledged that 
there are no randomised trials evaluating the effect 
of lowering serum phosphorus to a specific threshold 
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on patients’ clinical outcomes. Therefore, the benefits 
of lowering phosphorus levels on patients’ clinical 
outcomes (e.g. mortality, cardiovascular events, 
hospitalisation, and bone fracture) are currently 
unknown.

The Expert Panel believes that treatment should 
target thresholds beyond which there is most likely 
an increased risk for patient health. Therefore, clini-
cians should avoid phosphorus values that were 
associated with an increased risk of adverse out-
comes in observational studies.

Recently published observational data showed 
that the risk of cardiovascular mortality was signifi-
cantly greater for phosphorus levels greater than 6.0 
mg/dl, with the greatest risk of mortality for phos-
phorus levels of 7.0 mg/dl or greater5.

�  Risks associated with abnormal serum calcium: 
target values for treatment

In CKD stage 5D patients, observational studies 
show an independent and consistent association 
between increasing serum calcium levels and adverse 
clinical outcomes. However, the range at which cal-
cium is associated with adverse clinical outcomes 
varies from study to study, ranging from >9.5 mg/dl 
to >11.4 mg/dl1,3 -5. At the low end of serum calcium 
levels the evidence of an increased risk of adverse 
clinical outcomes is less consistent.

Additionally, the Expert Panel acknowledged that 
there are no randomised trials evaluating the effect 
of lowering serum calcium to a specific threshold (or 
avoiding high calcium levels, meaning above a spe-
cific threshold) on patients’ clinical outcomes. There-
fore, the benefits of lowering calcium levels (or 
avoiding high calcium levels) on patients’ clinical 
outcomes are currently unknown.

The Expert Panel believes that in their phar-
macologic intervention clinicians should avoid 
high calcium levels, meaning calcium levels that 
were associated with an increased risk of adverse 
outcomes in observational studies. Survival mod-
els based on observational data published 
recently identified categories with the greatest 
risk of mortality for calcium levels greater than 
10.0 mg/dl5.

�  Risks associated with abnormal serum parathyroid 
hormone (PTH): target values for treatment

In dialysis patients, observational studies show-
ing an association between increasing PTH values 
and adverse clinical outcomes have been inconsis-
tent. In all these studies, PTH analyses have been 
complicated by problems with assay methods and 
poor precision. Additionally, the range at which PTH 
is associated with adverse clinical outcomes varies 
from study to study, ranging from >400 pg/ml to 
>600 pg/ml1,3 -5.

Additionally, the Expert Panel acknowledged that 
there are no randomised trials evaluating the effect 
of lowering serum PTH to a specific threshold on 
patients’ clinical outcomes. Therefore, the benefits 
of lowering PTH levels on patients’ clinical outcomes 
are currently unknown.

The Expert Panel believes that treatment should 
target thresholds beyond which there is most likely 
an increased risk for patient health. Therefore, the 
Expert Panel believes that clinicians should avoid 
PTH values that were associated with an increased 
risk of adverse outcomes in observational studies. 
Survival models based on observational data pub-
lished recently identified categories with the greatest 
risk of mortality for PTH levels greater than 600 pg/
dl5. Additionally, the Expert Panel believes clinicians 
should take into account preceding values and long-
term trends in PTH values.

In conclusion, the Expert Panel believes clinicians 
should lower phosphate and PTH levels, avoiding 
values that were associated with an increased risk 
of adverse outcomes in observational studies. Fur-
thermore, in their pharmacologic intervention, the 
Expert Panel believes clinicians should avoid high 
calcium levels, meaning calcium levels that were 
associated with an increased risk of adverse out-
comes in observational studies

�  SURROGATE ENDPOINTS: ARE THEY 
USEFUL FOR TREATMENT?

A surrogate endpoint is an endpoint that is 
intended to stand in for a clinical outcome in the 
evaluation of therapeutic efficacy in clinical trials. 
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Surrogate endpoints are statistically related with 
morbid events and are useful markers of the under-
lying disease. Amelioration of the surrogate marker 
as a result of an intervention is expected to be 
associated with an improvement in the underlying 
disease. However, in CKD patients, it has not yet 
been demonstrated that the effect of treatment on 
surrogate endpoints (biochemical endpoints – calcium, 
phosphorus and PTH, and intermediate endpoints 
– bone biopsy data or vascular calcification progres-
sion) will reduce the occurrence of patients’ clinical 
endpoints (mortality, cardiovascular events, hospi-
talisations, fractures, quality of life), making them 
non -validated surrogate markers for patients’ clinical 
outcomes.

It is important to remember that absence of evi-
dence does not have the same meaning as evidence 
of absence. However, clinicians should be aware that 
although reliance on non -validated surrogate end 
points may, in some cases, be beneficial, there are 
several examples in the past in which it has been 
shown to be harmful.

�  Vascular Calcifications: a useful surrogate endpoint?

The association of vascular calcifications with 
lower survival is verified in predialysis and dialysis 
patients, and is considered to be a consistent asso-
ciation based on epidemiological studies.

In several clinical trials6 -8, the progression of 
vascular calcifications seems to be modified by the 
choice of phosphate binder; it is reduced in patients 
treated with sevelamer hydrochloride while progres-
sion is verified in the majority of patients treated 
with calcium -based phosphate binders. However, 
these are not consistent findings, as they were not 
observed in other studies9,10. Additionally, there are 
no studies evaluating whether altering the progres-
sion of calcification will impact on important patient 
outcomes.

Currently, there is no diagnostic method validated 
to stratify cardiovascular risk in CKD patients based 
on vascular calcification (plain X -ray, echocardiogra-
phy, ultrasound or coronary Agatston score evalu-
ated by computed tomography), and therefore sys-
tematic screening of vascular calcifications is not 
recommended. However, it is considered that knowl-

edge of the presence of vascular calcifications may 
be used to individualise treatment in CKD patients. 
At this stage of knowledge, we can only interfere in 
a very small number of factors, mainly alterations in 
mineral metabolism.

�  EFFECT OF PHOSPHATE BINDERS 
ON BONE HISTOLOGY

Studies of the effect of phosphate binders on 
bone histology have been performed comparing 
sevelamer hydrochloride and lanthanum carbonate 
with calcium -based phosphate binders. Lanthanum 
carbonate11,12 and sevelamer hydrochloride13 do not 
cause adverse effects on bone. Sevelamer increases 
bone formation rate and ameliorates trabecular micro 
architecture. The clinical importance of these findings 
is currently unknown.

�  NOVEL EFFECTS OF VITAMIN D 
THERAPY?

Even though there is a lack of RCT data showing 
an improvement in patient clinical outcomes (all 
cause mortality, cardiovascular mortality, morbidity, 
hospitalisations, fractures), in CKD stages 3 -5D 
patients treated with vitamin D, the Expert Panel 
considers the following aspects relevant for thera-
peutic decisions:

CKD patients frequently present not only 1,25(OH)2-
-D3 insufficiency/deficiency, but also 25(OH) -D3 
insufficiency/deficiency14 -17.

Vitamin D is known to have pleiotropic extra-
skeletal effects, including modulation of immune 
function, inflammatory responses, cell cycle regula-
tion, insulin resistance and, in animal models, vas-
cular smooth muscle cell hypertrophy and angio-
tensin system regulation18 -21.

In addition to the kidney, emerging data shows 
that 1 -alpha hydroxylation occurs in many extra renal 
tissues such as cardiomyocytes, immune cells, and 
vascular smooth muscle cells22,23.
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25(OH) -D3 deficiency may play a direct role in 
many of the disturbances associated with lack of 
vitamin D24. 25(OH) -D3 deficiency / insufficiency has 
been associated with increased vascular calcification 
and arterial stiffness25.

More than 130,000 patients were included in 
several observational retrospective and prospec-
tive studies, in which a reduction in all cause 
mortality and / or cardiovascular mortality was 
associated with the use of calcitriol or new vita-
min D analogue therapy versus non -vitamin D 
therapy3,26 -28. Although these findings were not 
present in all studies, they are relevant to point 
out testable hypothesis that need to be confirmed 
with RCT.

A distinction between “physiological” doses of 
vitamin D (to correct insufficiency / deficiency of 
vitamin D) and “pharmacological” doses of vitamin 
D, to control SHPT (secondary hyperparathyroidism), 
should be considered28.

There are no studies comparing safety and effi-
cacy of the different new vitamin D analogues.

The Expert Panel suggests:

Serum 25(OH) -D3 insufficiency/deficiency can be 
corrected with oral colecalciferol. A dose of 100 IU 
/day will increase, approximately, serum 25(OH) -D3 
in 1 ng/ml29,30.

As vitamin D intoxication has not been found for 
serum 25(OH)D3 levels <200 ng/ml and a daily intake 
below 10000 IU, a wide “safe therapy window,” is 
observed30.

Calcitriol and vitamin D analogues are effective in 
controlling SHPT, but the increase in serum calcium 
and serum phosphate frequently limits their use in 
high pharmacological doses. The association of 
vitamin D or vitamin D analogues with calcimimetics 
may be useful in the treatment of secondary hyper-
parathyroidism.

Based on the paucity of RCT, the Expert Panel 
cannot recommend the preferential use of calcitriol 
or a specific vitamin D analogue for treatment of 
SHPT.

� SHOULD WE USE CALCIMIMETICS?

In observational studies, SHPT in chronic kidney 
disease stage 5D is associated with increased risk 
of bone fractures1,31 -33, proximal miopathy34, unex-
plained bone pain34 and mortality1,35. Also there is 
an association between hyperphosphataemia and 
hypercalcaemia with morbidity and mortality1. How-
ever, there are no RCT demonstrating a beneficial 
effect of controlling SHPT with calcimimetic agents 
on clinical outcomes such as fracture, bone pain, 
cardiovascular morbidity and mortality.

Treatment with the calcimimetic agent, cinacalcet, 
has been shown in RCT to be efficacious in suppress-
ing parathyroid hormone secretion, with a simultane-
ous decrease in calcium and phosphorus levels36 -38.

A prospective, double -blind, placebo -controlled 
trial assessed the effects of cinacalcet on bone histol-
ogy and serum markers of bone metabolism in dialy-
sis patients with SHPT39. Treatment with cinacalcet 
lowered PTH, improved bone histology, and reduced 
bone turnover and tissue fibrosis among most dialy-
sis patients with SHPT. However, the clinical impor-
tance of these findings is currently unknown.

The Expert Panel acknowledged that the risk of 
developing adynamic bone disease with cinacalcet 
treatment is low when used only in patients with 
evidence of high bone turnover and avoiding PTH 
oversuppression39.

The Expert Panel believes that, in CKD stage 5D 
patients with SHPT, calcimimetic agents are highly 
specific therapeutic agents that effectively lower 
concentrations of plasma PTH and partially correct 
disturbances in mineral metabolism. However, there 
is a need for randomised controlled trials evaluating 
the impact of treating SHPT with calcimimetics on 
patient clinical outcomes such as fracture rate, car-
diovascular morbidity and mortality. The EVOLVE 
trial is ongoing and this issue is to be reassessed 
after its publication.

Conflict of interest statements:

Dr. Teresa Adragão has received research grants from Amgen and 

Genzyme, lecture fees from Abbott, Amgen, Genzyme, and Novar-

tis and consultancy fees from Abbott and Genzyme. Dr. Teresa 

Adragão receives fees from Diaverum.

Teresa Adragão, Aníbal Ferreira, João Frazão, Pedro Ponce, José Vinhas

Nefro - 23-1 AMARELO OK.indd   Sec1:40Nefro - 23-1 AMARELO OK.indd   Sec1:40 05-02-2009   15:13:5005-02-2009   15:13:50



CMYKP

Port J Nephrol Hypert 2009; 23(1): 37-42    41

Dr. Aníbal Ferreira has received research grants from Amgen, Genzy-

me, Shire and Abbott, lecture fees from Abbott, Amgen, Genzyme, 

and consultancy fees from Abbott, Amgen, Fresenius, Genzyme and 

Shire. Dr. Aníbal Ferreira receives fees from Fresenius Medical Care.

Prof. João M. Frazão has received lecture fees from Amgen, Gen-

zyme and Abbott and consultancy fees from Amgen and Genzyme. 

He participates in advisory board activities for Genzyme and 

Amgen. Prof. João Frazão receives fees from Diaverum.

Dr. Pedro Ponce is currently Country Medical Representative of 

Fresenius Medical Care – Portugal. Received lecture fees from 

Amgen and consultant fees from Amgen and Abbott.

Dr. José Vinhas has received lecture fees from Amgen and Roche, 

and consultancy fees from Amgen, Janssen Cilag and Roche. Dr. 

José Vinhas receives fees from Fresenius Medical Care.

References

 1. Block G, 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 -2218

 2. 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

 3. Kalantar -Zadeh K, Kuwae N, Regidor DL, et al. Survival predictability of time -varying 
indicators of bone disease in maintenance hemodialysis patients. Kidney Int 
2006;70:771 -780

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

 5. 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 -530

 6. Chertow GM, Burke SK, Raggi P. Treat to GoalWorking Group. Sevelamer attenuates 
the progression of coronary and aortic calcification in hemodialysis patients. Kidney 
Int 2002;62:245G–252G

 7. Block GA, Spiegel DM, Ehrlich J, et al. Effects of sevelamer and calcium on coronary 
artery calcification in patients new to hemodialysis. Kidney Int 2005;68:1815 -24

 8. Russo D, Miranda I, Ruocco C, et al. The progression of coronary artery calcification in 
predialysis patients on calcium carbonate or sevelamer. Kidney Int. 2007;72:1255 -61

 9. Qunibi W, Moustafa M, Muenz LR, et al. A 1 -year randomized trial of calcium acetate 
versus sevelamer on progression of coronary artery calcification in hemodialysis patients 
with comparable lipid control: the calcium acetate renagel evaluation -2 (CARE -2) study. 
Am J Kidney Dis 2008:51:952 -65

 10. Barreto DV, Barreto FC, Carvalho AB, et al. Phosphate binder impact on bone remod-
eling and coronary calcification – results from the BRiC Study. Nephron Clin Pract 
2008;110:273 -83

 11. Spasovski GB, Sikole A, Gelev S, et al. Evolution of bone and plasma concentration 
of lanthanum in dialysis patients before, during 1 year of treatment with lanthanum 
carbonate and after 2 years of follow -up. Nephrol Dial Transplant 2006;21:2217 -24

 12. Malluche HH, Siami GA, Swanepoel C, et al. Improvements in renal osteodystrophy in 
patients treated with lanthanum carbonate for two years. Clin Nephrol 2008;70:284 -95

 13. Ferreira A, Frazão JM, Monier -Faugere MC, et al. Effects of sevelamer hydrochloride 
and calcium carbonate on renal osteodystrophy in hemodialysis patients. J Am Soc 
Nephrol 2008;19:405–412

 14. Zisman AL, Hristova M, Ho LT, Sprague SM. Impact of ergocalciferol treatment of 
vitamin D deficiency on serum parathyroid hormone concentrations in chronic kidney 
disease. Am J Nephrol 2007;27:36 -43

 15. Matias PJ, Ferreira C, Jorge C, et al. 25 -Hydroxyvitamin D3, arterial calcifications and 
cardiovascular risk markers in haemodialysis patients. Nephrol Dial Transplant 
2009;24:604 -10

 16. Al -Aly Z, Qazi RA, González EA, Zeringue A, Martin KJ. Changes in serum 
25 -hydroxyvitamin D and plasma intact PTH levels following treatment with ergocal-
ciferol in patients with CKD. Am J Kidney Dis 2007;50:59 -68

 17. Wolf M, Shah A, Gutierrez O, et al. Vitamin D levels and early mortality among incident 
hemodialysis patients. Kidney Int 2007;72:1004 -1013

 18. Holick MF. Vitamin D: importance in the prevention of cancers, type 1 diabetes, heart 
disease, and osteoporosis. Am J Clin Nutr 2004;79:362 -371

 19. Ly YC, Qiao G, Uskokovic M, Xiang W, Zheng W, Kong J. Vitamin D: a negative endo-
crine regulator of the renin -angiotensin system and blood pressure. J Steroid Biochem 
Mol Biol 2004;89 -90:387 -392

 20. Chen S, Wu J, Hsieh J, et al. Hypertension 1998;31:1338 -1442

 21. Baynes KC, Boucher BJ, Feskens EJ, Kromhout D. Vitamin D, glucose tolerance and 
insulinaemia in elderly men. Diabetologia 1997;40:870

 22. Brown AJ. Therapeutic uses of vitamin D analogues. Am J Kidney Dis 2001;38:S3 -S19

 23. Andress DL. Vitamin D in chronic kidney disease: a systemic role for selective vitamin 
D receptor activation. Kidney Int 2006;69:33 -43

 24. Melamed ML, Michos ED, Post W, Astor B. 25 -Hydroxyvitamin D levels and the risk of 
mortality in the general population. Arch Intern Med 2008;11:168:1629 -37

 25. London GM, Guérin AP, Verbeke FH, et al. Mineral metabolism and arterial functions 
in end -stage renal disease: potential role of 25 -hydroxyvitamin D deficiency. J Am Soc 
Nephrol 2007;18:613 -620

 26. Teng M, Wolf M, Lowrie E, Ofsthun N, Lazarus JM, Thadhani R. Survival of patients 
undergoing hemodialysis with paricalcitol or calcitriol therapy. N Engl J Med 
2003;349:446 -456

 27. Teng M, Wolf M, Ofsthun MN, et al. Activated injectable vitamin D and hemodialysis 
survival: a historical cohort study. J Am Soc Nephrol 2005;16:1115 -1125

 28. Naves -Díaz M, Alvarez -Hernández D, Passlick -Deetjen J, et al. Oral active vitamin D is 
associated with improved survival in hemodialysis patients. Kidney Int 2008;74:1070 -1078

 29. Chandra P, Binongo JN, Ziegler TR, et al. Cholecalciferol (vitamin D3) therapy and 
vitamin D insufficiency in patients with chronic kidney disease: a randomized control-
led pilot study. Endocr Pract 2008;14:10 -17

 30. Hathcock JN, Shao A, Vieth R, Heaney R. Risk assessment for vitamin D. Am J Clin Nutr 
2007:85:6 -18

 31. Atsumi K, Kushida K, Yamazaki K, et al. Risk factors for vertebral fractures in renal 
osteodystrophy. Am J Kidney Dis 1999;33:287 -293

 32. Kaneko TM, Foley RN, Gilbertson DT, Collins AJ. Clinical epidemiology of long -bone 
fractures in patients receiving hemodialysis. Clin Orthop Relat Res 2007;457:188 -193

 33. Jadoul M, Albert JM, Akida T, et al. Incidence and risk factors for hip or other bone 
fractures among hemodialysis patients in the Dialysis Outcomes and Practice Paterns 
Study. Kidney Int 2006;70:1358 -1366

 34. Pei Y, Hercz G, Greenwood C, et al. Risk factors for renal osteodystrophy: a multi-
variant analysis. J Bone Mineral Res 1995;10:149–56

 35. Ganesh SK, Stack AG, Levin NW, Hulbert -Shearon T, Port FK. Association of elevated 
serum PO4, Ca x PO4 product, and parathyroid hormone with cardiac mortality risk 
in chronic hemodialysis patients. J Am Soc Nephrol 2001;12:2131 -2138

 36. Lindberg JS, Culleton B, Wong G, et al. Cinacalcet HCl, an oral calcimimetic agent for 
the treatment of secondary hyperparathyroidism in hemodialysis and peritoneal dialysis: 
a randomized, double -blind, multicenter study. J Am Soc Nephrol 2005;16:800 -807

Expert panel appraisal of the treatment of chronic kidney disease-related mineral 

and bone disorders (CKD–MBD): an opinion-based approach

Nefro - 23-1 AMARELO OK.indd   Sec1:41Nefro - 23-1 AMARELO OK.indd   Sec1:41 05-02-2009   15:13:5105-02-2009   15:13:51



CMYKP

42    Port J Nephrol Hypert 2009; 23(1): 37-42

 37. Block GA, Martin KJ, de Francisco AL, et al. Cinacalcet for secondary hyperparathyroidism 
in patients receiving hemodialysis. N Engl J Med 2004;350:1516 -1525

 38. Moe SM, Chertow GM, Coburn JW, et al. Achieving NKF -K/DOQI bone metabolism and 
disease treatment goals with cinacalcet HCl. Kidney Int 2005;67:760 -771

 39. Malluche HH, Monier -Faugere MC, Wang G, et al. An assessment of cinacalcet HCL 
effects on bone histology in dialysis patients with secondary hyperparathyroidism. Clin 
Nephrol 2008;69: 269 -277

Correspondence to:
Dr José Vinhas
Serviço de Nefrologia
Centro Hospitalar de Setúbal, EPE
Rua Camilo Castelo Branco
2910 -446 Setúbal, Portugal
e -mail: jose.vinhas@chs.min -saude.pt

Teresa Adragão, Aníbal Ferreira, João Frazão, Pedro Ponce, José Vinhas

Nefro - 23-1 AMARELO OK.indd   Sec1:42Nefro - 23-1 AMARELO OK.indd   Sec1:42 05-02-2009   15:13:5105-02-2009   15:13:51


