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An Overview of the Biochemical and Hormonal 
Abnormalities of CKD-MBD

H Kidney function

H Conversion of 25(OH)D 
to 1,25(OH)2D3

H Intestinal calcium absorption 
G PTH

Possible consequences

Bone abnormalities, fractures, extraskeletal calcification,  
cardiovascular disease, mortality

Kidney fails to respond
to PTH and FGF-23

Downregulation of  
vitamin D receptor

Resistance to actions  
of PTH

PROGRESSION
 OF CKD

Abbreviations: PTH, parathyroid hormone; 25(OH)D, 25-hydroxyvitamin D; 1,25(OH)2D3,  
1,25-dihydroxyvitamin D3; FGF-23, fibroblast growth factor–23

Abbreviations: CKD, chronic kidney disease; GI, gastrointestinal; LDL-C, low-density lipoprotein cholesterol; PTH, parathyroid hormone

Best Practices in CKD-MBD: 
A Focus on Phosphorus

Based on the 2009 KDIGO Clinical Practice Guideline 
for the Diagnosis, Evaluation, Prevention, and Treatment 
of Chronic Kidney Disease – Mineral and Bone Disorder 
(CKD-MBD),1 available at www.kdigo.org
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KDIGO Disclaimer 
SECTION I: USE OF THE CLINICAL PRACTICE GUIDELINE
This Clinical Practice Guideline document is based on the best information available as  
of March 2009, with a final updated literature search of December 2008. It is designed 
to provide information and assist decision-making. It is not intended to define a standard 
of care, and should not be construed as one, nor should it be interpreted as prescribing  
an exclusive course of management.

Variations in practice will inevitably and appropriately occur when clinicians take into  
account the needs of individual patients, available resources, and limitations unique  
to an institution or type of practice. Every healthcare professional making use of these  
recommendations is responsible for evaluating the appropriateness of applying them  
in the setting of any particular clinical situation.

SECTION II: DISCLOSURE
Kidney Disease: Improving Global Outcomes (KDIGO) makes every effort to avoid any 
actual or reasonably perceived conflicts of interest that may arise as a result of an out-
side relationship or a personal, professional, or business interest of a member of the 
Work Group. All members of the Work Group are required to complete, sign, and submit 
a disclosure and attestation form showing all such relationships that might be perceived 
or actual conflicts of interest. This document is updated annually and information is ad-
justed accordingly. All reported information is published in its entirety at the end of this 
document in the Work Group members’ Biographical and Disclosure Information section, 
and is kept on file at the KDIGO administration office.

Notations
Each recommendation is followed by two parenthetical notations: the KDIGO guideline 
number (for example, 3.1.1) and the grade for the strength of recommendation (for  
example, 2D). An ungraded statement met the following criteria: it provides guidance  
on the basis of common sense; it provides reminders of the obvious; and it is not suf-
ficiently specific enough to allow an application of evidence to the issue, and therefore  
it is not based on a systematic evidence review.

Grading of Recommendations



Evaluating CKD-MBD: Key Recommendations
> Biochemical Abnormalities

•  Monitoring serum levels of calcium, phosphorus, PTH,  
and alkaline phosphatase activity should begin in CKD 
stage 3 (3.1.1) (1C)

•  In patients with CKD stages 3–5D, it is reasonable to base 
the frequency of monitoring serum calcium, phosphorus, 
and PTH on the basis of the presence and magnitude 
of abnormalities, and on the rate of progression of CKD 
(3.1.2) (not graded)

•  In patients with CKD stages 3–5D who are receiving treat-
ments for CKD-MBD, or in whom biochemical abnormalities 
are identified, it is reasonable to increase the frequency of 
measurements to monitor for trends and treatment efficacy 
and side effects (3.1.2) (not graded)

•  In patients with CKD stages 3–5D, it is suggested that 
individual values of serum calcium and phosphorus, eval- 
uated together, be used to guide clinical practice rather 
than the mathematical construct of calcium–phosphorus 
product (Ca × P) (3.1.5) (2D)

> Vascular Calcification

•  The presence and severity of cardiovascular calcification 
strongly predict cardiovascular morbidity and mortality in 
patients with CKD

•  As reasonable alternatives to computed tomography –  
based imaging in patients with CKD stages 3–5D:

–  Lateral abdominal radiograph can be used to detect 
the presence or absence of vascular calcification and 
echocardiogram can be used to detect the presence  
or absence of valvular calcification (3.3.1) (2C)

•  Consider patients with CKD stages 3–5D with known  
vascular/valvular calcification to be at the highest  
cardiovascular risk (3.3.2) (2A). It is reasonable to use this 
information to guide the management of CKD-MBD (3.3.2) 
(not graded)

Prevalence of Abnormalities

•  In a cross-sectional analysis, calcium and phosphorus values did not 
become abnormal until GFR fell below 40 mL/min per 1.73 m2, and 
were relatively stable until GFR fell below 20 mL/min per 1.73 m2

•  However, 12% of patients with GFR >80 mL/min per 1.73 m2 had 
a high PTH, and nearly 60% of patients with GFR <60 mL/min per 
1.73 m2 had elevated PTH levels

Classification of CKD-MBD
A systemic disorder of mineral and bone metabolism due to chronic kidney 
disease manifested by one or more of the following:

•  Abnormalities of calcium, phosphorus, PTH, or vitamin D metabolism

•  Abnormalities in bone turnover, mineralization, volume, linear 
growth, or strength

•  Vascular or other soft-tissue calcification

Key Facts 
  CKD is an international public health 

problem affecting 5% to 10% of the 
world population

  Cardiovascular disease is the leading 
cause of death in patients at all stages 
of CKD

  Vascular and valvular calcifications are 
strongly associated with cardiovascular 
morbidity and mortality

  Abnormalities in calcium, phosphorus, 
PTH, and vitamin D metabolism are 
common in patients with CKD

  Although changes in biochemical  
abnormalities may begin at CKD stage 
3, the rate of change and severity of 
abnormalities are highly variable  
among patients

   Therapy is generally focused on  
correcting biochemical and hormonal  
abnormalities in an effort to limit  
their consequences

Treat Hyperphosphatemia
Many patients with CKD stages 4–5D have a high serum phosphorus 
level that has been linked to the development of aspects of CKD-MBD, 
including: secondary hyperparathyroidism, reduced serum calcitriol lev-
els, abnormal bone remodeling, soft-tissue calcification, and mortality.

Therapeutic Strategies
•  In patients with CKD stage 5D, use a dialysate calcium concentra-

tion between 1.25 and 1.50 mmol/L (2.5 and 3.0 mEq/L) (4.1.3) 
(2D)

•  In patients with CKD stages 3–5 (2D) and 5D (2B), the use 
of phosphate-binding agents in the treatment of hyperphos-
phatemia is suggested. It is reasonable that the choice of phos-
phate binder takes into account CKD stage, presence of other 
components of CKD-MBD, concomitant therapies, and side-
effect profile (4.1.4) (not graded)

•  In patients with CKD stages 3–5D and hyperphosphatemia:
 –  Restrict the dose of calcium-based phosphate binders and/

or the dose of calcitriol or vitamin D analog in the presence  
of persistent or recurrent hypercalcemia (4.1.5) (1B)

 – Restrict the dose of calcium-based phosphate binders in the 
presence of arterial calcification (2C) and/or adynamic bone 
disease (2C) and/or if serum PTH levels are persistently low 
(4.1.5) (2C)

•  In patients with CKD stages 3–5D, avoid the long-term use of 
aluminum-containing phosphate binders and, in patients with 
CKD stage 5D, avoiding dialysate aluminum contamination to  
prevent aluminum intoxication (4.1.6) (1C)

•  In patients with CKD stages 3-5D, limit dietary phosphate intake 
in the treatment of hyperphosphatemia alone or in combination 
with other treatments (4.1.7) (2D)

•  In patients with CKD stage 5D, increase dialytic phosphate removal  
in the treatment of persistent hyperphosphatemia (4.1.8) (2C)

Clinical Treatment Goals

Treat Abnormal PTH Levels
Patients with CKD and hyperparathyroidism (HPT) may develop 
abnormalities of all components of CKD-MBD.

Therapeutic Strategies
•  In patients with CKD stages 3–5 not on dialysis, it is suggested 

that patients with intact PTH (iPTH) above the upper limit of 
normal of the assay are first evaluated for hyperphosphatemia, 
hypocalcemia, and vitamin D deficiency (4.2.1) (2C). It is 
reasonable to correct these abnormalities with any or all of the 
following: reducing dietary phosphate intake and administer-
ing phosphate binders, calcium supplements, and/or native 
vitamin D (4.2.1) (not graded)

•  In patients with CKD stages 3–5 not on dialysis, in whom 
serum PTH is progressively rising and remains persistently 
above the upper limit of normal for the assay despite correc-
tion of modifiable factors, treatment with calcitriol or vitamin D 
analogs is suggested (4.2.2) (2C)

•  In patients with CKD stage 5D and elevated or rising PTH, use 
calcitriol, or vitamin D analogs, or calcimimetics (or a combi-
nation) to lower PTH (4.2.4) (2B)

Lower high serum phosphorus and maintain serum calcium  

Treat abnormal PTH levels
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An Overview of the Biochemical and Hormonal 
Abnormalities of CKD-MBD

H Kidney function

H Conversion of 25(OH)D 
to 1,25(OH)2D3

H Intestinal calcium absorption 
G PTH

Possible consequences

Bone abnormalities, fractures, extraskeletal calcification,  
cardiovascular disease, mortality

Kidney fails to respond
to PTH and FGF-23

Downregulation of  
vitamin D receptor

Resistance to actions  
of PTH

PROGRESSION
 OF CKD

Abbreviations: PTH, parathyroid hormone; 25(OH)D, 25-hydroxyvitamin D; 1,25(OH)2D3,  
1,25-dihydroxyvitamin D3; FGF-23, fibroblast growth factor–23

Abbreviations: CKD, chronic kidney disease; GI, gastrointestinal; LDL-C, low-density lipoprotein cholesterol; PTH, parathyroid hormone

Best Practices in CKD-MBD: 
A Focus on Phosphorus

Based on the 2009 KDIGO Clinical Practice Guideline 
for the Diagnosis, Evaluation, Prevention, and Treatment 
of Chronic Kidney Disease – Mineral and Bone Disorder 
(CKD-MBD),1 available at www.kdigo.org

G Disruptions in phosphorus, calcium, circulating hormones  
(PTH, 25(OH)D, 1,25(OH)2D3, other vitamin D metabolites,  

FGF-23, growth hormone)

Deterioration of mineral 
homeostasis

Hyperphosphatemia
G PTH
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KDIGO Disclaimer 
SECTION I: USE OF THE CLINICAL PRACTICE GUIDELINE
This Clinical Practice Guideline document is based on the best information available as  
of March 2009, with a final updated literature search of December 2008. It is designed 
to provide information and assist decision-making. It is not intended to define a standard 
of care, and should not be construed as one, nor should it be interpreted as prescribing  
an exclusive course of management.

Variations in practice will inevitably and appropriately occur when clinicians take into  
account the needs of individual patients, available resources, and limitations unique  
to an institution or type of practice. Every healthcare professional making use of these  
recommendations is responsible for evaluating the appropriateness of applying them  
in the setting of any particular clinical situation.

SECTION II: DISCLOSURE
Kidney Disease: Improving Global Outcomes (KDIGO) makes every effort to avoid any 
actual or reasonably perceived conflicts of interest that may arise as a result of an out-
side relationship or a personal, professional, or business interest of a member of the 
Work Group. All members of the Work Group are required to complete, sign, and submit 
a disclosure and attestation form showing all such relationships that might be perceived 
or actual conflicts of interest. This document is updated annually and information is ad-
justed accordingly. All reported information is published in its entirety at the end of this 
document in the Work Group members’ Biographical and Disclosure Information section, 
and is kept on file at the KDIGO administration office.

Notations
Each recommendation is followed by two parenthetical notations: the KDIGO guideline 
number (for example, 3.1.1) and the grade for the strength of recommendation (for  
example, 2D). An ungraded statement met the following criteria: it provides guidance  
on the basis of common sense; it provides reminders of the obvious; and it is not suf-
ficiently specific enough to allow an application of evidence to the issue, and therefore  
it is not based on a systematic evidence review.

Grading of Recommendations
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