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Adapted from Levin A, et al. Kidney Int . 2007;71:31-38.

Prevalence of 1,25(OH) 2D3 and 
25(OH)D3 deficiency by GFR
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Prevalence of abnormal serum calcium,
phosphorus, and intact PTH by GFR

GFR level (ml/min)

(<2,10 mmol/L)

(>1,48 mmol/L)
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Pathogenesis of Secondary Hyperparathyroidism
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Level at which increased risk of death observedLevel at which increased risk of death observed

Ca mg/dL Ca mg/dL 
(mmol/L)(mmol/L)

POPO4 4 mg/dL mg/dL 
(mmol/L)(mmol/L)

PTHPTH

Lowrie, ’90Lowrie, ’90 < 9.0; > 12.0< 9.0; > 12.0
(< 2,26; > 3,01)(< 2,26; > 3,01)

> 7.0> 7.0
(> 2,26)(> 2,26)

NENE

Block, ’98Block, ’98 NSNS > 6.5 > 6.5 (> 2,09)(> 2,09) NSNS

Ganesh, ’01Ganesh, ’01 NENE > 6.5 > 6.5 (> 2,09)(> 2,09) < 33; > 495< 33; > 495

Block, ’04Block, ’04 > 9.5 > 9.5 (> 2,38)(> 2,38) > 5.0 > 5.0 (> 1,61)(> 1,61) > 600> 600

Young, ’05Young, ’05 > 11.4 > 11.4 (> 2,86)(> 2,86) > 6.5 > 6.5 (> 2,09)(> 2,09) Not ReportedNot Reported

Slinin, ’05 Slinin, ’05 

CV EventsCV Events

> 9.7 > 9.7 (> 2,43)(> 2,43)

> 10.2 > 10.2 (> 2,56)(> 2,56)

> 6.3 > 6.3 (> 2,03)(> 2,03)

> 4.5 > 4.5 (> 1,45)(> 1,45)

>480>480

>480>480

Kalantar, ’06Kalantar, ’06 < 8.5; > 10.5< 8.5; > 10.5
(< 2,13; >2,63)(< 2,13; >2,63)

< 3.0; > 7.0< 3.0; > 7.0
(< 0,97; > 2,26)(< 0,97; > 2,26)

< 200; > 400< 200; > 400

<100; > 600<100; > 600

Noordzij, ’06Noordzij, ’06 NS NS > 5.5 > 5.5 ( > 1,77)( > 1,77) NSNS
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Serum Phosphate Levels and Mortality Risk among Peo ple with Chronic 
Kidney Disease Kestenbaum, J Am Soc Nephrol 16: 520-528, 2005. 

8��!�����!�%��8��!�����!�%��33���������
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��,�������	��	�����
!��% 11 �	�*.��
�	���	�*.��
�	��
8	��	�8	��	�33G�G�

Dhingra et.al.  Arch Int Med 2007; 167:879-85.

HR = 1.55 
[1.16-2.07]

HR = 1.31 [1.05-1.63, p=.02; quartile trend p=.004]

0 0,84 0,90 0,97 1,03 1,10 1,16 1,22 mmol/L
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Figure 1. Multivariable-adjusted log hazards (solid lines) and 95% CI (das hed lines) of all-cause 
mortality associated with fixed baseline levels of serum ca lcium concentration in Cox models adjusted 
for age, race, CCI, diabetes mellitus, CVD, BP, body mass in dex, smoking status, the use of phosphate 
binders and calcitriol, enrollment period, estimated GFR, bicarbonate , phosphorus, ALP, blood 
hemoglobin, WBC count, percentage of lymphocytes and 24-hour urine  protein. Superimposed is a 
histogram showing the distribution of baseline serum calcium l evels .
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Charles Nolan, MD

Patient with CKD Nephrologist
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Kramer et al; J Am Soc Nephrol 16: 507-513, 2005.
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Association of Bone Activity, Calcium Association of Bone Activity, Calcium 
Load, Aortic Stiffness, and Calcifications in Load, Aortic Stiffness, and Calcifications in 
ESRDESRD

London et al:J Am Soc Nephrol 19: 1827–1835, 2008.
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Pentti et al. Maturitas 2009; 63: 73-78
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Figure 1. Mean peritoneal phosphate clearance (L/wk/1.73 m2 BSA) accordi ng to peritoneal 
membrane transport category and peritoneal dialysis modality. CAPD,  continuous ambulatory 
peritoneal dialysis; CCPD, continuous cyclic peritoneal dialys is; H, high transport category; HA, high-
average transport category, LA & L: combined low-average and low transport  category.

Badve et al. 
Clin J Am 
Soc Nephrol 
3: 1711–
1717, 2008
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Bolland MJ et al; Vascular events in healthy older women receiving calcium 
supplementation: randomised controlled trial.  BMJ published online 15 Jan 2008
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Mortality not a primary endMortality not a primary end--point, however, there were 7 deaths point, however, there were 7 deaths 
in the calciumin the calcium--acetate group for an annualized rate of 4.6 % / yr acetate group for an annualized rate of 4.6 % / yr 
versus 3 deaths in the sevelamer group for a rate of 1.7 % / yr.  versus 3 deaths in the sevelamer group for a rate of 1.7 % / yr.  
RIND reported rates of 10.6 % and 5.4 %, respectively.RIND reported rates of 10.6 % and 5.4 %, respectively.
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� CKD stage 5D & hyperphosphatemia

– Restrict dose of calcium-based phosphate 
binders and/or the dose of calcitriol or 
vitamin D analog in the presence of 
persistent or recurrent hypercalcemia (1B)
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KDIGO2KDOQI1

� In CKD stage 5D

– Restrict dose of calcium-based phosphate
binders in the presence of:

–Arterial calcification (2C)

–Adynamic bone disease (2C)

–Persistently low PTH level (2C)

1. National Kidney Foundation (NKF). KDOQI clinical practice guidelines for bone metabolism and disease 
in chronic kidney disease. Am J Kidney Dis. 2003;42(4 suppl 3):S1-S201.

2. Kidney Disease: Improving Global Outcomes (KDIGO) CKD-MBD Work Group. KDIGO clinical practice guideline 
for the diagnosis, evaluation, prevention, and treatment of chronic kidney disease-mineral and bone disorder (CKD-MBD) 
Kidney Int. 2009;76(suppl 113):S1-S130.
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Use of CaUse of Ca--acetate compared to acetate compared to 
CaCa--carbonate results in a lower carbonate results in a lower 
serum calcium; fewer episodes serum calcium; fewer episodes 

of hypercalcemiaof hypercalcemia
StudyStudy YesYes NoNo

Emmett et al, AJKD 17: 544, 1991Emmett et al, AJKD 17: 544, 1991 ��

Schaefer et al, NDT 6: 170, 1991Schaefer et al, NDT 6: 170, 1991 ��

Delmez et al, JASN 3: 96, 1992Delmez et al, JASN 3: 96, 1992 ��

Ring et al, NDT 8: 341, 1993Ring et al, NDT 8: 341, 1993 ��

Pflanz et al, NDT 9: 1121, 1994Pflanz et al, NDT 9: 1121, 1994 ��
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PhosphatePhosphate--binders:binders:
Choices:Choices:

1.1. NonNon--calcium based phosphate binderscalcium based phosphate binders
1.1. SevelamerSevelamer--HCl (RenagelHCl (Renagel®®))
2.2. SevelamerSevelamer--CarbonateCarbonate (Renvela(Renvela®) ®) ––pills and pills and 

powderpowder
3.3. Metals Metals 

�� Lanthanum (FosrenolLanthanum (Fosrenol®)®)
�� Aluminum,Aluminum, Iron, magnesium saltsIron, magnesium salts

2.2. CalciumCalcium--based phosphate bindersbased phosphate binders
1.1. Calcium Acetate Calcium Acetate 
2.2. Calcium CarbonateCalcium Carbonate
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*Wilcoxon signed rank test used to compare change from baseline within 
treatment. †Wilcoxon signed rank test used to compare change from baseline 
between treatments.All baseline values are post-5-weeks run-in on Renagel. 
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*P < 0.001 *P = 0.833

Renvela Equivalence Study: Adverse Events*Renvela Equivalence Study: Adverse Events*

Sevelamer Sevelamer 
carbonatecarbonate

N=73N=73

Sevelamer HClSevelamer HCl
N=78N=78

Adverse EventAdverse Event PatientsPatients
N (%)N (%)

EventsEvents
NN

PatientsPatients
N (%)N (%)

EventsEvents
NN PP--valuevalue ††

Any Gastrointestinal Any Gastrointestinal 
EventEvent 15 (20.5)15 (20.5) 2525 28 (35.9)28 (35.9) 4545 0.0070.007

NauseaNausea 7 (9.6)7 (9.6) 99 10 (12.8)10 (12.8) 1313 0.4670.467

VomitingVomiting 6 (8.2)6 (8.2) 77 8 (10.3)8 (10.3) 88 0.5270.527

DiarrheaDiarrhea 2 (2.7)2 (2.7) 33 5 (6.4)5 (6.4) 66 0.2570.257

GERDGERD 1 (1.4)1 (1.4) 11 4 (5.1)4 (5.1) 55 0.1800.180

ConstipationConstipation 0 (0.0)0 (0.0) 00 3 (3.8)3 (3.8) 33 0.0830.083

DyspepsiaDyspepsia 1 (1.4)1 (1.4) 11 3 (3.8)3 (3.8) 33 0.3170.317

Abdominal PainAbdominal Pain 2 (2.7)2 (2.7) 22 1 (1.3)1 (1.3) 11 0.5640.564
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Sevelamer carbonate (Renvela)
in patients in CKD stages 4-5
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Sevelamer carbonate (Renvela)
in patients in CKD stages 4-5

Ketteler M et al. CJASN 2008;3:1125–1130
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PhosphatePhosphate--binders:binders:
Choices:Choices:

1.1. NonNon--calcium based phosphate binderscalcium based phosphate binders
1.1. SevelamerSevelamer--HCl (RenagelHCl (Renagel®®))
2.2. SevelamerSevelamer--CarbonateCarbonate (Renvela(Renvela®) ®) ––pills and pills and 

powderpowder
3.3. Metals Metals 

�� Lanthanum (FosrenolLanthanum (Fosrenol®)®)
�� Aluminum,Aluminum, Iron, magnesium saltsIron, magnesium salts

2.2. CalciumCalcium--based phosphate bindersbased phosphate binders
1.1. Calcium Acetate Calcium Acetate 
2.2. Calcium CarbonateCalcium Carbonate
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No significant difference between  treatment groups from Week 16 through Week 104 (P = 0.31-0.63)

Finn WF, et al. Clin Nephrol. 2006;65(3):191-202.
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Cinacalcet With No 
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