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ʉʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ ʚ ʦʨʛʘʥʠʟʤʝ

70 kg

700 g

ʎʠʨʢʘʜʥʳʡ ʨʠʪʤ

Áɺʥʫʪʨʠʢʣʝʪʦʯʥʘʷ 

ʨʝʛʫʣʷʮʠʷ

Áʃʠʧʠʜʳ ʤʝʤʙʨʘʥ

Áɼʅʂ

Áʂʦʩʪʠ

ʕʢʩʪʨʘʮʝʣʣʶʣʷʨʥʦʝ

ʧʨʦʩʪʨʘʥʩʪʚʦ1%



To convert mmol to mg, multiply by 31

~800-2000 mg

~450-600 mg

ʆʙʤʝʥ ʬʦʩʬʦʨʘ ʫ ʟʜʦʨʦʚʳʭ

Dru±keand Lacour. Comprehensive Clinical 

Nephrology

Vervloet et al. Nature Rev 2017



To convert mmol to mg, multiply by 31

~800-2000 mg

~450-600 mg

ʆʙʤʝʥ ʬʦʩʬʦʨʘ ʫ ʟʜʦʨʦʚʳʭ



Åʆʙʤʝʥ ʬʦʩʬʦʨʘ ʫ ʟʜʦʨʦʚʳʭ

Åʆʙʤʝʥ ʬʦʩʬʦʨʘ ʧʨʠ ʍɹʇ ʠ ʝʛʦ ʩʚʷʟʴ ʩ ʤʠʥʝʨʘʣʴʥʦ- ʢʦʩʪʥʳʤʠ 
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Åɺʦʟʤʦʞʥʦʩʪʠ ʣʝʯʝʥʠʷ

Oʙʟʦʨ



Moe SM, et al. Adv Chronic Kidney Dis 2007;14:3ï12. 

ʄʂʅ-ʍɹʇ



Åʅʘʨʫʰʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʢʦʩʪʠ

- ʆʙʦʨʦʪ

- ʄʠʥʝʨʘʣʠʟʘʮʠʷ

- ʆʙʲʝʤ

- ʃʠʥʝʡʥʳʡ ʨʦʩʪ

- ʇʨʦʯʥʦʩʪʴ

Åʂʘʣʴʮʠʬʠʢʘʮʠʷʩʦʩʫʜʦʚ

Åʂʘʣʴʮʠʬʠʢʘʮʠʷʤʷʛʢʠʭ ʪʢʘʥʝʡ

Åʉʥʠʞʝʥʠʝ ʵʣʘʩʪʠʯʥʦʩʪʠ ʩʦʩʫʜʦʚ

Åʋʚʝʣʠʯʝʥʠʝ

- ʇʊɻ

- FGF-23

- ʑʝʣʦʯʥʘʷ ʬʦʩʬʘʪʘʟʘ

Åʉʥʠʞʝʥʠʝ

- 1,25(OH)2D3

- ʂʘʣʴʮʠʡ

ɿʘʙʦʣʝʚʘʥʠʷ

ʂʦʩʪʠ
ʃʘʙʦʨʘʪʦʨʥʳʝ

ʘʥʦʤʘʣʠʠ

ʂʘʣʴʮʠʬʠʢʘʮʠʷ

ʩʦʩʫʜʦʚ

Kidney Disease: Improving Global Outcomes (KDIGO) CKDïMBD Work Group. Kidney Int. 2009;76 (Suppl 113):S1ïS130.

FGF-23 = fibroblast growth factor-23, ʬʘʢʪʦʨ ʨʦʩʪʘ ʬʠʙʨʦʙʣʘʩʪʦʚ-23

ʄʝʪʘʙʦʣʠʟʤ ʬʦʩʬʦʨʘʠ ʄʂʅ-ʍɹʇ
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ʦʙʤʝʥʘ 

ʬʦʩʬʘʪʦʚ



Åʋʚʝʣʠʯʝʥʠʝ

- ʇʊɻ

- FGF-23

- ʑʝʣʦʯʥʘʷ ʬʦʩʬʘʪʘʟʘ

Åʉʥʠʞʝʥʠʝ

- 1,25(OH)2D3

- ʂʘʣʴʮʠʡ

ʂʦʩʪʥʳʝ 
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Kidney Disease: Improving Global Outcomes (KDIGO) CKDïMBD Work Group. Kidney Int. 2009;76 (Suppl 113):S1ïS130.

FGF-23 = fibroblast growth factor-23, ʬʘʢʪʦʨ ʨʦʩʪʘ ʬʠʙʨʦʙʣʘʩʪʦʚ-23

ʄʝʪʘʙʦʣʠʟʤ ʬʦʩʬʦʨʘʠ ʄʂʅ-ʍɹʇ
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P P P

ʆʙʤʝʥ ʬʦʩʬʦʨʘ ʠ ʣʘʙʦʨʘʪʦʨʥʳʝ ʘʥʦʤʘʣʠʠ



FGF23 ŷ

CYP24A1

1,25(OH)2DŹ

P P P

FEphosŷ
CYP27B1

Bosworth C, de Boer IH. Semin Nephrol 2013;33:158ï68.

ʆʙʤʝʥ ʬʦʩʬʦʨʘ ʠ ʣʘʙʦʨʘʪʦʨʥʳʝʘʥʦʤʘʣʠʠ



ʍɹʇ - ʩʦʩʪʦʷʥʠʝ ʟʘʤʝʜʣʝʥʥʦʛʦ 

ʤʝʪʘʙʦʣʠʟʤʘ ʚʠʪʘʤʠʥʘ D

Dusso A, et al. Kidney Int 1988;34:368ï75.
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Bosworth CR, et al. Kidney Int 2012;82:693ï700.
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Adapted from Wolf M. J Am Soc Nephrol 2010;21:1427ï35.

ʃʘʙʦʨʘʪʦʨʥʳʝ ʘʥʦʤʘʣʠʠ
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Tominaga Y, Takagi H. Curr Opin Nephrol Hypertens 1996;5:336ï41.

ʄʝʪʘʙʦʣʠʟʤ ʬʦʩʬʦʨʘ ʠ ʣʘʙʦʨʘʪʦʨʥʳʝ ʘʥʦʤʘʣʠʠ



P P P
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Adapted from Wolf M. J Am Soc Nephrol 2010;21:1427ï35.

ʄʝʪʘʙʦʣʠʟʤ ʬʦʩʬʦʨʘ ʠ ʣʘʙʦʨʘʪʦʨʥʳʝ ʘʥʦʤʘʣʠʠ



ʅʦʚʦʝ4.1.1: ʋ ʧʘʮʠʝʥʪʦʚ ʩ ʍɹʇ 3a ï5D 

ʣʝʯʝʥʠʝ ʄʂʅ-ʍɹʇ ʜʦʣʞʥʦ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʦʮʝʥʢʘʭ ʫʨʦʚʥʝʡ 

ʬʦʩʬʘʪʦʚ, ʢʘʣʴʮʠʷ ʠ ʇʊɻ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʚʤʝʩʪʝ (ʙʝʟ ʩʪʝʧʝʥʠ)

Adapted from Wolf M. J Am Soc Nephrol 2010;21:1427ï35.KDIGO CKD-MBD Guideline update. Kidney Int Suppl 2017;7:1ï59. 

ʂʣʠʥʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ: ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ



Kuro-o M, Moe OW. Bone 2017;100:4ï18.

ɻʠʧʝʨʬʦʩʬʘʪʝʤʠʷ

Levin A et al. KI 2007

ʇʦʟʜʥʝʝʧʨʦʷʚʣʝʥʠʝ ʄʂʅ-ʍɹʇ



ɻʠʧʝʨʬʦʩʬʘʪʝʤʠʷ

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʦʝ ʧʨʦʷʚʣʝʥʠʝ ʄʂʅ-ʍɹʇ 

US-DOPPS Practice Monitor. http://www.dopps.org/dpm/ (accessed May 2019). 
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Evenepoel P, et al. Semin Nephrol 2014;34:151ï63.

ʂʦʤʧʨʦʤʠʩʩ ʠ ʘʜʘʧʪʠʚʥʦ-ʤʘʣʴʘʜʘʧʪʠʚʥʘʷʛʠʧʦʪʝʟʘ



4.1.5.ʋ ʧʘʮʠʝʥʪʦʚ ʩ ʍɹʇ  3ʘ-5D 

ʨʝʰʝʥʠʷ ʦ ʩʥʠʞʝʥʠʠ ʫʨʦʚʥʷ 

ʬʦʩʬʘʪʦʚ ʜʦʣʞʥʳ ʧʨʠʥʠʤʘʪʴʩʷ 

ʥʘ ʦʩʥʦʚʝ ʧʦʩʪʦʷʥʥʦ 

ʧʦʚʳʰʝʥʥʦʛʦ ʫʨʦʚʥʷ ʬʦʩʬʘʪʦʚ ʚ 

ʩʳʚʦʨʦʪʢʝ (ʙʝʟ ʩʪʝʧʝʥʠ 

ʜʦʢʘʟʘʪʝʣʴʥʦʩʪʠ)

KDIGO CKD-MBD Update Work Group. Kidney Int Suppl 2017;7:1ï59.
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ʀ
ʟ
ʤ
ʝ
ʥ
ʝ
ʥ
ʠ
ʝ
 
ʧ
ʘ
ʨ
ʘ
ʤ
ʝ
ʪ
ʨ
ʘ
 
ʚ
 
ʧ
ʣ
ʘ
ʟ
ʤ
ʝ

ʇ
ʦ
ʚ
ʳ
ʰ
ʝ
ʥ
ʠ
ʝ

ʉ
ʥ
ʠ
ʞ
ʝ
ʥ
ʠ
ʝ

Aɼɸʇʊɸʎʀʗ

Mʌʃʔɸɼɸʇʊɸʎʀʗ

F
E

p
h

s
o

p
h

a
te

 (
%

)

eGFR100 0

20

80

ʂʦʤʧʨʦʤʠʩʩ

eGFR100 0

ʉ
ʳ
ʚ
ʦ
ʨ
ʦ
ʪ
ʦ
ʯ
ʥ
ʳ
ʡ
 
ʬ
ʦ
ʩ
ʬ
ʘ
ʪ

ʤ
ʤ
ʦ
ʣ
ʴ

/ʣ
)

ʕ
ʬ
ʬ
ʝ
ʢ
ʪ
ʠ
ʚ
ʥ
ʦ
ʩ
ʪ
ʴ
 
ʣ
ʝ
ʯ
ʝ
ʥ
ʠ
ʷ

+/- +++

2

1

Mʘʣʴʘʜʘʧʪʘʮʠʷ



ʋʨʦʚʝʥʴ ʛʦʨʤʦʥʘÍɻʦʨʤʦʥʘʣʴʥʳʡ ʦʪʚʝʪ

Kuro-o M, Moe OW. Bone 2017;100:4ï18.

ʍɹʇ, ʩʦʩʪʦʷʥʠʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ  

ʢ ʜʝʡʩʪʚʠʶ ʛʦʨʤʦʥʦʚ ʤʠʥʝʨʘʣʴʥʦʛʦ ʦʙʤʝʥʘ
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Evenepoel P, et al. Kidney Int 2016;90:1184ï90.
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4.2.3: ʋ ʧʘʮʠʝʥʪʦʚ ʩ  ʍɹʇ 5D ʤʳ 

ʨʝʢʦʤʝʥʜʫʝʤ ʧʦʜʜʝʨʞʠʚʘʪʴ 
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ʜʝʚʷʪʠʢʨʘʪʥʦʛʦ ʧʨʝʚʳʰʝʥʠʷ 

ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʥʦʨʤʳ ʜʣʷ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ (2C)

KDIGO CKD-MBD Update Work Group. Kidney Int Suppl 2017;7:1ï59. 

ʂʣʠʥʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ: ʮʝʣʠ

ɹʦʣʴʰʘʷ 
ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ



Image: Charlie Chaplin in óModern Timesô (1936). Getty Images.  

ʇʘʪʦʬʠʟʠʦʣʦʛʠʷʄʂʅ-ʍɹʇ: 

ʬʦʩʬʘʪ-ʮʝʥʪʨʠʯʝʩʢʘʷʧʘʨʘʜʠʛʤʘ

PHOS



ʌʦʩʬʘʪ-ʮʝʥʪʨʠʯʝʩʢʘʷʧʘʨʘʜʠʛʤʘ

ʂʘʣʴʮʠʡ-ʮʝʥʪʨʠʯʝʩʢʘʷʧʘʨʘʜʠʛʤʘ

Kuro-o M. Kidney Int Suppl 2013;3:420ï6;

Image: Andreas Cellarius. PlanisphÞriumCopernicanum, from Harmonia Macrocosmica (1661).

ʇʘʪʦʬʠʟʠʦʣʦʛʠʷ  ʄʂʅ-ʍɹʇ



Åʂʘʣʴʮʠʬʠʢʘʮʠʷʩʦʩʫʜʦʚ

Åʂʘʣʴʮʠʬʠʢʘʮʠʷʤʷʛʢʠʭ ʪʢʘʥʝʡ

Åʉʥʠʞʝʥʠʝ ʵʣʘʩʪʠʯʥʦʩʪʠ ʩʦʩʫʜʦʚ

ʂʦʩʪʥʳʝ 

ʥʘʨʫʰʝʥʠʷ
ʃʘʙʦʨʘʪʦʨʥʳʝ

ʘʥʦʤʘʣʠʠ

ʂʘʣʴʮʠʬʠʢʘʮʠʷ

ʩʦʩʫʜʦʚ

Kidney Disease: Improving Global Outcomes (KDIGO) CKDïMBD Work Group. Kidney Int. 2009;76 (Suppl 113):S1ïS130.

FGF-23 = fibroblast growth factor-23, ʬʘʢʪʦʨ ʨʦʩʪʘ ʬʠʙʨʦʙʣʘʩʪʦʚ 23. 

ʄʝʪʘʙʦʣʠʟʤ ʬʦʩʬʦʨʘʠ ʢʘʣʴʮʠʬʠʢʘʮʠʷʩʦʩʫʜʦʚ

ʅʘʨʫʰʝʥʠʷ

ʬʦʩʬʘʪʥʦʛʦ

ʦʙʤʝʥʘ



ʄʝʜʠʘʢʘʣʴʮʠʥʦʟ: ʘʨʪʝʨʠʦʣ1

ʂʘʣʴʮʠʬʠʣʘʢʩʠʷïCUA

ʂʘʣʴʮʠʬʠʢʘʮʠʷʠʥʪʠʤʳ2

Aʪʝʨʦʩʢʣʝʨʦʟ

Mʝʜʠʘʢʘʣʴʮʠʥʦʟ: ʘʨʪʝʨʠʡ3

Aʨʪʝʨʠʦʩʢʣʝʨʦʟ

ʂʘʣʴʮʠʬʠʢʘʮʠʷʢʣʘʧʘʥʦʚ4

1. Chandra MM, et al. J Nephrol Therapeutic 2012;2:1; 2. https://library.med.utah.edu/WebPath/CVHTML/CV007.html;

3. Graziani L. Ann Vasc Surg 2017;45:315ï23; 4. http://emedicalppt.blogspot.co.uk/2012/04/aortic-valve-diseaseillustrative-cases.html. CUA, calcific uraemic arteriolopathy

ʄʥʦʛʦʣʠʢʘʷ  ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʘʷ ʢʘʣʴʮʠʬʠʢʘʮʠʷʧʨʠ ʍɹʇ



Åɸʢʪʠʚʥʳʡʙʠʦʣʦʛʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ, ʥʘʧʦʤʠʥʘʶʱʠʡ 

ʦʩʪʝʦʛʝʥʝʟ

Åʉʣʦʞʥʳʡʧʨʦʮʝʩʩ, 

ʚʢʣʶʯʘʶʱʠʡ ʤʥʦʞʝʩʪʚʦ 

ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ

Åʆʩʪʝʦʭʦʥʜʨʦʛʝʥʥʘʷ

ʪʨʘʥʩʜʠʬʬʝʨʝʥʮʠʘʮʠʷʢʣʝʪʦʢ 

ʛʣʘʜʢʠʭ ʤʳʰʮ ʩʦʩʫʜʦʚ ʠ 

ʜʝʛʨʘʜʘʮʠʷ ʵʣʘʩʪʠʥʘ 

ʷʚʣʷʶʪʩʷ ʮʝʥʪʨʘʣʴʥʳʤʠ 

ʩʦʙʳʪʠʷʤʠ

ʀʥʜʫʢʪʦʨʳ ʀʥʛʠʙʠʪʦʨʳ

MaʪʨʠʯʥʳʡGla ʧʨʦʪʝʠʥ

ʌʝʪʫʠʥA

ʇʠʨʦʬʦʩʬʘʪ

ʂʘʣʴʮʠʡ

ʌʦʩʬʘʪʳ

ɺʦʩʧʘʣʝʥʠʝ

ʋʨʝʤʠʷ

Leopold JA. Trends Cardiovasc Med 2015;25:267ï74;

Lau WL, et al. Adv Chronic Kidney Dis 2011;18:105ï112.

ʂʘʣʴʮʠʬʠʢʘʮʠʷʩʦʩʫʜʦʚ



ʀʟʦʙʨʘʞʝʥʠʝɻʠʩʪʦʣʦʛʠʷ

Moʣʝʢʫʣʷʨʥʳʝʤʝʭʘʥʠʟʤʳ: 

ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʢʦʥʮʝʧʮʠʠ

P

Neven E, et al. Kidney Int 2011;79:1166ï77.

ʂʘʣʴʮʠʬʠʢʘʮʠʷʩʦʩʫʜʦʚ



ʂʘʣʴʮʠʬʠʢʘʮʠʷʩʦʩʫʜʦʚ ʧʨʠ ʍɹʇ

ʍɹʇ1-2 ʍɹʇ3 ʍɹʇ4-5 ʍɹʇ5D Tx Yr10Yr1

Fox et al. KI 2004 (Framingham Heart Study)

Budoff et al. AJKD 2011 (CRIC)

Temmar et al. J Hypertension 2010

Russo et al. KI 2007

Evenepoel et al. JCEM 2015Shroff et al. Circulation 2008

ʧʦʣʝʤʠʢʘ



Åʅʘʨʫʰʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʢʦʩʪʠ

- ʉʢʦʨʦʩʪʴ ʦʙʤʝʥʘ

- ʄʠʥʝʨʘʣʠʟʘʮʠʷ

- ʆʙʲʝʤ

- ʃʠʥʝʡʥʳʡ ʨʦʩʪ

- ʇʨʦʯʥʦʩʪʴ

ʂʦʩʪʥʳʝ 

ʥʘʨʫʰʝʥʠʷ
ʃʘʙʦʨʘʪʦʨʥʳʝ

ʘʥʦʤʘʣʠʠ

ʂʘʣʴʮʠʬʠʢʘʮʠʷ

ʩʦʩʫʜʦʚ

Kidney Disease: Improving Global Outcomes (KDIGO) CKDïMBD Work Group. Kidney Int. 2009;76 (Suppl 113):S1ïS130.

FGF-23 = fibroblast growth factor-23. 

ʄʝʪʘʙʦʣʠʟʤ ʬʦʩʬʦʨʘʠ ʢʘʣʴʮʠʬʠʢʘʮʠʷʩʦʩʫʜʦʚ

ʅʘʨʫʰʝʥʠʷ

ʬʦʩʬʘʪʥʦʛʦ

ʦʙʤʝʥʘ



P

b-catenin/Wnt

OPG/RANKL/RANK
ʇʊɻ

osteoblast

osteocyte

osteoclast

ʀʟʦʙʨʘʞʝʥʠʷ

ɻʠʩʪʦʣʦʛʠʷ

ɹʠʦʤʘʨʢʝʨʳ

sost

ʆʙʨʘʟʦʚʘʥʠʝʈʝʟʦʨʙʮʠʷ

Baron R, Kneissel M. Nat Med 2013;19:179ï92.

ʌʦʩʬʘʪʳʠ ʢʦʩʪʥʳʝʥʘʨʫʰʝʥʠʷ

P



ʍɹʇïɻ ʪʦ ʩʦʩʪʦʷʥʠʝé

éʥʠʟʢʦʡ ʤʠʥʝʨʘʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʢʦʩʪʝʡ
éʥʠʟʢʦʛʦ ʢʦʩʪʥʦʛʦ ʦʙʤʝʥʘ 

é.ʚʳʩʦʢʦʛʦ ʨʠʩʢʘ 

ʧʝʨʝʣʦʤʦʚ

Evenepoel et al. Kidney Int 2019 (in press)

Å Nickolas TL, et al. J Am Soc Nephrol 2006;17:3223ï32;

Jadoul M, et al. Kidney Int 2006;70:1358ï66;

Alem AM, et al. Kidney Int 2000;58:396ï9;

Chen YJ, et al. Osteoporos Int 2014;25:1513ï8;

Denburg MR, et al. J Am Soc Nephrol 2016;27:543ï50.

Sprague SM, et al. Am J Kidney Dis 2016;67:559ï66



ʇʝʨʝʣʦʤʳ ʧʨʠʍɹʇ

Moe SM, Nickolas TL. Clin J Am Soc Nephrol 2016;11:1929ï31.



ɿʘʙʦʣʝʚʘʥʠʷ ʢʦʩʪʝʡʃʘʙʦʨʘʪʦʨʥʳʝ 

ʦʪʢʣʦʥʝʥʠʷ

ʂʘʣʴʮʠʬʠʢʘʮʠʷ

ʩʦʩʫʜʦʚ

ʅʘʨʫʰʝʥʠʷ 

ʬʦʩʬʘʪʥʦʛʦ

ʦʙʤʝʥʘ

Kidney Disease: Improving Global Outcomes (KDIGO) CKDïMBD Work Group. Kidney Int. 2009;76 (Suppl 113):S1ïS130.

FGF-23 = fibroblast growth factor-23. 

ʆʙʤʝʥ ʬʦʩʬʦʨʘ ʠ ʢʘʣʴʮʠʬʠʢʘʮʠʷʩʦʩʫʜʦʚ

ʂʦʩʪʥʦ-ʩʦʩʫʜʠʩʪʘʷ ʦʩʴ

ʇʘʨʘʜʦʢʩ ʢʘʣʴʮʠʬʠʢʘʮʠʠ



Åʆʙʤʝʥ ʬʦʩʬʦʨʘ ʫ ʟʜʦʨʦʚʳʭ

Åʆʙʤʝʥ ʬʦʩʬʦʨʘ ʧʨʠ ʍɹʇ ʠ ʝʛʦ ʩʚʷʟʴ ʩ ʤʠʥʝʨʘʣʴʥʦ- ʢʦʩʪʥʳʤʠ 

ʥʘʨʫʰʝʥʠʷʤʠ

Åʃʘʙʦʨʘʪʦʨʥʳʝ ʘʥʦʤʘʣʠʠ

Åʉʦʩʫʜʠʩʪʘʷ ʢʘʣʴʮʠʬʠʢʘʮʠʷ

Åʅʘʨʫʰʝʥʠʷ ʢʦʩʪʥʦʛʦ ʦʙʤʝʥʘ

Åʌʦʩʬʘʪʳ: ʧʨʷʤʘʷ ʠ ʦʧʦʩʨʝʜʦʚʘʥʥʘʷ ʪʦʢʩʠʯʥʦʩʪʴ

Åɻʠʧʝʨʬʦʩʬʘʪʝʤʠʷʠ (ʪʷʞʝʣʳʝ) ʚʘʞʥʳʝ ʜʣʷ ʧʘʮʠʝʥʪʘ ʦʩʣʦʞʥʝʥʠʷ

Åɺʦʟʤʦʞʥʦʩʪʠ ʣʝʯʝʥʠʷ

Oʙʟʦʨ



ʕʥʜʦʪʝʣʠʘʣʴʥʘʷ ʜʠʩʬʫʥʢʮʠʷ

ɻʠʧʝʨʪʨʦʬʠʷ ʣʝʚʦʛʦ ʞʝʣʫʜʦʯʢʘ

ʂʘʣʴʮʠʬʠʢʘʮʠʷʩʦʩʫʜʦʚ

é

ʇʨʦʯʥʦʩʪʴ ʢʦʩʪʠŹ

FGF23 ŷ

1,25(OH)2DŹ

ʇʊɻᴻ

ʀʥʬʝʢʮʠʠ

Aʥʝʤʠʷ

ʉʄɽʈʊʅʆʉʊʔ

ɻʠʧʝʨʬʦʩʬʘʪʝʤʠʷ, ʧʨʷʤʘʷ ʠ ʦʧʦʩʨʝʜʦʚʘʥʥʘʷ  

ʪʦʢʩʠʯʥʦʩʪʴ



ʕʥʜʦʪʝʣʠʘʣʴʥʘʷ ʜʠʩʬʫʥʢʮʠʷ

ɻʠʧʝʨʪʨʦʬʠʷ ʣʝʚʦʛʦ ʞʝʣʫʜʦʯʢʘ

ʂʘʣʴʮʠʬʠʢʘʮʠʷʩʦʩʫʜʦʚ

é

ʇʨʦʯʥʦʩʪʴ ʢʦʩʪʠŹ

FGF23 ŷ

1,25(OH)2DŹ

ʇʊɻᴻ

ʀʥʬʝʢʮʠʠ

Aʥʝʤʠʷ

ʉʄɽʈʊʅʆʉʊʔ

ɻʠʧʝʨʬʦʩʬʘʪʝʤʠʷ, ʧʨʷʤʘʷ ʠ ʦʧʦʩʨʝʜʦʚʘʥʥʘʷ 

ʪʦʢʩʠʯʥʦʩʪʴ



FGF23 ʠ ʠʤʤʫʥʠʪʝʪ

Bacchetta et al. JBMR 2013; Viaene et al; Am J Nephrol 2012

ɺʦʟʜʝʡʩʪʚʠʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʦʙʤʝʥʘ

FGF23

CYP27B1

ʀʥʬʝʢʮʠʠ

ʢʘʪʝʣʠʮʠʜʠʥ

Mʦʥʦʮʠʪ

ʀʤʤʫʥʠʪʝʪ



Koury and Haase Nat Rev Nephrol 2015
Agoro et al. FASEB J 2018

FGF23 ʠ ʵʨʠʪʨʦʧʦʵʟ

ɺʦʟʜʝʡʩʪʚʠʷ ʢʨʦʤʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʦʙʤʝʥʘ

ʕʨʠʪʨʦʧʦʵʟ



Faul et al. JCI 2011; Grabner et al. Cell Metabolism 2015

FGF23

ɻʃɾ

ɺʦʟʜʝʡʩʪʚʠʷ ʢʨʦʤʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʦʙʤʝʥʘ

ɻʃɾ

NFAT: Nuclear factor of activated T-cells

FGF23 ʠ ʛʠʧʝʨʪʨʦʬʠʷ ʣʝʚʦʛʦ ʞʝʣʫʜʦʯʢʘ (ɻʃɾ)



Faul et al. J Clin Invest 2011

FGF23 ʠ ʛʠʧʝʨʪʨʦʬʠʷ ʣʝʚʦʛʦ ʞʝʣʫʜʦʯʢʘ (ɻʃɾ)

= FGFR blocker



Åʆʙʤʝʥ ʬʦʩʬʦʨʘ ʫ ʟʜʦʨʦʚʳʭ

Åʆʙʤʝʥ ʬʦʩʬʦʨʘ ʧʨʠ ʍɹʇ ʠ ʝʛʦ ʩʚʷʟʴ ʩ ʤʠʥʝʨʘʣʴʥʦ- ʢʦʩʪʥʳʤʠ 

ʥʘʨʫʰʝʥʠʷʤʠ

Åʃʘʙʦʨʘʪʦʨʥʳʝ ʘʥʦʤʘʣʠʠ

Åʉʦʩʫʜʠʩʪʘʷ ʢʘʣʴʮʠʬʠʢʘʮʠʷ

Åʅʘʨʫʰʝʥʠʷ ʢʦʩʪʥʦʛʦ ʦʙʤʝʥʘ

Åʌʦʩʬʘʪʳ: ʧʨʷʤʘʷ ʠ ʦʧʦʩʨʝʜʦʚʘʥʥʘʷ ʪʦʢʩʠʯʥʦʩʪʴ

Åɻʠʧʝʨʬʦʩʬʘʪʝʤʠʷʠ (ʪʷʞʝʣʳʝ) ʚʘʞʥʳʝ ʜʣʷ ʧʘʮʠʝʥʪʘ ʦʩʣʦʞʥʝʥʠʷ

Åɺʦʟʤʦʞʥʦʩʪʠ ʣʝʯʝʥʠʷ

Oʙʟʦʨ



Moe SM, et al. Adv Chronic Kidney Dis 2007;14:3ï12. 

ʄʂʅ-ʍɹʇ



Åʅʘʨʫʰʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʢʦʩʪʠ

- ʉʢʦʨʦʩʪʴ ʦʙʤʝʥʘ 

- ʆʙʦʨʦʪ

- ʄʠʥʝʨʘʣʠʟʘʮʠʷ

- ʆʙʲʝʤ

- ʃʠʥʝʡʥʳʡ ʨʦʩʪ

- ʇʨʦʯʥʦʩʪʴ

Åʂʘʣʴʮʠʬʠʢʘʮʠʷʩʦʩʫʜʦʚ

Åʂʘʣʴʮʠʬʠʢʘʮʠʷʤʷʛʢʠʭ ʪʢʘʥʝʡ

Åʉʥʠʞʝʥʠʝ ʵʣʘʩʪʠʯʥʦʩʪʠ ʩʦʩʫʜʦʚ

Åʋʚʝʣʠʯʝʥʠʝ

- ʇʊɻ

- FGF-23

- ʑʝʣʦʯʥʘʷ ʬʦʩʬʘʪʘʟʘ

Åʉʥʠʞʝʥʠʝ

- 1,25(OH)2D3

- ʂʘʣʴʮʠʡ

ɿʘʙʦʣʝʚʘʥʠʷ

ʂʦʩʪʠ
ʃʘʙʦʨʘʪʦʨʥʳʝ

ʦʪʢʣʦʥʝʥʠʷ

ʂʘʣʴʮʠʬʠʢʘʮʠʷ

ʩʦʩʫʜʦʚ

Kidney Disease: Improving Global Outcomes (KDIGO) CKDïMBD Work Group. Kidney Int. 2009;76 (Suppl 113):S1ïS130.

FGF-23 = fibroblast growth factor-23. 

ʌʦʩʬʘʪʳʠ ʠʩʭʦʜʳ

ʅʘʨʫʰʝʥʠʷ

ʬʦʩʬʘʪʥʦʛʦ

ʦʙʤʝʥʘ



Gutierrez et al. NEJM 2008

ʉʚʷʟʴ ʬʦʩʬʘʪʦʚ ʠ FGF23 ʩʦ ʩʤʝʨʪʥʦʩʪʴʶ

Block et al. JASN 2004 Sakaguchi et al. Plos One 2014



ʌʦʩʬʘʪʳ ʠ ʢʘʣʴʮʠʬʠʢʘʮʠʷʩʦʩʫʜʦʚ

Proportion of calcified sites by serum phosphate group.

Adeney et al. JASN 2007



ʅʫʞʥʳ ʚʝʩʢʠʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ

Palmer et al. AJKD 2011



ʅʫʞʥʳ ʚʝʩʢʠʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ

ɺʓɺʆɼʓ ɸɺʊʆʈʆɺ:: 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʫ ʚʟʨʦʩʣʳʭ ʙʦʣʴʥʳʭ ʍɹʇ 5D, ʧʦʣʫʯʘʚʰʠʭ ʜʠʘʣʠʟ, ʩʝʚʝʣʘʤʝʨʤʦʞʝʪ 

ʩʥʠʞʘʪʴ ʩʤʝʨʪʥʦʩʪʴ (ʦʪ ʚʩʝʭ ʧʨʠʯʠʥ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʩʬʘʪ-ʩʚʷʟʳʚʘʶʱʠʤʠ ʧʨʝʧʘʨʘʪʘʤʠ 

ʥʘ ʦʩʥʦʚʝ ʢʘʣʴʮʠʷ ʠ ʚʳʟʳʚʘʪʴ ʤʝʥʴʰʫʶ, ʩʚʷʟʘʥʥʫʶ ʩ ʣʝʯʝʥʠʝʤ ʛʠʧʝʨʢʘʣʴʮʠʝʤʠʶ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʤʳ ʥʝ ʦʙʥʘʨʫʞʠʣʠ ʢʣʠʥʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʥʠ ʫ ʦʜʥʦʛʦ ʬʦʩʬʘʪ-

ʩʚʷʟʳʚʘʶʱʝʛʦ ʧʨʝʧʘʨʘʪʘ (ʌʉʇ) ʚ ʦʪʥʦʰʝʥʠʠ ʧʦʢʘʟʘʪʝʣʝʡ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ 

ʩʤʝʨʪʥʦʩʪʠ, ʨʘʟʚʠʪʠʷ ʠʥʬʘʨʢʪʘ ʤʠʦʢʘʨʜʘ , ʠʥʩʫʣʴʪʘ, ʧʝʨʝʣʦʤʦʚ ʠʣʠ ʢʘʣʴʮʠʬʠʢʘʮʠʠ

ʢʦʨʦʥʘʨʥʳʭ ʘʨʪʝʨʠʡ. ɺʣʠʷʥʠʝ ʬʦʩʬʘʪ-ʩʚʷʟʳʚʘʶʱʠʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʚʘʞʥʳʝ ʜʣʷ ʧʘʮʠʝʥʪʦʚ 

ʠʩʭʦʜʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʘʮʝʙʦ ʥʝʦʧʨʝʜʝʣʝʥʥʦ. ʋ ʙʦʣʴʥʳʭ ʍɹʇ 2-5 ʩʪ. ʚʣʠʷʥʠʝ 

ʥʘʟʥʘʯʝʥʠʷ ʩʝʚʝʣʘʤʝʨʘ, ʣʘʥʪʘʥʘ ʠ ʌʉʇ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ ʥʘ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʫʶ 

ʩʠʩʪʝʤʫ, ʢʘʣʴʮʠʬʠʢʘʮʠʶʩʦʩʫʜʦʚ ʠ ʟʘʙʦʣʝʚʘʥʠʷ ʢʦʩʪʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʘʮʝʙʦ ʠʣʠ 

ʦʙʳʯʥʳʤ ʣʝʯʝʥʠʝʤ ʪʘʢʞʝ ʥʝʷʩʥʦ ʠ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʟʘʧʦʨʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ  ʌʉʇ ʥʘ ʦʩʥʦʚʝ 

ʞʝʣʝʟʘ  ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʟʚʠʪʠʶ ʜʠʘʨʝʠ
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