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KDOQI 2003 KDIGO 2009 CKD-MBD
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CKD-MBD

“ ”

449
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CKD-MBD

CKD-MBD

CKD-MBD

1

CKD-MBD 2 CKD

3

CKD-MBD

4 CKD

5
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VIII 
 

 

   

1,25(OH) 2D 1,25-Dihydroxyvitamin D 1,25- D

25(OH)D 25-Hydroxyvitamin D 25- D

ALP Alkaline phosphate  

BMD Bone mineral density 

BV Bone volume 

CAC Coronary artery calcification 

CaR Calcium-sensing receptor 

CAPD Continuous ambulatory peritoneal 

dialysis 

 

Ca P Calcium–phosphorus product 

CKD Chronic kidney disease 

CKD-MBD Chronic kidney disease-mineral 

and bone disorder

-

CVD Cardiovascular disease 

DAPD Daytime ambulatory peritoneal 

dialysis 
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DOPPS Dialysis Outcomes and Practice 

Pattern Study 

eGFR Estimated glomerular filtration 

rate 

FRAX Fracture risk assessment tool

GFR Glomerular filtration rate 

HD Hemodialysis

HDF Hemodiafiltration  

iPTH Intact parathyroid hormone 

IU International unit 

IV Intravenous 

KDIGO Kidney Disease: Improving 

Global Outcomes 

KDOQI Kidney Disease Outcomes Quality 

Initiative 

MDRD Modification of Diet in Renal 

Disease 

MHD Maintenance hemodialysis  

MRI Magnetic resonance imaging

OSTA Osteoporosis self-assessment tool 
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for Asians

PD Peritoneal dialysis 

PTH Parathyroid hormone 

PTX+AT Total parathyroidectomy with 

autotransplantation 

+

 

PWV Pulse wave velocity 

QUS Quantitive ultrasound

RCT Randomized controlled trial 

SHPT Secondary hyperparathyroidism 

sPTX Subtotal parathyroidectomy  

tPTX Total parathyroidectomy  

VDR Vitamin D receptor D

Vit D Vitamin D D
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- CKD-MBD

1 PTH D 2

3

 

CKD

 

CKD

/ PTH

D

PTH  

>1.45mmol/L  

<0.87mmol/L  

>2.50mmol/L  
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<2.10mmol/L  

calcimimetic

PTH  

arterial calcification

CKD

CKD

calcific uremic arteriolopathy calciphylaxis  

CKD 1-2

CKD 3 iPTH /

CKD-MBD CKD 3-5D

/ CKD-MBD

 

KDIGO  

CKD K/DOQI 

2002 [1] 1  
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2  
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CKD-MBD

25- D[25(OH)D]

 

  

CKD-MBD CKD

CKD-MBD  

� CKD CKD 3

iPTH  

ALP 25- D 

[25(OH)D]  

 

CKD PTH D

CKD-MBD  

CKD-MBD
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CKD 5D

CKD  

CKD 3-5 Levin 1800 CKD

iPTH

GFR>40 ml/(min 1.73m2)

GFR>20 ml/(min 1.73m2) 12

GFR>80 ml/(min 1.73m2) iPTH 60

GFR<60 ml/(min 1.73m2) iPTH [2]

[3] CKD 3

iPTH
[4, 5]  

CKD 5D CHOICE

9.35 mg/dl 5.23 mg/dl 6

9.5 mg/dl 5.43 mg/dl [6] DOPPS

iPTH
[7]

iPTH [8, 9]  

ALP CKD 

5D [10, 11] 2006

Kalantar-Zadeh 58058  iPTH

U- J- ALP
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[12] 2008 Regidor 73960
[10]  

25- D [25(OH)D] D

42.6% 25(OH)D
[13] CKD 3-4 25(OH)D CKD

[14-16]  

� CKD 3-5D

iPTH 25(OH)D

CKD

 

(1) CKD 3 6-12

iPTH CKD

iPTH ; 

(2) CKD 4 3-6

6-12 iPTH ; 

(3) CKD 5 5D 1-3

3-6 iPTH ; 

(4) CKD 4-5D 6-12

iPTH ; 

(5) CKD 3-5D 25(OH)D
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CKD-MBD

CKD 

 

 

CKD-MBD

ALP iPTH 25(OH)D

CKD

CKD-MBD

3  
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1. CKD 3-5D 

CKD-MBD 

 

2. CKD 3-5D 

(Ca P)

 

3. CKD 3-5D 

 

 

 

( )
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CKD

1%

40%-50%

CKD

40 g/L K/DOQI[17]

KDIGO[18] (mg/dl)=

(mg/dl)+0.8×[4− ( g/dl) ]

CKD-MBD Payne [19, 20]

(mg/dl)= (mg/dl)+ [4− ( g/dl) ]
[21]
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 [22]

 

pH

[23, 24] [25]

[26]

 

PTH 84

PTH 1-84 PTH

PTH PTH PTH

PTH PTH

PTH PTH CKD

C- N- PTH

PTH

 [27]

PTH iPTH PTH
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iPTH 1-84 PTH 7-84 PTH  
[28] 1-84 PTH

1-84 PTH

7-84 PTH  [29-31] PTH

1-84 PTH wPTH

PTH  [32] CKD 5 1-84 PTH iPTH

 [33] CHOICE 1-84 PTH

iPTH  [6]

1-84 PTH

iPTH PTH

PTH PTH  

HPLC 25(OH)D

RIA

25(OH)D LC-MS/MS

25(OH)D2 25(OH)D3 25(OH)D

25(OH)D  [34]

25(OH)D2 25(OH)D3

25(OH)D [35, 36]

25(OH)D Binkley
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 [37]

D

25(OH)D  

1,25(OH)2D D 1,25(OH)2D2

1,25(OH)2D3 4-6 HPLC

1,25(OH)2D 1,25(OH)2D

1,25(OH)2D

1,25(OH)2D 1,25(OH)2D

D

1,25(OH)2D

1,25(OH)2D  

D D

D 25(OH)D 10~15 ng/ml (25~37 nmol/L)

 [38, 39] [40, 41] CKD [42]

25(OH)D <15 ng/ml

D 15 ng/ml <30 ng/ml D

 

ALP 6 ALP

ALP

ALP t-ALP
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CKD-MBD

t-ALP t-ALP

( b-ALP)

b-ALP
[43, 44] Drechsler b-ALP

t-ALP [45] b-ALP

18.5% b-ALP
[13] t-ALP

b-ALP

CKD-MBD  

  

CKD-MBD

CKD 1-3

CKD 3-5D

 

� CKD-MBD

CKD-MBD CKD 3-5
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CKD-MBD  

 

 

 

Malluche 630 CKD 5

58%

3%

73%  
[46]  

MHD

iPTH

CKD-MBD [47]  
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� CKD-MBD CKD 3-5  BMD

CKD 3-5

 

 

 

39000 meta BMD
[48] WHO

BMD

[49] 46340

230486

63

4.2 [50] CKD 1-3

CKD 4-5  

CKD 5 BMD

13 BMD

5 BMD  [51-55]

8 BMD [56-63]
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Jamal 6 meta

BMD [64]  

Lindergard 71 CKD BMD

BV/TV [65] Gerakis 62 CKD
[52] 5 20-30 CKD

BMD
[66-70]  

1988-1994

CKD BMD
[71] Jamal meta CKD 5 BMD

[64] 1713

eGFR BMD

eGFR [72] 187 CKD BMD

1 2 [57] Tall

88 CKD BMD
[73] Van Eps X DXA

BMD CKD [74]  

485 CKD 5 BMD

40 46

BMD  [75]

BMD
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BMD DXA

QCT DXA

QCT BMD

CKD

 

Boling 27 DXA BMD

QCT

BMD BMD 5%

BMD 30% [70] Torres BV/TV

CT 0.82 [76]  

CKD 4-5 BMD

CKD 3-5 BMD CKD-MBD

 

1. CKD 3-5 iPTH

 

2. CKD 3-5
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CKD 5 PTH

Coco 1272

PTH [77] Danese 9007

PTH [78] Jadoul

12782 PTH 900 pg/ml

RR 1.7 [79] 40538

PTH [80] 4952

1774 [81, 82]

PTH
[57, 59-63, 83]  

CKD 5

PTH BMD

 [53, 57, 60, 84-86]  

51 ESRD PTH 1-84 /

PTH C-PTH 1

100% 1

87.5% [33] 79 ESRD

107

iPTH

PTH
[87]  
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Blayney 12 29000

ALP

iPTH  [11]

1753

b-ALP [45]  

42 b-ALP 20 

ng/ml 100%

84% iPTH 200 pg/ml

94% iPTH 200 pg/ml b-ALP 20 ng/ml

80% 100%

100% b-ALP PTH

b-ALP

ALP iPTH [88]  

 

BV/TV iPTH

4 [66, 89-91]

0.51 0.56[88, 92]  

3 b-ALP [66, 89, 90]

0.54[88] b-ALP BV/TV

b-ALP [91]  
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CKD

 

CKD

 [93-95]

 

CKD 4-5

Urena 70 I C-

b-ALP  
[59] CVD CKD 1-5

-5B b-ALP

 [96]

 [97]  

Coen 41 CKD 5 iPTH b-ALP

BV/TV

 [89] Barreto 98 CKD 5 BV/TV

iPTH b-ALP  [66]  
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CKD-MBD

CKD-MBD  

1. 

CKD 5D

 

2.  CKD 3-5D X

CT CT

 

3. 6-12  

4.  CKD 3-5D /

CKD-MBD

 

 

 

CAC CKD-MBD

/

CKD-MBD
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CKD

 

CT EBCT CT MSCT

CKD

CKD-MBD

X PWV

( )

 

CKD CT

EBCT MSCT CAC EBCT

MSCT Bellasi [98]

EBCT CAC

 X 

CAC

 X 

PWV

IMT CT CAC PWV

 X CAC  [99-104] CT
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 X 

X-  

CKD

 

25 meta

4000 CKD CKD 5

51%-93

CAC [18] 20%-47 CKD 

5 [18] CKD 3-5 47%-83%
[18] 653 CKD 3-5

20%-25 [105]

32%
[106] 2

52.5%
[107];

26.1% [108] X

63.63 28.39

( 3 )[109]  

CKD 8

1 3 MSCT EBCT
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X- IMT CKD

CKD

CKD CKD

 

    10 CKD

 

CKD-MBD

CKD-MBD
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CKD-MBD CKD

CKD-MBD

[80, 110, 111]

CKD-MBD

 

  

D CKD

CKD
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CKD

CKD GFR 60 

ml/(min·1.73m2) CKD 3

D [1,25(OH)2D3]

CKD 4-5

2012 DOPPS

57.4%

47.4% 38.5%

 [112] CKD

 [80, 110, 111]

meta 14 109670 CKD

1 mg/dl 18% [113]
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1. CKD 3-5 0.87~1.45 

mmol/L   

2. CKD 5D

1.13-1.78 mmol/L  

 

 

CKD-MBD

CKD

PIRP (Prevenzione Insufficienza Renale 

Progressiva) 1726 CKD 3-5 3

1.39 mmol/L

(HR 2.04 ) [114] MESA Multi-Ethnic 

Study of Atherosclerosis 439

CKD 95%

0.81-1.45 mmol/L 97% CKD 3 GFR57 

ml/(min·1.73m2) 1 mg/dl

21% 33% 25%

62% [111] 6730 CKD

CKD 1.2 mg/dl

1.5 mg/dl 1.13 mmol/L
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1 mmol/L 56

1.61 mmol/L [115]

KDIGO

CKD 3~5

0.87~1.45 mmol/L  

22937 2

K/DOQI (1.13~1.78 

mmol/L) 38%  [116] 58349

2

1.94mmol/L  [12] 2005 DOPPS

4.5~5.5 mg/dl

1 1 mg/dl 4% [117] 2008

DOPPS 6.1~7.0 mg/dl

7.0mg/dl 5.3% 4.3%

1.16~1.61  mmol/L [7] HEMO 1846

>1.94 mmol/L

25%  [118] 2011

CKD CKD >1.78 mmol/L

1 mg/dl CKD

18% 10% [113]

CKD 5D

CKD 10044
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90

1

136/1000 vs. 

235/1000 / P 0.0001 [119]

2008 DOPPS

0.65 mmol/L  [7]

(7970 CKD 5D HD 21 )

1.13 mmol/L  [120]  

[121]

CKD 5D  

1.13-1.78 mmol/L  

CKD-MBD CKD

D
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D [1,25(OH)2D3]

CKD

 

� CKD 3-5D

2.10~2.50 mmol/L  

 

 

CKD
[7, 17, 80]

25588 MHD

(2.15~2.50 mmol/L)

MHD
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2.15~2.50 mmol/L  [7] 1846

>11 mg/dl

60% [146]

CKD

 [122-124]  

5-5D

5-5D  [17, 80, 123]

2.5 mmol/L

DOPPS MHD

8.6~10.0 mg/dl  [7] Kimata

>2.6 mmol/L

 [125] Kalantar-Zadeh 58058 MHD

>2.63 mmol/L  [12]

307 17236

>2.85 mmol/L

 [117] CKD 3-5D

2.10~2.50 mmol/L  

CKD

D
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CKD

SHPT

CKD-MBD

CKD-MBD

CKD-MBD

CKD 5D

CKD

 

 

1. CKD 3-5

800 1000 mg/d  

2. CKD 5D

800 1000 mg/d  

3. /
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[126]

[126]

[121]

[127]

49.3±9.5 

mL/(min·1.73m2)
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.
[129]

[130]

 

[132-134]

[135]
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[137]

[121]

 

[139]

guide.medlive.cn

http://guide.medlive.cn/
http://guide.medlive.cn/


         

36 
 

[140]

[134]

[141]

[142]

[140]

CKD 5D

CKD 5D
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1. CKD 5D HD

1.25~1.50 mmol/L 2.5~3.0 mEq/L

CKD 5D PD

1.25 mmol/L 2.5 mEq/L  

2. CKD 5D HD

 

 

 

 [143]

1.75 

mmol/L

 [144, 145]

1.25 mmol/L
[146-148]
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 [150]
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 [153]  [154]

1.25mmol/L

iPTH 1.75 mmol/L

 [153]

49 6

1.75mmol/L

1.25mmol/L
[155]

40 12

1.25mmol/L

1.75mmol/L [156]

CKD 5D

1.25~1.50mmol/L CKD 5D

1.25mmol/L

 

12 80%
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6 6

3 4

iPTH [157]  Mucsi

6

6-8  [158] Fajardo

Toussaint 11

8~9 6 34.3

 [160]

meta 5.5

5.5 5
[161]

 

PTH /
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Ca2+

 
25

Ca2+

PTH

[18]

 

1)  

1. CKD 3-5

 

2. CKD 5D
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3. CKD 3-5D

/

/ iPTH 

 

 

 

110 CKD 4-5 > 4.5 mg/dl

 [162] 2003 K/DOQI

 [17]

148 CKD 3-4

 [163]

meta

 [164, 165] CKD
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meta
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2).  

4. 2000 mg

D

 

5. 2000 mg

 

 

 

1000 mg 110 mg

170 mg

H2

, 

 

D

52 CKD

8
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CT

6.456 g/d 3.325 g/d 

 ( )

200

4.6 g /d(

1183 mg/d) , 3.9 g/d ( 1560 

mg/d) Malberti

1.2-2.3 g/d  K/DOQI

1500 mg

<2000 mg D
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1000~1500 mg

500 mg 500-1000 mg

K/DOQI

K/DOQI

2000 mg/d

 

1500 mg/d, 2-3
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iPTH  

 

5  

    

 
 

 
/

 
 

 
 /

LDL-C
 

 

 
 

 
 

 

KDIGO  

1)  

CKD 5D
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1. 

 

(1) CKD 5D 2.5 

mmol/L  

(2) CKD 5D 2.5 

mmol/L 1500 

mg

 

(3) CKD 5D /

iPTH 2 /

 

 

 

 

meta

 [164, 165]

meta

 
[164, 165] DCOR

1068

20
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 [172]

65

 [172] 212 CKD 3~4

36

 [183] RCT 466

24

 [184]

meta

[173]  

ARNOS 1347

42

 [185]

1354

65

 [186]

COSMOS 6297

3

 
[187]  
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PTH

 

 meta

CKD PD HD

 [164, 165]  RCT
[183]  [188]

[189-191] [189, 190]   

 
 PTH

iPTH 150 

pg/ml  [192, 193]

iPTH iPTH

 [194, 195] RCT 800 HD 20

iPTH

iPTH 150 pg/ml [166]

72
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iPTH iPTH  [191]

RCT 259 MHD 8

iPTH iPTH [190]

212

RCT iPTH

 [183] RCT

iPTH  [188]

Iorio

4.87 mg/dl

2950 mg/d [183] Chertow 7.4 

mg/dl 3900 mg/d [192]

PTH

PTH  

iPTH 150 pg/ml

iPTH

 

 

[110] Block

148 CKD
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9

[163]

30 MHD

18

 [196]

13 CAC

 [197]

RCT 90 CKD

2 +

+

 [130] RCT 212

CKD 3-4  2

 [183]

RCT
[188, 198] BRIC (101

MHD 71 RCT 1 )

CAC
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CAC
[199] KDIGO

1.75 mmol/L

[18] CARE-2 (203 5.5 mg/dl LDL-C

80 mg/dl CACS 30~7000U HD  RCT

12 )

CAC 15% [195]  

30% 43% KDIGO

CARE-2

 

 

 

PTH

 

119

iPTH 68
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3 9% 9

26%  [200]

Shigematsu 15

3 1 2

3 [201]

63

1 1

4% 6 26%

 [202]

 [203]  

9000 mg/d [166, 202]

 [204, 205]  
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2. 

 

3. 

1-2

 

 

 

Renvela

[206, 207]

800 mg 3

4.8 g/d

12 g/d 5.5 g/d

2.4 g/ 800 mg

[208] [209] 6  
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6   

(mmol/L)   

1.78 2.42 800 mg tid 800 mg tid 

2.42 2.91 1600 mg tid 1200 1600 mg tid 

2.91 1600 mg tid 1600 mg tid 

 

 

 

250 mg 500 mg 750 mg 1000 mg

1500 mg/d

2

3000mg/d 2000 mg/d
[210]

750 mg/d

4 375 mg/d 3000 mg/d

 [211]
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7  

7   

(mmol/L)  

1.78 2.42 250 mg tid 

2.42 500 mg tid 

 

[213]

 

 

� CKD 3-5D >2.26 

mmol/L 4
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1000 mg

200 mg

 [17, 214] 2009 KDIGO

 [18]  

>2.26 mmol/L

>2.26 mmol/L D

K/DOQI [17]

2.26mmol/L 2~4  
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SPHT CKD

CKD

CKD

USRDS 14829

3 iPTH

iPTH 480 pg/ml
[124] 2097

7338 iPTH
[215] 663

7.8 iPTH
[216]

CKD iPTH

 [217]  

iPTH
[218-220] PTH CKD
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CKD PTH CKD

PTH

 [12]

106760 8 iPTH

(iPTH<100 pg/ml  iPTH 800 pg/ml)
[221] 2012 KEEP

10823 CKD eGFR<60 ml/(min•1.73m2)

25794 iPTH 5 iPTH iPTH

ESRD  iPTH 41~59 ng/L

 [222] CKD PTH

 

CKD PTH

K/DOQI PTH

CKD PTH

CKD 5 iPTH 150~300 pg/ml [17] 2009

KDIGO iPTH

iPTH

CKD 5 iPTH 2~9

 [18] SPHT

CKD PTH

PTH PTH

PTH
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PTH
[223]  

PTH

iPTH intact PTH 1-84PTH

7-84PTH[28]

1-84PTH whole PTH bioactive PTH

 [223]

PTH iPTH  

� CKD 3-5 iPTH

iPTH

 

 

 

157 CKD GFR 60 

ml/(min·1.73m2) PTH  [224]

1800 CKD 3-5

eGFR 30 ml/(min·1.73m2) 60% CKD iPTH [2]

2646 CKD
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CKD 3 iPTH

eGFR iPTH  [3] CKD 3-5

iPTH

KEEP CKD 

3-5 ELISA iPTH

12~65 ng/L iPTH 41~59 ng/L

 iPTH 59~80 ng/L

HR 1.52 95% CI 1.04~2.22 [222]

CKD iPTH

CKD 3-5 iPTH

KDIGO CKD iPTH

D [18]  

CKD 3-5

iPTH [4, 5]

CKD [218, 219]

[220] CKD 3-5 [222] iPTH

/

CKD iPTH

CKD iPTH
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� CKD 5D iPTH

2-9  

 

 

CKD 5D K/DOQI PTH

iPTH 150~300 pg/ml 36

CKD 3-4 96 CKD 5

iPTH iPTH <150 pg/ml

50% 85% 83%

iPTH >300 pg/ml

69% 75% 62% iPTH

 [225] 97

HD iPTH 150~300 pg/ml 1

iPTH 88%

iPTH<150  pg/ml

83% iPTH >300 pg/ml 62% 
[226] 43 HD iPTH

150~300 pg/ml 75%  [227]

iPTH  [228]

K/DOQI 150~300 pg/ml iPTH
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CKD 5D  

iPTH CKD 5D

iPTH

iPTH

iPTH DOPPS

iPTH 900 pg/ml

 [79] 1272 4039

iPTH

iPTH [77] 29 56

HD iPTH

HD iPTH<100 pg/ml

iPTH>100 pg/ml 17  vs. 280 P< 0.02
[229] iPTH

 

iPTH U

iPTH

ARNOS 1348  HD 

42

iPTH<50 pg/ml 50 pg/ml

HR 1.4 [1.07~1.8] P = 0.006  [230] 2011

meta PTH 100 pg/ml

CKD [113]

iPTH
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25588 HD DOPPS

iPTH>600 pg/ml iPTH

101~300 pg/ml  [7]

7970 HD iPTH 75 pg/ml

50% 600 pg/ml 2
[120] CORES 16173 HD iPTH

iPTH 150 pg/ml

500 pg/ml iPTH

50 pg/ml 800 pg/ml  [231]

iPTH>300 pg/ml

HR 1.42 95% CI 1.06~1.91 P<0.05
[231] iPTH

[231]

CKD iPTH >400 

pg/ml[12] 42.4 pg/ml  >480 pg/ml[117]

50.9 pg/ml >500 pg/ml[125] 53 

pg/ml >511 pg/ml[232] 54.2 pg/ml >600 

pg/ml[80] 63.6 pg/ml

iPTH 10

iPTH 2

9 8  
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8 iPTH  

 
 

iPTH  
(pg/ml) pg/ml  pg/ml  

Tentori(DOPPS)[7] <101 >600  
Floege[120] <75 >600  
Naves-Diaz(CORES) [231] <150 >500  
Kalantar-Zadeh[12]  >400 42.4 
Young[117]  >480 50.9 
Kimata[125]  >500 53 
Block[232]  >511 54.2 
Block[80]  >600 63.6 

 

UKRR 7076 HD4947

PD2129 23%~26% 150~300 pg/ml iPTH

iPTH cut off  [233] RCT

CKD iPTH RCT

iPTH

357 HD 158 PD

iPTH

iPTH

 [234] iPTH

iPTH
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iPTH iPTH

237 HD PD

10 iPTH 300 

pg/ml [235] 94 HD

iPTH <300 pg/ml iPTH 1 iPTH

150 pg/ml [236]  

iPTH 2011 HD

iPTH 75 pg/ml
[120] CORES iPTH 50 pg/ml

[231] iPTH

 

iPTH

190 D 240

10

2-9 CKD 5D

iPTH [237] KDIGO

iPTH

 

KDIGO CKD 5D

iPTH iPTH
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KDIGO [18] CKD 5D iPTH

2-9  

CKD SHPT

CKD PTH iPTH

D

iPTH

CKD iPTH

 

 

D SHPT

D

CKD D SHPT

D
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CKD SHPT D

[1,25(OH)2D3] [25(OH)D3])

 

1)  

1. CKD 3-5 iPTH

D

D

iPTH

D  

2. CKD 5D iPTH

D iPTH 

D

iPTH  
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CKD2~5 iPTH
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CKD 3-4 D2

D3 SHPT 46 CKD

CKD2-3

D3 50000 u 12 50000 u

40 1 D

iPTH [252]

55 D CKD 3-4

D3 D

iPTH [253] D3 D

D  [253]

80 CKD 3-4

D2 iPTH

iPTH D2 iPTH

D2

iPTH [254] 100 u D2

25(OH)D 0.7 ng/ml 25(OH)D

1,25(OH)2D

CKD D
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D2 D3 6 iPTH

D  

D CKD

CKD-MBD D VDR

iPTH D

VDR

2005 FDA D

paricalcitol SHPT meta

9 RCT , 832 CKD2-5

CKD2-5 iPTH 
[239]

VDR

PTH

VDR
[255]  

 

2)  
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3. CKD 3-5 D

 

4. CKD 5D iPTH

D

iPTH

D  

5. iPTH D

 

 

 

μg

μg

μg
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30 CKD

8 0.5 μg/d PTH
[259]

16 CKD 3-4

0.25-0.5 μg/d SHPT [260] MHD

76 MHD

5 0.25-0.5 μg/d

iPTH [240] Fukagawa 4 ug

2 HD SHPT 12 iPTH

1018±130.1 pg/ml 415.8±78.3 pg/ml[261] Levine

18 2 ug tiw 24

iPTH 510±252 pg/ml 153±88 pg/ml[258]

MHD SHPT iPTH 

600-1000 pg/ml 4 μg/w iPTH>1000 pg/ml 6 μg/w 8

iPTH 1218±295 pg/ml 437±152 pg/ml[262]

ESRD

D [263]

D [264]

7-8 ug/w [265, 266]  

FDA

SHPT iPTH
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1 iPTH

1 μg iPTH 2 

μg 2 3 iPTH

2 μg tiw iPTH

4 μg tiw 2-4 Abboud

CKD 3 4 220

iPTH 500 pg/ml 2μg

tiw iPTH >500 pg/ml 4μg  tiw (iPTH 500 pg/ml , 

1 μg qd iPTH >500 pg/ml 2μg,qd)
[267]

0.04 0.1 μg/kg

iPTH 2-4  

 

3)  

6. D

 

(1) CKD 3-5

D

iPTH 6

 

(2) CKD 5D D
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2

iPTH

3  

(3) iPTH 2

D

 

 

 

CAPD

3 μg tiw 0.75 μg

qd [269]

D

D PTH

K/DOQI CKD3-5

D

3
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D

PTH 6

CKD5D

D

D PTH

3  

PTH

66 SHPT

iPTH

16.7% [270]

III

[271]

[272, 273]

 

  

calcimimetic
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PTH

 

1)  

� \

D iPTH 

CKD 5D  

 

 

404 CKD 3-4
[336] III

iPTH

<8.4 mg/dl

CKD

CKD

HD PD 395 PD 46
[337]

PTH  
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Block [284] D 19186

5976 26

EVOLVE[285] RCT

3883 HD SHPT  iPTH 693 

pg/ml

/ D 64

 

PTH [286] [287] [288]
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[289](25 HD ) [290]

4 RCT 1184 ESRD [291]

D
[292]

567 [290] 

4 RCT 1184 ESRD  

KDIGO CKD 5D

D iPTH 

 

2)  

~
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[277]

QT
[276]  ECHO[280] 485

HD + D/

EVOLVE[285]

[293] Dopps [7] 8.5 mg/dl

iPTH KDIGO iPTH

2  

 

1)  

SHPT

2012 [112]

2074

iPTH 150~300 pg/ml 26.5%

DOPPS-3 31.4%

DOPPS-4 32.1%  

SHPT refractory HPT
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D

PTH parathyroidectomy PTX

PTX PTH  

PTX
[117, 294] PTX 2000

[295] PTX

RCT

PTX

[296-298] Sharma [299] 150 PTX 1044

PTX 3.6 0.1 -13

33%

37%  

PTX D

RCT PTX RCT

+

SHPT
[300]

[301] PTX SHPT
[302, 303]

PTX

97% PTX
[304, 305] PTX
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PTX

[306]  

1. CKD 3-5D

 

2.  

(1) iPTH 800 pg ml( 16 62 pg

ml)  

(2) /  

(3) 

1 cm

 

(4) D  

 

 

-
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3. +

PTX+AT sPTX

tPTX  
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~
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1-2 

mg/kg 10% 10 ml 90 mg

1.5 g 3

0.5-2 g/d 2-3

1.75-2.25 mmol/ L

 

24  

PTH

PTX

1

3
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1 1-2 1

1 1 1

>1.8 mmol/L 7.2 mg/dl

>1.0 mmol/L 3.2 mg/dl

iPTH PTX

1 1

1 1 3 3 1

iPTH  

 

PTX
[301, 305] 3.1%

[313] PTX

D

D [304]  

iPTH >100 pg/ml

iPTH
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0-10%

ALP iPTH iPTH

D

B

PTX
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CKD
[320, 321]

333 50 ± 15

217

29
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1. CKD
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/

2.  
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� CKD
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� 

D

D

D iPTH

D
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CKD

D

CKD

CKD1-2

CKD3-5

 

CKD

CKD

D

CKD3-5
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CKD

 

  

WHO

1994

WHO

CKD  

2009 KDIGO CKD-MBD

CKD 1-3 3 CKD

BMD “CKD-MBD BMD”  

60

14.6% 61.8%

19.6% CKD

1988-1994

13831 20

BMD Cockcroft–Gault
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23%CKD 3-4 BMD

CKD BMD [71]  

�  

(1) 6-12  

(2) iPTH CKD iPTH

 

(3) 25(OH)D

 

 

 

CKD 1-3

CKD

25(OH)D  

CKD iPTH ALP

CKD 3 2010

25(OH)D 3-4

 [346]  
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� CKD 1-2

 

 

 

BMD

BMD

X DXA

X pDXA QCT

DXA

 

BMD T-Score T T = -

/ BMD BMD

<1 1-2.5

2.5  

DXA

T BMD

BMD Z Z = - BMD

/ BMD Z
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CKD  [347-349]  

2011 BMD

L1-L4 BMD

BMD [350] Jamal

meta BMD CKD 5

 [64] CKD 1-2

BMD  

BMD 70%

BMD SD

 [351] BMD

CKD CKD BMD

CKD

BMD

 [352]  

pDXA

NOF pDXA BMD

 

QCT QCT pQCT

QCT

BMD

BMD

QCT
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DXA pDXA QCT pQCT

 

DXA QCT

HRMRI

 [353]  

BMD

 [346]  

BMD

12

BMD 18-24 BMD  [354]  

2010

BMD

1 3 BMD

5-10

BMD [355]  

QUS
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QUS

QUS

 

X

X

30%-50% X WHO

“ ”

X

X

 [356]  

HRMRI  
[346, 357, 358] MRI

HRMRI

HRMRI
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ALP OC

b-ALP C- PICP

N- PINP 2 /

TRACP

C- S-CTX Pyr

D-Pyr C- U-CTX

N- U-NTX

IOF N- PINP

C- S-CTX

 

OC

Pyr CCr 30 ml/min
[359]  

3-6

3 6
[360, 361]
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BMD
[362, 363]  

0.003%  [364]  

 

� CKD 1-3

OSTA WHO FRAX  

 

 

WHO

FRAX 10

FRAX

BMD
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3

 

2009 KDIGO CKD-MBD

CKD1-3 CKD4-5

 

1. OSTA  

8 11

2
[365]  

OSTA = [ ] 0.2 

9  OSTA  

 OSTA  

  -1 

 -1  -4 

  -4 

 

2. WHO FRAX  

WHO FRAX

10
[366, 367]  
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http://www.shef.ac.uk/FRAX/

 FRAX

 

 

  

�  

(1) BMD T -2.5

 

(2) BMD -2.5<T -1.0

 

(3) BMD

 

 

OSTA  

FRAX 3%

20%  

 

 

guide.medlive.cn

http://guide.medlive.cn/
http://guide.medlive.cn/


         

116 
 

 

CKD 1-2 /

CKD 3

/

BMD /

CKD

CKD 4-5

BMD /

 

  

[368]  

1.  

2. 

 

3.  

4. 

 

5. 
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CKD  

(1) CKD 1-2 /

 

(2) CKD 3 iPTH

/

 

(3) CKD 3 CKD-MBD

BMD /

CKD

 

(4) CKD 4-5D CKD-MBD

BMD /

 

 

 

 400 mg/d
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200 mg/ 2 ;  

 

75 mg 1

150 mg/d 30-90 mg/d 3-4 1

2  

 

5 mg/d 1

3 2 mg/d 3 1

15 5 mg/d 35 mg/w  

 

CKD  

 

 

 CKD1-3

eGFR<35 ml/(min•1.73m2)

eGFR<30 ml/(min•1.73m2) 

eGFR<15 ml/(min•1.73m2) 

35 mg 1 3

 

 

30 60 min
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CKD 3-5

RCT [370-373]

9.9%

GFR<45 ml/min 6400 GFR>45 ml/min

GFR<45 ml/min 4

46%[371] 9 III

9887 meta 7% GFR

15-30 ml/min 45% 30-50ml/min

CKD [372] Horizon

BMD GFR>60 

ml/min 4222 GFR< 60 ml/min 3514 [373]

CKD 1-3

CKD 1-3

CKD

GFR

Cockcroft-Gault eGFR

CKD CKD 4-5

CKD 4-5 CKD-MBD

[374] 2009 KDIGO CKD-MBD
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CKD 2012

CKD 3-4

[375]

CKD  

,

[18, 

376, 377]  

1%-3%

50%

10  

GFR>30 ml/(min•1.73m2) GFR

15-30 ml/(min•1.73m2) 2-3

>30min GFR<15 ml/(min•1.73m2)

2-3 60 min [376, 

378]  
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[379, 380]

45-60min

[381]

[382]  

� CKD /

D  

(1) CKD 1-2 /

D  

(2) CKD 3-5 BMD /

iPTH

D  

(3) CKD 3-5 BMD /

iPTH

D  
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(4) CKD 5D BMD /

D

 

 

CKD 1-2 /

D
[368] CKD 3-5 iPTH BMD /

D 0.25~0.5

g CKD 3-5

BMD / iPTH

D

iPTH CKD 5D BMD /

D

 

 

D PTH

iPTH

D

D iPTH

2 D
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CKD 5D D

 

D

PTH PTH

CKD D

GFR 90 

ml/(min•1.73m2) [383, 384]

CKD 3-5 D 90% 50

D

D

50% D

D D
[385] D

[386] D 65%
[387] D

BMD[388] 30

meta D

37% [389] 700-800U

D 26% 23%
[390]  
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1. 

D

 

2. CKD  

 

200 IU/d 50 IU/d

2~7  

20 IU/w  

 CKD-MBD

CKD-MBD

 

 CKD 1-2 /

CKD 3

iPTH /

CKD 3-5
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CKD-MBD 

 

 

 

C
[391]

[392, 393]

1 - D3

0.5 12h 15min

4h 8 24h 95% 2%

 

CKD

BMD iPTH [394, 395]
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BMD[396] 1255

5 69

1-5 BMD

1000mg 400 IU D

200 IU/d 3-5

33% 36% 400 

IU/d [397]

D

200 IU

BMD [398]

[399]

[400]  

rhPTH  

20 μg/d

guide.medlive.cn

http://guide.medlive.cn/
http://guide.medlive.cn/


         

127 
 

rhPTH(1-34)

 

PTH PTH ,

(Ca2+) ,

PTH Ca2+

PTH

rhPTH 1-34 PTH N 34 PTH

5 min

1h [401] 1637

 eGFR C-G

50-79ml/min (30-49ml/min) iPTH

20 �g 40�g

BMD
[402] 437

[403] 428

20 �g/d 10 mg/

BMD 0.6% 

vs. 6.1% [404]  

CKD1-2
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60

 

 0.625 mg/d  10~25 ug/d

 1~2 mg/d CKD 

1-2 KDIGO CKD-MBD

2011

CKD 3-5

CKD

RCT

CKD CKD

-

 

[405, 406]

[407] D
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PTH
[408] CKD5

BMD

BMD [409, 410]

60
[411-413]  

CKD1-2

 60 mg/d

 

    

 

33 ml/(min 1.73m2), 24-51 

ml/(min 1.73m2) [414]
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30%

50%[415]

eGFR<45 ml/(min 1.73m2)

eGFR>60 ml/(min 1.73m2) eGFR

BMD [416]

60mg/d 1

BMD

[417]  
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CKD-MBD

MBD

 

CKD-MBD

CKD 5D

 

 

  

1. 
 

 

 

<3.1mg/dl 1mmol/L

PTH
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2. iPTH 

CKD 

 

 
(1) CKD 1-3T 6-12 

iPTH iPTH

CKD iPTH  

(2) CKD 4T 3-6 

6-12 iPTH  

(3) CKD 5T  1-3 

3-6 iPTH  

(4) CKD 3-5T  6-12 

iPTH  

CKD-MBD CKD 
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303 1

11%-25% 1

eGFR 40-60 ml/mim 24% iPTH 130 

pg/ml 13.8 pmol/L  [418]  

244

1 104 40% 1

140 25%[419]  

1
[420]  

[421] 823 7

27% PTH 15-65 

pg/ml 1.6-6.9 pmol/L 70% PTH>65 pg/ml 6.9 

pmol/L 2.8% PTH<15 pg/ml

1.6  pmol/L 74% (0.85-1.45 

mmol/l) 3.6% 85.9%

2.8% 11.3%

 

CKD-MBD
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773

PTH

1/5 [422]

[418]  

 

3. CKD 1-5T 25(OH)D

 

 

 

244 25(OH)D

104 1 29%

D (15–30 ng/ml  40–75 nmol/l 56%

D 4.8–15.6 ng/ml 12–39 nmol/l 12%

<4.8 ng/ml  12 nmol/l 140 1

43% 46% 5%

D [419]  

 

4. 3 (eGFR)

30 ml/ min•1.73m2

BMD  

� CKD 4-5T BMD
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BMD

1 1

BMD  

CKD-MBD

DXA

BMD [423] 238

CKD 1-5T 670 DXABMD

BMD 0.9 g/cm2

KDIGO DXA

BMD

 

CKD-MBD CKD-MBD
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KDIGO DXA

DXA CKD 

1-3T  

CKD-4-5T CKD-MBD

DXA

DXA  

Grotz 100 5

BMD [424] 11

3 3

20% BMD
[425]  

Durieux 59 8 [426]

53% 44%

Grotz

DXA BMD [424]  

  

� iPTH

CKD 3-5  
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PTH 30%-50%

PTH
[427-430] CKD 3-5 MBD

CKD 3-5T MBD  

 D  

� D 

CKD  

 

 

D
[431]

D D

D3
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[432] 25(OH)D

D

D [433]  

  

1. 12 (eGFR)

30ml/ min•1.73m2 BMD 

D D

 

(1) CKD-MBD  

(2) 

 

(3) 12 

 

 

 

BMD

BMD 1990 80%
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BMD

6 0.05%-14.5% 84%

6 BMD 0.01%-7.9% 12

0.8%-9% BMD [434]  

25(OH)D D

BMD [435-438]

BMD[439, 440]

[440]

D 25(OH)D

D BMD
[441, 442] BMD

CKD-MBD

DXA  

 

2. BMD CKD 4-5T 

CKD 4-5  
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CKD 4-5T DXA

DXA BMD

BMD

 

  

� D D

BMD  

 

 

D D

BMD  

D

1999 meta D

BMD[435] meta 6

D

guide.medlive.cn

http://guide.medlive.cn/
http://guide.medlive.cn/


         

141 
 

P<0.0001 D

D BMD

D  

3

BMD [402, 438, 443]

BMD

 

Berczi 1.5-3 g

BMD 6 4% 12 13%[444]

Josephson 1 g BMD

6 5.6% 12 3.6%[438]  

Armando

45

3 0.5 ug /48h+

1 0.5 g /d 41

3 12 iPTH

3 13 BMD

1 3

iPTH
[437]  
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2 152

Coco 1 2 3

6 BMD

BMD 1

Grotz 3 6

9 BMD

X

GFR

 

Coco [440] 21

14 6 6

8 6

6

4 1

8 3

8

5 62%
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1 12%

5 83%

3

28.6 25.7 10%

 

/ Coco
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12 [441] 45

30

118.7

133 1 BMD

1

iPTH

43% 28%

12%

50%

 

iPTH

GFR  

iPTH

24 3

1 iPTH
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3 iPTH
[445]  

1,25-[OH]2 D3

[446]  

Jeffery 117 BMD

T -1
[442] 90 1

BMD

 

Conley 554

BMD

BMD
[447]  
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1. 12

 

2. 

+

 

 

 

PTH

1 >3 mg/dl

BMD

PTH

PTH
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iPTH
[448]  

+
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 100g 82 8.4 9.8  

/ 10-15mg/g     
 100g 2 0.2 10.0  

 100g 276.31  27.28  10.1  
 100g 205.76  20.22  10.2  

4" c 1  89 8.70  10.2  
 100g 67 6.5 10.3  

 100g 26 2.5 10.4  
b,e 1  162 15.40  10.5  

) 100g 188 17.9 10.5  
 100g 284.54  26.69  10.7  

 100g 311.58  29.16  10.7  
 100g 172 16 10.8  

 100g 191 17.7 10.8  
 100g 398.59  36.33  11.0  

 100g 214 19.4 11.0  
 100g 186 16.4 11.3  

) 100g 57 5 11.4  
 100g 203 16.6 12.2  

 100g 228 18.6 12.3  
 100g 162 13.2 12.3  

 
100g 232 18.5 12.5  

( ) 100g 107 8.3 12.9  
( ) 100g 158 12.2 13.0  

 100g 90 6.9 13.0  
 100g 336.27  25.40  13.2  

 100g 465 35 13.3  
 1  84 6.30  13.3  

 100g 187 14 13.4  
 100g 56 4.1 13.7  

 100g 76 5.5 13.8  
 100g 500 36 13.9  

 100g 189 13.4 14.1  
)  100g 112 7.9 14.2  
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  mg  g  
/

mg/g  

 100g 35 2.4 14.6  
 100g 110 7.4 14.9  

/ 15-20mg/g 100g    
( ) 100g 9 0.6 15.0  
( ) 100g 326 21.7 15.0  
c 100g 356.26  23.63  15.1  

( ) 100g 130 8.6 15.1  
 100g 666 43.7 15.2  

( ) 100g 107 7 15.3  
 100g 337 21.6 15.6  
 100g 124 7.9 15.7  

 100g 74 4.5 16.4  
 1  79 4.80  16.5  
 100g 30 1.8 16.7  

 100g 25 1.5 16.7  
d 1  15 0.90  16.7  

 100g 188 11.2 16.8  
( ) 100g 273 16.2 16.9  

 100g 123 7.2 17.1  
 100g 72 4.1 17.6  

 100g 50 2.8 17.9  
 100g 34 1.9 17.9  

 100g 430 23.8 18.1  
 100g 582 30.7 19.0  

 100g 291 15 19.4  
( ) 100g 162 8.3 19.5  

/ 20-25mg/g     
 100g 16 0.8 20.0  
 100g 4 0.2 20.0  

 100g 40 2 20.0  
 100g 28 1.4 20.0  
d 100g 525.57  26.10  20.1  

 100g 160 7.8 20.5  
 100g 25 1.2 20.8  

 100g 23 1.1 20.9  
d 100g 567.90  26.81  21.2  
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  mg  g  
/

mg/g  

 100g 17 0.8 21.3  
 100g 15 0.7 21.4  

 100g 39 1.8 21.7  
 100g 63 2.9 21.7  

 100g 20 0.9 22.2  
 100g 200 8.8 22.7  

a 1  65 2.60  22.8  
c 24  137 6.00  23.0  

 100g 765 32.7 23.4  
 100g 62 2.6 23.8  

 100g 36 1.5 24.0  
 100g 53 2.2 24.1  

 100g 73 3 24.3  
/ >25mg/g     

 100g 55 2.2 25.0  
 100g 229 9 25.4  

 100g 51 2 25.5  
 100g 18 0.7 25.7  

 100g 114 4.3 26.5  
 100g 22 0.8 27.5  

b 
1  562 20.00  28.1  

2%  
1  
29.57ml 

229 8.10  28.3  

( )  100g 52 1.8 28.9  
 100g 29 1 29.0  

 100g 12 0.4 30.0  
 100g 3 0.1 30.0  

 100g 490.30  15.17  32.3  
 100g 26 0.8 32.5  

 100g 89 2.7 33.0  
 100g 85 2.5 34.0  
 100g 94 2.7 34.8  

 100g 14 0.4 35.0  
 100g 204 5.6 36.4  

( )  100g 369 10 36.9  
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  mg  g  
/

mg/g  

 2  220 5.10  43.1  
 3  370 6.20  59.7  

b 100g 67.02  1.06  63.3  

 
 

 
USDA   

a / 13.4  24.7 1.4mg/g 

b     

c <=    

d     

e
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3.  

[449]  
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