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CHrONIC KIDNEY DISEASE—
MINERAL AND BONE DISORDER

A
FRACTURES

MORTAKITY

- P1,FGF-23 1, PTH }
- 1,25 (OH) 2D3 | , Ca |

Kidney International (2009) 76 (Suppl 113), S3-S8.
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CKD-MBD: Common Cause of Death
on dialysis patients

20
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CKD MDB Anemia Inadquency
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a serum P 25 mg/dL, serum calcium 210 mg/dL, PTH2600 pg/mLH#—Insk IR

A retrospective study with 40,538 MHD patients and followed up 12-18 M
Conclusion: CKD-MBD caused detah: 17.5% , 3 times higher than inadequacy
and 1.5 times than anemia

Block GA, Klassen PS, Lazarus JM, et al. J Am Soc Nephrol. 2004;15(8):2208-2218.



0K B

SUN YAT-SEN UNIVERSITY

Phosphate Level on All cause and CVD
mortality ( 2008 )

925 units, 25,588 ESRD received dialysis more than 180 days
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Tentori F, et al. Am J Kidney Dis. 2008;52:519-530.
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Vascular calcification remarkably increases the

mortality of dialysis patients
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Block GA, Raggi P, Bellasi A, et al. Kidney Int. 2007;71:438-441
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Outlines

* The prevalence of CKD<MBD in' CKD patients
* Risk factors and effects on patients’ outcome

* Treatment of CKD-MBD: Current and challenge



Serum Phosphorus by Country

— DOPPS 4 (2009-2011)*
. . < 3.5 mg/dl 3.5-4.5 mg/dl 4.6-5.5 mg/dl
% of Patients 5.6-7.0mg/dl  H>7.0 mg/dl —
100
LR 3-11: 1
17 19 30
20 24 22 A
75 24 23 24 32
26 56 24 . 31 -
50 28 | 27 25 206 58
24 33
34
34 30 27 19
25 25 24 23 24 25
20 49 | 14
9 16 B8 19 16 16 1 1
o 5 4 0 7 5 10
SP BE UK FR IT ANZ SW CA US GE JP | CH

* Data are from the initial prevalent cross-section of patients in each country




The Prevalence of Hyperphosphatemia of Dialysis
Patients in China: 78%

90%

m>5.5mg/dl ®m>4.5mg/dl

80%

11%

78%

70%

73%
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40%
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30%

20%

Patients percent (%)

10%

| 22°|
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200l 81
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Mean (mg/dL)= 46 4.8 4.8

6.2

* Data are from the initial prevalent cross-section of patients
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Distribution of facility % of patients with
Phosphorus 3.5-5.5 mg/dL*

Percentile

95th
-

75th

. L
%l
=
‘ *50th

T .

25th

BE SP US IT FR JP UK ANZ CA SW GE CH

« KDOQI guidelines; Restricted to initial cross-section of patients in facilities with at least
5 patients with non-missing phosphorus data; DOPPS 4 (2009-2011)
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% of Patients
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Serum Calcium by Country
DOPPS 4 (2009-2011)*

W<8.4mg/dl [ 8.4-9.5 mg/dl 9.6-10.2 mg/dl " >10.2 mg/dl

56 w0 7 { ---

18 17 ’

19 21

GE CA US JP  FR ANZ SW

* Data are from the initial prevalent cross-section of patients in each country; Calcium is

albumin corrected
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Serum PTH by Country
DOPPS (2009-2011)*

W <150 pg/mL " 150-299 pg/mL 300-449 pg/mL
O - L mo6 L
450-599 pg/m 00+ pg/m

100 l l . . . o
I I 8
B 16
75 18 4y
13 17

50

% of Patients

ANZ CA{CH JUK US FR Sw IT SP BE GE JP

* Data are from the initial prevalent cross-section of patients in each country
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Serum PTH by Country
DOPPS (2009-2011)*

High Percentage of Patients with PTH> 600pg/mL

25%

N
()
X

10%

Patient percent with
PTH > 600pg/m (%)
o
X

5%

- 8%

0% .

Mean (pg/mL) =

21%
o < W 8%.
13% 14%
oo 10% 1%
FR | us

CA ANZ

162 279 281 200 295 299 327 366 3635 3945 446 445
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Phosphate Binder Prescription by Country

% of Patients DOPPS (2009-2011)*
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51

CA SW Jp US IT GE SP BE UK ANZ FR CH

* Data are from the initial prevalent cross-section of patients in each country; Yellow bars extend to calculated
prevalence if missing data classified as ‘No’ prescription (% missing for ESA ranges from 14.6% in China to
0.3% in Germany)



% of Patients

100

75

50

25

Phos

phate Binder Formulations by Country
DOPPS 4 (2010-2011)*

¥ Ca-based only " Sevelamer only Ca-based+Sevelamer
~ Lanthanum only B Other combination

--.I
15
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9

CH

CA Jp BE UK ANZ GE US FR SP IT SW

* Data are from the initial prevalent cross-section of patients in each country; ‘Other combination includes
all mono- or combination therapies not otherwise listed
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Serum Phosphorus of PD Patients in SYSU

N=2456
P (Mean) = 5.64% 1.95 mg/dlI
72.07% > 4.5 mg/dl
59.16% > 5.0 mg/dI
47.23% > 5.5mg/dl

m<35

H3.5-45
14.6-5.5
H5.6-7.0

m>7

P ( mg/dL) <35 3.5-4.5 4.6-5.5 5.6-7.0 >7.0

Patient No. 204 482 610 672 488

(%) 8.31 19.63 24.84 27.36 19.87
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Target Achievements of Serum Phosphorus

90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

in PD Patients

80%

38%

m Base
line

® Follow
up

<1.78mmol/L 21.78mmol/L
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Serum Calcium of PD Patients in SYSU

4.13%

m<8.4

N=2567
Ca (Mean) = 8.43+ 1.82 mg/d|

H8.4-95
19.6-10.2

m>10.2

Ca(mg/dLl) <84 8495 96102  >10.2
Patient No. 1063 1195 203 106
(%) 4141 4655 7.91 4.13
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Target Achievements of Serum Calcium in PD

Patients
80%

70% 68%

60% -

50% -
40% -
30% -
20% -
10% -
0% -

39%

m Base
Line

®m Follow
Up

<2.37Tmmol/L 22.37Tmmol/L
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Serum PTH of PD Patients in SYSU

B <150

N=2026
Median PTH 329
(172,520)

150-299

300-449

 450-599

=>600

PTH (pg/ml) <150 150-299 300-449 450-599 >600
Patient No. 434 498 424 299 371
(%) 2142 2458 20.93 14.76  18.31
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Target Achievements of iPTH
in PD Patients

60%

50%

40%

30%

mBase
20% line
10% ® Follow
up

0%

<300pg/ml  150-300pg/ml >300pg/ml



Risk Factors of Mortality in PD Patients
Cross section analysis

Risk factors Odds ratio 95% Cl | P-value
Age (per 1 year older) 1.05 1.03-1.06| < 0.001
Davi fC biditi 1
it ooty f Comorbidities (per 1.24 1.01-1.52| 0.05
Hemoglobin (per 1g/dL greater) 0.76 0.68-0.85| < 0.001
Serum albumin (per 1g/dL greater) 0.48 0.30-0.74 0.001
Serum creatinine (per 1mg/dL greater) 0.88 0.82-0.95 0.001
Serum phosphorus
(per 1mg/dL increasing) 1.27 1.06-1.51 0.01
Serum uric acid (per 1mg/dL greater) 1.16 1.00-1.27 0.001
Use of ACEI/ARB (yes/no) 0.66 0.47-0.94 0.021

Data from Sun Yat-sen University PD registration database




Effects of Ca, P, and CaxP on outcomes
of PD patients

Patients catheterized at our PD
center (2006.1.1-2010.12.31)
n=1193

14 younger than 18 years

7 transferred from failed renal transplantation
36 transferred from HD

62 cessation within first 3 months

Patients enrolled in the study
n=1074
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Baseline Characteristics of Serum Calcium,
Phosphorus, Ca*P and iPTH of PD Patients

Meagin§D (interqltjﬂaer?illznrange)
Ca( mg/dl) 8.73 £1.01 8.74 (8.18-9.30)
P(mg/dI) 5.18 + 1.75 4.86 (4.03-6.04)
Ca*P 44.7 £ 14.6 42.8(35.4-51.2)
iPTH(pg/ml) 351 + 301 284 (140-471)

Note: Calcium concentration means corrected serum calcium concentration
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Correlation of Ca, P, CaxP and iPTH at baseline in PD

Patients
Residual . .
Active Calcium Phosphate
Ca P Ca*P iPTH Urinal Albumin )
VD3 Agents  binder
Volume
P -0.305°
CaxP 0.018 0.930°
iPTH .0.414® 0.2882 0.1572
Residual Urinal
e .0.068> 0.010 -0.012 0.0967
Albumin 0.395° -0.055 0.072® 0.006 0.1132
Active VD3 0.027 -0.0982 -0.103 0.213 0.0812 0.135°
Calcium Agents  -0.032 0.021 0.010 0.119° 0.044  0.039  0.319°
Phosphate binder -0.013 0.037 0.031 0.1132 0.040 0.060> 0.316°  0.9502
Low calcium 0.1432 -0.067° -0.016 0.002 -0.017 0.1422 02442 01512  0.1962

dialysate

a Correlation is significant at the 0.01 level (2-tailed).

b Correlation is significant at the 0.05 level (2-tailed).



The correlation between serum calcium level and all-cause
mortality in PD patients

Quartile 4
967 Quartile 3
= + ks DR uartile 2
E 0.6 L:-H»—G— + Q H ‘I H
-E Py 9  Quartile 1
T .
5 Log Rank = 66.328 o
P Valug =°0.001
’ B P];O(luraﬁon (monetjls) B -
Number at risk
Q1 286 203 66 18 2 0
Q2 300 226 81 27 6 0
Q3 240 169 94 21 1 0
Q4 240 189 116 19 2 0



The correlation between serum calcium and all-cause
mortality in PD patients

Model 12 Model 2° Model 3¢
HR (95% CI)  Pvalue  HR(95%CI)’ Pvalue HR(95%CI) P value
0.748 0.793
Continuous Cad 0.561 (0.494-0.638) <0.001 0.001 0.01
(0.629-0.890) (0.666-0.945)
Ca Quartile 1 1.0 1.0 1.0
0.896 0.992
CaQuartile2  0.618(0.448-0.852)  0.003  (oce11-1314) 97 (0674-1461) 0708
0.781 0.889
Ca Quartile 3 0.325 (0.213-0.495) <0.001 (0.477-1.277) 0.324 (0.542-1.459) 0.642
0.477 0.570
CaQuartile 4 0.197 (0.121-0.321) <0.001 () 27_0 840) 0.01 0323-1.008) 033
aModel 1 : unadjusted
bModel 2 : adjusted with gender , age , residual urine , comorbidity , Hb , P, iPTH
°Model 3 : Model 2+ Rocaltrol , calcium and low calcium PD solution

D per increased 1 mg/dI



The correlation between serum phosphorus and all-cause
mortality in PD patients

1.0

0.8 Quartile :I

ettt
Quartile 2
E Quartile 3
0.6
=
w2
3 Tl Quartiled
ﬁ e
'g 0.4 L—H—H
o Log Rank = 562159
P Value < 0.001
0.2
0.0
T T T T T T
0 20 40 60 80 100

PD duration (months)

Number at risk

Q1 262 212 119 20 2 0
Q2 266 200 102 24 1 0
Q3 259 193 77 20 3 0
Q4 259 172 56 20 4 0



The Correlation of Serum Phosphorus level and all-
cause mortality in PD patients

Model 12 Model 2P Model 3¢

HR (95% CI)  Pvalue  HR(95%CI)" Pwvalue HR(95%CI) P value

Continuous P4 1.264 (1.185-1.348) <0.001 e <0.001 1253 <0.001
(1.127-1.326) (1.155-1.359)

P Quartile 1 1.0 1.0 1.0
PQuartile2  1.547 (0.947-2.527)  0.082 (1.05'97_;5993) 0.039 (1.0%25139) 0.027
PQuartile 3 2.096 (1.304-3.366) 0.002 (| | if_f’ij‘%g) 0.014 (1.1é69-§%32 g 0012
P Quartile4  3.935(2.535-6.108) <0.001 (2.0;’;?681) <0.001 (2.3239_2%525) <0.001

aModel 1 : unadjusted.

bModel 2 : adjusted gender , age , residual urine volume, complications score , Hb, Albumin, Serum calcium, iPTH

‘Model 3 : Phosphate binder concerned besides Model 2
Dper increases 1 mg/dl



The Correlation of CaxP level and all-cause mortality
in PD patients

0.8 e Quartile 1
=4 g_garti_le 2
w
E 0.6 ‘WQLEH”& 3
[ Quartile 4
:g: 0.4 .
5 Log Rank = 21.769
0 20 P];odm-aﬁon (mm:]s) 80 100
Number at risk

Q1 262 208 107 19 2 0
Q2 263 202 98 23 1 0
Q3 263 190 86 22 3 0
Q4 261 177 63 21 3 0



The correlation between all-cause mortality and CaxP value in PD patients
(Cox proportional hazards models)

Model 12 Model 2b Model 3¢
HR (95% CI)  Pvalue  HR (95%CI)  Pvalue HR(95%CI)  Pvalue
Continuous 1.164 1.209 1.186
<0.001 <0.001 <0.001
Ca*Pd (1.085-1.249) (1.114-1.313) (1.096-1.284)
Ca*P Quartile 1 1.0 1.0 1.0
1.199 1.190 1.008
Ca*P Quartile 2 0.439 ) 0.504 ) 0.977
(0.757-1.900) (0.715-1.981) (0.600-1.694)
1.723 1.992 2.147
Ca*P Quartile 3 0.013 0.005 0.002
< (1.120-2.651) (1.237-3.206) (1.324-3.481)
2.365 2.631 2.608
Ca*P Quartile 4 <0.001 <0.001 <0.001

(1.560-3.585)

(1.650-4.196)

(1.621-4.196)

aModel 1 : unadjusted
bModel 2 : adjusted gender , age , residual urine volume , complications score , Hb , iPTH

¢Model 3 : Rocaltrol ,calcium agents, phosphate binders and low calcium dialysate are adjusted besides on Model 2
Dper increases10o (mg/dl)2
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The correlation of iPTH and all-cause mortality in PD patients

1.0
0.8
Quartile 4
'T:;! Quartile 1
g 05 | Qdartile 3
& .
o Quartile 2
=
=
£ 0.4
=3
. Lag Rank = 0.884
P Malue = 0.829
0.2
0.0
T T T T L) T
0 20 40 60 80 100

PD duration (months)

Number at risk

Q1 250 189 114 27

Q2 251 184 84 24
Q3 251 186 82 17
Q4 247 187 71 17

w NN b
o O o o



"’ b K % Cox Regression Analysis
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Interaction Between Phosphate and Serum Albumin

2
4

Log Harzard Ratio
0
Log Harzard Ratio
0 2

] ‘ T ; 1 2
* % Albumin (g/L) 0 % Phosphorus (mmol/L)

HR was adjusted by age, gender, diabetes, CVD, calcium, iPTH, hsCRP, RRF and
hyperphosphoremia treatment drug.

Data from Sun Yat-sen University PD registration database



"’ | 7 % HR of albumin with fixed phosphorus
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- oL _ 0, 4
For Phosphorus < 1.17mmollL (25% quantile) For Phosphorus between 1.17-1.71mmol/L(25%-75% quantile)

2

Log Harzard Ratio
0
Log Harzard Ratio
- 0

A o
Y-
20 30 ‘ 40 50 20 40 50
Albumin (g/L) Albumin (g/L)
o~ - For Phosphorus > 1.71mmol/L (75% quantile)
o
T
xXo
b=
©
N /\
[
T oy
()]
=]
-
Vl .
t(.) ol
20 50

40
Albumin (g/L)

HR was adjusted by age, gender, diabetes, CVD, calcium, iPTH, hsCRP,
RRF and lowing hyperphosphoremia agents.
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For Albumin between 33.5 to 40.6 g/L( 25%-75% quantile)
o~ 4
o For Albumin < 33.5 g/L( 25% quantile) e
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I
o
o
-
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2
Phosphorus (mmol/L)

HR was adjusted by age, gender, diabetes, CVD, calcium, iPTH, hsCRP,
RRF and hyperphosphoremia treatment drug.



Alkaline Phosphatase and Mortality in Patients on
Peritoneal Dialysis

Xinhui Liu, Qunying Guo, Xiaoran Feng, Juan Wang, Juan Wu, Haiping Mao, Fengxian Huang, Xueqging Yu,
and Xiao Yang

Higher level of Alkaline phosphatase is independently
related to the CVD mortality in PD patients

e A total of 1021 incident PD patients were enrolled.
* mean age was 47.5 (£ 5.5) yrs and 22.8% were diabetic.
e median follow-up period was 31 months (IQR19 - 45 months)

4 5
A o —o— Model 1 (P for trend < 0.001) B § —e— Moadel 1 (P for trend = 0.004)

é —&— Model 2 (P for trend - 0.02) T 44 —B— Model 2 (P for trend = 0.03)
T 34 I
§ —A— Model 3 (¥ for trend =0,007) § —&—  Model 3 (P for trend = 0.02)
£ F
Z g
T 27 5 \
5] = 5
= 5
@ 3 A
g 14 H
© o 1 tseesensinn "",.V.W"I}: boravenns
Q 2 L
< E

0 T T T T o 0 T T T T

< 92 53-64 65-81 » 82 « 52 53-64 65-81 » 82

Alkaline Phosphatase (U/L) Alkaline Phosphatase (U/L)

Model 1: Unadjusted. Model 2: Adjusted for age, gender, 24h urine output, blood pressure, comorbidity score, hemoglobin, albumin, serum ALT,
AST, neutrophil to lymphocyte ratio and phosphate binders use. Model 3: Model 2 + adjusted for corrected calcium, phosphorus and iPTH

Liu XH, ...Yang X. Clin J Am Soc Nephrol. 2014;9:771-8



Serum Calcium Distribution of IgAN Patients

>=10.2: 2.96 % \

9.6-10.2: 14.50 %

/ <8.4: 17.06 %

k 8.4-9.5:65.49 %

Hl <8.4 M 8.4-9.5 9.6-10.2 Bl -=10.2 —
Calcium (mg/dl) Cases Proportion (%)
<8.4 2061 17.06
8.4-9.5 7910 65.49
9.6-10.2 1751 14.50
>10.2 357 2.96

Total 12079 100



Serum Ca Distribution of different CKD Stages

| —

16.89

75 —
19.76

<8.4 8.4-9.5 9.6-10:2 >10.2
145 (mg/dL)

M <15 1529 B 30-59 60-89 [ >=90

Calcium <15 15-29 30-59 60-89 290

(mg/dl) (n, %) n, %) (n, %) (n, %) (n, %)
<8.4 219 (37.4) 158 (23.2) 392 (18.6) 439 (13.9) 776 (15.3)

8.4-9.5 321 (54.8) 439 (64.5) 1384 (85.5) 2114 (67.0) 3348 (66.0)
9.6-10.2 31 (1.8) 77 (11.3) 292 (13.8) 522 (16.5) 807 (15.9)
>10.2 15 (5.3) 7 (1.02) 44 (21) 82 (2.6) 140 (2.8
Total 586 (100%) 681(100%) 2112(100%) 3157(100%) 5071(100%)



Serum P Distribution of IJAN Patients

>=7.0: 1.37 %
5.6-7.0:3.28% — ‘
4.6-5.5-10.85%

__— <3.5:35.16%

3.5-4.5:49.34 % /

Hl <3.5 Bl 3.5-4.5 . 4.6-5.5 W s5.6-7.0 ol ==7.0. _ . . _
P (mg/dl) Patients Proportion (%)
<3.5 3802 35.16
3.5-4.5 2838 49.34
4.6-5.5 1173 10.85
9.6-7.0 868 3.28
>7.0 148 1.37

Total 10813 100



Serum P Distribution in Different CKD stages

— e —|
40.68

18.87

19.29

<3.5 3.5-4.5 4.6-5.5 5.6-7.0 >7.0
Mm@ (mg/dL)

M <15 P i5-29 3059 - 60-89 [ >=90

P <15 15-29 30-59 60-89 290
(mgl/dl) (n, %) (n, %) (n, %) (n, %) (n, %)
<3.5 25 (4.8) 109 (17.6) 683 (36.2) 1226(44.0) 1577(35.3)

3.5-4.5 108 (20.8) 311 (50.1) 979 (51.9) 1346(48.3)  2330(52.2)
4.6-5.5 160 (30.8) 142 (22.9) 177 (9.4)  187(6.7)  458(10.3)
5.6-7.0 144 (27.7) 57 (9.2) 31 (1.6)  18(0.65) 104(2.3)
>7.0 82 (15.8) 2 (0.3) 18 (0.95)  10(0.36) 19(0.4)
Total 519 (100%) 621(100%) 1,888(100%) 2,787(100%) 4,468(100%)



Serum PTH Distribution of IgAN Patients

#HE () I 5 -
500 —

400 —
300 —
200 —

100 —

o_

| |
<150 150-299 300-449 450-599 >=600

I iPTH (pe/mL)

iPTH (pg/ml) Cases Proportion (%)
<150 471 89.04
150~299 42 7.94
300~449 6 1.13
450~599 4 0.76
=600 6 1.13

Total 529 100



iPTH Distribution in Different CKD Stages

100
75 —
25.06 62.5
50 —
[
2(h

25 —

<150 150-299 300-449 450-599 >2600
iPTH (pg/mL)

iPTH <15 15-29 30-59 60-89 290
(pg/mL) (Case, %) (Case, %) (Case, %) (Case, %) (Case, %)
<150 32(44.4) 43(81.1) 111(96.5) 112(100) 145(98.6)
150-299 25(34.7) 10(18.9) 4(3.9) 0(0) 1(0.7)
300-449 5(6.9) 0(0) 0(0) 0(0) 1(0.7)
450-599 4(5.0) 0(0) 0(0) 0(0) 0(0)
> 600 6 (8.3) 0(0) 0(0) 0(0) 0(0)

Total 72 (100) 53(100) 115(100) 112(100) 147(100)



Serum Ca Distribution of LN Patients

Ca ( mg/dl) Cases Proportion ( % )
<8.4 2104 59.2
8.4-9.5 1241 34.9
9.6-10.2 153 4.3
>10.2 55 1.6
Total 3553 100

High incidence of hypocalcemia in LN patients

http://In.medidata.cn




Serum Calcium Distribution of LN Patients
in different CKD Stages

CKD 5 CKD 4 CKD 3 CKD 2 CKD 1

Ca(mg/dl) | 1 o) (n.%) (n, %) (n,%) (n,%)

<84 | 203(61.1) 219(74.0) 455(69.5) | 419(60.3) 703(50.6)
8.4-95 | 106(31.9) 62(20:9) | 165(25.2) 229(32.9) 606(43.6)
9.6-10.2 = 14(42) = 9(3.0)  26(4.0) 37(53) | 65(4.7)
>102 | 9(27) | 620) = 9(1.4) | 10(1.4) | 16(1.2)

Total | 332(100) 296(100) = 655(100) = 695(100) 1’39‘))(100



Serum P Distribution of LN Patients

P ( mg/dl) Cases Proportion ( % )
<3.5 691 23.7
3.5-4.5 1215 41.7
4.6-5.5 592 20.3
5.6-7.0 264 9.1
>7.0 154 5.3
Total 2916 100

Higher prevalence of hyperphosphatemia in LN Patients
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Serum Phosphorus Distribution Varies
different CKD Stages

CKD5 | CKD4 | CKD3 @ CKD2 @ CKD1
(n,%) (n,%) (n,%) (n, %) (n,%)
<35 15(5.4) | 24(9.8) /| 110(20.7) 154(27.3)  355(30.7)

P(mg/d)

3.5-45 | 42(15.1) | 62(25.2) | 220(41.4)  255(45.1) | 573(49.5)

46-55 | 57(20.4) 75(30.5)  133(25.0) 117(20.7) 189(16.3)
55-7.0 | 83(29.7) @ 61(24.8) | 58(10.9) @ 29(5.1) | 32(2.8)

>7.0 82(29.4) = 24(9.8) @ 11(21) @ 10(1.8) | 9(0.8)

Total | 279(100) | 246(100) 532(100) 565(100) '°5(1%0
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Summary

CKD-MBD is prevalent in Chinese CKD patients and existed in
early stages of CKD and poor attention

There are big gap of CKD-MBD management in China compared
to that of developed countries by DOPPS

CKD-MBD is of unsatisfying-treatment efficiency and targets
achieving.

Reduction of serum phosphorus and employment of phosphate
binders effectively improve the prognosis of CKD patients

New phosphate binders offers Chinese patients more alternatives








