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PTH<150 pg/mL.B £ 150 pg/mL<PTH<300 pg/mL.C £l PTH=300 pg/mL,3 £H 20 8] 7 #% . i L EF . 0 B-TL Bk 2B B . B /N Bk g
o ek S B E N-MID B-CIX WA BF 2R, B-CIX N-MID BGP E@Fe A M #%. i p-HERE L &M A dl<
B <C 4, WA ES VN BRIE T R A MH C 4 <B 4 <A d, W R EERNGEH B-CTX EHAR 44, .2 W. T 44
FIB 450 H7 (0. 725+0. 225) ng/mL, (1. 26420.136) ng/mL . (1. 699£0. 184) ng/mL, (3. 126+0. 849) ng/mL,4 41 Ji] & /N Bk ik i
RAAHRE PRFRER CBEE N-MD MEEELER BEM B-CTX B F5, B R B HORFHEK . FHE N-MID H
B, B/ NRREG SR . i B MBGE AT B E BEE PTH (B 7 5 AU MR 22T e, 2 BB USRS A B 45 8 ON-
MID,B-CTX {Eﬂjiam, HARBITEER BRI,

KGR BT WER AR VR B AT s B A5 R N o T LR AR I IS G FRS IR I B 2 B in b

Study on bone metabolism turnover in maintenance hemodialysis patients
MAO Xudong'" , JIANG Yanfei*, SHENG Junging®, MAO Junjie', WANG Yan', ZHOU Ying'
1.Department of Geriatrics, Zhongshan-Xuhui Hospital, Fudan University, Shanghai 200031
2.Department of Endocrinology, Zhongshan-Xuhui Hospital, Fudan University, Shanghai 200031
3.Department of Kidney, Zhongshan-Xuhui Hospital, Fudan University, Shanghai 200031
4.Department of Pneumology, Zhongshan-Xuhui Hospital, Fudan University, Shanghai 200031, China

# Corresponding author: MAO Xudong, Email: maoxud@ sina.com

Abstract: Objective To study the bone metabolism turnover in maintenance hemodialysis patients through the detection of the
bone turnover markers. Methods Seventy-seven uremia patients on maintenance hemodialysis were randomly selected as the study
group to observe the status of bone loss by measuring the bone turnover markers. Results According to PTH, the study group was
divided into 3 groups: group A (PTH < 150 pg/mL), group B (150 pg/mL<PTH<300 pg/mL), and group C (PTHz= 300 pg/
mL). There were significant differences in age, creatinine, blood B-microglobulin, glomerular filtration rate, blood phosphorus,
calcium-phosphorus product, BGP, N-MID, and B-CTX among the three groups. The levels of 3-CTX, N-MID, BGP, calcium-
phosphorus product, blood phosphorus, blood B-microglobulin showed an ascending manner from group A to group B to group C.
Age and glomerular filtration rate showed an ascending manner from group C to group B to group A. B-CTX was divided into four
groups, group A (0.725+0.225 pg/mL), group B (1.264+0.136 pg/mL), group C (1.699+0. 184 pg/mL), and group D
(3.126£0. 849 pg/mL) according to the quartile method . There were significant differences in GFR, calcium-phosphorus product,
parathyroid hormone, BGP, and N-MID among the 4 groups. When B-CTX elevated, the product of calcium and phosphorus, PTH,
BGP, and N-MID increased, but GFR decreased. Conclusion With the increase of PTH and the decrease of GFR in maintenance
hemodialysis patients, the levels of BGP, N-MID, and B-CTX that reflect the status of bone metabolism increase, the bone
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metabolism is active, and the bone loss is aggravated.
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hormone; bone Gla-protein; bone turnover markers
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disease-mineral and bone disorder, CKD-MBD ) 3t %
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1.3 Giteabn

TSR IE S o A DL B et v 22 3008, T 22
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BEWIIAEE R (99.130+17.922) o/L, H
EHH K (34.148+£5.027) /L, QLT A (602.290 +
329.986) wmol/L,B-f Bk H H K (30.205+12.375)
meg/L, B /NsRk g R 4 (10. 3843, 324) mL/min, 15
N(2.271=0.231) mmol/L, # 4 (1.469 +0. 683)
mmol/L, #5853 K (3.312+1.526) U/L, BB EN
(38.712+38.010) ng/mL, FARZ IR & N (267. 340+
350.044) pg/mL, BE5E N ik (93.707+74.201)
ng/mL, [ BY ¢ i 52 3 v AR 22 8k O (1. 723 £ 1. 000)
ng/mkL,
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150 pg/mL<PTH<300 pg/mL,C 21 :PTH =300 pg/
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1.012 ng/mL) \Z 20 (1. 012 ng/mL<B-CTX < 1. 485
ng/mL) . 3 20 ( 1. 485 ng/mL < 3-CTX =< 2. 145 ng/
mL) [ T4 (p-CTX>2. 145 ng/mlL)4 26, 4 4H B-CTX
184 3R (0. 725£0. 225) ng/mL (1.264x0. 136)
ng/mL,(1.699+0. 184) ng/mL. (3. 126x0. 849) ng/
mL, 4 20 B B /N R AT AR AL BESR AR RS IR R
HH R N-MID A W2 2% 5 ,N-MID | F 5%  HIR
FMERME T A>T > LA >F A, BRI TR
TH<NH<CH<HH, SHFORILB K 2,
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Table 1 Comparison of clinical data among groups by parathyroid hormone grouping (x+s)
¥ A4 B4 c4 P{H
EW /% 75.94+10.95 71.78+12.48 63.94+18.90 0.015™
1585 34 21 2
TR/ 2.42+3.73 .99+1.96 2.62+2.70 0. 831
MLEA/ (/L) 96.76+18. 47 101. 83+19. 20 100. 89+15. 83 0.562
HAEH/(g/L) 33.27+4.95 .93+5. 44 34.92+4.76 0. 404
HUEF/ ( wmol/L) 452.56+190. 89 691.94+402. 44 778.83+342. 12 0.001 "
BT ERE B/ ( mg/L) 25.61+11. 55 35212, 39 36.32+11. 09 0.009**
W /NER YIS %/ (mL/min) 11.7423.77 9.65+2. 13 8. 64+2. 38 0. 005"
5/ ( mmol/L) 2.32+0. 25 2.22+0.13 2.24+0. 28 0. 288
5/ ( mmol/L) 1.05+0. 38 1.68+0.49 2.00+0. 81 0. 0001 *"
LR/ (U/L) 2.44+0.94 3.75x1.16 4.43+1. 80 0. 0001 **
HHEE/ (ng/ml.) 26. 08+26. 58 . 68+45.29 55.85+41.97 0.019"
BEE#E N ¥/ (ng/mL) 61.26=60. 68 102. 25+62. 74 146. 46278. 32 0. 0001 **
1.18+0.45 . 74+0.77 2.73+1.18 0. 0001 ™"
TR A SXF A L, " P<0.05, ™ P<0.01,
F 2| BUREIGR AL K S B A3 2 W PR BT ORL LB ( % %)
Table 2 Comparison of clinical data among groups by B-CTX grouping (x+s)

B GEE:N ZH [RE:N TH P b
FEi/# 76.12+10. 68 71.20£11. 84 72.71£14.51 65.22+18. 38 0. 106
s 25 17 17 18
R/ AE 2.56+3.93 2.01+2.20 2.14+2.56 2.49+2. 81 0.955
ML EH/(g/L) 104.88+12. 12 101.20+22. 12 91.29+19.04 97.39+19. 51 0. 103
HEA/(g/L) 33.89+4. 47 35.77+4. 26 33.09+5.74 34.57+5.49 0. 586
AL/ ( pmol/L) 471.74+225.93 609. 80+217. 66 639. 24443, 87 730.06+£332. 93 0. 086
B-BERE 1/ (mg/L) 26.84+13.27 27.58+10. 15 33.93113. 66 32.8010. 27 0.228
B /NERE R/ (mL/min) 11.59+4.29 10.43+2. 26 10.40+2. 65 8.39x2.52 0.038"
45/ ( mmol/1.) 2.29+0. 28 2.27+0.12 2.18+0. 24 2.34+0.19 0. 249
s/ (mmol/L) 1.17+0. 42 1.57+0. 49 1.52+0. 83 1.74+0.79 0. 055
SR/ (U/L) 2.69+1.09 3.57+1.09 3.25+1.74 4.02+1.76 0.044 "
CRWEH/(U/L) 28.72+41.92 10.95+10. 98 28. 84+54. 88 17.70+31. 63 0.568
HR R &/ (pg/ml) 109. 24+89. 52 144.70+103. 95 224.35+180.16 595. 67+536. 80 0. 0001 ™
B4 E/ (ng/mL) 23.77+1. 04 28.30£11. 97 47.20+53.93 57.45+39. 66 0.020"
B4 N W/ (ng/mL) 70. 52+64. 87 72.26+49. 96 91.74+71.86 139. 68+83. 19 0.014"

I B A5 A 4 L, * P<0.05, ™ P<0.01,

3 itig
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Ty R T O R AL B9 42 B 1R E R, CKD-MBD 1%
BMD 2 H GLI I PR R B, 2014 4F Malluche %1
3 T 81 4 MHD 832 73 5l R FIXLAE X £k (DXA)
FisE & CT(QCT) K il BMD, £5 5 g /s 33. 3% K &
B E BB . Barreto %5 ° 38 2 I A 49 Jr
98 il MHD 8 & 4T BT 58, K B B A 8 R ol
46% . FULAT 0L, B BB ANAE & MHD (35 #8220 5F

RAEZ— o BN BB TG E B T R AR R
B 5% e P Y R B R B T R P D (B
HHRHHEREI) 4 65 F Ll ARk EREEE
48.4/1 000,

HR SR HADAGRRY (2RSS
B 23 B T8 B 3 W A B R bR S, R Rk
W AR R T B R RS SR AR AR M
P S B MO o 70 A T DR A 1 100 78 2 IR
TR A B s R K AR R R AR R B A2 AL
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B0 AT 4 4 e i i BT R AR I Y
HODR 55 i 2 39 {5y (267. 34£350. 00) pg/mL, B AL
Y B F5 #7 BGP [ (38.712+38.01) ng/mL ] #1 N-
MID[ (93.707+74.201) ng/mL] & 0% I35 4% B-CTX
[ (1.723+1.000) ng/mL ] 50 & T SCHEAHEE 19 = 4
EHE(4.5+£2.7) ng/mL, (30.1+£7.9) ng/mL.
(0.45+0.27) ng/mL' """ BGP N-MID 2 & Bt & ¥ i
A AR bR, BGP &2 —Fh4E A R K AR & B,
BCE AR A, I A BR b By MR B R B B R R
-1 BGP Bl R, BB B S R R
TR R BGP 2 b A, & U 68 F & B
BB, N-MID 22BaSBXoMmiEN 1/3
B RRE R, EEAR g e R L, B-CTX &
it e oy T 4 R D B AR AR AR, R A8 R AR 9 R
e B W U B AR S . AR sTE i B-
CTX .BGP N-MID # # il &5 B , B 7= 4+ 2 1 % 3%
BB Bk B R R, B R T
HRIJLIE T CKD G5 #] 8 4 iF PTH F1 8
v RV AH G P 1 R RY I RE P AF T B S e s — B
Coco Z&17-XF1 27251 i %5 B BF 5 3 /% (% PTH 25 7]
SECE TR I, — T 5540 53841 CKD B E M
5T R, PTH K SF 5 & # KUK A7 78 8 55 19 M 2%
YT A WIS %4 9524 11 774451 B 2 Y
FE R ToMI e P, HAfty — S i 0T T BF 5 A T
PTH 5 & 4 )UK 09 A 5C ¥, 18 3% 6 15 3 B 7 45
S22 2003 48 KDOQT 5 B K PTH ARk 5 5% 3 1
B9 UK 5% 12 PE B 0 1 B0 48 4, 2 CKD 5D &
% PTH H #% {4 4 150 ~ 300 pg/mL, Wi 2009 4
KDIGO 55 W) AR I & 35 e PR 205 1 (0 18 5t
T VBT R RBET) Sk PTH AAR{E , # H & 6L
%% PRI 2~9 ff, 7 PTH 2 150~300 pg/mL 1)
MHD ## H ,H 88% BBk W kEEiE 8w, 75—
WHF9E % 8, PTH<150 pg/mL XK iz B e A4 BH v
ALy 83% , PTH>300 pg/mL X & B ¥ iz A 1Y
FHMETONE R 62% , ASRER A0 PTH SR 4, 1
BOPHT 3 H BB AR R, A5 R R I 85k
L .BGP NMID .B-CTX ¥ R E2Z R, A 4 (PTH<
150 pg/mL) BGP N-MID .8-CTX & % /NF B 24 (150
pg/mL< PTH<300 pg/mL) fl C 20 (PTH =300 pg/
mL) , PTH B 4% i ) -5 A% 8 B 76 K . 45 @ 10 i il 55
WL R A ] W 5 B AU R R R B FGF23
(fibroblast growth factor23) 43 W, FI & 69 FGF-23 i
o la BRAGEER S BTG EEAEE D AR R
RS E G S 4 R D BT, 51 & 4k & M H R 52

M3 7C 3 (secondary hyperparathyroidism , SHPT) , PTH
KESW, & PTH 18 1 ¥ 7% RANKL/RAND &%,
S8 o A0 L R SR A R AR RN R
B AL B B R B-CTX (BGP N-MID [y Ifil 75 ¥
BT, e BETEE 20 M 6 P 1 0, S 0ROl
B TR AR — O B
PRAA PTH 85 A0 49 % U1 IEAHSG, BIEZE A 4
(PTH<150 pg/mL) #f N-MID[ (61. 255+60. 675 ) ng/
mL] B-CTX[ (1. 179+0.454) ng/mL] M B & T H K
EWHEEHE(30.1£7.9) ng/mL, (0.45£0.27)
ng/mL" RRIR JE I, B0 R G 1 IR A
PR s B N R A A BRI R, T
BIAEW AREEWR M E, s 5wt AR E
Bid B AR, R B ARAR I A R, A R
TR

AL IR o B A ALY 90% LA 1, 0F R EEH
oG A, B SR T B S A, A I B AL
W, B EY B-CTX X7 TREA N
1 000, & e T i F 40 - Wi i 4270 AT e AR
P& MU i E R B-CTX 4328 4 4, AR B =R oy
HCH WA TH AREFWMERARRE, 4558
N A HANENER IR R SR RS IR R
E N-MID #)F 225 & B-CTX A9 F- 5, BP
HWR RN, SRR A RS R E AR N-
MID ¥y, B /NaR g i R M B AR, 78 B-CTX A&
T2 B /N R UE A B AR PTH i w3 3 43
RABT 7R TRRA R B, NG A &
X o

A5l i PTH, B-CTX 4331 7p 2H A WL 2L 4
R P LR T AR A R AREDIR S B E PTH Tt i,
& TB R AR bR A Y B OB ) 0 BR B TR AR
e WG E RS T, PTH i Ab 78 & K7, 5
ANERUE T R MBI A B B RAMER A EET
K, B ) S BUE BUg AN P B 3T o WC7E ZE 35 M 1L VR
BT AR T s W AR B, R 2
FAOAXHE PTH AKF 8K ia & & BB E iR,
W ARATR A% o 1 7 1) 5 I8 40 30 R, T o AR 90
T IR 53 G, e 8 ek /0 A 5 M ML VR AT N R Y
SR B AA A

( &2 % x #® ]

[ 1] Zhang ., Wang F, Wang 1., et al. Prevalence of chronic kidney
disease in China: a cross-seclional survey[ J].Lancet, 2012, 379

(9818) . 815-822.



Gk

TP 2% 75

2021 4E 8 %527 %% 8] Chin J Osteoporos, August 2021,Vol 27, No.8

1191

(4]

[11]

[12]

[13]

Avramovski P, Sikole A. The progression of bone mineral density
loss in dialysis palients compared wilh the general population[ J].
Korean J Inlern Med, 2012, 27(4) ; 436-442.
Liabeul S, McCullough K, Young EW, el al. Inlernalional
varialion in the management of mineral bone disorder in palients
with chronic kidney disease; Resulls [rom CKDopps[ J].Bene,
2019,129:115058.

McNerny EMB, Nickolas TL. Bone qualily in chronic kidney
disease: Definitions and diagnostics [ J]. Curr Osteoporos Rep,
2017,15(3) :207-213.

Malluche HH , Davenport DL, Cantor T, et al.Bone mineral density
and serum biochemical predictors of bone loss in patients with
CKD on dialysis [ J]. Clin J] Am Soc Nephrol, 2014, 9 (7):
1254-1262.

Barreto FC, Barreto DV, Moyses RM, et al. Osteoporesis in
hemodialysis patients revisited by bone histomorphomeiry: a new
insight into an old problem [ J]. Kidney Int, 2006, 69 ( 10) .
1852-1857.

Matias PJ, Laranjinha T, Azevedo A, et al. Bone fracture risk
factors in prevalent hemodialysis patients [ J ]. ] Bone Miner
Metab,2020,38(2) :205-212.

Harrak H, René E, Alsalemi N, et al.Osteoporotic fracture rates
in chronic hemodialysis and effect of heparin exposure: a
retrospective cohort study[ J].BMC Nephrol,2020,21(1) :261.
Goto NA, Weststrate ACG, Qosterlaan FM, et al.The association
between chronic kidney disease, falls, and fractures: a
systematic review and meta-analysis[ J]. Osteoporos Tnt,2020,31
(1) .13-29.

Gao C,Qiao J,Li S8, et al.The levels of bone turnover markers 25
(OH) D and PTH and their relationship with bone mineral
density in postmenopausal women in a suburban district in China
[ J].0Osteoporos Int,2017,28:211-218.

Li M,Li Y,Deng WM, et al.Chinese bone turnover marker study:
reference ranges for cterminal telopeptide of type I collagen and
procollagen I Nterminal peptide by age and gender[ J].PLoS
One,2014,9; €103841.

Li M,Lv F,Zhang ZL, et al. Establishment of a normal reference
value of parathyroid hormone in a large healthy Chinese
population and evaluation of its relation to bone turnover and bone
mineral density[ J].Osteoporos Int,2016,27; 1907-1916.
Laowalert S, Khotavivattana T, Wattanachanya L, et al. Bone
turnover markers predict type of hone histomorphometry and bone
mineral density in Asian chronic haemodialysis patients [ J ].

Nephrology ( Carlton) ,2020,25(2) :163-171.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[24]

b e R Y S = i R A i /B O B2 N i
R R 2R AN X 28 2 SR T B S S B
Il JA 43 87 [T ] . A B 1 BB A 2% 75,2007, 13(7) :68-80.

Ivaska KK,Kknen SM, Gerdhem P, el al. Urinary osleocalcin as a
marker of bone melabolism [ J]. Clin Chem, 2005, 51 ( 3):
618-628.

Cavalier E, Lukas P, Boulani M, el al. European Biological
Varialion Study ( EuBIVAS ). within- and belween-subject

biological variation estimates of [B-isomerized C-terminal
telopeptide of type I collagen ( B-CTX), N-terminal propeptide
of type I collagen ( PINP ), osteocalcin, intact fibroblast growth
factor 23 and uncarboxylated-unphosphorylated mairix-Gla
protein-a cooperation between the EFLM Working Group on
Variation and the International

Biological Osteoporosis

Foundation-International ~ Federation of Clinical Chemisiry
Committee on Bone Metabolism [ J ]. Osteoporos Int, 2020, 31
(8):1461-1470.

Coco M, Rush H. Increased incidence of hip fractures in dialysis
patients with low serum parathyroid hormone [ J]. Am J Kidney
Dis,2000,36(6) :1115-1121.

Block GA, Klassen PS, lazarus JM, et al. Mineral metabolism,
mortalitiy, and morbidity in maintenance hemodialysis[ J].J Am
Soc Nephrol, 2004, 15(8) . 2208-2218.

Stehman-Breen C, Anderson G, Gibson D, et al. Pharmacokineties
of oral micronized beta-estradiol T n postmenopausal women
receiving maintennnce hemodialysis[ J]. Kidney Int, 2003, 64
(81): 290-294.
Mitterbauer C, Kramar R, Oberbauer R. Age and sex are
sufficient for predicting fractures occurring within 1 year of
hemodialysis treatment[ J]. Bone, 2007,40(2) : 516-521.

Ersoy FF.Osteoporosis in the elderly with chronic kidney disease
[J].Int Urol Nephrol,2007,39(1) :321-331.

Peacock M.Calcium metabolism in health and disease[ J].Clin J
Am Soc Nephrol, 2010,5( Suppl 1) :23-30.

Myong JP, Kim HR, Koo JW, et al. Relationship between bone
mineral density and moderate to severe chronic kidney disease
among general population in korea[ J].Korean Med Sci,2013,28
(4):569-574.

Vasikaran 8, Eastell R, Bruyere O, et al. Markers of bone
turnover for the prediction of fracture risk and monitoring of
osteoporosis treatment; a need for international reference

standards[ J].Osteoporos Int, 2011, 22(2) . 391-420.
(W ks B B 2020-07-25;1& M B ¥ . 2020-09-24)



