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[HZE]1 B8 THAR SIS IR (CKD) B H BUsAN 5 O A E5 AL T 0, 4B H 5 B AR s ) Z 1l
Mt ik 2017427 H 2018451 H 3E12 + 8 K EBL K M8 5 — B e A8 pRTIT 05 52 HH O S BE 1 368 451 CKD
3~ SR, 5336 0M [RIHA A% B A 8 DT i B rhoCo BE e A A f i 2 S X R 2 o UL T RS X G2 AL A L 1
S R RS EC(BMD 5 A4S 5 /i % (eGFR) | ILIE45(Ca) . B3 (P) . I A (ALB) . 2B RS EGPTH) . &
PEREVERERREE (BALP) . 1 BRGS0 B K (PINP ) FIB- e I 1731 (B-CTX) 7K F-, SR FH XL REXZR M LI AL BIERE £, 2
e AR O S B BRI R R | IS AR AL O RIS Ak 2 A 15 00 R F B R C TIEA, T G A 42 i 3230
Jik B AR B B EGAAE BL . Pearsontfl CHEHTeGFR . M BACEIAR T 55 BBiAs . O ML Z A, &R 5
Nt HBLHAH L, CKD 3 ~ SHIZH 1P, iPTH, BALP, PINP. B-CTX/K T+ (P<0.05), eGFR. IfilCaZk FRAE(P<0.05), H.
B I RER N, LIRIEFRAS LT I B (P<0.05); CKD SHA L7 T 4 55 35 L840 AL AL O ESR RS AT AL 1 A R 3 T
CKD 3 ~ 441 FICKD SHIAREHTZH (P<0.05); CKD 3 ~ S5 ieGFR 5 [l CaZt IEAH G (P<0.05), 5P, iPTH, BALP,
PINPHIB-CTXE A (P<0.05); CKD 3 ~ SHARBE B BB . MAEE51. O MERIEES 1k 1 & A 5 e GFRANM Cark 7 T B2
FMIZ(P<0.05), 51, iPTH, BALP, PINPHIB-CTX/K 3 fII R IEAHE(P<0.05) . &5t i B IFR &Y feGFRIK
F5CKD 3 ~ SHI A B TG AL I A A5 T 2 A B DA G
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[ Abstract] Objective To investigate the status of osteoporosis and cardiovascular calcification in patients with
chronic kidney disease (CKD) with different stages, and analyze the correlation between the stages and markers of bone
metabolism To correlation. Methods A total of 368 CKD patients at stage 3-5 who were treated in First Affiliated
Hospital Affiliate to Chongqing Medical University and Chongging Fuling Central Hospital from July 2017 to January
2018 were enrolled. A total of 60 healthy people who underwent physical examination in the hospital during the same
period were enrolled as control group. Age, gender and body mass index (BMI) of all study objects at enrollment time
were collected. The levels of estimate glomerular filtration rate (eGFR), serum calcium (Ca), phosphorus (P), albumin
(ALB), intact parathyroid hormone (iPTH), bone alkaline phosphatase (BALP), procollagen I N-terminal peptide
(PINP) and B-crosslaps (B-CTX) were detected. The occurrence of osteoporosis, vascular calcification and heart valve
calcification was detected. Pearson correlation analysis was applied to analyze correlation between eGFR, serum bone
metabolism markers and osteoporosis, cardiovascular calcification. Results Compared with control group, levels of
serum P, iPTH, BALP, PINP and B-CTX were significantly increased in CKD stage 3-5 group (P<0.05), while levels of
eGFR and serum Ca were decreased (P<0.05). With the increase of CKD staging, changes of their levels were more
significant (P<0.05). The incidence of vascular calcification and heart valve calcification in CKD stage 5 hemodialysis
group was higher than that in CKD stage 3-4 group and CKD stage 5 without dialysis group (P<0.05). eGFR was positively
correlated with serum Ca in CKD patients at stage 3-5 (P<0.05), while negatively correlated with serum P, iPTH, BALP,
PINP and B-CTX (P<0.05). The occurrence of osteoporosis, vascular calcification and heart valve calcification was
negatively correlated with increase of eGFR and serum Ca levels in CKD patients at stage 3-5 (P<0.05), while positively
correlated with increase of levels of serum P, iPTH, BALP, PINP and -CTX (P<0.05). Conclusion The levels of serum
bone metabolism markers and eGFR are closely related to occurrence of osteoporosis and cardiovascular calcification in
CKD patients at stage 3-5.
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2 M B WSS (chronic kidney diseases, CKD) J2& H Z 7
JE PR 5 RS 1 0 P I 25 R RN D) BB B, JE AE £, B3
KM, 5y B AE AR 5% (mineral and bone disorder,
MBD )& CKD & # LI I e 2 —, FZERBN LT
5 (calcium, Ca) . B (phosphorus, P) Ui 2L, 4B HR
52 % (intact parathyroid hormone, iPTH) F+ &, B854
AR SRR A B9 I E I, CKD-MBD £ 4K 1 1) 15
DORR AT — 25 B0 A E5 4k L B BTsi b 55, ™ H 52 1)
SR B WU A AF ARG BT R, A0 el JE B TEAG
CKD-MBD1 kA= & Jig, 2N IEA5 BRI AL, Wb 5 o1k
AL B SR LSOO i A R E, 2B Tz R
o BRAEAFSE B, ICa. PLiPTHS KA
CKDEH O M54 . B BB A S5 i & B A O, (H2 6
FTAFICKDr #5835 i CKD-MBD A fb i B /D, £
X AN R CKD 39 (4 1L 3 B AR S . B B A AL O i
B ALY AR Ak R WLARGE . Rtk ABFSE S8BT T CKD
3 ~ SH R AL T G S AP TH/K AR Ab-5 1 TR AR ALy
MAEFAZ IR R, BTE NG KCKD-MBDIIAYT E2 4t
—E M ESARE

1 #REHE

1.1 —f&ER

WeHE20174FE7 H -20184F 1 H 12 T R BE R K2 it
e 55— 5 e N R T 5 B PO B B 1 36851 CKD 3 ~ 538
B TN G o AIARRIE: 45200245 3¢ FK/DOQIH
A CKDIR A/ 3 ~ 53 HEBRARIE: B LA AE
BNERR TR BB | 5 ISR B IEE
J kM R S5 B D R T R 3 5 3 sl H T L 7 e PR e
JR R SRR MER R 2 AR R . S T R
BE R 27 B8 55— = e RV PR T 5 B o B B i 4 303
[vi) A BR ARG 2 SR X HR AL T e % 2 14 228 1175 [
A, AR IR 5 R BRI R 5 — B B AR P 2
51221812 (CQYKDXFESDYYY-2017-056) .

HRAEK/DOQIHE /g 74 8 & Al 38 /b Bk o o %
(estimate glomerular filtration rate, eGFR) [FJCKD4#43}

421, (DCKD 320 (3844]): eGFR 430 ~ 59 mL/(min-1.73 m?),

JE R 90 AR R s 12461 | e Il R I O B8 | M ek
B R 12450 L IR R R LA A ELE Y e 2461 % 2 A
2055 G IFAE: R 255 B M1 i AE 124 O
PR 100, BEIRIEOM . @CKD 4412H (42451]): eGFR M 15 ~
29 mL/(min-1.73 m®), Ji& &9 A 8 R B s 14461 . o5 1L Hs
B 1L, A2 B/ INER Y e 1249 L i RV B 1491 L A REL
PE B s 2491 K 22 3 B 245 & O s R I 254 L A I

1209 s MLAR 1L HESOR 114 BB 106 . (BCKD
SHIARBHTAL(5961): eGFR< 15 mL/(min-1.73 m?), JFL A
R BRI B 18451 | e MLV R 1540 L MR R /NER Y 4%
2245 i KV s 2401 RERELPE B 1491 224 5 1401 50
SiE: L2440 S 124 5 g LB OB 104
BEPRIG 1245 . WCKD5IW ML REE BT 20 (22915)) - JRUA Il
B DRI B 6 081 | g I ' 55081 L 52 1R /N BR Y R
700 e AL B4 5] . RERELIE B 190 . 241715 25
Y B i 05 2100 . IR PETE R AL PR 119 R D A M R
AAELG); A FFAE: SR 1320, #7261, = 674 |
OEBR 601 | PRI 651 . 4ZH H Y I 0 M G I FAE
B 28 TG T (P> 0.05)

1.2 FEMEZF

HE3E C160004: H B AL 73 M (U1 F 5E[E Abbott /2t
A5 iPTH 10-80002% &1 H 3 [FIDLS/A 7] (16 ~ 62 pg/mL);
Roche fL 424 & 55311 (cobase602) K H AL E 7| 4 H
Roche’A Fl; ASY-00409 XL AEX 2k 1 %5 FE A I XU 1 5
HOLOGICZyFl 6
1.3 WitErR

W FIAT BIETE R G A ZH I AR | 1001 L (R B o i
#7(body mass index, BMI) . RALIE fRiBENTHT B 25 WE 7
JikfiL, #5.0>(3 500 r/min, 10 min), 3% i, R4 A3
Az AR A3 T SO I 28 1L Ca . PiAT 12 (1 (albumin,
ALB)7KF-; SR HIELISAKGIN Il 7 iPTH/K -5 SR 2 (R fb
R IN A P 5 2 i (bone alkaline phosphatase,
BALP). I AVHiHE 2 %Ak (procollagen 1 N-terminal
peptide, PINP) | B-Ji&J54#5% )5 41 (B-collagen specific
sequence, B-CTX) 7K,

SR FHOUURE Xk MR Wi 00 i PR T 9% g v B g 14341
BEREEE, P EEEr B RGN R 2
(osteoporosis committee of Chinese gerontology society,
OCCGS) H i BB A bR HES, —2.0SDELH H1E T F#25%
BB A o SR H R C TRl B AT A AR 2
(9 E Bk SR SR ES AL B, 18 CT(E = 1304875 1M
RS SRATR (0 2238 B 5 A A BT AR R
RO AR ES AL SO0, FEh ol . Il — St =
MR A RL B KT 1 mm A58 (8] 75 4 7 0 HE A
JEEEG AL,

14 FITFEFHE

R IS AT HR PO L xR, RN 27
ZIHT L 2 YL R 22 57, SNK-q FLi P4 0] 22 55 TTHE0v%
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2.1 CKD3~5HiBEMN—MER

XF IEZH MICKD 4540 F 8 B4R IS . PRSI L . BMIZE
¥egeitr s (P> 0.05); 5T HRZH LL4R, CKD#& A
ALB/KT-F#AR, HLFEE B Diedl 0 e, ALB/KFFEAT

(P<0.05), W31,

B W] 2, CKDAS R - 41 18] Fe A, 26 A geite i X

2.2 CKD 3 ~5Hi & H) M Ca PifAiPTHK F

#1 CKD3-~sHEEMN—RAR

Table1 General information of patients with stage 3-5 CKD

(PR WURES PO

A, CKD % 4 & & 1P Al
iPTH/K T+ (P< 0.05), Il CaZK Rk (P< 0.05), H.Bf
& B OREE N E, H R RS ARAE (LT A I i, CKDA
[l AL (E] LE A, 25 A Gii 23 L (P< 0.05)

Group n Agelyr. (Male/female)/case BMI/(kg/m’) ALB/(g/L) eGFR/(mL/(min 1.73 m’))
Control 60  55.35+8.14 38/22 22.76+2.57 40.34+4.20 97.21+14.52
CKD stage 3 38 54.8148.54 21/17 23.8442.75 39.63+4.32 42.83+6.74*
CKD stage 4 42 5526%7.68 26/16 24.26+2.82 36.8124.65 " 21.54+4.21"°
CKD stage 5 without dialysis 59 57.7247.94 30/29 23.1742.51 34.5244.29"" 4 6.24+1.13" "4
CKD stage 5 hemodialysis 229 57.8348.72 142/87 22.65+2.62 33.74+4.80" "4 6.68:1.16" "4
ty 2325 3.142 2330 34.165 2934.953
p 0.056 0.534 0.055 <0.001 <0.001
*P<0.05, vs. control group; #P<0.05, vs. CKD stage 3 group; A P<0.05, vs. CKD stage 4 group.
%2 CKD3-~5HE&FHMCa PAPTHKF

Table 2 Levels of blood Ca, P and iPTH in patients with stage 3-5 CKD
Group n Ca/(mmol/L) P/(mmol/L) iPTH/(ng/L)
Control 60 2.3240.22 1.0240.10 37.25+4.66
CKD stage 3 38 2224025 1.34+0.12" 145.93+26.04°
CKD stage 4 2 2.14+0.24" 1.57+0.13"" 231.26+31.87
CKD stage 5 without dialysis 59 2.0540.23"° 2.04+0.16° "4 417.06+58.69" "4
CKD stage 5 hemodialysis 229 2.08+0.21"" 1.96+0.15"" 4 408.3354.72" "4
t 17.543 494.561 870.413
j2 <0.001 <0.001 <0.001

*P<0.05, vs. control group; #P<0.05, vs. CKD stage 3 group; A P<0.05, vs. CKD stage 4 group.

2.3 CKD 3~ 5 BEMEMEREHERHENL
5% HRZHAR L, CKD 4 21 8 4 MBALP . PINPAHIpB-
CTX/KFFHE (P< 0.05); 5 CKD 38141 4H L1, CKD 4 ~ 5]

ZHHF MBALP, PINPHIB-CTX/KFFH 5 (P<0.05); 5
CKD 4ZHAH L, CKD 53 A7 A 4H il 02 A 2 A8 2 1l
BALP, PINPHIB-CTX/KF-FHis (P>0.05) . W3,

%3 CKD3~5HEERBALP PINPHIB-CTXKF
Table 3 Levels of BALP, PINP and p-CTX in patients with stage 3-5 CKD

Group n BALP/(U/L) PINP/(ng/mL) B-CTX/(ng/mL)
Control 60 35.74+5.70 37.38+5.13 0.25+0.04
CKD stage 3 38 78.95+11.49" 52.24%7.22° 0.42+0.06"
CKD stage 4 ) 94.63+12.87"" 61.78+7.86"" 0.67+0.08""
CKD stage 5 without dialysis 59 137.51+19.34" "4 79.43+8.54" "4 1.28+0.18" "4
CKD stage 5 hemodialysis 229 143.62+21.55" "4 81.34+8.80" "4 1.34+0.17° 74

t
p

592.832
<0.001

441.569 884.495

<0.001 <0.001

*P<0.05, vs. control group; #P<0.05, vs. CKD stage 3 group; A P<0.05, vs. CKD stage 4 group.
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2.4 CKD SEAIMRENR S5 REFHEE ZIEIRILER
CKD 58 h, LB AT H SR FE AT 4 8 A
5. BMIKXALB, eGFR, Ca, P, iPTH, PINP/KF-2257
TegiiteE i L (P>0.05), KRB ZBALP KX B-CTXIK -1
KT BB (P<0.05), WFE1~FE3,
2.5 CKD 3 ~ 51 EHeGFRE B RIREY 2 BRI+
Sk
CKD 3 ~ 5 # eEGFR5 Il Ca i IF 41 £
(r=0.219, P<0.05), 51fiLP, iPTH, BALP, PINPAiIg-
CTX A& (r=-0.439, —-0.527, —0.518, —0.384,
-0.417, P¥j<0.05) ,
2.6 CKD3~5HEENEREMRER
Eﬁiﬁﬂﬁ&iﬂhu@%143@U%%‘*CKD%E@%%E‘J
BT AR 2EF G FE L (P> 0.05), IL3k4,

F4 CKD3-5SHBENERERERL
Table4 Osteoporosis in patients with stage 3-5 CKD

To O AR5 1k= 0. CKD 3 ~ 53 & B FRHi AL |

ik, 'LDHff%ﬂﬁlﬁ%ﬂﬁﬂ/‘]ZVi’:'lE'ﬁeGFR*ﬂ[ﬂlCa?J(SFij]l]azJ\
5 (P<0.05), 51fiLP. iPTH, BALP, PINPAIB-CTX/KF-
BT IEASE(P<0.05) . ULE%6,

%6 CKD 3~ 5HBENeGFR.BEREMREY 5B RGHR /O MESL
Z Bt
Table6 Correlation between eGFR, bone metabolic markers,
osteoporosis and cardiovascular calcification in patients with
stage 3-5 CKD

Osteoporosis Vascular Cardiac valve

Group n Osteoporosis/case (%)
CKD stage 3 15 2(13.33)
CKD stage 4 18 3 (16.67)
CKD stage 5 without dialysis 22 5(22.73)
CKD stage 5 hemodialysis 88 29 (32.95)
X 4152
0.246

2.7 CKD 3 ~5HEEMNMESHFOAERRISLIER

CKD 53] i 75 175 BT 21 58385 10045 65 A R JUE SR 5 1
) % 42 R T CKD 3 ~ 4840 fCKD 53] 4 % b7 41
(P<0.05), WL%5.

%5 CKD3-~5sHRZEMMESEICMERRSSLESR
Table 5 Vascular calcification and cardiac valve calcification in patients
with stage 3-5 CKD

Vascular Cardiac valve
Group n  calcification/  calcification/

case (%) case (%)
CKD stage 3-4 80 31(38.75) 9(11.25)
CKD stage 5 without dialysis 59  26(44.07) 11 (18.64)

A A
CKD stage 5 hemodialysis 229 142(62.01)"* 84 (36.68)°

XZ 16.350 22.520

p <0.001 <0.001

#P<0.05, vs. CKD stage 3-4 group; A P<0.05, vs. CKD stage 5 non-
dialysis group.
2.8 CKD 3~ 585 EMeGFR. BREIFEMEBRE
/AR :ﬁxﬂl”%ﬂazl‘ﬂﬁ’%ﬁ%ﬁ
AR, BB TTEibs = 1, OB Hiba=0; &
a‘ﬂu%@%ﬂc: 1, i E5 = 05 & IO NERB S =1,

Ttem (r/P) calcification (r/P)  calcification (r/P)
eGFR —0.382/<0.001 —-0.641/<0.001 —-0.421/<0.001
Ca —0.244/0.023 —-0.327/0.002 —-0.273/0.008

P 0.303/<0.001 0.495/<0.001 0.420/<0.001
iPTH 0.457/<0.001 0.695/<0.001 0.583<0.001
BALP 0.441/<0.001 0.683/<0.001 0.526/<0.001
PINP 0.333/<0.001 0.512/<0.001 0.442/<0.001
B-CTX 0.359/<0.001 0.471/<0.001 0.428/<0.001

3 Wi

CKD-MBD & CKD¥ 5 Jié Ji5 1) e J™ 5 1 T e 2
—, B AT BN BT L A R AR R, Y
Wi T £ AR A o, T A B B AR U AT 5 [
AL, BEMCKD B I & O A B SE T I AU
H2 B FiI & T CKDAN ] 434 £ 2 4k & B s s I‘Huﬂum
5L B 7 0 B LR B 5 VA (0 A= A R, R

BRI RI2 W CKD-MBD R £ brRifE, {E,Hjﬂﬁ @U
PERAR , PP, H T2 R ARG B AR br ik
TFHRITAL 5121, K/DOQIHE B #E17 CKD3 (JL 8
MCKD2#]) JF 4 Wi 1fiL 75 Ca . P PTHAIALP /K2R
1k, DU I CKD-MBDYSs I HEfE, 15 TG ARG YT, b
DAL, E AR AR & AR BEAERF SR R, I
Ca., P, PTH/KF-Z84L 5 M H2 Br 8 & 9 UG A G, (EX
RIRSHICKD & # 1fiLCa., P, PTH7J<FM% N FH 5 CKD-
MBDYSpHEFE 2 [A] A AH DGR i AN TERE . AR R, A
CKD3 7 i, %%mmaﬂw?ﬂl]ﬂﬁéﬁvﬂﬁ?ﬁ%, Pifll
iPTHZK I AR B T i o 302 TRl CKD R # 1Y B
/NBRUES DIRE T B, DRBEHE D, 85 ACE T,
A S EUNES T, RIS PTHRBIL, 51 & 4k & T i R
PRINBETCHE . H b PTHIE R W HUIR 5 IR D BE Y 3 DL 4
Bz —, B R 55 B S 40 4300, RTVE FH 1 B 4 i, 9
TEEHEAI . GAOF I R, A FRIL T, 1P,
Call MPTHZ [MIFFAE SNV, (HJE7ECKD &, — HiX
TR, T A i, 5 1Ak & TR IR )
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REJLHE, PTHA7E— & R FARSE 55 d i, 5 e 4t
P Call AR LT Ak, 5 R B8 . B BAS BT,
ZEREMEAG AL, I S, SR O A S R
JRB A P AU

ARHFFE R, AT —2 % B, Bl CKD YR 1 it
CKDH A IMIEBALP, PINP, B-CTX/K W Rt #f—
5T R, CKDEF I Ca, P, iPTH, BALP, PINP,
B-CTX/K V-5 He GFREAT B 5 (Y AH I 1, 5 B 2 1ML 75
AR bR ACE 5 LB /NERUE R T BE T REA G, B /hBk
TEAT T REARAR, ML P SR AR S AL . o,
BALPJ&— 0l B 40 i 5 WA i B AR 1, B LIRS
Het, JLAKFANAZ B /BRI T 2R A5 e, 1] AR i A 4
TRIY K, ST L B R S AR AR 05 PINPIUE s e T
T 70158 5 1 - SR B 8 1) ) — i TR B 2 40 5 17 B -
CTX IRl B A0 e 7 W A e v AR e ™ A 4 S
Yy, J B WRR S, BRSO R, PINPAIR-
CTX 5B EAA X, HOKFThm, nlsg s H g4
I o ANFIE % R, FifiE CKDY i i )i, e GFRIZHT
B", SRF I B I R AR A TR R O 2 R 05

PheE ), W H, CKD# ¥ eGFR, IfiiCa, P, iPTH,

BALP, PINP, B-CTXUKV-1 5 HA BTgiAs i & A= HAT W
B AAHOCHE, 3275 CKD A8 & 7ECKD3 M HIAEAE A AN [l P2 2
BB B AR, LTI TN CKD B A9 A RO G AR A AR
1k, B % AL CKD H B s 728 1 IRURG:

OGS 2 CKD AR 3 1 EEAE T R A, B S 30

JRERFASP, O LA 554k & CKD-MBD Y % T 52 Il PR B

2, R FE A A O A AR ) R B R,
DRI, 437 B A T RE RN AT ST A 5 R TR
BARS FILC A5 Ak =2 IR R OGP, TR DAL B 1 22 g,
ARSI RGITT A EEE L, KRB AL, W&
CKD¥ 9 if & B ) BE 1) T %, MCKD 3 ~ 48 7T i,
CKD AT (4 M5 A0 AL IEARAS A5 A 1) 2 A 2 R i
i, ZCKD 58 6 H 2 3% A 8 3 X P 7% PR 45 Ak T i 1
i, PR L P, CKDHE#eGFR, [filCa, P, iPTH,
BALP. PINP. B-CTX7KF-34 5 il A 55 A FH.CoE R AR5
TR S B W] B AE OGP, DG LLIPTHAIBALP ARG
PEIAF, SER MU0 9 S50 Rl B A S Ak A2 Ak 5 1l
S T I IR L5 e 1) 2 A= 2 DDA OG, I IR b 7T 65
PEREIPTHHRIBALPR PEAL 8 # CKD-MBD i 1 i Ji2, i
i SEBTAL | IS5 Ak IO RS 5 T 2 A A XU, 5
& RIRYT

25 LR, CKD 3 ~ 5HA & 2 b 45 CKD¥ 5 1) i Jig
B rRe ] R R, S54RI i Z5L, iPTH. BALP, PINP,
B-CTXIK I 5 T v, L5 45 Ak o JUE SRR £ ) 2 A=

UL T, HeGFRANE UM SRR R K221 5 3 o
BRI A R O AR A5 T ) A B AT I S B AR G

P,

I A b= T 3 e
ARG bR AL 1, Al 2 CKD-MBD H s 175 1 i

WEMICKD 3 ~ 53] F 34 e GFRAIE L
, A

B BTBAR | O LA 5 A A R XU, 48 Sl RIRY T
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