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I AR T BBl R K ST T ) 24 43 14 I 73 1 2B T K Bh Ak 54K

FOHLE OBLK OELE R ARE LK #HU
AU ERR A — MR EEBE AT R, B R AR TR BEaT 210029

[ E] B ERGESEMRGENT (maintenance hemodialysis, MHD ) 35 TR s K ES AL AT GGG R K . %404 2018
43 H—20204F3 H 765 5t B RN 2% 55 — B P B ML 804 Ak Hh O BB I B AT, B AT =3 4~ H 1 MHD B2 188 171, e i
FHG IR TR LB ZEHe b, SR B ik 22 2 URT5E CT I 2 etk Bl ik 85 A FR 3 (coronary artery calcification score, CACS) , 73T e 4k
BIKES LA G IR K . B8R IR B IRES 1k (CACS > 100 43 ) i & 4= 4 54.8%(103/188 ) , CACS H {7 % 4 143(0,728)
4¥o 5 CACS < 1004341 AH E , CACS=400 4341 B H AE 15 B HTIE | TS . RS2 IR 2 (intact parathyroid hormone , iPTH) [ 7%
PR B (alkaline phosphatase, ALP) S5 48R b 1 5 (P < 0.05) o Spearman AT B, CACS 5445 (r=0.292, P < 0.001) .
FEHTHS (,=0.242, P < 0.001) M4 (7.=0.167, P=0.024) . Il 45 (r=0.263, P < 0.001) \iPTH (=0.191, P=0.009) 2 ALP(r=0.171, P=
0.019) B IFA (P <0.05) ; Z N ELME M B8 ALP 5 CACS BEM I (P=0.012) . ZiX#F TAEFE 20 HT 7R ALP i) 5
JE AR BIIKES AR A I 2R T FRUZ 0.615(P=0.009) , FefE: G FHE M 226.5 U/L. 2 H & Logistic A 4341 /R 4t ZHEZ K EfE
ALP=226.5 U/L £H 5 3 5 )i 568 K55 Ak XU 558 35 T 5 (OR=3.05,95% 1] {5 [X ] : 1.30~7.18, P=0.011) , £5i%: M3 ALP /K V-2
MHD 85 bR 2 bR ES £k i ik Sz TN PR 7, ALP A5 22 A MIFLD A8 250 I 5465 Ak 00 T8 A A0 1 FOUREL 051
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Serum alkaline phosphatase level predicts coronary artery calcification in maintenance

hemodialysis patients

GUO Jing',ZENG Ming’,ZHANG Hao', WANG Jun’,SHENG Yanhui', LIU Jing"

'Department of Cardiology , *Department of Nephrology, ‘Department of Radiology, the First Affiliated Hospital of
Nanjing Medical University , Nanjing 210029 , China

[Abstract] Objective: To investigate the risk factors of coronary artery calcification (CAC) in maintenance hemodialysis (MHD)
patients. Methods: A total of 188 stable MHD ( =3 months) patients were enrolled in the study, their baseline characteristics and
laboratory measurements were collected , coronary artery calcification score (CACS)was measured by multi-slice computed tomography
(MSCT) , the risk factors for CAC were analyzed. Results: CAC (CACS>100) was present in 54.8% (103/188) patients, the median
CACS was 143(0,728). In comparison with the CACS<100 group, age, dialysis vintage, serum calcium, alkaline phosphatase (ALP)
and intact parathyroid hormone (iPTH) levels were significantly higher than those in CACS=400 group (P < 0.05). Spearman
correlation analysis revealed that CACS were positively correlated with age (r=0.292, P < 0.001) , dialysis vintage (r=0.242, P=0.001) ,
systolic pressure (r=0.167, P=0.024) , serum calcium (r=0.263, P < 0.001) , iPTH (+=0.191, P=0.009) and ALP (r=0.171, P=0.019).
With multivariate linear regression analysis, serum ALP was the only biomarker which showed significant correlation with CACS.
Receiver operating characteristic (ROC) curve analysis showed that the area under curve (AUC) of ALP predicted severe CAC was
0.615(P=0.009) , the optimal cutoff value was 226.5 U/L. By logistic regression analysis , serum ALP=226.5 U/L was a robust predictor
of CAC and was associated with the likelihood of CACS=400 (odds ratio 3.05, 95% confidence interval 1.30 to 7.18, P=0.011).
Conclusion: Serum ALP level is a potential independent predictor of CAC in MHD patients. ALP is suggested to be a promising

predictor and interventional target for cardiovascular calcification in MHD patients.
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F =184 IE SR (chronic kidney diseases, CKD)
BB NBGR IR 1.342M 10 L8 95 (cardiovascu-
lar disease, CVD) J& CKD 3 i 1B 1 I & E FIAE
TR A S AU H A AR 3 Dk E5 AL 7E CKD &
FH s AR FEAEREE ML AT (maintenance he-
modialysis, MHD ) (5 & A2 3 535 90% . Il A4S
A AT LS B0 i e 3o i O g g O WIS JEE K.
O HUEEFE , & CKD 5 O I AE S5 RSB T i 5 2 i
WIPE 7= BT CKD FR 3 107885 A i ML i A e
B, B T A% 8 1 e I TR 3R Am B e 1T v I
JIE \HRAE BRI A , 0 1 S R - ) B e A L
(chronic kidney diseases - mineral and bone disorder,
CKD-MBD ) BIESE A A H AR AT T Ll i
AR B ik 2 JZ 1€ CT (multi-slice spiral computed to-
mography , MSCT) K5 £r , ¥R T 4EH M L BGE B 84 7k
ARBNKES A HE  S HAR a2

1 X&FAE

1.1 %

Y9N 2018 4F 3 H—20204F 3 H 7Erd sl BERF K27
55—t = Bt 1 i Ak O R RGBT, ELE BT
=34 H , F#% 18~80 % I & 1L 188 il . HEBRAR
HE - 232 i AR B K FE A A i ek B0 Bk S 48 A
AR JTEHEEG T YIRe R CBEME S S A B
B EBE AGERT LA B2 AR, o
HHRERFIENT 3K, BHK 4 b, FRIGE S 1
L 250~300 mL/min, % BT ¥ & 500 mL/min,
AT H A 1.5 mmol/L A5 ¥ BE | 15 i H 5 I 15
5 1fILAE 5 A 1.25 mmol/LES5¥R B o A 588 12 /e 5t
BERF R 2F 2 — 8 B e B 2R e B2 51 2L, i 9%
XTI W
12 F#%

1.2.1 W AR TN B R B F 35 AR 52

WAE FEE AR VPR B RS B TS AR
U (body mass index, BMI) ..U ML %5 52 BH PR 9 5
FEN (1A S N A ) TS M = 711
LS Dh6e A | v 5 9% 85 (alkaline phospha-
tase, ALP) 85 (B . 4> Bt HUIR 55 I 8 % (intact para-
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thyroid hormone, iPTH) F1 25 - %% 4 = & D (25 - hy-
droxyvitamin D,25-VitD) . ifi A& HAESE T I
DINIERERT =28 Bl ¢ 17 4 WAL 1B SZ N Y v
B g — A E L AHIIS H 580,
1.2.2 "R BRAAAR 0 M B4 4R

SEEIR Bk MSCT A6 2 ph =k ) R4, NSE
W% 2o IR T o el R B0 Ik JSA5 2R P 48 i 41 4 ]
B P LT T4, AR A R R B I O X
R 3 K 45 1k B2 43 (coronary artery calcification score,
CACS) M7 R Agatston 743, B 2 {57 FBURFEE A
MST AT, 2 AU I Y B E B S PR A5 R
K Siemens CaScoring 5534, B5ALBEHE SR
R CT % =130 HU, HEAR=1 mm?, 5G9 104
G REIR B A 32T ZERTRE S A S AT bR Bl
o, 0 A AR A AR A Y AR SR LA T R AR 1L (e
I RAG R B ERGE ), B W 2 R A ST o0 A, 4%
A W 2= B0 5 A 0 B5ORE A 21 19 5 20 B A ot R
(1) 5 R Bl Ik Agaston P43, A8 DA G LA 19 &
FEAL LT o MR HE Rumberger 76 kA5 AL T2 B8 4 9 05,
e &y 34 R EES L (CACS < 10043 ) L
J 45 4k 21 (100 43 <CACS<400 43 ) Fil 5 Ji£ 45 1k 41
(CACS=400 71 ) o JEAR B kA5 1L & LA CACS >
10047
1.3 “itsrik

K SPSS 23.0 B AF AT b o IEZS 70 A i
TR bR 2 (3 £ 5) R AR IES 00 7
B LB (DU 530880 LM (Pas, Pas) [0, € 5%
BEFAIEL (n) FUE 43 He (%) $ifiid o 3 2[R 5kt
PEE IEZS I3 A1 R T LN 307 2270 (ANOVA) K
By, AFFE IR0 # R HHES B ARG 56 5 114
FERLR K . Spearman A & 43 T FH T 43 A
CACS 5 IELRIRIR ARG o B BRI R e [l ) o
P < 0.05 A B9 A Z2 IR ZevE [l I3 5 72 143 i
TR SRS AL R o 21 TAERIE (re-
ceiver operating characteristic, ROC) it £& 43 F7 1M 15
ALP /KX CACS O TRINANE . 22 FK Logistic 7115
STl ALP SR Sl ik B A ARG E . P <
0.05 M ZEFA GRS
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2.1 A KT B RK B IRASACHE S

188 il ;EH N AAMISE , Horp 55 103 441, 2 85 44,
AR (50+12) %, il M it (86+46) 1~ H o AN N -
P P B /INBR B 48 114451, B B e e 22 4], R I e
B 4515 6 ], PRI B S 191, 248 14 ), Ao
I R 27 1], et AR 3l Ok 45 1k 19 kA2 %2R 54.8%
(103/188) , CACS H v £ 143(0,728) 41 K1 /2
LR 1) 1) SEEIR BN Pk MSCT 1% . #E 4 CACS 43 N
34, IR RS A A 5 45.2% (n=85) , T A AL A
17.6% (n=33) , T FE 8514 7 37.2% (n=70) , £ [A] 7E

M2 A& A (Alb) B AHFEEE(TC)  H = ER (TG) .
KT F AT LB (AST) (I SR AN 25-
VitD 7 o E M2 5. SRESIA L,
AR BT 35 E5 L iPTH  ALP %545
bl R (P <0.05,% 1),
22 BWARFMRABLE AR B F oM
Spearman A 5& 43 M7 .7~ , MHD (3% CACS 54
# (r=0.292, P < 0.001) &A% (r=0.242, P=0.001) .
W 45 TE (r=0.167, P=0.024) . Ifi. 5 (r=0.263, P <
0.001) .iPTH (+=0.191, P=0.009) . ALP (r=0.171, P=
0.019) £ IEAH K (P <0.05) , 5 HAhF5 5 JC HH 5P

LAD (left anterior descending branch ) : 77 Hif [ 37 ; LCX (left circumflex branch ) : 72 [Ji€ % ; RCA (right coronary artery) : 47 7&K 3l ik ; CACS

H1492.44%, J@ T HIEML,

E1 EAREGEEREIER MSCT Bl

Figure 1 Representative images of coronary artery calcification by MSCT

F1 AERBRINKSUHRD HBERAKT LR

Table 1 Comparisons of clinical and laboratory parameters according to tertiles of CACS

I R 7R RS IEAL (n=85) G2 (n=33) LA (n=70) P{H
Hn(%)] 48(56.5) 17(51.5) 38(54.3) 0.884
AR (%) 47+ 12 50 =12 54+ 12 0.003
BMI(kg/m*) 227%35 21428 23.0+34 0.108
EHTIR(H) 75 = 48 93 + 45 96 + 42 0.012
Wi He (mmHg) 135+ 18 134 + 22 142 + 25 0.118
£F3K E (mmHg) 83+ 12 80 + 14 83+ 17 0.623
M (%) ] 60(70.6) 23(69.7) 58(82.9) 0.159
BRI [ n(%) ] 9(10.6) 2(6.1) 11(15.7) 0.331
Hb(g/L) 101.5 + 18.0 101.0 + 16.9 104.8 + 18.9 0.396
Alb(g/L) 39.1 6.0 38.7 +5.1 38.6 +5.1 0.805
TC(mmol/L) 4.07 +1.01 4.15+0.91 419+ 1.19 0.783
TG(mmol/L) 1.43(0.97,2.55) 1.33(1.04,1.81) 1.40(0.98,1.97) 0.809
AST(U/L) 13.8(11.0,17.6) 13.4(12.2,17.0) 14.0(11.3,17.8) 0.797
115 (mg/dLL) 9.64 +0.83 9.87 +0.93 10.10 + 0.95 0.004
ML (mg/dL) 6.41 + 1.54 6.56 + 1.37 6.33 £1.53 0.772
LA (mg/dL?) 61.9 + 16.0 64.9 + 15.4 64.1 +16.7 0.573
iPTH (pg/mL) 771(305,1 493) 1115(333,1965) 1271(611,2113) 0.015
ALP(U/L) 159(90,264) 143(116,340) 232(113,493) 0.024
25-VitD (nmol/L) 543 +33.0 53.4 +28.2 49.7 +24.5 0.604
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(P>0.05) o HLPH 2 2 Il I3 43 A s AR il (P <
0.001) & B (P=0.001) M4 & (P=0.024) | IfiL §%
(P <0.001) ,1giPTH(P=0.009) &% IgALP(P=0.019) 5
CACS HA MM W DL AR 5| A2 R
AT TG 45 3 R B AT ALP 5 CACS 3B HH G (P=
0.012,7%2),

2.3 ALPATMHD %% & Bk S BRAS L e TR HE

ROC [l £k 43 #1 7k ALP Ui 2 J3 5 IR 30 ik 8%
1k 19l 26 F 1 AL (AUC) 4 0.615 (95% CI: 0.529~
0.700, P=0.009, &1 2) , AR 4 24 55 5 Flohff e 1) e A 4
Il Sk 226.5 U/L, 7 U8 A 5 2 43 510 52.9%
M 712% ., % N & Logistic [8] 14 43 #f i /R ALP=

®2 BRIURSMBERRMESERLELEDH

Table 2 Univariate and multivariate linear regression analysis for CACS

- NS il Z MR T
B B 95% CI PIH B 95% CI P

P51 0.01 -0.13~0.15 0.919 — — —
e 0.29 0.16~0.42 <0.001 0.09 0.01~0.26 0.230
BMI 0.06 -0.09~0.21 0.416 — — —
BATIE 0.24 0.10~0.38 0.001 0.11 0.03~0.25 0.152
e e 0.17 0.02~0.31 0.024 0.05 -0.10~0.35 0.485
ErikE -0.03 -0.19~0.12 0.645 — — —
e I 0.13 -0.01~0.27 0.067 — — —
i e 0.09 -0.05~0.23 0.223 — — —
Hb 0.02 -0.13~0.16 0.842 — — —
Alb -0.09 -0.22~-0.06 0.228 — — —
TC 0.06 -0.01~0.20 0.432 — — —
TG -0.01 -0.16~0.14 0.869 — — —
AST 0.05 -0.09~0.20 0.463 — — —
145 0.26 0.14~0.40 <0.001 0.07 0.01~0.19 0.392
ik -0.07 -0.22~-0.08 0.352 — — —
FERS TR 0.02 -0.12~0.16 0.779 — — —
1giPTH 0.19 0.04~0.34 0.009 -0.01 -0.13~0.06 0.872
1gALP 0.17 0.02~0.31 0.019 0.20 0.09~0.37 0.012
25-VitD -0.03 -0.18~0.12 0.685 — — —

226.5 U/L ) MHD (% 5 ALP<226.5 U/L & A 1L 1.07

KA R e R 3 Dk 85 1k (CACS=400) 19 L L

(OR) 4 2.77(95%CI: 1.50~5.12, P=0.001) , Z1t4F o8

S BT AL ML iPTH 2 H £#1E )5 B8 ALP= ” 0.6-

226.5 U/L 1 MHD % 5 ALP<226.5 U/L . # A1 It &

et T SRR B KA A 9 OR A 3.05(95%C1: 1.30~ ™ 04

7.18,P=0.011,%£3), AUC=0.615

02 P=0.009
3 3 g
0 T T |

2L K B 5 975 (end stage renal disease, ESRD)
B KA CVD SET I H 9l ik 50% , HosER 5 A
AR B e R 15~30 4% T UL A 5 Ak 2
ESRD S8 [ CVD BUL s Sk iy #2054, & ESRD
FBFE CVD FHAAF R A FBE T (A S T R PR
TR -4 M0 A 5 A ) S S 7S K TR A, X Bl
3 ESRD (83 Tilm BAT H 205 3

0.2 014 0i6 0.8 1.0
1-FE5R
E2 MiEALP Bl EE R ENEKSS A ROC # 2%
Figure 2 ROC curve of serum ALP in predicting severe

coronary artery calcification

M ESPEAE CKD 8 s 77 1, e el ik sl
JRES A B9 A R Ll A 2.5~5.0 15 . A
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R3  IMiEALP =226.5 U/L Fiilll CACS=400 5 B R K IE OR & £ E E K IE/FH OR K 95% A {5 X [8]
Table 3 Unadjusted and multilevel adjusted odds ratios and 95% confidence interval of having CACS=400 in MHD pa-

tients with serum ALP =226.5 U/L

OR(95%CI)
M= ALP<226.5 U/L(n=33) ALP=226.5 U/L(n=37) PE
ARMEIEAHDC TG K 3R 1 2.77(1.50~5.12) 0.001
LB AN E S
AR 1 4.14(2.07~8.27) <0.001
AEWS BTG 1 3.90(1.93~7.85) <0.001
AFRE B M+ L5+ 17 iPTH 1 3.05(1.30~7.18) 0.011

FERT 742 151 W6 401 s BB B T 3 4R, T9% 11 AR
AN [RVRR B 0 LA 54K, 47% 1) A s L E
46", ESRD MK A B DGR b & A IRk Bl
K EGA AT R, e AR T 1 22 IRE CT
HHEETT Agatston TE43 2 CACS B9 H 7k
A WFIE G , R I I 35 BT R 3 e kA5 Ak (CACS >
10043 ) 1 He ) i 3k 709% LA, Hod CACS > 1 000 %
20.2%"" . TEAHEGE NHE T Ieb R SIS fb 1Y & 2B
N 54.8% , T 5 4k (CACS=400 43 ) 1Y He 9]
37.2%. CACS=400743 2874 KA FHEEMEC A B
Koo IAEHET A RGBS S 2 1A i ) e S T Rl
ESRD H 3 & AL e R 30 ks 1k g TR K% %
ML H AT A 2l . AR BN B E Wk
e 3 A AE A5 A, B AR IS L = M ILE W PRI 45
450 1L FE R PR 2 IR R A 1 R A
T A SR HK B 22 (R BIF 9 S AR B ) o R R A S
(CKD-MBD) CKD & M &85 b 2 VI, ZFh g
ISR F2 50 T S S k4 LR,
M E5 Ak i — RN 2 2= A B R, FLAR I
A5V LA A o] 15 20 = sl A e AR i
e B 3 i Je e B AR s I R AR5
o & BRI ALP & MHD 23 & A 5 e iR 3 ik a5
AR ZUTIM R F . ALP J&—ZH e A 25 1 o Az
iR B R R 10 W) T8, 732 A T AR R
W F R RS ALP RSP R b a4
FERFOIREIEH BT, MLYE ALP ] DL Wi ALP [
KNS AR RAESE o ALP 3 5 1 SR G &
He % & Lomashvili 251 % BRI 13405 ) 20 2R R4
S P A R T T T 5 T L A R R 1 K e A 2
T o JOHIL AR Bl R R 38 A vl /D SR S K A 4 i A A
AT A ) 0 S Ak Bl AR TR i — 2P IE SRR AR
TCHLEE B IR 5 /K - ] DL S B0 & 851k 1 & AR
3 HNEA VR AN I % B0 ALP R DA i 5l A A
FHAEEES Ak 40 31 PR 45 25 (osteopontin) 2 i AT

SIE MBS, ML ALP K78 3653 b i 2%
SR R s P R TR ERA Y LR T fg
ST iPTH AN G . B ALP 325 by B 40 it = A=
FERCEN M o 74k K HOIR 55 R TR RE R
b, T Y TPTH S80S A AR, I3 — 25 s
YHp, {2 iE ALP AR RSB W™ . ALP MR BN 3Z
TIRERZ M, 5 iPTH S REE O M DAk B AT R 1) B e
ARAS . ITAERMFIE R ML ALP 2 M BGE A A
SEPRIBET Bt I A HE T AR s 2 S0 P - Bk
A WFFTUESE ALP FUEAT B 105 % 8 KR 8
keG4 2 U AR O ARG & B, 555 B LiPTH
LB AR G A A LG, ALP 5 V807 BT 55 3 eIk
Sk AR TR FUAR G, Rt ALP 2 MHD &
H AR AL S B0y 0 A R B B T
o I3 ALP 9 WEIXT K B0 ESRD B35 O 48
e ANHAEEE L., B IRATHALPS S
I A8 85 Ak A A FATL A D 30 T s AR B, oo
A TS BEHE TR .

AW FEAFAE— 2 1R BRI . (DA 19 8 1
T8 iPTH K23 A 15, S80S ALP (557 ; QFF
AN, T R R A S — 25 B TE LA 5T 25
F s QAR I A [ BE R ST, 75 2t — 25 BT R
PE B I R 8 E 52 155 ALP 78 KU 805 A 3
T EER SRS A A FH o

25 LTI  ARBESY e LA IS BT AR T
%5 iPTH (ALP 5 MHD 8% bR sh ks 1k 25 b1 A
O, HoH Il ALP 2 00 etk sh k65 Ak fee i 21 1) gk
SEFIN A . ALP A B MHD B8 35 1008455 A0 1Y
PHARTRINFE b B 752 TR A5
Esdd
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