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ROodh M JE KL ARAE

W OE B® BTG ok 40 R B AH OC BB BT iz 28 1 (neutrophil gelatinase associated lipocalin, NGAL) ‘B #f & H
(osteopontin, OPN) } % it 4 J& ZE [ % 9 ( matrix metalloproteinase 9, MMP9 ) 7K 3 5 2 ¥ 5 JIE 9% ( chronic kidney disease, CKD)3 ~
Wi B & A 22 0 B (left ventricular hypertrophy, LVH) FUAIEPE . 3k 40 A CKD B 144 6, #4585 14 57 I%‘/\fék(f&k}:
(eGFR) 434 A 4 (CKD3 #],n =60) B 41 (CKD4 ] ,n =48) .C 41 (CKD5 #],n =36) , 75 BE B F 1 30 41 g )3 R K 3 1 g X R 41
LEE AN A 43 1 CKD J8 35 I R B2 B V& AR s MK P 25 5 0 R0 =43 28 Logistic M1JH 43 H1 CKD 83 K4 LVH WS B %, 4
il ROC P NGAL OPN MMP9 K It A # Ml %f CKD f# &4 LVH & LVDD M2 Wi fd, &% CKD &Il NGAL OPN
K MMP9 /K 538 TRHRA, ZF WA G5 L (P Y <0.05), H LVH 40 H # § M3% NGAL OPN K MMP9 /K ¥ & & T3k
LVH 4, 25 H G5B L (P <0.05) . Logistic 1A A1 7R , - % W 45 He . CRP NGAL ,OPN MMP9 j& CKD3 ~5 #] i #
&4 LVH f8lS7 fE 6 [ % ROC B 20 B/, ML ¥ NGAL OPN K MMP9 /K-FH A Bl CKD3 ~5 M % & LVH #§ AUC N
0.890, HURREE Fp R4 0K 87.36% \79.91% . #5iE  IfLIE KT NGAL OPN & MMP9 5 CKD3 ~5 Hifi & &k LVH % UIAH X,
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Relationship between the Serum Levels of Neutrophil Gelatinase — associated Lipocalin( NGAL ) , Osteopontin( OPN) and Matrix Metallopro-
teinase 9( MMP9) with Left Ventricular Hypertrophy in Patients with Chronic Kindey Disease. ~ZHANG Shuai,XIE Juan,ZHANG Yiyuan et
al. Department of Nephrology, The Affiliated Huai'an Hospital of Xuzhou Medical University, Jiangsu 223001 , China

Abstract Objective  To investigate the relationship between the serum levels of neutrophil gelatinase — associated lipocalin
(NGAL) ,osteopontin( OPN) and matrix metalloproteinase 9 ( MMP9 ) with left ventricular hypertrophy in patients with chronic kindey dis-
ease. Methods This study enrolled 144 CKD non - dialysis patients. According to the level of eGFR, the patients was subdivided into
three groups of A group (stage Il ,60 cases), B group (stage IV ,48 cases) and C group (stage V ,36 cases), thirty individuals with
healthy physical examination were enrolled as the control group. The difference of serum biomarkers levels and general data in patients
with different stages of CKD were compared. Risk factors for LVH were analyzed by binary Logistic regression. ROC curve was used to e-
valuate the diagnostic value of the every index and a combined detection for LVH in CKD patients. Results The serum levels of OPN,
NGAL and MMP9 were significantly higher in the CKD group than in the healthy control group(P <0.05), as well as in the LVH group
than in the non — LVH group (P <0.05). Binary Logistic regression analysis showed that age, systolic pressure, C — reactive protein,
NGAL, OPN and MMP9 were the independent risk for LVH in CKD patients. Receiver operating characterisite curve showed that the AUC
for predicting LVH and LVDD uising OPN NGAL and MMP9 was 0. 890, the sensitivities was 87. 36% , and the specificities was
79.91% . Conclusion  Higher serum NGAL, OPN and MMP9 levels were closely related to LVH in CKD patients with stage 3 =5 non —
dialysis.
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18 M B B K ( chronic kidney disease, CKD) HR o WLE 2017 &, 4Bk CKD & E X F 6.975
RGAEIE LA A Bk G T AY E BN 3R AR ) B 1'Z,,\r|ﬁ’] 1/3 BEAWE AP E (1,323 12) FMEJE
(1.151 412) o 1.0 IfiL %5 ¥R 9K ( cardiovascular disease,
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PRI F 28 I SRR AR 00 IR 45 4 B D RE I S, L
O FENJE (left ventricular hypertrophy , LVH) , £
DAL E 2 580 CKD [ & A0 LB O U5 7
BB UG O ) T U A O I S B XU B

FJR 4 )8 & H B 9 ( matrix metalloproteinase 9,
MMP9 ) J2&—Fl )32 A7 76 T 0 WL 8L rh Y B i,
o T O LYH B 2 3 R (extracellular matrix, ECM ) [%&
fip R ES AL E I, T 25 LVH I R B
KB, &M H (osteopontin,, OPN ) F1 b M7 41 i BH 2
JiE AH 5 B 5 32 3 £E H ( neutrophil gelatinase associated
lipocalin, NGAL) i iif 4E 2% MMP9 [ fi# ki /& iff 5%
5 AR HE O WILS M B B B £ dE A S ML = 500 148 R
FRUN LVH %4 B B B A2 0000 SR, F AT M A
WM WE OPN NGAL & MMP9 /K ¥ 5 CKD3 ~5
BEIF R LVH a0 R Witk A58 | 72 20T 1
i OPN NGAL } MMP9 /KF-5 CKD3 ~5 M & &
A LVH BAIEME , AW CKD i3 300 % 8000 U 461
D3 IF T T EE AL R IR AR A

BB ERE

1. — B9k AR 58 36 5 2020 4F 7 H ~2021 4F
6 J 12 T 45 N B Bh K 2 B Ja v 4 B e ' R N B L
WIHRI2 K CKD 3 ~5 W B FHE NLR A, W/ A
CKD 2 Wi, 3 R AT B E B AR I8 7 SOA G B a2
FEAT B R BRI 7 Z A o8 ol 2T HEBR bR i ©
G IFEAR O MEAS B B E DI RE T ~ IV L, S Rk
O T EE L ) o | At LA BE | R A 1 0
o RGO JUE s AR T il T B MO R | Bl
O WEE MR S5 55 A, BOE I I R A 2k i
FAFR R QA I YL QA I LR |
T Bl T AR e (n M R | RE 45 %) @
AR K i LI 2 M B3 2 A 9 Al 28 B BRI R
G BE AR YT | A 5 ok 3R T A 4 o ) 0 A R sk
Z 1 Z R H5 P07 (ACEI/ARB) 25254 % . 3 144 4
A4, 51 88 fiil, Lot 56 i, R E AR 29 ~78
BJAE iy o 55.38 £15.39 %, JR RPN 1M B/ BR
B 72 A PR B G 68 91 IR R B 4% 2 B 18
] PR A 2 ], ARG AR B /N ER DB i R (estimate
glomerular filtration rate,eGFR ) 7K F-$ 88 # 438 A 41
[eGFR 2} 30 ~59ml/(min - 1. 73m°), 60 il ] .B 4
[eGFR N 15 ~29ml/(min - 1. 73m>) ,48 il ] .C 4
[eGFR /NTF 15ml/(min + 1.73m") ,36 ] ], 5340 A
I7i) 1A 2 37 5 o AR G rh O AR 19 30 081 Akt o 4 A 5 1
gkt R, Horh Bk 19 ], Lotk 11 ], AF 35 ~ 63
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% FHAERE A 48,35 £ 10.59 &, ASHF 5T A3 5 4 M
BRI B i e 22 B B B= 240 Bl 25 D1 S v (18
PR L5 HEYLL202086) .

2.7 (1) i PR BT 4R B A2 R Y Il
PRBERE AL 45 5 B AR i M0 AR B | LR A
8 (body mass index, BMI) &£ 1 #1 (body surface
area, BSA) . (2) L& F5 & 90 K F (00 % . il 3 by AR
H RN R I A e g i - 80°C B AE AR AS . R
JHBE G 22 W% B 35 A5 I afiL 3 OPN . NGAL . MMP9 /K
R S B RN T E AR A BRA A
(3)ELEEFGFr . AL 46 M4 & A (hemoglobin, Hb) L
fif ( creatinine, Cr) | JR 3 2 (urea nitrogen, BUN) | 45
(calcium,Ca) | %% ( phosphorus, P) .C e B FE H (C -
reactive protein, CRP) ., JH fij £k & JIE 9 T & ol B B 5%
( modification of diet in renal disease, MDRD) A= 115
B /NBR 38 i3 %R ( glomerular filtration rate, GFR), (4)
IR P AR AR« h 2B R e e HPBE 7 R B A MO A
g B F AL AT I R W AR (left ventricular
end diastolic dimension, LVEDD) | % [8] [ J& & (inter-
ventricular septum thickness, IVST) | /&.0> & J5 B J& &
(left ventricular posterior wall thickness, LVPWT) , £
WESCHK [ 8] 318 /2 0 % JiE i (left ventricular mass,
LVM) } 20 % i 5 43 %0 (left ventricular mass index,
LVMI) ,LVH 2 Wibr i 5Pk LVMI = 115¢/m* , & 1
LVMI = 95¢/m*>, H: " LVM (g) =0.8 x 1. 04 x
[ (LVEDD +IVST + LVPWT)® - LVEDD’ ] +0.6;LV-
MI(g/m’) = LVM/BSA

3. GETEEE Uk T SPSS 23,0 GE b AR X L
PEHEAT G HT . TR RO R AT S IE S A
PARIEC « BRiEZE (2 = 5) R KR, WIALIA] 22 5 73 K
FHP A ST FEA ¢ K3, 2 40 3R O 22 43 Bt (ANO-
VA) o o3 2ETHECSERHT IR 23 Lt (% ) w4 IR L
BRHA X2 K5 . K Pearson #1343 #r CKD H & 1M
i NGAL OPN K MMP9 5 Al £ b #9 AH 5G4 | 2R H]
T2 Logistic M43 A CKD % JF % LVH 915 &
%, iH ROC £k 3 T NGAL OPN MMP9 2 Wi
LVH B2 RE , FF 1 5 O B MR k. A P < 0. 05
NEFAGIFE L,

& LS

1 AT 2331 B CKD f8 25 KOk B % i AR Il PR ¢
BHEH A AR PR BMI L #L, 22 R Ge it
MY (P>0.05), X2 AZH B CHBEED
W i Ik JULEF R 3 A .CRP NGAL ,OPN \MMP9 /K
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BB

X RG EAS I H KRB TR, B L
BESWAEST¥E L (P <0.05), £ CKD £ ¥
B LVMI B2 CKD Y 3F J i 356w, PR L e 22 57

WESG S E L (P<0.01), CHBHEAIF LVH I
HlET AN, ZRAFEIEEL(P<0.01), 50
#1,

R1 NABEBEOREKER [n(%) ,x 5]

it H XF B4 (n =30) A4l(n=60) B 4l(n=48) C4l(n=36) F/ P
AR (%) 48.35 +10.59 52.32 £13.47 59.54 £11.52 58.37 £15.76 1.050 0.175
s 19(52.78) 38(63.33) 30(62.50) 20(55.56) 1.935 0.059
BMI(kg/m?) 22.36 +£1.58 23.82 +3.81 24.15+2.94 23.98 £2.25 1.589 0.097
W45 FE (mmHg) 109.12 +10. 46 126.92 £15.21°* 135.87 +12.41** 147.16 +£10.81 ** 15.038  <0.001
MELLE A (/L) 137.26 +14.28 128.03 +13.82" 116.05 +15.21** 103.75 +11.44 "% 11.130  <0.001
5 ( mmol/L) 2.25+0.21 2.14 +0.25° 2.06+0.19 "% 1.91 £0.27"* 29.521 <0.001
W (mmol/L) 1.09 +0. 14 1.19+0.22°* 1.45+0.28*" 1.95+0.61** 24.753  <0.001
CRP(mg/L) 0.59 +0.19 1.51+0.51" 1.91£0.72"* 2.55£0.40 % 13.128  <0.001
WLEF ( pmol/L) 55.14 £13.41 78.62 £13.31" 232.43 £40.92"* 496.48 £145.86 *** 189.215  <0.001
JR % & (mmol/L) 4.56 +0.98 10.19 £5.41 15.98 +7.98 30.29 £11.13 96.464  <0.001
LVMI(g/m?) - 89.61 £7.66 103.95 +15.44% 139.86 £21.18% 41.256  <0.001
LVH(% ) - 28(46.67) 25(52.08) 25(69.44)" 13.518  <0.001

SRR LR, T P <0.05;5 A 41 (CKD3 ) L% ,*P <0.05;'5 B 21 (CKD4 ) [b#¢,* P <0.05;1mmHg =0. 133kPa

2. LVH 20 AfldE LVH 20 A 3¢ % BF K - L %5 . CKD
3SR E S LVH A B9 A M BMI, &7 5K & A
CRP 5 dE LVH Ak, ZR EHKITHFE X (P >

0.05), LVH 21 A9 W 4 & WLF . LVMI, NGAL, OPN
T MMP9 Y95 T3E LVH 41, 141 % 19 . eGFR & T-3E
LVHH , ZREFHITHFEL(P<0.05) ,FHERFE2,

%2 LVHAMIELVH BREDKFELE (%) ,x£5]

it H LVH 4 (n =60) dE LVH 41 (n =84) t/x P
ER (R 54.58 +13.29 52.89 +15.32 0.076 0.940
B 42(60.00) 39(61.90) 0.466 0.497
BMI(kg/m?) 24.12 £3.50 23.93 £3.77 0.882 0.226
W 46 i (mmHg) 140.48 +13.62 132.45 +15.77 2.496 0.020
# 5K (mmHg) 83.93 +10.24 82.71 +11.95 0.403 0.611
M2 EH (g/L) 110.78 +18.94 123.85 +15.43 -2.675 0.014
CRP(mg/L) 1.67 +0.54 1.74 £0.59 -0.094 0.922
JULEF ( wmol/L) 256.89 £79.72 158.92 +61.83 9.421 <0.001
eGFR[ ml/(min + 1.73m?) ] 19.20 +5.93 26.03 +6.37 -3.081 <0.010
LVMI(g/m?) 120.28 £11.71 88.74 £9.42 18.214 <0.001
NGAL(ng/ml) 84.30 +14.63 43.45 £19.24 16.129 <0.001
OPN(ng/ml) 43.92 +8.41 22.16 +7.04 12.146 <0.001
MMP9 ( ng/ml) 49.16 +9.47 24.01 +7.52 19.726 <0.001

3. %'ﬁ?ﬁ%ﬂ(:fzﬁg*ﬁﬂé‘ﬁﬁ*ﬁéé Pearson #H &
S MT i 7, CKD3 ~ 5 3 M 3 Ifl 3 NGAL, OPN K&
MMP9 2 0] 52 B IE A& (P <0.01) , 1L 3,

R3 BETWAKENBEREDIN(r)

=] NGAL OPN MMP9
NGAL 1.000 0.587 0.679
OPN 0.587 1.000 0.555
MMP9 0.679 0.555 1.000

4. FRE Y KE 58 5 0 3l B S 500 A S 3T
T3 2K Logistic 171 V4 43 A W7 AF % (W 4R R CRP

NGAL .OPN MMP9 J& CKD3 ~5 ### %4 LVH Y
M7 fE B 2 (OR H 40 5128 1.511,1.480 1. 115,
1.392 2.573.2.217;95% CI 43517 1.027 ~2.124 .
1.101 ~1.939 1.025 ~ 1.414 1. 140 ~ 1.675,1.796 ~
2.701.1.646 ~2.967; P {543 % 4 < 0.001.,0.044
0.027., <0.001.0.007 , <0.001) , FEWL % 4,

5. ML7% OPN NGAL &z MMP9 7K -2 Wi 72 0> % HE
JEE ) U B RN S PR A0 A . ROC IR A A 45 2R
3 FhAREW I 4 W CKD3 ~5 ## # &/E LVH 1)
AUC 2} 0. 890, f J&& f& | 4% 5 1 43 7l b 87. 36% .
79.91% W3R 5,
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R4 Logistic AN AL LVH MERE =

i H ] Wald OR 95% CI P

R 0.413 11.830  1.511 1.027 ~2.124 <0.001
Ve 0.392 3.727 1.480 1.101 ~1.939  0.044
MZIEH  0.032 1.981  1.033  0.421~1.427  0.527
1
1

CRP 0.109 6.724 115 1.025 ~1.414 0.027
/IS5 0.009 0.649 .009  0.985~1.039 0.422
NGAL 0.331 24.963 1.392 1.140 ~1.675 <0.001
OPN 0.945 7.160 2.573 1.796 ~3.701 0.007
MMP9 0.796 13.852 2.217 1.646 ~2.967 <0.001

*5 105 OPN.NGAL % MMP9 i LVH &
HBREMSERESHT
AR BURE R

i H AUC 95% CI
(ng/ml) (%) (%)
NGAL 0.836 0.672 ~0.879 46.22 79.25 73.19
OPN 0.647 0.624 ~0.722 33.27 64.64 62.75
MMP9 0.749 0.615~0.851 32.18 71.23 72.33
B4 0.890 0.856 ~0.935 - 87.36  79.91
it it

NGAL Sz 40 DA 1 b 240 Jifd 0RE rp 24k 45 3] | BBk
F g s 335 1 2 (lipocalin —2) , BB RiEHE AR
JE R 5% 22— A S 2 M B b B R bR R g 32 2 )
ZWI5E . NGAL H H 5458 h B - Aifi bk 25 44 = 1 K
Ui H) B4 ~ B5 PRBRHIT A U B 0 B2k, AT LS AR
I i s, AT 98 19 2 00 3 P AT AR s
5 MMP9 AR5 A I 981 HAR I Ao &5 6 S mk 7

MMP9 & — F Bl 5 il , SR @ T 5 BT 4 R 2R 1 g
( matrix metalloproteinases, MMPs) ZK %, B. 745 [% fi# [A]
FEHMER, 52 [ fif 0 L 40 it Ah 3 5 ( extracellular
matrix, ECM) i ZZ N, T2 FE T oA S
HO ECM X 24 20 = IR 0 JILAH R HE B
A VRO WU 26 PR T AR . ECM R 5 i el
AR R A S 5 R 220 = T R Kol WU A iy 32 2
K2, MMP9 W 50 ECM R i e 5 0 0 %
MU BESE & B, NGAL 5 MMP9 1 45 4 I A %1
J5 A BTG, (R B AR E M SE 5 MMPY Sy il 19 1R
I, % NGAL il it 4E 28 MMP9 (1) [ fige 1fif &2 1) 41 32k 0
HEHEMPEIER

WFR & BUAE K B 1 L 4H I ( smooth muscle cess
SMC) [ 35 37 3 i R B 73 36 19 NGAL 5 MMP9 LA
BRI XA, I 5 MMPO JE 52 17 F /18 BRUAY 3 ik o
FEGE £k ( atherosclerosis AS) BEHe vp | ERUE 52 T 7.0 L
S5 41 MMP9 5 NGAL JE%i5™ . OPN L fk &
BEEE oy IR A 1, O — b A B 2 T RE B S AL
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BEE A, B 314 A& LR AR I AL, T DL o 6 45 B
M2 Ak WEEAL B IR AL | LA 55 B R S A8 1 A HE AN TR
AIThae™ . 25 2% OPN ] LUJE i JL Fh 2 i 42
J& 7 i (MMP2  MMP9 %) 24 47 o5, 1F J& FE 15 1
if 2 OPN W] 3 i $2 = 40 i A0 5L B MMP9 11 % 35
L EEE AR PR S NGAL M REH ", A&
W 32135 L7H NGAL OPN ¥R 5 MMP9 ¥ Ji &
WEEASE WM EIESE T =E S50 B8
b A A DG L

A GG /N LA S 4 NGAL — &R,
RINIEE NGAL Ve FE i 350, O JIL4H AR 0% K FH Al 322 e
B, HAB R 0 LA i NGAL & NGAL mRNA 7K
SRR RN BRI NGAL 2 5.0 L4 i e
KIE B, 0 NGAL 2 5.0 WUAE K i) L R 95 38 A 3L 1
A B, BEAh O WIUIE R Al 2 R A A o0 S B JRE R
O 2 EF TR D RE B A 1Y) O B B O R L AT Sk A
2 MDA SE (acute myocardial infarction, AMI) K e
.0 7138 (heart failure, HF ) B 4 09 L% NGAL 7K
U v AR AZ A T RTE A LTS NGAL K
T FRE AL LR AEEN . BENA I R,
I35 5% JR NGAL 7K - Fl NT — proBNP — ¥ ¥ 0] /5
LW HF bR g NCGAL /K [l B wf LR
i CKD & O 4 I & /9 0 R 717 T o6 T
OPN, Giachelli 25" 7£ 3 ik 20 21 b % 80 & 345 H T
RE 7 3l bk o8 B Ak B R P B A 98 iE o A rh & 9 R
FERT,

REAERF 9T & B, o0 ) 3 0 B 3% 13K OPN 7K 7
FFbE S E AR A X F) R R
RO UG K, & 3 OPN 3 3k /K - B & b ™),
OPN H Rl B 90 5 18 M0 7 38 38 RS 2% v i 30 ik
o 1 R AT R G b Sz B P Y A AR
I AFEH, 32309 199 4] i 8 25 i & BRAE 25
1= 7K1 OPN 2 & 2B 0 28 0 JRE R 0> 25 8 9 D) BE B 1
(o Sr fE B & P AR 5 Ah— T4 1092 4] R i
J BB 1 R HLABE R A F 5l A5 HE R RL A 258
ARMWFIEAE CKD A K I PR b o 4 9 07 A e 5
LVH ByAH 6, 45 5 8 /8 CKD 8 # 1L NGAL ., OPN
W RE WY T R AL, IR HLBEE CKD Ak, P b
BB W TR XS Kim 25 BRI 45 SR 2
—J5 T N8 O AR U A 403 7T B 2 30 NGAL
5 OPN iy HEME > o o5 — T % 1§ 5 CKD & HLIK
KA T A PEIR S, IL - 1B\ IL - 6 STGF - B 24
P 20 B R 7 B i, 3 NGAL OPN 7= A3 fin >
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WFT 25 ik 7R, CKD B & & JF LVH 8 L ik
41.67% , 15 Wk HE 3T e 1 R 25 A 456 s 1% | e I R A
NG HE” LA CKD F R B ZE 7 (n
ML AR B A 2= AL SR ) o RIET LVH
4 B H ILTE NGAL OPN /K V- & & F39E LVH 41, #
— R MAREY S CKD B # Ik LVH 1418 %
DISER X5 Yang %17 0 He %5 0 76 5 o A BE
(B 55 45 SR A7 — 8 AR RLPE PR 3L BF 52 43 i X OPN
5 NGAL K5 LVH Wy AH e AT TR0, A B
BB TE A = i O R A, R O AR A & R
LVH 7 57 fa B &

105 53 BT S 7 A S 004 B 3 AR i A K T S
CKD3 ~5 #Af8 34 &£ LVH (92l 57 fa b R 2, 48 7R Bifl
F A B PR B LI S R R b AR R
SE = F W HEM > NGAL 5 OPN 4 91l i i 7 2%
MMP9 [ figf 542 2 H R G5 ECM R A 38 m, 51 1
D YN S ECE A LVH 9 XUR 36 i, 5] B i
IR TR A AN R BE T AN e T G0 S R A
B, O S 1t Ty A8 U 5 o0 HE T R O = N R
Nt E, AR L ERE, NGAL OPN & MMP9
T CKD3 ~5 #i /& &4 LVH (1 U 4y 5 v
PR T A KO0, 3600 3 Fh AR & 9 09 B A AR I X
CKD 8 & A0 BE 05 50112 W 5 0 A & 4% T 3L ar
(4 oz A o

Zi b r ik, I NGAL, OPN J MMP9 /K - %§
CKD & B m, =# 5 CKD3 ~5 & k&
LVH ZPIM5¢, BEA R 3 Rk &9 v] fEX CKD &
R B0 IR A | el R R TS B —E MY R

=y
=
S o
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