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W OE. BE R RR 10 AR &R 5% (HIN) 6 541 5 4k i 69 ik 5 00 4L 354755 HTN #944
BT, JTik ME 43 460 HTN &4, 52 4] & o JE 3% 4 Fe 55 )4 AR Ae 5 089 ki 10 2R A 4L 4547, JFi2 A IBM SPSS
23.0 55 SAS 9.4 it A AT R AT LS. BR OHIN EFH R o - #HKEES (o -MG) , i7E C (Cys-C) ,
BB AE S (RBP) , BHiaT -1 (Kim-1) , N- L@ -B-D- R AR F#E58 (NAG) , Ri4%EY (TRF) ,
bk g B PR IR B AR 5 IS RIE B (NGAL) , B #M#EEG (B,MG) , REHREE G (IgG) REMEFES
(mALB) £ R #W 23 T &b BB H ik BRI (35 P =0.000), LA 4004718 149 kiR o -MG, RBP, Kim-1,
TRF #2 NGAL, *F HTN 9% Wik fk % K; '©47169 ROC W& T @44 54 0.984 8, 0.9866, 0.9595, 0.9882 #= 0.991 7,
A i o -MG = 11.6 mg/L, RBP = 1.175 mg/L, Kim-1 = 0.89ng/L, TRF = 3.15 mg/L ## NGAL = 98.5wg/L 4 5
R 2 W HIN, S, 457 B W A6 F 55 H 97.67%, 96.83% 4= 97.17%., £5it  BEA40 & & B &6k
#® o« ,-MG, RBP, Kim-1, TRF #= NGAL, #-F## B HTN,
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Study on the Combined Detection and Optimization of Urine 10 Biochemical
Indexes in the Diagnosis Value of Hypertensive Nephropathy
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CAO Kai-lan’, JIANG Zhong-yun'®, GAO Huan'®

(1a. Department of Clinical Laboratory; 1b. Department of Nephrology; 1c. Department of Cardioloy, Song Qingling
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Abstract: Objective To investigate the comparative analysis of 10 biochemical indicators in urine on hypertensive nephropathy
(HTN) and the diagnostic value of 5 biochemical indicators in urine for HTN. Methods The urine 10 biochemical indicators
of 43 HTN patients, 52 hypertensive patients and 55 healthy subjects were measured.IBM SPSS 23.0 and SAS 9.4 were used
for statistical analysis in this study. Results Urine levels of a |-micro- globulin( « -MG), cystatin C(Cys C), retinol binding
protein(RBP), kidney injury molecular-1(Kim-1), N-acetyl- 3 -D-glucosaminidase(NAG), transferrin(TRF), neutrophil
gelatinase-associated lipocalin(NGAL), B ,-microglobulin(,-MG), immunoglobulin G(IgG) and microalbumin(mALB) in
HTN patients were significantly higher than those in hypertensive patients and healthy subjects (all P= 0.000 ) . Urine levels
of a ;-MG, RBP, Kim-1, TRF and NGAL were selected by canonical correlation analysis. They were the most effective for
the diagnosis of HTN. Their receiver operator characteristic(ROC) showed that area under curve(AUC) were 0.984 8, 0.986
6, 0.959 5, 0.988 2 and 0.991 7, respectively. HTN was diagnosed by 2 of 5 items with urine levels of a -MG = 11.6 mg/L,
RBP = 1.175 mg/L, Kim-1 = 0.89png/L, TRF = 3.15 mg/L and NGAL = 98.5 . g/L. The sensitivity, specificity and
diagnostic coincidence rate were 97.67%, 96.83% and 97.17%, respectively. Conclusion Combined detection of urine levels of
o -MG, RBP, Kim-1, TRF and NGAL in patients with hypertension can provide early diagnosis of HTN.
Keywords: combined detection; hypertensive nephropathy; diagnostic value
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B R AR I E % (end-stage renal disease,
ESRD) JEdE R HZ M, (HHETX HTN 1) S2512
HARMEEEE N, MENBURERM; iz, &
MR B NE i E, 28T/,
DAZE i X 43 491 HTN B85 19 JR W 10 T AR b ds
PR o34, 00k b Y 5 TR A: bR bR
X HTN ARSI 0T
1 #R5FE
L1 ARt & BEPLESE 2015 48 1 ~2020 4F 1
AR PRI 2 0 B2 Bt B INRHE B AT T2 302 1)
CAMIZH HIN 8% 43 5] (B4 21 ], Lotk 22
), 4% 45~76 % . [RIBUSCAN v ol S o 52 461 ( 5
P26 1, ZhE26 ) , AFWE 41~71 % b iiahig
A& 550 ( Bk 28 I, Lk 2741) , ARk
40~77 %, SRR LR AE HIN, 4B B Eg
I . AERE R A O I e 1 BB 63 5 ( Bk
324, LHE31H]) , 4FE# 42~79 ¥ . HTN B2
PrifE B O FE R INE. @ BURE H[TE D
SAEL EHA RS LE (= 150/100mmHg ) .
OFFLL M IR E T (BB ) sl R G i R
o A LW 5 B ik G Ak 5l A5 By kR A A 400 R s
WA, OHEBR &R A Sk LS. &N E
(932 Wiks i B, UL 46 K = 140mmHg F1/ 867 5K
JE= 90mmHg. fREEAKSE A PRE: Tom I
s, ELTCHFME . B SO IS RN PN 23006 2R G0 S5 R
o, L B DIRE L B A m AR A RIS . AR
A HTN. AEBF RS . A IR s FAE O 048 5 %
BE M ANRE: R RE P IoE &, HTN,
B . BRI 0 S, A, B IhE.
OB . i . O UGS FIPR B LA R H8 .
1.2 RKAFE o HMEREHA (o,-microglobu-
lin, o,-MG) . Mt # & C (cystatin C, CysC) .
JR L B [ 45 & # M (retinol binding protein,
RBP) . N- Z [k - B -D- & 5& 75 %5 # 1 B ( N-ace-
tyl- B -D-glucosaminidase, NAG) . JR ¥ ¥ H H
(transferrin, TRF ) . P40 246 Jfd B fie il AH OC g
Jit iz # i 1 (neutrophil gelatinase-associated lipo-
calin, NGAL ) . B,- f Bk & H ( B ,-microglobu-

lin, B,-MG) #1JR fi & V5 % 1 ( microalbumin,
mALB ) K5G35k 7 S R A A BR A R A
B 1147353 F -1 (kidney injury molecular-1, Kim-1)
A& (EE R&D AF]) o RAPEREN G (im-
munoglobulin G, IgG) i & (5522 Orion AH] )
X £ A Hitachi 7600 4= H iA=L ( HAS) Al ST-
360 Z el ( LigRHE ) .

13 %

1.3.1  FRACREE: BORUEK R R & B E N RIR
8ml A2 AR5

132 W& . o-MG, Cys-C, JK RBP, JR
TRF, NGAL F1 B ,-MG #BA LA i A i L itk
JR mALB K IgG AP Lk . NAG 4 6- I -2
FRACHLIE -N- 2 1 - B -D- 42 56 3 29 B 7 o Rk
Kim-1 A% & ELISA #5. LA L 10 T bR 3 I 2 7™
s e U H AR

14 it a4 P EdE R H IBM SPSS 23.0
SAS 9.4 BTG 43T, AL 453t HH
PRl 2 Ty 22 40 #7 F1 LSD ¥ B9 W M5 L 38, P << 0.05 ]
K ZERBGER S K H A ] SAS 9.4 (1)
CANCORR i 5141 56 43 B ¥, A I00 A 15 41 2%
XF HTN 2 W (4 8 2 T A2 3B R IR 2R (receiver
operator charac- teristic curve, ROC) #k 47 73 # P/,
ROC 4 3 i £k ] J2& FH Multiple 4 22 4 97 48 181 1),
ROC 12k P (area under the curve, AUC) 4%,
K SAS 9.4 B ERRIF AT Y, P< 005 H2ERA
S =

2 #£R

2.1 FE =200 Bk 10 T AEALIRATEY 25 R ks
2,11 PR S WiAEAEE AR (LU /NE B 320
FRi&i ) =4l gs R i. a1 A5
I % 2H K2 HTN 4 i JR I o -MG, Cys-C, RBP,
Kim-1 I NAG 53R 2 IEAR0A6 (¥ P> 0.05) ,
AT 25545 F (P> 0.05) . 240 =4
25 RA T 2200, ZRWAGIT¥EX (1
P=0.000) . 50 =AW LA, 2ZRWiE
Gt X, ¥ P <0.014,

%1 Rl 5 TSR (LB NERGHE ) M ERERLE (x5)
g WEAL(4)  WILELQH) HINGLGH)  F Pl P

Ivs2 1vs3 2vs3
a -MG(mg/L) 5.26 +3.00 6.96 +£3.42 1725 £4.16 158.307 0.000 0.014 0.000 0.000
Cys-C(mg/L) 0.08 £0.05 0.14 £0.07 0.30 £0.08 149.329 0.000 0.000 0.000 0.000
RBP(mg/L) 0.51+0.33 0.75+047 2.30+0.53 224.469 0.000 0.006 0.000 0.000
Kim-1(p g/L) 0.54 £0.25 0.76+0.22 1.19£0.17 110.803 0.000 0.000 0.000 0.000
NAG(U/L) 5.14+2.70 7.60 +3.08 14.62 +£3.97 108.363 0.000 0.000 0.000 0.000
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2,12 PR S WA Ade bR (LUE /R0 o0 0
PRy ) B =dlm g R . Wk 2. @AM
Il H 20 )2 HTN 2 () JR & TRF, NGAL, B,-MG,
IgG Al mALB 25 4 R IEA 40 Al (P> 0.05) ,
AR I 2255 EaER5F R (P> 0.05) o &5 —=41

[ Es R T 2200, ZRWASITEE L (8
P=0.000) . #5 = 4B PP ELES, B B ,-MG,
IgG Ml mALB (L Fl s i 4l LR, 2253050
B X (P =0.066,0.132 F1 0.115) ; HERKH
GRS (B P <0.001) .

2 PR 5 BUAEIERR ( US/IKIRG AT ) M=ZHABEREE (x£5)
| fEREAL (1 4]) BIE4 Q4) HIN4L 3 4) P{H r
Tvs2 Ivs3 2vs3
TRF(mg/L) 1.51+0.73 230+0.74 4.63+0.89 199.145 0.000 0.000 0.000 0.000
NGAL(p g/L) 46.2 £24.8 64.8£26.8 146.9+373 153.152 0.000 0.001 0.000 0.000
B ,-MG(mg/L) 0.22 £0.08 0.26 £0.09 0.68 +0.14 290.630 0.000 0.066 0.000 0.000
lgG(mg/L) 379+ 1.80 441184 9.60 +£2.67 106.587 0.000 0.132 0.000 0.000
mALB(mg/L) 119+£522 13.8£5.35 32.2+7.35 163.769 0.000 0.115 0.000 0.000
e Came HTN ﬂﬁﬁ@&tﬁﬁrﬁkﬁjﬁ
23 MRk e Rk A4 5T (o -MG, RBP,
a Soumeoliecune Kim-1, TRF #= NGAL ) #) 25 R % HTN # B 64 4 %
o - ~Kim 55
TNea 23.1 {@HELHRT HTN 4119 ROC HhZk/MHr: LA 1,
el %3, W o,-MG, RBP, Kim-1, TRF #1 NGAL
z | 45 3 22 ROC Hh £ 73 r, AUC J2 0.993 0 ~ 0.998
” 7, EEALHIE L, PEHIH 0.000, T ROC
02 t AUC PP LA (JH SAS 9.4 B EFEFE 3T ) ¥
W) (P A{E N 0.200 4~1.000 0) . ROC AUC [ I I
T PO TR P PR, HO AT 10 2, i o -MG Al NGAL fJ ROC
Ai-r;pg 1sﬁljlsz e+ AUC HBEILE 2.

1 RIERKRE S ER (BEAS HTN E ) 5513
HTN 2 ¥ ROC Bh4k

22 WmATFAGEAME>M OKLUE/NERU
HFE R E Y (o -MG, Cys-C, RBP, Kim-1 #i
NAG) 1B —H A &, 435 H X, Xo, X, X,
M X o LLE/NRIG A FER9PREY) (TRF,

NGAL, B,-MG, IgG Fl mALB) 1F %5 — 44 sy
A, IR Y, Yo, Y, Y FLY FRoR. BN
TR 55 B{d & 5 43 6] HTN B35 1) 45 58 F SAS
9.4 ) CANCORR #4T HLAUAH K, 4548 i
Zuti Rl 2 R HA 45114 X (WSL, PSL, HLT Al
RGR W55t P < 0.000 1) . #rfEfbfER4E—24
RS B LR LA RV, = 0.307X,+0.112X,+0.386
X +0.240X,+0.040X;, M REATAE X, X, fl X, 1Y
FRUEFL I ZEOK T X, Al X, 1a A 55— 4 Ly AR
B o -MG, RBP Hl Kim-1 % HTN .12 5t
BRES A FRUEALIS 1A — g MR AR B (2R PR AR
W, = 0.553Y,+0.294Y,+ 0.126Y;+0.016Y,+0.077Y;, M
IR Y, Y, FREI 2R T Y, Y,
Y, A ZE 2 H AL AF Y TRF I NGAL X

ROC Curves for Comparisons
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%3 RIERIR TR 5 TR HTN 2B # ROC AUC
il filFEA1 S HTN 4 ik FEALR I AL £ 965 5 HTN 41
AUC P 95%(CI AUC Pd 95%(CI

a-MG 0.994 1 0.000 0.985 ~ 1.003 0.984 8 0.000 0.970 ~ 1.000
RBP 0.9975 0.000 0.992 ~ 1.003 0.986 6 0.000 0.974 ~ 0.999
Kim-1 0.9930 0.000 0.984 ~ 1.002 0.9595 0.000 0.933 ~ 0.986
TRF 0.998 7 0.000 0.996 ~ 1.002 0.988 2 0.000 0.976 ~ 1.000
NGAL 0.998 7 0.000 0.996 ~ 1.002 0.9917 0.000 0.982 ~ 1.001

232 fRERAIANE R A5 5 HTN 4164 ROC
587 IR o ,-MG, RBP, Kim-1, TRF 1 NGAL
gk B 22 ROC 43 #r, AUC & 0.959 5 ~ 0.991 7,
YIH Wi L, P{E4A M 0.000, WLEE3. B
ROC & E WK 3. EAT# ROC AUC WP LL#L,
% Kim-1 5 TRF (P=0.036 4) & Kim-1 5§ NGAL
(P=0.0150) fi=54h, HE¥x% (P{EHR 0.058
2~0.841 7) . ROC AUC By FLE AT 10 4R,

HA Kim-1 5 TRF ) ROC AUC HEI LI 4.
233 DRI S AR AR X HTN 12 W7 iY S8 FkR
SRR (LA HTN R o« -MG,
RBP, Kim-1, TRF il NGAL 45 ' 2 ROC 43 #r,
FRAM AT HTN 2 W 0 U e S 8 WL 4 fe
FREZH -5 i IR 2 A 515 A HTN BRI o -MG,
RBP, Kim-1, TRF fl NGAL 45 % 25 ROC 43 #r,
TR AT T HTN 12 W7 A RRURREE FRe 5 8 L3k 4.

ROC Curves for Comparisons
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B4 Kim-15 TRF (BERANSNEAEHES
HTN £ ) B ROC AUC b E

x4 RIERIRR 5 AN ERERMMARISE HTN AR ESHRE
i fHRE4 vs HTN 20 EREAUME URALA IFIG vs HIN 41
LI HTN #l HUREE (%) PRI (%) LI HIN #h TR (%) R (%)

o -MG(mg/L) 10.95 953 945 1135 953 90.7
11.6 953 96.4 11.6 953 916
122 90.7 98.2 11.95 90.7 944
RBP(mg/L) 1.145 97.7 96.4 1.165 97.7 38.8
1175 97.7 98.2 1175 97.7 89.7
1.19 953 982 1.19 953 89.7
Kim-1(p g/L) 0.875 100 89.1 0.875 100 813
0.89 100 90.9 0.89 100 822
0.905 97.7 90.9 0.905 97.7 822
TRF(mg/L) 275 100 945 3.05 953 38.8
2.85 100 96.4 3.15 93.0 925
2.95 97.7 98.2 325 90.7 944
NGAL(p g/L) 82.5 100 9.7 9.5 953 944
85 100 96.4 985 953 96.3
86.5 97.7 96.4 100 93.0 963
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24  J & o,MG, RBP, Kim-1, TRF # NGAL
A A WRHIKEE o -MG = 11.6 mg/
L, RBP = 1.175 mg/L, Kim-1 = 0.89p g/L,
TRF = 3.15 mg/L il NGAL = 985ug/L B Ti 3%
2 W HIN, 8 N 93.0%~100%, 45 5 & h
82.2%~96.3%. WIH H iR 5 WAL, % I
REILL B RS Wi B, T2 W HTN, X 43 6
HTN & AT LRI, F 492 655128, @
RS 97.67%. T 63 AR i . AR B R . R
HTN . AR PRI AR O LS50 3 373X 5 Tk
M, A2 BIFFA HIN 2, $E5E R 96.83%.

3 iFig

AR A R W oR IR B o -MG, CysC,
RBP, Kim-1, NAG, TRF il NGAL 7E & Ifil JE &
AR, SEAMEE - R
i «,-MG, CysC, RBP, Kim-1, NAG, TRF,
NGAL, B,-MG, IgG fil mALB 7£ HTN £ #
Fh B W, 5 E A RS A A U o R
mALB, Cys-C, RBP Fll NGAL | J}4% 5 5 [ N
A FEAHAE " B4R TRF 401 H mALB K,
H )2 TRF 38 1 35 P 08 2o B B 5 HE 5 1 Bt P )5
Wt mALB ¥ Gy ik ABRT, #(FR TRF % HTN AJ{E
B2 WT . 5398, IR 1gG 0 FFELE 10 0 L8 SRR,
IgG S ol PPk g o Bf B sz ik AR, Bl
RE AT B A i " R

WA LU/ NS FRLLE N
R S TibR G A AR ] BLRUAH ST,
AR o ,-MG, RBP, Kim-1, TRF 1 NGAL
YERZ W HTN R BAEAR I I H ; 3BE ] LS EE
HaG i, FRE > TS ET SO, B
WA A IR B2 2R 2 T 2 RN 2 17 IS OB R A 2K
Jr LAEE S BB O E A T Ay, US4 A
eI H R IZ W HTN,

ROC /i R n: Bk R « -MG,
RBP, Kim-1, TRF Fll NGAL ¥, WFh4E 5T Y
10 > AUC 25 54 0.959 5~0.998 7. P L, 18
XS, MXTa 2R, BMRGR R, RIXFHTN
HISIKIRLRERR LY, 5 EAMRIE AT " &1
Xt HTN BERNEA WS BN e, 84 B
TS "

WR IR o -MG = 11.6mg/L, RBP = 1.175
mg/L, Kim-1 = 0.89pg/L, TRF = 3.15 mg/L
NGAL = 98.5 p. g/L BRA K2 HTN 3%, Wfh
P RETS AR ISWIEUE, WIRT2Wkh HTN. U
97.67%, F55EIE 96.83%, ZWiFTAHFIE 97.17%,
e RO REAR N Z oD A, BB
UEBEAZBGUE, LIFS AR HTN 12 .

AW SR AT e 2 WX 5 AR DL L A0 i

BH AT IR WA « -MG, RBP, Kim-1, TRF #ll

NGAL K, A5t i 4 f A Ep e, H

BAH EWIRLI [k 5 TR AR R, XAl

R B HTN 3, IR T K 0677, LA

HTN 3 Kk ESRDM . I PRI AR, 45210

R, (EARERLZ IR BedE)
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