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(P<0.05), $BEEY Logistic HA5MER I F: BirEC [OR=2.965(95% CI:1.220,7.207) ] .eGFR[ OR =
3.340(95% CI:1.374,8.118) ] sTM [OAR:3.089(95% CI:1.271,7.508) ] . KIM—1 [OAR=3.016(95% Cl:1.241,7.330) ]
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Early diagnostic value of soluble thrombomodulin combined with
kidney injury molecule-1 for acute kidney injury caused by
primary nephrotic syndrome*

Lin Jian, Wang Jun-xian, Yin Pei-hong, Jian Hong-yun, Ye Qin
(Zhongshan City People's Hospital, Zhongshan, Guangdong 528403, China)

Abstract: Objective To investigate the early diagnostic value of soluble thrombomodulin (sTM) combined
with kidney injury molecule-1 (KIM-1) for acute kidney injury (AKI) caused by primary nephrotic syndrome (PNS).
Methods A total of 177 PNS patients admitted to our hospital from January 2019 to October 2022 were selected and
divided into the AKI group (102 cases) and the non-AKI group (75 cases) according to whether AKI occurred. The
clinical data and levels of sTM and KIM-1 were compared between the AKI group and the non-AKI group. The
levels of sSTM and KIM-1 in patients with different AKI stages were also compared. The risk factors for AKI in PNS
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patients were determined, and the diagnostic performance of sTM and KIM-1 alone and their combination for AKI
caused by PNS was analyzed. Results There was no difference in the sex composition, age, BMI, underlying
diseases, medication history, and the hemoglobin level between the two groups (P > 0.05). The levels of 24-hour
urine protein, uric acid, cystatin C, serum creatinine (Scr), and blood urea nitrogen (BUN) in the AKI group were
higher than those in the non-AKI group (P < 0.05), while urine volume, the level of albumin, and estimated
glomerular filtration rate (eGFR) in the AKI group were lower than those in the non-AKI group (P < 0.05). The
levels of sTM and KIM-1 in the AKI group were higher than those in the non-AKI group. Specifically, the levels of
sTM and KIM-1 in patients with stages III and II AKI were higher than those in patients with stage I AKI (P < 0.05),
while they were even higher in patients with stage III AKI than those in patients with stage 11 AKI (P < 0.05).
Multivariable stepwise Logistic regression analysis revealed that high levels of cystatin C [OAR =2.965 (95% CIL:
1.220, 7.207) ], eGFR [OAR =3.340 (95% CI: 1.374, 8.118) ], sTM [OAR =3.089 (95% CI: 1.271, 7.508) ], and KIM-1
[OAR =3.016 (95% CI: 1.241, 7.330) ] were all risk factors for AKI in PNS patients (P < 0.05). The sensitivities of
sTM, KIM-1 and their combination in the diagnosis of AKI caused by PNS were 76.47% (95% CI: 66.84%,
84.06%), 73.53% (95% CI: 63.71%, 81.55%), and 71.57% (95% CI: 61.64%, 79.84%), with the specificities being
70.67% (95% CI: 58.86%, 80.33%), 74.66% (95% CI: 63.08%, 83.69%), and 96.00% (95% CI: 87.97%, 98.96%),
and AUCs being 0.754 (95% CI: 0.684, 0.816), 0.783 (95% CI: 0.717, 0.839), and 0.891 (95% CI: 0.841, 0.935).

i34 %

Conclusion The combination of sTM and KIM-1 has a high value in the early diagnosis of AKI caused by PNS.

Keywords: primary nephrotic syndrome; soluble thrombomodulin; kidney injury molecule-1; acute kidney

injury
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STM 5 2R 3K 78 N B2 20 L 461 3 L 5 vk O JULBE AE 8
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injury molecule—1, KIM-1) iy — i A #5 [ & 11 , AKI
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X PNS JIT £ AKI 32 W (B BIF 5 9 6 DL A0 o 48
T AT 3 A e T O B BE B A Y PNS R
HHEATHESE , BT sTM . KIM-1 1% 3 5% 45 T PNS fiT 5
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1 ARSI
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PEHL 2019 4F 1 H—2022 4 10 A il i AR &
e if i 177 61 PNS /R o Hor 0k 114 4], Lok
63 il ; 45 24 ~ 78 %, F- 39 (51.06 +8.93) % . K4
AR JE AKLGE A7 AKTALRIEE AKLAL, 431147 102
75 0. A ARRHE : OFF 5 R P B LR 43 IE)PPNS
LR E ;s QAE IS 21 ~ 78 2 ; (3 14 A BF 5 R 1
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1.1

O B ZNE AR D RE S W @& IR AL AU L i W R

Bi MY R G AEPLEN ; @ UL IR 7 G A BH 5™ 1k
Bo s @G IR ; @259 T B AKL; D5 KM
NEE B O A EIEFAR L QAR C &
I AKI.

1.2 sTM.KIM-1 &

BFABE 6 h PERAEFIKIAL 3 mL, LA 2 800 r/min
B0 10 min, B O0FER 10 em, 2B B, B A
—80 CUKAFA A VR U-AF R I 5 SR FH i DK 6 928 WL o4t 56
W52 STM  KIM=1o 508 R0 pR ) ) 4 3 5 2 4G 00
HL S o
1.3  AKNZHTFRAEFA > R AR AE

Z: % (KDIGO 18 ¥ & W 3 o b 45 $H Il IR 52
e 48 B )" AKT 912 W bk - D48 h N Ser b FH>
26.5 wmol/L, B 4% K £k Ser T 5 > 50%; @ JR <
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M, A AT MR IR B S B B T LR MR SR S AE BT ECRE B B S Wi

0.5 mL/(kg+h) , LR A > 6 h, A BB Z—
RIAT2 W AKL. AKLZM AR HEQT T T3, Ser
FERRME ) 1.5 ~ L5 T &> 0.3 me/dL, FR i<
0.5 mI/(kg*h) FFEERTA] 6 ~ 12 h; T, Ser hy FERHHE
2.0 ~2.94% , IR < 0.5 mL/ (kg h) FFZEMF ] > 12 h;
Il 39, Ser Ry A AE B9 3.0 £i5 T 5 E > 4.0 mg/dL (>
353.36) BT 4 2 A7 JE 25 LR T, IR <0.3 ml/
(kg+h) FFLLF ] > 24 hBUJC R &> 12 h, | ] AKLE
#3641, 4141, MY 25 4]
1.4 IR RIS ER

W AR R 3 M S AR IS AR 5T A 48 2K (body mass
index, BMI) | & 75 & F SL Al e 5 (o L% W% PRI )
P25 s [ i 48 %K R R A g 0 )R] (angiotensin
converting enzyme inhibitors, ACED)/[.45 B3k & I %
AR FE B 7 (angiotensin Il receptor blockers, ARB) . #]
PRV 5T 7 Z A ) /IR 24 BT BEZY] . 24 h R
HEHLHEN MLLE A RIR MR C . Ser S E
JINER 8 13 2% (estimated glomerular filtration rate, eGFR) |

R 2 A& (blood urea nitrogen, BUN) .sTM . KIM-1 .
1.5 ZEit¥HE

B 23 B R I SPSS 21.0 ST i . R R
DARIEL + bR e 22 (x£5) Fom , LUBCHH ¢ K0 50 887 22
IR THECROR AR (%) KR, URL X A6 58 5 52 1
2 B R H 2 R B2 Logistic £ 5 22 1 52 0
# TAEHFE (receiver operating characteristic, ROC) [
. P<0.05 HEFAGITFEL,

2 #R

2.1 FAIRKER LR

WL ) FE ) AR S BMI & 0 JERIEE I T2
gL FHUKCE IR, 2 R ¥R G E (P>
0.05). M 24 hJREH HEH IR MR C.
Ser JR it . eGFR \BUN KV LLHL , 22 S A e it 4 &
X (P<0.05),AKIZH 24 h JREE A JRIR &K C.
Ser . BUN /K F & T 4F AKI4H (P <0.05) , JR 7 . 1 4&
F1 . eGFRAETIE AKI41(P<0.05)., W1,

®1 WARKERILE

AKIH 102 71/31 52.02+9.75
dE AKI 4 75 43/32 49.76 £ 10.43
X'/ t{H 2.841 1.479
PAH 0.092 0.141

22.18 £2.65 21 17

22.34 £2.81 13 8
0.387 0.295 1.283
0.699 0.587 0.257

AKI 4 23 97 101 83
HE AKI 4] 18 71 73 65
X'/ A 0.051 0.017 0.738 0.884
P{H 0.821 0.897 0.390 0.347

12 6.73£2.18 19.21 £4.56 145.76 £ 22.69

5 5.18+2.03 21.38+5.76 141.75 £20.83
1.294 4.811 2.796 1.203
0.255 0.000 0.006 0.231

AKIZH 431.85+92.74 483£1.16 102.83 = 27.64
Il AKT 41 358.62 + 87.63 326+ 1.02 71.86 = 15.83
X2/ HH 5313 9.358 8.706
P 0.000 0.000 0.000

0.35+0.06 48.72 £ 12.47 8.13£2.07

0.60 + 0.04 91.36 +25.43 5.06 +1.38
31.317 14.709 11.147
0.000 0.000 0.000

2.2 WWHSTM.KIM-17KFELLEE
PZH sTM \KIM—-1 7K - Fo 8, 2 7 WA G it % 2
X (P<0.05), AKI 41 & TIE AKI 41, L2,

2.3 AR AKI S HEIEE sTM KIM-1 /KL%
1397, 1495 49 AKL & sTM  KIM-1 7KF b
B, 255022 L (P<0.05); AT &
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%2 WASTMKIM-1KFELE (x+s) 2.4 PNSE#HZ% 4 AKI & B =& Logistic [
EIR———T—T
AKIZH 25.13+7.24 6.64+1.35 PIJE R A4 AKL IS (R &A= 0, K=
JE AKI41 75 1042 £2.11 378+ 1.06 1), k24 h JREE A (AE S SEPRIE) 8 (RAE N
tfif 17.060 15216 SEBRAE) (PRIR (WA Ry SEPRAE) BEA R C OBRAE S 55
il 0.000 ety PRAA) Ser (B SEBRAE) L JRJE ORG24 S PRAE) |

eGFR (I {9 SE B A )  BUN (IR {9 52 B i) L sTM
PP 005) WREFIRP 005 BRSO iy 9B KIM-1 K (R EBRAD) 1
%3 FEAKISHEESTMKIM-1KELE (x+s) A AT Z AR Logistic FIH A (STA K
10.05, HERRAKUEH 0.10) , 255 5% BN C [OR=

_ 2965 (95% C1 1220, 7.207)] eGFR [GR=3.340 (95%

18.68 +2.75 496+ 1.28 .
- " rot a5 i Sl i Cl: 1374, 8.118)]: STM [0 R=3.089 (95% CI: 1.271,
. s 306 2 8.03 0285271 7.508)] . KIM-1 [OR=3.016 (95% CI: 1.241,7.330)]#J
Fii 53452 42,929 S0 PNS B AKI & A 1Y A8 B R (P <0.05) .
Py 0.000 0.000 k4,

*4 PNSEEHEX L AKIHSEZEIZ S Logistic B34 &2

Az C 1.087 0.432 6.331 0.017 2.965 1.220 7.207
eGFR 1.206 0.363 11.038 0.000 3.340 1.374 8.118
sTM 1.128 0.403 7.834 0.008 3.089 1.271 7.508
KIM-1 1.104 0.409 7.286 0.012 3.016 1.241 7.330
2.5 sTMEEA KIM-1 34 AKI B2 B 3LRE 43 # L0

STM  KIM~1 B i # Bk 4% PNS T 80 AKT 2 B 1) 08
SUBAE 43 5 K 76.47% (95% C1:0.668,0.841) .73.53%
(95% CI: 0.637, 0.816) . 71.57% (95% Cl: 0.616, ?E‘j oo
0.798) , ¢ 5 % 4 5l 4 70.67% (95% CI: 0.589, E 04
0.803) .74.66%(95% C1:0.631,0.837) .96.00%(95% CI : 02
0.880, 0.990) , it £& T i BL43 5 4y 0.754 (95% CI: ookl
0.684, 0.816) . 0.783 (95% CI: 0.717, 0.839) . 0.891 00 02 04 06 08 10

1 T
1 sTMEXA KIM-13F AKIi2 B ROC #h£k

(95% C1:0.841,0.935), WLI&1F1#5,

£R5 sTMELE KIM-1 Xt AKIZ B B2 BT 30 BE
16.18 TU/mL 76.47 0.668 0.841 70.67 0.589 0.803 0.754 0.684 0.816
KIM-1 5.03 ng/LL 73.53 0.637 0.816 74.66 0.631 0.837 0.783 0.717 0.839
ke - 71.57 0.616 0.798 96.00 0.880 0.9.90 0.891 0.841 0.935
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KIM-1 7 2 B¢ & %5 PNS FIF 20 AKI A9 B 3812 0 18

ZE bR IR , sTM B A KIM=1 % AKT 92 B &k fig
A, AR I AR P RT3 o W ST, KIM=1 7K SF- X
PNS FF 80 AKLHEAT12 W7, I B R JUA 2008 it kA7
TRIT LAA SOUGE BB TS o AW AR 2Z ik
O A B ERED ; QAL R . BAE S
eI AR IR, BN Z A, X sTM  KIM-1 7£
AKI A A= v 1) BARAE FIBL I — 2 IR AT

& X X B

[1] CHEN T X, ZHOU Y, CHEN X X, et al. Acute kidney injury in
idiopathic membranous nephropathy with nephrotic syndrome[J].
Ren Fail, 2021, 43(1): 1004-1011.

AR, BIGE, HA, G5 IRERIE AT S ME B B R TLRA(E 5
3 AR DG DR 9 32 3k K FLTUR DR R A3 AT 0], o AR R AR 2
i, 2023, 33(9): 7-11.

TRENGE, BEREL, XBIEE . B0 T-1 SR C X 24 Uk
PEE LR SRR At BB O RS W N E ). o 28
SR BESIE, 2022, 17(4): 495-497.

WEN Y M, PARIKH C R. Current concepts and advances in

(2]

(3]

(4]
biomarkers of acute kidney injury[J]. Crit Rev Clin Lab Sci, 2021,
58(5): 354-368.

[5] LUKAWSKA E, FRANKIEWICZ D, IZAK M, et al. Lithium

toxicity and the kidney with special focus on nephrotic syndrome

associated with the acute kidney injury: a case-based systematic

analysis[J]. J Appl Toxicol, 2021, 41(12): 1896-1909.

AR, ARV, AL, A5 AT LA VR T A PR AR T

9 K P B RS IR L), AR R 24248, 2021, 101(23):

1812-1815.

XIAO Z X, HUANG Q, YANG Y Q, et al. Emerging early

(6]

(7]
diagnostic methods for acute kidney injury[J]. Theranostics, 2022,

- 81 -



FpIE AR ek

#

12(6): 2963-2986.
CLIEH], E/NEE . R B R LR A AE M. bt thE 2GR
JifAt, 2010: 52-54.
B, RS, RR, A5 MR BUIREE 1 A-TRIE LA 18 -1
I A0 U X 568005 12 W 91 {1 B 000 26 5 [0]. 60 s 565 P 2 2
&, 2021, 42(19): 2403-2406.
I [ Bl st A BR B LSS TS 22 . KDIGO 18 1 ¥ IES AN A4
BRI A 2 R4S R (M. i, 25 dbat: AR DA AL,
2014: 48-51.
LU H H, XIAO L P, SONG M Q, et al. Acute kidney injury in

[8]

[9]

[10]

(11
patients with primary nephrotic syndrome: influencing factors
and coping strategies[J]. BMC Nephrol, 2022, 23(1): 90.

[12] ZHANG L L, CUI L, LT C M, et al. Serum free fatty acid

elevation is related to acute kidney injury in primary nephrotic

syndrome[J]. Ren Fail, 2022, 44(1): 1236-1242.

CHEN T X, ZHOU Y, ZHU J F, et al. Prediction model of renal

function recovery for primary membranous nephropathy with

acute kidney injury[J]. BMC Nephrol, 2022, 23(1): 247.

GUPTA K, BHURWAL A, LAW C, et al. Acute kidney injury

[13]

[14]
and hepatorenal syndrome in cirrhosis[J]. World J Gastroenterol,
2021, 27(26): 3984-4003.

PICKKERS P, DARMON M, HOSTE E, et al. Acute kidney
injury in the critically ill: an updated review on pathophysiology
and management[J]. Intensive Care Med, 2021, 47(8): 835-850.
STEFAN G, BUSUIOC R, STANCU S, et al. Adult-onset

minimal change disease: the significance of histological chronic

[15]

[16]

changes for clinical presentation and outcome[J]. Clin Exp
Nephrol, 2021, 25(3): 240-250.

X33k, FM B, e, A5 A BODIE R miEhemER CL
BT /K1 & FEAE A A S A 0 BN ELL0]. L AR R
24,2021, 61(34): 87-90.

JEIZHERE, ARIRRI . SN JEUR B 25 G R A Sk B e I R
FOPHTN. P E AR B, 2020, 42(4): 436-443.

PR, MR, SR . LM O3 AT B8 . N AR i 4 R
BRI X P WURESE 5 A R B O g SN ([0, T I 3l

[17]

[18]

[19]

82

ktifb 2, 2021, 29(11): 983-988.
[20] de PABLO-MORENO J A, SERRANO L J, REVUELTA L, et al.
The vascular endothelium and coagulation: homeostasis, disease,
and treatment, with a focus on the von Willebrand factor and
factors VIII and V[J]. Int J Mol Sci, 2022, 23(15): 8283.
AMARAL PEDROSO L, NOBRE V, DIAS CARNEIRO de
ALMEIDA C, et al. Acute kidney injury biomarkers in the
critically ill[J]. Clin Chim Acta, 2020, 508: 170-178.
FEh, B, I, A TV IR T A R MR R
IS AR i 512 2 A 1 0 00 e R A D 2 B 40 i
RWFFE[). rhfEaig B AR, 2020, 29(4): 533-540.

[21]

[22]

BEepgkals,
[23] TSUIJITA R, TSUBOTA M, SEKIGUCHI F, et al. Role of high-
mobility group box 1 and its modulation by thrombomodulin/
thrombin axis in neuropathic and inflammatory pain[J]. Br J
Pharmacol, 2021, 178(4): 798-812.

[24] LIN SM, CHANG C H, LIN TY, et al. Plasma thrombomodulin
levels are associated with acute kidney injury in patients with
acute heart failure[J]. Ann Med, 2022, 54(1): 3169-3176.

GENG J W, QIU Y X, QIN Z, et al. The value of kidney injury

molecule 1 in predicting acute kidney injury in adult patients: a

[25]

systematic review and Bayesian meta-analysis[J]. J Transl Med,
2021, 19(1): 105.

KARMAKOVA T A, SERGEEVA N S, KANUKOEV K, et al.
Kidney (KIM-1): a

marker

[26]
injury molecule 1 multifunctional
glycoprotein and biological Sovrem

Tekhnologii Med, 2021, 13(3): 64-78.

(review) [J].

(R} 4hifh)

A5 g MREE, TR, Bz, 45 . Tt e 8 A
106G B 0 43 1 X DR B £ 5 I T B A 1 A
LWL o EBR 24, 2024, 34(14): 77-82.

LIN J, WANG J X, YIN P H, et al. Early

diagnostic value of soluble thrombomodulin combined with kidney

Cite this article as:

injury molecule-1 for acute kidney injury caused by primary
nephrotic syndrome[J]. China Journal of Modern Medicine, 2024,
34(14): 77-82.



