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Evaluation Value of Serum Uromodulin, Heparin-Binding Protein,
Klotho Protein Combined with APACHE II Score in 28-Day Prognosis
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ABSTRACT Objective: To investigate the value of serum uromodulin (UMOD), heparin-binding protein (HBP), Klotho protein
combined with Acute physiology and chronic health evaluation system II (APACHE II) score in predicting the 28-day prognosis in
patients with sepsis complicated with acute kidney injury (AKI). Methods: 120 patients with sepsis complicated with AKI who were diag-
nosed and treated in our hospital from January 2018 to January 2020 were selected as the research object. According to the survival with-
in 28 days, they were divided into survival group (86 cases) and death group (34 cases). Enzyme linked immunosorbent assay was used to
detect the expression levels of serum UMOD, HBP and Klotho proteins in each group. The expression of serum UMOD, HBP, Klotho
protein and APACHEII score difference in patients with AKI at different stages were compared. Multivariate Logistic regression analysis
was used to analyze the risk factors affecting the 28 day prognosis of patients with sepsis complicated with AKI. The receiver operating
characteristic (ROC) curve was used to analyze the value of serum UMOD, HBP, Klotho protein and APACHE II score alone and in
combination in predicting the 28 day prognosis of patients with sepsis complicated with AKI. Results: Compared with the survival
group, the serum UMOD and Klotho in the death group were lower, and the procalcitonin (PCT), high-sensitivity C-reactive protein
(hs-CRP), HBP and APACHE II scores were higher (all P<0.05). There were significant differences in the serum UMOD, HBP, Klotho
and APACHEII scores in patients with different AKI stages (all P<0.05). Multivariate Logistic regression analysis showed that UMOD <
62.43 mg/mL and HBP > 30.14 pg/L, Klotho < 180.37 ng/L and APACHE II score > 16.00 scores were the risk factors affecting the
prognosis of 28 day death. The area under the curve of the combined prediction of serum UMOD, HBP, Klotho and APACHE I score
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for 28 day death in patients with sepsis complicated with AKI was 0.897 (0.842 ~ 0.939), which was significantly higher than that of the
single detection of serum UMOD [0.724 (0.674 ~ 0.765)], HBP [0.666 (0.622 ~ 0.710)], Klotho [0.767 (0.731 ~ 0.804)] and APACHE Il
score [0.840 (0.802 ~ 0.878)]. Conclusions: Serum UMOD and Klotho decrease, HBP level increases and APACHE II score is higher in

patients with sepsis complicated with AKI, which are related to the severity of sepsis complicated with AKI. The combination of the four

can help to predict 28 days death of sepsis complicated with AKI.

Key words: Sepsis; Acute kidney injury; Uromodulin; Heparin-binding protein; Klotho protein; APACHE II Score
Chinese Library Classification(CLC): R631.2; R692 Document code: A

Article ID: 1673-6273(2022)16-3107-05

B &

MEBEAE R W R A H R PR T R S RN e B AE R LAAE
g SR AR R e i 2 A B B R M SRR T R T R R SR E
ARG, 2L G Z MR EY RS, 2% 8 (acute renal
injury , AKT) /2 R BT i g i R rh i 0L B S (I F A0, Rk
PR NERUE T DI RESS AR T I, S BOVLAAR P 7K P fige STl 25
BLPL PR, FUHEE G2 WORGYT AKX TRCE Ik eHE UG B
AHERBMKE X, RIAFTE (uromodulin,UMOD) X FK Ky
Tamm-Horsfal £ 1, 2 57K i g B Gl | S i/l 45 S5 2 Rl )
FUIRE. AR &I, UMOD REM% FH T34k B /INE 18] 5 1 1)
fie, SHFEEAL R Uk e AKT (R B 52 IEAH 5 , 208 i P4 15 Ty
RERZS MY MG TE4R" . IF R 455 4 H (heparin-binding protein,
HBP) & i i AL T PR 4 43107 A2 SR ARRE IR , &
SR MR R AR R R . TFSE R L, HBP JKF- T = REfg (L ik
5 1) J3 Ak PR SR AR, 1000 I R 3O (R B O, T
B4, Klotho 25 12 H B /MG [ Bz 20 5300 Az, S a1
TSP A RAEPUEAR R T RE , 2 5 RAE S AR T4
o WA, Klotho £ [ ixf AERFL: 1AL 14 58 B A4 AL R
RN X R EEAE AKT /NS IR B AR PR FASL, St s g
BRI ITEAL 245 11 (acute physiology and chronic health e-
valuation [l , APACHE I )43 V1A% e BRAE 22 i ™ T RE 2 A
FRtEAR, AR R IRV AR EERE & 01 AKLEEFH P, 5
JHeBEAE FBE IR TS 25 UIAHOC AT 5% 38 S A e a0 I
J& AKI B [l UMOD HBP Klotho #& F17K°F- &% APACHEII
V41, BT B IS RIS MEEAE IF & AKT (TS 0 A

I FREF ik

L1 —fg s

TEEX 2018 4F 1 J 2 2020 4F 1 A WIiH I B 120 B IR EEE
It & AKIL i35 120 BITE BRI 4 o SR BN ARRIE : (1) s
S WIS % 2016 A RO 5 595 2% 23 i % i {Sepsis-3 )12 Witr
HEDS (2) B3 K (80 RIB X AW ANE MBI &, B HL S
IGRZIGR . GIFERKT 18 5. HEBRbRHE: (1) G I MEPEE ik
EAEIEZ B AIAYT 5 (2) MEHA R A G e il A sl B b =
5 Q)AEBL N R FEY AKL (D)IGIRFORA 28 . R4 28
KA I AAE IG5 A7 IS 2H(86 () FNFET-2H (34 441]) . AKT [
Wi 2% KDIGO iy AKT ARvfE®™, Jorf 111 47 4] 111
42 ) 111800 31 51, AT 2 A BElC BT B A o At v
1.2 IMZEIEHR

RARAERE IS 28 RIYAAFIEN, K Ira R s R0 N7

2H (86 BNFFET-LL(34 1) TCSRIFFENT G B AFE IS 1) A4 5 1
B4 (body mass index, BMI) .[»3% KR 4R &7 5K & FERE

P S CHEPR S S S o B2 s LB ) o SR I B fb 2 R OGTE:
R 1fi 375 45 2R J5L (procalcitonin, PCT) i C S i & H
(high sensitive CRP , hs-CRP ) /K-, 1fil S5 A3 Wil 3l ik — 44k
%43 % (arterial carbon dioxide partial pressure, PaCO,)F1 5f fik 48
4y i (arterial oxygen partial pressure, PaO,), % APACHEII 3
SV TR TR SR I T AR, P4 0~T1 43, - {H R
P R
1.3 #iFAix

BUITA WFFE X & # ik I 5 mL, EDTA 4 rh i, 4°C 514
T 2500 rpm #5015 min, B2 M0 A o BEER Gosi R f S0 46
Kl i 3% UMOD Klotho \HBP 7K F-, 5 &l [ biged 74
YN E], B IN6662  IN18025 IN6533, iAnifi i FLANEEAEL
BALIMARRA 50 WL, FEALINEGLE S 100 wL, RAJERE
37TCIEEA P IE T 30 min. BEFLATAVEVRHE 350 uL, ¥E¥E S
Wo FHFLIEY A 50 wL B 50 pL RS ERFE T 37C
TEIRAGIFE 15 min, MIZEIE S0 wL, FE5MRA] - 450 nm P AL
W2 £5-FL1Y OD L, AR HEHRHE 5 ik 5 1) OD i, X i 135 A AL
i Rk BEEL
1.4 Zrit4bE

K SPSS26.0 Ge it A AT EME 43 BT, 1T BORHLAYY
BE bRifE2EERIR  PIALI] LR At R g, = 20 ) L3R Al 52
R T 22501 LSD-t k36, THECHORH AR (%) R , 2l Im) Lh A
FHE ., £ K% Logistic [0/ 52 mi R EEAE - & AKT
BH 28 RAT- W MR EE . Z2IRXH TAERHE (receiver
operating characteristic, ROC) | %4341 UMOD Klotho .HBP .
APACHE [T 3F-Jp K565 A6 I X e FEAE O % AKT B35 28 K AL
TS . P<0.05 25 BA B,

2 R
2.1 EFRERE I E UMOD Klotho .HBP & APACHE IIiE4y
1833

MeREIETT & AKIL SBREFET- 2GR =2 1) ZEPE )
AR BMI U3 AR AR TR BT 5K R O s B PRI B
IR S (PaO, & PaCO, Z A HL#R, 227 CH Batit2am X
(P¥]>0.05), #H b T35 4L, FET- 41823 37 UMOD (Klotho 45
{i%,PCT .hs-CRP HBP APACHE Il ¥E4M 4 , 22 5 B W .45
TR (P ¥ <0.05), )3k 1,



IREYESSHE  biomed.cnjournals.com Progress in Modern Biomedicine Vol22 NO.16 AUG.2022 + 3109 -

* 1 WAIKKERRIME UMOD, Klotho,HBP % APACHE IT {4y LL 3%
Table 1 Comparison of clinical data and serum UMOD, Klotho, HBP and APACHE Il score between the two groups

Indexes Survival group(n=86) Death group(n=34) t/a? P
Gender(male/female ) 50/36 20/14 0.459 0.498
Age(years) 61.21+ 10.24 63.07+ 9.38 0.918 0.316
BMI(kg/m?) 23.72+ 2.31 24.19+ 2.54 0.976 0.331
Heart rate( beats/min ) 83.41+ 8.07 84.22+ 9.16 0.477 0.635
Temperature( C ) 37.79+ 0.81 38.07+ 0.93 1.635 0.105
Systolic pressure( mmHg ) 130.75% 25.24 133.84% 26.50 0.596 0.552
Diastolic pressure(mmHg) 79.81+ 8.06 80.80+ 8.15 0.604 0.547
PCT(pg/L) 0.51+ 0.10 1.63%+ 0.21 39.554 0.000
hs-CRP(mg/L) 39.42+ 3.51 112.70+ 7.83 70.913 0.000
Coronary heart disease history[n( % )] 6(6.98) 6(17.65) 3.083 0.079
Diabetes history[n( % )] 10(11.63) 7(20.59) 1.609 0.205
Hypertension history[n( % )] 14(16.28) 8(23.53) 0.856 0.355
PaO,(mmHg) 65.24+ 14.76 67.01% 15.46 0.584 0.560
PaCO,(mmHg) 38.61+ 7.47 39.29+ 7.26 0.453 0.651
UMOD( mg/ml) 62.43+ 9.18 30.25+ 7.60 18.119 0.000
HBP(ug/L) 22.19+ 8.15 42.67+ 7.54 12.662 0.000
Klotho(ng/L) 202.31% 32.55 116.24% 28.64 13.485 0.000
APACHEII score( scores) 1591+ 3.21 30.72+ 4.13 20.937 0.000

2.2 AN[E AKI 488 £ % UMOD . HBP Klotho % APACHE

IR235 07454
JRIF] AKI 404 84 1fi3% UMOD .HBP Klotho /% APACHE

iP5 25 RA G538 S (P ¥ <0.05), AKT 73l g
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Table 2 Comparison of serum UMOD, HBP, Klotho and APACHE Il score in patients with different AKI stages(x% s)

APACHEII score

AKI stages n UMOD(mg/mL) HBP( pg/L) Klotho(ng/L) (scores)
I stage 47 58.81+ 8.54 20.63+ 7.85 194.33%+ 27.89 15.69+ 3.47
II stage 42 51.74+ 8.08* 28.87+ 8.15* 171.92+ 29.80* 21.55+ 3.24*
III stage 31 47.11% 8.95%* 37.97+ 8.30** 161.18+ 31.54%** 24.84 £ 3.90*
F 24.621 80.040 15.107 68.995
P 0.000 0.000 0.000 0.000

Note: compared with I stage, *P<0.05. Compared with II stage, *P<0.05.

2.3 %A% Logistic BIA #i MRS EHEZ AKI BF 28 X
RTHENEREZR

Sk BR B 5 0 B B 9T & AKT B 28 RAET- TS e
HNE, AL 28 KIER EASLT N GET-=1, £1F
=0), % PCT .hs-CRP ,UMOD HBP Klotho , APACHE I ¥/}
s, #4172 E Logistic A4, 455% UMOD<<62.43
mg/mL HBP>>30.14 ng/L Klotho < 180.37 ng/L . APACHE II 3
43>1600 432 28 KIET TG AL a2 (P<005)
2% 3.
2.4 [f3E UMOD HBP Klotho, APACHE Il 4> J% I & Bt & T

MRSBEHFZ AKI BE 28 RIETHIME

Ifi.#% UMOD HBP Klotho ., APACHE I[ 34} U5 ¢ 4 i ]
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Table 3 Multivariate Logistic regression analysis of risk factors affecting the prognosis of 28 day death in patients with sepsis complicated with AKI

Factors Assignment B SE Wald »? OR 95%CI P
PCT =2 pg/L=1, <2 pg/L=0 0.358 0.327 4.004 1.126 0.814-1.384 0.302
hs-CRP =100 mg/L=1, <100 mg/L =0 0.410 0.465 3.110 1.004 0.727-1.435 0.295
UMOD <62.43 mg/ml =1, =62.43 mg/ml =0 1.034 0.219 12.119 2.670 2.170-3.814 0.000
HBP >30.14pg/L~1, <30.14 pg/L~=1 0.513 0.162 10.026 1.926 1.628-2.238 0.000
Klotho >180.37 ng/L =0, <180.37 ng/L=1 0.565 0.213 9.474 1.670 1.258-2.130 0.016

APACHE Il

>16.00 scores=1, <16.00 scores=0 0.468 0.097 17.004 1.726 1.120-2.032 0.000

score

% 4 % UMOD.HBP Klotho APACHE Il {5 K ME B A X AEIEI £ AKI BE 28 RIETHTRNMNE
Table 4 Predictive value of serum UMOD, HBP, Klotho and APACHE Il scores and their combination on 28 day death in patients with sepsis

complicated with AKI
Indexes Area under curve(95%CI) Youden index Cut-off value Sensitivity Specificity
UMOD 0.724(0.674~0.765) 0.310 33.40 mg/mL 0.836 0.474
HBP 0.666(0.622~0.710) 0.271 41.26 pg/L 0.535 0.736
Klotho 0.767(0.731~0.804) 0.447 120.37 ng/L 0.717 0.730
APACHEII score 0.840(0.802~0.878) 0.443 28.00 scores 0.910 0.533
Combined detection 0.897(0.842~0.939) 0.731 - 0.863 0.868
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1-Specificity
B 1 ROC gi£k4>#71iE UMOD HBP Klotho APACHE Il i¥4y % P &
BRATMRSEH X AKL BERTHNE
Fig.1 ROC curve analysis of the value of serum UMOD, HBP, Klotho and
APACHE I scores and their combination in predicting the death of

patients with sepsis complicated with AKI
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