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Abstract: Objective To investigate the correlation and predictive value of serum chitinase-3-like protein 1
(YKL-40) and neutrophil gelatinase-associated lipocalin (NGAL), and plasma thrombomodulin (PTM) with and for
catheter-related infection in uremic patients undergoing hemodialysis. Methods The clinical data of 150 uremic
patients undergoing hemodialysis admitted to our hospital from June 2021 to June 2022 were retrospectively
analyzed. According to whether the patients had catheter-related infection, they were divided into infection group
(n = 36) and non-infection group (n = 114). The clinical data including sex, age, body mass index (BMI), duration of
uremia, time to hemodialysis, place of residence, number of intubation, duration of catheterization, location of
catheterization, and the history of diabetes mellitus and hypertension were compared between the two groups. The
levels of hemoglobin (Hb), ferritin (SF), total cholesterol (TC), triglyceride (TG), high density lipoprotein
cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C), YKL-40, NGAL and PTM were detected.
Multivariable Logistic regression analysis was performed to determine the risk factors of catheter-related infection in
uremic patients undergoing hemodialysis. The efficacy of the catheter-related infection model in predicting catheter-
related infection in uremic patients undergoing hemodialysis was analyzed via the receiver operating characteristic
(ROC) curve. Results There was no difference in the sex composition, BMI, duration of uremia, time to
hemodialysis, place of residence, number of intubation, the history of hypertension, and the levels of Hb, SF, TC,
TG, HDL-C, and LDL-C between the infection group and the non-infection group (P > 0.05). The infection group
had a higher proportion of patients with the age > 60 years old, the duration of catheterization > 4 d, femoral veinous
catheterization and history of diabetes mellitus relative to the non-infection group, and the levels of YKL-40, NGAL
and PTM were higher in the infection group than those in the non-infection group (P < 0.05). The ROC curve
analysis revealed that the areas under the ROC curves of YKL-40, NGAL and PTM for predicting the catheter-
related infection in uremic patients undergoing hemodialysis were 0.821, 0.874 and 0.853, with the cut-off values
being 45.705 ng/mL, 69.390 ng/mL and 34.845 ng/L, the sensitivities being 72.2%, 80.6% and 77.8%, and the
specificities being 78.1%, 90.4% and 86.0%, respectively (P < 0.05). The multivariable Logistic regression analysis
demonstrated that age > 60 years old [OAR = 2.189 (95% CI: 1.211, 3.957) ], duration of catheterization > 4 days
[OAR =3.276 (95% CI: 1.408, 7.622) ], femoral veinous catheterization [OAR =3.007 (95% CI: 1.285, 7.037) ], history
of diabetes mellitus [OAR =2.343 (95% CI: 1.305, 4.207) ], the level of YKL-40 > 45.705 ng/mL [OAR =1.967 (95%
CI: 1.174, 3.296) ], the level of NGAL = 69.390 ng/mL [OAR =2.259 (95% CI: 1.318, 3.872) ], and the level of
PTM > 34.845 ng/L [OAR =2.070 (95% CI: 1.229, 3.486) ] were risk factors for catheter-related infection in uremic
patients undergoing hemodialysis (P < 0.05). The prediction model of catheter-related infection was established
according to the multivariable Logistic regression analysis, and was expressed as Logit (P) = -35.912 + 0.783 X,
+1.187 X + 1.101 X +0.851 X +0.677 X yigo T 0.815 X 40, 7 0.728 X

»nv- The ROC curve analysis showed that the area under the ROC curve of the prediction model for catheter-related

duration of catheterization location of catheterization history of diabetes mellitus

infection was 0.959, with the standard error being 0.019, the cut-off value being 9.865, the sensitivity being 94.4%
(95% CI: 0.897, 0.983), and the specificity being 86.0% (95% CI: 0.818, 0985) (P < 0.05). In addition, the sensitivity
of the prediction model was higher than that of YKL-40, NGAL and PTM alone for predicting the catheter-related
infection. Conclusions The levels of serum YKL-40 and NGAL and PTM are correlated with and exhibit great
predictive values for catheter-related infection in uremic patients undergoing hemodialysis, and the sensitivity of the
combined detection of all indicators is higher than that of each indicator alone for predicting the catheter-related
infection.

Keywords: uremia; catheter-related infection; hemodialysis; chitinase-3-like protein 1; neutrophil gelatinase-

associated lipocalin; thrombomodulin
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JE 45— gk}
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A BT (H AR Olympus 23 &, 8945 AU640) , +
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H i 73 BT R SPSS 22.0 G 1 o BT R
S L H R (%) e , BT R B R Ve
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#H TAEFFAE (receiver operating characteristic, ROC ) fif]
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®1 REEMEZRELESERXERENARRSH

B 36 20716 22(61.11) 14(38.89) 12(33.33) 24(66.67) 3.04+0.86 2.15x0.64 22(61.11) 14(38.89) 20(55.56) 16(44.44)
HRIEBGL 114 62/52 46(40.35) 68(59.65) 50(43.86) 64(56.14) 3.20+0.93 2.09+0.61 78(68.42) 36(31.58) 56(49.12) 58(50.88)
t1x Ml 0.015 4758 1.250 0.916 0.508 0.658 0.453
P 0.902 0.029 0.264 0.361 0.612 0.417 0.501

B 26(72.22)  10(27.78)  20(55.56) 10(27.78)  6(16.67)  24(66.67) 12(33.33) 22(61.11) 14(38.89) 77.51+22.43
HEGE 54(47.37)  60(52.63) 26(22.81) 50(43.86)  38(33.33)  52(45.61) 62(54.39) 68(59.65) 46(40.35)  76.04 +20.72
X2/ HE 6.790 13.928 4.851 0.024 0.364
P{H 0.009 0.001 0.028 0.876 0.717

JREGLA 41220+ 136.77 3.88+1.22 1.40+0.41 0.92+0.27 232+0.72 5236+ 13.22 98.13 +30.07 40.12 +9.64
RG] 368.63 £ 122.11  4.14 + 1.31 1.53 £ 0.50 0.99 + 0.30 2.49 +0.79 38.78 + 10.45 46.24 +15.11 2747 +7.83
XZ/ t{H 1.813 1.055 1.416 1.249 1.149 6.361 13.777 7.978
PiH 0.072 0.293 0.159 0.214 0.253 0.000 0.000 0.000
%2 YKL-40.NGAL.PTMFiilliR S5 M35 B & 4 SEHE X 4 B EE A
YKL-40 45.705 ng/mL 0.000 0.821 0.739 0.902 72.2 0.689 0.763 78.1 0.696 0.843
NGAL 69.390 ng/mL 0.000 0.874 0.804 0.945 80.6 0.757 0.884 90.4 0.861 0.955
PTM 34.845 ng/mL 0.000 0.853 0.774 0.932 77.8 0.702 0.825 86.0 0.792 0.930
W 3), HEAT— Mk £ [ K Logistic [B1T /3 M7, 45 51 & ®3 WMER
A WIS S0 BIORD IS8 IV ADL - e e
fesa N I : - .
LA > 4 d [OR=3.276 (95% CI: 1408, 7.622)] pomy > 60 %=1, <60%=0
T _ \
i‘j@ﬂzxﬁ & [0[({_3.007(95% CI:1.285 ,)7.037)]%7%)5& P 4ol <420
) 0 R=2.343 (95% CI: 1.305, 4.207)]. YKL-40 >
[ o ] B Heik= 1, BUMEIK B R k= 0
45705 ng/mL [ O R=1.967 (95% CI: 1.174, 3.296)].
R W #=1, %=0
NGAL= 69.390 ng/mL [ O R=2.259 (95% CI: 1.318,
YKL-40 = 45.705 ng/mL= 1, <45.705 ng/mlL=0

3.872)].PTM > 34.845 ng/l, [OR=2.070(95% CI:1.229,
3.486) |02 JR F0E I 175 f8 E & A 5 A5 R DG R R 1Y
fER 2 (P<0.05), W74,
24 MNERRHEMNSERXERELZEDN
ROC 2

Mg — Mt £ [N &K Logistic 8] 10 50 87 45 %, F
e R PR3 g8 A T A R DG T R 1 T A AR

NGAL > 69.390 ng/mL= 1, < 69.390 ng/mL= 0
PTM >34.845 ng/L=1, < 34.845 ng/L=0
T R A AR =1, =0

Logit ( P) =-35.91240.783X 4 4 +1.187X 4 4 4 4 +
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%510 1 PRE4, 55 M3 YKL-40, NGAL, PTM 5 /RTEAE L% B A A DG TR L 1 56 2 K il (e 52
x4 REEMSEEELRESEHEXMERLEN—MREEE Logistic B TS #TESH

A b S, Wald x* P OR e

TR AR
BT -35912 8.423 15.337 0.000 = - -
AE 0.783 0.302 6.728 0.009 2.189 1.211 3.957
B ] 1.187 0.431 7.586 0.006 3.276 1.408 7.622
HETAL 1.101 0.434 6.442 0.011 3.007 1.285 7.037
WERR 0.851 0.299 8.131 0.004 2343 1.305 4207
YKL-40 > 45.705 ng/mL 0.677 0.263 6.601 0.010 1.967 1.174 3.296
NGAL > 69.390 ng/mL 0.815 0.275 8.788 0.003 2259 1.318 3.872
PTM > 34.845 ng/L 0.728 0.266 7.481 0.006 2.070 1.229 3.486
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