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Abstract
This study is to investigate the role of neutrophil gelatinase-associated lipocalin (NGAL), cystatin C (CysC) and creatinine in the
diagnosis of acute kidney injury (AKI) secondary to liver cirrhosis.
A total of 825 patients (including 540 liver cirrhosis patients and 285 healthy controls) were enrolled. Liver cirrhosis patients were

further subdivided into AKI secondary to liver cirrhosis group (AKI group, 210 patients) and simple liver cirrhosis group (LC group, 330
patients). Serum NGAL/urine NGAL (sNGAL/uNGAL), and serum creatinine (sCr) levels as well as estimated glomerular filtration rates
were measured. The diagnostic performances of these indicators in AKI secondary to liver cirrhosis were evaluated.
The levels of sNGAL, uNGAL, CysC and sCr in the AKI group were significantly higher than those of LC and healthy control groups.

However, the eGFR and c-aGFR of AKI group were significantly lower. With the progression of AKI (AKI-S1→AKI-S2→AKI-S3), the
levels of sNGAL, uNGAL, CysC and sCr increased gradually, while the levels of c-aGFR and eGFR decreased gradually. The sNGAL,
uNGAL and CysC were positively correlated with sCr (r=0.638, 0.635, and 0.650), but negatively correlated with c-aGFR (r= -0.617,
-0.606 and -0.655). However, eGFR had a negative correlation with sCr (r= -0.711), but a positive correlation with c-aGFR (r=0.736).
ROC curve analysis showed that the area under the curve for uNGAL was the largest (0.976), followed by sNGAL (0.967). The
diagnostic efficacy of uNGAL and sNGAL in AKI group were 0.907 and 0.870, and the risk degrees were OR=54.524 and 5.115,
respectively.
NGAL might perform better than sCr and CysC in the diagnosis of AKI secondary to liver cirrhosis, while uNGAL might be a better

indicator than sNGAL in AKI diagnosis.

Abbreviations: AKI = acute kidney injury, AUC = area under the curve, CysC = cystatin C, KDIGO = Kidney Disease Improving
Global Outcomes, NGAL = neutrophil gelatinase-associated lipocalin, sCr = serum creatinine, sNGAL = serum NGAL, uNGAL =
urine NGAL.

Keywords: acute kidney injury, creatinine, cystatin C, Liver cirrhosis, neutrophil gelatinase-associated lipocalin
Editor: Muhammed Mubarak.

YY and BG contributed equally to this work.

This research was funded by the National Key Basic Research and Development
(973) Plan Subproject (No.2015CB755400) and Sichuan Province Science and
Technology Department Science and Technology Support Project
(No.2015SZ0117). The funding agency had no role in study design, data
collection and analysis, decision to publish, or preparation of the manuscript.

The authors have no conflicts of interest to disclose.

The datasets generated during and/or analyzed during the current study are
available from the corresponding author on reasonable request.
a Department of Laboratory Medicine, Mianyang Central Hospital, Affiliated to
Southwest Medical University, Mianyang, b Department of Laboratory Medicine,
Pidu District People’s Hospital, Chengdu, Sichuan, China.
∗
Correspondence: Jiafu Feng, Department of Laboratory Medicine, Mianyang

Central Hospital, Affiliated to Southwest Medical University, No.12 Changjiaxiang,
Jingzhong Street, Mianyang 621000, Sichuan, China
(e-mail: jiafufengacad@foxmail.com).

Copyright © 2021 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the terms of the Creative
Commons Attribution-Non Commercial License 4.0 (CCBY-NC), where it is
permissible to download, share, remix, transform, and buildup the work provided
it is properly cited. The work cannot be used commercially without permission
from the journal.

How to cite this article: Yang Y, Ge B, Liu Y, Feng J. The efficacy of biomarkers
in the diagnosis of acute kidney injury secondary to liver cirrhosis. Medicine
2021;100:14(e25411).

Received: 6 October 2020 / Received in final form: 19 January 2021 / Accepted:
8 February 2021

http://dx.doi.org/10.1097/MD.0000000000025411

1

1. Introduction

Liver cirrhosis is an advanced outcome of various chronic liver
diseases. Due to impaired immune function and/or altered
hemodynamics, liver cirrhosis is often accompanied by functional
kidney injury.[1] This injury may be reversed if early treatment is
promptly administered.[2] On the contrary, the progression of
kidney impairment and altered hemodynamics may significantly
increase the vasoactive substances such as renin-aldosterone,
vasopressin and endothelin, which leads to the aggravation of
liver cirrhosis and causes hepatorenal syndrome.[3] Acute kidney
injury (AKI) occurs when there is severe liver cirrhosis.[4] The
incidence of AKI in hospitalized patients with decompensated
liver cirrhosis is as high as 20% to 30%.[5] The most common
types of AKI include prerenal azotemia, hepatorenal syndrome
and acute tubular necrosis, with incidence rates of 68%, 25%,
and 33%, respectively.[5,6] The mortality of patients with liver
cirrhosis is closely related to the severity of renal impairment.[7–9]

Therefore, accurate and early diagnosis of renal dysfunction in
patients with liver cirrhosis is essential.[10]

According to the recommendations of the Kidney Disease
Improving Global Outcomes (KDIGO)[11] and the International
Club of Ascites (ICA),[12] the diagnostic criteria for AKI are
usually defined based on serum creatinine (sCr). Since sCr
detection has the advantages of low cost and simple operation, it
has been widely used in clinical laboratories. In clinical practice,
physicians also use sCr-based glomerular filtration rate (eGFR) to
assess renal function. Although sCr is a routine and important
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indicator of renal function, it still has some limitations. For
example, its level is affected by diet, age, gender, bilirubin levels,
muscle mass and tubular excretion or malignancy, and it has
limited potential for the diagnosis of early kidney injury.
Therefore, when using sCr to diagnose AKI in patients with
cirrhosis, it may lead to missed diagnosis, which may further
cause treatment failure.[10]

Neutrophil gelatinase-associated lipocalin (NGAL), a protein
covalently bound to gelatinase, has molecular weights of
approximately 25kD.[13] NGAL is expressed by immune cells,
hepatocytes and renal tubular cells under various disease
states.[14] Urine and plasma/serumNGAL are strong independent
predictors of AKI, which are the first recommend potential
biomarker of AKI by acute dialysis quality initiative of the 10th
international consensus conference.[15]

Cystatin C (CysC) is a member of the family of cysteine
protease inhibitors with a lowmolecular weight (13kD), which is
produced by all nucleated cells. Due to its small size and basic pH,
and non-adherence to plasma proteins, CysC can be freely filtered
by the glomerulus and subsequently reabsorbed and catabolized
in proximal tubular cells.[16] Additionally, CysC level is
independent of age, sex, or muscle mass.[17] Therefore, Cys C
level in plasma or serum mainly depends on the GFR, and it is an
endogenous marker for kidney filtration function recommended
by FDA in 2002.[18]

Thus, NGAL and CysCmay become two potential markers for
renal function evaluation in patients with liver cirrhosis. In recent
years, some studies have confirmed that NGAL and CysC are
superior to sCr in the diagnosis of AKI secondary to liver
cirrhosis.[19,20] Here, in this study, the serum NGAL (sNGAL),
urine NGAL (uNGAL), and serum CysC were measured in liver
cirrhosis patients. Then, the eGFRwas calculated based on serum
CysC. Finally, we evaluated the diagnostic efficacy of sNGAL and
uNGAL, CysC and its eGFR, and sCr and its c-aGFR in the
diagnosis of secondary AKI in liver cirrhosis patients.
2. Materials and methods

2.1. Ethics

Written informed consent was obtained from every patient and
the study was approved by the ethics review board of Mianyang
Central Hospital (Reference Number S2014048 and S2018085).
2.2. Subjects

A total of 540 hepatitis B virus patients receiving treatment in
Mianyang Central Hospital (Mianyang City, China) from
January 2015 to December 2018 were enrolled into this study.
All patients with liver fibrosis were diagnosed by percutaneous
liver biopsy or abdominal ultrasound, according to consensus
guidelines of the Asian-Pacific Association for the Study of the
Liver.[21] Ultrasound evaluation was based on liver size,
bluntness of liver edge, coarseness of liver parenchyma,
nodularity of liver surface, size of the lymph nodes around the
hepatic artery, irregularity and narrowness of inferior vena cava,
portal vein velocity, or spleen size. Finally, the fibrosis index>3.6
was used to differentiate cirrhosis from chronic hepatitis, which
was calculated as follows: hepatic artery resistive index/portal
vein peak velocity � 100. Among these patients, 210 were
diagnosed with AKI secondary to liver cirrhosis (AKI group) and
330 patients were with simple liver cirrhosis (LC group). In the
2

AKI group, 148 were male and 62 were female. Their age ranged
from 26 to 88years, and the average age was 55.3±13.5years.
The inclusion criteria for the AKI group were:
(1)
 Patients met the criteria in the 2016 Asian Pacific Association
for the Study of the Liver guideline.[21]
(2)
 Patients did not take medications that could cause an
impaired renal function or severe cardiopulmonary insuffi-
ciency, including immunomodulators, glucocorticoids, and
statins.
(3)
 Patients had no combined primary kidney disease, malignant
tumors, blood system disease, neurological disease, autoim-
mune disease, diabetes, coronary heart disease, hypertension,
severe infection or urinary tract infection, or complications.
(4)
 Patients met the criteria of the 2012 Kidney Disease:
Improving Global Outcome (KDIGO) guideline:[11]

a. the increase in the sCr level of patients within 48hour was
higher than 26.5mmol/L; or

b. the sCr level of patients within 7 days was higher than 1.5
times of the baseline value; or

c. the patients had urine output per hour lower than 0.5ml/kg
and such situation lasted formore than6h.According to the
above KDIGO guideline,[11] the AKI group was subdivided
into AKI-S1 group (112 patients), AKI-S2 group (54
patients) and AKI-S3 group (44 patients). The severity of
AKI followed the order: AKI-S1 < AKI-S2 < AKI-S3.
All the patients with liver cirrhosis did not receive surgical
(5)

treatment before sampling.

In the LC group, there were 229 male patients and 101 female
patients. Their age ranged from 21 to 89years, with an average
age of 54.3±12.2years. The inclusion criteria for the LC group
were the same as the inclusion criteria 1), 2) and 3) for the AKI
group.
A total of 285 healthy subjects with normal hepatorenal

functions and normal urinalysis results were also enrolled and
considered as the healthy control group (HC group). In this
group, 180 were male and 105 were female. Their age ranged
from 23 to 87years and the average age was 53.7±11.8years.
2.3. Sample collection

Venous blood (5mL) was collected from each subject and
centrifuged (3000rpm, 15min) to isolate the serum. The levels of
NGAL, Cr and CysC in the serum were detected within 2h.
Midstream urine (10mL) from each of the subjects was collected
and centrifuged (3000rpm, 10min). The supernatant was taken
for the detection of uNGAL and uCr within 2hour.
2.4. Laboratory detection

CysC, sNGAL/uNGAL and sCr were detected using correspond-
ing kits provided by Maccura Biotechnology Company
(Chengdu, China). The detections were performed on the
LST008 automatic biochemical analyzer (Hitachi, Japan). The
uCr was detected using kits provided by Biostec Company
(Chongqing, China) on the BioSystems A25 fully automatic
specific protein analyzer (BioSystems, Spain).

2.5. eGFR calculation

The eGFR equation was a CysC equation suitable for Chinese
developed by our team,[22] and the c-aGFR equation was an
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improved MDRD equation suitable for Chinese.[22] The 2
equations were as follows:

eGFR ¼ 78:64 � CysCðmg=LÞ�0:964

c� aGFR ¼ 186 � Crðmg=dlÞ�1:154 � AgeðyearsÞ�0:203

� 0:742ðif FemaleÞ � 1:233ðif ChineseÞ
Figure 1. Comparison of indicators among AKI, LC and HC groups.
Differences were tested by Kruskal-Wallis H nonparametric test and Post
Hoc Multiple Comparisons.

∗∗
P< .001,

∗
P< .05. uNGAL (mg/gCr), urine

neutrophil gelatinase-associated lipocalin; sNGAL (mg/L), serum neutrophil
gelatinase-associated lipocalin; sCr (mmol/L), serum creatinine; CysC (mg/L),
cystatin C; c-aGFR (ml/min/1.73m2), estimated glomerular filtration rate by
improved MDRD equation suitable for Chinese; eGFR (ml/min/1.73m2),
estimated glomerular filtration rate by CysC equation suitable for Chinese.
2.6. Statistical analysis

SPSS19.0 (SPSS Inc., Somers, NY) was used to process data.
Normality of data was analyzed with one-sample Kolmogorov-
Smirnov normality test. Normally distributed measurement data
were presented as average ± standard deviation and analyzed by
One-way ANOVA. Measurement data that were not normally
distributed were presented as median [M (min, max)] and
subjected to comparison with multiple independent samples
Kruskal-Wallis H test or ordered Jonckheere-Terpstra nonpara-
metric test and their Post Hoc Multiple Comparisons. For
correlation analysis, a nonparametric Spearman test was used.
ROC curve was used to analyze the diagnostic values of the
indicators in liver cirrhosis with AKI. The diagnostic value was
represented by area under the curve (AUC). The difference
between AUCs was analyzed by DeLong test. Risk analysis of the
above six indicators in predicting the occurrence of AKI was
performed by a stepwise binary logistic regression method. A P
value <.05 was considered statistically significant.
Figure 2. Comparison of indicators among different AKI subgroups (AKI-S1,
AKI-S3, and AKI-S3). Trend analysis was performed by Ordered Jonckheere-
Terpstra nonparametric test and Post Hoc Multiple Comparisons,

∗
P< .01.

uNGAL (mg/gCr), urine neutrophil gelatinase-associated lipocalin; sNGAL (mg/L),
serum neutrophil gelatinase-associated lipocalin; sCr (mmol/L), serumcreatinine;
CysC (mg/L), cystatinC; c-aGFR (ml/min/1.73m2), estimated glomerular filtration
rate by improved MDRD equation suitable for Chinese; eGFR (ml/min/1.73m2),
estimated glomerular filtration rate by CysC equation suitable for Chinese.
3. Results

3.1. Comparison of indicators among AKI, LC and HC
groups

There were no significant differences in age (F=1.014, P= .363) or
gender (x2=3.838, P= .147) among the AKI, LC and HC groups.
One-sample Kolmogorov-Smirnov normality test indicated that
sNGAL, uNGAL, sCr, CysC, c-aGFR and eGFR levels were of
non-normal distribution (z=1.383–6.926, P<.05). Therefore, multi-
ple independent samples Kruskal-Wallis H nonparametric test was
used to analyze multi-group differences. The results showed that the
differences in the indicators among the three groups were statistically
significant (x2=360.104–424.203, P< .001) (Fig. 1). Compared
withLCandHCgroups, the sNGAL,uNGAL, sCrandCysC levelsof
AKI groupwere significantly higher (z=13.407∼20.560, P<0.001),
whereas the c-aGFR and eGFR levels of AKI groupwere significantly
lower (z= -13.408–-20.558, P< .001). Compared with HC group,
LC group had significantly higher sNGAL, uNGAL and CysC levels
(z=1.986∼8.596, P< .05), whereas significantly lower eGFR levels
(z= -8.593,P< .001).However, therewereno statisticaldifferences in
the sCr and c-aGFR levels between the LC group and HC group

3.2. Comparison of indicators among different AKI
subgroups

Ordered Jonckheere-Terpstra nonparametric test results demon-
strated that the sNGAL, uNGAL, sCr and CysC levels of AKI
patients increased significantly with the progression of AKI (z=
4.718∼12.715, P< .001), whereas the c-aGFR and eGFR levels
decreased with the progression of AKI (z= -12.523 and -10.932,
P< .001) (Fig. 2). Compared with AKI-S2 group, the sNGAL,
3

uNGAL, sCr and CysC levels of AKI-S3 group were significantly
higher (z=3.089 – 7.475, P< .01), while the c-aGFR and eGFR
levels were significantly lower than (z= -7.496 and -6.197,
P< .01). The AKI-S2 group had significantly higher sCr and
CysC (z=8.637 and 6.799, P< .01) levels, while significantly
lower c-aGFR and eGFR (z= -8.329 and -6.799, P< .01) levels
than AKI-S1 group. However, there was no statistical difference
in uNGAL level (z=1.473, P= .211) and sNGAL (z=1.907,
P= .085) between AKI-S2 and AKI-S1 groups.

http://www.md-journal.com
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3.3. Correlation analysis of indicators
Spearman correlation results indicated that sNGAL, uNGAL and
CysC levels were positively correlated with sCr level (r=0.638,
0.635 and 0.650, P< .001), but negatively correlated with
Figure 3. Spearman correlation analysis between the two observed indicators. T
P< .001). A: Correlation of sNGAL and sCr; B: Correlation of uNGAL and sCr; C:
sNGAL and c-aGFR; F: Correlation of uNGAL and c-aGFR; G: Correlation of CysC a
H showed a positive correlation, and Fig. D, E, F, and G showed a negative cor

4

c-aGFR level (r= -0.617, -0.606 and -0.655, P< .001) (Fig. 3).
The eGFR level was negatively correlated with sCr level (r= -
0.650, P<0.001), but positively correlated with c-aGFR level
(r=0.655, P< .001).
he correlation between the observed indicators was similar (r: 0.606-0.655, all
Correlation of CysC and sCr; D: Correlation of eGFR and sCr; E: Correlation of
nd c-aGFR; H: Correlation of eGFR and c-aGFR. Among them, Fig. A, B, C, and
relation.



Table 1

Performances of indicators in terms of diagnosis of AKI in patients with liver cirrhosis.

Indicator AUC (95% CI) Cutoff value Se (%) Sp (%) YI

uNGAL 0.976 (0.957, 0.989) 41mg/gCr 97.5 (94.0, 99.4) 93.2 (90.1, 95.7) 0.907
sNGAL 0.967 (0.947, 0.982) 109mg/L 94.0 (89.5,97.0) 93.0 (89.8, 95.5) 0.870
sCr 0.945 (0.921, 0.964) 77.7mmol/L 91.5 (86.5, 95.1) 81.0 (76.3, 84.4) 0.725
CysC 0.940 (0.915, 0.961) 1.24 mg/L 92.0 (86.3, 96.3) 91.9 (88.7, 94.3) 0.839
c-aGFR 0.945 (0.921, 0.964) 96.1 ml/min/1.73m2 89.5 (84.1, 93.6) 83.9 (79.9, 87.5) 0.734
eGFR 0.940 (0.915, 0.961) 63.4 ml/min/1.73m2 92.0 (87.0, 95.6) 91.9 (88.8, 94.4) 0.839

AKI = acute kidney injury, AUC= area under curve of ROC analysis, c-aGFR= estimated glomerular filtration rate by improved MDRD equation suitable for Chinese, CysC= cystatin C, eGFR= estimated
glomerular filtration rate by CysC equation suitable for Chinese, sCr= serum creatinine, Se= sensitivity, sNGAL= serum neutrophil gelatinase-associated lipocalin, Sp= specificity, uNGAL=urine neutrophil
gelatinase-associated lipocalin, YI=Youden index. Because eGFR was calculated by CysC and c-aGFR is calculated by sCr, their AUCs were equal.
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3.4. ROC curve analysis of the diagnostic values of
indicators in AKI secondary to liver cirrhosis

ROC curves for the six indicators are shown in Figure 2. The
AUCs for uNGAL, sNGAL, sCr, CysC, c-aGFR and eGFR levels
were 0.976, 0.967, 0.945, 0.940, 0.945, and 0.940, respectively
(Table 1 and Fig. 4). The differences in AUC between uNGAL
and sNGAL were not statistically significant (z=1.538, P=
0.124). The AUC for uNGAL and sNGAL were significantly
higher than those for sCr, CysC, c-aGFR and eGFR (z=
1.992∼3.957, P< .05). The differences in AUC among sCr,
CysC, c-aGFR and eGFR were not statistically significant (z=
0.000∼0.371, P> .05).
The optimal cutoff value, whichwas the detection value of each

indicator corresponding to the maximum Youden index (YI=Se
+Sp-1), of sNGAL, uNGAL, sCr, CysC, c-aGFR and eGFR was
109mg/L, 41mg/gCr, 77.7mmol/L, 1.24mg/L, 96.1ml/min/
1.73m2 and 63.4ml/min/1.73m2, respectively. The uNGAL
had the best diagnostic performance (YI 0.907), followed by
sNGAL (YI 0.870) (Table 1).
Figure 4. Receiver operating characteristic (ROC) curve analysis of the
observed indicators. The diagnostic performance of each observed indicator,
in terms of sensitivity and specificity, are presented after ROC curve analysis.
The area under the ROC curve (AUC) of sNGAL and uNGAL were larger than
those of CysC/eGFR and sCr/c-aGFR.

5

3.5. Risk degree analysis of the indicators in predicting
the occurrence of AKI secondary to liver cirrhosis

Taking the above optimal threshold as abnormal, the stepwise
binary logistic regression method was used to analyze the risk
degree of serum levels and abnormal rate of the above 6
indicators in predicting the occurrence of AKI in patients with
liver cirrhosis (Table 2). The results showed that only uNGAL,
sNGAL, sCr and eGFR were risk factors (OR=0.960–1.021,
P< .05), but the correlations with AKI were all weak when using
serum levels for analysis. However, only uNGAL, sNGAL and
eGFR were the risk factors (OR=3.047–54.524, P< .05), and
the correlations with AKI were all strong when using abnormal
rates for analysis.

4. Discussion

Renal dysfunction severely affects the natural development of
liver cirrhosis.[23] If renal dysfunction can be diagnosed at an
early stage and positive interventions are administrated, the
treatment and prognosis of patients with cirrhosis may be
improved.[5] Four standards have been subsequently proposed
for the diagnosis of AKI, including RIFLE, AKIN, KDIGO,[11]

and ICA.[12] These standards have been applied to kidney disease
diagnosis in clinical practice. However, it remains unclear
whether these standards can help improve the diagnosis of AKI
secondary to liver cirrhosis. Additionally, acute dialysis quality
initiative[15,24] and KIDGO[11] point out that there is no clinical
evidence to support the use of certain biomarkers as indicators of
AKI. Therefore, further research is needed.
In the past decade, NGAL has become the most promising and

widely studied biomarker for kidney injury.[25] It is highly
expressed in damaged renal tubules. A possible mechanism for
early diagnosis of AKI secondary to cirrhosis using NGAL is that
damaged renal tubular epithelial cells may lead to the up-
regulation of NGAL expression. Up-regulated expression of
NGAL can be taken up by early primitive renal epithelial cells,
which then mediate iron transport and promote maturation of
primitive renal epithelial cells.[26] The results of this study
indicate that in the early stage of AKI (S1 phase), the level of
NGAL increased significantly, but not sCr. As the kidney has a
strong compensatory ability, when the damage is light, the
patient may have no obvious discomfort. However, when the
clinical symptoms are obvious, the kidney damage has become
more severe, and at this time, the sCr is obviously increased.[27] In
this study, we found that both the LC and AKI groups
experienced an increase in sNGAL and uNGAL levels compared
to the HC group. AKI group experienced a significant increase in

http://www.md-journal.com


Table 3

Performances of indicators in terms of diagnosis of AKI in patients with liver cirrhosis.

Indicator AUC (95% CI) Cutoff value Se (%) Sp (%) YI

uNGAL 0.976 (0.957, 0.989) 41mg/gCr 97.5 (94.0, 99.4) 93.2 (90.1, 95.7) 0.907
sNGAL 0.967 (0.947, 0.982) 109mg/L 94.0 (89.5,97.0) 93.0 (89.8, 95.5) 0.870
sCr 0.945 (0.921, 0.964) 77.7mmol/L 91.5 (86.5, 95.1) 81.0 (76.3, 84.4) 0.725
CysC 0.940 (0.915, 0.961) 1.24 mg/L 92.0 (86.3, 96.3) 91.9 (88.7, 94.3) 0.839
c-aGFR 0.945 (0.921, 0.964) 96.1 ml/min/1.73m2 89.5 (84.1, 93.6) 83.9 (79.9, 87.5) 0.734
eGFR 0.940 (0.915, 0.961) 63.4 ml/min/1.73m2 92.0 (87.0, 95.6) 91.9 (88.8, 94.4) 0.839

AKI = acute kidney injury, AUC= area under curve of ROC analysis, c-aGFR= estimating glomerular filtration rate by improved MDRD equation suitable for Chinese, CysC= cystatin C, eGFR= estimating
glomerular filtration rate by CysC equation suitable for Chinese., sCr= serum creatinine, Se= sensitivity, sNGAL= serum neutrophil gelatinase-associated lipocalin, Sp= specificity, uNGAL=urine neutrophil
gelatinase-associated lipocalin, YI=Youden index. Because eGFR was calculated by CysC and c-aGFR is calculated by sCr, their AUCs were equal.

Table 2

Risk degree of the indicators in predicting the occurrence of AKI in patients with liver cirrhosis.

Serum levels Abnormal rate

Indicators OR 95%CI P OR 95%CI P

uNGAL 1.021 1.010, 1.031 <.001 54.524 9.644, 308.247 <.001
sNGAL 1.007 1.004, 1.011 <.001 5.115 1.408, 18.587 .013
sCr 1.020 1.004, 1.036 .013 - - -
eGFR 0.960 0.940, 0.980 <.001 3.047 1.116, 8.317 .030

AKI = acute kidney injury, CI= confidence interval, eGFR= estimated glomerular filtration rate by CysC equation suitable for Chinese, OR= odds ratio, sCr= serum creatinine, sNGAL= serum neutrophil
gelatinase-associated lipocalin, uNGAL=urine neutrophil gelatinase-associated lipocalin.
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sNGAL and uNGAL levels compared to LC and HC groups.
With the development of AKI and when the renal damage
becomes more severe, sNGAL and uNGAL levels are further
increased. In addition, in patients with liver cirrhosis, sNGAL
and uNGAL levels were positively correlated with sCr levels, but
negatively correlated with c-aGFR levels. These results indicate
that sNGAL and uNGAL could reflect the severity of renal
dysfunction and might be used as diagnostic indicators of AKI in
patients with liver cirrhosis. The sensitivity and specificity of
uNGAL for AKI diagnosis were greater or higher than the other
five indicators including sNGAL. Additionally, its abnormal rate
had the highest risk of AKI (OR=54.524). These findings suggest
that the diagnostic performance of uNGAL is not only better than
those of sCr, CysC and eGFR, but also slightly better than that of
sNGAL (OR=5.115). Therefore, uNGAL is considered an
independent, early diagnostic indicator of AKI in patients with
liver cirrhosis. It not only can be used to identify and diagnose the
type of AKI in patients, but it is also conducive to the risk-
stratification management of patients with liver cirrhosis during
hospitalization.[20,28,29]

KDIGO guideline states that markers used for the estimation
of GFR should be reported as eGFR and not merely as a
concentration of the analyte, and clinical laboratories also report
Table 4

Risk degree of the indicators in predicting occurrence of AKI in pati

Serum levels

Indicators OR 95%CI P

uNGAL 1.021 1.010, 1.031 <.00
sNGAL 1.007 1.004, 1.011 <.00
sCr 1.020 1.004, 1.036 .013
eGFR 0.960 0.940, 0.980 <.00

AKI = acute kidney injury, CI= confidence interval, eGFR= estimating glomerular filtration rate by CysC
gelatinase-associated lipocalin, uNGAL=urine neutrophil gelatinase-associated lipocalin.
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eGFR and that clinicians also use eGFR to evaluate kidney
function for all patients.[11] A large number of studies have shown
that CysC is a good indicator of glomerular filtration,[30,31] but
these previous studies only considered CysC detection as a means
to overcome the shortcomings of Cr detection.[32,33] Several
studies have shown that smoking, thyroid dysfunction and high
C-reactive protein levels can promote the production and/or
metabolism of CysC.[34] Therefore, CysC tends to be amarker for
glomerular filtration function[35] rather than a biomarker for
AKI.[34] Although the sensitivity and specificity of CysC detection
in AKI diagnosis is lower than that of NGAL, it can provide some
useful information for early diagnosis of AKI in patients with
liver cirrhosis. Here, we showed that the specificity and sensitivity
of AKI diagnosis through CysC detection were both higher than
90% when the cutoff value was determined at 1.24mg/L, and YI
reached 0.839. Thus, the diagnostic performance of CysC is
better than those of conventional indicators such as sCr and c-
aGFR. Serum CysC detection is necessary when testing renal
damage in the laboratory.
Theoretically, the diagnostic performances of CysC and eGFR,

as well as the diagnostic performances of sCr and c-aGFR should
be the same. However, we observed differences in diagnostic
performance between CysC and eGFR as well as between sCr and
ents with liver cirrhosis.

Abnormal rate

OR 95%CI P

1 54.524 9.644, 308.247 <.001
1 5.115 1.408, 18.587 .013

– – –

1 3.047 1.116, 8.317 .030

equation suitable for Chinese, OR= odds ratio, sCr= serum creatinine, sNGAL= serum neutrophil
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c-aGFR. The possible reason may be that the methods used for
detecting CysC and sCr in this studymight be different from those
required by eGFR and c-aGFR equations. Sampling error (i.e.
individual differences) is also a possible explanation.
5. Conclusions

In conclusion, NGAL is highly sensitive and highly specific for the
diagnosis of AKI in patients with liver cirrhosis. It is a better
biomarker for AKI than sCr andCysC. In addition, the diagnostic
performance of uNGAL is better than that of sNGAL.
Consequently, uNGAL detection might be applied to the early
diagnosis of AKI in patients with liver cirrhosis. However, further
studies in multiple centers and with larger sample sizes are needed
for further validation.
Author contributions

Yuwei Yang, Bin Ge and Jiafu Feng performed the experiments.
Yuwei Yang, Bin Ge and Yan Liu participated in experiment
preparation. Yuwei Yang, Jiafu Feng and Bin Ge performed the
data analyses. Jiafu Feng participated in the study design and final
review of the manuscript. Yuwei Yang, Bin Ge and Jiafu Feng
wrote and edited the manuscript. All authors read and approved
the manuscript.
Conceptualization: Jiafu Feng.
Data curation: Yuwei Yang, Bin Ge, Yan Liu.
Formal analysis: Yuwei Yang, Bin Ge, Yan Liu.
Methodology: Yuwei Yang, Bin Ge, Yan Liu, Jiafu Feng.
Resources: Yuwei Yang.
Software: Yuwei Yang.
Supervision: Jiafu Feng.
Validation: Jiafu Feng.
Writing – original draft: Yuwei Yang, Bin Ge.
Writing – review & editing: Jiafu Feng.
References

[1] Wei W, Pu YS, Wang XK, et al. Wall shear stress in portal vein of
cirrhotic patients with portal hypertension. World J Gastroenterol
2017;23:3279–86.

[2] Risor LM, Bendtsen F, Moller S. Immunologic, hemodynamic, and
adrenal incompetence in cirrhosis: impact on renal dysfunction. Hepatol
Int 2015;9:17–27.

[3] Mattos AZ, Schacher FC, Mattos AA. Vasoconstrictors in hepatorenal
syndrome - A critical review. Ann Hepatol 2019;18:287–90.

[4] Moller S, Krag A, Bendtsen F. Kidney injury in cirrhosis: pathophysio-
logical and therapeutic aspects of hepatorenal syndromes. Liver Int
2014;34:1153–63.

[5] Kim TH, Lee HA, Seo YS, et al. Assessment and prediction of acute
kidney injury in patients with decompensated cirrhosis with serum
cystatin C and urine N-acetyl-beta-D-glucosaminidase. J Gastroenterol
Hepatol 2019;34:234–40.

[6] Acevedo JG, Cramp ME. Hepatorenal syndrome: update on diagnosis
and therapy. World J Hepatol 2017;9:293–9.

[7] Umemura T, Joshita S, Shibata S, et al. Renal impairment is associated
with increased risk of mortality in patients with cirrhosis: a retrospective
cohort study. Medicine (Baltimore) 2019;98:e14475.

[8] Gameiro J, Agapito Fonseca J, Monteiro Dias J, et al. Prediction of acute
kidney injury in cirrhotic patients: a new score combining renal, liver and
inflammatory markers. Int J Nephrol Renovasc Dis 2018;11:149–54.

[9] Nadkarni GN, Simoes PK, Patel A, et al. National trends of acute kidney
injury requiring dialysis in decompensated cirrhosis hospitalizations in
the United States. Hepatol Int 2016;10:525–31.

[10] Wang D, Feng JF, Wang AQ, et al. Role of Cystatin C and glomerular
filtration rate in diagnosis of kidney impairment in hepatic cirrhosis
patients. Medicine (Baltimore) 2017;96:e6949.
7

[11] Levin A, Stevens PE, Bilous RW, et al. Kidney disease: improving global
outcomes (KDIGO) CKD work group. KDIGO 2012 clinical practice
guideline for the evaluation and management of chronic kidney disease.
Kidney Int 2013;3:1–50.

[12] Angeli P, Gines P, Wong F, et al. Diagnosis and management of acute
kidney injury in patients with cirrhosis: revised consensus recommen-
dations of the International Club of Ascites. Gut 2015;64:531–7.

[13] Cappuccilli M, Capelli I, Comai G, et al. Neutrophil gelatinase-
associated lipocalin as a biomarker of allograft function after renal
transplantation: evaluation of the current status and future insights. Artif
Organs 2018;42:8–14.

[14] Wu B, Chen J, Yang Y. Biomarkers of acute kidney injury after cardiac
surgery: a narrative review. Biomed Res Int 2019;2019:7298635.

[15] Endre ZH, Kellum JA, Di Somma S, et al. Differential diagnosis of AKI in
clinical practice by functional and damage biomarkers: workgroup
statements from the tenth Acute Dialysis Quality Initiative Consensus
Conference. Contrib Nephrol 2013;182:30–44.

[16] Barreto EF, Rule AD, Murad MH, et al. Prediction of the renal
elimination of drugs with cystatin C vs creatinine: a systematic review.
Mayo Clin Proc 2019;94:500–14.

[17] Li DY, Yin WJ, Zhou LY, et al. Utility of cystatin C-based equations in
patients undergoing dialysis. Clin Chim Acta 2018;485:282–7.

[18] Seo YS, Park SY, Kim MY, et al. Serum cystatin C level: an excellent
predictor of mortality in patients with cirrhotic ascites. J Gastroenterol
Hepatol 2018;33:910–7.

[19] Gomaa SH, Shamseya MM, Madkour MA. Clinical utility of urinary
neutrophil gelatinase-associated lipocalin and serumcystatinC in a cohort of
liver cirrhosis patients with renal dysfunction: a challenge in the diagnosis of
hepatorenal syndrome. Eur J Gastroenterol Hepatol 2019;31:692–702.

[20] Jaques DA, Spahr L, Berra G, et al. Biomarkers for acute kidney injury in
decompensated cirrhosis: a prospective study. Nephrology (Carlton)
2019;24:170–80.

[21] ShihaG, IbrahimA,HelmyA, et al. Asian-PacificAssociation for the Study
of the Liver (APASL) consensus guidelines on invasive and non-invasive
assessment of hepatic fibrosis: a 2016 update. Hepatol Int 2017;11:1–30.

[22] Feng JF, Qiu L, Zhang L, et al. Multicenter study of creatinine- and/or
cystatin C-based equations for estimation of glomerular filtration rates in
Chinese patients with chronic kidney disease. PLoS One 2013;8:e57240.

[23] Afinogenova Y, Tapper EB. The efficacy and safety profile of albumin
administration for patients with cirrhosis at high risk of hepatorenal
syndrome is dose dependent. Gastroenterol Rep (Oxf) 2015;3:216–21.

[24] Peng Z, Yu K, Ostermann M, et al. Pragmatic studies for acute kidney
injury: consensus report of the acute disease quality initiative (ADQI) 19
workgroup. J Crit Care 2018;44:337–44.

[25] Pozzoli S, Simonini M, Manunta P. Predicting acute kidney injury:
current status and future challenges. J Nephrol 2018;31:209–23.

[26] Sharifian R, Okamura DM, Denisenko O, et al. Distinct patterns of
transcriptional and epigenetic alterations characterize acute and chronic
kidney injury. Sci Rep 2018;8:17870.

[27] Konno T, Nakano R, Mamiya R, et al. Expression and function of
interleukin-1beta-induced neutrophil gelatinase-associated lipocalin in
renal tubular cells. PLoS One 2016;11:e0166707.

[28] Aljumah AA, Tamim H, Saeed M, et al. The role of urinary neutrophil
gelatinase-associated lipocalin in predicting acute kidney dysfunction in
patients with liver cirrhosis. J Clin Med Res 2018;10:419–28.

[29] HamdyHS, El-Ray A, SalaheldinM, et al. Urinary neutrophil gelatinase-
associated lipocalin in cirrhotic patients with acute kidney injury. Ann
Hepatol 2018;17:624–30.

[30] Scarr D, Bjornstad P, Lovblom LE, et al. Estimating GFR by serum
creatinine, cystatin C, and beta2-Microglobulin in older adults: results
from the canadian study of longevity in type 1 diabetes. Kidney Int Rep
2019;4:786–96.

[31] Yan C, Wu B, Zeng M, et al. Comparison of different equations for
estimated glomerular filtration rate in Han Chinese patients with chronic
kidney disease. Clin Nephrol 2019;91:301–10.

[32] Schmid M, Dalela D, Tahbaz R, et al. Novel biomarkers of acute kidney
injury: evaluation and evidence in urologic surgery. World J Nephrol
2015;4:160–8.

[33] Yang YW. Establishment and evaluation of estimated glomerular
filtration rate by serum cystatin C alone and in combination with serum
creatinine in patients with chronic kidney disease. China Medical
Abstracts (Internal Medicine) 2013;36:352–9.

[34] Peres LA, Cunha Junior AD, Schafer AJ, et al. Biomarkers of acute kidney
injury. J Bras Nefrol 2013;35:229–36.

[35] Feng JF. Biomarker of acute kidney injury in laboratory test. Chin J Lab
Med 2014;37:410–4.

http://www.md-journal.com

	The efficacy of biomarkers in the diagnosis of acute kidney injury secondary to liver cirrhosis
	1 Introduction
	2 Materials and methods
	2.1 Ethics
	2.2 Subjects
	2.3 Sample collection
	2.4 Laboratory detection
	2.5 eGFR calculation
	2.6 Statistical analysis

	3 Results
	3.1 Comparison of indicators among AKI, LC and HC groups
	3.2 Comparison of indicators among different AKI subgroups
	3.3 Correlation analysis of indicators
	3.4 ROC curve analysis of the diagnostic values of indicators in AKI secondary to liver cirrhosis
	3.5 Risk degree analysis of the indicators in predicting the occurrence of AKI secondary to liver cirrhosis

	4 Discussion
	5 Conclusions
	Author contributions
	References


