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ABSTRACT
Aims: The aim of this study was to systematically review relevant studies to evaluate the value
of urinary interleukin-18 (uIL-18) in predicting acute kidney injury (AKI).
Methods: A comprehensive search of PubMed, Medline, Embase, and Cochrane Library was con-
ducted for literature published up to 1 August 2022. Quality Assessment Tool for Diagnostic
Accuracy Studies-2 (QUADAS-2) was applied to assess the literature quality. Then, relevant data
were extracted from each eligible study and a random-effects regression model was utilized to
pool sensitivity, specificity, and construct summary receiver operating characteristic (SROC) and
area under curve (AUC).
Results: Twenty-six studies with 7183 patients were enrolled and relevant information was
extracted. The estimated sensitivity and specificity of uIL-18 in the diagnosis of AKI were 0.64
(95% confidence interval (CI): 0.54–0.73) and 0.77 (95%CI: 0.71–0.83), respectively. The pooled
diagnostic odds ratio (DOR) was 6.08 (95%CI: 3.63–10.18), and the AUC of uIL-18 in predicting
AKI was 0.78 (95%CI: 0.74–0.81). Subgroup analysis showed that uIL-18 in pediatric patients was
more effective in predicting AKI than in adults (DOR: 7.33 versus 5.75; AUC: 0.81 versus 0.77).
Conclusions: Urinary IL-18 could be a relatively good biomarker with moderate predictive value
for AKI, especially in pediatric patients. However, further research and clinical settings are still
needed to validate our findings.
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1. Introduction

Acute kidney injury (AKI) is mainly manifested by the
rapid decline of renal function in a short period of time
and the accumulation of metabolic waste with a high
morbidity and mortality [1,2]. It is reported that the inci-
dence of AKI was 21.6% and the mortality rate related
to AKI was 23.9% in adults [3]. A multicenter epidemio-
logical study showed that the prevalence of AKI was
26.9% in critically ill children [4]. The early diagnosis
and intervention for AKI not only provides better treat-
ment options, but also improves patient prognosis [5].

At present, increased serum creatinine (SCr) and
decreased urine volume are the main clinical indicators
of AKI. However, due to the influence of muscle mass,
diuretics and other factors, the changes of SCr and
urine volume were unstable and lagged [6,7]. Both SCr

and urine volume have limitations in the timely and
accurate identification of decreased renal function,
which may delay the diagnosis of AKI thus leading to
the poor prognosis. The increase of SCr is mainly
caused by the decrease of glomerular filtration rate
(GFR) and usually could be observed until 2–3 days
after the AKI occurrence [8]. All these facts demon-
strated the urgent need for more effective predicting of
AKI, and an increasing number of studies have been
conducted in order to provide more information about
this topic [9]. Several new biomarkers in serum and
urine have been reported to show the potential for pre-
dicting AKI, including cystatin C (Cys C), neutrophil
gelatinase-associated lipocalin (NGAL), interleukin-18
(IL-18), kidney injury molecular-1 (KIM-1), and so on
[10,11]. Among them, IL-18 has aroused widespread
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attention. IL-18 is a member of the IL-1 family of cyto-
kines, which is synthesized as an inactive 23 kDa precur-
sor by monocytes, macrophages, and proximal renal
tubular epithelial cells. In animal models, IL-18 could be
activated by caspase-1, thus inducing ischemic injury
and inflammation in the proximal renal tubule, then
excreted into urine [12,13]. Previous studies about urin-
ary IL-18 (uIL-18) in predicting AKI suggested that uIL-
18 may act as a better indicator of decreased renal
function compared with SCr [14–17]. Its expression was
upregulated in the early stage of AKI and could be
detected well earlier than SCr, thus showing its poten-
tial in predicting AKI [18,19]. Although an increasing
number of related studies have been conducted
recently, additional clinical research and trials are still
needed to validate the application of uIL-18 in different
clinical settings [20].

With the accumulation of evidence, conflicting
results have raised concerns about the predictive value
of uIL-18 for AKI. To further clarify the performance and
clinical detection value of uIL-18, we conducted a sys-
tematic review and meta-analysis based on 24 original
articles, which help to evaluate its role in the early
detection of AKI.

2. Methods

2.1. Data Source and search strategy

This meta-analysis was performed according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement [21]. A comprehen-
sive search of PubMed, Medline, Embase, and Cochrane
Library was conducted to identify relevant articles pub-
lished up to 1 August 2022. The search strategy was
applied to identify all literatures with following key-
words: ‘IL-18’ or ‘interleukin 18’ plus ‘acute kidney
injury’ or ‘acute renal failure’ or ‘AKI’ or ‘ARF’. The
details of search methods have been provided in
Supplemental Item 1. In addition, we also checked the
references of relevant studies and reviews manually to
identify other potentially eligible studies. The search
was preformed independently by two investigators (ZQ
and HL).

2.2. Study selection

We encompassed all articles and conference papers
retrieved without language or sample size restrictions.
Studies were assessed and selected based on titles and
abstracts by two independent reviewers (ZQ and HL)
using the Endnote bibliography manager blinded to
the authors and institute of studies and then retrieved

and rescreened full-text articles. Further, the citations of
reviewed full-text articles were also checked to avoid
missing additional relevant studies. Any conflicts were
resolved by a third reviewer (JG, blinded to the authors
and institute of studies). The exclusion criteria were as
follows: (1) review articles or duplicate papers. (2)
Animal or in vitro based studies. (3) Studies could not
provide the diagnosis value of uIL-18. Although there
were no language restrictions initially, for the full-text
review and data extraction, only articles in English lan-
guage were included for the further analysis.

2.3. Data extraction and quality assessment

After a detailed full-text review of each study, two inde-
pendent reviewers (ZQ and JP) utilized a standardized
form to extract data from the retained studies.
Disagreements were resolved by discussion and
assessed by a third reviewer (PJ) until a consensus was
reached. Extracted data were as follows: (1) research
information: first author, year of publication, original
country, sample size, study design, and population set-
ting; (2) patient characteristics: age, sex, and baseline
IL-18; (3) information of AKI: definition of AKI and num-
ber of patients who developed AKI; (4) information of
IL-18: the time of obtaining specimen, assay method,
and sample storage; (5) cutoff value for urinary IL-18,
specificity, sensitivity, and area under the ROC curve
(AUC) with 95% confidence interval (CI). The true posi-
tive (TP), true negative (TN), false positive (FP), and false
negative (FN) results were calculated. If there is more
than one cutoff value in a study, the cutoff value with
the highest product of specificity and sensitivity
was used.

Quality assessment was performed by two independ-
ent reviews (ZQ and HL) using the Quality Assessment
Tool for Diagnostic Accuracy Studies-2 (QUADAS-2) [22].
Any discrepancies were resolved by a third
reviewer (PJ).

2.4. Statistical analysis

All statistical analysis was performed by STATA version
14.0 (Stata Corp., College Station, TX) using the MIDAS
module [23]. The kappa statistic was utilized to evaluate
the agreement between two investigators in study
selection. A bivariate random-effects regression model
was used to calculate the pooled sensitivity (SEN),
pooled specificity (SPE), the positive likelihood ratio
(PLR), the negative likelihood ratio (NLR), and the diag-
nostic odds ratio (DOR) with their 95% CIs based on
DerSimonian–Laird method [24]. A hierarchical
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summary ROC curve was constructed and the area
under the curve was calculated to assess the overall
diagnostic accuracy [25]. Deek’s funnel plots were con-
structed to evaluate the publication bias and p< 0.1
was believed representative of statistically significant
publication bias. The I2 index was calculated to detect
the heterogeneity between studies. The value of I2 lied
between 0% and 100%, a value of 0% suggested no
observed heterogeneity, and I2 values above 50% were
regarded as indicative of substantial heterogeneity.
Meta-regression was used to explore the source of het-
erogeneity. In addition, we conducted a subgroup ana-
lysis according to patients age (adults or pediatrics),
predictive time (�12h or >12h), the time of obtaining
specimen (admission or other times) and the population
setting (cardiac surgery patients or others), publication
date (before or after 2009), AKI definition (using standar-
dized definition or not) and population continents (Asia,
North America, and others) to explore the potential
sources of heterogeneity between included studies.

3. Results

3.1. Search results and study characteristics

A total of 759 publications from different databases
were retrieved upon the initial search. First, 176 studies
were excluded after duplicates were identified. Then,
we screened the titles and abstracts of the remaining
583 articles. Five hundred and twenty-seven of them
were excluded because they are conference abstract,

animal research, review, or non-English article. There
were 56 studies selected for full-text review, and 30
studies were removed due to the incomplete data
extraction. The kappa statistic following abstract review
was 0.82 (p< 0.05), indicating substantial agreement
between reviewers. The details of data for kappa statis-
tic are shown in Supplemental Table 1. Finally, 26 stud-
ies with 7183 patients were included in this meta-
analysis [20,26–50] (Figure 1).

The characteristics of included studies are shown in
Table 1. All these studies were published from 2005 to
2021, varied in country, study design, sample size (from
40 to 1493), and population settings. It is worth noting
that these studies defined AKI differently. In these 26
studies, 21 studies focused on adults, and the left five
studies focused on the pediatric patients (age
<18 years old). Twelve studies were conducted on
patients who underwent cardiac surgery, other popula-
tion settings included intense care unit patients, burn
patients, non-septic critically ill neonates, and so on. All
of studies determined IL-18 concentration by enzyme-
linked immunosorbent assay (ELISA) and the samples
were stored at �80 �C.

3.2. Quality assessment and publication bias

The methodological quality of the studies according to
the QUADAS-2 is shown in Table 2. All of the domains
were considered to be at low or unclear risk. Deek’s
funnel plots are shown in Figure 2 with a p value of

Figure 1. Flowchart for the review process and outcomes of inclusion and exclusion.
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0.01, indicating a statistically significant publica-
tion bias.

3.3. Data synthesis

Data in the 26 eligible studies were extracted and
shown in Table 3, including TP, FN, FP, TN, the time of
obtaining specimen, the assess time, the optimal cutoff

value for urinary IL-18 with their sensitivity, specificity,
and AUROC (95%CI). The estimated sensitivity and spe-
cificity values of uIL-18 in the diagnosis of AKI were
0.64 (95%CI: 0.54–0.73) and 0.77 (95%CI: 0.71–0.83),
respectively (Figure 3). There was a substantial hetero-
geneity both in sensitivity and specificity, according to
the I2 value of 86.47% and 93.64%, respectively. DOR
was 6.08 (95%CI: 3.63–10.18) and shown in Figure 4; PLR

Table 2. Quality assessment of individual studies.

Study

Risk of bias Applicability concerns

Patient selection Index test Reference standard Flow and timing Patient selection Index test Reference standard

Parikh et al. [26] Low Low Low Low Low Low Low
Parikh et al. [20] Low Low Low Low Low Low Low
Washburn et al. [27] Low Low Low Low Low Low Low
Ling et al. [48] Low Low Low Low Low Low Low
Haase et al. [44] Low Low Low Low Low Low Low
Gul et al. [43] Low Low Low Low Low Low Low
Xin et al. [41] Low Low Low Low Low Low Low
Liangos et al. [28] Low Low Unclear Low Low Low Unclear
Liang et al. [45] Low Low Low Low Low Low Low
Endre et al. [29] Low Low Low Unclear Low Low Low
Parikh et al. [30,31] Low Low Low Low Low Low Low
Parikh et al. [30,31] Low Low Low Low Low Low Low
Doi et al. [42] Low Low Low Low Low Low Low
Chen et al. [32] Low Low Unclear Low Low Low Unclear
Nickolas et al. [46] Low Low Low Low Low Low Low
Torregrosa et al. [47] Low Low Low Low Low Low Low
Li et al. [33] Low Low Low Low Low Low Low
Sirota et al. [34] Low Unclear Low Low Low Low Low
Zheng et al. [35] Low Low Unclear Low Low Low Unclear
Morales (2014) Low Low Low Low Low Low Low
Nisula et al. [37] Low Unclear Low Low Low Low Low
Ren et al. [38] Low Low Low Low Low Low Low
Wybraniec et al. [39] Low Unclear Unclear Low Low Unclear Unclear
Hayashi et al. [40] Low Low Low Low Low Low Low
Al-Saegh et al. [50] Low Low Unclear Low Low Low Low
Tan et al. [49] Low Low Low Low Low Low Low

The table summarizes the risk of bias and applicability concerns.

Figure 2. Deek’s funnel plot asymmetry test.
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and NLR were 2.82 (95%CI: 2.10–3.78) and 0.46 (95%CI:
0.36–0.61), respectively. The summary receiver operating
characteristic (SROC) plot suggested that the efficiency of
urinary IL-18 in diagnosing AKI was considerable, with the
AUC of 0.78 (95%CI: 0.74–0.81) (Figure 5).

3.4. Subgroup analysis

We used meta-regression to explore the source of het-
erogeneity (Supplemental Table 2). Age, predictive
time, obtaining specimen, population settings, and AKI
definition contributed to the heterogeneity of specifi-
city while we failed exploring the source of heterogen-
eity of sensitivity.

Subgroup analysis based on the patients age, pre-
dictive time, the time of obtaining specimen, popula-
tion setting, publication date, AKI definition and
population continents was conducted. As shown in
Table 4, the diagnostic value of urinary IL-18 was higher
in pediatrics group than in adult group, with a DOR of
7.33 (95%CI: 2.86–18.78) compared to 5.75 (95%CI:
3.17–10.42). The early AKI predictive time (�12 h) was
much more sensitive but less specific than predictive
time >12 h. As for the time of specimen obtaining,
obtaining specimen at admission time showed lower

diagnostic value than obtaining specimen at other
times, with a DOR of 4.12 (95%CI: 2.17–7.81) versus 7.20
(95%CI: 3.69–14.04). With regard to the population set-
ting, patients underwent cardiac surgery showed
increased sensitivity compared with other kinds of
patients, while the DORs were 4.42 (95%CI: 2.39–8.16)
and 8.11 (95%CI: 3.64–10.48). As for subgroup analysis
stratified by the publication year before and after 2009
(halfway point), the pooled DOR of studies after 2009
(7.39, 95%CI: 4.01–13.63) was greater than those before
2009 (3.65, 95%CI: 1.48–9.00), with a higher AUC as
well. Urinary IL-18 level had better diagnostic accuracy
in studies using standardized AKI definition (DOR ¼
7.81, 95%CI: 7.81–7.81) than in those did not (DOR ¼
3.76, 95%CI: 1.82–7.77). The diagnostic value in popula-
tion from Asia (DOR ¼ 10.81, 95%CI: 4.92–23.73) was
greater than those from North America (DOR ¼ 4.59,
95%CI: 2.73–7.72) and other continents (DOR ¼ 1.51,
95%CI: 0.51–4.59) and showed the highest AUC of 0.83.

4. Discussion

Early prediction and diagnosis of AKI is of great import-
ance to improve prognosis of patients. The existing
diagnostic indicators including decreased urine volume

Figure 3. Forest plots of the pooled sensitivity and specificity of urinary IL-18 in predicting acute kidney injury across all settings.
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and increased SCr had the shortcoming of time limitation
and could not fully meet the clinical needs, leading to the
delay of AKI diagnosis, thus showing a negative effect on

the prognosis. Finding a more diagnosis measurement for
AKI is urgent in clinical practice.

In this diagnosis meta-analysis, we conducted a
comprehensive search to identify articles that eval-
uated the diagnostic performance of uIL-18 in predict-
ing AKI. After screen and full-text review, a total of 26
studies with 7183 patients were included and relevant
information was extracted. We found using uIL-18 in
diagnosis AKI was considerable, with the estimated
sensitivity, specificity, DOR, and AUC of 0.64 (95%CI:
0.59–0.73), 0.77 (95%CI: 0.71–0.83), 6.08 (95%CI:
3.63–10.18), and 0.78 (95%CI: 0.74–0.81), respectively.
When DOR is greater than 1, a higher DOR indicates a
better test performance [51]. Although this topic has
been studied before by Lin et al. [52], it has been
almost 10 years since the last publication, and they
only enrolled 11 studies. Our study updated the
included studies and demonstrated that uIL-18
showed a moderate diagnostic accuracy for AKI, while
its sensitivity and specificity were poor, which is similar
with previous results. In addition, we found that uIL-18
in pediatric patients was more effective in predicting
AKI than in adults, reminding us the clinical potential
in different population settings.

Figure 4. Forest plot of the pooled diagnostic odds ratio of urinary IL-18 in predicting acute kidney injury across all settings.

Figure 5. Hierarchical summary receiver operating characteristic
(SROC) plots of urinary IL-18 to predict acute kidney injury across
all settings.
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A potential explanation of this predictive value of
uIL-18 for AKI maybe the relationship between IL-18
and inflammation. The expression of IL-18 could be
upregulated as a part of cell inflammation damage by
activating macrophages, promoting T cell differenti-
ation and stimulating NK/T cell in releasing c-interferon.
The expression of IL-18 also could be observed in other
cell lineages besides the renal tubule cells, including
macrophages, lymphocytes, intestinal epithelial cells,
and fibroblasts. In the acute phase of disease or in the
state of systemic inflammatory response, the systemic
expression of IL-18 could be upregulated, which may
affect the relationship between urinary IL-18 and AKI,
thus affecting the accuracy of diagnosis for AKI in sensi-
tivity and specificity [53–55]. AKI is a complex clinical
condition that may cannot be completely predicted by
a single biomarker. It was believed that the combin-
ation of biomarker and clinical risk stratification for the

diagnosis of AKI would be the trend of future
research [56,57].

There was a significant heterogeneity among the
included studies, that suggested the application of uIL-
18 in predicting AKI might be limited. To fully evaluate
the diagnostic value of uIL-18 for AKI, we conducted
subgroup analysis based on the patients age, predictive
time, the time of obtaining specimen, population set-
ting, publication date, and AKI definition. The diagnos-
tic value of urinary IL-18 was higher in pediatrics group
than in adult group, with a DOR of 7.33 (95%CI:
2.86–18.78) compared to 5.75 (95%CI: 3.17–10.42). We
hypothesized that this may be related to the significant
comorbidities in adults, such as hypertension, athero-
sclerotic disease, diabetes mellitus, etc. These complex
comorbidities were much more common in adults and
may affect the concentrations of urinary IL-18 through
inflammation pathway. In addition, due to the children

Table 4. Subgroup analysis.
Factors Subgroup Sensitivity (95%CI) Specificity (95%CI) þLR (95%CI) –LR (95%CI) DOR (95%CI) AUC (95%CI)

All studies (27) 0.64 (0.59–0.73) 0.77 (0.71–0.83) 2.82 (2.10–3.78) 0.46 (0.36–0.61) 6.08 (3.63–10.18) 0.78 (0.74–0.81)
I2 (%) 86.47 93.64 77.92 87.21 100
Age Adults (21) 0.64 (0.54–0.73) 0.76 (0.69–0.82) 2.69 (1.92–3.77) 0.47 (0.35–0.63) 5.75 (3.17–10.42) 0.77 (0.73–0.80)

I2 (%) 85.25 94.34 79.64 87.50 100.00
Pediatrics (5) 0.61 (0.31–0.84) 0.83 (0.66–0.92) 3.5 (1.98–6.18) 0.48 (0.25–0.93) 7.33 (2.86–18.78) 0.81 (0.78–0.85)
I2 (%) 92.32 87.35 19.14 87.32 95.43

Predictive time �12 h (13) 0.69 (0.53–0.81) 0.73 (0.60–0.82) 2.51 (1.66–3.81) 0.43 (0.27–0.68) 5.87 (2.68–12.85) 0.77 (0.73–0.80)
I2 (%) 82.62 92.44 76.58 88.54 100.00
>12 h (13) 0.60 (0.47–0.71) 0.81 (0.75–0.86) 3.15 (2.15–4.62) 0.50 (0.36–0.69) 6.31 (3.21–12.39) 0.80 (0.76–0.83)
I2 (%) 86.43 85.71 80.90 89.01 100

Obtaining
specimen

Admission (6) 0.58 (0.36–0.77) 0.75 (0.68–0.81) 2.32 (1.83–2.94) 0.56 (0.36–0.87) 4.12 (2.17–7.81) 0.75 (0.71–0.79)

I2 (%) 87.63 88.32 45.91 77.60 98.43
Other times (20) 0.66 (0.56–0.76) 0.78 (0.70–0.85) 3.08 (2.07–4.57) 0.43 (0.31–0.59) 7.20 (3.69–14.04) 0.79 (0.75–0.82)
I2 (%) 84.19 93.08 81.29 88.39 100.00

Patients
population

Cardiac
surgery (12)

0.62 (0.48–0.75) 0.73 (0.62–0.81) 2.29 (1.63–3.21) 0.52 (0.37–0.73) 4.42 (2.39–8.16) 0.74 (0.69–0.77)

I2 (%) 76.37 92.57 56.00 81.94 100.00
Other

patients (14)
0.65 (0.52–0.77) 0.81 (0.73–0.87) 3.46 (2.16–5.52) 0.43 (0.29–0.63) 8.11 (3.64–18.10) 0.81 (0.77–0.84)

I2 (%) 91.48 96.75 90.68 93.38 100
Publication date Before 2009

(including
2009) (8)

0.51 (0.34–0.68) 0.78 (0.65–0.87) 2.30 (1.29–4.11) 0.63 (0.43–0.92) 3.65 (1.48–9.00) 0.71 (0.67–0.75)

I2 (%) 81.52 84.26 22.39 83.32 99.99
After 2009 (18) 0.69 (0.58–0.78) 0.77 (0.69–0.83) 2.99 (2.13–4.22) 0.41 (0.29–0.56) 7.39 (4.01–13.63) 0.80 (0.76–0.83)
I2 (%) 88.58 95.65 87.44 90.04 100

AKI definition Standardized
definition
(RIFLE, AKIN,
KDIGO) (17)

0.69 (0.69–0.69) 0.78 (0.78–0.78) 3.09 (3.09–3.09) 0.39 (0.39–0.39) 7.81 (7.81–7.81) 0.80 (0.77–0.84)

I2 (%) 89.90 94.23 85.98 90.19 100
Non-

standardized
definition (9)

0.53 (0.39–0.67) 0.77 (0.65–0.86) 2.30 (1.43–3.68) 0.61 (0.45–0.83) 3.76 (1.82–7.77) 0.70 (0.66–0.74)

I2 (%) 72.90 89.64 42.09 85.29 100
Continents Asia (12) 0.74 (0.60–0.84) 0.79 (0.67–0.88) 3.56 (2.20–5.76) 0.33 (0.21–0.52) 10.81 (4.92–23.73) 0.83 (0.80–0.86)

I2 (%) 82.22 94.66 88.19 85.65 100
North

America (11)
0.58 (0.45–0.70) 0.77 (0.70–0.83) 2.51 (1.18–3.36) 0.55 (0.41–0.72) 4.59 (2.73–7.72) 0.76 (0.72–0.79)

I2 (%) 85.84 93.53 34.73 80.45 100
Other (3) 0.43 (0.24–0.64) 0.67 (0.55–0.78) 1.29 (0.66–2.53) 0.86 (0.55–1.33) 1.51 (0.50–4.59) 0.60 (0.56–0.64)
I2 (%) 79.84 89.55 72.25 84.56 99.61
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and adolescents exhibit different physiological states in
renal mutations, their kidneys undergo a process of
growth and maturation, the risk factors associated with
AKI and the timing of kidney injury remain unclear [58].
Both the metabolic capacity and compensatory ability
of children and adolescents also varied from those of
adults, which may contribute to the different kidney
injury condition and urinary IL-18 levels as well [59,60].
Similar results also have been reported before, which
reminds us the need of a broad panel of biomarkers
[61]. In addition, there was no significant reduction of
heterogeneity in these two subgroups, which may be
due to the different cutoff values, different AKI defini-
tions, different clinical setting, and varied patient num-
ber among the included studies. As for the predictive
time, the predictive time �12 h group was much more
sensitive but less specific than predictive time >12 h
group, and there was no significant difference in its pre-
dictive value. Obtaining specimen at non-admission
time showed higher diagnostic value than obtaining
specimen at admission, with a DOR of 7.20 (95%CI:
3.69–14.04) compared to 4.12 (95%CI: 2.17–7.81), while
the heterogeneity still cannot be ignored. With regard
to the population setting, patients underwent cardiac
surgery showed increased sensitivity compared with
other kinds of patients, while the DORs were 4.42
(95%CI: 2.39–8.16) and 8.11 (95%CI: 3.64–18.10),
respectively. We also conducted subgroup analysis
stratified by the publication year before and after 2009
(half way point), the pooled DOR of studies after 2009
(7.39, 95%CI: 4.01–13.63) was greater than those before
2009 (3.65, 95%CI: 1.48–9.00), indicating the changing
performance of uIL-18 may be based on time frame of
care. Regarding AKI definition, subgroup analyses div-
ided by those studies that used standardized definition
(RIFLE, AKIN, and KDIGO) and those that did not were
performed as well. We found that uIL-18 level had bet-
ter diagnostic accuracy in studies using standardized
AKI definition (DOR ¼ 7.81, 95%CI: 7.81–7.81) than in
those did not (DOR ¼ 3.76, 95%CI: 1.82–7.77), which is
useful in clinical management, since prevention strat-
egies can be developed if AKI can be predicted in
advance. Other factors, such as the cutoff value of urin-
ary IL-18, the different conditions of patients may also
be the source of heterogeneity, which cannot be fur-
ther explored due to the limitations of the
included study.

The results of this study suggested that the diagnos-
tic accuracy of uIL-18 in predicting AKI was moderate,
but we could not determine the ideal cutoff value for
uIL-18 because the range of cutoff values included in
the studies varied widely from 6.39 pg/ml to 125 pg/ml.

In addition, there were three studies used IL-18 concen-
tration standardized by urinary creatinine or absolute
concentration. Given the factors we mentioned before,
it is still difficult for us to determine a suggested cutoff
point of uIL-18. At present, the consensus threshold of
IL-18 for risk stratification for AKI has not been reached
yet, while some investigators suggested a cutoff range
of 100–500 pg/mg Cr [62]. Ralib et al. found that abso-
lute concentrations showed the best predictive value
for AKI at admission, while standardized concentrations
performed a better prediction of subsequent develop-
ment of AKI and death [63]. However, Waikar et al. sug-
gested that normalized levels of biomarkers reflecting
tubular injury could be influenced by dynamic changes
in the UCr excretion rate when the GFR changed. Thus,
the standardized concentrations might lead to an
underestimation or overestimation [64]. Therefore, the
recommended range of uIL-18 in predicting AKI
remains controversial and further studies are needed.

Many biomarkers have been studied to evaluate
their predictive value for AKI. An international confer-
ence proceeding including the AKI definition, staging
and the potential biomarkers has been published
before, and recommended 14 biomarkers for further
research [65]. It was noting that there is only one FDA-
approved biomarker product commercially available in
the United States, which is tissue inhibitor of metallo-
proteinase-2 (TIMP-2) and insulin-like growth factor-
binding protein 7 (IGFBP7). It has been promoted to
predict AKI and presented the best performance over
all the other biomarkers. In 2013, Kashani et al. recom-
mended [TIMP-2]� [IGFBP7] as a risk score for KDIGO-2
and KDIGO-3 stage AKI in a wide range of intensive
care settings [66]. Previous studies have shown that the
test is feasible in patients after cardiac surgery, espe-
cially in those at intermediate to high risk for AKI
[67–69]. In a prospective cohort study enrolled 442 ICU
patients, a negative [TIMP-2]� [IGFBP7] (<0.3 ng/ml)
versus positive results on admission was predictive of
AKI (31.9% versus 68.10%, respectively; p< 0.001), and
AKI stage 2 or 3 was higher in patients with a positive
assay result (p¼ 0.026). The predictive ability of a posi-
tive assay decreased over time (within 12 h AUC ¼ 0.74,
95%CI ¼ 0.69–0.80; 48-h AUC ¼ 0.70, 95%CI ¼
0.65–0.76; and between 48 h and seven days AUC ¼
0.40, 95%CI ¼ 0.28–0.52), with the best performance for
AKI stage 2 or 3 within 12 h (AUC ¼ 0.82; 95%CI ¼
0.70–0.88) [70]. However, one of the potential limita-
tions of this biomarker is the inability to distinguish
between transient and persistent AKI. In addition,
although there is evidence that using [TIMP-
2]� [IGFBP7] in combination with routine testing,
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including SCr and urine volume, within 12 h of patient
evaluation in the general surgical ICU helps predict the
progression of AKI, there is little substantive evidence
that its use improves clinically important patient out-
comes [71]. Neutrophil gelatinase-related lipid carrier
protein (NGAL) is a member of the lipid carrier protein
superfamily, which is expressed by neutrophils and vari-
ous epithelial cells. It has been regarded as a proximal
tubular injury-related protein and been widely studied
for the early prediction of AKI. Zhang et al. reported
NGAL was a valuable predictor of sepsis-related AKI and
associated with the mortality [72]. Xie et al. further
explored the different diagnostic performance of urin-
ary and plasma NGAL, they found that urinary NGAL
showed higher diagnostic value than plasma NGAL in
predicting AKI, especially in predicting sepsis related
AKI (plasma NGAL: AUC ¼ 0.86, urinary NGAL: AUC ¼
0.90) [73]. Kidney injury molecule-1 (KIM-1) is a type I
transmembrane glycoprotein with immunoglobulin and
mucin domains, which is not expressed in normal kid-
ney tissue or urine, but highly expressed after ischemic
or toxic renal injury. Its urine excretion could increase
2–8 h after injury significantly, thus helping the early
diagnosis of AKI [74]. In addition, elevated urinary KIM-1
has the highest specificity in the recognition of renal
injury, which can distinguish prerenal AKI from acute
tubular necrosis [75]. In this analysis, we found the
diagnosis of AKI with urinary IL-18 showed a sensitivity
of 0.64 (95%CI: 0.59–0.73) and a specificity of 0.77
(95%CI: 0.71–0.83), indicating a moderate predictive
value. Since IL-18 is a proinflammatory cytokine and its
measurement may also be influenced by many coexist-
ing variables including endotoxemia, inflammation, and
autoimmune diseases, its sensitivity and specificity
could be affected. In another meta-analysis comparing
different biomarkers for sepsis-associated AKI, Xie et al.
found the rank of urinary KIM-1> urinary
NGAL>plasma NGAL> urinary IL-18 according to the
SROC curve area, suggesting that urinary KIM-1 has the
highest diagnostic value. However, since the small sim-
ple size in Xie et al.’s study, studies with larger sample
size are still needed in clinical practice [73]. With the
addition of biomarkers to routine AKI monitoring
parameters, further studies are warranted to identify
those most likely to benefit among critically ill patients.

The limitation of this study cannot be ignored. First,
the number of included studies was small. Second,
there was a significant heterogeneity among the
included studies in terms of different population set-
ting, age, predictive time, AKI definition, the time of
obtaining specimen and cutoff value. Moreover, even
though both meta-regression and subgroup analysis

were conducted to explore the source of heterogeneity,
the marked heterogeneity still existed. Another limita-
tion was the publication bias, which is suggested by
Deek’s funnel plots and cannot be altered through stat-
istical methods. In addition, all the included studies
used SCr or urine volume as the diagnostic criteria for
AKI, which are not ideal indicators for the diagnosis of
early kidney injury [76]. Radio-labeled tracer clearance
or evidence of damage from renal biopsy maybe a bet-
ter method to diagnosis AKI. But they are time-consum-
ing, invasive, or radioactive, thus limiting their
commonly application in routine clinical practice.
Additionally, we did not register this study online
before. Lastly, the predictive value of uIL-18 in the pro-
gression and prognosis of AKI is of great clinical signifi-
cance as well, but it has not been discussed in this
study. To sum up, current analysis based on very differ-
ent clinical situation and patient populations, hetero-
geneity is inevitable with respect to AKI definition, AKI
setting, time of specimen acquisition, and the predict-
ive value of urinary IL-18 assessed by experimental
groups. We tried to explore the sources of heterogen-
eity using meta-regression but failed, and the subgroup
analysis did not reduce the heterogeneity significantly.
Our findings are hypothesis generating but heterogen-
eity and publication bias limit use, thus, further studies
are still needed.

5. Conclusions

Urinary IL-18 could be a relatively good biomarker for
predicting AKI, especially in pediatric patients. However,
further research and clinical settings are still needed to
validate the potential application.
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[10] Dagg€ulli M, Utangaç MM, Dede O, et al. Potential bio-
markers for the early detection of acute kidney injury

after percutaneous nephrolithotripsy. Ren Fail. 2016;
38(1):151–156.

[11] Cao J, Lu X, Gao F, et al. Assessment of neutrophil
gelatinase-associated lipocalin as an early biomarker
for canine renal ischemia–reperfusion injury. Ann
Transl Med. 2020;8(22):1491–1491.

[12] Melnikov VY, Ecder T, Fantuzzi G, et al. Impaired IL-18
processing protects caspase-1-deficient mice from
ischemic acute renal failure. J Clin Invest. 2001;107(9):
1145–1152.

[13] Melnikov VY, Faubel S, Siegmund B, et al. Neutrophil-
independent mechanisms of caspase-1- and IL-18-
mediated ischemic acute tubular necrosis in mice. J
Clin Invest. 2002;110(8):1083–1091.

[14] Parikh CR, Jani A, Melnikov VY, et al. Urinary interleu-
kin-18 is a marker of human acute tubular necrosis.
Am J Kidney Dis. 2004;43(3):405–414.

[15] Luo Q, Zhou F, Dong H, et al. Implication of combined
urinary biomarkers in early diagnosis of acute kidney
injury following percutaneous coronary intervention.
Clin Nephrol. 2013;79(2):85–92.

[16] Zdziechowska M, Gluba-Brzozka A, Poliwczak AR, et al.
Serum NGAL, KIM-1, IL-18, L-FABP: new biomarkers in
the diagnostics of acute kidney injury (AKI) following
invasive cardiology procedures. Int Urol Nephrol.
2020;52(11):2135–2143.

[17] Choudhary A, Basu S, Dey SK, et al. Association and
prognostic value of serum cystatin C, IL-18 and uric
acid in urological patients with acute kidney injury.
Clin Chim Acta. 2018;482:144–148.

[18] Albert C, Haase M, Albert A, et al. Biomarker-guided
risk assessment for acute kidney injury: time for clin-
ical implementation? Ann Lab Med. 2021;41(1):1–15.

[19] Chen Z, Hu Z, Hu Y, et al. Novel potential biomarker
of adult cardiac surgery-associated acute kidney
injury. Front Physiol. 2020;11:587204.

[20] Parikh CR, Mishra J, Thiessen-Philbrook H, et al.
Urinary IL-18 is an early predictive biomarker of acute
kidney injury after cardiac surgery. Kidney Int. 2006;
70(1):199–203.

[21] Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA
statement for reporting systematic reviews and meta-
analyses of studies that evaluate health care interven-
tions: explanation and elaboration. J Clin Epidemiol.
2009;62(10):e1–e34.

[22] Whiting PF, Rutjes AWS, Westwood ME, et al.
QUADAS-2: a revised tool for the quality assessment
of diagnostic accuracy studies. Ann Intern Med. 2011;
155(8):529–536.

[23] Dwamena B. MIDAS: Stata module for meta-analytical
integration of diagnostic test accuracy studies.
Statistical Software Components S456880, Boston
College Department of Economics; 2007.

[24] Arends LR, Hamza TH, Houwelingen JCV, et al.
Bivariate random effects meta-analysis of ROC curves.
Med Decis Making. 2008;28(5):621–638.

[25] Chappell FM, Raab GM, Wardlaw JM. When are sum-
mary ROC curves appropriate for diagnostic meta-
analyses? Stat Med. 2009;28(21):2653–2668.

[26] Parikh CR, Abraham E, Ancukiewicz M, et al. Urine IL-
18 is an early diagnostic marker for acute kidney

RENAL FAILURE 1729



injury and predicts mortality in the intensive care
unit. J Am Soc Nephrol. 2005;16(10):3046–3052.

[27] Washburn KK, Zappitelli M, Arikan AA, et al. Urinary
interleukin-18 is an acute kidney injury biomarker in
critically ill children. Nephrol Dial Transplant. 2007;
23(2):566–572.

[28] Liangos O, Tighiouart H, Perianayagam MC, et al.
Comparative analysis of urinary biomarkers for early
detection of acute kidney injury following cardiopul-
monary bypass. Biomarkers. 2009;14(6):423–431.

[29] Endre ZH, Pickering JW, Walker RJ, et al. Improved
performance of urinary biomarkers of acute kidney
injury in the critically ill by stratification for injury dur-
ation and baseline renal function. Kidney Int. 2011;
79(10):1119–1130.

[30] Parikh CR, Devarajan P, Zappitelli M, et al.
Postoperative biomarkers predict acute kidney injury
and poor outcomes after pediatric cardiac surgery. J
Am Soc Nephrol. 2011;22(9):1737–1747.

[31] Parikh CR, Devarajan P, Zappitelli M, et al.
Postoperative biomarkers predict acute kidney injury
and poor outcomes after adult cardiac surgery. J Am
Soc Nephrol. 2011;22(9):1748–1757.

[32] Chen TH, Chang CH, Lin CY, et al. Acute kidney injury
biomarkers for patients in a coronary care unit: a pro-
spective cohort study. PLOS One. 2012;7(2):e32328.

[33] Li Y, Li X, Zhou X, et al. Impact of sepsis on the urin-
ary level of interleukin-18 and cystatin C in critically ill
neonates. Pediatr Nephrol. 2013;28(1):135–144.

[34] Sirota JC, Walcher A, Faubel S, et al. Urine IL-18,
NGAL, IL-8 and serum IL-8 are biomarkers of acute
kidney injury following liver transplantation. BMC
Nephrol. 2013;14(1):17.

[35] Zheng J, Xiao Y, Yao Y, et al. Comparison of urinary
biomarkers for early detection of acute kidney injury
after cardiopulmonary bypass surgery in infants and
young children. Pediatr Cardiol. 2013;34(4):880–886.

[36] Morales-Buenrostro LE, Salas-Nolasco OI, Barrera-
Chimal J, et al. Hsp72 is a novel biomarker to predict
acute kidney injury in critically ill patients. PLOS One.
2014;9(10):e109407.

[37] Nisula S, Yang R, Poukkanen M, et al. Predictive value
of urine interleukin-18 in the evolution and outcome
of acute kidney injury in critically ill adult patients. Br
J Anaesth. 2015;114(3):460–468.

[38] Ren H, Zhou X, Dai D, et al. Assessment of urinary kid-
ney injury molecule-1 and interleukin-18 in the early
post-burn period to predict acute kidney injury for
various degrees of burn injury. BMC Nephrol. 2015;
16(1):142.

[39] Wybraniec MT, Chudek J, Bo_zentowicz-Wikarek M,
et al. Prediction of contrast-induced acute kidney
injury by early post-procedural analysis of urinary bio-
markers and intra-renal Doppler flow indices in
patients undergoing coronary angiography. J Interv
Cardiol. 2017;30(5):465–472.

[40] Hayashi H, Sato W, Kosugi T, et al. Efficacy of urinary
midkine as a biomarker in patients with acute kidney
injury. Clin Exp Nephrol. 2017;21(4):597–607.

[41] Xin C, Xiao YL, Chen Y, et al. Urine neutrophil gelati-
nase-associated lipocalin and interleukin-18 predict

acute kidney injury after cardiac surgery. Ren Fail.
2008;30(9):904–913.

[42] Doi K, Negishi K, Ishizu T, et al. Evaluation of new
acute kidney injury biomarkers in a mixed intensive
care unit. Crit Care Med. 2011;39(11):2464–2469.

[43] Gul CB, Gullulu M, Oral B, et al. Urinary IL-18: a marker
of contrast-induced nephropathy following percutan-
eous coronary intervention? Clin Biochem. 2008;
41(7–8):544–547.

[44] Haase M, Bellomo R, Story D, et al. Urinary interleukin-
18 does not predict acute kidney injury after adult
cardiac surgery: a prospective observational cohort
study. Crit Care. 2008;12(4):R96.

[45] Liang XL, Liu SX, Chen YH, et al. Combination of urin-
ary kidney injury molecule-1 and interleukin-18 as
early biomarker for the diagnosis and progressive
assessment of acute kidney injury following cardiopul-
monary bypass surgery: a prospective nested case-
control study. Biomarkers. 2010;15(4):332–339.

[46] Nickolas TL, Schmidt-Ott KM, Canetta P, et al.
Diagnostic and prognostic stratification in the emer-
gency department using urinary biomarkers of neph-
ron damage a multicenter prospective cohort study. J
Am Coll Cardiol. 2012;59(3):246–255.

[47] Torregrosa I, Montoliu C, Urios A, et al. Early bio-
markers of acute kidney failure after heart angiog-
raphy or heart surgery in patients with acute coronary
syndrome or acute heart failure. Nefrologia. 2012;
32(1):44–52.

[48] Ling W, Ni ZH, He B, et al. Urinary IL-18 and NGAL as
early predictive biomarkers in contrast-induced nephr-
opathy after coronary angiography. Nephron Clin
Pract. 2008;108(3):C176–C181.

[49] Tan D, Zhao L, Peng W, et al. Value of urine IL-8,
NGAL and KIM-1 for the early diagnosis of acute kid-
ney injury in patients with ureteroscopic lithotripsy
related urosepsis. Chin J Traumatol. 2022;25(1):27–31.

[50] Al-Saegh RMA, Mohanad MA, Khudhair N, et al. Using
urinary interleukin-18 as a potential marker for early
detection of acute kidney injury in intensive care unit.
Saudi J Kidney Dis Transpl. 2021;32(2):341–347.

[51] Glas AS, Lijmer JG, Prins MH, et al. The diagnostic
odds ratio: a single indicator of test performance. J
Clin Epidemiol. 2003;56(11):1129–1135.

[52] Lin X, Yuan J, Zhao Y, et al. Urine interleukin-18 in
prediction of acute kidney injury: a systemic review
and meta-analysis. J Nephrol. 2015;28(1):7–16.

[53] Siew ED, Ikizler TA, Gebretsadik T, et al. Elevated urin-
ary IL-18 levels at the time of ICU admission predict
adverse clinical outcomes. Clin J Am Soc Nephrol.
2010;5(8):1497–1505.

[54] 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.

[55] Parikh CR, Liu C, Mor MK, et al. Kidney biomarkers of
injury and repair as predictors of contrast-associated
AKI: a substudy of the PRESERVE trial. Am J Kidney
Dis. 2020;75(2):187–194.

1730 Z. QIN ET AL.



[56] McCaffrey J, Dhakal AK, Milford DV, et al. Recent
developments in the detection and management of
acute kidney injury. Arch Dis Child. 2017;102(1):91–96.

[57] McCoy IE, Chertow GM. AKI-A relevant safety end
point? Am J Kidney Dis. 2020;75(4):508–512.

[58] Zelenina M, Li Y, Glorieux I, et al. Urinary aquaporin-2
excretion during early human development. Pediatr
Nephrol. 2006;21(7):947–952.

[59] Yasui M, Tanaka H, Seino Y. The role of tissue-fixed
macrophages in apoptosis in the developing kidney.
Nephron. 1997;77(3):325–332.

[60] Solhaug MJ, Ball�evre LD, Guignard JP, et al. Nitric
oxide in the developing kidney. Pediatr Nephrol. 1996;
10(4):529–539.

[61] Liu Y, Guo W, Zhang J, et al. Urinary interleukin 18 for
detection of acute kidney injury: a meta-analysis. Am
J Kidney Dis. 2013;62(6):1058–1067.

[62] Slocum JL, Heung M, Pennathur S. Marking renal
injury: can we move beyond serum creatinine? Transl
Res. 2012;159(4):277–289.

[63] Ralib AM, Pickering JW, Shaw GM, et al. Test charac-
teristics of urinary biomarkers depend on quantitation
method in acute kidney injury. J Am Soc Nephrol.
2012;23(2):322–333.

[64] Waikar SS, Sabbisetti VS, Bonventre JV. Normalization
of urinary biomarkers to creatinine during changes in
glomerular filtration rate. Kidney Int. 2010;78(5):
486–494.

[65] Ostermann M, Zarbock A, Goldstein S, et al.
Recommendations on acute kidney injury biomarkers
from the Acute Disease Quality Initiative Consensus
Conference: a consensus statement. JAMA Netw
Open. 2020;3(10):e2019209.

[66] Kashani K, Al-Khafaji A, Ardiles T, et al. Discovery and
validation of cell cycle arrest biomarkers in human
acute kidney injury. Crit Care. 2013;17(1):R25.

[67] Meersch M, Schmidt C, Van Aken H, et al. Urinary
TIMP-2 and IGFBP7 as early biomarkers of acute kid-
ney injury and renal recovery following cardiac sur-
gery. PLOS One. 2014;9(3):e93460.

[68] Pilarczyk K, Edayadiyil-Dudasova M, Wendt D, et al.
Urinary [TIMP-2]�[IGFBP7] for early prediction of acute
kidney injury after coronary artery bypass surgery.
Ann Intensive Care. 2015;5(1):50.

[69] Irqsusi M, Beckers J, Wiesmann T, et al. Urinary TIMP-2
and IGFBP-7 protein levels as early predictors of acute
kidney injury after cardiac surgery. J Card Surg. 2022;
37(4):717–724.

[70] Ferrari F, Romero-Gonz�alez G, Topete LR, et al.
Routine adoption of urinary [IGFBP7]�[TIMP-2] to
assess acute kidney injury at any stage 12 hours after
intensive care unit admission: a prospective cohort
study. Sci Rep. 2019;9(1):16484.

[71] Erstad BL. Usefulness of the biomarker TIMP-2	IGFBP7
for acute kidney injury assessment in critically ill
patients: a narrative review. Ann Pharmacother. 2022;
56(1):83–92.

[72] Zhang A, Cai Y, Wang PF, et al. Diagnosis and progno-
sis of neutrophil gelatinase-associated lipocalin for
acute kidney injury with sepsis: a systematic review
and meta-analysis. Crit Care. 2016;20:41.

[73] Xie Y, Huang P, Zhang J, et al. Biomarkers for the
diagnosis of sepsis-associated acute kidney injury: sys-
tematic review and meta-analysis. Ann Palliat Med.
2021;10(4):4159–4173.

[74] Zhu L, Shi D. Early diagnostic value of neutrophil
gelatinase-associated lipocalin and interleukin-18 in
patients with sepsis-induced acute kidney injury.
Zhonghua Wei Zhong Bing Ji Jiu Yi Xue. 2016;28(8):
718–722.

[75] Geng J, Qiu Y, Qin Z, et al. The value of kidney injury
molecule 1 in predicting acute kidney injury in adult
patients: a systematic review and Bayesian meta-ana-
lysis. J Transl Med. 2021;19(1):105.

[76] Dharnidharka VR, Kwon C, Stevens G. Serum cystatin
C is superior to serum creatinine as a marker of kid-
ney function: a meta-analysis. Am J Kidney Dis. 2002;
40(2):221–226.

RENAL FAILURE 1731


	Abstract
	Introduction
	Methods
	Data Source and search strategy
	Study selection
	Data extraction and quality assessment
	Statistical analysis

	Results
	Search results and study characteristics
	Quality assessment and publication bias
	Data synthesis
	Subgroup analysis

	Discussion
	Conclusions
	Acknowledgements
	Author contributions
	Disclosure statement
	Funding
	Data availability statement
	References


