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Methods: A search of the Medline, Embase, Scopus and Web of Science electronic databases
was conducted on April 27, 2024. Diagnostic studies conducted on the value of urinary
calprotectin in AKI were included. Two independent reviewers assessed the search records
and any disagreements were resolved by discussion. The risk of bias was assessed using quality
assessment of diagnostic accuracy studies (QUADAS-2) guidelines. The performance of urinary
calprotectin in diagnosing AKI and its discriminatory ability between intrinsic and prerenal
AKI were evaluated by calculating the pooled standardized mean difference (SMD) and 95%
confidence interval (Cl), as well as sensitivity, specificity and area under the curve (AUC).

Results: Seven studies were included. The mean urinary levels of calprotectin in AKI were
significantly higher than those in the non-AKI group (SMD=0.73; 95% Cl, 0.50%, 0.97%; 1>=0.00%).
The mean urinary levels of calprotectin in pediatrics with intrinsic AKI were significantly higher
than in those with prerenal AKI (SMD=0.76; 95% Cl, 0.48%, 1.05%; 95% Cl, 0%). Urinary
calprotectin exhibited a sensitivity of 0.937 (95% Cl, 0.829%, 0.978%) and a specificity of 0.252
(95% Cl, 0.126%, 0.442%) for distinguishing intrinsic AKI from prerenal AKI. Additionally, the
AUC of urinary calprotectin in differentiating intrinsic AKI from prerenal AKI was 0.691 (95% Cl,
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Biomarker, Urinary level, Conclusions: Urinary calprotectin demonstrates fair screening performance characteristics for
Diagnostic performance, . differentiating intrinsic from prerenal AKI in children. However, the low specificity necessitates
Acute kidney injury (AKI) :  additional diagnostic testing in cases with positive results.
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Introduction

cute kidney injury (AKl) is commonly defined
as a sudden decrease in renal function. AKI
occurs within hours or days, clinically mani-
festing as elevated blood creatinine, electro-
lyte imbalance, and a significant decrease in
urinary output [1]. It is suggested that even
a minor decline or loss of renal function can serve as a
good predictive factor for adverse clinical outcomes [2].
AKl is present on admission in one in every three chil-
dren, usually due to a reduction in blood flow to the
renal tissue [3]. The accompanying metabolic acidosis,
increased blood potassium levels, and fluid overload as-
sociated with AKI are linked to chronic kidney disease
and high morbidity and mortality rates. Therefore, early
diagnosis is crucial for effective disease management [4].

Standard laboratory tests, such as serum creatinine
and blood urea nitrogen (BUN), are useful for evaluating
and monitoring kidney function. However, these markers
have low sensitivity and specificity for the early diagnosis
of AKI [5]. Recent studies have identified other diagnostic
biomarkers for AKI, such as cystatin C, neutrophil gelatin-
ase-associated lipocalin (NGAL), kidney injury molecule-1
(KIM-1), interleukin 8 (IL-8), and human liver-type fatty
acid-binding protein (L-FABP). As the utility of these bio-
markers continues to emerge, further investigations are
needed to assess their efficacy [6-8].

Measurement of urinary calprotectin, a protein found
in the cytoplasm of neutrophils, has been demonstrated
to be a promising biomarker for the early diagnosis of
AKI. Calprotectin is also released by the renal tubular
epithelium in response to inflammation and injury [6,
9]. Early studies have suggested that urinary calprotec-
tin is significantly elevated in patients with intrinsic AKI
and may be even used as a biomarker to distinguish
between intrinsic or prerenal AKI [10]. However, there
is still disagreement in the current evidence on the dis-
criminatory yield of urinary calprotectin in pediatric AKI.
Therefore, the aim of this present meta-analysis was to
determine the diagnostic value of urinary calprotectin
in identifying AKl in the pediatric population.

Methods
Study design

To conduct the present study, the meta-analysis of ob-
servational studies in epidemiology (MOOSE) guideline
was used. The patients, index test, and target condition
(PIT) concept was defined as the pediatric population
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with suspected AKI (P), urinary calprotectin (I) and the
presence of AKI, distinguishing between intrinsic and
prerenal AKI (T), respectively.

Search strategy

All keywords and synonyms related to AKl and urinary cal-
protectin were collected, and a separate search query was
utilized for each database using appropriate tags and Bool-
ean operators. The keywords were chosen according to the
expert opinion, the titles of related articles in a preliminary
search and controlled vocabularies, including MeSH and
Emtree databases. Electronic databases, including Med-
line, Embase, Scopus and Web of Science, were searched
until April 27, 2024. Also, gray literature was explored by
screening potentially related records in Google and Google
Scholar. In addition, we performed reference tracking and
citation tracking to find additional articles.

Selection criteria

Diagnostic studies conducted on the value of urinary
calprotectin in AKI were included. Exclusion criteria in-
cluded a lack of reporting on the method of determin-
ing the level of urinary calprotectin, measurement of
urinary calprotectin more than 72 hours after patient
admission, studies involving the adult population, dupli-
cate reports, review studies, lack of required data and
preclinical studies.

Data extraction

Two independent reviewers assessed the search re-
cords and any disagreements were resolved through
discussion with a third researcher. The articles were
summarized based on a checklist designed according to
the preferred reporting items for systematic reviews and
meta-analyses (PRISMA) statement. The summarized
data included study design, patients’ characteristics
(mean age, gender distribution, cause of AKI), sample
size, definition of AKI, type of AKI (prerenal and intrin-
sic), type of control group, mean and standard deviation
of urinary calprotectin levels and its diagnostic perfor-
mance. The authors were contacted in cases where the
data could not be extracted from the articles.

Risk of bias assessment

The risk of bias was assessed by two reviewers using
the quality assessment of diagnostic accuracy studies
version 2 (QUADAS-2) guidelines [11], independently by
two reviewers. Any disagreement was resolved through
discussion with a third researcher.

Hashemi MM, et al. Urinary Calprotectin for Pediatric AKI Diagnosis. J Pediatr Rev. 2024; 12(3):223-232.



https://meshb.nlm.nih.gov/
https://id.elsevier.com/as/authorization.oauth2?platSite=EM/embase&response_type=code&client_id=EMBASE-V1&scope=urn:com:elsevier:idp:policy:product:indv_identity%20openid%20profile%20els_analytics_info%20els_auth_info%20email%20urn:com:elsevier:idp:policy:product:inst_assoc&state=Aq0tp2D9C8O2H4K3w3gh4NcSWjnGClAS7QQTMRuO3OQ%3D&redirect_uri=https://www.embase.com/id-plus-callback&nonce=dzHuQXRsQHUPVIhFmF6i6XZ7FNIIF-d15qb5BHSPdvU&prompt=none
https://www.medline.com/
https://www.medline.com/
https://id.elsevier.com/as/authorization.oauth2?platSite=EM/embase&response_type=code&client_id=EMBASE-V1&scope=urn:com:elsevier:idp:policy:product:indv_identity%20openid%20profile%20els_analytics_info%20els_auth_info%20email%20urn:com:elsevier:idp:policy:product:inst_assoc&state=s0qzxI8di5op0QWNaV6MEjFDGIaXM4ogEaGJr36ECVQ%3D&redirect_uri=https://www.embase.com/id-plus-callback&nonce=3h1nO-vMpAUlUstHkLmkXcNXWWHRCf3jaZDJ55EWtaE&prompt=none
https://id.elsevier.com/as/authorization.oauth2?platSite=SC%2Fscopus&ui_locales=en-US&scope=openid+profile+email+els_auth_info+els_analytics_info+urn%3Acom%3Aelsevier%3Aidp%3Apolicy%3Aproduct%3Aindv_identity&els_policy=idp_policy_indv_identity_plus&response_type=code&redirect_uri=https%3A%2F%2Fwww.scopus.com%2Fauthredirect.uri%3FtxGid%3D4a07d71db65a1b7146509ac289021c0f&state=autoLogin%7CtxId%3D667750011274EE7059CFC53EB6A0DD3B.i-058e5a722f82411b1%3A2&authType=SINGLE_SIGN_IN&prompt=none&client_id=SCOPUS
https://access.clarivate.com/login?app=wos&alternative=true&shibShireURL=https:%2F%2Fwww.webofknowledge.com%2F%3Fauth%3DShibboleth&shibReturnURL=https:%2F%2Fwww.webofknowledge.com%2F&roaming=true
https://www.google.co.uk/
https://scholar.google.com/
https://scholar.google.com/

Journal of Pediatrics Review

Statistical analysis

wResults
Characteristics of the included studies

In the systematic search, 574 articles were found,
and after the removal of duplicates, 33 full texts were
reviewed. Ultimately, data from seven articles were
included [13-18]. Ten review articles, three preclinical
studies, eight papers on the adult population and one
duplicate report were excluded. Moreover, five stud-
ies were excluded due to a lack of required data or ab-
stracts with insufficient information after contacting the
authors (Figure 1).

Out of the seven studies included, five were prospec-
tive cross-sectional studies, while the other two were
prospective cohort studies. These studies included data
from 352 AKI patients and 274 individuals in the non-AKI
group. In three studies, the type of AKI was exclusively
intrinsic AKI, while four studies aimed to compare the
value of calprotectin in distinguishing intrinsic causes of
AKI from prerenal causes. Table 1 shows a summary of
the findings of the present study.

The role of calprotectin levels in identifying AKI

The mean urinary levels of calprotectin in intrinsic AKI
children were significantly higher than in non-AKI chil-

Figure 1. Study selection process based on the PRISMA 2020 flow diagram
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dren (SMD=0.73; 95% Cl, 0.50%, 0.97%; 1>=0%). Howev-
er, the urinary levels of calprotectin in children with pre-
renal AKI did not demonstrate a significant difference
from the non-AKI group (SMD=-0.24; 95% Cl, -0.52%,
0.04%; 1>=0%). As noted, no evidence of statistical het-
erogeneity was observed in this section (Figure 2).

The SMD obtained to compare the average urinary lev-
els of calprotectin in AKI and non-AKI children was rela-
tively weak. Therefore, as a subgroup analysis, the value
of this biomarker was investigated in different stages of
intrinsic AKl. When the analyses were separated based
on the stage of AKI, it was found that the urinary level
of calprotectin in stage 2 (SMD=0.53; 95% Cl, 0.03%,
1.03%; 1>=47.33%) and stage 3 (SMD=0.65; 95% Cl, 0.3
%, 1.00%; 1>=0.00%) of AKI increased significantly com-
pared to non-AKl individuals, while the level of this bio-
marker in stage 1 (SMD=0.44; 95% Cl, -0.10%, 0.98%;
12=51.63%) did not differ from that of the non-AKI group
(Figure 2).

The value of urinary calprotectin levels in differentiat-
ing prerenal AKI from intrinsic AKI

In this section, data from four studies were included.
The urinary levels of calprotectin in children with intrin-
sic AKI were significantly higher than those in children
with prerenal AKI (SMD=0.76; 95% Cl, 0.48%, 1.05%;
95% Cl, 0%) (Figure 3).
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Figure 2. Forest plot assessing the mean difference of urinary calprotectin in pediatric patients with AKI and non-AKI

In existing studies, the suggested cut-off points for cal-
protectin in differentiating between intrinsic and prer-
enal AKI were reported to be between 76 and 230 ng/ml.
At these cut points, the AUC of urinary calprotectin for
differentiating intrinsic AKI from prerenal AKI was equal
to 0.691 (95% Cl, 0.541%, 0.809%). The sensitivity and
specificity of this biomarker were 0.937 (95% Cl, 0.829%,
0.978%) and 0.252 (95% Cl, 0.126%, 0.442%), respective-
ly (Figure 4). Also, the diagnostic odds ratio of calprotec-
tin was 4.982, indicating the high value of this biomarker
in differentiating intrinsic AKI from prerenal AKI.

Risk of bias assessment and publication bias

In the assessment of risk of bias for the included stud-
ies, six studies were considered to be at high risk in the

domain of patient selection. This was due to the inclu-
sion of a group of healthy individuals who were clearly
not suspected of having AKI at the beginning of the
study. For all other domains, all articles were judged
to be at low risk of bias. Overall, the risk of bias was
deemed to be a concern in six studies and low in one
study (Table 2). Publication bias assessment was not ap-
plicable due to data scarcity.

Discussion

In our analysis, we found that urinary calprotectin lev-
els in children with AKI were significantly higher than
those in the non-AKI group. In contrast, the urinary cal-
protectin levels in patients with prerenal AKI showed no
considerable difference compared to healthy subjects.

Hashemi MM, et al. Urinary Calprotectin for Pediatric AKI Diagnosis. J Pediatr Rev. 2024; 12(3):223-232.
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Figure 3. Forest plot illustrating the role of calprotectin in discriminating between intrinsic and prerenal AKI in children

Additionally, we found that urinary calprotectin can
identify stages 2 and 3 of intrinsic AKI in the pediatric
population, but it cannot discern a difference between
children with stage 1 intrinsic AKI and healthy children.
These findings support the conclusion that urinary cal-
protectin may be a useful biomarker for differentiating
intrinsic AKI from prerenal AKI. The sensitivity and speci-
ficity of urinary calprotectin for this differentiation were
0.937 and 0.252, respectively.

The presence of calprotectin in the urine is an indica-
tor of inflammation in the kidney or damage to renal
collecting duct epithelium cells [19]. It has been demon-
strated that urinary calprotectin levels are increased in
renal diseases, such as glomerulonephritis and nephrot-
ic syndrome [20]. As a result, urinary calprotectin is a
helpful indicator for distinguishing between prerenal
and intrinsic AKI. Our findings emphasize that calprotec-
tin may not be able to solely identify AKI, but it can be

useful for differentiating intrinsic AKI from prerenal AKI.
This finding is following the evidence provided by Chen
et al. in their meta-analysis [10].

Our findings demonstrated that urinary calprotectin
could not discriminate between stage 1 AKI and the
non-AKI group. In other words, calprotectin is not able
to identify the earliest stages of AKI. A possible expla-
nation is that the degree of renal damage in the early
stages of AKl is not severe enough to cause a significant
increase in the levels of urinary calprotectin.

Despite its utility as a biomarker to identify intrinsic
AKI, calprotectin levels also increase in other diseases,
such as rheumatoid arthritis, inflammatory bowel dis-
ease, myocardial infarction, and some cancers [19,
21-24]. Therefore, the presence of such comorbidities
reduces the diagnostic value of urinary calprotectin in
identifying AKI.

Table 2. Risk of bias assessment and applicability of the included studies

Risk of Bias Applicability
Gy Patient Index Test Reference  Flow and Patient Index Test Reference Overall
Selection Standard Timing Selection Standard
Basiratnia et al. .
2017 2] High Low Low Low Low Low Low Some concern
Khaleﬁ[ito?l. 202 High Low Low Low Low Low Low Some concern
Waldherr et al.
2019 [20] Low Low Low Low Low Low Low Low
Westhof et al. .
2016 [22] High Low Low Low Low Low Low Some concern
Westhof et al. .
2017 [23] High Low Low Low Low Low Low Some concern
ey el High Low Low Low Low Low Low Some concern
2022 (8] g
John EE;]I' 2023 High Low Low Low Low Low Low Some concern
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Figure 4. Summary receiver operating characteristic curve for the value of urinary calprotectin in distinguishing intrinsic AKI from prerenal

AKl in children

The reported cutoff point for urinary calprotectin to
distinguish prerenal causes of AKI from intrinsic AKI
has varied between 76 and 230 ng/mL. At this time, an
absolute cutoff point for calprotectin cannot be estab-
lished. Therefore, it is necessary to assess the optimum
cutoff point in future studies. In this regard, diagnostic
value studies with large sample sizes are recommended.

Of the seven included studies, the risk of bias was clas-
sified as “some concern” in six studies and “low risk” in
one study. The main reason for the high risk of bias in six
studies was the inclusion of healthy individuals and the
researcher’s awareness of the absence of AKI from the
beginning of the study. Therefore, the evidence report-
ed in these quantitative studies should be interpreted
with caution. As a suggestion for future studies, it would
be better to include only people suspected of having AKI
to avoid bias in patient selection.

Conclusion

The urinary calprotectin levels in the pediatric popula-
tion with intrinsic AKI are significantly higher than those
in non-AKI individuals, while the urinary levels of this
biomarker in prerenal AKI showed no difference com-
pared to the non-AKI group. It was also found that the

urinary calprotectin levels can identify stages 2 and 3
of intrinsic AKI in the pediatric population but cannot
differentiate between stage 1 AKI and non-AKI groups.
Urinary calprotectin has fair screening performance
characteristics for differentiating intrinsic AKI from pre-
renal AKI in children. However, the low specificity calls
for additional diagnostic testing in cases with positive
results.
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