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factors.

used in clinical diagnosis.

Introduction: The aim of the study was to systematically review relevant studies to evaluate the diagnostic value of
urinary kidney injury molecule 1 (uKIM-1) for acute kidney injury (AKI) in adults.

Method: We searched PubMed and Embase for literature published up to November 1st, 2019 and used the Quality
Assessment Tool for Diagnosis Accuracy Studies (QUADAS-2) to assess the quality. Then, we extracted useful informa-
tion from each eligible study and pooled sensitivity, specificity, and area under the curve (AUC) values.

Results: A total of 14 studies with 3300 patients were included. The estimated sensitivity of urinary KIM-1 (uKIM-1) in
the diagnosis of AKI was 0.74 (95% Crl 0.62-0.84), and the specificity was 0.84 (95% Crl, 0.76-0.90). The pooled diag-
nostic odds ratio (DOR) was 15.22 (95% Crl, 6.74-42.20), the RD was 0.55 (95% Crl 0.43-0.70), and the AUC of uKIM-1
in diagnosing AKl was 0.62 (95% Crl 0.41-0.76). The results of the subgroup analysis showed the influence of different

Conclusion: Urinary KIM-1 is a good predictor for AKl in adult patients with relatively high sensitivity and specificity.
However, further research and clinical trials are still needed to confirm whether and how uKIM-1 can be commonly
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Introduction

Acute kidney injury (AKI) is part of a series of acute
kidney diseases during the renal disease processes [1].
Currently, it is determined by an abrupt increase in
serum creatinine, a decrease in glomerular filtration
rate, or both [2]. AKI is a common and serious disease
among patients with acute illness in nearly all fields of
medical practice [3]. It is a global issue and can be fatal
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if not treated well [4]. A recent epidemiologic study
demonstrated that the incidence AKI was 21.6% and
that the AKI-associated mortality rate was 23.9% in
adults [5]. The early diagnosis and intervention of AKI
can not only provide better opportunities for alterna-
tive therapeutic options but also improve patient prog-
nosis and reduce mortality. Although an increasing
number of studies have deepened our understanding of
AKI, the clinical diagnostic criteria of AKI remain con-
troversial. At present, AKI is usually diagnosed by an
increased serum creatinine or decreased urine output,
which was supported by the RIFLE (risk, injury, failure,
loss, end stage kidney disease) classification in 2004 [2],
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the AKIN (acute kidney injury network) classification
in 2007 [6], and the KDIGO (Kidney Disease Improving
Global Guidelines) in 2012 [7]. However, both serum
creatinine and urine output have limitations in timely
and accurately recognizing decreased renal function,
resulting in poor sensitivity and specificity in diagnos-
ing AKI [8]. All these findings suggest an urgent need
for more effective diagnostic measurements for AKI,
and an increasing number of scholars have started
related research in an attempt to change this situation.

Over the last few years, several novel AKI biomarkers
have been discovered and characterized. Some of them
are considered to have the potential to help diagnose
AKI early, including neutrophil gelatinase-associated
lipocalin (NGAL), interleukin-18 (IL-18), kidney injury
molecule-1 (KIM-1), and tissue inhibitor of metallo-
proteinase 2 (TIMP-2) and so on [3, 9]. Unfortunately,
none of them has sufficient evidence to replace serum
creatinine as a marker for measuring renal function or
as a diagnostic criterion for AKI. Among these sundry
kinds of new biomarkers, many scholars have demon-
strated that urinary KIM-1 (uKIM-1) is an remarkably
predictive marker for AKI detection. Moreover, KIM-1
has been approved by the US Food and Drug Adminis-
tration (FDA) as an AKI biomarker for preclinical drug
development [10]. Its expression is upregulated in the
early stages of AKI, much earlier than when serum cre-
atinine increases, providing more possibilities for treat-
ing AKI [3].

KIM-1 is a 38.7-kDa type I transmembrane glyco-
protein with an extracellular immunoglobulin-like
domain topping a long mucin-like domain. As usual, it
is expressed at low levels in the kidney and other organs,
but it is significantly upregulated when the kidney under-
goes injury, especially after ischemia—reperfusion injury
[11]. In humans, proximal tubule cells are the main loca-
tions where KIM-1 expression is upregulated [12]. KIM-1
plays an important role in both kidney injury and the
associated recovery processes [13]. Hence, some studies
have proposed uKIM-1 as a sensitive and specific marker
of AKI as well as a predictor of outcome [14]. Although
an increasing number of related studies have been con-
ducted in recent years, additional clinical research and
trials are required to support the clinical application of
KIM-1 in the early diagnosis of AKI [15].

To further evaluate the diagnostic value of uKIM-1 for
AKI, we systematically reviewed relevant studies to fur-
ther clarify the predictive performance and diagnostic
value of uKIM-1 in AKI. Since previous research sug-
gested that age might be a critical factor affecting the
diagnostic value of uKIM-1, we included 14 original arti-
cles on studies conducted only on adults. We selected the
Bayesian bivariate model as our main analytical method,
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as compared with other common methods, it has higher
accuracy and is not affected by heterogeneity [16].

Methods

This meta-analysis was carried out according to the pre-
ferred reporting items for systematic reviews and meta-
analyses (PRISMA) statement [17].

Data sources and search strategy

A comprehensive search of literature published up to
November 1st, 2019, was performed in the following
databases: PubMed (Medline) and Embase. The search
strategy was applied to identify all trials with the follow-
ing keywords: kidney injury molecule 1 or KIM-1 plus
acute kidney injury or acute renal failure. In addition, the
reference lists of all included studies and relevant reviews
were scanned. The searches were performed indepen-
dently by 2 researchers (] Geng and Z Qin).

Study selection

We encompassed all articles and conference papers
retrieved without sample size restrictions. Studies
that complied with the following criteria were finally
retrieved: (1) articles and conference papers that had
a prospective cohort design, a case—control design or a
cross-sectional design and explored the performance of
urinary KIM-1 in the detection of AKI; (2) study subjects
all older than 18 years; and (3) studies that included or
allowed calculation of the estimated sensitivity and speci-
ficity of urinary KIM-1 in the diagnosis of AKI. The two
reviewers (J] Geng and Z Qin) used the EndNote bibli-
ography manager to check the titles and abstracts of all
citations and then retrieved and rescreened the full-text
articles. The reference lists of the reviewed full-text arti-
cles were checked to ensure no additional relevant stud-
ies were missed. Any discrepancies were resolved by a
third researcher (Y Qiu).

Data extraction

One reviewer (] Geng) utilized a standardized form to
extract information from each eligible study. The fol-
lowing information was extracted: (1) research informa-
tion: first author, year of publication, country of origin,
study design, sample size, whether the investigators were
blinded, population setting (patients after cardiopulmo-
nary bypass surgery, patients with coronary angiography
or percutaneous coronary interventions, patients with
solid tumors, patients with malaria, patients in general
hospital ward, patients admitted to the intensive care
unit, patients admitted to the emergency department,
and critically ill patients); (2) Characteristics of the study
subjects: age, sex, basal estimated glomerular filtration
rate, and baseline serum creatinine; (3) AKI information:
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definition of AKI and number of AKI patients; (4) KIM-1
information: timing of measurements, measurement
method, and the value of KIM-1; and (5) information
about the outcomes, such as the optimal cutoff thresh-
olds, the sensitivity and specificity and/or the true posi-
tive, true negative, false positive, and false negative
values. If a study proposed more than one cutoff thresh-
old, we used the cutoff value with the highest product of
specificity and sensitivity.

Evidence quality assessment

The methodological quality of the studies was individu-
ally evaluated by one author (J Geng). We used the Qual-
ity Assessment Tool for Diagnosis Accuracy Studies
(QUADAS-2) [18] to evaluate the quality of each trial.
The tool included 4 domains: patient selection, index test,
reference test, and flow and timing. We judged a study
as having a low risk of bias if it was evaluated as low on
all 4 domains or the first 3 terms concerning applicabil-
ity. Otherwise, we judged it as having a high risk of bias.
Any discrepancies were resolved by a third researcher (Y

Qiu).

Data synthesis and analysis

A Bayesian bivariate model for diagnostic test stud-
ies was implemented. The greatest advantage of this
method is that adding a small amount of information
can stabilize the analysis without overpowering the
existing data. Especially when there are few data avail-
able, the prior for the covariance matrix of the bivari-
ate structure is important. This provides a basis for the
method to provide higher accuracy. Accurate posterior
marginal distributions for sensitivity and specificity as
well as all hyperparameters and covariates are directly
obtained by the bivariate model with no need for Markov
chain Monte Carlo (MCMC) sampling [16]. Further-
more, univariable estimates of sensitivity and specificity
with 95% credible intervals (Crls), as well as the sum-
mary receiver operating characteristic (SROC) curves,
are directly available for interpretation. Moreover, area
under the receiver operating characteristic curve (AUC)
values with 95% Crl were calculated. Summary positive
and negative likelihood ratios (PLRs and NLRs, respec-
tively) were calculated from the summary sensitivity and
specificity estimates. Four models were applied, where
model type=1 indicates that the sensitivity (se) and
specificity (sp) are modeled in the bivariate model, and
model types=2, 3 and 4 indicate that the sensitivity (se)
and false negative rate(1-sp), false positive rate (1-se) and
specificity (sp), and false positive rate (1-se) and false
negative rate (1-sp) are modeled in the bivariate model,
respectively. Model selection was performed according
to the deviance information criterion (DIC). Alternative
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models were compared by using the DIC and consider-
ing a difference in DIC score>5 as important. Funnel
plot asymmetry was further examined to allow a valid
assessment of the extent and impact of publication and
selective reporting bias in studies of diagnostic accuracy.
Subgroup analyses were performed according to study
design (prospective or retrospective), whether blinding
was or was not performed, population settings and assay
method. All analyses were conducted by R software 3.6.2
(R Foundation for Statistical Computing, Vienna, Austria;
https://www.r-project.org) and RStudio 1.2.5033 (RStu-
dio, Inc., Boston, MA, USA) software with the R packages
metaddiag 2.0.8 and INLA 19.09.03 and relied packages.

Results

Search results

The initial search identified 4869 records in total. First,
2001 studies were removed after duplicates were identi-
fied. Then, we screened the titles and abstracts of the
remaining 2868 studies. There were 59 studies selected
for full-text review. Finally, 14 studies were included in
this meta-analysis [19-32] (Fig. 1).

Study and patient characteristics

A total of 14 studies with 3300 patients were included.
The characteristics of the individual studies are listed in
Table 1. The research objects of all articles were adults
(aged above 18 years old). All these studies were pub-
lished from 2008 to 2019, with different countries of ori-
gin, study designs, sample sizes (from 22 to 1635) and
population settings. It is worth noting that these articles
have different definitions of AKI. There were 9 prospec-
tive cohort studies, 3 case—control studies and 2 cross-
sectional studies included in this meta-analysis. In five of
the studies, the investigators were blinded, the remain-
ing 9 articles did not mention blinding information.
Four studies focused on patients after cardiopulmonary
bypass surgery, 2 studies focused on patients in the inten-
sive care unit, 3 studies focused on patients in the gen-
eral hospital ward, and the remaining studies focused on
patients with coronary angiography or percutaneous cor-
onary interventions, patients with solid tumors, patients
with malaria, patients admitted to the emergency depart-
ment, and critically ill patients. Urinary KIM-1 levels
were measured by a commercial enzyme-linked immune
sorbent assay (ELISA) in 12 studies, and the remaining 2
studies used chemiluminescent microparticle immunoas-
say or microsphere-based Luminex xXMAP technology.

Quality assessment

The methodological quality of the studies according to
the QUADAS is summarized in Table 2. In the patient
selection domain, 3 studies were considered to be at high
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Fig. 1 Flow chart of the study identification and selection procedures

risk due to their case—control design. All of the other
domains were considered to be at low or unclear risk.

Data synthesis

Data in the 14 eligible studies were extracted and are
showed in Table 3, including true positive, false negative,
false positive, and true negative values; assay method and
time of KIM-1 measurement; and the optimal cutoff val-
ues for urinary KIM-1 with their sensitivities (95% CrI),
specificities (95% Crl) and AUC-ROC (95% Crl). Our
research was based on a Bayesian bivariate model, which
was stable and of good consistency, as shown in Fig. 2.
Four bivariate models with random effects were analyzed,

and no significant difference in the DIC was found
(model type=1, 2, 3, 4: 153.7636, 153.7608, 153.7608 and
153.7636). However, the funnel plots showed that there
was significant publication bias (Fig. 2). The estimated
sensitivity of urinary KIM-1 in the diagnosis of AKI was
0.74 (95% Crl, 0.62-0.84), and the specificity was 0.84
(95% Crl, 0.76-0.90), as shown in Fig. 3. The pooled diag-
nostic odds ratio (DOR) was 15.22(95% CrI, 6.74—42.20),
and the risk difference (RD) was 0.55 (95% CrI, 0.43—
0.70). Crosshair plots showed sensitivity, false positive
rate values, and confidence intervals for each included
study. The summary receiver operating characteris-
tic (SROC) plot suggested that the efficiency of urinary
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Table 2 Quality assessment of the included studies
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Study_year Risk of bias

Applicability concerns

patient selection  Indextest Reference standard

Flow and timing  patient selection  Indextest  Reference standard

Khreba_2019 Low Unclear Low
Wybraniec_2017 Low Unclear Unclear
Sinkala_2016 High Unclear Unclear
van Wolfswinkel_2016  Low Unclear Low
Torregrosa_2014 Low Unclear Low
Tekce_2014 Low Unclear Low
Nickolas_2012 Low Low Unclear
Naggar_2012 High Unclear Low
Endre_2011 Low Low Low
Liang_2010 High Low Low
Ferguson_2010 Unclear Unclear Unclear
Liangos_2009 Low Low Unclear
Han_2009 Low Low Unclear
Vaidya_2008 Unclear Unclear Low

Low Low Low Low
Low Low Unclear Unclear
Unclear High Low Unclear
Low Unclear Low Low
Low Unclear Low Low
Low Low Unclear Low
Low Low Low Unclear
Low Low Low Low
Unclear Low Low Low
Low Low Low Low
Unclear Low Low Unclear
Low Low Low Unclear
Low Low Low Unclear
Low Low Low Low

The table summarizes the risk of bias and applicability concerns

KIM-1 in AKI diagnosis was considerable (Fig. 4), while
the AUC of urinary KIM-1 was 0.62 (95% CrI, 0.41-0.76).

We also performed subgroup analysis based on differ-
ent standards, such as study design, population settings,
the use of blinding and assay method. The results of the
subgroup analysis are shown in Table 4. Nonprospec-
tive studies were notably more sensitive and specific than
prospective studies. For population settings, patients who
underwent CPB showed lower specificity and emergency
status, and critical patients showed lower sensitivity
than others. Whether blindness was used in the research
also had an impact on the results. It was also shown that
detection by ELISA was significantly more sensitive than
non-ELISA method.

Discussion

Early diagnose of AKI plays a major role in its treatment
and prognosis. At present, AKI is usually diagnosed by
increased serum creatinine or reduced urine output.
However, current diagnostic criteria cannot meet cur-
rent clinical needs. There is an urgent need to find a more
effective diagnostic measurement for AKI. Some new
biomarkers are considered to have the potential to help
diagnose AKI early, one of which is urinary KIM-1.

In this diagnostic meta-analysis, we included all pub-
lished studies that evaluated the diagnostic value of uri-
nary KIM-1. We identified 14 eligible studies, from which
we extracted relevant information. We found that urinary
KIM-1 can help diagnose AKI with high sensitivity and
specificity. Pooled analysis of the studies shows that the
estimated sensitivity of urinary KIM-1 in the diagnosis of
AKI was 0.74, while the specificity was 0.84. The result

is similar to that of the study by Shao et al. [15] in 2014,
which proposed the use of urinary KIM-1 in the diagno-
sis of AKI with a sensitivity of 0.74 and a specificity of
0.86. The main difference between these two studies was
the age of the research objects. Our research focus on
patients above 18 years old, but the study by Shao et al.
[15] included patients of all ages. In addition, the pooled
DOR was 15.22(95% Crl, 6.74—42.20), which suggested
that uKIM-1 had good diagnostic effectiveness for AKI.
When the DOR is greater than 1, higher diagnostic odds
ratios are indicative of better test performance [33]. The
crosshair plot showed that the sensitivity and specificity
of the included studies varied, with some demonstrat-
ing rather different values. The results also suggested the
need to conduct a meta-analysis to summarize the study
findings. The SROC plot combined the sensitivity and
specificity of each study and the pooled sensitivity and
specificity, which helped emphasize and visualize the dif-
ference. The area under the curve was greater than 0.5,
which suggested that uKIM-1 had good predictive value
for AKI.

To fully evaluate the diagnostic value of uKIM-1, we
conducted subgroup analysis based on different stand-
ards, such as study design, population setting, the use
of blinding and assay method. The results did not show
that the factors in the subgroup analysis had a significant
influence on the diagnostic value of uKIM-1, except when
using non-ELISA methods to measure uKIM-1. Nonpro-
spective studies were notably more sensitive and specific
than prospective studies, probably because nonpro-
spective studies enrolled established AKI patients. The
non-ELISA methods (chemiluminescent microparticle
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immunoassay or microsphere-based Luminex xMAP  not all studies used the same kits. The various antibodies
technology) showed much lower sensitivity than ELISA.  and reagents had an impact on test performance, which
Although ELISA is the main method of measurement, also made it difficult to analyze the differences in this
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regard. The time to collect samples and measure uKIM-1
plays an important role in diagnosing AKI [3]. Because
the included studies varied in population setting and
time of measurement, it was difficult for us to perform a
subgroup analysis based on time.

However, KIM-1 is not ready for clinical practice. Our
research indicated that there is a relatively large dif-
ference in the cutoff value used for KIM-1. The abso-
lute values ranged from 1.412 ng/ml to 3.1 ng/ml, while
standardized cutoff values ranged from 0.42 ng/mg
to 2.0 ng/mg; given the factors we mentioned before,
including population setting, time of measurement, assay
method and so on, it is still difficult to determine a sug-
gested cutoff value of KIM-1. In addition, the estimated
sensitivity and specificity of urinary KIM-1 in the diag-
nosis of AKI were 0.74 (95% Crl, 0.62-0.84) and 0.84
(95% Crl, 0.76—0.90), respectively. Neither are sufficiently
high for clinical diagnosis. In the present study, we were
only able to distinguish whether a patient with a particu-
lar KIM-1 value had AKI, but we could not determine
the changes in the KIM-1 value as the kidney disease
progressed. If the original studies would have included
additional laboratory indexes showing kidney disease
progression and KIM-1 values in different stages, we
would have been able to evaluate the diagnostic value of
uKIM-1 more accurately. The KIM-1 value in different
stages of kidney disease is meaningful for emergency and
critical patients, as many studies suggest that KIM-1 can
distinguish patients with diverse types of acute tubular

necrosis from those without AKI [34]. To date, no new
biomarker has been universally applied in routine use
for clinical practice because each biomarker has its own
advantages and disadvantages [35]. Thus, an increas-
ing number of researchers have proposed the need for a
panel of kidney-specific biomarkers that can reflect func-
tional as well as structural damage and recovery [36].
The combined panel of normalized urinary hemojuvelin
and uKIM-1 was reported to have a sensitivity of 1.00
and specificity of 0.70 [37]. A combined panel of kidney-
specific biomarkers can provide more directions for bio-
marker diagnosis and is worthy of deeper exploration in
the future research.

Conclusion

In summary, compared with the current literature, this
meta-analysis included updated clinical studies and
used more accurate analysis methods to evaluate the
diagnostic value of urinary KIM-1 in adults. Our analy-
sis results indicate that uKIM-1 is a good predictor for
AKI in adult patients with relatively high sensitivity and
specificity. However, further research and clinical tri-
als are still needed to confirm whether and how uKIM-1
can be widely used in clinical diagnosis. In the future, we
expect KIM-1 or other kidney biomarkers to be compre-
hensively applied in AKI, from clinical detection to treat-
ment and even prevention.
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