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Abstract
Background: Procalcitonin (PCT) was used for predicting the development of acute kidney injury (AKI) in several studies recently.
We aimed to investigate the accuracy of PCT for predicting AKI in this study.

Methods: Studies that assessed the predictive performance of PCT for the development of AKI in adult patients were searched
fromMedline, Embase, and the Cochrane Library from inception to June 2020.We calculated the pooled sensitivities and specificities
and the area under the summary receiver-operating characteristic (SROC) curves. I2 was used to test the heterogeneity and the
potential heterogeneity was investigated by meta-regression.

Results: In total, 9 of 119 studies with 4852 patients were included, 1272 were diagnosed with AKI. In the overall analysis, the area
under the SROC curve was 0.82 (95%CI, 0.79–0.85) and the pooled sensitivity and specificity were 0.76 (95% confidence interval [CI],
0.64–0.85) and 0.75 (95% CI, 0.61–0.86), respectively. In the subgroup analysis among septic patients, the pooled sensitivity and
specificity were 0.59 (95%CI, 0.29–0.84) and 0.53 (95%CI, 0.31–0.74), and the area under the SROCwas 0.57 (95%CI, 0.53–0.62).

Conclusion: PCT may be a potential predictor for the development of AKI.

Abbreviations: AKI = acute kidney injury, CI = confidence interval, DOR = diagnostic odds ratio, FN = false negative, FP = false
positive, ICU = intensive care unit, IFN = interferon, IL = interleukin, PCT = procalcitonin, SROC = summary receiver-operating
characteristic curve, TN = true negative, TNF = tumor necrosis factor, TP = true positive, QUADAS = Quality Assessment of
Diagnostic Accuracy Studies.
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1. Introduction

Acute kidney injury (AKI) is a common clinical syndrome that
occurs in 10% to 15% of overall hospitalized patients.[1] It is
associated with the increased risk for chronic kidney disease and
high mortality,[2–4] and can lead to considerable health care cost
for both patients and institutions.[5] Though medical technology
has significantly improved in the past decades, treatments for AKI
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have been still disappointing. Renal replacement therapy is an
effective supportive treatment for AKI. However, renal replace-
ment therapy is expensive and not universally available in
medical resource-limited areas.[6] Thus, early and rapid identifi-
cation of patients with a high risk of the development of AKI is an
important clinical practice to improve overall outcomes. Early
identification of AKI could prompt clinicians to be more cautious
in using interventions that are potentially nephrotoxic to avoid
additional kidney damage as far as possible.
In most scenarios, AKI is a silent condition since it does not

cause pain or any specific signs or symptoms in the early stages.
Assessment of the biomarkers is useful to detect AKI early.
Recently, some researchers have used procalcitonin (PCT) to
predict the AKI and showed promising results.[7,8] However, until
now, there has been no meta-analysis investigating the predictive
accuracy of PCT for the development of AKI.
2. Methods

2.1. Search strategy and selection criteria

This study was registered on PROSPERO (CRD42020192037).
We reported this meta-analysis according to the Preferred
Reporting Items for Systematic reviews and Meta-Analyses
statement.[9] Ethical approval was not necessary since all analyses
were based on previously published studies. We systematically
searched 3 electronic databases (MEDLINE via Pubmed, Embase
via Ovid, and Cochrane library) for clinical studies that evaluated
the performance of PCT for predicting AKI from the inception
until June 2020. The following terms were used to search for the
relevant studies: “(“procalcitonin” OR “procalcitonin” OR
“PCT”) AND (“acute kidney injury” OR “acute renal injury”
OR “acute kidney failure” OR “AKI”)”.
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We included the studies that evaluated PCT as a predictive
biomarker for predicting the development of AKI and used a
standard definition for AKI in accordance with the RIFLE
criteria[10] or KDIGO guideline for AKI.[11] The RIFLE definition
was established in 2004 and the KDIGO guideline was developed
from the RIFLE criteria. The 2 criteria both defined AKI as an
increase of the serum creatinine level within particular time, or
decreased urine output for hours. Besides, the included studies
had to provide sufficient information to calculate numbers of
true-positive (TP), false-positive (FP), false-negative (FN), and
true-negative (TN) results for constructing the 2�2 contingency
table. We only included articles written in English or Chinese.
Exclusion criteria were animal experiments, case reports,
reviews, editorials, correspondences, and clinical guidelines.
Two investigators independently screened titles and abstracts

of all studies according to the eligibility criteria. Relevant articles
considered by any investigator were retrieved for full-text review.
Data including characteristics of the publications (population,
setting, etc.), cut-offs for PCT concentration, and numbers of true
and false positives and negatives were extracted independently by
the 2 investigators.
2.2. Quality assessment

The Quality Assessment of Diagnostic Accuracy Studies
(QUADAS) checklist was used to assess the methodological
quality of the included studies,[12] as recommended by the
Cochrane Collaboration.
2.3. Statistical analysis

Univariate analysis was performed to synthesize each summary
statistic including sensitivity, specificity, and diagnostic odds ratio
(DOR). Sensitivity and specificity are 2widely usedunidimensional
measurements to estimate diagnostic accuracy, which are
negatively correlative with each other in most cases. DOR, the
ratio of the odds of positivity in disease relative to the odds of
positivity in thenon-diseased, is an indicatorwith two-dimensional
nature. It is calculated as following: (TP/FN)/(FP/TN) or
(sensitivity/(1- sensitivity))/(specificity/(1- specificity)).[13] Receiv-
er-operating characteristics curve is another two-dimensional
measurement. In meta-analysis, the summary receiver-operating
characteristics (SROC) curvewasdrawnbyusingabivariatemodel
to pool the sensitivity and specificity.[14] An area under the SROC
curve>0.9was regarded as excellent accuracy,>0.8was regarded
as good, >0.7 was considered as acceptable.[15] Between-study
statistical heterogeneity was quantified by using the Cochrane Q
test to calculate the I2 (with a scale of 0%–100%).[16] In the
Cochrane Q test, the P value lower than .1 indicated a presence of
heterogeneity. If I2 was larger than 50%, a substantial between-
study heterogeneity was considered, and a random-effect model
would be used. Meta-regression was performed to identify the
source of heterogeneity. Publication bias was estimated by using
theDeeks test for funnel plot asymmetry.[17]All datawere analyzed
by using STATA 14.0 (Stata Corp, College Station, TX).
3. Results

3.1. Literature search

Figure 1 shows the detailed selection procedure. According to the
search strategy, we found a total of 119 articles. One hundred
2

and 4 articles were excluded after reviewing the titles and
abstracts.We reviewed full texts of the rest 15 studies, and further
excluded 6 studies. Finally, a total of 9 studies were identified for
analysis.[7,8,18–24]

3.2. Study characteristics and quality assessment

Table 1 lists some characteristics of the included 9 studies. In
total, 4852 patients were included in the analysis, of whom 1272
were diagnosed with AKI. Most studies (6 of 9) were conducted
in ICU, 2 in wards, and 1 in emergency department. Most studies
(7 of 9) were in Asia. All studies provided the area under receiver
operating characteristics curve values, sensitivity, and specificity
except 1. The prevalence of AKI varied from11.79% to 52.71%
with the overall prevalence of 26.22%. In the ICU population, the
prevalence of AKI was 36.92%. The cut-off values for PCT
concentration ranged from 0.065ng/ml to 10ng/ml. All blood
samples for the measurement of PCT were collected within 24
hours of admissions.
The methodological quality of the included studies assessed by

QUADAS-2 is summarized in Figure 2. None of the studies
fulfilled all of the items, but most of the studies fulfilled at least 4
items. The main problem was no prespecified cut-off of PCT
concentration for predicting AKI. Overall, the quality of the
studies was acceptable. Deeks regression test of asymmetry and
the funnel plots indicated no significant publication bias (t=0.3,
P= .77), as shown in Figure 3.

3.3. The diagnostic accuracy of procalcitonin for AKI

In the overall meta-analysis, the pooled sensitivity and specificity
were 0.76 (95% confidence interval [CI], 0.64–0.85) and 0.75
(95% CI, 0.61–0.86), respectively (Fig. 4). The area under the
SROC curve was 0.82 (95%CI, 0.79–0.85) (Fig. 5A). The pooled
diagnostic odds ratio was 9.63 (95% CI, 4.38–21.18) (Fig. 6A).
There was significant heterogeneity in the sensitivities and
specificities among the studies. We performed meta-regression
to identify the source of heterogeneity. The results are listed in
Figure 7. Though the included studies had varied PCT concentra-
tion cut-offs, the cut-offs had no significant association with the
heterogeneity in the regression analysis. We compared studies
conducted on patients from Asia and patients from non-Asian
countries, patients in the intensive care unit (ICU) and patients
outside the ICU, and septic patients and patients not suffering from
sepsis. We also analyzed age and gender. However, there were no
significant results,which suggested that theheterogeneity couldnot
be explained by meta-regression analysis.
Diagnostic accuracy for AKI using PCT among septic patients

was lower than that in the overall population of the enrolled
studies. The pooled sensitivity and specificity of PCT for
predicting AKI in septic patients were 0.59 (95% CI, 0.29–
0.84) and 0.53 (95% CI, 0.31–0.74) (Fig. 8), respectively. The
DOR was 1.64 (95% CI, 0.51–5.26) (Fig. 6B). In the bivariate
model, the area under the SROC was 0.57 (95% CI, 0.53–0.62)
(Fig. 5B), suggesting poor performance of PCT for predicting AKI
in septic patients.

4. Discussion

In the current meta-analysis, we evaluated the diagnostic
accuracy of PCT concentration for predicting AKI. We found
that PCT had a good predictive value (sensitivity 0.76, specificity



Table 1

Characteristics of included studies.

Author Year Country Admission category Setting
No. of
patients

Cut-off
ng/ml AKI n (%) TP FP TN FN

Sensitivity
(95% CI)

Specificity
(95% CI)

Rajeev Jeeha[8] 2018 South Africa Multidisciplinary ICU 201 10.0 74 (36.82%) 46 38 89 28 62.2% 70.1%
Kayeong Chun[7] 2019 Korea Critically ill ICU 790 0.315 266 (33.67%) 162 226 298 104 60.9% 56.9%
Zhou Xiao[17] 2018 China Infection ICU 754 0.40 405 (53.71%) 381 256 92 24 94.2% 26.5%
Alparslan Kurtul[19] 2015 Turkey Acute STEMI or NSTE-ACS Ward 814 0.065 96 (11.79%) 69 215 503 27 72% 70%
Hua-Lan Huang[20] 2013 China Acute pancreatitis ICU 305 3.30 52 (17.05%) 50 20 233 2 97.2% 92.3%
Xin Nie[21] 2013 China Infection Ward 1361 1.575 199 (14.62%) 123 179 983 76 63.82% 87.18%
Hua Liu[18] 2019 China Cardiac surgery ICU 328 3.425 105 (32.01%) 84 49 174 21 80% 78%
Hee Su Park[22] 2019 Korea Sepsis ED 85 2.210 19 (22.35%) 12 14 52 7 62.1% 78.9%
Ruoran Wang[23] 2020 China Traumatic Brain Injury ICU 214 4.695 55 (25.70%) 35 13 146 20 63.6% 91.8%

AKI = acute kidney injury, CI = confidence interval, ED = emergency department, FN = false negative, FP = false positive, ICU = intensive care unit, NSTE-ACS = non-ST-segment elevation acute coronary
syndromes, STEMI = ST-segment elevation myocardial infarction, TN = true negative, TP = true positive.

Figure 1. Flowchart of study selection.
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Figure 2. Quality Assessment of Diagnostic Accuracy Studies criteria for the
included studies.

Figure 3. Deeks funnel p
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0.75) for AKI with a pooled area under the SROC of 0.82, which
suggested that PCT may be a potential biomarker for AKI. We
also found that AKI was highly prevalent in the hospitalized
patients. Especially in the ICU population, nearly one-third of
patients were affected by AKI.
As a global health problem, many studies have suggested that

AKI was highly prevalent in the hospitalized population. In a
multicenter study with 528,108 patients, AKI occurred in 12.2%
of hospitalized patients and the mortality of patients with AKI
was higher than those without AKI.[25] A multicenter epidemio-
logical study conducted in Southeast Asia intensive care units
reported that the rate of AKI was 52.9% in critically ill
patients.[26] Another multicenter study in Europe also reported a
high prevalence of 57.3% in the ICU population.[27] Both the
studies provided evidence that AKI severity was associated with
mortality. The mortality rate of patients with stage 3 AKI
appeared to be 3 to 7 times higher than those without AKI.[26,27]

AKI not only increases hospital mortality, but also all-cause
mortality in the year following hospital discharge.[4] In addition,
AKI is an established risk factor for chronic kidney disease which
can result in adverse long-term health outcomes and increased
health-care cost.[4]

Because there is no effective treatment, early detection and
prevention to avoid further damage are key in the management of
AKI to improve the short- and long-term outcomes. Several risk
prediction tools have been created to predict the development of
AKI,[28,29] but most of these models were developed in specific
settings and populations and lacked validation, which limit the
spread of these tools to other populations and settings.[6] Serum
creatinine as a classic measurement also lacked the ability to
identify AKI early.[30] In the study, many patients with
histological diagnosis of AKI failed to be clinically diagnosed
lot of publication bias.



Figure 4. Forest plot of the sensitivity and specificity for studies using procalcitonin to predict AKI.

Figure 5. Summary receiver operating characteristic curves (receiver operating characteristic curve is a two-dimensional indicator including information of
sensitivity and specificity, larger of area under receiver operating characteristic curve means better diagnostic performance) and the corresponding 95% confidence
contours and 95% prediction contours (A plot for all included studies, B plot for studies of septic patients).
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Figure 6. Forest plot of the diagnostic odds ratio (diagnostic odds ratio if the ratio of the odds of positivity in disease relative to the odds of positivity in the non-
diseased, it can be calculated as following: (TP/FN)/(FP/TN)) for the use of PCT in predicting AKI (A plot for all included studies, B plot for studies of septic patients).

Figure 7. Forest plot of meta regression (meta regression was performed to
investigate the sources of heterogeneity).
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with AKI because the rate of increase of serum creatinine was
slower than the rate of increase required by the definition of AKI.
Procalcitonin, an inflammatory biomarker, may be a potential

early biomarker of AKI. There is evidence that AKI was
associated with activation of proinflammatory cytokines and
chemokines in the patients with acute renal dysfunction.[31,32]

Increased cytokines including interleukin (IL)-2, IL-6, tumor
necrosis factor (TNF)-a, and interferon(IFN)-g etc. were
observed both in human and animal models with acute renal
failure.[33,34] Moreover, a previous study revealed that PCT had
direct cytotoxicity and induced apoptosis in mesangial cells
through increasing IL-6 and TNF-a.[35] All the included studies
provided conclusions that PCT was useful in predicting AKI
except for the study conducted by Chun et al.[7] Nevertheless,
Chun et al still found a significant association between PCT and
AKI both in univariate and multivariable regression models. PCT
has several advantages in predicting AKI. Firstly, it is hardly
detected in healthy individuals, but it can rapidly rise in 6hours
and peak in 24hours during inflammation.[36] In addition, PCT
has been widely used as a diagnostic biomarker for sepsis in
clinical practice and it is available in most institutions.[37,38]

It is notable that PCT is not specific for acute kidney injuries
and can increase in other underlying conditions, especially
sepsis.[39] Thus, PCT may be less accurate in predicting AKI in
sepsis, which was supported by the results of the subgroup
analysis of patients with sepsis in this study. The area under the
SROC of PCT for predicting AKI in patients with sepsis was
lower than 0.6, and the DOR was low as 1.64, which indicated
poor diagnostic value. In one of the included studies,[8] Jeeha et al
revealed that PCT was a significant predictor of AKI in the non-



Figure 8. Forest plot of the sensitivity and specificity for studies using procalcitonin to predict AKI among patients with sepsis.
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septic patients but not in septic patients. However, it is
controversial on this issue. Some researchers hold that PCT
had good predictive ability for AKI in septic patients.[40,41]

Interestingly, a previous meta-analysis provided the evidence
that renal impairment could affect the diagnostic accuracy of
PCT in diagnosing bacterial infection.[42] On one hand, an
increase in PCT in renal-dysfunction patients with or without
infection, was reported in previous study.[43] Furthermore, PCT
levels could be further affected by renal dysfunction since PCT is
partially removed via the kidney.[44]

Investigating the sources of heterogeneity among studies is an
important work of meta-analysis to determine whether differ-
ences between studies explain the heterogeneity. In our study, we
found wide heterogeneity among the included studies, but no
potential sources of heterogeneity were explained by the meta-
regression analysis. We supposed sepsis might be one of the
sources of the heterogeneity since it can substantially affect the
serum level of PCT. Generally, the illness severity of patients in
ICUs is higher than that in wards, so whether the studies were
conducted in ICUs or not may also contribute to the
heterogeneity. Furthermore, the cut-offs with wide variation
among the studies may be a potential contributor. In addition, we
also analyzed other potential factors including variety in region,
age, and gender that could contribute to heterogeneity. However,
all the factors in meta-regression analysis failed to explain the
heterogeneity. Multivariate analysis may be useful in detecting
the source of heterogeneity, but the number of the included
studies limited the use of multivariate regression model.
7

Our meta-analysis has several limitations. Firstly, substantial
heterogeneity between the included studies could not be
explained by subgroup analysis. Secondly, the included studies
were mostly retrospective that may lead to inevitable bias.
Moreover, we also found that the cut-off for PCT varied
considerably from study to study and the best diagnostic
threshold for PCT was unknown.
5. Conclusion

PCT may be a potential early biomarker of AKI, however, the
result should be further validated.
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