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Abstract: Background: Little research has been conducted focusing on the predictive accuracy of blood cystatin 
C (CysC) for occurrence of acute kidney injuries (AKI) in critically ill patients admitted to intensive care units (ICU). 
There is no consensus concerning appropriate cut-off values. Objective: The current meta-analysis aimed to deter-
mine the predictive accuracy of blood CysC for AKI and to evaluate risk association between blood CysC and occur-
rence of AKI in ICU settings. Methods: A computerized search of PubMed, EMBASE, and Cochrane Library databases 
was carried out. The aim was to identify potentially relevant articles, enrolling patients admitted in the ICU with 
blood CysC measured for those suffering from AKI. Pooled sensitivity (SENS), specificity (SPEC), positive likelihood 
ratios (PLR), negative likelihood ratios (NLR), and diagnostic odds ratios (DOR) with 95% confidential intervals (CI) 
were obtained for the overall population. In subgroups by diverse AKI criteria, timing of the measurement of CysC 
and cut-off values was examined. An optimal cut-off value was acquired using the summary receiver operating char-
acteristic (SROC) curve approach. Overall predictive accuracy of blood CysC for AKI was evaluated by area under the 
receiver operating characteristic (AUROC) curves. Pooled odds ratios (OR) with 95 CI were calculated to determine 
the association of blood CysC levels and occurrence of AKI in overall and subpopulations. Results: A total of 21 eli-
gible articles were identified, containing 28 sets of data with a total of 4,154 patients. They obtained a pooled SENS 
of 0.74 (95% CI: 0.68-0.79), SPEC of 0.79 (0.74-0.84), PLR of 3.56 (2.74-4.63), NLR of 0.33 (0.27-0.42), DOR of 
11.0 (7.0-17.0), and AUROC of 0.83 (0.80-0.86), regarding predictive accuracy of blood CysC levels for AKI. Blood 
CysC is earlier than serum creatinine in response to AKI. Measuring blood CysC considering an optimal cut-off value 
of 1.38 mg/L yielded the highest predictive accuracy, with a sensitivity of 0.73 and specificity of 0.81. Patients with 
increased levels of blood CysC had 8.16 times higher risk of AKI, compared with those without (OR 8.16, 95% CI: 
6.03-11.05, P < 0.0011). Homogenous results were obtained when GFR or RIFLE criteria was utilized, blood CysC 
was measured within 48 hours after ICU admission, or cut-off value ≤ 1 mg/L was referred to. Conclusion: Present 
findings revealed that blood CysC levels are an early, sensitive, and specific predictor for occurrence of AKI in ICU 
patients. They can be a potential substitute for serum creatinine. Measuring blood levels of cystatin C considering 
an optimal cut-off value of 1.38 mg/L provides the highest predictive accuracy for AKI. 

Keywords: Cystatin C (CysC), acute kidney injury (AKI), critically ill, intense care unit (ICU), sensitivity (SENS), speci-
ficity (SPEC), diagnostic odds ratio (DOR), summary receiver operating characteristic (SROC) curve, area under the 
receiver operating characteristic (AUROC) curve, cut-off value

Introduction

Recently, serum CysC (cystatin C), a 13-kDa en- 
dogenous cysteine proteinase inhibitor, has be- 
en considered a novel serum protein filtration 
marker, with low molecular weight, for diagno-
sis of kidney damage. It is less affected by mus-

cle mass than creatinine. In addition, CysC has 
been demonstrated as a sensitive and early 
predictor of onset of AKI in various conditions 
[1, 2].

However, existing evidence has been limited by 
the lack of a reference standard for CysC to cali-
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events for outcomes of interest; or (5) Identified 
to be retrospective, prospective, cohort, or cr- 
oss-sectional studies in terms of study design. 
In cases of studies containing several sets of 
data from various subgroups, the data was 
recorded separately. Studies that met the fol-
lowing criteria were excluded: (1) Subjects were 
not critically ill or not admitted in ICU; (2) Pa- 
tients with AKI resulting from drug-induced 
nephrotoxicity or transplant recipients or do- 
nors were enrolled; (3) Serum or plasma CysC 
were not measured; (4) Diagnosis of AKI was 
established before levels of cystatin C were 
measured; (5) No data for sensitivity (SENS), 
specificity (SPEC), true positive (TP), false posi-
tive (FP), false negative (FN), or true negative 
(TN) was available; (6) Eligible outcomes (AKI, 
ARI, ARD, or ARF) were not reported or other 
outcomes (prerenal AKI, postrenal AKI, RRT re- 
quirement, and/or renal recovery) were pre-
sented; or (7) Published as a form of review, 
commentary, letter, or correspondence. Addi- 
tionally, reasons for dismissal of any studies 
were recorded. The detailed process for inclu-
sion and exclusion is exhibited in a flow diagram 
(Figure 1).

Quality assessment

Quality status of each included study was as- 
sessed using the 14-item Quality Assessment 
of Diagnostic Accuracy Studies (QUADAS)-2 tool 
[11, 12] (Table S2). Good studies were the ones 
in which all the QUADAS-2 items were found to 
be acceptable (have low risk of bias). Even if a 
study had used an appropriate reference test, 
but at least one of the other QUADAS-2 items 
had high risk of bias or was unclear, it was con-
sidered as having fair quality. Articles in which 
an appropriate reference test was not used for 
defining AKI were considered as having poor 
quality. These were excluded from the meta-
analysis [4].

Data extraction

Two independent reviewers (W Z and GY L) par-
ticipated in data extraction from enrolled publi-
cations, using a custom-made standardized fo- 
rm. The following variables were documented 
or re-calculated: author, publication year, arti-
cle title, country or region, study population, 
ICU type, age, gender, study design, number of 
evaluated subjects, timing of sample collection, 
timing of CysC measurement, timing of AKI 

brate measures across studies. There is no 
consensus concerning appropriate cut-off lev-
els of CysC to detect AKI across a broad popu-
lation with a wide range of kidney function [3- 
9]. Furthermore, little research has been con-
ducted focusing on the predictive accuracy of 
blood CysC in detecting AKI in critically ill pa- 
tients admitted to the ICU.

Therefore, the current meta-analysis of relevant 
studies was conducted, aiming to evaluate the 
predictive accuracy of blood CysC levels for 
subsequent occurrence of AKI in ICU settings 
and to acquire an optimal cut-off values using 
the summary receiver operating characteristic 
(SROC) curve approach.

Materials and methods

General information

This meta-analysis was designed based on the 
Meta-analysis of Observational Studies in Ep- 
idemiology (MOOSE) statement [10].

Data sources and search strategy

A computerized search of PubMed, EMBASE, 
and Cochrane Library databases was carried 
out by two independent reviewers (W Z and GY 
L), from inception until October 6, 2018, with 
the aim of identifying potentially relevant arti-
cles. Search strategies used in the databases 
are presented in Table S1. Bibliographies of id- 
entified articles were reviewed manually to find 
additional articles. Results of the search in 
databases were pooled and repetitive articles 
were removed using EndNote (version X8, Th- 
omson Reuters Company) software.

Inclusion and exclusion criteria

The list of articles was reviewed by two sepa-
rate reviewers (W Z and GY L), determining their 
suitability for inclusion in the meta-analysis. 
Studies that met the following criteria were 
included: (1) Enrolled critically ill patients, at 
least 17 years of age, admitted in general, med-
ical, surgical, or mixed ICU; Also subsequently 
experienced outcomes of interest, i. e., AKI, ac- 
ute renal dysfunction (ARD), acute renal insuf-
ficiency (ARI), or acute renal failure (ARF); (2) 
Gave serum or plasma values for cystatin C; (3) 
Investigated the diagnostic or predictive accu-
racy of serum or plasma CysC for development 
of outcomes of interest; (4) Contained data on 
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diagnosis, sample type, temperature for sam-
ple storage, measurement method of CysC, ba- 
seline CysC and (or) Cr level, diagnostic criteria 
for AKI, cut-off value or reference range for 

blood CysC in detecting AKI, number of patients 
with AKI outcome, number of true TP, FP, FN, 
TN, SENS, and SPEC, and area under the receiv-
er operating characteristic curve (AUROC) with 

Figure 1. Flow diagram for selection of articles.
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95% confidence intervals (CI). In cases where 
only SENS and SPEC were reported, Review 
Manager (Revman) Version 5.3 for Windows 
(Cochrane Collaboration, Oxford, UK) was used 
for calculation of TP, FP, FN, and TN. If data for 
SENS and SPEC were presented as charts, they 
were generated with Plot Digitizer Software 
Version 1.9 (Michael Boleman, Department of 
Physics, University of South Alabama, USA). Dis- 
crepancies concerning study selection, quality 
assessment, and data extraction were resolved 
through discussion between the two reviewers 
(W Z and GY L), using a third opinion (SQ W) 
before a final consensus was reached.

Statistical analysis

STATA Version 12.0 (Stata Corp, College Station, 
TX, USA) and Revman 5.3 were used for con-
duction of data analysis. Primary statistical 
analysis was based on a bivariate Meta-analytic 
approach [13, 14]. Based on this model, pooled 
SENS, SPEC, positive likelihood ratios (PLR), 
negative likelihood ratios (NLR), and diagnostic 
odds ratios (DOR) with 95% CI were obtained 
for prediction of development of AKI. This was 
obtained for the overall population or for sub-
groups, according to AKI criteria (AKIN [15-19], 
CrCl [20, 21], GFR [22-24], KDIGO [16, 25-28], 
RIFLE, or other criteria [29]), timing of measur-
ing CysC (within 24 hours or within 48 hours 
after ICU admission), and cut-off values of 
blood CysC (> 1, or ≤ 1 mg/L). Eventually, all 
data were pooled and an overall effect size was 
presented [4]. The predictive accuracy of blood 
CysC for AKI was calculated using the summary 
receiver operating characteristic (SROC) curve 
approach, as previously described [30]. Hete- 
rogeneity among studies was quantitatively 
assessed using the Chi-squared test and I2 sta-
tistics [30]. According to Cochrane’s Handbook 
(http://handbook-5-1.cochrane.org/), a rough 
guide for interpretation of I2 for heterogeneity is 
as follows: 0% to 40%: might not be important; 
30% to 60%: may represent moderate hetero-
geneity; 50% to 90%: may represent substan-
tial heterogeneity; 75% to 100%: considerable 
heterogeneity. A random-effects mode was 
chosen if p < 0.1 or I2 > 30%. Otherwise, a fix- 
ed-effects model was used [31]. Sensitivity 
analysis was carried out to identify the effects 
of data from each study on pooled effect esti-
mates [32]. ORs with 95 CIs were calculated to 
determine the association of blood levels of 
CysC and occurrence of AKI in the overall popu-

lation and subgroups by potential confounders 
with STATA 12.0, using a random-effects model. 
To identify the main sources of heterogeneity, 
meta-regression analysis was conducted, de- 
pending on various subgroups based on poten-
tial confounders.

Results

Study characteristics

A crude search yielded 2,162 articles. After the 
initial screening of search results, full texts of 
137 articles were studied. After a careful and 
thorough screening process, a total of 21 arti-
cles [15-29, 33-38] with 28 sets of data, with a 
total of 4,154 patients, were included for meta-
analysis (Figure 1). Study characteristics of the 
21 articles are listed in Table 1. All studies were 
published in English and represented interna-
tional experiences from 14 countries or regions. 
Specifically, patients were admitted in surgical 
ICUs in two articles, medical ICUs in five, mixed 
(medical and surgical) ICUs in five, and general 
or non-specified ICUs in nine. Nineteen of 21 
studies enrolled patients prospectively, one 
study was retrospective in design, and the 
other was a cross-sectional study. Number of 
subjects was > 100 in nine articles and ≤ 100 
in 12 articles. Fifteen of them had a mean age 
of ≤ 65 years old, while the other six had a 
mean age > 65. Thirteen articles used AKI as 
outcome evaluated, one used ARI, two used 
ARD, two used ARF, two used septic AKI, and 
the other used AKI stage 2-3, since similar 
pathological conditions expressed as different 
terms or renal dysfunction from diverse etiolo-
gies and in varied severities were regarded as 
outcomes across the 21 articles. Numbers of 
TP, TN, FP, and FN results, cut-off values, or ref-
erence range of blood cystatin C, SENS, SPEC, 
PLR, NLR, and AUROC, with corresponding 95% 
CIs for each study, are shown in Table 2. 
Diagnostic criteria for outcomes are listed in 
Table 3. Of the 21 articles included, AKI was 
defined by RIFLE criteria in seven articles [16, 
33-38], by AKIN criteria in five articles [15-19], 
by KDIGO criteria in five articles [16, 25-28], by 
CrCl < 80 mL/min/1.73 m2 in two articles [20, 
21], by GFR < 80 mL/min/1.73 m2 in three arti-
cles [22-24], and by other criteria in two articles 
[16, 29]. Moreover, three articles used more 
than one diagnostic criteria. Measurement was 
performed within 24 hours after ICU admission 
in 17 articles, within 48 hours in two, and at 
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Table 1. Characteristics of studies included in the meta-analysis

Author year Country 
or region

ICU type 
(setting)

Study 
design

Sample 
size

Male: 
female

Age 
(years)

Out-
come

Timing 
for AKI 

diagnosis

Timing for 
sampling after 

admission
Sample

Storage 
temperature 

(°C)

Assay 
for 

CysC

Baseline 
CysC 

(mg/L)

Baseline Cr 
(μmol/L)

Royakkers AA 2011 [33] Netherlands NS PO 151 97:54 67.0 ± 15.3 AKI Within 48 h 0 Serum -80 PENIA 0.95 ± 0.55 88.46 ± 26.34

Mazul-Sunko B 2004 [29] Austria Mix [Med 
(Sep), 
Sur]

PC 29 21:8 56.6 ± 16.3 ARI Within 18 d 0 Plasma -20 PETIA 1.37 ± 0.99 NA

Schnell D 2012 [19] France Mix [Med 
(SevSep), 
Sur (Tra)]

PO 58 40:18 44.0 ± 25.2 AKI 2-3 Within 72 h Within 12 h Serum NA NIA 0.85 ± 0.55 88.14 ± 53.03

Wang F 2014 [15] China Mix [Med, 
Sur (Tra)]

PO 446 260:186 69.1 ± 15.6 AKI 0 0 Serum NA NA 1.28 ± 0.66 82.66 ± 45.09

Yegenaga I 2017 [34] Turkey NS PO 183 98:85 57.1 ± 18.3 AKI Within 7 d Within 24 h Serum -80 ELISA 0.32 ± 0.12 102.01 ± 82.79

Zhou J 2016 [16] China NS RC 1036 660:376 57.0 ± 17.5 AKI Within 18 d Within 48 h Plasma NA NA 0.60 ± 0.30 101.60 ± 121.20

Zhang J 2017 [17] China Sur PO 76 41:35 48.9 ± 7.6 AKI NS Within 2 h Serum -80 PETIA 3.46 ± 0.89 72.12 ± 3.61

Martensson J 2016 [25] Australia; 
Sweden

NS PO 93 66:27 53.6 ± 25.5 AKI Within 72 h 0 Plasma -80 PETIA 0.83 ± 0.34 82.23 ± 15.48

Legrand M 2015 [26] France Mix PC 111 63:48 55.0 ± 18.1 AKI Within 7 d 0 Plasma -80 TIA 0.91 ± 0.67 95.33 ± 69.39

Sagheb MM 2014 [23] Iran Mix CS 80 55:25 43.5 ± 18.3 RD Within 7 d Within 24 h Serum NA ELISA 0.88 ± 0.41 78.68 ± 22.10

Schaalan M 2017 [27] Egypt Med 
(Sep)

PO 110 43:37 46.0 ± 4.3 Septic AKI Within 28 d 0 Serum -70 ELISA 4.93 ± 3.13 118.17 ± 24.50

Aydogdu M 2013 [35] Turkey Med (Pul) PC 151 98:53 68.1 ± 13.6 Septic AKI Within 23 d Within 24 h Plasma -80 PENIA 1.76 ± 0.98 73.13 ± 78.68

Villa P 2005 [21] Spain NS PC 50 34:16 54.0 ± 16.3 RD NS 0 Serum NA PENIA 1.19 ± 0.79 88.41 ± 75.15

Delanaye P 2004 [22] Belgium NS PO 14 10:4 63.0 ± 4.0 RF NS NS Plasma NA PENIA NA NA

Delanaye P 2014 [24] Belgium, 
France

Med PO 47 22:25 62.0 ± 17.0 AKI NS NS Serum -80 PENIA 1.26 ± 0.61 61.89 ± 29.18

Herget-Rosenthal S 2004 [38] Germany NS PC 85 31:54 66.6 ± 10.1 AKI R-Day-2; 0 Serum -20 NIA 0.84 ± 0.16 76.89 ± 12.78

R-Day-1;

R-Day 0

Kokkoris S 2012 [36] Greece NS PO 100 57:43 54.0 ± 23.8 AKI Within 7 d Within 1 h Plasma -70 NA 0.98 ± 0.56 65.07 ± 26.41

Le Bricon T 2005 [20] France Sur PC 28 14:14 55.0 ± 17.0 RF Within 5 d 0 Plasma -20 NIA NA NA

Chen TH 2012 [18] Taiwan Med (Cor, 
AMI)

PC 150 113:37 66.0 ± 1.0 AKI Within 48 h 0 Serum -80 ELISA 2.10 ± 0.20 117.59 ± 6.19

Gaygisiz U 2016 [37] Turkey Med PC 72 52:20 64.6 ± 15.1 AKI Within 29 d Within 24 h Serum -80 PENIA 0.96 ± 0.29 53.04 ± 14.70

Deng Y 2017 [28] China NS PO 1084 590:494 55.0 ± 17.3 AKI Within 7 d Within 1 h Serum NA NA 0.89 ± 0.41 62.33 ± 19.42
Notes and abbreviates: Data are presented as mean (SD) unless otherwise indicated. The 95% confidence interval if available is given in parentheses. AMI, acute myocardial infarction; ARF, acute renal failure; ARI, acute renal insufficiency; Cor, 
coronary disease; CysC, cystatin C; D1, day 1; Med, medical; Mix, mixed; NA, not available, or not applicable; NIA, nephelometric immunoassay; NS, non-specified; PC, prospective cohort; PENIA particle enhanced nephelometric immunoassay; 
PETIA, particle-enhanced turbidimetric immunoassay; PO, prospective observational; Pul, pulmonary disease; RC, retrospective cohort; RD, renal dysfunction; R-Day-2, on the two days prior to the RIFLE-R-criteria was fulfilled; RF, renal failure; 
Sep, sepsis; SevSep, severe sepsis; Sur, surgical; TIA, turbidimetric immunoassay; Tra, traumatic.
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Table 2. Data for predictive accuracy of blood CysC levels for AKI among individual studies

Author year Subgroup by AKI 
criteria

Timing for 
assay after 
admission

Cut-off or  
reference range  

(mg/L)
TP FP FN TN SENS SPEC PPV NPV PLR NLR AUROC  

[95% CI]

Royakkers AA 2011 [33] RIFLE Within 24 h NA 12 26 2 31 0.83 0.54 0.31 0.93 1.79 0.32 0.72 [NA]

Mazul-Sunko B 2004 [29] Increased Cr Within 24 h 1.91 9 0 1 19 0.90 1.00 1.00 0.95 NA 0.10 0.99 [0.96-1.00]

Schnell D 2012 [19] AKIN Within 24 h 0.80 14 9 4 31 0.78 0.78 0.61 0.88 3.50 0.29 0.84 [NA]

Wang F 2014 [15] AKIN Within 24 h 1.15 80 90 34 242 0.70 0.73 0.47 0.88 2.59 0.41 NA

Yegenaga I 2017 [34] RIFLE Within 24 h 0.39 33 24 30 96 0.52 0.80 0.58 0.76 2.60 0.60 0.66 [0.58-0.74]

Zhou J 2016 [16] RIFLE Within 48 h 0.29 174 251 99 512 0.64 0.67 0.41 0.84 1.94 0.54 0.70 [NA]

AKIN Within 48 h 0.29 223 221 130 462 0.63 0.68 0.50 0.78 1.96 0.54 0.69 [NA]

KDIGO Within 48 h 0.29 258 222 134 422 0.66 0.65 0.54 0.76 1.91 0.52 0.70 [NA]

Increased CysC Within 48 h 0.29 241 216 133 446 0.64 0.67 0.53 0.77 1.97 0.53 0.70 [NA]

Zhang J 2017 [17] AKIN Within 24 h NA 30 8 8 30 0.79 0.79 0.79 0.79 3.68 0.27 0.81 [NA]

Martensson J, 2016 [25] KDIGO Within 24 h 1.10 12 17 9 55 0.55 0.76 0.40 0.85 2.29 0.59 0.67 [0.54-0.81]

Legrand M 2015 [26] KDIGO Within 24 h 1.38 30 13 11 57 0.73 0.82 0.71 0.84 4.06 0.33 0.83 [0.74-0.91]

Sagheb MM 2014 [23] GFR (CrCl) Within 24 h 0.80-1.10 (male), 0.60-1.10 (female) 47 11 13 9 0.78 0.45 0.81 0.40 1.41 0.50 0.61 [0.49-0.72]

GFR (C-G) Within 24 h 0.80-1.10 (male), 0.60-1.10 (female) 38 4 22 16 0.63 0.80 0.91 0.42 3.21 0.46 0.75 [0.64-0.84]

GFR (MDRD) Within 24 h 0.80-1.10 (male), 0.60-1.10 (female) 48 6 12 14 0.81 0.70 0.89 0.54 2.67 0.28 0.80 [0.69-0.88]

GFR (simplified MDRD) Within 24 h 0.80-1.10 (male), 0.60-1.10 (female) 40 4 20 16 0.67 0.79 0.91 0.44 3.25 0.42 0.77 [0.66-0.86]

Schaalan M 2017 [27] KDIGO Within 24 h NA 37 13 3 57 0.92 0.82 0.74 0.95 5.11 0.10 0.82 [NA]

Aydogdu M 2013 [35] RIFLE Within 24 h 1.50 46 28 17 60 0.73 0.68 0.62 0.78 2.28 0.40 0.82 [NA]

Villa P 2005 [21] CrCl Within 24 h 0.60-1.00 22 5 3 20 0.90 0.79 0.81 0.88 4.19 0.13 NA

Delanaye P 2004 [22] GFR (CrCl) NS 0.48-0.82 8 0 3 3 0.74 1.00 1.00 0.51 618.00 0.26 0.83 [NA]

GFR (C-G) NS 0.48-0.82 9 0 2 3 0.79 1.00 1.00 0.57 NA 0.21 0.92 [NA]

Delanaye P 2014 [24] GFR NS NA 12 4 1 30 0.92 0.88 0.75 0.97 7.67 0.10 0.94 [NA]

Herget-Rosenthal S 2004 [38] RIFLE Within 24 h NA 24 2 20 39 0.55 0.95 0.92 0.66 11.00 0.47 0.92 [0.85-0.96]

Kokkoris S 2012 [36] RIFLE Within 24 h 1.04 22 12 14 52 0.61 0.81 0.65 0.79 0.79 0.48 0.75 [0.65-0.83]

Le Bricon T 2005 [20] CrCl Within 24 h 0.46-0.94 11 0 2 15 0.88 0.97 0.96 0.90 29.30 0.12 NA

Chen TH 2012 [18] AKIN Within 24 h 1.80 33 10 10 97 0.77 0.91 0.77 0.91 8.56 0.25 0.90 [0.87-0.93]

Gaygisiz U 2016 [37] RIFLE Within 48 h 0.94 12 18 7 35 0.63 0.66 0.40 0.83 1.85 0.56 0.67 [0.53-0.81]

Deng Y 2017 [28] KDIGO Within 24 h 1.26 144 43 182 715 0.44 0.95 0.77 0.80 7.92 0.59 0.74 [0.70-0.77]
Notes and abbreviates: The 95% CI, if available, is given in parentheses. Increased Cr, increased serum creatinine level of > 267 μmol/L. Increased CysC, Increase in CysC ≥ 0.3 mg/L within 48 h or ≥ 50% within 7 days. AKIN, Acute Kidney 
Injury Network; CrCl, creatinine clearance; CysC, cystatin C; FN, false negative; FP, false positive; GFR (C-G), GFR calculated by Cockcroft-Gault formula; GFR (CrCl), GFR calculated by creatinine clearance; GFR (MDRD), GFR calculated by 
Modification of Diet in Renal Disease (MDRD) formula; GFR (simplified MDRD), GFR calculated by simplified MDRD formula; KDIGO, Kidney Disease: Improving Global Outcomes; MDRD, Modification of Diet in Renal Disease; NA, not available 
or not applicable; NPV, negative prediction value; NS, non-specified; PLR, positive likelihood ratio; PPV, positive prediction value; RIFLE, risk-injury-failure-loss-end stage renal disease; SENS, sensitivity; SPEC, specificity; TN, true negative; TP, 
true positive.
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Table 3. Diagnostic criteria for outcomes evaluated in included studies
Outcomes Criteria
AKI AKIN Stage 1: an increase of 26.4 µmol/L (≥ 0.3 mg/dl) or greater in SCr value or an increase of 150% to 200% or greater in SCr value above baseline and/or urine output less than 0.5 

mL/kg per hour for more than 6 h; Stage 2: an increase of 200% to 300% or greater in SCr value above baseline and/or urine output less than 0.5 mL/kg per hour for more than 
12 h; Stage 3: a 300% increase or greater in SCr value above baseline and/or urine output less than 0.3 mL/kg per hour for 24 h or anuria for 12 h and/or the need for RRT [15, 
16, 19, 27, 41].

KDIGO Increase in SCr ≥ 0.3 mg/dL within 48 h or ≥ 50% within 7 days. Stage 1: Increase in SCr ≥ 0.3 mg/dL within 48 h or to 1.5-1.9 times baseline; Stage 2: To 2.0-2.9 times baseline; 
Stage 3: To 3.0 times baseline or to at least 4.0 mg/dL or initiation of RRT [16, 25-27].

RIFLE Risk (R): an increase of serum creatinine ≥ 50% from baseline; Injury (I): an increase of serum creatinine ≥ 100% from baseline; and Failure (F): an increase of serum creatinine ≥ 
200% from baseline [28, 33-35, 42].

GFR GFR < 80 mL/min/1.73 m2 [20, 22, 23].

CrCl CrCl < 80 mL/min/1.73 m2 [18, 21, 23].

CysC Increase in CysC ≥ 0.3 mg/L within 48 h or ≥ 50% within 7 days. Stage 1: To ≥ 1.5 times baseline; Stage 2: To ≥ 2 times baseline; Stage 3: To ≥ 3 times baseline or initiation of RRT 
[16, 38].

Others (1) A calculated creatinine value of 267 µmol/l or diuresis < 30 ml/h in patients with no history of chronic renal impairment [29]; or (2) Sudden changes in renal structure or func-
tion within 48 h identified by imaging, or hematuria during routine examination found within 3 months, with an increase in SCr content greater than 26.4 µmol/l or 50% of the base 
value; urine output below 0.5 ml/(kg·h) for more than 6 h, but not including patients with dehydration and obstructive nephropathy [17, 43].

Sepsis Two or more of the following criteria were met as a result of systemic infection: temperature > 38°C or < 36°C; heart rate > 90/min; respiratory rate > 20/min or pCO2 < 32 mmHg; WBC > 
12,000/mm3, < 4,000/mm3, or > 10% immature (band) forms [28, 37, 44].

Septic AKI Criteria for both sepsis and AKI were met.
Notes and abbreviates: AKIN, Acute Kidney Injury Network; CrCl, creatinine clearance = Urine Cr × 24-hour volume/Plasma Cr × 24 × 60 min; KDIGO, Kidney Disease: Improving Global Outcomes; RRT; renal replacement treatment.
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unclear timepoints in two 
articles. Cut-off values for 
blood CysC varied across 
studies, ranging from 0.29 
mg/L to 1.91 mg/L. Becau- 
se numbers of TP, FP, FN, 
TN, PLR, and NLR were not 
provided by 13 studies, th- 
ese indexes were calculat-
ed from provided SENS, 
SPEC, and numbers of pa- 
tients evaluated.

Study quality

Figure 2 lists the quality as- 
sessment of included stud-
ies. Overall, studies had fa- 
irly good quality in method-
ology and implementation. 
Specifically, the reference 
standard was likely to cor-
rectly classify the target 
condition in all 21 articles. 
Execution of the reference 
standard was described in 
sufficient detail in 15 arti-
cles, but not in the other six 
[20-22, 24, 36, 38]. Execu- 
tion of the index test was 
described in sufficient de- 
tail in 17 studies, but not in 
the other four [15, 16, 28, 
36]. Researchers from only 
three articles [19, 28, 36] 
were blinded to the results 
of the index tests when 
they interpreted reference 
standard results, and vice 
versa. Five articles [22, 24, 
25, 29, 33] did not provide 
demographic or etiological 
data in detail or clearly de- 
fine inclusion or exclusion 
criteria when they describ- 
ed characteristics of pat- 
ients. Moreover, at least 
one vital characteristic, in- 
cluding timing for sample 
collection or AKI criteria, 
measuring methods, or th- 
reshold for blood CysC, was 
absent in 11 articles. Risk 
of bias and applicability 
concerns in individual stud-
ies are summarized in Fi- 
gure 2.

Figure 2. Risk of bias and applicability concerns summary: review authors’ 
judgements about each domain for each included study. In overall, the 21 stud-
ies included in the meta-analysis had fairly good quality. Specifically, low risk of 
applicability concerns about patient selection, index tests and reference stan-
dard were identified in all the 21 studies, while high risk of bias originated from 
patient selection, index test and reference standard were recognized in 11, 10, 
and 9 studies, respectively.
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Overall and subgroup analysis of predictive 
accuracy of CysC for AKI

Forest plots of combined analyses for SENS 
and SPEC of blood CysC in prediction of AKI are 
shown in Figure 3. Additionally, Table 4 lists 
pooled SENS (0.74, 95% CI: 0.68-0.79), SPEC 
(0.79, 0.74-0.84), AUROC (0.83, 0.80-0.86), 
PLR (3.56, 2.74-4.63), NLR (0.33, 0.27-0.42), 
and DOR (11.0, 7.0-17.0) of blood CysC levels in 
predicting AKI in the overall population from 21 
included articles. Moreover, Figure 4 illustrates 
pooled AUROC, 95% confidence region, 95% 
prediction region, and optimal SENS and SPEC 
of blood cystatin C levels to predict AKI across 
all 21 articles included in the meta-analysis. 
These figures indicate that the best SENS and 
SPEC, for predictive accuracy of blood cystatin 
C, was calculated to be 0.73 (95% CI: 0.57-
0.86) and 0.81 (0.70-0.90) in the cut-off of 
1.38 mg/L, respectively. As Table 4 demon-
strates, there was substantial heterogeneity 
observed in overall analysis, with regards to 
SENS, SPEC, PLR, NLR, and AUROC, across 
studies (I2 = 87.6%, 94.5%, 92.3%, 89.9%, and 
99.0%, all P < 0.01) for assessment of predic-
tive accuracy of blood CysC for AKI. Subgroups 
by AKI criteria (AKIN, GFR, KDIGO, or RIFLE), 
timing of measuring CysC (within 24 hours or 
within 48 hours after OICU admission), and cut-
off values (> or ≤ 1 mg/L) revealed that sub-
stantial heterogeneity that was found in overall 
analysis. It was subsequently attenuated or 
even diminished in: (1) Subgroup with AKIN cri-
teria regarding AUROC (I2 = 0, P = 0.30); (2) 
Subgroup using GFR criteria as for SENS (I2 = 
39.9%, P = 0.13), PLR (I2 = 39.1%, P = 0.01), 
and NLR (17.6%, P = 0.30); (3) Subgroup utiliz-
ing RIFLE criteria with regard to SENS (43.9%, P 
= 0.13), PLR (I2 = 0, P = 0.39), and NLR (I2 = 0, 
P = 0.57); (4) Subgroup measuring CysC within 
48 hours concerning SENS (I2 = 0, P = 0.96), 
SPEC (I2 = 0, P = 0.95), PLR (I2 = 0, P = 0.99), 
and NLR (I2 = 0, P = 0.99); (5) Subgroup refer-
ring to cut-off value ≤ 1 mg/L involving SENS (I2 
= 38.2%, P = 0.09), PLR (I2 = 0, P = 0.17), and 
NLR (I2 = 30.2%, P = 0.16); and (6) Subgroup 
having unclear cut-off values as far as AUROC 
was concerned (I2 = 0, P = 0.48).

Overall and subgroup analysis of association 
between CysC and AKI

Table 5 illustrates the association between 
blood CysC levels and occurrence of AKI in 

overall and subgroup analysis. As presented in 
the table, patients with increased levels of 
blood CysC were more likely to have a diagnosis 
of AKI than without (OR 8.16, 95% CI: 6.03-
11.05; P < 0.001) among the overall popula-
tion. Sensitivity analysis was carried out to 
identify the effects of data from each study on 
pooled effect size (OR). A random-effects model 
was used, demonstrating that no single study 
significantly affected pooled results (Figure S1). 
Subgroup analysis, as shown in Table 5, indi-
cates that the significant association observed 
in overall analysis also existed in all subgroups, 
including categories of ICU setting, mean age, 
region, term for outcome, timing of AKI diagno-
sis, criteria for AKI diagnosis, timing of sample 
collection, sample type, storage temperature, 
timing of measurement, measuring method, 
cut-off value, study design, sample size, and 
blinding (all P < 0.05).

Meta regression

Meta regression was carried to examine main 
sources of heterogeneity in assessing predic-
tive accuracy of blood CysC for AKI in ICU set-
tings. These included sample size of > 100 (I2 = 
69%, P = 0.04), presence of bias introduced by 
selection of patients (I2 = 98%, P < 0.001), con-
duct or interpretation of the index test (I2 = 
99%, P < 0.001), conduct or interpretation of 
reference standard (I2 = 99%, P < 0.001), base-
line blood CysC levels (I2 = 92%, P < 0.001), 
baseline serum Cr levels (I2 = 93%, P < 0.001), 
European region (I2 = 78%, P = 0.01), prospec-
tive design (I2 = 78%, P = 0.01), satisfactory 
description of index test (I2 = 78%, P = 0.01), 
and blinded interpretation of reference and 
index (I2 = 74%, P = 0.02) (Table 6).

Publication bias

According to overall analysis, considerable pub-
lication bias was found in assessment of pre-
dictive value of blood CysC for AKI in ICU set-
tings (t = 3.19, P < 0.0014). According to sub-
group analysis, publication bias was only 
detected in the subpopulation with AKIN crite-
ria (t = 2.77, P = 0.069) and that with cut-off ≤ 
1 mg/L (t = 3.79, P < 0.0014). It was not found 
in the subpopulation with GFR criteria, KDIGO 
criteria, RIFLE criteria, measurement within 24 
hours, or measurement within 48 hours after 
ICU admission (Table S3).
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Figure 3. Forest plots of pooled SENS and SPEC of blood CysC level in predicting AKI. The solid squares and horizontal lines represent the study-specific index of 
prediction and corresponding 95% CI, respectively. The diamond represents the pooled estimate with 95% CI. The pooled sensitivity = 0.74 (95% CI: 0.68-0.79, P < 
0.001), and pooled specificity = 0.79 (95% CI: 0.74-0.84, P < 0.001).
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Table 4. Data for predictive accuracy of blood CysC for AKI in overall and subpopulation AKI criteria, timing of measurement, and cut-off value
AKI criteria Timing of measurement Cut-off value (mg/L)

Overall
AKIN GFR KDIGO RIFLE Within 24 h Within 48 h > 1 ≤ 1

No. of articles 5 7 5 6 20 5 12 11 28

SENS [95% CI] 0.72 [0.64-0.79] 0.73 [0.65-0.80] 0.68 [0.51-0.82] 0.64 [0.56-0.71] 0.75 [0.68-0.81] 0.64 [0.62-0.67] 0.67 [0.61-0.73] 0.64 [0.61-0.67] 0.74 [0.68-0.79]

I2 (%) 81.6 [66.1-97.1] 39.9 [0-92.0] 94.0 [90.2-97.7] 43.9 [0-95.9] 87.0 [82.3-91.7] 0 [0-100] 85.6 [78.5-92.6] 38.2 [0-82.0] 87.6 [83.8-91.3]

p value < 0.001 0.13 < 0.001 0.11 < 0.001 0.96 < 0.001 009 < 0.001

SPEC [95% CI] 0.78 [0.70-0.85] 0.78 [0.63-0.88] 0.82 [0.70-0.90] 0.69 [0.62-0.76] 0.81 [0.75-0.86] 0.67 [0.65-0.69] 0.80 [0.72-0.86] 0.69 [0.61-0.76] 0.79 [0.74-0.84]

I2 (%) 92.6 [87.7-97.5] 62.3 [31.2-93.3] 98.1 [97.3-98.9] 72.7 [49.9-95.5] 91.8 [89.1-94.4] 0 [0-100] 93.3 [90.7-95.9] 57.3 [28.7-86.0] 94.5 [93.1-95.8]

p value < 0.001 0.01 < 0.001 < 0.001 < 0.001 0.95 < 0.001 001 < 0.001

AUROC [95% CI] 0.81 [0.77-0.84] 0.78 [0.74-0.82] 0.83 [0.79-0.86] 0.72 [0.67-0.75] 0.85 [0.82-0.88] 0.70 [0.66-0.74] 0.78 [0.75-0.82] 0.69 [0.64-0.73] 0.83 [0.80-0.86]

I2 (%) 0 [0-100] 52.0 [0-100] 99.0 [98.0-99.0] 77.0 [50.0-100] 99.0[98.0-99.0] 100 [0-100] 99.0 [98.0-99.0] 100 [0-100] 99.0 [99.0-100]

p value 0.303 0.062 < 0.001 < 0.0016 < 0.001 0.5 < 0.001 0.500 < 0.001

PLR [95% CI] 3.34 [2.16-5.17] 3.27 [1.92-5.57] 3.79 [2.28-6.30] 2.10 [1.77-2.48] 4.03 [2.98-5.46] 1.95 [1.82-2.08] 3.38 [2.57-4.45] 2.10 [1.64-2.67] 3.56 [2.74-4.63]

I2 (%) 91.0 [91.0-97.8] 39.1 [39.1-93.4] 95.2 [95.2-98.5] 0 [0-100] 84.2 [84.2-92.4] 0 [0-100] 83.9 [83.9-94.0] 0 [0-79.4] 92.3 [92.3-95.3]

p value < 0.001 0.01 < 0.001 0.39 < 0.001 1 < 0.001 0.17 < 0.001

NLR [95% CI] 0.36 [0.25-0.50] 0.35 [0.26-0.46] 0.39 [0.25-0.62] 0.52 [0.45-0.60] 0.30 [0.23-0.40] 0.53 [0.49-0.57] 0.41 [0.35-0.47] 0.51 [0.45-0.59] 0.33 [0.27-0.42]

I2 (%) 90.8 [84.4-97.2] 17.6 [0-80.2] 90.7 [84.1-97.2] 0 [0-100] 85.1 [79.4-90.7] 0 [0-100] 77.1 [64.4-89.8] 30.2 [0-79.7] 89.9 [87.1-92.8]

p value < 0.001 0.30 < 0.001 0.57 < 0.001 0.99 < 0.001 0.16 < 0.001

DOR [95% CI] 9.0 [4.0-20.0] 9.0 [5.0-19.0] 10.0 [5.0-21.0] 4.0 [3.0-5.0] 13.0 [8.0-22.0] 4.0 [3.0-4.0] 8.0 [6.0-11.0] 4.0 [3.0-6.0] 11.0 [7.0-17.0] 
Notes and abbreviates: The 95% CI is given in parentheses. AKIN, Acute Kidney Injury Network. AUROC, area under the receiver operating characteristic curve; DOR, diagnostic odds ratio; KDIGO, Kidney Disease: Improving Global Outcomes; 
NLR, negative likelihood ratio; PLR, positive likelihood ratio; RIFLE, risk-injury-failure-loss-end stage renal disease; SENS, sensitivity; SPEC, specificity.
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AKI in clinical practice. Re- 
sults suggest that blood 
samples should be drawn 
on arrival to measure levels 
of cystatin C, aiming to as- 
sess the risk of AKI deve- 
lopment.

Pooled PLR and NLR

In the current meta-analy-
sis, pooled PLR was 3.56, 
denoting that patients with 
elevated blood CysC were 
3.56 times more likely to 
progress to AKI than those 
without. The NLR was 0.33, 
implying that patients with 
normal blood CysC levels 
had only one third inci-
dence of AKI, compared to 
those with increased leve- 
ls.

SROC curve analysis

SROC curve is an overall 
evaluation of the value of 
diagnostic tests [8]. The pr- 
esent meta-analysis sho- 
wed that the area under the 
SROC of serum CysC in pre-
dicting AKI in the overall 

Discussion

Sensitivity and specificity

A suitable biomarker should be able to diag-
nose a condition in the shortest amount of ti- 
me, with high accuracy [4, 39]. The current me- 
ta-analysis, enrolling more than 4,000 patients 
from 21 publications, including 28 sets of data, 
provides a comprehensive assessment of criti-
cally ill patients admitted to the ICU referring to 
blood CysC levels in predicting AKI both in over-
all population and across diverse subgroups. 
The present finding that early blood CysC levels 
(within 48 hours after ICU admission) are a 
good and stable predictor for occurrence of 
AKI, since it has good predictive accuracy, was 
confirmed by pooled SENS (0.74), SPEC (0.79), 
DOR (11.0), and AUROC (0.83). This finding is 
consistent with that from previous meta-analy-
ses [3, 4, 6, 9], adding more evidence in sup-
port of the use of blood CysC as a biomarker of 

population, among 21 included articles, was 
0.83. Therefore, CysC is a reliable predictor of 
AKI among patients admitted in the ICU. This is 
in accord with previous conclusions, indicating 
that serum CysC levels, especially early serum 
CysC levels, are a sensitive and practical bio-
marker for prediction or early detection of de- 
velopment of AKI, both in animal experiments 
and clinical trials [1, 40].

Optimal cut-off values

Cut-off values were specified, individually, rang-
ing from 0.29 mg/L to 1.91 mg/L. As illustrated 
in Figure 4, the best SENS and SPEC for the 
predictive accuracy of blood CysC was 0.73 and 
0.81, with an optimal cut-off value of 1.38 
mg/L. This is in accord with Legrand M’s study 
[26]. Discrimination in cut-off values among 
studies is inevitable. It can be explained by the 
deference in settings, population, AKI criteria, 
sample types, and measurement methods [1]. 

Figure 4. SROC plot of blood CysC level to predict AKI across all studies included 
in the Meta-analysis. The solid square denotes summary operating point with 
pooled SENS and SPEC (0.74, and 0.79, respectively; P < 0.001). The pooled 
AUROC = 0.83 (95% CI: 0.80-0.86; P < 0.001). The 95% prediction region rep-
resents the confidence region for a forecast of the true SENS and SPEC in a 
future study.
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Table 5. Association between blood CysC levels and occurrence of AKI in different subgroups

OR 95% CI I2 for  
heterogeneity

p for  
heterogeneity

p for  
significance

Overall 8.16 6.03-11.05 78.5% < 0.001 < 0.001
ICU category
    NS or general 5.96 4.12-8.61 81.7% < 0.001 < 0.001
    Mixed 7.68 5.02-11.76 25.2% 0.228 < 0.001
    Surgical 27.91 3.44-226.27 47.6% 0.167 < 0.0012
    Medical 16.67 5.21-53.39 81.2% < 0.001 < 0.001
Mean age, years
    > 65 15.00 5.44-41.35 82.4% < 0.001 < 0.001
    ≤ 65 7.21 5.27-9.87 76.3% < 0.001 < 0.001
European region
    No 6.27 4.59-8.56 81.2% < 0.001 < 0.001
    Yes 19.59 9.18-41.78 59.1% < 0.0015 < 0.001
Outcome
    AKI 7.27 5.31-9.94 80.0% < 0.001 < 0.001
    AKI 2-3 12.06 3.17-45.87 NA NA < 0.001
    Septic AKI 16.49 1.83-148.48 88.4% < 0.0013 0.012
    Renal failure 41.22 6.48-262.25 0 0.617 < 0.001
Timing for AKI diagnosis
    On admission 6.33 3.96-10.11 NA NA < 0.001
    Within 48 h after admission 17.30 3.99-75.06 61.4% 0.108 < 0.001
    49 h to 7 d after admission 11.21 2.60-48.29 61.1% 0.076 < 0.001
    Within 7 d after admission 7.60 5.01-11.54 47.7% 0.063 < 0.001
    8 d to 28 d after admission 4.39 3.26-5.92 70.3% < 0.001 < 0.001
    R-Day-0 8.16 6.03-11.05 NA NA < 0.001
    Unclear 22.17 10.10-48.67 0 0.688 < 0.001
Criteria for AKI diagnosis
    AKIN 9.28 4.39-19.62 84.7%  < 0.001 < 0.001
    KDIGO 9.65 4.13-22.57 90.8% < 0.001 < 0.001
    RIFLE 6.05 3.37-10.85 71.6% < 0.0012 < 0.001
    GFR 8.35 4.19-16.65 29.0% 0.207 < 0.001
    CrCl 40.10 9.97-161.33 0 0.372 < 0.001
    Increased Cr 247.00 9.17-6651.53 NA NA < 0.001
    Increased CysC 3.74 2.87-4.89 NA NA < 0.001
Timing for sampling
    On admission 22.28 9.90-50.14 76.4% < 0.001 < 0.001
    Within 1 h 10.88 6.05-19.52 40.8% 0.194 < 0.001
    Within 2 h after admission 14.06 4.67-42.37 NA NA < 0.001
    Within 12 h after admission 12.06 3.17-45.87 NA NA < 0.001
    Within 24 h after admission 5.14 3.61-7.31 0 0.715 < 0.001
    Within 48 h after admission 3.65 3.18-4.17 0 0.996 < 0.001
    Unclear 43.69 8.64-221.00 0 0.669 < 0.001
Sample
    Serum 11.54 7.31-18.20 70.3% < 0.001 < 0.001
    Plasma 4.49 3.51-5.73 51.6% 0.019 < 0.001
Temperature 
    -80°C 8.66 4.94-15.18 63.2% < 0.0015 < 0.001
    -70°C 18.15 2.35-139.92 84.5% 0.011 < 0.0015
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Subgroup analysis

Substantial heterogeneity across included st- 
udies regarding SENS, SPEC, AUROC, PLR, and 
NLR, as well as that regarding association 
between AKI risk and blood CysC levels, made 
interpretation of the findings quite difficult [4]. 
To explore sources of heterogeneity, subgroup 
analysis was performed, finding that homoge-
neous findings were obtained regarding: (1) 
SENS within subgroups of GFR criteria, RIFLE 
criteria, measurement of CysC within 48h after 
ICU admission, and cut-off ≤ 1 mg/L; (2) SPEC 
within subgroup of measurement of CysC with-
in 48 hours; (3) AUROC within subgroups of 
AKIN criteria; (4) PLR within subgroups of GFR 
criteria, RIFLE criteria, measurement of CysC 
within 48 hours, and cut-off ≤ 1 mg/L; and (5) 
NLR within subgroups of GFR, RIFLE, measure-
ment of CysC within 48 hours, and cut-off ≤ 1 

    -20°C 314.83 62.50-1586.06 0 0.785 < 0.001
    Unclear 5.71 4.17-7.83 76.5% < 0.001 < 0.001
Timing for measurement
    Within 24 h after admission 10.87 7.43-15.91 65.4% < 0.001 < 0.001
    Within 48 h after admission 3.64 3.18-4.17 0 0.999 < 0.001
    Unclear 43.69 8.64-221.00 0 0.669 < 0.001
Assay
    PENIA 10.06 4.49-22.52 45.3% 0.089 < 0.001
    PETIA 13.22 2.82-61.98 69.7% 0.037 < 0.001
    NIA 83.39 5.90-1178.56 77.3% 0.012 < 0.001
    TIA 11.96 4.78-29.90 NA NA < 0.001 
    ELISA 9.83 4.56-21.19 73.3% < 0.001 < 0.001
    Unclear 4.98 3.52-7.03 86.0% < 0.001 < 0.001
Cut-off value of blood CysC
    ≤ 1 mg/L 7.16 4.93-10.40 76.4% < 0.001 < 0.001
    > 1 mg/L 8.54 5.85-12.47 56.3% < 0.0019 < 0.001
Study Design
    Prospective 12.61 8.26-19.24 67.1% < 0.001 < 0.001
    Retrospective 3.65 3.18-4.18 0 0.996 < 0.001
     Cross-sectional 6.02 3.37-10.75 0 0.475 < 0.001
No. of subjects evaluated
    > 100 6.57 4.65-9.27 85.7% < 0.001 < 0.001
    ≤ 100 12.70 6.92-23.33 59.3% < 0.001 < 0.001
Blinding
    No 7.60 5.60-10.33 74.9% < 0.001 < 0.001
    Yes 11.97 8.54-16.77 0 0.429 < 0.001
Notes and abbreviates: Increased Cr, serum level of creatinine > 267 μmol/L. Increased CysC, Increase in Cys-C ≥ 0.3 mg/L 
within 48 h or ≥ 50% within 7 days. R-Day-0, on the day the RIFLE-R-criteria was fulfilled. Random effect model was used. 
AKIN, Acute Kidney Injury Network; CrCl, creatinine clearance; KDIGO, Kidney Disease: Improving Global Outcomes; MDRD, 
Modification of Diet in Renal Disease; NA, not available or not applicable; NIA, nephelometric immunoassay; NS, non-specified; 
OR, odds ratio; PENIA, particle enhanced nephelometric immunoassay; PETIA, particle-enhanced turbidimetric immunoassay; 
RIFLE, risk-injury-failure-loss-end stage renal disease.

Hence, it may be necessary for each center to 
have its own serum CysC cut-off value for each 
clinical setting [3].

Association between blood CysC and AKI oc-
currence

The current study also evaluated risk associa-
tion between blood CysC levels and occurrence 
of AKI, demonstrating that patients with levels 
of blood CysC beyond the cut-off value have 
8.16 times higher risk of AKI development, 
compared with those without (OR 8.16, 95% CI: 
6.03-11.05, P < 0.001). The relationship betw- 
een blood CysC levels and occurrence of AKI 
suggests that those patients at risk deserve 
closer observation, more appropriate resource 
utilization, and a closer follow-up schedule. Id- 
entifying patients that may develop AKI is cru-
cial and can be lifesaving in the ICU [34].
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Table 6. Meta regression for parameters from studies included in meta-analysis
Category No. of studies SENS [95% CI] p1 SPEC [95% CI] p2 LRT Chi2 P value I2 (range, %)

Sample size > 100 Yes 12 0.67 [0.60-0.74] < 0.001 0.78 [0.71-0.85] < 0.001 6.37 0.04 69 (30-100)
No 16 0.79 [0.73-0.85] 0.80 [0.73-0.87] / / / /

QUADAS Item 1 Yes 15 0.76 [0.69-0.83] 0.16 0.79 [0.72-0.87] < 0.001 129.74 < 0.001 98 (98-99)
No 6 0.71 [0.59-0.82] / 0.86 [0.78-0.95] / / / /

QUADAS Item 2 Yes 11 0.80 [0.71-0.90] 0.09 0.82 [0.76-0.87] < 0.001 245.45 < 0.001 99 (99-100)
No 1 0.44 [0.04-0.84] / 0.94 [0.90-0.99] / / / /

QUADAS Item 3 Yes 13 0.76 [0.68-0.85] 0.23 0.78 [0.71-0.85] < 0.001 163.63 < 0.001 99 (98-99)
No 2 0.49 [0.23-0.76] / 0.91 [0.84-0.98] / / / /

Mean age, year / 28 0.74 [0.68-0.79] 0.98 0.79 [0.74-0.84] 0.98 0.19 0.91 0 (0-100)
Baseline blood CysC, mg/L / 28 0.80 [0.73-0.85] 0.08 0.80 [0.73-0.86] 0.57 26.58 < 0.001 92 (86-99)
Baseline serum Cr, μmol/L / 28 0.72 [0.66-0.78] 0.98 0.77 [0.72-0.82] 0.98 29.14 < 0.001 93 (87-99)
Percentage of male / 28 0.17 [0.01-0.78] 0.08 0.20 [0.01-0.82] 0.07 6.02 0.05 67 (25-100)
PENIA used Yes 9 0.77 [0.67-0.86] 0.06 0.76 [0.66-0.86] < 0.001 1.23 0.54 0 (0-100)

No 19 0.72 [0.66-0.79] / 0.80 [0.75-0.86] / / / /
Age > 65 years Yes 5 0.81 [0.72-0.91] 0.25 0.78 [0.67-0.90] 0.02 2.67 0.26 25 (0-100)

No 23 0.71 [0.65-0.77] / 0.80 [0.74-0.85] / / / /
European region Yes 12 0.81 [0.74-0.88] 0.15 0.84 [0.78-0.91] 0.06 8.94 0.01 78 (51-100)

No 16 0.69 [0.62-0.75] / 0.76 [0.69-0.82] / / / /
Prospective design Yes 20 0.76 [0.70-0.82] 0.10 0.83 [0.78-0.87] 0.25 9.24 0.01 78 (53-100)

No 8 0.68 [0.59-0.77] / 0.68 [0.58-0.78] / / / /
Serum sample used Yes 17 0.75 [0.69-0.82] 0.05 0.79 [0.73-0.85] 0.01 0.69 0.71 0 (0-100)

No 11 0.71 [0.61-0.80] / 0.79 [0.71-0.88] / / / /
RIFLE criteria used Yes 10 0.74 [0.65-0.83] 0.02 0.77 [0.68-0.85] < 0.001 0.61 0.74 0 (0-100)

No 18 0.73 [0.67-0.80] / 0.81 [0.75-0.87] / / / /
AKIN criteria used Yes 6 0.72 [0.60-0.84] 0.04 0.83 [0.74-0.92] 0.06 0.93 0.63 0 (0-100)

No 22 0.74 [0.68-0.80] / 0.78 [0.72-0.84] / / / /
KDIGO criteria used Yes 10 0.68 [0.59-0.77] < 0.001 0.81 [0.74-0.88] 0.01 2.95 0.23 32 (0-100)

No 18 0.76 [0.70-0.82] / 0.78 [0.71-0.85] / / / /
GFR criteria used Yes 13 0.74 [0.66-0.82] 0.01 0.79 [0.71-0.87] < 0.001 0.12 0.94 0 (0-100)

No 15 0.73 [0.66-0.80] / 0.80 [0.73-0.86] / / / /
Sample collection within 24 h after admission Yes 20 0.75 [0.69-0.81] 0.08 0.81 [0.76-0.86] 0.08 2.32 0.31 14 (0-100)

No 8 0.70 [0.60-0.80] / 0.73 [0.63-0.83] / / / /
AKI detected within 7 d after admission Yes 14 0.71 [0.64-0.79] < 0.001 0.82 [0.75-0.88] 0.01 1.68 0.43 0 (0-100)

No 14 0.76 [0.68-0.83] / 0.77 [0.70-0.84] / / / /
Sample stored at -80°C Yes 9 0.76 [0.66-0.85] 0.04 0.77 [0.69-0.86] < 0.001 0.69 0.71 0 (0-100)

No 19 0.73 [0.66-0.79] / 0.80 [0.74-0.86] / / / /
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Satisfactory description of index test Yes 21 0.77 [0.72-0.82] 0.39 0.81 [0.75-0.86] 0.03 9.30 0.01 78 (53-100)
No 7 0.62 [0.54-0.70] / 0.76 [0.67-0.85] / / / /

Satisfactory description of reference test Yes 23 0.73 [0.67-0.78] 0.03 0.78 [0.72-0.83] 0.01 3.07 0.22 35 (0-100)
No 5 0.78 [0.66-0.91] / 0.89 [0.79-0.98] / / / /

Adequate description of study subjects Yes 22 0.73 [0.67-0.79] 0.03 0.79 [0.73-0.84] 0.03 0.43 0.81 0 (0-100)
No 6 0.77 [0.64-0.89] / 0.82 [0.70-0.93] / / / /

Satisfactory reporting of results Yes 15 0.76 [0.69-0.82] 0.03 0.78 [0.71-0.85] < 0.001 1.16 0.56 0 (0-100)
No 13 0.71 [0.63-0.79] / 0.81 [0.74-0.88] / / / /

Broad spectrum of disease Yes 8 0.75 [0.65-0.84] 0.03 0.78 [0.67-0.88] 0.01 0.29 0.86 0 (0-100)
No 20 0.73 [0.66-0.80] / 0.80 [0.74-0.86] / / / /

Blinded interpretation of reference and index Yes 3 0.57 [0.39-0.75] 0.01 0.88 [0.80-0.96] 0.34 7.81 0.02 74 (44-100)
No 25 0.75 [0.70-0.80] / 0.78 [0.73-0.83] / / / /

Cut-off value > 1 mg/L Yes 12 0.69 [0.61-0.78] < 0.001 0.81 [0.75-0.88] 0.01 2.81 0.25 29 (0-100)
No 16 0.77 [0.70-0.84] / 0.78 [0.71-0.84] / / / /

Quality score / 28 0.75 [0.68-0.81] 0.72 0.80 [0.73-0.85] 0.92 0.66 0.72 0 (0-100)
Mixed ICU subjects Yes 8 0.75 [0.65-0.84] 0.03 0.78 [0.67-0.88] 0.01 0.29 0.86 0 (0-100)

No 20 0.73 [0.66-0.80] / 0.80 [0.74-0.86] / / / /
Notes and abbreviates: QUADAS Item 1: Could the selection of patients have introduced bias? QUADAS Item 2: Could the conduct or interpretation of the index test have introduced bias? QUADAS Item 3: 
Could the reference standard, its conduct, or its interpretation have introduced bias? The 95% confidence interval is given in parentheses. AKIN, Acute Kidney Injury Network; KDIGO, Kidney Disease: Improv-
ing Global Outcomes; LRT, likelihood-ratio test; no., number; PENIA, particle enhanced nephelometric immunoassay; QUADAS, Quality Assessment of Diagnostic Accuracy Studies; RIFLE, risk-injury-failure-
loss-end stage renal disease; SENS, sensitivity; SPEC, specificity.
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mg/L. Moreover, subgroup analysis for risk 
association revealed that differences in cate-
gories of ICU setting, mean age, region, out-
come, timing for AKI diagnosis, criteria for AKI 
diagnosis, timing of sampling, sample types, 
storage temperature, timing of measurement, 
assay, cut-off value, study design, sample size, 
and blinding did not affect overall association. 
Based on the findings above, stable and robust 
results were attained concerning predictive 
accuracy of blood CysC for AKI when GFR or 
RIFLE criteria was utilized, blood CysC was 
measured within 48 hours after ICU admission, 
and cut-off value ≤ 1 mg/L was referred to.

Meta regression

Meta regression was carried to further investi-
gate potential sources of heterogeneity, includ-
ing sample size of > 100, presence of bias 
introduced by selection of patients, conduct or 
interpretation of the index test, conduct or 
interpretation of reference standard, baseline 
blood CysC levels, baseline serum Cr levels, 
European region, prospective design, satisfac-
tory description of index test, and blinded inter-
pretation of reference and index. Present find-
ings suggest that, in the future, consistent pre-
dictive accuracy of blood CysC for AKI in ICU 
settings will not be guaranteed unless more 
properly designed trials, with larger sample 
sizes, prospective design, blinding procedures, 
and detailed descriptions of index tests are 
undertaken.

Priority

To the best of our knowledge, the present meta-
analysis is the first to focus on predictive accu-
racy of blood CysC levels for AKI development 
among critically ill patients admitted in the ICU. 
Another strength is the subgroup analysis for 
predictive accuracy (SENS, SPEC, AUROC, PLR, 
NLR, and DOR) based on AKI criteria, timing of 
measurement, and cut-off value (> 1 or ≤ 1 
mg/L). These have not been addressed in pre-
vious meta-analyses. Additionally, with exten-
sive searches of electronic databases and 
hand-searches to yield the maximum relevant 
articles, the current study included more arti-
cles with more sets of data from more subjects 
than previous authors. This factor adds to the 
strength of the present meta-analysis.

Limitations

There were several limitations to the current 
study. All included studies were nonrandomized 

or observational surveys. Thus, potential con-
founders could not be strictly controlled, in- 
creasing the possibility of selection bias in 
these studies [3]. To follow up, all studies were 
published in English, which introduced lan-
guage bias. Finally, additional subgroup analy-
ses of predictive accuracy were not conducted 
considering the length of the manuscript, in- 
cluding those based on etiology, co-morbidity, 
and illness severity.

Conclusion

In conclusion, the current meta-analysis is the 
first to evaluate the predictive accuracy of bl- 
ood CysC for AKI development among critically 
ill patients in ICU settings. Results reveal that 
blood CysC levels are a sensitive and specific 
predictor for AKI and that a cut-off value of 
1.38 mg/L provides an optimal value in predict-
ing AKI, with sensitivity of 0.73 and specificity 
of 0.81. In the future, more properly designed 
trials should be undertaken, with larger sample 
sizes and prospective designs, acquiring better 
predictive accuracy of blood CysC for AKI in ICU 
settings. Moreover, future studies are neces-
sary to obtain a consensus cut-off value defin-
ing CysC elevation.
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Table S1. Queries used for the search in Medline, EMBASE, and Cochrane CENTRAL databases
Search 
No. Query Items 

found
Pubmed

#1 “Cystatin C”[Mesh] 3,601

#2 “Cystatin C”[Title/Abstract] 5,354

#3 “Cystatin 3”[Title/Abstract]) 8

#4 #1 OR #2 OR #3 5,736

#5 “Acute Kidney Injury”[Mesh] 41,727

#6 “Acute Kidney Injuries”[Title/Abstract] OR “Kidney Injuries, Acute”[Title/Abstract] OR “Kidney Injury, Acute”[Title/Ab-
stract] OR “Acute Renal Injury”[Title/Abstract] OR “Acute Renal Injuries”[Title/Abstract] OR “Renal Injuries, Acute”[Title/
Abstract] OR “Renal Injury, Acute”[Title/Abstract] OR “Renal Insufficiency, Acute”[Title/Abstract] OR “Acute Renal 
Insufficiencies”[Title/Abstract] OR “Renal Insufficiencies, Acute”[Title/Abstract] OR “Acute Renal Insufficiency”[Title/Ab-
stract] OR “Kidney Insufficiency, Acute”[Title/Abstract] OR “Acute Kidney Insufficiencies”[Title/Abstract] OR “Kidney Insuf-
ficiencies, Acute”[Title/Abstract] OR “Acute Kidney Insufficiency”[Title/Abstract] OR “Kidney Failure, Acute”[Title/Abstract] 
OR “Acute Kidney Failures”[Title/Abstract] OR “Kidney Failures, Acute”[Title/Abstract] OR “Acute Renal Failure”[Title/Ab-
stract] OR “Acute Renal Failures”[Title/Abstract] OR “Renal Failures, Acute”[Title/Abstract] OR “Renal Failure, Acute”[Title/
Abstract] OR “Acute Kidney Failure”[Title/Abstract] OR “Acute Kidney Tubule Necrosis”[Title/Abstract])

25,638

#7 #5 OR #6 51,156

#8 #4 AND #7 586

#9 Filters: Humans; English 475

EMBASE

#1 ‘kidney injury’/exp OR ‘kidney injury’ 60,258

#2 ‘kidney failure’/exp 363,855

#3 ‘end stage renal disease’/exp 22,179

#4 ‘acute kidney tubule necrosis’/exp 4,391

#5 ‘renal impairment’/exp 20

#6 ‘kidney impairment’:ab,ti 463

#7 ‘kidney insufficiency’:ab,ti 651

#8 ‘renal failure’:ab,ti 118,172

#9 ‘renal injury’:ab,ti 13,231

#10 ‘renal impairment’:ab,ti 16,554

#11 ‘renal insufficiency’:ab,ti 29,379

#12 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 432,215

#13 ‘cystatin’/exp 2,476

#14 ‘cystatin c’/exp 10,085

#15 ‘cystatin 3’:ab,ti 13

#16 #13 OR #14 OR #15 12,010

#17 #12 AND #16 4,566

#18 #17 AND (‘clinical article’/de OR ‘clinical trial’/de OR ‘cohort analysis’/de OR ‘comparative study’/de OR ‘control group’/
de OR ‘controlled clinical trial’/de OR ‘controlled study’/de OR ‘cross-sectional study’/de OR ‘diagnostic test accuracy 
study’/de OR ‘human’/de OR ‘human tissue’/de OR ‘intermethod comparison’/de OR ‘major clinical study’/de OR 
‘model’/de OR ‘multicenter study’/de OR ‘observational study’/de OR ‘prospective study’/de OR ‘randomized controlled 
trial’/de OR ‘randomized controlled trial (topic)’/de OR ‘retrospective study’/de) AND (‘Article’/it OR ‘Article in Press’/it OR 
‘Conference Paper’/it) AND ([adolescent]/lim OR [adult]/lim OR [aged]/lim OR [middle aged]/lim OR [very elderly]/lim OR 
[young adult]/lim)

1,485

Cochrane

#1 MeSH descriptor: [Cystatin C] explode all trees 156

#2 MeSH descriptor: [Acute Kidney Injury] explode all trees 1,142

#3 (cystatin c):ti,ab,kw 653

#4 (Cystatin 3):ti,ab,kw 337

#5 (acute kidney injuries):ti,ab,kw 123

#6 (acute renal injury):ti,ab,kw 1,902

#7 (acute renal injuries):ti,ab,kw 88

#8 (acute renal insufficiency):ti,ab,kw 674

#9 (acute kidney insufficiency):ti,ab,kw 502

#10 (acute kidney failures):ti,ab,kw 63

#11 (acute renal failure):ti,ab,kw 3,755

#12 (acute renal failures):ti,ab,kw 56

#13 (acute kidney failure):ti,ab,kw 4,237
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#14 (acute tubular necrosis):ti,ab,kw 143

#15 #1 OR #3 OR #4 656

#16 #2 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 6,157 

#17 #15 AND #16 202

Table S2. QUADAS tool used for quality assessment of the individual studies
No. Item
1. Was the spectrum of patients representative of the patients who will receive the test in practice? 

2. Were selection criteria clearly described? 

3. Is the reference standard likely to correctly classify the target condition? 

4. Is the time period between reference standard and index test short enough to be reasonably sure that the target condition did not change 
between the two tests?

5. Did the whole sample or a random selection of the sample, receive verification using a reference standard of diagnosis?

6. Did patients receive the same reference standard regardless of the index test result?

7. Was the reference standard independent of the index test (i.e. the index test did not form part of the reference standard)?

8. Was the execution of the index test described in sufficient detail to permit replication of the test?

9. Was the execution of the reference standard described in sufficient detail to permit its replication?

10. Were the index test results interpreted without knowledge of the results of the reference standard?

11. Were the reference standard results interpreted without knowledge of the results of the index test?

12. Were the same clinical data available when test results were interpreted as would be available when the test is used in practice?

13. Were uninterpretable/intermediate test results reported?

14. Were withdrawals from the study explained?

Figure S1. Sensitivity analysis with random-effects model for identifying effects of data from each study on pooled 
effect size (OR), demonstrating that no single study significantly affects pooled results.
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Table S3. Publication bias evaluated in overall and subgroup analysis
AKI criteria Timing of measurement Cut-off value (mg/L)

Overall
AKIN GFR KDIGO RIFLE Within 24 h Within 48 h > 1 ≤ 1

No. of articles 5 7 5 6 20 5 12 11 28
Coef. 19.65 10.39 10.81 5.13 4.97 -0.96 -1.42 10.66 12.59
Std. Err. 7.09 9.10 16.87 2.43 5.71 0.79 5.17 2.81 3.95
t 2.77 1.14 0.64 2.11 0.87 -1.22 -0.28 3.79 3.19
p > |t| 0.069 0.306 0.567 0.102 0.395 0.309 0.789 0.004 0.004
Abbreviates: AKIN, Acute Kidney Injury Network; Coef., coefficient; GFR, KDIGO, Kidney Disease: Improving Global Outcomes; 
RIFLE, risk-injury-failure-loss-end stage renal disease.


