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Abstract
Background Both early recognition of glomerular injury and diagnosis of renal injury remain important problems in clinical 
settings, and current diagnostic biomarkers have limitations. The aim of this review was to determine the diagnostic accuracy 
of urinary nephrin for detecting early glomerular injury.
Methods A search was conducted through electronic databases for all relevant studies published until January 31, 2022. 
The methodological quality was evaluated using the Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) tool. 
Pooled sensitivity, specificity, and other estimates of diagnostic accuracy were determined using a random effect model. The 
Summary Receiver Operating Characteristics (SROC) was used to pool the data and to estimate the area under the curve 
(AUC).
Results The meta-analysis included 15 studies involving 1587 participants. Overall, the pooled sensitivity of urinary nephrin 
for detecting glomerular injury was 0.86 (95% CI 0.83–0.89) and specificity was 0.73 (95% CI 0.70–0.76). The AUC-SROC 
to summarise the diagnostic accuracy was 0.90. As a predictor of preeclampsia, urinary nephrin showed a sensitivity of 
0.78 (95% CI 0.71–0.84) and specificity of 0.79 (95% CI 0.75–0.82), and as a predictor of nephropathy the sensitivity was 
0.90 (95% CI 0.87–0.93), and specificity was 0.62 (95% CI 0.56–0.67). A subgroup analysis using ELISA as a method of 
diagnosis showed a sensitivity of 0.89 (95% CI 0.86–0.92), and a specificity of 0.72 (95% CI 0.69–0.75).
Conclusion Urinary nephrin may be a promising marker for the detection of early glomerular injury. ELISA assays appear 
to provide reasonable sensitivity and specificity. Once translated into clinical practice, urinary nephrin could provide an 
important addition to a panel of novel markers to help in the detection of acute and chronic renal injury.
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Urinary Nephrin - a potential marker of early glomerular injury: a systematic review and meta-analysis

Conclusion
• This meta-analysis is the first to systematically review and analyse the diagnostic performance of urinary nephrin in 

determining glomerular injury.
• All articles investigated urinary nephrin as a predictor of PE or nephropathy.
• Most studies used ELISA as the method of choice (11/15) for measuring urinary nephrin.
• Urinary nephrin may provide a potential diagnostic aid for predicting glomerular injury in vulnerable populations.

Current guidelines use 
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markers of glomerular injury
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Introduction

Glomerular injury is structural damage to the glomeruli 
resulting in declining renal function. Glomerular injury, 
characterised by moderate to severe proteinuria [1], is well 
established as a prominent contributor to end-stage kidney 
disease (ESKD) worldwide [2, 3]. Early glomerular injury 
has been associated with podocyte loss and the development 
of proteinuria [4] and may also contribute to acute kidney 
injury (AKI) through progressive damage to nephrons [5]. 
Repeated glomerular injury and loss of nephron function 
lead to altered renal perfusion and hyperfiltration, leaving 
the remaining nephrons at greater risk of injury [6, 7].

Acute kidney injury also puts the kidney at risk of 
long-term damage. AKI is a clinical term that describes 
a spectrum of injury events that set the scene for further 
renal damage [5]. AKI is complex and has a varied 
aetiology including haemodynamic changes, oxidative 
stress [8], endothelial damage [9], mitochondrial damage, 
and immune-mediated mechanisms [8]; about 10% of cases 
arise from glomerulopathies [10]. A number of studies have 
investigated novel markers for detecting AKI. The choice 
of these markers reflects the varied aetiologies of AKI, 
including but not limited to, kidney injury molecule-1, cell 
cycle arrest markers tissue inhibitor of metalloproteinase 
2; insulin like growth factor binding proteins, neutrophil 
gelatinase-associated lipocalin and interleukin-18 [11]. 

These markers are the subjects of numerous excellent 
reviews and meta-analyses [12, 13]. More recently, attention 
has turned to investigating the appearance of podocyte 
proteins in urine following AKI in a number of clinical 
settings; after surgery and ischaemia reperfusion injury 
[14, 15]. In order to provide a complete clinical picture of 
acute and chronic renal damage, the addition of a sensitive 
indicator of glomerular injury could prove valuable.

Glomerular injury, indicated by the leakage of cells 
and proteins into the urine [1, 16, 17], is used as a clinical 
indicator for glomerular damage. There are several well-
established biomarkers used for diagnosing and monitoring 
glomerular damage either alone or in combination [3, 
18–21]. However, to date, no biomarker has been identified 
for early detection of acute glomerular injury [22, 23]. 
Recent studies have suggested that podocyte proteins may 
be a better marker for detection of early glomerular injury 
[24–27]. A number of studies have found nephrin to be a 
promising early marker of glomerular injury [24, 28–32]. 
Nephrin, a 180 KD transmembrane protein, is an integral 
structural component of glomerular podocytes [33]. It 
belongs to the immunoglobulin superfamily of cell adhesion 
receptors, and is expressed in glomerular podocytes [33, 34].

The use of urinary nephrin as an indicator of glomeru-
lar damage for the prediction of preeclampsia (PE) and 
glomerular nephritis has been well studied. A nationwide 
cohort study revealed that there is a strong association 
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between PE and later glomerular injury [35], while another 
study also showed glomerular injury in diabetic nephropa-
thy [24]. These studies revealed that glomerular injury 
may occur irrespective of proteinuria, that nephrinuria is 
often detected prior to proteinuria/albuminuria, and that 
urine nephrin levels correlate with disease severity [25, 
28, 36]. To date, no study has systematically reviewed and 
analysed the diagnostic accuracy of urinary nephrin for 
determining glomerular injury in patients with acute and 
chronic renal injury. This review aims to systematically 
explore the literature to determine the pooled sensitivity 
and specificity of urinary nephrin for determining glo-
merular injury.

Materials and methods

Design and protocol registration

This review was performed in accordance with the Preferred 
Reporting Item for Systematic Review and Meta-analysis 
Protocol (PRISMA-P 2020) guideline [37]. The review 
protocol was developed before literature searching and 
was registered with the International Prospective Register 
of Systematic Reviews (PROSPERO) database with 
registration number CRD42022309659.

Data source and search strategy

This meta-analysis is intended to explore the diagnostic 
accuracy of urinary nephrin as a biomarker of early 
glomerular injury. The literature search for eligible studies 
was performed using electronic databases PubMed/Medline, 
SCOPUS, EMBASE, Science Direct, Web of Sciences, and 
Cochrane Database Library of Systematic Reviews from 
commencement to January 31, 2022. An updated search 
on August 26, 2022, yielded no additional articles relevant 
to the topic. We also performed a manual search using 
Google, and Google Scholar after retrieving articles from 
the database.

The database was systematically searched in accordance 
with the Medical Subject Headings Thesaurus (MeSH) 
and Boolean operators (AND, OR). The key terms used 
in searching were “glomerular injury” AND “urinary 
nephrin” OR “nephrinuria”. To capture more articles on 
early glomerular injury and AKI, additional search key 
terms were included separately as “Preeclampsia” OR “PE” 
AND “urinary nephrin” OR “nephrinuria”; “nephropathy” 
OR “Diabetes nephropathy” AND “urinary nephrin” OR 
“nephrinuria”; “Acute Kidney Injury” OR “AKI” AND 
“urinary nephrin” OR “nephrinuria”. The search keywords 
were searched alone and in all possible combinations with 
other keywords. Moreover, references from retrieved articles 

were also reviewed to identify cited articles not captured by 
electronic database searches.

Study selection

Original articles that explored the performance of urinary 
nephrin in the diagnosis of glomerular injury were included. 
The authors used the EndNote X9 (Thomson Reuters, New 
York, USA) bibliography manager to check the title and 
abstracts of the articles and then retrieved and rescreened 
the selected articles. Duplicate articles were removed elec-
tronically, and manually if differences in the citation style of 
the various journals existed. The reference lists of the eligible 
articles were checked to find additional relevant articles.

The inclusion and exclusion criteria were systematically 
applied to studies before they were included in the meta-analy-
sis. Studies eligible for meta-analysis included those that meas-
ured urinary nephrin, and studies reporting mandatory data 
from which the diagnostic accuracy of urinary nephrin could 
be calculated and which used a reference standard test to clas-
sify glomerular injury based on the standardised guidelines. In 
this regard, PE was classified according to the American Con-
gress of Obstetrics and Gynaecology (ACOG) definition, while 
diabetic nephropathies were defined according to Kidney Dis-
ease Improving Global Outcome (KDIGO) guidelines based 
on measurements of urine albumin to creatinine ratio (ACR) 
as; normoalbuminuria (ACR < 30 mg/g), microalbuminuria 
(ACR = 30–300 mg/g), macroalbuminuria (ACR > 300 mg/g) 
groups. Only articles published in English were taken into con-
sideration. Studies with duplicate data, review articles, articles 
which failed to report necessary information, letters to the edi-
tor, short communications and conference proceedings were 
excluded. Initially, two authors (BM and DR) independently 
reviewed the titles and abstracts of all articles to evaluate the 
eligibility of the articles. For the studies that could not be 
judged through the abstracts and titles, the full texts of the 
original articles were retrieved for detailed evaluation.

Outcomes of interest

The main outcome of interest of this meta-analysis was the 
pooled diagnostic accuracy of urinary nephrin (diagnostic 
sensitivity, specificity, and other estimates of diagnostic 
accuracy) for determining glomerular injury. Subgroup 
analysis was also performed to determine the diagnostic 
accuracy of urinary nephrin according to clinical conditions, 
the commonly used assay methodology, study design and 
reported units.

Data extraction and quality assessment

Data were extracted for all eligible studies. The basic 
characteristics of the studies were collected using a 
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Microsoft Excel data extraction form, and included the name 
of the first author, year of publication, country, study design, 
sample size, clinical condition, method of analysis, reference 
test, reported cut-off values of urinary nephrin, performance 
of the test including true positives (TP), true negatives (TN), 
false positives (FP), and false negatives (FN), if applicable 
in the studies. If the studies did not report the mandatory 
outcome data, the 2 × 2 table was extracted from the study 
to calculate the TP/TN/FP/FN values.

The methodological quality of the studies was evaluated 
using the Quality Assessment of Diagnostic Accuracy Studies 
(QUADAS-2) tool [38], which is an improved, redesigned, 
widely accepted, and validated tool to evaluate the source of 
bias and variation in diagnostic accuracy studies in systematic 
reviews. The tool includes four key realms such as patient 
selection, index test, reference standard, and flow of patients 
through the study and timing index test and reference standard. 
Each domain was assessed for the risk of bias and applicability 
and classified as “low risk of bias”, and “low concern” was 
considered as having high methodological quality. Any 
discrepancies in the study selection, data extraction, and/
or quality assessment were resolved by discussion with 
other authors to reach a final consensus. The QUADAS-2 
tool scoring criteria was modified according to our aim 
(Supplementary Table 1).

Data synthesis and statistical analysis

The data were entered into Microsoft Excel and exported to 
Meta-Disc version 1.4 software (Complutense University of 
Madrid, Spain) [39] for analysis. The discriminatory power 
of a diagnostic test is commonly assessed by measuring how 
well it correctly identifies true positive and true negative test 
results in terms of sensitivity and specificity [40]. Pooled 
sensitivities and specificities, positive likelihood ratio (LR), 
negative LR, and diagnostic odds ratio (DOR) with a 95% 
confidence interval (CI) were obtained using the random-
effect model (Dersimonian Laird methods) depending on the 
heterogeneity of the study group. Forest plots of sensitivities, 
specificities, positive LR, negative LR, and DOR were 
presented. Furthermore, area under the curve-summary 
receiver operating characteristics (AUC-SROC) values with 
95% CI and Cochrane indices (Q) were calculated. The AUC-
SROC was calculated, and the value was defined according 
to the guideline recommended by Swets in 1988 [41] as; 
excellent diagnostic accuracy AUC: 0.9–1.0, very good AUC: 
0.8–0.9, good AUC: 0.7–0.8 and sufficient diagnostic accuracy 
with AUC: 0.6–0.7.

The magnitude of inter-study heterogeneity was assessed 
using visual inspection of the forest plots of accuracy 
estimates. If no heterogeneity is present, the estimates from 
individual studies lie along a line corresponding to the pooled 
accuracy estimate, a large deviation from the pooled estimate 

indicates possible heterogeneity [39]. Furthermore, statistically 
measured by the Cochrane Q test, a significant Q test (P < 0.05) 
suggests the presence of heterogeneity. Further assessment was 
carried out using the inconsistency index of heterogeneity (I2 
statistics) values of 25%, 50%, and 75% indicated to represent 
low, medium, and high heterogeneity, respectively [42]. To 
further assess the heterogeneity subgroup, analyses were 
conducted based on different parameters including clinical 
conditions, diagnostic methods, study designs and reported 
units.

The threshold effect was evaluated by constructing 
the SROC to assess for presence of shoulder arm pattern 
for each data point in the plot. A typical shoulder arm 
pattern indicates the presence of a threshold effect. Further 
assessment of the threshold effect was conducted and 
indicated by the presence of a strong positive correlation 
using a computation of Spearman’s correlation coefficient 
(r2) between the logit of sensitivity and logit of 1-specificity 
[39].

Results

Overall, the initial search identified 1585 relevant articles 
through various database searches, of which 515 were 
excluded because of duplication. Of the remaining 1070 
studies, 1035 were excluded after screening the titles and 
abstracts, as the articles are not relevant to the current 
review. Of these, 35 full-text articles were assessed for eli-
gibility. After screening the full texts for calculable statis-
tics, 15 studies that included 1587 participants were included 
in the meta-analysis. All included studies were published 
between 2011 and January 2022. Flow diagram illustrating 
the process of the literature screening method is described 
in Fig. 1.

Characteristics of studies included for review

An analysis of the 15 selected studies revealed that all stud-
ies aimed to investigate urinary nephrin as an early indicator 
of glomerular damage in both acute and chronic conditions. 
Eight studies utilised urinary nephrin for predicting PE [20, 
25, 27, 31, 32, 43–45], six studies utilised urinary nephrin 
for predicting nephropathy [24, 36, 46–49], and one study 
utilised urinary nephrin for predicting glomerulopathy/
glomerular injury [50]. Most of the studies used Enzyme 
Linked Immunosorbent Assay (ELISA) (n = 11) and the 
remaining used Real Time-Polymerase Chain Reaction 
(RT-PCR) (n = 3), and Western Blotting (WB) (n = 1) to 
determine the concentration of urinary nephrin. All studies 
reported urinary ACR and/or hypertension with proteinu-
ria (> 300 mg/day) as a reference indicator for glomerular 
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injury. Most articles included in this review report urinary 
nephrin in two ways: urinary nephrin concentration (n = 10) 
with reported cut-off values for nephrin concentration rang-
ing from 85 to 850 ng/ml, and urinary nephrin corrected 
by urinary creatinine concentration and reported as urinary 
nephrin to creatinine ratio (NCR) (n = 5), with reported 
cut-off values ranging from 86.6 to 622 ng/mg. Prospective 
cohort studies made up 47% of the included studies. The 
basic characteristics of the eligible studies are summarised 
in Table 1.

The quality and risk of bias of the studies were assessed 
using the QUADAS2 tool [38]. Overall, the studies included 
in this review were found to be of good quality. While there 
was a low risk of bias observed in the studies, some studies, 
such as those by Kelder et al. 2012 [44], Son et al. 2011 [27], 
do Nascimento et al. 2013 [46], and Shahid et al. 2017 [48] 
did not provide information on the index test interpretation 
and did not provide the cut-off value used to interpret the test. 
Other studies by Yang et al. 2013 [43], Kelder et al. 2012 
[44], and Son et al. 2011 [27] introduced bias during patient 
selection (case–control studies) and reported insufficient 
data to judge the quality based on the criteria. The modified 
QUADAS-2 quality appraisal criteria checklist and scoring 
and percentages of each risk category are presented in Sup-
plementary Table 1 and Supplementary Fig. 1, respectively.

Subgroup analysis based on assay methodology

Subgroup analysis showed that a difference in the 
measurement of urinary nephrin was observed based on the 
assay methodology. ELISA showed a pooled sensitivity of 
0.89 (95% CI 0.86–0.92, I2 = 71.9%) and pooled specificity 
of 0.72 (95% CI 0.69–0.75, I2 = 92.7%). The pooled positive 
LR was 3.84 (95% CI 2.23–6.63), negative LR was 0.16 
(95% CI 0.08–0.30), and pooled DOR was 31.55 (95% 
CI 12.12–82.14). Urinary nephrin using ELISA showed 
excellent diagnostic accuracy with an AUC of 0.92 (Table 2). 
Diagnostic accuracy of urinary nephrin observed from 
three studies using RT-PCR [44, 46, 47] showed a pooled 
sensitivity of 0.73 (95% CI 0.64–0.81, I2 = 83.4%) and a 
pooled specificity of 0.69 (95% CI 0.59–0.79, I2 = 60.1%) 
and good diagnostic accuracy AUC of 0.77 (Table 2). Higher 
diagnostic accuracy was observed in a single study [27] 
using Western blot analysis with a sensitivity of 0.98 (95% 
CI 0.83–1.00) and specificity of 0.98 (95% CI 0.80–1.00).

Subgroup analysis based on study designs

Seven of the 15 studies used a prospective cohort study 
design. The pooled sensitivity of urinary nephrin in pro-
spective cohort studies was 0.86 (95% CI 0.80–0.91, 

Fig. 1  The PRISMA flow dia-
gram illustrating the process of 
studies reviewed, screened, and 
included in a systematic review 
and meta-analysis
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I2 = 73%) and a pooled specificity of 0.71 (95% CI 0.66–0.74, 
I2 = 94.6%) and the AUC was 0.87 (Table 2). Overall, the 
diagnostic accuracy of urinary nephrin in all study designs 
was very good (AUC 0.8–0.9). However, the high level of 
heterogeneity following subgroup analysis was still observed 
across studies.

Subgroup analysis based on reporting units 
of urinary nephrin

In this review, 10 of the 15 studies did not correct urinary 
nephrin concentration for the urine creatinine concentration. 
Measurement of urinary nephrin (ng/ml) showed a pooled 
sensitivity of 0.86 (95% CI 0.82–0.89) and pooled specificity 
of 0.77 (95% CI 0.72–0.80). The normalised urinary nephrin 
by correction with urine creatinine reported as NCR (ng/mg) 

showed a pooled sensitivity of 0.89 (95% CI 0.81–0.94) and 
specificity of 0.69 (95% CI 0.64–0.73) (Table 2).

Overall diagnostic accuracy of urinary nephrin

The pooled sensitivity of urinary nephrin for detecting glo-
merular injury was 0.86 (95% CI 0.83–0.89) and the pooled 
specificity was 0.73 (95% CI 0.70–0.76) (Fig. 2). The AUC 
obtained from the SROC was 0.90 (Fig. 3). This result sug-
gests that urinary nephrin achieved high diagnostic accuracy 
in diagnosing glomerular injury due to the observation that 
AUC > 0.7 is a risk predictor. The pooled positive LR was 
3.53 (95% CI 2.26–5.50) and negative LR was 0.19 (95% 
CI 0.11–0.33). Moreover, using a random-effect model, the 
DOR was 23.37 (95% CI 10.58–51.64) (Table 2).

No significant heterogeneity was found between the stud-
ies based on the threshold effect (r2) = − 0.17; P = 0.57. A 

Table 1  Characteristics of studies included in the meta-analysis of urinary nephrin to determine early glomerular injury

ACR  Albumin to Creatinine Ratio, ELISA Enzyme Linked Immunosorbent Assay, RT-PCR Real Time Polymerase Chain Reaction, NCR Nephrin 
to Creatinine Ratio, WB Western Blotting, ACOG American Congress of Obstetrics and Gynaecology, JCDNP Joint Committee of Diabetes 
Nephropathy, NR Not Reported, KDIGO Kidney Disease Improvement Global Outcome, I2 Inconsistency Index

Author’s name 
(year)

Country Study design Clinical 
conditions

Sample size Index test Methods Reference test Cut-off (nephrin)

Jim et al. 
(2014) [20]

USA Cohort Preeclampsia 91 NCR ELISA ACOG 
guideline

 ≥ 100 ng/mg

Yang et al. 
(2013) [43]

South Korea Case–control Preeclampsia 83 Urine nephrin ELISA ACOG 
guideline

85 ng/ml

Kelder et al. 
(2012) [44]

Netherlands Case–control Preeclampsia 81 Urine nephrin RT-PCR ACOG 
guideline

NR

Son et al. 
(2011) [27]

South Korea Case–control Preeclampsia 45 Urine nephrin WB ACOG 
guideline

NR

Zhai et al. 
(2016) [32]

Japan Cohort Preeclampsia 89 NCR ELISA ACOG 
guideline

122 ng/mg

Zhai et al. 
(2016) [45]

Japan Cohort Preeclampsia 254 NCR ELISA ACOG 
guideline

86.6 ng/mg

Jung et al. 
(2017) [31]

South Korea Cohort Preeclampsia 117 Urine nephrin ELISA ACOG 
guideline

850 ng/ml

Kostovska et al. 
(2021) [25]

North 
Macedonia

Cross-sectional Preeclampsia 101 Urine nephrin ELISA ACOG 
guideline

304.6 ng/ml

Kishore et al. 
(2021) [36]

India Cross-sectional Nephropathy 170 Urine nephrin ELISA ACR JCDNP 
guideline

97.5 ng/ml

Kostovska. 
(2020) [24]

North 
Macedonia

Cross-sectional Nephropathy 120 Urine nephrin ELISA ACR KDIGO 
guideline

255 ng/ml

Heimlich et al. 
(2018) [50]

Malawi Cross-sectional Glomerulopathy 101 NCR ELISA ACR KDIGO 
guideline

622 ng/mg

doNascimento 
et al. (2013) 
[46]

Brazil Cohort Nephropathy 101 Urine nephrin RT-PCR ACR KDIGO 
guideline

NR

Fayed et al. 
(2019) [47]

Egypt Cohort Nephropathy 80 Urine nephrin RT-PCR ACR KDIGO 
guideline

 ≥ 3.30

Shahid et al. 
(2017) [48]

Pakistan Cohort Nephropathy 78 Urine nephrin ELISA ACR KDIGO 
guideline

NR

Jim et al. 
(2012) [49]

USA Cross-sectional Nephropathy 76 NCR ELISA ACR KDIGO 
guideline

 ≥ 100 ng/mg
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non-threshold effect using estimation of Chi-square test 
(P < 0.05) and inconsistency index for pooled sensitivity 
(I2 = 79.5%) and specificity (I2 = 90.8%) indicated that there 
was heterogeneity in the value of urinary nephrin among the 
15 studies (Fig. 2) due to differences between the diagnos-
tic methods, clinical conditions, cut-off values, and study 
designs of the studies included in the review. Therefore, sub-
group analysis was conducted based on the clinical condi-
tions, assay methodology, study designs and units used for 
reporting urinary nephrin.

Subgroup analysis based on clinical conditions

Subgroup analysis based on clinical conditions showed that 
urinary nephrin predicts glomerular injury caused by PE with 
a pooled sensitivity of 0.78 (95% CI 0.71–0.84, I2 = 81.4%) 
and a pooled specificity of 0.79 (95% CI 0.75–0.82, 
I2 = 89.2%) (Fig. 2). Furthermore, urinary nephrin predicts 

glomerular injury caused by nephropathy with a pooled sen-
sitivity of 0.90 (95% CI 0.87–0.93, I2 = 63.7%), and specific-
ity of 0.62 (95% CI 0.56–0.67, I2 = 89.7%) (Fig. 2). Urinary 
nephrin shows excellent diagnostic accuracy for predicting 
glomerular injury caused by either PE (with AUC of SROC 
0.91) or nephropathy with AUC of the SROC 0.90 for pre-
dicting nephropathy (Table 2).

Sensitivity analysis

Sensitivity analysis was conducted to assess the impact of 
each study in the interpretation of the diagnostic accuracy 
of urinary nephrin on the overall diagnostic accuracy. The 
sensitivity analysis performed to check heterogeneity was 
conducted by excluding each study step by step from the 
analysis. The estimate showed that the excluded study did 
not lead to significant changes in the overall AUC of the 
index test (urinary nephrin) (Table 3).

Table 2  Subgroup analysis of urinary nephrin as a potential marker of early glomerular injury

AUC  area under the curve, CI confidence interval, DOR diagnostic odds ratio, ELISA enzyme linked immunosorbent assay, LR likelihood ratio, 
RT-PCR real time polymerase chain reaction, NCR nephrin to creatinine ratio

Studies Sensitivity (95% CI) Specificity (95% CI) Positive LR (95% CI) Negative LR (95% 
CI)

DOR (95%CI) AUC 

All studies 0.86 (0.83–0.89) 0.73 (0.70–0.76) 3.53 (2.26–5.50) 0.19 (0.11–0.33) 23.37 (10.58–51.64) 0.90
I2 (%) 79.5 90.8 92.8 79.8 73.3
Clinical condition
 Preeclampsia 0.78 (0.71–0.84) 0.79 (0.75–0.82) 5.35 (2.72–10.52) 0.24 (0.11–0.52) 18.08 (5.11–64.02) 0.91
 I2 (%) 81.4 89.2 85.8 82 78.4
 Nephropathy 0.90 (0.87–0.93) 0.62 (0.56–0.67) 2.49 (1.44–4.30) 0.16 (0.10–0.26) 22.10 (10.43–46.82) 0.90
 I2 (%) 63.7 89.7 94 35.7 41.5

Study design
 Cohort 0.86 (0.80–0.91) 0.71 (0.66–0.74) 3.04 (1.64–5.64) 0.28 (0.15–0.53) 13.23 (4.43–39.57) 0.87
 I2 (%) 73 94.6 93.5 56.3 68
 Case–Control 0.72 (0.62–0.81) 0.82 (0.74–0.88) 3.70 (1.59–8.57) 0.32 (0.11–0.95) 15.32 (2.41–97.23) 0.97
 I2 (%) 89.9 65.7 63.3 84.5 79.6
 Cross-sectional 0.92 (0.88–0.95) 0.73 (0.67–0.79) 3.74 (2.07–6.76) 0.10 (0.05–0.19) 53.74 (26.09–110.71) 0.95
 I2 (%) 59.4 86.2 84.9 39 28.2

Diagnostic method
 ELISA 0.89 (0.86–0.92) 0.72 (0.69–0.75) 3.84 (2.23–6.63) 0.16 (0.08–0.30) 31.55 (12.12–82.14) 0.92
 I2 (%) 71.9 92.7 94.6 73.2 72.1
 RT-PCR 0.73 (064–0.81) 0.69 (0.59–0.79) 2.16 (1.56–2.99) 0.39 (0.20–0.75) 6.17 (3.19–11.94) 0.77
 I2 (%) 83.4 60.1 4.2 66.7 0.0

Nephrin reporting methods
 Urinary nephrin 

(ng/ml)
0.86 (0.82–0.89) 0.77 (0.72–0.80) 4.66 (2.09–10.41) 0.18 (0.09–0.34) 27.36 (10.45–71.69) 0.92

 I2 (%) 86.6 92.4 95.6 82.8 75.1
 Urinary NCR (ng/

mg)
0.89 (0.81–0.94) 0.69 (0.64–0.73) 2.48 (1.68–3.64) 0.19 (0.05–0.67) 17.76 (3.71–85.13) 0.86

 I2 (%) 78.3 84.8 75.7 77.5 73.0
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Discussion

This review shows that urine nephrin could be a potential 
indicator of early glomerular injury, as demonstrated by a 

very good diagnostic accuracy in patients with acute and 
chronic renal injury. Indeed, urinary nephrin has demon-
strated potential as a marker for early glomerular injury in 
several studies [29, 30, 32] and could prove to be a useful 
routine diagnostic marker used alone or in combination with 

Nephropathy 
Pooled Sensi�vity: 0.90 (0.87-0.93)
Chi-Square: 16.51; df=6 (p=0.0113)
Inconsistency (I-Square): 63.7%

Preeclampsia 
Pooled Sensi�vity: 0.78 (0.71-0.84)
Chi-Square: 34.64; df=7 (p < 0.001)
Inconsistency (I-Square): 81.4%

Preeclampsia
Pooled Specificity: 0.79 (0.75-0.82)
Chi-Square: 65.09;df=7 (p < 0.001)
Inconsistency (I-Square): 89.2%

Nephropathy
Pooled Specificity: 0.62 (0.56-0.67)
Chi-Square: 58.45; df=6 (p < 0.001)
Inconsistency (I-Square): 89.7%

Author (Year)

Pooled Sensi�vity = 0.86 (0.83 - 0.89)
Chi-square = 68.14; df = 14 (p < 0.001)
Inconsistency  (I-square) = 79.5% 

Pooled Specificity = 0.73 (0.70 - 0.76)
Chi-square = 151.66; df = 14 (p < 0.001)
Inconsistency  (I-square) = 90.8% 

Fig. 2  Forest plot of the pooled sensitivity and specificity of urinary 
nephrin for detecting glomerular injury across all studies. Subgroup 
analysis: Preeclampsia (within solid lines) and Nephropathy (within 
dashed lines) shows the pooled sensitivity and specificity of urinary 

nephrin for detecting these conditions. The circles and the horizontal 
lines represent the point estimate and 95% CI, respectively. Between 
the dotted vertical lines represents the pooled estimate, and the dia-
monds represent the pooled estimate in all studies with 95% CI

Fig. 3  Hierarchical Summary 
Receiver Operating Character-
istics (SROC) plot of urinary 
nephrin to determine glomeru-
lar injury across all settings. 
The SROC curve is represented 
by the middle line; each of the 
analysed studies is represented 
by a circle and the respective 
95% CI, by the two upper and 
lower lines
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other novel markers such as neutrophil gelatinase-associated 
lipocalin and cell cycle arrest markers [11, 51, 52] for the 
prediction of early kidney injury. However, appropriate vali-
dation of new diagnostic biomarkers requires the demonstra-
tion of assay performance against validation and verification 
criteria set out by professional organisations [53]. Progres-
sion into clinical use requires an investigation of the diag-
nostic accuracy and the ability of the assay to discriminate 
between diseased and healthy populations. In this regard, our 
review aims to provide a first step in this process.

Despite proven satisfactory diagnostic accuracy of 
urinary nephrin (AUC-SROC 0.9), heterogeneity exists 
across the studies reviewed; this has been documented 
previously [54] and across other studies [21, 26, 55]. 
The potential source of heterogeneity in this review was 
evaluated using subgroup analysis by clinical condition, 
methods of analysis, study design, and reporting units. 
The analysis also showed heterogeneity existed within 
subgroups, nevertheless, the diagnostic accuracy of 
urinary nephrin was considered satisfactory in each group 
following subgroup analysis.

Laboratories often have to find a balance between diag-
nostic accuracy and technical complexity when choosing 
assays to adopt for routine diagnostic use [56]. Therefore, an 

important aspect to include in a meta-analysis such as this 
is the heterogeneity in diagnostic accuracy of the methods 
employed by the various studies. ELISA was the method of 
choice in most studies (n = 11) for the detection of nephrinu-
ria in PE and nephropathies [20, 24, 25, 31, 32, 36, 43, 45, 
48–50]. Interestingly these assays demonstrated improved 
sensitivity (0.89) and specificity (0.73) and therefore diag-
nostic accuracy (AUC-SROC = 0.92) for determining uri-
nary nephrin compared to RT-PCR [44, 46, 47]. Addition-
ally, one study demonstrated a sensitivity and specificity of 
100% in a single centre trial involving 25 women with PE, 
using Western blot analysis [27].

Under normal physiological conditions, random 
urine collections contain varied concentrations of urine 
biomarkers due to variability in urine volume. Therefore, 
biomarker concentration is often corrected using urinary 
creatinine [57]. Our result found the pooled sensitivity 
and specificity of uncorrected urinary nephrin (ng/ml) was 
0.86 and 0.77, respectively. In comparison, urinary nephrin 
normalised by correction for urinary creatinine, NCR (ng/
mg), showed a greater pooled sensitivity of 0.89 and lower 
specificity 0.69. The difference in reporting methods and 
lack of consistent cut-off values for urinary nephrin may 
account for heterogeneity seen across the studies included 

Table 3  Sensitivity analysis (pooled diagnostic accuracy with 95% CI, when the individual study was excluded from the meta-analysis)

AUC  area under the curve, CI confidence interval, DOR diagnostic odds ratio, LR likelihood ratio

First author (year) Sensitivity (95% CI) Specificity (95% CI) Positive LR (95% CI) Negative LR (95% CI) DOR (95% CI) AUC 

All studies 0.86 (0.83–0.89) 0.73 (0.70–0.76) 3.53 (2.26–5.50) 0.19 (0.11–0.33) 23.37 (10.58–51.64) 0.90
Jim et al. (2014) [20] 0.87 (0.84–0.90) 0.74 (0.71–0.77) 3.86 (2.39–6.24) 0.16 (0.09–0.29) 27.89 (13.09–59.44) 0.91
Yang et al. (2013) 

[43]
0.87 (0.84–0.90) 0.72 (0.69–0.75) 3.56 (2.23–5.70) 0.17 (0.09–0.32) 26.46 (10.98–63.74) 0.91

Kelder et al. (2012) 
[44]

0.89 (0.86–0.92) 0.72 (0.69–0.75) 3.65 (2.28–5.84) 0.70 (0.10–0.29) 27.61 (12.06–63.21) 0.92

Son et al. (2011) [27] 0.86 (0.82–0.89) 0.72 (0.69–0.75) 3.32 (2.16–5.10) 0.20 (0.12–0.35) 19.96 (9.28–42.92) 0.89
Zhai et al. (2016) [32] 0.86 (0.83–0.89) 0.72 (0.69–0.75) 3.29 (2.11–5.14) 0.18 (0.10–0.33) 22.42 (9.81–51.23) 0.89
Zhai et al. (2016) [45] 0.86 (0.83–0.89) 0.73 (0.69–0.76) 3.67 (2.22–6.07) 0.19 (0.10–0.33) 24.57 (7.98–42.30) 0.90
Jung et al. (2017) [31] 0.86 (0.83–0.89) 0.70 (0.67–0.73) 3.07 (2.00–4.70) 0.20 (0.11–0.34) 19.84 (9.14–43.09) 0.88
Kishore et al. (2021) 

[36]
0.85 (0.82–0.88) 0.72 (0.69–0.75) 3.52 (2.20–5.63) 0.20 (0.12–0.36) 22.75 (9.67–53.53) 0.90

Kostovska et al. 
(2020) [24]

0.86 (0.83–0.90) 0.72 (0.69–0.75) 3.29 (2.13–5.09) 0.18 (0.10–0.34) 21.85 (9.51–50.21) 0.90

Heimlich et al. (2018) 
[50]

0.86 (0.82–0.89) 0.73 (0.70–0.76) 3.71 (2.25–6.12) 0.20 (0.11–0.35) 22.62 (9.88–51.78) 0.90

Do Nascimento et al. 
(2013) [46]

0.87 (0.83–0.90) 0.73 (0.70–0.76) 3.63 (2.26–5.85) 0.18 (0.10–0.33) 25.99 (10.87–62.12) 0.91

Fayed et al. (2019) 
[47]

0.86 (0.83–0.89) 0.73 (0.70–0.76) 3.82 (2.35–6.23) 0.18 (0.10–0.32) 27.00 (11.57–63.01) 0.91

Shahid et al. (2017) 
[48]

0.85 (0.82–0.88) 0.75 (0.72–0.78) 3.51 (2.49–4.94) 0.19 (0.11–0.34) 23.98 (10.52–40.47) 0.90

Kostovska et al. 
(2021) [25]

0.86 (0.82–0.89) 0.72 (0.69–0.75) 3.24 (2.11–4.96) 0.21 (0.12–0.36) 19.06 (8.92–40.71) 0.88

Jim et al. (2012) [49] 0.85 (0.82–0.88) 0.74 (0.70–0.76) 3.84 (2.33–6.33) 0.20 (0.12–0.35) 22.30 (9.88–50.36) 0.90
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in this review. Hence, a uniform reporting approach for 
urinary nephrin is mandatory for ease of interpretation and 
comparison of results across the literature.

The pooled analysis of the studies investigating urinary 
nephrin as a diagnostic marker of glomerular injury showed 
good sensitivity and specificity. Studies investigating 
urinary nephrin predominantly focused on early detection 
of PE and diabetic nephropathy. Both conditions rely on the 
detection of albumin or protein in the urine as an indicator 
of glomerular damage. PE has an acute presentation 
associated with endothelial swelling and derangements 
[17] and has also been associated with podocyte loss and 
nephrin shedding [17]. As is the case with patients suffering 
AKI, these patients do not always go on to incur further 
renal impacts and therefore progressive renal decline [58]. 
Conversely, nephropathy develops over time and could be 
considered an example of the chronic progression of renal 
disease [59].

All studies determining urinary nephrin showed that 
it increased significantly in patients with increased levels 
of albumin in urine [24, 36]. Likewise, other studies have 
also shown that urinary nephrin increased linearly with the 
progression of the disease, this suggests that quantification 
of nephrin could be a useful biomarker of glomerular injury 
progression [25, 47, 49].

Overall, the sensitivity and specificity of the individual 
studies reviewed for predicting glomerular injury of PE 
ranged from 51–97% to 58–97%, respectively. Urinary 
nephrin predicts acute glomerular injury caused by PE with 
a high level of sensitivity (0.78) and specificity (0.79) with 
SROC of 0.91. Thus, urinary nephrin could be considered 
a good predictor of disease, showing an improvement in 
diagnostic accuracy of albumin (ACR) with sensitivity of 
36% [20] and protein to creatinine ratio with sensitivity of 
72% in predicting significant proteinuria [60].

There is growing evidence that urinary nephrin may be 
a superior marker for PE and can achieve better diagnostic 
accuracy than other podocyte biomarkers. Kerley et  al. 
reported improved diagnostic accuracy of urinary nephrin 
with sensitivity of 0.81 (95% CI 0.72–0.88) and specificity 
of 0.84 (95% CI 0.79–0.84) when compared to combined 
podocyte biomarkers [26]. Likewise, a previous meta-
analysis by Wu et al. investigating the value of biomarkers for 
the detection of early-stage PE found a low predictive value 
using single biomarkers (disintegrin and metalloprotease 
12, inhibin-A, pregnancy-associated plasma protein A, 
placental growth factor and placental protein 13) with a 
pooled sensitivity of all single biomarkers of 0.40 (95% 
CI 0.39–0.41) and a pooled specificity of 0.90 (95% CI 
0.90–0.90) in 147 studies of 401 laboratory biomarkers [21]. 
The investigators found increased diagnostic sensitivity and 
specificity with the use of a panel of biomarkers combined 
with clinical characteristics; sensitivity of 0.43 (95% CI 

0.41–0.46) and specificity of 0.91 (95% CI 0.90–0.91). 
However, the review by Wu et  al. was not focused on 
glomerular-specific biomarkers for determining glomerular 
injury. A similar systematic review conducted by the World 
Health Organisation (WHO) in 2004 assessed the usefulness 
of combined clinical biophysical and biochemical tests for 
the prediction of PE [55], concluding that there was yet to be 
a cost-effective or reliable screening test. It has since been 
demonstrated that urinary nephrin could possibly fill that 
role. The improved diagnostic accuracy demonstrated by 
urinary nephrin may warrant its inclusion in these panels to 
improve early detection of PE.

Identifying nephropathy in the early stages of the disease 
prior to proteinuria is challenging. Existing guidelines rely 
on albuminuria as an indicator of glomerular nephropathy 
[61]. However, this has limitations in terms of timing for 
detection of early nephropathy since glomerular structural 
damage precedes microalbuminuria [30]. In terms of the 
specificity, ACR is widely accepted for the classification 
of glomerular injury and chronic kidney disease, andwhile 
albuminuria has been independently and strongly associated 
with progression to ESKD [62]. The included studies 
showed that nephrinuria positively correlated with increases 
in urinary concentrations of albumin and hyperglycaemia 
status. However, nephrinuria was also detected in a high 
proportion of diabetic patients with normoalbuminuria, 
therefore given that over time hyperglycaemia is likely to 
further damage renal vasculature and the glomerular filtration 
barrier, nephrinuria may provide an early indicator of renal 
damage. Although not all diabetic patients with nephrinuria 
progress to kidney disease, nephrinuria can be used both as 
an early indicator of glomerular damage prior to progression 
to fulminant kidney disease/injury and to signal the need for 
interventional strategies in this vulnerable population. In this 
meta-analysis, the diagnostic accuracy of urinary nephrin for 
predicting glomerular nephropathy showed good diagnostic 
sensitivity of 0.90 (95% CI 0.87–0.93) and specificity of 0.62 
(95% CI 0.56–0.67), SROC = 0.90, suggesting that urinary 
nephrin may be a promising biomarker of glomerular injury.

Early detection of urinary nephrin before the appearance 
of protein and albumin in urine could allow for the detection 
of glomerular injury before the loss of renal function [24]. 
This is important for early diagnosis and intervention. 
Furthermore, albuminuria may not always be present; 
a study by An et al. demonstrated that more than 30% of 
patients with kidney disease had undetectable albuminuria 
despite the presence of severe glomerular damage/renal 
insufficiency [63]. Likewise, previous studies have indicated 
that podocyte proteins may provide earlier indicators for 
glomerular nephropathies preceding albuminuria [28, 48, 
50, 64]. Studies included in this review detected nephrinuria 
prior to the presence of albuminuria, and the urinary nephrin 
concentration reflects the severity of the disease [32, 36]. 
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This has also been reported in previous studies that found 
nephrinuria was detected prior to albuminuria during 
glomerular injury. One study showed that 54% of diabetes 
mellitus patients with normoalbuminuria had nephrinuria 
and 100% of diabetes mellitus patients with micro-
macroalbuminuria had nephrinuria [49]. Similarly, another 
study demonstrated the presence of elevated nephrinuria in 
82% of patients with normoalbuminuria, in 88% of patients 
with microalbuminuria, and in 100% of patients with 
macroalbuminuria [24].

The intention of this review was to investigate the role of 
urinary nephrin as a marker of early glomerular injury for 
detecting both acute and chronic kidney injury. All studies 
related to nephropathy demonstrated that urinary nephrin 
increased in parallel with albuminuria and correlated with 
the progression of the severity of nephropathy [24, 36, 
46–50], suggesting that nephrinuria is a sensitive indicator 
for nephropathy. It has been suggested that continued 
attempts at regeneration and upregulation of nephrin 
production may be evidence of podocyte repair following 
injury [65]. Urinary nephrin also negatively correlated with 
the glomerular filtration rate, and increasing levels were 
associated with the progression of injury to other forms of 
kidney injury/disease [36, 47].

The diagnostic accuracy of urinary nephrin for detecting 
PE and diabetic nephropathy could therefore be extrapolated 
into use as a potential predictor of early glomerular injury, 
particularly in the setting of AKI. Recently, studies have 
emerged investigating the value of urinary nephrin for 
predicting AKI, particularly in critically ill neonates [66, 
67]. These studies concluded that urinary nephrin may 
well provide a marker for predicting AKI, demonstrating 
a diagnostic sensitivity of 62.5%, 61.5%, and specificity 
of 82.1%, 76.9% respectively at a cut-off point of 
NCR = 0.375 µg/mg, suggesting that urinary nephrin may 
give an early indication of podocyte damage as an indicator 
of those infants at risk of developing AKI. This is an area of 
intense interest in the literature [30, 66, 67], since a single 
biomarker may not suffice to define AKI given inherent renal 
heterogeneity and the disparate settings under which kidney 
injury occurs [68].

The strength of this meta-analysis is that it is the first 
to systematically analyse the pooled diagnostic accuracy 
of urinary nephrin in the diagnosis of glomerular injury. 
However, the limitations of this meta-analysis cannot be 
ignored. First, urine ACR and de novo hypertension were 
used as a reference standard to stratify cases and controls 
and to determine the diagnostic accuracy of urinary nephrin 
as a useful marker for glomerular injury. Second, there was 
high heterogeneity across the included studies in the meta-
analysis. Third, diagnostic cut-off values of urinary nephrin 
of numerous studies were not consistent and the included 
articles used different methods of assay measurement. 

Fourth, the current guidelines for stratifying nephropathies 
using urine ACR as a reference standard test cannot reveal 
subclinical glomerular damage and might underscore the 
specificity of urinary nephrin. Fifth, the majority of studies 
included in this review are cross-sectional studies, hence, 
the cross-sectional nature of the study design reflects 
association rather than causality. While nephrin has been 
demonstrated to play an important role in the slit diaphragm 
of the glomerulus providing structural stability [69], normal 
functioning and repair of damaged glomerulus in acute 
injury [70–73], there is no supportive evidence for  nephrin 
as a causal mechanism of glomerular injury. Nor is there 
evidence to support the early detection of nephrinuria as 
a reliable predictor of consequent glomerular injury and 
further progression to other forms of kidney injury/disease 
in the vulnerable populations.

Conclusion

Overall, this meta-analysis found that urinary nephrin could 
become an effective and robust biomarker for the early 
prediction of glomerular injury as well as for monitoring 
disease. Perhaps adding urinary nephrin as a marker of 
early glomerular injury to a panel of promising markers for 
AKI could provide a more complete clinical picture to help 
determine renal injury and prognosis in the future.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s40620- 023- 01585-0.

Author contributions BM performed the literature search, extracted the 
data, performed the statistical analysis, and prepared the manuscript. 
DR extracted the data and checked the quality control aspects of 
the data. DR, DV, RK, and YK provided input and guidance on the 
technical and scientific content of the manuscript to ensure the accuracy 
of statements made and interpretation of the findings. BM, DR, DV, 
RK, DW and YK edited subsequent and final drafts of the manuscript. 
All authors read and approved the final manuscript.

Funding Open Access funding enabled and organized by CAUL and 
its Member Institutions.

Data availability The authors confirm that the data supporting the 
findings of this study are available within the article [and/or] its 
supplementary materials.

Declarations 

Conflict of interest No potential conflict of interest was reported by 
the authors.

Ethical considerations This meta-analysis adhered to the Pre-
ferred Reporting Items for Systematic Review and Meta-analysis 
(PRISMA-2020) guideline. Institutional approval and patient consent 
were not necessary.

https://doi.org/10.1007/s40620-023-01585-0


 Journal of Nephrology

1 3

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Zhang A, Huang S (2012) Progress in pathogenesis of proteinuria. 
Int J Nephrol 2012:1–14

 2. Tung CW, Hsu YC, Shih YH, Chang PJ, Lin CL (2018) Glomeru-
lar mesangial cell and podocyte injuries in diabetic nephropathy. 
Nephrology 23:32–37

 3. Caliskan Y, Kiryluk K (2014) Novel biomarkers in glomerular 
disease. Adv Chronic Kidney Dis 21(2):205–216

 4. Macconi D, Bonomelli M, Benigni A, Plati T, Sangalli F, Lon-
garetti L et al (2006) Pathophysiologic implications of reduced 
podocyte number in a rat model of progressive glomerular injury. 
Am J Pathol 168(1):42–54

 5. Makris K, Spanou L (2016) Acute kidney injury: definition, patho-
physiology and clinical phenotypes. Clin Biochem Rev 37(2):85

 6. Schnaper HW (2014) Remnant nephron physiology and 
the progression of chronic kidney disease. Pediatr Nephrol 
29(2):193–202

 7. Tonneijck L, Muskiet MH, Smits MM, Van Bommel EJ, Heer-
spink HJ, Van Raalte DH et al (2017) Glomerular hyperfiltration 
in diabetes: mechanisms, clinical significance, and treatment. J 
Am Soc Nephrol 28(4):1023–1039

 8. Zhang X, Agborbesong E, Li X (2021) The role of mitochondria 
in acute kidney injury and chronic kidney disease and its thera-
peutic potential. Int J Mol Sci 22(20):11253

 9. Hatton GE, Isbell KD, Henriksen HH, Stensballe J, Brummer-
stedt M, Johansson PI et al (2021) Endothelial dysfunction is 
associated with increased incidence, worsened severity, and pro-
longed duration of acute kidney injury after severe trauma. Shock 
55(3):311–315

 10. Pesce F, Stea ED, Rossini M, Fiorentino M, Piancone F, Infante 
B et al (2021) Glomerulonephritis in AKI: from pathogenesis to 
therapeutic intervention. Front Med 7:983

 11. Van Duijl T, Soonawala D, de Fijter J, Ruhaak L, Cobbaert C 
(2021) Rational selection of a biomarker panel targeting unmet 
clinical needs in kidney injury. Clin Proteomics 18(1):1–14

 12. Liu X, Guan Y, Xu S, Li Q, Sun Y, Han R et al (2016) Early pre-
dictors of acute kidney injury: a narrative review. Kidney Blood 
Press Res 41(5):680–700

 13. Xie Y, Huang P, Zhang J, Tian R, Jin W, Xie H et al (2021) Biomark-
ers for the diagnosis of sepsis-associated acute kidney injury: sys-
tematic review and meta-analysis. Ann Palliat Med. 10:4159–4173

 14. Chen Y, Lin L, Tao X, Song Y, Cui J, Wan J (2019) The role of 
podocyte damage in the etiology of ischemia-reperfusion acute 
kidney injury and post-injury fibrosis. BMC Nephrol 20(1):1–11

 15. Feng Y-G, Liang B, Liu J, Jiang M-D, Liu H-J, Huang Y-Q et al 
(2016) Correlation study of podocyte injury and kidney function 
in patients with acute kidney injury. J Acute Dis 5(6):493–496

 16. Benzing T, Salant D (2021) Insights into glomerular filtration and 
albuminuria. N Engl J Med 384(15):1437–1446

 17. Kwiatkowska E, Stefańska K, Zieliński M, Sakowska J, Jankowiak 
M, Trzonkowski P et al (2020) Podocytes—the most vulnerable 
renal cells in preeclampsia. Int J Mol Sci 21(14):5051

 18. Cavanaugh C, Okusa MD (2021) The evolving role of novel 
biomarkers in glomerular disease: a review. Am J Kidney Dis 
77(1):122–131

 19. Park C-W, Park JS, Shim S-S, Jun JK, Yoon BH, Romero R (2005) 
An elevated maternal plasma, but not amniotic fluid, soluble 
FMS-like tyrosine kinase-1 (sFlt-1) at the time of mid-trimester 
genetic amniocentesis is a risk factor for preeclampsia. Am J 
Obstet Gynecol 193(3):984–989

 20. Jim B, Mehta S, Qipo A, Kim K, Cohen HW, Moore RM et al 
(2014) A comparison of podocyturia, albuminuria and nephrinu-
ria in predicting the development of preeclampsia: a prospective 
study. PLoS ONE 9(7):e101445

 21. Wu P, Van den Berg C, Alfirevic Z, Obrien S, Röthlisberger M, Baker 
PN et al (2015) Early pregnancy biomarkers in pre-eclampsia: a sys-
tematic review and meta-analysis. Int J Mol Sci 16(9):23035–23056

 22. Gentile G, Remuzzi G (2016) Novel biomarkers for renal diseases? 
None for the moment (but one). J Biomol Screen 21(7):655–670

 23. Ostermann M, Zarbock A, Goldstein S, Kashani K, Macedo 
E, Murugan R et al (2020) Recommendations on acute kidney 
injury biomarkers from the acute disease quality initiative con-
sensus conference: a consensus statement. JAMA Netw Open 
3(10):e2019209

 24. Kostovska I, Tosheska-Trajkovska K, Topuzovska S, Cekovska 
S, Spasovski G, Kostovski O et al (2020) Urinary nephrin is ear-
lier, more sensitive and specific marker of diabetic nephropathy 
than microalbuminuria. J Med Biochem 39(1):83

 25. Kostovska I, Trajkovska KT, Kostovski O, Labudovic D (2021) 
Urinary nephrin and podocalyxin levels as predictors of pre-
eclampsia in high-risk pregnant women. Folia Med 63:948

 26. Kerley RN, McCarthy C (2018) Biomarkers of glomerular 
dysfunction in pre-eclampsia—a systematic review. Pregnancy 
Hypertens 14:265–272

 27. Son GH, Kim JH, Hwang JH, Kim YH, Park YW, Kwon JY 
(2011) Urinary excretion of nephrin in patients with severe 
preeclampsia: urinary nephrin in preeclampsia. Hypertens Preg-
nancy 30(4):408–413

 28. Sun D, Wang J-J, Wang W, Wang J, Wang L-N, Yao L et al 
(2019) Human podocyte injury in the early course of hyperten-
sive renal injury. World J Clin Cases 7(22):3698

 29. Kandasamy Y, Watson D, Rudd D (2015) Biomarker of early 
glomerular injury in pre-eclampsia. Hypertens Pregnancy 
34(4):391–399

 30. Kandasamy Y, Smith R, Lumbers ER, Rudd D (2014) Nephrin—
a biomarker of early glomerular injury. Biomark Res 2(1):1–8

 31. Jung YJ, Cho HY, Cho S, Kim YH, Jeon J-D, Kim Y-J et al 
(2017) The level of serum and urinary nephrin in normal preg-
nancy and pregnancy with subsequent preeclampsia. Yonsei 
Med J 58(2):401–406

 32. Zhai T, Furuta I, Akaishi R, Kawabata K, Chiba K, Umazume 
T et al (2016) Feasibility of nephrinuria as a screening tool for 
the risk of pre-eclampsia: prospective observational study. BMJ 
Open 6(8):e011229

 33. Kestilä M, Lenkkeri U, Männikkö M, Lamerdin J, McCready P, 
Putaala H et al (1998) Positionally cloned gene for a novel glo-
merular protein—nephrin—is mutated in congenital nephrotic 
syndrome. Mol Cell 1(4):575–582

 34. Ruotsalainen V, Ljungberg P, Wartiovaara J, Lenkkeri U, Kestilä 
M, Jalanko H et al (1999) Nephrin is specifically located at the 
slit diaphragm of glomerular podocytes. Proc Natl Acad Sci 
96(14):7962–7967

 35. Kristensen JH, Basit S, Wohlfahrt J, Damholt MB, Boyd HA 
(2019) Pre-eclampsia and risk of later kidney disease: nation-
wide cohort study. BMJ 365:l1516

http://creativecommons.org/licenses/by/4.0/


Journal of Nephrology 

1 3

 36. Kishore M, Silambanan DS, Moorthy DS (2021) Diagnos-
tic sensitivity of biomarkers in assessing the occurance and 
progression of diabetic nephropathy. Eur J Mol Clin Med 
8(3):1554–1571

 37. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, 
Mulrow CD, The PRISMA et al (2020) Statement: an updated 
guideline for reporting systematic reviews. BMJ 2021:372

 38. Whiting PF, Rutjes AW, Westwood ME, Mallett S, Deeks JJ, 
Reitsma JB et al (2011) QUADAS-2: a revised tool for the qual-
ity assessment of diagnostic accuracy studies. Ann Intern Med 
155(8):529–536

 39. Zamora J, Abraira V, Muriel A, Khan K, Coomarasamy A (2006) 
Meta-DiSc: a software for meta-analysis of test accuracy data. 
BMC Med Res Methodol 6(1):1–12

 40. Trevethan R (2017) Sensitivity, specificity, and predictive val-
ues: foundations, pliabilities, and pitfalls in research and practice. 
Front Public Health 5:307

 41. Swets JA (1988) Measuring the accuracy of diagnostic systems. 
Science 240(4857):1285–1293

 42. Higgins JP, Thompson SG (2002) Quantifying heterogeneity in a 
meta-analysis. Stat Med 21(11):1539–1558

 43. Yang GY, Lee KA, Park MH, Park HS, Ha EH, Chun SH et al 
(2013) Urinary nephrin: a new predictive marker for pregnancies 
with preeclampsia and small-for-gestational age infants. Obstet 
Gynecol Sci 56(1):22–28

 44. Kelder TP, Penning ME, Uh H-W, Cohen D, Bloemenkamp KW, 
Bruijn JA et al (2012) Quantitative polymerase chain reaction–
based analysis of podocyturia is a feasible diagnostic tool in preec-
lampsia. Hypertension 60(6):1538–1544

 45. Zhai T, Furuta I, Nakagawa K, Kojima T, Umazume T, Ishikawa 
S et al (2016) Second-trimester urine nephrin: creatinine ratio 
versus soluble FMS-like tyrosine kinase-1: placental growth factor 
ratio for prediction of preeclampsia among asymptomatic women. 
Sci Rep 6(1):1–9

 46. do Nascimento JF, Canani LH, Gerchman F, Rodrigues PG, 
Joelsons G, dos Santos M et al (2013) Messenger RNA levels of 
podocyte-associated proteins in subjects with different degrees 
of glucose tolerance with or without nephropathy. BMC Nephrol 
14(1):1–10

 47. Fayed A, Tohamy IAR, Kahla H, Elsayed NM, El Ansary M, 
Saadi G (2019) Urinary podocyte-associated mRNA profile in 
Egyptian patients with diabetic nephropathy. Diabetes Metab 
Syndr 13(5):2849–2854

 48. Shahid MA, Baig S, Zubairi AM, Ahmed F (2017) Expression 
of nephrin in early diagnosis of diabetic nephropathy. Pak J Med 
Dent. 6(2):1–7

 49. Jim B, Ghanta M, Qipo A, Fan Y, Chuang PY, Cohen HW et al 
(2012) Dysregulated nephrin in diabetic nephropathy of type 2 
diabetes: a cross sectional study. PLoS ONE 7(5):e36041

 50. Heimlich JB, Chipoka G, Elsherif L, David E, Ellis G, Kamthunzi 
P et al (2018) Nephrin as a biomarker of sickle cell glomerulopa-
thy in Malawi. Pediatr Blood Cancer 65(6):e26993

 51. Chen B, Li Y, Liu Y, Zang C, Wu M, Xu Z (2019) Diagnostic 
value of neutrophil gelatinase-associated lipocalin in diabetic 
nephropathy: a meta-analysis. Ren Fail 41(1):489–496

 52. Joannidis M, Forni LG, Haase M, Koyner J, Shi J, Kashani K 
et al (2019) Use of cell cycle arrest biomarkers in conjunction 
with classical markers of acute kidney injury. Crit Care Med 
47(10):e820

 53. National Association of Testing Authorities (NATA), Australia 
(2018) General accreditation guidance‐validation and verification 
of quantitative and qualitative test methods

 54. Turner RM, Davey J, Clarke MJ, Thompson SG, Higgins JP 
(2012) Predicting the extent of heterogeneity in meta-analysis, 
using empirical data from the Cochrane Database of Systematic 
Reviews. Int J Epidemiol 41(3):818–827

 55. Conde-Agudelo A, Villar J, Lindheimer M (2004) World Health 
Organization systematic review of screening tests for preeclamp-
sia. Obstet Gynecol 104(6):1367–1391

 56. Kosack CS, Page A-L, Klatser PR (2017) A guide to aid the selec-
tion of diagnostic tests. Bull World Health Organ 95(9):639

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

 58. Conti-Ramsden FI, Nathan HL, De Greeff A, Hall DR, Seed PT, 
Chappell LC et al (2019) Pregnancy-related acute kidney injury 
in preeclampsia: risk factors and renal outcomes. Hypertension 
74(5):1144–1151

 59. Malek AM, Hunt KJ, Turan TN, Mateus J, Lackland DT, Lucas A 
et al (2022) Hypertensive disorders of pregnancy with and without 
prepregnancy hypertension are associated with incident maternal 
kidney disease subsequent to delivery. Hypertension 79(4):844–854

 60. Aggarwal N, Suri V, Soni S, Chopra V, Kohli H (2008) A prospective 
comparison of random urine protein-creatinine ratio vs 24-hour urine 
protein in women with preeclampsia. Medscape J Med 10(4):98

 61. de Boer IH, Caramori ML, Chan JC, Heerspink HJ, Hurst C, 
Khunti K et al (2020) KDIGO 2020 clinical practice guideline 
for diabetes management in chronic kidney disease. Kidney Int 
98(4):S1–S115

 62. Hallan SI, Ritz E, Lydersen S, Romundstad S, Kvenild K, Orth 
SR (2009) Combining GFR and albuminuria to classify CKD 
improves prediction of ESRD. J Am Soc Nephrol 20(5):1069–1077

 63. An JH, Cho YM, Yu HG, Jang HC, Park KS, Kim SY et al (2009) 
The clinical characteristics of normoalbuminuric renal insuffi-
ciency in Korean type 2 diabetic patients: a possible early stage 
renal complication. J Korean Med Sci 24(Suppl 1):S75–S81

 64. Wang Y, Zhao S, Loyd S, Groome LJ (2012) Increased urinary 
excretion of nephrin, podocalyxin, and βig-h3 in women with 
preeclampsia. Am J Physio Renal Physiol 302(9):F1084–F1089

 65. Verma R, Venkatareddy M, Kalinowski A, Li T, Kukla J, Mollin A 
et al (2018) Nephrin is necessary for podocyte recovery following 
injury in an adult mature glomerulus. PLoS ONE 13(6):e0198013

 66. Chen J, Li G, Wang S, Hu X, Sun Y, Dai X et al (2019) Urinary 
nephrin as a biomarker of glomerular maturation and injury is 
associated with acute kidney injury and mortality in critically ill 
neonates. Neonatology 116(1):58–66

 67. Li W, Wang S, Chen J, Hu X, Sun Y, Dai X et al (2020) Early 
predictive value of urinary nephrin in acute kidney injury for criti-
cally ill neonates. Chin J Appl Clin Pediatr. 24:1777–1780

 68. Fliser D, Novak J, Thongboonkerd V, Argilés À, Jankowski V, 
Girolami MA et al (2007) Advances in urinary proteome analysis 
and biomarker discovery. J Am Soc Nephrol 18(4):1057–1071

 69. Wartiovaara J, Öfverstedt L-G, Khoshnoodi J, Zhang J, Mäkelä 
E, Sandin S et al (2004) Nephrin strands contribute to a porous 
slit diaphragm scaffold as revealed by electron tomography. J Clin 
Investig 114(10):1475–1483

 70. Martin CE, Jones N (2018) Nephrin signaling in the podocyte: 
an updated view of signal regulation at the slit diaphragm and 
beyond. Front Endocrinol 9:302

 71. Tan RJ, Li Y, Rush BM, Cerqueira DM, Zhou D, Fu H et al (2019) 
Tubular injury triggers podocyte dysfunction by β-catenin–driven 
release of MMP-7. JCI Insight. 4(24):122399

 72. Huber T, Köttgen M, Schilling B, Walz G, Benzing T (2001) Inter-
action with podocin facilitates nephrin signalling. J Biol Chem 
276:41543–41546

 73. Simons M, Schwarz K, Kriz W, Miettinen A, Reiser J, Mundel P 
et al (2001) Involvement of lipid rafts in nephrin phosphorylation 
and organization of the glomerular slit diaphragm. Am J Pathol 
159(3):1069–1077

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Urinary nephrin—a potential marker of early glomerular injury: a systematic review and meta-analysis
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 
	Graphical abstract

	Introduction
	Materials and methods
	Design and protocol registration
	Data source and search strategy
	Study selection
	Outcomes of interest
	Data extraction and quality assessment
	Data synthesis and statistical analysis

	Results
	Characteristics of studies included for review
	Subgroup analysis based on assay methodology
	Subgroup analysis based on study designs
	Subgroup analysis based on reporting units of urinary nephrin
	Overall diagnostic accuracy of urinary nephrin
	Subgroup analysis based on clinical conditions
	Sensitivity analysis

	Discussion
	Conclusion
	References


