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Abstract

Introduction

Systemic lupus erythematosus (SLE) is a chronic autoimmune disease with multiorgan inflam-

matory involvement and a mortality rate that is 2.6-fold higher than individuals of the same age

and sex in the general population. Approximately 50% of patients with SLE develop renal

impairment (lupus nephritis). Delayed diagnosis of lupus nephritis is associated with a higher

risk of progression to end-stage renal disease, the need for replacement therapy, and mortality.

The initial clinical manifestations of lupus nephritis are often discrete or absent and are usually

detected through complementary tests. Although widely used in clinical practice, their accuracy

is limited. A great scientific effort has been exerted towards searching for new, more sensitive,

and specific biomarkers in recent years. Some systematic reviews have individually evaluated

new serum and urinary biomarkers tested in patients with lupus nephritis. This overview aimed

to summarize systematic reviews on the accuracy of novel serum and urinary biomarkers for

diagnosing lupus nephritis in patients with SLE, discussing how our results can guide the clini-

cal management of the disease and the direction of research in this area.

Methods

The research question is “What is the accuracy of the new serum and urinary biomarkers

studied for the diagnosis of LN in patients with SLE?”. We searched for systematic reviews

of observational studies evaluating the diagnostic accuracy of new serum or urinary bio-

markers of lupus nephritis. The following databases were included: PubMed, EMBASE,

BIREME/LILACS, Scopus, Web of Science, and Cochrane, including gray literature found

via Google Scholar and PROQUEST. Two authors assessed the reviews for inclusion, data

extraction, and assessment of the risk of bias (ROBIS tool).

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0275016 October 10, 2022 1 / 25

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Guimarães JdAR, Furtado SdC, Lucas

ACdS, Mori B, Barcellos JFM (2022) Diagnostic

test accuracy of novel biomarkers for lupus

nephritis—An overview of systematic reviews.

PLoS ONE 17(10): e0275016. https://doi.org/

10.1371/journal.pone.0275016

Editor: Zhanjun Jia, University of Utah School of

Medicine, UNITED STATES

Received: April 28, 2022

Accepted: September 8, 2022

Published: October 10, 2022

Copyright: © 2022 Guimarães et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: All relevant data are

within the paper and its Supporting Information

files.

Funding: This work was funded by Fundação de

Amparo à Pesquisa do Estado do Amazonas

(FAPEAM) (POSGRAD Program [#006/2020 and

#008/2021]).

Competing interests: The authors have declared

that no competing interests exist.

https://orcid.org/0000-0001-8376-4927
https://orcid.org/0000-0002-1174-0579
https://doi.org/10.1371/journal.pone.0275016
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0275016&domain=pdf&date_stamp=2022-10-10
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0275016&domain=pdf&date_stamp=2022-10-10
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0275016&domain=pdf&date_stamp=2022-10-10
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0275016&domain=pdf&date_stamp=2022-10-10
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0275016&domain=pdf&date_stamp=2022-10-10
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0275016&domain=pdf&date_stamp=2022-10-10
https://doi.org/10.1371/journal.pone.0275016
https://doi.org/10.1371/journal.pone.0275016
http://creativecommons.org/licenses/by/4.0/


Results

Ten SRs on the diagnostic accuracy of new serum and urinary BMs in LN were selected.

The SRs evaluated 7 distinct BMs: (a) antibodies (anti-Sm, anti-RNP, and anti-C1q), (b)

cytokines (TWEAK and MCP-1), (c) a chemokine (IP-10), and (d) an acute phase glycopro-

tein (NGAL), in a total of 20 review arms (9 that analyzed serum BMs, and 12 that analyzed

BMs in urine). The population evaluated in the primary studies was predominantly adults.

Two SRs included strictly adults, 5 reviews also included studies in the paediatric popula-

tion, and 4 did not report the age groups. The results of the evaluation with the ROBIS tool

showed that most of the reviews had a low overall risk of bias.

Conclusions

There are 10 SRs of evidence relating to the diagnostic accuracy of serum and urinary bio-

markers for lupus nephritis. Among the BMs evaluated, anti-C1q, urinary MCP-1, TWEAK,

and NGAL stood out, highlighting the need for additional research, especially on LN diag-

nostic panels, and attempting to address methodological issues within diagnostic accuracy

research. This would allow for a better understanding of their usefulness and possibly vali-

date their clinical use in the future.

Registration

This project is registered on the International Prospective Registry of Systematic Reviews

(PROSPERO) database (CRD42020196693).

Introduction

Systemic lupus erythematosus (SLE) is a chronic autoimmune disease with multiorgan inflam-

matory involvement. The mortality rate for individuals with SLE is 2.6-fold higher than that

the same age and sex in the general population [1]. Approximately 50% of patients with SLE

develop renal impairment, i.e., lupus nephritis (LN) [2–4]. LN consists of renal alterations that

can compromise the glomerulus, interstitium, tubules, and blood vessels, with different severi-

ties and combinations [2]. The great importance of LN lies in the significant number of

affected patients and the potential to directly influence patient prognosis [5, 6].

The mortality is higher in patients with LN than in those without lupus renal impairment,

being as high as 25% among those with severe proliferative forms of the disease (class III and

IV) [7, 8].

Treatment for LN has drastically changed patient survival in recent years. However, 10 to

30% of patients still progress to end-stage renal disease and require dialysis and transplantation

[9, 10].

The gold standard for diagnosing LN is renal biopsy. Kidney histopathology allows (a) the

stratification of LN based on the World Health Organization (WHO) classification modified

by the Renal Pathology Society/International Society of Nephrology Working Group on the

Classification of Lupus Nephritis (RSP/ISN 2003) [10–12]; (b) the evaluation of the presence

of active and chronic inflammatory lesions (activity and chronicity indices of the National

Institutes of Health—NIH) [13]; (c) the verification of the presence of disease in other renal

compartments—such as the vascular and tubulointerstitial compartments; (d) and the identifi-

cation of other coexistent lesions, whether autoimmune or not (e.g., IgA nephropathy, diabetic

nephropathy, hypertensive nephropathy, etc.).

PLOS ONE Diagnostic test accuracy of novel biomarkers for lupus nephritis - An overview of systematic reviews

PLOS ONE | https://doi.org/10.1371/journal.pone.0275016 October 10, 2022 2 / 25

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020196693
https://doi.org/10.1371/journal.pone.0275016


However, the biopsy is not widely available in all health services; it requires infrastructure,

training and carries the risk of complications, such as hematuria, damage and loss of the biop-

sied kidney, or even death [14]. Therefore, biopsies are performed for diagnosis, not for fre-

quent routine monitoring, with repeat biopsy being reserved for patients with unexpected

clinical course, relapse, distinction between LN activity and cronicity, and to rule other con-

comitant diseases.

Accordingly, monitoring LN is achieved using the following biomarkers adopted by the

international guidelines for lupus nephritis management: anti-DNAds, serum complement

levels (C3 and C4), creatinine clearance, urinalysis with urine sediment microscopy, and pro-

teinuria, represented by 24-hour proteinuria or protein/creatinine ratio in an isolated urine

sample [15, 16].

Unfortunately, their accuracy is limited [7, 17], compromising the distinction between

active and chronic renal lesions and the differentiation between LN and comorbidities that

may be concomitant in an individual SLE patient. In addition, studies that have evaluated the

possible advantages of performing programmed repetition of kidney biopsies showed clinico-

pathological dissociation. Malvar et al. observed that one-third of patients who had achieved

clinical remission of nephritis had active inflammatory lesions in the histopathological analysis

of the kidney and that 62% of individuals considered to have active kidney disease were in his-

topathological remission [18].

Delayed diagnosis of LN is associated with a higher risk of progression to end-stage renal

disease, the need for replacement therapy, and mortality [19]. Thus, improving the prognosis

of these patients involves early detection of the disease, definition of its severity, and prediction

of its response to treatment and relapse.

In recent years, a great scientific effort has been exerted in the search for new biomarkers.

Several studies suggest possible candidates, such as genes [20–23], antibodies [24–26], cyto-

kines [27, 28], chemokines [27], adhesion molecules [29–31], growth factors [32, 33], cell sur-

face molecules [34], and cell populations [35, 36], among others.

Some systematic reviews (SRs) have individually evaluated new serum and urinary bio-

markers tested in patients with LN, for example, neutrophil gelatinase-associated lipocalin

(NGAL) [37], monocyte chemoattractant protein 1 (MCP-1) [38], and interferon-inducible

protein 10 (IP-10) [39]. In a preliminary search in the PubMed database, although several nar-

rative reviews address this subject, no overviews were found.

This study aimed to summarize SRs on the accuracy of novel serum and urinary biomarkers

for diagnosing LN in patients with SLE. The research question is "What is the accuracy of the
novel serum and urinary biomarkers studied for the diagnosis of LN in patients with SLE?".

Methods

Protocol and registration

The protocol for this overview was registered in August 2020 on the Prospero platform of the

University of York under the number CRD42020196693.

Selection criteria

Type of studies. Systematic Reviews (SR), with or without meta-analyses, of observational

studies evaluating the diagnostic accuracy of serum or urinary new biomarkers of LN were

included.

Participants. Participants in the included studies were patients diagnosed with SLE, clas-

sified by the ACR (1997), SLICC (2012), or ACR/EULAR 2019 criteria, in the outpatient or in-

hospital settings, without sex or age restrictions.
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Index test. Studies evaluating new serum and urinary biomarkers, or combinations of

these biomarkers (biomarker panels) tested for the detection of LN (diagnosis, activity moni-

toring, prediction of flare, and severity) were included.

Reference test. Currently, the reference tests used in clinical practice include anti-

DNAds, C3, C4, creatinine clearance, urinalysis with sediment microscopy, 24-h proteinuria

or protein/creatinine ratio in an isolated urine sample, and renal biopsy. These biomarkers are

considered standard by the European Alliance of Associations for Rheumatology (EULAR) and

the American College of Rheumatology (ACR). They are widely used for the detection and

monitoring of LN.

Primary studies evaluating the diagnostic accuracy of LN biomarkers usually use a combi-

nation of tests to define the presence of nephritis. Given this peculiarity of this field of research,

this overview considered all SRs of studies that evaluated new biomarkers by comparing

patients with and without LN, patients with active and inactive LN, patients with renal relapse,

and without renal relapse, and patients with proliferative and non-proliferative LN using any

combination of those tests as reference.

Outcome measures. The primary outcome was the diagnostic accuracy of each biomarker

to identify LN in patients with SLE. The secondary outcomes of interest were the diagnostic

accuracy for detecting active LN, prediction of renal relapse, identification of response to treat-

ment, and differentiation between proliferative and nonproliferative LN forms.

Exclusion criteria. SRs evaluating biomarkers for detecting only other clinical manifesta-

tions of disease activity in SLE; those that did not describe the quantitative data relative to diag-

nostic accuracy of the test assessing the biomarkers; and those evaluating only genetic

biomarkers (search for genes and variants), imaging and histopathological techniques were

excluded. Primary studies, case reports, narrative reviews, and other types of publications,

such as editorials, comments, and letters were excluded as well.

Literature search

The databases used to search for evidence were PubMed, EMBASE, BIREME/LILACS, Scopus,

Web of Science, and Cochrane, including gray literature found through Google Scholar and

PROQUEST, from inception until April 2022. The search strategy was developed based on the

PIRD (Population, Index test, Reference test, Diagnosis) approach with an information spe-

cialist, using free-text and subject headings referring to “SLE” OR “LN”, AND “biomarkers”.

The type of study was not included in the search strategy to increase its sensitivity. S1 Table

provides the search strategy constructed for all databases searched. This strategy was adapted

to the other databases. No language restriction was applied.

Selection of studies

The selection of studies was performed by two reviewers (JARG and BM) after the removal

of duplicates using EndNoteX9. This process was done in two stages. In the first stage, stud-

ies were selected based on titles and abstracts, and in the second stage, studies were selected

based on full text analysis, checking the eligibility criteria. Disagreements were resolved by

consensus and, in case of persistent discrepancies, the decision was made by a third

reviewer (JFMB).

Data extraction and management

Data were extracted by two authors (JARG and BM), into a table containing the following

information: review question, objectives, population (characteristics, total number), clinical

context (outpatient, hospital), index biomarker, reference biomarker, biological material,
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technique used, details of the search, outcome, databases searched, date range of included

studies, number of included studies, methodological quality assessment tool, diagnostic accu-

racy results, heterogeneity, publication bias, and conclusion.

Data analysis

Extracted data were analyzed by three reviewers (JARG, JFMB, and SCF), qualitatively summa-

rized, and presented in tables. Data from selected SRs were reported as diagnostic accuracy

measures: pooled sensitivity, pooled specificity, positive likelihood ratio (PLR), negative likeli-

hood ratio (NLR), diagnostic odds ratio (DOR), and summary ROC curve area under the

curve (SROC-AUC).

It was reported when more than one SR evaluating the same biomarker presented similar

conclusions. When conflicting results existed, the possible reasons were explored.

Assessment of reporting bias. The Deeks test was used to investigate possible publication

bias, if possible. Despite the limitations of the evaluation of this aspect in systematic reviews of

diagnostic tests accuracy, the likelihood of publication bias was reduced by the extensive search

of studies in the databases already cited, in the grey literature, hand searching the references,

and by including conference proceedings.

Assessment of methodological quality

The risk of bias of the included reviews was analyzed by two reviewers (JARG e BM) using the

ROBIS tool [40]. Any disagreements were judge by a third author (ACSL).

Results

In total, 26,973 articles addressing biomarkers (BMs) in lupus nephritis (LN) were identified.

After exportation to EndNote, 12,512 duplicates were detected and removed. During Phase 1,

14,461 articles were evaluated by titles and abstracts, leaving 87 articles for full-text analysis.

Finally, 10 systematic reviews (SRs) met the eligibility criteria and were included in this over-

view, as shown in Fig 1.

Description of the included reviews

Ten SRs on the diagnostic accuracy of new serum and urinary BMs in LN were selected. The

SRs evaluated 7 distinct BMs in a total of 20 review arms (9 that analysed serum BMs [39, 41–

46], and 12 that analysed BMs in urine [37, 39, 43, 44, 47–49], as shown in Table 1. The popu-

lation evaluated in the primary studies was predominantly adults. Two SRs included strictly

adults, 5 reviews also included studies in the paediatric population, and 4 did not report the

age groups (Table 2).

The SRs included observational cross-sectional studies (23 studies), and cohort studies (22

studies). Seven SRs (12 arms) did not report the designs of the included primary studies. The

main outcomes evaluated were the accuracy of the BM for the diagnosis of LN in patients with

systemic lupus erythematosus (SLE) [37, 39, 41–43, 45–48], the detection of disease activity

[37, 42, 43, 46–49], the prediction of renal relapse [37, 47] and the stratification of severity

[37]. No review evaluated prognosis or early response to treatment. Only 4 SRs [37, 42, 43, 47]

informed the cutoff thresholds for positivity among primary studies. We summarized those

in the S2 Table. The main characteristics and data of the included SRs are shown in Tables 1

and 2.
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Biomarkers studied

Autoantibodies. Several autoantibodies have been investigated as possible BMs in LN. We

found 4 SRs that evaluated the diagnostic accuracy of the following autoantibodies in LN: anti-

Sm, anti-RNP [41] and anti-C1q [42, 45, 46].

Anti-Sm and anti-RNP. Anti-Sm and anti-RNP are autoantibodies that target small nuclear

ribonucleoproteins (snRNPs); they are among the most used BMs in patients with diagnosed

or suspected systemic autoimmune diseases [50].

Anti-Sm is associated with the diagnosis of SLE and is part of the disease classification crite-

ria [51]. However, the role of anti-Sm has been investigated in other contexts and has been

associated with other clinical variables of the disease, such as pericarditis, CNS involvement

and renal involvement [52–55].

Anti-RNP antibodies can be detected in several systemic autoimmune diseases, including

SLE. However, its clinical value is found in the strong association of high titres with mixed

connective tissue disease (MCTD) [50].

Fig 1. Overview flow-diagram.

https://doi.org/10.1371/journal.pone.0275016.g001
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Table 1. Overview of key characteristics of included reviews.

Author (year) Country Search date Population Index

test

Biological

sample

Tipo de BM Reference test Diagnosis Meta-

analysis

Number of

included

studies

Study

design

Benito-Garcia,

E et al. (2004)

USA January

1966—

December

2003

SLE

patients

anti-Sm serum antibody Renal biopsy;

clinical parameters

LN No 13 (8

metanalysed)

NI

SLE

patients

anti-

RNP

serum antibody Renal biopsy;

clinical parameters

LN No 8 NI

Yin, Y. et al.

(2012)

China Until

October

2011

SLE

patients

anti-C1q serum antibody Renal biopsy;

clinical parameters

LN Yes 7 NI

LN patients anti-C1q serum antibody Renal biopsy;

clinical parameters

LN activity Yes 22 NI

Eggleton P.

et al. (2014)

United

Kingdom

1977–2013 SLE

patients

anti-C1q

(ELISA)

serum antibody Renal biopsy;

clinical parameters

LN Yes 25 (22 meta-

analysed)

NI

LN patients anti-C1q

(ELISA)

serum antibody Renal biopsy;

clinical parameters

LN activity Yes 31 total (28

meta-

analysed)

NI

Fang Y. G.

et al. (2015)

China Until

December

2014

SLE

patients

uNGAL urine acute phase

glycoprotein

Renal biopsy LN Yes 4 CS

LN patients uNGAL urine acute phase

glycoprotein

SLEDAI; SLICC;

BILAG-2004;

SLEDAI 2000;

LN activity Yes 8 3 CS; 5

PC

LN patients uNGAL urine acute phase

glycoprotein

SLEDAI; SLEDAI

2000; BILAG-2004;

clinical parameters

Prediction of

LN flares

Yes 6 1 CS; 5

PC

Wang, Z. et al.

(2015)

China Until

March

2015

SLE

patients

anti-C1q serum antibody Renal biopsy;

clinical parameters

LN Yes 3 NI

Puapatanakul,

P; et al. (2019)

Thailand Until

December

2017

SLE

patients

IP-10 serum chemokine SLEDAI; BILAG;

SLAM-R renal

biopsy;

SELENA-SLEDAI;

clinical parameters

LN No 2 NI

SLE

patients

IP-10 urine chemokine SLEDAI; BILAG;

SLAM-R renal

biopsy;

SELENA-SLEDAI;

clinical parameters

LN No 5 NI

Gao, Y; et al.

(2020)

China Until

October

2019

SLE

patients

uNGAL urine acute phase

glycoprotein

Renal biopsy LN Yes 6 PC

LN patients uNGAL urine acute phase

glycoprotein

R-SLEDAI;

BILAG2004; SLICC;

BAI; clinical

parameters

LN activity Yes 9 7 CS; 2

PC

LN patients uNGAL urine acute phase

glycoprotein

R-SLEDAI;

BILAG2004;

pBILAG; clinical

parameters

LN

prediction of

flare

Yes 10 3 CS; 7

PC

LN patients uNGAL urine acute phase

glycoprotein

Renal biopsy Proliferative

LN

Yes 6 PC

Wang, Z. et al.

(2020)

China Until

September

2019

SLE

patients

TWEAK urine cytokine Renal Biopsy;

clinical paranmeters;

R-SLEDAI

LN Yes 11 NI

SLE

patients

TWEAK urine cytokine Renal Biopsy;

clinical paranmeters;

R-SLEDAI

LN activity Yes 4 NI

(Continued)
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Benito-Garcia, et al. conducted a systematic review to determine the sensitivity, specificity

and predictive values of anti-Sm and anti-RNP autoantibodies in the diagnosis of SLE and

other related systemic autoimmune diseases, and to identify their clinical associations.

Thirteen studies were included in this SR, which evaluated the accuracy of anti-Sm antibod-

ies in the detection of LN. Additionally, 8 of these studies were included in a meta-analysis,

totalizing 984 patients. The weighted mean sensitivity was 0.25 (95% CI 0.17–0.36), the speci-

ficity was 0.85 (95% CI 0.78–0.91), and the median PLR was 1.3. The corresponding summary

receiver operating characteristics (SROC) showed that most of the points were dispersed

around the diagonal line, which, together with the reported data, demonstrate the low rele-

vance of this BM as a potential influencer of clinical decision-making in this context.

The 5 studies that were not included in the meta-analysis were qualitatively synthesized

[56–60]. In 3 of these studies [56, 58, 59], no significant correlation was found between anti-

Sm and renal involvement of the disease. One of the studies correlated anti-Sm with WHO

Class V nephritis (membranous glomerulonephritis) [57]. The other study by Win et al., only

1 of the 23 lupus patients who were positive for anti-Sm presented Class IV nephritis (diffuse

proliferative glomerulonephritis), and among the other patients, most presented mesangial,

membranous or focal histopathological changes, and 4 had a normal renal biopsy [60].

Eight of the included studies analysed the value of anti-RNP antibodies in the diagnosis of

LN. The meta-analysis showed the following weighted mean results: sensitivity was 0.28 (95%

CI 0.18–0.41), specificity was 0.74 (95% CI 0.65–0.81), and PLR was 1.1. The SROC also

showed the dispersion of the points around the diagonal line, reinforcing the conclusion that

this antibody is of little use in the detection of LN.

In both arms of this SR (anti-Sm and anti-RNP), the quality of the studies was evaluated

using the criteria developed by the Evidence-based Medicine Working Group [61], and only

studies classified as Grade A and Grade B (high methodological quality) were included in the

reviews. However, the presence of heterogeneity among the studies in either of the 2 arms of

the SRs was not evaluated, and it was not possible to analyse the impact of such heterogeneity

on the results. Furthermore, only research reports in English were included.

Anti-C1q. Although it was initially described in the serum of SLE patients, anti-C1q autoan-

tibodies have been detected in up to 8% of apparently healthy individuals [62] and have been

Table 1. (Continued)

Author (year) Country Search date Population Index

test

Biological

sample

Tipo de BM Reference test Diagnosis Meta-

analysis

Number of

included

studies

Study

design

Xia, Y-R. et al.

(2020)

China Until

November

2019

LN patients MCP-1 urine cytokine SLEDAI LN activity Yes 3 NI

Ma, H. Y. et al.

(2021)

China Until

August

2020

SLE

patients

TWEAK urine and

serum

cytokine Renal Biopsy;

R-SLEDAI

LN activity Yes 9 8 CS; 1

PC

NI = Not informed; �Clinical parameters = 24h proteinuria, Urine Protein to Creatinine Ratio (UPCR), creatinine, active sediment; a R-SLEDAI = Renal-Systemic lupus

erythematosus disease activity index; b SLEDAI-2000 = Systemic lupus erythematosus disease activity index 2000; c SLEDAI = Systemic lupus erythematosus disease

activity index; d SLICC = The Systemic Lupus International Collaborating Clinics; e BAI = Biopsy activity index; f BILAG 2004 = British Isles Lupus Assessment Group’s

disease activity index; g pBILAG = Pediatric British Isles Lupus Assessment Group index; hSLICC/ACR DI = Systemic Lupus International Collaborating CLinics/

American College of Rheumatology Criteria Damage Index; iR-BILAG = Renal British Isles Lupus Assessment Group; jSLICC RAS = The Systemic Lupus International

Collaborating Clinics Renal Activity Score; lSLAM = Systemic lupus activity measure; m CS = Cross-sectional; nPC = prospective cohort; oBM = biomarkers; pCC = case-

control; qLS = longitudinal study.

https://doi.org/10.1371/journal.pone.0275016.t001
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studied in several other autoimmune diseases, infectious diseases and various kidney diseases

[63, 64].

In SLE, several studies have associated anti-C1q with renal impairment caused by the dis-

ease [25, 65], a finding that has been reinforced by experimental studies demonstrating a possi-

ble pathogenic role of this autoantibody in SLE [66, 67].

Three SRs were included that evaluated the role of anti-C1q as a BM in LN [42, 45, 46].

Two of the SRs analysed the accuracy of anti-C1q for diagnosing LN among SLE patients and

for detecting its activity [42, 46]. Yin et al. and Eggleton et al. showed partial overlap of the

included studies. The review by Eggleton et al. encompassed all the articles that were included

in the SR performed by Yin et al. and added 6 additional studies evaluating the accuracy of

anti-C1q in the discrimination of patients with a current or previous history of LN [68–73]. In

total, 32 studies were included: 28 studies (2769 patients) evaluated accuracy for diagnosing

LN among patients with SLE, and 9 studies (249 patients) analysed diagnostic accuracy for

monitoring LN activity. The 2 reviews showed results in the same direction, although Eggleton

found overall accuracy measures higher than those found by Yin (Table 2), possibly because

Eggleton included additional studies and used different statistical methods to summarize the

results. The heterogeneity among the included studies was high in terms of the evaluation of

this antibody’s accuracy for both the diagnosis of LN and the detection of its activity. No

threshold effect was found in any of the analyses, and the covariates that were explored by

meta-regression (quality of the study, detection method and ethnic group) did not influence

the results. The Egger test, which was applied in the review by Yin, showed a significant proba-

bility of publication bias. Despite these limitations, anti-C1q was identified as a potential BM

in LN.

The review by Wang et al. included only studies that were conducted in the Chinese popu-

lation and evaluated the accuracy of anti-C1q in the diagnosis of LN in patients with SLE. A

total of 11 studies were included corresponding to 1084 patients, among which 474 were diag-

nosed with LN. The pooled sensitivity was 0.67 (95% CI 0.63–0.71), the pooled specificity was

0.69 (95% CI 0.65–0.74), the positive likelihood ratio (PLR) was 2.18 (95% CI 1.75–2.72), the

negative likelihood ratio (NLR) was 0.48 (95% CI 0.39–0.60), the diagnostic odds ratio (DOR)

was 5.09 (3.29–7.85) and the SROC-AUC was 0.749. The heterogeneity among the studies was

significant, with I2 values ranging from 43.6% for PLR to 88.9% for sensitivity. In the subgroup

analysis of the possible sources of inconsistency, the methodological quality, the age of the

evaluated population and the sample size were considered. However, none of these variables

seemed to have a significant influence on heterogeneity, and no threshold effect was observed.

Although the review included only studies of Chinese populations, the accuracy values,

although lower, were not far from those found in the other 2 reviews, especially for PLR, NLR

and DOR (Table 2). Despite the close publication dates of the SRs by Eggleton [42] and Wang

[45], there was an intersection of only three primary studies. This reveals a deficit in the sensi-

tivity of the search strategy used by the authors.

The role of anti-C1q as a BM in LN is not yet defined. In the SRs that were identified, it did

not perform well for differentiating patients according to a positive or negative test. However,

there seems to be a benefit to its use, which may have been obscured by the potential effect of

the heterogeneity among the studies, and the sensitivity of the search strategy implemented by

Eggleton.

Cytokines. Tumour necrosis factor-like weak inducer of apoptosis (TWEAK). TWEAK is a

proinflammatory cytokine in the TNF superfamily that activates fibroblast growth factor-

inducible 14 (Fn14), a protein in the TNF receptor superfamily that is constitutively present in

healthy tissues, and may increase its expression in inflammatory situations [74]. TWEAK is

secreted mainly by monocytes and macrophages and participates in tissue repair and
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remodelling [74]. Several studies have indicated the involvement of the TWEAK-Fn14 axis in

the pathogenesis of chronic autoimmune diseases, especially in cases of neurological, vascular

and renal involvement [75].

Two systematic reviews focused on the diagnostic performance of TWEAK as a BM for

lupus nephritis [43, 48]. The SR by Wang et al. [48] addressed the role of urinary TWEAK

(uTWEAK) as a BM in LN, evaluating its diagnostic accuracy for detecting LN in patients with

SLE and for monitoring LN activity. The analysis of the accuracy of TWEAK for the diagnosis

of LN involved 4 studies (276 patients) and resulted in a pooled sensitivity of 0.55 (95% CI

0.47–0.63), a pooled specificity of 0.92 (95% CI 0.86–0,96), a DOR of 16.54 (95% CI 7.57–

36.15) and an SROC-AUC of 0.822.

Regarding its diagnostic accuracy in the detection of nephritis activity, 3 studies were

included. The pooled sensitivity was 0.91 (95% CI 0.82–0.96), the pooled specificity was 0.70

(95% CI 0.58–0.81), the DOR was 18.54 (7.45–45.87) and the SROC-AUC was 0.813. The SR

by Wang et al. found low heterogeneity, opting for using a fixed-effects model for summary.

Furthermore, the number of included studies in both arms of the review was small. No thresh-

old effect was observed.

Ma et al. [43] reviewed primary studies assessing the diagnostic accuracy of serum and uri-

nary TWEAK in predicting active LN in SLE patients. Nine studies were included (334

patients), 7 of which evaluated TWEAK in urine and 2 in serum (sTWEAK).

The summarized data involved both groups of studies evaluating serum and urinary

TWEAK, and revealed a pooled sensitivity of 0,69 (95%CI 0,63–0,75), pooled specificity of

0,77 (95%CI 0,71–0,82), pooled positive likelihood ratio of 3,31 (95%CI 2,05–5,35), pooled

negative likelihood ratio of 0,38 (95% CI 0,26–0,55), pooled DOR of 10,89 (95%CI 6,73–17,63)

and a ROC/AUC of 0,827 (SE 0,0289). The heterogeneity found among the studies was moder-

ate to high. The subgroup analysis revealed that the pooled sensitivity, DOR and AUC of

TWEAK in predicting active LN were higher in patients with R-SLEDAI > 4 when compared

to patients with R-SLEDAI > 0 (0,85 x 0,66; 19,00 x 8,90 and 0,90 x 0,79 respectively).

uTWEAK also revealed a higher pooled DOR than sTWEAK (12,4 and 6,76, respectively).

Moreover, TWEAK and R-SLEDAI were correlated in 6 of the included primary studies; and

in 5 of them, the correlation was between TWEAK and proteinuria. There was no threshold

effect.

Despite the review of Ma et al. being more recent and with a more significant number of

studies, the overlapping of primary studies among both SRs comprised a total of 5 works [76–

80], amounting to 6 the number of non-overlapping studies [81–86].

Regardless of the methodological differences between both SRs, the partial intersection of

primary studies, and their heterogeneity, the results of both reviews point to uTWEAK as an

auspicious BM for the clinical management of LN.

Chemokines. Monocyte chemoattractant protein-1 (MCP-1). MCP-1 is a chemokine in the

CC family that is composed of 76 amino acids and is produced by epithelial cells, endothelial

cells, smooth muscle cells, monocytes, macrophages, fibroblasts, astrocytes and microglial cells

under various stimuli, such as oxidative stress, cytokines and growth factors [87]. MCP-1 has

been implicated in the pathogenesis of several diseases through its influence on chemotaxis

and oxidative stress, among other actions [88–90]. In SLE, MCP-1 has been associated with

disease activity and renal impairment [91, 92].

Only 1 SR was found on the use of MCP-1 as a BM in LN [47]. Xia et al. analysed primary

studies, evaluating their diagnostic accuracy in detecting renal disease activity. Seven studies

with a total of 521 participants were included. The pooled sensitivity was 0.89 (95% CI 0.86–

0.93), the pooled specificity was 0.63 (95% CI 0.55–0.69), the PLR was 2.16 (95% CI 1.66–
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2.80), the NLR was 0.15 (95% CI 0.08–0.30), the DOR was 19.4 (95% CI 7.24–51.96) and the

SROC-AUC was 0.90.

There was high heterogeneity among the studies, with an I2 of 75.4%. There was no thresh-

old effect, and in the subgroup analysis, ethnicity and the proportion of inactive LN had no

influence on the inconsistency that was observed. However, no sensitivity analysis was per-

formed. There was no evidence of publication bias. Despite the limitations of the data, MCP-1

seems to be superior to the conventional serological BMs used in the management of LN.

Interferon inducible protein-10 (IP-10). IP-10 or CXCL10 is a chemokine in the ELR-CXC

family that is produced by T lymphocytes, natural killer (NK) cells, NK-T cells, neutrophils,

monocytes, splenocytes, endothelial cells, fibroblasts, keratinocytes and other types of cells

under the stimulus of proinflammatory cytokines [93]. It has chemotactic power over lympho-

cytes, participates in the regulation of cell growth and has angiostatic properties [94, 95]. The

role of IP-10 has been studied in several autoimmune diseases, such as rheumatoid arthritis

[96], Sjögren’s syndrome [97] and multiple sclerosis [98]. In SLE patients, studies have shown

high levels of IP-10 in serum [99] and in samples from cutaneous lesions of the disease [100],

and it appears to correlate with disease activity [101].

Puapatanakul et al. conducted a systematic review of studies that evaluated the serum and

urinary levels of IP-10 in patients with SLE with and without LN. A total of 23 publications

were included, and only 6 evaluated IP-10 specifically in LN. Most of the included studies did

not evaluate diagnostic accuracy measures. The meta-analysis consisted of values that referred

to mean differences between the studied groups. These showed no statistical significance of the

serum IP-10 for differentiating between patients with LN and patients with SLE without

nephritis, and only a tendency toward higher urinary concentrations in patients with LN than

in patients without LN.

Only 2 studies evaluated the diagnostic accuracy of serum IP-10 levels for the detection of

renal involvement in patients with SLE; however, no meta-analysis was performed. The studies

presented an analysis of the area under the ROC curve (ROC-AUC), showing values ranging

from 0.596 to 0.633, emphasizing the lack of utility of this BM for this outcome.

Among the studies that evaluated the urinary levels of IP-10 for the detection of renal

involvement, only 5 studies analysed the ROC curve to demonstrate its overall performance.

One of the studies (60 subjects) showed sensitivity 1,00, specificity 0,98, and an area under the

ROC curve (ROC-AUC) of 1.000 [102]. In 3 other studies [81, 103, 104], the urinary IP-10

showed ROC-AUCs ranging from 0.595 to 0.680, which was not superior compared to the

findings for conventional BMs.

In 1 of the included studies, urinary IP-10 levels were measured by mRNA detection by

RT–PCR, and urinary IP-10 showed a good ability to distinguish Class IV LN (diffuse prolifer-

ative glomerulonephritis), with a sensitivity of 0.73, a specificity of 0.94 and an ROC-AUC of

0.89 (95% CI 0.78–0.99) [105]. However, the number of patients evaluated was small (26

subjects).

It was not possible to reach a conclusion regarding the diagnostic accuracy of IP-10 in LN.

There was considerable disagreement among the diagnostic accuracy measures found in the

various primary studies, the number of studies evaluating this aspect was small, and the popu-

lation samples were also small. The SR of Puapatanakul found no difference between the mean

serum levels of IP-10 in patients with active LN, those of patients with active SLE without LN

and those of patients with inactive LN. Regarding urinary levels, only a statistical tendency was

found for these to be higher in patients with nephritis; however, the heterogeneity among the

studies was high. There was no report on subgroup analysis.
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Other molecules

Neutrophil gelatinase-associated lipocalin (NGAL). NGAL is an acute phase glycoprotein

belonging to the lipocalin family. Under conditions of homeostasis, it is secreted by neutro-

phils, macrophages, hepatocytes, adipocytes, neurons and epithelial cells, and its production is

significantly increased under inflammatory stimulus, oxidative stress and tissue injury [106,

107]. Several studies have associated increased urinary NGAL concentrations with various

types of kidney injury [108–110]. In SLE, an in vitro study by Qing et al. showed increased

expression of Lipocalin-2 in mesangial cells derived from SLE patients after stimulation with

anti-murine DNA antibody [111], and observational studies conducted in humans have

shown higher urinary concentrations of NGAL in patients with LN [112, 113].

Two SRs evaluated the role of NGAL as a BM in LN [37, 47]. The review by Gao et al. is

more recent (2020) and encompasses all of the primary studies evaluated by Fang et al. plus 8

additional articles, for a total of 19 articles. The evaluated outcomes by both reviews were the

accuracy of uNGAL in the diagnosis of LN, the detection of LN activity, the prediction of LN

relapse and the distinction between the proliferative and non-proliferative forms of LN (the

latter outcome was evaluated only in the Gao review). The 2 SRs identified results in the same

direction for the diagnostic accuracy of uNGAL. The most relevant results were for the diagno-

sis of LN in SLE patients. The summary measures reported by Gao (Table 2) are described

next.

The 19 articles included in Gao et al. corresponded to 21 studies and a total of 1453 partici-

pants, including both adults (17 studies) and children (4 studies). The main method for the

detection of uNGAL was ELISA, which was used in all primary studies except for 1 [114],

which used a chemiluminescent microparticle (CMIA) immunoassay. The reference tests var-

ied between the various studies and depending on the outcomes studied, as shown in Table 2.

Regarding the diagnosis of LN, data from 9 studies (573 subjects) [77, 112, 113, 115–120]

were evaluated. The pooled sensitivity was 0.84 (95% CI 0.71–0.91), the pooled specificity was

0.91 (95% CI 0.70–0.98), the pooled PLR was 9.08 (95% CI 2.31–35.69), the pooled NLR was

0.18 (95% CI 0.09–0.35), the DOR was 50.51 (95% CI 8.15–313.03) and the area under the

SROC curve (SROC-AUC) was 0.92 (95% CI 0.90–0.94).

Ten studies (949 subjects) [112, 115, 121–127] analysed the diagnostic accuracy for detect-

ing kidney disease activity. The pooled sensitivity was 0.72 (95% CI 0.56–0.84), the pooled

specificity was 0.71 (95% CI 0.51–0.84), the pooled PLR was 2.45 (95% CI 1.32–4.54), the

pooled NLR was 0.39 (0.22–0.70), the DOR was 6.24 (95% CI 2.08–18.68) and the SROC-AUC

was 0.77 (95% CI 0.74–0.81).

The diagnostic accuracy for predicting LN relapse was evaluated in 6 studies (442 subjects)

[114, 122, 125, 127]. The pooled sensitivity was 0.80 (95% CI 0.57–0.92), the pooled specificity

was 0.67 (95% CI 0.58–0.75), the pooled PLR was 2.41 (95% CI 1.57–3.72), the pooled NLR

was 0.30 (95% CI 0.11–0.79), the DOR was 8.08 (95% CI 2.02–32.35) and the SROC-AUC was

0.74 (95% CI 0.70–0.78).

There was high heterogeneity among the studies for all outcomes evaluated, with I2 values

ranging from 66.15% to 94.24%. In the meta-regression, subgroup and sensitivity analyses, a

possible influence of the quality of the study (defined by the QUADAS-2 score) on accuracy

for the diagnosis of LN among patients with SLE was identified. The higher-quality studies

(QUADAS-2�13) showed lower pooled sensitivity and higher pooled specificity than the

lower-quality studies. The design of the study showed an influence on the results of the synthe-

sis of accuracy for the detection of LN activity, with the cross-sectional studies showing higher

pooled sensitivity and specificity values than the prospective cohort studies. The reference test

that was used had an influence on accuracy for the prediction of relapses, with the studies that
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used R-SLEDAI showing higher pooled sensitivity and specificity and lower heterogeneity (a

pooled sensitivity of 0.80 to 0.90, a pooled specificity of 0.67 to 0.74 and I2 values of 72.5% to

55.4% and 66.15% to 21.17%, respectively). However, the influence of the examined variables

was partial, and other sources of influence were not identified. There was no threshold effect

in any of the evaluated outcomes, and there was no evidence of publication bias.

Methodological quality of the included reviews

The results of the evaluation with the ROBIS tool showed that 7 of the 10 reviews had a low

overall risk of bias. The included SRs presented their research questions in a way that was com-

patible with this overview. However, some were more comprehensive and did not have clearly

defined PIRD components. The domains that most frequently presented risk of bias were

those related to eligibility criteria and to the identification and selection of studies. None of the

reviews reported the registration of a previous protocol, 5 presented restrictions of the inclu-

sion of studies without justification (e.g., quality, language, date range etc.), 7 did not clearly

report whether free or controlled terms were included in the search strategy, 9 did not include

grey literature, and 2 did not report the use of at least two reviewers throughout the review

process. All SRs used some tool to analyse the quality of the included primary studies or their

risk of bias, and QUADAS and QUADAS-2 were the most frequently used tools. Most of the

SRs considered the methodological quality and/or risk of bias of the included primary studies

when interpreting the summarized results. The risk of bias of the included SRs, evaluated by

the ROBIS tool, is shown graphically in Fig 2 and Table 3.

Discussion

LN is one of the most relevant impairments in SLE because it has a significant prevalence

among patients (30 to 60%) and a great impact on prognosis. Regardless of advances in treat-

ment, approximately 10% of patients still progress to end-stage renal disease in the first 5 years

after diagnosis and have a risk of death 8 times higher than that of the general population

[128].

Although the term “lupus nephritis” gives the impression of a single type of lesion, it com-

prises a diverse set of kidney injuries that can compromise any of the tissue compartments of

the kidney with varying degrees of association; this results in clinical manifestations of variable

severity and evolution [129], which makes the discovery of good BMs a great challenge.

This overview found 10 SRs that addressed the diagnostic accuracy of new serum and uri-

nary BMs in LN. Among these, the following BMs were evaluated: (a) antibodies (anti-Sm,

Fig 2. Risk of bias assessment with ROBIS tool. Darker colours indicate overall ROBIS rating; lighter colours concern

judgments.

https://doi.org/10.1371/journal.pone.0275016.g002
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anti-RNP and anti-C1q) [41, 42, 45, 46], (b) cytokines (TWEAK and MCP-1) [43, 48, 49], (c) a

chemokine (IP-10) [39] and (d) an acute phase glycoprotein (NGAL) [37, 47], as previously

described.

The SRs identified mainly primary studies that answered questions about the accuracy of

the BM for the diagnosis of LN in patients with SLE and for the detection of LN activity. Only

the 2 SRs on uNGAL [37, 47] also evaluated studies regarding the accuracy of the BMs for pre-

dicting LN relapse, and only the review of Gao et al. analysed studies of the accuracy of a BM

(NGAL) for distinguishing the histopathological type (proliferative and non-proliferative LN)

[37].

Anti-Sm and anti-RNP showed to be of no use in the detection of LN [41]. Although the SR

by Benito-Garcia et al. included primary studies that were of good methodological quality and

that evaluated a significant number of individuals (984 for anti-Sm and 1114 for anti-RNP), its

search strategy was restricted to studies reported in English and included only 2 databases,

which overlap (PubMed and Medline). This confers a reasonable risk that relevant studies

were not included. In addition, the confidence intervals for the summarized sensitivity and

specificity values were wide. Thus, despite the possibility that these antibodies are not useful as

BMs in LN, a more sensitive search would provide a definitive answer regarding their role in

this type of SLE impairment.

One SR that examined IP-10 was found [39], and it evaluated studies that considered serum

and urinary levels of this BM. Five studies were included in the review arm that evaluated

serum IP-10. However, only 2 studies performed ROC curve analyses (without meta-analysis),

and those showed a poor performance of the BM for detecting nephritis among patients with

SLE. Additionally, the meta-analysis of the mean differences (MD) between patients with

active LN and patients with SLE without nephritis in the 5 included studies showed no differ-

ence. This difference was only significant when patients were compared with healthy controls

(as in 3 of the studies).

On the other hand, of the 6 included studies that evaluated urinary IP-10, 5 reported accu-

racy data with ROC curve analyses. The results were varied but pointed in the same direction,

indicating a probable benefit of urinary IP-10 as a BM. However, the review did not provide a

Table 3. Risk of bias assessment with ROBIS tool.

Review Phase 2 Phase 3

1. Study

eligibility

criteria

2. Identification and

selection of studies

3. Data collection

and study appraisal

4. Synthesis

and findings

Risk of bias

in the review

Benito-Garcia

2004

low risk high risk high risk high risk low risk

Yin 2012 high risk high risk low risk low risk low risk

Eggleton 2014 low risk low risk low risk low risk low risk

Fang 2015 low risk low risk ? low risk low risk

Wang 2015 low risk high risk low risk low risk high risk

Puapatanakul

2019

high risk high risk ? high risk high risk

Gao 2020 low risk low risk low risk low risk low risk

Wang 2020 high risk high risk low risk low risk low risk

Xia 2020 high risk high risk low risk ? high risk

Ma 2021 low risk high risk low risk ? low risk

? = unclear risk

https://doi.org/10.1371/journal.pone.0275016.t003
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quantitative synthesis of these results. The authors metanalysed 3 studies that evaluated mean

differences, comparing patients with lupus nephritis, patients with inactive SLE, and patients

with active SLE without nephritis. The summary mean showed only a tendency for the mean

urinary levels of IP-10 to be higher among patients with nephritis. Thus, although the results

for serum IP-10 are not encouraging, urinary IP-10 seems to have relevance as a BM in LN

and is deserving of further primary studies.

The BMs with the best accuracy profile were uMCP-1, uTWEAK, uNGAL and anti-C1q,

which were more sensitive than specific, in most occasions, for the analysed outcomes [37, 42,

43, 45–49]. The best sensitivity values were found for the accuracy of detection of nephritis

activity. This finding may have been favoured by the fact that these studies compared clearly

inflamed subjects (those with active LN) with groups of individuals with clinically inactive dis-

ease (with no or little inflammation). This made the composition of each group more homoge-

neous and, clinically, more distinct from each other, which tended to increase the differences

between them.

The sensitivity of a BM varies not only according to test cut-off used but according to the

severity of the disease [130]. In the context of LN, other factors, such as the affected renal com-

partments (mesangial, interstitial, vascular, glomerular or tubules), the predominant location

of the immune complex deposit (subendothelial or subepithelial), the type of pathological

lesion (proliferative or non proliferative) and the established degree of chronicity, are also

likely to influence the performance of accuracy measures of the BM being tested.

Thus, an important consideration in the study of BMs in the context of LN is the stratifica-

tion of patients by (a) the presence of disease activity, (b) clinical severity, (c) histopathological

features, (d) the mean time of kidney disease and (e) treatment. This would require a large

population sample, which may be more feasible for multicentre research collaborations, and

the standardization of smaller studies in terms of the details of the research design used to eval-

uate diagnostic accuracy in LN. Such efforts could facilitate the subsequent summarization of

results and accelerate progress in this area of knowledge.

In this overview, the SRs that were included did not explore in depth the composition of

each comparison group within the primary studies. The proportion of individuals with active

disease and the histopathological class of nephritis were not discussed in most of the included

reviews, and some reviews did not explore the age of the participants. These variables may

have significantly influenced the heterogeneity of the summarized results.

Another relevant issue was the design of the primary studies included in the SRs. Many

diagnostic accuracy studies have a cross-sectional design, which may overestimate or understi-

mate the findings when there are individuals in the sample with the disease in different clinical

stages or when the reference test is not 100% accurate [131]. In the SR of Gao [37], the sensitiv-

ity of uNGAL in the arm of the review that evaluated its accuracy for the detection of was 0.72

(95%CI 0.56–0.84). During the analysis of heterogeneity, it was observed that the cohort stud-

ies decreased the pooled sensitivity compared to the cross-sectional studies (0.87 x 0.57).

Renal biopsy (the gold standard for diagnosis) is not repeated regularly as a matter of clini-

cal routine because of its invasive and risky nature. Instead, the detection of renal impairment

relies on laboratory tests and activity scoring tools (e.g., R-SLEDAI). This restricts the evalua-

tion of new BMs because their accuracy may be underestimated or overestimated due to the

limitations of the reference tests. Cohort studies would most likely generate accuracy measures

closer to reality in this context, because they allow the programmed collection of biological

material for the index biomarker estimation before clinical manifestations or the positivity of

the reference test. Moreover, it would grant posterior diagnostic confirmation during the fol-

low-up.
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Thus, cohort studies with pre-programmed biological material collection would allow a

correct evaluation of the accuracy of the index test, as it would be assessed at various times

until evident kidney disease occurs. Among the SRs included in this overview, only 3 reported

the design of the included primary studies, which made it difficult to interpret the totality of

summarized data.

Despite 7 of the 10 included SRs being from China, only 1 SR [45] analyzed primary studies

restricted to the Chinese population. Eight SRs had no racial restrictions and included studies

in populations from North and South Americas, Europe, Asia, and Africa with a heteroge-

neous ethnic composition. Two SRs [46, 49] included ethnic background on subgroup analysis

and did not find significant interference.

Another relevant point is the use of BM panels. The histopathological and pathophysiologi-

cal diversity of LN requires a set of BMs that reflect the various phenomena in progress within

renal tissue. Despite the significant heterogeneity of the results summarized in the included

SRs and the limitations that are already known as a result of accuracy studies, the data found

in this overview highlight urinary MCP-1, TWEAK, NGAL and anti-C1q as useful BMs in LN,

and the inclusion of these in a diagnostic panel offers a promising research approach with

existing initiatives [132–136].

This is the first overview to synthesize the existing evidence reported by SRs of the diagnos-

tic accuracy of new serum and urinary BMs in LN. With more than 30 BMs undergoing

research in this field and the ongoing discovery of new potential BMs, the synthesis of the

existing evidence provides an objective view of the direction of the data on studied BMs and

unveils the best paths to be followed in related research.

Our overview had a wide scope, including 6 databases, grey literature and no time range or

language restrictions. However, despite the advantage of providing a panoramic and objective

view of the existing evidence on a subject, the results of an overview are subject to failures aris-

ing from the handling of secondary data. In our overview, some SRs restricted their search to

the English language, used few databases and did not include grey literature, which may have

led to the loss of relevant studies.

In addition, none of the SRs had previously registered their protocols, and some did not

report the involvement of at least 2 reviewers in all phases of the review, which increases the

chance of errors and ad hoc changes that can lead to spurious results. In addition, the hetero-

geneity among the primary studies, a common problem of SRs and overviews, as well as the

variability in the statistical methods used to summarize the data among the SRs, requires care-

ful interpretation.

Conclusion

Our results show that in spite of the numerous biomarkers being studied for LN, there are

only a few BMs responsible for most primary studies, with 10 SRs analysing their diagnostic

accuracy. They highlight that anti-C1q, urinary MCP-1, TWEAK and NGAL deserve addi-

tional research attention, preferably with standardized methods and composing LN diagnostic

panels in cohort studies and clinical diagnostic randomised trials, to obtain a better under-

standing of their usefulness and possibly validate their clinical use in the future.
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