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AbstrACt
Objectives Soluble urokinase plasminogen activated 
receptor (suPAR) is a biomarker that may predict the 
occurrence of focal segmental glomerulosclerosis (FSGS); 
however, there is still controversy about whether suPAR 
can predict FSGS. In this study, we performed a systematic 
evaluation and meta-analysis to prove whether suPAR can 
predict FSGS, and to detect a threshold concentration of 
suPAR that can be used to diagnose FSGS. In addition, a 
threshold concentration of suPAR for the diagnosis of FSGS 
was proposed.
Design Systematic review and meta-analysis.
Data sources We systematically searched PubMed, 
Embase, Cochrane Library, Web of Science and China 
Biology Medicine databases for studies published from the 
inception dates to 1 December 2018.
Eligibility criteria (1) Data involving the suPAR level were 
from blood samples; (2) FSGS was diagnosed by biopsy; 
and (3) randomised controlled trials, cohort studies, case–
control studies and cross-sectional studies.
Data extraction and synthesis Initially, a total of 364 
studies were searched, among which 29 studies were 
finally included. In addition, seven studies described the 
cut-off value of suPAR, which ranged from 2992.6 to 
5500 pg/mL.
results The results showed that the suPAR levels in 
the primary FSGS group were significantly higher when 
compared with that in the normal control group (p<0.001; 
standard mean difference (SMD): 2.56; 95% CI 1.85 to 
3.28), and significant differences were observed in the 
secondary FSGS and in the normal control group (p<0.001; 
SMD: 1.68; 95% CI 1.37 to 1.98). A suPAR concentration 
of 3000 pg/mL may be the best threshold for the diagnosis 
of primary FSGS (sensitivity=0.72; specificity=0.88; area 
under the curve=0.85).
Conclusion Our results suggested that suPAR might be a 
potential biomarker for predicting primary and secondary 
FSGS. In addition, our data showed that a suPAR 
concentration of 3000 pg/mL might be used as a threshold 
for the diagnosis of FSGS.
trial registration number CRD42019120948.

IntrODuCtIOn
Focal segmental glomerulosclerosis (FSGS) 
is a pathological condition, and clinical 

manifestations can include proteinuria and 
nephrotic syndrome.1 The mechanism of FSGS 
involves podocyte injury, which can result in 
degeneration of all nephrons and ultimately 
lead to chronic kidney disease (CKD).1 CKD 
is a global public health problem with a global 
prevalence of 11%–13% and is increasing 
rapidly.2 3 Moreover, in a recent study, it was 
demonstrated that the annual incidence rate 
of FSGS ranged from 0.2 to 1.8/100 000 per 
year.4 In general, there is no clinical manifes-
tation in the early stage of FSGS, which often 
delays diagnosis and increases mortality.5 At 
present, diagnostic markers of kidney diseases 
are limited; however, several markers related 
to podocyte injury may play an important role 
in predicting disease progression.

Soluble urokinase plasminogen activated 
receptor (suPAR), a marker of podocyte 
injury, has been implicated in the pathogen-
esis of various kidney diseases.6 In a recent 
study, it was suggested that suPAR might 
be a biomarker for the diagnosis of kidney 
disease.7 In addition, in several studies, the 
relationship between suPAR and FSGS was 
explored; however, the results were contro-
versial.8–11 High-quality meta-analysis has 

strengths and limitations of this study

 ► In this study, we evaluated for the first time the 
threshold of the soluble urokinase plasminogen acti-
vated receptor level in the diagnosis of primary focal 
segmental glomerulosclerosis.

 ► We present evidence to distinguish different types of 
idiopathic nephrotic syndrome.

 ► Our study included both interventional and diagnos-
tic meta-analyses.

 ► Heterogeneity has been explored; however, the 
source of heterogeneity has not yet been identified.

 ► The sample size of some of the included studies is 
small.

http://bmjopen.bmj.com/
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been increasingly regarded a key tool for achieving 
evidence.12 13 In a previous meta-analysis,14 it was shown 
that the concentration of suPAR was higher in patients 
with FSGS when compared with normal subjects; however, 
the heterogeneity was greater, and due to the small 
number of included studies no subgroup analysis was 
performed. Our meta-analysis included higher number 
of studies, a subgroup analysis, and sensitivity and spec-
ificity analyses for the diagnosis of the FSGS threshold 
using the concentration of suPAR. Furthermore, we also 
analysed whether the concentration of suPAR could be 
used to differentiate FSGS, minimal change disease 
(MCD) and membranous nephropathy (MN). Thus, this 
meta-analysis was conducted to explore whether suPAR 
could diagnose FSGS and to identify reasonable cut-offs 
of suPAR.

MEthODs
This meta-analysis was conducted in accordance with the 
Meta-analysis of Observational Studies in Epidemiology 
and the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses statements15 (online supplementary 
file 1). In addition, AMSTAR (A Measurement Tool to 
Assess Systematic Reviews) was used to assess the method-
ological quality of this meta-analysis.16 17

search strategy
Studies in PubMed, Embase, Cochrane Library, Web of 
Science and China Biology Medicine databases published 
from the date of inception to 1 December 2018 were 
systematically searched by TS and QH. The search terms 
used were as follows: (“Soluble urokinase plasminogen 
activator receptor” OR “suPAR”) AND (“Glomeruloscle-
rosis, Focal Segmental” OR “Segmental Glomeruloscle-
rosis, Focal” OR “Glomerulosclerosis, Focal” OR “Focal 
Glomerulosclerosis” OR “Sclerosing Glomerulone-
phritides, Focal” OR “Hyalinosis, Segmental Glomerular”) 
(online supplementary file 2). Selected articles were 
screened manually to prevent the omission of additional 
relevant articles. There were no language restrictions. 
When opinions were not uniform, a third researcher 
(HX) evaluated and a unified decision was made.

Inclusion and exclusion criteria
Inclusion criteria
The following were the inclusion criteria: (1) data on the 
suPAR level were derived from blood samples; (2) FSGS 
was diagnosed by biopsy; and (3) randomised controlled 
trials, cohort studies, case–control studies and cross-sec-
tional studies.

Exclusion criteria
The following were the exclusion criteria: (1) reviews and 
case reports; (2) studies on the level of suPAR from urine; 
and (3) animal studies.

All included studies should involve FSGS and concen-
tration of suPAR. There were no age, gender or region 
restrictions.

Data extraction and quality assessment
Data were separately extracted by two authors, and 
included the author and year of publication, research 
design, country or region, the aetiology of FSGS, patient 
characteristics (male and average age percentage), suPAR 
concentration of primary FSGS, secondary FSGS, MCD, 
MN and normal control group, optimal cut-off value, and 
true positive, true negative, false positive and false nega-
tive. Additional discussion was provided when the results 
were inconsistent.

The Newcastle-Ottawa Scale (NOS)18 was used to assess 
the quality of the cohort studies. The quality of the 21 
cohort studies was assessed using NOS, which included 
three main concepts: selection, comparability and 
outcome assessment. A score of ≥7 was defined as low 
risk, a score of 5–7 as medium risk and a score of less 
than 5 as high risk. The methodological quality of the 
eight cross-sectional studies included in the current study 
was assessed by the Agency for Healthcare and Quality 
(AHRQ),18 which consisted of 11 checklists. In all studies, 
the diagnosis-related study used the Quality Assessment 
of Diagnostic Accuracy Studies-2,18 which contained 11 
items that were evaluated as either yes, no or unclear.

Data analysis
To analyse the data, Stata V.15.0 software was used. 
Continuous variables were described by the standard 
mean difference (SMD) and 95% CI. Heterogeneity was 
assessed by I2 and p values. An I2 of 0%–50% was consid-
ered as low heterogeneity, 51%–75% was considered as 
moderate heterogeneity, and more than 75% was consid-
ered as high heterogeneity. When the heterogeneity was 
under 50%, a fixed-effect model was used. Otherwise, a 
random-effect model was chosen.19 Sensitivity analysis was 
used when the heterogeneity was more than 50%. Begg’s 
test and Egger’s test were used to evaluate publication 
bias when the included studies contained more than 10 
studies.20 P＜0.05 was considered statistically significant.

For subgroup analysis, in a previous study, no differences 
were observed between children and adults9; however, in 
another study, it was described that the level of surface 
suPAR was related to age.21 Because the study design may 
influence the results, we also performed subgroup anal-
ysis based on the study design. In one study,9 the suPAR 
level of African–American children was described as 
different from that of other races. Therefore, we hypoth-
esised that race might influence the study results, and 
subgroup analysis was performed based on the continent. 
However, due to the lack of data, subgroup analysis was 
not performed for the stage of CKD, gender, estimated 
glomerular filtration rate (eGFR) and the cut-off value of 
FSGS.

For data processing of the diagnostic part, publication 
bias was assessed by a Deeks’ funnel plot. When p>0.05, 
no publication bias was considered. We extracted data 
from the diagnostic 2×2 table. The effect of the threshold 
on the diagnostic accuracy of suPAR was evaluated using 
the Spearman’s correlation coefficient between the 

https://dx.doi.org/10.1136/bmjopen-2019-031812
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Figure 1 PRISMA (Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses) flow diagram and exclusion 
criteria. CBM, China Biology Medicine; FSGS, focal 
segmental glomerulosclerosis; suPAR, soluble urokinase 
plasminogen activated receptor.

sensitivity logic and the 1-specific logic. If there was no 
threshold effect, the mixed sensitivity (SENS), specificity 
(SPEC), diagnostic OR (DOR), positive likelihood ratio 
(PLR) and negative likelihood ratio (NLR) were calcu-
lated using a bivariate random-effects regression model. 
In addition, a summary receiver operational character-
istic (SROC) curve was created by plotting individual 
and summary points of sensitivity and specificity to assess 
overall diagnostic accuracy. Furthermore, the area under 
the curve (AUC) was obtained, and a forest plot was 
constructed. Our data showed that the diagnostic value 
was better when the AUC was closer to 1.

Patient and public involvement
This study did not involve patients or members of the 
public.

rEsults
After the initial search, a total of 360 studies were 
obtained from five databases. Another four studies were 
included from the sources of reference list. Thus, 364 
studies were initially included, among which 306 studies 
were excluded after reading the title and abstract. After 
reading the full text, another 29 studies were excluded; 
therefore, 29 studies were finally included.9–11 21–46 A 
flow chart of the study selection process is presented in 
figure 1. A total of 5187 patients were involved in the 
29 included studies. The characteristics of the included 
studies are shown in table 1. Each study included basic 
information, study types, country, thresholds and quality 

scores. In seven studies,22 23 30 31 34 40 43 the cut-off value 
of suPAR was described, which ranged from 2992.6 to 
5500 pg/mL.

Concentration of suPAr in primary FsGs and normal control 
group
In total, there were 18 studies9 10 22–27 30 33–35 37 38 40–42 46 
in which the concentrations of suPAR were compared 
between primary FSGS and the normal control group. 
The overall results showed that the level of suPAR in 
the primary FSGS group was significantly higher when 
compared with that in the normal control group (p<0.001; 
SMD: 2.56; 95% CI 1.85 to 3.28; I2=96.9%). Furthermore, 
the results indicated significant evidence of between-
study heterogeneity. Sensitivity analysis was employed, 
which demonstrated that it did not affect the final results. 
Therefore, subgroup analysis was performed. In a study 
by Wei et al,21 there were two cohorts in which the age of 
the FSGS clinical trial (CT) cohort was mixed (age 0–40 
years) and the CodoNet cohort was for children aged 
0–18 years old. We named these two cohorts the ‘Wei, 
C.2012–1’ and ‘Wei, C.2012–1’ groups. The results of the 
subgroup analysis are presented in figure 2. Subgroup 
analysis according to study design and continent is shown 
in online supplementary figures 1–2. The funnel plot 
indicated that there might be publication bias (online 
supplementary figure 3), and the Begg’s test and Egger’s 
test (p<0.05) showed publication bias.

secondary FsGs and the normal control group
In four studies,21 24 36 37 the concentrations of suPAR 
were described between secondary FSGS and the normal 
control group. In addition, significant differences were 
observed between the secondary FSGS and the normal 
control group (p<0.001; SMD: 1.68; 95% CI 1.37 to 1.98; 
I2=0.0%) (online supplementary figure 4).

Primary FsGs and secondary FsGs
In a total of four studies,21 24 32 37 the concentrations 
of suPAR in primary FSGS and secondary FSGS were 
compared. Our data analysis showed that the concentra-
tion of suPAR was higher in the secondary FSGS compared 
with the primary FSGS (p<0.008; SMD: 0.47; 95% CI −0.07 
to 1.01; I2=69.7%) (table 2).

Primary FsGs and MCD
In a total of 19 studies,9 22 24–28 30 31 33–35 37 38 40 42 44–46 the 
concentrations of suPAR in primary FSGS and MCD were 
compared, and the results showed that the concentra-
tion of suPAR in primary FSGS was significantly higher 
compared with that in MCD (p<0.001; SMD: 1.72; 95% CI 
1.17 to 2.28; I2=94.0%) (table 2).

Primary FsGs and Mn
In 16 studies,9 10 22 24 27 30 31 33 34 37–42 44 the concentrations of 
suPAR were compared in primary FSGS and MN, and the 
results were significantly different (p<0.001; SMD: 0.88; 
95% CI 0.50 to 1.27; I2=88.1%) (table 2).

https://dx.doi.org/10.1136/bmjopen-2019-031812
https://dx.doi.org/10.1136/bmjopen-2019-031812
https://dx.doi.org/10.1136/bmjopen-2019-031812
https://dx.doi.org/10.1136/bmjopen-2019-031812
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Figure 2 Forest plot for the concentration of suPAR 
between FSGS and normal group. FSGS, focal segmental 
glomerulosclerosis; SMD, standard mean difference; suPAR, 
soluble urokinase plasminogen activated receptor.

Table 2 Results comparing the level of suPAR in different diseases

Disease P value SMD 95% CI I2 (%) P heterogeneity

Primary FSGS vs secondary FSGS 0.08 0.47 −0.07 to 1.01 69.7 0.01

Primary FSGS vs MCD <0.001 1.72 1.27 to 2.28 94.0 <0.001

Primary FSGS vs MN <0.001 0.88 0.50 to 1.27 88.1 <0.001

MCD and MN 0.008 −0.69 −1.20 to 0.18 89.8 <0.001

FSGS, focal segmental glomerulosclerosis; MCD, minimal change disease; MN, membranous nephropathy; SMD, standard mean difference; 
suPAR, soluble urokinase plasminogen activated receptor.

Figure 3 Sensitivity and specificity forest map (the study 
that described a threshold of 5000 pg/mL was removed).

MCD and Mn
In 14 studies,9 22 24 27 30 31 33 34 36–38 40 42 44 the concentra-
tions of suPAR were compared in MCD and MN, and the 
results showed that in MCD and MN the concentrations 
were significantly different (p=0.008; SMD: −0.69; 95% CI 
−1.20 to 0.18; I2=89.8%) (table 2).

Diagnostic value of suPAr for primary FsGs
Seven of these studies22 23 30 31 34 40 43 involved the threshold 
of suPAR. We analysed the diagnostic value of suPAR in 
these studies. suPAR could diagnose primary FSGS (PLR 
4.44, 95% CI 2.21 to 8.95; NLR 0.38, 95% CI 0.29 to 0.49; 
DOR 11.86, 95% CI 5.13 to 27.39; SENS=0.68, 95% CI 0.59 
to 0.76; SPEC=0.85, 95% CI 0.70 to 0.93; SROC curve: 
AUC=0.78, 95% CI 0.75 to 0.82) (online supplementary 
figures 5–6).

The results after removing one study43 showed higher 
diagnostic value (PLR 5.94, 95% CI 3.44 to 10.23; NLR 
0.32, 95% CI 0.25 to 0.42; DOR 18.34, 95% CI 11.49 to 
29.32; SENS=0.72, 95% CI 0.61 to 0.80; SPEC=0.88, 
95% CI 0.78 to 0.94; SROC curve: AUC=0.85, 95% CI 0.82 
to 0.88) (figures 3–4). No publication bias was observed 

in threshold-related studies by Deeks’ funnel plot (p>0.1) 
(online supplementary figure 7).

Quality assessment
Of the 21 included cohort studies,10 11 21–26 28–31 33 34 36 38–42 44 
the NOS was used to score the quality of the cohort studies. 
Most studies had a quality score between 5 and 7 and were at 
moderate risk. In eight cross-sectional studies,9 27 32 35 37 43 45 46 
the AHRQ rating scale was used for scoring, and the scores 
were between 6 and 8, and were between medium and 
high quality. In studies22 23 30 31 34 40 43 involving the diag-
nostic part, the QUADS-2 scale was used for quality 
scoring. All studies were diagnosed using the unified 
gold standard (pathological biopsy); however, none was 
performed using blinded conditions (online supplemen-
tary tables 1–3).

DIsCussIOn
suPAR, a circulating form of the surface receptor in 
many cells, is a promising biomarker, which is elevated 
in inflammation, autoimmune diseases, tumours and 
kidney diseases.6 In a previous study, it was demonstrated 
that suPAR might be causal for kidney disease47; however, 
it was not clear whether suPAR could diagnose kidney 
disease. Our results showed that suPAR could differentiate 
primary and secondary FSGS from the normal control 
group. Our results showed that suPAR could distinguish 

https://dx.doi.org/10.1136/bmjopen-2019-031812
https://dx.doi.org/10.1136/bmjopen-2019-031812
https://dx.doi.org/10.1136/bmjopen-2019-031812
https://dx.doi.org/10.1136/bmjopen-2019-031812
https://dx.doi.org/10.1136/bmjopen-2019-031812
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Figure 4 SROC curve for the value of suPAR for FSGS 
(the study that described a threshold of 5000 pg/mL was 
removed). AUC, area under the curve; FSGS, focal segmental 
glomerulosclerosis; SENS, sensitivity; SPEC, specificity; 
SROC, summary receiver operational characteristic; suPAR, 
soluble urokinase plasminogen activated receptor.

primary FSGS and MN and MCD; however, it could not 
differentiate between primary FSGS and secondary FSGS.

In some studies,8–11 it was demonstrated that suPAR 
could not be used as a biomarker for the diagnosis of 
primary FSGS; however, other studies22–25 27 30 31 showed 
that suPAR could be used as a biomarker for the diag-
nosis of FSGS. Therefore, the precise diagnostic value 
of suPAR in FSGS remains unclear. Our results showed 
that suPAR could diagnose FSGS. We hypothesised that 
standardisation of measurement techniques for suPAR 
could be an option. In addition, gender, age and basic 
kidney function may lead to differences in results. In a 
letter by Maas et al,48 it was demonstrated that the level 
of suPAR in primary FSGS was not different from that of 
secondary FSGS, and that there was only minimal change 
in disease. Despite these results, Huang et al24 showed 
that when comparing the concentration of suPAR, there 
was a significant difference between secondary FSGS 
with haemodynamic diseases and primary FSGS, which 
was similar to our data. Segarra et al31 showed that suPAR 
levels lack sensitivity to distinguish between idiopathic 
and secondary FSGS. However, suPAR levels greater 
than 4000 ng/mL were highly specific for primary FSGS. 
suPAR does not differentiate between primary FSGS and 
secondary FSGS, which may be related to age and kidney 
function.32 In addition, studies have shown different 
levels of suPAR in different races.9

MCD, FSGS and mesangial proliferative glomerulone-
phritis all belong to idiopathic nephrotic syndrome (INS), 
which refers to the association of nephritic syndrome 
and non-specific glomerular abnormalities.49 The most 
common characteristic of pathology in children is MCD 
and FSGS.50 MCD is similar to FSGS in renal pathology at 
early stages.49 Despite the similarity, MCD and FSGS have 
differences. In FSGS, the number of podocytes decreases, 
whereas in MCD it remains unchanged.51 Therefore, 
in some studies9 22 44 46 it was attempted to differentiate 

MCD from FSGS by suPAR in the early stage. Our results 
suggested that suPAR may be an early diagnostic factor 
for FSGS and MCD.

The results of this study demonstrated a suPAR concen-
tration of 3000 pg/mL could be an early diagnosis of 
FSGS. Seven studies22 23 30 31 34 40 43 have been published 
involving threshold, and in this study the data of these 
studies were analysed. The overall results showed that 
there was a moderate diagnostic value in suPAR to diag-
nose FSGS. Because of the extremely high level of suPAR 
in one study,43 the study was removed, which resulted 
in a much higher diagnostic value in primary FSGS. 
Therefore, we speculated that a suPAR concentration of 
3000 pg/mL may be an optimal threshold for the diag-
nosis of FSGS.

Initial results showed that the heterogeneity of primary 
FSGS and the normal control group was substantial. 
Therefore, we tried to reanalyse the results using sensi-
tivity analysis, which showed the results remained stable. 
Consequently, a related subgroup analysis was performed. 
We analysed the different subgroups of primary FSGS 
in different continents, different research types, and 
adults and children, and found that the heterogeneity 
still existed. In a previous study, the correlation between 
eGFR and suPAR was analysed52; therefore, we consid-
ered eGFR as an influencing factor for suPAR concentra-
tion. However, due to the lack of relevant data, subgroup 
analysis was not performed according to eGFR. Steroids 
were the first-line treatment for FSGS30; however, in 
most included studies, it was not mentioned if steroids 
were used for treatment. Importantly, in our study, no 
differences in results were observed between adults and 
children.

Our results showed that there was publication bias 
when FSGS was diagnosed by suPAR. We tried to research 
the database to reduce the publication bias. Eventually, 
we found that the results of included studies were similar 
as before, indicating that the results of this study were 
stable. Moreover, when we tried to diagnose FSGS with 
the threshold of suPAR concentration, relevant studies 
did not show publication bias.

strengths and limitations of this study
First, we evaluated the effect of increased concentration 
of suPAR on FSGS, and used sensitivity and specificity 
analyses to diagnose the threshold of suPAR. This will 
provide the possibility to perform a blood screen before 
diagnosing FSGS, and based on the results patients with 
high suPAR concentrations may undergo renal biopsy. 
In addition, elderly patients or patients who refuse to 
undergo invasive examination may be predicted by 
blood tests. Second, we also analysed whether suPAR 
could distinguish INS (MCD, MN and FSGS), which may 
help us treat primary kidney disease by the cause of the 
disease. Third, we used three scales for different articles 
to evaluate their quality.

Our meta-analysis has some limitations. First, there is 
publication bias and heterogeneity in part of the results 
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of our study. We tried to identify the origin of bias and 
heterogeneity by sensitivity and subgroup analyses. 
Considering the many factors that affect heterogeneity, 
we used age, study design, continent, eGFR and gender 
subgroup for analysis. Ultimately, we conducted subgroup 
analysis of age, study design and continent. Since data on 
pathogeny and gender were not available, no subgroup 
analysis of these groups was performed. Second, many 
diseases affect plasma suPAR levels, including tumours, 
infections, atherosclerosis and autoimmune diseases, 
and different measurement methods may interfere with 
the results. Finally, a small percentage of the data were 
obtained through the reading software, which may have 
affected the accuracy of the data.

COnClusIOn
In conclusion, this meta-analysis shows that serum suPAR 
levels are a potential biomarker for the diagnosis of FSGS. 
However, considering publication bias, heterogeneity and 
sample size, additional studies will be required to verify 
the data.
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