
1065

1.	 Department of Forensic Biology, Higher Institute 
of Forensic Sciences, Al-Nahrain University, 
Baghdad, Iraq.

Citation:
Ibrahim SM, Mohammed DA, Abd FB, Mahmoud OA, 
Salih AM. Serum anti-PLA2R antibodies and PLA2R1 
gene polymorphisms in a sample of Iraqi patients with 
membranous nephropathy. Scr Med. 2026 Sep-
Oct;57(5):1065-72.

Corresponding author:
SAHAR M IBRAHIM
E: sahar.mustafa97@nahrainuniv.edu.iq

 
Ibrahim et al. Scr Med. 2026 Sep-Oct;57(5):1065-72.

ORIGINAL ARTICLE
DOI:10.5937/scriptamed57-67631

Received: 28 May 2026
Revision received: 4 July 2026
Accepted: 4 July 2026

Serum Anti-PLA2R Antibodies and PLA2R1 Gene
Polymorphisms in a Sample of Iraqi Patients With 
Membranous Nephropathy

Copyright © 2026 Ibrahim et al. This is an open access article distributed under the Creative Commons Attribution License (CC BY), which permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.

Abstract
Background/Aim: Membranous nephropathy (MN) is a leading cause of 
nephrotic syndrome in adults. Anti-phospholipase A2 receptor (anti-PLA2R) 
antibodies and PLA2R1 variants are associated with primary MN, but data 
from Iraq are limited. This study compared biochemical parameters, serum 
anti-PLA2R levels and PLA2R1 variants in Iraqi patients with MN and healthy 
controls.
Methods: Laboratory measurements were reported for 50 patients with MN 
undergoing maintenance haemodialysis and 50 apparently healthy controls. 
Patient samples were collected before dialysis at Al-Kindy Teaching Hospital, 
Baghdad, Iraq. Complete blood count and biochemical parameters were mea-
sured using automated analysers and serum anti-PLA2R levels were measured 
by sandwich enzyme-linked immunosorbent assay. DNA from 25 patients and 
25 controls was analysed by polymerase chain reaction and sequencing.
Results: Patients had lower serum albumin, calcium, iron and haemoglobin 
and higher creatinine, urea, alkaline phosphatase, phosphate, ferritin, biliru-
bin and anti-PLA2R levels (all p < 0.05). Anti-PLA2R levels differed between 
groups (p < 0.001), with an area under the receiver operating characteristic 
curve of 1.000, but were not significantly correlated with creatinine (r = −0.12, p 
= 0.411). The 33,988 (G>A) variant had a reported odds ratio (OR) of 6.78 (p = 
0.041), while 34,046 (G>A) had an OR of 0.07 (p < 0.001). No significant asso-
ciation was found at 33,861 or 34,254. In the multivariable model, anti-PLA2R 
level had the largest reported OR (17.6; p < 0.001).
Conclusion: Serum anti-PLA2R levels showed strong discrimination be-
tween patients and healthy controls in this dataset. Associations with selected 
PLA2R1 variants warrant further investigation before clinical or causal conclu-
sions are drawn.

Key words: Glomerulonephritis, membranous; Receptors, phospholipase 
A2; Autoantibodies; Polymorphism, single nucleotide; Renal dialysis..
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Membranous nephropathy (MN) is a common 
cause of nephrotic syndrome in adults. It is char-
acterised histopathologically by diffuse thicken-
ing of the glomerular basement membrane due 
to immune complex accumulation.1 A higher fre-
quency of associated cancer has been described 
in older patients with MN and diabetes.2 Auto-
antibodies are an important immunological fea-
ture of primary MN. Phospholipase A2 receptor 

Introduction

(PLA2R) is a transmembrane glycoprotein ex-
pressed predominantly on glomerular podocytes 
and autoimmune targeting of PLA2R has been 
identified in approximately 70–80 % of patients 
with primary MN.3, 4 Circulating anti-PLA2R an-
tibodies are used as diagnostic and monitoring 
markers and their titres have been associated 
with treatment response and relapse.5
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Sample collection
Blood samples were collected from patients un-
dergoing maintenance haemodialysis at Al-Kindy 
Teaching Hospital, Baghdad, Iraq. All patient sam-
ples were obtained prior to the dialysis session 
under aseptic conditions. Blood specimens were 
processed to obtain serum, which was analysed 
immediately or stored according to standard lab-
oratory protocols. Control samples were collect-
ed from apparently healthy individuals using the 
same procedures.

Eligibility criteria
Patients aged ≥ 18 years with biopsy-confirmed 
MN who were receiving maintenance haemodial-
ysis at Al-Kindy Teaching Hospital were eligible. 
Controls were apparently healthy individuals 
without a history of renal or autoimmune dis-
ease. Individuals with acute infection, malignan-
cy, liver disease, other autoimmune disorders, 
recent blood transfusion or incomplete clinical or 
laboratory data were excluded.

Haematological testing
Complete blood count was performed for all sam-
ples using the Mindray BC-20 automated haema-
tology analyser. White blood cell (WBC) counts 
and haemoglobin (Hb) levels were determined.

Methods

Genetic predisposition has also been implicated 
in the pathogenesis of MN in addition to serolog-
ical markers. Genome-wide association studies 
(GWAS) have identified certain single nucleotide 
polymorphisms (SNPs) in the PLA2R1 gene that 
are strongly associated with development of pri-
mary MN.6 Despite increasing global data, little is 
known about the prevalence of anti-PLA2R anti-
bodies and the polymorphism of the PLA2R1 gene 
in Middle Eastern populations, particularly those 
in Iraq. Exploration of potential geographic and 
ethnic variation of these markers in Iraqi patients 
may provide insights into regional expression 
and pathophysiology of the disease.7

This study compared serum PLA2R antibody lev-
els and the frequency of PLA2R1 variants in Iraqi 
patients with MN and apparently healthy con-
trols. The findings may inform further investiga-
tion of these markers in this population.

Biochemical testing
Albumin, creatinine, urea, alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), 
alkaline phosphatase (ALP), potassium, total pro-
tein, total serum bilirubin, iron and calcium were 
measured using the Cobas c311 analyser (Roche). 
Serum ferritin was measured using the Cobas 
e411 immunoassay analyser (Roche).

Serum PLA2R measurement
Serum anti-PLA2R levels were measured using 
a commercial sandwich enzyme-linked immu-
nosorbent assay (ELISA) kit (MyBioSource, USA) 
according to the manufacturer’s protocol. Micro-
plates were pre-coated with anti-human PLA2R 
antibodies and a standard curve was prepared by 
serial dilution of the reference standard (80–1.25 
ng/mL). Standards and samples were added in 
duplicate and incubated at 37 °C. Sequential in-
cubations with a biotinylated detection antibody 
and a horseradish peroxidase conjugate were sep-
arated by washing steps. Substrate solution was 
added, followed by stop reagent. Optical density 
was measured at 450 nm and PLA2R concentra-
tions were calculated from the standard curve.

DNA extraction
DNA amplification and sequencing
Forward and reverse primers were supplied in ly-
ophilised form by Macrogen and are listed in Ta-
ble 1. The primers were reconstituted in distilled 
water to prepare a stock solution of 100 pmol. A 
working solution of 10 pmol/µL was prepared by 
adding 10 µL of stock solution to 90 µL of deion-
ised distilled water. Polymerase chain reaction 
(PCR) was performed in a total volume of 25 µL, 
using the components in Table 2 and the pro-
gramme in Table 3. Amplification products were 
examined by electrophoresis on a 2  % agarose 
gel with a 1000 bp DNA ladder (Promega, USA), 
followed by DNA sequencing. Sequences were 
compared with a PLA2R1 reference sequence to 
identify base substitutions.

Table 1: Primer sequences

F: forward; R: reverse; Tm: melting temperature;

PLA2R-F

PLA2R-R

55.5

54.7

AGGAGAACAAGAAAGATGTGT

TCAACAACACCTAAGAACAAC

Primer Sequence (5'–3') Tm

Ibrahim et al. Scr Med. 2026 Sep-Oct;57(5):1065-72.
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Table 2: Reaction mixture for polymerase chain reaction (PCR) 
amplification

dNTPs: deoxynucleoside triphosphates; PCR: polymerase chain reaction;

Master mix: Taq DNA polymerase, 
dNTPs, MgCl2 and reaction buffer

Forward primer

Reverse primer

DNA template

Distilled water

Final volume

12.5

1

1

3

7.5

25

1x

0.2 p/mol

0.2 p/mol

< 250 ng/reaction

Component Volume
(µL)

Final
concentration

Table 3: Polymerase chain reaction (PCR) programme1

PCR: polymerase chain reaction.

Initial denaturation

Denaturation

Annealing

Extension

Final extension

94

94

55

72

72

1

30

30

30

5 min

30 s

30 s

1 min

10 min

Step Temperature 
(°C) Duration Cycles

Table 4: Demographic characteristics of patients and controls

Age is shown as median (IQR). Sex is shown as n (%); F: female; M: male; IQR: interquartile range.

Age (years)

Sex, n (%)

48.00 (42.25–56.00)

F: 24 (48.0 %), M: 26 (52.0 %)

55.00 (45.00–60.75)

F: 24 (48.0 %), M: 26 (52.0 %)

0.083

1.000

Characteristic Patients Controls p-value

Table 5: Biochemical, haematological and serum PLA2R antibody measurements in patients and controls

ALB (g/dL)

CR (mg/dL)

AST (U/L)

ALT (U/L)

3.70 (3.50–3.90)

11.60 (8.60–13.00)

15.00 (12.00–18.00)

18.00 (11.50–29.75)

4.50 (4.20–4.90)

0.89 (0.78–1.08)

22.00 (19.00–29.00)

26.50 (19.50–38.50)

3.64 ± 0.34

11.07 ± 3.32

15.79 ± 7.25

20.78 ± 11.29

4.51 ± 0.49

0.92 ± 0.19

23.32 ± 6.94

27.54 ± 11.25

50

50

50

50

50

50

50

50

< 0.001

< 0.001

< 0.001

0.006

Marker Patients Controls
Median (IQR) Median (IQR)Mean ± SD Mean ± SD

n n p-value

Demographic characteristics
The demographic characteristics of the study 
groups are presented in Table 4. Median age was 
48.00 years (interquartile range [IQR]: 42.25–
56.00) in patients and 55.00 years (IQR: 45.00–
60.75) in controls, with no significant difference be-
tween groups (Mann–Whitney U test, p = 0.0827).

Each group comprised 24 women (48.0 %) and 26 
men (52.0 %). Sex distribution did not differ sig-
nificantly between patients and controls (Fish-
er’s exact test, p = 1.0).

Results

Laboratory findings
The laboratory findings are summarised in Table 
5. Patients had significantly lower serum albu-
min, calcium, iron and haemoglobin than controls 
(all p < 0.05). Creatinine, urea, ALP, phosphate, to-
tal serum bilirubin, ferritin and PLA2R antibody 
levels were significantly higher in patients (all p < 
0.001). AST and ALT activities were also lower in 
patients, with significant differences for both pa-
rameters (p < 0.01). WBC counts were modestly 
reduced (p = 0.0156). Total protein did not differ 
significantly between groups (p = 0.4924).

Statistical analysis
Age was compared using the Mann–Whitney U test 
and sex distribution using Fisher’s exact test. Allel-
ic odds ratios (ORs) and 95 % confidence intervals 

(CIs) were calculated, with Fisher’s exact test used 
to assess genetic associations and p < 0.05 consid-
ered significant. Spearman correlation, receiver 
operating characteristic (ROC) analysis and mul-
tivariable logistic regression were used for the re-
ported serological and genetic analyses.

Ibrahim et al. Scr Med. 2026 Sep-Oct;57(5):1065-72.
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IQR: interquartile range; SD: standard deviation; ALB: albumin; CR: creatinine; AST: aspartate aminotransferase; ALT: alanine aminotransferase; ALP: alkaline 
phosphatase; PO4: phosphate; TP: total protein; TSB: total serum bilirubin; Ca: calcium; FERR: ferritin; WBC: white blood cells; Hb: haemoglobin; PLA2R Ab: 
antibody to phospholipase A2 receptor.

ALP (U/L)

Urea (mg/dL)

PO4 (mg/dL)

TP (g/dL)

TSB (mg/dL)

Iron (µg/dL)

Ca (mg/dL)

FERR (ng/mL)

WBC (/L)

Hb (g/dL)

PLA2R Ab (ng/mL)

311.50 (265.85–547.00)

146.15 (135.00–180.00)

6.20 (5.10–6.70)

5.50 (4.30–9.17)

1.40 (0.83–1.70)

41.70 (37.12–58.02)

7.90 (7.08–8.50)

316.50 (83.25–540.75)

6.30 (4.80–7.20)

8.90 (7.30–10.38)

1.53 (1.31–1.65)

93.50 (65.50–129.00)

30.50 (23.00–40.00)

3.55 (2.82–4.30)

7.50 (6.60–7.90)

0.72 (0.49–0.82)

124.00 (91.00–161.00)

9.40 (9.00–9.80)

102.05 (58.00–142.57)

7.30 (5.70–8.00)

14.95 (13.90–16.03)

0.34 (0.24–0.45)

402.57 ± 196.52

154.66 ± 33.00

5.95 ± 1.14

6.71 ± 2.48

1.31 ± 0.63

49.02 ± 23.83

7.84 ± 1.05

347.21 ± 303.98

6.14 ± 1.90

9.04 ± 1.96

1.48 ± 0.28

96.16 ± 33.05

30.96 ± 9.80

3.55 ± 0.69

7.26 ± 0.71

0.69 ± 0.26

122.98 ± 36.84

9.40 ± 0.48

112.81 ± 75.86

7.06 ± 1.81

14.91 ± 1.37

0.34 ± 0.13

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

< 0.001

< 0.001

< 0.001

0.492

< 0.001

< 0.001

< 0.001

< 0.001

0.015

< 0.001

< 0.001

Serum anti-PLA2R antibody levels were higher 
in patients than in controls, with separation be-
tween the groups in the individual-value plots 
(Figure 1). No significant correlation with serum 
creatinine was found within the patient group 
(Spearman r = −0.12, p = 0.411). Receiver operat-
ing characteristic (ROC) analysis yielded an area 
under the curve (AUC) of 1.000 in this dataset.

Figure 1: Distribution, correlation with renal function and discrimination of serum anti-PLA2R 
antibody levels

Upper left: box plot comparing patients and controls. Upper right: individual-value plot. Lower left: correlation 
with serum creatinine (Spearman r = −0.12, p = 0.411). Lower right: ROC curve (AUC = 1.000). PLA2R: phos-
pholipase A2 receptor; ROC: receiver operating characteristic; AUC: area under the curve.

Genotype and allele distributions
Genotype distributions and allele frequencies at 
the reported PLA2R1 positions were compared 
between patients and controls (Table 6). ORs and 
95  % confidence intervals (CIs) were calculated 
using allelic models. Significance was assessed 
using Fisher’s exact test, with p < 0.05 considered 
significant.

Ibrahim et al. Scr Med. 2026 Sep-Oct;57(5):1065-72.
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OR: odds ratio; CI: confidence interval. Genotyping was reported for 25 patients and 25 controls. Variants are identified using the nucleotide positions supplied 
in the manuscript.

Table 6: Genotype and allele distributions at the reported PLA2R1 positions

33,861 (G>A)

33,988 (G>A)

34,046 (G>A)

34,254 (G>A)

GG: 20 (80 %)
GA:5 (20 %) AA: 0

GG: 20 (80 %)
GA: 5 (20 %) AA: 0

GG: 25 (100 %)
GA: 0 AA: 0

GG: 20 (80 %)
GA: 5 (20 %) AA: 0

GG: 20 (80 %)
GA: 5 (20 %) AA: 0

GG: 25 (100 %)
GA: 0 AA: 0

GG: 15 (60 %)
GA: 10 (40 %) AA: 0

GG: 20 (80 %)

GA: 5 (20 %) AA: 0

0.10 0.10 1.00 (0.24–4.12) No association

No association

Possible risk

Protective
polymorphism

1.000

0.041

< 0.001

1.000

0.07 (0.01–0.42)

6.78 (0.78–59.1)

1.00 (0.24–4.12)

0.10 0.00

0.10 0.20

0.10 0.10

PLA2R1 
position

Genotype in 
patients, n (%)

Genotype in 
controls, n (%)

A-allele
frequency: 

patients

A-allele
frequency: 

controls
OR (95 % CI) Interpretationp-value

OR: odds ratio; CI: confidence interval; GA vs GG: genotype comparison. The serum PLA2R variable is continuous, whereas the genetic variables are genotype 
contrasts.

Table 7: Reported multivariable logistic regression model

PLA2R Ab (ng/mL)

Nucleotide position 
33,988 (G>A)

Nucleotide position  
34,046 (G>A)

Nucleotide position  
33,861 (G>A)

Nucleotide position  
34,254 (G>A)

Continuous

GA vs GG

GA vs GG

GA vs GG

GA vs GG

Strong independent predictor

Possible risk factor

Protective polymorphism

Not significant

Not significant

2.87

1.34

-2.21

0.02

0.05

17.60

3.81

0.11

1.02

1.05

6.2 – 49.10

1.02 – 14.10

0.03 – 0.39

0.32 – 3.21

0.33 – 3.35

< 0.001

0.046

< 0.001

0.970

0.940

Variable Comparison / 
Model β coefficient Odds ratio 

(OR)

95 % 
Confidence 

interval
Interpretationp-value

Figure 2: Forest plot of the reported multivariable logistic regression results
Point estimates and 95 % CIs are shown on a logarithmic OR scale. PLA2R Ab: antibody to phospholipase A2 receptor; 
CI: confidence interval; OR: odds ratio.

Ibrahim et al. Scr Med. 2026 Sep-Oct;57(5):1065-72.
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The biochemical and haematological differences 
observed between patients and controls were 
highly significant. These differences reflect ad-
verse metabolic, renal, hepatic and immunologi-
cal effects associated with chronic kidney disease 
under haemodialysis and with immune-mediated 
glomerular injury that are not specific to mem-
branous nephropathy.8 Serum albumin was sig-
nificantly lower in patients than in controls (p < 
0.001). Hypoalbuminaemia may reflect urinary 
protein loss, malnutrition, inflammation or al-
tered hepatic synthesis in renal disease.9–11

Discussion

Multivariable analysis
The reported multivariable logistic regression 
model is shown in Table 7. Serum PLA2R antibody 
level had the largest reported OR (17.6; p < 0.001). 
The variant at 33,988 was associated with high-
er odds of disease (OR = 3.81, p = 0.046), while 
34,046 was associated with lower odds (OR = 
0.11, p < 0.001). No significant associations were 
found at 33,861 or 34,254.

The forest plot summarises the reported asso-
ciations between serum PLA2R antibody levels, 
selected PLA2R1 variants and disease status 
(Figure 2). The OR for serum antibody level was 
above one, with a CI that did not include one.

The reported OR for the 33,988 (G>A) variant was 
above one, suggesting an association with higher 
disease odds. This finding requires further inves-
tigation in larger cohorts.

The reported OR for 34,046 (G>A) was below one, 
with a CI entirely below one. This indicates an 
inverse association with disease status in the re-
ported model, rather than demonstrating a caus-
al protective effect.
The reported ORs for 33,861 and 34,254 were 
close to one, with CIs that included one. No signif-
icant associations were detected in this cohort; 
this does not establish biological neutrality.

In the reported model, serum PLA2R antibody 
level had a larger OR than the genetic variables. 
Genetic associations may contribute to under-
standing disease susceptibility, but effect esti-
mates for differently scaled variables do not by 
themselves establish the relative importance of 
their pathogenic mechanisms.

Creatinine and blood urea were markedly higher 
in patients (p < 0.001). These findings are con-
sistent with advanced renal impairment and re-
duced clearance of nitrogenous waste products 
in patients receiving haemodialysis.12

The AST and ALT levels in patients were signifi-
cantly lower than those in controls but were with-
in the lower end of the normal range, as revealed 
by the liver enzyme profiles. This pattern has of-
ten been observed in the dialysis population and 
may reflect haemodilution, pyridoxine (vitamin 
B6) deficiency and/or decreased hepatic enzyme 
synthesis rather than true recovery. By contrast, 
alkaline phosphatase was observed to increase 
markedly (p < 0.001), the likely cause being sec-
ondary hyperparathyroidism and increased bone 
turnover in chronic renal disease.13

Serum phosphate was higher in patients, while 
calcium was lower (p < 0.001).14, 15 These findings 
are consistent with chronic kidney disease–min-
eral and bone disorder (CKD-MBD), which is as-
sociated with vascular calcification, fracture and 
cardiovascular risk.
Total protein did not differ significantly between 
groups (p = 0.49). Increased globulin concentra-
tions due to chronic immune activation could po-
tentially contribute to this finding despite hypo-
albuminaemia, although globulin concentrations 
were not reported.

Total serum bilirubin was higher in patients (p 
< 0.001). Reduced hepatic clearance, dialysis-re-
lated haemolysis and subclinical cholestasis are 
possible explanations, but these mechanisms 
were not established by the reported measure-
ments.16

Serum iron was lower and ferritin was higher in 
patients (p < 0.001). In chronic kidney disease, 
low iron with normal or elevated ferritin may 
reflect functional iron deficiency and inflamma-
tion, with ferritin acting as an acute-phase reac-
tant and iron being sequestered in reticuloendo-
thelial stores.17

Haemoglobin was significantly lower in patients 
(p < 0.001), consistent with anaemia in chronic 
kidney disease. Erythropoietin deficiency and 
altered iron handling may contribute, but the 
morphological classification of anaemia cannot 
be established from haemoglobin alone. WBC 
counts were also modestly lower (p = 0.0156), 
which may reflect several processes rather than 
demonstrating immune suppression.12

Ibrahim et al. Scr Med. 2026 Sep-Oct;57(5):1065-72.
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Conclusion

Serum PLA2R antibody levels and selected 
PLA2R1 variants differed between Iraqi pa-
tients with MN receiving haemodialysis and 
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Serum PLA2R antibody levels were higher in pa-
tients than in controls (p < 0.001). This finding 
is consistent with the recognised involvement 
of anti-PLA2R antibodies in primary MN, but the 
present comparison does not establish the mech-
anism or extent of glomerular injury.

Within the patient group, serum PLA2R antibody 
levels were weakly negatively correlated with 
creatinine (r = −0.12), but the association was 
not significant (p = 0.411; Figure 1). Thus, higher 
antibody levels were not associated with greater 
creatinine concentrations in this cohort. Anti-
body levels may reflect immunological activity, 
whereas creatinine is influenced by renal func-
tion and dialysis-related factors.

ROC analysis yielded an AUC of 1.000 for distin-
guishing patients from healthy controls. The re-
ported 100 % sensitivity and specificity describe 
performance in this dataset and do not establish 
performance in an independent clinical popula-
tion. This finding is consistent with the signifi-
cant between-group difference in antibody levels 
(p < 0.001), but its clinical applicability requires 
further evaluation.

Serum anti-PLA2R antibody level had the larg-
est reported OR in the multivariable model. The 
established roles of anti-PLA2R antibodies in 
immune complex formation, complement acti-
vation and podocyte injury support their use in 
diagnosis and disease monitoring.18, 19 The 2021 
KDIGO guideline includes anti-PLA2R antibodies 
in diagnostic and risk-stratification assessment 
for MN.18 Associations with the 33,988 (G>A) and 
34,046 (G>A) variants were smaller in numeri-
cal OR magnitude, but comparison of a continu-
ous antibody measure with genotype contrasts 
does not establish which mechanism is dominant. 
Published studies also support the non-invasive 
diagnostic assessment of primary MN using an-
ti-PLA2R antibodies.20

healthy controls. Antibody levels showed 
strong discrimination in the present data-
set, while the reported genetic associations 
warrant further investigation. The biochem-
ical and haematological findings were con-
sistent with advanced renal impairment and 
dialysis-related disturbances. These findings 
should be interpreted within the selected dial-
ysis cohort and do not establish general diag-
nostic performance or causal genetic effects.

Ibrahim et al. Scr Med. 2026 Sep-Oct;57(5):1065-72.



1072

References

1.	 Tian T, Zheng J, Li Y, Guo Q, Jiang Y. Association between 
PLA2R gene polymorphism and idiopathic membra-
nous nephropathy in Heilongjiang Chinese. Ann Transl 
Med. 2023;11(3):148. doi: 10.21037/atm-22-6648.

2.	 Kukuy OL, Cohen R, Gilburd B, Zeruya E, Weinstein T, 
Agur T, et al. The prognostic value of anti-PLA2R anti-
bodies levels in primary membranous nephropathy. Int 
J Mol Sci. 2023;24(10):9051. doi: 10.3390/ijms24109051.

3.	 Hu X, Wang X, Yu X, Ni L, Gao C, Pan X, et al. The role of 
renal PLA2R staining combined with serum PLA2R an-
tibody in membranous nephropathy risk stratification. 
J Clin Med. 2024;13(1):68. doi: 10.3390/jcm13010068.

4.	 Zhang J, Fan Z, Wang P, Zhang AH. Phospholipase A2 
receptor antibodies and clinical prognosis in patients 
with idiopathic membranous nephropathy: an updat-
ed systematic review and meta-analysis. Kidney Blood 
Press Res. 2023;48(1):102-13. doi: 10.1159/000529415.

5.	 Ushio Y, Akihisa T, Karasawa K, Seki M, Kobayashi 
S, Miyabe Y, et al. PLA2R-positive membranous ne-
phropathy in IgG4-related disease. BMC Nephrol. 
2024;25(1):66. doi: 10.1186/s12882-024-03511-3.

6.	 Liu D, Zhang J, Shi Y, Liu Z. Gene polymorphism and 
risk of idiopathic membranous nephropathy. Life Sci. 
2019;229:124-31. doi: 10.1016/j.lfs.2019.05.010.

7.	 Dhaouadi T, Riahi A, Ben Abdallah T, Gorgi Y, Sfar I. 
Association of 10 polymorphisms in PLA2R1 and HLA-
DQA1 genes with primary membranous nephropa-
thy risk: a meta-analysis and a meta-regression. Bio-
mark Insights. 2024;19:11772719241259602. doi: 
10.1177/11772719241259602.

8.	 Pang L, Zhang AM, Li HX, Du JL, Jiao LL, Duan N, 
et al. Serum anti-PLA2R antibody and glomerular 
PLA2R deposition in Chinese patients with mem-
branous nephropathy: a cross-sectional study. Med-
icine (Baltimore). 2017;96(24):e7218. doi: 10.1097/
md.0000000000007218.

9.	 Levitt DG, Levitt MD. Human serum albumin homeo-
stasis: a new look at the roles of synthesis, catabolism, 
renal and gastrointestinal excretion, and the clinical 
value of serum albumin measurements. Int J Gen Med. 
2016;9:229-55. doi: 10.2147/ijgm.s102819.

10.	 Cabrerizo S, Cuadras D, Gomez-Busto F, Artaza-Artabe 
I, Marín-Ciancas F, Malafarina V. Serum albumin and 
health in older people: review and meta analysis. 
Maturitas. 2015;81(1):17-27. doi: 10.1016/j.maturi-
tas.2015.02.009.

11.	 Brock F, Bettinelli LA, Dobner T, Stobbe JC, Pomat-
ti G, Telles CT. Prevalence of hypoalbuminemia and 
nutritional issues in hospitalized elders. Rev Lat Am 
Enfermagem. 2016;24:e2736. doi: 10.1590/1518-
8345.0260.2736.

12.	 Marie FB, Mosa FA, Abdullah MB, Abdul SA, Naji SS. 
Comparative study of hematological and biochemical 
parameters in patients with renal failure depending on 
gender. Scientific Journal for Faculty of Science-Sirte 
University. 2024;4(1):117-23. doi: 10.37375/sjfssu.
v4i1.2642.

13.	 Ray L, Nanda SK, Chatterjee A, Sarangi R, Ganguly S. 
A comparative study of serum aminotransferases in 
chronic kidney disease with and without end-stage re-
nal disease: need for new reference ranges. Int J Appl 
Basic Med Res. 2015;5(1):31-5. doi: 10.4103/2229-
516x.149232.

14.	 Yamada S, Inaba M. Potassium metabolism and manage-
ment in patients with CKD. Nutrients. 2021;13(6):1751. 
doi: 10.3390/nu13061751.

15.	 15. Hryciuk M, Heleniak Z, Dębska-Ślizień A. Man-
agement of chronic kidney disease–mineral and bone 
disorder. Renal Disease and Transplantation Forum. 
2023;16(3):65-80. doi: 10.5603/rdatf.96819.

16.	 Li J, Liu D, Liu Z. Serum total bilirubin and progression 
of chronic kidney disease and mortality: a systemat-
ic review and meta-analysis. Front Med (Lausanne). 
2021;7:549. doi: 10.3389/fmed.2020.00549.

17.	 Agarwal AK. Iron metabolism and management: focus 
on chronic kidney disease. Kidney Int Suppl (2011). 
2021;11(1):46-58. doi: 10.1016/j.kisu.2020.12.003.

18.	 KDIGO Glomerular Diseases Work Group. KDIGO 
2021 clinical practice guideline for the management 
of glomerular diseases. Kidney Int. 2021;100(4 Sup-
pl):S1-S276. doi: 10.1016/j.kint.2021.05.021.

19.	 Ronco P, Beck L, Debiec H, Fervenza FC, Hou FF, Jha V, 
et al. Membranous nephropathy. Nat Rev Dis Primers. 
2021;7(1):69. doi: 10.1038/s41572-021-00303-z.

20.	 Bobart SA, De Vriese AS, Pawar AS, Zand L, Sethi S, 
Giesen C, et al. Noninvasive diagnosis of primary mem-
branous nephropathy using phospholipase A2 recep-
tor antibodies. Kidney Int. 2019;95(2):429-38. doi: 
10.1016/j.kint.2018.10.021.

Conceptualisation: SMI, DAM, FBA, OAM, AMS
Methodology: SMI, DAM, FBA, OAM, AMS
Formal analysis: SMI, DAM, FBA, OAM, AMS
Data curation: SMI, DAM, FBA, OAM, AMS
Writing - original draft: SMI, DAM, FBA, OAM, AMS
Writing - review and editing: SMI, DAM, FBA, 
OAM, AMS
Supervision: SMI, DAM, FBA, OAM, AMS

Author contributions

Sahar M Ibrahim (SMI):
0009-0005-6638-9498
Dunya Abdullah Mohammed (DAM):
0009-0009-0541-8194
Farah B Abd (FBA):
0000-0003-1356-2304
Omar A Mahmoud (OAM):
0009-0005-6884-9398
Arwa M Salih (AMS):
0009-0005-8968-4289

Author ORCID numbers

Ibrahim et al. Scr Med. 2026 Sep-Oct;57(5):1065-72.


