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ABSTRACT

Article Type:

Introduction: Nephrotic syndrome is an important clinical presentation of glomerular diseases that
is classified into several types based on the findings of renal biopsy. Membranous neuropathy is the
most common cause of nephrotic syndrome, especially in adults over 40 years of age, which may lead
to end-stage renal failure.
Objectives: The present study aimed to assess the association of morphologic lesions of membranous
nephropathy (MN) on renal biopsy with various demographic and laboratory parameters of the
patients.
Patients and Methods: This study was performed on renal biopsies, which were referred to the
laboratory with the diagnosis of MN. To reach a definite diagnosis of MN, an immunofluorescence
study (IgG, IgA, IgM, C1q and C3 antibody deposits) was conducted for all patients. Light microscopy
was conducted to categorize the morphologic lesions of the glomeruli and interstitial area. The
percentage of interstitial fibrosis/tubular atrophy was assessed too. Additionally, age, gender, and 24hour urinary protein and serum creatinine were recorded.
Results: Among 175 idiopathic MN patients, 98 were male (56%). The patients’ age was between 14 and
84 years (mean; 42±15 years). The mean of serum creatinine and 24-hour urine protein were 1.05 ± 0.31
mg/dL and 2779.56± 1495.80 mg/d, respectively. We found a significant correlation between gender and
serum creatinine level, which was higher in men (P < 0.001). Moreover, there was a significant, positive
correlation between serum creatinine and age of patients (P < 0.001, r=0.25). Additionally, there was
a significant correlation between serum creatinine and interstitial fibrosis (P = 0.001). We found a
significant correlation between serum creatinine and the pathologic stage of glomeruli (P = 0.003). The
stages of glomeruli were also associated with the proportion of interstitial fibrosis (P = 0.001) and C3
deposition rate (P = 0.002). IgG deposition score was also significantly different in age ranges over and
under 40 years of age (P = 0.001). The 24-hours proteinuria had no correlation with other laboratory
parameters and microscopic findings.
Conclusion: In accordance with other studies, we found that MN is more common among male
patients. The positive correlation between serum creatinine and proportion of interstitial fibrosis
is in concordance with previous studies. We found a positive correlation between serum creatinine
and glomerular morphologic stages. It may show the importance of glomerular damage intensity in
prognosis and survival of patients.
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Implication for health policy/practice/research/medical education:
In a study on 175 idiopathic membranous nephropathy patients, we found that MN is more common among male patients. The positive
correlation between serum creatinine and proportion of interstitial fibrosis is in concordance with previous studies. We found a positive
correlation between serum creatinine and glomerular morphologic stages. It may show the importance of glomerular damage intensity
in prognosis and survival of patients.
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Introduction
Glomerular diseases are one of the most important causes
of end-stage renal disease (ESRD) in both developed
and developing countries, which are considered as the
third most common cause of ESRD (after diabetes and

hypertension) (1,2).
Nephrotic syndrome is an important type of glomerular
disease that is classified into several subtypes based on
renal biopsy findings, of which membranous nephropathy
(MN) is the most common cause, especially in adults over
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40 years. Some studies show that MN could be considered
as the cause of 35% of cases of nephrotic syndrome in adults
(1,3). In 75% of adult patients, MN has been found in the
form of an idiopathic disease (idiopathic membranous
nephropathy; IMN) by an autoimmune glomerular disease
mechanism, that is antibody-dependent. This antibody
has been found in 70% of IMN patients and is produced
against M-type phospholipase A2 receptor (PLA2R or
phospholipase A2 receptor), which is the most important
antigen produced by podocytes (3,4).
The rest of cases, about 25%, could have secondary
systematic causes such as drugs, such as penicillamine,
gold components, anti-alpha TNA, captopril and nonsteroidal anti-inflammatory drugs (NSAIDs), infections
such as hepatitis B or C, autoimmune diseases such as
systemic lupus erythematosus (SLE), thyroiditis, and
malignancy (5).
The pathophysiology of this disease involves the
deposition of immune complexes in the sub-epithelial
space (7), and consequently podocytes disorder and
thickening of capillary walls in the glomerular tuft (8).
Detection of this disease is by immunofluorescence
microscopy of the renal biopsies which demonstrates
IgG and C3 granular deposits in capillary walls and,
light microscopy which shows thickening of glomerular
basement membrane (GBM), pinhole and spikes (using
silver staining), and sometimes fuchsinophilic immunecomplex deposits (using trichrome staining). The electron
microscopy shows sub-epithelial immune complex
deposits (3,9-13).
MN affects both genders and all races (14). Age,
renal function, gender, levels of proteinuria, presence of
hypertension, and values of serum albumin and creatinine
predict high-risk patients (10,15,16).
The higher level of proteinuria tends to raise the risk
of renal failure, since, almost one-third of IMN cases
progress to ESRD. The complications of IMN could be
due to nephrotic syndrome. These complications could
be thrombotic, and thromboembolic episodes that
occur when serum albumin levels are lower than 2.8 g/
dL. Thromboembolic episodes increase morbidity and
mortality in MN (10,15,17,18).
Male gender, age over 50 years, proteinuria more than
10 g/24 h, and elevated serum creatinine are factors for
disease prognosis at the beginning of IMN. Age over 60
years, serum albumin lower than 25 g/dL, and interstitial
fibrosis more than 25% are also risk factors predicting
ESRD in IMN patients (19, 20).
The treatment of MN is highly challenging, with onethird of patients undergoing spontaneous remission
during first year of the disease, one-third progress to
ESRD. Routine treatment for these patients includes
immunosuppressive drugs and corticosteroids that are
recommended for all of them. These drugs have various
complications including carcinogenesis and increased
risk of infectious diseases. Therefore, it is recommended
2
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to administer these drugs only to high-risk patients
(21-23). If we can recognize high-risk patients at the
early stages by renal biopsy and detect, the correlation
between morphologic lesions and the demographic and
laboratory factors, then we will be able to specify suitable
immunosuppressive for them (21).
Objectives
The aim of the present study was to assess the association
of morphologic lesions of MN patients with various
demographic and laboratory parameters.
Patients and Methods
Study population
This cross-sectional study (2011 to 2018) was
conducted on renal biopsies referred to a laboratory
in Isfahan, Iran. Biopsies were assessed using both
light and immunofluorescence microscopies. Two
samples were obtained from each patient (for light and
immunofluorescence microscopies), and were sent
to the laboratory in formalin and normal saline and
on ice for light and immunofluorescence (IF) studies,
respectively. IF slides (stained for IgG, IgA, IgM, C1q
and C3 antibodies) and four light microscopy slides
(stained for H&E, Masson’s trichrome, PAS and Jones’
methenamine silver) all were prepared and were assessed
by one nephropathologist. It should be mentioned that
Jones’ methenamine silver stain was used to find spikes
on the outer aspect of the glomerular capillaries, whereas
other stains were used to assess interstitial fibrosis and
glomerulus morphology. Inclusion criteria for patients
were the presence of at least 8 glomeruli in each biopsy.
In IF microscopy, granular deposits of IgG and C3
were seen on the outer surface of capillary wall, since
deposits of C1q implied the secondary MN like lupus
nephritis, class 5. Hence, the presence of significant
C1q deposits was an exclusion criterion, Moreover, to
validate IMN on light microscopy, there must be no
proliferation/hypercellularity in mesangial, endothelial,
or extracapillary areas (10).
Morphologic lesions of IMN on light microscopy
included GBM thickening, presence of pinhole and spikes
using silver staining (often), and fuchsinophilic deposits
on trichrome staining (sometimes) (10). Histopathologic
stages and percentage of interstitial damages were
determined. MN has four pathologic stages on light
microscopy as follows;
• Stage 1; when glomeruli are normal but IgG granular
deposits are detectable.
• Stage 2; when there is vacuolization in GBM.
• Stage 3; spike is seen using silver staining.
• Stage 4; GBM is clearly thickened and become double
contoured on light microscopy (6).
The intensity of IgG, IgM, and C3 deposits by IF study
were classified semi-qualitatively; no deposits (0), scant
deposits (trace), mild deposits (+1), medium deposits (+
http://www.jnephropharmacology.com
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2), and significant deposits (+ 3).
Interstitial fibrosis was quantified as three scores; less
than 10% fibrosis (0), 10% to 25% fibrosis (1), 25% to 50%
fibrosis (2), and more than 50% fibrosis (3) (24).
Therefore, the diagnosis of MN was conducted by
both light and IF microscopies, since the histopathologic
stages of the glomerulopathy were detected using light
microscopy.
Accordingly, age, gender, 42-hour urinary protein
level and serum creatinine was recorded. Likewise, the
proportion of totally sclerotic glomeruli and interstitial
damage (interstitial fibrosis/tubular atrophy) were
recorded.
Ethical considerations
The research followed the tenets of the Declaration of
Helsinki. In this research, we followed all the ethical
considerations related to research on patients’ clinical
samples. The study was approved by the Research
Committee and the Ethical Committee of Isfahan
University of Medical Sciences. This study was extracted
from M.D thesis of Sara Zamani in Isfahan University of
Medical Sciences (#396363).
Statistical analysis
The collected and modified data were analyzed by using
IBM SPSS Statistics 24 software. To provide the results for
quantitative variables, statistical indices including central
and dispersion, and for qualitative variables, tales and
percentage of frequency were used. Statistical analysis
was performed using appropriate statistical tests such as
Mann-Whitney, Kruskal-Wallis, chi-square and Fischer’s
exact tests. In this study, P values less than 0.05 were
considered statistically significant.

have C3 granular deposits, 94 patients (53%) had +1
granular deposits of C3, 38 patients (21%) had +2 granular
deposits of C3, and, 12 patients (6.9%) had +3 granular
deposits of C3. In addition,132 patients (75%) did not
have IgM deposits, 35 patients (90%) had +1 IgM deposits,
while 7 patients (4%) had +2 IgM deposits.
Regarding the small number of patients in stage 4 (two
patients), this stage was merged with stage 3 in the next
steps of clinicopathologic correlation analysis.
This study showed, stage 1 (glomerular morphology)
in 94 patients (53.7%), was the most common stage, and
stages of 2, 3, and 4 were seen in 62 patients (35.4%), and
19 patients (11%) (stages 3 and 4), respectively. Table 1
shows patients’ data.
Our study showed a significant, positive correlation of
age with serum creatinine (P = 0.001, r=0.25). However,
mean of serum creatinine between two age groups over
and under 40 years old had no significant difference
(P = 0.29).
No significant correlation between gender and the
intensity scores of C3, IgG and IgM deposits, and also
with proportion of interstitial fibrosis was found. We also
Table 1. Characteristics of patients (N = 175)

Variables
Age (y), mean ± SD
Serum creatinine (mg/dL), Mean ± SD
Proteinuria (mg/d), Mean ± SD

42.4±15.24
1.06±0.31
779.56±1495.80

Age (y), No. (%)
< 40

90 (51.4)

≥40

85 (48.6)

Gender, No. (%)
Male

98 (56.0)

Female

77 (44.0)

Results
Out of all conducted renal biopsies, 186 samples showed
MN, of which, 11 samples were excluded from the study
since they were secondary. Thus, 175 patients were
analyzed.
Among 175 patients, 98 cases (56%) were male with a
male to female ratio of 1.27 to 1.
In this study, the age range was 14 to 84 years. The mean
age of patients was 42 ± 15 years with an average of 44 ±
15 and 40 ± 14 years for men and women, respectively.
Ninety patients (51%) were under 40 years old while, 85
patients (48%) were over 40 years old.
The mean of serum creatinine was 1.06 ± 0.31 mg/dL,
with a range from 0.5 to 2.5 mg/dL. The mean 24-hours
proteinuria was 2779.56 ± 1495.80 mg/d.
Around 164 patients (93.7%) had lower than 10%
interstitial fibrosis, 9 patients (5%) had 10-25% fibrosis,
and 2 patients (1.1%), had 26-50% interstitial fibrosis.
Additionally, 18 patients (10%) had +2 IgG granular
deposits, while 157 patients (89%) cases had +3 IgG
granular deposits. Moreover, 31 patients (17%) did not

Glomerular morphologic stages, No. (%)
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Stage 1

94 (53.7)

Stage 2

62 (35.4)

Stage 3,4

19 (10.9)

IgM, No. (%)
0+

132 (75.9)

1+

35 (20.1)

2+

7 (4.0)

IgG, No. (%)
2+

18 (10.3)

3+

157 (89.7)

C3, No. (%)
0+

31 (17.7)

1+

94 (53.7)

2+

38 (21.7)

3+

12 (6.9)

Interstitial fibrosis, No. (%)
<10%

164 (93.7)

10%-25%

9 (5.1)

26%-50%

2 (1.1)

3
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found a significant correlation between serum creatinine
and gender (P = 0.001), glomerular morphology stage
(P = 0.003), and proportion of interstitial fibrosis
(P = 0.001). This study showed mean serum creatinine
to be higher in men and increasing with the increase in
morphologic stage or proportion of interstitial fibrosis
(Table 2). No significant correlation between the mean
of proteinuria/day with age, gender, or serum creatinine
was found. Similarly, no significant correlation between
the mean of proteinuria/day with proportion of interstitial
fibrosis or C3, IgM, and IgG deposits was detected. In
this study, we found a significant correlation between
morphologic stages of the disease with intensity of
interstitial fibrosis (P = 0.001), and also with C3 deposit
score (P = 0.002). Around, 57% of patients with less than
10% of interstitial fibrosis were in stage 1, while 31% of
patients with interstitial fibrosis were in stage 2, since
around 10% of them were in stage 3.
Discussion
It has been consistently reported that the long-term
outcomes of the IMN are different, and there is a need for
reliable predictive factors to identify high-risk patients
at early stages, to start immunosuppressive treatments
specifically for them (12,13,25-27). Although numerous
studies have already shown the importance of histological
evaluation as the predictive factor for progression to renal
failure in MN patients, other studies have revealed different
results in the correlation of tissue changes with clinical
presentations and laboratorial findings of the patients at
the time of biopsy. However, they could not determine the
Table 2. Correlation between serum creatinine and variables

Serum creatinine
(mg/dL)

Variable
Gender
Age (y)
Glomerular
stage

IgM

IgG

C3

Interstitial
fibrosis

4

Male

1.15 ± 0.32

Female

0.94 ± 0.25

< 40

1.03 ± 0.26

> 40

1.08 ± 0.35

Stage 1

0.97 ± 0.20

Stage 2

1.14 ± 0.39

Stage 3

1.19 ± 0.34

0+

1.03 ± 0.29

1+

1.17 ± 0.39

2+

0.97 ± 0.18

2+

1.10 ± 0.36

3+

1.05± 0.30

0+

1.03 ± 0.35

1+

1.03 ± 0.25

2+

1.12 ± 0.40

3plus

1.11 ± 0.31

<10%

1.03 ± 0.27

10%-25%

1.38 ± 0.38

26%-50%

2.15 ± 0.21

P value
0.001
0.296

0.003

0.148

0.743

0.487

0.001
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tissue changes progression and the prognosis (28,29).
In this study, biopsy of 175 IMN patients was evaluated in
terms of histopathological stage of the disease (glomerular
morphology), interstitial fibrosis stage, and IF findings
such as C3, IgM, and IgG, and their correlation with age,
gender, and laboratory parameters, such as proteinuria
and serum creatinine level.
IMN can be considered as the most common cause of
nephrotic syndrome in adults (30). However, insufficient
studies have been performed so far to determine predictive
risk factors for prognosis of the disease. Besides, the
results of the Asian patients are not similar to the other
populations (16,31). Almost 80% of MNs were idiopathic
and 20% were secondary MN (32). We had 186 patients
with the diagnosis of MN, and 175 of them (94%) were
idiopathic, while secondary cases were excluded from the
study. In our study, 56% were men and 44% were women.
In other studies, also the number of affected men were
approximately two times higher than women (7). IMN
tends to occur in all ages; however, around 10% of patients
were children. The age peak of the patients was 30 to 50
years, that was in concordance with our study, in which the
mean age of the patients was 42 ± 15 years (38-43 years).
Recent studies showed a 30% decrease in glomerular
filtration rate during 2 years, and higher serum creatinine
was correlated with the disease progression to ESRD (16).
In this study, serum creatinine level was correlated with
gender since it was more elevated in men, and accordingly
it increased as the age raised. Serum creatinine was also
correlated with the morphological stage of the glomeruli,
as the stage of the glomeruli was higher, serum creatinine
was also elevated.
In most of the studies, interstitial fibrosis/tubular
atrophy is an important predictive factor for progression
of IMN patients to renal failure (26,38). For example, in a
study on 334 IMN patients, Wehrmann et al showed that
tubule-interstitial fibrosis stage could act as a predictive
factor for progression of IMN to ESRD (26,38). The study
of Zhang et al conducted on 73 patients showed that more
than 25% tubule-interstitial fibrosis could be a predictive
risk factor for progression of IMN to ESRD (16). The
study of Troyano et al on 389 IMN patients indicated
that the damage rate and tubule-interstitial fibrosis were
correlated with age and gender, while patients with more
interstitial fibrosis had higher ages and lower creatinine
clearance. However, no correlation has been found
between interstitial fibrosis and proteinuria rate (39). In
our study, patients with higher glomerular histopathologic
stages had higher interstitial fibrosis percentage. Besides,
fibrosis as a validated predictive factor in prognosis of the
patients, had a positive correlation with serum creatinine
at the time of biopsy, since in patients with higher
interstitial fibrosis percentage, the mean serum creatinine
was also higher.
Our study, in line with the study of Zhang et al (16)
http://www.jnephropharmacology.com
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showed that the glomerular stage one was the most
common stage. There was a significant correlation between
pathologic stages with serum creatinine and C3 deposit
score, as well as interstitial fibrosis percentage. Proportion
of patients with less than 10% interstitial fibrosis decreased
as the stage of the disease increased, since, more than 25%
interstitial fibrosis was more common in stages 2 and 3.
More recent studies showed, 80% of IMN patients had
nephrotic range proteinuria (more than 3.5 g/d) with
hypoalbuminemia, edema, hyperlipidemia, lipiduria, and
normal or slightly decreased renal function. Around, 20%
of patients had non-nephrotic range proteinuria (32, 4043). In the present study, the mean of 24-hours proteinuria
was 2779.56 ± 1495.80 mg/d.
The previous studies such as Honkanen et al and
Ponticelli et al showed that the long-term prognosis of the
IMN patients that had non-nephrotic range proteinuria
was good (43-45). However, the study of Hladunewich
et al reported that the prognosis of the disease was
poor even in patients who had, non-nephrotic range
proteinuria (43). In the study of Zhang et al, no significant
correlation between proteinuria in the range of nephrotic
syndrome and the prognosis of disease was found too
(16). The cohort study of Yamaguchi et al in Japan on
171 IMN patients showed, that if the proteinuria was kept
in lower level, it could be more effective in the survival
of the patients (22). In our study, no correlation was
found between the level of proteinuria and demographic,
laboratory parameters, glomerular pathologic stage, and
IF microscopy parameters.
IMN is a glomerular autoimmune disease, where the
evaluation of glomeruli with light microscopy may be
normal in the early stages. However, as the time passes,
alterations of basal membrane and its thickening, and
production of sub-epithelial spikes in basal membrane, and
in outer layers of glomerular capillary wall develop. In IF
microscopy, IgG granular deposits are detectable on outer
surface of capillary wall with complement components of
C3. In the study of Doi et al (32), the correlations between
C3 complement deposits and the quantity of proteinuria
were reported. However, in our study, the 2+ and 3+
deposit scores of IgG in the age over 40 years was higher.
When the stage of the disease progressed, the proportion
of patients with lack of C3 deposits decreased, while the
proportion of patients with C3 with +3 deposit score
increased.

prognosis and survival of the patients.

Conclusion
Similar to other studies, we have shown that MN is more
common in men. The positive correlation between serum
creatinine and interstitial fibrosis in this study is also
consistent with the results of previous studies. In this
study, we detected a positive correlation between serum
creatinine and pathological stages of the glomeruli. It can
represent the importance of glomerular damage in the
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Limitations of the study
This investigation was retrospective and was conducted
at a single center. Besides, the study was cross-sectional
without data on treatment or follow up to find the final
outcome of patients. Thus, larger studies with multicenter cooperation are suggested.
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