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Abstract
Background and objectives: The associations of pathological features with renal outcomes in adult Idiopathic
Membranous Nephropathy (IMN) are still controversial. A meta-analysis was performed to assess whether pathological
features could independently predict risk of progressive kidney disease in adult IMN patients.
Methods: The PubMed database (January 2000 to September 2013) was searched to identify cohort studies of adult
IMN patients (≥ 50 patients for each study) in which at least one of the following pathological features was assessed:
segmental sclerosis, tubular atrophy/interstitial fibrosis, arteriosclerosis, C3 deposits by immunofluorescence, and the
stage or heterogeneity of electron dense deposits by electron microscopy. Renal outcomes included development of
renal insufficiency or progression to ESRD.
Results: Nine cohort studies were included. A total of 2080 patients with 252 hard endpoints (renal insufficiency
or ESRD) were reported. Segmental sclerosis was significantly associated with poor renal outcomes (8 studies with
1622 patients: hazard ratio, 1.59 [95% confidence interval, 1.07-2.37], P=0.02). Tubular atrophy/interstitial fibrosis
and arteriosclerosis were also significantly associated with poor renal outcomes (7 studies with 1569 patients: 3.85
[2.16-6.87], P<0.000001; and 5 studies with 1349 patients: 1.83 [1.17-2.86], P=0.008). There were insufficient data
to systematically assess the independent predictive value of C3 deposits and the stage and heterogeneity of electron
dense deposits.
Conclusions: Significant associations of renal outcomes with segmental sclerosis, chronic tubule interstitial
injury, and arteriosclerosis were only confirmed in two, five, and one of nine included studies, respectively. However,
this meta-analysis indicated that each of these pathological features was significantly associated with progression
of kidney disease. More methodologically sound and sufficiently powered prospective cohort studies with adequate
number of patients and length of follow-up are still urgently needed to address the questions regarding prognostic utility
of pathological features in adult IMN patients.

Keywords: Idiopathic membranous nephropathy; Pathology;
Prognosis; End-stage renal disease; Meta-analysis

Introduction
Idiopathic Membranous Nephropathy (IMN) is the most common
cause of primary nephrotic syndrome in adults [1,2]. IMN accounts
for almost 20% of adult-onset nephrotic syndrome in North American
or European populations [3]. The prevalence of IMN among Chinese
patients with primary glomerulonephritis has increased from 7% in
1997-1999 to 23% in 2009-2011 [4]. The diagnosis of IMN is made by
renal biopsy, accompanied by the exclusion of secondary membranous
nephropathy, mainly including systemic lupus erythematosus, chronic
hepatitis B infection, malignancies, and drugs, as well as IgG4-related
MN [5-14].
Indispensable pathological characteristics for the diagnosis of IMN
are the presence of sub epithelial immune complex deposits and varied
reactions of glomerular basement membranous material to the deposits.
The rationale for the ultrastructure stages of IMN was first described by
Ehrenreich and Churg in 1973 [15]. In 2004, Yoshimoto et al. proposed
that electron dense deposits could be considered as homogeneous if
they were all at any one stage or heterogeneous if distributed in more
than one stage [16]. In 2006, Obana et al. proposed that the segmental
and global status of IgG deposits along the capillary loops could be
distinguished on the basis of immunofluorescence findings in pediatric
IMN patients [17]. Segmental IMN is diagnosed by segmental granular
IgG deposits along the capillary loops, whereas global IMN is diagnosed
by global IgG deposits detected in the whole glomerulus. However, no
new pathological classification by light microscopy has been proposed
over the past few decades. This could be because overt hyper cellularity
and crescent formation are uncommon in IMN [18]. Under light
microscopy, glomeruli become segmentally and globally sclerotic
J Nephrol Therapeutic

with disease progression. Worsening tubular atrophy and interstitial
fibrosis always parallel the progressive loss of renal function. Severity
of vascular sclerosis might be associated with age, blood pressure, and
renal function [19]. There is still uncertainty and long-term debate
regarding the predictive value of these pathological features in adult
IMN patients [16,19-41].
In this meta-analysis, we focused on the independent predictive
value of pathological features, including segmental sclerosis, tubular
atrophy and interstitial fibrosis, arteriosclerosis, C3 deposits, and
electron microscopy findings, in the development of renal insufficiency
or the progression to End-Stage Renal Disease (ESRD).

Methods
Data sources and searches
We searched the PubMed database (from January 2000 to
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September 2013) to identify retrospective or perspective cohort
studies of adult IMN patients in which at least one of the following
pathological features was reported: segmental sclerosis, tubular atrophy
and interstitial fibrosis, arteriosclerosis, C3 deposition, the stage or
heterogeneity of electron dense deposits by electron microscopy.
Reference lists from the identified articles were manually scanned
to find any other relevant studies. Each study had a sample size of
at least 50 patients. Renal outcomes in the included studies were the
development of renal insufficiency or the progression to ESRD. Renal
insufficiency was defined by the authors in each study.

renal insufficiency or ESRD as the endpoint, the choice of univariate
or multivariate analysis, baseline eGFR level (< or ≥ 80 ml/min/1.73
m2), the percentage of patients with nephrotic-range proteinuria (=
or <100% of enrolled patients), the percentage of patients receiving
immunosuppressive treatments (< or ≥ 80% of enrolled patients),
and region (North America/Europe or Asia). A two-sided P<0.05 was
considered as significant for all data analyses. All statistical analyses
were performed using Review Manager (version 5.2) software.

Study selection and data extraction

Literature search results and study characteristics

The titles and abstracts, and full texts if necessary, were screened by
two authors (Y.C. and G.C.). Study selection, data extraction, and data
synthesis were independently performed by the same two authors using
a standardized approach. Disagreements were resolved by consulting
another author (X.C.). Standard information was separately extracted
into a spreadsheet. The extracted data included patient baseline
demographic and clinical features (country, sample size, duration of
follow-up period, baseline estimated glomerular filtration rate (eGFR),
proteinuria, percentage of patients with nephrotic-range proteinuria),
pathological characteristics (percentages of patients with segmental
sclerosis, tubular atrophy/interstitial fibrosis, arteriosclerosis, C3
deposits, stage III-IV, and heterogeneous deposits by electron
microscopy), percentage of patients receiving immunosuppressive
treatments, the number of pre-specified outcomes (renal insufficiency
and ESRD), definition of pathological characteristics and pre-specified
outcomes, and statistical methodology (univariate and multivariate
analysis).

Finally, nine cohort studies were included in this review (Table 1).
A total of 2080 patients with 252 hard endpoints (renal insufficiency
or ESRD) were reported [16,19,31-33,35,38-40]. Seven studies
reported the number of patients who developed renal insufficiency
during follow-up, and eight studies reported the number of patients
who reached ESRD during follow-up. Four cohorts were from Asian
countries, and five were from North America and Europe. The median
sample size was 105 (range, 53-949) and the median follow-up was 68
months (range, 48-116 months). The mean or median eGFR was ≥
80 ml/min/1.73 m2 in five of nine studies. Three studies only enrolled
IMN patients with nephrotic-range proteinuria. Four cohorts reported
that more than 80% of enrolled patients received immunosuppressive
treatments. Segmental sclerosis was reported in seven studies, with an
incidence of 5-57%. Chronic tubule interstitial injuries were reported
in six studies, with an incidence of 9-65%. Arteriosclerosis was reported
in six studies, with an incidence of 38-77%. C3 deposits were only
reported in two studies, with an incidence of 68-88%. The percentage
of stage III or IV was reported in seven studies, with an incidence of
18-57%. The percentage of heterogeneous electron dense deposits was
reported in three studies, with an incidence of 43-52%.

Statistical analysis
The Hazard Ratio (HR) and 95% Confidence Interval (CI) were
used as the summary statistic. A random-effects model, which is
generally considered to be more conservative than a fixed-effect model,
was used for data analysis. We used the Cochrane Q test to determine
heterogeneity between studies and I2 statistics to further quantify the
magnitude of heterogeneity. P<0.10 was considered as an indicator
for the existence of heterogeneity. To explore potential sources of
heterogeneity, pre-specified subgroup analyses were performed to
evaluate whether results were different by sample size (< or ≥ 200),
the length of the follow-up period (< or ≥ 7 years), the choice of
F/U
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Results

Association of segmental sclerosis with renal outcomes
Eight of nine included studies with 1622 patients were included in
the meta-analysis of the association of segmental sclerosis with renal
outcomes. Overall, segmental sclerosis was significantly associated
with poor renal outcomes (HR 1.59, 95% CI 1.07-2.37, P=0.02), with
significant heterogeneity (I2=58%, P=0.02) (Figure 1). No significant
subgroup differences were observed according to the sample size,
the length of the follow-up period, the choice of renal insufficiency
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A: 117 of 132 patients (89%) were available for light microscopic evaluation; B: 578 of 949 patients (61%) were available for light microscopic evaluation and 610 of 949
(64%) patients were available for electronic microscopic evaluation; C: 90 of 949 (10%) patients had baseline serum creatinine ≥ 1.5 mg/dl; D: the cut-off value was 18%;
E: the cut-off value was 10%; F: the cut-off value was 20%; G: eGFR <60 ml/min per 1.73 m2; H: doubling of serum creatinine; I: ≥50% increase of eGFR or death; J: serum
creatinine >1.5 mg/dl or >50% increase from baseline value; K: serum creatinine >3.0 mg/dl; L: serum creatinine >1.7 mg/dl.
Table 1: Clinical and pathological features, immunosuppression, and renal outcomes of nine included studies.
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Figure 1: Meta-analysis of association of segmental sclerosis with renal outcomes (renal insufficiency or ESRD).
Subgroups analysis of segmental sclerosis
Sample size

No. of trials

Hazard ratio (95% CI)

>200

3

1.92 (1.14, 3.25)

<200

5

1.43 (0.89, 2.31)

>7 years

4

2.43 (0.87, 6.73)

< 7 years

4

1.39 (0.96, 2.00)

Endpoint

ESRD
Renal failure

5

1.21 (0.87, 1.68)

3

2.22 (0.93, 5.35)

Adjustment

Univariate
Multivariate

4

2.70 (1.12, 6.48)

4

1.05 (1.01, 1.09)

Baseline eGFR

<80 ml/min per 1.73 m
>80 ml/min per 1.73 m2

4

1.91 (1.01, 3.62)

4

1.36 (0.77, 2.40)

Follow-up

2

Percentage of nephrotic syndrome
Percentage of immunosuppression
Country

100%

3

2.75 (1.22, 6.20)

<100%

5

1.16 (0.91, 1.48)

>80%

5

1.56 (0.96, 2.53)

<80%

3

1.77 (0.98, 3.19)

North American/Europe

4

1.39 (0.96, 2.00)

Asia

4

2.43 (0.87, 6.73)

P-subgroup difference
0.42
0.31
0.20
0.04
0.43
0.05
0.75
0.31

Table 2: Subgroup analysis of the association of segmental sclerosis with renal outcomes.

or ESRD as endpoint, baseline eGFR level, the percentage of patients
receiving immunosuppressive treatments, and country (Table 2). In
subgroup analysis, multivariate analysis yielded a more conservative
estimate of the association of segmental sclerosis with renal outcomes
than univariate analysis (HR 1.05, 95% CI 1.01-1.09 versus HR 2.70,
95% CI 1.12-6.48; subgroup difference: P=0.04). There was a significant
subgroup difference between studies that only enrolled IMN patients
with nephrotic-range proteinuria and studies that included patients
with sub-nephrotic range and nephrotic-range proteinuria (subgroup
difference: P=0.05). Segmental sclerosis was significantly associated
with poor renal outcomes in three studies that only enrolled patients
with nephrotic-range proteinuria (HR 2.75, 95% CI 1.22-6.20).
However, there was no such significant association in four studies
that enrolled patients with sub-nephrotic range and nephrotic-range
proteinuria (HR 1.16, 95% CI 0.91-1.48).

Association of tubular atrophy/interstitial fibrosis with renal
outcomes
Seven of nine included studies with 1569 patients were included in
the meta-analysis of the association of tubular atrophy and interstitial
fibrosis with renal outcomes. Overall, tubular atrophy and interstitial
fibrosis were significantly associated with poor renal outcomes (HR
3.85, 95% CI 2.16-6.87, P<0.000001), without significant heterogeneity
J Nephrol Therapeutic

(I2=40%, P=0.13) (Figure 2). No significant subgroup differences were
observed according to the sample size, the length of the follow-up
period, the choice of univariate or multivariate analysis, baseline eGFR
level, the percentage of patients with nephrotic-range proteinuria, and
country (Table 3). Subgroup analysis showed that the association of
tubular atrophy and interstitial fibrosis with renal insufficiency was
greater than that with ESRD (HR 6.91, 95% CI 2.87-16.62 versus HR
2.47, 95% CI 1.41-4.34; subgroup difference: P=0.05). In four studies
that gave immunosuppressive treatments to more than 80% of enrolled
patients, the HR of the association with renal outcomes was 5.99 (95%
CI 3.29-10.89) compared with 2.21 (95% CI 1.22-4.00) in another three
studies that gave immunosuppressive treatments to less than 80% of
enrolled patients (subgroup difference: P=0.02). A well-known fact is
that the more severe the disease (not reaching ESRD), the more chance
of receiving immunosuppressive treatments. The decision to use
immunosuppressive treatments might be an indicator of the severity of
the disease. Therefore, subgroup analysis indicated that the association
of tubular atrophy and interstitial fibrosis with renal outcomes was
greater in patients with more severe disease.

Association of arteriosclerosis with renal outcomes
Five of nine included studies with 1349 patients were included
in the meta-analysis of the association of arteriosclerosis with renal
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Figure 2: Meta-analysis of association of chronic tubulointerstitial injury with renal outcomes (renal insufficiency or ESRD).
Subgroups analysis of chronic tubulointerstitial injuries
Sample size

No. of trials

Hazard ratio (95% CI)

>200

3

2.87 (1.64, 5.02)

<200

4

6.88 (2.59, 18.25)

>7 years

4

4.36 (2.59, 7.32)

< 7 years

3

2.79 (0.65, 11.92)

Endpoint

ESRD
Renal failure

4

2.47 (1.41, 4.34)

3

6.91 (2.87, 16.62)

Adjustment

Univariate
Multivariate

Baseline eGFR

<80 ml/min per 1.73 m
>80 ml/min per 1.73 m2
100%

2

5.90 (2.23, 15.60)

<100%

5

2.99 (1.42, 6.29)

Follow-up

2

Percentage of nephrotic syndrome
Percentage of immunosuppression
Country

2

4.71 (0.70, 31.81)

5

1.05 (1.01, 1.09)

4

4.20 (1.12, 15.68)

3

3.66 (2.23, 6.01)

>80%

4

5.99 (3.29, 10.89)

<80%

3

2.21 (1.22, 4.00)

North American/Europe

3

2.79 (0.65, 11.92)

Asia

4

4.36 (2.59, 7.32)

P-subgroup difference
0.13
0.57
0.05
0.77
0.85
0.28
0.02
0.57

Table 3: Subgroup analysis of the association of chronic tubulointerstitial injuries with renal outcomes.

outcomes. Overall, arteriosclerosis was significantly associated with
poor renal outcomes (HR 1.83, 95% CI 1.17-2.86, P=0.008), without
significant heterogeneity (I2=0%, P=0.49) (Figure 3). No significant
subgroup differences were observed according to the sample size, the
length of the follow-up period, the choice of renal insufficiency or
ESRD as an endpoint, the choice of univariate or multivariate analysis,
baseline eGFR level, the percentage of patients with nephrotic-range
proteinuria, the percentage of patients receiving immunosuppressive
treatments, and country (Table 4).

Association of C3 deposits with renal outcomes
Only two studies analyzed the association between C3 deposits
and renal outcomes [19,32]. Both studies confirmed that C3 deposits
were not an independent predictor of renal outcomes. There were
insufficient data to systematically assess the independent predictive
value of C3 deposits in adult IMN patients.

Association of ultrastructure features with renal outcomes
Seven of nine studies reported ultrastructure stages under electron
microscopy. The reported median percentage of patients with stage III
or IV was 33% (range, 18-57%). Only three of nine studies classified
electron dense deposits as homogeneous or heterogeneous on the
basis of electron microscopy findings. The percentage of patients with

J Nephrol Therapeutic

heterogeneous deposits was 43-52%. Only one study demonstrated
that heterogeneous deposits were an indicator of poor prognosis of
IMN patients [16]. All the remaining studies did not find that the stage
and heterogeneity of deposits were significantly correlated with renal
outcomes. There were insufficient data to systematically assess the
independent predictive value of ultrastructure stage and heterogeneity
of electron dense deposits in IMN patients.

Discussion
Dumoulin et al. found that segmental sclerosis was superimposed
in 30 of 72 IMN patients [35]. Multiple regression analysis confirmed
that segmental sclerosis was independently associated with progression
to renal insufficiency. Yoshimoto et al. retrospectively analyzed the
prognosis of 105 Japanese patients with IMN who were followed up
for at least 5 years or until ESRD or death [16]. Segmental sclerosis was
an independent indicator of developing ESRD (HR 1.04, 95% CI 1.011.09). In contrast, one study showed that segmental sclerosis could not
independently predict the risk of development of renal insufficiency
in 60 Croatian IMN patients [32]. Similarly, three studies failed to
demonstrate that segmental sclerosis could predict the progression
to ESRD by univariate analysis [19,31,40]. Although two studies
found that segmental sclerosis was associated with renal insufficiency
by univariate analysis, this association between segmental sclerosis
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Figure 3: Meta-analysis of association of arteriosclerosis with renal outcomes (renal insufficiency or ESRD).
Subgroups analysis of arteriosclerosis
Sample size

No. of trials

Hazard ratio (95% CI)

>200

3

1.67 (0.90, 3.09)

<200

2

2.64 (1.11, 6.29)

>7 years

1

2.90 (1.07, 7.84)

< 7 years

4

1.63 (0.99, 2.69)

Endpoint

ESRD
Renal failure

3

2.43 (1.13, 5.20)

2

1.51 (0.84, 2.72)

Adjustment

Univariate
Multivariate

Baseline eGFR

Follow-up

Percentage of nephrotic syndrome
Percentage of immunosuppression
Country

0

-

5

1.83 (1.17, 2.86)

<80 ml/min per 1.73 m
>80 ml/min per 1.73 m2

2

1.54 (0.63, 3.78)

3

2.23 (1.06, 4.73)

2

100%

1

1.46 (0.78, 2.73)

<100%

4

2.32 (1.23, 4.37)

>80%

3

1.79 (1.08, 2.97)

<80%

2

2.60 (0.52, 13.03)

North American/Europe

2

1.54 (0.63, 3.78)

Asia

3

2.23 (1.06, 4.73)

P-subgroup difference
0.40
0.31
0.34
0.53
0.31
0.66
0.53

Table 4: Subgroup analysis of the association of arteriosclerosis with renal outcomes.

and renal insufficiency disappeared after adjustment for clinical and
other pathological parameters [33,39]. Sprangers et al. described 132
IMN patients who were followed for a mean period of 68 months and
analyzed the pathological features that predicted renal outcomes [38].
A significant association of segmental sclerosis with a higher risk of
progression to ESRD could only be identified by univariate analysis,
but not multivariate analysis. Although at least nine cohort studies
attempted to evaluate a significant association between segmental
sclerosis and renal outcomes, not every study enrolled a sufficient
sample size to examine this association. The number of hard endpoints
was also limited in each cohort. The median numbers of patients
reaching renal insufficiency and ESRD were 24 and 11, respectively.
Systematic review and meta-analysis increased the sample size and the
number of hard endpoints by pooling of the data from each individual
study. One preliminary meta-analysis of six studies demonstrated that
segmental sclerosis was associated with a lower remission rate [40]. For
the first time, we examined the association between segmental sclerosis
and renal outcomes by using a meta-analysis strategy. This association
could be quantitatively summarized in eight of nine studies with 1622
patients. A total of 249 (15%) patients reached renal insufficiency or
developed ESRD during follow-up. This meta-analysis demonstrated
that segmental sclerosis was significantly associated with poor renal
outcomes.
Four studies consistently reported that tubular atrophy and
interstitial fibrosis were an independent predictor of renal insufficiency
[32,33] or ESRD [16,31]. Eriguchi et al. found that interstitial fibrosis
J Nephrol Therapeutic

was associated with renal sufficiency by univariate analysis [39].
However, multivariate analysis failed to confirm the independently
predictive value of interstitial fibrosis in 103 consecutive Japanese
nephrotic IMN patients. Troyanov et al. examined the independent
value of pathological features at the time of biopsy in predicting
renal outcomes in 389 IMN patients [19]. Similarly, chronic tubule
interstitial disease did predict a lower renal survival in univariate
analysis. However, this was not independent of baseline renal function,
age, and blood pressure at biopsy. Three studies did not examine the
predictive value of tubular atrophy or interstitial fibrosis because of the
strong association with segmental sclerosis [35,40] or baseline renal
function [38]. In the present meta-analysis, the association of tubular
atrophy and interstitial fibrosis with renal outcomes was quantitatively
summarized in seven of nine included studies with 1569 patients. A
total of 225 (14%) patients reached renal insufficiency or developed
ESRD during follow-up. This meta-analysis demonstrated that tubular
atrophy and interstitial fibrosis were significantly associated with poor
renal outcomes.
Only one study demonstrated that arteriosclerosis was an
independent indicator of renal outcomes [16]. Five studies failed to
identify a significant association of arteriosclerosis with renal outcomes
in multivariate analysis [19,31-33,35]. The remaining three studies did
not examine the association of arteriosclerosis with renal outcomes
[38-40]. The association of arteriosclerosis with renal outcomes was
quantitatively summarized in five of nine included studies with 1349
patients. A total of 177 (13%) patients reached renal insufficiency or
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developed ESRD during follow-up. This meta-analysis demonstrated
that arteriosclerosis was significantly associated with poor renal
outcomes.

Conclusions
This meta-analysis shows that segmental sclerosis, chronic tubule
interstitial injury, and arteriosclerosis are significantly associated with
progression of kidney disease. However, there were discrepancies
between the results from the meta-analysis and those from individual
studies. Significant associations of renal outcomes with segmental
sclerosis, chronic tubule interstitial injury, and arteriosclerosis
were only confirmed in two, five, and one of nine included studies,
respectively. Meta-analysis could overcome the limitation that not
every individual study had a sufficient number of enrolled patients
and adequate occurrence of hard endpoints. However, several factors
decreased the quality of the evidence. Selective outcome reporting bias
was the major limitation. None of the included nine studies reported all
of the HRs from univariate and multivariate analyses of the association
of each pathological feature with the development of renal insufficiency
and progression to ESRD. The definitions of pathological features
and renal insufficiency varied among included studies and could be
partially responsible for the heterogeneity of the summarized results.
The results of our meta-analysis should be interpreted with caution
because of these inherent limitations. More methodologically sound
and sufficiently powered prospective cohort studies with adequate
number of patients and length of follow-up are still urgently needed
to address the questions regarding prognostic utility of pathological
features in adult IMN patients.
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