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Abstract
Background: We attempted to describe the clinical features and determine the factors associated with renal
survival in idiopathic membranous nephropathy (iMN) patients with nephrotic syndrome (NS) and to determine the
factors associated with spontaneous complete remission (sCR) and progression to NS in iMN patients with
subnephrotic proteinuria.
Methods: This retrospective study involved 166 iMN patients with NS and 65 patients with subnephrotic proteinuria.
The primary end point was a doubling of serum creatinine or initiation of dialysis. In patients with subnephrotic
proteinuria, we determined the factors associated with sCR and factors associated with progression to NS.
Results: Remission of NS was achieved in 125 out of 166 patients (75.3%). Of those who reached remission, 26 patients
(20.8%) experienced relapse that was followed by second remission. The relapse or persistence of proteinuria was
associated with the primary end points (hazard ratio [HR] = 12.40, P = 0.037, HR = 173, P < 0.001, respectively). In
patients with subnephrotic proteinuria, sCR occurred in 35.4% of the patients. The patients with sCR had lower
proteinuria and serum creatinine levels and higher serum albumin concentrations at baseline. The serum albumin level
at diagnosis was a prognostic factor for progression to NS (Odds ratio [OR] = 0.015, P < 0.001).
Conclusions: The occurrence of relapse or persistence of proteinuria had negative effects on renal survival in iMN patients
with NS, and low serum albumin levels at baseline were associated with non-achievement of sCR and progression to NS.
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Background
Idiopathic membranous nephropathy (iMN) is the most
common cause of adult onset nephrotic syndrome (NS)
[1, 2]. Clinical presentations of iMN vary from
subnephrotic-range proteinuria regarded as asymptomatic urinary abnormality to NS with heavy proteinuria.
From the studies on the natural history of iMN, it was
suggested that many untreated patients had stable renal
function and possibility of spontaneous remission [3].
Approximately one-third of the patients experience
spontaneous remission, another third show persistent
proteinuria, and the remaining third progress to endstage renal disease (ESRD). Approximately 20–30% of
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untreated iMN patients progress to ESRD [4]. These
variable courses of iMN lead to great difficulties when
physicians need to decide the treatment regimen.
Many researchers have attempted to identify the risk
factors for poor prognosis. Several studies showed that male
sex, old age (>50 years old), hypertension, massive proteinuria (>10 g/24 h), and elevated serum creatinine concentration at the time of renal biopsy are poor prognostic factors
of iMN [5–8]. Also, Polanco et al. reported that spontaneous remission was predicted based on baseline serum
creatinine levels and proteinuria extent, treatment with
angiotensin-converting enzyme inhibitors or angiotensinreceptor antagonists, and a >50% decline in proteinuria
from baseline during the first year of follow-up [9]. Among
these factors, persistent heavy proteinuria was the most
reliable predictor of life-threatening complications and poor
renal outcomes in iMN patients. On the basis of these
results, aggressive treatments have been introduced to

© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Huh et al. BMC Nephrology (2017) 18:104

induce complete or partial remission or to reduce the
amount of proteinuria in patients with poor prognostic
factors.
Not only the aforementioned demographic and laboratory
parameters at diagnosis but also response to treatment
could be major predictors of renal survival. In patients with
NS, whether remission is achieved or not could affect longterm outcomes [10]. The patients who had subnephroticrange proteinuria during the observation period had better
outcomes than patients who progressed from subnephroticrange proteinuria to nephrotic-range proteinuria [11].
Despite we consider the proteinuria levels as an important prognostic factor, it is still uncertain whether relapse
or persistence of proteinuria has a negative impact on
long-term renal outcomes in iMN patients. Therefore, we
performed a retrospective study to describe the clinical
features and determine the factors associated with renal
survival in iMN patients with NS and to determine the
factors associated with spontaneous complete remission
(sCR) and progression to NS in iMN patients with
subnephrotic-range proteinuria. Besides determining the
prognostic factors, we also expected to gain additional
information regarding differences according to geographical regions or populations.

Methods
Study population

We attempted to recruit biopsy-proven adult iMN patients
by reviewing medical records from the archives of the
Department of Pathology at the Seoul National University
Hospital. Patients with systemic diseases such as rheumatic
diseases, malignant tumours, or infections with hepatitis B
or C virus, and other diseases associated with secondary
membranous nephropathy (MN) were excluded. From
January 1989 to December 2012, a total of 231 patients
were diagnosed with idiopathic or primary MN through
renal biopsy. We classified the patients into 2 groups
according to the level of proteinuria at the time of renal
biopsy. Of them, 65 patients (28.1% of total patients)
presented with subnephrotic range proteinuria, and 166
patients (71.9%) had NS that was defined as proteinuria of
3.5 g/day (or urine protein:creatinine ratio [uPCR] 3.5 g/g)
or more and the presence of hypoalbuminemia.
Study design

Information regarding the demographic, clinical, and
laboratory variables was collected via medical record review. We determined the factors affecting the long-term
outcomes separately according to the groups. First, concerning patients with NS, we analysed the factors affecting
the renal survival including the impact of relapse or persistence of proteinuria. Second, in patients with subnephroticrange proteinuria, we evaluated the factors predicting spontaneous remission of proteinuria or progression to NS. The

Page 2 of 8

primary outcome was the doubling of serum creatinine
concentration or development of ESRD in iMN patients
with NS or subnephrotic proteinuria. The secondary outcome was sCR or progression to NS in iMN patients with
subnephrotic-range proteinuria.
Definition

We adopted the definition of the KDIGO practice guideline
on glomerulonephritis, presented in 2012 [12]. Complete
remission (CR) was defined as urinary protein excretion
<0.3 g/day (uPCR < 0.3 g/g) confirmed by 2 values at least
1 week apart, accompanied by normal serum albumin
concentration and normal serum creatinine level. Partial
remission (PR) was defined as urinary protein excretion
<3.5 g/day (uPCR < 3.5 g/g) and ≥50% reduction from the
peak values confirmed by 2 values at least 1 week apart,
accompanied by an improvement or normalisation of the
serum albumin concentration and stable serum creatinine
level. In addition, we defined proteinuria less than 0.3 g/day
(uPCR < 3.5 g/g) as subnephrotic-range proteinuria and a
case that meets aforementioned conditions of remission
without using immunosuppressive agents as sCR. The
patients who showed spontaneous PR or reached remission
through immunosuppressive therapy were not considered
as having sCR. After remission was achieved, urinary
protein excretion >0.3 g/day (uPCR > 0.3 g/g) in CR or
≥50% increase in the lowest values in patients with PR
confirmed by 2 values at least 1 week apart with or without
decline of serum albumin concentration and/or rise of
serum creatinine was defined as relapse. The progression to
NS was defined as development of NS in patients who had
subnephrotic-range proteinuria at the time of diagnosis.
Statistical analysis

Numerical variables were expressed as the mean ± standard
deviation (SD), and non-parametric variables were
expressed as median and range. For group comparisons, 2sample t-test, Mann-Whitney U test, analysis of variance
(ANOVA), and Kruskal-Wallis test were applied. Categorical variables were expressed as numbers and percentages
and compared using the χ2 test or Fisher’s exact test. Renal
event-free survival rate was calculated by the Kaplan-Meier
method. The difference in survival rates between groups
was examined by the log-rank test. The relationship of the
covariates to renal survival was evaluated using the Cox
proportional hazards model, yielding the hazard ratio (HR)
and 95% confidence interval. Additionally, to assess the
effects of variables on sCR or progression to NS in
subnephrotic-range proteinuria patients, univariate and
multivariate logistic regression analyses were conducted,
yielding unadjusted odds ratio (OR) and adjusted OR, respectively. Analyses were performed using the IBM SPSS
statistics (version 21.0, Chicago, IL, USA). All tests were 2tailed, with P < 0.05 considered statistically significant.
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Results
Patients with NS

The baseline characteristics of the patients with NS are
listed in Table 1. In all, 32 (19.4%) patients had an estimated glomerular filtration rate (eGFR) lower than
60 mL · min−1 · 1.73 m−2 at diagnosis. Seventy (42.2%)
patients presented with heavy proteinuria (>8 g/g
creatinine) and only 13 (7.8%) patients presented with
urinary protein excretion <4 g/g creatinine at the time of
renal biopsy. The median follow-up duration was
123 months (67–199). Renin-angiotensin-aldosterone
system (RAAS) blockades, other anti-hypertensive
agents (including beta-blockers and calcium channel
blockers), and HMG-CoA reductase inhibitors (statins)
were used for conservative management in 126 (75.9),
82 (49.4), and 123 (74.1%) patients, respectively. Conservative measures comprised RAAS blockades, and other
non-immunosuppressive agents were applied to 30
(18.1%) patients. Although immunosuppressive regimens
were not uniform according to the different therapeutic
protocols, 136 (81.9%) patients were treated with immunosuppressive agents (Table 2).
Remission of NS was achieved in 125 (75.3%) of 166
NS patients. Among the remission-induced patients, 75
(60.0%) patients maintained remission until the end of
the follow-up period. Twenty-six (20.8%) patients experienced relapse of proteinuria: 2 in the conservative treatment group, 3 in the corticosteroids alone group, 16 in

the corticosteroid plus cyclophosphamide group, and 5
in the corticosteroid plus cyclosporine group (Table 2).
After the first relapse occurred, second-line immunosuppressive agents induced second remission in all the
patients. Of the 30 patients that were managed conservatively, 26 (86.7%) patients achieved spontaneous remission. The remaining 4 patients did not achieve
remission and had persistent proteinuria. Although the
patients treated conservatively seemed to have had better prognosis, we should consider the disease severity at
baseline. The conservatively treated patients had significantly lower proteinuria (P = 0.018) and higher serum
albumin concentration (P < 0.001) than the groups
treated with immunosuppressive agents (Table 2).
The primary composite end-point, defined as the
doubling of serum creatinine or development of ESRD,
occurred in 22 (13.3%) patients. As shown in Table 3, on
adjusting for age, gender, systolic blood pressure, serum
creatinine, serum albumin, and proteinuria level, patients
who experienced relapse showed poor outcomes (Hazard
ratio [HR] = 12.40, P = 0.037). Furthermore, iMN patients
who did not achieve remission had poorer long-term outcomes (HR = 173, P <0.001). The event-free renal survival
rate was very good in patients with persistent remission.
However, the survival rate was the poorest in patients who
never reached remission. The patients who experienced
relapse had intermediate long-term prognosis (Fig. 1).
Patients with subnephrotic range proteinuria

Table 1 Baseline characteristics of patients
Nephrotic
syndrome
(N = 166)

Subnephrotic
proteinuria
(N = 65)

Age (years)

53 ± 13

49 ± 12

BMI (kg/m2)

24.52 ± 2.90

23.65 ± 2.66

Male

103 (62%)

32 (49.8%)

SBP (mmHg)

130 ± 19

123 ± 14

DBP (mmHg)

82 ± 12

79 ± 8

Serum creatinine (mg/dl)

0.99 ± 0.39

1.03 ± 0.65

Stage I

61 (37%)

28 (43.1%)

Stage II

72 (43.6%)

28 (43.1%)

Stage III – V

32 (19.4%)

9 (13.9%)

CKD stage according to eGFR

Serum albumin (g/dl)

2.41 ± 0.55

3.17 ± 0.70

Proteinuria (g/g creatinine)

8.18 (5.10–10.35)

2.11 (1.88–2.32)

>8

70 (42.2%)

–

4–8

72 (43.4%)

–

<4

13 (7.8%)

65

Data are presented as means ± SD, number (% of total) or median (range)
SD Standard deviation, BMI Body mass index, SBP Systolic blood pressure, DBP
Diastolic blood pressure, CKD Chronic kidney disease, eGFR estimated
glomerular filtration rate, estimated with Modification of Diet in Renal
Disease equation

The baseline characteristics are listed in Table 1. Even in
this group, 9 patients had decreased renal function (eGFR
< 60 mL · min−1 · 1.73 m−2). The sCR was achieved in 23
(35.4%) patients. There were significant differences in
serum albumin concentration, serum cholesterol level, and
level of proteinuria between the sCR group and those who
did not reach sCR (Table 4). Progression to NS occurred in
26 patients among 65 subnephrotic patients. Among sCRachieved 23 patients, NS developed only in 2 patients, and
among non-sCR-induced 42 patients, NS developed in 24
patients. On comparing patients with progression to NS
and those with non-progression, the serum albumin levels
were found to be low, and the serum cholesterol concentrations and proteinuria level, high (Table 5).
In the non-sCR group or patients with progression to
NS, the most commonly used immunosuppressive regimen
was combined corticosteroid and cyclophosphamide (in 22
patients). In addition, oral corticosteroid (4 patients) and
corticosteroid combined with cyclosporine (3 patients) were
used for treatment. The outcomes of treatments were
similar to those of NS patients at baseline [CR in 23
(79.3%) patients, PR in 2 (8.6%) patients]. Primary composite end points developed in 3 (4.6%) patients from the
non-sCR group and they also had advanced chronic kidney
disease stage with low eGFR at baseline. Therefore, they
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Table 2 Characteristics and outcomes according to the treatments in patients with nephrotic syndrome

Agea (years)

Conservative
management
(N = 30)

Oral corticosteroid
(N = 22)

Oral corticosteroid +
cyclophosphamide (N = 100)

Oral corticosteroid +
cyclosporine (N = 14)

51

47

57

44

SBP (mmHg)

128

125

130

135

Proteinuriaa(g/g creatinine)

6.43

6.95

8.93

8.53

Serum Albumina(g/dL)

2.8

2.5

2.3

2.3

Serum creatinine (mg/dl)

0.91

0.93

1.03

0.92

Total cholesterola(mg/dl)

277

354

354

321

RAAS blockers

26 (86.7%)

13 (59.1%)

75 (75%)

12 (85.7%)

Anti-HTN

13 (43.3%)

11 (50%)

51 (51%)

7 (50%)

Statin

22 (73.3%)

10 (45.5%)

79 (79%)

12 (85.7%)

Remission

26 (86.7%)

17 (77.2%)

73 (73%)

9 (64.3%)

Relapse

2/26 (7.7%)

3/17 (17.6%)

16/73 (21.9%)

5/9 (55.6%)

Persistence

4 (13.4%)

5 (22.8%)

27 (27%)

5 (35.7%)

2 (6.7%)

4 (18.2%)

13 (13%)

3 (21.4%)

Treatments

b

End points

Data are presented as mean, number (% of total)
a
P < 0.01, Difference between groups; RAAS blockers Renin-angiotensin-aldosterone system blockers, Anti-HTN Anti-hypertensive medication
b
End points include doubling of serum creatinine concentration compared to baseline level and development of end stage renal disease

were treated only with conservative management. The patients who achieved sCR had excellent prognosis and did
not show any primary composite outcomes. Although progression to NS occurred in 2 patients in this sCR group,
CR was induced with immunosuppressive treatment.
In the logistic regression analyses, serum creatinine and
albumin concentrations and the amount of proteinuria at
the time of renal biopsy were the significant factors for
sCR. Low serum albumin levels at baseline were associated with non-achievement of sCR and high serum albumin levels at baseline were associated with sCR (Odds
ratio [OR] = 7.78, P = 0.010) (Table 6). Furthermore, low
serum albumin concentrations at baseline were associated
with progression to NS (OR = 0.015, P < 0.001, Table 7).

proteinuria was associated with a poor renal survival rate.
Furthermore, in the subnephrotic proteinuria patients
group, sCR occurred frequently in patients with low proteinuria and serum creatinine levels and with higher
serum albumin concentrations at baseline. Furthermore,
the serum albumin level at diagnosis was the strongest
prognostic factor for progression to NS.

Discussion
In this study, we performed a retrospective investigation
to evaluate the effect of response to therapy on the longterm renal function in iMN patients with NS and to determine the prognostic factors in patients with subnephrotic
proteinuria. In NS patients, the relapse or persistence of
Table 3 Multivariate Cox proportional hazards model for ESRD
or doubling of serum creatinine in patients with nephrotic
syndrome
Hazard ratio

P- value

Relapse

12.40 (1.17–131.6)

0.037

Persistence

173 (11.2–2660)

0.001

Adjusted for age, gender, Systolic blood pressure, serum creatinine
concentration, serum albumin concentration, serum cholesterol concentration,
and quantity of urine protein

Fig. 1 Kaplan-Meier curve of event-free renal survival according to
the clinical courses in patients with nephrotic syndrome (P < 0.001)
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Table 4 Comparisons of clinical characteristics according to the spontaneous complete remission in patients with subnephrotic
range proteinuria
Spontaneous CR (N = 23)

No spontaneous CRa (N = 42)

P-value

Male

12 (52.2%)

20 (47.6%)

0.463

Age (years)

46 ± 13

51 ± 11

0.065

2

BMI (kg/m )

23.9 ± 3.2

23.5 ± 2.4

0.501

Hypertension

3 (13%)

13 (31%)

0.109

Serum creatinine (mg/dl)

0.90 ± 0.18

1.11 ± 0.80

0.230

Serum albumin (g/dl)

3.58 ± 0.52

2.95 ± 0.68

<0.001

Serum cholesterol (mg/dl)

217.7 ± 64.0

264.3 ± 92.1

0.043

CKD stage according to eGFR

0.103

Stage I

10 (43.5%)

18 (42.9%)

Stage II

13 (56.5%)

15 (35.7%)

Stage III

–

5 (11.9%)

Stage IV-V

–

4 (9.6%)

Serum hemoglobin (g/dL)

13.6 ± 1.6

12.6 ± 2.2

0.074

Proteinuria (g/g creatinine)

1.68 ± 0.88

2.36 ± 0.81

0.003

BMI Body mass index, CKD Chronic kidney disease, eGFR estimated glomerular filtration rate, estimated with Modification of Diet in Renal Disease
a
Group of ‘No spontaneous CR’ include patients that had spontaneous partial remission or remission through immunosuppressant
Data are presented as number (% of total) or means ± SD

In iMN patients, the conventionally accepted clinical
course is that one-third tend to have spontaneous remission, one-third, progressive renal failure, and one-third,
stable renal function. In the modern era, the management of iMN has been modified. Anti-proteinuric therapies such as RAAS blockades and strict blood pressure
control have been used widely, and there have been significant advances in immunosuppressive therapy [13].

Although definite evidences regarding whether RAAS
blockades contribute to remission are lacking [10], the
probability of spontaneous remission seems to be high
in patients treated with RAAS blockades [14]. Also, the
Ponticelli regimen comprising alkylating agents and corticosteroids and the Cattran regimen comprising cyclosporine and low-dose corticosteroid have been found to
be beneficial for the induction of remission and reducing

Table 5 Comparisons of clinical characteristics according to disease progression in patients with subnephrotic range proteinuria
Progression to NS (N = 26)

No progressiona (N = 39)

P-value

Male

9 (34.6%)

23 (58.9%)

0.124

Age (years)

53 ± 11

47 ± 13

0.088

BMI (kg/m2)

23.5 ± 2.3

23.9 ± 2.8

0.513

Hypertension

8 (28.6%)

8 (20.5%)

0.558

Serum creatinine (mg/dl)

0.90 ± 0.18

1.11 ± 0.80

0.230

Serum albumin (g/dl)

2.67 ± 0.61

3.36 ± 0.48

<0.001

Serum cholesterol (mg/dl)

274.1 ± 92.4

225.3 ± 62.4

0.018

Stage I

14 (53.8%)

14 (35.9%)

Stage II

10 (38.5%)

18 (46.1%)

Stage III

1

4 (10.3%)

Stage IV-V

CKD stage according to eGFR

0.399

1

3 (7.7%)

Serum hemoglobin (g/dL)

12.4 ± 2.2

13.4 ± 1.9

0.073

Proteinuria (g/g creatinine)

2.46 ± 0.73

1.83 ± 0.92

0.005

Data are presented as number (% of total) or means ± SD
BMI Body mass index, CKD Chronic kidney disease, eGFR estimated glomerular filtration rate, estimated with Modification of Diet in Renal Disease, NS
nephrotic syndrome
a
Group of ‘No progression’ include patients that had spontaneous remission or remission through immunosuppressant or stable status of disease
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Table 6 Logistic regression analyses for spontaneous complete
remission in patients with subnephrotic range proteinuria
Unadjusted OR
Serum creatinine 0.43 (0.10–1.90)
(mg/dl)

P-value Adjusted OR

P-value

0.265

0.015 (0.1–0.74)

0.032

Serum
albumin (g/dl)

6.10 (2.04–18.26) 0.001

7.78 (1.64–36.89)

0.010

Serum
cholesterol
(g/dl)

0.99 (0.98–1.00)

0.050

0.99 (0.98–1.00)

0.325

Proteinuria
(g/g creatinine)

0.99 (0.98–1.00)

0.006

0.999 (0.998–1.00) 0.038

the requirement for renal replacement therapy (RRT)
[15–17]. Subsequently, many randomised controlled trials have been published. A meta-analysis showed that a
combination of alkylating agents and corticosteroids reduced the risk of ESRD and all-cause mortality [18].
Paradoxically, variable courses of iMN and proven benefits of aggressive therapy make it difficult for physicians
to choose the appropriate treatment regimen. Although
per the KDIGO guidelines, immunosuppressive agents
are recommended considering the amount and duration
of proteinuria, it is uncertain whether relapse of proteinuria has a negative effect on long-term renal outcomes.
Also, management protocols according to the therapeutic response have not yet been established.
Our data showed better prognosis with regard to the
remission rate and requirement for RRT than other
studies. McQuarrie et al. reported that 76% of the patients achieved at least one PR in 5 years after diagnosis,
32.8% experienced relapse, and 11.9% required RRT [10].
Although the remission rate was similar to that in our
study, the probability of relapse in this study (20.8%) was
low. The cause of improved outcomes in our study is
unclear and might have resulted from the frequent use
of RAAS blockades (75.9%) and immunosuppressive
therapies (81.9%). Otherwise, it may support the theory
that the clinical course in Asian patients is benign as
compared to that in the Caucasian population [19–21].
Through analyses of patients presenting with NS, we
showed that maintenance of remission state is important
Table 7 Logistic regression analyses for progression to nephrotic
syndrome in patients with subnephrotic range proteinuria
Unadjusted OR

P-value Adjusted OR

P-value

Serum creatinine
(mg/dl)

0.97 (0.37–2.54)

0.954

0.09 (0.03–2.76)

0.168

Serum albumin
(g/dl)

0.31 (0.12–0.79)

0.014

0.015 (0.00–0.15) <0.001

Serum cholesterol 1.00 (0.99–1.00)
(g/dl)

0.050

1.00 (1.00–1.002) 0.314

1.00 (1.00–1.002) 0.051

1.00 (1.00–1.001) 0.109

Proteinuria
(g/g creatinine)

for the preservation of long-term renal function. In
previous reports, there was a good chance of achieving
second remission with treatment even in the relapsed
patients, and the prognosis was good compared to the
excellent prognosis of persistent remission [10, 22, 23].
Furthermore, because patients showing persistence of
proteinuria (defined as no response to treatment in
other studies) had poorer renal outcomes than patients
who experienced relapse and subsequent remission, it
should be emphasised that maintaining remission is important for achieving a favourable long-term outcome. If
our results are verified through additional studies, this
would affect the clinical decision process regarding the
therapeutic regimens. Although the relapse rate was not
significantly different for the immunosuppressive agents
in this study, it seemed high in the patient group treated
with cyclosporine (55.6%) [24]. These possibilities should
make physicians pay close attention when choosing immunosuppressive agents, especially for patients with risk
factors that affect the long-term renal outcomes.
The sCR was achieved in 26 patients out of 166 patients
with NS (15.7%). All the sCR-induced patients have been
treated conservatively because of the favorable initial presentation. In NS patients who were treated conservatively
without remission induction therapy (30 patients), the parameters reflecting disease severity were advantageous
compared to the patients treated with immunosuppressive
agents (136 patients). In patients with subnephrotic range
proteinuria, the rate of sCR was 35.4% (23 patients out of
65 patients). The initial parameters associated with outcomes were more favorable in patients with subnephrotic
proteinuria who did not reach sCR compared to sCRachieved NS patients. We could explain this discrepancy
as a factor of renal function. In patients with subnephrotic
proteinuria without sCR, the initial serum creatinine was
1.11 mg/dl. It might reflect an advanced stage of iMN.
Therefore, the sCR might not occur in these patients despite of other favorable factors.
In patients with subnephrotic proteinuria, we attempted
to create a statistical model that can predict the possibility
of spontaneous remission or progression to NS using logistic regression analyses. We found that serum albumin
concentration had a high predictive value in forecasting
the disease course. Hladunewich et al. reported high proteinuria at baseline in the group that subsequently progressed to NS [11]. In this study, the proteinuria level was
also low in patients reaching sCR (1.68 ± 0.88 g/g creatinine vs. 2.36 ± 0.81 g/g creatinine, P < 0.003). Furthermore,
proteinuria level was one of the prognostic factors for sCR
in the multivariate analysis. However, this parameter was
not a significant risk factor for progression to NS. This
difference suggests that spot urine measurement of proteinuria cannot fully reflect the clinical course of patients
because of diurnal variation. Otherwise, the result might
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have simply been achieved because of a small study size.
Serum albumin concentration at the time of diagnosis was
revealed to be the strongest prognostic factor for both
sCR and the progression to NS among the patients with
subnephrotic range proteinuria. We assume that as the
disease courses of iMN are shifting, the level of serum albumin reflect this change much faster than other parameters such as a proteinuria amount or serum cholesterol
concentration. We ought to measure the serum albumin
level serially as well as urine protein in the follow-up of
subnephrotic iMN patients.
In patients with subnephrotic range proteinuria
depicted in Table 5, the patients who progressed to NS
were older and more hypertensive compared to the nonprogression group, but those were not significant statistically. However, the level of total cholesterol and the
amount of daily proteinuria were high in patients with
progression to NS, which were significant statistically.
We consider that the concentrations of serum albumin
and total cholesterol and the amount of proteinuria are
reflecting the severity of iMN. Therefore, their concentrations or amount change parallel in concordance with
the disease course. Among the 3 variables, the level of
serum albumin was most useful in the risk stratification
and this was reported previously [25].
This study has several limitations. This was a retrospective study accomplished with a review of medical records.
Therefore, the interpretation might be biased owing to selection error. Because we included records of patients
from the year 1989, the treatment regimens were quite
different according to the era. Furthermore, there was no
standardised regimen for induction and maintenance therapy, and the treatment decisions were totally dependent
on the preference of individual physicians. Therefore,
these fundamental restrictions could not be avoided in the
evaluation of the effect of each treatment.

Conclusions
We found that the occurrence of relapse or persistence
of proteinuria had a negative impact on renal survival in
iMN patients with nephrotic syndrome. In addition, low
serum albumin levels at baseline were associated with
non-achievement of sCR and progression to NS.
Abbreviations
CR: Complete remission; eGFR: Estimated glomerular filtration rat; ESRD: End
stage renal disease; HR: Hazard ratio; iMN: Idiopathic membranous
nephropathy; NS: Nephrotic syndrome; OR: Odds ratio; PR: Partial remission;
RAAS: Renin-angiotensin-aldosterone system; RRT: Renal replacement therapy;
sCR: Spontaneous complete remission; uPCR: Urine protein creatinine ratio
Acknowledgements
None
Funding
Not applicable.

Page 7 of 8

Availability of data and materials
The datasets used during the current study are available from the
corresponding author on reasonable request.
Authors’ contributions
Research idea and study design: CSL, YSK; data acquisition: HH, HL, DKK, JPL;
data analysis/interpretation: CSL, YKO, SO; supervision or mentorship: CSL, YSK.
Each author contributed important intellectual content during manuscript
drafting or revision. All authors read and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
This study was approved by the institutional review board at Seoul National
University Hospital (H-1209-095-428), and the need for informed consent
from the patients was waived because of the retrospective study design. All
clinical investigations were conducted in accordance with the guidelines of
the 2008 Declaration of Helsinki.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Department of Internal Medicine, Seoul National University Hospital, Seoul,
Republic of Korea. 2Department of Internal Medicine, Seoul National University
Boramae Medical Center, 20 Boramae-ro 5-gil, Dongjak-gu, Seoul 07061,
Republic of Korea. 3Department of Internal Medicine, Seoul National University
College of Medicine, Seoul, Republic of Korea. 4Department of Biostatistics,
Seoul National University Boramae Medical Center, Seoul, Republic of Korea.
Received: 18 January 2016 Accepted: 23 March 2017

References
1. Hayslett JP, Kashgarian M, Bensch KG, Spargo BH, Freedman LR, Epstein FH.
Clinicopathological correlations in the nephrotic syndrome due to primary
renal disease. Medicine. 1973;52:93–120.
2. Kingswood JC, Banks RA, Tribe CR, Owen Jones J, Mackenzie JC. Renal
biopsy in the elderly: clinicopathological correlations in 143 patients.
Clin Nephrol. 1984;22:183–7.
3. Schieppati A, Mosconi L, Perna A, Mecca G, Bertani T, Garattini S, et al.
Prognosis of untreated patients with idiopathic membranous nephropathy.
N Engl J Med. 1993;329:85–9.
4. Donadio Jr JV, Torres VE, Velosa JA, Wagoner RD, Holley KE, Okamura M,
et al. Idiopathic membranous nephropathy: the natural history of untreated
patients. Kidney Int. 1988;33:708–15.
5. Wasserstein AG. Membranous glomerulonephritis. J Am Soc Nephrol. 1997;
8:664–74.
6. Sprangers B, Bomback AS, Cohen SD, Radhakrishnan J, Valeri A, Markowitz
GS, et al. Idiopathic membranous nephropathy: clinical and histologic
prognostic features and treatment patterns over time at a tertiary referral
center. Am J Nephrol. 2012;36:78–89.
7. Tu WH, Petitti DB, Biava CG, Hopper Jr J. Membranous nephropathy:
predictors of terminal renal failure. Nephron. 1984;36:118–24.
8. Neugarten J, Acharya A, Silbiger SR. Effect of gender on the progression of
nondiabetic renal disease: a meta-analysis. J Am Soc Nephrol. 2000;11:319–29.
9. Polanco N, Gutierrez E, Rivera F, Castellanos I, Baltar J, Lorenzo D, et al.
Spontaneous remission of nephrotic syndrome in membranous nephropathy
with chronic renal impairment. Nephrol Dial Transplant. 2012;27:231–4.
10. McQuarrie EP, Stirling CM, Geddes CC. Idiopathic membranous nephropathy
and nephrotic syndrome: outcome in the era of evidence-based therapy.
Nephrol Dial Transplant. 2012;27:235–42.
11. Hladunewich MA, Troyanov S, Calafati J, Cattran DC. The natural history of
the non-nephrotic membranous nephropathy patient. Clin J Am Soc
Nephrol. 2009;4:1417–22.

Huh et al. BMC Nephrology (2017) 18:104

Page 8 of 8

12. Radhakrishnan J, Cattran DC. The KDIGO practice guideline on
glomerulonephritis: reading between the guidelines–application to the
individual patient. Kidney Int. 2012;82:840–56.
13. Praga M, Borstein B, Andres A, Arenas J, Oliet A, Montoyo C, et al. Nephrotic
proteinuria without hypoalbuminemia: clinical characteristics and response to
angiotensin-converting enzyme inhibition. J Am Soc Nephrol. 1991;17:330–8.
14. Polanco N, Gutierrez E, Covarsi A, Ariza F, Carreño A, Vigil A, et al.
Spontaneous remission of nephrotic syndrome in idiopathic membranous
nephropathy. J Am Soc Nephrol. 2010;21:697–704.
15. Ponticelli C, Altieri P, Scolari F, Passerini P, Roccatello D, Cesana B, et al.
A randomized study comparing methylprednisolone plus chlorambucil
versus methylprednisolone plus cyclophosphamide in idiopathic
membranous nephropathy. J Am Soc Nephrol. 1998;9:444–50.
16. Ponticelli C, Zucchelli P, Passerini P, Cesana B. Methylprednisolone plus
chlorambucil as compared with methylprednisolone alone for the treatment
of idiopathic membranous nephropathy. N Engl J Med. 1992;327:599–603.
17. Jha V, Ganguli A, Saha TK, Kohli HS, Sud K, Gupta KL, et al. A randomized,
controlled trial of steroids and cyclophosphamide in adults with nephrotic
syndrome caused by idiopathic membranous nephropathy. J Am Soc
Nephrol. 2007;18:1899–904.
18. Chen Y, Schieppati A, Cai G, Chen X, Zamora J, Giuliano GA, et al.
Immunosuppression for membranous nephropathy: a systematic review
and meta-analysis of 36 clinical trials. Clin J Am Soc Nephrol. 2013;8:787–96.
19. Abe S, Amagasaki Y, Konishi K, Kato E, Iyori S, Sakaguchi H. Idiopathic
membranous glomerulonephritis: aspects of geographical differences.
J Clin Pathol. 1986;39:1193–8.
20. Reichert LJ, Koene RA, Wetzels JF. Prognostic factors in idiopathic
membranous nephropathy. Am J Kidney Dis. 1998;31:1–11.
21. Zuo K, Wu Y, Li SJ, Xu F, Zeng CH, Liu ZH. Long-term outcome and
prognostic factors of idiopathic membranous nephropathy in the Chinese
population. Clin Nephrol. 2013;79:445–53.
22. Ponticelli C, Passerini P, Altieri P, Locatelli F, Pappalettera M. Remissions and relapses
in idiopathic membranous nephropathy. Nephrol Dial Transplant. 1992;1:85–90.
23. Suki WN, Trimarchi H, Frommer JP. Relapsing membranous nephropathy:
response to therapy of relapses compared to that of the original disease.
Am J Nephrol. 1999;19:474–9.
24. Ponticelli C, Glassock RJ. Glomerular diseases: membranous nephropathy-a
modern view. Clin J Am Soc Nephrol. 2014;9:609–16.
25. Zhang BO, Cheng M, Yang M, Han S, Zhang YH, Shi HG, et al. Analysis of
the prognostic risk factors of idiopathic membranous nephropathy using a
new surrogate end-point. Biomed Rep. 2016;4:147–52.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

