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ABSTRACT
Spontaneous remission is a well known characteristic of idiopathic membranous nephropathy, but contemporary studies describing predictors of remission and long-term outcomes are lacking. We conducted a
retrospective, multicenter cohort study of 328 patients with nephrotic syndrome resulting from idiopathic
membranous nephropathy that initially received conservative therapy. Spontaneous remission occurred in
104 (32%) patients: proteinuria progressively declined after diagnosis until remission of disease at 14.7 ⫾ 11.4
months. Although spontaneous remission was more frequent with lower levels of baseline proteinuria, it also
frequently occurred in patients with massive proteinuria: 26% among those with baseline proteinuria 8 to 12
g/24 h and 22% among those with proteinuria ⬎12 g/24 h. Baseline serum creatinine and proteinuria,
treatment with angiotensin-converting enzyme inhibitors or angiotensin receptor antagonists, and a ⬎50%
decline of proteinuria from baseline during the first year of follow-up were significant independent predictors
for spontaneous remission. Only six patients (5.7%) experienced a relapse of nephrotic syndrome. The
incidence of death and ESRD were significantly lower among patients with spontaneous remission. In
conclusion, spontaneous remission is common among patients with nephrotic syndrome resulting from
membranous nephropathy and carries a favorable long-term outcome with a low incidence of relapse. A
decrease in proteinuria ⬎50% from baseline during the first year predicts spontaneous remission.
J Am Soc Nephrol 21: 697–704, 2010. doi: 10.1681/ASN.2009080861

Idiopathic membranous nephropathy (IMN) is one
of the most common causes of nephrotic syndrome
in adults.1,2 Treatment with several immunosuppressive agents has shown beneficial effect on the
course of this disease3–11; however, controversy persists regarding the proper timing of immunosuppression and the best therapeutic regimen.12–15
The appearance of spontaneous remission (SR)
in IMN not induced by immunosuppressive therapy is a well known characteristic of the disease.
Classic studies about the natural history of IMN
report a SR incidence ranging from 30% to
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60%.16 –20 Age at presentation ⬍50 years old and
female sex are predictors of SR, whereas SR is reReceived August 24, 2009. Accepted December 3, 2009.
Published online ahead of print. Publication date available at
www.jasn.org.
N.P. and E.G. contributed equally to this work.
Correspondence: Dr. Manuel Praga, Servicio de Nefrologı́a, Hospital 12 de Octubre, Avenida de Córdoba s/n, 28041 Madrid,
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ported as very unusual in patients presenting with proteinuria ⬎8 g/d. Nevertheless, these studies were performed 2 or
3 decades ago, when supportive treatment of nephrotic syndrome was less well established and efficient than in present
times. In particular, treatment with angiotensin-converting
enzyme inhibitors (ACEIs) or angiotensin II type 1 receptor
antagonists (ARBs) in patients with nephrotic syndrome
was uncommon, whereas they are now widely prescribed in
patients with proteinuric nephropathies. Furthermore,
some of the studies reporting SR in untreated IMN patients
included an important number of patients presenting with
non-nephrotic proteinuria,21 a clinical presentation with an
inherently good prognosis,22 and recent data about clinical
characteristics, predicting factors, and long-term outcome
in IMN are scanty. The aim of the present retrospective
study was to report the clinical features and outcome of 328
patients with biopsy-proven IMN, in whom an initially conservative therapeutic approach, without corticosteroids or
other immunosuppressive agents, was followed. The primary outcome was the appearance of SR, partial or complete, and major secondary outcomes included relapses,
progression to ESRD, and mortality.

RESULTS
Baseline Characteristics

Baseline characteristics of the 328 patients are listed in Table 1.
Most patients had a preserved renal function [estimated GFR
(eGFR) ⬎60 ml/min/1.73 m2 in 71.3%]. ACEI/ARB treatment
was started at baseline or thereafter in 219 patients (66.7%). Of
them, 149 (68%) received ACEIs, 53 (24%) received ARBs, and
17 (8%) were treated with an ACEI/ARB combination. Initial
doses of these drugs were relatively low, adjusted for blood
pressure values, and tolerance was good. Thirty-eight (11.5%)
patients were lost to follow-up; they were censored at last visit
and their data included for the analysis.
Patients with SR

One hundred and four patients (31.7%) developed SR. Time to
achieve partial remission (PR) was 14.7 ⫾ 11.4 months, ranging from 1 to 66 months. Fifty-two of these 104 patients (50%)
persisted with PR, whereas the remaining 52 patients (50%)
progressed into complete remission (CR). Time to achieve CR
was 38.5 ⫾ 25.2 months, ranging from 4 to 120 mo. As shown

in Figure 1, the reduction of proteinuria was gradually progressive: it had decreased from 6.6 (3.5 to 21) g/24 h at baseline to
3.8 (0.2 to 11) g/24 h at 6 months (P ⬍ 0.0001 with respect to
baseline) and to 1.8 (0 to 7.2) g/24 h at 12 months (P ⬍ 0.0001
with respect to 6 months).
In comparison with patients who did not develop SR, patients with SR included a higher number of women and
showed better renal function and lower proteinuria at baseline,
as shown in Table 1. As shown in Table 2, SR was more frequent with lower baseline proteinuria: 37.1% among patients
with baseline proteinuria ⬍8 g/24 h, 26.3% among those with
proteinuria 8 to 12 g/24 h, and 21.5% among those with proteinuria ⬎12 g/24 h. There was no correlation between baseline proteinuria and time to remission, as shown in Table 2.
The number of patients treated with ACEIs or ARBs was
significantly higher among patients with SR (79.8% versus
60.7%, P ⫽ 0.009; Table 1), although this difference was restricted to patients with baseline proteinuria ⬍8 g/24 h (Table
2). As shown in Figure 2, the probability of SR (CR and PR) was
significantly higher among patients treated with ACEIs/ARBs.
The probability of SR was 22.3%, 32.8%, and 36% among
ACEI/ARB-treated patients and 11%, 13.8%, and 19.3%
among those who did not receive such treatment, 1, 2, and 3
years after baseline, respectively (P ⫽ 0.009).
On multivariate analysis (Table 3), baseline serum creatinine, the amount of baseline proteinuria, treatment with
ACEIs/ARBs, and an spontaneous proteinuria decrease ⬎50%
of baseline during the first year of follow-up emerged as significant independent predictor factors for SR.
Patients without SR

Nephrotic syndrome persisted without SR in 224 patients
(68.2%). They initially received, as did patients who later developed SR, only symptomatic treatment for nephrotic syndrome. However, along their clinical course 176 of 224 patients
(78.5%) initiated immunosuppressive treatment for the following reasons: rapid worsening of renal function (n ⫽ 39),
nephrotic syndrome complications or severe edema (n ⫽ 53),
and excessive persistence of nephrotic syndrome (according to
each participating group criteria) (n ⫽ 84). In the remaining 48
patients no immunosuppressive treatment was given.
Immunosuppresive regimens were not uniform, according
to the different therapeutic protocols of the participating
groups. The most frequently used regimen was corticosteroids
plus chlorambucil (43%), followed by corticosteroids plus ta-

Table 1. Characteristics of patients at baseline
Characteristic

Patients with SR
(n ⴝ 104)

Patients without SR
(n ⴝ 224)

P Value

All Patients
(n ⴝ 328)

Age at diagnosis, years
Male gender, n (%)
Proteinuria, g/24 h
Serum creatinine, mg/dl
eGFR, ml/min/1.73 m2
ACEI/ARB treatment, n (%)

50 ⫾ 17
60 (58)
6.6 (3.5 to 21)
1 ⫾ 0.4
84 ⫾ 30
83 (79.8)

51 ⫾ 16
161 (71.8)
8 (3.5 to 32.6)
1.3 ⫾ 0.8
73 ⫾ 32
136 (60.7)

0.38
0.008
⬍0.003
⬍0.001
⬍0.001
0.009

50 ⫾ 16
221 (67.3)
7.4 (3.5 to 32.6)
1.2 ⫾ 0.7
77 ⫾ 32
219 (66.7)
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(n ⫽ 1). Their baseline proteinuria was 8.1
and 7.4 g/24 h, respectively.
As shown in Figure 3, the probability of
survival without death or chronic dialysis
was significantly higher among patients
who developed SR, both CR or PR.
As shown in Table 4 and Figure 3, longterm outcome of patients with SR was excellent. Their mean loss of renal function,
estimated by eGFR, was of 8.6 ⫾ 26 ml/
min/1.73 m2 during a mean follow-up of
91 ⫾ 61 months, representing a renal function loss of 1.8 ⫾ 13.1 ml/min/yr.
Comparison between patients with CR
and PR is shown in Table 4. Despite (by
Figure 1. Evolution of proteinuria in patients with SR. The line within the box denotes definition) a higher proteinuria value in the
latter, there were no significant differences
the median and the box spans the interquartile range (25th to 75th percentiles).
in the mean eGFR decrease between pacrolimus (25%), corticosteroids as single therapy (14%), cor- tients with CR or PR, and the number of patients with a 50%
ticosteroids plus cyclosporin (11%), and corticosteroids plus increase of baseline serum creatinine was similar.
mycophenolate mofetil (7%). The interval between diagnosis
and the onset of immunosuppressive treatment in those pa- Patients with Baseline Proteinuria >12 g/24 h
tients who received it was 10.6 ⫾ 18.4 months, ranging from 2 As shown in Table 2, 11 of 51 patients with baseline proteinto 144 months.
uria ⬎12 g/24 h (21.5%) developed SR (CR in 7 and PR in
Long-Term Follow-Up and Outcome

The mean duration of follow-up was 91 ⫾ 61 months in the
group of patients who develop SR and 69 ⫾ 51 months in those
who did not. As shown in Table 4, 42 of 224 patients (18.7%)
without SR started chronic dialysis throughout follow-up,
whereas no patient among those developing SR developed
ESRD (P ⬍ 0.0001).
The number of deaths during follow-up was also significantly higher among patients without SR: 24 (10.7%) versus 2
(1.9%) (P ⫽ 0.002). Deaths among patients without SR occurred 62.2 ⫾ 45.3 months after diagnosis (ranging from 5 to
146 months) and were due to cardiovascular complications
(n ⫽ 9), tumors (n ⫽ 6), and unknown causes (n ⫽ 9). Of
them, only four patients died during the first 12 months; their
baseline proteinuria was ⬍8 g/24 h in three patients and 10
g/24 h in the remaining patient. Deaths among patients with
SR (n ⫽ 2) occurred 36 and 240 months after diagnosis because
of a cardiovascular complication (n ⫽ 1) and unknown cause

4). As shown in Figure 4, proteinuria decrease was gradually
progressive and renal function remained stable. No patient
showed relapse of nephrotic syndrome after SR. Long-term
outcome was excellent with 100% of renal and patient’s
survival.
In the remaining 40 patients (78.5%), immunosuppressive
treatment was started 7.9 ⫾ 9.9 months (1 to 42) after diagnosis because of rapid worsening of renal function in 11 patients
or severe edema and clinical intolerance to nephrotic syndrome in 29. The evolution of renal function and proteinuria
in these patients during the first 20 months is shown in Figure
4. Six patients (15%) died 59.2 ⫾ 42.8 months after diagnosis
(12 to 108 months) because of cardiovascular causes (n ⫽ 2),
tumors (n ⫽ 2), and nonidentified causes (n ⫽ 2). Of them,
one patient died 12 months after diagnosis while receiving immunosuppressive treatment. The five remaining deaths occurred 48 to 108 months after diagnosis, 28 to 84 months after
the end of immunosuppressive therapy. Eleven patients
(27.5%) developed end-stage renal failure.

Table 2. Number of SR (partial and complete) and time to achieve partial and complete SR according to baseline
proteinuriaa
Baseline
Proteinuria
(g/24 h)
3.5 to 8 (n ⫽ 186)
8 to 12 (n ⫽ 91)
⬎12 (n ⫽ 51)
a

SR (n ⴝ 104)

Partial SR (n ⴝ 52)

Complete SR (n ⴝ 52)

No SR (n ⴝ 224)

n (%)

ACEI/ARB
Treatment n
(%)

n (%)

Time to PR

n (%)

Time to CR

n (%)

ACEI/ARB
Treatment
(%)

69 (37.1)
24 (26.3)
11 (21.5)

59 (85.5)
17 (70.8)
7 (63.6)

37 (19.9)
11 (12.1)
4 (7.8)

15.6 ⫾ 12
14.9 ⫾ 17.4
20.5 ⫾ 15

32 (17.2)
13 (14.3)
7 (13.7)

41.1 ⫾ 27.6
39.3 ⫾ 20.1
24.8 ⫾ 18

117 (62.9)
67 (73.7)
40 (78.5)

70 (59.8)b
42 (62.7)
24 (60)

Also shown are the number and percentage of patients treated with ACEIs/ARBs by different values of baseline proteinuria.
P ⫽ 0.007 with respect to patients with SR.

b
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Table 3. Results of univariate and multivariate analyses of independent prognostic factors for the appearance of SR
Univariate Analysis

Multivariate Analysis

Factor

Hazard Ratio for SR
(95% CI)

P Value

Hazard Ratio for SR
(95% CI

P Value

Female gender
Baseline serum creatinine (mg/dl)
Baseline proteinuria (g/24 h)
Proteinuria decrease ⬎50% in the first year of follow-up
ACEI/ARB treatment

1.8 (1.10 to 3)
0.35 (0.18 to 0.66)
0.92 (0.86 to 0.98)
7.08 (3.59 to 13.9)
2 (1.1 to 3.5)

0.008
⬍0.001
⬍0.003
⬍0.0001
0.009

1.45 (0.68 to 3.10)
0.40 (0.19 to 0.85)
0.85 (0.77 to 0.94)
12.6 (5.2 to 30.5)
2.36 (1.09 to 5.12)

0.33
0.018
⬍0.002
⬍0.0001
0.029

apy is advised without delay for high-risk
patients and recommended for mediumrisk patients when nephrotic-range proteinuria persists for ⬎6 months.16
SR is considered to be very uncommon among patients presenting with
heavy proteinuria.1,2 On the contrary,
our study shows that an important proportion of patients with massive proteinuria developed SR: 26.3% among
those with baseline proteinuria 8 to 12
g/24 h and 21.5% among those with proteinuria ⬎12 g/24 h. Even more, the time
to achieve SR among these patients was
not longer than that of patients with a
lower proteinuria at presentation, as
shown in Table 2. The total number of
SR (104 of 328, 31.7%) is also remarkable, considering that we only included
Figure 2. Probability of SR in patients treated with ACEIs/ARBs and in patients who in the study patients with nephrotic syndid not receive this treatment.
drome. Some of the previous studies reporting SR in untreated IMN patients inRelapses
cluded an important number of patients presenting with
Six (5.7%) of the 104 patients who developed SR presented a non-nephrotic proteinuria,21 a clinical presentation with an
nephrotic syndrome relapse. These relapses appeared in pa- inherently good prognosis.1,13,22
tients showing a CR (three patients) and PR (three patients).
Our study also provides interesting and previously not well
Mean interval between the appearance of SR and the relapse of characterized features of SR. Confirming previous studies16 –20
nephrotic syndrome was 132 ⫾ 78 months. Of the six patients, most SR appeared during the first 2 years after diagnosis. Howfour entered again into remission after the reintroduction of ever, our data show that proteinuria in SR did not decrease
ACEI/ARB agents (that the patients had withdrawn previ- abruptly from nephrotic to non-nephrotic ranges, but it expeously) and one patient after immunosuppressive treatment. rienced a gradually progressive decrease, as shown in Figure 1.
The remaining patient persisted with nephrotic syndrome de- In fact, a proteinuria decrease ⬎50% of baseline values during
spite immunosuppressive therapy.
the first year of follow-up was one of the factors significantly
predicting the appearance of SR. These data altogether would
suggest that a conservative approach should be maintained in
DISCUSSION
patients showing a progressive decline in proteinuria during
the first year of follow-up, provided that renal function conThe most worldwide accepted model to decide therapeutic in- tinues to be normal and that such rule could also be applicable
terventions in patients with IMN is based on the algorithm to patients with massive proteinuria. However, because most
proposed by the Toronto Glomerulonephritis Registry.2,16 patients with high-grade proteinuria (⬎8 g/24 h) did not
This model stratifies patients in low risk (normal renal func- achieve SR, it is very important to emphasize the need for a
tion and proteinuria ⬍4 g/d), medium risk (normal renal close and careful monitoring of these patients during the
function, proteinuria ⬎4 to ⬍8 g/d) and high risk (proteinuria first 12 to 18 months of the disease. A conservative approach
⬎8 g/d with or without renal insufficiency) categories for pro- should be recommended only for those patients showing a
gression.23 Following this scheme, immunosuppressive ther- clear and progressive proteinuria decrease during the first
700
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Table 4A.

Final outcome
Patients with SR
(n ⴝ 104)

Parameter
Immunosuppressive treatment, n (%)
Chronic dialysis, n (%)
Deaths, n (%)
Follow-up (months)

Table 4B.

Patients without SR
(n ⴝ 224)

0 (0)
0 (0)
2 (1.9%)
91 ⫾ 61

P Value
⬍0.0001
⬍0.0001
0.008
0.003

176 (78.5)
42 (18.7)
24 (10.7)
69 ⫾ 51

Final outcome compared with baseline values in patients with and without SR
Patients with SR (n ⴝ 104)

Parameter
Proteinuria, g/24 h
Serum creatinine, mg/dl
eGFR, ml/min/1.73m2
a

CLINICAL RESEARCH

Patients without SR (n ⴝ 224)

Baseline

P Valuea

Final

Baseline

P Valuea

Final

6.6 (3.5 to 21)
1 ⫾ 0.4
84 ⫾ 30

⬍0.0001
0.03
⬍0.001

0.4 (0 to 3.3)
1.1 ⫾ 0.4
79 ⫾ 28

8 (3.5 to 32.6)
1.3 ⫾ 0.8
73 ⫾ 32

⬍0.0001
⬍0.0001
⬍0.0001

2 (0 to 20)
2.4 ⫾ 2.2
53 ⫾ 35

P Valueb
0.06
⬍0.0001
⬍0.001

Within-group comparisons.
Between-group comparisons.

b

Table 4C.

Final outcome in patients with complete and partial SR
Patients with Complete SR (n ⴝ 52)

Parameter
Serum creatinine, mg/dl
eGFR, ml/min/1.73 m2
Proteinuria, g/24 hc
⬎50% increase of baseline
serum creatinine, n (%)
Follow-up (months)

Patients with Partial SR (n ⴝ 52)

P Valueb

Baseline

P Valuea

Final

Baseline

P Valuea

Final

1 ⫾ 0.3
77 ⫾ 21

0.74
0.12

1 ⫾ 0.2
72 ⫾ 25
0.2 (0 to 2.7)
6 (11.5)

0.9 ⫾ 0.4
91 ⫾ 32

0.01
0.007

1.1 ⫾ 0.2
79 ⫾ 30
1.6 (0.3 to 0.2)
5 (9.6)

0.09
0.22
0.03
0.07

79 ⫾ 64

0.03

104 ⫾ 57

a

Within-group comparisons.
b
Between-group comparisons.
c
Mean proteinuria value after the appearance of SR.

Figure 3. (A) Incidence of deaths and (B) renal survival in patients with or without SR.

year, together with a stable renal function. On the other
hand, immunosuppression should be considered for patients with massive proteinuria (⬎12 g/24 h) at baseline
who do not show a significant proteinuria reduction within
the first 6 months (Figure 4).
Another interesting finding of our study not previously
J Am Soc Nephrol 21: 697–704, 2010

reported is that ACEI/ARB treatment was associated with a
significantly increased probability of SR appearance. The
antiproteinuric effect of ACEIs/ARBs in diabetic and nondiabetic nephropathies is well known,24 but its efficacy in
IMN appears to be poorer than in other types of primary
glomerular disorders.25,26 However, it could be possible that
Spontaneous Remission
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Figure 4. Evolution of serum creatinine (lines) and proteinuria (box plots) in patients with baseline proteinuria ⬎12 g/24 h for patients
(A) with and (B) without SR. For proteinuria, the line within the box denotes the median and the box spans the interquartile range (25th
to 75th percentiles).

the rather modest and slow proteinuria reduction induced
by ACEI/ARB treatment in patients with IMN would facilitate the appearance of SR through mechanisms currently
unknown. Nevertheless, as shown in Table 2, the association
between ACEI/ARB treatment and SR was restricted to patients with baseline proteinuria ⬍8 g/24 h.
The long-term follow-up of our IMN cohort allowed us to
demonstrate the excellent long-term outcome of patients who
developed SR. In comparison with patients without SR, they
showed a significantly lower mortality and a better renal survival.
No patient with SR developed ESRD needing maintenance dialysis and only 11 patients (10.5%) increased their serum creatinine
⬎50% of baseline values throughout follow-up. Interestingly, this
excellent outcome was shared by patients with CR and PR, despite
the persistently higher values of proteinuria in the latter. Previous
studies27,28 have stressed the importance of a PR, spontaneous or
induced by immunosuppression, as a valid therapeutic goal associated with a good prognosis.
The number of relapses after SR (5.7%) was relatively low
and their prognosis favorable. Most of patients entered into SR
again after the reintroduction of ACEI/ARB treatment that had
been previously withdrawn.
The remarkable percentage of SR and the excellent long-term
outcome shown in our study by no means should be interpreted
as a global favorable prognosis for patients with IMN. In most of
the remaining 224 cohort patients (68.2%) who did not develop
SR immunosuppressive therapy had to be started because of nephrotic syndrome persistence, complications of the nephrotic
syndrome, or rapid worsening of renal function. Despite this aggressive therapy, 18.7% of the patients who did not show SR
started chronic dialysis and another 10.7% died.
Our study has important limitations inherent to its retrospective design. The number of patients in the different periods
of the study was not homogeneous because of the different ages
of the hospitals participating in the study. We cannot exclude
702
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unmeasured confounding factors that would influence the appearance of SR such as statin treatment. In addition, given the
observational retrospective design of the study, the association
between ACEIs/ARBs and SR should be interpreted cautiously.
On the other hand, the number of included patients and their
careful long-term follow-up allow analysis of several important clinical questions that hardly could be studied in a prospective design.
In conclusion, a significant number of IMN patients with
nephrotic syndrome (31.7%) develop SR and their long-term
outcome is excellent, with a low incidence of relapses, a renal
survival of 100%, and a lower mortality than patients without
SR. Almost one-quarter of patients with proteinuria ⬎8 g/d at
baseline developed SR in our study. On the basis of our findings, we recommend a close monitoring and a conservative
therapy (that should include an ACEI or an ARB) for all patients with IMN during the first 12 or 18 months of follow-up
independent of their baseline proteinuria and provided that
renal function continues to be normal and proteinuria shows a
progressive decline. This latter point needs being emphasized
because a proteinuria decrease ⬎50% of baseline during the
first year significantly predicts the appearance of SR. On the
contrary, immunosuppressive therapy should be considered
without delay for patients with deteriorating renal function29,30
and for those without a significant proteinuria decrease during
this period, particularly if the baseline proteinuria was ⬎8 g/24
h. This policy would allow better identification of patients who
develop SR and avoid the use of potentially dangerous immunosuppressive agents in an important number of patients.

CONCISE METHODS
The study was an initiative of the Scientific Committee of the Spanish
Group for the Study of Glomerular Diseases. All participating centers
J Am Soc Nephrol 21: 697–704, 2010
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followed an initially conservative therapeutic approach for patients
with IMN, defined by avoidance of corticosteroids or any other immunosuppressive agent as initial treatment for all patients with IMN,
supportive treatment of nephrotic syndrome, and regular follow-up
after diagnosis. Immunosuppressive treatment was started during the
follow-up at the treating physician’s discretion because of complications or an unsatisfactory evolution, and the reasons to take this decision were registered. Fourteen centers in Spain that followed this
conservative therapeutic approach agreed to participate in the study.

Patients
Participating centers were required to include all patients with nephrotic syndrome and a biopsy-proven diagnosis of membranous nephropathy. Exclusion criteria included the diagnosis of diabetes mellitus, systemic lupus erythematosus, malignancy or any other systemic
disease known to be associated with secondary membranous nephropathy, and immunosuppressive therapy before hospital admission. Three hundred and twenty-eight patients meeting these criteria
and admitted to the participating centers during the period 1975 to
2007 were included in the study. For each patient, the date of renal
biopsy was established as the baseline point. All patients were followed
at regular intervals. Thirty-eight patients (11.5%) were lost to follow-up and censored at last visit.

Data Collection
Baseline data at the time of renal biopsy were compiled from medical
records at each participating center using a uniform protocol. The
average of the first three 24-hour urinary protein excretion measurements after the performance of renal biopsy was used as baseline
proteinuria. eGFR was calculated by the Modifications in Diet and
Renal Disease four-variable equation.
Events occurring during follow-up that were recorded and analyzed included the appearance of SR (partial or complete), relapse of
nephrotic syndrome after SR, death, onset of chronic dialysis, transplantation, onset of ACEI/ARB treatment, and timing and type of
immunosuppressive therapy. Reasons for immunosuppressive therapy were grouped in three different categories: deterioration of renal
function, persistent edema or complications of the nephrotic syndrome, and protracted duration of nephrotic syndrome at treating
physician’s discretion. Patients were censored at the start of renal
replacement therapy, inmunosupression, or lost to follow-up.

Outcome
The primary outcome was the appearance of SR, partial or complete.
Secondary outcomes included appearance of relapses after a SR, endstage renal failure, and all-cause mortality.

End-Point Definitions

Nephrotic syndrome was defined by a proteinuria value ⬎3.5 g/d
along with hypoalbuminemia (serum albumin ⬍3 g/dl). PR was defined by a proteinuria value ⬍3.5 g/24 h along with normal serum
albumin in the absence of immunosuppressive therapy or concomitant renal function worsening. CR was defined by a proteinuria value
⬍0.3 g/24 h in at least three consecutive visits and in the absence of
immunosuppressive therapy or renal function worsening.
J Am Soc Nephrol 21: 697–704, 2010
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A relapse was defined by the reappearance of proteinuria ⬎3.5
g/24 h in at least three consecutive visits in those who previously
presented a partial or complete SR.
Renal function was evaluated by means of serum creatinine
values and eGFR, calculated by Modifications in Diet and Renal
Disease four-variable equation. Renal survival was defined by the
absence of chronic dialysis or renal transplantation. The interval
between baseline (renal biopsy performance) and immunosuppressive treatment was registered. ACEI/ARB treatment was defined by the treatment with any agent belonging to these drug
classes that was started after the onset of the disease and before the
appearance of SR or before the onset of immunosuppressive therapy. Interval between baseline and the onset of ACEI/ARB treatment was registered in every case.

Statistical Analysis

Normally distributed variables are displayed as mean ⫾ SD or 95% confidence interval and compared using t test, one-way ANOVA or Pearson
correlation coefficients. Proteinuria is expressed as median (range). Categorical variables are expressed as percentage and compared with 2 test.
The cumulative probability of SR was calculated by means of Kaplan–
Meier analysis and curves were compared with use of the log-rank test.
Influence of ACEI/ARB treatment on the probability of SR appearance
and comparisons of renal survival and death between patients with or
without SR were calculated by Kaplan–Meier analysis. Survival time for
each patient was computed from baseline evaluation to last follow-up.
The Cox proportional hazard model was performed to explore the influence of several variables on the occurrence of SR. Only variables significant in univariate analysis were included by forward stepwise entry into
the multivariate model. Loss of renal function (eGFR), expressed in ml/
min/yr, was calculated in every patient.
Changes in proteinuria, serum creatinine, and renal function
(measured by eGFR) between baseline and last follow-up were compared in patients with and without SR and in patients with partial or
complete SR by means of t test (within-group analysis) or Kruskal–
Wallis and Mann–Whitney tests for between-group comparisons.
Comparisons were made between mean renal function loss for
patients with or without SR and complete or partial SR. To evaluate
renal function changes in patients with SR more subtle than advanced
renal failure, the number of patients with a ⬎50% increase in baseline
serum creatinine was calculated and comparisons were made between
patients with a complete or partial SR.
A P value ⬍0.05 was considered significant. Statistical analysis was
performed with SPSS software (version 15.0 for Windows).
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