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Abstract
Background Despite recent advances in immunosuppressive therapy for patients with primary nephrotic syndrome, its 
effectiveness and safety have not been fully studied in recent nationwide real-world clinical data in Japan.
Methods A 5-year cohort study, the Japan Nephrotic Syndrome Cohort Study, enrolled 374 patients with primary nephrotic 
syndrome in 55 hospitals in Japan, including 155, 148, 38, and 33 patients with minimal change disease (MCD), membranous 
nephropathy (MN), focal segmental glomerulosclerosis (FSGS), and other glomerulonephritides, respectively. The incidence 
rates of remission and relapse of proteinuria, 50% and 100% increases in serum creatinine, end-stage kidney disease (ESKD), 
all-cause mortality, and other major adverse outcomes were compared among glomerulonephritides using the Log-rank test. 
Incidence of hospitalization for infection, the most common cause of mortality, was compared using a multivariable-adjusted 
Cox proportional hazard model.
Results Immunosuppressive therapy was administered in 339 (90.6%) patients. The cumulative probabilities of complete 
remission within 3 years of the baseline visit was ≥ 0.75 in patients with MCD, MN, and FSGS (0.95, 0.77, and 0.79, respec-
tively). Diabetes was the most common adverse events associated with immunosuppressive therapy (incidence rate, 71.0 
per 1000 person-years). All-cause mortality (15.6 per 1000 person-years), mainly infection-related mortality (47.8%), was 
more common than ESKD (8.9 per 1000 person-years), especially in patients with MCD and MN. MCD was significantly 
associated with hospitalization for infection than MN.
Conclusions Patients with MCD and MN had a higher mortality, especially infection-related mortality, than ESKD. Neph-
rologists should pay more attention to infections in patients with primary nephrotic syndrome.

Keywords Primary nephrotic syndrome · Cohort study · Mortality · End-stage kidney disease · Diabetes · Infection

Introduction

Nephrotic syndrome is characterized by massive proteinuria, 
edema, and hypoalbuminuria [1]. Epidemiological studies 
have shown that patients with nephrotic syndrome are vul-
nerable to a wide variety of adverse events: end-stage kid-
ney disease (ESKD) [2–4], thromboembolism [5], infection 
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[6], malignancy [7], cardiovascular disease (CVD) [8], and 
all-cause mortality [9]. Primary nephrotic syndrome is the 
major cause of nephrotic syndrome diagnosed using kidney 
biopsy, including mainly minimal change disease (MCD), 
membranous nephropathy (MN), and focal segmental glo-
merulosclerosis (FSGS) [10]. A systematic review reported 
that incidences rates of MCD, MN, and FSGS were 0.2–0.8, 
0.3–1.4, and 0.2–1.1 per 100,000 person-years, respectively 
[11].

Immunosuppressive therapy is the main treatment 
modality for patients with primary nephrotic syndrome as 
suggested by the clinical guidelines of primary nephrotic 
syndromes [12, 13]. Systematic reviews of randomized 
controlled trials on immunosuppressive therapy in patients 
with MN, the most extensively studied glomerulonephritis 
in primary nephrotic syndrome, clarified that some immu-
nosuppressive drugs reduced all-cause mortality and risk 
of ESKD, although the number of trials with a high-quality 
design was relatively small and most trials did not have ade-
quate follow-up and enough power to assess the prespecified 
definite outcomes [14, 15]. These systematic reviews also 
suggested that the drugs were associated with substantial 
toxicity leading to withdrawals or hospitalization. Their 
results potentially underestimated the toxicity of immuno-
suppressive therapy in the real world because patients with 
a higher risk of toxicity, such as elderly patients, are often 
excluded in randomized trials [16]. To establish the treat-
ment strategy that has a high effectiveness and low risk of 
adverse effects, an observational study using real-world data, 
including patients with a high risk of toxicity from therapeu-
tic interventions, is essential.

The aim of the present cohort study, the Japan Nephrotic 
Syndrome Cohort Study (JNSCS) [17], was to clarify the 
incidence of major clinical outcomes in 374 patients with 
primary nephrotic syndrome during the 5-year follow-up 
period. The outcomes of interest were remission and relapse 
of proteinuria, deterioration in kidney function (50% and 
100% increases in serum creatinine level and ESKD), CVD, 
all-cause mortality, and other adverse events associated with 
immunosuppressive therapy, including infection, diabetes, 
arteriovenous thrombosis, aseptic osteonecrosis, and peptic 
ulcers. The results of the present study provide pivotal infor-
mation to determine the clinical goals of the treatments for 
primary nephrotic syndrome.

Materials and methods

Participants

The JNSCS is a 5-year multicenter cohort study of pri-
mary nephrotic syndrome to clarify the incidence rates 
of major clinical outcomes and assess the effectiveness 

of immunosuppressive therapy in Japan. Details of the 
study design was described elsewhere [17]. Briefly, 455 
nephrotic patients were registered in the JNSCS, who were 
diagnosed with primary nephrotic syndrome using kidney 
biopsy during the entry period between January 2009 and 
December 2010 in 56 hospitals (Fig. 1). The diagnosis of 
primary nephrotic syndrome was based on the clinical and 
histopathological characteristics [18]. Nephrotic patients 
with minor glomerular abnormalities by light microscopy 
was diagnosed as MCD. The diagnosis of MN was made 
by the detection of granular deposits of mainly IgG along 
the glomerular capillary walls by immunofluorescence 
microscopy with or without thickening of the glomerular 
capillary wall by light microscopy. FSGS included five vari-
ants: collapsing, tip, cellular, perihilar, and not-otherwise 
specified (NOS) variants [19]. After excluding 81 patients 
with no kidney biopsy (N = 20), kidney biopsy before or 
after the entry period (N = 32), no history of nephrotic syn-
drome (N = 1), diagnosis of secondary nephrotic syndrome 
(N = 13), sclerosing glomerulonephritis with unknown eti-
ology (N = 1), incomplete informed consent (N = 7), dupli-
cate registrations (N = 3) and unknown reason (N = 4), 374 
patients with primary nephrotic syndrome in 55 hospitals 
were finally enrolled in JNSCS, including those with MCD 
(N = 155), MN (N = 148), FSGS (N = 38), IgA nephropa-
thy (N = 15), membranoproliferative glomerulonephritis 
(N = 9), mesangial proliferative glomerulonephritis (N = 5), 
endocapillary proliferative glomerulonephritis (N = 2), and 
crescentic glomerulonephritis (N = 2). Because of the small 
number of patients with glomerulonephritides except those 
with MCD, MN, and FSGS, the patients were classified into 
four groups of glomerulonephritides: MCD, MN, FSGS, and 
other glomerulonephritides.

The study protocol of JNSCS was approved by the ethics 
committee of Osaka University Hospital (approval number 
17035-4) and the institutional review board of each partici-
pating hospital. All procedures performed in the present 
study were in accordance with the World Medical Associa-
tion Declaration of Helsinki.

Measurements

The clinical characteristics at the kidney biopsy and, if 
immunosuppressive therapy was administered, those at initi-
ating immunosuppressive therapy were collected in JNSCS, 
including age, sex, body mass index, systolic and diastolic 
blood pressure, 24-h urinary protein, urinary protein-to-cre-
atinine ratio, serum concentration of creatinine, albumin, 
and total cholesterol, hemoglobin A1c, and use of renin-
angiotensin system (RAS) blockers, statins, and antidiabetic 
drugs. To calculate the estimated glomerular filtration rate 
(eGFR) in adult patients aged 18 years or older, the Japanese 
equation was used: eGFR = 194 × age (year)−0.287 × serum 



528 Clinical and Experimental Nephrology (2020) 24:526–540

1 3

creatinine (mg/dL)−1.094 × 0.739 (if female) [20]. As a 
measure of the baseline urinary protein, 24-h urinary pro-
tein was preferred. Urinary protein-to-creatinine ratio was 
alternatively used only in patients with missing values of 
the baseline 24-h urinary protein. In the present study, the 
baseline visit was set at the kidney biopsy or the first date of 
immunosuppressive therapy, whichever came first.

The outcome measures of interest in the present study 
consisted of the time to remission and relapse of proteinuria; 
50% and 100% irreversible increases in serum creatinine 
level; ESKD requiring kidney replacement therapy; use of 

antidiabetic drugs; hospitalization for infection, CVD, and 
arteriovenous thrombosis; diagnosis of malignancy, asep-
tic osteonecrosis, and peptic ulcer; and all-cause mortality. 
Remission of proteinuria was categorized into complete 
remission, incomplete remission type 1, and incomplete 
remission type 2; complete remission was defined as 24-h 
urinary protein of < 0.3 g/day or urinary protein-to-creati-
nine ratio of < 0.3 g/gCr; incomplete remission type 1 was 
defined as 24-h urinary protein of < 1.0 g/day or urinary pro-
tein-to-creatinine ratio of < 1.0 g/gCr; incomplete remission 
type 2 was defined as 24-h urinary protein of < 3.5 g/day or 

Fig. 1  Flow diagram of patients 
in the Japan Nephrotic Syn-
drome Cohort Study (JNSCS). 
*Including two patients who 
were diagnosed with MCD 
at the first kidney biopsy but 
re-diagnosed with FSGS (NOS 
variant) at the second biopsy 
33 and 1344 days after the first 
biopsy

455 Patients with primary nephrotic syndrome in 56 
hospitals who were registered in Japan Nephrotic 
Syndrome Cohort Study (JNSCS)

 yspoib yendik ta tisiv enilesaB 203 
35 No immunosuppressive therapy 

267 Kidney biopsy before immunosuppressive 
therapy

129 Censored 
10 Diagnosis of full recovery 
99 Hospital transfer 
20 Unknown reason

81 Excluded 
20 No kidney biopsy 
32 Kidney biopsy before or after the 

1 No history of nephrotic syndrome 
13 Secondary nephrotic syndrome 
1 Sclerosing glomerulonephritis with 

unknown etiology 
7 Incomplete informed consent 
3 Duplicate registration 
4 Unknown reason

374 Patients in 55 hospitals enrolled in JNSCS 
155 Minimal change disease (MCD) * 
148 Membranous nephropahty (MN) 
38 Focal segmental glomerulosclerosis (FSGS) 

18 Not otherwise specified (NOS) variant
16 Tip variant 
2 Perihilar variant 
1 Cellular variant 
1 Collapsing variant 

15 IgA nephropahty 
9 Membranoproliferative glomerulonephritis 
5 Mesangial proliferative gleomrulonephritis 
2 Endocapillary proliferative glomerulonephritis 
2 Crescentic glomerulonephritis

23 Death 
11 Infection 
7 Malignancy 
2 Cardiovascular disease (including sudden death) 
3 Others 

 222 Completing 5-year follow-up

 72 Baseline visit at initiating immunosuppressive 
therapy, because of kidney biopsy during 
immunosuppressive therapy

entry period, 2009-2010 
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urinary protein-to-creatinine ratio of < 3.5 g/gCr [2, 13]. 
Relapse of proteinuria was defined as 24-h urinary protein 
of ≥ 1.0 g/day, urinary protein-to-creatinine ratio of ≥ 1.0 g/
gCr, and/or 2 + or more of positive dipstick tests for urinary 
protein continued two times or more in patients with com-
plete remission [13]. CVD included heart disease, stroke, 
peripheral arterial disease, and sudden death. In patients fol-
lowed up for more than 5 years, the end of the follow-up was 
set at 5 years after the baseline visit of each patient. Patients 
who died were regarded as censored, except in the analyses 
of all-cause mortality (Supplementary Fig. 1A and B).

Statistical analyses

Baseline clinical characteristics among the four groups of 
glomerulonephritides were compared using the chi-square 
test, Fisher’s exact test, ANOVA, or Kruskal–Wallis test, as 
appropriate.

To compare the incidence rates of each outcome among 
the four groups of glomerulonephritides, their cumula-
tive probabilities were estimated using the Kaplan–Meier 
method and compared using the Log-rank test. The cumula-
tive probabilities of complete remission, incomplete remis-
sion type 1, and incomplete remission type 2 were calculated 
in 292, 367, and 370 patients with baseline urinary protein of 
≥ 0.3, ≥ 1.0, and ≥ 3.5 g/day (or g/gCr), respectively (Sup-
plementary Fig. 1A). To calculate those of relapse of pro-
teinuria after complete remission, 290 patients who achieved 
complete remission and were followed up thereafter were 
included. After excluding 16 patients with the baseline use 
of diabetic drugs, 358 patients with no baseline use of anti-
diabetic drugs were included for calculation of the cumu-
lative probability of use of diabetic drugs (Supplementary 
Fig. 1B). The incidence rate of each outcome was calculated 
based on the Poisson distribution and expressed as the num-
ber of events per 1000 person-years.

Because infection was the leading cause of mortality, 
the incidence of hospitalization for infection was compared 
among the four groups of glomerulonephritides using unad-
justed and multivariable-adjusted Cox proportional hazards 
models. The proportional hazards assumption for covariates 
was checked using Schoenfeld residuals. Because the pro-
portional hazards assumption of sex was violated, all mul-
tivariable-adjusted Cox proportional hazards models were 
stratified according to sex to control its potential confound-
ing effect. Multivariable-adjusted model 1 included age as 
covariates. Models 2 and 3 included serum creatinine and 
urinary protein as covariates in an additive manner.

Normally distributed continuous variables are expressed 
as mean ± standard deviation, and non-normally distrib-
uted continuous variables as median (interquartile range). 
Categorical variables are expressed as numbers (propor-
tions). P < 0.05 was considered statistically significant. All 

statistical analyses were performed using R version 3.6.0 
(The R Foundation for Statistical Computing, https ://www.r-
proje ct.org/).

Results

The clinical characteristics of 155 (41.4%), 148 (39.6%), 38 
(10.2%), and 33 (8.8%) patients with MCD, MN, FSGS, and 
others, respectively, are listed in Table 1. The baseline visit 
was set at the beginning of immunosuppressive therapy in 45 
(29.0%), 14 (9.5%), 9 (23.7%), and 4 (12.1%) patients with 
MCD, MN, FSGS, and others, respectively, because they 
underwent kidney biopsy after initiating immunosuppressive 
therapy, whereas it was set at the date of kidney biopsy in the 
remaining patients. At their baseline visits, significant differ-
ences among the four groups were observed in terms of the 
age, body mass index, systolic and diastolic blood pressure, 
urinary protein, serum creatinine, eGFR, serum albumin, 
serum total cholesterol, and use of RAS blockers, statin, 
and antidiabetic drugs (P < 0.05). Patients with MCD were 
likely to have received immunosuppressive therapy before 
kidney biopsy and have a younger age, higher levels of body 
mass index, eGFR, and serum total cholesterol, lower levels 
of blood pressure, serum creatinine and serum albumin, and 
lower proportion of use of RAS blockers, compared with 
that in patients with MN, FSGS, and others.

The majority of patients received immunosuppressive 
therapy within a median (interquartile range) of 3 (− 4, 7), 
10 (4, 24), 6 (0, 14), and 10 (4, 14) days of kidney biopsy 
in 153 (98.7%), 127 (85.8%), 35 (92.1%), and 24 (72.7%) 
patients with MCD, MN, FSGS, and others, respectively 
(Table 1). Almost all patients received prednisolone within 
24 months of immunosuppressive therapy (98.7%, 95.2%, 
100.0%, and 100.0% in MCD, MN, FSGS, and others). 
One-third of the patients with MCD additionally received 
intravenous methylprednisolone (31.6%) and cyclosporine 
(35.5%) within 24 months of immunosuppressive therapy. 
In patients with MN and FSGS, cyclosporine (56.5% and 
62.9%, respectively) was much more common than intrave-
nous methylprednisolone (21.0% and 31.4%, respectively). 
In contrast, a half of patients with other glomerulonephrit-
ides received intravenous methylprednisolone (50.0%), fol-
lowed by cyclosporine (27.3%). Other immunosuppressive 
drugs were rarely used, except mizoribine in patients with 
MN (18.5%).

The cumulative probabilities of remission and relapse 
of proteinuria during the median follow-up period of 
5.0 years (interquartile range 3.2–5.0) are described in 
Fig. 2a–d. Within one year of the baseline visit, urinary 
protein decreased below the nephrotic range of proteinuria 
indicating incomplete remission type 2, in approximately 
80% or more of the nephrotic patients at the baseline visit 

https://www.r-project.org/
https://www.r-project.org/
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Table 1  Clinical characteristics of 374 patients with primary nephrotic syndrome

Mean ± standard deviation; median (25%, 75)
Cr creatinine, eGFR estimated glomerular filtration rate, FSGS focal segmental glomerulosclerosis, MCD minimal change disease, MN membra-
nous nephropathy, RAS renin-angiotensin system
* P < 0.05 for chi-square test, Fisher’s exact test, ANOVA, or Kruskal–Wallis test, as appropriate
a Baseline visit was set on the date of kidney biopsy or the date of initiating immunosuppressive therapy, whichever came first
b Number of missing value: body mass index, N = 5 in MCD; systolic and diastolic blood pressure, N = 4 in MCD; Urinary protein, N = 1 and 1 
in MCD and FSGS; eGFR, N = 16, 1, and 1 in MCD, MN, and others because of < 18 year of age; serum total cholesterol, N = 10, 7, and 3 in 
MCD, MN, and others; hemoglobin A1c, N = 45, 31, 8, and 14 in MCD, MN, FSGS, and others; initial drugs within 1 month of immunosuppres-
sive therapy, N = 1, 3, and 2 in MCD, MN, and others
c Urinary protein/creatinine ratio (g/gCr) was used in 36 (23.4%), 21 (14.3%), 8 (21.1%), and 6 (18.2%) patients with MCD, MN, FSGS, and oth-
ers, respectively, who had missing value of urinary protein (g/day)

MCD MN FSGS Others

N 155 148 38 33
Baseline visit, N (%)*a

 Kidney biopsy 110 (71.0) 134 (90.5) 29 (76.3) 29 (87.9)
 Immunosuppressive therapy 45 (29.0) 14 (9.5) 9 (23.7) 4 (12.1)

Clinical characteristics at baseline visit
 Age (year)* 41 (26, 61) 66 (59, 74) 62 (29, 73) 58 (46, 71)
 < 18 years, N (%) 16 (10.3) 1 (0.7) 0 (0.0) 1 (3.0)
 Male, N (%) 90 (58.1) 83 (56.1) 25 (65.8) 19 (57.6)
 Body mass index (kg/m2)*b 24.1 ± 4.3 23.8 ± 3.5 23.5 ± 3.8 23.1 ± 3.5
 Systolic blood pressure (mmHg)*b 121 ± 17 131 ± 20 135 ± 18 136 ± 14
 Diastolic blood pressure (mmHg)*b 73 ± 12 77 ± 13 79 ± 13 77 ± 11
 Urinary protein (g/day) (or g/gCr)*bc 6.8 (4.8, 10.4) 4.4 (2.9, 6.3) 7.5 (4.5, 10.7) 5.1 (3.4, 6.9)

  ≥ 3.5 g/day (or g/gCr), N (%) 133 (86.4) 101 (68.7) 35 (92.1) 24 (72.7)
  1.0–3.4 19 (12.3) 43 (29.3) 3 (7.9) 9 (27.3)
  0.3–0.9 0 (0.0) 3 (2.0) 0 (0.0) 0 (0.0)
  < 0.3 2 (1.3) 0 (0.0) 0 (0.0) 0 (0.0)

 Serum creatinine (mg/dL)* 0.87 (0.70, 12.0) 0.87 (0.87, 1.56) 1.11 (0.87, 1.56) 1.04 (0.82, 1.50)
 eGFR, mL/min/1.73  m2*b 68 ± 27 61 ± 21 52 ± 22 52 ± 25

  ≥ 90 mL/min/1.73 m2, N (%) 23 (16.5) 12 (8.2) 1 (2.6) 3 (9.4)
  60–89 61 (43.9) 69 (46.9) 13 (34.2) 9 (28.1)
  45–59 28 (20.1) 38 (25.9) 11 (28.9) 7 (21.9)
  30–44 16 (11.5) 15 (10.2) 4 (10.5) 5 (15.6)
  15–29 7 (5.0) 10 (6.8) 7 (18.4) 7 (21.9)
  < 15 4 (2.9) 3 (2.0) 2 (5.3) 1 (3.1)

 Serum albumin (g/dL)* 1.7 ± 0.6 2.2 ± 0.6 1.9 ± 0.7 2.4 ± 0.5
 Serum total cholesterol (mg/dL)*b 409 ± 120 320 ± 95 366 ± 124 290 ± 89
 Hemoglobin A1c (%)b 5.3 ± 0.7 5.5 ± 0.9 5.4 ± 0.9 5.2 ± 0.5
 Use of RAS blockers, N (%)* 21 (13.5) 68 (45.9) 16 (42.1) 15 (45.5)
 Use of statins, N (%)* 41 (27.1) 71 (48.0) 21 (55.3) 5 (15.2)
 Use of antidiabetic drugs, N (%)* 7 (4.5) 4 (2.7) 2 (5.3) 3 (9.1)

Immunosuppressive therapy, N (%)* 153 (98.7) 127 (85.8) 35 (92.1) 24 (72.7)
 Time from kidney biopsy to immunosuppressive 

therapy (day)
3 (-4, 7) 10 (4, 24) 6 (0, 14) 10 (4, 14)

  < 0 day, N (%) 45 (29.0) 14 (9.5) 9 (23.7) 4 (12.1)
Immunosuppressive drugs within 24 months of immunosuppressive therapy, N (%)b

 Prednisolone 150 (98.7) 118 (95.2) 35 (100.0) 22 (100.0)
 Intravenous methylprednisolone 48 (31.6) 26 (21.0) 11 (31.4) 11 (50.0)
 Cyclosporine 54 (35.5) 70 (56.5) 22 (62.9) 6 (27.3)
 Tacrolimus 2 (1.3) 5 (4.0) 0 (0.0) 0 (0.0)
 Cyclophosphamide 1 (0.7) 9 (4.8) 0 (0.0) 3 (13.6)
 Mizoribine 8 (5.3) 23 (18.5) 0 (0.0) 1 (4.5)
 Mycophenolate mofetil 1 (0.7) 2 (1.6) 0 (0.0) 0 (0.0)
 Rituximab 4 (2.6) 1 (0.8) 1 (2.9) 0 (0.0)
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A Incomplete remission type 2 of proteinuria
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B Incomplete remission type 1 of proteinuria
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D Relapse of proteinuria after complete remission
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Fig. 2  Cumulative probabilities of major clinical outcomes: incom-
plete remission type 1 (a) and 2 (b), complete remission (c), relapse 
of proteinuria after complete remission (d), 50% and 100% increase 

in serum creatinine and/or end-stage kidney disease (ESKD) (e, f), 
ESKD (g), all-cause mortality (h), and use of diabetic drugs (i)
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(cumulative probability of incomplete remission type 2 
of proteinuria: 0.99 [95% confidence interval 0.95, 1.00], 
0.87 [0.78, 0.92], 0.89 [0.69, 0.94], and 0.79 [0.55, 0.90] in 
patients with MCD, MN, FSGS, and others, respectively) 
(Table 2). Complete remission of proteinuria (24-h urinary 
protein of < 0.3 g/day or urinary protein-to-creatinine ratio 
of < 0.3 g/gCr) was observed in approximately half of the 
patients with MN and FSGS within one year of the baseline 
visit. Their cumulative probabilities of complete remission 
increased by 75% within 3 years of the baseline visit (0.77 
[0.68, 0.83] and 0.79 [0.60, 0.89] in patients with MN and 
FSGS, respectively), whereas only 60% in patients with 
other glomerulonephritides (0.60 [0.39, 0.74]) (Table 2). 
Patients with MCD, who had the highest cumulative proba-
bility of complete remission, also had the highest cumulative 

probability of relapse of proteinuria (Table 3). Approxi-
mately half of the patients with MCD experienced relapse 
of proteinuria within 3 years of the baseline visit (0.48 [0.39, 
0.56]). Relapse of proteinuria was also common in patients 
with FSGS (0.44 [0.20, 0.60]). Most patients with MCD and 
FSGS developed their first relapse during immunosuppres-
sive therapy (79.1% and 90.9%, respectively).

Patients with other glomerulonephritides had a higher 
risk of decrease in GFR, followed by that in patients with 
MN, FSGS, and MCD (Figs. 2e–g, 3). The incidence rate 
per 1000 person-years of 50% increase in serum creatinine 
or ESKD was 6.5 (95% confidence interval, 1.8, 16.7), 41.3 
(25.6, 63.1), 34.6 (11.2, 80.8), and 121.5 (62.8, 212.2) in 
patients with MCD, MN, FSGS, and others, respectively 
(Fig. 3). Because of a short follow-up period of 5 years, the 
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incidence of ESKD was low in patients with MCD, MN, and 
FSGS (per 1000 person-years; 3.2 [0.4, 11.7], 5.3 [1.1, 15.4], 
6.4 [0.2, 35.9], 59.1 [23.8, 121.8] in MCD, MN, FSGS, and 
others, respectively).

Compared with ESKD, all-cause mortality was more 
common in patients with MCD and MN (per 1000 person-
years; 13.0 [5.6, 25.6] and 21.0 [10.9, 36.8] in MCD and 
MN, respectively) (Figs. 2g–h, 3). The leading cause of 
death was infection (N = 11 [47.8%]), followed by malig-
nancy (N = 7 [30.4%]), CVD (N = 2 [8.7%]) and others 
(N = 3 [13.0%]) (Fig. 3). In patients with MCD and MN, 
infection was the leading cause of death (N = 6 [66.7%] and 
5 [41.7%] in MCD and MN, respectively). Although the 
incidence of hospitalization for infection was comparable 
among the four groups of glomerulonephritides (per 1000 
person-years; 22.1 [11.8, 37.8], 16.2 [7.4, 30.8], 20.4 [4.2, 
59.6], 25.1 [5.2, 73.3] in MCD, MN, FSGS, and others, 
respectively) (Fig. 3), patients with MCD were associated 

with hospitalization for infection at a marginally significant 
level than those with MN, after controlling for age and sex 
(vs. MN; MCD, adjusted hazard ratio 2.41 [95% confidence 
interval 0.98, 5.94], P = 0.06; FSGS, 1.58 [0.43, 5.88], 
P = 0.5; others, 1.78 (0.48, 6.58), P = 0.4) (Table 4). After 
an additional adjustment for serum creatinine, MCD was 
significantly associated with hospitalization for infection 
(Model 2: MCD, 2.44 [1.00, 5.95], P = 0.05; FSGS, 1.48 
[0.40, 5.50], P = 0.6; other glomerulonephritides, 1.26 [0.30, 
5.29], P = 0.6). A further adjustment for urinary protein con-
firmed their associations (Model 3).

The use of antidiabetic drugs was common especially 
among patients with MN and FSGS (Fig. 2I). Their cumu-
lative incidence of use of antidiabetic drugs was approxi-
mately 30% one year after the baseline visit (1-year 
cumulative probability in MCD, MN, FSGS, and other glo-
merulonephritides: 0.14 [0.08, 0.20], 0.28 [0.20, 0.35], 0.28 
[0.12, 0.42], and 0.03 [0.00, 0.10], respectively). During the 

Table 2  Incidence of remission of proteinuria in primary nephrotic syndrome

Median (25%, 75%)
CI confidence interval, Cr creatinine, FSGS focal segmental glomerulosclerosis, MCD minimal change disease, MN membranous nephropathy, 
NA not assessed

MCD MN FSGS Others

Incomplete remission type 2 of proteinuria (urinary protein < 3.5 g/day or g/gCr)
 Baseline urinary protein ≥ 3.5 g/day (or g/Cr), N 132 101 35 24
 Incidence of remission, N (%) 132 (100.0) 90 (89.1) 32 (91.6) 20 (83.3)
 Time to remission (day) 13 (8, 20) 50 (21, 146) 30 (17, 54) 28 (17, 59)

Cumulative probability of remission (95% CI)
 1 month 0.86 (0.79, 0.91) 0.31 (0.21, 0.40) 0.46 (0.26, 0.60) 0.46 (0.22, 0.63)
 2 months 0.94 (0.88, 0.97) 0.48 (0.37, 0.57) 0.69 (0.49, 0.81) 0.67 (0.41, 0.81)
 1 year 0.99 (0.95, 1.00) 0.87 (0.78, 0.92) 0.89 (0.69, 0.96) 0.79 (0.55, 0.90)
 3 years NA 0.96 (0.82, 0.99) 0.96 (0.76, 0.99) 0.93 (0.59, 0.93)

Incomplete remission type 1 of proteinuria (urinary protein < 1.0 g/day or g/gCr)
 Baseline urinary protein ≥ 1.0 g/day (or g/Cr), N 152 144 38 33
 Incidence of remission, N (%) 148 (97.4) 108 (75.0) 30 (78.9) 25 (75.8)
 Time to remission (day) 15 (11, 25) 178 (56, 316) 33 (23, 111) 148 (75, 252)

Cumulative probability of remission (95% CI)
 1 month 0.77 (0.69, 0.83) 0.09 (0.04, 0.14) 0.32 (0.15, 0.45) 0.06 (0.00, 0.14)
 2 months 0.88 (0.82, 0.92) 0.20 (0.13, 0.27) 0.50 (0.31, 0.64) 0.09 (0.00, 0.19)
 1 year 0.97 (0.93, 0.99) 0.67 (0.58, 0.75) 0.75 (0.55, 0.86) 0.66 (0.44, 0.79)
 3 years 0.98 (0.94, 0.99) 0.85 (0.77, 0.91) 0.84 (0.64, 0.93) 0.75 (0.54, 0.87)

Complete remission of proteinuria (urinary protein < 0.3 g/day or g/gCr)
 Baseline urinary protein ≥ 0.3 g/day (or g/Cr), N 152 147 38 33
 Incidence of remission, N (%) 144 (94.7) 100 (68.0) 28 (73.7) 20 (60.6)
 Time to remission (day) 19 (13, 31) 292 (152, 443) 82 (31, 283) 290 (185, 558)

Cumulative probability of remission (95% CI)
 1 month 0.70 (0.62, 0.77) 0.05 (0.01, 0.08) 0.18 (0.05, 0.30) 0.00 (0.00, 0.00)
 2 months 0.83 (0.76, 0.88) 0.07 (0.03, 0.11) 0.32 (0.15, 0.45) 0.00 (0.00, 0.00)
 1 year 0.93 (0.87, 0.96) 0.48 (0.39, 0.56) 0.61 (0.41, 0.74) 0.37 (0.18, 0.52)
 3 years 0.95 (0.90, 0.98) 0.77 (0.68, 0.83) 0.79 (0.60, 0.89) 0.60 (0.39, 0.74)
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5-year follow-up period, other clinical outcomes were rela-
tively rare, including hospitalization for malignancy, CVD, 
thrombosis, aseptic osteonecrosis, and peptic ulcer (Fig. 3).

Discussion

The present 5-year cohort study, which included 374 patients 
with primary nephrotic syndrome in 55 hospitals in Japan, 
clarified the incidence rate of major clinical outcomes and 
disclosed that the incidence of all-cause mortality was higher 
than that of ESKD in patients with two major glomerulone-
phritides, MCD and MN. Hospitalization for infection, the 
leading cause of all-cause mortality, was significantly more 
common in patients with MCD than those with MN, sug-
gesting that patients with MCD were vulnerable to infection. 
Several advantages of the present study include the nature 
of the cohort study design, the inclusion of two major glo-
merulonephritides, MCD and MN, the measurements of a 
wide variety of major clinical outcomes, and the collection 
of recent real-world clinical data in the most recent decade 
between 2009 and 2015.

Few studies have compared the incidence rates of ESKD 
and all-cause mortality among patients with primary 
nephrotic syndrome. A Korean single-center retrospec-
tive cohort study, including 187, 232, and 251 patients 
with MCD, MN, and FSGS, showed that all-cause mortal-
ity was more common than ESKD in MCD and MN dur-
ing the median observational period of 7.5 years, whereas 
ESKD was more common than all-cause mortality in FSGS 
[21]. A similar finding was also reported in a Taiwanese 

single-center retrospective cohort study with a median 
observational period of 5.9 years, including 109, 209, and 
132 patients with MCD, MN, and FSGS, respectively [22]. 
However, these studies did not clarify the causes of mor-
tality. After confirming that all-cause mortality was more 
common than ESKD in patients with MCD and MN, the pre-
sent multicenter cohort study identified infection as the lead-
ing cause of mortality (Fig. 3) and disclosed that patients 
with MCD were more vulnerable to infection compared to 
patients with MN (Table 4). One of the plausible reasons for 
the higher incidence rate of infection in patients with MCD 
might be due to the higher incidence of relapses of proteinu-
ria with add-on use of immunosuppressive drugs. Compared 
to patients with MN, patients with MCD had a higher risk 
of relapse of proteinuria during immunosuppressive therapy 
(Table 3), probably leading to the higher doses of immuno-
suppressive drugs. Unfortunately, the dose of each immu-
nosuppressive drug during the immunosuppressive therapy 
was not available in the present study. Further research with 
details of immunosuppressive drugs are essential to assess 
an association between immunosuppressive therapy and 
infection.

Comparable with the results of the present cohort study, 
previous retrospective cohort studies on MCD reported 
that infection was one of the most common adverse events 
[23–27] and one of the leading causes of mortality [28]. 
To suppress the incidence of infection, a lower dose of 
and/or shorter term immunosuppressive therapy is desira-
ble. Among pediatric patients with corticosteroid-sensitive 
nephrotic syndrome, two randomized trials in Japan [29] 
and India [30] recently demonstrated that the incidence 

Table 3  Incidence of relapse of proteinuria after complete remission in primary nephrotic syndrome

Median (25%, 75%)
CI confidence interval, Cr creatinine, FSGS focal segmental glomerulosclerosis, MCD minimal change disease, MN membranous nephropathy

MCD MN FSGS Others

Follow-up after complete remission > 0 day, N 144 99 27 20
Incidence of relapse, N (%) 67 (46.5) 33 (33.3) 11 (40.7) 3 (15.0)
Time from complete remission to 1st relapse (year) 0.96 (0.50, 1.69) 1.59 (1.03, 2.59) 0.88 (0.43, 2.40) 1.92 (1.10, 2.60)
Use of immunosuppressive drugs at 1st relapse, N (%)
 Prednisolone 47 (70.1) 15 (45.5) 9 (81.8) 2 (66.7)
 Cyclosporine 9 (13.4) 8 (24.2) 6 (54.5) 1 (33.3)
 Tacrolimus 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
 Cyclophosphamide 1 (1.5) 1 (3.0) 0 (0.0) 0 (0.0)
 Mizoribine 2 (3.0) 1 (3.0) 0 (0.0) 0 (0.0)
 Mycophenolate mofetil 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
 Any drugs 53 (79.1) 17 (51.5) 10 (90.9) 2 (66.7)

Cumulative probability of relapse (95% CI)
 1 year 0.26 (0.18, 0.33) 0.08 (0.03, 0.14) 0.24 (0.05, 0.38) 0.05 (0.00, 0.15)
 2 years 0.42 (0.33, 0.50) 0.22 (0.13, 0.30) 0.28 (0.08, 0.43) 0.12 (0.00, 0.26)
 3 years 0.48 (0.39, 0.56) 0.30 (0.20, 0.39) 0.44 (0.20, 0.60) 0.12 (0.00, 0.26)
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of relapse of proteinuria was comparable between con-
ventional 6-month corticosteroid therapy and 3-month 
corticosteroid therapy. In adult patients with MCD, only 
low-quality evidences in this regard are available. Several 
guidelines suggested longer corticosteroid therapy; the 
Kidney Disease Improving Global Outcomes (KDIGO) 
clinical guideline for glomerulonephritis suggested a daily 
dose of 1.0 mg/kg of prednisolone or an alternate-day sin-
gle dose of 2 mg/kg tapered slowly over a total period 
of up to 6 months [12] and the Japanese evidence-based 
clinical practice guideline for nephrotic syndrome suggest 
0.6–0.8 mg/kg of prednisolone tapered within 2 years [13]. 
Compared with these conventional long corticosteroid 
therapies, an intriguing Japanese observational study of 
adult patients with MCD suggested clinical advantages 
of a 2-month corticosteroid therapy, the lower incidence 
of adverse events, including diabetes and infection [31]. 
Because nephrologists might possibly maintain adult 
patients with MCD on corticosteroids for very long [32], 
an optimal immunosuppressive therapy should be explored 
in well-designed clinical studies to prevent critical events 
associated with immunosuppressive therapy, including 
infection.

The present study has several limitations. First, the inci-
dence of all-cause mortality (N = 22) and ESKD (N = 12) 
was small; thus, the findings of the present study might not 
be reproducible. The JNSCS is planning to extend the 5-year 
follow-up period to 10 years, providing more precise details 
regarding the clinical impacts of major outcomes in patients 
with primary nephrotic syndrome. Second, the small num-
ber of patents with FSGS and other glomerulonephritides 
hindered statistically meaningful analyses in JNSCS. The 
results of the present study suggested the cumulative prob-
abilities of complete remission of proteinuria and an increase 
of serum creatinine of FSGS were comparable to those of 
MN (Fig. 2c, e, f), although the higher rate of relapse of 
proteinuria of FSGS, which was comparable to that of MCD 
(Fig. 2d). Because the higher probability of relapse might 
contribute to the higher risk of infection in patients with 
MCD, those with FSGS might be similarly vulnerable to 
infection. To clarify their clinical courses, a larger cohort 
study is needed. Third, the incidences of some outcomes 
were dependent on the practice patterns of each hospital. 
For example, the thresholds of plasma glucose concentration 
and/or hemoglobin A1c to start antidiabetic drugs might be 
different among the hospitals.
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Fig. 3  Incidence rates of major outcomes in primary nephrotic syn-
drome; causes of mortality included infection (N = 6, 5, and 1 in 
MCD, MN, and FSGS, respectively), malignancy (N = 1, 5, and 1 in 
MCD, MN, and other glomerulonephritides, respectively), cardiovas-
cular disease (N = 1 and 1 in MCD and MN, respectively) and oth-
ers (N = 1, 1, and 1 in MCD, MN, and other glomerulonephritides, 
respectively)
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In conclusion, the JNSCS revealed that patients with 
MCD and MN had a higher risk of all-cause mortality than 
that of ESKD. Patients with MCD were more vulnerable 
to infection, the leading cause of mortality, compared to 
patients with MN. These results provide pivotal information 
that identifies the treatment goals of primary nephrotic syn-
drome with the recent immunosuppressive therapy. Neph-
rologists might possibly pay more attention to infection in 
patients with primary nephrotic syndrome.
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Table 4  Incidence of 
hospitalization for infection in 
primary nephrotic syndrome

CI confidence interval, FSGS focal segmental glomerulosclerosis, MCD minimal change disease, MN 
membranous nephropathy
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