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Abstract
Background  Long-term outcomes of children with nephrotic syndrome have not been well described in the literature.
Methods  Cross-sectional study data analysis of n = 43 patients with steroid-sensitive (SSNS) and n = 7 patients with steroid-
resistant (SRNS) nephrotic syndrome were retrospectively collected; patients were clinically examined at a follow-up visit 
(FUV), on average 30 years after onset, there was the longest follow-up period to date.
Results  The mean age at FUV was 33.6 years (14.4–50.8 years, n = 41). The mean age of patients with SSNS at onset was 
4.7 years (median 3.8 years (1.2–14.5 years), the mean number of relapses was 5.8 (0 to 29 relapses). Seven patients (16.3%) 
had no relapses. Eleven patients were “frequent relapsers” (25.6%) and four patients still had relapses beyond the age of 
18 years. Except of cataracts and arterial hypertension, there were no negative long-term outcomes and only one patient was 
using immunosuppressant therapy at FUV. 55% of patients suffered from allergies and 47.5% had hypercholesterolemia. 
Two patients suffered a heart attack in adulthood. A younger age at onset (< 4 years) was a risk factor for frequent relapses. 
An early relapse (within 6 months after onset) was a risk factor and a low birth weight was not a significant risk factor for a 
complicated NS course. The mean age of patients with SRNS at onset was 4.6 ± 4.4 years and 27.5 ± 9.9 years at FUV. Three 
patients received kidney transplantations.
Conclusions  The positive long-term prognosis of SSNS can reduce the concern of parents about the probability of the child 
developing a chronic renal disease during the clinical course after onset.
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Abbreviations
AH	� Arterial hypertension
AP	� Alkaline phosphatase
BMI	� Body mass index

DPD	� Deoxypyridinoline
ESPED	� Erhebungseinheit für seltene pädiatrische 

Erkrankungen in Deutschland
FSGS	� Focal segmental glomerulosclerosis
FUV	� Follow-up visit
M	� Mean
MCNS	� Minimal change nephrotic syndrome
MG	� Membranous glomerulonephritis
NS	� Nephrotic syndrome
SSNS	� Steroid-sensitive nephrotic syndrome
SRNS	� Steroid-resistant nephrotic syndrome.

Background

Nephrotic syndrome (NS) in childhood is characterized by 
macroproteinuria, hypoalbuminuria, edema, and hyperlipi-
demia [1, 2].

Malik Aydin and Ingo Franke have contributed equally to this 
work and share the first authorship.

Mark Born and Rebekka Hagemann have contributed equally to 
this work and share the senior authorship.

Ingo Franke (R.I.P.) passed away during the submission process.

Electronic supplementary material  The online version of this 
article (https​://doi.org/10.1007/s1015​7-019-01696​-8) contains 
supplementary material, which is available to authorized users.

 *	 Malik Aydin 
	 malik.aydin@uni‑wh.de

Extended author information available on the last page of the article

http://crossmark.crossref.org/dialog/?doi=10.1007/s10157-019-01696-8&domain=pdf
https://doi.org/10.1007/s10157-019-01696-8


677Clinical and Experimental Nephrology (2019) 23:676–688	

1 3

The annual incidence of idiopathic NS varies in some popu-
lations and is currently described to be 2–7/100,000 children 
[3]. According to our recently published ESPED study, the 
incidence of NS in Germany is 1.2–1.8 per 100,000 chil-
dren ≤ 18 years [4].

The etiopathogenesis of primary idiopathic NS, affecting 
the majority of the patients (90%), is still unclear. The second-
ary and symptomatic form of NS is mostly due to drugs and 
toxins or presents itself as a part of a systemic disease [5].

NS is classified into steroid-sensitive (SSNS) and steroid-
resistant (SRNS) nephrotic syndrome, depending on the 
response of national guideline-orientated steroid therapy [1]. 
SSNS is benign and mostly cured before adulthood, although 
the disease can represent itself at various timepoints over many 
years [6, 7].

SRNS has a considerably poorer prognosis than SSNS and 
often results in chronic kidney disease in the clinical course; 
40% of SRNS patients may have chronic kidney disease 
10 years after NS onset [8, 9]. The clinical course, complica-
tions, and the outcome of pediatric patients with NS in adult-
hood are not well known or analyzed. Caregivers are often 
worried about the long-term health outcomes for their children 
with NS due to the lack of knowledge about the long-term 
outcomes from NS.

A complicated course is characterized by a high number 
of relapses, frequent relapses, a high cumulative duration of 
onset, as well as, a high cumulative steroid dose or alternative 
immunosuppressant therapy.

The aim of the study was to evaluate the long-term out-
come of patients diagnosed with childhood NS during the 
years 1957–1995 through a prospective follow-up visit (FUV). 
The FUV included clinical inspection, blood analysis, ultra-
sonography of the kidneys, and a health survey questionnaire 
to investigate kidney function, renal growth, cardiovascular 
disease (e.g. arterial hypertension or lipid metabolic disor-
ders), bone metabolism, height and weight after long steroid 
therapy, fertility (particularly in males patients who received 
chlorambucil and cyclophosphamide therapy) or difficulties 
during pregnancy, and social outcomes of patients 10–45 years 
after the first NS onset. Furthermore, this retrospective data 
analysis served to record disease course in childhood, detection 
of comorbidities, and complication of disease (such as perito-
nitis, sepsis, nephrotic crisis, or thromboembolic occurrences) 
and disease course, and relapses in adulthood, as well as, to 
identify risk factors associated with complications or negative 
outcomes for patients.

Methods

NS in childhood is defined as a heavy proteinuria ≥ 40 mg/
m2/h and hypalbuminuria ≤ 25 g/l [1, 2]. According to the 
International Study of Kidney Disease in Children (ISKDC) 

and German Society of Pediatric Nephrology, a remission is 
defined as a proteinuria < 4 mg/m2/h, albumin detection in a 
morning urine sample on 3 successive days. A partial remis-
sion is defined as serum albumin < 25 g/l with persistent 
proteinuria < 40 mg/m2/h (approx. 1 g/m2/day) or albumin 
detection in morning urine samples. Patients with SSNS who 
have less than two relapses within 6 months after positively 
responding to steroids are defined as “infrequent relapsers”. 
Patients with SSNS who have more than two relapses within 
6 months or more than four relapses within 12 months after 
responding to steroid therapy are defined as “frequent relaps-
ers” (Table 1).

Signs of osteoporosis were measured through bone-
density measurements (DXA) and biochemical blood and 
urine samples. Biochemically, predictors for osteoporosis 
include an elevated bone-specific alkaline phosphatase (AP) 
in blood, elevated calcium and pyridinoline in urine or a 
bone-density measurement (BDT). Calcium and deoxypyri-
dinoline were measured in a morning urine sample and 
recorded as a quotient based on the creatinine (calcium or 
DPD-creatinine quotient).

This is an analytical, cross-sectional and longitudinal 
study. All retrospectively and prospectively analyzed data 
involving human participants were in accordance with the 
ethical standards and with the 1964 Helsinki declaration 
and its later amendments or comparable ethical standards. 
Ethical approval was obtained by the Ethics Committee of 
the Faculty of Medicine, Rheinische Friedrich-Wilhelms-
University, Bonn, Germany, and the study was assigned the 
human study registration number 081/05.

Retrospectively, patient records from patients diagnosed 
with primary NS and treated at the Department of General 
Pediatrics, University Children’s Hospital, Bonn, Ger-
many were collected for this study. Inclusion criterion was 
the onset of primary NS before 31.01.1995 (for a minimal 
observation period of 10 years). Thereby, all patients with 
primary NS independently of the response of therapy and 
histological diagnoses were primarily enrolled in the study. 
Fifty-nine patients with the above inclusion criteria were 
treated in the years of 1957–2005 in our pediatric nephrol-
ogy unit and were identified as being eligible, and efforts 
were made to contact them all. All patients who participated 
in the study provided written informed consent. Data extrac-
tion and analyses were performed pseudonymously. This 
article does not contain any studies with animals performed 
by any of the authors.

After providing written informed consent, the participants 
were invited to the children’s hospital for a FUV. Partici-
pants filled out a standardized physical examination sheet 
consisting questions on the clinical course after NS onset in 
childhood, kidney or other extrarenal diseases, current medi-
cal treatments, family, and social life. A physical examina-
tion, and urine and blood analyses were conducted, followed 
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by an ultrasonography of the kidneys and the urinary tract, 
and the renal function was measured by eGFR by Schwartz 
formula. All results were then shared with the participants 
and their physicians.

Statistical analysis

Statistical analysis was performed using IBM® SPSS pro-
gram 14.0 (Statistical Package for the Social Sciences). Data 
are presented as mean and standard deviation or median with 
range or as absolute values with percentages. Comparisons 
between two groups were performed with Chi-square test. 
Exact test according to Fischer and t test for independent 
samples were completed with the Mann–Whitney U test. 
The significance level was set at p ≤ 0.05.

Results

Clinical course

A total of 59 patients were identified as being eligible and 
efforts were made to contact them all. In 50 of 59 eligi-
ble patients (84.5%) (Table 2), data from at least 10 years 
(range 10–45 years) after onset are available 43 patients 
with SSNS, 7 patients with SRNS (Fig. 3S). A total num-
ber of 34 patients attended the FUV (including clinical 
inspection, diagnostics, and survey). Further six patients 
provided their history through a telephone interview or 
by post. Through cooperation with the attending family 
doctor or nephrologists or during the FUV, information for 
seven patients was collected. Three patients were be ret-
rospectively enrolled as data were available through their 

routine visits to our outpatient clinics. Eight patients were 
unable to attend the FUV due to a change of residence and 
one patient died as a result of a stroke.

The mean age at onset was 4.7 years (1.2–14.5 years) 
(Fig. 1). The average age of the entire cohort at FUV 
was 33.6 years (14.4–50.8 years; n = 41). The mean age 
at FUV was 36.5 years (14.8–51.3 years, n = 47). Thus, 
the mean observation period was 29.0  years at FUV 
(10.6–45.0 years) and 35.4 years (10.6–45.0 years) at sur-
vey. The sex ratio was 2.3: 1 (males–females) (Table 3).

Nine subjects (21%, n = 43) had a florid infection of 
the airways at NS onset, twenty-seven patients (62.8%) 
had no infections, and no information was available for 7. 
Twelve patients (27.9%) had only one relapse, and thirty-
one subjects (72.1%) had more than two relapses (n = 43).

The interval between NS onset and last relapse 
(or for patients without relapses, the duration of time 
since onset) was on average 6.3 years (range 11 days to 
19 years). The mean age at the time of the last relapse was 
10.9 years ± 5.9 (2–29.4 years) (Fig. 2).

Table 1   Definitions of idiopathic nephrotic syndrome in childhood based on International Study of Kidney Diseases in Children and German 
Society of Pediatric Nephrology

Term Definition

Remission (“response”) Proteinuria < 4 mg/m2/h or negative albuminuria in morning urine on 3 consecutive 
days

Total remission Remission with normalization of serum albumin (> 35 g/l)
“Relapse” Proteinuria > 40 mg/m2/h (ca. 1 g/m2/day) or positive albuminuria on 3 consecutive 

days
Primary steroid-sensitive patient (“initial responder”) Patient, who presents a remission after 4 weeks standard initial therapy with steroids
Primary steroid-resistant patient (“initial non-responder”) Patient, who presents no remission after 4 weeks standard initial therapy with ster-

oids
Late steroid-resistant patient (“late non-responder”) Initially steroid-sensitive patient, who presents none remission at late relapse after 4 

weeks standard relapse therapy with steroids
Patient with infrequent relapses (“infrequent relapser”) Primary steroid-sensitive patient, who presents less than two relapses within 6 

months after positive response on steroids
Patient with recurrent relapses (“frequent relapser”) Primary steroid-sensitive patient, who presents two or more relapses within 6 months 

or four relapses within 12 months after positive response on steroids
Steroid-dependent patient Patient with two consecutive relapses, which occur under a standard relapse treat-

ment with steroids or within 2 weeks after therapy

Table 2   Data collection of patients with SSNS and SRNS, n = 59

Data collection method Number of 
patients

%

Survey and FUV 34 57.6
Only survey 6 10.2
Survey and data from physician/dossier 7 11.9
Data from dossier 10 years after onset 3 5.1
Not specified 8 13.1
Dead 1 1.7
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Frequency of relapses, sex, and ethnicity

Males had an average of 6.7 relapses and females 3.8 
relapses. The mean duration of initial manifestation (the 
duration of NS), and mean duration of relapse was 138.2 
days for males and 88.9 days for females. Neither males nor 
females were predisposed for frequent relapses or for com-
plicated courses. Thirty-seven of forty-three subjects with 
SSNS (86%) had German origins (patients born in Germany) 
and six (14%) subjects had other ethnic origins.

Young patients at onset and patients with the early 
relapse

Participants who were less than 4 years of age at NS onset 
had significantly more relapses (p = 0.042) and a higher 
cumulative dose of steroids (p = 0.004) (Table 4) than those 
older than 4 years of age at NS onset.

Participants with early relapses (within 6 months after 
onset) had significantly more frequent relapses (p = 0.001), a 
higher cumulative steroid intake (p = 0.001), a longer cumu-
lative duration of onset and relapse (p = 0.007), and a longer 
duration of disease in years (p = 0.002), and were older at the 
time of the last relapse (p = 0.001) (Table 5).

Patients with frequent relapses

Eleven of the forty-three patients (25.6%) with SSNS were 
frequent relapsers (SSNS patients who had more than two 
relapses within 6 months or more than four relapses within 
12 months after response on steroid therapy) and 74.7% had 
no relapses or were infrequent relapsers (SSNS patients who 
had less than two relapses within 6 months after positively 
response on steroids). Frequent relapsers were younger at the 
initial NS onset and were older at the time of the last relapse, 
had a longer cumulative duration of disease (p = 0.015), and 
had a higher number of relapses (p < 0.001) (Table 6). Four 
of forty-one patients (9.8%; missing information in n = 2) 
also suffered from relapses in adulthood (Table 7).

Renal morbidity

Kidney biopsies were performed in 12 of 43 patients 
(27.9%) with SSNS. In ten of these cases (93.3%), minimal 
change glomerulonephritis, in one patient, a membranous 
glomerulonephritis, and, in one patient, a focal segmental 

Fig. 1   Age of patients with SSNS at onset, n = 43

Table 3   Data collection of patients with SSNS, n = 43

Data collection method Number of 
patients

%

Survey and FUV 29 67.4
Only survey 6 14
Survey and data from physician/dossier 5 11.6
Data from dossier 10 years after onset 3 7

Fig. 2   Age of patients with SSNS at last relapse, n = 43
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glomerulonephritis were observed. An ultrasonography of 
the kidneys (n = 25) showed age-appropriate renal volumes 
and a normal echogenicity in all patients. One patient had a 
slightly flared renal pelvis (12 mm on average). Two patients 
had unilateral duplex kidney conditions and two patients had 
a solitary cyst.

The renal function was evaluated via the parameters 
creatinine in serum, eGFR by Schwartz formula (calcu-
lated as GFR ml/min × 1.73m2 = k × length [cm]/creati-
nine in serum; k = 0.55 mg/dl for females > 12 age of years; 
k = 0.70 mg/dl for males > 12 age of years) cystatin C, beta-
2-microglobulin, beta trace protein, and urea in serum in 
37 patients (Table 8). One patient had a decreased eGFR 
(70 ml / min × 1.73 m2) at FUV, a slightly increased serum 

Table 4   Treatment of SSNS in 
patients, n = 43

< 4 years > 4 years p value

Number of patients 26 (60.5%) 17 (39.5%)
Total number of relapses 6.69 4.41 0.042
Cumulative dosage of steroids (mg/kg) 980 384 0.004
Cumulative duration of onset and relapse (days) 139 99 0.146
Duration of disease (years) 7 5.2 0.179
Age at last relapse 9.8 12.7 0.196

Table 5   Disease course of steroid-sensitive patients with and without 
early relapse

Early relapse Without 
early 
relapse

p value

Number of patients 17 26
Total number of relapses 9 3.7 0.001
Cumulative steroid dose (mg/

kg)
1105 509 0.001

Cumulative duration of initial 
onset and relapse

185 83 0.007

Disease duration (years) 9.3 4.2 0.002
Age at last relapse 14.1 8.9 0.001

Table 6   Characteristics of rare 
or frequent relapses patients 
with SSNS

Patients with rare relapses 
(“infrequent relapser”)

Patients with frequent 
relapses (“frequent relapser”)

p value

Number of patients 32 (74.4%) 11 (25.6%)
Sex (m/f) 11/21 2/9 0.456
Age at onset (years) 5.1 (1.2–14.5) 3.6 (1.8–7.9) 0.254
Relapse within 6 months 11/32 (34.4%) 6/11 (54.5%) 0.295
Time until first relapse (months) 12.9 (1.4–35.8) 8.1 (2.5–24.0) 0.272
Total number of relapses 2.9 (0–9) 14.2 (4–29) < 0.001
Duration of disease (years) 5.2 (0-19.1) 9.3 (3.8–15.4) 0.015
Age at last relapse (years) 10.3 (2.0-29.4) 13.0 (7.6–18.9) 0.062
Relapse beyond age 18 (n = 41) 3/28 (10.7%) 1/9 (11.1%)
Age at survey (years) 39.0 (15.0-51.3) 29.9 (14.4–50.4) 0.018
Duration of “follow-up” (years 

since initial onset)
34.0 (10.6–48.4) 26.3 (12.3–43.0) 0.039

Table 7   Disease duration of 
four steroid-sensitive patients 
with relapses beyond the age of 
18 years

1 2 3 4

Age at first onset [y] 3.76 10.29 6.69 10.72
Number of relapses beyond 18 years of age 3 1 1 1
Number of relapses in total 22 2 7 6
Cumulative duration of first onset and relapse (days) 423 75 97 162
“Frequent relapser” Yes No No No
Cumulative steroid dose 2221 196.75 398.35 550.06
Relapse per year 1.46 0.1 0.38 0.71
Relapse within 6 months after first onset Yes No Yes Yes
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creatinine (1.22  mg/dl), and an increased phosphate in 
serum (2.99 mmol/l). This patient was still treated with 
cyclosporine A and steroids at the FUV. One patient had a 
significantly high proteinuria at FUV and was subsequently 
diagnosed with a relapse.

The protein excretion varied from < 50 up to 103 mg/l 
(n = 33). Two patients (n = 29) had microalbuminuria at 
the FUV (> 30 mg / l). Beta-2-microglobuline in urine was 
normal in 29 patients. Alpha-2-macroglobuline, IgG, and 
alpha-1-microglobuline were normal in all patients. The 
urine creatinine values varied between 64 and 298 mg/dl 
with a mean of 162 mg/dl.

Birth weight

The mean birth weight was 3418 g (n = 34). Three patients 
had a low birth weight (< 2500 g). Children with a birth 
weight ≤ 3000 g (n = 10) were younger at NS onset and 
experienced more complications, with a higher number of 
relapses, a higher cumulative steroids intake, and a pro-
longed duration of disease and relapses compared to children 
with a birthweight below 3000 g (n = 24).

Bone metabolism

Anamnestically, 3 of 43 patients who attended the FUV had 
osteopenia. In one patient with known osteopenia, no labora-
tory values were available concerning to the bone metabo-
lism and the results of the BDT were not available at the 
FUV as it was performed by the family physician, who then 
shared the results with the study center. It is hypothesized 
that this patient has a steroid-induced osteopenia as a result 
of a yearlong steroid treatment (recent treatment dose: pred-
nisolone 4 mg/48 h). In another patient with known osteo-
penia, the Z-score of the BDT of the right heel in the year 

2002 was − 1.12, the T-score was − 2.17. The values of the 
AP, DPD creatinine, and calcium-creatinine quotient in urine 
were within the normal range. This patient was taking cal-
cium and vitamin D3 at FUV. The cumulative steroid total 
dose was 884 mg/kg (in comparison, the mean of the steroid 
dose of all study patients is 753 mg/kg, n = 43). The third 
patient with osteopenia was 20 years old at FUV and was 
currently receiving Prednisolone (5 mg/day), ciclosporin A 
(170 mg/day), mycophenolate mofetil (MMF) (1250 mg), 
and rocaltrol (1 µg/48 h). An X-ray of the left hand in the 
year 2003 showed osteopenia. The DPD-creatinine quotient 
was 14 nmol DPD/mmol Crea in Urine (the highest meas-
ured value in our study cohort). The AP was 22 µg/l (highest 
measured value in our cohort).

The bone-specific AP of the overall study participants was 
increased to values between 15.2 and 22.3 µg/l in 9 patients 
(36%), but was normal in 25 patients (4.5–14.5  µg/l). 
Urine calcium levels were between 0.71 and 11.23 mmol/l 
(n = 32) and the calcium-creatinine ratio in the urine was 
0.0047–0.227 mg (n = 31). An increased DPD-creatinine 
ratio in the urine or an increased AP was not significantly 
correlated with a high steroid dose or a severe clinical course 
(number of relapses, duration of onset and of relapse). Radi-
ographic signs of osteoporosis were detected in 8 (18.6%; 
n = 43) patients.

The mean cumulative steroid dose based on body weight 
is 1267 mg/kg in patients with elevated bone-specific AP 
and 597 mg/kg in patients with normal AP (not significant). 
The first morning urine sample contains an average of 62.6 
(18.8–113 nmol/l; n = 30) deoxypyridinoline (DPD). The 
mean urine DPD-creatinine quotient was 5.5 nmol DPD/
mmol Krea (3–14 nmol DPD/mmol Krea; n = 30).

According to the DPD values of the Society for Immune 
Chemistry and Immunobiology Hamburg, 33% of patients 
(10/30) had elevated urine DPD/mmol creatinine values. 

Table 8   Renal function in 
patients with steroid-sensitive 
nephrotic syndrome

N Mean Range SD Unit

Creatinine in serum 37 0.86 0.6–1.22 0.14 mg/dl
Creatinine clearance 

(Schwartz formula)
37 144 91–207 31 ml/min × 1.73 m2

Cystatin C in serum 30 0.8 0.6–1.2 0.12 mg/l
Beta trace protein in serum 30 0.6 0.4–1.1 0.2 mg/l
Urea in serum 34 28 6.5–48 10 mg/dl
Protein in urine 33 < 59 < 50–103 12 mg/l
Albumin in urine 33 < 14 < 50–103 12 g/l
Alpha-2-macroglobulin 30 < 1.4 1.1–1.6 0.06 mg/l
IgG in urine 30 < 4.2 3.8–7.9 1.1 mg/l
Transferrin in urine 30 < 1.4 1.1–5.5 0.8 mg/l
Beta-2-microglobulin 30 < 0.22 0.2–0.7 0.1 mg/l mg/l
Alpha-1-microglobulin 30 < 6.85.2–17.6 5.2–17.6 3.1 mg/l
Creatinine in urine 33 162 64–298 64.1 mg/dl
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Parathormone (n = 29) was slightly below normal in two 
patients with 9 and 11 pg/ml (reference range: 12–65 pg/
ml). 1.25-Dihydroxyvitamin D (n = 28) was high, ranging 
from 62.7 up to 75.3 pg/ml in 6 patients (reference range: 
18–62 pg/ml). 25-hydroxy vitamin D (n = 29) was reduced 
to 7.2 and 8.7 ng/ml in 2 patients and was high (48.7 ng/ml) 
in one patient (reference range: 9.2–45.2 ng/ml).

Cardiovascular system and other comorbidities 
in childhood

Nineteen of the forty patients (47.5%) had hypercholes-
terolemia (only one patient was under treatment) at FUV. 
The concentration of triglycerides in 2 cases (7.4%, mean: 
140 mg/dl, range: 37–711, SD: 130 mg/dl; n = 27), the cho-
lesterol in 8 cases (25%;mean: 202 mg/dl, range: 121–325, 
SD: 44 mg/dl; n = 32), and the LDL cholesterol in 7 cases 
(25.9%; mean: 130  mg/dl, range: 58–216, SD 40  mg/
dl; n = 27) were increased. The HDL/LDL quotient was 
decreased in 16 patients (59.3%; HDL cholesterol: mean 
52 mg/dl, range: 30–111, SD 17 mg/dl; n = 27) and the 
lipoprotein (a) in serum was increased in ten patients (37%; 
mean: 359.22 mg/l, SD 551.89, n = 27). A comparison of 
means showed a higher cumulative dose of steroids (1035 
versus 826 mg/kg or 937 compared versus 777 mg/kg) in 
patients with high LDL mean: 130 mg/dl, range: 58–216, 
SD 40 mg/dl, n = 27, or a low HDL/LDL quotient, respec-
tively. Only one of the forty-three patients developed insulin-
dependent diabetes mellitus during the sixth relapse of NS at 
7 years of age. Blood sugar (n = 30) or HbA1c (n = 27) was 
normal in all the cases.

At NS onset, one patient, aged 3 years developed a left-
side cerebral vascular thrombosis with hemiplegic symp-
toms under steroid treatment. At the FUV, this patient had a 
restriction of motion of the right upper limb. No patient was 
treated prophylactically with aspirin, heparin, or warfarin.

In total, 14 patients had the diagnosis of arterial hyperten-
sion (AH). Seven patients were treated with antihyperten-
sive drugs, eight patients had elevated blood pressure values 
but were not treated. There was no significant correlation 
between AH and the number of relapses, cumulative steroid 
dose, or cumulative period of onset and relapse. In addition, 
there was no significant correlation between AH and hyper-
cholesterolemia or increased lipoprotein (a). One patient 
died due to a stroke in adulthood. Two patients (4.7%) suf-
fered from a heart attack, one at the age of 30 and one at 
43 years of age.

Thirty-four of forty-three (79.1%) children developed a 
steroid-induced Cushing. Striae distensae were observed in 
8 cases (18.6%) and AH was diagnosed in 5 of 43 (11.6%) 
children. Four of 5 patients with AH in childhood had also 
an AH in adulthood.

Hypertrichosis was observed in 3 children (5.9%). One 
patient developed hemorrhagic cystitis due to the cyclophos-
phamide treatment. Cataracts were diagnosed in 3 patients 
(7%), and hypertensive retinopathy in 2 cases (8%) (n = 25). 
There were no malignancies reported by the patients 
(Table 9S, supplemental material). In summary, the psy-
chosocial outcomes were excellent. No patient was under a 
psychotherapeutic treatment or took any psychotropic drugs.

Immunology, allergy, and inflammation

Anamnestically, 22 of 40 patients (55%) reported to suffer 
from allergies. Immunoglobulin E (IgE) in serum (n = 30) 
was between 115 and 2950  IU/ml (Mean = 380  IU/ml) 
and increased in 13 cases (43%) (normally < 100 IU/ml). 
Elevated IgE values at FUV did not correlate with a com-
plicated course of the disease (frequent relapses, high total 
number of relapses, disease duration or cumulative onset, 
and relapse period).

Growth and weight

The mean height of male patients ≥ 18 years at FUV was 
1.78 m (1.68–1.90 m, n = 41) and of females was 1.67 m 
(1.56–1.84 m, n = 12). The difference of the calculated 
height to the genetic target size varied from − 11.3 to 
+ 19 cm (Median: 1.3 cm; n = 37).

The mean body mass index (BMI) of males was 25.2 kg/
m2 (17.1–33.0, n = 30) and of females was 26.3  kg/
m2 (19.6–47.3, n = 13). One patient was underweight 
(BMI = 17.1  kg/m2), 22 subjects had a normal-weight 
(BMI = 18.5–24.9 kg/m2), 15 (12 males, 3 females) were 
overweight (BMI 25.0–29.9  kg/m2), and 5 (3 males, 2 
females) had an obesity (BMI > 30.0 kg/m2).

Immunosuppressive therapy and family planning, 
fertility, and pregnancy

The number of steroids in n = 43 is, on average, 23,274 mg 
(range 1654–130,170 mg), based on the weight: 744 mg/kg 
(51–3795 mg/kg). The given dose of cyclophosphamide is, 
on average, dose of 6875.8 mg and 210 mg/kg (n = 11). For 
cyclosporine A, the average total dose is 384728.3 mg and 
8105 mg/kg (n = 5), for chlorambucil 226.3 mg and 8.1 mg/
kg (n = 6), and for MMF, it is 1,483,083 mg and 23,670 mg/
kg (n = 3).

Eighteen of 41 patients > 18 years age (12 males) had 
a total of 31 biological children. None of these children 
have developed SSNS. Two males reported undesirable 
childlessness. One male patient had a fertility disorder—
presumably due to the cytostatic treatment. Another patient 
had oligo- and asthenozoospermia [cyclophosphamide 
(2 mg/kg; cumulative dose: 3429 mg and 104 mg/kg) and 
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chlorambucil (0.15 mg/kg; cumulative dose: 342 mg bzw. 
9 mg/kg) intake over 8 weeks at the age 11–12 years]. Of 
the 9 males treated with cyclophosphamide, one had 2 and 
one had 3 children. They received the drugs at the age of 13 
and 15 years, respectively, over one period of 9–10 weeks 
at doses of 0.8–5.3 mg/kg (50–250 mg/day; cumulative 
dose 13,050 mg/224 mg/kg and 13,700 mg/291 mg/kg). Six 
female patients had children (3 × 1 child, 2 × 2 children, 1 × 3 
children). Pregnancy and birth were without any complica-
tions for five female patients.

Results of SRNS

Seven of 50 patients (14%) developed SRNS or were primar-
ily steroid-resistant. The sex ratio was 1.3–1 (male–female). 
Five patients had German heritage; one patient had Polish 
heritage, and one Kazakhstani heritage. Histologically, 
the first renal biopsy in 3 cases showed minimal change 
nephrotic syndrome (MCNS). Focal segmental glomeru-
losclerosis (FSGS) was seen in 3 cases, and membranous 
nephropathy (MG) was present in one case. The mean age 
at onset was 4.6 ± 4.38 years and the mean age at FUV was 
27.5 ± 9.9 years. Four of 7 patients of SRNS had a good out-
come without a chronic kidney disease, and 3 of 7 patients 
had received a kidney transplantation. Three of four patients 
who did not require a kidney transplant had no more relapses 
in adulthood. One 14-year-old patient with MG still expe-
rienced relapses at the time of the FUV. The renal function 
parameters (either biochemical or sonographically) in all 
patients were within the normal ranges. Strikingly, a high 
proportion of patients had AH.

All transplanted patients histologically had FSGS. All 
patients that received transplants were hemodialyzed before 
transplantation for at least 1 or more year/s. One patient 
received a second transplant due to thrombosis 10 years after 
the first transplant. Transplanted patients also had several 
other diagnoses such as AH (n = 3) hypertensive retinopa-
thy (I–III) (n = 3), osteoporosis (n = 2), renal growth failure 
(n = 1), and a labile depression (n = 1). An adequate renal 
function of the transplanted kidney was present in all the 
patients. In summary, no patient developed disease recur-
rence in the transplant.

Discussion

Clinical course of disease

SSNS in childhood has a good prognosis. The outcome of 
NS without recurrent relapses in adulthood is positive [7]. 
In our study, 12 patients (27.9%) were infrequent relapsers; 
31 patients (72.1%) were frequent relapsers. Only 4 of 41 
patients had relapses beyond the age of 18 years. Similar to 

the present study, Siegel et al. showed that 16.5% of their 
patients with NS had no relapses during the clinical course 
[10]. A few studies focusing on the long-term outcome of 
NS in adulthood have shown rates of relapses in adulthood 
is between 33 and 42.4% [11, 12]. However, we report that 
approximately 9.8% of our patients suffered from recurrent 
relapses in adulthood.

In the study by Trompeter et al., 5.5% of their study 
cohort diagnosed with NS before the age of 6 years still had 
SSNS relapses in adulthood [13], which is similar to our 
findings of 3.1%. Tarshish et al. also showed that 5–10% of 
patients had relapses in follow-up examinations, although 
only very few patients were “frequent relapsers” [7].

The necessity of cytostatic medications is a useful param-
eter to evaluate the severity of the disease processe. In our 
study, only 12 of 43 (27.9%) of patients received cytostatic 
medications; in comparison to other studies, 49% [11], 57% 
[12], or 72% [14] of patients received cytostatic medications.

In conjunction with the previous literature, 75% patients 
in this study with relapses in adulthood had also suffered 
from one relapse within the first 6 months after onset. How-
ever, the early relapses (within first 6 months after onset) 
are not described in the literature as a risk factor for the 
occurrence of relapses in adulthood [11, 12], but have been 
described as a risk factor for a serious clinical course. It was 
not possible to confirm if patients with relapses in adulthood 
exhibited a longer cumulative duration of NS since onset, 
more relapses, frequent relapses, or a cumulative amount 
of steroids or a more serious clinical course. Furthermore, 
renal function, cardiac diseases, and osteoporosis were not 
different between those who relapsed in adulthood and those 
that did not. Given the low number of patients who relapsed 
in adulthood, the results should be interpreted with caution.

Gender

The gender distribution of our patients with SSNS was 
2.3–1 (male–female), and 1.3–1 for SRNS (male–female). 
The relationship between gender and a complicated clinical 
course is controversial. In the study by Lewis et al., a larger 
number of boys had significantly more relapses per year 
than girls, and in affected males, a tendential relationship 
was observed, showing that the frequency and duration of 
relapses were associated [14]. However, Schwartz et al. did 
not detect any correlation between the gender and prognosis 
[15]. Similarly, no significant correlation between gender 
and the frequency of relapses was observed in this study.

Birth Weight

Zidar and Sheu et  al. showed a significant correlation 
between the intrauterine growth retardation (IUGR) and 
unfavorable course of NS, primarily in children with MCNS 
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[16, 17]. Other authors have also described that a low birth 
weight is correlated with a higher morbidity in adulthood. 
Specifically, the relationship between low birth weight and 
an increased risk for the occurrence of cardiovascular dis-
eases, AH, and diabetes mellitus type II in adulthood was 
presented in these studies [18–20]. In the study by Sheu 
et al., the serum cholesterol and triglycerides in children 
with IUGR were significantly higher than in children with-
out IUGR [17]. Several authors have shown that IUGR or a 
low birth weight (< 2500 g) may lead to a reduced number 
of nephrons [21–23]. There is a linear correlation between 
the number of nephrons and the birth weight [22]. In the 
present study, only the birth weight and not the gestational 
age were documented; therefore, it was not possible to draw 
conclusions about the IUGR in our study cohort. However, 
a tendency for an unfavorable clinical course in patients with 
a birth weight ≤ 3000 g was observed. However, a significant 
correlation between the birth weight and dyslipidemia and 
AH was not detected.

Renal function

Except for a slight reduction in one case, the renal function 
was not restricted in patients with SSNS. In previous studies 
of patients with idiopathic SSNS, the long-term kidney func-
tion has been shown to be normal [24, 25]. Koskimies et al. 
showed that all patients with primary NS with steroid treat-
ment had no proteinuria within 8 weeks after therapy and 
had a normal kidney function in clinical course [26]. Fak-
houri et al. showed that only 1 of 43 patients with relapses 
in adulthood developed an end-stage-renal disease [11]. 
Thus, the long-term renal function prognosis in children 
with SSNS is positive. These results are in contrast to those 
from a recent study by Calderon-Margalit et al., which exam-
ined the long-term risk associated with childhood kidney 
disease and a risk of future development of end-stage renal 
disease in a nationwide, population-based historical cohort 
of 1,521,501 Israeli adolescents over a 30-year period.

Conclusively, these patients with a history of kidney dis-
ease in childhood but with a normal renal function in ado-
lescence were presented to have a significantly increased 
risk of ESRD [27].

Bone metabolism

Leonard et al. examined the bone density in children with 
SSNS and no link between diminished bone density and 
intermittent glucocorticoid treatment during childhood was 
shown [28]. In our study, bone-density measurement in two 
patients and elevated DPD values in urine and bone-specific 
AP in serum indicate a tendency to bone metabolic disor-
ders. However, these parameters are not significantly cor-
related with a high steroid dose or a severe clinical course. 

Weng et al. detected lower 25-hydroxyvitamin D concentra-
tions in the serum in children with SSNS in remission. In 
contrast, most adult patients were in remission in the current 
study (95.3%). Only 6.9% of the cohort (2 of 29 patients) had 
a vitamin D deficiency (< 10 ng / ml) in contrast to 19.5% in 
the study by Weng et al. [29].

Cardiovascular system

Surprisingly, the proportion of patients with elevated cho-
lesterol and lipoprotein (a) levels was high. These values 
are not significantly associated with a high-dose steroid 
therapy. Worldwide, childhood obesity is increasing, and, 
thus, associated lipid metabolic disorders are commonly 
more observed [30]. Dyslipidemia is also mostly observed 
during the disease period of NS. There are multiple clinical 
consequences of lipid metabolic disorders in children with 
nephrotic syndrome, e.g., atherosclerosis, myocardial infarc-
tion, and stroke, as well as, an increased risk in developing 
thromboembolisms [31]. The prevalence of dyslipidemia 
changed between 10.7 and 69.9% in children with obesity in 
different populations [32]. The study of Korsten-Reck et al. 
(2008) has even reported a dyslipidemia incidence of 45.8% 
in German children [33]. Mérouani et al. (2003) analyzed the 
plasma lipid profiles in their study cohort with NS at disease 
remission and the data were compared with an age-matched 
study population. The results showed that (total and LDL) 
cholesterol levels were over than the 95. percentile in 48% 
of cases, and 7 of 12 patients have even high apolipoprotein 
B and triglyceride levels which conclude that children suf-
fering from frequently relapsing were more likely to have 
pathologic lipid profile levels during the remission period 
[34]. Kniazewska et al. showed that patients with SSNS 
had a significantly increased total cholesterol, LDL choles-
terol, homocysteine, as well as, apolipoprotein A1 and B 
after treatment. Moreover, a positive correlation between 
the number of relapses and ultrasonographically determined 
thickness of the intima media of the common carotid artery 
has previously been established [35].

Furthermore, the high proportion of patients in the pre-
sent study with AH was remarkable (32.6%), but not related 
to the severity of the disease or the type of immunosuppres-
sive therapy. In the study by Fakhouri et al., 3 of 43 patients 
with relapses in adulthood had AH [11]. In the study by 
Koskimies et al., all patients who had steroid therapy were 
free from proteinuria within 8 weeks after treatment and had 
normal blood pressure values from 5 to 14 years after onset 
at an FUV [26].

Height and BMI

The final height in this study was − 0.2 SDS (age range from 
18 to 50 years), which is in line with the previous literature, 
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showing that 179 patients with SSNS reached a mean final 
height of − 0.2 to − 0.5 SDS [36, 37]. None of the present 
cohort had short stature. However, in studies by Rüth et al. 
and by Fakhouri et al., respectively 1 of 42 (2.4%) and 6 of 
36 (16%) patients with relapses in adulthood had a short 
stature.

In the present cohort, 15 of 43 patients (34.9%) were 
overweight (BMI ≥ 25 to 30 kg/m2) and 5 of 43 patients 
(11.6%) were obese (BMI ≥ 30 kg/m2). In comparison, 8 of 
42 patients were overweight and 1 of 42 patients obese in 
the study conducted by Rüth et al. [12], and 8 of 43 patients 
were obese in the study by Fakhouri et al. [11]. As in the 
study of Rüth et al., the present study did not show any sig-
nificant correlation between BMI and the cumulative steroid 
dose or cumulative duration of onset and relapse [12]. Foster 
et al. analyzed the risk factors of a steroid-induced adiposity 
in children in patients with SSNS and detected a significant 
correlation between recent steroid intake and obesity [38]. 
In the current cohort, only 3 of 43 patients (7%) were under 
steroid therapy at FUV.

Allergies and IgE

SSNS is frequently associated with allergies, bronchial 
asthma, allergic rhinitis, or atopic dermatitis [39]. Atopy 
is seen in up to 30% of cases with idiopathic NS [40]. In 
the current-study population, more than 55% patients suf-
fered from allergies, and 43% of patients with SSNS had 
an increased serum IgE. There was no correlation between 
increased IgE at the FUV and a complicated course of 
SSNS. In contrast, increased serum IgE values in children 
with NS were associated with a complicated clinical course 
shown in the study by Hu et al. (frequent relapses or poor 
response to steroid therapy) [41]. However, it is still unclear 
whether raised levels of IgE in children with idiopathic NS 
can be attributed to a pathogenic or coincident role [39]. It 
is likely that changes in the immune system in patients with 
SSNS may be a predisposition for allergies [42].

Steroid‑induced cataracts

The long-term use of steroids in childhood NS is associ-
ated with ophthalmologic complications including cataract. 
Based on the data of the World Health Organization, cata-
racts are the leading cause of blindness, in which almost 
around 24 million people are affected [43]. The posterior 
subcapsular opacification is the classic location for steroid-
induced lens changes. A similar percentage of patients in 
this study, 12.6% of patients developed a posterior subcap-
sular opacity. Brocklebank et al. showed no significant cor-
relation between the cumulative steroids dose or the duration 
of therapy and developing of cataract [44].

Fertility and pregnancy

In the current cohort, 21 of 43 patients were married, 3 
were divorced, and 19 patients were single. Eighteen of 41 
patients > 18 years age (12 males) had a total of 31 biologi-
cal children. Only 2 male patients reported an undesirable 
childlessness (one of these patients was treated with cyclo-
phosphamide and chlorambucil in the past). Multiple stud-
ies have previously presented a link between the cytotoxic 
therapy effect in SSNS and impaired male fertility [45–49]. 
A cumulative dose of cyclophosphamide less than 20 g or 
540 mg/kg is not associated with oligo- or azoospermia [45]. 
However, a cumulative dose of chlorambucil of 9 mg/kg is 
associated with a severe oligospermia [46]. Compared to 
studies that analyzed the correlation between the cumulative 
dose and fertility disorder, chlorambucil therapy could be the 
most likely reason of childlessness in our above-mentioned 
patient. Furthermore, Rüth et al. found a correlation between 
the cyclophosphamide therapy and childlessness, whereby, 
patients with two or more cycles of cytostatic therapy had a 
significantly higher risk of childlessness than patients with 
a single cycle [12].

Steroid‑sparing immunosuppressants

In summary, NS in childhood is characterized by a frequent 
relapsing course and there is currently no uniform agree-
ment about the precise stage at which a steroid-sparing 
agent should be introduced to control the disease. Many 
steroid-sparing immunosuppressants [e.g., calcineurin 
inhibitors, MMF and levamisole] are also common treat-
ment alternatives for patients with frequently relapsing and 
steroid-dependent NS. One retrospective study showed that 
tacrolimus was more effective than MMF or levamisole in 
maintaining a survival without relapses, but MMF is also a 
safe and effective alternative to Tacrolimus in controlling the 
clinical course of frequently relapsing and steroid-dependent 
NS [50].

Limitations

The present study is a retrospective analysis with a subse-
quent follow-up examination and interview of patients who 
had childhood NS. In most retrospective analyses, there is an 
incomplete data set due to missing or inaccurate file entries. 
In addition, due to the long period of the first manifestation 
(1957–1995) and the changing therapy recommendations 
during this period, a heterogeneity of the therapeutic inter-
ventions has to be noted. In addition, the low patient number 
with a high heterogeneity, and thereby the limited reliability 
of data present the major limitation of the study.
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Conclusion

The renal outcome in our study was very good and no patient 
with SSNS had chronic renal failure at time of FUV. Thus, 
one-third of patients with SSNS in childhood had elevated 
blood pressure values or were already under antihyperten-
sive treatment. Other sequelae, possibly due to the therapy, 
are osteoporosis, obesity, and hyperlipoproteinemia. There 
was no correlation between the development of AH and 
a complicated course of NS; nor any correlation between 
AH and hypercholesterinemia or an increase in the lipo-
protein (a). Despite the good prognosis, an early onset and 
males present a risk for a longer disease course and frequent 
relapses. A tendency to lipid metabolism disorders, AH, and 
a high prevalence of allergies, and an increased serum IgE 
were noticeable; however, there was no correlation with the 
severity of renal disease. The psychosocial outcomes were 
outstanding. At FUV, no patient was in psychotherapeutic 
treatment or under therapy with psychotropic drugs.

In summary, this novel study shows the long-term out-
comes of patients diagnosed with SSNS in childhood during 
a follow-up period of up to 30 years. Primary nephrotic syn-
drome is a chronic, but benign disease with a good long-term 
prognosis. This study will be helpful to reduce the anxiety of 
parents when their child receives an NS diagnosis.
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