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Complete remission of idiopathic nephrotic syndrome (INS) in response to corticosteroids

has been widely adopted as an indicator of satisfactory long-term outcomes in pediatric

patients. The approach was based on the results of studies conducted in the 1960s

and 1970s. The studies found that corticosteroid-responsive minimal change disease

(MCD) was the most frequent diagnosis in INS patients. In more recent years, studies

have reported increased frequency of focal segmental glomerulosclerosis (FSGS) and

primary corticosteroid resistance without a corresponding increase of FSGS. It became

unclear whether withholding kidney biopsy before treatment with corticosteroids is still

the best management practice. We performed a retrospective chart review at the UPMC

Children’s Hospital of Pittsburgh and identified patients who were referred for evaluation

of edema or proteinuria between 2002 and 2014. We identified 114 pediatric patients

with INS who were treated initially with a corticosteroid (prednisone or prednisolone) 2

mg/kg (max 60mg)/day for 4–6 weeks followed by 2 mg/kg (max 60mg) every other day

for 4–6 weeks and had not received a corticosteroid-sparing agent before completing

at least 8 weeks of the initial therapy. Corticosteroid resistance in pediatric INS patients

was independently associated with the black race, older age at presentation (>8 years),

and female sex. The majority of blacks who were resistant to corticosteroids had a

tissue diagnosis of MCD. Among the whites who were steroid-resistant, MCD and

FSGS were diagnosed in similar proportions of cases. Thus, the tissue diagnosis in

could not predict the response to corticosteroids. Nineteen percent of whites with FSGS

were steroid-sensitive and none of the blacks with FSGS responded to corticosteroids.

These data suggest that the histologic diagnosis of FSGS could not rule out response

to corticosteroids, at least, in the white patient population. In summary, our data

demonstrate that at this time, the therapeutic response to corticosteroids continues to

be a valid approach for the initial evaluation and therapy of children diagnosed with INS at

our center. Future studies should evaluate the mechanisms of changing characteristics

of pediatric INS. The specific role of patient demographics, ethnicity, as well as genetic

and environmental factors could be evaluated by a prospective, multicenter study.

Keywords: FSGS, minimal change disease, corticosteroids, steroid-sensitive, steroid-resistant, relapse,

retrospective review, nephrotic syndrome (NS)
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INTRODUCTION

Idiopathic nephrotic syndrome (INS) is the most common form
of nephrotic syndrome (NS) in children, representing more than
90% of cases between one and 10 years and 50% after 10 years
of age (1). It is a non-inflammatory kidney disease resulting
from alterations of the integrity of the glomerular capillary
wall, leading to a triad of heavy proteinuria, hypoalbuminemia,
and edema. The incidence worldwide varies widely between 1.2
and 16.9 cases per 100,000 children with the highest incidence
observed on the Indian subcontinent compared to 2–3 cases per
100,000 children in most other regions (2). Males appear to be
more affected than females at a ratio of 2:1 at a younger age, but
this predominance fails to persist in adolescence.

The therapeutic approach to childhood INS is based on a series
of studies that began with a collaborative effort sponsored by
the International Study of Kidney Disease in Children (ISKDC)
and Arbeitsgemeinschaft Fur Padiatrische Nephrologie (APN)
in the 1960s and 1970s (3–7). The studies concluded that
the therapeutic response to corticosteroids is useful for initial
evaluation and therapy because histologic correlation showed
that most INS patients had minimal change disease (MCD),
usually sensitive to corticosteroids while <10% of patients had
Focal Segmental Glomerulosclerosis (FSGS), usually resistant to
corticosteroids (1, 8, 9). Hence, the response to corticosteroids
has been widely adopted for the initial management and
prevented unnecessary kidney biopsy in the majority of INS
cases. However, many single-center studies conducted since the
1980s have reported that the frequency of FSGS increased by
up to 47% in children of different ethnic backgrounds (10–
15). Besides, the increased incidence of primary corticosteroid
resistance without the corresponding increase of FSGS diagnosis
was reported in the white population (16). Newer data
demonstrate that relapses continue into adulthood in up to 42%
of patients diagnosed with INS during childhood and correlate
in those cases with the higher frequency of relapses during
childhood and greater need for additional immunosuppressive
medications (2, 17, 18). In this setting, it became unclear whether
withholding the kidney biopsy, unless the patient fails to respond
to corticosteroids, is still the best initial management practice to
provide maximal therapeutic and diagnostic benefit at a minimal
side effects’ cost. Thus, our objective was to determine whether
corticosteroids remain a valid initial approach in children with
INS at our center.

METHODS

Patients
We performed a retrospective chart review under an approved
Institutional Review Board protocol PRO15020250 at the
University of Pittsburgh and identified patients who were
referred to the UPMC Children’s Hospital of Pittsburg for
evaluation of edema or proteinuria between 2002 and 2014.
The hospital, located in Western Pennsylvania, is a tertiary
care facility and a referral center for the entire Western
Pennsylvania region. We excluded patients with familial FSGS,
glomerulonephritis, and other secondary causes of NS. Patients

between the age of 12 months and 18 years with INS who
were treated initially with corticosteroids, either prednisone or
prednisolone, 2 mg/kg (max 60mg)/day for 4–6 weeks followed
by 2mg/kg (max 60mg) every other day for 4–6 weeks and had
not received a corticosteroid-sparing agent before completing at
least 8 weeks of the initial therapy were included in the study.

Definitions
INS was defined according to the ISKDC criteria as heavy
proteinuria (>40mg/m2/h or>3.5 g/24 h in adolescents in a 24 h
urine collection; or urine protein-to-creatinine ratio >2 mg/mg
in a random urine sample), hypoalbuminemia (serum albumin
<2.5 g/dL), and edema. Corticosteroid (steroid) responsive
(SS) INS was classified according to the ISKDC, defined by
the resolution of proteinuria within 8 weeks of corticosteroid
therapy. The subsequent disease course defined the steroid-
dependent (SD) patients who relapsed during therapy or within
14 days of therapy completion or frequently relapsing (FR)
group that had two or more relapses within 6 months of the
initial response or four or more relapses in any 12 months
(19). Since the SD and FR patients were initial responders, they
were included in the SS group. The steroid resistance (SR) was
defined as a failure to achieve complete remission within 8 weeks
of therapy.

Pathology
Kidney biopsy was performed in patients who: (i) presented with
NS at an age older than 10 years; (ii) had a significant elevation
of serum creatinine at presentation that did not improve despite
correction of intravascular volume; (iii) were SR; or (iv) those
SS patients who became SD or FR. Renal tissue was examined
by light, immunofluorescence, and electron microscopy (LM,
IFM, and EM, respectively) and was interpreted by a pediatric
pathologist. Minimal change disease (MCD) was defined by the
presence of foot process effacement on EM and the absence of
any conspicuous lesions on LM. Specimen positive for isolated
C1q or IgM staining on IFM in patients with normal C3 and C4
complement levels was considered a variant of MCD (20, 21).
Specimen with mesangial hypercellularity (MH) was considered
a separate category of INS. Focal segmental glomerulosclerosis
(FSGS) was defined as the presence of segmental sclerosis
in at least one glomerulus with or without tubular atrophy
or interstitial fibrosis. Membranous nephropathy (MN) was
characterized by homogeneous thickening of the glomerular
capillary walls on periodic acid-Schiff staining and increased
basement membrane deposition with characteristic “spike and
hole” configuration on methenamine silver staining on LM,
confirmed by demonstration of electron-dense deposits in the
glomerular basement membrane and subepithelial regions by
EM (22).

Statistical Analysis
Data from groups of patients are reported as mean ± SD or
as percentages (frequency of observation in a particular group).
Statistical analysis was performed by the Student t-test or Fisher
exact test. Multiple logistic regression was performed to explain
the relationship between steroid response, age at presentation,
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TABLE 1 | Demographic data of the study cohort and comparison to the ISKDC

population (1, 5, 8).

Category Our population ISKDC population

Number of

patients

114 521

Age (mean ± SD)

range

6.7 ± 4.1 years

12 months – 16.9 years

4.8 ± 2.9

10 months – 14.8 years

Females 55 (48%) 39%

Males 59 (52%) 61%

Whites 79% (N = 90) Not available

Blacks 17% (N = 19) Not available

Hispanics 1% (N = 1) Not available

Asians 2% (N = 3) Not available

Not Disclosed 1% (N = 1) Not available

North America 100% 35.7%

Europe 0% 47.8%

Japan and

Hong Kong

0% 16.5%

race, and sex in a multivariable model. Statistical significance was
defined by a two-tailed p < 0.05.

RESULTS

We identified 153 patients who were diagnosed with NS between
2002 and 2014. Of these patients, 114 met the inclusion criteria
and were included in the study. The remaining patients were
excluded for the following reasons: familial FSGS (N = 19),
incomplete records (N = 9), treatment with a corticosteroid-
sparing agent within 8 weeks of the initial presentation (N =

8), or lack of treatment (N = 3). All patients included in the
study were treated initially with a corticosteroid (prednisone
or prednisolone) as a single agent at a dose of 2 mg/kg (max
60mg)/day for 4–6 weeks followed by 2 mg/kg (max 60mg)
every other day for 4–6 weeks. All except four patients were
referred before initiating corticosteroid therapy. The mean age
of our entire population was 6.7 ± 4.1 years with a range of 12
months to 16.9 years. The study population consisted of 48%
females and 52% males. The major ethnic groups were whites
(N = 90; 79%) and blacks (N = 19; 17%). Two biracial patients
were included in the black cohort. Three patients were Asians and
one was Hispanic. The ethnic background of one patient was not
disclosed. The demographic characteristics of our study group is
compared to the ISKDC population in Table 1.

Table 2 shows the distribution of the initial responses to
steroids in our study population. SR INS was observed in 36% of
patients in our study, compared to 12% reported by the ISKDC
(3, 8). Between 2002 and 2008, 24 (42%) patients were diagnosed
with SR INS and between 2009 and 2014, 18 (32%) of patients
were diagnosed with SR INS. There was no statistically significant
difference in the proportion of patients diagnosed with SR INS
during 2002–2007 and 2008–2014 (Fisher exact, p = 0.33). SR
INS was observed in 27 (30%) of whites compared to 14 (74%)
in blacks. In a univariate model, SR INS was associated with the

TABLE 2 | Distribution of responses to corticosteroids (steroids) by race, age, and

gender.

Response to

steroids

N (%)

N = 110

Total SS 73 (64%)

SR 41 (36%)

Whites SS 63 (70%)

SR 27 (30%)

Blacks SS 5 (26%)

SR 14 (74%)

Age <8 SS 60 (71%)

SR 24 (29%)

Age >8 SS 12 (40%)

SR 18 (60%)

Males SS 44 (75%)

SR 15 (25%)

Females SS 28 (51%)

SR 27 (49%)

Steroid resistance (SR) was specifically associated with the black race (fisher exact, p-

value = 0.0006), the age of 8 years or above at presentation (Fisher exact, p = 0.004),

and female sex (Fisher exact, p = 0.01). SS, steroid-sensitive.

TABLE 3 | Multiple logistic regression for age at initial presentation, sex, and

responses to steroids.

Association of

SR with:

Odds ratio Standard

error

P-value 95% confidence

interval

Age >8years 2.79 0.49 0.03 1.08–7.37

Female sex 3.91 0.48 0.004 1.78–10.50

Black race 8.14 0.63 0.0009 2.52–30.84

Black race, age 8 years or above at presentation, and female sex were independently

associated with steroid resistance (SR).

black race (Fisher exact, p = 0.0006). As shown in Table 2, the
SR was twice as common in patients who presented with INS at
age 8 years or above, compared to those diagnosed at a younger
age (60 vs. 29%; p = 0.004). Females presented at an older age
than males (7.2 ± 4.2 vs. 5.2 ± 4.0; p = 0.01) and the SR INS
was almost twice as common in females, compared to males (49
vs. 25%; p = 0.01; Table 2). In a multivariable model, the black
race, age 8 years or above at presentation, and female sex were
independently associated with the SR INS (Table 3).

A biopsy was performed in 85 out of 114 patients because
of one or more of the following characteristics: (i) presentation
at an age older than 10 years; (ii) significant elevation of serum
creatinine at initial presentation that did not improve after
correction of intravascular volume; (iii) SR course; or (iv) SD
or FR course after the initial SS presentation. Table 4 shows the
distribution of histologic characteristics in our patients. MCD
and FSGS were the most common histologic diagnoses, present
in 73 and 24% of all biopsy specimens, respectively. According to
the ISKDC studies, MCD was the most likely histologic diagnosis
in SS patients presenting at a younger age who did not become
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TABLE 4 | Distribution of the histopathological lesions according to response to

steroids and race.

Histopathology MCD FSGS MN

All patients

N (%) (N = 85)

62 (73%) 20 (24%) 3 (3%)

SS (N = 44) 40 (91%) 4 (9%) 0 (0%)

SR (N = 41) 22 (54%) 16 (39%) 3 (7%)

Whites 46 (71%) 16 (24 %) 3 (5%)

Blacks 14 (82%) 3 (18%) 0 (0%)

SS, steroid-sensitive; SR, steroid-resistant; MCD, minimal change nephrotic syndrome;

FSGS, focal segmental glomerulosclerosis; MN, membranous nephropathy.

SD or FR. Assuming that all children with SS INS who were not
biopsied had MCD (presumptive MCD), the total incidence of
MCD in our study was 80%, comparing to 76–88% previously
reported by the ISKDC (1, 5). In our study, the incidence of FSGS
was twice as high, compared to the ISKDC (18 vs. 7–8%) (1, 5).
Moreover, the SS INS characterized 76% of our patients with
MCD (biopsy-confirmed and presumptive) and 20% of patients
with FSGS, compared to 93–98% and 17–30%, respectively in the
ISKDC studies (3, 4). The proportion of SR patients diagnosed
with FSGS in our study was identical to the ISKDC (39%).

As shown in Table 4, similar proportions of black and white
patients in our study were diagnosed with FSGS (18 and
24%, respectively). We had limited representation from other
ethnicity, with one Hispanic diagnosed with MCD and two
Asians with MCD and FSGS, each. FSGS is generally considered
SR so it came as a surprise that only 18% or blacks were diagnosed
with FSGS although 74% were SR (Table 2 vs. Table 1). Among
the black SR patients (N = 13), FSGS was diagnosed in 23% and
MCD was diagnosed in the remaining 77% of patients (Table 4).
Among the white SR patients (N = 27), MCD and FSGS were
found in 44% each and MN in 12% of patients (Table 4). Of the
20 cases of FSGS in our study, 16 were SR (80%) and 4 (20%) were
SS. None of the black FSGS patients (N = 3) were SS while 19%
of white FSGS patients (N = 3/16) were SS. MN was diagnosed
only in SR whites. Taken together these data show that MCD
was characterized by more steroid resistance in our patients,
compared to the ISKDCpopulation. The tissue diagnosis ofMCD
could not predict the response to corticosteroids in the black and
white patients in our study. Moreover, the diagnosis of FSGS
could not rule out response to corticosteroids, at least, in the
white patient population in our study.

DISCUSSION

Our retrospective review shows an independent association
of pediatric SR INS with the black ethnicity, older age at
presentation (>8 years), and female sex. Despite the similar
incidence ofMCD compared to the ISKDC group, our cohort was
characterized by a higher incidence of SR among the black and
white patients with MCD. Since the majority of black SR patients
had MCD, the histologic diagnosis could not predict the disease
course ahead of corticosteroid therapy in this patient population.

The distribution of MCD and FSGS was similar among the white
SR patients, indicating that the tissue diagnosis ofMCD could not
predict the response to corticosteroids in this patient population.
Since 19% of the white FSGS patients were SS, the tissue diagnosis
of FSGS before the initiation of therapy could not predict the
response to corticosteroids in this group. Our results are similar
to those reported form South Africa by Bhimma et al. who noted
that 56% (N = 18/32) of black children with biopsy-confirmed
MCD were SR, consistent with the lack of correlation between
the tissue diagnosis and response to steroids (23). In the same
study, all black patients with FSGS (N = 67) were SR. All black
FSGS patients in our study (N = 3) were also SR. Taken together,
in spite of higher proportion of SR among the MCD patients
in our study, compared to the ISKDC, our findings reaffirm the
ISKDC results and demonstrate that, at present, the therapeutic
response to corticosteroids is a valid approach for the initial
evaluation and therapy for INS in children with the black and
white ethnic background.

There were differences in the temporal, demographic, and
ethnic characteristics and the male-to-female ratio between the
patients reported by us and ISKDC. Our retrospective study
performed three decades after the ISKDC, represents primarily
white and black patients from a single US center while the
ISKDC cohort comprised a multiethnic group from 12 countries
in Europe, Asia, and North America (3, 8). Asian patients were
underrepresented in our cohort, compared to the ISKDC group
(2 vs. 16.5%). The ISKDC studies did not report separate results
for the major ethnic groups. Hence, it remains unclear whether
the ethnic background influenced the results reported by ISKDC
the way it did in our study. When considering the entire study
populations, the incidence of SR in our cohort fared worse when
compared to the ISKDC group (36 vs. 12–13%). The difference
could be attributed to a higher incidence of FSGS (18 vs. 7–
8%) and a higher proportion of SR among patients with MCD
(24 vs. <10%) in our study, compared to ISKDC. The male-
to-female ratio was lower in our study, compared to ISKDC
(1.1:1 and 1.6:1, respectively). The mean age at presentation
was higher by almost 2 years in our patient population and the
difference could contribute, at least in part, to the absence of male
predominance in our study population since the predominance
decreases among those patients who present with INS during
later childhood and adolescence (Table 1). Although our female
patients presented with INS later than males, the female sex
was associated with SR independently of the age at presentation
(Table 2 vs. Table 3). The association between female sex and
SR has been reported by Mortazavi and Khiavi who studied 165
children from a single center in Tabriz, Iran (24). The study
supports our conclusion that female sex is an independent risk
of SR in some patient populations because females presented
with INS at an age similar to males and almost identical to the
ISKDC cohort. By contrast, a single-center study from Bosnia
reported no association between sex and SR while studies from
Saudi Arabia, France, and an Iranian center in Tehran reported
that male sex was associated with both, SR and SS INS (13, 25–
27). Cumulatively, the above studied performed in INS patients
of different ethnic backgrounds on different continents indicate
that the association between sex and SR is poorly understood.
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Several centers reported an increasing incidence of SR and
FSGS in children during the years following ISKDC studies. SR
INS was observed in 36% of our entire cohort and in 31% of
white patients reported by Banaszak and Banaszak compared
to 22% of the ISKDC cohort reported by Abramowicz (3) and
Banaszak and Banaszak (16). Compared to ISKDC that reported
FSGS in 7% of the entire cohort, it was diagnosed in 22% (N
= 33/152) of patients in a study by Bonilla-Felix et al. between
1978 and 1997, 18% (N = 29/159) of patients reported by Filler et
al. between 1985 and 2002, 36% patients reported by Banaszak
and Banaszak between 1996 and 2005, and 18% of patients
in our study (10, 16, 28). Interestingly, the incidence of FSGS
in the study by Bonilla-Felix and Filler increased significantly
over the study period (23% before 1990 to 47% after 1990 and
from 11% during the first half of the study to 25% during the
second half of the study) (10, 28). By contrast, the incidence
of SR and FSGS trended down during the second half of our
study (42 vs. 32%).

Similar proportions of black and white patients in our
study were diagnosed with FSGS (18 and 24%, respectively).
These results differ from those by Bonilla-Felix where the
incidence of FSGS was significantly higher in blacks, compared
to whites (47 and 18%, respectively) (10). The different
incidence of FSGS between our studies could be reconciled,
at least in part, by the exclusion of 19 black patients with
a familial form of FSGS in our study. If the patients with
familial FSGS were included, the incidence of FSGS in the
black cohort would increase to 54% in our study. The
increased incidence of FSGS was previously reported in a group
combining the black and Hispanic children (29). However, it is
impossible to compare the group with our cohort of exclusively
black patients.

We acknowledge that the design, a retrospective review from
a single center, is a weakness of our study and our conclusions
may need to be validated in prospective studies and may vary in
different ethnic backgrounds. There are several strengths of our
study. First, it reconciles the multicenter and multiethnic ISKDC
data collected three decades earlier with the recent data from
white and black patients in our region. This is important because
the ISKDC studies did not report separate results for the major
ethnic groups. For example, we show an independent association
of SR INS with the black ethnicity, older age at presentation,
and female sex. Second, similar to other post-ISKDC single
center studies, we report changing characteristics of INS with
higher incidence of SR and FSGS that, unlike the older reports,
has plateaued over our study period. Third, we show that
despite the changing characteristics, the therapeutic response
to corticosteroids is a valid approach for the initial evaluation
and therapy for INS in the black and white children. We
would like to emphasize a different reason why the therapeutic
response to corticosteroids is useful for the initial evaluation
and therapy for childhood INS in our study and the ISKDC
studies. They concluded that it was because histologic correlation
showed that most INS patients had MCD, usually sensitive

to corticosteroids while only small proportion of patients had
FSGS, usually resistant to corticosteroids. By contrast, our data
indicate that it is because the histologic diagnosis of either
MCD or FSGS in black and white children with INS does
not predict the response to corticosteroids. Thus, our single
center retrospective review provides important updates on the
childhood INS characteristic and emphasizes the continued need
to study the condition in different ethnic backgrounds and
over time.

Mechanisms of the changing characteristics of INS
mechanism remain elusive. We have recently learned how
air pollution increases the risk of chronic kidney disease in
carriers of the APOL1 high-risk genotype (30). It remains
to be determined whether an interplay between genetic
and environmental risk factors contributes to the evolving
characteristics of INS. Until the mechanisms are elucidated and
preventive strategies validated, we propose that the therapeutic
response to corticosteroids continues to be an appropriate
approach for the initial evaluation and therapy for children with
INS at our center.
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