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Abstract

Background: Growth suppression is a known complication
of prolonged steroid therapy in children with nephrotic
syndrome (NS). Those with frequent relapses (FR) and
those steroid-dependent (SD) have a significant growth
delay compared to children with infrequent relapses (IR).
There is substantial variability in the way childhood NS is
treated and the majority of these children will exhibit
improved growth rate after cessation of therapy, though
some will not undergo catch-up growth, experiencing
issues related to short stature later in life. The aims of our
study were to assess growth deficits in children with
FR/SD NS and evaluate the impact and the appropriate
time to introduce a steroid-sparing agent (SSA).

Methods and findings: We are presenting the growth
data in pre-pubertal children (<10 years of age) followed
in two geographically distinct pediatric centers, and
discuss approaches to reduce the negative impact of
steroids on growth. The main data collected were growth
rate (GR) and height standard deviation score (HtSDS).
Statistical analysis was performed using ANOVA,
regression analysis and student t-test.

The GR (in cm/yr) was 6.94 ± 4.99 and 10.2 ± 5.4 in IR, and
5.86 ± 5.06 and 4.36 ± 2.45 in FR/SD, at 6 and 12 months
after diagnosis, respectively. The GR was slower in the
second 6 months period in FR/SD (n=9) compared to IR

(n=16): 4.4 ± 2.5 vs. 10.2 ± 5.4 cm/yr (p<0.001). The HtSDS
change, independent of location, was more pronounced
in FR/SD:-0.53 ± 0.47 compared to 0.16 ± 0.53 in patients
with IR, p=0.003. Previous reports of early detrimental
impact of steroids on growth have suggested the
possibility of a positive effect of therapy with a SSA. We
have retrospectively looked at 10 patients with FR/SD
disease course whose therapy was switched from steroids
to SSA, and HtSDS improved from -1.12 ± 1.23 to -0.73 ±
1.21, p<0.001. We discuss additional facts about steroid
therapy in NS and strategies to limit the patients’
exposure to them.

Conclusion: We conclude that strategies to minimize
steroid exposure, such as reducing the duration of
therapy based on response time and the use of SSA can
prevent the growth deficit seen in children with FR/SD NS.

Keywords: Nephrotic syndrome; Growth suppression;
Steroid therapy; Glomerular membrane permeability

Introduction
Nephrotic syndrome (NS) was defined in 1963 by Schreiner

as a clinical entity having multiple causes, characterized by
high glomerular membrane permeability, manifested by
massive proteinuria and lipiduria, in the absence of depressed
glomerular filtration rate (GFR) [1].

Research Article

iMedPub Journals
www.imedpub.com

DOI: 10.36648/2472-5056.4.2.76

Journal of Clinical & Experimental Nephrology

ISSN 2472-5056
Vol.4 No.2:76

2019

© Copyright iMedPub | This article is available from: https://clinical-experimental-nephrology.imedpub.com/ 1

şoara, RomaniaUniversity of Medicine and Pharmacy, "Victor Babe ", Timiş

4,5

http://www.imedpub.com/
https://clinical-experimental-nephrology.imedpub.com/


Quantifying protein excretion is essential in differentiating
nephrotic from non-nephrotic range proteinuria, since dipstick
analysis is only qualitative. Nephrotic range proteinuria is
defined in children when urine protein excretion is above 40
mg/m2/hr in a timed specimen, or above 1 g protein/g
creatinine in a random sample, preferably first morning urine
specimen [2].

International Study of Kidney Diseases in Children (ISKDC)
[3] characterized idiopathic NS in children based on the kidney
biopsy findings, and identified the preponderance of minimal
change disease (MCD) at early age. Based on these findings,
steroid therapy is initiated first, with biopsy being considered
in selected cases. This is in contrast to adult patients, who
undergo a kidney biopsy first, followed by specific treatment
based on pathology findings [4].

Protocols for initial therapy vary widely, from ISKDC
proposed 8 weeks (4 weeks of daily 60 mg/m2 followed by 4
weeks of alternate daily therapy 40 mg/m2 per dose) [3,4], to
12 weeks of steroids (6 weeks of daily 60 mg/m2 and 6 weeks
of alternate daily 40 mg/m2 per dose) [5] without further gains
by extending the initial treatment duration to 6 months [6].

Based on response (defined as protein-free urine on dipstick
analysis), patients are classified as having steroid-sensitive
(SSNS) or steroid-resistant (without response after 4-6 weeks
of therapy). NS relapses are defined as follows: infrequent (IR)
if less than 2 relapses in a year, frequent (FR) if 2 relapses in 6
months, or more than 3 relapses in a year, and patients can
have a steroid-dependent (SD) course if a relapse occurs less
than a month after completion of steroid therapy, or while
patient is receiving alternate daily therapy.

Aside from early gastro-intestinal, cardiac, ocular and
metabolic side effects of steroids, body image, psychosocial
adaptation, bone metabolism, and pubertal development are
significant long-term consequences of steroid therapy, along
with the impact on growth.

In 1968, Lam et al. [7] demonstrated that steroids affect
linear growth. Their effects at central and peripheral sites were
later described: centrally, by stimulating the somatostatin they
inhibit the pulsatile growth hormone (GH) secretion, and
peripherally, they decrease the GH receptor expression and
binding, as well as insulin-like growth factor-1 (IGF-1) activity.
These, in addition to the effects on bone mineralization and
the fact that these children are exposed to steroids at an early
stage in their bone development process, have a cumulative
negative impact on the growth plate, leading to short stature.

Aim of the Study
The aims of the study were to analyze the effects of steroids

on the growth patterns of pediatric patients with SSNS and
evaluate the impact of strategies targeting the minimization of
steroid exposure on growth.

Materials and Methods

Study design
The multicenter retrospective study was conducted over a

period of 5 years, at “Louis Ţurcanu” Children’s Clinical and
Emergency Hospital, Timişoara, Romania and at Joe DiMaggio
Children’s Hospital, Hollywood FL, USA.

Patient selection
Patient selection was based on a single exclusion criterion:

glomerular diseases other than MCD. The study was approved
by the ethics committee/institutional review board of both
hospitals where the study was conducted. Patient information
was de-identified as per institutions’ protocol.

Therapy protocols
Two cohorts of pre-pubertal children (≤ 10 years of age)

with SSNS, the majority treated based on modified ISKDC
protocol, 4-6 weeks daily and 4-6 weeks alternate daily dosing,
followed for at least a year, were studied in two different
settings (Romania-Group 1 and USA-Group 2).

Based on our initial clinical observations [8], we noticed that
the response time was a determinant factor in the rate of
relapse: those who had a rapid response had a significantly
higher probability of having IR. Duration of therapy was
determined by the response time. If hematuria was present
and/or the response was seen after 7 days, patients received
12 weeks of therapy (“6+6”). On the other hand, if patients did
not have hematuria and the response was seen in the first
week, the therapy was shortened to 8 weeks (“4+4”).

In some patients with FR/SD disease course, therapy was
changed to a steroid-sparing agent (SSA) and growth rate (GR)/
height standard deviation score (HtSDS) were compared to
those seen in patients with IR disease course.

Data collection
The following data were gathered: age, gender, race,

standing height at onset of the disease, then at 6 months, 1
year and at last visit, when available. Height was measured
using the Harpenden Stadiometer in Romania and at JDCH by
using a stadiometer manufactured by Holtain Limited, UK. The
mean value of three separate measurements was calculated
and each recorded data set was compared to height for age,
using the WHO Growth charts. Additional variables recorded
were: relapse pattern, GR and HtSDS at 6 and 12 months,
along with HtSDS at last visit.

Statistical analysis section
The Statistical Package for Social Sciences (SPSS 26®) was

used to organize, validate and analyze collected data.
Indicators of central tendency and dispersion were calculated.
Student's t-tests and Analysis of Variance (ANOVA) were
performed to detect significant differences between selected
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groups. Unadjusted linear regression was used to evaluate
prediction between growth rate (GR) and height standard
deviation (HtSDS) scores. A determining level of 0.05 was
selected for all as test of significance.

Results
There were 29 pre-pubertal children with SSNS (mean age:

3.9 ± 2.4 yr-group 1, and 4.3 ± 1.5 yr-group 2) with complete

data at 12 months, and 25 with complete data at 6 mos. There
were 14 children in group 1 and 15 in group 2, 20 with IR, 9
with FR/SD disease course, 16 were Caucasians, 9 were
African-Americans and 4 were Hispanics. Characteristics of
these cohorts can be seen in Table 1. The GR and HtSDS values
can be seen in Table 2.

Table 1: Patient characteristics. TSR-patients in Group 1, JDCH-patients in Group 2. Relapse pattern-IR: Infrequent Relapses; FR:
Frequent Relapses; SD: Steroid-Dependent; Race/Ethnicity-AA: African-Americans; H: Hispanics; all others Caucasians. All
patients received steroids for initial therapy, not less than 8 weeks and not more than 12 weeks, as well as for treatment of
relapses.

ID Number

TSR

Age at dx

(yrs)

Gender Relapse
pattern

ID number

JDCH

Age at dx

(yrs)

Gender Relapse pattern Race
ethnicity

1 3 F FR 1 4 F SD

2 2.5 F FR 2 5 M IR AA

3 3.17 F IR 3 3 F IR AA

4 3 M IR 4 6.7 M IR AA

5 1.33 F IR 5 2.5 M FR H

6 7 M SD 6 3.7 F IR AA

7 3.7 M IR 7 2.2 F FR AA

8 1.4 M FR 8 4.5 M IR AA

9 1.6 F IR 9 4.8 F IR H

10 10 M IR 10 3.5 M IR AA

11 2.5 M IR 11 7 F IR H

12 4.4 F IR 12 5.5 M FR AA

13 4.8 M IR 13 3.4 F IR H

14 6 M IR 14 6.3 F SD

15 3 F IR AA

Table 2: Growth Rates (GR) in cm/yr and height standard deviation score (HtSDS) values at the end of the two time periods (0-6
and 6-12 months after therapy) along with HtSDS change (∆HtSDS) in both groups of patients, depending on the disease course:
Infrequent Relapses (IR) or Frequent Relapses/Steroid-Dependent (FR/SD). Group 1-Romania, Group 2-USA.

GR 0-6 mo HtSDS at 6 mo GR 6-12 mo HtSDS at 12 mo ∆HtSDS

Group 1 - IR Mean 6.21 -0.12 11.02 0.08 0.18

± SD 5.13 1.25 6.7 1.23 0.5

Group 1-FR/SD Mean 9.14 0.46 6.01 0.63 0.03

± SD 4.92 0.96 2.77 0.93 0.63

Group 2-IR Mean 8.17 0.4 8.47 0.51 0.15

± SD 4.93 1.3 1.57 1.17 0.59

Group 2-FR/SD Mean 8.61 0.53 6.55 0.72 0.07

± SD 4.91 1.04 2.71 1 0.56

Cumulative IR Mean 6.94 0.08 10.17 0.29 0.16
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± SD 4.99 1.25 5.41 1.19 0.53

Cumulative FR/SD Mean 5.86 -0.47 4.36 -0.39 -0.53

± SD 5.02 1.23 2.68 1.4 0.47

Patients with FR/SD from both study sites exhibited a slower
GR in the second six months period of the first year after
diagnosis, from 9.14 ± 4.92 to 6.01 ± 2.77 cm/yr in group 1,
and from 8.61 ± 4.91 to 6.55 ± 2.71 cm/yr in group 2. Patients
with IR from both study sites exhibited catch-up growth based
on GR measured at 6 and 12 months following diagnosis, from
6.94 ± 4.99 cm/yr in the first 6 months, to 10.2 ± 5.4 cm/yr in
the second 6-month period (p=0.045), compared to patients
with FR/SD disease course who appeared to experience a
growth deceleration, from 5.86 ± 5.06 to 4.36 ± 2.45 cm/yr in
the same time frame, even though it did not reach statistical
significance (p=0.08). During the second 6-month period, GR
was slower in FR/SD (n=9) compared to IR (n=16):4.4 ± 2.5 vs.
10.2 ± 5.4 cm/yr (p<0.001).

During the first 6 months following diagnosis, the HtSDS
change (∆HtSDS) was 0.06 ± 0.4 for IR group (n=16) and -0.61 ±
0.66 for FR/SD group (n=9) (p=0.009). The GR at 6 months is a
significant predictor of ∆HtSDS at 12 months, p=0.048, sixteen
percent (R2=0.16) of the variation in ∆HtSDS being explained
by variation in this GR. As for the second 6-month period, the
∆HtSDS was 0.16 ± 0.53 for the IR group and -0.53 ± 0.47 for
the FR/SD group (p=0.003). The GR at 12 months is a
significant predictor of ∆HtSDS, p=0.02, around eighteen
percent (R2=0.183) of the variation in ∆HtSDS being explained
by variation in GR at 12 months (Figure 1). There were no
geographical or racial differences.

Figure 1: HtSDS changes in the first year after diagnosis of
NS in IR and FR/SD groups.*p<0.05 between HtSDS changes
at the end of first 6 months (0-6) and second 6 months
(6-12) in IR vs. FR/SD groups compared to HtSDS at
diagnosis; ¶ p<0.05 between HtSDS changes in the two time
periods in FR/SD group. HtSDS=Height Standard Deviation
Score; IR=infrequent relapses; FR/SD=Frequent Relapsing/
Steroid-Dependent Course.

The results so far demonstrate that children with FR/SD
disease course experience a reduction in growth velocity as
early as 6 months, without catch-up growth at 12 months.
There is a significant inverse (negative) relationship between

relapsing pattern (FR or SD) and GR measured at 12 months,
F(1,27)=9.91, p=0.004. Relapsing pattern also explained a
significant proportion of variation in GR, R2 of 0.27, with the
difference in the average GR being significantly higher among
IR patients than FR/SD patients, t(27)=-3.15 (p=0.004).

The new electronic charting (Epic, Verona, WI 53593, USA),
has helped us track the new patients, and we reviewed the
charts on our active patients with at least one year of follow-
up after the switch to a SSA.

The relapse pattern, initial steroid course and HtSDS at the
last visit were studied in 26 children followed for at least one
year after diagnosis [9]. IR disease course was seen in 62% of
these children, and a third of them received a total of 8 weeks
of steroids, since they did not have hematuria at presentation
and became protein-free within the first week of treatment.
An analysis of their growth pattern revealed that the GR of the
IR patients treated for 8 weeks was better than that of IR
patients treated for 12 weeks, with both groups having a GR
significantly better than the children with FR/SD disease
course. Reassuring was the fact that after replacing steroids
with SSA, FR/SD patients had a GR closer to that of IR patients
treated for 12 weeks [9], reducing the height deficit. There was
a significant improvement in HtSDS after the therapy change in
10 patients: from -1.12 ± 1.23 to -0.73 ± 1.21 (paired t-test
with p<0.001 between pre-SSA and last visit on SSA), and the
statistical significance was lost when HtSDS of those patients
who received SSA was compared to HtSDS of children who had
IR disease course and were treated with steroids for a total of
8 weeks (n=5) or 12 weeks (n=10) (p=0.29 and p=0.25,
respectively) [9].

Discussion
Our study has validated some of the previous findings and

added information about the catch-up growth seen in patients
exposed to a smaller dose of steroids, who benefited from
SSA, suggesting that there can be a positive effect on growth in
patients receiving new therapies such as rituximab,
mycophenolate mofetil or calcineurin inhibitors, early on.

As pointed out in previous studies, the growth delay was
more pronounced in children with FR/SD disease course
compared to the children exhibiting IR disease course [10].

Even though 40% of children will experience no relapses or
will have IR disease course [9], a few possibilities to minimize
the exposure to steroids can be contemplated: decreasing the
frequency of relapses, use of a lower steroid dose initially, use
of an alternate therapy altogether, or use the response time to
tailor the therapy.

A few additional questions have been posed over the years:
What affects growth rate-renal pathology or steroid therapy?
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When is the maximal impact of steroid therapy on growth rate
noted? Does geographical location or racial heterogeneity play
a role in relapse pattern or growth delay? Do steroid-sparing
treatment strategies have a beneficial effect of growth rate?
What is the best timing for consideration of a SSA? [9]

Can relapses be predicted?
A single center retrospective analysis of children with NS [8],

was carried out to identify what symptom, or laboratory
finding, if any, at the time of presentation, could help predict
the relapse pattern. There were complete records for 56
children, average age of 4 years, 68% boys. At that time,
treatment for the most part followed the ISKDC protocol, total
of 8 weeks of therapy. As can be seen in Figure 2, patients with
a faster response to therapy (within 7 days after initiation of
steroid therapy), who did not exhibit hematuria at
presentation, were predicted to have an IR disease course,
with a positive predictive value of 94%.

Figure 2: Relapse pattern vs. Response time (days to
remission) in children with steroid-sensitive nephrotic
syndrome (SSNS) without hematuria. Children with SSNS
without hematuria at the outset, are more likely to have an
infrequent relapsing disease course (IR, n=13) if their
response to steroids occurs in the first week of therapy.
FR/SD: Frequent Relapsing/Steroid-Dependent Course
(n=17). *=p<0.05.

A few years later, Wasilewska et al. [11] studied the
multidrug resistance (MDR1) gene polymorphisms in children
with NS. The MDR1 gene encodes for p-glycoprotein, an active
transmembrane efflux pump, and the poor response to steroid
therapy in some patients can be explained by MDR1 gene up-
regulation. However, the genetic testing is not widely available
to predict who will have a prompt or a delayed response to
steroids. Our clinical observation could not predict the
response to steroids, but the response time was a determinant
factor in the rate of relapse. Those with a rapid response had a
significantly higher probability of having IR, opposite to the TT
genotype of the MDR-1 gene.

Subsequent studies revealed similar data around the world.
Mishra et al., [12] identified younger age and longer time to
remission as predictors of FR course. Harambat et al., [13]
found that among FR/SD children, longer time to remission
predicted use of SSA. Sureshkumar et al., [14] from Australia,
have published their prospective analysis of 129 children with

SSNS, and identified male gender, young age and short time to
first relapse as predictors of a FR disease course.

What does affect the growth rate-renal
pathology or steroid therapy?

Glomerular diseases other than MCD, presenting with
nephrotic syndrome, likely due to the required higher doses of
steroids for a longer time, as well as the associated decline in
renal function, can lead to short stature. Over a period of 2
 years,   11          children   with   NS,   having   various
glomerular  diseases other  than  MCD,   were  compared  to   9
children with MCD. The HtSDS at the last follow-up was lower
in children with glomerular diseases other than MCD, -0.97 ±
0.94 compared to 0.14 ± 0.91 in children with MCD (p=0.016)
(A.B.C.-unpublished observation). This can be interpreted as
catch-up growth in children with MCD as well as significant
impact of non-MCD on final height.

Since non-MCD pathology causes a significant growth delay,
independent of steroid therapy, subsequent studies excluded
patients with steroid-resistant NS and those with biopsy-
proven pathology other than MCD.

When is the maximal impact of steroid therapy
on growth rate?

Spreafico et al. [15] described the detrimental effects of
steroids on osteoblastogenesis and apoptosis of osteocytes,
with resulting stunted growth. However, as mentioned above,
steroids remain the first-line of therapy in children with MCD,
at a time when their bones are most vulnerable.

To study the issue in more detail, a retrospective analysis
identified the degree of growth suppression, the “moment of
maximum impact”, its prevalence and duration, with the goal
of identifying catch-up growth [16]. In that study a database
was created, excluding the patients with glomerular diseases
other than MCD, and plotted HtSDS as well as growth rate
standard deviation score (GRSDS) over the observation period.
Records from 69 children were analyzed, and HtSDS was found
to be below -1.8 in about 10% of patients. HtSDS values at 3
months, 6 months and one year, showed that the most growth
suppression occurs in the first 3 months of therapy, a finding
supported by a lower GR at 3 months. An additional
observation was the lack of increase in GR between the follow
up visits at 6 and 12 months in patients with FR/SD NS, the
most likely reason why patients were falling below -2 SD in
later years. It is also possible that the cumulative dose of
steroids needed to treat relapses has an additive effect on
growth suppression, placing the patients with FR/SD disease
course at a higher risk. In support of these findings is the study
by Emma et al., [17] who found the average height loss to be
up to 1.8 SD below the mean in children with FR/SD NS. This
correlated with steroid dose and was more prevalent in
younger children.

In children with NS, growth suppression is maximal in the
first 3 months after diagnosis and is commensurate with the
duration of therapy and frequency of relapses [16,17].
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Does geographical location or racial
heterogeneity play a role in relapse pattern or
growth delay?

This was one of the aims of our study and for both pubertal
development and psychosocial adaptation to have a normal
course, prediction of long term growth suppression is desired.
As pointed out in this study and in previous ones, the growth
delay is more pronounced in children with FR/SD disease
course compared to the children exhibiting IR disease course
[10]. In addition, we did not find any geographical or racial
differences, albeit our sample was somewhat small.

Do steroid-sparing treatment strategies have a
beneficial effect on  growth  rate, and  what  is
the best timing for consideration of a steroid-
sparing agent?

It has been shown [5] that a longer initial steroid therapy
course decreased the relapse rate, but it did lead to a higher
cumulative steroid dose. Cyclosporine was introduced in the
treatment of NS as a SSA, but aside from not providing a
sustained remission, it did bring a new set of side effects.
Overtime, recommendations have been made to add a
calcineurin inhibitor (CNI) at the outset, though CNI toxicity
has prevented the wide-spread adoption of this approach
[18,19].

Following our initial observations, supported over the years
by other investigators, children with NS were treated based on
initial response time and some of those with FR/SD course have
been placed on SSA (mostly tacrolimus). Despite the small
sample, at the last follow-up visit, the HtSDS of these children
was significantly better than HtSDS prior to initiation of SSA
therapy (Figure 3).

Figure 3: Height Standard Deviation Score (HtSDS) in
children with nephrotic syndrome, based on the treatment
regimen. “4+4” (n=5) and “6+6” (n=10) represent the
duration of steroid therapy in weeks-daily plus alternate
day. IR=infrequent relapsing course; FR=frequent relapsing
course; SD=steroid-dependent course. SSA=steroid-sparing
agent (tacrolimus or cyclosporine). ¶ p=0.29 between IR 4+4
and FR/SD 6+6 at last visit on SSA. *p=0.048 between IR 4+4
and pre-SSA. #=p<0.001  between pre-SSA  and last  visit  on
SSA.

Conclusion
We can surmise that since steroids have growth–

suppression potential, independent of geographical location or
race, attempts need to be made to minimize exposure to
them. Cumulative dose can be decreased by predicting IR
pattern based on response within one week and, in some
centers, along with the absence of hematuria. The difference
in GR tends to be noted in the first 6 months, but reaches
significance 12 months after initial steroid course [10].
Therefore, the use of SSA needs to be considered if by one
year after diagnosis, or even sooner, catch-up growth is not
seen in patients with FR/SD SSNS. Standardized treatments
could help understand the impact of growth suppression on
the final target height, and develop a set of growth markers
that may be unique to children with NS, based on the relapse
pattern, including the calculation of mid-parental height for
assessing the growth deficit early in the course of their
disease.

Our studies, despite small sample sizes, represent only a few
possible ways of minimizing the impact of steroids on growth
suppression, as the quest for inducing lasting remission and
reducing the number of relapses continues [20].
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