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A B S T R A C T

Background

In nephrotic syndrome protein leaks from the blood to the urine through the glomeruli resulting in hypoproteinaemia and generalised
oedema. Children with untreated nephrotic syndrome frequently die from infections. The majority of children with nephrotic syndrome
respond to corticosteroids. However about 70% of children experience a relapsing course with recurrent episodes of oedema and
proteinuria. Corticosteroid usage has reduced the mortality rate in childhood nephrotic syndrome to around 3%, with infection remaining
the most important cause of death. However corticosteroids have known adverse eHects such as obesity, poor growth, hypertension,
diabetes mellitus, osteoporosis and adrenal suppression. The original treatment schedules for childhood nephrotic syndrome were
developed in an ad hoc manner. The optimal doses and durations of corticosteroid therapy that are most beneficial and least harmful have
not been clarified. The aim of this systematic review was to assess the benefits and harms of corticosteroid therapy in treating children
with nephrotic syndrome.

Objectives

To determine the benefits and harms of diHerent corticosteroid regimens in preventing relapse in children with steroid responsive
nephrotic syndrome (SRNS).

Search methods

Published and unpublished randomised controlled trials were identified from the Cochrane Controlled Trials Register, Medline, Embase,
reference lists of articles, abstracts from proceedings and contact with known investigators in the area.

Selection criteria

Randomised trials were included if they were carried out in children (aged three months to 18 years) in their initial or subsequent episode
of SRNS, if they compared diHerent durations, total doses or other dose strategies using prednisone or other corticosteroid agent and if
they had outcome data at six months or more.

Data collection and analysis

Two reviewers independently reviewed all eligible studies for inclusion, assessed study quality and extracted data. The principle outcome
measure was the number of children with and without relapse aKer six and 12-24 months. Secondary outcomes sought included the
number of children who developed frequently relapsing nephrotic syndrome and adverse events. A random eHects model was used to
estimate summary eHect measures (relative risk RR, risk diHerence RD) aKer testing for heterogeneity. Meta-regression was used to explore
potential between-study diHerences due to the baseline risk of relapse, study quality and types of interventions used.
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Main results

Twelve trials were identified. A meta-analysis of five trials, which compared two months of prednisone with three months or more in the
first episode, showed that the longer duration significantly reduced the risk of relapse at 12 - 24 months (relative risk 0.73; 95% CI 0.60,0.89)
without an increase in adverse events. There was an inverse linear relationship (RR = 1.382 (SE 0.215) - 0.133 duration (SE 0.048); r2 = 0.66;
p = 0.05) between the duration of treatment and risk of relapse. The number of children who became frequent relapsers and the mean
relapse rate/patient/year were also significantly reduced without increase in serious adverse events. In children with frequently relapsing
nephrotic syndrome, deflazacort was significantly more eHective in maintaining remission than prednisone (RR 0.44; 95% CI 0.25, 0.78).

Authors' conclusions

From this meta-analysis of randomised controlled trials it can be concluded that children in their first episode of nephrotic syndrome
should be treated for at least three months with an increase in benefit being demonstrated for up to seven months of treatment. In a
population with a baseline risk for relapse following the first episode of 60% with two months of prednisone, daily prednisone for four
weeks followed by alternate day therapy for six months would be expected to reduce the number of children experiencing a relapse by
about 40%. In children who relapse frequently, deflazacort deserves further study.

P L A I N   L A N G U A G E   S U M M A R Y

Corticosteroid drugs for several months a4er a child has nephrotic syndrome can reduce repeat episodes

Nephrotic syndrome is a condition where the kidneys leak protein from the blood into the urine. Most children who experience this
syndrome have repeat episodes. When it is untreated, children can oKen die from infections. Corticosteroid drugs are used to reduce these
infections, but the drugs can also have serious side eHects. The review of trials found that using corticosteroids for several months aKer
the first episode has an increasing ability to reduce the risk of relapses, without an increase in serious side eHects.

Corticosteroid therapy for nephrotic syndrome in children (Review)

Copyright © 2004 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

2



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

B A C K G R O U N D

Nephrotic syndrome is a condition in which the glomeruli
of the kidney leak protein from the blood into the urine.
It results in hypoproteinaemia and generalised oedema. In
children the incidence of nephrotic syndrome in Europe and
North America is 2/100,000 children (Schlesinger 1968; Arneil
1961). The majority of children have minimal change disease,
in which changes on light microscopy are minor or absent, and
respond to corticosteroid agents. The cause of minimal change
nephrotic syndrome is unknown. About 70% of children who
respond to corticosteroids experience a relapsing course with
recurrent episodes of oedema and proteinuria (Koskimies 1982).
Children with untreated nephrotic syndrome are at increased risk
of bacterial infection, characteristically resulting in peritonitis,
cellulitis or septicaemia, of thromboembolic phenomena and of
protein calorie malnutrition. Before antibiotics became available
two thirds of children with nephrotic syndrome died (Arneil
1971). The survivors remitted spontaneously aKer several months.
Mortality rates fell to 35% with the introduction of sulphonamides
and penicillin (Arneil 1971).

Corticosteroids have been used to treat childhood nephrotic
syndrome since 1950 when large doses of adrenocorticotrophic
hormone (ACTH) and cortisone given for two to three weeks were
found to induce diuresis with loss of oedema and proteinuria
(Arneil 1971). Corticosteroid usage has reduced the mortality
rate in childhood nephrotic syndrome to around 3%, with
infection remaining the most important cause of death (ISKDC
1984). Of children who present with their first episode of
nephrotic syndrome, approximately 95% will achieve remission
with corticosteroid therapy (Koskimies 1982). Because of this
dramatic before-aKer evidence that corticosteroids improve
the outcome of nephrotic syndrome, oral corticosteroids are
the first-line treatment of a child presenting with idiopathic
nephrotic syndrome. No properly controlled prospective trials of
corticosteroids compared to placebo were carried out. However
corticosteroids have known adverse eHects such as obesity, poor
growth, hypertension, diabetes mellitus, osteoporosis and adrenal
suppression. Adverse eHects are particularly prevalent in those
children who relapse frequently and thus require multiple courses
of corticosteroids.

The original treatment schedules for childhood nephrotic
syndrome were developed in an ad hoc manner. The International
Study of Kidney Disease in Children was established in 1966 and
determined by consensus a regimen of daily corticosteroids for
four weeks followed by corticosteroids given on three consecutive
days out of seven for four weeks (Arneil 1971). Since then many
physicians have used regimens involving periods of daily followed
by alternate day or intermittent therapy (given on three consecutive
days out of seven). However the optimal doses and durations of
corticosteroid therapy that are most beneficial and least harmful
remain to be clarified. Although the management of steroid
responsive nephrotic syndrome (SRNS) has been reviewed using
data from multicentre studies (Brodehl 1991; Bargman 1999), no
systematic review has been carried out. The aim of this systematic
review is to assess the benefits and harms of corticosteroid therapy
in treating children with nephrotic syndrome.

O B J E C T I V E S

The aim of this systematic review was to identify and analyse
randomised trials in which diHerent corticosteroid regimens in
children with SRNS were compared. The eHects and harms of
therapy were studied in two groups of children:-
1. Children in their initial episode of SRNS
2. Children who pursue a relapsing course of SRNS

The aspects of the corticosteroid regimens considered were:-
1. Long or short duration compared with standard duration of
corticosteroid treatment
2. Total dose of corticosteroid medication given for induction of a
remission
3. Comparisons of non standard durations of corticosteroid
therapy. Where possible test regimens were compared with
standard regimens (i.e. prednisone or prednisolone given daily for
four weeks at a dose of 60mg/m2 /day followed by 40mg/m2 given
for four weeks on alternate days or three consecutive days out of
seven days).
4. DiHerent corticosteroid agents (e.g. deflazacort) compared with
standard agents (e.g. prednisone, prednisolone)
5. Intravenous compared with oral route of administration of
corticosteroid medication
6. The use of daily, alternate day or intermittent administration
of corticosteroid medication. Intermittent administration refers to
the administration of corticosteroids on three consecutive days of
seven days.
7. Single daily dose compared with divided daily doses of
corticosteroid medication

M E T H O D S

Criteria for considering studies for this review

Types of studies

All randomised and quasi-randomised trials, in which diHerent
doses, dose strategies, routes of administration and durations of
treatment with prednisone, prednisolone or other corticosteroid
are compared in the treatment of SRNS in children, were included.
Studies were excluded if outcome data at six or more months was
not available. Where more than one publication of one trial exists,
only the publication with the most complete data analysis was
included.

Types of participants

Inclusions: Children aged three months to 18 years with SRNS (ie.
the child became oedema free and his/her urine protein was = 1+ on
dipstick or < 4mg/m2/hr for three consecutive days while receiving
corticosteroid therapy). A renal biopsy diagnosis of minimal change
disease was not required for inclusion of the trial.
Exclusions: Children with steroid resistant nephrotic syndrome
( failure to achieve remission following 4 weeks or more of
prednisone at 60mg/m2/day) or congenital nephotic syndrome.
Children with other renal or systemic forms of nephrotic syndrome
defined on renal biopsy, clinical features or serology (e.g
post-infectious glomerulonephritis, Henoch-Schoenlein Nephritis,
systemic lupus erythematosus).

Types of interventions

Prednisone, prednisolone or other corticosteroid medication given
orally or intravenously.

Corticosteroid therapy for nephrotic syndrome in children (Review)

Copyright © 2004 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

3



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Types of outcome measures

Primary outcome measure
The prevention of relapse in steroid reponsive nephrotic syndrome
as measured by:-

• The numbers of children with and without relapse at six months,
12 months and 24 months aKer completion of treatment.

Secondary outcome measures

• The number of children who developed frequently relapsing
nephrotic syndrome.

• The number of children who require other immunosuppressive
therapy because of steroid toxicity.

• Mean relapse rates per patient.

• Serious adverse events including reduced growth rates,
hypertension, cataracts/glaucoma, psychological disorders,
infections, thromboses and osteoporosis.

• Cumulative corticosteroid dosage

Search methods for identification of studies

Relevant trials were obtained from the following sources:-
The Cochrane Controlled Trials Register and the Cochrane Renal
Group Specialised Register
#1 (Nephrotic and syndrome)
#2 Child
#3 Nephrosis*.ME
#4 Nephrosis-Lipoid*.ME
#5 Nephrotic - Syndrome*.ME
#6 #1 or #2 or #3 or #4 or #5
#7 #2 and #6
Reference lists of nephrology textbooks, review articles and
relevant trials and from CD ROMs of nephrology scientific meetings.
Letters seeking information about unpublished or incomplete trials
to investigators known to be involved in previous trials.
Medline using the optimally sensitive strategy developed for
the Cochrane Collaboration for the identification of randomised
controlled trials (Dickersin 1994) with a specific search strategy for
nephrotic syndrome in children.
Embase using a search strategy adapted from that developed for
the Cochrane Collaboration for the identification of randomised
controlled clinical trials (Lefebvre 1996) together with a specific
search strategy for nephrotic syndrome in children.

Medline Search Strategy <1966 - July 1998>

1 RANDOMIZED CONTROLLED TRIAL.pt.
2 CONTROLLED CLINICAL TRIAL.pt.
3 RANDOMIZED CONTROLLED TRIALS.sh.
4 RANDOM ALLOCATION.sh.
5 DOUBLE BLIND METHOD.sh.
6 SINGLE BLIND METHOD.sh.
7 1 or 2 or 3 or 4 or 5 or 6
8 (ANIMAL not HUMAN).sh.
9 7 not 8
10 CLINICAL TRIAL.pt.
11 exp CLINICAL TRIALS/
12 (clin$ adj25 trial$).ti,ab.
13 ((singl$ or doubl$ or trebl$ or tripl$) adj25 (blind$ or mask
$)).ti,ab.
14 PLACEBOS.sh.

15 placebo$.ti,ab.
16 random$.ti,ab.
17 RESEARCH DESIGN.sh.
18 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17
19 18 not 8
20 19 not 9
21 9 or 20
22 exp nephrotic syndrome/ or nephrotic syndrome.ti,ab,sh.
23 exp nephrosis, lipoid/ or lipoid nephrosis.ti,ab,sh.
24 22 or 23
25 exp child/
26 exp child/ or child$.ti,ab,sh.
27 21 and 24 and 26
28 21 and 24

EMBASE Search Strategy <1988 - July 1998>

1 exp controlled study/ or controlled study.ti,ab,hw,tn,mf.
2 exp statistical analysis/ or clincial study.ti,ab,hw,tn,mf.
3 exp major clinical study/ or major clinical study.ti,ab,hw,tn,mf.
4 exp randomized controlled trial/ or randomised controlled
study.ti,ab,hw,tn,mf.
5 random$.ti,ab,hw,tn,mf.
6 exp double blind procedure/ or double blind
procedure.ti,ab,hw,tn,mf.
7 exp single blind procedure/ or single blind
procedure.ti,ab,hw,tn,mf.
8 exp multicenter study/ or multicenter study.ti,ab,hw,tn,mf.
9 exp placebo/ or placebo.ti,ab,hw,tn,mf.
10 or/1-9
11 (human not animal).sh,de,hw.
12 10 and 11
13 exp nephrotic syndrome/ or nephrotic syndrome.ti,ab,hw,tn,mf.
14 12 and 13
exp steroid/ or steroids.ti,ab,hw,tn,mf.
14 and 15

Data collection and analysis

Included and excluded studies
The review was undertaken by four reviewers (EH, JK, NW and
JC). The search strategy described was used to obtain titles and
abstracts of studies that could be relevant to the review. The
titles and abstracts were screened by EH, who discarded studies
that were irrelevant (ie studies of lipid lowering agents) although
studies and reviews that could have included relevant data or
information on trials were retained initially. Reviewers EH and JK
independently assessed abstracts and, if necessary, the full text to
determine which studies satisfied the characteristics required for
inclusion stated above under "Selection Criteria". Data extraction
was carried out by the same reviewers. Studies reported in non-
English language journals were translated before assessment.
Disagreements were resolved in consultation with JC.

Study quality
The quality of studies to be included were assessed independently
by EH and JK without blinding to authorship using the check list
shown (Crowther 1998). Discrepancies were resolved in discussion
with JC. The quality items assessed were allocation concealment,
intention to treat analysis, completeness of follow-up and blinding
of outcome assessment.

1. Allocation Concealment
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A: Adequate
B: Unclear
C: Inadequate
D: Not used

2. Intention to treat analysis
Yes
No
Not stated

3. Completeness of follow-up:
A: <3% of participants excluded
B: 3%-9.9% of participants excluded
C: 10%-19.9% of participants excluded
D: 20% or more excluded
E: Unclear

4. Blinding of outcome assessment
A: Double blind (both investigator and participant)
B: Single blind (either investigator or participant know allocation
or allocation can be identified by ( 20% because of side eHects of
treatment)
C: No blinding
D: Unclear

Statistical assessment
For dichotomous outcomes (relapse or no relapse, side eHects)
the relative risks and risk diHerences for individual studies were
calculated and summary statistics estimated using the random
eHects model and results compared to those obtained using a
fixed eHects model. Heterogeneity was analysed with a threshold
value of p< 0.1 used for statistical significance. Meta-regression
was used to explore potential between-study diHerences due to
study quality or types of interventions used. Where continuous
scales of measurement were used to assess the eHects of
treatment (cumulative steroid therapy, relapse rate), these data
were analysed in continuous form as the weighted mean diHerence
or standardised mean diHerence if diHerent scales had been used.
The time to relapse was not included since many children did not
experience relapse so the data would be biased.

R E S U L T S

Description of studies

Of the 491 studies identified, 14 were identified by full text
review to be randomised controlled trials (Table of characteristics
of included studies). Two articles ( APN 1979; APN 1981) were
duplicate publications so the article ( APN 1981) containing the
most information was included. One trial (Hiraoka 1996) in abstract
form only was excluded since follow up data were only available
to three months. One study (Kleinknecht 1982) was available in
abstract form only. Additional information on the results was not
available from the investigators. Seven trials (Kleinknecht 1982;
APN 1988; Ueda 1988; APN 1993; Ksiazek 1995; Norero 1996; Bagga
1999) included 521 children in their initial episode of SRNS. Five
trials (Ueda 1988; APN 1993; Ksiazek 1995; Norero 1996; Bagga
1999) compared standard therapy of 2 months duration (60mg/m2/
day prednisone for four weeks followed by 40mg/m2 on alternate
days or on three consecutive days of seven for four weeks) with
regimens of at least three months of therapy comprising one to two
months of daily and 1.5-6 months of alternate day therapy. In one
of these trials (Ksiazek 1995) standard therapy was compared with

two experimental regimens. The outcomes from the experimental
group treated for six months were included in the analyses. One
(Norero 1996) of these trials excluded those children who became
steroid dependent. Four trials (APN 1993; Bagga 1999; Ksiazek 1995;
Ueda 1988) comparing long duration of therapy with standard
duration stated that duration of follow-up and the time to first
relapse was measured from completion of initial therapy (both
daily and alternate day therapy). The fiKh trial (Norero 1996)
comparing long duration with standard did not state when the
follow-up period commenced in relation to the therapy period. One
trial (APN 1988) compared standard therapy with a shorter duration
of treatment; the follow-up period was measured from the time
of completion of daily prednisone. One trial (Kleinknecht 1982)
compared five months with one year of therapy; the timing of the
follow-up period in relation to the duration of inital therapy was not
stated. Five trials included 341 children with relapsing SRNS (APN
1981; ISKDC 1984; Imbasciali 1985; Ekka 1997; Broyer 1997). Each
study explored diHerent treatment regimens aimed at inducing
and/or maintaining remission.

Risk of bias in included studies

The assessment of study quality is shown in Table 1of the additional
tables. Randomisation was adequately concealed in six studies. In
two studies (Ksiazek 1995; Ueda 1988) the numbers of children
in the treatment and control groups diHered markedly and in the
Polish study (Ksiazek 1995), it was stated that the parents could
influence which treatment group their child was assigned to. In
the Japanese study (Ueda 1988) the calculated total protocol dose
(4620mg/m2) exceeded the dose administered (3132 ± 417 (SD)
mg/m2) suggesting that the protocol was not adhered to in all
patients. Only three studies were analysed on an intention to
treat basis (Broyer 1997; Imbasciali 1985; Ksiazek 1995). Fewer
than 10% of participants were excluded in seven studies (APN
1988; Ueda 1988; APN 1993; Ksiazek 1995; Norero 1996; Bagga
1999; Imbasciali 1985). Only one study (Broyer 1997) reported that
outcome assessment was blinded. However most studies reported
the primary outcome measure using the ISKDC's definition of
relapse (Abramowicz 1970) .

E;ects of interventions

OUTCOME OF CHILDREN IN THEIR FIRST EPISODE OF SRNS
Meta-analysis of five studies (APN 1993; Bagga 1999; Ksiazek 1995;
Norero 1996; Ueda 1988) involving 334 children, in which the
experimental groups received a total calculated induction dose of
prednisone of between 2922mg/m2 and 4620 mg/m2 administered
over three to seven months, showed that the longer durations
and higher doses resulted in significant reductions in relapse rate,
the number of relapses/patient/year and the number of children
who relapsed frequently (Comparison table 01 with outcomes
01 to 05 and additional Table 2). No significant heterogeneity
was demonstrated. There was no increase in cumulative steroid
dose (Comparison table 01 with outcome 06). Serious adverse
events (growth retardation, hypertension, cataracts/glaucoma,
psychological disorders, thromboses, osteoporosis), infections or
features of Cushing's Syndrome were not increased (Comparison
table 01 with outcomes 07 to 09). Only one (APN 1993) of the
five studies showed adequate allocation concealment so subgroup
analysis based on study quality was not possible. A single study
(APN 1988) showed that a total dose and duration less than the
standard regimen resulted in a significantly higher relapse rate
at 12 months (RR 1.46; 95% CI 1.01-2.12) and a shorter time to
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first relapse (WMD -3.00; 95% CI -4.94,-1.06). A further single trial
(Kleinknecht 1982) showed no evidence that the relapse rate was
significantly reduced by giving prednisone for one year compared
with five months (RR 0.76; 95% CI 0.51- 1.13).

In the six studies (APN 1988, APN 1993, Bagga 1999, Ksiazek 1995,
Norero 1996, Ueda 1988) comparing standard therapy with other
doses and durations of therapy, there was no significant association
between the rate of relapse in the control groups treated for only
two months (control event rate) and the relative risk for relapse by
12-24 months (r2 = 0.18, p = 0.4) indicating that the relative risk for
relapse by 12-24 months was not influenced by the control event
rate . Using meta-regression to combine these six studies showed
that the risk of relapse at 12-24 months was significantly reduced
with increased duration (RR = 1.382 (SE 0.215) - 0.133 duration
(SE 0.048); r2 = 0.66; p = 0.05) and dose (RR = 1.701 (SE 0.292)
dose - 0.000264 (SE 8.630E-05); r2 = 0.70; p = 0.04) of prednisone.
To explore whether duration or dose of prednisone determined
the treatment response, the relative risk for relapse at 12-24
months for each study was plotted against the ratio of total dose
to duration (mg/m2/month) to determine the average monthly
dose. This suggested a reduction in risk of relapse was primarily
associated with an increase in duration not dose since an increase
in dose/month appeared to be associated with increased rather
than decreased relative risk for relapse (RR = 0.119 + 0.00787dose/
duration; r2 = 0.41; p = 0.17).

CHILDREN WITH RELAPSING SRNS
The results of the studies (APN 1981, Broyer 1997, Ekka 1997,
Imbasciali 1985, ISKDC 1984) in children with relapsing SRNS are
shown in Comparison table 02 and outcomes 01-06 and additional
Table 3. Alternate day therapy (APN 1981) was significantly more
eHective than intermittent therapy in maintaining remission in
frequently relapsing children during six months of therapy but
there was no diHerence by 12 months. Single daily dosing (Ekka
1997) was as eHective as multiple daily dosing in achieving
and maintaining remission in children who relapsed frequently.
Deflazacort (Broyer 1997) significantly reduced the number of
children who relapsed during therapy and reduced the relapse
rate among those who relapsed without significant diHerences
in side eHects. Children relapsed significantly less frequently
during treatment on daily prednisone compared with intermittent
therapy but relapse rates did not diHer by nine months aKer
treatment (ISKDC 1984). Remission rate at one year was not
significantly diHerent between children who received intravenous
methylprednisolone during induction and those who received
oral prednisone only (Imbasciali 1985). Comparison of therapeutic
interventions used in children with their first episode of nephrotic
syndrome with those used in children with relapsing nephrotic
syndrome was not possible since no studies compared the same
interventions in these diHerent patient groups.

D I S C U S S I O N

Treatment of children in their first episode of SRNS with prednisone
for between three and seven months compared with two months
results in fewer children experiencing relapses within 12-24 months
without a demonstrated increase in adverse eHects. All four studies
(APN 1993; Bagga 1999; Ksiazek 1995; Ueda 1988) which showed a
benefit of longer duration over standard duration therapy reported
the number of patients who relapsed at 6 months and/or 12-24
months aKer completing the full course of initial therapy so the

eHect of longer duration therapy is not simply due to the reduction
in the steroid-free at risk period. There is linear relationship
between the risk of relapse and the duration of the induction
prednisone regimen and between the risk of relapse and the total
induction dose of prednisone. Examination of the relationship
between the risk for relapse and the ratio of dose to duration
suggests that longer duration of treatment is more important than
total dose in reducing the risk. The relative risk of relapse at
12-24 months falls by 0.133 (13%) for every month increase in
therapy to seven months. The relationship between the duration
of prednisone therapy and the relapse rate when treated for two
months is illustrated in additional Table 4. The higher the relapse
rate with two months of therapy (control event rate), the greater
the magnitude of the treatment eHect expected with increased
durations of prednisone therapy. The control event rate in six
studies ranged from 48% to 91% with a mean of 66%. With relapse
rate of 66% in children treated for two months, the event rate would
fall by 9% for every increase by one month in the duration of therapy
so that treatment for six months would reduce the risk of relapse by
36% (4 x 9%) to 30% compared with two months. Ideally clinicians
should know the control event rate in their local population so that
they can determine how much increasing the duration of therapy
will improve the outcome among their patients.

The treatment regimen for the initial episode of SRNS was originally
determined by the ISKDC (Abramowicz 1970). Subsequently the
APN demonstrated that alternate day therapy (APN 1979) was
more eHective that intermittent administration in maintaining
remission and that three months of therapy was more eHective
than two in preventing relapse (APN 1993). These data led to the
recommendation that children should receive six weeks of daily
prednisone followed by six weeks of alternate day prednisone
(Brodehl 1991). Recently published recommendations (Bargman
1999) for initial treatment of nephrotic syndrome in children state
that daily prednisone should be used for four to six weeks followed
by alternate day therapy for four to six weeks. However neither of
the authors based their conclusions on a systematic review and
meta-analysis of the randomised trials included here.

In children with relapsing SRNS a single small study demonstrated
that the synthetic heterocyclic oxazoline glucocorticoid deflazacort
(Broyer 1997) maintained 66% more children with steroid
dependent SRNS in remission during treatment in comparison
with prednisone given in an equivalent dose. No significant
increase in adverse events was demonstrated but the study
was underpowered to detect harms. Deflazacort may oHer an
alternative to prednisone for maintaining remission in children with
steroid dependent SRNS. Further randomised controlled trials of
deflazacort are required to confirm its eHicacy. If deflazacort is
confirmed to be more eHective than prednisone, the benefits and
harms of this medication in comparison with non corticosteroid
agents should be examined.

Study quality was generally poor, with only six studies (APN 1981;
APN 1988; APN 1993; Bagga 1999; Imbasciali 1985; Broyer 1997)
showing adequate allocation concealment. In only two (APN 1993;
Bagga 1999) of the five studies included in the meta-analysis
was allocation concealment considered adequate. Trials with
inadequate allocation concealment can exaggerate the eHicacy of
the experimental treatment by 30-40% (Schultz 1995) and meta-
analyses of low quality trials may overestimate the benefit of
therapy (Moher 1998). Despite these quality issues, no significant
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heterogeneity was demonstrated and there was a consistent
reduction in the number of children experiencing relapse with the
longer duration of treatment.

Publication bias resulting from the exclusion of some unpublished
trials cannot be totally excluded. Publication bias (Egger 1997) may
result in an overestimate of treatment eHicacy if the unpublished
trials show no treatment eHect. Formal testing using funnel plots or
regression analysis was not possible because of the small number
of studies. Responses from four senior investigators active in the
field did not reveal any unpublished studies.

From the data, it was not possible to determine whether durations
of treatment exceeding seven months would result in further
reductions in the risk for relapse. No evidence of benefit through
prolonging treatment to 12 months was demonstrated in one study
(Kleinknecht 1982). Similarly the eHicacy of total induction doses
outside the range of doses used in the trials cannot be determined.
No increase in harms was demonstrated in the trials. However
individual trials were not designed specifically to study harms
and so were underpowered for the detection of side eHects of
corticosteroids. Thus the low reported incidence of side eHects with
prolonged duration of corticosteroids could be explained by a type
two statistical error and may not be generalisable to larger groups
of children.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

• From this meta-analysis of randomised controlled trials it can
be concluded that children in their first episode of nephrotic
syndrome should be treated for at least three months with an
increase in benefit being demonstrated for up to seven months
of treatment. In a population with a baseline risk for relapse of

60% with two months of prednisone, daily prednisone for four
weeks followed by alternate day therapy for six months would
be expected to reduce the number of children experiencing a
relapse by about 40%.

• During daily therapy, prednisone should be administered as a
single daily dose.

• Alternate day therapy should be used in preference to
intermittent therapy (three consecutive days of seven days).

Implications for research

• Although duration of therapy up to seven months appears
more eHective than two months therapy in achieving sustained
remissions, a further well designed and adequately powered
randomised controlled trial is required to compare daily therapy
for four weeks followed by alternate day therapy for six months
with the standard two month therapy to confirm this conclusion
of the systematic review.

• The optimal way to treat frequently relapsing SRNS with
corticosteroids has not been defined. In clinical practice,
physicians commonly use prolonged courses of alternate day
prednisone. A randomised controlled trial could compare two
alternate day regimens in which the prednisone dose was
reduced at diHerent rates in each group.

• Further studies of deflazacort in comparison with prednisone
with larger numbers of patients and longer follow-up periods
are required in children with frequently relapsing nephrotic
syndrome to confirm its eHicacy.
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Methods Country: Northern Europe
Recruitment: Multicentre. Renal clinics
Randomisation: Sealed envelopes opened locally

Participants 64 children with FRSRNS. Age 2-16 years.
30 expt group
34 control group
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Interventions Expt: prednisone 60mg/m2/day till protein free for 3 + days; then 35mg/m2 on alternate days. Total 6
months. 
Control: prednisone 60mg/m2/day till protein free for 3+ days; then 40mg/m2 given on 3 consecutive
days out of 7. 
Total 6 months.

Outcomes No. relapsing during 6 mths of therapy & in subsequent 6 mths. Mean relapse rate during treatment & in
subsequent 6 mths.

Notes Definitions: FRSRNS: 2+ relapses within 6 mth of first response or 4 relapses in any 1 year (ISKDC).
Relapse: Urine protein >40mg/m2/hr for 3 consecutive days. (ISKDC)
Remission: Urinary protein <4mg/m2/hr for 3 consecutive days. (ISKDC)

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment
(selection bias)

High risk C - Inadequate

APN 1981  (Continued)

 
 

Methods Country: Northern Europe
Recruitment: Multicentre. Renal clinics
Randomisation: Central but method not stated

Participants 61 children with initial episode SRNS.
Age 2-16 yrs.
32 expt group
29 standard group

Interventions Expt: Prednisone 60mg/m2 daily till urine protein-free for 3 days then 40mg/m2 alternate days till albu-
min >35g/l. Total about 1 month. 
Standard: prednisone 60mg/m2/day for 4 weeks & 40mg/m2 alternate days for 4 weeks. Total 2
months.

Outcomes No. of patients with/without relapse at 6mth & 1 yr after completing daily prednisone. 
Number (no.) relapses/pt/yr
Time to first relapse
No.becoming frequent relapsers.
No. with serious adverse events.

Notes Complete one year follow up. 
Definitions: FRSRNS: ISKDC
Relapse: ISKDC
Remission: ISKDC and albumin 35g/L.
Time to 1st relapse: Cessation of intial daily steroids to onset of 1st relapse.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment
(selection bias)

Low risk A - Adequate

APN 1988 
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Methods Country: Northern Europe
Recruitment: Multicentre. Renal clinics
Randomisation: Central office but method not stated

Participants 71 children with initial episode SRNS. Age 2-16 years.
34 expt group
37 standard group

Interventions Expt: prednisone 60mg/m2/day for 6weeks and 40mg/m2 alternate days for 6 weeks. Total 3 months. 
Standard: prednisone 60mg/m2/day for 4 weeks and 40mg/m2 alternate days for 4 weeks. Total 2
months.

Outcomes No. of patients with/without relapse by 6 & 12 mths after completing daily and alternate day pred-
nisone.
No. becoming frequent relapsers.
No. of serious adverse events.

Notes Complete one year follow up.
Definitions:
FRSRNS: ISKDC
Relapse: ISKDC
Remission: ISKDC
Time to 1st relapse: cessation of daily & alternate day prednisone to onset of 1st relapse.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment
(selection bias)

Low risk A - Adequate

APN 1993 

 
 

Methods Country: India
Recruitment: Renal clinic
Randomisation: Method not stated

Participants 45 children with first episode SRNS. Age 1-12 years.
22 expt group
23 standard group

Interventions Expt: prednisolone 2mg/kg/day for 4weeks, 1.5mg/kg/day for 4 weeks then 1.5mg/kg alternate days for
4 weeks, 1mg/kg alternate days for 4 weeks. Total 4 months. 
Standard: 2mg/kg/day for 4 weeks then 1.5mg/kg/ alternate days for 4 weeks. Total 2 months.

Outcomes No. of patients with/without relapse by 6 & 12 mths after completing daily and alternate day pred-
nisolone. No. becoming frequent relapsers. Relapse rate/pt/yr; mean time to first relapse. No. of serious
adverse events.
Cumulative steroid dose.

Notes Complete one year follow up.
Definitions: FRSRNS: 2+ relapses in 6 mths or 3+ within 12 mths of initial epsiode.
Relapse: 3+ protein on dipstick for 3 consecutive days.
Remission: Nil or trace of protein on dipstick for 3+ consecutive days.

Bagga 1999 
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Time to 1st relapse: cessation of daily & alternate day prednisone to onset of 1st relapse.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment
(selection bias)

Low risk A - Adequate

Bagga 1999  (Continued)

 
 

Methods Country: France
Recruitment: Multicentre. Renal clinics
Randomisation: Central using blocks of random numbers

Participants 40 children with SDNS (2+ relapses in 12mths despite alternate day prednisone or within 2mths of stop-
ping this regimen). Mean age 9.2 yrs (expt); 8.5 yrs (control)
20 expt group
20 control group

Interventions Expt: deflazacort - dose equivalent to prednisone of 60mg/m2/day till in remission for 5 days then
60mg/m2 alternate days for 6 weeks, taper 6-8 weeks then 15-20 mg/m2 alternate days for 1 year. 
Control: prednisone given as above.

Outcomes No. relapsing during 1 year of therapy. Mean relapse rate/pt. 
Serious adverse events.

Notes 6 children in expt group and 5 in control group also received Cyclosporin.
Definitions:
Relapse: not stated.
Remission: not stated.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment
(selection bias)

Low risk A - Adequate

Broyer 1997 

 
 

Methods Country: India
Recruitment: Renal clinic
Randomisation: Not stated

Participants 106 children with relapsing SRNS 
Age 1.3 - 17 years.
52 expt group
54 control group

Interventions Expt: Prednisolone 2mg/kg/day for 2-4 weeks given as single morning dose & 1.5mg/kg alternate days
for 4 weeks.
Control: prednisolone 2mg/kg/day for 2-4 weeks given as 3 divided doses & 1.5mg/kg alternate days for
4 weeks.

Ekka 1997 
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Outcomes No. with/without relapse at 9 months. Time to remission. Duration of remission.

Notes Definitions:
Relapse: Urine protein 2+ on dipstick for 3 consecutive days.
Remission: Absence of proteinuria for 3 consecutive days.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment
(selection bias)

Unclear risk B - Unclear

Ekka 1997  (Continued)

 
 

Methods Country: Italy
Recruitment: multicentre. Renal clinics.
Randomisation: Table of random numbers

Participants 67 children with either initial episode SRNS or no relapse in previous year. Age 2-14 years. 
33 expt group
34 control group

Interventions Expt: Methylprednisolone 20mg/kg IV for 3 days, prednisone 20mg/m2/day for 4 weeks, 20mg/m2 on
alternate days for 4 weeks then 20mg/m2 alternate days for 4 months. Total 6 months. Control: Pred-
nisone 60mg/m2/day for 4 weeks, 40mg/m2 on alternate days for 4 weeks & 20mg/m2 alternate days
for 4 months. Total 6 months.

Outcomes No. with/without relapse during 12-24 mths follow up. Mean relapse rate/pt/yr

Notes Adults also in study. Some end points not separable for children so not examined.
Definitions: 
Relapse: ISKDC
Remission: ISKDC

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment
(selection bias)

Low risk A - Adequate

Imbasciali 1985 

 
 

Methods Country: USA and Northern Europe.
Recruitment: Multicentre. Renal clinics. Randomisation: Not stated.

Participants 64 children with SRNS within 6 months of their initial response to steroid therapy. Age 3 months to 15
years. 32 expt group, 32 control group.

Interventions Expt: prednisone 60mg/m2/day for 4 weeks & tapered daily dose for 4 weeks. Control: prednisone
60mg/m2/day till remission & 40mg/m2 on 3 consecutive days/7 days.

ISKDC 1979 
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Outcomes No. relapsing during treatment and within 12 months. Mean time to next relapse. Mean relapse rate/pt

Notes Definitions:
Relapse: ISKDC
Remission: ISKDC
Time to relapse: Time from remission to next relapse.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment
(selection bias)

Unclear risk B - Unclear

ISKDC 1979  (Continued)

 
 

Methods Country: France
Recruitment: Multicentre. Renal clinics
Randomisation: Central using blocks of sealed envelopes.

Participants 58 children with initial episode SRNS. Age not stated. 29 expt group, 29 control group.

Interventions Expt: prednisone 2mg/kg/day for 4 weeks & then tapering dose on alternate days for 12 months. Con-
trol: 2mg/kg/day for 4 weeks & then tapering dose alternate days for 5 months.

Outcomes No. relapsing by 6 months, 12 months & 15 months or more.

Notes Abstract only. Authors confirmed adequate 
allocation but
unable to supply further study information. 
Definitions of FRSRNS/relapse /remission/time to 1st relapse not stated

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment
(selection bias)

Low risk A - Adequate

Kleinknecht 1982 

 
 

Methods Country: Poland. Recruitment: Renal clinic. Randomisation: Not stated

Participants 184 children with initial episode SRNS. Age 13 months to 11 years. 68 expt group 1, 72 expt group 2, 44
standard group.

Interventions Expt group 1: Prednisone 1-2 mg/kg/day for 4 weeks, 1mg/kg alternate days for 4 weeks & taper by 25%
per week for 4 weeks. Total 3 months. Expt group 2: Prednisone 1-2 mg/kg/day for 4 weeks, 1mg/kg al-
ternate days for 4 weeks & taper by 25% each month. Total 5 months. Standard: Prednisone 4 weeks
each of 1-2 mg/kg/day & 1mg/kg on alternate days. Total 2 months.

Outcomes No. relapsing by 6 months & 2 years after completing daily and alternate day prednisone. Relapse rate/
pt/yr.

Ksiazek 1995 
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Notes Parents could influence treatment group to which child randomised. Unequal numbers in groups. Only
expt group 2 used in analyses.
Definitions: FRSRNS: ISKDC
Relapse: ISKDC
Remission: ISKDC
Time to 1st relapse: Cessation of daily & alternate day prednisone to onset of 1st remission.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment
(selection bias)

High risk C - Inadequate

Ksiazek 1995  (Continued)

 
 

Methods Country: Chile
Recruitment: Multicentre: Renal clinics Randomisation: Odd and even numbers.

Participants 56 children: initial episode SRNS. Age 6 months to 15 years. 29 expt group. 27 standard group.

Interventions Expt: Prednisolone 6 weeks each of 60mg/m2/day and 40mg/m2 alternate days. Total 3 months. Stan-
dard: Prednisolone 4 weeks each of 60mg/m2/day and 40mg/m2 alternate days. Total 2 months.

Outcomes No. with relapse by 12 months & 18 months. Mean relapse rate/pt in 18months.

Notes Children with SDNS (definition : relapse on reducing dose of steroids) were excluded. Renal biopsy
showing minimal change disease required for trial entry.
Definitions:
FRSRNS: 2+ relapses in 6 mths or 3+ in 1 yr.
Relapse: Urinary protein 100mg/kg/d or 40mg/m2/hr or urine protein/creatinine ratio > 1 or 3+ on dip-
stick for > 3 days.
Remission: Urine protein <150mg/day for 3 consecutive days.
Time to 1st relapse: not stated.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment
(selection bias)

High risk C - Inadequate

Norero 1996 

 
 

Methods Country: Japan. Recruitment: Renal clinic. Randomisation: Not stated.

Participants 46 children with first episode SRNS. Mean age 5.6 (3.2) years (expt group) and 7.2 (3.2) years (standard
group). 17 expt group. 29 standard group.

Interventions Expt: Prednisolone 60mg/m2/day for 4 weeks, 60mg/m2 alternate days for 4 weeks & taper by 10mg/
m2/mth. Total 7 months. Standard: Prednisolone 60mg/m2/day for 4 weeks and 40mg/m2 on 3 of 7
days for 4 weeks. Total 2 months.

Ueda 1988 
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Outcomes No. relapsing by 6 month & 12 months after completing daily and alternate day prednisolone. Relapse
rate/pt/yr.

Notes Complete one year follow up. Unequal numbers in groups. 
Definitions:
FRSRNS: Any relapse occurring within 2 mths after ceasing prednisone.
Relapse:ISKDC
Remission:
ISKDC
Time to relapse: Cessation of initial prednisone treatment to onset of 1st relapse.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment
(selection bias)

High risk C - Inadequate

Ueda 1988  (Continued)

SRNS: Steroid responsive nephrotic syndrome
FRSRNS: Frequently relapsing steroid responsive nephrotic syndrome
SDNS: Steroid dependent nephrotic syndrome
ISKDC: International Study of Kidney Disease in Children
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

APN 1979 More complete data of same study reported in European Journal of Pediatrics in 1981.

Hiraoka 1996 Data only available up to 3 months after initial therapy.

 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Steroid therapy in first episode of childhood nephrotic syndrome

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Number of children relapsing by 6 months 6   Risk Ratio (M-H, Random, 95% CI) Subtotals only

1.1 Duration of 1 month compared with
standard duration of 2 months

1 61 Risk Ratio (M-H, Random, 95% CI) 1.60 [1.01, 2.54]

1.2 Duration of 3 months or more compared
with standard duration of 2 months

4 278 Risk Ratio (M-H, Random, 95% CI) 0.59 [0.46, 0.76]

1.3 Duration of 12 months compared with 5
months

1 58 Risk Ratio (M-H, Random, 95% CI) 1.0 [0.32, 3.09]
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Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

2 Number of children relapsing by 12 -24
months

7   Risk Ratio (M-H, Random, 95% CI) Subtotals only

2.1 Duration of 1 month compared with
standard duration of 2 months

1 60 Risk Ratio (M-H, Random, 95% CI) 1.46 [1.01, 2.12]

2.2 Duration of 3 months or more compared
with standard duration of 2 months

5 334 Risk Ratio (M-H, Random, 95% CI) 0.73 [0.60, 0.89]

2.6 Duration of 12 months compared with 5
months

1 58 Risk Ratio (M-H, Random, 95% CI) 0.76 [0.51, 1.13]

3 Mean relapse rate/patient/year 3   Mean Difference (IV, Random, 95% CI) Subtotals only

3.1 Duration of three months or more com-
pared with standard duration of 2 months

3 207 Mean Difference (IV, Random, 95% CI) -0.31 [-0.51,
-0.11]

4 Number with frequent relapses 6   Risk Ratio (M-H, Random, 95% CI) Subtotals only

4.1 Duration of 1 month compared with
standard duration of 2 months

1 61 Risk Ratio (M-H, Random, 95% CI) 1.48 [0.85, 2.59]

4.2 Duration of 3 months or more compared
with standard duration of 2 months

5 334 Risk Ratio (M-H, Random, 95% CI) 0.67 [0.48, 0.93]

5 Cumulative steroid dose 3   Mean Difference (IV, Random, 95% CI) Subtotals only

5.1 Duration of 1 month compared with
standard duration of 2 months

1 61 Mean Difference (IV, Random, 95% CI) -979.00
[-1214.34,
-747.66]

5.2 Duration of three months or more com-
pared with standard duration of 2 months

2 161 Mean Difference (IV, Random, 95% CI) 191.80 [-2038.12,
2421.72]

6 Serious adverse events 5   Risk Ratio (M-H, Random, 95% CI) Subtotals only

6.1 Duration of three months or more com-
pared with standard treatment of 2 months

5 334 Risk Ratio (M-H, Random, 95% CI) 0.86 [0.48, 1.56]

7 Number of children with infections 2   Risk Ratio (M-H, Random, 95% CI) Subtotals only

7.1 Duration of three months or more com-
pared with standard duration of 2 months

2 172 Risk Ratio (M-H, Random, 95% CI) 0.79 [0.53, 1.17]

8 Number of children with features of Cush-
ing's Syndrome

3 232 Risk Ratio (M-H, Random, 95% CI) 1.29 [0.52, 3.22]
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Analysis 1.1.   Comparison 1 Steroid therapy in first episode of childhood
nephrotic syndrome, Outcome 1 Number of children relapsing by 6 months.

Study or subgroup Experiment Standard Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.1.1 Duration of 1 month compared with standard duration of 2
months

 

APN 1988 23/32 13/29 100% 1.6[1.01,2.54]

Subtotal (95% CI) 32 29 100% 1.6[1.01,2.54]

Total events: 23 (Experiment), 13 (Standard)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.02(P=0.04)  

   

1.1.2 Duration of 3 months or more compared with standard duration
of 2 months

 

APN 1993 8/34 18/37 13.16% 0.48[0.24,0.96]

Bagga 1999 13/22 18/23 37.5% 0.76[0.5,1.14]

Ksiazek 1995 25/72 28/44 41.77% 0.55[0.37,0.8]

Ueda 1988 4/17 17/29 7.58% 0.4[0.16,1]

Subtotal (95% CI) 145 133 100% 0.59[0.46,0.76]

Total events: 50 (Experiment), 81 (Standard)  

Heterogeneity: Tau2=0; Chi2=2.82, df=3(P=0.42); I2=0%  

Test for overall effect: Z=4.09(P<0.0001)  

   

1.1.3 Duration of 12 months compared with 5 months  

Kleinknecht 1982 5/29 5/29 100% 1[0.32,3.09]

Subtotal (95% CI) 29 29 100% 1[0.32,3.09]

Total events: 5 (Experiment), 5 (Standard)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

Test for subgroup differences: Chi2=14.2, df=1 (P=0), I2=85.92%  

Experiment 100.1 50.2 20.5 1 Standard

 
 

Analysis 1.2.   Comparison 1 Steroid therapy in first episode of childhood
nephrotic syndrome, Outcome 2 Number of children relapsing by 12 -24 months.

Study or subgroup Experiment Standard Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.2.1 Duration of 1 month compared with standard duration of 2
months

 

APN 1988 25/31 16/29 100% 1.46[1.01,2.12]

Subtotal (95% CI) 31 29 100% 1.46[1.01,2.12]

Total events: 25 (Experiment), 16 (Standard)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.01(P=0.04)  

   

1.2.2 Duration of 3 months or more compared with standard duration
of 2 months

 

APN 1993 13/34 24/37 14.09% 0.59[0.36,0.96]

Bagga 1999 16/22 21/23 34.64% 0.8[0.6,1.06]

Ksiazek 1995 36/72 32/44 33.19% 0.69[0.51,0.92]

Norero 1996 15/29 13/27 12.32% 1.07[0.63,1.82]

Ueda 1988 5/17 18/29 5.75% 0.47[0.22,1.04]

Experiment 100.1 50.2 20.5 1 Standard
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Study or subgroup Experiment Standard Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Subtotal (95% CI) 174 160 100% 0.73[0.6,0.89]

Total events: 85 (Experiment), 108 (Standard)  

Heterogeneity: Tau2=0.01; Chi2=4.63, df=4(P=0.33); I2=13.59%  

Test for overall effect: Z=3.16(P=0)  

   

1.2.6 Duration of 12 months compared with 5 months  

Kleinknecht 1982 16/29 21/29 100% 0.76[0.51,1.13]

Subtotal (95% CI) 29 29 100% 0.76[0.51,1.13]

Total events: 16 (Experiment), 21 (Standard)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.34(P=0.18)  

Test for subgroup differences: Chi2=10.75, df=1 (P=0), I2=81.39%  

Experiment 100.1 50.2 20.5 1 Standard

 
 

Analysis 1.3.   Comparison 1 Steroid therapy in first episode of childhood
nephrotic syndrome, Outcome 3 Mean relapse rate/patient/year.

Study or subgroup Experiment Standard Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.3.1 Duration of three months or more compared with standard duration of 2
months

 

Bagga 1999 22 1.9 (1.6) 23 2.2 (1.4) 5.04% -0.3[-1.18,0.58]

Ksiazek 1995 72 0.5 (0.6) 44 0.8 (0.6) 79.33% -0.3[-0.52,-0.08]

Ueda 1988 17 1.3 (0.8) 29 1.6 (0.9) 15.63% -0.38[-0.88,0.12]

Subtotal *** 111   96   100% -0.31[-0.51,-0.11]

Heterogeneity: Tau2=0; Chi2=0.08, df=2(P=0.96); I2=0%  

Test for overall effect: Z=3.1(P=0)  

Experiment 105-10 -5 0 Standard

 
 

Analysis 1.4.   Comparison 1 Steroid therapy in first episode of childhood
nephrotic syndrome, Outcome 4 Number with frequent relapses.

Study or subgroup Experiment Standard Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.4.1 Duration of 1 month compared with standard duration of 2
months

 

APN 1988 18/32 11/29 100% 1.48[0.85,2.59]

Subtotal (95% CI) 32 29 100% 1.48[0.85,2.59]

Total events: 18 (Experiment), 11 (Standard)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.39(P=0.17)  

   

1.4.2 Duration of 3 months or more compared with standard duration
of 2 months

 

APN 1993 6/34 12/37 14.52% 0.54[0.23,1.29]

Bagga 1999 7/22 8/23 15.71% 0.91[0.4,2.1]

Ksiazek 1995 25/72 21/44 55.11% 0.73[0.47,1.13]

Norero 1996 3/29 4/27 5.49% 0.7[0.17,2.84]

Experiment 100.1 50.2 20.5 1 Standard
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Study or subgroup Experiment Standard Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Ueda 1988 3/17 15/29 9.17% 0.34[0.12,1.01]

Subtotal (95% CI) 174 160 100% 0.67[0.48,0.93]

Total events: 44 (Experiment), 60 (Standard)  

Heterogeneity: Tau2=0; Chi2=2.45, df=4(P=0.65); I2=0%  

Test for overall effect: Z=2.36(P=0.02)  

Test for subgroup differences: Chi2=5.73, df=1 (P=0.02), I2=82.56%  

Experiment 100.1 50.2 20.5 1 Standard

 
 

Analysis 1.5.   Comparison 1 Steroid therapy in first episode of
childhood nephrotic syndrome, Outcome 5 Cumulative steroid dose.

Study or subgroup Experiment Standard Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.5.1 Duration of 1 month compared with standard duration of 2 months  

APN 1988 32 1220 (654) 29 2201 (153) 100% -981[-1214.34,-747.66]

Subtotal *** 32   29   100% -981[-1214.34,-747.66]

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=8.24(P<0.0001)  

   

1.5.2 Duration of three months or more compared with standard duration of 2
months

 

Bagga 1999 22 6450 (2550) 23 5190 (2670) 53.15% 1260[-265.15,2785.15]

Ksiazek 1995 72 5550 (4350) 44 6570 (5430) 46.85% -1020[-2913.09,873.09]

Subtotal *** 94   67   100% 191.8[-2038.12,2421.72]

Heterogeneity: Tau2=1.82997789E6; Chi2=3.38, df=1(P=0.07); I2=70.41%  

Test for overall effect: Z=0.17(P=0.87)  

Test for subgroup differences: Chi2=1.05, df=1 (P=0.31), I2=4.86%  

Experiment 105-10 -5 0 Standard

 
 

Analysis 1.6.   Comparison 1 Steroid therapy in first episode of
childhood nephrotic syndrome, Outcome 6 Serious adverse events.

Study or subgroup Experiment Standard Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.6.1 Duration of three months or more compared with standard treat-
ment of 2 months

 

APN 1993 6/34 6/37 33.3% 1.09[0.39,3.05]

Bagga 1999 3/22 0/23 4.19% 7.3[0.4,133.75]

Ksiazek 1995 10/72 8/44 48.94% 0.76[0.33,1.79]

Norero 1996 1/29 1/27 4.78% 0.93[0.06,14.16]

Ueda 1988 1/17 7/29 8.79% 0.24[0.03,1.82]

Subtotal (95% CI) 174 160 100% 0.86[0.48,1.56]

Total events: 21 (Experiment), 22 (Standard)  

Heterogeneity: Tau2=0; Chi2=3.88, df=4(P=0.42); I2=0%  

Test for overall effect: Z=0.49(P=0.63)  

Experiment 100.1 50.2 20.5 1 Standard
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Analysis 1.7.   Comparison 1 Steroid therapy in first episode of childhood
nephrotic syndrome, Outcome 7 Number of children with infections.

Study or subgroup Experiment Standard Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.7.1 Duration of three months or more compared with standard dura-
tion of 2 months

 

Ksiazek 1995 24/72 19/44 70.76% 0.77[0.48,1.24]

Norero 1996 9/29 10/27 29.24% 0.84[0.4,1.74]

Subtotal (95% CI) 101 71 100% 0.79[0.53,1.17]

Total events: 33 (Experiment), 29 (Standard)  

Heterogeneity: Tau2=0; Chi2=0.03, df=1(P=0.85); I2=0%  

Test for overall effect: Z=1.16(P=0.25)  

Experiment 100.1 50.2 20.5 1 Standard

 
 

Analysis 1.8.   Comparison 1 Steroid therapy in first episode of childhood nephrotic
syndrome, Outcome 8 Number of children with features of Cushing's Syndrome.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

APN 1993 20/34 18/37 51.96% 1.21[0.78,1.87]

Bagga 1999 9/23 0/22 9.08% 18.21[1.12,295.18]

Ksiazek 1995 10/72 8/44 38.96% 0.76[0.33,1.79]

   

Total (95% CI) 129 103 100% 1.29[0.52,3.22]

Total events: 39 (Treatment), 26 (Control)  

Heterogeneity: Tau2=0.37; Chi2=5.4, df=2(P=0.07); I2=62.95%  

Test for overall effect: Z=0.55(P=0.58)  

Favours treatment 100.1 50.2 20.5 1 Favours control

 
 

Comparison 2.   Steroid therapy in relapse of nephrotic syndrome

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Number of children with further relapses
by 9 - 12 months

5   Risk Ratio (M-H, Random, 95% CI) Subtotals only

1.1 Single dose compared with divided dose
therapy ( 2 months therapy)

1 94 Risk Ratio (M-H, Random, 95% CI) 1.07 [0.77, 1.50]

1.2 Intermittent dose compared with alter-
nate day therapy (6 months therapy)

1 48 Risk Ratio (M-H, Random, 95% CI) 1.20 [0.93, 1.55]

1.3 Intravenous compared with oral therapy
(6 months therapy)

1 64 Risk Ratio (M-H, Random, 95% CI) 1.06 [0.75, 1.52]

1.4 Deflazacort compared with prednisone
(12 months therapy)

1 40 Risk Ratio (M-H, Random, 95% CI) 0.44 [0.25, 0.78]
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Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1.5 Prolonged oral compared with intermit-
tent therapy (2 months therapy )

1 50 Risk Ratio (M-H, Random, 95% CI) 1.0 [0.89, 1.12]

2 Number of children relapsing during thera-
py

2   Risk Ratio (M-H, Random, 95% CI) Subtotals only

2.1 Intermittent dose compared with alter-
nate day therapy (6 months therapy)

1 48 Risk Ratio (M-H, Random, 95% CI) 0.60 [0.36, 1.02]

2.2 Daily therapy compared with intermit-
tent therapy (2 months therapy)

1 50 Risk Ratio (M-H, Random, 95% CI) 0.2 [0.05, 0.82]

3 Mean relapse rate/patient/year 3   Mean Difference (IV, Random, 95% CI) Subtotals only

3.1 Single dose compared with divided dose
therapy (2 months therapy )

1 94 Mean Difference (IV, Random, 95% CI) -0.20 [-0.64, 0.24]

3.2 Daily therapy compared with intermit-
tent therapy (2 months therapy)

1 50 Mean Difference (IV, Random, 95% CI) 0.54 [-0.50, 1.58]

3.3 Deflazacort compared with prednisone
(12 months therapy)

1 40 Mean Difference (IV, Random, 95% CI) -1.90 [-2.77,
-1.03]

4 Mean time to relapse 2   Mean Difference (IV, Random, 95% CI) Subtotals only

4.1 Single dose compared with divided dose
therapy (2 months therapy)

1 94 Mean Difference (IV, Random, 95% CI) -0.30 [-1.64, 1.04]

4.2 Daily therapy compared with intermit-
tent therapy (2 months therapy)

1 50 Mean Difference (IV, Random, 95% CI) 1.79 [0.90, 2.68]

5 Cumulative steroid dose 1   Mean Difference (IV, Random, 95% CI) Subtotals only

5.1 Single dose compared with divided dose
therapy (2 months therapy)

1 94 Mean Difference (IV, Random, 95% CI) -1.80 [-22.69,
19.09]

6 Serious adverse events 1   Risk Ratio (M-H, Random, 95% CI) Subtotals only

6.1 Single dose compared with divided dose
therapy (2 months duration)

1 94 Risk Ratio (M-H, Random, 95% CI) 0.57 [0.18, 1.82]

 
 

Analysis 2.1.   Comparison 2 Steroid therapy in relapse of nephrotic syndrome,
Outcome 1 Number of children with further relapses by 9 - 12 months.

Study or subgroup Experimental Standard Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

2.1.1 Single dose compared with divided dose therapy ( 2 months ther-
apy)

 

Ekka 1997 29/47 27/47 100% 1.07[0.77,1.5]

Subtotal (95% CI) 47 47 100% 1.07[0.77,1.5]

Experimental 100.1 50.2 20.5 1 Standard
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Study or subgroup Experimental Standard Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Total events: 29 (Experimental), 27 (Standard)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.42(P=0.67)  

   

2.1.2 Intermittent dose compared with alternate day therapy (6
months therapy)

 

APN 1981 21/23 19/25 100% 1.2[0.93,1.55]

Subtotal (95% CI) 23 25 100% 1.2[0.93,1.55]

Total events: 21 (Experimental), 19 (Standard)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.42(P=0.16)  

   

2.1.3 Intravenous compared with oral therapy (6 months therapy)  

Imbasciali 1985 21/31 21/33 100% 1.06[0.75,1.52]

Subtotal (95% CI) 31 33 100% 1.06[0.75,1.52]

Total events: 21 (Experimental), 21 (Standard)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.35(P=0.73)  

   

2.1.4 Deflazacort compared with prednisone (12 months therapy)  

Broyer 1997 8/20 18/20 100% 0.44[0.25,0.78]

Subtotal (95% CI) 20 20 100% 0.44[0.25,0.78]

Total events: 8 (Experimental), 18 (Standard)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.86(P=0)  

   

2.1.5 Prolonged oral compared with intermittent therapy (2 months
therapy )

 

ISKDC 1979 24/25 24/25 100% 1[0.89,1.12]

Subtotal (95% CI) 25 25 100% 1[0.89,1.12]

Total events: 24 (Experimental), 24 (Standard)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

Test for subgroup differences: Chi2=10.4, df=1 (P=0.03), I2=61.55%  

Experimental 100.1 50.2 20.5 1 Standard

 
 

Analysis 2.2.   Comparison 2 Steroid therapy in relapse of nephrotic
syndrome, Outcome 2 Number of children relapsing during therapy.

Study or subgroup Experimental Standard Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

2.2.1 Intermittent dose compared with alternate day therapy (6
months therapy)

 

APN 1981 10/23 18/25 100% 0.6[0.36,1.02]

Subtotal (95% CI) 23 25 100% 0.6[0.36,1.02]

Total events: 10 (Experimental), 18 (Standard)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.88(P=0.06)  

   

2.2.2 Daily therapy compared with intermittent therapy (2 months
therapy)

 

Experimental 100.1 50.2 20.5 1 Standard
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Study or subgroup Experimental Standard Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

ISKDC 1979 2/25 10/25 100% 0.2[0.05,0.82]

Subtotal (95% CI) 25 25 100% 0.2[0.05,0.82]

Total events: 2 (Experimental), 10 (Standard)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.23(P=0.03)  

Test for subgroup differences: Chi2=2.06, df=1 (P=0.15), I2=51.51%  

Experimental 100.1 50.2 20.5 1 Standard

 
 

Analysis 2.3.   Comparison 2 Steroid therapy in relapse of
nephrotic syndrome, Outcome 3 Mean relapse rate/patient/year.

Study or subgroup Experimental Standard Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

2.3.1 Single dose compared with divided dose therapy (2 months therapy )  

Ekka 1997 47 1.7 (1.1) 47 1.9 (1.1) 100% -0.2[-0.64,0.24]

Subtotal *** 47   47   100% -0.2[-0.64,0.24]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.88(P=0.38)  

   

2.3.2 Daily therapy compared with intermittent therapy (2 months therapy)  

ISKDC 1979 25 3.8 (2.2) 25 3.3 (1.5) 100% 0.54[-0.5,1.58]

Subtotal *** 25   25   100% 0.54[-0.5,1.58]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.02(P=0.31)  

   

2.3.3 Deflazacort compared with prednisone (12 months therapy)  

Broyer 1997 20 0.9 (1.4) 20 2.8 (1.4) 100% -1.9[-2.77,-1.03]

Subtotal *** 20   20   100% -1.9[-2.77,-1.03]

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=4.29(P<0.0001)  

Test for subgroup differences: Chi2=15.41, df=1 (P=0), I2=87.02%  

Experimental 105-10 -5 0 Standard

 
 

Analysis 2.4.   Comparison 2 Steroid therapy in relapse of nephrotic syndrome, Outcome 4 Mean time to relapse.

Study or subgroup Experimental Standard Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

2.4.1 Single dose compared with divided dose therapy (2 months therapy)  

Ekka 1997 47 5.6 (3.3) 47 5.9 (3.3) 100% -0.3[-1.64,1.04]

Subtotal *** 47   47   100% -0.3[-1.64,1.04]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.44(P=0.66)  

   

2.4.2 Daily therapy compared with intermittent therapy (2 months therapy)  

ISKDC 1979 25 3.3 (2) 25 1.5 (1.1) 100% 1.79[0.9,2.68]

Subtotal *** 25   25   100% 1.79[0.9,2.68]

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Experimental 105-10 -5 0 Standard
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Study or subgroup Experimental Standard Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Test for overall effect: Z=3.93(P<0.0001)  

Test for subgroup differences: Chi2=6.48, df=1 (P=0.01), I2=84.58%  

Experimental 105-10 -5 0 Standard

 
 

Analysis 2.5.   Comparison 2 Steroid therapy in relapse of nephrotic syndrome, Outcome 5 Cumulative steroid dose.

Study or subgroup Experimental Standard Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

2.5.1 Single dose compared with divided dose therapy (2 months therapy)  

Ekka 1997 47 90.3 (49) 47 92.1 (54.2) 100% -1.8[-22.69,19.09]

Subtotal *** 47   47   100% -1.8[-22.69,19.09]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.17(P=0.87)  

Experimental 105-10 -5 0 Standard

 
 

Analysis 2.6.   Comparison 2 Steroid therapy in relapse of nephrotic syndrome, Outcome 6 Serious adverse events.

Study or subgroup Experimental Standard Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

2.6.1 Single dose compared with divided dose therapy (2 months dura-
tion)

 

Ekka 1997 4/47 7/47 100% 0.57[0.18,1.82]

Subtotal (95% CI) 47 47 100% 0.57[0.18,1.82]

Total events: 4 (Experimental), 7 (Standard)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.95(P=0.34)  

Experimental 100.1 50.2 20.5 1 Standard

 

 

A D D I T I O N A L   T A B L E S
 

           

Initial
Episode of
nephrotic
syndrome

Author and Year Allocation con-
cealment

Intention
to treat
analysis

Completeness of follow-up Blinding of outcome
assessment

  Kleinknecht et al 1982 Adequate No Unclear No blinding

  APN 1988 Adequate No < 3% excluded at 1 year No blinding

  Ueda et al 1988 Inadequate No < 3% excluded at 1 year No blinding

  APN 1993 adequate No < 3% excluded at 1 year No blinding

Table 1.   Assessment of study quality in trials of steroid therapy in nephrotic syndrome 
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  Ksiazek & Wyszynska 1995 Inadequate Yes < 3% excluded at 1 year No blinding

  Norero et al 1996 Inadequate No < 3% excluded at 1 year No blinding

  Bagga et al 1999 Adequate No < 3% excluded at 1 year No blinding

Relapse of
nephrotic
syndrome

ISKDC 1979 Unclear No 20% or more excluded No blinding

  APN 1981 Inadequate No 20% or more excluded No blinding

  Imbasciali et al 1985 Adequate Yes < 3% excluded at 1 year No blinding

  Ekka et al 1997 Unclear No 10-19.9% excluded No blinding

  Broyer et al 1997 Adequate Yes 3-9% excluded Double blind

           

Table 1.   Assessment of study quality in trials of steroid therapy in nephrotic syndrome  (Continued)

 
 

           

  Number
of trials

Relative Risk
(95% C.I.)

Risk difference
(95% C.I.)

Number
needed to
treat
(95% C.I.)

Weighted
Mean Differ-
ence
(95% C.I.)

Relapse by 6 months 4 0.59
(0.46,0.76)

-0.27
(-0.38,-0.16)

4
(3 - 6)

 

Relapse by 12-24 months 5 0.73
(0.60,0.89)

-0.20
(-0.31,-0.10)

5
(3 - 10)

 

No. frequent relapsers 5 0.67
(0.48,0.93)

-0.13
(-0.22,-0.03)

8
(5 - 33)

 

Mean relapse rate/pt/yr 3       -0.31
(-0.51, -0.12)

Serious adverse events 5 0.89
(0.56,1.41)

-0.01
(-0.12,0.09)

   

Number with infections 2 0.79
(0.53,1.18)

-0.09
(-0.23,0.06)

   

Cumulative steroid dose 2       192
(-2038,2421)

           

Table 2.   Meta-analysis of 5 trials in children in first episode of nephrotic syndrome 

 
 

Corticosteroid therapy for nephrotic syndrome in children (Review)

Copyright © 2004 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

26



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

         

Author
Year

Relapse on therapy
RR (95% CI)

Relapse by 9
months
RR (95% CI)

Relapse by 12 months
RR (95% CI)

Mean relapse rate
WMD (95% CI)

ISKDC 
1979

0.20
(0.05,0.82)

1.00
(0.89,1.12)

  0.54
(-0.50,1.58)

APN 
1981

0.60
(0.36,1.02)

  1.20 
(0.93,1.55)

-0.20
(-0.65,0.25)

Imbasciali et al 1985     1.06
(0.75,1.52)

 

Ekka et al 
1997

  1.07
(0.77, 1.50)

   

Broyer et al 1997     0.44
(0.25,0.78)

-1.90
(-2.77,-1.03)

Table 3.   Outcomes of trials in children with relapsing nephrotic syndrome 

 
 

     

Relapse rate when treated for
2 months

Reduction in relapse rate for each additional
1month of therapy above 2 months

Relapse rate if treated for an additional 5
months (total 7 months)

80% 11% 25%

60% 8% 20%

40% 5% 15%

20% 3% 5%

10% 1% 5%

Table 4.   Expected relapse rates in groups of children with di;erent control event rates 

 

W H A T ' S   N E W

 

Date Event Description

10 May 2017 Amended Converted to new review format.

 

H I S T O R Y

Protocol first published: Issue 2, 1999
Review first published: Issue 4, 2000
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Date Event Description

26 February 2001 New citation required and conclusions
have changed

Substantive amendment
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