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Abstract
Background Steroids and/or steroid-sparing medications are commonly used for nephrotic syndrome treatment; however, the
impact of these medications on health-related quality of life over time is not well described.
Methods Longitudinal cohort is up to 5 years where children were assessed with baseline and annual Pediatric Quality of Life
Inventory questionnaire. A mixed-effects linear regression determined differences in scores among children receiving steroids
and/or steroid-sparing agents for at least 30 days compared with those not on medication at 1, 3, 6, and 12 months prior to
assessment.
Results Among 295 children, 64% were male, with a median age of 3.7 (interquartile range [IQR], 2.7, 5.9) years at diagnosis,
and comprised 25% Europeans, 40% South Asians, and 8% East/Southeast Asians. Adjusted HRQOL scores were reduced
among children taking steroids and steroid-sparing agents among 705 HRQOL measures (median 2 [IQR, 1, 3] per child).
Compared to children without medication, steroid and steroid-sparing agent use up to 12 months prior to assessment were
associated with an overall HRQOL drop of 3.17 (95% confidence interval [CI], − 5.25, − 1.08) and 3.18 (95% CI, − 5.24, −
1.12), respectively, after adjustment. Functioning domain scores were reduced by 4.41 points (95%CI, − 6.57, − 2.25) in children
on steroids, whereas fatigue domain scores were reduced by 5.47 points (95% CI, − 9.28, − 1.67) in children on steroid-sparing
agents after adjustment.
Conclusions HRQOL is consistently decreased in children receiving steroids and steroid-sparing agents, with differential effects
on functioning and fatigue. Counseling families on possible effects of prolonged treatment periods is important in the manage-
ment of childhood nephrotic syndrome.

Keywords HRQOL (health-related quality of life) . PedsQL (pediatric quality of life inventory) . Corticosteroids . Steroid-sparing
medications
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Introduction

Childhood nephrotic syndrome is a relapsing and remitting
kidney disorder defined by proteinuria, hypoalbuminemia,
edema, and hypercholesteremia. Annual incidence of nephrot-
ic syndrome is 1.15–16.9 per 100,000 children and varies by
ethnicity [1–3]. Children with nephrotic syndrome receive
glucocorticoids (steroids—commonly prednisone) as the first
line of treatment at diagnosis and each relapse [4, 5].
Prolonged steroid use is associated with behavioral changes
including depression, anxiety, aggression, and/or sleep distur-
bances [6–8]. We expect that the episodic relapses of nephrot-
ic syndrome and intermittent treatments may not necessarily
be detrimental to a child’s health-related quality of life
(HRQOL); however, this hypothesis has not been tested lon-
gitudinally. Assessment of the HRQOL score among children
with nephrotic syndrome over time will allow clinicians and
families to better understand the specific impact of medica-
tions on quality of life and seek appropriate counseling inter-
ventions [9]. Moreover, steroids are commonly used for many
pediatric chronic diseases; thus, findings can impact other
affected children.

Several studies have reported lower social competency and
behavioral disturbances in children with nephrotic syndrome
[7, 10–15]. These studies included selected cases of children
with nephrotic syndrome who had undergone biopsy, or had
advanced focal segmental glomerulosclerosis approaching
kidney failure. Also, these studies had small study populations
with limited power or were cross-sectional in design. In a
study of 127 children with nephrotic syndrome, there was an
observed association of disease duration and quality of life;
however, differences in types of symptoms between incident
and prevalent children were not described [14]. This cross-
sectional study did not provide comprehensive assessment of
medication exposure over time. Additional factors that were
not studied which may negatively influence quality of life in
children with nephrotic syndrome include medication expo-
sure, steroid dependency, and frequency of relapse [11–13,
15]. Most studies to date have focused on the association of
steroid use with behavior. Few studies have assessed other
aspects of HRQOL secondary to the effect of steroid-sparing
agent use, which is critical to fully understand the spectrum of
medication effects [16, 17]. For instance, sleep disturbances
may impact daily functioning, which could lead to interrup-
tions in schooling and everyday physical activities, critical to
child development.

Understanding the effects of nephrotic syndrome treat-
ment, either steroids or steroid-sparing agents, on a child’s
HRQOL will provide information to clinicians, which can
be used to develop counseling strategies and inform parents
on how to address these issues. We sought to determine the
effects of treatments commonly used in other childhood
chronic diseases on a child’s HRQOL over the clinical course

of the disease, and the impact of steroids and steroid-sparing
agents on HRQOL overall and by specific domains.

Methods

Study design and population

Insight into Nephrotic Syndrome: Investigating Genes,
Health, and Therapeutics (INSIGHT) is a cohort study
established in 2011 at The Hospital for Sick Children
(SickKids) in Toronto, Canada. Recruitment for the
INSIGHT has been reported previously [18]. We assessed
HRQOL at time of enrollment and annually up to 5 years
using the age-appropriate Pediatric Quality of Life
Inventory—Version 4 (PedsQL-V4), a validated question-
naire to assess subject’s quality of life in the past month
[19]. A total of 325 incident and prevalent children with ne-
phrotic syndrome were enrolled from February 2011 to
December 2015 and completed an initial questionnaire.
Participants were recruited from within the Greater Toronto
Area. Children between 1 and 18 years of age were enrolled if
able to provide informed assent and/or consent, and willing to
complete questionnaires at baseline and annually. Participants
were excluded from the study if they had disease with multiple
organ involvement, conditions such as systemic lupus erythe-
matosus or vasculitis, and/or biopsy-proven membranous glo-
merulonephritis, or membranoproliferative glomerulonephri-
tis [18]. Of the 325 study participants, 30 were excluded due
to limited longitudinal follow-up, resulting in a final cohort of
295 participants. SickKids Research Ethics Board approved
the study.

Exposure—steroids and steroid-sparing agents

Medication data were collected from electronic medical re-
cords at baseline and annually. As per standard clinical proto-
col for nephrotic syndrome at SickKids, all children were
treated with steroids (either prednisone or prednisolone) at
clinical presentation, involving a 16-week regimen of
60 mg/m2 per day for 6 weeks (~ 42 days) followed by an
alternate day taper for 10 weeks (~ 70 days). The regimen
for relapses consists of ~ 48 days of medication after entering
remission, defined as negative protein for 5 consecutive days
[2]. Based on common treatment protocol, all children were
typically prescribed 16 weeks (~ 112 days) for initial therapy
and a minimum of 8 weeks (~ 53 days) for a relapse [2]. Use
of second-line medication was defined as prescribed steroid-
sparing agent for the treatment of nephrotic syndrome in ste-
roid-resistant, frequently relapsing, or steroid-dependent
cases. Steroid-sparing agents included calcineurin inhibitors
(tacrolimus, cyclosporine), oral cyclophosphamide, and my-
cophenolate mofetil (MMF)/mycophenolate sodium.

Pediatr Nephrol



Participants were grouped bymedication exposure, based on a
minimum of at least 30 days on a medication up to 1, 3, 6, and
12 months prior to HRQOL assessment. These lag times were
established to understand the duration of medication use prior
to assessment [20]. Medication use was categorized into those
on no medication, steroids alone, both steroids and one or
more steroid-sparing agent(s), and those on one or more
steroid-sparing agent(s).

Outcome—health-related quality of life

HRQOL was measured at baseline and annually via self-
report or parental report using PedsQL-V4 [19]. The
PedsQL evaluates five domains: physical functioning, emo-
tional functioning, social functioning, educational function-
ing, and fatigue (general, sleep, and cognitive). Questions
were answered on a 5-point Likert scale (0–4; 0 = never a
problem, 4 = almost always a problem) and were reverse-
scored and linearly transformed to a 0–100 point scale (0 =
100, 1 = 75, 2 = 50, 3 = 25, 4 = 0), with higher scores signify-
ing a relatively greater HRQOL as per PedsQL standard scal-
ing and scoring [19]. For reference, healthy children have
been shown to score 84 points on average [21]. As per stan-
dard PedsQL protocol, educational functioning data were not
captured during the summer months; thus, < 3% of the re-
maining PedsQL questionnaire data were missing based on
timing of clinic visits. Questionnaire score data were averaged
by domain and by total score to account for any missing data
during the summer months.

Covariates

Covariates included age at diagnosis (years), sex, ethnicity,
income, relapse rates, initial steroid resistance, and duration
from diagnosis to enrollment (years). Ethnicity was based on
self-report of grandparents’ ancestries classified as per
Statistics Canada’s definitions. Self-reported family income
data was dichotomized based on Statistics Canada’s low-
income cut-off score of $35,000 [22]. Frequent relapses were
defined as ≥ 2 relapses in the 6 months or ≥ 4 relapses during
the 12 months prior to HRQOL assessment. Initial steroid
resistance was defined as use of a steroid-sparing agent during
the initial steroid course [2]. Data were obtained through ad-
ministered questionnaires, self-report, and electronic medical
records, and were validated using double-data entry.

Statistical analysis

Clinical and demographic characteristics were represented
using means (standard deviation [SD]) and medians (inter-
quartile range [IQR]). HRQOL was assessed by comparing
PedsQL questionnaire data between children, focusing on to-
tal and specific domain scores. Mixed-effects linear regression

was used to determine the association between immunosup-
pressivemedications and HRQOL scores, accounting for mul-
tiple measures per child over time. Models were adjusted for
confounders determined a priori: age at diagnosis (years), sex,
ethnicity, income, frequent relapses, initial steroid resistance,
and duration from diagnosis to enrollment. Additional analy-
ses were conducted to assess improvements in HRQOL scores
after discontinuation of medication. All statistical analyses
were conducted using STATA 14 (Stata-Corp, College
Station, TX, USA) and a p value ≤ 0.05 was considered sta-
tistically significant.

Results

Participants

Participants were actively followed for up to 5 years as part
of the longitudinal study with variable follow-up; 289
assessed at baseline, 194 at 1 year, 132 at 2 years, 68 at
3 years, and 22 at 4 years of follow-up. Among the 295
children with incident and prevalent nephrotic syndrome,
the cohort was predominantly male, and median age at di-
agnosis was 4 years with a median duration from diagnosis
to enrollment of 1.5 years (Table 1). The majority of fam-
ilies were above the low-income cut-off and came from
ethnically diverse ancestries including European, South
Asian, and Southeast Asian (Supplementary data,
Table S1). At study enrollment, the majority of participants
were on steroids and, at subsequent annual visits, were not
taking any medications. In the 12 months prior to enroll-
ment, 33.9% were on no medications, 46.1% were on ste-
roids, 5.5% were on steroid-sparing agents, and 14.5%
were on both steroids and steroid-sparing agents.

Cumulative medication exposure

At 1, 3, 6, and 12 months prior to assessment, the proportion
of children on steroids decreased throughout follow-up. In
contrast, the proportion on steroid-sparing agents increased
at each annual visit. Across the 1-, 3-, and 6-month time spans
prior to HRQOL assessment and during each annual visit,
most children were not taking any medication. Those on ste-
roids at 1, 3, 6, and 12 months prior to assessment were on
treatment for a median of 30, 57, 93, and 108 days, respec-
tively (Supplementary data, Table S2). Generally, median cu-
mulative exposure in the 12 months prior to questionnaire
administration among children on steroids was approximately
2.5 months. Among children on steroid-sparing agents in the
12 months prior to HRQOL assessment, average medication
exposure was 1 year consistently across all visits.
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Overall health-related quality of life

The average total HRQOL score was 86.9 out of 100 at baseline
and increased to 90.2 by the 4th year of follow-up (Table 1).We
had a total of 705 measures with a median of 2 (IQR, 1, 3)
measures per child. More than 99% of HRQOL data comprised
parental answers to the PedsQL questionnaire. Prior to HRQOL
assessment, steroid use up to 6 months was associated with a
decrease in the overall HRQOL score, reflecting a worse
HRQOL, but the difference was not statistically significant even
after adjustment (Table 2). Taking steroids up to 12months prior
to HRQOL assessment was associated with a drop in the overall
HRQOL score ranging from 1.08 to 5.25, which remained sig-
nificant after controlling for age at diagnosis, sex, ethnicity,
income status, frequent relapses, initial steroid resistance, and
duration from diagnosis to enrollment.

Table 1 Demographic, clinical characteristics, and HRQOL scores by
medication among children with prevalent nephrotic syndrome (N =
295)

Characteristics n (%)/median [IQR]

Age at diagnosis (years) 3.7 [2.7, 5.9]

Male 190 (64.4)

Duration from diagnosis to enrollment (years) 1.5 [0.3, 3.9]

Relapse rate per yeara 1.1 [0.0, 1.9]

Initial steroid resistance 17 (5.8)

Income above LICOb 189 (74.4)

Ethnicity

European 73 (24.7)

South Asian 117 (39.7)

East/Southeast Asian 24 (8.1)

Otherc 81 (27.5)

Baseline visitd 289

HRQOL score 86.9 [78.2, 93.9]

Frequent relapsere 22 (7.6)

Medication exposure (days)f

No medications (n = 98) –

Steroids (n = 133) 108 [61, 124]

Steroid-sparing agent(s)g (n = 16) 365 [292, 365]

Tacrolimush (n = 9) 361 [258, 365]

Steroids and steroid-sparing agent(s) (n = 42) –

Steroids 159 [108, 197]

Steroid-sparing agent(s) 250 [83, 365]

1-year follow-up visit 194

HRQOL score 89.9 [81.3, 95.6]

Frequent relapsere 21 (10.8)

Medication exposure (days)f

No medications (n = 69) –

Steroids (n = 56) 109 [54, 173]

Steroid-sparing agent(s)g (n = 18) 365 [209, 365]

Tacrolimush (n = 11) 365 [209, 365]

Steroids and steroid-sparing agent(s) (n = 51) –

Steroids 108 [68, 187]

Steroid-sparing agent(s) 251 [84, 365]

2-year follow-up visit 132

HRQOL score 91.3 [82.0, 96.8]

Frequent relapsere 7 (5.3)

Medication exposure (days)f

No medications (n = 54) –

Steroids (n = 34) 63 [54, 108]

Steroid-sparing agent(s)g (n = 17) 365 [365, 365]

Tacrolimush (n = 11) 365 [365, 365]

Steroids and steroid-sparing agent(s) (n = 27) –

Steroids 106 [54, 163]

Steroid-sparing agent(s) 277 [137, 365]

3-year follow-up visit 68

HRQOL score 94.3 [77.1, 98.7]

Frequent relapsere 5 (7.3)

Table 1 (continued)

Characteristics n (%)/median [IQR]

Medication exposure (days)f

No medications (n = 28) –

Steroids (n = 11) 57 [54, 127]

Steroid-sparing agent(s)g (n = 8) 365 [348, 365]

Tacrolimush (n = 7) 365 [332, 365]

Steroids and steroid-sparing agent(s) (n = 21) –

Steroids 112 [54, 176]

Steroid-sparing agent(s) 338 [163, 365]

4-year follow-up visit 22

HRQOL score 90.2 [84.3, 98.1]

Frequent relapsere < 5

Medication exposure (days)f

No medications (n = 9) –

Steroids (n = 1) 56 [56, 56]

Steroid-sparing agent(s)g (n = 3) 365 [365, 365]

Tacrolimush (n = 3) 365 [365, 365]

Steroids and steroid-sparing agent(s) (n = 9) –

Steroids 108 [64, 162]

Steroid-sparing agent(s) 340 [225, 365]

a Number of relapses per year of follow-up
b Proportion living above the Canadian Low-Income Cut-Off (LICO) of
$35,000 per year (gross), excluding those who refused (n = 41)
c Includes Middle Eastern (n = 10), West Indian/Caribbean (n = 16),
African (n < 5), Mexican or South/Central American (n < 5), Aboriginal
(n < 5), multi-ethnic (n = 43), unknown (n = 6)
d Missing 2% of HRQOL baseline score data due to incomplete
questionnaire
e Individuals with ≥ 4 relapses in the 12 months prior to HRQOL
assessment
fMedications taken 12 months prior to visit
g Includes any of tacrolimus, cyclosporine, oral cyclophosphamide, my-
cophenolate mofetil/mycophenolate sodium, and/or levamisole
h Subgroup of steroid-sparing agents
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Among children on steroid-sparing agents, overall HRQOL
score was significantly reduced by 0.18–6.02 at 6 months of
medication exposure when compared with those on no medica-
tion, and remained significant even after adjustment. Similar es-
timateswere seen at the 12-month lag time even after adjustment.
Consistent patterns with medication exposure for only 1 and
3 months prior to HRQOL assessment were seen; however, the
decrease was modestly lower (Supplementary data, Table S3).
The combination of steroid-sparing agents and steroids was as-
sociated with a similar decrease in HRQOL scores ranging from
1.26 to 7.46 in the 6 months prior to assessment and the associ-
ation was attenuated after adjustment.

Health-related quality of life scores by functioning
and fatigue domains

Children on steroids had a significant reduction in the func-
tioning domains of the HRQOL score (physical, emotional,
social, and educational functioning). The functioning domain
scores were even lower at 12 months compared with 6 months
of exposure (Table 3). Steroid-sparing agents had no associa-
tion with functioning domains. Additionally, there was no
significant association with fatigue domains (general, sleep,
and cognitive fatigue) among children taking steroids in the 6
and 12 months prior to HRQOL assessment as compared with
those on no medication. Use of steroid-sparing agents,

however, did have a significant association with fatigue do-
mains at both 6 and 12 months prior to HRQOL assessment
with decreased scores from as low as 1.41 to as high as 9.05
after adjustment.

In Fig. 1, we demonstrate that general, sleep, and cognitive
fatigue are consistently affected by steroid-sparing agents but
not steroids. There was also no clear additive effect of the
combination of both steroids and steroid-sparing agents.
Various functioning domains were predominantly affected by
steroids, especially the educational, social, emotional, and
physical subdomains at 12 months. This association was not
significant at 6 months. (Supplementary data, Fig. 1; Table S2).
The largest decrease in HRQOL score was observed for sleep
fatigue in those using steroid-sparing medication.

Additional analyses were performed to assess changes in
HRQOL score after discontinuing medication. At any given
time point, 54 childrenwent from taking steroids at one visit to
not taking any medication for the full year prior to the subse-
quent visit. The overall HRQOL scores improved by a median
of 4.28 (IQR, − 3.93, 12.89). In children who went from
steroid-sparing agents to no medications (n = 12), a median
score increase of 7.46 (IQR, − 1.59, 19.67) was observed.
Moreover, children who changed medication status from ste-
roids and steroid-sparing agents to no medications (n = 12)
were found to have a median score increase of 2.14 (IQR, −
4.21, 8.13).

Table 2 Overall HRQOL score
based on medication exposure
(dichotomous) in childhood ne-
phrotic syndrome (N = 295)

Medication category by domain HRQOL score—unadjusted
modela

HRQOL score—adjusted modelb

Estimate

[95% CI]c
p value Estimate

[95% CI]c
p value

Up to 6 months

Overall HRQOL score

Steroids − 1.85 [− 3.95, 0.25] 0.08 − 1.56 [− 3.84, 0.73] 0.18

Steroid-sparing agent(s)d − 3.10 [− 6.02,
− 0.18]

0.04* − 3.20 [− 6.04,
− 0.35]

0.03*

Steroids and steroid-sparing
agent(s)

− 4.36 [− 7.46,
− 1.26]

0.006** − 3.62 [− 6.87,
− 0.36]

0.03*

Up to 12 months

Overall HRQOL score

Steroids − 3.17 [− 5.25,
− 1.08]

0.003** − 3.18 [− 5.24,
− 1.12]

0.003**

Steroid-sparing agent(s)d − 4.01 [− 7.38,
− 0.64]

0.02* − 4.00 [− 7.30,
− 0.70]

0.02*

Steroids and steroid-sparing
agent(s)

− 3.35 [− 5.99,
− 0.71]

0.01* − 2.95 [− 5.58,
− 0.33]

0.03*

aMixed-effects linear regression—unadjusted
bMixed-effects linear regression—adjusted for age at diagnosis, sex, ethnicity, frequent relapses, initial steroid
resistance, income, and duration from diagnosis to enrollment
c Estimates are in reference to children not taking any medications
d Includes any of the following: tacrolimus, cyclosporine, oral cyclophosphamide, mycophenolate mofetil/
mycophenolate sodium, and/or levamisole

* p <= 0.05; ** p <= 0.01

Pediatr Nephrol



Discussion

This study evaluated the impact of medications on HRQOL in
children with nephrotic syndrome and demonstrated a reduc-
tion in overall HRQOL up to 5% for both steroid and steroid-
sparing agents among a large and diverse cohort of children
with incident and prevalent nephrotic syndrome. We extend
prior findings of the impact of steroids on behavior and show
that extended use of steroids results in a significant reduction
in physical, emotional, social, and educational functioning.
We also demonstrate a significant, consistent, and indepen-
dent association between steroid-sparing agent use and
HRQOL overall, and specifically with general fatigue, sleep,
and cognition. Interestingly, these findings suggest that while
steroids predominantly yield adverse physical events, steroid-

sparing agents negatively impact fatigue in childhood ne-
phrotic syndrome. We also found that short periods of steroid
and/or steroid-sparing medication affects HRQOL, but longer
periods over 6 months results in significantly lower scores.

Notably, our study cohort had an overall healthier mean
HRQOL score of 86, which is slightly higher than that of
healthy children of 84, and considerably higher than that of
children suffering from chronic illness such as cancer, kidney
failure, and diabetes whose scores range between 71 and 81
[21]. Our study population, as previously described, may rep-
resent a generally healthier group of children with very few
having advanced kidney disease unlike other cohorts reported.
Furthermore, we have shown previously a higher health liter-
acy reported than in the USA among parents of children with
chronic disease, and perhaps healthier overall given the access

Table 3 HRQOL based on
medication exposure
(dichotomous) in childhood ne-
phrotic syndrome (N = 295)

Medication category by
domain

HRQOL score—unadjusted modela HRQOL score—adjusted modelb

Estimate [95% CI]c p value Estimate [95% CI]c p value

Up to 6 months

Functioning domain scored

Steroids − 3.03 [− 5.22,
− 0.85]

0.006** − 2.56 [− 4.96,
− 0.16]

0.04*

Steroid-sparing agent(s)e − 1.76 [− 4.77, 1.26] 0.25 − 2.00 [− 4.98, 0.98] 0.19

Steroids and steroid-
sparing agent(s)

− 4.87 [− 8.07,
− 1.67]

0.003** − 3.86 [− 7.28,
− 0.45]

0.03*

Fatigue domain scoref

Steroids − 0.25 [− 2.61, 2.12] 0.84 − 0.20 [− 2.74, 2.34] 0.88

Steroid-sparing agent(s)e − 4.64 [− 7.92,
− 1.35]

0.006** − 4.55 [− 7.69,
− 1.41]

0.005**

Steroids and steroid-
sparing agent(s)

− 3.59 [− 7.08,
− 0.11]

0.04* − 3.18 [− 6.78, 0.42] 0.08

Up to 12 months

Functioning domain scored

Steroids − 4.41 [− 6.57,
− 2.25]

< 0.001*** − 4.50 [− 6.66,
− 2.34]

< 0.001***

Steroid-sparing agent(s)e − 2.71 [− 6.19, 0.78] 0.13 − 2.80 [− 6.26, 0.65] 0.11

Steroids and steroid-
sparing agent(s)

− 3.99 [− 6.70,
− 1.27]

0.004** − 3.49 [− 6.24,
− 0.73]

0.01**

Fatigue domain scoref

Steroids − 1.36 [− 3.72, 0.99] 0.26 − 1.35 [− 3.66, 0.95] 0.25

Steroid-sparing agent(s)e − 5.47 [− 9.28,
− 1.67]

0.005** − 5.38 [− 9.05,
− 1.71]

0.004**

Steroids and steroid-
sparing agent(s)

− 2.39 [− 5.36, 0.59] 0.12 − 2.13 [− 5.04, 0.78] 0.15

aMixed-effects linear regression—unadjusted
bMixed-effects linear regression—adjusted for age at diagnosis, sex, ethnicity, frequent relapses, initial steroid
resistance, income, and duration from diagnosis to enrollment
c Estimates are in reference to children not taking any medications
d Includes physical functioning, emotional functioning, social functioning, and educational functioning domains
e Includes any of tacrolimus, cyclosporine, oral cyclophosphamide, mycophenolate mofetil/mycophenolate sodi-
um, and/or levamisole
f Includes general fatigue, sleep fatigue and cognitive fatigue domains

* p <= 0.05; ** p <= 0.01; *** p <= 0.001
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to universal healthcare [23]. The nature of nephrotic syndrome
along with its continuous management and monitoring con-
tributes to interruptions in daily activities and functioning. We
demonstrated a significant and independent association of
steroid-sparing agents irrespective of 1, 3, 6, or 12 months
duration with a reduction in the general, sleep, and cognitive
fatigue domains, as children who were reported to be notice-
ably tired throughout the day have difficulty sleeping through-
out the night or experience difficulty remaining attentive, or
difficulty with memory. Often, children with nephrotic syn-
drome are given steroid-sparing agents to avoid the toxic side
effects of prolonged steroid use, such as obesity, poor growth,
and hypertension; however, little is known about the impact of
steroid-sparing agents on HRQOL [24]. The effect on
HRQOL has not been reported previously despite the frequent
use of steroid-sparing agents in numerous conditions such as
inflammatory bowel disease or lupus. Interestingly, there was
no evidence of an additive effect of taking a combination of
steroids and steroid-sparing medication on HRQOL.

Steroids significantly affect physical, emotional, social, and
educational functioning domains, especially in children taking

medication for greater than 2 months. Reduced physical func-
tioning scores would commonly present as impairment of daily
activities such as running or playing, in comparisonwith children
of the same age. Lower emotional and social functioning scores
suggest that the child is experiencing emotional disturbances
affecting mood and may have difficulty socializing with other
children. A relatively lower educational functioning score would
indicate that the childmay have poorer school performance and a
high rate of school absences due to conflicting medical appoint-
ments or feeling too unwell to attend. Prior studies have demon-
strated an association with steroids and aggressive behavior [7, 8,
25, 26]. A prospective study of 10 children with steroid-sensitive
nephrotic syndrome followed for 16 months found a strong cor-
relation between steroid dose and behavior, particularly aggres-
sion [26]. Similarly, another report in 12 children on steroids
highlighted the significant negative impact on behavior, specifi-
cally aggression and attention. Further, they also identified the
negative association between steroids and school performance
[7]. Our results demonstrate a significant reduction in emotional
functioning in children on steroids. Moreover, we demonstrate
that longer medication exposure results in a greater reduction in

Fig. 1 Average HRQOL score change by domain for each medication
group, duration up to 6 months (panel a) and 12 months (panel b) prior to
the assessment: Models were adjusted for participant age at diagnosis,

sex, ethnicity, frequent relapses, initial steroid resistance, income, and
duration from diagnosis to enrollment
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HRQOL score. We had repeated measures in many children
whereas the majority of previous studies used only a single mea-
sure [8, 12, 15, 16, 26, 27].

Numerous questionnaires, including the PedsQL, Child
Behavior Checklist, PROMIS, Child Health Utility 9D, and
Children Depression Inventory, have been previously used to
assess HRQOL changes in children with nephrotic syndrome
[7–9, 11, 15–17, 27–29]. Most questionnaires focus on spe-
cific aspects of HRQOL and require more time for the detailed
assessments. Our study assessed HRQOL with a standardized
and validated measure: the Pediatric Quality of Life
Inventory—Version 4, which was chosen based on the specif-
ic domains and the ability to screen given time constraints
during annual clinical assessments. Although, the PedsQL
serves as an excellent screening tool to assess HRQOL over-
all, other questionnaires such as the PROMIS measurement
provide a more in-depth evaluation of domains, such as ag-
gressive behavior, anxiety, and depression to thoroughly as-
sess specific gaps in literature [7]. In a recent study of 151
children with prevalent nephrotic syndrome, PROMIS effec-
tively discriminated between children and adolescents with
active and inactive nephrotic syndrome, and was found to be
an accurate tool for thoroughly assessing HRQOL; however,
this tool did not assess all aspects of HRQOL [29]. Our study
extends the current findings, showing a significant correlation
of steroid use and duration with physical, emotional, social,
and educational functioning domains that may significantly
impact daily activities and functioning.

Impact on HRQOL may not only be a result of the disease
activity but also duration of medication. This is especially
relevant for diseases such as nephrotic syndrome, where the
episodic nature of relapses and remissions results in ongoing
management and treatment with repeated courses or mainte-
nance immunosuppressive medication. Most studies have fo-
cused on disease duration and not duration of medication ex-
posure when assessing behavior and quality of life [8, 14, 30,
31]. In our study, longer use of steroid medication led to a
proportionally lower HRQOL, and in contrast, steroid-sparing
agents reduced HRQOL regardless of the duration of treat-
ment. This suggests that duration of treatment may be a factor
to consider when using steroids. In the few children that were
not on any medication at their subsequent follow-up visit, we
observed an increase in HRQOL score, suggesting a direct
relationship between medication and HRQOL.

Additional factors that confound the association of medi-
cation and HRQOL include frequent relapses and initial ste-
roid resistance; however, our findings remained consistent
even after adjustment with little attenuation. The results were
robust and indicate an independent association of medications
and HRQOL specifically independent of relapsing disease.
There may be, however, confounding by indication, as those
on steroid-sparing agents are presumed to have frequently
relapsing disease or steroid resistance.

The strengths of this study include the large, ethnically
diverse cohort, consisting of both incident and prevalent ne-
phrotic syndrome patients with over 700 repeated measures of
HRQOL for up to 5 years. We were able to adjust for severity
of disease (initial steroid resistance and frequently relapsing
status) and duration of medication exposure. Limitations of
our study include potential residual confounding from envi-
ronmental or social factors not captured at the time of ques-
tionnaire completion such as moving to a new house or chang-
ing schools. Additionally, parent recall bias may be a limita-
tion; however, this is similar to other types of questionnaires.
The study also had limited educational functioning data dur-
ing summer-break months as children were not in school. As
there is a relatively low incidence of hypertension and steroid-
related side effects in our patients, these factors were not in-
cluded in the analyses. Although there is data available to
assess other factors and their impact on quality of life, our
main objective was to address parental observations of chronic
medication exposure on physical functioning, emotional func-
tioning, social functioning, and educational functioning and
fatigue (general, sleep, and cognitive). Furthermore, given
standard treatment protocols [2], our population has a limited
number of children treated with rituximab and therefore did
not analyze the effects of rituximab on HRQOL; however, a
recent study found the QOL in children with nephrotic syn-
drome treated with rituximab was comparable with those
treated with oral steroid-sparing agents [32].

Medications necessary for treatment of childhood nephrot-
ic syndrome play a key role in lowering HRQOL that is not
entirely attributable to disease activity. Exposure to both ste-
roids and/or steroid-sparing agents significantly reduces
HRQOL with differential effects on specific domains. Our
results emphasize the importance of addressing physical and
psychosocial needs of children with nephrotic syndrome on
steroids and/or steroid-sparing agents on an ongoing basis
throughout the duration of therapy. Furthermore, our results
can aid in identifying children on steroids and/or steroid-
sparing agents who may be at risk for a poor quality of life
and employ preventative and therapeutic interventions as well
as provide informative counseling on the effects of prescribed
medications to the families.
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