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Abstract
Background and objectives Ethnic differences in outcomes among children with nephrotic syndrome are un-
known.

Design, setting, participants, & measurements We conducted a longitudinal study at a single regional pediatric
center comparing ethnic differences in incidence from 2001 to 2011 census data and longitudinal outcomes,
including relapse rates, time to first relapse, frequently relapsing disease, and use of cyclophosphamide. Among
711 children, 24%were European, 33%were SouthAsian, 10%were East/Southeast Asian, and 33%were of other
origins.

Results Over 10 years, the overall incidence increased from 1.99/100,000 to 4.71/100,000 among children ages
1–18 years old. In 2011, South Asians had a higher incidence rate ratio of 6.61 (95% confidence interval, 3.16 to 15.1)
compared with Europeans. East/Southeast Asians had a similar incidence rate ratio (0.76; 95% confidence in-
terval, 0.13 to 2.94) to Europeans. We determined outcomes in 455 children from the three largest ethnic groups
with steroid-sensitive disease over a median of 4 years. South Asian and East/Southeast Asian children had
significantly lower odds of frequently relapsing disease at 12months (SouthAsian: adjusted odds ratio; 0.55; 95%
confidence interval, 0.39 to 0.77; East/Southeast Asian: adjusted odds ratio; 0.42; 95% confidence interval, 0.34 to
0.51), fewer subsequent relapses (South Asian: adjusted odds ratio; 0.64; 95% confidence interval, 0.50 to 0.81;
East/Southeast Asian: adjusted odds ratio; 0.47; 95% confidence interval, 0.24 to 0.91), lower risk of a first relapse
(South Asian: adjusted hazard ratio, 0.74; 95% confidence interval, 0.67 to 0.83; East/Southeast Asian: adjusted
hazard ratio, 0.65; 95% CI, 0.63 to 0.68), and lower use of cyclophosphamide (South Asian: adjusted hazard ratio,
0.82; 95% confidence interval, 0.53 to 1.28; East/Southeast Asian: adjusted hazard ratio, 0.54; 95% confidence
interval, 0.41 to 0.71) compared with European children.

Conclusions Despite the higher incidence among South Asians, South and East/Southeast Asian children have
significantly less complicated clinical outcomes compared with Europeans.
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Introduction
Nephrotic syndrome (NS) is the most common child-
hood kidney disease worldwide, with a reported in-
cidence of 2–7/100,000 children (1). Incidence among
certain ethnic groups, specifically South Asians and
Africans, is higher, which suggests environmental
and/or genetic influences on disease, but there are
few large population–based studies that directly as-
sess differences in incidence by ethnicity (2,3). Some
reports have included physician-reported surveys,
which lack patient-level or follow-up information,
and variable treatment regimens that influence out-
comes (2,4).

Since prednisone use began in the 1950s, survival
has markedly improved but resulted in a clinical
course characterized by repeated relapses (5). Initial
response to prednisone remains the most significant

predictor of long-term outcomes; however, the dis-
ease course varies, with some children having fre-
quent relapses, steroid dependence, or steroid
resistance requiring steroid-sparing immunosuppres-
sion for years. Steroid resistance often indicates
progressive kidney disease and is reported in 27.3%–

31.1% of South Asian, West Indian/Caribbean, and
African children (6,7). Whether the higher burden of
steroid resistance and progressive disease is because
of referral patterns at tertiary care centers with possi-
ble selection bias, greater susceptibility to the devel-
opment and progression of NS among specific ethnic
groups, or physician variability in disease manage-
ment is unknown (8).
There are few longitudinal studies of childhood NS

with a diverse population receiving similar manage-
ment that address ethnic differences in outcomes of
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NS (9–12). The aims of our study are to determine ethnic
differences in incidence of NS, response to prednisone, and
relapse rates using population-based data.

Materials and Methods
Study Population and Design
Children diagnosed with NS between ages 1 and 18 years

old managed at The Hospital for Sick Children from
January 1, 1993 were included in the cohort and followed
until May 21, 2014. These children were living in the
Census Metropolitan Area (CMA) of Toronto, Ontario,
Canada (confirmed by residential postal code) and referred
for management by consultant or affiliated pediatric
nephrologists. Those with syndromic disease with multiple
organ involvement or congenital or secondary causes of NS
were excluded. Ethics approval was obtained from the
Research Ethics Board and in adherence with the Declara-
tion of Helsinki.
Initial prednisone treatment prescribed is 60 mg/m2 per

day for 6 weeks followed by an alternate day taper, with a
similar regimen for relapses using the standard treatment
protocol established in 1993 (Supplemental Material). Fre-
quently relapsing or steroid-dependent disease was treat-
ed with either cyclophosphamide or calcineurin inhibitors
as the second-line. Cyclophosphamide was the primary
second–line medication given for a total of 8–12 weeks.
Levamisole was used sparingly until 2000 as an alternative
to cyclophosphamide. Cyclosporin (1996) and tacrolimus
(2003) were also used for steroid-resistant disease.

Data Collection
Data (sex, age at diagnosis, relapse dates, use of second-

line medications, and laboratory parameters at diagnosis)
were obtained through medical records and an NS data-
base and subsequently validated with nursing care plans
and clinic notes.

Census Data
Population-based data from 2001 to 2011 for children

ages 1–18 years old were obtained from the Statistics Can-
ada Census, which is conducted every 5 years, for the To-
ronto CMA. Estimates of the general pediatric population
are on the basis of the Statistics Canada sampling strategy
(13). Ethnicity was defined by Statistics Canada through
self-report as the following: European, West Central
Asian/Middle Eastern (e.g., Afghanistan, Iran, Lebanon,
and Syria), South Asian (e.g., India, Bangladesh, and Paki-
stan), East/Southeast Asian (e.g., China, Philippines, Tibet,
and Vietnam), West Indian/Caribbean, African, Latin/
Central/South American, Aboriginal, Canadian/American,
or multiethnic (Supplemental Material) (14–16). Self-
reported ethnicity is highly correlated with genetic
ancestry (17). Annual household income and percentage
of immigrants were determined on the basis of postal ad-
dress linked to census data (18).

Ethnicity
Ethnicity was defined by Statistics Canada on the basis

of the ethnic or cultural origins of the respondent’s ances-
tors, where categorization by race was not used (19). Eth-
nicity was determined through self-report of all four

grandparents’ ancestries, health records, or health care
providers (Supplemental Material). The remainder was
classified using electronic naming programs previously
validated in Canada (Nam Pehchan for South Asians or
the Chinese Name List) and yielded good agreement in
our cohort (Supplemental Material) (2,20–22).

Outcomes
Outcomes were defined by international studies and

guidelines and adapted as part of the management plan
(23,24). A relapse was defined as protein $3.0 g/L on
urine dipstick for 3 consecutive days, resulting in prescrip-
tion of steroids or an increase in dose. Early steroid–resistant
NS was defined as starting a second-line medication dur-
ing the initial steroid course. Steroid-dependent NS
was defined as having two or more consecutive relapses
during corticosteroid tapering or one relapse within
14 days of completing steroid therapy. Frequently relapsing
NS was defined as having two or more relapses within
6 months of diagnosis or four or more relapses in any 12-month
period (23). Complete remission was defined as no additional
episodes of proteinuria requiring medical intervention.

Statistical Analyses
Incidence of NS (new patients per 100,000 at-risk people)

in each year was determined in the at–risk general pediatric
population among children ages 1–18 years old.
Relapse rate was calculated as the number of total

relapses observed over the entire follow-up period (years)
and categorized from initial treatment and after com-
mencement of cyclophosphamide. Analyses focused on the
largest ethnic groups (Europeans, South Asians, and East/
Southeast Asians). We determined ethnic differences in
frequently relapsing NS at 12 months using logistic re-
gression, log–transformed relapse rates by generalized lin-
ear modeling (presented as relative risks), and relapse
categories using ordinal logistic regression. Time from di-
agnosis to first relapse and use of cyclophosphamide were
assessed using the Kaplan–Meier method. Cox propor-
tional hazard models were used to calculate the relative
hazard of time to first relapse and use of cyclophospha-
mide among ethnic groups. Analyses were clustered by
time period (pre- and post-October of 2002) to account
for changes in steroid protocol. Parsimonious models
were adjusted for age at diagnosis and sex. Statistical anal-
yses were conducted with STATA/SE 12 (StataCorp., Col-
lege Station, TX), and a significant P value was ,0.05.

Results
The largest ethnic groups were Europeans (24%), South

Asians (33%), and East/Southeast Asians (10%) (Table 1),
with the remainder classified as other (33%) (Supplemental
Table 1). Children were discharged after a median of 2.18
years relapse free (interquartile range [IQR], 1.59–3.04
years). East/Southeast Asian children were slightly older
at presentation compared with Europeans and South
Asians. Among the 479 children from the three largest eth-
nic groups, 24 were excluded because of initial steroid re-
sistance. The remainder of the cohort was followed until
transferred to adult care/another hospital (n=46), discharged
from clinic without disease (n=188), lost to follow-up (n=33),
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dialysis/transplant (n=3), or censored onMay 21, 2014 (n=185).
Among those lost to follow-up, as confirmed with primary
providers, there was no active disease until age 18 years old.

Incidence
Over 10 years, the overall incidence in the Toronto CMA

increased from 1.99/100,000 to 4.71/100,000 among chil-
dren ages 1–18 years old. South Asians had a higher in-
cidence of 15.8/100,000 and an incidence rate ratio of 6.61
compared with Europeans, with increasing rates from
2001 to 2011. By contrast, East/Southeast Asians had a
similar incidence of 1.81/100,000 and an incidence rate
ratio of 0.76 compared with Europeans in 2011 (Table 2).

Outcomes
Overall, children of South Asian and East/Southeast

Asian descent had a lower absolute number of relapses

compared with European children, with more children
having complete remission after the initial prednisone
course. European children had borderline higher frequency
in initial steroid resistance compared with South Asians
(P,0.04) and no difference compared with East/Southeast
Asians. Frequently relapsing NS at 12 months occurred
among 14.5% of children overall. After adjustment, South
Asian and East/Southeast Asian children had 45% (ad-
justed odds ratio [adjOR], 0.55; 95% confidence interval
[95% CI], 0.39 to 0.77) and 58% (adjOR, 0.42; 95% CI,
0.34 to 0.51) lower odds, respectively, of developing fre-
quently relapsing NS at 12 months compared with Euro-
pean children (Figure 1A, Table 3). Absolute number of
relapses in the entire follow-up period showed that South
Asian children had significantly lower odds of having
more relapses compared with Europeans (adjOR, 0.64;
95% CI, 0.50 to 0.81). Similarly, compared with European

Table 1. Baseline characteristics of 479 children with nephrotic syndrome from 1993 to 2014

Patient Characteristics
Mean6SD, Median [Interquartile Range], or n (%)

European, n=173 South Asian, n=237 East/Southeast Asian, n=69

Baseline characteristics
Male 106 (61.3) 153 (64.6) 43 (62.3)
Age of diagnosis, yr 3.70 [2.40–6.81] 3.42 [2.49–5.38] 4.20 [2.75–10.82]a

Annual household incomeb

(Canadian dollars)
45,987635,016 29,85968596c 31,612613,220c

Percentage of immigrants in
neighborhoodb

20.9 [10.0–38.1] 56.6 [48.1–65.4]c 56.3 [45.2–71.4]c

Laboratory factorsd

Serum albumin, g/dl 2.0260.53 1.7660.48c 1.9760.55
Serum creatinine, mg/dl 0.39 [0.32–0.56] 0.36 [0.30–0.44]a 0.53 [0.37–0.71]a

Serum cholesterol, mg/dl 3836114 4496125c 4226100
Clinical outcomese

Complete remissionf 26 (15.0) 52 (21.9) 19 (27.5)
Initial steroid resistance 13 (7.5) 6 (2.5)a 5 (7.2)
Steroid dependent at 6 mog 17 (10.6) 20 (8.7) 3 (4.7)
Total relapses over entire follow-
up,g n

5 [2–13] 4 [1–8]a 2 [0–6]c

Time followed, yr 4.68 [2.66–8.67] 3.63 [1.84–5.97]c 3.53 [1.76–5.95]h

Relapses per yearg 1.12 [0.42–1.72] 1.15 [0.24–1.81] 0.67 [0–1.53]a

Biopsy diagnosis 59 (34.1) 50 (21.1)h 24 (34.8)
Minimal change disease 32 (54.2) 35 (70.0) 16 (66.7)
FSGS 23 (39.0) 14 (28.0) 5 (20.8)
Other 4 (6.8) 1 (2.0) 3 (12.5)

Use of second-line medication 95 (54.9) 109 (46.0) 31 (44.9)
Cyclophosphamide 86 (90.5) 99 (90.8) 23 (74.2)a

Calcineurin inhibitorsi 9 (9.5) 7 (6.4) 8 (25.8)a

Complete remission after
cyclophosphamide

29 (33.7) 33 (33.3) 9 (39.1)

Statistical tests were conducted with Europeans as the reference group.
aP value #0.05 using chi-squared or t test.
bDetermined using data from Statistics Canada (2006) on the basis of Dissemination Area (19).
cP value #0.001 using chi-squared or t test.
dAt onset of nephrotic syndrome, albumin (n=236), creatinine (n=227), and cholesterol (n=205).
eFive individuals who never went into remission were excluded from the analyses (n=474) for initial steroid resistance, steroid–
dependent nephrotic syndrome, total relapses, and relapse rate.
fComplete remission defined as no additional episodes of proteinuria requiring medical intervention after the initial course of therapy.
gTwenty-four individuals with initial steroid resistance were excluded from the analysis (n=455).
hP value #0.01 using chi-squared or t test.
iIncludes tacrolimus and cyclosporin.
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children, East/Southeast Asians had 53% lower odds of
having any relapses after disease onset (adjOR, 0.47; 95%
CI, 0.24 to 0.91) (Figure 1B). After treatment with cyclo-
phosphamide, the absolute number of relapses did not dif-
fer among the three ethnic groups (South Asian: adjOR,
0.68; 95% CI, 0.27 to 1.71; East/Southeast Asian: adjOR,

0.86; 95% CI, 0.07 to 11.29 compared with European chil-
dren), and on average, 34% of children had no additional
relapses (Figure 1C).
Europeans had a median relapse rate of 1.12/yr (IQR,

0.42–1.72), with a similar absolute rate among South
Asians of 1.15/yr (IQR, 0.24–1.81) and significantly lower

Table 2. Incidence of nephrotic syndrome in Toronto (Census Metropolitan Area), Ontario, Canada per 100,000 children between 1
and 18 years of age

Incidencea European South Asian East/Southeast Asian Otherb Total

2001
Population, n 483,130 129,585 134,655 357,435 1,104,805
Patients with new
cases of nephrotic
syndrome, n

10 2 2 8 22

Incidence 2.07 1.54 1.48 2.24 1.99
Incidence rate ratio Reference 0.75 0.72 1.08 NA
95% Confidence
interval

NA 0.08 to 3.50 0.08 to 3.37 0.37 to 3.04 NA

2006
Population, n 445,820 175,570 157,665 381,965 1,161,020
Patients with new
cases of nephrotic
syndrome, n

5 7 7 7 26

Incidence 1.12 3.99 4.44 1.83 2.24
Incidence rate ratio Reference 3.55 3.96 1.63 NA
95% Confidence
interval

NA 0.97 to 14.21 1.08 to 15.82 0.45 to 6.53 NA

2011
Population, n 417,385 195,865 165,370 432,015 1,210,635
Patients with new
cases of nephrotic
syndrome, n

10 31 3 13 57

Incidence 2.40 15.83 1.81 3.01 4.71
Incidence rate ratio Reference 6.61 0.76 1.26 NA
95% Confidence
interval

NA 3.16 to 15.10 0.13 to 2.94 0.51 to 3.20 NA

NA, not applicable.
aPatients with new cases of nephrotic syndrome from April 1 of the preceding year to March 31 of the census year.
bIncludes individuals classified as West Central Asian/Middle Eastern, West Indian/Caribbean and African, Latin/Central/South
American, Aboriginal, multiethnic, and unknown.

Figure 1. | Proportion of frequently relapsing nephrotic syndrome and absolute number of relapses by ethnicity among 455 children with
nephrotic syndrome (1993–2014). (A) Data by ethnicity shows frequently relapsing nephrotic syndrome at 6, 12, and 18 months from di-
agnosis. (B) Absolute total number of relapses by ethnicity. (C) Absolute number of relapses after treatment with cyclophosphamide. *P value
#0.05; ***P value #0.001.
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rate in East/Southeast Asians at 0.67/yr (IQR, 0–1.53;
P,0.03). Both South Asians and East/Southeast Asians
had lower relapse rates per year compared with Euro-
peans; however, this was not statistically significant (Table
3). Median relapse–free periods were 151, 198, and 214
days among Europeans, South Asians and East/Southeast
Asians, respectively. Furthermore, the cumulative inci-
dence rates at 2 years after diagnosis were 85%, 79%,
and 70% for Europeans, South Asians, and East/Southeast
Asians, respectively. There were significant differences in
time to first relapse comparing South Asians (log rank
P=0.02) (Figure 2A) and East/Southeast Asians (log rank
P=0.01) with Europeans. Children of South Asian origin
were 26% (adjusted hazard ratio [adjHR], 0.74; 95% CI,
0.67 to 0.83) less likely to develop the first relapse relative
to European children after controlling for age at diagnosis
and sex, whereas East/Southeast Asian children had an
even lower risk of relapse by 35% (adjHR, 0.65; 95% CI,
0.63 to 0.68). Additional adjustment for albumin,

creatinine, and cholesterol did not attenuate the associa-
tion (Supplemental Material, Supplemental Table 2).
The cumulative incidence rates at 5 years for use of

cyclophosphamide among Europeans, South Asians, and
East/Southeast Asians were 45%, 42%, and 30%, respec-
tively. The hazard for cyclophosphamide use did not differ
significantly between South Asians and Europeans (adjHR,
0.82; 95% CI, 0.53 to 1.28) (Figure 2B) but did differ for
East/Southeast Asians and Europeans. East/Southeast
Asians were 50% less likely to be prescribed cyclophos-
phamide compared with Europeans (adjHR, 0.54; 95%
CI, 0.41 to 0.71).
Only 133 children in the three major ethnic groups were

biopsied (59 Europeans, 50 South Asians, and 24 East/
Southeast Asians). Biopsies were typically done a median
of 128 (IQR, 42–342) days after initial diagnosis and 128
(IQR, 47–774) days after the first relapse. There was no
difference in days to biopsy from either time of diagnosis
or first relapse by ethnic group. Eighty-three children were

Table 3. Association of ethnicity with frequently relapsing nephrotic syndrome, relapse rate, time to first relapse, and second–line
medication use among 455 children with nephrotic syndrome (1993–2014)

Outcomes European, n=160 South Asian, n=231 East/Southeast Asian, n=64

Frequently relapsing nephrotic
syndrome at 12 mo

Events, n 34 31 6
Odds ratio Reference 0.57 0.38
95% Confidence interval NA 0.38 to 0.88 0.38 to 0.39
P value NA 0.01 0.001
Adjusted odds ratioa Reference 0.55 0.42
95% Confidence interval NA 0.39 to 0.77 0.34 to 0.51
P value NA 0.001 0.001

Relapse rate per person-yearb

Relative risk Reference 0.76 0.57
95% Confidence interval NA 0.53 to 1.11 0.30 to 1.06
P value NA 0.16 0.07
Adjusted relative riska Reference 0.74 0.64
95% Confidence interval NA 0.53 to 1.03 0.33 to 1.23
P value NA 0.08 0.18

Developing first relapsec

Events, n 134 178 44
Hazard ratio Reference 0.77 0.63
95% Confidence interval NA 0.68 to 0.86 0.54 to 0.73
P value NA 0.001 0.001
Adjusted hazard ratioa Reference 0.74 0.65
95% Confidence interval NA 0.67 to 0.83 0.63 to 0.68
P value NA 0.001 0.001

Use of cyclophosphamide as
second-line medicationd

Events, n 60 74 13
Hazard ratio Reference 0.82 0.55
95% Confidence interval NA 0.51 to 1.32 0.51 to 0.59
P value NA 0.42 0.001
Adjusted hazard ratioa Reference 0.82 0.54
95% Confidence interval NA 0.53 to 1.28 0.41 to 0.71
P value NA 0.39 0.001

Analysis excluded children with initial steroid resistance during the initial course among these three ethnicities (n=24). NA, not applicable.
aAdjusted for age at diagnosis and sex.
bBy generalized linear model for log–transformed relapse rate.
cBy Cox proportional hazards.
dTruncated at 5 years of follow-up.
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diagnosed with minimal change disease (39% European,
42% South Asian, and 19% East/Southeast Asian), 42 chil-
dren were diagnosed with FSGS (55% European, 35%
South Asian, and 12% East/Southeast Asian), and eight
children were diagnosed with nonspecific changes. Be-
cause children of South Asian descent had fewer relapses,
fewer, consequently, had kidney biopsies. There was no
statistical difference in the prevalence of biopsy-confirmed
FSGS among the three groups.
Additional analyses considered the variations over time

periods, influence of socioeconomic status, immigrant
neighborhoods, and outcomes among all smaller ethnic
groups (Supplemental Material, Supplemental Tables 3–6).
Results remained consistent.

Discussion
We report ethnic differences in incidence and outcomes

among a large, diverse cohort of children with NS at a large
single regional pediatric center with universal health care
access and a common treatment protocol followed over
decades. Over the past decade, we show that the incidence
of NS in children has increased in the metropolitan region
of Toronto from 1.99/100,000 to 4.71/100,000, primarily
driven by the higher rates among South Asians over time.
In 2011, South Asian children had a greater than six times
higher incidence of NS, whereas East/Southeast Asians
had a similar rate as Europeans. Notwithstanding this high
burden of disease, South Asian and East/Southeast Asian
children have better outcomes, including more complete
remissions, fewer subsequent relapses, and longer relapse–
free periods after initial therapy, compared with European
children. East/Southeast Asian children are also signifi-
cantly less likely to be prescribed second-line agents.
Understanding ethnic differences is important, because it

may lead to better insight into reasons for the incidence of
disease, the individual variability in response to medica-
tion, and the number of relapses. We report an extremely
high incidence of NS in contrast to reports from India,
where most studies are from tertiary centers treating more
patients with complex cases, and there are few data from

general pediatricians, which could greatly underestimate
the burden of disease (7,25,26). Regional centers in England
also report a five to six times higher incidence of NS
among South Asians, predominantly those from northern
India or Pakistan, compared with Europeans with limited
long–term data (2,9). Our results further extend these find-
ings, because we confirm the incidence in a much larger
population, with diverse South Asian and East/Southeast
Asian populations, over a decade compared with that in
the United Kingdom reports. This increase is likely a result
of the recent immigration directly from India and China,
which accounted for 57% of all newcomers to Canada from
2006 to 2011, with fewer from the diaspora from the West
Indies and Africa since the 1970s (1,27). This may point to
possible regional differences in incidence within India, but
detailed comparisons are not reported or possible in this
cohort.
A higher incidence among South Asians indicates sus-

ceptibility to the development of NS, but etiologic contrib-
utors are unknown. A recent paper, however, reports a
novel genetic association of HLA-DQA1 and PLCG2 with
steroid-sensitive NS among Sri Lankan children, which
was further validated among Europeans (28). In other glo-
merular diseases, ethnic differences in disease susceptibil-
ity and progression have led to novel genetic discoveries,
such as APOL1 in those with CKD and FSGS among
blacks, along with other susceptibility alleles in IgA ne-
phropathy among East/Southeast Asians (28–33). More-
over, faster progression to ESRD among Asians with IgA
nephropathy suggests possible differences in the biology
of the underlying disease (30). Studies have also suggested
that the frequency of genetic variants identified in the glu-
cocorticoid receptor gene (NR3C1) and glucocorticoid–
induced transcript 1 gene may account for ethnic differences
(12,34). Ethnic differences could point to potential differ-
ences in disease pathology; however, we report only
slightly higher rates of steroid resistance in Europeans,
which are in contrast to published reports (35). With lim-
ited information on environmental and known etiologic
factors causing NS, we could not test these hypotheses

Figure 2. | Kaplan–Meier cumulative probability curves for time to first relapse and time to cyclophosphamide by ethnicity. (A) Developing
first relapse from diagnosis of nephrotic syndrome in days. (B) Use of cyclophosphamide from diagnosis of nephrotic syndrome in years.
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but are undertaking a prospective study to address possi-
ble contributing factors leading to ethnic differences in
outcomes (36).
Immigration into higher-income countries, such as Can-

ada, with publicly funded health care provides the capacity
to study longitudinal outcomes. Prior studies have not
shown significant ethnic differences in outcomes, likely
because of the use of physician-reported surveys, lim-
ited patients from tertiary centers, or a predominance of
European children enrolled in studies and trials on the
basis of biopsy findings or steroid resistance (2,4,9,37).
Studies from Australia and New Zealand on the basis of
reports by general pediatricians using variable steroid
doses report significantly lower rates of disease, possibly
because of reporting bias or limited sample size (4,38). We
report that outcomes significantly vary by ethnicity, with
South Asians and/or East/Southeast Asians having lower
prevalence of initial steroid resistance, lower total relapses,
longer first relapse–free period, and longer duration to
cyclophosphamide over a median follow-up of almost
4 years. These results show an overall positive prognosis
after diagnosis, with only a minority of children have ad-
ditional relapses, which is consistent with the original
International Study of Kidney Disease in Children
population (39). Over one quarter of South Asian children
and one third of East/Southeast Asian children have com-
plete remission after initial prednisone. This is unexpected
given the reported concerns of a rising number of patients
with steroid resistance or FSGS (1). Children of South
Asian and East/Southeast Asian origin in our cohort
have a similar disease pattern, which differs from that in
the reports from Australia and New Zealand, having
worse outcomes (38,40). Selection or reporting bias, sample
size, or underlying pathology may explain these dif-
ferences in outcomes by ethnicity. The steroid response
and lower rates of subsequent relapses among South Asian
and East/Southeast Asian children could indicate sensitiv-
ity to steroids through inflammatory pathways or genetic
factors yet unknown. Interestingly, after cyclophospha-
mide is given, the response is similar across all groups,
with complete remission of 36%. Of note, 58% of children
have two or fewer relapses after cyclophosphamide and
can expect a good prognosis. Compared with previous
studies, there is variability in reported remission rates at
2 years, with cyclophosphamide ranging from 27% to 44%,
and sample size, definitions, and follow-up widely differ
(39,41–44). Meta-analyses on steroid-sparing agents fur-
ther highlight the lack of controlled trials with specific
dosing regimens, standardized reporting of outcomes,
and longer durations of follow-up (45). This is the advan-
tage of a common protocol used in this large cohort, which
minimizes treatment bias.
Additional social factors, such as access to care, socio-

economic status, and immigration, may also influence
health outcomes. In Ontario, Canada, health is managed
in a universal health care system, precluding significant
bias in access to care, although the cost of medications is
not covered. European children are from neighborhoods
with higher household incomes and less immigration but
have worse disease outcomes. South Asians and East/
Southeast Asians in lower income households are also
more likely to be exposed to potential environmental

triggers, such as allergies, for relapsing disease, but this
is not the case, which was evident by milder clinical
outcomes (46). Recent parental immigration could also
point to possible factors, such as diet; however, data are
not uniformly available to test these hypotheses. Our man-
agement has not significantly differed over the years, and
cyclophosphamide remains the most common second–line
agent. We also did not see any difference in prescribed
medications by income.
The major strengths of our study include the large

multiethnic cohort using a common protocol with equal
health care access and a nurse-managed program for
following families and tracking relapses. Additionally,
we use population-based data from Statistics Canada to
determine incidence for a large census tract in a province
that accounts for approximately 40% of the population of
Canada (14–16). Our study is strengthened by the inclu-
sion of almost all children managed since diagnosis in a
regional health care system and not just those who have
more severe disease or biopsies, which provides a long-
term understanding of the natural history of childhood
NS. Access to medications may be dictated by secondary
insurance coverage in Ontario; however, steroids and cy-
clophosphamide are relatively inexpensive, and social pro-
grams can cover medications and urinary albumin dipstick
tests. The main limitations of this study include the lack of
self-reported ethnicity among some children and the lack
of specific details of home management of relapses. In
Canada, ethnicity is not routinely collected in administra-
tive data, because it is considered personal information
protected under federal law. There are few children of Af-
rican or Caribbean descent in our cohort reflective of the
Toronto population (,4%), which prevents comparison
with United States studies. There is also a number of fac-
tors that could affect both incidence and outcomes, such as
referral patterns, adherence to prescribed treatment,
health-seeking behaviors, and relapses that occur after dis-
charge; however, it is unlikely that these differences vary
by a specific ethnic group, such that it biases the analyses.
The absolute incidence is also conservative, because some
children from the periphery of metropolitan region may
not be included. However, this should not influence the
comparison of outcomes by ethnicity. Additionally, there
were insufficient data to elucidate ethnic differences in
cholesterol and albumin levels, which could be attributed
to environment, disease severity, or genetic predisposition.
Moreover, these findings need to be examined in addi-
tional cohorts and countries. Regardless of these limita-
tions, our results are consistent with numerous important
outcomes over an extended period of follow-up.
Incidence of childhood NS is significantly higher among

South Asian children in Ontario compared with other
ethnic groups. Outcomes of both South Asian and East/
Southeast Asian children are significantly better, with
fewer having frequently relapsing disease and more be
likely to have complete remission. These results highlight
the need to understand potential genetic or environmental
factors that may account for these ethnic differences.
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