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Abstract
Background: Relatively little is known about
the management and outcomes of Aboriginal
children with renal failure in Canada. We evaluated differences in dialysis modality, time spent
on dialysis, rates of kidney transplantation, and
patient and allograft survival between Aboriginal children and non-Aboriginal children.
Methods: For this population-based cohort
study, we used data from a national pediatric
end-stage renal disease database. Patients less
than 18 years old who started renal replacement
treatment (dialysis or kidney transplantation) in
nine Canadian provinces (Quebec data were not
available) and all three territories between 1992
and 2007 were followed until death, loss to follow-up or end of the study period. We compared initial modality of dialysis and time to first
kidney transplant between Aboriginal children,
white children and children of other ethnicity.
We examined the association between ethnicity
and likelihood of kidney transplantation using
adjusted Cox proportional hazard models for
Aboriginal and white children (data for the children of other ethnicity did not meet the assumptions of proportional hazards).

C

ompared with non-Aboriginal people,
Aboriginal adults with end-stage renal
disease in Canada have lower rates of
kidney transplantation, the optimal treatment for
renal failure.1–4 Most studies to date that have
examined health outcomes among Can adian
Aboriginal people with kidney disease have
focused on adults.1–8 Relatively little is known
about the outcomes among Aboriginal children
with renal failure. A single-centre cohort study
from the province of British Columbia reported
that Aboriginal children who received a kidney
transplant had similar short-term, but poorer
long-term allograft survival than white children.9 No further studies have examined differences in modality of renal replacement treatment or the likelihood of kidney transplantation
among Aboriginal children with renal failure.
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Results: Among 843 pediatric patients in cluded in the study, 104 (12.3%) were Aboriginal, 521 (61.8%) were white, and 218 (25.9%)
were from other ethnic minorities. Hemodialysis was the initial modality of dialysis for
48.0% of the Aboriginal patients, 42.7% of the
white patients and 62.6% of those of other
ethnicity (p < 0.001). The time from start of
dialysis to first kidney transplant was longer
among the Aboriginal children (median 1.75
years, interquartile range 0.69–2.81) than
among the children in the other two groups
(p < 0.001). After adjustment for confounders,
Aboriginal children were less likely than white
children to receive a transplant from a living
donor (hazard ratio [HR] 0.36, 95% confidence
interval [CI] 0.21–0.61) or a transplant from
any donor (HR 0.54, 95% CI 0.40–0.74) during
the study period.
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Interpretation: The time from start of dialysis
to first kidney transplant was longer among
Aboriginal children than among white children. Further evaluation is needed to determine barriers to transplantation among Aboriginal children.

We performed an observational cohort study
of children beginning renal replacement treatment in Canada. We compared differences in
dialysis modality, time spent on dialysis, rates of
kidney transplantation, and graft and patient survival between Aboriginal children, white children and children of other ethnicities.

Methods
Study design and data source
We obtained ethical approval of the study design
from the University of Calgary Conjoint Health
Research Ethics Board and funding from the
Alberta Children’s Hospital Foundation. Using
the Canadian Pediatric End-stage Renal Disease
Database, we established a cohort of all patients
less than 18 years old in nine Canadian provinces
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(patients in the province of Quebec were not
included because their data were not released to
investigators) and all three territories who started
renal replacement treatment between Jan. 1, 1992,
and Dec. 31, 2007. We excluded recipients of
multiple organ transplants (i.e., a kidney and
another organ). Patients were followed from the
start of the renal replacement treatment until
death, loss to follow-up or end of the study period.
The Canadian Pediatric End-stage Renal Disease Database is a novel database that was created
by linking data from the Canadian Organ Replacement Register with data from the Canadian
Institute for Health Information (CIHI) Discharge
Abstract Database.10 The Canadian Organ Replacement Register data have been assessed for
quality.11,12 When medical chart data were compared with register data, agreement exceeded 97%
for baseline demographic characteristics and was
71% for type of renal disease.11 Hazard ratios
(HRs) for death were similar whether calculated
using register data or chart data.12 The register data
captured 98.5% of renal transplants performed in
Canada when compared with data from the CIHI
Discharge Abstract Database.11
Exposure variables and potential
confounders
Ethnicity, as determined by the health care professional responsible for reporting to the Canadian Organ Replacement Register, was classified for our study as white, Aboriginal (First
Nations, Inuit or Métis, including Aboriginal people living on federal reserves) or other (black,
Asian, Indian subcontinent, Mid-East/Arabian,
Pacific Islander, other or unknown).
We used median neighbourhood income
(classified by quintile) as a measure of socioeconomic status. These income data were compiled
by linking 2001 Statistics Canada census data
with postal codes for the patients’ residences.
We used distance from the patient’s residence at
the start of treatment to the nearest pediatric renal
care centre as a measure of geographic remoteness
of residence. The geographic coordinates of residences and renal care centres were determined
from postal codes and entered into geographic
information systems software (ArcGIS 3.0, Esri,
Calif.) to determine shortest distances by road
between the patient’s residence and the closest
pediatric renal care centre. The distances were
categorized as follows: < 150 km, 150–300 km
and > 300 km.
The primary cause of renal failure was categorized as congenital, genetic, glomerulonephritis or autoimmune disease, or other or unknown.
We also examined differences in prevalence of
blood groups by ethnic group.
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Outcome measures
We evaluated the following outcomes: initial
renal replacement modality (hemodialysis, peritoneal dialysis or pre-emptive transplant), time on
dialysis, time to first kidney transplant (classified
by source [any donor, living donor and deceased
donor]), graft survival and overall survival.
Statistical analysis
Demographic and baseline clinical characteristics were described with medians and interquartile ranges (IQRs) or with proportions, as appropriate. A significance level of α ≤ 0.05 was used
for all statistical tests. We compared characteristics by ethnic group using χ2 tests for categorical
variables. We adjusted three-way comparison
p values within each categorical variable using
the Bonferroni correction for multiple comparisons. All analyses were performed with R software (The R Project for Statistical Computing,
www.r-project.org).
We compared initial modality of dialysis
between the three study groups. We also compared median time spent on dialysis (from start
of dialysis to first kidney transplant, censored
at death) between the three groups using the
Kruskal–Wallis rank-sum test. Differences in
unadjusted time to transplantation and graft survival between the three groups were assessed
with the Kaplan–Meier analysis and log-rank
test.
We used Cox proportional hazard models to
examine the association between ethnicity and
likelihood of kidney transplantation within the
study period from any donor source and then,
separately, from living donors and deceased
donors. To satisfy assumptions for proportional
hazards, the models for transplants from living
and deceased donors were stratified by age at
start of renal replacement treatment and adjusted
for sex, socioeconomic status, cause of renal failure and distance to nearest pediatric renal care
centre. The model for transplant from any source
was stratified by age at start of renal replacement
treatment and by cause of renal failure and was
adjusted for sex, socioeconomic status and distance to nearest pediatric renal care centre. Stratification allowed different baseline hazards for
each category of primary renal disease and age,
as appropriate. The “other” ethnic group was
removed from the Cox models, because this category did not meet proportional hazards assumptions. Adjusted models therefore compare data
for Aboriginal and white children only. Proportional hazards assumptions were tested based on
the scaled Schoenfeld residuals.13 Interaction
terms were used to determine whether the association between ethnicity and likelihood of kid-
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ney transplantation varied by distance to the
nearest pediatric renal care centre and socioeconomic status.
We assessed differences in overall unadjusted
survival by ethnic group using the Kaplan–Meier
analysis and log-rank test.

We dealt with missing data using multiple
imputation methods. More Aboriginal children
had missing demographic information on socioeconomic status and residence location (22.1%
v. 8.3% of white children). Therefore, we used
multiple imputation methods by chained equa-

Table 1: Demographic and clinical characteristics of children who started renal replacement treatment
between Jan. 1, 1992, and Dec. 31, 2007, by ethnic group
Ethnic group; no. (%) of patients
Aboriginal
n = 104

White
n = 521

Other*
n = 218

<1

8 (7.7)

41 (7.9)

14 (6.4)

1.00

1–5

8 (7.7)

47 (9.0)

29 (13.3)

0.74

5–10

16 (15.4)

91 (17.5)

41 (18.8)

1.00

10–15

37 (35.6)

179 (34.4)

65 (29.8)

1.00

15–18

35 (33.7)

163 (31.3)

69 (31.7)

1.00

Female

65 (62.5)

249 (47.8)

87 (39.9)

0.001

Male

39 (37.5)

272 (52.2)

131 (60.1)

Congenital

19 (18.3)

173 (33.2)

50 (22.9)

0.003

Genetic

11 (10.6)

74 (14.2)

27 (12.4)

1.00

Glomerulonephritis or
autoimmune disease

44 (42.3)

140 (26.9)

60 (27.5)

0.02

Other or unknown

30 (28.8)

134 (25.7)

81 (37.2)

0.03

30 (28.8)

181 (34.7)

55 (25.2)

0.16

–‡

20 (3.8)

5 (2.3)

1.00
0.006

Characteristic

p value†

Age at start of renal
replacement treatment, yr

Sex

Primary cause of renal
disease

Blood type
A
AB
B

–‡

41 (7.9)

28 (12.8)

O

45 (43.3)

209 (40.1)

74 (33.9)

0.91

Unknown

27 (26.0)

70 (13.4)

56 (25.7)

< 0.001

1 (lowest)

45 (43.3)

75 (14.4)

53 (24.3)

< 0.001

2

14 (13.5)

93 (17.9)

55 (25.2)

0.11

3

11 (10.6)

84 (16.1)

39 (17.9)

1.00

4

8 (7.7)

117 (22.5)

25 (11.5)

< 0.001

5 (highest)

6 (5.8)

114 (21.9)

30 (13.8)

< 0.001

Unknown

20 (19.2)

38 (7.3)

16 (7.3)

0.002

< 150

25 (24.0)

267 (51.2)

148 (67.9)

< 0.001

150–300

16 (15.4)

83 (15.9)

16 (7.3)

0.03

> 300

50 (48.1)

144 (27.6)

37 (17.0)

< 0.001

Unknown

13 (12.5)

27 (5.2)

17 (7.8)

0.08

Neighbourhood income,
quintile

Distance from pediatric
renal care centre, km

*Includes black, Asian, Indian subcontinent, Mid-east/Arabian, Pacific Islander, other or unknown.
2
†χ test. Three-way comparison p values were adjusted using the Bonferroni correction for multiple comparisons.
‡Cell sizes less than five are not reported owing to privacy rules of the Canadian Institute for Health Information.

CMAJ, July 12, 2011, 183(10)

E667

Research
tions in R.14 Missing values were imputed by
means of generating plausible values based on
other variables in the data (sex, ethnicity, age at
start of renal replacement treatment, initial renal
replacement modality, time spent on dialysis,
and other variables) using polytomous regression
(categorical variables with more than two categories). Complete data were analyzed using Cox
proportional hazards models. This analysis was
repeated five times, and estimates from each
analysis were averaged. We compared hazard
ratios for likelihood of kidney transplantation
with and without multiple imputation and found
no differences in results or conclusions. Therefore, we present the results without imputation.

Results
A total of 858 pediatric patients began renal
replacement treatment during the study period.
Fifteen patients received multiple organs and
were excluded from the analysis. Of the remaining 843 patients included in the study, 104
(12.3%) were Aboriginal, 521 (61.8%) were
white children and 218 (25.9%) were from other
ethnic minorities.
The total follow-up time was 5991 personyears, with a median follow-up of 6.83 (IQR
3.00–10.62) years. The median follow-up was
8.00 years (IQR 3.91–11.25) among white children, 6.04 (IQR 2.73–9.65) years among Aboriginal children and 5.54 (IQR 2.10–9.00) years
among children of other ethnicity.
The demographic and clinical characteristics
of the study cohort are outlined in Table 1. Congenital renal disease was the primary cause of
end-stage renal disease in 18.3% of the Aboriginal children, 33.2% of the white children and
22.9% of the children of other ethnicity. The
median age at the start of renal replacement treatment did not differ significantly between the

three groups (overall median age 13.0 [IQR 7.7–
15.6] years; p = 0.50). A greater proportion of
Aboriginal than white children lived more than
300 km from the nearest pediatric renal care centre (48.1% v. 27.6%) and were in the lowest
neighbourhood income quintile (43.3% v.
14.4%). Proportions of ABO blood groups in
each of the three ethnic groups are shown in
Table 1. The most prevalent blood groups among
the Aboriginal and white children were A and O.
Dialysis modality
Among children who started dialysis as the first
form of renal replacement treatment, hemodialysis was the initial modality for 48.0% (47/98) of
the Aboriginal children, 42.7% (178/417) of the
white children and 62.6% (102/163) of the children of other ethnicity (p < 0.001). The time
from start of dialysis to first kidney transplant
was longer among the Aboriginal children (median 1.75 [IQR 0.69–2.81] years) than among
the white children (median 0.75 [IQR 0.08–1.75]
years) and children of other ethnicity (median
0.67 [IQR 0.00–1.75] years) (p < 0.001). Table 2
shows the proportions by ethnic group of children who never received dialysis or a kidney
transplant and those who spent less than one
year, one to two years or more than two years on
dialysis.
Time to transplantation
During the study period, 70 Aboriginal children
(67.3%), 452 white children (86.8%) and 169
children of other ethnicity (77.5%) underwent
transplantation. Figure 1 shows the unadjusted
time to transplantation by ethnic group. After
adjustment for confounders, Aboriginal children
were 46% less likely to receive a transplant
from any source than were white children with
the same time elapsed since start of dialysis
(adjusted HR 0.54, 95% confidence interval

Table 2: Time from start of dialysis to first kidney transplant, by ethnic group
Ethnic group; no. (%) of patients
Time to first
transplant, yr

Aboriginal
n = 104

White
n = 521

Other*
n = 218

p value†

0‡

6 (5.8)

104 (20.0)

55 (25.2)

0.001

<1

16 (15.4)

155 (29.8)

47 (21.6)

0.01

1–2

19 (18.3)

103 (19.8)

30 (13.8)

0.76

>2

29 (27.9)

0.16

No transplant during study
period

34 (32.7)

90 (17.3)
69 (13.2)

37 (17.0)
49 (22.5)

< 0.001

*Includes black, Asian, Indian subcontinent, Mid-east/Arabian, Pacific Islander, other or unknown.
2
†χ test. Three-way comparison p values were adjusted using the Bonferroni correction for multiple comparisons.
‡No dialysis (pre-emptive transplant).
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Graft survival
The median time to graft failure from first kidney transplant was 4.5 (IQR 1.9–5.5) years
among Aboriginal children, 4.8 (IQR 0.9–7.7)
years among white children and 3.8 (IQR 1.9–
7.9) years among children of other ethnicity. The
overall 5- and 10-year cumulative rates of graft
survival by ethnic group are shown in Table 4.
Figure 2 shows the Kaplan–Meier analysis of
time to graft failure in the three groups.
Patient survival
During the study period, 15 Aboriginal children
(14.4%), 65 white children (12.5%) and 27 children of other ethnicity (12.4%) died (Table 4).
The unadjusted mortality per 1000 patient-years
was 21.9 (95% CI 10.8–33.0) among the Aboriginal children, 16.1 (95% CI 12.2–20.1) among
the white children and 21.1 (95% CI 13.1–29.0)
among the children of other ethnicity. Overall 5and 10-year survival rates from the start of renal
replacement treatment by ethnic group are shown
in Table 4. There was no evidence of a difference in overall unadjusted survival between the
three groups (log-rank p = 0.36). Adjustment for
potential confounders in the association between
survival and ethnicity was not performed because of the small number of deaths observed in
the study groups.

Interpretation
We found that the time from start of renal replacement treatment to first kidney transplant
was longer among Aboriginal children than
among white children. After adjustment for confounders, Aboriginal children were 64% less
likely to receive a transplant from a living donor
and 38% less likely to receive a transplant from a
deceased donor compared with white children
who had the same time elapsed since start of
dialysis. Aboriginal children had similar overall
survival compared with the other ethnic groups.
The low rate of transplants from living donors
among the Aboriginal children may explain in
part the finding that Aboriginal children spent
longer on dialysis than white children did. Rates
of kidney donation from living donors have been
reported to be lower among Aboriginal adults
than among white adults.2,3 Various determinants
of living donation, including awareness of organ
donation in Aboriginal communities, medical
suitability of relatives and culturally based perspectives influencing organ donation, need to be
further addressed in the context of children.6,15–17
A slower process of transplant work-up or
delay in initiation of transplant assessments may
be key determinants of longer time to transplant
observed among Aboriginal children.5,18 We ob served that a higher proportion of Aboriginal
children than of white children had glomerulonephritis or autoimmune disease as a cause of
their end-stage renal disease, a finding that is
consistent with a previous report from British

1.0

Proportion with transplant

[CI] 0.40–0.74). In addition, fewer Aboriginal
children had pre-emptive transplants (6 [5.8%]
Aboriginal, 104 [20.0%] white, 55 [25.2%]
other; p = 0.001).
The proportion of children who received their
first transplant from a living donor was 32.9%
(n = 23) of Aboriginal children, 57.1% (n = 258)
of white children and 42.6% (n = 72) of children
of other ethicity (p < 0.001). Compared with
white children who had the same time elapsed
since start of dialysis, Aboriginal children were
64% less likely to receive a transplant from a living donor (adjusted HR 0.36, 95% CI 0.21–0.61)
and 38% less likely to receive a transplant from a
deceased donor (adjusted HR 0.62, 95% CI
0.42–0.92) (Table 3).
After adjustment for confounders, children
living more than 150 km from a pediatric renal
care centre were less likely than those living
closer to receive a transplant from any donor or
from a deceased donor at any time after the start
of renal replacement (Table 3). The influence of
Aboriginal ethnicity on time to transplantation
did not vary by distance to the nearest centre or
by income quintile; all interaction terms between
ethnicity and distance category, and between ethnicity and income quintile had p values greater
than 0.05.

0.8
0.6
0.4
0.2

White (comparison group)
Other p = 0.08
Aboriginal p = 0.001

0.0
0

5

10

15

Years since start of
renal replacement treatment
White
Other
Aboriginal

521
218
104

22
15
15

4
3
5

1
–
–

Figure 1: Kaplan–Meier analysis of time to first kidney transplantation among
all children who received transplants, by ethnic group.
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Columbia.9 The time required to induce and
maintain remission of primary disease before
kidney transplant in patients with glomerulo-

nephritis may have contributed to the delay in
transplantation among Aboriginal children.
The prevalence of ABO blood groups among

Table 3: Factors associated with relative likelihood of kidney transplantation, by source of transplant*
Source of transplant; adjusted HR† (95% CI)
Variable

Any source

Living donor

Deceased donor

Ethnic group‡
White

1.00 (ref)

1.00 (ref)

1.00 (ref)

Aboriginal

0.54 (0.40–0.74)

0.36 (0.21–0.61)

0.62 (0.42–0.92)

Female

1.00 (ref)

1.00 (ref)

1.00 (ref)

Male

1.11 (0.91–1.35)

1.12 (0.86–1.47)

1.05(0.78–1.41)

Sex

Primary cause of renal disease
Congenital or genetic

1.00 (ref)

1.00 (ref)

Glomerulonephritis or autoimmune disease

–§

0.43 (0.31–0.60)

0.60 (0.43–0.85)

Other or unknown

0.55 (0.40–0.76)

0.58 (0.40–0.83)

Income quintile
1 (lowest)

1.00 (ref)

1.00 (ref)

1.00 (ref)

2

1.26 (0.92–1.72)

1.30 (0.83–2.03)

1.15 (0.76–1.75)

3

1.03 (0.75–1.43)

0.80 (0.51–1.25)

0.82 (0.52–1.29)

4

1.12 (0.83–1.52)

1.02 (0.69–1.55)

0.84 (0.53–1.32)

5 (highest)

1.30 (0.96–1.76)

1.20 (0.80–1.80)

1.02 (0.65–1.60)

< 150

1.00 (ref)

1.00 (ref)

1.00 (ref)

150–300

0.75 (0.57–0.98)

0.88 (0.62–1.24)

0.60 (0.40–0.91)

> 300

0.72 (0.58–0.90)

0.81 (0.61–1.08)

0.70 (0.51–0.96)

Distance from pediatric renal
care centre, km

Note: CI = confidence interval, HR = hazard ratio, ref = reference group.
*All models were stratified by age at start of renal replacement treatment. Stratification allowed different baseline hazards for
each primary renal disease category and age category as appropriate.
†Adjusted for all variables listed in the table.
‡Data for children from other ethnic minorities were not included because they did not meet the assumptions of proportional
hazards.
§Model was stratified by primary cause of renal disease.

Table 4: Outcomes of patients, by ethnic group
Ethnic group
Outcome
Graft†
Graft failure, no. (%)

Aboriginal

White

Other*

n = 70

n = 452

n = 169

18 (25.7)

32 (18.9)
85.7 (79.7–92.2)
67.3 (56.7–79.9)

5-year survival, % (95% CI)

78.2 (67.2–91.0)

113 (25.0)
85.8 (82.5–89.4)

10-year survival, % (95% CI)

51.8 (36.0–74.4)

65.3 (59.4–71.8)

Patient†

n = 104

n = 521

n = 218

Deaths, no. (%)

15 (14.4)

65 (12.5)

27 (12.4)

5-year survival, % (95% CI)

91.3 (85.6–97.3)

92.2 ( 89.8–94.7)

90.8 (86.6–95.1)

10-year survival, % (95% CI)

84.8 (76.4–94.3)

85.8 (82.2–89.6)

86.8 (81.3–92.6)

Note: CI = confidence interval.
*Includes black, Asian, Indian subcontinent, Mid-east/Arabian, Pacific Islander, other or unknown.
†Graft outcomes are for transplant recipients; patient data are for dialysis patients and transplant recipients.
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Limitations
Our study has limitations. First, the Canadian
Organ Replacement Register does not contain
information on transplant wait list or the timing
of transplant assessment. Therefore, we were
unable to examine ineligibility for transplant,
delays in referral for or completion of transplant assessment.
Second, ethnic background may have been
misclassified for some patients. It is not possible
to differentiate between status and non-status
First Nations, Inuit and Métis, and there may be
important ancestral or genetic differences among
these population groups that influence risk and
outcomes of renal disease. The “other” ethnic
group is a heterogeneous mix of racial groups
and thus, we are limited in our conclusions
regarding outcomes in the other ethnic group.
Third, the Canadian Organ Replacement Register data are designed mainly for adults, and we
did not have detailed comorbidity information
relevant for pediatric cohorts. Usual adult comorbidities are rare among pediatric patients
with renal failure.

1.0
0.8

Graft survival

the Aboriginal and white children in our study
were similar; therefore, we do not expect a systematic bias against organ allocation to Aboriginal children because of blood group incompatibility. Aboriginal children may be disadvantaged
during organ allocation if there are differences
between Aboriginal and non-Aboriginal children
with respect to frequency of certain human leukocyte antigen (HLA) loci compared with the donor
pool. Although pediatric patients are generally
considered to have “high priority” in organ allocation algorithms in Canada and the level of priority based on HLA matching has diminished
over time, HLA matching may still a play a role
in some organ allocation algorithms.19 An evaluation of HLA “matchability” and its potential
effect on time to transplant among Aboriginal
children will be the subject of future study.
In a study of health outcomes of Aboriginal
and white adults after the start of dialysis, Tonelli and colleagues found that the rate of kidney
transplantation was lower among the Aboriginal
adults and that this lower rate may have adversely affected their survival when receiving renal replacement treatment.4 Although we found
lower rates of kidney transplantation among the
Aboriginal children in our study, we did not find
a difference in overall unadjusted patient survival between the three ethnic groups. We were
unable to assess the impact of decreased likelihood of transplantation on survival using adjusted models because of the small number of
deaths in the study groups.

0.6
p = 0.36
0.4
White
Other
Aboriginal

0.2
0.0
0

5

10

15

Years since first transplant
White
Other
Aboriginal

452
169
70

271
77
29

86
19
7

7
1
–

Figure 2: Kaplan–Meier analysis of graft survival after first kidney transplant,
by ethnic group.

Fourth, our analysis did not account for
regional variation in transplant wait times or
changes in organ allocation policies for children
over calendar time.
Conclusion
We found that the time from start of dialysis to
first kidney transplant was longer among Aboriginal children than among white children.
Further evaluation is necessary to examine individual and system barriers contributing to
longer time to transplantation among Aboriginal children.
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