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Abstract
Background: Despite the increase in the number of Aboriginal
people with end-stage renal disease around the world, little is
known about their health outcomes when undergoing renal
replacement therapy. We evaluated differences in survival and
rate of renal transplantation among Aboriginal and white patients after initiation of dialysis.
Methods: Adult patients who were Aboriginal or white and who
commenced dialysis in Alberta, Saskatchewan or Manitoba
between Jan. 1, 1990, and Dec. 31, 2000, were recruited for
the study and were followed until death, transplantation, loss
to follow-up or the end of the study (Dec. 31, 2001). We used
Cox proportional hazards models to examine the effect of race
on patient survival and likelihood of transplant, with adjustment for potential confounders.
Results: Of the 4333 adults who commenced dialysis during
the study period, 15.8% were Aboriginal and 72.4% were
white. Unadjusted rates of death per 1000 patient-years
during the study period were 158 (95% confidence interval
[CI] 144–176) for Aboriginal patients and 146 (95% CI
139–153) for white patients. When follow-up was censored
at the time of transplantation, the age-adjusted risk of death
after initiation of dialysis was significantly higher among
Aboriginal patients than among white patients (hazard ratio
[HR] 1.15, 95% CI 1.02–1.30). The greater risk of death associated with Aboriginal race was no longer observed after
adjustment for diabetes mellitus and other comorbid conditions (adjusted HR 0.89, 95% CI 0.77–1.02) and did not
appear to be associated with socioeconomic status. During
the study period, unadjusted transplantation rates per 1000
patient-years were 62 (95% CI 52–75) for Aboriginal patients and 133 (95% CI 125–142) for white patients. Aboriginal patients were significantly less likely to receive a renal transplant after commencing dialysis, even after
adjustment for potential confounders (HR 0.43, 95% CI
0.35–0.53). In an additional analysis that included followup after transplantation for those who received renal allografts, the age-adjusted risk of death associated with Aboriginal race (HR 1.36, 95% CI 1.21–1.52) was higher than
when follow-up after transplantation was not considered,
perhaps because of the lower rate of transplantation among
Aboriginals.

Interpretation: Survival among dialysis patients was similar for
Aboriginal and white patients after adjustment for comorbidity. However, despite universal access to health care, Aboriginal people had a significantly lower rate of renal transplantation, which might have adversely affected their survival when
receiving renal replacement therapy.
CMAJ 2004;171(6):577-82

I

n North America and the Antipodes, the incidence of
diabetes among adolescent and adult Aboriginals has
risen dramatically,1–4 with corresponding increases in
the prevalence of diabetic nephropathy.5–7 Aboriginal people in Canada have experienced disproportionately high incidence rates of end-stage renal disease (ESRD), with an 8fold increase in the number of prevalent dialysis patients
between 1980 and 2000.8 Although the incidence of ESRD
appears to have decreased in recent years, the prevalence of
diabetes mellitus and its complications are rising, especially
among young people.9–11
Most work evaluating health outcomes among Aboriginal people considers either the general population12 or diseases for which interventions are implemented over a
short period, such as alcohol abuse,13 injury14 or critical illness.15 Death and markers of poor health are significantly
more common among Aboriginal people than among
North Americans of European ancestry, perhaps because
of the greater prevalence of diabetes mellitus, adverse
health effects due to lower socioeconomic status16 and reduced access to primary care.17 Aboriginal patients may
also face unique barriers to care, including mistrust of
non-Aboriginal providers, institutional discrimination or
preference for traditional remedies.18 These factors may
be most relevant when contact with physicians is infrequent, which obstructs development of a therapeutic relationship. In contrast, ESRD is a chronic illness that
requires ongoing care from a relatively small, stable multidisciplinary team.
Although recent evidence highlights racial inequalities
in morbidity and mortality among North Americans with
ESRD, most studies have focused on black or Hispanic
populations.19 We conducted this study to evaluate rates
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Anonymized data were provided by the sole national
population-based organ failure registry in Canada, the Canadian
Organ Replacement Registry (CORR).20,21 Patient-specific data,
including demographic characteristics, initial mode of dialysis
and comorbid conditions at the time of first dialysis treatment,
Methods
are collected by health care professionals (on the basis of personal knowledge of the patient, chart review and, in some cases,
We studied all adult patients who commenced dialysis treatment direct inquiry) and are submitted annually to CORR by all
in Alberta, Saskatchewan and Manitoba between Jan. 1, 1990, and Canadian dialysis centres. Changes in treatment modality (inDec. 31, 2000. We restricted the study to these provinces (where cluding transplantation) and dates of allograft failure and death
most of the Aboriginal population is from the Cree, Ojibway, are also recorded.
In CORR, patient race is categorized as white, black, AborigiSeaulteux and Blackfoot tribes) to increase the homogeneity of the
study population. We included only patients treated in centres with nal, Asian, Indian subcontinent, Mideast/Arabian, Pacific Islander,
kidney transplant programs because differential access to transplan- other or unknown. The CORR instructions for data collection
define Aboriginal race as people of “First Nations, Inuit, or Métation might affect survival when undergoing dialysis.
tis” origin. Race is determined at the discretion of the health care professional,
since CORR procedure does not require
Table 1: Demographic and clinical characteristics of Aboriginal and white patients
that patients be asked directly about racial
who started renal replacement therapy in Calgary, Edmonton, Saskatoon and
status. Because the focus of this study was
Winnipeg between Jan. 1, 1990, and Dec. 31, 2000
on people of Aboriginal race and because
No. (and %) of patients*
nonwhite, non-Aboriginal people requiring renal replacement therapy have lower
White
Aboriginal
rates of death than white people,22 the
p value†
Characteristic
n = 685
n = 3138
analysis presented here includes only
Age, yr
51.9 (16.2)
57.4 (18.0)
< 0.001
comparisons between white and AborigiMale sex
345 (50.4)
1932 (61.6)
< 0.001
nal subjects.
Lowest quintile of socioeconomic status
328 (47.9)
620 (19.8)
< 0.001
Differences between the groups were
Rural location of residence
383 (55.9)
901 (28.7)
< 0.001
compared with χ 2 tests for categorical
variables and t tests for continuous variCause of end-stage renal disease
ables. We estimated socioeconomic status
Diabetic nephropathy
387 (56.5)
840 (26.8)
< 0.001
using the neighbourhood income per perGlomerulonephritis
94 (13.7)
480 (15.3)
0.30
son equivalent (IPPE), a measure of
Hypertensive or ischemic renal disease
27 (3.9)
413 (13.2)
< 0.001
household income that is adjusted for the
Polycystic kidney disease
3 (0.4)
185 (5.9)
< 0.001
size of the household, based on summary
Other
174 (25.4)
1220 (38.9)
< 0.001
data from the 1996 Canadian census.
Comorbidity
Within each community, the average
427 (62.3)
1062 (33.8)
< 0.001
Diabetes mellitus‡
IPPE was used to rank all subcommuniCoronary disease§
157 (22.9)
878 (28.0)
0.007
ties, and then the population was divided
Hypertension
450 (65.7)
2242 (71.4)
0.003
into approximate fifths to create
community-specific income quintiles.23
Chronic heart failure
220 (32.1)
799 (25.5)
< 0.001
Community size, also obtained from cenStroke
59 (8.6)
284 (9.1)
0.72
sus data, was used as a surrogate for urban
Chronic lung disease
51 (7.4)
271 (8.6)
0.31
or rural location of residence and was
Serious medical illness
53 (7.7)
303 (9.7)
0.12
characterized by a 4-category variable
Peripheral vascular disease
116 (16.9)
437 (13.9)
0.04
ranging from small towns with fewer than
Malignant disease
17 (2.5)
268 (8.5)
< 0.001
10 000 people to large urban centres with
Current smoker
117 (17.1)
471 (15.0)
0.17
more than 500 000 people.
Peritoneal dialysis as original modality
101 (14.7)
734 (23.4)
< 0.001
Patients were followed from initiation
Multiple changes of dialytic modality
46 (6.7)
237 (7.6)
0.45
of dialysis until death, transplantation,
Transplantation during follow-up
115 (16.8)
933 (29.7)
< 0.001
loss to follow-up or the end of the study
(Dec. 31, 2001). We examined the effect
Year of initiation of renal replacement
therapy
of individual factors, including race, on
patient survival using Cox proportional
1990–1992
138 (20.1)
728 (23.2)
0.08
hazards analysis that adjusted only for
1993–1994
127 (18.5)
520 (16.6)
0.21
age as a continuous variable. We then
1995–1996
135 (19.7)
622 (19.8)
0.95
determined whether the effects of race
1997–1998
129 (18.8)
622 (19.8)
0.55
were statistically independent of other
1999–2000
156 (22.8)
646 (20.6)
0.20
factors using Cox proportional hazards
*Except where indicated otherwise.
analyses that included variables showing
†For comparison between groups using t test or χ as appropriate.
an association (p < 0.10) with survival in
‡Includes patients with diabetic nephropathy.
§Angina, myocardial infarction or previous coronary artery bypass graft.
univariate Cox regression analyses. The

of death and renal transplantation among Aboriginal people after initiation of dialysis in Alberta, Saskatchewan and
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following factors were considered: age, sex, Aboriginal race, initial and subsequent modes of dialysis, socioeconomic status (as
IPPE), smoking status, year from initiation of dialysis, community size, dialysis centre (to account for regional differences in
clinical practice) and comorbid conditions, including coronary
disease (angina, myocardial infarction, previous coronary artery
bypass grafting), previous or current hypertension, chronic heart
failure, stroke, lung disease, peripheral vascular disease, malignant disease and other serious illness anticipated to significantly
reduce life expectancy. Missing comorbidity data (representing
about 8% of all information on comorbidity) was dealt with in 2
ways: by assuming that the characteristic was absent and by using dummy variables to denote missing data. The results did not
differ with these 2 methods, so here we have reported results using the latter method. Cross-product interaction terms were
used to determine whether the effect of race was modified by
age, sex, diabetes or socioeconomic status. In the primary analysis, follow-up was censored at the time of renal transplantation.
We also performed a separate Cox regression analysis in which
patient follow-up continued after transplantation.
We used additional proportional hazard models to examine
the relation between race and likelihood of renal transplantation. We determined that the proportional hazard assumption
was satisfied by examining plots of the log-negative-log of the
within-group survivorship functions versus log time as well as
comparing Kaplan–Meier (observed) with Cox (expected) survival curves.24 Statistical significance was defined by p < 0.05.
The study was approved by the institutional review board at the
University of Alberta.

Results
A total of 4840 patients commenced dialysis in Alberta,
Saskatchewan and Manitoba during the study period, and
for 4333 of these patients, “race” was identified in CORR.
Aboriginal patients accounted for 685 (15.8%) of the study
population but 8.7% of the total population in the catchment area, which suggests that the unadjusted prevalence
of ESRD is approximately twice as high among Aboriginal
people as among non-Aboriginals. Although the incidence
of ESRD increased over the study period for all racial
groups (data not shown), the proportion of incident patients who were Aboriginal remained similar over the study
period (p = 0.26). Of the 4333 incident patients, 510 were
of non-Aboriginal, nonwhite race and were excluded from
further analysis. The demographic characteristics of the remaining 3823 patients appear in Table 1. Of these, 16
(0.4%) were lost to follow-up, and their data were censored
after a median period of 21 days.
Aboriginal patients were younger, less likely to be male
and more likely to have diabetes mellitus, chronic heart
failure and peripheral vascular disease than white patients
(Table 1). Aboriginal patients were less likely to have
coronary disease, hypertension or known malignancy at
the time of commencing dialysis, less likely to start renal
replacement on peritoneal dialysis and more likely to be

Table 2: Factors associated with death and with renal transplantation among patients commencing dialysis treatment
between 1990 and 2000*
Hazard ratio for death (and 95% CI)
Factor
Aboriginal race (compared with white race)
Male sex
Age (per decade)
Lowest quintile of socioeconomic status‡
Diabetes mellitus§
Cause of end-stage renal disease¶
Glomerulonephritis
Diabetic nephropathy
Hypertensive or ischemic renal disease
Other
Coronary disease
Cerebrovascular disease
Chronic heart failure
Chronic lung disease
Peripheral vascular disease
Malignant disease
Hypertension
Other serious illness

Age-adjusted
1.15
0.99
NA
0.98
1.11

(1.02–1.30)
(0.91–1.09)

1.37
2.41
2.01
1.87
1.45
1.36
1.66
1.32
1.57
1.26
0.87
1.31

Multivariate†

Hazard ratio for transplantation (and 95% CI)
Age-adjusted

(0.88–1.10)
(0.94–1.30)

0.89
0.94
1.31
1.00
1.21

(0.77–1.02)
(0.86–1.03)
(1.26–1.36)
(0.89–1.12)
(1.02–1.43)

0.36
1.45
NA
1.08
0.58

(1.00–1.89)
(1.80–3.23)
(1.48–2.73)
(1.39–2.50)
(1.31–1.60)
(1.19–1.57)
(1.51–1.83)
(1.15–1.52)
(1.41–1.76)
(1.08–1.46)
(0.78–0.97)
(1.14–1.50)

1.38
2.03
1.72
1.66
1.29
1.22
1.41
1.19
1.42
1.35
0.79
1.21

(0.99–1.90)
(1.51–2.74)
(1.25–2.35)
(1.24–2.23)
(1.17–1.44)
(1.06–1.41)
(1.27–1.56)
(1.04–1.38)
(1.26–1.60)
(1.16–1.58)
(0.70–0.88)
(1.04–1.39)

0.67
0.35
0.50
0.39
0.50
0.59
0.39
0.52
0.45
0.51
1.19
0.45

(0.30–0.44)
(1.28–1.65)

Multivariate†

(0.94–1.24)
(0.39–0.88)

0.43
1.39
0.66
1.06
0.69

(0.35–0.53)
(1.22–1.58)
(0.64–0.69)
(0.92–1.23)
(0.45–1.04)

(0.54–0.84)
(0.28–0.44)
(0.36–0.68)
(0.31–0.48)
(0.41–0.62)
(0.41–0.86)
(0.32–0.49)
(0.37–0.74)
(0.34–0.61)
(0.33–0.78)
(1.03–1.38)
(0.33–0.63)

0.77
0.51
0.54
0.49
0.62
0.73
0.52
0.60
0.69
0.49
1.21
0.50

(0.61–0.97)
(0.41–0.65)
(0.40–0.74)
(0.39–0.61)
(0.50–0.77)
(0.50–1.07)
(0.41–0.65)
(0.42–0.86)
(0.51–0.94)
(0.32–0.76)
(1.04–1.42)
(0.36–0.69)

*Follow-up was censored at Dec. 31, 2001, after recovery of renal function, at time of transplantation or on loss to follow-up.
†Adjusted for age, sex, cause of end-stage renal disease, diabetes mellitus, other comorbidity, dialytic modality, dialysis centre, era effect, socioeconomic status and location of
residence (urban or rural).
‡Socioeconomic status was defined by neighbourhood income per person equivalent, a measure of household income that is adjusted for household size, on the basis of 1996
Canadian census summary data.
§Patients who had diabetes mellitus but whose end-stage renal disease was not due to diabetic nephropathy.
¶Comparisons with polycystic kidney disease as the cause of end-stage renal disease.
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plant (12.1% v. 20.5%, p < 0.001) or a living related transplant (4.7% v. 9.2%, p < 0.001).
Using Cox proportional hazard models, we adjusted for
other measured variables that might confound the relation
between race and transplantation (Table 2). In that analysis, Aboriginal race was independently associated with a reduced likelihood of renal transplantation (HR 0.43, 95%
CI 0.35–0.53). The results were similar when patients who
received renal transplants from living donors were excluded
from the analysis (HR 0.46, 95% CI 0.36–0.58) or when
their data were censored at the time of transplantation
(HR 0.48, 95% CI 0.38–0.61). Adjustment for socioeconomic status did not affect the likelihood of transplantation by
race in any of the models (data not shown). In Fig. 2A, the
adjusted incidence of transplantation is plotted against time
for these 2 groups, stratified by diabetic status.
Because we did not have information on patients’ transplant wait-list status, it is possible that comorbidity affected
eligibility and thus rates of transplantation. We attempted
to address this possibility by performing an additional
analysis that considered only younger patients with less comorbidity (age less than 60 years without known coronary
disease, chronic heart failure, stroke, chronic lung disease,
peripheral vascular disease, known malignant or other serious medical illness that would be expected to reduce life expectancy). In these 1167 patients, and after stratification for
diabetic status, Aboriginal race was again independently associated with lower rates of renal transplantation (HR 0.47,
95% CI 0.37–0.60) (Fig. 2B).
Because renal transplantation is associated with lower
rates of death than dialysis,25 different rates of transplantation would be expected to influence comparative mortality between racial groups. However, such differences
would not be apparent in models that end
follow-up at the time of transplantation. To
address this issue, we developed additional
1.0
Cox proportional hazard models for all subjects who commenced renal replacement
0.8
therapy and included survival after transplantation for those who received renal allografts.
In these analyses, the age-adjusted risk of
0.6
death after initiation of dialysis was higher
among Aboriginal patients than white pa0.4
tients (HR 1.36, 95% CI 1.21–1.52), although the fully adjusted risk of death was
Aboriginal
similar in the 2 groups (HR 1.02, 95% CI
White
0.2
0.90–1.16). The risk of death associated with
Aboriginal race was higher in both analyses
that included follow-up after transplantation
6
8
2
10
4
0
than in the analyses that ended follow-up at
Time since initiation of dialysis, yr
the time of transplantation (HR 1.15 and
0.89 respectively; Table 2). This result sugFig. 1: Adjusted survival of patients, by race. The data have been adjusted gests that the lower transplantation rate
for age, sex, cause of end-stage renal disease (ESRD), diabetes mellitus, other among Aboriginals may adversely affect their
comorbidity, mode of dialysis, dialysis centre, era effect, socioeconomic sta- survival when receiving renal replacement
tus and location of residence (urban or rural).
therapy.
Proportion of patients surviving

in the lowest quintile of socioeconomic status.
During the study period, the unadjusted rate of death
per 1000 patient-years was 158 (95% confidence interval
[CI] 144–176) for Aboriginal patients and 146 (95% CI
139–153) for white patients. The age-adjusted risk of
death after initiation of dialysis was significantly higher
among Aboriginal than among white patients (hazard ratio
[HR] 1.15, 95% CI 1.02–1.30). The greater age-adjusted
risk associated with Aboriginal race was no longer observed after adjustment for the presence or absence of diabetes mellitus (adjusted HR 1.03, 95% CI 0.91–1.16). Further adjustment for other comorbidity and cause of ESRD
further reduced the risk of death associated with Aboriginal race (HR 0.99, 95% CI 0.87–1.12). In the fully adjusted model, Aboriginal race was associated with an 11%
lower risk of death than white race, although the difference was not statistically significant (HR 0.89, 95% CI
0.77–1.02) (Table 2, Fig. 1).
The result of a test for interaction was statistically nonsignificant, which suggests that socioeconomic status was
associated with mortality to a similar extent among Aboriginals and whites. In addition, there was no evidence that
dialysis centre, patient age, patient sex or initial mode of
dialysis interacted with the effect of Aboriginal race on
mortality, which suggests that the effect of race was homogeneous within the study population.
After initiation of dialysis, Aboriginal patients were significantly less likely to undergo renal transplantation than
white patients. During the study period, the crude transplantation rate per 1000 patient-years was 62 (95% CI
52–75) for Aboriginal patients and 133 (95% CI 125–142)
for white patients. Aboriginal patients were significantly
less likely than white patients to receive a cadaveric trans-
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Interpretation

zona and New Mexico, but the delay between starting dialysis and transplantation was significantly longer for the Native Americans.28 Similarly, a study conducted in Australia
and New Zealand found that indigenous people experienced longer delays than white subjects between starting
dialysis and placement on the waiting list for transplantation and between wait-listing and transplantation.5 These
findings are similar to those observed for black patients
treated for ESRD in the United States.29

Cumulative hazard ratio

Cumulative hazard ratio

Although Aboriginal patients treated with dialysis in the
Prairie provinces had higher age-adjusted rates of death than
white patients, this difference was no longer observed when
the analysis was adjusted for other variables associated with
survival, especially diabetes mellitus. Contrary to observations from other populations,12,14 the survival of Aboriginals
with ESRD appeared to be at least as good as in white patients after adjustment for concomitant illness.
After adjustment for comorbidity, underlying renal disease, location of residence and soA: All Patients
cioeconomic status, Aboriginal people were less
0.6
Aboriginal, nondiabetic
than half as likely to receive renal transplants,
White, nondiabetic
Aboriginal, diabetic
which in turn appeared to increase the excess
0.5
White, diabetic
age-adjusted mortality associated with Aboriginal race. This disparity was consistent regardless
0.4
of donor source (living or cadaveric) and was
similar when only young patients without docu0.3
mented comorbidity were considered. Because
0.2
renal transplantation is associated with lower
rates of death,25 higher quality of life26 and lower
0.1
health care costs than dialysis treatment, the
lower transplantation rate among Aboriginal
people warrants further investigation.
0
2
4
6
8
10
Our data do not allow us to identify the reaTime
since
initiation
of
dialysis,
yr
sons for the differential access to transplantation
by race, but it seems improbable that differences in medical suitability were exclusively reB: Younger patients without major comorbidity
sponsible. Aboriginal patients might be less
2.5
likely to be put on waiting lists for transplantaAboriginal, nondiabetic
White, nondiabetic
tion (because of higher rates of comorbidity or
Aboriginal, diabetic
perceived poor adherence) or less likely to be
White, diabetic
2.0
matched with a suitable donor (because of lower
rates of live kidney donation, less common hu1.5
man leukocyte antigen types or bias in organ allocation). In addition, Aboriginal patients might
be less likely to want a renal transplant than
1.0
white patients, as is the case for other ethnic minorities.27 Because of geographic isolation, Abo0.5
riginal people may have reduced access to transplantation services or be less likely to attend
appointments or procedures aimed at determining suitability for transplantation. However, in
0
2
4
6
8
10
the current study, the lower renal transplantaTime since initiation of dialysis, yr
tion rate among Aboriginal people was independent of residence location, and our study
Fig. 2: Likelihood of renal transplantation by race and diabetic status, adwas restricted to regions served by renal trans- justed for age, sex, cause of ESRD, diabetes mellitus, mode of dialysis, dialyplant programs. Finally, the reduced rates of sis centre, era effect, socioeconomic status and location of residence (urban
transplantation among Aboriginals did not vary or rural), expressed as the cumulative hazard ratio. A: All patients comby dialysis centre. These findings argue against mencing dialysis treatment; these data are also adjusted for comorbidity. B:
geographic factors as being responsible for dif- Younger patients without major comorbidity (age less than 60 years without
ferential rates of transplantation by race.
known coronary disease, chronic heart failure, stroke, chronic lung disease,
In previous work, referral rates for renal peripheral vascular disease, malignant or other serious medical illness that
transplant assessment were similar for Native would be expected to reduce life expectancy). In both analyses, Aboriginal
American and white patients residing in Ari- patients were significantly less likely to receive renal transplants (p < 0.001).
CMAJ • SEPT. 14, 2004; 171 (6)
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Our study had several limitations. First, referral patterns
might have influenced differences in mortality or transplantation rates between the racial groups. We did not have information on the timing of nephrology referral or the level
of residual renal function at the time dialysis treatment began. Second, it is possible that bias resulted from the exclusion of patients with unknown racial status. However, it is
unlikely that these data would be missing more frequently
among Aboriginal patients. Information that was missing or
incorrect at random would bias our results toward the null,
and repeating our analyses classifying all people of unknown
race as white did not change any of the findings (data not
shown). Similarly, racial status was provided to CORR by
dialysis centre personnel, rather than the subjects themselves, and race might therefore have been incorrectly classified in some cases. Although we cannot exclude this possibility, it is unlikely that differential misclassification
occurred by race. Again, this suggests that any resulting bias
would reduce the statistical power rather than result in spurious findings. Finally, our analyses are limited by the lack
of data on transplant wait-list status, which might help to
explain how the markedly lower renal transplantation rates
among Aboriginal patients could be increased.
In conclusion, we found that Aboriginal patients treated
for ESRD in the Prairie provinces had more comorbid illness at initiation of dialysis than white patients. Once established on renal replacement, such patients had higher
age-adjusted rates of death, but after further adjustment for
diabetes mellitus and other comorbid illness, rates of death
were similar for Aboriginal and white patients. However,
Aboriginal patients had lower rates of renal transplantation
than non-Aboriginals, independent of measured comorbidity and socioeconomic and geographic factors. These findings require further investigation.
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