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A bout 2.4 million Canadians are living with diabetes.1 
A serious complication of diabetes is end-stage kid-
ney disease, which has a worse outcome than many 

advanced cancers and is fatal without life-sustaining treat-
ments such as dialysis or kidney transplantation.2 In 2017, 
around 39 000 Canadians were living with end-stage kidney 
disease.3 In Ontario primary care, it is a priority to detect 
kidney disease early and slow the progression to end-stage 
kidney disease.4

First Nations people generally have higher rates and an 
earlier onset of end-stage kidney disease compared to other 
Canadians.5–8 However, the prevalence of kidney disease 
among First Nations people with diabetes in Ontario is not 
well known. Furthermore, there are few data on the quality of 
care for early-stage kidney disease delivered by Ontario pri-

mary care providers to First Nations people with diabetes and 
chronic kidney disease. Our study objectives were to describe 
the prevalence of chronic kidney disease, the prevalence and 
incidence of end-stage kidney disease, the average distance 
travelled for in-centre hemodialysis treatment and the quality 
of care for early-stage kidney disease for First Nations people 
with diabetes compared to other people in Ontario.
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Background: End-stage kidney disease is a serious complication of diabetes. We describe the prevalence of chronic kidney dis-
ease, prevalence and incidence of end-stage kidney disease and quality of care of early-stage chronic kidney disease for First 
Nations people with diabetes compared to other Ontarians with diabetes.

Methods: We conducted a retrospective cohort study in Ontario using linked administrative data at ICES. We included adults with 
incident diabetes between 1994 and 2014, and used laboratory values to identify kidney disease and quality indicators for care for 
early-stage disease. We compared measures in First Nations people to those in other people in Ontario, and used direct age and sex 
standardization. We used Cox proportional hazards regression to compare the incidence of end-stage kidney disease between 
groups.

Results: Our study included 21 968 First Nations people with diabetes. The age- and sex-standardized prevalence of chronic kidney 
disease was higher for First Nations people than for other Ontarians (20.7% v. 18.4%), as was the prevalence of end-stage kidney 
disease (2.9% v. 1.0%). The incidence of end-stage kidney disease was higher among First Nations people than among other people 
in Ontario (9.3 v. 4.7 events per 10 000 person-years; age- and sex-adjusted hazard ratio 2.23, 95% confidence interval 1.72–2.89). 
The 2 groups were similarly likely to receive recommended medications, but First Nations people were less likely to receive labora-
tory tests for their kidney disease.

Interpretation: Despite receiving similar quality of care for early-stage kidney disease, First Nations people with diabetes had higher 
rates of end-stage kidney disease than other Ontarians. Further research is needed to better understand contributing factors to help 
inform future interventions.
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Methods

Study design and research setting
Ontario — Canada’s most populous province, with over 
14 million residents — has universal access to hospital and 
physician care, including laboratory tests, that is managed 
both provincially (for the majority of Ontarians) and federally 
(for specific populations, including First Nations people resid-
ing in more remote communities). We conducted a retrospec-
tive population-based cohort study using provincial health 
care administrative data at ICES, a not-for-profit research 
institute. We followed reporting guidelines for observational 
studies using routinely collected health care data.9

We used a community-based participatory research 
approach following principles of ownership, control, access 
and possession (OCAP, a registered trademark of the First 
Nations Information Governance Centre).10 We used data 
from the Indian Register, which is owned and controlled by 
First Nations people and held at ICES as a data custodian. 
This database includes information on demographic charac-
teristics, band transfers and deaths of all Status (Registered) 
First Nations people recognized under the Indian Act.11 Addi-
tional details are available elsewhere.12,13

Data sources
We used 11  databases at ICES linked by means of unique 
encoded identifiers to identify Status First Nations people 
(Indian Register) and to ascertain information on diabetes 
diagnosis (Ontario Diabetes Database), hospital admissions 
and emergency department visits (Canadian Institute for 
Health Information’s Discharge Abstract Database, Same Day 
Surgery Database and National Ambulatory Care Reporting 
System), physician information including billings (Ontario 
Health Insurance Plan database and ICES Physician data-
base), treatments for end-stage kidney disease (Canadian 
Organ Replacement Register), outpatient test results (Ontario 
Laboratories Information System, which includes complete 
information for all community-based laboratory tests but not 
all hospital-based tests), outpatient prescriptions (Ontario 
Drug Benefit database) and vital status and demographic 
information (Registered Persons Database). For more infor-
mation on these data sources, see Slater and colleagues.13

Cohort assembly
We included all Ontario residents with a diabetes diagnosis 
between Apr. 1, 1994, and Mar. 31, 2014 who were alive as of 
Sept. 30, 2015. We used this cohort to assess the prevalence 
of chronic kidney disease and end-stage kidney disease.

To assess the quality of care for early-stage kidney disease, 
we created 4  subcohorts for the denominators of interest 
using laboratory values from Apr. 1, 2011, until Sept. 30, 2014 
(allowing 1-yr follow-up to Sept. 30, 2015) (Appendix 1, avail-
able at www.cmajopen.ca/content/7/4/706/suppl/DC1). For 
each subcohort, we excluded people with previous receipt of 
long-term dialysis or a kidney transplant, as we were inter-
ested in assessing care for early-stage kidney disease only 
(i.e., pre–end-stage kidney disease).

To identify the incidence of end-stage kidney disease, we 
created a fifth subcohort of people with a diabetes diagnosis 
between Apr. 1, 2002, and Dec. 31, 2014 — to allow at least 
1 year of follow-up to Dec. 31, 2015 — with no evidence of 
prior end-stage kidney disease.

Measures
To identify the prevalence and severity of chronic kidney dis-
ease, we identified patients with at least 1 outpatient serum 
creatinine value and random urine albumin-to-creatinine ratio 
value in the 3 years before Sept. 30, 2015 and used the most 
recent value for both measures. We used the Chronic Kidney 
Disease Epidemiology Collaboration equation to calculate 
estimated glomerular filtration rate, and, since we had no 
information on race, we assumed all patients in the Ontario 
population other than First Nations people (“other people in 
Ontario”) to be nonblack in the equation (less than 5% of the 
Ontario population is black).14,15 Based on the most recent val-
ues for estimated glomerular filtration rate and urine albumin-
to-creatinine ratio, we used the chronic kidney disease classifi-
cation (i.e.,  heat map) from Kidney Disease: Improving 
Global Outcomes Clinical Practice Guidelines.16 We also 
identified kidney disease based on estimated glomerular filtra-
tion rate staging alone among those with at least 1 serum cre-
atinine value, since testing of the urine albumin-to-creatinine 
ratio is not done as routinely as serum creatinine testing. We 
defined chronic kidney disease as at least 1 estimated glomer-
ular filtration rate value less than 60 mL/min per 1.73 m2.

To measure the prevalence of end-stage kidney disease, we 
identified people with an estimated glomerular filtration rate 
less than 15  mL/min per 1.73 m2 in the 3  years before 
Sept.  30, 2015, or evidence of long-term dialysis or kidney 
transplantation from the earliest date in our databases (up to 
27 yr prior). For patients receiving dialysis, we identified the 
most recent modality as in-centre hemodialysis or home dial-
ysis (home hemodialysis/peritoneal dialysis). Among patients 
receiving in-centre hemodialysis, we measured great-circle 
distance (the shortest distance between 2 points on a sphere) 
in kilometres to their dialysis facility from their home resi-
dence using postal codes. Less than 2% of patients had miss-
ing postal codes and were not included in this analysis. We 
identified the incidence of end-stage kidney disease as initia-
tion of long-term dialysis or kidney transplantation any time 
after diabetes diagnosis, and censored for death or end of 
follow-up.

To assess quality of care, we used consensus-based quality 
indicators for early-stage chronic kidney disease,17,18 which 
included receipt of kidney function tests, prescription medica-
tion use (e.g., angiotensin-converting-enzyme [ACE] inhibi-
tors, angiotensin II receptor blockers [ARBs] or avoidance of 
nonsteroidal anti-inflammatory drugs) and nephrologist refer-
ral (Appendix 2, available at www.cmajopen.ca/content/7/4/
E706/suppl/DC1). The nephrology indicators were based on 
the Ontario Renal Network’s KidneyWise Toolkit,18 and the 
remaining indicators were identified through a modified Del-
phi panel.17 We restricted our assessment of prescription 
medication use to people aged 65 years or more, who have 
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provincial drug coverage. Specialist referrals are not captured 
in our data sources, so we used nephrologist visits as a proxy.

Analysis
We conducted all analyses using SAS version 9.4 (SAS Insti-
tute) at ICES Western in London, Ontario. All measures 
were described for First Nations people and compared to 
those for all other people in Ontario. We used direct stan-
dardization based on other people in Ontario to estimate age- 
and sex-standardized prevalence estimates for First Nations 
people.19,20 We calculated proportions for binary and categori-
cal measures, and medians (25th, 75th percentiles) to describe 
distance to dialysis facilities. We estimated probability of end-
stage kidney disease during follow-up using Kaplan–Meier 
survival curves. We also compared the incidence of end-stage 
kidney disease between First Nations people and other people 
in Ontario using a Cox proportional hazards regression 
model, adjusting for age and sex. Two-sided p values < 0.05 
were considered statistically significant.

Ethics approval
In addition to Ontario First Nations data-governance pro-
cesses, our project was approved by the research ethics boards 
at Queen’s University and Laurentian University. As ICES is 
a designated prescribed entity under Section 45 of the 
Ontario Personal Health Information Protection Act, participant 
informed consent was not required for this study.

Results

There were 21 968 First Nations people and 1 303 177 other 
people in Ontario with a diabetes diagnosis between Apr. 1, 
1994, and Mar. 31, 2014 who were alive as of Sept. 30, 2015 
(Table 1). Cohort assembly diagrams are given in Appendix 1.

Prevalence of kidney disease
Among patients with at least 1  serum creatinine value, the 
age- and sex-standardized prevalence of chronic kidney dis-
ease was higher for First Nations people (20.7%) than for 
other people in Ontario (18.4%) (Table 2). The age- and sex-
standardized proportion at very high risk for kidney-disease–
related adverse events was 10.8% for First Nations people and 
6.5% for other Ontarians. The age- and sex-standardized 
prevalence of end-stage kidney disease (based on estimated 
glomerular filtration rate < 15 mL/min per 1.73 m2 and treat-
ment with dialysis or transplantation) was 2.9% for First 
Nations people and 1.0% for other people in Ontario. First 
Nations people were more likely than other people in Ontario 
to be receiving long-term dialysis (1.7% v. 0.5%).

Among people receiving long-term dialysis, the age- and 
sex-standardized proportion receiving in-centre hemodial-
ysis as opposed to home dialysis was higher in First 
Nations people than in other people in Ontario (87.1% 
v.  80.0%) (Appendix 3, Supplemental Figure S1, available 
at www.cmajopen.ca/content/7/4/E706/suppl/DC1). First 
Nations people receiving in-centre hemodialysis had to 
travel farther to receive dialysis than other people in the 

province (median [25th, 75th percentiles] 11 [4, 41] km v. 7 
[3, 16] km) (Appendix 3, Supplemental Figure S2).

Incidence of end-stage kidney disease
The incidence of end-stage kidney disease following diabetes 
onset was higher for First Nations people than for other people 
in Ontario (9.3 v. 4.7 events per 10 000 person-years; age- and 
sex-adjusted hazard ratio 2.23, 95% confidence interval 1.72–
2.89) (Figure 1). The median (25th, 75th percentiles) age at 
onset of end-stage kidney disease was 52 (43, 61) years for First 
Nations people and 60 (48, 70) years for other people in Ontario.

Quality of care for early-stage kidney disease
Among patients who had an initial estimated glomerular 
filtration rate less than 60 mL/min per 1.73m2, similar pro-
portions of First Nations people and other people in Ontario 
received a repeat serum creatinine test (44.4% v. 46.5%, p = 
0.3), but a lower proportion of First Nations people received a 
follow-up albumin-to-creatinine ratio test within 6  months 
(18.0% v. 23.8%, p = 0.001) (Table 3). Among patients with 
chronic kidney disease, a lower proportion of First Nations 
people than other people in Ontario received regular kidney 
function monitoring (73.8% v. 79.8% for serum creatinine 
monitoring, p = 0.002; 41.1% v. 50.0% for albumin-to-
creatinine ratio monitoring, p < 0.001).

Most patients with chronic kidney disease were not pre-
scribed a nonsteroidal anti-inflammatory drug for longer than 

Table 1: Demographic characteristics of First Nations people 
and other people in Ontario with a diabetes diagnosis 
between Apr. 1, 1994, and Mar. 31, 2014 who were alive as of 
Sept. 30, 2015

Characteristic

No. (%) of people*

First Nations 
people

n = 21 968

Other people in 
Ontario

n = 1 303 177

Sex

    Male 10 172 (46.3) 676 059 (51.9)

    Female 11 796 (53.7) 627 118 (48.1)

Age, yr

    ≤ 19 254 (1.2) 10 141 (0.8)

    20–34 1414 (6.4) 38 549 (3.0)

    35–49 5154 (23.5) 170 143 (13.1)

    50–64 8938 (40.7) 448 351 (34.4)

    65–74 4133 (18.8) 333 836 (25.6)

    75–105 2075 (9.4) 302 157 (23.2)

Age at diabetes 
diagnosis, yr

    Mean ± SD 44.2 ± 13.8 52.6 ± 14.7

    Median (IQR) 45 (35–53) 53 (44–63)

Note: IQR = interquartile range, SD = standard deviation.
*Except where noted otherwise.
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2 weeks (89.9% of First Nations people v. 88.0% of other peo-
ple in Ontario, p = 0.09) (Table 3). In both groups, the major-
ity (about 80%, p = 0.09) were also being prescribed an ACE 
inhibitor or an ARB, and most were not taking both concur-
rently. After initiation of ACE inhibitor or ARB therapy, 
serum potassium monitoring within the following 7–30 days 
was completed for similar proportions of First Nations people 
and other people in Ontario (17.4% and 13.2%, p = 0.4).

Access to nephrology care was similar for First Nations 
people and other people in Ontario. Of all patients who met 
nephrology referral criteria, about 20% (p = 0.9) and 30% (p = 
0.3) visited a nephrologist within the following 6 months and 
1 year, respectively (Table 3).

Interpretation

Despite receiving similar quality of care for early-stage kidney 
disease, First Nations people with diabetes in Ontario were 

more likely than other Ontarians with diabetes to have end-
stage kidney disease and to start treatment at an earlier age. 
This may be due to other factors described previously, such as 
poor quality of diabetes care, food insecurity, physical inactiv-
ity and diabetes self-management barriers.21,22 Furthermore, 
the intergenerational impact of colonization among First 
Nations people may also have influenced the risk of end-stage 
kidney disease.23 In our study, the proportion receiving a kid-
ney transplant was similar between the 2  populations, but, 
given the higher prevalence of long-term dialysis among First 
Nations people, this may signify lower transplantation access. 
In Alberta, researchers noted that First Nations people had 
transplantation referral rates similar to those of other Alber-
tans but experienced barriers to completing the transplanta-
tion evaluation.24 Another potential barrier for access to end-
stage kidney disease therapy was that First Nations patients, 
on average, had to travel farther to receive dialysis, which has 
also been described in Saskatchewan.6 Since many First 

Table 2: Prevalence of chronic kidney disease, end-stage kidney disease and Kidney Disease: 
Improving Global Outcomes risk groups among First Nations people and other people in Ontario 
as of Sept. 30, 2015

Variable

First Nations people

Other people in 
Ontario, prevalence, 

no. (%)
Crude prevalence, 

no. (%)

Age- and 
sex-standardized 

prevalence, % 
(95% CI)

n = 15 344* n = 1 103 739*

Chronic kidney disease (based on  
eGFR < 60 mL/min per 1.73 m2)

2121 (13.8) 20.7 (19.9–21.5) 202 772 (18.4)

End-stage kidney disease (based on  
eGFR < 15 mL/min per 1.73 m2)

113 (0.7) 0.8 (0.7–1.0) 3000 (0.3)

Treatment for end-stage kidney 
disease

n = 21 968 n = 1 302 177

    Receipt of kidney transplant 67 (0.3) 0.4 (0.3–0.5) 2627 (0.2)

    Receipt of long-term dialysis 355 (1.6) 1.7 (1.5–1.9) 7161 (0.5)

Risk of kidney-disease–related 
adverse events (based on KDIGO)16

n = 10 746† n = 768 569†

    Low‡ 6191 (57.6) 51.7 (50.7–52.7) 490 934 (63.9)

    Moderately increased§ 2642 (24.6) 25.3 (24.4–26.3) 163 692 (21.3)

    High¶ 1099 (10.2) 12.0 (11.3–12.8) 64 250 (8.4)

    Very high** 814 (7.6) 10.8 (10.0–11.5) 49 693 (6.5)

Note: CI = confidence interval, eGFR = estimated glomerular filtration rate, KDIGO = Kidney Disease: Improving Global 
Outcomes.
*Analysis restricted to people with a serum creatinine value.
†Analysis restricted to people with both serum creatinine and urine albumin-to-creatinine ratio (ACR) values.
‡Defined as eGFR ≥ 90 mL/min per 1.73 m2 with ACR < 3 mg/mmol, or eGFR 60 to < 90 mL/min per 1.73 m2 with ACR < 3 mg/
mmol.
§Defined as eGFR ≥ 90 mL/min per 1.73 m2 with ACR 3–30 mg/mmol, eGFR 60 to < 90 mL/min per 1.73 m2 with ACR 3–30 mg/
mmol, or eGFR 45 to < 60 mL/min per 1.73 m2 with ACR < 3 mg/mmol.
¶Defined as eGFR ≥ 90 mL/min per 1.73 m2 with ACR > 30 mg/mmol, eGFR 60 to < 90 mL/min per 1.73 m2 with ACR > 30 mg/
mmol, eGFR 45 to < 60 mL/min per 1.73 m2 with ACR 3–30 mg/mmol, or eGFR 30 to < 45 mL/min per 1.73 m2 with ACR < 3 mg/
mmol.
**Defined as eGFR 45 to < 60 mL/min per 1.73 m2 with ACR > 30 mg/mmol, eGFR 30 to < 45 mL/min per 1.73 m2 with ACR 
3–30 mg/mmol, eGFR 30 to < 45 mL/min per 1.73 m2 with ACR > 30 mg/mmol, eGFR 15 to < 30 mL/min per 1.73 m2 with ACR 
< 3 mg/mmol, eGFR 15 to < 30 mL/min per 1.73 m2 with ACR 3–30 mg/mmol, eGFR 15 to < 30 mL/min per 1.73 m2 with ACR 
> 30 mg/mmol, eGFR < 15 mL/min per 1.73 m2 with ACR < 3 mg/mmol, eGFR < 15 mL/min per 1.73 m2 with ACR 3–30 mg/mmol, 
or eGFR < 15 mL/min per 1.73 m2 with ACR > 30 mg/mmol.
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Nations people in Ontario live in rural or remote locations13 
and may need to relocate to larger cities to receive treatment, 
alternative therapies to in-centre hemodialysis, including 
home dialysis and kidney transplantation, could be used more. 
However, a previous study identified anxiety and financial rea-
sons as barriers to peritoneal dialysis among First Nations peo-
ple.25 A large qualitative study among Indigenous people with 
end-stage kidney disease in Australia showed that, although 
the majority of patients had favourable opinions about kidney 
transplantation, many felt ill-informed about the process.26

Similar research has been conducted in Alberta and Sas-
katchewan.6,8,24 Our findings are consistent with research in 
Alberta, which showed that rates of end-stage kidney disease 
progression were 2–3  times higher for First Nations people 
than for other Albertans.8 Consistent with findings from 
Alberta and Saskatchewan, we found that First Nations people 
were more likely to receive in-centre hemodialysis (as 
opposed to home dialysis) than other people in Ontario.6,24 In 
regard to quality of care for early-stage kidney disease, 
patients in both populations were generally receiving recom-
mended medications. This is consistent with other Canadian 
research showing high use of ACE inhibitors or ARBs, and 
statins for First Nations people with chronic kidney dis-
ease.27,28 We found that First Nations people were less likely 
than other people in Ontario to receive urine albumin-to-
creatinine ratio tests to confirm or monitor their kidney dis-
ease. However, as noted in the following section, this was 
likely due to data limitations rather than a true care gap.

Further research is needed to better understand the factors 
contributing to the faster progression to end-stage kidney dis-
ease among First Nations people in Ontario and to help 
inform future interventions and policy initiatives.

Limitations
To identify chronic kidney disease prevalence, we used only 
the most recent serum creatinine and urine albumin-to-
creatinine ratio values. In using only 1 value of each, it is pos-
sible that we may have misclassified patients into estimated 
glomerular filtration rate category or Kidney Disease: 
Improving Global Outcomes risk group. Some patients may 
have had acute kidney injury and not chronic kidney disease. 
Furthermore, we captured only people with outpatient labo-
ratory tests between 2013 and 2015 in our data sources. 
Ontario hospitals started contributing laboratory results to an 
electronic repository at different times.29 One concern is that 
most hospitals in the North West Local Health Integration 
Network (where at least 25% of First Nations people in our 
study resided) did not start contributing until 2015. There-
fore, we did not capture outpatient laboratory tests done at 
most local hospitals in this region. This limitation does not 
apply to the quality-of-care indicators, since we used fee-for-
service billing codes to identify laboratory test completion. 
However, this method has its own limitations, as outpatient 
laboratory tests done in some hospitals may be covered under 
the hospital’s global budget and not reimbursed through fee-
for-service billing. If First Nations people were more likely to 
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receive outpatient laboratory tests at these hospitals than 
other people in Ontario, this could partly explain the lower 
proportion who received tests to confirm or monitor their 
kidney function. Finally, prescription medication information 
in our data sources was available only for people aged 65 years 
or more. Therefore, the medication use quality indicators are 
not generalizable to people younger than 65. Other limita-
tions of the general study design and data sources have been 
published elsewhere.13

Conclusion
First Nations people with diabetes in Ontario were 3  times 
more likely to have end-stage kidney disease, with an earlier 
onset, than other people with diabetes in Ontario despite 
receiving similar quality of care for early-stage kidney disease. 
They were also less likely to receive home dialysis therapy and 

more likely to travel farther to receive in-centre dialysis treat-
ment. Policy initiatives should focus on community-based 
support and interventions to minimize the risk and burden of 
kidney disease in First Nations people.
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