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T he prevalence of type 2 diabetes in children is 
increasing worldwide.1–3 In 2006–2008, the inci-
dence of childhood-onset type 2 diabetes in Canada 

was estimated at 1.54 per 100 000 per year, with the highest 
incidence in Manitoba (12.45 per 100 000 per year); in 
Ontario, the incidence was 1.7 per 100 000 per year.4 First 
Nations children in Canada have the highest incidence of 
type 2 diabetes, at 23.2 per 100 000 per year.4 In Manitoba 
and northwestern Ontario, 87% of children with type 2 dia-
betes have First Nations heritage.5 First Nations status and 
exposure to diabetes in utero are independently associated 
with an increased risk of type 2 diabetes in the first 30 years 
of life.6,7 This is especially concerning because youth with 
type 2 diabetes experience complications sooner than youth 
with type 1 diabetes.8,9

The prevalence, incidence and outcomes of diabetes 
among First Nations children in Ontario are not known. It is 
important for First Nations communities to have these data to 
inform population approaches to prevent and manage diabetes 
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Background: First Nations people are known to have a higher risk of childhood-onset type 2 diabetes, yet population-level data 
about diabetes in First Nations children are unavailable. In a partnership between Chiefs of Ontario and academic researchers, we 
describe the epidemiologic features and outcomes of diabetes in First Nations children in Ontario.

Methods: We created annual cohorts from 1995/96 to 2014/15 using data from the Registered Persons Database linked with the fed-
eral Indian Register. We used the Ontario Diabetes Database to identify children with all types of diabetes and calculated the preva-
lence and incidence for First Nations children and other children in Ontario. We describe glycemic control in First Nations children 
and other children in 2014.

Results: In 2014/15, there were 254 First Nations children and 10 144 other children with diagnosed diabetes in Ontario. From 
1995/96 to 2014/15, the prevalence increased from 0.17 to 0.57 per 100 children, and the annual incidence increased from 37 to 94 
per 100 000 per year among First Nations children. In 2014/15, the prevalence of diabetes was 0.62/100 among First Nations girls 
and 0.36/100 among other girls. The mean glycosylated hemoglobin level among First Nations children was 9.1% (standard deviation 
2.7%) and for other children, 8.5% (standard deviation 2.1%).

Interpretation: First Nations children have substantially higher rates of diabetes than non-Aboriginal children in Ontario; this is likely 
driven by an increased incidence of type 2 diabetes and increased risk for diabetes among First Nations girls. There is an urgent 
need for strategies to address modifiable factors associated with the risk of diabetes, improve access to culturally sensitive diabetes 
care and improve outcomes for First Nations children.
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now and to plan for the future.10 Comparing diabetes in First 
Nations children to that in other children in Ontario is also 
important as we consider how diabetes affects First Nations 
people differently from other people in Ontario.

In this paper, we describe the change in prevalence and 
incidence of diabetes over time among First Nations children 
compared to other children in Ontario. We also explore dif-
ferences in visits to pediatricians or endocrinologists, and 
adherence to screening guidelines for retinopathy and glyce-
mic control for First Nations children with diabetes compared 
to other children with diabetes in Ontario.

Methods

Setting and data sources
This was a population-based longitudinal cohort study using 
health administrative databases in Ontario. We have de-
scribed the details of the research partnership and the detailed 
methods of our use of the health administrative data held 
at ICES elsewhere.11,12 Annual cross-sectional cohorts over a 
20-year period from Apr. 1, 1995, to Mar. 31, 2015, were cre-
ated. All people from the Registered Persons Database who 
were Ontario residents, were eligible for a health card, had 
had contact with the health care system within the previous 
7 years and were 19 years of age or less were included. We de-
fined this age group to be consistent with the study used to 
validate the definition for the pediatric Ontario Diabetes 
Database.13

First Nations children were identified by linking the federal 
Indian Register (which includes all people registered with the 
federal government as a “Status Indian” under the Indian Act14) 
with the Registered Persons Database. We used the pediatric 
Ontario Diabetes Database, a validated registry of all Ontario 
residents with a diagnosis of all types of diabetes before age 
19 years (83% sensitivity, 99% specificity), to identify children 
with diabetes.13 A description of the data sets accessed are 
available in Appendix 1 of our companion methods paper.12

We assumed that First Nations children with diabetes have 
type 2, since type 1 diabetes is relatively uncommon in First 
Nations children. For example, in Manitoba, 17% of children 
(< 18 yr of age) are First Nations people, whereas only 5% of 
children with type 1 diabetes are First Nations.15 Furthermore, 
we assumed that most of the other children in Ontario with dia-
betes have type 1 because we have previously shown that almost 
all (94.8%) children in Ontario with diabetes have type 1.16

Outcome measures
We estimated the crude prevalence of diabetes in annual 
cohorts from 1995/96 to 2014/15 among First Nations chil-
dren and other children in Ontario. The numerator included 
children who were alive and identified through the pediatric 
Ontario Diabetes Database as having been diagnosed with 
diabetes by the end of each year. We calculated annual crude 
incidence rates of diabetes for the study period for First 
Nations children and other children. The numerator included 
all newly diagnosed cases of diabetes according to the Ontario 
Diabetes Database in a particular year; all those who had no 

previous diagnosis of diabetes and were alive at the end of the 
fiscal year were included in the denominator. We also esti-
mated the prevalence and incidence of diabetes among First 
Nations and other children by sex.

We ascertained outpatient visits with a pediatrician or 
endocrinologist in 2014/15 using the Ontario Health Insur-
ance Plan Database (physician billing claims) to identify visits 
for routine diabetes care. Guidelines recommend that all chil-
dren with diabetes should have access to an experienced pedi-
atric diabetes health care team and specialized care.17,18 Since 
2001, in Ontario, care for children with diabetes is coordi-
nated by the Ontario Pediatric Diabetes Network (formerly 
the Network of Ontario Pediatric Diabetes Programs). In 
2012, all but 1 of the 35 centres was staffed, at least part-time, 
by a pediatrician or an endocrinologist.16 For this reason, we 
opted to ascertain outpatient visits with a pediatrician or 
endocrinologist to measure visits for routine diabetes care. To 
avoid inappropriately counting primary or urgent-care–
related visits that were not for routine diabetes care but were 
nonetheless coded as a diabetes visit, we did not include visits 
with a diagnostic code for diabetes to a family physician. We 
used the Ontario Laboratories Information System (OLIS), 
which contains data from community and hospitals laborato-
ries, to identify children with at least 1 glycosylated hemoglo-
bin (HbA1c) test completed in 2014/15.19 We determined the 
proportion of children aged 5  years or less, 6–12 years and 
13–19 years who had at least 1 HbA1c level available in OLIS 
in 2014/15. Based on the 2013 Canadian Diabetes Association 
Guideline, the HbA1c target for adolescents aged 13–18 years 
was 7.0% or less.17 Therefore, for this age group, we catego-
rized HbA1c levels as good (< 7.0%), fair (7.0%–8.5%) or poor 
(> 8.5%).

According to the 2013 Canadian Diabetes Association 
guidelines, annual screening for retinopathy should be per-
formed in children with type 2 diabetes from the time of diag-
nosis and in children with type 1 diabetes who are more than 
15 years old beginning 5 years after diagnosis.17,18 We deter-
mined the proportion of children aged 16 or 17 with diabetes 
for 5 years or more who had had an eye examination in the 
2  years before 2014/15. We identified eye examinations 
through billing claims from ophthalmologists or optometrists, 
including telemedicine care.20 Visits to any retinal screening 
programs operating in First Nations communities would have 
been reviewed remotely by an ophthalmologist and therefore 
would be captured by the telemedicine codes.

We determined rurality using the Rurality Index for 
Ontario (RIO), a score based on community characteristics 
including access to health care services.21 We used 4 catego-
ries to describe rurality: urban (RIO score 0–9), semiurban 
(RIO score 10–39), rural (RIO score ≥ 40) and “remote” (no 
RIO score).12

Statistical analysis
Crude prevalence and annual crude incidence rates for First 
Nations children and other children were reported. We con-
ducted all analyses using SAS Enterprise Guide version 7.1 
(SAS Institute).
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Ethics approval
The project received approval from the Chiefs of Ontario 
Data Governance Committee and the research ethics boards 
of Queen’s University and Laurentian University.

Results

In 2014/15, there were 254  First Nations children and 
10 144  other children with diagnosed diabetes in Ontario. 
The characteristics of the 2014/15 cohort are presented in 
Table 1. Of First Nations children with diabetes, 136 (53.5%) 
were girls, ≥  197 (≥  77.6%) were aged 13–19 years, and 55 
(21.6%) lived in a rural area, versus 4843 (47.7%), 6476 
(63.8%) and 741 (7.3%), respectively, of other children in 
with diabetes. Seventy (27.6%) First Nations children with 
diabetes versus 44 (0.4%) other children with diabetes were 
assigned a rurality score of remote.

In 1995/96, the overall prevalence of diabetes was simi-
lar in the 2 populations, but it diverged over time, and, in 
2014/15, the prevalence of diabetes among First Nations 
children was more than 50% greater than among other 
children. Over the study period, among First Nations chil-
dren, the prevalence of diabetes increased from 0.17 (95% 
confidence interval [CI] 0.14–0.21) to 0.57 (95% CI 0.50–
0.64) per 100  children, and the annual incidence from 37 
(95% CI 22–58) to 94 (95% CI 67–127) per 100 000 per 
year. Among other children, the incidence of the disease 
increased from 23 (95% CI 21–24) to 46 (95% CI 43–48) 
per 100 000 per year over the study period. The crude 
overall and sex-specific prevalence and incidence of diabe-
tes in First Nations children and other children from 
1995/96 to 2014/15 are shown in Figures 1 and 2, respec-

tively. In 2014/15, the prevalence of diabetes was 0.62/100 
in First Nations girls and 0.36/100 in other girls.

In 2014/15, 93 (36.6%, 95% CI 29.9–44.2) First Nations 
children with diabetes versus 6441 (63.5%, 95% CI 62.0–
65.0) other children had at least 1  visit to a pediatrician or 
endocrinologist. Among other children, use of specialists was 
similar regardless of where they lived; however, for First 
Nations children, there were differences across rurality levels: 
42 (56.0%, 95% CI 41.1–74.8) of those living in urban areas 
had at least 1 visit, versus 13 (18.6%, 95% CI 10.1–30.9) of 
those living in remote areas (Figure 3).

Among children aged 13–19 years with prevalent diabe-
tes, 48.0% (number suppressed to comply with privacy 
legislation that does not permit reporting of cell sizes < 6 or 
facilitate the calculation of cell sizes <  6) of First Nations 
children and 3277 other children (50.6%) had at least 1 
HbA1c test result available in OLIS in 2014/15. The corre-
sponding values for children less than 13  years were 26 
(48.1%) and 1218 (33.2%). Owing to the relatively low pro-
portion of available data for children less than 13 years, we 
report the HbA1c values for children aged 13–19 only. The 
distribution of HbA1c results for children in this age group 
with available data is displayed in Figure 4. In 2014/15, for 
children aged 13–19 who had a result available in OLIS, the 
mean HbA1c value for First Nations children was 9.1% 
(standard deviation [SD] 2.7%) and for other children, 
8.5% (SD 2.1%).

In 2014/15, among children aged 16 or 17 with diabetes 
for 5  years or more, 15/21 First Nations children (71.4%, 
95% CI 40.0–100.0) and 758/1004 other children (75.5%, 
95% CI 70.2–81.1) had had at least 1 eye examination in the 
previous 2 years.

Table 1: Demographic characteristics of First Nations children and other children with diabetes and 
total population, Ontario, 2014/15

Characteristic

First Nations children, no. (%) Other children, no. (%)

With diabetes
n = 254

Total population
n = 44 856

With diabetes
n = 10 144

Total population
n = 2 829 983

Sex

    Male 118 (46.5) 23 011 (51.3) 5301 (52.3) 1 451 510 (51.3)

    Female 136 (53.5) 21 845 (48.7) 4843 (47.7) 1 378 473 (48.7)

Age group, yr

    ≤ 5 ≤ 5* 7042 (15.7) 672 (6.6) 703 443 (24.9)

    6–12 52 (20.5) 17 867 (39.8) 2996 (29.5) 1 040 582 (36.8)

    13–19 ≥ 197* 19 947 (44.5) 6476 (63.8) 1 085 958 (38.4)

Rurality

    Urban 75 (29.5) 12 832 (28.6) 7170 (70.7) 2 102 167 (74.3)

    Semiurban 54 (21.3) 8096 (18.0) 2189 (21.6) 533 306 (18.8)

    Rural 55 (21.6) 10 042 (22.4) 741 (7.3) 180 874 (6.4)

    Remote 70 (27.6) 13 886 (31.0) 44 (0.4) 13 636 (0.5)

*Numbers suppressed to comply with privacy legislation that does not permit reporting of cell sizes less than 6 or facilitate the 
calculation of cell sizes less than 6.
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Interpretation

We found that First Nations children in Ontario had a 
high prevalence of diabetes, likely largely driven by an 
increasing incidence of type 2 diabetes. The divergence in 

the prevalence of diabetes between First Nations children 
and other children in the province from 1995/96 to 
2014/15 is striking. It was driven by a particularly increased 
risk of diabetes among First Nations girls, who had nearly 
double the diabetes prevalence of non-Aboriginal girls. 
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Figure 1: Crude prevalence of diabetes per 100  children aged 
19 years or less overall (A) and among girls (B) and boys (C), among 
First Nations children and other children in Ontario, 1995/96–2014/15. 
Dotted lines represent 95% confidence intervals.
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Figure 2: Crude incidence of diabetes per 100 000 children per year 
aged 19 years or less overall (A) and among girls (B) and boys (C), 
among First Nations children and other children, 1995/96–2014/15. 
Dotted lines represent 95% confidence intervals.
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There was an increase in the incidence of diabetes among 
First Nations children over the study period.

A similar increasing trend in the incidence of type 2 diabetes 
among children from 2006 to 2011 was reported in Manitoba, 
where 87% of children with diabetes had First Nations heritage.5 
The prevalence (0.27/100) and incidence (59/100 000 per year) 
of all types of diabetes in Aboriginal youth in Alberta in 200722 
are similar to what we report in Ontario. Native American chil-
dren in the United States,2 Aboriginal children in Canada4 and 
First Nations children in Manitoba5 have a higher incidence of 
type 2 diabetes than children in the general population. Notably, 
a 2006–2008 Canadian national surveillance study of children 
less than 18 years showed an observed minimal incidence of type 
2 diabetes among Aboriginal children of 23.2/100 000 per year, 
compared to 2.34/100 000 per year among all Canadian chil-
dren.4 Our finding that there was a higher prevalence of diabetes 
among First Nations girls than non-Aboriginal girls in Ontario is 
consistent with the findings from a population-based Manitoba 
study showing that, of 387 adolescents with childhood-onset 
type 2 diabetes, 61.8% were girls.23

Our results also show that First Nations children with dia-
betes in Ontario, especially those living in rural areas, were not 
receiving diabetes care as recommended by clinical practice 
guidelines. The 2013 Canadian Diabetes Association guidelines 
recommended that children with type 2 diabetes should receive 
care in conjunction or consultation with an interdisciplinary 
pediatric diabetes health care team.18 The updated Diabetes 
Canada 2018 guidelines for children with type 2 diabetes spec-
ify that care should be provided by an interprofessional pediat-
ric diabetes health care team that should include a pediatric 
endocrinologist or a pediatrician with diabetes expertise.24 
Despite the existence of the Ontario Pediatric Diabetes Net-
work, established in 2001, to provide access to specialized pedi-
atric diabetes care,25 some of the centres in northern Ontario 
serving children with type 2 diabetes do not have access to 
physicians with specialized training in pediatric diabetes.16

Children in the general population of Ontario with all 
types of diabetes may not be receiving the recommended care 
outlined in clinical practice guidelines. We are not aware of 
existing Canadian data on specialist diabetes care for children 
with type 2 diabetes specifically; however, a population-based 
study from British Columbia showed that, among people aged 
1–24 years with type 1 diabetes, there was poor adherence to 
guidelines (< 2 diabetes-related physician visits or < 2 HbA1c 
tests per year) in 54% of all person-years.26 Of 7233 people 
aged less than 21 years with newly diagnosed type 2 diabetes 
enrolled in a US managed-care network from 2001 to 2014, 
only 42.2% had undergone an eye examination by 6  years 
after initial diabetes diagnosis.27 Data from Manitoba show 
that the rates of retinopathy in youth-onset type 2 diabetes 
begin to increase rapidly after 10 years of diabetes duration 
(by 20 years, almost 75% had retinopathy); this underscores 
the potential importance of early screening.8

In the current study, the mean HbA1c value for First 
Nations children was 9.1% (SD 2.7%) and for other children, 
8.5% (SD 2.1%). Similarly, in Manitoba, children aged 1–18 
with type 2 diabetes (the majority of whom were of self-

declared Aboriginal heritage) had a higher mean HbA1c value 
than those with type 1 diabetes (9.2% [SD 2.3%] v. 8.9% [SD 
3.0%], p = 0.04).8 In the current study, only 29.2% of First 
Nations children and 23.4% of other children aged 13–19 met 
the 2013 Canadian Diabetes Association HbA1c target of less 
than 7.0%.17,18 More than half of First Nations children had 
an HbA1c level greater than 8.5%, which put them at 
increased risk for both acute and chronic diabetes complica-
tions. This is especially concerning because the risk of compli-
cations is higher for youth with type 2 diabetes than for those 
with type 1 diabetes.8

Known risk factors for youth-onset type 2 diabetes include 
obesity, family history of type 2 diabetes, being a member of 
an ethnic group at high risk, nonalcoholic fatty liver disease 
and evidence of insulin resistance.28 Exposure to maternal pre-
gestational and gestational diabetes is known to increase the 
risk of youth-onset type 2 diabetes in First Nations chil-
dren.6,23,28,29 Some Oji-Cree First Nations children in Mani-
toba with early-onset type 2 diabetes were found to have a 
hepatocyte nuclear factor 1-α G319S mutation, associated 
with an insulin-secretory defect.30

Some of these risk factors are modifiable and could be tar-
geted in efforts to prevent youth-onset type 2 diabetes. Peer 
mentoring to promote healthy living was shown to reduce 
weight gain and improve knowledge about healthy living in 
children in a remote, isolated First Nation community.31 
Early screening for diabetes in pregnancy and close follow-up 
of offspring of women with gestational or preexisting type 2 
diabetes may help to mitigate the known increased risk of 
early-onset type 2 diabetes in those exposed to diabetes in 
utero.6,7 Importantly, strategies to prevent gestational diabetes 
and type 2 diabetes in young women could subsequently 
reduce the risk of type 2 diabetes in their offspring.6,7

Possible factors to explain the observed disparity in access to 
care and outcomes of diabetes in First Nations children include 
poverty, food insecurity and mental health challenges that make 
it difficult to access care and adopt behavioural lifestyle changes 
essential to the clinical management of type 2 diabetes.8,32,33 
Furthermore, trauma, colonization and social exclusion experi-
enced by First Nations children and their families is a barrier to 
accessing health care and establishing trust and a therapeutic 
relationship with health care providers.34 Strategies to over-
come these barriers such as promoting wellness and positive 
mental health could facilitate improved self-management of 
type 2 diabetes in First Nations youth. The stigma associated 
with type 2 diabetes is also known to be a barrier to well-being 
and can be reduced with greater social support.35

Limitations
There are notable limitations of our administrative data sets.12 
There may be people missing from our population-based 
cohorts created with the use of the Registered Persons Data-
base; this may have led to an overestimation of the rates of 
diabetes in some regions. It is possible that we underestimated 
the number of First Nations children with diabetes because 
our cohort included only those registered as Status First 
Nations with the federal government.14 First Nations children 
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are typically registered at birth but can be registered at any 
age. The proportion of First Nations children who are regis-
tered is unknown. Furthermore, care delivered in Aboriginal 
Health Access Centres or in Winnipeg is not captured in 
Ontario administrative data. In 2014, there were 77 children 
living in northwestern Ontario who received diabetes care in 
Winnipeg.36

The Ontario Diabetes Database case definition includes 
the diagnostic code 250, which does not differentiate between 
types of diabetes. There is no validated algorithm for identify-
ing children with specific types of diabetes with the use of 
administrative data. Furthermore, the validity of the Ontario 
Diabetes Database algorithm has not been tested in First 
Nations populations. We were unable to report socioeco-
nomic status because income quintiles, a commonly used 
proxy for individual socioeconomic status, are not accurate for 
First Nations populations.37

In Ontario, annual eye examinations for people with diabe-
tes and all children are covered by the Ontario Health Insur-
ance Plan. Therefore, it is unlikely that children in our study 
would have eye examinations reimbursed by private insurance, 
which would not be captured in billing data. Routine diabetes 
care visits with a family physician or diabetes nurse educator 
were not captured because we focused on specialist care from 
a pediatrician or endocrinologist. Finally, OLIS contains data 
from community laboratories, but enrolment of hospitals to 
contribute to OLIS has been more gradual over time. The 
addition of hospital laboratory data to OLIS was implemented 
on a regional basis, with the most recent addition from the 
north and northwest of the province, where there is a large 
First Nations population. Major pediatric hospitals such as 
The Hospital for Sick Children and the Children’s Hospital 
of Eastern Ontario did not contribute to OLIS in 2014, nor 
does OLIS include data from point-of-care HbA1c testing.19 
Despite this, approximately equal proportions of First 
Nations children and other children aged 13–19 had HbA1c 
values available in OLIS. However, given that only about half 
of children with diabetes in either cohort had HbA1c values 
available, it is possible that the HbA1c values that we report do 
not represent those of the entire population of both First 
Nations children and other children with diabetes.

Conclusion
First Nations children in Ontario had a high prevalence of 
diabetes, likely largely driven by an increasing incidence of 
type 2 diabetes. Our findings highlight an urgent need to 
reduce disparities in modifiable risk factors for diabetes, use of 
health care services to manage diabetes and diabetes outcomes 
for First Nations children.
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