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ABSTRACT

BACKGROUND: Diabetes mellitus is an

established health concern in First
Nations communities and is associated
with complex influences of colonization.
This study, a partnership between First
Nations and academic researchers, was
undertaken to determine patterns of dia-
betes prevalence, incidence and mortal-
ity in Ontario.

METHODS: Using health services and
population data from Ontario for 1995 to
2014, linked with the federal Indian Regis-
ter, we calculated age- and sex-adjusted
annual estimates of diabetes prevalence,
incidence and mortality for First Nations
people (living within and outside First

Nations communities) and other people
in Ontario. We also examined age- and
sex-specific crude diabetes prevalence.

RESULTS: Between 1995 and 2014, the
prevalence of diabetes increased and
the incidence decreased somewhat in
all populations. Both prevalence and
incidence were substantially higher
among First Nations people than among
other people in Ontario. In particular,
First Nations women had higher preva-
lence than other women (4.2% v. 1.6%
for ages 20-34 yr and 17.6% v. 6.0% for
ages 35-49 yr). The lifetime risk of dia-
betes was higher among First Nations
people than among other people in

Ontario (57.0%, 95% confidence interval
[CI] 56.3%-57.6% v. 44.5%, 95% CI
44.4%-44.6%). Over time, all-cause
mortality for those with diabetes
declined but remained consistently
higher for First Nations people than for
other people in Ontario.

INTERPRETATION: Diabetes is more com-
mon among First Nations people than
among other people in Ontario, particu-
larly at younger ages and in women. First
Nations-led approaches to address the
high prevalence of diabetes in younger
First Nations women have the potential
to improve metabolic health across
generations.

Nations in Canada'? and is associated with other chronic

conditions, increased risk of death and higher health
care use.>* Among First Nations people, the prevalence of dia-
betes is 3 to 5 times higher than in other populations.>® An esti-
mated 8 in 10 First Nations people in Alberta will develop dia-
betes during their lifetime.® In First Nations people, diabetes
tends to occur at younger ages, with higher complication rates,
than in the general population.>™® A complex set of physical and
social factors underlie these patterns,® including the intergenera-
tional impacts of ongoing colonial policy and resultant social,
political, economic and cultural inequities.®**

D iabetes mellitus is an established health concern for First

Current population-level, First Nations-specific informa-
tion about diabetes rates, patterns and trends are not avail-
able and accessible to First Nations who might be able to
inform and develop population approaches to prevent and
manage diabetes.!* This study, a collaboration between aca-
demic researchers and researchers at Chiefs of Ontario, was
undertaken to address this gap. The primary objectives were
to determine overall population-level patterns of diabetes
prevalence, incidence and mortality among First Nations
people in Ontario over a 20-year period, from 1995 to 2014,
and to describe the lifetime risk of diabetes for First Nations
people in Ontario.
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Methods

We have described elsewhere the details of our research partner-
ship!? and our use of administrative health data at ICES.13%*
Briefly, we accessed health services and population data at ICES
for the period Apr. 1, 1995, to Apr. 1, 2014. We included all indi-
viduals from the Registered Persons Database who were Ontario
residents eligible for a health card, had contact with the health
care system within the past 7 years and were 105 years of age or
younger.

We identified First Nations people through a previous linkage
of the federal Indian Register to the Registered Persons Data-
base.’ This register includes all people registered with the fed-
eral government as a “Status Indian” under the Indian Act,®
regardless of whether or not they live in a First Nation commun-
ity (“Indian Reserve”),

Diabetes status was determined using the Ontario Diabetes
Database, which cannot distinguish between type 1 and type 2
diabetes and excludes data on patients with gestational dia-
betes. This method of identifying people with diabetes in Ontario
health services databases has been validated against primary
care health records and has a sensitivity of 86% and a specificity
of 97%.Y7

We estimated the annual crude and age- and sex-standardized
prevalence of diabetes from 1995 to 2014 among First Nations
people and other people in Ontario. The numerators included
individuals who were alive and who were identified (using the
Ontario Diabetes Database) as having a diagnosis of diabetes by
the end of each year. We stratified the data as to whether or not
the people lived within a First Nation community using a combin-
ation of residence and postal codes for each year from 2001
onward, because the reliability of geographic data was limited
before then.

We examined the trends in crude prevalence stratified by age
and sex simultaneously to explore the effect of the interaction of
age and sex on the prevalence of diabetes for First Nations and
other people in Ontario. For this, and all age-stratified analyses,
we grouped ages 0 to 19 years, 20 to 34 years, 35 to 49 years, 50
to 64 years, 65 to 74 years, and 75 years or older. Although these
age groups are generally 15-year age categories, the category for
0 to 19 years was chosen to ensure that we could look at children
and youth separately from adults. For the oldest age groups,
there were too few people aged 80 or older to maintain the
15-year age groupings, so 75 or older was used as an alternative
grouping.

Similarly, we calculated annual crude and age- and sex-
standardized incidence of diabetes for 1995 to 2014 for First
Nations people and other people in Ontario. We included all
newly diagnosed cases in a particular year in the numerators and
all individuals exposed to risk who had no previous diagnosis of
diabetes and who were alive at the end of the fiscal year in the
denominators. We examined the annual incidence separately for
First Nations people living within and outside First Nations com-
munities. We also calculated age- and sex-specific crude estimates.

We conducted a sensitivity analysis to assess the effect of
excluding those who were not alive at the end of the study

period. For each of the groups, we compared the age- and sex-
standardized prevalence and incidence between those who
remained alive in 2014 and those who were alive plus those who
died.

To estimate mortality among those with diabetes, we used
the Registered Persons Database to identify those with diabetes
who died from all causes in a given year and compared the age-
and sex-standardized rates for First Nations and other people in
Ontario. For all age- and sex-standardized rates, we used direct
standardization based on the 2001 Ontario census population
and assumed a gamma distribution for the observed standard-
ized rates to estimate 95% confidence intervals (Cls),* to adjust
for the differences in population distribution between popula-
tions and over time.

To estimate the lifetime risk of diabetes in First Nations people
and other people in Ontario, we calculated age-specific incidence
using 5-year age categories from 1995 to 2014. We adjusted for
the competing risk of death to estimate the sex-specific risk of
diabetes occurring at some point throughout a person’s life, in an
approach parallel to the one used by Turin and colleagues® in
Alberta and using a published Practical Incidence Estimators SAS
macro.'® We calculated risk ratios between First Nations and other
people in Ontario in each age category.

All analyses were conducted using SAS Enterprise Guide ver-
sion 7.1 (SAS Institute Inc.).

Ethics approval

In addition to adherence to Ontario First Nations data gover-
nance processes, including review and approval by the Data Gov-
ernance Committee, our project was reviewed and approved by
the Research Ethics Boards at Queen’s University and Laurentian
University.

Results

The 2014 age and sex distribution for First Nations people living
within and outside First Nations communities and other people
in Ontario is summarized in Table 1. On average, First Nations
people were younger than other people in Ontario. The age and
sex profile of First Nations people was similar for those living
within and outside First Nations communities.

The prevalence of diabetes was substantially higher among First
Nations people than among other people in Ontario (Figure 1). The
annual age- and sex-standardized prevalence of diabetes
increased for all study populations over time. The adjusted
prevalence for First Nations people rose from 11.1% (95% ClI
10.8%-11.3%) in 1995 to 16.6% (95% CI 16.4%-16.8%) in 2014.
Prevalence was highest among those living in First Nations com-
munities, rising from 15.4% (95% Cl 15.0%-15.9%) in 2001 to
18.7% (95% Cl 18.3%-19.1%) in 2014.

The annual age- and sex-standardized incidence of diabetes
among First Nations people in Ontario decreased from 10.7 per
1000 people in 2001 to 8.0 per 1000 people in 2014 (Figure 2).
Despite this 25% decrease, the age- and sex-standardized rate of
new cases of diabetes remained higher among First Nations
people than other people in Ontario, for whom incidence initially
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Table 1: Demographic characteristics of First Nations people (living within and

outside First Nations communities) and other people in Ontario, 2014

First Nations group; no. (%) of people*

Within First Outside First
Nations Nations No. (%) of other
Overallt communities communities people in Ontario
Characteristic n=158 241 n=55311 n=102 889 n=13248 443
Age, yr
Mean + SD 34.11+19.84 33.07+20.52 34.68 +19.45 40.79 £22.54
Median (IQR) 32 (18-50) 30 (16-49) 32 (19-50) 41 (22-58)
Age group, yr
0-19 44 856 (28.3) 17 965 (32.5) 26884 (26.1) 2829983 (21.4)
20-34 40 855 (25.8) 13019 (23.5) 27815 (27.0) 2635661 (19.9)
35-49 32926 (20.8) 10 660 (19.3) 22258 (21.6) 2745274 (20.7)
50-64 27606 (17.4) 9324 (16.9) 18279 (17.8) 2863509 (21.6)
65-74 8060 (5.1) 2885 (5.2) 5174 (5.0) 1213258 (9.2)
>75 3938 (2.5) 1458 (2.6) 2479 (2.4) 960 758 (7.3)
Sex
Female 78 877 (49.8) 26 557 (48.0) 52299 (50.8) 6759006 (51.0)
Male 79 364 (50.2) 28 754 (52.0) 50590 (49.2) 6489437 (49.0)

Note: IQR = interquartile range, SD = standard deviation.
*Except where indicated otherwise.

TThis number includes all First Nations people listed in the federal Indian Register, regardless of whether a
determination could be made as to whether they lived within a First Nations community. For 41 people in this group,
such a determination could not be made, and they are excluded from the subsequent 2 columns.

rose from 0.55% to 0.69% between 2001 and 2006 and then grad-
ually declined to 0.49% in 2014. Over time, the incidence of dia-
betes was similar for First Nations people living within and out-
side First Nations communities (Figure 2).

We found consistent patterns from 1995 to 2014 for the effect
of the interaction of age and sex on the crude prevalence and
incidence estimates. Thus, for 2014, our most recent year of data,
we displayed the crude prevalence and incidence estimates by
age and sex simultaneously (Figure 3). Younger First Nations
women had a more than 2.5-fold higher prevalence than other
women (4.2% v. 1.6% for ages 20-34 yr; 17.6% v. 6.0% for ages
35-49 yr). Likewise, those same groups of First Nations women
had a 2.8-fold higher incidence than other women in Ontario
(5.8 v. 2.1 new cases per 1000 for ages 20-34 yr; 15.1 v. 5.3 new
cases per 1000 for ages 35-49 yr). Among First Nations people,
the age-adjusted incidence of diabetes was similar for men and
women; however, among other people in Ontario, the incidence
was higher for men.

Figure 4 displays the cumulative incidence of diabetes among
First Nations people and other people in Ontario. The overall life-
time risk of diabetes was 57.0% (95% Cl 56.3%-57.6%) for First
Nations people and 44.5% (95% Cl 44.4%-44.6%) for other peo-
ple. The observed divergence of the curves with age is the result
of high ratios of the cumulative incidence observed between
ages 20 and 50, with a peak at age 30, when cumulative diabetes
incidence was 2.9 times higher among First Nations people than

among other people in Ontario (4.3% [95% Cl 4.1%-4.5%] v. 1.5%
[95% CI 1.5%-1.5%)]).

As shown in Figure 5, although mortality rates for those with
diabetes decreased from 1995 to 2014 in both First Nations people
and other people in Ontario, they remained higher for First Nations
people, particularly since 2001. In 2014, the all-cause mortality
rate among First Nations people with diabetes was 33.32 per
1000 people, compared with 25.43 deaths per 1000 people among
other people with diabetes in Ontario.

The sensitivity analysis showed that excluding the 94439 indi-
viduals who died during the study period did not affect the esti-
mates of prevalence and incidence for the study groups.

Interpretation

We found that First Nations people continue to experience higher
prevalence of diabetes than other people in Ontario, which is consis-
tent with previous research. Although previous estimates have
reported prevalence as being 3 to 5 times higher in First Nations
populations,>* we observed a narrowing of this gap, from 3 to
2 times, over the period from 1995 to 2014 in Ontario. This finding is
likely due, in part, to an observed 25% decline in the incidence of
diabetes among First Nations people over the study period. We also
observed a decrease in incidence for other people in Ontario, begin-
ning around 2007. This drop in diabetes incidence has been seen in
other provinces of Canada and in the United States.? While these
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Figure 1: Age- and sex-standardized prevalence of diabetes mellitus among First Nations (FN) people living within and outside First Nations commun-
ities and among other people in Ontario, 1995-2014. Data on residence within or outside First Nations communities were available from 2001 onward.

Note: Dashed lines represent 95% confidence intervals.

findings represent promising progress, and may indicate real
declines in the risk of diabetes, the declines in incidence do not track
with declining prevalence of diabetes risk factors®® and may be an
artifact of changing diagnostic criteria or screening practices.”?
Diabetes prevalence and incidence among First Nations people
were particularly higher than among other people in Ontario for
younger ages and for women. The greatest relative difference in
prevalence occurred among those aged 35 to 49 years, whereby
First Nations people had a nearly threefold higher prevalence. In
contrast to the situation for other people in Ontario, with men hav-
ing higher rates of diabetes than women, we saw the opposite
trend among First Nations people. Consistent with previous find-
ings,”®% First Nations women had higher prevalence than men and
similar incidence. The algorithm used in this study did not include
gestational diabetes; therefore, the difference cannot be attribu-
ted to the documented increase in prevalence of diabetes compli-
cating the pregnancies of First Nations women.?*?* This combina-
tion of diabetes occurring at younger ages and more commonly in
women raises concerns about the high prevalence of diabetes in
women of child-bearing age.? These concerns have implications
for metabolic health across generations, given that children born
to mothers with pre-existing diabetes are more likely to have
type 2 diabetes, adiposity and lipid abnormalities.?*?>"28 |n addi-
tion, we explored outcomes for diabetes in pregnancy in another
study®® and found that the birth outcomes were more strongly

affected by the presence of diabetes for First Nations women than
for other women in Ontario.

First Nations people living within First Nations communities
had higher prevalence of diabetes, although the incidence of dia-
betes was similar among those living within and outside First
Nations communities. In a previous study of 13 First Nations com-
munities in Alberta, communities with higher knowledge of
Indigenous language had significantly lower diabetes preva-
lence.? In contrast, Dyck and colleagues® found that individual-
level cultural disruption was not predictive of diabetes risk and
that Cree language use was not a protective factor. These complex
interactions among land, culture, environment, community, col-
onial disruption and risk of diabetes are best understood using a
framework based on Indigenous determinants of health.1°

While mortality rates have been decreasing among First
Nations people in Ontario, in Canada and around the world,** we
found that all-cause mortality rates for those with diabetes
remained higher among First Nations people than among other
people in Ontario. Higher mortality rates have been reported for
other Indigenous populations in Canada® and internationally.®
Avoidable mortality, that is, deaths that could potentially have
been avoided through either prevention or treatment (including
prevention or treatment of diabetes), has been shown to be sig-
nificantly higher among First Nations people in Canada than the
rest of the population.?
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Figure 2: Age- and sex-standardized incidence of diabetes mellitus among First Nations (FN) people living within or outside First Nations communities
and among other people in Ontario, 1995-2014. Data on residence within or outside of First Nations communities were available from 2001 onward.

Note: Dashed lines represent 95% confidence intervals.

Limitations

To identify people with diabetes, we relied on the Ontario Dia-
betes Database, which requires that a diagnosis of diabetes be
recorded in either a hospital admission record or physician bill-
ing claims. Although this algorithm has high sensitivity and
specificity for diabetes in the general population,*” its validity
for First Nations populations has not been assessed. Diabetes
diagnosed in individuals who receive primary care from other
than fee-for-service billing physicians (including through Aborig-
inal Health Access Centres, Community Health Centres and
nursing stations) may be missed, because such care encounters
do not generate an Ontario Health Insurance Plan claim. Use of
this database would thus result in underestimation of the preva-
lence and incidence of diabetes. However, the proportion of the
First Nations population living within the service areas of the
Aboriginal Health Access Centres and nursing stations is rela-
tively small, so underestimation of diabetes would be moderate.
The algorithm also does not distinguish between types 1 and 2
diabetes. Most people with diabetes mellitus in the First Nations
population are likely to have type 2 disease, but the proportion
of diabetes accounted for by type 2 in specific subgroups cannot
be confirmed from the data available. An additional limitation of
the Ontario Diabetes Database is that it did not allow us to look
at trends in prediabetes, which would require access to labora-
tory data.

Our decision to limit our prevalence and incidence calcula-
tions to those who survived the fiscal year may have resulted in a
slight underestimation for each group. However, we conducted a
sensitivity analysis and found negligible impact of this decision
on our conclusions. To determine whether individuals lived in
First Nations communities, we relied on the availability of a resi-
dence code recorded in hospital or emergency department data.
Where such a code was not available, we estimated location
using the postal code that was registered in the person’s health
card address. This information may be outdated, given the high
mobility of First Nations people.’** In addition, the Registered
Persons Database contains information for a small number of
individuals who are deceased or no longer living in Ontario; as
such, this database likely underestimates mortality.

Conclusion

The prevalence of diabetes among First Nations people continues
to rise and is persistently higher than among other people in
Ontario. However, with fewer newly diagnosed cases of diabetes in
First Nations people over time, the growth in prevalence is slow-
ing, and the gap in prevalence of diabetes between First Nations
people and other people in Ontario has narrowed. Diabetes in First
Nations people occurs at younger ages and more often in women,
compared with other people in the province. As such, it is particu-
larly important to address diabetes in women of reproductive age,
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Figure 3: Age- and sex-specific prevalence (A) and incidence (B) of diabetes mellitus among First Nations (FN) people living within or outside First
Nations communities and among other people in Ontario, 2014.

because of the potential generational impacts on metabolic  determinants of health that affect First Nations in Canada, includ-
health. Furthermore, efforts to prevent and manage diabetes in  ing the ongoing, intergenerational impacts of colonial policy asso-
First Nations people requires a grounded understanding of the  ciated with social, political, economic and cultural inequities.
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