OPEN

Characterizing risk of type 2 diabetes in First Nations people
living in First Nations communities in Ontario: a population-
based analysis using cross-sectional survey data

Laura C. Rosella PhD, Kathy Kornas MSc, Michael E. Green MD MPH, Baiju R. Shah MD PhD,
Jennifer D. Walker PhD, Eliot Frymire MA, Carmen Jones BA

See related research article at www.cmajopen.ca/lookup/doi/10.9778/cmajo.20190096

Background: Population-based planning tools are important for informing diabetes-prevention efforts in First Nations communities.
We used the Diabetes Population Risk Tool (DPoRT) to predict 10-year diabetes risk and describe the factors that contribute to dia-
betes risk in First Nations adults living in Ontario First Nations communities.

Methods: We examined population data from adult (= 20 yr) respondents to the First Nations Regional Health Survey (RHS)
phase 3, a representative cohort of First Nations people living in Ontario First Nations communities. We applied the DPoRT to risk
factor information in the survey to predict the distribution of 10-year type 2 diabetes incidence and number of new diabetes cases
from 2015/16 to 2025/26.

Results: There were 993 respondents to the RHS phase 3 adult survey, of whom 936 (708 without diabetes and 228 with a diagnosis
of type 2 diabetes) were eligible for inclusion. The DPoRT predicted a type 2 diabetes risk of 9.6% (confidence interval [Cl] 8.3-10.8)
between 2015/16 and 2025/26, corresponding to 3501 (95% Cl 2653-4348) new diabetes cases. Diabetes cases were predicted to
occur disproportionately among those experiencing food insecurity, low income, overweight, obesity and physical inactivity. Reduced
diabetes risk was predicted among those who reported connections to Indigenous culture, as measured by eating traditional vegetative
foods a few times or often in the previous 12 months.

Interpretation: Socioeconomic conditions and known risk factors for type 2 diabetes are important determinants of diabetes risk in
First Nations communities. Culturally appropriate policies, programming and services that address socioeconomic disadvantage and
other diabetes risk factors in First Nations communities likely have an important role for diabetes prevention in First Nations adults.

irst Nations people experience a disproportionate risk
of diabetes compared to other populations in Can-
ada.!” In addition to genetic susceptibility, socioeco-
nomic determinants and risk behaviours that are common
diabetes risk factors in all populations,’ First Nations people
have unique experiences that contribute to diabetes risk,
including intergenerational effects of colonization, loss of
culture and language, epigenetic mechanisms, and dispro-
portionate experiences of low income, food insecurity and
risky behaviours compared to other populations in Can-
ada.*” First Nations people also experience important pro-
tective effects against diabetes that are tied with connections
to Indigenous traditions and cultural continuity.®
There is considerable diversity between and within
Indigenous groups relative to risk factors and health experi-
ences.” Understanding how the risk factors for type 2 diabe-
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tes are distributed in First Nations people living in First
Nations communities and how these factors contribute to
diabetes risk is critical for informing diabetes-prevention
strategies that are culturally appropriate and address the
health gaps, needs and challenges that are unique to First
Nations communities.’

The objective of this study was to apply a validated
population-based risk-prediction tool for diabetes to data
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relevant for First Nations communities to estimate the num-
ber of new diabetes cases over 10 years and examine the social
determinants and other factors that are driving diabetes risk in
the First Nations population living in First Nations commun-
ities in Ontario.

Setting

This study was conducted in Ontario in partnership with the
Chiefs of Ontario. It focused on the First Nations population
living in First Nations communities. There are 133 First
Nations communities in Ontario, the majority of which are
located in northern Ontario.

Data source and study population

We used data from phase 3 (2015/16) of the adult Regional
Health Survey (RHS), a cross-sectional survey of First Nations
people living on reserve and northern First Nations commun-
ities across Canada.!®!! It is the only source of national health-
related data for First Nations communities that is fully under
First Nations ownership and control. Data are available for
phase 1 (2002-2003), phase 2 (2008-2010) and phase 3 (2015-
2017); data collection for phase 4 is planned for 2020. At the
national level, the First Nations Information Governance Cen-
tre coordinates the development and implementation of the
RHS. The centre and its regional partners (in Ontario, the
Chiefs of Ontario), which serve as data stewards, govern access
to the RHS in ways that respect First Nations principles of
ownership, control, access and possession.'?

Guided by a cultural framework that conceptualizes health
from First Nations perspectives, the RHS collects information
based on Western and traditional understandings of health
and well-being.” The adult survey included questions about
diabetes, demographic characteristics, health and chronic con-
ditions, food security, other social determinants, and First
Nations language and culture.

The RHS phase 3 sampling design used complex sampling
that incorporated a 2-stage sampling strategy. The first stage
involved the selection of communities to participate in the
survey. First Nations communities were stratified by region,
subregion and community size (small [< 300 people], medium
[300-1500 people] and large [> 1500 people]). Large com-
munities were automatically included in the sample; medium-
sized and small communities were selected randomly with
equal probability within their respective strata.

The second stage pertained to the selection of people
within each community sampled. Community members were
identified through band membership lists. Data were gathered
to represent 10 categories of the community population (5 age
groups by gender). The sampling rate within each community
was determined as a function of the overall subregion proba-
bility (within regions) and the probability of community selec-
tion (within a subregion). In total, 5.5% of the target popula-
tion was sampled, and the response rate was 76.1%.'"!4

The study sample was drawn from the respondents to the
RHS phase 3 adult survey administered in Ontario. We
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applied population exclusions that were required to estimate
diabetes risk validly with the Diabetes Population Risk Tool
(DPoRT).1516 We selected the DPoRT in collaboration with
the Chiefs of Ontario after considering its relevance for use
with self-reported risk factor information in the RHS and its
ability to generate population-level risk estimates, and after
testing its model performance (methodologic details and the
algorithm are described elsewhere!”!7 and in Appendix 1,
available at www.cmajopen.ca/content/8/1/E178/suppl/DC1).
Specifically, we excluded people who were less than 20 years
old at the interview date, those who reported being diagnosed
with type 1 or gestational diabetes, and women who reported
being pregnant at interview.

Estimating type 2 diabetes risk

We applied the DPoRT to information on risk factors for
type 2 diabetes from the RHS to estimate 10-year type 2 dia-
betes incidence and future diabetes cases in the First Nations
population living in First Nation communities.

Diabetes risk factors
We examined the distribution of type 2 diabetes risk across
important risk factor variables that are known to contribute to
diabetes risk.” Demographic and socioeconomic risk factors
included sex, age group (2044 yr, 45-64 yr, 2 65 yr), house-
hold food security (food secure, moderately/severely food
insecure) and household income category (annual income
< $24 999, $25 000-$49 999, $50 000-$69 999, $70 000—
$99 999, > $100 000). In the DPoRT algorithm, income is
included as a binary variable (highest income [quintile 5] v.
lowest income [quintiles 1-4]). For the purposes of estimating
diabetes risk with the DPoRT, we assigned people who
reported having a household income of $70 000 or more to
the highest income quintile, which corresponds to the income
distribution for the Ontario general population.'®

Risk factors related to health included consumption of tra-
ditional vegetation (e.g., berries, wild vegetation and wild rice)
in the previous 12 months (not at all, a few times/often),
knowledge of a First Nations language, even if only a few
words (yes, no), self-reported diagnosis of hypertension,
smoking status (current smoker, former smoker, never
smoked), body mass index and physical activity. Body mass
index was classified according to the international standard:
normal weight (18.5-24.9), overweight (25.0-29.9) and obese
(= 30)." Physical activity level was measured by means of the
physical activity index in the RHS, which calculates total
energy expenditure by multiplying the number of times the
person engaged in each activity in the previous 3 months, the
average duration of participation in minutes and the metabolic
equivalent value assigned to each activity.”” Respondents were
categorized as being inactive (0-1.4 kcal/kg per day), moder-
ately inactive (1.5-2.9 kcal/kg per day) or active (= 3.0 kcal/kg

per day).

Statistical analysis
We calculated means to describe the distribution of risk fac-
tors for type 2 diabetes in the First Nations population by
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type 2 diabetes status. We restricted DPoRT diabetes risk
estimates to respondents who did not report having type 2
diabetes at baseline and who had valid risk factor information
required for the DPoRT algorithm (z = 670). Respondents
who had missing values on income were assigned to the low-
est income quintile groups (quintiles 1-4), which corre-
sponded to the most frequently reported income groups for
this population.

We averaged diabetes risk estimates across all respondents
to determine the 10-year population risk of diabetes between
2015/16 and 2025/26. We reported DPoRT risk estimates by
important subgroups defined by diabetes risk factors. We esti-
mated the number of new cases of type 2 diabetes by multi-
plying the average risk by the population size. We weighted
individual responses using sampling weights provided by the
First Nations Information Governance Centre, based on 2014
registry counts from Indigenous and Northern Affairs Can-
ada, to accurately represent the population. We calculated
estimates and 95% confidence intervals (Cls) using the SPSS
Complex Samples Module (IBM Corp.), which produced esti-
mates based on the weights and specifications of the RHS’s
complex sampling design. All analyses were conducted at the
Chiefs of Ontario office in Toronto with SPSS Version 23.

Ethics approval
Access to RHS data for this study was approved by the data
governance process at the Chiefs of Ontario.

There were 993 respondents to the RHS phase 3 adult survey
administered in Ontario. After exclusions, the data for
936 respondents were retained for analysis, of whom 708
reported no diabetes and 228 reported having a diagnosis of
type 2 diabetes at the interview date (Figure 1).

The weighted distribution of baseline characteristics of the
cohort is summarized in Table 1. At interview, First Nations
adults with diabetes were older, more likely to be classified
with obesity and more likely to report hypertension compared
to First Nations adults without diabetes. Overall, First
Nations adults were observed to experience a high prevalence
of low household income and food insecurity. The most prev-
alent risk factors among both those with and without diabetes
were physical inactivity, overweight, obesity and current
smoking. The majority of First Nations adults reported con-
suming different types of traditional vegetation in the year
before the survey and had knowledge of a First Nations
language.

Using DPoRT, we estimated that the 10-year incidence of
type 2 diabetes among First Nations adults living in First
Nations communities was 9.6% (95% CI 8.3-10.8), corre-
sponding to 3501 new type 2 diabetes cases between 2015/16
and 2025/26. Given that diabetes incidence is influenced by
the level of risk associated with the factors that contribute to
diabetes and the prevalence of those risk factors within the
population, Table 1 presents results for both 10-year diabetes
risk and number of new cases by important subgroups. About
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Respondents to Ontario First
Nations Regional Health
Survey 2015/16
n =993

—— Excluded: age <20 yr n =30

Y
Age =20 yr
n =963
—— Excluded: diagnosis of type 1
or gestational diabetes
n=16
Y

No history of type 1 or
gestational diabetes

n =947
—— Excluded: pregnant at
interview date n =11

Y
Study cohort
n =936
Y A
Type 2 diabetes No history of diabetes
n =228 n =708

Figure 1: Flow diagram showing participant selection.

one-third (1237) of new diabetes cases were predicted to
occur in First Nations adults aged 20-44, and about half
(1658) were predicted among those aged 45-64.

Socioeconomic factors were major contributors to diabetes
risk in these communities. The 2 lowest income groups
(< $24999 and $25 000-$49 999) were predicted to account
for almost half (1699) of new diabetes cases. Furthermore,
almost half (1595) of new cases were predicted to occur
among First Nations adults who reported experiencing food
insecurity.

Other risk factors were observed to contribute to the pre-
dicted type 2 diabetes cases. The 10-year risk for diabetes was
predicted to be 15.8% (95% CI 14.8-16.9) among those with
obesity and 10.6% (95% CI 9.3-11.9) among those that were
physically inactive, compared to 2.7% (95% CI 2.0-3.5)
among those with normal weight and 7.5% (95% CI 5.7-9.2)
among physically active people. Diabetes risk was found to be
lower among those who reported eating traditional vegetation
a few times or often in the previous year than among those
who reported not eating it at all (9.5% [95% CI 8.1-10.9] v.
10.4% [95% CI 7.8-12.9]).

Of the new diabetes cases, about two-thirds (2270) were
predicted to occur among those with obesity, about half
(1960) among physically inactive people and about one-fifth
among those who were overweight (929). Although diabetes
risk was elevated among those with hypertension (21.1%,
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Table 1: Weighted distribution of baseline characteristics of adult First Nations respondents to the Regional Health Survey'" with
and without diabetes in Ontario, 2015/16, and estimated 10-year (2015/16—2025/26) risk of type 2 diabetes and new diabetes cases
expected

% of people (95% ClI) 10-yr type 2 diabetes risk (95% ClI)

Type 2 diabetes No history of diabetes

n =228 n=708 No. of new diabetes

Characteristic Weighted = 11 209* Weighted = 39 494* 10-yr diabetes risk, %t casest
Overall - - 9.6 (8.3-10.8) 3501 (2653-4348)
Sex

Male 44.7 (41.1-48.4) 51.5 (48.7-54.3) 11.3 (9.3-13.4) 2013 (1507—2518)

Female 55.3 (51.6-58.9) 48.5 (45.7-51.3) 79 (7.1-8.8) 1488 (1106—1870)
Age at interview, yr

20-44 25.9 (16.3-38.6) 61.4 (54.5-67.9) 5.6 (4.6-6.6) 1237 (893-1582)

45-64
>65
Household income
<24 999
25 00049 999
50 000-69 999
70 000-99 999
> 100 000
Missing
Food security
Food secure
Food insecure
Body mass index
Normal weight
Overweight
Obese
Physical activity level
Active
Moderately active
Inactive
Smoking status
Never smoked
Former smoker
Current smoker
Hypertension
Yes
No

Consumption of traditional
vegetation in previous 12 mo

A few times/often
Not at all

Knowledge of a First Nations

language
Yes
No

44.9 (34.7-55.7)
29.2 (24.1-34.8)

26.9 (20.4-34.6)
19.1 (13.1-26.9)
12.2 (8.5-17.3)
6.6 (4.7-9.0)
77 (4.1-14.0)
275 (21.8-34.1)

57.3 (50.2-64.1)
41.3 (34.5-48.4)

8.4 (4.7-14.5)
33.8 (27.7-40.3)
53.0 (46.0-59.8)

22.9 (176-29.1)
12.6 (7.8-19.5)
58.4 (51.6-64.8)

21.1 (15.5-28.0)
35.8 (28.6-43.7)
415 (32.6-50.9)

53.6 (43.7-63.3)
45.4 (35.7-55.3)

90.8 (84.8-94.5)
12.6 (8.0-19.0)

89.8 (84.9-93.2)
10.2 (6.8-15.1)

28.5 (22.8-35.0)
10.0 (77-13.1)

22.2 (18.1-26.9)
22.9 (175-29.4)
4.1 (2.6-6.4)
5.1 (3.4-75)
3.1 (14-6.7)
42.6 (34.3-51.3)

52.0 (47.0-56.9)
44.8 (39.9-49.8)

23.0 (16.0-31.9)
36.0 (31.4-40.9)
38.8 (31.6-46.5)

29.0 (23.9-34.5)
13.9 (10.6-18.0)
50.5 (45.3-55.5)

24.9 (18.1-33.0)
21.3 (16.8-26.6)
51.1 (42.6-59.5)

14.0 (11.6-16.9)
83.2 (80.3-85.6)

84.0 (77.5-88.6)
73 (4.1-12.7)

92.1 (88.8-94.5)
79 (5.5-11.2)

15.8 (14.0-176)
15.7 (13.7-178)

10.3 (8.4-12.3)
10.4 (8.7-12.1)
12.6 (9.7-15.5)
8.9 (5.9-11.7)
8.0 (5.4-10.5)
8.7 (6.4-10.9)

9.5 (8.0-11.1)
9.6 (8.2-11.1)

2.7 (2.0-3.5)
7.4 (6.4-8.4)
15.8 (14.8-16.9)

75 (5.7-9.2)
10.6 (7.4-13.8)
10.6 (9.3-11.9)

10.5 (9.3-11.8)
11.2 (9.8-12.7)
8.4 (6.5-10.4)

21.1 (18.8-23.4)
76 (6.3-8.9)

9.5 (8.1-10.9)
10.4 (78-12.9)

9.8 (8.7-10.9)
10.1 (7.7-12.5)

1658 (1176-2141)
605 (372-839)

863 (597-1129)
836 (607-1167)
204 (89-319)
177 (94-261)
93 (15-171)
1326 (799-1854)

1869 (1336-2402)
1595 (1213-1976)

244 (182-308)
929 (734-1125)
2270 (1527-3013)

845 (536-2339)
565 (300-830)
1960 (1581-2339)

1024 (595—1451)
907 (663-1151)
1569 (1177-1961)

1118 (792—1445)
2382 (1754-3010)

3007 (2230-3783)
367 (251-668)

3093 (2308-3877)
369 (183-555)

Note: Cl = confidence interval.

*Represented population estimated with the use of Regional Health Survey'®'" sampling weights. Column percentages do not total 100% where missing values are not

reported.

tEstimated among respondents who reported not having a diabetes diagnosis at baseline.
FColumn totals do not add to 3501 owing to rounding. Also, we do not report those with missing information on food security, body mass index, physical activity,

consumption of traditional foods or knowledge of a First Nations language.
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95% CI 18.8-23.4), more new diabetes cases were predicted
to occur among adults with no hypertension than among
those with hypertension (2382 v. 1118 cases), which reflects
the distribution of hypertension in the community.

We have shown that key socioeconomic and additional risk
factors that contribute to type 2 diabetes are prevalent in First
Nations adults living in First Nations communities in
Ontario. Furthermore, using a validated tool to estimate dia-
betes risk, we predicted that, between 2015/16 and 2025/26,
the type 2 diabetes risk will be 9.6% in this population, which
aligns with the annual diabetes incidence of 0.80% observed
in 2014 for First Nations people in Ontario.!” A large propor-
tion of new cases were predicted to occur among younger
people, in agreement with previous research showing a
younger age at onset of diabetes for First Nations people.?!

We estimated that many new diabetes cases will occur
among First Nations adults experiencing socioeconomic dis-
advantage, as well as among those with well-established dia-
betes risk factors including overweight, obesity and physical
inactivity. It is widely recognized that the process of coloni-
zation has affected the health and well-being of Indigenous
people through dislocation from traditional lands and life-
styles, cultural suppression and forced assimilation, among
other effects.???}

Remote northern First Nations communities in particular
experience unique challenges in accessing healthy and inex-
pensive foods,'** and changes from traditional lifestyles and
diets have contributed to the high prevalence of obesity and
physical inactivity among First Nations people.?»* Our study
also showed lower diabetes risk among adults who reported
eating traditional vegetative foods in the previous 12 months
than among those who reported not eating such foods, which
suggests a role for cultural continuity in diabetes-prevention
efforts for First Nations people.

Our study has shown the application of a population risk
prediction tool in understanding the distribution of diabetes
risk in First Nations on-reserve communities. Future applica-
tions of the DPoRT can involve modelling scenarios that
integrate information on baseline trends in diabetes risk and
risk factors to inform culturally relevant diabetes-prevention
strategies in First Nations communities.

Limitations

The findings of this study should be interpreted in context
with several considerations. It is important to recognize that
the DPoRT algorithm was originally developed and validated
in a cohort of people from the Ontario general population,
which included First Nations people living off reserve.!
Although the DPoRT was determined to have appropriate
predictive accuracy for the First Nations population in that
most First Nations people with self-reported diabetes were
correctly classified as being at high risk, a small proportion
were shown to be misclassified as being at low risk. Further-
more, the DPoRT was validated against physician-diagnosed
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diabetes as captured in the Ontario Diabetes Database, which
does not capture people with diabetes not recognized by
themselves or their doctor. In addition, an inherent limitation
of ascertaining chronic diseases through self-reported data is
the potential for reporting biases. A previous study that exam-
ined agreement between survey and administrative data
showed that the weighted prevalence with self-reported data
was lower than the prevalence with administrative data; how-
ever, a good level of agreement was found for diabetes and
hypertension.? Given these considerations, it is possible that
the DPoRT estimates may underestimate the true diabetes
risk and new cases in First Nations people.

Our study included only proxy measures of Indigenous
culture, namely, traditional foods and language, which do not
capture all aspects of First Nations culture and traditional
activities.

Finally, with the use of self-reported data, there is the
potential for reporting biases, such as recall, social desirability
and overreporting of healthier behaviours.

Conclusion

We found that low income and food insecurity, along with
overweight, obesity and physical inactivity, were associated
with a large proportion of the predicted diabetes cases in First
Nations people living in First Nations communities in
Ontario. We also found important protective effects of Indig-
enous cultural connections on diabetes risk in this population.
Our findings underscore that policies, programming and ser-
vices that address socioeconomic disadvantage and known risk
factors for type 2 diabetes, as well as incorporate traditional
and cultural approaches, may have tangible impacts on pre-
venting type 2 diabetes in First Nations people.
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