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Abstract 

Introduction: The Public Health Agency of Canada adapted a Finnish diabetes screen-
ing tool (FINDRISC) to create a tool (CANRISK) tailored to Canada’s multi-ethnic popu-
lation. CANRISK was developed using data collected in seven Canadian provinces. In 
an effort to extend the applicability of CANRISK to northern territorial populations, we 
completed a study with the mainly Inuit population in the Kitikmeot region of Nunavut.

Methods: We obtained CANRISK questionnaires, physical measures and blood samples 
from participants in five Nunavut communities in Kitikmeot. We used logistic regres-
sion to test model fit using the original CANRISK risk factors for dysglycemia (prediabe-
tes and diabetes). Dysglycemia was assessed using fasting plasma glucose (FPG) alone 
and/or oral glucose tolerance test. We generated participants’ CANRISK scores to test 
the functioning of this tool in the Inuit population.  

Results: A total of 303 individuals participated in the study. Half were aged less than 
45 years, two-thirds were female and 84% were Inuit. A total of 18% had prediabetes, 
and an additional 4% had undiagnosed diabetes. The odds of having dysglycemia rose 
exponentially with age, while the relationship with BMI was U-shaped. Compared with 
lab test results, using a cut-off point of 32 the CANRISK tool achieved a sensitivity of 
61%, a specificity of 66%, a positive predictive value of 34% and an accuracy rate of 
65%.

Conclusion: The CANRISK tool achieved a similar accuracy in detecting dysglycemia in 
this mainly Inuit population as it did in a multi-ethnic sample of Canadians. We found 
the CANRISK tool to be adaptable to the Kitikmeot region, and more generally to 
Nunavut.
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Highlights

•	 The CANRISK questionnaire is a tool 
for assessing dysglycemia risk in 
Canada’s multi-ethnic population.

•	 This study was conducted in a sam-
ple from Nunavut; 18% of study 
participants had prediabetes and 4% 
had undiagnosed diabetes.

•	 The CANRISK tool achieved similar 
accuracy in the mainly Inuit popula-
tion as in a multi-ethnic sample of 
Canadians.

•	 The CANRISK tool was found to be 
adaptable to the Kitikmeot region, 
and more generally to Nunavut.

Introduction

Diabetes (types 1 and 2) and related com-
plications place a heavy burden on 
Canadians and on the health care system.1 
Recent Canadian data show that 10% of 
adult Canadians aged 20 years and older 
have been diagnosed with diabetes.2 Further
more, it is estimated that at least one in 
five individuals with diabetes has not 

been diagnosed and is unaware that they 
have the disease.3 

Risk factors for developing type 2 diabetes 
include adiposity, age, genetic predisposi-
tion, epigenetic factors, being male, 
unhealthy diet, physical inactivity and 
other comorbidities such as hyperten-
sion.4,5 Surrogate genetic measures include 
family history of diabetes and ethnic ori-
gin, with individuals of South Asian6 and 

First Nations3 origin at particularly high 
risk for type 2 diabetes. 

In 1987, a comprehensive review of medi-
cal charts of Canadian Inuit only identi-
fied 31 prevalent cases of diabetes in 
adults aged 25 years or over, resulting in 
an age-standardized prevalence of 0.6%.7 
The International Polar Year Inuit Health 
Survey for Adults 2007–2008 noted a dia-
betes prevalence of 5.1% based on the 
oral glucose tolerance test (OGTT), which 
was comparable to that of the general 
Canadian population.8 However, the same 
survey observed high rates of obesity 
among the Inuit8 compared to the general 
Canadian population.9 The importance of 
obesity in the etiology of type 2 diabetes 
suggests that type 2 diabetes rates are 
likely to increase in the near future in this 
population. 
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It is important to identify people at risk of 
developing type 2 diabetes and encourage 
them to make healthy lifestyle changes to 
prevent it, or at least postpone its onset, 
and to identify previously undiagnosed 
cases of type 2 diabetes so that treatment 
can begin. 

The identification of an individual’s dia-
betes or prediabetes status requires blood 
tests. If applied to entire populations (e.g. 
screening once every three years for 
Canadians aged 40 years and older as rec-
ommended by Canadian Diabetes Associ
ation 2013 guidelines10), the result is the 
screening of many low-risk people. One 
cost-effective option is to identify high-
risk individuals through an initial ques-
tionnaire-based screen, and then to conduct 
further blood testing only on these indi-
viduals. Finland used this approach when 
it developed a questionnaire (FINDRISC)11 
based on known risk factors for type 2 
diabetes. In Canada, the FINDRISC ques-
tionnaire was modified based on recom-
mendations from an expert advisory 
committee to take into account Canada’s 
multi-ethnic composition and other risk 
factors not captured by the FINDRISC that 
were considered relevant in the Canadian 
context.12,13 The CANRISK questionnaire 
was piloted from 2007 to 2011 using a con-
venience sample of adults mainly aged 40 
to 78 years living in seven provinces in 
conjunction with fasting plasma glucose 
(FPG) and oral glucose tolerance test 
(OGTT).12,13 These data were used to build 
and test the CANRISK model using a cali-
bration and validation sample. The predic-
tive ability of the CANRISK model was 
compared to the FINDRISC model and a 
model including only body mass index 
(BMI), waist circumference, sex and age. 
The model was chosen to maximize the 
classification of true positives, and assess 
model fit and statistical significance of 
individual predictors with a calibration 
sample. The final model was then cross-
validated on an independent sample.12,14,15 
Subsequent validations of the use of the 
CANRISK scoring tool among young 
adults (aged 20–39 years) in specific eth-
nic populations are currently underway. 
CANRISK is being used in a number of 
jurisdictions in Canada, such as New 
Brunswick16 and the City of Toronto, and 
by organizations such as Shoppers Drug 
Mart17 and the Canadian Diabetes 
Association.18 

Other countries have developed type 2 
diabetes risk assessment tools similar to 

FINDRISC and CANRISK, such as the 
Australian Type 2 diabetes risk assessment 
tool (AUSDRISK),19 the UK Diabetes Risk 
Score Assessment tool20 and the US type 2 
diabetes risk test.21 A key difference between 
these tools is the inclusion of different, 
country-specific ethnic groups (e.g. 
Aboriginal and Torres Strait Islander for 
AUSDRISK) during their developmental 
stages. Although the current version of 
CANRISK was developed based on a sam-
ple with many ethnicities including First 
Nations, it currently lacks validation for 
the Inuit population. The purpose of this 
study was to examine the fit of the 
CANRISK model in a mainly Inuit popula-
tion, and to test the sensitivity and speci-
ficity of the current CANRISK tool and 
cut-off points in identifying dysglycemia 
(prediabetes and diabetes).

Methods

The Public Health Agency of Canada 
(PHAC) conducted a dysglycemia risk 
score study for the Nunavut population in 
conjunction with Nunavut Department of 
Health and Social Services and commu-
nity public health authorities, following 
Tri-Council Policy Statement 2 guide-
lines.22 Community engagement occurred 
through the Kitikmeot Inuit Association. 
Ethics approval was received from the 
Health Canada/Public Health Agency of 
Canada Research Ethics Board and licenced 
by the Nunavut Research Institute.

Study population and recruitment

During the period January 2013 to March 
2013, we approached residents aged 30 
years and over from the five communities 
in the Kitikmeot region of Nunavut includ-
ing Cambridge Bay, Gjoa Haven, 
Kugaaruk, Kugluktuk and Taloyoak to par-
ticipate in a dysglycemia risk assessment 
study. We excluded individuals with 
known diabetes status in order to match 
the methodology used in the original 
CANRISK study. Radio announcements, 
notices on social media such as Facebook 
and posters in the community were used 
to advertise the project. All people visiting 
the community health centres were asked 
to participate in the project and to spread 
the word to friends and family members. 
A $50 food voucher was given to partici-
pants who completed all the required 
information (questionnaire and blood tests). 

Data collection

Individuals who provided informed con-
sent were invited to the local public health 

unit to undergo a personal interview and 
anthropometric measurements and to give 
two blood samples. Study participants 
were weighed dressed in indoor clothing 
without shoes, using a digital standing 
scale. Height was determined using a 
standardized tape measure attached to the 
wall. Height and weight were measured to 
the nearest 1 cm and 100 grams, respec-
tively. Waist circumference was measured 
as the minimum circumference between 
the umbilicus and xiphoid process, to the 
nearest half-centimetre. Community health 
workers within the communities were 
able to provide assistance to study partici-
pants in English, Inuinnaqtun and Inuktitut, 
as appropriate, and received standardized 
training on how to conduct the anthropo-
metric measurements so that the measure-
ments would be standardized across all 
five study communities.

The CANRISK questionnaire16 included 
questions on sex, age, physical activity, 
fruit and vegetable consumption, history 
of high blood pressure, history of high 
blood glucose, family history of diabetes, 
ethnicity and education. The average 
length of time to complete the interview 
was less than five minutes. In Nunavut, 
due to interest from the local communi-
ties, these interviews were supplemented 
by dietary questions on the consumption 
of “junk food” (including sugar-sweet-
ened beverages) and “country foods.” 
“Junk food” encompassed potato chips, 
crisps, cheese puffs, sugary beverages 
such as soda, powdered sugar drinks (e.g. 
fruit drinks/sports drinks, iced tea, hot 
chocolate) and slush drinks. “Country 
foods” included muktuk, caribou, Musk 
ox, birds, animal liver or marine mammal 
meat such as ringed seal or whale, and 
fish such as arctic char or white fish. 

Participants were requested to provide 
two blood samples: a fasting venous blood 
sample, and another venous blood sample 
two hours after drinking a 75 g glucose 
drink (constituting the OGTT), as recom-
mended by the World Health Organization 
and the Canadian Diabetes Association 
2013 guidelines.10,23 Fasting and OGTT 
plasma glucose were measured on all 
blood samples by DynaLIFEDx laboratory 
in Edmonton. 

Data analysis

We calculated study participation rates by 
comparing the sample characteristics against 
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population data from the 2011 census, by 
individual community and the sample as 
a whole.

We analyzed age, BMI (kg/m2) and waist 
circumference as categorical variables 
consistent with the categories on the 
CANRISK questionnaire.13 The categories 
for age in years were 30 to 44, 45 to 54, 
55 to 64 and 65 and older. The categories 
for BMI were less than 25, 25 to 29.9, 30 to 
34.9 and 35 and higher.24 Waist circumfer-
ence categories were small (male < 94 cm 
and female  <  80 cm), medium (male 
94–102 cm and female 80–88 cm) and large 
(male > 102 cm and female > 88 cm).25 

Family diabetes history was measured as a 
count of the number of categories of first-
degree relatives with diabetes (ranging 
from 0 to 4). Education included some 
college or university, high school diploma 
and less than high school.

Other variables were binary, with yes or 
no responses to questions such as “Do you 
usually do some physical activity such as 
brisk walking for at least 30 minutes each 
day?”; “Have you ever been told that you 
have high blood pressure?”; “Have you 
ever been told that you have high blood 
sugar?”; and “Have you eaten country food 
in the past year?” We assessed fruit and 
vegetable consumption with the question 
“How often do you eat vegetables or 
fruits?” with response categories of “Every 
day” or “Not every day.” 

Dysglycemia was determined based on 
the results of participants’ FPG and/or 
OGTT, with diabetes and prediabetes sta-
tus defined according to WHO standards.23 
Individuals were classified as having pre-
diabetes if they had an FPG level of 6.1 to 

less than 7.0 mmol/L, and/or an OGTT of 
7.8 to 11.0 mmol/L. Individuals were clas-
sified as having diabetes if they had an 
FPG level of 7.0 mmol/L or higher, and/or 
a 2-hour plasma glucose post-ingestion of 
75 g of glucose of 11.1 mmol/L or higher. 

First, we conducted binary logistic regres-
sion, with the CANRISK variables plus the 
supplementary diet variables, with pres-
ence or absence of dysglycemia as the 
outcome variable. We conducted a second 
binary logistic regression, forcing only the 
CANRISK variables in the model. We used 
the Hosmer–Lemeshow goodness of fit 
test to assess model fit, and the pseudo-R-
square statistic to compare these models. 
We calculated odds ratios (ORs) and 95% 
confidence intervals (CIs). We used the 
area under the receiver operating curve 
(AUC ROC) to assess the predictive ability 
of the models. Scores range from 0.5 (no 
predictive ability) to 1.0 (perfect predic-
tive ability). All analyses were conducted 
in SAS 9.3 (SAS Institute Inc., Cary, NC, 
USA).

Second, we ascribed CANRISK scores to 
participants based on the publicly avail-
able CANRISK tool and classified scores 
as positive or negative with reference to a 
series of cut-off points: slightly elevated 
(≥  21), moderate (≥  29), balanced (≥  32) 
and high risk (≥ 33).12 A score equal to or 
above the cut-off point was coded as posi-
tive and a score below the cut-off point 
was coded as negative. Sensitivity is the 
proportion of those who have a positive 
CANRISK score among those with a posi-
tive FPG and/or OGTT. Specificity is the 
proportion of those with a negative 
CANRISK score among those with a nega-
tive FPG and negative OGTT. The positive 
predictive value is the probability that 

subjects with a positive CANRISK risk 
score had a positive FPG and/or OGTT. 
The accuracy rate is the number of positive 
CANRISK scores confirmed by positive 
FPG and/or OGTT tests and the number of 
negative CANRISK scores confirmed by 
negative FPG and negative OGTT tests out 
of the total number of participants. We cal-
culated these statistics in this study to 
determine if the current CANRISK tool and 
cut-off points could be extended to this 
Inuit population.

Results

A total of 303 CANRISK surveys and valid 
OGTT records were collected from the five 
selected communities, which covered 
approximately 11.6% (303/2614) of the 
local population aged 30 years or older 
(Table 1). Approximately half of the partici-
pants were aged 30 to 45 years, two-thirds 
were female and 84% were Inuit. 

Table 2 shows the primary risk characteris-
tics of study participants. Of the surveyed 
population, 67% were overweight or obese, 
and 56% had a high-risk waist circumfer-
ence of more than 88 cm for females and 
more than 102 cm for males. The mean 
CANRISK score for this sample (N = 303) 
was 29.0, (SD = 12, median = 28, mini-
mum = 0 and maximum = 65).

From laboratory testing, a total of 18% of 
the participants in the study were identi-
fied as having prediabetes, and 4% were 
identified as having diabetes. The propor-
tion of the sample identified as having 
prediabetes ranged from 12% to 22% 
depending on the community (Table 3). 

Table 4 provides the results of the logistic 
regression analyses. Age and macrosomia 

TABLE 1 
CANRISK Kitikmeot Region (Nunavut) study participation rates by community, Canada, 2013

Community Community populationa aged 30 and over Participants (n) and community coverage (%)

Males Females Males Females Total

Cambridge Bay 406 365 33 (8.1%) 48 (13.2%) 81 (10.5%)

Gjoa Haven 276 233 24 (8.7%) 50 (21.5%) 74 (14.5%)

Kugaaruk 171 149 11 (6.4%) 18 (12.1%) 29   (9.1%)

Kugluktuk 358 295 22 (6.1%) 54 (18.3%) 76 (11.6%)

Taloyoak 172 179 14 (8.1%) 29 (16.2%) 43 (12.3%)

Totalb 1393 1221 104 (7.5%) 199 (16.3%) 303 (11.6%)

a Population estimates are based on the 2011 census counts adjusted for net census undercoverage.

b Kitikmeot region totals include unorganized areas and outpost camps.
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TABLE 2 
Risk characteristics of CANRISK Kitikmeot Region (Nunavut) study participants, Canada, 2013

Males 
% (n)

Females 
% (n)

Total 
% (n)

p

Age

< 45 50.0 (52) 47.2 (94) 48.2 (146) .15

45–54 26.0 (27) 21.6 (43) 23.1 (70)

55–64 9.6 (10) 19.6 (39) 16.2 (49)

65+ 14.4 (15) 11.6 (23) 12.5 (38)

BMI 

< 25 39.4 (41) 29.6 (59) 33.0 (100) .05

25 to < 30 26.9 (28) 24.1 (48) 25.1 (76)

30 to < 35 21.2 (22) 20.6 (41) 20.8 (63)

35+ 12.5 (13) 25.6 (51) 21.1 (64)

Waist circumferencea

Small 38.8 (40) 15.0 (29) 23.3 (69) < .001

Medium 26.2 (27) 17.1 (33) 20.3 (60)

Large 35.0 (36) 67.9 (131) 56.4 (167)

Education

Some college or university 24.0 (25) 23.1 (46) 23.4 (71) .52

High school 10.6 (11) 6.0 (12) 7.6 (23)

Less than high school 65.4 (68) 70.9 (141) 69.0 (209)

30 Minutes daily physical activity

Yes 79.8 (83) 82.4 (164) 81.5 (247) .58

No 20.2 (21) 17.6 (35) 18.5 (56)

Eat fruits and vegetables daily

Yes 39.4 (41) 36.4 (72) 37.4 (113) .60

No 60.6 (63) 63.6 (126) 62.6 (189)

History of high blood presure

No 69.2 (72) 65.3 (130) 66.7 (202) .49

Yes 30.8 (32) 34.7 (69) 33.3 (101)

Previous high blood sugar

No — — 87.1 (263) < .001

Yes — — 12.9 (39)

Macrosomia (females only)

No n/a 76.4 (152) n/a n/a

Yes n/a 23.6 (47) n/a

Country food

Yes 56.7 (59) 52.8 (105) 54.1 (164) .06

No 43.3 (45) 47.2 (94) 45.9 (139)

Daily junk food

Yes 14.4 (15) 7.5 (15) 9.9 (30) .51

No 85.6 (89) 92.5 (184) 90.1 (273)

Total 34.3 (104) 65.7 (199) 100 (303)

Abbreviation: n/a, not applicable.

Note: “—” signifies n < 5, suppressed to protect privacy.

a Waist circumference: small, males < 94 cm and females < 80 cm; medium, males 94–102 cm and females 80–88 cm; large, males > 102 cm and females > 88 cm.
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TABLE 3 
Dysglycemia status of CANRISK Kitikmeot Region (Nunavut) study participants,  

Canada, 2013

Community
Prediabetes  

% (n)
Diabetesa  

% (n)
Dysglycemia  

% (n)

Cambridge Bay 22 (18) 9 (7) 31 (25)

Gjoa Haven 12 (9) 0 12 (9)

Kugaaruk 21 (6) 0 21 (6)

Kugluktuk — — 21 (16)

Taloyoak — — 26 (11)

Total 18 (55) 4 (12) 22 (67)

Note: “—” signifies n < 5, suppressed to protect privacy. 

a Since participants with confirmed diabetes were excluded from the CANRISK survey, only previously undiagnosed diabetes 
cases were included in this column.

(giving birth to a baby weighing 4.1 kg 
[9 lbs] or more) were significant predictors 
of dysglycemia in the fully adjusted mod-
els. The odds of dysglycemia increased 
with age although not all estimates were 
statistically significant; the odds of dysgly-
cemia by BMI and waist circumstance 
appeared to follow a U-shape. In Model 1, 
which included supplementary diet vari-
ables, the Hosmer–Lemeshow goodness of 
fit for the full model was p  =  .35, the 
max-rescaled pseudo-R-square was 0.23, 
and area under the curve (AUC) was 0.75. 
For Model 2, the CANRISK model without 
supplementary variables, the Hosmer–
Lemeshow goodness of fit was p  =  .94, 
the max-rescaled pseudo-R-square was 
0.22 and AUC was 0.75. The max-rescaled 
pseudo-R-square was marginally better for 
Model 1, which is to be expected given it 
is a model with more predictors. The 
Hosmer–Lemeshow goodness of fit indi-
cated that both models fit the data well. 
Both models have comparable accuracy 
based on the AUC. 

We calculated the CANRISK score for each 
individual. Sensitivity and specificity cal-
culations based on the CANRISK thresh-
olds12 are presented in Table 5. When we 
used the “high” CANRISK score of 33 or 
over as the classification criterion for dys-
glycemia, the sensitivity was 61% and the 
specificity was 67%; however, when we 
used the “slightly elevated” CANRISK score 
of 21 or over, the sensitivity was 85% and 
the specificity was 31% (Table 5). A post-
hoc power calculation indicated that the 
study was powered at 0.84 against a null 
hypothesis of the dysglycemia prevalence 
rate of 0.15 (α = 0.05).

Discussion

The prediabetes (18% vs. 16%) and the 
undiagnosed diabetics (4% vs. 5%) esti-
mates in the Kitikmeot region of Nunavut 
were very similar to those identified in the 
data collection sites in seven provinces 
(British Columbia, Saskatchewan, Manitoba, 
Ontario, New Brunswick, Nova Scotia and 
Prince Edward Island) in the original 
CANRISK study.12 The Nunavut popula-
tion sampled was significantly younger on 
average than that obtained in other 
CANRISK data collection sites, which 
should have resulted in fewer identified 
cases. However, the prevalence of undiag-
nosed diabetes in this convenience sample 
also approximates the prevalence of dia-
betes identified in the International Polar 
Year Inuit Health Survey for Adults based 
on OGTT.8

The prevalence of dysglycemia increased 
exponentially with age in the current 
study population, with the odds doubling 
with every 10 years of age, whereas a 
more modest linear increasing trend in the 
OR for age12 was noted for original 
CANRISK data. It is unclear whether this 
is a function of a relatively small sample 
size, or whether it reflects some underly-
ing difference in risk by age for what was 
largely an Inuit population.

The association between BMI and dysgly-
cemia in Nunavut did not show a linear 
increase, as was reported for the original 
CANRISK study;12 instead, a U-shaped 
relationship is suggested, though it is not 
statistically significant. A similar U-shaped 
relationship is also suggested for waist 

circumference, though the relationship 
here is also not statistically significant. 
These observations suggest that BMI cut-
off points representing categories of 
increased health risk may need to be 
adjusted for Inuit populations. This find-
ing is supported by a study of Inuit in 
Greenland, which observed the tendency 
for shorter legs relative to torso among the 
Inuit would result in a BMI overweight 
cut-off point of 27 instead of the WHO 
standard of 25.26 Similarly, a BMI of 
around 27 among Inuit corresponded to 
the same degree of dyslipidemia as 
observed for a BMI of 25 among 
non-Inuit.26

In the last few decades, traditional foods 
have been replaced in Indigenous commu-
nities in Canada by processed foods, 
which are higher in refined carbohydrates, 
fat, sodium and sugar.27,28 This change has 
had an impact on the development of dia-
betes and other chronic diseases.27,28 
Although not statistically significant, the 
results of our study suggested that fre-
quent consumption of country food was 
associated with lower odds of dysglyce-
mia, and that junk food was positively 
associated with dysglycemia.

The Inuit population of Nunavut is the 
youngest in Canada, with a median age of 
23 years, compared to that of the non-
Indigenous population in Canada (41 years).29 
Although the CANRISK tool has been pre-
viously validated for a multi-ethnic sam-
ple, our purpose in this study was to 
target the Inuit population. This meant 
that our sample was younger than that of 
the previous CANRISK study. However, 
two-thirds of our participants were still in 
the group aged 40 years and over.

Our study was consistent with the previ-
ous CANRISK study when we used the 
“balanced” and “high” scoring categories 
to indicate individuals’ risk of dysglyce-
mia.12 Comparing the “high” category 
(≥ 33 points) to the data from the seven-
province CANRISK, we found a sensitivity 
of 61% versus 66%; specificity of 67% 
versus 70%; positive predictive value of 
34% versus 36% and a total accuracy rate 
of 65% versus 64%. It is important to 
note that there is no ideal or recom-
mended sensitivity and specificity for a 
tool to identify individuals with a high 
risk of dysglycemia. Although it is desir-
able to have a screening tool that is both 
highly sensitive and highly specific, this is 
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TABLE 4 
Logistic regression models using CANRISK, Kitikmeot Region (Nunavut), Canada, 2013

Model 1. CANRISK model with supplementary diet variables

N=303

Model 2. CANRISK model

N = 303

Risk factor Adjusted OR 95% CI Adjusted OR 95% CI
Age (years)

< 44 Ref Ref

45–54 1.46 0.63–3.35 1.44 0.63–3.30

55–64 4.12a 1.73–9.82 3.79a 1.62–8.90

65+ 7.43a 2.93–18.81 6.98a 2.79–17.48

BMI group
< 25 Ref Ref

25 to < 30 0.68 0.17–2.64 0.72 0.19–2.80

30 to < 35 0.68 0.15–3.05 0.71 0.16–3.16

35+ 1.33 0.30–5.81 1.44 0.33–6.27

Waist circumferenceb

Small Ref Ref

Medium 0.37 0.10–1.45 0.36 0.09–1.43

Large 1.24 0.27–5.74 1.17 0.26–5.40

Education
Some college or university Ref Ref

High school 1.09 0.29–4.01 1.00 0.27–3.70

Less than high school 0.70 0.30–1.62 0.70 0.31–1.59

30 minutes daily physical activity
Yes Ref Ref

No 1.33 0.62–2.85 1.35 0.63–2.91

Eat fruits and vegetables daily
Yes Ref Ref

No 0.97 0.47–1.99 1.02 0.50–2.07

History of high blood pressure
No Ref Ref

Yes 0.89 0.45–1.75 0.90 0.46–1.75

Family history of diabetes
No Ref Ref

First degree relative (count) 0.87 0.41–1.85 0.85 0.40–1.79

Sex
Female Ref Ref

Male 1.45 0.69–3.06 1.45 0.69–3.07

Previous high blood sugar
No Ref Ref

Yes 1.47 0.59–3.70 1.35 0.55–3.32

Macrosomia (females only)c

No Ref Ref

Yes 2.65a 1.12–6.25 2.63a 1.13–6.09

Eat country food weekly
No Ref

Yes 0.73 0.40–1.37

Eat/drink junk food daily
No Ref

Yes 1.53 0.53–4.47

Model fit statistics and ROC
Hosmer–Lemeshow goodness of fit (p) 0.35 0.94

Max-rescaled pseudo-R-square 0.23 0.22

AUC 0.75 0.75

Abbreviations: AUC, area under the curve; CI, confidence interval; OR, odds ratio; Ref, reference group; ROC, receiver operating curve.

Note: Shaded cells signify variables not included in the model.
a Indicates significance at p < .05.
b Waist circumference: small, males < 94 cm and females < 80 cm; medium, males 94–102 cm and females 80–88 cm; large, males > 102 cm and females > 88 cm.
c The macrosomia estimate was calculated in the same model as the other parameters. Males were included as a third category, separate from the reference group.
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TABLE 5 
Validation of CANRISK tool and score thresholds in Kitikmeot Region (Nunavut), Canada, 2013

Validation analysis
CANRISK score

Slightly elevated ≥ 21 Moderate  ≥ 29 Balanceda ≥ 32 High ≥ 33

Sensitivity 85.1% 65.7% 61.2% 61.2%

Specificity 31.4% 55.5% 65.7% 66.5%

Positive predictive value 26.0% 29.5% 33.6% 34.2%

Total accuracy rate 43.2% 57.8% 64.7% 65.3%

a A balanced score of CANRISK is an optimal score that attempts to balance the sensitivity and specificity of the test.

usually not possible, as increasing one 
reduces the other. The chosen balance is a 
compromise that weights the relative 
importance of minimizing false positives 
and false negatives. What we have done 
here is to report and compare our sensitiv-
ity and specificity rates to what exists in 
the literature for different screening tools, 
or for the same tool in a different popula-
tion. Comparing our rates of sensitivity and 
specificity to those of existing biochemical 
tests30 can help to determine how useful 
CANRISK could be as a risk-screening tool. 
In general, questionnaire screening tools 
have lower sensitivity and specificity than 
biochemical tests but are usually useful for 
educating in particular people at high risk 
of developing type 2 diabetes, or in situa-
tions where the advantages of ease and 
cost associated with questionnaires com-
pared to biochemical tests outweigh the 
loss of sensitivity and specificity. 

The OGTT provides a sensitivity of 90% 
to 93%, with a specificity of 100% for 
identifying individuals with diabetes, and 
is therefore the gold standard test.31 The 
FPG test (7.0 mmol/L or higher) yields a 
sensitivity of 40% to 59% with a specific-
ity of 96% to 99%.31 The FINDRISC, 
widely used in European populations, 
which was used as a model in the devel-
opment of the CANRISK, is the most-
researched diabetes screening tool.32 A 
FINDRISC score of greater than or equal 
to 12 yields a sensitivity of 78% and a 
specificity of 62%; a cut-off point of 
FINDRISC greater than or equal to 10 results 
in a sensitivity of 84% and a specificity of 
61%. The original CANRISK tool had a 
sensitivity of 70%, and a specificity of 
67% using a cut-off point of 32, in a 
larger, multi-ethnic sample of Canadians.12 
It has been used primarily as an educa-
tional tool and its potential role in clinical 
screening has not been assessed. Given all 
of this information, one can see that the 

predictive ability of the CANRISK tool in 
the Nunavut population is acceptable 
compared to what else is available (apart 
from the OGTT), with the additional 
advantage that it is a simple, easy-to-use, 
self-administered questionnaire.

Like the previous analysis of CANRISK 
that was based on provincial populations, 
we opted to use FPG and/or OGTT as the 
basis for determining dysglycemic status. 
The choice of which test to use is prob-
lematic in that the tests are by no means 
entirely interchangeable, and groups iden-
tified by each test do not always overlap. 
For example, the analysis of the CANRISK 
data for the seven provinces noted that 
FPG would have failed to detect 52% of 
the diabetes cases and 59% of the predia-
betes cases identified by the 2-hour oral 
glucose challenge test.12 However, we used 
both the FPG and OGTT, and given the 
high sensitivity of OGTT, it is unlikely that 
we have failed to detect true cases. The 
choice to use FPG and/or OGTT in the 
current analysis was in part to provide 
comparability to the data generated by the 
earlier seven-province CANRISK analy-
sis.12,13 Also, OGTT is still considered by 
most clinicians to be the gold standard for 
the diagnosis of diabetes.

Strengths and limitations

Given lifestyle changes in the last few 
decades, more evidence is needed regard-
ing diabetes prevention and early detec-
tion among Inuit populations. Our study 
provides emerging evidence in a timely 
manner as to how the CANRISK tool may 
be applied to the Inuit population.

Our study had several limitations. Females 
were overrepresented in our sample, 
although the age distribution was compa-
rable to that of the corresponding 2011 
census.33 The effect of the oversampling of 

females is important only if there are sig-
nificant interactions between the risk fac-
tors in the model and dysglycemia. The 
proportions of people in our sample who 
had less than a high school education 
(69%) or who were Inuit (84%) were also 
comparable to census data (62% and 
90%33), suggesting that although we used 
a convenience sample, with the exception 
of oversampling females, our study 
appeared to have been broadly representa-
tive of the study population. 

This study relied on a convenience sample 
of volunteers, and it was not possible to 
fully investigate the difference between 
volunteers and the remainder of the popu-
lation. Therefore, the rates of undiagnosed 
diabetes and prediabetes among volun-
teers may not be representative of the 
region studied or the wider population of 
Nunavut. Additionally, because we excluded 
participants with diagnosed diabetes, we 
are only able to present rates of prediabe-
tes and undiagnosed diabetes. The total 
burden of dysglycemia in these communi-
ties cannot be estimated, due to low par-
ticipation rates and our inability to 
determine systematically whether partici-
pants differed from nonparticipants. Per
haps the biggest limitation of the study 
was its small sample size and the result-
ing lack of precision in our odds ratios. 

As with other diabetes screening tools 
such as AUSDRISK19 and FINDRISC,11 
CANRISK used a single predictive model 
for all included ages. Although CANRISK 
performed reasonably well at predicting 
dysglycemia within our population, given 
our small sample size, we were not able to 
examine reliably how well CANRISK per-
formed for those aged under 40 years. 
Although the CANRISK tool was devel-
oped from a sample that included individ-
uals aged 18 years and older, the CANRISK 
tool is currently recommended for those 
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aged 40 years and older. This limitation is 
particularly significant for Inuit popula-
tions, given their much younger age distri-
bution. Further research is needed to 
address how well diabetes-risk screening 
tools perform for younger populations. 

Conclusion

A logistic regression model had acceptable 
model fit when we used CANRISK vari-
ables to predict dysglycemia. Further, cat-
egories of risk based on scores from the 
original CANRISK tool achieved a similar 
accuracy in detecting true dysglycemia in 
this mainly Inuit sample as in a multi- 
ethnic sample in Canada. We found the 
CANRISK tool to be adaptable to the 
Kitikmeot region of Nunavut, and there-
fore the tool may be utilized in a similar 
way in Nunavut region as well. Using the 
CANRISK tool to identify the levels of dys-
glycemia risk, individuals, communities 
and local health authorities can take appro
priate measures to reduce the burden of 
dysglycemia in the Inuit population.
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