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Abstract
Background: Inuit have not experienced an
epidemic in type 2 diabetes mellitus, and it
has been speculated that they may be protected from obesity’s metabolic consequences.
We conducted a population-based screening
for diabetes among Inuit in the Canadian Arctic and evaluated the association of visceral
adiposity with diabetes.
Methods: A total of 36 communities participated in the International Polar Year Inuit
Health Survey. Of the 2796 Inuit households
approached, 1901 (68%) participated, with
2595 participants. Households were randomly
selected, and adult residents were invited to
participate. Assessments included anthropometry and fasting plasma lipids and glucose,
and, because of survey logistics, only 32% of
participants underwent a 75 g oral glucose
tolerance test. We calculated weighted prevalence estimates of metabolic risk factors for
all participants.

I

ndigenous people across the Arctic continue to undergo cultural transitions that
affect all dimensions of life, with implications for emerging obesity and changes in patterns of disease burden.1–3 A high prevalence of
obesity among Canadian Inuit has been noted,3,4
and yet studies have suggested that the metabolic consequences of obesity may not be as
severe among Inuit as they are in predominantly Caucasian or First Nations populations.4–
6
Conversely, the prevalence of type 2 diabetes
mellitus, which was noted to be rare among
Inuit in early studies,7,8 now matches or exceeds
that of predominately Caucasian comparison
populations in Alaska and Greenland.9–11 However, in Canada, available reports suggest that
diabetes prevalence among Inuit remains below
that of the general Canadian population.3,12
Given the rapid changes in the Arctic and a lack
of comprehensive and uniform screening assessments, we used the International Polar Year Inuit
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Results: Participants’ mean age was 43.3 years;
35% were obese, 43.8% had an at-risk waist,
and 25% had an elevated triglyceride level. Diabetes was identified in 12.2% of participants
aged 50 years and older and in 1.9% of those
younger than 50 years. A hypertriglyceridemicwaist phenotype was a strong predictor of diabetes (odds ratio [OR] 8.6, 95% confidence
interval [CI] 2.1–34.6) in analyses adjusted for
age, sex, region, family history of diabetes, education and use of lipid-lowering medications.
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Interpretation: Metabolic risk factors were
prevalent among Inuit. Our results suggest that
Inuit are not protected from the metabolic
consequences of obesity, and that their rate
of diabetes prevalence is now comparable to
that observed in the general Canadian population. Assessment of waist circumference and
fasting triglyceride levels could represent an
efficient means for identifying Inuit at high
risk for diabetes.

Health Survey for Adults 2007–2008 to assess the
current prevalence of glycemia and the toll of age
and adiposity on glycemia in this population. However, adiposity is heterogeneous, and simple measures of body mass index (BMI) in kg/m2 and waist
circumference do not measure visceral adiposity
(or intra-abdominal adipose tissue), which is considered more deleterious than subcutaneous fat.13
Therefore, we evaluated the “hypertriglyceridemicwaist” phenotype (i.e., the presence of both an atrisk waist circumference and an elevated triglyceride level) as a proxy indicator of visceral fat.13–15

Methods
Design and participants
The cross-sectional International Polar Year
Inuit Health Survey for Adults 2007–2008 was
conducted in the summer and fall of 2007 and
2008 by the Canadian Coastguard Ship Amundsen in 33 coastal communities and by land-teams
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in 3 noncoastal communities. All communities in
Inuvialuit Settlement Region, Northwest Territories, in Nunavut and in Nunatsiavut, Northern
Labrador, were included (Appendix 1, available
at www.cmaj.ca/cgi/content/full/cmaj.101801
/DC1).
The survey randomly selected households
from each community and recruited people from
within each household by inviting adults aged 18
years or older to participate. A total of 2796 Inuit
households were approached, and 1901 households (68%) participated, with a total of 2595
participants. The median number of participants
per community was 54 participants (25th percentile = 42, 75th percentile = 102).
The survey was developed through participatory processes16 (www.inuithealthsurvey.ca). An
ethics certificate from the McGill University
Faculty of Medicine Institutional Review Board
and territorial research licenses were obtained.
Assessments
Trained interviewers who were bilingual in English and Inuit dialects administered questionnaires to collect data on household composition,
diet, use of alcohol and tobacco, physical activity, and mental health and well-being. Nurses
obtained medical histories and information on
current medication use, took anthropometric
measures, collected fasting venous blood samples from participants and administered a twohour 75 g oral glucose tolerance test to a subgroup of participants.
Study participants who received the oral glucose tolerance test (n = 831 [32%]) comprised
those who, owing to survey logistics, were examined in the morning. Those who reported taking
medication for diabetes or who had an elevated
fasting capillary glucose level (> 7.0 mmol/L)
were excluded from this test. Nurses conducted
early morning home visits to collect fasting blood
samples from participants scheduled later in the
day. Fasting and two-hour glucose levels were
assessed using the glucose hexokinase II
method.17 Fasting serum total cholesterol, highdensity lipoprotein (HDL) cholesterol and
triglycerides were determined using enzymatic
colorimetric tests.18 All laboratory tests were conducted by Nutrasource Diagnostics, Guelph, Ont.
(Life Laboratories–Gamma Dynacare).
A BMI of 25.0–29.9 kg/m2 was considered
overweight, and a BMI of 30 kg/m2 or greater
was considered obese. An at-risk waist was
defined as 88 cm or greater for women and
102 cm or greater for men. 1 9 Low-density
lipoprotein (LDL) cholesterol was calculated.20
The mean fasting period was 11.2 (standard
deviation [SD] 2.4) hours. Fasting glycemia was
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evaluated according to severity, with threshold
levels of ≥ 5.6, ≥ 6.0 and ≥ 7.0 mmol/L. Prediabetes was defined as a fasting glucose level of
5.6–6.9 mmol/L on oral glucose tolerance test or
a two-hour oral glucose tolerance test of 7.8–
11.0 mmol/L.21 Diabetes was defined as a fasting
glucose level of 7.0 mmol/L or greater, a twohour oral glucose tolerance of 11.0 mmol/L or
greater, or taking medication for diabetes.22 An
elevated triglyceride level was defined as a
serum triglyceride level of 1.7 mmol/L or
greater. An at-risk cholesterol level was defined
as either an LDL cholesterol level of 5 mmol/L
or greater or a ratio of total cholesterol to HDL
cholesterol of 6.0 mmol/L or greater.
Statistical analysis
The prevalence of risk factors for chronic diseases was evaluated by region, sex and age
(younger than v. ≥ 50 years) using χ2 tests. The
association of the hypertriglyceridemic-waist
phenotype with fasting glycemia and diabetes
was evaluated using logistic regression adjusted
for age, sex, current smoking behaviour, education level, region, family history of diabetes and
current use of lipid-lowering medications.
Because of the likelihood of strong alcoholrelated effects on expression of the phenotype
and glycemia, all analyses were reconducted
after removal of data for participants who
reported having consumed alcohol during the
past year (n = 678). These results are presented
in Appendix 2 (available at www.cmaj.ca/cgi
/content/full/cmaj.101801/DC).
The prevalence results were weighted to the
general population of Inuit in the three jurisdictions of the survey. Odds ratios (ORs) and 95%
confidence intervals (CIs) were estimated using
unadjusted and adjusted regression analyses,
evaluating outcomes of fasting glycemia and
type 2 diabetes. Further, all analyses were corrected for multiple people per household using a
cluster statement. Weight 1 was calculated based
on the total number of households in the community and the number of households sampled in
that community. Weight 2 was calculated based
on the total number of people in the household
and the number of people sampled within that
house. Poststratification survey weight 3 was
used to correct the difference in sex distribution
between our sample and its population distribution. The final weight of each person was calculated multiplying the three weights noted above.

Results
The weighted average age of study participants
was 43.3 years, and 61.5% of participants were

19.3 (16.6–22.0)
1199
15.4 (11.9–18.9)
739
22.5 (17.9–27.2)
Note: CI = confidence interval, HDL = high-density lipoprotein cholesterol, LDL = low-density lipoprotein cholesterol.
*Denominators are according to category; no numerator is provided because percentages were weighted.

554
14.9 (12.6–17.2)
1384
1938
Hypertriglyceridemic waist phenotype
(at-risk waist with high triglycerides)

17.4 (15.1–19.6)

6.6 ( 5.0–8.2 )
1266
10.0 (7.0–12.9)
768
11.1 (7.4–14.7)
602
6.8 ( 5.2–8.5 )
1432
2034
At-risk cholesterol (LDL > 5.0 mmol/L
or total/HDL > 6.0)

8.2 (6.6 – 9.9)

23.6 (20.8–26.4)
1268
26.4 (22.4–30.5)
769
29.5 (24.7–34.3)
604
22.8 (20.0–25.5)
1433
2037
High triglycerides (> 1.7 mmol/L)

25.0 (22.5–27.5)

55.7 (52.5–58.9)

25.5 (22.8–28.2)

1248
66.7 (62.6–70.9)
38.9 (33.9–44.0)
71.6 (68.8–74.5)
61.3 (58.5–64.0)
2035
Drank alcohol in last 12 mo

70.6 (67.8–73.5)

44.9 (41.7–48.0)

29.2 (26.8–31.6)
> 10 cigarettes/d

1452

33.1 (30.1–36.0)

583

21.0 (16.9–25.2)

787

32.9 (28.9–37.0)

33.7 (29.4–38.0)
29.6 (24.9–34.3)
43.9 (40.7–47.2)
39.3 (36.7–42.0)

68.8 (66.3–71.3)
Any

2206
1–10 cigarettes/d

1562

77.1 (74.3–79.9)

644

51.7 (46.8–56.5)

845

67.0 (62.9–71.1)

1361

59.8 (56.7–62.9)
43.8 (41.1–46.5)
Smoking

2164
At–risk waist (> 102 cm [men]
or > 88 cm [women])

1546

37.7 (34.8–40.6)

618

56.8 (51.7–61.9)

838

27.9 (24.0–31.8)

1326

41.6 (38.5–44.8)

24.2 (21.5–26.9)
1326

28.6 (24.6–32.6)

32.5 (28.4–36.6)
834

44.2 (39.2–49.2)

28.8 (24.5–33.1)
625

30.7 (27.9–33.6)

28.1 (25.1–31.1)
1535

35.1 (32.5–37.7)

28.3 (25.9–30.8)
2160

Obese (> 30 kg/m2)

Overweight (25.0–29.9 kg/m2)

% (95% CI)
n*
% (95% CI)
Risk factor

n*

% (95% CI)

n*

% (95% CI)

n*

% (95% CI)

n*

Men
≥ 50 yr
< 50 yr
Overall

Table 1: Weighted prevalence of metabolic risk factors among Canadian Inuit adults, by age and sex

women. Weighted prevalence rates indicated that
28% of Inuit in the regions surveyed were overweight, whereas 35.0% were obese and 43.8%
had an at-risk waist (Table 1). Smoking was
highly prevalent, with 68.8% of the population
smoking, and 29.2% smoking more than 10 cigarettes per day (Table 1). Past-year alcohol consumption was reported by 71.6% of participants
younger than 50 years and 38.9% of those 50
years and older. Elevated triglycerides were
identified in 25%, whereas at-risk cholesterol
was identified in 8.2%.
The prevalence of the hypertriglyceridemicwaist phenotype varied markedly by region. In
Inuvialuit Settlement Region, it was 35.2%
(weighted; n = 244, 95% CI 27.1–42.7), which
was significantly higher than in Nunatsiavut and
Nunavut. In Nunatsiavut, it was 23.8% (weighted;
n = 255, 95% CI 17.8–29.8), which was significantly higher than in Nunavut, where it was 13.5%
(weighted; n = 1439, 95% CI 11.0–15.8) (data not
shown; χ2, p ≤ 0.05). Similarly, the prevalence of
glycemia (plasma glucose ≥ 6.0 mmol/L) was
higher among participants in Inuvialuit Settlement
Region (13.9%) compared with Nunatsiavut
(3.7%) and Nunavut (6.9%) (χ2, p ≤ 0.05). However, the prevalence of diabetes was similar across
regions, with an overall prevalence of 5.1%. While
women had a nearly twofold higher prevalence of
at-risk waist relative to men, there were no sex differences in the prevalence of the hypertriglyceridemic-waist phenotype. Those 50 years of age or
older had a greater prevalence of obesity, an at-risk
waist and a hypertriglyceridemic-waist phenotype,
but a lower prevalence of smoking and alcohol
consumption relative to those less than 50 years of
age (Table 1).
Striking age differences were noted in
glycemia prevalence, with 31.5% of participants 50 years of age and older having a fasting
plasma glucose of ≥ 5.6 mmol/L, in contrast to
8.6% among those younger than 50 years
(Table 2). Diabetes was identified in 12.2% of
those aged 50 years or older, in contrast to
1.9% of those younger than 50 years. However,
no significant differences in glycemia between
men and women were identified (Table 2).
There was an increased gradient in risk for
glycemia (≥ 5.6 mmol/L) by the presence of an
at-risk waist or elevated fasting triglyceride
level, with the highest proportion of participants with glycemia observed among those
with both risk factors who were 50 years of age
or older (Figure 1).
In weighted multivariable analyses, adjusting
for age, sex, region, education, family history of
diabetes and use of lipid-lowering medications,
the hypertriglyceridemic-waist phenotype was
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Research

CMAJ

3

4

CMAJ

Note: CI = confidence interval, OGTT = oral glucose tolerance test.
*Denominators are according to category; no numerator is provided because percentages were weighted.
†Unless indicated otherwise.
‡Excluding participants taking medication for diabetes.
§Taking antidiabetic medications (i.e., pills and insulin).
¶Using a 75-g glucose load administered to a subgroup of 831 participants.
**Total prevalence was estimated by summing the prevalence of plasma glucose > 7.0, pre-existing diabetes or OGTT > 11.1 mmol/L. (Only one particicpant had both elevated fasting and OGTT values in each age
group). The confidence interval was estimated by adjusting the hypothetically observed standard error for the entire study population by 1.5 to reflect the wider confidence interval associated with weighted data.

5.8 (4.1-7.5)
1597
998
2595
Total diabetes**

5.1 (3.8-6.4)

1846

1.9 (1.0-2.8)

749

12.2 (8.7 - 15.7)

4.5 (2.6 - 6.4)

1.9 (0.5–3.2)
498
1.2 (0.0–3.3)
333
3.5 (0.0–7.2)
237
0.7 (0.1–1.3)
594
1.5 (0.3–2.8)
831

Pre-existing diabetes§

2-hr OGTT
> 11.1 mmol/L¶

710
0.6 (0.1–1.1)
1721
1.2 (0.4–2.0)
> 7.0‡

2433

7.6 (5.9–9.2)
> 6.0‡

1987
At-risk fasting plasma
glucose, mmol/L

2.6 (1.6–3.7)

1.3 (0.5–2.1)

2.2 (0.6–3.8)
935
6.1 (3.5–8.7)

1498
1.1 (0.0–2.5)
2.6 (0.5–4.8)
0.6 (0.1–1.1)

558
3.7 (2.4–5.1)

15.8 (13.6–18.0)
> 5.6‡

1429

8.6 (6.7–10.5)

34.7 (34.1–35.2)
43.3 (42.5–44.1)
Age, yr, mean

2.4 (1.4–3.4)

14.0 (11.5–16.5)

6.5 (4.7–8.4)
8.7(5.9–11.5)

17.7 (14.2–21.2)
31.5 (26.4–36.7)

755

44.0 (42.7–45.3)
61.3 (60.4–62.1)

16.0 (11.9–20.2)

1232

42.5 (41.7–43.4)

%† (95% CI)
%† (95% CI)
%† (95% CI)
n*
%† (95% CI)
n*

< 50 yr
Overall

%† (95% CI)
n*
Variable

Table 2: Weighted prevalence of glycemia among Canadian Inuit adults, by age and sex.

n*

Men
≥ 50 yr

n*

Women
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significantly and strongly associated with an elevated fasting glucose (OR 4.3, 95% CI 2.4–7.5),
whereas an at-risk waist alone was moderately
associated with an elevated fasting glucose (OR
2.2, 95% CI 1.3–3.9) (Table 3).
In a similar multivariable model, the hypertriglyceridemic-waist phenotype was significantly and strongly associated with diabetes (OR
8.6, 95% CI 2.1–34.6), whereas an at-risk waist
alone did not show a significant association with
diabetes (OR 3.7, 95% CI 0.8–16.8) (Table 3).
There were no significant age-by-phenotype
interactions noted in the multivariable logistic
regression models, and additional adjustment for
fasting duration did not alter the results. In
analyses excluding all participants who reported
drinking alcohol in the past year, significant
associations between the hypertriglyceridemicwaist phenotype and risk for diabetes persisted,
albeit the magnitude of the association was attenuated (Appendix 2, available at www.cmaj.ca
/cgi/content/full/cmaj.101801/DC).

Interpretation
We found that, among Inuit, the hypertriglyceridemic-waist phenotype is related to risk of fasting glycemia and type 2 diabetes, and that the
rates of diabetes in this population are now comparable to those observed among the general
Canadian population.24
Our study identified a prevalence of diabetes
of 1.9% among Inuit younger than age 50 (mean
age 34.3 years), which is comparable to the general Canadian age-specific prevalence of 2.4%
among 35–39-year-olds reported by the National
Diabetes Surveillance System based on administrative data.24 It should be noted that the prevalence reported by the National Diabetes Surveillance System is probably underestimated
because it is based on diagnoses of diabetes
rather than on oral glucose tolerance testing or
fasting glucose surveys. Similarly, a prevalence
of diabetes of 12.2% was identified among Inuit
aged 50 years or older (mean age 61.2 years),
which is comparable to the age-specific prevalence in the general Canadian population of
15.7% among those aged 60–64 years.24
Our study adds to the limited information
available on the prevalence of diabetes in Inuit.
The existing literature is limited to a 2006 survey
based on self-reported data that showed a 3%
prevalence among adults aged 15 and older12 and
a 2004 survey of adults in Nunavik, Quebec, that
showed a prevalence of 4.7% based on fasting
glucose screening and medical chart reviews.3
Our findings suggest that the prevalence of diabetes among Canadian Inuit is higher than previ-
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ously recognized, but remains lower than that
observed among First Nations people.25
Further, our data corroborate the limited number of studies that suggest that the hypertriglyceridemic-waist phenotype is more closely related
to diabetes than to waist circumference alone.13–15
While Inuit women had a higher degree of obesity and central fat patterning than men, there
were no sex differences noted in the prevalence
of the hypertriglyceridemic waist or in the risk
for glycemia. Similarly, in a large, populationbased US survey, no sex difference was noted in
the prevalence of the phenotype.26 In the Quebec
Health Survey, using slightly different cut-offs,
19% of men aged 18–74 years had the phenotype (waist girth ≥ 90 cm and triglyceride level
≥ 2 mmol/L),15 which is similar to the upper 95%
CI for the prevalence for Inuit men (18.7%)

observed in this study. Among Quebec men, the
phenotype was associated with an OR of 12 for
diabetes, which was similar to the unadjusted
OR of 15.6 observed for Inuit with the phenotype.
As the proportion of participants who
reported having consumed alcohol during the
past year was similar across regions, we can only
speculate on the reasons for the regional differences observed in the prevalence of the phenotype. Factors associated with acculturation (traditional food, sugar-sweetened beverage
consumption, physical activity) may influence
triglyceride levels or adiposity and may contribute to the variations observed in the prevalence of the phenotype across the Arctic. These
factors are now being evaluated using the data
collected for this study.

Elevated glycemia, %

6
5

57.9

4

40.6

3
20.8

2
1

7.4

26.7

20.7

High

9.9

6.6

Low

0
Low

High

Low

High

Triglyceride level (age ≥ 50)

Triglyceride level (age < 50)

Figure 1: Prevalence of glycemia by age group, waist circumference and fasting serum triglyceride level.
Glycemia was defined as a fasting glucose level ≥ 5.6 mmol/L or taking medication for diabetes. An at-risk
waist was defined as ≥ 102 cm for men or ≥ 88 cm for women. A high triglyceride level was defined as
≥ 1.7 mmol/L. Note: WC = waist circumference.

Table 3: Weighted estimated odds ratios for fasting glycemia ≥ 5.6 mmol/L* and type 2 diabetes† among Canadian Inuit adults, by
hypertriglyceridemic-waist phenotype
Fasting glycemia ≥ 5.6 mmol/L*
Waist circumference
No
Yes
(cm) / triglycerides
n = 1625 n = 302
(mmol/L)

Unadjusted

Diabetes†

Adjusted‡
No
Yes
n = 1863 n = 75

OR (95% CI)

OR (95% CI)

65

1.0

1.0

866

7

Unadjusted

Adjusted‡

OR (95% CI)

OR (95% CI)

1.0

1.0

Low/< 1.7

803

Low/≥ 1.7

113

21

1.6 (0.8–3.1)

1.0 (0.5–2.4)

132

3

1.1 (0.2–5.4)

0.7 (0.1–4.8)

High/< 1.7

482

117

2.4 (1.6–3.7)

2.2 (1.3–3.9)

571

32

7.0 (2.1–23.3)

3.7 (0.8–16.8)

High/≥ 1.7

227

99

5.2 (3.2–8.3)

4.3 (2.4–7.5)

294

33

15.6 (4.4–54.6)

8.6 (2.1–34.6)

Note: OR = odds ratio.
*Or taking medication for diabetes.
†Defined as fasting glucose > 7.0 mmol/L or 2-hr 75-g oral glucose tolerance test > 11.1 mmol/L or taking medication for diabetes.
‡Adjusted for sex, age (in 5-yr increments), region, education, family history of diabetes and use of lipid-lowering medication.
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Limitations
Our study’s limitations included its crosssectional design and the preclusion by survey
logistics of administering an oral glucose tolerance test to all study participants. Thus, the true
overall diabetes prevalence may differ from that
ascertained by our study.
Conclusion
The metabolic syndrome has been proposed as a
screening tool to help physicians identify patients
with a cluster of abnormalities indicative of
increased risk for morbidity and mortality associated with high-risk abdominal obesity.17 However, assembling information on the various criteria can be time-consuming. Our study
corroborates emerging evidence suggesting that a
simple construct may suffice in identifying people at risk for obesity-related complications.13–15,26–
28
Further, our findings suggest that Inuit ethnicity
does not protect obese people from development
of diabetes.
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