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Abstract
Background: Little is known about the prevalence of asthma, allergic rhinitis, eczema and allergies among Canadian
Inuit children, especially those living in the arctic and subarctic areas.
Methods: A cross-sectional study among grade seven students attending schools in Iqaluit, the capital city of
Nunavut, was conducted during the 2016/2017 school year. We used the International Study of Allergy and Asthma
in Children (ISAAC) questionnaire with added questions relevant to the population. In addition, skin prick tests (SPT)
were conducted to test for sensitization to common food and environmental allergens.
Results: The prevalence of current asthma is 5.2%, all of them were males and 2/3 of them were Inuit and all had a
previous respiratory hospitalization. Past asthma prevalence is 8.6%, 60% males and 60% Inuit. There was an inverse
relationship to crowdedness possibly as a confounding factor because of getting a higher prevalence among the
non-Inuit who usually live in less crowded houses. Current allergic rhinitis prevalence is 8.6%, 60% of the cases were
among the mixed Inuit/Caucasian ethnicity while no cases among the non-Inuit, there was a female predominance
3:2. Past history of allergic rhinitis prevalence is 10.3%, half of the cases were among the mixed ethnicity (5.2% of that
ethnicity) followed by Inuit (3.4%) and non-Inuit (1.7%), female: Male ratio 1:1. Current eczema prevalence was 27.6%,
with half of the cases among the mixed ethnicity (13.8% of that group), followed by Inuit (8.6%). There was a female
predominance with protective effect of exclusive breastfeeding. Past eczema prevalence 34.5%, with half of the cases
were among the mixed ethnicity (17.2% of that group), followed by Inuit (10.3%). There was a female predominance.
We noted a high rate of sensitization to Cat at 29.2%, most of the cases were among the mixed ethnicity, while absent
sensitization to other common inhalant allergens.
Conclusion: While being cautious about firm conclusions due to the small sample size and power, the noticed
variations in the prevalence and risk factors of asthma, allergic rhinitis and eczema among different ethnicities living
at the same subarctic environment might be related to several possible explanations like genetic, gene-environment
interaction and/or lifestyle factors, it was out of the scope of this study to determine the causality of such variation in
prevalence, which emphasizes the need for further investigation.
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Background
Little is known about the prevalence of asthma, allergic
rhinitis, eczema and allergies among the Canadian
Inuit children, especially those living in the Canadian
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territory of Nunavut. This is the first study addressing
that issue among adolescents in Nunavut that was part of
a broader study that included 6–7 year old children [1].
Improving our knowledge of those conditions among the
Inuit children carries the potential of improving their
prevention and management.
Nunavut is a sparsely populated area of arctic and
subarctic tundra located above latitude 60° with a
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population of 38,456 as of April 1st, 2018, About 84
percent of the residents claim ancestry from native
tribes; the largest of these Nunavut tribes is the Inuit
(83%), formerly known as the Eskimos (a derogatory term
meaning “eaters of raw meat”).
Huge areas of its surface are sheathed in ice yearround, having more than 50% of Nunavut’s landmass
above the Arctic Circle with not a single tree in the entire
area. Iqaluit, is the largest community in Nunavut and
its capital city, with a population of 7590 (2016). Iqaluit
encompasses an area of about 52 km2 and has the highest
population of Inuit (4208) of all Canadian cities over 5000
people at 55.4%. Winters can be very harsh with average
temperatures of − 27 °C in Iqaluit which limits the time
of out-door activities for most of the year [2–4].
The International Study of Asthma and Allergies in
Childhood (ISAAC) has shown clear differences in the
prevalence of atopic diseases between different countries,
geographic areas and within the same countries over
time [5, 6]. A number of studies have also reported a
higher prevalence of allergy and eczema in colder, more
northern regions [7–11].
There is a wide variation in the prevalence of
allergic conditions among Canadian adolescents aged
13–14 years that ranged from 13.7 to 33.0% for current
asthma, 14.6–22.6% for allergic rhinoconjunctivitis and
8.2–10.4% for atopic eczema [12].
The ISAAC study has never been conducted in
Nunavut. Forsey found an eczema rate of 16.5% among
Inuit children (age 2–12 years) in the Labrador area
(a region in the Canadian province of Newfoundland
and Labrador south eastern to Nunavut with an Inuit
minority). Two-thirds of those children presented with
moderate or severe eczema, with a female/male ratio of
2:1 [13].
Asthma and allergies are among the most common
chronic conditions reported by parents/guardians of
indigenous children above the age of 12 years at 8.8% and
13.5% respectively [14]. Chang et al. found that children
and adults with Inuit ancestry, but living outside Nunavut
and off the First Nations reserves in other provinces, had
a significantly lower prevalence of asthma and allergies
compared to children from other Indigenous groups [15].
Hansen et al. reported an increasing prevalence
of asthma ever and AR ever among schoolchildren
(7–14 years) in Norway, together with a considerably
increase in current asthma, AR and eczema between
1995 and 2008 [11], this emphasizes the need for a
baseline information to compare to in the future.
In our study among grade one children, none had
sensitized to house dust mite [1] and in a study of
Inuit school children in Northern Quebec, specific
sensitization to dust mite was very unusual with almost
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complete absence of mite allergen in house dust [16].
Alaskan native children residing in rural Alaska also have
a low prevalence of allergic sensitization to common
inhalant allergens [17].

Materials and methods
The city of Iqaluit was chosen because it is the most
populated city in Nunavut. The study was approved by
the Research Ethics Board at the University of Manitoba
and received permission from the Nunavut Research
Institute.
Study design

The study was conducted between December 2016 and
February 2017 at the Qikiqtani General Hospital (Iqaluit).
It is a cross-sectional with the study population being all
grade seven students attending the only intermediate
school at Iqaluit during the academic year 2016/2017.
There were 108 students in grade 7, and we had no
exclusion criteria. The families were contacted by phone
multiple times over 2 months by the study assistants. The
study included two components; a questionnaire and skin
prick testing.
The questionnaire

A questionnaire of 30 questions, was adopted with
modification from the ISAAC study with additional
questions relevant to the Nunavut population including
locally applicable risk factors. For a detailed description
please refer to our previous publication [1]. The consent
form and assent form were available in English and
Inuktitut languages, all the parents were satisfied to use
the English version. Two study coordinators were hired,
including a local Inuit fluent in Inuktitut, to minimize the
language barrier bias, however, all participants chose to
fill the English form.
Skin testing

The skin prick testing by the epicutaneous technique to
14 common allergens (food and inhalant) was performed
and interpreted by Dr. Ahmed Ahmed at the Qikiqtani
General Hospital outpatient clinic over 2 days in
February 2017. The allergen extracts, the testing devices
and the procedures have been described in our previous
article describing the findings among grade one students
[1].
Data analysis

The statistical analyses was performed using IBM SPSS
v.22 (BM Corp. Released 2013. IBM SPSS Statistics for
Windows, Version 22.0. Armonk, NY: IBM Corp.)
Data were analyzed using correlations, cross
tabulations (Chi-square), and cross tabulations with risk
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analyses (odds ratios, 95% confidence interval) and used
the G power that relies on the effect size, the sample
and the degree of freedom to calculate a post hoc power
number.

Results
Of the 108 grade seven students in Iqaluit at the time of
the study 58 families (53.7%) provided consent for the
child to be enrolled in the study (all agreed to participate
in both parts of the study; the questionnaire and the skin
prick test) but only 24 children (22.2% of the total cohort)
attended the skin prick testing despite a reminder call a
day earlier.
Study demographics

The ethnic distribution of participants who completed
the questionnaire (58 cases) was as follows: Inuit 34/58
(58.6%), non-Inuit 6/58 (10.3%) and mixed ethnicity (one
of parent being Inuit) 18/58 (31%). There were 30 females
and 28 males. Of those who underwent skin testing (24
children; 12 each male and female), 12 (50%) were Inuit, 3
(12.5%) non-Inuit and 9 (37.5%) of mixed ethnicity.
Asthma prevalence

Following the standard ISAAC approach, based on the
ISAAC questionnaire primary questions, the current
asthma prevalence was 5.2%, all were males, 2/3 were
Inuit and none were of the mixed ethnicity. When
looking on the prevalence among each ethnicity, the
highest prevalence of current asthma was among the
non-Inuit at 16.7% compared to 5.8% among the Inuit.
The data suggested relationship to previous respiratory
hospitalization (all were previously hospitalized), No
significant relation was found to smoking exposure, dog
ownership, a history of exclusive breast feeding, being
ever outside Nunavut, family history of asthma or TB
vaccination.
The past asthma prevalence was 8.6%, with 60% males
and 60% Inuit, but none were of mixed ethnicity. When
considering the prevalence among each group, the
highest prevalence of past asthma is noticed among the
non-Inuit at 33.3% compared to 8.8% among the Inuit.
Again the data suggested a relationship to previous
respiratory hospitalization (OR 14.4, CI 1.93–107.72). No
significant relation was found to smoking exposure, dog
ownership, exclusive breast feeding, being ever outside
Nunavut, family history of asthma or TB vaccination
(Table 1).
Prevalence of allergic rhinitis

Current allergic rhinitis prevalence was 8.6%, 60% of
the cases are among the mixed ethnicity (16.7% of that
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ethnicity), followed by Inuit (5.8%) while no cases among
the non-Inuit. Female predominance 3:2. No significant
relation was found to pet ownership, smoking exposure,
exclusive breast feeding or being ever outside Nunavut.
Past allergic rhinitis prevalence was 10.3%, half of the
cases were among the mixed ethnicity (16.7% of that
ethnicity), followed by non-Inuit (16.7%) and Inuit (5.8%).
Female: Male ratio 1:1. No significant relation was found
to pet ownership, smoking exposure, exclusive breast
feeding or being ever outside Nunavut (Table 2).
Prevalence of eczema

The prevalence of current eczema was 27.6%, half of the
cases were among the mixed ethnicity (44.4% of that
ethnicity), still highest prevalence among the non-Inuit
ethnicity at 50% while only 14.7% among the Inuit. There
was a protective effect of exclusive breastfeeding (p .84),
No significant relation was found to pet ownership, being
ever outside Nunavut, family history of eczema or TB
vaccination.
Past eczema prevalence was 34.5%, half of the cases
were among the mixed ethnicity (55.6% of that ethnicity),
with highest prevalence among the non-Inuit at 66.7%
while 17.6% among the Inuit. Female predominance.
There was a protective effect of exclusive breastfeeding
(OR .16, CI .04–.57), but no significant relation was
found to pet ownership, being ever outside Nunavut,
family history of eczema or TB vaccination (Table 3).
Prevalence of reported food and environmental allergy

The reported history of food allergy was 3.4%, all
among females and all of mixed ethnicity (11.1% of
that ethnicity). The skin prick testing to common food
allergens showed only one female child of the mixed
ethnicity was sensitized to peanut, tree nut and soy.
The reported allergy to medications was 5.2%, with an
equal number of cases among all groups with the highest
prevalence among the non-Inuit at 16.7% followed by the
mixed ethnicity at 5.6% but only 2.9% among the Inuit.
The reported history of anaphylaxis from any cause was
5.2%, all among Inuit males (8.8% of all Inuit) (Table 4).
Prevalence of sensitization to the tested environmental
allergens

The prevalence of sensitization to tree pollen was 8.3%,
all of them of the mixed ethnicity (22.2% of that group).
The prevalence of sensitization to grass pollen 20.8%,
most of the cases were among the mixed ethnicity with
the prevalence among that group of 33.3%, while 8.3%
among the Inuit. Male to female ratio 4:1.
The prevalence of sensitization to cat was 29.2%,
most of the cases were among the mixed ethnicity
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Table 1 Summary of the findings in relation to current
and past asthma

Table 2 Summary of the findings in relation to current
and past allergic rhinitis

The number of students with filled
questionnaires: 58 out of 108

Current
Past
asthma (n = 3) asthma
(n = 5)

The number of students with filled
questionnaires: 58 out of 108

Current allergic
rhinitis (n = 5)

Past allergic
rhinitis
(n = 6)

Male: female

3:0

3:2

Male: female

2:3

1:1

Odds ratio

n/a

1.68

Odds ratio

.69

1.08

95% CI

n/a

.26–10.89

95% CI

.11–4.49

.20–5.85

Ethnicity

Ethnicity

Inuit n (%)

2 (3.4)

3 (5.2)

Inuit n (%)

2 (3.4)

2 (3.4)

Mixed n (%)

0 (.0)

0 (.0)

Mixed n (%)

3 (5.2)

3 (5.2)

Non-Inuit n (%)

1 (1.7)

2 (3.4)

Non-Inuit n (%)

0 (.0)

1 (1.7)

Total n (%)

3 (5.2)

5 (8.6)

Total n (%)

5 (8.6)

6 (10.3)

Chi-square (p-value)

2.64 (.191)

5.12 (.051)

Chi-square (p-value)

1.87 (.37)

2.31 (.32)

Smoker (yes: no)

2:1

3:2

Smoker (yes: no)

4:1

2:1

Odds ratio

.683

.488

Odds ratio

1.44

.67

95% CI

.057–8.12

.073–3.25

95% CI

.15–14.0

.11–4.07

Crowdedness correlation (p)

.114 (.40)

− .025
(.86)

Crowdedness correlation (p)

− .118 (.38)

− .09 (.48)

Odds ratio

n/a

n/a

95% CI

n/a

n/a

Dog owner (yes: no)

4:1

5:1

Odds ratio

5.22

6.82

95% CI

.55–49.88

.74–62.55

Any pet owner (yes: no)

4:1

5:1

Odds ratio

3.57

4.63

95% CI

.37–34.11

.51–42.41

Exclusive breast feeding (yes: no)

3:2

2:1

Odds ratio

1.19

1.64

95% CI

.18–7.73

.28–9.79

Being ever outside Nunavut (yes: no)

4:1

5:1

Odds ratio

.84

1.07

95% CI

.08–8.40

.11–10.31

Previous respiratory hospitalization (yes:
no)

2:3

1:2

Odds ratio

5.22

3.83

95% CI

.72–37.85

.57–25.60

TB vaccination (yes: no)

5:0

5:1

Odds ratio

n/a

n/a

95% CI

n/a

n/a

Family history of food allergy (yes: no)

1:4

1:4

Odds ratio

2.15

2.15

95% CI

.20–23.21

.20–23.21

Family history of environmental allergy
(yes: no)

1:1

2:3

Odds ratio

3.46

2.24

95% CI

.44–27.42

.33–15.17

Family history of asthma (yes: no)

1:4

1:5

Odds ratio

1.28

1.00

95% CI

.13–13.02

.10–9.75

Family history of eczema (yes: no)

2:3

1:1

Odds ratio

2.60

4.33

95% CI

.38–17.72

.75–25.11

Cat owner (yes: no)

1:2

1:4

Odds ratio

27.0

13.0

95% CI

1.20–605.63

.679–249.0

Dog owner (yes: no)

0:3

3:2

Odds ratio

n/a

1.81

95% CI

n/a

.280–11.75

Any pet owner (yes: no)

1:2

4:1

Odds ratio

.387

3.57

95% CI

.033–4.53

.374–34.11

Exclusive breast feeding (yes: no)

1:2

1:4

Odds ratio

.371

.169

95% CI

.032–4.34

.018–1.623

Being ever outside Nunavut (yes: no)

2:1

4:1

Odds ratio

.40

.84

95% CI

.03–4.90

.083–8.40

Previous respiratory hospitalization (yes: no)

3:0

3:2

Odds ratio

n/a

14.4

95% CI

n/a

1.93–
107.72

TB vaccination (yes: no)

2:0

3:0

Odds ratio

n/a

n/a

95% CI

n/a

n/a

Family history of food allergy (yes: no)

0:3

1:4

Odds ratio

n/a

2.15

95% CI

n/a

.20–23.21

Family history of environmental allergy (yes: no) 0:3

1:3

Odds ratio

n/a

1.03

95% CI

n/a

.98–10.83

Family history of asthma (yes: no)

0:3

1:4

Odds ratio

n/a

1.28

95% CI

n/a

.126–13.02

Family history of eczema (yes: no)

0:3

2:3

Odds ratio

n/a

2.60

95% CI

n/a

.381–17.72

CI confidence interval

Cat owner (yes: no)

CI confidence interval

0:5

0:6
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Table 3 Summary of the findings in relation to current
and past eczema
The number of students with filled
questionnaires: 58 out of 108

Current eczema
(n = 16)

Past
eczema
(n = 20)

Male: female

5:11

3:7

Odds ratio

.38

.31

95% CI

.11–1.27

.10–.99

Ethnicity
Inuit n (%)

5 (8.6)

6 (10.3)

Mixed n (%)

8 (13.8)

10 (17.2)

Non-Inuit n (%)

3 (5.2)

4 (6.9)

Total n (%)

16 (27.6)

20 (34.5)

Chi-square (p-value)
Smoker (yes: no)

6.99 (.03)

10.44 (.01)

1:1

9:11

Odds ratio

.20

.10

95% CI

.06–.71

.03–.38

Crowdedness correlation (p)
Cat owner (yes: no)

− .143 (.29)

1:15

− .176 (.19)

1:19

Odds ratio

2.73

1.95

95% CI

.16–46.51

.12–32.88

Dog owner (yes: no)

3:5

1:1

Odds ratio

.60

1.24

95% CI

.19–1.95

.42–3.66

Any pet owner (yes: no)

7:9

11:9

Odds ratio

.53

.99

95% CI

.17–1.69

.33–2.94

Exclusive breast feeding (yes: no)

1:3

7:13

Odds ratio

.16

.26

95% CI

.04–.57

.08–.82

Being ever outside Nunavut (yes: no)

13:2

17:2

Odds ratio

1.53

2.27

95% CI

.29–8.17

.43–11.92

Previous respiratory hospitalization
(yes:no)

1:15

1:9

Odds ratio

.33

.59

95% CI

.04–2.95

.11–3.25

TB vaccination (yes: no)

14:0

17:1

Odds ratio

n/a

n/a

95% CI

n/a

n/a

Family history of food allergy (yes: no)

1:15

3:16

Odds ratio

.43

1.94

95% CI

.05–3.98

.35–10.72

Family history of environmental allergy
(yes: no)

3:11

2:7

Odds ratio

.79

.83

95% CI

.18–3.42

.22–3.17

Family history of asthma (yes: no)

1:7

3:17

Odds ratio

.63

.82

95% CI

.12–3.44

.18–3.73

Family history of eczema (yes: no)

4:11

8:11

Odds ratio

1.41

5.64

95% CI

.35–5.62

1.41–22.48

CI confidence interval
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with the prevalence among that group of 44.4% while
33.3% among the non-Inuit and 16.7% among the Inuit
ethnicity. Male to female ratio 3:4. (Table 5).

Discussion
Our study provides the first data on the prevalence
of current and past asthma among children, aged
13–14 years in Iqaluit (5.2% and 8.6%). As expected,
this is lower than the prevalence of these conditions
in the rest of Canada (18.2%, and 10.8%, respectively)
[18] and the 16.8% reported current asthma among the
Canadian youth (grades 6–10) [19]. Among adolescents
aged 13–14 years, the prevalence rates of current
symptoms of wheezes ranged from 13.7 to 33.0%, with a
higher prevalence in Halifax and Saskatoon while lower
in Vancouver [12]. Based on the initial ISAAC study,
the lifetime prevalence of asthma among the children
13–14 years old was 19.2% in Hamilton and 12.2% in
Saskatoon. The prevalence of wheezing in the 12 months
before the survey was 30.6% in Hamilton and 24.0% in
Saskatoon [20] and among children 6–14 years in rural
Saskatchewan, Asthma prevalence was 14.7% [21]. The
prevalence of asthma among children 5–19 years old
(1996) in Prince Edward Island (17.9%), Halifax (17.1%),
and Kingston (16.1%) was higher than that in Saskatoon
(10.0%), Sherbrooke (9.7%) and Kelowna (11.9%). Among
all 5–19 years old students, the prevalence of asthma was
13.0%, with the prevalence for males being higher than
females [22].
Similarly, Chang et al. found that children with Inuit
ancestry living outside Nunavut had a significantly lower
prevalence of asthma than those with North American
Indian and Métis ancestries being 5.7% for current
asthma and 14.3% for past asthma [15]. The findings
of this study are also in agreement with previously
reported studies, where Aboriginal children (5.7%) had
significantly lower levels of asthma prevalence than
non-Aboriginal children (10.0%) in northern Canada
[23]. Asthma has been reported as rare among the
Inuit of Greenland [24] and low rate of Asthma (3.9%)
was reported in Nikel, a Russian arctic city [25] while
reported at a little bit higher prevalence of 11.9% in the
Arctic region of Norway [26] and 12.3% in Northern
Norway [8] and in Copenhagen [27]. In Sweden 2008,
asthma among 15 year old adolescents was 14.3% [28].
There has been an increasing prevalence of asthma ever
in Norway (7.3% in 1985 to 17.6% in 2008, p for trend
< .001) [11] as well as in Canada (8.5% in 1996 to 13.3% in
2005) [29] emphasizing the need for follow up studies at
a larger scale.
The prevalence of current and past allergic rhinitis are
low at 8.6% and 10.3% respectively, This is lower than the
reported 14.6 to 22.6% found among the same age group
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Table 4 Summary of the findings in relation to reported history of food and environmental allergies
The number of students with filled questionnaires: 58
out of 108

Reported food allergy (n = 2)

Reported med allergy (n = 3)

Reported
anaphylaxis
(n = 3)

Male: female

0:2

2:1

3:0

Odds ratio

n/a

2.23

n/a

95% CI

n/a

.19–26.06

n/a

Inuit n (%)

0 (.0)

1 (1.7)

3 (5.2)

Mixed n (%)

2 (3.4)

1 (1.7)

0 (.0)

Ethnicity

Non-Inuit n (%)

0 (.0)

1 (1.7)

0 (.0)

Total n (%)

2 (3.4)

3 (5.2)

3 (5.2)

Chi-square (p-value)

3.74 (.17)

2.46 (.31)

1.49 (.67)

Smoker(s) at home (yes: no)

2:0

2:1

2:1

Odds ratio

n/a

.68

.68

95% CI

n/a

.06–8.12

.06–8.12

Crowdedness correlation (p)

.184 (.17)

Cat ownership (yes: no)

0:2

− .04 (.79)

− .11 (.41)

Odds ratio

n/a

n/a

n/a

95% CI

n/a

n/a

n/a

Dog ownership (yes: no)

1:1

2:1

2:1

Odds ratio

1.15

2.4

2.4

95% CI

.07–19.38

.21–28.05

.21–28.05

Any pet owner (yes: no)

1:1

2:1

2:1

Odds ratio

.81

1.67

1.67

95% CI

.05–13.55

.14–19.48

.14–19.48

Exclusive breast feeding (yes: no)

1:1

3:0

2:1

Odds ratio

.78

n/a

1.60

95% CI

.05–13.02

n/a

.14–18.72

Being ever outside Nunavut (yes: no)

1:1

3:0

3:0

Odds ratio

.20

n/a

n/a

95% CI

.01–3.43

n/a

n/a

Previous respiratory hospitalization (yes: no)

0:2

1:2

1:2

Odds ratio

n/a

3.43

3.43

95% CI

n/a

.27–42.96

.28–42.96

TB vaccination (yes: no)

2:0

2:1

3:0

Odds ratio

n/a

n/a

n/a

95% CI

n/a

n/a

n/a

Family history of food allergy (yes: no)

0:2

0:2

0:3

Odds ratio

n/a

n/a

n/a

95% CI

n/a

n/a

n/a

Family history of environmental allergy (yes: no)

1:1

0:3

1:2

Odds ratio

3.25

n/a

1.58

95% CI

.19–55.98

n/a

.13–19.03

Family history of asthma (yes: no)

1:1

0:3

0:3

Odds ratio

5.5

n/a

n/a

95% CI

.31–97.23

n/a

n/a

Family history of eczema (yes: no)

0:2

2:1

0:3

Odds ratio

n/a

8.2

n/a

95% CI

n/a

.67–99.7

n/a

CI confidence interval

0:3

0:3
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Table 5 Summary of the findings in relation to positive skin prick tests (Environmental)
The number of students underwent skin prick test: 24
out of 108

Positive skin prick test trees
(n = 2)

Positive skin prick test grass
(n = 5)

Positive skin
prick test cat
(n = 7)

Male: female

1:1

4:1

3:4

Odds ratio

1.00

5.5

.67

95% CI

.06–18.09

.51–59.01

.11–3.93

Inuit n (%)

0 (.0)

1 (4.2)

2 (8.3)

Mixed n (%)

2 (8.3)

3 (12.5)

4 (16.7)

Ethnicity

Non-Inuit n (%)

0 (.0)

1 (4.2)

1 (4.2)

Total n (%)

2 (8.3)

5 (20.8)

7 (29.2)

Chi-square (p-value)

2.94 (.37)

2.61 (.27)

2.14 (.40)

Smoker(s) at home (yes: no)

2:0

4:1

6:1

Odds ratio

n/a

1.43

2.50

95% CI

n/a

.13–16.03

.24–26.48

Crowdedness correlation (p)

.402 (.052)

.396 (.06)

.244 (.25)

Cat ownership (yes: no)

0:2

1:4

0:7

Odds ratio

n/a

n/a

n/a

95% CI

n/a

n/a

n/a

Any pet owner (yes: no)

2:0

3:2

4:3

Odds ratio

n/a

.54

.41

95% CI

n/a

.07–4.20

.06–2.66

Exclusive breast feeding (yes: no)

2:0

3:2

4:3

Odds ratio

n/a

.69

.56

95% CI

n/a

.09–5.29

.09–3.45

Being ever outside Nunavut (yes: no)

1:1

4:1

7:0

Odds ratio

.05

.22

n/a

95% CI

.002–1.46

.01–4.36

n/a

Previous respiratory hospitalization (yes:no)

0:2

2:3

1:6

Odds ratio

n/a

3.56

.54

95% CI

n/a

.41–31.23

.05–5.94

TB vaccination (yes: no)

n/a

n/a

n/a

Odds ratio

n/a

n/a

n/a

95% CI

n/a

n/a

n/a

Family history of food allergy (yes: no)

1:1

1:4

1:6

Odds ratio

6.0

1.25

.72

95% CI

.29–124.1

.10–15.5

.06–8.46

Family history of environmental allergy (yes: no)

2:0

2:3

2:5

Odds ratio

n/a

1.33

.67

95% CI

n/a

.17–10.25

.10–4.58

Family history of asthma (yes: no)

2:0

2:3

1:6

Odds ratio

n/a

3.33

.50

95% CI

n/a

.38–29.39

.05–5.51

Family history of eczema (yes: no)

0:2

0:5

3:4

Odds ratio

n/a

n/a

1.25

95% CI

n/a

n/a

.21–7.62

Having current asthma (yes: no)

0:2

1:4

0:7

Odds ratio

n/a

n/a

n/a

95% CI

n/a

n/a

n/a

Having past asthma (yes: no)

0:2

1:4

1:6

Odds ratio

n/a

1.33

.78
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Table 5 (continued)
The number of students underwent skin prick test: 24
out of 108

Positive skin prick test trees
(n = 2)

Positive skin prick test grass
(n = 5)

Positive skin
prick test cat
(n = 7)

95% CI

n/a

.11–16.48

.07–9.08

Having current eczema (yes: no)

0:2

2:3

2:5

Odds ratio

n/a

1.87

.96

95% CI

n/a

.24–14.65

.14–6.70

Having past eczema (yes: no)

0:2

2:3

2:5

Odds ratio

n/a

1.14

.57

95% CI

n/a

.15–8.59

.09–3.83

Having current allergic rhinitis (yes: no)

0:2

0:5

0:7

Odds ratio

n/a

n/a

n/a

95% CI

n/a

n/a

n/a

Having past allergic rhinitis (yes: no)

0:2

0:5

0:7

Odds ratio

n/a

n/a

n/a

95% CI

n/a

n/a

n/a

n/a not applicable, CI confidence interval

in five other southern Canadian cities [12] and much
lower than that found in another 2 southern Canadian
cities 45.8% in Hamilton and 33.8% in Saskatoon [20]
also lower than reported in the arctic region of Norway
at 26.0% [26] and the 32.8% in Denmark [30] and 26.4%
in Sweden [28] but closer to the low rate of allergic
rhinitis (13.9%) that was reported in Nikel, a Russian
arctic city [25]. The average overall prevalence of current
rhinoconjunctivitis symptoms worldwide was 14.6% for
the 13- to 14-year old children (range 1.0–45) as found by
Ait-Khaled et al. [31].
This difference is possibly related to less allergen
exposure in Nunavut.
Interestingly, the prevalence of past allergic rhinitis
among the non-Inuit was 16.7% while there were no
cases of current allergic rhinitis. This could be attributed
to transient symptoms when travelling outside Nunavut
or being living outside Nunavut earlier in life because of
an exposure to a triggering allergen that is absent or less
abundant in Nunavut.
The current eczema prevalence amongst the grade
seven students is 27.6%, with the highest prevalence
recorded among the non-Inuit ethnicity at 50% but
only 14.7% among the Inuit, with female predominance.
Past eczema prevalence is 34.5%, with the highest
prevalence among the non-Inuit at 66.7% while 17.6%
among the Inuit which is comparable to that found
among the Mushua Inuit of Natuashish (a minority
of Inuit people living in Labrador, Canada) who had a
prevalence of 16.5%, with female predominance as well
[13]. In agreement with our study findings, Weiland
et al. have previously reported that the prevalence of

eczema symptoms correlated positively with latitude and
negatively with the mean annual outdoor temperature
[10], thus, making it an expected finding to get a higher
eczema rate in Nunavut compared to that in southern
Canada. Similarly, a high prevalence of eczema (23.6%)
was reported in Arctic Norway [8] compared to a lower
prevalence of 12.7% in the southern part of the same
country [32, 33].
Interestingly, a more recent study showed a lower
eczema prevalence of 10.4% in Arctic Norway [26],
also lower rates of 8.1% and 12.3% were reported
in Denmark [30] and 11.4% in Sweden [28]. Among
adolescents aged 13–14 years, the prevalence rates of
current symptoms of eczema in 5 southern Canadian
cities were also lower than Iqaluit and ranged between
8.2 and 10.4% [12] also less than two other southern
Canadian cities of Saskatoon and Hamilton at 17.3%
and 14.5% respectively [20]. For the age group 13 to
14 years, data on 663,256 participants from 230 centers
in 96 countries showed eczema prevalence values
ranging from .2% in China to 24.6% in Columbia with
the highest values in Africa and Latin America [6].
Contrary to our findings in the previous study among
grade one students [1], we found a higher prevalence of
eczema among the non-Inuit. Taking into consideration
the low number of participants especially the nonInuit, there could be a selection bias that most of those
who participated were the ones with eczema.
The estimates of the annual costs of eczema in
Canada is about $1.4 billion [34] which can impose
a considerable financial burden on the lower
socioeconomic populations in the far North.
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Our study shows a surprisingly high prevalence of
sensitization to cats, at 29.2%, which is much higher than
the 8.6% prevalence among grade 1 to 8 children in the
province of Saskatchewan [35] being much lower among
the Inuit who tend to have a dog rather than a cat at home.
The prevalence of sensitization to trees is 8.3%, all
of them among the mixed ethnicity (compromising
22.2% of that ethnicity), and the sensitization to grass
at 20.8%, most of the cases were also among the mixed
ethnicity might be related to the high rate of being
ever outside Nunavut, knowing that no trees grow in
Nunavut.
The absence of sensitization to house dust mite, mold,
weed, ragweed and dog in our study is consistent with
the findings in our previous study among grade one
students [1] and in Greenland where the prevalence of
sensitization to house dust mite is four times lower than
that in Denmark, probably because of lower indoors
house dust mite count [36], also in Northern Norway
had similar findings with low house dust mite and mold
sensitization [37]. Similarly, a study in Northern Sweden
showed that sensitization to cats was the most common
at 19% while sensitization to mites and mold was
uncommon [38].
A previous house survey in Nunavut have shown that
although building’s fungal concentrations were low, the
mattress fungal levels were markedly increased, and the
dust mites were virtually non-existent [39].
The strengths of this study include using a validated
ISAAC questionnaire with the added relevant questions
to this population and geographical area, also having a
relatively high percentage of participation compared to
previous studies in Nunavut.
It is a limitation that our study population is small
and that 53.7% filled the questionnaire while only 22.2%
attended the skin prick testing, this led to difficulty
in getting a strong statistical power and caused wide
confidence intervals which limits our ability to have
solid conclusions and definitive statements. There
is a risk for selection bias, taking into consideration
that families with children having current atopic
symptoms are more keen to participate in such a
study and attend the skin prick testing, giving rise to a
possible overestimation of the prevalences. The recall
bias remains a possibility as with every retrospective
questionnaire-based study. A larger scale longitudinal
study is highly recommended to avoid such limitations.
Despite those limitations, we believe that our study
contributes substantively to the existing literature
because of the scarcity of data about allergies and
allergic conditions among the Inuit population and
other ethnicities living in Nunavut, serving as a
benchmark for future prevalence studies.
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Conclusion
While being cautious about firm conclusions due to
the small sample size and power, the noticed variations
in the prevalence and risk factors of asthma, allergic
rhinitis and eczema among different ethnicities living
at the same subarctic environment might be related
to several possible explanations like genetic, geneenvironment interaction and/or lifestyle factors, it was
out of the scope of this study to determine the causality
of such variation in prevalence, which emphasizes the
need for further investigation.
Abbreviations
ISAAC: International Study of Allergy and Asthma in Children; SPT: skin prick
test; sq. km: square kilometer; HDM: house dust mite; OR: odds ratio; CI-95:
confidence interval of 95%; AR: allergic rhinitis.
Authors’ contributions
Both authors; AA and AB participated in the preparation of the study, AA
wrote the study protocol, got the Nunavut Research Institute approval,
collected the data, did the skin prick testing and initiated the data analysis
and script writing. AB did the protocol review, applied for the ethics approval,
participated in the data analysis and proofed the script. Both authors read and
approved the final manuscript.
Author details
1
Department of Pediatrics, University of Ottawa, Ottawa, ON, Canada.
2
Section of Allergy and Clinical Immunology, Department of Pediatrics
and Child Health, University of Manitoba, Winnipeg, MB, Canada.
Acknowledgements
We are thankful to the students who participated in this study and their
parents, Mrs. Trudy Fleuren who coordinated the appointments, Mr. Mosha
Cote from the Nunavut Research Institute, Mr. Chuchmach Loring for his help
with the statistical analysis and Dr. Amber Miners the head of the pediatric
department at the Qikiqtani General Hospital.
Competing interests
The authors declare that they have no competing interests.
Availability of data and materials
Available within the script, and all the collected information available with Dr.
Ahmed Ahmed.
Consent for publication
Not applicable.
Ethics approval and consent to participate
An Ethics approval was obtained from the University of Manitoba, number
HS18801 (H2015:329). Also got approved by the Nunavut Research Institute,
license number 01 033 16 N-M.
Funding
No external funding was received, all the expenses were paid by Dr. Ahmed
Ahmed.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Received: 5 January 2019 Accepted: 15 April 2019

Ahmed and Becker Allergy Asthma Clin Immunol

(2019) 15:26

References
1. Ahmed A, Hakim A, Becker A. Evaluation of eczema, asthma, allergic
rhinitis and allergies among the Grade-1 children of Iqaluit. Allergy
Asthma Clin Immunol. 2018;14:9. https://doi.org/10.1186/s1322
3-018-0232-2.
2. https://www.city.iqaluit.nu.ca/visitors/explore-iqaluit/demographics.
Accessed 15 July 2018.
3. http://www.stats.gov.nu.ca/en/Population%20estimate.aspx. Accessed 15
July 2018.
4. http://www.nationsencyclopedia.com/geography/Afghanistan-to-Comor
os/Canada.html. Accessed 15 July 2018.
5. The International Study of Asthma and Allergies in Children (ISAAC)
Steering Committee. Worldwide variation in prevalence of symptoms of
asthma, allergic rhinoconjunctivitis, and atopic eczema: ISAAC. Lancet.
1998;351:1225–32.
6. Odhiambo JA, Williams HC, Clayton TO, the ISAAC Phase Three Study
Group, et al. Global variations in prevalence of eczema symptoms
in children from ISAAC Phase Three. J Allergy Clin Immunol.
2009;124:1251–8.
7. Åberg N, Hesselmar B, Åberg B, et al. Increase of asthma, allergic rhinitis
and eczema in Swedish schoolchildren between 1979 and 1991. Clin Exp
Allergy. 1995;25:815–9.
8. Dotterud LK, Odland JØ, Falk ES. Atopic dermatitis and respiratory
symptoms in Russian and northern Norwegian school children: a
comparison study in two arctic areas and the impact of environmental
factors. J Eur Acad Dermatol Venereol. 2004;18:131–6.
9. Byremo G, Rød G, Carlsen KH. Effect of climatic change in children with
atopic eczema. Allergy. 2006;61:1403–10.
10. Weiland SK, Husing A, Strachan DP, et al. Climate and the prevalence of
symptoms of asthma, allergic rhinitis, and atopic eczema in children.
Occup Environ Med. 2004;61:609–15.
11. Hansen TE, Evjenth B, Holt J. Increasing prevalence of asthma, allergic
rhinoconjunctivitis and eczema among schoolchildren: three surveys
during the period 1985–2008. Acta Paediatr. 2013;102:47–52.
12. Wang H-Y, Pizzichini MM, Becker AB, et al. Disparate geographic prevalences
of asthma, allergic rhinoconjunctivitis and atopic eczema among adolescents
in five Canadian cities. Pediatr Allergy Immunol. 2010;21:867–77.
13. Forsey R. Prevalence of childhood eczema and food sensitization in the
First Nations reserve of Natuashish, Labrador, Canada. BMC Pediatrics.
2014;14:76.
14. MacMillan HL, Jamieson E, Walsh C, Members of the First Nations and
Inuit Regional Health Survey -National Steering Committee (at the time
of the 1997 data collection) and Principal Investigator Committees from
the Offord Centre for Child Studies affiliated with McMaster University
and Hamilton Health Sciences, Hamilton, Canada, et al. The health of
Canada’s Aboriginal children: results from the First Nations and Inuit
Regional Health Survey. Int J Circumpolar Health. 2010;69(2):158–67.
15. Chang H-J, Beach J, Senthilselvan A. Prevalence of and risk factors for
asthma in off-reserve Aboriginal children and adults in Canada. Can
Respir J. 2012;19(6):e68–74.
16. Hemmelgarn B, Ernst P. Airway function among Inuit primary
school children in far Northern Quebec. Am J Respir Crit Care Med.
1997;156:1870–5.
17. Redding GJ, Singleton RJ, DeMain J, et al. Relationship between IgE and
specific aeroallergen sensitivity in Alaskan native children. Ann Allergy
Asthma Immunol. 2006;97:209–15.
18. Asher MI, Montefort S, Bjorksten B, et al. Worldwide time trends in the
prevalence of symptoms of asthma, allergic rhinoconjunctivitis, and
eczema in childhood: ISAAC Phases One and Three repeat multicountry
cross-sectional surveys. Lancet. 2006;368(9537):733–43.
19. Lawson J, Janssen I, Bruner M, et al. Urban–rural differences in asthma
prevalence among young people in Canada: the roles of health behaviors
and obesity. Ann Allergy Asthma Immunol. 2011;107:220–8.
20. Habbick BF, Pizzichini MM, Taylor B, et al. Prevalence of asthma, rhinitis
and eczema among children in 2 Canadian cities: the International Study
of Asthma and Allergies in Childhood. Can Med Assoc J. 1999;160:1824–8.
21. Lawson JA, Chu LM, Rennie DC, et al. Prevalence, risk factors, and clinical
outcomes of atopic and nonatopic asthma among rural children. Ann
Allergy Asthma Immunol. 2017;118:304–10.
22. Mo F, Robinson C, Choi B, et al. Analysis of prevalence, triggers, risk factors
and the related socio-economic effects of childhood asthma in the

Page 10 of 10

23.

24.
25.
26.
27.
28.
29.
30.
31.

32.
33.

34.
35.
36.

37.
38.
39.

Student Lung Health Survey (SLHS) database, Canada 1996. Int J Adolesc
Med Health. 2003;15(4):349–58.
Gao Z, Rowe BH, Majaesic C, O’Hara C, et al. Prevalence of asthma
and risk factors for asthma-like symptoms in Aboriginal and nonAboriginal children in the northern territories of Canada. Can Respir J.
2008;15(3):139–45.
Krause TG, Koch A, Poulsen K, et al. Atopic sensitization among children in
an arctic environment. Clin Exp All. 2002;32:367–72.
Dotterud LK, Odland JØ, Falk ES. Atopic diseases among schoolchildren in
Nikel, Russia, an arctic area with heavy air pollution. Acta Derm Venereol.
2001;81:198–201.
Sørensen M, Wickman M, Sollid JUE, et al. Allergic disease and
Staphylococcus aureus carriage in adolescents in the Arctic region of
Norway. Pediatr Allergy Immunol. 2016;27:728–35.
Schoos A-MM, Chawes BL, Rasmussen MA, et al. Atopic endotype in
childhood. J Allergy Clin Immunol. 2016;137:844–51.
Kim J-L, Brisman J, Aberg MA, et al. Trends in the prevalence of asthma,
rhinitis, and eczema in 15 year old adolescents over an 8 year period.
Respir Med. 2014;108:701–8.
Gershon AS, Guan J, Wang C, et al. Trends in asthma prevalence and
incidence in Ontario, Canada, 1996–2005: a population study. Am J
Epidemiol. 2010;172:728–36.
Christiansen ES, Kjaer HF, Eller E, Bindslev-Jensen C, Høst A, Mortz
CG, Halken S. The prevalence of atopic diseases and the patterns of
sensitization in adolescence. Pediatr Allergy Immunol. 2016;27:847–53.
Ait-Khaled N, Pearce N, Anderson HR, et al. Global map of the prevalence
of symptoms of rhinoconjunctivitis in children: the International Study
of Asthma and Allergies in Childhood (ISAAC) Phase Three. Allergy.
2009;64:123–48.
Steen-Johnsen J, Bolle R, Holt J, et al. Impact of pollution and place of
residence on atopic diseases among schoolchildren in Telemark County,
Norway. Pediatr Allergy Immunol. 1995;6:192–9.
Dotterud LK, Kvammen B, Bolle R, et al. A survey of atopic diseases
among school children in Sor-Varanger community. Possible effects
of subarctic climate and industrial pollution from Russia. Acta Derm
Venereol. 1994;74:124–8.
Barbeau M, Lalonde H. Burden of Atopic dermatitis in Canada. Int J
Dermatol. 2006;45:31–6.
Chu LM, Rennie DC, Cockcroft DW, et al. Prevalence and determinants
of atopy and allergic diseases among school-age children in rural
Saskatchewan, Canada. Ann Allergy Asthma Immunol. 2014;113(4):430–9.
Porsbjerg C, Linstow ML, Nepper-christensen SC, Greenlandic Population
Study Group, et al. Allergen sensitization and allergen exposure in
Greenlander Inuit residing in Denmark and Greenland. Respir Med.
2002;96:736–44.
Bakken HN, Nafstad P, Bolle R, et al. Skin sensitization in school children in
northern and southern Norway. J Asthma. 2007;44(1):23–7.
Ronmark E, Bjerg A, Perzanowski M, et al. Major increase in allergic
sensitization in schoolchildren from 1996 to 2006 in northern Sweden. J
Allergy Clin Immunol. 2009;124(2):357–63.
Kovesi T, Creery D, Gilbert NL, et al. Indoor air quality risk factors for
severe lower respiratory tract infections in Inuit infants in Baffin Region,
Nunavut: a pilot study. Indoor Air. 2006;16(4):266–75.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

