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ABSTRACT
Background: Inuit in Canada have experienced dietary changes over recent generations, but how
this relates to psychological distress has not been investigated.
Objective: To evaluate how nutritional biomarkers are related to psychological distress.
Design: A total of 36 communities in northern Canada participated in the International Polar Year
Inuit Health Survey (2007–2008). Of 2796 households, 1901 (68%) participated; 1699 Inuit adults
gave blood samples for biomarker analysis and answered the Kessler 6-item psychological
distress questionnaire (K6). Biomarkers included n-3 fatty acids and 25-hydroxyvitamin D (25
(OH)D). The K6 screens for psychological distress over the last 30 days with six items scored on a
4-point scale. A total score of 13 or more indicates serious psychological distress (SPD). Logistic
regression models were used to investigate any associations between SPD and biomarkers while
controlling for age, gender, marital status, days spent out on the land, feeling of being alone,
income and smoking.
Results: The 30-day SPD prevalence was 11.2%, with women below 30 years having the highest
and men 50 years and more having the lowest SPD prevalence at 16.1% and 2.6%, respectively.
SPD was associated with being female, younger age, not being married or with a common-law
partner, spending few days out on the land, feelings of being alone, smoking and low income.
Low levels of both 25(OH)D and long-chain n-3 FAs were associated with higher odds for SPD in
both unadjusted and adjusted logistic regression models.
Conclusion: In this cross-sectional analysis, low levels of 25(OH)D and long-chain n-3 FAs were
associated with higher odds ratios for SPD, which highlights the potential impact of traditional
foods on mental health and wellbeing. Cultural practices are also important for mental health and
it may be that the biomarkers serve as proxies for cultural activities related to food collection,
sharing and consumption that increase both biomarker levels and psychological well-being.

Abbreviations: n-3 FAs: omega-3 fatty acids; PUFAs: polyunsaturated fatty acids; 25(OH)D: 25-hydro-
xyvitamin D; IPY: International Polar Year; IHS : Inuit Health Survey; RBC: red blood cell; OR: odds ratio;
K6: Kessler 6-item screening scale; SPD: serious psychological distress; EPA: eicosapentaenoic acid (20:5
n-3); DHA: docosahexaenoic acid (22:6 n-3); DPA n-3: docosapentaenoic acid (22:5 n-3); n-3 LC-PUFAs:
EPA (20:5 n-3) + DHA (22:6 n-3) + DPA (22:5 n-3); BMI: body mass index (kg m–2)
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Introduction

The potential relationship between diet and health for the
Inuit, who reside in the arctic regions of Canada, Alaska
and Greenland, became a focus of interest in the medical
literature when Bang and Dyerberg reported an inverse
relationship between omega-3 fatty acids and the inci-
dence of cardiovascular disease [1]. The traditional Inuit
diet includes country foods such as caribou and marine
mammals and fish, the latter two being rich in omega-3
fatty acids and vitamin D. The shift from a traditional

lifestyle to a modern-wage economy has brought with it
changes in every dimension of life including physical
activity and food habits, with greater consumption of
market foods rich in energy but of poorer nutrient quality
compared to traditional foods [2,3]. These changes in
nutrition and cultural practices have been posited to
account for an epidemiologic transition with increased
risk for maladies typically associated with a Western life-
style [4,5]. Mental health has also suffered during this
transition as evidenced by one of the highest suicide
rates in the world [6].
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The traditional Inuit concept of the person has an
ecocentric aspect, which implies human beings are in
constant interaction with the environment, including
the land and animals (e.g. through the collection and
consuption of traditional country foods), which are
thought to affect well-being [7]. Hence, diet may have
biological, psychological and social implications in Inuit
communities.

To better understand the potential links between diet
and mental health, we investigated the demographic,
social, and nutrient biomarker correlates of serious psy-
chological distress (SPD) among Inuit in a cross-sectional
health survey in the Canadian Arctic. Omega-3 fatty acids
(n-3 FAs) and 25-hydroxyvitamin D (25(OH)D) were
examined because of emerging evidence of their impor-
tance in mental health [8,9] and the high content of
these nutrients in traditional food [10–12]. We, therefore,
hypothesised that low levels of n-3 FAs and 25(OH)D
would be associated with psychological distress.

Methods

Study population

The International Polar Year (IPY) Inuit Health Survey
(IHS) was conducted in 2007 and 2008 from August
through October in all 36 communities of three Inuit
jurisdictions in northern Canada (Nunavut, Nunatsiavut
and Inuvialuit Settlement Region). The Canadian Coast
Guard Ship Amundsen visited the 33 coastal commu-
nities while land research teams conducted the survey
in the three non-coastal communities The communities
are located from a latitude of 54°10ʹN to 76°25ʹN. Inuit
adults, 18 years or older, were invited to participate
through random selection of households from each
community. A total of 2796 Inuit households were
approached, of which 1901 (68%) participated, with a
total of 2595 participants. Details of study design and
biomarker analyses are available elsewhere [13].

Nurses obtained medical histories and fasting morning
blood samples from the participants, and measured
height, without shoes, to the nearest millimetre using a
stadiometer, and weight using a Tanita instrument (Tanita
TBF-300GS with goal setter, Tanita Corporation of
America, Inc., Arlington Heights, IL, USA). Due to survey
logistics, fasting morning blood samples were not avail-
able for all study participants. Body mass index (BMI) was
calculated (kg/m2) and obesity was defined as BMI ≥ 30.
Respondents were interviewed about household compo-
sition, traditional food harvesting and consumption,
smoking and alcohol habits, and socio-economic indica-
tors (income, education). For the mental well-being ques-
tionnaire, participants could choose either to have an

interview-administered or self-administered bilingual
questionnaire. All questionnaires were available in dialects
of Inuktitut current in the regions included in the survey.

Ethics

The project was conducted through a participatory
research process [3,14]. Scientific research licenses were
obtained from the Nunavummi Qaujisaqtulirijikkut
(Nunavut Research Institute) and the Aurora Research
Institute-Aurora College (Inuvik, Northwest Territories).
The McGill Faculty of Medicine Institutional Review Board
provided a certificate of ethical acceptability. Information
needed for informed consent was provided to potential
participants through a bilingual DVD and in writing in
English and in the Inuktitut dialects appropriate for the
regions.Written consentwas obtained fromall participants.

Biochemical analyses

Fasting red blood cell (RBC) membrane fatty acids
were assessed by gas-liquid chromatography (Lipid
Analytical Laboratories Inc., Guelph, Canada). RBCs
were available for 84.8% of the study population.
Varian 3400 gas-liquid chromatograph (Palo Alto, CA,
USA) was used to analyse fatty acid methyl esters, with
a 60-m DB-23 capillary column (0.32-mm internal dia-
meter). Morning fasting blood samples were drawn
and processed into serum (for 25(OH)D analyses) and
RBC (for analyses of n-3 FAs). Samples were frozen at
−80°C in the freezer onboard the ship. Samples from
land-based teams were stored at −20°C; all samples
were stored within 4–8 h after sampling. For RBC fatty
analysis, 200 µl of RBC were stored in 200 µl of a 1:1
solution of methanol and distilled water plus 8.4 mg
BHT (Becton Dickinson, Franklin Lakes, NJ).

The RBC membrane n-3 FAs were analysed and
expressed as % of total FAs. Total n-3 FAs included α-
linolenic, stearidonic, eicosatrienoic, eicosatetraenoic,
eicosapentaenoic, docosapentaenoic and docosahexae-
noic. Concentrations were determined by Lipid
Analytical Laboratories, University of Guelph Research
Park, based on the methodology of Folch et al. [15]. The
FAME were prepared using standard techniques [16],
replacing boron trifluoride-methanol with boron trichlor-
ide-methanol to reduce the formation artefact [17].
Vitamin D status was assessed using LIAISON total 25
(OH)D assay (DiaSorin, Stillwater, MN, USA) at McGill
University. This laboratory participated in the DEQAS
(Vitamin D External Quality Assessment scheme) pro-
gramme and received a certificate of proficiency for
2009–2010 which reflects that 80% or more of the
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reported results fell within 30% of the All-Laboratory
Trimmed Mean (ALTM) [13].

The Kessler K6 scale

The Kessler scale (K6) is a widely used tool for screening for
anxiety or mood disorders and estimating the prevalence
of common psychiatric disorders in a population. The K6
aims to identify those with a high likelihood of having a
mental disorder (especially depression) according to DSM-
IV criteria [18,19]. The K6 was developed through a pro-
cess of structured telephone, face-to-face and clinical
interviewing of the general population and those report-
ing symptoms of severe psychological distress. It was used
by the World Health Organisation as the mental health
screening tool in the Mental Health Survey Initiative and
has been used in Inuit Health Surveys [20,21]. The K6 has
been validated in several languages, cultures and coun-
tries [22,23]. The K6 contains six questions: “During the
past 30 days, about how often did you feel: (1) anxious; (2)
hopeless; (3) restless or fidgety; (4) so depressed that
nothing could cheer you up; (5) that everything was an
effort; (6) worthless. The respondent rates each question
on a four-point scale: 0 (none of the time), 1 (a little of the
time), 3 (some of the time), and 4 (all of the time). The
summed score indicates the presence or absence of psy-
chological distress with a range of 0–24. Serious psycho-
logical distress (SPD) was defined as a score ≥ 13, a cut-off
point that optimally equalises between false positives and
false negatives in many populations [18].

Statistical analysis

Chi-square and Student’s t-tests were used to evaluate
the characteristics associated with SPD. Logistic regres-
sion models assessed the association between different
biomarkers and SPD in unadjusted and adjusted analysis,
in which individual biomarker levels were divided into
tertiles with the highest level used as the reference
category. Testing for trend was done by assessing sig-
nificance over tertiles in the same models. Multivariable
analysis was adjusted for factors known to influence
mental well-being and biomarker concentrations: [6,24–
26] age, gender, marital status, days spent out on the
land, feeling of being alone, income and smoking.
Further, fishing or hunting during the last year and
obesity were evaluated. Marital status was dichotomised
into married/common law or not married (single, sepa-
rated, divorced, widowed). Spending time outside of the
community on the land has a central role in Inuit culture;
[7] therefore we categorised the number of days spent
out on the land over the last 12 months in three equally
sized groups, 0–5 days, 6–27 days, and 28 days and

more. Feelings of being alone were dichotomised into
no and any variation of yes to the question: “Are you
ever alone when you would in fact prefer to be with
others?” Income was dichotomised into earning less than
$20,000 or more than $20,000 (CAN). Education was
coded into three categories: 1 = elementary school or
less; 2 = some years of secondary school; and 3 = com-
pleted secondary school or greater. However, education
was not included in our models as it was highly asso-
ciated with age and income. Smoking was dichotomised
into smoker or non-smoker and included as a covariate
because of the known association between smoking and
biomarker levels [27]. Alcohol consumption was evalu-
ated but not included in the final analysis because it did
not modify the results. We stratified on age below
50 years, and 50 years and above because of known
age differences in traditional food intake and because
of the potential for age differences in SPD. Data analysis
was performed using Stata version 14 (StataCorp, 2015,
Stata Statistical Software: Release 14. College Station, TX,
USA). A p ≤ 0.05 was considered statistically significant.

Results

In all, 1,699 individuals answered the K6 for a response
rate of 65.5% of the total sample. Of these, 1,649 had
their blood samples analysed for n-3 FA and 25(OH)D.
Among participants who had blood analyses, 234
answered five or fewer K6 questions, while 318 did
not answer any. There were no significant age or gen-
der differences between those who answered all K6
questions and those who answered just a few or none
at all. The respondents included in our analyses had a
mean (SD) age of 42 (15.1) years; 71% were below
50 years of age, 61% were female, 69% were smokers,
64% were married or in a common law relationship and
48.6% had an income ≥ $20,000 (CAN). Women had
significantly higher average scores on all individual K6
questions compared with men, except for questions 3
(restless) and 5 (effort). The mean (SD) Kessler score (0–
24) was 5.9 (4.9) for the total sample, 4.7 (3.6) in the
non-SPD (0–12) and 15.7 (2.9) in the SPD (13–24) cate-
gory. The crude 30-day prevalence of SPD was 11.2%
and was nearly two times higher for women (13.4%)
than men (7.7%) (p < 0.001). Women between 18 and
29 years of age had the highest prevalence of SPD
(16.1%) while men over 50 years of age had the lowest
prevalence (2.6%). However, there was a lower SPD
prevalence among older men and women.

In bivariate analyses, SPD was significantly less
prevalent if the participant was a non-smoker, male,
over 50 years of age, had a partner (married/common
law), had an income ≥ $20,000, did not feel alone,
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and spent time out on the land (Table 1). In addition,
fishing or hunting during the last year, higher educa-
tion and higher BMI showed significantly lower SPD
prevalence (χ2 test, p < 0.01), but the associations
were not significant when tested in multivariate logis-
tic regression models.

Biomarkers

Biomarker levels were significantly associated with age.
The mean (SD) total n-3 FA was 5.80 (3.43) with no
significant difference between men and women (data
not shown), but with significant differences between
age categories (p < 0.001) (Table 2). The mean (SD) 25
(OH)D concentration value was 58.5 (33.9) nmol/L with-
out any significant gender difference, but with signifi-
cant differences between age categories (p < 0.001)
(Table 2). Low 25(OH)D (< 50 nmol/L) values were
observed for 45.7% while 28.0% had values ≥

75 nmol/L. We observed a positive correlation between
age and total n-3 FA and 25(OH)D (Pearson’s r = 0.45
and 0.54, respectively, p < 0.01).

N-3 fatty acids

In the non-SPD and SPD category, average total n-3
FA values were 5.9 (SD: 3.5) and 4.9 (SD: 2.8) respec-
tively (p < 0.01). We noted an inverse relationship
(Pearson’s r =−0.14, p < 0.01) between K6 score and
total n-3 FA and we found significantly different
(p < 0.001) K6 scores when comparing low and
high n-3 LC-PUFAs levels (Table 3). In unadjusted
logistic regression analyses, low and medium tertiles
of total and individual n-3 FAs were significantly
associated with higher ORs for SPD relative to the
highest tertile reference group (Table 4). Adjusted
logistic regression models showed the same ten-
dency, but only the lowest tertile of DHA was sig-
nificantly associated with SPD. In age-stratified
analyses, significant n-3 FA associations and trends
were observed only for those 50 years of age or
older, with low levels of EPA, EPA+DHA, n-3 LC-
PUFAs and total n-3 FAs significantly associated
with SPD. For total n-3 FAs and n-3 LC-PUFAs, the
medium tertile was also significantly associated with
SPD (Table 4).

25(OH)D

There were no significant gender differences in 25(OH)
D levels within age categories. However, those report-
ing SPD had significantly lower 25(OH)D values
(48.7 nmol/L, SD: 28.2) than those not reporting SPD
(60.2 nmol/L, SD: 34.3; p < 0.01). Mean levels of 25(OH)D
by first, second and third tertile were 25.9 nmol/L, SD:
7.7, 52.6 nmol/L, SD: 8.3 and 97.5 nmol/L, SD: 25.6,
respectively. There were significant associations
between low 25(OH)D levels and SPD in the unadjusted
and adjusted logistic regression analysis. We also found
significant associations in the age-stratified analyses
and significant trends over tertiles (Table 4). Finally,
we observed significant trends over biomarker tertiles
for age, marital status, days spent on the land, smoking
and K6 score (Table 3).

Table 1. Characteristics associated with serious psychological
distress (SPD): International Polar Year Inuit Health Survey
(n = 1699).

n % SPD p-value*

Sex <0.001
Male 659 7.7
Female 1.040 13.4

Mean age (years) <0.001
<50 1.217 13.2
≥50 482 6.0

Marital status 0.002
Married/common law 602 9.4
Not married 1.091 14.5

Days out on the land: −0.096
0–5, mean: 1.7 460 14.4
6–27, mean: 13.4 464 9.1
27–365, mean: 75.8 481 6.9

Feeling of being alone <0.001
Yes 852 16.9
No 820 5.1

Smoking <0.001
Yes 1160 13.6
No 534 6.0

Income <0.001
<$20,000 776 15.6
>$20,000 783 6.4

BMI (kg m–2)
<30 1.066 13.4 <0.001
≥30 605 8.10

Education −0.077
≤Elementary 404 12.8
Secondary 556 14.7
≥Secondary 711 7.6

*P-values for chi-square test for difference or Kendall’s tau.

Table 2. Mean (SD) biomarker levels by age group for partici-
pants who answered the Kessler 6 psychological distress assess-
ment: International Polar Year Inuit Health Survey (N = 1,649).

Total n-3*
EPA +
DHA*

N-3 LC-
PUFAs*

25(OH)D
nmol/L

Age (years) n Mean (SD) Mean (SD) Mean (SD) Mean (SD)

18–49 1173 4.91(2.62) 3.31(2.03) 4.62(2.58) 48.5(28.0)
≥ 50 476 8.01(4.12) 6.14(3.40) 7.77(4.10) 84.8(33.5)
Total 1649 5.80(3.43) 4.13(2.81) 5.52(3.40) 58.9(33.9)

*Fatty acids expressed as % of total RBC membrane fatty acid content.
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Discussion

In this cross-sectional survey of Inuit in northern Canada,
we found a relationship between low n-3 FA and 25(OH)D
values and increased OR for serious psychological dis-
tress. SPD was associated with being female, younger
age, not being married or living with a common-law
partner, spending fewer days out on the land, feelings
of being alone, smoking and low income. Further, n-3 FAs
and 25(OH)D were inversely related to SPD, especially
among older Inuit. Of course, cultural practices are also
important for mental health and it may be that our

biomarkers serve as proxies for cultural activities related
to food collection, sharing and consumption that increase
both biomarker levels and psychological well-being [26].

N-3 fatty acids

We found significant associations between low levels of
n-3 FAs and risk of SPD. However, it appeared that older
participants accounted for the association. In the age ≥ 50
years category, low and medium levels of various n-3 FAs
were almost all significantly associated with higher ORs

Table 3. Variables by tertile for n-3 LC-PUFAs and 25(OH)D and test for trend.
N-3 LC-PUFAs* 25(OH)D

Tertile 1 2 3 p-value† 1 2 3 p-value†

Age (years) 36.6(13.8) 38.4(13.0) 52.2(13.9) <0.001 32.5(10.2) 41.3(13.9) 53.1(13.7) <0.001
% female 63.0 60.6 60.1 0.225 64.3 60.0 59.8 0.045
% married/common law 58.7 64.4 69.7 <0.001 61.8 65.9 64.9 0.114
Days out on land (SD) 25.4(43.7) 30.4(47.5) 37.4(53.9) 0.000 21.4(37.4) 33.1(48.7) 37.9(56.2) <0.001
% feeling being alone 54.0 50.1 47.3 0.055 55.2 51.1 46.3 0.009
% smoking 77.9 73.2 58.2 <0.001 82.6 69.3 57.4 <0.001
% highest income 44.0 44.9 52.0 0.077 39.2 51.2 51.7 <0.001
K6 score (SD) 6.5(5.3) 6.1(4.8) 4.9(4.5) <0.001 6.8(5.1) 5.9(4.9) 4.9(4.6) <0.001

*EPA+DHA+DPA n-3
† Test for trend over tertiles.

Table 4. ORs for SPD by selected fatty acids and 25(OH)D with high values as reference, age specified and all observations.
<50 ≥50 All observations

Unadjusted Adjusted* Unadjusted Adjusted* Unadjusted Adjusted*
n = 1173 n = 901 n = 476 n = 343 n = 1649 n = 1244

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Total n-3 FAs
High 1.00 1.00 1.00 1.00 1.00 1.00
Medium 1.13 (0.73–1.73) 0.97 (0.57–1.79) 4.24 (1.17–15.35) 10.15 (1.22–83.69) 1.52 (1.00–2.31) 1.00 (0.58–1.76)
Low 1.31 (0.86–1.99) 1.34 (0.81–2.45) 5.01 (1.42–17.95) 13.43 (1.64–109.82) 2.11 (1.42–3.15) 1.58 (0.92–2.68)
p-trend† 0.202 0.210 0.012 0.008 <0.001 0.057
N-3 LC-PUFAs
High 1.00 1.00 1.00 1.00 1.00 1.00
Medium 1.08 (0.65–1.54) 1.02 (0.55–1.75) 4.59 (1.18–15.45) 10.11 (1.22–83.47) 1.44 (0.94–2.19) 0.95 (0.54–1.68)
Low 1.21 (0.85–1.93) 1.26 (0.84–2.55) 5.51 (1.42–17.96) 12.82 (1.60–104.30) 2.21 (1.49–3.28) 1.67 (0.98–2.84)
P-trend† 0.237 0.155 0.012 0.010 <0.001 0.027
EPA+DHA
High 1.00 1.00 1.00 1.00 1.00 1.00
Medium 1.11 (0.81–1.90) 1.11 (0.61–1.88) 3.86 (1.06–14.12) 4.37 (0.87–21.92) 1.66 (1.10–2.51) 1.13 (0.65–1.97)
Low 1.23 (0.85–1.98) 1.34 (0.73–2.28) 5.55 (1.55–19.23) 6.01 (1.26–29.29) 2.06 (1.38–3.09) 1.53 (0.88–2.66)
P-trend† 0.237 0.366 0.006 0.022 <0.001 0.104
EPA
High 1.00 1.00 1.00 1.00 1.00 1.00
Medium 1.05 (0.68–1.62) 1.26 (0.70–2.24) 1.79 (0.51–6.22) 1.66 (0.38–7.34) 1.62 (1.08–2.43) 1.09 (0.64–1.86)
Low 1.31 (0.87–1.98) 1.64 (0.94–2.88) 4.98 (1.65–15.08) 4.17 (1.10–15.84) 1.78 (1.20–2.65) 1.32 (0.77–2.26)
P-trend† 0.197 0.080 0.002 0.021 0.005 0.287
DHA
High 1.00 1.00 1.00 1.00 1.00 1.00
Medium 1.18 (0.80–1.89) 1.24 (0.72–2.23) 1.36 (0.46–3.99) 1.28 (0.35–4.37) 1.91 (1.25–2.93) 1.44 (0.82–2.53)
Low 1.32 (0.87–2.03) 1.31 (0.73–2.30) 2.71 (1.01–7.08) 2.58 (0.77–7.69) 2.43 (1.61–3.67) 1.86 (1.07–3.23)
P-trend† 0.184 0.396 0.037 0.111 <0.001 0.026
25(OH)D
High 1.00 1.00 1.00 1.00 1.00 1.00
Medium 1.40 (0.91–2.17) 1.49 (0.85–2.61) 2.11 (0.70–6.32) 2.42 (0.68–8.59) 1.61 (1.05–2.46) 1.31 (0.75–2.29)
Low 1.66 (1.08–2.54) 1.60 (0.89–2.89) 3.03 (1.07–8.64) 1.94 (0.54–6.95) 2.59 (1.73–3.86) 1.96 (1.10–3.49)
P-trend† 0.020 0.118 0.035 0.378 <0.001 0.017

*Adjusted for gender, age, marital status, days spent out on the land, feeling of being alone, income and smoking.
† Test for trend over tertiles.
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for SPD, while this was not the case for those under
50 years of age. It is possible that n-3 FAs co-varies with
other factors not captured by our measures that might
also explain the lower rates of SPD among older partici-
pants. N-3 LC-PUFAs (DHA, EPA and DPA n-3) showed the
strongest association with SPD. However, analyses strati-
fied on age found nothing significant in the age < 50 years
category. On the other hand, low levels of n-3 LC-PUFAs in
the age ≥ 50 years categorymore than doubled the OR for
SPD compared with only EPA and DHA in combination.
An unexpected finding was that the addition of DPA n-3
to EPA and DHA made the association with SPD stronger.
DPA n-3 is an elongated metabolite of EPA that has not
received as much study as EPA and DHA because it is not
readily available in purified form [28]. Of note, DPA n-3
content in seal is much higher than in common fish
species, and seal meat has been a central component of
traditional Inuit diet [29]. Thus, the increased strength of
the association between n-3 LC-PUFAs and SPD, com-
pared with EPA+DHA alone, could be explained by the
additional DPA n-3 gained by seal consumption. DPA n-3
may influence underlying neurobiological processes,
which reduce the risk for SPD. Alternatively, DPA n-3
level may be a reflection of the dietary practices of older
Inuit who consume more seal meat and other traditional
foods. Older Inuit DPA n-3 values were significantly higher
compared with younger Inuit (p-value <0.001). However,
patterns of food consumption are part of broader cultural
practices. Older Inuit also receive traditional food as a sign
of respect. Hence, DPA n-3 levels could be a proxy for
social connection and support, which in itself could
reduce SPD prevalence.

DHA also showed a significant trend over tertiles in
the multivariable analysis and it was the only FA that
showed a significant increased OR for SPD in the overall
sample. DHA is the predominant PUFA in the brain and
found in especially high concentrations in neuron-
dense grey matter [30]. However, the role of levels of
DHA in relation to neuropsychological functioning and
mental health is far from established [31].

25(OH)D

Sufficient vitamin D levels have been suggested as 25(OH)
D levels exceeding 50 nmol/L [32]. The mean 25(OH)D
level in the first tertile was below recommendations at
25.9 nmol/L, well into the deficiency range, while mean
level in the second and third tertiles exceeded recommen-
dations. In our sample, 45.9% had 25(OH)D levels below
the 50 nmol/L threshold. Among Inuit aged ≥ 50 years
only 11.5% were of low status and 88.5% had values
above 50 nmol/L, while only 40.3% had levels >
50 nmol/L and 60.7% were low in the age < 50 category.

In Edmonton at 52°N, sun exposure is insufficient for the
production of previtamin D3 fromOctober throughMarch
[33]. All our participants reside at latitudes above 54°10´N
with even less sunlight to rely on for vitamin D produc-
tion. Further, nutritional dense traditional food consump-
tion is declining [2], which may render Inuit at risk for
developing vitamin D deficiency associated diseases. We
observed significantly increased ORs for SPD in the low
level 25(OH)D categories in both unadjusted and adjusted
analysis as well as a significant trend over tertiles. We
observed the same tendency in the age-stratified models,
but found significant results only in the bivariate models.
This may be due to the age-related 25(OH)D level differ-
ences such that the variation within age cut-offs is not
large enough for statistical assessment.

Culture and mental health

Inuit have experienced tremendous changes as colonial-
ism, sedentarization, and westernisation have influenced
their way of life with emphasis on individualism, wage-
based economy and consequent cultural discontinuity
and social stressors [34]. The Inuit concept of the person
has been described as ecocentric [7], and It is commonly
held that being out on the land promotes well-being
and can prevent sickness. Consumption of traditional
country foods is thought to promote health, strength
and vitality. Food sharing with others also plays an
important role in relationships, and it acts as an identity
marker. We found a strong association between time
spent on the land and SPD but this disappeared when
other variables were controlled. Those who benefit from
being out on the land may have been under-represented
in our sample because they were out on the land at the
time of the survey.

In an earlier survey of Inuit in Nunavik, participation in
hunting was associated with lower risk of suicide
attempts among female youth [20]. More females than
males participated in the IPY survey. A higher female
participation ratio is common in survey-based studies
and our findings are no exception. In many populations,
women may be more likely than men to report psycho-
logical distress. However, risk of death by suicide is
higher among males, which does not correspond to the
relatively higher SPD rate among women [35]. It is pos-
sible that men are reluctant to disclose their distress and
that the actual prevalence of SPD is higher in men than
that observed [36]. There also may be aspects of Inuit
culture not captured by our measures that influence the
risk of SPD and that are also associated with the biomar-
kers we assayed. For example, is possible that reduced
psychological distress as well as high biomarker levels
may both be consequences of adherence to tradition,
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traditional food consumption and Inuit culture, which
enhance social cohesion and support through commu-
nity feasts and sharing of traditional foods.

Strengths and limitations

Our findings are in accord with research conducted in
Nunavik, another Canadian Inuit region [26]. Survey
participant’s natural high biomarker levels attained by
a high traditional, marine food intake provided an
opportunity to investigate associations between psy-
chological distress and biomarker levels that exceeded
levels commonly found in the literature [37]. Among
the strengths of the present study are the use of a
large, representative community sample. One limitation
of the survey data is that they were gathered during the
relatively sunny, warm months of August through
October. This time of sampling may hide a higher SPD
prevalence during the darker, colder time of the year
associated with Seasonal affective disorder (SAD),
defined as depression with seasonal pattern most
often expressed in autumn and winter months, which
is known to be more prevalent at higher latitudes [38].
Hence, a higher SPD prevalence might have been iden-
tified had the survey been conducted during the darker
winter months, a period when diet also shifts reflecting
change patterns of hunting and harvesting.

In the IPY survey, the questions on psychological
distress were administered via a separate confidential
questionnaire. Given that only 65.5% of the total
sample answered all the K6 questions, the actual
SPD prevalence may be higher due to participants'
reluctance to disclose personal and sensitive informa-
tion about their mental health. This reluctance might
apply especially to older men, who reported low
levels of SPD.

Finally, the cross-sectional nature of the data does
not allow any causal inference about the relationship
between nutritional biomarkers and mental health, and
the lack of variability in the younger age group makes
the statistical interpretation challenging. Age and bio-
marker levels are closely linked, which makes it difficult
to discern any specific effects of cultural transitions on
biomarkers.

Conclusion

We found a general trend towards higher risk for ser-
ious psychological distress with decreased n-3 fatty acid
and 25(OH)D levels. The associations were stron-
ger among participants aged ≥ 50 years. These observa-
tions may have both cultural and biological
explanations. Our results are consistent with current

initiatives in many Inuit communities to make tradi-
tional subsistence-related cultural values, practices and
activities present in everyday life as part of a holistic
approach to promote better mental health.

Acknowledgements

We appreciate the support and critical remarks made by Taryn
Seta Malkhassian and financial support from The University of
Bergen. This work was also supported by the FRQS Quebec
Network on Suicide, Mood Disorders and Related Disorders,
and the Canadian Institutes of Health Research Pathways
Implementation Research Team, Suicide Prevention for Inuit
Youth (L.J. Kirmayer, PI).

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This work was supported by the Universitetet i Bergen.

ORCID
Dominique Geoffroy http://orcid.org/0000-0002-4689-3786
Grethe S. Tell http://orcid.org/0000-0003-1386-1638
Laurence J. Kirmayer http://orcid.org/0000-0002-6228-1739

References

[1] Bang HO, Dyerberg J. Plasma lipids and lipoproteins in
Greenlandic west coast Eskimos. Acta Med Scand.
1972;192(1–2):85–94.

[2] Kuhnlein HV, Receveur O, Soueida R, et al. Arctic indi-
genous peoples experience the nutrition transition with
changing dietary patterns and obesity. J Nutr. 2004;134
(6):1447–1453.

[3] Egeland GM, Johnson-Down L, Cao ZR, et al. Food inse-
curity and nutrition transition combine to affect nutrient
intakes in Canadian arctic communities. J Nutr. 2011;141
(9):1746–1753.

[4] Egeland GM, Cao Z, Young TK. Hypertriglyceridemic-
waist phenotype and glucose intolerance among
Canadian Inuit: the International Polar Year Inuit Health
Survey for Adults 2007-2008. CMAJ. 2011;183(9):E553–
E558.

[5] Young TK, Bjerregaard P. Health transitions in Arctic
populations. Toronto: University of Toronto Press; 2008.

[6] Kral MJ, Idlout L, Minore JB, et al. Unikkaartuit: meanings
of well-being, unhappiness, health, and community
change among Inuit in Nunavut, Canada. Am J
Community Psychol. 2011;48(3–4):426–438.

[7] Kirmayer LJ, Fletcher C, Watt R. Locating the ecocentric
self: inuit concepts of mental health and illness. In:
Kirmayer LJ, Valaskakis G, editors. Healing traditions: the
mental health of aboriginal peoples in Canada. UBC
Press, Vancouver, B.C.; 2008.

INTERNATIONAL JOURNAL OF CIRCUMPOLAR HEALTH 7



[8] McNamara RK, Strawn JR. Role of long-chain omega-3
fatty acids in psychiatric practice. PharmaNutrition.
2013;1(2):41–49.

[9] Maddock J, Berry DJ, Geoffroy MC, et al. Vitamin D and
common mental disorders in mid-life: cross-sectional and
prospective findings. Clin Nutr. 2013;32(5):758–764.

[10] Kuhnlein HV, Barthet V, Farren A, et al. Vitamins A, D, and
E in Canadian Arctic traditional food and adult diets. J
Food Compost Anal. 2006;19(6–7):495–506.

[11] Kuhnlein HV, Kubow S, Soueida R. Lipid components of
traditional inuit foods and diets of Baffin Island. J Food
Compost Anal. 1991;4(3):227–236.

[12] Bersamin A, Luick BR, King IB, et al. Westernizing diets
influence fat intake, red blood cell fatty acid composi-
tion, and health in remote Alaskan Native Communities
in the Center for Alaska Native Health Study. J Am Diet
Assoc. 2008;108(2):266–273.

[13] El Hayek J, Egeland G, Weiler H. Older age and lower
adiposity predict better 25-hydroxy vitamin D concentra-
tion in Inuit adults: international Polar Year Inuit Health
Survey, 2007-2008. Arch Osteoporos. 2011;6(1):167–177.

[14] WHO and Centre for Indigenous Peoples’ Nutrition and
Environment. Indigenous peoples and participatory
health research; 2003. Available from: https://www.
mcgill.ca/cine/resources

[15] Folch J, Lees M, Sloane Stanley GH. A simple method for
the isolation and purification of total lipides from animal
tissues. J Biol Chem. 1957;226(1):497–509.

[16] Morrison WR, Smith LM. Preparation of fatty acid methyl
esters and dimethylacetals from lipids with boron fluor-
ide methanol. J Lipid Res. 1964;5:600–608.

[17] Klopfenstein WE. On methylation of unsaturated acids
using boron trihalide-methanol reagents. J Lipid Res.
1971;12(6):773–776.

[18] Kessler RC, Green JG, Gruber MJ, et al. Screening for
serious mental illness in the general population with
the K6 screening scale: results from the WHO World
Mental Health (WMH) survey initiative. Int J Methods
Psychiatr Res. 2010;19(Suppl 1):4–22.

[19] Kessler RC, Andrews G, Colpe LJ, et al. Short screening scales
to monitor population prevalences and trends in non-speci-
fic psychological distress. Psychol Med. 2002;32(6):959–976.

[20] Kirmayer L. J., Paul K. W., Rochette L., et al. Qanuippitaa?: how
are we?: Mental Health, Social Support and Community
Wellness. Nunavik Regional Board of Health and Social
Services. Quebec: Government of Quebec. 2007.

[21] Fraser SL, Geoffroy D, Chachamovich E, et al. (2015).
Changing rates of suicide ideation and attempts
among inuit youth: a gender-based analysis of risk
and protective factors. Suicide Life Threat Behav, 45
(2),141–156. C

[22] Furukawa TA, Kessler RC, Slade T, et al. The performance
of the K6 and K10 screening scales for psychological
distress in the Australian National Survey of mental
health and well-being. Psychol Med. 2003;33:357–362.

[23] Drapeau, A., Marchand, A., Beaulieu-Prévost. pidemiology
of psychological distress. In: L’Abate, L. editor. Mental
illnesses – understanding, prediction and control.
Rijeka, Croatia: Intech. 2011; pp. 134–155.

[24] Sands SA, Reid KJ, Windsor SL, et al. The impact of age,
body mass index, and fish intake on the EPA and DHA
content of human erythrocytes. Lipids. 2005;40(4):343–347.

[25] Zhou YE, Kubow S, Egeland GM. Highly unsaturated n-3
fatty acids status of Canadian Inuit: international Polar
Year Inuit Health Survey, 2007-2008. Int J Circumpolar
Health. 2011;70(5):498–510.

[26] Lucas M, Kirmayer LJ, Dery S, et al. Erythrocyte n-3 is
inversely correlated with serious psychological distress
among the Inuit: data from the Nunavik health survey.
J Am Coll Nutr. 2010;29(3):211–221.

[27] Leng GC, Smith FB, Fowkes FG, et al. Relationship
between plasma essential fatty acids and smoking,
serum lipids, blood pressure and haemostatic and rheo-
logical factors. Prostaglandins Leukot Essent Fatty Acids.
1994;51(2):101–108.

[28] Kaur G, Cameron-Smith D, Garg M, et al. Docosapentaenoic
acid (22: 5n-3):a review of its biological effects. Prog Lipid
Res. 2011;50(1):28–34.

[29] Ackman RG, Eaton CA. N-3 docosapentaenoic acid in
blubber of dam and pup grey seals (Halichoerus-
Grypus) - implications in the inuit diet and for human
health. Can J Zool. 1988;66(11):2428–2431.

[30] Salem N Jr., Litman B, Kim HY, et al. Mechanisms of
action of docosahexaenoic acid in the nervous system.
Lipids. 2001;36(9):945–959.

[31] Bloch MH, Hannestad J. Omega-3 fatty acids for the
treatment of depression: systematic review and meta-
analysis. Mol Psychiatry. 2012;17(12):1272–1282.

[32] Ross AC, Manson JE, Abrams SA, et al. The 2011 report on
dietary reference intakes for calcium and vitamin D from
the Institute of Medicine: what clinicians need to know. J
Clin Endocrinol Metab. 2011;96(1):53–58.

[33] Webb AR, Kline L, Holick MF. Influence of season and
latitude on the cutaneous synthesis of vitamin D3: expo-
sure to winter sunlight in Boston and Edmonton will not
promote vitamin D3 synthesis in human skin. J Clin
Endocrinol Metab. 1988;67(2):373–378.

[34] Kirmayer LJ, Brass GM, Tait CL. The mental health of
Aboriginal peoples: transformations of identity and com-
munity. Can J Psychiatry. 2000;45(7):607–616.

[35] Young TK, Revich B, Soininen L. Suicide in circumpolar
regions: an introduction and overview. Int J Circumpolar
Health. 2015;74:27349.

[36] Kral MJ. Suicide and suicide prevention among Inuit in
Canada. Can J Psychiat. 2016;61(11):688–695.

[37] Albert CM, Campos H, Stampfer MJ, et al. Blood levels of
long-chain n-3 fatty acids and the risk of sudden death. N
Engl J Med. 2002;346(15):1113–1118.

[38] Kurlansik SL, Ibay AD. Seasonal affective disorder. Am
Fam Physician. 2012;86(11):1037–1041.

8 H.-R. SKOGLI ET AL.

https://www.mcgill.ca/cine/resources
https://www.mcgill.ca/cine/resources

	Abstract
	Introduction
	Methods
	Study population
	Ethics
	Biochemical analyses
	The Kessler K6 scale
	Statistical analysis

	Results
	Biomarkers
	N-3 fatty acids
	25(OH)D

	Discussion
	N-3 fatty acids
	25(OH)D
	Culture and mental health
	Strengths and limitations

	Conclusion
	Acknowledgements
	Disclosure statement
	Funding
	References



