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A B S T R A C T

Inuit in Canada have high selenium intake from the consumption of country food such as fish and marine
mammals. The health consequence is not known. This study examines the association between blood selenium
concentration and prevalence of stroke among Canadian Inuit. The International Polar Year Inuit Health Survey
was conducted in 2007–2008. Among the 2077 adults participants (≥18 years old) who completed a ques-
tionnaire and gave blood samples, 49 stroke cases were reported, 31 of which were from women. The crude
prevalence of stroke was 2.4% in the participants. Participants with stroke had lower blood selenium (geometric
mean: 260 μg/L vs. 319 μg/L) and dietary selenium (144 μg/day vs. 190 μg/day) compared to individuals
without stroke. Participants with high blood/dietary selenium exposure (quartiles 3 and 4) had a lower pre-
valence of stroke compared to those with low selenium exposure (quartile 1). The adjusted odds ratio ranged
from 0.09 to 0.25 among subgroups (e.g. age, sex, and blood mercury). An L-shaped relationship between
prevalence of stroke with blood and dietary selenium was observed, based on the cubic restricted spline and
segmented regression analyses. The estimated turning points of the L-shaped curve for blood selenium and
dietary selenium were 450 μg/L and 350 μg/day, respectively. Below the turning points, it was estimated that
each 50-μg/L increase in blood selenium was associated with a 38% reduction in the prevalence of stroke, and
each 50-μg/day increase in dietary selenium was associated with a 30% reduction in the prevalence of stroke. In
conclusion, blood and dietary selenium are reversely associated with the prevalence of stroke in Inuit, which
follows an L-shaped relationship. Whether this relationship applies to other population needs further in-
vestigation.

1. Introduction

Selenium is a trace element essential to maintaining human health
[1]. Selenium and selenium-dependent proteins and enzymes are in-
volved in antioxidant defence, as well as intracellular redox regulation
and modulation [2]. The relationship between selenium and cardio-
vascular disease is controversial. Selenium’s U-shaped dose–response
function on human health [3] and varied baseline selenium status
among populations [4], are two plausible explanations [3]. A diet in-
sufficient in selenium can lead to adverse effects, while exposure to too
much selenium can cause toxicity. Several studies, especially from po-
pulations with low habitual selenium intake, suggest that selenium has
beneficial effects on certain cancer and cardiovascular outcomes [5–9].
However, no beneficial effects on cardiovascular diseases from sele-
nium supplement were observed in primary prevention trials conducted
mainly in the US, a population with adequate dietary selenium intake
[10–13]. Some studies reported that selenium was associated with in-
creased risk of diabetes and elevated cholesterol levels [14–16],

however, no or negative associations were also observed [17,18].
In the past two decades, both the age-standardized prevalence and

mortality of stroke have declined in Canada as well as many other high-
income countries [19,20]. However, the epidemiology of stroke and its
risk factors among Inuit living in Canada is not clear. Several studies
and statistics suggest that cerebrovascular disease mortality is higher
among Inuit than the general populations in the United States, Canada,
and Denmark [21–23]. Inuit are experiencing rapid transitions in nu-
trition intake and lifestyles [24]. Consequently, risk factors for stroke
like obesity, diabetes, and hypertension are becoming more prevalent in
Inuit communities [21,25,26]. Inuit living in Canada are exposed to
high selenium levels through their traditional diet rich in marine
mammals and fish [27]. Recently, a novel seleno-containing organic
compound, selenoneine, showed a promising metabolic role in redox
metabolites in humans [28,29]. Evidence suggests that selenoneine is
present in the Arctic marine food chain, and accumulates in Inuit blood
[30].

The objective of the present study was to examine the association
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between dietary selenium intake from country food, blood selenium
concentrations, and prevalence of stroke among Inuit living in Canada.
Furthermore, we explored the potential non-linear relationship be-
tween blood/dietary selenium and prevalence of stroke.

2. Materials and methods

2.1. Study population

The International Polar Year Inuit Health Survey (IHS) was a cross-
sectional survey conducted in Nunavut, Nunatsiavut, and the Inuvialuit
Settlement Region in Canada in 2007 and 2008. Details of the survey
have been published elsewhere [31]. Inuit adults aged 18 and older
were invited to participate in the survey. Over 63% of the participants
were female. A variety of topics were covered in the survey, including
traditional diet and nutrition, food insecurity, chronic diseases, an-
thropometrics, and lab measurements of health indicators. A total of
2595 Inuit adults agreed to participate in the survey, of which 2169
completed the individual questionnaire and gave blood samples. The
overall response rate was 83.6% (2169/2595).

2.2. Measurements of exposure

Dietary selenium intake from country food (i.e. dietary selenium)
was estimated with a food frequency questionnaire, the details of which
have been published elsewhere [27]. The food frequency questionnaire
only examined country food. Country food is the name that Inuit use to
describe traditional foods harvested locally, e.g. arctic char, seal meat,
whale, and caribou. The list of country foods included in the ques-
tionnaire was based on a revised version of the Centre for Indigenous
Peoples’ Nutrition and Environments’ Inuit traditional food frequency
questionnaire [27]. Whole blood selenium concentration was used as
another exposure indicator. Details of the analytic methods and quality
control procedures have been described in detail previously [27,32].
Fasted blood samples (at least eight hours, not no more than 16 h) were
collected in plastic BD Vacutainer tubes (Becton Dickinson and Com-
pany, Franklin Lakes, NJ) coated with K2EDTA for whole blood and
stored at −80 °C until analysis. Samples were analyzed at the Labor-
atoire de Toxicologie, Institut National de Santé Publique (Québec, QC,
Canada), [ISO (International Organization for Standardization) ac-
creditation 17025], which participates in the quality-assurance quality-
control programs of the German External Quality Assessment Scheme
and the Quebec Multi-element External Quality Assessment Scheme. An
Elan DRC II (Perkin-Elmer) inductively coupled plasma mass spectro-
meter was used to measure selenium in whole blood [27,32]. The limit
of detection was 0.21 nmol/L, and the reproducibility was 3.8%. The
blood selenium concentration was converted into microgram/litre (μg/
L) and log-transformed, because the selenium distribution was skewed
positively. Dietary selenium was expressed as the average daily intake
(μg/day). Participants were divided into quartiles according to dietary/
blood selenium, and the first quartile was used as the reference cate-
gory.

2.3. Measurements of outcomes and confounders

The occurrence of stroke was recorded using self-disclosure of
physician-diagnosed stroke. Participants were asked, “Did a doctor or a
nurse ever tell you that you suffered from stroke?” A total of 2077 valid
answers were recorded, along with information on known risk factors.
Parents’ history of stroke was defined as either parent being diagnosed
with a stroke. Systolic and diastolic blood pressure measurements were
calculated from the average of three readings. Blood cholesterol and
glucose concentrations were measured after 8 h but no more than 16 h
of fasting. BMI was calculated by dividing the weight by the square of
height. Total omega-3 fatty acids were measured in red blood cell (RBC)
membranes and expressed as a percentage of weight (wt%) to total fatty

acids identified [33]. Total blood mercury was measured following the
same procedure as that of selenium. In addition, blood plasma con-
centrations of polychlorinated biphenyls (PCBs) and polybrominated
diphenyl ethers (PBDEs) were measured [32]. Diabetes was defined as
either self-reported of physician-diagnosed diabetes, fasting plasma
glucose ≥7.0 mmol/L, oral glucose tolerance test ≥11.1 mmol/L, or
currently on diabetes medication. Finally, the survey measured physical
inactivity, which was defined as average moderate-intensity physical
activity< 150 min in a week.

2.4. Statistical analysis

The characteristics of the participants were assessed with de-
scriptive statistics, including frequency, mean, and standard deviation.
In this study, we investigated the association between dietary/blood
selenium and prevalence of stroke following three steps. First, we ex-
amined the dietary/blood selenium difference by stroke status. The age-
and sex-adjusted arithmetic mean (AM) for dietary selenium and geo-
metric mean (GM) for blood selenium were calculated using a general
linear model. Second, we used unconditional logistic regressions to
investigate the difference in prevalence of stroke by dietary/blood se-
lenium quartiles, adjusting for age, sex, systolic blood pressure,
smoking status, total cholesterol, diabetes, and parents’ history of
stroke. Both analyses were stratified by variables in which either the
prevalence of stroke or blood/dietary selenium were not evenly dis-
tributed: sex, age (< 40 and ≥40 years old), education (primary, sec-
ondary, and higher), total omega-3 fatty acids (< 5.4 and ≥5.4 wt% of
total fatty acids), and blood mercury concentration (< 7.8 and
≥7.8 μg/L). The cut-offs were the medians of the variables of interest
(e.g. the median of mercury concentration was 7.8 μg/L). The adjusted
odds ratios (ORs) of the prevalence of stroke by dietary/blood selenium
quartiles, as obtained from the logistic regressions, were visually de-
picted in a forest plot.

Third, two further efforts were made to quantify the potential non-
linear association between selenium and stroke. Restricted cubic spline
regression (RCS) was fitted for dietary/blood selenium to examine the
shape of the dose–response curve [34]. Segmented logistic regression,
with two breakpoints, was fitted to examine if the association between
dietary/blood selenium and prevalence of stroke changed at different
doses, and to check whether the breakpoints identified were in ac-
cordance with the RCS results[35]. The adjusted ORs associated with
each increase of 50 μg/L in blood selenium or 50 μg/day in dietary
selenium were reported for ease of interpretation. A forward procedure
was adopted to show the relative contribution of other risk factors and
their influence on selenium’s effect size and the breakpoints. Model 1
included selenium, age, and sex; Model 2 added traditional stroke risk
factors (smoking, diabetes, systolic blood pressure, total cholesterol,
BMI, physical inactivity, and parents’ history of stroke); Model 3 added
socioeconomic status (education, marital status, occupation, and per-
sonal income); Model 4 added omega-3 fatty acid composition, mer-
cury, sum of PCBs, and sum of PBDEs. Medication information was not
controlled in the model as it was not clear for primary prevention or
secondary prevention of stroke. Marine mammals and fish intake were
not controlled as they are in the same causal pathway between sele-
nium and stroke. The descriptive analysis, logistic regressions, and
forest plot were performed with Stata version 14.1 (StataCorp LP,
College Station, TX, USA), while the RCS and segmented logistic re-
gression were performed with R (R Core Development Team).

3. Results

The characteristics of the participants are shown in Table 1. The
mean age of the participants was 42 years, and over 60% of the parti-
cipants were female. Among the participants, 70% were current smo-
kers. A total of 49 stroke cases were identified, accounting for 2.36% of
the total participants. People with stroke were older (by 8 years on
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