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ABSTRACT

Objectives. To examine the association between the content of n-3 fatty acids and insulin resist-
ance in an Inuit population.

Study design. The Inuit Health in Transition Study was carried out between 2003 and 2007 in
Greenland as a cross-sectional study. Our preliminary results are based on the first 452 partici-
pants aged 18 and above. Only participants with at least 1 Inuit grandparent and without diabetes
were included.

Methods. The contents of n-3 fatty acids and the n-3/n-6 ratio were measured in the erythrocyte
membrane phospholipids. BMI was calculated and questions concerning diabetes and ethnicity
were answered. Insulin resistance was estimated using the HOMA-IR index based on fasting-
glucose and fasting-insulin.

Results. We found an inverse association between C20:5 n-3 (EPA), C22:3 n-3, the n-3/n-6 ratio
and HOMA-IR and a positive association between C18:3 n-3 cis and HOMA-IR. When adjusted
for age, gender, BMI and ethnicity, the association remained statistically significant for C20:5 n-3
(EPA), C22:3 n-3 and C18:3 n-3 cis.

Conclusions. Our findings suggest that some types of n-3 fatty acids may have a protective effect
against insulin resistance. The role of potential confounders such as physical activity, diet, energy
intake, socio-economic status and contaminants deserves further exploration.

(Int J Circumpolar Health 2009; 68(4):327-336)
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INTRODUCTION

Studies of the Greenland population before
the 1980s indicated a low prevalence of type
2 diabetes when compared to Western Euro-
pean populations (1,2). However, a recent study
in 1999-2001, which collected data from 3
areas in Greenland, showed a high prevalence
of diabetes, 8.8% among women and 10.8%
among men (3).

Since the 1950s, substantial lifestyle changes
have occurred in Greenland, including a
change from a traditional marine diet to a more
Western-inspired diet (4—6). Despite the transi-
tion to a more Westernized diet, the intake of
sea mammals and fish and hence the intake
of n-3 fatty acids remains much higher among
Greenlanders as compared to most other popu-
lations. The level of adaptation to the West-
ernized lifestyle varies between the different
regions in Greenland, and a higher intake of
fish and sea mammals is still prevalent in the
villages as compared to the towns (6). Thus,
there is a great variation in the intake of n-3
fatty acids within the Inuit population, which
makes this population very suitable for inves-
tigations into the association between n-3 fatty
acids and insulin resistance.

N-3 fatty acids are mainly found in fish,
shellfish and sea mammals, where decosa-
hexaenoic acid (C22:6 n-3) (DHA) and eicos-
apentaenoic acid (C20:5 n-3) (EPA) are most
abundant. Further, some n-3 fatty acids, espe-
cially alpha-linolenic acid (C18:3 n-3) (ALA),
are found in plant oils and certain vegetables.
N-6 fatty acids are mainly found in plant oils.
Review articles have emphasized the impor-
tance of increasing the proportion of n-3 fatty
acids in the diet, which would imply that a high
n-3/n-6 ratio should be beneficial (7,8). Fatty

acids from the diet are incorporated into the
body’s cell membranes. Studies have shown
that the fatty acid composition of erythrocyte
membranes mirrors the fatty acid pattern of
the diet over the past few months (9-13).

The hypothesis of a connection between n-3
fatty acids and diabetes arose from diet studies
that linked a high fish or marine diet with a
lower prevalence of diabetes (14-16). This
finding has not been universally replicated
(17,18). Evidence based on direct measure-
ments of n-3 fatty acids has also been incon-
sistent (19-21).

Studies so far have been based on the
measurement of n-3 fatty acids in serum or
plasma. With the aim of clarifying the relation
between n-3 fatty acids and insulin resistance,
we set out to study the association between the
content of n-3 fatty acids measured in erythro-
cyte membranes and insulin resistance in an

Inuit population.

MATERIAL AND METHODS

Study population and design
The Inuit Health in Transition Study was
carried out in the period 2003-2007 in West
Greenland as a cross-sectional study with 2,345
participants aged 18 and above. The subjects
were selected randomly from the central popu-
lation registers of 8 regions in West Greenland.
From the participating settlements in these
regions, 11.4% of the adult population took
part in the Inuit Health in Transition Study.
This report is based on data for the first 527
participants, some of whom were examined
during the pilot study in 3 villages (Saqqaq,
Qeqgertaq and Ilimanagq) in the Ilulissat district
in 2003, and others of whom were examined
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in the towns of Aasiaat and Qasigiannguit in
2005. In the villages of Saqqaq, Qeqertaq
and Ilimanaq, 35% of the adult population
participated in the study.

Participants were excluded if they did not
have Inuit ethnicity, if they knew they had
diabetes based on self-reporting, if they had
diabetes diagnosed by an oral glucose toler-
ance test (OGTT), if they had not fasted for a
minimum of 8 hours before the blood sample,
if data for height and weight and hence BMI
were missing, and if fasting-glucose or fasting-
insulin were not available.

After exclusions were made, the study
population consisted of 452 participants, with
90 living in villages and 362 living in towns.
Thirty-nine were excluded because of having
diabetes, 2 because they had not fasted, 3
because of non-Inuit ethnicity and 31 because
of missing data on fasting-insulin, fasting-
glucose or BML.

The project was reviewed by the commis-
sion for Scientific Research in Greenland. All
subjects were informed about the study in
writing and orally, and gave their informed
consent.

Data collection

Laboratory measurements

A sample of fasting blood was taken and
participants ~ without previously known
diabetes received a standard 75 g oral glucose
tolerance test (OGTT) with 2-hour blood
sampling.

Within 1.5 hours of sample collections,
the tubes were labelled and refrigerated at
4°C prior to centrifuging. Tubes were stored
frozen at —20°C and specimens for fatty acids
measurement were stored frozen at —80°C.

Plasma glucose and plasma insulin were
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analysed at Steno Diabetes Center, Denmark,
the hexokinase/G6P-DH method on
Hitaschi 912 system and the enzyme-linked

using

2-site immunoassay, respectively.

Fatty acids were analysed at Université
Laval, Quebec. The composition of phos-
pholipids of erythrocyte membranes was
measured after total lipid extraction with
chloroform/methanyl mixture, phospholipid
separation by thin layer chromatography (22)
and methylation of fatty acids (23), followed
by capillary GLC (gas-liquid chromato-
graphic) using a DB-23 column in an HP-
Packard gas chromatograph. The n-3 fatty
acids comprised C18:3, C18:4, C20:3, C20:4,
C20:5, C22:3, C22:5 and C22:6. The ratio of
n-3 and n-6 fatty acids was measured as well.

C20:4 n-3, C18:3 n-3 trans and C20:3 n-3
were only detectable in 76, 6 and 3 partici-
pants, respectively, and were therefore not
included in the analyses presented here.

Anthropometric measurements

Weight and height were measured with the
participants wearing underwear, and BMI was
calculated as weight divided by the squared
height (kg/m?). With the participant standing,
waist circumference was measured midway
between the iliac crest and the costal margin.

Interview and questionnaire

Known diabetes was assessed by a “yes” to
one or both of the following questions: “Has
a doctor ever told you that you had diabetes?”
and/or “Do you have diabetes?”

The consumption of alcohol was assessed
by questionnaire and classified into 4
subgroups: “3-7 days per week,” “1-2 days
per week,” “1-3 days per month” and “less or

never.”
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The participants’ smoking status was
categorized into 3 groups: “current smoker,”
“former smoker” and “never smoked.”
Heritage was determined based on questions
about the ethnicity of the 4 grandparents, and
Inuit ethnicity was defined as having at least 1
grandparent with Inuit ethnicity. Ethnicity was
divided into full Inuit heritage (all 4 grandpar-
ents had Inuit ethnicity) and part Inuit heritage

(1, 2 or 3 grandparents had Inuit ethnicity).

Definitions

Insulin resistance

Insulin resistance was estimated using the
HOMA-IR index as HOMA-IR=
insulin (¢U/ml) x fasting plasma glucose
(mmol/1))/22.5.

(fasting

Data analysis

Analyses were performed using SAS version
9.1. The difference in levels of fatty acids by
gender, age, place of living, BMI, smoking
status, alcohol consumption and ethnicity was
tested in univariate regression models with
fatty acids as outcome. The distribution of

Table I. Characteristics of subjects by gender.

HOMA-IR was skewed and was therefore log
transformed before analysis. Multiple regres-
sion models were used with logHOMA-IR as
outcome and the fatty acid as exposure. The
analyses were progressively adjusted for age,
sex, BMI and ethnicity (full or part Inuit heri-
tage). Model 1 is adjusted for age and sex,
model 2 for age, sex and BMI and model 3 for
age, sex, BMI and ethnicity. Estimates were
considered significant with a p-value <0.05.

RESULTS

The characteristics of the subjects are shown
in Table I by gender. Women were in the
majority, representing 61% of the study popu-
lation. Women were younger and had a higher
BMI than men.

Table II shows the proportions of n-3 fatty
acids and the ratio between n-3 fatty acids and
n-6 fatty acids in the erythrocyte membranes.

The fatty acids with the highest relative
percent are shown for gender and place of
living in Figures 1 and 2.

Women (n=281) Men (n=171)

Age® (years) 45.8 (13.0) 48.3 (13.6)
BMI® (kg/m?) 27.0 (4.7) 25.9 (4.6)
Waist (cm) 93.2 (12.1) 92.8 (13.1)
Smokers % (95%Cl) 68 (58-71) 60 (51-68)
Alcohol group % (95%Cl)

3-7 per week 0.9 (0.1-3.8) 1.4 (0.2-5.9)

I-2 per week 11.8 (8.8-19.1) 18.2 (14.4-30.1)

I-3 monthly 27.6 (21.5-34.8) 32.9 (23.5-40.8)

Less/never 59.7 (50.3-64.9) 47.6 (35.9-54.3)
Full Inuit % (95%Cl) 93 (87-95) 84 (73-84)
HOMA-IR® 1.4 (1.0-2.0) 1.2 (0.7-2.0)
*Mean (SD).

®Median (Q1-Q3).
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Table I1. Composition of erythrocyte membrane phospholipids (as percentage of total
fatty acids). Median (Q1-Q3).

Fatty acid Relative percentage Detectable values®
Total n-3 12.0 (9.2-14.9) All

C22:6 n-3 (DHA) 6.4 (5.1-7.6) All

C20:5 n-3 (EPA) 2.7 (1.6-4.2) All

C22:5 n-3 (DPA) 2.1 (1.8-2.5) All

C22:3 n-3 0.30 (0.21-0.42) 402

Cl18:3 n-3 cis 0.18 (0.00-0.23) 309

Cl18:4n-3 0.13 (0.00-0.19) 402
n-3/n-6 ratio 0.57 (0.41-0.79)° All

*Number of subjects with detectable fatty acid values in their erythrocyte membranes.
PRatio between n-3 fatty acids and n-6 fatty acids instead of relative percentage.
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Figure |.The content of total n-3 fatty acids, C22:6 n-3 (DHA) and C20:5 n-3 (EPA) in
erythrocyte membrane phospholipids in towns and villages.
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Figure 2. The content of total n-3 fatty acids, C22:6 n-3 (DHA) and C20:5 n-3 (EPA) in
erythrocyte membrane phospholipids in the various age groups.
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Results from the multiple regression anal-
ysis are shown in Table III. The table only
shows the fatty acids, which had a signifi-
cant univariate association with HOMA-IR.
The f value expresses the relative change
in the HOMA-IR value, when the fatty acid
increases with 1 unit. As fatty acids are
expressed in percent of total fatty acids, 1
unit corresponds to 1 percentage point.

The unadjusted models showed an inverse
association between total n-3 fatty acids,
C20:5 n-3 (EPA), C22:6 n-3 (DHA), C22:5
n-3 (DPA), C22:3 n-3, C20:4 n-3, the n-3/n-
6 ratio and HOMA-IR. However, the asso-
ciation was only statistically significant for
C20:5 n-3 (EPA), C22:3 n-3 and the n-3/n-6
ratio. A rise of 1 percentage point in these
fatty acids was associated with a decrease of
HOMA-IR of 4%,46% and 21%, respectively.
Conversely, a positive association between
C18:3 n-3 cis, C18:4 n-3 and HOMA-IR was
seen, and this at a statistically significant
level for C18:3 n-3 cis. For C18:3 n-3 cis an
increase of 1 percentage point was associated

with an increase in HOMA-IR of 124%.

After adjustment for age, gender, BMI and
ethnicity (model 3), the association between
C20:5 n-3 (EPA), C22:3 n-3, C18:3 n-3 cis
and HOMA-IR remained present. However,
the association was attenuated for C20:5
n-3 (EPA), when only adjusted for age, sex
and BMI (models 1 and 2). The association
between the n-3/n-6 ratio and HOMA-IR
did not remain statistically significant after
adjustments.

Adjusting for waist circumference instead
of BMI did not change the associations (data
not shown).

The results did not change if the study
population was restricted to those with only
full Inuit heritage.

When stratified by gender, the same
directions of the associations were observed
at a statistically significant level for women.
When stratified by place of residence, we
saw the same directions of the associations
as well, but only a few of the associations
remained statistically significant.

Table IlI. Multiple regression models with stepwise adjustments for age, gender, BMI and ethnicity. The 3 value
expresses the relative change of HOMA-IR, when the fatty acid rises with | percentage point. Model |:age and gender,
model 2: age, gender and BMI, model 3: age, gender, BMI and ethnicity.

C20:5 n-3 (EPA) C22:3 n-3

C18:3 n-3 cis n-3/n-6

B 95%Cl B

95%Cl

B 95%Cl B 95%Cl

Unad,. 0.96 0.93-0.99 0.54 0.39-0.75 224 1.47-3.44 0.79  0.65-0.97
Model | 0.97 0.93-1.00 0.56 0.38-0.83 223 1.46-3.39 0.85 0.67-1.07
Model 2 0.97 0.94-1.00 0.68 0.49-0.93 .55  1.09-2.19 085 0.70-1.03
Model 3 0.97 0.94-1.00 0.67 0.49-0.92 1.55  1.10-2.20 0.85 0.70-1.02
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DISCUSSION

We found in an Inuit population in Green-
land that 2 types of n-3 fatty acids, C20:5 n-
3 (EPA) and C22:3 n-3, and the n-3/n-6 ratio
were inversely associated with HOMA-IR,
while 1 type of n-3 fatty acid, C18:3 n-3 cis,
was positively associated with HOMA-IR.
In the case of C20:5 n-3 (EPA), C22:3 n-3
and C18:3 n-3 cis, the relations were robust
in their adjustment for age, gender, BMI and
ethnicity.

The Inuit population is exceptionally suit-
able for a study of the association between
n-3 fatty acids and insulin resistance. The
intake of n-3 fatty acids is much higher in
the Greenland Inuit population compared
to other European populations. Comparison
of the composition of n-3 fatty acids of the
erythrocyte membrane phospholipids in this
study with studies from other parts of Europe
(9,24-26) confirms that the content of n-3
fatty acids in the erythrocyte membranes is
considerably higher in the Inuit population.
Furthermore, there is a great variation in the
intake of n-3 fatty acids in the Inuit popu-
lation with a higher intake in villages as
compared to towns (6). In this study, people
from both villages and towns were included
to maximize the variation of n-3 fatty acid
intake.

Another strength of this study is the
measurement taken of the n-3 fatty acids in
erythrocyte membranes. Studies have shown
that fat intake tends to be underestimated,
when assessed by dietary recall or records
(27,28). Fat intake may be assessed more
reliably when based on dietary biomarkers
such as measurement of fatty acids in eryth-
rocyte membranes. Studies have shown that

N-3 fatty acids and insulin resistance

the fatty acid composition of erythrocyte
membranes mirrors the fatty acid pattern of
the diet over the past few months (9-13). A
high proportion of n-3 fatty acids in erythro-
cyte membranes reflect a high dietary intake
of n-3 fatty acids during the period before
the sample was taken. Fatty acids measured
in cholesterol esters in serum reflects the
intake over a period limited to the past week
or 2 (9,29).

Fewer men than women and fewer people
from villages than towns participated in
the study. When stratified by gender, we
saw the same directions of the associations.
However, the associations were only signifi-
cant for women, which probably is due to the
lower number of men in the study. Nothing
in the literature indicates that there should
be any gender difference in the association
between n-3 fatty acids and insulin resis-
tance in men and women. The lack of signif-
icant associations, when stratified by place
of residence, is probably due to the limited
number of participants in each group.

The gold standard for the assessment of
insulin resistance is the euglycemic clamp
technique. As this method is not practicable
in epidemiological settings, we used HOM A-
IR, which has been validated against the
gold standard (30-32), to estimate insulin
resistance in our study.

Previous studies examining the asso-
ciation between n-3 fatty acids and insulin
resistance and glucose intolerance are incon-
sistent. Two longitudinal studies (15,16) and
a cross-sectional study from Alaska of an
Inuit population (14) have linked fish intake
with protection against glucose intolerance,
while another follow-up study did not find
any association between fish intake and
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the risk of diabetes (18). A cross-sectional
study from Greenland even found a positive
association between a marine diet and blood
glucose (17). It is not known which compo-
nents of the marine diet are responsible for
these associations.

Two cross-sectional studies from Alaska,
where n-3 fatty acids were measured in
serum and plasma, have shown that reduced
concentrations of some n-3 fatty acids were
associated with glucose intolerance (19) and
insulin resistance (20), while another study
showed an inverse association with insulin
resistance (21).

Most intervention studies with supple-
mentation of fish oil capsules have been
performed in type 2 diabetic patients and
have not induced any change in fasting blood
glucose or insulin sensitivity (33-35). Also,
randomized controlled trials performed in
healthy subjects with n-3 fatty acid supple-
mentation have not shown any influence on
insulin sensitivity (36,37). However, most
of these studies are probably conducted for
periods too short to allow a real change in
the composition of cell membrane phospho-
lipids. An intervention study among the Inuit
in the Alaska Siberia project showed that an
increased consumption of traditional foods
rich in n-3 fatty acids resulted in a decrease
in plasma glucose (38).

This study is the first to assess n-3 fatty
acids in erythrocyte membranes and to
determine the association with insulin resis-
tance in an Inuit population.

C18:3 n-3 cis, which is mainly found in
plant oils, was associated with an increased
risk of insulin resistance in this study. This
could be because this fatty acid is related to
a Westernized diet. However, this finding

is not consistent with other studies. Two
studies, 1 from Alaska and 1 from Finland,
found that low concentrations of C18:3 n-3
were associated with glucose intolerance
(19,39).

Two of the fatty acids (C22:3 n-3 and
C18:3 n-3) that are significantly associated
with HOMA-IR are only present in small
amounts. This could mean that even though
the observed relations are statistically
significant, it may have little physiological
impact.

Our multivariate analyses showed that
the associations between n-3 fatty acids and
insulin resistance are complexly interrelated
and they are probably likely to be affected by
the interplay of diet, physical activity, energy
intake, socio-economic status and contami-
nants. Physical activity could be an impor-
tant confounder, because it is possible that
people, who consume more traditional diets
high in n-3 fatty acids, are more active.

The role of such potential confounders
deserves further detailed exploration in
future studies.

In conclusion, our findings suggest that
some n-3 fatty acids, C20:5 n-3 (EPA) and
C22:3 n-3, which are associated with a high
intake of fish and sea mammals, and a high
n-3/n-6 ratio may improve insulin sensitivity,
while C18:3 n-3 cis may worsen insulin

sensitivity.
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