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Abstract

Concentrations of persistent organic pollutants (POPs) are high in Inuit living predominately

on the traditional marine diet. Adverse effects of POPs include disruption of the immune sys-

tem and cardiovascular diseases that are frequent in Greenland Inuit. We aimed to assess

the association between exposure to POPs from the marine diet and inflammation, taking

into account other factors such as vitamin D. We invited Inuit and non-Inuit living in settle-

ments or the town in rural East Greenland or in the capital city Nuuk. Participants completed

a food frequency questionnaire and donated a blood sample for measurement of the two

markers of inflammation YKL-40 and hsCRP, 25-hydroxy-vitamin D, eleven organochlorine

pesticides (OCPs), fourteen polychlorinated biphenyls (PCBs), one polybrominated biphe-

nyl, and nine polybrominated diphenyl ethers (PBDEs) adjusted to the serum lipid content.

Participants were 50 through 69 years old, living in settlements, town or city (n = 151/173/

211; 95% participation rate). ΣOCP, ΣPCB and ΣPBDE serum levels were higher in Inuit

than in non-Inuit (p<0.001/ p<0.001/ p<0.001), in older individuals (p<0.001/p<0.001/p =

0.002) and in participants with the highest intake of Greenlandic food items (p<0.001/

p<0.001/p<0.001). Both YKL-40 and hsCRP serum levels were higher in Inuit compared to

non-Inuit (p<0.001/p = 0.001), and increased with age (p<0.001/p = 0.001) and with the

intake of Greenlandic food items (p<0.001/p = 0.002). Multivariate analysis conformed to a

marked influence on both YKL-40 and hsCRP by ΣOCP (p<0.001/p<0.001) and ΣPCBs

(p<0.001/p = 0.001) after adjusting for age, BMI, vitamin D, alcohol and smoking. POP lev-

els were associated with the intake of the traditional Inuit diet and with markers of inflamma-

tion. This supports a pro-inflammatory role of POPs to promote chronic diseases common

to populations in Greenland. These data inform guidelines on ‘the Arctic dilemma’ and

encourage follow-up on the ageing Arctic populations.
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Introduction

Persistent organic pollutants (POPs) are typically halogenated organic compounds derived

from industrial activities [1]. They are classified based on chemical structure to include poly-

chlorinated biphenyls (PCBs), organochlorine pesticides (OCPs) and polybrominated diphe-

nyl ethers (PBDEs). They resist degradation remaining intact for many years. Hence, they are

persistent [2].

The chemical properties cause POPs to be convenient for a number of purposes and their

use commonly includes flame-retardants, lubricants and pesticides [1]. Once released into the

environment they become widely distributed and long-range transport of POPs to the Arctic

occurs by atmospheric and ocean currents [2–4].

POPs are highly lipophilic and bio-accumulate in fatty tissues of animals and humans.

Hence, bioaccumulation occurs in addition to magnification in the food chain that cause high

concentrations in top predators [1,3].

Due to long-range atmospheric transport human exposure to POPs is ubiquitous and not

restricted to individuals living in industrial areas, large cities or parts of the world where POPs

are still in use. Populations in the Arctic may even experience larger exposure to POPs than

populations living in industrialized parts of the world.

Inhabitants in Arctic Greenland still rely on the traditional diet comprising of fish and

marine mammals at the top of the marine food chain [4–6]. Hence, they are exposed to POPs

largely due to their reliance on the traditional Greenlandic diet. Despite being banned or

restricted for several years, concentrations of POPs are still high in marine mammals in Green-

land [5,7,8] and in Inuit living on the traditional Greenlandic marine diet [9,10].

The line of adverse effects of POPs include endocrine disruption within the reproductive

system, central nervous system with developmental and behavioral disabilities, cancer, meta-

bolic disorders, the immune system and cardiovascular disease [1,2,11]. A main background

for cardiovascular disease (CVD) is atherosclerosis, and chronic inflammation has been sug-

gested to be involved in development of atherosclerosis and thus CVD [12]. Previously, we

found high levels of markers of inflammation with a frequent intake of the traditional Inuit

diet [13]. This diet contains POPs that have been shown to act in a pro-inflammatory manner

[11,14]. POPs may thus contribute to the rise in the occurrence of CVD in Greenland [15].

This led us to investigate the association between exposure to POPs from the marine diet

and inflammation, among Inuit and non-Inuit living in Greenland, taking into account other

factors including vitamin D.

Subjects and methods

A detailed description of the area of investigation and the subjects in the study has been pre-

sented previously [13,16,17]. In short, 535 Inuit and non-Inuit, men and women, 50–69 years

old participated. Data were collected in 1998 and participants were living in the capital city

Nuuk at the West coast or in rural Ammassalik district at the Greenlandic East coast at the

time of the survey.

Dietary habits

A food frequency questionnaire (FFQ) was used to obtain information regarding dietary hab-

its. It included both traditional Greenlandic food items (seal, whale, wild birds, fish, reindeer,

musk ox, hare and lamb) and imported food items (pre-cooked meals, potatoes, vegetables,

butter, cheese, eggs and fresh fruit). The participants were asked to categorize the intake of

each individual food items ranging from never to daily intake. A frequency score for each food

item was then calculated as the average number of days per month it was ingested (daily

POPs and markers of inflammation in Arctic Inuit
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intake = 30.4; 4–6 times/week = 21.7; 1–3 times/week = 8.7; 2–3 times/month = 2.5; 1 time/

month = 1 and never = 0 days/month) [18]. The frequency scores were summed for all food

items ingested by each participant: Greenlandic food items were scored positively and

imported food items were scored negatively. Participants were then categorized into five diet

groups: Diet group 1:>80%; 2:60–79%; 3:40–59%; 4:20–39%; 5:<20% Inuit food item scores

on a scale where 100% represented Inuit food scores only and 0% represented imported foods

only [16].

Assays

25-hydroxyvitamin D. 25-hydroxyvitamin D3 and D2 were analysed by isotope dilution

liquid chromatography-tandem mass spectrometry (LC-MS/MS) and calibrated to the NIST

standard, as described in details previously [19].

Markers of inflammation. Serum YKL-40 levels were measured with an ELISA method

(Quidel), with a measuring range of the assay of 20–300 ng/ml. Intra- and inter-assay CV were

5.8 and 6.0%, respectively. Limit of detection was 5.4ng/ml (information supplied by manufac-

turer). We measured hsCRP levels with a highly sensitive, latex particle-enhanced immunotur-

bidimetric assay (DAKO, Glostrup, Denmark), with a measuring range of the assay of 0.2–80

mg/l and detection limit of 0.03 mg/l.

Persistent organic pollutants. Samples were analysed for 35 lipophilic POPs at Le Centre

de Toxicologie du Québec (Sainte-Foy, Québec, Canada) which is an international certified

laboratory established by the Canadian Association for Environmental Analytic Laboratories.

Fourteen polychlorinated biphenyls (PCBs) [PCB28, 52, 99, 101, 105, 118, 128, 138, 153, 156,

170, 180, 183, 187], ten flame retardants: one polybrominated biphenyl [PBB153] and nine

polybrominated diphenyl ethers (PBDEs) [PBDE15, 17, 25, 28, 33, 47, 99, 100, 153], and eleven

organochlorine pesticides (OCPs) [p,p’-DDT (dichlorodiphenyltrichloroethane) and its major

metabolite p,p’-DDE (dichlorodiphenyldichloroethylene), aldrin, mirex, β-hexachlorocyclo-

hexane (β-HCH), hexachlorobenzene (HCB), cis- and trans-nonachlor, α-, γ- and oxy-chlor-

dane] were analysed in purified extracts by high-resolution gas chromatography with electron

capture detection. As POPs are lipophilic, all determined POPs were adjusted to the serum

lipid content analysed from the corresponding sample and reported as μg/kg serum lipid. The

limit of detection (LOD) was adjusted in function of the lipids for each sample and values

below the LOD were imputed to LOD/2.

Blood samples were drawn from the antecubital vein in non-fasting participants using min-

imal tourniquet. Serum was separated and stored at -20˚C until analysis. Blood samples for all

assays were analysed in random order with participant characteristics blinded to the

laboratories.

The survey was conducted in accordance by the guidelines laid down by the Declaration of

Helsinki and the procedures were approved by the Commission for Scientific Research in

Greenland (jr. number 2015–15701).

All subjects gave informed written consent which was in Greenlandic or Danish as chosen

by the participant.

Statistical analysis

Results are given as number of participants in groups, percentages, medians and interquartile

range. Groups were compared using the chi-squared test, Mann-Whitney U test for compari-

son of levels between two groups and Kruskal-Wallis test for levels between several groups.

Kendall’s tau rank correlation coefficient was used to describe the trend between several

groups. Linear regression analyses were performed to test the correlation between POPs and

POPs and markers of inflammation in Arctic Inuit
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markers of inflammation. YKL-40 and hsCRP were dependent variables. Firstly, univariate

regression was done with ethnicity (Inuit vs non-Inuit), age (continuous, year), gender (men

vs women), BMI (continuous, kg/m2), smoking (never, past, <11, 11–20,>20 cigarettes per

day), alcohol intake (never, 0–7, 8–14, 15–21,>21 units/week), diet (five diet groups), vitamin

D (continuous) and POPs (continuous) as explanatory variables. Multiple linear regression

analyses were performed to examine the association between the independent variables POPs

and the depending variables YKL-40 and hsCRP. Covariates adjusted for in the multiple linear

regression models were age, alcohol intake, smoking, BMI and vitamin D, included similarly

to the univariate analysis. YKL-40 and hsCRP were logarithmically transformed for the linear

regression analyses using the natural logarithm.

MedStat software (Astra) was used for the random selection of participants in Nuuk. Data

was processed and analysed using Stata version 13.1 software (StataCorp.). A two-sided p-

value less than 0.05 was considered statistically significant.

Results

Characteristics of the study population based on dietary habits are depicted in Table 1. Intake

of a diet consisting mainly of traditional Inuit food items was seen especially among Inuit and

Table 1. Characteristics of the participants in the survey, based on intake of Greenlandic diet.

Greenlandic diet

80%+ 60–79% 40–59% 20–39% <20%

n (%) n (%) n (%) n (%) n (%) pa

Ethnicity Inuit 239 (55) 104 (24) 66 (15) 20 (5) 5 (1)

Mix 2 (29) 3 (43) 1 (14) 1 (14) 0 (0)

Non-Inuit 0 (0) 3 (3) 13 (14) 40 (43) 38 (40) <0.001

Age 50–59 years 129 (37) 73 (21) 54 (16) 51 (15) 37 (11)

60–69 years 112 (59) 37 (19) 26 (14) 10 (5) 6 (3) <0.001

Gender Men 139 (45) 54 (17) 42 (14) 42 (14) 32 (10)

Women 102 (45) 56 (25) 38 (17) 19 (8) 11 (5) 0.015

Residence City 44 (21) 48 (23) 50 (24) 45 (21) 24 (11)

Town 93 (54) 30 (17) 21 (12) 13 (8) 16 (9)

Settlement 104 (69) 32 (21) 9 (6) 3 (2) 3 (2) <0.001

BMIb Normal 117 (48) 50 (21) 30 (12) 28 (12) 17 (7)

Overweight 63 (44) 22 (15) 21 (15) 23 (16) 15 (10)

Obese 37 (41) 20 (22) 16 (18) 8 (9) 9 (10) 0.42

Smoking Never 22 (27) 19 (23) 14 (17) 15 (18) 12 (15)

Past 27 (40) 14 (21) 13 (19) 11 (17) 2 (3)

Present 191 (50) 77 (20) 53 (14) 35 (9) 29 (7) 0.002

Alcoholc 0–7 150 (45) 66 (20) 56 (17) 36 (11) 22 (7)

0–14 50 (42) 27 (23) 16 (13) 16 (13) 11 (9)

15+ 37 (49) 16 (21) 7 (9) 7 (9) 9 (12) 0.569

Hunting Trade 52 (84) 7 (11) 3 (5) 0 (0) 0 (0)

Leisure 92 (45) 49 (24) 25 (13) 23 (11) 14 (7)

Never 92 (35) 54 (21) 50 (19) 38 (14) 29 (11) <0.001

a Compared using chi-squared test.
b Normal corresponds to a BMI between 18.50 and 24.99 kg/m2; overweight corresponds to a BMI between 25 and 29.99 kg/m2 and obese corresponds to

a BMI above 30 kg/m2.
c Units per week, one unit equals 8g alcohol.

https://doi.org/10.1371/journal.pone.0177781.t001
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among participants of mixed ethnicity. Also, participants in the oldest age group, inhabitants

in town or in settlement, smokers and hunters had a higher intake of mainly Greenlandic

foods.

All samples had levels of OCPs above the detection limit except for aldrin and γ-chlordane.

PCB levels were above detection limit in almost all samples but only 5.3% of the samples had

PCB52 levels above detection limit. The levels of PBDEs were low. Thus, PBDEs 15, 17, 25 and

33 were not measured above detection limit in any sample, and PBDE99 and PBDE100 had

levels above detection limit in less than 10% of the samples (data not shown).

SOCP, SPCB, SPBDE and SOCP + SPCB are presented in Table 2. The three OCPs

(DDE, trans-nonachlor and oxy-chlordane) and the three PCBs (PCB138, PCB153 and

PCB180) with the highest measured median levels are presented in Tables 3 and 4. Markedly

higher levels of POPs were found in Inuit compared to non-Inuit, with advancing age, among

participants living in settlements compared to the capital city of Nuuk, and in participants

with a high intake of Greenlandic food items and among those with a frequent main meal

from own catch (Tables 2, 3 and 4). In addition, POPs differed with BMI with a general ten-

dency to a higher level in participants with normal BMI (Tables 2, 3 and 4). Higher POP levels

were found among present smokers compared to past smokers or those who never smoked,

except for DDE. No difference in POP levels were seen with the intake of alcohol.

Fig 1 illustrates the association between intake of Greenlandic food items and SOCP,

SPCB and SPBDE. A statistically highly significant trend was seen with higher levels of all

three POP groups with the most frequent intake of Greenlandic food items. As can be seen the

median levels rise markedly. Specifically, median level of oxy-chlordane was 91 times higher in

individuals with the highest intake of Greenlandic diet compared to those with the lowest

intake of Greenlandic food items (Table 3). Trans-nonachlor was 79 times and DDE was 12

times higher. Similarly, median levels of PCB138, PCB153 and PCB180 were 11, 17 and 16

times higher in individuals with highest intake of Greenlandic food items compared to those

with an intake of mainly imported food items (Table 4). Despite relatively low levels of PBDEs,

median SPBDE was two times higher in participants with the highest compared to lowest

intake of Greenlandic food items (Table 2).

The correlation between the two markers of inflammation (YKL-40 and hsCRP) and

SOCP, SPCB and SPBDE is depicted in Fig 2. A marked trend was seen with increasing levels

of both markers of inflammation with higher POP exposure.

Table 5 shows results from univariate linear regression analyses with YKL-40 and hsCRP as

dependent variables and ethnicity, age, gender, BMI, smoking, alcohol intake, Greenlandic

diet, vitamin D and the selected POPs as individual explanatory variables. Both markers of

inflammation were higher in Inuit compared to non-Inuit, increased with age and decreased

with decreasing intake of Greenlandic food items. YKL-40 levels decreased with increasing

BMI and were higher in smokers. hsCRP levels decreased with an increase in alcohol intake

(Table 5). No correlation was found between exposure to PBDEs and either of the two markers

of inflammation. Exposure to individual and the sum of OCPs and PCBs associated with a

highly significant rise in both markers of inflammation in the crude linear regression analysis

(Table 5).

In the multivariate analysis the same pattern was seen after adjustment for age, alcohol

intake, smoking, BMI and vitamin D: no association between exposure to PBDEs and markers

of inflammation, but a marked influence on both markers of inflammation by exposure to

OCPs, PCBs or the sum of OCPs and PCBs (Table 6).

POPs and markers of inflammation in Arctic Inuit
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Fig 1. The association between intake of Greenlandic food items and OCPs (top panel), PCBs (middle panel) and

PBDEs (bottom panel). Median levels are shown with the 25th and 75th percentiles. P-value is for trend.

https://doi.org/10.1371/journal.pone.0177781.g001
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Fig 2. The correlation between the two markers of inflammation and ΣOCP, ΣPCB and ΣPBDE. Linear trendline is shown, p- value is for trend.

Ln-transformation solely for presentation.

https://doi.org/10.1371/journal.pone.0177781.g002
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Discussion

This is the first population-based study to assess the association between exposure to POPs

from the traditional Inuit diet and markers of inflammation in a population in Greenland. We

found markedly higher levels of POPs in individuals with the highest intake of traditional

Greenlandic food items both in the direct comparisons and after adjusting for other factors

known to influence inflammation. Thus, the hypothesised positive association between expo-

sure to POPs from the traditional Inuit diet and markers of inflammation was confirmed.

We evaluated inflammation by measuring serum levels of YKL-40 and hsCRP, which are

biomarkers of inflammation [12,20]. The two markers differ in that YKL-40 is secreted by vari-

ous activated cell-types including macrophages and vascular smooth muscle cells in the vessel

walls while CRP is produced in hepatocytes in response to interleukins [12]. We thus chose

two different paths involved in the inflammatory process.

The inflammatory process may play a role in the development of atherosclerosis and hence

in the development of ischemic heart disease (IHD) [12]. The suggested low occurrence of

IHD among pre-western Inuit in Greenland was confirmed recently through evaluation of his-

toric data [21]. It was speculated to be due to the high intake of marine food items rich in n-3

Table 5. Factors important to YKL-40 and hsCRP among populations in Greenland participating in

the survey in univariate linear regression model.

YKL-40 hsCRP

n β P β p

Ethnicitya 523 0.69 <0.001 0.49 0.001

Age 530 0.04 <0.001 0.03 0.001

Genderb 530 0.09 ns 0.03 ns

BMI 500 -0.02 0.002 0.007 ns

Smokingc 529 0.07 0.032 -0.02 ns

Alcohold 522 0.04 ns -0.16 <0.001

Diete 530 -0.18 <0.001 -0.13 0.002

Vitamin D 526 -0.0001 ns 0.002 ns

OCP

DDE 530 0.0001 <0.001 0.0001 <0.001

Trans-nonachlor 530 0.0002 <0.001 0.0002 <0.001

Oxy-chlordane 530 0.0002 <0.001 0.0003 0.002

ΣOCP 530 0.00005 <0.001 0.0001 <0.001

PCB

PCB138 530 0.0003 <0.001 0.0003 0.003

PCB153 530 0.0001 <0.001 0.0001 0.004

PCB180 530 0.0001 <0.001 0.0001 0.005

ΣPCB 522 0.00004 <0.001 0.00003 0.003

ΣOCP+ΣPCB 522 0.00002 <0.001 0.00002 <0.001

PBDE

ΣPBDE 528 0.002 ns 0.001 ns

p>0.10:ns.
a Inuit vs non-Inuit (non-Inuit reference).
b Men reference.
c Cigarettes per day: never (reference), past, <11, 11–20, >20.
d Units per week: never (reference), 0–7, 8–14, 15–21, >21.
e Diet by five groups (Intake of Greenlandic food items reference).

https://doi.org/10.1371/journal.pone.0177781.t005
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fatty acids [6]. However, a marked increase in IHD has occurred [15]. This could relate to the

emergence of a sedentary lifestyle, but IHD occurs also in more remote areas of Greenland

where inhabitants have a more active life style [15]. Thus, other factors are likely to contribute.

One such factor could be inflammation related to the intake of contaminants from the marine

diet [13].

Concentrations of POPs are high in fish and marine mammals [5,7] as well as in Inuit living

mainly on traditional marine food items [9]. We confirmed these results as we found signifi-

cantly higher levels of POPs among participants with a high intake of Greenlandic food items

and among those with a weekly diet from own catch compared to low intake groups (Tables 2,

3 and 4). Among the PCBs, PCB138, 153 and 180 had the highest serum levels measured, and

among the OCPs, DDE, trans-nonachlor and oxy-chlordane had the highest serum levels mea-

sured. These findings are in keeping with other studies from Greenland [9].

The high levels of OCPs and PCBs correlated positively with both markers of inflammation

in Inuit, in the crude comparison as well as in the adjusted analysis. This extends previous in
vitro studies. Hence, Kim et al. [22] showed that POPs can regulate genes involved in the

inflammatory response of human adipocyte stem cells and thereby contribute to inflamma-

tion. Hong et al. [23] examined the effect of fish oil contaminated with OCPs and PCBs on

inflammation in rats. They found the anti-inflammatory effects of fish oil not to be compro-

mised by the presence of contaminants. However, they included only CRP as a measure of

inflammation. Our study extends these findings by investigating both long-term, high-level

exposure of POPs and the influence in humans. Hence, the results from animal studies might

not easily compare to humane studies.

POPs have been shown to modify the immune response in humans [1,2,11]. Thus, exposure

to PCBs associated with increased cytokine levels in Canadian First Nations Communities [24]

and exposures to OCPs were associated with increased CRP among non-diabetic adults [25].

The findings by Kumar et al [26] suggest that exposure to POPs is associated with higher levels

of some but not all tested inflammatory markers. The potential immune-toxicological effect of

POPs were demonstrated in a study by Heilmann et al., where a reduced antibody response to

vaccinations was seen among children with increased perinatal exposure to PCBs [27]. Thus,

Table 6. Multivariate linear regression adjusting for age, alcohol intake, smoking, BMI and vitamin D

on each POP individually or the sum of OCP, PCB, OCP+PCB and PBDE.

YKL-40 hsCRP

N β p β p

OCP

DDE 488 0.0001 <0.001 0.0001 <0.001

Trans-nonachlor 488 0.0002 <0.001 0.0002 0.001

Oxy-chlordane 488 0.0002 <0.001 0.0003 0.002

ΣOCP 488 0.00005 <0.001 0.00005 <0.001

PCB

PCB138 488 0.0004 <0.001 0.0003 0.007

PCB153 488 0.0001 <0.001 0.0001 0.008

PCB180 488 0.0001 0.001 0.0001 0.006

ΣPCB 482 0.00003 <0.001 0.00003 0.006

ΣOCP+ΣPCB 482 0.00002 <0.001 0.00002 0.001

PBDE

ΣPBDE 486 0.001 ns 0.001 ns

p>0.10:ns.

https://doi.org/10.1371/journal.pone.0177781.t006
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there is indirect evidence of a pro-inflammatory as well as an immune-toxicological effect of

exposure to POPs. The suggested link between inflammation and POPs is strengthened by our

findings of increased levels of markers of inflammation in individuals with high levels of

POPs. Hence, a pro-inflammatory role of POPs is plausible and it is further supported by our

data.

Participants living on the traditional Greenlandic diet had markedly higher levels of all

POPs. The traditional Greenlandic diet consists mainly of fish and marine mammals [6] and it

thus becomes the major route of exposure to POPs among the population in Greenland. This

was confirmed by our data of higher levels in Inuit compared to non-Inuit, in participants liv-

ing in settlements, and in those with a weekly intake of diet from own catches (Tables 2, 3 and

4). Covariance exists between these variables as Inuit may rely more on traditional food items

and more frequently live in settlements and go hunting compared to non-Inuit. Thus, these

are three different measures to support the importance of the diet for POP exposure among

populations in Greenland.

Adipose tissue mass is a storage compartment for lipophilic POPs [28]. It associates with

BMI. BMI influenced the concentration of POPs in our study. The association between BMI

and POPs was non-linear with the lowest level in the overweight participants. POP levels were

adjusted to the serum lipid content. This could be speculated to contribute to the non-linear

association between BMI and POP levels with higher POP levels among obese participants.

The higher POP levels with normal BMI could be due to less storage capacity in this group of

participants.

We included 35 different POPs. The three OCPs and PCBs with the highest levels were

used for the linear regression analysis, and the sum of PCBs, OCPs and PBDEs as well as sum

of PCBs+OCPs were also included in the linear regression analysis. These models thus

included all measured POPs in the assessments.

Mercury, lead and cadmium were not included in the measurements. Marine mammals are

the main source of exposure to mercury in the Arctic and mercury concentrations are high in

marine mammals [29]. However, smoking is also a route of exposure to mercury as well as to

lead and cadmium. These metals may also act in a pro-inflammatory way and increase oxida-

tion [30]. We adjusted for smoking in the multiple linear regression models. Hence, the associ-

ation between POPs and markers of inflammation has indirectly been adjusted for at least

some of the influence of these metals.

Inflammatory markers may be influenced by factors not accounted for in this study such as

physical activity. A further limitation is the cross-sectional design, which is a shortcoming in

the consideration of causality. However, the influence of intake of traditional diet on inflam-

mation can hardly be studied in a non-observational design. Our population-based study

included one percent of the population of Greenland and the participation rate was 95%. We

surveyed two areas in Greenland selected to represent the diversity in life style in Greenland

from settlements in rural East Greenland to the capital city Nuuk in West Greenland. This

wide range in geography and lifestyle demonstrated marked differences in exposure to the

POPs related to differences in dietary habits. The validity of dietary assessment by the FFQ was

strengthened by crosscheck questions and a biomarker of the marine diet as described previ-

ously [16,31].

Participants in the older age group had significantly higher levels of POPs in keeping with

previous studies [4,8,10]. Elderly people tend to live more traditionally than do the younger

generations and they have a higher intake of traditional Greenlandic food items. Also, the only

routes of excretion of POPs are trans-placental from mother to foetus and through breastfeed-

ing [32,33]. Hence, POPs accumulate in the body over time leading to higher levels with

increasing age [8,10]. Thus, the load of POPs is determined by individual dietary intake and
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duration of exposure. We measured POPs at one point in time due to the cross-sectional

nature of the study. However, the participants were in an age group, where changes in lifestyle

and diet had been limited. Hence, the dietary habits reported in the FFQ are likely to reflect

the load of exposure to POPs over time.

The traditional pre-western Inuit diet was rich in protein and fat, including the n-3 poly-

unsaturated fatty acids, while low in carbohydrates. Thus, the composition differs markedly

from that of the imported diet [6]. The Inuit diet contains high levels of vitamin D [17,31] and

other nutrients such as iodine, selenium and vitamin E [16,34]. However, it has become evi-

dent that also the levels of contaminants are high [7]. Hence, it provides both nutrients and

contaminants in addition to adding to the Inuit identity, and this delicate balance has been

labelled ‘The Arctic dilemma’ [7]. While the levels of some contaminants are declining over

time, others are increasing [7,9], and the traditional Inuit diet is a major source of exposure to

contaminants even today. This makes dietary recommendations for guidance of Greenland

Inuit [35] towards a healthy lifestyle complex and our results support guidance based on

knowledge rather than notions.

In conclusion, we found markedly higher levels of POPs in individuals in Greenland with a

traditional way of living, and POPs were associated with the intake of the traditional Inuit diet.

Interestingly, POPs correlated positively with markers of inflammation. The latter is in keep-

ing with studies suggesting a pro-inflammatory role of POPs. Inflammation plays a role in the

development of a number of chronic diseases such as rheumatoid arthritis and atherosclerosis

and hence cardiovascular disease. These are common diseases in populations in Greenland

and our results add to the knowledge on the consequences of POPs in exposed individuals.

These data may also inform guidelines on ‘the Arctic dilemma’, and they encourage follow-up

on the ageing Arctic populations.
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