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The genetic history of Greenlandic-European contact
The Inuit ancestors of the Greenlandic people arrived in Greenland close to 1,000 years ago.1 Since then, Europeans from many different countries have been present in Greenland. Consequently, the present-day
Greenlandic population has $25% of its genetic ancestry from Europe.2 In this study, we investigated to what
extent different European countries have contributed to this genetic ancestry. We combined dense SNP chip
data from 3,972 Greenlanders and 8,275 Europeans from 14 countries and inferred the ancestry contribution
from each of these 14 countries using haplotype-based methods. Due to the rapid increase in population size
in Greenland over the past $100 years, we hypothesized that earlier European interactions, such as pre-colonial
Dutch whalers and early German and Danish-Norwegian missionaries, as well as the later Danish colonists and
post-colonial immigrants, all contributed European genetic ancestry. However, we found that the European
ancestry is almost entirely Danish and that a substantial fraction is from admix- ture that took place within the
last few generations.
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The role of a traditional and western diet on glucose homeostasis in Greenlandic Inuit carriers
and non-carriers of type 2 diabetes variant in the TBC1D4 gene: A protocol for a randomized
clinical trial
The lifestyle of Inuit in Greenland and worldwide is undergoing a transition from a fisher-hunter to a
westernized society and meanwhile the prevalence of type-2 diabetes (T2D) has increased dramatically. Studies have shown that a common nonsense p.Arg684Ter variant in TBC1D4, which is frequent in Greenland, confers genetic susceptibility towards high risk of T2D. The aim of the study is to investigate whether a traditional
marine diet, with high fat and low carbohydrate, will improve glycemic control in Greenland Inuit compared to
a western diet. Moreover, we want to examine if the response is more pronounced in carriers of the
p.Arg684Ter variant.
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Befolkningsundersøgelsen i Grønland 2018. Levevilkår, livsstil og helbred - Oversigt over
indikatorer for folkesundheden
Befolkningsundersøgelsen i 2018 er den seneste i en række af fem landsdækkende sundhedsundersøgelser,
der er gennemført siden 1993. Befolkningsundersøgelsen i 2018 omfatter 19 af de 38 indikatorer for
folkesundheden i Grønland relateret til de indsatsområder som er beskrevet i folkesundhedsprogrammet
Inuuneritta II. Disse dækker over befolkningens brug af alkohol og hash, rygevaner, kostmønstre og fysisk

aktivitet samt en række forhold i opvæksten med betydning for helbredet langt ind i voksenlivet.
Undersøgelsen handler i høj grad også om mental sundhed og trivsel, og der er som noget nyt et særligt fokus
på unge og ældre.
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Serum 25-hydroxyvitamin D, calcium and parathyroid hormone levels in Native and European
populations in Greenland
Ca homoeostasis is important to human health and tightly controlled by powerful hormonal mechanisms that
display ethnic variation. Ethnic variations could occur also in Arctic populations where the traditional Inuit diet
is low in Ca and sun exposure is limited. We aimed to assess factors important to parathyroid hormone (PTH)
and Ca in serum in Arctic populations. We included Inuit and Caucasians aged 50–69 years living in the capital
city in West or in rural East Greenland. Lifestyle factors were assessed by questionnaires. The intake of Inuit diet
was assessed from a FFQ. 25-Hydroxyvitamin D (25OHD2 and 25OHD3) levels were measured in serum as was
albumin, Ca and PTH. The participation rate was 95 %, with 101 Caucasians and 434 Inuit. Median serum
25OHD (99·7 % was 25OHD3) in Caucasians/Inuit was 42/64 nmol/l (25, 75 percentiles 25, 54/51, 81) (P
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Genetic determinants of glycated hemoglobin levels in the Greenlandic Inuit population
We previously showed that a common genetic variant leads to a remarkably increased risk of type 2 diabetes
(T2D) in the small and historically isolated Greenlandic population. Motivated by this, we aimed at discovering
novel genetic determinants for glycated hemoglobin (HbA1C) and at estimating the effect of known HbA1Cassociated loci in the Greenlandic population. We analyzed genotype data from 4049 Greenlanders generated
using the Illumina Cardio-Metabochip. We performed the discovery association analysis by an additive linear
mixed model. To estimate the effect of known HbA1C-associated loci, we modeled the effect in the European
and Inuit ancestry proportions of the Greenlandic genome (EAPGG and IAPGG, respectively). After correcting
for multiple testing, we found no novel significant associations. When we investigated loci known to associate
with HbA1C levels, we found that the lead variant in the GCK locus associated significantly with HbA1C levels in
the IAPGG (PIAPGG=4.8×10−6,βIAPGG=0.13SD). Furthermore, for 10 of 15 known HbA1C loci, the effects in
IAPGG were similar to the previously reported effects. Interestingly, the ANK1 locus showed a statistically
significant ancestral population differential effect, with opposing directions of effect in the two ancestral
populations. In conclusion, we found only 1 of the 15 known HbA1C loci to be significantly associated with
HbA1C levels in the IAPGG and that two-thirds of the loci showed similar effects in Inuit as previously found in
European and East Asian populations. Our results shed light on the genetic effects across ethnicities.
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Prevalence of Diabetic Neuropathy in Young Adults with Type 1 Diabetes and the Association
with Insulin Pump Therapy
Aims: The aim was to investigate the prevalence of diabetic sensorimotor polyneuropathy (DSPN) and
cardiovascular autonomic neuropathy (CAN) in a Danish population of young adults with type 1 diabetes (T1D)
using both established and novel measuring modalities. Furthermore, to investigate the association between
continuous subcutaneous insulin infusion (CSII) treatment and these complications.
Materials and Methods: CAN was assessed by cardiovascular autonomic reflex tests. DSPN was assessed not
only by perception of light touch and pain, vibration perception threshold (VPT), Brief Pain Inventory (BPI), and
Michigan Neuropathy Screening Instrument questionnaires but also by novel modalities: electrochemical skin
conductance (ESC), sural nerve conduction velocity (SNCV), and sural nerve amplitude potential (SNAP).
Results: The study comprised 156 young adults with a mean age of 22 years (standard deviation 1.6). The
prevalence of CAN and early CAN was 9% and 28.1%, respectively. Subclinical DSPN was 55.1% and confirmed
DSPN was 2.6%. Prevalence of abnormal SNAP was 23.8%, SNCV was 37.1%, ESC on the hands and feet was 4%
and 8%, respectively, VPT was 1.3%, and BPI questionnaire was 1.9%. No association was found between CSII
treatment and the measures of DSPN and CAN.
Conclusion: DSPN and CAN are prevalent in young adults with T1D with no association found with CSII
treatment. The use of novel measuring modalities identified a higher number of subjects with DSPN compared
with established measures. Screening for diabetic neuropathy in young adults may be beneficial to detect and
prevent nerve damages at early stages.
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Associations between vitamin D status and atherosclerosis among Inuit in Greenland
Background and aims: Low levels of vitamin D are suspected to be a risk factor for cardiovascular disease and
atherosclerosis. The aim of this study was to assess the prevalence of subclinical atherosclerosis among Inuit in
Greenland, and to evaluate the association with vitamin D status. We hypothesized that low vitamin D status
could be associated with higher carotid intima-media thickness (IMT) as a marker of atherosclerosis.
Methods: 756 adults from the Inuit Health in Transition (IHIT) study carried out in Greenland in the period
2005–2010 were included. A blood sample donated in 1987 was available for a sub-sample of 102 individuals.
Serum 25(OH)D3 from the IHIT study and the 1987 survey was used as a measure of vitamin D status. IMT
measurements were conducted by ultrasound scanning. The prevalence of atherosclerosis was estimated, and
the association between serum 25(OH)D3 and IMT measurements was examined by linear regression.
Results: The overall prevalence of subclinical atherosclerosis was 20.1% (n = 152). The linear regression
analyses indicated a weak positive association between serum 25(OH)D3 level and IMT measurements from the
IHIT study, though not statistically significant after adjustment for potential confounders (β = 0.35% per 10
nmoL/L 25(OH)D3, p = 0.06). Linear regression analyses of the association between serum 25(OH)D3 level in
the 1987 survey and IMT measurements also indicated a positive, though not statistically significant,

association after adjustment (β = 0.07% per 10 nmoL/L 25(OH)D3, p = 0.86).
Conclusions: Our findings did not support the hypothesis of an association between low vitamin D levels and
risk of atherosclerosis.
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Loss-of-function variants in ADCY3 increase risk of obesity and type 2 diabetes
We have identified a variant in ADCY3 (encoding adenylate cyclase 3) associated with markedly increased risk
of obesity and type 2 diabetes in the Greenlandic population. The variant disrupts a splice acceptor site, and
carriers have decreased ADCY3 RNA expression. Additionally, we observe an enrichment of rare ADCY3 loss-offunction variants among individuals with type 2 diabetes in trans-ancestry cohorts. These findings provide new
information on disease etiology relevant for future treatment strategies.
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Identification of novel high-impact recessively inherited type 2 diabetes risk variants in the
Greenlandic population
Aims/hypothesis: In a recent study using a standard additive genetic model, we identified a TBC1D4 loss-offunction variant with a large recessive impact on risk of type 2 diabetes in Greenlanders. The aim of the current
study was to identify additional genetic variation underlying type 2 diabetes using a recessive genetic model,
thereby increasing the power to detect variants with recessive effects.
Methods: We investigated three cohorts of Greenlanders (B99, n = 1401; IHIT, n = 3115; and BBH, n = 547),
which were genotyped using Illumina MetaboChip. Of the 4674 genotyped individuals passing quality control,
4648 had phenotype data available, and type 2 diabetes association analyses were performed for 317
individuals with type 2 diabetes and 2631 participants with normal glucose tolerance. Statistical association
analyses were performed using a linear mixed model.
Results: Using a recessive genetic model, we identified two novel loci associated with type 2 diabetes in
Greenlanders, namely rs870992 in ITGA1 on chromosome 5 (OR 2.79, p = 1.8 × 10−8), and rs16993330
upstream of LARGE1 on chromosome 22 (OR 3.52, p = 1.3 × 10−7). The LARGE1 variant did not reach the
conventional threshold for genome-wide significance (p 5 × 10−8) but did withstand a study-wide Bonferronicorrected significance threshold. Both variants were common in Greenlanders, with minor allele frequencies of
23% and 16%, respectively, and were estimated to have large recessive effects on risk of type 2 diabetes in
Greenlanders, compared with additively inherited variants previously observed in European populations.
Conclusions/interpretation: We demonstrate the value of using a recessive genetic model in a historically small
and isolated population to identify genetic risk variants. Our findings give new insights into the genetic
architecture of type 2 diabetes, and further support the existence of high-effect genetic risk factors of potential

clinical relevance, particularly in isolated populations.
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Whole blood mercury and the risk of cardiovascular disease among the Greenlandic population
Background: Studies have found mercury to be associated with cardiovascular disease (CVD), however,
primarily in populations with low exposure. The highest levels, and variations in the levels, of whole blood
mercury (WBM) worldwide have been found in Greenland. We prospectively assessed the association between
WBM and the risk of developing CVD in the Greenlandic population.
Methods: We assessed the effects of WBM levels on incident CVD among 3083 Greenlandic Inuit, participating
in a population-based cohort study conducted from 2005 to 2010. WBM was measured at baseline.
Participants were followed in the National Patient Registries for Denmark and Greenland and in the causes of
death register for CVD events from inclusion in the study until CVD event, emigration, death or end of followup (30/9–2013). Using Cox regression analyses, we calculated the incidence rates and the hazard ratio of CVD
events according to WBM levels. Potential interactions with sex were also investigated.
Results: The highest levels of WBM were found in men, who had a significantly higher median level (19 μg/L
(IQR:1–44)), compared with women (15 μg/L (IQR: 1–32), (p 0.001)). The crude hazard ratio (HR) for incident
CVD was 1.00 (95% CI 1.00–1.00) for 5 µg/l increase in WBM. After adjusting for several potential confounders,
there was still no association between WBM and incident CVD (HR 0.99; 95%CI:0.99–1.00). We found no
interactions with sex.
Conclusions: In a population with high levels of WBM, we found no association between WBM and the risk of
developing CVD in Greenland.
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Gestational diabetes and macrosomia among Greenlanders. Time to change diagnostic
strategy?
Gestational diabetes mellitus (GDM) is a serious condition associated to both maternal and offspring
complications. Yet, no globally accepted consensus exists on how to test and diagnose GDM. In Greenland, the
clinical criteria for testing and diagnosing GDM are adapted from Danish guidelines. The aim of this study was
to estimate the prevalence of GDM among Greenlanders using both the current clinical GDM criteria and the
recent WHO 2013 criteria and, further, to study the association between GDM, pre-pregnant overweight or
obesity and macrosomia. A cross-sectional study of all 450 Greenlandic women who gave birth to a singleton
in Nuuk within 1 year was performed. Based on an oral glucose tolerance test measuring capillary whole blood
glucose, 119 women were categorised as having clinical GDM, WHO 2013 GDM or not GDM. Macrosomia
defined as birth weight above 4,000 g was used as outcome variable. The prevalence of clinical GDM and WHO
2013 GDM was 0.4% (95% CI; 0–1.1) and 6.9% (95% CI; 4.5–9.2). WHO 2013 GDM, fasting blood glucose, pre-

pregnant maternal overweight and obesity were associated with macrosomia. WHO 2013 GDM criteria were
superior to clinical criteria in predicting macrosomia indicating that it may be time to consider the diagnostic
strategy used in Greenland. Pre-pregnant overweight may also need more intensified lifestyle-intervention.
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Validation of cardiovascular diagnoses in the Greenlandic Hospital Discharge Register for
epidemiological use
Cardiovascular disease (CVD) is one of the leading causes of death worldwide. In Greenland, valid estimates of
prevalence and incidence of CVD do not exist and can only be calculated if diagnoses of CVD in the
Greenlandic Hospital Discharge Register (GHDR) are correct. Diagnoses of CVD in GHDR have not previously
been validated specifically. The objective of the study was to validate diagnoses of CVD in GHDR. The study
was conducted as a validation study with primary investigator comparing information in GHDR with
information in medical records. Diagnoses in GHDR were considered correct and thus valid if they matched the
diagnoses or the medical information in the medical records. A total of 432 online accessible medical records
with a cardiovascular diagnosis according to GHDR from Queen Ingrid’s Hospital from 2001 to 2013 (n=291)
and from local health care centres from 2007 to 2013 (n=141) were reviewed. Ninety-nine and ninety-two
percent of discharge diagnosis in GHDR from Queen Ingrid’s Hospital and local health care centres were
correct in comparison with diagnoses in the medical record indicating valid registration practice. The
correctness of cardiovascular diagnoses in GHDR was considered high in terms of acceptable agreement
between medical records and diagnoses in GHDR. Cardiovascular diagnoses are valid for epidemiological use.
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