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ABSTRACT
To assess the prevalence of diabetic retinopathy (DR) among persons with diabetes and pre-
diabetes participating in the 2018 Population Health Survey in Greenland (B2018), a follow-up 
survey of three previous health surveys. Participants were invited to a diabetes complication 
screening. We assessed the prevalence of DR using Optos Daytona Ultra-wide field fundus camera 
and assessed differences in prevalence according to demographic and clinical characteristics 
using chi square test and a t-test and assessed DR based on ethnicity. The overall prevalence of 
DR was 2% (10/483). Among participants with HbA1c ≥48 mmol/mol (6.5%) DR prevalence was 
9% (9/91), compared with <1% (1/382) among participants with HbA1c <48 mmol/mol (6.5%). All 
participants with DR lived in towns. The mean Inuit genetic admixture was lower among 
participants with DR. The prevalence of DR is low in Greenland and almost non-existent among 
persons with HbA1c below the diabetes threshold.
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Introduction

The prevalence of type 2 diabetes in Greenland has 
increased markedly over the past decades. Based on 
results from population-based health surveys approxi-
mately 10% of the adult population have diabetes, and 
additionally 20% have prediabetes [1,2]. The increasing 
prevalence of diabetes can, besides cultural and social 
changes, be explained by several genetic and epige-
netic traits, where ethnicity seems to play an important 
role [3]. In a study investigating the genetic history of 
the adult Greenlandic population (covering 10% of the 
total population), more than 80% of the Greenlandic 
population, on average had 25% European ancestry, 
and the amount of European gene flow varied across 
Greenland. In the more historically isolated areas, such 
as small settlements in South Greenland and in 
Qaanaaq, North Greenland, the Inuit gene pool was 
higher [4].

Further, a study conducted in Greenland, found 
a genetic variant, TBC1D4, among Inuit to be strongly 
associated with type 2 diabetes. Approximately 4% of 
the Greenlandic population are homozygous carriers of 
the variant, having an odds ratio of 10.3 for developing 

diabetes and the variant accounts for approximately 
15% of all diabetes in Greenland [5].

The emerging prevalence of diabetes and predia-
betes in Greenland is worrying due to the risk of devel-
oping long-term diabetes complications. Long-term 
diabetes complications develop gradually over time 
and can be classified as either micro or macrovascular 
complications. Microvascular complications affect the 
small blood vessels and typically include diseases such 
as retinopathy, nephropathy or neuropathy [6].

Among microvascular complications, diabetic retino-
pathy (DR) is one of the most frequently occurring 
complications of diabetes causing blindness in working- 
age individuals, and affecting approximately 28% of 
people with diabetes [7]. DR is largely asymptomatic 
characterised by extensive vascular lesions by the time 
worsening vision is experienced. Thus, regular screen-
ing for DR is necessary [7,8].

In Greenland, the geographical distance between 
town and settlements is a challenge as each destination 
can only be reached by plane or boat resulting in 
limited access to DR screening. The daily healthcare 
services range from consulting a health worker with 
very little formal health training in the smaller settle-
ments with around 3–500 inhabitants, to consulting 
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a specialist at the national hospital in Nuuk with 15.000 
inhabitants [9].

The aim of this study was to estimate the prevalence 
of DR in individuals with diabetes and prediabetes 
identified in population health surveys in Greenland, 
as representative estimates of DR are not available in 
Greenland.

Research design and methods

Settings and study population

We assessed the prevalence of DR among all persons 
with known diabetes, newly diagnosed diabetes or pre-
diabetes participating in the 2018 Population Health 
Survey in Greenland (B2018), a follow-up survey of 
three previous health surveys conducted in 1999– 
2001, 2005–10 and 2014. In short, 2539 Greenlandic 
citizens from 12 towns and 8 settlements (current 
administrative definition) participated in B2018.

Upon participation, blood samples (HbA1c, genetic 
profile on ethnicity, etc.) were taken and anthropo-
metrics measured [10]. Information on place of resi-
dence, socio-economic and lifestyle factors were 
obtained from questionnaires. Participants with an 
HbA1c measurement at the date of study of 
≥42 mmol/mol (IFCC standard) (6.0%) or with known 
diabetes or previously screen-detected with predia-
betes (Impaired fasting glucose (6.1–6.9 mmol/L) or 
impaired glucose tolerance 120 minutes plasma glu-
cose of 7.8–11.0 mmol/L after OGTT) or diabetes (fast-
ing plasma glucose 7.0 mmol/l and/or 2-h plasma 
glucose 11.1 mmol/l) in one of the previous population 
health surveys, were invited to participate in a diabetes 
complication screening.

Diabetes complication screening

Participants were screened for cardiovascular auto-
nomic neuropathy (CAN), peripheral neuropathy 
and DR.

CAN was assessed from 5-min resting ECG recordings 
after 5 min of initial rest. Subsequent to the 5-min ECG 
recording following three standard cardiovascular auto-
nomic reflex tests were performed: the lying-to- 
standing test (30/15), the deep breathing test (E/I 
ratio) and the Valsalva manoeuvre. These three tests 
reflect the overall condition of the parasympathetic 
nerve fibres and were recorded by trained personnel 
using a Vagus® device (Medicus Engineering, Aarhus, 
Denmark) [11].

Peripheral neuropathy was assessed as part of 
a clinical foot examination. The examination included 

a basic check of both feet for deformities and pulse. 
Sensibility check was performed using a monofilament, 
three different places on each foot and vibration sensa-
tion was measured by biotensiometry at the distal tip of 
the first toe on each foot, in turn, using a Bio- 
Thesiometer (Bio-medical instruments, Ohio, USA) [12].

For the assessment of DR, two retina fundus photos 
of each eye were taken using Optos Daytona ultra- 
widefield ophthalmoscope [13,14]. Participants with 
known diabetes, who within a year had had an eye 
screening in the public health care system, were not 
imaged but gave a written consent to look them up in 
the system from the Greenlandic Electronic Medical 
Records (EMR). All retina fundus photos were uploaded 
to a central server in Greenland. The images were dou-
ble graded by two specialist ophthalmologist nurses at 
Steno Diabetes Center Copenhagen and Glostrup 
University hospital and discrepancies between two 
grading’s were resolved by a senior ophthalmologist.

All images were graded according to the 
International Clinical Diabetic Retinopathy diseases 
severity scale (ICDR) [15].

Participants were informed about the screening 
results for CAN and peripheral neuropathy at the exam-
ination place and informed they would receive a letter 
of the retina screening results approximately 2– 
3 months after the examination.

Statistical analysis

We assessed the prevalence of DR using Pearson's chi- 
square test to assess the effects of sex, diabetes defined 
by HbA1c in percentage and place of residence. 
Furthermore, we assessed the level of Inuit genetic 
admixture according to DR using t-test to see if DR 
could be explained by genetic traits.

Ethics

The ethical review committee for Greenland approved 
the study (KVUG 2017–10). Participants were informed 
about the study objectives and procedures orally and in 
writing and gave their informed consent in writing. 
Participants were referred for treatment and/or check- 
up if any results in the survey were found to be abnor-
mal. Qualitative interviews in Greenland (Sharing 
Circles) have supported the conduct of genetic studies 
in the field of diabetes [16].

Results

A total of 499 participants with diabetes or prediabetes 
accepted to participate in the diabetes complication 
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screening. We excluded 3 participants from the study, 
who did not have a retina screening, due to blindness 
and difficulties in cooperating for the eye screening. 
Further, 7 participants with normal glucose tolerance 
were excluded, as they, by mistake, were included in 
the diabetes complication screening. Finally, 489 had 
a retina screening. We excluded 4 participants due to 
poor image quality and further excluded 2 participants 
due to cataract.

Thus, our final study population comprised 483 par-
ticipants. Overview of participants can be seen in 
Figure 1.

A total of 10 participants, equivalent to a prevalence 
at 2% had DR. Only mild or moderate DR was found 
(ICDR grading of 1 or 2). All baseline characteristics 
stratified by DR can be seen in Table 1. The study 
comprised 58% women (280/483) and 42% (203/483) 

men, but the prevalence of DR was almost equally 
distributed corresponding to a prevalence of 2.1% 
among women compared to 1.9% among men. 
Among participants with an HbA1c ≥48 mmol/mol 
(6.5%) the prevalence of DR was 9% (9/91), compared 
to a prevalence <1% (1/382) among participants with 
HbA1c ≤48 mmol/mol (6.5%). All participants with DR 
lived in towns – none of the participants living in set-
tlements had DR. Finally, the mean Inuit genetic admix-
ture was lower among participants with DR.

Conclusion

The prevalence of DR is low in Greenland and almost 
non-existent among participants with HbA1c below the 
diabetes threshold <48 mmol/mol (6.5%). We found no 
DR in settlements, although diabetes generally is more 

Figure 1. Flow chart of study participants of the diabetes complication study in Greenland.
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prevalent in settlements in Greenland [17]. Finally, par-
ticipants with DR had a lower level of Inuit genetic 
admixture indicating a higher proportion of European 
ancestry. According to a study conducted in Greenland, 
Greenlandic ethnicity seems to be related to a lower 
risk of diabetes-related complications [18]. This is the 
first study to assess the general DR prevalence in 
a representative sample of the Greenlandic population, 
based on Health Population Surveys.

The low prevalence of DR can be explained partly 
by a short diabetes duration as we examined parti-
cipants with screen-detected diabetes and predia-
betes. However, our results corroborate findings 
from a previous register-based study conducted in 
the capital Nuuk where the prevalence of DR was 7% 
among ethnic Greenlanders compared with 21.4% 
among non-Greenlanders, suggesting that 
Greenlanders may have a different risk of developing 
DR than non-Greenlanders [19].

Another study found that diabetes was not asso-
ciated with the expected risk of macrovascular compli-
cations, probably due to the unique genetic 
characteristics of this population with the

TBC1D4 variant and other yet undiscovered variants 
[20]. The genetic contribution to diabetes in Greenland 
is so potent that the condition is different from diabetes 
that we know from Europe and other North American 
white populations. The diabetes type associated with 
the TBC1D4 variant underlines the importance of not 
uncritically inferring disease associations, treatments or 
screening intervals from one population to another.

In 2008, a national diabetes programme was 
initiated to improve detection of undiagnosed dia-
betes and to improve the care for patients diagnosed 
with diabetes in Greenland. In relation to DR, Optos 
wide-field cameras were installed in nine towns repla-
cing the former retinal fundus camera in 2015, and 
making screening available in more locations [18]. 

This type of equipment does not require specialist 
staff and provides non-mydriatic diagnosis. This 
setup, in combination with a systematic approach to 
monitoring quality of diabetes care, is particularly 
suitable in sparsely populated areas like the remote 
villages and small towns in Greenland. In conclusion, 
we found a low prevalence of DR in Greenland. 
However, continued monitoring of DR is needed, 
and the effects of genetic diabetes variants are still 
warranted.
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