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ABSTRACT

Vision screening during childhood is vital for the early detection and treatment of visual impairment that
may significantly impact a child’s development and quality of life. This nationwide cross-sectional study
used data from Greenland’s national electronic medical records, including 2,493 six-year-old children
from July 2017 to July 2023, to evaluate the coverage rate of vision screening and the prevalence of low
vision in Greenlandic schoolchildren. The participation rate in vision screening increased from 43% in
2017 to 61% in 2022, while referral rates to ophthalmologists decreased from 14% to 5%, despite
a consistent prevalence of low vision. The mean prevalence of impaired vision (0.3 logMAR / <0.50
Snellen decimal) in the better-seeing eye at the vision screening throughout the study period was 3%. At
the same time, it was 8% for the worse-seeing eyes, indicating a continuous need for ophthalmological
evaluation of the Greenlandic children. This study highlights healthcare delivery challenges in
Greenland's sparsely populated areas and emphasises the need for new national guidelines to optimise
referral processes. Utilising other healthcare professionals, such as optometrists, for vision screenings
and ensuring follow-ups are critical for improving the visual health outcomes of Greenlandic children.
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Introduction L . L
telemedicine in nine of the sixteen towns, emphasising

the reliance on remote healthcare solutions.
Greenland has implemented multiple screening pro-

Early detection and treatment of visual impairment is
essential to avoid negative impacts on children’s develop-

ment and quality of life. The World Health Organization
(WHO) strongly recommends routine vision screenings to
prevent and reduce the global burden of eye diseases,
which may lead to severe vision loss or blindness if left
untreated [1]. Early detection of reduced visual acuity in
children vastly improves educational outcomes, social
engagement, and overall well-being [2-4].

Greenland has adapted its healthcare system to its vast
and sparsely populated areas by dividing them into five
health regions. A regional hospital centres each region,
while the capital hosts the national hospital, providing
specialised care for all regions. However, there is no per-
manent ophthalmologist based in Greenland. Instead, vis-
iting consultants from Denmark deliver annual
examinations to each town. Between these visits, most
ophthalmological assessments are conducted via

grams targeting various health issues, such as hearing
ability in children, gestational diabetes, diabetic eye
disease, mammography, and cervical cancer. Despite
these efforts, coverage rates for many of these pro-
grams are notably low, reflecting the logistical and
infrastructural challenges of the healthcare system
[5-7]. The diabetic eye disease screening program is
among the most successful screening programs [8].
The vision screening program, conducted by school
nurses, is critical to supporting children with develop-
mental needs. In the current vision screening program,
school nurses advise children to consult their local
doctor or an optometrist if the visual acuity in their
worse-seeing eye measures 0.2 Logarithm of the
Minimum Angle of Resolution (logMAR) (0.63 Snellen
decimal) or worse. However, the absence of permanent
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school nurses in some regions further reduces the effec-
tiveness of these screenings.

In Greenland, ophthalmologists are the only eye care
professionals authorised to prescribe glasses for children
under the age of ten. Optometrists play a supportive role
and may refer children directly to an ophthalmologist if
they suspect that glasses are required.

Hence, the present study aims to evaluate the cover-
age rate of vision screening in schoolchildren in
Greenland, identify the prevalence of low vision within
this population, and assess the subsequent follow-up
actions for those with visual impairments.

Methods
Design

A nationwide register study was conducted using data from
Greenland’s national electronic medical records (EMR).

Study population and data extraction

All residents of Greenland have a unique personal registra-
tion number (CPR), with the first six digits representing the
date of birth. Using this, we extracted data from the EMR of
all six-year-old children from July 2017 to July 2023. The
data extraction took place in December 2023. The study
extracted only medical records with a specific entry of
a general health examination from the school nurse in the
first grade of primary school. From these entries, we
recorded visual acuity (VA) measurements of each eye,
place and time of screening, and birthdate. If the VA
was = 0.2 logMAR (< 0.63 Snellen decimal) in either eye,
we recorded information about any ophthalmological
examinations, treatments, and future vision screenings.

Screening results were divided into school years from
July 2 to July 1 of the following year. The towns and settle-
ments were grouped into Greenland’s five regions
(Figure 1).

This study followed the Declaration of Helsinki and was
approved by the Greenland Science Ethics Committee (ID-
number 2023-20891) and the Greenlandic Health Service.

Definitions

The referral cut-off for vision impairment in Greenland is
a VA of 0.2 logMAR (< 0.63 Snellen decimal) in the worse-
seeing eye. In this paper, varying cut-offs of vision impair-
ment in both the worse- and better-seeing eyes, including
VA as low as > 0.6 logMAR (0.25 Snellen decimal), are used
to provide a basis for comparing our findings with interna-
tional data. Notably, a VA of = 0.5 logMAR (<0.3 Snellen
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Figure 1. Map of Greenland illustrating the five regions.
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decimal) is considered significant vision impairment in the
Scandinavian countries and Greenland [9-11].

Statistics

The measurements were presented as VA of the right
and left eye and as the worse- and better-seeing eye.

Data were collected using a logMAR visual acuity
chart and recorded as logMAR values. The mean and
standard deviation (SD) of these values were calculated
and then converted to Snellen decimals using the for-
mula: Snellen decimal = 107°9MAR The range for Snellen
decimals was calculated by converting the mean
logMAR +/— the SD to Snellen decimals.

The normally distributed measurements were pre-
sented as means with range. The participation rates, visual
acuity, and interocular differences in VA were calculated
and presented as percentages with 95% confidence inter-
vals (Cl), computed using the normal approximation
(Table 1).

Data from Statistics Greenland was used to calculate
annual participation rates [12].

Results

We included 2493 children with a mean age of 6.44
years (SD: 0.36 years, range 5.01 —7.76 years).

The participation rate showed an upward trend,
starting at 43% [95% Cl: 42%, 43%] in 2017 and increas-
ing to 61% [95% Cl: 61%, 62%] in 2022 (Table 1).
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The mean VA for the right and the left eye across
all years was 0.04 logMAR (0.91 Snellen decimal,
SD +0.12); for the worse-seeing eye, the mean VA
was 0.06 logMAR (0.87 Snellen decimal, SD +0.14);
and for the better-seeing eye, it was 0.03 logMAR
(0.93 Snellen decimal, SD £0.10), as shown in Table 1.

Overall, 9% [95% Cl: 8%, 10%] of the participants had
a VA of> 0.2 logMAR (<0.63 Snellen decimal) in the
better-seeing eye, and 16% [95% Cl: 14%, 17%] in the
worse-seeing eye. These proportions decreased with
stricter VA thresholds, down to 1% [95% Cl: 0%, 1%]
for VA> 0.6 logMAR (<0.25 Snellen decimal) in the
better-seeing eye and 2% [95% Cl: 1%, 3%] in the
worse-seeing eye. The interocular difference of >2
lines of VA remained stable at an average of 6% [95%
Cl: 5%, 7%] (Table 1).

Overall, the proportion of children with poor visual
acuity decreased with the severity of vision loss in the
study period (Figure 2).

Visual Acuity of Children - Worse-seeing Eye

Year of Screening

M 2017
M 2018
M 2019
M 2020
[ 2021

2022

Percentage of Children (%)

‘E ‘_i] .IE autlll ooad Wl =

04 05 06 07 08 09 1
VA (logMAR)

The annual proportion of children seen by an
ophthalmologist decreased throughout the study per-
iod, from 14% [95% Cl: 10%, 17%] in 2017 to 5% [95%
Cl: 3%, 7%] in 2022. This trend paralleled the proportion
of children having prescribed glasses, which was 8%
[95% Cl: 5%, 11%] in 2017 and reduced to 4% [95%
Cl: 2%, 5%] in 2022 (Figure 3).

The participation rate has increased over the years,
reflecting greater inclusion of children across various
regions. The participation rate was consistently low in
the regions of Avanna, Qegertalik, and Sermersooq
(Figure 4).

Of the 389 children with impaired VA of > 0.2 logMAR
(<0.63 Snellen decimal), 57% (n = 221) were not referred to
an ophthalmologist. Among these, 78% (n=172) lacked
records of further vision screening. Out of the 168 children
who were referred to an ophthalmologist, 114 were pre-
scribed glasses. Among the 54 children who were not pre-
scribed glasses, 12 had a Best Corrected Visual Acuity
(BCVA) of = 0.3 logMAR (<0.50 Snellen decimal) on one or

Visual Acuity of Children - Better-seeing Eye

[

Year of Screening

g

]

S 4 M 2017
o) M 2018
6 M 2019
2 M 2020
gs [ 2021
@ 2022
o

i L

.|ﬁ | ISR | SRS - - -

o

02 03 04 05 06 07 08 09 1

VA (logMAR)

Figure 2. Proportion of children with visual acuity (VA) of 0.2 logMAR (0.63 snellen decimal) or worse for the years 2017-2022.
A different colour represents each year. The figure on the left shows the worse-seeing eyes, and the figure on the right shows the

better-seeing eyes.

Annual Proportion of Children Seen by an Ophthalmologist and Prescription of Glasses

Proportion of Children (%)

2017 2018 2019

2020 2021 2022

Year

Indicator == Prescribed Glasses = Seen by Ophthalmologist

Figure 3. Proportion of children prescribed glasses (blue line) and seen by an ophthalmologist (red line) for the years 2017-2022. An
ophthalmologist saw fever children in 2022 and prescribed fever glasses in 2022.
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Figure 4. Participation rates for each region from 2017 to 2022, illustrating the fluctuating participation trends over the years.

both eyes. The ophthalmological findings of these 12 chil-
dren were as follows: Two had optic nerve anomalies, one
was concluded to have a non-organic vision loss, and two
children were prescribed glasses years later by an optome-
trist. Four children were discharged without treatment,
maintaining a BCVA around 0.3-0.2 logMAR (0.5-0.63
Snellen decimal). Three children had permanent amblyopia
in one or both eyes. In one case, reduced visual acuity was
associated with corneal scarring in one eye, which may
have caused the impairment either through deprivation
amblyopia or direct media opacity. Only one of the three
children with amblyopia underwent patch treatment,
which was unsuccessful (Figures 5, 6).

Discussion

The present study provides a comprehensive over-
view of vision screening among children in
Greenland. The participation rates have shown an
upward trend from 43% in 2017 to 61% in 2022.

The additional training received by school nurses in
2017, and more efficient utilisation of medical records
may contribute to this increase. Greenland’s neigh-
bouring Inuit communities in Canada have no school-
based vision screening programs for comparison [13].
However, the participation rates in Greenland are still
lower than in the rest of Europe and the USA, which
have more centralised healthcare systems [14-17]. Such
differences underline the challenges Greenland’s vast
and sparsely populated rural areas pose, and how this
complicates healthcare delivery. Nevertheless, the
increasing trend in participation is a positive sign, indi-
cating gradual improvements in health service outreach
and engagement.

In our study, 3% of children showed impaired vision
> 0.3 logMAR <0.50 Snellen decimal) with presenting
visual acuity (PVA) in the better-seeing eye. This finding
was reasonably consistent throughout the study period,
with the proportion of children with impaired vision
ranging from 2% to 5%. This rate is similar to the

Children registered with a
health examination in

1. grade
n=2524

No measurements of
visual acuity
n=31

Eligible participants
n=2493

Not visually impaired
(VA<0.2 logMAR)
n=2104

Seenbyan

n=9

Prescribed glasses
n=5

Visually impaired
(VA20.2 logMAR)
n=389
I Seen by an
n=168
Not seen by an
n=221

Figure 5. Flowchart of the participants. A visual acuity of 0.2 logMAR is equivalent to 0.63 in Snellen decimal.
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Seenbyan
ophthalmologist
n=168

Visually impaired
(VA20.2 logMAR)
n=389

=

Notseen by an
ophthalmologist
n=221

Prescribed glasses No data on later vision
n=114 screening
n=172

Not prescibed glasses
n=54

Uncorrected or Presenting
Visual Acuity <0.3logMAR
n=42

n=12

VA <0.2 logMAR on later
vision screening
n=39

vision screening
n=10

[ VA=0.2logMAR on later ]

Referred i N d of referral to an
o i %5 .
n=7 n=3

Best Corrected Visual
Acuity 20.3 logMAR

Figure 6. Flowchart showing children with impaired vision (0.2 logMAR, equivalent to < 0.63 in Snellen decimal), divided by a visit
to an ophthalmologist. The chart also details the outcome for referred children and additional available information obtained for
those not referred. A visual acuity of 0.3 logMAR is equivalent to 0.50 in Snellen decimal.

Americas, yet lower than in Southeast Asia, Africa, and
the Eastern Mediterranean [18]. These differences in the
rates suggest regional differences in health outcomes,
possibly due to variations in healthcare access and
policies. A more conservative criterion of > 0.5
logMAR (< 0.32 Snellen decimal) reduced the preva-
lence of impaired vision to 1% in the better-seeing
eye. This lower prevalence is similar to the Eastern
Mediterranean and lower than in European populations
[18], indicating possibly less severe visual impairment in
Greenlandic children despite healthcare delivery
challenges.

Conversely, the prevalence of visual impairment (0.3
logMAR / < 0.50 Snellen decimal) in the worse-seeing eye
was 8%, and an interocular difference of =2 lines was 6%.
These rates are significantly higher than the 3.1% and 4.7%,
respectively, observed in Danish children [19], reflecting
possible differences in healthcare access or the effective-
ness of early intervention programs. Using WHO's criterion
of 0.4 logMAR (< 0.40 Snellen decimal) in the better-seeing
eye [20], our prevalence of visual impairment was 2%,
allowing for direct comparison with global standards and
underscoring the need for targeted vision health strategies
in Greenland. However, using register data introduces a risk
of missing or incomplete data, possibly leading to an
underestimation of vision impairment.

A concerning trend from our study is the decreasing rate
of children with poor VA seen by ophthalmologists, which
dropped from 14% in 2017 to only 5% in 2022. Despite this
decrease, the proportion of children with poor VA remains
high, with 16% of children having a VA of 0.2 logMAR (<
0.63 Snellen decimal) in the worse-seeing eye and 8% a VA
of 04 logMAR (<050 Snellen decimal), indicating
a substantial number of children needing ophthalmologi-
cal care. This decline in visits to an ophthalmologist indi-
cates inefficiencies in the referral process and could
significantly impact child health due to the importance of

early detection and intervention. Another possible expla-
nation is that since 2017, no paediatric ophthalmologists
have visited Greenland. The Greenlandic Healthcare
System now relies solely on general ophthalmologists,
rather than paediatric specialists.

In regions lacking school nurses, utilising other health-
care professionals, such as optometrists, may be beneficial
in conducting vision screening. In addition, the consistently
high proportion of children with low vision in their worse-
seeing eyes indicates that preschool vision screening might
be ineffective and needs evaluation.

New national guidelines outlining referral criteria for
school nurses are required to optimise the referral pro-
cess. Appointing regional personnel to ensure follow-
ups for referred children will most likely minimise the
shortfalls in consultations by ophthalmologists.

In conclusion, although the participation rate has
increased from 2017 to 2022, the referral rate to an
ophthalmologist has decreased in the same timeframe
without a corresponding decrease in the proportion of
low vision. Low vision in Greenlandic schoolchildren exists
and remains a critical concern. Utilising other healthcare
professionals, such as optometrists, for vision screening in
regions without school nurses, along with streamlined
referral processes, is essential for improving visual health
outcomes for Greenlandic children.

Acknowledgments

We gratefully acknowledge the financial support of Synoptik
Fonden, which made this project possible. We would also like to
extend our sincere gratitude to the school nurses in Greenland for
their continuous efforts and dedication to the health and well-
being of the children.

Disclosure statement

No potential conflict of interest was reported by the author(s).



Funding

This work was supported by Synoptik Fonden, Denmark. The
funding organisation had no role in the design or conduct of
this research.

Author contribution

Research Design: ND, IN, IF, MEJ, SH, HJ.

Data Acquisition/Research Execution: ND.

Data Analysis/Interpretation: ND, IF, IN, HJ.

Manuscript Preparation: Original Draft: ND, IN, HJ Writing,
Review & Editing: ND, IN, IF, MEJ, SH, HJ.

ORCID

Nick Duelund @ http://orcid.org/0009-0004-7218-2111

References

[11 WHO. Vision and eye screening implementation handbook.
Published 2024. [cited 2024 May 17]. Available from: https://
www.who.int/publications/i/item/9789240082458

[2] Niechwiej-Szwedo E, Colpa L, Wong AMF. Visuomotor
behaviour in amblyopia: deficits and compensatory
adaptations. Neural Plast. 2019;2019:6817839. doi: 10.
1155/2019/6817839

[3] Kelly KR, Jost RM, De La Cruz A, et al. Amblyopic children read
more slowly than controls under natural, binocular reading
conditions. J Am Assoc Pediatr Ophthalmol Strabismus.
2015;19(6):515-520. doi: 10.1016/j,jaapos.2015.09.002

[4] Semrov A, Tadi¢ V, Cortina-Borja M, et al. Individual,
family, and environmental determinants  of
vision-related quality of life of children and young peo-
ple with visual impairment. PLOS ONE. 2023;18(11):
e€0294532. doi: 10.1371/journal.pone.0294532

[5] Pedersen ML, Olesen J, Jargensen ME, et al. Gestational
diabetes mellitus in Greenland: a national study of pre-
valence and testing efficacy. Int J Circumpolar Health.
2016;75(1): doi: 10.3402/ijch.v75.32167

[6] Holst S, Wohlfahrt J, Kjeer SK, et al. Cervical cancer screen-
ing in Greenland, 1997-2011: screening coverage and
trends in the incidence of high-grade cervical lesions.
Gynecol Oncol. 2016;143(2):307-312. doi: 10.1016/j.
ygyno.2016.03.029

[7] Jensen JS, Schnohr C, Skovsen CF, et al. Examination of
hearing loss among school-aged children in Greenland.
Int J Pediatr Otorhinolaryngol. 2021;149:110865. doi: 10.
1016/j.ijporl.2021.110865

INTERNATIONAL JOURNAL OF CIRCUMPOLAR HEALTH e 7

[8] Larsen TLJ, Jergensen ME, Pedersen ML, et al. Low pre-
valence of retinopathy among Greenland Inuit.
Int J Circumpolar Health. 2021;80(1):1938420. doi: 10.
1080/22423982.2021.1938420

[9] Haugen OH, Bredrup C, Rgdahl E. Visual impairment in
children and adolescents in Norway. Tidsskr Den Nor
Legeforening. [cited 2016 Jun 21]. doi: 10.4045/tidsskr.
15.1243

[10] Synsregisteret. Det Danske Synsregister. [cited 2024 May
31]. Available from: https://www.rigshospitalet.dk/afdelin
ger-og-klinikker/hovedorto/oejensygdomme/for-fagfolk
/synsregisteret/Sider/hvad-er-synsregisteret.aspx

[11] Svenskt  Kvalitetsregister ~ for  Rehabilitering  vid
Synnedsédttning. [cited 2024 May 31]. Available from:
https://rcsyd.se/skrs/publikationer/arsrapporter

[12] Statistics Greenland. Published online 2024. [cited 2024 May
17]. Available from: https://bank.stat.gl/pxweb/en/
Greenland/

[13] Jindani Y, Nash D, Fleming N, et al. National survey of
paediatric vision screening programs across Canada: iden-
tifying major gaps and call to action. Paediatr Child Health.
2021;26(8):486-492. doi: 10.1093/pch/pxab036

[14] Hemptinne C, La Grange N, Yiiksel D. Vision screening in
Belgian children: too much or not enough? Ophthalmic
Epidemiol. 2020;27(5):364-375. doi: 10.1080/09286586.
2020.1767151

[15] Pizzi LT, Snitzer M, Amos T, et al. Cost and effectiveness
of an eye care adherence program for Philadelphia chil-
dren with significant visual impairment. Popul Health
Manag. 2015;18(3):223-231. doi: 10.1089/pop.2014.0090

[16] Bro T, Lofgren S. Relatively stable prevalence of myopia
among Swedish children aged 4 to 7 years between 2015
and 2020. Optom Vis Sci. 2023;100(1):91-95. doi: 10.
1097/0PX.0000000000001972

[17] Evaluering af de forebyggende bgrneundersggelser
i almen praksis. Published online 2007. [Accessed 2024
May 6]. https://www.sst.dk/da/udgivelser/2007/evaluer
ing-af-forebyggende-boerneundersoegelser-i-almen-
praksis

[18] Yekta A, Hooshmand E, Saatchi M, et al. Global prevalence
and causes of visual impairment and blindness in children:
a systematic review and meta-analysis. J Curr Ophthalmol.
2022;34(1):1-15. doi: 10.4103/joco.joco_135_21

[19] Sandfeld L, Weihrauch H, Tubaek G. Analysis of the cur-
rent preschool vision screening in Denmark. Acta
Ophthalmol (Copenh). 2019;97(5):473-477. doi: 10.1111/
a0s.13922

[20] WHO. World Health Organization ICD-11. [cited 2024 May
17]. Available from: https://icd.who.int/browse/2024-01/
mms/en#1103667651


https://www.who.int/publications/i/item/9789240082458
https://www.who.int/publications/i/item/9789240082458
https://doi.org/10.1155/2019/6817839
https://doi.org/10.1155/2019/6817839
https://doi.org/10.1016/j.jaapos.2015.09.002
https://doi.org/10.1371/journal.pone.0294532
https://doi.org/10.3402/ijch.v75.32167
https://doi.org/10.1016/j.ygyno.2016.03.029
https://doi.org/10.1016/j.ygyno.2016.03.029
https://doi.org/10.1016/j.ijporl.2021.110865
https://doi.org/10.1016/j.ijporl.2021.110865
https://doi.org/10.1080/22423982.2021.1938420
https://doi.org/10.1080/22423982.2021.1938420
https://doi.org/10.4045/tidsskr.15.1243
https://doi.org/10.4045/tidsskr.15.1243
https://www.rigshospitalet.dk/afdelinger-og-klinikker/hovedorto/oejensygdomme/for-fagfolk/synsregisteret/Sider/hvad-er-synsregisteret.aspx
https://www.rigshospitalet.dk/afdelinger-og-klinikker/hovedorto/oejensygdomme/for-fagfolk/synsregisteret/Sider/hvad-er-synsregisteret.aspx
https://www.rigshospitalet.dk/afdelinger-og-klinikker/hovedorto/oejensygdomme/for-fagfolk/synsregisteret/Sider/hvad-er-synsregisteret.aspx
https://rcsyd.se/skrs/publikationer/arsrapporter
https://bank.stat.gl/pxweb/en/Greenland/
https://bank.stat.gl/pxweb/en/Greenland/
https://doi.org/10.1093/pch/pxab036
https://doi.org/10.1080/09286586.2020.1767151
https://doi.org/10.1080/09286586.2020.1767151
https://doi.org/10.1089/pop.2014.0090
https://doi.org/10.1097/OPX.0000000000001972
https://doi.org/10.1097/OPX.0000000000001972
https://www.sst.dk/da/udgivelser/2007/evaluering-af-forebyggende-boerneundersoegelser-i-almen-praksis
https://www.sst.dk/da/udgivelser/2007/evaluering-af-forebyggende-boerneundersoegelser-i-almen-praksis
https://www.sst.dk/da/udgivelser/2007/evaluering-af-forebyggende-boerneundersoegelser-i-almen-praksis
https://doi.org/10.4103/joco.joco_135_21
https://doi.org/10.1111/aos.13922
https://doi.org/10.1111/aos.13922
https://icd.who.int/browse/2024-01/mms/en#1103667651
https://icd.who.int/browse/2024-01/mms/en#1103667651

	Abstract
	Introduction
	Methods
	Design
	Study population and data extraction
	Definitions
	Statistics

	Results
	Discussion
	Acknowledgments
	Disclosure statement
	Funding
	Author contribution
	References

