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Abstract

Purpose: Scotland has comprehensive child vision screening at age 3.5-5.5 years
of age, with ~85% participation (40,000-50,000 screening episodes annually).
Orthoptists deliver the screening, including presenting vision, cover test and other
tests. Screening failures are referred for eye examinations, including cycloplegic
refraction. The study aims to report refractive error data from these examina-
tions (~5000-6000 annually) for 3 years before and 2 years following the COVID-19
pandemic, and to investigate correlations between myopia and socio-economic
factors.

Methods: Right eye data from eight Scottish health boards (HB) are reported
for spherical equivalent refraction (SER) for the years 2013-14, 2014-15, 2015-16,
2020-21 and 2021-22. Associations were investigated between the proportion of
the sample in each HB with myopia and the proportion of the population in each
HB with different levels of deprivation index, classification on a rural/urban con-
tinuum and dwelling type.

Results: Refractive error frequency distributions revealed a myopic shift in SER
over the 5years. Median SER (interquartile range) in 2013-14, 2014-15, 2015-16,
2020-21 and 2021-22 was +1.38 D (+0.50 to +2.75), +1.38 D (+0.25 to +2.63), +1.38 D
(+0.50 to +2.75), +1.13 D (+0.25 to +2.25) and +1.25 D (+0.38 to +2.25), respectively.
The increase in myopia was statistically significant in each of the last 2 years com-
pared with each of the first 3 years (p <0.0005). The proportion of myopes (<—0.50
D) increased from <7.8% annually in 2013-16 to 11.51% in 2020-21 and 10.65% in
2021-22 (linear trend: #=0.94, p=0.006). Associations between the proportion of
children in each HB with myopia and: (1) deprivation index was low and not statisti-
cally significant; (2) the proportion of the population in the most urban environ-
ments was high (*=0.79; p=0.003); (3) the proportion of dwellings that were flats/
apartments was also high (*=0.83, p=0.002).

Conclusions: In this predominantly Caucasian population, the proportion of chil-
dren with myopia has increased post-COVID. A strong association exists between
myopia and living in flats/apartments and urbanicity, but not with a deprivation
index.
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INCREASING MYOPIA IN SCOTLAND

INTRODUCTION

In Asian pre-school' and kindergarten? children, myopia
has emerged as more common than hypermetropia, af-
fecting 22% of children by the age of 6 years (y).? In Chinese
children, Chen and colleagues reported that the age of my-
opia onset has steadily decreased over time, from a mean
of 10.6y in 2005 to 7.6y in 2021 (p< 0.001).4

In the UK, McCullough et al. reported that, in 2016,
for children aged 10-16 y, the proportion of myopes
had more than doubled over the preceding 50 y and
that children were becoming myopic at a younger age.’
Therefore, it is not surprising that an increase in myopia
prevalence in young children is also evidenced in stud-
ies of Western populations.°™ McCullough et al. noted
that there were some differences between the method-
ology used in their cohort and the comparator data from
Sorsby et al. in 1961.>" Therefore, there is a need for fur-
ther research on whether myopia is increasing in young
children in the UK.

Before the COVID pandemic, there were signs that the
prevalence of myopia in young Asian children, although
high, had stabilised.®'” Several studies indicated that
lockdowns, home schooling on computers'®'® and/or less
time outdoors® as a result of the pandemic have been as-
sociated with an increased prevalence of myopia in chil-
dren,'?'73* especially at young ages.>**7*® Most of these
data came from Asian populations, but similar effects
have been found in Spanish children aged 5-7 y** and in
Argentina.?® Klaver and colleagues described this increase
in myopia as ‘quarantine myopia’ and noted that younger
children may be particularly susceptible to environmental
myopia triggers.’” Klaver et al. did not specify the environ-
mental triggers,®” but these are summarised in a review by
Biswas et al.*®

Children's vision screening in the UK normally occurs
at age 4-5 y with the primary goal of detecting amblyo-
pia.*® More recently, a study*® noted that the UK National
Screening Committee (NSC) recommendation*' is un-
usual in only screening children's vision once. A system-
atic review in 2021 argued that the UK vision screening
programme is preferable for detecting amblyopia when
compared with autorefraction or photorefraction at a
younger age.* Often, publications on vision screening
still centre on the detection of amblyopia,* although
several studies have noted a much higher prevalence of
refractive errors than amblyopia in preschool' and school
children.®*** In children aged 4-5 y, previously undiag-
nosed visual defects are most likely to be refractive er-
rors, and parents/carers are usually unaware of these.*®
There is a higher risk of failing vision screening in families
receiving benefits.*’

McCullough and Saunders investigated child vision
screening based on the UK NSC protocol in 294 children
aged 4-5 y in Northern Ireland,*® and found moderately
good sensitivity (70.4%) and specificity (82.2%), with the
main difficulty being the detection of hypermetropia. No

Key points

« In children aged 3.5-5.5years, myopia has
become more common in Scotland, United
Kingdom. This may be a result of the COVID pan-
demic or other environmental/lifestyle changes
among contemporary Scottish children.

« The increasing proportion of myopia detected
by child vision screening raises questions about
whether vision screening should be repeated
periodically throughout the school years.

« Myopia is associated with living in flats/apart-
ments and highly urbanised settings, but not
with deprivation.

case of reduced vision as a result of myopia was unde-
tected by screening.

The increasing prevalence of myopia has led to interest
in vision screening for refractive errors,®**% particularly
myopia.>*'™>* It is therefore not surprising that some au-
thors have criticised the UK system of vision screening only
at age 4-5y, arguing for additional screening episodes at
age7and 11 y,54 or one other screening intervention at age
11 y.>® A recent publication included a literature review of
children's vision screening for myopia,”® and an analysis of
data from over 300,000 computerised vision screening®’
records from children in England aged 4-5 y. However, this
report was confined to vision results, with no refractive
error data.>®

Since 2013, all children in Scotland who are registered
with a General Medical Practitioner and are not already
in the care of the Hospital Eye Service are invited to have
vision screening as part of the See4School programme
(https://www.nhsinform.scot/tests-and-treatments/
routine-tests-and-examinations/childrens-vision-scree
ning/).58 Approximately 60,000 children, aged 3.5-5.5y, are
screened each year by orthoptists. Fully anonymised data
are collated for basic audit purposes by the Scottish health
boards and descriptions of these data have been pub-
lished, including the overall performance of the screening
programme.”®* In Scotland, cycloplegic refractive error
data are obtained on those who fail the screening, and fol-
lowing referral attend the Hospital Eye Service ora commu-
nity optometrist for an eye examination. The primary aim
of this retrospective epidemiological study is to analyse
these data to provide information on the proportions with
myopia and the distribution of refractive errors in young
children before and after the COVID pandemic.

At present, the influence of socio-economic background
on the risk of developing myopia or of having unmet vi-
sual needs owing to myopia is not fully understood.®®~®2 It
is possible that the type of area (on a rural-urban contin-
uum)® or type of dwelling (e.g., detached, semi-detached,
terraced or flat/apartment)®*~°® are more important factors
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in myopia development than socio-economic factors.
Additional secondary aims were to investigate whether the
presence of myopia in young children in Scotland is asso-
ciated with deprivation, urban (compared with rural) areas
or flat/apartment dwellings (compared with other types of
housing).

METHODS

The research followed the tenets of the Declaration of
Helsinki and proceeded after UK Health Research Authority
and institutional approval and a data sharing agreement.
The vision screening methods and pass/fail criteria are
described by Pentland and Conway.”® The present analy-
ses relate to children who, after failing screening, were re-
ferred to community optometrists or to the Hospital Eye
Service. Optometrists or ophthalmologists carrying out
the refraction were required to undertake cycloplegic re-
fraction, using a method they considered appropriate. This
is most likely to have been cycloplegic retinoscopy, but
cycloplegic autorefraction and cycloplegic subjective re-
fraction may also have been used when considered appro-
priate. Clinicians were requested to complete and return a
form with refractive error data, which comprise the present
dataset. In each year, the correlation between right and left
eye spherical equivalent refraction (SER) was >0.85 and the
right eye data are reported here (left eye data are included
in Data S1). Myopia is defined as SER<—0.50 D.%°

Author LP, who is the Lead for Child Vision Screening
in Tayside and co-ordinates the audit of vision screening
data in Scotland, merged data from different health boards
and provided to the rest of the team deidentified data of
screening and eye examination results in those who failed
vision screening for the following years: 2013-14, 2014-15,
2015-16, 2020-21 and 2021-22. These years were selected
because national data collection was started in 2013-14,
and quality control checks were rigorously employed for
the first 3years and again from 2020-2022. After data clean-
ing, data were checked independently by two co-authors
and any discrepancies resolved by discussion.

The National Health Service (NHS) Scotland Information
Services Division (ISD) provided, for each year, the total
number of children eligible for and invited to attend
screening, the number who attended screening and the
number who failed screening and were therefore referred
for eye examinations. The ISD also provided information on
the number of children wearing spectacles at screening.

Statistical analysis

The refractive error data, which have not previously been
reported, were analysed to address the primary aim using
relative frequency distributions, descriptive and compara-
tive statistics, proportion each year with myopia and re-
gression of this proportion over time. Data were included

for the eight health boards who provided a dataset for
every year under analysis. For the relative frequency distri-
butions, decisions about bin sizes, bin cut-offs and to con-
centrate on right eye data were checked (see Results).

Some refractive error data were unavailable for analy-
sis for two main reasons: either because the child failed to
attend for an eye examination or because the clinician did
not submit the form with the results of the examination.
The missing data policy was to make no imputations for
missing data (see limitations section of Discussion).

Typically, screening starts at the end of August (nursery
termin Scotland starts in mid-August) and ends in the sum-
mer of the following year, before the schools' return. In the
year directly affected by the COVID pandemic (2020-21),
screening started as usual in mid-August 2020, but then
there was a pause of approximately 2.5months. To make
up for the delay, many health boards set up screening clin-
ics over the summer months (2021) in various locations
(e.g., community centres, health centres and hospital clin-
ics). In some health boards, the screening overran into the
next screening year by up to 2 months (completion before
the October 2021 mid-term break). Therefore, it is likely
that the mean age of screening would have been slightly
older in the 2020-2021year. The date of screening is not
stored in the database available for analysis, and therefore,
this delay cannot be quantified. This is considered further
in the Discussion under limitations. For the 2021-22year,
the situation was back to normal.

The datasets available for analysis were fully anony-
mised: the only geographic data available for each partic-
ipant were the health board in which they were screened.
This facilitated analysis of the relationship between myopia
rates in the present dataset and deprivation (ISD data), and
from the Scottish Government official statistics (https://
statistics.gov.scot/data), location (on an urban-rural contin-
uum; urbanicity) and type of dwelling. These analyses were
undertaken for the most recent year of refractive error data
(2021-22). For deprivation, linear regression analyses were
carried out to determine the relationship between the pro-
portion of myopic children within each health board who
failed vision screening and the proportion of children who
failed vision screening and were within-specific quintiles
of deprivation for each health board. For urbanicity, the
relationship between the proportion of cases of myopia
who failed vision screening in each health board and the
Scottish government population estimates on rural-urban
classifications (2020) was investigated in each health board
(https://www.gov.scot/publications/scottish-government
-urban-rural-classification-2020/documents/). For housing,
the linear regression investigated was between the pro-
portion of cases of myopia who failed vision screening in
each health board and the most recent (2017) Scottish gov-
ernment data on dwelling type (https://statistics.gov.scot/
data/dwellings-type).

For each of the new variables (deprivation, urbanicity
and housing), the analyses were restricted to two regres-
sions for each hypothesis to avoid an excessive number of
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Identification of children with myopia
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screening
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}

|

Attended vision
screening
(n=41,474)

Attended vision
screening
(n=39,741)

I

|

Referred for eye
exam
(n = 8,246)

Referred for eye
exam
(n=8,317)

l

l

Attended eye exam,
valid data returned

Attended eye exam,
valid data returned

= 2013-14 2014-15 2015-16
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= screening screening screening
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(n=8,759) (n=9,216) (n=9,035)
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(n = 320; 6.40%) (n =433;7.29%) (n=462;7.72%)

(n=4,961) (n=5,503)
Myopia detected Myopia detected

(n=571; 11.51%)

(n = 586; 10.65%)

[

FIGURE 1 Preferred reporting items for systemic reviews and meta-analyses (PRISMA) flow diagram summarising the identification of vision
screening data used for the final analysis. For all years, the number who were eligible and attended for vision screening does not include children
already under the Hospital Eye Service. See below for more details on samples at each stage.

comparisons. These were for deprivation, the population
within the lowest two quintiles (40%) and highest two quin-
tiles (40%) of deprivation; for urbanicity, the percentage
of the population in ‘large urban’ areas and those in rural
areas (the rural category includes accessible rural, remote
rural and very remote rural regions under the Scottish gov-
ernment's classification system) and for type of dwelling,
those in flats/apartments and those in detached dwellings.
To account for multiple comparisons, a Bonferroni correc-
tion was applied, so that for these analyses, results were
considered statistically significant if p <0.025 (i.e., 0.05/2).

RESULTS

The identification and screening stages in Figure 1 show
data provided by the ISD for all health boards. The eye ex-
amination stage data are restricted to valid data returned
by clinicians in the health boards included in the present
analyses (see below). The number eligible for screening
each year has fallen approximately in line with the falling
birth rate (note that this appears exaggerated between the
third (2015/16) and fourth years (2020/21) under study, but
this was a 4-year gap). Additionally, the number eligible for
vision screening does not include children already under
the Hospital Eye Service or for whom consent for screening
was not provided.

The following eight health boards returned data for
each of the 5years investigated and are included in the
eye examination data presented here, as summarised in
the bottom two rows of Figure 1 (Ayrshire and Arran, Forth
Valley, Greater Glasgow and Clyde, Grampian, Highland,

Lanarkshire, Lothian and Tayside). The preferred reporting
items for systemic reviews and meta-analyses (PRISMA)
chart in Figure 1 includes the number of children in each
year analysed who were eligible and who attended for
screening (children already under the Hospital Eye Service
were not eligible for screening), were referred for an eye
examination (using fail criteria detailed by Pentland and
Conway),59 for whom refractive error data were returned
by Hospital Eye Service clinicians or community optome-
trists and were found to have myopia in their right eye. Also
shown is the proportion, each year, of individuals for whom
valid eye examination data were returned who had myopia
in their right eye.

Table 1 reveals a myopic shift in mean and median
refractive error in the last 2years of data (2020-22). A
Kruskal-Wallis test indicated a statistically significant over-
all difference between years (H=109.04, p <0.0005), with
pairwise comparisons showing statistically significant dif-
ferences (p <0.001) between each of the first 3years and
each of the last 2years, but non-significant differences in
pairwise comparisons of each of the first 3years (p>0.22)
and in a pairwise comparison of the last 2 years (p=0.12).
The proportion of children who failed screening criteria
for presenting vision, subsequently attended for eye ex-
amination in the valid dataset and were myopic was <7.8%
for each year from 2013 to 2016. This proportion increased
to 11.51% in 2020-21 and 10.65% in 2021-22 (Figure 1 and
Table 1, bottom row). There was a linear trend for an in-
creasing proportion of children with myopia (*=0.94,
p=0.006).

For comparison of frequency distributions, since there
were no statistically significant differences between the
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TABLE 1 Descriptive statistics for frequency distributions of the right eye spherical equivalent refraction (SER) data for each year analysed.

Year 2013-14 2014-15 2015-16 2020-21 2021-22
N 4998 5938 5985 4961 5503
Mean (D) +1.69 +1.67 +1.70 +1.40 +1.44
95% Cl of mean +0.0016 +0.0016 +0.0016 +0.0017 +0.0016
Median (D) +1.38 +1.38 +1.38 +1.13 +1.25
Std. Deviation (D) +1.82 +1.93 +1.95 +1.94 +1.90
Minimum (D) -11.75 -11.50 -11.50 -9.50 -16.00
Maximum (D) +10.75 +12.50 +11.75 +9.88 +12.00
25th percentile (D) +0.50 +0.25 +0.50 +0.25 +0.38
75th percentile (D) +2.75 +2.63 +2.75 +2.25 +2.25
Number (%) with myopia 320 (6.40%) 433 (7.29%) 462 (7.72%) 571 (11.51%) 586 (10.65%)

Abbreviations: Cl, confidence interval; D, Dioptre; N, number of refractive error records analysed; Std. Deviation, Standard deviation.

16% 1

15% A

14% A

13% A

12% 4
——2013-16
——2020-22

11% A

10% A
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8% -
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1% 4

0% =TT T T T T T T
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Right eye spherical equivalent refraction (Dioptres)

FIGURE 2 Graph showing the relative frequency distributions of right eye spherical equivalent refraction (SER) data for the first 3years (blue) and
the last 2 years (red) of data. Bin sizes are 0.50 D and the points plotted are the centre of each bin. Outlier bins have been collapsed so that the highest
myopia bin (centred on —10.50 D) includes all cases who were <—10.00 D and the highest hypermetropia bin (centred on +10.50 D) includes all cases
who were >+10.00 D.

first 3years (2013-14, 2014-15 and 2015-16), the data for Similarly, since there was no statistically significant dif-
these 3years were combined and the blue line in Figure 2 ference between the last 2years (2020-21, 2021-22), the
shows the relative frequency distribution for these data. data for these 2years were combined and the red line in
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FIGURE 3 Therelationship between the proportion of the population living in flats/apartments and the proportion with right eye spherical
equivalent refraction (SER) <—0.50 D within the eight Scottish health boards in the analysis. The dotted line is the linear regression (P=0.83, p=0.002).

Figure 2 shows the frequency distribution for these data.
To facilitate comparison, the vertical axis represent the pro-
portion (percentage) of the total sample for each period.

The relative frequency distributions (Figure 2) show a
myopic (leftward) shift post-COVID at virtually all refractive
errors except the plano to +0.50 D bin, which had an unex-
pectedly high peak pre-COVID. This is considered further
in the Discussion.

The relative frequency distributions required several
decisions that could have influenced the outcome (e.g.,
choice to use right eye data, decisions about bin sizes and
cut-offs and pooling the first 3years and the last 2 years).
These decisions and assumptions were checked by plot-
ting frequency distributions for each year, each eye and
using smaller bin sizes and different bin cut-offs. These
graphs and further analyses are presented in Data S1 and
support the findings described above.

It is noteworthy from Figure 2 (and the graphs in
Data S1,52) that the distribution of refractive error post-
COVID more closely resembles a normal distribution than
the distribution pre-COVID. This was investigated by com-
paring the distributions for 2013-16 and 2020-2022 with
a normal distribution using the Kolmogorov-Smirnov
test. The test statistic was higher post-COVID than pre-
COVID (0.105 and 0.098, respectively). However, no doubt
influenced by the large sample size, both frequency dis-
tributions differed significantly from a normal distribu-
tion (p <0.001).

Regressions between the proportion of children in
each health board who were myopes and the proportion

of children who failed vision screening who fell within the
lowest quintiles (1 and 2; most deprived) and the high-
est quintiles (4 and 5) of deprivation index were low and
failed to reach statistical significance (<0.07; p=0.56 and
r’ <0.01; p=0.82, respectively). The strongest relationship
was a high positive correlation = 0.83, p=0.002; Figure 3)
between the proportion of children in each health board
who were myopes and the proportion of dwellings that
were flats/apartments. Conversely, there was a negative
correlation that did not reach statistical significance be-
tween the proportion of children in each health board
who were myopes and the proportion of dwellings that
were detached houses (#=0.48, p=0.06). There was a
strong positive correlation between the proportion of
individuals with myopia and the proportion of the popu-
lation in the most urban environment (=0.79, p=0.003)
and a non-statistically significant negative correlation be-
tween the proportion of individuals with myopia and the
proportion of the population living in rural environments
(*=0.48, p=0.06).

DISCUSSION

Recently, reports on large databases of child vision screen-
ing data in England®® and Scotland® described worsening
presenting vision. The main finding of the new analyses re-
ported here is that, in a large sample of children in Scotland
aged 3.5-5.5y, the proportion with myopia <—0.50 D hasin-
creased from 2013 to 2022 (from 6.40% to 7.72% pre-COVID
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to 11.51% in 2020-21 and 10.65% in 2021-22). During the
COVID pandemic, traditional schooling came to a halt and
home learning became the new norm,”® with increased
digital screen use’" and less daily physical activity.”%’2

It is well known that the frequency distribution of
refractive errors approximates a normal distribution at
birth but rapidly departs from this to form a leptokurtotic
distribution, with low hypermetropia over-represented.”?
This is attributed to emmetropisation (although, se-
mantically, ‘low-hypermetropisation’ would be a more
appropriate term). In the present data, it is noteworthy
that the apparent evolution since the pandemic of the
distribution of young children's refractive error is to more
closely resemble a normal distribution (Figure 2). Flitcroft
et al.%? considered that refractive errors that are present
at 6years of age can be considered as primary failures of
emmetropisation, but added that the bulk of emmetropi-
sation occurs in early childhood and is largely complete
by 6 years of age. Certainly, the age of the children in the
present cohorts is younger than the typical age of onset
of school myopia.

Figure 2 shows a myopic (leftward) shift post-COVID
at virtually all refractive errors except the plano to +0.50
D bin, which had an unexpectedly high peak pre-COVID.
A possible explanation for this is that over the years anal-
ysed here, an increasing proportion of screening referrals
were sent to community optometrists rather than to the
Hospital Eye Service. The return rate of eye examination
data from community optometrists was lower than from
the Hospital Eye Service, and it is possible that community
optometrists were less likely to return data when no spec-
tacles were required. A related factor may be that children
who failed the vision screening test with worse visual acu-
ity in one or both eyes were more likely to be referred into
the Hospital Eye Service than to community optometrists.

Vision screening in children has been found to be bene-
ficial because it allows early detection and treatment of oc-
ular anomalies® and visual problems that may be missed
in children.>” Uncorrected hypermetropia and myopia are
linked to underachievement in educational assessments
and poor academic performance, respectively.”

An attempt was made to reconcile the dataset de-
scribed in this manuscript with data on eye examinations
by community optometrists under the General Ophthalmic
Services (GOS) in Scotland. However, such a comparison is
prone to significant errors because of incompatibilities in
the datasets (e.g., different age ranges and calendar years),
and because a vision screening referral is only one of the
reasons why children consult community optometrists.
Also, when spectacle wearing children attended vision
screening, they were screened while wearing their spec-
tacles. This latter point may mean that the present work
underestimates the proportion of children with myopia
because some had already been corrected. This effect will
be small because only 2%-3% of children each year wore
spectacles to the screening appointments, and some of
these would have had hypermetropia.

Other investigations support the present finding of an
association between myopia and living in urban areas® and
small home size.®* There is uncertainty as to whether my-
opia is associated with socio-economic status,®® and such
a link was not evident in the present data. Individuals from
socio-economically disadvantaged backgrounds are prone
to lower attendance rates at screenings and have higher
failure rates in screening due to an increased prevalence of
conditions including hypermetropia, esotropia and ambly-
opia.”>”® Ethnicity, parental income, parents' level of edu-
cation and attitude towards diagnosis and treatment may
influence attendance at appointments.”” To be included
in the dataset analysed here, families had to attend both
pre-school screening and eye care appointments with
community optometrists or in the Hospital Eye Service,
and any associations with lower socio-economic status
may therefore have been underestimated. Concerning eye
examinations with community optometrists, Kearney et al.
found that children with differing refractive errors living in
deprived areas of Scotland were not disadvantaged in ac-
cessing NHS spectacles.60

Previous work has shown that both the type and size
of housing are associated with myopia prevalence and
progression rates.%4-%8 Housing can act as a proxy for so-
cioeconomic and geographical conditions. The type and
prevalence of housing, such as the relative number of flats/
apartments, often correlates with both deprivation levels
and urbanicity. Areas with a higher concentration of flats/
apartments may indicate urban environments in addition
to lower socioeconomic status due to their relative afford-
ability and availability. A trivariate approach, utilising hous-
ing type in addition to deprivation indices and rurality,
allows for a more holistic analysis of factors associated with
myopia within this population. The results of the present
analyses indicate that living in flats/apartments has the
strongest association with myopia and urbanicity is less im-
pactful, with deprivation far less relevant. A recent review
noted that mid- to high-spatial frequencies play an import-
ant role in the emmetropisation process and that there is
a reduced high spatial frequency content indoors.”® This
may be one reason why increased time outdoors reduces
the risk of myopia. It is possible that children growing up
in flats have less access to gardens, thereby reducing time
outdoors.

Child vision screening in the UK has the primary goal
of detecting amblyopia.®® In 2013, an external review
against programme appraisal criteria asked whether the
current UK screening at age 4-5 y met National Screening
Committee (NSC) criteria.”® The review ‘found no robust
evidence to support significant changes to the content
of the current NSC recommended vision screening pro-
gramme of children aged 4-5 y in the UK] but did not
consider whether a broadening of the programme was ap-
propriate to include myopia and/or older children. In view
of the increasing rates of myopia in the present data from
children at age 3.5-5.5 y, it would be appropriate to re-
evaluate whether the emphasis of child vision screening
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should be to detect refractive error, including myopia, in
addition to amblyopia.

Clearly, since 2016, a significantly elevated proportion
of children in this dataset had myopia. For each year in
the dataset, the proportion of children attending vision
screening with spectacles was 2%-3%, and even whilst
wearing their spectacles, most (63%-87%) of these chil-
dren failed the vision screening, no doubt in some cases
owing to progressing myopia. It seems that children with
undetected or under-corrected myopia cannot be relied
upon to self-refer. Older children may be more likely to self-
refer, but it is unsafe to assume that this will detect most
cases of myopia.*®*’

In 2005, Logan and colleagues found that over 50% of
university students in the UK were myopic.?® The rate of
myopia post-COVID in the present sample of approximately
10% applies to the population who fail vision screening, so
the prevalencein the general population atage of 3.5-5.5y
is probably lower than 10%. Therefore, it seems likely that,
throughout the school years, the prevalence of myopia
increases from under 10% to probably over 50%, at least
in those attending university. In a European population,
Polling and colleagues showed that the median rate of pro-
gression of myopia is ~0.50 D per annum up to the age of
10 y and slower thereafter.®! Therefore, if vision screening
is to be redesigned to target myopia as well as amblyopia,
then in addition to early school vision screening, it will be
necessary to repeat vision screening periodically during
the school years.>*>°

It seems likely that the present findings are generalis-
able to other Western populations. It should be noted that
the See4School programme involves vision screening by
orthoptists, who are highly skilled in vision testing of young
people. As explained by Pentland and Conway,® the ortho-
ptists had available three designs of logMAR letter chart
tests so as to meet the needs of children with diverse abili-
ties and also carried out additional orthoptic tests.

Strengths and limitations

Strengths of the present work include the large sample size,
which results in robust estimates of all the figures quoted
in Table 1. Another strength is that the study population
originated in community screening, rather than a clinical
population who self-refer to eye clinics.

A limitation of the present work is that, to avoid bias,
data were restricted to those from health boards who re-
turned vision screening results in every year analysed. Data
from eight of the 14 health boards were analysed, and these
eight were among the nine most populous in Scotland,
comprising over 85% of Scotland's population according to
the 2021 population data. Also, the gap in available data
between 2016 and 2020 means that it is unclear whether
the increase in the proportion of the sample with myopia is
attributable to the COVID pandemic.

Another limitation is missing data: Refractive errors are
only known for children who (i) attended and failed vision
screening, (ii) were referred to community optometrists or
the Hospital Eye Service, (iii) attended these clinics and (iv)
for whom refractive error data were returned (Figure 1). No
assumptions were made in the analyses regarding missing
data. Data imputation® was considered, but this requires
assumptions that may be incorrect leading to erroneous
conclusions.®® Not all children attend screening or fol-
low-up on referrals following screening, and the reasons
for this were not explored in the present work. Of the chil-
dren who were eligible for screening, the proportion who
attended screening was ~85% in the first 3years, which
dropped to 79% and 77% in 2020-21 and 2021-22, respec-
tively, which may have been related to the pandemic. This
is unlikely to affect the main findings, because the rates of
myopia were calculated by dividing the number of cases of
myopia by the number who attended the eye examination,
not the screening.

It is possible that children with symptoms are more
likely to attend eye examinations after failing vision screen-
ing and this may have led to a slight overestimation of the
proportion of children with myopia. However, few children
at this age are likely to report symptoms, and there is no
reason to believe that this possible source of bias would
have changed over the years under study. Thus, the in-
creasing myopia found in this investigation is likely to be
a robust finding.

As a result of the delay in screening in the year of the
pandemic (2020-21), the mean age of participants at the
time of screening is likely to be older in that year than in
other years. Since myopia becomes more common in chil-
dren with increasing age, this is likely to contribute to the
increased rate of myopia in this particular year. The date of
screening and age were not stored in the database avail-
able for analysis, and therefore, this delay cannot be quan-
tified. In Northern Ireland, McCullough et al. estimated the
annual incidence of myopia at age 6-7years to be 2.2%.
Therefore, the delay of a few months for some participants
in 2020-21 is unlikely to explain the increase in preva-
lence from under 8% pre-COVID to 11.5% in 2020-21. Also,
in 2021-22, when 10.65% of the cohort were myopic, the
date of screening and therefore age at the time of screen-
ing are likely to have returned to levels similar to those in
the pre-COVID years. The distribution of refractive errors in
2020-21 did not differ significantly from that in 2021-22.

It should be noted that the correlational analyses to in-
vestigate the secondary aims break down the data by health
board to look for broad trends. Given the large numbers, this
is likely to be applicable and valid. However, a more granu-
lar analysis, where data for each child's dwelling type, post-
code, level of deprivation, ethnicity, parental income, etc.
were analysed, would eliminate the statistical assumptions
inherent in the approach taken here. This was not possible
due to data protection limitations. Additionally, the com-
parisons across health boards only assessed specific factors
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(deprivation quintiles, urbanicity and dwelling type) and it is
possible that other factors could have been relevant.

In conclusion, in a large population of mainly Caucasian
children in Scotland aged 3.5-5.5y who have failed vi-
sion screening, myopia became more common from 2016
to 2022. Even at this young age, approximately one in 10
children in the post-pandemic dataset who failed vision
screening and were analysed here was myopic. This raises
concerns about the need to repeat vision screening pe-
riodically during the school years. Myopia is particularly
likely to affect those living in highly urbanised locations
and in flats/apartments.
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