
Ophthalmic Physiol Opt. 2024;44:1301–1308.     | 1301wileyonlinelibrary.com/journal/opo

INTRO DUC TIO N

The prevalence of myopia in Scandinavia is lower than in 
other parts of the world. A recent study from Denmark 
revealed a consistent prevalence of myopia over several 
decades, from 1882 to 2018, with rates among children 
11–12 years of age ranging from 3.7% to 9.2%.1 These find-
ings are in line with other studies reporting a 13.4% (95% 
confidence intervals [CI 95] 8.7–18.3) myopia prevalence 
among adolescents in Norway2 and 10.0% (CI 95 = 4.4–14.9) 
in Swedish children aged 8 to 16 years.3 A further recent 
study from Sweden used data from glasses prescribed 
to children referred for eye examinations and examined 

the incidence of myopia among Swedish children aged 
4–7 years.4 This study reported that the incidence was sta-
ble between 2015 and 2020, ranging from 0.11% to 0.39%. 
This is in contrast with investigations from East Asia where 
the reported incidence was high, thereby resulting in the 
prevalence of myopia among children 6–18 years of age to 
be between 50.0% and 71.0%.4–7 It remains unclear which 
factors can explain these contrasting prevalence findings.

Children with myopic parents seem more likely to de-
velop myopia.3,8–10 The odds ratio for the onset of myopia 
in children with two myopic parents is approximately three 
times higher compared with children without parental 
myopia.11 In addition, myopic children with two myopic 
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Abstract
Purpose: The prevalence of myopia in Scandinavia tends to be lower than in other 
parts of the world. This study aimed to investigate the incidence of myopia and its 
predictors in Swedish children to characterise this trend.
Methods: A 2- year longitudinal study was conducted following a cohort of school-
children aged 8–16 years. Myopia was defined as a spherical equivalent refraction 
(SER) ≤ −0.50 D. The study enrolled 128 participants, 70 (55%) females with a mean 
age of 12.0 years (SD = 2.4).
Results: The cumulative incidence of myopia during the follow- up period was 5.5%, 
and the incidence rate of myopia was 3.2 cases per 100 person- years. Participants 
with myopia at baseline exhibited a faster increase in refractive error during the 
follow- up period. Likewise, participants with two myopic parents exhibited a more 
marked change towards myopia, regardless of their initial refractive error.
Conclusion: In the current study, similar to prevalence, the incidence of myopia 
was low when compared with other parts of the world. These results lead us to 
formulate a new hypothesis that the normal emmetropisation process may be pro-
tected by low educational pressure practised in Sweden during early childhood. 
Further research is necessary to test this new hypothesis.
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parents tend to have higher levels of myopia than those 
whose parents are not myopic.3 However, genetics may be 
only part of the picture and genetic predisposition might 
be ‘activated’ or ‘accelerated’ when individuals are ex-
posed to environmental risk factors.

There is a lack of information regarding the incidence 
and progression of myopia in Swedish children. Likewise, 
there are few studies investigating risk factors for myopia 
in this same population. This information is relevant to un-
derstand the progression of myopia in the Swedish popu-
lation and to generate ideas to tackle the myopia epidemic 
around the globe.

This study characterised the incidence of myopia in 
Swedish school children. As the investigation was partially 
conducted during the COVID- 19 pandemic, it also consid-
ers possible effects of the imposed restrictions on refrac-
tive error changes.

M ETH O DS

This study received ethics approval from the Regional 
Ethics Committee for Medical Research Ethics in Linköping 
(diary number 2018/423- 31). The study protocol complied 
with the tenets of the Declaration of Helsinki and informed 
consent was obtained from the participants and their 
parents.

This was a longitudinal study involving a cohort of 128 
children conducted in southern Sweden from January 
2019 to June 2021. Readers are referred to a previous paper 
on baseline characteristics and recruitment procedures 
for complete details about the cohort.3 In brief, school-
children aged 8–16 years from Kalmar Län—a county in 
southern Sweden, were invited to participate in this study. 
Information about the study was spread through primary 
schools, social media, local media channels and national 
television broadcasts. According to Statistiska Central 
Byrån, there were 21,636 children aged 8–16 years living 
in this region of Sweden in 2018 (source: http:// www. stati 
stikd ataba sen. scb. se/ sq/ 89562 ). The sample size required 
to compute prevalence was determined using OpenEpi.12 
Based on a myopia prevalence of 11.7%,13 the required sam-
ple size was 112 participants for a confidence level of 90%.

A 2- year follow- up period ensued with a total of four vis-
its: baseline, 0.5, 1 and 2 years (the 1.5 years appointment 
was cancelled due to the COVID- 19 pandemic). A compre-
hensive eye examination was repeated at every visit to 
determine changes in refractive error and other ocular pa-
rameters.14 Each visit included measurements of distance 
visual acuity, axial length and corneal curvature with non-
contact optical coherence biometry (IOLMaster 500, zeiss. 
com), height, weight and cycloplegic refraction15 using the 
Shin- Nippon NVision- K 5001autorefractor (shin-  nippon. 
jp/ ). Cycloplegic refraction was performed approximately 
30 minutes after installation of two drops of cyclopentolate 
1% (Cyclogyl, alcon. se/ sv). Cycloplegic refraction findings 
were taken from the right eye only.

Questionnaires were used to obtain information regarding 
demographics, parental myopia, medical history, academic 
preferences, education, living conditions, time spent on 
near work, time spent on outdoor activities after school and 
reading habits (see Supporting Information). As part of as-
sessing living conditions at home, parents were asked about 
the size of the room where their child spends most of their 
time doing near- work activities. The answer options were: a 
small room, less than or equal to 10 m2; a medium room, less 
than or equal to 20 m2 or a bigger room, bigger than 20 m2. 
Parental myopia was confirmed by analysis of the parent's re-
fractive prescription. The questionnaires were completed by 
the parents at the baseline and follow- up assessments.3

Definitions and statistical analysis

The definition of myopia was based on the cyclople-
gic spherical equivalent refraction (SER) of the right eye: 
SER = sphere + cylinder/2, with the cylinder expressed in 
minus cylinder format. A participant with a SER ≤ −0.50 di-
optres (D) was considered to be myopic.16 Hyperopia was 
defined as a SER ≥ +0.75 D.3 Emmetropia was defined as a 
SER between −0.49 and +0.74 D. Defining hyperopia can be 
difficult, and most studies select a cut- off taking the partic-
ipant's age into consideration. Considering the age range 
in the present study, a cut- off of +0.75 D was deemed ap-
propriate, although this cut- off value is higher than the one 
used in an investigation of Norwegian adolescents2 (+0.50 
D), but lower than studies involving infants (+2.00 D).17

Cumulative incidence was computed by dividing the 
number of incident cases by the population at risk at base-
line (comprising all initial participants) using the equation:

Cumulative incidence = new cases/population at risk.18

Incidence rate was computed using the equation:
Incidence rate = new cases during observation period/

total person- time of observation while at risk during the 
study.19

Person- time was defined as the total amount of time 
participants were observed while at risk of developing the 
outcome of interest.

Key points

• The 2- year incidence of myopia among Swedish 
schoolchildren was low.

• The risk factors for refractive error changes were 
parental myopia and being already a myope at 
the start of the study.

• A new hypothesis is raised that low educa-
tional pressure in early childhood might protect 
Swedish children from abnormal emmetropisa-
tion leading to myopia.
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The effect of time, refractive state at baseline and parental 
myopia on SER was tested using linear mixed models (LMM) 
in SAS software PROC MIXED (sas. com). Normalised SER was 
computed by subtracting the baseline SER from all other mea-
surements; this corresponds to a baseline SER of 0 for all par-
ticipants in order to model SER progression. For this analysis, 
the normalised SER was defined as the ‘dependent variable’. 
Participants were defined as ‘random factors’. Explanatory or 
‘fixed factors’ were: ‘refractive state at baseline’ (myopia, em-
metropia, hyperopia) and ‘parental myopia’ (i.e., 0, 1 or 2 my-
opic parents) for the whole sample. Other factors and their 
two- way interaction with time were tested (sex, ethnicity and 
number of hours in near work or in outdoor time at baseline) 
but only the statistically significant effects were retained for 
the final model. P- values were adjusted for multiple compari-
sons using the Tukey–Kramer procedure. Mean values shown 
in the text and on graphs are the estimated means; these are 
the mean response for each factor adjusted for other vari-
ables in the model, and their standard errors for the specified 
factors. Statistical significance was set at p < 0.05.

R ESULTS

Sample characteristics

The cohort was formed of 70 (55%) females and 58 males 
(45%). During the course of the investigation, seven par-
ticipants dropped out, meaning that 121 participants fin-
ished the study; 67 (55%) females and 54 (45%) males—the 
retention rate was 95% and the mean age at the end of 
the follow- up was 13.5 years (SD = 2.5). The sample was 
predominantly Caucasian (86.0%). Table 1 summarises the 
clinical and sociodemographic variables longitudinally.

Incidence and prevalence

At baseline, the prevalence (CI 95) of myopia (n = 13) was 
10.0% (4.4–14.9). Corresponding values for hyperopia (n = 61) 

and emmetropia (n = 54) were 48.0% (38.8–56.7) and 42.0% 
(33.5–51.2), respectively. The cumulative incidence of myopia 
during the 2- year follow- up was 5.5% (2.2–10.9) while the 
incidence rate of myopia was 3.2 cases per 100 person- years 
(0.8–5.6).

Results from the questionnaire

The average age for beginning reading and writing was 
6.0 years (SD = 1.0). Within the questionnaire, participants 
or their parents were asked to indicate if they liked ac-
tivities such as sports, travel and outdoor play (outdoor 
person), or preferred activities such as computer games, 
reading and writing (indoor person). A total of 52 (42%) 
participants were classified as outdoor persons, 50 (39%) 
as indoor persons and 24 (19%) had no specific preference. 
Furthermore, 99 (78.0%) participants lived in houses and 
28 (22.0%) in apartments.

Regarding the room size at home, determined by 
parents, where the participants spent most of their time 
engaged in near- work activities, 22 (18%), 85 (68%) and 
17 (14%) reported rooms measuring ≤10, ≤20 or >20 m2, 
respectively. None of these factors contributed signifi-
cantly to the incidence of myopia and have been omitted 
from the discussion.

Longitudinal changes in SER and 
associated factors

There was a significant effect of time on SER, F (3, 250) = 
16.3, p < 0.001. Table 2 summarises the pairwise compari-
sons with adjusted p- values of SER between different 
time points. There was a significant interaction between 
refractive state at baseline X time, F (2, 122) = 6.36, 
p = 0.002; these results are summarised in Table  3 and 
Figure  1. There was a significant interaction of time X 
parental myopia, F  (2, 122) = 6.16, p = 0.003; these results 
are summarised in Table  3 and Figure  1. A summary of 

T A B L E  1  Summary of the key variables at baseline (0), 0.5, 1 and 2 years; the ‘n’ changed between visits which affected direct comparisons 
between time points.

Baseline (n = 128) 0.5 year (n = 126) 1 year (n = 114) 2 years (n = 121)

Age (years) 12.0 (SD = 2.5)
12.0 (IQR = 5.0)

12.0 (SD = 2.5)
12.5 (IQR = 4.0)

12.5 (SD = 2.5)
13.0 (IQR = 4.0)

13.5 (SD = 2.5)
14.0 (IQR = 4.0)

Spherical equivalent refraction 
(dioptres)

+0.65 (SD = 1.2)
+0.70 (IQR = 1.0)

+0.70 (SD = 1.3)
+0.78 (IQR = 1.1)

+0.66 (SD = 1.2)
+0.67 (IQR = 1.1S)

+0.51 (SD = 1.5)
+0.64 (IQR = 1.0)

Axial length (millimetres) 23.16 (SD = 0.86)
23.17 (IQR = 1.1)

23.19 (SD = 0.87)
23.17 (IQR = 1.1)

23.20 (SD = 0.87)
23.21 (IQR = 1.2)

23.28 (SD = 0.89)
23.31 (IQR = 1.1)

Near work (hours/day) 5.3 (SD = 3.1)
4.6 (IQR = 3.3)

4.8 (SD = 2.6)
4.4 (IQR = 3.2)

2.5 (SD = 1.6)
2.2 (IQR = 2.1)

2.9 (SD = 1.8)
2.7 (IQR = 2.4)

Outdoor time (hours/day) 2.6 (SD = 2.2)
1.9 (IQR = 2.1)

2.4 (SD = 1.7)
1.8 (IQR = 2.0)

1.6 (SD = 1.0)
1.4 (IQR = 1.3)

1.6 (SD = 1.2)
1.3 (IQR = 1.6)

Note: The first and second numbers in each box indicate the Mean (SD) and the Median (IQR), respectively. Values in bold font indicated the variable was normally 
distributed.
Abbreviations: IQR, interquartile range; SD, standard deviation.
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the statistical analysis of axial length is given in the 
‘Supporting Information’. These findings reflect the SER 
and are in line with previous reports.20 Only those find-
ings related to the SER are discussed here.

D ISCUSSIO N

This was a unique cohort study conducted in Sweden 
that characterised the incidence of myopia in a sample 
of schoolchildren. Factors associated with myopia, such 
as development and progression, were also investigated. 
With this cohort, it was possible to show that the refrac-
tive state at baseline and parental myopia affected the SER 
progression over time.

The 2- year cumulative incidence of myopia and the in-
cidence rate in the current study were consistent with a 
low prevalence of myopia.3 These findings are consistent 
with analyses from other Scandinavian countries.1,2,21–23 
For example, a Danish investigation compiled myopia data 
from 29 studies between 1882 and 2018, and revealed 
that the prevalence remained stable over that period, 
with rates ranging from 0.0% to 8.9% in children up to 
10 years of age.1 A study conducted in Portugal examined 
the prevalence and incidence of myopia among children 
aged 6–13 years, yielding results consistent with those of 
the current study.24 In contrast with the present findings, 
evaluations conducted in East Asia with samples of a sim-
ilar age have reported a significantly higher incidence of 
myopia.4,25,26 For instance, a cumulative incidence of my-
opia between 33.6% and 54% has been reported,5 while 
others have noted an annual incidence rate from 3026 
to 31.7 cases per 100- person years.27 When comparing 
similar age groups, the incidence of myopia tends to be 
higher in children of East Asian ethnicity than for European 
Caucasians. This suggests that factors beyond age, such as 
genetics and environment, play a significant role for the 
incidence and prevalence of myopia in different regions. 
This has been observed in the United Kingdom, where the 
prevalence of myopia was higher among British children 
with South Asian ethnicity compared with British children 
with Caucasian ethncitiy.28 The incidence of myopia in the 
current investigation was markedly lower than that found 
in East Asia and consistent with current and past analyses 
conducted in Scandinavia.

In the present cohort, the incidence of myopia was low. 
The sample was formed mostly of Caucasian children, 
which can partially explain the low incidence; however, 
we speculate that other factors might be involved. Our hy-
pothesis is that the low educational pressure in early child-
hood that is practised in Sweden, where formal schooling 
starts at 7 years of age, contributes to a more natural devel-
opment of the eye. This may facilitate a normal emmetro-
pisation process, potentially leading to a lower incidence 
and prevalence of myopia. This is contrast to the high edu-
cational pressure found in East Asian countries where the 
prevalence of myopia is very high.29,30 In China, children 
start primary school at 6 years of age and spend about 7 h 
per day there.31 In Sweden, children start primary school 
at 7 years of age, which comprises, on average, 4.5 h per 
day. Also, in the early years of education, Swedish schools 
offer a high quantity of outdoor time, irrespective of the 
weather and season.32–34 We speculate that the Swedish 
educational curriculum is protecting, in part, the Swedish 
children from developing myopia.35

The longitudinal analysis of changes in SER showed 
the expected trend in children, that is, a change towards 
myopia. The progression was influenced by the refrac-
tive state at baseline and parental myopia. In the cur-
rent study, the mean change in SER was −0.30 D, that is, 
approximately − 0.15 D per year. Reports from East Asia 
show a typical progression of −0.60 D per year,36,37 that is 
four times the progression rate observed here. The slow 
change seen in the current investigation explains the low 
incidence of myopia in Sweden, when compared with 
East Asian studies. These findings revealed that partici-
pants with myopia at baseline exhibited a significantly 
faster change in SER. This result is in agreement with a 
recent evaluation of refractive progression in European 
children with myopia.22

Another independent factor associated with the pro-
gression of SER was parental myopia. This finding is also 
in line with previous studies reporting that children with 
two myopic parents had a faster change towards myopia 
than the other two parental categories, irrespective of their 
refractive state at baseline.23,38

The SER change between years 1 and 2 was not sta-
tistically significant. However, year 1 was during the 
peak of the COVID- 19 pandemic. This implies no de-
tectable effects of the pandemic constraints on SER in 

T A B L E  2  Summary of pairwise comparisons of spherical equivalent refractive error (SER) between time points, that is, at baseline (0), 0.5, 1 and 
2 years.

Time (years) 0 0.5 1

0.5 M = 0.004 D (SE = 0.04), p = 0.06 — —

1 M = −0.16 D (SE = 0.05), p = 0.005 M = −0.15 D (SE = 0.05), p = 0.006 —

2 M = −0.27 D (SE = 0.04), p < 0.001 M = −0.26 D (SE = 0.04), p < 0.001 M = −0.11 D (SE = 0.04), p = 0.06

Note: The mean difference (M) was computed by subtracting the SER at baseline. p- Values were adjusted for multiple comparisons using the Tukey–Kramer procedure. 
The bold font indicates a statistically significant difference.
Abbreviation: SE, standard error.
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the current cohort. It should be noted that the restric-
tions in Sweden did not include complete lockdowns. 
Temporary closure of individual schools or classes oc-
curred in response to outbreaks, but there was no na-
tionwide lockdown. Therefore, this is likely to explain 
differences between the current results and the effects 
of the lockdowns compiled in a recent systematic re-
view and meta- analysis.39 The review points to the det-
rimental effect of the pandemic, with faster than normal 
myopia development. It is noteworthy that the present 
investigation was designed and began before the onset 
of the pandemic, and was not specifically targeted 
to detect the impact of COVID- 19 on refractive error 
development.

The current study has two major strengths; firstly its 
longitudinal design and secondly the low dropout rate. 
A limitation was the poor quality of the information re-
ported in the questionnaire. We observed a lack of reli-
ability due to variations in the wording of questionnaires 
between the first two and the last two visits, which made 
the self- reporting inconsistent. Therefore, variables such as 

time spent in near work have to be considered with cau-
tion. The sample size limited the statistical power to find 
associations between environmental factors and myopia. 
Nevertheless, these findings are in line with recent studies 
conducted, for example, in Japan using significantly larger 
samples.29,30,38,39

CO NCLUSIO N

The incidence of myopia in Swedish children was low 
when compared with other parts of the world. Myopic 
children at baseline and children with two myopic par-
ents (or both) showed a significantly faster- paced re-
fractive error change over time. These results show that 
parental myopia remains a critical confounder to con-
sider when planning clinical trials for myopia control 
interventions. The findings lead us to speculate that the 
normal emmetropisation process may be safeguarded by 
low educational pressure during early childhood. Further 
studies are necessary to clarify how educational pressure 
early in life affects the incidence of myopia among differ-
ent ethnicities. Understanding these influences is crucial 
for developing effective public health strategies aimed 
at reducing myopia prevalence.
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F I G U R E  1  Results of the linear mixed model analysis. On the 
y- axis is the predicted change in the spherical equivalent refraction 
(SER), whereas the x- axis indicates time in years with measurements 
performed at baseline (0 years), 0.5, 1 and 2 years. Top: Progression 
of SER according to the refractive state at baseline. Bottom: The 
progression of the SER was examined based on parental myopia status 
(Zero, one or two myopic parents) across all participants, regardless of 
the refractive state at baseline. The mean values in the graphs are the 
estimated means (mean response for each factor, adjusted for any other 
variables in the model) and error bars represent the standard error of 
the mean. *Statistically significant difference.
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