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ABSTRACT.

Purpose: To compare 3-year myopic progression between Finnish and Singaporean children.

Methods: Myopic progression was compared between 9-year-old (mean age 9.7 � 0.4 years, n = 92) and 11-year-old (mean age

11.7 � 0.4 years, n = 144) Finnish (Finnish RCT) children and Singaporean children matched by age and refraction

(SCORMMatched, n = 403) and 7- to 8-year-old Singaporean children matched only by refraction (SCORM Young, n = 186).

Spherical equivalent (SE) was between �0.50 and �3.00 D. Refraction with cycloplegia was controlled annually for 3 years.

Information on parental myopia, mother’s education, time spent on near-work and outdoor time was gathered by parental questionnaire.

Results: Three-year myopic progression was �2.08 � 0.96 D and �1.30 � 0.69 D in the Finnish RCT and Singaporean

SCORMMatched 9-year-olds, respectively, and �1.34 � 0.78 D, and �0.52 � 0.44 D in the 11-year-olds, respectively

(p < 0.001 between all groups). Myopic progression was fastest (�2.69 � 0.89 D) in the SCORM 7-year-olds and similar

between the SCORM Matched 9-year-olds and Finnish RCT 11-year-olds (p = 0.55). The Finnish RCT and SCORM

Matched children showed significant differences in both daily near-work time (1.8 � 1.0 versus 3.4 � 1.9 hours per day,

p < 0.001) and outdoor time (2.6 � 0.9 versus 0.5 � 0.4 hours per day, p < 0.001). These differences did not, however,

explain the differences in myopic progression between the groups. More time spent outdoors was associated with less

myopic progression in the Finnish RCT (r = 0.17, p = 0.009) group only. In the whole materials, greater myopic

progression was associated with younger age at baseline (p < 0.001), younger age was associated with mother’s higher

education (p < 0.001), and mothers higher education was associated with myopia in both parents (p < 0.001).

Conclusion: Age at baseline was the most significant factor associated with myopic progression. However, at the same age

and with the same initial refraction, the Finnish and Singaporean children showed different myopic progression. This result

remains unexplained. Thus, age of myopia onset should be considered when comparing myopic progression between

different samples and conducting treatment trials. Parental myopia may be a weak indicator of heredity of myopia.

Key words: myopia progression – near work – outdoors – age of baseline – Singapore – Finland

The first two authors and the last author contributed equally to this work.

Acta Ophthalmol.
ª 2020 The Authors. Acta Ophthalmologica published by John Wiley & Sons Ltd on behalf of Acta Ophthalmologica Scandinavica Foundation
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided
the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

doi: 10.1111/aos.14545

Introduction

Myopia has reached epidemic levels in
many East and South-East Asian coun-
tries, including Singapore (Morgan
et al. 2012; Wu et al. 2016). The preva-
lence of myopia in Singaporean

schoolchildren has been reported to be
28% in 7-year-olds, 34% in 8-year-olds,
43% in 9-year-olds, 50% in 10-year-
olds and 62% in 12-year-olds (Tan
2004). In a sample of secondary school
students aged 15–17 years, 74% were
myopic (Quek et al. 2004; Tan 2004).

These figures are significantly higher
than in many European countries.

In the late 20th century, the preva-
lence of myopia in Finland among 7- to
8-year-old schoolchildren ranged
between 0.5% and 1.9% (Laatikainen
& Erkkil€a 1979; M€antyj€arvi 1983),
rising to 16.2% among 12-year-olds
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(P€arssinen 1986) and 20–22% among
14- to 15-year-olds (Laatikainen &
Erkkil€a 1979; M€antyj€arvi 1983).

High education, low outdoor expo-
sure and excessive near-work are the
most established lifestyle factors for
myopia (P€arssinen 1986; Morgan et al.
2005). The education system and cul-
tural pressure to achieve early academic
success in Asia is widely perceived as a
significant driver of the current myopia
epidemic (Rosner & Belkin 1987; Eong
et al. 1993). Starting school at a younger
age has been identified as a risk factor
for higher myopia prevalence in
schoolchildren (Baldev et al. 1990),
while younger age at debut leads to
faster myopic progression and higher
myopia in adulthood (M€antyj€arvi 1985;
Chua et al. 2016; P€arssinen & Kaup-
pinen 2019).

At the end of the 20th century, two
similar follow-up studies on myopic
progression among schoolchildren were
conducted. In Finland, 240 myopic
schoolchildren with a mean age of
10.9 years (range 8.7–12.8) were
recruited during the years 1983–1984
for a randomized clinical trial of myo-
pia treatment (Hemminki & P€arssinen
1987), and myopic progression was
followed up annually for 3 years. In
Singapore, a prospective cohort study
(Singapore Cohort of the Risk Factors
for Myopia, SCORM) was initiated in
three schools in 1999 and 2001 to
identify the genetic and environmental
risk factors for myopia among Singa-
porean schoolchildren (Saw et al. 2002).

The present study compared 3-year
myopic progression in schoolchildren
in two countries, Finland and Singa-
pore, differing in myopia prevalence
and explored potential explanatory
factors for similarities and differences
in myopic progression.

Methods

Study subjects

Subjects were myopic children from a
randomized controlled clinical trial of
myopia treatment conducted in Fin-
land (Finnish RCT, Hemminki &
P€arssinen 1987) and from the SCORM
study conducted in Singapore (Saw
et al. 2002).

Finnish children

The Finnish RCT study comprised 240
myopic schoolchildren from the third

and fifth grades (119 boys and 121
girls) recruited during the years 1983 to
1984 for a randomized clinical trial on
myopia treatment (Hemminki &
P€arssinen 1987). Three-year follow-up
data were available for 236 children.
Ninety-two children were third graders,
with a mean age of 9.7 (�0.36) years
and 144 were fifth graders, with a mean
age of 11.7 (�0.4) years. All partici-
pants were native Finns, resident in the
catchment area of the Central Finland
Health Care District. The main inclu-
sion criteria were spherical equivalent
(SE) between �0.50 and �3 D, astig-
matism ≤2 D, no other eye diseases and
no previous spectacles for myopia. The
children were randomly allocated to
three different treatment groups
according to the recommended use of
spectacles: continuous use, distance use
only and bifocals with +1.75 D add.
The methodology has been described in
detail earlier (Hemminki & P€arssinen
1987). Annual examinations (follow-
ups 1, 2 and 3) were conducted for
three years. Three-year follow-up data
were obtained for 236 children. Mean
follow-up time was 3.0 � 0.2 and
3.0 � 0.1 years and mean age at the
end of the study 12.8 � 0.5 and
14.7 � 0.4 years, for children in the
3rd and 5th grades at baseline, respec-
tively (P€arssinen & Lyyra 1993).

Singaporean children

SCORM is a prospective cohort study
of children from grades 1–3 recruited
from three Singapore schools in 1999
and 2001 (Saw et al. 2002). The
methodology has been described in
detail previously (Saw et al. 2002; Saw
et al. 2005). After exclusions, 1979
(68%) of the original sample of 2913
children participated in SCORM.
Exclusion criteria were any serious
general or eye diseases, a history of
ocular surgery, allergy to eye drops or
refusing cycloplegia eye drops. These
children were followed up annually for
7 years. The children selected for this
report were from the third visit. Fig-
ure 1 presents the flow chart of the
SCORM study.

Two groups of children were
selected from the SCORM sample, that
is the SCORM Young and SCORM
Matched groups, for comparison with
the Finnish RCT children. The
SCORM Young were 7- to 8-year-old
children matched for SE at baseline
with the Finnish RCT children. The

SCORM Matched children were
matched for age and SE (SE of right
eye between �0.50 and �3.00 D) at
baseline with the Finnish RCT chil-
dren.

Ethical approval

In both the Finnish RCT and SCORM
studies, ethical approval was obtained
from the relevant institutional review
board. Informed consents were
obtained from parents. Both studies
were conducted according to the tenets
of the Declaration of Helsinki.

Questionnaire

Socio-demographic and lifestyle infor-
mation were gathered with a parent-
administered questionnaire at baseline
in the Finnish RCT and SCORM
studies. The items on gender (male/
female) and parental myopia (none/
either/both) were similar in both stud-
ies. Parental myopia was ascertained
by questionnaire. Parents were asked if
they wore spectacles for poor distant
vision (yes or no), and if so the age at
which they received their first correc-
tive spectacles. Parents responding ‘yes’
were categorized as myopic. Mother’s
education was dichotomized into
‘Lower’ (i.e. no formal education/pri-
mary/secondary in SCORM and basic
or lower secondary in the Finnish
RCT) and ‘Higher’ (i.e. pre-university
in SCORM and upper secondary in the
Finnish RCT). Lower secondary edu-
cation in Finland corresponds to pri-
mary and secondary education in
Singapore and upper secondary in
Finland to pre-university in Singapore
(Minedu.fi 2012).

In this study, the Finnish RCT
parents were asked to estimate to
within the nearest half hour (i.e. 0,
0.5,. . ., 3.5, and 4 hour(s) or more, with
the last option coded as 4) the time
their child spent on homework during
weekdays and weekends and holidays,
time spent on other near-work, and
time spent on sports and outdoor
activities (outdoors). The following
formula was used to compute the mean
daily value: [(mean hours on week-
days 9 5) + (mean hours on weekends
and holidays 9 2)]/7. Near work was
the sum of the time spent on homework
and other near-work.

In SCORM, near work was defined
as the time spent on reading, writing,
computer work and playing video
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games outside of school hours and the
time spent on homework at home.
Parents selected from 5 response
options (i.e. 0, 1, 2, 3, ≥4 hour(s) per
day) for each of the four near-work
activities for weekdays and weekend
days separately. To harmonize the
SCORM data with the Finnish data,
the formula used in the Finnish RCT
study was applied to each near-work
activity in the SCORM study, where
the last category (i.e. ≥4 hours per day,
h/d) was recoded as 4 hours.

Clinical measurements

SE at baseline and at the three annual
follow-ups was measured with cyclo-
plegia. In the Finnish RCT study,
subjective refraction, using the fogging
method (O’Brien & Bannon 1948), was
performed at baseline and at the three
annual follow-ups about 45 min after
applying two drops of 1% cyclopento-
late hydrochloride (Oftan Syklo Star�)
with about 5 min intervals to eyes.
Final SE was verified by the red-green

duochrome test. All refractions were
performed by the same researcher
(OP).

In SCORM, all the clinical exami-
nations were conducted by a trained
team according to a standard protocol.
Cycloplegia was induced with 1 drop of
0.5% proparacaine (Alcon, Texas,
USA) followed after a 5-min interval
by 3 drops of 1% cyclopentolate
hydrochloride (Alcon, Texas, USA).
Following an interval of at least
30 min after administration of the last
drop of cyclopentolate, a table-
mounted auto-keratorefractometer
(model RK5, Canon Inc Ltd, Tochigi-
ken, Japan) was used to measure par-
ticipants’ refractive error.

Statistical analyses

In the Finnish RCT, as no baseline
difference in SE was observed between
the right and left eye (paired samples t-
test: 0.71, p < 0.001) and the differ-
ences observed between the different
treatment groups in myopia

progression in the right eye were non-
significant (one-way ANOVA,
p > 0.05), the right eye values were
used for analysis. In SCORM, SE in
the right and left eye at baseline corre-
lated highly (paired samples t-test: r:
0.79 for SCORM Matched; 0.76 for
SCORM Young, both p < 0.001), and
thus, the right eye values were used for
analysis.

Differences in categorical data
between the three study groups were
assessed using Pearson’s chi-square test
and one-way ANOVA for continuous
variables. If the chi-square test or
one-way ANOVA yielded significant find-
ings (i.e. p < 0.05), post hoc tests were
performed with Tukey correction to
account for multiple pairwise compar-
isons.

Linear regression with Generalized
Estimating Equations (GEE) was used
to model myopia SE progression,
adjusted for gender, parental myopia,
mother’s education, time spent on
near-work and outdoor time, over
3 years. The auto-regressive 1 correla-
tion matrix was used to analyse the
correlation between repeated measure-
ments, and the robust estimates of the
standard error option were used to
compute the 95% confidence interval.
We also investigated whether group
(Finnish RCT, SCORM Matched and
SCORM Young) was a mediator
between time and myopia (SE) with
an interaction term between groups
and time, where time was defined by
the four measurement occasions and
treated as a categorical variable. All
statistical analyses were performed
with STATA ver15 (STATA Corp,
Texas, USA).

Results

The SCORM Young children excluded
from this study were less myopic
(SE = �1.31 D) at baseline than par-
ticipants (SE = �1.60 D), p = 0.004.
The non-participant SCORM Matched
children’s mothers more often had
higher education (p = 0.03), their par-
ents were more often myopic
(p = 0.004) and they spent 0.12 h/
longer outdoors (p = 0.05) than partic-
ipants. No other significant differences
were observed between the SCORM
participants and non-participants.

The ethnicity of most (n = 465,
78.9%) of the SCORM children was
Chinese; the others were Malay

Fig. 1. Flow chart of Singaporean (SCORM) study recruitment.
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(n = 80; 13.6%), Indian (n = 39, 6.6%)
and Caucasian (n = 5, 0.8%). All the
Finnish children were Caucasian. In
the SCORM children, baseline SE was
slightly more myopic among the Chi-
nese (�1.62 � 0.69 D) than Indian
children (�1.37 � 0.60 D), p = 0.026
children. No significant differences in
baseline SE were observed between the
other ethnic groups. When the other
ethnic groups were combined and com-
pared with the Chinese group on age at
baseline, Chinese children were more
often among the younger children
(Table 1).

In the SCORM children, myopic
progression and risk factors for myopia
were compared between the Chinese
group and the other ethnic groups
combined (Table 2).

Myopic progression was signifi-
cantly faster and final SE significantly
more severe in the Chinese group.
Moreover, in both SCORM groups,
the Chinese children who were younger
at baseline spent more time on near-
work than the children of the other
ethnicities. In the SCORM Young, but

not SCORM Matched group, the Chi-
nese children spent significantly less
time outdoors than those of the other
ethnicities.

Table 3 shows the baseline charac-
teristics of the SCORM Young,
SCORM Matched and Finnish RCT
study groups. No significant between-
group differences were found in gender
or mother’s education. The proportion
of children with neither parent myopic
was lowest, and the proportion with
two myopic parents was highest in the
SCORM Young group.

The Singaporean children in both
groups spent about twice as much time
daily on near-work than the Finnish
children (p < 0.001, one-way ANOVA).
Moreover, mean outdoor time in the
Singaporean children was about one-
fifth of that in the Finnish children
(p < 0.001). The SCORM Young and
SCORM Matched groups showed no
significant differences in outdoor or
near-work.

Between-group comparisons showed
that 26% of the Finnish RCT children
spent ≤1 h/d on near-work compared

to 7% and 4% of the children in the
SCORM Matched and SCORM
Young groups. The percentages for
≤2 h/d were 62%, 27% and 23%, and
for ≥4 h/d 4%, 34% and 31% among
the Finnish RCT, SCORM Matched
and SCORM Young groups, respec-
tively (one-way ANOVA, p < 0.001
between the Finnish RCT and both
SCORM groups in each pairwise com-
parison). Maximum daily near-work
time was 12 and 14 h/d in the SCORM
Matched and SCORM Young groups,
respectively.

Between-group comparisons of the
distributions of outdoor time revealed
that 0.4% and 3% of the Finnish RCT
children spent ≤0.5 or ≤1 h/d outdoors
compared to 68.5% and 89% in the
SCORMMatched and 70.9% and 90%
in the SCORM Young children (one-
way ANOVA, p < 0.001 between the
Finnish RCT and both SCORM
groups in each pairwise comparison).
In the Finnish RCT, 71.2% of children
spent ≥2 h/d outdoors compared to
0.8% and 1.3% in the SCORM Young
and SCORM Matched groups (One-
Way ANOVA, p < 0.001 between the
Finnish RCT and both SCORM
groups in each pairwise comparison).
Maximum daily outdoor time in the
Singaporean children was 2.36 h/d,
whereas 54 % of the Finnish RCT
children spent more than 2.36 h/d out-
doors.

Mother’s education was significantly
higher if both parents were myopic
than if neither parent was myopic
(Table 4). This association was signif-
icant in both the Singaporean
(p < 0.001) and Finnish groups

Table 1. Distribution of ethnicity among the Singaporean (SCORM) children by age at baseline.

Baseline

age, years

Ethnicity

Pearson

Chi-Square, p

Chinese Other

N % N %

SCORM Young 7 89 84.8% 16 15.2% 0.002

8 66 81.5% 15 18.5%

SCORM Matched 9 165 82.1% 36 17.9%

10 76 75.2% 25 24.8%

11 69 68.3% 32 31.7%

Table 2. Spherical equivalent (SE) at baseline and at end of 3-year follow-up, changes in 3-year myopic progression, and time spent daily on near-

work and outdoors among Singaporean SCORM children in Chinese and other ethnic groups combined (Chinese = 465; Other ethnicity: Malay = 80,

Indian = 39, and Caucasian = 5).

Ethnicity

SCORM Young (7–8 year-old) SCORM Matched (9–11 year-old)

Chinese Other ehnicity t-test, p Chinese Other ehnicity t-test, p

N 155 31 310 93

SE at baseline, D (�SD) �1.63 (0.70) �1.46 (0.70) 0.230 �1.62 (0.69) �1.55 (0.64) 0.388

3-year progression of myopia

D (�SD)

�2.58 (0.90) �2.13 (1.00) 0.012 �1.45 (0.75) �0.87 (0.74) 0.044

SE at end of follow-up,

D (�SD)

�4.21 (1.05) �3.59 (1.18) 0.010 �2.66 (1.05) �2.42 (0.97) 0.038

Near-work hours, mean daily (�SD 3.56 (1.79) 2.34 (1.21) 0.001 3.57 (1.83) 3.01 (2.06) 0.021

Outdoors hours, mean daily (�SD) 0.47 (0.38) 0.68 (0.50) 0.011 0.52 (0.39) 0.53 (0.43) 0.962

Significant differences bolded.
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(p = 0.029). Younger age at baseline
was associated with two myopic par-
ents in both groups, but the association
was significant only for the Singa-
porean children when analysed sepa-
rately and for all the children when
analysed together.

Myopic progression by age at baseline and

country

Baseline SE and changes in SE during
the follow-up period are shown by age
at baseline in Table 5. At the end of the
first year, myopic progression was
highest in the youngest, that is 7-year-
old SCORM Young children, and

lowest in the 11-year-old SCORM
Matched children. Comparison of
first-year progression between the 9-
and 11-year-old children in the
SCORM Matched and Finnish RCT
groups revealed significantly higher
progression in the Finnish RCT
(p < 0.001, in both age groups).
Annual myopic progression gradually
decreased during the follow-up in all
groups. Total change in myopia at the
3-year follow-up was highest (�2.69 D)
in the 7-year-old and lowest in the 11-
year-old (ages at baseline) SCORM
children (�0.52 D). Comparison of
three-year myopic progression between
the SCORM Matched and Finnish

RCT 9- and 11-year-old children also
revealed significantly higher progres-
sion in the Finnish RCT children in
both age groups (p < 0.001).

Figure 2 shows the progression of
myopia separately for children of dif-
ferent ages in the different study
groups. The slope of myopic progres-
sion was steepest in the SCORM
Young group. Comparison between
the SCORM Matched and Finnish
RCT 9- and 11-year-old children
revealed that myopic progression was
similar in the 9-year-old Singaporean
and 11-year-old Finnish children
(p = 0.55, t-test).

The proportion of children whose
myopia remained stable during follow-
up (mean myopic progression/year less
than �0.25 D) was highest in the
SCORM Matched group: 19.9%,
45.5% and 66.3% at baseline age 9,
10 and 11 years, respectively. In the
Finnish RCT children, the correspond-
ing proportions were 7.6% and 18.7%
in the 9- and 11-year-olds, and in the
SCORMYoung children 1% and 8.6%
in the 7- and 8-year-olds.

Distribution of SE at follow-up end

Figure 3 shows the distributions of SE
in the Singaporean children at the 3-
year follow-up at ages 10, 12 and 14:
the column distribution shows that the
younger the age at baseline, the greater
the myopic refraction. The prevalence
of myopia ≤�3 D was 86.7% and
19.5% among 10-year-olds and 14-
year-olds, respectively, and highest SE
among 14-year-olds was �4.38 D.

Figure 4 shows the distribution of
SE among the Finnish children at ages
12 and 14 years (ages 9 and 11 at

Table 3. Baseline characteristics of children recruited into SCORM Young, SCORM Matched

and Finnish RCT.

SCORM Young

(n = 186)

SCORM Matched

(n = 403)

Finnish RCT

(n = 236) p-value

Age at baseline <0.001Φ

Mean years (SD) 7.4 (0.5) 9.8 (0.8) 10.3 (0.9)

Male/Female,

N (male %)

94/92 (50.5) 192/211 (47.6) 117/119 (49.5) 0.780

Education of mother 0.427

Lower/Higher,

N (%) of lower educated

135/28 (82.8) 310/60 (83.8) 187/47 (79.9)

Parents’ myopia, N (%) <0.001#

None 39 (21.1) 159 (39.2) 91 (39.2)

Either parents 85 (45.9) 166 (41.2) 113 (48.7)

Both parents 61 (33) 79 (19.6) 28 (12.1)

Time spent in near-work,

hours/day (SD)

3.4 (1.7) 3.4 (1.9) 1.8 (1.0) <0.001**

Time spent in outdoor

activities, hours/day (SD)

0.5 (0.4) 0.5 (0.4) 2.6 (0.9) <0.001**

Significant differences bolded.

Mother education: Lower/Higher = Secondary and below/Pre-university.

One-way ANOVA, p < 0.001 in each comparison.
# Pairwise post hoc comparison with Tukey. Finnish RCT-SCORM Matched, p = 0.300; Finnish

RCT -SCORM Young, p < 0.001; SCORM Matched-SCORM Young, p < 0.001.

** One-way ANOVA, Finnish RCT-SCORM Matched, p < 0.001; Finnish RCT-SCORM

Young, p < 0.001; SCORM Matched-SCORM Young, p = 0.1.00 and 0.94.

Table 4. Associations between parents’ myopia, mother’s education and children’s age at baseline.

Mother’s education

Singaporean children (SCORM Young

and SCORM Matched) Finnish children (Finnish RCT)

Finnish and Singaporean children

combined

Parents’ myopia Parents’ myopia Parents’ myopia

None Both Chi-Square test, p None Both Chi-Square test, p None Both Chi-Square test, p

Low 69.6% 30.4% <0.001 79.8% 20.2% 0.029 72.4% 27.6% <0.001
High 31.9% 68.1% 52.9% 47.1% 37.5% 62.5%

Children’s age at baseline, years

7 28.1% 71.9% <0.001 0.181 28.1% 71.9% <0.001
8 53.5% 46.5% 53.5% 46.5%

9 66.1% 33.9% 68.9% 31.1% 66.9% 33.1%

10 61.8% 38.2% 61.8% 38.2%

11 72.1% 27.9% 81.1% 18.9% 77.0% 23.0%

Significant differences bolded.
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baseline): the column distribution
shows greater myopic refraction in the
children aged 9 at baseline when com-
pared with those aged 11 at baseline.
The prevalence of myopia ≤�3 D was
70.7% and 37.5% among 12-year-olds
and 14-year-olds, respectively, and
highest SE among 14-year-olds was
�5.38 D.

The proportion of children with high
myopia (SE ≤ �5 D) at the follow-up
end was associated with age at baseline;
differences were observed between the
Singaporean and Finnish children. In
the Singaporean children at age 7, the
prevalence of high myopia three years
later was 21%. In the Singaporean and
Finnish children aged 9 at baseline, the

prevalences were 2% and 14%, respec-
tively (Fisher’s exact test, p < 0.001).
In the children aged 11 at baseline, 0%
of the Singaporean children and 3% of
the Finnish children had high myopia
(p = 0.117).

Myopic progression by time spent on near-

work and outdoors

No significant correlation between near
work and myopic progression was
found for either study group or age.

In the Finnish children, myopic
progression was lower the greater the
amount of time spent outdoors
(r = 0.17, p = 0.009). The correlation
was low but higher in the 9-year-olds

(r = 0.39, p < 0.001) than 11-year-olds
(r = 0.20, p = 0.019). Similar relation-
ships between myopic progression and
time spent outdoors were not found in
the Singaporean children (SCORM
Young: r = �0.03, p = 0.696; SCORM
Matched: r = �0.07, p = 0.185).

Myopic progression by parental myopia

Myopic progression was higher among
children with two myopic parents than
no myopic parents in both the SCORM
and Finnish RCT children (Table 6).
However, when analysed by age group,
the association was significant only
among the 9-year-olds. The myopic
progression of children with two myo-
pic parents also decreased with age.

Mother’s higher education was asso-
ciated with parental myopia, and par-
ental myopia was associated with
younger child age at baseline (Table 4).
Younger baseline age, in turn, showed
the most significant association with
faster myopic progression. This cas-
cade of associations was present among
the younger but not older children at
baseline.

Effects of individual adjustment factors on

total change

The original study groups contained
equal numbers of boys and girls. After
exclusions, the final analyses were con-
ducted for 403 boys and 422 girls.
Myopic progression was slightly but
significantly higher among girls

Table 5. Spherical equivalent (SE) at baseline and changes in SE during follow-up by study group an age.

Age, years

(n)

SCORM Young SCORM

Matched

Finnish

RCT

SCORM

Matched

Finnish

RCT

7 (105) 8 (81) t-test, p 9 (201) 9 (92) t-test, p 11 (101) 11 (144) t-test, p

SE at baseline,

D (�SD)

�1.51 (0.71) �1.71 (0.67) 0.053 �1.58 (0.69) �1.50 (0.61) 0.301 �1.65

(0.69)

�1.41 (0.56) 0.004

SE at

I-year follow-up D (�SD)

�2.65 (0.81) �2.68 (0.85) 0.055 �2.07 (0.79) �2.34 (0.87) 0.016 �1.97

(0.76)

�1.98 (0.67) 0.926

SE at

2-year follow-up

D (� SD)

�3.68 (0.97) �3.48 (0.88) 0.182 �2.59 (0.90) �3.00 (1.05) 0.002 # �2.36 (0.81) #

SE at the end of

3-year follow-up

D (� SD)

�4.21 (1.07) �3.99 (1.12) 0.172 �2.88 (0.99) �3.57 (1.26) < 0.001 �2.17

(0.93)

�2.76 (0.96) <0.001

First year change

of SE D (�SD)

�1.14 (0.49) �0.97 (0.47) 0.023 �0.49 (0.36) �0.84 (0.49) < 0.001 �0.31

(0.34)

�0.56 (0.42) <0.001

3 year change of SE D

(�SD)

�2.69 (0.89) �2.27 (0.94) 0.002 �1.30 (0.69) �2.08 (0.96) < 0.001 �0.52

(0.44)

�1.34 (0.78) <0.001

Significant differences bolded.
# Due to missing case data not shown.

Fig. 2. Myopic progression during the 3-year follow-up in the SCORM and Finnish children by

age at baseline.
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(�1.63 � 1.09 D) than boys
(�1.41 � 0.97 D), p = 0.02. The influ-
ence of different confounding factors
was analysed by adjusting the changes
in SE by gender, parental myopia,
mother’s education, and time spent on
near-work and outdoor activities (sub-
group*time interaction term
p < 0.001).

Table 7 shows myopic progression
adjusted for potential confounders in
the different groups. The effect of
adjustment on 3-year cumulative myo-
pia progression was �0.01 D in the
Finnish RCT, �0.16 D in the SCORM
Matched and �0.02 D in the SCORM

Young groups. The main factor influ-
encing myopic progression in both the
Singaporean and Finnish children was
age at baseline.

Discussion

This study investigated similarities and
differences in 3-year myopic progres-
sion between Singaporean and Finnish
schoolchildren. In this study, the Sin-
gaporean children spent more time on
near-work and less time outdoors. The
prevalence of myopia is known to be
significantly higher in Singapore than
in Finland (Tan 2004; P€arssinen 2012).

Several studies have shown an associ-
ation of higher prevalence of myopia
with near-work time (P€arssinen 1986;
French et al., 2013a, 2013b; Sun et al.
2018) and less time outdoors (P€arssinen
1986; Rose et al. 2008; Guggenheim
et al. 2012; Shah et al. 2017; Xiong
et al. 2017). Thus, our primary hypoth-
esis was that myopic progression would
not be higher among the Finnish chil-
dren. However, comparison of the
SCORM Matched and Finnish RCT
children of the same age at baseline
showed the opposite: myopic progres-
sion was faster among the Finnish
children.

Age at baseline was the most signif-
icant factor contributing to the pro-
gression of myopia in both the
Singaporean and Finnish children. In
many previous studies, earlier age of
myopia onset, or age of receiving the
first spectacles for myopia was a sig-
nificant predictor of faster myopic
progression and higher adulthood
myopia (M€antyj€arvi 1985; P€arssi-
nen1986; Saw et al. 2005; Chua et al.
2016; Morgan et al. 2018; P€arssinen &
Kauppinen 2019). Because myopic pro-
gression varies widely, it is difficult to
ascertain the exact time of myopia
onset without conducting examinations
at short intervals. Therefore, age of
receiving the first spectacles has been
used to describe the association
between age of onset and myopic
progression (Midelfart et al. 1992;
Iribarren et al. 2009). In Finland,
vision screening of all schoolchildren
is done at two-yearly intervals, and
children with distant vision of ≤0.7 in
either eye or who presented with symp-
toms of poor distant vision between
these routine screenings are referred for
an eye examination. It can thus be
suggested that age of myopia onset,
that is the age at which SE changed to
≤�0.5 D, was in most cases less than
2 years prior to the baseline age in this
study. The SCORM and Finnish chil-
dren were matched for SE at baseline.

In this study, comparisons between
the SCORM Matched and Finnish
RCT children with the same SE at ages
9 and 11 showed, after adjustment for
gender, parental myopia, mother’s edu-
cation, time spent on near-work and
outdoor activities, that myopic pro-
gression was higher in both age groups
in the Finnish children. Interestingly
the rate of progression between the 9-
year-old SCORM children and 11-

Fig. 3. Distribution of spherical equivalent of Singaporean SCORM Young children (aged 7 at

baseline) and SCORMMatched children (aged 9 and 11 at baseline) at ages 10, 12 and 14 years at

end of the 3 year follow-up. Grading of SE: 0 to �0.99 D = �0.5 D, �1 to �1.99 = �1.5 D, etc.

Fig. 4. Distribution of spherical equivalent of 12- and 14-year-old Finnish RCT children (aged 9

and 11 at baseline) at end of the 3 year follow-up. Grading of SE: 0 to �0.99 D = �0.5 D, �1 to

�1.99 = �1.5 D, etc.
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year-old Finnish children was similar.
One hypothetical factor which could
explain the more rapid myopic pro-
gression among the Finnish children
than their age-matched Singaporean
peers could be the generally much
earlier onset of myopia and higher
prevalence of myopia among the Sin-
gaporean children. It can be speculated
that the children who are the first to
develop myopic are also those most
susceptible to it, while those who
develop myopia later are more resis-
tant. Whereas the prevalence of myo-
pia in the Finnish children was only 1–
2% at age 7–8 and 16.2% at age 12
(P€arssinen 2012), in the Singaporean
children it was 28% at age 7, 34% at
age 8, 43% at age 9, 50% at age 10 and
62% at age 12 (Tan 2004). From these
percentages, it can be roughly esti-
mated that 90% of the 9-year-old and
85% of the 11-year-old Finnish chil-
dren were non-myopic compared to
60% and 40% of the Singaporean
children. This suggests the possibility
of a phase difference in the progression

of myopia between the two popula-
tions; that is, myopia among those who
become myopic first will progress
faster. This could be one explanation
for the similar myopic progression in
the 9-year-old Singaporean and 11-
year-old Finnish children.

Significant differences were found
between the SCORM Chinese children
and those of the other ethnicities
(Malay, Indian and Caucasian) at dif-
ferent baseline ages. Among the young-
est children at baseline, the proportion
of Chinese children was significantly
the highest. The other significant dif-
ferences between these ethnic groups
were in time spent on near-work and
outdoors. In the 7- to 8-year-old Chi-
nese children, mean near-work time
was one hour higher than in the other
ethnicities (3.56 versus 2.34 h/d), and
in the older SCORM Matched Chinese
children, it was about half an hour
higher (3.57 versus 3.01 h/d). Several
studies have shown an association of
myopia incidence with more near-work
(P€arssinen 1986; French et al., 2013a,

2013b; Sun et al. 2018) and less time
spent outdoors (P€arssinen 1986; Rose
et al. 2008; Guggenheim et al. 2012;
Shah et al. 2017; Xiong et al. 2017).
Thus, it seems reasonable to conclude
that the Chinese Singaporean children,
with more near-work and less outdoor
time, became myopic at younger ages
than their age peers in the other ethnic
groups. Although myopic progression
and myopia at the follow-up end were
higher in the Chinese children than
those in the other Singaporean ethnic
groups, these results are not explained
by differences in near-work, outdoor
time or ethnicity per se. When the
prevalence of myopia was compared
between different ethnicities in Singa-
pore and Malaysia, the prevalence of
myopia in Singapore Malays, Chinese
and Indians was higher than in the
same ethnic groups in Malaysia (Saw
et al., 2006a, 2006b). Moreover, in both
Singapore and Malaysia, the preva-
lence was higher in the Chinese chil-
dren than those in the other ethnic
groups. Environmental factors were
suggested to contribute the differences
in myopia prevalence between the same
ethnic groups in two neighbouring
countries. Differences in myopic pro-
gression have also been found among
Caucasian children living in different
countries. The greater prevalence of
myopia among Caucasian children in
Northern Ireland than among Cau-
casian children in Sydney was not
explained by risk factors for myopia
such as parental myopia, parental edu-
cation or educational standards
(French et al. 2012). One logical expla-
nation for the faster myopic progres-
sion in Chinese children found in this
study could be earlier onset of myopia

Table 6. Myopic progression in dioptres (standard deviation) among Finnish and Singaporean children in different age groups by parents’ myopia,

no myopic parents (none) or both parents myopic (both).

Age at baseline years

Singaporean children (SCORM young and SCORM matched) Finnish children (Finnish RCT)

Parents’ myopia Parents’ myopia

None Both

t-test between changes

of SE, p

None Both

t-test between

changes of SE, pN

SE change,

D (�SD) N

SE change,

D (�SD) N

SE change,

D (�SD) N

SE change,

D (�SD)

7 and 8 38 �2.31 (1.10) 43 �2.71 (0.86) 0.057

9 80 �1.21 (0.60) 41 �1.54 (0.73) 0.016 31 �1.70 (0.76) 14 �2.60 (0.97) 0.004

10 34 �0.79 (0.77) 21 �0.94 (0.67) 0.497

11 44 �0.55 (0.73) 17 �0.57 (0.71) 0.916 60 �1.26 (0.71) 14 �1.11 (0.79) 0.508

All ages 196 �1.21 (0.98) 122 �1.85 (1.13) < 0.001 91 �1.41 (0.75) 28 �1.87 (1.16) 0.016

Significant differences bolded.

Table 7. Three-year cumulative myopia progression rates among children in the three groups,

adjusted for gender, parental myopia, mother’s education, time spent on near-work and outdoor

activities: group*time interaction term.#

Adjusted b (95% CI) SCORM Young SCORM Matched Finland RCT

Baseline Reference Reference Reference

1-year cumulative

myopia progression (D)

�1.10 (�1.17, �1.03) �0.45 (�0.49, �0.41) �0.67 (�0.74, �0.61)

2-year cumulative

myopia progression (D)

�1.95 (�2.07, �1.83) �0.95 (�1.01, �0.89) �1.17 (�1.26, �1.08)

3-year cumulative

myopia progression (D)

�2.53 (�2.67, �2.39) �1.17 (�1.26, �1.09) �1.64 (�1.77, �1.52)

# Adjusted for gender, parental myopia, mother education, time spent on near-work and outdoor

activities; subgroup*time interaction term (p < 0.001). Difference in 3-year cumulative myopia SE

(Finland-SCORM (Matched), p < 0.001; Finnish RCT-SCORM Young, p < 0.001; SCORM

Matched-SCORM Young p < 0.001).
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induced by a higher load of near-work
at younger ages. These findings are
consistent with previous studies show-
ing that the incidence of myopia is
associated with more near-work and
that the rate of myopic progression
among those already myopic is little
influenced by differences in the amount
of time spent on near-work or outdoors
(Saw et al. 2000; Jordan-Jones et al.
2012).

Even greater differences in near-
work and outdoor time than those
between the Singaporean ethnic groups
of children were observed between the
Singaporean and Finnish children in
this study. However, time spent on
near-work did not explain the differ-
ence in myopic progression between the
Singaporean and Finnish children or
among the Singaporean children.

Studies both in Finland (P€arssinen
1986) and Singapore (Dirani et al.
2009) along with several other studies
(Rose et al. 2008; He et al 2015; Guo
et al. 2017; Huang et al. 2019; Wu et al.
2020) have found that individuals who
spent more time outdoors were less
likely to be myopic. In the present
study, the considerable differences
between the Singaporean and Finnish
children in time spent outdoors did not
explain the differences between the two
populations in myopic progression.
However, more time spent outdoors
showed a protective influence against
myopic progression among the Finnish
children, although it was higher among
the 9-year-olds than 11-year-olds. One
reason for the absence of this associa-
tion among the Singaporean children
could be the low amount of time spent
outdoors and the homogeneity of the
groups. About 70% of the children in
both the SCORM groups spent ≤0.5 h/
d outdoors and only about 10% ≥1 h/
d, whereas more than 70% of the
Finnish children, but only about 1%
of the Singaporean children, spent
≥2 h/d outdoors. In a prospective
cohort study started in 2010 among
schoolchildren in Taiwan, recommen-
dations were 2 h/d outdoor time and a
break of 10 min after every 30 min of
near-work (Wu et al. 2020). During the
follow-up, the trend towards an
increase in poor uncorrected distant
vision significantly reversed (Wu et al.
2020). The time spent outdoors by the
Singaporean children has perhaps been
too small to have had a significant
influence on myopic progression.

Age at baseline and parental myopia

It remains unclear why earlier onset
myopia progresses to higher myopia.
This prompts the question, why at a
young age, during normal growth, is
the eye more susceptible to the addi-
tional axial elongation associated with
near vision or restricted distant vision?
Sonderman (1950) concluded that most
scleral growth takes place during the
first 6 years, while the posterior pole of
the sclera continues to thicken up to
around age 14. Sorsby et al. (1961)
concluded, based on axial length mea-
surements, that axial length attains its
adult dimensions at the same age. In
animal experiments, deprivation myo-
pia caused axial elongation and pro-
gressed faster in younger animals (Zhi
et al. 2010). It would seem reasonable
to assume that younger children, whose
sclera are still growing, would be more
susceptible than older children to envi-
ronmental influences causing myopia.

An association between parental
myopia and child myopia has been
found in several studies (P€arssinen
1986; Saw et al 2005; Dirani et al.
2009; French et al., 2013a, 2013b;
Cooper & Tkatchenko 2018; Harring-
ton et al. 2019). In our study, when all
the children were combined, 70% of
those aged 7 at baseline had two
myopic parents, whereas this was true
for less than 30% of the baseline 11-
year-olds. French et al., (2013a, 2013b),
in their 5- to 6-year follow-up study
among children aged 6 and 12 at
baseline, reported a similar finding.
Parental myopia was a significant risk
factor for incident myopia only in the
younger cohort, that is those aged 6 at
baseline.

An earlier report on the SCORM
study showed that having two myopic
parents versus no myopic parents was a
risk factor (OR 1.55) for incident
myopia (Saw et al., 2006a, 2006b). In
this study, having two myopic parents
was also associated with more myopic
progression. However, when the anal-
yses were performed separately for
different age groups, this association
remained only for the younger chil-
dren. The higher myopic progression of
�0.40 D among children with two
myopic parents in the SCORM Young
group was almost significant
(p = 0.057). In the 9-year-olds in the
SCORM Matched and Finnish RCT
groups, myopic progression was

significantly greater in the children
with two myopic parents than no
myopic parents. Among the 11-year-
olds at baseline, no significant differ-
ence in myopic progression with regard
to parental myopia was found; this
may, however, be due to the small
sample size.

Parental myopia has been an
established risk factor for myopia
for years and has often been consid-
ered as evidence for the heredity of
myopia (Saw et al. 2001; Cooper &
Tkatchenko 2018). Recently, how-
ever, large genome-wide association
studies have identified 161 indepen-
dent loci for refractive error that
explain 8% of the variance of spher-
ical equivalent in adults and can
discriminate myopia from hyperopia
to within an accuracy of 0.77 (Tedja
et al. 2018).

In this study, if both a child’s par-
ents were myopic, their mothers were
more often highly educated. Mother’s
higher education, in turn, was associ-
ated with children’s younger age at
baseline and younger age at baseline
associated with greater myopic pro-
gression. It is evident that environmen-
tal factors affect the risk for myopia in
both parents and children, and hence,
parents’ myopia cannot be regarded
solely as an indication of the heredity
of myopia.

Conclusion

Small differences in age at baseline
were associated with significant differ-
ences in three-year myopic progression;
however, the influence of age at base-
line on myopic progression clearly
differs across populations. These fac-
tors present significant challenges when
comparing studies on myopic progres-
sion and conducting multicentre stud-
ies and clinical treatment trials.
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