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The prevalence of myopia in children is increasing worldwide and is viewed as a major pub-
lic health concern. This increase has driven interest in research into myopia prevention and
control in children. Although there is still uncertainty in the risk factors underlying differ-
ences in myopia prevalence between ethnic groups, rates in children of East Asian descent
are typically higher regardless of where they live. Mounting evidence also suggests that
myopia prevalence in children increases with age. Earlier commencement and more rigor-
ous education systems in these countries, resulting in more time spent on near-work activi-
ties and less time on outdoor activities, may be responsible for the earlier age of myopia
onset. However, to date, the mechanisms regulating myopia onset and progression are still
poorly understood. Findings from several studies have shown orthokeratology to be effec-
tive in slowing axial elongation and it is a well-accepted treatment, particularly in East Asian
regions. While our understanding of this treatment has increased in the last decade, more
work is required to answer questions, including: How long should the treatment be contin-
ued? Is there a rebound effect? Should the amount of myopia control be increased? To
whom and when should the treatment be offered? Practitioners are now faced with the
need to carefully guide and advise parents on whether and when to undertake a long some-
what complex intervention, which is costly, both in time and money. In the near future, a
greater demand for effective prophylaxis against childhood myopia is envisaged. Other than
orthokeratology, atropine therapy has been shown to be effective in slowing myopia pro-
gression. While its mechanism of control is also not fully understood, it is likely that it acts
via a different mechanism from orthokeratology. Thus, a combined treatment of orthokera-
tology and atropine may have great potential to maximise the effectiveness of myopia con-
trol interventions.
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Myopia is caused by excessive refractive
power of the cornea or lens or a longer
than normal axial length, with the latter
accounting for over 95 per cent of
human myopia.1 To date, there is no uni-
versally accepted threshold for myopia in
terms of refractive error or axial length.
With respect to refractive error, myopia
is most commonly defined in epidemio-
logical studies as a spherical equivalent
refraction (SER) of at least −0.50 or
−0.75 or −1.00 dioptres (D),2–6 but other
studies have defined myopia as SER
more than −0.25 D.7 There is also no
uniform definition of high myopia: differ-
ent studies have defined high myopia as
a refractive error of at least −5.00 D,
−6.00 D, or −8.00 D; or axial length
greater than 25.5 mm,8 26 mm, or
26.5 mm.9–14

Prevalence of myopia in children

The prevalence of myopia in children as
reported in cross-sectional studies varies
worldwide, attributable to several factors,
which include the targeted study popula-
tion (population-based or school-based),
methods of measurement (cycloplegic or
non-cycloplegic), ethnicity, the definition of
myopia, as well as the cut-off age for
recruitment (Table 1). Although this makes
it difficult to provide straightforward com-
parisons of myopia prevalence worldwide,
a general comparison strongly suggests
that childhood myopia has reached unprec-
edented levels in certain areas (Eastern
Asia), justifying the necessity for interven-
tions to slow the progression of myopia in
children.

Studies on the prevalence of myopia per-
formed in the last two decades revealed
that myopia was present in less than five
per cent of children at age five, irrespective
of ethnicity, or whether the children were
living in urban or rural areas (Table 1).
However, in Chinese children, an upward
trend in myopia prevalence commenced
around age seven and increased exponen-
tially throughout the older age groups. For
instance, in the early 2000s, in metropolitan
Guangzhou, myopia prevalence was only
3.3 per cent and 6.8 per cent in children
aged five and seven, respectively, but
increased rapidly to 13.7 per cent, 25.3 per
cent, 55.8 per cent, and 73.1 per cent in
children aged eight, 10, 13, and
15, respectively.15

A similar trend was observed in rural
Shunyi, China16 and also more recently in
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Author Sites/year conducted/
sample size

Methodology
and myopia
definition (D)

Age, years Prevalence, % High myopia
(D)/prevalence

Sun et al.3 China (Qingdao)/2015–
2016/3,753

Cycloplegic autorefraction 10 22.6 SER ≤ −6.00/1.3%
SER < −0.50 11 32.7 1.5%

12 45.7 3.9%

13 56.9 6.9%

14 66.3 8.2%

15 69.3 9.1%

Overall 52.0 5.7%

Rim et al.2 South Korea/2008–
2012/7,486

Non-cycloplegic autorefraction 5–6 20.4 SER < −6.00/0.1%
SER ≤ −0.75 7–11 58.4 2.1%

12–18 80.2 9.3%

Li et al.28 China (Heilongjiang)/
−−/1,675

Cycloplegic autorefraction 5–18 5.0 −−/−−
SER ≤ −0.75

French et al.20 Australia/2004–2005/
4,118 (6 years: 1,765;
12 years: 2,353)

Cycloplegic autorefraction 6 1.4 −−/−−
SER ≤ −0.50 European

Caucasian: 0.7
–

East Asian: 2.4 –

12 11.5 –

European
Caucasian: 4.4

–

East Asian: 38.5 –

Australia/2008/2,059
(12 years: 863;
17 years: 1,196)

12 18.9 –

European
Caucasian: 8.6

–

East Asian: 52.5 –

17 30.8 –

European
Caucasian: 17.7

–

East Asian: 59.1 –

Wen et al.5 USA/2002–2008/3,008
(Asian: 1,507; non-Hispanic
White: 1,501)

Cycloplegic autorefraction
and retinoscopy

6–72 months Non-Hispanic
White: 1.2

−−/−−

SER ≤ −1.00 Asian: 3.98 –

Wu et al.35 China (Shandong)/−−/
6,026

Cycloplegic autorefraction 4 1.7 SER ≤ −6.00/0
SER ≤ −0.50 5 0.8 0

6 4.1 0.5%

12 54.5 1.8%

15 72.8 7.3%

18 80.4 2.8%

Overall 36.9 2.0%

Lam et al.6 Hong Kong/2005–
2010/2,651

Non-cycloplegic autorefraction 6 18.3 SER < −6.00/0.7%
SER < −0.50 7 26.4 0

8 46.4 1.4%

9 51.4 1.6%

10 59.3 1.7%

11 63.9 3.8%

12 61.5 3.8%

Overall 47.5 1.8%

Table 1. Prevalence of myopia in children
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Author Sites/year conducted/
sample size

Methodology
and myopia
definition (D)

Age, years Prevalence, % High myopia
(D)/prevalence

Logan et al.19 England/−−/596
(6–7 years: 327;
12–13 years: 269)

Cycloplegic autorefraction 6–7 9.4 −−/−−
SER ≤ −0.50 South Asian: 10.8 –

Black African
Caribbean: 11.4

–

White
European: 5.7

–

12–13 29.4 –

South Asian: 36.8 –

Black African
Caribbean: 27.5

–

White
European: 18.6

–

Dirani et al.36 Singapore/2006–
2008/2,639

≥ 1 year cycloplegic
autorefraction
If autorefraction failed or
< 1 year cycloplegic retinoscopy
SER ≤ −0.50

6–11 months 15.8 SER ≤ −6.00/0
12–23 months 14.9 0

24–35 months 20.2 0

36–47 months 8.6 0.6%

48–59 months 7.6 0.4%

60–72 months 6.4 0.2%

Overall 11.4 0.2%

MEPEDS Group24 USA/−−/6,024
(Hispanic: 3,030;
African American:
2,994)

Cycloplegic autorefraction
and retinoscopy

6–72 months African
American: 6.6

−−/−−

SER ≤ −1.00 Hispanic 3.7 –

Pi et al.27 China (Yongchuan),
rural/2006/3,070

Cycloplegic retinoscopy 6 0.4 −−/−−
SER ≤ −0.50 7 1.9 –

8 5.0 –

9 8.6 –

10 9.4 –

11 16.9 –

12 19.3 –

13 21.0 –

14 28.8 –

15 27.1 –

Overall 13.8 –

Plainis et al.22 Greece and Bulgaria/
2006–2007/898
(0–15 years; Bulgarian:
310; Greek: 588)

Non-cycloplegic autorefraction 10–15 Bulgarian: 13.5 −−/−−
SER ≤ −0.75 Greek: 37.2 –

–

–

–

Vitale et al.23 USA/1971–1972;
1999–2004/−−

Lensometry on
spectacles

12–17 1971–1972

Black and
White: 24

SER ≤ −7.90/0.4%

Black: 12 –

White: 25.8 –

12–17 1999–2004

Black and
White: 33.9

0.3%

Black: 31.2 –

White: 34.5 –

Robaei et al.34 Australia/2003–
2004/1,740

Cycloplegic autorefraction 6 1.4 –

SER ≤ −0.50 –

Table 1. Continued
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Author Sites/year conducted/
sample size

Methodology
and myopia
definition (D)

Age, years Prevalence, % High myopia
(D)/prevalence

Goh et al.25 Malaysia (Gombak
District)/2003/4,634

Cycloplegic retinoscopy/
cycloplegic autorefraction

SER ≤ −0.50

7 9.8/10 −−/−−
8 13.6/14 –

9 16.3/16.3 –

10 14.3/16.2 –

11 20.4/22.6 –

12 23/24.8 –

13 23/25.3 –

14 30.6/32.5 –

15 34.4/32.5 –

Overall 19.3/20.7 –

Saw et al.18 Singapore/1999–
2002/273
(Chinese: 231;
non-Chinese: 42)

Cycloplegic autorefraction 7 42.7 −−/−−

SER ≤ −0.50 8 38.4 –

Incident myopia
over 3 years

9 32.4 –

Lin et al.7 Taiwan/1983–
2000/4,125 (1983),
10,878 (2000)

Cycloplegic autorefraction 7 1983: 5.8 SER < −6.00/−−
SER ≤ −0.25 2000: 21 –

12 1983: 36.7 –

2000: 61 –

15 1983: 64.2 –

2000: 81 –

16–18 1983: 74 –

2000: 84 –

18 – 1983: 10.9%

– 2000: 21%

He et al.15 China (Guangzhou)/
2002–2003/4,364

Cycloplegic retinoscopy/
cycloplegic autorefraction

SER ≤ −0.50

5 3.3/5.7 SER ≤ −6.00/−−
6 2.7/5.9 –

7 6.8/7.7 –

10 25.3/30.1 –

13 55.8/57.4 –

15 73.1/78.4 4.8%/−−
Overall 35.1/38.1 –

Naidoo et al.33 South Africa
(Durban area)/
2002/4,890

Cycloplegic retinoscopy/
cycloplegic autorefraction

SER ≤ −0.50

5 1.9/3.2 −−/−−
6 1.6/4.6

15 9/9.6

Overall 2.9/4.0

Dandona et al.32 India (Mahabubnagar
District)/2000–2001/4,074

Cycloplegic retinoscopy

SER ≤ −0.50
7 2.8 SER ≤ −2.00/−−
8 2.83 –

15 6.72 –

Overall 4.1 1.3%/−−
Mruthy et al.26 India (New Delhi),

urban/2000/5,696
Cycloplegic retinoscopy 5 4.7 SER ≤ −2.00/−−
SER ≤ −0.50 6 5.9 –

7 3.1 –

8 5.7 –

9 5.3 –

10 7.0 –

11 9.9 –

12 9.7 –

13 10.6 –

14 10.2 –

15 10.8 –

Overall 7.4 1.8%

Table 1. Continued
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the Economic and Technological Develop-
ment Zone of Qingdao (Eastern China).3

These results contrasted strongly with those
reported in non-Eastern ethnicities (Table 1).
It is apparent that a comparatively early and
rapid increase underlies the high prevalence
of myopia in Chinese children.
A cross-sectional study conducted in Hong

Kong between late 2005 and early 2010
determined that myopia prevalence was
18.3 per cent in six-year-old preschool chil-
dren and increased to 61.5 per cent by age
12. The magnitude of myopia also increased
with age, with a mean of 0.06 D at age six
and −1.67 D at age 12. High myopia
(SER > 6.00 D), increased from 0.7 per cent
at age six to 3.8 per cent at age 12, repre-
senting a four-fold increase.6

In Taiwan, pooled results from five nation-
wide surveys of ocular refraction, dating
back to 1983 and ending in 2000, revealed
that the prevalence of myopia, which was
5.8 per cent in children aged seven and 36.7
per cent in those aged 12 in 1983, increased
to 21 per cent and 61 per cent respectively
by 2000.7 The prevalence of high myopia in
young adults aged 18 rose from 10.9 per
cent in 1983 to 21 per cent by 2000. This
paralleled an increase in the average magni-
tude of myopia with age from 0.52 D at age
seven and −0.48 D at age 12 in 1983 to

0.17 D and −1.45 D by 2000.7 Overall, more
children became myopic and tended to be
more myopic in 2000, compared with the
same age group in 1983.
The Singapore Cohort Study of Risk Fac-

tors for Myopia (SCORM), a cross-sectional,
school-based study (1999–2002) of children
aged seven to nine years, reported that the
age-specific prevalence of myopia was 29.0
per cent in seven-year-olds, 34.7 per cent in
eight-year-olds, and 53.1 per cent in nine-
year-olds.17 The three-year cumulative inci-
dence rates were 47.7 per cent, 38.4 per
cent, and 32.4 per cent for seven-, eight-,
and nine-year-old children, respectively.18

These results indicated a high level of myo-
pia prevalence and progression in children
in Singapore.
The most recent report of The Korean

National Health and Nutrition Examination
Survey (KNHANES), involving children aged
five to 18 years from 2008 to 2012, demon-
strated that myopia prevalence increased
from 20.4 per cent in the 5–6 age group to
58.4 per cent and 80.2 per cent in the 7–11
and 12–18 age groups, respectively.2 The
rate of high myopia in this study reached
9.3 per cent in children over 12 years. How-
ever, there is no longitudinal data to deter-
mine if there is a rising trend in prevalence
of childhood myopia in South Korea.

With respect to ethnic differences, a study
conducted in England found that children of
Asian origin demonstrated higher myopia
prevalence rates of 36.8 per cent compared
to 18.6 per cent in white European children
aged 12–13 years.19 A study, conducted
between 2009–2011 in Australia revealed
differences in myopia prevalence with
respect to ethnicity, with 52.5 per cent and
59.1 per cent in 12-year-old and 17-year-old
school-aged children of East Asian ethnicity,
respectively, in contrast to 8.6 per cent and
17.7 per cent in Caucasian children.20 The
prevalence of myopia in Swedish children
aged 12–13 years (1997–1998) was 49.7 per
cent21 and those of Greek and Bulgarian
children aged 10–15 years were 37.2 per
cent and 13.5 per cent, respectively.22

In the UK, myopia prevalence in children
aged six to seven years and 12–13 years
was 9.4 per cent and 29.4 per cent, respec-
tively.19 In the USA, Vitale et al. reported
that myopia prevalence had increased in
children aged 12–17, from 12.0 per cent to
31.2 per cent in Blacks and from 25.8 per
cent to 34.5 per cent in Whites over the pre-
ceding 30 years.23 In pre-school children (six
months to six years old) (between 2002 and
2008), it was reported to be 1.2 per cent in
non-Hispanic Whites, 3.7 per cent in His-
panics, 4.0 per cent in Asians, and 6.6 per

Author Sites/year conducted/
sample size

Methodology
and myopia
definition (D)

Age, years Prevalence, % High myopia
(D)/prevalence

Saw et al.17 Singapore/1999,
2001/−−

Cycloplegic autorefraction 7 29.0 –

SER ≤ −0.50 8 34.7 –

9 53.1 –

Villarreal et al.21 Sweden/1997–1998/
1,045

Cycloplegic retinoscopy 12–13 49.7 SER ≤ −5.00/2.5%
SER ≤ −0.50

Maul et al.30 Chile (La Florida,
Santiago)/1998/5,303

Cycloplegic retinoscopy 5 3.4 −−/−−
SER ≤ −0.50 5–7 3.5 –

14–15 12.5 –

15 Male: 19.4 –
–Female: 14.7

Overall 7.3 –

Zhao et al.16 China (Shunyi)/1998/
5,884 (5–15 years)

Cycloplegic retinoscopy/
cycloplegic autorefraction

15 Male: 36.7 –

Female: 55

SER ≤ −0.50 Overall 16.2/21.6

Pokharel et al.31 Nepal/1998/5,067 Cycloplegic retinoscopy 5–15 1.2 –

SER ≤ −0.50

SER: spherical equivalent refraction.

Table 1. Continued
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cent in African Americans.5,24 However, with
no longitudinal data available, it is unclear if
myopia prevalence is increasing in this age
group.

Trend of myopia prevalence

The effect of ethnicity on myopia prevalence
is seen in children of Asian descent, who
typically have higher prevalence rates
regardless of whether they live in Asia or
elsewhere. This was noted in California5 and
in Singapore, where the myopia prevalence
in children of Chinese origin was almost
two-fold greater than children of Malay ori-
gin.25 However, the risk factors underlying
differences in myopia prevalence between
ethnic groups is still uncertain. Both genetic
and environmental factors, and their inter-
action, may contribute to the difference.
There is a trend that myopia prevalence

in children increases with age. This trend is
more obvious in Asia. For example, myopia
prevalence increased from 21 per cent in
seven-year-olds to 61 per cent in those aged
12 in Taiwan,7 from 57.4 per cent at age
13 to 78.4 per cent at age 15 in southern
China,15 and from 18.3 per cent in preschool
children aged six to 61.5 per cent in those
aged 12 in Hong Kong.6 Elsewhere, rates
also increased with age, albeit not as dra-
matically due to a lower overall prevalence:
only 4.7 per cent of children were myopic at
age five, which increased to 10.8 per cent by
age 15 in India.26 In Australia, 8.6 per cent
of children aged 12 were myopic, compared
to 17.7 per cent of those aged 17.20

Studies conducted in rural and urban
areas in China suggest that myopia preva-
lence has dramatically increased in some
urbanised regions. Results have shown over-
all myopia prevalence of 21.6 per cent in a
semi-rural community near Beijing versus
38.1 per cent in Guangzhou, reported in
2000 and 2004, respectively.15,16 Other cross-
sectional studies provide less comparable
results due to the different survey methods
used. However, they do suggest that the
prevalence in mainland China differs by
areas and regions, and the figure is compara-
tively lower in less developed regions.
A survey in an urban area of western

China, where socio-economic development
is lower than that in southern China,
revealed that the overall myopia prevalence
was 13.7 per cent in schoolchildren aged
between six and 15.27 In northern China, a
survey conducted in a rural area of

Heilongjiang Province in children aged
between five and 18, reported an overall
myopia prevalence of five per cent.28 In a
more recent study, conducted from
December 2015 to January 2016, in the Eco-
nomic and Technological Development Zone
of Qingdao (Eastern China), Sun et al.3

reported an overall prevalence of 52 per
cent in 10–15-year-old children.
In theory, the difference in the genetic

makeup of Chinese children would not cause
such an obvious difference among rural and
urbanised regions, so it is likely that different
environmental exposures lead to differences
between rural and urban areas.

Age of myopia onset in children

Chua et al.29 demonstrated that children in
Singapore who had a younger onset age
were more likely to develop severe myopic
refractive error, indicating that the age of
onset of myopia plays an important role in
myopia progression. Globally, myopia has
been reported to commence at around age
six, the age at which children enter primary
school. Studies conducted at different sites
have shown that myopia was uniformly less
than five per cent at age five, indicating that
myopia at this age is almost absent in vari-
ous ethnic groups, regardless of living in
urban or rural areas.15,16,25,26,30–33

Myopia prevalence was comparatively low
in children under the age of six in the USA,
with only 1.2 per cent in non-Hispanic Whites,
3.7 per cent in Hispanics, and four per cent in
Asians.5,24 It was reported that only 1.4 per
cent of six-year-old children were myopic in
Australia.34 However, the prevalence in chil-
dren aged six in East Asia is in stark contrast
to those elsewhere: 4.1 per cent in China,35

6.4 per cent in Singapore,36 18.3 per cent in
Hong Kong,6 and 20.4 per cent in South
Korea,2 implying a younger age of myopia
onset may occur in these areas. It was sug-
gested that the early commencement and
more rigorous education systems in East
Asian countries and families of East Asian ori-
gin may lead to more time spent on near-
work activities and less on outdoor activities,
and could be responsible for the earlier age
of myopia onset.29

Progression rate of myopia in
children

Although several longitudinal observational
studies of myopia among children have

been conducted in East Asia, the USA, and
Australia, the reported progression rate var-
ied by regions and ethnicity, making it diffi-
cult to make comparisons.37 Based on data
from previously mentioned studies, it
appears that the myopia progression rate is
faster in younger children and in those of
Asian ethnicity.
In the USA, an annual progression rate of

−0.38 D was reported in children with a
mean age of nine.38 However, this annual
progression rate is not ethnicity-specific.
In Australia, annual progression rates of
−0.28 D in seven-year-olds and −0.21 D in
12-year-olds were found in children of East
Asian ethnicity, compared to only −0.13 D in
seven-year-olds and −0.11 D in 12-year-old
Caucasian children,20 suggesting that chil-
dren of East Asian ethnicity tend to have
higher progression rates than their Cauca-
sian counterparts.
In China, an annual incidence of myopia of

7.8 per cent and an annual rate of myopia
progression of −0.17 D in children aged
5–13 years were observed.39 A later study40

reported an annual incidence of 10.6 per
cent and an annual progression of −0.43 D in
children aged 6–15 years. However, there is
a lack of age-related myopia progression
rates in these studies. In contrast, in Singa-
pore, three-year cumulative mean myopia
progression rates of −2.40 D in seven-year-
olds, −1.97 D in eight-year-olds, and −1.71 D
in nine-year-olds (respective annual progres-
sion rates of −0.80 D, −0.66 D, and −0.57 D)
were reported, indicating that myopia pro-
gression slows down with age.18

In Hong Kong, the average rate of myopic
progression was reported to be −0.40 D per
year in Chinese children aged 5–16 years.41

The average annual change in SER for myo-
pic children was −0.63 D, compared with
−0.29 D for those who were not myopic at
the beginning of the study, suggesting that
the progression rate was faster in children
who were already myopic than in those who
were not myopic at the commencement of
the study. A similar trend was reported in
Japan where the annual progression rate of
12-year-olds ranged from −0.14 D (for the
+1.00 D group) to −0.40 D (for the −2.00 D
group) when data were stratified according
to baseline refractive error.42

Associated ocular disease and
goal of myopia control

There is a documented dose-related relation-
ship between myopia and sight-threatening
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ocular diseases, such as myopic
maculopathy,43–45 glaucoma,46,47 cataract,48–50

and retinal detachment.51–53 Although retinal
problems are associated with increased axial
length, the old division of myopia into ‘physio-
logical’ and ‘pathological’ myopia by a simple
cut-off value of refractive error of −5.00 D or
−6.00 D is arbitrary and imprecise, because
ocular pathologies also occur in ‘physiological’
myopia.54 Therefore, even physiological
myopes have additional risks compared with
emmetropes.
Given the high prevalence of myopia in chil-

dren in Eastern Asia, in conjunction with its
strong association with sight-threatening ocu-
lar diseases, myopia has become a major
public health concern. Furthermore, there is a
tendency of childhood myopia to progress
until adulthood, rendering children with early
onset or fast progression of myopia at greater
risk of suffering from sight-threatening ocular
diseases when they reach adulthood.
In addition to elevated risks of complica-

tions of myopia with increased refractive
error, myopia correction imposes an
increased financial burden on families with
myopic children. Although limited informa-
tion is available regarding the overall cost/
benefits of myopia correction in children, it
is reasonable to conclude that the cost of
myopia tends to escalate with increasing
myopia incidence and prevalence.55 Taken
together, the high prevalence of childhood
myopia with the elevated risk of sight-
threatening ocular complications in myopic
eyes in later life, makes the aim of myopia
control clear: to reduce such risks and pre-
vent sight-threatening complications later in
life by retardation of myopia progression as
early as possible in childhood.

Mechanism of myopia
progression

Currently, the mechanisms regulating myo-
pia onset and progression remain poorly
understood. Various hypotheses for its
development have been proposed. How-
ever, to date, no single theory can fully
explain the aetiology of myopia.
The presence of optical defocus is a result

of the mismatch between the retina and the
retinal image plane; hyperopic defocus is
induced when the retinal image is focused
behind the retina, while myopic defocus is
present when the retinal image is focused in
front of the retina. The presence of optical
defocus, especially hyperopic defocus, has

been suggested as one of the potential aeti-
ologies of myopia onset and progres-
sion.56,57 However, to date, no consensus
has been achieved for this and it remains
an active area of research. The evidence
supporting optical defocus as a major pre-
disposing factor for myopia is mainly
extrapolated from animal studies, princi-
pally based on lens compensation experi-
ments, which involve the fixing of negative
and positive lenses on neonatal animals to
investigate how corresponding optical
defocus influences refractive error
development.58

The measurement of relative peripheral
refraction, defined as the refractive error
difference between the central and periph-
eral retina, was pioneered by Rempt et al.,
who examined horizontal peripheral refrac-
tion profiles in adult emmetropes, hype-
ropes, and myopes using retinoscopy.57

Several studies have reported consistent
results concerning relative peripheral refrac-
tion in children with hyperopic or myopic
status, determining that opposing relative
peripheral refraction is present in myopic
and hyperopic children – hyperopic unaided
eyes tend to have myopic relative peripheral
refraction, whereas myopic unaided eyes
tend to show hyperopic relative peripheral
refraction in the horizontal meridian.59–61

However, there is controversy over the gen-
erality of this finding with respect to other
meridians.62–64

For emmetropic children, the results
obtained are inconsistent, as it was reported
that peripheral refraction within 30� was rel-
atively myopic, but beyond 30�, relative
peripheral refraction was relatively hyper-
opic in emmetropes,60 and relative periph-
eral refraction was found to be almost zero
in emmetropic children with no difference
between central and peripheral refraction.61

Taken together, these studies demonstrate
that myopic and hyperopic children experi-
ence opposing relative peripheral refraction,
at least in the horizontal meridian.
With respect to emmetropic eyes, incon-

sistent results make it impossible to draw
any conclusion. Mutti et al. showed that
emmetropes who eventually became myo-
pic started to exhibit hyperopic relative
peripheral refraction two years before its
onset.65 However, their subsequent study
showed that, although relative peripheral
refraction varied with ethnicity, there was
no significant association between the
amount of hyperopic relative peripheral
refraction and either the onset or

progression of childhood myopia, suggest-
ing that peripheral refraction does not pre-
dict future myopic progression.38

An insignificant association between rela-
tive peripheral refraction and myopia pro-
gression was also found in studies
conducted solely in Asian children.60,66

Therefore, there is no direct evidence to
support that hyperopic peripheral defocus
is the determinant of myopia development.
More recent longitudinal studies38,60,66,67

suggest that hyperopic relative peripheral
refraction is a result, rather than the cause,
of the development of myopia. Rosen
et al.68 suggested that the belief in the asso-
ciation arose from a misunderstanding of
the findings reported by Hoogerheide
et al.,56 who actually reported relative
peripheral refraction after, rather than
before, myopia development in their sub-
jects. It was proposed that the eye stops
growing when relative peripheral emmetro-
pia has been achieved.69

It is possible that peripheral refraction in
the myopic eye may be magnified, main-
tained, reduced, neutralised, or even
inverted by corrective lenses. In addition,
various treatment lenses, including specta-
cles and contact lenses, have been
designed, based on the hypothesis that, by
modifying peripheral defocus, myopia pro-
gression in children may be slowed.

Orthokeratology for myopia
control

First introduced in the early 1960s, orthoker-
atology lenses originally used conventional
bicurve hard polymethylmethacrylate contact
lenses, fitted significantly flatter than K. They
suffered from poor centration and unpredict-
able myopia reduction70 and their use was
discontinued. In the late 1980s, reverse
geometry lenses, which included a steeper
reverse curve were introduced. These three-
zone orthokeratology lenses allowed better
centration, as well as more predictable and
faster myopia reduction, thus being termed
accelerated orthokeratology.71,72

Modern orthokeratology lenses are
designed with four to five curves, achieved
by adding peripheral alignment curves to fur-
ther improve lens centration. In addition to
the improved design of orthokeratology
lenses, the application of corneal topography
allows further optimisation of the lens fit and
more accurate monitoring of the corneal
response during follow-up. Furthermore, the
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introduction of highly oxygen-permeable lens
materials allows for safer overnight wear and
good unaided visual acuity in the daytime
after stabilisation of the treatment.
Based on these considerable technical

improvements, orthokeratology is currently
regarded as a safe approach for myopia cor-
rection up to 6.00 D.73 More importantly,
orthokeratology is a major intervention for
myopia retardation in children, as its effec-
tiveness has been demonstrated in various
studies, although the mechanism behind
the control effect is still unclear.74–80 While it
is well-documented that orthokeratology
lenses convert relative peripheral defocus of
the eye from being hyperopic pre-treatment
to being myopic post-treatment, regardless
of the wearing time,81–83 the causal relation-
ship between the reduction in relative
peripheral refraction defocus with myopia
retardation by orthokeratology has not been
established. It is therefore difficult to con-
clude that the modified peripheral defocus
underlies the retardation effect of this
treatment.
In Hong Kong, a two-year pilot study

involved 35 children aged 7–12 years in a
treatment group of orthokeratology and
35 children in an historical single-vision
spectacle lenses control group. The mean
increase in axial length of 0.29 mm in the
orthokeratology group was significantly
lower than that of 0.54 mm in the control
group, indicating a reduction rate of 46 per
cent induced by orthokeratology.80 A similar
result was obtained when only the vitreous
chamber depth was considered. This was
the first clinical trial that demonstrated that
orthokeratology is effective for the retarda-
tion of myopia progression in children.
To confirm the results obtained in Hong

Kong, a two-year study was conducted in
the USA, involving 40 children aged
8–11 years in an orthokeratology group.76 A
group of subjects who were randomly
assigned to wear soft contact lenses in a
previous study were used as an historical
control group. The axial length increase over
two years in the orthokeratology group was
0.32 mm less than those wearing soft con-
tact lenses (0.25 mm versus 0.57 mm), indi-
cating a significant control effect of
orthokeratology in comparison to subjects
wearing single-vision soft contact lenses.
Two cohort studies were also conducted

in Japan. The first two-year study recruited
children aged 8–16 years; 45 children and
60 children were enrolled in the orthokera-
tology treatment group and the single-vision

spectacle lenses group, respectively.75 The
increase in axial length over two years was
significantly different between groups:
0.39 mm and 0.61 mm in the orthokeratol-
ogy and the single-vision spectacle lenses
groups, respectively, giving a myopia control
effect of 36 per cent. However, it is impor-
tant to note that the baseline axial length
for the orthokeratology group was mea-
sured after three months of treatment,
whereas the control group were measured
at the commencement of the study. This dif-
ference in measurement time of baseline
axial length may lead to an underestimation
of axial length changes in the treatment
group, thus possibly underestimating the
reduction in the rate of myopia progression
induced by orthokeratology.
As most studies examining the effective-

ness of orthokeratology have been limited to
24 months, the treatment duration of a fur-
ther study in Japan was extended to five
years with the aim to elucidate the long-term
effectiveness of orthokeratology.84 A total of
59 children aged 8–12 years were enrolled,
including 22 (12 orthokeratology, 10 controls)
from Kakita’s study,75 and the treatment was
self-selected rather than randomised (29 in
the orthokeratology group and 30 children in
the single-vision spectacle lenses group). It
demonstrated that the 0.99 mm increase in
axial length over five years for the orthokera-
tology group was significantly lower than
1.41 mm for the control group, indicating an
overall 30 per cent reduction rate in ortho-
keratology wearers over five years. Further
analysis revealed that the treatment effect of
orthokeratology was greater in the first year,
as the reduction rate in axial growth of the
orthokeratology group decreased from
50 per cent in the first year to 30 per cent in
the fifth year. The differences in axial length
between the orthokeratology and single-
vision spectacle lenses groups were signifi-
cant for the first, second, and third years, but
not for the remaining two years, suggesting
the treatment effect of orthokeratology was
limited to the first three years of treatment,
when children were experiencing active eye
growth. Again, this study took the baseline
axial length measurement after three
months of treatment, possibly underestimat-
ing the axial length changes in the treatment
group.
In Spain, a two-year study involving chil-

dren aged 6–12 years revealed that the
increase in axial length over two years of
29 children fitted with orthokeratology was
significantly lower than that of 24 children

wearing single-vision spectacle lenses
(0.47 mm versus 0.69 mm).77 This study was
not randomised and the treatment was allo-
cated by self-selection. The reduction of
32 per cent in axial growth in children
receiving orthokeratology treatment was
comparable to those obtained in Japan
(36 per cent), but lower than that in Hong
Kong (46 per cent). Fourteen children who
continued wearing orthokeratology lenses
returned five years later85 and their axial
elongation was 33 per cent slower than that
in the control group, which consisted of four
single-vision spectacle lenses and 12 subjects
who switched from single-vision spectacle
lenses to single-vision soft contact lenses.
In mainland China, an analysis based on

medical records of 65 orthokeratology trea-
ted children and 63 children corrected with
single-vision spectacle lenses, showed that
orthokeratology effectively slowed myopia
progression in children, with a reduction
rate of 59 per cent (0.16 mm versus
0.39 mm) and 50 per cent (0.34 mm versus
0.70 mm) for the first and second year,
respectively.86 Unlike previously mentioned
studies, which only involved children with
low to moderate myopia, a major strength
of this study was that children with high
myopia up to −10.00 D were included.
Myopia reduction up to 6.00 D was induced
by orthokeratology in these highly myopic
eyes and residual myopia was corrected by
spectacles, when the orthokeratology treat-
ment stabilised. Further analysis revealed
that reduction rates were 49 per cent,
59 per cent, and 46 per cent for the low
(> −3.00 D), moderate (> −6.00 D) and high
myopia subgroups (≤ −6.00 D), respectively,
indicating the myopia control effect of
orthokeratology is comparable for children
with low to high myopia.
However, the retardation effect demon-

strated in previous studies was achieved by
the use of orthokeratology lenses with
spherical design,75–77,80,84–86 which are
mainly used in children with lower corneal
astigmatism less than 1.50 D. Toric ortho-
keratology, which may demonstrate differ-
ent control effects in comparison to
spherical designs, is recommended for myo-
pic eyes with corneal astigmatism over
1.50 D to provide better centration and
unaided vision in the daytime.87 To investi-
gate the effectiveness of toric orthokeratol-
ogy in the retardation of myopia
progression in children with moderate-to-
high corneal astigmatism, a non-
randomised clinical study, Toric
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Orthokeratology – Slowing Eyeball Elonga-
tion (TO-SEE) study, was conducted in Hong
Kong, involving myopic children with 1.25 D
to 3.50 D astigmatism that was mainly
corneal-derived.78

In the TO-SEE study, 35 children were
treated with orthokeratology and 23 cor-
rected with single-vision spectacle lenses.
The mean increase of 0.30 mm in axial
length over two years in the orthokeratology
group was significantly lower than the
0.64 mm observed in the control group, that
is, axial elongation was reduced by 52 per
cent in the orthokeratology subjects com-
pared to the control group. Moreover, myo-
pia progression in children was not
associated with baseline astigmatism and
initial corneal toricity, suggesting that cor-
rected moderate-to-high astigmatism is not
a stimulator of myopia progression.
In summary, several cohort studies have

shown that orthokeratology is effective in
retardation of myopia progression in chil-
dren with a two-year reduction rate ranging
from 30 per cent to 59 per cent and a five-
year reduction rate of 30 per cent.
The effectiveness of orthokeratology was

also successfully demonstrated by a rando-
mised controlled trial, the Retardation of
Myopia in Orthokeratology (ROMIO) study,
in which 102 children aged 6–10 years, with
myopia between −0.50 D and −4.00 D, were
randomised into orthokeratology and
single-vision spectacle lenses group.74 Axial
elongation of 0.36 mm in axial length
observed in the orthokeratology group was
significantly lower than the 0.63 mm in the
control group, reflecting a reduction rate of
43 per cent after a two-year treatment with
orthokeratology.
Further analysis showed that axial elonga-

tion in children was associated with initial
age and treatment, rather than the initial
degree of myopia.74 In addition, the percent-
age of children younger than nine years
with fast myopic progression was 20 per
cent in the orthokeratology group, which
was significantly lower than 65 per cent of
those in the control group. In contrast, the
percentages of older subjects with fast myo-
pic progression in the orthokeratology and
control groups were comparable (nine per
cent versus 13 per cent), suggesting a
slower progression rate in children aged
over nine, regardless of treatment. Based
on these results, the authors concluded that
the effectiveness of myopia control from
orthokeratology is better in younger chil-
dren than older ones.

More recently, the combined data
from ROMIO and TO-SEE studies were
re-analysed88 and it was observed that the
percentage of subjects with rapid progression
(that is axial elongation > 0.36 mm/year) was
reduced from 67 per cent at the age of six to
28 per cent at the age of eight years, and less
than 15 per cent of the older subjects (9–
12 years). At the end of two years, younger
(6–8 years) subjects wearing single-vision
spectacle lenses showed the greatest and
most rapid axial elongation, and orthokeratol-
ogy lens wear significantly reduced the risk of
rapid progression by 89 per cent. The ‘num-
ber needed to treat’ for the younger orthoker-
atology subjects was 1.8, which suggested
that treating just two 6–8-year-old subjects
with orthokeratology, instead of prescribing
single-vision spectacles, could prevent one
subject from rapid myopia progression over a
two-year period of treatment.
Although studies have demonstrated that

use of orthokeratology lenses can improve
visual acuity and obviate the need for day-
time visual aids, there is an actual limit of
myopia reduction that can be induced by
overnight wear of orthokeratology. Because
high myopic reduction with commercially
available orthokeratology lenses (for correc-
tion of low-moderate myopia) can lead to
corneal staining, heavy lens binding, and
lens decentration, which potentially compro-
mises corneal health, full correction of
highly myopic eyes using such lenses is not
recommended for children.89 Partial correc-
tion, for example up to −4.00 D, may be
considered for highly myopic children, but it
is necessary for them to wear additional
single-vision spectacle lenses to correct
residual refractive errors to maintain clear
vision in the daytime. However, such an
arrangement raises the question of whether
partial reduction by orthokeratology in eyes
with high myopia is still as effective as full
reduction.
To investigate whether orthokeratology

combined with single-vision spectacle lenses
is effective in retarding myopia progression
in highly myopic children, a two-year rando-
mised controlled study in Hong Kong involv-
ing children aged 8–11 years was
conducted.79 Highly myopic children with a
spherical equivalent refraction of at least
5.75 D were randomised into a single-vision
spectacle lenses group and a treatment
group, which involved partial reduction by
orthokeratology combined with single-vision
spectacle lenses correction in the daytime.
The mean increase in axial length of the

treatment group was 0.19 mm, which was
63 per cent lower than the 0.51 mm
observed in the control group, indicating
that partial reduction orthokeratology was
effective in retarding myopia progression in
highly myopic children by 63 per cent.

Safety of orthokeratology

All treatments carry risks, especially if not
used properly, and orthokeratology is no
exception. There are concerns about the
safety of this treatment as overnight wear
by children is involved. Prospective cohort
studies published between 2011 and 2014
have reported only non-significant adverse
effects, ranging from mild corneal
staining,74,78,79,86,90 mild conjunctival
hyperemia,74 mild corneal erosions,75,84,90

to papillary conjunctivitis.90 These problems,
which can occur in association with any con-
tact lens wear modality or lens type, were
resolved satisfactorily, without any effects
on vision.
Microbial keratitis, a serious sight-

threatening condition, is associated with a
number of factors, one of which is the use
of contact lenses. Many studies have deter-
mined the incidence of microbial keratitis in
contact lens and non-contact lens
wearers,91,92 but the incidence of microbial
keratitis associated with overnight orthoker-
atology in children cannot be determined
because of its short history of use. However,
an attempt was made by Bullimore et al.,93

who acknowledged the limitations of their
study in view of the small number of cases
reported. They investigated voluntary
reports from practitioners on 1,317 ortho-
keratology wearers, about half of whom
were children. The average orthokeratology
treatment duration was two years and the
only two incidents of microbial keratitis
identified were in children. They estimated
the risk of microbial keratitis to be 13.9 per
10,000 patient-years in children compared
to 7.7 per 10,000 patient-years in all
patients.
Watt and Swarbrick94 identified 123 cases

of microbial keratitis reported between
2001 to 2007, 64 of which had been
reported in an earlier review in 2005.95

These 64 cases originated from China (73.4
per cent), Taiwan (17.2 per cent), and Hong
Kong (9.4 per cent) and involved infection
with Acanthamoeba and Pseudomonas, which
suggested use of tap water and poor hand
hygiene. The incidence was reduced after
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2001, which was likely to be due to the inter-
vention of the Chinese government which
tightened the regulation of orthokeratology
practice in China.
In 2016, Liu and Xie96 reviewed the

safety of orthokeratology based on
170 papers, most of which were published
in Chinese. They reported comparable risk
of microbial keratitis in orthokeratology
lens wearers and other overnight modali-
ties and concluded that the treatment was
safe, if good compliance from patients
and practitioners was employed. In their
meta-analysis, Li et al.97 reported an odds
ratio of 8.87 for encountering an adverse
event in orthokeratology subjects com-
pared to spectacle-wearing subjects. How-
ever, none of the adverse events
observed were significant, with all subjects
recovering quickly after clinical action was
taken.
Microbial keratitis in orthokeratology is

generally associated with poor practice, use,
or compliance with care routines. A guide-
line on good clinical practice in orthokeratol-
ogy was proposed,98 which covered various
areas such as the requirement for proper
education on orthokeratology fitting, proper
equipment, and a strict follow up schedule.
Such guidelines aim to promote orthokera-
tology practice at the highest professional
standard, thus minimising complications
and other associated problems.

Axial elongation after
discontinuation of
orthokeratology

Most cohort studies and randomised con-
trolled trials investigating the effectiveness
of orthokeratology have focused on its
retardation effect during the treatment
period. Limited information is available
regarding axial elongation after discontinua-
tion of orthokeratology. As it is well-
documented that there is a rebound effect
in atropine treatment for myopia control in
children,99,100 it is highly likely that a
rebound effect may also exist after discon-
tinuation of orthokeratology.
Despite the above concern, currently, only

one study has provided relevant informa-
tion on axial elongation after discontinua-
tion of orthokeratology. A 14-month study
in Hong Kong, involving children aged
8–14 years from the previous ROMIO74 and
TO-SEE studies,78 investigated the effects of
discontinuation and resumption of

orthokeratology lens wear in children.101

The study consisted of two periods, each
lasting seven months. Fifteen children wear-
ing orthokeratology lenses in the preceding
study discontinued orthokeratology wear in
the first period, and lens wear was resumed
in the second period. Thirteen and 16 chil-
dren wearing single-vision spectacle lenses
and orthokeratology, respectively, continued
the previous treatment allocated in the
ROMIO or TO-SEE studies for the whole
study duration of 14 months.
The results showed that, in the first period

of seven months, the children who discon-
tinued orthokeratology demonstrated signif-
icantly faster axial elongation (0.153 mm)
compared to those who continued wearing
orthokeratology lenses (0.087 mm) and
single-vision spectacle lenses (0.082 mm),
respectively. However, the faster progres-
sion rate seen in period one in those who
discontinued orthokeratology was compara-
ble to that of children wearing single-vision
spectacle lenses during the preceding two-
year trial (TO-SEE and ROMIO studies). In
other words, it appears that children who
discontinued orthokeratology treatment
resumed the progression rate of myopia
that they would likely have demonstrated if
they did not receive orthokeratology
treatment.
Taking into account that this re-

emergence of myopia progression was not
worse than the rate in children wearing
single-vision spectacle lenses during the pre-
ceding two-year trial, it cannot be defined as
an actual rebound effect after discontinua-
tion of the orthokeratology lens wear. In
period two, when orthokeratology lens wear
was resumed, the faster axial elongation
demonstrated in period one in those who
discontinued orthokeratology treatment slo-
wed down, and the corresponding progres-
sion rate was comparable to that in those
who continued orthokeratology lens wear
without stopping (0.059 mm versus
0.068 mm) and those who wore single-
vision spectacle lenses (0.059 mm versus
0.064 mm).
Based on these results, the authors

concluded that faster axial elongation was
present after discontinuation of orthokera-
tology in children (aged less than and equal
to 14 years) who received two-year ortho-
keratology treatment, and the treatment
should be resumed if myopia progression is
observed during the first six months after
discontinuation.

Orthokeratology and relative
peripheral refraction

Orthokeratology leads to a steepening of
the mid-peripheral cornea, correspondingly
changing the status of peripheral defocus
in orthokeratology-treated eyes. In addi-
tion, as the central refraction is fully or
slightly over-corrected after orthokeratol-
ogy treatment, the relative peripheral
refraction would certainly become myopic
after orthokeratology treatment. Several
studies have characterised the alteration in
periphery defocus after orthokeratology
treatment, and yielded similar results, indi-
cating that orthokeratology lenses reform
relative peripheral refraction from a hyper-
opic pre-treatment state to being myopic
post-treatment, regardless of the wearing
time.81–83

Despite consensus on the ability of ortho-
keratology to reform relative peripheral
refraction, controversy still exists over
whether or not symmetrical relative periph-
eral refraction can be induced. Queiros
et al.81 demonstrated symmetrical myopic
defocus induced beyond 25� of both the
nasal and temporal visual fields one month
after commencement of orthokeratology
lens wear, when myopia was fully corrected.
In contrast, asymmetrical myopic relative
peripheral refraction has also been
reported.
A study recruiting 16 adolescents and

comparing their peripheral refraction before
and after three months of orthokeratology
treatment, found that significant myopic rel-
ative peripheral refraction was only present
in the nasal visual field when the horizontal
meridian was assessed.82 Despite inconsis-
tent findings in the temporal visual field, the
observation that orthokeratology can lead
to significant myopic relative peripheral
refraction was further confirmed in a study
which compared ten-day orthokeratology
lens wear with multi-focal soft contact
lenses to determine if a comparable magni-
tude of myopic defocus could be induced.83

However, it is important to note that the
change of relative peripheral refraction
induced by orthokeratology is highly likely
to be driven by the amount of myopia
reduction in the central field, rather than a
cumulative effect of myopia reduction in the
central field and the induction of myopic
defocus in the periphery. Charman et al.102

reported that refraction in the peripheral
field of four adult wearers with low to
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moderate myopia, was almost unchanged,
while their central myopia had been 0.50 D
over-corrected, thus rendering the relative
peripheral refraction myopic in the periph-
ery. Furthermore, it was demonstrated that
the ratio of the highest myopic relative
peripheral refraction induced in the periph-
ery by orthokeratology to baseline central
myopia was one to one,81 implying that
induced myopic relative peripheral refrac-
tion is inherently determined by the amount
of myopia that has been centrally corrected.
With respect to the magnitude of myopic

relative peripheral refraction induced, a
meta-analysis has shown that orthokeratol-
ogy induced the greatest myopic shift in the
periphery, followed by peripheral gradient
rigid gas permeable lenses, gradient soft
contact lenses, and multi-focal soft contact
lenses with +3.00 D added.103 Traditional
optical approaches for myopia correction,
such as single-vision spectacle lenses, stan-
dard rigid gas permeable lenses, and soft
contact lenses, have demonstrated little
influence on peripheral defocus103 and
these correction methods were unable to
retard myopia progression.104–107

With respect to novel spectacles, they fail
to achieve their intention to modify periph-
eral defocus profile or to retard myopia pro-
gression in children.108 However, there is no
evidence to support a causal relationship
between the limited influence of these
approaches on peripheral defocus and their
inability to retard myopia progression. It is
quite possible that the relative hyperopic
peripheral defocus experienced by myopic
eyes under correction by these approaches
are a by-product rather than a cause of fail-
ure to retard myopia progression. Likewise,
no causal relationship can be established
between induced myopic defocus and myo-
pia progression rate in strategies that dem-
onstrated retardation effect on myopia
progression.
It is well-attested that orthokeratology can

induce myopic relative peripheral refraction
and the magnitude is dependent on centrally
corrected myopia.81,83 Despite consistent
reports on myopic relative peripheral refrac-
tion in orthokeratology-treated eyes, no study
has yet explored the relationship between
the magnitude of myopic relative peripheral
refraction induced and the myopia retarda-
tion rate in orthokeratology-treated eyes.
Therefore, there is no direct evidence to sup-
port myopic relative peripheral refraction
having an influence on myopia progression
and retardation in orthokeratology treatment.

Similarly, although experimental rigid gas per-
meable lenses and soft contact lenses, as well
as commercially available centre-distance
multi-focal soft contact lenses, demonstrated
capability of inducing myopic relative periph-
eral refraction in the periphery,109–113 no sin-
gle study has investigated the association
between induced myopic relative peripheral
refraction or reduced hyperopic relative
peripheral refraction with myopia retardation
effect.
In short, further studies are warranted to

determine the association between the
peripheral defocus changes induced by vari-
ous strategies and corresponding myopia
retardation or progression rate. However, it
is important to note that hyperopic defocus
may fluctuate in the presence of an accom-
modative lag. This factor has been sug-
gested to be one of the aetiologies of
myopia onset and progression, when per-
forming near reading tasks. Therefore, such
confounding effects should be ruled out or
clarified when investigating any associations
between peripheral defocus changes and
myopia retardation.

Role of the choroid in myopia
control

By extrapolating findings from animal stud-
ies, it has been proposed that the choroid
plays an important role in childhood eye
growth via a dramatic change in thickness
and choroidal secretion of growth factors.114

Choroidal thickening was observed as a
response to interventions for myopia control
in humans. A study which examined choroi-
dal thickness before and after one-week use
of one per cent atropine found there was a
significant increase in thickness after applica-
tion, suggesting the choroid may mediate
eye growth through a thickness-dependent
mechanism.115

Similar responses were observed in chil-
dren wearing orthokeratology lenses for
three weeks,116 or six months,117 although
Gardner et al.118 failed to detect choroidal
changes in their subjects. Given that these
optical and pharmaceutical interventions
affecting choroidal thickening also affect
axial elongation, it may be suggested that
there is a causal relationship between cho-
roidal thickness changes in response to
treatment and ultimate eye growth. The
most apparent limitation of these studies
monitoring choroidal thickness changes is
the short duration of observation, which

make the investigation of the relationship
between long-term axial changes and cho-
roidal thickness alteration impracticable.
In conclusion, further long-term surveys

are warranted to investigate the relationship
between choroidal thickening and inhibition
of ocular elongation during optical and
pharmaceutical treatments proven to be
effective in myopia control.

Future directions for myopia
control in children

Management of myopia
Avoiding the development of high myopia in
children can lead to reduced risk of serious,
sight-threatening disorders in later life and
this is a major goal of myopia control. Making
decisions and giving evidence-based advice
on how to manage at-risk children has there-
fore become an important and essential role
of eyecare practitioners, failure of which may
even be considered unethical.119

On the other hand, practitioners need to
be prudent and not recommend myopia
control therapy to all myopic children with-
out due consideration, as not all myopes will
demonstrate fast progression88 and only
about 10 per cent of myopic children will
progress to high myopia.11 Hence, a deci-
sion to undertake a long somewhat complex
intervention at considerable costs, both in
time and money, needs to be carefully
made. Monitoring children and gaining an
understanding of their progression rate
before offering therapy would be prudent.

Combined treatment for myopia
control
There is a great need for effective prophy-
laxis against childhood myopia. Despite vari-
ous strategies having been explored to
arrest or slow myopia progression in chil-
dren, there are no proven effective interven-
tions against childhood myopia other than
atropine and contact lenses, such as ortho-
keratology and peripheral defocus modified
soft contact lenses. However, the adverse
side effects make higher concentration atro-
pine unsuitable as a mainstream treatment.
Lower concentration atropine, including
0.01 per cent concentration, which has clini-
cally negligible side effects on pupil dilata-
tion and loss of accommodation, may not
be potent enough to inhibit myopia progres-
sion in children, compared to higher con-
centrations, if a single treatment is used,
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because the treatment effect is
concentration-related.120–123

The mechanisms of optical and pharma-
ceutical interventions in myopia control are
not fully understood.117,124 It is believed that
optical and pharmaceutical strategies act via
different mechanisms. Thus, a combined
treatment approach may have great poten-
tial to maximize the treatment effect of cur-
rent interventions for myopia control.
However, when optical interventions are
applied, there are limited opportunities to
combine these two interventions, because
different optical correction approaches can-
not be simultaneously used.
By the same token, overlapping of phar-

maceutical treatment may lead to greater
side effects, rendering combined treat-
ments non-viable. Based on this reasoning,
the combination of optical and pharmaceu-
tical strategies, such as combination of
orthokeratology and 0.01 per cent atro-
pine, may produce better treatment effects
while maintaining their own benefits as
single treatments. A study conducted in
Japan has recently reported that the com-
bined treatment of orthokeratology and
0.01 per cent atropine was more effective
in slowing axial elongation in myopic chil-
dren compared to orthokeratology alone
(0.09 mm versus 0.19 mm).125 But more
studies are warranted to provide further
evidence.
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