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Purpose: There are limited reports available on the impact of wearing Orthokeratology (ortho-K) lenses on the
quality of life of Asian children. This study evaluated and compared vision-related quality of life (VRQoL) be
tween myopic children wearing ortho-K lenses and single-vision spectacles (SVSs), living in Kuala Lumpur, using
Paediatric Refractive Error Profile (PREP) questionnaires.
Methods: This is a cross sectional study. Myopic children who had been wearing ortho-K and SVSs for 12 months
were recruited, and the questionnaires were distributed online. The PREP scores were obtained using a summary
scoring method. The Shapiro–Wilk test was used to determine data normality. Unpaired t-test was performed for
normally distributed data, and the Mann–Whitney test for non-normally distributed data. P < 0.05 was
considered significant.
Results: A total of 70 subjects participated in this study (45 ortho-K and 25 SVSs), with a mean age of 10.86 ±
0.73 years. The mean scores for all the items were higher in ortho-K than SVS wearers (p < 0.05). With regard to
symptoms during ortho-K lens wear at night, <10 % of the subjects reported difficulty falling asleep, itch/
burning/dry eyes and foreign body sensation after lens insertion.
Conclusion: Ortho-K improves the vision-related quality of life of myopic school children in Kuala Lumpur. Thus,
it should be considered by more local optometrists when managing myopic children.

1. Introduction
Myopia has emerged as a global public health issue due to its dra
matic increase in prevalence in recent decades, specifically in East Asia
(including Malaysia), affecting 60–90 % of teenagers [1,2]. In parallel,
there has also been an increase in the average degree of myopia in
Chinese populations, recording some of the largest increases [3]. Myopia
occurring at a young age is more likely to progress to high myopia,
which is associated with several sight-threatening diseases, such as
glaucoma and retinal detachment [4,5].
Orthokeratology (ortho-K) has been shown to be an effective alter
native method of correcting myopia and slowing myopia progression in

children and is one of the most commonly used techniques to control
myopia progression in China, Taiwan and Japan [6–8]. The method has
been progressively accepted by many myopic children and their parents,
probably because the lenses are only worn while sleeping, and the
children enjoy spectacle/contact lens-free daytime to participate in
physical and social activities.
Myopic children younger than 12 years old reported better visionrelated quality of life when wearing contact lenses as compared to
spectacles [9,10]. The Paediatric Refractive Error Profile (PREP) ques
tionnaire has been specifically designed to evaluate children’s visionrelated quality of life (VRQoL) who are affected by refractive error.
Even though PREP was not specifically designed for contact lens or
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ortho-K lens wearers, it has been used by few investigators to detect
differences between children wearing different visual aids [11].
Santodomingo-Rubido et al. [12] compared the VRQoL between chil
dren wearing ortho-K lenses and single-vision spectacles using PREP
questionnaires and found that the scores of most items (except near
vision and lens handling in ortho-K-wearing children) were significantly
better than those of children wearing single-vision spectacles (SVSs). In
another study, Yang et al. [13] conducted a similar investigation among
myopic children in China, aged between 8 and 12 years. Their results
demonstrated better VRQoL scores in ortho-K-wearing children than in
those who wore SVSs. The authors concluded that, although ortho-K
lenses induce some ocular discomfort during lens wear at night, the
benefits of wearing ortho-K offset the discomfort, leading to a better
vision-related quality of life than those wearing SVSs.
Despite the positive reports, there are some concerns about the ca
pabilities of young children to handle and care for contact lenses in
Malaysia. Moreover, children who wear ortho-K lenses sometimes
complain of itchiness and dryness during lens wear at night, which lead
to concerns among parents about their children’s quality of vision dur
ing the daytime. To date, there are limited reports available in the
literature about VRQoL among ortho-K-wearing children in East Asian
countries. Therefore, the purpose of this study was to evaluate and
compare the VRQoL between myopic school children wearing overnight
ortho-K lenses and SVSs for 12 months in Malaysia. This study focused
on Chinese myopic school children living in Kuala Lumpur due to their
higher prevalence of myopia than other races in Malaysia [14,15].

All participants returned for follow-up examination at 1 week, and 1,
3, 6, 9 and 12 months. During follow-up visits, participants received new
contact lenses or SVSs if overcorrection improved visual acuity by 3
letters or more, if the change in SER was − 0.50D or greater, or at the
optometrist’s discretion if the child experienced any visual symptoms
throughout the study.
This study used the original Paediatric Refractive Error Profile
(PREP) questionnaire for the SVS participants and modified PREP for the
ortho-K wearers (PREP-OK). The PREP-OK is a minimally modified
version of the PREP questionnaire proposed by Yang et al. [13], who
substituted the word/clause ‘glasses’/When I wear my glasses’ with
‘ortho-K’/ ‘After 1 wore ortho-K lenses’ to address the same issues. The
same 26 questions on overall vision, near vision, far vision, symptoms in
the daytime, appearance, satisfaction, activities, academic performance,
handling of optical corrections and peer perceptions were used for both
questionnaires. As described by Walline et al. [9], the children were
asked to read the 26 statements in the questionnaire and mark one of the
following: ‘strongly agree’, ‘agree’, ‘neutral’, ‘disagree’ and ‘strongly
disagree’ according to their experience and feelings. The scoring of the
questionnaire was calculated following the instructions provided for the
PREP questionnaire [9]. Each statement was scored from 5 (positive) to
1 (negative) and then scaled to 100 (excellent quality of life) to 0 (poor
quality of life) by subtracting 1 from the raw score of each question and
multiplying it by 25, and the overall PREP score was the average of all 26
statements.
Following Yang et al. [13], the ortho-K subjects were asked to read 4
extra questions (PREP-OK) (Table 1) about the symptoms during ortho-K
lens wear at night using the same scale of 1–5 and the scores recorded
and reported independently, without scaling to 100. The reliability of
PREP-OK questionnaires was analysed by Yang et al [13] using Cron
bach’s Alpha reliability analysis and the value was 0.75. The Cronbach’
Alpha for the split halves for PREP OK was 0.71 and 0.71 respectively.
However, the questionnaires were not validated for specificity and
sensitivity.
Due to restrictions during the COVID-19 pandemic, the optometrists
were unable to administer the questionnaires directly to the partici
pants. Instead, the questionnaires (PREP and PREP-OK) were emailed to
all the parents to administer them at home. Children were asked to read
all 26 statements for SVS wearers and 30 statements for ortho-K wearers
without skipping any of them. An online briefing session was given to
the parents and children prior to data collection, and the parents were
asked to guide their children if they faced any difficulties answering the
questions. The questionnaires were submitted online immediately upon
completion, and the results were analysed accordingly.
Data were analysed using Statistical Packages for Social Sciences
(SPSS) software version 23.0. The Shapiro–Wilk test was used to
determine the normality of the data. The mean and standard deviation
(SD) are reported for normally distributed data, while the median and
range are reported for non-normally distributed data. Analysis using an

2. Materials and Methods
This study is part of the Myopia Control Study in Kuala Lumpur
(MyCOSKL), designed to evaluate the efficacy and acceptance of ortho-K
lenses versus SVSs in myopic school children for 12 months. The
research protocol was approved by the research ethics committee of the
Universiti Kebangsaan Malaysia (UKM PPI/111/8/JEP-2022–281) and
was conducted in accordance with the tenets of the Declaration of
Helsinki. Written consent was obtained from the parents or guardians of
all participants prior to data collection. The sample size required in this
study was calculated using statistical package software G-Power version
3.1.9.7, based on the mean and standard deviation (SD) of overall vision
scores for ortho-K lens wearers and spectacles wearers from previous
study [13]. To achieve a power of 90 % with a significance level of 0.05,
a sample size of at least 24 was needed.
The inclusion criteria were a spherical equivalent refractive error
(SER) of − 0.75 < SER < -4D, astigmatism less than ≤ 1.50D in both eyes,
best corrected visual acuity (BCVA) 0.0 log of minimal angle of resolu
tion (logMAR) in each eye, birth weight of ≥ 2000 g, no history of ocular
or systemic disease, wearing contact lenses or myopia treatment. All
subjects were wearing single vision spectacles prior to starting of the
study. Subjects were allocated to either the OK group or SVS group based
on the decisions of the children and their parents or guardians. The
advantages and disadvantages of the two vision correction modalities
offered in this study were explained to them at the beginning of the
study. Care was taken not to suggest that one modality might perform
better than the other or provide better control over myopia progression.
Subjects in the SVS group were prescribed distance SVSs with a
spherical design made from plastic material with a refractive index of
1.56 (Integrated Lens Technology (ILT), Singapore) and were asked to
wear the spectacles for full time. Subjects in the contact lens group were
fitted with the ortho-K lenses (Menicon Z night, Menicon, Japan) to be
worn overnight. The initial lens parameters were determined using the
computer software provided by the manufacturer (Easyfit Software,
Menicon Co., ltd, Nagoya, Japan). Corneal topography and cycloplegic
refraction data for both eyes were input into the software, which auto
matically calculated the specifications of the Menicon Z night trial lenses
to allow orthokeratology lens fitting. OK lenses were ordered and
dispensed to subjects approximately 3 weeks after baseline examination.

Table 1
Additional questions for symptoms during orthokeratology lens wear at night
[13].
Strongly
Agree
1.
2.
3.
4.

Agree

Not
Sure

Disagree

Strongly
Disagree

I find it hard to
fall asleep. a
I experience eye
discomfort. a
My eyes itch,
burn, or feel
dry.
I feel strong
foreign body
sensation. a

*Each statement was scored from 5 (positive) to 1 (negative).
a
Statements that are reverse coded so that ‘strongly disagree’ corresponds.
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unpaired t-test was performed for normally distributed data, and the
Mann–Whitney test was used for non-normally distributed data. For all
analyses, P < 0.05 was considered significant.

Table 3
Mean and standard deviation Paediatric Refractive Error Profile (PREP) scores in
orthokeratology and single-vision spectacle wearers at 12 months.

3. Results
A total of 70 Chinese children (40 males and 30 females) living in
Kuala Lumpur were included in this study. The mean age of the partic
ipants were 10.86 ± 0.73 years. Forty-five (45) of them were wearing
ortho-K lenses, and another 25 were wearing SVSs. All the subjects (100
%) had completed a 12-month follow-up examination before answering
the questionnaires. A summary of the characteristics and baseline data
of the subjects is shown in Table 2.
A comparison of the PREP scores between ortho-K and SVS wearers is
summarized in Table 3. The analysis showed that the scores for all items
(overall vision, near vision, far vision, symptoms, appearance, satisfac
tion, activities, academics and handling scores), except peer perception,
were significantly higher (p < 0.05) in ortho-K than SVS wearers. No
significant difference was noted in the score for peer perception between
groups (p = 0.10). Table 4 presents the summary of the results of
symptoms experienced by ortho-K wearers at night (PREP-OK). The
results showed that the majority of the ortho-K wearers did not experi
ence symptoms during lens wear at night; 14 subjects reported that they
disagreed, and 30 reported that they strongly disagreed. Only one sub
ject experienced ocular discomfort; one subject agreed that he/she
experienced difficulty falling asleep at night while wearing ortho-K lens;
two subjects agreed that their eyes itched, burned, or felt dry while
wearing ortho-K lenses; and three subjects felt a foreign body sensation
during ortho-K lens wear at night.

Table 2
Characteristics of subjects.
Single-Vision
Spectacles (N = 25)

P
value

Age during recruitment
(years)
Male/Female
Refraction in sphere
equivalent (D)
Best corrected visual
acuity (BCVA)
Keratometer reading
(D)
Axial length (mm)
Body height (cm)
Body weight (kg)

8.38 ± 0.49

8.38 ± 0.49

0.110

21/24
− 3.22 ± 1.11

15/10
− 3.03 ± 1.35

0.289
0.529

− 0.01 ± 0.08

0.00 ± 0.05

0.378

43.6 ± 1.27

43.12 ± 1.03

0.116

23.85 ± 0.71
126.07 ± 7.96
27.26 ± 6.35

23.45 ± 0.97
123.76 ± 6.61
25.6 ± 4.34

0.082
0.221
0.201

Single-vision spectacle (N = 25)

P value

Overall vision
Near vision
Far vision
Symptoms
Appearance
Satisfaction
Activities
Academics
Handling
Peer perception
Overall

92.78
86.39
89.17
91.94
89.07
91.67
89.44
92.22
77.92
78.89
87.95

78.33 ± 20.41
75 ± 18.39
74 ± 23.91
78.5 ± 14.10
58.33 ± 14.02
75 ± 17.68
51.55 ± 22.33
78 ± 9.04
68.75 ± 14.09
71.67 ± 17.34
71.41 ± 11.18

0.02
0.03
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.10
0.00

± 12.88
± 20.78
± 14.75
± 11.18
± 11.76
± 11.92
± 13.31
± 11.39
± 13.69
± 17.64
± 12.88

Symptoms

Strongly
Agree

Agree

Neutral

Disagree

Strongly
Disagree

Hard to fall asleep
Eye discomfort
Eyes itch/burn/
feel dry
Strong foreign
body sensation

0
0
1

1
0
1

0
1
0

14
13
12

30
31
31

0

0

3

12

30

Regarding appearance, satisfaction and activities, the results of this
study demonstrated higher scores in ortho-K than SVS wearers, which is
in agreement with previous works [7,13]. These findings could be
explained by the modality of ortho-K lenses that only need to be worn at
night and enjoy clear vision during the daytime, without the need for
spectacles or contact lenses. This is convenient when the children
participate in sports and other social activities. Zhao et al. compared the
quality of life (QoL) scores before and after ortho-K lens wear in Chinese
children, and their results showed higher QoL scores after commencing
ortho-K lens wear [17]. The main reason why the children chose to wear
ortho-K lenses in their study was convenience in sports.
Interestingly, the results of this study showed no significant differ
ence (p = 0.10) in the score for peer perception between both groups,
which may be related to the participants’ age. Walline et al. investigated
children’s perception of other children with spectacles, and their results
demonstrated that children between the ages of 6 and 10 years typically
do not make judgements on their peers based on spectacle wear, but they
believe that children who wear spectacles appear smarter [18].
With regard to the handling of optical corrections, the results of this
study showed a significantly higher score in ortho-K lens wearers than
SVSs. These findings differ from Yang’s study, which demonstrated
lower scores in ortho-K lens wearers than SVSs. According to Yang et al.,
the handling of ortho-K lenses and its accessories requires more time and
effort compared to SVSs [13]. Spectacles are easier to handle, resulting
in higher scores in handling compared to ortho-K wearers. Pomeda et al.
reported higher scores in handling in the soft contact lens group than in
the SVS group, indicating that children are able to successfully handle
contact lenses [19]. In MyCOSKL, ortho-K lens wearers were reminded
repeatedly through phone calls and follow-up visits to strictly follow
lens care procedures and maintain good compliance. The children were
also asked by the optometrists to demonstrate their lens handling
techniques during follow-up visits to ensure correct procedures were
followed. This is probably why the score in handling was higher in
ortho-K than that of SVS wearers in this study.
Significant differences were noted between scores for symptoms in
the daytime between ortho-K lens and SVS wearers in this study. This is

This study investigated and compared VRQoL between Chinese
myopic school children wearing ortho-K lenses and SVSs for 12 months
in Kuala Lumpur. All the subjects completed the 12 months follow up
visits at the university Optometry clinic. The overall score was signifi
cantly higher in the ortho-K than SVS wearers. Even though there was no
significant difference in distance and near VA at baseline and at 12
months between both groups, the results showed a higher score of
overall, far and near vision of ortho-K lens than SVS wearers. This could
be because ortho-K lenses provide not only good central vision, but also
better peripheral vision than spectacle lenses [9,16]. Yang et al.
demonstrated similar findings in overall vision and distance vision but
not in near vision [13]. Their results showed no significant difference in
the scores of near vision between ortho-K and SVS wearers, which is
similar to the results of Walline’s study, where the VRQoL of soft contact
lens wearers was compared to that of SVSs [9]. Nevertheless,
Santodomingo-Rubido et al. reported a lower near vision score in orthoK than SVS wearers, which they attributed to a slight overcorrection and
diurnal regression in their ortho-K subjects [7].

Orthokeratology(N
= 45)

Orthokeratology
(N = 45)

Table 4
Summary of the results of symptoms experienced by orthokeratology wearers at
night.

4. Discussion

Parameters

Items
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probably because all the ortho-K lens wearers in this study had been
wearing the lenses for 12 months and had adapted well. Santolaria et al.
investigated the subjective satisfaction in long-term ortho-K lens adult
wearers and reported that light distortion, such as haloes, which
occurred in the early stage of the treatment, was the most common
symptom experienced by the adult wearers [20]. Nevertheless, for most
subjects, the situation improved after several weeks of treatment. The
authors postulated that the time required for adaptation to lens wear
may be related to age, and it takes longer for older subjects to adapt.
With regard to academic performance, the results of this study are
similar to those of an earlier report by Santodomingo-Rubido et al. [7].
Even though both ortho-K and SVSs provided satisfactory visual acuity
in both groups, the scores for academic performance were higher in
ortho-K lens than SVS wearers. According to Santodomingo-Rubido
et al., the lower scores in the academic performance of the SVS group
were attributed to the failure of the children to actually wear their
spectacles during school and homework time [7]. This study tends to
agree with the assumption because a few parents in this study com
plained of their children’s poor compliance in wearing spectacles during
homework time.
Regarding the four additional questions (PREP-OK) about the
symptoms experienced by ortho-K lens wearers, the majority of the
subjects disagreed that ortho-K lens wear affected their ability to fall
asleep at night. Very few subjects experienced ocular discomfort, itchy/
burning/dry eyes and foreign body sensations during ortho-K wear at
night. Since ortho-K lenses are rigid, they may induce ocular discomfort
during initial fitting. However, the symptoms improved after several
weeks of adaptation. The ortho-K wearers in this study demonstrated
good compliance with follow-up visits and contact lens maintenance
within 12 months of wearing contact lenses, which was probably why
very few subjects experienced symptoms of itchiness/burning/dry eyes
during ortho-K lens wear at night. According to Yang et al., even though
ortho-K may induce some ocular discomfort at night, the benefits of
ortho-K may compensate for the discomfort, leading to better scores in
VRQoL compared to SVSs [13]. Nevertheless, the investigators in this
study are aware that the additional questions have not been validated
for specificity and sensitivity prior to data collection, which may
introduce some bias in the findings.
There are several limitations in this study. The first limitation is that
the questionnaires were not administered directly by the optometrists.
Instead, they were distributed online with parental guidance at home.
Even though an online explanation was given to parents and children
prior to data collection, this study were unable to determine any specific
problems faced by the children while answering the questionnaires,
which may introduce some bias in the study. Future VRQoL question
naires should be administered by optometrists in the clinic. The second
limitation is the method of data analysis. Following previous reports
[12,13], this study used the summary scoring method for data analysis.
The method is known to have few conceptual drawbacks including lack
of an explicit ordered continuum of items that represent a unidimen
sional construct and lack of additivity of rating scale data [21,22]. The
investigators are aware that Rasch analysis is a more suitable method to
use for data analysis as it allows investigators to use respondent’s raw
scores and express the respondent’s performance on a linear scale that
accounts for the unequal difficulties across all the test items. However,
expert in Rasch analysis was not available during the time of study and
therefore the data was analysed using the summary scoring method.
Lastly, this study was not able to compare the impact of ortho-K lenses
on the children’s quality of life before and after ortho-K lens wear
because the questionnaires were only administered after 12 months of
wearing ortho-K lenses. Quality of life should be evaluated before and
after the commencement of ortho-K lens wear in future studies.

wearing ortho-K reported higher VRQoL score than those wearing SVS.
Orthokeratology should be considered by more optometrists when
managing myopic children.
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